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Mission Statement

Our mission is to be an acknowledged leader in supplying innovative analog signal
processing microcircuits whose high performance and quality uniquely meet the needs of
our customers.

We will achieve this by serving customers in a superior manner with:

¢ leading-edge products

e strong technical support

e advanced manufacturing techniques
¢ on-time delivery

By matching our capabilities and customers’ needs, we will best achieve our profit-growth
objectives.

We recognize that loyal, productive employees are our most important resource.
Therefore, we will provide a safe, clean working environment and foster open communi-
cations, mutual respect and trust at all levels. We will encourage participation of all
employees and recognize and reward their efforts in meeting our goals and our
customers’ expectations. We will provide equal opportunity in employment and promote
employee development and advancement.

Successful innovation and the willingness to take risks are key to achieving individual and
company growth.

Our relationships with customers, suppliers, community and government will be
characterized by mutual understanding and trust. We are committed to conducting our
business in an ethical and responsible manner.



History

Shortly after its creation in 1969, Micro Networks earned the
reputation as the innovative leader in the design and manufac-
turing of high reliabiity, dual-in-line packaged, data-acquisition
and conversion products for military/aerospace, industrial and
commercial applications. As recent product introductions and

1969—Muicro Networks is created to design, develop, manufac-
ture and market highly reliable, hybrid, DIF, data-
acquisition and conversion products for
military/aerospace, industrial and commercial
applications.

1970—Micro Networks introduces the world’s first thin-film
hybrid data converter (MN302, 8-bit D/A) pioneering the
active laser trimming of thin-film resistor networks.

1971—The first complete, voltage-output, 8-bit (MN307), 10-bit
(MN310) and 12-bit (MN312) D/A converters are introduc-
ed. These are the first such devices to incorpcrate in-
ternal references and current-to-voltage output
amplifiers.

1973—The first successive approximation A/D converter in a
DIP, the 8-bit MN502, is introduced, and MN3850 and
MN3860 become the first 12-bit D/A's to guarantee true
12-bit performance over the full -55°C to +125°C
temperature range.

1974—Muicro Networks introduced the first 12-bit succcessive
approximation A/D converters in DIP’s. Designated
MN5200 and MN5210, they become the only 12-bit A/D’s
for the next 5 years to guarantee +72LSB linearity and
no missing codes from-55°C to +125°C. These units
become the most popular 12-bit A/D’s for
militaryfaerospace applications and eventually become
the first hybrid A/D’s to have a slash sheet (38510/120).

1976—The first, complete, single package data acquisition
system (DAS), MN7100 (8 bits, 8 channels), is introduced.

1977—The first, ultra low-power, 8-bit (MN5065, 53mW), 12-bit
(MN5250, 56mW) and 14-bit (MN5260, 215mW) DIP-
packaged A/D’s are introduced.

1978—MN5500 is the first 12-bit A/D to incorporate a complete
microprocessor interface (chip enable, chip select, ad-
dress decode, R/W, 3-state, etc.); while MN5280 is the
first 16-bit, successive approximation A/Din a DIP. In the
same year, MN7140 is the first complete, 12-bit DAS to
operate from ~55°Cto +125°C, and MN5410 is the first
12-bit, autoranging (16-bit dynamic range) A/D.

1979—Micro Networks refines thin-film processing and
assembly techniques and wins the race to introduce the
first 12-bit A/D capable of operating at 200°C in down-
hole, oil-exploration applications.

1980—Micro Networks wins another race introducing the first
12-bit A/D in a DIP to convert in 1 microsecond. For
years, MN5245 is the only DIP A/D to use low-resolution,
monolithic flash converters in a two-step (subranging)
conversion approach.

1982—MN5290 and MN5291 16-bit A/D’s are the first A/D’s to
guarantee better than 12-bit performance from —55°C
to +125°C and the first 16-bit DIP A/D’s that can be suc-
cessfully screened to MIL-STD-883.

technical innovations indicate, we still merit that reputation earn-
ed 23 years ago. What follows is a historical summary of the
unique technical and practical achievements in Micro Networks
continued advancement of data conversion technology.

1983—MN574A is introduced as the first commercially available
hybrid A/D converter to employ gate-array technology.
MNB379 is the first track-hold (T/H) ampilifier to directly
drive ultra high-speed 8 and 9-bit flash converters.

1985—Micro Networks introduces the MN5420 Hardware
Autoranging A/D. This industry-first 12-bit A/D
automatically senses the amplitude of its input signal
and selects one of nine input gain ranges to optimize
the accuracy of its 12-bit 1usec A/D. The 16-bit floating-
point output (mantissa and exponent) covers a 20-bit
dynamic range.

1986—Micro Networks revamps its process and quality-control
documentation; adds 17000 sq. ft. of new clean-room
facility; undergoes a D.E.S.C. audit; and receives MIL-
STD-1772 Certification. After having used FFT testing
as an in-house development tool since 1979, we in-
troduce the first products in the MN600O Series of high-
speed, wide-bandwidth, FFT-tested, sampling A/D
converters.

1987—MN5295 becomes the industry’s first high-speed
(17usec) 16-bit A/D to meet full military requirements
(—55°C to +125°C operation, MIL-STD-883 screening).

1988—Micro Networks submits its qualification samples;
receives MIL-STD-1772 qualification; and is added to the
Hybrid Microcircuits Qualified Manufacturers List.

1989—Micro Networks established a modem link with the
Defense Electronic System Center (DESC) to support
the development of Standardized Military Drawings
(DESC SMD). Micro Networks obtained listings for many
standard device types (including MN5200/5210 Series,
MN5290/5295, etc.)

1990—Micro Networks introduces its first Flash A/D Converter
the MN5903 (6-bit, 75MHz). Additionally, the MN6400
is the first in a series of true 16-bit self-calibrating Sampl-
ing A/D converters to be announced. Custom hybrids
become a key product line for Micro Networks.

1991—MN5902 (8-bit, 20MHz) and MN5906 (6-bit, 50MHz) are
Micro Networks first CMOS monolithic Flash A/D con-
verters to be announced. These devices provide high-
speed performance in combination with the low-power
characteristics of their CMOS design. The MN6400
Series of self-calibrating devices are expanded with the
MN6405 and MN6450. The MN6900 (8-bit, 500MHz)
and MN6901 (8-bit, 250MHz) Sampling A/D converters
are also released for application in ultra-high-speed
digitizing systems.

1992—Micro Networks introduces the MN400O, a performance
upgrade to industry-standard ‘0010’ and ‘0025’ type
T/H amplifiers. The MN400O offers an excellent com-
bination of high-resolution and high-speed. Additionally,
the MN7450 is Micro Networks first 8-channel, 16-bit,
50kHz, single-package DAS. More to come!



Table of Contents

Index by Part Number. . . ....... ... ... ... ... ..., Cover
Mission Statement. . . .. ...... ... .. ... ... ... ... ... 1-1
History . . ... ... .. 1-2
Still Available/Discontinued. . ... ...... ... ... ... .. ... ... 1-4
Quality Control and High Reliability Screening

Introduction . ... ... ... 2-3

Compliant MIL-H-38534 Hybrids. ... ................... 2-4

DESC SMD Listing. . ......... ... .. ... .. .. .. ... . .... 2-5
Custom Capabilities. .. ............................... 3-3
Tutorial

Understanding Data Converters. . ...................... 4-3

Track-Hold Amplifiers. .. ... ... . ... ... ... ... . ... ... 4-31
Sampling A/D Converters

Introduction . ... ... . ... 5-2

Selection Guide. ... ... ... ... . ... ... ... 5-7

Product DataSheets. .. ........... .. ... ... .. ... ..., 5-9
Analog-to-Digital Converters

New Product Highlights. . .......... ... ... ........... 6-2

Selection Guide. . .......... ... .. ... ... ... ... ... 6-3

Product DataSheets. ... .......... .. ... .. ... ... ... ... 6-5
Digital-to-Analog Converters

New Product Highlights. ... ............ ... ........... 7-2

Selection Guide. . ....... ... ... ... ... ... . 7-3

Product DataSheets. . ............................... 7-5
Track-Hold and Gain Amplifiers

New Product Highlights. . ........ ... ... ... ... ... ... 8-2

Selection Guide. . ........ ... ... ... .. .. 8-3

Product DataSheets. . ............ .. ... ... ... ...... 8-5
Data Acquisition Systems

New Product Highlights. .. .............. ... ......... 9-2

Selection Guide. . ...... ... ... ... .. . . .. ... ... .. ... 9-3

ProductDataSheets. ... ......... ... . ... ... ....... 9-5
V-F/F-V and Clock Circuits

New Product Highlights. . . . ........... ... .. ... ... ... 10-2

Selection Guide........... ... .. .. ... . ... .. . . ... 10-3

Product Data Sheets. . . ......... ... .. ... ... ....... 10-5
Ordering Information. . .. ... ... ... ... ... ... ......... 11-3

13



14

Still Available

The following is a list of older Micro Networks converter products. Although our newer
converters provide higher performance at lower cost, we realize that is is often not
economical for you, the customer, to redesign existing systems or products. Consequently,
we reiterte our commitment to continue to supply these devices for as long as possible;
however, we are compelled to point out that component unavailability and/or manufac-
turing practicalities may, on occasion, make it impossible for us to keep that commit-
ment. Please contact our Sales/Marketing Department for information on price and
delivery, lead times, minimum order quantities, and recommended alternatives for new

designs.
MNO050 MN364
MN301 MN366
MN302 MN368
MN303 MN380
MN306 MN410
MN308 MN411
MN309 MN412
MN311 MN413
MN312 MN415
MN315 MN416
MN316 MN502
MN319 MN503
MN321 MN504
MN328 MN507
MN329 MN508
MN333 MN509
MN335 MN510
MN360 MN511
MN362
Discontinued

Unfortunately, there are some devices that, because of obsolete or unavailable materials
or discontinued manufacturing processes, we are unable to supply. Please contact our

MN515
MN516
MN2000
MN2001
MN2002
MN2003
MN2004
MN2005
MN2006
MN2120
MN3010
MN3013
MN3015
MN3100
MN3300
MN3310
MN3311
MN3660

MN5110
MN5111
MN5610
MN5611
MN5612
MN5613
MN5614
MN5615
MN5616
MN5700
MN7100
MN1900
MN375
MN5280
MN5282
MN6231
MN6232

Marketing/Applications Department for advice regarding alternate device types.

MNO0405
MNO0605
MNO0805
MN350
MN351
MN352
MN5260

MN5815
DAC80-CCD-I
DAC80-CCD-V
DACB85-CCD-
DAC85-CCD-V
MN5820
MN5420

MN565A
MN542
DAC812
MNHT-0010
MNHT-0025
MNHT-378

MNSA-1020
MNSA-1040
MNSA-1205
MNSA-1210
MNS5900
MN5901
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Quality Control and
High Reliability Screening

Micro Networks is MIL-STD-1772 Certified and Qualified

Micro Networks has long been recognized as a leading supplier of thin
and thick-film, hybrid, data-acquisition and conversion products for
demanding military and aerospace applications. In addition to utilizing pro-
ven hybrid assembly techniques, many new products from Micro Networks
are designed and implemented using state-of-the-art monolithic design
and fabrication technologies.

Our products are presently employed in a wide variety of applications rang-
ing from missile-guidance and satellite systems to critical ground support
and test equipment. Our modern facility in Worcester, Massachusetts was
designed and built for the production of thin and thick-film hybrid and
monolithic microcircuits and is capable of producing in excess of one-half
million devices annually.

Micro Networks imposes tight quality control on all aspects of design and
manufacturing. Our Quality Control Department oversees all aspects of
high reliability product processing and screening. The Quality Assurance
Department sets the material standards, specifies manufacturing flow,
controls processing screening standards, maintains lot traceability, and
continuously monitors all parameters critical to product quality.

In order to enhance Micro Networks position as an industry leader in the
design and manufacture of high-reliability hybrid and monolithic microcir-
cuits, Micro Networks has implemented a Total Quality Management Pro-
gram. This program has been successful in fostering a company-wide
culture of quality consciousness that ensures continuous improvement
in the quality of products and services delivered to our customers. We
believe that by following the precepts of TQM, we can fully satisfy the quali-
ty and customer-service expectations of today’s marketplace.

An effective Statistical Process Control (SPC) program plays an impor-
tant role in any TQM process. Selecting the correct processes to monitor,
determining the capabilities of those critical processes, monitoring them,
and implementing corrective actions quickly and effectively are vital to
resolving problems, improving quality, and reducing costs.

Our Total Quality Management program here at Micro Networks provides
our operators and inspectors with contemporary SPC training programs
allowing us to reduce process variability thereby improving overall quali-
ty and delivery performance.

MIL-STD-1772 QUALIFIED MANUFACTURERS LISTED — Micro
Networks is fully certified and qualified to MIL-STD-1772, and is listed
in the Qualified Manufacturers List (QML) maintained by the Defense
Electronics Supply Center (DESC). Only those products that are
manufactured, assembled, and tested in acordance with MIL-H-38534
(Hybrid Microcircuits, General Specification for) in a QML-listed facility
may bear the “CH” certification mark for non-SMD-controlled hybrid
microcircuits or the “QML” certification mark for SMD-controlled
(Standard Military Drawing) devices.

STANDARDIZED MILITARY DRAWINGS (SMD) — Our MIL-STD-1772
qualification enables us to participate in DESC's Standardized Military
Drawing program. This program was conceived to eliminate redundant
documentation for commonly used standard devices in military applica-
tions. This program significantly reduces the need for unique OEM-
produced Source/Specification Control Drawings (commonly referred to
as SCD’s) and has become a preferred method of procurement for buyers
of military hybrid and monolithic integrated circuits. SMD’s are describ-
ed in the DOD-STD-100 document. This program also supports the
Department of Defense’s parts-control program in acordance with
MIL-STD-965.

Micro Networks has taken an active roll in supporting the DESC SMD pro-
gram by establishing in-house word-processing capability for SMD crea-
tion, and maintaining a dedicated PC-Modem connection with DESC for
the transmitting and receiving of DESC SMD documentation. Micro Net-
works welcomes our customers to join us in sponsoring the creation of
new SMD'’s for our standard catalog items.

Many of Micro Networks standard products families are available as either
compliant MIL-H-38534 or as DESC SMD devices. See Table 1 for listing
of devices currently (at the time of this printing) available as compliant MIL-
H-38534 devices. See Table 2 for those devices currently (at the time of
this printing) available in accordance with a DESC SMD.

Please contact your local Sales Representative or the factory for current
information regarding availability of either compliant or SMD devices or
for assistance in creating new SMDs for Micro Networks products.

NON-JAN MULTICHIP AND OTHER NON-JAN MICROCIRCUITS —
Custom monolithics, non-JAN multichip and all other non-JAN microcir-
cuits except hybrids described or implied to be compliant with Method
5004 and Method 5005 of MIL-STD-883 must meet the requirements of
paragraph 1.2.1.b of MIL-STD-883. MIL-STD-1772 QML listed manufac-
turers such as Micro Networks already meet most of these requirements:
as they are very similar. By exercising proper control over the source of
chip suppliers, Micro Networks is able to offer compliant monolithic and
multichip microcircuits. These compliant devices have a quality factor
(utilized for reliability calculations per MIL-HDBK-217) two and a half times
better than non-compliant devices.

PREDICTING DEVICE RELIABILITY — For the purpose of predicting the
reliability of electronic equipment and systems, the military has developed
quality factors for component parts. While many factors are involved in
determining these theoretical failure rates, only the quality factor I1g and
the application-environment factor I1g appear in all models. All system
failure rates are directly dependant on these factors.

MIL-HDBK-217 governs the procedures for determining theoretical failure
rates and quality factors for hybrid integrated microcircuits used in military
electronic systems. Table 51.2.9-6 of the handbook specifies that hybrid
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circuits supplied to the Class-B requirements of MIL-STD-883 by fully
qualified, QML-listed manufacturers must have a designated Il of 05,
as compared to a Tl of 10 for devices tested in accordance with Method
5008 of MIL-STD-883, but from a non-QML-listed supplier. In other words,
a compliant device supplied by Micro Networks has twice the theoretical
reliability of a similar device from a non-QML-listed supplier. Furthermore,
compliant Class-B devices are rated forty times more reliable than pro-
ducts from non-compliant suppliers, subjected to unscreened devices.

ENVIRONMENTAL STRESS SCREENING — Micro Networks produces
products that represent the end result of all the very best disciplines:
innovative designs, strict adherence to established design rules, superior
materials and components, tightly monitored and controlled processes,
stringent test procedures, and effective corrective measures that per-
manently fix problems. All of these desciplines are essential to the
manufacture of a superior-quality, highly-reliable product.

Our customers are producing complex, high-performance equipment that
must operate in unusually demanding environments and under uncom-
monly stressful conditions. These programs require a high degree of
assurance that the products designed into these systems will meet the
expected level of reliability and performance. For these programs that do
not require MIL-H-38534 compliant devices or for non-military applications
where enhanced reliability is required, Micro Networks offers devices
which are Environmentally Stressed Screened.

These Environmentally Stressed Screened devices are screened to the
test methods of MIL-STD-883, Method 5008. However, these devices
should not be confused with compliant MIL-H-38534 devices. Differences
between Environmentally Stressed Screened and Compliant devices lie
in the additonal requirements for full compliance with MIL-H-38534
requirements: Element Evaluation, In Process Controls and Screening
and Quality Conformance Inspection.

24

Environmentally Stressed Screened devices offer designers a cost-
effective solution to their particular system requirements.

CAPABILITIES — Micro Networks, in support of our military business,
maintains in-house test capability for performing the following tests:

Thermal Shock
Solderability

Hermetic Seal
Stabilization Bake
Burn-in/Life Test Bond Strength
Temperature Cycle Internal Visual
Constant Acceleration  X-Ray
Marking Permanence XRF

PIND Die Shear

When required, additional testing is performed at DESC-approved test
laboratories.

Compliant MIL-H-38534 Device Families | Future Compliant (1)
ADC87 MN3860 MN374

DACHK MNS5100/5101 MNB3003 Series
DAC88 MNS5120/30/40 Series MN5160
MNO300A MNS5150 MN5295/96
MN343/344 MNS5200 Series MN5249
MN346/347 MNB5210 Series MN6249
MN370/371 MN5245/5246 MN6290/6291
MN373 MN5250 Series MN6295/6296
MN376 MN5290 MN6405
MN379 MN5825 MN6450
MN2020 MN6400 MN6500
MN3000 Series ~ MN7120 MN6774
MN3008/3009 MN7130 MN7140/43
MN3014 MN7145/46/47 Series MN7208
MN3020 MN7150-8 MN7216
MN3040 MN7150-16 MN7450
MN3290-V Series MN7451
MN3348

MN3349

Table 1. Compliant MIL-H-38534 Device Families

NOTES: 1. Contact factory for availability of future compliant products.



Sampling A/D Converters D/A Converters

Part No. DESC 5962- Page Number Part No. DESC 5962- Page Number ‘

MN6227T/B 8998401HXX* 5-41 MN3008H/B 8768801XX 7-39 \

MN6228T/B 8998402HXX* 5-41 MN3009H/B 8768802XX 7-39

MN6295T/B 8998301HXX* 5-71 MN3020H/B 8971801XX 7-43

MN6296T/B 8998302HXX* 5-71 MN370H/B 8981401XX* 7-29

MN6400T/B 9177001HXX* 5-79 MN371H/B 8981402XX* 7-29
MN3860H/B 9057001HXX 7-65

A/D Converters DACS87H/B 8300301JC** 7-21

MN5200H/B 8958301YX 677 MN3290T/B-V 8953103HYX 7-51

MN5201H/B 8958303YX 677 MN3291T/B-V 8953104HYX 7-51

MN5202H/8 8958305YX 677 MN3292T/B-V 8953102HYX 7-51

MN5203H/B 8958302YX 6-77

MN5204H/B 8958304YX 6-77

MN5205H/B 8958306YX 6-77 .

MN5206H/B 8958307YX 6.77 T/H Amplifiers

MN5210H/B 8958401YX 6-85 MN346H/B 8994001HXX 8-13

MN5211H/B 8958403YX 6-85 MN376H/B 9073001HXX* 8-31

MN5212H/B 8958405YX 6-85 MN4000H/B 9085601HXX™ 8-53

MN5213H/B 8958402YX 6-85

MN5214H/B 8958404YX 6-85

MN5215H/B 8958406YX 6-85

MN5216H/B 8958407YX 6-85 Data Acquisition

MNB245AH/B 8959502XX 6-99 MN7140H/B 9079701HXX 9-15

MN5245AFH/B 8959502YX 6-99

MN5246H/B 8959503XX 6-99

MN5246FH/B 8959503YX 6-99

MN5246AH/B 8959504XX 6-99

MN5246AFH/B - 8959504YX 6-99

MN5290H/B 8956301HXX 6-127 *Release Pending

MN5291H/B 8956302HXX 6-127 **Pursuing Listing on Existing SMD

MN5295H/B 8956901HXX 6-135 If the device type you're interested in is not listed,

MNS574AT/B 8512702XX** 6-23 please consult factory.

ADCS87H/B 8850802XX 6-17

Table 2. DESC Standardized Military Drawings (SMD) Cross Reference.
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Custom Capabilities




Custom Hybrid Microcircuits

Capabilities
EXPERTISE THROUGH
EXPERIENCE
* Years of military/high
reliability experience
¢ Micro Networks fastest-
growing line
* Specialty: analog and
analog/digital interface
¢ Thick-film, thin-film,
chip-and-wire expertise

¢ Proven program-
management
techniques

Partial Program List

[ )

CUSTOMS DEVELOPED
AT MICRO NETWORKS

Highpass, Lowpass and
Bandpass Filters

High-Speed Line Driver
Geometric ADC

with Autoranging
Precision Voltage
Regulators

Precision Signal-
Conditioning Circuits
Custom

ADCs and DACs
Data-Acquisition
Circuits

* Programmable-Gain

Ampilifiers

¢ Motor-Drive Hybrids

LIBRARY OF BUILDING

BLOCK CHIPS
Flash A/D Converters
D/A Converters

Autocalibrating
A/D Converters

Error-Correction ASICs
T/H Amplifier Front Ends

High-Precision
NiCr Resistors

AIRCRAFT SHIPBOARD MISSILE
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Custom Hybrid Capabilities

Custom hybrid circuits represent Micro Networks’ fastest-
growing product line. These circuits are a natural outgrowth
of the company’s many years of experience in designing,
manufacturing, and testing precision, hybrid-based signal-
processing circuits. The rich diversity of technologies and
materials available for both passive and active circuit
elements makes custom hybrid circuits the solution of
choice in the most demanding applications.

Hybrid circuits have long been the preferred circuit solu-
tion in military/aerospace environments, whose state-of-the
art performance requirements preclude the use of
monolithic integrated circuits, and whose limited space
mandates the smallest possible physical volume. Custom
hybrid circuits from Micro Networks are designed into air-
craft (F-14, F-16, F-18, A-6F); shipboard systems (BSY1,
BSY2, MK46, MK50, RAPLOC, SQ56, SQQ89); and
missiles (AMRAAM, Patriot), to name just a few applica-
tions.

Micro Networks’ success in custom hybrid circuits is in-
extricably linked to the company’s commitment to quality
(see the section entitled, Quality Control and High-
Reliability Screening). Quality consciousness pervades all
departments at Micro Networks. From order entry to the
shipping dock, quality is a philosophy of life, not something
that’s tested-in. Micro Networks was one of the first
manufacturers certified and qualified to DESC’s MIL-
STD-1772 standard for hybrid facilities. From the beginn-
ing, Micro Networks has specialized in the production of
microcircuits that satisfy the rigorous requirements of MIL-
STD-883 and MIL-H-38534.

Micro Networks’ philosophy in developing and producing
custom hybrid circuits is to successfully serve our
customers’ needs through a combination of:

e Commitment

* Integrity

e Competence

¢ Qualified facilities

¢ Qualified and dedicated personnel

ENGINEERING RESOURCES — Micro Networks’ staff of
design engineers possesses a wealth of multi-disciplinary
skills. Their many years of experience in designing
analog/digital interface circuits provides broad-based pro-
ficiency in analog, digital, and mixed-signal electronics. In
the development of a custom hybrid, MN’s engineering staff
works closely with the customer, in one of several ways:

Build-to-print. This is the one-for-one translation of
an existing circuit design to hybrid form, retaining
all component types, values, and tolerances appear-
ing in the original schematic diagram.

Black box. Given a circuit’s input/output specifica-
tions, MN’s engineers can design an appropriate cir-
cuit and translate it to optimal hybrid form.

“Grey box’. Based on an existing schematic
diagram and input/output specifications, MN’s
engineers can often effect major or minor modifica-
tions that make the circuit more suitable for hybrid
fabrication.

“‘Grey box” design demands a great deal of engineering
expertise. Given the constraints on hybrid-circuit designs--
component availability, value limits and tolerances, and
other factors-it is often possible to modify an existing cir-
cuit design to enhance the resulting hybrid circuit's
manufacturability, cost- effectiveness, and performance.

In black box and “‘grey box’’ design endeavors, Micro Net-
works’ engineers have an extensive library of building-block
circuit functions to draw upon. Available circuit blocks
previously developed for both standard and custom pro-
ducts include flash A/D converters, D/A converters, error-
correction ASICs, and track/hold amplifier stages.

Micro Networks’ engineering department has a full range
of design, engineering, and simulation tools to facilitate
rapid and accurate custom-hybrid design. These tools in-
clude a computer-based hybrid layout system, SPICE soft-
ware for circuit simulation, and thermal-modeling software.
For quick sample turnaround, the engineering department
has a dedicated prototype assembly area. For those cases
where it is advantageous to design an ASIC chip for use
in a custom hybrid, Sun workstations and Cadence CAD
software provide the capability to design both CMOS and
bipolar IC chips.

Custom hybrid circuits successfully developed and produc-
ed by Micro Networks include: data-acquisition systems;
A/D and D/A converters; track/hold amplifiers; precision
switched-gain amplifiers; lowpass, bandpass, and
highpass filters; low-noise amplifiers; low-dropout
regulators; multichannel amplifiers; transceivers; line
drivers; smart Darlington drivers; actuator drivers; phase-
locked-loop circuits; a 20-bit dynamic-range A/D converter,
and a host of others.

This extraordinary diversity of circuit functions, precision
and speed requirements, analog/digital interface en-
vironments, and packaging solutions has endowed Micro
Networks’ engineering staff with an unparalleled wealth of
experience, and more-than-ample expertise to undertake
any conceivable custom- hybrid project.

TECHNOLOGY AND FACILITIES — One of the major ad-
vantages of hybrid circuits is the ability to combine diverse
materials, components, and technologies that would be im-
practical or impossible to incorporate in monolithic ICs. As
an example, Micro Networks employs both thick-film and
thin-film processes in the design of its resistor networks and
single-layer and multilayer substrates. Thick-film resistors




provide maximum economy in most circuit applications; in
applications demanding extremely tight tolerances,
resistor-to-resistor matching, or precise temperature track-
ing, nickel-chromium thin-film resistors provide the ultimate
in electrical characteristics. Both sputtering and evapora-
tion systems are available for depositing thin-film conduc-
tors and resistors.

Manual or automatic laser-trim stations provide either
passive (trim to resistor value) or active (trim for circuit per-
formance) adjustments for resistor networks and assembl-
ed hybrids. In mounting components on substrates, Micro
Networks uses conductive or non- conductive epoxy, eutec-
tic, or solder bonding technigues. For making circuit con-
nections, manual and fully automatic wire-bonding stations
accommodate gold and aluminum wires of a wide range
of diameters. Packaging options presently available from
Micro Networks include: DIPs, SIPs, LCCs, metal bathtubs,
TO-5, and TO-3.

Micro Networks’ test department and test equipment are
ideally geared to the production testing of custom hybrid
circuits. Several LTX and Eagle automatic test systems pro-
vide rapid, economical, and repeatable tests of analog,
digital, and mixed-signal functions. A team of experienc-
ed test programmers ensures rapid turnaround for new
designs. In addition to these automatic production test
systems, Micro Networks’ test- engineering department is
adept at designing specialized test systems for low-volume
projects or for circuits that require special testing
techniques.
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PROGRAM MANAGEMENT — Itis Micro Networks' stan-
dard procedure to appoint an experienced program
manager to direct the development efforts for new custom
hybrid projects. The duties of the program manager include:

e Provide a single communications interface between
the customer and Micro Networks;

¢ Participate in design reviews;

e Coordinate schedule reviews and manage
program meetings;

¢ Develop status reports and action plans;

e Develop and maintain computer-based PERT and

Gantt charts for use as management and
communication tools;

e Serve as the customer’s advocate to Micro Networks’
management.

The unique combination of engineering expertise, hybrid-
technology mastery, and proven program-management ex-
cellence makes Micro Networks eminently qualified to meet
the most demanding custom-hybrid challenges.
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Understanding Data Converters

INTRODUCTION

Analog to Digital and Digital to Analog Converters are collec-
tively referred to as Data Converters, and their usage has
paralleled the availability of digital computing powerincreas-
ing enormously since the early fifties. Analog to digital (A/D)
and digital to analog (D/A) converters are the interface bet-
ween the physical parameters of the real world, which are
analog, and the digital world of computation and control
systems. Data converters find applications in widely diverse
fields ranging from the digital multimeter on your bench to
sophisticated inertial guidance systems capable of targeting
amissile towithin thousands of feet after thousands of miles
of flight. Other typical applications include high efficiency,
emission reducing electronic fuel systems, computer-based
energy management systems, and the industrial and pro-
cess control systems that refine our fuel, prepare and
package our food, and process the plethora of chemicals
required by our complex society.

The present situation involving data converters is very com-
plex. He (she) is a rare engineer who has not had at least a
casual acquaintance with data converters and an equally
rare one who can claim to clearly understand them. This is
partly due to the fact that converters are such rapidly-
evolving (and sometimes confusing) components. They are
made in high resolutions and accuracies by only a few
manufacturers. Data sheets range from excellent to
abominable. Specification parameters are sometimes con-
fusing and not well standardized. Packaging ranges from
modules and printed circuit boards to standard Dual-in-Line
packages, and contents range from complete functions to
various “bits and pieces” that require the addition of other
components entailing perhaps more importantly, the con-
sideration of additional error sources.

In this tutorial section we hope to share with you our hundred
odd years of cumulative data converter experience and give
you the tools that will enable you to compare different design
approaches and manufacturers so you will be able to select
the most cost effective components and approaches for your
specific data converter application.

At Micro Networks, our philosophy is that all converter
specifications should be defined from a “black box”
(equivalent circuit) point of view. An input/output transfer
function should be defined, clearly described, and bounded
by maximum error specifications, both at room temperature
and over the full operating temperature range. Individual er-
rors should be combined to give overall error specifications
whenever the individual specifications are not of any per-
tinence, and specification parameters should be clearly
defined.

As you use this catalog, you will see this philosophy reflected
in our data sheets. You will find more accuracy specifica-
tions, clear definitions, and generously populated maximum
columns. But now onto the meat—how to understand and
work with data converters and their specification sheets.

DATA CONVERTER TRANSFER FUNCTIONS

Let’s begin at the beginning, with the data converter in-
put/output transfer functions. Figure 1 shows the ideal digital
input/analog output transfer function of a3 bit,0to + 10V out-
put range, binary coded digital to analog converter (D/A).

Figure 2 shows the ideal digital input/analog output transfer
function of a 3 bit. + 10V output range, offset binary coded
DIA converter.

Analog Output
(DC Volts)

10.004 - - - - - Nominal Full Scale _ _ _ _
8.75
7.50
6.25 .
5.00 .

3.75 .

2.50 .

125 .

0.00 Digital
000 001 010 011 100 101 110 111 fnput

Figure 1. Digital input/analog output transfer function of an
ideal, 3-bit, 0 to + 10V output range, binary coded D/A con-
verter.

Analog Output

(DC Volts)
A
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+ 25 .
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. - 50
. -75
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Figure 2. Digital input/analog output transfer function of an
ideal, 3 bit, + 10V output range, offset binary coded D/A con-
verter.

The transfer functions are discontinuous with a unique one-
to-one correspondence between digital input codes and
analog output voltages. For each input code there is one and
only one output level. The number of different input codes is
equal to 2" where n is equal to the number of digital input
bits. A 3 bit D/A has 2° = 8 different input codes; an 8 bit D/A
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has 28 = 256 different input codes; a 12 bit D/A has 2'2 = 4096
input codes; etc... The 3 bit D/A of Figure 2 operates as
follows:

The Analog Output
For a Digital Input of Voltage Is
MSB Bit 2 LSB
0 —-10.0V
1 -7.5V
0 -5.0V
1 - 25V
0 0.0V
1 +2.5V
0 +5.0V
1

S
0
0
0
0
1
1
1
1 +7.5V

~s20O0O-a—=cO

The analog output of a D/A converter changes in discrete
analog steps with changes in digital input. The smallest
change in output level that can be generated by a D/A con-
verter,i.e., the change from one analog output level to an adja-
cent level, is the value assigned to the converter's Least
Significant Bit (LSB). The smallest change in output level a
D/A can produce is a measure of its resolving power; it is its
resolution. Resolution is also expressed in bits. In this exam-
ple we have a 3 bit converter; its resolution is 3 bits. Resolu-
tion can also be expressed in terms of the number of output
levels the device has; for a 3 bit device the number is eight.
The value of the LSB (also called a quantum) is equal to the
converter's Full Scale Range (FSR) divided by the number of
different input codes, i.e., the number of different output
levels (2”). A DIA converter’s Full Scale Range is equivalent to
the nominal peak to peak voltage (or current for current-out-
put devices) of the converter’s output range. For the 3 bit 0 to
+ 10V output range D/A of Figure 1, FSR =10 voits, and 1
LSB = 10V/2" = 10V/8 = 1.25 volts. For the 3 bit + 10V output
range D/A of Figure 2, FSR=20 volts, and 1
LSB =20V/2" = 20V/8 = 2.5 volts. Table | shows the weights
and amplitudes of LSB’s for higher resolution converters.

Notice in Figures 1 and 2 that when all the digital inputs are
turned “on”, i.e., when the digital input is 111, the output of
the converter doesn’t quite make it to its nominal full scale
value. It always falls 1 LSB short. This is due to the fact that

the value of bit 1 (the Most Significant Bit or MSB) is FSR/2,
the value of bit 2 is FSR/4, and the value of bit 3(LSB) is FSR/8.
When all the bits are “1”, the output level will be the value of
bit 1(MSB) plus that of bit 2 plus that of bit 3(LSB), i.e., its level
willbe('2 + V4 + %) = 7% FSR. Therefore, the actual positive full
scale output of the D/Ain Figure 1is + 8.75V, not 10V, and the
actual positive full scale output of the D/A in Figure 2 is
+7.5V, not 10V. For simplicity and convenience, however,
data converters will usually have their analog input or output
defined according to its nominal full scale (FS) value or its
nominal FSR rather than to its actual FS or FSR.

Invariably, you'll see D/A transfer functions depicted as stair-
cases. If one displays the D/A transfer function on a scope
while stepping the input and sweeping the output at the right
speed, one can make the transfer function look like the stair-
case one often sees, but the theoretical transfer functionis a
series of points as shownin Figures 1and 2. A given digital in-
put produces one and only one analog output level (voltage or
current), and there are only 2”(n = number of input bits) possi-
ble inputs (outputs).

When a manufacturer measures the accuracy of a D/A con-
verter, he attaches his voltmeter or scope to the output, ap-
plies digital data to the inputs, and measures the output to
see how close the levels are to what they're supposed to be.

The ideal analog input/digital output transfer function of a 3
bit, 0 to + 10V input range, straight binary coded analog to
digital converter (A/D) is shown in Figure 3. The ideal analog
input/digital output transfer function of a 3 bit, + 10V input
range, offset binary coded A/D converteris shown in Figure 4.
The transfer functions are discontinuous and there is not a
unique one-to-one relationship between analog input and
digital output. A given digital output can be produced by more
than one analog input. An A/D converter “‘quantizes” a con-
tinuous analog input signal into a set of discrete output
states. The number of possible output states (codes) is equal
to 2" when n is the number of digital output bits. A 3 bit A/D
has 8 output codes; an 8 bit A/D has 256 output codes; a 12
bit A/D has 4096 output codes, etc. Oftentimes you'll see A/D
transfer functions plotted as staircases. This is a confusing
misrepresentation. It is impossible for the digital outputs to

120 Voltage Voltage
BIT 2™ (Fraction) “dB” (Decimal) % ppm (FSR =10 Volts) (FSR =20 Volts)
mMsB 27 1/2 -6 0.5 50 500,000 5 10

2 272 1/4 ~12 0.25 25 250,000 25 5

3 23 18 ~-18.1  0.125 125 125,000 1.25 2.5

4 24 116 - 241 0.0625 6.2 62,500 0.625 1.25

5 2% 1/32 -30.1  0.03125 3.1 31,250 0.3125 0.625

6 2° 1/64 -36.1  0.015625 1.6 15,625 0.15625 0.3125

7 27 1128 —42.1  0.007812 0.8 7,812 0.078125 0.15624

8 2° 1/256 ~482  0.003906 0.4 3,906 0.039062 0.078125

9 20 1/512 ~54.2  0.001953 0.2 1,953 0.019531 0.039062
10 270 1/1,024 -60.2  0.0009766 0.1 977 0.009766 0.019531
11 27 1/2,048 -66.2  0.00048828 0.05 488 0.0048828 0.009766
12 277 1/4,096 —722 0.00024414 0.024 244 0.0024414 0.0048828
13 27% 18,192 ~78.3  0.00012207 0.012 122 0.0012207 0.0024414
14 2% 1/16,384 —84.3  0.000061035 0.006 61 0.00061035 0.0012207
15 275 1/32,768 ~90.3  0.0000305176 0.003 31 0.000305176 0.00061035
16 2% 1/65,536 -96.3 0.0000152588 0.0015 15 0.000152588 0.000305176
17 2771/131,072 —-102.3  0.00000762939 0.0008 7.6 0.0000762939 0.000152588
18 2% 1/262,144  -108.4  0.000003814697 0.0004 3.8 0.00003814697 0.0000762939
19 279 1/524,288  -114.4  0.000001907349 0.0002 19 0.00001907349 0.00003814697
20 2% 1/1,048,576 -—120.4  0.0000009536743 0.0001 0.95  0.000009536743 0.00001907349

Table 1. Binary bit weights and amplitudes.
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Figure 3. Analog input/digital output transfer function of an
ideal, 3bit,0to + 10Vinput range, binary coded A/D converter.

Digital Digital

Output Output

m —_—
1LSB =25V

110 — —_

101 —_—
~-100 -75 -50 -25 Analog
100 € Input
+25 +50 +7.5 +100 (DC Volts)

o —_—

010 _—

001 _ 1

000 ——

Figure 4. Analog input/digital output transfer function of an
ideal, 3 bit, =10V input range, offset binary coded A/D con-
verter.

existinany butthe 2" states indicated. The “rise” portions of
the staircase do not exist. Return to Figure 4. This 3 bit A/D
operates as follows:

For an Input The A/D Output Will Be

Voltage Between MSB Bit 2 LSB
< —7.5V 0 0 0
—7.5Vand-5.0V 0 0 1
-5.0Vand-25V 0 1 0
—-25Vand 0.0V 0 1 1
0.0V and + 2.5V 1 0 0
+2.5Vand+ 5.0V 1 0 1
+5.0V and + 7.5V 1 1 0
> +7.5V 1 1 1

The arrows at the ends of the transfer function indicate that
analog inputs greater than + 7.5V (up to the device’s max-
imum allowed positive input voltage) all give a 111 output and
that analog inputs less than — 7.5V (down to the maximum
allowed negative input voltage) all give a 000 output. Also
note that digital output words correspond not to singie
analog input voltages, but to “bands” or ‘ranges” of input
voltage. The width of each band is the quantization size or the
quantum; it is the value assigned to the converter’s Least
Significant Bit (LSB), and it is again equivalent to the con-
verter's Full Scale Range (FSR) divided by 2" (n = number of
bits). An A/D’s FSR s equivalent to the nominal peak-to-peak
value of its input range. For the 0 to + 10V input range 3 bit
A/D of Figure 3, FSR =10 volts, and 1 LSB= 10v/2" = 10v/8
=1.25 volts. For the + 10V input range 3 bit A/D of Figure 4,
FSR =20 volts and 1 LSB = 20V/2" = 2.5 volts. The value of an
LSBis the smallest analog change or difference which can be
distinguished or resolved by the A/D. It is an indicator of con-
verter resolution. As with D/A’s, A/D resolution is usually ex-
pressed as the number of output bits or as the number of out-
put states. See Table I.

Return again to Figures 3 and 4. Note again the quantization
effect. Many different analog inputs may yield the same
digital output. This is what quantization is all about. In Figure
3, any analog input between +1.25V and +2.50V gives a
digital output of 001.001is the digital output for a “band” of
analog input voltages that is 1 LSB wide. If we assign the
code 001 to the nominal midrange of the input band for which
it is valid, we can say that 001 corresponds to input voltages
of +1.875V +0.625 volts, which can be written as
+1.875V = 1/2 LSB. The = > LSB is the quantization uncer-
tainty or the quantization noise. You'll often see it referred to
on A/D data sheets as Inherent Quantization Error. It’s
unavoidable, and its magnitude is always an irreducible = 2
LSB. If you want to reduce its effect, you'll have to go to a con-
verter that has higher resolution, i.e., one that has more out-
put codes and therefore, a smaller LSB. If you went to a 12 bit
A/D with a += 10V input range, each digital output word would
represent a band of input voltages only 0.00488 volts wide.
This band is still 1 LSB wide, but now an LSB is a lot smaller.
Digital output codes are always going to stand for “bands’ or
“ranges” of input voltage. You've got to round off somewhere.

For the purposes of specifying and testing A/D converters, it
is difficult and time consuming to measure the center of a
quantization level (the + 1.875V in this example). The only
points along A/D’s analog input/digital output transfer func-
tion that can quickly and accurately be detected and
measured are the transition voltages, the voltages at which
the digital outputs change from one code to the next.

Note in Figure 4 that the digital output changes from 000 to
001 as the input is increased from some more negative
voltageto — 7.5V. It changes from 001 back to 000 as the input
is decreased from some more positive voltage to — 7.5V. This
voltage, —7.5V, is the Minus Full Scale LSB Transition
Voltage. It is the voltage at which the LSB changes froma ‘1"
toa*“0" orvice versa while all other bits remain “0”. If the LSB
output were tied to an LED and the converter were con-
tinuously converting, the LED would flicker on and off when
the input voltage was at —7.5V. For this reason, transition
voltages are often called “flicker” voltages. Notice that the
011 to 100 transition (called the “major transition” because
all the output bits change) ideally occurs at the zero volt
analog input. At this point, under the conditions described
above, all the output bits would be flickering. Lastly, the
Positive Full Scale LSB Transition Voltage, the voltage at
which the LSB flickers while the other bits remain “1”, is
ideally +7.5V.

Analog Input Digital Output
(DC Volts) MSB LSB

+10.0 111
+75 110
+25 100

0.0 000

-25 010
~-75 009
-10.0 000

Figure 5. Example of how digital output coding tables appear
on Micro Networks’ A/D converter data sheets. This table
describes the A/D of Figure 4. With the converter continuous-
ly converting, the output bits indicated as § will change from a
“1" to a “0” or vice versa as the input passes through the
voltage level indicated. The digital output changes from 000
to 001(or vice versa) at an input level of — 7.5V. Input signals
below this level will give an output of all “0’s”. The digital out-
put changes from 011 to 100 (all bits change) at an input of
zero volts. The digital output changes from 110 to 111 (or vice
versa) at an input of +7.5V. Any voltage greater than + 7.5V

1o

will give an output of all “*1’s”.
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Many converter users don’t realize that transition voltages
are what manufacturers look for when testing A/D converter
Linearity and Accuracy. When a manufacturer tests the ac-
curacy or linearity of an A/D converter, he attaches his
voltmeter to the input to see if the transition voltages are
where they are supposed to be. Micro Networks has begun to
include transition voltages in the Output Coding Tables ap-
pearing in our A/D converter data sheets. Figure 5 shows the
coding table that Micro Networks would use to describe the
A/D of Figure 4. If one wanted to depict the A/D transfer func-
tion as a set of points (similar to a D/A transfer function) one
can simply plot the transition voltages and suffer no loss of
information. This is done in Figure 6. Notice that an A/D
always hasone less transition (2N — 1) than the number of out-
put codes (2).

QOutput
Transitions
110 to 111 .
101 to 110 M
100 to 101 .
011 to 100 1 .

010 to 011 .

The rationale behind the transfer function of Figure 7 is to
have the output codes centered in the input bands correspon-
ding to LSB increments. The first transition occurs at 72 LSB
above zero; the last %, LSB below 10V. The code 001 cor-
responds to inputs of 1 LSB =+ %> LSB. Throughout this
discussion we will use A/D transfer functions similar to those
of Figures 3 and 4 because we feel the symmetrical nature of
the plot will simplify specification parameter demonstra-
tions.

GROUPING CONVERTER SPECIFICATIONS

For the purpose of clarifying and simplifying the explanation
of converter specifications, we have divided the specs into
two major categories: the Performance Specifications and
the Design Specifications. The Performance Specifications
have been further subdivided into the Relative Performance
Specifications, the Absolute Performance Specifications,
and the Dynamic Specifications. The pertinent specs falling
into each category are summarized in the diagrams below.
We feel that classifying the definitions in this manner will
clarify and reinforce their meanings and help us make a point.

PERFORMANCE SPECIFICATIONS

001 to 010 .

000 to 001 .

Analog

> Input
0.00 1.25 2.50 3.75 5.00 6.25 7.50 8.75 10.00 (DC Volts)

Relative
Performance Specifications

Integral Linearity
Differential Linearity
Relative Accuracy
Monotonicity (D/A’s)
No Missing Codes (A/D’s)
Gain Error

Absolute
Performance Specifications
Full Scale Absolute Accuracy Error
Unipolar Offset Error
Bipolar Offset Error

Unipolar Zero Error
Bipolar Zero Error
Drift Specifications

Figure 6. The digital output transitions of Figure 3 are plotted
as a function of input voltage. This plot conveys all the infor-
mation of Figure 3.

Digital
Output
m —_—
110 —_—
101 —
100 —_—
o1t —

010 —_—

0014 —
000 Analog

Input
0.00[1.25 2.50 3.75 5.00 6.25 7.50 | 8.7510.00  (DC Volts)
0.625 8.125

Figure 7. Analog input/digital output transfer function of an
ideal, 3 bit, 0 to + 10V input range, binary code A/D converter
trimmed so its first transition (000 to 001) occurs at + Y2 LSB
(+0.625V) and its last transition (110 to 111) at FS-3/2 LSB
(+8.125V).

Lastly, note in Figure 3 that the LSB does not become a *1”
until the analog input reaches a full LSB. Some manufac-
turers will design their A/D’s so that the transfer function is
pushed down "2 LSB, i.e., the LSB becomes a “1” when the in-
put reaches + %2 LSB. This is shown in Figure 7. The rationale
behind the transfer function of Figure 3 is to have the transfer
function symmetrical within the entire input range. The first
transition occurs 1 LSB above zero; the last 1 LSB below 10V.
The code 001 corresponds to inputs between 1 and 2 LSB’s.

Drift Specifications

Dynamic Specifications
Settling Time (D/A’s)
Output Slew Rate (D/A’s)
Conversion Time (A/D’s)
Throughput Rate (A/D’s)
Clock Frequency (A/D’s)

DESIGN CHARACTERISTICS
AND REQUIREMENTS

Power Supply Range
Power Supply Rejection
Current Drains

Power Consumption
Reference Voltage
Reference Current

D/A CONVERTERS
Digital Input Coding
Input Logic Levels
Input Loading
Glitch Energy
Compliance Voltage
Output Load Current

For D/A’s with Input Registers:

1) Latch Enable Pulse Width
2) Data Setup Time
3) Data Hold Time

Others

A/D CONVERTERS
Digital Output Coding
Output Logic Levels
Drive Capability (Fanout)
Input Logic Levels
Input Loading
Pulse Widths:

1) Start Command

2) Clock Low

3) Clock High
Start Signal Setup Time
Others



The RELATIVE PERFORMANCE SPECIFICATIONS describe
how the points that form a D/A’s actual transfer function or
the quantization bands that form an A/D’s actual transfer
function relate to each other as a group. Are they all there?
How close to each other are they? Do they form a straight
line? etc.. The Relative Performance Specs look at the shape,
conformity, and orientation of the transfer function, not at its
location on its axes. The single most important Relative Per-
formance spec is Integral Linearity. The other important
Relative Performance Specifications are Differential Lineari-
ty, Monotonicity (for D/A’s), No Missing Codes (for A/D’s), and
Gain Error. Gain Error is adjustable on most converters
available today. For all but the most sophisticated converters
however, none of the other Relative Performance Specifica-
tions are adjustable.

The ABSOLUTE PERFORMANCE SPECIFICATIONS
describe what the Relative Performance Specs do not, the
location of the transfer function on its axes. They do not con-
cern themselves with the fine details of the transfer function.
For all practical purposes, they assume the transfer function
is a straight line and question how this line relates to the axes
itis plotted on. Does it pass exactly through zero? How close
is its positive full scale endpoint to where it is supposed to
be? How close is its negative full scale endpoint to where it is
supposed to be? All of the Absolute Performance Specifica-
tions are types of Absolute Accuracy Errors, and they must be
specified without adjustment, i.e., they must apply before any
optional gain and offset adjusting has been performed. The
specs we will discuss are Absolute Accuracy Error, Unipolar
Offset Error, Bipolar Offset Error, Unipolar Zero Error, and
Bipolar Zero Error.

The DYNAMIC SPECIFICATIONS are really only two specs.
They basically tell auser how fast an A/D or a D/A gets its job
done. For many users, they are the most important specs.
We will discuss Settling Time for D/A’s and Conversion
Time for AD’s.

The DESIGN SPECIFICATIONS describe the properties and
requirements of converters that are fixed by design. For the
most part, they are seifexplanatory, and we will not spend
much time discussing them. Normally, designers do not
choose converters based on their Design Specifications. Oc-
casionally, someone will need an ultra-low power device or
maybe an A/D that definitely has to be able to drive CMOS, but
usually people will select a converter based on its Perfor-
mance Specifications and tailor their system to meet the con-
verter's Design Specifications.

DRIFT SPECIFICATIONS—AImost all of the important con-
verter performance specifications are temperature sensitive,
i.e., they drift with temperature. These temperature in-
stabilities are important and are usually specified in terms of
the resultant change in a particular parameter (a delta) for a
given change in temperature, i.e., their units are usually V/°C,
%FSR/°C, ppm/°C, ppm of FSR/°C, (fractions of an LSB)/°C,
or total change over a specific temperature range. Drift
specifications are called Temperature Coefficients, Temp-
cos, or T.C.’s. The T.C.’s we will concern ourselves with are
those for Integral Linearity, Differential Linearity, Gain, Offset
(Unipolar and Bipolar), and Absolute Accuracy. The effects of
each on converter performance will be discussed within the
section devoted to the appropriate room temperature
specification.

Most converter drifts are fairly linear, and manufacturers will
invariably assume they are linear when testing and measur-
ing them. To measure or test a tempco, a manufacturer will
measure a given parameter at two different operating
temperatures and calculate the tempco as the total changein
the parameter divided by the change in temperature. Normal-
ly, if a manufacturer is guaranteeing performance over a0°C
to +70°C temperature range, he will make test
measurements at 0°C, at +25°C, and at + 70°C. The range
chosen for calculating the T.C.canbe 0°C to + 25°C, +25°C

to +70°C, or 0°C to +70°C. Each may give a different
number for the T.C., and the largest number should be the one
that appears on the device data sheet.

Let’s clarify ppm’s before we get too far along since most
tempcos will appear as some number of ppm’s/°C. PPM
stands for parts per million and can be thought of the same a
one thinks about percentages.

1ppm = 1/10° = 10" = 0.000001 = 0.0001%
1ppm of FSR = 1/10°FSR = 0.0001%FSR
1% = 10'ppm  1%FSR = 10*ppm of FSR

If a certain parameter is specified at + 25°C and carries with
it a T.C. of =20ppm/°C and the converter is presently
operating in an environment whose ambient temperature is
+125°C, we can expect the parameter to have changed (in
the worst case) by an amount A =change in temperature
times the tempco.

A=AT x(T.C)
A=[(+125°C)—(+25°C) ] x (%= 20ppm/°C)
A =(100°C) x (+ 20ppm/°C)

A= +2000ppm= +0.2%

The total value of the parameter at + 125°C will be equal to its
room temperature value plus its drift component (+ 0.2%).

DIGITAL TO ANALOG CONVERTERS—RELATIVE
PERFORMANCE SPECIFICATIONS.

INTEGRAL LINEARITY —Integral Linearity, Integral Linearity
Error, Linearity Error, Linearity, and Non-Linearity are all the
same specification. They are not the same as Differential
Linearity which is discussed in the next section. Integral
Linearity is a measure of the “straightness” of a D/A con-
verter’s transfer function. Refer to Figures 1 and 2. All the
points that constitute a D/A’s transfer function should
theoretically form a perfectly straight line when connected
together. Figure 8 shows what an actual D/A transfer function
may look like. Integral Linearity is a measure of how far the
points deviate from a reference straight line drawn through
them as a group. Integrai Linearity Error is usually expressed
in portions of an LSB (+ ¥4 LSB, + Y2 LSB, + % LSB, etc.).
Oftentimes, if linearity error is greater than + 1 LSB, it will be
expressed in % FSR or ppm of FSR.

Analog Output
(DC Volts)

8.75
750 .
6.25 . .

5.00 *

3.75
2.50 .

125 . .

Digital

09050 001 010 on 100 101 10 111 MPUt

Figure 8. Transfer function of a nonideal, 3 bit, 0 to + 10V D/A
converter. Output points not forming a straight line is an In-
tegral Linearity Error. c.f. Figure 1.

47

<
=
=]
=]
=




There are presently two accepted definitions of Integral
Linearity; the two differ according to how they dictate the
reference straight line should be drawn.

1) END-POINT LINEARITY of a D/A converter is a measure of
the greatest deviation of the analog output values from a
straight line drawn between the end-points of the converter’s
actual transfer function.

Analog Output
(DC Volts)
A

8.75
7.50

6.25

5.00 .
375

250 .

1.25 - - -~ -
Digital
00 4
000 001 010 011 100 101 110 111 Pt

Figure 9. According to the end-point definition of Integral
Linearity, the transfer function of Figure8 has a + % LSB In-
tegral Linearity Error. The most deviate points are + % LSB
and — ¥% LSB away from a straight line drawn through the
endpoints.

Figure 9 shows the actual D/A transfer function of Figure 8
with a straight line drawn between its end-points. The “ac-
tual” end-points of the transfer function are the measured
output voltages that appeared when the digital inputs were
000 and 111. Notice in Figures 8 and 9 that the actual end-
points are not the same as the ideal end-points of Figure 1
and that the reference straight line passes through the actual
and not the ideal end-points. The fact that the end-points and
the rest of the points that comprise the transfer function are
not located on the axes exactly where they are supposed to
be does not matter right now—that’s an accuracy error.
Linearity views the points as an independent set and con-
cerns itself only with how the points relate to each other, not
to the axes. Note that the most deviate transfer function
points are * 3% LSB above and below the line and that
therefore, this converter has + % LSB Integral Linearity ac-
cording to the end-point definition.

2) BEST-FIT STRAIGHT LINE LINEARITY of a D/A converter is
a measure of the deviation of the analog output values from a
best-fit straight line drawn through the group of points that
comprise the converter’s actual transfer function. “Best-fit”
does not have a mathematical definition; the line is determin-
ed empirically by manipulation and can be defined simply as
the line that yields the best linearity spec.

Figure 10 repeats the non-ideal D/A transfer function of
Figure 8 with a “best-fit” straight line drawn through the
transfer function. Notice that the line does not pass through
the transfer function end-points and that the furthest points
away from the line are only + 2 LSB away. This converter has
+ Y2 LSB Integral Linearity according to the best-fit straight
line definition. If you find it difficult to think in terms of a best-
fit straight line, you can simply say that all the points of the
transfer function fall in a band 1 LSB wide.

In actuality, if a D/A converter has + %2 LSB Linearity accor-
ding to either definition, all of its transfer function points will
fall in aband 1 LSB wide. The converter that is + %2 LSB linear
according to the end-point definition will, by definition, have
its endpoints in the center of the band. The converter that’s
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Figure 10. According to the best-fit definition of Integral
Linearity, the transfer function of Figure8 hasa + %2 LSB In-
tegral Linearity Error. The most deviate points are + %2 LSB
and — 2 LSB away from the best-fit straight line.

+ V2 LSB linear according to the best-fit definition may have
its endpoints anywhere within the band. Along that same line
of thought, best-fit linearity specifications will always be
symmetrical (+ %2 LSB, +'2 LSB, etc.) while end-point
linearity specifications may be asymmetrical (such as + 2
LSB ~ % LSB).

Micro Networks feels that Integral Linearity is one of the most
important converter specifications, and we contend that an n
bit converter is not a true n bit converter unless it guarantees
+% LSB Integral Linearity (by either definition) over
whatever temperature range it is to be used.

The traditional definition of linearity is the best-fit definition.
End-point linearity is growing in popularity as a result of the
microprocessor revolution. Many people are using
distributed processors located near A/D converters and soft-
ware to correct for converter inaccuracies. This is usually ac-
complished by locating the actual transfer function end-
points and relating the rest of the points to a hypothetical
straight line connecting the end-points. If linearity is
specified according to the end-point definition, a user already
knows how far away from the hypothetical line the rest of the
transfer function points are and the corrected accuracy will
be as good as the converter’s linearity. If linearity is specified
according to the best-fit definition, the user will not know how
his hypothetical straight line compares to the best-fit straight
line used to measure the linearity. For the person not using
either hardware or software to correct the accuracy of their
converter, it makes no difference which definition of linearity
has been used by the manufacturer.

In a strict mathematical sense, the end-point definition is a
more conservative measure of Integral Linearity than the
best-fit definition. A converter tested to some linearity (say
+ 2 LSB) according to the best-fit definition may be half as
linear (twice as nonlinear or + 1 LSB) according to the end-
point definition. In reality, the reference line used for either
definition almost always turns out to be the same line, and in
all but the most sophisticated applications, a user would be
hard pressed to tell the difference between a converter that
was + 2 LSB linear according to the best-fit definition and
one that was =% LSB linear according to the end-point
definition.

People often speak of converter linearity in terms of bits. They
will say a converter has 12 bit linearity if its linearity spec is
equivalent to + %2 LSB for 12 bits (+ 0.012%FSR), regardless
of the number of input or output bits the converter actually



has. They’ll say it has 11 bit linearity if its linearity spec is
equivalent to + 2 LSB for 11 bits (+ 0.024%FSR); or 8 bit
linearity if its linearity spec is equal to = 2 LSB for 8 bits
(+0.195%FSR). You'll come across 14 bit converters with 12
bit linearity and 12 bit converters with 11 bit linearity. You'll
see 12 bit converters that have 12 bit linearity at room
temperature, but their linearity drifts to 10 bits at + 125°C
(see Linearity Drift). You will also see devices whose linearity
exceeds their resolution. Some 12 bit converters have 13 bit
linearity, i.e., their linearity spec is = 0.006%FSR (2 LSB for
13 bits, ¥ LSB for 12 bits). Many 8 bit converters will have bet-
ter than 8 bit linearity.

For D/A converters, + 2 LSB Integral Linearity (by either
definition) guarantees Monotonicity and + 1 LSB Differential
Linearity. For most converters, Integral Linearity is not ad-
justable.

DIFFERENTIAL LINEARITY—Differential Linearity is also
called Differential Linearity Error or Differential Nonlinearity.
If the digital input code to a D/A is changed from its present
code to either the next higher or next lower code, the analog
output level should increase or decrease an amount
equivalent to one LSB. In other words, adjacent digital codes
should result in measured output values that are exactly one
LSB apart. Any deviation of the actual “step” size from the
ideal one LSB is called a Differential Linearity Error or a Dif-
ferential Nonlinearity, and the error is usually expressed in
(sub)multiples of an'LSB.

A maximum Differential Linearity Error of + Y2 LSB means
that output step sizes can have a height of 1 LSB + > LSB,
i.e., the output voltage can change anywhere from %2 to 1%.
LSB’s when the input changes from one code to the next.

Figures 11 through 14 show sketches of a 3 bit, 0 to + 10V,
binary coded, D/A transfer function. The first (Figure 11) is
ideal; it is a repeat of Figure 1. Each output step is 1 LSB
high,and the Differential Linearity Error is zero LSB’s. The se-
cond (Figure 12) has + %2 LSB Differential Linearity Error.
Note that some steps are "2 LSB high (1 LSB-'2 LSB) others
are 12 LSB’s high (1 LSB + V2 LSB). Figure 13 shows the
transfer function of a D/A with + 1 LSB Differential Linearity.
Some steps are 0 LSB’s high and others are 2 LSB’s high. This
converter is still monotonic. Figure 14 shows the transfer
function of a nonmonotonic converter. Its Differential Linear-
ity is £ 12 LSB’s. Note that some steps are negative %2 LSB
(1 LSB-1%2 LSB) while others are 2%2 LSB’s (1 LSB + 12 LSB).

Converters with Differential Linearity Errors greater that +1
LSB may be Nonmonotonic (see section discussing
Monotonicity).
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Figure 11. A repeat of the ideal, 3 bit, D/A transfer function of
Figure 1. Each output step or discontinuity is 1 LSB high.
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Figure 12. Nonideal, 3 bit, D/A transfer function havinga * 2
LSB Differential Linearity Error. Some of the output steps are
+ Y2 LSB high; others are + 1%z LSB’s high.
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Figure 13. Nonideal, 3 bit, D/A transfer function havinga + 1
LSB Differential Linearity Error. Some of the output steps are
0 LSB's high (no change in output voltage following a change
in input code); others are + 2 LSB’s high.

Analog Output
(DC Volts)

8.75
750
6.25 .

5.00 e
875 +2% LSB's
250

125

Digital
Input

0.00
000 001 010 011 100 101 110 1M

Figure 14. Nonideal, 3 bit, D/A transfer function having = 1%2
LSB Differential Linearity Error. Some of the output steps are
~ %2 LSB high (output goes down when input goes up); others
are + 22 LSB’s high. This converter is nonmonotonic.

Return to Figures 12 and 13. Both of these converters still
have better than + 2 LSB Integral Linearity according to the
best-fit straight line definition but not according to the end-
point definition. = %2 LSB Integral Linearity by either defini-
tion, however, guarantees that Differential Linearity Error will
be better than + 1 LSB, i.e., maximum Differential Linearity
Error has an upper bound equal to two times the Integral
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Linearity Error. It can be less than 2X Linearity, however, and
some manufacturer may choose to test and specify it as be-
ing such. For example, a converter may specify + 2 LSB In-
tegral Linearity and + % LSB Differential Linearity. If it
specifies = Y2 LSB Integral Linearity and says nothing about
Differential Linearity, one can only assume that maximum
Differential Linearity will be =1 LSB.

Two last comments—maximum Differential Linearity Error
does not allow one to infer anything about Integral Linearity
Error. One popular manufacturer, for example, advertises
their 12 bit D/A as having * %2 LSB Differential Linearity from
-55°C to + 125°C. Integral Linearity, however, over the same
temperature range is specified at =2 LSB’s (10 bit Integral
Linearity).

Differential linearity errors do not have to be symmetrical. If a
converter had no output steps smaller than + 2 LSB and
none larger than +2 LSB’s, its Differential Linearity Error
would be — %2, + 1 LSB.

MONOTONICITY—Monotonicity is more a property of a D/A
converter than it is a specification. Either a converter is
monotonic or it is not. The relevant specification is the
temperature range over which Monotonicity is guaranteed.
Monotonicity means that the analog output of a D/A does not
decrease as the digital input is increased nor increase as the
digital input is decreased. This definition allows the output to
remain the same as the digital input is increased or decreas-
ed. It is the same as saying that the derivative of the transfer
function is always greater than or equal to zero.

Micro Networks prefers a slightly more strict definition which
demands that the analog output always increase (decrease)
as the digital input is increased (decreased).

Another way of defining Monotonicity is to say that Differen-
tial Linearity Error must be less than — 1 LSB. In other words,
steps can be any size as long as they are greater than zero,
i.e., as long as they are positive. Monotonicity is a very impor-
tant parameter for D/A’s used in servo applications. One
always wants to be sure that a system drive signal is going up
or down when it is supposed to. Nonmonotonicity can resuit
in positive feedback and loop instabilities.

Monotonicity does not guarantee Differential Linearity (other
than to the degree just stated), nor does it guarantee Integral
Linearity. Monotonic converters can have very large positive
steps or series of smaller positive steps that result in highly
nonlinear transfer functions. The transfer functions of Figure
15 are monotonic but nonlinear.

Analog Output Analog Output
(DC Volts) (DC Volts)
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Figure 15. Three examples of D/A transfer functions that are
monotonic but highly nonlinear. Monotonicity guarantees
that Differential Linearity will be > — 1 LSB, but it gives no
guarantees about Integral Linearity.

Beware of converters that guarantee Monotonicity and even
Differential Nonlinearity over some temperature range but do
not mention what happens to Integral Linearity over the same
range. They could exhibit severe “bowing” of the transfer
function as shown in Figures 15a and 15b.

REMEMBER: + V2 LSB Integral Linearity Error will guarantee
Monotonicity and Differential Linearity Error better than + 1
LSB. Monotonicity and Differential Linearity, however, give
no guarantees about Integral Linearity. A Monotonic transfer
function is not necessarily a straight one.

INTEGRAL AND DIFFERENTIAL LINEARITY DRIFTS—

Recall that Integral Linearity is usually specified as a % of
FSRorin fractions of an LSB. Integral Linearity Tempcos are
usually given in ppm’s of FSR/°C. If a 12 bit D/A converter has
+ %2 LSB (£ 0.012%FSR) Integral Linearity at +25°C and a
+ 1ppm of FSR/°C Linearity Tempco, its Linearity at + 125°C
will be equal to its room temperature value plus its drift from
+25°C to +125°C. The drift will equal:

A=AT x(T.C.)

A=(100°C)x (* 1ppm of FSR/°C)

A= +100ppm of FSR

A= =0.01%FSR

Therefore, at +125°C, the converter Linearity becomes
(room temp value) + (drift) = (= 0.012% FSR) + (£ 0.01% FSR)
= x0.22% FSR. +£0.22% FSR is almost equivalent to 1 LSB
for 12 bits (0.024% FSR) or 2 LSB for 11 bits. Therefore, at
+ 125°C this converter would only have 11 bit Integral Linear-
ity which would mean that its effective resolution has been
reduced to 11 bits. In other words, the converter manufacturer
is saying that at +125°C, he no longer guarantees
Monotonicity.

Most Micro Networks converters are guaranteed to be
+ 2L.SB Linear at room temperature and + 2LSB Linear
over their entire operating temperature range. For con-
verters that don’t hold + %2LSB Linearity over temperature,
we will give a Linearity spec at +25°C and another spec
that applies over the entire operating temperature range.
Our MN565AJ 12-bit D/A, for example, guarantees + 2LSB
Linearity at room temperature and +34LSB from 0°C to
+70°C.

Recall that Differential Linearity Error is usually specified as
a % of FSR or in fractions of an LSB. Differential Linearity
Tempcos are usually given in ppm’s of FSR/°C. If a 12 bit D/A
converter has a maximum Differential Linearity of + 2 LSB
at +25°C and a Differential Linearity Tempco of +2ppm of
FSR/°C, its Differential Linearity at + 125°C will be:

+ 2 LSB +[ (100°C) x (+ 2ppm of FSR/°C) ]

+ %2 LSB + (£ 200ppm of FSR)

+0.012%FSR + (+0.02%FSR)

+0.32%FSR.

This is greater than + 1 LSB. At + 125°C, this 12 bit converter
may have become nonmonotonic. We say “may have become
nonmonotonic” because it is possible that the converter
transfer function bowed upwards such that the step sizes
got larger but the device stayed monotonic. Normally,
however, when this type of drift phenomenon occurs, the
manufacturers will be proud of the fact that they have main-
tained Monotonicity and will say something to the effect of
“Monotonicity guaranteed over temperature”. If such a
statement does not appear, a user can only assume that the
converter became nonmonotonic when Differential Lineari-
ty exceeded + 1LSB. At what temperature did that occur for
the device mentioned above? At what temperature did its
Differential Linearity Drift exceed =+ 1%2LSB?
+ 2LSB= £0.012% of FSR=120ppm of FSR. If Differen-
tial Linearity Drift is = 2ppm of FSR/°C, it will take 60 °C for
the drift to equal + ¥2LSB. Therefore, the converter became
nonmonotonic at +25°C +(+60°C)= +85°C.



What Differential Linearity Drift would a 12 bit D/A that
guaranteed = '2 LSB Differential Linearity at room
temperature (+ 25°C) have to maintain in order to maintain
Monotonicity up to +125°C? + %2 LSB=120ppm of FSR.
120ppm of FSR/AT =120ppm of FSR/100°C =1.2ppm of
FSR/°C

Lastly, recall that + 2 LSB Integral Linearity guarantees
Monotonicity and Differential Linearity less than + 1 LSB for
DI/A converters. A D/A that guarantees * V2 LSB Linearity and
Monotonicity at room temperature and then gives an Integral
Linearity Drift specification without specifically stating what
happens to Monotonicity or Differential Linearity over
temperature is not guaranteeing monotonicity at any
temperature other than +25°C.

RELATIVE ACCURACY—Relative Accuracy is a confusing
specification, and you will not see it used on a Micro
Networks data sheet. It is the data converter specification
that has the greatest variety of definitions from different
manufacturers. Micro Networks defines the Relative Ac-
curacy of a C/A converter to be the measure of how accurate
any of the D/A's output states are relative to a straight line
drawn between the endpoints of the D/A’s actual transfer
function. Relative Accuracy is usually expressed in
(sub)multiples of LSB's or in %FSR, and according to our
definition, is exactly the same as Integral Linearity Error ac-
cording to the end-point definition. Relative Accuracy does
not include Gain and Offset Errors (to be discussed).

Some manufacturers have defined D/A Relative Accuracy to
be the accuracy of any output state relative to the converter
reference. This may be a fine definition for fixed external
reference or for multiplying D/A converters, but it makes little
sense when applied to the large majority of internal reference
Dual-in-Line packaged D/A’s. Most of these devices are func-
tionally laser trimmed as assembied devices, and neither the
manufacturer not the user ever know what the actual voltage
of the internal reference is.

As a data converter specification, Relative Accuracy has two
uses. Firstly, many manufacturers will use it for the purpose
of informing a user how accurate, relative to the ideal, he/she
can expect his/her D/A to be after its initial Gain and Offset
Errors have been adjusted to zero through the use of trimming
potentiometers. As an example, take the 3 bit, 0 to + 10V D/A
we've been discussing. If the manufacturer guarantees
Relative Accuracy = = Y2 LSB, and the user adjusts the out-
put so it is exactly OV when the input is 000 and exactly
+8.75V when the input is 111, every other analog output will
be within + 2 LSB (0.625 volts) of where it is ideally supposed
to be. In this respect, we agree with the manufacturer who
defines Relative Accuracy to be*...the deviation of the analog
value at any code (relative to the full analog range of the
device transfer characteristics) from its theoretical value
(relative to the same range), after the full-scale range (FSR)
has been calibrated”. The second use of Relative Accuracy is
that some manufacturers will use it in lieu of an Integral
Linearity Error spec. This is fine if the intent is not to deceive.
We stated earlier that in order for an n bit converter to be a true
n bit converter, its Integral Linearity Error should be no worse
than =+ %2 LSB for n bits. Many times, when Relative Accuracy
appears in lieu of Integral Linearity Error, we have noticed the
error to be greater than + %2 LSB.

Beware of high resolution converters (12 bits and up) that
spec “‘accuracies’ better than +2 LSB’s. As a practical mat-
ter, such levels are difficult to achieve in state-of-the-art D/A’s
without external gain and offset adjustments. The manufac-
turer probably means Relative Accuracy.

GAIN ERROR—Gain Error is also called Range Error, Scale
Error, or Scale Factor Error, and it has a number of differently
stated definitions that all basically mean the same thing.
Gain Error is a measure of the deviation from the ideal of the
slope of a converter’s transfer function. The slope of a con-
verter’s transfer function is defined as the slope of a straight

line connecting its endpoints. The slope of the ideal transfer
function as plotted in Figures 1 and 2 is 45° or 1. A device with
negative Gain Error would have a less steep transfer function.
A device with positive Gain Error would have a more steep
transfer function. See Figure 16. Gain Error is normally
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Figure 16. Sketches show the effect of positive Gain Error on
the transfer function of aunipolar D/A converter (a) and the ef-
fect of negative Gain Error on the transfer function of a
bipolar D/A converter (b). The ideal transfer functions are
shown as broken lines; the transfer functions with Gain Error
as solid lines.

measured using one of two methods. In method 1, a unipolar
converter is first offset adjusted, either through hardware or
software, until the zero end of its transfer function is pulled
exactly into zero. A bipolar converter is first offset adjusted
until the negative full scale end of its transfer function is pull-
ed into its ideal value. Then the positive full scale output
values are measured and compared to the ideal values. For
the unipolar converter, Gain Error will be the difference bet-
ween the measured and the ideal full scale output expressed
as a % of the ideal output level. For the bipolar converter,
Gain Error will be the difference between the measured and
the ideal values of the total change from the negative full
scale output to the positive full scale output expressed as a
percentage of the ideal value. Method 2 consists of
measuring the unipolar converter's actual, unadjusted
positive full scale output and subtracting its actual zero out-
put. For bipolar converters, the actual, unadjusted positive
full scale output is measured and the actual minus full scale
output is subtracted from it. The difference between the
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resulting number and the ideal value for this number (FSR -1
LSB) expressed as a % of the ideal is the Gain Error. Gain Er-
ror can be defined as the difference between the measured
and the ideal values of the converter's full output range
(which is equivalent to the converter's FSR —1 LSB). Because
the final number that results from measuring Gain Error by
either method is a voltage, Gain Error specifications may
sometimes appear in units of % FSR.

EXAMPLE: Recallthe 3 bit,0to + 10V D/A of Figure 1. Its out-
put for a 000 input is supposed to be OV. its output fora 111 in-
put is supposed to be +8.75V. Its ideal full output range is
equal to +8.75V -0V = +8.75 voits (FSR -1 LSB). If its ac-
tual 000 output was +0.05V and its actual 111 output was
+8.85V, its actual full output range would be + 8.80 volts. Its
Gain Error would be (8.80 — 8.75)/8.75 = 0.57%. See Figure 17.
If the converter’s actual 000 output was —0.05V and its actual
111 output was + 8.70V, its actual full output range would be
+8.75V and its Gain Error would be zero. It would have an Off-
set Error and hence an Absolute Accuracy Error, but it would
not have Gain Error. See Figure 17 and please read the sec-
tions describing Absolute Accuracy and Offset Error.

Analog Output
(DC Volts)

+8.85 (a)

+8.75

+8.70

+0.05

Digital
0.00 g

Input
/)01 010 011 100 101 111 111
005

A,

Figure 17. The ideal D/A transfer function is sketched as the
broken line. The solid line above it has a positive 0.57% Gain
Error (a). The solid line below it has zero Gain Error (b).

Gain Error is not an accuracy measurement, although as you
will see, it can be used to calculate a converter's Absolute Ac-
curacy Error when this spec is not given.

D/A CONVERTERS—ABSOLUTE PERFORMANCE
SPECIFICATIONS

ABSOLUTE ACCURACY ERROR—The Absolute Accuracy
Error of a voltage output D/A converter is the difference bet-
ween the actual, unadjusted output voltage that appears
following the application of a given digital input code and the
ideal orexpected output voitage forthat code. This difference
is usually expressed in LSB’s or % FSR.

The two key words in this definition are “unadjusted” and
“given”. “Unadjusted” means just that; a D/A converter's Ab-
solute Accuracy has to be measured before any optional gain
and offset adjusting is performed. This is how Absolute Ac-
curacy differs from Relative Accuracy. Absolute Accuracy
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tells you how accurate your converter is going to be if you
simply plug it in, power it up, and start converting. Relative
Accuracy tells you how accurate it will be after you go
through the gain and offset error adjusting procedure.
“Given” refers to the fact that any Absolute Accuracy
specification has to be accompanied by some indication of
where along the converter’s input/output transfer function
the spec applies, i.e., at what input code the Absolute Ac-
curacy of the output is to be measured.

Because Absolute Accuracy Error is measured and specified
without adjustment, it includes all factors that may be affec-
ting a converter’s accuracy at the point of measurement—Of-
fset Error, Gain Error, Linearity Error, and Noise Error. Refer
back to Figure 1. Assuming the transfer function is linear, the
two key points necessary to fully describe this converter's
Absolute Accuracy are at positive full scale (digital input 111)
and at zero (digital input 000). To avoid ambiguity, the specs
would be called Unipolar Positive Full Scale Absolute Ac-
curacy Error and Unipolar Zero Absolute Accuracy Error(also
called Unipolar Zero Error). Refer back to Figure 2. The three
key points necessary to adequately describe the Absolute
Accuracy of this device are at positive full scale (digital input
111), negative full scale (digital input 000), and zero (digital in-
put 100). The three relevant specifications are Bipolar Positive
Full Scale Absolute Accuracy Error, Bipolar Negative Full
Scale Absolute Accuracy Error, and Bipolar Zero Absolute Ac-
curacy Error (also called Bipolar Zero Error).

FULL SCALE ABSOLUTE ACCURACY —This is the Absolute
Accuracy Error measured when the output of aD/A is suppos-
ed to be atits full scale value. Some manufacturers will draw
a distinction between Unipolar and Bipolar Positive and
Negative Full Scale Absolute Accuracy Errors. Micro Net-
works normally does not. For a converter’s unipolar positive,
unipolar negative, or bipolar output ranges, our Full Scale Ab-
solute Accuracy Error specification refers to either the
positive or negative full scale point or both, whichever is ap-
propriate. Take our MN30I3 and MN3014 8 bit D/A’s for exam-
ple. These devices have user-selectable output ranges of 0 to
+10V,0to -~ 10V, = 5V,and + 10V,and ourdatasheet gives a
single Full Scale Absolute Accuracy Error specification. The
spec applies to all the full scale output points, i.e., it means
Unipolar Positive Full Scale Absolute Accuracy when using
the 0 to + 10V range; Unipolar Negative Full Scale Absolute
Accuracy when using the 0 to — 10V range; and both Bipolar
Positive and Bipolar Negative Full Scale Absolute Ac-
curacies when using the bipolar ranges. We will call out the
different Full Scale Absolute Accuracy Errors separately only
if they have different values.

ZERO ERROR—This is the Absolute Accuracy Error
measured when the output of the D/A is supposed to be zero
volts. Micro Networks will draw a distinction between
Unipolar and Bipolar Zero Errors for converters that have dif-
ferent values for these two specifications. Otherwise, we will
simply give asingle Zero Error specification. Our MN3850 and
MN23860 12 bit D/A’s have user-selectable output ranges of 0
to +5V, 0to +10V, =25V, £5V, and =10V, and the data
sheet lists a single Zero Error of +0.05% FSR at +25°C and
+0.1% FSRover the entire operating temperature range. This
spec applies to both Unipolar and Bipolar Zero Error depen-
ding upon which output range is being used.

Unipolar and Bipolar Full Scale Absolute Accuracy and Zero
Errors are summarized in Figure 18. The transfer function
shown in Figure 19 has a Negative Full Scale Absolute Ac-
curacy Error of +2.5 volts (+ 1 LSB), a Bipolar Zero Error of
—0.625 volts (~ Y4 LSB), and a Positive Full Scale Absolute
Accuracy Error of —3.125 volts (— 1% LSB'’s). As will be ex-
plained in the following sections, Full Scale Absolute Ac-
curacy and Zero Errors are the way in which Micro Networks
prefers to specify converter accuracy.
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Figure 18. Summary of Full Scale Absolute Accuracy and
Zero Errors for unipolar positive D/A converters (a), for
unipolar negative D/A converters (b), and for bipolar D/A
converters (c).
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Figure 19. Example of a 3 bit, + 10V output range D/A con-
verter with a Bipolar Negative Full Scale Absolute Error of
+ 2.5 volts (1 LSB), a Bipolar Zero Error of —0.625 volts (— "4
LSB), and a Bipolar Positive Full Scale Absolute Accuracy Er-
ror of —3.125 voits (— 1% LSB’s).

OFFSET ERROR—DJ/A Oftfset Error is an Absolute Accuracy
Error that by definition has to be measured at a particular
place along the converter’s transfer function. It is the only
widely used converter spec that is not a “black box” type of
specification. The user has to have some understanding of
how the converter works because the point of error measure-
ment (the point where the spec applies)is determined by con-
verter design. Linearity Error, Absolute Accuracy Error, Gain
Error, and the other performance specifications relate only to
a converter’s transfer function and allow the user to think of
the converter as a ‘“‘black box’. For this reason, Micro Net-
works does not like to specify Offset Errors. A converter’s Off-
set Error will always be the same as either our Zero Error or
Full Scale Absolute Accuracy Error,and we much prefer these
specs, for we believe that most converter users prefer to think
of converters as building blocks with certain input/output
characteristics and that they really don’t care what goes on
inside of them. Many of our data sheets do list Offset Errors,
however; the specs are there solely to facilitate comparing
our converters to those of other manufacturers who prefer to
spec Offset Errors.

For a quick understanding of how most D/A converters
operate, see Figure 20. The figure is a simplified schematic
for the 3 bit, 0 to + 10V, straight binary coded D/A whose
transfer functionis shown in Figure 1. The converter consists
of 3 binary weighted current sources, 3 digitally-controlled
electronic switches, and an output operational amplifier that
converts the switch currents to an output voltage. The current
sources are constant; they always push the current indicated
(Y2 mA for the MSB current source, % mA for the Bit 2 current
source, and % mA for the Bit 3 current source) in the direction
indicated. The digitally-controlled electronic switches are
simple; they are connected directly to the D/A’s digital inputs.
When alogic“1” is applied to a givendigital input, the respec-
tive switch moves to theright connectingits current source to
the summing junction of the output amplifier. When a logic
“0” is applied, the given switch moves to the left disconnec-
ting the current source from the summing junction and con-
necting it to ground. The current labeled IpAC is the total cur-
rent being pulled from the amplifier summing junction by the
current sources. The output op amp is an an inverting
amplifier configuration with a 10Q feedback resistor such
that the D/A output voltage (Vout) is always equal to
lpac x 10KQ.
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Figure 20. A simplified schematic for the 3 bit 0 to + 10V D/A
of Figure 1. A logic “1" applied moves the switches to the
right. A logic “0” applied moves the switches to th= left.

When the code 000 is applied, all the switches are to the left,
and all the current sources are connected to ground.
IDAC =0, and Vgyt =0. When the code 100 is applied (the
state indicated in the sketch), the MSB current source is
connected to the output op amp, and the other current
sources are connected to ground. Ipac="2 mA, and
Vout= +5V. When the code 110 is applied,
IDAC = V2 + Va = % mA; Voyt = + 7.5V. When the code 111
isapplied, IpAC = V2 + Va + % =7,mA;Vout = + 8.75V.That’s

simple enough. If this converter were constructed with elec- -

tronic switq’hesthat went to the left with ““1’s”’applied and to
the right with “0’s”applied, we’d have a 3 bit,0to + 10V D/A
with complementary binary coding. 000 applied would move
all the switches to the right. Ipac would equal 7 mA, and
Vout would be + 8.75V. 111 applied would move all the swit-
ches to the left. IDAC would equal 0 mA, and Vgt would be
ov.

D/A converter Offset Error (actually, in this example,
because we are discussing a unipolar converter we should
specify Unipolar Offset Error, but the definition is the same)
is the Absolute Accuracy Error measured when the digital
inputs are such that IpAC is supposed to equal zero. Offset
Error is usually measured in volts and specified in LSB’s or
%FSR. Itis IpaC not equalling zero when it is supposed to
coupled with the offset error of the output op amp that result
in D/A Offset Error. IpAC not equalling zero is primarily due
to switch leakage in the “off” state.

Offset Error adds a constant error voltage, the offset
voltage, to all the output levels of avoltage output D/A. It has
the effect of sliding the transfer function up or down along
the output (voltage) axis parallel to itself. Figure 21 shows
the transfer function of a unipolar D/A that has only
Unipolar Offset Error, i.e., it has no Gain Error.

“Why,” you may be asking, “do | have to understand how the
converter works to understand Offset Error? Why don’t you
simply say it's the error measured when the output is sup-
posed to be zero volts? How is it different from Zero Error?”
For 90% of unipolar converters it isn’t. For these devices
there is no difference between Unipolar Offset and Unipolar
Zero Error. There is a distinct subset of Unipolar D/A con-
verters, however, for which Unipolar Offset Error has to be
measured at one of the full scale outputs. These will be
discussed shortly. For bipolar D/A’s, Bipolar Offset Error is
hardly ever measured at the zero volt output. This will also
be discussed shortly.
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Figure 21. Unipolar Offset Error has the effect of displacing
the transfer function along the voltage (output) axis parallel
to itself. The broken line shows the ideal D/A transfer func-
tion. The solid line shows the transfer function of a D/A that
has a Negative Unipolar Offset Error.
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Virtually all converter users think that Offset Error is the
same as Zero Error. It is not.

Many manufacturers will define D/A Offset Error to be the
analog output error that occurs when the digitally-
controlled switches are in the ‘off" position. This definition
is the same as the IpaC = 0 definition, but it is confusing
because it is often not clear what “off"” means for com-
plementary coded converters.

What is Bipolar Offset Error? First we have to understand
how bipolar converters work. First we must realize that the
bipolar transfer function looks just like a unipolar one that
had been offset (moved down) 2 FSR (the value of an MSB).

This offsetting effect is accomplished in actual converters
by adding a constant current(equivalent to the MSB current)
to the summing junction of the output amplifier. See Figure
22. It is the same as Figure 20 except that an additional V2
mA current source has been permanently attached to the
summing junction of the output op amp. The result is that
Vout now equals (IDAC — 2 mA) » 10K. Therefore, when the
input code is 100, IDAC = Y2 mA, and Vgut=0V. When the
code is 111, IDAC=7% MA, and Voyt= +3.75V. The 0 to
+ 10V D/A converter of Figure 20 has become a +5V D/A
converter.

Digital
Inputs

Re=10 KO

Analog
Output

Figure 22. The 0 to + 10V 3 bit D/A of Figure 20 has been con-
vertedintoa + 5V 3 bit D/A by attaching a ¥ mA constant cur-
rent source to the summing junction of the output op amp.



Bipolar Offset Error is still the Absolute Accuracy Error
measured when the digital inputs are such that Ipac is sup-
posed to=0. It is IpaACc not equalling zero and the per-
manently attached 2 mA current source not equalling ex-
actly 2 mA coupled with the offset error of the output op
amp thatresultin Bipolar Offset Error. For this converter, as
well as for 90% of all other bipolar D/A’s, Bipolar Offset Er-
ror occurs at the minus full scale output. It is not equivalent
to Bipolar Zero Error. For these converters, itis the same as
Negative Full Scale Absolute Accuracy Error. As you might
suspect, there is a subset of bipolar D/A converters for
which the Ipac =0 condition occurs at positive full scale.
These will also be discussed shortly.

Bipolar Offset Error affects a converter’s transfer function
the same way Unipolar Offset Error does. It slides the func-
tion up or down along the voltage axis parallel toitself adding
a constant offset voltage to each output level. The transfer
function of a bipolar converter having only Bipolar Offset Er-
ror (no Gain Erron is sketched in Figure 23. Let’s now explore
the subsets of converters mentioned above, those unipolar
D/A’s whose Unipolar Offset Error does not occur at zero and
those bipolar D/A’s whose Bipolar Offset Error does not occur
at their minus full scale point. Figure 24 shows a popular
digital to analog conversion technique that employs PNP
transistors acting as equally weighted current sources and
an R-2R resistor ladder acting as a current dividing network.
For years, the only 12 bit D/A’s capable of holding + 2 LSB
linearity over the —55°C to + 125°C temperature range were
designed this way. The circuit shown is for a 3 bit voltage out-
put D/A. The output range is 0 to — 10 volts such that a 000
digital input (TTL levels) will give a zero volt output and a 111
input will give a —8.75V output (minus full scale plus 1 LSB).
One least significant bit (LSB) will be equal to 10
volts/23=1.25 volts. The transfer function is sketched in
Figure 25.

Digital signals applied to the appropriate input pins turn the
current sources (transistors Q,, Q;, and Q,) on or off. The R-2R
ladder network divides each transistor’s collector current
between ground and the converter’s output op amp in a man-
ner such that the portion of each collector current that
reaches the output op amp is binarily weighted according to
the transistor’s position.
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Figure 23. Bipolar Offset Error has the same effect as
Unipolar Offset Error. The solid line shows the transfer func-
tion of a D/A that has a positive Bipolar Offset Error.

The reference voltage (- VREF) is equal to — 10V, and RREF
is equal to 20K. Node A is a virtual ground. Ic1, the collector
current of transistor Q,, equals VREF/RREF = + 0.5mA, and
Ig1 = Ic1. The transistor bases are strapped together, and the
RE's are chosen such that the bases are biased at + 1.4V. Op
amp A, is used to maintain Node B at a constant voltage as
the transistors are switched on and off and the Ig’s change.
Assuming the transistors are in their forward active regions
of operation and all the Rg’s are equal to each other (and not
worrying about the switching diodes right now) makes
lg1=1g2=1g3=1gg and Ic1 =Ic2 =Ic3 =IC4. The transistor
emitters (the switchingdiode anodes) areall at approximately
+ 2.0V (transistor VBg = — 0.6V). The cathodes of the swit-
ching diodes (D,, D,, D;) are the digital inputs to the converter.
Digital signals applied to the converter’s digital inputs turn
the switching diodes and hence the transistors on and off. A
TTL logic “0"(+ 0.8V maximum) applied to the converter's
digital inputs (the diode cathodes) will forward bias the
diodes. This results in the emitter voltages being pulled down
to 1.4 volts (+ 0.8V for the digital input plus + 0.6V for the
diode drop)removing forward bias from the base emitter junc-
tion and turning off the transistors. Collector currents go to
zero. The currents that flow through the Rg’s are sunk in the
digital signal sources. The application of a TTL logic “1”
(+2.0V minimum) to the converter’s digital inputs reverse
biases the switching diodes bringing the transistor emitters
back up to + 2.0V. This turns the transistors on driving collec-
tor current into the R-2R resistor network.

The output amplifier summing junction node has been
broken apart to show IpAC as the current coming out of tran-
sistors Q,, Q,, and Q, and the R-2R ladder network into the
summing junction. If all the digital inputs are “0’s”, tran-
sistors Q,, Q,, and Q, will be turned off, and Ipac should
equal zero. If the bit 1(MSB) inputhasa‘“1” applied, and bits 2
and 3 have“0’s” applied, Ic2andlc3 willequal zeroand IpAC-
will equal Ic4 =Ic1= +0.5 mA. With the two bipolar offset
connections (C, and C,) open, all of IDAC becomes Ig. With
the feedback resistor RF = 10K, the output voltage will equal
—RFlIF= —(10K) X (+ 0.5 mA) = — 5V. With a “1”" applied to
the bit 2 digital input and “0’s” applied to the bit 1 and bit 3in-
puts, Ic2 and Ic4 will be zero and Ic3 will equal + 0.5 mA. The
ladder network will divide Ic3 so that Ipac will equal +0.25
mA. Vout Wil now equal —2.5V. With a““1” applied to the bit 3
(LSB) input and “0’s” applied to bits 1 and 2, Ic3 and Ic4 will
be zero, and Ic2 will equal + 0.5 mA. This will be divided such
that Ipac will equal +0.125mA and Vgyt will equal —-1.25
volts.

1o

When all the digital inputs have “1’s” applied, Ipacwill be
equal to the sum of the currents that resulted when the “1’s”
were applied separately, i.e., IDAC=05 mA + 025 mA +
0.125 mA =0.875 mA. Vgyt will now equal —8.75 volts. The
rest of the output voltages for the remainder of the input
codes can be calculated by simply adding the appropriate
combination of voltage for each bit individually. The entire
digital input/analog output transfer function is shown in
Figure 25. This 3 bit D/A converter has a 0 to — 10V output
range, and its Unipolar Offset Error (the Absolute Accuracy
Error measured when IpDAC is supposed to equal zero) must
be measured with a 000 digital input, i.e., at its zero volt out-
put. No problems! Let’s now convert our 0 to — 10V unipolar
D/Ainto a +5V bipolar D/A. This is accomplished by making
bipolar offset connection C,. The C, connection results in a
constant current Igo1=VREF/RBO1=10V/26.67
KQ = + 3.75mA being pulled out of the output op amp summ-
ingjunctioninthedirectionindicated. IFis nowequaltolpaC
—1B01.Therefore, when the digital inputs of the converter are
all“0's” and Ipac =0, IF willequal —1gQ1 (which is constant
at — 0.375mA), and Vgyt will equal + 3.75 volts. Witha ‘0" ap-
plied to the bit 1 digital input and “1’s” applied to the bit 2 and
bit3inputs, Ipac willequal +0.375mA.IF = IpaC — I1BO1 will
now equal zero, and Vot will equal zero. With all “1’s” applied
to the digital inputs, IDAC will equal +0.875mA and IF will
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Figure 24. Actual schematic for a 3 bit 0 to — 10V D/A. The
PNP transistors act as current sources and the R-2R ladder
network acts as a binary weighted current divider. Digital in-
put data turns the transistors on or off.

now equal +0.5mA. Vgoyt will equal — 5.0 volts. The transfer
function for the +5V output range converter will be that
shown in Figure 26b. Comparing Figure 26b to Figure 26a
shows graphically that to convert a unipolar negative (0 to
—10V) 3 bit D/A to a bipolar =5V 3 bit D/A, the transfer func-
tion is offset (pushed up) an amount equal to the weight of
bits 2 and 3 (3.75 volts). Again, this is effected electronically
by pulling a constant current equivalent to the bit 2 plus 3 cur-
rent (0.375mA) out of the output amplifier summing junction,
i.e., through the feedback resistor.

Where doe's Bipolar Offset Error have to be measured? Accor-
ding toits definition, it has to be measured when IpaAG is sup-
posed toequal zero. This occurs with a digital input of 000 and
an analog output of + 3.75V. Bipolar Offset Error, at least for
this converter, has to be measured at its positive full scale
output, not at its negative full scale output. It is IpAC not
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. -1.25

—2.50
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. -5.00
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. -875
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Figure 25. Digital input/analog output transfer function of the
0to — 10V 3 bit D/A of Figure 24.
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equalling zero and Igp1 not equalling + 0.375mA coupled
with op amp offset error that cause Bipolar Offset Error.
Finally, to make our original 0 to — 10V converter into a 0 to
+ 10V converter, the transfer function must be offset full
scale. TheOto + 10V transfer furiction is shown in Figure 26¢.
Comparing this to Figure 26a shows that the original transfer
function must be offset (pushed up) an amount equal to the
weight of all the digital inputs (8.75 volts). To accomplish this
electronically, the C, offset connection has to be made (C, is
now open). The C, connection results in a constant current of
1BO2 = VREF/RBO2 = 10V/11.429K = + 0.875mA being pull-
ed out of the output op amp summing junctionin the direction
indicated. IF now equals IDAC — IBO2. Therefore, when the
converter’s digital inputs are all “0’'s” (Ipac =0), IF equals
—lgo2(constant at — 0.875mA), and Vgt will equal + 8.75V.
Witha“1” applied to the bit 1 digital input and “0’s” applied to
the bit 2 and bit 3 digital inputs, IpAC will equal + 0.5mA.

=IpAC — IBO2 will now equal —0.375mA and Vout will
equal +3.75V. With all “1’s” applied to the digital inputs,
IDAC will equal +0.875mA and I will how equal OmA. Vout
now equals zero volts. Again, the unipolar positive (0 to
+ 10V) transfer function is shown in F:gure 26¢. Where does
Unipolar Offset Error now have to be measured? IpAG is sup:
posed to equal zero when the converter output is at its
positive full scale output( + 8.75V). Therefore, Unipolar Offset
Error has to be measured there, not at the zero volt output.
Notice how the digital coding differs for the unipolar positive
and unipolar negative ranges. For the unipolar negative range
(Figure 26a), a 000 digital input gave zero volts output. For the
unipolar positive range (Figure 26¢), a 000 digital input gives a
+8.75V (full scale minus 1 LSB) output. In order to get zero
volts out of the unipolar positive converter, one has to apply a
111 digital code. Applying this code to the unipolar negative
converter gives a — 8.75V (minus full scale plus 1 LSB)output.

The reason we have gone through all of thisin such detailis to
show precisely why we don’t like Offset Error as a data con-
verter specification. Some manufacturers will include in their
data sheets an explanation of Offset Error so the user can
know where the spec applies. Others simply use the term Off-
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Figure 26. The 0 to — 10V 3 bit D/A transfer function (a) of
Figure 25is turned into that for a + 5V 3 bit D/A (b) by making
the C, offset connection. ItisturnedintothatforaOto + 10V 3
bit D/A (c) by making the C, offset connection. Notice how
subtracting a constant offsetting current from the summing
junction of the output op amp affects the transfer function.

set to mean Zero Error. Again, Micro Networks takes the posi-
tion that a user should not have to understand the inner work-
ings of any converter he/she is considering using, and that Of-
fset Error, because it is defined according to these inner
workings, is an ambiguous spec that should be avoided when
specifying converters. We prefer to specify the accuracy of a
converter's input/output characteristic using Full Scale Ab-
solute Accuracy and Zero Errors.

OFFSET AND GAIN DRIFT—Offset Error is usually express-
edin LSB's or % FSR and Offset Drift is usually expressed in
ppm’s of FSR/°C. If a D/A converter has a room temperature
(+25°C) Offset Error of +0.1%FSR and an Offset Drift of
+5ppm of FSR/°C. Its Offset Error at + 85°C will equal its
room temperature value plus a drift component. The drift
component will equal (AT) x (Offset T.C.) = (60°C) x (+ 5ppm
of FSR/°C) = + 300ppm of FSR = + 0.03%FSR. The total Off-
set Error at +85°C will equal (+0.1% FSR) + (+ 0.03% FSR)
= +0.13% FSR. At + 125°C, the total Offset Error will equal
+0.15% FSR. As Offset drifts, the transfer function moves
parallel toitself along the voltage (output) axis. See Figure 27.

Gain Error is usually expressed as a %, and Gain Drift is
usually expressed in ppm’s/°C. If a D/A converter has a room
temperature(+ 25°C)Gainerror of +0.2% and a Gain Drift of
+20ppm/°C, its total Gain Error at +85°C would be
+0.32%, and its total Gain Error at + 125°C would be
+0.4%. Gain Drift has the effect of rotating the D/A transfer
function around the point at which Offset Error occurs. See
Figure 28.

For the unipolar D/A, Gain and Offset Drift are the result of in-
depedent error sources, and their combined net effect on the
transfer function as temperature changes is unpredictable.
Figure 29a shows a unipolar unit exhibiting positive Offset
Drift and positive Gain Drift. Its Absolute Accuracy Drift is
equal to the sum of Gain and Offset Drift. Figure 29b shows a
unipolar unit exhibiting negative Offset Drift and positive
Gain Drift in a manner such that Full Scale Absolute Ac-
curacy does notdrift at all. If the directions of Offset and Gain
Drift are not known, a user can only assume that worst case
Unipolar Absolute Accuracy Drift will be equal to the sum of
the two drift specs.

For the bipolar D/A, Bipolar Offset and Gain Drifts interact in
acomplicated manner that results in Absolute Accuracy Drift
being less than the sum of the two specs. This will be discuss-
ed shortly.
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Figure 27. Offset Drift slides the transfer function parallel to
itself along the voltage axis. The transfer function motion in-
dicated would occur for a positive offset drift.
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Figure 28. Gain Drift rotates the transfer function around the
point at which Offset Error occurs. The transfer function mo-
tion indicated would occur for a negative gain drift.

ABSOLUTE ACCURACY vs. GAIN AND OFFSET
Presently, Micro Networks manufactures D/A and A/D con-
verters for two main types of users, and we specify these con-
verters accordingly. The first type of user is in the commer-
cial/industrial marketplace. We understand this user to be
very cost conscious and willing to go through a gain and off-
set adjusting procedure to achieve the greatest accuracies
from his/her converters. Our experience tells us that these
users expect to be able to purchase lower cost converters by
not demanding maximum limits on room temperature Ab-
solute Accuracies. They do however, demand good
Linearities and hence good Relative Accuracies. They also
demand accurate Linearity, Gain, and Offset Drift specifica-
tions because they usually design equipment to operate over
known limited temperature ranges. The second type of useris
in the military/aerospace marketplace. This user has to
design equipment to operate within specification over the en-
tire — 55°C to + 125°C temperature range, and he/she wants
to avoid the use of adjusting potentiometers because of their
inherent unreliability and their need for periodic recalibra-
tion. This user cannot concern himself/herself with drift
specifications, but demands Absolute Accuracy and Lineari-
ty specs guaranteed from —55°C to + 125°C.
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Figure 29. Positive Unipolar Offset and Gain Drifts add
together to give a positive Absolute Accuracy Drift (a). It is
possible for Offset and Gain Drifts to be in opposite direc-
tions such that Full Scale Absolute Accuracy Drift is zero (b).

It is this second type of application that we would like to
discussin detail. We would like to explain why we feel that the
converter to be used in an application in which its initial Gain
and Offset Errors are not going to be adjusted out with exter-
nal potentiometers is much better specified with Zero and
Full Scale Absolute Accuracy Errors than it is with Gain and
Offset Errors, both at room temperature and over any
specified operating temperature range.

For all practical purposes, the transfer function of a data con-
verter with halfway decent linearity can be considered tobe a
straight line, and the converter's accuracy specifications
should describe the position of the straight line relative to its
axes, i.e., they should describe how close the straight line
comes to theideal. There are two simple ways to describe the
plot of astraight line on a set of rectangularaxes. The line can
be described by two points or by a point and slope (angle).
Micro Networks prefers the two-point technique (our two
points being our Zero Error and Full Scale Absolute Accuracy
Error) to the point-siope technique (the point being Offset Er-
ror and the slope being Gain Error). We prefer our method for
no fewer than four good reasons:
1) Offset Error is confusing.

2) The Gain-Offset Method calls for extra, often com-
plicated, mathematical manipulation on the part of
the user to determine converter accuracy at transfer
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function points other than that at which Offset Error
occurs and at temperatures other than +25°C.

3) The Gain-Offset Method may reject units whose Gain
and Offset Errors have opposite polarities resulting in
acceptable accuracy.

4) The Absolute Accuracy method allows us to specify
much tighter Bipolar Zero Errors than the competition
without affecting our overall yields.

Let’s discuss these points one at atime. The ambiguity of Off-
set we have already addressed in the section labeled “Offset
Error”.

To address point 2, we have to answer the question “How
does one go about determining the Absolute Accuracy of a
D/A converter that lists only Offset and Gain Errors onitsdata
sheet?”” At room temperature, one can simply add the two er-
rors. Take an industry-standard 12 bit D/A like the DAC80.
Most manufacturers of this device will list the following
specifications at room temperature.

Unipolar Offset Error +0.15%FSR (Maximum)

Bipolar Offset Error +0.15%FSR (Maximum)

Gain Error +0.3%

The DAC80’s Unipolar Offset Error occurs at its zero volt out-
put, and its Bipolar Offset Error occurs at its minus full scale
output. Therefore, at room temperature, its Unipolar Zero Er-
ror will equal its Unipolar Offset Error (+ 0.15%FSR), and its
Unipolar Positive Full Scale Absolute Accuracy Error will
equal the sum of its Unipolar Offset and Gain Errors
(% 0.45%FSR). This means that when operating at + 25°C on
the 0 to + 10V output range, the unadjusted DAC80’s actual
full scale output voltage may be as much as +0.45%FSR
(which equals 45mV or almost 19 LSB’s) away form its ideal
value (+9.9976V) and still be within spec. The limits are sum-
marized in Figure 30.
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Figure 30. At +25°C, the DACB80’s Unipolar Positive Full
Scale Absolute Accuracy Error (+ 0.45% FSR)is equal to the
sum of its Unipolar Offset Error (+0.15% FSR) and its Gain
Error (+0.3%). The dots show the ideal transfer function for
the 0 to + 10V output range. The solid lines are the Absolute
Accuracy limits.



For bipolar ranges, the Negative Full Scale Absolute Ac-
curacy Error will equal the Bipolar Offset Error (= 0.15%FSR).
The Positive Full Scale Absolute Accuracy Error will equal the
sum of the Bipolar Offset and Gain Errors (+ 0.45%FSR). The
Bipolar Zero Error will equal the sum of the Bipolar Offset Er-
ror and %2 the Gain Error (+ 0.3% FSR). These limits are sum-
marized in Figure 31.
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Figure 31. At + 25°C, the DAC80's Bipolar Absolute Accuracy
is equal to the sum of its Bipolar Offset Error and its Gain
Error. The dots show the ideal transfer function for the +5V
output range. The solid lines are the Absolute Accuracy
limits.

To calculate the Absolute Accuracy of a DAC80 at
temperatures other than + 25°C, users can make use of the
converter's Gain, Offset, and Reference Drift specifications.
The data sheet lists the following:
Gain Drift +30ppm/°C (Maximum)
Gain Drift Exclusive of +10ppm/°C (Maximum)
Reference Drift
Reference Drift
Unipolar Offset Drift
Bipolar Offset Drift

+20ppm/°C (Maximum)
+3ppm/°C (Maximum)
+15ppm/°C (Maximum)

Let’s find the Unipolar and Bipolar Absolute Accuracies of
the DAC80 at + 70°C. For unipolar ranges, the calculations
are simple. Zero Error at + 70 °C will be the same as Unipolar
Offset Error at +70°C; it will be equal to the room
temperature value plus the drift component. The change in
temperature (AT) from +25°C to +70°C is 45°C. Therefore,
the drift component is (45°C)x(+=3ppm of
FSR/°C)= + 135ppm of FSR = +0.0135%FSR, and the total
Unipolar Offset Error at +70°C will equal
+0.15%FSR +0.0135%FSR = +0.1635%FSR (maximum).
The Positive Full Scale Absolute Accuracy Error at +70°C
can be calculated in two ways. The first method simply adds
the Unipolar Offset Error at +70°C to the Gain Error at
+70°C. The Gain Error at +70°C will equal the room
temperature value plus the drift component:
+0.3% +(45°C)x (= 30ppm/°C)= +0.3% + 1350ppm
= +.435%. The Positive Full Scale Absolute Accuracy Error
at +70°C will equal *#0.1635% FSR =+0.435% FSR=
+0.5985% FSR. These limits are summarized in Figure 32.
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Figure 32. Unipolar Absolute Accuracy of the DAC80 at
+70°Cis equal to the sum of Unipolar Offset Errorat + 70°C
and Gain Error at +70°C.
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Calculating Bipolar Absolute Accuracies at temperatures
other than +25°C is not so simple. Negative Full Absolute
Accuracy Error at +70°C is equal to Bipolar Offset Error at
+70°C (+0.2175%FSR) but Positive Full Scale Absolute Ac-
curacy Error at +70°C is not equal to the sum of Bipolar Off-
set Error at + 70°C and Gain Error at + 70°C. This is due to
the fact that the largest portions of Gain Drift and Bipolar Off-
set Drift are the result of reference drift, and in the bipolar
mode, these components partially cancel each other making
Positive Full Scale*Absolute Accuracy Drift much less than
the sum of Gain and Bipolar Offset Drift. As a rule of thumb,
Positive Full Scale Absolute Accuracy Drift will be equal to 2
the Reference Drift plus the Gain Drift Exclusive of Reference
Drift plus the Bipolar Offset Drift Exclusive of Reference Drift.
If these drift specifications are not listed on the manufac-
turer’s data sheet, the following rules can usually be applied:

Reference Drift = 2/ of Gain Drift
Gain Drift Exclusive of
Reference Drift = ¥3 of Gain Drift
Bipolar Offset Drift Exclusive of
Reference Drift = ¥a of Bipolar Offset Drift

Applying these rules to the DACB80 gives the result that the
total Positive Full Scale Absolute Accuracy Drift will equal
+ 10+ 10 + 5ppm of FSR/°C. Bipolar Positive Full Scale Ab-
solute Accuracy Error at +70°C will equal the room
temperature spec (+ 0.45%FSR) plus the drift component.
The drift component will be (45°C)x(+25ppm of
FSR/°C)= +1125ppm of FSR= +0.1125 of FSR and the
Positive Full Scale Absolute Accuracy Error at +70°C will
equal +0.45+0.1125= + 0.5625%FSR which is better than
the Unipolar Positive Full Scale Absolute Accuracy Error at
+70°C. The results are summarized in Figure 33. | think we
have made our point. It takes alot more work than it should for
a user to figure out how accurate a converter is going to be
when he/she intends to use it without initial gain and offset
adjustments, and the device is specified with initial Gain and
Offset Errors and the appropriate drift specifications. The
situation is complicated by the fact that many manufacturers
who choose to give room temperature Gain and Offset Errors
only give typical values for these specs.
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Figure 33. Bipolar Absolute Accuracy of the DAC80 at +70°C
is better than the sum of Bipolar Offset Error at +70°C and
Gain Error at +70°C.

Point 3 was that we felt the Gain-Offset technique could
result in the rejection of units that had perfectly good ac-
curacy. This point needs clarification, and we think this is
best accomplished graphically. We will give one example
here and further examples in the discussion of point 4. Figure
34 shows the Absolute Accuracy limits of a 3 bit, 0 to + 10V
output range D/A that has a maximum Unipolar Offset Error
of £12.5% FSR (+1 LSB) and a maximum Gain Error of
+14.3% (this Gain Error spec results in a maximum Gain Er-
ror of +1 LSB when the converter is at its full scale output).
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Figure 34. The solid lines show the Absolute Accuracy limits
of a 3 bit 0 to + 10V D/A that has a Unipolar Offset Error of
+12.5% FSR (+ 1 LSB) and a Gain Error of +14.3%.

4-20

The ideal transfer function is the short-dashed line. The long-
dashed lines show the Offset Error, and the solid lines show
the Absolute Accuracy Limits fixed by the sum of Gain and
Offset Errors. We are assuming that the device’s Offset Error
occurs at its zero volt output. Fig. 35 plot (a) is the transfer
function of a D/A converter that has the maximum allowable
Gain and Offset Errors, i.e., the transfer function tracks the
upper limit of Absolute Accuracy. It has a Zero Error of +1
LSB and a Positive Full Scale Absolute Accuracy Errorof +2
LSB’s. Fig. 35 plot (b) is the transfer function of a D/A
that has — V2 LSB Offset Error and + 21.45% Gain Error (12
times the allowable limit). This unit would be rejected for ex-
ceeding the Gain Error specification yetits Zero Erroris twice
as good as that of the previous unit (- Y2 LSB compared to
+ 1 LSB) and its Positive Full Scale Absolute Accuracy Error
is also twice as good as the “good” unit (+ 1 LSB compared
to +2 LSB’s). The user who is not performing initial gain and
offset adjusting would actually prefer the “bad’ unit.
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Figure 35. Transfer function (a) is that of a3 bit0to + 10V D/A
that has the maximum Gain and Offset Error allowed in
Figure 34.Unipolar Zero Error = + 1 LSB. Full Scale Absolute
Accuracy Error = + 2 LSB's. Transfer function (b) is thatofa 3
bit 0 to + 10V D/A that has a Unipolar Offset Error (Zero
Error)= — %2 LSB and Gain Error = +21.45%. The resultis a
Full Scale Absolute Accuracy Error of +1 LSB.

Point 4 refers only to bipolar converters, but we want to
preface our discussion by saying that for unipolar converters
there reallyis not awhole lot of difference between specifying
Gain and Offset Errors and Full Scale Absolute Accuracy and
Zero Errors. We saw in the discussion of point 2 that as long
as a user knows where the Offset Error specification applies,
all he/she has to do is add the Gain and Offset Errors at any
temperature to find the Full Scale Absolute Accuracy and
Zero Errors at that temperature.

As we also saw in the discussion of point 2, the situation is
not the same for the bipolar converters. Let’s review what the
Gain-Offset technique says about the Absolute Accuracy of
bipolar converters. Figure 36 shows the Absolute Accuracy
limits of 3 bit, =5V output range D/A that has a maximum
Bipolar Offset Error of =1 LSB and a maximum Gain Error of



+14.3%. The sketch is the same as that of Figure 32 offset
half scale. We are assuming that this device’s Bipolar Offset
Erroroccurs atits minus full scale output. As you can see, the
Absolute Accuracy limits are in the shape of a “fan” and
henceforth, we shall call the Gain-Offset technique of speci-
fying accuracy the fan Method. As temperature changes,
gain and offset drift in an interacting manner resulting in a
new Fan at each temperature. The result is still a fan-shaped
limit, however, and its bipolar offset end (the minus full scale
end in this example) is always tighter than its other end (the
positive full scale end in this example).
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Figure 36. Absolute Accuracy limits of a 3 bit + 5V D/A witha
+1LSB Bipolar Offset Errorand a + 14.3% Gain Error(a). Ab-
solute Accuracy limits are in the shape of a “Fan” (b).
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Figure 37. Micro Networks prefers to loosen the Negative Full
Scale Absolute Accuracy Error and tighten the Bipolar Zero
Error gving Absolute Accuracy limits that resemble a
“Butterfly”.

Micro Networks specifies the accuracy of bipolar converters
using a Negative Full Scale Absolute Accuracy Error, a
Positive Full Scale Absolute Accuracy Error, and a Bipolar
Zero Error. We usually make our Positive and Negative Full
Scale Error specifications equal to each other and much
greater than our Bipolar Zero Error resulting in Absolute Ac-
curacy limits that resemble a “butterfly” (see Figure 37).
Henceforth, we will refer to our technique as the Butterfly
Method.

As stated earlier, we feel the Butterfly Method allows us to
specify much tighter Bipolar Zero Errors than the Fan Method
does. Let’s see why. The tight end of the Fan limits is always
the Bipolar Offset Error specification, and Bipolar Offset Er-
ror is an error source that most manufacturers have a pretty
good handle on. Therefore, either because of tradition or
through an effort to make their converters look as good as
possible on paper, these manufacturers will specify tight
Bipolar Offset Errors. Because Gain Error is much more dif-
ficult and more expensive to control, these manufacturers
have to open up the other end of the Fan in order to get decent
product yields. The result is that the Bipolar Zero Error
specification has to be opened up to accommodate the Gain
Error.

Inreality, thanks to laser trimming, Bipolar Zero Error is about
as easy to control as Bipolar Offset Error is, and Micro Net-
works has chosen to relax our Negative Full Scale Absolute
Accuracy Error and tighten up our Bipolar Zero Error. In other
words, for every unit that has a good Negative Full Scale Ab-
solute Accuracy Error and poor Bipolar Zero Error there is a
unit that has a poor Negative Full Scale Absolute Accuracy
Error and a good Bipolar Zero Error. Micro Networks has
chosen to call the latter ““good” units and former “‘bad” units.
Manufacturers who test to the Fan Method are calling the lat-
ter “bad” units and the former “good” units. See Figure 38.

Why do we feel our ““good” units are better than their ‘““good”
units? Firstly, for most D/A and A/D converters used in closed
loop control applications, Bipolar Zero Accuracy is much
more important than Negative Full Scale Accuracy. Take a
look at our MN3850H and MN3860H 12 bit D/A converters.
These devices guarantee +0.1%FSR maximum Bipolar Zero
Error over the entire -55°C to +125°C operating
temperature range. You cannot buy a 12 bit D/A with a better
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Figures 38a and 38b. The unit whose transfer function is
shown as the dashed line has a large Bipolar Offset Error and
a small Bipolar Zero Error. It fails the Fan limits and passes
the Butterfly limits.
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Figures 38c and 38d. The unit whose transfer function is
shown as the dashed line has a small Bipolar Offset Errorand
a large Bipolar Zero Error. It passes the Fan limits and fails
the Butterfly limits. Which is the more accurate device?

Bipolar Zero Error. Secondly, we see very few bipolar applica-
tionsinwhichitis necessary tohave a Negative Full Scale ab-
solute Accuracy Error that is better than the Positive Full
Scale Absolute Accuracy Error, especially at the expense of
Bipolar Zero Error.

We have made our case. A good percentage of Micro Net-
works converters are designed without the option for external
gain and offset adjusting. These devices were designed for
simplicity of use, and all of them are specified with maximum
Full Scale Absolute Accuracy and Zero Errors at room
temperature and over the specified operating temperature
range. Please feel free to contact our Applications Staff if you
have any questions concerning how and why we specify our
converters the way we do.

D/A CONVERTERS—DYNAMIC SPECIFICATIONS

SETTLING TIME—Settling Time is defined as the total
elapsed time between the application of anew input code and
the point at which the analog output has entered and re-
mained within some specified percentage of its final value.
Normally, the input code change should be such that the D/A
output is forced over its full.range, i.e., the code change
should be fromall““1’s” toall “0’s” or vice versa. The specified
limits of the final error band are placed around the output’s
final value, notitsideal value. See Figure 2. Suppose this 3 bit,
+ 10V D/A gave an actual output of +7.25V (instead of the
ideal +7.5V) when its input was all “1’s”. To measure settling
time, one would start at a 000 input, apply a 111 input, and
measure how long it took for the output to reach and remain
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within the band defined as “final value + ¥2 LSB” (+7.25+
1.25 volts).

If aSettling Time spec is given fora 1 LSB change, the change
should be that occurring when the MSB just turns on or off,
i.e., when the digital input goes from a “0” and all “1’s” to a
“1” and all “0’s”’ or vice versa. This is the situation in which
the greatest output glitch and therefore the longest settling
for a 1 LSB change occurs. In most D/A applications, Output
Slew Rate will not be an important parameter if Settling Time
is properly specified.
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Figure 39. Settling Time is the elapsed time between the ap-
plication of a new input code and the point at which the
analog output enters and remains within the band described
as final value = 2 LSB.

SUCCESSIVE APPROXIMATION A/D CONVERSION

The technique of A/D conversion most widely used in data ac-
quisition applications is that of ‘‘successive
approximations”. This is primarily due to the fact that suc-
cessive approximation A/D conversion offers excellent
tradeoffs in resolution, speed, accuracy, and cost. The
highest resolution devices can convert 16 bits in tens of
microseconds with some models selling for under $200. 12 bit
units can convert in under 2usec and sell for under $40. 8 bit
units can convert in hundreds of nanoseconds and sell for a
few bucks.

Virtually all successive approximation (SA) analog to digital
converters are voltage input devices, and the conversion pro-
cess is remarkably similar to finding the weight of an
unknown object using a chemist’s balance and a set of bin-
arily weighted known weights (e.g., V2 Ib., a Ib., %Ib., %sI1b(=1
oz.), Y2 oz., s oz, etc.). All of the A/D converters presently
manufactured by Micro Networks are successive approxima-
tion types. Figure 40 shows a simplified block diagram fora 3
bit, 0 to + 10V successive approximation A/D. Figure 41 is its
timing diagram. The circuit consists of a block of controlling
logic and flip flops known as a successive approximation
register (SAR), a current output D/A converter with reference,
a clock, and a comparator. The outputs of the SAR’s four flip
flops act as both the direct (parallel) data outputs of the con-
verter and the digital drive for the internal D/A converter.
When the appropriate signal is applied to the converter's
Start Convert input, the Status output rises toa ‘1" indicating
that the converter is in the process of performing a conver-
sion and that digital output data is not valid. At the same
instant, the digital outputs of the SAR all go to “0” except for
the MSB which is set to a “1”. In this state (called the reset
state), the digital output of the A/D is 100, and the current
(IDAC) coming out of the internal D/A is the MSB current.

The analog input signal dropped across Rjp produces a cur-
rent lin. The D/A continuously converts the digital output
of the A/D into an equivalent analog current that the com-
parator continuously compares to ljn. The comparator output



Start Converto————{ Successive | —— o Status Output
Approximation———o Serial Output

Register [«
Digital

Bit2 outputs
LsSB

3 Bit

Ref. D/A Converter
Analog Input
Comparator

Figure 40. Block diagram of a 3 bit successive approximation
A/D converter. This technique is very similar to weighing an
unknown on a chemist’s balance.
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Figure 41. Timing diagram for the 3 bit A/D of Figure 40. After
a conversion has been initiated, each output bit is set to its
final value on successive rising clock edges.

(“1” or “0”") informs the SAR whether the present digital out-
put (100 in the reset state) is “‘greater than” or ‘less than” the
analog input. Depending upon which is greater, on the first
rising clock edge after the start signal has been applied, the
SAR'’s logic will make a decision and set the MSB to its final
state (1 or “0”) and bring bit2 up toa ““1”’. The digital output
is now X10. The D/A converts this to an analog value, and the
comparator determines whether this value is greater or less
than the analog input. On the next rising clock edge, the SAR
reads the comparator feedback, sets bit 2 to its final state,
and brings bit 3 up to a logic “1”. The digital output is now
XX1. On the next rising clock edge, the SAR reads the com-
parator feedback and sets the LSB to its final state. If this
were more than a 3 bit A/D, this successive approximation
procedure would continue in order of descending bit weights
until all the output bits had been set. The rising clock edge
that sets the LSB to its final state also drops the Status out-
put to a “0” indicating that the conversion has been com-
pleted and that the digital output data is now valid. Data will
remain valid as long as the status is a “0”.

There is also a Serial Data output. The data is in nonreturn-to-
zero format (NRZ) with each bit being present on the output
line for one clock period following the rising clock edge that
set that bit to its final value. Serial data is valid on falling

clock edges, and these edges can be used to clock serial data
into receiving registers.

The analoginput to an S/A type A/D should not change during
the conversion time. The conversion time is defined as the
width of the Status output pulse and it is strictly a function of
clock frequency. If the input were to change during a conver-
sion, the output code would no longer accurately represent
the analog input unless the new value were larger than the
sum of the weights already present by an amount less than
the sum of the untried weights. Since this is a not-often-
fulfilled requirement, it is common to employ a sample-hold
device ahead of the converter to retain the input value that
was present at theinstant the conversion starts and maintain
it constant throughout the conversion. The Status output of
the converter could be used to release the sample-hold from
its hold mode at the end of conversion. A sample-hold may
not be needed if the signal (by itself, or with filtering) varies
slowly enough and is sufficiently noise-free that significant
changes will not occur during the conversion interval.

Accuracy, linearity, and speed are primarily affected by the
properties of the D/A converter, the reference, and the com-
parator. In general, the settling time of the D/A converter and
the response time of the comparator are considerably slower
than the switching time of the digital elements and will limit
conversion speed. The differential nonlinearity of the D/A
converter will be reflected in the differential nonlinearity of
the resulting A/D converter. If the D/A converter is non-
monotonic, one or more codes may be missing from the A/D
converter’s output range. Bipolar A/D’s are created by using
bipolar D/A’s with appropriate input scaling.

The SAR’s employed by Micro Networks in most of our SA
type A/D converters are complementary coded. This means
that in the reset state the MSB is a “0’’ and the other bits are
“1’s”, and as each bit is set to its final value, the succeeding
bit is dropped to a “0” rather than being raised toa “1”. At the
end of aconversion, the Status risestoa ‘1" ratherthan drop-
ping to a zero. The fact that we use complementary coded
SAR’s makes very little difference since we normally also use
complementary coded D/A’s internal to the A/D’s. The final
result is that most of our A/D’s are complementary rather
than straight binary coded.

Figure 42 is arepeat of Figure 3. Itis the transfer function of a
3 bit, 0 to + 10V input range, binary coded A/D converter.
Figure 43 is arepeat of Figure 4. Itis the transfer function of a
3 bit, +10V input range, offset binary coded A/D converter.
Recall our brief discussion of the A/D transfer function at the
beginning of this tutorial. The only points along an A/D’s
analog input/digital output transfer function that can quickly
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0.00 1.25 2.50 3.755.00 6.25 7.50 8.7510.00 (DC Volts)

Figure 42. Analog input/digital output transfer function of an
ideal, 3bit,0to + 10V input range, binary coded A/D converter.
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and accurately be detected and measured are the transition
voltages, the analog input voltages at which the digital out-
puts change from one code to the next.

Digital Digital
Output Output
111 E—
1LSB =25V
110 ] —_—
101 _
-100 -7.5 =50 -2.5 Analog
100 Input
+25 +50 +7.5 +100 (DC Volts)
011 —
010 —_—
001 —_— 4
000 —

Figure 43. Analog input/digital output transfer function of an
ideal, 3 bit +10V input range, offset binary coded A/D
converter.

Noticein Figure 43 that the digital output changes from 000 to
001 as the input is increased from some more negative
voltageto — 7.5V.Itchanges from 001 back to 000 as the input
is decreased from some more positive voltage to — 7.5V. This
voltage, —7.5V, is the Minus Full Scale LSB Transition
Voltage. It is the voltage at which the LSB changes from “1”
toa“0” orvice versa while all other bits remain “0”. Note that
the 011 to 100 transition (called the major transition because
all the output bits change) ideally occurs at the zero volit
analog input, and that the Positive Full Scale LSB Transition
Voltage, thevoltage at which the LSB changes while the other
bits remain “1”, is ideally +7.5V.

Most converter users don’trealize that transition voltages are
what manufacturers look for when testing A/D converter
Linearity and Accuracy. When a manufacturer tests the ac-
curacy of an A/D converter, he attaches his voltmeter to the in-
putto see if the transition voltages are where they’re suppos-
ed tobe. If one wanted to depict the A/D transfer function as a
set of points (similar to a D/A transfer function) one simply
has to plot the transition voltages with no loss of information.
This is done in Figure 44.

This section now continues with a discussion of Relative and
Absolute Performance Specifications for A/D converters. The
discussions of individual parameters will not be as detailed
as they were for D/A converters since most of the observa-
tions made earlier pertain to both D/A’s and A/D’s. In par-
ticular, the arguments against the use of Offset Errors and
the reasons why Micro Networks prefers to specify bipolar
accuracies according to the Butterfly Method rather than to
the Fan Method pertain equally to both A/D’s and D/A’s.

ANALOG TO DIGITAL CONVERTERS - RELATIVE
PERFORMANCE SPECIFICATATIONS

INTEGRAL LINEARITY — As was the case with D/As, the in-
tegral Linearity of A/D converters is a measure of the
“‘straightness” of the converter’s input/output transfer func-
tion. For D/A’s, Integral Linearity described how close the
points that were the analog output voltages were to a straight
line drawn through them. For A/D’s, it describes how close
the points that are the transition voltages are to a straight line
drawn through them. Figure 45 is a blow-up of the first four
levels of the transfer function of Figure 42. The transition
voltages, the analog input voltages at which the digital out-
put change from one code to the next, are circled at the left
end of each level (one could have just as easily chosen the
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Figure 44. The digital output transitions of Figures 42 and 43
are plotted as a function of input voltage. These plots convey
all the information of Figures 42 and 43.
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Figure 45. The first 4 transitions of Figure 42 are expanded to
clarify what points along the A/D transfer function we are
calling the transition voltages.

right ends) and also indicated on the horizontal (analeg) axis.
These are the points for which linearity has to be tested, and
the reference straight line can be drawn according to either
an end-point definition or a best-fit definition (see D/A In-
tegral Linearity). A/D Integral Linearity Error is usually ex-
pressed in fractions of an LSB (= . LSB, + 2 LSB, etc.)orin
%FSR or ppm’s of FSR.

Figure 46 shows a nonlinear, 3 bit A/D transfer function.
Some of its bands are wider than 1 LSB; some are narrower
than 1 LSB. Figure 47 plots the transition voltages of Figure
46, and Figure 48 shows that the transfer function of Figure
46 has + % LSB Linearity Error according to the best-fit defini-
tion.
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Figure 46. Nonideal, 3 bit, 0 to + 10V input range A/D con-
verter. Output levels greater or less than 1 LSB wide result in
an Integral Linearity error.
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Figure 47. The transition voltages of figure 46 are plotted
against analog input.

Digital

Output
111
110
101
100
011
010

001

Analog
000 >» Input

p
0.00 1.25 2.50 3.75 5.00 6.25 7.50 8.75 10.00 (DC Volts)

Figure 48. The A/D transfer function fo Figure 46 is shown to
have +3% LSB Integral Linearity according to the best-fit
straight line definition.

A few manufacturers have defined Integral Linearity for A/D
converters to be the deviation of the “midpoints” of the levels
from a straight line drawn through them. Micro Networks
does not accept this definition, and Figure 49 demonstrates
why. If the 3bit D/A of Figure 49a were used to construct a3 bit
successive approximation A/D, the A/D’s transfer function
would look like that shown in Figure 49b. Drawing a straight
line through the centers of the levels leads one to conclude

that the A/D has perfect linearity, obviously it does not. Figure
49¢ shows that plotting and drawing a straight line through
the transition voltages gives this A/D +3% LSB Integral
Linearity Error (according to the best-fit definition).
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Figure 49. If the 3 bit D/A whose transfer function is shown in
(a) is used to make a 3 bit successive approximation A/D, the
A/D’s transfer function will be that shown in (b). If one uses
the midpoints of the levels and not the transition points to
test Integral Linearity, this obviously nonlinear A/D would
have perfect linearity. (c) shows that when the transition
points are used, the device has + % LSB linearity according to
the best-fit definition.
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Micro Networks feels that Integral Linearity is one of the most
important A/D converter specifications, and we contend that
an n bit converter is not a true n bit converter unless it
guarantees at least *'. LSB Linearity over whatever
temperature range it is to be used. For A/D converters, * 2
LSB Integral Linearity by either definition will guarantee No
Missing Codes and Differential Linearity Error better than + 1
LSB.

DIFFERENTIAL LINEARITY ERROR—AIl the steps of the D/A
transfer function were supposed to be 1 LSB high. All the
levels or bands of the A/D transfer function are supposed to
be 1 LSB wide. A/D Differential Linearity Erroris a measure of
the distance between transition voltages (i.e., a measure of
the widths of input voltage bands), with any deviation of the
actual ““distance” from theideal 1 LSB appearing as the error.
The amount of error is usually expressed in fractions of an
LSB.

A maximum Differential Linearity Error of + %2 LSB means
that the “distance” between transition voltages can be as
largeas 1LSB + V2 LSB, i.e., the input voltage may have to in-
crease or decrease as little as %2 LSB or as much as 1%
LSB’s before an output transition occurs. See Figure 50. The
transfer function of Figure 50 has some levels that are V4 LSB
wide and one that is 1% LSB’s wide. Its Differential Linearity
Error is + % LSB. Integral Linearity Error better than + 2
LSB by either definition guarantees that Differential Linearity
Error will be better than +1 LSB, i.e., maximum Differential
Linearity Error has an upper bound equal to two times Integral
Linearity Error. It can be less than 2X Linearity, however, and
some manufacturers may choose to test and specify it as be-
ing such. For example, a converter may specify + 2 LSB In-
tegral Linearity and =+ % LSB Differential Linearity. If it
specifies + V2 LSB Integral Linearity and says nothing about
Differential Linearity, one can only assume that maximum
Differential Linearity will be +1 LSB.
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Figure 50. Demonstration of an A/D transfer function with
+ % LSB Differential Linearity Error. Some levels are + s
LSB wide; others are + 13 LSB wide.

Maximum Differential Linearity Error does not allow one toin-
fer anything about Integral Linearity Error. The transfer func-
tion of Figure 51 has + 2 LSB Differential Linearity Error but
+ % LSB Integral Linearity Error. Lastly, what happens if Dif-
ferential Linearity Erroris + 1 LSB? Some of the levels will be
2 LSB’s, wide; others will be 0 LSB’s wide. Zero LSB’s wide
means that the level does not exist and that the converter
misses a code.
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Figure 51. Differential Linearity does not guarantee Integral
Linearity. The A/D transfer function shown in(a)has + 2 LSB
Differential Linearity but +% LSB Integral Linearity accor-
ding to the best-fitdefinitionand + 1%4 LSB Integral Linearity

according to the end-point definition.

NO MISSING CODES—No Missing Codes is to A/D con-
verters what monotonicity is to D/A converter's (see
Monotonicity). There is really no need to specify Monotoni-
city for successive approximation A/D converters. These
devices are monotonic by design; if the input voltage goes up,
the output code goes up. The question is how high up does
the output go? Does it jump up so high as to miss the next out-
put level? Look at Figure 52. When the input voltage to this
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Figure 52. This A/D transfer function shows the digital output
going from 011to 101 as the analog input increases. The code
100 is missing.



converter gets to + 2.5V, the output code becomes 011. The
output stays on this code while the input voltage increases to
+3.75V. Now the output changes to the code 101. The code
100 was missed. A successive approximation A/D misses
codes whenits internal D/A is nonmonotonic. The A/D whose
transfer function is shown in Figure 52 was constructed us-
ing the D/A of Figure 53. Notice how the nonmonotonic D/Ain-
put (100) is the missing A/D code.
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0.00
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Figure 53. The A/D converter whose transfer function is
shown in Figure 52 was built with the nonmonotonic D/A
whose transfer function is shown here. The A/D misses a
code (100) at the point at which the D/A is nonmonotonic.

Like Monotonicity, No Missing Codes is more a property of a
converterthanitis a specification. The relevant specification
is “the temperature range over which no missing codes is
guaranteed”. No Missing Codes is an important parameter.
One always wants to make sure that all 2N output codes are
achievable for an n bit converter. If an n bit converter misses a
code at its major transition (the most likely place for this to
occur) it might as well be an (n-1) bit converter.

Remember: + %2 LSB Integral Linearity will guarantee No
Missing Codes and Differential Linearity Error betterthan + 1
LSB. However, No Missing Codes and Differential Linearity
Error better than + 1 LSB do not guarantee + V2 LSB Integral
Linearity. Many converters will guarantee No Missing Codes
over some temperature range, but they won’t guarantee +
LSB Integral Linearity.

INTEGRAL AND DIFFERENTIAL LINEARITY DRIFT—See
this section under D/A converters for an explanation of how
to calculate the magnitude of Integral and Differential
Linearity Drifts over a given temperature range.

A 12 bit A/D converter that guarantees + %2 LSB (+0.012%
FSR) Integral Linearity Error at + 25°C and gives an integral
Linearity Drift of =1 ppm of FSR/°C will have an Integral
Linearity of +0.022% FSR at +125°C. +0.022% FSR is
almost equivalent to 1 LSB for 12 bits (0.024% FSR) or %2 LSB
for 11 bits. Therefore, at + 125°C this converter would only
have 11 bit Integral Linearity which would mean that its effec-
tive resolution has been reduced to 11 bits. In other words, the
manufacturer of this converter is saying that at + 125°C, Dif-
ferential Linearity Error can be as bad as =2 LSB’s (for 12
bits) and that he no longer guarantees No Missing Codes.

Most Micro Networks A/D converters are guaranteed to be
+ %2 LSB Linear at room temperature and + %2LSB Linear
with No Missing Codes over their entire operating
temperature range. For converters that don’t hold + ¥2LSB
Linearity over temperature, we will give a Linearity spec at
+25°C and another Linearity spec that applies over the en-
tire operating temperature range. Our MN574AT 12-bit A/D, for

example guarantees +'2LSB Integral Linearity at room
temperature and +1LSB from -55°C to +125°C. A 12-bit A/D
converter that guarantees +'v2LSB Differential Linearity Er-
ror at +25°C and gives a Differential Linearity Drift of
+2ppm of FSR/°C will have a Differential Linearity Error of
+0.032% FSR at +125°C, and +0.032% is equivalent to
approximately 172LSB’s. At 125°C this A/D may have miss-
ing codes. We say “may have missing codes’’ because it is
possible that the converter transfer function bowed up-
wards such that the levels got wider and then smaller such
that no codes were missed. Normally, however, when this
type of drift phenomenon occurs, the manufacturers will be
proud of the fact that they have maintained No Missing
Codes and will say something to the effect of “No Missing
Codes guaranteed over temperature”. If such a statement
does not appear, a user can only assume that the converter
began to miss codes when Differential Linearity exceeded
+ 1LSB. At what temperature did that occur for the device
mentioned above? At what temperature did its Differential
Linearity Drift exceed =+ v2LSB? =+ v2LSB= *0.012% of
FSR= +120ppm of FSR. If Differential Linearity Drift is
+2ppm of FSR/°C, it will take 60°C for the drift to equal
+ 2LSB. Therefore, the converter began to miss codes at
+25°C+(60°C)= +85°C.

What Differential Linearity Drift would a 12 bit A/D that
guaranteed ='2 LSB Differential Linearity at room
temperature (+ 25°C) have to maintain in order to guarantee
No Missing Codes up to +125°C? = "2 LSB=120ppm of
FSR. 120ppm of FSR/AT = 120ppm of FSR/100°C = 1.2ppm of
FSR/°C.

Lastly, recall that + %2 LSB Integral Linearity guarantees No
Missing Codes and Differential Linearity Error less than +1
LSB for A/D converters. An A/D that guarantees + %2 LSB
Linearity and No Missing Codes at room temperature and
then gives an Integral Linearity Drift specification without
specifically stating what happens to Differential Linearity or
Missing Codes over temperature is not guaranteeing No
Missing Codes at any temperature other than +25°C.

GAIN ERROR—As was the case with D/A’s, A/D Gain Error is
ameasure of the deviation from the ideal of the slope of acon-
verter's transfer function. The slope of an A/D converter
transfer function can be defined as the slope of a straight line
from its first transition to its last transition. Tha slope of the
ideal transfer function, as plotted in Figures 42 and 43 is 45°
or 1. A device with positive Gain Error would have a more
steep transfer function. A device with negative Gain Error
would have a less steep transfer function. See Figure 54. A/D
Gain Erroris usually measured by first locating the “first” and
“last” transitions of a converter’s transfer function. The first
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Figure 54. Example of a unipolar A/D transfer function ex-
hibiting positive Gain Error. The ideal transfer function is
shown as the broken line.
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transition for a unipolar A/D is the one closest to zero for
unipolar positive devices and the one closest to the negative
full scale point for unipolar negative devices. The first transi-
tion for a bipolar device is the one closest to the negative full
scale point. The last transition is the last one at the other end
of the transfer function. Gain Error is the difference between
the real and the ideal values of the full analog interval bet-
ween these two voltages.

Return to Figure 43. For this A/D, the ideal first transition
voltage is —7.5V, and the ideal last transition voltage is
+7.5V. The ideal difference between these two points is 15
volts (FSR—2 LSB’s). If the transfer function of Figure 43 had
an actual first transition at —8.0V and an actual last transi-
tion at +7.75V the difference would be 15.75 volts. The dif-
ference between the ideal and actual values for this number
would be 15.75 - 15.00 = 0.75 volts. Expressed as a percen-
tage, this gives a Gain Error of 0.75/15 = 5%. Note that this is
a negative Gain Error, the transfer function would be less
steep than ideal. For those who like to express Gain Error in
% FSR, the error would be 0.75 volts/FSR =0.75 volts/20
volts =3.75% FSR.

Gain Error is not an accuracy measurement, although as you
will see, it can be used to calculate an A/D converter's Ab-
solute Accuracy Error when this spec is not given.

RELATIVE ACCURACY—As we stated in the D/A section,
Relative Accuracy is a confusing specification, and you will
not see it used on a Micro Networks data sheet. It is the data
converter specification that has the greatest variety of defini-
tions from different manufacturers. Micro Networks defines
the Relative Accuracy of an A/D converter to be the measure
of how accurate any of the A/D’s transition voltages are
relativeto astraightlinedrawn between the first and last tran-
sitions of the A/D’s actual transfer function. Relative Ac-
curacy is usually expressed in (sub)multiples of LSB’s or in
%FSR, and according to ourdefinition, is exactly the same as
Integral Linearity Error according to the end-point definition.
Relative Accuracy does notinclude Gain and Offset Errors (to
be discussed).

As a data converter specification, Relative Accuracy has two
uses. Firstly, many manufacturers will use it for the purpose
of informing a user how accurate, relative to the ideal, he/she
can expect his/her A/D to be afteritsinitial Gain and Offset Er-
rors have been adjusted to zero through the use of trimming
potentiometers. As an example, take the 3 bit, 0 to + 10V A/D
of Figure 42. If the manufacturer guarantees Relative Ac-
curacy = * Y2 LSB, and the user adjusts the converter so that
its 000 to 001 transition occurs at an input voltage of exactly
+ 1.25 volts and its 110 to 111 transition occurs at an input
voltage of exactly + 8.75 volts, every other transition voltage
will be within + %2 LSB (% 0.625 volts) of what it is supposed
to be. The second use of Relative Accuracy is that some
manufacturers will use it in lieu of an Integral Linearity Error
spec. This is fine if the intent is not to deceive. We stated
earlier that in order for an n bit converter to be a true n bit con-
verter, its Integral Linearity Error should be no worse than
+ Y2 LSB for n bits. Many times, when Relative Accuracy ap-
pears inlieu of Integral Linearity Error, we have noticed the er-
ror to be greater than + %2 LSB. Beware of high resolution (12
bits and up) A/D converters or Data Acquisition Systems that
spec “accuracies’ better than +2 LSB’s. As a practical mat-
ter, such levels are difficult to achieve in state-of-the-art A/D’s
without external gain and offset adjustments. The manufac-
turer probably means Relative Accuracy.

A/D CONVERTERS—ABSOLUTE PERFORMANCE
SPECIFICATIONS

ABSOLUTE ACCURACY ERROR—The Absolute Accuracy
Error of a voltage input A/D converter is the difference bet-
ween the actual, unadjusted, analog input voltage at which a
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given digital transition occurs and the analog input voltage at
which that transition is ideally supposed to occur. This dif-
ference is usally expressed in LSB’s or %FSR.

The two key words in this definition are “unadjusted’” and
“given”. “Unadjusted” means just that; an A/D converter's
Absolute Accuracy has to be measured before any optional
gain and offset adjusting is performed. This is where Ab-
solute Accuracy differs from Relative Accuracy. Absolute Ac-
curacy tells you how accurate your converter is going to be if
you simply plug it in, power it up, and start converting.
Relative Accuracy tells you how accurate it will be after you
go through the gain and offset error adjusting procedure.
“Given” refers to the fact that any Absolute Accuracy
specification has to be accompanied by some indication of
where along the converter’s input/output transfer function
the spec applies, i.e., for which digital output transition is the
Absolute Accuracy of the input voltage to be measured. If no
such indication is given, a user can only assume that a given
Absolute Accuracy Error spec applies over the converter's en-
tire input/output range, i.e, it applies to every transition.
Because Absolute Accuracy Error is measured and specified
without adjustment, it includes all factors that may be affec-
ting the converter’'s accuracy at the point of
measurement—Offset Error, Gain Error, Linearity Error, and
Noise Error.

Refer back to Figure 42. Assuming the transfer function is
linear, the two key points necessary to fully describe this A/D
converter's Absolute Accuracy would be at positive full scale
(110 to 111 transition) and at zero (000 to 001 transition). To
avoid ambiguity, the specs would be called Unipolar Positive
Full Scale Absolute Accuracy Error and Unipolar Zero Ab-
solute Accuracy Error (also called Unipolar Zero Error). Refer
back to Figure 43. The three key points necessary to ade-
quately describe the Absolute Accuracy of this device are at
positive full scale (110 to 111 transition), negative full scale
(000 to 001 transition), and zero (011 to 100 transition). The
three relevant specifications are Bipolar Positive Full Scale
Absolute Accuracy Error, Bipolar Negative Full Scale Ab-
solute Accuracy Error, and Bipolar Zero Absolute Accuracy
Error (also called Bipolar Zero Error).

FULL SCALE ABSOLUTE ACCURACY ERROR—This is the
Absolute Accuracy Error measured for the output transition
that brings the digital output to the code representing a full
scale input. If it is the positive full scale code, some people
may refer to the transition as the “last” transition. If it is the
negative full scale code (for unipolar negative or bipolar con-
verters) some people may refer to the transition as the “first”
transition. We avoid this terminology because in complemen-
tary coded converters, it is not clear what first and last transi-
tions mean.

Some manufacturers will draw a distinction between
Unipolar and Bipolar Positive and Negative Full Scale Ab-
solute Accuracy Errors. Micro Networks normally does not.
For unipolar positive, unipolar negative, or bipolar input
ranges, our Full Scale Absolute Accuracy Error specification
refers to either the positive or negative full scale point or both,
whichever is appropriate. Take our MN5200 and MN5210
Series 12 bit A/D’s. These devices offer input ranges of 0 to
—-10V,0to + 10V, £5V,and + 10V, and our data sheet lists a
single Full Scale Absolute Accuracy Error. The spec applies
for all the full scale output points, i.e., it means Unipolar
Positive Full Scale Absolute Accuracy when using the 0 to
+ 10V range, Unipolar Negative Full Scale Absolute Ac-
curacy when using the 0 to — 10V range, and both Bipolar
Positive and Bipolar Negative Full Scale Absolute Ac-
curacies when using the bipolar ranges. We will list the errors
separately if they have different values.

ZERO ERROR—This is the Absolute Accuracy Error
measured for the output transition that brings the digital out-
put to the code corresponding to an input of zero volts. Micro
Networks will draw a distinction between Unipolar and
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Figure 55. Summary of Full Scale Absolute Accuracy and
Zero Errors for unipolar positive A/D converters (a), for
unipolar negative A/D converters (b), and for bipolar A/D
converters (c).

Bipolar Zero Error for converters that have different values for
these two specifications. Otherwise, we simply give a single
Zero Error specification.

Full Scale Absolute Accuracy and Zero Error are summar-
ized in Fig. 55. If an A/D converter is linear, i.e., if its Integral
Linearity Error is less than + %2 LSB, the Absolute Accuracy
of any transition can be found through interpolation of the
Full Scale and Zero Errors as the sketches show. The 3 bit A/D
whose transfer function is shownin Figure 56 has a Negative
Full Scale Absolute Accuracy Error of —1.25 volts (— 1 LSB),
aBipolar Zero Error of — 0.625 volts(— 2 LSB),and a Positive
Full Scale Absolute Accuracy Error of zero volts. As was ex-
plained in the D/A section, Full Scale Absolute Accuracy and
Zero Errors are the way in which Micro Networks prefers to
specify converter accuracy.
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—) fe— 101

-5.00 -375 -0.625( 100 +3.75
_— 011

Analog
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—_ 001

_— 000
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Figure 56. Example of a 3 bit, + 5V input range A/D converter
with a Negative Full Scale Absolute Accuracy of — 1.25 volts
(= 1LSB),aBipolar Zero Error of —0.625volts(— 2 LSB),and
a Positive Full Scale Absolute Accuracy Error of zero.

OFFSET ERROR—Micro Networks does not emphasize A/D
Offset Error as being an important specification for the same
reason we don't emphasize D/A Offset Error. You have to
understand the inner workings of an A/D in order to under-
stand exactly where its Offset Error specification applies.
Let us simply say that an A/D’s Offset Error has to be
measured when the D/A internal to the A/D would have its
Offset Error measured. The A/D’s Offset Error should be
measured when the current coming out of the internal D/A is
zero. This may occur at the first transition (000 to 001) or it
may occur at the last transition (110 to 111); you have to
know how the A/D works to know where its Offset Error
specification applies.

An A/D’s Offset Error is often but not always equivalent to its
Zero Error.

An A/D’s Offset Error will always be the same as either its
Zero Error or its Full Scale Absolute Accuracy Error, and we
much prefer these specs, for as we stated previously, we
believe that most converter users prefer to think of converters
as building blocks with certain input/output characteristics,
and they really don’t care what goes on inside of them. Many
of our data sheets do list Offset Errors, however; the specs
are there solely to facilitate comparing our converters to
those of other manufacturers who prefer to spec Offset Error.

A/D CONVERTERS —DYNAMIC SPECIFICATIONS

CONVERSION TIME—Conversion Time is exactly that—the
time required for an A/D converter to perform a single conver-
sion. For successive approximation A/D’s, Conversion Time
can be defined as the width of the converter’s status output

4-29

=
=

[=}
=]
[




pulse. See Figure 41. Conversion Time is not equivalent to the
time it takes an A/D in a system to produce new valid output
data. There are two pitfalls users should be aware of. The first
is that fora high percentage of SA type A/D converters, output
data is not valid when the converter’s status line indicates
that the converter is done converting. Normally, due to dif-
ferent propagation delays for high and low signals, the LSB
will not achieve its final value until some time after the status
changes. This delay is normally only tens of nanoseconds,
but if you're not aware of it, you'll get erroneous LSB data
when using the status to strobe a register to latch your output
data. You may have to add a delay. The other problem occurs
atthe otherend of aconversion, at the start. Most SA type A/D
converters don’t start the instant a start signal comes along.
They reset on a rising clock edge after the start signal has
changed levels. There is usually a setup time requirement
that says you have to change the start some time before the
clock edge, usually tens of nanoseconds. See Figure 41.
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Oftentimes, the conversion won’t continue until the start
signal returns to its original level, so you’ll want to have it
return before the next clock edge or suffer additional delay.
The net result of setup time and LSB delay is that it will nor-
mally take at least one additional clock period beyond the
status period to update valid digital output data.

Another thing users should be aware of is that SA type A/D
converters calling for external clocks will require the genera-
tion of a precise frequency to achieve the fastest conversion
times.

Text and sketches by Chuck Sabolis



Track and Hold Amplifiers

Track and Hold (T/H) and Sample and Hold (S/H) amplifiers
are widely used in data acquisition, data distribution, and
analog signal processing systems. They are devices that
accurately store analog voltages. They could be called
“voltage memories”. Their single most popular application is
to “freeze” the input voltage to an A/D converter at the
instanta conversion begins and to hold this voltage constant
during the conversion process. In this application asin most,
the characteristics of the T/H or S/H are crucial to overall
system accuracy, especially in high speed or high resolution
systems. Micro Networks manufactures a number of T/H
amplifiers. In this section, we will discuss some of the
problems encountered in T/H design and operation and
explain how Micro Networks has minimized their effects.
We will define key T/H specifications and explain what to
look for on manufacturers’ data sheets. Lastly, we willdemon-
strate three popular T/H applications: an A/D aperture
reducer, a D/A deglitcher, and a peak detector.

WHEN IS A T/H A S/H?

In general, people will use the terms Sample and Hold.and
Track and Hold interchangeably. There is a distinct differ-
ence between the two, however. Both are linear circuits that
have three operational terminals and two modes of oper-
ation. The terminals are the analog input terminal, the analog
output terminal, and the digital control terminal. The oper-
ating modes are obviously the track mode and the hold mode
for the T/H and the sample mode and the hold mode for the
S/H. When a T/H is in the track mode, its output follows or
tracks and is equal to its input. When commanded into the
hold mode, the T/H’s output becomes constant and equal to
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Figure 1. A sample and hold amplifier (1a.) takes a quick
sample of the input signal and immediately returns to the
hold mode. A track and hold amplifier (1b.) can track the
input for part of the time and hold it for the rest of the time.
A T/H can remain indefinitely in either operational mode.

its input value at the instant the device was commanded into
the hold mode. A T/H can remain in either operational state
indefinitely. A S/H cannot operate indefinitely in either
mode. When commanded to the sample mode, it will take a
very fast sample and immediately go back into the hold
mode. It normally spends most of its time in the hold mode
with its output at some fixed voltage; it cannot track an input
signal. A T/H amplifier can be used as a S/H. A true S/H
amplifier cannot be used as a T/H. In practice, most sample/
hold amplifiers manufactured today are actually track and
hold amplifiers. The few true S/H amplifiers made today will
clearly be labeled as being such. Figure 1 summarizes the
difference between T/H and S/H amplifiers.

THE CIRCUITS AND THEIR PROBLEMS

Figure 2 shows a T/H circuit in its simplest form. The circuit
consists of an electronically controlied switch and a hold
capacitor. When the switchis closed, the voltage at the input
terminal appears across the capacitor, and the output voltage
will equal the input voltage. If theinput voltage now changes,
the capacitor will charge or discharge and the output voltage
will follow. When the switch is opened, the capacitor retains
its charge and the output voltage remains equal to the input
voltage at the instant the switch was opened.

AnalogC ° Analog

Input Output

Chiol

I

Track/Hoid
Command

Figure 2. In a simple track and hold circuit, when the switch
is closed the output voltage equals the input voltage. When
the switch is opened, the capacitor retains its charge and the
output voltage remains constant.

The electronic switch is digitally driven. For Micro Networks
T/H's, a logic “0" applied to the unit’'s control input com-
mands the device into the hold mode. A logic “1” commands
it to the track mode.

Ifthe electronic switchis a FET, its gate can be driven directly
or through an appropriate driving circuit. In either case, the
“speed” with which this circuit's analog output can follow its
analog input will be determined by the time constant of the
switch “on" resistance and the hold capacitor, providing the
inputis driven from a low impedance source. Adding a fast,
high impedance buffer amplifier (voltage follower) in front of
the switch not only charges the hold capacitor from a low
impedance source, it gives the overall T/H circuit a high input
impedance. Thisisimportant sincein some applications, the
T/H will be operating at the output of a high impedance
signal source, and the source should not be overloaded. The
speed, accuracy, and drive capability of the input buffer will
obviously affect the overall response of the T/H circuit, and
the buffer should be carefully chosen. The ability of the
circuit to hold a voltage will depend on how quickly the
capacitor loses its charge after the switch has opened. Since
inthis example, the capacitoris connected directly to the T/H
output, the output loading is important. This condition is
eliminated by placing a second buffer (voltage follower)
between the hold capacitor and the T/H output. This buffer
should be a fast, FET-input device with a very high input
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impedance and a low input bias current to prevent hold
capacitor charge from leaking off too rapidly. It should also
have a low output impedance enabling the T/H to drive
relatively low input impedance devices such as most A/D
converters (typically 2KQ to 20K input impedance).
Similiarly, to prevent capacitor leakage, the FET switch
should have a low “off” leakage, and the hold capacitor
should be a low leakage device with a high insulation
resistance. Most hybrid T/H's with internal hold capacitors
will employ NPO ceramic capacitors. Other acceptable
capacitor types are polystrene, polypropylene, polycarbo-
nate, and Teflon. Figure 3 shows the simple circuit of Figure 2
with input and output buffers added.

Analog

Analo
go © Output

Input

o
Control

Figure 3. Adding a buffer in front of the switch quickens
capacitor charging and gives the T/H high input impedance.
Adding a buffer behind the hold capacitor reduces capacitor
charge bleeding and output droop.

The track and hold circuit as described so far (Figure 3) can
be extremely fast if a fast switch and fast followers are
employed. It will be reasonably accurate; however, accuracy
will be limited by offset, gain, and linearity errors in the
followers as well as by imperfections in the switch. The main
problem with the switch is capacitance—both across it from
input to output and between its output and its control (gate)
input (see Figure 4). Capacitance across the switch (source-
drain capacitance in the case of a FET switch) will cause
some of the input signal to be coupled through to the holding
capacitor even when the switch is off. This is called “feed-
through”. Capacitance between the switch output and its
gate input (gate-drain capacitance in the case of a FET
switch) will cause a step or “pedestal” in the hold voltage as
the switch is turned off. This pedestal error results from a
phenomenon called charge injection or charge dumping.
Refer to Figure 4. The gate to drain capacitance of the FET
switch couples the switch-control voltage (Vg) on the gate to
the hold capacitor. When the switch is turned from on to off,
an amount of charge equal in magnitude to Cgq times the
changein FET gate voltage (Q = Cgq AVg) transfers from the
hold capacitor to the gate drive circuit. This produces an
error in hold voltage equivalent to the product of the step in
gate voltage and the gate to drain capacitance divided by the
hold capacitance.

AV Q _CgdlVg
CH CH

Since increased speed is often obtained by reducing the size
of the hold capacitor, pedestal error may become unac-
ceptably high. Compounding this problem in a floating-
switch type track and hold such as the one we have been
describing, is the fact that the apparent gate signal amplitude
will change as the analog signal changes. Return again to
Figure 4. The switching voltage applied to the gate of the FET
will usually step between two fixed levels, but the instant-
aneous voltage appearing at the drain of the FET will be
equal to VH and changing all the time. Therefore, the amount
of charge injected and hence the magnitude of pedestal error
will be a function of the instantaneous analog voltage
present on CH when Vg changes. In other words, pedestal
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Figure 4. FET source to drain capacitance causes feed-
through. Gate to drain capacitance results in charge injec-
tion when the FET gate voltage changes causing Pedestal.
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Figure 5. Pedestal amplitude dependence uponinputvoltage
level is eliminated by having the FET drain operate at virtual
ground. The drain voltage of the FET in Figure 4 is equal to
Vy and changes with input voltage. The circuit above does
not eliminate pedestal but keeps it constant.
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Figure 6. Pedestal error resulting from charge injection is
compensated for by adding to the amplifier’s non-inverting
terminal a switch (S2) and capacitor (Cped) circuit the same
as the main switch (S1) and hold capacitor circuit. Equal
and opposite charge injections result in pedestal cancella-
tion. c.f. Figure 5.

error, already a problem by its mere presence, will vary in
magnitude with analog signal level, possibly in a non-linear
manner.

One solution to this problem is to place the switch in the
circuitin such a way that it never sees a voltage change while
in the track mode. Such a circuit is the “summing-point
switch” type track and hold of Figure 5. In its most basic
form, the circuit consists of an op-amp wired for inverting
gain with a switch between the summing point and the
inverting input of the amplifier. The hold capacitor is placed
between the amplifier output and its inverting input, where it
will acquire the inverse of the analog input signal as long as
the switch is closed and Rin equals R, i.e., the circuit has
unity gain. When the switch is opened, the amplifier be-
comes, in effect, a unity gain follower with an output offset
with respect to the grounded non-inverting input equal to the
voltage present on the holding capacitor at the moment the



switch opens. A pedestal will be generated by charge Analog Rin R,
injection as before, butits amplitude will not be a function of Input O VVV
the analog input voltage.

Although constantinamplitude, the pedestal generated by a
summing-point-switch track and hold may still be unaccept-

Analog
able. It is possible to remove most or all of it by inducing a Cr o, T Output
step of equal amplitude on the non-inverting input of the
amplifier. One way to accomplish this is to place a switch of
the same type as the summing point switch (S1) in parallel =
with a capacitor the same value as the hold capacitor s
between the non-inverting input and ground (see Figure 6). ¢
This auxiliary switch (Sz) is driven by the same gate signal
that drives the main switch so that when a hold command is
given, equal amounts of charge are transferred into both the
holding and pedestal compensation capacitors (Cped). Any ) . Controi . .
pedestal which still remains due to a slight switch or Figure 7 ‘Capacnance coupled feedthrough is reduced with
capacitor mismatch can be eliminated by adjusting the value the addition of a back-to-back diode pair to the summing
of the pedestal compensation capacitor. pognt. Thg diodes restrict the voltage swing at the summing

point while in the hold mode. Capacitively coupling the
WHAT ABOUT FEEDTHROUGH? amplifier non-inverting input to the summing point with a
As previously mentioned, another problem caused by switch capacitor (Crgtu) equal in magnitude to Csd(see Figure 4)
capacitance is feedthrough. Switch capacitance induced effectively eliminates this component of feedthrough.

feedthrough will have an amplitude equal to the summing
pointsignal amplitude times the switch source-drain capaci-
tance (Csq) divided by the hold capacitance (CH). One means
of reducing this effect is to employ a summing point clamp.

another switch of the same type as the main switch perma-
nently wired in the off state.

This may be a FET switch to ground or simply a back-to-back The switch is not the only path for feedthrough; some input
diode pair (see Figure 7) used to restrict the voltage swing at signal can travel directly to the output through the feedback
the summing point during the hold mode. If a FET switch to resistor. In this case it is the ratio of the feedback resistor to
ground is used, it must be turned off while in track to allow the output impedance of the amplifier that determines
the summing point to move slightly. The back-to-back feedthrough amplitude. Also, feedback path induced feed-
diodes, however, may be left in place at all times since in through will be in phase with the input while summing point
normal operation the summing point is a virtual ground and switch feedthrough will be out of phase. It is the feedback
need only move small amounts in response to high speed path feedthrough that will tend to dominate at higher
signals. An added benefit of the summing pointclamp is that frequencies as the output impedance of the amplifier in-
by restricting the voltage swing on the switch input, the gate creases. This type of feedthrough is very difficult to cancel,
signal need not move as far to insure complete turn-off under and may therefore be a limiting factor in high speed track and
all input/output conditions. holds. The only way to combat it, besides using a faster

amplifier, is to use larger feedback resistors. This procedure,
while reducing feedthrough, may also affect speed by
increasing the time constant with any capacitance asso-
ciated with the summing point.

As with pedestal, the only effective means of completely
eliminating feedthrough (at least at low frequencies) is to
cancel it by injecting a signal of equal amplitude and
opposite polarity. This can be done by capacitively coupling

the summing point to the non-inverting input of the amplifier, So farin the discussion, it has been assumed that when the
either with a small capacitor (Crgty in Figure 7) or by using main switch (S1) is closed, the summing pointdrives the hold
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Figure 8. Adding a low output impedance, current boosting =—
buffer (A2) in front of the main switch (S1) quickens acquisi-
tion time. FET input buffers before the main amplifier (A1) é
reduce charge leakage and droop rate. If the main amplifier Control
(A1) isahigh speed device, Rcomp provides compensationin

the track mode. Ccomp provides compensation in the hold

mode. This is the basic circuit employed in MN343, MN344,

MN346 and MN347 T/H amplifiers.
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capacitor directly. This condition may limit the speed of the
device since the time constant generated by the holding
capacitor and the feedback resistor (together with the on-
resistance of the switch) will determine the time required by
the track and hold to aquire the input to any given accuracy.
Return to Figure 5. With RF = 2K and Cx = 2000pF (assume
Ron forthe FET is negligible compared to the 2K() 7=RfCH =
4 uSec. Therefore, to charge CH to within0.01% (2 LSB fora
12 bit converter) of its final value will take about 9 time
constants or 36 usec.

Reducing the feedback resistors and/or reducing the value
of the hold capacitor may improve speed but only by
sacrificing performance in the areas of feedthrough and
pedestal. One solution is to insert a voltage follower (Az) into
the feedback loop, i.e., between the summing point and the
switch (see Figure 8). Itis now this amplifier and not the main
amplifier that provides the current to charge the hold
capacitor. The hold capacitor can now acquire a voltage at a
rate determined by the output current capability of the
follower, providing the slew rate of the main amplifier and its
output drive capacity are sufficient. Output settling time can
still be limited by capacitance at the summing point, but its
value is now greatly reduced and consists mainly of the
summing point clamp and follower input capacitance.

Adding the buffer allows us to increase the values of Rin and
Rr which in turn reduces feedback path induced feed-
through and increases T/H input impedance.

WHAT ABOUT THE HOLD MODE?

Once the track and hold has aquired a desired voltage, it
must be able to hold it for a reasonable length of time to
within given limits of drift. The main cause of any change in
output voltage will be a loss of charge from the hold
capacitor to the virtual ground at the inverting input of the
amplifier. Leakage from the pedestal compensation capa-
citor, if used, to the non-inverting input node of the amplifier
will have a similar effect but in the opposite direction.
Assuming the off-resistance of the switches used is very
high, most of the leakage will be into the amplifier inputs.
This can be reduced considerably by placing suitable FET
input followers in front of the amplifier (see Figure 8). The
followers, however, will lose their effectiveness somewhat at
higher temperatures due to the doubling of gate leakage
experienced by FET's every 10°C. Capacitor characteristics
such as leakage and dielectric absorbtion or “soakage” will
add tothe problem, so choose carefully. The net effect versus
time of hold capacitor charge loss is termed “droop rate.”

TIMING, WHEN IS THE T/H REALLY HOLDING?

We said earlier thatthe T/H's FET switches are driven from an
“appropriate driving circuit.” Switching the track and hold
from one mode to the other involves converting the logic “1”
or “0” at the unit’s control input (usually TTL or ECL) to a
driving signal capable of opening or closing the appropriate
switches. The output of the driving circuit (gate circuit) will
depend on what types of switches are to be driven and may
even involve two or more outputs delayed so as to activate
switches in a predetermined sequence. Sequential switching
may be required when, for example, the main summing point
switch must be opened prior to applying an active summing
point clamp so as to avoid the large step that would result
from grounding a “live” summing point. The gate circuit
must act quickly, with whatever delay that does exist being as
consistant as possible. The length of the gate circuit delay
can be compensated for to some extent by adding analog
input delay or possibly by advancing the control input
slightly. However, variations in gate circuit delay will resultin
errors since the analog signal may change significantly over
the period of time during which the T/H is actually moving
into the hold mode. The slope of the output of the gate circuit
isalsoimportant, as it may determine how quickly the switch
itself takes to turn off. Speed is critical here for the same
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reason that consistency in gate delay is important: it is
needed to pinpoint the exacttime at which the analog inputis
held. In spite of all these considerations, the chain of events
set in motion by activating the gate circuit is not ended even
when all the switching has been done. When switching into
“track”, the analog input must still be aquired; and when
switching into “hold”, the output must settle in response to
being hit with any residual pedestal and/or spikes generated
by the switching process.

A discussion of the factors governing the selection of the
main amplifier (A1 in Figures 4-8) might prove useful at this
point. The main amplifieris undoubtedly the most important
element in determining the overall speed and accuracy
characteristics of the track and hold, and it will usually
consume most of the power. Its slew rate may limit the slew
rate of the track and hold, and in any case, will determine the
upper limit of the current output requirements placed on the
follower driving the hold capacitor (see Figure 8). As men-
tioned previously, the output impedance of the main ampli-
fier will have a marked effect on feedthrough, especially at
the higher frequencies. The amplifier's settling time will be
the limiting factor in determining the settling time of the
whole circuit; however, delays in the feedback loop will also
have an effect here. It is quite often the case that the faster
amplifiers will not be unity gain compensated and must be
run at higher gains to achieve their specified settling times.
In order for the track and hold to maintain stability and an
overall gain of one (or at least minus one), some form of
frequency compensation must be applied. While in the
“track” mode, compensation can be applied to the summing
pointin the form of a resistor to ground (Rcomp in Figure 8).
The value is selected so that its ratio to the value of the
feedback resistor gives the closed loop gain required to
maintain stability and best settling time. Since this internal
loop gain will increase any offset by the same amount, a
capacitor is sometimes inserted in series with the compen-
sation resistor to eliminate it from the loop at low frequencies
and D.C. where compensation is not needed. When in the
“hold” mode, compensation can be applied by means of a
capacitor between the inverting and non-inverting inputs of
the amplifier (Ccomp in Figure 8). Once again its value is
chosen to give the required gain when compared in value
with the holding capacitor. This capacitor will, of course,
have no effect on offset but may affect speed slightly.

SPECIFICATION DEFINITIONS

Specific definitions of terms have not been stressed so farin
this discussion. This was done in the belief that definitions
would have more meaning after the operation of the track
and hold circuitas awhole had been presented. Although the
definitions of the terms used to describe various effects are
quite important, there appears to be some ambiguity and
even some difference of opinion when it comes to interpre-
ting actual manufacturers’ data sheets. Terms containing the
word “aperture” appear to be particularly confusing and are
rarely clearly defined. The following list contains what are
believed to be the most logical and often used definitions for
the terms given, at least when they are applied to sample and
hold and track and hold circuits. Refer to Figure 9 for
clarification.

ACQUISITION TIME Theelapsed time between the applica-
tion of a “track” command and the point at which the analog
output has arrived at within a specified percentage of its final
value. Acquisition time will include gate delay, amplifier
settling time, and any time spent slewing between voltages.
Because of slew rate limitations, actual acquisition time will
depend upon the amplitude of the voltage change to be
acquired. When specifying acquisition time, both the analog
output step size and the permitted error band must be given.
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Figure 11. A T/H can be used to make a peak detector. The
comparator compares the T/H's input and output. When the
T/H input exceeds its output, the comparator selects the
track mode. If the input falls below the output, the compara-
tor selects the hold mode and the peak is stored.

Unfortunately, the circuit just described doesn’'t always
work. One problem is that if the comparator does not select
the hold mode whenever the input equals the output, the
circuit will remain in track forever. To overcome this, the
comparatorinput offset must be settoinsure hold is selected
when its inputs are equal. Too much offset will, however,
produce an offset error in the held peak value. A more

serious problem can result from hold pedestal. If pedestal
polarity is such that it forces the comparator to go back into
track immediately following the switch into hold, the output
will oscillate around the input value and it will be impossible
to hold a peak. For this reason, the pedestal polarity must
always be in the same direction as the peak being held. This
makes reversing the polarity of the peak detector difficult,
since itis usually not practical to reverse the pedestatof the
track and hold. Transients following a track command may
result in errors if the track and hold is told to hold before it
has settled. For this reason, a “pulse stretcher” should be
used between the comparator and the logic input of the track
and hold which will delay the hold command during the
track-mode settling time. Speed will of course be limited by
the pulse stretcher delay. A delay of five microseconds, for
example, will result in @ maximum speed of about 1KHz for
0.05% accuracy.

This discussion about peak detectors is given to illustrate
some of the problems actually encountered when using
track and hold circuits. (There are, in fact, better ways to
construct peak detectors than by using a comparator with a
track and hold, but they will not be dealt with here.) Track
and hold circuits can be very useful in many designs, butan
understanding of their problems and limitations is crucial in
avoiding misapplication.

Text and sketches by
Marshall Shepard and
Chuck Sabolis
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percentage of the T/H’s full-scale voltage swing. A T/H used
in an n bit system should be linear to within =2 LSB for n bits.

OFFSET (TRACK MODE) The D.C.voltage appearing at the
analog output while in the track mode with the analog input
grounded. It will usually be temperature dependant, and this
dependance should be specified. To avoid confusion, Micro
Networks calls this parameter Track Offset or Sample Offset.
Offset (Hold Mode) or Hold Offset refers to the voltage with
respect to ground appearing at the output immediately after
the circuit is commanded into the hold mode with the input
grounded. Hold Offset can be as large as Track Offset plus
Pedestal Error.

PEDESTAL An unwanted D.C. step in the output voltage
occurring as the circuit is driven into the hold mode. It is the
result of unequal charge transfer to the input nodes of the
main amplifier during the switching operation. It may also be
called Sample to Hold or Track to Hold Offset.

Analog Input  ----m - oo

Analog Output

Offset Error
(Track mode)

Pedestal Error

OV-=----""-----¢\ -~ “"---°---- -

Offset Error
(Hold mode)

— Track —3fe— Hold

Figure 10. Summary of Offset (Track Mode), Offset (Hold
Mode) and Pedestal Errors. Broken line is T/H analog input.
Solid line is analog output. Analog input level equals zero
volts.

SAMPLE AND HOLD A linear circuit capable of holding the
instantaneous value of its analog input signal present at the
momenta“sample” command is given. The circuitis normally
in the “hold” mode and cannot “track” an input. Output
droop prevents the circuit from holding a signal idefinitely.

SAMPLE RATE The maximum frequency at which a com-
plete sample and hold operation can be performed while
remaining within specified accuracy limits. It will be the
inverse of the period determined by adding Acquisition Time
and Track to Hold Settling Time.

SETTLING TIME (TRACK MODE) Thetime required for the
track and hold output to stabilize in the track mode to within
specified limits of its final value following a step change
applied at the analog input.

SETTLING TIME (TRACK TO HOLD) The time required for
the track and hold output to stabilize in the hold mode to
within specified limits of its final value following the transition
from the track mode.

SLEW RATE The maximum rate of change in voltage with
respect to time that the analog output is capable of devel-
oping while attempting to track the input. The slope will
usually be determined either by the main amplifier or by the
current available for charging the holding capacitor. Siew
rate will limit the full power bandwidth of the track and hold.

SMALL SIGNAL BANDWIDTH The maximum analog signal
frequency that can be tracked before the gain is reduced by
more than 3db. This presumes the signal amplitude is small
enough so as not to be slew rate limited.

SUMMING POINT The point in the feedback loop of a
summing-point-switch type track and hold circuit (see Figure
5) which is connected to the inverting input of the main
amplifier to produce the inverting gain configuration re-
quired for tracking. It can also be used as a current-to-
voltage inputto the circuit, which can be convenientin some
applications.

TRACK AND HOLD A linear circuit capable of holding the
instantaneous value of the analog input signal present at the
moment a “hold” command is given. The circuit can remain
indefinitely in either mode, however, output droop will cause
the accuracy of a held voltage to decrease with time.

APPLICATIONS

There are two basic types of applications for which track and
hold circuits are normally used. One is the situation in which
the instantaneous value of a rapidly changing analog signal
must be stored temporarily so it can be measured or
operated on by equipment with limited bandwidth. The other
arises when it is desirable to eliminate some portion of an
analog signal by holding a previous value during the interval
in question.

An example of the first type is the use of a track and hold
circuit at the input of an analog to digital converter. If the
analog input of a Successive Approximation A/D Converter
changes by more than +% LSB during the conversion
interval, significant errors may result. To enable an A/D
converter to accurately convert the instantaneous value of a
high speed input signal, a track and hold is used in front of
the A/D. It is timed to acquire the signal, track it, and hold it
when necessary for as long as it takes to complete a
conversion. With this arrangement, the A/D converter "sees’
only the droop rate of the track and hold circuit, which
usually is not a problem with relatively high speed A/D’s.

An example of the second type is a D/A Deglitcher. When
converting a digital signal into analog form, a D/A converter
may produce spurious spikes or “glitches” in the analog
output. These spikes are normally due to non-synchronous
switching of current sources. In some applications these
glitches may detract from overall circuit performance and
must therefore be removed. One way to accomplish thisis to
follow the D/A converter with a track and hold circuit which
is placed in the hold mode just before the digital inputs of the
D/A are permitted to change state. It is then returned to the
track mode when sufficient time has elapsed to insure the
D/A analog output has settled to its new value. If the D/A
converter is a current-output type, this output can often be
fed directly into the summing point of the track and hold
circuit. With this arrangement, the track and hold can be
made to double as a current-to-voltage amplifier.

A third often mentioned application of track and hold circuits
is in a peak detector. This is a circuit capable of storing the
highest (or lowest) values an analog signal reaches during a
given period of time. At first glance it seems quite simple to
build, but real-world operating characteristics make the
track and hold based peak detector a fairly difficult design
problem.

The basic circuit consists of comparing the inputand output
ofthe track and hold with a voltage comparator and using the
comparator output to control the gate (see Figure 11). When
the input of the track and hold exceeds the output, the
comparator selects the track mode. If the input falls below
the output, the hold mode is selected and the previous peak
is stored. Reversing the inputs of the comparator will reverse
the polarity of the stored peak. A possible variation on this
design involves comparing the summing point of the track
and hold (if available) with ground.



For the MN343 and MN346, for example, Micro Networks
specifies Acquisition Time for a 20 volt step settling to within
+0.01% FSR of its final value.

APERTURE The time required by the main signal-path
switch to change from a low-impedance state to a high-
impedance state, thereby placing the circuit in the “hold”
mode. It is determined by the gate circuit output slew rate
and/or by the characteristics of the switch itself and does not
include other gate circuit characteristics such as gate delay
{see Aperture Delay). While normally short enough to be
neglected, it will affect the precision with which the exact
pointat which the hold mode begins can be known. Aperture
is rarely specified on manufactures’ data sheets. When it
does appear, the manufacture invariably means Aperture
Delay.

APERTURE DELAY, APERTURE TIME, APERTURE TIME
DELAY The time lag between the application of the “hold”
command and the instant the output stops tracking the input.
“Stops tracking” can be defined as being able to meet the
feedthrough attenuation specification. Aperture Delay is
determined primarily by the switch drive circuitand includes
aperture.

APERTURE JITTER A rapid and random fluctuation in
Aperture Delay brought about by noise in the gate circuit. It
will appear as a variation in Aperture Delay from sample to
sample. Errors resulting from aperture jitter will increase in
direct proportion to the slope of the analog input signal.

APERTURE TIME Equivalent term for Aperture Delay.

APERTURE UNCERTAINTY Sometimes used synonym-
ously with Aperture Jitter, Aperture Uncertainty should also
include middie and long-term fluctuations in Aperture Delay
brought about by the combined effects of temperature,
aging, and digital input speed and amplitude on the gate
circuit.

CHARGE INJECTION, CHARGE TRANSFER, CHARGE
DUMPING InaT/Hor S/H, Charge Injection is the phenom-
enon of moving a small amount of charge from the main

signal path switch to or from the hold capacitor during
switch turn-off. Itis caused by the change in switch controll-
ing voltage being coupled through switch capacitance to the
hold capacitor. It is the cause of Pedestal.

DROOP RATE The rate of change in output voltage with
time while in the hold mode. Droop results from charge lost
by the hold capacitor and pedestal compensation capacitor
(if used) to the input nodes of the main amplifier. Droop rate
will normally change with temperature, and therefore should
always be specified at a given temperature. Micro Networks
specifies maximum droop rates over fixed temperature
ranges.

FEEDTHROUGH The amountof analoginputsignal coupled
through to the analog output while the circuit is in the hold
mode. It may have any phase relationship with the input and
will normally increase at higher frequencies.

FEEDTHROUGH ATTENUATION The ratio of feedthrough
amplitude to the analog input signal amplitude while in the
hold mode. It is usually expressed in dB’s with the most
negative values being, of course, the most desirable. It
should be specified at a given frequency or as a function of
frequency. A graph is preferable.

FULLPOWER BANDWIDTH, LARGE SIGNAL BANDWIDTH
The frequency at which a full scale input /output sine wave
becomes slew rate limited.

GAIN, GAIN ACCURACY The ratio of the change in analog
outputvoltage to the changein analog input voltage while in
the track mode. Gain Accuracy refers to how close the slope
of the T/H’s input/output transfer function approximates the
slope of the ideal transfer function. Positive or negative unity
gain is most common for track and hold circuits, but any
value is possible.

GATE DELAY Equivalent term for Aperture Delay.

LINEARITY The maximum deviation from the best-fit straight
line approximation to the input/output transfer function of
the track and hold. Linearity is usually expressed as a

10019% FSR

FI0V— s e m mmm o m o s\ A
Acquisition
- Time
(20V step to
— +0.01% FSR)
oy ——
—_ Slew Rate
=10V —
Logic "1 —
Track Mode
Logic "0 —

Analog Input = = = = = = = = =~

Analog Output

Pedestal ;"™\ Feedthrough Droop
\
+001% FSR ,' \
i

Track to Hold
Settling Time

—)l k—Apenure Delay -
—

Hold Mode

Figure 9. Summary of T/H specifications. The broken line is
the T/H's analog input. The solid line shows its analog
output. The T/H has a +10V analog input range. The lower

trace is the digital T/H command signal. A logic “O" puts the
T/H into the track mode. A logic “I” puts it into the hold mode.
Refer to the text for the specification definitions.
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MNG6000 Series Sampling A/D Converters

MNG6000 Series Sampling A/D Converters are complete, single-
package, high-resolution (12-16 bits), analog-to-digital (A/D) con-
verters with internal, user-transparent, high-speed track-hold (T/H)
amplifiers. This mating of Micro Networks proven A/D and T/H ex-
pertise is complimented by new testing and specification techniques
that make MN6000 Series A/D’s ideally suited for the repetitive
sampling and digitizing of rapidly changing analog signals in
“‘signal-processing’’ types of applications.

The A/D-converter sections of the products in this Series all use the
successive-approximation (SA) A/D conversion technique. This ap-
proach has been proven to be the most practical for performing high-
speed, high-resolution A/D conversions because of the excellent
tradeoffs it offers in terms of speed, resolution, power consumption
and size. The SA conversion technique, however, is notoriously poor
in its ability to accurately convert dynamically changing (slewing)
analog input signals. In fact, SA type A/D converters, by themselves,
are effectively incapable of accurately converting anything other
than d.c. signals. This inherent shortcoming is normally overcome
by employing external T/H amplifiers in front of the A/D converters
to track the changing input signal and instantaneously ‘“‘freeze’ it
whenever an A/D conversion is to be performed. MN6000 Series
A/D’s now move the T/H internal to the A/D and eliminate it as a
design concern.

For each A/D in the Series, the internal high-speed T/H amplifier
is completely user transparent. The T/H’s input is isolated from the
outside world by either a high-impedance input buffer or a series
resistor to a virtual ground. The output of the T/H is electrically com-
patible with and internally connected directly to the input of the A/D
converter, and the operational state of the T/H is internally controll-
ed by the A/D’s status line. The need for potentially confusing T/H
timing specifications like acquisition time, aperture delay, aperture
jitter, etc. has been completely eliminated. MN6000 Series A/D’s
need only be clocked at the appropriate sampling rate, and all T/H
timing parameters are accommodated.

Concerning test and specification techniques, traditional, essen-
tially static, techniques for testing and specifying the relative-
accuracy characteristics of A/D converters (integral linearity, differen-
tial linearity, no missing codes, etc.) have proven to be inappropriate
and frequently inadequate for understanding the true dynamic
“‘signal processing’’ capabilities of sampling A/D converters. That
problem has now been overcome thanks to recently developed
digital-signal-processing (DSP) technologies that enable us to easily
evaluate the true, frequency-domain, signal-processing capabilities
of sampling A/D’s while operating them under dynamic-input
conditions.

Each A/D inthe MN6000 Series is fully tested both statically, in the
traditional manner, and dynamically with a series of 512-point Fast
Fourier Transforms (FFT’s). In the resulting spectra, signal level
(rms), noise level (both peak and rms), signal-to-noise ratio (SNR,
rms-to-rms) and harmonic distortion measurements are calculated,
and each parameter is fully specified and guaranteed for each
device over each operating temperature range. And all dynamic per-
formance specifications are guaranteed while operating the A/D’s
at their maximum sampling rates with analog input signal fre-
quencies up to the Nyquist limit (input frequency equal to 2 the
sampling rate).

All A/D’s in the MN6000 Series are packaged in 28 or 32-pin ceramic
dual-in-lines. Resolutions range from 12 to 16 bits, with SNR per-
formance ranging from 68dB to 84dB. Guaranteed harmonic distor-
tion levels run as low as —88dB. All devices operate from +15V and
+5V supplies. Each device type within the Series offers assorted
grades of temperature and electrical performance and optional high-
reliability screening to MIL-STD-883 as described in the selection
guide and individual device data sheets.

Signal
Amplitude
Relative
to Full Scale

f f 1

= 0Hz Applied Second Third f = Y2 Sampling Rate
Signal Harmonic  Harmonic
Frequency

Frequency (Hz)
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Sample Spectrum

512-point FFT; Hanning windowing; 10 spectra averaged

Vertical axis normalized for 0dB equal to full scale (rm.s.).
For an A/D with a +10V input range, 0dB equals 7.07V rm.s.

Horizontal axis equals 256 frequency bins. Each bin equals
(sampling rate) +512Hz.

A = Signal amplitude (r.m.s.) relative to full scale (0dB)

B = Peak (spurious) noise level

C = Average noise level (noise floor)

D = R.m.s. noise level

E = Signal to harmonics

F = Signal to noise ratio (rm.s.-to-rm.s.)



INTERNAL T/H AMPLIFIER—The proliferating use of A/D con-
verters in DSP applications has resulted in significantly greater
demands on A/D’s to be able to convert dynamic signals, particularly
sinusoids. More and more frequently, T/H amplifiers are used with
A/D'’s to enable them to accomplish this task.

MNB6000 Series A/D’s are extremely user friendly. They have been
configured in a manner that virtually eliminates all of the problems
encountered when mating T/H’s and successive approximation
A/D’s and driving the pair from real-world signal sources. The T/H
is truly transparent. Either a high-impedance input buffer or a series
resistor isolates it from the external signal source, and its output is
internally connected directly to the input of the A/D converter. The
output-current, impedance and transient-response characteristics
of each T/H have been optimized for driving its respective SA A/D.
More importantly, the critical dynamic characteristics of the T/H
(aperture delay, aperture jitter, small and large signal bandwidths,
droop rate, etc.) have been similarly optimized. However, most im-
portantly, the critical inter-device timing relationships (T/H mode con-
trol, transient decay time, etc.) are all internally controlled by the
A/D’s timing and control circuitry. All that users need to provide
externally is a start convert pulse.

The value of the hold capacitor used in each internal T/H has been
selected so that T/H output droop, even over temperature, is not
significant (greater than + %2LSB) during the A/D’s conversion time.
Similarly, the offset and pedestal voltages, as well as the gain error,
of the T/H do not contribute to the overall accuracy of the sampling
A/D because each is effectively nulled out during our active laser
trimming of the A/D converter.

FREQUENCY-DOMAIN TESTING—ASs stated earlier, all MN6000
Series A/D’s are specified and tested statically, in the traditional
manner (linearity, accuracy, offset error, current drains, etc.), and
dynamically in the frequency domain. In the dynamic tests, the sam-
pling A/D is operated in a manner that resembles an application as
a digital spectrum analyzer. A very low distortion signal generator
(harmonics -100dB) is used to generate a pure, full-scale, full-
frequency sine wave that the A/D samples and digitizes at its
specified maximum rate. The conditions are set to approach the Ny-
quist sampling limit (at least 2 samples per signal cycle; sampling
frequency greater than 2 times signal frequency). A total of 512
sample-and-convert operations are performed, and the digital out-
put data is stored in a high-speed, FIFO, buffer-memory box. The
512 data points are then accessed by a microcomputer which exe-
cutes a 512-point Fast Fourier Transform (FFT) after applying a
Hanning (raised cosine) window function to the data. The resulting
spectrum shows the amplitude and frequency content of the con-
verted signal along with any errors (noise, harmonic distortion,
spurious signals, etc.) introduced by the A/D converter. Subse-
quently, signal-to-noise ratio (SNR) and harmonic distortion
measurements are read from the spectrum. A functional block
diagram of the test setup and a sample spectrum appear below.

| 1

MN6000
Ultra Low Series _J\ Fast _]\ Mini
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Frequency-Domain Testing
of A/D Converters

0dB i
{I Input Frequency: 4kHz
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OHz 10.25kHz

Input Frequency

The spectrum shown is the real portion (imaginary portions of
spectra are discarded) of a 512-point FFT. The horizontal axis is the
frequency axis, and its rightmost end is equal to 12 the sampling
rate. The horizontal axis is divided into 256 frequency bins, each
with a width of (sampling rate)/512. Recall that the highest frequency
on the frequency axis of the spectrum of a sampled signal is equal
to one-half the sampling rate and that input signals with frequen-
cies higher than %2 the sampling rate are effectively *“‘under-
sampled” and aliased back into the spectrum.

The vertical axis of the spectrum corresponds to signal amplitude
in rms volts relative to a full-scale sinusoidal input signal (0dB). Full-
scale rms signals do not appear at —3dB levels because our FFT
program has been normalized to bring them to zero. The d.c. com-
ponent in the spectrum is effectively the offset error of the sampling
A/D combined with that of the signal generator and test fixture.
Second, third and higher-order harmonics, if they were either pre-
sent in the input signal or created by the sampling A/D, appear
respectively at 2f, 3f, etc.. Depending upon the frequency of the ap-
plied signal, the harmonics may or may not be aliased back into the
spectrum. Harmonic distortion and spurious noise levels are
calculated as the ratio (in dB) of the signal level to the strongest har-
monic or spurious (nonharmonic) signal in the spectrum. Rms noise
is calculated as the rms summation of all nonfundamental and
nonharmonic components in the output spectrum, and SNR is
calculated as the ratio of the rms signal to the rms noise.

The term “‘noise’ is generally used to describe what remainsin the
ouput spectrum after all fundamental, harmonic, d.c. and outstand-
ing spurious components have been removed. It generally appears
across all frequency bins at some relatively flat level sometimes
referred to as the ““noise floor”’. The rms noise, as described above,
represents the broadband noise that would appear superimposed
on the sinusoidal input signal if that signal were perfectly recreated
from the stored digital output data. Virtually all the noise in the out-
put spectrum is created either by the act of digitizing or by the A/D
converter itself.

In a simple, first-order analysis, the noise in the output spectrum
of an A/D converter can be traced to three sources. Allthree of these
noise sources have the potential to manifest themselves as quasi-
random relative-accuracy errors in any single A/D conversion of a
static signal and subsequently, the potential to manifest themselves
as broadband noise in a series of conversions of a dynamically
changing signal. Two of these sources (quantization noise and con-
verter noise) are effectively constant and do not change with input-
signal frequency, The third (aperture noise) usually varies linearly
as a function of input-signal frequency, basically doubling whenever
input frequency doubles.
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Effective Resolution v.s. Input Frequency
MN5290, 40usec, 16-Bit A/D

odB odB - - 0B -
Input Frequency: 4Hz i Input Freq . 40H ;. input FWW“CY: 400Hz
R i gl Tk, e e
RMS Noise: —81.81dB RMS Noise: —61.72dB :
—40dB 7 SIN: 81.21dB — 40dB SIN: 61.13dB N
: 2nd Harmonic: —99.11dB 2nd Harmonic: —82.19dB
signal —~60dB ! 3rd Harmonic: —93.52dB _60dB 3rd Harmonic: — 73.53dB
Amplitude i
Relative to }
Full Scale —80dB - 80dB
~100dB -100dB
-120dB —120dB
-140dB —140d
OHz 85.5Hz OHz 85.5Hz OHz 590Hz
Input Frequency Input Frequency Input Frequency
SNR
100d8
. The three spectra above are each the result of
oo averaging 10 512-pt FFT’s run on an MN5290 type
16-bit A/D converter without a companion T/H
7008 amplifier. The input signal frequencies are respec-
60dB tively 4Hz, 40Hz, and 400Hz. The A/D’s conversion
50dB time is approximately 40usec, and the sampling
08 rates are respectively 171Hz, 171Hz, and 1.18kHz.
The accompanying plot shows the rapid (6dB/oc-
30d8 tave) degradation of SNR (effective resolution) with
20d8 increasing input frequency when SA type A/D con-
1008 verters are used to digitize dynamically changing
odB input signals without the aid of a T/H amplifier.
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s0dB 20.5kHz, and 20.5kHz. The accompanying plot
shows that MN6290’s internal T/H amplifier enables
408 the device to maintain near ideal SNR independent
30dB of increasing input frequencies. The aperture jitter of
20dB the T/H is small enough to maintain SNR for under-
10dB sampled input frequencies, i.e., for frequencies
s greater than 10kHz.
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Digitizing an analog signal quantizes it or ‘‘rounds it off”. Digitiz-
ing or quantizing an analog signal with a 16-bit A/D effectively
“rounds off”’ the signal to one of 65,536 possible discrete levels. This
rounding off produces an inherent accuracy error in that the digital
output no longer exactly represents the analog input. If one has an
ideal A/D converter with all other accuracy-error sources driven to
zero, the actual value of rounding-off error or quantization error can
be as small as zero or as large as =+ /2LSB from conversion to con-
version. In a single conversion of a static input signal, quantization
error is simply an accuracy error. It is impossible for a given con-
version of an unknown signal to be more accurate than + 2LSB.
In a series of conversions of a dynamically changing signal, actual
instantaneous quantization error varies from sample to sample and
manifests itself as broadband noise. In the output spectrum, this
noise limits the theoretically achievable signal-to-noise ratio to the
following:

Ideal SNR=(6.02n+1.76) dB
n=number of bits

For an ideal 16-bit A/D, the theoretical noise floor in a 512-point FFT
occurs around —122dB, and the theoretical SNR is 98dB. For an
ideal 14-bit A/D and a 512-point FFT, the numbers are —110dB and
86dB respectively.

The second type of single-conversion accuracy error that manifests
itself as broadband noise in the output spectrum results from the
actual noise of the A/D converter itself. This “converter noise” is
frequently referred to as “‘transition noise’, and it manifests itself,
among other ways, by allowing certain fixed, static, input signals to
produce either of two adjacent output codes from one conversion
to the next. In most A/D converters, the transition from one given
digital output code to the next (or vice versa) does not always occur
at exactly the same analog input voltage. The “‘transition voltage”
varies from conversion to conversion, and this “‘transition noise”
(the band of adjacent-code uncertainty) is normally on the order of
+110to £1/3LSB. Itis caused by broadband noise and timing jitter
inthe A/D’s constituent components (especially its comparator and
reference circuit). In a single given A/D conversion, transition noise
adds (or subtracts) to the device’s static differential linearity error.
Again, this phenomenon will manifest itself as an accuracy error in
any single conversion and as noise in any series of conversions of
a changing input signal.

The second noise component should be thought of simply as the
“‘converter noise.” Recall that quantization noise is a result of the
digitizing process, and it limits SNR to some theoretical value. Its
effectis independent of the type or kind of A/D converter used. Con-
verter noise is a function of how “noisy’”’ a selected A/D converter
may be, and it reduces actual measured SNR’s to a number less
than the theoretical ideal.

The third component of A/D converter noise derives from the fact
that SA type A/D converters (without companion T/H amplifiers) can-
not accurately convert dynamically changing input signals. Because
of the nature of the technique of successive approximations, it is
imperative that A/D’s using this technique maintain a stable input
signal during their conversion (aperture) time. Slew rates in excess
of (+ 2LSB)/(conversion time) can cause accuracy errors in any
individual conversion. In a series of conversions of a sinusoidal
signal, the signal slew rate varies from sample to sample, and the
consequent aperture (slew-rate) errors manifest themselves as
broadband noise.

This third component of A/D noise is effectively eliminated by the
sampling A/D’s internal T/H. The T/H’s ability to instantaneously
freeze the slewing input signal (limited only by the T/H’s aperture
jitter) and hold it constant results in the A/D seeing a series of d.c.
signals and not the sinusoid itself. The ability of MN6000 Series
A/D’s to maintain SNR over their full input bandwidth (up to the *‘Ny-
quist frequency’’ or 2 the sampling rate) is the result of their T/H’s
ability to limit the overall noise to the quantization noise plus the
noise inherent in the A/D.

The plots on the previous page demonstrate that an A/D without a
companion T/H is effectively incapable of accurately converting
analog input signals above some critical frequency (slew rate) and
that the A/D’s SNR or “‘effective resolution” deteriorates at approx-
imately 6dB/octave above that frequency. Basically, the A/D’s quan-
tization and converter noise remain constant while its aperture noise
doubles each time the input frequency doubles.

The internal T/H’s of MNB00O Series A/D’s effectively eliminate aper-
ture noise allowing the A/D’s to maintain ‘““low-frequency SNR’’ as
the actual input frequency increases.

The plot below graphically illustrates the principles we have been
discussing and focuses on A/D converter noise, noton SNR. Earlier,
we discussed quantization noise (1), converter noise (nc) and
slew rate or aperture noise (na) and how each individually con-
tributes to broadband noise in an A/D’s output spectrum. The plot
below illustrates the relationship of the three noise components to
each other as input signal frequency increases. If each of the three
noise components is expressed in rms terms, the total rms noise
() of the A/D converter will be the square root of the sum of the
squares of its respective noise components. The vertical axis of the
plot is the rms value of the A/D converter’s total noise expressed
in dB. The horizontal axis is the frequency of the A/D’s analog in-
put signal plotted on a logarithmic scale.

At very low (approaching d.c.) input frequencies, aperture noise
effectively makes no contribution, and the total noise is equal to the
rms summation of quantization noise and converter noise. As ex-
plained earlier, this initial noise level is greater than that solely at-
tributable to theoretical quantization noise and is a constant term
in the total rms noise equation shown below.

na =Quantization Noise
nc =Converter Noise
na=Aperture Noise (slew-rate noise)

fTotal (rms)= \[| Na(rms)2 + No(rms)2+ na(rms)?

nr="\ (a®+nc?)+1a?

N

Constant Frequency
Term Dependent
Term
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<
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As the input frequency increases, aperture noise begins to come
into play. At some critical frequency (fc), the contribution made by
aperture noise will be equal to that of quantization plus converter
noise, and the total noise will have risen 3dB above its initial value
(SNR drops 3dB). Aperture noise increases 6dB for every octave
increase in input frequency and eventually overwhelms the other
noise compoents which have essentially remained constant. If one
maintains a constant input level while increasing the input signal
frequency through many decades, the plot of the A/D’s SNR vs. in-
put frequency should look like the inverse of the noise plot shown
above. This is demonstrated in the actual plots of SNR vs. frequency
for the MN5290 shown previously.

AMS. '”0“"’C’)=’7A2
Noise (dB)

(q°z+;,cz)>>v,Az (qoz+qcz)<<qu

n@q * Conv. Noise
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Sampling Analog-to-Digital Converters

Micro Networks Sampling A/D converters are complete, single-package,
8 to 16-bit resolution analog-to-digital converters with internal, user-
transparent track-hold (T/H) amplifiers. The mating of our A/D converters
designs with their companion T/H amplifiers and our proven specifica-
tion techniques make these devices ideally suited for digitizing dynamic
analog signals in many signal-processing type applications. These
devices feature ease of use, internal user-transparent T/H amplifiers and
FFT specification and testing.

New products include devices with 8, 12 and 16-bit resolution with sampl-
ing rates ranging from 40kHz to an impressive 500MHz. At 8-bits, we

offer the MN6900 (500MHz sampling rate) and the MN6901 (250MHz
sampling rate) each with an internal T/H amplifier. At 12-bits, new pro-
ducts include the ADS574 and ADS774 monolithic sampling A/D con-
verters and the ADS7800. These devices digitize at 40kHz, 125kHz and
333kHz respectively. The ADS574 and ADS774 are sampling versions
of the industry-standard ADC574 and ADC774 A/D converters. At 16-bit
resolution, Micro Networks introduces additions to the MN6400 Family
of self-calibrating Sampling A/D converters. The MN6405, MN6450 and
MN6500 offer different data output formats (8X2 bytes, 16-bit parallel
and serial) making them compatible with any high-resolution application.

ADS574
ADS774

12-Bit Monolithic
Sampling A/D Converters

FEATURES

¢ Internal T/H Function
e Complete with Internal:
Reference
Clock
Microprocessor Interface
¢ Single +5V Supply Operation
¢ High-Speed Sampling:
40kHz (ADS574)
125kHz (ADS774)
¢ Industry Standard Pinout
Compatible with
ADC574 and ADC774
Converters
¢ Guaranteed Static and
Dynamic Performance
¢ Package Options:
06" and 0.3” DIPs,
SOIC

* | ow Power Consumption
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MN6400 Family

50kHz, 16-bit
Self-Calibrating
Sampling A/D Converters

FEATURES

¢ 16-Bit No Missing Codes

e 50kHz Sampling Rate
(47kHz, MN6450)

¢ Inherent Sampling Function

¢ Data Output Bus Driver
(MN6400, MN6450)

¢ Complete — Contains:
T/H Function
Analog Input Buffer
Reference
Timing and Control Logic
uP Interface

e +1LSB Intergral

Linearity Error
¢ Fully Specified 0°C to +70°C
(J and K Models)
-55°Cto +125°C
(S and T Models)

e Small DIP Packaging:
MN®6400, 28-Pin DIP
MN®6405, 24-Pin DIP
MN6450, 32-Pin DIP

MN6900/MN6901

500MHz/250MHz
8-Bit
Sampling A/D Converters

FEATURES

¢ Ultra-High-Speed
Sampling Rates:
500MHz (MN6900)
250MHz (MN6901)
¢ High Effective
Number of Bits (ENOB):
7.0 Bits @250MHz (MN6900)
6.8 Bits @125MHz (MN6901)
e 50Q Input
* 1 LSB Integral
Linearity Error
¢ Dual Interleaved
Output Data Paths
¢ Latched ECL Data Outputs
e <10's Metastable Rates



Sampling Analog-to-Digital Converters

Input Voltage Range Specified | Minimum | Minimum DESC
Model Unipolar Bipolar Temperature | Sampling input DIP SMD Page
Resolution | Number Range(°C) Rate Bandwidth SNR Harmonics Pkg. (5962-) No.
16-Bits MN6500 | Oto +5V +5V Oto +70 100kHz 50kHz 88dB —-96dB 24 Pin Note 2 5103

Oto +10V +10v -55t0 +125

MN6400 | Oto +5V +5V 0to +70 50kHz 25kHz 88dB -98dB 28 Pin 9177001 579
Oto +10V +10v -5 10 +125

MN6405 | Oto +5Y +5V Oto +70 50kHz 25kHz 88dB -98dB 24 Pin Note 2 587
Oto +10V +10V -5 10 +125

MN6295 | Oto +10V +5V 0to +70 50kHz 25kHz 84dB -88dB 32 Pin 8998301
MN6296 N.A. +10v -5510 +125 8998302 571
MN6450 | Oto +5V +5V Oto +70 474Hz 235kHz 88dB ~98dB 32 Pin Note 2 595

Oto +10V +10v -5510 +125

MN6230 | Oto —10V +5V Oto +70 20kHz 10kHz 84dB -88dB 32 Pin Note 2 5-59
MN6291 N.A. +10V -551t0 +125

12-Bits MN6249 NA. +25V Oto +70 2MHz 1MHz 68dB —72dB 40 Pin Note 2 583
+5V =580 +125 s
2
ADS7800 NA. +5V Oto +70 333kHz 150kHz 68dB —74dB 24 Pin NA. 5-33 E‘
+10v -5510 +125 (Note 1) a3

ADS7TI4 | Oto +10V +5V Oto +70 125kHz 50kHz 69dB —72dB 28 Pin N.A. 5-21

Oto +20v +10v -5510 +125 (Note 1)
MN6774 | Oto +5V +5V Oto +70 100kHz 50kHz 70dB -80dB 28 Pin Note 2 5109

Ot -10v +10v -5510 +125

ADS574 | Ot +10V +5V Oto +70 40kHz 20kHz 69dB —72dB 28 Pin N.A. 59
0t +20V +10V 5510 +125 (Note 1)
MN6227 | Oto +10V +5V Oto +70 33kHz 16.5kHz 70dB -80dB 28 Pin 8998401 541
MN6228 NA. +10V 5510 +125 8998402
8-Bits MNG900 N.A. +270mV | 0to +70 500MHz 1.2GHz 4508 N.A. 84 Pin N.A. 5117
(Quad)
MN6901 N.A. +270mV | 0to +70 250MHz 1.2GHz 45d8 N.A. 84 Pin N.A. 5129
(Quad)

NOTES: 1. Specification listed is for Total Harmonic Distortion.
2. Contact the factory for information regarding DESC SMD'’s for these device types.

v+ Indicates New Product.



mm MICRO NETWORKS

=m MICRO NETWORKS

324 Clark St., Worcester, MA 01606 (508) 852-5400

5-8




L)

=mm MICRO NETWORKS

ADS574

25usec, 12-Bit
SAMPLING A/D CONVERTER

FEATURES
e Low Cost

¢ Pin-Compatible
with MN574/674/774

¢ Eliminates External S/H
in Most Applications

e Complete, 25,sec,
12-Bit A/D Converter
with Internal

Clock
Reference
Control Logic

¢ Full 8- or 16-Bit P Interface:
3-State Output Buffer
Chip Select, Address Decode
Read/Write Control

¢ No-Missing-Codes Guaranteed
Over Temperature

¢ Single +5V Supply Operation
¢ Low Power: 120mW Max
¢ Package Options

DESCRIPTION

The ADS574 is a complete, low-cost, 12-bit successive-approximation
A/D converter with an internal sample/hold function. In most existing
applications, it is drop-in compatible with non-sampling 574 types, and
eliminates the need for an external S/H amplifier. The ADS574 uses an
innovative, capacitor-array internal D/A converter, based on CMOS
technology. The use of a CMOS architecture results in much lower

power consumption and the ability to operate from a single +5V supply

(the formerly required —12V or —15V supply is optional, depending on

the application).

The ADS574 is complete with internal clock, reference, control logic,
and 3-state output buffer. The interface logic provides for easy hand-
shaking with most popular 8- and 16-bit microprocessors. The
ADS574’s 3-state output buffer connects directly to the uP’s data bus,
and is readable as either one 12-bit word or two 8-bit bytes. Chip
select, chip enable, address decode (for short cycling), and read/write
(read/convert) control inputs enable the ADS574 to connect directly to a
system address bus and control lines, and to operate totally under pro-

cessor control.

Internal scaling resistors allow a pin-selectable choice of four

input ranges: 0V to +10V, OV to +20V, +5V, and +10V. The maximum
throughput time (including both acquisition and conversion) for 12-bit
conversions is 25usec over the full operating-temperature range. The
ADS574 is available for operation over the commercial (0°C to +70°C)
and military (-55°C to +125°C) temperature ranges. Package options
include 28-pin single (0.300) or double (0.600) plastic or hermetic
ceramic DIPs, and 28-pin plastic SOIC. For availability of devices

0.3” Plastic DIP screened to MIL-STD-883, consult factory.
0.3"” Hermetic DIP
0.6” Plastic DIP
0.6” Hermetic DIP
soic Linearity
Model Temperature Error Max
Number Package Range (Trnin 10 Trnax)
ADSS574JE 0.3” Plastic DIP 0°C to +70°C +1LSB
ADS574KE 03" Plastic DIP 0°C to +70°C +12L.SB
ADS574JP 06" Plastic DIP 0°C to +70°C +1LSB
ADS574KP 06" Plastic DIP 0°Cto +70°C +12LSB
ADS574JU SOIC 0°C to +70°C +1LSB
ADS574KU SOIC 0°Cto +70°C +12LSB
ADS574JH 06" Ceramic DIP 0°C to +70°C +1LSB
ADS574KH 0.6” Ceramic DIP 0°Cto +70°C +12LSB
ADS574SF 0.3” Ceramic DIP -55°Cto +125°C  +1LSB
ADSS574TF 0.3" Ceramic DIP -55°Cto +125°C  +34LSB
ADS574SH 0.6" Ceramic DIP -55°Cto +125°C  +1LSB
ADS574TH 06" Ceramic DIP  -55°Cto +125°C  +34LSB
M May 1992
Copyright©1992
Micro Networks

= MICRO NETWORKS

324 Clark St., Worcester, MA 01606 (508) 852-5400

All rights reserved
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ADS574 12-Bit SAMPLING A/D CONVERTER

ABSOLUTE MAXIMUM RATINGS ORDERING INFORMATION
Operating Temperature Range: PART NUMBER ADS574 T H
J, K Grades -40°Cto +85°C Select suffix J, K, S or T for
S, T Grades -55°Cto +125°C desired performance and
Specified Temperature Range: specific temperature range.
J, K Grades 0°Cto +70°C Select suffix E, F, H, Por U
S, T Grades -55°Cto +125°C for desired package option.
Storage Temperature Range —65°C to +150°C
Vg to Digital Ground Oto -165V
Vpp to Digital Ground Oto +7V
Analog Ground to Digital Ground +1V
Control Inputs (CE, CS, Ay, 12/8, RIC)
to Digital Ground -05V to Vpp to +05V
Analog Inputs
(Ref In, Bipolar Offset, 10V}y)
to Analog Ground +165V
20V, to Analog Ground 124V
Ref Out Indefinite Short to
Ground, Momentary
Short to Vpp
Junction Temperature +165°C
Lead Temperture (Soldering, 10 sec) +300°C
Thermal Resistance ©,: Ceramic 50°C/W
Plastic 100°C/W
DESIGN SPECIFICATIONS ALL UNITS (Ta =Tyy t0 Tpax, Vop= +5V, Vge = —15V to +5V, fg =40kHz, )y =10kHz)
(unless otherwise indicated)
ANALOG INPUTS MiIN. TYP. j MAX. UNITS
Input Voltage Range: Unipolar Oto +10,0t0 +20 Volts
Bipolar +5 +10 Volts
Input Impedance: 0 to +10V, +5V 15 21 - kQ
0to +20V, +10V 60 84 k2
DIGITAL INPUTS CE, CS, R/C, A,, 12/8
Logic Levels: Logic “1” +20 +55 Volts
Logic “0” -05 +08 Volts
Loading: Logic Current -5 01 +5 A
Input Capacitance 5 pF
DIGITAL OUTPUTS DBO to DB11, Status
Output Coding: Unipolar Ranges Straight Binary
(Note 1) Bipolar Ranges Offset Binary
Logic Levels: Logic “1” (Isource = 500A) +24 Volts
Logic “0” (Isnk = 1.6mA) +04 Volts
Leakage (DBO to DB11) in High-Z State -5 01 +5 A
Output Capacitance 5 pF
INTERNAL REFERENCE
Reference Output Voltage (Pin 8) +24 +25 +26 Volts
Available Output Source Current 05 mA
POWER SUPPLY REQUIREMENTS
Power Supply Range: Vee Supply (Note 2) -165 Vpp Volts
Power Supply Range: Vpp Supply +45 +55 Volts
Current Drains: lgg (Vgg = -15V) -1 mA
bD +13 +20 mA
Power Dissipation
Vegg =0V to +5V 65 100 mwW
DYNAMIC CHARACTERISTICS
Sampling Rate (Max) 40 kHz
Aperture Delay typ
With Vgg =+5V 20 nsec
With Vgg =0V to —15V 40 usec
Aperture Uncertainty (Jitter)
With Vgg =+5V 300 psec rms
With Vgg =0V to —15V 30 nsec rms
CONVERSION TIME (Including Acquisition Time)
tag + tc at 25°C:
8-Bit Cycle 16 18 usec
12-Bit Cycle 22 25 usec
12-Bit Cycle, Ty 10 Tyax 22 25 psec




PERFORMANCE SPECIFICATIONS (Ta =Ty t0 Tyax, Vop= +5V, Vgg= —15V to +5V, f5 =40kHz, f)y =10kHz unless otherwise indicated)

GRADE ADS574J, S ADS574K, T
MIN. TYP. MAX. MIN. TYP. MAX. | UNITS
RESOLUTION 12 12 Bits
TRANSFER CHARACTERISTICS
DC ACCURACY
At 25°C:
Linearity Error +1 +'2 LSB
Unipolar Offset Error (Notes 3, 4) +2 +2 LSB
Bipolar Offset Error (Notes 3, 5) +10 +4 LSB
Full-Scale Calibration Error (Notes 3, 6, 7) +0.25 +025 | %FSR
Inherent Quantization Uncertainty +2 +2 LSB
T o Tiax:
Linearity Error: J, K, Grades +1 + LSB
S, T Grades +% LSB
Full-Scale Calibration Error:
Untrimmed: J, K Grades +047 +037 | %FSR
S, T Grades +075 +05 %FSR
Trimmed to Zero at 25°C: J, K Grades +0.22 +012 | %FSR
S, T Grades +05 +0.25 | %FSR
Resolution for No Missing Codes 12 12 Bits
TEMPERATURE COEFFICIENTS (Note 8)

Unipolar Offset +5 +25 | ppm/°C
Max. Change Over Temperature: L +2 +1 LSB
Bipolar Offset +10 +5 ppm/°C
Max. Change Over Temperature: J, K Grades +2 +1 LSB

S, T Grades +4 +2 LSB
Full-Scale Calibration +45 +25 | ppm/°C
Max Change Over Temperature: J, K Grades +9 +5 LSB
S, T Grades +20 +10 LSB
AC ACCURACY (Note 9) |
Spurious-Free Dynamic Range 73 78 76 78 dB
Total Harmonic Distortion =77 -72 =77 -75 dB
Signal-to-Noise Ratio 69 72 7 72 dB
Signal-to-(Noise +Distortion) Ratio (SINAD) 68 7 70 7 dB
Intermodulation Distortion -75 -75 dB
(fing =10kHz; fin, =11.5kHz)
POWER SUPPLY SENSITIVITY
Change in Full-Scale Calibration (Note 10)
+475V <Vpp< +5.25V +2 +14 LSB

SPECIFICATION NOTES:

1. See table of transition voltages in section labeled Digital Output Coding.

2.The use of Vg is optional. This input sets the mode for the internal sam-
ple/hold circuit. When Vgg =-15V, lgg =-1mA typ; when Vgg =0V,
lgg = +5pA typ; when Veg =+5V, lgg = +167,A typ.

3. Adjustable to zero with external potentiometer.

4. Unipolar offset error is defined as the difference between the ideal and
the actual input voltage at which the digital output just changes from 0000
0000 0000 to 0000 0000 0001 when the ADS574 is operating with a unipolar
range. The ideal value for this transition is +Y2LSB. See section labeled
Digital Output Coding.

5. Bipolar offset error is defined as the difference between the ideal and the
actual input voltage at which the digital output just changes from 0111 1111
1111 to 1000 0000 0000 when the ADS574 is operating with a bipolar range.
The ideal value for this transition is —2LSB. See section labeled Digital
Output Coding.

6. Listed specs assume a fixed 50Q resistor between Ref Out (Pin 8) and Ref
In (Pin 10) and a fixed 50Q resistor between Ref Out (Pin 8) and Bipolar
Offset (Pin 12) in bipolar configurations; or Bipolar Offset grounded in
unipolar configurations. Full-scale calibration error is defined as the

difference between the ideal and the actual input voltage at which the digital
output just changes from 1111 1111 1110 to 1111 1111 1111. The ideal value
for this transition is 1//2LSBs below the nominal full-scale voltage. See sec-
tion labeled Digital Output Coding.

7.FSRis a full-scale range. For the +10V input range, FSR is 20V. For the
0to +10V input range, FSR is 10V.

8 Temperature coefficient specifications assume the use of the internal
reference.

9. Specifications assume Vg = +5V, which starts a conversion immediate-
ly upon a Convert command. If Vg =0V to 15V, the ADS574 emulates
standard ADC574 operation. In this mode, the internal sample/hold circuit
acquires the input signal after receiving the Convert command, and does
not assume that the input level had been stable before the arrival of the
Convert command.

10. Worst-case change in accuracy, compared with accuracy with a +5V
supply.

Specifications are subject to change without notice as Micro Networks reserves

the right to make improvements and changes in its products.
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PIN DESIGNATIONS

Pin 1 28 1 +5V Supply (+Vpp)
2
3 Chip Select CS
4 Byte Address Ag
4 Read/Convert R/IC
6 Chip Enable CE
7 No Connect*
8 +25V Ref Out
9 Analog Ground
10 +25V Ref In
11 Mode Control Vgg
12 Bipolar Offset
13 10V Input
14 15 14 20V Input

=

*No Internal Connection

Data Mode Select 12/8

28 Status Output
27 DB11 (MSB)
26 DB10 (Bit 2)
25 DB9 (Bit 3)
24 DBS (Bit 4)
23 DB7 (Bit 5)
22 DB6 (Bit 6)
21 DB5 (Bit 7)
20 DB4 (Bit 8)
19 DB3 (Bit 9)
18 DB2 (Bit 10)
17 DB1 (Bit 11)
16 DBO (LSB)
15 Digital Ground

DESCRIPTION OF OPERATION

The ADS574 is a complete 12-bit A/D converter. It uses the
successive-approximation conversion technique and incorporates
all required function blocks — capacitor-array D/A converter, com-
parator, clock, reference, and control logic. The CMOS-based
capacitor-array architecture provides an inherent sample/hold func-
tion; the ADS574 is thus a sampling equivalent of the industry-
standard 574 A/D converter. The device mates directly to most
popular 8-, 16-, and 32-bit microprocessors and contains all the
necessary address-decoding logic, control logic, and 3-state out-
put buffering to operate completely under processor control. In most
cases, the ADS574 will require only a power supply, a bypass
capacitor, and two resistors to provide the complete A/D conversion
function. The completeness of the device makes it most convenient
to think of the ADS574 as a function block with specific input/out-
put transfer characteristics; it is thus quite unnecessary to be con-
cerned with its inner workings.

Operating the ADS574 under microprocessor control (note that it
also functions as a stand-alone A/D) entails, in most applications,
a series of read and write instructions. Initiating a conversion re-
quires sending acommand from the processor to the A/D, and also
involves a write operation. Once the proper signals have been
received and a conversion has begun, the ADS574 cannot be stop-
ped or restarted, and digital output data is not available until the con-
version has been completed. Immediately following the initiation of
a conversion cycle, the ADS574’s Status Output (also called Busy

Line or End-of-Conversion (EOC) Line) rises to logic ‘1", indicating -

that a conversion is in progress. At the end of a conversion, the in-
ternal control logic will cause the Status Output to drop to 0, and
will enable internal circuitry to allow reading output data by exter-
nal command. By monitoring the state of the Status Output or by
waiting an appropriate period of time, the microprocessor will know
when the conversion is complete and that output data is valid and
ready to be read.

If the ADS574 interfaces with 12-bit or wider microprocessors, it is
possible to 3-state-enable all 12 output bits simultaneously, allow-
ing data collection with a single read operation. If the ADS574
operates with an 8-bit processor, output data can be formatted to
read in two 8-bit bytes. The first byte will contain the 8 most-
significant bits (MSBs). The second byte will contain the remain-
ing 4 least-significant bits (LSBs), in a left-justified format, with 4 trail-
ing zeroes.
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APPLICATIONS INFORMATION

LAYOUT CONSIDERATIONS AND GROUNDING — Proper atten-
tion to layout and decoupling is necessary to obtain specified per-
formance from the ADS574. It is very important that the ADS574’s
power supply be filtered, well-regulated, and free from high-
frequency noise. The use of a noisy supply may cause the genera-
tion of unstable output codes. It is advisable to bypass the +5V
supply with a 10xF tantalum capacitor, located as close as possi-
ble to the converter. It is recommended to pay special attention to
the avoidance of noise and spikes if a switching power supply is
employed.

To avoid noise pickup, it is important to minimize coupling between
analog inputs and digital signals. Pins 10 (Reference In), 12 (Bipolar
Offset), and 13 and 14 (Analog Inputs) are particularly susceptible
to noise. The circuit layout should be configured to locate the
ADS574 and associated analog-input circuitry as far as possible
from high-speed digital circuitry. The use of wire-wrap circuit con-
struction is not recommended; careful printed-circuit construction
is preferable. If external offset and gain-adjust potentiometers are
used, the trimmers should be located as close to the ADS574 as
possible. If no trims are required and fixed resistors are used, they
should be situated as close to the converter as possible.

Analog (Pin 9) and Digital (Pin 15) Ground pins are not internally
connected. It is advisable to tie them together as close to the con-
verter as possible, preferably via a large analog ground plane
beneath the package. If it is necessary to run these commons
separately, it is recommended to connect a 10nF ceramic bypass
capacitor between Pins 9 and 15, as close to the converter as possi-
ble. Pin 9 (Analog Ground) is the common reference point for the
ADS574’s internal reference. It should be connected as close as
possible to the analog-input signal reference point.

CONTROL FUNCTIONS — Operating the ADS574 under
microprocessor control is most easily understood by examining the
various control-line functions in a truth table. Table 1 is a summary
of the ADS574’s control-line functions. Table 2 is the truth table that
applies to these functions.

Unless Chip Enable (CE, Pin 6, logic “‘1”" = active) and Chip Select
(CS, Pin 3, logic 0" = active) are both asserted, various combina-
tions of logic signals applied to other control lines (R/C, 12/8, and
Ao) will have no effect on the ADS574’s operation. When CE and
CS are both asserted, the signal applied to R/C (Read/Convert, Pin
5) determines whether a data Read (R/C = *“1”") or a Convert opera-
tion (R/C = ‘0”) is initiated.



Pin
Designation | Definition Function
CE (Pin 6) Chip Enable Must be high (**1”’) to either initiate

(active high) a conversion or read output data.
0-1 edge may be used to initiate a
conversion.

CS (Pin 3) Chip Select Must be low (*‘0"") to either initiate a

(active low) conversion or read output data.

1-0 edge may be used to initiate a
conversion.
R/C (Pin 5) Read/Convert Must be low (*'0”) to initiate

(‘1" =read) either 8 or 12-bit conversions.

(*'0” =convert) 1-0 edge may be used to initiate a
conversion. Must be high (“1"") to
read output data. 0-1 edge may be
used to initiate a read operation.

Ao (Pin 4) Byte Address In the start-convert mode.

Short Cycle Ao selects 8-bit (Ag="1"") or 12-bit
(Ag="'0"") conversion mode. When
reading output data in 2 8-bit bytes.
Ao="'0"" accesses 8 MSBs (high
byte) and Ay="‘1" accesses
4 LSBs and trailing "‘0’s”’ (low byte).

12/8 (Pin2) | Data Mode When reading output data,

Select 12/8=""1" enables all 12 output bits

(1" =12 bits) simultaneously. 12/8="0" will

(*'0"=8 bits) enable the MSbs or LSBs as
determined by the A line.

Table 1. ADS574 Control Line Functions

CONTROL INPUTS
— — - ADS574 OPERATION
CE CS R/IC 12/8 Ao
O X X X X No Operation
X 1 X X X No Operation
1 0 1-0 X 0 Initiates 12-Bit Conversion
1 0 1-0 X 1 Initiates 8-Bit Conversion
- 0 0 X 0 Initiates 12-Bit Conversion
0—1 0 0 X 1 Initiates 8-Bit Conversion
1 1-0 0 X 0 Initiates 12-Bit Conversion
1 1-0 0 X 1 Initiates 8-Bit conversion
1 0 1 1 X Enables 12-Bit Parallel
Output
1 0 1 0 Enables 8 MSBs
1 0 1 1 Enables 4 LSBs and
4 Trailing Zeros

Table 2. Control Line Truth Table

In the initiation of a conversion, the signal applied to A (Byte Ad-
dress/Short Cycle, Pin 4) determines whether a 12-bit conversion
(Ao = 0"") or an 8-bit conversion (Ao = ‘‘1”)is initiated. It is the com-
bination of CE = “1”,CS = “0",R/C = “0”,and Ap = “1” or “0”
that initiates a convert operation. The actual conversion can be in-
itiated by the rising edge of CE, the falling edge of CS, or the falling
edge of R/C, as shown in Table 2 and the section entitled “TIMING
— INITIATING CONVERSIONS”'. In the initiation of a conversion,
the 12/8 line has ‘‘don’t care” status.

When reading digital output data from the ADS574, it is necessary
to assert CE and CS. The signals applied to 12/8 and Aq will deter-
mine the format of the output data. Logic ‘1" applied to the R/C line
will initiate actual output data access. If the 12/8 line is at logic “1”,
all 12 output data bits will be accessed simultaneously when the R/C
line’s state changes from “0” to “‘1".

If the 12/8 line is at logic *‘0”’, output data will be accessible as two
8-bit bytes as detailed in the section entitled “TIMING — READING
OUTPUT DATA". In this situation, A = ‘0" will resultin accessing
the 8 MSBs. In this mode, only the 8 upper bits or the 4 lower bits
can be accessed at one time, as addressed by A,. In these applica-
tions, the 4 LSBs (Pins 16 to 19) should be hard- wired to the 4 MSBs
(Pins 24 to 27). Thus, during a read operation, when Aq is low, the
upper 8 bits are enabled and they present data on Pins 20 through
27. See the section entitled “HARD-WIRING TO 8-BIT DATA
BUSES".

TIMING — INITIATING CONVERSIONS — It is the combination
of CE = “1",CS = “0",R/C = “0”,Aq = 1" (initiate 8-bit conver-
sion) or Ag = ‘0" (initiate 12-bit conversion) that initiates a convert
operation. As stated earlier, the actual conversion can be initiated
by the rising edge of CE, the falling edge of CS, or the falling edge
of R/C. Whichever occurs last will control the conversion; however,
all three may occur simultaneously. The nominal delay time from
either input transition to the beginning of the conversion (rising edge
of Status) is the same for all three inputs (60 nsec typ). If it is desirable
that a particular one of these three inputs be responsible for initiating
the conversion, the other two should be unchanging for a minimum
of 50 nsec prior to the transition of the chosen input.

Because the ADS574’s control logic latches the A, signal upon the
initiation of a conversion, the A, line should be stable immediately
prior to whichever of the cited transitions is used to initiate the con-
version. The R/C transition is normally used to initiate conversions
in stand-alone operation; however, it is not recommended to use this
line to initiate conversions in xP applications. If R/C s high just prior
to a conversion, there wili be a momentary enabling of output data
as if a Read operation were occurring, and the result could be
system bus contention. In most a _Epllcauons A, should be stable
and R/C low before either CE or CS is used to initiate a conversion.

- 7. X

thec |

e £

tSRC fv—e | thise

%

I tyac

X
2K

SAC ™ ((

1 27 %
HAC

tx
tosc |

STATUS

DB11 to DBO High-Z State

"ty comprises taq + tc in Emulation Mode;
tc only in S/H Control Mode.

Figure 1. Convert Timing

Figure 1 shows timing for a typical application. In this application,
CS is brought low, R/C is brought low, and A, is set to its chosen
value prior to CE’s 0-to-1 transition. The sequence can be ac-
complished in a number of ways, including connecting CS and A,
to address bus lines, connecting R/C to a read/write line (or its
equivalent), and generating O-to-1 transition on CE using the system
clock. In this example, CS should be at logic “‘0”’ 50 nsec prior to
the CE transition (tggc = 50 nsec min), R/C should be at logic “0”’
50 nsec prior to the CE transition (tsgc = 50 nsec min), and A,
should be stable 0 nsec prior to the CE transition (tssc = 0 nsec
min). The minimum pulse width for CE =‘‘1""is 50 nsec (tygc = 50
nsec min) and both CS and R/C must be valid for at least 50 nsec
while CE ="1"(t,sc and tygc = 50 nsec min) while CE is high to
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SYMBOL PARAMETER MIN. | TYP. | MAX. | UNITS
tosc STS Delay from CE 60 200 | nsec
thec CE Pulse Width 50 30 nsec
tsss CS to CE Setup 50 20 nsec
tysc | CSLow During CE High | 50 20 nsec
tsrc R/C to CE Setup 50 0 nsec
tarc | R/C Low During CE High | 50 20 nsec
tsac Ao to CE Setup 0 nsec
thac Ao Valid During CE High 50 20 nsec

Table 3. Convert Timing Parameters

S I

tssp -+ thisr
CS

| tiRR
RIC —-T.’ k——
tsrR

Ao
STATUS 2 [T ten
A'S
ths )
DB11 to DBO High-Z State
Data Valid —| )]—
top Id—t——
HL
Figure 2. Read Timing
SYMBOL PARAMETER MIN. | TYP. | MAX. | UNITS
too Access Time from CE 75 150 nsec
thp Data Valid after CE Low 25 35 nsec
th Output Float Delay 100 150 nsec
tssr CS to CE Setup 50 0 nsec
tspR R/C to CE Setup 0 nsec
tsar Ao to CE Setup 50 25 nsec
thsh CS Valid after CE Low 0 nsec
turn | R/C High after CE Low 0 nsec
thaR Ao Valid after CE Low 50 nsec
tys  [STS Delay after Delay Valid 300 400 | 1000 | nsec

Table 4. Read Timing Parameters

effectively initiate the conversion. Similarly, A; must be valid for at
least 50 nsec (tyac = 50 nsec min) while CE is high to effectively
initiate the conversion. The Status line rises to a logic''1”’no later
than 200 nsec after the rising edge of CE (tpgc = 200 nsec max).
Once Status is at logic ““1”, additional convert commands will be
ignored until the ongoing conversion is complete. Table 3 gives the
limits for the convert timing parameters.

TIMING — RETRIEVING DATA — When a conversion is in progress
(Status output = *1”’), the ADS574’s 3-state output buffer is in its
high-impedance state. After the falling edge of Status indicates the
conversion is complete, the combination of CE = “1”,CS = “0”,
and R/C = “1” is used to activate the buffer and read the digital
output data.

If the cited combination of control signals is satisfied and the 12/8
line has logic 1" imposed, all 12 output bits will become valid
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simultaneously. If the 12/8 line has logic “‘0”” imposed, output data
will be formatted for an 8-bit data bus.

E_igure 2 shows timing for a typical application. In this application,
CSis brought low, A, is set to its final state, and R/C is brought high,
all before the rising edge of CE. CS and A, should be valid 50 nsec
prior to CE (tsgn and tgag = 50 nsec min). R/C can become valid
at the same time as CE (tggz = 0 nsec min).

A, may be toggled at any time without damage to the converter.
Break-before-make action is guaranteed between the two data bytes,
which ensures that the outputs strapped together in 8-bit bus ap-
plications will never be enabled at the same time.

Access time is measured from the point at which CE and R/C are
both high (assuming CS is already low). Data actually becomes valid
typically 400 nsec before the falling edge of Status, asindicated by
tys- In most applications, the 12/8 input will be hard-wired high or
low; although it is fully TTL/CMOS compatible and may be actively
driven. Table 4 gives the limits for the read timing parameters.

S/H CONTROL MODE AND NON-SAMPLING 574 EMULATION
MODE — Figure 3 and Table 5 show the basic differences between
the two operating modes. In both modes, the acquisition time is
4usec typ. In the Control mode, during the 4usec acquisition time,
the input signal may not slew faster than the inherent slew rate of
the ADS574. After the Convert command arrives, any changes in
the input signal level have no effect on the conversion, as the input
signal is already sampled and the conversion process begins
immediately.

Inthe Control mode, a Convert command can provide some useful
peripheral functions — for example, control an input MUX or a
programmable-gain amplifier. In these applications, the input signal
has time to settle before the subsequent acquisition occurs after
the conversion. The internal sample/hold function keeps aperture
jitter to a minimum; therefore, it is possible to digitize high input fre-
quencies without the need for an external sample/hold amplifier.

—l e
] 2
S/H CONTROL MODE
ACQUISITION 1 CONVERSION ACQUISITION
1 Pin 11=+5V
—| -— ) )
C
—
1 EMULATION MODE
ACQUISITION | CONVERSION ACQUISITION
}
| Pin 11 = OV1to -15V
- o

Figure 3. Signal Acquisition and Conversion Timing

S/H CONTROL | EMULATION
PARAMETER TYP. | MAX. | TYP. | MAX. |UNITS

SYMBOL

tag+tc | Throughput Times:
12-Bit Conversion 22 25 22 25 | usec
8-Bit Conversion 16 18 16 18 usec

tc Conversion Time:
12-Bit Conversion 18 18 usec
8-Bit Conversion 12 12 usec
taq Acquisition Time 4 4 usec
ta Aperture Delay 20 4000 nsec
ty Aperture Jitter 03 30 nsec

Table 5. Conversion Timing Over Ty to Tyax




In the Emulation mode, the ADS574 introduces a delay time bet-
ween the Convert command and the start of conversion, in order
to allow the converter enough time to acquire the signal before the
conversion. The delay causes an effective increase in aperture time
from 0.02 usec to 4 usec, and allows the ADS574 to replace industry-
standard, non-sampling 574 types in existing sockets. Slewing of
the analog input prior to the Convert command has no effect on the
accuracy of the ADS574. In both the Control and Emulation modes,
the internal sample/hold circuit begins slewing to track the input
signal immediately after the conversion is complete.

In the Emulation mode, the ADS574 can replace existing, non-
sampling 574 types in almost all applications, without any changes
in system hardware or software. It is not necessary that the input
signal be stable before a Convert command arrives, but it must re-
main stable during the acquisition period after the Convert com-
mand is received (as it must with other 574 types) for accurate per-
formance. Unlike other, non-sampling 574 types, the ADS574 allows
the input to begin slewing before the end of conversion (after the
4usec acquisition period), so it is possible to increase system
throughput in many cases.

HARD-WIRING TO 8-BIT DATA BUSES — For applications with
8-bit data buses, output lines DB4 to DB11 (Pins 20 to 27) should
connect directly to lines D, to D in the system data bus. In addition,
output lines DBO to DB3 (Pins 16 to 19) should connect to lines D,
to D, on the system data bus, and to ADS574 output lines DB8 to
DB11 (Pins 24 to 27). Figure 4 shows the proper connections. Thus
connected, if A, is low during a read operation, the upper 8 bits are
enabled and become valid on output pins 20 to 27. When A is high
during an operation, the 4 LSBs are enabled on output pins 16 to
19 and the 4 middle bits.(Pins 20 to 23) are overridden with zeros.

D7 D6 D5 D4 D3I D2 D1 DO

High Byte
(Ao = 0) MSB DB10 DBS DB8 DB7 DB6 DB5 DB4
Low Byte
(Ao = 1) DB3 DB2 DB1 DBO 0 0 0 0
‘/\L
MSB 27 D;
> 8 DBI026 Ds
_I:— 089 25 Ds
= DB8 24 Da
DB7 23 Ds
DB6 22 D,
DBs 21 D
084 20 Do
DB3 19
DB2 18
DB1 17 Data
LS8 16 Bus
~ >
N

Figure 4. Connection to 8-Bit Bus

STAND-ALONE OPERATION — The ADS574 can be used in a
stand-alone mode in systems having dedicated input ports and not
requiring full bus-interface capability. In this mode, CE and 12/8 are
tied to logic ‘1"’ (they may be hard-wired to +5V), CS and A, are
tied tologic ‘0"’ (they may be grounded), and the conversion is con-
trolled by R/C. A conversion is initiated whenever R/C is brought low
(assuming a conversion is not already in progress), and all 12 bits
of the 3-state output buffers are enabled whenever R/C is brought
high (assuming Status has already gone low, indicating completion
of conversion).

This configuration gives rise to two possible modes of operation. Con-
versions can be initiated with either positive or negative R/C pulses.
Figure 5 details operation with a negative start pulse. In this case, the
outputs are forced into the high-impedance state in response to the fall-
ing edge of R/C, and they return to valid logic levels after the conver-
sion cycle is completed. The Status output goes high 200 nsec after
R/C goes low (tps) and returns low no longer than 1000 nsec after data
is valid (t;g). In this mode, output data is available most of the time, and
becomes invalid only during a conversion.

e

R/Eﬁ
- s —
STATUS
- g ———
tHor ths

| <——>|
High-Z State
DB11to DBO  Data Valid Data Valid

Figure 5. Stand Alone Mode With Negative Start Pulse.

Figure 6 details operation with a positive start pulse. Output data lines
are enabled during the time R/C s high. The falling edge of R/C starts
the next conversion, and the data lines return to the high-impedance
state and remain in that state until the next rising edge of R/C. In this
mode, output data is inaccessible most of the time, and becomes valic
only when R/C goes high. Table 6 gives the timing parameters for the
two modes.

RE —] tHRr
pg —*
Status j ‘L
-+ tC —_—
topr thor
- -
High-Z State

High-Z
Data Valid
DB11 to DBO

Figure 6. Stand-Alone Mode with Positive Start Pulse.

SYMBOL PARAMETER MIN. | TYP. | MAX. [UNITS
thaL Low R/C Pulse Width 25 nsec
tos STS Delay after R/C 200 | nsec
thor | Data Valid after R/C Low | 25 nsec
than High R/C Pulse Width | 100 nsec
topR Data Access Time 150 nsec

Table 6. Stand-Alone Mode Timing over Ty to Tyax

UNIPOLAR OPERATION AND CALIBRATION — Analog input con-
nections and calibration circuits for the unipolar operating mode are
shown in Figure 7. If the O to +10V input range is to be used, apply
the analog input to Pin 13. If the 0 to +20V input range is to be us-
ed, apply the analog input to Pin 14. If the gain adjustment is not
needed, replace trim potentiometer R, with a fixed, 50Q +1%
metal-film resistor to meet all published specifications. If the offset
adjustmentis not needed, connect Pin 12 (Bipolar Offset) directly to
Pin 9 (Analog Ground).
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+5V 1 Voo Staws 28 f——o
10.F 2 12 27 p—o
T 3 &S igh )2 ——=
14 A Bis Jasl — o
Start Convert
5 RIC 24 —0
ADS574 2 [——o
Without Tnm
Middie §22 F——o0
Bits
8 Ref Out 21 b—o0
¢ 9 AnaGnd 20 b—o0
5001
10 Refln 19 p——o0
»—{ 11 Mode Low 18 p——0
b—1 12 Bip Offset Bis 17 f—0
1310V Input 16 |—0
Analog Inputs
14 20V Input DigGnd 15 __l
+5V OTE 1 Voo Status 28 [
104F 2 128 7 o
T 3 C8 High Y26 f—0
Bits
— 4 A 25 f—0
Start Convert
5 RIC 2 b—0
100k R ADS574 28 f—0
+15V o—vww—o —15V
Offset Mddie §22 f—o
With Tam 8 Rel Out Bis Yo b—
Gan $—] 9 AnaGnd 20—
10 Refln Y
1004
R, b1 11 Mode tow Y18 f—o0
Bits
12 Bip Offset 17 p————o0
o 1310V Input 16—
Analog Inpuls
14 20V Input DIQGnd 15
1000

Figure 7. Unipolar Connections

Unipolar offset error refers to the accuracy of the 0000 0000 0000
to 0000 0000 0001 digital output transition (see section entitled
“DIGITAL OUTPUT CODING”). If the offset adjustment is not us-
ed, the actual transition will occur within specified limits of its ideal
value (+"2LSB). For the 10V range, 1 LSB = 2.44mV. For the 20V
range, 1 LSB = 4.88mV. To adjust the offset, apply an analog input
equal to +2LSB and, with the ADS574 continuously converting,
adjust the offset potentiometer “‘down’ until the digital output is all
ones, and then adjust “‘up” until the LSB “‘flickers’” between 0"
and “1”.

Unipolar gain error can be defined as the accuracy of the 1111 1111
1110 to 1111 1111 1111 digital output transition after the unipolar off-
set adjustment has been effected. Ideally, this transition should oc-
cur 12LSBs below the nominal full-scale voltage for the selected
input range. This corresponds to +9.9963V and +19.9927V, respec-
tively, for the 10V and 20V unipolar input ranges. Gain trimming is
accomplished by applying either of these voltages and adjusting
the gain potentiometer “‘up’’ until the digital outputs are all ones,
and then adjusting “‘down’’ until the LSB *flickers’” between *0”’
and ‘1"

In some applications, it is desirable to have the LSB equal exactly
2.5mV (10.24V input range) or 5mV (20.48V input range). To imple-
ment these ranges, replace the 100 gain trimpot by a 509 fixed
resistor. Then insert a 2.7kQ trimpot in series with Pin 13 for a 10.24V
range; Pin 14 for a 20.48V range. Offset trimming then proceeds as
described earlier, and the gain trim is effected with the new trimpot.
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BIPOLAR OPERATION AND CALIBRATION — Analog input con-
nections and calibration circuits for the bipolar operating mode are
shown in Figure 8. If the +5V input range is to be used, apply the
analog input to Pin 13. If the +10V range is to be used, apply the
analog input to Pin 14. If either bipolar offset or bipolar gain ad-
justments are not to be used, the trimpots should be replaced by
fixed, 50Q +1% metal-film resistors to meet all published
specifications.

Bipolar offset error refers to the accuracy of the 0111 1111 1111 to 1000
0000 0000 digital output transition (see section entitled *‘DIGITAL
OUTPUT CODING”). Ideally, this transition should occur 2LSB
below 0V, and if the bipolar offset adjustment is not used, the tran-
sition will occur within the specified limit of its ideal value. Offset ad-
justment in the bipolar configuration is performed not at the zero-
crossing point but at the minus full-scale point. The procedure is
to apply an analog input equal to —FS + 2LSB (-4.9988V for the
+5V range; —9.9976V for the +0V range), and adjust the bipolar
offset trimpot ‘‘down’ until the digital output is all zeros. Then ad-
just “up’ until the LSB ““flickers” between “0’’ and ““1"".

Bipolar gain error can be defined as the accuracy of the 1111 1111
1110to 1111 1111 1111 digital output transition after the bipolar offset
adjustment has been effected. Ideally, this transition should occur
112L.SBs below the nominal positive full-scale value of the selected
input range. This corresponds to +4.9963V and +9.9927V for the
+5V and +10V ranges, respectively. Gain trimming is accomplished
by applying either of these voltages and adjusting the gain trimpot
“‘up” until the digital outputs are all ones, then adjusting ‘‘down”
until the LSB ““flickers” between ‘1"’ and ‘0"’

‘SVDTE 1 Voo Status 28 p——s
10,F 2 128 27 —o
T 3 C§ High 26—
. Bits P
Start Convert
5 RC ADS574 24—
pAJ S—
Without Tnm 2 -
Middle .
8 Ref Out Biis 21—
o0 $— 9 AnaGnd 20 f—0
0
10 Refin JLJ E—
$—— 11 Mode 18—
501 Low
12 Bip Offset Bits 17—
1310V Input ® o
Analog Inputs
1420V Input DigGnd 15 T
+5V b—l—E 1 Vo Status 28 ——0
10,F T 2 1258 27—
&8 ADS574
3 &8 High 2% f—o0
. Bits 2
Start Convert
5 RAC 2 f—o0
23 f—0
With Tem Migdle 22—
Bits
8 Ref Oul 2 p—o
$— 9 AnaGnd 20 f—o0
._W‘l 10 Refin [ —)
1000
— 11 Mode Low 18 ’——o
l 12 Bip Offset Bie
ip Offset 17
10002
- 1310V Input 6 f—o0
Analog inputs
1420V Input Dig Gnd 15\—]

.|*_<

Figure 8. Bipolar Connections



DIGITAL OUTPUT CODING

ANALOG INPUT VOLTAGE (Volts) DIGITAL OUTPUT

Oto +10V 0to +20V +5V +10V MSB LSB

+100000 +200000 +5.0000 +100000 1111111 1N
+99963 +199927 +49963 +99927 M1 1111 111g*
+50012 +100024 +00012 +00024 1000 0000 000 *
+4.9988 +99976 -00012 -00024 P00d 6800 dddd -
+49963 +99927 -00037 -00073 oM 11 1g*
+00012 +00024 -49988 -99976 0000 0000 000@ *

00000 00000 —5,0000 ~100000 0000 0000 0000

DIGITAL OUTPUT CODING NOTES:

1. For unipolar input ranges, output coding is straight binary.

2. For bipolar input ranges, output coding is offset binary.

3. ForOto +10V or +5V input ranges, 1LSB for 12 bits =2.44mV. 1LSE
for 11 bits =4.88mV.

4. For Oto +20V or +10V input ranges, 1LSB for 12 bits =4.88mV.
1LSB for 11 bits =9.77mV.

*Voltages given are the theoretical values for the transition indicated. Ideally,
with the converter continuously converting, the output bits indicated as @ will
change from 1" to ‘0" or vice versa as the input voltage passes through the
level indicated.

EXAMPLE: For an ADS574 operating onits +10V input range, the transition
from digital output 0000 0000 0000 to 0000 0000 0001 (or vice versa) will ideally
occur at an input voltage of —9.9976 volts. Subsequently, any input voltage
more negative than ~9.9976 volts will give a digital output of all “0’s”’ The tran-
sition from digital output 1000 0000 0000 to 0111 1111 1111 will ideally occur
at an input of —0.0024 volts, and the 1111 1111 1111 to 1111 1111 1110 transition
should occur at +9.9927 volts. An input more positive than +9.9927 volts will

1or

give all “1's”.
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TYPICAL PERFORMANCE

(Ta=25°C, Supplies = +5V, %10V Bipolar Input, f,, =40kHz, unless otherwise indicated)

SIGNAL/(NOISE + DISTORTION) vs

FREQUENCY SPECTRUM (£10V, 2kHz Input) INPUT FREQUENCY AND AMBIENT TEMPERATURE
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PACKAGE OUTLINES

A

INCHES MILLIMETERS
MIN | MAX
1255 | 1.355 |31.88 | 34.42
270 | 290 [ 686 | 7.37
150 | 170 | 381 | 432
010 | .080 | 025 | 2.03
.100 BASIC 2.54 BASIC
045 055 | 1.14 1.40
020 | 041 | 051
J25 | NA | 318 | NA
.300 BASIC 7.62 BASIC
0° 15° 0° 15°
008 | 015 [ 020 | 0.38
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PACKAGE E. PLASTIC SINGLE DIP

v|Zz|IXIX|—|T|O|N|MmO|o|>
2
>

J o - N
— = E —ll-—H F Seating Plane M
[ 28 b 15 ‘ INCHES MILLIMETERS INCHES MILLIMETERS
Sy o n DIM MIN [ MAX | MIN | MAX DIM [ MIN | MAX [ MIN | MAX

AN ] 169 | 200 | 429 [ 5.08 L 100 | 200 | 254 | 5.08
A™l 015 1 070 | 038 | 1.78 L2 .000 | .030 | 0.00 | 0.76
B 015 | 020 | 0.38 | 051 a 0° 15° 0° 15°

€ Br | 015 | 055 | 038 | 140 S [T040 | 080 | 1.02 | 203
! O O C [ 008 [ 012 [ 020 | 030

D™ | 1.380 | 1.455 | 35.05 | 36.96

E 600 | 625 [ 1524 | 15.88
E1f] 485 | 550 | 12.32 | 1397

QUUVUVVUEVUVU e | .100BASIC | 2.54BASIC
Pin 1 14 en | 600 BASIC | 15.24 BASIC

PACKAGE P. PLASTIC DOUBLE DIP

E —
e A ——

l D c—~ s
L LSeatim H \ﬁ/
A e e Plane —elle—p a

A INCHES | MILLIMETERS

28 15 DIM | MIN [ MAX | MIN T MAX
7 D A | 1.388 | 1.412 | 35.26 | 35.86

B | 300 | 320 | 762 | 8.13

B C | — [ 60 | — | 406

l D | 016 | 020 | 041 | 0.51

F_| .050BASIC | 1.27BASIC

1 Index Mark 14 G | 095 [ 105 | 241 [ 267
J_[ 009 [ 012 | 023 | 030

PACKAGE F. CERAMIC HERMETIC SINGLE DIP K_1.125 | 180 | 3.18 | 457
L [ 20 [ 310 [ 7.37 | 787

N | 040 | 060 | 1.02 [ 152

|
e —
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PACKAGE H. CERAMIC HERMETIC DOUBLE DIP

I A T INCHES | MILLIMETERS
DIM | MIN | MAX | MIN | MAX
3 15 A [ 1385 | 1414 [ 3520 | 3592
C |15 | 175 | 292 | 445
D | 015 | 021 | 038 | 05
F | 035 | 060 | 089 | 152
G| .100BASIC | 254 BASIC
H_| 03 | 064 | 091 | 163
1008 | 012 | 020 | 030
K| 120 | 240 | 305 | 6.10
A} 14 L | 600BASIC | 15.24 BASIC
M — T | = T
N | 025 | 060 | 064 | 152
N
~I—F K]
c

PACKAGE U. PLASTIC SOIC

INCHES MILLIMETERS
MIN | MAX | MIN | MAX
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) ADS774

=== MICRO NETWORKS 8.5usec, 12-Bit
SAMPLING A/D CONVERTER
DESCRIPTION
FEATURES The ADS774 is a complete, low-cost, 12-bit successive-approximation
A/D converter with an internal sample/hold function. In most existing
* Low Cost applications, it is drop-in compatible with non-sampling 774 types, and

eliminates the need for an external S/H amplifier. The ADS774 uses an
innovative, capacitor-array internal D/A converter, based on CMOS
technology. The use of a CMOS architecture results in much lower

* Pin-Compatible
with MN574/674/774

¢ Eliminates External S/H power consumption and the ability to operate from a single +5V supply
in Most Applications (the formerly required -12V or -15V supply is optional, depending on the
.C lete. 8.5 application).
1; E‘t’ Z/D’ C.o:s:::t’er The ADS774 is complete with internal clock, refergnce, control logic,
with Internal and 3-state output buffer. The interface logic provides for easy hand-
Clock shaking with most popular 8- and 16-bit microprocessors. The
Reference ADS774’s 3-state output buffer connects directly to t.he uP’s da{a bus,
Control Logic and is readable as either one 12-bit word or two 8-bit bytes. Chip
select, chip enable, address decode (for short cycling), and read/write
¢ Full 8- or 16-Bit »P Interface: (read/convert) control inputs enable the ADS774 to connect directly to a
3-State Output Buffer system address bus and control lines, and to operate totally under pro-
Chip Select, Address Decode cessor control.
Read/Write Control Internal scaling resistors allow a pin-selectable choice of four
* No-Missing-Codes Guaranteed input ranges: OV to +10V, OV to +20V, +5V, and +10V. The maximum
Over Temperature throughput time (including both acquisition and conversion) for 12-bit

conversions is 8.5usec over the full operating-temperature range. The

* Single +5V Supply Operation ADS774 is available for operation over the commercial (0°C to +70°C)

o Low Power: 120mW Max and military (-55°C to +125°C) temperature ranges. Package options
i include 28-pin single (0.300) or double (0.600) plastic or hermetic
¢ Package Op.tnons ceramic DIPs, and 28-pin plastic SOIC. For availability of devices
0.3" Plastic DIP screened to MIL-STD-883, consult factory.
0.3” Hermetic DIP
0.6" Plastic DIP
0.6” Hermetic DIP
soic Linearity
Model Temperature Error Max
Number Package Range (Trnin 10 Troaw)
ADS774JE 03" Plastic DIP 0°C to +70°C +1LSB
ADS774KE 0.3” Plastic DIP 0°C to +70°C +12LSB
ADS774JP 06" Plastic DIP 0°C to +70°C +1LSB
ADS774KP 06" Plastic DIP 0°Cto +70°C +12LSB
ADS774JU SOIC 0°Cto +70°C +1LSB
ADS774KU SOIC 0°Cto +70°C +12LSB
ADS774JH 06" Ceramic DIP 0°Cto +70°C +1LSB
ADS774KH 06" Ceramic DIP 0°Cto +70°C +12LSB
ADS774SF 0.3” Ceramic DIP -55°C to +125°C +1LSB
ADS774TF 0.3" Ceramic DIP -55°Cto +125°C  +34LSB
ADS774SH 0.6” Ceramic DIP -55°Cto +125°C  +1LSB
ADS774TH 06" Ceramic DIP -55°Cto +125°C  +34LSB
May 1992

Copyright©1992
Micro Networks

s MICRO NETWORKS Al rights reserved

324 Clark St., Worcester, MA 01606 (508) 852-5400
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ADS774 12-Bit SAMPLING A/D CONVERTER

ABSOLUTE MAXIMUM RATINGS ORDERING INFORMATION
Operating Temperature Range: PART NUMBER ADS774 TH
J, K Grades -40°Cto +85°C Select suffix J, K, S or T for
S, T Grades -55°Cto +125°C desired performance and
Specified Temperature Range: specific temperature range.
J, K Grades 0°Cto +70°C Select suffix E, F, H, P or U
S, T Grades -55°Cto +125°C for desired package option.
Storage Temperature Range -65°C to +150°C
Vee to Digital Ground Oto -165V
Vpp to Digital Ground Oto +7V
Analog Ground to Digital Ground +1V
Control Inputs (CE, CS, A, 12/8, R/C)
to Digital Ground —05V to Vpp to +05V
Analog Inputs
(Ref In, Bipolar Offset, 10V,y)
to Analog Ground +165V
20V, to Analog Ground +24V
Ref Out Indefinite Short to
Ground, Momentary
Short to Vpp
Junction Temperature +165°C
Lead Temperature (Soldering, 10 sec) +300°C
Thermal Resistance ©5: Ceramic 50°C/W
Plastic 100°C/W

DESIGN SPECIFICATIONS ALL UNITS (Ta =Ty t0 Tyax, Vop= +5V, Vgg = —15V to +5V, f5 =117kHz, f;y =10kHz)
(unless otherwise indicated)

ANALOG INPUTS MIN. [ TYP. | MAX. UNITS
Input Voltage Ranges: Unipolar Oto +10,0to +20 Volts
Bipolar +5, +10 Volts
Input Impedance: 0 to +10V, +5V 85 12 kQ
| Oto +20V, +10V 35 50 kQ
i DIGITAL INPUTS CE, CS, R/C, A,, 12/8
Logic Levels: Logic ““1” +20 +55 Volts
Logic 0" -05 +08 Volts
Loading: Logic Current -5 01 +5 pA
Input Capacitance 5 pF
DIGITAL OUTPUTS DBO to DBT1, Status
Output Coding: Unipolar Ranges Straight Binary
(Note 1) Bipolar Ranges Offset Binary
Logic Levels: Logic “1” (Isource = 5004A) +24 Volts
Logic “0” (Isink = 16mA) +04 Volts
Leakage (DBO to DB11) in High-Z State -5 01 +5 A
Output Capacitance 5 pF
INTERNAL REFERENCE
Reference Output Voltage (Pin 8) +24 +25 +26 Volts
Available Output Source Current 05 mA
POWER SUPPLY REQUIREMENTS
Power Supply Range: Vee Supply (Note 2) -165 Vbp Volts
Power Supply Range: Vpp Supply +45 +55 Volts
Current Drains: lgg (Vgg = —15V) -1 mA
) +15 +24 mA
Power Dissipation
Vge =0V to +5V 75 120 mwW
DYNAMIC CHARACTERISTICS
Sampling Rate (Max) Ty to Tyax 17 kHz
25°C 125 kHz
Aperture Delay tap
With Vgg =+5V 20 nsec
With Vge =0V to -15V 16 usec
Aperture Uncertainty (Jitter)
With Vge =+5V 300 psec rms
With Ve =0V to -15V 10 nsec rms
Settling Time to 0.01% for 14 usec
Full-Scale Input Step
CONVERSION TIME (Including Acquisition Time)
taq + tc at 25°C:
8-Bit Cycle 55 59 usec
12-Bit Cycle 75 8 usec
12-Bit Cycle, Ty t0 Tyax 8 85 psec
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PERFORMANCE SPECIFICATIONS (Ta =Ty to Tyax, Vop= +5V, Vgg= —15V to +5V, fg =117kHz, f,y =10kHz unless otherwise indicated)

GRADE ADS774J, S ADS774K, T
MIN. TYP. MAX. MIN. TYP. MAX. UNITS
RESOLUTION 12 12 Bits
TRANSFER CHARACTERISTICS
DC ACCURACY
At 25°C:
Linearity Error +1 +12 LSB
Unipolar Offset Error (Notes 3, 4) +2 +2 LSB
Bipolar Offset Error (Notes 3, 5) +10 +4 LSB
Full-Scale Calibration Error (Notes 3, 6, 7) +0.25 +0.25 9%FSR
Inherent Quantization Uncertainty +2 +Y2 LSB
T 10 Tiax:
Linearity Error: J, K, Grades +1 +2 LSB
S, T Grades +3 LSB
Full-Scale Calibration Error:
Untrimmed: J, K Grades +047 +037 %FSR
S, T Grades +0.75 +05 %FSR
Trimmed to Zero at 25°C: J, K Grades +0.22 +012 %FSR
S, T Grades +05 +0.25 | %FSR
Resolution for No Missing Codes 12 12 Bits
TEMPERATURE COEFFICIENTS (Note 8) ]
Unipolar Offset +5 +25 | ppm/°C
Max. Change Over Temperature: +2 +1 LSB
Bipolar Offset +10 +5 ppm/°C
Max. Change Over Temperature: J, K Grades +2 +1 LSB
S, T Grades +4 +2 LSB
Full-Scale Calibration +45 +25 ppm/°C
Max Change Over Temperature: J, K Grades +9 +5 LSB
S, T Grades +20 +10 LSB
AC ACCURACY (Note 9)
Spurious-Free Dynamic Range 73 78 76 78 dB
Total Harmonic Distortion =77 -72 =77 -75 dB
Signal-to-Noise Ratio 69 72 7 72 dB
Signal-to-(Noise +Distortion) Ratio (SINAD) 68 Yl 70 7 dB
Intermodulation Distortion =75 -75 dB
(fing =20kHz; fin, =23kHz)
POWER SUPPLY SENSITIVITY
Change in Full-Scale Calibration (Note 10)
+475V <Vpp< +5.25V
Max. Change: J, K Grades +2 +Y2 LSB
S, T Grades +1 +1 LSB
SPECIFICATION NOTES:

1. See table of transition voltages in section labeled Digital Output Coding.

2.The use of Vg is optional. This input sets the mode for the internal sam-
ple/hold circuit. When Veg =—15V, lgg =—1mA tvp; when Vgg =0V,
lge = +5uA typ; when Veg = +5V, Ige = +167,A typ.

3. Adjustable to zero with external potentiometer.

4. Unipolar offset error is defined as the difference between the ideal and
the actual input voltage at which the digital output just changes from 0000
0000 0000 to 0000 0000 0001 when the ADS774 is operating with a unipolar
range. The ideal value for this transition is +"2LSB. See section labeled
Digital Output Coding.

5. Bipolar offset error is defined as the difference between the ideal and the
actual input voltage at which the digital output just changes from 0111 1111
1111 to 1000 0000 0000 when the ADS774 is operating with a bipolar range.
The ideal value for this transition is —12LSB. See section labeled Digital
Output Coding.

6. Listed specs assume a fixed 5092 resistor between Ref Out (Pin 8) and Ref
In (Pin 10) and a fixed 509 resistor between Ref Out (Pin 8) and Bipolar
Offset (Pin 12) in bipolar configurations; or Bipolar Offset grounded in
unipolar configurations. Full-scale calibration error is defined as the

difference between the ideal and the actual input voltage at which the digital
output just changes from 1111 1111 1110 to 1111 1111 1111. The ideal value
for this transition is 1/2LSBs below the nominal full-scale voltage. See sec-
tion labeled Digital Output Coding.

7.FSRis a full-scale range. For the +10V input range, FSR is 20V. For the
0to +10V input range, FSR is 10V.

8. Temperature coefficient specifications assume the use of the internal
reference.

9. Specifications assume Vgg = +5V, which starts a conversion immediate-
ly upon a Convert command. If Vgg =0V to —15V, the ADS774 emulates
standard ADC774 operation. In this mode, the internal sample/hold circuit
acquires the input signal after receiving the Convert command, and does
not assume that the input level had been stable before the arrival of the
Convert command.

10. Worst-case change in accuracy, compared with accuracy with a +5V
supply.

Specifications are subject to change without notice as Micro Networks
reserves the right to make improvements and changes in its products.




PIN DESIGNATIONS

Pin 1 28 1 +5V Supply (+Vpp)
2
3 Chip Select CS
4 Byte Address Aq
4 Read/Convert RIC
6 Chip Enable CE
7 No Connect*
8 +25V Ref Out
9 Analog Ground
10 +25V RefIn
11 Mode Control Vge
12 Bipolar Offset
13 10V Input
14 - 15 14 20V Input

=

*No Internal Connection

Data Mode Select 12/8

28 Status Output
27 DB11 (MSB)
26 DB10 (Bit 2)
25 DB9 (Bit 3)
24 DB8 (Bit 4)
23 DB7 (Bit 5)
22 DB6 (Bit 6)
21 DB5 (Bit 7)
20 DB4 (Bit 8)
19 DB3 (Bit 9)

18 DB2 (Bit 10)
17 DB1 (Bit 11)
16 DBO (LSB)
15 Digital Ground

DESCRIPTION OF OPERATION

The ADS774 is a complete 12-bit A/D converter. it uses the
successive-approximation conversion technique and incorporates
all required function blocks — capacitor-array D/A converter, com-
parator, clock, reference, and control logic. The CMOS-based
capacitor-array architecture provides an inherent sample/hold func-
tion; the ADS774 is thus a sampling equivalent of the industry-
standard 774 A/D converter. The device mates directly to most
popular 8-, 16-, and 32-bit microprocessors and contains all the
necessary address-decoding logic, control logic, and 3-state out-
put buffering to operate completely under processor control. In most
cases, the ADS774 will require only a power supply, a bypass
capacitor, and two resistors to provide the complete A/D conversion
function. The completeness of the device makes it most convenient
to think of the ADS774 as a function block with specific input/out-
put transfer characteristics; it is thus quite unnecessary to be con-
cerned with its inner workings.

Operating the ADS774 under microprocessor control (note that it
also functions as a stand-alone A/D) entails, in most applications,
a series of read and write instructions. Initiating a conversion re-
quires sending a command from the processor to the A/D, and also
involves a write operation. Once the proper signals have been
received and a conversion has begun, the ADS774 cannot be stop-
ped or restarted, and digital output data is not available until the con-
version has been completed. Immediately following the initiation of
a conversion cycle, the ADS774’s Status Output (also called Busy
Line or End-of-Conversion (EOC) Line) rises to logic ‘1", indicating
that a conversion is in progress. At the end of a conversion, the in-
ternal control logic will cause the Status Output to drop to “‘0”’, and
will enable internal circuitry to allow reading output data by exter-
nal command. By monitoring the state of the Status Output or by
waiting an appropriate period of time, the microprocessor will know
when the conversion is complete and that output data is valid and
ready to be read.

If the ADS774 interfaces with 12-bit or wider microprocessors, it is
possible to 3-state-enable all 12 output bits simultaneously, allow-
ing data collection with a single read operation. |f the ADS774
operates with an 8-bit processor, output data can be formatted to
read in two 8-bit bytes. The first byte will contain the 8 most-
significant bits (MSBs). The second byte will contain the remain-
ing 4 least-significant bits (LSBs), in a left-justified format, with 4 trail-
ing zeroes.
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APPLICATIONS INFORMATION

LAYOUT CONSIDERATIONS AND GROUNDING — Proper atten-
tion to layout and decoupling is necessary to obtain specified per-
formance from the ADS774. Itis very important that the ADS774’s
power supply be filtered, well-regulated, and free from high-
frequency noise. The use of a noisy supply may cause the genera-
tion of unstable output codes. It is advisable to bypass the +5V
supply with a 10uF tantalum capacitor, located as close as possi-
ble to the converter. It is recommended to pay special attention to
the avoidance of noise and spikes if a switching power supply is
employed.

To avoid noise pickup, it is important to minimize coupling between
analog inputs and digital signals. Pins 10 (Reference In), 12 (Bipolar
Offset), and 13 and 14 (Analog Inputs) are particularly susceptible
to noise. The circuit layout should be configured to locate the
ADS774 and associated analog-input circuitry as far as possible
from high-speed digital circuitry. The use of wire-wrap circuit con-
struction is not recommended; careful printed-circuit construction
is preferable. If external offset and gain-adjust potentiometers are
used, the trimmers should be located as close to the ADS774 as
possible. If no trims are required and fixed resistors are used, they
should be situated as close to the converter as possible.

Analog (Pin 9) and Digital (Pin 15) Ground pins are not internally
connected. It is advisable to tie them together as close to the con-
verter as possible, preferably via a large analog ground plane
beneath the package. If it is necessary to run these commons
separately, it is recommended to connect a 10nF ceramic bypass
capacitor between Pins 9 and 15, as close to the converter as possi-
ble. Pin 9 (Analog Ground) is the common reference point for the
ADS774’s internal reference. It should be connected as close as
possible to the analog-input signal reference point.

CONTROL FUNCTIONS — Operating the ADS774 under
microprocessor control is most easily understood by examining the
various control-line functions in a truth table. Table 1 is a summary
of the ADS774’s control-line functions. Table 2 is the truth table that
applies to these functions.

Unless Chip Enable (CE, Pin 6, logic “‘1” = active) and Chip Select
(CS, Pin 3, logic “0” = active) are both asserted, various combina-
tions of logic signals applied to other control lines (R/C, 12/8, and
Ao) will have no effect on the ADS774’s operation. When CE and
CS are both asserted, the signal applied to R/C (Read/Convert, Pin
5) determines whether a data Read (R/C = “1”") or a Convert opera-
tion (RIC = ““0”) is initiated.



Pin
Designation | Definition Function
CE (Pin 6) Chip Enable Must be high (*'1”") to either initiate

(active high) a conversion or read output data.
0-1 edge may be used to initiate a
conversion.

CS (Pin 3) Chip Select Must be low (*'0"") to either initiate a

(active low) conversion or read output data.

1-0 edge may be used to initiate a
conversion.
R/C (Pin 5) Read/Convert Must be low (**0"") to initiate

("1 =read) either 8 or 12-bit conversions.

(*'0” =convert) 1-0 edge may be used to initiate a
conversion. Must be high (*'1”) to
read output data. 0-1 edge may be
used to initiate a read operation.

Ao (Pin 4) Byte Address In the start-convert mode.

Short Cycle Ao selects 8-bit (Ap=""1"") or 12-bit
(Ap="0"") conversion mode. When
reading output data in 2 8-bit bytes.
Ao="'0"" accesses 8 MSBs (high
byte) and Ap="'1"" accesses
4 LSBs and trailing ““0’s”’ (low byte).

12/8 (Pin 2) | Data Mode When reading output data,

Select 12/8=""1"" enables all 12 output bits

(“1"=12 bits) simultaneously. 12/8="0" will

(*0""=8 bits) enable the MSbs or LSBs as
determined by the A, line.

Table 1. ADS774 Control Line Functions

CONTROL INPUTS
— - p ADS774 OPERATION
CE CS R/IC 12/8 Ao
(0] X X X X No Operation
X 1 X X X No Operation
1 0 1-0 X 0 Initiates 12-Bit Conversion
1 0 1-0 X 1 Initiates 8-Bit Conversion
0—1 0 0 X 0 Initiates 12-Bit Conversion
0—1 0 0 X 1 Initiates 8-Bit Conversion
1 1-0 0 X 0 Initiates 12-Bit Conversion
1 1-0 0 X 1 Initiates 8-Bit conversion
1 0 1 1 X Enables 12-Bit Parallel
Output
1 0 1 0 0 Enables 8 MSBs
1 0 1 0 1 Enables 4 LSBs and
4 Trailing Zeros

Table 2. Control Line Truth Table

In the initiation of a conversion, the signal applied to A, (Byte Ad-
dress/Short Cycle, Pin 4) determines whether a 12-bit conversion
(Ao = *'0"") or an 8-bit conversion (Ao = *‘1”)isinitiated. Itis the com-
bination of CE = “1”,CS = “0”,R/C = “0"”,and Ag = 1" or 0"
that initiates a convert operation. The actual conversion can be in-
itiated by the rising edge of CE, the falling edge of CS, or the falling
edge of R/C, as shown in Table 2 and the section entitled “* TIMING
— INITIATING CONVERSIONS'. In the initiation of a conversion,
the 12/8 line has ‘‘don’t care’” status.

When reading digital output data from the ADS774, it is necessary
to assert CE and CS. The signals applied to 12/8 and A, will deter-
mine the format of the output data. Logic *‘1” applied to the R/C line
will initiate actual output data access. If the 12/8 line is at logic *'1”,
all 12 output data bits will be accessed simultaneously when the R/IC
line’s state changes from 0" to “‘1”.

If the 12/8 line is at logic **0’’, output data will be accessible as two
8-bit bytes as detailed in the section entitied “TIMING — READING
OUTPUT DATA’. In this situation, A; = 0" will result in accessing
the 8 MSBs. In this mode, only the 8 upper bits or the 4 lower bits
can be accessed at one time, as addressed by A,. In these applica-
tions, the 4 LSBs (Pins 16 to 19) should be hard- wired to the 4 MSBs
(Pins 24 to 27). Thus, during a read operation, when A is low, the
upper 8 bits are enabled and they present data on Pins 20 through
27. See the section entitled *"HARD-WIRING TO 8-BIT DATA
BUSES".

TIMING — INITIATING CONVERSIONS — It is the combination
of CE = “1",CS = “0",R/C = 0", Aq = “'1"’ (initiate 8-bit conver-
sion)or Ap = ‘0" (initiate 12-bit conversion) that initiates a convert
operation. As stated earlier, the actual conversion can be initiated
by the rising edge of CE, the falling edge of CS, or the falling edge
of R/C. Whichever occurs last will control the conversion; however,
all three may occur simultaneously. The nominal delay time from
either input transition to the beginning of the conversion (rising edge
of Status) is the same for all three inputs (60 nsec typ). If itis desirable
that a particular one of these three inputs be responsible for initiating
the conversion, the other two should be unchanging for aminimum
of 50 nsec prior to the transition of the chosen input.

Because the ADS774’s control logic latches the Aq signal upon the
initiation of a conversion, the Aq line should be stable immediately
prior to whichever of the cited transitions is used to initiate the con-
version. The R/C transition is normally used to initiate conversions
in stand-alone operation; however, itis not recommended to use this
line to initiate conversions in P applications. If R/Cis high just prior
to a conversion, there will be a momentary enabling of output data
as if a Read operation were occurring, and the result could be
system bus contention. In most applications, A, should be stable
and R/C low before either CE or CSis used to initiate a conversion.

CE 7% thec l:—
tssC ja—n-

% i

G S —
T | F

Ao ! ~—I e

thac i -NF_
STATUS ———rt x
tosc |
DB11 to DBO High-Z State

“ ty comprises tag + tc in Emulation Mode;
tc only in S/H Control Mode.

Figure 1. Convert Timing

Figure 1 shows timing for a typical application. In this application,
CS is brought low, R/C is brought low, And Ay is set to its chosen
value prior to CE’s *0”’-to-*‘1”’ transition. The sequence can be ac-
complished in a number of ways, including connecting CS and Ay
to address bus lines, connecting R/C to a read/write line (or its
equivalent), and generating ‘‘0’’-to-*1”" transition on CE using the
system clock. In this example, CS should be at logic ““0” 50 nsec
prior to the CE transition (tggc = 50 nsec min), R/C should be at
logic *‘0”’ 50 nsec prior to the CE transition (tggc = 50 nsec min),
and A, should be stable 0 nsec prior to the CE transition (tgac =
0 nsec min). The minimum pulse width for CE = 1" is 50 nsec
(thec = 50 nsec min) and both CS and R/C must be valid for at least
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SYMBOL PARAMETER MIN. | TYP. | MAX. |UNITS
tpsc STS Delay from CE 60 200 | nsec
tHec CE Pulse Width 50 30 nsec
tsss CS to CE Setup 50 20 nsec
tysc | CS Low During CE High | 50 20 nsec
tsrc R/C to CE Setup 50 0 nsec
tuac | R/C Low During CE High | 50 20 nsec
tsac Ao to CE Setup 0 nsec
tyac | Ao Valid During CE High | 50 20 nsec

Table 3. Convert Timing Parameters

y A

ce — N~

SR || | thisR
Cs

v tmn
lsrR
SAR e ] thar

STATUS \
ths tho
DB11 to DBO High-Z State
Data Valid —| :%—
lpp l‘——t——-——
HL

Figure 2. Read Timing

SYMBOL PARAMETER MIN. | TYP. | MAX. | UNITS
top Access Time from CE 75 150 | nsec
thp Data Valid after CE Low 25 35 nsec
th Output Float Delay 100 150 | nsec
tssh CS to CE Setup 50 0 nsec
tsrr R/C to CE Setup 0 nsec
tsar Ao to CE Setup 50 25 nsec
thsh CS Valid after CE Low 0 nsec
tHRR RIC High after CE Low 0 nsec
tHaR Ao Valid after CE Low 50 nsec
tys  [STS Delay after Delay Valid| 75 150 375 | nsec

Table 4. Read Timing Parameters

50 nsec while CE = “1” (tysc and tygc = 50 nsec min) to effec-
tively initiate the conversion. Similarly, A, must be valid for at least
50 nsec (tyac = 50 nsec min) while CE is high to effectively initiate
the conversion. The Status line rises to a logic ‘1"’ no later than 200
nsec after the rising edge of CE (tpsc = 200 nsec max). Once
Status is atlogic “1”’, additional convert commands will be ignored
until the ongoing conversion is complete. Table 3 gives the limits
for the convert timing parameters.

TIMING — RETRIEVING DATA — When a conversion is in progress
(Status output =*1""), the ADS774's 3-state output buffer is in its high-
impedance state. After the falling edge of Status indicates the con-
version is complete, the combination of CE = “1”,CS = "“0”, and
R/C = ‘1" is used to activate the buffer and read the digital output
data.
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If the cited combination of control signals is satisfied and the 12/8
line has logic ‘1"’ imposed, all 12 output bits will become valid
simultaneously. If the 12/8 line has logic ‘0"’ imposed, output data
will be formatted for an 8-bit data bus.

Fjgure 2 shows timing for a typical application. In this application,

CSis brought low, A, is set to its final state, and R/C is brought high,

all before the rising edge of CE. CS and A, should be valid 50 nsec
prior to CE (tssp and tgag = 50 nsec min). R/C can become valid
at the same time as CE (tggz = 0 nsec min).

A, may be toggled at any time without damage to the converter.
Break-before-make action is guaranteed between the two data bytes,
which ensures that the outputs strapped together in 8-bit bus ap-
plications will never be enabled at the same time.

Access time is measured from the point at which CE and R/C are
both high (assuming CS is already low). Data actually becomes valid
typically 150 nsec before the falling edge of Status, as indicated by
tys- In most applications, the 12/8 input will be hard-wired high or
low; although itis fully TTL/CMOS compatible and may be actively
driven. Table 4 gives the limits for the read timing parameters.

S/H CONTROL MODE AND NON-SAMPLING 574 EMULATION
MODE — Figure 3 and Table 5 show the basic differences between
the two operating modes. In both modes, the acquisition time is 4
usec typ. In the Control mode, during the 4usec acquisition time,
the input signal may not slew faster than the inherent slew rate of
the ADS774. After the Convert command arrives, any changes in
the input signal level have no effect on the conversion, as the input
signal is already sampled and the conversion process begins
immediately.

Inthe Control mode, a Convert command can provide some useful
peripheral functions — for example, control an input MUX or a
programmable-gain amplifier. In these applications, the input signal
has time to settle before the subsequent acquisition occurs after
the conversion. The internal sample/hold function keeps aperture
jitter to a minimum; therefore, it is possible to digitize high input fre-
quencies without the need for an external sample/hold amplifier.

RIC i
_________ 1
1
] t
—l |t
]
S/H CONTROL MODE
ACQUISITION | CONVERSION ACQUISITION
1 Pin 11=+5V
= o |- ) |
(
e
I EMULATION MODE
ACQUISITION I CONVERSION ACQUISITION
}
| Pin 11 = OVio —15V
- o |

Figure 3. Signal Acquisition and Conversion Timing

S/H CONTROL | EMULATION

SYMBOL PARAMETER TYP. | MAX. | TYP. | MAX. |UNITS

Throughput Times:
12-Bit Conversion 8 85 8 85 | usec
8-Bit Conversion 6 6.3 6 63 | usec

taq +ic

te Conversion Time:
12-Bit Conversion 6.4 64 usec
8-Bit Conversion 44 44 pusec
taq Acquisition Time 14 14 usec
ta Aperture Delay 20 1600 nsec
ty Aperture Jitter 03 10 nsec

Table 5. Conversion Timing Over Ty, to Tyax




In the Emulation mode, the ADS774 introduces a delay time between
the Convert command and the start of conversion, in order to allow
the converter enough time to acquire the signal before the conver-
sion. The delay causes an effective increase in aperture time from
0.02 pusec to 1.6 usec, and allows the ADS774 to replace industry-
standard, non-sampling 774 types in existing sockets. Slewing of
the analog input prior to the Convert command has no effect on the
accuracy of the ADS774. In both the Control and Emulation modes,
the internal sample/hold circuit begins slewing to track the input
signal immediately after the conversion is complete.

In the Emulation mode, the ADS774 can replace existing, non-
sampling 774 types in almost all applications, without any changes
in system hardware or software. It is not necessary that the input
signal be stable before a Convert command arrives, but it must re-
main stable during the acquisition period after the Convert com-
mand is received (as it must with other 774 types) for accurate per-
formance. Unlike other, non-sampling 774 types, the ADS774 allows
the input to begin slewing before the end of conversion (after the
16usec acquisition period), so it is possible to increase system
throughput in many cases.

HARD-WIRING TO 8-BIT DATA BUSES — For applications with
8-bit data buses, output lines DB4 to DB11 (Pins 20 to 27) should
connect directly to lines Dy, to D, in the system data bus. In addition,
output lines DBO to DB3 (Pins 16 to 19) should connect to lines D,
to D, on the system data bus, and to ADS774 output lines DB8 to
DB11 (Pins 24 to 27). Figure 4 shows the proper connections. Thus
connected, if A is low during a read operation, the upper 8 bits are
enabled and become valid on output pins 20 to 27. When A, is high
during an operation, the 4 LSBs are enabled on output pins 16 to
19 and the 4 middle bits (Pins 20 to 23) are overridden with zeros.

D7 D6 D5 D4 D3 D2 D1 DO
High Byte
(Ao = 0) MSB DB10 DB9 DB8 DB7 DB6 DB5 DB4
Low Byte
(Ao = 1) DB3 DB2 DB1 DBO O 0 0 0
P /\>
MSB 27 o,
2126  DB1026 D
__r DB9 25 Ds
b DB8 24 Dy
DB7 23 05
DB6 22 D;
DB5 21 D,
DB4 20 Do
DB3 19
DB2 18
081 17 Data
LSB 16 Bus
L

Figure 4. Connection to 8-Bit Bus

STAND-ALONE OPERATION — The ADS774 can be used in a
stand-alone mode in systems having dedicated input ports and not
requiring full bus-interface capability. In this mode, CE and 12/8 are
tied to logic ‘1" (they may be hard-wired to +5V), CS and A, are
tied to logic *'0” (they may be grounded), and the conversion is con-
trolled by R/C. A conversion is initiated whenever R/C is brought low
(assuming a conversion is not already in progress), and all 12 bits
of the 3-state output buffers are enabled whenever R/C is brought
high (assuming Status has already gone low, indicating completion
of conversion).

This configuration gives rise to two possible modes of operation. Con-
versions can be initiated with either positive or negative R/C pulses.
Figure 5 details operation with a negative start pulse. In this case, the
outputs are forced into the high-impedance state in response to the fall-
ing edge of R/C, and they return to valid logic levels after the conver-
sion cycle is completed. The Status output goes high 200 nsec after
R/C goes low (tps) and returns low no longer than 1000 nsec after data
is valid (tyg). In this mode, output data is available most of the time, and
becomes invalid only during a conversion.

thaL

RIC
N

- los —
Status  emmem——
e {¢ ———

tHoR ths

I High-Z State
DB111to DBO  Data Valid Data Valid

Figure 5. Stand-Alone Mode With Negative Start Pulse.

Figure 6 details operation with a positive start pulse. Output data lines
are enabled during the time R/C is high. The falling edge of R/C starts
the next conversion, and the data lines return to the high-impedance
state and remain in that state until the next rising edge of R/C. In this
mode, output data is inaccessible most of the time, and becomes valid
only when R/C goes high. Table 6 gives the timing parameters for the
two modes.

RIC —7 N

tHRH
+— lpg —

Status j . \_—
D ———

topr tHor
e od

High-Z
Data Valid
DB11 to DBO

Figure 6. Stand-Alone Mode with Positive Start Pulse.

High-Z State

SYMBOL PARAMETER MIN. | TYP. | MAX. |UNITS
[ Low R/C Pulse Width 25 nsec
tps STS Delay after R/C 200 | nsec
tHoR Data Valid after R/C Low 25 nsec
tHRH High R/C Pulse Width 100 nsec
toor Data Access Time 150 | nsec

Table 6. Stand-Alone Mode Timing over Ty, to Tyax

UNIPOLAR OPERATION AND CALIBRATION — Analog input con-
nections and calibration circuits for the unipolar operating mode are
shown in Figure 7. If the 0 to +10V input range is to be used, apply
the analog input to Pin 13. If the 0 to +20V input range is to be us-
ed, apply the analog input to Pin 14. If the gain adjustment is not
needed, replace trim potentiometer R, with a fixed, 50Q 1% metal-
film resistor to meet all published specifications. If the offset adjust-
ment is not needed, connect Pin 12 (Bipolar Offset) directly to
Pin 9 (Analog Ground).
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Figure 7. Unipolar Connections

Unipolar offset error refers to the accuracy of the 0000 0000 0000
to 0000 0000 0001 digital output transition (see section entitled
“DIGITAL OUTPUT CODING”). If the offset adjustment is not us-
ed, the actual transition will occur within specified limits of its ideal
value (+%2LSB). For the 10V range, 1 LSB = 2.44mV. For the 20V
range, 1 LSB = 4.88mV. To adjust the offset, apply an analog input
equal to +2LSB and, with the ADS774 continuously converting,
adjust the offset potentiometer down until the digital output is all
ones, and then adjust up until the LSB ““flickers’’ between ‘0" and
1

Unipolar gain error can be defined as the accuracy of the 1111 1111
1110 to 1111 1111 1111 digital output transition after the unipolar off-
set adjustment has been effected. Ideally, this transition should oc-
cur 1/2L.SBs below the nominal full-scale voltage for the selected
input range. This corresponds to +9.9963V and +19.9927V, respec-
tively, for the 10V and 20V unipolar input ranges. Gain trimming is
accomplished by applying either of these voltages and adjusting
the gain potentiometer up until the digital outputs are all ones, and
then adjusting down until the LSB *‘flickers” between ‘0’ and ““1”".

In some applications, it is desirable to have the LSB equal exactly
2.5mV (10.24V input range) or 5mV (20.48V input range). To imple-
ment these ranges, replace the 1009 gain trimpot by a 50 Q fixed
resistor. Then insert a 2.7k trimpot in series with Pin 13 for a 10.24V
range; Pin 14 for a 20.48V range. Offset trimming then proceeds as
described earlier, and the gain trim is effected with the new trimpot.

528

BIPOLAR OPERATION AND CALIBRATION — Analog input con-
nections and calibration circuits for the bipolar operating mode are
shown in Figure 8. If the +5V input range is to be used, apply the
analog input to Pin 13. If the +10V range is to be used, apply the
analog input to Pin 14. If either bipolar offset or bipolar gain ad-
justments are not to be used, the trimpots should be replaced by
fixed, 50Q +1% metal-film resistors to meet all published
specifications.

Bipolar offset error refers to the accuracy of the 0111 1111 1111 to 1000
0000 0000 digital output transition (see section entitied *DIGITAL
OUTPUT CODING"). Ideally, this transition should occur ¥2LSB
below 0V, and if the bipolar offset adjustment is not used, the tran-
sition will occur within the specified limit of its ideal value. Offset ad-
justment in the bipolar configuration is performed not at the zero-
crossing point but at the minus full-scale point. The procedure is
to apply an analog input equal to —FS + 2LSB (-4.9988V for the
+5V range; —9.9976V for the +10V range), and adjust the bipolar
offset trimpot *‘down” until the digital output is all zeros. Then ad-
just “‘up” until the LSB ‘““flickers” between “0”” and *‘1"’.

Bipolar gain error can be defined as the accuracy of the 1111 1111
1110 to 1111 1111 1111 digital output transition after the bipolar offset
adjustment has been effected. Ideally, this transition should occur
1/2LSBs below the nominal positive full-scale value of the selected
input range. This corresponds to +4.9963V and +9.9927V for the
+5V and +10V ranges, respectively. Gain trimming is accomplished
by applying either of these voltages and adjusting the gain ti..apot
“‘up’’ until the digital outputs are all ones, then adjusting ‘‘down”
until the LSB “‘flickers” between ‘1"’ and “‘0”’.
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10.F 2 128 o) S—
T 3 C8 High 2% b—u0
Bits
G L) —
Start Convent
5 RIC ADS774 24—
f<J) S—;
Without Tnm » R
Mddle ——
8 RefOut Bis 21 L_o
1 9 AnaGnd 20 o
501
10 RefIn 19 f——0
$—— 11 Mod 18—
500 0% Low
12 Bip Offset Bits 17—
1310V Input [ —
Analog Inputs
14 20V Input DgGnd 15 __1
+5V oT-E 1 Vi Status 28 f——o
10,F T 2 128 27 f—o
3 & ADS774 - 6l o
— 4 A, Bis 25 —o0
Start Convert
5 RIC 24 f—o0
23 p——0
With Tnrm Middie 22 fb——w0
Bits
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10002
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] Bits
12 Bip Offset 17 f—o
10042
. 1310V Input 16 f——o
Analog Inputs
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Figure 8. Bipolar Connections



DIGITAL OUTPUT CODING

ANALOG INPUT VOLTAGE (Volts) DIGITAL OUTPUT

Oto +10V Oto +20V +5V +10V MSB LSB

+100000 +200000 +50000 +100000 1111 111
+99963 +199927 +49963 +99927 11 11 18 -
+50012 +100024 +00012 +00024 1000 0000 000g *
+49988 +99976 -00012 —-00024 Jofu i gon oo
+4.9963 +99927 -00037 -00073 o1 11 Mg
+00012 +00024 ~49988 —-99976 0000 0000 0007 *

00000 00000 —50000 —100000 0000 0000 0000

DIGITAL OUTPUT CODING NOTES:

For unipolar input ranges, output coding is straight binary.

. For bipolar input ranges, output coding is offset binary.

. For 0to +10V or +5V input ranges, 1LSB for 12 bits =2.44mV. 1LSB
for 11 bits =4.88mV.

4. For0to +20V or +10V input ranges, 1LSB for 12 bits =4.88mV.

1LSB for 11 bits =9.77mV.

Voltages given are the theoretical values for the transition indicated. Ideally,
with the converter continuously converting, the output bits indicated as @
will change from “1” to ““0” or vice versa as the input voltage passes through
the level indicated.

W =

*

EXAMPLE: Foran ADS774 operatingonits +10V input range, the transition
from digital output 0000 0000 0000 to 0000 0000 0001 (or vice versa) will ideally
occur at an input voltage of —9.9976 volts. Subsequently, any input voltage
more negative than ~99976 volts will give a digital output of all “0’s”. The tran-
sition from digital output 1000 0000 0000 to 0111 1111 1111 will ideally occur
at an input of —0.0024 volts, and the 1111 1111 1111 to 1111 1111 1110 transition
should occur at +9.9927 volts. An input more positive than +9.9927 volts will
give all “1's”.
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TYPICAL PERFORMANCE
(Ta=25°C, Supplies = +5V, *10V Bipolar Input, f,y =110kHz, unless otherwise indicated)
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PACKAGE OUTLINES
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ADS7800

3usec, 12-Bit
SAMPLING A/D CONVERTER

FEATURES

* 333kHz Over Temperature
* +5V and +10V Input Ranges

¢ AC and DC Performance
Completely Specified

¢ Internal Sample/Hold, Clock,
Reference, 3-State Buffer

* 215mW Power Dissipation

¢ No-Missing-Codes
Over Temperature

¢ 8-Bit or 12-Bit Output Format

* Package Options
Plastic DIP
Hermetic DIP
SOIC

DESCRIPTION

The ADS7800 is a complete, low-cost, 12-bit successive-approximation
A/D converter with an internal sample/hold function. The ADS7800
uses an innovative, capacitor-array internal D/A converter, based on
CMOS technology. The use of a CMOS architecture results in
extremely low power consumption. Total acquisition and conversion
time of 3usec results in a 333kHz sampling rate, over the entire
operating temperature range. AC and DC performance are completely
specified.

The ADS7800 is complete with internal clock, reference, control logic,
and 3-state output buffer. The interface logic provides for easy hand-
shaking with most popular 8- and 16-bit microprocessors. The
ADS7800’s 3-state output buffer connects directly to the xP’s data bus,
and is readable as either one 12-bit word or two 8-bit bytes. Chip
select, high-byte enable, and read/write (read/convert) control inputs
enable the ADS7800 to connect directly to a system address bus and
control lines, and to operate totally under processor control.

Internal scaling resistors allow a pin-selectable choice of two input
ranges: +5V and +10V. The ADS7800 is available for operation over
the commercial (0°C to +70°C) and industrial (-40°C to +85°C)
temperature ranges. Package options include 24-pin single (0.300")
plastic or hermetic ceramic DIPs, and 24-pin plastic SOIC. The
ADS7800 operates from a +5V supply and either a —12V or —15V

supply.
Linearity
Model Temperature Error Max SINAD*
Number Package Range (Tmin t0 Tray)  (dB Min.)
ADS7800JP Plastic DIP 0°Cto +70°C +1 67
ADS7800KP Plastic DIP 0°Cto +70°C +2 69
ADS7800JU Plastic SOIC 0°Cto +70°C +1 67
ADS7800KU Plastic SOIC 0°Cto +70°C +2 69
ADS7800AH Ceramic DIP —40°C to +85°C +1 67
ADS7800BH Ceramic DIP ~40°C to +85°C +2 69
*Signal-to-(Noise +Distortion) Ratio.
May 1992
Copyright * 1992
Micro Networks
All rights reserved
=m MICRO NETWORKS
324 Clark St., Worcester, MA 01606 (508) 852-5400
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ADS7800 12-Bit SAMPLING A/D CONVERTER

ABSOLUTE MAXIMUM RATINGS ORDERING INFORMATION
Operating Temperature Range: PART NUMBER ————— ADS7800 J P
J, K Grades 0°Cto +70°C Select suffix J, K, A or B for
A, B Grades —40°Cto +85°C desired performance and
Storage Temperature Range: -65°C to +150°C specific temperature range.
+V; to Digital Ground +7V Select suffix P, U or H
—Vg to Analog Ground -165V for desired package option.
+Vgato +Vgp +03V
Analog Ground to Digital Ground +1V
Control Inputs to Digital Ground -03Vto Vg +03V
Analog [nput to Voltage +20V
Junction Temperature +160°C
Lead Temperature (Soldering, 10 sec) +300°C
Power Dissipation 750mwW
Thermal Resistance O ju:
Plastic DIP 100°C/W
SOIC 100°C/W
Ceramic DIP 50°C/W

DESIGN SPECIFICATIONS (Ta =Ty to Tyax, Vs =+5V, Vg =-15V, f5 =333kHz, unless otherwise indicated)

ANALOG INPUTS MIN. TYP. | MAX. UNITS
Input Voltage Range +10and +5 Volts
Input Impedance: +10V 44 6.3 81 kQ
+5V 29 4.2 54 kQ
DIGITAL INPUTS CS, R/C, HBE
Logic Levels: Logic ‘1" +24 +53 Volts
Logic 0" -03 +08 Volts
Loading: Logic ‘1" +5 A
Logic ““0” -5 pA
DIGITAL OUTPUTS DBO to DB11, BUSY
Output Format 12-Bit Parallel or 8-Bit/4-Bit
Output Coding Offset Binary
Logic Levels: Logic “1” (Isource = 5004A) +24 +50 Volts
Logic “0” (Isink = 1.6mA) 0 +0.4 Volts
Leakage (High-Impedance State) +01 +5 A
INTERNAL REFERENCE
Reference Output Voltage (Pin 3) 19 20 21 Volts
Available Output Source Current 10 pA
POWER SUPPLY REQUIREMENTS
Power Supply Range: —Vs Supply -14 -15 -165 Volts
Power Supply Range: +Vg Supply +4.75 +50 +5.25 Volts
Current Drains: —lg 35 6 mA
+lg (Total) 18 25 mA
Power Dissipation 135 215 mw
DYNAMIC CHARACTERISTICS
Aperture Delay 13 nsec
Aperture Uncertainty (Jitter) 150 psec, rms
Transient Response, Full-Scale Step (Note 1) 130 nsec
Overvoltage Recovery, 2 X FS (Note 2) 150 nsec
CONVERSION TIME
Conversion Only 25 27 usec
Conversion + Acquisition 26 30 usec
Throughput Rate 333 380 kHz
SPECIFICATION NOTES:

1. For 12-bit accuracy in specified time.
2. To specified performance in specified time.
3. Adjustable to zero with external trimpot.
4. Least Significant Bit. 1LSB=2.44mV for the
+5V range; 4.88mV for the +10V range.
. Characterized over Ty to Tyax at +FS, 0V, and —-FS. 0.1LSB
is typical rms noise with worst-case conditions:
+FS at +125°C.
6. All dB figures refer to +10V or +5V full-scale input.
CAUTION: These Devices are sensitive to electrostatic discharge.
Proper anit-ESD IC handling procedures should be foliowed.

o

5-34




PERFORMANCE SPECIFICATIONS (Ta =Ty to Tyax, +Vg=+5V, —Vg=-15V, f5 =333kHz, unless otherwise indicated)

MODEL ADS7800JP/JU/AH ADS7800KP/KU/BH
TRANSFER CHARACTERISTICS MIN. TYP. MAX. MIN. TYP. MAX. UNITS
RESOLUTION 12 12 Bits
TRANSFER CHARACTERISTICS
Full-Scale Error +050 +035 %
Full-Scale Error Drift 6 6 ppm/°C
Integral Nonlinearity +1 +Y2 LSB(Note 4)
Differential Nonlinearity +1 +% LSB
Resolution for No Missing Codes 12 12 Bits
Bipolar Zero Error (Note 3) +4 +2 LSB
Bipolar Zero Error Drift 1 1 ppm/°C
Transition Noise (Note 5) 01 01 LSB
AC ACCURACY (Note 6)
Spurious-Free Dynamic Range 74 77 77 80 dB
Total Harmonic Distortion =77 74 -80 =77 dB
Signal-to-Noise Ratio 68 7 70 73 dB
Signal-to-(Noise +Distortion) Ratio (SINAD) 67 70 69 72 dB
Intermodulation Distortion (~6dB Signals) =77 -74 =77 —74 dB
(finy =24.4kHZ; fiy, =285kHz2)
POWER SUPPLY SENSITIVITY
-Vg=-135V to -165V +2 +2 LSB
~Vg=-114V to -126V +2 +2 LSB
+Vg=+4.75V to +525V +1 +2 LSB
TEMPERATURE RANGE
Specified: JPUU/KP/KU Models 0 +70 0 +70 °C
AH/BH/ Models -40 +85 —-40 +85 °C
Storage -65 +150 -65 +150 °C
CS (20) O———— <+——O (24) +Vg ANA
RIC (19) O <+—O (23) +VgDIG
| cLock |b— ——O @nBUSY
CONTROL SUCCESSIVE- 3 ——Q (5) DB11 (MSB)
LOGIC :—_—> APPROXIMATION REGISTER - s ~ (6) DB10
7 |——O (moe9
A }——O ®DB8
T }b—0 ©@DB7
+10VIN () E |—0 toyoes
B p——O oBs
+5V IN 2) O——AWVWA CAPACITOR-ARRAY LFJ ———O (12) DB4
12-BIT ¢ O (4083
D/A CONVERTER
REFERENCE E [—O (5DB2 |
R l———CO (16) DB1 I
= 1 ———O (17) DBO (LSB) |
REF OUT (3) O-
L__Q (18) HBE
ANA GND (4) O—— COMPARATOR
+——0 (22) -Vg

DIG GND (13) O——

ADS7800 BLOCK DIAGRAM
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PIN DESIGNATIONS

1 24

+10V Analog Input. Ground for +5 range.
+5V Analog Input. Ground for +10V range.
+2V Reference Output

Analog Ground. Connect to Pin 13.

Data Bit 11 (MSB)

Data Bit 10

Data Bit 9

Data Bit 8

Data Bit 7 if HBE Low; ““0” if HBE High.
10 Data Bit 6 if HBE Low; ““0” if HBE High.
11 Data Bit 5 if HBE Low; “‘0” if HBE High.
12 Data Bit 4 if HBE Low; “0” if HBE High.

©WoONOOOHEWN =

24 +5V Analog Power Supply. Connect to Pin 23,
23 +5V Digital Power Supply. Connect to Pin 24
22 -12V or -15V Negative Power Supply

21 BUSY

20 CS Chip Select

19 R/C Read/Convert

18 HBE High Byte Enable

17 Data Bit 0 (LSB) if HBE Low, Data Bit 8 if HBE High.
16 Data Bit 1 if HBE Low; Data Bit 9 if HBE High.
15 Data Bit 2 if HBE Low; Data Bit 10 if HBE High.
14 Data Bit 3 if HBE Low; Data Bit 11 if HBE High.
13 Digital Ground. Connect to Pin 4.

DESCRIPTION OF OPERATION

The ADS7800 is a complete 12-bit A/D converter. It uses the successive-
approximation conversion technique and incorporates all required func-
tion blocks — capacitor-array D/A converter, com.parator, clock,
reference, and control logic. The CMOS-based capacitor-array architec-
ture provides an inherent sample/hold function. The device mates
directly to most popular 8-, 16-, and 32-bit microprocessors and con-
tains all the necessary address-decoding logic, control logic, and 3-state
output buffering to operate completely under processor control. In most
cases, the ADS7800 will require only power supplies and bypass
capacitors to provide the complete A/D conversion function. The com-
pleteness of the device makes it most convenient to think of the
ADS7800 as a function block with specific inputioutput transfer
characteristics; it is thus quite unnecessary to be concerned with its
inner workings.

BASIC OPERATION — Figure 1 gives the basic connections for
operating the ADS7800 with the +10V input range in Convert mode.
The Convert command R/C, applied to Pin 19, puts the ADS7800 in
Hold mode and initiates the conversion. R/C must hold Pin 19 low for
at least 40nsec. The BUSY signal on Pin 21 is held low during the con-
version, and goes high after the conversion is completed and the data
is transferred to the output latches. The rising edge of the signal on
Pin 21 can thus serve to read the converted data.

o8
MSB)

[l o SIN—pY¥ +5v 20 +5V
INPUT 68F
3 onF
—]one vz IT
T 3REF 15V 22 T—O Y
anF ROWF
T 4 AGND BUSY 21 BUSY
5081 Cs20 -—J
60810 RIC 19 -O CONVERT
7089 HBE 18 pme L
8088 080 17
9087 DB1 16
10 0B6 0B2 15
11085 DB3 14 it
12084 DGND 13 |—4
[e}ieNe] l 1

08O
(Lsg)

Figure 1. Basic +10V Connection Diagram
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During the conversion, the BUSY signal imposes the high-impedance
state on the output data lines and also inhibits input lines. The inhibi-
tion causes Pin 19 to ignore any pulses, so new conversions cannot
be initiated while a conversion is taking place, whether the pulses result
from spurious sources or an attempt to short-cycle the conversion.

In Read mode, Pin 19 is held low, and a high-going pulse serves to
read data and initiate a conversion. In Read mode, the rising edge of
the R/C signal on Pin 19 enables the output data pins, thus validating
the data from the previous conversion. The falling edge of R/C then
puts the ADS7800 in Hold mode and initiates a new conversion. The
ADS7800 will begin acquiring a new signal upon the completion of the
conversion, even before the BUSY signal rises on Pin 21, and will track
the input signal until the start of the next conversion, whether the
ADS7800 is in Convert or Read mode.

The signal HBE on Pin 18 allows the ADS7800 to be used with an 8-
bit bus. At the end of a conversion, a low input on Pin 18 loads the eight
LSBs of data into the latches of Pins 9 through 12 and 14 through 17.
A high signal on Pin 18 then loads the four MSBs into the latches of
Pins 14 through 17, and Pins 9 through 12 are forced low. Figure 2 and
Table 1 give the timing parameters for the basic acquisition and con-
version operations.

RIC

BUSY s

- I

Mode Acquire >< Convert
tAp—.-l ——

Hold Time

I<- tosc

Acquire X Convert

Figure 2. Conversion and Acquisition Timing

Symbol Parameter Typ Max Units
Y
toec BUSY Delay from R/C 80 150 nsec
tg BUSY Low 25 27 usec
tap Aperture Delay 13 nsec
Atpp Aperture Jitter 150 psec, rms
tc Conversion Time 247 2.70 usec

Table 1. Acquisition and Conversion Timing



CONTROL FUNCTIONS — The ADS7800 offers easy interface to
most digital systems, whether microprocessor-based or other. The
ADS7800 can operate under complete microprocessor control, or in
a stand- alone mode, in which it is controlled only by the R/C input on
Pin 19. Microprocessor control entails initiating the conversion and
reading the output data, either in one 12-bit parallel word or in two 8-bit
bytes. All control inputs (CS, R/C, and HBE) are TTL- and CMOS-
compatible. Tables 2 and 3 detail the functions of the control inputs.

Pin No. | Symbol | Function

18 HBE High Byte Enable. When held Low, data

output has 12-bit parallel format. When held
High, 4 MSBs appear on Pins 14 to 17,

zeros appear on Pins 9 to 12. Must be Low

to initiate conversion.

Read/Convert. Falling edge initiates conversion
when CS is Low, HBE is Low, and BUSY is High.
Chip Select. Outputs in High-Z state when

CS is High. Must be Low to initiate conversion
or read data.

Busy, Output Low during conversion.

Data valid on rising edge in Convert mode.

19 RIC

20 CS

21 BUSY

Table 2. Role of Control Functions

CS R/IC HBE BUSY| Operation

1 X X 1 None — Outputs in High-Z State.

0o 1-0 O 1 Holds Signal and Starts Conversion.

0 1 0 1 3-State Output Buffers Enabled

Upon End of Conversion.

Enable High Byte in 8-Bit Bus Mode.
Inhibits Start of Conversion.
Conversion in Progress. Outputs in
High-Z State. New Conversion Inhibited
Until End of Present Conversion.

o

1-0 1 1

X="Don'’t Care.
Table 3. Control Functions

In stand-alone mode, a single control line connected to R/C controls
the ADS7800. CS and HBE are grounded in this mode. The output
data is in 12-bit parallel format. Stand-alone mode is useful in systems
using dedicated input ports that do not require full bus-interface
capability.

A high-to-low transition on R/C initiates a conversion. The 3-state out-
put latches are enabled when R/C and BUSY are high. Thus, two
modes of operation are possible: Either positive or negative pulses can
initiate a conversion. Either way, the R/C pulse must remain low for
at least 40nsec.

Figure 3 and Table 4 give timing details for a conversion initiated by
a negative R/C pulse. In this case (referred to as Convert mode), the
3-state outputs revert to the high-impedance state in response to the
falling edge of R/C, and become enabled for data access after the com-
pletion of the conversion.

w

RIC —\:}

BUSY I o
ooe e/ —\_

— lap tose pt—
Mode Acquire Convert Acqune Convert
'A

r tc

—f 'hor: e 'ou
Data
Bus _ Data Vahd High Impedance Data Vald X High Impedance

I

Figure 3. Timing with Negative R/C Pulse

Symbol | Parameter

tw R/C Pulse Width
tosc | BUSY Delay from RIC
ta BUSY Low
tap Aperture Delay
Atap Aperture Jitter
tc Conversion Time
toge | BUSY from End of Conversion
tos BUSY Delay after Data Valid
ta Acquisition Time
Total Throughput Time
tyor | Valid Data Held after RIC Low
ts CS or HBE Low before R/C 10 Transition
ty CS or HBE Low after R/C 10 Transition

thon | Valid Data Held after RIC Low

top Data Valid from TS Low, R/C High, and HBE as Selected (100-pF Load)

te Delay to High-Z State after R/C Falls or CS Rises (3kQ Pullup or Pulldown)

Min. | Typ. | Max. | Units
40 10 nsec
80 | 150 nsec
25 27 usec
13 nsec
150 psec, rms
247 | 27 pusec
100 nsec
25 75 | 200 nsec
130 | 300 nsec
26 | 30 pusec
20 50 nsec
25 5 nsec
25 0 nsec
65 | 150 nsec
20 | 50 nsec
50 | 150 nsec

Table 4. Timing Specifications Over Ty, to Tyax.




Figure 4 and Table 4 detail the timing considerations for a conversion
initiated by a positive R/C pulse. In this case (referred to as Read mode),
output data from a previous conversion is enabled during the high por-
tion of R/C. The falling edge of R/C initiates a new conversion, and the
3-state outputs revert to the high-impedance state until R/C again at-
tains a high state.

* Convert % Acquie
[}

!
- I T A 1
- |[4— tHOR. tHL

Figure 4. Timing with Positive R/C Pulse

TIMING — INITIATING CONVERSIONS — As seen in Table 1, only
a negative-going transition on R/C--no other combination of states or
transitions—can initiate a conversion in the ADS7800. CS or HBE high,
or BUSY low, will inhibit conversion. CS and HBE should be stable
for at least 25 nsec prior to the R/C transition. Figure 5 shows the tim-
ing details for initiation of a conversion.

s s tH

HBE ﬁE ;L

RIC ——3 —

BUSY

tosc

Data

Bus Data Valid

High Impedance

— thor: tHe

Figure 5. Conversion Initiation Timing

The BUSY line, in a low state only during a conversion, shows the status
of the converter. During the conversion, the 3-state output latches re-
main in a high-impedance state; therefore, data is inaccessible dur-
ing a conversion. During the conversion, the digital inputs CS, R/C,
and HBE are immuneé to additional transitions, so conversions can-
not be prematurely terminated or restarted.

TIMING — READING DATA — After the start of a conversion, the
3-state output buffers remain in a high-impedance state until the follow-
ing logic combination exists: R/C is high, BUSY is high, and CS is low.
When this combination occurs, the 3-state data lines are enabled in
accordance with the state of HBE. Figure 6 and Table 4 give details
of the timing relationships and specifications for reading data.
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HBE

LJ L
()

DB11

DBO

BUSY .._______5
¢
?
£
P4

the- thor

Figure 6. Read Cycle Timing

INTERNAL CLOCK — A factory-trimmed internal clock in the
ADS?7800 yields a typical conversion time of 2.47usec at 25°C, and a
maximum conversion time of 2.7usec over the entire operating
temperature range. This conversion time, coupled with a guaranteed
maximum acquisition time of 300nsec, ensures a 333kHz minimum
throughput rate under all conditions.

BIPOLAR OPERATION AND CALIBRATION — Analog input con-
nections and calibration circuits for the ADS7800 are shown in Figure
7. Ifthe +£5V input range is to be used, apply the analog input to Pin
2and ground Pin 1. If the +10V range is to be used, apply the analog
input to Pin 1 and ground Pin 2. If either offset or gain adjustments
are not to be used, the ADS7800 will perform to the limits in the
specification table.

Bipolar offset (zero) error can be defined as the accuracy of the 0111
1111 1111 to 1000 0000 0000 transition voltage (-2.44mV for the +10V
range; -1.22mV for the +5V range). With the ADS7800 converting con-
tinuously, adjust the 10k trimpot “up” until the output code is 1000
0000 0000, then adjust “‘down” until all bits are “flickering” between
“0” and “1".

—
10V
INPUT Qv 1 ] 1
No — No
Trim = Trim

+5V
["‘" 2 eyt O— 2

Gain
E—
+10v 1 f
INPUT
v 100Q Gain
+5V L5V
2 oy O—wWv 2
INPUT 1000
+5V
10kQ
10k A 301K
Bip Zero & o
3 4990 10k 3 VWS
Bip Zero 2
665K _| g 3010
- 10kQ L

-15V
—-15V

Figure 7. Connections and Calibration



Bipolar gain error can be defined as the accuracy of the 1111 1111 1110
to 1111 1111 1111 digital output transition after the bipolar offset adjust-
ment has been effected. Ideally, this transition should occur 1/2LSBs
below the nominal positive full-scale value of the selected input range.
This corresponds to +4.9963V and +9.9927V for the +5V and +10V
ranges, respectively. Gain trimming is accomplished by applying either
of these voltages and adjusting the gain trimpot “‘up” until the digital
outputs are all ones, then adjusting “down" until the LSB *‘flickers”
between 1" and “0".

LAYOUT CONSIDERATIONS AND GROUNDING — The ADS7800
has two +5V supply pins: Vg, (Pin 24) and Vg (Pin 23). To achieve
maximum accuracy in the ADS7800, these supplies are not connected
internally. They should be connected together on the printed- circuit
board, at a point as close as possible to the ADS7800. Both supply
lines should be well isolated from digital supplies that are subject to
large load variations. As a general rule, it is good practice to isolate
the analog portions of a system from the effects of digital switching by
running a separate +5V supply line from a supply regulator to the
analog components.

To minimize noise, the tied-together Vg Pins 23 and 24 should be
bypassed to ground with a 68uF tantalum capacitor in parallel with a
0.1uF multilayer ceramic capacitor. The —Vg Pin 22 should also be
bypassed to ground with a 14F tantalum capacitor. All bypass
capacitors should be connected as close as possible to the ADS7800.

These bypassing measures are extremely important, as noise on the
power-supply lines can degrade converter performance. It is necessary
to pay special attention to filtering out noise and spikes when a swit-
ching power supply is used.

The analog (Pin 4) and digital (Pin 13) ground pins are also not con-
nected internally, and should be connected together as close as possi-
ble to the ADS7800. The use of a ground plane on the printed- circuit
board is highly recommended, as it optimizes high- frequency ground
characteristics and reduces noise coupling into sensitive converter cir-
cuitry. It is especially important to reference the analog input to the
analog ground on Pin 4, to eliminate from the input circuitry any voltage
drops that might occur in the power-supply ground returns.

It is necessary to take the input impedance of the ADS7800 into ac-
count when designing the analog drive circuitry. The output impedance
of the driver should be negligible with respect to the 63k (+ 10V range)
or 4.2k (+5V range) input impedance of the ADS7800, or at least in-
variant with respect to signal level. Further, it is crucial to prevent any
coupling between the analog input lines and digital signal lines. If these
lines must cross, it is recommended that they do so at right angles,
and with a minimum of crossover area. If they must run parallel for any
distance, it is good design practice to insert a ground pattern between
them as a shield. Any external trimpots used for full-scale or offset ad-

DIGITAL OUTPUT CODING

justments should be mounted as close to the converter as possible.

It is necessary to bypass the reference output (Pin 3) with a 22uF to
47uF, 2V tantalum capacitor. The drive capability of this pin is limited
(10¢A typ), so it is necessary to provide buffering if this reference voltage
is to be used in other parts of the system.

POWER-SUPPLY SEQUENCING PRECAUTIONS — If the two +5V
supply inputs of the ADS7800 are powered-up sequentially instead of
simultaneously, the converter may experience latch-up and draw ex-
cessive current. Connecting the two supply pins together on the printed-
circuit board will normally prevent this problem. However, the
phenomenon can occur if the ADS7800 is plugged into a live socket--
for example, during incoming inspection or lab evaluation. In these
cases, it is necessary to ensure that power is applied only after the
ADS7800 has been plugged in.

AVOIDING TRANSIENT PHENOMENA — Various transients coupled
into the ADS7800 can cause errors that may difficult to diagnose. If
errors persist despite careful grounding and bypassing measures, they
might find their origins in one or more not-so-obvious transient
phenomena. A checklist of several transient-avoidance steps can be
useful in designing a new system.

Transients that occur during critical periods in the conversion process
can produce errors. For example, a clean, sharp Hold command (‘1"
to 0" transition on R/C) signal is crucial to error- free operation. This
edge should be clean and sharp and free from significant ringing,
especially in the 20nsec period after it occurs. Another not-so-obvious
helpful design practice is to avoid any transitions on digital lines dur-
ing the bit decisions in the conversion process. So it is prudent to avoid
any changes in R/C at the time of any bit decisions. Keeping the R/C
pulse short (< 100nsec) will avoid a transition at the time of the MSB
decision, or keeping it long (> 2.7usec) will avoid affecting the LSB deci-
sion.

High-speed bus transients can also couple into the ADS7800 via the
data outputs, even when the output buffers are in the high- impedance
state. If such transients exist, it is good practice to isolate them from
the converter by providing additional buffering to the data outputs. The
BUSY line can serve to enable these added buffers.

It goes without saying that transients on the analog inputs are to be
avoided scrupulously, especially in the interval within +20nsec of the
1"-to-“0” transition of R/C, when they may affect the charge transferred
to the capacitor array. Careful layout and design of the analog drive
circuitry are necessary to avoid these transients. Finally, in multiplex-
ed systems, it is most prudent to switch channels in the multiplexer
only after the conversion is complete. Otherwise, glitches or ringing
in the switched signal may be coupled into the ADS7800 during the
Conversion process.

DIGITAL OUTPUT

MSB LSB

ANALOG | Volts)
tS\)i ST +10V
+50000 +100000
+49963 +99927
+00012 +00024
~00012 ~00024
~00037 ~00073
49988 —99976
50000 100000

M1 111 11m
M1 1 g
1000 0000 0004 *
2000 PP00 0099 *
oMt 111 g
0000 0000 000¢ *
0000 0000 0000

DIGITAL OUTPUT CODING NOTES:

1. Output coding is offset binary.

2. For +5Vinputrange, 1LSB for 12 bits = 2.44mV. 1LSB for 11
bits = 4.88mV.

3. For +10V input range, 1LSB for 12 bits = 4.88mV. 1LSB for
11 bits = 9.77mV.

* Voltages given are the theoretical values for the transitions in-
dicated. Ideally, with the converter continuously converting, the
output bits indicated as @ will change from a logic “'1" to a logic
0" or visa versa as the input voltage passes through the level
indicated.

EXAMPLE: For an ADS7800 operating onits +10V input range,
the transition from digital output 0000 0000 0001 (or vice versa)
will ideally occur at an input voltage of —99976 volts. Subsequent-
ly, any input voltage more negative than —9.9976 volts will give
adigital output of all “0's”. The transition from digital output 1000
0000 0000 to 0111 1111 1111 will ideally occur at an input of —0.0024
volts, and the 1111 1111 1111 to 1111 1111 1110 transition should oc-
cur at +9.9927 volts. An input more positive than +9.9927 volts
will give all “*1's".




PACKAGE OUTLINES

PACKAGE H. CERAMIC HERMETIC DIP

A INCHES | MILLIMETERS
DIM_| MIN_| MAX_[MIN_| MAX
2 13 A_| 1188 ] 1212] 30.18] 3078
s — B | 300 [ 320 762813
! C | — |60 | — [406
B D | 016 | 020 [0a1 | 051
B R F_| 050TYP 127 TYP
] - T . G_| 095 T.105 [241 [267
J_ | 009 7012 [023 [031
K_| 170 BASIC | 4.32 BASIC
L | 200 [310 [737 [787
N | 040 | 060 | 102 | 152
—fl-—y
Seating Plane
l— L —e
PACKAGE P. PLASTIC DIP
A INCHES | MILLIMETERS
DIM_| MIN | MAX | MIN | MAX
[ A | 1125 | 1.255] 28.58] 3188
R B | 250 |.290 | 635 | 77
- N -1 0 [ .150 [ .170 {381 | 432
' O 8 E | 010 | 080 |25 [ 203
s N F_| 100BASIC | 254 BASIC
4 G | 050 [ 070 [ 127 ] 178
i A AT T ! W | 016 | .020 | 0.41 | 051
Pin1 J | 125 3.8
G - K K| 300 BASIC | 7.63 BASIC
A] ‘ M0 [ [0° [15°
t | [ / I \ N | 008 | 015 [020 | 038
P D P | 010 |.030 | 25 |76
4 __J
| n !
I 1 1 _.L
AL "ol
E F H ~ Seating Plane
PACKAGE U. PLASTIC SOIC
A INCHES | MILLIMETERS
Al DIM | MIN_|MAX | MIN | MAX
A | 602 | 618 1529] 1570
HEBEBHHEBAR Al_| 595 | 618 | 15.11]15.70
T T B | 286 | 302 7.26 | 767
BT | 270 | 285 | 686 | 724
B1 B C | 093 | .108] 236 | 274
D | 015 | 019 038 | 048
l 1 G | 050 BASIC | 127 BASIC
H | 02 | 034 066 | 086
N -LEEEECEELEEE . AL
Pi _JL_ T [ 390 | 422 991 | 1072
! b Mo [ o [
N | 000 | 012 000 | 0.30
4
‘/I - ) M J
= : L ¢ \{ :}
J L_ &I G j | L _.I
H -—

N
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MN6227
MN6228

WIDEBAND, SAMPLING
12-Bit A/D
CONVERTERS

FEATURES

e 33kHz Sampling Rate
With Internal T/H Amplifier
¢ 16.5kHz Full-Power
Input Bandwidth
e 70dB Signal-to-Noise Ratio
Over Full Bandwidth
e —80dB Harmonics Over
Full Bandwidth
e Full 8 or 16-Bit .P Interface:
CS, CE, RIC, Ay, 12/8
150nsec Bus Access Time
¢ Industry-Standard MN574A
Package and Pinout
¢ 1100mW Max Power
e Fully Specified 0°C to +70°C
(J and K Models) or —55°C
to +125°C (S and T Models)

DESCRIPTION

MN6227 and MN6228 are the first, general-purpose, high-
speed, 12-bit, sampling A/D converters designed and
specified for contemporary DSP applications in the fields
of spectrum analysis, voice recognition, vibration anal-
ysis, signature recognition, and others. These devices
consist of high-speed (25usec), uP interfaced (CS, CE,
read/convert, 3-state buffer, etc.), successive-approx-
imation type, 12-bit A/D converters with internal, high-
speed, track-hold (T/H) amplifiers. They have the ability to
accurately sample and digitize transient or periodic input
signals with slew-rate and frequency content orders of
magnitude higher than can be converted by an A/D
without a companion T/H.

MN6227 (10V input span) and MN6228 (20V input span)
are configured in a manner that makes the T/H trans-
parent to the user. There are no confusing acquisition
time, aperture delay, or aperture jitter specifications.
These are true sampling, broadband A/D converters that
are specified accordingly. Sampling rate, analog-input
full-power bandwidth, harmonic distortion, and signal-to-
noise ratio (SNR, rms-to-rms) are all fully specified. Each

28 PIN DIP S . . .
omonma | device is fully tested both statically, in the traditional
‘1“”‘”“” manner, and dynamically with a series of 512-point FFT’s
. b (see sample spectrum below).

010 @80 These devices are packaged in small, low-profile, 28-pin,
side-brazed, ceramic DIP’s and have the industry-
standard MN574A pinout. Devices are fully specified for

L0550 aocson 0°C to +70°C (J and K models) or —55°C to +125°C (S
14 7) .
o and T models) operation.
0dB -
. Input Frequency: 16kHz
\i i i Sampling Rate: 33kHz
- e L e
- Soten - g:gg%;}?; 0;}@ —_a0dB SIN: 733808
0220 (5.588) 1
' Signal -60dB +
Amplitude
J [} ?ﬁ'ﬁ"s'fax'é’ - 80dB
| o 0009 (0.229)
0012 (0.305)

10600 (15.24) —#=

Dimensions in Inches
(millimeters)

~100dB

-120d8

- 140d8B
OHz 16.67kHz
Input Frequency

L)

May 1988

o f
S
o |
o~
© |
S |
=

=m MICRO NETWORKS

324 Cliark St., Worcester, MA 01606 (508) 852-5400
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MN6227 MN6228 WIDEBAND SAMPLING 12-Bit A/D CONVERTERS

ABSOLUTE MAXIMUM RATINGS

Operating Temperature Range

—-55°Cto +125°C

ORDERING INFORMATION

ol PART NUMBER MN6227T/B
Specified Temperature Range: |
MN6227J, K; MN6228J, K 0°Cto +70°C Select MN6227 or MN6228
MN6227S, S/B, T, TIB ~55°Cto +125°C Select suffix J, K. S, or T for
MN6228S, S/B, T, T/B —-55°Cto +125°C desired performance and
Storage Temperature Range ~65°Cto +150°C specified temperature range.
Positive Supply (+ Vcc, Pin 7) 0 to +16.5 Volts Add */B"" to **S" or "' T" models for
Negative Supply (- Vcc, Pin 11) 0to —16.5 Volts Environmental Stress Screening.
Logic Supply (+ Vdd, Pin 1) 0to +7 Volts
Digital Inputs (Pins 2-6) —0.5to (+Vgqg +0.5) Volts
Analog Inputs: Pins 10 and 12 + 15 Volts
Pin 13 (MN6227) + 15 Volts
Pin 14 (MN6228) +15 Volts
Analog Ground (Pin 9) to Digital
Ground (Pin 15) +1 Volt
Ref Out (Pin 8) Short Circuit Duration Continuous to Ground
DESIGN SPECIFICATIONS ALL UNITS (Ta= +25°C, Vg = =15V, +Vgq = + 5V unless otherwise indicated) (Note 1)
ANALOG INPUTS MIN. TYP. MAX. UNITS
Input Voltage Ranges: MN6227 Oto +10, =5 Volts
MN6228 +10 Volts
Input Impedance (Note 16): Resistance 1 5 Mohm
Capacitance 50 pF
Input Bias Current Over Full
Temperature Range (Note 16): +100 + 600 nA
DIGITAL INPUTS CE, CS, RIC, A,, 12/8
Logic Levels: Logic “1” +24 Volts
Logic “0” +08 Volts
Loading: Logic Currents *1 +10 pA
Input Capacitance (Note 16) 5 pF
DIGITAL OUTPUTS DBO — DB11, STS
Output Coding (Note 2): Unipolar Ranges Straight Binary
Bipolar Ranges Offset Binary
Logic Levels: Logic “1” (Isoyrce < 320uA) +2.4 Volts
Logic “0” (Igink<1.6mA) +0.4 Volts
Leakage (DBO—DB11) in High-Z State +1 +10 A
Output Capacitance (Note 16) 5 pF
INTERNAL REFERENCE
Reference Output (Pin 8): Voltage +9.9 +10 +10.1 Volts
Drift (Note 16) +15 ppm/°C
Output Current (Notes 3, 16) 1 mA
POWER SUPPLY REQUIREMENTS
Power Supply Range: * Vg Supplies +14.5 +15 +155 Volts
+ Vdd Supply +45 +5 +55 Volts
Power Supply Rejection (Note 14): + V¢ Supply -50 dB
—V¢c Supply -50 dB
+Vdd Supply -50 dB
Current Drains: + V¢ Supply +22 +28 mA
— Ve Supply -34 - 40 mA
+Vdd Supply +9 +15 mA
Power Consumption 885 1095 mw
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PERFORMANCE SPECIFICATIONS (Typical at Ta= +25°C, +V¢e = =15V, +Vd4d = + 5V unless otherwise indicated)

MN6227J MN6227K MN6227S MN6227T
DYNAMIC CHARACTERISTICS MN6228J MN6228K MN6228S MN6228T UNITS
Minimum Guaranteed Sampling Rate (Note 4) 33 33 33 33 kHz
Maximum A/D Conversion Time (Note 5) 25 25 25 25 usec
Signal-to-Noise Ratio (SNR, Note 6):
Initial (+ 25 °C) (Minimum) 68 70 68 70 dB
Tmin t0 Tax (Minimum, Note 7) 66 68 66 68 dB
Harmonics and Spurious Noise (Note 8):
Initial (+ 25 °C) (Minimum) =77 - 80 -77 -80 dB
Tomin t0 Tmax (Minimum, Note 7) -74 -77 -74 -77 dB
Input Signal Full-Scale Bandwidth (Minimum, Note 9) 16.5 16.5 16.5 16.5 kHz
STATIC CHARACTERISTICS
Integral Linearity Error: Initial (+ 25 °C) (Maximum) *1 + Y2 *1 + Y2 LsB
Trnin 10 Tmax (Maximum, Note 7) +1 + +1 +1 LSB
Resolution for Which No Missing
Codes is Guaranteed: Initial (+ 25°C) 1 12 1" 12 Bits
Tmin t0 Tmax (Note 7) 1 12 1 12 Bits
Unipolar Offset Error (Notes 10, 11):
Initial ( + 25°C) (Maximum) +2 *2 *2 +2 LSB
Drift (Maximum) +10 +5 +10 +5 ppm of FSR/°C
Maximum Change to T, or T,,., (Notes 7, 15) +2 +1 +4 +2 LSB
Bipolar Zero Error (Notes 10, 12):
Initial (+ 25 °C) (Maximum) +4 +4 +4 +4 LSB
Drift (Maximum) +15 +10 +15 +10 ppm of FSR/°C
Maximum Change to T, or Trax (Notes 7, 15) +3 +2 *6 +4 LSB
Full Scale Accuracy Error (Notes 10, 13): ©
Initial (+ 25 °C) (Maximum) +0.2 +0.1 +0.2 +0.1 %FSR '%
Tinin t0 Trmax Without Initial Adjustment +0.4 +0.2 +0.7 +0.4 %FSR N}
Trnin t0 Trax With Initial Adjustment +0.2 +0.1 +0.5 +0.3 %FSR ]
Drift (Maximum) +50 +25 +50 +25 ppm of FSR/°C =
‘Maximum Change to T, or T, (Notes 7, 15) +10 +5 +20 +10 LSB

SPECIFICATION NOTES:

1. Detailed timing specifications appear in the Timing sections of this data 12. Bipolar zero error is defined as the difference between the ideal and the
sheet. actual input voltage at which the digital output just changes from 0111

2. See table of transition voltages in section labeled Digital Output Coding. 1111 1111 to 1000 0000 0000 when operating the MN6227/6228 on a

3. If the internal reference is used to drive an external load, the load should bipolar range. The ideal value at which this transition should occur is
not change during a conversion. — 2LSB. See Digital Output Coding. Listed specs assume fixed 50

4. Minimum guaranteed sampling rate refers to the fact that these devices resistors between Ref Out (pin 8) and Ref In (pin 10) and between Ref Out
guarantee all other performance specs while sampling and digitizing at a (pin 8) and Bipolar Offset (pin 12).
33kHz rate. Obviously, devices may be operated at lower sampling fre- 13. Full scale accuracy specifications apply at positive full scale for unipolar
quencies if desired and typically will meet all performance specs while input ranges and at both positive and negative full scale for bipolar input
sampling at rates of 40kHz or higher. ranges. Full scale accuracy error is defined as the difference between the

5. Whenever the Status Output (pin 28) is low (logic “0"), the internal T/H is ideal and the actual input voltage at which the digital output just changes
in the track mode and the A/D converter is not converting. When Status is from 1111 1111 1110 to 1111 1111 1111 for unipolar and bipolar input
high (the definition of A/D conversion time), the T/H is in the hold mode, ranges. Additionally, it describes the accuracy of the 0000 0000 0000 to
and the A/D is performing a conversion. 0000 0000 0001 transition for bipolar input ranges. The former transition

6. This parameter represents the rms-signal-to-rms-noise ratio in the output ideally occurs at an input voltage 1%z2LSB’s below the nominal positive full
spectrum (excluding harmonics) with a full-scale input sine wave (0db) at scale voltage. The latter ideally occurs V2 LSB above the nominal negative
any frequency up to 16.5kHz. full scale voltage. See Digital Output Coding. Listed specs assume fixed

7. MN6227J, K and MN6228J, K are fully specified for 0°C to + 70°C opera- 500 resistors between Ref Out (pin 8) and Ref In (pin 10) and between Ref
tion. MN6227S, S/B, T, T/B and MN6228S, S/B, T, T/B are fully specified for Out (pin 8) and Bipolar Offset (pin 12).
—55°C to + 125°C operation. 14. Power supply rejection is defined as the change in the analog input

8. This parameter represents the peak signal to peak non-fundamental com- voltage at which the 1111 1111 1110to 1111 1111 1111 or 0000 0000 0000 to
ponent (harmonic or spurious, inband or out of band) in the output 0000 0000 0001 output transitions occur versus a change in power-supply
spectrum. voltage.

9. This is the highest-frequency, full-scale, input signal for which the SNR 15. Listed maximum change specifications for unipolar otfset, bipolar zero
and harmonic figures are guaranteed when sampling at a 33kHz rate. and full-scale accuracy correspond to the maximum change from the in-

10. Adjustable to zero with external potentiometer. itial value (+25°C) to the value at T, or T 5y
11. Unipolar offset error is defined as the difference between the ideal and the 16. These parameters are listed for reference only and are not tested.

actual input voltage at which the digital output just changes from 0000
0000 0000 to 0000 0000 0001 when operating the MN6227 on its unipolar
range. The ideal value at which this transition should occur is + %2LSB.
See Digital Output Coding.

Specifications subject to change without notice as Micro Networks reserves
the right to make improvements and changes in its products.

CAUTION: These devices are sensitive to electronic discharge. Proper |.C. handling procedures should be followed.
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Input Voltage Range Specified . Minimum | Minimum

Part Temperature No Missing Integral Sampling input

Number Unipolar | Bipolar Range Codes Linearity Rate Bandwidth SNR Harmonics
MN6227J Oto +10V | =5V | 0°Cto +70°C 11 Bits +1LSB 33kHz 16.5kHz 68dB —77dB
MN6227K Oto +10V | =5V 0°Cto +70°C 12 Bits + %2 LSB 33kHz 16.5kHz 70dB —80dB
MN6227S Oto +10V | %5V [-55°Cto +125°C 11 Bits +1LSB 33kHz 16.5kHz 68dB —77dB
MN6227S/B [ Oto +10V | =5V |-55°Cto +125°C 11 Bits +1LSB 33kHz 16.5kHz 68dB —77dB
MN6227T Oto + 10V +5V |-55°Cto +125°C 12 Bits + 12 LSB 33kHz 16.5kHz 70dB —80dB
MN6227T/B | Oto +10V [ *5V |-55°Cto +125°C 12 Bits + % LSB 33kHz 16.5kHz 70dB —80dB
MN6228J N.A. +10V | 0°Cto +70°C 11 Bits +1LSB 33kHz 16.5kHz 68dB —-77dB
MN6228K N.A. +10V | 0°Cto +70°C 12 Bits + %2 LSB 33kHz 16.5kHz 70dB —80dB
MN6228S N.A. +10V [-55°Cto +125°C 11 Bits +1LSB 33kHz 16.5kHz 68dB —77dB
MN6228S/B N.A. =10V | -55°Cto +125°C 11 Bits +1LSB 33kHz 16.5kHz 68dB —77dB
MN6228T N.A. +10V [-55°Cto +125°C 12 Bits + %2 LSB 33kHz 16.5kHz 70dB —80dB
MN6228T/B N.A. +10V [-55°Cto +125°C 12 Bits + Y2 LSB 33kHz 16.5kHz 70dB —80dB

BLOCK DIAGRAM

+5V Supply (1) (=

Data Mode Select 12/8 2) O—-

Chip Select CS (3) O— TIMING
Byte Address Ag (4) O
Read/Convert RIC (5) O

Chip Enable CE (6) O

+15V Supply () O—

+ 10V Ref Out (8) 10V REF

Analog Ground (9) O———

19.95k0
+ 10V Ref In (10)

~ 15V Supply (11) O——
Bipolar Offset (12) O-

SUCCESSIVE —————O (28) Status Output
APPROXIMATION REGISTER

———CO (27) DB11 (MSB)
——0 (26) DB10 (Bit 2)

——C0 (25) DBY (Bit 3)

|——O (24) DB8 (Bit 4)

—CO (23) DB7 (Bit 5)
———CO (22) DBS (Bit 6)

9.95k0

f———O (21) DB5 (Bit 7)
——CO (20) DB4 (Bit 8)

t———-O (19) DB (Bit 9)
———(O (18) DB2 (Bit 10)

0 (17) DB1 (Bit 11)
——O (16) DBO (LSB)

DIMMNC® M—AP> N W
R

12 BIT
DIA CONVERTER

~—— (15) Digital Ground

10V Input (MN6227) (13)

20V Input (MN6228) (14)

Note: Pin 14 is a *No Connect” on the MN6227
Pin 13 is a “No Connect” on the MN6228

Status

PIN DESIGNATIONS

[ ] 28
PIN 1
14 15
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Byte Address A,

Read/Convert RIC
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+ 15V Supply (+ Veo)
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Analog Ground
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Bipolar Offset

Analog Input MN6227 (N.C. MN6228)
Analog Input MN6228 (N.C. MN6227)
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Status Output
DB11 (MSB)
DB10 (Bit 2)
DB9 (Bit 3)
DB8 (Bit 4)
DB7 (Bit 5)
DB6 (Bit 6)
DB5 (Bit 7)
DB4 (Bit 8)
DB3 (Bit 9)
DB2 (Bit 10)
DB1 (Bit 11)
DBO (LSB)
Digital Ground




DESCRIPTION OF OPERATION

MN6227 and MN6228 are complete, 12-bit A/D converters
with internal microprocessor-interface logic and internal
track-hold (T/H) amplifiers. They have been designed to
repetitively sample and digitize dynamically changing input
signals in DSP-type applications. The A/D-converter sec-
tions of these devices employ the successive-
approximation (SA) conversion technique, and A/D’s of this
type, while offering excellent tradeoffs in terms of speed,
resolution, and power consumption, are nortoriously poor in
their ability to accurately convert dynamically changing
(slewing) analog-input signals. In fact, the A/D converter
section of the MN6227/6228 has a 25usec conversion time,
and if it did not have a T/H, it would be effectively incapable
of accurately digitizing a signal slewing more than = %2 LSB
during that period. This corresponds to an input slew-rate
limit of +0.098mV/usec (for adevice witha + 10V input range)
or a full-scale, sinusoidal, input bandwidth of 1.56Hz. The in-
put bandwidth of MN6227/6228 is increased more than 4
orders of magnitude by its internal T/H amp. When these
converters are commanded to perform a conversion, the T/H
instantaneously ‘“freezes” the input signal and holds it con-
stant while the A/D converter performs a conversion.

The T/H is configured in such a manner as to be transparent
to the user. A high-impedance input buffer isolates it from
the external signal source, and its output is internally con-
nected directly to the A/D. Its operational state is controlled
by the A/D in the sense that whenever the A/D is performing
a conversion (Status Line = ““1"), the T/H is driven into its
hold mode, and when the A/D is between conversions
(Status Line = “0"), the T/H is in its track (signal acquistion)
mode.

MN6227/6228 TIMING
Start l !
Convert
TH Hold Track J Hold Track Hold
AID Convert | Convert [ Convert
Output invalid 3 Valid @@ Invalid
Data

When the A/D is not converting and the T/H is acquiring a
new signal, digital output data from the previous conversion
is valid and ready to be read.

MN6227/6228 are designed such that when conversions are
initiated at any rate up to 33kHz, enough time remains bet-
ween the falling edge of Status and the next Start Convert
command for the T/H to fully acquire its next sample. When
the device is clocked at a 33kHz sampling rate, the T/H has
the ability to accurately acquire, track, and hold full-scale
input signals with frequency components up to 16.5kHz. In
most DSP-type applications, MN6227/6228 will be required
to repetitively sample and digitize input signals with fre-
quencies below 16.5kHz. This will ensure that the Nyquist
criterion of sampling 2 times per period is achieved. Similar-
ly, it ensures that the sampling (and digitizing) frequency
(33kHz) is at least 2 times the signal frequency.

In most applications, MN6227/6228 will require only power
supplies, bypass capacitors, and two fixed resistors to pro-
vide the complete sampling/conversion function. The com-
pleteness of the device makes it most convenient to think of
MN6227/6228 as a function block with specific input/output
and transfer characteristics, and it is quite unnecessary to
concern oneself with its inner workings.

Operating MN6227/6228 under microprocessor control (it
also functions as a stand-alone A/D) will consist, in most ap-
plications, of a series of read and write operations. Initiating
a conversion involves sending a command from the pro-
cessor to the A/D and is essentially a write operation.
Retrieving digital output data is accomplished with read
operations. Once the proper signals have been received and
a conversion has begun, it cannot be stopped or restarted,
and digital output data is not available until the conversion
has been completed. Immediately following the initiation of
a conversion cycle, the MN6227/6228's Status Line (also
called Busy Line or End of Conversion (E.O.C.)) will rise to a
logic “1” indicating that a conversion is in progress. At the
end of a conversion, the internal control logic will drop the
Status Line to a “0” and enable internal circuitry to permit
output data to be read by external command. By sensing the
state of the Status Line or by waiting an appropriate amount
of time, the microprocessor will know when the conversion
is complete and that output data is valid and can be read.

If MN6227/6228 is to be operated with 12-bit or greater
microprocessors, all 12 output bits can be 3-state enabled
simultaneously permitting data collection with a single read
operation. If MN6227/6228 is operated with an 8-bit uP, out-
put data can be formatted to be read in two 8-bit bytes. The
first will contain the 8 most significant bits (MSB’s). The
second will contain the remaining 4 least significant bits
(LSB’s) in a left justified format with 4 trailing “0’s”.

THE INTERNAL T/H AMPLIFIER

As stated earlier, MN6227/6228’s internal T/H amplifier is
configured in such a way as to be transparent to the user.
The T/H’s output is connected directly to the input of the
AID converter, and its operational mode is controlled direct-
ly by the Status output of the A/D converter. Consequently,
users of MN6227/6228 need not burden themselves with
oftentimes confusing T/H specifications like acquisition
time, aperture-delay time, aperture jitter, droop rate, etc..
These parameters are not specified for MN6227/6228 and
are, in fact, impossible to directly test considering that the
T/H output and control lines are not accessible at the device
pins. The manner in which MN6227/6228 is specified (input
bandwidth, sampling rate, signal-to-noise ratio, harmonic
distortion, etc.) obviates the need for knowing the specific
T/H time-domain performance specifications, however, we
do supply typical values for critical T/H parameters on the
following page.

Note that the static errors (gain error, track-mode offset
error, and pedestal) of the T/H function add directly to the
corresponding errors of the A/D converter but that both are
effectively nulled with the functional laser trimming of the
A/D. T/H offset error and pedestal, for example, add directly
to A/D-converter offset error. However, when the A/D offset
is functionally laser trimmed, it is done with the whole
device sampling at a 33kHz rate and the T/H is in the hold
mode whenever trimming is actually performed. Conse-
quently, all error sources are compensated for. All static er-
rors on MN6227/6228 (accuracy error, unipolar offset error,
bipolar zero error, etc.) are tested and specified as full input-
output transfer specifications and include both the T/H and
AID.

&
N
&
by
-3
=
=




Typical T/H Performance Specifications
Gain Error +0.01%
Gain Linearity Error +0.005%FSR
Track-Mode Output Offset Error +0.5mV
Pedestal +=1mV
Acquisition Time: 10V step to +0.01% 1usec
20V step to +0.01% 2usec
Track-Hold Transient Settling (to = 1mV) 250nsec
Slew Rate +40V/usec
Full Power Bandwidth 500kHz
Effective Aperture Delay Time —25nsec
Aperture Jitter 0.5nsec
Droop Rate +0.1uV/usec
Hold-Mode Feedthrough Attenuation -80dB

FREQUENCY-DOMAIN TESTING — MN6227/6228 is
specified and tested statically in the traditional manner
(linearity, accuracy, offset error, current drains, etc.) and
dynamically in the frequency-domain. In the dynamic tests,
MN6227/6228 is operated in a manner that resembles an ap-
plication as a digital spectrum analyzer. A very low distortion
signal generator (harmonics —90dB) is used to generate a
pure, full-scale, 16kHz sine wave that MN6227/6228 samples
and digitizes at a 33kHz rate. These conditions (signal period
= 62.5usec, sampling interval = 30usec) approach the Ny-
quist sampling limit (at least 2 samples per signal cycle;
sampling frequency greater than 2 times signal frequency). A
total of 512 sample-and-convert operations are performed,
and the digital-output data is stored in a high-speed, FIFO,
buffer-memory box. The 512 data points are then accessed by
a microcomputer which executes a 512-point Fast Fourier
Transform (FFT) after applying a Hanning (raised cosine) win-
dow function to the data. The resulting spectrum shows the
amplitude and frequency content of the converted signal
along with any errors (noise, harmonic distortion, spurious
signals, etc.) introduced by the A/D converter. Subsequently,
signal-to-noise ratio (SNR) and harmonic distortion
measurements are read from the spectrum. A functional
block diagram of the test setup appears below, and a sample
spectrum appears above.

1] 1
MN6227
Ultra Low mne22s | N Fast | N i
Distortion |—=={ 12-Bit Buffer Computer
Osclilator Sampling /| Memory V P
AID

5

Crystal
Clock ]l Printer

Frequency-Domain Testing
of A/D Converters

The spectrum above is the real portion (imaginary portions of
spectrums are discarded) of a 512-point FFT. The horizontal
axis is the frequency axis, and its rightmost end is equal to Y2
the sampling rate (16.5kHz in this case). The horizontal axis is
divided into 256 frequency bins, each with a width of 64.45Hz.
Recall that the highest frequency on the frequency axis of the
spectrum of a sampled signal is equal to one-half the sam-
pling rate and that input signals with frequencies higher than
Y2 the sampling rate are effectively “undersampled” and
aliased back into the spectrum.

The vertical axis of the spectrum corresponds to signal
amplitude in rms volts relative to a full-scale sinusoidal input
signal (0dB). The sample spectrum above is the result of
averaging 10 512-point FTT’s run on data taken from an
MN6227 operating on its bipolar input range ( + 5V) with a full-
scale input sine wave (v(t) = 5sinwt) at a frequency of 8kHz. In
the spectrum, the full-scale input signal appears at 8kHz at a
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0dB.
Input 8kHz
Sampling Rate: 33kHz
- 20d8 RMS Signal: —0.39dB
RMS Noise: —72.60
_a0dB SIN: 72.21dB
Signal  -60dB
Amplitude
Relative to
Full Scale _gogB l
—100d8
—120d8
~140dB
OHz 16.5KHz

Input Frequency

level of —0.39dB. Full-scale rms signals do not appear at
—3dB levels because the FFT program has been normalized
to bring them to zero. The d.c. component in the spectrum is
effectively the offset error of the MN6227 combined with that
of the signal generator and test fixture. A second harmonic, if
it were either present in the input signal or created by the
MN6227, would appear at 16kHz. If a third harmonic were pre-
sent, it would be aliased back into the spectrum and appear at
9kHz. Harmonic distortion and spurious noise levels are
calculated as the ratio (in dB) of the signal level to the
strongest harmonic or spurious (nonharmonic) signal in the
spectrum. In the sample spectrum above, the strongest har-
monic is the second. It appears at a level of —80.29dB, and
the signal to harmonics ratio is equal to 79.9dB. Rms noise is
calculated as the rms summation of all nonfundamental and
nonharmonic components in the output spectrum, and SNR
is calculated as the ratio of the rms signal to the rms noise.
For the above spectrum, the normalized rms signal level is
—0.39dB; the rms noise level is —72.60dB and the SNR
is 72.21dB.

The term “noise” is generally used to describe what remains
in the output spectrum after all fundamental, harmonic, d.c.,
and outstanding spurious components have been removed. It
generally appears across all frequency bins at some relative-
ly flat level sometimes referred to as the “noise floor”. The
rms noise, as described above, represents the broadband
noise that would appear superimposed on the sinusoidal in-
put signal if that signal were perfectly recreated from the
stored digital-output data. Virtually all the noise in the output
spectrum is created either by the act of digitizing or by the A/D
converter itself.

In a simple, first-order analysis, the noise in the output spec-
trum of an A/D converter can be traced to three sources. All
three of these noise sources have the potential to manifest
themselves as quasi-random relative-accuracy errors in any
single A/D conversion of a static signal and subsequently, the
potential to manifest themselves as broadband noise in a
series of conversions of a dynamically changing signal. Two
of these noise sources (quantization noise and converter
noise) are effectively constant and do not change with input-
signal frequency. The third (aperture noise) usually varies
linearly as a function of input-signal frequency, basically
doubling whenever input frequency doubles.

Digitizing an analog signal quantizes it or “rounds it off”.
Digitizing or quantizing an analog signal with a 12-bit A/D ef-
fectively “rounds off” the signal to one of 4096 possible
discrete levels. This rounding off produces an inherent ac-
curacy error in that the digital output may no longer exactly
represent the analog input. If one has an ideal A/D converter
with all other accuracy-error sources driven to zero, the
actual value of rounding-off error or quantization error can be
as small as zero or as large as + ¥2LSB from conversion to
conversion. In a single conversion of a static input signal,



Effective Resolution vs. Input Frequency
MN574A, 25.sec, 12-Bit A/D
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The three spectra above are each the result of
averaging 10 512-pt FFT’s run on an MN574A type
12-bit A/D converter without a companion T/H
amplifier. The input signal frequencies are respec-
tively 2Hz, 200Hz, and 2kHz. The!A/D’s conversion
time is approximately 25usec;the samplingrates are
respectively 102.4Hz, 10.24kHz, and 40.98kHz. The
accompanying plot shows the rapid (6dB/octave)
degradation of SNR (effective resolution) with in-
creasing input frequency 