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Crystal Semiconductor brings the benefits of leadership, high
quality, analog VLSI solutions to our customers.




Crystal Semiconductor Corporation

Data Acquisition Data Book

LIFE SUPPORT AND NUCLEAR POLICY

CRYSTAL SEMICONDUCTOR PRODUCTS ARE NOT AUTHORIZED FOR AND SHOULD NOT BE USED WITHIN
LIFE SUPPORT SYSTEMS OR NUCLEAR FACILITY APPLICATIONS WITHOUT THE SPECIFIC WRITTEN CON-
SENT 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 provide can be reasonably expected to result in personal injury or death. Users contemplating
applications of Crystal Semiconductor 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 consequiential
damages.

Examples of devices considered to be life support devices are neonatal oxygen analyzers, nerve stimulators (whether used
for anasthesia, pain relief, or other purposes), autotransfusion devices, blood pumps, defibrillators, arrhythmia detectors and
alarms, pacemakers, hemodialysis systems, pertoneal dialysis systems, neonatal ventilator incubators, ventilators for both
adults and infants, aneshesia 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 con-
nection with the handling, processing, packaging, preparation, utilization, fabricating, alloying, storing, or disposal of fis-
sionable material or waste products thereof.
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o COMPANY INFORMATION

COMPANY INFORMATION

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
product 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

}-‘ACKAGE CODE -REQUIRED ,ALPHA CHARACTER ONLY ,NO NUMERICS

P = PLASTIC DIP S =0.3"SOIC
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

TEMPERATURE SPECIFICATION - REQUIRED,ALPHA CHARACTER ONLY
SIGNAL CONDITIONING/COMMUNICATION:
BLANK= 0 °C to70 °C
I= -40°C 1085 °C
M= -55°C to 125 °C

TEMPERATURE/ACCURACY - REQUIRED,ALPHA CHARACTER ONLY
DATA ACQUISITION:

TEMPERATURE ACCURACY

GOOD BETTER BEST
0°C to70 °C J K L
-40°C to 85 °C A B C
-55°C to 125 °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

4 = D/A CONVERTERS

5 = A/D CONVERTERS

6 = TELECOMMUNICATIONS

7 = SIGNAL CONDITIONING

8 = DATACOMMUNICATIONS

L CRYSTAL SEMICONDUCTOR

"CS" = ALL CRYSTAL PRODUCTS;EXCEPT FOR

"CXT" = QUARTZ CRYSTALS

"CDB" = EVALUATION BOARD REV3
"CX" = CUSTOM PRODUCTS




R & COMPANY INFORMATION

In addition to the part number, all Crystal parts have a second line of marking, which can be decoded as
follows:

FATLLRYYWW

ASSEMBLY DATE CODE
DEVICE REVISION LEVEL

LOT IDENTIFICATION
TEST SITE DESIGNATOR
— ASSEMBLY SITE DESIGNATOR
— FOUNDRY DESIGNATOR

LOT CODE IDENTIFIER - TWO DIGIT ALPHA CHARACTER.
IDENTIFIER SEQUENCE WILL BEGIN WITH
AAAB,AC, ETC. EACH LOT WILL RECEIVE
A UNIQUE IDENTIFIER REGARDLESS OF
DEVICE OR START DATE. SEQUENCE
BEGINS AGAIN WITH AAWHEN 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.

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
management, Crystal has achieved several industry firsts. Systems designers now benefit from the
performance and cost savings of Crystal breakthroughs such as self-calibrating ADCs, a universal filter,
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
manufacturer’s representatives. Crystal’s entire marketing and sales organization is committed to
providing quality products and reliable, rapid service.




QUALITY AND RELIABILITY INFORMATION

QUALITY AND RELIABILITY INFORMATION

Crystal Semiconductor is committed at every
level of the company to the highest possible
standards of quality and reliability in its
products. This committment is evident in all
phases of operations: initial product definition,
design, fabrication, assembly, test, qualification
and customer service. Product quality and
reliability is an active concern of each Crystal
employee.

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

Each pin in every SMART Analog product is
designed 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 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.
On-chip digital error correction provides stable
performance over time and temperature by
taking advantage of digital controls that are
insensitive to parametric analog problems such
as leakages and shifts in threshold voltage. Using
Crystal devices, designers have 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 (Japan and California today). Each
fabrication facility is qualified by Crystal. As-
sembly is performed both domestically and off-
shore under carefully documented and well-con-
trolled 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 electrically
tested using proprietary test circuits that verify
key parameters. Following assembly, packages
are subjected to a variety of mechanical inspec-
tions to verify integrity and insure high quality.
(For example, x-ray inspection to 3.0 percent
LTPD 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.
Crystal’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 guarantees 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,
traceability to the original wafer lot is carefully
maintained.

Q&R1
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QUALITY AND RELIABILITY INFORMATION

In Product Qualification

Before any Crystal product is released to
production 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 eliminated. Crystal uses military
specifications as the guidelines for reliability
tests, methods and procedures. (See Table 1.)

To ensure reliability of the design and processes,
full qualification requires that three non-
consecutive lots are used during the qualification
program. Fabrication and assembly facilities are
audited every six months and periodically
monitored. Any major design or process changes
restart the qualification procedure.

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

TABLE 1 - QUALIFICATION TESTS

MIL STD INFANT MORTALITY TESTS LONG-TERM RELIABILITY TESTS
883C PASS/FAIL PASS/FAIL CRYSTAL
TEST ° METHOD CONDITION DURATION | CRITERION DURATION CRITERION GOAL
OPERATING LIFE 1015 | +125°C, Dynamic Bias 168 hrs 0.25% 1000 HRS 75 FITSTY 10 FITST
CONDD | +-5.5V Supplies (25° C/60%UCL (25° ¢/
1.0 eV Act. Energy) | 80% UCL)
TEMPERATURE HUMIDITY .85 C/85% RH Static Bias | 168 hrs 1.0 LTPD 1000 HRS 3.0 LTPD 1.0 LTPD
STRESS (Plastic Parts)
TEMPERATURE CYCLING 10105 65Cto + 150°C 100 CYCLES| 1.0 LTPD 1000 3.0 LTPD 1.0 LTPD
Hermetic Packages CONDC | Then Gross Leak Test CYCLES
TEAP‘.!IIZSEQTU‘?E CYCLING c1cgr11 %-’;3 -58°Cto + 125°C i
ackages or 3.0 LTPD 1.0 LTP
or 40Cto s 125°C  |W0OCYCLES| 1.0 LTPD ov®es 0 LTPD
THERMAL SHOCK 1011.4 -55°Cto +125°C
CONDB or 100 CYCLES| 1.0 LTPD 3.0 LTPD 1.0 LTPD
or -40°Cto + 125°C : oviles
** *** Then Gross Leak Test
AUTOCLAVE  (Plastic Parts 121°C/100% RH
) 2 A e Bt s 48 HRS 1.0 LTPD 144 HRS 3.0 LTPD 1.0 LTPD
CENTRIFUGE 2001 30 Kg/Y 1 Axis 5.0 LTPD 1.0 LTPD
ELECTROSTATICDISCHARGE 3015 1500V-0 Fail {5 UNITS, ALL PINS| 1500V-0 FAIL 4000V
LATCH UP dc Current 100 mA-OFail |5 UNITS, ALL PINS| 100mA-0 FAIL 200mA

* JEDEC STD 22-B, A104 CONDB
b JEDEC STD 22-B, A106 CONDC
*+*  For hermetic Packages Only

t+  Equivalentto 50 FITS, 70 C/60% UCL, 0.7 eV
tt Equivalent to 300 FITS, 70.0/60% UCL,0.7eV

Q&R1



QUALITY AND RELIABILITY INFORMATION

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, produced
according to schedule, and shipped with zero
discrepancies.

All systems and procedures at Crystal
Semiconductor are aimed at continously
improving the quality and reliability of our
products and services to meet the needs of our
customers.

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
quality 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
documentation of instructions and criteria for
testing and inspection. Semiannual vendor audits
are performed on the assembly and fabrication
foundries. 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,
thorough incoming inspections are performed.
Wafer level optical inspection is based upon
guidelines of MIL STD 883C, METHOD 2010.
Test die are electrically tested to verify
compliance to key process parameters based
upon design rules specifications. These electrical
parameters include threshold voltages,
breakdown voltages, material resistance, and
contact resistance. Assembly packaging
inspection includes external visual, marking
permanency, solderability, x-ray, hermeticity, die
shear, wirepull and internal 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
corrective action is agreed upon. There are
controlled procedures for releasing new test
programs and new test equipment to the
production environment. In summary, Crystal
Semiconductor is committed to meet the quality
requirements of its customers.

Q&R1
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COMMUNICATIONS PRODUCTS

T1, PCM-30 and ISDN Primary
Rate Line Interface Circuits
Crystal Semiconductor offers a
broad family of CMOS PCM line
interface circuits, with each device
optimized for a unique system ap-
plication. The CS6152, CS6159,
CS61535 and CS61574 are recom-
mended for use in new designs.

Since introducing the industry’s
first T1 and PCM-30 line interface
circuits (the  CS61534  and
CS61544), we have shipped more
CMOS PCM line interface ICs than
any other vendor worldwide. Crys-
tal Semiconductor’s leadership con-
tinues with the best in puise shapes,
jitter attenuation, jitter tolerance
and low power dissipation.

Product CS6152 CS6159 CS61535 CS61574

Application T1 T1&PCM-30'| T1&PCM-30 | T1&PCM-30
Clock & Data

Receiver Functions gl?ct:r Clg:t:\-:;ta CI;::O«B‘(:;& Recovery &

Jitter Attn
Transmitter functions Low .Power Low 'Power Jitter l.\tten. Driver
Driver Driver & Driver
Serial Control Port - - yes yes
DIP Package 24-pin, 300 mill  24-pin, 300 mil | 28-pin, 600 mil | 28-pin, 600 mil

No one has a wider family of line interface IC’s,

sity is limited by heat dissipation.

power dissipation.

CS6152: Basic DSX-1 driver and receive buffer.
For low power cards using digital-ASIC clock
recovery. Ideal for trunk card bays where T1 den-

CS6159: Ideal for large synchronous systems
such as central offices and DCS 0/1, which need
the lowest cost per line, small package and low

CS61535: Enhanced transmit-side jitter attenuator
supports SONET VT1.5 and VT2, and other high
speed transmission systems such as digital
microwave radio.

CS61574: Receive-side jitter attenuation supports

loop-timing

in customer-premises

equipment

(which needs to meet AT&T 62411) and in chan-

nel banks.

T1 Transceiver

Crystal Semiconductor’s CS2180B
T1 Transceiver is a perfect com-
panion to our T1 line interface ICs.
This device handles encoding and
decoding of all T1 frame formats
(D4, SLC-96 and T1DM and ESF).
Serial interface and control registers
make it simple to configure from a
microprocessor, including perchan-
nel control options. Packages avail-
able include 40-pin DIP or 44-lead
PLCC.

Backplane

To

System

-

CS2180B Transceiver

CS61574 Line Interface
PCM Line Card

—

>
To

Network
>

——

The CS2180A is ideal for use with Crystal’s family of line interface IC’s

2-2
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COMMUNICATIONS PRODUCTS

Jitter Attenuation Circuits

Crystal Semiconductor’s jitter at-
tenuation technology is available
stand alone for a wide variety of ap-
plications. The CS61600 is ideal for
T1 and PCM-30 applications while
the CS80600 attenuates jitter in T2,
2nd-level CEPT lines and Token
Ring LANs.

Quartz Crystals

To compliment our family of T1
line interface circuits, Crystal Semi-
conductor now supplies pullable
quartz crystals. The CXT6176 and
CXT8192, are designed for 100%
compatibility with our PCM line in-
terface and jitter attenuator circuits.

Optical Data Links

Crystal Semiconductor has smashed
through cost barriers for fiber optic
links with new low-cost bi-direc-
tional OPTIMODEMS . The
CS8123 and CS8124 support
full-duplex voice and data com-
munications at speeds to 256 kbps,
while using just one optical com-
ponent at each end of the link. The
CS8125 and CS8126 transmitter
replace expensive hybrids with
CMOS ICs to provide T1 links over
a fiber pair. The CS8127 is a unique
light Emitting and Detecting diode
for use with OPTIMODEMS .

Applications for the family of opti-
cal data links include: secure
(TEMPEST) communication of
voice and data at ISDN data rates,
communication in electrically -
noisy environments such as a fac-
tory floor, links where the physical
size and weight of cables and con-
nectors are a concern, and inter-
building connections which require
lightning immunity.

Ethernet

Crystal Semiconductor will be in-
troducing a complete family of cir-
cuits for Ethernet applications. In-
cluded in the family is the
CS83C92A, the industry’s first
low-power CMOS transceiver, the
CS8023 Serial Interface Adaptor,
and the CS8005 CSMA/CD con-
troller, which supports 10 Mbps
throughput and 64 kbytes of local
packet buffers.

Voice
or Data
Terminal

CS8124 OPTIMODEM

Cs8127 CS8127

AES/EBU  Transmitters
Receivers

The CS8401/2 AES/EBU transmit-
ters, along with the CS8411/2
AES/EBU receivers, allow digital
communication between audio
equipment. Requiring minimum ex-
ternal circuitry, these IC’s support
both professional and consumer for-
mats.

and

DTMF Receivers

Crystal Semiconductor has im-
proved on industry standard DTMF
receiver ICs while maintaining
100% pin compatibility. Our device
features on-chip filters which offer
the best possible signal-to-noise
ratio allowing highly accurate
decoding of telephone tones.

Voice
or Data
Terminal

CS8124 OPTIMODEM

The OPTIMODEM" is a powerful optical data link for a
variety of applications.

Dual

Clock
Data

Clock
Data

Fibers

T1 Rate (1.544 MBit/s) Bi-Directional Link
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Semiconductor Corporation

CS202/3

DTMF Receiver

Features General Description
® Full Receiver Implementation The CS202 and CS203 are'fully integrated DTMF (Dual
. . Tone Multifrequency) receivers that decode the tone
¢ Central Office Quality pairs used in standard dialing schemes. All of the func-
: tions needed for decoding the tone pairs are
°
Detects 12 or 16 DTMF Tone Pairs implemented using Crystal's double-poly CMOS
® Uses Inexpensive 3.579 MHz process for low power and high performance.
Colorburst Crystal
® Hex or Binary 2-of-8 Output
® Synchronous or Handshake Controlled
Output
® Built-in Filter for Dial Tone Rejection
® 18 Pin Package
¢ Single 5 Volt £10% Power Supply ORDERING INFORMATION
° rl CS202-P - 18 Pin Plastic DIP
E? y Detec'f OUtPUt CS203-P - 18 Pin Plastic DIP
® Pin Compatible with SSI 202/SSI 203 All standard 300 mil DIPs
Block Diagram
15
BANDSPLIT ——o CLRDV
FILTERS 6
LIMITERS TIMING ———-o14 ED
HIGH BAND o
9 [DIALTONE| [ /| FILTER > DIGITAL Pv
ANALOG IN FILTER FREQUENCY
| LOW BAND N DETECTORS ! D1
FILTER OUTPUT 18 D2
12 DECODER D4
XIN 16 s
11 - CLOCK
xout ° =8 GENERATOR
XEN o©
ATB &2
o4 2 3
Vp GND GND IN1633 HEX/B28 EN
Crystal Semiconductor Corporation AUG '87
P.O. Box 17847, Austin, TX 78760 DS6F1
(512) 445-7222 FAX:(512) 445-7581 2-5




Semiconductor Corporation

CS2180B
CS2180A

-~ T1 Transceivers

Features

® Monolithic T1 Framing Device

® Both Transceivers support D4 and ESF

framing formats

® CS2180B also supports SLC-96 and
T1DM framing formats

® CS2180B has updated AlS and Carrier

|Loss detection criteria

® CS2180B is Plug Compatible with

General Description

‘The CS2180A and CS2180B are - monolithic CMOS
devices which encode and decode T1 framing formats.
The devices support bit-seven and B8ZS zero suppres-
sion, and bit-robbed signaling. Clear channel mode can
be selected on a per channel basis.

The serial interface has been enhanced to allow the
CS2180A and CS2180B to share a chip select signal
and register address space with the CS61534/35/74
PCM Line Interface device.

Applications

* T1 Line Cards

* |SDN Primary Rate Line Cards
Ordering Information:

CS2180B-IP 40 Pin Plastic DIP  -40t0 85 °C
CS2180A, DS2180A and DS2180 CS2180B-IL 44 Pin PLCC -40t0 85 °C
CS2180A-IP 40 Pin Plastic DIP  -40to 85 °C
CS2180A-IL 44 Pin PLCC -40t0 85 °C
TMSYNC ~ TFSYNC TSER TABCD
3 1 IZ ] 9 T
TCLK E;li —t— SIGSEL
TLOLK Transmit Timing .L ; ™O
11 [ L ) TCHCLK
5 TSIGFR
r——' CRC
n 12
ink 10 F-Bit Data | Data Bipolar TPOS
TUNK 10 1 Selector Coder 11 [TNEG
Yellow Alarm |— 1
. T Transmitter
INT 12
S8 {77 4% vop
SCLK {73 Serial Registors 2% vss
SDI Interface = 33| ===
15 <5 RST
SPO 175 32 tesT
SPS e )
19 ” Control
vl
Receive Sync 39 2:_;38
RSER 1*75 1 Dama @ Controller [ 3% RCL
RABCD - T , 38
29 | DeMUX - Bipolar, [z RPOS
RLINK 153 Lﬂ 4_"CRC || Decoder 24 anEG
RLCLK {*53 Dharm ! ! 35
RSIGFR Receive :
RSIGSEL 2(1) Timing | Synchronizer | gi RFER
RCHCLK {55 - RCLK
28 127 21 Receiver
RMSYNC RFSYNC RYEL RBL (CS2180B-IL only)
Crystal Semiconductor Corporation JAN'90
P.O. Box 17847, Austin, TX 78760 DS44F4

(512) 445-7222 FAX: (512) 445-7581
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Low Power PCM Analog Interface

Features General Description

® Provides Analog T1 Line Interface The CS6152 combines the analog transmit and receive
line interface functions for T1 system interface in one

. device. The T1 analog interface operates from a 5 Volt
® Low Power Consumption supply, and is transparent to the T1 framing format.

(normally 180 mW) Crystal’'s EXPERT Pulse™ circuitry shapes the transmit
pulse internally, providing the appropriate pulse shape
at the DSX-1 cross-connect for line lengths ranging

™
® EXPERT Pulse ™ Programmable from 0 to 655 feet. The device provides the ideal front-
Pulse-Shaping Line Driver end to digital gate array based clock recovery circuits.
Applications

® Provides Receiver AMI-to-TTL Buffer

i i iqi ® Interfacing Network Equipment such as Multiplexors,
Which Comphments Dlg'tal Gate Array Channel Banks and Switching Systems to a DSX-1

ClOCk-ReCOVGI’y CII‘CUItS Cross Connect.
. . ® Interfacing Customer Premises Equipment such as
® Driver Performance Monitor PABX’s, T1 Multiplexors, Data PBX's and LAN
Gateways to a Channel Service Unit or T1 modem.
® Mini ORDERING INFORMATION
Minimal External Components CS6152-IP - 28 Pin Plastic, 600 mil DIP
. CS6152A-IP - 24 Pin Plastic, 300 mil DIP
® Upwards Compatible From CS61534 CS6152-IL - 28 PinJ-lead PLCC

Block Diagram

HIGHZ TAOS LENO LEN1 LEN2 TGND TVs
| 111 ] 1o
TPOS | |
e
CONTROL PULSE
TNEG — SHAPER
TCLK G
Rl DATA LINE —— RTIP
R2 DETECTION ECEIVER
e RRING

DRIVER #———— MTIP

' MONITOR MRING
3 3 I

RV+ RGND DPM

This document contains information for a new product. Crystal

Preliminary Product Information Semiconductor reserves the right to modify this product without notice.

Crystal Semiconductor Corporation JAN '89
P.O. Box 17847, Austin, TX 78760 DS29PP4
(512) 445-7222 FAX:(512) 445-7581 2-7
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Semiconductor Corporation

CS6159

Low—Power PCM Line Interface

Features

® Provides Analog PCM Line Interface
for T1 and PCM-30 Applications

® Provides Line Driver, and Data and
Clock Recovery Functions

® Internal generation of transmitted T1
pulse width and pulse shape. Pulses
meet template requirements over full

power supply and temperature range.

¢ Fully Monolithic Clock Recovery

General Description

The CS6159 combines the analog transmit and receive
line interface functions for a T1 or PCM-30 interface in a
24-pin skinny-DIP or SOIC device. The line interface
operates from a single 5 volt supply and is transparent
to the framing format. Crystal's EXPERT Puise™
circuitry shapes the transmit pulse internally, providing
the appropriate pulse shape for line lengths ranging
from 0 to 655 feet from a DSX-1 cross connect.

Applications

e Central Office Exchanges

¢ Digital Access and Cross Connect Systems
s Customer Premises Equipment

¢ PABX's

Ordering Information
CS6159-IP1 24 Pin Plastic DIP (300 mils) T1 & PCM-3(

CS6159-IS1 24 Pin SOIC (300 mils) T1 & PCM-3(
® Minimum External Components
Block Diagram
TAOS  LENOLEN1LEN2 TGND TV+
116 Iz1[22 I 23 T8 ¥ 19
LINE DRIVER
1
TCLK .10 PULSE TP
TPOS o1 CONTROL | gjaPER| 20, oG
12
TNEG o— LINE 3
LOOP ~—— RTIP
15 | BACK — SIGNAL +—{ cLock s RECEIVE
o] ] MONITOR *—| RECOVERY RRING
RPOS s
RNEG e

11F4 9 4 7

5 18 16

LLOOP RLOOP ACLKI LOS RREF LFILT RV+ RGND

imi, i This document contains information on a new product. Crystal
Pre”mlnary 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

NOV '89
DS43PP1
2-8



Semiconductor Corporation

CS61535

PCM Line Interface

Features

® Provides Analog PCM Line Interface for
T1 and PCM-30 Applications

® Provides Line Driver, and Data and
Clock Recovery Functions

® Transmit Side Jitter Attenuation Starting
at 6 Hz, with > 300 Ul of Jitter Tolerance

e Jitter Tolerance of Receiver: 0.4 Ul's to
100 kHz

® Microprocessor Controllable

® Compatible with SONET, CCITT G.742,
and Other Async. Muxes

® CS61534 Compatibility

General Description

The CS61535 combines the analog transmit and
receive line interface functions for a T1/PCM-30 inter-
face in a single 28 pin device. The line interface
operates from a single 5 volt supply and is transparent
to the framing format. Crystal's EXPERT Pulse™ cir-
cuitry shapes the transmit pulse internally, providing the
appropriate pulse shape for CCITT G.703, or for con-
necting to DSX-1 cross connects for line lengths
ranging from 0 to 655 feet. The transmitter uses a 32-bit
elastic store to remove jitter from the transmit data.

Applications

¢ Interfacing network transmission e%ui
a DS

: ment such as
ﬁé%l;lET multiplexor and M13 to

-1 cross con-
® Interfacing customer premises equipment to a CSU.
¢ Interfacing to PCM-30 links.

Ordering Information

CS61535-1P 28 Pin Plastic DIP T1 only
CS61535-1P1 28 Pin Plastic DIP T1 & PCM-30
CS61535-IL 28 Pin PLCC (j-leads) T1 only
CS61535-IL1 28 Pin PLCC (j-leads) T1 & PCM-30

Block Diagram

(CLKE) (INT) (SDI) (SDO)

XTALIN XTALOUT MODE TAOS LENOLEN1LEN2 TGND TV«
]9 Fo E Izs Izs 124 Izs 314 §15
2 LINE DRIVER
TCLK o—y JITTER PULSE TTIP
3 ATTENUATOR CONTROL
TPOS &= 16
SHAPER TRING
4
TNEG |
LOOP LINE 19
8 BACK CLOCK & l— RTIP
RCLK oe—| DATA
, RECOVERY 20
RPOS %% RRING
6 SUALEY DRIVER ‘—*“’11; MTIP
RNEG o« MONITOR MONITOR [+ MRING
I [ l -7 DPM
271 126 1 12 21t 20t
LLOOP RLOOP ACLKI LOS RV+ RGND

(SCLK) (CS)

Preliminary Product Information

This document contains information for a new product. Crystal
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

JAN ‘89
DS40PP1
2-9




y 4 Y I J 4 /14
ra 4 A Wy /i
) 417 4 g 8//) 4

Semiconductor Corporation

CS61574

PCM Line Interface

Features

® Provides Analog PCM Line Interface for
T1 and 2.048 MHz Applications

® Provides Line Driver and Data Clock
Recovery Functions

® Jitter Attenuation Starting at 6 Hz with
>300 Uls of Tolerance in Attenuator

Jitter Tolerance of Receiver: 0.4 Uls to
100 kHz

Microprocessor Controllable

Compatible with CSUs and DACSs

CS61534 Compatibility Mode

Diagnostic Features

General Description

The CS61574 combines the analog transmit and
receive line interface functions for a T1/CEPT interface
in a 28 pin device. The line interface operates from a
single 5V supply and is transparent to the framing for-
mat.

Crystal's SMART An.ezlogTM circuitry shapes the trans-

mit pulse internally, providing the appropriate pulse

shape for CSUs or for connecting to PCM cross-con-

nects for line lengths ranging from 0 to 655 feet.

Maximum range is greater than 1500 feet. The receiver

gses an elastic store to remove jitter from the incoming
ata.

Applications

Network Equipment such as DACS and
anks to a DSX-1 Cross Connect

¢ ICE\tSeJacing Customer Premises Equipment to a

® Interfacin
Channel

¢ Building Channel Service Units
ORDERING INFORMATION

CS61574-IP - 28 Pin Plastic DIP; T1 only
CS61574-IP1 - 28 Pin Plastic DIP; T1 and CEPT
CS61574-IL - 28 Pin PLCC (j-leads); T1 only
CS61574-IL1 - 28 Pin PLCC (j-leads); T1 and CEPT

Block Diagram

(CLKE) (INT) (SDI) (SDO)

ACLKI MODE TAOS LENOLEN1LEN2 TGND TV+
1 E [28 Izs 124 125 $14 15
LINE DRIVER
TOLK 2] —— ER 43 e
3
TPOS S conTroL | FULSE 6, g
4 REFERENCE
TNEG=—1 o0p cLOCK LINE 19
roLk | BACK 5 CLocK & RECEIVER_—7+—"2~ RTIP
; WANDER RECOVERY| 20
RPOSe— A SIGNAL 7 RRING
ATTENUATOR
6 QUALITY DRIVER MTIP
RNEGee—] l l MONITOR Mgnn-Eon 8 gm‘G
27[ IZG 9 10 1 21% 208
LLOOP RLOOP  XTALIN XTALOUT Los RV+  RGND
(SCLK) (CS)

Preliminary Product Information

This document contains information for a new product. Crystal
Semiconductor reserves the right to modify this product without notice.

Crystal Semiconductor Corporation
P. O. Box 17847, Austin, Texas, 78760
(512) 445-7222 TWX: 910-874-1352

JAN '89
DS20PP4
2-10



Semiconductor Corporation

CS61600

PCM Jitter Attenuator

Features
® Unique Clock-Tracking Circuitry Filters

50 Hz or Higher Frequency Jitter for T1
and PCM-30 Applications
® Minimal External Components Required
® 14 Pin DIP
® Single 5 Volt Supply
® 3 Micron CMOS for High Reliability and

Low Power Dissipation: 50 mW Typical
at25 °C

General Description

The CS61600 from Crystal Semiconductor accepts T1
(1.544 Mb/s) or CCITT standard (2.048 Mb/s) data and
clock inputs, and tolerates at least 7 (and up to 14) unit
intervals, peak-to-peak, of jitter. Before outputting data
and clock, jitter is attenuated using an internal clock-
tracking variable oscillator and a 16 bit FIFO elastic
store.

The jitter attenuation function can be determined by ap-
propriate specification of the external crystal.

The CS61600 is transparent to data format, and is in-
tended for application in carrier systems, switching
systems, Local Area Network gateways and multi-
plexers.

ORDERING INFORMATION
CS61600-IP - 14 Pin Plastic DIP; T1 only
CS61600-IP1 - 14 Pin Plastic DIP; T1 and CCITT

Block Diagram

FIFORST OVR RESET

2 3 1
FIFO CONTROL . oscout
DIN—2 % wpouT
s FIFO 10
CLKIN® 5 CLKOUT
I 6 . ARE
HALF FULL 12
DETECT ARC
! 1 14 V+
| VARIABLE OSCILLATOR|:4 | 7
GND
5 4

XTALIN XTALOUT

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

NOV '88
DS9F2
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Semiconductor Corporation

CXT6176
CXT8192

Pullable Quartz Crystals

Features

® Complements CS615x4 PCM Line
Interface integrated circuits and
CS61600 PCM Jitter Attenuator.

® Crystal’s operating frequency is a
function of variable load capacitance
provided by CS615x4 Line Interface or
CS61600 Jitter Attenuator.

Description

Crystal Semiconductor's line interface and jitter at-
tenuator IC’s require unique performance specifications
for the crystals. The CXT6176 and CXT8192 are built to
meet Crystal's specifications for T1 and PCM-30 ap-
plications respectively.

Ordering Information
CXT6176 Crystal for T1 Applications
CXT8192 Crystal for PCM-30 Applications

CXT6176

| CXT8192

CMOS OSCILLATOR CIRCUIT MODEL

% CIoad 2 ;_! CIoad 2

Preliminary Product Information

This document contains information for a new product. Crystal
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

JAN 89
DS39PP2
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Semiconductor Corporation

CS8005

CSMA/CD Ethernet Data Link Controller

Features

® High Throughput
- Supports full 10M BPS data rate
- Back-to-Back Packets

® 64 K-Byte Local Packet Buffer
- Provides refresh for DRAMs
- Off-loads host bus

® Conforms to ISO/ISEE 802.3 Standard

® Flexible Bus Interface
- Intel and Motorola bus modes
- 1/0, string move, DMA access
- Memory or I/O mapped
- 8 or 16 bit bus width

® Recognizes One to Six Receive
Addresses, Specific, Multicast or
Broadcast

® Advanced Error Correction and
Handling
- Automatic re-transmit after a
collision
- Automatically discards bad packets

General Description

The CS8005 has five major blocks: the Transmitter,
Receiver, Buffer Controller, Bus Interface and Status
and Command Register.

The CS8005 supports the link layer (layer 2) of the
IEEE 8023 standard. It performs serializa-
tion/deserialization, preamble generation/stripping, CRC
generation/stripping, transmission deferral, collision
handling and address recognition of up to 6 station ad-
dresses including multicast/broadcast addresses.

The Buffer Controller manages a 64K byte local packet
buffer. This block provides arbitration and control for
four memory ports: the transmitter, the receiver, the bus
interface and an internal DRAM refresh generator.
Received packets are temporarily stored until the sys-
tem either reads or disposes of them, and packets
placed there by the system are held for transmission
over the link.

The Bus Interface interfaces to the system bus and
provides access to internal configuration and status
registers, the local packet buffer and a control signal in-
terface to permit DMA or programmed I/O transfer of
Packet data. The data path between the system bus
and the local DRAM buffer is buffered by a 16 byte
FIFO called DMA FIFO. This permits high speed data
transfers to occur even when the Buffer Controller is
busy servicing the Transmitter or Receiver or refreshing
the DRAM.

ORDERING INFORMATION:
Contact Crystal Semiconductor

TO DRAM

BUFFER

[ Buffer Controller |

{ $

$

FIFO FIFO FIFO
| b
To | ‘Blf-ls Transmitter [~ 7
nterface
SYBSUTSEM CSs8023
t SERIAL
INTERFACE
Status . ADAPTER
Command Receiver PE—
Registers

Crystal Semiconductor Corporation
P.O. Box 17847, Austin, TX 78760
(512) 445 7222 FAX: (512) 455 7581

FEB 90
DS64PP1
2-13
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Semiconductor Corporation

CS8023A

Serial Interface Adapter

Features

e Compliant with IEEE 802.3 and

Ethernet Rev. 1

® Works with the CS8005 and Intel 82586

LAN Controllers.

® Manchester Data Encoding/Decoding

and Receiver Clock Recovery

® | oopback Capability for Diagnostics

and Isolation

® Fail-Safe Watchdog Timer Circuit to
Prevent Continuous Transmission.

® Transceiver Interface High Voltage

(16V) Short Circuit Protection

® | ow Power CMOS Technology with

Single 5V Supply.

General Description

The CS8023A Serial Interface Adapter provides the
Manchester data encoding and decoding functions of
the Ethernet Local Area Network physical layer. It inter-
faces to the CS8005 CSMA/CD Data Link Controller or
to the Intel 82586 LAN Controller and any standard
Ethernet transceiver as defined by IEEE 802.3 and
Ethernet Revision 1.

The CS8023A is a functionally complete En-
coder/Decoder including ECL level balanced driver and
receivers, on board oscillator, analog phase locked loop
for clock recovery and coilision detection circuitry. In ad-
dition, the CS8023A includes a 25 millisecond
watchdog timer, a 4.5 microsecond window generator,
and a loopback mode for diagnostic operation.

Together with the CS8005 and CS83C92, the CS8023A
Serial Interface Adaptor provides a high performance
minimum cost interface for any system to Ethernet.

ORDERING INFORMATION:
Contact Crystal Semiconductor

TxEN

15

. )
v =,
WATCHDOG
TIMER
TxC Tx+
ENCODER .
TxD Tx-
CPBK/ TRANSMIT
WDTD Vee
X1 XTAL - MODE
X2 cLOCK MODE2
RxC RECEIVE
L_.{ DECODER MUX Rx+
RxD Rix-
10 MHz
COLL+
CcoLL DETECTOR COLL.
coLLs

Preliminary Product Information

This document contains information for a new product. Crystal
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

FEB '90
DS65PP1
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CS80600

High Speed Jitter Attenuator

Features

Accepts Input Clock with Frequency of
4.5 MHz to 8.5 MHz

Unique Clock-Tracking Circuitry

Tolerates and Attenuates At Least 3
Unit Intervals of Jitter

Minimal External Components Required
14 Pin DIP
Single 5 Volt Supply

3 Micron CMOS for High Reliability and
Low Power Dissipation: 50 mW Typical
at 25 °C

General Description

The CS80600 from Crystal Semiconductor accepts 4.5
to 8.5 MHz clock and data inputs and removes up to +3
data bits of jitter before outputting the data and clock.
Jitter is removed using an internal clock tracking circuit
and an 8-bit FIFO elastic store.

Applications

(]

Token Ring: The CS80600 can be used to
eliminate the accumulation of data-pattern
dependent jitter which is the primary factor
I1m|t|ng the size of token rings. The
CS80600 is intended for application in sta-
tion adaPtor cards, in active wiring
concentrators, and in repeators.

PCM: TIC, T2, and CEPT2 and second
order multiplexors.

ORDERING INFORMATION

CS80600-P -

14 Pin Plastic DIP

Block Diagram

FIFORST OVR RESET

2 |3 |1
FIFO CONTROL 1 . oscout
piNe—2 2 pout
N FIFO ”
CLKIN F CLKOUT
l ® . ARE
HALF FULL 12
DETECT ARC
! i 14 V+
| VARIABLEOSCILLATOR | i7
GND
5 4

XTALIN XTALOUT

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

NOV 88
DS10F2
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Semiconductor Corporation

CS8123/4

OPTIMODEM™

Features

® Time Compression Multiplexing for,
full-duplex communication over a single
optical fiber

° Synchi'onous operation from 2.4 kbps
to 256 kbps

® Asynchronous operation from dc to
38.4 kbps

e 10° BER up to 1.3 km

® System diagnostic capabilities

® Four optional secondary control
channels provide independent
end-to-end transmission links

® |ndependent transmit and receive clocks

General Description

The CS8123 and CS8124 from Calstal Semiconductor
Corporation are SMART Analog™ full-duplex modem
devices that receive and transmit serial binary data over
a single fiber-optic cable. Both devices provide the fil-
tering, encoding, decoding, and data buffering to
implement a "ping-pong" communication channel

The CS8123 device supports asynchronous com-
munication. The CS8124 device supports asynchronous
and_synchronous communicatons. The RTS, CTS,
DTR, and DSR control lines can be used for RS232C
compatible modem control, or end-to-end transmission
channels.

SMART Analog and OPTIMODEM are trademarks of
Crystal Semiconductor Corporation.

Ordering Information

CS8123-IP 24 Pin 0.6" DIP* * The 24-pin 0.6"
CS8123-IL 28 Pin PLCC package will be
CS8123A-IP 24 Pin 0.3" DIP discontinued and
CS8124-IP 24 Pin 0.6" DIP* replaced by the 24-pin
CS8124-IL 28 Pin PLCC 0.3" package. Lay out
CS8124A-IP 24 Pin 0.3" DIP

your PCB for both.

TCL DR1,DR2,DR3 RS2 CKC
3B4B Transmit -
Encoder  [¢ FIFO ™0
¥ r i TxC
FIBER [T e ":';Z Q Driver " Control g
CABLE E < ] LinearChannel le--y and RTS
Timing CTS
¥ DCD
DPLL b ‘
“.""' l RxC
3B4B R Receive R
Decoder FIFO » RxD
Note: DR1, DR2, DR3, TxC: £
RxC, and CKG apply only DG1,DG2,DG3 == XTL VA+ GND VD+

to the CS8124.

,||-|[]
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Semiconductor Corporation

CS8125/6

T1 Optical Line Interface

Features
® Supports Links at 1.544 MHz up to 5 km

® Supports both single-mode and
multi-mode cable

® Receiver Sensitivity : 30 nA to 30 uA,
-42 dBm (assuming R=0.5 nA/nW)

® Selectable Transmit Power Level,
10 mA to 100 mA

® Optical Dynamic Range of 30 dB

® Monolithic Clock Recovery

® 3B4B Line Encoding/Decoding

General Description

The CS8125 and CS8126 from Crystal Semiconductor
Corporation are SMART Analog™ interface devices that
receive and transmit serial binary data at T1 rates over
two fiber-optic cables. Combined with an external LED
and PIN diode, the CS8125/6 provide a low-cost, easy-
to-design optical link. Functions included are 3B4B
encoding/decoding, clock recovery, PIN diode amplifica-
tion, and control of transmitter power.

Applications

¢ Campus T1 Networks
¢ Secure T1 links
¢ T1links in electrically noisy environment

ORDERING INFORMATION
CS8125-IP 24 Pin 0.6" DIP*  *The 24-pin 0.6" pack-
CS8125-IL 28 Pin PLCC age will be discon-

CS8125A-IP 24 Pin 0.3" DIP tinued and replaced
CS8126-IP 24 Pin 0.6" DIP* by the 24-pin 0.3"
CS8126-IL 28 Pin PLCC package. Lay out
CS8126A-IP 24 Pin 0.3" DIP your PCB for both.

CS8125 Transmitter
TCL RESET SYNC TEST
] 22 7 13 e
LED or L wé ! 2 TCLK
or . H
FIBER Laser Driver le—| 3B4B Encoder . TDATA
|
F20 8,17 21 [5 s
VA+ GND VD+ XTL OscouT

——— CS8126 Receiver

RESET
8 12 ILOSS OF SIGNAL
15 [
FIBER Linear Digital | [3BaB | —9—RCLK
CABLE T Channel PLL Decoder -—<:>?->RDATA
: ' NOTE: Pin numbers
........ apply to 24-pin
20 717 21 TS 1 package.
VA+ GND VD+ XTL TEST

P ; This document contains information on a new product. Crystal
Preliminary Product Information Semiconductor reserves the right to modify this product without notice.

Crystal Semiconductor Corporation
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Semiconductor Corporation

CS8127_

Light Emitting Diode

Features

® Supports bi-direction communication
when used with the CSST1 23 and
CS8124 OPTIMODEMSs

e Compatible with the CS8125 T1 Optical
Driver .

® Couples efficiently into 62.5/125 pum,
100/140 um, 50/125 um and 200 um
PCS cables

® Responsivity as receiver > 0.025 A/W

® Dark Current21.0 pA @ -1.2V

ST-Connector

General Description

The CS8127 fiber optic transceiver is designed to
support bi-directional, ping-pong communication over a
singe optical cable. In bi-directional applications, the
CS8127 acts alternately as a transmitter and as a
receiver. Receiver responsivity is guaranteed to be at
least 0.025A/W.

ORDERING INFORMATION: css8127

ANODE

2,67
CATHODE|

1,NC

3

2, ANODE

3, CATHODE
4,NC

5,NC

6, ANODE

7, ANODE
8,NC

BOTTOM VIEW

Product Preview

This document contains information for a new product. Crystal

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
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Semiconductor Corporation

CS83C92

Coaxial Tranceiver Interface

Features
® |mplemented in High Voltage CMOS

® Compatible with IEEE 802.3 10Base5
(Ethernet) and 10Base2 (Cheapernet)

® All Tranceiver Functions Integrated
Except Signal and Power Isolation

® Squelch Circuitry Rejects Noise

® CD Heartbeat Externally Selectable
Allowing Operation with IEEE 802.3
Compatible Repeaters

® Receive Mode Collision Detection

® Fully Compatible with National
DP8392A

® Standard 16-pin DIP Package

Interface Adapter.

General Description

ORDERING INFORMATION:
Contact Crystal Semiconductor.

The CS83C92 Ethernet Transceiver interfaces an
Ethernet or Cheapernet Local Area Network (LAN) to a
LAN Adapter board, and may be located up to 50
meters from the station equipment. The Transceiver
operates with the Crystal LAN components CS8005
CSMA/CD Data Link Controller and the CS8023A Serial

For an Ethernet network, the CS83C92 Tranceiver is
mounted on the RG8 COAX cable, and connects to the
station equipment through a transceiver drop cable. In a
Cheapernet network, the CS83C92 Transceiver is
usually mounted on the LAN adapter in the station
equipment, where it connects to the RG58 COAX
through a BNC connector.

DTE INTERFACE

DIFF LINE DRIVER3

COAX
CABLE RECEIVER
— EQUALIZER
AND AMPLIFIER
DATA
RXI] 14

RECEIVER
AC-DC SQUELCH

COLLISION

LOW PASS FILTER
CDS

LOW PASS FILTER
SENSE

HBE| 9 BUFFER
=

COLLISION TEST
GENERATOR

10 MHz
%o |15 OSCILLATOR
—

GND

JABBER
TIMER

TRANSMITTER Iy
SQUELCH

COMPARATOR

RECEIVE
PAIR

(RX+,RX-)

= COLLISION

1 DRIVER7
TRANSMIT
TRANSMITTER PAIR
L

8 (TX+,TX-)

. : This document contains information for a new product. Crystal
Preliminary Product Information Semiconductor reserves the right to modify this product without notice.
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Semiconductor Corporatlon

CS8401 CS8402

AES/ EBU Interface Line Driver

Features

® Monolithic AES/EBU Interface

Transmltter

® Supports S/PDIF and EIAJ CP 340

Professional and Consumer Formats
® Host Mode and Stand Alone Modes
® Generates CRC Codes and Parity Bits
® On-Chip RS422 Line Driver

General Description

The CS8401/2 is a monolithic CMOS device which en-
codes and transmits audio data according to the
AES/EBU interface standards. The CS8401/2 accept
audio and digital data, which is then multiplexed, en-
coded and driven directly, or through a transformer,
onto a cable. The CS8401 has an internal buffer
memory for 1 block of channel data, which is loaded via
an 8-bit parallel interface. The CS8402 multiplexes in
the channel data directly from external input pins.

ORDERING INFORMATION:
Contact Crystal Semiconductor.

FSYNC

SCK
SDATA

cs
RD/WR
A0-A4
D7-DO

NT €S8401 MCK
7 Is
6 Serial Port -
8
20 Lrxp
: MUX RS422 Driver 17|
14 - TXN
16 Channel Data |
5 Buffer Memory
8
MO M1 M2 CS8402 MCK RST
22 [23 15 : 116

Serial Port

20

o TXP
MUX RS422 Driver 17 I
TXN

Dedicated Channel Status Bits CFR

Preliminary Product Information

This document contains information for a new product. Crystal
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Semiconductor Corporation

CS8411 CS8412

AES/ EBU Interface Line Receiver

Features
® Monolithic AES/EBU Interface Receiver

Supports S/PDIF and EIAJ CP-340
Professional and Consumer Formats

Host Mode and Stand Alone Modes
Checks CRC Codes and Parity Bits
On-Chip RS422 Line Receiver

Low Jitter Clock Recovery

General Description

The CS8411/12 is a monolithic CMOS device which
receives and decodes audio data encoded according to
the AES/EBU interface standard. The CS8411/12
receives data from the transmission line, recovers the
clock and synchronization signals, and de-multiplexes
the audio and digital data. Differential or single ended
inputs can be decoded to the professional and con-
sumer interface standards. The CS8411 has an internal
buffer memory for 1 block of channel data, which is read
via an 8-bit parallel interface. The CS8412 de-multi-
plexes channel data directly to external pins.

ORDERING INFORMATION:
Contact Crystal Semiconductor.

Css84a11 MCK
5
FSYNC &8 !
Rck &8 Serial Port
7
RDATA 19 Loxp
MUX RS422 Receiver | 4
cCS 14 RXN
ROWR §16 Channel Data
AO-A4 5 Buffer Memory
D7-DO 8
115
INT
MO M1 M2 CcS8412 MCK RST
22 [23 15 1 16
FSYNC 10
RCK Jox ’ RXP
RDATA Serial Port RS422 Receiver 18 I
c RXN
u
v 6
15 12

Dedicated Channel Status Bits CFR
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CS8870
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Features

® Full Receiver Implementation

Central Office Quality

General Description

The CS8870 is a fully integrated DTMF (Dual Tone Mul-
tifrequency) receiver for decoding tone pairs generated
by a tone dialing telephone. The decoded signal is out-
put as a four bit binary code. All of the functions needed

® Adjustable Receive Sensitvity to decode the 16 DTMF tone pairs are integrated in the
. . . CS8870 using Crystal's CMOS double-poly process,
® Adjustable Detection and Release Time taking advantage of the low power and high perfor-
® Single Supply Operation mance offered by this technology.
® | ow Power Consumption
® 18 Pin Package
) . _ ORDERING INFORMATION
¢ Pin Compatible with MT8870 CS88704P - 18 Pin Plastic DIP
Block Diagram
VDD VSS VREF
018 09 04
BIAS +
CIRCUIT .
REF &
o 2 ity > DIGIT. CODE
FILTER ITAL
N+ A DIAL TONE ZERO CROSSING | DETECTION | [CONVERTER E K
IN- o FILTER DETECTORS ALGORITHM AND
> LATCH o3
) LOWGROUP | | {} 13
GSe FILTER >
, —o Q4
+— CHIP CLOCKS | | 14
St
STEERING LOGIC
ar /\
I I
§7 o8 b17 516 415 10
0sCi  0sC2 SUGT ESt StD TOE

Crystal Semiconductor Corporation
P.O. Box 17847, Austin, TX 78760
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-5 ANALOG-TO-DIGITAL CONVERTERS

INTRODUCTION

Using SMART Analog technology, Crystal Semiconductor has created a family of A/D Converters which
feature patented on-chip self-calibrating architectures to maintain accuracy and linearity over their full
temperature range and device lifetime. Each of our A/D Converters feature an on-chip sample and hold,
and are manufactured in low-power CMOS. Some devices include a power-down sleep mode. All feature
outstanding specifications ideally suited to their intended applications.

CS5012A, CS5014, CS5016 SAR Family CS5317 16-bit Voice Band ADC
The CS5012A, CS5014 and CS5016 converters The CS5317 is well suited for a wide range of
have 12, 14 & 16 bits of resolution, with conver- voiceband applications, from speech recognition

sion times of 7 us to 16 us. The converters are to passive sonar. An on-chip PLL/Clock generator
tested both for static and dynamic performance, at makes the part perfect for high-performance

full rated conversion speed. On-chip seif-calibra- modems. The device features a 20 kHz word rate,

tion ensures that linearity, offset and full-scale er- a 10 kHz bandwidth, 84 dB dynamic range and

rors remain within spec., with no missing codes. 80 dB THD. CMOS design keeps power con-
sumption to 280 mW.

CS5101 16-bit 100 kHz ADC
Derived from the CS5016, the CS5101 is a 16-bit .
ADC capable of converting in 8 us, yielding CS5126 Audio A/D Converter

sample rates of 100 kHz. A 2-channel analog The CS5126 2-channel ADC is ideal for digital
input mux. is included. Output data is available audio applications. An on-chip sample and hold is

serially, with 4 interface modes. An on-chip crys- included, and sampling rates can be up to 100
tal oscillator is provided, along with a power- kHz for 2X oversampling, yielding a dynamic
down control. : range of 95 dB. Signal to noise plus distortion is

92 dB and self-calibration insures excellent low-
CS5102 16-bit, 20 kHz Low Power ADC level distortion characteristics.

The CS5102 is a low power version of the

CS5101. Requiring only 44 mW from 5V sup- .
plies, along with a 1 mW power down mode, the CS5326,7,8,9 and CS5336,7,8,9 Delta Sigma

CS5102 is ideal for battery powered applications. Audio A/D Converters
The part also features the same high speed serial This new class of device features 64X oversam-

interface as the CS5101. pling using a delta sigma architecture, with
resolutions of 16 or 18-bits. Output word rates
CS5412 12-bit, 1 MHz ADC can be from 1kHz to 50kHz. These stereo parts

Using a 2-step flash approach, the CS5412 have 2 sample an'd l.1°l.d s, dual d,e lta .sign'\a
achieves 12-bit performance at 1MHz sample modulators, two anti-aliasing anfi demmat_tlon fil-
rate. Self calibration insures accuracy over time ters, and a voltage reference, all mna 28-pin pack-
and the military temperature range. Available in age. l?erformal?ce measures include 95 d.B
both DIP and J-lead LCC packages, with on-chip dynamic range in stc':rco mode, up to 100 dB in
S/H, the IC offers a very compact ADC solution. mono mode, along with 0.0015% THD.




CS5501/3 16/20-bit DC Measurement ADC

The CS5501/3 feature an on-chip 6-pole low pass
filter with adjustable corner frequencies from
0.1 Hz to 10 Hz. The parts achieve linearity errors
of 0.0007%, with no missing 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 ap-
plications. The CS5503 is the 20-bit version of
the CS5501, offering increased dynamic range,
often removing the need for external gain scaling.

CS5505 4-Channel, 16-bit, DC Measurement
ADC

Very low power consumption of 2 mW, along
with the 4 channel input mux, make this part ideal

for process control applications.

ANALOG-TO-DIGITAL CONVERTERS

CS5322, (CS5323, CS5324 24-bit Variable
Bandwidth ADC

The CS5323 modulator, combined with the
CS5322 digital filter, offers >120 dB dynamic
range in the DC to 500 Hz frequency band. Eight
different filter corner frequencies and output up-
date rates are offered, allowing the ADC to be op-
timized for different types of seismic measure-
ments. The CS5324 includes a modulator and the
first stage of digital filtering, allowing the user to
implement their own final filter stage.

CS7820 8-bit 1.4 us ADC

The CS7820 8-bit sampling A/D has an inherent
track-and-hold input, along with a 1.4 us conver-
sion time and easy interfacing to microprocessors.

CS5326/7
CS5012A/14/16 |CS5101/2 |CS5126 |CS5317 [CS5322/3 (CS5328/9 \ ngepyy | cs5501/3  |CS5505 [CS7820
I cs5324 |CS5336/7
Specifications CS5338/9
Application GP GP Audio | Modem | Seismic Audio [GP Fast DC Measurement GP
Resolution (bits) 12/14/16 16 16 16 24 16/18 12 16/20 16 8
Conversion Time (us) 7/14/16 8/40 8 - - - 1.25 - - 1.4
Throughput (kHz) 100/56/50 100/20 100 20 - 50 1 MHz 4 20Hz -
Number of Inputs 1 2 2 1 1 2 1 1 4 1
Input Bandwidth - - 24 kHz | 10kHz | 500 Hz 22/20 kHz | 4 MHz 10Hz 10 Hz -
Integral Non-Linearity | .006/.002/.001 % | .0015% - - - - .01 % [.0007/.003 % .001 % 2%
Nt 158 | o2s025MMC | N | NMC | NMC | NMC NMC | 09 |o0125NMC| 0.125 | NmC
No Missing Codes 12/14/16 16 16 16 20 16/18 12 16/20 16 8
Total H i
Distortion (%) .008/.003/.001 | 001 001 | 007 |.0003 0015 | .02 - - -
Signal-to-Noise
plus Distortion (dB) 73/83/92 92 92 80 - 92 70 - - -
Dynamic Range (dB) 73/83/92 92 92 84 120 95/100* 70 - - -
Power Needed (mW) 120 280/44 280 220 150 450/400 750 25 2 40
: Succ. Succ. Succ. Delta Delta Delta 2-Step Delta Delta | 2-Step
Conversion Method Approx. Approx.  |Approx. | Sigma | Sigma Sigma | Flash Sigma Sigma | Flash
Power Down Mode Vi J/ Vi J J Vi
On-Chip Sample
and Hold v v v v v v v v v v
On-Chip V. Ref J J Vi
On-Chip Filtering / 7 / V] /
Statically Tested N N v N v Y
Dynamically Tested J v/ / / / J/ J/
Com Com |com Com Com Com Com | Com Com Com
Temperature Range Ind Ind Ind Ind Ind Ind Ind Ind
Mil Mil Mil Mil Mil Mil
Number of Pins (DIP) 40 28 28 18 28 28 40 20 20 20
DIP DIP DIP DIP DIP DIP DIP DIP DIP DIP
Packages PLCC PLLcCcc PLCC [soic |PLCC solc cLee | soic soic
Lcc

NMC=No Missing Codes

* CS5328 in Mono Mode

GP=General Purpose
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CONTENTS
CS5012A 12-Bit, 7 us, 100kHz A/D Converter 3-5
CS5014 14-Bit, 14 us, 56 kHz A/D Converter 3-35
CS5016 16-Bit, 16 ps, 50 kHz A/D Converter 3-65
CS5101 16-Bit, 8 us, 100kHz, 2 channel A/D Converter 3-95
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CS5126 16-Bit, 100kHz Digital Audio A/D Converter 3-151
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CS5324 16-Bit, 500 Hz Delta Sigma A/D Converter 3-197
CS5326,7,8,9 16 & 18-Bit 2 channel Delta Sigma Digital Audio ADC’s 3-219
CS5336,7,8,9 16-Bit 2 channel Delta Sigma Digital Audio ADC*s 3-239
CS5412 12-Bit, IMHz, 2-step Flash A/D Converter 3-259
CS5501 16-Bit, dc-10Hz measurement A/D Converter 3-279
CS5503 20-Bit, dc-10Hz measurement A/D Converier 3-317
CS5505 16-Bit, 20 Hz 4 Channel A/D Converter 3-347
CS7820 8-Bit Flash, 1.4 us A/D Converter 3-349
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Semiconductor Corporation

CS5012A

12-Bit, 7 us Self-Calibrating A/D Converter

Features General Description
® Monolithic CMOS A/D converter The CS5012A is a 12-bit monolithic analog to digital
Microprocessor Compatible converter with a conversion time as fast as 7.2 us. Uni-
: que self-calibration circuitry insures maximum
Parallel and Serial Output nonlinearity of 1/2 LSB and no missing codes. Offset
Inherent Track/Hold Input and full scale errors are kept within 1/2 LSB, eliminating
. . the need for manual calibration of any kind. Unipolar
° -
Trucle_ |:12 zaBr:,;yPéerfcl)?liq /4 LSB and bipolar input ranges are digitally selectable.
Total Unadjust-e_d Error: +1/4 LSB The CS5012A consists of a DAC, conversion and
DNL:+1/16 LSB T calibration microcontroller, oscillator, comparator, micro-
t processor compatible 3-state 1/0, and calibration
® | ow Distortion circuitry. The input track-and-hold, inherent to the
. . P device’s sampling architecture, acquires the analog
0,
;Otari Harmon[c DIStOI"IIOI:]. 0.008% input signal after each conversion within 2.8 us to
eak Harmonic or Noise: -92 dB 0.01%, allowing throughput rates up to 100 kHz.
e 7.2 Microsecond Conversion Time An evaluation board (CDB5012) is available for the
Throughout Rates up to 100 kHz CS5012A which can be easily configured to simulate
) . o any combination of operating conditions to greatly
® Self Calibration Maintains Accuracy simplify system design and testing. The CS5012A is pin
Over Time and Temperature compatible with the CS5014 and CS5016 A/D con-
o . verters allowing system upgrading and downgrading
® | ow Power Dissipation: 150 mW without hardware alterations.
® Pin Compatible with CS5014/CS5016 ORDERING INFORMATION:  Page 3-33
HOLD CS RD A0 BPIUP RST BW INTRLV CAL EOT EOC SCLK SDATA
1 21 22 |23 24 32 33 34 35 37 38 39 40 2 Do
J Y 3% D1
45 D2
CLKIN L—-‘ GE%LEOR%OR H CONTROL ‘_l sk o,
% 85 D4 (LSB)
REFBUF CA,&'EB,\,F:SE{? N e wes MICROCONTROLLER pt—70 D5
> 88 D6
VREF _r_zs e \4 98 b7
12 D8
= 12 BIT CHARGE 135 pg
AIN ZG_E_F_—_’;l. REDISTRIBUTION - 148 pio
DAC + 5] i
1 COMPARATOR 16
/ - D12
17
D14
19
25 30 1 36 10 31 D15 (MSB)
VA+ VA- VD+ VD- DGND TST
Crystal Semiconductor Corporation JAN 90
P.O. Box 17847, Austin, TX 78760 DS15F5
(512) 445 7222 FAX: (512) 455 7581 3-5
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CS5012A

ANALOG CHARACTERISTICS (Ta = 25 °C; VA+, VD+ = 5V; VA-, VD- = -5V;
VREF = 2.5V to 4.5V; foik = 6.4 MHz for =7, 4 MHz for —12, 2 MHz for —24; Analog Source Impedance = 200 Q)

CS5012-K,L CS5012-B CS5012-T
Parameter * CS5012A-K CS5012A-B CS5012A-T Units
min. typ max min  typ max min  typ max
Specified Temperature Range 0to +70 -40 to +85 -55 to +125 °c
Accuracy
Linearity Error (Note 1) +1/4 +1/72 +1/4 +1/2 +1/4 +1/2 LSB
Drift (Note 2) +1/8 +1/8 +1/8 ALSB
Differential Linearity -K,B,T (Note 1) +1/4 +1/2 +1/4 +1/2 +1/4 +1/2 LSB
-L  (Note 1) +1/16 +1/8 LSB
Drift (Note 2) +1/32 +1/32 +1/32 ALSB
Full Scale Error (Note 1) +1/4 +1/2 +1/4 +1/2 +1/4 +1/2 LSB
Drift (Note 2) +1/16 +1/16 +1/8 ALSB
Unipolar Offset (Note 1) +1/4 +1/2 +1/4 +1/2 +1/4 +1/2 LSB
Drift {Note 2) +1/16 +1/16 +1/16 ALSB
Bipolar Offset (Note 1) +1/4 +1/2 +1/4 +1/2 +1/4 +1/2 LSB
Drift (Note 2) +1/16 +1/16 +1/16 ALSB
Bipolar Negative Full-Scale Error
(Note 1) +1/4 +1/2 +1/4 +1/2 +1/4 +1/2 LSB
Drift (Note 2) +1/16 +1/16 +1/16 ALSB
Total Unadjusted Error (Note 1) +1/4 +1/4 +1/4 LSB
Drift (Note 2) +1/4 +1/4 +1/4 ALSB
Dynamic Performance (Bipolar Mode)
Peak Harmonic or Spurious Noise (Note 1)
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 Unipolar Mode 45 45 45 UVyms
Bipolar Mode (Note 3) 90 90 90 uVims
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.

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

Specifications are subject to change without notice.

3-6 DS15F5
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ANALOG CHARACTERISTICS (continued)

CS5012A

CS5012-K,L CS5012-B CS5012-T
Parameter * CS5012A-K CS5012A-B CS5012A-T
min typ max min  typ max min  typ max Units
Specified Temperature Range 0to +70 -40 to +85 -551t0 +125 °cC
Analog Input
Aperture Time 25 25 25 ns
Aperture Jitter 100 100 100 ps
Aperture Time Matching (Note 4) TBD TBD TBD ns
Input Capacitance (Note 5)
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 7.2 7.2 7.2 us
(Notes 8, 7) -12 12.25 12.25 12.25 us
-24 245 245 245 us
Acquisition Time -7 25 2.8 25 2.8 25 2.8 us
(Note 7) -12 3.0 375 3.0 375 3.0 3.75 us
-24 45 525 45 525 45 525 us
Throughput -7 100 100 100 kHz
(Note 7) -12 62.5 62.5 62.5 kHz
-24 | 33.6 33.6 33.6 kHz
Power Supplies
DC Power Supply Currents (Note 8)
IA+ 12 19 12 19 12 19 mA
1A- ~12 -19 -12 -19 —12 -19 mA
1D+ 3 6 3 6 3 6 mA
ID- -3 -6 -3 -6 -3 -6 mA
Power Dissipation (Note 8) 150 250 150 250 150 250 mW
Power Supply Rejection (Note 9)
Positive Supplies 84 84 84 dB
Negative Supplies 84 84 84 dB

Notes: 4. Part to part.

5. Applies only in track mode. When converting or calibrating, input capacitance will not exceed 15 pF.
6. Measured from falling transition on HOLD to falling transition on EOC.
7. Conversion, acquisition, and throughput times depend on CLKIN, sampling, and calibration

conditions. The numbers shown assume sampling and conversion is synchronized with the CS5012A’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.
8. All outputs unloaded. All inputs CMOS levels.
9. 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 18 shows a plot of typical power supply

rejection versus frequency.
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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
CLKIN Frequency: )
Internally Generated: K,B,- 7,- 12 2 - -
T,-7,-12 1.75 - -
.24 fcLk 1 B - MHz
Externally Supplied: -7 100 kHz N 6.4 )
-12 100 kHz - 4.0
CLKIN Duty Cycle - 40 - 60 %
Rise Times: Any Digital Input trise - - 1.0 us
Any Digital Output - 20 - ns
Fall Times: - Any Digital Input teall - - 1.0 us
Any Digital Output - 20 - ns
HOLD Pulse Width thpw 1oL+ 50 - te ns
Conversion Time te 49/fcLK + 50 - 53/ CLK+ 235 ns
Data Delay Time k tdd - 40 100 ns
EOC Pulse Width (Note 10) tepw 4fcLK-20 - - ns
Set Up Times: CAL, INTRLV to CS Low tes 20 10 - ns
A0 to CS and RD Low tas 20 10 -
Hold Times:
CS or RD High to A0 Invalid tah 50 30 -
CS High to CAL, INTRLV Invalid tch 50 30 - ns
Access Times:  CS Low to Data Valid
K, B teca - 90 120
-T - 115 150 ns
RD Low to Data Valid
K, B tra - 90 120
-T - 115 150 ns
O_utput_FIoat Delay: -K, B tg A 90 110 ns
CS or RD Highto Output Hi-Z ~ -T 90 140
Serial Clock Pulse Width Low towl - 2ffcLK - ns
Pulse Width High tpwh - 2fcLK -
Set Up Times: SDATA to SCLK Rising tss 2/cLK - 50 2fcLK - ns
Hold Times: = SCLK Rising to SDATA tsh 2/fcLK - 100 2fcLK - ns

Note: 10. 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.

3-8 DS15F5
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DIGITAL CHARACTERISTICS (Ta = Tmin to Tmax; VA+, VD+ = 5V £ 10%; VA-, VD- = -5V £ 10%)

All measurements below are performed under static conditions.

Parameter Symbol Min Typ Max Units
High-Level Input Voltage VIH 2.0 - - \
Low-Level Input Voltage ViL - - 0.8 v
High-Level Output Voltage (Note 11) VOH (VD+) - 1.0V - - Vv
Low-Level Output Voltage lout=1.6mA VoL - - 04 v
Input Leakage Current lin - - 10 uA
3-State Leakage Current loz - - +10 uA
Digital Output Pin Capacitance Cout - 9 - pF
Note: 11. lout = -100 pA. This specification guarantees TTL compatability (VoH = 2.4V @ lout = -40 pA).
RECOMMENDED OPERATING CONDITIONS (AGND, DGND = 0V, see note 12.)
Parameter Symboi Min Typ Max Uiiits
DC Power Supplies: Positive Digital VD+ 45 5.0 VA+ \
Negative Digital VD- —45 -5.0 -55 \Y
Positive Analog VA+ 45 5.0 55 \"
Negative Analog VA- —45 -5.0 -55 \"
Analog Reference Voltage VREF 25 25 (VA+) - 0.5 \
Analog Input Voltage:  Unipolar VAIN AGND - VREF \"
(Note 13) Bipolar VAIN -VREF - VREF v

Notes: 12. All voltages with respect to ground.

13. The CS5012A can accept input voltages up to the analog supplies (VA+ and VA-).

It will output all 1’s for inputs above VREF and all 0’s for inputs below AGND in unipolar mode

and -VREF in bipolar mode.

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

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

Parameter Symbol Min Max Units
DC Power Supplies: Positive Digital VD+ -0.3 (VA+) + 0.3 \
Negative Digital VD- 0.3 —6.0 \"
Positive Analog VA+ -03 6.0 \"
Negative Analog VA- 0.3 —6.0 Vv
Input Current, Any Pin Except Supplies (Note 14) lin - +10 mA
Analog Input Voltage (AIN and VREF pins) Vina (VA-)-0.3 (VA+) + 0.3 \Y
Digital Input Voltage Vino -0.3 (VA+) + 0.3 \Y
Ambient Operating Temperature Ta -55 125 °C
Storage Temperature Tag -65 150 °C

Note: 14. Transient currents of up to 100 mA will not cause SCR latch-up.

3-10
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THEORY OF OPERATION
AIN o f,{
VREFO——¢——¢———¢———¢ ? Ll
8
aGNDT [o b Lol L o Led
c cn c/a cs /2048 €048
T T T 7T °°° ] ]
Bit1l  Bit10  Bit9 Bit 8 Bit0  Dummy -
MSB LSB +
C =C+C/2+C/d +...+Cr2048

Figure 1. Charge Redistribution DAC

The CS5012A/CS5012 family utilizes a succes-
sive approximation conversion technique. The
analog input is successively compared to the out-
put of a D/A converter controlled by the
conversion algorithm. 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 compared 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 com-
parison would be at three-quarters of full scale.
This procedure continues until all bits have been
exercised.

A unique charge redistribution architecture is
used to implement the successive approximation
algorithm. Instead of the traditional resistor net-

s1
O—O
AIN lQi
* r———>
Vin Ciot To MCU
-Qin = Vin Ciot

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
device 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
capacitor array and creates a floating node at the
comparator’s input. The conversion 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

D-C ot

51
VREF o——‘ °©
Qin

AGND o—-l

(1-D) Cyy

+

V e
fn To MCU

D = gy v =0V
VREF

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
capacitance 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 reference
will drive the voltage at the floating node (Vfn) to
zero. That binary fraction of capacitance repre-
sents 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 VREF 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 to convert accurately
to 12-bits clearly depends on the accuracy of its
comparator and DAC. The CS5012A 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

Sampling_ U 1S
Clock

CS5012A

Master Clock pnnnannt

(Optional) CLKIN

Figure 3a. Asynchronous Sampling

power supply rejection at frequencies well below
the conversion rate.

To achieve 12-bit accuracy from the DAC, the
CS5012A uses 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 can be applied in a wide variety of
master clock, sampling, and calibration condi-
tions which directly affect the device’s
conversion time and throughput. The device also
features 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 operates 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 can be
synchronized to the external system by driving
the CLKIN pin with a TTL or CMOS clock sig-
nal.

HOLD
CS5012A

EOT

Master Clock nnnnnannn

(Optional) 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’s internal oscillator will
vary from unit-to-unit and over temperature. Its
tolerance gives rise to minimum and maximum
conversion times and throughput rates. The -7
version of the CS5012A is specified for accurate
operation with an external clock up to 6.4 MHz;
its internal clock frequency is specified at a mini-
mum of 2 MHz. The -12 version of the CS5012A
is specified for accurate operation with an exter-
nal clock up to 4 MHz; its internal clock
frequency is specified at a minimum of 2 MHz.
Both versions can typically convert with clocks
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 automatically returns 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 input
(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.

RD
CONCLK —H L
ADDRVALD —3

Y Add
Address @ "
Bus @ Dec

A3

cs

CS5012A

A2 ——————ICAL
Al ———_INTRLV
A0 A0

Figure 4a. Conversions Asynchronous to CLKIN

Microprocessor-Controlled Operation

Sampling and conversion can be placed under
microprocessor control (Figure 4) by simply
gating the device’s decoded address with the
write strobe for the HOLD input. Thus, a write
cycle to the CS5012A’s base address will initiate
a cc.version. However, the write cycle must be to
the odd address (AO high) to avoid initiating a
software controlled reset (see Reset below).

The calibration control inputs, CAL, and
INTRLYV 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 Al and A2 are shown
connected to CAL and INTRLYV in Figure 4 plac-
ing calibration under microprocessor control as
well. Thus, any read or write cycle to the
CS5012A’s base address will initiate or terminate
calibration. Alternatively, A0, INTRLV, and CAL
may be connected to the microprocessor data bus.

Conversion Time/Throughput

Upon completing a conversion cycle and return-
ing to the track mode, the CS5012A requires 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 us
(1.32 ps for the -7 version only). This adds to the
conversion time to define the converter’s maxi-

RD
WR
ADDR VALID —
AN
o N o
A3
A2 — | CAL
A{ —————  INTRLV
A0 A0

Figure 4b. Conversions under Microprocessor Control

DS15F5

3-13




TOT T ‘1/Throughput -
nput /777 L&

l—— Conversion

Acquisition

N 47

4 A

Synchronization Uncertainty “ cycle's)

Figure 5a. Asynéhronous Sampling (External Clock)

mum throughput. The conversion time of the
CS5012A, in turn, depends on the sampling,
calibration, and CLKIN conditions.

Asynchronous Sampling

The CS5012A internally operates from a clock
which is delayed and divided down from CLKIN
(fcLkIN/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 im-
mediately. In this asynchronous mode (Figure 3a),
the four clock cycles add to the minimum 49
clock cycles to define the maximum conversion
time (see Figure 5a and Table 1).

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 analog
input has been acquired to the CS5012A’s

CS5012A
1./ Throughput
fOiD (64 cycles) ———
Input —\_/ Conversion \/
- P (49 cycles) *
OIEl(t)p(u:t / Acquisition ] /
. (15 cycles)
EOT
Olltpllt' _\_/ I

* Dashedline: CS & RD =0
Solid line: See Figure 9.

Figure 5b. Synchronous (Loopback) Mode

specified accuracy. The EOT output is
synchronized to the internal conversion clock, so
the four clock cycle synchronization uncertainty
is removed yielding throughput at 1/64th of the
CLKIN frequency (see Figure 5b and Table 1).

Also, the CS5012A’s internal RC oscillator ex-
hibits jitter (typically * 0.05%: of its period),
which is high compared to crystal oscillators. If
the CS5012A is configured for synchronous sam-
pling 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 external
crystal-based clock.

Reset

Upon power up, the CS5012A must be reset to
guarantee a consistent starting condition and ini-
tially calibrate the device. Due to the CS5012A’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 stabilized

-7
Asynchronous 12,24

Conversion Time Throughput Time
Sampling Mode Min Max Min Max
Synchronous (Loopback) | 49 tck 49 teik 64 tclk 64 tek

49tck  53tck+ 235ns | N/A 59tck+ 1.32us

49tck 53tck+ 235ns | N/A

59 tck+ 2.25us

Table 1. Conversion and Throughput Times (tcik = Master Clock Period)
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to within 5% of its final value before RST falls to
guarantee an accurate calibration. Later, the
CS5012A may be reset at any time to initiate a
single full calibration. Reset overrides all other
functions. If reset, the CS5012A will clear and in-
itiate a new calibration cycle mid-conversion or
mid-calibration.

+5V
CS5012A

RST

I

Figure 6. Power-On Reset Circuit

Resets can be initiated in hardware or software.
The simplest method of resetting the CS5012A
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 (ap-
proximately 9.1 ms with a 6.4 MHz clock) to
complete. 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 can also be reset in
software when under microprocessor control. The
CS5012A will reset whenever CS, AO, and
HOLD are taken low simultaneously. See the
Microprocessor Interface section (below) to
eliminate the possibility of inadvertent software
reset. The EOC output remains high throughout
the reset operation and will fall upon its comple-
tion. It can thus be used to generate an interrupt
indicating the CS5012A 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 us for the -7 version

CS5012A

only) must be allowed for signal acquisition
before HOLD is activated.

Initiating Calibration

All modes of calibration can be controlled in
hardware or software. Accuracy can thereby be
insured at any time or temperature throughout
operating life. After initial calibration at power-
up, the CS5012A’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, is useful when the ADC
sees some downtime but not enough to perform a
full reset calibration. Burst cal can be terminated
mid-calibration; it picks up where it left off pre-
viously, so calibrations can be done in piecemeal
fashion. Burst cal is initiated by bringing the CAL
input high with CS low. The CAL input is level-
triggered and latches on the rising edge of CS, so
a write cycle can be used to control calibration in
software. Burst cal will continue to loop through
calibration cycles until terminated. Once CAL
returns low, at least 26 CLKIN cycles plus
2.25 ps (1.32 ps for the -7 version only) must be
allowed before a conversion is initiated to ensure
the CS5012A has completed its calibration ex-
periment and has acquired the analog input. The
EOC output indicates the completion of the final
calibration experiment.

The CS5012A features a background calibration
mode called "interleave." Interleave appends a
single calibration experiment to each conversion
cycle and thus requires no dead time for calibra-
tion. The CS5012A gathers data between
conversions and will adjust its transfer function
once it completes the entire sequence of experi-
ments (one calibration cycle per 2,014
conversions). Initiated by bringing both the IN-
TRLYV input and CS low (or hard-wiring INTRLV
low), interleave extends the CS5012A’s effective

DS15F5
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conversion time by 20 CLKIN cycles. Other than
reduced throughput, interleave is totally
transparent to the user.

Burst calibrations initiated at CAL pick up where
interleave left off, so calibration cycles can be
hastened by "bursting” a number of experiments
whenever the CS5012A sees free time. Interleave
is subordinate to burst calibrations, so INTRLV
could still be externally tied low. If used, inter-
leave should be left active continuously.

The fact that the CS5012A offers several calibra-
tion modes is not to imply that the device needs
to be recalibrated often. The device is very stable
in the presence of large temperature changes.
Tests have indicated that after using a single reset
calibration at 25 °C most devices exhibit very lit-
tle change in offset or gain when exposed to
temperatures from -55 to +125 °C. The data indi-
cated 30 ppm as the typical worst case total
change in offset or gain over this temperature
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 aglng, will generally
dominate total system error.

PIN STATUS BIT STATUS

DO S0 END OF CONVERSION
D1 S1 RESERVED

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

D4 S4 RESERVED

D5 S5 TRACKING

D6 S6 CONVERTING

D7 S7 CALIBRATING

Microprocessor Interface

The CS5012A features 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’s 3-state output buffers with either out-
put data or status information depending on the
status of AO. An address bit can be connected to
AO as shown in Figure 4b thereby memory map-
ping the status register and output data.
Conversion status can be polled in software by
reading the status register (CS and RD strobed
low with AQ 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
Table 2). Care must be taken not to read the
status register (AO low) while HOLD is low, or a
software 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

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-O)
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 intput.

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

Table 2. Status Pin Definitions
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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.

To interface with a 16-bit data bus, the BW input
to the CS5012A should be held high and all 12
data bits read in parallel on pins D4-D15. With an
8-bit bus, the converter’s 12-bit 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 4 LSB’s with 4 trailing
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 internally buffers its output data,
so data can be read while the device is tracking or
converting the next sample. Therefore, retrieving
the converter’s digital output requires no reduc-
tion in ADC throughput. Enabling the 3-state
outputs while the CS5012A is converting will not
introduce conversion errors. Connecting CMOS
logic to the digital outputs is recommended.
Suitable logic families include 4000B, 74HC,
7T4AC, T4ACT, and 74HCT.

Microprocessor Independent Operation

The CS5012A can be operated in a stand-alone
mode independent of intelligent control. In this

D15 D14 D13 D12 D11 D10 D9 D8

mode, CS and RD are hard-wired low. This per-
manently 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’s EOC output can be used
to externally latch the output data if desired. With
CS and RD hard-wired low, EOC will strobe low
for four CLKIN cycles after each conversion.
Data will be unstable up to 100 ns after EOC
falls, so it should be latched on the rising edge of
EOC.

Serial Output

All successive-approximation A/D converters
derive their digital output serially starting with

+5V

INTRLV RST j¢———— Reset
BW EOC———— Latching
A0 Output

Sampling_ U~ D18

mpling —
Clock HOLD e 1281t

CScssorea ;| Data
RD Y
CAL D4

Figure 8. Microprocessor-Independent Connections

D7 Deé D5 D4 D3 D2 D1 DO

Status

[xfx[x[x[x[x[x]x]

| s7]s6|s5]s4]sa]|s2] s1] so]

8- or 16-Bit

(A0=0) Data Bus
- [B11]B10] Bo[ B8 [ B7] B |B5 B4 | [B3|B2]B1[BO] 0 0 |0]O0 ] 1?&%3‘;5
#o=1) [xix]x]x]x[x]x}xl B11|B10| B9| B8 | B7| B6| B5 | B4 | 8-BitBus
Ba|B2|B1|B0O] 0|0 ] 0] o0 | (BW=0
"X" Denotes High Impedance Output
Figure 7. Data Format
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the MSB. The CS5012A presents 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 (See Figure 9).

ANALOG CIRCUIT CONNECTIONS

Most popular successive-approximation A/D con-
verters generate dynamic loads at their analog
connections. The CS5012A 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
regarding source impedances as well as ground-
ing and decoupling schemes.

44 46 48 50 52 54 S6 S8

CS5012A

Reference Considerations

An application note titled "Voltage References for
the CS501X Series of AID Converters" is avail-

able for the CS5012A. In addition to working

through a reference circuit design example, it of-
fers several built-and-tested reference circuits.

During conversion, each capacitor of the
calibrated capacitor array is switched between
VREF and AGND in a manner determined by the
successive-approximation algorithm. The charg-
ing and discharging of the array results in a
current load at the reference. The CS5012A in-
cludes 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 buff-
er is used to pre-charge the array thereby

60 62 640 2 4 6 8 10 12

CLKIN
EOC / / / / /

LSB : MSB MSB-1 | MSB-2
Status Determined Coarse Charge Fine Charge Determined| Determined| Determined
EOT
HOLD
seex [ L[ L] L LI
SDATA LSB+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 t4 (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 AO = 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

3-18

DS15F5



CS5012A

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 buffer.

The external reference circuitry need only
provide the residual charge required to fully
charge the array after pre-charging from the buff-
er. This creates an ac current load as the
CS5012A sequences 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 im-
pedance 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 pnA typical). An output impedance of 15 € will
therefore yield a maximum error of 150 uV. With
a 2.5V reference and LSB size of 600 uV, this
would insure better than 1/4 LSB accuracy. A
1 uF capacitor exhibits an impedance of less than
15 Q at frequencies greater than 10 kHz. A high-
quality tantalum capacitor in parallel with a
smaller ceramic 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
capacitors (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 can operate with a wide range of
reference voltages, but signal-to-noise perfor-
mance is maximized by using as wide a signal
range as possible. The recommended reference

.
OJUF 30| vaA-

CS5012A

2n (C1 + C2) fpeak

Figure 10. Reference Connections

voltage is between 2.5 and 4.5 volts. The
CS5012A can actually accept reference voltages
up to the positive analog supply. However, the
buffer’s offset may increase as the reference volt-
age approaches VA+ thereby increasing 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 enlists the aid of
an external 0.1 uF ceramic capacitor which must
be tied between its output, REFBUF, and the
negative analog supply, VA-. For more informa-
tion on references, consult the application note:
Voltage References for the CS501X Series of AID
Converters. For an example of using the
CS5012A with a 5 volt reference, see the applica-
tion note: A Collection of Application Hints for
the CS501X Series of AID Converters.

DS15F5
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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
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.

» +12.5
2
w2
=
5 0 <
=
8 Pre-Charge / Fine-Charge
o
[}
-12.5 Ly J
: \/
=
]
g
£ 250
0.5 1.0 1.5 2.0 25
Acquisition Time (us)
(Delay from EOC)

Figure 11. Internal Acquisition Time

The acquisition time of the CS5012A depends on
the CLKIN frequency. This is due to a fixed pre-
charge period. For instance, operating the -12
version with an external 4 MHz CLKIN results in
a 3.75 ps acquisition time: 1.5 ps for pre-charging
(6 clock cycles) and 2.25 ps for fine-charging.
Fine-charge settling is specified as a maximum of
2.25 us for an analog source impedance of less
than 200 Q. (For the -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 practically
all bipolar op amps. Large dc source impedances
can be accommodated by adding capacitance

CS5012A

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
necessary acquisition time. For more information
on input applications, consult the application
note: Input Buffer Amplifiers for the CS501X
Family of AID Converters.

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

Analog Input Range/Coding F ormat

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. 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 +VREF. Coding is in an
offset-binary format. Positive full scale gives a
digital output of 111111111111, and negative full
scale gives a digital output of 000000000000.

The BP/UP mode pin may be switched after
calibration without having to recalibrate the con-
verter. However, the BP/UP mode should be
changed during the previous conversion cycle,
that is, between HOLD falling and EOC falling.

3-20
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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 uses the analog ground connection,
AGND, only as a reference voltage. No dc power
currents flow through the AGND connection, and
it is completely independent of DGND. However,
any noise riding on the AGND input relative to
the system’s analog ground will induce conver-
sion 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 point.

The digital and analog supplies to the CS5012A
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-frequency noise is
present on the supplies, 1 uF tantalum capacitors
are recommended in parallel with the 0.1 pF
capacitors.

Convert Channel N
CS5012

The positive digital power supply of the CS5012A
must never exceed the positive analog supply by
more than a diode drop or the CS5012A 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 diagram in
Figure 20 shows a decoupling scheme which al-
lows the CS5012A to be powered from a single
set of £ 5V rails.

As with any high-precision A/D converter, the
CS5012A requires careful attention to grounding
and layout arrangements. However, no unique
layout issues must be addressed to properly apply
the CS5012A. The CDB5012 evaluation board is
available for the CS5012A, which avoids the
need to design, build, and debug a high-precision
PC board to initially characterize the part. The
board comes with a socketed CS5012A, and can
be quickly reconfigured to simulate any combina-
tion of sampling, calibration, CLKIN, and analog
input range conditions.

Convert Channel N+1

i

HOLD
Input

CS$5012

EOC
Output

MUX
Address

le.
f
L]
"/
Address N ><

Address N + 1

X

Address N +2

MUX Settling
to Channel N + 1

-

CS5012
Analog
Input

MUX Settling
to Channel N +

2]

-

Figure 12. Pipelined MUX Input Channels
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Power Supply Rejection

The CS5012A’s power supply rejection perfor-
mance is enhanced by the on-chip self-calibration
and an "auto-zero" process. Drifts in power supp-
ly voltages at frequencies less than the calibration
rate have negligible effect on the CS5012A’s ac-
curacy. This is because the CS5012A adjusts its
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 in-
itiated. Figure 13 shows power supply rejection
of the CS5012A 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.

Notches of increased rejection arise from the
auto-zeroing at the conversion rate. The frequen-
cies at which these notches occur also depend on
the value of the captured analog input. The line
shows worst-case rejection for all combinations
of conversion rates and input conditions in the
bipolar mode.
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CS5012A PERFORMANCE

Differential Nonlinearity

One source of nonlinearity in A/D converters is
bit weight errors. These errors arise from the
deviation 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 en-
tirely missing. The CS5012A calibrates all bits in
the capacitor array to a small fraction of an LSB
resulting in nearly ideal DNL. A histogram plot of
typical DNL of the CS5012A can be seen in
Figure 14. Figure 15 illustrates the DNL plot of
the CS5012 for comparison.

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 occurren-
ces 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 con-
sidered 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
-1LSB.

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

30 defined the point of maximum INL.
20 . . .
1kHz  10kHz 100kHz 1MHz Bit-weight errors have a drastic effect on a
Power Supply Ripple Frequency converter’s ac performance. They can be
analyzed as step functions superimposed on the
Figure 13. Power Supply Rejection input signal. Since bits (and their errors) switch in
3-22 DS15F5
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Figure 15. CS5012 Differential Nonlinearity Plot

and out throughout the transfer curve, their effect
is signal dependent. That is, harmonic and inter-
modulation distortion, as well as noise, can vary
with different input conditions. Designing a sys-
tem around characterization data is risky since
transfer curves can differ drastically unit-to-unit
and lot-to-lot.

The CS5012A 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 17). Unlike
traditional ADC’s, the linearity of the CS5012A is
not limited by bit-weight errors; its performance
is therefore extremely repeatable and independent
of input signal conditions.

FFT Tests and Windowing

In the factory, the CS5012A is tested using Fast
Fourier Transform (FFT) techniques to analyze
the converter’s dynamic performance. A pure
sinewave is applied to the CS5012A, 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 ener-
gy in bins outside of the fundamental and dc can
only be due to quantization effects and errors in
the CS5012A.

If sampling is not synchronized to the input
sinewave, 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

DS15F5
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discontinuities, thereby yielding a severely dis-
torted spectrum. To avoid this problem, the time
record is multiplied by a window function prior to
performing 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 convolute the spectrum of the window with
that of the actual input.

Figure 16 shows an FFT computed from an ideal
12-bit sinewave. Artifacts of windowing are dis-
carded 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 spectral variability
that can arise from capturing finite time records
without disturbing the total energy outside the
fundamental. All harmonics which exist above
the noise floor are therefore more clearly visible
in the plots. For more information on FFT’s and
windowing refer to: F.J. 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.

Figures 17 and 18 show the performance of the
CS5012A with 1kHz and 12kHz full scale inputs.
Notice that the performance closely approaches
that of an ideal 12-bit ADC.

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 occurence. Such a probability

S/N+D: 73.9 dB

Signal  -40.0
Amplitude
Relative to

Full Scale -60.0
(dB)

-80.0

-100.0

-120.0

dc ‘ fs/2
Input Frequency

Figure 16. FFT Plot of Ideal 12-bit ADC

0.0
Sampling Rate: 100kHz
Full Scale: 9Vp-p
-20.0 S/N+D: 73.6dB
Signal -40.0
Amplitude
Relative to
Full Scale 600
(dB)
-80.0
-100.0
-120.0
de10 Input Frequency (kHz) s0.0
Figure 17. FFT Plot of CS5012A with 1 kHz
Full-Scale Input
0.0
Sampling Rate: 100kHz
Full Scale: 9Vp-p
-20.0 S/N+D: 72.9dB
Signal -40.0
Amplitude
Relative to
Full Scale 600
(dB)
-80.0
-100.0 4,
-120.0
de 12.0 50.0

Input Frequency (kHz)

Figure 18. FFT Plot of CS5012A with 12 kHz
Full-Scale Input
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Figure 19. CS5012A High Frequency Input Performance

distribution leads to an error "signal" with an rms
value of 1 LSB/V12. Using an rms signal value of
FS/V8 (amplitude = FS/2), this relates to an ideal
12-bit signal-to-noise ratio of 74 dB.

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
bandlimited, much of the quantization error can
be filtered out, and improved system performance
can be attained.

The CS5012A performs very well over a wide
range of input frequencies as shown in Figure 19.
The figure depicts the CS5012A-KP7 tested
under 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 100kHz 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.

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
calibration 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 14. 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

DS15F5
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CS5012A

CS5012

Calibration resolution

15 bits. Results in DNL calibration
to1/8 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 cycles
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 CS5012A and CS5012

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, while not generally needed, was made
functional. The device was also modified so the
EOC signal goes low at the end of a reset calibra-
tion in either microprocessor or
microprocessor-independent mode. The CS5012A
was modified to maintain a throughput rate of 64
CLKIN cycles in loopback mode for all frequen-
cies of CLKIN.
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HOLD cs CAL INTRLV  RD AO 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 0 X 0 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 Data Bus
X X X X X X 1 Reset
0 0 X X X 0 X Reset

+5V

*

CS and HOLD low, or a software reset will result.
Table 4. CS5012A Truth Table

The status of AQ is not critical to the operation specified. However, AQ should not be low with

100)
Analog o AN\
Supply = E l11 ‘ 0._1|£F
0.1juF VA+ VD+ | aq
BW Mode
BP/UP [ 24 Select *
Clock -
CLKIN |20 Source
CS5012A (optional)
Serial
SDATA [-40 Data
SCLK |39 Interface
(optional)
Analog
i 2000
Signal o], Sonal T2l poors [Baris
Source onditioning oo s = rocessor | *
1 p EOC
6 EO_C 37 May be
EOT microprocessor
HOLD ! or discrete logic.
0~ VF(‘EF CAL 135 Control
+VREF INTRLV |34 Logic
s 21
Voltage 28} mer RD |22
23
Reference J_O‘QJ_UF A0 Unused Logic inputs should only
RESET 32 Resel be connected to VD+ or DGND.
iolue ] | coneraor "
Olu 271 AGND TsT|31__ | Generator * BW and BP/UP should always
29 10 e terminated to VD+ or DGND,
v 0._1LF o RE;E’UF DSS_D oA uF or driven by a logic gate.
5V 30 36 — 1 For best dynamic
- 100 T S/(N+D) performance.
Analog o : NN\
Supply
Figure 20. CS5012A System Connection Diagram
DS15F5 3-27




HOLD HOLD [j1® ~  40[] SDATA  SERIAL OUTPUT
DATABUS BIT 0 DO []2 39[] SCLK SERIAL CLOCK
DATA BUS BIT 1 D1 3 38[1 EOC END OF CONVERSION
DATA BUS BIT 2 D2 [j4 ©S5012A 377 EoT END OF TRACK
DATABUSBIT 3 D3 [|5 ©Ss5012 36[] VD- NEGATIVE DIGITAL POWER
(LSB) DATABUS BIT 4 D4 [|6 35[] CAL CALIBRATE
DATABUS BIT 5 D5 [|7 34[1 INTRLV  INTERLEAVE .
DATA BUS BIT 6 D6 []8 33[] BW BUS WIDTH SELECT
DATABUS BIT 7 D7 ]9 32(] RST RESET
DIGITAL GROUND DGND []10 31[] TST TEST
POSITIVE DIGITAL POWER VD+ [|11 30[] VA- NEGATIVE ANALOG POWER
DATABUSBIT 8 D8 []12 29[] REFBUF REFERENCE BUFFER QUTPUT
DATABUS BIT 9 D9 [J13 28[] VREF VOLTAGE REFERENCE
DATA BUS BIT 10 D10 [J14 27[] AGND ANALOG GROUND
DATA BUS BIT 11 D11 [|15 261 AIN ANALOG INPUT
DATA BUS BIT 12 D12 [|16 25[] VA+ _ POSITIVE ANALOG POWER
DATA BUS BIT 13 D13 [J17 24[) BP/UP  BIPOLAR/UNIPOLAR SELECT
DATA BUS BIT 14 D14 [|18 23(] A0 READ ADDRESS
(MSB) DATA BUS BIT 15 D15 []19 22(1 RD READ
CLOCKINPUT  CLKIN []20 21 cs CHIP SELECT
HOLD
DO

SDATA
D1 SCLK
D2 EOC
D3 \ / EOT
Da —\ / vD-
D5 — — _ CcAL

DS ‘\ Dnmmngnnmmn / =
INTRLV
6§ 4 2144 42 40
q7 39p
e N\ B
d1o %h
DGND —~d11 o seh—— TST
e -
NC — B~ NC
014 CS5012A 32p
D8 —/E15 Cs5012 :;m¥ REFBUF
016 300
NC _/“7 290\_ VREF
D9 / 18 20 22 24 26 28 \7 AGND

|8y o 0

D10 AIN
D11 ‘—7 % VA+
D12 BP/UP
D13 A0

D14 RD
D15 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.
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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 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
INTRLYV 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, PIN22.
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.
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A0 - 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
+VREF. 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 D0O-D7. A second read cycle places the four LSB’s with four trailing
zeros on DO-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 DO-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. 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. 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 -VREEF to
+VREF. The output impedance of buffer driving this input should be less than or equal to 200 Q.

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.

3-30 DS15F5



- e ey
o4 CS5012A

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 12-bit 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. Serial data is stable on the rising
edge of SCLK.

Analog Outputs

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

Miscellaneous

TST - Test, PIN 31.

Allows access to the CS5012A’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 stralght 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 51gnal 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.
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Ordering Guide

Model Throughput Conversion Time Maximum DNL  Temp. Range Package
CS5012A-KP12 63 kHz 12.25 us +1/2 LSB 0to70°C 40-Pin Plastic DIP
CS5012A-KP7 100 kHz 7.20us +1/2 LSB 0to 70 °C 40-Pin Plastic DIP
CS5012A-KL12 63 kHz 12.25 us +1/2 LSB 0to 70 °C 44-Pin PLCC
CS5012A-KL7 100 kHz 7.20 us +1/2 LSB 0to70°C 44-Pin PLCC
CS5012A-BD12 63 kHz 12.25 us +1/2 LSB -40to +85°C 40-Pin CerDIP
CS5012A-BD7 100 kHz 7.20 us +1/2 LSB -40to +85 °C 40-Pin CerDIP
CS5012A-BL12 63 kHz 12.25 s +1/2 LSB -40 to +85 °C 44-Pin PLCC
CS5012A-BL7 100 kHz 7.20 pus +1/2 LSB -40 to +85 °C 44-Pin PLCC
CS5012A-TD12 63 kHz 12.25 us +1/2 LSB -55t0 +125°C 40-Pin CerDIP
CS5012A-TD7 100 kHz 7.20 us +1/2 LSB -55t0 +125 °C 40-Pin CerDIP
CS5012A-TE12 63 kHz 12.25 us +1/2 LSB -55t0 +125°C 44-Pin Ceramic LCC
CS5012A-TE7 100 kHz 7.20 pus +1/2 LSB -55t0 +125°C 44-Pin Ceramic LCC
CS5012-KP24 34 kHz 24.50 ps +1/2 LSB 0to70°C 40-Pin Plastic DIP
CS5012-KP12 63 kHz 12.25 us +1/2 LSB 0to70°C 40-Pin Plastic DIP
CS5012-LP12 63 kHz 12.25 us +1/8 LSB 0to 70 °C 40-Pin Plastic DIP
CS5012-KL24 34 kHz 2450 us +1/2 LSB 0to70°C 44-Pin PLCC
CS5012-KL12 63 kHz 12.25 us +1/2 LSB 0to 70°C 44-Pin PLCC
CS5012-LL12 63 kHz 12.25 us +1/8 LSB 0to70°C 44-Pin PLCC
CS5012-BD24 34 kHz 24 .50 us +1/2 LSB -40to +85 °C 40-Pin CerDIP
CS5012-BD12 63 kHz 12.25 us +1/2 LSB -40to +85 °C 40-Pin CerDIP
CS5012-BL24 34 kHz 24.50 us +1/2 LSB -40 to +85 °C 44-Pin PLCC
CS5012-BL12 63 kHz 12.25 us +1/2 LSB -40to +85 °C 44-Pin PLCC
CS5012-TD24 34 kHz 24.50 us +1/2 LSB -55to +125 °C 40-Pin CerDIP
CS5012-TD12 63 kHz 12.25 us +1/2 LSB -55t0 +125°C 40-Pin CerDIP
CS5012-TE24 34 kHz 24.50 us +1/2 LSB -55t0 +125°C 44-Pin Ceramic LCC
CS5012-TE12 63 kHz 12.25 us +1/2 LSB -551t0 +125°C 44-Pin Ceramic LCC

The CS5012A is recommended for new designs. The following table shows the upgrade parts.
Old New Design

Part Number Recommended Device.

CS5012-KP24
CS5012-KP12
CS5012-KP7

CS5012-KL24
CS5012-KL.12
CS5012-KL7

CS5012-BD24
CS5012-BD12
CS5012-BD7

CS5012-BL24
CS5012-BL12

CS5012A-KP12
CS5012A-KP12
CS5012A-KP7

CS5012A-KL12
CS5012A-KL12
CS5012A-KL7

CS5012A-BD12
CS5012A-BD12
CS5012A-BD7

CS5012A-BL12
CS5012A-BL12

CS5012-BL7 CS5012A-BL7

CS5012-TD24 CS5012A-TD12
CS5012-TD12 CS5012A-TD12
CS5012-TE24 CS5012A-TE12
CS5012-TE12 CS5012A-TE12

DS15F5
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ADDENDUM ;
Burst Calibration in CS5012

Burst calibration mode allows control of partial calibration cycles. Due to an unforeseen condition in-
side the part, asynchronous termination of calibration (CAL brought low) may result in a sub-optimal
calibration result. It is recommended that burst calibration is not used in the CS5012. The silicon for the
CS5012A has been revised to prevent this effect.

Interleave calibration works perfectly, provided it is not used intermittently in the CS5012.
The reset calibration always works perfectly, and typically should be used instead of burst mode. The

CS5012’s and CS5012A’s very low drift over temperature means that, under most circumstances, calibra-
tion need only be performed at power-up, using reset.
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Semiconductor Corporation

CS5014

14-Bit, 14 us Self-Calibrating A/D Converter

Features General Description
® Monolithic CMOS A/D converter The CS5014 is a 14-bit monolithic analog to digital
Microprocessor Compatible converter with a 14.25 pus conversion time. Unique self-
Parallel and Serial Output calibration circuitry, which can be under intelligent
control, insures maximum nonlinearity of 1/2 LSB and
Inherent Track/Hold Input no missing codes. Offset and full scale errors are kept
. .. within 1/2 LSB, eliminating the need for manual calibra-
¢ Tru?_j 4'B!t PéeCIS!Oﬁl /4 LSB tion of any kind. Unipolar and bipolar input ranges are
inearity Error: £ digitally selectable.
Total Adjusted Error: £1 LSB
No Missing Codes The CS5014 consists of a DAC, conversion and calibra-
tion microcontroller, oscillator, comparator, micro-
e Low Distortion processor compatible 3-state 1/0, and calibration cir-
Total Harmonic Distortion: 0.003% cuitry. The input track-and-hold, inherent to the device’s
Peak Harmonic or Noise: '-95.3 dB ° sampling architecture, acquires the analog input signal
: after each conversion within 3.75 us to 0.003%, allow-
. . . ing throughput rates up to 56 kHz.
® 14.25 Microsecond Conversion Time 9 ghp P
Throughout Rates up to 56 kHz An evaluation board (CDB5014) is available for the
CS5014 which can be easily configured to simulate any
® Self Calibration Maintains Accuracy combination of operating conditions to greatly simplify
ver Tim r system design and testing. The CS5014 is pin com-
Ove e and Tempe ature patible with the CS5012 and CS5016 A/D converters
° el P allowing system upgrading and downgrading without
Low Power Dissipation: 120 mW hardware alterations
® Pin Compatible with CS5012/CS5016 ORDERING INFORMATION:  Page 3-63
HOLD CS RD A0 BPUP RST BW INTRLV CAL EOT EOC SCLK SDATA
) ) ) M) )
]1 I21 122 |23 |24 |32 '33 |34 |35 |37 lss |39 |40 2} 1o
‘ A 38 DI
4% D2 (LSB)
CLKIN ﬁ’_., GEIC\']!-E?{?\];‘OR H CONTROL ‘—-—-1 sd s
8% D4
e — CAJEIE%;{(S‘&ON < MICROCONTROLLER —}—70 s
_S 88 D6
VREF ——T—ZS + I v 98 D7
12 D8
E—S 14 BIT CHARGE B35 po
AIN ,2'.6_L+—-’____> REDISTRIBUTION 48 o
DAC 15 -
L COMPARATOR 16
- D12
17
D14
19
25 30 11 36 10 31 DIS (MSB)

VA+

TST

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

JUL '89
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ANALOG CHARACTERISTICS (Ta = 25 °C; VA+, VD+ = 5V; VA-, VD- = -6V;
VREF = 4.5V; fcik = 4 MHz for —14, 2 MHz for —28; Analog Source Impedance =200 Q)

CS5014-K CS5014-B - -CS5014-S,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) K,B,T +1/4 +1/2 +1/4 172 +1/4 +1/2 LSB
S +1/2 *15 LSB
Drift (Note2) ) +1/8 +1/8 +1/8 - | ALSB
Differential Linearity (Note 1) +1/4 - +1/2 +1/4 172 14  +1/2 LSB
Drift (Note 2) . +1/32 +1/32 o x1B32 ALSB
Full Scale Error (Note 1) +12  +1 +12 +1 +12  +1 LSB
Drift (Note 2) . +1/4 +1/4 +1/2 ALSB
Unipolar Offset (Note 1) K,B,T. +1/4 +3/4 +1/4 +3/4 +1/4 +3/4 LSB
. S +1 LSB
Drift (Note 2) +1/4 +1/4 +1/2 ALSB
Bipolar Offset (Note 1) K,B,T +1/4 +3/4 +1/4 +3/4 +1/4 +3/4 LSB
’ S| +1 LSB
Drift (Note 2) +1/4 £172 ‘ £172 ALSB
Bipolar Negative Full-Scale Error (Note 1)
' KB,T | 12 +1 +12  #1 12 %1 LSB
S ) +15 LSB
Drift (Note 2) +1/4 +1/4 +1/2 ALSB
Total Unadjusted Error (Note 1) +1 +1 +1 LSB
Drift (Note 2) +1/2 +1 +1 ALSB
Dynamic Performance (Bipolar Mode) /
Peak Harmonic or Spurious Noise (Note 1)
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 (Note 1, 3) :
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 Unipolar Mode 45 45 45 uV,
Bipolar Mode (Note 4) 90 90 90 uv:zz

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. A detailed plot of S/(N+D) vs. input amplitude appears in Figure 16.
4. 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)

CS5014-K CS5014-B CS5014-S,T
Parameter * min  typ max min  typ max min typ ~max Units
Specified Temperature Range 0to +70 -40 to +85 55104125 °c
Analog Input
Aperture Time 25 25 25 ns
Aperture Jitter 100 100 100 ps
Aperture Time Matching  (Note 5) TBD 8D TBD ns
Input Capacitance (Note 6)
Unipolar Mode 275 375 275 375 275 375 pF
Bipolar Mode 165 220 165 220 165 220 pF
Conversion & Throughput
Conversion Time —14 14.25 14.25 14.25 us
—28 (Notes 7, 8) 285 285 28.5 us
Acquisition Time -14 3.0 375 30 375 3.0 3.75 us
—28 (Note 8) 45 525 45 525 45 525 us
Throughput -14 55.6 55.6 55.6 kHz
—28 (Note 8) 27.7 27.7 27.7 kHz
Power Supplies
DC Power Supply Currents (Note 9)
I A+ 9 19 9 19 9 19 mA
I A— -9 -9 -9 19 -9 19 mA
1D+ 3 6 3 6 3 6 mA
Ip— -3 -6 -3 -6 3 -6 mA
Power Dissipation (Note 9) 120 250 120 250 120 250 mW
Power Supply Rejection  (Note 10)
Positive Supplies 84 84 84 dB
Negative Supplies 84 84 84 dB

Notes: 5. Part to part.

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

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

8. Conversion, acquisition, and throughput times depend on the master clock, sampling, and calibration
conditions. The numbers shown assume sampling and conversion is synchronized with the CS5014’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.

9. All outputs unloaded. All inputs CMOS levels.

10. 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 21 shows a plot of typical power supply

rejection versus frequency.

DS12F5
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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
Master Clock Frequency:
Internally Generated:  K,B,-14 2 - -
S§,T,-14 1.75
28 foLk ’ ) A MHz
Externally Supplied: -14 100 kHz - 4
-28 100 kHz - 2
Master Clock Duty Cycle ) - 40 - 60 A
Rise Times: . Any Digital Input trise - - 1.0 us
Any Digital Output - 20 - ns
Fall Times: Any Digital Input tall - - 1.0 us
Any Digital Output - - 20 - ns
HOLD Pulse Width thpw 1AcLK+ 50 - te ns
Conversion Time te 57fcLK - 61/CLK+235 ns
Data Delay Time . tdd - 40 100 ns
EOC Pulse Width- = (Note 11) tepw 4fcLK - 20 - - ns
 Set Up Times: CAL, INTRLV to CS Low tes 20 10 - .
A0 to CS and RD Low tas 20 10 - n
Hold Times: .
CSor RD High to AQ Invalid tah 50 30 - "
CS High to CAL, INTRLYV Invalid teh ) 50 30 -
Access Times:  CS Low to Data Valid :
K, B tea . 90 120
S, T - 115 150 ns
RD Low to Data Valid
K, B tra - 90 120 )
ST - : 115 150 ns
Output Float Delay: K, B Ctig } 90 110 ns
CS or RD High to Output Hi-Z -~ -S, T 90 - 140
Serial Clock Pulse Width Low towl - ) 2ffcLK - s
Pulse Width High tpwh - 2ACLK - n
Set Up Times: SDATA to SCLK Rising tss 2/fcLK - 50 2fcLK - ns
Hold Times:  SCLK Rising to SDATA tsh- 2fcLK - 100 2fcLK - ns

Note: 11. EOC remains low 4 master clock cycles if CS and RD are held low. Otherwise, it returns high
within 4 master clock cycles from the start of a data read operation or a conversion cycle.

3-38 DS12F5



ARV BN N N A A N
o CS5014

trise tall
90% 90%]
10% 10%

Rise and Fall Times

Towl  owh
SCLK
tsh

SDATA

Serial Output Timing

tea—

CS
tra—
RD
tah
ttd
Hi-Z
tch

ta
A0

DO-D15 Hi-Z l

ot

Read and Calibration Control Timing

mﬂ tc : tepw
s 77777777 N //////

Output Data LAST CONVERSION DATA VALID ;l( NEW DATA VALID

Conversion Timing

CAL, INTRLV
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DIGITAL CHARACTERISTICS (Ta = Tmin to Tmax; VA+, VD+ = 5V £ 10%; VA-, VD- = -5V + 10%)

All measurements below are performed under static conditions.

Parameter Symbol Min Typ Max Units
High-Level Input Voltage VIH 2.0 - - \
Low-Level Input Voltage ViL ¢ - - 0.8 \'
High-Level Output Voltage (Note 12) VOH (VD+) - 1.0V - — \
Low-Level Output Voltage lout=1.6mA VoL - - 0.4 \
Input Leakage Current lin - - 10 uA
3-State Leakage Current loz — - +10 uA
Digital Qutput Pin Capacitance Cout - 9 - pF

Note: 12. lout = -100 pA. This specification guarantees TTL compatability (VoH = 2.4V @ lout = -40 pA).
RECOMMENDED OPERATING CONDITIONS(AGND, DGND = 0V, see note 13.)

Parameter Symboi Min Typ Max Units

DC Power Supplies: Positive Digital VD+ 4.5 5.0 VA+ \
Negative Digital ~ VD- —4.5 -5.0 -55 \'

Positive Analog VA+ 45 5.0 55 Vv

Negative Analog VA- —4.5 -5.0 -5.5 \

Analog Reference Voltage VREF 25 45 (VA+)-05 \Y
Analog Input Voltage: Unipolar VAIN AGND - VREF \
(Note 14) Bipolar VAIN -VREF - VREF v

Notes: 13. All voltages with respect to ground.
14. The CS5014 can accept input voltages up to the analog supplies (VA+ and VA-).

It will output all 1’s for inputs above VREF and all 0's for inputs below AGND in unipolar mode
and -VREF in bipolar mode.

ABSOLUTE MAXIMUM RATINGS (AGND, DGND =0V, allyvoltages with respect to ground.)

Parameter Symbol Min Max Units

DC Power Supplies:  Positive Digital VD+ . .03 (VA+) +0.3 \

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 15) lin - +10 1 mA
Analog Input Voltage (AIN and VREF pins) Vina (VA-) - 0.3 (VA+) + 0.3 \
Digital Input Voltage Vino -0.3 (VA+) + 0.3 \"
Ambient Operating Temperature Ta -55 125 °C
Storage Temperature Tsig -65 . 150 °C

Note: 15. Transient currents of up to 1 00 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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THEORY OF OPERATION
AIN o s
il €3 SEED €3 S €5 SR I
sl
c cn c/a cr /8192 cmsﬁ‘
Bit13  Bit12  Bitll Bit 10 Bit0  Dummy -
MSB LSB +
C,. =C+CR2+Cld+..CI8192

Figure 1. Charge Redistribution DAC

The CS5014 utilizes a successive approximation
conversion technique. The analog input is succes-
sively compared to the output of a D/A converter
controlled by the conversion algorithm. Succes-
sive 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 compared 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 comparison would be at three-
quarters of full scale. This procedure continues
until all bits have been exercised.

The CS5014 implements the successive-
approximation algorithm using a unique 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
input. Their other terminals are capable of being
connected to AIN, AGND, or VREF (Figure 1).
When the device 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
capacitor array and creates a floating node at the
comparator’s input. The conversion 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.

D:Cy

s s1
00 VREF o—l o
in
IN o——‘ }——Qi" l v

" s AGND A ToMCU
Vin Ciot To MCU

% (D) Ci

-Qin = Vin Ciot N for Vi = OV
Figure 2a. Tracking Mode Figure 2b. Convert Mode
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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
capacitance 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 reference
will drive the voltage at the floating node (Vfn) to
zero. That binary fraction of capacitance repre-
sents the converter’s digital output.

The CS5014’s charge redistribution architecture
easily supports bipolar input ranges. If half the
capacitor array (the MSB capacitor) is tied to
VREF 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 of-
fset binary representation of the input.

Calibration

The ability of the CS5014 to convert accurately to
14-bits clearly ‘depends on the accuracy of its
comparator and DAC. The CS5014 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. ‘

Sampling _— L LI

Clock HOLD

CS5014

Master Clock  finnnann

(Optional) CLKIN

Figure 3a. Asynchronous Sampling

To achieve 14-bit accuracy from the DAC, the
CS5014 uses 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 CS5014 can be applied in a wide variety of
master clock, sampling, and calibration condi-
tions which directly affect the device’s
conversion time and throughput. The device also
features 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 CS5014 operates from a master clock which
can be externally supplied or internally generated.
The internal oscillator is activated by externally
tying the CLKIN input low. Alternatively, the
CS5014 can be synchronized to the external sys-
tem by driving the CLKIN pin with a TTL or
CMOS clock signal.

HOLD
CS5014

EOT

Master Clock  nnnnnn

(Optional) CLKIN

Figure 3b. Synchronous Sampling
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All calibration, conversion, and throughput times
directly scale to master clock frequency. Thus,
throughput can be precisely controlled and/or
maximized using an external master clock. In
contrast, the CS5014’s internal oscillator will
vary from unit-to-unit and over temperature. Its
tolerance gives rise to minimum and maximum
conversion times and throughput rates. The -14
version of the CS5014 is specified for accurate
operation with an external clock up to 4 MHz; its
internal clock frequency is specified at a mini-
mum of 2 MHz. The -28 version can handle
external clocks up to 2 MHz; its internal clock
can range as low as 1 MHz (see the table, Switch-
ing Characteristics, at the front of this data
sheet). Both versions can typically convert with
clocks 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 CS5014 automatically returns 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 input
(Figure 3a). The duty cycle of this clock is not
critical. It need only remain low at least one
master clock cycle plus 50 ns, but no longer than
the minimum conversion time or an additional
conversion cycle will be initiated with inadequate
time for acquisition.

RD
CONCLK
ADDR VALID Po}

AN,
[
Address ° Addr o
Bus @ Dec
A3

U

CS5014

Al —————CAL
Al ———————TNTRLV
A0

A0

Figure 4a. Conversions Asynchronous to Master Clock

CS5014

Microprocessor-Controlled Operation

Sampling and conversion can be placed under
microprocessor control (Figure 4) by simply
gating the device’s decoded address with the
write strobe for the HOLD input. Thus, a write
cycle to the CS5014’s base address will initiate a
conversion. However, the write cycle must be to
the odd address (AO high) to avoid initiating a
software controlled reset (see Reset below).

The calibration control inputs, CAL, and
INTRLV are also internally latched by CS, so
they must be in the appropriate state whenever
the chip is selected during a read or write cycle.
Address lines Al and A2 are shown connected to
CAL and INTRLYV in Figure 4 placing calibration
under microprocessor control as well. Thus, any
read or write cycle to the CS5014’s base address
will initiate or terminate calibration. Alternative-
ly, AO, INTRLV, and CAL may be connected to
the microprocessor data bus.

Conversion Time/Throughput

Upon completing a conversion cycle and return-
ing to the track mode, the CS5014 requires time
to acquire the analog input signal before another
conversion can be initiated. The acquisition time
is specified as six master clock cycles plus 2.25
us. This adds to the conversion time to define the
converter’s maximum throughput. The conver-
sion time of the CS5014, in turn, depends on the

RD
WR

ADDR VALID _——(')

AN,
Address @ Addr
Bus ® Dec
A3

CS5014

A2 ————————— CAL
A] —————————— INTRLV
A0 A0

Figure 4b. Conversions under Microprocessor Control

DS12F5

3-43




+«———— 1/ Throughput
N L
l— Conversion
EOC //////
Output

Output

HOLD
Input
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Synchronization Uncertainfy “ cyclés)

Figure 5a. Asynchronous Sampling (External Clock)

sampling, calibration, and master clock condi-
tions.

Asynchronous Sampling

The CS5014 internally operates from a clock
which is delayed and divided down from the
master clock (fcLk/4). If sampling is not
synchronized to this internal clock, the conver-
sion 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 minimum 57 clock cycles to
define the maximum conversion time (see Figure
5a and Table 1).

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

CS5014

1/ Throughput

) (72 cycles) ————
HOLD
Input L/ Conversion \/
_ t—— (57 cycles) ——
Oﬁg‘% ] Acquisition i /
5T (15 cycles)
E N
Output -\_/ \_./—

* Dashed line: CS & RD = 0
Solid line: See Figure 9.

Figure 5b. Synchronous (Loopback) Mode

15 master clock cycles after EOC indicating the
analog input has been acquired to the CS5014’s
specified accuracy. The EOT output is
synchronized to the internal conversion clock, so
the four clock cycle synchronization uncertainty
is removed yielding throughput at 1/72th of the
master clock frequency (see Figure 5b and
Table 1).

Also, the CS5014’s internal RC oscillator exhibits
significant jitter (typically + 0.05% of its period),
which is high compared to crystal oscillators. If
the CS5014 is configured for synchronous sam-
pling while operating from its internal oscillator,
this jitter will directly affect sampling purity.

Reset

Upon power up, the CS5014 must be reset to
guarantee a consistent starting condition and ini-
tially calibrate the device. Due to the CS5014’s
low power dissipation and low temperature drift,
no warm-up time is required before reset to ac-

Conversion Time Throughput Time
Sampling Mode Min Max Min Max
Synchronous (Loopback) | 57tak 57 tex 72tek 72tei
Asynchronous 57tak  61tak+ 235ns| N/A  67ta+ 2.25us

Table 1. Conversion and Throughput Times (tcik = Master Clock Period)
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commodate any self-heating effects. However,
the voltage reference input should have stabilized
to within 1% of its final value before RST falls to
guarantee an accurate calibration. Later, the
CS5014 may be reset at any time to initiate a
single full calibration. Reset overrides all other
functions. If reset, the CS5014 will clear and in-
itiate a new calibration cycle mid-conversion or
mid-calibration.

+5V
CS5014

RST

T

Figure 6. Power-On Reset Circuit

Resets can be initiated in hardware or software.
The simplest method of resetting the CS5014 in-
volves 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 1,441,020 master clock cycles
(approximately 360 ms with a 4 MHz clock) to
complete. 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 CS5014 can also be reset in software
when under microprocessor control. The CS5014
will reset whenever CS, A0, and HOLD are taken
low simultaneously. See the Microprocessor In-
terface section (below) to eliminate the
possibility of inadvertent software reset. The
EOC output remains high throughout the reset
operation and will fall upon its completion. It can
thus be used to generate an interrupt indicating
the CS5014 is ready for operation. Six master
clock cycles plus 2.25 us must be allowed after
EOC falls to allow for acquisition. Under

CS5014

B B

microprocessor-independent operation with 3-
states permanently enabled (CS, RD low; A0

high) the EOC output will not fall at the comple-
tion of the reset operation.

Initiating Calibration

All modes of calibration can be controlled in
hardware or software. Accuracy can thereby be
insured at any time or temperature throughout
operating life. After initial calibration at power-
up, the CS5014°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, is useful when the ADC
sees some downtime but not enough to perform a
full reset calibration. Burst cal can be terminated
mid-calibration; it picks up where it left off pre-
viously, so calibrations can be done in piecemeal
fashion. Burst cal is initiated by bringing the CAL
input high with CS low. The CAL input is level-
triggered and latches on the rising edge of CS, so
a write cycle can be used to control calibration in
software. Burst cal will continue to loop through
calibration cycles until terminated. Once CAL
returns low, at least 26 master clock cycles plus
2.25us (8.75us @ 4 MHz clock) must be al-
lowed before a conversion is initiated to ensure
the CS5014 has completed its calibration experi-
ment and has acquired the analog input. The EOC
output indicates the completion of the final
calibration experiment. (See the Addendum which
appends this data sheet.)

The CS5014 features a background calibration
mode called "interleave." Interleave appends a
single calibration experiment to each conversion
cycle and thus requires no dead time for calibra-
tion. The CS5014 gathers data between
conversions and will adjust its transfer function
once it completes the entire sequence of experi-
ments (one calibration cycle per 72,051

DS12F5
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conversions). Initiated by bringing both the
INTRLV input and CS low (or hard-wiring
INTRLV low), interleave extends the CS5014°s
effective conversion time by 20 master clock
cycles (Sus @ 4 MHz). Other than reduced
throughput, interleave is totally transparent to the
user.

Burst calibrations initiated at CAL pick up where
interleave left off, so calibration cycles can be
hastened by "bursting” a number of experiments
whenever the CS5014 sees free time. Interleave is
subordinate to burst calibrations, so INTRLV
could still be externally tied low. If used, inter-
leave should be left active continuously.

The fact that the CS5014 offers several calibra-
tion modes is not to imply that the device needs
to be recalibrated often. The device is very stable
in the presence of large temperature changes.
Tests have indicated that after using a single reset
calibration at 25 °C most devices exhibit very lit-
tle change in offset or gain when exposed to
temperatures from -55 to +125 °C. The data indi-
cated 30 ppm as the typical worst case total
change in offset or gain over this temperature
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 CS5014 features 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
CS5014’s 3-state output buffers with either output
data or status information depending on the status
of A0. An address bit can be connected 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 A0 low),
and masking status bits SO-S5 and S7 (by logical-
ly 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 Table 2). Care must be taken
not to read the status register (AQ low) while
HOLD is low, or a sofiware reset will result (see
Reset above).

PIN STATUS BIT STATUS DEFINITION

DO SO - END OF CONVERSION  Falls upon completion of a conversion,
and returns high on the first subsequent read.

D1 S1 RESERVED Reserved for factory use.

D2 82 LOWBYTE/HIGH BYTE  When data is to be read in an 8-bit format (BW=0),
indicates which byte will appear at the output next.

D3 S3 END OF TRACK When low, indicates the input has been acquired to
the devices specified accuracy.

D4 S4 RESERVED Reserved for factory use.

D5 S5 TRACKING High when the device is tracking the input.

D6 S6 CONVERTING High when the device is converting the held input.

D7 S7 CALIBRATING High when the device is calibrating.

Table 2. Status Pin Definitions
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Alternatively, the End-of-Convert (EOC) output
can be used to generate an interrupt or drive a
DMA cpntroller 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
master clock cycles of the first subsequent data
read operation or after the start of a new conver-
sion cycle.

To interface with a 16-bit data bus, the BW input
to the CS5014 should be held high and all 14 data
bits read in parallel on pins D2-D15. With an 8-
bit bus, the converter’s 14-bit 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 6 LSB’s with 2 trailing
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 CS5014 internally buffers its output data, so
data can be read while the device is tracking or
converting the next sample. Therefore, retrieving
the converter’s digital output requires no reduc-
tion in ADC throughput. Enabling the 3-state
outputs while the CS5014 is converting will not
introduce conversion errors. Connecting CMOS
logic to the digital outputs is recommended.
Suitable logic families include 4000B, 74HC,
74AC, 74ACT, and 74HCT.

D15 D14 D13 D12 D11 DI0 D9 D8

Microprocessor Independent Operation

The CS5014 can be operated in a stand-alone
mode independent of intelligent control. In this
mode, CS and RD are hard-wired low. This per-
manently 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 CS5014’s EOC output can be used
to externally latch the output data if desired. With
CS and RD hard-wired low, EOC will strobe low
for four master clock cycles after each conver-
sion. 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 j¢———— Reset
BW EOC|——— Latching
A0 Output
Sampling _ 1" P P13
Clock HOLD e |14-Bit
—1CS css014 Data

RD hd Out
CAL D2

Figure 8. Microprocessor-Independent Connections

D7 D6 D5 D4 D3 D2 DI DO

(i%fg)[xlx|x|x|xlxrx|x| ‘s7lss|ss|s4iss|sz[51|so}g'gaf'gls
- [Bi3]Biz]Bir |0 B9 B8 B7[B6 | [Bs[m4[m3]B2]Bi[BO[ 00 |15(’:vi;:‘;s
(*o-b [x[x[x[x[x[x[x[x] [e3]bi2]Bu]Bio[B B8] 57]B6] 8Bithus
B5 | B4 | B3|B2 |Bl |Bo| 0| 0| (BW=0
"X" Denotes High Impedance Output
Figure 7. Data Format
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Serial Output

All successive-approximation A/D converters
derive their digital output serially starting with
the MSB. The CS5014 presents each bit to the
SDATA pin four master clock 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 information on SDATA has stabilized. Thus,
the rising edge of the SCLK output should be
used to clock the data from the CS5014 (See
Figure 9).

ANALOG CIRCUIT CONNECTIONS

Most popular successive-approximation A/D con-
verters generate dynamic loads at their analog
connections. The CS5014 internally buffers all
analog inputs (AIN, VREF, and AGND) to ease

50 54 56 58 60 62 64 66

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 ground-
ing and decoupling schemes.

Reference Considerations

An application note titled "Voltage References for
the CS501X/CSZ511X Series of AID Converters"
is available for the CS5014. In addition to work-
ing through a reference circuit design example, it
offers several built-and-tested reference circuits.

During conversion, each capacitor of the
calibrated capacitor array is switched between
VREF and AGND in a manner determined by the
successive-approximation algorithm. The charg-
ing and discharging of the array results in a
current load at the reference. The CS5014 in-

68 70 72/0 2 4 6 8 10 12

CLKIN ] N LML LU oon NN

EOC l / / / / /

LSB ’ . MSB-1 | MSB-2
Status Determined Coarse Charge Fine Charge Determined| Determined| Determined
EOT
HOLD i

ity

seex | L] L] I R
SDATA _LSB+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 HOLLD
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.
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 AO = 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

3-48

DS12F5



ARV D N N A & au N
I <4 .98 1
212 42 Nl 4

T

cludes 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 buff-
er is used to pre-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 buffer.

The external reference circuitry need only
provide the residual charge required to fully
charge the array after pre-charging from the buff-
er. This creates an ac current load as the CS5014
sequences through conversions. The reference
circuitry must have a low enough output im-
pedance 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 cur-
rent load on the external reference circuitry thus
varies in response with the analog input. There-
fore, the external reference must not exhibit
significant peaking in its output impedance
characteristic at signal frequencies or their har-
monics.

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 master clock
frequency. At full speed (4 MHz clock), the
reference must supply a maximum load current of
10 pA peak-to-peak (1 pA typical). An output im-
pedance of 4 Q will therefore yield a maximum
error of 40 pV. With a 4.5V reference and LSB
size of 275 [V, this would insure better than 1/4
LSB accuracy. A 2.2 uF capacitor exhibits an im-
pedance of less than 4 Q at frequencies greater
than 5 kHz. A high-quality tantalum capacitor in
parallel with a smaller ceramic capacitor is
recommended.

CS5014

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
capacitors (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.

+Vee -

VREF
@ e
c _L c2 29 |REFBUF |

1.0 0.01 01
uF uF ey u'F
80 VA- CS5014
R
5V
1
R =

21 (C1 + C2) fpeak

Figure 10. Reference Connections

The CS5014 can operate with a wide range of
reference voltages, but signal-to-noise perfor-
mance is maximized by using as wide a signal
range as possible. The recommended reference
voltage is 4.5 volts. The CS5014 can actually ac-
cept reference voltages up to the positive analog
supply. However, the buffer’s offset may increase
as the reference voltage approaches VA+ thereby
increasing external drive requirements at VREF.
A 4.5V reference is the maximum reference volt-
age recommended. This allows 0.5V headroom
for the internal reference buffer. Also, the buffer
enlists the aid of an external 0.1 uF 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/CSZ511X Series of AID Converters". -
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3-49




CS5014

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 buf-
fered version of the analog input is used for
pre-charging the capacitor array. An additional
period is required for fine-charging directly from
AIN to obtain the specified accuracy. Figure 11
exemplifies this operation. During pre-charge the
charge on the capacitor array first settles to the
buffered version 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.

—~ +50
&
=)
7}
2
5 0 -
= )
2 Pre-Charge / Fine-Charge
ot
g 50 \
3} =
=
]
g
£ -100
0.5 1.0 15 20 25
Acquisition Time (us)
(Delay from EOC)

Figure 11. Internal Acquisition Time

The acquisition time of the CS5014 depends on
the master clock frequency. This is due to a fixed
pre-charge period. For instance, operating the -14
version with an external 4 MHz master clock
results in a 3.75 ps acquisition time: 1.5 ps 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 im-
pedance of less than 200 Q. In addition, the
comparator requires a source impedance of less
than 400 Q around 2 MHz for stability, which is
met by practically all bipolar op amps. Large dc
source impedances can be accommodated by ad-
ding capacitance from AIN to ground (typically

200 pF) to decrease source impedance at high fre-
quencies. However, high dc source resistances
will increase the input’s RC time constant and ex-
tend the necessary acquisition time. For more
information on input applications, consult the ap-
plication note: Input Buffer Amplifiers for the
CS501X Family of AID Converters.

During the first six clock cycles following a con-
version (pre-charge), the CS5014 is capable of
slewing at 5 V/us in unipolar mode. In bipolar
mode, only half the capacitor array is connected
to the analog input so the CS5014 can slew at 10
V/us. After the first six master clock cycles, it will
slew at 0.25 V/us in the unipolar mode and 0.5
V/us in bipolar mode. Acquisition of fast slewing
signals (step functions) can be hastened if the step
occurs during or immediately following the con-
version cycle. For instance, channel selection in
multiplexed applications should occur while the
CS5014 is converting (see Figure 12). Multi-
plexer settling is thereby removed from the
overall throughput equation, and the CS5014 can
convert at full speed.

Analog Input Range/Coding F ormat

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. 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 +VREF. Coding is in an
offset-binary format. Positive full scale gives a
digital output of 11111111111111, and negative
full scale gives a digital output of
00000000000000.

The BP/UP mode pin may be switched after
calibration without having to recalibrate the con-
verter. However, the BP/UP mode should be
changed during the previous conversion cycle,
that is, between HOLD falling and EOC falling.
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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 CS5014 uses the analog ground connection,
AGND, only as a reference voltage. No dc power
currents flow through the AGND connection, and
it is completely independent of DGND. However,
any noise riding on the AGND input relative to
the system’s analog ground will induce conver-
sion 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 point.

The digital and analog supplies are isolated
within the CS5014 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 significant
low-frequency noise is present on the supplies,
1 uF tantalum capacitors are recommended in
parallel with the 0.1 pF capacitors.

CS5014 }— Convert Channel N—

The positive digital power supply of the CS5014
must never exceed the positive analog supply by
more than a diode drop or the CS5014 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 diagram in
Figure 22 shows a decoupling scheme which al-
lows the CS5014 to be powered from a single set
of £ 5V rails.

As with any high-precision A/D converter, the
CS5014 requires careful attention to grounding
and layout arrangements. However, no unique
layout issues must be addressed to properly apply
the CS5014. The CDB5014 evaluation board is
available for the CS5014, which avoids the need
to design, build, and debug a high-precision PC
board to initially characterize the part. The board
comes with a socketed CS5014, and can be
quickly reconfigured to simulate any combination
of sampling, calibration, master clock, and analog
input range conditions.

}— Convert Channel N + 1-’!

HOLD
Input U

CS$5014

EOC /

Output

MUX

Address Address N + 1

Address N K

>< Address N +2

CS5014
Analog
Input

MUX Settling
to Channel N + 1

MUX Settling
to Channel N + 2

Figure 12. Pipelined MUX Input Channels
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CS5014 PERFORMANCE

Differential Nonlinearity

One source of nonlinearity in' A/D converters is
bit weight errors. These errors arise from the
deviation 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 en-
tirely missing. The CS5014 calibrates all bits in
the capacitor array to a small fraction of an LSB
resulting in nearly ideal DNL. A histogram plot of
typical DNL can be seen in Figure 13.

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 occurren-
ces 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 con-
sidered 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
-1LSB.

CS5014

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
defined the point of maximum INL.

Bit-weight errors have a drastic effect on a
converter’s ac performance. They can be
analyzed as step functions superimposed 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 inter-
modulation distortion, as well as noise, can vary
with different input conditions. Designing a sys-
tem around characterization data is risky since
transfer curves can differ drastically unit-to-unit
and lot-to-lot.

The CS5014 achieves repeatable signal-to-noise
and harmonic distortion performance using an on-
chip self-calibration scheme. The CS5014
calibrates its bit weights to within + 1/16 LSB at
14-bits (£ 0.0004% FS) yielding peak distortion
as low as -100 dB (see Figure 14). Unlike tradi-
tional ADC’s, the linearity of the CS5014 is not
limited by bit-weight errors; its performance is
therefore extremely repeatable and independent
of input signal conditions.
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Figure 13. CS5014 Differential Nonlinearity Plot
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FFT Tests and Windowing

In the factory, the CS5014 is tested using Fast
Fourier Transform (FFT) techniques to analyze
the converter’s dynamic performance. A pure
sinewave is applied to the CS5014, 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 ener-
gy in bins outside of the fundamental and dc can
only be due to quantization effects and errors in

the CS5014.

If sampling is not synchronized to the input
sinewave, 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
discontinuities, thereby yielding a severely dis-
torted spectrum. To avoid this problem, the time
record is multiplied by a window function prior to
performing 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 convolute the spectrum of the window with
that of the actual input.

0dB

S/(N+D): 86.1 dB
-20dB

-40dB

Signal -60dB

Amplitude
Relative to
Full Scale -80dB

-100dB

-120dB
dc
Input Frequency

Figure 14. FFT Plot of Ideal 14-bit Signal

CS5014

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 has a maximum side-lobe
level of -92 dB. Figure 14 shows an FFT com-
puted from an ideal 14-bit sinewave multiplied by
a Blackman-Harris window. Artifacts of win-
dowing 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 win-
dow are therefore clearly visible in the plots. For
more information on FFT’s and windowing refer
to: EJ. HARRIS, "On the use of windows for har-
monic analysis with the Discrete Fourier
Transform", Proc. IEEE, Vol. 66, No. 1, Jan 1978,
pp.51-83. This is available on request from Crys-
tal Semiconductor.

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

0dB
Sampling Rate: 56 kHz
Full Scale: 9V p-p
-20dB S/N: 853 dB
S/D: 89.2dB
-40dB
Signal -60dB
Amplitude
Relative to
Full Scale -80dB
-100dB
-120dB
det— 1KkHz 28 kHz —4

Input Frequency

Figure 15. FFT Plot with 1 kHz Full-Scale Input
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100 dB
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: /
@ 4048 //
204dB //
04B Y4

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

Figure 16. S/(N+D) vs. Input Amplitude
(9V p-p Full-Scale Input)

+ 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 occurance. Such a probability
distribution leads to an error "signal” with an rms
value of 1 LSB/Y12. Using an rms signal value of
FSH8 (amplitude = FS/2), this relates to an ideal
14-bit signal-to-noise ratio of 86 dB.

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
bandlimited, much of the quantization error can
be filtered out, and improved system performance
can be attained.

As illustrated in Figures 16 and 17, the CS5014°s
on-chip self-calibration provides very accurate bit
weights which yield no degradation in quanti-
zation noise with low-level input signals.

Sampling Distortion

The ultimate limitation on the CS5014’s linearity
(and.distortion) arises from nonideal sampling of
the analog input voltage. The calibrated capacitor
array used during conversions is also used to
track and hold the analog input signal. The con-

0dB

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

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

-100dB

-120dB
t  1kHz
dc

28 kHz —*

Input Frequency
Figure 17. FFT Plot with 1 kHz -60 dB Input

version is not performed on the analog input volt-
age per se, but is actually performed on the
charge trapped on the capacitor array 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 Ctot as shown in
Figure 2. Any deviation from this ideal relation-
ship will result in conversion errors even if the
conversion process proceeds flawlessly.

At dc, the DAC capacitor array’s voltage coef-
ficient dictates the converter’s linearity. This
variation in capacitance with respect to applied
signal voltage yields a nonlinear relationship
between charge Qin and the analog input voltage
Vin and places a bow or wave in the transfer
function. This is the dominant source of distortion
at low input frequencies (Figure 15).

The ideal relationship between Qin and Vin 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 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 Figure 16 since the
magnitude -of the steady state current increases.
First noticeable at 1 kHz, this distortion assumes
a linear relationship with input frequency. With
signals 20 dB or more below full-scale, it no
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0dB

Sampling Rate: 56 kHz
-20dB Full Scale: 9V p-p
S/(N+D): 81.5dB
-40dB
Signal -60dB
Amplitude
Relative to
Full Scale -80dB
IS
-100dB |...-4 | |

-120dB

—4
de 12 kHz

Input Frequency
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Figure 18. FFT Plot with 12 kHz Full-Scale Input

longer dominates the converter’s overall S/(N+D)
performance (Figures 18 and 19).

This distortion is strictly an ac sampling
phenomenon. If significant energy exists at high
frequencies, the effect can be eliminated using an
external track-and-hold amplifier to allow the
array’s charge current to decay, thereby eliminat-
ing any voltage drop across the switches. Since
the CS5014 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.

Clock Feedthrough

Maintaining the integrity of analog signals in the
presence of digital switching noise is a difficult
problem. The CS5014 can be synchronized to the
digital system using the CLKIN input to avoid
conversion errors due to asynchronous inter-
ference. However, digital interference will still

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

Figure 20. Examples of Measured Clock Feedthrough

0dB
Sampling Rate: 56 kHz
-20dB Full Scale: 9V p-p
S/(N+D): 64.6 dB
-40dB
Signal -60dB
Amplitude
Relative to
Full Scale -80dB
-100dB
-120dB
de 12 kHz —4 28 kHz —*
Input Frequency

Figure 19. FFT Plot with 12 kHz -20 dB Input

affect sampling purity due to coupling between
the CS5014’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’s output. The offset could theoretically
reach the peak coupling magnitude (Figure 20),
but the probability of this occurring is small since
the peaks are spikes of short duration.

If sampling is performed asynchronously with the
master clock, clock feedthrough will appear as an
ac error at the CS5014’s output. With a fixed
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
software using DSP techniques.

ftone = (N fs - fclk)
where N = feik/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’s internally generated
clock, the CLKIN input is grounded and the
dominant source of coupling is through the
device’s substrate. As shown in Figure 20, a typi-
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cal CS5014 operating with its internal oscillator
at 2MHz and 50 Q of analog input source im-
pedance will exhibit only 15 WV rms of clock
feedthrough. However, if a 2 MHz external clock
is applied to CLKIN under the same conditions,
feedthrough increases to 25 pV rms. Feedthrough
also increases with clock frequency; a 4 MHz
clock yields 40 pV rms.

Clock feedthrough can be reduced by limiting the
source impedance applied at the analog input. As
shown in Figure 20, reducing source impedance
from 50 Q to 25 Q yields a 15 pV rms reduction
in feedthrough. Therefore, when operating the
CS5014 with high-frequency external master
clocks, it is important to minimize source im-
pedance applied to the CS5014’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 can be
operated in bipolar mode which inherently
doubles the LSB size over the unipolar mode.

Power Supply Rejection

The CS5014’s power supply rejection perfor-
mance is enhanced by the on-chip self-calibration
and an "auto-zero" process. Drifts in power supp-
ly voltages at frequencies less than the calibration
rate have negligible effect on the CS5014°s ac-
curacy. This, of course, is because the CS5014
adjusts its offset to within a small fraction of an
LSB during calibration. Above the calibration fre-
quency 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 21 shows
power supply rejection of the CS5014 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.

Notches of increased rejection arise from.the
auto-zeroing at the conversion rate. The frequen-
cies at which these notches occur also depend on
the value of the captured analog input. The line
shows worst-case rejection for all combinations
of conversion rates and input conditions in the
bipolar mode.

90,

E

80)

\\
70 N
60
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: IS
T

1kHz 10kHz 100 kHz 1 MHz
Power Supply Ripple Frequency

I
|

Power Supply Rejection (dB)

Figure 21. Power Supply Rejection
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HOLD cs CAL INTRLV ~ RD A0 RST Function
+ 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 0 X 0 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 Data Bus
X X X X X X 1 Reset
0 0 X X X 0 X Reset

* The status of AO is not critical to the operation specificd. However, A0 should not be low with

CS and HOLD low, or a software resct will result.
Table 3. CS5014 Truth Table

Amilog 2
le
Supply L ]25 ] 11 OJAF
0.1juF VA+ VD+ 13
BW Mode
BP/UP |- 24 Select *
Clock -
CLKINL20 Source
CS5014 (optional)
Serial
SDATA[40 Data
SCLK |32 Interface
(optional)
Analog ;
Signal o Coﬁfﬁgi‘)‘mng W AIN DO-DI5 |8 or 16
Source
1000 pF o L38 ’—‘
P g EiC 37 May be
EOT microprocessor
HOLDLL or discrete logic.
0— VEEF CALE Control
+VREF INTRLV34 Logic
cs 21
voltage 28| VREF KD zi Unused Logic i hould onl
nused Logic inputs should on
Reference | [ 0.01[uF A0 3 be conneetod o YD+ or DGND.
16]:[’ T 27 RESET * BW and BP/UP should al
. a ways
AGND TST| 3l Generator be terminated to VD+ or DGND,
0 _ILF 29 |REFBUF DGND 10 or driven by a logic gate.
v > 0.1JuF | VA- VD- | 0.1JuF
5V 30 36 = T For best dynamic
- T 100 T S/(N+D) performance.
Analog o : A%
Supply

Figure 22. CS5014 System Connection Diagram
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HOLD
DATA BUS BIT 0

DATA BUS BIT 1

(LSB) DATA BUS BIT 2
DATA BUS BIT 3

DATA BUS BIT 4
DATABUSBIT 5

DATA BUS BIT 6
DATABUS BIT 7
DIGITAL GROUND
POSITIVE DIGITAL POWER
DATABUSBIT 8
DATABUS 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
D4
D5
D6
NC
D7
DGND
VD+
NC
D8
NC
D9
D10
D11
D12
D13
D14
D15

.CS5014
HoLD (j1® ~ 40} SDATA  SERIAL OUTPUT
DO ]2 39[] SCLK  SERIAL CLOCK
D1 [|3  gs0q 38 EOC END OF CONVERSION
D2 [J4 37]] EOT END OF TRACK
D3 [|5 36[] VD- NEGATIVE DIGITAL POWER
D4 [|6 35[] CAL CALIBRATE
D5 7 34(] INTRLV INTERLEAVE
D6 [|8 33[] BW BUS WIDTH SELECT
D7 ]9 32[] RST RESET
DGND []10 31[] TST TEST
vD+ [J11 30(] VA- NEGATIVE ANALOG POWER
D8 [[12 2971 REFBUF REFERENCE BUFFER OUTPUT
D9 (13 28[] VREF VOLTAGE REFERENCE
D10 [|14 271 AGND ANALOG GROUND
D11 [j15 26[] AIN ANALOG INPUT
D12 [J16 25[] VA+ POSITIVE ANALOG POWER
D13 E17 241 BP/UP BIPOLAR/UNIPOLAR SELECT
D14 []18 231 A0 READ ADDRESS
D15 (|19 22] RD READ
CLKIN []20 211 cs CHIP SELECT
SDATA
SCLK
EOC
EOT
\ %— VD-
—\ / CAL
6 4 2 1044 42 40 INTRLV
NF 5/ oW
i u BT
11 3sp—" TST
top
’_g -1|§ view ggg— VA-
- CS5014 >— NC
/i b REFBUF
gie 3001 VREF
017 290
‘// 18 20 22 24 26 28 & AGND
/ \ VA+
BP/UP
A0
RD
[
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.
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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 CS5014 to the hold state and initiates a conversion. This
input must remain low at least one master clock 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 AOQ.

RD -Read,PIN22.
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.
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A0 —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
+VREF. 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 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 14 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 D0O-D7. A second read cycle places the six LSB’s with two trailing
zeros on DO-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 DO-D7.

INTRLV - Interleave, PIN 34.
When latched low using CS, the device goes into interleave calibration mode. A full calibration
will complete every 72,051 conversions. 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
1,441,020 master clock cycles. 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
+VREF. The output impedance of buffer driving this input should be less than or equal to 200 Q.

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.
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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 14-bit output in a format
consistent with the state of BW if A0 is high. If A0 is low, bits DO-D7 offer status register.

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 (3.75 ps for 4 MHz external clock).

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 CS5014. 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 CS5014’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 e
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.
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Ordering Guide
Model Throughput

CS5014-KP28 28 kHz
CS5014-KP14 56 kHz
CS5014-KL28 28 kHz
CS5014-KL14 56 kHz
CS5014-BD28 28 kHz
CS5014-BD14 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

ADDENDUM

Burst Calibration

Conversion Time

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

Linearity
+0.5 LSB
+0.5LSB
+0.5LSB
+0.5 LSB
+0.5 LSB
+0.5LSB
+0.5LSB
+0.5LSB
+1.5LSB
+0.5LSB
+1.5L.SB
+0.5LSB

Temp. Range
0to 70 °C
0to70°C
0to70°C
0to70°C

-40 to +85 °C

-40 to +85 °C

-40 to +85 °C

-40 to +85 °C

-55t0 +125°C

-55to0 +125 °C

-55t0 +125 °C

-55t0 +125 °C

Package

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

44-Pin PLCC

40-Pin CerDIP
40-Pin CerDIP
44-Pin PLCC
44-Pin PLCC

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

Burst calibration mode allows control of partial calibration cycles. Due to an unforeseen condition in-
side the part, asynchronous termination of calibration (CAL brought low) may result in a sub-optimal
calibration result. It is recommended that burst calibration is not used, until the silicon is revised to

prevent this effect.

Interleave calibration works perfectly, provided it is not used intermittently.

The reset calibration always works perfectly, and typically should be used instead of burst mode. The
CS5014’s very low drift over temperature means that, under most circumstances, calibration need only

be performed at power-up, using reset.

If you wish to use burst calibration, then please contact the factory for advice and new part availability

information.
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Semiconductor Corporation

CS5016

16-Bit, 16 us Self-Calibrating A/D Converter

Features

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

True 16-Bit Precision
Linearity Error: 0.001% FS
No Missing Codes

Ultra-Low Distortion
Total Harmonic Distortion: 0.001%
Peak Harmonic or Noise: -104 dB

16.25 us Conversion Time
Sample Rates up to 50 kHz

Self Calibration Maintains Accuracy
Over Time and Temperature

Low Power Dissipation: 120 mW
Pin Compatible with CS5012/CS5014

General Description

The CS5016 is a 16-bit monolithic analog to digital con-
verter with a 16.25 us conversion time. Unique self-
calibration circuitry insures maximum nonlinearity of
0.001% FS and no missing codes. This insures low dis-
tortion and maintains good signal to noise performance
with low-level signals. Offset and full scale errors are
kept within 1 LSB, eliminating the need for manual
calibration of any kind. Unipolar and bipolar input ran-
ges are digitally selectable.

The CS5016 consists of a DAC, conversion and calibra-
tion microcontroller, oscillator, comparator, micro-
processor compatible 3-state /O, and calibration
circuitry. The input track-and-hold, inherent to the
device’s sampling architecture, acquires the analog
input signal after each conversion within 3.75us to
0.01%, allowing throughput rates up to 50 kHz.

An evaluation board (CDB5016) is available for the
CS5016 which can be easily configured to simulate any
combination of operating conditions to greatly simplify
system design and testing.

ORDERING INFORMATION: Page 8-94

HOLD CS

A0 BPUP RST BW INTRLV CAL

RD EOT EOC SCLK SDATA
DO (LSB)
DI
20 CLOCK D2
CLKIN GENERATOR CONTROL D3
* v D4
29 CALIBRATION
REFBUF MEMORY < MICROCONTROLLER > D5
f_ l s
28 1
VREF ——T— + D7
D8
- 16 BIT CHARGE D9
AIN 161’____‘ REDISTRIBUTION 4 - D10
DAC N
DIl
COMPARATOR
D12
27 D13
o
D14
25 30 1 36 10 31 D13 (MSB)
VA+ VA- VD+ VD- DGND TST
Crystal Semiconductor Corporation JUL '89
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ANALOG CHARACTERISTICS (Ta = 25 °C; VA+, VD+ = 5V; VA-, VD- = -5V; VREF = 4.5V;
feik = 4 MHz for -16, 2 MHz for -32; Analog Source Impedance = 200 ©; Synchronous Sampling.)

CS5016 -J,K CS5016-AB CS5016 -S,T
Parameter * min  typ ~ max min  typ max min  typ max Units
Specified Temperature Range 0to+70 ‘ -40-to +85 -55to +125 ‘c
Accuracy )
Linearity Error  (Note 1) <J,A,S 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
(Note 3) Drift +1/4 - +1/4 +1/4 ALSB
Differential Linearity (Note 2) 16 : 16 16 Bits
Full Scale Error (Note 1) -J,A,S +2 +3 +2 #3 +2 +4 LSB
-K,B,T +2 +3 +2 +3 +2 +3 LSB
(Note 3) Drift +1 +1 +2 ALSB
Unipolar Offset  (Note 1) -J,A,S +1 %2 +1 +3 +1 +4 LSB
-K,B,T +1  +32 +1 +3 +1 +3 LSB
] {Note 3) Drift +1 +1 2 ALSB
Bipolar Offset ~ (Note 1) -J,A,S +1 %2 +1 +2 +1 +4 LSB
-K,B,T +1 +32 +1 +2 +1 +2 LSB
(Note 3) Drift 1 +2 +2 ALSB
Bipolar Negative (Note 1) -J,A,S +2 +3 +2 +3 +2 +5 LSB
Full-Scale Error ‘ K,BT +2 +3 +2 +3 +2 +3 LSB
(Note 3) Drift +1 +2 +2 ALSB
Dynamic' Performance (Bipolar Mode)
Peak Harmonic or Spurious Noise - |
. -J,AS 96 100 96 100 92 100 dB
Full-Scal iy
ulkScale, tkHzIneut BT | 100 104 100 104 100 104 dB
(Note 1) -J,AS 85 88 - 85 88 82 88 dB
Full-Scale, 12kHz Input KBT 85 o1 g5 o1 85 o1 B
Total Harmonic Distortion
-J,AS 0.002 0.002 0.002 %
- Hz | v :
Ful-Scale, TkHz Input 1 g 1 0.001 0,001 0.001 %
Signal-to-Noise Ratio '
-J,AS 87 90 87 90 84 90 dB
1kHz, 0dB | i
2, 0dB Input KBT | 90 o2 90 o2 90 92 dB
(Note 1. 4) AS 30 30 30 dB
1kHz, -60dB Input KBT 30 a2 a0 B
Noise Unipolar Mode 35 35 35 UVims
(Note 5) Bipolar Mode 70 i 70 70 uVims

Notes: 1. Applies after calibration at any temperature within the specified temperature range.
2. Minimum resolution for which no missing codes is guaranteed.
3. Total drift over specified temperature range since calibration at power-up at 25 °C.
4. Refer to Figure 16 for a detailed plot of S/(N+D) vs. Input Amplitude.
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 cha'nge without notice.
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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 O0to +70 -40 to +85 -55to +125 ‘c
Analog Input
Aperture Time 25 25 25 ns
Aperture Jitter 100 100 100 ps
Aperture Time Matching (Note 6) TBD 8D TBD ns
Input Capacitance (Note 7)
Unipolar Mode 275 375 275 375 275 375 pF
Bipolar Mode 165 220 165 220 165 220 pF
Conversion & Throughput
Conversion Time —-16 16.25 16.25 16.25 us
(Notes 8, 9) -32 325 325 325 us
Acquisition Time -16 3.0 3.75 3.0 375 30 3.75 us
(Note 9) -32 45 525 45 525 45 525 us
Throughput -16 50 50 50 kHz
(Note 9) —32 26.5 265 26.5 kHz
Power Supplies
Power Supply Currents (Note 10)
Ias 9 19 9 19 9 19 mA
Ia- -9 -19 -9 -9 -9 -9 mA
D+ 3 6 3 6 3 6 mA
Ip- -3 -6 -3 -6 -3 -6 mA
Power Dissipation (Note 10) 120 250 120 250 120 250 mW
Power Supply Rejection  (Note 11)
Positive Supplies 84 84 84 dB
Negative Supplies 84 84 84 dB

Notes: 6. Partto part.

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

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

9. Conversion, acquisition, and throughput times depend on the master clock, sampling, and calibration
conditions. The numbers shown assume sampling and conversion is synchronized with the CS5016’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.

10. All outputs unloaded. All inputs CMOS levels.

11. 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 22 shows a plot of typical power supply
rejection versus frequency.
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SWITCHING CHARACTERISTICS (Ta = Trin 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
Master Clock Frequency:
Internally Generated: J,K,A,B, -16 2 - -
ST, -16 1.75 - -
fcLk MHz
32 1 - .
Externally Supplied:  -16 100 kHz - 4
-32 100 kHz - 2
Master Clock Duty Cycle N 40 - 60 %
Rise Times: Any Digital Input trise - - 1.0 us
Any Digital Output - 20 - ns
Fall Times: Any Digital Input tia - - 1.0 us
Any Digital Output - 20 - ns
HOLD Pulse Width thpw 1fCLK +50 - te ns
Conversion Time te 65/ CLK - 69/f CLK + 235 ns
Data Delay Time tdd - 40 100 ns
EOC Pulse Width (Note 12) tepw 4/ficLK - 20 - - ns
Set Up Times: CAL, INTRLV to CS Low tes 20 10 -
A0 to CS and RD Low tas 20 10 - ns
Hold Times:
__ CSor RD High to A0 Invalid tah 50 30 -
CS High to CAL, INTRLV Invalid tch 50 30 - ns
Access Times:  CS Low to Data Valid
JKAB tca - 90 120
L ST - 115 150 ns
RD Low to Data Valid
JKAB tra - 90 120
ST - 115 150 ns
Output Float Delay: -J,K,A,B tid - 90 110 ns
CS or RD High to Output Hi-Z -S5,T 90 140
Serial Clock Pulse Width Low towl - 2ffcLK -
Pulse Width High - towh - 2ficLK - ns
Set Up Times: SDATA to SCLK Rising tss 2/CLK - 50 2ftcLk - ns
Hold Times:  SCLK Rising to SDATA tsh 2ffcLK-100 2ffcLk - ns

Note: 12. EOC remains low 4 master clock cycles if CS and RD are held low. Otherwise, it returns high
within 4 master clock cycles from the start of a data read operation or a conversion cycle.
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Rise and Fall Times

Lowl ™1 towh
SCLK
tsh

SDATA

Serial Output Timing

tea—
[

tra—
RD

‘ ta tah
A0
1 ta
D0-D15 Hi-z Hi-Z
tcv—“ teh

CAL, INTRLV

Read and Calibration Control Timing

s 7777777 - 7/

Output Data LAST CONVERSION DATA VALID ;’( NEW DATA VALID

Conversion Timing
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DIGITAL CHARACTERISTICS (Ta = Tmin to Tmax; VA+, VD+ = 5V + 10%; VA-, VD- = -5V + 10%)

All measurements below are performed under static conditions.

Parameter Symbol Min Typ Max Units
High-Level Input Voltage VIH 2.0 - - Vv
Low-Level Input Voltage ViL - - 0.8 \"
High-Level Output Voltage (Note 13) VOH (VD+) - 1.0V - - \"
Low-Level Output Voltage lout=1.6mA VoL - - 0.4 \
Input Leakage Current lin - - 10 uA
3-State Leakage Current loz - - +10 uA
Digital Output Pin Capacitance Cout — 9 - pF

Note: 13. lout = -100 pA. This specification guarantees TTL compétability (VOH = 2.4V @ lout = -40 pA).
RECOMMENDED OPERATING CONDITIONS (AGND, DGND = 0V, see note 14.)

Parameter Symbol Min Typ Max Units

DC Power Supplies: Positive Digital VD+ 45 5.0 VA+ \Y
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 25 4.5 (VA+) - 0.5 \Y
Analog Input Voltage: Unipolar ) VAIN AGND - VREF \
(Note 15) Bipolar VAIN -VREF - VREF Y

Notes: 14. Ali voltages with respect to ground.
15. The CS5016 can accept input voltages up to the analog supplies (VA+ and VA-).
It will output all 1’s for inputs above VREF and all 0’s for inputs below AGND in unipolar mode
and -VREF in bipolar mode.

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 \Y

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 \
Digital Input Voltage VinD 03 (VA+) +0.3 \
Ambient Operating Temperature Ta -55 125 °C
Storage Temperature Tstg -65 150 °C

Note: 16. 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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THEORY OF OPERATION
AIN o m 4f
VREFZ T o o T ? l
AGND® Y 15 b s 7 @) I

LTI I
T T T

S1

[¢)
Cr32,768 | C/32,768

8
T T [ ] [ ] T _[_
Bit15 Bitl4 Bit13 Bit 12 Bit0  Dummy
MSB LSB +
Cpy =C+CR2+Clds .. C/32,768

Figure 1. Charge Redistribution DAC

The CS5016 utilizes a successive approximation
conversion technique. The analog input is succes-
sively compared to the output of a D/A converter
controlled by the conversion algorithm. Succes-
sive 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 compared 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 comparison would be at three-
quarters of full scale. This procedure continues
until all bits have been exercised.

The CS5016 implements the successive-
approximation algorithm using a unique charge
redistribution architecture. Instead of the tradi-
tional resistor network, the DAC is an array of

S1
O—0O
AIN o—’ ’Q¢
+ R ——
Vin Ciot To MCU
-Qin = Vin Ciot

Figure 2a. Tracking Mode

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 device 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
capacitor array and creates a floating node at the
comparator’s input. The conversion 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.

D-Cyy s1
VREF °
Qin
+
an
AGND o ’ To MCU
(1-D) Clot

D = —_ g v -0V
VREF

Figure 2b. Convert Mode
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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
capacitance 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 reference
will drive the voltage at the floating node (Va) to
zero. That binary fraction of capacitance repre-
sents the converter’s digital output.

The CS5016°s charge redistribution architecture
easily supports bipolar input ranges. If half the
capacitor array (the MSB capacitor) is tied to
VREF 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 of-
fset binary representation of the input.

Calibration

The ability of the CS5016 to convert accurately to
16-bits clearly depends on the accuracy of its
comparator and DAC. The CS5016 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.

Sampling — U U AT
Clock | HOLD

CS5016

Master Clock  anaanann
——

(Optional) CLKIN

Figure 3a. Asynchronous Sampling

CS5016

To achieve 16-bit accuracy from the DAC, the
CS5016 uses 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). During calibration, the CS5016 im-
plements statistical noise reduction to calibrate
accurately to = 1/4 LSB. It performs multiple ex-
periments per calibration decision to reduce the
effective noise bandwidth and the probability of
making an incorrect decision.

DIGITAL CIRCUIT CONNECTIONS

The CS5016 can be applied in a wide variety of
master clock, sampling, and calibration condi-
tions which directly affect the device’s
conversion time and throughput. The device also
features 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 CS5016 operates from a master clock which
can be externally supplied or internally generated.
The internal oscillator is activated by externally
tying the CLKIN input low. Alternatively, the
CS5016 can be synchronized to the external sys-
tem by driving the CLKIN pin with a TTL or
CMOS clock signal.

HOLD
CS5016

EOT

Master Clock  iuuunnL

(Optional) — ) CLKIN

Figure 3b. Synchronous Sampling
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All calibration, conversion, and throughput times
directly scale to master clock frequency. Thus,
throughput can be precisely controlled and/or
maximized using an external master clock. In
contrast, the CS5016’s internal oscillator will
vary from unit-to-unit and over temperature. Its
tolerance gives rise to minimum and maximum
conversion times and throughput rates. The -16
version of the CS5016 is specified for accurate
operation with an external clock up to 4 MHz; its
internal clock frequency is specified at a mini-
mum of 2 MHz. The -32 version can handle
external clocks up to 2 MHz; its internal clock
can range as low as 1 MHz (see the table, Switch-
ing Characteristics, at the front of this data
sheet). Both versions can typically convert with
clocks 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 CS5016 automatically returns 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 input
(Figure 3a). The duty cycle of this clock is not
critical. It need only remain low at least one
master clock cycle plus 50 ns, but no longer than
the minimum conversion time or an additional
conversion cycle will be initiated with inadequate
time for acquisition.

RD-
CONCLK

ADDR VALID = &

AN,

Address : Addr
Bus ® Dec

A3

-

CS5016

A2 ————— | CAL
Al ——————— 1 INTRLV
A0 A0

Figure 4a. Conversions Asynchronous to Master Clock

Microprocessor-Controlled Operation

Sampling and conversion can be placed under
microprocessor control (Figure 4) by simply
gating the device’s decoded address with the
write strobe for the HOLD input. Thus, a write
cycle to the CS5016’s base address will initiate a
conversion. However, the write cycle must be to
the odd address (AO high) to avoid initiating a
software controlled reset (see Reset below).

The calibration control inputs, CAL, and
INTRLV are also internally latched by CS, so
they must be in the appropriate state whenever
the chip is selected during a read or write cycle.
Address lines Al and A2 are shown connected to
CAL and INTRLYV in Figure 4 placing calibration
under microprocessor control as well. Thus, any
read or write cycle to the CS5016’s base address
will initiate or terminate calibration. Alternative-
ly, AO, INTRLV, and CAL may be connected to
the microprocessor data bus.

Conversion Time/Throughput

Upon completing a conversion cycle and return-
ing to the track mode, the CS5016 requires time
to acquire the analog input signal before another
conversion can be initiated. The acquisition time
is specified as six master clock cycles plus
2.25 us. This adds to the conversion time to
define the converter’s maximum throughput. The
conversion time of the CS5016, in turn, depends

RD
WR

ADDR VALID ——é

AN
Address @ (A Addr
Bus @ Dec
A3

CS5016

A2— ICAL
Al—— INTRLV
A0 A0

Figure 4b. Conversions under Microprocessor Control
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Input B 454444/
le— Conversion
EOC //////
Output Acquisition
EOT
Output 4 k3 4

Synchronization Uncertaihty (4 cycles)

Figure 5a. Asynchronous Sampling (External Clock)

on the sampling, calibration, and master ciock
conditions.

Asynchronous Sampling

The CS5016 internally operates from a clock
which is delayed and divided down from the
master clock (fcLk/4). If sampling is not
synchronized to this internal clock, the conver-
sion 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 minimum 65 clock cycles to
define the maximum conversion time (see Figure
5a and Table 1).

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

CS5016
1/ Throughput
____ —— (80cycles)—
HOLD — L/—
Input Conversion
Eoc (65 cycles)——
Output ___/ Acquisition |/ | /
ey (15 cycles)
EQOT f
Output

* Dashed line: CS & RD =0
Solid line: See Figure 9.

Figure 5b. Synchronous (Loopback) Mode

15 master clock cycles after EOC indicating the
analog input has been acquired to the CS5016’s
specified accuracy. The EOT output is
synchronized to the internal conversion clock, so
the four clock cycle synchronization uncertainty
is removed yielding throughput at 1/80th of the
master clock frequency (see Figure S5b and
Table 1).

Also, the CS5016’s internal RC oscillator exhibits
significant jitter (typically £ 0.05% of its period),
which is high compared to crystal oscillators. If
the CS5016 is configured for synchronous sam-
pling while operating from its internal oscillator,
this jitter will directly affect sampling purity.

Reset

Upon power up, the CS5016 must be reset to
guarantee a consistent starting condition and ini-
tially calibrate the device. Due to the CS5016%s
low power dissipation and low temperature drift,
no warm-up time is required before reset to ac-

Conversion Time Throughput Time
Sampling Mode Min Max Min Max
Synchronous (Loopback) | 65tck 65 te 80 tei 80 tei
Asynchronous 65tk 69tax+ 235ns | N/A  75tu+ 2.25us

Table 1. Conversion and Throughput Times (tcik = Master Clock Period)
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commodate any self-heating effects. However,
the voltage reference input should have stabilized
to within 0.25% of its final value before RST falls
to guarantee an accurate calibration. Later, the
CS5016 may be reset at any time to initiate a
single full calibration. Reset overrides all other
functions. If reset, the CS5016 will clear and in-
itiate a new calibration cycle mid-conversion or
mid-calibration.

+5V
CS5016

RST

T

Figure 6. Power-On Reset Circuit

Resets can be initiated in hardware or software.
The simplest method of resetting the CS5016 in-
volves 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 1,441,020 master clock cycles
(approximately 360 ms with a 4 MHz clock) to
complete. 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 CS5016 can also be reset in software
when under microprocessor control. The CS5016
will reset whenever CS, A0, and HOLD are taken
low simultaneously. See the Microprocessor In-
terface section (below) to eliminate the
possibility of inadvertent software reset. The
EOC output remains high throughout the reset
operation and will fall upon its completion. It can
thus be used to generate an interrupt indicating
the CS5016 is ready for operation. Six master
clock cycles plus 2.25 us must be allowed after
EOC falls to allow for acquisition. Under

microprocessor-independent operation with 3-
states permanently enabled (CS, RD low; AOQ
high) the EOC output will not fall at the comple-
tion of the reset operation.

Initiating Calibration

All modes of calibration can be controlled in
hardware or software. Accuracy can thereby be
insured at any time or temperature throughout
operating life. After initial calibration at power-
up, the CS5016’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, is useful when the ADC
sees some downtime but not enough to perform a
full reset calibration. Burst cal can be terminated
mid-calibration; it picks up where it left off pre-
viously, so calibrations can be done in piecemeal
fashion. Burst cal is initiated by bringing the CAL
input high with CS low. The CAL input is level-
triggered and latches on the rising edge of CS, so
a write cycle can be used to control calibration in
software. Burst cal will continue to loop through
calibration cycles until terminated. Once CAL
returns low, at least 26 master clock cycles plus
2.25us (8.75us @ 4 MHz clock) must be al-
lowed before a conversion is initiated to ensure
the CS5016 has completed its calibration experi-
ment and has acquired the analog input. The EOC
output indicates the completion of the final
calibration experiment. (See the Addendum which
appends this data sheet.)

The CS5016 features a background calibration
mode called "interleave." Interleave appends a
single calibration experiment to each conversion
cycle and thus requires no dead time for calibra-
tion. The CS5016 gathers data between
conversions and will adjust its transfer function
once it completes the entire sequence of experi-
ments (one calibration cycle per 72,051

DS14F4
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conversions). Initiated by bringing both the
INTRLV input and CS low (or hard-wiring
INTRLV low), interleave extends the CS5016’s
effective conversion time by 20 master clock
cycles (5us @ 4 MHz). Other than reduced
throughput, interleave is totally transparent to the
user.

Burst calibrations initiated at CAL pick up where
interleave left off, so calibration cycles can be
hastened by "bursting”" a number of experiments
whenever the CS5016 sees free time. Interleave is
subordinate to burst calibrations, so INTRLV
could still be externally tied low. If used, inter-
leave should be left active continuously.

The fact that the CS5016 offers several calibra-
tion modes is not to imply that the device needs
to be recalibrated often. The device is very stable
in the presence of large temperature changes.
Tests have indicated that after using a single reset
calibration at 25 °C most devices exhibit very lit-
tle change in offset or gain when exposed to
temperatures from -55 to +125 °C. The data indi-
cated 30 ppm as the typical worst case total
change in offset or gain over this temperature
range. Differential linearity remained virtually
unchanged. System error sources outside of the
A/D converter, whether due to changes in

PIN STATUS BIT STATUS

Do S0 END OF CONVERSION
D1 S1 RESERVED

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

D4 S4 RESERVED

D5 S5 TRACKING

Dé S6 CONVERTING

D7 §7 CALIBRATING

CS5016

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

Microprocessor Interface

The CS5016 features 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
CS5016’s 3-state output buffers with either output
data or status information depending on the status
of AO. An address bit can be connected 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 logical-
ly 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 Table 2). Care must be taken
not to read the status register (A0 low) while
HOLD is low, or a software reset will result (see
Reser above).

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 acquxred to

the devices specified accuracy.

Reserved for factory use.

High when the device is tracking the mput

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

Table 2. Status Pin Definitions
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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
master clock cycles of the first subsequent data
read operation or after the start of a new conver-
sion cycle.

To interface with a 16-bit data bus, the BW input
to the CS5016 should be held high and all 16 data
bits read in parallel on pins DO-D15. With an 8-
bit bus, the converter’s 16-bit 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 8 LSB’s. Both bytes ap-
pear on pins D0-D7. The upper/lower bytes of the
same data will continue to toggle on subsequent
reads until the next conversion finishes. Status bit
S2 indicates which byte will appear on the next
data read operation.

The CS5016 internally buffers its output data, so
data can be read while the device is tracking or
converting the next sample. Therefore, retrieving
the converter’s digital output requires no reduc-
tion in ADC throughput. Enabling the 3-state
outputs while the CS5016 is converting will not
introduce conversion errors. Connecting CMOS
logic to the digital outputs is recommended.
Suitable logic families include 4000B, 74HC,
74AC, 74ACT, and 74HCT.

Microprocessor Independent Operation

The CS5016 can be operated in a stand-alone
mode independent of intelligent control. In this
mode, CS and RD are hard-wired low. This per-
manently 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 CS5016’s EOC output can be used
to externally latch the output data if desired. With
CS and RD hard-wired low, EOC will strobe low
for four master clock cycles after each conver-
sion. 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 j¢———— Reset
BW EOC——— Lalching
AO Output
s ) D15
ampling 11 60D
Clock - e |16-Bit
CS css016 © Data
— Y
RD Out
CAL DO

Figure 8. Microprocessor-Independent Connections

D15 DI4 DI3 DI2 D1l DIO D9 D8 D7 D6 D5 D4 D3 D2 DI DO '
(ilgl:g) | x|x | x|x|x | x|x]x| Ls7|ss[ss|s4|s3|sz|s1| so[s"‘]’)'a:f‘:ls
. [Bis[B14][B13[Biz[B11 10 [ B9 [ B8 | [B7[bs [ Bs| B4 [B3[B2] B1] B0] 16(;3\;5;;5
(A0=b l x| X ] X l X | X ] X ] X l X | B15| B14| B13| B12|B11 | B10] BO | B8 | 8-Bit Bus
B7 | B6 | BS | B4 | B3 | B2 | B1| Bo| (BW=0
"X" Denotes High Impedance Output
Figure 7. Data Format
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Serial Output

All successive-approximation A/D converters
derive ‘their digital output serially starting with
the MSB. The CS5016 presents each bit to the
SDATA pin four master clock 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 information on SDATA has stabilized. Thus,
the rising edge of the SCLK output should be
used to clock the data from the CSSOl6 (See
Figure 9).

ANALOG CIRCUIT CONNECTIONS

Most popular successive-approximation A/D con-
verters generate dynamic loads at their analog
connections. The CS5016 internally buffers all
analog inputs (AIN, VREF, and AGND) to ease

CLKIN

60 62 64 66 68 70 72 74

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 ground-
ing and decoupling schemes. ‘

Reference Considerations

An application note titled "Voltage References for
the CS501X/CSZ511X Series of AID Converters"
is available for the CS5016. In addition to work-
ing through a reference circuit design example, it
offers several built-and-tested reference circuits.

During conversion, each capacitor of the
calibrated capacitor array is switched between
VREF and AGND in a manner determined by the
successive-approximation algorithm. The charg-
ing and discharging of the array results in a
current load at the reference. The CS5016 in-

76 78 8Q/0 2 4 6 8§ 10 12

EOC | /[ / / / /

LSB . MSB-1 | MSB-2
Status Determined Coarse Charge Fine Charge Determined| Determined
EOT
HOLD
SCLK | | ‘ [
SDATA  LSB+2| LSB+1 | LSB | MSB [MSB-1

Notes: 1. Synchronous (loopback) mode is illustrated. After EOC falls the converter goes into coarse char, arge 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.
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 AO = 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
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cludes 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 buff-
er is used to pre-charge the array thereby
providing the bulk of the necessary charge. The
appropriate array capacitors are then switched to
the unbuffered VREEF pin to avoid any errors due
to offsets and/or noise in the buffer.

The external reference circuitry need only
provide the residual charge required to fully
charge the array after pre-charging from the buft-
er. This creates an ac current load as the CS5016
sequences through conversions. The reference
circuitry must have a low enough output im-
pedance 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 cur-
rent load on the external reference circuitry thus
varies in response with the analog input. There-
fore, the external reference must not exhibit
significant peaking in its output impedance
characteristic at signal frequencies or their har-
monics.

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 master clock
frequency. At full speed (4 MHz clock), the
reference must supply a maximum load current of
10 pA peak-to-peak (1 pA typical). An output im-
pedance of 2 Q will therefore yield a maximum
error of 20 uV. With a 4.5V reference and LSB
size of 69 UV, this would insure approximately
1/4 LSB accuracy. A 10 uF capacitor exhibits an
impedance of less than 2 Q at frequencies greater
than 16 kHz. A high-quality tantalum capacitor in
parallel with a smaller ceramic capacitor is
recommended.

CS5016

Peaking in the reference’s output impedance can

ccur because of capacitive loading at its output.
Any peaking that might occur can be reduced by
placing a small resistor in series with the
capacitors (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.

R— +Vee
) 28 |VREF |
rw -+
21 J- i co 20 |[REFBUF |
1.0 0.01
uF uF - 8F1
80 VA- CS5016
R
5V B
R 1

21 (C1 + C2) fpeak

Figure 10. Reference Connections

The CS5016 can operate with a wide range of
reference voltages, but signal-to-noise perfor-
mance is maximized by using as wide a signal
range as possible. The recommended reference
voltage is 4.5 volts. The CS5016 can actually ac-
cept reference voltages up to the positive analog
supply. However, the buffer’s offset may increase
as the reference voltage approaches VA+ thereby
increasing external drive requirements at VREF.
A 4.5V reference is the maximum reference volt-
age recommended. This allows 0.5V headroom
for the internal reference buffer. Also, the buffer
enlists the aid of an external 0.1 puF 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/CSZ511X Series of AID Converters".
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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 buf-
fered version of the analog input is used for
pre-charging the capacitor array. An additional
period is required for fine-charging directly from
AIN to obtain the specified accuracy. Figure 11
exemplifies this operation. During pre-charge the
charge on the capacitor array first settles to the
buffered version 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.

- +200
)
172}
=2
E -
m .
@ Pre-Charge Fine-Charge
B
S 2200 |-Iy
3} =g
- .
£
2
£ -400
0.5 1.0 15 2.0 25
Acquisition Time (us)
(Dclay from EOC)

Figﬁre 11. Internal Acquisition Time

The acquisition time of the CS5016 depends on
the master clock frequency. This is due to a fixed
pre-charge period. For instance, operating the -16
version with an external 4 MHz master clock
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 us for an analog source im-
pedance of less than 200 Q. In addition, the
comparator requires a source impedance of less
than 400 Q around 2 MHz for stability, which is
met by practically all bipolar op amps. Large dc
source impedances can be accommodated by ad-
ding capacitance from AIN to ground (typically

200 pF) to decrease source impedance-at high fre-
quencies. However, high dc source resistances
will increase the input’s RC time constant and ex-
tend the necessary acquisition time. For more
information on input applications, consult the ap-
plication note: Input Buffer Amplifiers for the
CS501X Family of AID Converters.

During the first six clock cycles following a con-
version (pre-charge), the CS5016 is capable of
slewing at 5 V/us in unipolar mode. In bipolar
mode, only half the capacitor array is connected
to the analog input so the CS5016 can slew at
10 V/us. After the first six master clock cycles, it
will slew at 0.25 V/us in the unipolar mode and
0.5 V/us in bipolar mode. Acquisition of fast
slewing signals (step functions) can be hastened if
the step occurs during or immediately following
the conversion cycle. For instance, channel selec-
tion in multiplexed applications should occur
while the CS5016 is converting (see Figure 12).
Multiplexer settling is thereby removed from the
overall throughput equation, and the CS5016 can
convert at full speed.

Analog Input Range/Coding F ormat

. 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. 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 +VREF. Coding is in an
offset-binary format. Positive full scale gives a
digital output of 1111111111111111, and negative
full scale gives a. digital output of
0000000000000000.

The BP/UP mode pin may be switched after
calibration without having to recalibrate the con-
verter. However, the BP/UP mode should be
changed during the previous conversion cycle,
that is, between HOLD falling and EOC falling.
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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 CS5016 uses the analog ground connection,
AGND, only as a reference voltage. No dc power
currents flow through the AGND connection, and
it is completely independent of DGND. However,
any noise riding on the AGND input relative to
the system’s analog ground will induce conver-
sion 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 point.

The digital and analog supplies are isolated
within the CS5016 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 pF ceramic capacitors. If significant
low-frequency noise is present on the supplies,
1 uF tantalum capacitors are recommended in
parallel with the 0.1 pF capacitors.

CS5016 }—— Convert Channel N—

S

CS5016

S

The positive digital power supply of the CS5016
must never exceed the positive analog supply by
more than a diode drop or the CS5016 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 diagram in
Figure 23 shows a decoupling scheme which al-
lows the CS5016 to be powered from a single set
of £ 5V rails.

As with any high-precision A/D converter, the
CS5016 requires careful attention to grounding
and layout arrangements. However, no unique
layout issues must be addressed to properly apply
the CS5016. The CDB5016 evaluation board is
available for the CS5016, which avoids the need
to design, build, and debug a high-precision PC
board to initially characterize the part. The board
comes with a socketed CS5016, and can be
quickly reconfigured to simulate any combination
of sampling, calibration, master clock, and analog
input range conditions.

}— Convert Channel N + 14'|

HOLD
Input

L

C€S5016

L

EOC
Output

~

MUX

Add N+1
Address e

Address NX

X

Address N +2

>< Address N +3

MUX Settling
CS5016 to Channel N + 1
Analog

Input

—

MUX Settling
to Channel N + 2

Figure 12. Pipelined MUX Input Channels
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CS5016 PERFORMANCE

Differential Nonlinearity

One source of nonlinearity in A/D converters is
bit weight errors. These errors arise from the
deviation 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 en-
tirely missing. The CS5016 calibrates all bits in
the capacitor array to within * 1/4 LSB resulting
in nearly ideal DNL. A histogram plot of typical
DNL can be seen in Figure 13.

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 occurren-
ces 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 con-
sidered 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
-1LSB.

CS5016

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
defined the point of maximum INL.

Bit-weight errors have a drastic effect on a
converter’s ac performance. They can be
analyzed as step functions superimposed 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 inter-
modulation distortion, as well as noise, can vary
with different input conditions. Designing a sys-
tem around characterization data is risky since
transfer curves can differ drastically unit-to-unit
and lot-to-lot.

The CS5016 achieves repeatable signal-to-noise
and harmonic distortion performance using an on-
chip self-calibration scheme. The CS5016
calibrates its bit weights to within + 1/4 LSB at
16-bits (£ 0.0004% FS) yielding peak distortion
as low as -105 dB (see Figure 14). Unlike tradi-
tional ADC'’s, the linearity of the CS5016 is not
limited by bit-weight errors; its performance is
therefore extremely repeatable and independent
of input signal conditions.

+1 LI I L L LAY L L N L L L L I L L L I L B L L LB

|

DNL (LSB)

-1 ool ew e b e by b b b b b by n by b v by by g n Baay

T

32,768 65,535
Codes

Figure 13. CS5016 Differential Nonlinearity Plot
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FFT Tests and Windowing

In the factory, the CS5016 is tested using Fast
Fourier Transform (FFT) techniques to analyze
the converter’s dynamic performance. A pure
sinewave is applied to the CS5016, 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 ener-
gy in bins outside of the fundamental and dc can

only be due to quantization effects and errors in
the CS5016.

If sampling is not synchronized to the input
sinewave, 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
discontinuities, thereby yielding a severely dis-
torted spectrum. To avoid this problem, the time
record is multiplied by a window function prior to
performing 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 convolute the spectrum of the window with
that of the actual input.

0dB

S/(N+D): 97.5 dB
-20dB

-40dB

-60dB

Signal

Amplitude -80dB
Relative to

Full Scale -100dB

-120dB

dc
Input Frequency

Figure 14. FFT Plot of Ideal 16-bit Signal
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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 CS5016 has a maximum side-lobe
level of -92 dB. Figure 14 shows an FFT com-
puted from an ideal 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 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 win-
dow are therefore clearly visible in the plots. For
more information on FFT’s and windowing refer
to: EJ. HARRIS, "On the use of windows for har-
monic analysis with the Discrete Fourier
Transform", Proc. IEEE, Vol. 66, No. 1, Jan 1978,
pp-51-83. This is available on request from Crys-
tal Semiconductor.

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

0dB

Sampling Rate: 63 kHz
-20dB Full Scale: 9V p-p
S/(N+D): 73.6 dB
-40dB
-60dB
Signal
Amplitude -80dB
Relative to
Full Scale -100dB
!
-120dB
dc L 1kHz 32.5kHz—*

Input Frequency

Figure 15. FFT Plot with 1 kHz Full-Scale Input
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Figure 16. S/(N+D) vs. Input Amplitude
(9V p-p Full-Scale Input)

+ 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 occurance. Such a probability
distribution leads to an error "signal" with an rms
value of 1 LSB/N12. Using an rms signal value of
FSN8 (amplitude = FS/2), this relates to an ideal
16-bit signal-to-noise ratio of 97.7 dB.

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

0dB

Sampling Rate: 50 kHz
-20dB Full Scale: 9V p-p
S/(N+D): 9.6dB

-40dB

-60dB

Signal

Amplitude -80dB
Relative to
FullScale ;q04p

-120dB

de 1 kHz 25 kHz

Input Frequency

Figure 17. FFT Plot with 1 kHz -80 dB Input

judicious use of filtering. If the signal is
bandlimited, much of the quantization error can
be filtered out, and improved system performance
can be attained.

As illustrated in Figures 16 and 17, the CS5016’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.

Noise

All analog circuitry in the CS5016 is wideband in
order to achieve fast conversions and high
throughput. Wideband noise in the CS5016 in-
tegrates to 35 UV rms in unipolar mode
(70 WV rms in bipolar mode). This is approx-
imately 1/2 LSB rms with a 4.5V reference in
both modes. Figure 18 shows a histogram plot of
output code occurrences obtained from 5000
samples taken from a CS5016 in the bipolar
mode. Hexadecimal code 80CD was arbitrarily
selected and the analog input 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 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 CS5016 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 can be reduced by sampling at higher than
the desired word rate and averaging multiple
samples for each word. Oversampling spreads the
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Figure 18. Histogram Plot of 5000 Conversion Inputs

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 digi-
tally filtering to the desired signal bandwidth.

Sampling Distortion

The ultimate limitation on the CS5016’s linearity
(and distortion) arises from nonideal sampling of
the analog input voltage. The calibrated capacitor

0dB

Sampling Rate: 50 kHz
-20dB Full Scale: 9V p-p
S/(N+D): 84.3 dB

-40dB

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

-100dB LA i

-120dB

12kHz —*4 25 kHz —4

Input Frequency

Figure 19. FFT Plot with 12 kHz Full-Scale Input

array used during conversions is also used to
track and hold the analog input signal. The con-
version is not performed on the analog input
voltage per se, but is actually performed on the
charge trapped on the capacitor array at the mo-
ment the HOLD command is given. The charge
on the array is ideally related to the analog input
voltage by Qin = -Vin X Ctot 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 distortion
at low input frequencies (Figure 15).

The ideal relationship between Qin and Vin 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 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 Figure 16 since the
magnitude of the steady state current increases.

0dB
Sampling Rate: 50 kHz
-20dB Full Scale: 9V p-p
S/(N+D): 71.9.dB
-40dB
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Amplitude
Relative to
Full Scale -80dB
-100dB
12005 lindadbbiak abbuatollwbaibouk M o bl s s k]
12kHz —4 25 kHz —*

dc
Input Frequency

Figure 20. FFT Plot with 12 kHz -20 dB Input
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First noticeable at 1 kHz, this distortion assumes
a linear relationship with input frequency. With
signals 20 dB or more below full-scale, it no
longer dominates the converter’s overall S/(N+D)
performance (Figures 19 and 20).

This distortion is strictly an ac sampling
phenomenon. If significant energy exists at high
frequencies, the effect can be eliminated using an
external track-and-hold amplifier to allow the
array’s charge current to decay, thereby eliminat-
ing any voltage drop across the switches. Since
the CS5016 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.

Clock Feedthrough

Maintaining the integrity of analog signals in the
presence of digital switching noise is a difficult
problem. The CS5016 can be synchronized to the
digital system using the CLKIN input to avoid
conversion errors due to asynchronous inter-
ference. However, digital interference will still
affect sampling purity due to coupling between
the CS5016’s analog input and master clock.

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

Figure 21. Examples of Measured Clock Feedthrough

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
CS5016°s output. The offset could theoretically
reach the peak coupling magnitude (Figure 21),
but the probability of this occurring is small since
the peaks are spikes of short duration.

If sampling is performed asynchronously with the
master clock, clock feedthrough will appear as an
ac error at the CS5016’s output. With a fixed
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
software using DSP techniques.

ftone = (N fs - faik)
where N = feik/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 CS5016’s internally generated
clock, the CLKIN input is grounded and the
dominant source of coupling is through the
device’s substrate. As shown in Figure 21, a typi-
cal CS5016 operating with its internal oscillator
at 2MHz and 50 Q of analog input source im-
pedance will exhibit only 15 pV rms of clock
feedthrough. However, if a 2 MHz external clock
is applied to CLKIN under the same conditions,
feedthrough increases to 25 pV rms. Feedthrough
also increases with clock frequency; a 4 MHz
clock yields 40 pV rms.

Clock feedthrough can be reduced by limiting the
source impedance applied at the analog input. As
shown in Figure 21, reducing source impedance
from 50 Q to 25 Q yields a 15 @V rms reduction
in feedthrough. Therefore, when operating the
CS5016 with high-frequency external master
clocks, it is important to minimize source im-
pedance applied to the CS5016’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 CS5016 can be
operated in bipolar mode which inherently
doubles the LSB size over the unipolar mode.
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Power Supply Rejection

The CS5016’s power supply rejection perfor-
mance is enhanced by the on-chip self-calibration
and an "auto-zero" process. Drifts in power supp-
ly voltages at frequencies less than the calibration
rate have negligible effect on the CS5016’s ac-
curacy. This, of course, is because the CS5016
adjusts its offset to within a small fraction of an
LSB during calibration. Above the calibration fre-
quency 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 22 shows
power supply rejection of the CS5016 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.

Notches of increased rejection arise from the
auto-zeroing at the conversion rate. The frequen-
cies at which these notches occur also depend on
the value of the captured analog input. The line
shows worst-case rejection for all combinations
of conversion rates and input conditions in the
bipolar mode.
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40
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r
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Figure 22. Power Supply Rejection
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A0 RST Function

Hold and Start Convert

Initiate Burst Calibration

Stop Burst Cal and Begin Track
Initiate Interleave Calibration

CAL  INTRLV
X

HOLD

-

Terminate Interleave Cal
Read Output Data

Read Status Register
High Impedance Data Bus
High Impedance Data Bus
Reset

Reset

| ¢3¢ | | | ¢| ¢ | | ©| =

3| (¢ | | 4| | = [ o | | ¢ | ¢

x| |~ x| ol o x| x| x| || G|
.

o><><»-oooooo><{n3|
O K| x| *|O| =] %

O XY P = PR | =

*  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 resct will result.

Table 3. CS5016 Truth Table

Ao 22
O
Supply L ]25 l 11 ‘ OilgF
0.1|uF VA+ VD+ |33
BW Mode
BP/UP |24 Select *
Clock -
CLKINL20 Source
cS5016 (optional)
Serial
SDATA}40 Data
SCLK |39 Interface
(optional)
Analog N +
: Signal 2000 26 Data
glgnal ™ Conds tioning _I\N\T AIN DO-D15 |8 or16 Processor
ource 1000 pF S Py
6 Fj?_(_: 37 May be
EOT microprocessor
HoLDlL or discrete logic.
0— VROEF CALE3 Control
+VREF INTRCV}:34 Logic
TS L2l
Voltage 28]\ REF RD .22
Reference 1[_0-01 uF A0L23 Unused Logic inputs should only
RESET L32 Resel be connected to VD+ or DGND.
Sci —
16EF T 27| AGND TsT| 31 * BW and BP/UP should always
29 10 be terminated to VD+ or DGND,
0.1luF REFBUF DGND or driven by a logic gate.
V —~ OljuF| VA- VD-_| 0.1juF
5V 30 36 = T For best dynamic
b T 100 T S/(N+D) performance.
Analog o NNV
Supply

Figure 23. CS5016 System Connection Diagram
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HOLD HOLD ji® ~’ 40} SDATA  SERIAL OUTPUT
(LSB) DATA BUS BIT 0 Do [2 39] SCLK  SERIAL CLOCK
DATA BUS BIT 1 DI [3 ogeos 380 EOC END OF CONVERSION
DATA BUS BIT 2 D2 4 37(] EOT END OF TRACK
DATA BUS BIT 3 D3 (5 36[] VD- NEGATIVE DIGITAL POWER
DATA BUS BIT 4 D4 (6 35(] CAL CALIBRATE
DATABUS BIT 5 D5 [|7 34[] INTRLV  INTERLEAVE
DATA BUS BIT 6 D6 [8 330 BW BUS WIDTH SELECT
DATA BUS BIT 7 D7 ]9 32f] RST RESET
DIGITALGROUND  DGND %10 310 TST TEST
POSITIVE DIGITAL POWER VD+ [|11 30] VA- NEGATIVE ANALOG POWER
DATA BUS BIT 8 D8 []12 20[] REFBUF REFERENCE BUFFER OUTPUT
DATA BUS BIT 9 D9 (|13 28]] VREF  VOLTAGE REFERENCE
DATA BUS BIT 10 D10 [|14 27]] AGND  ANALOG GROUND
DATA BUS BIT 11 D11 (15 26[] AIN ANALOG INPUT
DATA BUS BIT 12 D12 [|16 25 VA+ _ POSITIVE ANALOG POWER
DATA BUS BIT 13 D13 [17 24[] BP/UP  BIPOLAR/UNIPOLAR SELECT “
DATA BUS BIT 14 D14 [J18 23] A0 READ ADDRESS
(MSB) DATA BUS BIT 15 D15 []19 22(] RD READ
CLOCKINPUT  CLKIN []20 21(] Cs CHIP SELECT
HOLD
DO SDATA
D1 SCLK
D2 EOC

D3 EOT
D4 \ / VD-
D5 . — _ cAL

D6 —\ 6§ 4 2144 42 40 INTRLV
g7z 390
e i -
i b
DGND —~d o ash—— TST
VD+ ——qgr2 view 3ap—— VA-
013 330
NC —H €S5016 ah— NC
D8 _/—/ms 31p\— REFBUF
016 300
NC ‘/1:17 29b\_ VREF
D9 J 18 20 22 24 26 28 \ AGND
D11 —7 % VA+
D12 BP/UP
D13 A0
-D14 RD
D15 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.
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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- - Negativé 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 CS5016 to the hold state and initiates a conversion. This
input must remain low at least one master clock cycle plus 50 ns.

CS - Chip Select, PIN 21. A
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 AOQ.

RD -Read, PIN22.
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.
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A0 - 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
+VREF. 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 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 16 data bits are driven onto the bus simultaneously durmg 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 D0-D7. A second read cycle places the eight LSB’s on D0-D7.
Subsequent reads will toggle the higher/lower order byte. Regardless of BW’s status, a read cycle
with AQ low yields the status information on DO-D7.

INTRLV - Interleave, PIN 34.
When latched low using CS, the device goes into interleave calibration mode. A full calibration
will complete every 72,051 conversions. 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
1,441,020 master clock cycles. 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 -VREEF to
+VREF. The output impedance of buffer driving this input should be less than or equal to 200 Q.

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.
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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 16-bit output in a format
consistent with the state of BW if A0 is high. If AQ is low, bits DO-D7 offer status register.

EOT - End Of Track, PIN 37. 7
If low, indicates that enough time has elapsed since the last conversion for the device to acquire
the analog input signal (3.75 ps for 4 MHz external clock).

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 CS5016. Serial data is stable on the rising
edge of SCLK.

Analog Outputs

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

Miscellaneous

TST - Test, PIN 31.
Allows access to the CS5016°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.
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Ordering Guide
Signal to

Model Linearity Noise Ratio  Conversion Time  Temp. Range Package
CS5016-JP32 .0030% 87dB 32.50 us 0to70°C 40-Pin Plastic DIP
CS5016-JP16 .0030% 87 dB 16.25 us 0to70°C 40-Pin Plastic DIP
CS5016-KP32 .0015% 90 dB 32.50 us 0to 70 °C 40-Pin Plastic DIP
CS5016-KP16 .0015% 90dB 16.25 us 010 70 °C 40-Pin Plastic DIP
CS5016-JL32 .0030% 87 dB 32.50 us 0to 70 °C 44-Pin PLCC
CS5016-JL16 .0030% 87dB 16.25 us 0to 70 °C 44-Pin PLCC
CS5016-KL32 .0015% 90 dB 32.50 us 0to 70 °C 44-Pin PLCC
CS5016-KL16 .0015% 90 dB 16.25 us 0to 70 °C 44-Pin PLCC
CS5016-AD32 .0030% 87dB 32.50 us -40 to +85°C 40-Pin CerDIP
CS5016-AD16 .0030% 87 dB 16.25 us -40 to +85 °C 40-Pin CerDIP
CS5016-BD32 .0015% 90 dB 32.50 us -40 to +85 °C 40-Pin CerDIP
CS5016-BD16 .0015% 90 dB 16.25 us -40 to +85 °C 40-Pin CerDIP
CS5016-AL32 .0030% 87 dB 32.50 us -40 to +85 °C 44-Pin PLCC
CS5016-AL16 .0030% 87 dB 16.25 us -40tc +85°C  44-PinPLCC
CS5016-BL32 .0015% 90 dB 32.50 s -40 to +85 °C 44-Pin PLCC
CS5016-BL16 .0015% 90 dB 16.25 us -40 to +85 °C 44-Pin PLCC
CS5016-SD16 .0076% 87 dB 16.25 us -55to +125 °C 40-Pin CerDIP
CS5016-TD16 .0015% 90 dB 16.25 us -55to +125 °C 40-Pin CerDIP
CS5016-SE16 .0076% ' 87dB 16.25 us 5510 +125°C 44-Pin Ceramic LCC
CS5016-TE16 .0015% 90 dB 16.25 us -55 to +125°C 44-Pin Ceramic LCC
ADDENDUM
Burst Calibration

Burst calibration mode allows control of partial calibration cycles. Due to an unforeseen condition in-
side the part, asynchronous termination of calibration (CAL brought low) may result in a sub-optimal
calibration result. It is recommended that burst calibration is not used, until the silicon is revised to

prevent this effect.

Interleave calibration works perfectly, provided it is not used intermittently.

The reset calibration always works perfectly, and typically should be used instead of burst mode. The
CS5016’s very low drift over temperature means that, under most circumstances, calibration need only
be performed at power-up, using reset.

If you wish to use burst calibration, then please contact the factory for advice and new part availability

information.
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Semiconductor Corporation

CS5101

16-Bit, 100 kHz Serial-Output A/D Converter

Features

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

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

Linearity Error: £0.001% FS

8.1 us Conversion Time with
Guaranteed 16-bit No Missing Codes

Self-Calibration Maintains Accuracy
Over Time and Temperature

Low Power Consumption: 320 mW
Power-down Mode: 1 mW

Evaluation Board Available

General Description

The CS5101 is a 16-bit monolithic CMOS analog-to-
digital converter capable of 100 kHz throughput. On-
chip self-calibration circuitry achieves nonlinearity of
+0.001% of FS and guarantees 16-bit no missing
codes. Superior linearity also leads to 92 dB S/(N+D)
with harmonics below -100 dB. Offset and full-scale er-
rors are similarly kept within 2 LSB, eliminating the need
for manual calibration of any kind.

The CS5101 consists of a 2-channel input multiplexer,
DAC, conversion and calibration microcontroller, crystal
oscillator, comparator, and serial communications port.
The input track-and-hold, inherent to the device’s sam-
pling architecture, acquires the analog input after each
conversion within 1.9 us, allowing throughput rates up
to 100 kHz.

The converter's 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
microcontrollers and shift registers. Unipolar and bipolar
input ranges are digitally selectable.

ORDERING INFORMATION:  Page 3-120

HOLD SLEEP RST STBY CODE BP/UP CRS/FIN TRKI TRK2 SSH SDATA

12 28 |2 fs |6 |17 10 8 fp fu fis
S
cLIN CLOCK CONTROL i seik
xouT & GENERATOR
21 A 4
REFBUF LCALIBRATION }é-rMICRocomouER ’
SRAM
20 f 1  Z __
VREF ~T—E‘S 264 TEST
ANt 2 L 278 SCKMOD
16 BIT CHARGE
> REDISTRIBUTION =
ve | STRI N 183 OUTMOD
ANz 3%
| comparaTor
cH12 43
AGND 422 .
25 23 6 1 7
VA« VA- DGND VD- VD

i ; This document contains information for a new product. Crystal
Preliminary 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

MAR '90
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ANALOG CHARACTERISTICS (Ta=25°C; VA+, VD+=5V; VA-, VD-=-5V; VREF = 4.5V;
Full-Scale Input Sinewave, 1 kHz; fcik = 4 MHz for =16, 8 MHz for -8; fs =50 kHz for —16, 100 kHz for —8; Bipolar
Mode; SSC Mode; AIN1 and AIN2 tied together, each channel tested separately; Analog Source Impedance =
200 Q unless otherwise specified)

CS5101 -J,K CS5101 -A,B CS5101 -S,T
Parameter * min  typ max min  typ max min  typ max Units
Specified Temperature Range 0to +70 -40 to +85 -65to +125 ‘c
Accuracy '
Linearity Error  (Note 1) -J,A,S 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
(Note 3) Drift + 1/4 +1/4 +1/2 ALSB
Differential Linearity (Note 2, 12) 16 16 16 Bits
Full Scale Error (Note 1) -J,A,S +2 +4 +2 +4 +2 +5 LSB
-K,B,T +2 +4 +2 +4 +2 +4 LSB
(Note 3) Drift +1 +1 +2 ALSB
Unipolar Offset (Note 1) -J,A,S + +4 +1 +4 1 +5 LSB
-K,B,T +1 +3 +1 +3 +1 +4 LSB
(Note 3) Drift + +1 +2 ALSB
Bipolar Offset ~ (Note 1) -J,A,S +1 +4 +1 +4 +1 +5 LSB
-K,B,T +1 +3 +1 +3 +1 +3 LSB
(Note 3) Drift +1 +2 +2 ALSB
Bipolar Negative (Note 1) -J,A,S +2 +4 +2 4 +2 +5 LSB
Full-Scale Error -K,B,T +2 +3 +2 +3 +2 +4 LSB
(Note 3) Drift +1 +2 +2 ALSB
Dynamic Performance (Bipolar Mode)
Peak Harmonic or Spurious Noise
1kHz Input J,AS 96 100 96 100 94 100 dB
-K,B,T 98 102 98 102 98 102 dB
(Note 1)
12kHz 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 0.002 0.002 0.002 %
-K,B,T 0.001 0.001 0.001 %
Signalto-Noise Ratio
00B Input -J,AS 87 90 87 90 87 90 dB
-K,B, T 90 92 90 92 90 92 dB
(Note 1) 30 30 30 dB
"60d8 Input KBT 32 32 32 dB
Noise Unipolar Mode 35 35 35 UVyms
( Note 4) Bipolar Mode 70 70 70 uVims

Notes: 1. Applies after calibration at any temperature within the specified temperature range.
2. Minimum resolution for which no missing codes is guaranteed over the specified temperature range.
3. Total drift over specified temperature range after calibration at power-up at 25 °C.
4. Wideband noise aliased into the baseband. Referred to the input.

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

CS5101 -J,K CS5101 -A,B CS5101 -S,T .
Parameter * Symbol min typ max min typ max min typ max Units
Specified Temperature Range 0to +70 -40 to +85 5510 +125 c
Analog Input
Aperture Time R 25 25 25 ns
Aperture Jitter N 100 100 100 ps
Input Capacitance
(Note 5) Unipolar Mode 320 425 320 425 320 425 pF
Bipolar Mode 200 265 200 265 200 265 pF
Conversion & Throughput
Conversion Time -8 ' 8.12 8.12 8.12 us
(Notes 6) -16 ¢ 16.25 16.25 16.25 us
Acquisition Time -8 ' - 1.88 - 1.88 - 1.88 us
(Note 7) -16 a 26 3.75 26 375 26 375 us
Throughput -8 100 100 100 kHz
(Note 8) -16 fto 50 50 50 kHz
Power Supplies
Power Supply Current
Positive Analog :A+ 21 25 21 25 21 25 mA
STEES L Negative Analog A- —21 25 —21 25 —21 25 mA
(SLEEP High) pigitive Digital ID+ 1115 1 15 1115 | mA
(Note 9) Negative Digital ID- -11 —15 -11 15 -11 —15 mA
Power Dissipation
(SLEEP High) Pdo 320 400 320 400 320 400 mW
(Notes 9, 10)  (SLEEP Low) Pds 1 1 1 mw
Power Supply Rejection
Positive Supplies PSR 84 84 84 dB
(Note 11) Negative Supplies 84 84 84 dB

Notes: 5. Applies only in the track mode. When converting or calibrating, input capacitance will not exceed 15 pF.

6. 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.

7. The CS5101 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 us with an 8 MHz
clock, however; in PDT, RBT, or SSC modes, at clock frequencies less than 8 MHz, fine charge may
be less than 9 clock cycles. This reflects the typ. specification (6 clock cycles + 1.125 us).

8. 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.

9. All outputs unloaded. All inputs CMOS levels.

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

11. 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 17 shows a plot of typical power supply
rejection versus frequency.
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SWITCHING CHARACTERISTICS (Ta=Tmin 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 12) B 1tk 125 - 10,000 ns
-16 250 10,000 ns
CLKIN Low time telkl 375 - - ns
CLKIN High time telkkh 375 - - ns
Crystal Frequency (Note 13) -8 fxtal 2.0 - 8.0 MHz
) -16 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 - telk
CH1/2 edge to SSH falling (Note 15) | tdfsh3 - 40 - ns
CH1/2 edge to SSH, TRK1,TRK2 rising (Note 15) | tdrsh1 - 80 - ns
CH1/2 edge to SSH, TRK1,TRK2 falling (Note 15) | tdish4 - - 66t + 260 ns
HOLD to SSH Falling (Note 16) | tdfsh2 - 60 - ns
HOLD to TRK1, TRK2, Falling (Note 16) | tdfsh1 66tclk - 68tc|k + 260 ns
HOLD to TRK1, TRK2, SSH Rising ~ (Note 16) | tdrsh - 120 - ns
HOLD Pulse Width thold 130 - 64tck ns
HOLD to CH1/2 Edge (Note 16) | tdhiri -30 - 64tclic ns
CLKIN Falling to HOLD Falling (Note 17) | tcth - - -10 ns
HOLD FALLING to CLKIN Falling (Note 17) | tnet 55 - - ns

Note: 12. Clock speeds of less than 1.0 MHz, at temperatures > 100°C, will degrade DNL performance.

13. External loading capacitors are required to allow the crystal to oscillate.

14. With 8MHz 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 £30ns of CH1/2 edge or if CH1/2 edge occurs
between 30ns before HOLD rises to 64 tcik after HOLD has fallen. These times are for SSC,
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.
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SWITCHING CHARACTERISTICS (Continued)

Parameter Symbol Min Typ Max Units
SCLK Input Pulse Period tsclk 200 - - ns
SCLK Input Pulse Width Low tsclkl 50 - - ns
SCLK Input Pulse Width High tsclkh 50 - - ns
SCLK Input Falling to SDATA Valid tdss - 100 150 ns
SCLK Output Pulse Width Low tsk - 2tk - telk
SCLK Output Pulse Width High tsikh - 2tglk - telk
SDATA valid before rising SCLK tss 2t¢lk - 100 - - ns
SDATA valid after rising SCLK tsh 2t ¢l - 100 - - ns
HOLD falling to 1st falling SCLK thfs 6tclk - 8tclk + 165 ns
CH1/2 edge to 1st falling SCLK tehfs - Ttelk - telk
HOLD falling to SDATA Valid PDT mode tdhs - 140 230 ns
TRKi1, TRKZ Falling to SDATA Valid  (Note 18) | tdts - 65 125 ne

Note: 18. Only valid for TRK1, TRK2 falling when SCLK is low. lf SCLK is high when TRK1, TRK2 falls, then
SDATA is valid tdss time after the next falling SCLK.

DIGITAL CHARACTERISTICS (T = Tmin 10 Tmax; VA+, VD+ =5V + 10%; VA-, VD- = -5V + 10%)

Parameter . Symbol Min Typ Max Units
ot e o oo I S R
High-Level Input Voltage VIH 2.0 - - v
Low-Level Input Voltage ViL - - 0.8 Y
High-Level Output Voltage (Note 20) VOH (VD+) - 1.0V - - v
Low-Level Output Voltage lout=1.6mA VoL - - 0.4 \"
Input Leakage Current (Note 21) lin - - 60 uA
Digital Output Pin Capacitance Cout - 9 - pF
Note:

19. 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.

20. louT = -100 pA. This specification guarantees TTL compatibility (VoH = 2.4V @ lout = -40 uA).

21. All digital inputs except CLKIN and SCLK have internal pull-up devices, nominally 200 kQ.

RECOMMENDED OPERATING CONDITIONS (AGND, DGND = 0V, see Note 22.)

Parameter Symbol Min Typ Max Units

DC Power Supplies: Positive Digital VD+ 45 5.0 VA+ Vv
Negative Digital VD- —45 -5.0 -55 \"

Positive Analog VA+ 45 5.0 55 Vv

Negative Analog VA- —45 -5.0 —5.5 \

Analog Reference Voltage VREF 25 45 (VA+) - 0.5 v
Analog Input Voltage: Unipolar VAIN AGND - VREF \
(Note 23) Bipolar VAIN -VREF - VREF v

Notes: 22. All voltages with respect to ground.

23. The CS5101 can accept input voltages up to the analog supplies (VA+ and VA-). It 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.
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a. SCLK input (RBT and PDT mode) b. SCLK output (SSC and FRN modes)

Serial Data Timing

— | |
HoLD \ TRK1, TRK2 \¢
tdhs | s

— i‘— !
SDATA X MSB SDATA X MSB X MSB-1
m Ip—
SCLK SCLK | tdsg
a. Pipelined Data Transmission (PDT) Mode b. Register Burst Transmission (RBT) Mode

Data Transmission Timing

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 \"
Negative Digital VD- 0.3 —6.0 \"
Positive Analog VA+ -0.3 6.0 v
Negative Analog VA- 0.3 —6.0 \Y
Input Current, Any Pin Except Supplies (Note 24) lin - ii 0 mA
Analog Input Voltage (AIN and VREF pins) Vina (VA-)-0.3 (VA+) + 0.3 Vv
Digital Input Voltage Vino -03 (VD+) +0.3 \
Ambient Operating Temperature Ta —55 125 °C
Storage Temperature Tatg —65 150 °C

Note: 24. 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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GENERAL DESCRIPTION

The CS5101 is a 2-channel, 100 kHz, 16-bit A/D
converter. The device includes 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. Alternatively, the CS5101 can be operated
as a single channel, 100 kHz ADC.

The CS5101 can be configured to accept either
unipolar or bipolar input ranges, and data is out-
put serially in either binary or 2’s complement
coding. The device can be configured in 3 dif-
ferent output modes, as well as internal,
synchronous loopback for maximum throughput.

The CS5101 provides coarse charge/fine charge
control, to allow accurate tracking of high-slew
signals. A control output is also supplied for use
with an external sample/hold ‘amplifier to imple-
ment simultaneous sampling.

"THEORY OF OPERATION

The CS5101 implements the successive-
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
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 comparator
side of the capacitor array and creates a floating
node at the comparator’s input. The conversion
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
capacitance 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 o

. o . o A .
B s i

Led Lol el 08 el
c T C/zi cm? C/S\T 32,768 | C132,768

C T T T " T T
Bit15S  Bit14  Bit13 Bit 12 Bit0  Dummy
MSB ' ‘ LSB

Cpy =C+CR+CiA+. C/32,768
Figure 1. Charge Redistribution DAC
DSA45PP3
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Calibration

The ability of the CS5101 to convert accurately to
16-bits clearly depends on the accuracy of its
comparator and DAC. The CS5101 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
CS5101 uses 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 precisely adjusts the sub-
arrays to yield an effective resolution of 18 bits.

The CS5101 should be reset upon power-up, thus
initiating a calibration cycle. The CS5101 then
stores its calibration coefficients in on-chip
SRAM. When the CS5101 is in power-down
mode (SLEEP low), it retains the calibration
coefficients in memory, and need not be
recalibrated when normal operation is resumed.

OPERATION OVERVIEW

The CS5101°s monolithic design and inherent
sampling architecture make it 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
array the instant HOLD goes low. The CS5101
will complete conversion of the sample within 66
master clock cycles. Upon completion of the con-
version cycle, the CS5101 automatically returns
to the track mode. After allowing a short time for

CS5101

acquisition (15 clock cycles @ 8 MHz), the
CS5101 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 150 ns, but no longer
than the minimum conversion time or an addi-
tional conversion cycle will be initiated with
inadequate time for acquisition.

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
CS5101 may be operated entirely asynchronous
to the master clock if necessary.

Tracking the Input

Upon completing a conversion cycle the CS5101
immediately returns to the track mode. The
CH1/2 pin directly controls the input switch, and
therefore directly determines which channel will
be tracked. Ideally, the CH1/2 pin should be
switched during the conversion cycle, thereby
nullifying the 100 ns switching time, and guaran-
teeing 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 CS5101 enters tracking mode, it uses
an 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 in-
itiated for 6 clock cycles at the end of every
conversion. The buffer amplifier is then
bypassed, and the capacitor array is directly con-
nected to the input. This is referred to as
fine-charge, during which the charge on the array

DS45PP3
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is allowed to accurately settle to the input voltage
(see Figure 11).

During coarse-charge, the CS5101 is capable of
slewing at 13 V/us in unipolar mode. In bipolar
mode, only half the capacitor array is connected
to the analog input so the CS5101 can slew at
26 V/us. In fine-charge, it will slew at 1.3 V/us in
the unipolar mode and 2.6 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 CS5101°s internal channel selector or
an external MUX), channel selection should
occur while the CS5101 is converting. Multi-
plexor ‘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
CS5101 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 CS5101 will only

CcS5101

coarse-charge for the first 6 clock cycles follow-
ing a conversion, and will stay in fine-charge
untill HOLD goes low. To get an accurate sample,
at least 750 ns of coarse-charge, followed by
1.125 ps of fine-charge is required before initiat-
ing a conversion (see Figure 2). If course charge
is not invoked, then up to 20 us should be al-
lowed after a step change input for proper
acquisition. -

Master Clock

The CS5101 can operate either from an external-
ly-supplied master clock, or from it’s own crystal
oscillator (with a crystal). To enable the CS5101°s
internal crystal oscillator, simply tie a crystal
across the XOUT and CLKIN pins, as shown on
the system connection diagram in Figure 8.

Calibration and conversion times directly scale to
the master clock frequency. The CS5101-8 can
operate with clock or crystal frequencies up to
8 MHz. This allows maximum throughput of up
to 50 kHz per channel in dual-channel operation,
or 100 kHz in a single channel configuration. The
—16 can accept a maximum clock speed of 4
MHz, with corresponding throughput of 50 kHz.

Min: 750 ns f———|

CRS/FIN ‘1
——d6ck = Min: 1.125 us
Internal : -
Status | Conv. \ Coarse | Fine Chg. | Coarse | FineChg. | Conv. l
; *—*i 2ck

TRK1 or _———L {____
TRK2
HOLD -

Figure 2. Coarse-Charge/Fine-Charge Control
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Analog Input Range/Coding F ormat

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 +VREE.

The CS5101 can output data in either 2’s comple-
ment, or binary format. If the CODE pin is high,
the output is in 2’s complement 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.

Output Mode Control

The CS5101 can be configured in three different
output modes, as well as an internal, synchronous
loop-back mode. This allows great flexibility for
design into a wide variety of systems. The operat-
ing mode is selected by setting the states of the
SCKMOD and OUTMOD pins. In all modes,
data is output on SDATA, starting with the MSB,
and 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. Tying
SCKMOD low reconfigures SCLK as an output,
and the CS5101 clocks out each bit as it’s deter-
mined during the conversion process, at a rate of

CS5101

R

1/4 the master clock speed. Table 1 shows an
overview of the different states of SCKMOD and
OUTMOD, and the corresponding 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
another 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.

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 TRK?2 falls. The falling edge of
HOLD clears the output buffer, so any unread
data will be lost, although a new conversion may
be initiated before all the data has been clocked
out (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).

OUTMOD

MODE | SCKMOD
PDT 1 1
RBT 1 0
SSC 0 1
FRN 0 0

SCLK | CH1/2_ | HOLD
Input Input Input
Input Input Input

Qutput | Input Input

Output | Output X

Table 1. Serial Qutput Modes
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Figure 6. Free Run Mode (FRN)

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
operates exactly the same as SSC. In Free Run
mode, the CS5101 initiates a new conversion
every 80 master clock cycles, and alternates be-
tween 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).

CS85101

RST

]T:C

Figure 7. Power-up Reset Circuit

SYSTEM DESIGN WITH THE CS5101

Figure 8 shows a general system connection
diagram for the CS5101.

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
74HCT.

System Initialization

Upon power up, the CS5101 must be reset to
guarantee a consistent starting condition and ini-
tially calibrate the device. Due to the CS5101’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 stabilized
to within 0.25% of its final value before RST
rises to guarantee an accurate calibration. Later,
the CS5101 may be reset at any time to initiate a
single full calibration.

DS45PP3
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CS5101

When RST is brought low all internal logic
clears. When it returns high 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 CS5101’s
STBY output remains low throughout the calibra-
tion sequence, and a rising transition indicates the
device is ready for normal operation. While
calibrating, the CS5101 will ignore changes on
the HOLD input. The CRS/FIN pin must remain
low for the entire calibration cycle.

To perform the reset function, a simple power-on
reset circuit can be built using a resistor and
capacitor as shown in Figure 7. The RC time con-
stant must be long enough to guarantee the rest of
the system is fully powered up and stable by the
end of reset. The resistor should be less than or
equal to 10 kQ.

Simultaneous Sampling

The CS5101 offers three digital output signals,
SSH, TRK1, and TRK2 which can be used to

WA W

qu @.1UF 0.1 uF [1uF
25 7 -
VA+ VD+
XOouT
W CS5101
26| —
T——JWV\~— TST CLKIN
18] ouTMOD
27
SCKMOD
Mode Control 17 89105 - 2 =
16 CODE SLEER 28 CLOCK
—— |5
=+ STBY Control
13 Logic
20 CH1/2
VREF — (10
Voltage Reference 22| AGND CRS/FIN
— |1
< FOD [+2
TRK1 8
200 * = |9
24 AIN1 TRK2
Analog 1nF < SSH 1
Sources 200 % I
19] AIN2 14
1FD SCLK Data
SDATA 15 Interface
21| ReFBUF DGND (&
VA- VD- Unused logic inputs should
0.1 uF 23 1 be tied to VD+ or DGND.
' 10 *
_5VA r_;ww_‘ For best dynamic
| I S/(N+D) performance.

@ uF @.1 uF

0.1 uFA[d uF

Figure 8. CS5101 System Connection Diagram
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Figure 9. Simultaneous Sampling

control an external sample/hold amplifier to
achieve simultaneous sampling of both channels.

Figures 3-6 show the timing relationships for
SSH, TRK1, and TRK2. In the standard two-
channel configuration, such as free run, the
CS5101 samples the left and right channels 180°
out of phase. Simultaneous sampling between
channels 1 and 2 can be achieved as shown in
Figure 9 using the CS5101°s SSH output. The ex-
ternal sample/hold will freeze the analog signal
on channel 2 as the CS5101 freezes the channel 1
input at AIN1. The external sample/hold will hold
that signal valid at AIN2 until the CS5101 begins
conversion of channel 2. Once that conversion
begins, the sample/hold returns to the sample
mode. The external sample/hold will have from
the HOLD on channel 2 until the HOLD on chan-
nel 1 (80 clock cycles) to acquire the signal. This
allows at least 10 us for acquisition, followed by
the same period to hold the signal.

Single-Channel Operation

The CS5101 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 reconfigured as an
output.)

ANALOG CIRCUIT CONNECTIONS

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

connections. The CS5101 internally buffers 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 ground-
ing and decoupling schemes.

Reference Considerations

An application note titled "Voltage References for
the CS501X Series of A/ID Converters" is avail-
able for the CS5101. In addition to working
through a reference circuit design example, it of-
fers seven built-and-tested reference circuits.

During conversion, each capacitor of the
calibrated capacitor array is switched between
VREF and AGND in a manner determined by the
successive-approximation algorithm. The charg-
ing and discharging of the array results in a
current load at the reference. The CS5101 in-
cludes 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 buff-
er 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 buffer.

The external reference circuitry need only
provide the residual charge required to fully
charge the array after coarse-charging from the
buffer. This creates an ac current load as the
CS5101 sequences 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 im-
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pedance characteristic at signal frequenmes or
their harmonics:

A large caf)acitor 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 compensatlon 1s prov1ded to
eliminate the effect.

The magnitude of the current load on the external
reference circuitry will scale to the master clock
frequency. At the full-rated 8 MHz clock the
reference must supply a maximum load current of
20 pA peak-to-peak (2 pA typical). An output im-
pedance of 2 Q will therefore yield a maximum
error of 40 uV. With a 4.5V reference and LSB
size of 138 uV this would insure approximately
1/4 LSB accuracy. A 10 pF capacitor exhibits an
impedance of less than 2 Q at frequencies greater
than 16 kHz. A high-quality tantalum capacitor in
parallel with a smaller ceramic capacitor is
recommended.

__ 20| VREF l >
J_ 21| REFBUF j

23| VA- CS5101

R

= (C1 + C2) fpeak

Flgure 10. Reference Connections

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

capacitors. 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 fre-
quency of the peak in the output impedance of the
reference before the resistor is added.

The CS5101 can operate with a wide range of
reference voltages, but signal-to-noise perfor-
mance is maximized by using as wide a signal
range as possible. The recommended reference
voltage is 4.5 volts. The CS5101 can actually ac-
cept reference voltages up to the positive analog
supply. However, the buffer’s offset may increase
as the reference vo1tagc approaches VA+ thereby
increasing external drive requirements at VREF.
A 4.5V reference is the maximum reference volt-
age recommended. This allows 0.5V headroom
for the internal réference buffer. Also, the buffer
enlists the aid of an external 0.1 uF 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 AID 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 buf-
fered 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 11
exemplifies 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 volt-
age. During fine-charge, the charge then settles to
the accurate unbuffered version.
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Fine-charge settling is specified as a maximum of
1.25 ps for an analog source impedance of less
than 200 Q. In addition, the comparator requires a
source impedance of less than 400 Q around
2 MHz for stability, which is met by practically
all bipolar op amps. Large dc source impedances
can be accommodated by adding capacitance
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
necessary acquisition time. For more information
on input amplifiers, consult the application note:
Buffer Amplifiers for the CS501X Series of A/ID
Converters.

SLEEP Mode Operation

The CS5101 includes a SLEEP pin. When
SLEEP is active (low) the CS5101 will dissipate
very low power to retain its calibration memory
when the device is not sampling. It does not re-
quire 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 com-
ponents) and the REFBUF capacitor is charged
(which takes about 3 ms). 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 REF-
BUF capacitor charged. Conversion can then

begin as soon as the A/D has completed a
coarse/fine sample period.

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- can-
not 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 CS5101 uses the analog ground connection,
AGND, only as a reference voltage. No dc power
currents flow through the AGND connection, and
it is completely independent of DGND. However,
any noise riding on the AGND input relative to
the system’s analog ground will induce conver-
sion 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 CS5101 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 pF ceramic capacitors. If significant
low-frequency noise is present on the supplies,
1 pF tantalum capacitors are recommended in
parallel with the 0.1 uF capacitors.

The positive digital power supply of the CS5101
must never exceed the positive analog supply by
more than a diode drop or the CS5101 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 diagram
(Figure 8) shows a decoupling scheme which al-
lows the CS5101 to be powered from a single set
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of * 5V rails. The positive digital supply 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 Q 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.

As with any high-precision A/D converter, the
CS5101 requires careful attention to grounding
and layout arrangements. However, no unique
layout issues must be addressed to properly apply
the CS5101. The CDB5101 evaluation board is
available for the CS5101, which avoids the need
to design, build, and debug a high-precision PC
board to initially characterize the part. The board
comes with a socketed CS5101, and can be
quickly reconfigured to simulate any combination
of sampling, calibration, master clock, and analog
input range conditions.

CS5101 PERFORMANCE
Differential Nonlinearity

The self-calibration scheme utilized in the
CS5101 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.

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
amplitude signals, DNL errors dominate perfor-
mance 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 miss-
ing with a conventional ADC capable 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 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-ap-
proximation ADC’s also arise due to dynamic
errors in the comparator. Such errors can
dominate if the converter’s throughput/sampling
rate is driven too high. The comparator will not
be allowed sufficient time to settle during each bit
decision in the successive-approximation algo-
rithm. The worst-case codes for dynamic errors

E2L I L L L L L L L L LD B L L LD L L LB BN LB B

+12

DNL (LSB)

sl by by b by a e b by by b b g by b b s Lo g laay
0 32,768 65,535

Codes

Figure 12. CS5101 DNL Plot
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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
(172 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 CS5101 maintains accurate bit
weights. DNL errors are dominated by residual
calibration errors of +1/4 LSB rather than
dynamic errors in the comparator. Furthermore,
all DNL effects on S/(N+D) are buried by white
broadband noise. (See Figure 14)

A histogram plot of typical DNL of the CS5101
can be seen in Figure 12. 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 occurren-
ces will be considered 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 ap-
pear as a DNL of -1 LSB.

0dB

S/(N+D): 97.5 dB
-20dB

-40dB

-60dB

Signal

Amplitude  -80dB
Relative to

Full Scale 444

-120dB

Input Frequency

Figure 13. FFT Plot of Ideal 16-bit A/D Converter

FFT Tests and Windowing

In the factory, the CS5101 is tested using Fast
Fourier Transform (FFT) techniques to analyze
the converter’s dynamic performance. A pure
sinewave is applied to the CS5101, 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 ener-
gy in bins outside of the fundamental and dc can
only be due to quantization effects and errors in
the CS5101.

If sampling is not synchronized to the input
sinewave, 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
discontinuities, thereby yielding a severely dis-
torted spectrum. To avoid this problem, the time
record is multiplied by a window function prior to
performing 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 convolute the spectrum of the window with
that of the actual input.

0dB

Sampling Rate: 100 kHz|
-20dB Full Scale: 9V p-p
S/(N+D): 91.16 dB

-40dB

-60dB

Signal

Amplitude  -80dB
Relative to

Full Scale -100dB

-120dB

N\—1 kHz

50 kHz —
dc

Input Frequency

Figure 14. CS5101 FFT (FRN Mode, 1-Channel)
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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 CS5101 has a maximum side-lobe
level of -92 dB. Figure 13 shows an FFT com-
puted from an ideal 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. 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
fundamental. All harmonics and the -92 dB side-
lobes from the Blackman-Harris window are
therefore clearly visible in the piots. For more in-
formation on FFT’s and windowing refer to: FJ.
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 Semi-
condutctor. ,

As illustrated in Figure 14, the CS5101 typically
provides 92.dB S/(N+D) and 0.001% THD. Un-
like conventional successive-approximation
ADC'’s, the CS5101’s signal-to-noise and
dynamic 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).

Sampling Distortion

Like most discrete sample/hold amplifier designs,
the CS5101’s inherent sample/hold. exhibits a fre-
quency-dependent distortion due to nonideal
sampling of the analog input voltage. The
calibrated capacitor array used during conver-

sions is also used to track and hold the analog:

input signal. The conversion is not performed on
the analog input voltage per se, but is actually
performed on the charge trapped on the capacitor
array at the moment the HOLD command is

0.020

0.016 [~
)
& ooz
=)
= 0.008 > =

0.004 /

0
5kHz 10kHz 15kHz 20kHz 25kHz
Analog Input Frequency

Figure 15. THD vs. Input Frequency with
Full Scale Input (+4.5V)
given. The charge on the array ideally assumes a
linear relationship to the analog input voltage.
Any deviation from this linear 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 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 (Figure 14).

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 input
pin in the track mode. Nonlinear on-resistance in
the switches causes a nonlinear voltage drop. This
effect worsens with increased signal frequency
and slew rate as shown in Figure 15 since the
magnitude of the steady state current increases.
First noticeable at 1 kHz, this distortion assumes
a linear relationship with input frequency. This
distortion is negligible at signal levels below
-20 dB of full-scale.
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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 filter-
ing of its noise must be performed in the digital
domain. Digitized samples of analog inputs 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 samples from
the ADC are treated as a "waveform", simple fil-
tering can be implemented in software to improve
noise performance with minimal processing over-
head.

All analog circuitry in the CS5101 is wideband in
order to achieve fast conversions and high
throughput. Wideband noise in the CS5101 in-
tegrates to 35 UV rms in unipolar mode
(70 WV rms in bipolar mode). This is ap-
proximately 1/2 LSB rms with a 4.5V reference
in both modes. Figure 16 shows a histogram plot
of output code occurrences obtained from 5000
samples taken from a CS5101 in the bipolar
mode. Hexadecimal code 80CD was arbitrarily

Count
5000 7

i

4000 T

3000 T

2000 -+

1000 +

CS5101

S

selected and the analog input was set close to
code center. With a noiseless converter, code
80CD would always appear. The histogram plot
of the CS5101 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 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 CS5101 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
averaging multiple samples for each word. Over-
sampling spreads the CS5101’s noise over a
wider band (for lower noise density), and averag-
ing applies a low-pass response which filters
noise above the desired signal bandwidth. In
general, the CS5101’s noise performance can be

Noiseless Converter

[/ cssio1

80CA 80CB

L/ /| . ,
80CC '80CD '80CE '80CF '80DO0 '

Code (Hexadecimal)

Counts: 0 11 911 3470

599 9 0

Figure 16. Histogram Plot of 5000 Conversion Inputs

DS45PP3

3-115




ARV R N N A a5 auu
A S W ) LA
Y N e s Y 7 7 4

CS5101

maximized in any application by always sampling
at the maximum specified rate of 100 kHz (for
lowest noise density) and digitally filtering to the
desired signal bandwidth.

Aperture Jitter

Track-and-hold amplifiers commonly exhibit two
types of aperture jitter.  The first, more ap-
propriately termed "aperture window", is an input
voltage dependent variation in the aperture delay.
Its signal-dependency causes distortion at high
frequencies. The CS5101°s proprietary architec-
ture avoids applying the input voltage across a
sampling switch, thus avoiding any "aperture
window" effects. The second type of aperture jit-
ter, due to component noise, assumes a random
nature. With only 100 ps peak-to-peak aperture
jitter, the CS5101 can process full-scale signals
up to 1/2 the throughput frequency without sig-
nificant errors due to aperture jitter.

Power Supply Rejection

The CS5101°s power supply rejection perfor-
mance is enhanced by the on-chip self-calibration

and an "auto-zero" process. Drifts in power supp-
ly voltages at frequencies less than the calibration
rate have negligible effect on the CS5101’s ac-
curacy. This is because the CS5101 adjusts its
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 in-
itiated. Figure 17 shows power supply rejection
of the CS5101 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.

Notches of increased rejection arise from the
auto-zeroing at the conversion rate. The frequen-
cies at which these notches occur also depend on
the value of the captured analog input. The line
shows worst-case rejection for all combinations
of conversion rates and input conditions in the
bipolar mode.
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Figure 17. Power Supply Rejection
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PIN DESCRIPTIONS
/S —_—
NEGATIVE DIGITAL POWER VD- [ 28 [] SLEEP  SLEEP (LOW POWER) MODE
RESET & INITIATE CALIBRATION RST [ 27 [] SCKMOD SERIAL CLOCK MODE SELECT

MASTER CLOCK INPUT CLKIN O 26 [] TEST TEST

CRYSTALOUTPUT  XOUT [ 25 1] VA+ POSITIVE ANALOG POWER
STANDBY (CALIBRATING)  STBY [ 24 [ AIN2 CHANNEL 2 ANALOG INPUT
DIGITALGROUND  DGND 6 %% 1 va- NEGATIVE ANALOG POWER

POSITIVE DIGITAL POWER VD+ (]
TRACKING CHANNEL 1 TRK1 [
TRACKING CHANNEL 2 TRK2 [

COARSE/FINE CHARGE CONTROL  CRS/FIN (]

SIMULTANEOUS SAMPLE/HOLD SSH [

22 ] AGND ANALOG GROUND

21 1 REFBUF REFERENCE BUFFER

20 ] VREF VOLTAGE REFERENCE
CHANNEL 1 ANALOG INPUT
[ OUTMOD OUTPUT MODE SELECT

0w LN AW NN =

e
3 3
O
bt
=z
-

HOLD & CONVERT HOLD [ 12 17 (] BP/UP BIPOLAR/UNIPOLAR SELECT
INPUT CHANNEL SELECT CH1/2 [ 13 16 [ ] CODE BINARY/2’s COMPLEMENT SELECT
SERIAL DATA CLOCK SCLK ] 14 15 ] SDATA  SERIAL DATA OUTPUT
VD-
RST SLEEP

CLKIN SCKMOD
XouT % TEST
STBY VA+

Y

DGND —\ES 4 3 2 1 28 27 26253/_ AIN2
VD4 Os 2401 VA-
\;7 CS5101 23]/

TRKT — (s o 22— AGND
TRK2 _/Eg 2‘;'¥ REFBUF
10 20
CRS/FIN _/[11 19]\_ VREF
/ 12 13 14 15 16 17 18 \

SSH -) k AIN1
HOLD / OUTMOD
CH172 BP/UP
SCLK CODE
SDATA
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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 can be externally supplied
by driving CLKIN with a CMOS-compatible clock.

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 CSSIOI to the hold state and initiates a conversion. This

input must remain low at least 150 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 CS5101 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 CS5101 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. Similarly, the fine charge period immediately prior to
conversion must be at least 1.125 ps. The CRS/FIN pin must be low during conversion time and
during calibration time. For normal operation, CRS/FIN should be tied low, in which case the
CS5101 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 CS5101 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, 2 ms 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 hlgh 2’s
complement; if low, binary.

BP/UP - Bipolar/Unipolar Input Range Seléct, PIN 17.
When low, the CS5101 accepts a unipolar input range from AGND to VREF. When high, the
CS5101 accepts bipolar inputs from -VREF to + VREE

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 1.

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 1.

SCLK - Serial Clock, PIN 14.
Serial data changes status on a falling edge of this input, and is valid on a r1smg edge When
SCKMOD is high SCLK acts as an input. When SCKMOD is low the CS5101 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 to complete. During calibration, the
HOLD input will be ignored. The CRS/FIN pin must be low when RST rises and remain low
during the calibration time. The CS5101 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 VREF 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 - Simultaneous Sample/Hold, PIN 11.
Used to control an external sample/hold amphﬁer to achieve sxmultaneous sampling between
channels.

TRK1, TRK2 - Tracking Channelll, 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 tled between this pin and VA-.

Miscellaneous

TEST - Test, PIN 26. »
' Allows access to the CS5101°s test functions which are reserved for factory use. Must be tied to

VD+.
Ordering Guide
Model Conversion Time - - ‘Throughput Linearity Temperature Package

CS5101-JP8 8.13 us 100 kHz . 0.003% 0to70°C 28-Pin Plastic DIP
CS5101-KP8 8.13 us 100 kHz 0.002% “0to70°C 28-Pin Plastic DIP
CS5101-JP16 16.25 us 50 kHz 0.003% 0to70°C - 28-Pin Plastic DIP
CS5101-KP16 16.25 us 50 kHz 0.002% 0to 70°C 28-Pin Plastic DIP
CS5101-JL8 8.13 us =100 kHz 0.003% 0to70°C 28-Pin PLCC
CS5101-KL8 8.13 us’ 100 kHz 0.002% ~0to70°C 28-Pin PLCC
CS5101-JL16 16.25us 50 kHz 0.003% 0to70°C 28-Pin PLCC
CS5101-KL16 16.25 us 50 kHz 0.002% 0to70°C 28-Pin PLCC
CSS101-AD8 8.13 us 100 kHz 0.003% -40t085°C . 28-Pin CerDIP
€S5101-BD8 8.13us 100 kHz 0.002% -40to0 85 °C 28-Pin CerDIP
CS5101-AD16 16.25 us 50 kHz 0.003% -40t0 85 °C 28-Pin CerDIP
CS5101-BD16 16.25 us 50 kHz 0.002% -40t0 85 °C 28-Pin CerDIP
CS5101-AL8 8.13 us 100 kHz 0.003% -40t0 85 °C 28-Pin PLCC
CS5101-BL8 8.13 us 100 kHz 0.002% -40 to 85 °C .28-Pin PLCC
CS5101-AL16 16.25 us 50 kHz 0.003% -4010 85 °C 28-Pin PLCC
CS5101-BL16 16.25 us 50 kHz 0.002% -40t085°C" 28-Pin PLCC
CS5101-SD8 8.13 us 100 kHz 0.004% -55t0.125°C 28-Pin CerDIP
CS5101-TD8 8.13 us 100 kHz 0.003% -551t0 125 °C 28-Pin CerDIP
CS5101-SD16 16.25 us 50 kHz 0.004% -65t0125°C 28-Pin CerDIP
CS5101-TD16 16.25 us 50 kHz 0.003% -65t0125°C -~ 28-Pin CerDIP
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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.

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
picoseconds.

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

DS45PP3 3-121




A B N A A L N
AT SR S N .
'Yy 2 4 ot/ 4

C€S5101

Notese

3-122 ‘ DS45PP3



y 4 y 17 J4 4 /)4
'y _ 4 A Wiy /J/J
' 41 7 4 N /1/F 4

Semiconductor Corporation

CS51