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This publication neither states nor implies any warranty of any kind, including, but not limited to, implied warrants of merchantability or
fitness for a particular application. Crystal assumes no responsibility for the use of any circuitry other than the circuitry in a Crystal product.
No circuit patent licenses are implied.

The information in this publication is believed to be accurate in all respects at the time of publication but is subject to change without
notice. Crystal assumes no responsibility for errors and omissions, and disclaims responsibility for any consequences resulting from the use

of information included herein. Additionally, Crystal assumes no responsibility for the functioning of undescribed features or parameters.

© Copyright 1995 Crystal Semiconductor Corporation. ALL RIGHTS RESERVED.

LIFE SUPPORT AND NUCLEAR POLICY

CRYSTAL SEMICONDUCTOR PRODUCTS ARE NOT AUTHORIZED FOR AND SHOULD NOT BE USED WITHIN LIFE SUP-
PORT SYSTEMS OR NUCLEAR FACILITY APPLICATIONS WITHOUT THE SPECIFIC WRITTEN CONSENT OF CRYSTAL
SEMICONDUCTOR.

Life Support Systems are equipment intended to support or sustain life and whose failure to perform when properly used in accordance with
instructions provided can be reasonably expected to result in personal injury or death. Users contemplating applications of Crystal Semicon-
ductor products in Life Support Systems are requested to contact Crystal Semiconductor factory headquarters to establish suitable terms and
conditions for these applications. Crystal Semiconductor’s warranty is limited to replacement of defective components and does not cover
injury to persons or property or other consequential damages.

Examples of devices considered to be life support devices are neonatal oxygen analyzers, nerve stimulators (whether used for anesthesia,
pain relief, or other purposes), autotransfusion devices, blood pumps, defibrillators, arrhythmia detectors and alarms, pacemakers, hemodia-
lysis systems, peritoneal dialysis systems, neonatal ventilator incubators, ventilators for both adults and infants, anesthesia ventilators, and
infusion pumps, as well as other devices designated as "critical" by the FDA. The above are examples only and are not intended to be
conclusive or exclusive of any other life support device.

Examples of nuclear facility applications are applications in (a) a nuclear reactor, or (b) any device designed or used in connection with the
handling, processing, packaging, preparation, utilization, fabricating, alloying, storing, or disposal of fissionable material or waste products
thereof.
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TRADEMARKS

Crystal Semiconductor Corporation has made every effort to supply trademark information about
company names, products, and services mentioned in this book. Trademarks indicated below are de-
rived from various sources.

"C" (stylized) is a registered trademark of Crystal Semiconductor Corporation.

CRYSTAL, SMART Analog, Crystal Clear, and CrystalWare are trademarks of Crystal
Semiconductor Corporation.

Other trademarks in this book belong to their respective companies.

PATENTS

Products in this book may be covered by one or more of the following patents. Additional patents
are pending.

USA

4,709,225; 4,746,899; 4,748,418; 4,804,863; 4,805,198; 4,849,662; 4,851,841; 4,918,454, 4,939,516,
4,941,156; 4,943,807; 4,988,954; 5,012,244; 5,039,989; 5,055,846; 5,061,925; 5,068,660; 5,079,550;
5,087,914; 5,088,107; 5,111,451; 5,117,200; 5,121,080; 5,140,279; 5,150,386; 5,157,395; 5,172,115;
5,187,390; 5,196,850, 5,198,782; 5,208,597; 5,212,659; 5,220,483; 5,239,210; 5,245,344; 5,247,210;
5,248,970, 5,257,026; 5,258,758; 5,268,651; 5,274,375; 5,319,319; 5,319,370; 5,339,067; 5,351,050;
5,376,936

GERMANY

P3642070.0; P3733682.7; P3736735.8; P3737279.3; P3933552.6; P4002871.2; P4200745.3;
P4202180.4

GREAT BRITAIN

2184621; 2195848; 2198305; 2198306; 2223879; 2232547; 2247370; 2252459; 2252829; 2253754
2253756; 2254504; 2261561

FRANCE
8617487, 8713769; 8715552; 8715553

JAPAN
1684670; 1736807; 1747931; 4-25778
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Crystal’s proprietary SMART Analog™ design technique, incorporating analog and digital circuitry in
monolithic CMOS devices, represents a powerful new technology in the semiconductor industry. This
innovative approach to design eliminates many of the sources of inconsistent performance in traditional
analog circuitry.

Maximum system performance is built-in from initial research on end-user requirements through prod-
uct definition. Product quality and reliability is designed into the device architecture and is further
assured through rigorous standards for fabrication, assembly and testing. Crystal’s part numbering
scheme is as follows:

CSLXXXX - TPNNH/R

DEVICE REVISION: DOES NOT APPEAR HERE ON PACKAGE MARK.
REVISION IS COVERED IN DATE CODE STAMP.
USED ONLY FOR ORDERING/TRACKING.

SPECIAL HANDLING ,ALPHA ONLY A-COMMERCIAL HIGH-REL
B-MILITARY 883B REV. C PROCESSING

ELECTRICAL OR SPEED SPECIFICATION. (OPTIONAL) UP TO 2
NUMERIC DIGITS. NO ALPHA CHARACTERS. SEE DATA SHEET

PACKAGE CODE -REQUIRED ,ALPHA CHARACTER ONLY,NO NUMERICS

P = PLASTIC DIP $=0.3"S0IC

C = CERAMIC SIDEBRAZE E= CERAMIC LCC

D = CERDIP J=J-LEAD CERAMIC CHIP CARRIER

L = PLASTIC LEADED CHIP CARRIER,J LEAD G= GULLWING CERAMIC CHIP CARRIER

U= UNPACKAGED DIE Q= PLASTIC QUAD FLATPACK

TEMPERATURE SPECIFICATION - REQUIRED,ALPHA CHARACTER ONLY
SIGNAL CONDITIONING/COMMUNICATION:
C= 0C to 70°C
1=-40C to 85C
M=-55C 10125°C

TEMPERATURE/ACCURACY - REQUIRED,ALPHA CHARACTER ONLY

DATA ACQUISITION:
TEMPERATURE ACCURACY
GOOD BETTER  BEST
0°C to 70°C J K L
-40°C to 85°C A B c
55°C 10125°C S T u

"~ UP TO FOUR ALPHANUMERIC DIGITS COMPRISE REMAINDER OF BASIC PART NUMBER

'— CRYSTAL PRODUCT LINE (PROPRIETARY PARTS; SECOND-SOURCE PARTS HAVE EXCEPTIONS):
3 = DATA ACQ. SUPPORT CIRCUITS
42 = CODECS
43 = D/A CONVERTERS
5 = A/D CONVERTERS
6 = TELECOMMUNICATIONS
7 = SIGNAL CONDITIONING
8 = DATACOMMUNICATIONS

~~ CRYSTAL SEMICONDUCTOR

"CS" = ALL CRYSTAL PRODUCTS;EXCEPT FOR

"CXT" = QUARTZ CRYSTALS REV5
"CDB" = EVALUATION BOARD

"CX" = CUSTOM PRODUCTS
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In addition to the part number, all Crystal parts have a second line of marking, which can be decoded as
follows: o

(FAT)LLRYYWW(RF)

(
‘l‘—* FOUNDRY DESIGNATOR - SECOND DIE (DUAL DIE PKGS ONLY)
DEVICE REVISION LEVEL - SECOND DIE (DUAL DIE PKGS ONLY)
ASSEMBLY DATE CODE
DEVICE REVISION LEVEL v

LOT IDENTIFICATION
TEST SITE DESIGNATOR
~ ASSEMBLY SITE DESIGNATOR NOT USED ON SMALL PACKAGES
~ FOUNDRY DESIGNATOR

LOT CODE IDENTIFIER - TWO DIGIT ALPHA CHARACTER.
IDENTIFIER SEQUENCE WILL BEGIN WITH
AA,AB,AC, ETC. EACH LOT WILL RECEIVE
A UNIQUE IDENTIFIER REGARDLESS OF
DEVICE OR START DATE. SEQUENCE
BEGINS AGAIN WITH AA WHEN ZZ HAS
BEEN UTILIZED.

COMPANY BACKGROUND

Crystal Semiconductor Corporation was founded in 1984 with the goal of supplying the industry with
high-performance, mixed analog/digital CMOS circuits. In 1991, Crystal became a wholly owned sub-
sidiary of Cirrus Logic.

To meet its objectives, Crystal recruited a staff of renowned CMOS analog design engineers, a scarce
resource in the industry, and teamed them with designers trained in system architecture development.

By coupling this design staff with highly qualified application and test engineers and seasoned manage-
ment, Crystal has achieved several industry firsts. Systems designers now benefit from the performance
and cost savings of Crystal breakthroughs such as self-calibrating ADCs, monolithic T1 interfaces and
the industry’s first implementations of "delta sigma" oversampling A-to-D converters.

Headquartered in Austin, Texas, Crystal sells its products worldwide through a network of manufac-
turer’s representatives. Crystal’s entire marketing and sales organization is committed to providing qual-
ity products and reliable, rapid service.

1-4



QUALITY AND RELIABILITY INFORMATION

ALITY AND RELI

Crystal Semiconductor is committed at every
level of the company to the highest possible
standards of quality and reliability in its prod-
ucts. This commitment is evident in all phases of
operations: initial product definition, design, fab-
rication, assembly, test, qualification and cus-
tomer service. Product quality and reliability are
active concerns of each Crystal employee. Qual-
ity is ingrained in every operation throughout the
product life cycle. Some of the key operations
are discussed below.

In Product Definition

To ensure maximum system performance,
Crystal works with users to identify and quantify
the parameters, including quality and reliability
issues, that best serve customer needs. Quality
and reliability become part of the design goals,
along with electrical performance and cost.

In Design

Conservative CMOS design rules are the basis
for all current Crystal products. In addition, ex-
tensive use is made of proven standard cells to
drastically reduce the possibility of design errors.

Each pin in every SMART Analog product is de-
signed to meet ESD levels of at least 2500V
when tested per MIL STD 883C, Method 3015.
Each pin is also designed to withstand more than
200mA of DC latch-up current.

Crystal SMART Analog design architectures
provide quality and reliability comparable to
leading digital devices and memories. This is far
superior to traditional analog ICs and hybrids.
Designs which use digital error correction
achieve stable performance over time and tem-
perature by taking advantage of digital controls
that are insensitive to parametric analog prob-
lems such as leakages and shifts in threshold
voltage. Using Crystal devices, designers have

ILITY

RMATI

fewer error sources to consider. The result is a
less complicated, more reliable system.

In Fabrication and Assembly

Crystal ensures reliable delivery of quality parts
by accessing established foundries in multiple
locations worldwide. Each fabrication facility is
qualified by Crystal. Assembly is performed
both domestically and offshore under carefully
documented and well-controlled conditions.

Wafer fabrication and assembly processes
undergo in-line quality inspections. Wafers are
inspected optically to guidelines based on MIL
STD 883C, Method 2010. Each die is electri-
cally tested using proprietary test circuits that
verify key parameters. Following assembly,
packages are subjected to a variety of mechani-
cal inspections to verify integrity and insure high
quality. (For example, x-ray inspection is one of
the standard production tests.)

In Test

In a break from traditional analog components,
Crystal’s SMART Analog products include basic
test capabilities designed into each chip. Crys-
tal’s in-process quality assurance program uses
this designed-in testability to monitor and track
the performance and quality of these complex
circuits. Finished packaged components are
tested 100 percent electrically, over temperature
where critical parameters are involved. With
these extensive quality programs, Crystal guar-
antees outgoing electrical quality levels on all
data sheet specifications to a 0.065 percent AQL
level over the full specified temperature range.

Throughout the assembly and test phases, trace-
ability to the original wafer lot is carefully main-
tained.

Q&R1

1
|



r g JYIi17 4 4 /4
I 4 5 wy /i
NN Ay N NN

QUALITY AND RELIABILITY INFORMATION

In Product Qualification

Before any Crystal product is released to pro-
duction and shipped in volume, it must undergo
a thorough qualification program. Crystal has
separate qualification criteria to address both
long-term reliability and infant mortality so that
the sources of failure are identified and elimi-
nated. Crystal uses military specifications as the
guidelines for reliability tests, methods and pro-
cedures. (See Qualification Criteria Table)

To ensure reliability of the design and processes, full
qualification requires that three non-consecutive lots
are used during the qualification program. Fabrica-
tion and assembly facilities are audited every six
months and routinely monitored. Any major design
or process changes are re-qualified.

These steps guarantee that Crystal products
maintain the high standards of reliability de-
signed-in from the start.

In Customer Service

Compliance with purchasing requirements is
ensured through the use of Crystal’s
computerized system "Compass" (Crystal On-
line Marketing, Production, and Sales System).
This processing system ensures that all orders
are entered correctly, scheduled properly, pro-
duced according to schedule, and shipped with
zero discrepancies.

All systems and procedures at Crystal
Semiconductor are aimed at continuously
improving the quality and reliability of our prod-
ucts and services to meet the needs of our cus-
tomers.

Crystal’s philosophy on quality is to anticipate
problems and develop systems and controls to
alleviate possible problems. It is a well stated
fact by Juran and Deming, two of the nation’s
foremost experts on quality, that 85% of all qual-
ity problems are system related and 15% are

worker related. Therefore, Crystal devotes its
major quality efforts toward preventing system
related quality problems.

Crystal has a very aggressive audit program in
place. Monthly internal audits are performed to
insure compliance to the extensive documenta-
tion of instructions and criteria for testing and
inspection. Semi-annual vendor audits are per-
formed on the assembly and fabrication foun-
dries. Vendor audits insure the adequacy and
compliance of specifications, product flow,
training, process controls and cleanliness. All
internal and external audits have provisions for
ratings and a system for corrective action
requirements. These frequent audits by assembly,
fabrication and quality engineers maximize
system quality compliance.

As an added measure of continued high quality
from assembly and fabrication foundries, thor-
ough incoming inspections are performed. Wafer
level optical inspection is based upon guidelines
of MIL STD 883C, METHOD 2010. Test die or
scribe line monitors are electrically tested to ver-
ify compliance to key process parameters based
upon design rule specifications. These electrical
parameters include threshold voltages, breakdown
voltages, material resistance, and contact resis-
tance. Assembly packaging inspection includes
external visual, marking permanency, solderabil-
ity, x-ray, hermeticity, die shear, wirepull and in-
ternal visual.

Preventive measures are very much in force in
the final test area. Equipment calibration and
preventive maintenance procedures are strictly
adhered to. Handling procedures for Electrostatic
Discharge are in place throughout the test areas.
Non-conforming material is segregated until dis-
position by a material review board. There are
controlled procedures for releasing new test pro-
grams and new test equipment to the production
environment. In summary, Crystal Semiconduc-
tor is committed to meet the quality require-
ments of its customers.

1-6
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-2 - QUALITY AND RELIABILITY INFORMATION

lifi n Criteria Tabl
World
,,,,,,,,,,,,,,,,, Production Production  Class ¥

L GO Level Il Level Il Level | Units

Quality Performance @~

Outgoing Quality (elec./vis-mech/ship.) : Crystal Spec. 1000 500 100 DPM

Fault Coverage (Digital) : n/a n/a 95% %

Datasheet Test Coverage (Digital) . Datasheet 100% 100% 100% %

Datasheet Test Coverage (Analog) - Datasheet 100% 100% 100% %

ESD - Human Body Model - MIL 3015 1500 2000 4000 \

ESD - Machine Model - MIL3015 - - 300 \

Latchup - Power Supply1 - JEDEC 17 Vee+1V  Vec+50%  Vee+50% \

Latchup - /O’ : JEDEC17 .| 450 £100 4200 mA

Reliability Performance

Infant Mortality (48hrs @ 125°C or equnv) . MIL 1005 -- - 1000 DPM

Early Life (168hrs@ 125°C or 1yr. equiv.)® : MIL 1005 1/167* 500 300 FITS

Operating Life (1000hrs @ 125°C or 10yr, equnv) - MIL 1005 500 300 100 FITS

Moisture Performance

Moisture Resistance - THB (plastic pkgs) . JEDEC 22B | 500/5% 1k/5% 1k/3% | hrs/%LTPD per lot®
Autoclave (plastic pkgs) . JEDEC 22B | 96/5% 144/5% 144/3% | hrs/%LTPD per lot®
Mechanical Performance @~

Temp Cycle (plastic pkgs) . MiL 1010 500/5% 1k/5% 1k/3% | #cy/%LTPD per lot®
Thermal Shock (plastic pkgs) - MIL1011 200/5%  500/5% 1k/3% | #cy/%LTPD per lot®
Temp Cycle w/ Hermeticity (hermetic pkgs) - MIL1010/14 | 500/5% 1k/5% 1k/3% | #cy/%LTPD per lot®
Thermal Shock w/ Hermeticity (hermetic pkgs) : MIL 1011/14 | 200/5%  500/5% 1k/3% | #cy/%LTPD per lot®
Soak &VPR (surface mount plastic pkgs) : Crystal Spec. | 3/5% 3/3% 3/1% #cy/%LTPD per lot®
Xray Crystal Spec. | 2.50% 2.50% 0.65% | %AQL per lot®
Dimensions - MIL 2016 2.50% 2.50% 0.65% | %AQL per lot®
Solderability 5 MIL 2003 2.50% 2.50% 0.65% | %AQL per lot®
Lead Integrity & Lead Pull . MIL 2004 2.50% 2.50% 0.65% | %AQL per lot?
Mark Permanency ..MIL2015 | 2.50% 2.50% 0.65% | %AQL per lot®
Product Integrity

Design Rule and LVS Checks - Crystal Spec. yes yes yes

Design for Reliability & Packaging - Crystal Spec. yes yes yes

Product Characterization : Crystal Spec. | limited full statistical

Test guardbands : Crystal Spec. | some 100% 100%

Construction Analysis

Wafer cross section & topo - Crystal Spec. yes yes yes

SEM metallization - MIL 2018 yes yes yes

Package - Crystal Spec. yes yes yes

Notes: 1. at High Temperatures (exc. Lev.IV)

. Point Estimate

3. 55°C, 0.7eV, 60%UCL

4. #accept/n

5. LTPD and AGL criteria in table above apply to each lot tested.
CUM LTPD and AQL numbers are also required for Level Ii:

N

fividual | Cum Lot Requir
5% LTPD 3% LTPD
3% LTPD 1% LTPD
2.5% AQL 1.0% AQL

Q&R1 1-7 |
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DATA ACQUISITION PRODUCTS

GENERAL PURPOSE A/D CONVERTERS

CS5317 16-bit Voice Band ADC

The CS5317 is well suited for a wide range of voice-
band applications, from speech recognition to passive
sonar. An on-chip PLL/Clock generator makes the
part perfect for high-performance modems. The de-
vice features a 20 kHz word rate, a 10 kHz band-
width, 84 dB dynamic range and 80 dB THD.

CS5012A, CS5014, CS5016 SAR Family

The CS5012A, CS5014 and CS5016 converters have
12, 14 & 16 bits of resolution respectively, with con-
version times of 7 us to 16 ps. On-chip self-calibration
ensures that linearity, offset and full-scale errors re-
main within specification, with no missing codes.

CS5102A 16-bit 20 kHz Low Power ADC

The CS5102A is a low power version of the
CS5101A. Requiring only 44 mW from %5 V sup-
plies, along with a 1 mW power down mode, the
CS5102A is ideal for battery powered applications.

CS5101A, CS5126 16-bit 100 kHz ADC
The CS5101A is a 16-bit ADC capable of con-
verting in 8 ps, yielding sample rates of 100 kHz.
A 2-channel analog input mux is included. The
CS5126 is a low-cost version of the CS5101A, in-
tended for signal processing applications.

CS5030, CS5031, CS5032 12-bit 500kHz ADCs
The CS5030/1 feature a 1 ppm/°C on-chip refer-
ence. This yields a 12-bit ADC which has a total
unadjusted error (including reference error) of
<t0.5 LSB over the military temperature range.
The CS5032 is a low cost version with a 60
ppm/°C reference.

CS7870, CS7875 12-bit 100 kHz Sampling ADC

The CS7870 and CS7875 are complete monolithic
CMOS ADCs providing 100 kHz throughput.
Conversion results are available in either 12-bit
parallel, two 8-bit bytes, or serial data. The
CS7870 has a £3V analog input range while the
CS7875 accepts input signals from OV to +5V.

CS5012A CS5030
Cs5014 CS5102A CS5101A CS5031 CS7870
Specifications C85317 CS5016 CS5126 CS5032 CS7875
Resolution (bits) 16 12/14/16 16 16 12 12
Application Modem GP GP GP__ - GP GP
Throughput (kHz) 20 100/56/50 20 100 500 100
Conversion Time (us) - 7/14/16 40 8 2 10
Integral Non-Linearity '0%6&‘122/ .0015% 0015% 25188 0.25LSB
Differential (+LSB) 0.25/0.25/
Non-Linearty NMC NMC NMC NMC 0.5 0.5
No Missing Codes 16 12/14/16 16 16 12 12
Total Harmonic .008/.003/
Distortion (%) .007 001 .001 .001 .01 .01
Signal-to-Noise
plus Distortion (dB) 80 73/83/92 92 92 72 72
Dynamic Range (dB) 84 73/83/92 92 92 72 73
Power Needed (mW) 220 150 44 280 85 88
. Delta Suce. Succ. Succ. Suce. Succ.

Conversion Method Sigma Approx. Approx. Approx. Approx. Approx.
Power Down Mode - - v v - -
On-Chip Sample
and Hold v v v/ v v/ /
On-Chip V. Ref - - - v v
Statically Tested - v v v v v
Dynamically Tested v v v v v v

Com Com Com
Temperature Range ?ﬁg’ *Ind Ind Ind l’aﬁ Il\r/‘lﬁ

Mil Mil Mil
Number of Pins (DIP) 18 40 28 28 24 24

DIP DIP DIP
Packages _ PLCC PLCC PLCC oar ot

LCC LCC LCC

NMC = No Missing Codes

GP = General Purpose
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DATA ACQUISITION PRODUCTS

INDUSTRIAL MEASUREMENT AND SEISMIC
A/D CONVERTERS

CS5501, CS5503 16/20-bit DC Measurement ADC
The CS5501 and CS5503 feature an on-chip, 6-
pole, low-pass filter, with adjustable corner fre-
quencies from 0.1 Hz to 10 Hz. The ADC’s
achieve linearity errors of 0.0007%, with no miss-
ing codes. A highly flexible serial interface, along
with 25 mW power consumption, all in a 20 pin
package, make the parts ideal for weigh scale and
process control applications.

CS5504/5/6/7/8/9 1, 2 & 4-channel, 16/20-bit DC
Measurement ADC

Very low power consumption of 1.7 mW, along
with an optional 1, 2, or 4-channel input mux,
make this part ideal for process control and hand
held meter applications. These ADC’s are avail-
able in 16 or 20 bit versions.

(CS5516, CS5520 16/20-bit Bridge Transducer ADC
The CS5516 and CS5520 are complete solutions for
digitizing low level signals from strain gauges, load
cells and pressure transducers. The devices offer an on-

chip software programmable instrumentation am-
plifier, choice of AC or DC bridge excitation,
software selectable reference and signal demodu-
lation.

(CS5321, CS5322, CS5323, CS5324

24-bit Variable Bandwidth ADC

The CS5321 or CS5323 modulator, combined with
the CS5322 digital filter, offers >120 dB dynamic
range in the DC to 500 Hz frequency band. Seven
different filter corner frequencies and output update
rates are offered, allowing the ADC to be optimized
for different types of seismic measurements. The
CS5324 includes a modulator and the first stage of
digital filtering, allowing users to implement their
own final filter stage.

CS5542, CS5543, 22-bit, 8-channel Data Acqui-
sition System

The CS5542 is a 2-channel, 5th order delta-sigma
modulator intended for direct digitization of transducer
currents. The CS5543 is an 8-channel digital FIR fil-
ter. Up to four CS5542’s may be connected with one
CS5543 to form an 8-channel data acquisition system.
The output word rate is 1000 Hz per channel.

CS5504 CS5507

CS5501 CS5505 CS5508 CS5516 CS5321  CS5323 CS5542
Specifications CS5503 CS5506  CS5509 CS5520 CS5322  CS5324 CS5543
Input Bandwidth 10 Hz 10 Hz 12 Hz 500 Hz 250/500 Hz
Resolution (bits) 16/20 16/20 16/20 24 22
Application DC Measurement Seismic DC Measurement
Throughput (kHz) 4 100/200Hz 60Hz - 1KHz
Integral Non-Linearity .0007% .0015% .0007% .001%
Differential (+LSB; 0.125/
Non~Lineari$y ) NMC 0125 05 NMC 05
Total Harmonic
Distortion (%) -0003
Dynamic Range (dB) - - - 120 113
Power Needed (mW) 25 3 40 150 80/75
Conversion Method [?elta Qelta Qelta Qelta Qelta

Sigma Sigma Sigma Sigma Sigma
Power Down Mode v v v v v
On-Chip Sample
and Hon i v v v v v
On-Chip V. Ref - v - - -
On-Chip Filtering v v v v v
Temperature Range Ind, Mil Ind Ind Ind Ind
Number of Pins (DIP) 20 20/24 24 28 28/44
Packages S%’Ii‘, S[g:z SE())"I:E: PLCC PLCC

NMC = No Missing Codes
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DATA ACQUISITION PRODUCTS
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HIGH SPEED A/D CONVERTERS

CS5412 12-bit 1 MHz ADC

Using a 2-step flash approach, the CS5412
achieves 12-bit performance at a 1 MHz sample
rate. Self calibration ensures accuracy over time
and the military temperature range. Available in
both DIP and J-lead LCC packages, with on-chip
S/H, the IC offers a very compact ADC solution.

CS5480, CS5481 10-bit 40/20 MHz ADC

The CS5480 is a monolithic CMOS 10-bit sam-
pling ADC capable of 40 Msps conversion rates.
The CS5481 is a 10-bit sampling ADC capable of
20 Msps conversion rates. Digital inputs are
CMOS and TTL compatible, and the digital out-
puts are CMOS compatible. Output data is avail-
able in offset binary format.

CS5490 12-bit 20MHz ADC

The CS5490 is a 12-bit sampling ADC capable of
20 Msps conversion rates. Digital inputs are
CMOS and TTL compatible, and the digital out-
puts are CMOS compatible. Output data is avail-
able in offset binary format.

CDBCAPTURE SYSTEM

Data Capture and Interface Board for a PC
The CAPTURE interface board is a development
tool that can be easily interface to Crystal Semi-
conductor Evaluation boards. Application software,
developed with Lab Windows, adjusts the CAP-
TURE interface board for the appropriate signal tim-
ing and polarity, coding format and number of bits.

Specifi Cs5412 CS5480 CS5481 CS5490
Input Bandwidth 4 MHz 200 MHz 200 MHz 200 MHz
Resolution (bits) 12 10 10 12
Application GP Fast High Speed High Speed High Speed
Throughput 1 MHz 40 MHz 20 MHz 20 MHz
Integral Non-Linearity (+xLSB) 1 1 1 1
Differential Non-Linearity (+LSB) 0.9 0.5 0.5 0.5
No Missing Codes 12 10 10 12
Total Harmonic Distortion -78 dB -54 dB -54 dB -63 dB
Signal-to-Noise plus Distortion (dB) 70 58 58 62
Dynamic Range (dB) 70 62 62 70
Power Needed (mW) 750 375 225 225
Conversion Method 2’_:;?5? Pipeline Pipeline Pipeline
On-Chip Sample and Hold v v v v
On-Chip V. Ref v v v
Com
Temperature Range Ind Ind Ind Ind
Mil
Number of Pins 40/44 28 28 44
Packages o PLCC pPLCC PLCC
NMC = No Missing Codes GP = General Purpose
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CS5016 CS5014 CS5012A

Semiconductor Corporation

16, 14 & 12-Bit, Self-CaIibrating A/D Converters

Features

® Monolithic CMOS A/D Converters
Microprocessor Compatible
Parallel and Serial Output
Inherent Track/Hold Input

® True 12, 14 and 16-Bit Precision

® Conversion Times:
CS5016 16.25 us
CS5014 14.25 us
CS5012A 7.20 us

@ Self Calibration Maintains Accuracy
Over Time and Temperature

® Low Power Dissipation: 150 mW

® Low Distortion

General Description

The CS5012A/14/16 are 12, 14 and 16-bit monolithic
analog to digital converters with conversion times of
7.2us, 14.25us and 16.25us. Unique self-calibration cir-
cuitry insures excellent linearity and differential non-
linearity, with no missing codes. Offset and full scale
errors are kept within 1/2 LSB (CS5012A/14) and
1 LSB (CS5016), eliminating the need for calibration.
Unipolar and bipolar input ranges are digitally select-
able.

The pin compatible CS5012A/14/16 consist of a DAC,
conversion and calibration microcontroller, oscillator,
comparator, microprocessor compatible 3-state ‘' I/O,
and calibration circuitry. The input track-and-hold, in-
herent to the devices’ sampling architecture, acquires
the input signal after each conversion using a fast
slewing on-chip buffer amplifier. This allows throughput
rates up to 100 kHz (CS5012A), 56 kHz (CS5014) and
50 kHz (CS5016).

An evaluation board (CDB5012/14/16) is available
which allows fast evaluation of ADC performance.

ORDERING INFORMATION: Pages 2-45, 2-46, & 2-47

HOLD CS RD A0 BP/UP RST BW INTRLV CAL

EOT EOC SCLK SDATA

1 J2t [22 [23 [e4 |32 [s3 Jaa4 35 {37 ]38 139 140
DO (LSB) CS5016
* D1
20 CLOCK D2 (LSB) CS5014
CLKIN —»s GENERATOR H CONTROL }-——j o2
v D4 (LSB) CS5012A
29 CALIBRATION
REFBUF ‘ el MICROCONTROLLER bs
»8 D6
VREF D7
D8
D9
N N e T
AN + REDISTRIBUTION D10
[ DAC D11
+  COMPARATOR D12
AGND §27 + D13
STATUS REGISTER D14
D15 (MSB)
25 30 1 36 10 31
VA+ VA- VD+ VD- DGND TST

Crystal Semiconductor Corporation
P.O. Box 17847, Austin, TX 78760
(512) 445 7222 FAX: (512) 445 7581

MAR '95
Copyright © Crystal Semiconductor Corporation 1995 DS14F6
(All Rights Reserved) 2.7
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, CS5012A
CS5012A ANALOG CHARACTERISTICS (Ta = Twin to Twax; VA+, VD+ = 5V;
VA-, VD- = -5V; VREF = 2.5V to 4.5V; fck = 6.4 MHz for -7, 4 MHz for -12; Analog Source Impedance = 200Q)

CS5012A-K CS5012A-B CS5012-T
Parameter* Min Typ Max | Min Typ Max | Min Typ Max | Units

Specified Temperature Range 0to +70 -40 to +85 -55 to +125 °C
Accuracy
Linearity Error (Note 1) +1/4 +1/2 +1/4 +1/2 +1/4 +1/2 | LSB12

Drift (Note 2) £1/8 +1/8 +1/8 ALSB12
Differential Linearity (Note 1) +1/4  +1/2 +1/4 172 +1/4 +1/2 | LSB12

Drift (Note 2) +1/32 +1/32 +1/32 ALSB12
Full Scale Error (Note 1) +1/4 +1/2 +1/4 £1/2 +1/4 +1/2 | LSB12

Drift (Note 2) +1/16 +1/16 +1/8 ALSB12
Unipolar Offset (Note 1) +1/4 +1/2 +1/4  1/2 +1/4 +1/2 | LSB12

Drift (Note 2) +1/16 +1/16 +1/16 ALSB12
Bipolar Offset (Note 1) +1/4  +1/2 +1/4 +1/2 +1/4 +1/2 | LSB12

Drift (Note 2) +1/16 +1/16 +1/16 ALSB12
Bipolar Negative Full-Scale Error(Note 1) +1/4 +1/2 +1/4 £1/2 +1/4 +1/2 | LSB12

Drift (Note 2) +1/16 +1/16 +1/16 ALSB12
Total Unadjusted Error (Note 1) +1/4 +1/4 +1/4 LSB12

Drift (Note 2) +1/4 +1/4 +1/4 ALSB12
Dynamic Performance (Bipolar Mode)
Peak Harmonic or (Note 1)
Spurious Noise

Full Scale, 1 kHz Input 84 92 84 92 84 92 dB

Full Scale, 12 kHz Input 84 88 84 88 84 88 dB
Total Harmonic Distortion 0.008 0.008 0.008 %
Signal-to-Noise Ratio (Note 1)

1 kHz, 0 dB Input 72 73 72 73 72 73 dB

1 kHz, -60 dB Input 13 13 13 dB
Noise (Note 3)

Unipolar Mode 45 45 45 WVrms

Bipolar Mode 90 90 90 wVrms
Notes: 1. Applies after calibration at any temperature within the specified temperature range.

2. Total drift over specified temperature range since calibration at power-up at 25 °C
3. Wideband noise aliased into the baseband. Referred to the input.

* Refer to Parameter Definitions (immediately following the pin descriptions at the end of this data sheet).

Specifications are subject to change without notice.
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CS5012A

CS5012A ANALOG CHARACTERISTICS (continued)

CS5012A-K CS5012A-B CS5012-T
Parameter* Min Typ Max | Min Typ Max | Min Typ Max | Units
Specified Temperature Range 0to +70 -40 to +85 -55 to +125 °C
Analog Input
Aperture Time 25 25 25 ns
Aperture Jitter 100 100 100 ps
Input Capacitance (Note 4)
Unipolar Mode CS5012 275 375 275 375 275 375 pF
CS5012A 103 137 103 137 103 137 pF
Bipolar Mode CS5012 165 220 165 220 165 220 pF
CS5012A 72 96 72 96 72 96 pF
Conversion & Throughput
Conversion Time -7  (Notes 5 and 6) 7.2 7.2 us
-12 12.25 12.25 12.25| pus
Acquisition Time -7 (Note 6) 25 28 25 28 us
-12 3.0 3.75 3.0 375 3.0 3.75 us
Throughput -7 (Note 6)| 100 100 kHz
-12 62.5 62.5 62.5 kHz
Power Supplies
DC Power Supply Currents (Note 7)
IA+ 12 19 12 19 12 19 mA i
IA- 12 -19 12 19 12 <19 | mA |
(CS5012) ID+ 3 6 3 6 3 6 mA ‘
(CS5012A) ID+ 6 7.5 6 75 mA i
ID- -3 -6 -3 -6 -3 -6 mA ‘
Power Dissipation (Note 7) 150 250 150 250 150 250 | mW
Power Supply Rejection (Note 8)
Positive Supplies 84 84 84 dB
Negative Supplies 84 84 84 dB

Notes: 4.

5. Measured from falling transition on HOLD to falling transition on EOC.

6. Conversion, acquisition, and throughput times depend on CLKIN, sampling, and calibration conditions.
The numbers shown assume sampling and conversion is synchronized with the CS5012A/14/16 ’s
conversion clock, interleave calibrate is disabled, and operation is from the full-rated, external clock.
Refer to the section Conversion Time/Throughput for a detailed discussion of conversion timing.

7. All outputs unloaded. All inputs CMOS levels.
8. With 300 mV p-p, 1 kHz ripple applied to each analog supply separately in bipolar mode. Rejection
improves by 6 dB in the unipolar mode to 90 dB. Figure 13 shows a plot of typical power supply

rejection versus frequency.

Applies only in track mode. When converting or calibrating, input capacitance will not exceed 15 pF.

DS14F6
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CS5014 ANALOG CHARACTERISTICS (Ta = Tmin to Tmax; VA+, VD+ = 5V;
VA-, VD- = -5V; VREF = 4.5V; CLKIN = 4 MHz for -14, 2 MHz for -28; Analog Source Impedance = 200Q)

CS5014-K CS5014-B CS5014-S, T
Parameter* Min Typ Max | Min Typ Max | Min Typ Max | Units
Specified Temperature Range 0 to +70 -40 to +85 -55 to +125 °C
Accuracy
Linearity Error KB, T (Note 1) +1/4  £1/2 +1/4 +1/2 +1/4 *1/2 | LSB14
S #1/2 1.5 | LSB14
Drift (Note 2) +1/8 +1/8 +1/8 ALSB14
Differential Linearity (Note 1) +1/4  +1/2 +1/4 +1/2 +1/4 +1/2 | LSB14
Drift (Note 2) +1/32 +1/32 +1/32 ALSB14
Full Scale Error (Note 1) +1/2 /2 # +1/2 +1 | LSB1s
Drift (Note 2) +1/4 +1/4 *1/2 ALSB14
Unipolar Offset KB, T (Note 1) +1/4 +3/4 +1/4 +3/4 +1/4 +3/4 | LSB14
S +1 | LSBia4
Drift (Note 2) +1/4 +1/4 +1/2 ALSB14
Bipolar Offset KB, T (Note 1) +1/4  +3/4 +1/4  +3/4 +1/4 +3/4 | LSB14
S +1 | LSB14
Drift (Note 2) +1/4 +1/2 +1/2 ALSB14
Bipolar Negative Full-Scale Error(Note 1)
KB T 12 +1/2 1 +1/2 1 | LSB1s
S +1.5 | LSB14
Drift (Note 2) *1/4 +1/4 +1/2 ALSB14
Total Unadjusted Error (Note 1) +1 +1 +1 LSB14
Drift (Note 2) +1/2 +1 + ALSB14
Dynamic Performance (Bipolar Mode)
Peak Harmonic or (Note 1)
Spurious Noise
Full Scale, 1 kHz Input K,B, T| 94 98 94 98 94 98 dB
S 85 dB
Full Scale, 12 kHz Input K,B, T| 84 87 84 87 84 87 dB
S 80 dB
Total Harmonic Distortion 0.003 0.003 0.003 %
Signal-to-Noise Ratio  (Notes 1 and 9)
1 kHz, 0 dB Input K,B, T| 82 84 82 84 82 84 dB
S 80 dB
1 kHz, -60 dB Input 23 23 23 dB
Noise (Note 3)
Unipolar Mode 45 45 45 UVrms
Bipolar Mode 90 90 90 wWVrms
Notes: 9. A detailed plot of S/(N+D) vs. input amplitude appears in Figure 26 for the CS5014 and Figure 28

for the CS5016.

* Refer to Parameter Definitions (immediately following the pin descriptions at the end of this data sheet).

Specifications are subject to change without notice.
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CS5014 ANALOG CHARACTERISTICS (continued)

CS5014-K CS5014-B CS5014-S, T
Parameter* Min Typ Max | Min Typ Max | Min Typ Max | Units
Specified Temperature Range 0 to +70 -40 to +85 -55 to +125 °C
Analog Input
Aperture Time 25 25 25 ns
Aperture Jitter 100 100 100 ps
Input Capacitance (Note 4)
Unipolar Mode 275 375 275 375 275 375 pF
Bipolar Mode 165 220 165 220 165 220 pF
Conversion & Throughput
Conversion Time -14 (Notes 5 and 6) 14.25 14.25 14.25| us
-28 28.5 285 28.5 us
Acquisition Time  -14 (Note 6) 3.0 375 3.0 375 3.0 3.75 us
-28 45 525 45 525 45 5.25 us
Throughput -14 (Note 6)| 55.6 55.6 55.6 kHz
-28 27.7 27.7 27.7 kHz
Power Supplies
DC Power Supply Currents (Note 7)
1A+ 9 19 9 19 9 19 mA
IA- -9 19 -9 -19 -9 -19 mA
ID+ 3 6 3 6 3 6 mA
ID- -3 -6 -3 -6 -3 -6 mA
Power Dissipation (Note 7) 120 250 120. 250 120 250 | mW
Power Supply Rejection (Note 8)
Positive Supplies 84 84 84 dB
Negative Supplies 84 84 84 dB
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CS5016 ANALOG CHARACTERISTICS (Ta = Tmin to Tmax; VA+, VD+ = 5V;

-5V; VREF = 4.5V; CLKIN = 4 MHz for -16, 2 MHz for -32; Analog Source Impedance = 200Q;

CS5016-J, K CS5016-A, B CS5016-S, T
Parameter* Min Typ Max | Min Typ Max | Min Typ Max | Units
Specified Temperature Range 0 to +70 -40 to +85 -55 to +125 °C
Accuracy
Linearity Error J,A'S (Note 1) 0.002 0.003 0.002 0.003 0.002 0.0076| %FS
K,B, T 0.001 0.0015 0.001 0.0015| 0.001 0.0015| %FS
Drift (Note 2) +1/4 +1/4 +1/4 ALSB1g
Differential Linearity (Note 10)| 16 16 16 Bits
Full Scale Error J,A'S (Note 1) +2 +3 +2 +3 +2 +4 | LSB1s
K,B, T 2 43 2 43 +2 43 |LSBis
Drift (Note 2) +1 +1 +2 ALSB16
Unipolar Offset J,A'S ~(Note 1) +1 +2 +1 +3 +1 +4 | LSB16
K,B, T 1 32 +1 43 +1  +3 | LSB1e
Drift (Note 2) +1 +1 +2 ALSB1g
Bipolar Offset J,A'S (Note 1) +1 +2 +1 +2 +1 +4 | LSB1s
KB T 1 32 = ) +1  +2 |LSB1e
Drift (Note 2) +1 +2 +2 ALSB16
Bipolar Negative Full-Scale Error(Note 1)
J,A' S +2 3 +2 43 +2 5 | LSBis
KB, T 2 43 2 13 +2 +3 | LSBis
Drift (Note 2) +1 +2 +2 ALSB16
Dynamic Performance (Bipolar Mode)
Peak Harmonic or (Note 1)
Spurious Noise
Full Scale, 1 kHz Input J,A, S| 96 100 96 100 92 100 dB
K,B, T| 100 104 100 104 100 104 dB
Full Scale, 12 kHz Input J,A S| 85 88 85 88 82 88 dB
K,B, T| 85 91 85 91 85 91 dB
Total Harmonic Distortion J,A'S 0.002 0.002 0.002 %
Full Scale, 1 kHz Input K, B, T 0.001 0.001 0.001 %
Signal-to-Noise Ratio  (Notes 1 and 9)
1 kHz, 0 dB Input J,A S| 87 90 87 90 84 90 dB
K,B, T| 90 92 90 92 90 92 dB
1 kHz, -60 dB Input J,A'S 30 30 30 dB
K,B, T 32 32 32 dB
Noise (Note 3)
Unipolar Mode 35 35 35 uVrms
Bipolar Mode 70 70 70 UVrms

Notes: 10. Minimum resolution for which no missing codes is guaranteed

* Refer to Parameter Definitions (immediately following the pin descriptions at the end of this data sheet).

Specifications are subject to change without notice.

2-12

DS14F6



-5 CS5016
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CS5016 ANALOG CHARACTERISTICS (continued)

CS5016-J, K CS5016-A, B CS5016-S, T
Parameter* Min Typ Max | Min Typ Max | Min Typ Max | Units
Specified Temperature Range 0 to +70 -40 to +85 -55 to +125 °C
Analog Input
Aperture Time 25 25 25 ns
Aperture Jitter 100 100 100 ps
Input Capacitance (Note 4)

Unipolar Mode 275 375 275 375 275 375 pF

Bipolar Mode 165 220 165 220 165 220 pF
Conversion & Throughput
Conversion Time -16 (Notes 5 and 6) 16.25 16.25 16.25| s

-32 32.5 32.5 325 us
Acquisition Time  -16 (Note 6) 3.0 375 3.0 375 3.0 375 us
-32 45 525 45 5.25 45 525 us
Throughput -16 (Note 6)| 50 50 50 kHz
-32 26.5 26.5 26.5 kHz
Power Supplies
DC Power Supply Currents (Note 7)
IA+ 9 19 9 19 9 19 mA
IA- -9 -19 -9 19 -9 -19 mA
ID+ 3 6 3 6 3 6 mA
ID- -3 -6 -3 -6 -3 -6 mA
Power Dissipation (Note 7) 120 250 120 250 120 250 | mW
Power Supply Rejection (Note 8)
Positive Supplies 84 84 84 dB
Negative Supplies 84 84 84 dB

DS14F6
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-5y~ CS5012A, CS5014, CS5016

SWITCHING CHARACTERISTICS (Ta = TMIN to Tmax; VA+, VD+ = 5V £10%;
VA-, VD- = -5V £10%; Inputs: Logic 0 = 0V, Logic 1 = VD+; CL = 50 pF, BW = VD+)

Parameter Symbol Min Typ Max Units
CS5012A CLKIN Frequency: foLk
Internally Generated: 1.75 - - MHz
Externally Supplied: -7 100 kHz - 6.4 MHz
-12 100 kHz - 4.0 MHz
CS5014/5016 CLKIN Frequency: fcLk
Internally Generated: -14, -16 1.756 - - MHz
-28, -32 1 - - MHz
Externally Supplied: -14, -16 100 kHz - 4 MHz
-28, -32 100 kHz - 2 MHz
CLKIN Duty Cycle 40 - 60 %
Rise Times: Any Digital Input | trise - - 1.0 us
Any Digital Output - 20 - ns
Fall Times: ~ Any Digital Input |  tfa - - 1.0 us
Any Digital Output - 20 - ns
HOLD Pulse Width thpw 1/fcLk+50 - tc ns
Conversion Time: CS5012A tc 49/fcLk+50 - 53/fcLk+235| ns
CS5014 57/fcLk - 61/fcLk+235| ns
CS5016 65/fcLk - 69/fcLk+235| ns
Data Delay Time tdd - 40 100 ns
EOC Pulse Width (Note 11) | tepw 4/fcLk-20 - - ns
Set Up Times:  CAL, INTRLV to CS Low tos 20 10 - ns
A0 to CS and RD Low tas 20 10 - ns
Hold Times: CS or RD High to A0 Invalid tah 50 30 - ns
CS High to CAL, INTRLV Invalid tch 50 30 - ns
Access Times:  CS Low to Data Valid A B, J, K tca - 90 120 ‘ns
o , T - 115 150 ns
D Low to Data Valid A, B, J,K tra - 90 120 ns
S, T - 90 150 ns
Output Float Delay: K,B| td - 90 110 ns
CS or RD Highto Output Hi-Z T - 90 140 ns
Serial Clock Pulse Width Low tpwl - 2/fcLk - ns
Pulse Width High towh - 2/fcLk - ns
Set Up Times: SDATA to SCLK Rising tss 2/fcLk-50 2/ffcik - ns
Hold Times: SCLK Rising to SDATA tsh 2/fcLk-100 2/fcLk - ns

Notes: 11. EOC remains low 4 CLKIN cycles if CS and RD are held low. Otherwise, it returns high
within 4 CLKIN cycles from the start of a data read operation or a conversion cycle.
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DIGITAL CHARACTERISTICS (T = Twin to Tmax; VA+, VD+ = 5V £10%; VA-, VD- = -5V +10%)

Parameter Symbol Min Typ Max Units
High-Level Input Voltage ViH 2.0 - - \Y
Low-Level Input Voltage ViL - - 0.8 \'4
High-Level Output Voltage (Note 12) | VoH [(VD+) - 1.0V - - \'
Low-Level Output Voltage lout = 1.6mA | VoL - - 0.4 \'4
Input Leakage Current lin - - 10 uA
3-State Leakage Current loz - - +10 A
Digital Output Pin Capacitance Cout - 9 - pF

Notes: 12. lout = -100 pA. This specification guarantees TTL compatibility (VoH = 2.4V @ loyt = -40 pA).

RECOMMENDED OPERATING CONDITIONS (AGND, DGND = 0V, see Note 13)

Parameter Symbol Min Typ Max Units

DC Power Supplies: Positive Digital | VD+ 4.5 5.0 VA+ \%

Negative Digital | VD- -4.5 -5.0 -5.5 \4

Positive Analog | VA+ 45 5.0 5.5 \'%

Negative Analog | VA- -4.5 -5.0 -5.5 \'

Analog Reference Voltage VREF 2.5 4.5 (VA+)-05 | V
Analog Input Voltage: (Note 14)

Unipolar VAIN AGND - VREF \

Bipolar VAIN -VREF - VREF Vv

Notes: 13. All voltages with respect to ground.
14. The CS5012A/14/16 can accept input voltages up to the analog supplies (VA+ and VA-).
It will output all 1’s for inputs above VREF and all O’s for inputs below AGND in unipolar mode
and -VREF in bipolar mode.

ABSOLUTE MAXIMUM RATINGS (AGND, DGND = 0V, all voltages with repect to ground.)

WARNING: Operation at or beyond these limits may reult in permanent damage to the device.
Normal operation is not guaranteed at these extremes.

Parameter Symbol Min Max Units

DC Power Supplies: Positive Digital (Note 15) | VD+ -0.3 6.0 \%

Negative Digital VD- 0.3 -6.0 \

Positive Analog VA+ -0.3 6.0 \

Negative Analog VA- 0.3 -6.0 \'/
Input Current, Any Pin Except Supplies (Note 16) lin - +10 mA
Analog Input Voltage (AIN and VREF pins) VINA (VA-) - 0.3 (VA+) + 0.3 Vv
Digital Input Voltage VIND -0.3 (VA+) + 0.3 \'
Ambient Operating Temperature TA -55 125 °C
Storage Temperature Tstg -65 150 °C

Notes: 15. In addition, VD+ should not be greater than (VA+) + 0.3V.
16. Transient currents of up to 100 mA will not cause SCR latch-up.
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AIN o —
VREF o ¢ ) ! ? PR ! l
AGND ° % * v
ARSI SRS PY 23l
c cr Cl4 C/8|  CS5012AX = 2048 C/X | C/X 8!
CS5014 X =8192
. . | CS5016 X=32768 | _l >
CS5012A: Bit 11 Bit10 Bit9 Bit 8 Bit0O Dummy
CS5014: Bit 13 Bit12  Bit 11 Bit 10 LsSB p
CS5016: Bit 15 Bit14 Bit13 Bit 12
MSB Cyop =C+C/2+ClA+ ...+ C/X
Figure 1. Charge Redistribution DAC
THEORY OF OPERATION algorithm. Instead of the traditional resistor net-

The CS5012A/14/16 family utilize a successive
approximation conversion technique. The analog
input is successively compared to the output of a
D/A converter controlled by the conversion algo-
rithm. Successive approximation begins by
comparing the analog input to the DAC output
which is set to half-scale (MSB on, all other bits
off). If the input is found to be below half-scale,
the MSB is reset to zero and the input is com-
pared to one-quarter scale (next MSB on, all
others off). If the input were above half-scale, the
MSB would remain high and the next compari-
son would be at three-quarters of full scale. This
procedure continues until all bits have been exer-
cised.

A unique charge redistribution architecture is
used to implement the successive approximation

St
O—PO-
Q.
e
R
Vi Ctot To MCU
“Qin = Vin Ctot

Figure 2a. Tracking Mode

work, the DAC is an array of binary-weighted
capacitors. All capacitors in the array share a
common node at the comparator’s input. Their
other terminals are capable of being connected to
AIN, AGND, or VREF (Figure 1). When the de-
vice is not calibrating or converting, all capacitors
are tied to AIN forming Ciot. Switch S1 is closed
and the charge on the array, Qin, tracks the input
signal Vin (Figure 2a).

When the conversion command is issued, switch
S1 opens as shown in Figure 2b. This traps
charge Qin on the comparator side of the capaci-
tor array and creates a floating node at the
comparator’s input. The conversion algorithm op-
erates on this fixed charge, and the signal at the
analog input pin is ignored. In effect, the entire
DAC capacitor array serves as analog memory

D -Cyot

VREF o——’
Qin
AGND 0——{

(1-D) C ot

st

+
V_fn

Vin
D= VREF for Vi, = OV

Figure 2b. Convert Mode
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during conversion much like a hold capacitor in a
sample/hold amplifier.

The conversion consists of manipulating the free
plates of the capacitor array to VREF and AGND
to form a capacitive divider. Since the charge at
the floating node remains fixed, the voltage at
that point depends on the proportion of capaci-
tance tied to VREF versus AGND. The
successive-approximation algorithm is used to
find the proportion of capacitance, termed D in
Figure 2b, which when connected to the refer-
ence will drive the voltage at the floating node
(Vfn) to zero. That binary fraction of capacitance
represents the converter’s digital output.

This charge redistribution architecture easily sup-
ports bipolar input ranges. If half the capacitor
array (the MSB capacitor) is tied to VREEF rather
than AIN in the track mode, the input range is
doubled and is offset half-scale. The magnitude
of the reference voltage thus defines both positive
and negative full-scale (-VREF to +VREF), and
the digital code is an offset binary representation
of the input. '

Calibration

The ability of the CS5012A/14/16 to convert ac-
curately clearly depends on the accuracy of their
comparator and DAC. The CS5012A/14/16 util-
ize an "auto-zeroing" scheme to null errors
introduced by the comparator.- All offsets are
stored on the capacitor array while in the track
mode and are effectively subtracted from the in-
put signal when a conversion is initiated.

Sampling U oY
Clock B

CS5012A/14/16

Master Clock WAL |

(Optional) CLKIN

Figure 3a. Asynchronous Sampling

Auto-zeroing enhances power supply rejection at
frequencies well below the conversion rate.

To achieve complete accuracy from the DAC, the
CS5012A/14/16 use a novel self-calibration
scheme. Each bit capacitor, shown in Figure 1,
actually consists of several capacitors which can
be manipulated to adjust the overall bit weight.
An on-chip microcontroller adjusts the subarrays
to precisely ratio the bits. Each bit is adjusted to
just balance the sum of all less significant bits
plus one dummy LSB (for example, 16C = 8C +
4C +2C + C + C). Calibration resolution for the
array is a small fraction of an LSB resulting in
nearly ideal differential and integral linearity.

DIGITAL CIRCUIT CONNECTIONS

The CS5012A/14/16 can be applied in a wide va-
riety of master clock, sampling, and calibration
conditions which directly affect the devices’ con-
version time-and throughput. The devices also
feature on-chip 3-state output buffers and a com-
plete interface for connecting to 8-bit and 16-bit
digital systems. Output data is also available in
serial format.

Master Clock

The CS5012A/14/16 operate from a master clock
(CLKIN) which can be externally supplied or in-
ternally generated. The internal oscillator is
activated by externally tying the CLKIN input
low. Alternatively, the CS5012A/14/16 can be
synchronized to the external system by driving
the CLKIN pin with a TTL or CMOS clock sig-
nal.

HOLD

EOT

CS5012A/14/16
Master Clock
(Optional)

JUIUR. CLKIN

Figure 3b. Synchronous Sampling
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All calibration, conversion, and throughput times
directly scale to CLKIN frequency. Thus,
throughput can be precisely controlled and/or
maximized using an external CLKIN signal. In
contrast, the CS5012A/14/16’s internal oscillator
will vary from unit-to-unit and over temperature.
The CS5012A/14/16 can typically convert with
CLKIN as low as 10 kHz at room temperature.

Initiating Conversions

A falling transition on the HOLD pin places the
input in the hold mode and initiates a conversion
cycle. Upon completion of the conversion cycle,
the CS5012A/14/16 automatically return to the
track mode. In contrast to systems with separate
track-and-holds and A/D converters, a sampling
clock can simply be connected to the HOLD in-
put (Figure 3a). The duty cycle of this clock is
not critical. It need only remain low at least one
CLKIN cycle plus 50 ns, but no longer than the
minimum conversion time or an additional con-
version cycle will be initiated with inadequate
time for acquisition.

Microprocessor-Controlled Operation

Sampling and conversion can be placed under
microprocessor control (Figure 4) by simply gat-
ing the devices’ decoded address with the write
strobe for the HOLD input. Thus, a write cycle to
the CS5012A/14/16’s base address will initiate a
conversion. However, the write cycle must be to

RD
CONCLK
ADDR VALID

Address :
Bus o

A3

cs
CS5012A/14/16

A2 —————— | CAL
Al —————|INTRLV
A —————————A0

Figure 4a. Conversions Asynchronous to CLKIN

the odd address (AO high) to avoid initiating a
software controlled reset (see Reset below).

The calibration control inputs, CAL, and
INTRLV are inputs to a set of transparent latches.
These signals are internally latched by CS return-
ing high. They must be in the appropriate state
whenever the chip is selected during a read or
write cycle. Address lines A1 and A2 are shown
connected to CAL and INTRLV in Figure 4 plac-
ing calibration under microprocessor control as
well. Thus, any read or write cycle to the
CS5012A/14/16’s base address will initiate or ter-
minate calibration. Alternatively, A0, INTRLV,
and CAL may be connected to the microproces-
sor data bus.

Conversion Time/Throughput

Upon completing a conversion cycle and return-
ing to the track mode, the CS5012A/14/16
require time to acquire the analog input signal
before another conversion can be initiated. The
acquisition time is specified as six CLKIN cycles
plus 2.25 ps (1.32 ps for the CS5012A -7 version
only). This adds to the conversion time to define
the converter’s maximum throughput. The con-
version time of the CS5012A/14/16, in turn,
depends on the sampling, calibration, and CLKIN
conditions.

RD
WR
ADDR VALID ﬂ
AN
Address : Addr
Bus ° Dec
A3 CS5012A/14/16
A2 —————CAL
A1l ——————{INTRLV
A0 A0

Figure 4b. Conversions under Microprocessor Control
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HOLD @ 1/Throughput
Input N L éz

#=——— Conversion

EOC :

Output L———-—> Acquisition
EOT _& ‘ Voo 4
Output & . . _ A 4

Synchronization Uncertainty (4 cycles)

Figure 5a. Asynchronous Sampling (External Clock)

Asynchronous Sampling

The CS5012A/14/16 internally operate from a
clock which is delayed and divided down from
CLKIN (fcLk/4). If sampling is not synchronized
to this internal clock, the conversion cycle may
not begin until up to four clock cycles after
HOLD goes low even though the charge is
trapped immediately. In this asynchronous mode
(Figure 3a), the four clock cycles add to the mini-
mum 49, 57 and 65 clock cycles (for the
CS5012A/14/16 respectively) to define the maxi-
mum conversion time (see Figure 5a and
Table 1).

1/ Throughput
(64 + N cycles) —

Tr%t? Conversion L/
(49 +Ncycles) — , |
Oi?p?n Acquisition § F
(15 cycles) r—

=

*Dashed line: CS & RD =0 CS5012A N =0
Solid line: See Figure 9 CS5014 N =8
CS5016 N =16
Figure 5b. Synchronous (Loopback Mode)

Synchronous Sampling

To achieve maximum throughput, sampling can
be synchronized with the internal conversion
clock by connecting the End-of-Track (EOT) out-
put to HOLD (Figure 3b). The EOT output falls
15 CLKIN cycles after EOC indicating the ana-
log input has been acquired to the
CS5012A/14/16°s specified accuracy. The EOT
output is synchronized to the internal conversion
clock, so the four clock cycle synchronization un-
certainty is removed yielding throughput at
[1/64]fcLk for the CS5012A, [1/72]fcLK for
CS5014 and [1/80}fcLk for CS5016 where fcLK
is the CLKIN frequency (see Figure 5b and Ta-
ble 1).

Conversion Time Throughput Time

Sampling Mode Min Max Min Max
CS5012A
Synchronous (Loopback) 49 taik 49 toik 64 toik 64 te

7 49 toy 53 to+ 235ns N/A 59 top+ 1.32pus
Asynchronous 12,24 49 tg, 53 tg+ 235ns N/A 59 tous 225 s
Cs5014
Synchronous (Loopback) 57 tek 57 tek 72 toy 72 tok
Asynchronous 57 tgy 61 ty + 235ns N/A 67 tgy+ 2.5 s
CS5016
Synchronous (Loopback) 65 to 85t 80ty 80t
Asynchronous 65 tgy 69 ty + 235ns N/A 75 toes 22548

Table 1. Conversion and Throughput Times (tcik = Master Clock Period)
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Also, the CS5012A/14/16’s internal RC oscillator
exhibits jitter (typically = 0.05% of its period),
which is high compared to crystal oscillators. If
the CS5012A/14/16 is configured for synchro-
nous sampling while operating from its internal
oscillator, this jitter will directly affect sampling
purity. The user can obtain best sampling purity
while synchronously sampling by using an exter-
nal crystal-based clock.

Reset

Upon power up, the CS5012A/14/16 must be re-
set to guarantee a consistent starting condition
and initially calibrate the devices. Due to the
CS5012A/14/16’s low power dissipation and low
temperature drift, no warm-up time is required
before reset to accommodate any self-heating ef-
fects. However, the voltage reference input
should have stabilized to within 5%, 1% or
0.25% of its final value, for the CS5012A/14/16
respectively, before RST falls to guarantee an ac-
curate calibration. Later, the CS5012A/14/16 may
be reset at any time to initiate a single full cali-
bration. Reset overrides all other functions. If
reset, the CS5012A/14/16 will clear and initiate a
new calibration cycle mid-conversion or mid-cali-
bration.

Resets can be initiated in hardware or software.
The simplest method of resetting the
CS5012A/14/16 involves strobing the RST pin
high for at least 100 ns. When RST is brought
high all internal logic clears. When it returns low,
a full calibration begins which takes 58,280
CLKIN cycles for the CS5012A (approximately
9.1 ms with a 6.4 MHz clock) and 1,441,020
CLKIN cycles for the CS5016, CS5014 and
CS5012 (approximately 360 ms with a 4 MHz
CLKIN). A simple power-on reset circuit can be
built using a resistor and capacitor, and a
Schmitt-trigger inverter to prevent oscillation (see
Figure 6). The CS5012A/14/16 can also be reset
in software when under microprocessor control.
The CS5012A/14/16 will reset whenever CS, A0,
and HOLD are taken low simultaneously. See the
Microprocessor Interface section (below) to

+5V

RST

c CS5012A/14/16

Figure 6. Power-on Reset Circuit

eliminate the possibility of inadvertent software
reset. The EOC output remains high throughout
the calibration operation and will fall upon its
completion. It can thus be used to generate an
interrupt indicating the CS5012A/14/16 is ready
for operation. While calibrating, the HOLD input
is ignored until EOC falls. After EOC falls, six
CLKIN cycles plus 2.25 us (1.32 ps for the
CS5012A -7 version only) must be allowed for
signal acquisition before HOLD is activated. Un-
der microprocessor-independent operation (CS,
RD low; AO high) the CS5014’s and CS5016’s
EOC output will not fall at the completion of the
calibration cycle, but EOT will fall 15 CLKIN
cycles later.

Initiating Calibration

All modes of calibration can be controlled in
hardware or software. Accuracy can thereby be
insured at any time or temperature throughout op-
erating life. After initial calibration at power-up,
the CS5012A/14/16’s charge-redistribution design
yields better temperature drift and more graceful
aging than resistor-based technologies, so calibra-
tion is normally only required once, after
power-up.

The first mode of calibration, reset, results in a
single full calibration cycle. The second type of
calibration, "burst" cal, allows control of partial
calibration cycles. Due to an unforeseen con-
didtion inside the part, asynchronous termination
of calibration may result in a sub-optimal result.
Burst cal should not be used.

DS14F6
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The reset calibration always works perfectly, and
should be used instead of burst mode. The
CS5012’s and CS5012A/14/16’s very low drift
over temperature means that, under most circum-
stances, calibration will only need to be
performed at power-up, using reset.

The CS5012A/14/16 feature a background cali-
bration mode called "interleave." Interleave
appends a single calibration experiment to each
conversion cycle and thus requires no dead time
for calibration. The CS5012A/14/16 gathers data
between conversions and will adjust its transfer
function once it completes the entire sequence of
experiments (one calibration cycle per 2,014 con-
versions in the CS5012A and one calibration per
72,051 conversions in the CS5012, CS5014 and
CS5016). Initiated by bringing both the INTRLV
input and CS low (or hard-wiring INTRLV low),
interleave extends the CS5012A/14/16’s effective
conversion time by 20 CLKIN cycles. Other than
reduced throughput, interleave is totally transpar-
ent to the user. Interleave calibration should not
be used intermittently.

The fact that the CS5012A/14/16 offer several
calibration modes is not to imply that the devices
need to be recalibrated often. The devices are
very stable in the presence of large temperature
changes. Tests have indicated that after using a
single reset calibration at 25 °C most devices ex-
hibit very little change in offset or gain when
 exposed to temperatures from -55 to +125 °C.
The data indicated 30 ppm as the typical worst
case total change in offset or gain over this tem-
perature range. Differential linearity remained
virtually unchanged. System error sources outside
of the A/D converter, whether due to changes in

temperature or to long-term aging, will generally
dominate total system error.

Microprocessor Interface

The CS5012A/14/16 feature an intelligent micro-
processor interface which offers detailed status
information and allows software control of the
self-calibration functions. Output data is available
in either 8-bit or 16-bit formats for easy interfac-
ing to industry-standard microprocessors.

Strobing both CS and RD low enables the
CS5012A/14/16’s 3-state output buffers with
either output data or status information depending
on the status of AO. An address bit can be con-
nected to AO as shown in Figure 4b thereby
memory mapping the status register and output
data. Conversion status can be polled in software
by reading the status register (CS and RD strobed
low with AO low), and masking status bits SO-S5
and S7 (by logically AND’ing the status word
with 01000000) to determine the value of S6.
Similarly, the software routine can determine
calibration status using other status bits (see Ta-
ble 2). Care must be taken not to read the status
register (AO low) while HOLD is low, or a soft-
ware reset will result (see Reset above).

Alternatively, the End-of-Convert (EOC) output
can be used to generate an interrupt or drive a
DMA controller to dump the output directly into
memory after each conversion. The EOC pin falls
as each conversion cycle is completed and data is
valid at the output. It returns high within four
CLKIN cycles of the first subsequent data read
operation or after the start of a new conversion
cycle.
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PIN STATUS BIT STATUS

DO SO END OF CONVERSION
D1 St RESERVED

D2 S2 LOW BYTE/HIGH BYTE
D3 S3 END OF TRACK

D4 S4 RESERVED

D5 S5 TRACKING

D6 S6 CONVERTING

D7 S7 CALIBRATING

DEFINITION

Falls upon completion of a conversion,
and returns high on the first subsequent read.

Reserved for factory use.

When data is to be read in an 8-bit format (BW=0),
indicates which byte will appear at the output next.

When low, indicates the input has been acquired to
the devices specified accuracy.

Reserved for factory use.

High when the device is tracking the input.

High when the device is converting the held input.
High when the device is calibrating.

Table 2. Status Pin Definitions

To interface with a 16-bit data bus, the BW input
to the CS5012A/14/16 should be held high and
all data bits (12, 14 and 16 for the CS5012A,
CS5014 and CS5016 respectively) read in paral-
lel on pins D4-D15 (CS5012A), D2-D15
(CS5014), or DO-D15 (CS5016). With an 8-bit
bus, the converter’s result must be read in two
portions. In this instance, BW should be held low
and the 8 MSB’s obtained on the first read cycle
following a conversion. The second read cycle
will yield the remaining LSB’s (4, 6 or 8 for the
CS5012A/14/16 respectively) with 4, 2 or O trail-
ing zeros. Both bytes appear on pins DO-D7. The
upper/lower bytes of the same data will continue
to toggle on subsequent reads until the next con-

version finishes. Status bit S2 indicates which
byte will appear on the next data read operation.

The CS5012A/14/16 internally buffer their output
data, so data can be read while the devices are
tracking or converting the next sample. Therefore,
retrieving the converters’ digital output requires
no reduction in ADC throughput. Enabling the 3-
state outputs while the CS5012A/14/16 is
converting will not introduce conversion errors.
Connecting CMOS logic to the digital outputs is
recommended. Suitable logic families include
4000B, 74HC, 74AC, T4ACT, and 74HCT.

D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 Di DO
Status 8- or 16-Bit
(A0=0) Lx[x [ x[x[x[x[x[x][s7][se]ss]sa]s3[s2]s1]s0] " nus
CSs012A  [B11 |B10 B9 [B8 [B7 [B6 |B5 [B4 |[B3 [B2[B1 [Bo] 0 o [0 [0 .
css5014  [g13 [B12 | B11]B10 B9 B8 |B7 |B6 |[B5 B4 [ B3 | B2 | B1]B0] 0 | 16(}:';/;;
Cs5016  [B15 [B14 | B13|B12 [B11[B10[ B9 [B8 |[B7 [ B6 [ B5 [ B4 | B3| B2 [ B1][ BO |
(A%f?) Cs5012A [ X[ X [ X [ X [ X [ X [ X | X |[g11]Bi0]B9 |88 | B7 |B6 |B5 | B4
B3 [B2 [B1 [BO [0 [0 [0 [0
Cs5014
CXIXTX XX [ x[x[x][eialprz]eri]pro] 6o [Bs [67 [ B6] | o pypy
B5 |B4 | B3 |B2 Bt |[BO |0 0 (BW=0)
€ss016 [ x [ x | X [ x [ x [ X [ x [ X |[Bt5]B14|B13[B12 | B11|B10[B9 | B8
"X" Denotes High Impedance Output B7 1B6 |BS |B4 B3 |B2 | B1 B0
Figure 7. CS5012A/14/16 Data Format
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Microprocessor Independent Operation

The CS5012A/14/16 can be operated in a stand-
alone mode independent of intelligent control. In
this mode, CS and RD are hard-wired low. This
permanently enables the 3-state output buffers
and allows transparent latch inputs (CAL and
INTRLV) to be active. A free-running condition
is established when BW is tied high, CAL is tied
low, and HOLD is continually strobed low or tied
to EOT. The CS5012A/14/16’s EOC output can
be used to externally latch the output data if de-
sired. With CS and RD hard-wired low, EOC will
strobe low for four CLKIN cycles after each con-
version. Data will be unstable up to 100 ns after
EOC falls, so it should be latched on the rising
edge of EOC.

+5V
INTRLV RST |[¢—— Reset
BW EOC — Latching
A0 Output
Sampling L1 b1s
Clock HOLD . 12-Bit
CS Cs5012A © %a'f‘
— u
"D Cesote
CAL D4

Figure 8. Microprocessor-Independent Connections

Serial Output

All successive-approximation A/D converters de-
rive their digital output serially starting with the
MSB. The CS5012A/14/16 present each bit to the
SDATA pin four CLKIN cycles after it is derived
and can be latched using the serial clock output,
SCLK. Just subsequent to each bit decision
SCLK will fall and return high once the bit infor-
mation on SDATA has stabilized. Thus, the rising
edge of the SCLK output should be used to clock
the data from the CS5012A/14/16 (See Figure 9).

ANALOG CIRCUIT CONNECTIONS

Most popular successive-approximation A/D con-
verters generate dynamic loads at their analog

connections. The CS5012A/14/16 internally buff-
er all analog inputs (AIN, VREF, and AGND) to
ease the demands placed on external circuitry.
However, accurate system operation still requires
careful attention to details at the design stage re-
garding source impedances as well as grounding
and decoupling schemes.

Reference Considerations

An application note titled "Voltage References for
the CS501X Series of A/D Converters" is avail-
able for the CS5012A/14/16. In addition to
working through a reference circuit design exam-
ple, it offers several built-and-tested reference
circuits.

During conversion, each capacitor of the cali-
brated capacitor array is switched between VREF
and AGND in a manner determined by the suc-
cessive-approximation algorithm. The charging
and discharging of the array results in a current
load at the reference. The CS5012A/14/16 in-
clude an internal buffer amplifier to minimize the
external reference circuit’s drive requirement and
preserve the reference’s integrity. Whenever the
array is switched during conversion, the buffer is
used to pre-charge the array thereby providing
the bulk of the necessary charge. The appropriate
array capacitors are then switched to the unbuf-
fered VREF pin to avoid any errors due to offsets
and/or noise in the buffer.

The external reference circuitry need only pro-
vide the residual charge required to fully charge
the array after pre-charging from the buffer. This
creates an ac current load as the CS5012A/14/16
sequence through conversions. The reference cir-
cuitry must have a low enough output impedance
to drive the requisite current without changing its
output voltage significantly. As the analog input
signal varies, the switching sequence of the inter-
nal capacitor array changes. The current load on
the external reference circuitry thus varies in re-
sponse with the analog input. Therefore, the
external reference must not exhibit significant
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peaking in its output impedance characteristic at
signal frequencies or their harmonics.

A large capacitor connected between VREF and
AGND can provide sufficiently low output im-
pedance at the high end of the frequency
spectrum, while almost all precision references
exhibit extremely low output impedance at dc.

The magnitude of the current load on the external
reference circuitry will scale to the CLKIN fre-
quency. At full speed, the reference must supply a
maximum load current of 10 pA peak-to-peak
(1 pA typical). For the CS5012A an output im-
pedance of 15 Q will therefore yield a maximum
error of 150 mV. With a 2.5V reference and LSB
size of 600 mV, this would insure better than 1/4
LSB accuracy. A 1 pF capacitor exhibits an im-

CS5016: 60 62 64 66 68 70 72 74
CS5014: 52 54 56 658 60 62 64 66
CS5012A: 44 46 48 50 52 54 56 58
CLKIN

pedance of less than 15 Q at frequencies greater
than 10 kHz. Similarly, for the CS5014 with a
4.5V reference (275uV/LSB), better than
1/4 LSB accuracy can be insured with an output
impedance of 4Q or less (maximum error of
40 uV). A 2.2 pF capacitor exhibits an imped-
ance of less than 4€) at frequencies greater than
5kHz. For the CS5016 with a 4.5V reference
(69U V/LSB), better than 1/4 LSB accuracy can
be insured with an output impedance of less than
2€Q (maximum error of 20 uV). A 20 pF capaci-
tor exhibits an impedance of less than 2Q at
frequencies greater than 16 kHz. A high-quality
tantalum capacitor in parallel with a smaller ce-
ramic capacitor is recommended.

76 78 80/0 2 4 6 8 10 12
68 70 72/0 2 4 6 8 10 12
60 62 64/0 2 4 6 8 10 12

riuvuiiivrivivrirrririi iy i it

EOC ; / / / -/ /
Status | LsB , p MSB-1 | MSB-2
' | Determined Coarse Charge Fine Charge R Determined | Determined
EOT 1T
t |
d—» '«
HoLb “ty : ||
sok [ ] I
SDATA  |sB+2 | LSB+1 | LSB | msB | msB-1

Notes: 1. Synchronous (loopback) mode is illustrated. After EOC falls the converter goes into coarse charge mode for
6 CLKIN cycles, then to fine charge mode for 9 cycles, then EOT falls. In loopback mode, EOT trips HOLD
which captures the analog sample. Conversion begins on the next rising edge of CLKIN. If operated asynchro-
nously, EOT will remain low until after HOLD is taken low. When HOLD occurs the analog sample is captured
immediately, but conversion may not begin until four CLKIN cycles later. EOT will return high

when conversion begins.

2. Timing delay td (relative to CLKIN) can vary between 135 ns to 235 ns over the military temperature range

and over * 10% supply variation

3. EOC returns high in 4 CLKIN cycles if A0 = 1 and CS = RD = 0 (Microprocessor Independent Mode);
within 4 CLKIN cycles after a data read (Microprocessor Mode); or 4 CLKIN cycles after HOLD = 0

is recognized on a rising edge of CLKIN/4.

Figure 9. Serial Output Timing

DS14F6
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Peaking in the reference’s output impedance can
occur because of capacitive loading at its output.
Any peaking that might occur can be reduced by
placing a small resistor in series with the capaci-
tors (Figure 10). The equation in Figure 10 can
be used to help calculate the optimum value of R
for a particular reference. The term "fpeak" is the
frequency of the peak in the output impedance of
the reference before the resistor is added.

The CS5012A/14/16 can operate with a wide
range of reference voltages, but signal-to-noise
performance is maximized by using as wide a
signal range as possible. The recommended refer-
ence voltage is between 2.5 and 4.5 V for the
CS5012A and 4.5 V for the CS5014/16. The
CS5012A/14/16 can actually accept reference
voltages up to the positive analog supply. How-
ever, the buffer’s offset may increase as the
reference voltage approaches VA+ thereby in-
creasing external drive requirements at VREF. A
4.5V reference is the maximum reference voltage
recommended. This allows 0.5V headroom for
the internal reference buffer. Also, the buffer en-
lists the aid of an external 0.1 uF ceramic
capacitor which must be tied between its output,
REFBUEF, and the negative analog supply, VA-. For
more information on references, consult the applica-

CS5016 CS5014 CS5012A
+200 +50 +12.5

— +Vee
Vra 28
ct | c2 29
10 == ==o001 J_
uF WF o~
0.1| uF 30
R CS5012A
CSs5014
VI CS5016
1
R =

21 (C1 + Co) fpeak
Figure 10. Reference Connections

tion note: Voltage References for the CS501X Se-
ries of A/D Converters. For an example of using
the CS5012A/14/16 with a 5 volt reference, see
the application note: A Collection of Application
Hints for the CS501X Series of A/D Converters.

Analog Input Connection

The analog input terminal functions similarly to
the VREF input after each conversion when
switching into the track mode. During the first
six CLKIN cycles in the track mode, the buffered
version of the analog input is used for pre-charg-
ing the capacitor array. An additional period is
required for fine-charging directly from AIN to

-200 -50 -12.5

Internal Charge Error (LSB's)

-400 -100 -25.0

Acquisition Time (us)

(Delay from EO_C)

Figure 11. Internal Acquisition Time
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obtain the specified accuracy. Figure 11 illustrates
this operation. During pre-charge the charge on
the capacitor array first settles to the buffered ver-
sion of the analog input. This voltage is offset
from the actual input voltage. During fine-charge,
the charge then settles to the accurate unbuffered
version.

The acquisition time of the CS5012A/14/16 de-
pends on the CLKIN frequency. This is due to a
fixed pre-charge period. For instance, operating
the CS5012A -12, CS5014 -14 or CS5016 -16
version with an external 4 MHz CLKIN results in
a 3.75 ps acquisition time: 1.5 us for pre-charging
(6 clock cycles) and 2.25 ps for fine-charging.
Fine-charge settling is specified as a maximum of
2.25 ps for an analog source impedance of less
than 200 Q. (For the CS5012A -7 version it is
specified as 1.32 ps.) In addition, the comparator
requires a source impedance of less than 400 Q
around 2 MHz for stability, which is met by prac-
tically all bipolar op amps. Large dc source
impedances can be accommodated by adding ca-
pacitance from AIN to ground (typically 200 pF)
to decrease source impedance at high frequencies.
However, high dc source resistances will increase
the input’s RC time constant and extend the nec-

Convert Channel N

essary acquisition time. For more information on
input applications, consult the application note:
Input Buffer Amplifiers for the CS501X Family of
A/D Converters.

During the first six clock cycles following a con-
version (pre-charge) in unipolar mode, the
CS5012A is capable of slewing at 20V/us and the
CS5014/16 can slew at 5V/us. In bipolar mode,
only half the capacitor array is connected to the
analog input so the CS5012A can slew at 40V/ps,
and the CS5014/16 can slew at 10V/us. After the
first six CLKIN cycles, the CS5012A will slew at
1.25V/us in unipolar mode and 3.0V/us in bipolar
mode, and the CS5014/16 will slew at 0.25V/us
in unipolar mode and 0.5V/us in bipolar mode.
Acquisition of fast slewing signals (step func-
tions) can be hastened if the step occurs during or
immediately following the conversion cycle. For
instance, channel selection in multiplexed appli-
cations should occur while the CS5012A/14/16 is
converting (see Figure 12). Multiplexer settling is
thereby removed from the overall throughput
equation, and the CS5012A/14/16 can convert at
full speed.

Convert Channel N+1

CS5012A/14/16 e >
HOLD
Input u u M
CS5012A/14/16
EOC
Output
MUX
Address Address N>< Address N + 1 >< Address N + 2 Address N + 3
MUX Settling MUX Settling ___
CS5012A/14/16 to Channel N + 1 to Channel N +2
Analog
Input
Figure 12. Pipelined MUX Input Channels
DS14F6 2-27
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Analog Input Range/Coding Format

The reference voltage directly defines the input
voltage range in both the unipolar and bipolar
configurations. In the unipolar configuration
(BP/UP low), the first code transition occurs
0.5 LSB above AGND, and the final code transi-
tion occurs 1.5 LSB’s below VREE Coding is in
straight binary format. In the bipolar configura-
tion (BP/UP high), the first code transition occurs
0.5 LSB above -VREF and the last transition oc-
curs 1.5 LSB’s below +VREE Coding is in an
offset-binary format. Positive full scale gives a
digital output of all ones, and negative full scale
gives a digital output of all zeros.

The BP/UP mode pin may be switched after cali-
bration without having to recalibrate the
converter. However, the BP/UP mode should be
changed during the previous conversion cycle,
that is, between HOLD falling and EOC falling.
If BP/UP is changed at any other time, one
dummy conversion cycle must be allowed for
proper acquisition of the input.

Grounding and Power Supply Decoupling

The CS5012A/14/16 use the analog ground con-
nection, AGND, only as a reference voltage. No
dc power currents flow through the AGND con-
nection, and it is completely independent of
DGND. However, any noise riding on the AGND
input relative to the system’s analog ground will
induce conversion errors. Therefore, both the ana-
log input and reference voltage should be referred
to the AGND pin, which should be used as the
entire system’s analog ground reference point.

The digital and analog supplies to the
CS5012A/14/16 are pinned out separately to
minimize coupling between the analog and digital
sections of the chip. All four supplies should be
decoupled to their respective grounds using
0.1 uF ceramic capacitors. If significant low-fre-
quency noise is present on the supplies, 1 pF
tantalum capacitors are recommended in parallel
with the 0.1 pF capacitors.

The positive digital power supply of the
CS5012A714/16 must never exceed the positive
analog supply by more than a diode drop or the
device could experience permanent damage. If
the two supplies are derived from separate
sources, care must be taken that the analog sup-
ply comes up first at power-up. The system
connection diagram in Figure 36 shows a decou-
pling scheme which allows the CS5012A/14/16
to be powered from a single set of = 5V rails.

As with any high-precision A/D converter, the
CS5012A/14/16 require careful attention to
grounding and layout arrangements. However, no
unique layout issues must be addressed to prop-
erly apply the device. The CDB5012/14/16
evaluation board is available for the
CS5012A/14/16, which avoids the need to de-
sign, build, and debug a high-precision PC board
to initially characterize the part. The board comes
with a socketed CS5012A/14/16, and can be
quickly reconfigured to simulate any combination
of sampling, calibration, CLKIN, and analog in-
put range conditions.
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Power Supply Rejection

The CS5012A/14/16’s power supply rejection
performance is enhanced by the on-chip self-cali-
bration and an "auto-zero" process. Drifts in
power supply voltages at frequencies less than the
calibration rate have negligible effect on the
CS5012A/14/16’s accuracy. This is because the
CS5012A/14/16 adjust their offset to within a
small fraction of an LSB during calibration.
Above the calibration frequency the excellent
power supply rejection of the internal amplifiers
is augmented by an auto-zero process. Any
offsets are stored on the capacitor array and are
effectively subtracted once conversion is initiated.
Figure 13 shows power supply rejection of the
CS5012A/14/16 in the bipolar mode with the
analog input grounded and a 300 mVp-p ripple
applied to each supply. Power supply rejection
improves by 6 dB in the unipolar mode.

The plot in Figure 13 shows worst-case rejection
for all combinations of conversion rates and input
conditions in the bipolar mode.

90

80 \ \
870 N {
e N
k]
B 60 \
9 N
& !
250
[-3
g N
L 40
g N\
4

30

20

1 kHz 10 kHz 100 kHz 1 MHz
Power Supply Ripple Frequency
Figure 13. Power Supply Rejection
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CS5012A/14/16 PERFORMANCE

Differential Nonlinearity

One source of nonlinearity in A/D converters is
bit weight errors. These errors arise from the de-
viation of bits from their ideal binary-weighted
ratios, and lead to nonideal widths for each code.
If DNL errors are large, and code widths shrink
to zero, it is possible for one or more codes to be
entirely missing. The CS5012A/14/16 calibrate
all bits in the capacitor array to a small fraction
of an LSB resulting in nearly ideal DNL. Histo-
gram plots of typical DNL of the CS5012A/14/16
can be seen in Figures 14, 16, 17. Figure 15 il-
lustrates the DNL of the CS5012 for comparison
with the CS5012A (Figure 14).

A histogram test is a statistical method of deriv-
ing an A/D converter’s differential nonlinearity. A
ramp is input to the A/D and a large number of
samples are taken to insure a high confidence
level in the test’s result. The number of occur-
rences for each code is monitored and stored. A
perfect A/D converter would have all codes of
equal size and therefore equal numbers of occur-
rences. In the histogram test a code with the
average number of occurrences will be consid-
ered ideal (DNL = 0). A code with more or less
occurrences than average will appear as a DNL
of greater or less than zero LSB. A missing code
has zero occurrences, and will appear as a DNL
of -1 LSB.

Integral Nonlinearity

Integral Nonlinearity (INL; also termed Relative
Accuracy or just Nonlinearity) is defined as the
deviation of the transfer function from an ideal
straight line. Bows in the transfer curve generate
harmonic distortion. The worst-case condition of
bit-weight errors (DNL) has traditionally also de-
fined the point of maximum INL.

Bit-weight errors have a drastic effect on a con-
verter’s ac performance. They can be analyzed as
step functions superimposed on the input signal.
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Figure 14. CS5012A Differential Nonlinearity Plot
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Figure 15. CS5012 Differential Nonlinearity Plot
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Figure 16. CS5014 Differential Nonlinearity Plot
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Figure 17. CS5016 Differential Nonlinearity Plot
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Since bits (and their errors) switch in and out
throughout the transfer curve, their effect is sig-
nal dependent. That is, harmonic and
intermodulation distortion, as well as noise, can
vary with different input conditions. Designing a
system around characterization data is risky since
transfer curves can differ drastically unit-to-unit
and lot-to-lot.

The CS5012A/14/16 achieves repeatable signal-
to-noise and harmonic distortion performance
using an on-chip self-calibration scheme. The
CS5012A calibrates its bit weight errors to a
small fraction of an LSB at 12-bits yielding peak
distortion below the noise floor (see Figure 19).
The CS5014 calibrates its bit weights to within
+1/16 LSB at 14-bits (£0.0004% FS) yielding
peak distortion as low as -105 dB (see Fig-
ure 22). The CS5016 calibrates its bit weights to
within £1/4 LSB at 16-bits (£0.0004% FS) yield-
ing peak distortion as low as -105 dB (see
Figure 24). Unlike traditional ADC’s, the linear-
ity of the CS5012A/14/16 are not limited by
bit-weight errors; their performance is therefore
extremely repeatable and independent of input
signal conditions.

Quantization Noise

The error due to quantization of the analog input
ultimately dictates the accuracy of any A/D con-
verter. The continuous analog input must be
represented by one of a finite number of digital
codes, so the best accuracy to which an analog
input can be known from its digital code is
+1/2 LSB. Under circumstances commonly en-
countered in signal processing applications, this
quantization error can be treated as a random
variable. The magnitude of the error is limited to
+1/2 LSB, but any value within this range has
equal probability of occurrence. Such a prob-
ability distribution leads to an error "signal" with
an rms value of 1 LSBA/12. Using an rms signal
value of FSA/8 (amplitude = FS/2), this relates to
ideal 12, 14 and 16-bit signal-to-noise ratios of
74, 86 and 98 dB respectively.

Equally important is the spectral content of this
error signal. It can be shown to be approximately
white, with its energy spread uniformly over the
band from dc to one-half the sampling rate. Ad-
vantage of this characteristic can be made by
judicious use of filtering. If the signal is ban-
dlimited, much of the quantization error can be
filtered out, and improved system performance
can be attained.

FFT Tests and Windowing

In the factory, the CS5012A/14/16 are tested us-
ing Fast Fourier Transform (FFT) techniques to
analyze the converter’s dynamic performance. A
pure sinewave is applied to the CS5012A/14/16,
and a "time record” of 1024 samples is captured
and processed. The FFT algorithm analyzes the
spectral content of the digital waveform and dis-
tributes its energy among 512 "frequency bins."
Assuming an ideal sinewave, distribution of en-
ergy in bins outside of the fundamental and dc
can only be due to quantization effects and errors
in the CS5012A/14/16.

If sampling is not synchronized to the input sine-
wave, it is highly unlikely that the time record
will contain an integer number of periods of the
input signal. However, the FFT assumes that the
signal is periodic, and will calculate the spectrum
of a signal that appears to have large discontinui-
ties, thereby yielding a severely distorted
spectrum. To avoid this problem, the time record
is multiplied by a window function prior to per-
forming the FFT. The window function smoothly
forces the endpoints of the time record to zero,
thereby removing the discontinuities. The effect
of the window in the frequency-domain is to con-
volute the spectrum of the window with that of
the actual input.

Figure 18 shows an FFT computed from an ideal
12-bit sinewave. The quality of the window used
for harmonic analysis is typically judged by its
highest side-lobe level. The Blackman-Harris
window used for testing the CS5014 and CS5016
has a maximum side-lobe level of -92 dB. Fig-

DS14F6
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Figure 18. Plot of Ideal 12-bit ADC
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Figure 20. FFT Plot of CS5012A with 12 kHz
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Figure 21. Plot of Ideal 14-bit ADC
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Figure 19. Plot of CS5012A with 1 kHz
Full Scale Input

ures 21 and 23 show FFT plots computed from
an ideal 14 and 16-bit sinewave multiplied by a
Blackman-Harris window. Artifacts of window-
ing are discarded from the signal-to-noise
calculation using the assumption that quantization
noise is white. All FFT plots in this data sheet
were derived by averaging the FFT results from
ten 1024 point time records. This filters the spec-
tral variability that can arise from capturing finite
time records without disturbing the total energy
outside the fundamental. All harmonics which ex-
ist above the noise floor and the -92 dB
side-lobes from the Blackman-Harris window are
therefore clearly visible in the plots. For more in-
formation on FFI’s and windowing refer to: F.J.
HARRIS, "On the use of windows for harmonic

0dB
----------- Sampling Rate: 56 kHz
___________ Full Scale: 8V p-p
208 S/(N+D): 85.3 dB
B I
Signal -60dB (g - - T T T T T Tttt Tttt Tt
Amplitude - - - - - - o oo oL oo oo o oo oLl
Relative to
Full Scale -80dB
-100dB
-120dB
t 1kHz 28 kHz 4

de
Input Frequency

Figure 22. CS5014 FFT plot with 1 kHz
Full Scale Input
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dc

Input Frequency

Figure 23. Plot of Ideal 16-bit ADC

fs/2

analysis with the Discrete Fourier Transform",
Proc. IEEE, Vol. 66, No. 1, Jan 1978, pp.51-83.
This is available on request from Crystal Semi-

conductor.

Figures 19, 22, and 24 show the performance of
the CS5012A/14/16 with 1kHz full scale inputs.
Figure 20 shows CS5012A performance with
12kHz full scale inputs. Notice that the perform-
ance CS5012A/14/16 closely approaches that of
the corresponding ideal ADC.

75

70

Signal to
Noise +
Distortion
(dB) 65

60

55

CS5012A, CS5014, CS5016

0dB

"""""" Samplin
2048 fF - Full Scal

----------- S/(N+D).
-40dB

-60dB
Signal
Amplitude -80dB
Relative to
Full Scale

-100dB

-120dB

de — 1kHz

Input Frequency

g Rate: 50 kHz
le: OV p-p
: 92.4 dB

25 kHz —1

Figure 24. CS5016 FFT plot with 1 kHz
Full Scale Input

CS5012A High Frequency Performance

The CS5012A performs very well over a wide
range of input frequencies as shown in Figure 25.
The figure depicts the CS5012A-KP7 tested un-
der four different conditions. The conditions
include tests with the voltage reference set at 4.5
and at 2.5 volts with input signals at 0.5 dB down
from full scale and 6.0 dB down from full scale.
The sample rate is at 100 kHz for all cases. The
plots indicate that the part performs very well
even with input frequencies above the Nyquist
rate. Best performance at the higher frequencies
is achieved with a 2.5 volt reference.

"""""" CS5012A-KP7

f5=100 K

Signal

FS-0.5dB
FS-0.5dB
FS-6.0dB
FS-6.0dB

Hz

0 20 40 60

80

100 120 140

Input Frequency (kHz)

Figure 25. CS5012A High Frequency Input Performance
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Figure 26. CS5014 S/(N+D) vs. Input Amplitude
(9Vp-p Full-Scale Input)

100 dB

80dB -

60dB —

S(N+D)

40dB -

20dB

-100dB -80dB -60dB -40dB -20dB  0dB
Analog Input Amplitude

Figure 28. CS5016 S/(N+D) vs. Input Amplitude
(9Vp-p Full-Scale Input)

Signal to Noise + Distortion vs Signal Level

As illustrated in Figures 26 - 29, the CS5014/16’s
on-chip self-calibration provides very accurate bit
weights which yield no degradation in quantiza-
tion noise with low-level input signals. In fact,
quantization noise remains below the noise floor
in the CS5016, which dictates the converter’s sig-
nal-to-noise performance.

CS5016 Noise Considerations

All analog circuitry in the CS5016 is wideband in
order to achieve fast conversions and high
throughput. Wideband noise in the CS5016 inte-
grates to 35 YUV rms in unipolar mode (70 BV rms
in bipolar mode). This is approximately 1/2 LSB

0dB

Sampling Rate: 56 kHz
20dB - - - - m - Full Scale: 9V p-p
............ S/(N+D): 24.1 dB

-40dB

Signal -60dB
Amplitude
Relative to
Full Scale ~ -80dB

-100dB

28 kHz
Input Frequency

Figure 27. CS5014 FFT plot with 1 kHz

-60 dB Input
0dB
------------ Sampling Rate: 50 kHz
20dB F - - - - - - - === - Full Scale: 9V p-p
............ S/(N+D): 9.6 dB
-40dB
-60dB

Signal
Amplitude -80dB
Relative to

Full Scale -100dB

-120dB

c L—1 kHz 25 kHz -t

d
Input Frequency

Figure 29. CS5016 FFT plot with 1 kHz
-80 dB Input

rms with a 4.5V reference in both modes. Figure
30 shows a histogram plot of output code occur-
rences obtained from 5000 samples taken from a
CS5016 in the bipolar mode. Hexadecimal code
80CD was arbitrarily selected and the analog in-
put was set close to code center. With a noiseless
converter, code 80CD would always appear. The
histogram plot of the CS5016 has a "bell" shape
with all codes other than 80CD due to internal
noise.

In a sampled data system all information about the
analog input applied to the sample/hold appears in
the baseband from dc to one-half the sampling rate.
This includes high-frequency components which
alias into the baseband. Low-pass (anti-alias) filters
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Count

5000

Noiseless
Converter

V) csso16

4000 |

3000
2000 T
1000 T
80CA ' 80CB ' 80CC ' 80CD ' 80CE ' 80CF ' 80DO
Code (Hexadecimal)
Counts: O 11 911 3470 599 9 0

Figure 30. Histogram Plot of 5000 Conversion
Inputs from the CS5016

are therefore used to remove frequency compo-
nents in the input signal which are above one-half
the sample rate. However, all wideband noise in-
troduced by the CS5016 still aliases into the
baseband. This "white" noise is evenly spread
from dc to one-half the sampling rate and inte-
grates to 35 UV rms in unipolar mode.

Noise can be reduced by sampling at higher than
the desired word rate and averaging multiple
samples for each word. Oversampling spreads the
CS5016’s noise over a wider band (for lower
noise density), and averaging applies a low-pass
response which filters noise above the desired
signal bandwidth. In general, the CS5016’s noise
performance can be maximized in any application
by always sampling at the maximum specified
rate of 50 kHz (for lowest noise density) and
digitally filtering to the desired signal bandwidth.

CS5014 and CS5016 Sampling Distortion

The ultimate limitation on the CS5014/16’s
linearity (and distortion) arises from nonideal
sampling of the analog input voltage. The cali-
brated capacitor array used during conversions is
also used to track and hold the analog input sig-
nal. The conversion is not performed on the
analog input voltage per se, but is actually per-

formed on the charge trapped on the capacitor ar-
ray at the moment the HOLD command is given.
The charge on the array is ideally related to the
analog input voltage by Qin = -Vin X Ciot as
shown in Figure 2. Any deviation from this ideal
relationship will result in conversion errors even
if the conversion process proceeds flawlessly.

At dc, the DAC capacitor array’s voltage coeffi-
cient dictates the converter’s linearity. This
variation in capacitance with respect to applied
signal voltage yields a nonlinear relationship be-
tween charge Qin and the analog input voltage
Vin and places a bow or wave in the transfer
function. This is the dominant source of distor-
tion at low input frequencies (Figures 22 and 24).

The ideal relationship between Qin and Vin can
also be distorted at high signal frequencies due to
nonlinearities in the internal MOS switches. Dy-
namic signals cause ac current to flow through
the switches connecting the capacitor array to the
analog input pin in the track mode. Nonlinear on-
resistance in the switches causes a nonlinear
voltage drop. This effect worsens with increased
signal frequency as shown in Figures 26 and 28
since the magnitude of the steady state current in-
creases. First noticeable at 1 kHz, this distortion
assumes a linear relationship with input fre-
quency. With signals 20 dB or more below
full-scale, it no longer dominates the converter’s
overall S/(N+D) performance (Figures 31-34).

This distortion is strictly an ac sampling phe-
nomenon. If significant energy exists at high
frequencies, the effect can be eliminated using an
external track-and-hold amplifier to allow the ar-
ray’s charge current to decay, thereby eliminating
any voltage drop across the switches. Since the
CS5014/16 has a second sampling function on-
chip, the external track-and-hold can return to the
track mode once the converter’s HOLD input
falls. It need only acquire the analog input by the
time the entire conversion cycle finishes.

DS14F6

2-35




CS5012A, CS5014, CS5016

0dB
""""" " Sampling Rate: 56 kHz
20dB - - - - - c - - Full Scale: 9V p-p
......... . S/N+D): 815 dB
dodB f - - - m e
Signa! B e
Amplitude | - - -
Relative to
Full Scale ~ -80dB
-100dB
-120dB
i 12kHz — 28kHz —
Input Frequency

Figure 31. CS5014 FFT plot with 12 kHz
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Figure 32. CS5014 FFT plot with 12 kHz
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Figure 33. CS5016 FFT plot with 12 kHz
Full Scale Input

Clock Feedthrough in the CS5014 and CS5016

Maintaining the integrity of analog signals in the
presence of digital switching noise is a difficult
problem. The CS5014/16 can be synchronized to
the digital system using the CLKIN input to
avoid conversion errors due to asynchronous in-
terference. However, digital interference will still
affect sampling purity due to coupling between
the CS5014/16’s analog input and master clock.

The effect of clock feedthrough depends on the
sampling conditions. If the sampling signal at the
HOLD input is synchronized to the master clock,
clock feedthrough will appear as a dc offset at the
CS5014/16’s output. The offset could theoreti-
cally reach the peak coupling magnitude

-120dB

12 kHz -1
Input Frequency

25 kHz —
de

Figure 34. CS5016 FFT plot with 12 kHz
-20 dB Input

(Figure 35), but the probability of this occurring
is small since the peaks are spikes of short dura-
tion.

Master Clock Analog Input Clock Feedthrough
InVExt Freq | Source Impedance| RMS Peak-to-Peak
Internal  2MHz 500 15uV 70uvV
External 2MHz 500 25uV 110uVvV
External 4MHz 50 0 40uv 150uV
External 4MHz 250 25uV 110uV
External 4MHz 2000 80uv 325uV

Figure 35. Examples of Measured Clock Feedthrough

If sampling is performed asynchronously with the
master clock, clock feedthrough will appear as an
ac error at the CS5014/16’s output. With a fixed
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sampling rate, a tone will appear as the clock fre-
quency aliases into the baseband. The tone
frequency can be calculated using the equation
below and could be selectively filtered in soft-
ware using DSP techniques.

ftone = (N fs - fclk)
where N = fak/fs rounded to the nearest integer

The magnitude of clock feedthrough depends on
the master clock conditions and the source im-
pedance applied to the analog input. When
operating with the CS5014/16’s internally gener-
ated clock, the CLKIN input is grounded and the
dominant source of coupling is through the de-
vice’s substrate. As shown in Figure 35, a typical
CS5014/16 operating with their internal oscillator
at 2MHz and 50 Q of analog input source im-
pedance will exhibit only 15wV rms of clock
feedthrough. However, if a 2 MHz external clock
is applied to CLKIN under the same conditions,
feedthrough increases to 25 uV rms. Feedthrough
also increases with clock frequency; a 4 MHz
clock yields 40 uV rms.

Clock feedthrough can be reduced by limiting the
source impedance applied at the analog input. As
shown in Figure 35, reducing source impedance
from 50 Q to 25 Q yields a 15 pV rms reduction
in feedthrough. Therefore, when operating the
CS5014/16 with high-frequency external master
clocks, it is important to minimize source imped-
ance applied to the CS5014/16’s input.

Also, the overall effect of clock feedthrough can
be minimized by maximizing the input range and
LSB size. The reference voltage applied to VREF
can be maximized, and the CS5014/16 can be op-
erated in bipolar mode which inherently doubles
the LSB size over the unipolar mode.

Differences between the CS5012A and the
CS5012

The differences between the CS5012A and the
CS5012 are tabulated in Table 3. The CS5012 is
a short-cycled version of the CS5016 A/D con-
verter and includes the same 18-bit calibration
circuitry. This calibration circuitry sets the cali-
bration resolution of the CS5012 at 1/64th of an
LSB and achieves the near perfect differential
linearity performance illustrated by the CS5012
DNL plot in Figure 15. The CS5012A calibration
circuitry was modified to provide calibration to
15-bit resolution therefore achieving calibration
to 1/8 of an LSB. This reduction in calibration
resolution for the CS5012A reduces the time re-
quired to calibrate the device (see Table 3) and
reduces the size of the total array capacitance.
The reduced array capacitance improves the high
frequency performance by allowing higher slew
rate in the input circuitry.

Table 3 documents some other improvements in-
cluded in the CS5012A. The burst mode
calibration was made functional, although it
should not be used. The device was also modified
so the EOC signal goes low at the end of a reset
calibration in either microprocessor or microproc-
essor-independent mode. The CS5012A was
modified to maintain a throughput rate of 64
CLKIN cycles in loopback mode for all frequen-
cies of CLKIN.

Schematic & Layout Review Service
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Schematic & Layout
Before Building Your Board.

For Our Free Review Service
Call Applications Engineering.

Call: (512)445-7222
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CS5012A

Cs5012

Calibration resolution

15 bits. Results in DNL calibration
to 1/8 LSB at 12 bits.

18 bits. Results in DNL calibration
to 1/64 LSB at 12 bits.

Calibration time
reset:
interleave:
burst:

58,280 CLKIN cycles
2,014 conversions
fully functional

1,441,020 CLKIN cycies
72,051 conversions
not functional

End of calibration
indicator

EOC falls in either microprocessor
or microprocessor-independent
mode at the completion of a RESET
calibration cycle.

EOC falls at the completion of a RESET
calibration cycle in microprocessor mode

only. In microprocessor-independent mode
EOT must be used. EOT falls 15 CLKIN
cycles after completion of a RESET calibration.

Throughput rate in
loopback mode

The device acquires and converts
a sample in 64 CLKIN cycles for all

CLKIN frequencies when in loopback.

The device acquires and converts in 64
CLKIN cycles for CLKIN=4MHz, but will
require 68 CLKIN cycles at 100kHz through-
put. This is due to excess delay on EOT.

Input capacitance
in fine-charge mode

103pF typical, unipolar mode
72pF typical, bipolar mode

275pF typical, unipolar mode
165pF typical, bipolar mode

Slew Rate
Unipolar
Coarse charge
Fine charge
Bipolar
Coarse charge
Fine charge

20V/us
1.5V/us

40V/us
3.0V/us

5V/us
0.25V/us

10V/us
0.5V/us

Table 3. Differences Between the CS5012A and CS5012
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HOLD CS CAL INTRLV RD A0 RST Function
v X X X X * 0 Hold and Start Convert
X 0 1 X X * 0 Initiate Burst Calibration
1 0 0 X X * 0 Stop Burst Cal and Begin Track
X [¢] X [4] X * 0 Initiate Interleave Calibration
X 0 X 1 X * 0 Terminate Interleave Cal
X 0 X X 0 1 0 Read Output Data
1 0 X X 0 0 0 Read Status Register
X 1 X X X * X High Impedance Data Bus
X X X X 1 * X High Impedance DataBus |
X X X X X X 1 Reset
0 0 X X X 0 X Reset

* The status of A0 is not critical to the operation specified. However, A0 should not be low with
CS and HOLD low, or a software reset will result.

Table 4. CS5012A/14/16 Truth Table

+5V

Anal 10Q
nalog o -
Supply = 25 J11 o.1uF
@ BW Mode
BP/UP |24 Select *
0 Clock |
cs5012A CLKIN [« Source
CS5014 (optional)
CS5016
Serial
SDATA 49 ‘Hoia
SCLK [-32__,! Intertace
(optional)
Analog ' 2000Q T
N Signal 26 Data
grgnal o Conditioning AIN DO-D15 |8 or 16
ource _
1000 pF £oc | .38
g — |37 May be
EOT ; microprocessor
HOLD ‘s or discrete logic.
0 » VREF
or CAL ' Control
+VREF INTRLV Logic
Voltage : 28 RD
VREF 23
Reference | | 0.01uF A0 Unused Logic inputs should only
T T RESET 32 Reset be connected to VD+ or DGND.
10] uF 27| AGND TST Ell ;BW and BF;/W’ \7Bould Slév'?lgs
29 10 e terminated to VD+ or ,
<V 0.1|uF 0.1|;F R%/';‘?UF D\?[';I_D 0.1i Fl Tor driven by a logic gate.
30 36 = For best dynamic
-5V T 10Q S/(N+D) performance.
Analog © :
Supply
Figure 36. CS5012A/14/16 System Connection Diagram
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HOLD
CS5016 (LSB) DATA BUS BIT 0
DATA BUS BIT 1

CS5014 (LSB) DATA BUS BIT 2
DATA BUS BIT 3

CS5012 (LSB) DATA BUS BIT 4
DATA BUS BIT 5

DATA BUS BIT 6

DATA BUS BIT 7

DIGITAL GROUND

POSITIVE DIGITAL POWER
DATA BUS BIT 8

DATA BUS BIT 9

DATA BUS BIT 10

DATA BUS BIT 11

DATA BUS BIT 12

DATA BUS BIT 13

DATA BUS BIT 14

(MSB) DATA BUS BIT 15
CLOCK INPUT

HOLD
Do
D1
D2
D3
D
D5
D6
NC
D7

DGND

VD+
NC
D8
NC
D9
D10
D11
D12
D13
D14
D15

Y

CS5012A, CS5014, CS5016
R T S O S

HOLD [j1® —  40]] SDATA  SERIAL OUTPUT
Do [|2 39]] SCLK SERIAL CLOCK
D1 [|3 38[] EOC END OF CONVERSION
D2 [j4 C3202A a7)) EOT END OF TRACK
D3 [I5 comors 360 VD- NEGATIVE DIGITAL POWER
D4 [6 Coso16 35 CAL CALIBRATE
D5 [|7 34% INTRLV  INTERLEAVE
D6 [|8 33f] BW BUS WIDTH SELECT
D7 [|9 32(] RST RESET
DGND [|10 31[] TST TEST
VD+ [11 30[] VA- NEGATIVE ANALOG POWER
D8 (|12 29(] REFBUF REFERENCE BUFFER OUTPUT
D9 (|13 28(] VREF VOLTAGE REFERENCE
D10 [|14 27(] AGND  ANALOG GROUND
D11 [}15 26]] AIN ANALOG INPUT
D12 [J16 25(] VA+__ POSITIVE ANALOG POWER
D13 (17 24[) BP/UP  BIPOLAR/UNIPOLAR SELECT
D14 (|18 23] A0 READ ADDRESS
D15 (19 22]] RD READ
CLKIN []20 21]] ¢cs CHIP SELECT
SDATA
SCLK
EOC
EOT
VD-
E 7 4 2 1 44 42 39 0 g‘JRLV
d s 333 RST
—~3 ey
——q2 o 4p—— VA=
- 13 Cs5012A ﬁi\‘ NC
JE e cssora sipO— REFBUF
E : CS5016 Zgg VREF
AGND
VA+
BP/W
A0
RD
cs
CLKIN

NOTE: All pin references in this data sheet refer to the 40-pin DIP package numbering.
Use this figure to determine pin numbers for 44-pin package.

2-40

DS14F6



r 4 Y i1/ 4 4 14 !
I 4 5 Wiy /.

1772 A 71 4 CS5012A, CS5014, CS5016 |
e e R R T R mm—S—S—
PIN DESCRIPTIONS

Power Supply Connections

VD+ - Positive Digital Power, PIN 11.
Positive digital power supply. Nominally +5 volts.

VD- - Negative Digital Power, PIN 36.
Negative digital power supply. Nominally -5 volts.

DGND - Digital Ground, PIN 10.
Digital ground.

VA+ - Positive Analog Power, PIN 25.
Positive analog power supply. Nominally +5 volts.

VA- - Negative Analog Power, PIN 30.
Negative analog power supply. Nominally -5 volts.

AGND - Analog Ground, PIN 27.
Analog ground.

Oscillator

CLKIN - Clock Input, PIN 20.
All conversions and calibrations are timed from a master clock which can either be supplied by

driving this pin with an external clock signal, or can be internally generated by tying this pin to
DGND.

Digital Inputs

HOLD - Hold, PIN 1.
A falling transition on this pin sets the CS5012A/14/16 to the hold state and initiates a conversion.
This input must remain low at least one CLKIN cycle plus 50 ns.

CS - Chip Select, PIN 21.
When high, the data bus outputs are held in a high impedance state and the input to CAL and
INTRLV are ignored. A falling transition initiates or terminates burst or interleave calibration
(depending on the status of CAL and INTRLV) and a rising transition latches both the CAL and
INTRLYV inputs. If RD is low, the data bus is driven as indicated by BW and AO.

RD - Read, PIN 22.
~ When RD and CS are both low, data is driven onto the data bus. If either signal is high, the data

bus outputs are held in a high impedance state. The data driven onto the bus is determined by BW
and AO.

DS14F6 2-1
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AO0 - Read Address, PIN 23. '
Determines whether data or status information is placed onto the data bus. When high during the

read operation, converted data is placed onto the data bus; when low, the status register is driven
onto the bus.

BP/UP - Bipolar/Unipolar Input Select, PIN 24.
When high, the device is configured with a bipolar transfer function ranging from -VREF to
+VREEF. Encoding is in an offset binary format, with the mid-scale code 100...0000 centered at
AGND. When low, the device is configured for a unipolar transfer function from AGND to VREF.
Unipolar encoding is in straight binary format. Once calibration has been performed, either bipolar
or unipolar mode may be selected without the need to recalibrate.

RST - Reset, PIN 32.
‘When taken high for at least 100 ns, all internal digital logic is reset. Upon being taken low, a full
calibration sequence is initiated.

BW - Bus Width Select, PIN 33.
When hard-wired high, all 12 data bits are driven onto the bus simultaneously during a data read
cycle. When low, the bus is in a byte wide format. On the first read following a conversion, the
eight MSB’s are driven onto DO-D7. A second read cycle places the four LSB’s with four trailing
zeros on DO0-D7. Subsequent reads will toggle the higher/lower order byte. Regardless of BW’s
status, a read cycle with AO low yields the status information on D0-D7.

INTRLV - Interleave, PIN 34,
When latched low using CS, the device goes into interleave calibration mode. A full calibration
will complete every 2,014 conversions in the CS5012A, and every 72,051 conversions in the
CS5014/16. The effective conversion time extends by 20 clock cycles.

CAL - Calibrate, PIN 35. (See Addendum appending this data sheet))
When latched high using CS, burst calibration results. The device cannot perform conversions
during the calibration period which will terminate only once CAL is latched low again.
Calibration picks up where the previous calibration left off, and calibration cycles complete every
58,280 CLKIN cycles in the CS5012A, and every 1,441,020 CLKIN cycles in the CS5014/16 . If
the device is converting when a calibration is signaled, it will wait until that conversion completes
before beginning.

Analog Inputs

AIN - Analog Input, PIN 26.
Input range in the unipolar mode is zero volts to VREF. Input range in bipolar mode is -VREF to
+VREE The output impedance of buffer driving this input should be less than or equal to 200 €.
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VREF - Voltage Reference, PIN 28.

The analog reference voltage which sets the analog input range. It represents positive full scale for
both bipolar and unipolar operation, and its magnitude sets negative full scale in bipolar mode.

Digital Outputs

DO through D15 - Data Bus Outputs, PINS 2 thru 9, 12 thru 19.
3-state output pins. Enabled by CS and RD, they offer the converter’s output in a format
consistent with the state of BW if A0 is high. If AO is low, bits DO-D7 offer status register data.

EOT - End Of Track, PIN 37.
If low, indicates that enough time has elapsed since the last conversion for the device to acquire
the analog input signal.

EOC - End Of Conversion, PIN 38.
This output indicates the end of a conversion or calibration cycle. It is high during a conversion
and will fall to a low state upon completion of the conversion cycle indicating valid data is
available at the output. Returns high on the first subsequent read or the start of a new conversion
cycle.

SDATA - Serial Output, PIN 40.
Presents each output data bit after it is determined by the successive approximation algorithm.
Valid on the rising edge of SCLK, data appears MSB first, LSB last, and each bit remains valid
until the next bit appears.

SCLK - Serial Clock Output, PIN 39.
Used to clock converted output data serially from the CS5012A/14/16. Serial data is stable on the
rising edge of SCLK.

Analog Outputs

REFBUF - Reference Buffer Output, PIN 29.
Reference buffer output. A 0.1 uF ceramic capacitor must be tied between this pin and VA-.

Miscellaneous

TST - Test, PIN 31.
Allows access to the CS5012A/14/16’s test functions which are reserved for factory use. Must be
tied to DGND.
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PARAMETER DEFINITIONS

Linearity Error

The deviation of a code from a straight line passing through the endpoints of the transfer
function after zero- and full-scale errors have been accounted for. "Zero-scale" is a point 1/2 LSB
below the first code transition and "full-scale” is a point 1/2 LSB beyond the code transition to
all ones. The deviation is measured from the middle of each particular code. Units in %
Full-Scale.

Differential Linearity '
Minimum resolution for which no missing codes is guaranteed. Units in bits.

Full Scale Error

The deviation of the last code transition from the ideal (VREF-3/2 LSB’s).
Units in LSB’s.

Unipolar Offset

The deviation of the first code transition from the ideal (1/2 LSB above AGND) when in
unipolar mode (BP/UP low). Units in LSB’s.

Bipolar Offset
The deviation of the mid-scale transition (011...111 to 100...000) from the ideal (1/2 LSB below
AGND) when in bipolar mode (BP/UP high). Units in LSB’s.

Bipolar Negative Full-Scale Error .
The deviation of the first code transition from the ideal when in bipolar mode (BP/UP high). The
ideal is defined as lying on a straight line which passes through the final and mid-scale code
transitions. Units in LSB’s.

Peak Harmonic or Spurious Noise (More accurately, Signal to Peak Harmonic or Spurious Noise)
The ratio of the rms value of the signal to the rms value of the next largest spectral component
below the Nyquist rate (excepting dc). This component is often an aliased harmonic when the
signal frequency is a significant proportion of the sampling rate. Expressed in decibels.

Total Harmonic Distortion
The ratio of the rms sum of all harmonics to the rms value of the signal. Units in percent.

Signal-to-Noise Ratio ~
The ratio of the rms value of the signal to the rms sum of all other spectral components below
the Nyquist rate (excepting dc), including distortion components. Expressed in decibels.

Aperture Time
The time required after the hold command for the sampling switch to open fully. Effectively a
sampling delay which can be nulled by advancing the sampling signal. Units in nanoseconds.

Aperture Jitter
The range of variation in the aperture time. Effectively the "sampling window" which ultimately
dictates the maximum input signal slew rate acceptable for a given accuracy. Units in
picoseconds.

NOTE: Temperatures specified define ambient conditions in free-air during test and do not refer to the junction
temperature of the device.

2-44 DS14F6



B NN A N NN

N R R SR

CS5012A Ordering Guide

Model
CS5012A-KP12
CS5012A-KP7
CS5012A-KL12
CS5012A-KL7
CS5012A-BP12
CS5012A-BP7
CS5012A-BL12
CS5012A-BL7

5962-8967901QA
5962-8967901XA

63 kHz
100 kHz
63 kHz
100 kHz
63 kHz
100 kHz
63 kHz
100 kHz
63 kHz
63 kHz

Throughput Conversion Time

12.25 us
7.20us
12.25 us
7.20 ps
12.25 us
7.20 us
12.25 us
7.20 s
12.25 us
12.25 us

CS5012A, CS5014, CS5016

Package

40-Pin Plastic DIP
40-Pin Plastic DIP

44-Pin PLCC
44-Pin PLCC

40-Pin Plastic DIP
40-Pin Plastic DIP

44-Pin PLCC
44-Pin PLCC

Maximum DNL Temp. Range
+1/2 LSB 0to 70 °C
+1/2 LSB 0to 70 °C
+1/2 LSB 0to 70 °C
+1/2 LSB 0to 70 °C
+1/2 LSB -40 to +85 °C
+1/2 LSB -40 to +85 °C
+1/2 LSB -40 to +85 °C
+1/2 LSB -40 to +85 °C
+1/2 LSB -55 to +125 °C
+1/2 LSB -55 to +125 °C

40-Pin CerDIP
44-Pin Ceramic LCC

The CS5012A is recommended for new designs. The following is a list of upgraded part numbers.

Discontinued
Part Number
CS5012-KP24
CS5012-KP12
CS5012-KP7
CS5012-KL24
CS5012-KL12
CS5012-KL7
CS5012-BD24
CS5012-BD12
CS5012-BD7
CS5012-BL24
CS5012-BL12
CS5012-BL7

CS5012-TD24B
CS5012-TD12B
CS5012-TE24B
CS5012-TE12B

Equivalent

Recommended Device.

CS5012A-KP12
CS5012A-KP12
CS5012A-KP7
CS5012A-KL12
CS5012A-KL12
CS5012A-KL7
CS5012A-BP12
CS5012A-BP12
CS5012A-BP7
CS5012A-BL12
CS5012A-BL12
CS5012A-BL7

5962-897901QA
5962-897901QA
5962-897901XA
5962-897901XA

DS14F6
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CS5014 Ordering Guide

Model Throughput
CS5014-KP28 28 kHz
CS5014-KP14 56 kHz
CS5014-KL28 28 kHz
CS5014-KL14 56 kHz
CS5014-BP28 28 kHz
CS5014-BP14 56 kHz
CS5014-BL28 28 kHz
CS5014-BL14 56 kHz
CS5014-SD14 56 kHz
CS5014-TD14 56 kHz
CS5014-SE14 56 kHz
CS5014-TE14 56 kHz
5962-8967401QA 56 kHz
5962-8967402QA 56 kHz
5962-8967401XA 56 kHz
5962-8967402XA 56 kHz

Conversion Time

28.50 ps
14.25 pus
28.50 ps
14.25 ps
28.50 ps
14.25us
28.50 ps
14.25 pus
14.25 ps
14.25 ps
14.25 ps
14.25 pus
14.25 ps
14.25 us
14.25 ps
14.25 ps

The following is a list of upgraded part numbers.

Discontinued
Part Number
CS5014-SD14B
CS5014-TD14B
CS5014-SE14B
CS5014-TE14B

CS5012A, CS5014, CS5016
S R e e o e

Linearity Temp. Range
0.5 LSB 0to70°C

+0.5 LSB 0to70°C

0.5 LSB 0to70°C

+0.5 LSB 0to 70 °C

+0.5 LSB -40 to +85 °C
+0.5 LSB -40 to +85 °C
+0.5 LSB -40 to +85 °C
+0.5 LSB -40 to +85 °C
+15LSB  -55to +125°C
+0.5LSB  -55to +125°C
+1.5LSB -65 to +125 °C
+0.5LSB  -55to +125°C
+15LSB  -55to +125°C
+0.5LSB  -55to +125°C
+15LSB -55to0 +125°C
+0.5LSB  -55to0 +125°C

Equivalent

Recommended Device
5962-8967401QA
5962-8967402QA
5962-8967401XA
5962-8967402XA

Package

40-Pin Plastic DIP
40-Pin Plastic DIP
44-Pin PLCC

44-Pin PLCC

40-Pin Plastic DIP
40-Pin Plastic DIP
44-Pin PLCC

44-Pin PLCC

40-Pin CerDIP
40-Pin CerDIP
44-Pin Ceramic LCC
44-Pin Ceramic LCC
40-Pin CerDIP
40-Pin CerDIP
44-Pin Ceramic LCC
44-Pin Ceramic LCC
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CS5016 Ordering Guide

Model
CS5016-JP32
CS5016-JP16
CS5016-KP32
CS5016-KP16
CS5016-JL32
CS5016-JL16
CS5016-KL32
CS5016-KL16
CS5016-AP32
CS5016-AP16
CS5016-BP32
CS5016-BP16
CS5016-AL32
CS5016-AL16
CS5016-BL32
CS5016-BL16
CS5016-SD16
CS5016-TD16
CS5016-SE16
CS5016-TE16
5962-8967601QA
5962-8967602QA
5962-8967601XA
5962-8967602XA

Linearity
.0030%
.0030%
.0015%
.0015%
.0030%
.0030%
.0015%
.0015%
.0030%
.0030%
.0015%
.0015%
.0030%
.0030%
.0015%
.0015%
.0076%
.0015%
.0076%
.0015%
.0076%
.0015%
.0076%
.0015%

Signal to

Noise Ratio

87 dB
87 dB
90 dB
90 dB
87 dB
87 dB
90 dB
90 dB
87 dB
87 dB
90 dB
90 dB
87 dB
87 dB
90 dB
90 dB
87 dB
90 dB
87 dB
90 dB
87 dB
90 dB
87 dB
90 dB

The following is a list of upgraded part numbers.

Discontinued

Part Number
CS5016-SD16B
CS5016-TD16B
CS5016-SE16B
CS5016-TE16B

CS5012A, CS5014, CS5016
R N S RN

Conversion Time Temp. Range
32.50 pus 0to70°C
16.25 pus 0to 70 °C
32.50 us 0to70°C
16.25 us 0to 70°C
32.50 ps 0to 70 °C
16.25 us 0to 70 °C
32.50 pus 0to70°C
16.25 us 0to 70 °C
32.50 pus -40 to +85 °C
16.25 us -40 to +85 °C
32.50 us -40 to +85 °C
16.25 us -40 to +85 °C
32.50 us -40 to +85 °C
16.25 us -40 to +85 °C
32.50 s -40 to +85 °C
16.25 us -40 to +85 °C
16.25 us -55 to +125 °C
16.25 us -55 to +125°C
16.25 pus -55 to +125°C
16.25 us -55 to +125°C
16.25 us -55 to +125°C
16.25 us -55 to +125°C
16.25 us -55 to +125°C
16.25 us -55 to +125°C

Equivalent

Recommended Device

5962-8967601QA
5962-8967602QA
5962-8967601XA
5962-8967602XA

Package

40-Pin Plastic DIP
40-Pin Plastic DIP
40-Pin Plastic DIP
40-Pin Plastic DIP
44-Pin PLCC

44-Pin PLCC

44-Pin PLCC

44-Pin PLCC

40-Pin Plastic DIP
40-Pin Plastic DIP
40-Pin Plastic DIP
40-Pin Plastic DIP
44-Pin PLCC

44-Pin PLCC

44-Pin PLCC

44-Pin PLCC

40-Pin CerDIP
40-Pin CerDIP
44-Pin Ceramic LCC
44-Pin Ceramic LCC
40-Pin CerDIP
40-Pin CerDIP
44-Pin Ceramic LCC
44-Pin Ceramic LCC

DS14F6
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Semiconductor Corporation

CDB5012 CDB5012A
CDB5014 CDB5016

Evaluation Board for CS5012, CS5012A, CS5014,
CS5016 ADC’s

Features

® Compatible with CS5012, CS5012A,
CS5014, CS5016

® PC/uP-Compatible Header Connection
16-Bit Parallel Data
End-of-Conversion Output
CS, RD, and A0 Control Inputs

® DIP-Switch Selectable:
Unipolar/Bipolar Input Range
Burst & Interleave Calibration Modes
Continuous Conversion

@ Adjustable Voltage Reference
@ Serial Data and Clock BNC Connections

@ Operation from Internally-Generated or
Externally-Supplied Master Clock

General Description

The CDB5012/4/6 is an evaluation board that eases the
laboratory characterization of any of the CS5012,
CS5012A, CS5014 and CS5016 A/D converters. The
board can be easily reconfigured to simulate any com-
bination of sampling, master clock, calibration, and input
range conditions.

The converter's parallel output data are available at a
40 pin strip header allowing easy interfacing to PC’s or
microprocessor busses. Output data is also available in
serial form at SCLK and SDATA coaxial BNC connec-
tors.

Evaluation can also be performed over a wide range of
input spans using the on-board reference circuitry. Fur-
thermore, the CDB5012, CDB5012A, CDB5014,
CDB5016 features DIP-switch selectable unipolar/bipo-
lar input ranges and the interleave calibration mode.
Calibration can be initiated at any time by momentarily
depressing a reset pushbutton.

ORDERING INFORMATION: CDB5012, CDB5012A,
CDB5014, CDB5016

DO - D15 —
© AN -D15 o
oo0D CS5012 EQC E
HOLD
© CS5012A |« AQ g
CS5014 RD
® CLKIN cs5016 [* — E
. cs R
A/D L]
RESET Converter SCLK NG
SDATA NG
A A A
VOLTAGE
REFERENCE
O O O
+5V  GND -5V
Crystal Semiconductor Corporation ) ) ) MAR '95
P.O. Box 17847, Austin, TX 78760 Copyright © Ciystal Semiconductor Gorporation 1595 DS14DB11
(512) 445 7222 FAX: (512) 445 7581 (All Rights Reservea) 2-48



CDB5012, CDB5012A, CDB5014, CDB5016
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Analog Input

The analog input to the A/D converter is supplied
through the BNC coaxial connector labeled AIN.
Analog input polarity is controlled by the first
position switch on the DIP-switch, SW-1. If it is
on, the input is unipolar ranging from GND to
VREF. If the switch is off, the input range is bi-
polar with the magnitude of the reference voltage
defining both zero- and full-scale (+VREF).

e

C6

-

—> VA+

The A/D converter’s internal analog input buffer
requires a source impedance of less than 400 Q
at IMHz for stability. Acquisition and throughput
are specified assuming a dc source impedance of
less than 200 €. Infinitely large dc source imped-
ances can be accommodated by adding capaci-
tance (typically 1000pF) from the analog input to
ground. However, high dc source resistances de-
grade acquisition time and consequently through-
put.

i
i

VD+

R10

c10 SW1-4 —8
27 |25 i
DO 2 37 EOT ? R23 (optional)
D1 3 1 HOLD
D2 4 39 SCLK = R2
D3 5 40 SDATA VD+
D4 6| Cs5012 |26 AIN VA+ +5V
D5 7| CS5012A |20 CLKIN VA- 5V
“D6 g| (C€S5014 :VD- AN
©o7 9| CS5016 R3 R
D8 12 31 TST L
D9 13 cm% -
D10 14 Ui 28 VREF R8 Reset
D11 15 RRESET | ¢ R i p.
D12 16 29 REFBUF VA Sw2
D13 17 c7
D14 18
D15 19 B
EOC 38 24 BP/UP o SWi-1
(S 21 35 CAL oswi2 |
—RD 22 34 INTLV oo SW1-3
_AQ, 23 33 BW 1
R4| R5| R7| B
36 (10 1
%% )it i R12 <R13 <R11 <R6
VD+ + ¢ C2
VD- cb i VD+

Figure 1. CDB5012, CDB5012A, CDB5014, CDB5016 Schematic
(Reference Circuitry Appears in Figure 3)

DS14DB11

2-49



CDB5012, CDB5012A, CDB5014, CDB5016

OFF ON
Position 1 Bipolar Unipolar
Position 2 Burst Cal * Normal Operation
Position 3 Normal Interleaved Cal
Position 4 Normal Continuous Conversion

*NOTE: Use of BURST CAL is not recommended.
Figure 2. DIP-Switch Definitions

Initiating Conversions

The CDB5012, CDB5012A, CDB5014,
CDB5016 is shipped from the factory without the

A negative transition on the converter’s HOLD
pin places the device’s analog input into the hold
mode and initiates a conversion cycle. On the
CDBS5012, CDB5012A, CDB5014, CDB5016,
this input can be generated by one of two means.
First, it can be supplied through the BNC coaxial
connector appropriately labeled HOLD. Alterna-
tively, switch position 4 of the DIP-switch can be
placed in the on position, thus looping the con-
verter’s EOT output back to HOLD. This results
in continuous conversions at a fraction of the
master clock frequency (see "synchronous opera-
tion" in the converter’s data sheet).

The A/D converter’s EOT output is an indicator
of its acquisition status; it falls when the analog
input has been acquired to the specified accuracy.
If an external sampling clock is applied to the
HOLD BNC connector, care must similarly be
taken to obey the converter’s acquisition and
maximum sampling rate requirements. A more
detailed discussion of acquisition and throughput
can be found in the converter’s data sheet.

R17

Coarse
Adjust

R16

Q1

HOLD BNC input terminated for operation with
an external sampling clock. However, location
R23 is reserved for the insertion of a 51 € resis-
tor to eliminate reflections of the incoming clock
signal.

Voltage Reference Circuitry

The CDB5012, CDB5012A, CDB5014,
CDB5016 features an adjustable voltage refer-
ence which allows characterization over a wide
range of reference voltages. The circuitry consists
of a 2.5V voltage reference (1403) and an adjust-
able gain block with a discrete output stage (Figure
3). The output stage minimizes the output’s head-
room requirements allowing the reference voltage to
come within 300mV of the positive supply.

The coarse and fine trim potentiometers are fac-
tory calibrated to a reference voltage of 4.5V (a
table of output code values for a reference volt-
age of 4.5V appears in the CS5012, CS5012A,
CS5014, CS5016 data sheets). When calibrating
the reference, the voltage should be measured di-
rectly at the VREF input (pin 28) or at the un-
grounded lead of decoupling capacitor C9.

R18 VREF

+
o
R22

Figure 3. Voltage Reference Circuitry
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CDB5012, CDB5012A, CDB5014, CDB5016

Reset/Self-Calibration Modes

The A/D converter will usually reset itself upon
power-up. Since this function is not guaranteed,
the converter must be reset upon power-up in
system operation. The converter can be reset on
the CDB5012, CDB5012A, CDB5014, CDB5016
board by momentarily depressing push-button
SW-2 thus initiating a full calibration cycle;
1,443,840 master clock cycles later the converter
is ready for normal operation.

The converters also feature two other calibration
modes: burst and interleave. The use of Burst
calibration is not recommended. Interleave can be
initiated by setting switch position 3 to the on
position. In the interleave mode (INTRLV low),
the converter appends one small portion of a cali-
bration cycle (20 master clock cycles) to each
conversion cycle. Thus, a full calibration cycle
completes every 72,192 conversion cycles. The
Interleave calibration mode should not be used
intermittently.

A more detailed discussion of the converters’
calibration modes and capabilities can be found
in their data sheets.

Parallel Output Data/Microprocessor Interface

The converter’s outputs [ D0-D15, its CS, RD, and
AO inputs, and its EOC output are available at
the 40 pin header. The CS and RD inputs are
pulled low through 10 k€ resistors placing
the converter in a microprocessor-independent
mode. Control input AO is pulled up, insuring the
converter’s output word, rather than the status
register, appears at the header.

The converter’s 3-state output buffers and micro-
processor interface can be exercised by driving
the CS and/or RD inputs at the header. Similarly,
the converter’s 8-bit status register can be ob-
tained on DO-D7 by driving A0 low.

DGND

Figure 4. Header Pin Definitions

The converter’s EOC and data outputs are not
buffered on the CDB5012, CDB5012A,
CDB5014, CDB5016. Therefore, careful attention
should be paid to the load presented by any ca-
bling, especially if the 3-state output buffers are
to be exercised at speed. Twisted ribbon cable is
typically specified at 10pF/ft, so several feet can
generally be accommodated.

Serial Output Data

Serial output data is available at the two BNC
connections SCLK and SDATA. Data appears
MSB first, LSB last, and is valid on the rising
edge of SCLK.

Master Clock

The A/D converter operates from a master clock
which can either be internally-generated or exter-
nally-supplied. For operation with an external
clock, the BNC connector labeled CLKIN
should be driven with a TTL clock signal. The
CDB5012, CDB5012A, CDB5014, CDB5016 is
shipped from the factory with the CLKIN input

DS14DB11
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terminated by a 51 Q resistor to eliminate line
reflections of the incoming clock. If the CLKIN
BNC input is left floating, this resistor pulls the
converter’s clock input down to ground, thus ac-
tivating its internal oscillator.

Decoupling

The CDB5012, CDB5012A, CDB5014,
CDB5016’s decoupling scheme was designed to
insure accurate evaluation of the converter’s per-

COMPONENT LIST

10 € resistor

51 Q resistor

4.7 Q resistor

1 kQ resistor

560 € resistor

10 k€ resistor

2.43 kQ resistor

3.3 kL resistor

240 kQ resistor

50 k€2 potentiometer
50 kQ potentiometer
0.068 uF capacitor

0.1 pF capacitor

10 pF capacitor
CS501X/511X A/D converter
1403 2.5V reference
OPO07 op amp
2N2907A transistor

4 pos. SPST DIP switch
N.O. SPST push-button
20 pin header

bulkhead BNC

red banana jack

black banana jack
green banana jack

1" 4-40 spacer

3/8" 4-40 screw

CDB5012, CDB5012A, CDB5014, CDB5016

formance independent of the quality of the power
supplies. Each supply is decoupled at the con-
verter with a 10uF electrolytic capacitor to filter
low frequency noise and a 0.1puF ceramic capaci-
tor to handle higher frequencies. The auto-zero-
ing action of the converter’s comparator provides
extremely good power supply rejection at low
frequencies. Depending on the quality of the sys-
tem’s power supplies, the decoupling scheme
could be relaxed in actual use.

RI, R2

R3

RIS

R9, R14

R17

R4, R5, R6, R7, RS, R10, R11, R12, R13
R19, R20

R16

R21

RIS

R22

Cl4

Cl1, C3, C5, C7, C9, C10, C12

C2, C4, C6, C8, C11, C13

Ul

u2

U3

Q1

SW1

SW2

CON1

CON2, CON3, CON4, CONS, CON6
CON7

CONS

CON9

POSTI1, POST2, POST3, POST4, POSTS, POST6
SCl1, SC2, SC3, SC4, SC5, SC6
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PCB5012-201D
TOP
i @ @ @
SDATA SCLK
J1 GND +5 -5
R3
S " R14
sw2 E:! 'c13 +(_) COARSE
N\ Re : ADJ
8; cc ro2 (D) R ---. R '
‘oo |po HOLD 8 4 & RY o Ri R
* ON :
o D2 == UO ' '
o0 D3 L L 2 Tl 4 SW1 HHHH '
oo |D4 SMART Analog s 1234 I
o o D5 '
oo |Bs R C—— . U u2
oo 87 ct (D oo FR12 ] ] *
oo (D8 ——. R '
oo |D9 c2 (O+ R i — Qt "
oo 310 QC7 ‘ R17 '
oo 11 ' f
oo [Di2 C OO+ e OO '
oo (D13 CDBSO1X Cc9 c8 R18 Cc14 '
°c |bt¢  \Evaluation Board oo : :
o T ] JR20 |
oo |59c +(Oen A :
o o | Al '
oo |AD CLKIN AIN | R
oo @ ! R22
Z o | al ] all alls L P
3 4| s||7 ; FINEADJ
< . ADJUSTABLE j
@ @ ' REFERENCE @ -

Figure 5. Board Layout
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Semiconductor Corporation

CS5030 CS5031

12-Bit, 500kSPS, Sampling A/D Converters

Features

® Monolithic CMOS A/D Converter
0.3 us Track/Hold Amplifier
1.7 us A/D Converter
2.5 V Voltage Reference
Flexible Parallel, Serial and Byte
interface

® 12-Bit ADC and Reference Accuracy
Total Unadjusted Error: 0.5 LSB
Ref Tempco: 1 ppm/°C

® Low Distortion
Signal-to-Noise Ratio: 72.8 dB
Total Harmonic Distortion: 0.01 %
Spurious-Free-Dynamic-Range: -80dBc

® Low Power: 88 mW

General Description

The CS5030, and CS5031 are complete monolithic
CMOS analog-to-digital converters providing 500kSPS
throughput. On-chip calibration circuitry achieves true
12-bit accuracy for the ADC and on-chip reference,
over the full operating temperature range, without ex-
ternal adjustments.

The CS5030/CS5031 have a high speed digital inter-
face with three-state data outputs and standard control
inputs allowing easy interfacing to common microproc-
essors and digital signal processors.  Conversion
results are available in either 12-bit parallel, two 8-bit
bytes, or serial data.

The CS5030/CS5031 are available in a 24-pin, 0.3"
plastic dual-in-line package (PDIP), Cerdip and small
outline (SOIC) package.

ORDERING INFORMATION: Page 2-77

VA+ VA-
DAC TRIM DB11/HBEN
L | T/H DB10/SSTRB
VIN 12-BIT CHARGE
‘ REDISTRIBUTION DBY9/SCLK
DAC 17
DB8/SDATA
VOLTAGE 12
REF OUT (O+—¢ REFERENCE $ DB7/LOW
DB6/LOW
SAR
REGISTER DB5/LOW
REFERENCE
TRIM DB4/LOW
I 12
CLKIN DB3/DB11
FORMAT } CONTROL 12 > DB2/DB10
— and
BUSY/INT INTERFACE DB1/DB9
J DBO/DBS
AGND DGND CS RD CONVST

) ; This document contains information for a new product. Crystal
Pre”mma’y Product Information Semiconductor reserves the right to modify this product without notice.

Crystal Semiconductor Corporation
P.O. Box 17847, Austin, TX 78760
(5612) 445 7222 Fax: (512) 445 7581

S d C 19! MAR 195
Copyright © Crystal Semiconductor Corporation 1995
(All Rights Reserved) DSQOI;_ Zg
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ANALOG CHARACTERISTICS (VA+ = +5V+5%; VA- = -5V+5%; AGND = DGND = 0V;

CLKIN = 10MHz, unless otherwise specified. Ta = TMIN to TmAx)

B T
Parameter* Symbol, Min Typ Max | Min Typ Max | Units
Specified Temperature Range (Note 1) -40 to +85 -55 to +125 °c
Accuracy
Total Unadjusted Error (Note 2) | TUE - 0.5 1.0 - 0.5 1.0 LSB
Differential Nonlinearity DNL - - 0.5 - - 0.5 | LSB
Integral Nonlinearity INL - 025 05 - 025 05 LSB
Unipolar Offset Error Vup - 025 0.5 - 025 0.5 LSB
Bipolar Offset Error Vep - 025 0.5 - 025 0.5 | LSB
Positive Full Scale Error (Note 3) | FSEp - 025 05 - 025 05 LSB
Bipolar Negative Full Scale Error (Note 3) | FSEN - 025 0.5 - 025 05 | LSB
Dynamic Performance (Note 4)
Signal-to-Noise Ratio SNR | 7156 728 - 71 72.8 - dB
Signal-to-Noise-and-Distortion (Note 5) | SINAD | 70 72 - 70 72 - dB
Total Harmonic Distortion (Note 6) | THD - - 0.01 - - 0.01 Y%
Spurious-Free-Dynamic-Range (Note 6) | SFDR - - 0.01 - - 0.01 %
-80 - - -80 - - dBc
Intermodulation Distortion (Note 7)
Second Order IMD -80 - - -80 - - dBc
Third Order -80 - - -80 - - dBc
Analog Input
Input Voltage Range VIN
CS5030 -2.5 - +2.5 | -25 - +2.5 \'
CS5031 0 - +5 0 - +5 \'4
Aperture Delay tapd - - 25 - - 25 ns
Aperture Jitter tapj - - 100 - - 100 ps
Input Capacitance Acin - - 10 - - 10 pF

Notes: 1. All parameters guaranteed by design, test, and/or characterization.
2. TUE is measured using the on-chip reference.
3. Measured with respect to internal reference and includes bipolar offset error.
4. VIN = £2.5Vpp (CS5030), ... OV to 5V (CS5031).
5. VIN = 10kHz Sine Wave, fsampLE = 500kSPS. Typically 71.5dB for 10kHz<V|N<200kHz.
6. VIN = 10kHz Sine Wave, fsampLE = 500kSPS. Typically -80dB for 0<ViN<200kHz.
7. fa = 9kHz, fb = 9.8kHz, fsampLE = 500kSPS.

* Parameter definitions are given at the end of this datasheet prior to the package outline information.
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CS5030/CS5031

ANALOG CHARACTERISTICS (Continued)

B T
Parameter Symbol| Min Typ Max | Min Typ Max | Units

Specified Temperature Range -40 to +85 -55 to +125 °C
Reference Output
Output Voltage VR 2.49 - 251 | 249 - 2.51 Vv
REF OUT Tempco 0 - 1 - - 1  |ppm/°C
Load Regulation (Note 8) | AVR/Al - 0.6 1 - 0.6 1 mV
Output Noise Voltage eN - 100 - - 100 - UVRMS
Output Current Drive

Source Current ISoURCE| - 500 - - 500 - HA

Sink Current ISINK - 100 - - 100 - pA
Conversion & Throughput
Conversion Time

External Clock (CLKIN = 10MHz) tconv - - 1.7 - - 1.7 us

Internal Clock 1.4 - 1.8 1.4 - 1.8 us
Acquisition Time tacq - - . - - us
Throughput ftp 500 - - 500 - - kSPS
Power Supplies
Positive Supply Current la+ - 9.5 10 - 9.5 10 mA
Negative Supply Current Ia- - 7 10 - 7 10 mA
Power Dissipation Pp - 88 100 - 88 100 mwW

Notes: 8. Reference Load Current Change (0-500 pA). Reference Load should not be changed during
conversion.
LSB %FS ppm FS mV
0.25 .0061 61 0.31
0.50 .0122 122 0.61
1.00 .0244 244 1.22
2.00 .0488 488 2.44
4.00 .0976 976 4.88
Unit Conversion Factors: CS5030 (VN = 22.5V), CS5031 (VIN = 0V to +5V)
DS90PP5 2-57
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AGND = DGND = 0V, (Note 9))

CS5030/CS5031
T

SWITCHING CHARACTERISTICS (T4 = Twin to Tmax; VA+ = +5V5%, VA- = -5V+5%:;

B T
Parameter Symbol| Min Typ Max | Min Typ Max | Units

Specified Temperature Range -40 to +85 -55 to +125 °C
CLKIN Period telk 100 - 400 | 100 - 400 ns
CLKIN Low Time telki 0.4 - 0.6 0.4 - 0.6 | MCC*
CLKIN High Time tclkh 0.4 - 0.6 0.4 - 0.6 | MCC*
Rise Times Any Digital Input trise - - 20 - - 20 ns

Any Digital Output trise - 20 - - 20 - ns
Fall Times Any Digital Input tall - - 20 - - 20 ns

Any Digital Output tall - 20 - - 20 - ns
Mode 1 Timing
Conversion Time tconv - - 17 - - 17 | MCC*
CONVST Pulse Width tepw 50 - - 50 - - ns
CS Active to RD Active tess 0 - - 0 - - ns
RD Pulse Width trpw1 60 - - 75 - - ns
RD Inactive to CS Inactive tesht 0 - - 0 - - ns
RD Active to INT Inactive Delay trdd - - 70 - - 70 ns
Data Access Time after RD (Note 10) |  tra1 - - 57 - - 70 ns
Output Float Delay: RD Rising to Hi-Z (Note 11) td1 5 - 50 5 - 50 ns
HBEN to RD Active thrs 0 - - 0 - - ns
RD Inactive to HBEN Hold Time theh 0 - - 0 - - ns
Serial Clock Timing
SCLK to SSTRB Falling Time (Note 12) |  tsss 25 - - 25 - - ns
Serial Clock Pulse Width High tpwh 0.4 - 0.6 0.4 - 0.6 | MCC*

Pulse Width Low towl 0.4 - 0.6 0.4 - 0.6 | MCC*
SCLK rising to Data Valid (Note 13) tss - - 30 - - 30 ns
SCLK rising to SSTRB Inactive tssr 10 - 25 10 - 25 ns
SCLK rising to SDATA Hold Time tsh 10 - 25 10 - 25 ns

*MCC = Master Clock Cycles, 1 MCC = tcik.

Notes: 9.
of 1.6V.

All input signals are specified with trise = tfall = 5ns (10% to 90% of 5V) and timed from a voltage level

10. Measured with the load circuits of Figure 5 and defined as the time required for an output to cross

0.8V or 2.4V.

11. Defined as the time required for the data lines to change 0.5V when loaded with the circuits of

Figure 6.

12. tsss = MCC/2 - 25ns. tsss = 25ns for tcik = 100ns.

13. CL = 35pF. SDATA will drive higher capacitive loads but this will add to tss.
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Figure 1. Mode 1 Timing Diagram, 12-Bit Parallel Read
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tess = [ tpwl_tpwh K le— tgsr
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SERIAL DATA
NOTES: 1. Times tess1, trpwi, teshi, thrs, and thrh are the same for a high byte read as for a low byte read.
2. Continuous SCLK (Dashed ling) when FORMAT = -5V

Noncontinuous when FORMAT = 0V

Figure 2. Mode 1 Timing Diagram, Byte or Serial Read
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SWITCHING CHARACTERISTICS (1A = TmiN to TMax; VA+ = +5V45%, VA- = -5V5%;
AGND = DGND = 0V, (Note 9))

B T

Parameter Symbol| Min Typ Max | Min Typ Max | Units
Specified Temperature Range -40 to +85 -55 to +125 °c
Mode 2 Timing
Conversion Time tconv - - 17 - - 17 | MCC*
CS Active to RD Active tess2 0 - - 0 - - ns
CS Active to BUSY Active tebd - - 75 - - 75 ns
Data Valid to BUSY Rising tds 50 - - 50 - - ns
RD Inactive to CS Inactive tesh2 0 - - 0 - - ns
Output Float Delay: RD Rising to Hi-Z td2 5 - 50 5 - 50 ns
HBEN Low to CS Active thes 0 - - 0 - - ns
CS Inactive to HBEN HIGH theh 0 - - 0 - - ns
RD Pulse Width trpw2 60 - - 75 - - ns
Data Access Time After RD (Note 10) |  tra2 - - 57 - - 70
Serial Clock Timing
Serial Clock Pulse Width High tpwh 0.4 - 0.6 0.4 - 0.6 | MCC*

Pulse Width Low towi 0.4 - 0.6 0.4 - 0.6 | MCC*

SCLK rising to SSTRB Falling Time (Note 12) | tsss 25 - - 25 - - ns
SCLK rising to Data Valid (Note 13) tss - - 30 - - 30 ns
SCLK rising to SSTRB Inactive tssr 10 - 25 10 - 25 ns
SCLK rising to SDATA Hold Time tsh 10 - 25 10 - 25 ns

*MCC = Master Clock Cycles, 1 MCC = tcik.
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I TRACK/HOLD |
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RD ‘
J 4 /
[ tchd

BUSY teonv 4" tid2
s
tds ——
Hi-Z
DATA <3 DATA

DB11-DBO

NOTE: FORMAT = +5V.
Figure 3. Mode 2 Timing Diagram, 12-Bit Parallel Read

veeN' 22 p w V7
_'| *— thes 7’ —»| theh

L — TRACK/HOLD
cs —— GOES INTO HOLD . ]
o [ tess2 4 —  e—tesh2 [ tpw2
RD «
. Ttebdi toonv 7 )
BUSY < —»it g2 f¢— —»{ trao 4——»‘ Yo [¢—
] % tds
DATA H-Z < j DATA ) DATA )———
¢ DB7-DB0O DB11-DB8
ssrE
tsss—» fe— tpwl tpwh 7 — tssr
SCLK2 K

& LEADING 's® [ ten
SDATA ZEROS DB11}DB10, DBO
SERIAL DATA

NOTES: 1. Times thcs, tess2, tcsh2 and theh are the same for a high byte read as for a low byte read.
2. Continuous SCLK (Dashed line) when FORMAT = -5V
Noncontinuous when FORMAT = 0V

Figure 4. Mode 2 Timing Diagram, Byte or Serial Read
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DIGITAL CHARACTERISTICS (Ta = Tmin to Twax: VA+ = 5V5%; VA- = -5V+5%)

Parameter ISymboIs‘ Min | Typ T Max l Units

Logic Inputs

High-level Input Voltage ViH 3.3 - - \'/
Low-level Input Voltage ViL - - 0.8 \'/
Input leakage current lin - - 50 pA
Input Capacitance Cin - - 10 pF
Logic Outputs

High-level Output Voltage (Note 14) | VoH 4.0 - - Vv
Low-level Output Voltage (Note 15) | VoL - - 0.4 \'
DB11-DBO Floating State leakage Current loz - - 50 A
DB11-DBO0 Output Capacitance Cout - - 15 pF

Notes: 14. |source = -40 }J,A
15. |sink= 1.6 mA

+5V
56kQ
DBN DBN
56kQ 50pF g 50pF
DGND $ DGND
a.) High-ZtoV gy b.) High-Zto Vg

Figure 5. Load Circuits for Access Time

+5V
3kQ
DBN DBN -
3kQ ——10pF g 10pF
DGND 1; DGND
a.) Von to High-Z b.) VoL to High-Z

Figure 6. Load Circuits for Output Float Delay
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RECOMMENDED OPERATING CONDITIONS (AGND, DGND = 0V. Al voltages with re-

spect to ground)

Parameter Symbol Min Typ Max Units

Positive Analog Supply VA+ 4.75 5.0 5.25 \'
Negative Analog Supply VA- -4.75 -5.0 -5.25 \
Analog Input Voltage VIN \Y

CS5030 -2.5 - +2.5

CS5031 AGND - 5
FORMAT Input Voltage Range VA-, OV, VA+ Y
CLKIN Input Voltage Range 0 - VA+ \')
Other Digital Input Voltage Range 0 - VA+ \'
External Clock Frequency - 10 - MHz
External Clock Jitter - - 80 ps
AGND to DGND Voltage Differential - - +10 mV

ABSOLUTE MAXIMUM RAT'NGS* (AGND = 0V, All voltages with respect to ground)

Parameter Symbol Min Typ Max Units

Positive Analog Supply VA+ -0.3 - 6.0 \'
Negative Analog Supply VA- 0.3 - -6.0 \
Analog Input Voltage VIN - Vv

CS5030 (VA-)-0.3 (VA+)+0.3

CS5031 (VA-)-0.3 (VA+)+0.3
FORMAT Input Voltage Range (VA-)-0.3 - (VA+)+0.3| V
CLKIN Input Voltage Range (VA-)-0.3 - (VA+)+0.3| V
Other Digital Input Voltage Range -0.3 - (VA+)+0.3| V
REF OUT Current - - 10 mA
Digital Output Current - - 5 mA
AGND to DGND Voltage Differential - 100 mV
Operating Temperature Range

CS5030/5031-BP/BS -40 - +85 °C

CS5030/5031-TD -55 - +125 °C
Storage Temperature Range -65 - +150 EC
Lead Solder Temperature (10sec duration) - - +300 °C

* WARNING: Operation at or beyond these limits may result in permanent damage to the device.
Normal operation is not guaranteed at these extremes.

NOTE: Temperatures specified define ambient conditions in free-air during test and do not refer to the junction
temperature of the device.
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CS5030/CS5031

GENERAL DESCRIPTION

The CS5030 and CS5031 are complete 12-bit
500 kSPS sampling ADCs, utilizing a successive
approximation architecture. Factory calibration
ensures 12-bit conversion accuracy over
industrial and military temperature ranges. The
CS5030 analog input range is 2.5 V (0 V to +5
V for the CS5031), with the output data
provided in parallel, byte or serial formats. The
internal capacitor array DAC acts as an inherent
sample-and-hold, and forms the heart of the
CS5030/CS5031. The on-chip +2.5 V reference
is available at the REFOUT pin. Additionally,
an on-chip 10 MHz clock oscillator can be used
to control converter operations.

OPERATIONAL OVERVIEW
Track-and-Hold Operation

Track-and-hold operation within the
CS5030/CS5031 is transparent to the user. The
capacitor array DAC acts as the hold capacitor.
During tracking mode all elements of the
capacitor array DAC are switched to the analog

input for charging. The load capacitance of the
entire array during tracking mode is typically 5
pF. The input bandwidth of the track-and-hold is
typically 2 MHz. The ADC goes into hold mode
on the rising edge of CONVST.

Capacitor Array DAC Calibration

To achieve 12-bit accuracy from the capacitor
array DAC, the CS5030/CS5031 uses a novel
calibration scheme. Each bit capacitor consists of
several capacitors that are trimmed to optimize
the overall bit weighting with an internal
resolution of 14-bits, resulting in nearly ideal
differential and integral linearity.

The calibration coefficients for the capacitive bit
weights are stored in an on-chip EEPROM
during the factory calibration. When the
converter is subsequently powered-up these
coefficients are applied to the capacitor array
DAC. The low temperature coefficient of the
capacitor array easily maintains 12-bit accuracy
over the full temperature range.

To 12-bit
ADC
Bandgap Trim Voltage
Reference * DAC Reference
Output
Die 16-bit | EEPROM
Temperature AF ADC 64 x23
Sensor
: 4
Stable
Reference
for
Factory
Calibration

Figure 7. Reference Temperature Control Block
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R

Reference Calibration

The CS5030/CS5031 employs an internal
reference calibration circuit to maintain less than
200 pV of error. A first order corrected low-drift
band-gap reference is the foundation of the
reference trim block (Figure 7). This reference
is combined with an on-chip temperature sensor
and an EEPROM-based look-up table to provide
unmatched reference accuracy.

During normal operation of the device, a 16-bit
delta-sigma (A—X) ADC independently monitors
the chip’s temperature every 800 ms. As the
temperature varies a segment of the EEPROM is
selected based on the A-X converter’s output
word. The EEPROM output is used to control
the trim DAC which compensates the bandgap
reference voltage. This trim circuit maintains the
output reference voltage to the ADC and REF
OUT pin to within #200 puV of 2.5 V over the
full temperature range.

During factory calibration the 16-bit A-X
converter takes measurements at several
temperature points to establish a profile of the
bandgap reference temperature drift (Figure 8).
At each temperature point the A-X converter
calculates the error voltage between a stable
external 2.5 V reference and the actual bandgap
reference voltage. Additionally, the A-X
converter also measures the absolute temperature
of the chip (from an on-chip sensor) as well as
it’s own offset and gain errors. All of these
results are uniquely stored in the device
EEPROM to be accessed during final test.

During final test the four 16-bit words associated
with each temperature point are read by the
tester. The test system performs a trapezoidal
approximation in software for each of the
temperature segments. Digital words
representing temperature, slope and intercept are
then downloaded from the test system back into
the EEPROM on the chip (Figure 9).

Vyef Vactual
A
v €1 €2 Jent fen
ideal
; I —»Temp
T Ty N TN

Figure 8. Untrimmed Reference Voltage versus
Temperature

YN-1=MN-1X+bN-1
y1=m1ix+b1
y2=m2x+b2

Vref,
—1
€ N
Videal
f i —» Temp
T Ta N T

Figure 9. Slopes and Intercepts are Calculated for the
Intermediate Temperatures

Vref
A
Viinal
+200pV — — Videal
-200uV 1 t —>Temp
T Ty Too 23

Figure 10. The Adjusted Reference Error is Within
200V of 2.5V
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CS5030/CS5031

When the converter is in normal operation, the
on-chip bandgap reference trim circuit is
trimmed over temperature. Depending on the
temperature of the chip, the A-X converter
selects the appropriate temperature segment
stored in EEPROM. Using the corresponding
slope and intercept data for the temperature in
question, the appropriate correction factor is
provided by the trim DAC to maintain the output
voltage reference error within 200 pV of the
ideal 2.5 V (Figure 10).

The reference voltage is available at the REF
OUT pin and is capable of sourcing 500 LA to
peripheral devices. This pin must be decoupled
with a parallel combination of a +10 puF
tantalum capacitor and a 0.1 pF ceramic
capacitor to AGND.

Full accuracy of the reference is achieved within
1.1 sec of power-up, after the trim circuitry has
completed the calibration of the reference.

Analog Input

The CS5030 provides a +2.5 V analog input
voltage range, 0 V to +5 V for the CS5031. The
equivalent analog input circuit is illustrated in
Figure 11 (shown in track mode). During hold
mode the input impedance to the device is
typically 10 MQ, and the various elements of the
capacitor array DAC are connected to either
AGND or VREF. In switching back from hold
mode to track mode, some elements in the
capacitor array must be charged by the analog
input. For the CS5030, the worst case charging
current occurs when the analog input changes
from +2.5 V to -2.5 V. For the CS5031, the
worst transition occures from +5 V to 0 V input
changes.

To ensure that the capacitor array DAC has
settled to within 0.25 LSB during the allowed
acquisition time, the external source resistance
should be less than 4 k<.

15kQ

5 PF
—

Package

AGND

VREF
1kQ f

Capacitor
5 pF Array

Capacitance T ; Comarator

Figure 11. Analog Input Model.
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CS5030/CS5031

Output Coding

The digital output coding ...

CS5030 Input 2’s Complement Output
+2.5V 0111 1111 1111
ov 0000 0000 0000
-2.5V 1000 0000 0000

CS5031 Input Binary Output

+5V 1111 1111 1111
+2.5V 0111 1111 1111
ov 0000 0000 0000

High-Speed System Clock

The CS5030/CS5031 employs a high-speed
clock (typically 10 MHz) to control internal
operations. This high-speed clock can be
generated internally with the on-chip oscillator,
or it can be supplied from an external CMOS
source. Connecting a CMOS clock signal to the
CLKIN pin allows the converter to operate from
an external clock. Alternatively, connecting the
CLKIN pin to VA- activates the internal clock
oscillator.

External Clock ....... CLKIN = External Clock Source
Internal Clock ........ CLKIN = VA-

CONVERT Clock Considerations

When digitizing time varying signals, it is
possible to create additional noise sources over
and above those resulting from quantization
noise and thermal noise. This is particularly true
when high-speed conversion rates, or
high-frequency analog input frequencies are
involved. Special care must be taken to see that
CONVST clock jitter does not undermine
high-speed signal processing applications by
introducing noise into the conversion process.

Simple quantization noise is a direct result of the
finite LSB size, which is itself related to the
number of digital output bits. Quantization noise
places a hard limit on SNR for a 12-bit ADC
according to the following equation.

SNRMAXQuantization = (6.02dB)(# of Bits) + 1.76dB
. SNRMAXQuantization = 74 dB

Although SNR

can never be better than the theoretical limit, it
can certainly be worse. Jitter between the
CONVST clock and the analog input signal is
often one of the largest contributors to decreased
SNR, particularly as frequencies increase.

To be considered insignificant, noise related to
jitter (SNRMAXiitter) should be at least 12 dB
below the other dominant noise sources, such as
quantization noise (SNRMAXQuantization). The
12 dB target is somewhat arbitrary, but yields
less than 4 % additional noise. In terms of the
CS5030/CS5031, a 250 kHz analog input signal
requires less than 80 ps of jitter between the
CONVST clock and the analog input signal to
achieve full performance. The use of low-jitter
CONVST clock source is the most common
means of reducing the effects of jitter. Lower
conversion rates and lower analog input
frequencies are significantly less sensitive to
jitter effects.

SNR max =\l SNR MAXjitter 2 + SNR MAXQuantization 2

Vpeak
) - Vpeak
SNR MAaXiitter (dB) = 20Log [ T ji::;r — ]

jitter RMS = \/ clock jitter RMS 2+ analog jitter RMS 2

DS90PP5
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CS5030/CS5031

Digital Output Formats

The CS5030/CS5031 provides three digital
output formats. These include 12-bit parallel,
two 8-bit bytes, and a serial output mode. The
output data format is controlled by the level
applied to the FORMAT pin. All three of the
digital output formats can be used with either of
the convert start timing modes ... Mode 1 and
Mode 2, which are described in the next two
section.

Figure 12 shows the schematic for the
CS5030/CS5031 in 12-bit parallel mode. The
twelve bits of data are output simultaneously on
DB11/(MSB) through DBO (LSB).

In byte mode, two 8-bit read operations (four
leading zeros with 4 data bits ... plus 8 more data
bits) are required to collect the data as shown in
figure 13. In byte mode, the DB11/HBEN pin
defers to the HBEN function, selecting the high
or low byte of data to be read from the ADC.

FORMAT Digital OQutputs The lower eight bits of data are placed on the
+VA 12-Bit Parallel data bus when HBEN is held low. To access the
GND | Byte: Serial w/Non-Continuous SCLK four MSBs of data, HBEN must be held h‘1gh.
VA Byte; Serial /Continuous SCLK The 4 MSBs of the 12-bit data word are right

+5V * *
louF = L o1uF
v | < 17
22 VA+ 19
FORMAT REFOUT[ Y % +2.5V
18 0.1uF 10uF
AGND ii;
CS5030
__ |24
€S5031 csl
RD 2 Control
BUSY/NT Logic
Analog 23
223:22 Signal CUNRVIY CONVST
Conditioning
bBo 12 Data
12 pB11 —— " Processor
DGND
—[:
VA- CLKIN
3
-5V r—t
Clock
1 0uF+ 0.1uF Source
Figure 12. System Connection Diagram: Parallel Data Format
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justified with zeros in the upper nibble of the
high byte.

In serial mode, DB8/SDATA, DB9/SCLK and
DB10/SSTRB defer to their serial functions. The
serial strobe pin SSTRB provides a framing
signal for serial data. Serial data is available at
the SDATA pin when SSTRB falls low. SSTRB
falls low within three clock cycles of CONVST.
A total of sixteen bits (four leading zeros and
twelve data bits starting with the MSB) are
clocked out on the SDATA pin on the rising edge
of SCLK. The data bits become valid no more
than tss after the rising edge of SCLK. SSTRB
goes low during data transmission and
automatically returns high when the LSB has

been clocked out on the SDATA line. Serial data
operation is identical for MODE 1 and MODE 2
timing control (see next two sections). For serial
operation, OV on the FORMAT pin causes the
serial clock to run only when data is being
clocked out of the device; SCLK goes high after
data transmission is completed. If the FORMAT
is connected to -VA, the SCLK output will run
continuously, independent of data transmission.

+5V i

10uF L L 0.1 uF
g ;; 17 19
VA+  ReFouT 4ty 25V
18 0.1uF= 10pF
AGND ‘—}7—_:’7
CS5030 | 24
or CSs ]
CS5031 on
Anal RD
Analog Signal v BusviRT F2 Control
Source Conditioning 23 Logic
CONVST
2 DB11/HBEN 4
i DGND )
S1=A  Serial clock operates only DBo/DB8 s P Data
during data transmission. DB7/LOW rocessor
S1=B  Serial clock runs continuously — 5 3
independent of data transmission DB10/SSTRB . Serial
AS122 DB9/SCLK Data
_o— FORMAT 7 Interface
< DB8/SDATA
B VA- CLKIN
21 3
-5V PP
L Clock
10uF oc!
o :Lg 0-1uF Source

Figure 13. System Connection Diagram: Serial and Byte Data format
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CS5030/CS5031

MODE 1 Operation

The rising edge of CONVST is used to put the
device into hold mode and initiate a conversion.
At the end of conversion the device returns to
it’s tracking mode. MODE 1 timing is primarily
used in DSP type applications where precise
control of CONVST timing is required.

Conversion begins on the rising edge of
CONVST ST provided that CS is high. The
BUSY/INT line performs the INT function and
can be used to interrupt the microprocessor. INT
is normally high and goes low at the end of
conversion. The ADC returns to track mode
when INT goes low. Bringing CS and RD low
allows data to be read from the ADC, and also
resets INT T high. CONVST must be high when
CS and RD are brought low for the ADC to
operate correctly in this mode. Data cannot be
read during a conversion cycle because the
output data latches are disabled while a
conversion is in progress.

MODKE 1 - 12-Bit Parallel Read

Figure 14 shows the MODE 1 timing diagram
for 12-bit parallel operation (FORMAT = +VA).

C

A data read operation performed at the end of
conversion will read all twelve bits of data at the
same time.

MODE 1 - Byte Read

Figure 15 shows the MODE 1 timing diagram
for byte operation. At the end of conversion
when INT goes low, either the low byte or the
high byte of data can be read, depending on the
status of HBEN. Bringing CS and RD low
allows data to be read from the ADC and also
resets INT high.

MODE 1 - Serial Read

The MODE 1 timing diagram for serial operation
is shown in figure 16. Conversion begins on the
rising edge of CONVST, and data is clocked out
on SDATA immediately upon the falling edge of
SSTRB. The data is output as four leading
zeroes followed by the twelve data bits with the
MSB first. The first zero should be latched into
the external receiving circuitry on the first falling
edge of SCLK after SSTRB goes low. A total of
sixteen falling SCLK edges will latch all sixteen
bits of output data. SSTRB automatically returns
high after the last bit of data has been clocked
out of the device.

CONVST 27

C

INT >
End of conversion AJ

Hold mode.
Conversion begins

«— INT is reset on falling edge of CS and RD

Acquisition begins
- CC

CS - - f 2J
CS must be high when CONVST

goes low for conversion to occur
— C
JJ

RD
Data relinquished
Databits automatically three-state after RD goes high
during a conversion \
DATA S DATA

Figure 14. Mode 1 Timing Diagram, 12-bit Parallel Read
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CONVST 55

Hold mode.
Conversion begins

(C

INT >

End of conversion —_ . ey e
Acquisition begins — [ INT is reset on falling edge of CS and RD

HBEN1 Don't Care %% é

&

cs # 5
CS must be high when CONVST
goes low for conversion to occur
RD S
Data relinquished
Data bits automatically three-state after RD goes high —__
during a conversion \
DATA 55 DATA DATA
1
LOW BYTE DATA HIGH BYTE DATA'

NOTE: 1. In the above diagram HBEN is exercised to read the low byte first (DB7-DB0) and then the high byte
(DB11-DB8). To change the order in which the bytes are read, simply invert the HBEN signal shown

above.
Figure 15. Mode 1 Timing Diagram, Byte Read
CONVST — ) 43
Acquisition —» le— Hold mode.
begins Conversion begins
e 1 2 3 4 5 6 7 16
sok T [T T TP T
Lo U L
l C
SSTRB | >y
| C)()
| €C CC
SDATA [ S
| | FOURLEADING zeros | DB!1| DB10| DB9 | | DBO

Figure 16. Mode 1 Timing Diagram - Serial Read
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MODE 2 Operation

Mode 2 operation allows the ADC conversion to
be initiated by a read operation from a pC. The
BUSY signal can be used in this mode to halt
HC operations by placing the LC in a WAIT state
until the conversion is complete. This avoids
having to handle interrupts and timing delays,
assuring that the conversion cycle is complete
before any attempted data read.

In this mode, CONVST must be held
permanently low. Bringing CS low (while HBEN
is low) puts the device into hold mode and
initiates a conversion. The BUSY/INT pin defers
to the BUSY function such that BUSY goes low
at the start of conversion and returns high at the
end of conversion.

MODE 2 - 12-Bit Parallel Read

The MODE 2 timing diagrams for the parallel
data output format are shown in figure 17. This
mode of operation forces the uC into a WAIT
state until the conversion has been completed. It
removes the risk of inadvertently reading invalid

data before the conversion cycle has been
completed.

MODE 2 - Byte Read

Figure 18 shows the timing diagram for byte
operation in MODE 2. Since HBEN must be low
to initiate a conversion, the lower byte of data
will be accessed first during the two-byte read
operation. This is followed by a second byte
read operation (with HBEN high) to complete
the data transfer.

MODE 2 - Serial Read

The timing diagram for MODE 2 serial operation
is shown in figure 19. The device goes into hold
mode on the falling edge of CS and conversion
begins when BUSY goes low. The data is
clocked out similarly as for MODE 1 serial
operation. Upon clocking of the final data bit
BUSY returns high indicating end of conversion.

hard wire low for

— MODE 2 operation
CONVST G
cs «—HOLD MODE
RD
4()()
BUSY :
Conversion A,‘ End c?f conversion
< 5 Acquisition begins
begins
Data bits automatically three-state
DATA during conversion . « DATA

Figure 17. Mode 2 Timing Diagram, 12-bit Parallel Read
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hard wire low for MODE 2 operation

CONVST m
HBEN % % Dont Gare :

b

cs }., HOLD MODE

co o

BUSY Conversion _.‘ i.__.r_ End of conversion
begins Acquisition begins

W

Data bits automatically three-state
during conversion

DATA S5 DATA DATA
LOW BYTE HIGH BYTE
DATA DATA

Figure 18. Mode 2 Timing Diagram, Byte Read

l | 7777777777, %
HBEN [ o | Don't Car
JJ
- | |
CONVST | ,— hard wire low for MODE 2 operation e |
T JJ T
cs | |
—— Hold mode
| ()() I
RD | |
! . |
R | RR) l
BUSY End of conversion
<+— Conversion begins Acquisition begins — "]
CC
1 2 3 4 5 6 7 716
SCLK I B B
L Ll (H R U T O

sSsTRB — T '

FOUR LEADING ZEROS | DB11|DB10| DB9 | | DBO

|
|

SDATA | >
I

Figure 19. Mode 2 Timing Diagram, Serial Read
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STAND-ALONE OPERATION

The CS5030/CS5031 supports stand-alone
conversion when used in MODE 2 parallel
interface operation as shown in Figure 20.
Conversion is initiated by pulse to the CS input
of the ADC. The duration of the pulse must be
longer than the ADC conversion time. The
BUSY output drives the RD input and data is
latched on the rising edge of BUSY to an
external latch.

e —
LI cs
EN

CS5030
e or

LATCH CS5031

tes™ ebd * teonv

Figure 20. Stand-Alone Operation

Schematic & Layout Review Service

Confirm Optimum
Schematic & Layout
Before Building Your Board.

For Our Free Review Service
Call Applications Engineering.

Call: (512)445-7222

Power Supplies, AGND, and DGND

Figure 12 illustrates the recommended power
supply decoupling scheme with a 0.1uF ceramic
and a +10puF tantalum capacitor for both the
VA+ and the VA- pins. The capacitors should be
located as close as practical to the supply pins.
AGND is the power supply current return, and is
also the preferred ground reference for the
decoupling capacitors.

Typically a low-impedance ground plane is used
around and under the ADC, with connections to
both AGND and DGND. If a split ground is
used, DGND is the ground reference for any
digital circuits that follow the CS5030/CS5031.
When split grounds are used, the AGND to
DGND voltage differential should be kept below
110mV for best operation.

If the power supply voltage is dropped below
3V, the ADC may need to be reset by switching
power off and then back on.

Layout considerations

The CS5030/CS5031 is a high-speed component
which requires adherence to standard
high-frequency printed circuit board layout
techniques to maintain optimum performance.
These include proper supply decoupling,
minimum length circuit traces, and physical
separation of digital and analog components and
circuit traces. See the CDB5032 evaluation
board data sheet for more details.
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PIN DESCRIPTIONS

—_ 2 J—
READ RD (O 241 Cs CHIP SELECT
BUSY/INTERRUPT  BUSY/NT []2 23[] CONVST CONVERT START
CLOCK INPUT CLKIN (3 22[] FORMAT DATA OUTPUT FORMAT
DB11/HIGH BYTE ENABLE DB11/HBEN [ 4 210]  VA- NEGATIVE ANALOG SUPPLY
DB10/SERIAL STROBE DB10/SSTRB [ 5 20 AIN ANALOG INPUT
DB9/SERIAL CLOCK  DB9/SCLK (] 6 1901  REF OUT VOLTAGE REF OUT

DBS/SERIAL DATA DBS/SDATA [|7 18]  AGND ANALOG GROUND

DATAOUT  DB7/LOW [8 171 VA+ POSITIVE ANALOG SUPPLY

DATAOUT  DB6/LOW [° 167 DBO/DB8 DATA OUT

DATAOUT DB5LOW []10 15 DB1/DB9  DATA OUT

DATAOUT  DB4LOW [j11 141 DB2DB10  DATA OUT
DIGITAL GROUND DGND (]2 13 DB3/DB11 DATA OUT

Pinout applies to both DIP and SOIC packages.

Power Supply Connections

VA+ - Positive Supply, PIN 17.
+5V+5%.

VA- - Negative Supply, PIN 21.
-5V15%.

DGND - Digital Ground, PIN 12. ‘
Ground reference for digital circuitry. ‘

AGND - Analog Ground, PIN 18.
Ground reference for track-and-hold, reference and DAC.

Oscillator

CLKIN - Clock Input, PIN 3.
An external 10 MHz (CMOS compatible) clock is applied at this pin. Connecting this pin to
VA- enables the internal clock oscillator.

Digital Inputs

CS - Chip Select, PIN 24.
Active low logic input. The device is selected when this input is active. With CONVST tied
low, a new conversion is initiated when CS goes low.
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RD - Read, PIN 1.

Active low logic input. This input is used in conjunction with CS low to enable the data
outputs.

FORMAT - Output Mode Selection, PIN 22.
Defines the output data format and serial clock format. With FORMAT at +5V, the output data
format is 12-bit parallel only. With FORMAT at 0V, either byte or serial data is available and
SCLK is not continuous. With FORMAT at -5V, byte or serial data is again available but SCLK
is now continuous.

CONYVST - Convert Start, PIN 23.
A low to high transition on this input puts the track-and-hold into its hold mode and starts
conversion. This input is asynchronous to the CLKIN and independent of CS and RD.

Digital Outputs

BUSY/INT - Busy/Interrupt, PIN 2.
Active low logic output indicating converter status. See timing diagrams.

DB11/HBEN - Data Bit 11/High Byte Enable, PIN 4.
The function of this pin is dependent on the state of the FORMAT input (see above). When
12-bit parallel data is selected, this pin provides the DB11 output. When byte data is selected,
this pin becomes the HBEN logic input. HBEN is used for 8-bit bus interfacing. When HBEN
is low, DB7/LOW to DB0/DB8 become DB7 to DBO. With HBEN high, DB7/LOW to
DBO0/DB8 are used for the upper byte of data (see Table 1).

DB10/SSTRB - Data Bit 10/Serial Strobe, PIN 5.
The function of this pin is dependent on the state of the FORMAT input (see above). When
12-bit parallel data is selected, this pin provides the DB10 output. If FORMAT is at either OV
or -5V, SSTRB provides a strobe or framing pulse for the serial data.

DBY/SCLK - Data Bit 9/Serial Clock, PIN 6.
The function of this pin is dependent on the state of the FORMAT input (see above). When
12-bit parallel data is selected, this pin provides the DB9 output. SCLK is the gated serial clock
output derived from the internal or external ADC clock. If FORMAT is at -5V, then SCLK runs
continuously. If FORMAT is at OV, then SCLK goes high after serial transmission is complete.

DBS8/SDATA - Data Bit 8/Serial Data, PIN 7.
The function of this pin is dependent on the state of the FORMAT input (see above). When
12-bit parallel data is selected, this pin provides the DB8 output. SDATA is used with SCLK
and SSTRB for serial data transfer. Serial data is valid on the falling edge of SCLK while
SSTRB is low.
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DB7/LOW, DB6/LOW, DBS/LOW, DB4/LOW - Three-state data outputs, PINS 8, 9, 10, 11.
The outputs of these pins are controlled by CS and RD. Their function depends on the

FORMAT and HBEN inputs. With FORMAT high, they are always DB7-DB4. With FORMAT
low or -5V, their function is controlled by HBEN (see Table 1).

DB3/DB11, DB2/DB10, DB1/DB9, DB0/DB8 — Three-state data outputs, PINS 13, 14, 15, 16.
The outputs of these pins are controlled by CS and RD. Their function depends on the
FORMAT and HBEN inputs. With FORMAT high, they are always DB3-DB0. With FORMAT
low or -5V, their function is controlled by HBEN (see Table 1).

HBEN | DB7/LOW |DB6/LOW |DB5/LOW |DB4/LOW| DB3/DB11 DB2/DB10 |DB1/DBS | DB0/DB8
HIGH LOW LOW LOW LOwW |DB11/(MSB)| DB10 DB9 DB8
LOW DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO/(LSB)

Table 1. Output Data for Byte Interfacing

Analog Output

REF OUT - Voltage Reference Output, PIN 19.
The internal 2.5V reference is provided at this pin. The external load capability is SOOpA.

This pin should be decoupled to AGND with a +10puF tantalum and a 0.1uF ceramic capacitor.
The REF OUT voltage has a settling time of approximately 1.1 sec.

Analog Input

VIN - Analog Input, PIN 20.
The analog input range for the CS5030 is +2.5V, and unipolar O to +5V for the CS5031.

Ordering Guide

Throughput Input Total Unadjusted Temp.

Model Number (kSPS) Range (V) Error (LSB) Range (°C) Package
CS5030-BP 500 +2.5 1 -40 to +85 24-Pin 0.3" PDIP
CS5030-BS 500 2.5 1 -40 to +85 24-Pin 0.3" SOIC
CS5030-TD 500 +2.5 1 -55 to +125 24-Pin 0.3" CERDIP
CS5031-BP 500 0V to +5 1 -40 to +85 24-Pin 0.3" PDIP
CS5031-BS 500 0V to +5 1 -40 to +85 24-Pin 0.3" SOIC
CS5031-TD 500 0V to +5 1 -55 to +125 24-Pin 0.3" CERDIP
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PARAMETER DEFINITIONS

Total Unadjusted Error - TUE
Total Unadjusted Error includes offset, gain, linearity, and reference errors.

REF OUT Tempco
REF OUT Tempco is the worst case slope that is calculated from the change in reference value
at +25°C to the value at TMIN or TMAX
i.e. REF OUT Tempco = (Vief @ 25°C - Vief @ TMAX)/(TMAX - 25°C) or
REF OUT Tempco = (Vref @ 25°C - Vref @ TMIN)/(25°C - TMIN).

Differential Nonlinearity - DNL
The deviation of a code’s width from the ideal width. Units in LSBs.

Positive Full-Scale Error - FSEp
The deviation of the last code transition from the ideal (VREF-3/2LSB’s). Units in LSB’s.

Unipolar Offset (CS5031) - Vyp
The deviation of the first code transition from the ideal (1/2 LSB above AGND). Units in
LSB’s.

Bipolar Offset (CS5030) - VBp
The deviation of the mid-scale transition (111...111 to 000...000) from the ideal (1/2 LSB below
AGND). Units in LSB’s.

Bipolar Negative Full-Scale Error (CS5030) - FSEN
The deviation of the first code transition from the ideal. The ideal is defined as lying on a
straight line which passes through the final and mid-scale code transitions. Units in LSB’s.

Spurious-Free-Dynamic-Range - SFDR
The ratio of the rms value of the signal, to the rms value of the next largest spectral component
(excepting dc). This component is often an aliased harmonic. Units in percent and dBc
(decibels relative to the carrier).

Total Harmonic Distortion - THD
The ratio of the rms sum of the significant (2ND thru STH) harmonics, to the rms value of the
signal. Units in percent.

Signal-to-Noise Ratio (s/n) - SNR
The ratio of the rms value of the signal, to the rms sum of all other spectral components
(excepting dc and distortion). Expressed in decibels.

Signal-to-Noise-and-Distortion (s/[n+d]) - SINAD
The ratio of the rms value of the signal, to the rms sum of all other spectral components
(excepting dc), including distortion components. Expressed in decibels.
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Intermodulation Distortion - IMD
The ratio of the rms value of the larger of the two test frequencies, which are each 6dB down
from full-scale, to the rms value of the largest ZND order and 3RD order intermodulation
components. Units in decibels relative to carrier.

Aperture Delay Time - tapd
The time required after the CONVST goes low, for the sampling switch to open fully.
Effectively a sampling delay which can be nulled by advancing the sampling signal. Unit in
nanoseconds.

Aperture Jitter - tap;
The range of variation in the aperture time. Effectively the "sampling window" which
ultimately dictates the maximum input signal slew rate acceptable for a given accuracy.

To ensure that jitter does not affect the quantized signal quality, the jitter induced noise
(SNRMAXijitter) must be at least 12dB below other substantial noise sources, such as quantization
noise, see Clock Considerations. Units in picoseconds.

Vpeak
. _ _'peak
SNR MaXjitter (dB) = 20Log [ 2nf N jitter RMS ]

jitter RMS = \/ clock jitter RMS 2 analog jitter RMS 2
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Semiconductor Corporation

CS5032

12-Bit, 500kSPS, Sampling A/D Converter

Features

® Monolithic CMOS A/D Converter
0.4 us Track/Hold Amplifier
1.6 us A/D Converter
2.5 V Voltage Reference
Parallel, Serial and Byte Interface.

@® 12-Bit ADC Linearity Error: 0.5 LSB

® Low Distortion
Signal-to-Noise Ratio: 72.8 dB
Total Harmonic Distortion: 0.01 %
Spurious-Free-Dynamic-Range: -80dBc

® [ ow Power: 85 mW
® 60 ppm/°C Reference Drift

General Description

The CS5032 is a complete monolithic CMOS analog-
to-digital converter providing 500kSPS throughput. The
part has an internal sample-and-hold, voltage refer-
ence, and can operate with an internal or external
clock.

The CS5032 has a high-speed digital interface with
three-state data outputs and standard control inputs al-
lowing easy interfacing to common microprocessors
and digital signal processors. Digital output data is
available in either 12-bit parallel, two 8-bit bytes, or se-
rial formats.

The CS5032 is available in a 24-pin, 0.3" plastic dual-
in-line package (PDIP), Cerdip and small outline
(SOIC) package.

ORDERING INFORMATION: Page 2-101

VA+ VA-
\J
DAC TRIM DB11/HBEN
| TH DB10/SSTRB
VIN 12-BIT CHARGE
‘ REDISTRIBUTION DBY/SCLK
DAC 17
DB8/SDATA
VOLTAGE 12

REF OUT Q4 REFERENCE $ DB7/LOW

DB6LOW
SAR
TER DBS/LOW
REFERENCE REGIS
TRIM DB4/LOW
I 12

CLKIN DB3/DB11

FORMAT { CONTROL 12 > 0 DB2/DB10
JE— and
BUSY/INT INTERFACE DB1/DB9
l 1 l DBO/DB8
AGND DGND CS RD CONVST

aat ; This document contains information for a new product. Crystal
Pre”mmary Product Information ' Semiconductor reserves the right to modify this product without notice.

Crystal Semiconductor Corporation
P.O. Box 17847, Austin, TX 78760
(512) 445 7222 Fax: (512) 445 7581

C ht © C | S al Ci 995 MAR 95
opyright © Crystal Semiconductor Corporation 1
(All Rights Reserved) DS1 18';_ l;?
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ANALOG CHARACTERISTICS(vA+ = +5V5%; VA- = -5V+5%; AGND = DGND = 0V;

CLKIN = 10MHz, unless otherwise specified. Ta = TmiN to Tmax)

B T

Parameter (Note 1) |(Symbol| Min Typ Max | Min Typ Max | Units
Specified Temperature Range -40 to +85 -65 to +125 °C
Accuracy
Integral Nonlinearity INL - 025 0.5 - 025 0.5 LSB
Differential Nonlinearity DNL - - 0.5 - - 0.5 LSB
Unipolar Offset Error Vup - 025 05 - 025 0.5 LSB
Bipolar Zero Error Vep - 025 05 - 025 05 LSB
Positive Full Scale Error (Note 2) | FSEp - 025 05 - 025 05 LSB
Bipolar Negative Full Scale Error (Note 2) | FSEN - 025 05 - 025 05 LSB
Dynamic Performance (Note 3)
Signal-to-Noise-and-Distortion (Note 4) | SINAD | 70 72 - 70 72 - dB
Signal-to-Noise Ratio SNR | 705 728 - 705 728 - dB
Total Harmonic Distortion THD - - 0.01 - - 0.01 %
Spurious-Free-Dynamic-Range (Note 5) | SFDR - - 0.01 - - 0.01 %

-80 - - -80 - - dBc

Intermodulation Distortion (Note 6) IMD

Second Order -80 - - -80 - - dBc

Third Order -80 - - -80 - - dBc
Analog Input
Input Voltage Range AIN -2.5 - +2.5 | -2.5 - +2.5 Vv
Aperture Delay tapd - - 25 - - 25 ns
Aperture Jitter tapj - - 100 - - 100 ps
Input Capacitance Acin - - 10 - - 10 pF
Notes: All parameters are guaranteed by design, test, and/or characterization.

1.
2. Measured with respect to internal reference and includes bipolar offset error.

3. AN= :t2.5Vpp

4. AN = 10kHz Sine Wave, fsampLE = 500kSPS. Typically 71.5dB for 10kHz<Ain<250kHz.
5. AIN = 10kHz Sine Wave, fsampLE = 500kSPS. Typically -80dB for 0<Ain<250kHz.

6. fa = 9kHz, fb = 9.8kHz, fsampLE = 500kSPS.

* Parameter definitions are given at the end of this data sheet prior to the package outline information.
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ANALOG CHARACTERISTICS (Continued)

B T E
Parameter Symbol| Min Typ Max | Min Typ Max | Units
Specified Temperature Range -40 to +85 -55 to +125 °C
Reference Output
Output Voltage VR 2.49 - 2.51 | 2.49 - 2.51 Vv
REF OUT Tempco - 60 - - 60 - |ppm/°C
Load Regulation (Note 7) | AVR/AI - 0.6 1 - 0.6 1 mV
Output Noise Voltage eN - 100 - - 100 - WVrms
Output Current Drive
Source Current ISOURCE - 500 - - 500 - pA
Sink Current ISINK - 100 - - 100 - pA
Conversion & Throughput
Conversion Time tconv MMC*
External Clock (CLKIN = 10MHz) - - 1.6 - - 1.6 us
Internal Clock 1.4 - 1.8 1.4 - 1.8
Acquisition Time tacq - - 0.4 - - 0.4- us
Throughput ftp 500 - - 500 - - kSPS
Power Supplies
Positive Supply Current Ia+ - 9.5 | 10.0 - 9.5 | 10.0 mA
Negative Supply Current Ia- - 7.0 | 10.0 - 7.0 10.0 mA
Power Dissipation Pp - 85 100 - 85 100 | mW

Note: 7. Reference Load Current Change (0-500 pA). Reference Load should not be changed during

conversion
LSB %FS ppm FS mV
0.25 .0061 61 0.31
0.50 .0122 122 0.61
1.00 .0244 244 1.22
2.00 .0488 488 2.44
4.00 .0976 976 4.88

Unit Conversion Factors: VIN = +2.5V
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SWITCHING CHARACTERISTICS (Ta = Twin to Twax; VA+ = +5V+5%, VA- = -5V+5%;
AGND = DGND = 0V, (Note 8)

B T
Parameter Symbol| Min Typ Max | Min Typ Max | Units
Specified Temperature Range -40 to +85 -565 to +125 °C
CLKIN Period tlk 100 - 400 | 100 - 400
CLKIN Low Time telki 0.4 - 0.6 0.4 - 0.6 | MMC*
CLKIN High Time tclkh 0.4 - 0.6 0.4 - 0.6 ns
Rise Times Any Digital Input trise - - 20 - - 20 ns
Any Digital Output trise - 20 - - 20 -
Fall Times Any Digital Input tall - - 20 - - 20 ns
Any Digital Output tall R 20 R _ 20 _ ns
Mode 1 Timing
Conversion Time tconv - - 16 - - 16 ns
CONVST Pulse Width tepw 50 - - 50 - -
CS Active to RD Active tesst 0 - - 0 - -
RD Pulse Width tpwt | 60 - - 75 - -
RD Inactive to CS Inactive tesh1 0 - - 0 - -
RD Active to INT Inactive trdd - - 70 - - 70 ns
Data Access Time after RD (Note 9) | tra1 - - 57 - - 70
Output Float Delay: RD Rising to Hi-Z (Note 10) |  tid1 5 - 50 5 - 50 ns
HBEN to RD Active thrs 0 - - 0 - - ns
RD Inactive to HBEN Hold Time theh 0 - - 0 - -
Serial Clock Timing
SCLK to SSTRB Falling Time (Note 11)| tss 25 - 25 | 25 - -
Serial Clock Pulse Width High towh 0.4 - 0.6 0.4 - 0.6 | MCC*
Pulse Width Low twl | 04 - 06 | 04 - 06 |McC*
SCLK rising to Data Valid (Note 12)|  tssl - - 30 - - 30 ns
SCLK rising to SSTRB Inactive tssrl 10 . 25 | 10 - 25 ns
SCLK rising to SDATA Hold Time tsh 10 - 25 10 - 25 ns

MCC = Master Clock Cycles, 1 MCC = tcik

Notes: 8. All input signals are specified with trise = tall = 5ns (10% to 90% of 5V) and timed
from a voltage level of 1.6V.
9. Measured with the load circuits of Figure 5 and defined as the time required for an

output to cross 0.8V or 2.4V.

10. Defined as the time required for the data lines to change 0.5V when loaded with the
circuits of Figure 6.

11. tsss = MCC/2 - 25ns. tsss = 25ns for tcik = 100ns.

12. CL = 35pF. SDATA will drive higher capacitive loads but this will add to tss.
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Figure 1. Mode 1 Timing Diagram, 12-Bit Parallel Read
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NOTES: 1. Times tcss1, trpw1, tesh1 and thrh are the same for a high byte read as for a low byte read.
2. Continuous SCLK(Dashed line) when FORMAT = -5V
Noncontinuous when FORMAT = 0V.

Figure 2. Mode 1 Timing Diagram, Byte or Serial Read
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SWITCHING CHARACTERISTICS (Continued)

B T
Parameter Symbol| Min Typ Max | Min Typ Max | Units

Specified Temperature Range -40 to +85 -55 to +125 °C
Mode 2 Timing
Conversion Time tconv - - 16 - - 16 | MMC*
CS Active to RD Active tess2 10 - - 10 - - ns
CS Active to BUSY Active tcbd - - 75 - - 75 ns
Data Setup Time to BUSY Inactive tds 50 - - 50 - - ns
RD Inactive to CS Inactive tesh2 0 - - 0- - - ns
Output Float Delay: RD Rising to Hi-Z tdo 5 - 50 5 - 50 ns
HBEN Low to CS Active Setup Time thes 0 - - 0- - - ns
CS Inactive to HBEN Hold Time theh 0 - - 0 - - ns
RD Pulse Width tpwz | 60 - - 75 - - ns
Data Access Time After RD (Note 10) | tra2 - - 57 - - 70 ns
Serial Clock Timing
Serial Clock Pulse Width High towh 0.4 - 0.6 0.4 - 0.6 | MCC*

__ Pulse Width Low tw | 04 - 06 | 04 - 06 |McC
SCLK to SSTRB Falling Time (Note 12)| tsss 25 - - 25 - - ns
SCLK rising to Data Valid (Note 13) tss - - 30 - - 30 ns
SCLK rising to SSTRB Inactive tssr 10 - 25 | 10 - 25 ns
SCLK rising to SDATA Hold Time tsh 10 - 25 10 - 25 ns

*MCC = Master Clock Cycles, 1 MCC = tcik
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NOTES: 1.Times thcs, tcss2, tesh2 and theh are the same for a high byte read as for a low byte read.
2. Continuous SCLK(Dashed line) when FORMAT = -5V
Noncontinuous when FORMAT = 0V.

Figure 4. Mode 2 Timing Diagram, Byte or Serial Read
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DIGITAL CHARACTERISTICS (T4 = Tmin to Twax: VA+ = +5V45%; VA- = -5V5%)

Parameter l Symbol[ Min —l Typ J Max | Units
Logic Inputs
High-level Input Voltage VIH 3.3 \Y
Low-level Input Voltage ViL 0.8 \'/
Input leakage current lin 50 uA
Input Capacitance Cin 10 pF
Logic Outputs
High-level Output Voltage (Note 13) | VoH 4.0 \
Low-level Output Voltage (Note 14) | VoL 0.4 Vv
DB11-DBO Floating State leakage Current loz 10 A
DB11-DB0 Output Capacitance Cout 15 pF
Notes: 183. Isource = -40pA
14, lsink = 1.6 mA
+5V +5V
56kQ 3kQ
DBN —¢ j. DBN DBN DB
%SGKQ 50pF 50pF 3kQ 10pF $ 10pF
DGND $ EDGND DGND $ DGND

a.) High-ZtoV oy b.) High-ZtoV o

Figure 5. Load Circuits for Access Time

a.) Von to High-Z b.) VoL to High-Z

Figure 6. Load Circuits for Output Float Delay
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RECOMMENDED OPERATING CONDITIONS (AGND, DGND = 0V. All voltages with

respect to ground)

Parameter Symbol Min Typ Max Units
Positive Analog Supply VA+ 4.75 5.0 5.25 Vv
Negative Analog Supply VA- 4.75 5.0 5.25 \'
Analog Input Voltage Ain -2.5 +2.5 \Y
FORMAT Input Voltage Range VA-, 0V, VA+ V
CLKIN Input Voltage Range 0 VA+ V
Other Digital Input Voltage Ranges 0 VA+ Vv
External Clock Frequency 10 MHz
External Clock Jitter 65 ps
AGND to DGND Voltage Differential 10 mV

ABSOLUTE MAXIMUM RATINGS (AGND = 0V, All voltages with respect to ground)

’ Parameter Symbol Min Typ Max Units
Positive Analog Supply VA+ -0.3 6.0 Vv
Negative Analog Supply VA- 0.3 6.0 \'/
Analog Input Voltage Ain (VA-)-0.3 (VA+)+0.3| V
FORMAT Input Voltage Range (VA-)-0.3 (VA+)+0.3 Vv
CLKIN Input Voltage Range (VA-)-0.3 (VA+)+0.3| V
Other Digital Input Voltage Ranges (VA-)-0.3 (VA+)+0.3| V
REF OUT Current " 10 mA
Sustained Digital Output Current 5 mA
AGND to DGND Voltage Differential o 100 mV
Operating Temperature Range

CS5032-BP/BS -40 +85

CS5032-TD -55 +125 °C
Storage Temperature Range -65 +150 °C
Lead Solder Temperature k +300 °C

* WARNING: Operation at or beyond these limits may result in permanent damage to the device.
Normal operation is not guaranteed at these extremes
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GENERAL DESCRIPTION

The CS5032 is a complete 12-bit 500 kSPS sam-
pling ADC utilizing a successive approximation
architecture. Factory calibration ensures 12-bit
conversion accuracy over industrial and military
temperature ranges. The analog input range is
+2.5 V, with the output data provided in parallel,
byte or serial formats. The internal capacitor ar-
ray DAC acts as an inherent sample-and-hold,
and forms the heart of the CS5032. The on-chip
+2.5 V reference is available at the REFOUT
pin. Additionally, an on-chip 10 MHz clock os-
cillator can be used to control converter
operations.

OPERATIONAL OVERVIEW
Track-and-Hold Operation

Track-and-hold operation within the CS5032 is
transparent to the user. The capacitor array DAC
acts as the hold capacitor. During tracking mode
all elements of the capacitor array DAC are
switched to the analog input for charging. The
load capacitance of the entire array during track-
ing mode is typically 5 pF. The input bandwidth
of the track-and-hold is typically 2 MHz. The
ADC goes into hold mode on the rising edge of
CONVST.

Capacitor Array DAC Calibration

To achieve 12-bit accuracy from the capacitor ar-
ray DAC, the CS5032 uses a novel calibration
scheme. Each bit capacitor consists of several
capacitors that are trimmed to optimize the over-
all bit weighting with an internal resolution of
14-bits, resulting in nearly ideal differential and
integral linearity.

The calibration coefficients for the capacitive bit
weights are stored in an on-chip EEPROM dur-
ing the factory calibration. When the converter is
subsequently powered-up these coefficients are

applied to the capacitor array DAC. - The low
temperature coefficient of the capacitor array
easily maintains 12-bit accuracy over the full
temperature range without recalibration.

Reference Operation

The reference voltage is available at the REF
OUT pin and is capable of sourcing 500 pnA to
peripheral devices. This pin must be decoupled
with a parallel combination of a +10 pF tanta-
lum capacitor and a 0.1 UF ceramic capacitor.
The reference voltage is calibrated on power-up,
with full accuracy achieved after 1.1 sec.

Analog Input

The CS5032 provides a +2.5 V analog input
voltage range. The equivalent analog input cir-
cuit is illustrated in Figure 7 (shown in track
mode). During hold mode the input impedance
to the device is typically 10 MQ, and the various
elements of the capacitor array DAC are con-
nected to either AGND or VREE In switching
back from hold mode to track mode, some ele-
ments in the capacitor array must be charged by
the analog input. For the CS5032, the worst case
charging current occurs when the analog input
changes from +2.5 Vto -2.5 V.

VREF
e [
15kQ JEPF WV_Q’E
Capacitor
Package 5pF Array
Capacitance
omparator
AGND f

i :

Figure 7. Analog Input Model.

AIN

To ensure that the capacitor array DAC has set-
tled to within 0.25 LSB during the allowed
acquisition time, the external source resistance
should be less than 4 kQ.
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Output Coding

The digital output coding is 2’s complement.

Input Level 2’s Complement Output
+2.5V 0111 1111 1111

(VY 0000 0000 0000

25V 1000 0000 0000

High-Speed System Clock

The CS5032 employs a high-speed clock (typi-
cally 10 MHz) to control internal operations.
This high-speed clock can be generated inter-
nally with the on-chip oscillator, or it can be
supplied from an external CMOS source. Con-
necting a CMOS clock signal to the CLKIN pin
allows the converter to operate from an external
clock. Alternatively, connecting the CLKIN pin
to VA- activates the internal clock oscillator.

External Clock.....CLKIN = External Clock Source
Internal Clock......CLKIN = VA-

CONVERT Clock Considerations

When digitizing time varying signals, it is possi-
ble to create additional noise sources over and
above those resulting from quantization noise
and thermal noise. This is particularly true when
high-speed conversion rates, or high-frequency
analog input frequencies are involved. Special
care must be taken to see that CONVST clock
jitter does not undermine high-speed signal proc-
essing applications by introducing noise into the
conversion process.

Simple quantization noise is a direct result of the
finite LSB size, which is itself related to the
number of digital output bits. Quantization
noise places a hard limit on SNR for a 12-Bit
ADC according to the following equation.

SNRMAXQuantization = (6.02dB)(# of Bits) + 1.76dB
... SNRMAXQuantization = 74 dB

Although SNR can never be better than the theo-
retical limit, it can certainly be worse. Jitter
between the CONVST clock and the analog in-
put signal is often one of the largest contributors
to decreased SNR, particularly as frequencies in-
crease.

To be considered insignificant, noise related to
jitter (SNRMAXiitter) should be at least 12 dB be-
low the other dominant noise sources, such as
quantization noise (SNRMAXQuantization). The
12 dB target is somewhat arbitrary, but yield less
than 4 % additional noise. In terms of the
CS5032, a 250 kHz analog input signal requires
less than 80 ps of jitter between the CONVST
clock and the analog input signal to achieve full
performance. The use of low-jitter CONVST
clock source is the most common means of re-
ducing the effects of jitter. Lower conversion
rates and lower analog input frequencies are sig-
nificantly less sensitive to jitter effects.

Digital Output Formats
The CS5032 provides three digital output for-

mats. These include 12-bit parallel, two 8-bit
bytes, and a serial output mode. The output data

SNRMAX = \/ SNR MAXjitter % SNRMA XQuantization 2

1
SRy () =20 Lok i

jitterrMS = \l clock jittelRMSz+ analog jitter RMS 2
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format is controlled by the level applied to the
FORMAT pin. All three of the digital output
formats can be used with either of the convert
start timing modes ... Mode 1 and Mode 2,
which are described in the next two sections.

FORMAT |Digital Outputs

+VA 12-Bit Parallel

GND Byte; Serial w/Non-Continuous SCLK
-VA Byte; Serial w/Continuous SCLK

Figure 8 shows the schematic for the CS5032 in
12-bit parallel mode. The twelve bits of data are
output simultaneously on DB11/(MSB) through
DBO (LSB).

In byte mode, two 8-bit read operations (four
leading zeros with 4 data bits ... plus 8 more
data bits) are required to collect the data as
shown in Figure 9. In byte mode, the
DB11/HBEN pin defers to the HBEN function,
selecting the high or low byte of data to be read
from the ADC. The lower eight bits of data are
placed on the data bus when HBEN is held low.
To access the four MSBs of data, HBEN must be
held high. The 4 MSBs of the 12-bit data word
are right justified with zeros in the upper nibble
of the high byte.

In serial mode, DB8/SDATA, DB9/SCLK and
DB10/SSTRB defer to their serial functions. The
serial strobe pin SSTRB provides a framing sig-

+5V

Jour = L o1uF
< | < 17
22 — VDD 19
12/8/CLK REF OUT ? T +3V
18 0.1uF 10pF
AGND $
2
CS503 | o
cs
— 1
RD 2 Cont!'ol
pbalog BUSY/NT [~ Logic
g"a'°g e—| Ssignal 20, yin CONVST
ource o
Conditioning
DBO 12 N Data
DB11 F——— Processor
E—_12 DGND
=
VSS CLK
21 3
-5V T
Clock
10HFI% 01|.LF Source

Figure 8. System Connection Diagram: Parallel Data Format
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nal for serial data. Serial data is available at the
SDATA pin when SSTRB falls low. SSTRB
falls low within three clock cycles of CONVST.
A total of sixteen bits (four leading zeros and
twelve data bits starting with the MSB) are
clocked out on the SDATA pin on the rising edge
of SCLK. The data bits become valid no more
than tgs after the rising edge of SCLK. SSTRB
goes low during data transmission and automat-
ically returns high when the LSB has been
clocked out on the SDATA line. For serial op-

eration, OV on the FORMAT pin causes the se-
rial clock to run only when data is being clocked
out of the device; SCLK goes high after data
transmission is completed. If the FORMAT is
connected to -VA, the SCLK output will run
continuously, independent of data transmission.
Serial data operation is identical for MODE 1
and MODE 2 timing control (see next two sec-
tions).

+5V . <+
10pF" 0.1pF
< < 17
VDD  REF OUT 2 1 53V
18 0.1uF 10nF
CS5032 | 24
CSs
— 1
Analog 20 RD
Analog - i — | 2 Control
Source signal * VIN BUSY/INT Logic
Conditioning 23
CONVST
12 DB11/HBEN 4
I DGND .
S1=A  Serial clock operates only DBo/DB8 s Data
during data transmission. DB7/LOW Processor
S1=B  Serial clock runs continuously 5 i
independent of data transmission DB10/SSTRB . Serial
AS122| DB9/SCLK Ing?ftaace
_o— 7
iro 12/8/CLK DB8/SDATA
B vss CLK
21 3
-5V *—o
RS cl
10uF ock
" :\:% 1uF Source

Figure 9. System Connection Diagram: Serial and Byte Data format
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MODE 1 Operation

The rising edge of CONVST signal is used to
put the device into hold mode and initiate a con-
version. At the end of conversion the device
returns to it’s tracking mode. MODE 1 timing is
primarily used in DSP type applications where
precise control of CONVST timing is required.

Conversion begins on the rising edge of
CONVST provided that CS is high. The
BUSY/INT line performs the INT function and
can be used to interrupt the microprocessor. INT
is normally high and goes low at the end of con-
version. The ADC returns to track mode when
INT goes low. Bringing CS and RD low allows
data to be read from the ADC, and also resets
INT high. CONVST must be high when CS and
RD are brought low for the ADC to operate cor-
rectly in this mode. Data cannot be read during a
conversion cycle because the output data latches
are disabled while a conversion is in progress.

MODE 1 - 12-Bit Parallel Read

Figure 10 shows the MODE 1 timing diagram
for 12-bit parallel operation (FORMAT = +VA).
A data read operation performed at the end of

C

conversion will read all twelve bits of data at the
same time.

MODE 1 - Byte Read

Figure 11 shows the MODE 1 timing diagram
for byte operation. At the end of conversion
when INT goes low, either the low byte or the
high byte of data can be read, depending on the
status of HBEN. Bringing CS and RD low al-
lows data to be read from the ADC and also
resets INT high.

MODE 1 - Serial Read

The MODE 1 timing diagram for serial operation
is shown in Figure 12. Conversion begins on the
rising edge of CONVST, and data is clocked out
on SDATA immediately upon the falling edge of
SSTRB. The data is output as four leading ze-
roes followed by the twelve data bits with the
MSB first. The first zero should be latched into
the external receiving circuitry on the first falling
edge of SCLK after SSTRB goes low. A total of
sixteen falling SCLK edges will latch all sixteen
bits of output data. SSTRB automatically returns
high after the last bit of data has been clocked
out of the device.

CONVST 27

» Hold mode.
Conversion begins

INT )
End of conversion——
Acquisition begins

C

INT is reset on falling edge of CS and RD

cs i >

CS must be high when CONVST
goes low for conversion to occur
_— C

RD PP

Data relinquished

Databits automatically three-state

after RD goes high

during a conversion \
(G

DATA D)

DATA

Figure 10. Mode 1 Timing Diagram, 12-bit Parallel Read
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C
PR
. Hold moqe. )
Conversion begins

INT End of conversion

Acquisition begins

. g

55

|

«— INT is reset on falling edge of CS and RD

___

(@

cs !

CS must be high when CONVST
goes low for conversion to occur

PP

CC

RD D7
Data relinquished
Data bits automatically three-state RO
during a conversion
>
DATA 27 DATA
LOW BYTE DATA !

after RD goes high i

DATA

HIGH BYTE DATA1

NOTES: 1. In the above diagram HBEN is exercised to read the low byte first (DB7-DB0) and

then the high byte (DB11-DB8). To change the order in which the bytes are read,

simply invert the HBEN signal shown above.

Figure 11. Mode 1 Timing Diagram, Byte Read

aanniaipinipipininings

C

CONVST
Acquisition —»| e Hold moge. .
begins Conversion beglns
l C
SCLK T T T T T]
| C
SSTRB |
!
Lo
SDATA |
| FOUR LEADING ZEROS

PR

DB11 | DB10 | DB9

C
27

C
)

DBO

Figure 12. Mode 1 Timing Diagram - Serial Read
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MODE 2 Operation

Mode 2 operation allows the ADC conversion to
be initiated by a read operation from a uC. The
BUSY signal can be used in this mode to halt
WUC operations by placing the LC in a WAIT state
until the conversion is complete. This avoids
having to handle interrupts and timing delays, as-
suring that the conversion cycle is complete
before any attempted data read.

In this mode, CONVST must be held perma-
nently low. Bringing CS low (while HBEN is
low) puts the device into hold mode and initiates
a conversion. The BUSY/INT pin defers to the
BUSY function such that BUSY goes low at the
start of conversion and returns high at the end of
conversion.

MODE 2 - 12-Bit Parallel Read

The MODE 2 timing diagrams for the parallel
data output format are shown in Figure 13. This
mode of operation forces the uC into a WAIT

state until the conversion has been completed. It
removes the risk of inadvertently reading invalid
data before the conversion cycle has been com-
pleted.

MODE 2 - Byte Read

Figure 14 shows the timing diagram for byte op-
eration in MODE 2. Since HBEN must be low to
initiate a conversion, the lower byte of data will
be accessed first during the two-byte read opera-
tion. This is followed by a second byte read
operation (with HBEN high) to complete the
data transfer.

MODE 2 - Serial Read

The timing diagram for MODE 2 serial operation
is shown in Figure 15. The device goes into hold
mode on the falling edge of CS and conversion
begins when BUSY goes low. The data is
clocked out similarly as for MODE 1 serial op-
eration. Upon clocking of the final data bit
BUSY returns high indicating end of conversion.

hard wire low for
MODE 2 operation

CONVST 55
Cs «—HOLD MODE
RD ———\
()()7
BUSY Conversion +— End of conversion
begins S5 Acquisition begins
Data bits automatically three-state
DATA during conversion ~. S% DATA

Figure 13. Mode 2 Timing Diagram, 12-bit Parallel Read
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CONVST

HBEN
cs

RD

hard wire low for MODE 2 operation

v

I,

% %Don‘t Care’

k—HOLD MODE

>

—

]

<

I

>y

BUSY

DATA

HBEN %

Conversion
begins

Data bits automatically three-state

during conversion »

End of conversion

|
"(_55____['—'7 Acquisition begins

>

DATA DATA
LOW BYTE HIGH BYTE
DATA DATA

Figure 14. Mode 2 Timing Diagram, Byte Read

7777777777777,
Don't CareZ

| |
l |
_ | |
CONVST . 4 hard wire low for MODE 2 operation iy |
T D7 T
— | |
cs «—— Hold mode
| CC l
— pRJ
RD : :
| S ‘
BUSY . . End of conversion
<+— Conversion begins Acquisition beg(ins‘—’
C
1 2 3 4 5 6 7 716
SCLK 1T 1T T
Lo [ O R I
N
SSTRB l
| L
| oo |
SDATA | 55
| FOUR LEADING ZEROS| DB11| DB10| DB9 | | | DBO
bl
Figure 15. Mode 2 Timing Diagram, Serial Read
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STAND-ALONE OPERATION

The CS5032 supports stand-alone conversion
when used in MODE 2 parallel interface opera-
tion as shown in Figure 16. Conversion is
initiated by pulse to the CS input of the ADC.
The duration of the pulse must be longer than
the ADC conversion time. The BUSY output
drives the RD input and data is latched on the
rising edge of BUSY to an external latch.

*tes

e _
RN cs

EN

BUSY
CS5032

LATCH RD

DB11
DBO

"tes™ Tobd * teonv

Figure 16. Stand-Alone Operation
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Call: (512)445-7222

Power Supplies, AGND, and DGND

Figure 8 illustrates the recommended power sup-
ply decoupling scheme with a 0.1 pF ceramic
and a +10 pF tantalum capacitor for both the
VA+ and the VA- pins. The capacitors should be
located as close as practical to the supply pins.
AGND is the power supply current return, and is
also the preferred ground reference for the de-
coupling capacitors.

Typically a low-impedance ground plane is used
around and under the ADC, with connections to
both AGND and DGND. If a split ground is
used, DGND is the ground reference for any
digital circuits that follow the CS5032. When
split grounds are used, the AGND to DGND
voltage differential should be kept below

+10 mV for best operation.

If the power supply voltage is dropped below
3V, the ADC may need to be reset by switching
power off and then back on.

Layout considerations

The CS5032 is a high-speed component which
requires adherence to standard high-frequency
printed circuit board layout techniques to main-
tain optimum performance. These include
proper supply decoupling, minimum length cir-
cuit traces, and physical separation of digital and
analog components and circuit traces. See the
CDBS5032 evaluation board data sheet for more
details.
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PIN DESCRIPTIONS

— [ L —
READ RD (1 241 cs CHIP SELECT
BUSY/INTERRUPT BUSY/INT [ 2 231 CONVST  CONVERT START
CLOCK INPUT CLKIN [J3 2271 FORMAT  DATA OUTPUT FORMAT
DB11/HIGH BYTE ENABLE DB11/HBEN [} 4 21 VA- NEGATIVE ANALOG SUPPLY
DB10/SERIAL STROBE DB10/SSTRB (] 5 20@ AIN ANALOG INPUT
DB9/SERIAL CLOCK  DB9/SCLK [] 6 190 REF OUT  VOLTAGE REF OUT
DB8/SERIAL DATA DBS8/SDATA [ 7 18b AGND ANALOG GROUND
DATA OUT DB7/LOW [ 8 1703 VA+ POSITIVE ANALOG SUPPLY
DATA OUT DB6/LOW [} 9 161 DB0/DB8  DATA OUT
DATA OUT DB5/LOW [] 10 15{] DB1/DB9  DATA OUT
DATA OUT DB4/LOW [ 11 14] DB2/DB10 DATA OUT
DIGITAL GROUND DGND (] 12 13[] DB3/DB11 DATA OUT

Pinout applies to both DIP and SOIC packages.

Power Supply Connections

VA+ - Positive Supply, PIN 17.
+5V15%.

VA- - Negative Supply, PIN 21.
-5V£5%.

DGND - Digital Ground, PIN 12.
Ground reference for digital circuitry.

AGND - Analog Ground, PIN 18.
Ground reference for track-and-hold, reference and DAC.

Oscillator

CLKIN - Clock Input, PIN 3.
An external 10MHz (CMOS compatible) clock is applied at this pin. Connecting this pin to VA-
enables the internal clock oscillator.

Digital Inputs

CS - Chip Select, PIN 24.
Active low logic input. The device is selected when this input is active. With CONVST tied
low, a new conversion is initiated when CS goes low.
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RD - Read, PIN 1. .
Active low logic input. This input is used in conjunction with CS low to enable the data
outputs.

FORMAT - Output Mode Selection, PIN 22.
Defines the output data format and serial clock format. With FORMAT at +5V, the output data
format is 12-bit parallel only. With FORMAT at OV, either byte or serial data is available and
SCLK is not continuous. With FORMAT at -5V, byte or serial data is again available but SCLK
is now continuous.

CONYVST - Convert Start, PIN 23.
A low to high transition on this input puts the track-and-hold into its hold mode and starts
conversion. This input is asynchronous to the CLKIN and independent of CS and RD.

Digital Outputs

BUSY/INT - Busy/Interrupt, PIN 2.
Active low logic output indicating converter status. See timing diagrams.

DB11/HBEN - Data Bit 11/High Byte Enable, PIN 4.
The function of this pin is dependent on the state of the FORMAT input (see above). When
12-bit parallel data is selected, this pin provides the DB11 output. When byte data is selected,
this pin becomes the HBEN logic input. HBEN is used for 8-bit bus interfacing. When HBEN
is low, DB7/LOW to DB0/DB8 become DB7 to DBO. With HBEN high, DB7/LOW to
DBO0/DBS are used for the upper byte of data (see Table 1).

DB10/SSTRB - Data Bit 10/Serial Strobe, PIN 5.
The function of this pin is dependent on the state of the FORMAT input (see above). When
12-bit parallel data is selected, this pin provides the DB10 output. If FORMAT is at either OV
or -5V, SSTRB provides a strobe or framing pulse for serial data.

DB9/SCLK - Data Bit 9/Serial Clock, PIN 6.
The function of this pin is dependent on the state of the FORMAT input (see above). When
12-bit parallel data is selected, this pin provides the DB9 output. SCLK is the gated serial clock
output derived from the internal or external ADC clock. If FORMAT is at -5V, then SCLK runs
continuously. If FORMAT is at 0V, then SCLK goes high after serial transmission is complete.

DBS8/SDATA - Data Bit 8/Serial Data, PIN 7.
The function of this pin is dependent on the state of the FORMAT input (see above). When
12-bit parallel data is selected, this pin provides the DB8 output. SDATA is used with SCLK
and SSTRB for serial data transfer. Serial data is valid on the falling edge of SCLK while
SSTRB is low.
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DB7/LOW, DB6/LOW, DBS/LLOW, DB4/LOW - Three-state data outputs, PINS 8, 9, 10, 11.
The outputs of these pins are controlled by CS and RD. Their function depends on the
FORMAT and HBEN inputs. With FORMAT high, they are always DB7-DB4. With FORMAT
low or -5V, their function is controlled by HBEN (see Table 1).

DB3/DB11, DB2/DB10, DB1/DB9, DBO/DBS8 — Three-state data outputs, PINS 13, 14, 15, 16.
The outputs of these pins are controlled by CS and RD. Their function depends on the
FORMAT and HBEN inputs. With FORMAT high, they are always DB3-DB0. With FORMAT
low or -5V, their function is controlled by HBEN (see Table 1).

HBEN | DB7/LOW |DB6/LOW DB5/LOW |DB4/LOW| DB3/DB11 |DB2/DB10 {DB1/DB9 | DB0/DB8
HIGH LOW LOW LOwW LOW |DB11/(MSB)| DB10 DB9 DB8
LOW DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO0/(LSB)

Table 1. Output Data for Byte Interfacing

Analog Output

REF OUT - Voltage Reference Output, PIN 19.
The internal 2.5V reference is provided at this pin. The external load capability is S00pA.
This pin should be decoupled to AGND with a +10uF tantalum and a 0.1uF ceramic capacitor.
The REF OUT voltage has a settling time of approximately 1.1 sec.

Analog Input

AIN - Analog Input, PIN 20.
The analog input range for the CS5032 is £2.5V.

Ordering Guide

Throughput Input Linearity Temp.

Model Number (kSPS) Range (V) Error (LSB) Range (°C) Package
CS5032-BP 500 +2.5 +0.5 -40 to +85 24-Pin 0.3" PDIP
CS5032-BS 500 +2.5 +0.5 -40 to +85 24-Pin 0.3" SOIC
CS5032-TD 500 +2.5 +0.5 -55 to +125 24-Pin 0.3" CERDIP
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PARAMETER DEFINITIONS

Integral Non-Linearity Error - INL
The deviation of a code from a straight line passing through the endpoints of the transfer
function after zero- and full-scale errors have been accounted for. "Zero-scale" is a point 1/2
LSB below the first code transition and "full-scale" is a point 1/2 LSB beyond the code
transition to all ones. The deviation is measured from the middle of each particular code.

REF OUT Tempco
REF OUT Tempco is the worst case slope that is calculated from the change in reference value
at +25°C to the value at TMIN or TMAX
i.e. REF OUT Tempco = (Vref @ 25°C - Vief @ TMAX)/(TMAX - 25°C) or
REF OUT Tempco = (Vref @ 25°C - Vref @ TMIN)/(25°C - TMIN).

Differential Nonlinearity - DNL
The deviation of a code’s width from the ideal. Units in LSBs.

Full-Scale Error - FSEp
The deviation of the last code transition from the ideal (VREF-3/2 LSB’s). Units in LSB’s.

Bipolar Offset - Vgp
The deviation of the mid-scale transition (011...111 to 100...000) from the ideal (1/2 LSB below
AGND). Units in LSB’s.

Bipolar Negative Full-Scale Error - FSEN
The deviation of the first code transition from the ideal. The ideal is defined as lying on a
straight line which passes through the final and mid-scale code transitions. Units in LSB’s.

Spurious-Free-Dynamic-Range - SFDR
The ratio of the rms value of the signal, to the rms value of the next largest spectral component
( excepting dc). This component is often an aliased harmonic. Units in percent and dBc
(decibels relative to the carrier).

Total Harmonic Distortion - THD
The ratio of the rms sum of the significant (2nd thru Sth) harmonics, to the rms value of the
signal. Units in percent.

Signal-to-Noise-and-Distortion (s/n) - SNR
The ratio of the rms value of the signal, to the rms sum of all other spectral components
(excepting dc and distortion terms). Expressed in decibels.

Signal-to-Noise-and-Distortion (s/[n+d]) - SINAD
The ratio of the rms value of the signal, to the rms sum of all other spectral components
(excepting dc), including distortion components. Expressed in decibels.
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Intermodulation Distortion - IMD
The ratio of the rms value of the larger of the two test frequencies, which are each 6dB down
from full-scale, to the rms value of the largest 2™ order and 3" order intermodulation
component. Units in decibles relative to carrier.

Aperture Delay Time - tapd
The time required, after the converter goes into hold mode, for the sampling switch to open
fully. Effectively a sampling delay which can be nulled by advancing the sampling signal.
Unit in nanoseconds.

Aperture Jitter - tap;
The range of variation in the aperture time. Effectively the "sampling window" which
ultimately dictates the maximum input signal slew rate acceptable for a given accuracy.

1
SNRMAXijitter (dB) =20Log [M]

JjitterRMS = \/ clock jitterrRMS 2 + analog jitter RMS 2

To ensure that jitter does not affect the quantized signal quality, the jitter induced noise
(SNRMAXijitter) must be at least 12dB below other substantial noise sources, such as quantization
noise, see Clock Considerations. Units in picoseconds.
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Semiconductor Corporation

Evaluation Boards for CS5030, CS5031 & CS5032

Features

@® Throughput rates up to 500kHz.

@ Operation with on-board or off-board
clocks.

@ Buffered serial data, 12-bit parallel word,
or two 8-bit bytes

® Digital and Analog Patch Areas
® CS5030 2.5V input

CS5031 0V to +5V input
CS5032 2.5V input

General Description

The CDB5030/31/32 Evaluation Boards allow fast
evaluation of the CS5030, CS5031 & CS5032 12-bit,
500kHz, sampling A/D Converters.

The board provides a convenient platform for easy cir-
cuit development and evaluation. A versatile tool that
can simplify design and reduce the design cycle result-
ing in a quicker time to market.

Analog input is via a BNC connector. Buffered digital
outputs are available from the ADC in serial, 12-bit par-
allel word, or two 8-bit bytes formats.

Ordering Information
CDB5030 Evaluation Board with CS5030-BP Installed
CDB5031 Evaluation Board with CS5031-BP Installed
CDB5032 Evaluation Board with CS5032-BP Installed

+5V AGND -5V +5V DGND
ANALOG DIGITAL
PATCH VOLTAGE PROTECTION PATCH
AREA AREA
+5V -5V 5V
DIGITAL
ELECTRONICS
VA+ VA-
LoW
A'N@ *| PASS AIN DB11/HBEN
FILTE DB10/SSTRB
R DB9/SCLK I
—» CLKIN DB8/SDATA 3;' w | SSTRB
DB7/LOW T 2| soLk
CLOCK AND | DRE/LOW i
CONVERSION START DBS/LOW T | SDATA
CIRCUITRY DB4/LOW
_l—+o— DB3/DB11
CONVST DB2/DB10
DB1/DB9
o o DBO/DB8

CONVST

cs

DIGITAL
BUFFER

RD

PARALLEL
HEADER

FORMAT

(S
RD

PARALLEL
HEADER

Joupen |~ FORMAT  BUSVINT BUSY
- AGND DGND
v L
Crystal Semiconductor Corporation ) ) ) MAR ’95
P.O. Box 17847, Austin, TX 78760 oy e e emancagy o 1998 DS90DB3
(512) 445 7222 FAX: (512) 445 7581 v 2-104
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Introduction

The CDB5030, CDB5031, and CDB5032 evalu-
ation boards provide a tool for testing and
designing with the CS5030/1/2 series of A/D
Converters. The boards are configured for op-
eration from 5V analog and +5V digital power
supplies. A BNC connector is provided for the
analog input signal. An on-board jumper selects
the output data and serial clock formats. Parallel
and serial connectors provide an interface to the
digital logic.

Power Supplies

Figure 1 shows the power supply arrangements.
15V is required to operate the ADC and analog
portion of the board. Zener diodes are provided
for over-voltage protection. A separate +5V digi-
tal supply is required for the digital logic. At

J1-3 ?

least one individual decoupling capacitor is pro-
vided for each IC.

Analog Input Circuit

The analog input signal is brought on the evalu-
ation board via the BNC connector J8 (figure 2).
Diodes D1 and D2 provide protection against
over voltage. R4 and C13 make a low pass filter,
whose corner frequency is 318 kHz. Notice that
no external trim components are required. R6 is
a 10 kQ terminating resister which provides a
load for the signal source. R6 can be changed to
match the analog input source impedance if re-
quired. The footprint is large enough to
accommodate a 50 Q, 0.5 W resistor.

. +5VA
% 72 +c3 c4
IN6267 == TANT == X7R
-2 6[) 6.8v 10uF JAuF
A Ry ZRoavt T Y
—~ TANT “— X7R AGND
91 C? IN6267  Tour A
~-5VA
J2-2 +5Vv
? o)
73 .| c6 c7 c15 cs c17 Lm c16
L6267 = TANT “— X7R == X7R = X7R —= X7R X7R == X7R
J2-1 (T) 6.6v 10uF AuF AuF AF AuF T.tur AuF
J
GND

Figure 1. Power Supplies

DS90DB3
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+5VA

J8

20 ;1
BAT85
1
R4
° -0\ \\2 O an
1
: 2| D2 50
AGND R6 Tsmas o3
10K OWF
2 1
AGND

AGND ~5VA

Figure 2. Analog Input Circuit

Clock and Conversion

Figure 3 shows the on-board clock and conver-
sion control circuitry. The evaluation board is
designed to run off the on-board 10 MHz oscilla-
tor (U4). The ADC can also operate from an
internal clock oscillator, by connecting the
CLKIN pin to -5VA. Test points are provided to
easily implement the internal oscillator.

The CONVST signal on the evaluation board is
derived from the on-board 10 MHz clock oscilla-
tor. The 10 MHz is divided by 20, providing a
500 kHz signal. External signals can be used by
breaking the CONVST jumper at the test points
and attaching the external signal at pin 6 of con-
nector J4.

Digital Output Data

The CS5030/31/32 ADCs support three digital
output data formats. These include 12-bit paral-
lel, 8-bit byte, and serial interface formats.
Several of the ADC output pins have dual roles
or modes of operation (see the CS5030/31 or
CS5032 data sheets). The position of the "FOR-
MAT" jumper determines which output format is
active, with all three formats available through

the 40-pin header J4. Serial output data is also
available through the 10-pin header J3.

12-Bit Parallel Operation

Selecting the "+" position for the "FORMAT"
jumper places the board in 12-bit parallel mode.
All parallel output signals are buffered by Ul
and U3, and are available on header J4 (figure
4). The rising edge of the BUSY signal, avail-
able on pin-40 of J4, can be used to latch the
12-bit parallel data into subsequent digital cir-
cuitry.

8-Bit Byte Operation

Selecting the "0" or the "-" position for the
"FORMAT" jumper places the board in 8-bit
byte mode. The data is available on DO to D7 of
header J4 in two separate read operations. The
lower byte is read with HBEN low. The four
more significant bits are read with HBEN high.
The high byte word includes four leading zeros
(D4 to D7) to fill out the remaining four signifi-
cant bits from the ADC. All byte output signals
are buffered by Ul and U3.

Serial Operation
Selecting the "0" or the "-" position for the
"FORMAT" jumper also places the board in se-
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rial mode. In the "-" position, the serial clock
SCLK operates continuously; in the "0" jumper
position, the serial clock SCLK is active only
when the ADC is outputting serial data. The ris-
ing edge of SCLK can be used to latch serial
data into subsequent circuitry. The serial data
and control lines are available on J3, and the
DATAS8 (SDATA), DATA9(SCLK), and DATA10
(SSTRB) lines of J4. All serial output signals
are buffered by Ul.

Convert Start Operation

MODE 1 Operation

The CONVST signal is used to put the ADC into
hold mode and initiate a conversion. At the end
of the conversion, the ADC returns to its track-
ing mode. Conversion begins on the rising edge
of the CONVST, provided that @is high (note
that external pull-up resistors on CS and RD de-
fault both to logic high if no external logic signal
is present for these pins on the J4 header). The

FORMAT JUMPER
+ 12-bit parallel mode
0 8-bit byte or serial (16 bit SCLK))
- 8-bit byte or serial (continuous SCLK)

GND

BUSY line on J4, which goes low when the out-
put data becomes available, can be used as a
microprocessor interrupt. Bringing CS and RD
low allows data to be read from the ADC and
also resets BUSY high. CONVST must be high
when CS and RD are brought low in this mode.
Data cannot be read during the conversion cycle
because the ADC output latches are disabled
during this process.

MODE 2 Operation

In this mode, CONVST is held permanently low
(Break CONVST jumper at the test points and
add jumper between CONST _BUF and
CONVST. Ground the HOLD signal J4-6).
Bringing CS low (while HBEN is low) through
the J4 header, puts the ADC into hold mode and
initiates a conversion. The BUSY line on J4
goes low at the start of the conversion and re-
turns high at the end of conversion.

+5v

FORMAT JUMPER R7

= & + 100K

-5VAD—x] @-4— FORMAT

@—i {> cLkiN
C ~5VAND—®
~ USA us8
oo cLR l-JL CLR .
us
A OF
+svO—lvee 8 4 1 cm'g,, j__u"lcm:; (11 o o
Sigl o : #u_—°l__;®_
_L—Lcnn P m Y P F{t 3% % oL -
OSCILLATOR D—® N
- 74HC390 74HC390 7ancaes  /OOWST-BUF & /eonvsT
oND /CONVST JUMPER
Figure 3. Clock and Convert Start Circuitry
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L1 25c5convsT Iy 29 0 DATA
FORMAT [D— 12/8/CLK (%"24—__ 31 32
ﬁocnu USY/INT job—————————— DATAO3 32 o
DATA02 37 o3
L €S5030 DATAOL 39 %20 /BUSY
e A/D Converter DATAOO
—L Hor20x2
2 GND
R10
1 2 DATA[00:11]
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1 2
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Figure 4. ADC Connections and Digital Output
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T4HCSH

r J Yrr J J /4
ray 4 A Yy 71

AlN 177 N RT7 4
SEMICONDUCTOR CORPORATION

Figure 5. CDB5030/CDB5031/CDB5032 Component Layout
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Semiconductor Corporation

CS5101A CS5102A

16-Bit, 100 kHz/20 kHz A/D Converters

Features

@ Monolithic CMOS A/D Converters
Inherent Sampling Architecture
2-Channel Input Multiplexer
Flexible Serial Output Port

® Ultra-Low Distortion
S/(N+D): 92 dB
THD: 0.001%

® Conversion Time
CS5101A: 8 us
CS5102A: 40 us

® Linearity Error: £0.001% FS
Guaranteed No Missing Codes

® Self-Calibration Maintains Accuracy
Over Time and Temperature

® Low Power Consumption
CS5101A: 320 mW
CS5102A: 44 mW
Power-down Mode: < 1 mW

® Evaluation Board Available

General Description

The CS5101A and CS5102A are 16-bit monolithic
CMOS analog-to-digital converters capable of 100 kHz
(5101A) and 20 kHz (5102A) throughput. The
CS5102A’s low power consumption of 44 mW, coupled
with a power down mode, makes it particularly suitable
for battery powered operation. '

On-chip self-calibration circuitry achieves nonlinearity
of %£0.001% of FS and guarantees 16-bit no missing
codes over the entire specified temperature range. Su-
perior linearity also leads to 92 dB S/(N+D) with
harmonics below -100 dB. Offset and full-scale errors
are minimized during the calibration cycle, eliminating
the need for external trimming.

The CS5101A and CS5102A each consist of a 2-chan-
nel input multiplexer, DAC, conversion and calibration
microcontroller, clock generator, comparator, and serial
communications port. The inherent sampling architec-
ture of the device eliminates the need for an external
track and hold amplifier.

The converters’ 16-bit data is output in serial form with
either binary or 2’s complement coding. Three output
timing modes are available for easy interfacing to mi-
crocontrollers and shift registers. Unipolar and bipolar
input ranges are digitally selectable.

ORDERING INFORMATION: Page 2-148

SLEEP___STBY BP/UP  _ TRK1__SSH/SDL
HOLD RST _CODE _ CRSFIN _ TRK2 _SDATA
10 11 M5
14
CLKINg, SCLK
Control
XOUT¢ — ]
REFBUF¢ Cas[',!"fh‘,',m Microcontroller
VREF¢ 269 TEST
AINT ¢ 16 Bit Charge 27¢ SCKMOD
Anzd RedgtAﬂCbutw" X 18¢ OUTMOD
CH1BS = Comparator
AGNDo
6 1 7
VA+ VA- DGND VD- VD+

Crystal Semiconductor Corporation
P.O. Box 17847, Austin, TX 78760
(512) 445 7222 Fax: (512) 445 7581

MAR '95
Copyright © Crystal Semiconductor Corporation 1995 DS45F2
(All Rights Reserved) 2.113
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ANALOG CHARACTERISTICS (Ta = Twin to TMax; VA+, VD+ =5V; VA-, VD- = -5V;

VREF = 4.5V; Full-Scale Input Sinewave, 1 kHz; CLKIN = 4 MHz for -16, 8 MHz for -8; fs = 50 kHz for -16,

100 kHz for -8; Bipolar Mode; FRN Mode; AIN1 and AIN2 tied together, each channel tested separately; Analog
Source Impedance = 50 Q with 1000 pF to AGND unless otherwise specified)

CS5101A-J,K CS5101A-A,B CS5101A-S,T
Parameter* Min Typ Max | Min Typ Max | Min Typ Max | Units
Specified Temperature Range 0 to +70 -40 to +85 -55 to +125 °C
Accuracy
Linearity Error -J,A,S (Note 1) - 0.002 0.003| - 0.002 0.003| - 0.002 0.004| %FS
-K,B, T - 0.001 0.002| - 0.001 0.002 - 0.001 0.003| %FS
Drift (Note2)] - +1/4 - - 14 - - +1/2 - | ALSB
Differential Linearity (Notes 3, 4)] 16 - - 16 - - 16 - - Bits
Full Scale Error -J,A,S (Note 1)| - +1 +4 - +1 x4 - +2 +5 | LSB
-K,B,T - +1 3 - +1 +3 - +2 +4 | LSB
Drift (Note2)| - +1 - - +1 - - +2 - | ALSB
Unipolar Offset -J,A,S (Note 1)| - +2 5 - +t2 %5 - 2 +£5 | LSB
KB,T - %2 4| - 2 t4 | - 2 +4 | LSB
Drift (Note 2)| - +1 - - +1 - - +2 - ALSB
Bipolar Offset -JAS (Note 1)| - +2 £5 - +2 %5 - +2 +5 | LSB
KB, T - 2 #3 | - 2 3 - +2 +3 | LSB
Drift (Note 2)| - +1 - - +2 - - +2 -. | ALSB
Bipolar Negative Full-Scale Error
-J,AS (Note 1)l - 1 *4 | - 1 +4| - x1 +5 | LSB
-KB,T - 1 #3 | - +1 £3| - +1 +3 | LSB
Drift (Note 2)| - +1 - - +1 - - +2 - | ALSB
Dynamic Performance (Bipolar Mode)
Peak Harmonic or Spurious Noise (Note 1)
1 kHz Input -J,A,S 96 100 - 96 100 - 94 100 - dB
-K,B,T 98 102 - 98 102 - 98 102 - dB
12 kHz Input -J,AS 85 88 - 85 88 - 83 88 - dB
-K,B,T 85 91 - 85 91 - 85 91 - dB
Total Harmonic Distortion -J,A,S - 0002 - - 0002 - - 0.002 - %
-K.B,T - 0001 - - 0001 - - 0.001 - %
Signal-to-Noise Ratio (Note 1)
0dB Input -J,A,S 87 90 - 87 90 - 87 90 - dB
-K,B, T 90 92 - 90 92 - 90 92 - dB
-60 dB Input -J,A,S - 30 - - 30 - - 30 - dB
-K,B,T - 32 - - 32 - - 32 - dB
Noise (Note 5)
Unipolar Mode - 35 - - 35 - - 35 - WVrms
Bipolar Mode - 70 - - 70 - - 70 - | Wms

Notes: 1. Applies after calibration at any temperature within the specified temperature range. At temp
2. Total drift over specified temperature range after calibration at power-up at 25 °C.
3. Minimum resolution for which no missing codes is guaranteed over the specified temperature range.
4. Clock speeds of less than 1.0 MHz, at temperatures >100°C will degrade DNL performance.
5. Wideband noise aliased into the baseband. Referred to the input.
*Refer to Parameter Definitions (immediately following the pin descriptions at the end of this data sheet).

Specifications are subject to change without notice.
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ANALOG CHARACTERISTICS (continued)

CS5101A -J,K | CS5101A -A,B | CS5101A -S,T
Parameter* Symbol | Min Typ Max|Min Typ Max|Min Typ Max| Units
Specified Temperature Range - 0 to +70 40 to +85 55 to +125 °C
Analog Input
Apenrture Time _ - - 25 - - 25 - - 25 - ns
Aperture Jitter - - 100 - - 100 - - 100 - ps
Input Capacitance (Note 6)
Unipolar Mode - - 320 425| - 320 425 - 320 425| pF
Bipolar Mode - - 200 265| - 200 265| - 200 265| pF
Conversion & Throughput
Conversion Time (Note 7)
-8 tc - - 8.12) - - 812| - - 812| ps
-16 tc - - 16.25 - - 16.25 - - 16.25 s
Acquisition Time (Note 8)
-8 ta - - 1.88| - - 188 - - 288| ps
-16 ta - 26 875| - 26 375| - 26 375 us
Throughput (Note 9)
-8 ftp 100 - - |100 - - |100 - - kHz
-16 fip 50 - - |50 - - |50 - - kHz
Power Supplies
Power Supply Current (Note 10)
Positive Analog Ia+ - 21 28 - 21 28 | - 21 28 mA
Negative Analog IA- - 21 28| - 21 -28| - -21 -28| mA
(SLEEP High) Positive Digital Ip+ - 11 - 15 - 11 15| - 11 15 | mA
Negative Digital Ip- - 11 145 - 11 45| - 11 -15] mA
Power Consumption (Notes 10, 11)
(SLEEP High) Pdo - 320 430 - 320 430 - 320 430| mwW
(SLEEP Low) Pds - 1 - - 1 - - 1 - mwW
Power Supply Rejection: (Note 12)
Positive Supplies| PSR - 84 - - 84 - - 84 - dB
Negative Supplies| PSR - 84 - - 84 - - 84 - dB

Notes: 6. Applies only in the track mode. When converting or calibrating, input capacitance will not exceed 30 pF.

7. Conversion time scales directly to the master clock speed. The times shown are for synchronous,
internal loopback (FRN mode) with 8.0 MHz CLKIN. In PDT, RBT, and SSC modes, asynchronous delay
between the falling edge of HOLD and the start of conversion may add to the apparent conversion time.
This delay will not exceed 1.5 master clock cycles + 10 ns. In PDT, RBT, and SSC modes, CLKIN can
be increased as long as the HOLD sample rate is 100 kHz max.

8. The CS5101A requires 6 clock cycles of coarse charge, followed by a minimum of 1.125 ps of fine charge.
FRN mode allows 9 clock cycles for fine charge which provides for the minimum 1.125 ps with an 8 MHz
clock, however; in PDT, RBT, or SSC modes, at clock frequencies of 8 MHz or less, fine charge may
be less than 9 clock cycles. This reflects the typ. specification (6 clock cycles + 1.125 ps).

9. Throughput is the sum of the acquisition and conversion times. It will vary in accordance with conditions
affecting acquisition and conversion times, as described above.

10. All outputs unloaded. All inputs at VD+ or DGND.

11. Power consumption in the sleep mode applies with no master clock applied (CLKIN held high or low).

12. With 300 mV p-p, 1 kHz ripple applied to each supply separately in the bipolar mode. Rejection
improves by 6 dB in the unipolar mode to 90 dB. Figure 23 shows a plot of typical power supply
rejection versus frequency.
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SWITCHING CHARACTERISTICS (Ta = Tvin to Tmax; VA+, VD+ = 5V % 10%;
VA-, VD- = -5V + 10%; Inputs: Logic 0 = 0V, Logic 1 = VD+; CL = 50 pF)

Parameter Symbol Min Typ Max Units
CLKIN Period (Note 4)
-8 tok 108 - 10,000 ns
-16|  tek 250 - 10,000 ns
"|CLKIN Low Time telki 37.5 - - ns
CLKIN High Time telkh 37.5 - - ns
Crystal Frequency (Note 13)

-8| fxtal 2.0 - 9.216 MHz

-16|  fxtal 2.0 - 4.0 MHz
SLEEP Rising to Oscillator Stable (Note 14) - - 2 - ms
RST Pulse Width trst 150 - - ns
RST to STBY Falling tdrrs - 100 - ns
RST Rising to STBY Rising teal - 11,528,160 - tolk
CH1/2 Edge to TRK1, TRK2 Rising (Note 15)| tdrshi - 80 - ns
CH1/2 Edge to TRK1, TRK2 Falling (Note 15)| tdfsha - - 68tck+260| ns
HOLD to SSH Falling (Note 16)| tdish2 - 60 ns
HOLD to TRK1, TRK2, Falling (Note 16)| tdfsh1 66tcik - 68tcik+260| ns
HOLD to TRK1, TRK2, SSH Rising (Note 16)| tdrsh - 120 - ns
HOLD Pulse Width (Note 17)| thold | 1tcik+20 - 63tcik ns
HOLD to CH1/2 Edge (Note 16)| tdhiri 15 - 64tcik ns
HOLD Falling to CLKIN Falling (Note 17)|  tnef 95 - 1teik+10 ns

Notes: 13. External loading capacitors are required to allow the crystal to oscillate. Maximum crystal frequency
is 8.0 MHz in FRN mode (100 kHz sample rate).

14. With a 8 MHz crystal, two 10 pF loading capacitors and a 10 MQ parallel resistor (see Figure 8).

15. These times are for FRN mode.

16. SSH only works correctly if HOLD falling edge is within +15 to +30 ns of CH1/2 edge or if CH1/2 edge
occurs after HOLD rises to 64 tcik after HOLD has fallen. These times are for PDT and RBT modes.

17. When HOLD goes low, the analog sample is captured immediately. To start conversion, HOLD must
be latched by a falling edge of CLKIN. Conversion will begin on the next rising edge of CLKIN after
HOLD is latched. If HOLD is operated synchronous to CLKIN, the HOLD pulse width may be as
narrow as 150 ns for all CLKIN frequencies if CLKIN falls 95 ns after HOLD falls. This
ensures that the HOLD pulse will meet the minimum specification for thcf.
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ANALOG CHARACTERISTICS (Ta = Tvin to Twax; VA+, VD+ =5V; VA-, VD- = -5V;

VREF = 4.5V; Full-Scale Input Sinewave, 200 Hz; CLKIN = 1.6 MHz; fs = 20 kHz; Bipolar Mode; FRN Mode;
AIN1 and AIN2 tied together, each channel tested separately; Analog Source Impedance = 50 Q with 1000pF to
AGND unless otherwise specified)

CS5102A-J,K CS5102A-A,B CS5102A-S,T
Parameter* Min Typ Max | Min Typ Max | Min Typ Max | Units
Specified Temperature Range 0 to +70 -40 to +85 -565 to +125 °C
Accuracy
Linearity Error -J,A,S (Note 1)] - 0.002 0.003| - 0.002 0.003| - 0.002 0.004| %FS
-K,B,T - 0.0010.0015 - 0.0010.0015 - 0.001 0.002| %FS
Drift (Note 2)| - +1/4 - - +1/4 - - 12 - ALSB
Differential Linearity (Notes 3, 18)| 16 - - 16 - - 16 - - Bits
Full Scale Error -J,A,S (Note 1) - +2 +4 - +2 4 - +2 +5 | LSB
-K,B,T - +2 +3| - 2 *3| - 2 +3 | LSB
Drift (Note 2)) - +1 - L - - 2 - |ALSB
Unipolar Offset -J,A,S (Note 1)| - +1 +4 - +1 x4 - +1 +5 | LSB
KB, T - +1 3 - +1 *3 - +£1 +3 | LSB
Drift (Note 2)] - 11 - - +1 - - x2 - | ALSB
Bipolar Offset -JAS (Note 1)] - 1 4 - +1 £4 - +1 5 | LSB
-K,B,T - 1 +3| - 1 +3 | - +1 +3 | LSB
Drift (Note 2)| - +1 - - +2 - - +2 - ALSB
Bipolar Negative -J,A,S (Note 1)| - +2 4 - +2 +4 - +2 +5 | LSB
Full-Scale Error -K,B,T - +2 +3 - +2 +3 - +2 +3 | LSB
Drift (Note 2)| - +1 - - +2 - - +2 - ALSB
Dynamic Performance (Bipolar Mode)
Peak Harmonic or -J,A,S (Note 1) 96 100 - 96 100 - 94 100 - dB
Spurious Noise -K,B,T 98 102 - 98 102 - 98 102 - dB
Total Harmonic Distortion -J,A,S - 0.002 - - 0002 - - 0002 - %
-K.BT - 0.001 - - 0.001 - - 0.001 - %
Signal-to-Noise Ratio (Note 1)
0dB Input -J,A,S 87 90 - 87 90 - 87 90 - dB
-K,B,T 90 92 - 90 92 - 90 92 - dB
-60 dB Input -J,A,S - 30 - - 30 - - 30 - dB
-K,B,T - 32 - - 32 - - 32 - dB
Noise (Note 5)
Unipolar Mode - 35 - - 35 - - 35 - 1Vrms
Bipolar Mode - 70 - - 70 - - 70 - | uWVrms

Note: 18. Clock speeds of less than 1.6 MHz, at temperatures >100°C will degrade DNL performance.

*Refer to Parameter Definitions (immediately following the pin descriptions at the end of this data sheet).

Specifications are subject to change without notice.
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ANALOG CHARACTERISTICS (continued)

CS5102A -J,K | CS5102A -A,B | CS5102A -S,T
Parameter* Symboll Min Typ Max | Min Typ Max| Min Typ Max| Units
Specified Temperature Range - 0 to +70 40 to +85 -55 to +125 °C
\Analog Input
Aperture Time - - 30 - - 30 - - 30 - ns
Aperture Jitter - - 100 - - 100 - - 100 - ps
Input Capacitance (Note 6)| - - 320 425| - 320 425| - 320 425| pF
Unipolar Mode - - 200 265| - 200 265| - 200 265 | pF
Bipolar Mode
Conversion & Throughput
Conversion Time (Note 19)| tc - - 40625 - - 40625 - - 40625 us
/Acquisition Time (Note 20)| ta - - 9.375 - - 9.375| - - 9375 us
[Throughput (Note 21) | fip 20 - - | 20 - - |20 - - kHz
Power Supplies
Power Supply Current (Note 22)
Positive Analog A+ - 24 35| - 24 35| - 24 35| mA
Negative Analog 1A- - 24 35 - 24 35| - -24 -35| mA
(SLEEP High) Positive Digital Ip+ - 25 35| - 25 35| - 25 35| mA
Negative Digital Ip- - 15 25| - -15 25| - -15 -25| mA
Power Consumption (Notes 11, 22)
(SLEEP High) Pdo - 44 65 - 44 65 - 44 65 | mW
(SLEEP Low) Pds - 1 - - 1 - - 1 - mw
Power Supply Rejection: (Note 23)
Positive Supplies PSR | - 84 - - 84 - - 84 - dB
Negative Supplies | PSR - 84 - - 84 - - 84 - dB

Notes: 19. Conversion time scales directly to the master clock speed. The times shown are for synchronous,

internal loopback (FRN mode). In PDT, RBT, and SSC modes, asynchronous delay between the falling
edge of HOLD and the start of conversion may add to the apparent conversion time. This delay will

not exceed 1 master clock cycle + 140 ns.

'20. The CS5102A requires 6 clock cycles of coarse charge, followed by a minimum of 5.625 ps of fine charge.

FRN mode allows 9 clock cycles for fine charge which provides for the minimum 5.625 ps with an

1.6 MHz

clock, however; in PDT, RBT, or SSC modes, at clock frequencies less than 1.6 MHz, fine charge may

be less than 9 clock cycles.

21. Throughput is the sum of the acquisition and conversion times. It will vary in accordance with conditions

affecting acquisition and conversion times, as described above.

22. All outputs unloaded. All inputs at VD+ or DGND. See table below for power dissipation vs. clock frequency.

23. With 300 mV p-p, 1 kHz ripple applied to each supply separately in the bipolar mode. Rejection
improves by 6 dB in the unipolar mode to 90 dB. Figure 23 shows a plot of typical power supply
rejection versus frequency.

Typ. Power (mW)| CLKIN (MHZz)
34 0.8
37 1.0
39 1.2
41 1.4
44 1.6
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SWITCHING CHARACTERISTICS (Ta = Tvin to Twax;
VA+, VD+ = 5V + 10%; VA-, VD- = -5V £ 10%; Inputs: Logic 0 = 0V, Logic 1 = VD+; CL = 50 pF)

Parameter Symbol Min Typ Max Units
CLKIN Period (Note 18,24) telk 0.5 - 10 us
CLKIN Low Time telkl 200 - - ns
CLKIN High Time tclkh 200 - - ns
Crystal Frequency (Note 24, 25)| fxtal 0.9 1.6 2.0 MHz
SLEEP Rising to Oscillator Stable (Note 26) - - 20 - ms
RST Pulse Width trst 150 - - ns
RST to STBY Falling tdrrs - 100 . ns
RST Rising to STBY Rising teal - 2,882,040 - telk
CH1/2 Edge to TRK1, TRK2 Rising (Note 27)| tdrsh1 - 80 - ns
CH1/2 Edge to TRK1, TRK2 Falling (Note 27)| tdish4 - - 68tcik+260| ns
HOLD to SSH Falling (Note 28) | tdfsh2 - 60 ns
HOLD to TRK1, TRK2, Falling (Note 28)| tafsh1 | 66tk - |68tak+260| ns
HOLD to TRK1, TRK2, SSH Rising (Note 28)| tdrsh - 120 - ns
HOLD Pulse Width (Note 29)| thold | Ttelk+20 - 63tcik ns
HOLD to CH1/2 Edge (Note 28)| tdniri 15 - 64tclk ns
HOLD Falling to CLKIN Falling (Note 29)|  thef 55 - 1teik+10 ns

Note: 24. Minimum CLKIN period is 0.625 pus in FRN mode (20 kHz sample rate). At temperatures >+85 °C,

and with clock frequencies <1.6 MHz, analog performance may be degraded.

25. External loading capacitors are required to allow the crystal to oscillate. Maximum crystal frequency
is 1.6 MHz in FRN mode (20 kHz sample rate).

26. With a 2.0 MHz crystal, two 33 pF loading capacitors and a 10 MQ parallel resistor (see Figure 8).

27. These times are for FRN mode. _ _

28. SSH only works correctly if HOLD falling edge is within +15 to +30 ns of CH1/2 edge or if CH1/2 edge
occurs after HOLD rises to 64 tck after HOLD has fallen. These times are for PDT and RBT modes.

29. When HOLD goes low, the analog sample is captured immediately. To start conversion, HOLD must
be latched by a falling edge of CLKIN. Conversion will begin on the next rising edge of CLKIN
after HOLD is latched. If HOLD is operated synchronous to CLKIN, the HOLD pulse width may be as
narrow as 150 ns for all CLKIN frequencies if CLKIN falls 55 ns after HOLD falls. This
ensures that the HOLD pulse will meet the minimum specification for thcf.
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Channel Selection Timing
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.
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SWITCHING CHARACTERISTICS (Continued)

Parameter | Symbol | Min | Typ | Max | Units
PDT and RBT Modes
SCLK Input Pulse Period tsclk 200 - - ns
SCLK Input Pulse Width Low tsclki 50 - - ns
SCLK Input Pulse Width High tsclkh 50 - - ns
SCLK Input Falling to SDATA Valid tdss - 100 150 ns
HOLD Falling to SDATA Valid PDT Mode| tdhs - 140 230 ns
TRKT1, TRK2 Falling to SDATA Valid (Note 30)| tdts - 65 125 ns
FRN and SSC Modes
SCLK Output Pulse Width Low tsiki - 2teik - telk
SCLK Output Pulse Width High tslkh - 2tk - telk
SDATA Valid Before Rising SCLK tss 2tcik-100 - - ns
SDATA Valid After Rising SCLK tsh 2tclk-100 - - ns
SDL Falling to 1st Rising SCLK trsclk - 2tclk - ns
Last Rising SCLK to SDL Rising CS5101A|  trsdi - 2tck  |2tclk+165| ns
CS5102A|  trsdl - 2tclk 2tck+200| ns
HOLD Falling to 1st Falling SCLK CS5101A|  thfs 6tclk - 8tcik+165| ns
CS5102A|  this 6Bteik - 8tcik+200 | ns
CH1/2 Edge to 1st Falling SCLK tehfs - 7tclk - tolk

Note: 30. Only valid for TRK1, TRK2 falling when SCLK is low. If SCLK is high when TRK1, TRK2 falls, then
SDATA is valid tdss time after the next falling SCLK.

DIGITAL CHARACTERISTICS (Ta = Tmin to Tmax; VA+, VD+ =5V + 10%; VA-,
VD- = -5V + 10%)

Parameter Symbol Min Typ Max Units

Calibration Memory Retention (Note 31)] VMR 2.0 - - \Y
Power Supply Voltage VA+ and VD+

High-Level Input Voltage VIH 2.0 - - \
Low-Level Input Voltage ViL - - 0.8 \'/
High-Level Output Voltage (Note 32)] Vou |(VD+)-1.0 - - Vv
Low-Level Output Voltage louT =1.6 mA| VoL - - 0.4 \'
Input Leakage Current lin - - 10 A
Digital Output Pin Capacitance Cout - 9 - pF

Notes: 31. VA- and VD- can be any value from zero to -5V for memory retention. Neither VA- or VD- should be
allowed to go positive. AIN1, AIN2 or VREF must not be greater than VA+ or VD+.
This parameter is guaranteed by characterization.
32. louT = -100 pA. This specification guarantees TTL compatibility (Von = 2.4V @ lout = -40 pA).
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Serial Data Timing
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a. Pipelined Data Transmission (PDT) b. Register Burst Transmission (RBT) Mode

Data Transmission Timing
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RECOMMENDED OPERATING CONDITIONS (AGND, DGND = 0V, see Note 33)

Parameter Symbol Min Typ Max Units

DC Power Supplies: Positive Digital VD+ 4.5 5.0 VA+ \

Negative Digital VD- -4.5 -5.0 -5.5 \

Positive Analog VA+ 45 5.0 55 \'

Negative Analog VA- -4.5 -5.0 -5.5 Vv
Analog Reference Voltage VREF 2.5 4.5 (VA+)-0.5| V
Analog Input Voltage: (Note 34)

Unipolar VAIN AGND - VREF \Y

Bipolar VAIN -VREF - VREF \)

Notes: 33. All voltages with respect to ground.

34. The CS5101A and CS5102A can accept input voltages up to the analog supplies (VA+ and VA-). They

will produce an output of all 1's for inputs above VREF and all 0’s for inputs below AGND in unipolar
mode and -VREF in bipolar mode, with binary coding (CODE = low).

ABSOLUTE MAXIMUM RATINGS* (AGND, DGND = 0V, all voltages with respect to ground)

Parameter Symbol Min Typ Max Units

DC Power Supplies: Positive Digital (Note 35)| VD+ -0.3 - 6.0 \

Negative Digital VD- 0.3 - -6.0 \

Positive Analog VA+ -0.3 - 6.0 \

Negative Analog VA- 0.3 - -6.0 \'/
Input Current, Any Pin Except Supplies (Note 36) lin - - +10 mA
Analog Input Voltage (AIN and VREF pins) ViNA | (VA-)-0.3 - (VA+)+0.3| V
Digital Input Voltage VIND -0.3 - (VA+)+0.3| V
Ambient Operating Temperature TA -55 - 125 °C
Storage Temperature Tstg -65 - 150 °C
Ambient Operating Temperature TA -55 - 125 °C
Storage Temperature Tstg -65 - 150 °C

Notes: 35. In addition, VD+ must not be greater than (VA+) +0.3V
36. Transient currents of up to 100 mA will not cause SCR latch-up.

*WARNING: Operation beyond these limits may result in permanent damage to the device.

DS45F2
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GENERAL DESCRIPTION

The CS5101A and CS5102A are 2-channel, 16-
bit A/D converters. The devices include an
inherent sample/hold and an on-chip analog
switch for 2-channel operation. Both channels
can thus be sampled and converted at rates up to
50 kHz each (CS5101A) or 10 kHz each
(CS5102A). Alternatively, each of the devices can
be operated as a single channel ADC operating at
100 kHz (CS5101A) or 20 kHz (CS5102A).

Both the CS5101A and CS5102A can be config-
ured to accept either unipolar or bipolar input
ranges, and data is output serially in either binary
or 2’s complement coding. The devices can be
configured in 3 different output modes, as well as
an internal, synchronous loopback mode. The
CS5101A and CS5102A provide coarse
charge/fine charge control, to allow accurate
tracking of high-slew signals.

THEORY OF OPERATION

The CS5101A and CS5102A implement the suc-
cessive approximation algorithm using a charge
redistribution architecture. Instead of the tradi-
tional resistor network, the DAC is an array of
binary-weighted capacitors. All capacitors in the
array share a common node at the comparator’s

ine

input. As shown in Figure 1, their other terminals
are capable of being connected to AGND, VREF,
or AIN (1 or 2). When the device is not calibrat-
ing or converting, all capacitors are tied to AIN.
Switch S1 is closed and the charge on the array,
tracks the input signal.

When the conversion command is issued, switch
S1 opens. This traps the charge on the compara-
tor side of the capacitor array and creates a
floating node at the comparator’s input. The con-
version algorithm operates on this fixed charge,
and the signal at the analog input pin is ignored.
In effect, the entire DAC capacitor array serves as
analog memory during conversion much like a
hold capacitor in a sample/hold amplifier.

The conversion consists of manipulating the free
plates of the capacitor array to VREF and AGND
to form a capacitive divider. Since the charge at
the floating node remains fixed, the voltage at
that point depends on the proportion of capaci-
tance tied to VREF versus AGND. The
successive-approximation algorithm is used to
find the proportion of capacitance, which when
connected to the reference will drive the voltage
at the floating node to zero. That binary fraction
of capacitance represents the converter’s digital
output.

AIN
X (
- ° ° o (2 o
et
Coarse g s 4ol I s 1
VREF ne c i cr2 i ci i . G2, 768 C/32,768 i l s
Coarse Bit15  Bit14  Bit13 Bit 0 Dummy +
MSB LSB
AGND ine
hY Ciot =C+C/2+Cl4+C/8+... C/32,768
Coarse
Figure 1. Coarse Charge Input Buffers and Charge Redistribution DAC
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Calibration

The ability of the CS5101A or the CS5102A to
convert accurately to 16-bits clearly depends on
the accuracy of its comparator and DAC. Each
device utilizes an "auto-zeroing" scheme to null
errors introduced by the comparator. All offsets
are stored on the capacitor array while in the
track mode and are effectively subtracted from
the input signal when a conversion is initiated.
Auto-zeroing enhances power supply rejection at
frequencies well below the conversion rate.

To achieve 16-bit accuracy from the DAC, the
CS5101A and CS5102A use a novel self-calibra-
tion scheme. Each bit capacitor shown in
Figure 1 actually consists of several capacitors in
parallel which can be manipulated to adjust the
overall bit weight. An on-chip micro controller
precisely adjusts each capacitor with a resolution
of 18 bits.

The CS5101A and CS5102A should be reset
upon power-up, thus initiating a calibration cycle.
The device then stores its calibration coefficients
in on-chip SRAM. When the CS5101A and
CS5102A are in power-down mode (SLEEP
low), they retain the calibration coefficients in
memory, and need not be recalibrated when nor-
mal operation is resumed.

OPERATION OVERVIEW

Monolithic design and inherent sampling archi-
tecture make the CS5101A and CS5102A
extremely easy to use.

Initiating Conversions

A falling transition on the HOLD pin places the
input in the hold mode and initiates a conversion
cycle. The charge is trapped on the capacitor ar-
ray the instant HOLD goes low. The device will
complete conversion of the sample within 66
master clock cycles, then automatically return to

the track mode. After allowing a short time for
acquisition, the device will be ready for another
conversion.

In contrast to systems with separate track-and-
holds and A/D converters, a sampling clock can
simply be connected to the HOLD input. The
duty cycle of this clock is not critical. The HOLD
input is latched internally by the master clock, so
it need only remain low for 1/fcik + 20 ns, but no
longer than the minimum conversion time minus
two master clocks or an additional conversion cy-
cle will be initiated with inadequate time for
acquisition. In Free Run mode, SCKMOD =
OUTMOD = 0, the device will convert at a rate
of CLKIN/80, and the HOLD input is ignored.

As with any high-resolution A-to-D system, it is
recommended that sampling is synchronized to
the master system clock in order to minimize the
effects of clock feedthrough. However, the
CS5101A and CS5102A may be operated en-
tirely asynchronous to the master clock if
necessary.

Tracking the Input

Upon completing a conversion cycle the
CS5101A and CS5102A immediately return to
the track mode. The CH1/2 pin directly controls
the input switch, and therefore directly deter-
mines which channel will be tracked. Ideally, the
CH1/2 pin should be switched during the conver-
sion cycle, thereby nullifying the input mux
switching time, and guaranteeing a stable input at
the start of acquisition. If, however, the CH1/2
control is changed during the acquisition phase,
adequate coarse charge and fine charge time must
be allowed before initiating conversion.

When the CS5101A or the CS5102A enters
tracking mode, it uses an internal input buffer
amplifier to provide the bulk of the charge on the
capacitor array (coarse-charge), thereby reducing
the current load on the external analog circuitry.
Coarse-charge is internally initiated for 6 clock

DS45F2

2-125




CS5101A CS5102A

cycles at the end of every conversion. The buffer
amplifier is then bypassed, and the capacitor ar-
ray is directly connected to the input. This is
referred to as fine-charge, during which the
charge on the array is allowed to accurately settle
to the input voltage (see Figure 10).

With a full scale input step, the coarse-charge in-
put buffer of the CS5101A will charge the
capacitor array within 1% in 650 ns. The con-
verter timing allows 6 clock cycles for coarse
charge settling time. When the CS5101A
switches to fine-charge mode, its slew rate is
somewhat reduced. In fine-charge, the CS5101A
can slew at 2 V/us in unipolar mode. In bipolar
mode, only half the capacitor array is connected
to the analog input, so the CS5101A can slew at
4V/ps.

With a full scale input step, the coarse-charge in-
put buffer of the CS5102A will charge the
capacitor array within 1% in 3.75 ps. The con-
verter timing allows 6 clock cycles for coarse
charge settling time. When in fine-charge mode,
the CS5102A can slew at 0.4 V/us in unipolar
mode; and at 0.8 V/us in bipolar mode.

Acquisition of fast slewing signals can be has-
tened if the voltage change occurs during or
immediately following the conversion cycle. For
instance, in multiple channel applications (using
either the device’s internal channel selector or an
external MUX), channel selection should occur
while the CS5101A or the CS5102A is convert-
ing. Multiplexer switching and settling time is
thereby removed from the overall throughput
equation.

If the input signal changes drastically during the
acquisition period (such as changing the signal
source), the device should be in coarse-charge for
an adequate period following the change. The
CS5101A and CS5102A can be forced into
coarse-charge by bringing CRS/FIN high. The
buffer amplifier is engaged when CRS/FIN is

high, and may be switched in any number of
times during tracking. If CRS/FIN is held low,
the CS5101A and CS5102A will only coarse-
charge for the first 6 clock cycles following a
conversion, and will stay in fine-charge until
HOLD goes low. To get an accurate sample using
the CS5101A, at least 750 ns of coarse-charge,
followed by 1.125 ps of fine-charge is required
before initiating a conversion. If coarse charge is
not invoked, then up to 25 ps should be allowed
after a step change input for proper acquisition.
To get an accurate sample using the CS5102A, at
least 3.75 ps of coarse-charge, followed by
5.625 ps of fine-charge is required before initiat-
ing a conversion (see Figure 2). If coarse charge
is not invoked, then up to 125 ps should be al-
lowed after a step change input for proper
acquisition. The CRS/FIN pin must be low prior
to HOLD becoming active and be held low dur-
ing conversion.

Master Clock

The CS5101A and CS5102A can operate either
from an externally-supplied master clock, or from
their own crystal oscillator (with a crystal). To
enable the internal crystal oscillator, simply tie a
crystal across the XOUT and CLKIN pins and
add 2 capacitors and a resistor, as shown on the
system connection diagram in Figure 8.

Calibration and conversion times directly scale to
the master clock frequency. The CS5101A-8 can
operate with clock or crystal frequencies up to
9.216 MHz (8.0 MHz in FRN mode). This allows
maximum throughput of up to 50 kHz per chan-
nel in dual-channel operation, or 100 kHz in a
single channel configuration. The CS5101A-16
can accept a maximum clock speed of 4 MHz,
with corresponding throughput of 50 kHz. The
CS5102A can operate with clock or crystal frequen-
cies up to 2.0 MHz (1.6 MHz in FRN mode). This
allows maximum throughput of up to 10kHz per
channel in dual-channel operation, or 20kHz in a
single channel configuration. For 16 bit performance
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| Min: 750 ns* e
CRS/FIN | 8.75ps

! | Min: 1.125 ps* | |

6 clk 5625 us™ [ 7

Int | f
Sntaetrl?sa ' Conv. : Cioarse | Fine Chg. | Coarse , Fine Chg. I Conv. |
PR 2 clk
TRK1 or e
TRK2
HOLD

* Applies to 5101A
** Applies to 5102A

Figure 2. Coarse-Charge/Fine-Charge Control

a 1.6 MHz clock is recommended. This 1.6 MHz
clock yields a maximum throughput of 20 kHz in
a single channel configuration.

Asynchronous Sampling Considerations

When HOLD goes low, the analog sample is cap-
tured immediately. The HOLD signal is latched
by the next falling edge of CLKIN, and conver-
sion then starts on the subsequent rising edge. If
HOLD is asynchronous to CLKIN, then there
will be a 1.5 CLKIN cycle uncertainty as to when
conversion starts. Considering the CS5101A with an
8 MHz CLKIN, with a 100 kHz HOLD signal, then
this 1.5 CLKIN uncertainty will result in a 1.5
CLKIN period possible reduction in fine charge time
for the next conversion.

Unipolar Input |Offset| Two’s Bipolar Input
Voltage Binary|Complement Voltage
>(VREF-1.5 LSB)| FFFF 7FFF >(VREF-1.5 LSB)
VREF-1.5 LSB | FFFF 7FFF VREF-1.5 LSB

FFFE 7FFE
VREF/2-0.5 LSB | 8000 0000 -0.5LSB
7FFF FFFF
+0.5 LSB 0001 8001 -VREF+0.5 LSB
0000 8000
<(+0.5 LSB) 0000 8000 <(-VREF+0.5 LSB)

Table 1. Output Coding

This reduced fine charge time will be less than
the minimum specification. If the CLKIN fre-
quency is increased slightly (for example, to
8.192 MHz) then sufficient fine charge time will
always occur. The maximum frequency for
CLKIN is specified at 9.216 MHz; it is recom-
mended that for asynchronous operation at
100 kHz, CLKIN should be between 8.192 MHz
and 9.216 MHz.

Analog Input Range/Coding Format

The reference voltage directly defines the input
voltage range in both the unipolar and bipolar
configurations. In the unipolar configuration
(BP/UP low), the first code transition occurs 0.5
LSB above AGND, and the final code transition
occurs 1.5 LSB’s below VREF. In the bipolar
configuration (BP/UP high), the first code transi-
tion occurs 0.5 LSB above -VREF and the last
transition occurs 1.5 LSB’s below +VREF.

The CS5101A and CS5102A can output data in
either 2’s complement, or binary format. If the
CODE pin is high, the output is in 2’s comple-
ment format with a range of -32,768 to +32,767.
If the CODE pin is low, the output is in binary
format with a range of 0 to +65,535. See Table 1
for output coding.

DS45F2
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MODE | SCKMOD | OUTMOD | SCLK | CH1/2 | HOLD
PDT 1 1 Input Input Input
RBT 1 0 Input Input Input
SSC 0 1 Output Input Input
FRN 0 0 Output | Output X
Table 2. Serial Output Modes
Output Mode Control out each bit as it’s determined during the conver-

The CS5101A and CS5102A can be configured
in three different output modes, as well as an in-
ternal, synchronous loop-back mode. This allows
great flexibility for design into a wide variety of
systems. The operating mode is selected by set-
ting the states of the SCKMOD and OUTMOD
pins. In all modes, data is output on SDATA,
starting with the MSB. Each subsequent data bit
is updated on the falling edge of SCLK.

When SCKMOD is high, SCLK is an input, al-
lowing the data to be clocked out with an
external serial clock at rates up to 5 MHz. Addi-
tional clock edges after #16 will clock out logic
’1’s on SDATA. Tying SCKMOD low reconfig-
ures SCLK as an output, and the converter clocks

sion process, at a rate of 1/4 the master clock
speed. Table 2 shows an overview of the different
states of SCKMOD and OUTMOD, and the cor-
responding output modes.

Pipelined Data Transmission (PDT)

PDT mode is selected by tying both SCKMOD
and OUTMOD high. In PDT mode, the SCLK
pin is an input. Data is registered during conver-
sion, and output during the following conversion
cycle. HOLD must be brought low, initiating an-
other conversion, before data from the previous
conversion is available on SDATA. If all the data
has not been clocked out before the next falling
edge of HOLD, the old data will be lost
(Figure 3).
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Isnttaetﬁ‘sa : | Converting Ch. 2 I Tracking Ch. 1 | Converting Ch. 1 ‘ Tracking Ch. 2 l

Z Z
SCLK (i) m 7 : Z éU
SDATA(0) | D15 | D14 )Cém DO (Ch. 1) 2 D15 ) D14 201 DO (Ch. 2) 5// \ b1s
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Figure 3. Pipelined Data Transmission Mode (PDT)
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Figure 4. Registered Burst Transmission Mode (RBT)
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Registered Burst Transmission (RBT)

RBT mode is selected by tying SCKMOD high,
and OUTMOD low. As in PDT mode, SCLK is
an input, however data is available immediately
following conversion, and may be clocked out the
moment TRK1 or TRK2 falls. The falling edge of
HOLD clears the output buffer, so any unread
data will be lost. A new conversion may be initi-
ated before all the data has been clocked out if
the unread data bits are not important (Figure 4).

Synchronous Self-Clocking (SSC)

SSC mode is selected by tying SCKMOD low,
and OUTMOD high. In SSC mode, SCLK is an
output, and will clock out each bit of the data as
it’s being converted. SCLK will remain high be-
tween conversions, and run at a rate of 1/4 the
master clock speed for 16 low pulses during con-
version (Figure 5).

The SSH/SDL goes low coincident with the first
falling edge of SCLK, and returns high 2 CLKIN
cycles after the last rising edge of SCLK. This
signal frames the 16 data bits and is useful for
interfacing to shift registers (e.g. 74HC595) or to
DSP serial ports.

Free Run (FRN)

Free Run is the internal, synchronous loopback
mode. FRN mode is selected by tying SCKMOD
and OUTMOD low. SCLK is an output, and op-
erates exactly the same as in the SSC mode. In
Free Run mode, the converter initiates a new con-
version every 80 master clock cycles, and
alternates between channel 1 and channel 2.
HOLD is disabled, and should be tied to either
VD+ or DGND. CH1/2 is an output, and will
change at the start of each new conversion cycle,
indicating which channel will be tracked after the
current conversion is finished (Figure 6).

The SSH/SDL goes low coincident with the first
falling edge of SCLK, and returns high 2 CLKIN

cycles after the last rising edge of SCLK. This
signal frames the 16 data bits and is useful for
interfacing to shift registers (e.g. 74HC595) or to
DSP serial ports.

SYSTEM DESIGN WITH THE CS5101A
AND CS5102A

Figure 7 shows a general system connection dia-
gram for the CS5101A and CS5102A.

Digital Circuit Connections

When TTL loads are utilized the potential for
crosstalk between digital and analog sections of
the system is increased. This crosstalk is due to
high digital supply and signal currents arising
from the TTL drive current required of each digi-
tal output. Connecting CMOS logic to the digital
outputs is recommended. Suitable logic families
include 4000B, 74HC, 74AC, 74ACT," and
7T4HCT.

System Initialization

Upon power up, the CS5101A and CS5102A
must be reset to guarantee a consistent starting
condition and initially calibrate the device. Due
to each device’s low power dissipation and low
temperature drift, no warm-up time is required
before reset to accommodate any self-heating ef-
fects. However, the voltage reference input
should have stabilized to within 0.25% of its final
value before RST rises to guarantee an accurate
calibration. Later, the CS5101A and CS5102A
may be reset at any time to initiate a single full
calibration.

When RST is brought low all internal logic
clears. When RST returns high on the CS5101A,
a calibration cycle begins which takes 11,528,160
master clock cycles to complete (approximately
1.4 seconds with an 8 MHz master clock). The
calibration cycle on the CS5102A takes
2,882,040 master clock cycles to complete (ap-
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Figure 7. CS5101A/CS5102A System Connection Diagram

proximately 1.8 seconds with a 1.6 MHz master
clock). The CS5101A’s and CS5102A’s STBY
output remains low throughout the calibration se-
quence, and a rising transition indicates the
device is ready for normal operation. While cali-
brating, the CS5101A and CS5102A will ignore
changes on the HOLD input.

To perform the reset function, a simple power-on
reset circuit can be built using a resistor and ca-
pacitor as shown in Figure 8. The resistor should
be less than or equal to 10 kQ. The system power

supplies, voltage reference, and clock should all
be established prior RST rising.

Single-Channel Operation

The CS5101A and CS5102A can alternatively be
used to sample one channel by tying the CH1/2
input high or low. The unused AIN pin should be
tied to the analog input signal or to AGND. (If
operating in free run mode, AIN1 and AIN2 must
be tied to the same source, as CH1/2 is reconfig-
ured as an output.)
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Figure 8. Power-up Reset Circuit
ANALOG CIRCUIT CONNECTIONS

Most popular successive approximation A/D con-
verters generate dynamic loads at their analog
connections. The CS5101A and CS5102A inter-
nally buffer all analog inputs (AIN1, AIN2,
VREF, and AGND) to ease the demands placed
on external circuitry. However, accurate system
operation still requires careful attention to details
at the design stage regarding source impedances
as well as grounding and decoupling schemes.

Reference Considerations

An application note titled "Voltage References for
the CS501X Series of A/D Converters" is avail-
able for the CS5101A and CS5102A. In addition to
working through a reference circuit design example,
it offers several built-and-tested reference circuits.

During conversion, each capacitor of the cali-
brated capacitor array is switched between VREF
and AGND in a manner determined by the suc-
cessive-approximation algorithm. The charging
and discharging of the array results in a current
load at the reference. The CS5101A and
CS5102A each include an internal buffer ampli-
fier to minimize the external reference circuit’s
drive requirement and preserve the reference’s in-
tegrity. Whenever the array is switched during
conversion, the buffer is used to coarse-charge the
array thereby providing the bulk of the necessary
charge. The appropriate array capacitors are then

switched to the unbuffered VREF pin to avoid
any errors due to offsets and/or noise in the buff-
er.

The external reference circuitry need only pro-
vide the residual charge required to fully charge
the array after coarse-charging from the buffer.
This creates an ac current load as the CS5101A
and CS5102A sequence through conversions. The
reference circuitry must have a low enough out-
put impedance to drive the requisite current
without changing its output voltage significantly.
As the analog input signal varies, the switching
sequence of the internal capacitor array changes.
The current load on the external reference cir-
cuitry thus varies in response with the analog
input. Therefore, the external reference must not
exhibit significant peaking in its output imped-
ance characteristic at signal frequencies or their
harmonics.

A large capacitor connected between VREF and
AGND can provide sufficiently low output im-
pedance at the high end of the frequency
spectrum, while almost all precision references
exhibit extremely low output impedance at dc.
The presence of large capacitors on the output of
some voltage references, however, may cause
peaking in the output impedance at intermediate
frequencies. Care should be exercised to ensure
that significant peaking does not exist or that
some form of compensation is provided to elimi-
nate the effect.

The magnitude of the current load on the external
reference circuitry will scale to the master clock
frequency. At the full-rated 9.216 MHz clock
(CS5101A), the reference must supply a maxi-
mum load current of 20 pA peak-to-peak (2 pA
typical). An output impedance of 2 Q will there-
fore yield a maximum error of 40 uV. At the
full-rated 2.0 MHz clock (CS5102A), the refer-
ence must supply a maximum load current of
5 nA peak-to-peak (0.5 pA typical). An output
impedance of 2 Q will therefore yield a maxi-
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mum error-of 10.0 kV. With a 4.5 V reference and
LSB size of 138 uV this would insure approxi-
mately 1/14 LSB accuracy. A 10 pF capacitor
exhibits an impedance of less than 2 at fre-
quencies greater than 16 kHz. A high-quality
tantalum capacitor in parallel with a smaller ce-
ramic capacitor is recommended.

Peaking in the reference’s output impedance can
occur because of capacitive loading at its output.
Any peaking that might occur can be reduced by
placing a small resistor in series with the capaci-
tors. The equation in Figure 9 can be used to help
calculate the optimum value of R for a particular
reference. The term "fpeak" is the frequency of
the peak in the output impedance of the reference
before the resistor is added.

The CS5101A and CS5102A can operate with a
wide range of reference voltages, but signal-to-
noise performance is maximized by using as
wide a signal range as possible. The recom-
mended reference voltage is 4.5 volts. The
CS5101A and CS5102A can actually accept ref-
erence voltages up to the positive analog supply.
However, the buffer’s offset may increase as the
reference voltage approaches VA+ thereby in-
creasing external drive requirements at VREF. A
4.5V reference is the maximum reference voltage

+200

+100
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-100

-200

Internal Charge Error (LSB's)

-300

-400
8 MHz Clock 0.25 0.5 0.75 1.0
2.0 MHz Clock 1.0 2.0 3.0 4.0

Acquisition Time (us)

Figure 10. Charge Settling Time
(8 and 2.0 MHz Clocks)

recommended. This allows 0.5V headroom for
the internal reference buffer. Also, the buffer en-
lists the aid of an external 0.1 pF ceramic
capacitor which must be tied between its output,
REFBUF, and the negative analog supply, VA-.
For more information on references, consult "Ap-
plication Note: Voltage References for the
CS501X Series of A/D Converters".

Analog Input Connection

The analog input terminal functions similarly to
the VREF input after each conversion when
switching into the track mode. During the first
six master clock cycles in the track mode, the
buffered version of the analog input is used for
coarse-charging the capacitor array. An additional
period is required for fine-charging directly from
AIN to obtain the specified accuracy. Figure 10
shows this operation. During coarse-charge the
charge on the capacitor array first settles to the
buffered version of the analog input. This voltage
may be offset from the actual input voltage. Dur-
ing fine-charge, the charge then settles to the
accurate unbuffered version.

Fine-charge settling is specified as a maximum of
1.125 us (CS5101A) or 5.625 ps (CS5102A) for
an analog source impedance of less than 50 Q. In
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addition, the comparator requires a source imped-
ance of less than 400 Q around 2 MHz for
stability. The source impedance can be effectively
reduced at high frequencies by adding capaci-
tance from AIN to ground (typically 200 pF).
However, high dc source resistances will increase
the input’s RC time constant and extend the nec-
essary acquisition time. For more information on
input amplifiers, consult the application note:
Buffer Amplifiers for the CS501X Series of A/D
Converters.

SLEEP Mode Operation

The CS5101A and CS5102A include a SLEEP
pin. When SLEEP is active (low) each device
will dissipate very low power to retain its calibra-
tion memory when the device is not sampling. It
does not require calibration after SLEEP is made
inactive (high). When coming out of SLEEP,
sampling can begin as soon as the oscillator starts
(time will depend on the particular oscillator
components) and the REFBUF capacitor is
charged (which takes about 3 ms for the
CS5101A, 50 ms for the CS5102A). To achieve
minimum start-up time, use an external clock and
leave the voltage reference powered-up. Connect
a resistor (2 kQ) between pins 20 and 21 to keep
the REFBUF capacitor charged. Conversion can
then begin as soon as the A/D circuitry has stabi-
lized and performed a track cycle.

To retain calibration memory while SLEEP is ac-
tive (low) VA+ and VD+ must be maintained at
greater than 2.0V. VA- and VD- can be allowed to
go to 0 volts. The voltages into VA- and VD-
cannot just be "shut-off" as these pins cannot be
allowed to float to potentials greater than
AGND/DGND. If the supply voltages to VA- and
VD- are removed, use a transistor switch to short
these to the power supply ground while in
SLEEP mode.

Grounding and Power Supply Decoupling

The CS5101A and CS5102A use the analog
ground connection, AGND, only as a reference
voltage. No dc power currents flow through the
AGND connection, and it is completely inde-

. pendent of DGND. However, any noise riding on

the AGND input relative to the system’s analog
ground will induce conversion errors. Therefore,
both the analog input and reference voltage
should be referred to the AGND pin, which
should be used as the entire system’s analog
ground reference.

The digital and analog supplies are isolated
within the CS5101A and CS5102A and are
pinned out separately to minimize coupling be-
tween the analog and digital sections of the chip.
All four supplies should be decoupled to their re-
spective grounds using 0.1 pF ceramic capacitors.
If significant low-frequency noise is present on
the supplies, tantalum capacitors are recom-
mended in parallel with the 0.1 puF capacitors.

The positive digital power supply of the
CS5101A and CS5102A must never exceed the
positive analog supply by more than a diode drop
or the CS5101A and CS5102A could experience
permanent damage. If the two supplies are de-
rived from separate sources, care must be taken
that the analog supply comes up first at power-
up. The system connection diagram (Figure 7)
shows a decoupling scheme which allows the
CS5101A and CS5102A to be powered from a
single set of = 5V rails. The positive digital sup-
ply is derived from the analog supply through a
10 Q resistor to avoid the analog supply dropping
below the digital supply. If this scheme is util-
ized, care must be taken to insure that any digital
load currents (which flow through the 10  resis-
tors) do not cause the magnitude of digital
supplies to drop below the analog supplies by
more than 0.5 volts. Digital supplies must always
remain above the minimum specification.
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As with any high-precision A/D converter, the
CS5101A and CS5102A require careful attention
to grounding and layout arrangements. However,
no unique layout issues must be addressed to
properly apply the devices. The CDB5101A
evaluation board is available for the CS5101A,
and the CDB5102A evaluation board is available
for the CS5102A. The availability of these boards
avoids the need to design, build, and debug a
high-precision PC board to initially characterize
the part. Each board comes with a socketed
CS5101A or CS5102A, and can be reconfigured
to simulate any combination of sampling, calibra-
tion, master clock, and analog input range
conditions.

CS5101A AND CS5102A PERFORMANCE
Differential Nonlinearity

The self-calibration scheme utilized in the
CS5101A and CS5102A features a calibration
resolution of 1/4 LSB, or 18-bits. This ideally
yields DNL of £1/4 LSB, with code widths rang-
ing from 3/4 to 5/4 LSB’s.

Traditional laser trimmed ADC’s have significant
differential nonlinearities. Appearing as wide and
narrow codes, DNL often causes entire sections
of the transfer function to be missing. Although
their affect is minor on S/(N+D) with high ampli-
tude signals, DNL errors dominate performance
with low-level signals. For instance, a signal 80
dB below full-scale will slew past only 6 or 7
codes. Half of those codes could be missing with
a conventional 16-bit ADC which achieves only
14-bit DNL.

The most common source of DNL errors in con-
ventional ADC’s is bit weight errors. These can
arise due to accuracy limitations in factory trim
stations, thermal or physical stresses after calibra-
tion, and/or drifts due to aging or temperature
variations in the field. Bit-weight errors have a
drastic effect on a converter’s ac performance.

They can be analyzed as step functions superim-
posed on the input signal. Since bits (and their
errors) switch in and out throughout the transfer
curve, their effect is signal dependent. That is,
harmonic and intermodulation distortion, as well
as noise, can vary with different input conditions.

Differential nonlinearities in successive-approxi-
mation ADC’s also arise due to dynamic errors in
the comparator. Such errors can dominate if the
converter’s throughput/sampling rate is too high.
The comparator will not be allowed sufficient
time to settle during each bit decision in the suc-
cessive-approximation algorithm. The worst-case
codes for dynamic errors are the major transitions
(1/2 FS; 1/4, 3/4 FS; etc.). Since DNL effects are
most critical with low-level signals, the codes
around mid-scale (1/2 FS) are most important.
Yet those codes are worst-case for dynamic DNL
errors!

With all linearity calibration performed on-chip
to 18-bits, the CS5101A and CS5102A maintain
accurate bit weights. DNL errors are dominated
by residual calibration errors of +1/4 LSB rather
than dynamic errors in the comparator. Further-
more, all DNL effects on S/(N+D) are buried by
white broadband noise. (See Figures 17 and 19).

Figure 11 illustrates the DNL histogram plot of a
typical CS5101A at 25°C. Figure 12 illustrates
the DNL of the CS5101A at 138°C ambient after
calibration at 25°C ambient. Figures 13 and 14
illustrate the DNL of the CS5102A at 25°C and
138°C ambient, respectively. A histogram test is a
statistical method of deriving an A/D converter’s
differential nonlinearity. A ramp is input to the
A/D and a large number of samples are taken to
insure a high confidence level in the test’s result.
The number of occurrences for each code is
monitored and stored. A perfect A/D converter
would have all codes of equal size and therefore
equal numbers of occurrences. In the histogram
test a code with the average number of occur-
rences will be considered ideal (DNL = 0). A
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Figure 11. CS5101A DNL Plot; Ambient Temperature at 25°C
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Figure 12. CS5101A DNL Plot; Ambient Temperature at 138°C
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Figures 15 and 16 illustrate the code width distri-
bution of the DNL plots shown in Figures 11 and
13 respectively. The DNL error distribution plots
indicate that the CS5101A and CS5102A cali-
brate the majority of their codes to tighter
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Figure 16. CS5102A DNL Error Distribution

tolerance than the DNL plots in Figures 11 and
13 appear to indicate.

FFT Tests and Windowing

In the factory, the CS5101A and CS5102A are
tested using Fast Fourier Transform (FFT) tech-
niques to analyze the converters’ dynamic
performance. A pure sinewave is applied to the
device, and a "time record" of 1024 samples is
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captured and processed. The FFT algorithm ana-
lyzes the spectral content of the digital waveform
and distributes its energy among 512 "frequency
bins." Assuming an ideal sinewave, distribution
of energy in bins outside of the fundamental and
dc can only be due to quantization effects and
errors in the CS5101A and CS5102A.

If sampling is not synchronized to the input sine-
wave, it is highly unlikely that the time record
will contain an integer number of periods of the
input signal. However, the FFT assumes that the
signal is periodic, and will calculate the spectrum
of a signal that appears to have large discontinui-
ties, thereby yielding a severely distorted
spectrum. To avoid this problem, the time record
is multiplied by a window function prior to per-
forming the FFT. The window function smoothly
forces the endpoints of the time record to zero,
thereby removing the discontinuities. The effect
of the window in the frequency-domain is to con-
volute the spectrum of the window with that of
the actual input.

The quality of the window used for harmonic
analysis is typically judged by its highest side-
lobe level. A five term window is used in FFT
testing of the CS5101A and CS5102A. This win-
dowing algorithm attenuates the side-lobes to
below the noise floor. Artifacts of windowing are
discarded from the signal-to-noise calculation us-
ing the assumption that quantization noise is
white. Averaging the FFT results from ten time
records filters the spectral variability that can
arise from capturing finite time records without
disturbing the total energy outside the fundamen-
tal. All harmonics are visible in the plots. For
more information on FFT’s and windowing refer
to: EJ. HARRIS, "On the use of windows for
harmonic analysis with the Discrete Fourier
Transform", Proc. IEEE, Vol. 66, No. 1, Jan
1978, pp.51-83. This is available on request from
Crystal Semiconductor.

As illustrated in Figure 17, the CS5101A typi-
cally provides about 92 dB S/(N+D) and

0.001% THD at 25°C. Figure 18 illustrates only
minor degradation in performance when the am-
bient temperature is raised to 138°C. Figure 19
and 20 illustrate that the CS5102A typically
yields >92 dB S/(N+D) and 0.001% THD even
with a large change in ambient temperature. Un-
like conventional successive-approximation
ADC's, the signal-to-noise and dynamic range of
the CS5101A and CS5102A are not limited by
differential nonlinearities (DNL) caused by cali-
bration errors. Rather, the dominant noise source
is broadband thermal noise which aliases into the
baseband. This white broadband noise also ap-
pears as an idle channel noise of 1/2 LSB (rms).

Sampling Distortion

Like most discrete sample/hold amplifier designs,
the inherent sample/hold of the CS5101A and
CS5102A exhibits a frequency-dependent distor-
tion due to nonideal sampling of the analog input
voltage. The calibrated capacitor array used dur-
ing conversions is also used to track and hold the
analog input signal. The conversion is not per-
formed on the analog input voltage per se, but is
actually performed on the charge trapped on the
capacitor array at the moment the HOLD com-
mand is given. The charge on the array ideally
assumes a linear relationship to the analog input
voltage. Any deviation from this linear relation-
ship will result in conversion errors even if the
conversion process proceeds flawlessly.

At dc, the DAC capacitor array’s voltage coeffi-
cient dictates the converter’s linearity. This
variation in capacitance with respect to applied
signal voltage yields a nonlinear relationship be-
tween the charge on the array and the analog
input voltage and places a bow or wave in the
transfer function. This is the dominant source of
distortion at low input frequencies (Fig-
ures 17,18,19, and 20).

The ideal relationship between the charge on the
array and the input voltage can also be distorted

2-138

DS45F2



0
A0 e S/N+D): 91.71 dB
:§° """"""" S/D: 101.6 dB
Signal Level
Reletive To
Full Scale
(dB)

Input Frequency (kHz)

Figure 17. CS5101A FFT (SSC Mode, 1-Channel)
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Figure 19. CS5102A FFT (SSC Mode, 1-Channel)

at high signal frequencies due to nonlinearities in
the internal MOS switches. Dynamic signals
cause ac current to flow through the switches
connecting the capacitor array to the analog input
pin in the track mode. Nonlinear on-resistance in
the switches causes a nonlinear voltage drop.
This effect worsens with increased signal fre-
quency and slew rate. This distortion is negligible
at signal levels below -10 dB of full-scale.

Noise

An A/D converter’s noise can be described like
that of any other analog component. However,
the converter’s output is in digital form so any
filtering of its noise must be performed in the
digital domain. Digitized samples of analog in-
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Figure 20. CS5102A FFT (SSC Mode, 1-Channel)

puts are often considered individual, static snap-
shots in time with no uncertainty or noise. In
reality, the result of each conversion depends on
the analog input level and the instantaneous value
of noise sources in the ADC. If sequential sam-
ples from the ADC are treated as a "waveform",
simple filtering can be implemented in software
to improve noise performance with minimal proc-
essing overhead.

All analog circuitry in the CS5101A and
CS5102A is wideband in order to achieve fast
conversions and high throughput. Wideband noise
in the CS5101A and CS5102A integrates to 35
UV rms in unipolar mode (70 PV rms in bipolar
mode). This is approximately 1/2 LSB rms with a
4.5V reference in both modes. Figure 21 shows a
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Count
8192 T

6144 ““
Noiseless
T Converter

4096 —|—
1 CS5101A

2048

a1
7FFB | 7FFC ' 7FFD ' 7FFE ' 7FFF ' 8000 = 8001

Code (Hexadecimal)
Counts: 0 0 989 6359 844 0 0

Figure 21. 5101A Histogram Plot of 8192 Conversion
Inputs

histogram plot of output code occurrences ob-
tained from 8192 samples taken from a CS5101A
in the bipolar mode. Hexadecimal code 7FFE
was arbitrarily selected and the analog input was
set close to code center. With a noiseless con-
verter, code 7FFE would always appear. The
histogram plot of the device has a "bell" shape
with all codes other than 7FFE due to internal
noise. Figure 22 illustrates the noise histogram of
the CS5102A.

In a sampled data system all information about
the analog input applied to the sample/hold ap-
pears in the baseband from dc to one-half the
sampling rate. This includes high-frequency com-
ponents which alias into the baseband. Low-pass
(anti-alias) filters are therefore used to remove
frequency components in the input signal which
are above one-half the sample rate. However, all
wideband noise introduced by the CS5101A and
CS5102A still aliases into the baseband. This
"white" noise is evenly spread from dc to one-
half the sampling rate and integrates to 35 UV rms
in unipolar mode.

Noise in the digital domain can be reduced by
sampling at higher than the desired word rate and

Count
8192 —F

4

I

6144 —

4096 ——

V) css102a

2048 |

%

7FFD | 7FFE ' 7FFF 8000(H) 8001
Code (Hexadecimal)
1727 4988 1467 5 0

8002 8003
Counts: 0 5

Figure 22. 5102A Histogram Plot of 8192 Conversion
Inputs

averaging multiple samples for each word. Over-
sampling spreads the device’s noise over a wider
band (for lower noise density), and averaging ap-
plies a low-pass response which filters noise
above the desired signal bandwidth. In general,
the device’s noise performance can be maximized
in any application by always sampling at the
maximum specified rate of 100 kHz (CS5101A)
or 20 kHz (CS5102A) (for lowest noise density)
and digitally filtering to the desired signal band-
width.

Aperture Jitter

Track-and-hold amplifiers commonly exhibit two
types of aperture jitter. The first, more appropri-
ately termed "aperture window", is an input
voltage dependent variation in the aperture delay.
Its signal-dependency causes distortion at high
frequencies. The proprietary architecture of the
CS5101A and CS5102A avoids applying the in-
put voltage across a sampling switch, thus
avoiding any "aperture window" effects. The sec-
ond type of aperture jitter, due to component
noise, assumes a random nature. With only
100 ps peak-to-peak aperture jitter, the CS5101A
and CS5102A can process full-scale signals up to
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1/2 the throughput frequency without significant
errors due to aperture jitter.

Power Supply Rejection

The power supply rejection performance of the
CS5101A and CS5102A is enhanced by the on-
chip self-calibration and an "auto-zero" process.
Drifts in power supply voltages at frequencies
less than the calibration rate have negligible ef-
fect on the device’s accuracy. This is because the
CS5101A and CS5102A adjust their offset to
within a small fraction of an LSB during calibra-
tion. Above the calibration frequency the
excellent power supply rejection of the internal
amplifiers is augmented by an auto-zero process.
Any offsets are stored on the capacitor array and
are effectively subtracted once conversion is initi-
ated. Figure 23 shows power supply rejection of
the CS5101A and CS5102A in the bipolar mode
with the analog input grounded and a 300 mV p-
p ripple applied to each supply. Power supply
rejection improves by 6 dB in the unipolar mode.

CS5101A/CS5102A Improvements Over Ear-
lier CS5101/CS5102

The CS5101A/CS5102A are improved versions
of the earlier CS5101/CS5102 devices. Primary
improvements are:

1) Improved DNL at high temperature
(>70 °C)

2) Improved input slew rate, yielding im-
proved full scale settling between
conversions.

3) Modifying the previous SSH pin to
SSH/SDL (Simultaneous Sample Hold/Se-
rial Data Latch). The SSH/SDL new
function provides a logic signal which
frames the 16 data bits in SSC and FRN
serial modes. This signal is ideal for easy
interface to serial to parallel shift registers
(74HC595) and to DSP serial ports.

Table 3 summarizes all the improvements.
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Function CS5101A/CS5102A CS5101/CS5102
Better DNL No missing codes at +125 °C Some missed codes at +125 °C
Faster Fine Charge | CS5101A | CS5102A | | CS5101 | €S5102]
Slew Rate
(V/us) Unipolar/Fine 2 0.4 Unipolar/Fine 1.3 0.1
Bipolar/Fine 4 0.8 Bipolar/Fine 2.6 0.2

Improved Serial

Has serial data latch

Does not have serial data

Interface signal (SSH/SDL). latch (SDL) signal.
CLKIN Rate CS5101A maximum CS5101 maximum
CLKIN is 9.216 MHz CLKIN is 8.0 MHz
CS5102A maximum CS5102 maximum
CLKIN is 2.0 MHz CLKIN is 1.6 MHz
Code and Independent setting of 2's Selecting unipolar input range
BP/UP Pin complement or offset binary forces offset binary operation,
Function coding (CODE) and bipolar or independent of the CODE pin state
unipolar input range (BP/UP)
CRS/FIN Pin Can be high or low CRS/FIN must be held
during calibration low during calibration
Table 3. CS5101A/CS5102A Improvements over CS5101/CS5102
Schematic & Layout Review Service
Confirm Optimum N\ £
Schematic & Layout ¢
Before Building Your Board
For Our Free Review Service
Call Applications Engineering.
Call: (512)445-7222
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CS5101A CS5102A

PIN DESCRIPTIONS

NEGATIVE DIGITAL POWER
RESET & INITIATE CALIBRATION
MASTER CLOCK INPUT

CRYSTAL OUTPUT

STANDBY (CALIBRATING)
DIGITAL GROUND

POSITIVE DIGITAL POWER
TRACKING CHANNEL 1
TRACKING CHANNEL 2
COARSE/FINE CHARGE CONTROL
SIMULTANEOUS SH/SERIAL DATA LATCH
HOLD & CONVERT

INPUT CHANNEL SELECT

SERIAL DATA CLOCK

VD-
RST
CLKIN
Xout
STBY
DGND
VD+
TRK1
TRK2
CRS/FIN
SSH/SDL
HOLD
CH1/2
SCLK

VD- 74 281 SLEEP

RST o 2717 SCKMOD
CLKIN 3 263 TEST
xout 04 257 VA+
STBY (5 247 AIN2
DGND ¢ 23] VA-

VD+ 7 CSS°1rO1A 221 AGND
TRK1 [ 8 css102a 211 REFBUF
TRKZ (9 201 VREF

CRS/FIN [ 10 19 AIN1
SSH_I& 11 180 OUTMOD
HOLD ] 12 1700 BP/UP
CH12 (13 16[] CODE
SCLK [ 14 15[ ] SDATA

N\ Z

54321

CS5101A
or
CS5102A

e top

view
[

12 13 14 15 16 1

8 27 26 55

24
23
22
21
20

ﬁ/_
;|/_—
k

]L

7N

SLEEP (LOW POWER) MODE
SERIAL CLOCK MODE SELECT
TEST

POSITIVE ANALOG POWER
CHANNEL 2 ANALOG INPUT
NEGATIVE ANALOG POWER
ANALOG GROUND
REFERENCE BUFFER
VOLTAGE REFERENCE
CHANNEL 1 ANALOG INPUT
OUTPUT MODE SELECT
BIPOLAR/UNIPOLAR SELECT
BINARY/2's COMPLEMENT SELECT
SERIAL DATA OUTPUT

SLEEP
SCKMOD
TEST
VA+
AIN2
VA-
AGND
REFBUF
VREF
AIN{
OUTMOD
BP/UP
CODE
SDATA

DS45F2

2-143




y J Y17 Jd J 14 . .
-S> CS5101A CS5102A
R e,

Power Supply Connections

VD+ - Positive Digital Power, PIN 7.
Positive digital power supply. Nominally +5 volts.

VD- - Negative Digital Power, PIN 1.
Negative digital power supply. Nominally -5 volts.

DGND - Digital Ground, PIN 6.
Digital ground [reference].

VA+ - Positive Analog Power, PIN 25.
Positive analog power supply. Nominally +5 volts.

VA- - Negative Analog Power, PIN 23.
Negative analog power supply. Nominally -5 volts.

AGND - Analog Ground, PIN 22.
Analog ground reference.

Oscillator

CLKIN - Clock Input, PIN 3.
All conversions and calibrations are timed from a master clock which can be externally supplied
by driving CLKIN [this input TTL-compatible, CMOS recommended].

XOUT - Crystal Output, PIN 4.
The master clock can be generated by tying a crystal across the CLKIN and XOUT pins. If an
external clock is used, XOUT must be left floating.

Digital Inputs

HOLD - Hold, PIN 12.
A falling transition on this pin sets the CS5101A or CS5102A to the hold state and initiates a
conversion. This input must remain low for at least 1/tclk + 20 ns. When operating in Free Run
Mode, HOLD is disabled, and should be tied to DGND or VD+.

CRS/FIN - Coarse Charge/Fine Charge Control, PIN 10.

When brought high during acquisition time, CRS/FIN forces the CS5101A or CSS]OZA into
coarse charge state. This engages the internal buffer amplifier to track the analog input and
charges the capacitor array much faster, thereby allowing the CS5101A or CS5102A to track
high slewing signals. In order to get an accurate sample, the last coarse charge period before
initiating a conversion (bringing HOLD low) must be longer than 0.75 ps (CS5101A) or
3.75 pus (CS5102A). Similarly, the fine charge period immediately prior to conversion must be
at least 1.125 ps (CS5101A) or 5.625 ps (CS5102A). The CRS/FIN pin must be low during
conversion time. For normal operation, CRS/FIN should be tied low, in which case the
CS5101A or CS5102A will automatically enter coarse charge for 6 clock cycles immediately
after the end of conversion.
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CH1/2 - Left/Right Input Channel Select, PIN 13.
Status at the end of a conversion cycle determines which analog input channel will be acquired
for the next conversion cycle. When in Free Run Mode, CH1/2 is an output, and will indicate
which channel is being sampled during the current acquisition phase.

SLEEP - Sleep, PIN 28.
When brought low causes the CS5101A or CS5102A to enter a power-down state. All
calibration coefficients are retained in memory, so no recalibration is needed after returning to
the normal operating mode. If using the internal crystal oscillator, time must be allowed after
SLEEP returns high for the crystal oscillator to stabilize. SLEEP should be tied high for normal
operation.

CODE - 2’s Complement/Binary Coding Select, PIN 16.
Determines whether output data appears in 2’s complement or binary format. If high, 2’s
complement; if low, binary.

BP/UP - Bipolar/Unipolar Input Range Select, PIN 17.
When low, the CS5101A or CS5102A accepts a unipolar input range from AGND to VREFE
When high, the CS5101A or CS5102A accepts bipolar inputs from -VREF to +VREFE.

SCKMOD - Serial Clock Mode Select, PIN 27.
When high, the SCLK pin is an input; when low, it is an output. Used in conjunction with
OUTMOD to'select one of 4 output modes described in Table 2.

OUTMOD - Output Mode Select, PIN 18.
The status of SCKMOD and OUTMOD determine which of four output modes is utilized. The
four modes are-described in Table 2.

SCLK - Serial Clock, PIN 14.
Serial data changes status on a falling edge of this input, and is valid on a rising edge. When
SCKMOD is high SCLK acts as an input. When SCKMOD is low the CS5101A or CS5102A
generates its own serial clock at one-fourth the master clock frequency and SCLK is an output.

RST - Reset, PIN 2.
When taken low, all internal digital logic is reset. Upon returning high, a full calibration
sequence is initiated which takes 11,528,160 CLKIN cycles (CS5101A) or 2,882,040 CLKIN
cycles (CS5102A) to complete. During calibration, the HOLD input will be ignored. The
CS5101A or CS5102A must be reset at power-up for calibration, however; calibration is
maintained during SLEEP mode, and need not be repeated when resuming normal operation.

Analog Inputs

AIN1, AIN2 - Channel 1 and 2 Analog Inputs, PINS 19 and 24.
Analog input connections for the left and right input channels.

VREF - Voltage Reference, PIN 20.
The analog reference voltage which sets the analog input range. In unipolar mode VREEF sets
full-scale; in bipolar mode its magnitude sets both positive and negative full-scale.
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Digital Outputs

STBY - Standby (Calibrating), PIN 5.
Indicates calibration status after reset. Remains low throughout the calibration sequence and
returns high upon completion.

SDATA - Serial Output, PIN 15.
Presents each output data bit on a falling edge of SCLK. Data is valid to be latched on the
rising edge of SCLK.

SSH/SDL - Simultaneous Sample/Hold / Serial Data Latch, PIN 11.
Used to control an external sample/hold amplifier to achieve simultaneous sampling between
channels. In FRN and SSC modes (SCLK is an output), this signal provides a convenient latch
signal which forms the 16 data bits. This can be used to control external serial to parallel
latches, or to control the serial port in a DSP.

TRK1, TRK2 - Tracking Channel 1, Tracking Channel 2, PINS 8 and 9.
Falls low at the end of a conversion cycle, indicating the acquisition phase for the
corresponding channel. The TRK1 or TRK2 pin will return high at the beginning of conversion
for that channel.

Analog Outputs
REFBUF - Reference Buffer Output, PIN 21.

Reference buffer output. A 0.1 uF ceramic capacitor must be tied between this pin and VA-.
Miscellaneous

TEST - Test, PIN 26.
Allows access to the CS5101A’s and the CS5102A’s test functions which are reserved for
factory use. Must be tied to VD+.
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PARAMETER DEFINITIONS

Linearity Error
The deviation of a code from a straight line passing through the endpoints of the transfer
function after zero- and full-scale errors have been accounted for. "Zero-scale" is a point 1/2
LSB below the first code transition and "full-scale” is a point 1/2 LSB beyond the code
transition to all ones. The deviation is measured from the middle of each particular code. Units
in % Full-Scale.

Differential Linearity
Minimum resolution for which no missing codes is guaranteed. Units in bits.

Full Scale Error
The deviation of the last code transition from the ideal (VREF-3/2 L.SB’s). Units in LSB’s.

Unipolar Offset
The deviation of the first code transition from the ideal (1/2 LSB above AGND) when in
unipolar mode (BP/UP low). Units in LSB’s.

Bipolar Offset
The deviation of the mid-scale transition (011...111 to 100...000) from the ideal (1/2 LSB below
AGND) when in bipolar mode (BP/UP high). Units in LSB’s.

Bipolar Negative Full-Scale Error .
The deviation of the first code transition from the ideal when in bipolar mode (BP/UP high).
The ideal is defined as lying on a straight line which passes through the final and mid-scale
code transitions. Units in LSB’s.

Signal to Peak Harmonic or Noise
The ratio of the rms value of the signal to the rms value of the next largest spectral component
below the Nyquist rate (excepting dc). This component is often an aliased harmonic when the
signal frequency is a significant proportion of the sampling rate. Expressed in decibels.

Total Harmonic Distortion
The ratio of the rms sum of all harmonics to the rms value of the signal. Units in percent.

Signal-to-(Noise + Distortion)
The ratio of the rms value of the signal to the rms sum of all other spectral components below
the Nyquist rate (excepting dc), including distortion components. Expressed in decibels.

Aperture Time
The time required after the hold command for the sampling switch to open fully. Effectively a
sampling delay which can be nulled by advancing the sampling signal. Units in nanoseconds.

Aperture Jitter
The range of variation in the aperture time. Effectively the "sampling window" which ultimately
dictates the maximum input signal slew rate acceptable for a given accuracy. Units in picosec-
onds.
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Model
CS5101A-JP8
CS5101A-KP8
CS5101A-JP16
CS5101A-JL8
CS5101A-KL8
CS5101A-JL16
CS5101A-AP8
CS5101A-BP8
CS5101A-AL8
CS5101A-BL8
CS5101A-SD8
CS5101A-TD8
CS5101A-SE8
CS5101A-TES8
5962-9169101MXA
5962-9169102MXA
5962-9169101M3A
5962-9169102M3A

Conversion Time

8.13 ps
8.13 us
16.25 pus
8.13 us
8.13 us
16.25 us
8.13 us
8.13 us
8.13 pus
8.13 us
8.13 us
8.13 us
8.13 us
8.13 us
8.13 us
8.13 us
8.13 us
8.13 us

Throughput
100 kHz
100 kHz

50 kHz
100 kHz
100 kHz

50 kHz
100 kHz
100 kHz
100 kHz
100 kHz
100 kHz
100 kHz
100 kHz
100 kHz
100 kHz
100 kHz
100 kHz
100 kHz

Discontinued
Part Number
CS5101A-SD8B
CS5101A-TD8B
CS5101A-SE8B
CS5101A-TESB

CS5102A Ordering Guide

Linearity
0.003%
0.002%
0.003%
0.003%
0.002%
0.003%
0.003%
0.002%
0.003%
0.002%
0.004%
0.003%
0.004%
0.003%
0.004%
0.003%
0.004%
0.003%

Recommended Device

CS5101A CS5102A

CS5101A Ordering Guide

Temperature
0to 70 °C
0to 70°C
0to70°C
0to 70 °C
0to 70°C
0to 70 °C

-40 to 85 °C
-40 to 85 °C
-40 to 85 °C
-40 to 85 °C

-65 to 125 °C

-65t0 125 °C

-55 to 125 °C

-65t0 125 °C

-55t0 125 °C

-55to 125 °C

-65 to 125 °C

-55to 125 °C

Equivalent

5962-9169101MXA
5962-9169102MXA
5962-9169101M3A
5962-9169102M3A

Package

28-Pin Plastic DIP
28-Pin Plastic DIP
28-Pin Plastic DIP
28-Pin PLCC
28-Pin PLCC
28-Pin PLCC
28-Pin Plastic DIP
28-Pin Plastic DIP
28-Pin PLCC
28-Pin PLCC
28-Pin CerDIP
28-Pin CerDIP
28-Pin LCC
28-Pin LCC
28-Pin CerDIP
28-Pin CerDIP
28-Pin LCC
28-Pin LCC

Model Conversion Time  Throughput Linearity Temperature Package
CS5102A-JP 40 ps 20 kHz 0.003% 0to 70 °C 28-Pin Plastic DIP
CS5102A-KP 40 ps 20 kHz 0.0015% 0to 70 °C 28-Pin Plastic DIP
CS5102A-JL 40 ps 20 kHz 0.003% 0to 70 °C 28-Pin PLCC
CS5102A-KL 40 us 20 kHz 0.0015% 0to 70°C 28-Pin PLCC
CS5102A-AP 40 ps 20 kHz 0.003% -40 to 85 °C 28-Pin Plastic DIP
CS5102A-BP 40 ps 20 kHz 0.0015% -40 to 85 °C 28-Pin Plastic DIP
CS5102A-AL 40 ps 20 kHz 0.003% -40 to 85 °C 28-Pin PLCC

- CS5102A-BL 40 us 20 kHz 0.0015% -40 to 85 °C 28-Pin PLCC
CS5102A-SD 40 us 20 kHz 0.004% -55 t0 125 °C 28-Pin CerDIP
CS5102A-TD 40 s 20 kHz 0.002% -65to 125 °C 28-Pin CerDIP
CS5102A-SE 40 us 20 kHz 0.004% -55 to 125 °C 28-Pin LCC
CS5102A-TE 40 us 20 kHz 0.002% -55 to 125 °C 28-Pin LCC
5962-9169201MXA 40 ps 20 kHz 0.004% -55 to 125 °C 28-Pin CerDIP
5962-9169202MXA 40ps 20 kHz 0.002% -55 to 125 °C 28-Pin CerDIP
5962-9169201M3A 40 pus 20 kHz 0.004% -55 to 125 °C 28-Pin LCC
5962-9169202M3A 40 pus 20 kHz 0.002% -55 to 125 °C 28-Pin LCC

Discontinued Equivalent

Part Number Recommended Device
CS5102A-SDB 5962-9169201MXA
CS5102A-TDB 5962-9169202MXA
CS5102A-SEB 5962-9169201M3A
CS5102A-TEB 5962-9169202M3A
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Semiconductor Corporation

Evaluation Board for CS5101A & CS5102A

Features General Description
The CDB5101A/5102A Evaluation Board allows fast
® Serial to Parallel Conversion evaluation of the CS5101A and CS5102A 2-Channel,

16-bit Analog-to-Digital Converters.

) Analog inputs are via BNC connectors. Digital outputs
® Adjustable Voltage Reference are available both directly from the ADC in serial form,

and in 16 bit parallel form.

®+5V Regulators An adjustable monolithic voltage reference is included.
. Ordering Information
® Digital and Analog Patch Areas 9 CDB5101A
CDB5102A

ov -15v +15V oV  +5V .
Analog Digital
Patch Patch
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+5V Regulat
AGND 70 [ hanD viLs
VA+ VA- VD- VD+
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Reference VREF Xout O%
[ REFBUF CLKIN o EX
T T CLKIN
AIN1 VA HOLD O HOLD
(@ — Input AIN1 S=
Buffers AIN2 .
AIN2 L 7" CS5101A T
or Serial | | &
CS5102A Output | |8 :
CODE Buffers T |
vod BP/UP )
ode
Select SCKMOD - -
Switches OUTMOD SSH/SDL| Serial .
SLEEP SCLK Paralil 3
CH1/CH2 f T
SDATA Conversion
Crystal Semiconductor Corporation ) ) ) MAR 95 :
P.O. Box 17847, Austin, TX 78760 Copyright © Crystal Semiconductor Corporation 1995 DS45DB3

(All Rights Reserved)
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CDB5101A/5102A

Power Supplies

Figure 1 shows the power supply arrangements.
The analog section of the board is powered by
+ 12/15 volts, which is regulated down to + 5V
for the ADC. A separate +5V digital supply is
required to power the discrete logic.

Analog Input

The CS5101A/02A converters have a two-chan-
nel multiplexer input. Separate amplifiers (see
Figure 2) are provided on the evaluation board to
drive each input independently. If the converter
is used in FRN mode, the multiplexer "ping-
pongs" between channels. If only one signal is to
be digitized in FRN mode at full speed,

the AIN1 and AIN2 pins on the converter should
be shorted together. Then the amplifier circuitry
for the unused channel should be disconnected.
For example, if only Analog Input one is used
(in FRN mode) as the input, short the AIN1 and
AIN2 pins of the converter and remove R15 and
C15.

If you do not want to use the on-board amplifi-
ers, connect your signal to TP27 for channel 1
and TP32 for channel 2. Use TP28 and TP31 to
break the connection to the output of the on-
board buffers. Your own buffer amplifiers may be
installed in the 2 analog patch areas. For critical
2 channel applications, keep the signal path for
the 2 channels identical.

15V 78L05 TP - VA+
+12/15V IN U7 ouTt +5VA
coM
’ +C23 C20 c19
—Po wF Jo.22 uF Jo.azuF U1
AGND O ..
deze  [cai s =
0.22 pF 0.47 uF
CcOoM
-12/15V IN yg OUT -5VA
79L05 TP-VA-
+5V
Logic +5VL

DGND

TPGND

Figure 1. Power Supplies

2-150

DS45DB3



ARV B B N v au .
N e N mws

A e N NN CDB5101A/5102A
62pF !
2.0k
—— /W
Input R17 c31
L
Unipolar OV to +4.5V 5V +1TpF ?7
Bipolar -4.5V to +4.5V P
B ApF C30
ANALOG 20k |, 1
INPUT 1 -S|
- 1.0k 5—\/R\/1\/8‘—~—¢ . 6 1.0k TP29 TP28 TP27 Ri4 AINA
@ TP4 + 5 U9 R19 50 Fig. 4
< R27 }_____
4 0PAB27 C45 ' 0.01 pF NPQL1nF
A
+C%2 F_“f____ ci6
*Amplifiers U9 and U10 15V
have gain of +1, as < C33 | :WF
resistors R18 and R21 + |
are left off the board. . c38 1uF
il
-15V + %7
I
ANALOG ca7'layuF
C15 | 1InF
INPUT 2 C48 |, 0.01 pF =
1.0k l_L
@ TP3 3y 4 R15 NPO
<7 Rz AR AIN2
171 U100 1.0k TP30 TP31 TP32 50 Fig. 4
2.0k 7 OPA627
* ApF | C35
l——'i—{ }————417
15V | 4 1WF
'Mcae
q
2.0k R20
|| 62pF
'"'cag
Figure 2. Input Buffer Circuit.
+15V
2 :( % C115pF
B
N oyrf® |
U6 |
LT1019-45 |5 \
TRIM [ > 1
GND cow :
4 \

1k

L o1yF
| o4

15V

Figure 3. Voltage Reference
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Voltage Reference

Figure 3 shows the LTI019-4.5 voltage reference,
which is buffered and filtered to reduce output
impedance and noise.

Master Clock

Figure 4 shows the local connections to the
CS5101A or CS5102A. The appropriate crystal
components are installed at the factory, which
utilize the on-chip oscillator. For use with an ex-

ternal clock, cut Jumper JOO and drive a CMOS
level compatible clock into the CLKIN BNC
connector. R30 is an optional 50Q terminating
resistor if a pulse generator is used.

Sampling Clock (HOLD) Generation

The evaluation board is shipped in FRN mode,
which requires no externally generated HOLD
signal. Alternate modes may be selected using
DIP switch 3 and 4 (See Table 2). An external

10 — VD+
5VA >—e - .
* +ca o5 g\ﬁ' Yo7 s
g uF @.1 uF 0.1 pF _ipF
25 26 |7 N
< § VA+ El' VD+
3 S s CLKIN
[¥s] n ee
8 8 o >—=| VREF
8 8 Fig. 3 20
xout -
Y1 |8.192 MHz | 1.6 MHz
cr7 [T REFBUF "
0.1 pF
c8 | 10pF 30 pF k2 CS5101A RST _H MW—> D
VA- or b C10]_ Re
co| 10pF | 30pF csst2a 6 ? g Lo
1 RO 47k
OSCILLATOR - VD+
COMPONENT See ( 19 S2
See 190 AIN1 =
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HOLD may be connected using the HOLD BNC
connector.

Control Signals

Figure 5 shows 2 headers are provided for serial
data output and control signals. JP3 provides
SDATA and SSH/SDL outputs. It also allows ac-
cess to SCLK & CH1/CH2 which may be inputs
or outputs depending on the serial mode selected
by the DIP switches. Jumpers J10, J11, J12, &
J13 must be set to correspond with the appropri-
ate directions of SCLK and CH1/CH2.

JPS provides output only access to the +5V logic
supply, SCLK, SDATA and SLATCH, the serial
to parallel latching control.

Serial to Parallel Conversion

When operating in the FRN or SSC serial port
modes, the CS5101A/02A readily provides the
three signals (SCLK, SDATA, and SSH/SDL) to
support serial to paralle] conversion of its output
data.

Figure 6 Shows 2 74HCS595’s provided to con-
vert the serial output of the ADC to parallel. A
handshake flip-flop, U3, is provided for the par-
allel interface if required. When parallel data is
available to read, DRDY goes low. The computer
reads the data and sets DACK high and then low.
This resets the flip-flop for the next word. JP4
selects whether both CH1 and CH2 data appears
alternately, or CH1 only, or CH2 only.

SCLK

Direction
C48 | ApF
= 68 J10
T O G In
VWA 0 O
o o
u12 R33 O O—®ou
] Ji
®—JoEr s .
p 15 oB —r—o /o ] SDATA
Fig.4 SDATA 2 a0 vo {2 3 e
¢ 2 5 &0 O ssHsDL
] Al Y1
Fig. 4 SSH/SDL s 7 p | _
o A2 v2 2 AR ’OJ CH1/CH2
Fig. 4 CH/CH2 LI S vs 12 Ogj In oren
Fig.4  SCLK 21 va |1 O O out
14 13
Fig.6 SLATCH AS Y5 —0 a3 ]
CH1/CH2 c47
== 74HC365 Direction -
+ |10pF JP5
+5V — —
Ay T pro o
a2 0 o o I vsv
o o | saten
slo o | scik
oto o | spata
[E |
— HDR10D
Figure 5. Serial Output Buffers
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Figure 6. Serial to Parallel Converter
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OPEN CLOSE
CODE 2's Complement Binary
BP/UP Bipolar Unipolar
- OUTMOD Selects Serial Port
w
o
o
SCKMOD Mode. See Table 2.
SLEEP Normal Mode Sleep Mode
CH1/CH2" AIN{ AIN2

*SWE is not active when the converter is operating in the FRN mode.

Table 1. DIP Switch Selections

SCKMOD OUTMOD CS5101A/CS5102A
(Sw4) (SW3) Output Mode
CLOSE CLOSE (FRN) Free Run
CLOSE OPEN (SSC) Synchronous Self Clocking
OPEN CLOSE (RBT) Registered Burst Transmission
OPEN OPEN (PDT) Pipelined Data Transmission

NOTE: CLOSED = LOW = 0; OPEN = HIGH = 1.

Table 2. Output Mode Selections

DIP Switches
Tables 1 and 2 show the DIP switch settings.

Miscellaneous Hints on Using the Evaluation
Board

Always depress the reset button after powering
up the board. The CS5101A & CS5102A are self
calibrating ADC’s which require a reset to initi-
ate the internal calibration procedure.

Crystal Semiconductor has software, available on
request, which allows the evaluation board to be
connected to a Metrabyte PIO12 parallel 1/O
card (which uses an Intel 8255 PIO chip), which
is plugged into an IBM PC or compatible com-
puter. The software is assembly language drivers
to read the data from the board. Also included is
source code, in Fortran, of an FFT routine.

DS45DB3
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Semiconductor Corporation

CS5126

16-Bit, Stereo A/D Converter for Digital Audio

Features

® Monolithic CMOS A/D Converter
Inherent Sampling Architecture
Stereo or Monaural Capability
Serial Output

® Monaural Sampling Rates up to 100 kHz
50 kHz/Channel Stereo Sampling

® Signal-to-(Noise+Distortion): 92 dB

® Dynamic Range: 92 dB
95dB in 2X Oversampling Schemes

@ Interchannel Isolation: 90 dB

® 2’s Complement or Binary Coding

® Low Power Dissipation: 260 mW
Power Down Mode for Portable
Applications

® Evaluation Board Available

General Description

The CS5126 CMOS analog-to-digital converter is an
ideal front-end for stereo or monaural digital audio sys-
tems. The CS5126 can be configured to handle two
channels at up to 50kHz sampling per channel, or it
can be configured to sample one channel at rates up
to 100kHz.

The CS5126 executes a successive approximation al-
gorithm using a charge redistribution architecture.
On-chip self-calibration circuitry has 18-bit resolution
thus avoiding any degradation in performance with low-
level signals. The charge redistribution technique also
provides an inherent sampling function which avoids
the need for external sample/hold amplifiers.

Signal-to-(noise+distortion) in stereo operation is 92dB,
and is dominated by internal broadband noise (1/2 LSB
rms). When the CS5126 is configured for 2X oversam-
pling, digital post-filtering bandlimits this white noise to
20kHz, increasing dynamic range to 95dB.

ORDERING INFORMATION:
CS5126-KP 0°Cto70°C
CS5126-KL 0°Cto 70 °C

28-Pin Plastic DIP
28-Pin PLCC

HOLD SLEEP RST STBY CODE TRKL TRKR SSH1 SSH2 SDATA

l12 Jze l2 m‘e TB T9 T10 TH T15

v

SCLK

CLKIN 3———>L CONTROL J—
. .
21 17§ TST1
REFBUF CA'—'SBQ:&'ON MICROCONTROLLER
189 TST2
20 P l -
VREF / 26y TST3
O —_—
AINL 19 k—» 270 TST4
16 BIT CHARGE
REDISTRIBUTION
ANRGZS DAC o
1 COMPARATOR
VRS
AGND 22 o
25 23 6 1 7
VA+ VA- DGND VD- VD+
Crystal Semiconductor Corporation MAR '95
P.O. Box 17847, Austin, TX 78760 Copyright © Crystal ngiconductor Corporation 1995 DS32F1
(512) 445 7222 FAX: (512) 445 7581 (All Rights Reservea) 2-159
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ANALOG CHARACTERISTICS (14 = 25°C; VA+, VD+ = 5V; VA-, VD-
Full-Scale Input Sinewave, 1kHz; fck = 24.576MHz; VREF = 4.5V; Analog Source Impedance = 200Q;

Stereo operation, L/R toggling at 48 kHz unless otherwise specified.)

=-5V;

CS5126
B S

Parameter* Symbol Min Typ Max Units
Resolution - - 16 Bits
Dynamic Performance
Signal-to-(Noise plus Distortion) S/(N+D)
VIN = +FS (10 Hz to 20 kHz) 90 92 - dB
VIN = -20dB (f = 20 kHz) 70 72 - dB
Total Harmonic Distortion THD - 0.001 - %
Dynamic Range Stereo Mode DR 90 92 - dB
Monaural (20 kHz BW) - 95 - dB
Idle Channel Noise Vn(ic) - 1/2 - LSBrms
Interchannel Isolation (Note 1) lic 88 90 - dB
Interchannel Mismatch Mic - 0.01 - dB
dc Accuracy
Full-Scale Error FSE - +4 - LSB
Bipolar Offset Error BPO - +4 - LSB
Analog Input
Aperture Time tapt - 30 - ns
Aperture Jitter tajt - 100 - ps
Input Capacitance (Note 2) Cin - 200 - pF
Power Supplies
Power Supply Current Positive Analog (Note 3) Ia+ - 18 23 mA
Negative Analog IA- - -18 -23 mA
(SLEEP High) Positive Digital b+ - 8 12 mA
Negative Digital Ip- - -8 -12 mA
Power Dissipation (SLEEP High)  (Notes 3, 4) Pdo - 260 350 mW
(SLEEP Low) Pds - 1 - mwW
Power Supply Rejection Positive Supplies (Note 5) | PSR - 84 - dB
Negative Supplies - 84 - dB

Notes: 1. One input grounded; dc to 20kHz, Full Scale input on the other channel.

Guaranteed by characterization.

2. Applies only in the track mode. When converting or calibrating, input capacitance will typically

be 10 pF.

ahw

. All outputs unloaded. All inputs CMOS levels.
. Power dissipation in sleep mode applies with no master clock applied (CLKIN high or low).
. With 300mV p-p, 1kHz ripple applied to each supply separately. A plot of typical power supply

rejection appears in the Analog Circuit Connections section.

* Refer to Parameter Definitions at the end of this data sheet.

Specifications are subject to change without notice.
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DIGITAL CHARACTERISTICS (T4 = Twin to Tmax; VA+, VD+ = 5V+10%; VA-VD- = -5V+10%)

Parameter Symbol Min Typ Max Units
High-Level Input Voltage ViH 2.0 - - Vv
Low-Level Input Voltage ViL - - 0.8 Vv
High-Level Output Voltage (Note 6)] VoH |(VD+)-1.0V - - \"
Low-Level Output Voltage lout = 1.6 mA VoL - - 0.4 \)
Input Leakage Current lin - - 10 HA

Notes: 6. louT = -100 pA. This specification guarantees that each digital output will drive one TTL load
(VoH = 2.4V @ lout = -40 pA).

RECOMMENDED OPERATING CONDITIONS (AGND, DGND = 0V, see note 7.)

Parameter Symbol Min Typ Max |Units
DC Power Supplies: Positive Digital VD+ 4.5 5.0 VA+ \
Negative Digital VD- -4.5 -5.0 -5.5 \
Positive Analog VA+ 4.5 5.0 5.5 \
Negative Analog VA- -4.5 -5.0 -5.5 Vv
Analog Reference Voltage VREF 2.5 4.5 (VA+)-05| V
Analog Input Voltage (Note 8)| VaIN -VREF - VREF Vv

Notes: 7. All voltages with respect to ground.
8. The CS5126 can accept input voltages up to the analog supplies (VA+, VA-). It will produce an
output of all 1’s for inputs above VREF and all 0’s for inputs below -VREF.

ABSOLUTE MAXIMUM RATINGS (AGND, DGND = 0V, all voltages with respect to ground.)

Parameter Symbol Min Max Units
DC Power Supplies: Positive Digital VD+ -0.3 (VA+)+0.3 Vv
Negative Digital VD- 0.3 -6.0 \
Positive Analog VA+ -0.3 6.0 \Y
Negative Analog VA- 0.3 -6.0 Vv

Input Current, Any Pin Except Supplies (Note 9) lin - +10 mA
Analog Input Voltage (AIN and VREF pins) VINA (VA-)-0.3 (VA+)+0.3 \'/
Digital Input Voltage VIND -0.3 (VD+)+0.3 Vv
Ambient Temperature (power applied) TA -55 125 °C
Storage Temperature Tstg -65 150 °C

Notes: 9. Transient currents of up to 100 mA will not cause SCR latch-up.

WARNING: Operation at or beyond these limits may result in permanent damage to the device.
Normal operation is not guaranteed at these extremes.
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SWITCHING CHARACTERISTICS (1A = 25°C; VA+, VD+ = 5V + 10%; VA-, VD- = -5V % 10%;
Inputs: Logic 0 = 0V, Logic 1 = VD+; CL = 50 pF)

Parameter Symbol Min Typ Max Units
Master Clock Period telk 40 - - ns
HOLD to SSH2 Falling (Note 10)| tdfsh2 - 80 - ns
HOLD to TRKL, TRKR SSH1 Falling tdfsh1 198tcik - 214tcik+50 | ns:
HOLD to TRKL, TRKR SSH1, SSH2 Rising tdrsh - 80 - ns
RST Pulse Width trst 150 - - ns
RST to STBY Falling- tdrrs - 100 - ns
RST Rising to STBY Rising teal - 34,584,480 - telk
HOLD Pulse Width thold | 2tcik+50 - 192tcik ns
HOLD to L/R Edge (Note 10)| tdhir -30 - 192tk | ns
SCLK period tsclk 200 - - ns
SCLK Pulse Width Low tsclkl 50 - - ns
SCLK Pulse Width High tsclkh 50 - - ns
SCLK Falling to SDATA Valid tdss - 100 140 ns
HOLD Falling to SDATA Valid tdhs - 140 200 ns

Notes: 10. SSH2 only works correctly if HOLD falling edge is

within +30ns of L/R edge OR if HOLD falling edge

occurs between 30ns before HOLD rises to 192 tqik after HOLD falls.

HOLD (i) ‘ﬂ [
SSH2 (0) _‘(

‘ [
‘*1— tfsh2

«—tdrsh
|_

e

TRKL (0)

TRKR (0)
tdfsh1

Control Output Timing

_
RST | |
t
| cal
STBY |—_\‘
tdrrs| '
=

Reset and Calibration Timing

R . —
R b t Ikl t 1K HOLD
LR B |V gg_.l.&':l td'lSJ\'l..——
HOLD | dssim—
D " SDATA X SCLK
hold A
Channel Selection Timing Serial Data Timing Data Transmit Start Timing
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CS5126

GENERAL DESCRIPTION

The CS5126 is a 2-channel, 100kHz A/D con-
verter designed specifically for stereo digital
audio. The device includes an inherent sam-
ple/hold and an on-chip analog switch for stereo
operation. Both left and right channels can thus
be sampled and converted at rates up to 50kHz
per channel. Alternatively, the CS5126 can be
implemented in 2X oversampling schemes for
improved dynamic range and distortion.

Output data is available in serial form with either
binary or 2’s complement coding. Control out-
puts are also supplied for use with an external
sample/hold amplifier to implement simultane-
ous sampling.

THEORY OF OPERATION

The CS5126 implements a standard successive
approximation algorithm using a charge-redistri-
bution architecture. Instead of the traditional re-
sistor network, the DAC is an array of binary-
weighted capacitors. When not converting, the
CS5126 tracks the analog input signal. The input
voltage is applied across each leg of the DAC
capacitor array, thus performing a voltage-to-
charge conversion.

When the conversion command is issued, the
charge is trapped on the capacitor array and the
analog input is thereafter ignored. In effect, the
entire DAC capacitor array serves as analog
memory during conversion much like a hold ca-
pacitor in a sample/hold amplifier.

The conversion consists of manipulating the bi-
nary-weighted legs of the capacitor array to the
voltage reference and analog ground. All legs
share one common node at the input to the con-
verter’s comparator. This forms a binary-
weighted capacitive divider. Since the charge at
the comparator’s input remains fixed, the voltage
at that point depends on the proportion of ca-
pacitance tied to VREF versus AGND. The suc-

cessive-approximation algorithm is used to find
the proportion of capacitance which will drive
the voltage to the comparator’s trip point. That
binary fraction of capacitance represents the con-
verter’s digital output.

Calibration

The ability of the CS5126 to convert accurately
clearly depends on the accuracy of its DAC. The
CS5126 uses an on-chip self-calibration scheme
to insure low distortion and excellent dynamic
range independent of input signal conditions.

Each binary-weighted bit capacitor actually con-
sists of several capacitors which can be manipu-
lated to adjust the overall bit weight. During
calibration, an on-chip microcontroller manipu-
lates the sub-arrays to precisely ratio the bits.
Each bit is- adjusted to just balance the sum of
all less significant bits plus one dummy LSB
(for example, 16C = 8C + 4C + 2C + C + C).
The result is typical differential nonlinearity of
+1/4 LSB. That is, codes typically range from
3/4 to 5/4 LSB’s wide.

The CS5126 should be reset upon power-up,
thus initiating a calibration cycle which takes 1.4
seconds to complete. The CS5126 then stores its
calibration coefficients in on-chip SRAM, and
can be recalibrated at any later time.

SYSTEM DESIGN WITH THE CS5126

All timing and control inputs to the CS5126 can
be easily generated from a master system clock.
The CS5126 outputs serial data and a variety of
digital outputs which can be used to control an
external sample/hold amplifier for simultaneous
sampling. The actual circuit connections depend
on the system architecture (stereo or monaural
2X oversampling), and on the sampling charac-
teristics (simultaneous or sequential sampling
between channels).

DS32F1
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System Initialization

Upon power up, the CS5126 must be reset to
guarantee a consistent starting condition and in-
itially calibrate the device. Due to the CS5126’s
low power dissipation and low temperature drift,
no warm-up time is required before reset to ac-
commodate any self-heating effects. However,
the voltage reference input should have stabi-
lized to within 0.25% of its final value before
RST rises to guarantee an accurate calibration.
Later, the CS5126 may be reset at any time to
initiate a single full calibration. Reset overrides
all other functions. If reset, the CS5126 will
clear and initiate a new calibration cycle mid-
conversion or midcalibration.

When RST is brought low all internal logic
clears. When it returns high a calibration cycle
begins which takes 34,584,480 master clock cy-
cles to complete (approximately 1.4 seconds
with a standard 24MHz master clock). The
CS5126’s STBY output remains low throughout
the calibration sequence, and a rising transition
indicates the device is ready for normal opera-
tion.

A simple power-on reset circuit can be built us-
ing a resistor and capacitor as shown in Fig-
ure 1. The RC time constant must be long
enough to guarantee the rest of the system is
fully powered up and stable by the end of reset.

+5V
R CS5126

T

RST

Figure 1. Power-On Reset Circuit

Master Clock

The CS5126 operates from an externally-sup-
plied master clock. In stereo operation, the mas-
ter clock frequency is set at 512 times the per-
channel sampling rate (256 in 2X oversampling
schemes). The CS5126 can accept master clocks
up to 24.576 MHz for 48kHz stereo sampling or
96kHz monaural oversampling.

All timing and control inputs for channel selec-
tion, sampling, and serial data transmission may
be divided down from the master clock. This
yields a completely synchronous system, avoid-
ing sampling and conversion errors due to asyn-
chronous digital noise.

CIRCUIT CONNECTIONS
Stereo Operation

Figure 2 shows the standard circuit connections
for operating the CS5126 in its stereo mode. The
HOLD, L/R, and SCLK inputs are derived from
the master clock using a binary divider string. A
24.576 MHz master clock is required for a sam-
pling rate of 48kHz per channel.

For 48kHz stereo sampling, the CS5126 must
sample and convert at a 96kHz rate to handle
both channels. The master clock is divided by
256 and applied to the HOLD input. A falling
transition on the HOLD pin places the input in
the hold mode and initiates a conversion cycle.
The HOLD input is latched internally by the
master clock, so it can return high anytime after
one master clock cycle plus 50ns.

In stereo operation the CS5126 alternately sam-
ples and converts the left and right input chan-
nels. This alternating channel selection is
achieved by dividing the HOLD input by two
(that is, dividing the master clock by 512) and
applying it to the L/R input. Upon completion of
each conversion cycle, the CS5126 automatically
returns to the track mode. The status of L/R as
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Figure 2. Stereo Mode Connection Diagram

each conversion finishes determines which chan-
nel is acquired and tracked. The L/R input must
remain valid at least until 30ns before the next
falling transition on HOLD.

As shown in the timing diagram in Figure 3, the
CS5126 uses pipelined data transmission. That
is, data from a particular conversion transmits
during the next conversion cycle. The serial
clock input, SCLK, is derived by dividing the
master clock by 16. The MSB (most-significant-
bit) will be stable on the first rising edge of
SCLK after a falling transition on HOLD. With a
serial clock of fcik/16, transmission of all 16 out-
put bits will span an entire conversion and acqui-
sition cycle.

STEREO MODE PERFORMANCE

As illustrated in Figure 4, the CS5126 typically
provides 92dB S/(N+D) and 0.001% THD. Un-
like conventional successive-approximation
ADC’s, the CS5126’s signal-to-noise and dy-
namic range are not limited by differential non-
linearities (DNL) caused by calibration errors.
Rather, the dominant noise source is broadband
thermal noise which aliases into the baseband.
This white broadband noise also appears as an
idle channel noise of 1/2 LSB (rms).

LR (i)

S -

le———— Left Channel Data ——————»l¢——— Right Channel Data ——»]
soatA | tsB fms [ .. N Yussfwmss ) .. [ tss Ymss f
Internal
Status X Rch Conv. ...}< Lch Acq. X Lch Conv. ...)< Rch Acq. X

Figure 3. Stereo Mode Timing
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0dB

Sampling Rate: 48 kHz
Full Scale: 9V p-p

20dB L F - - - - - - - - - - - S/(N+D): 91.75 dB

""""""" S/(N+D): 92.53 dB
4008 tf .- (de to 20 kHz)
-60dB

Signal

Amplitude -80dB
Relative to

Full Scale

-100dB

-120dB

1kHz 24kHz

Input Frequency

Figure 4. FFT Plot of CS5126 in Stereo Mode
(Left Channel with 1 kHz, Full-Scale Input)

Differential Nonlinearity

The self-calibration scheme utilized in the
CS5126 features a calibration resolution of 1/4
LSB, or 18-bits. This ideally yields DNL of
+1/4 LSB, with code widths ranging from 3/4 to
5/4 LSB’s. This insures consistent sound quality
independent of signal level.

Traditional laser trimmed ADC’s have significant
differential nonlinearities which are disastrous to
sound quality with low-level signals. Appearing
as wide and narrow codes, DNL often causes en-
tire sections of the transfer function to be miss-

0dB

Sampling Rate: 48 kHz
Full Scale: 9V p-p
S/(N+D): 83.27 dB

- T

"""""" S/(N+D): 84.06 dB
(dc to 20 kHz)

4008 Lk - - - - - oo -

-60dB
Signal
Amplitude -80dB
Relative to
Full Scale

ing. Although their affect is minor on S/(N+D)
with high amplitude signals, DNL errors domi-
nate performance with low-level signals. For in-
stance, a signal 80dB below full-scale will slew
past only 6 or 7 codes. Half of those codes could
be missing with a conventional hybrid ADC ca-
pable of only 14-bit DNL.

The most common source of DNL errors in con-
ventional ADC’s is bit weight errors. These can
arise due to accuracy limitations in factory trim
stations, thermal or physical stresses after cali-
bration, and/or drifts due to aging or temperature
variations in the field. Bit-weight errors have a
drastic effect on a converter’s ac performance.
They can be analyzed as step functions superim-
posed on the input signal. Since bits (and their
errors) switch in and out throughout the transfer
curve, their effect is signal dependent. That is,
harmonic and intermodulation distortion, as well
as noise, can vary with different input condi-
tions.

Differential nonlinearities in successive-approxi-
mation ADC’s also arise due to dynamic etrors
in the comparator. Such errors can dominate if
the converter’s throughput/sampling rate is

- driven too high. The comparator will not be al-

lowed sufficient time to settle during each bit de-
cision in the successive-approximation algo-

0dB

Sampling Rate: 48 kHz
Full Scale: 8V p-p

R S/(N+D): 13.70 dB

"""""" S/(N+D): 14.49 dB
-40dB b - - - e - e e e (de to 20 kHz)
-60dB

Signal

Amplitude -80dB
Relative to

Full Scale

-100dB -100dB
-120dB -120dB
1kHz ) 24KHz 1 kHz 24kHz
Input Frequency Input Frequency
a. Left Channel with 1 kHz, -10 dB Input b. Left Channel with 1 kHz, -80 dB Input
Figure 5. FFT Plots of CS5126 in Stereo Mode
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rithm. The worst-case codes for dynamic errors
are the major transitions (1/2 FS; 1/4, 3/4 FS;
etc.). Since DNL effects are most critical with
low-level signals, the codes around in mid-scale,
(that is, 1/2 FS), are most important. Yet those
codes are worst-case for dynamic DNL errors!

With all linearity calibration performed on-chip
to 18-bits, the CS5126 maintains accurate bit
weights. DNL errors are dominated by residual
calibration errors of *1/4 LSB rather than dy-
namic errors in the comparator. Furthermore, all
DNL effects on S/(N+D) are buried by white
broadband noise. This yields excellent sound
quality independent of signal level.

(See Figure 5)

Sampling Distortion

Like most discrete sample/hold amplifier de-
signs, the CS5126’s inherent sample/hold exhib-
its a frequency-dependent distortion due to
nonideal sampling of the analog input voltage.
The calibrated capacitor array used during con-
versions is also used to track and hold the ana-
log input signal. The conversion is not per-
formed on the analog input voltage per se, but is
actually performed on the charge trapped on the
capacitor array at the moment the HOLD com-
mand is given. The charge on the array ideally
assumes a linear relationship to the analog input
voltage. Any deviation from this linear relation-
ship will result in conversion errors even if the
conversion process proceeds flawlessly.

At dc, the DAC capacitor array’s voltage coeffi-
cient dictates the converter’s linearity. This vari-
ation in capacitance with respect to applied sig-
nal voltage yields a nonlinear relationship be-
tween the charge on the array and the analog in-
put voltage and places a bow or wave in the
transfer function. This is the dominant source of
distortion at low input frequencies (Figure 4).

0.020

0.016

0.012

THD (%)

0.008

0.004

5kHz 10kHz ~ 15kHz 20kHz 25kHz

Analog Input Frequency

Figure 6. THD vs Input Frequency
( 9V p-p Full-Scale Input)

The ideal relationship between the charge on the
array and the input voltage can also be distorted
at high signal frequencies due to nonlinearities
in the internal MOS switches. Dynamic signals
cause ac current to flow through the switches
connecting the capacitor array to the analog in-
put pin in the track mode. Nonlinear on-resis-
tance in the switches causes a nonlinear voltage
drop. This effect worsens with increased signal
frequency and slew rate as shown in Figure 6
since the magnitude of the steady state current
increases. First noticeable at 1kHz, this distor-
tion assumes a linear relationship with input fre-
quency. With signals 20dB or more below full-
scale, it no longer dominates the converter’s
overall S/(N+D) performance.

This distortion is strictly an ac sampling phe-
nomenon. If significant energy exists at high fre-
quencies, the effect can be eliminated using an
external track-and-hold amplifier to allow the ar-
ray’s charge current to decay, thereby eliminat-
ing any voltage drop across the switches. Since
the CS5126 has a second sampling function on-
chip, the external track-and-hold can return to
the track mode once the converter’s HOLD input
falls. It need only acquire the analog input by
the time the entire conversion cycle finishes.

DS32F1

2-167



r 4 Jyr7 4 4 /4
I _ 4 L, Wy /i
NN N NNy

CS5126

Simultaneous Sampling

The CS5126 offers four digital output signals,
SSH1, SSH2, TRKL, and TRKR which can be
used to control external sample/hold amplifiers
to achieve simultaneous sampling and/or reduce
sampling distortion.

Figure 7 shows the timing relationships for
SSH1, SSH2, TRKL, and TRKR. In the stereo
configuration shown in Figure 1 the CS5126
samples the left and right channels 180° out of
phase. Simultaneous sampling between the left
and right channels can be achieved as shown in
Figure 8a using the CS5126’s SSH2 output. The
external sample/hold will freeze the right chan-
nel analog signal as the CS5126 freezes the left
channel input at AINL. It will hold that signal
valid at AINR until the CS5126 begins a right
channel conversion. Once that conversion begins,
the sample/hold returns to the sample mode. The
acquisition time for the external sample/hold am-
plifier must not exceed the CS5126’s minimum
conversion time of 192 master clock cycles
(7.8us for 48kHz stereo sampling).

J

™ AINL

SH
AINR

SSH2

a. Standard Connections

SH

AINL

SSH1
N SH

—')——’ AINR

b. High-Slew Conditions

Figure 8. Simultaneous Sampling Connections

The CS5126’s sampling distortion with high-fre-
quency, high-amplitude input signals may be im-
proved if a low distortion sample/hold amplifier
is used as-shown in Figure 8a. The right channel
input at AINR will appear as dc to the CS5126
resulting in no ac current flowing through the
internal MOS switches. Sampling distortion can
likewise be improved for both channels using
the SSH1 output as shown in Figure 8b. Simi-

/

LR (i)
HOLD (i)
Internal
Sntaetha Rch Convert Lch Convert rXTRch Acq. X7 Rch Convert X Lch Acq.
SSH1(0) /| Acq. & Track I\ | Hold | / \
| | | |
SSH2 (0) If Acquire & Track I\ Hold | /
| | l |
S | | \
TRKL (0) | | | -
|

TAKR (o) / | |

Figure 7. External Sampling Control Output Timing
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+5V 4 * 14 ¢ * A
+1pF  _J01pF | 100 | o1uF  +hpF
g —vr VA+ VD+ T T
SLEEP = -
Analog | Anti Alias . | le
Input Filter 200 Q _|1nF AINL LR oV
g AINR o HOLD [+— fcix /256
5126 SOLK e—for /16
Voltage - VREF
Reference 1 CLKIN j¢— fclk
AGND SDATA ——>
0.1 puF
VA- VD- * =
e Lo T
-5V ®

* AINR can alternatively be used
with L/R grounded

Figure 9. Monaural 2X Oversampling Connections

larly, the acquisition time for the external sam-
ple/hold amplifiers must not exceed the mini-
mum conversion time of 192 master clock cycles
(7.8us for 48kHz stereo sampling).

Oversampling

The CS5126 can alternatively be used to over-
sample one channel (monaural) by 2X simply by
tying the L/R input high or low. This moves
much of the anti-alias burden from analog filters
to digital post-filtering. The analog filters’ corner
can be pushed out in frequency with lower roll-
off, allowing lower passband ripple and more
linear phase in the audioband. Digital FIR filter-
ing, meanwhile, can be used to implement high
roll-off filters with ultra-low passband ripple and
perfectly linear phase.

Oversampling not only improves system-level
filtering performance, but it also enhances the
ADC’s dynamic range and distortion charac-
teristics. All noise energy in a sampled, digital
signal aliases into the baseband between dc and
one-half the sampling rate. For an ideal succes-

sive-approximation ADC the noise spectral con-
tent is white. Therefore, in a 2X oversampling
scheme such as 96kHz sampling the ADC’s
noise will be be spread uniformly from dc to
48kHz. Digital post-filtering then rejects noise
outside of the 20kHz or 22kHz bandwidth, re-
sulting in improved signal-to-noise and dynamic
range. For a white noise spectrum, a 2X reduc-
tion in bandwidth yields a 3dB improvement in
dynamic range.

Due to its on-chip self-calibration scheme, the
CS5126’s dynamic range is limited only by
white broadband noise rather than signal-depend-
ent DNL errors. Therefore, the CS5126 picks up
a full 3dB improvement in dynamic range to
95dB when implemented in 2X oversampling
schemes.

Oversampling and digital filtering also enhance
the ADC’s distortion performance. Consider for
example a full-scale 15kHz input signal to the
CS5126 sampling at 96kHz. Sampling distortion
produces THD of approximately 0.005% (86dB)
at the converter’s output. Most of the distortion
energy resides in the second and third harmonics

DS32F1
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Figure 10. Example Oversampling System Diagram

at 30kHz and 45kHz. Meanwhile, digital filters
such as the SM5805 shown in Figure 10 will
roll-off rapidly from 22kHz to 28kHz and reject
distortion energy in the second, third, and fourth
harmonics. Clearly, oversampling results in supe-
rior system-level distortion.

Still, if the CS5126’s distortion performance
with high-frequency, high-amplitude signals
must be enhanced in 2X oversampling schemes,
the TRKL or TRKR outputs can be used. Either
TRKL or TRKR will fall at the end of each con-
version cycle depending on which channel is be-
ing acquired. The AINL and TRKL connections
(or AINR and TRKR) can be used as shown in
Figure 11 to control an external low-distortion
sample/hold to create an effective dc input for
the CS5126 and remove sampling distortion.

Digital Circuit Connections

When TTL loads are utilized the potential for
crosstalk between digital and analog sections of
the system is increased. This crosstalk is due to
high digital supply and signal currents arising
from the TTL drive current required of each
digital output. Connecting CMOS logic to the
digital outputs is recommended. Suitable logic
families include 4000B, 74HC, 74AC, 74ACT,
and 74HCT.

The CS5126 has a power down mode, initiated
by bringing SLEEP low. During power down,
the A/D Converter’s calibration information is
retained. The CS5126 may be used for conver-
sion immediately after SLEEP is brought high.

Left SH

Analog In AINL

TRKL

+5V ——— /R

Figure 11. High-Slew Monaural Connections

0dB

Sampling Rate: 96 kHz
Full Scale: 9V p-p
S/(N+D): 91.44 dB
S/(N+D): 95.25 dB

(dc to 20 kHz)

-20dB

-40dB

-60dB

Signal
Amplitude
Relative to

Full Scale 100dB

-80dB

-120dB

1kHz 48kHz

Input Frequency

Figure 12. FFT Plot of CS5126 in Monaural 2X Over-
sampling Mode
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ANALOG CIRCUIT CONNECTIONS

Most popular successive-approximation A/D
converters generate dynamic loads at their ana-
log connections. The CS5126 internally buffers
all analog inputs (AIN, VREF, and AGND) to
ease the demands placed on external circuitry.
However, accurate system operation still requires
careful attention to details at the design stage re-
garding source impedances as well as grounding
and decoupling schemes.

Reference Considerations

An application note titled "Voltage references for
the CS501X/CSZ511X Series of A/D Converters"
is available which describes the dynamic load
conditions presented by the VREF input on
Crystal’s self-calibrating SAR A/D converters
(including the CS5126). As the CS5126 se-
quences through bit decisions it switches por-
tions of the capacitor array to the VREF pin in
accordance with the successive-approximation
algorithm. For proper operation, the source im-
pedance at the VREF pin must remain low at
frequencies up to IMHz.

VA+

IN4148

100 2 VREF

I

10kQ 5: —
100 uF 0.1 pF

AGND

a. Simple Reference

A large capacitor connected between VREF and
AGND can provide sufficiently low output im-
pedance at the frequencies of interest, so the ref-
erence voltage can simply be derived as shown
in Figure 13a. Although very low cost, this refer-
ence has almost no power supply rejection from
the VA+ line.

Alternatively, a more stable and precise refer-
ence can be generated using a TL431 shunt ref-
erence from T.I. or Motorola, as shown in Figure
13b.

The magnitude of the current load on the exter-
nal reference circuitry will scale to the master
clock frequency. At the full-rated 24 MHz clock
the reference must supply a maximum load cur-
rent of 20nA peak-to-peak (2pA typical). An
output impedance of 2Q will therefore yield a
maximum error of 40mV. With a 4.5V reference
and LSB size of 138mV this would insure ap-
proximately 1/4 LSB accuracy. A 10pF capacitor
exhibits an impedance of less than 2Q at fre-
quencies greater than 16kHz. A high-quality tan-
talum capacitor in parallel with a smaller ce-
ramic capacitor is recommended.

+120r+15V

§2k9

50 Q VREF
I 16kQ
0.1 uF
TL431 “A - “TouF o uF
2ka | " "
AGND

b. Low-cost Shunt Reference

Figure 13. Suggested Voltage Reference Circuits
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The CS5126 can operate with a wide range of
reference voltages, but signal-to-noise perform-
ance is maximized by using as wide a signal
range as possible. The recommended reference
Xé)ltage is 4.5 volts. The CS5126 can actually ac-
Cept reference voltages up to the positive analog
supply. However, as the reference voltage ap-
proaches V A+ the external drive requirements
may increase at VREFR.

An internal reference buffer is used to protect
the external reference from current transients
during conversion. This internal buffer enlists the
aid of an external 0.1pF ceramic capacitor which
must be tied between its output, REFBUF, and
the negative analog supply, VA-.

Analog Input Connection

Each time the CS5126 finishes a conversion cy-
cle it switches the internal capacitor array to the
appropriate analog input pin, AINL or AINR.
This creates a minor dynamic load at the sam-
pling frequency. All throughput specifications
apply for maximum analog source impedances
of 200Q2 at AINL and AINR. In addition, the
comparator requires source impedances of less
than 400Q around 2MHz for stability, which is
met by practically all bipolar op amps. For more
information, see our Application Note: "Input
Buffers for the CS501X/CSZ511X Series of A/D
Converters"

Analog Input Range/Coding Format

The CS5126 features a bipolar input range with
the reference voltage applied to VREF defining
both positive and negative full-scale. The coding
format is set by the state of the CODE input. If
high, coding is 2’s complement; if low, the
CS5126’s output is in offset-binary format.

Grounding and Power Supply Decoupling

The CS5126 uses the analog ground
connection, AGND, only as a reference voltage.
No dc power or signal currents flow through the
AGND connection, thus minimizing the potential
for interchannel crosstalk. Also, AGND is com-
pletely independent of DGND. However, any
noise riding on the AGND input relative to the
system’s analog ground will induce conversion
errors. Therefore, both analog inputs and the ref-
erence voltage should be referred to the AGND
pin, which should be used as the entire system’s
analog ground. The digital and analog supplies
are isolated within the CS5126 and are pinned
out separately to minimize coupling between the
analog and digital sections of the chip. All four
supplies should be decoupled to their respective
grounds using 0.1 uF ceramic capacitors. If sig-
nificant low frequency noise is present on the
supplies, 1 pF tantalum capacitors are recom-
mended in parallel with the 0.1 uF capacitors:

The positive digital power supply of the CS5126
must never exceed the positive analog supply by
more than a diode drop or the CS5126 could ex-
perience permanent damage. If the two supplies
are derived from separate sources, care must be
taken that the analog supply comes up first at
power-up. The system connection diagrams in
figures 2 and 9 show a decoupling scheme
which allows the CS5126 to be powered from a
single set of £ 5V rails. The positive digital sup-
ply is derived from the analog supply through a
10Q resistor to avoid the analog supply dropping
below the digital supply. If this scheme is util-
ized, care must be taken to insure that any digi-
tal load currents (which flow through the 10 Q
resistors) do not cause the magnitude of digital
supplies to drop below the analog supplies by
more than 0.5 volts. Digital supplies must al-
ways remain above the minimum specification.
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As with any high-precision A/D converter, the
CS5126 requires careful attention to grounding
and layout arrangements. However, no unique
layout issues must be addressed to properly ap-
ply the CS5126. The CDB5126 evaluation board
is available for the CS5126, which avoids the
need to design, build, and debug a high-preci-
sion PC board to initially characterize the part.
The board comes with a socketed CS5126, and
can be quickly reconfigured to simulate any
combination of sampling and master clock con-
ditions.

Schematic & Layout Review Service

Confirm Optimum
Schematic & Layout
Before Building Your Board.

For Our Free Review Service
Call Applications Engineering.

Call: (512)445-7222

Power Supply Rejection

The CS5126 features a fully differential compa-
rator design, resulting in superior power supply
rejection. Rejection is further enhanced by the
on-chip self-calibration and "auto-zero" process.
Figure 14 shows worst-case rejection for all
combinations of conversion rates and input con-
ditions.

S
k=)

/

Power Supply Rejection (dB)
@
o

I
S

w
S

N
=3

1kHz 10 kHz 100 kHz 1 MHz
Power Supply Ripple Frequency

Figure 14. Power Supply Rejection
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PIN DESCRIPTIONS

NEGATIVE DIGITAL POWER
RESET & INITIATE CALIBRATION
MASTER CLOCK INPUT

NO CONNECTION

STANDBY (CALIBRATING)
DIGITAL GROUND

POSITIVE DIGITAL POWER
TRACKING LEFT CHANNEL
TRACKING RIGHT CHANNEL
SIMULTANEOUS SAMPLE/HOLD 1
SIMULTANEOUS SAMPLE/HOLD 2
HOLD & CONVERT

LEFT/RIGHT CHANNEL SELECT
SERIAL DATA CLOCK

NEGATIVE DIGITAL POWER
RESET & INITIATE CALIBRATION
MASTER CLOCK INPUT

NO CONNECTION

STANDBY (CALIBRATING)
DIGITAL GROUND

POSITIVE DIGITAL POWER
TRACKING LEFT CHANNEL
TRACKING RIGHT CHANNEL
SIMULTANEOUS SAMPLE/HOLD 1
SIMULTANEOUS SAMPLE/HOLD 2
HOLD & CONVERT

LEFT/RIGHT CHANNEL SELECT
SERIAL DATA CLOCK

VD-
RST
CLKIN
NC
STBY
DGND

TRKL
TRKR
SSH1
SSH2
HOLD

LR
SCLK

RST

CLKIN

NC
STBY

o T o e e Y e A
©

o S e O e B e B

DGND
VD+
TRKL
TRKR
SSH1

© ® N o o

s

3 2 1 2827

top
view

13 14 15 16 17

18

SSH2
HOLD

LR
SCLK

SLEEP
TST4

TST3
VA+
AINR
VA-
AGND

REFBUF

VREF
AINL
TST2
TST1
CODE
SDATA

SLEEP (LOW POWER) MODE
TEST

TEST

POSITIVE ANALOG POWER
RIGHT CHANNEL ANALOG INPUT
NEGATIVE ANALOG POWER
ANALOG GROUND

REFERENCE BUFFER

VOLTAGE REFERENCE

LEFT CHANNEL ANALOG INPUT
TEST

TEST

BINARY/2’'s COMPLEMENT SELECT
SERIAL DATA OUTPUT

SLEEP (LOW POWER) MODE
TEST

TEST

POSITIVE ANALOG POWER
RIGHT CHANNEL ANALOG INPUT
NEGATIVE ANALOG POWER
ANALOG GROUND

REFERENCE BUFFER

VOLTAGE REFERENCE

LEFT CHANNEL ANALOG INPUT
TEST

TEST

BINARY/2's COMPLEMENT SELECT
SERIAL DATA OUTPUT
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Power Supply Connections

VD+ - Positive Digital Power, PIN 7.
Positive digital power supply. Nominally +5 volts.

VD- - Negative Digital Power, PIN 1.
Negative digital power supply. Nominally -5 volts.

DGND - Digital Ground, PIN 6.
Digital ground reference.

VA+ - Positive Analog Power, PIN 25.
Positive analog power supply. Nominally +5 volts.

VA- - Negative Analog Power, PIN 23.
Negative analog power supply. Nominally -5 volts.

AGND - Analog Ground, PIN 22.
Analog ground reference.
Oscillator

CLKIN - Clock Input, PIN 3.
All conversions and calibrations are timed from a master clock which must be externally
supplied.

Digital Inputs

HOLD - Hold, PIN 12.
A falling transition on this pin sets the CS5126 to the hold state and initiates a conversion. This
input must remain low at least one master clock cycle plus 50ns.

L/R - Left/Right Input Channel Select, PIN 13.
Status at the end of a conversion cycle determines which analog input channel will be acquired
for the next conversion cycle.

SLEEP - Sleep, PIN 28.
When brought low causes the CS5126 to enter a low-power quiescent state. All calibration
coefficients are retained in memory, so no recalibration is needed after returning to the normal
operating mode.

CODE - 2’s Complement/Binary Coding Select, PIN 16.
Determines whether data appears in 2’s complement or offset-binary format. If high, 2’s
complement; if low, offset-binary.

SCLK - Serial Clock, PIN 14.
Serial data changes status on a falling edge of this input, and is valid on a rising edge.
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RST - Reset, PIN 32.

When taken low, all internal digital logic is reset. Upon returning high, a full calibration
sequence is initiated which takes 34,584,480 master clock cycles to complete.

Analog Inputs

AINL, AINR - Left and Right Channel Analog Inputs, PINS 19 and 24.
Analog input connections for the left and right input channels.

VREF - Voltage Reference, PIN 20.
The analog reference voltage which sets the analog input range. Its magnitude sets both positive
and negative full-scale. :

Digital Outputs

STBY - Standby (Calibrating), PIN 5.
Indicates calibration status after reset. Remains low throughout the calibration sequence and
returns high upon completion.

SDATA - Serial Output, PIN 15.
Presents each output data bit on a falling edge of the SCLK input. Data is valid to be latched on
the rising edge of SCLK.

SSH1, SSH2 - Simultanéous Sample/Hold 1 and 2, PINS 10 and 11.
Used to control external sample/hold amplifier(s) to achieve simultaneous stereo sampling.

TRKL, TRKR - Tracking Left, Tracking Right, PINS 8 and 9.
Indicate the end of a conversion cycle. Either TRKL or TRKR falls at the end of a conversion
cycle depending on the status of L/R and which channel is to be tracked.

Analog Outputs
REFBUF - Reference Buffer Output, PIN 21.

Reference buffer output. A 0.1uF ceramic capacitor must be tied between this pin and VA-.
Miscellaneous

NC - No Connection, PIN 4.
Must be left floating for proper operation.

TST1, TST2, TST3, TST4 - Test, PINS 17, 18, 26, 27.
Allow access to the CS5126’s test functions which are reserved for factory use. Must be tied to
VD+.
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PARAMETER DEFINITIONS

Total Harmonic Distortion - The ratio of the rms sum of all harmonics up to 20 kHz to the rms value
of the signal. Units in percent.

Signal-to-Noise plus Distortion Ratio - The ratio of the rms value of the signal to the rms sum of all
other spectral components below the Nyquist rate (excepting dc), including distortion components. Ex-
pressed in decibels.

Dynamic Range - Full-scale Signal-to-Noise plus Distortion with the input signal 60dB below full-
scale. Units in decibels.

Interchannel Isolation - A measure of crosstalk between the left and right channels. Measured for
each channel at the converter’s output with the input under test grounded and a full-scale signal ap-
plied to the other channel. Units in decibels.

Full Scale Error - The deviation of the last code transition from the ideal (VREF-3/2 LSB’s) after all
offsets have been externally compensated. Units in decibels relative to full scale.

Bipolar Offset - The deviation of the mid-scale transition (011...111 to 100...000) from the ideal
(1/2 LSB below AGND). Units in microvolts.

Interchannel Mismatch - The difference in output codes between the left and right channels with the
same analog input applied. Units expressed in decibels relative to full scale. Tested at full scale input.

Aperture Time - The time required after the hold command for the sampling switch to open fully.
Effectively a sampling delay which can be nulled by advancing the sampling signal. Units in nanosec-
onds.

Aperture Jitter - The range of variation in the aperture time. Effectively the "sampling window"
which ultimately dictates the maximum input signal slew rate acceptable for a given accuracy. Units in
picoseconds.
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CDB5126

Evaluation Board for CS5126

Features

® Serial to Parallel Conversion
@ All Timing Signals Provided
® Adjustable Voltage Reference
@ + 5V Regulators

@® Digital and Analog Patch Areas

General Description
The CDB5126 Evaluation Board allows fast evaluation of

the CS5126 2-Channel, 16-bit Analog-to-Digital Con-
verter.

ORDERING INFORMATION

Analog inputs are via BNC connectors. Digital outputs
are available both directly from the ADC in serial form,
and in 16 bit parallel form.

An adjustable monolithic voltage reference is included.

CDB5126
ov -15V 15V v 5V
Analog * " Digital
Patch Patch
Area +5V Regulators - Area
AGND DGND VL+
! Y Y ' . o) EXT
Volt VA+ VA- VD- VD+ CLKIN
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Reference VREF Clock
[ REFBUF CLKIN g Generator
T '
VA- CS5126 HOLD Sampling
AINL@ AINL — Timing 4—@) HOLD
LR Control
@ -~ o= AINR
AINR SDATA
— Serial
BP/UP SCLK Clock
Mode SLEEP Switching
Select TEST TRKR > TP !
Switches TEST TRKL —*> TP Serial N
CODE SSH1 — TP to %
Conversion
Crystal Semiconductor Corporation o o ) MAR '95
P.O. Box 17847, Austin, TX 78760 o e e Foanay " 1999 DS32DB5
(512) 445 7222 Fax:(512) 445 7581 9 2-178
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Power Supplies

Figure 1 shows the power supply arrangements.
The analog section of the board is powered by
+ 15 volts, which is regulated down to +5 V for
the ADC. A separate +5 V digital supply is re-
quired to power the discrete logic. Be sure to
switch on the + 15 V at the same time as, or be-
fore, the + 5 V logic supply. This will make sure
that the CLK and other logic signal are not driv-
ing the part before it is powered.

Analog Input

The analog input range is either * Vref in the bi-
polar mode or 0 V to +Vref in the unipolar mode.
The voltage reference is factory set to the recom-
mended value of +4.5 volts, so the typical input
signal ranges become * 4.5 volts or 0V to +4.5
V.

The source driving the analog inputs should have
a Jow (<200 Q at high frequency) output imped-
ance. Be careful not to overdrive the inputs
outside the power supplies of the ADC (£5 V).
Figure 2 shows the buffer circuit used at the
Crystal factory to drive the ADC when perform-
ing FFT testing. See the CS5126 data sheet for
example FFT test results.

Voltage Reference

As shown in Figure 3, an LT1019-5 voltage refer-
ence provides a stable 4.5 V reference for the
ADC. An optional OP27 buffer filters out excess
reference noise and provides a very low output
impedance. To try the unbuffered LT1019-5 di-
rectly, solder in J2 and cut the VREF trace.
Alternatively the shunt reference based reference
schematic given in the CS5126 data sheet can be
evaluated by adding it to the analog patch area.

+15V

Tﬂ WF TJ0.22 uF

+5VA
Cc23

[0.47uF  yq

&221 [coa

L025€7 =

D2 0.22 uF 0.47 uF
COoM
-15V IN ouT -5VA
us
18V 79L05
+5VL

Figure 1. Power Supplies
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Figure 2. Example Input Buffer Circuit (not provided on the CDB5126 evaluation board)
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Figure 3. Voltage Reference
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A 5 volt reference can be used provided the sup- BNC connector. R15 is an optional 75 Q termi-

plies to the ADC are elevated to = 5.3 volts. This nating resistor for the external clock BNC.

can be done by inserting 22 Q resistors in series i
with the regulator (U4 and US5) common leads. m

Master Clock

The CS5126 requires an external 24.576 MHz
clock for a 96 kHz sample rate. A 24.576 MHz
clock oscillator module (U6) is provided. An ex-
ternal clock can also be selected by P1, via a

+5VA—¢ - q/w\, . pg VL
ue sc17 _|cts R7 lc1a +lcie us, U9 | U7, Q9 Output
@pF @.1 uF JouF TiuF éRaa
25 7 u7R1eL =1k
BNC3 P1 TP15 VA+ VD+
EXT ool M4 3 |12 gTP13 _ P2o| vy | A2
CLKIN 0.¢ CLKIN HOLD 0o 75
= 0 14_QTP12 90 ©HOLD
RI5Z75 SCLK Dy — [ L
13 9TP11__ P3 P4, BNC4™
- LA root
4 NG s R8, p.4 +5VL Eo o
TST R17
P10 Ut 47k R14 10 k
CS5126 ReT 12 10k =
c13
g SW7 0.1 pF +5VL
DGND
= NEnzoeznznuz RE
18 aSaSa>aS>a> 47k
TST2
C!-'J}ﬂ VREF TST4 27
— |17
2 TST1 o
C9>—=| AGND CODE
|28
SLEEP
STBY [>—oTP9 1N 5N 4N\ 2\ 3
P2 — |8 W
AINR-@)-c00+—24 AINR TRKL| Z2OTP8 | o L 6-way DIP switch
V' BNC1 TP3 TRKR " LA SW1 thru SW6
AINL [-(©)-000-+—12] AINL SSH1 [ TP6
' BNC2 SSH2 ;—ows
21
SDATA TP14
REFBUF R AL pin 14
c10 VA- VD-
‘Fm uF 23 10
-5VA —
Tcis lon que\’ ez |c1e
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Figure 4. ADC Connections
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Sampling Clock Generation Logic

The CS5126 requires an external serial clock to
clock out the data. The CDB5126 board has the
logic necessary to generate the master clock,
HOLD, L/R, and SCLK to allow fast evaluation
of the ADC. In most systems, these timing sig-
nals will be available from the main timing
section, typically generated by a logic array of
some variety. HOLD may be brought in exter-
nally via a

BNC, optionally terminated by R29. SCLK and
L/R select may be brought in externally via test
points and removing jumpers.

Figure 5 shows the on-board clock generation cir-
cuitry. U7 (74HC4040) produces binary divided
ratios of the 24.576 MHz master clock. Q4 gener-
ates a 1.5 MHz clock, which is used for SCLK.
Q8 generates a 96 kHz clock, used for HOLD,
and Q9 generates a 48 kHz clock, optionally used

to toggle L/R select. This set of clocks causes the
CS5126 to continuously convert, generating a
continuous stream of serial data bits. To correctly
identify the last bit of each word, U12 produces a
pulse only when Q4, QS5, Q6, Q7, Q8, and op-
tionally Q9 are all high. This state is latched by
U10A to prevent any glitches, and the resulting
signal (attached to TP18) is used to latch the U8-
U9 shift registers.

Serial to Parallel Conversion

Figure 6 shows the serial to parallel conversion
circuit. Two 74HC595 shift register/latches con-
nected in series with SDATA assemble 16-bit,
parallel words, clocked by SCLK. As discussed
above, the outputs are latched inside the
T4HC595 at the end of each 16-bit word. The
outputs are brought out to a 40-way header (P5).
Only low capacitance, twisted pair, ribbon cable
should be used.

+5VL ¢ °
R16 |
R18 | R19 R16,p.5
p4 | K .p5L
a7kS 47K | i 47k = '
o P10 C31
12 " .._;4233 - R16, p% 1l , TotwF
+O O -
3 c - Lo tca2 47k t—lc3o CLR 12
+5VL o4 uF
0.4 uF lo1
, [ — 3| 14 = 14 = U10A
o oP12 1029 — 2 U 14| 74HCT3 |43
iI‘o To.1uF 4 u12 . 7 3 J Q=
' - 277 7| 74mco0 LK
U1, pin 8 a1z il —E = L
ISa11 Q2| -
14510 vz aal® coe i
+5VL 2las  _ qufS A
g Qs 3 470
<
10 5 2 . I
CLK O a6 . ,
F 'o'P9 oo P7
Crystal Wast N a7f? Q 0.0,
0.1 uF| Oscillator 8 13 ol |1
Q8
4

P1
(CLKIN)

_P2_
(HOLD)

P3

uUs, U9
uUs, U9 Latch CLK
Shift CLK

Figure 5. Timing Generator
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J1 - Joins analog ground to digital ground on the board.

J2 - Joins LT1019-5 reference directly to the VREF pin on the ADC. Before doing this, break the connection
between R3 and the ADC VREF pin by using a twist drill to remove the central feedthrough. This option
allows evaluation of different reference configurations.

J4 - Connects an external clock to CLKIN on the ADC.

Table 1. Solder Link Options

P1 0 - Select external clock via BNC connector

* 1 - Select on-board clock generated by U6.

P2 * 0 - Select on-board generated HOLD.
1 - Select external HOLD via BNC connector.

P3 = Connect SCLK to on-board shift registers.

P4 * 0 — Pull UR select pin high, selecting the left channel only.
1 - Drive L/R select at 48 kHz from the on-board timing generator.
2 - Pull L/R select pin low, selecting the right channel only.

P6 Connect the OE pins of the shift registers to ground. Permanently enables the 3-state output buffers.

P7 % 0 - Connects the on-board Data Ready signal to the shift registers.
1 - Connects the NAND gate outputs (U11, pin 11) to the shift registers.

P8 * 1 - Connects the un-latched on-board Data Ready signal to P5.
2 - Connects TRKL and TRKR ANDED together to P5. This signal can be used as an "End of Convert"
indicator.
3 - Connects TRKL to P5.
4 - Connects TRKR to PS5,

P9 * Connects the on-board generated SCLK to the rest of the on-board circuitry.

P10 * 0 - Causes the on-board Data Ready generating circuit to flag data ready every conversion.
1 - Causes the on-board Data Ready generating circuit to flag data ready every left conversion. P4 must
be in position 1 for this to work.
2 - Causes the on-board Data Ready generating circuit to flag data ready every right conversion. P4 must
be in position 1 for this to work.

P11 0 - Connects TRKL & TRKR to U10B, the handshake flip-flop.
* 1 - Connects the on-board data ready signal to U10B.

P12 = 0 - Allows selection of the DRDY signals for alternate channels.
1 - Connects the TRKL & TRKR to U11, pin 13.

*  Factory default state for CS5126
Table 2. Shorting Plug Selectable Options
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U10B (74HC73) is used as a handshake flip-flop
with the computer system attached to the evalu-
ation board. The board brings DRDY low. The
computer reads the data and then sets DACK mo-
mentarily high. This resets U10B for the next
word. This handshake can be disabled by setting
P8 jumper to position 1.

DIP Switches

Figure 7 and Table 3 shows the DIP switch se-
lectable options.

SLEEP mode

set at logic "1" for CS5126

set at logic "1" for CS5126

Output Encoding

No Connect
(u591 option)

OPEN
Logic "0" = ON = CLOSED / Logic "1" = OFF = OPEN

Figure 7. DIP switch configuration

Test Points

Table 4 is a list of the test points provided on the
Evaluation Board.

CS5126
TP1 VREF
TP2 AINR
TP3 AINL
TP4 AGND
TP5 SSH2
TP6 SSHA1
TP7 TRKR
TP8 TRKL
TP9 STBY
TP10 NC
TP11 LR
TP12 SCLK
TP13 HOLD
TP14 SDATA
TP15 CLKIN
TP16 DGND
TP17 TRKL + TRKR
TP18 Latch Clock for the 74HC595
shift registers

Table 4. CDB5126 Test Points

Switch | Logic | Mode
1 0 SLEEP mode
1 Normal mode
2,3, 4 set to "1" for CS5126
5 0 Offset binary output code
1 2’s complement output code
6 Unconnected. Available for
user's applications
Table 3. DIP Switch Selection Options
DS32DB5 2-185
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Miscellaneous Hints on Using the Evaluation
Board

Always hit the reset button after powering-up the
board. The CS5126 is self calibrating and require
the reset signal to initiate the calibration proce-
dure.

P4 controls the ADC input mux. This is used to
set the mux to be continuously connected to one
channel, or to be toggling between two channels.
This is very useful for evaluating oversampled vs.
regular sampling digital audio.

P10 controls the Data Ready pulses from the on-
board logic. To cause every data sample to be
read, select option 0. If you wish to read only
every alternate sample, then select option 1 or 2,
depending on whether you wish to read every left
channel value, or every right channel value. This
is useful for evaluating the part with a test system
which does not separate alternate values.

CDBCAPTURE Interface

Figure 8 illustrates the CDBCAPTURE interface
that can be constructed in the digital patch area.
A 2-row, 10 pin stake header is wired as shown.

Circuit Board

(Top View)
(GND-Digital Patch) GND O
GND O
GND O
GND O
GND O

+5V  (+5VL - Digital Patch)
+5V  (+5VL - Digital Patch)
FRAME (DRDY - P8)

SCLK (SCLK - U9-11)
SDATA (SDATA - U8-14)

O O O O O

Figure 8. CDBCAPTURE Header Signal Pattern
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Semiconductor Corporation

CS5317

16-Bit, 20 kHz Oversampling A/D Converter

Features

® Complete Voiceband DSP Front-End
16-Bit A/D Converter
Internal Track & Hold Amplifier
On-Chip Voltage Reference
Linear-Phase Digital Filter

® On-Chip PLL for Simplified Output
Phase Locking in Modem Applications

® 84 dB Dynamic Range

® 80 dB Total Harmonic Distortion
® Output Word Rates up to 20 kHz
® DSP-Compatible Serial Interface

® Low Power Dissipation: 220 mW

General Description

The CS5317 is an ideal analog front-end for voiceband
signal processing applications such as high-perform-
ance modems, passive sonar, and voice recognition
systems. It includes a 16-bit A/D converter with an in-
ternal track & hold amplifier, a voltage reference, and a
linear-phase digital filter.

An on-chip phase-lock loop (PLL) circuit simplifies the
CS5317’s use in applications where the output word
rate must be locked to an external sampling signal.

The CS5317 uses delta-sigma modulation to achieve
16-bit output word rates up to 20 kHz. The delta-sigma
technique utilizes oversampling followed by a digital fil-
tering and decimation process. The combination of
oversampling and digital filtering greatly eases antialias
requirements. Thus, the CS5317 offers 84 dB dynamic
range and 80 dB THD and signal bandwidths up to 10
kHz at a fraction of the cost of hybrid and discrete so-
lutions.

The CS5317’s advanced CMOS construction provides
low power consumption of 220 mW and the inherent
reliability of monolithic devices.

ORDERING INFORMATION:  Page 2-208
VCOIN PHDT RST MODE CLKIN DOE
8 17 16 |7 o IE
10| VOLTAGE PLLICLOCK GENERATOR | —» °»d CLKOUT
REFBUF ¢—<-| REFERENCE
3.
COMPARATOR state |
AIN + 384th Order Buffers DATA
DECIMATION > 8 I
P FILTER
NC DOUT
1 14 15 2 10 4
VA+ VA- AGND VD+ VD- DGND
Crystal Semiconductor Corporation MAR '95
P.O. Box 17847, Austin, TX 78760 Copyright © Crystal S'emiconductor Corporation 1995 DS27F4
(512) 445 7222 FAX 512 445 7581 (Al Rights Reserved) 2-189
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ANALOG CHARACTERISTICS (Ta = Twin - Tmax; VA+, VD+ = 5V £10%; VA-, VD- = -5V +10%;

CLKIN = 4.9152 MHz in CLKOR mode; 1kHz Input Sinewave; with 1.2 kQ, .01 pF antialiasing filter.)

Parameter* Min | Typ | Max Units
Specified Temperature Range C ) 0to 70 °C
Resolution 16 ] - | - Bits
Dynamic Performance
Dynamic Rnage : (Note 1) 78 84 - dB
Total Harmonic Distortion 72 80 - dB
Signal to Intermodulation Distorition - 84 - dB
dc Accuracy '
Differential Nonlinearity : (Note2) - +0.4 - LSB
Positive Full-Scale Error - +150 - mV
Positive Full-Scale Drift - +500 - pv/°C
Bipolar Offset Error - +10 - mV
Bipolar Offset Drift - +50 - uv/°C
Filter Characteristics
Absolute Group Delay (Note 3) 78.125 - - us
Passband Frequency ~ (Note 4) | - 5 - kHz
Input Characteristics ) '
AC Input Impedance (1kHz) - 80 - kQ
Analog Input Full Scale Signal Level . L +2.75 . - - Y
Power Supplies
Power Dissipation (Noteb) l - 220 300 mwW

Notes: 1. Measured over the full 0 to 9.6kHz band with a -20dB input and extrapolated to full-scale. Since this
includes energy in the stopband above 5kHz, additional post-filtering at the CS5317’s output can
typically achieve 88dB dynamic range by improving rejection above 5kHz. This can be increased to
90dB by bandlimiting the output to 2.5kHz.

2. No missing codes is guaranteed by design.

3. Group delay is constant with respect to input analog frequency; that is, the digital FIR filter has
linear phase. Group delay is determined by the formula Dgrp = 384/CLKIN in CLKOR mode, or
192/CLKOUT in any mode.

4. The digital filter's frequency response scales with the master clock. Its -3dB point is determined by
f-3d8 = CLKIN/977.3 in CLKOR mode, or CLKOUT/488.65 in any mode.

5. All outputs unloaded. All inputs CMOS levels.

* Refer to the Parameter Definitions section after the Pin Description section.
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ANALOG CHARACTERISTICS (continued)

Parameter Min Typ Max Units

Power Supply Rejection VA+ (Note 6) - 60 - dB

VA- - 45 - dB

VD+ - 60 - dB

VD- - 55 - dB
Specified Temperature Range 0 to 70 °C
Phase-Lock Loop Characteristics
VCO Gain Constant, Ko (Note 7) -4 -10 -30 Mrad/Vs
VCO Operating Frequency 1.28 - 5.12 MHz
Phase Detector Gain Control, Kd -3 -8 -12 pA/rad
Phase Detector Prop. Delay (Note 8) - 50 100 ns

Notes:

6. With 300mV p-p, 1kHz ripple applied to each supply separately.

7. Over 1.28 MHz to 5.12 MHz VCO output range, where VCO frequency = 2 * CLKOUT.
8. Delay from an input edge to the phase detector to a response at the PHDT output pin.

DIGITAL CHARACTERISTICS (Ta = Twin - Twax; VA+, VD+ = 5V+10%; VA-, VD- = -5V+10%)

All measurements performed under static conditions.

Parameter Symbol Min Typ Max |Units
High-Level Input Voltage VIH 2.0 - - \'
Low-Level Input Voltage Vi - - 0.8 \'
High-Level Output Voltage (Note 9) | Vou |(VD+)-1.0V| - - \'
Low-Level Output Voltage IoUT = 1.6mA VoL - - 0.4 \
Input Leakage Current lin - - 10 pA
3-State Leakage Current loz - - +10 pA
Digital Output Pin Capacitance Cout - 9 - pF

Note:

RECOMMENDED OPERATING CONDITIONS (DGND, AGND = 0V, see Note 10.)

9. lout=-100pA. This specification guarantees the ability to drive one TTL load (VoH=2.4V @ lout=-40pA.).

Parameter Symbol Min Typ Max Units
DC Power Supplies: Positive Digital VD+ 45 5.0 5.5 Vv
Negative Digital VD- -4.5 -5.0 -5.5 \
Positive Analog VA+ 45 5.0 5.5 \
Negative Analog VA- -4.5 -5.0 -5.5 V
Master Clock Frequency folk 0.01 - 5.12 MHz
Note: 10. All voltages with respect to ground.
Specifications are subject to change without notice.
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SWITCHING CHARACTERISTICS (T4 = Tmin-Tmax; CL=50 pF; VD+ = 5V+10%; VD- = -5V+10%)

Parameter Symbol| Min Typ Max Units
Master Clock Frequency: CLKIN
CLKG1 Mode felkg1 - - 20 kHz
CLKG2 Mode felkg2 - - 10 kHz
CLKOR Mode fclkor - - 5.12 MHz
Output Word Rate: DOUT fdout - - 20 kHz
Rise Times: Any Digital Input trisein - 20 1000 ns
Any Digital Output triseout - 15 20 ns
Fall Times: Any Digital Input trallin - 20 1000 ns
Any Digital Output tallout - 15 20 ns
CLKIN Duty Cycle
CLKG1 and CKLG2 Modes Pulse Width Low | tpwi1 200 - - ns
Pulse Width High | tpwh1 200 - - ns
CLKOR Mode Pulse Width Low | tpwit 45 - - ns
Pulse Width High | tpwh1 45 - - ns
RST Pulse Width Low towr 400 - - ns
Set Up Times: RST High to CLKIN High tsut 40 - - ns
CLKIN High to RST High tsu2 40 - - ns
Propagation Delays:
DOE Falling to Data Valid tphi - - 150 ns
CLKIN Rising to DOUT Falling (Note 11) | tphi2 - 1 - CLKOUT
DOE Rising to Hi-Z Output tpihi - - 80 cycles
CLKOUT Rising to DOUT Falling tpih2 - - 60 ns
CLKOUT Rising to DOUT Rising tpiha - - 60 ns
CLKOUT Rising to Data Valid tpih4 - - 100 ns
CLKIN Rising to CLKOUT Falling (Note 12) | tpihs - - 200 ns
CLKIN Rising to CLKOUT Rising (Note 12) | tpihe - - 200 ns

Notes: 11. CLKIN only pertains to CLKG1 and CLKG2 modes.
12. Only valid in CLKOR mode.

ABSOLUTE MAXIMUM RATINGS (DGND, AGND = 0V, all voltages with repect to groung)

Parameter Symbol Min Max Units
DC Power Supplies: Positive Digital VD+ -0.3 (VA+) + 0.3 \"
Negative Digital VD- 0.3 -6.0 \Y
Positive Analog VA+ -0.3 6.0 Vv
Negative Analog VA- 0.3 -6.0 Vv

Input Current, Any Pin Except Supplies (Note 13) lin - +10 mA
Analog Input Voltage (AIN and VREF pins) VINA (VA-) - 0.3 (VA+) + 0.3 \
Digital Input Voltage VIND -0.3 (VD+) + 0.3 \'/
Ambient Operating Temperature TA -55 125 °C
Storage Temperature Tstg -65 150 °C

Notes: 13. Transient currents up to 100mA will not cause SCR latch-up.
WARNING:Operating this device at or beyond these extremes may result in permanent damage to the device.
Normal operation of the part is not guaranteed at these extremes.
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trisein ! tallin triseout tallout
20V - —— 24V

x—— 0.8V —— 04V

Rise and Fall Times

tpwhi towlt

e »le

| | s

CLKIN Timing

CC
D07
CLKIN tphi2
_— 3——{———&——‘
(Note 14) tpih3 |

le—
cc 1+ tphe 1+ tplhi
JE— D
DOUT . U
—» ph|1 )7
56 ;;: : : i
DATA 15 14 1 0
tpihd - +(\iSB)
DOE ) ¢ C «
(Note 15) > 7 ke

CLKIN U\
[\ SN -
t plhs > phe™ » et plh5
GLKOUT [N O A
— () ()
DOUT S
""""""" ’ » let
* tsut tsu2 sul
_ teu2 e S 6 { towr
RST N v
(Note 16)

Reset Timing

Notes: 14. CLKIN only pertains to CLKG1 and CLKG2 modes.
15. If DOE is brought high during serial data transfer, CLKOUT, DOUT, and DATA will immediately
3-state and the rest of the serial data is lost.
16. RST must be held high except in the clock override (CLKOR) mode where it can be used to align
the phases of all internal clocks.
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GENERAL DESCRIPTION

The CS5317 functions as a complete data conver-
sion subsystem for voiceband signal processing.
The A/D converter, sample/hold, voltage refer-
ence, and much of the antialiasing filtering are
performed on-chip. The CS5317’s serial interface
offers its 16-bit, 2’s complement output in a for-
mat which easily interfaces with
industry-standard micro’s and DSP’s.

The CS5317 also includes a phase-locked loop
that simplifies the converter’s application in sys-
tems which require sampling to be locked to an
external signal source. The CS5317 continuously
samples its analog input at a rate set by an exter-
nal clock source. On-chip digital filtering, an
integral part of the delta-sigma ADC, processes
the data and updates the 16-bit output register at
up to 20 kHz. The CS5317 can be read at any rate
up to 20 kHz.

The CS5317 is a CS5316 with an on-chip sam-
pling clock generator. As such, it replaces the
CS5316 and should be considered for all new de-
signs. In addition, a CS5316 look-alike mode is
included, allowing a CS5317 to be dropped into a
CS5316 socket.

THEORY OF OPERATION

The CS5317 utilizes the delta-sigma technique of
executing low-cost, high-resolution A/D conver-
sions. A delta-sigma A/D converter consists of
two basic blocks: an analog modulator and a digi-
tal filter.

Conversion

The analog modulator consists of a 1-bit A/D con-
verter (that is, a comparator) embedded in an
analog negative feedback loop with high open-
loop gain. The modulator samples and converts
the analog input at a rate well above the band-
width of interest (2.5 MHz for the CS5317). The

modulator’s 1-bit output conveys information in
the form of duty cycle. The digital filter then
processes the 1-bit signal and extracts a high
resolution output at a much lower rate (that is,
16-bits at a 20 kHz word rate with a 5 kHz input
bandwidth).

An elementary example of a delta-sigma A/D
converter is a conventional voltage-to-frequency
converter and counter. The VFC’s 1-bit output
conveys information in the form of frequency (or
duty-cycle), which is then filtered (averaged) by
the counter for higher resolution. In comparison,
the CS5317 uses a more sophisticated multi-order
modulator and more powerful FIR filtering to ex-
tract higher word rates, much lower noise, and
more useful system-level filtering.

Filtering

At the system level, the CS5317’s digital filter
can be modeled exactly like an analog filter with
a few minor differences. First, digital filtering re-
sides behind the A/D conversion and can thus
reject noise injected during the conversion proc-
ess (i.e. power supply ripple, voltage reference
noise, or noise in the ADC itself). Analog filtering
cannot.

Also, since digital filtering resides behind the A/D
converter, noise riding unfiltered on a near-full-
scale input could potentially saturate the ADC. In
contrast, analog filtering removes the noise before
it ever reaches the converter. To address this issue,
the CS5317’s analog modulator and digital filter
reserve headroom such that the device can proc-
ess signals with 100mV "excursions" above
full-scale and still output accurately converted
and filtered data. Filtered input signals above full-
scale still result in an output of all ones.

An Application Note called "Delta Sigma Over-
view" contains more details on delta-sigma
conversion and digital filtering.
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SYSTEM DESIGN WITH THE CS5317

Like a tracking ADC, the CS5317 continuously
samples and converts, always tracking the analog
input signal and updating its output register at a
20 kHz rate. The device can be read at any rate to
create any system-level sampling rate desired up
to 20kHz.

Clocking

Oversampling is a critical function in delta-sigma
A/D conversion. Although system-level output
sample rates typically remain between 7kHz and
20kHz in voiceband applications, the CS5317 ac-
tually samples and converts the analog input at
rates up to 2.56 MHz. This internal sampling rate
is typically set by a master clock which is on the
order of several megahertz. See Tablel for a com-
plete description of the clock relationships in the
various CS5317 operating modes.

Some systems such as echo-canceling modems,
though, require the output sampling rate to be
locked to a sampling signal which is 20 kHz or
below. For this reason the CS5317 includes an
on-chip phase-lock loop (PLL) which can gener-
ate its requisite 5.12 MHz master clock from a
20 kHz sampling signal.

The CS5317 features two modes of operation
which utilize the internal PLL. The first, termed
Clock Generation 1 (CLKG1), accepts a sampling
clock up to 20 kHz at the CLKIN pin and inter-
nally generates the requisite 5.12 MHz clock. The
CS5317 then processes samples updating its out-
put register at the rate defined at CLKIN,
typically 20 kHz. For a 20 kHz clock input the
digital filter’s 3 dB corner is set at 5.239 kHz, so
CLKG!I provides a factor of 2X oversampling at
the system level (20 kHz is twice the minimum
possible sampling frequency needed to recon-
struct a SkHz input). The CLKG1 mode is
initiated by tying the MODE input to +5V.

+5V 100
Analog o-
Supply +  O1jpF 1 ] 2 0.1|uF +
VA VD
10| uF * * ol Clock 10] uF
CLKIN [«
: Source
MODE |7 .— VD- (clock override mode / CLKOR)
*— VD+ (clock gen. mode / CLKG1)
C©S5317 ° (clock gen. mode / CLKG2)
Analog K 16 -
Signal 0— Sl.g!.')all ) AN RST
Conditioning +2.75V uP or DSP
Source
Y Control
DOE
VA+ ‘ 18 pout |- Serial
T VCOIN 6 bata
DATA
25nF 3 }_—/\2/5\;{/2 17 5 Interface
PHOT CLKOUT L
AGND
+ 0.1} yF 0.1] pF
DGND 4
VD- +

10| uF
T REFBUF
VA-
l 10Q

10 =
‘ o.1|pr TO[WF

Analog (e
Supply

Figure 1. System Connection Diagram with Example PLL Components
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Output Word
Rate Provides CLKOUT | DOUT

Mode System-level 2X CLKIN fsin fsout F tdecD*

Mode Symbol Pin | RESET | Oversampling (kHz) (MHz) (kHz) | (kHz) | (ns)
Clock CLKG2 ov HIGH NO 7.2 1.8432 7.2 14.4 | 5425
Gen. 2 CLKG2 9.6 2.4576 9.6 19.2 | 406.9
CLKG2 10.0 (max) 2.56 10.0 20.0 | 390.6
Clock CLKG1 +5V HIGH YES 14.4 1.8432 14.4 144 | 5425
Gen. 1 CLKG1 19.2 2.4576 19.2 19.2 | 406.9
CLKG1 20.0 (max) 2.56 20.0 20.0 | 390.6

Clock CLKOR -5V SYNC YES 3686.4 1.8432 144 | 144 N/A

Override CLKOR 4915.2 2.4576 19.2 19.2 N/A

CLKOR 5120.0 (max) 2.56 20.0 20.0 N/A

CS5316 CS5316 | FSYNC| LOW YES 5120.0 (max) 2.56 20.0 20.0 N/A

*t4ed0 - Delay from CLKIN rising to DOUT falling = 1 CLKOUT cycle

Table 1. Mode Comparisons

The second PLL mode is termed Clock Genera-
tion 2 (CLKG2) which generates its 5.12 MHz
clock from a 10 kHz external sampling signal.
Again, output samples are available at the system
sampling rate set by CLKIN, typically 10 kHz.
For the full-rated 10 kHz clock CLKG?2 still sets
the filter’s 3dB point at 5kHz. Therefore,
CLKG2 provides no oversampling beyond the
Nyquist requirement at the system level
(10 kHz : 5 kHz) and its internal digital filter pro-
vides little anti-aliasing value. The CLKG2 mode
is initiated by grounding the MODE pin.

The CS5317 features a third operating mode
called Clock Override (CLKOR). Initiated by ty-
ing the MODE pin to -5V, CLKOR allows the
5.12 MHz master clock to be driven directly into
the CLKIN pin. The CS5317 then processes sam-
ples updating its output register at fcikin/256.
Since all clocking is generated internally, the
CLKOR mode includes a Reset capability which
allows the output samples of multiple CS5317’s
to be synchronized.

The CS5317 also has a_CS5316 compatible
mode, selected by tying RST low, and using
MODE (pin 7) as the FSYNC pin. See the
CS5316 data sheet for detailed timing informa-
tion.

Analog Design Considerations
DC Characteristics

The CS5317 was designed for signal processing.
Its analog modulator uses CMOS amplifiers re-
sulting in offset and gain errors which drift over
temperature. If the CS5317 is being considered
for low-frequency (< 10 Hz) measurement appli-
cations, Crystal Semiconductor recommends the
CS5501, a low-cost, d.c. accurate, delta-sigma
ADC featuring excellent 60 Hz rejection and a
system-level calibration capability.

" The Analog Input Range and Coding Format

The input range of the CS5317 is nominally + 3V,
with £ 250 mV possible gain error. Because of
this gain error, analog input levels should be kept
below +2.75V. The converter’s serial output ap-
pears MSB-first in 2’s complement format.

Antialiasing Considerations

In applying the CS5317, aliasing occurs during
both the initial sampling of the analog input at fg;,
(~2.5MHz) and during the digital decimation
process to the 16-bit output sample rate, fs .
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Initial Sampling

The CS5317 samples the analog input, AIN, at
one-half the master clock frequency (~2.5 MHz
max). The input sampling frequency, fs;,, appears
at CLKOUT regardless of whether the master
clock is generated on-chip (CLKG1 and CLKG2
modes) or driven directly into the CS5317
(CLKOR mode). The digital filter then processes
the input signal at the input sample rate.

Like any sampled-data filter, though, the digital
filter’s passband spectrum repeats around integer
multiples of the sample rate, fg;,. That is, when
the CS5317 is operating at its full-rated speed any

Mag [HE*)| @B) ., 45 0=

noise within +5 kHz bands around 2.5 MHz, 5
MHz, 7.5 MHz, etc. will pass unfiltered and alias
into the baseband. Such noise can only be filtered
by analog filtering before the signal is sampled.
Since the signal is heavily oversampled (2.5
MHz : 5kHz, or 500: 1), a single-pole passive
RC filter can be used as shown in Figure 2.

Input
Signal

AIN
1.2K

 _0.01pF

Note: Any nonlinearities contributed by this filter
will be encoded as distortion by the CS5317.
Therefore a low distortion, high frequency ca-

pacitor such as COG-ceramic is recommended.
Figure 2. Anti-alias Filter

dc

N
M
W
m

40 kHz
60 kHz

3
sin(128r1T) i
_— Y = s T = .
( 128sin(m fT)] I Magnitude where 1/fsin
fsin = input sampling frequency = CLKOUT frequency for all modes
= CLKIN/2 in CLKOR mode
= CLKIN*128 in CLKG1 mode
= CLKIN*256 in CLKG2 mode
F = fsin/128 for all modes
f = input frequency
fsout = fsin/128 = output data rate for CLKOR & CLKG1 = F
fsout = fsin/256 = output data rate for CLKG2 = F/2
Examples: For fsin=2.56 MHz at f = 5 kHz: Magnitude is -2.74 dB
For fsin = 2.56 MHz at f = 10 kHz: Magnitude is -11.8 dB
Figure 3. CS5317 Low-Pass Filter Response
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Decimation

Aliasing effects due to decimation are identical in
the CLKOR and CLKG1 modes. Aliasing is dif-
ferent in the CLKG2 mode due to the difference
in output sample rates (10 kHz vs. 20 kHz) and
thus will be discussed separately.

Aliasing in the CLKOR and CLKG1 Modes

The delta-sigma modulator output is fed into the
digital low-pass filter at the input sampling rate,
fs;,- The filter’s frequency response is shown in
Figure 3. In the process of filtering the digitized
signal the filter decimates the sampling rate by
128 (that is, fs,, = f5;,/128). In its most elemen-
tary form, decimation simply involves ignoring -
or selectively reading - a fraction of the available
samples.

In the process of decimation the output of the
digital filter is effectively resampled at fs,, the
output word rate, which has aliasing implications.
Residual signals after filtering at multiples of fsout
will alias into the baseband. For example, an in-
put tone at 28 kHz will be attenuated by 39.9 dB.
If fs,,, = 20 kHz, the residual tone will alias into
the baseband and appear at 8 kHz in the output
spectrum.

If the input signal contains a large amount of out-
of-band energy, additional analog and/or digital
antialias filtering may be required. If digital post-
filtering is used to augment the CS5317’s
rejection above fs /4 (that is, above 5 kHz), the
filtering will also reject residual quantization

noise from the modulator. This will typically in-
crease the converter’s dynamic range to 88 dB.
Further bandlimiting the digital output to fs,/8
(2.5 kHz at full speed) will typlcally increase dy-
namic range to 90 dB.

Aliasing in the CLKG2 Mode

Aliasing effects in the CLKG2 mode can be mod-
eled exactly as those in the CLKG1 mode with
the output decimated by two (from 20 kHz to 10
kHz). This is most easily achieved by ignoring
every other sample. In the CLKG2 mode the ratio
of the output sampling rate to the filter’s -3 dB
point is two, with no oversampling beyond the
demands of the Nyquist criterion. Without the
ability to roll-off substantially before fs /2, the
on-chip digital filter’s antialiasing value is dimin-
ished.

The CLKG2 mode should therefore be used only
when the output data rate must be minimized due
to communication and/or storage reasons. In ad-
dition, adequate analog filtering must be provided
prior to the A/D converter.

Digital Design Considerations

The CS5317 presents its 16-bit serial output
MSB-first in 2’s complement format. The con-
verter’s serial interface was designed to easily
interface to a wide variety of micro’s and DSP’s.
Appendix A offers several hardware interfaces to
industry-standard processors.

fou'(

i<
DOUT

rl

*

CLKOUT L J LI L

DATA [15]14[13J12[11 {10087 [6[65[4[3[2[1]0 \(’ 115 [14 |
MSB LSB
(sign bit)
Figure 4. Data Output
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Data Output Characteristics & Coding Format

As shown in Figure 4, the CS5317 outputs its 16-
bit data word in a serial burst. The data appears at
the DATA pin on the rising edge of the same
CLKOUT cycle in which DOUT falls. Data
changes on the rising edge of CLKOUT, and can
be latched on the falling edge. The CLKOUT rate
is set by the CLKIN input (fcikin/2 in the CLKOR
mode; fclkin*128 in the CLKG1 mode; and
felkin*256 in the CLKG2 mode). DOUT returns
high after the last bit is transmitted. After trans-
mitting the sixteen data bits, DATA will remain
high until DOUT falls again, initiating the next
data output cycle.

A 3-state capability is available for bus-oriented
applications. The 3-state control input is termed
Data Output Enable, DOE, and is asynchronous
with respect to the rest of the CS5317. If DOE is
taken high at any time, even during a data burst,
the DATA, DOUT and CLKOUT pins go to a
high impedance state. Any data which would be
output while DOE is high is lost.

Power Supplies

Since the A/D converter’s output is digitally fil-
tered in the CS5317, the device is more forgiving
and requires less attention than conventional 16-
bit A/D converters to grounding and layout
arrangements. Still, care must be taken at the de-
sign and layout stages to apply the device
properly. The CS5317 provides separate analog
and digital power supply connections to isolate
digital noise from its analog circuitry. Each sup-
ply pin should be decoupled to its respective
ground, AGND or DGND. Decoupling should be
accomplished with 0.1 uF ceramic capacitors. If
significant low frequency noise is present in the
supplies, 10 uF tantalum capacitors are recom-
mended in parallel with the 0.1 uF capacitors.

The positive digital power supply of the CS5317
must never exceed the positive analog supply by
more than a diode drop or the chip could be per-

manently damaged. If the two supplies are de-
rived from separate sources, care must be taken
that the analog supply comes up first at power-up.
Figure 1 shows a decoupling scheme which al-
lows the CS5317 to be powered from a single set
of £5V rails. The digital supplies are derived
from the analog supplies through 10 Q resistors
to prevent the analog supply from dropping below
the digital supply.

PLL Characteristics

A phase-locked loop is included on the CS5317
and is used to generate the requisite high fre-
quency A/D sampling clock. A functional
diagram of the PLL is shown in Figure 5. The
PLL consists of a phase detector, a filter, a VCO
(voltage-controlled oscillator), and a counter/di-
vider. The phase detector inputs are CLKIN (81)
and a sub-multiple of the VCO output signal (62).
The inputs to the phase detector are positive-edge
triggered and therefore the duty cycle of the
CLKIN signal is not significant. With this type of
phase detector, the lock range of the PLL is equal
to the capture range and is independent of the low
pass filter. The output of the phase detector is in-
put to an external low pass filter. The filter
characteristics are used to determine the transient
response of the loop. The output voltage from the
filter functions as the input control voltage to the
VCO. The output of the VCO is then divided in
frequency to provide an input to the phase detec-
tor. The clock divider ratio is a function of the
PLL mode which has been selected.

Phase Detector Gain (Kd)

A properly designed and operating phase-locked
loop can be described using steady state linear
analysis. Once in frequency lock, any phase dif-
ference between the two inputs to the phase
detector cause a current output from the detector
during the phase error. While either the +50 pA
or the -50 LA current source may be turned on,
the average current flow is:

DS27F4
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foutayy = Kd(01-62) = (-501A/21) (61-62)

where 01 is the phase of IN1, 02 is the phase of
IN2 and Kd is the phase detector gain. The factor
2m comes from averaging the current over a full
CLKIN cycle. Kd is in units of micro-am-
peres/radian.

VCO Gain (Ko)

The output frequency from the VCO ranges from
1.28 MHz to 5.12 MHz. The frequency is a func-
tion of the control voltage input to the VCO. The
VCO has a negative gain factor, meaning that as
the control voltage increases more positively the
output frequency decreases. The gain factor units
are Megaradians per Volt per Second. This is
equivalent to 2 Megahertz per volt. Changes in
output frequency are given by:

A®vco =Ko AVCOin  [Ko is typ. -10Mrad/Vs.]

Counter/Divider Ratio

the phase detector. The binary counter/divider ra-
tio sets the ratio of the VCO frequency to the
CLKIN frequency. As illustrated in Figure 5, the
VCO output is always divided by two to yield the
CLKOUT signal which is identical in frequency
to the delta-sigma modulator sampling clock.
The CLKOUT signal is then further divided by
either 128 in the CLKG1 mode or by 256 in the
CLKG2 mode. When the divide by two stage is
included, the divider ratio (N) for the PLL in the
CLKG1 mode is effectively 256. In the CLKG2
mode the divider ratio (N) is 512.

Loop Transfer Function

As the phase-locked loop is a closed loop system,
an equation can be determined which describes its
closed loop response. Using the gain factors for
the phase detector and the VCO, the filter ar-
rangement and the counter/divider constant N,
analysis will yield the following equation which
describes the transfer function of the PLL:

KoKdR KoKd

S+
o 02 N NC

The CS5317 PLL multiplies the CLKIN rate by 9_1 =7, KoKdR _ KoKd
an integer value. To set the multiplication rate, a "+ N S + NC
counter/divider chain is used to divide the VCO .
output frequency to develop a clock whose fre-
quency is compared to the CLKIN frequency in

8V r VAo _| External RC

Kg = -8 pAfrad 50 HA| ‘ljj* c |
o, ) ] |
o IN1 DOWN > | C2 R | CLKOR
CLKIN
Phase/Frequgncy P o o y - ’ o
Detect Logic PHDT VCOIN C-LKOR Delta-Sigma
IN2 UP [—» ] | Sampling Clock
62 | | Ko=-10MradV.s (CLKOUT)
@50 A
o
-5V
CLKG2

CLKG1

l Conversion Output Rate -
Same Frequency as DOUT

SRy T ———

o Internal Sync for Digital Filter

Figure 5. PLL Functional Diagram
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This equation may be rewritten such that its ele-
ments correspond  with  the  following
characteristic form in which the damping factor,
€, and the natural frequency, ®y , are evident:

02 2Lwns + on 2
01 2+ 2L@ns + on

2

Both the natural frequency and the damping fac-
tor are particularly important in determining the
transient response of the phase-locked loop when
subjected to a step input of phase or frequency. A
family of curves are illustrated in Figure 6 that
indicate the overshoot and stability of the loop as
a function of the damping factor. Each response is
plotted as a function of the normalized time, ®n t.
For a given { and lock time, t, the ®, required
can be determined. Alternatively, phase lock con-
trol loop bandwidth may be a specified parameter.
In some systems it may be desirable to reduce the
-3dB bandwidth of the PLL control loop to re-
duce the effects of jitter in the phase of the input
clock. The 3 dB bandwidth of the PLL control
loop is defined by the following equation:

a8 = onV20 +1+V22 + 1)2 + 1

0, normalized to 04

13 =05
1.2 |
1.1
10 -
09 - =10.0
08
07
06
05
0.4
0.3
0.2
0.1
0.0

0 1 2 3 4 5 6 7 8 9 10
o t.

Figure 6a. 02 Unit Step Response

The equations used to describe the PLL and the
3 dB bandwidth are valid only if the frequency of
CLKIN is approximately 20 times greater than
the 3 dB corner frequency of the control loop.

Filter Components
Using the equations which describe the transfer

function of the PLL system, the following exter-
nal filter component equations can be determined:

c Kch;
N(Dn
N
R = 20on goxd

The gain factors (Ko, Kd) are specified in the
Analog Characteristics table. In the event the sys-
tem calls for very low bandwidth, hence a
corresponding reduction in loop gain, the phase
detector gain factor Kd can be reduced. A large
series resistor (R1) can be inserted between the
output of the detector and the filter. Then the
50 1A current sources will saturate to the supplies
and yield the following gain factor:

-5V
- 2nR1

20 Iog(92/e1)

4
=05 3 ’: {=05
(=06 2 ZE8N
=07 ] e t=10
=038 1 T
=09 2
¢=10 3

s 4 \

ok N
=30 o W
{=100 4 AW

0 Q

-10
0.1 1 10

e,

Figure 6b. Second Order PLL Frequency Response
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In some applications additional filtering may be
useful to eliminate any jitter associated with the
discrete current pulses from the phase detector.
In this case a capacitor whose value is no more
than 0.1 C can be placed across the RC filter net-
work (C2 in Figure 5).

Filter Design Example

The following is a step by step example of how to
derive the loop filter components. The CS5317
A/D sampling clock is to be derived from a 9600
Hz clock source. The application requires the sig-
nal passband of the CS5317 to be 4 kHz. The
on-chip digital filter of the CS5317 has a 3 dB
passband of CLKOUT/488.65 (see Note 4 in the
data sheet specifications tables). The 4 kHz pass-
band requirement dictates that the sample clock
(CLKOUT) of the CS5317 be a minimum of
4000 X 488.65 = 1.954 MHz. This requires the
VCO to run at 3.908 MHz. The 3.908 MHz rate is
407 times greater than the 9600 Hz PLL input
clock. Therefore the CS5317 must be set up in
mode CLKG2 with N = 512. If the CLKG1 mode
were used (N = 256), too narrow of a signal band-
width through the A/D would result.

Once the operating mode has been determined
from the system requirements, a value for the
damping factor must be chosen. Figure 6 illus-
trates the dynamic aspects of the system with a
given damping factor. Damping factor is gener-
ally chosen to be between 0.5 and 2.0. The choice
of 0.5 will result in an overshoot of 30 % to a step
response whereas the choice of 2.0 will result in
an overshoot of less than 5 %. For example pur-
poses, let us use a damping factor of 1.0.

So, let us begin with the following variables :

Ko = - 10 Mradians/volt.sec
Kd = - 8 pA/radian

To calculate values for the resistor R and capaci-
tor C of the filter, we must first derive a value for
on. Using the general rule that the sample clock

should be at least 20 times-higher frequency than
the 3dB bandwidth of the PLL control loop:
CLKIN =20 M35

where CLKIN = 9600 Hz =2m 9600 radians/sec.
So: Wy =271 9600/20 =3016 radians/sgc.
Knowing ;45 and the damping factor of 1.0, we

can calculate the natural frequency, ®n , of the
control loop:

on=03a8V22 + 1+ + 12 + 1

on =3016 N2(1)2 + 1 +V(2(1)2 + 12 + 1
onp=1215  1/sec

Once the natural frequency, ®n , is determined,
values for R and C for the loop filter can be cal-
culated:

R = 2LwnN/KoKd

R =2(1)(1215 1/s) 512/(-10Mrad/v.s.)(-8 nA/rad)
R =15552 v/A=15.55 kQ. UseR=15kQ.

C = KoKd/Nn?

C = (-10 Mrad/v.s)(- 8 pA/rad)/512 (1215 1/s)?
C=1058x10" As/v =105nF. Use 0.1 uF.
The above example assumed typical values for
Ko and Kd. Your application may require a worst
case analysis which includes the minimum or

maximum values. Table 2 shows some other ex-
ample situations and R and C values.

N =512
{=10
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CLKIN CLKOUT
(Hz) Mode N (MHz) 4 W3dB ®n R * (kQ) C *(nF)
7200 CLKG2 512 1.8432 1.0 2262 911 116 187
9600 CLKG2 512 2.4576 1.0 3016 1215 15.5 106
14400 CLKG1 256 1.8432 1.0 4524 1822 11.6 94
19200 CLKG1 256 2.4576 1.0 6032 2430 15.5 52

* The values for R and C are as calculated using the described method. Component tolerances have
not been allowed for. Notice that Ko and Kd can vary over a wide range, so using tight tolerances
for R and C is not justified. Use the nearest conveniently available value.

Table 2 Example PLL Loop Filter R and C values

CS5317 PERFORMANCE

The CS5317 features 100% tested dynamic per-
formance. The following section is included to
illustrate the test method used for the CS5317.

FFT Tests and Windowing

The CS5317 is tested using Fast Fourier Trans-
form (FFT) techniques to analyze the converter’s
dynamic performance. A pure sine wave is ap-
plied to the CS5317 and a "time record” of 1024
samples is captured and processed. The FFT algo-
rithm analyzes the spectral content of the digital
waveform and distributes its energy among 512
"frequency bins". Assuming an ideal sinewave,
distribution of energy in bins outside of the fun-
damental and dc can only be due to quantization
effects and errors in the CS5317.

If sampling is not synchronized to the input sine-
wave it is highly unlikely that the time record will
contain an exact integer number of periods of the
input signal. However, the FFT assumes that the
signal is periodic, and will calculate the spectrum
of a signal that appears to have large discontinui-
ties, thereby yielding a severely distorted
spectrum. To avoid this problem, the time record
is multiplied by a window function prior to per-
forming the FFT. The window function smoothly
forces the endpoints of the time record to zero,
removing the discontinuities. The effect of the
"window" in the frequency domain is to convo-
lute the spectrum of the window with that of the
actual input.

The quality of the window used for harmonic
analysis is typically judged by its highest side-
lobe level. The Blackman-Harris window used to
test the CS5317 has a maximum side-lobe level of
-92 dB.

Figure 7 shows an FFT plot of a typical CS5317
with a 1 kHz sinewave input generated by an "ul-
tra-pure” sine wave generator and the output
multiplied by a Blackman-Harris window. Arti-
facts of windowing are discarded from the
signal-to-noise calculation using the assumption
that quantization noise is white. All FFT plots in
this data sheet were derived by averaging the FFT
results from ten time records. This filters the
spectral variability that can arise from capturing
finite time records, without disturbing the total
energy outside the fundamental. All harmonics
and the -92 dB side-lobes from the Blackman-
Harris window are therefore clearly visible in the
plots.

0dB
N Sampling Rate: 19.2 kHz
B Full Scale: +275V

S S/(N+D): 81.39 dB

-20dB

-40dB

-60dB

Signal

Amplitude
Relative to
Full Scale

-80dB

-100dB

-120dB

9.6kHz —

Input Frequency

Figure 7. CS5317 Dynamic Performance
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Full - scale signal - to - noise - plus - distortion
[S/(N+D)] is calculated as the ratio of the rms
power of the fundamental to the sum of the rms
power of the FFT’s other frequency bins, which
include both noise and distortion. For the
CS5317, signal-to-noise-plus-distortion is shown
to be better than 81 dB for an input frequency
range of 0 to 9.6 kHz (fs/2).

Harmonic distortion characteristics of the CS5317
are excellent at 80 dB full scale signal to THD
(typical), as are intermodulation distortion char-
acteristics, shown in Figure 8. Intermodulation
distortion results from the modulation distortion
of two or more input frequencies by a non-linear
transfer function.

DNL Test

Figure 9 shows a plot of the typical differential
non-linearity (DNL) of the CS5317. This test is
done by taking a large number of conversion re-
sults, and counting the occurrences of each code.
A perfect A/D converter would have all codes of
equal size and therefore equal numbers of occur-
rences. In the DNL test, a code with the average
number of occurrences is considered ideal and
plotted as DNL = 0 LSB. A code with more or
less occurrences than average will appear as a
DNL of greater than or less than zero. A missing
code has zero occurrences, and will appear as a
DNL of -1 LSB.

0dB

""""" S/L.M.D.: 84.7 dB

-20dB

-40dB

-60dB

Signal
Amplitude -80dB
Relative to

Full Scale 10048

-120dB

de 800 1450 9600

Input Frequency (Hz)

Figure 8. CS5317 Intermodulation Distortion

The plot below illustrates the typical DNL per-
formance of the CS5317, and clearly shows the
part easily achieves no missing codes.

Schematic & Layout Review Service

Confirm Optimum
Schematic & Layout
Before Building Your Board.

For Our Free Review Service
Call Applications Engineering.

Call: (512)445-7222
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Figure 9. CS5317 DNL Plot
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PIN DESCRIPTIONS  (Pin numbers refer to the 18-pin DIP package)

18 pin DIP Pinout
®
POSITIVE ANALOG POWER VA+ [1 18[] VCOIN VCO INPUT
POSITIVE DIGITAL POWER VD+ [|2 17[] PHDT PHASE DETECT
DATA OUTPUT ENABLE DOE [|3 16[] RST RESET
DIGITAL GROUND DGND []4 15[] AGND ANALOG GROUND
SERIAL CLOCK OUTPUT CLKOUT [|5 14[] VA- NEGATIVE ANALOG POWER
SERIAL DATA OUTPUT DATA (s 13% NC NO CONNECT
CLOCKING MODE SELECT MODE [|7 12[] REFBUF POSITIVE REFERENCE BUFFER
DATA OUTPUT READY DOUT [Js 11]] AIN ANALOG INPUT
CLOCK INPUT CLKIN []9 10(] VD- NEGATIVE DIGITAL POWER
20 pin SOIC pinout
POSITIVE ANALOG POWER VA+1 1 @ 20 p VCOIN VCO INPUT

1
POSITIVE DIGITAL POWER VD+ 2 19 [n PHDT PHASE DETECT
DATA OUTPUT ENABLE DOE 3 18 [0 RST RESET
DIGITAL GROUND DGND [ 4 17 m AGND ANALOG GROUND
NO CONNECT NCr 5 16 0 NC NO CONNECT
SERIAL CLOCK OUTPUT CLKOUT ] 6 15 M NC NO CONNECT
SERIAL DATA OUTPUT DATA M 7 14 [ VA- NEGATIVE ANALOG POWER
CLOCKING MODE SELECT MODE [ 8 13 0 REFBUF POSITIVE REFERENCE BUFFER
DATA OUTPUT READY DOUT [ ° 12 [0 AIN ANALOG INPUT
CLOCK INPUT CLKIN O 10 110 VD- NEGATIVE DIGITAL POWER

Power Supplies

VD+ - Positive Digital Power, PIN 2.
Positive digital supply voltage. Nominally 5 volts.

VD- - Negative Digital Power, PIN 10.
Negative digital supply voltage. Nominally -5 volts.

DGND - Digital Ground, PIN 4.
Digital ground reference.

VA+ - Positive Analog Power, PIN 1.
Positive analog supply voltage. Nominally 5 volts.

VA- - Negative Analog Power, PIN 14.
Negative analog supply voltage. Nominally -5 volts.

AGND - Analog Ground, PIN 15.
Analog ground reference.

PLL/Clock Generator

CLKIN - Clock Input, PIN 9.
Clock input for both clock generation modes and the clock override mode (see MODE).

DS27F4 2-205
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MODE - Mode Set, PIN 7. ‘
Determines the internal clocking mode utilized by the CS5317. Connect to +5V to select
CLKG1 mode. Connect to DGND to select CLKG2 mode. Connect to -5V to select CLKOR
mode. This pin becomes equivalent to FSYNC in the CSZ5316 compatible mode.

VCOIN - VCO Input, PIN 18.
This pin is typically connected to PHDT. A capacitor and resistor in series connected between
VA+ and this pin sets the filter response of the on-chip phase locked loop.

PHDT - Phase Detect, PIN 17.
This pin is typically connected to VCOIN. A capacitor and resistor in series connected between
VA+ and this pin sets the filter response of the on-chip phase locked loop.

Inputs

AIN - Analog Input, PIN 11.

DOE - Data Output Enable, PIN 3.
Three-state control for serial output interface. When low, DATA, DOUT, and CLKOUT are
active. When high, they are in a high impedance state.

RST - Sample Clock Reset, PIN 16.
Sets phase of CLKOUT. Functions only in the clock override mode, CLKOR. Used to
synchronize the output samples of multiple CS5317’s. Must be kept high in CLKG1 or CLKG2
modes. Also, tying this pin low, with MODE not tied to - 5V, will place the CS5317 into
CSZ5316 compatible mode.

Outputs

DOUT - Data Output Flag, PIN 8. {
The falling edge indicates the start of serial data output on the DATA pin. The rising edge
indicates the end of serial data output.

DATA - Data Output, PIN 6.
Serial data output pin. Converted data is clocked out on this pin by the rising edge of CLKOUT.
Data is sent MSB first in two’s complement format.

CLKOUT - Data Output Clock, PIN 5.
Serial data output clock. Data is clocked out on the rising edge of this pin. The falling edge
should be used to latch data. Since CLKOUT is a free running clock, DOUT can be used to
indicate valid data.

REFBUF - Positive Voltage Reference Noise Buffer, PIN 12.
Used to attenuate noise on the internal positive voltage reference. Must be connected to the
analog ground through a 0.1uF ceramic capacitor.

2-206 DS27F4
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PARAMETER DEFINITIONS

Resolution - The number of different output codes possible. Expressed as N, where 2N is the number
of available output codes.

Dynamic Range - The ratio of the largest allowable input signal to the noise floor.

Total Harmonic Distortion - The ratio of the rms sum of all harmonics to the rms value of the largest
allowable input signal. Units in dB’s.

Signal to Intermodulation Distortion - The ratio of the rms sum of two input signals to the rms sum
of all discernible intermodulation and harmonic distortion products.

Linearity Error - The deviation of a code from a straight line passing through the endpoints of the
transfer function after zero- and full-scale errors have been accounted for. "Zero-scale" is a
point 1/2 LSB below the first code transition and "full-scale" is a point 1/2 LSB beyond the
code transition to all ones. The deviation is measured from the middle of each particular code.
Units in %FS.

Differential Nonlinearity - The deviation of a code’s width from the ideal width. Units in LSB’s.

Positive Full Scale Error - The deviation of the last code transition from the ideal, (VREF - 3/2 LSB).
Units in mV.

Positive Full Scale Drift - The drift in effective, positive, full-scale input voltage with temperature.

Negative Full Scale Error - The deviation of the first code transition from the ideal, (-VREF + 1/2
LSB). Units in mV.

Negative Full Scale Drift - The drift in effective, negative, full-scale input voltage with temperature.
Bipolar Offset - The deviation of the mid-scale transition from the ideal. The ideal is defined as the
middle transition lying on a straight line between actual positive full-scale and actual negative
full-scale.
Bipolar Offset Drift - The drift in the bipolar offset error with temperature. \

Absolute Group Delay - The delay through the filter section of the part.

Passband Frequency - The upper -3 dB frequency of the CS5317. |

\
|
|
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ORDERING GUIDE

Model Number Temperature Range Package
CS5317-KP 0 to 70°C 18 Pin Plastic DIP
CS5317-KS 0 to 70°C 20 Pin Plastic SOIC

2-208 DS27F4
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APPENDIX A Figure Al shows one method of converting the
APPLICATIONS serial output of the CS5317 into 16-bit, parallel

words. The associated timing is also shown.

+5V
Cs5317
DATA A OE2 pi— DO
Py — D1
CLKOUT {>c g Fol— D2
— S8 pl—p3 |8
st § P
pout > 2 R—Ds
s ~ R—D5
£ Psl— D6 16
Ry—— D7 Data
+5V T
— < Eé
OE2 OE1 Py |— Ds
A Ry— D9
@ R D10
S PBr—ob11| L8
2 Rf—ome
S~ Rr—op13
% Ry— D15
&
SET
P ¢ Qp - = INT
&
T _
~ Q —= INT

' Only needed for level sensitive interrupt driven systems.

pouT [ \
DATA L5 [ 1afis e 2] 1] o]

(MSB)

INT aee f

INT Cleared when data read
(CS goes low)

Figure A1l. CS5317-to-Parallel Data Bus Interface
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Figure A2 shows the interconnection and timing Figure A3 shows the interconnection and timing
details for connecting a CS5317 to a NEC details for connecting a CS5317 to a Motorola

UPD7730 DSP chip. DSP 56000.
CS5317 pPD77230
Status Register (SR)
Bit | Mnemonic | Setting | Meaning CLkouT ?E(
9| sal 0 |External Clock pout SIEN
7,6/ SDLI 1,0 |16 bit data DATA Sl
3| SIF 0 |MSB First

DOUT \ . /

DATA 5[ 1413 e 21 [ o]
(MSB)
Figure A2. CS5317-to-NEC pPD77230 Serial Interface

SYNC [ASYNC

SSI Control Reg. A CLKOUT| SCK | SC0 CS5317 DSP56000
CRA (X:FFEC) PINS [DOUT | 8C2 | SCt
WL =1 } 1ebis | |® g\c{::: 0 0 CLKOUT SCK, SCO
WLO =0 = 1a) 1 0 TN

@E 4 . o DOUT*‘ >o-{ 8C2, SC1

E& scko | o ) DATA SRD

gm |scp2 | o -

& & |scD1 - 0

® |scpo | - 0

pouT ( \
DATA L5 [ 14z 2] 1 o |

(MSB)
Figure A3. CS5317-to-Motorola DSP56000 Serial Interface
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Figure A4 shows the interconnection and timing Figure A5 shows the interconnection and timing
details for connecting a CS5317 to a WE DSP16 details for connecting a CS5317 with TMS32020

DSP chip. and TMS320C25 DSP chips. |
Serial I/O Control Register (SIOC) CS5317 DSP16 i
Field | Value | Meaning
MSB 1 MSB input first CLKOUT {><> ICK
ILD 0 ILD is an input DouT : LD
ICK 0 ICK is an input
ILEN | 0 | 16bitinput data DATA D Qg R
— 74

oot | i

DATA4 |15 ] 14138 o 2] 1 | o |
(MSB)

Figure A4. CS5317-to-WE DSP16 Serial Interface

TMS32020
CS5317 TMS320C25
TMS32020 Status Register (ST1):
FO = 0 (16 bit data) CLKOUT CLKR
TMS320C25 Status Register (ST1): DOUT FSR
FO = 0 (16 bit data) DATA DR
FSM = 1 (Frame Sync used)

ovour [ L[
ssor T I

DATA \15X14X13---2X1Xo/
(MSB)

Figure AS. CS5317-to-TMS32020/TMS320C25 Serial Interface
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Semiconductor Corporation

CDB5317

- CDB5317 Evaluation Board

Features

@® Easy to Use Digital Interface
Parallel 16 Bits With Clock
Serial Output With Clock

® Multiple Operating Modes
Including Two PLL Modes

® |IDC Header used to access Parallel
Data, Serial Data, and Clock Input and
Output

General Description

The CDB5317 Evaluation Board is designed to allow the
user to quickly evaluate performance of the CS5317
Delta-Sigma Analog-to-Digital Converter. All that is re-
quired to use this board is an external power supply, a
signal source, a clock source, and an ability to read
either serial or parallel 16 bit data words.

ORDERING INFORMATION: cDB5317

AN (& +5V GND -5V v

A

CLKOUT
CLKIN SERIAL TO PARALLEL
CLKIN (@ .
© Css317 DATA CONVERTER
DRDY
IDC HEADER DACK
DO-D15

Crystal Semiconductor Corporation
P.O. Box 17847, Austin, TX 78760
(512) 445 7222 FAX: (512) 445 7581

MAR '95
Copyright ® Crystal Semiconductor Corporation 1995
(All Rights Reserved) DSZ;_DZ?E
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GENERAL DESCRIPTION

The CDB5317 Evaluation Board is a stand-alone
environment for easy lab evaluation of the
CS5317 Delta-Sigma Analog-to-Digital Converter.
Included on the board is a serial-to-parallel con-
verter. The user can access output data in either
parallel or serial form. When supplied with the
necessary +5 V and -5 V power supplies, a
CLKIN signal, and an analog signal source, the
CDB5317 will provide converted data at the 40
pin header. :

SUGGESTED EVALUATION METHOD

An efficient evaluation of the CS5317 using the
CDB5317 may be accomplished as described be-
low.

The following equipment will be required for the
evaluation:

e The CDB5317 Evaluation Board.

e A power supply capable of supplying +5V and
-5V.

e A clock source as the CLKIN signal of the
CS5317.

e A spectrally pure sine wave generator such as
the Krohn-Hite Model 4400A "Ultra-Low Distor-
tion Oscillator".

e A PC equipped with a digital data acquisition
board such as the Metrabyte Model PIO12 "24 Bit
Parallel Digital I/O Interface".

* A software routine to collect the data and per-
form a Fast Fourier Transform (FFT).

The evaluation board includes filter components
for the on-chip phase locked loop. The compo-
nents are adequate for testing if the CLKIN signal
has little or no phase-jitter. If the CDB5317 board
is being tested as part of a system which generates
a CLKIN which contains jitter, the PLL filter
components may need to be optimized for your
system (see the CS5317 data sheet).

Set-up for evaluation is straightforward. First de-
cide the operating mode and place the jumper on
the board for the proper selection. Then decide
whether the filter components for the phase
locked loop are adequate or whether they should
be changed for your evaluation. The PLL will
lock on a steady clock input with the filter as it is.
Connect the necessary 5 V (CMOS compatible)
CLKIN signal for the application. Use the sine-
wave generator to supply the analog signal to the
CDB5317. Apply the analog input and CLKIN
signals only when the evaluation board is powered
up. Converted data will then appear at the header
on the CDB5317. The header should be connected
to the digital data acquisition board in the PC
through an IDC 40 pin connector and cable. The
software routine should collect the data from the
CDB5317 and run a standard 1024 point Fast
Fourier Transform (FFT). Such an analysis results
in a plot similar to Figure 1. This plot resulted
from using a 1kHz input signal and a Blackman-
Harris window for the FFT.

The signal to noise and signal to total harmonic
distortion characteristics of the CS5317 may be
easily measured in this way. The signal to total
harmonic distortion value for a particular input is
the ratio of the RMS value of the input signal and
the sum of the RMS values of the harmonics
shown in the diagram. The dynamic range of the
CS5317 can be measured by reducing the input

0dB
e Sampling Rate: 19.2 kHz
20dB ¢ - f- - - - - - - - - Full Scale: +2.75V
B S/(N+D): 81.39 dB

40t - - - -

Signal -60dB
Amplitude
Relative to
Full Scale 80dB | - -~ -~ -

dooaB - b -} oo

-120dB

N1 kHz
dc

Input Frequency

Figure 1. FFT Plot Example

DS27DB3
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CDB5317.

amplitude so that distortion products become neg-
ligible. This allows an accurate measurement of
the noise floor.

More complex analysis such as intermodulation
distortion measurements can be accomplished
with the addition of another sine-wave generator.

CIRCUIT DESCRIPTION

Figure 2 illustrates the CS5317 A/D converter IC
circuit connections. The chip operates off of +5V.
These voltages are supplied from a power source
external to the evaluation board. Binding posts

TP6

are supplied on the board to connect the +5, -5,
and ground power lines. A good quality low rip-
ple, low noise supply will give the best
performance. The +5 V supply can also be used
for VL and should be connected between the VL
board jack and the power supply, as opposed to
connecting the VL jack straight to the +5V jack.
The +5V jack is the positive power source for the
CS5317 IC whereas the VL jack supplies power
to all the digital ICs. Care should be taken that
noise is not coupled between VL and +5V; how-
ever, supply noise is generally not a problem with
the CS5317 since the on-chip decimation filter
will remove any interference outside of its pass-
band. The +5 and -5 V supply lines are filtered on

cs Tz Jee ez
0.22uF QOHF@J HF VD+ 10 uF 0.1 uF
R10 = RS =
10k —— |3
o ‘:; PHDT _DOE g 10k =
A2 P8 T8 ycoIN DOUT g s DOUT (fig. 3)
S 200 n .
CLKIN _ AAA b o 9| cLKIN CLKOUT |~ CLKOUT (fig. 3)
S R DATA — DATA (fig. 3)
L 51 CLKIN (fig.6) RST
< R " Us
AIN(© W T AIN
1.2k C18 12
0.01 pF REFBUF  MODE [~—p @ CLKG2 P2
NPO c14 'o_|a/CLKOR
TP7 0.1 uF CS5317
aND(O) 13| AGND DGND
+|c16 |C15
- ~ D2 VD =
.8v | 10pF 0.1 pF -
-sv@ : -GBVT u_T . 10 OSI”F Tpr
) * Remove for logic gate CLKIN source ?g
Figure 2. Analog-to-Digital Converter
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the board and then connected to the Va+ and Va-
supply pins of the chip. The +5 V and -5V are
then connected by means of ten £ resistors to the
Vp+ and Vp- pins respectively. Capacitive filter-
ing is provided on all supply pins of the chip. In
addition there is a 0.1 WUF filter capacitor con-
nected from the REFBUF pin of the chip to the
VA- supply pin.

To properly operate, the CS5317 chip requires an
external (5 V CMOS compatible) clock. A BNC
connector labeled CLKIN is provided to connect
the off-board clock signal to the board. The
CLKIN signal is also available on the 40 pin
header connector. The CLKIN signal is one input

DOUT
(fig. 2)

to the phase detector of the on-chip phase locked
loop of the CS5317.

Header connector P2 (see Figure 2) is provided to
allow mode selection for the CS5317 chip. The
mode selection works together with the CLKIN
signal to set the sample rate and the output word
rate of the CS5317. See the CS5317 data sheet
for details on mode selection. Two of the avail-
able modes (CLKG1 and CLKG2) utilize the
on-chip phase locked loop to step up the CLKIN
frequency to obtain the necessary sample rate
clock for the A/D converter. Another mode (the
CLKOR mode) does not use the on-chip PLL but
instead drives the sample function directly. The

DOUT2
VL (fig. 6)

DRDY

(fig. 6)

— DACK
= (fig. 6)
CLKOUT _3
UNUSED GATES (fig. 2) .
CLKOUT
(fig. 6)
VL CLKOUT2
v 12 10 (fig. 6)
25 gle,
VL 11 U4 DATA __ i1 10 _9_l>0§_o_0 DATA 1
oeTieL (fig. 2) ; (fig. 6)
R Qr—o DATA
VL, o T13 (fig. 6)

Figure 3. Buffers and Parallel Handshake Flip-Flop

DS27DB3
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CLKOUT___ [ MMM L L L L L L L

DATA

J15J14]183[12]11J10]9[8[7[6][5[4]3[2]1]0]

DOUT

Note: For a complete description of serial timing see the CS5317 Data Sheet

Figure 4 Serial Data Timing

two modes which use the phase locked loop will
require appropriate low pass filter components on
the Evaluation Board. The low pass filter compo-
nents help determine the PLL control loop
response, including its bandwidth and stability
and therefore directly affect the transient response
of the PLL control loop. Appropriate filter compo-
nents should be installed if a particular dynamic
response to changes of the CLKIN signal is de-
sired.

The filter components which are installed on the
board have been chosen for the following parame-
ters: MODE: CLKG2; CLKIN: 7,200; N=512;
damping factor: 1.0; Control loop -3 dB band-
width: 2262 radians/second. These parameters
yield R as 10 k Q and C as 0.22 puF for the filter
components.

The analog signal to be digitized is input to the
AIN BNC connector. The digital output words
from the CS5317 are buffered by HEX inverters
as shown in Figure 3. The buffered versions of
the CLKOUT and DATA signals are available on
the header connector P1 in Figure 6. The serial
data signals out of the CS5317 are illustrated in
Figure 4. If remote control of the DOE line is
desired, the trace on the PC Board can be opened
and a wire connection can be soldered to the DOE
input line. Remote control of the RST line of the
CS5317 is also available if desired.

Figures 5 and 6 illustrate the serial to parallel shift
registers including timing information. The DATA
output signal from the CS5317 is input to the data
input of the shift register. An inverted version of
the CLKOUT signal is used to clock the DATA
into the shift registers. The two 8-bit shift register
ICs also include output latches. The rising edge

Serial Data Serial Data
Shifting Out Parallel Data (D0-D15) Valid Shifting Out Parallel Data Valid
A
N N
DATA mmmr_— -~~~ 1

DOUT )

DRDY |

DACK

Figure 5. Parallel Data Timing

2216
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of the DOUT signal from the CS5317 is used to
latch the data once it is input to the shift registers.
The rising edge of DOUT is also used to toggle
the DRDY flip flop (see Figure 3). The flip flop
is used to signal a remote device whenever new

data is latched into the output registers. The
DRDY flip flop is reset whenever DACK occurs.

A component layout of the CDB5317 board is il-
lustrated in Figure 7.

CLKIN
(fig. 2)
CLKOUT2
(fig. 3)
P1
TP4 oo Ly
+— c2 ‘0 9 CLKIN
‘ ' CLKOUT
\L To1uF ¢
Wm - ¢ _p ' DATA
DATA1 — RST 7 0 p D15
(fig. 3) QH [ 2y o14
74HC595 QG '
5 ‘o o D13
TP5 QF '
u2 o |4 o o DI2
' D11
12} ATCHCLK aD | 3
2 "0 P D10
QcC : + : D9
M sHFr ok oB _(J)/o o8
14] PY§iE : P |
GND OE o
8| |1 o
VL R3 =
. °3 T 10k : -
fo] Lotpr _ S
1016 , :
o[ msT |7 .9 P b7
DOUT . "
aa ' + ' D5
74HC595 QF | 5 9 A
4 g p D4
us CE : .

3 4 P08
bout2 12|, pronok 9P ' ‘D2
(fig- 3) acl 2 RV ;
- D1
CLKOUT MsHiFTck a8l : i -

(fig. 3) 14 QAl 15 0 o Do
DATA —— N DACK - . DRDY
(fig. 2) GND . .
IERE DACK _
(fig. 3)
DRDY

(fig. 3)

Figure 6.
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CS5321

High Dynamic Range Delta-Sigma Modulator

Features

@ Delta-Sigma Architecture
- Fourth-Order Modulator
- Variable Sample Rate
- Internal Track-and-Hold Amplifier

® Clock Jitter Tolerant Architecture
® Dynamic Range
- 121 dB @ 411 Hz Bandwidth
- 118 dB @ 822 Hz Bandwidth
@ Signal-to-Distortion: 115 dB
@ Input Range: + 4.5V

® Improved offset drift, gain drift, and
clock jitter immunity over CS5323

Description

The CS5321 is a high dynamic range, fourth-order
delta-sigma modulator intended for geophysical and
sonar applications. Used in combination with the
CS5322 digital FIR filter, a unique high resolution A/D
system results.

The CS5321 provides an oversampled serial bit stream
at 256 kbits per second (HBR=1) and 128 kbits per
second (HBR=0) operating with a clock rate of 1.024
MHz.

The monolithic CMOS design of the CS5321 insures
high reliability while minimizing power dissipation.

The CS5321 can be operated in two power modes. In
Normal mode (LPWR=0) power dissipation is 55 mW.
In Low Power mode (LPWR=1) power dissipation is 30
mW.

ORDERING INFORMATION:

CS5321-BL -55°C to +85°C 28-pin PLCC
Vad1  Vsst AGND Vad2 Vss2 DGND
Digital LPWR
Control OFST
Osc. MFLG
Detect
AINR
AIN+
AIN- )
HBR
Clock o MCLK
Generation
¢ MSYNC
& MDATA
D/A
MDATA
VREF+
VREF- E
Crystal Semiconductor Corporation MAR ’'95
P.O. Box 17847, Austin, TX 78760 Copyright © Crystal ngiconductor Corporation 1995 DS88F3
(512) 445 7222 Fax: (512) 445 7581 (Al Rights Reserved) 2.219
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ANALOG CHARACTERISTICS (Ta = Twin to Twax; Vsst, Vss2 = -5V; Vaat, Vadz = 5V; GND=O0V;
MCLK=1.024 MHz; HBR=V44; LPWR=0; Device is connected as shown in Figure 3, the System Connection Dia-
gram; unless otherwise specified. (Note 1))

Parameter* Symbol Min | Typ l Max Units
Specified Temperature Range -55 - +85 °C
Dynamic Performance
Dynamic Range (Note 1) | DR
HBR = 1: fo = 4000 Hz - 103 - dB
OFST =1 fo = 2000 Hz - 118 - dB
fo = 1000 Hz 116 121 - dB
fo = 500 Hz - 124 - dB
fo = 250 Hz - 127 - dB
fo=125Hz - 129 - dB
fo = 62.5 Hz - 130 - dB
HBR = 0: fo = 2000 Hz - 99 - dB
OFST =1 fo = 1000 Hz - 118 - dB
fo = 500 Hz - 121 - dB
fo = 250 Hz - 124 B dB
fo =125 Hz - 127 - dB
fo = 62.5 Hz - 129 - dB
fo = 31.25 Hz - 130 - dB
Signal-to-Distortion: MCLK = 1.024 MHz (Note 2)| SDR
HBR =1 100 115 - dB
HBR =0 110 120 - dB
Intermodulation Distortion (Note 3)| IMD - 110 - dB
dc Accuracy
Full Scale Error (Note 4)| FSE - 1 - %
Full Scale Drift (Notes 4, 5)| TCrs - 5 - ppm/°C
Offset (Note 4) | Vzse - 10 - mV
Offset after Calibration (Note 6) - +100 - uv
Offset Calibration Range (Note 7) - 100 - %F.S.
Offset Drift (Note 4, 5) | TCzse - 60 - uv/°C
Notes: 1. fo = CS5322 output word rate. Refer to the CS5322/CS5323 data sheet for details on the CS5322

FIR Filter.

A WOWN

. Tested with full scale input signal of 50 Hz; fowr = 500 Hz; OFST = 0 or OFST = 1.
. Tested with input signals of 30 Hz and 50 Hz, each 6 dB down from full scale fowr = 1000 Hz.
. Specification is for the parameter over the specified temperature range and is for the CS5321 device

only (VREF=+4.5V). It does not include the effects of external components, OFST = 0.

5. Drift specifications are guaranteed by design and/or characterization.

6. The offset after calibration specification applies to the effective offset voltage for a + 4.5 volt input to the
CS5321 modulator, but is relative to the output digital codes from the CS5322 after ORCAL and
USEOR have been made active.

7. The CS5322 offset calibration is performed digitally and includes + full scale (+ 4.5 volts into CS5321).
Calibration of offsets greater than +5% of full scale will begin to subtract from the dynamic range.

* Refer to Parameter Definitions (immediately,fo"éwing pin descriptions at the end of this data sheet).

Specifications are subject to change without notice.
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ANALOG CHARACTERISTICS (Continued)

Parameter* Symbol Min l Typ | Max Units
Specified Temperature Range -55 - +85 °C
Input Characteristics
Input Signal Frequencies (Note 8) | BW dc - 1500 Hz
Input Voltage Range (Note 9)| VIN -4.5 - +4.5 V
Input Overrange Voltage Tolerance (Note 9) | lovr - - 5 %F.S.
Power Supplies
DC Power Supply Currents (Note 10)
LPWR =0 Positive Supplies - 5.5 7.5 mA
Negative Supplies - 5.5 7.5 mA
LPWR =1 Positive Supplies - 3.0 4.5 mA
Negative Supplies - 3.0 4.5 mA
Power Consumption (Note 10)
Normal Operating Mode (Note 11)| PbN - 55 75 mwW
Lower Power Mode (Note 12) | PpL - 30 45 mW
Power Down Pp - 2 - mW
Power Supply Rejection (dc to 128 kHz) (Notes 13, 14)| PSR - 60 - dB

Notes: 8. The upper bandwidth limit is determined by the CS5322 digital filter.
9. This input voltage range is for the configuration depicted in Figure 3, the System Connection Diagram,
and applies to signal from dc to f3 Hz. Refer to CS5322 Filter Characteristics for the values of 3.

10. All outputs unloaded. All logic inputs forced to Vdd or GND respectively.

11. LPWR=0

12. The CS5321 power dissipation can be reduced under the following conditions:
a) LPWR=1; MCLK=512kHz, HBR=1
b) LPWR=1; MCLK=1.024MHz, HBR=0

13. Tested with a 100 mVp-p sine wave applied separately to each supply.

14. Refer to the CS5322/CS5323 Data Sheet for values of the Filter Characteristics of the CS5322.

* Refer to Parameter Definitions (immediately following pin descriptions at the end of this data sheet). ‘

Specifications are subject to change without notice. i
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SWITCHING CHARACTERISTICS (T = Trin to Tmax; Vad1, Vdd2 = 5V+5%;

Vssi, Vss2 = -5V+5%,; Inputs: Logic 0 = OV Logic 1 = V+; CL = 50 pF (Note 15))
Parameter Symbol Min Typ Max Units
MCLK Frequency (Note 16) fc 0.250 1.024 1.2 MHz
MCLK Duty Cycle 40 - 60 %
MCLK Jitter (In-band) - - 300 ps
Rise Times: Any Digital Input ~ (Note 17) | trisein - - 100 ns
Any Digital Output triseout - 50 200 ns
Fall Times: Any Digital Input ~ (Note 17) | tfaliin - - 100 ns
Any Digital Output ttallout - 50 200 ns
MSYNC Setup Time to MCLK rising tmss 20 - - ns
MSYNC Hold Time after MCLK rising tmsh 20 - - ns
MCLK rising to Valid MFLG tmfh - 140 255 ns
MCLK rising to Valid MDATA tmdv - 170 300 ns

Notes: 15. Guaranteed by design, characterization, or test.
16. If MCLK is removed, the CS5321 will enter a power down state.
17. Excludes MCLK input, MCLK should be driven with a signal having rise/fall times of 25ns or faster.

to
risein

MCLK [ \

tmss

MSYNC

> tfallin

Rise and Fall Times

A\L‘i tmsh

B WAWERY

t,
riseout

! allout

46V

04V

> ¢ tmdv

s TR~ Ao

[ VALID DATA
I tmih
MFLG
CS5321 Interface Timing, HBR=1
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measurements performed under static conditions)

CS5321
[ L ]

DIGITAL CHARACTERISTICS (Ta = Tmin to Tmax; Va1 = Vddz = 5V+5%; GND = 0V;

Parameter Symbol Min Typ Max Units
High-Level Input Drive Voltage (Note 18) | ViH (Vdd)-0.6 - - Vv
Low-Level Input Drive Voltage (Note 18) ViL - - 1.0 Vv
High-Level Output Voltage  IQUT = -40 pA (Note 19)| VoH | (Vdd)-0.3 - - \'
Low-Level Output Voltage IOUT = +40 pA (Note 19)| VoL - - 0.3 \
Input Leakage Current ILkG - - +10 pA
Digital Input Capacitance CIN - 9 - pF
Digital Output Capacitance Court - 9 - pF
Notes: 18. Device is intended to be driven with CMOS logic levels.
19. Device is intended to be interfaced to CMOS logic. Resistive loads are not recommended on
these pins.

RECOMMENDED OPERATING CONDITIONS (GND=0V, see Note 20)

Parameter Symbol Min Typ Max Units
DC Supply: Positive | Vdd1, Vdd2 | 4.75 5.0 5.25 \%

Negative | Vss1, Vss2 | -4.75 -5.0 -5.25 Vv

Ambient Operating Temperature TA -55 - +85 °C
Notes: 20. All voltages with respect to ground.
ABSOLUTE MAXIMUM RATINGS

Parameter Symbol Min Max Units
DC Supply: Positive | Vdd1, Vddz2 -0.3 6.0 \%

Negative | Vss1, Vss2 +0.3 -6.0 \'

Input Current, Any Pin Except Supplies (Note 21) lin - +10 mA
Output Current lout - 25 mA 1
Total Power (all supplies and outputs) Pt - 1 Y “
Digital Input Voltage VIND -0.3 (Vdd)+0.3 \' ‘
Storage Temperature Tstg -65 150 °C

Notes: 21. Transient currents of up to 100 mA will not cause SCR latch up.

*WARNING:  Operation at or beyond these limits may result in permanent damage to the device.
Normal operation is not guaranteed at these extremes.

DS88F3
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GENERAL DESCRIPTION

The CS5321 is a fourth-order CMOS monolithic
analog modulator designed specifically for very
high resolution measurement of signals between
dc and 1500 Hz. Configuring the CS5321 with
the CS5322 FIR filter results in a high resolution
A/D converter system that performs sampling
and A/D conversion with dynamic range exceed-
ing 120 dB (Refer to the CS5322/CS5323 data
sheet for specific details on the CS5322).

The CS5321 utilizes a fourth-order oversampling’
architecture to achieve high resolution A/D con-
version. The modulator consists of a 1-bit A/D
converter embedded in a negative feedback loop.
The modulator provides an oversampled serial
bit stream at 256 kbits per second (HBR=1) and
128 kbits per second (HBR=0) operating with a
clock rate of 1.024 MHz.

The CS5321 offers improved performance, lower
power consumption, and greater tolerance to
clock jitter than the CS5323.

+5V
5V
Analog _L» Ii;n ital Iliﬁ
Supply 10 uF f—1 gl [ I é
s 01yF |2 22 O Suply .| 0.01pF py
Vdd1 Vdd2 23 VD+ DGND
L GND GND11 25
SID
: o8 24
OFST f=——— SOD
27 Control 26
LPWR ) SCLK
aay | 209 . s HBR Logic s Serial
OF W —| 28
VREF VREF+ 25
5 Data
0.1 uFJ— Leesur MSYNC MSYNG AW e
TANT. 6 o4 6 DRDY Interface
VREF- MFLG MFLG RSEL 27
—————— | 20 7 23
| 402Q 10 MCLK MCLK ERROR
AW T AINR 18 10 12
| 01 pF | MDATA MDATA CSEL
Signal | | 402Q v 008 |
AMA
Source T Loagr ANy CS5321 €S5322 s
[ gcoe, 8 H/S "
- e (17 11
's roxt AIN MDATA _ ‘I|;2§;> TDATA PWDN 5
ee Te.
PEIE = — ] 14 GND7 USEOR 19 Hardware
13| anDs ORCAL ¢
12 GND5 15 3 DECA Control
n GND8 CLKIN 17
GND4 16 Clock DECB
7 GND9 2 16
GND3 1 Source SYNC DECC 1+
4| anp2 GND10 RESET
<L 0.4 prL_Vest Vss2 VD+ DGND
5V .“_ia 21 8 1 uF 19 Unused logic
Analog 1 [;igi& L 0.0I I s inputs must be
N 1
T ot sury D v
Figure 1. System Connection Diagram
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Analog Input

The CS5321 A/D converter uses a switched ca-
pacitor architecture for its signal and voltage
reference inputs. The signal input uses three
pins; AINR, AIN+, and AIN-. The AIN- pin acts
as the return pin for the AINR and AIN+ pins.
The AINR pin is a switched capacitor "rough
charge" input for the AIN+ pin. The input im-
pedance for the rough charge pin (AINR) is 1/fC
where f is the two times the modulator sampling
clock rate and C is the internal sampling capaci-
tor (about 40 pF). Using a 1.024 MHz master
clock (HBR =1) yields an input impedance of
about 1/(512 kHz)X(40pF) or about 50 kohms.
Internal to the chip the rough charge input pre-
charges the sampling capacitor used on the AIN+
input, therefore the effective input impedance on
the AIN+ pin is orders of magnitude above the
impedance seen on the AINR pin.

The analog input structure inside the VREF+ pin
is very similar to the AINR pin but includes ad-
ditional circuitry whose operating current can
change over temperature and from device to de-
vice. Therefore, if gain accuracy is important, the
VREF+ pin should be driven from a low source
impedance. The current demand of the VREF+
pin will produce a voltage drop of approximately
45 mV across the 200 ohm source resistor of
Figure 2-A with MCLK = 1.024 MHz, HBR =1,
and temperature = 25°C.

When the CS5321 modulator is operated with a
4.5 V reference it will accept a 9 V p-p input
signal, but modulator loop stability can be ad-
versely affected by high frequency out-of-band
signals. Therefore, input signals must be band-
limited by an input filter. The -3 dB corner of
the input filter must be equal to the modulator
sampling clock divided by 64. The modulator
sampling clock is MCLK/4 when HBR =1 or
MCLK/8 when HBR =0. With MCLK =1.024
MHz, HBR = 1, the modulator sampling clock is
256 kHz which requires an input filter with a -3
dB corner of 4 kHz. The bandlimiting may be

accomplished in an amplifier stage ahead of the
CS5321 modulator or with the RC input filter at
the AIN+ and AINR input pins. The RC filter at
the AIN+ and AINR pins is recommended to re-
duce the "charge kick" that the driving amplifier
sees as the switched capacitor sampling is per-
formed.

Figure 1 illustrates the CS5321/ CS5322 system
connections. The input components on AINR
and AIN+ should be identical values for opti-
mum performance. In choosing the components
the capacitor should be a minimum of 0.1 uF
(COG dielectric ceramic preferred). For mini-
mum board space, the RC components on the
AINR input can be removed, but this will force
the driving amplifier to source the full dynamic
charging current of the AINR input. This can in-
crease distortion in the driving amplifier and
reduce system performance. In choosing the RC
filter components, increasing C and minimizing
R is preferred. Increasing C reduces the instanta-
neous voltage change on the pin, but may require
paralleling capacitors to maintain smaller size
(the recommended 0.1 pF COG ceramic capaci-
tor is larger than other similar-valued capacitors
with different dielectrics). Larger resistor values
will increase the voltage drop across the resistor
as the recharging current charges the switched
capacitor input.

The OFST Pin

The CS5321 modulator can produce "idle tones"
which occur in the passband when the input sig-
nal is steady state dc signal within about *50
mV of bipolar zero. In the CS5321 these tones
are about 135 dB down from full scale. The user
can force these idle tones "out-of-band" by add-
ing 100 mV of dc offset to the signal at the AIN
input. Alternately, if the user circuitry has a low
offset voltage such that the input signal is within
+50mV of bipolar zero when no AC signal is
present, the OFST pin on the CS5321 can be ac-
tivated. When OFST = 1, +100 mV of input
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Figure 2. 4.5 Volt Reference with two filter options (see text)

referred offset will be added internal to the
CS5321 and guarantee that any idle tones pre-
sent will lie out-of-band. The user should be
certain that when OFST is active (OFST =1) that
the offset voltage generated by the user circuitry
does not negate the offset added by the OFST
pin.

Input Range and Overrange Conditions

The analog input is applied to the AIN+ and
AINR pins with the AIN- pin connected to
GND. The input is fully differential but for
proper operation the AIN- pin must remain at
GND potential.

The analog input span is defined by the voltage
applied between the VREF+ and VREF- input
pins. See the Voltage Reference section of this
data sheet for voltage reference requirements.

The modulator is a fourth order delta-sigma and
is therefore conditionally stable. The modulator
may go into an oscillatory condition if the ana-
log input is overranged. Input signals which
exceed either plus or minus full scale by more
than 5 % can introduce instability in the modula-
tor. If an unstable condition is detected, the
modulator will be reduced to a first order system
until loop stability is achieved. If this occurs the
MFLG pin will transition from a low to a high
which will result in an error bit being set in the

CS5322. The input signal must be reduced to
within the full scale range of the converter for at
least 32 MCLK cycles for the modulator to re-
cover from this error condition.

Voltage Reference

The CS5321 is designed to operate with a volt-
age reference in the range of 4.0 to 4.5 volts.
The voltage reference is applied to the VREF+
pin with the VREF- pin connected to the GND.
A 4.5 V reference will result in the best S/N per-
formance but most 4.5V references require a
power supply voltage greater than 5.0 V for op-
eration. A 4.0 V reference can be used for those
applications which must operate from only 5.0 V
supplies, but will yield a S/N slightly lower (1-2
dB) than when using a 4.5 V reference. The volt-
age reference should be designed to yield less
than 2 pV rms of noise in band at the VREF+
pin of the CS5321. The CS5322 filter selection
will determine the bandwidth over which the
voltage reference noise will affect the
CS5321/CS5322 dynamic range.

For a 4.5 V reference, the LT1019-4.5 voltage
reference yields low enough noise if the output
is filtered with a low pass RC filter as shown in
Figure 2-A. The filter in Figure 2-A is accept-
able for most spectral measurement applications,
but a buffered version with lower source imped-
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ance (Figure 2-B) may be preferred for dc-meas-
urement applications.

Due to its dynamic (switched-capacitor) input
the input impedance of the +VREF pin of the
CS5321 will change any time MCLK or HBR is
changed. Therefore the current required from the
voltage reference will change any time MCLK or
HBR is changed. This can affect gain accuracy
due to the high source impedance of the filter
resistor in Figure 2-A. If gain error is to be mini-
mized, especially when MCLK or HBR is
changed, the voltage reference should have lower
output impedance. The buffer of Figure 2-B of-
fers lower output impedance and will exhibit
better system gain stability.

Clock Source

For proper operation, the CS5321 must be pro-
vided with a CMOS-compatible clock on the
MCLK pin. The MCLK for the CS5321 is usu-
ally provided by the CS5322 filter. MCLK is
usually 1.024 MHz to set the seven selectable
output word rates from the CS5322. The MCLK
frequency can be as low as 250 kHz and as high
as 1.2 MHz. The choice of clock frequency can
affect performance; see the Performance section
of the data sheet. The clock must have less than
300 ps jitter to maintain data sheet performance
from the device. The CS5321 is equipped with
loss of clock detection circuitry which will cause
the CS5321 to enter a powered-down state if the
MCLK is removed or reduced to a very low fre-
quency. The HBR pin on the CS5321 modifies
the sampling clock rate of the modulator. When
HBR=1, the modulator sampling clock will be at
MCLK/4; with HBR =0 the modulator sampling
clock will be at MCLK/8. The chip set will ex-
hibit about 3 dB less S/N performance when the
HBR pin is changed from a logic "1" to a logic
"0" for the same output word rate from the
CS5322.

Low Power Mode

The CS5321 includes a low power operating
mode (LPWR =1). hen operated with
LPWR = 1, the CS5321 modulator sampling
clock must be restricted to rates of 128 kHz or
less. Operating in low power mode with modula-
tor sample rates greater than 128 kHz will
greatly degrade performance.

Digital Interface and Data Format

The MCLK signal (normally 1.024 MHz) is di-
vided by four, or by eight inside the CS5321 to
generate the modulator oversampling clock. The
HBR pin determines whether the clock divider
inside the CS5321 divides by four (HBR =1) or
by eight (HBR =0). The modulator outputs a
ones density bit stream from its MDATA and
MDATA pins proportional to the analog input
signal, but at a bit rate determined by the modu-
lator oversampling clock. For proper
synchronization of the bitstream, the CS5321
must be furnished with an MSYNC signal prior
to data conversion. The MSYNC signal, gener-
ated by the CS5322, resets the MCLK
counter-divider in the CS5321 to the correct
phase so that the bitstream can be properly sam-
pled by the CS5322 digital filter.

When operated with the CS5322 digital filter the
output codes from the CS5321/CS5322 will
range from approximately decimal -5,242,880 to
+5,242879 for an input to the CS5321 of +4.5 V.
Table 1 illustrates the output coding for various
input signal amplitudes. Note that with a signal
input defined as a full scale signal (4.5 V with
VREF+ =4.5V) the CS5321/CS5322 chip does
not output a full scale digital code of 8,388,607
but is scaled to a lower value to allow some
overrange capability. Input signals can exceed
the defined full scale by up to 5% and still be
converted properly.
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- 0
input Signl Output Code P Dynaric Range - 1220 4B
HEX | Decimal -
> (+VREF + 5%) Error Flag Possible
= (+VREF + 5%) 53FFFF(H) +5505023
+VREF AFFFFF(H) +5242879
oV 000000(H) 0
-VREF B0O0000(H) -5242880
=~ - (+VREF + 5%)| AC0000(H) -5505024
> - (+VREF + 5%) Error Flag Possible 0 500
Figure 3. 1024 Point FFT Plot with
Table 1. Output Coding for the CS5321 -20 dB, 100 Hz Input, ten averages
and CS5322 combination. 0
Performance N I SN- 1164 8
Figure 3, 4 and 5 illustrate the spectral perform- :60 _____________ a/gg ET 114248

ance of the CS5321/CS5322 when operating
from a 1.024 MHz master clock. Ten 1024 point
FFTs were averaged to produce the plots.

Figure 3 illustrates the chip set with a 100 Hz,
-20 dB input signal. The sample rate was set at 1
kHz. Dynamic range is 122 dB.

The dynamic range calculated by the test soft-
ware is reduced somewhat in Figures 4 and 5
because of jitter in the signal test oscillator. Jitter

in the 100 Hz signal source is interpreted by the 0
signal i fi i ise. w00 - - - - S/D=122.7dB
gnal processing software to be increased noise. -20 SN=117.14B
40 - p SIN+D = 116.4 dB
The choice of master clock frequency will affect P N HBR =0

performance. The CS5321 will exhibit the best
Signal/ Distortion performance with slower
modulator sampling clock rates as slower sample
rates allow more time for amplifier settling.

For lowest offset drift, the CS5321 should be op-
erated with MCLK = 1.024 MHz and HBR =1.
Slower modulator sampling clock rates will ex-
hibit more offset drift. Changing MCLK to 512
kHz (HBR =1) or changing HBR to zero
(MCLK =1.024 MHz) will cause the drift rate to
double. Offset drift is not linear over temperature

500
Figure 4. 1024 Point FFT Plot with
Full Scale Input, 100 Hz, ten averages

500

Figure 5. 1024 Point FFT Plot with
Full Scale Input, 100 Hz, ten averages
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so it is difficult to specify an exact drift rate.
Offset drift characteristics vary from part to part
and will vary as the power supply voltages vary.
Therefore, if the CS5321 is to be used in preci-
sion dc measurement applications where offset
drift is to be minimized, the power supplies
should be well regulated. The CS5321 will ex-
hibit about 6 ppm/°C of offset drift with MCLK
=1 and HBR =1.

Gain drift of the CS5321 itself is about 5
ppm/°C and is not affected by either modulator
sample rate or by power supply variation.

Power Supply Considerations

The system connection diagram, Figure 1, illus-
trates the recommended power supply
arrangements. There are two positive power sup-
ply pins for the CS5321 and two negative power
supply pins. Power must be supplied to all four
pins and each of the supply pins should be de-
coupled with a 0.1 uF capacitor to the nearest
ground pin on the device.

When used with the CS5322 digital filter, the
maximum voltage differential between the posi-
tive supplies of the CS5321 and the positive
digital supply of the CS5322 must be less than
0.25 V. Operation beyond this constraint may re-
sult in loss of analog performance in the
CS5321/ CS5322 system performance.

Many seismic or sonar systems are battery pow-
ered, and utilize dc-dc converters to generate the
necessary supply voltages for the system. To
minimize the effects of power supply interfer-
ence, it is desirable to operate the dc-dc
converter at a frequency which is rejected by the
digital filter, or locked to the modulator sample
clock rate.

A synchronous dc-dc converter, whose operating
frequency is derived from the 1.024 MHz clock
used to drive the CS5322, will minimize the po-
tential for "beat frequencies" appearing in the

passband between dc and the corner frequency
of the digital filter.

Power Supply Rejection Ratio

The PSRR of the CS5321 is frequency depend-
ent. The CS5322 digital filter attenuation will aid
in rejection of power supply noise for frequen-
cies above the corner frequency setting of the
CS5322. For frequencies between dc and the
corner frequency of the digital filter, the PSRR is
nearly constant at about 60 dB.

Board Layout Considerations

All of the 0.1 pF filter capacitors on the power
supplies, AIN+, and AINR, should be placed
very close to the chip and connect to the nearest
ground pin on the device. The capacitors be-
tween VREF+ and VREF- should be located as
close to the chip as possible.

The 0.1 UF capacitors on the AIN+ and AINR
pins should be placed with their leads on the
same axis, not side-by-side. If these capacitors
are placed side-by-side their electric fields can
interact and cause increased distortion.

The chip should be surrounded with a ground
plane. Trace fill should be used around the ana-
log input components. See the Layout and
Design Rules for Data Converters application
note in the Data Book.

Schematic & Layout Review Service

Confirm Optimum
Schematic & Layout \
Before Building Your Board.

For Our Free Review Service
Call Applications Engineering.

Call: (512)445-7222
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GROUND GND1
POSITIVE POWER ONE Vg1 OFST OFFSET
NEGATIVE POWER ONE Vss1 LPWR LOW POWER MODE
GROUND GND2 /HBR HIGH BIT RATE
VOLTAGE REFERENCE VREF+ MSYNC MODULATOR SYNC

VOLTAGE REFERENCE VREF- gs * 3 2 ‘ 28 27 5 MFLG MODULATOR FLAG
e 241
GROUND GND3 —~q CS5321 ™ GND11 GROUND

NEGATIVE ANALOG INPUT  AIN-—s \zgcv 20— Vdgd2  POSITIVE POWER TWO
" POSITIVE ANALOG INPUT  AIN+ —/E:’O Z; ]¥Vss2 NEGATIVE POWER TWO
ANALOG INPUT ROUGH  AINR Jcn 191 \_MCLK CLOCK INPUT

GROUND GND47';'3 ST 1F\GND10 GROUND
GROUND GND5 \MDATA MODULATOR DATA
GROUND GND6 MDATA MODULATOR DATA
GROUND GND7 GND9 GROUND
GND8 GROUND

CS5321 PIN DESCRIPTIONS

Power Supplies
Vddi1 — Positive Power One, PIN 2
Positive supply voltage. Nominally +5 Volts.

Vdd2 — Positive Power Two, PIN 22
Positive supply voltage. Nominally +5 Volts.

Vss1 — Negative Power One, PIN 3
Negative supply voltage. Nominally -5 Volts.

Vss2 — Negative Power Two, PIN 21
Negative supply voltage. Nominally -5 Volts.

GND1 through GND11 - Ground, PINS 1, 4, 7, 11, 12, 13, 14, 15, 16, 19, 23.
Ground reference.

Analog Inputs

AIN+ - Positive Analog Input, PIN 9
Nominally + 4.5V

AIN- - Negative Analog Input, PIN 8
This pin is tied to ground.
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AINR - Analog Input Rough, PIN 10
Allows a non-linear current to bypass the main external anti-aliasing filter which if allowed to
happen, would cause harmonic distortion in the modulator. Please refer to the System
Connection Diagram and the Analog Input and Voltage Reference section of the data sheet for
recommended use of this pin.

VREF+ - Positive Voltage Reference Input, PIN 5
This pin accepts an external +4.5V voltage reference.

VREF- - Negative Voltage Reference Input, PIN 6
This pin is tied to ground.

Digital Inputs

MCLK - Clock Input, PIN 20
A CMOS-compatible clock input to this pin (nominally 1.024 MHz) provides the necessary
clock for operation of the modulator, digital filter and data output portions of the A/D converter.

MSYNC - Modulator Sync, PIN 25
A transition from a low to high level on this input will re-initialize the CS5321. MSYNC resets
a divider-counter to align the MDATA output bit stream from the CS5321 with the timing inside
the CS5322.

OFST - Offset, PIN 28
When high, adds approximately 100mV of input referred offset to guarantee that any zero input
limit cycles are out of band if present. When low, zero offset is added.

LPWR - Low Power Mode, PIN 27
The CS5321 power dissipation can be reduced from its nominal value of 60 mW to 30 mW
under the following conditions:
LPWR=1; MCLK < 512 kHz, HBR=1; or
LPWR=1; MCLK < 1.024 MHz, HBR=0

HBR - High Bit Rate, Pin 26
Selects either “4MCLK (HBR=1) or 4MCLK (HBR=0) for the modulator sampling clock.

Digital Outputs

MDATA - Modulator Data Output, PIN 18
Data will be presented in a one-bit serial data stream at a bit rate of 256 kHz (HBR=1) or
128 kHz (HBR=0) with MCLK operating at 1.024MHz.

MDATA - Modulator Data Output, PIN 17
- Inverse of the MDATA output.
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MFLG - Modulator Flag, PIN 24
A transition from a low to high level signals that the CS5321 modulator is unstable due to an
over-range on the analog input.

PARAMETER DEFINITIONS

Dynamic Range
The ratio of the full-scale (rms) signal to the broadband (rms) noise signal. Broadband noise is
measured with the input grounded within the bandwidth of 1 Hz to fowr/2 Hz. Units in db.

Signal-to-Distortion
The ratio of the full-scale (rms) signal to the rms sum of all harmonics up to 1000 Hz. Units in
dB.

Intermodulation Distortion
The ratio of the rms sum of the two test frequencies (30 and 50 Hz) which are each 6dB down
from full-scale to the rms sum of all intermodulation components within the bandwidth of dc to
1000 Hz. Units in dB.

Full Scale Error
The ratio of the difference between the value of the voltage reference and analog input voltage
to the full-scale span (two times the voltage reference value). The ratio is calculated after the
effects of offset and the external bias components are removed and the analog input voltage is
adjusted. Measurement of this parameter uses the circuit configuration illustrated in the System
Connection Diagram. Units in %.

Full Scale Drift
The change in the Full Scale value with temperature. Units in ppm/°C

Offset ,
The difference between the analog ground and the analog voltage necessary to yield an output
code from the CS5321/CS5322 of 000000(H). Measurement of this parameter uses the circuit
configuration illustrated in the System Connection Diagram. Units in mV.

Offset Drift
The change in the Offset value with temperature. Measurement of this parameter uses the
circuit configuration illustrated in the System Connection Diagram. Units in uv/°C
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Semiconductor Corporation

CDB5321

Evaluation Board for CS5321 & CS5322

Features

® DIP switch control of all CS5322 logic
pins

® Header control of all CS5322 logic pins

® Supports manual operation of RESET
and SYNC

General Description

The CDB5321 is an evaluation board that allows labora-
tory characterization of the CS5321/CS5322 A/D
converter chip-set. The chip-set supports seven different
selectable word rates: 4 kHz, 2 kHz, 1 kHz, 500 Hz
250 Hz, 125 Hz and 62.5 Hz. Input to the board is
9 volts peak-to-peak. Output is via header connections
to the CS5322 serial interface.

ORDERING INFORMATION: CDB5321

DIP Switch
Selections
SYNC
gy Headers
l—o o— +5V
CS5321 CS5322
Reference VREF+
Circuitry 8
MSYNC MSYNC
MCLK MCLK RElSET
MDATA MDATA - A
(@}‘ —\W\ AN+ MFLG MFLG ,
CLKIN
AIN \—J\/\/\/\ﬁ—— AINR 9
Oscillator/ DIP Switch
Divider .
Selections
+5V Analog -5V Analog +5V Digital
t 1
+5V -5V
Regulator Regulator
+15V AGND -15Vv DGND +5V

Crystal Semiconductor Corporation
P.O. Box 17847, Austin, TX 78760
(5612) 445 7222 Fax: (512) 445 7581

Copyright © Crystal Semiconductor C tion 1995 MAR 195
opyrigi rystal Semiconductor Corporation
(All Rights Reserved) DS?:ZD:;B?‘Z
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+15V ' U6 +5VA
78L05 1
ey 47uF | 0.4pF " out o1u|=+5vA
e = =" GND '
ci2 c13 C14
e [ ]
R2 us
2K outl|6 |, VREF To
LT1019

- ° IN |
4.5V
1o F 0.1pF 10K |
" ® GND  TRIM

R16 |
< OPTIONAL

(4.5V) Figure 2

-1 5V u9 -5VA

] 1
A5V o N 7905 . > - 5VA

ouT ¢
47 F o1pF
K B GND 0.1uF
1N6276 C16 c17 1 c18

+5V

P6KE

DGND ©

Figure 1. Power Supplies
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CDB5321

OVERVIEW

The CDB5321 evaluation board requires three
separate power supplies for proper operation.
Figure 1 illustrates the power supply connec-
tions. The required power supply input voltages
consist of +5V, +15V, and -15V. The CS5322 fil-

-15V inputs are regulated down to provide +5V
and -5V supplies necessary for the CS5321
modulator. Figure 1 also illustrates the LT1019
4.5V reference used with the CS5321 modulator.

Figure 2 illustrates the CS5321 modulator cir-
cuitry, including the analog BNC input for the

ter and logic support devices on the board
operate from the +5V supply. The +15V and

test signal source. Most often switch selections
on S5 are set to HBR=1, LPWR=0, and

+§yA
L c26 J_ c22 l ca7
TANT g 04 pF | 2 22 i 0.1 pF
10 pF
R Vit V2+ »8 S5
6
>\~ 5 OFST ® o 0| oFsT
e [os0 ] c20 YRER LPWR [ —® o 3| LPWR
From 200 26 > i
Figure 1. TouF 68 uF 6| VREF- HBR
R7 R8 R9
8 100k | 100k 100k
J——— AIN- U2
————— €s5321
M R 1 MCLK ﬂ_i MOCLK

9
All+ MSYNC ﬁ< MSYNG
MDATA —i‘s MDATA

Figure 4.

AIN AINR 24
| 402 S;E(’)| MFLG MFLG
$01 uF| 17 [
'See CS5321 Datasheet O MDATA @ MDATA
- == 4| AGND1
23
7 22::32 POND | 1o
111 AGND4 DGND2 [ o ;
12| roND5 DGND3 [~
13! AGND6 DGND4 ,1
14] AGND7 <~ ‘
~ Vi- V2
©®© TEST POINT ‘

- C29

c40
$01uF$+10uF ;Em pF

Figure 2. CS5321 Modulator Input Circuitry.
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- J77 27 W77 4
10 74HC74
+5V —W\ *
R25 0.1 |cC33
I 14
5y 10 = o4 s Q 5 . 10 8 Q 9
]}2 IC1 2.048 MHz CLK 12 CLK
0osC 2
- D — D _
= = 14 pin P Q 6 13 |= Q 8
i =l =
*2.048 MHz J4
exceeds the o CLK/4 (512 kHz)
specified clock CLK/2 (1.024 MHz)
frequency for ° CLK (2.048 MHz)*
the CS5321

CLKIN (To Figure 4)

Figure 3. Oscillator / Divider

OFST=1. Figure 3 illustrates the 2.048 MHz os-
cillator and dual D flip flop clock divider. Note
that both the oscillator and the divider are sepa-
rately decoupled from the +5V supply to reduce
clock jitter which can be introduced from noisy
supplies. Jumper J4 should be set in the CLK/2
position to source 1.024 MHz to the CS5322
chip for normal operation. If operation from
512 kHz clock is desired, the J4 jumper should
be changed to the CLK/4 position. The board
can be tested at 512 kHz without modification.

The digital interface pins to the CS5322 filter
chip are all available on the header connectors
J1, J2, and J3 as shown in Figures 4, 5, and 6.
Note that one row of pins on each of the headers
is ground. It is advised that any connections
made to control lines be done with twisted pair
ribbon cable; with each twisted pair containing
one signal and one ground connection. This
minimizes radiated noise.

CAUTION!

Caution is advised when interfacing the evalu-
ation board to any circuitry powered from
another source. For example, when interfacing
to a computer I/O card be sure that the evalu-
ation board and the computer are both powered
up before connecting to the evaluation board
headers. Always disconnect header connections
when powering down the board but not the com-
puter. Failure to follow this advice may cause
damage to either the computer I/O or to the
CS5322, because the computer outputs try to
power the CDB5321 board.
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*Default to use Figure 6 interface.

Table 1. S3 DIP Switch Selections

ABC Output Word Rate
DECA 000 62.5
ON* | Do not use offset register Selection 100 125
USEOR via hardware g 10 250
OFF | Use offset register DECB pins 110 500
P - — 001 1000
ORCAL ON* | Disable offset register calibration 101 2000
OFF | Enable offset register calibration DECC 011 4000
ON | Sets SID to Logic 0
SID - — A: ° "° OQ'CS'D | ooy | OV | Normal Operation
* -up on ine
ows pul-ip : OFF | Power down active
ON | Sets ERR to logic 0 - - -
ERR ON Selects configuration register for
OFF*| Allows CS5322 ERROR output WS operating mode
RSEL ON | Select status register OFF+| Select hardware pins for operating
OFF*| Select conversion data register mode
s ON* | Chip select active CSEL ON* | Selects MDATA from modulator
OFF | Chip select inactive OFF | Selects TDATA as filter input
— | ON | Enables write mode via SID pin toara | ON | Sets TDATA input to logic 0
RW OFF*| Enables read mode via SOD pin OFF | Enables TDATA from J1 header
OFF = OPEN = 1 OFF = OPEN =1

*Default to use Figure 6 interface.

Table 2. S4 DIP switch selections

10
45V AMA— >
' R+l 10uF
o™ TR
| = Usc DRDY o o8V
DRDYg 8 5 6 -0 po|+5V
From Ua SCLK ¢1—© o|DRDY
Figure  goLk 13 S0l2 G ¢ +—o »|scLk
4 U4F SOD &0 (0 SOD
i

sop 1 10 3U4B, Y
7 U4E

T US, U4 = 74HCO4

Figure 5. Serial Latch Interface on CDB5321 (Rev B) board
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Figures 5 and 6 illustrate the logic used to drive
connections at header JP6 (Rev. B Board) or J2
(Rev. C Board).

The Rev. C evaluation board can directly inter-
face to the CDBCAPTURE board through
connector J2. A D-type Flip-Flop must be added
in the patch area of the Rev. B evaluation board
to enable it to interface to the CDBCAPTURE
board. The CDBCAPTURE can be used to per-
form FFT analysis and noise histograms.

Tables 1 and 2 illustrate the DIP switch positions
of switches S3 and S4. The switch positions with
asterisks indicate preferred settings for driving
the interface on the CDBCAPTURE system.

The CS5322 filter should be set up for hardware
mode (H/S on switch S4 open). DIP switch S4
can then be used to select the desired output
word rate. After the selection on the DECA,
DECB, and DECC positions of the S4 DIP
switch, the S2 RESET switch must be activated,
followed by the S1 SYNC switch (unless these

signals are controlled via the J1 and J3 header
signals).

Figure 7 illustrates the component layout of the
board while figures 8 and 9 illustrate the board
layout (not to scale).

Using the Evaluation Board

Connect the appropriate power supplies to the
binding posts of the board. Twist the +5V digi-
tal supply lead with the digital ground lead from
the board to the supply. Also twist the supply
leads for the analog voltages. Use a high quality
power supply which is low in noise and line fre-
quency(50/60 Hz) interference.

Power up the supplies. Then connect a coaxial
cable from the analog BNC to the signal source.
Note that the performance of the A/D converter
chip set will exceed the capability of most signal
generators, with respect to noise, distortion, and
line frequency interference.

10
+5V
DRDYD
J2
+5 B 5V
DRDY 5| 122 13 o o+
D Q 0 o|+5V
3 J ¢ ©o|DRDYD
CL 11/CL &—© o|SCLK
From *l-o0 SOD
Figure 4 5 f
7L T54 +510 '
+!
] S\Crl' K U10 74HC74 [
SCLK .
o
SOD
sop 11 10 3 4 Y
U4 74HC04
Figure 6. Serial Latch Interface on CDB5321 (Rev C) board.
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Once power has been applied to the board, con-
nect the ribbon cable to the appropriate headers
(J1, J2, and/or J3). The reset and the sync sig-
nals to the CS5322 must be applied before
normal operation can commence. This can be
done by using the S2 RESET switch and the S1
SYNC switch or by interfacing to these signals
via the J1 and J3 headers.
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Figure 8. CDB5321 (Rev. C) Component Side Layer (Not to Scale)
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Semiconductor Corporation

CS5322 CS5323

24-Bit Variable Bandwidth A/D Converter

Features

@ Monolithic CMOS A/D Converter

® Dynamic Range
- 130dB @ 25 Hz Bandwidth
-120dB @ 411 Hz Bandwidth

® Delta-Sigma Architecture
- Variable Oversampling: 64X to 4096X
- Internal Track-and-Hold Amplifier

@ Flexible Filter Chip
- Hardware or Software Selectable
Options
- Seven Selectable Filter Corner (-3dB)
Frequencies: 25, 51, 102, 205, 411,
824 and 1650 Hz

General Description

The CS5323 analog modulator and the CS5322 digital
filter function together as a unique high resolution A/D
converter intended for geophysical and other applica-
tions which require high dynamic range. The
CS5323/CS5322 combination performs sampling, A/D
conversion, and anti-alias filtering.

The pair use Delta-Sigma modulation to produce highly
accurate conversions. The CS5323 oversamples, virtu-
ally eliminating the need for external anti-alias filters.
The CS5322 linear-phase FIR digital filter decimates
the output to any one of seven selectable update peri-
ods: 16, 8, 4, 2, 1, 0.5 and 0.25 milliseconds. Data is
output from the digital filter in a 24-bit serial format.

The CMOS design of the CS5322/CS5323 achieves
high reliability while minimizing power dissipation.

ORDERING INFORMATION

CS5322-KL  0to+70°C  28-pin PLCC
CS5322-BL  -40 to +85 °C  28-pin PLCC
T CS5323-KL  0to +70 °C  28-pin PLCC
® Low Power Dissipation: < 100mW CS5323-BL -40 to +85 °C  28-pin PLCC
CS5323 CS5322
VA1+ VA2+ VA1-  VA2- VD+ SYNC CLKIN CS R/W
RESET RSEL
IREF L—————
MSYNC —— SCLK
MFLG — SID
INT SOD
—— MCLK —— ERBAB
SuMm Analog Digital ERROR
SEF Modulator —— MDATA —— Filter — DRDY
VD+ ORCAL
DECA
DGND
DECB
CSEL
DECC
VD+ VD- DGND AGND1 AGND2 H/S TDATA PWDN USEOR DGND

Crystal Semiconductor Corporation
P.O. Box 17847, Austin, TX 78760
(512) 445 7222 Fax: (512) 445 7581

MAR ’95
Copyright © Crystal Semiconductor Corporation 1995 DS70F1
(All Rights Reserved) 2.245
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ANALOG CHARACTERISTICS (T = Tmin to Tmax; VA-, VD- = -5V; VA+, VD+ = 5V; AGND = 0V:

CLKIN = 1.024 MHz; Device connected as shown in Figure 16; Logic 1 = VD+, Logic 0 = 0V,
unless otherwise specified.)

CS5323-K CS5323-B
Parameter* Symbol| Min Typ Max | Min Typ Max | Units
Specified Temperature Range 0 - +70 | -40 - +85 °C
Dynamic Performance
Dynamic Range (Note 1) DR
CLKIN = 1.024 MHz: fO = 4000 Hz - 103 - - 103 - dB
fo = 2000 Hz - 118 - - 118 - dB
fo = 1000 Hz 116 121 - 116 121 - dB
fo = 500 Hz - 124 - - 124 - dB
fO =250 Hz - 127 - - 127 - dB
fo =125 Hz - 129 - - 129 - dB
fo=62.5Hz - 130 - - 130 - dB
CLKIN = 512 kHz: fo = 2000 Hz - 99 - - 99 - dB
fo = 1000 Hz - 121 - - 121 - dB
fo = 500 Hz - 125 - - 125 - dB
fO = 250 Hz - 127 - - 127 - dB
fo=125Hz - 130 - - 130 - dB
fo=625Hz - 132 - - 132 - dB
fO =31.25 Hz - 133 - - 133 - dB
Signal-to-Distortion: (Note 2) | SDR
CLKIN = 1.024MHz 100 110 - 100 110 - dB
CLKIN = 512 kHz - 120 - - 120 - dB
Intermodulation Distortion (Note 3) | IMD - 110 - - 110 - dB
dc Accuracy
Full Scale Error (Note 4) | FSE - - 4 - - 4 %
Full Scale Drift (Notes 4, 5) | TCrs - 0.005 - - 0.005 - %/°C
Offset (Note 4) | Vzse - - 250 - - 250 mV
Offset after Calibration (Note 6) - +100 - - +100 - nv
Offset Calibration Range (Note 7) - 100 - - 100 - %F.S.
Offset Drift (Notes 4, 5) | TCzse - 500 - - 500 - pv/eC
Notes: 1. fo = CS5322 output word rate. Refer to CS5322 Filter Characteristics for details.

AWM

o O,

7.

. Tested with full scale input signal of 50 Hz; fo = 500 Hz.
. Tested with input signals of 30 Hz and 50 Hz, each 6 dB down from full scale fo = 500 Hz.
. Specification is for the parameter over the specified temperature range and is for the CS5323 device

only (IREF = 1 mA). It does not include the effects of external components.

. Drift specifications are guaranteed by design and characterization.
. The offset after calibration specification applies to the effective offset voltage for a £10 volt input to the

CS5323 modulator, but is relative to the output digital codes from the CS5322 after ORCAL and
USEOR have been made active.

The CS5322 offset calibration is performed digitally and includes + full scale (+10 volts into CS5323).
Calibration of offsets greater than £10% of full scale will begin to subtract from the dynamic range.

* Refer to Parameter Definitions (immediately following pin descriptions at the end of this data sheet).

Specifications are subject to change without notice.
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ANALOG CHARACTERISTICS (Ta = Twin to Tmax; VA-, VD- = -5V; VA+, VD+ = 5V; AGND = 0V;
CLKIN = 1.024 MHz; Device connected as shown in Figure 16; Logic 1 = VD+, Logic 0 = 0V;
unless otherwise specified.)

CS5323-K CS5323-B
Parameter* Symbol| Min Typ Max | Min Typ Max | Units
Specified Temperature Range 0 - +70 -40 - +85 °C
Input Characteristics
Input Signal Frequencies (Note 8) BW dc - 1500 dc - 1500 Hz
Input Voltage Range (Note 9) VIN -10.0 - +10.0 | -10.0 - +10.0 \Y
Input Overrange Voltage (Note 9) | lovr - - 10 - - 10 | %F.S.
Power Supplies
DC Power Supply Currents (Note 10)
Positive Supplies (IA+ and ID+) - 7.0 10.0 - 70 10.0 mA
Negative Supplies (IA- and ID-) - 8.4 10.0 - 84 10.0 mA
Power Consumption (Note 10)
PWDN Low Ppn - 77 100 - 77 100 | mW
PWDN High Pps - 0.01 10 - 0.01 10 mW
Power Supply Rejection (Notes 11, 12) | PSR
(dc to f1 Hz):
VA+ - 60 - - 60 - dB
VA- - 45 - - 45 - dB
VD+ - 45 - - 45 - dB
VD- - 40 - - 40 - dB
(f1 Hz to 128 kHz):
VA+ - 60 - - 60 - dB
VA- - 60 - - 60 - dB
VD+ - 60 - - 60 - dB
VD- - 60 - - 60 - dB

Notes: 8. The upper bandwidth limit is determined by the CS5322 digital filter.
9. This input voltage range is for the configuration shown in Figure 16, the System Connection Diagram,

and applies to signal from dc to {3 Hz. Refer to CS5322 Filter Characteristics for the values of f3.

10. All outputs unloaded. All logic inputs forced to VA+ or GND respectively. Power down mode power
consumption is with the signal source and the voltage reference source either grounded or floating.

11. Tested with a 100 mVp-p sine wave applied separately to each supply (VA1 and VA2 are
considered as one input for this test).

12. Refer to CS5322 Filter Characteristics table for the values of f1.

* Refer to Parameter Definitions (immediately following pin descriptions at the end of this data sheet).
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FILTER CHARACTERISTICS (Ta = Tmin to Tmax; VD+ = 5V; GND = 0V; CLKIN = 1.024 MHz;

transfer function shown in Figure 2; unless otherwise specified.)

Output Word Rate | Passband |Passband Flatness| -3dB Freq. Stopband Group Delay
fo (Hz) f1 (Hz) Rps (dB) 2 (Hz) 3 (Hz) (Note 13) (ms)
4000 1500 0.2 1652.5 2000 7.25
2000 750 0.04 824.3 1000 14.5
1000 375 0.08 411.9 500 29
500 187.5 0.1 205.9 250 58
250 93.8 0.1 102.9 125 116
125 46.9 0.1 51.5 62.5 232
62.5 23.4 0.1 25.7 31.25 464

Note: 13. GsB = -130 dB for all Output Word Rates.

a® 0.20
B —— = 0.16
| | %‘ 0.12
o 8 gor
o 0.
: | GsB ‘l‘:Ei 0.00 —
| | 8-0.04
| -0.08 [ 5
P I e | -0.12 \
| -0.16
by -0.20
| || 0 625 125 1875 25 31.25
T p Frequency (Hz)
Figure 1. CS5322 Filter Response Figure 2. CS5322 Digital Filter Passband Ripple
fo = 62.5 Hz
0.20 0.20
0.16 0.16
& 0.12 & 0.12
Z0.08 2 0.08
B 0.04 8 0.04
‘E 0.00 E 0.00
S-0.04 - 3-0.04 .
-0.08 o -0.08 o
-0.12 \\\ -0.12 \\\
-0.16 \ -0.16 \
-0.20 -0.20
0 125 25 37.5 50 62.5 0 25 50 75 100 125
Frequency (Hz) Frequency (Hz)
Figure 3. CS5322 Digital Filter Passband Ripple Figure 4. CS5322 Digital Filter Passband Ripple
fo =125 Hz fo= 250 Hz
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Figure 10. CS5322 Impulse Response, fo = 1000 Hz
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POWER SUPPLY (T = 25°C; VD+ = 5V; CLKIN = 1.024 MHz)

CS5322

CS5322-K CS5322-B
Parameter* Min Typ Max Min Typ Max | Units
Specified Temperature Range 0 - +70 -40 - +85 °C
Power Supply Current: ID+ (Note 10) - 2.2 4 - 2.2 4 mA
Power Dissipation: (Note 10)
PWDN Low - 11 20 - 11 20 mwW
PWDN High - 0.6 2.5 - 0.6 2.5 mW
SWITCHING CHARACTERISTICS (T4 = Tmin to Tmax; VD+ = 5V+5%; DGND = 0V;
Inputs: Logic 0 = OV Logic 1 = VD+; CL = 50 pF (Note 14))
Parameter Symbol Min Typ Max Units
CLKIN Frequency fe 0.512 1.024 1.1 MHz
CLKIN Duty Cycle 40 - 60 %
Rise Times: Any Digital Input trise - - 100 ns
Any Digital Output - 50 100 ns
Fall Times: Any Digital Input tall - - 100 ns
Any Digital Output - 50 100 ns
Serial Port Read Timing
DRDY to Data Valid tddv - - 25 ns
RSEL Setup Time before Data Valid trss 50 - - ns
Read Setup Before CS Active trsc 20 - - ns
Read Active to Data Valid trdv - - 50 ns
SCLK rising to New SOD bit trdd - - 50 ns
SCLK Pulse Width High trph 30 - - ns
SCLK Pulse Width Low trpl 30 - - ns
SCLK Period trsp 100 - - ns
SCLK falling to DRDY falling trst - - 50 ns
CS High to Output Hi-Z trch - - 20 ns
Read Hold Time after CS Inactive trhe 20 - - ns
Read Select Setup to SCLK falling trds 20 - - ns
Serial Port Write Timing
Write Setup Before CS Active twsc 20 - - ns
SCLK Pulse Width Low twpl 30 - - ns
SCLK Pulse Width High twph 30 - - ns
SCLK Period twsp 100 - - ns
Write Setup Time to First SCLK falling twws 20 - - ns
Data Setup Time to First SCLK falling twds 20 - - ns
Write Select Hold Time after SCLK falling twwh 20 - - ns
Write Hold Time after CS Inactive twhe 20 - - ns
DATA Hold Time after SCLK falling twdh 20 - - ns

Note:

14. Guaranteed by design, characterization and/or test.
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SWITCHING CHARACTERISTICS (continued)

Parameter l Symbol | Min | Typ | Max ‘ Units

Test Data (TDATA) Timing

SYNC Setup Time to CLKIN rising tss 20 - - ns
SYNC Hold Time after CLKIN rising tsh 20 - - ns
TDATA Setup Time to CLKIN rising after SYNC ttds - 20 - ns
TDATA Hold Time after CLKIN rising ttdh - 150 - ns
ORCAL Setup Time to CLKIN rising tos 20 - - ns
ORCAL Hold Time after CLKIN rising toh 20 - - ns
DRDY Timing

CLKIN rising to DRDY falling taf - 140 - ns
CLKIN falling to DRDY rising tdr - 150 - ns
CLKIN rising to ERROR change tec - 140 - ns
RESET Timing

RESET Setup Time to CLKIN rising trs 20 - - ns
RESET Hold Time after CLKIN rising trh 20 - - ns
SYNC Setup Time to CLKIN rising tss 20 - - ns
SYNC Hold Time after CLKIN rising tsh 20 - - ns

tes 3 l“ tsh
VALY

. [“toh
oncaL ILAVARTAANAN

LSYNC*

tids trdh t tidn

111 R R
FILTER T T

SAMPLES
DATA

* Note: Internal timing signal generated in the CS5322
Figure 12. TDATA Setup/Hold Timing
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Figure 13. DRDY Timing
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Figure 14. RESET Timing
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SWITCHING CHARACTERISTICS (continued)

Parameter Symbol Min Typ Max Units

MCLK Frequency (Note 15) fe 0.512 1.024 1.1 MHz
MCLK Duty Cycle 40 - 60 %
Rise Times: Any Digital Input  (Note 16) trise - - 100 ns
Any Digital Output - 50 200 ns
Fall Times: Any Digital Input  (Note 16) tall - - 100 ns
Any Digital Output - 50 200 ns
SYNC Setup Time to CLKIN rising tss 20 - - ns
SYNC Hold Time after CLKIN rising tsh 20 - - ns
CLKIN edge to MCLK edge tmss - 30 - ns
MCLK rising to Valid MDATA tmsh - 50 - ns
MSYNC Delay from MCLK rising (Note 17) | tmsd - 90 - ns

Notes: 15. If MCLK is removed, the device will enter the power down mode.
16. Excludes MCLK input. MCLK should be driven with a signal having rise and fall times of
25 ns or faster.

17. Only the rising edge of MSYNC relative to MCLK is used to synchronize the device. MSYNC
can return low at any time as long as it remains high for at least one MCLK cycle.

CLKIN

el ten

tss
SYNC

LSYNC*

MCLK

MSYNC

tmsh 4" l‘_ tmsh
MDATA VALID DATA X VALID DATA

FILTER
SAMPLES T . T
DATA

MFLG / \'

* Internal timing signal generated in the CS5322
Figure 15. CS5322/CS5323 Interface Timing
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DIGITAL CHARACTERISTICS (Ta = Tmin to Tmax; VD+ = 5.0V45%; GND = 0V; measurements

performed under static conditions)

Parameter Symbol Min Typ Max Units

High-Level Input Drive Voltage ViH  [(VD+)-0.3 - - Vv
Low-Level Input Drive Voltage ViL - - 0.3 Vv
High-Level Input Threshold (Note 18) (VD+)-1.0 - - \
Low-Level Input Threshold (Note 18) - - 1.0 Vv
High-Level Output Voltage  IQUT = -40pA (Note 19) | VoH |(VD+)-0.6 - - \Y
Low-Level Output Voltage (Note 19) | VoL

IOUT = +1.6mA CS5322 - - 0.4 \

IQUT = +40pA CS5323 - - 0.4 \Y
Input Leakage Current All pins except MFLG, SOD ILkG - - +10 nA
Three-State Leakage Current loz - - +10 A
Digital Input Capacitance CiN - 9 - pF
Digital Output Capacitance Cout - 9 - pF

Notes: 18. Device is intended to be driven with CMOS logic levels.
19. Device is intended to be interfaced to CMOS logic. Resistive loads are not recommended on

these pins.
RECOMMENDED OPERATING CONDITIONS (Voltages with respect to GND = 0V)
Parameter Symbol Min Typ Max Units
DC Supply: (Note 20)
Positive Analog VA+ 4.75 5.0 5.25 \
Negative Analog VA- -4.75 -5.0 -5.25 \
Positive Digital VD+ 4.75 5.0 5.25 Vv
Negative Digital VD- -4.75 -5.0 -5.25 \
Ambient Operating Temperature -KL TA 0 - +70 °C
-BL TA -40 - +85 °C

Notes: 20. The maximum voltage differential between the Positive Supply of the CS5323 and the Positive Digital
Supply of the CS5322 must be less than 0.25V.

ABSOLUTE MAXIMUM RATINGS* (Voltages with respect to GND = 0V)

Parameter Symbol Min Typ Max Units

DC Supply: (Note 20)

Positive Analog VA+ -0.3 - 6.0 Vv

Negative Analog VA- 0.3 - -6.0 \

Positive Digital VD+ -0.3 - (VA+)+0.3[ V

Negative Digital VD- 0.3 - -6.0 \
Input Current, Any Pin Except Supplies (Note 21) lin - - +10 mA
Digital Input Voltage CS5322 VIND -0.3 - (VD+)+0.3| V

CS5323 VIND -0.3 - (VA+)+0.3| V
Storage Temperature Tstg -65 - 150 °C

Notes: 21. Transient currents of up to 100 mA will not cause SCR latch up.

*WARNING: Operation beyond these limits may result in permanent damage to the device.
Normal operation is not guaranteed at these extremes. |
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GENERAL DESCRIPTION

The CS5322 is a monolithic digital Finite Im-
pulse Response (FIR) filter with programmable
decimation. The CS5323 is a monolithic CMOS
A/D converter designed specificaily for very
high resolution measurement of signals between
dc and 1500 Hz. The CS5322 and CS5323 are
intended to be used together to form a unique
high resolution A/D system.

The CS5323 utilizes a fourth order oversampling
architecture to achieve high resolution A/D con-
version. The modulator consists of a 1-bit A/D
converter embedded in a negative feedback loop.
The first stage of the fourth order modulator uses
discrete components external to the chip to
maximize signal to noise. The modulator pro-
vides an oversampled serial bit stream at 256
Kbits per second (CLKIN = 1.024 MHz) to the
CS5322 FIR decimation filter.

SID

The CS5322 provides the digital anti-alias filter
for the CS5323 modulator output. The CS5322
consists of: A multi-stage FIR filter, four regis-
ters (status, data, offset, and configuration), a
flexible serial input and output port, and a 2-
channel input data multiplexer that selects data
from the CS5323 (MDATA) or user test data
(TDATA). The CS5322 decimates (64X to
4096X) the output to any of seven selectable up-
date periods: 16, 8, 4, 2, 1, 0.5 and 0.25
milliseconds. Data is output from the digital fil-
ter in a 24-bit serial format. Figure 16 illustrates
the CS5322 Block Diagram.

CS5323 Signal Input and Current Reference

The CS5323 uses a number of external discrete
components to achieve maximum rated perform-
ance. Figure 17 illustrates the recommended
circuit configuration for the current reference
and signal input components.

TDATA MDATA

CONFIG REG

v
Ws CONFIG MUX

DATA MUX

FIR2

cs
RW CONTROL

STATUS REG
BIT SELECT

DATA REG
BIT SELECT

RSEL

MUX

Sob

Figure 16. CS5322 Block Diagram
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The CS5323 is designed to use a current refer-
ence of 1 mA into the IREF pin. A current
reference rather than a voltage reference was
chosen to achieve better noise performance. For
optimum performance the dc source impedance
at the IREF pin should be approximately 10 k€.
This calls for a 10 volt reference source driving
the 10 kQ (Rg + R7) resistor to achieve the de-
sired 1 mA current source. The IREF input sets
the full scale gain of the A/D converter.

A current source 1/4 the size of the IREF input
current must be sourced into the integrator sum-
ming junction at the SUM pin. This requires a
40 kQ resistance (R4 + R5) be placed from the
10 volt reference to the SUM pin.

The 1 mA IREF current and the 250 (LA sources
have capacitive filtering to aid in reducing the
broadband current noise from the voltage refer-
ence. These capacitors should be of quality
construction. Particular attention should be paid
to leakage current variation over the desired op-
erating temperature, as this leakage will affect
the system gain.

The signal input pin (SUM) of the CS5323 is the
summing junction of the input integrator stage.
This integrator is designed to use an external in-
put resistor (R1) and integrating capacitor (C1).
In addition, a capacitor (C2) is required at this
node for proper compensation of the integrator.
The size of the input resistor (R1) is determined

+5V +5V
éna!cig Digital I}
upply 0.1 uF Supply J 0.01 uF 20] <L
pGnD 12 VD+ baND |
sID
24
SOD
26
25 5 SCLK 1
6.04k0 1mA 39260 4 MSYNC MSYNC cs Serial
+ov AW WW— IREF 2 — |28
VREF Ry 1 MFLG 8| MFLG WE Data
lo.l uFl 68 uF DRDY Interface
NT. 27
Rg A Mok 22 7{ MCLK RSEL £~
Itm uF | 68 uF  32.4kQ ERROR
TANT. 19 10 12
8 INT MDATA MDATA CSEL
250 pA 01'“[
Ry l T 0 €S5323 CS5322
Signal SUM _ |13
Source l H/S
64.9kQ Co= 470 oF 14
2 p Test > 11 TpaTA PWDN 5
l Data USEOR
19 Hardware
Ry 10 ORCAL
SFF TST 3 DECA 18 Control
69k 18] o TST Slock 8,/ CLKIN pece K7
" ource SYNC 16
0.1 uF ST P 2 DECC A
11 AGND2 RESET
0.1 pFL_VAI- vD- VD+ DGND
5V 6 - 23 5V 8 001pF |9 pnused logic
Analog 10pF T+ W Digital inputs must be
Supply 10Q 1 o01pF Supply connected to
T & DGND or VD+
" C 4 =2.7nF for CLKIN = 1.024MHz
C 4 =5.6nF for CLKIN = 512kHz
Figure 17. System Connection Diagram
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CS5322/CS5323

by the magnitude of the signal current. With a
maximum input voltage onto the resistor, the in-
tegrator input current must be set equal to
approximately 0.15 the current value injected
into the IREF pin. With a 1 mA IREF current,
the full scale signal current should be about 150
UA. Additionally, to minimize current noise into
the summing junction, the value of the effective
input resistor should be above 8 kQ. Using the
64.9 kQ resistor for Ry sets the full scale input
voltage onto the integrating resistor to a value
near 10 volts. The input signal then spans
20 Vp-p.

The integrator resistor and capacitor combination
should yield a frequency (f=1/(2nR1C1)) be-
tween 850 and 950 Hz to achieve maximum
performance. This results in a capacitor value of
2.7 nF. The capacitor should be chosen to mini-
mize leakage, dielectric absorption, and the
voltage coefficient of capacitance. High quality
film capacitors may be acceptable in many appli-
cations.

The signal into the SFF pin (Signal Feedfor-
ward) of the CS5323 bypasses the input stage of
the input integrator and improves distortion per-
formance in the passband. The resistor (R2)
used at this input should be identical in value
and performance characteristics to that of the re-
sistor on the input of the SUM pin (R1).

Although the CS5323 (Figure 17) input is de-
signed to accept 20 Vp-p, modulator loop
stability can be adversely affected by high fre-
quency out-of-band signals. Therefore, input
signals above 8 kHz should be at least 6 dB be-
low full scale to prevent oscillation in the
modulator loop and to ensure proper conversion
data.

RESET Operation

The RESET pin puts the CS5322 into a known
initialized state. RESET is recognized on the
next CLKIN rising edge after the RESET pin has
been brought high (RESET=1). All internal
logic is initialized when RESET is active.

Normal device operation begins on the second
CLKIN rising edge after RESET is brought low.
The CS5322 will remain in an idle state, not per-
forming convolutions, until triggered by a SYNC
event.

A RESET operation clears memory, sets the data
output register, offset register, and status flags to
all zeroes, and sets the configuration register to
the the state of the corresponding hardware pins
(PWDN, ORCAL, DECC, DECB, DECA,
USEOR, and CSEL). The reset state is entered
on power on, independent of the RESET pin. If
RESET is low, the first CLKIN will exit the
power on reset state.

Power-down Operation

The PWDN pin puts the CS5322 into the power-
down state. The power-down state is entered on
the first CLKIN rising edge after the PWDN pin
is brought high. While in the power-down state,
the MCLK and MSYNC signals to the CS5323
analog modulator are held low. The loss of the
MCLK signal to the modulator causes it to
power-down. The signals on the MDATA and
MFLG pins are ignored. The serial interface of
the CS5322 remains active allowing read and
write operations. Information in the data regis-
ter, offset register, configuration register, and
convolution data memory are maintained during
power-down. The internal controller requires 64
clock cycles after PWDN is asserted before
CLKIN stops.
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The CS5322 exits the power-down state on the
first CLKIN rising edge after the PWDN pin is
brought low. The CS5322 then enters an idle
state until triggered by a SYNC event.

To avoid possible high current states while in
the power down state, the following conditions

apply:

1. CLKIN must be active for at least 64 clock cy-
cles after PWDN entry.
2. CSEL and TDATA must not both be asserted
high.

SYNC Operation

The SYNC pin is used to start convolutions and
synchronize the CS5322 and CS5323 to an ex-
ternal sampling source or timing reference. The
SYNC event is recognized on the first CLKIN
rising edge after the SYNC pin goes high.
SYNC may remain high indefinitely. Only the
sequence of SYNC rising followed by CLKIN
rising generates a SYNC event.

The SYNC event aligns the output sample and
causes the filter to begin convolutions. The first
SYNC event causes an immediate DRDY pro-
vided DRDY is low. Subsequent data ready
events will occur at a rate determined by the
decimation rate inputs DECC, DECB, and
DECA. Multiple SYNC events can be applied
with no effect on operation if they are perfectly
timed according to the decimation rate. Any
SYNC event not in step with the decimation rate
will cause a re-alignment and loss of data.

Serial Read Operation

Serial read is used to obtain status or conversion
data. The CS, R/W, SCLK, RSEL, and SOD
pins control the read operation. The serial read
operation is activated when CS goes low (CS=0)
with the R/W pin high (R/W=1). The RSEL pin

selects between conversion data (data register) or
status information (status register). The selected
serial bit stream is output on the SOD (Serial
Output Data) pin.

On read select, SCLK can either be high or low,
the first bit appears on the SOD pin and should
be latched on the falling edge of SCLK. After
the first SCLK falling edge, each SCLK rising
edge shifts out a new bit. Status reads are 16
bits, and data reads are 24 bits. Both streams are
supplied as MSB first, LSB last.

In the event more SCLK pulses are supplied than
necessary to clock out the requested information,
trailing zeroes will be output for data reads and
trailing LSB’s for status reads. If the read opera-
tion is terminated before all the bits are read, the
internal bit pointer is reset to the MSB so that a
re-read will give the same data as the first read,
with one exception. The status error flags are
cleared on read and will not be available on a
re-read.

The status error flags must be read before enter-
ing the powerdown state. If an error has occurred
before entering powerdown and the status bit
(ERROR) has not been read, the status bits (ER-
ROR, OVERWRITE, MFLG, ACC1 and ACC2)
may not be cleared on status reads. Upon exiting
the powerdown state and entering normal opera-
tion, the user may be flagged that an error is still
present.

The SOD pin floats when read operation is deac-
tivated (R/W=1, CS=1). This enables the SID
and SOD pins to be tied together to form a bi-di-
rectional serial data bus. There is an internal
nominal 100kQ pull-up resistor on the SOD pin.

DS70F1
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Serial Write Operation

Serial write is used to write data to the configu-
ration register. The CS, R/W, SCLK and SID
pins control the serial write operation. The serial
write operation_is activated when CS goes low
(CS=0) with R/W pin low (R/W=0).

Serial input data on the SID pin is sampled on
the falling edge of SCLK. The input bits are
stored in a temporary buffer until either the write
operation is terminated or 8 bits have been re-
ceived. The data is then parallel loaded into the
configuration register. If fewer than 8 bits are in-
put before the write termination, the other bits
may be indeterminate.

Note that a write will occur when CS =0 and
R/W = 0 even if SCLK is not toggled. Failure to
clock in data with the appropriate number of
SCLKSs can leave the configuration register in an
indeterminate condition.

The serial bit stream is received MSB first, LSB
last. The order of the input control data is
PWDN first, followed by ORCAL, USEOR,
CSEL, Reserved, DECC, DECB, and DECA
The configuration data bits are defined in Ta-
ble 1. The configuration data controls device
operation when only in the software mode, i.e.,
the H/S pin is low (H/S=0). The Reserved con-
figuration data bit must always be written low.

Offset Calibration Operation

The offset calibration routine computes the offset
produced by the CS5323 modulator and stores
this value in the offset register. The USEOR pin
or bit determines if the offset register data is to
be used to correct output words.

After power is applied to the chip set the
CS5322 must be RESET. To begin an offset cali-
bration, the CS5323 analog input must represent
the offset value. Then in software mode (H/S =
0) the ORCAL bit must be toggled from a low to
a high. In hardware mode the ORCAL pin must
be toggled low for at least one CLKIN cycle,
then taken high (except when ORCAL = 1 and
the CS5322 is RESET as this toggles the OR-
CAL internally). After ORCAL has been
toggled, the SYNC signal must be applied to the
CS5322. The filter settles on the input value in
56 output words. The output word rate is deter-
mined by the state of the the decimation rate
control pins, DECC, DECB, and DECA. On the
57th output word, the CS5322 issues the OR-
CALD status flag, outputs the offset data sample,
and internally loads the offset register. During
calibration, the offset register value is not used.

If USEOR is high (USEOR=1), subsequent sam-
ples will have the offset subtracted from the
output. The state of USEOR must remain high
for the complete duration of the convolution cy-

Input Equivalent
Bit # Hardware Function Description
1 (MSB) PWDN Standby mode
2 ORCAL Self-offset calibration
3 USEOR Use Offset Register
4 CSEL Channel Select
5 Reserved Factory use only
6 DECC Filter BW selection
7 DECB Filter BW selection
8 (LSB) DECA Filter BW selection

Table 1. Configuration Data Bits
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Output
Bit # Function Description

1 (MSB) ERROR Detects one of the errors below
2 OVERWRITE Error Overwrite Error
3 MFLG Error Modulator Flag Error
4 ACC1 Error Accumulator 1 Error
5 ACC2 Error Accumulator 2 Error
6 DRDY Data Ready
7 1SYNC First sample after SYNC
8 ORCALD Offset calibration done
9 PWDN Standby mode
10 ORCAL Self-offset calibration
11 USEOR Use Offset Register
12 CSEL Channel Select
13 Reserved Factory use only
14 DECC Bandwidth Selection Status
15 DECB Bandwidth Selection Status
16 DECA Bandwidth Selection Status

Table 2. Status Data (from the SOD Pin)

cle. If USEOR is low (USEOR=0), the output
word is not corrected, but the offset register re-
tains its value for later use. The results of the
last calibration will be held in the offset register
until the end of a new calibration, or until the
CS5322 is reset using the RESET pin. USEOR
does not alter the offset register value, only its
usage.

To restart a calibration, ORCAL and SYNC must
be taken low for at least one CLKIN cycle. OR-
CAL must then be taken high. The calibration
will restart on the next SYNC event. If the OR-
CAL pin remains in a high state, only a single
calibration will start on the first SYNC signal.

Status Bits

The Status Register is a 16-bit register which al-
lows the user to read the flags and configuration
settings of the CS5322. Table 2 documents the
data bits of the Status Register.

The ERROR flag, ERROR, is the OR’ed result
of OVERWRITE, MFLG, ACCI1, and ACC2.

The ERROR bit is active high whenever any of
the four error bits are set due to a fault condi-
tion. The ERROR output has a nominal 100KQ
internal pull-up resistor.

The OVERWRITE bit is set when new conver-
sion data is ready to be loaded into the data
register, but the previous data was not com-
pletely read out. This can occur on either of two
conditions: a read operation is in progress or a
read operation was started, then aborted, and not
completed. These two conditions are data read
attempts. The attempt is identified by the first
SCLK low edge (MSB read) of a data register
read. If a data register read is not attempted, the
CS5322 assumes that data is not wanted and
does not assert OVERWRITE, and the old data
is over-written by the new data. On an OVER-
WRITE condition, the old partially read data is
preserved, and the new data word is lost.

Status reads have no effect on OVERWRITE as-
sert operations. The OVERWRITE bit is cleared
on a status register read or RESET.

DS70F1
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The MFLG error bit reflects the CS5323 MFLG
signal. Any high level on the CS5322 MFLG
pin will set the MFLG status bit. The bit is
cleared on a status register read or RESET op-
eration, only if the MFLG pin on the CS5322
has returned low. A internal nominal 100KQ
pull-down resistor is on the MFLG pin.

The accumulator error bits, ACC1 and ACC2,
indicate that an underflow or overflow has oc-
curred in the FIR1 filter for ACCI1, or the FIR2
and FIR3 filters for ACC2. Both errors are
cleared on a status read, provided the error con-
ditions are no longer present. In normal
operation the ACC1 error will only occur when
the input data stream to FIR1 is all 1’s for more
than 32 bits. The ACC2 error cannot occur in
normal operation.

The DRDY bit reflects the state of the DRDY
pin. DRDY rising edge indicates that a new data
word has been loaded into the data register and
is available for reading. DRDY will fall after the
SCLK falling edge that reads the data register
LSB. If no data read attempt is made, DRDY
will pulse low for 1/2 CLKIN cycle, providing a
positive edge on the new data availability. In the
OVERWRITE case, DRDY remains high be-
cause new data is not loaded at the normal end
of conversion time.

The 1SYNC status bit provides an indication of
the filter group delay. It goes high on the second
output sample after SYNC and is valid for only
that sample. For repetitive SYNC operations,
SYNC must run at one fourth the output word
rate or slower to avoid interfering with the
1SYNC operation. With these slower repetitive
SYNC’s or non-periodic SYNC'’s separated by at
least three output words, 1SYNC will occur on
the second output sample after SYNC.

ORCALD indicates that calibration of the offset
register is complete and the offset sample is
available in the output register. This flag is high
only during that sample and is otherwise low.

The remaining eight status bits (PWDN, OR-
CAL, USEOR, CSEL, Reserved, DECC,
DECB, AND DECA) provide configuration
readback for the user. These bits echo the con-
trol source for the CS5322 such that in the
hardware mode (H/S=1), they follow the corre-
sponding input pins. In host mode (H/S=0) they
follow the corresponding configuration bits.

A brief explanation of the eight bits are as fol-
lows:

PWDN - When high, indicates that the CS5322
is in the power-down state.

ORCAL - When high, indicates a potential cali-
bration start.

USEOR - When high, indicates the Offset Regis-
ter is used. During calibration, this bit will read
zero indicating the offset register is not being
used during calibration.

CSEL - When high, TDATA is selected as the
filter source. When low, the MDATA output sig-
nal from the CS5323 is selected as the input
source to the filter.

Reserved - Always reads low.
DECC, DECB, and DECA - Indicate the deci-

mation rate of the filter and are defined in
Table 3.
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DECC DECB DECA Output Word Rate (Hz) Clocks Filter Output

0 0 0 62.5 16384

0 0 1 125 8192

0 1 0 250 4096

0 1 1 500 2048

1 0 0 1000 1024

1 0 1 2000 512

1 1 0 4000 256

1 1 1 Reserved -

Table 3. Bandwidth Selection: Truth Table

Digital Output and Data Format

For proper operation the CS5322 must be pro-
vided with a CMOS-compatible clock into the
CLKIN pin. The normal operating frequency is
1.024 MHz. This clock determines the input
sample rate. The sample rate is CLKIN/4 while
the output word rate is determined by the status
of the DECC, DECB, and DECA input pins or
configuration bits; depending whether in the
hardware mode or host mode.

The CS5322 computes a serial 24-bit output
word in two’s complement format. The output
codes range from decimal -5242880 to
+5242879 for a £10V sine wave input into the
CS5323 modulator as shown in Table 4.

Modulator Digital Filter Output Code
Input Signal HEX Decimal
approx. +16Vt 7FEFFF +8384511
approx. +11V 57FFFF +5767167
approx. +10V AFFFFF +5242879
ov 000000 0
approx. -10V B00000 -5242880
approx. -11V A00000 -5767168
approx. -16Vt 800000 -8388608

1 This is an overrange condition

Table 4. Output Coding for the CS5322
and CS5323 combination

Performance

The CS5322/23 A/D converter is intended for
use in seismic and passive sonar applications.
These applications require particularly high dy-
namic range capability. The CS5322/23 offers
high dynamic range without compromising spec-
tral purity. The CS5322/23 typically achieves
120 dB of dynamic range, while maintaining sig-
nal/distortion at 110 dB.

An A/D converter system using the CS5322/23
A/D converter as its core was tested using Fast
Fourier Transform techniques. Data was col-
lected from the CS5322/23 serially via a UART
interface to a PC-compatible computer. The out-
put from the CS5322 was submitted to a
windowing algorithm and then to the FFT algo-
rithm. Figure 18 illustrates the performance of
the CS5322/23 when tested with a full scale
100 Hz signal for the 2 ms filter selection. The
CS5322/23 exhibits some second harmonic but
no third harmonic. The test frequency of 100 Hz
was selected, as this was the center frequency of
a bandpass filter constructed to reject harmonics
and line frequencies present at the output of the
signal generator. Figure 19 illustrates the per-
formance of the CS5322/23 (100 Hz input
signal) for the 1 ms filter selection. Note that the
performance of the CS5322/23 will generally ex-
ceed the capability of most available sine wave
test generators for frequencies between
2-500 Hz. The excess noise is due to the signal
source.
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Figure 18. 1024 Point FFT Plot with
Full Scale Input, 100 Hz.
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Figure 19. 1024 Point FFT Plot with
Full Scale Input, 100 Hz.

Clock Source Considerations

To obtain maximum performance from the
CS5322/CS5323 chip set requires a CLKIN sig-
nal with a very low level of clock jitter, i.e., less
than 10 picoseconds of jitter. A well designed
crystal-based clock is preferred. The clock oscil-
lator should have a well-regulated supply, with
local bypass capacitors at the oscillator. The
output from the oscillator should pass through as
few logic gates or counter-divider stages as pos-
sible. Excess clock jitter will reduce the
signal/noise performance of the A/D converter.

Power Supply Rejection Ratio

The power supply rejection ratio of the CS5323
is frequency dependent. The rejection for fre-
quencies between dc and f; Hz (CLKIN=1.024
MHz) is nearly constant. Above fi Hz, the
CS5322 digital filter will aid in rejecting inter-
ference until the frequencies near CLKIN/21.3
(above 48 kHz for CLKIN=1.024 MHz). Power
supply interference above this frequency may
cause noise to be modulated into the passband
(dc to f1 Hz), degrading the performance of the
A/D.

Power Supply Considerations

The system connection diagram, Figure 17, illus-
trates the recommended power supply
arrangements. The CS5323 has two positive
analog supply pins and two negative analog sup-
ply pins. Multiple pins are used to minimize the
possibility of noise coupling on the chip. All six
power supply pins should be decoupled to their
respective grounds, with a 0.1 uF capacitor lo-
cated near the device. The digital supplies are
decoupled from the analog supplies with a 10Q
resistors to minimize the effects of digital noise
in the converter.

The positive digital power supply of the CS5323
must never exceed either positive analog supply
by more than a diode drop, or the CS5323 could
experience permanent damage. If separate sup-
plies are used for the analog and digital sections
of the chip, care must be taken that the analog
supply comes up first at power-up. Additionally,
the power supplies to the CS5323 should be ac-
tive before the reference current generator
supplies the IREF input current.

The maximum voltage differential between the
positive digital supply of the CS5323 and the
positive digital supply of the CS5322 must be
less than 0.25V. Operation beyond this con-
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straint may result in loss of analog performance
in the CS5322 and CS5323 chip set.

Many seismic or sonar systems are battery pow-
ered, and utilize dc-dc converters to generate the
necessary supply voltages for the system. To
minimize the effects of power supply interfer-
ence, it is desirable to operate the dc-dc
converter at a frequency which is rejected by the
digital filter.

To achieve maximum performance, the dc-dc
converter operating frequency should be located
below 48 kHz (see Power Supply Rejection). A
synchronous dc-dc converter, whose operating
frequency is derived from the 1.024 MHz clock
used to drive the CS5322, will minimize the po-
tential for "beat frequencies" appearing in the dc
to f1 Hz passband.

Schematic & Layout Review Service

Confirm Optimum ~ [T
Schematic & Layout  ({: {
Before Building Your Board.

For Our Free Review Service
Call Applications Engineering.

Call: (512)445-7222
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CHIP SELECT cs
FRAME SYNC SYNC RW  READ/WRITE
CLOCK INPUT CLKIN RSEL REGISTER SELECT
RESET RESET \ / SCLK SERIAL CLOCK
MODULATOR SYNC MSYNC _ /_sn) SERIAL INPUT DATA

e T e Y s O e B e s B

MODULATOR FLAG MFLG —\as a3z 12w,/ SOD  SERIAL OUTPUT DATA

MODULATOR CLOCK MCLK — 1°  CS5322 > g _— ERROR ERROR FLAG

POSITIVE DIGITAL POWER  VD+ —(s JI‘;:I 21— DRDY DATA READY
DIGITAL GROUND DGND —/Ejo :; 3\-_ VD+  POSITIVE DIGITAL POWER
MODULATOR DATA MDATA \_DGND DIGITAL GROUND

12 13 14 15 16 17 18

TEST DATA TDATA ORCAL OFFSET CALIBRATION
CHANNEL SELECT CSEL DECA DECIMATION RATE CONTROL
HARDWARE/SOFTWARE MODE H/S DECB DECIMATION RATE CONTROL
POWER DOWN PWDN DECC DECIMATION RATE CONTROL

USEOR USE OFFSET REGISTER

CS5322 PIN DESCRIPTIONS

Power Supplies

VD+ - Positive Digital Power, PIN 8,21
Positive digital supply voltage. Nominally +5 volts.

DGND - Digital Ground, PIN 9,20
Digital ground reference.

Digital Outputs

MCLK - Modulator Clock Output, PIN 7
A CMOS-compatible clock output (nominally 1.024 MHz) that provides the necessary clock for
operation of the modulator.

MSYNC - Modulator Sync, PIN §
The transition from a low to high level on this output will re-initialize the CS5323.

ERROR - Error Flag, PIN 23
This signal is the output of an open pull-up NOR gate with a nominal 100 k€Q pull-up resistor
to which the error status data (OVERWRITE error, MFLG error, ACC1 error and ACC2 error)
are inputs. When low, it notifies the host processor that an error condition exists. The ERROR
signal can be wire OR’d together with other filters’ outputs. The value of the internal pull-up
resistor is 100 kQ.
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DRDY - Data Ready, PIN 22
When high, data is ready to be shifted out of the serial port data register.

SOD - Serial Output Data, PIN 24
The output coding is 2’s complement with the data bits presented MSB first, LSB last. Data
changes on the rising edge of SCLK. An internal nominal 100 k< pull-up resistor is included.

Digital Inputs

MDATA - Modulator Data, PIN 10

Data will be presented in a one-bit serial data stream at a bit rate of 256 KHz;
(CLKIN = 1.024 MHz).

TDATA - Test Data, PIN 11
Input for user test data.

MFLG - Modulator Flag, PIN 6
A transition from a low to high level signals that the CS5323 modulator is unstable due to an
over-range on the analog input. A Status Bit will be set in the digital filter indicating an error
condition. An internal nominal 100 k€ pull-down resistor included on the input pin.

RESET - Filter Reset, PIN 4
Performs a hard reset on the chip, all registers and accumulators are cleared. All signals to the
device are locked out except CLKIN. The error flags in the Status Register are set to zero and
the Data Register and Offset Register are set to zero. The configuration register is set to the
values of the corresponding input pins. SYNC must be applied to resume convolutions after
RESET deasserts.

CLKIN - Clock Input, PIN 3
A CMOS-Compatible clock input to this pin (nominally 1.024 MHz) provides the necessary
clock for operation the modulator and filter.

SYNC - Frame Sync, PIN 2
Conversion synchronization input. This signal synchronizes the start of the filter convolution.
More than one SYNC signal can occur with no effect on filter performance, providing the
SYNC signals are perfectly timed at intervals equal to the output sample period.

CSEL - Channel Select, PIN 12
When high, information on the TDATA pin is presented to the digital filter. A low causes data
on the MDATA input to be presented to the digital filter.

PWDN - Powerdown, PIN 14
Powers down the filter when taken high. Convolution cycles in the digital filter and the MCLK
signal are stopped. The registers maintain their data and the serial port remains active. SYNC
must be applied to resume convolutions after PWDN deasserts.
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DECA - Decimation Rate Control , PIN 18
See Table 3.

DECB - Decimation Rate Control , PIN 17
See Table 3.

DECC - Decimation Rate Control, PIN 16
See Table 3.

H/S - Hardware/Software Mode Select, PIN 13
When high, the device pins control device operation; when low, the value entered by a prior
configuration write controls device operation.

CS - Chip Select, PIN 1 _
When high, all signal activity on the SID, R/W and SCLK pins is ignored. The DRDY and
ERROR signals indicate the status of the chip’s internal operation.

R/W - Read/Write, PIN 28 .
Used in conjunction with CS such that when both signals are low, the filter inputs data from
the SID pin on the falling edge of SCLK. If CS is low and R/W is high, the filter outputs data
on the SOD pin on the rising edge of SCLK. R/W low floats the SOD pin allowing SID and
SOD to be tied together, forming a bidirectional serial data bus.

SCLK - Serial Clock, PIN 26
Clock signal generated by host processor to either input data on the SID input pin, or output
data on the SOD output pin. For write, data must be valid on the SID pin on the falling edge of
SCLK. Data changes on the SOD pin on the rising edge of SCLK.

SID - Serial Data Input, PIN 25
Data bits are presented MSB first, LSB last. Data is latched on the falling edge of SCLK.

RSEL - Register Select, PIN 27
Selects conversion data when high, or status data when low.

USEOR - Use Offset Register, PIN 15
Use offset register value to correct output words when high. Output words will not be offset
corrected when low.

ORCAL - Offset Register Calibrate, PIN 19
Initiates an offset calibration cycle when SYNC goes high after ORCAL has been toggled from
low to high. The offset value is output on the 57th word following SYNC. Subsequent words
will have their offset correction controlled by USEOR.
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TEST TST
TEST TST NC NO CONNECTION
TEST TST NC NO CONNECTION
CURRENT INPUT REFERENCE  IREF \ / NC NO CONNECTION
ANALOG GROUND AGND1 »\,‘—. Mmoo ,—\/- MSYNC MODULATOR SYNC

NEGATIVE ANALOG POWER VA1~ s ¢ 2 T & 7 %2/ MFLG MODULATOR FLAG
POSITIVE ANALOG POWER ~ VA1+ —°  €S5323 I —VD-  NEGATIVE DIGITAL POWER
INTEGRATOR OUTPUT  INT —s Jop h— VD+  POSITIVE DIGITAL POWER
SIGNAL SUMMATION NODE ~ SUM —"}° “\—DGND DIGITAL GROUND
SIGNAL FEEDFORWARD  SFF —J/Hn wg\\: MCLK CLOCK INPUT

ANALOG GROUND AGND2 j AR "’T\ MDATA DATA OUTPUT
POSITIVE ANALOG POWER ~ VA2+ / \ NC  NO CONNECTION
NEGATIVE ANALOG POWER  VA2- NC  NO CONNECTION

NO CONNECTION NC NC NO CONNECTION
NC NO CONNECTION

CS5323 PIN DESCRIPTIONS

Power Supplies
VA1+, VA2+ - Positive Analog Power, PINS 7, 12
Positive analog supply voltage. Nominally +5 Volts.

VA1-, VA2- — Negative Analog Power, PINS 6, 13
Negative analog supply voltage. Nominally -5 Volts.

AGND1, AGND2 - Analog Ground, PINS 5, 11
Analog ground reference.

VD+ - Positive Digital Power, PIN 22
Positive digital supply voltage. Nominally +5 Volts.

VD- - Negative Digital Power, PIN 23
Negative digital supply voltage. Nominally -5 Volts.

DGND - Digital Ground, PIN 21
Digital ground reference.
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Analog Inputs

IREF - Current Input Reference Node, PIN 4
This node accepts a 1 mA reference current to set the signal gain of the A/D converter.

SFF - Signal Feedforward, PIN 10

The input signal is fed forward around the integrator input stage by means of this input pin.
This maximizes signal performance.

SUM - Signal Summation node, PIN 9
This is the input integrator virtual ground summing junction. The external integrator input

resistor and integrating capacitor are connected to this node, along with a 250 WA bias current
network.

INT - Integrator Output, PIN 8

Output pin of the input integrator stage. The external integrating capacitor is connected to this
pin for proper operation.

Digital Inputs

MCLK - Clock Input, PIN 20
A CMOS-compatible clock input to this pin (nominally 1.024 MHz) provides the necessary
clock for operation of the modulator, digital filter and data output portions of the A/D converter.

MSYNC - Modulator Sync, PIN 25
A transition from a low to high level on this input will re-initialize the CS5323. MSYNC resets

a divide-by-four counter to align the output bit stream from the CS5323 for proper input to the
CS5322.

Digital Outputs
MDATA - Modulator Data Output, PIN 19

Data will be presented in a one-bit serial data stream at a bit rate of 256 kHz.

MFLG - Modulator Flag, PIN 24
A transition from a low to high level signals that the CS5323 modulator is unstable due to an

over-range on the analog input. A Status Bit will be set in the digital filter indicating an error
condition.

Miscellaneous
TST - Test, PINS 1,2,3
Reserved for production test facility. Should be tied to DGND for normal operation.

NC - No Connection, PINS 14,15,16,17,18,26,27,28
No internal connection. Tie to ground for optimum operation.
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PARAMETER DEFINITIONS
Dynamic Range

The ratio of the full-scale (rms) signal to the broadband (rms) noise signal. Broadband noise is
measured with the input grounded within the bandwidth of 1 Hz to f3 Hz. Units in dB.

Signal-to-Distortion
The ratio of the full-scale (rms) signal to the rms sum of all harmonics up to f3 Hz. Units in
dB.

Intermodulation Distortion
The ratio of the rms sum of the two test frequencies (50 and 70 Hz) which are each 6 dB down
from full-scale to the rms sum of all intermodulation components within the the bandwidth of
dc to f3 Hz. Units in dB.

Full Scale Error
The ratio of the difference between the value of the voltage reference and analog input voltage
to the full scale span (two times the voltage reference value). This ratio is calculated after the
effects of offset and the external bias components are removed and the analog input voltage is
adjusted. Measurement of this parameter uses the circuitry illustrated in the System Connection
Diagram. Units in %.

Full Scale Drift
The change in the Full Scale value with temperature. Units in %/°C.

Offset
The difference between the analog ground and the analog voltage necessary to yield an output
code from the CS5323/22 of 000000(H). Measurement of this parameter uses the circuit
configuration illustrated in the System Connection Diagram. Units in mV.

Offset Drift
The change in the Offset value with temperature. Measurement of this parameter uses the
circuit configuration illustrated in the System Connection Diagram. Units in pV/°C.
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Semiconductor Corporation

CDB5323

Evaluation Board for CS5323 & CS5322

Features

@ DIP switch control of all CS5322 logic
pins

@ Header control of all CS5322 logic pins

@ Supports manual operation of RESET
and SYNC

General Description

The CDB5323 is an evaluation board that allows labora-
tory characterization of the CS5322/CS5323 A/D
converter chip-set. The chip-set supports seven different
selectable word rates: 4 kHz, 2 kHz, 1 kHz, 500 Hz
250 Hz, 125 Hz and 62.5 Hz. Input to the board is 20
volts peak-to-peak. Output is via header connections to
the CS5322 serial interface.

ORDERING INFORMATION: CDB5323

SYNC
o Headers
f O— 45V
CS5323 Cs5322
Reference |REE 9
Circuitry MSYNC MSYNC
MCLK MCLK RESET
T
MDATA MDATA fo O— 45V ""‘“
S@} —AW\ SUM MFLG MFLG
AIN 1—/W\/\/— SFF CLKIN 9
Oscillator/ -
Divider DIP Switch
Selections
+5V Analog -6V Analog +5V Digital
+5V -5V
Regulator Regulator
+15V AGND -15V DGND +5V

Crystal Semiconductor Corporation MAR ’'95
P.O. Box 17847, Austin, TX 78760 Copyright © Crystal ngicanductor Corporation 1995 DS70DB5
(512) 445 7222 Fax: (512) 445 7581 (All Rights Resarvea) 2.272
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Figure 1. Power Supplies
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OVERVIEW

The CDBS5323 evaluation board requires three
separate power supplies for proper operation.
Figure 1 illustrates the power supply connec-
tions. The required power supply input voltages
consist of +5V, +15V, and -15V. The +5V input
supplies the CS5322 filter and logic support de-
vices on the board. The +15V and -15V inputs

are regulated down to provide +5V and -5V sup-
plies necessary for the CS5323 modulator.
Figure 1 also illustrates the LT1021 10V refer-
ence used with the CS5323 modulator.

Figure 2 illustrates the CS5323 modulator cir-
cuitry, including the analog BNC input for the
test signal source. Figure 3 illustrates the
2.048 MHz oscillator and dual D flip flop clock

TP
, \f 10
+5VA l‘ ouF M
Ay
] R22
£ 10nF C25 7 22 L.mF
“gcze
VA1+ VD+ ca7
5 21
OAnF a1 | AGND! DGND
T 1 MSYNC 25—
F_From1 v VA2+ MCLK (20 To
igure 6.04k 3.92 k 19, Fiqure 4
VREF —e A * * MA—42 IREF MDATA ;’ Figure
TANT.
(+10V) R l R21 MFLG =%
R20 + | 68uF 0.1uF u2 NG |18
/—vrms Lo2s Ccs5323 NG |17
TANT. L NC |18
68UF 0.1pF
+ U8 wul NC 15
Lot Loz gy =mie 8 r \o |14
64.9K C24 g ~
AN (©) —Wh—e- 1 SUM ST -3
R17 470pF 2
gczo TST
64.9k 1
0 TST
R19 13 4
VA2- NG |28
27
NC
0.1puF
'>—H g 1 AGND2 NG |26
C30
VA1- VD- %
[101uF  1g 23
coo'! b
-5VA
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Figure 2. CS5323 Modulator Input Circuitry.
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+5Vp ck L2 D Q 5 12 D Q 9
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CLK/2 (1.024 MHz)

CLK (2.048 MHz)*
CLKIN (To Figure 4)

Figure 3. Oscillator / Divider

divider. Note that both the oscillator and the di-
vider are separately decoupled from the +5V
supply to reduce clock jitter which can be intro-
duced from noisy supplies. Jumper J4 should be
set in the CLK/2 position to source 1.024 MHz
to the CS5322 chip for normal operation. If op-
eration from 512 kHz clock is desired, the J4
jumper should be changed to the CLK/4 p