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GENERAL DISCLAIMER

This data book presents technical data for a wide variety of integrated
circuits and has been organized into sections by product type.
Additional sections include product selection guides, ordering
information, package specifications, quality flows and application
notes.

There are three types of data sheets in this book:

ADVANCE INFORMATION — These data sheets contain the
description of products that are in development. The specifications are
based on engineering calculations, computer simulations and/or initial
prototype evaluation.

PRELIMINARY — These data sheets contain minimum and
maximum specifications that are based upon initial device
characterization. These limits are subject to change upon the
completion of full characterization over the specified temperature and
supply voltage ranges.

FINAL — These data sheets contain specifications based on a
complete characterization of the device over the specified temperature
and supply voltage ranges.

Signal Processing Technologies reserves the right to make changes to
its products or specifications at any time, without notice, to improve
the design and/or performance in order to supply the best possible
product. Signal Processing Technologies does not assume any
responsibility for the use of any circuitry described in this book other
than the circuitry contained within a Signal Processing Technologies
product. Signal Processing Technologies makes no representations that
the circuitry described within this book is free from patent infringement
or other rights of third parties which may resutlt from its use. No license
is granted by implication or otherwise under any patent, patent rights,
or other rights, of Signal Processing Technologies.

Signal Processing Technologies, reserves the right to change products and specifications without notice.

WARNING—LIFE SUPPORT APPLICATIONS POLICY—Signal Processing Technologies products shall not be used within any Life
Support Systems without the specific written consent of Signat Processing Technologies. A Life Support System is a product or
system intended to support or sustain life which, if it fails, can be reasonably expected to resuit in a significant personal injury or
death.

*Permission is hereby expressly granted to copy this literature for informational purposes only. Copying this material for any other
use is strictly prohibited.
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PRODUCT SELECTION GUIDE

A/ID CONVERTERS

RESOLUTION SAMPLE CONVERSION LOGIC LINEARITY
PART NO. (BITS) RATE (MSPS) TIME (u8) FAMILY INT DIF FEATURES

1, 9,
HADC 77100A 8 150 ECL % Ve PRE AMPLIFIER DESIGN
HADC 77100B 8 150 ECL % %
HADC 77200A 8 150 ECL % A DATA READY AND OVERRANGE OUTPUTS,
QUARTER POINT LADDER TAPS,
HADC 772008 8 150 ECL % % IMPROVED ANALOG PERFORMANCE
ON BOARD BUFFER,
HADC 77600 10 50 ECL 1 Ve METASTABLE STATE ERROR REDUCTION
HADC 7572 12 5 L % Y ON-CHIP REFERENCE
HADC 7672 12 5 L % va BIPOLAR INPUT WITH OPTIONAL REFERENCE
HADC 674A 12 15 . % va
ADC 6748 12 1 L % 2
HADC &7 5 L% : MONOLITHIC, sm FUNCTION, LOW POWER,
HADC 674C 12 15 L1 1 NO NEGATIVE SUPPLY REQUIRED,
NO TRANSIENTS AT INPUT,
HADC 574A 12 25 . % va  FULL BIPOLAR INPUT, ALTERNATES FOR HI574,
HI674 AND AD574

HADC 5748 12 25 L % a
HADC 574C 12 25 L 1 1
HADC 78160 16 3 . 2 2 ON-CHIP REFERENCE
D/A CONVERTERS

RESOLUTION UPDATE SETTLING LOGIC LINEARITY
PARY NO. (BITS) RATE (MSPS) TIME (ns) FAMILY INT DIF FEATURES
HDAC 51400 8 385 3 ECL % A REF, VIDEO CONTROL
HDAC 10181A 8 275 3 ECL % v REF, VIDEO CONTROL
HDAC 10180A 8 275 3 ECL % e VIDEO CONTROL, ALTERNATE FOR TEC 1018
HDAC 97000 8 200 10 ECL % Y REF, ALTERNATE FOR AD9700
HDAC 101818 8 180 3 ECL % Y REF, VIDEO CONTROL
HDAC 101808 8 180 3 ECL % Y VIDEO CONTROL, ALTERNATE FOR TDC 1018
HDAC 75412 12 500 . % 2 ALTERNATE FOR AD7541A
HDAC 7542A 12 500 T % 2 ALTERNATE FOR AD7542
HDAC 7643A 12 500 ™ % Ve ALTERNATE FOR AD7543
HDAC 7545A 12 500 L % v ALTERNATE FOR AD7545
HDAC 52160 16 150 L 1 2 PARALLEL INPUT, REFERENGE
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PRODUCT SELECTION GUIDE

COMPARATORS
PROP
tritf DELAY Vem Vos RiN AV

PART NO. (ns) (ns) V) (mV) (kQ) viv) FEATURES
HCMP 96850 1.76/1.76 3.0 +25V +30 60 4K SYMETRICAL 1 /t;, ALTERNATE FOR SP9685, AM6685
HCMP 96870A 1.211.2 23 +25 +3.0 60 4K HIGH PERFORMANCE, ALTERNATE FOR SP9687, AM6687
HCMP 96900 1.011.0 5.0 +10 +05 10,000 1k HIGH Vem RANGE, SYMETRICAL tét AND PROP

-3 DELAY INDEPENDENT OF OVERDRIVE AND Vem
FILTER

DYNAMIC MAX BANDEDGE SUPPLY
RANGE BANDEDGE TOLERANCE VOLTAGE
PART NO. (dB) (kHz) (%) V) FEATURES
7TH ORDER LOW PASS, > 76dB STOPBAND ATTENUATION,
HSCF 24040 85 20 +05 +5 ON CHIP ANTIALIAS FILTER,
DIGITALLY PROGRAMMABLE BANDEDGE AND DC GAIN

DIGITAL SIGNAL PROCESSING
PART NO. DESCRIPTION FEATURES
HDSP66110 DIGITAL ARRAY SIGNAL PROCESSOR (DASP) ULTRA HIGH PERFORMANCE FFT BASED DSP SYSTEM
HDSP66210 PROGRAMMABLE ARRAY CONTROLLER (PAC)
EVALUATION BOARDS .
PART NO. FEATURED PRODUCT FEATURES
EB 100 HADC77100 150MSPS A/D, D/IA
EB 101 HADC77200 150MSPS A/ID, D/A
EB 102 N/A 100MHz BUFFER AMP, 8-BITS
EB 103 HADC77200 300MSPS PING-PONG, A/D, D/A
EB 104 HADC574/674 A/D, D/A, OPTIONAL S/H
EB 105 HSCF24040 ON BOARD OR EXTERNAL PROGRAMMING
EB 106 HADC77600 CAV1040 COMPATIBLE
EB 107 HDSP66110/HDSP86210 BUFFERED MEMORY RECURSIVE DSP SYSTEM
EB 108 HADC77600 10-BIT AID—USE WITH EB107
EB 109 HDAC52160 16-BIT DIA—USE WITH EB107

SPT

1-3




PRODUCT CROSS REFERENCE GUIDE

(SPTTO INDUSTRY EQUIVALENT)

SPT PART # ALTERNATE DESCRIPTION SPT PART # ALTERNATE DESCRIPTION
HADC674ZCCJ AD574AJD 12-BIT RES ADC; 11-BIT LIN HDAC7543ABMD __MP7543SD 12-BIT RES DAC; 11-BIT LIN
HADC674ZBCJ AD574AKD 12-BIT RES ADC; 12-BIT LIN HDAC7543AAMD __ MP7543TD 12-BIT RES DAC; 12-BIT LIN
HADC574ZACJ ADCS74ALD 12-BIT RES ADC; 12-BIT LIN HDAC7543AAMD/G__PM7543AQ 12-BIT RES DAC; 12-BIT LIN
HADC5742CCJ Hi1-574AJD-6 12-BIT RES ADC; 11-BIT LIN HDAC7543AAMD __ PM75438Q 12-BIT RES DAC: 12-BIT LIN
HADC574ZBCJ HI1-574AKD-5 12-BIT RES ADC; 12-BIT LIN HDAC7543ABMD _ PM7543BQ 12-BIT RES DAC; 11-BIT LIN
HADC574ZACJ H-574ALD-5 12-BIT RES ADC; 12-BIT LIN HDAC7543AAID/G__ PM7543EQ 12-BIT RES DAC; 12-BIT LIN
HADC674ZCCJ HIB74AJD-5 12-BIT RES ADC; 11-BIT LIN HDAC7543AAID PM7543FQ 12-BIT RES DAC; 12-BIT LIN
HADC674ZBCJ HI-674AKD-5 12-BIT RES ADC; 12-BIT LIN HDAC7543ABID PM7543FQ 12-BIT RES DAC; 11-BIT LIN
HADC674ZACJ HI-674ALD-5 12-BIT RES ADC; 12-BIT LIN HDAC7543A PM7543G 12-BIT RES DAC; DIE
HADC77100Ak CX20116 8-BIT, 150 MSPS ADC + % LSB HDAC7545ABID AD7545AQ 12-BIT RES DAC; 11-BIT LIN
HDAC10180 IDT1018 8-BIT, 275 MWPS DAC HDAC7545ABID AD7545BQ 12-BIT RES DAC; 12-BIT LIN
HDAC10180AID TEC1018J7C 8-BIT, 275 MWPS DAC HDAC7545A AD7545CHIPS 12-BIT RES DAC; DIE
HDAC7541ZBID AD7541AAQ 12-BIT RES DAC; 11-BIT LIN HDAC7545AAID AD75455Q 12-BIT RES DAC; 12-BIT LIN
HDAC7541ZAID AD7541ABQ 12-BIT RES DAC; 12-BIT LIN HDAC7545AAID/G _AD7543GCQ 12-BIT RES DAC; 12-BIT LIN
HDAC7541Z AD7541ACHIPS 12-BIT RES DAC; DIE HDAC7545AAMD/G __ AD7545GUD 12-BIT RES DAC; 12-BIT LIN
HDAC7541ZBMD___ AD7541ASD 12-BIT RES DAC; 12-BIT LIN HDAC7545ABMD _ AD7545SD 12-BIT RES DAC; 11-BIT LIN
HDAC7541ZAMD___ AD7541ATD 12-BIT RES DAC; 11-BIT LIN HDAC7545ABMD ___ AD7545TD 12-BIT RES DAC; 11-BIT LIN
HDAC7541Z MP7623 12-BIT RES DAC; DIE HDAC7545AAMD __ AD7545UD 12-BIT RES DAC; 12-BIT LIN
HDAC7541ZBID MP7623AD 12-BIT RES DAC; 11-BIT LIN HDAC7545A MP7545 12-BIT RES DAC; DIE
HDAC7541ZAID MP76238D 12-BIT RES DAC; 12-BIT LIN HDAC7545ABID MP7545AD 12-BIT RES DAC; 11-BIT LIN
HDAC7541ZBMD __ MP76235D 12-BIT RES DAC; 11-BIT LIN HDAC7545ABID MP7545BD 12-BIT RES DAG; 11-BIT LIN
HDAC7541ZAMD MP7623TD 12-BIT RES DAC; 12-BIT LIN HDAC7545AAID MP7545CD 12-BIT RES DAC; 12-BIT LIN
HDAC7542ABID AD7542AD 12-BIT RES DAC; 11-BIT LIN HDAC7545ABMD MP7545SD 12-BIT RES DAC; 11-BIT LIN
HDAC7542AAID AD75428D 12-BIT RES DAC; 12-BIT LN HDAC7545ABMD __ MP7545TD 12-BIT RES DAC; 11-BIT LIN
HDAC7542A AD7542CHIPS 12-BIT RES DAC; DIE HDAC7545AAMD _ MP7545UD 12-BIT RES DAC; 12-BIT LIN
HDAC7542AAID/G  AD7542GBD 12-BIT RES DAC; 12-BIT LIN HDAC7545AAMD/G PM7545AR 12-BIT RES DAC; 12-BIT LIN
HDAC7542AAMD/G  AD7542GTD 12-BIT RES ADC; 12-BIT LIN HDAC7545AAMD PM75458BR 12-BIT RES DAC; 12-BIT LIN
HDAC7542ABMD AD7542S8D 12-BIT RES DAC; 11-BIT LIN HDAC7545ABMD PM7545BR 12-BIT RES DAC; 11-BIT LIN
HDAC7542AAMD __ AD7542TD 12-BIT RES DAC; 12-8IT LIN HDAC7545AAID/G  PM7545ER 12-BIT RES DAC; 12-BIT LIN
HDAC7542A MP7542 12-BIT RES DAC; DIE HDAC7545AAID PM7545FR 12-BIT RES DAC; 12-BIT LIN
HDAC7542ABID MP7542AD 12-BIT RES DAC; 11-BIT LIN HDAC7545ABID PM7545FR 12.BIT RES DAC; 11-BIT LIN
HDAC7542AAID MP7542BD 12-BIT RES DAC; 12-BIT LIN HDAC7545A PM7545G 12.BIT RES DAC; DIE
HDAC7542ABMD ___ MP7542SD 12-BIT RES DAC; 11-BIT LN HDAC97000SID AD9700D22A 8-BIT, 200 MWPS DAC W/REF
HDAC7542AAMD MP7542TD 12-BIT RES DAC; 12-BIT LIN HCMP96850SID ADO6858 HIGH SPEED COMPARATOR
HDAC7542AAMD/G PM7542AQ 12-BIT RES DAC; 12-BIT LIN HCMP96850SID AM6688DL HIGH SPEED COMPARATOR
HDAC7542AAMD ___ PM7542BQ 12-BIT RES DAC; 12-BIT LIN HCMP96850SID SP9685DG18 HIGH SPEED COMPARATOR
HDAC7642ABMD __ PM7542BQ 12-BIT RES DAC; 11-BIT LIN HCMP96B70AID _ AD9687B DUAL HIGH SPEED COMPARATOR
HDAC7542AAID/G _ PM7542EQ 12:BIT RES DAC; 12-BIT LIN HCMP96870AID AM6686DL DUAL HIGH SPEED COMPARATOR
HDAC7542AAID PM7542FQ 12-BIT RES DAC; 12-BIT LIN HCMP96870AIC AMB687LL DUAL HIGH SPEED COMPARATOR
HDAC7542A8ID PM7542FQ 12-BIT RES DAC; 11-BIT LIN HCMP96870AID SP9687DG16 DUAL HIGH SPEED COMPARATOR
HDAC7542A PM7542G 12-BIT RES DAC; DIE
HDAC7543ABID AD7643AD 12-BIT RES DAC; 11-BIT LIN
HDAC7543AAID AD7543BD 12-BIT RES DAC; 12-BIT LIN
HDAC7543A AD7543CHIPS 12-BIT RES DAC; DIE
HDAC7543AAID/G __ AD7543GBD 12-BIT RES DAG; 12-BIT LIN
HDAC7543AAMD/G _ AD7543GTD 12-BIT RES DAC; 12-BIT LIN
HDAC7543ABMD __ AD7543SD 12-BIT RES DAC; 11-BIT LIN
HDAC7543AAMD __ AD7543TD 12-BIT RES DAC; 12-BIT LIN
HDAC7543A MP7543 12-BIT RES DAC; DIE
HDAC7543ABID MP7543AD 12-BIT RES DAC; 11-BIT LIN
HDAC7543AAID MP7543BD 12-BIT RES DAC; 12-BIT LIN
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PRODUCT CROSS REFERENCE GUIDE

(INDUSTRY TO SPT EQUIVALENT)

ANALOG MICRO
DEVICES SPT DESCRIPTION POWER SPT DESCRIPTION
ADS74AJD HADC5742CCJ 12-BIT RES ADC; 11-BIT LIN MP7623DIE HDAC75412 12-BIT RES DAC - DIE
ADS574AKD HADC5742BCJ 12-BIT RES ADC; 12-BIT LIN MP7623AD HDAC7541ZBID 12-BIT RES DAC; 11-BIT LIN
ADST4ALD HADC574ZACJ 12-BIT RES ADC; 12-BIT LIN MP7623BD HDAC7541ZAID 12-BIT RES DAC; 12-BIT LIN
AD7541AAQ HDAC7541ZBID 12-BIT RES DAC; 11-BIT LIN MP7623SD HDAC7541ZBMD 12-BIT RES DAC; 11-BIT LIN
AD7541ABQ HDAC7541ZAID 12-BIT RES DAC; 12-BIT LIN MP7623TD HDAC7541ZAMD 12-BIT RES DAC; 12-BIT LIN
AD7541ACHIPS HDAC7541Z 12-BIT RES DAC - DIE MP7542DIE HDAC7542A 12-BIT RES DAC - DIE
AD7541ASD HDAC7541ZBMD 12-BIT RES DAC: 11-BIT LIN MP7542AD HDAC7542ABID 12-BIT RES DAC; 11-BIT LIN
AD7541ATD HDAC7541ZAMD 12-BIT RES DAC; 12-BIT LIN MP7542BD HDAC7542AAID 12-BIT RES DAC; 12-8IT LIN
AD7542AD HDAC7542ABID 12-BIT RES DAC; 11-BIT LIN MP7542SD HDAC7542ABMD 12-BIT RES DAC; 11-BIT LIN
AD75428D HDAC7542AAID 12-BIT RES DAC; 12-BIT LIN MP7542TD HDAC7542AAMD 12-BIT RES DAC; 12-BIT LIN
AD7542CHIPS HDAC7542A 12-BIT RES DAC - DIE MP7543DIE HDAC7543A 12-BIT RES DAC - DIE
AD7542GBD HDAC7542AAID/G 12-BIT RES DAC; 12-BIT LIN MP7543AD HDAC7543ABID 12-BIT RES DAC; 11-BIT LIN
AD7542GTD HDAC7542AAMD/G 12-BIT RES DAC; 12-BIT LIN MP7543BD HDAC7543AAID 12-BIT RES DAC; 12-BIT LIN
AD75425D HDAC7542ABMD 12-BIT RES DAC; 11-BIT LIN MP7543SD HDAC7543ABMD 12-BIT RES DAG; 11-BIT LIN
AD7542TD HDAC7542AAMD 12-BIT RES DAC; 12-BIT LIN MP7543TD HDAC7543AAMD 12-BIT RES DAC; 12-BIT LIN
AD7543AD HDAC7543ABID 12-BIT RES DAC; 11-BIT LIN MP7545DIE HDAC7545A 12-BIT RES DAC - DIE
AD75438D HDAC7543AAID 12-BIT RES DAC; 12-BIT LIN MP7545AD HDAC7545ABID 12-BIT RES DAC; 11-BIT LIN
AD7543CHIPS HDAC7543A 12-BIT RES DAC - DIE MP75458D HDAC7545ABID 12-BIT RES DAC; 11-BIT LIN
AD7543GBD HDACT7543AAID/G 12-BIT RES DAC; 12-BIT LIN MP7545CD HDAC7545AAID 12-BIT RES DAC; 12-BIT LIN
AD7543GTD HDAC75543AAMD/G _ 12-BIT RES DAC; 12-BIT LIN MP7545SD HDAC7545ABMD 12-BIT RES DAC; 11-BIT LIN
AD7543SD HDAC7543ABMD 12-BIT RES DAC; 11-BIT LIN MP7545UD HDAC7545AAMD 12-BIT RES DAC; 12-BIT LIN
AD7543TD HDAC7543AAMD 12-BIT RES DAC; 12-BIT LIN
AD7545AQ HDAC7545ABID 12-BIT RES DAC; 11-BIT LIN PMI PT
AD7545BQ HDAC7545ABID 12-BIT RES DAC; 11-BIT LIN T5TRG fDAC7542AAMD/G ::)ZE;CRES ;E?Emr —
AD7545CHIPS HDAC7545A 12.BIT RES DAC - DIE PM7542BQ HDAC7 54 2AAMD 1287 RES DAC; 12.BIT LN
AD7545CQ HDACT 54SAAID 12BIT RES DAG; 12-BIT LIN PM7542BQ HDAC7542ABMD 12-BIT RES DAC: 11-BIT LIN
AD754560Q HDACT54SAMD/G 1287 RES DAC: 12 BT LIN PM7542EQ HDAC7542AAID/G 12-BIT RES DACi 12-BIT LN
AD7545GUD HDAC7545AAMD/G 12-BIT RES DAC; 12-BIT LIN y— OAGTEAsAAD PPy ——
AD75455D HDAC7545ABMD 12-BIT RES DAC; 11-BIT LIN :
AD7545TD HDAC7 545ABMD 12.BIT RES DAC; 11-BIT LIN :x;::zgo :gﬁg:ﬁﬁm E:T' ::E: g:g; 101“':” LIN
AD7545UD HDAC7 454AAMD 12.BIT RES DAC; 12.B1T LN PM7543AQ HDAC7543AAMD/G 12-BiT RES DAC; 12-BIT LIN
ADS700D22A HDAC97000SID 8-BIT, 200 MWPS DAC W/REF Ve FDAGTE4GAAMD S ETRES DAGT eTIN
AD9685R HCMP96650SID HIGH SPEED COMPARATOR PM75438Q HDAC7543ABMD 12-BIT RES DAC, 1 1.BIT LIN
AD9BB7B HCMP96870AIS DUAL HIGH SPEED COMPARATOR :
PM7543EQ HDAC7543AAID/G 12-BIT RES DAC; 12-BIT LIN
PM7543FQ HDAC7543AAID 12-BIT RES DAC; 12-BIT LIN
AMD SPT DESCRIPTON PM7543FQ HDAC7543ABID 12-BIT RES DAC; 11-BIT LIN
AME685DL HCMP96850SID HIGH SPEED COMPARATOR PM7543G HDAC7543A 12-BIT RES DAC - DIE
AMB687DL HCMP96870AID DUAL HIGH SPEED COMPARATOR _ PM7545AR HDAC7545AAMD/G 12-BIT RES DAC; 12-BIT LIN
AMB687DL HCMPQ6870AIC DUAL HIGH SPEED COMPARATOR  PM7545BR HDAC7545AAMD 12-BIT RES DAC; 12-BIT LIN
PM7545BR HDAC7545ABMD 12-BIT RES DAC; 11-BIT LIN
HARRIS SPT DESCRIPTION PM7545ER HDAC7545AAID/G 12-BIT RES DAC; 12-BIT LIN
HI1-574AJD-5 HADC574ZCCJ 12-BIT RES ADC; 11-BIT LIN PM7545FR HDAC7545AAID 12-BIT RES DAG; 12-BIT LIN
HI1-574AKD-5 HADC574ZBCJ 12-BIT RES ADC; 12-BIT LIN PM7545FR HDAC7545ABID 12-BIT RES DAC; 11-BIT LIN
HI1-574ALD-5 HADC574ZACJ 12-BIT RES ADC; 12-BIT LIN PM7545G HDAC7545A 12-BIT RES DAC - DIE
HI1-674AJD-5 HADC674ZCCJ 12-BIT RES ADC; 11-BIT LIN
HI1-674AKD-5 HADCB74Z8CJ 12-BIT RES ADC; 12-BIT UN PLESSEY SPT DESCRIPTION
HI1-874ALD-5 HADC674ZACJ 12-BIT RES ADC; 12-BIT LIN SP9685DG16 HCMP96850SID HIGH SPEED COMPARATOR
SP9687DG16 HCMP96870AID DUAL HIGH SPEED COMPARATOR
SONY SPT DESCRIPTION
CX20116 HADC77100AlJ 8-BITm 150 MSPS ADG = % LSB
IDT SPT DESCRIPTION
IDT1018 HDAC10180 - 8-BIT, 275 MWPS DAC

SPT
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SPT PRODUCT IDENTIFICATION CODE

PREFIX
DEVICE TYPE

ADC
e DAC - Digital-to-Analog C:

MODEL NUMBER
ELECTRIC GRADE

PACKAGE TYPE

97000 S | o/

S (Se@ Product Listings)

- Analog-to Digital Converter CMP

XOrCcITHZOO0

A
81 INCREASING GRADE
SINGLE GRADE

SPECIAL BY CUSTOMER
DRAWING OR SCREENING

. OPTIONS:

+ Standard Bum-In
H Standerd Hi-Rel Screening
G Special Electric
CERAMIC SIDEBRAZED

CERDIP

LEADLESS CHIP CARRIER

PIN GRID ARRAY

PLASTIC DIP

PLASTIC QUAD

HYBRID METAL

HYBRID CERAMIC

DIE ONLY

LEADED CHIP CARRIER

LL OUTL)
SPECIAL PACKAGE

Military (— 55° to + 125°C)
industrial (— 25° to + 85°C)
Commercial (0 to 70°C)

DAM ital-to-Analog C SCF
Dig With Memory THA
DSP

- Comparator
onta Ampllﬁcf
- Track and Hold Amplmsr

- Digital Signal Processor

TEMPERATURE OPERATING RANGE
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ORDERING INFORMATION

ANALOG TO DIGITAL CONVERTERS

PART NUMBER DESCRIPTION PACKAGE TYPE # PINS TEMPERATURE RANGE
HADCS574ZACJ 12-BIT RES ADC; 12-BIT LIN SIDEBRAZED 28 COMMERCIAL
HADCS574ZBCJ 12-BIT RES ADC; 12-BIT LIN SIDEBRAZED 28 COMMERCIAL
HADCS74ZCCJ 12-BiT RES ADC; 11-BIT LIN SIDEBRAZED 28 COMMERCIAL
HADC574ZAlJ 12-BIT RES ADC; 12-BIT LIN SIDEBRAZED 28 INDUSTRIAL
HADCS574ZBIJ 12-BiT RES ADC; 12-BIT LIN SIDEBRAZED 28 INDUSTRIAL
HADC574ZClJ 12-BIT RES ADC; 11-BIT LIN SIDEBRAZED 28 INDUSTRIAL
HADCS74ZAMJ 12-BIT RES ADC; 12-BIT LIN SIDEBRAZED 28 MILITARY
HADCS574ZBMJ 12-BIT RES ADC; 12-BIT LIN SIDEBRAZED 28 MILITARY
HADC574ZCMJ 12-BIT RES ADC; 11-BIT LIN SIDEBRAZED 28 MILITARY
HADCS74ZAMJ/883C 12-BIT RES ADC; 12-BIT LIN SIDEBRAZED* 28 MILITARY
HADC574ZBMJ/883C 12-BIT RES ADC; 12-BIT LIN SIDEBRAZED* 28 MILITARY
HADCS74ZCMJ/883C 12-BIT RES ADC; 11-BIT LIN SIDEBRAZED* 28 MILITARY
HADCS5742 12-BIT RES ADC LcCc* 28 COM.,, IND., & MiL.
HADCS574Z 12-BIT RES ADC PLASTIC* 28 COMMERCIAL
HADC574Z 12-BIT RES ADC DIE* +25°C
HADCG74ZAC! 12-BIT RES ADC; 12-BIT LIN SIDEBRAZED 28 COMMERCIAL
HADC874ZBCJ 12-BIT RES ADC; 12-BIT LIN SIDEBRAZED 28 COMMERCIAL
HADC674ZCCJ 12-BIT RES ADC; 11-BIT LIN SIDEBRAZED 28 COMMERCIAL
HADC674ZAlJ 12-BiT RES ADC; 12-BIT LIN SIDEBRAZED 28 INDUSTRIAL
HADC674ZBIJ 12-BIT RES ADC; 12-BIT LIN SIDEBRAZED 28 INDUSTRIAL
HADC674ZClJ 12-BIT RES ADC; 11-BIT LIN SIDEBRAZED 28 INDUSTRIAL
HADCE74ZAMJ 12-BIT RES ADC; 12-BIT LIN SIDEBRAZED 28 MILITARY
HADCG74ZBMJ 12-BIT RES ADC; 12-BIT LIN SIDEBRAZED 28 MILITARY
HADCg742CMJ 12-BIT RES ADC; 11-BIT LIN SIDEBRAZED 28 MILITARY
HADC874ZAMJ/883C 12-BIT RES ADC; 12-BIT LIN SIDEBRAZED* 28 MILITARY
HADCS874ZBMJ/883C 12-BIT RES ADC; 12-BIT LIN SIDEBRAZED* 28 MILITARY
HADC6742CMJ/883C 12-BIT RES ADC; 11-BIT LIN SIDEBRAZED* 28 MILITARY
HADC674Z 12-BIT RES ADC Lce* 28 COM., iIND., & MIL.
HADC674Z 12-BIT RES ADC PLASTIC* 28 COMMERCIAL
HADCS74Z 12-BIT RES ADC DIE* +25°C
HADC7572 12 BIT RES ADC * 24 COM., IND., & MIL.
HADC7672 12-BIT RES ADC * 24 COM., IND., & MIL.
HADC77100Al 8-BIT, 150 MSPS ADC + V2 LSB SIDEBRAZED 42 INDUSTRIAL
HADC77100B1J 8-BIT, 150 MSPS ADC + % LSB SIDEBRAZED 42 INDUSTRIAL
HADC77100AMJ 8-BIT, 150 MSPS ADC + V2 LSB SIDEBRAZED 42 MILITARY
HADC77200AlJ 8-BIT, 150 MSPS ADC + %2 LSB SIDEBRAZED 48 INDUSTRIAL
HADC77200BIJ 8-BIT, 150 MSPS ADC + % LSB SIDEBRAZED 48 INDUSTRIAL
HADC77200AMJ 8-BIT, 150 MSPS ADC + %2 LSB SIDEBRAZED 48 MILITARY
HADC77200AMJ/883C 8-BIT, 150 MSPS ADC + Y2 LSB SIDEBRAZED* 48 MILITARY
HADC77600SCG 10-BIT, 50 MSPS ADC + % LSB PGA* 72 COMMERCIAL
HADC77600SI1G 10-BIT, 50 MSPS ADC * % LSB PGA* 72 INDUSTRIAL
HADC776800SMG 10-BIT, 50 MSPS ADC + % LSB PGA* 72 MILITARY
HADC78160 16-BiT RES ADC SIDEBRAZED* 40

*C It Factory For ity
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ORDERING INFORMATION

DIGITAL TO ANALOG CONVERTERS

PART NUMBER DESCRIPTION PACKAGE TYPE # PINS TEMPERATURE RANGE
HDAC7541ZACD 12-BIT RES DAC; 12-BIT LIN CERDIP 18 COMMERCIAL
HDAC7541ZBCD 12-BIT RES DAC; 11-BIT LIN CERDIP 18 COMMERCIAL
HDAC7541ZAID 12-BIT RES DAC; 12-BIT LIN CERDIP 18 INDUSTRIAL
HDAC7541ZBID 12-BIT RES DAC; 11-BIT LIN CERDIP 18 INDUSTRIAL
HDAC7541ZAMD 12-BIT RES DAC; 12-BIT LIN CERDIP 18 MILITARY
HDAC7541ZBMD 12-BIT RES DAC; 11-BIT LIN CERDIP 18 MILITARY
HDAC7541Z 12-BIT RES DAC PLASTIC* 18 COMMERCIAL
HDAC7541Z 12-BIT RES DAC DIE* +25°C
HDAC7542AACD/G 12-BIT RES DAC; 12-BIT LIN CERDIP 18 COMMERCIAL
HDAC7542AACD 12-BIT RES DAC; 12-BIT LIN CERDIP 18 COMMERCIAL
HDAC7542ABCD 12-BIT RES DAC; 11-BIT LIN CERDIP 18 COMMERCIAL
HDAC7542AAID/G 12-BIT RES DAC; 12-BIT LIN CERDIP 18 INDUSTRIAL
HDAC7542AAID 12-BIT RES DAC; 12-BIT LIN CERDIP 18 INDUSTRIAL
HDAC7542ABID 12-BIT RES DAC; 11-BIT LIN CERDIP 18 INDUSTRIAL
HDAC7542AAMDIG 12-BIT RES DAC; 12-BIT LIN CERDIP 18 MILITARY
HDAC7542AAMD 12-BIT RES DAC; 12-BIT LIN CERDIP 18 MILITARY
HDAC7542ABMD 12-BIT RES DAC; 11-BIT LIN CERDIP 18 MILITARY
HDAC7542A 12-BIT RES DAC PLASTIC* 18 COMMERCIAL
HDAC7542A 12-BIT RES DAC DIE* +25°C
HDAC7543AACD/IG 12-BIT RES DAC; 12-BIT LIN CERDIP 18 COMMERCIAL
HDAC7543AACD 12-BIT RES DAC; 12-BIT LIN CERDIP 18 COMMERCIAL
HDAC7543ABCD 12-BIT RES DAC; 11-BIT LIN CERDIP 18 COMMERCIAL
HDAC7543AAID/IG 12-BIT RES DAC; 12-BIT LIN CERDIP 18 INDUSTRIAL
HDAC7543AAID 12-BIT RES DAC; 12-BIT LIN CERDIP 18 INDUSTRIAL
HDAC7543ABID 12-BIT RES DAC; 11-BIT LIN CERDIP 18 INDUSTRIAL
HDAC7543AAMD/G 12-BIT RES DAC; 12-BIT LIN CERDIP 18 MILITARY
HDAC7543AAMD 12-BIT RES DAC; 12-BIT LIN CERDIP 18 MILITARY
HDAC7543ABMD 12-BIT RES DAC; 11-BIT LIN CERDIP 18 MILITARY
HDAC7543A 12-BIT RES DAC PLASTIC* 18 COMMERCIAL
HDAC7543A 12-BIT RES DAC DIE* +25°C
HDAC7545AACDIG 12 BIT RES DAC; 12-BIT LIN CERDIP 20 COMMERCIAL
HDAC7545AACD 12-BIT RES DAC; 12-BIT LIN CERDIP 20 COMMERCIAL
HDAC7545ABCD 12-BIT RES DAC; 11-BIT LIN CERDIP 20 COMMERCIAL
HDAC7545AAIDIG 12-BIT RES DAC; 12-BIT LIN CERDIP 20 INDUSTRIAL
HDAC7545AAID 12-BIT RES DAC; 12-BIT LIN CERDIP 20 INDUSTRIAL
HDAC7545ABID 12-BIT RES DAC; 11-BIT LIN CERDIP 20 INDUSTRIAL
HDAC7545AAMDIG 12-BIT RES DAC; 12-BIT LIN CERDIP 20 MILITARY
HDAC7545AAMD 12-BIT RES DAC; 12-BIT LIN CERDIP 20 MILITARY
HDAC7545ABMD 12-BIT RES DAC; 11-BIT LIN CERDIP 20 MILITARY
HDAC7545A 12-BIT RES DAC PLASTIC* 20 COMMERCIAL
HDAC7545A 12-BIT RES DAC DIE* +25°C

*Consult Factory For Availability
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ORDERING INFORMATION

DIGITAL TO ANALOG CONVERTERS

PART NUMBER DESCRIPTION PACKAGE TYPE # PINS TEMPERATURE RANGE
HDAC10180AID 8-BIT, 275 MWPS DAC CERDIP 24 INDUSTRIAL
HDAC10180BID 8-BIT, 165 MWPS DAC CERDIP 24 INDUSTRIAL
HDAC10180AMD 8-BIT, 275 MWPS DAC CERDIP 24 MILITARY
HDAC10180BMD 8-BIT, 165 MWPS DAC CERDIP 24 MILITARY
HDAC10180AMD/883C 8-BIT, 275 MWPS DAC CERDIP* 24 MILITARY
HDAC10180BMD/883C 8-BIT, 165 MWPS DAC CERDIP* 24 MILITARY
HDAC10181AID 8-BIT, 275 MWPS DAC W/REF CERDIP 24 INDUSTRIAL
HDAC10181BID 8-BIT, 165 MWPS DAC W/REF CERDIP 24 INDUSTRIAL
HDAC10181AMD 8-BIT, 275 MWPS DAC W/REF CERDIP 24 MILITARY
HDAC10181BMD 8-BIT, 165 MWPS DAC W/REF CERDIP 24 MILITARY
HDAC10181AMD/883C 8-BIT, 275 MWPS DAC W/REF CERDIP* 24 MILITARY
HDAC10181BMD/883C 8-BIT, 165 MWPS DAC W/REF CERDIP* 24 MILITARY
HDAC51400SID 8-BIT, 385 MWPS DAC W/REF CERDIP 24 INDUSTRIAL
HDAC51400SMD 8-BIT, 385 MWPS DAC W/REF CERDIP 24 MILITARY
HDAC51400SMD/883C 8-BIT, 385 MWPS DAC W/REF CERDIP* 24 MILITARY
HDAC52160A1J 16-BIT RES DAC W/REF SIDEBRAZED 32 INDUSTRIAL
HDAC52160B1J 16-BIT RES DAC W/REF SIDEBRAZED 32 INDUSTRIAL
HDAC52160C1J 16-BIT RES DAC W/REF SIDEBRAZED 32 INDUSTRIAL
HDAC52160 16-BIT RES DAC W/REF DIE* +25°C
HDAC87000S1J 8-BIT, 200 MWPS DAC W/REF SIDEBRAZED 22 INDUSTRIAL
HDAC97000SID 8-BIT, 200 MWPS DAC W/REF CERDIP 22 INDUSTRIAL
HDAC97000SMJ 8-BIT, 200 MWPS DAC W/REF SIDEBRAZED 22 MILITARY
HDAC97000SMD 8-BIT, 200 MWPS DAC W/REF CERDIP 22 MILITARY

*Consult Factory For Availability
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ORDERING INFORMATION

COMPARATORS

PART NUMBER DESCRIPTION PACKAGE TYPE # PINS TEMPERATURE RANGE
HCMP96850SID HIGH SPEED COMPARATOR CERDIP 16 INDUSTRIAL
HCMP986850 HIGH SPEED COMPARATOR DIE* +25°C
HCMP96870AID DUAL HIGH SPEED COMPARATOR _ CERDIP 16 INDUSTRIAL
HCMP96870AIC DUAL HIGH SPEED COMPARATOR LCC 20 INDUSTRIAL
HCMP96870A1J DUAL HIGH SPEED COMPARATOR SIDEBRAZED 16 INDUSTRIAL
HCMP98870 DUAL HIGH SPEED COMPARATOR DIE* +25°C
HCMP96900SIJ DUAL HIGH SPEED COMPARATOR SIDEBRAZED 16 INDUSTRIAL
HCMP98900SIC DUAL HIGH SPEED COMPARATOR LCC 20 INDUSTRIAL
HCMP96%00 DUAL HIGH SPEED COMPARATOR DIE* +25°C
FILTERS

HSCF24040ACJ LOW PASS PROGRAMMABLE FILTER SIDEBRAZED 32 COMMERCIAL
HSCF24040AMJ LOW PASS PROGRAMMABLE FILTER SIDEBRAZED 32 MILITARY
HSCF24040 LOW PASS PROGRAMMABLE FILTER DIE* +25°C
EVALUATION BOARDS

EB100A HADC77100AlJ DEMO BOARD

EB100B HADC77100BIJ DEMO BOARD

EB101A HADC77200AlJ DEMO BOARD

EB101B HADC772008lJ DEMO BOARD

EB102B CLC231 BUFFER BOARD

EB103 HADC77200/77300 PING-PONG BOARD

EB104 HADC574/674Z DEMO BOARD

EB105 HSCF24040 DEMO BOARD

EB106 CAV 1040 COMPATIBLE HADC77600 DEMO BOARD

EB107 HDSP66110/HDSP66210 DEMO BOARD

EB108 A/D DEMO BOARD FOR EB107*

EB109 D/A DEMO BOARD FOR EB107*

*Consult Factory For Availability
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SIGNAL
PROCESSING
TECHNOLOGIES

HADCS5747

FAST, COMPLETE 12-BIT uP COMPATIBLE
A/D CONVERTER WITH SAMPLE/HOLD

FEATURES:

- IMPROVED PIN-TO-PIN COMPATIBLE
MONOLITHIC VERSION OF THE HI574A
AND AD574A

- Complete 12-bit A/D Converter with
Sample-Hold, Reference and Clock

« Low Power Dissipation (150mW Max)

+ 12-bit Linearity (over temp)

+ 25us Max Conversion Time

* No Negative Supply Required

» Full Bipolar and Unipolar Input Range

GENERAL DESCRIPTION

The HADC574Z is a complete, 12-bit successive
approximation A/D converter. The device is integrated
on a single die to make it the first monolithic CMOS
version of the industry standard device, HI574A and
AD574A. Included on chip is an internal reference,
clock, and a sample and hold. The S/H is an additional
feature not available on similar devices.

The HADC5742Z features 25us (Max) conversion time
of 10 or 20 Volt input signals. Also, a 3-state output
buffer is added for direct interface to an 8-, 12-, or 16-
bit uP bus.

The HADC574Z is manufactured on Honeywell SPT's
Bipolar Enhanced CMOS process (BEMOS) which
combines CMOS logic and fast bipolar npn transistors
to yield high performance digital and analog functions
onone chip.

BLOCK DIAGRAM wss

$TS DB11 DB10 DBG DB8 DB7 DB6

Bl

APPLICATIONS:

- MILITARY/INDUSTRIAL DATA
ACQUISITION SYSTEMS

« 8 OR 12-bit puP Input Functions
* Process Control Systems

« Test and Scientific Instruments
+ Personal Computer Interface

The BEMOS process and monolithic construction
reduces power consumption, ground noise, and
keeps parasitics to a minimum. In addition, the thin film
option on this process allows active adjustment of
DAC and comparator offsets, linearity errors, and gain
errors.

The HADC574Z has standard bipolar and unipolar
input ranges of 10V and 20V that are controlled by a
bipolar offset pin and laser trimmed for specified
linearity, gain and offset accuracy.

Power requirements are +5V and +12V to +15V with a
maximum dissipation of 150mW at the specified
voltages. Power consumption is about five times lower
than currently available devices, and a negative power
supply is not needed.
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HADC574Z

ABSOLUTE MAXIMUM RATINGS (Beyond which damage may occur)! 25°C

Supply Voltages Output
Positive Supply Voltage (Vo to DGND)...0to +16.5V Reference Output Voltage......... Indefinite short to GND
Logic Supply Voltage (Vi ogic to DGND)........... Oto+7V Momentary shortto Voo
Analog to Digital Ground (AGND to DGND)...-0.5t0 +1V  Temperature

Operating Temperature, ambient.-55 to +125(case) °C

Input Voltages junction..........ccoeeeea.. +1750C
Control Input Voltages (to DGND). Lead Temperature, (soldering 10 seconds).......+300 °C
(CE, CS, Ao, 12/8, R/C).......coccveununs -0.510 Vi ogic +0.5V Storage Temperature.............cccceeeeennees -6510 +150°C
Analog Input Voltage (1o AGND).........ccooueiuennene +16.5V Power Dissipation... 1000mW
(REF IN, BIP OFF, 10Vin) Thermal Resistance (GjA) .................................. 480C/W
20V Vin Input Voltage (10 AGND).......cocevvrriccnnnes +24V

Notes:

1. Operation at any Absolute Maximum Rating is notimplied. See Operating Conditions for proper nominal applied
conditions in typical applications.

COMMERCIAL TEMPERATURE RANGE: 0 TO +70°C
Ta=01070°C, Vo = +15V or +12V, V| ogic = +5V, unless otherwise specified.

TEST TEST HADC5742CC HADC574ZBC HADC574ZAC
PARAMETER CONDITIONS | LEVEL UNITS
MIN TYP MAX |MIN TYP MAX | MIN TYP MAX
DC ELECTRICAL CHARACTERISTICS
Resolution 12 12 12| BITS
Linearity Error I £1 112. 112_ LSB
Differential Linearity Error | +1 112. ;t]2. LSB
. +250C |
Unipolar Offset ; 10V, 20V | Adjustable to zero +01 2 +01 +2 +01 +2 |LSB
. +250C | 10
Bipolar Offset!; +5V, £10V | Adjustable to zero x +4 +4 |LSB
Full Scale Calibration Error!|*25°C
All Ranges Adjustable tozero | | 03 03 03 |%ofFS
N dustmentat | | 05 0.4 035  |%ofFS
With adjustment at
et AT 0.22 0.12 0.05 %of FS
Temperature Coefficients [Using internal
reference
Unipolar Offset | +02 2 +0.1 41 +0.1 1 |LSB
(10) (5) (5) | (ppm~C)
Bipo]ar Offset | +02 12 +0.1 +1 +0.1 +1 }LSB
(10) 5 (5) [(ppm~C)
Full Scale Calibration i 9 15 2 |1sB
(45) (25) (10) | (ppm/°C)

Note 1: Fixed 50Q resistor from REF OUT to REF IN and REF OUT to BIP OFF.
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COMMERCIAL TEMPERATURE RANGE: 0 TO +70°C

TA=01t070°C, Vo =+15V or +12V, V| ogIc = +5V, Unless otherwise specified.

TEST TEST HADC574ZCC | HADC574ZBC | HADC574ZAC
PARAMETER CONDITIONS |LEVEL UNITS
MIN TYP MAX |MIN TYP MAX [MIN TYP MAX
DC ELECTRICAL CHARACTERISTICS
L Max change in full
Power Supply Rejection | 2" iibration
+13.5V<Vce<+16.5Vor
+11.4V<Voo<+12.6V ! 05 +2 05 1 05 1 [Lg8
+4.5V<V| ogIc<+5-5V | 0.1 205 $0.1 05 +0.1 +0.5|LSB
Analog Inputs Ranges -5 +5]-5 +5| -5 +5|VOLTS
|
Bipolar -10 +10 | .10 +10 | -10 +10|voLTs
0 +1010 +10} 0 +10 |VOLTS
i |
Unipolar 0 +20]0 +20| o +20 [voLTS
Input Impedance
10 Volt Span 1 375 5 625|375 5 625|375 5 6.25|kQ
20 Volt Span 5 20 25|15 20 25|15 20  25|kQ
Power Supplies
Operating Voltage Range
Vioaic | |+45 +5.5 | +4.5 +5.51+45 +5.5|voLTs
Vee I [+114  +165 |+114  +165|+114  +165|yoLTs
v Not required for
EE circuit operation.
Operating Current | 05 1 05 1 0.5 1| mA
lLoaic ’ ’ ’
lec I 7 9 7 9 7 9| mA
e Not required for
Power Dissipation
+15V, +5V | 110 150 110 150 110 150 mw
Internal Reference Voltage | {99 10 10.1]99 10 10.1{99 10 10.1|VOLTS
Output Current® ! 2 2 2| mA

Note 2: Available for external loads, external load should not change during conversion.
When supplying an external load and operating on a +12V supply, a buffer amplifier must be provided for the

reference output.
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HADC5742

COMMERCIAL TEMPERATURE RANGE: 0 TO +70°C
Ta=01070°C, Ve = +15V or +12V, Vi ogic = +5V, unless otherwise specified.

TEST TEST HADC574ZCC HADC574ZBC HADC574ZAC
PARAMETER CONDITIONS | LEVEL UNITS
MIN TYP MAX |[MIN TYP MAX |MIN TYP MAX
DIGITAL CHARACTERISTICS
Logic Inputs (CE,CS,
R/C, A0,12/8)
Logic "1" I 120 55| 2.0 55[2.0 5.5 |VOLTS
LOgiC g i -0.5 +0.8 -05 +0.8 VOLTS
Current 010 5.5V Input | +01 1 +01 41 £01  +1 |pA
Capacitance i 5 5 5 pF
Logic Outputs (DB11-DBO,
STS)
Logic "0" (Isink = 1.6mA) 1 +0.4 +0.4 +0.4|VOLTS
Logic"1" J(‘souRCE = 500uA) 1 +2.4 +2.4 +2.4 VOLTS
{High Z State,
Leakage DB11- DBO Only) | 5 101 45{-5 401 +5|-5 401 +45|pA
Capacitance Il 5 5 5 pF
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INDUSTRIAL TEMPERATURE RANGE -25 TO +85°C
Ta=-251085°C, Voo =+15Vor+12V, V| ogic = +5V, unless otherwise specified.

TEST TEST | HADC574ZCl HADCS574ZBI HADC574ZAl
PARAMETER CONDITIONS | LEVEL UNITS
MIN TYP MAX | MIN TYP MAX | MIN TYP MAX
DC ELECTRICAL CHARACTERISTICS
Resolution 12 12 12| BITS
Linearity Error 25°C | £1 iJ2. iJz. LSB
+1 +1
Linearity Error | +1 2 p LSB
Differential Linearity Error | +1 +1 i; LSB
Unipolar Offset; 10V, 20V |28 = | | £2 +2 x2[LsB
Bipolar Offset!; 5V, +10V ;fi":m'emem | +10 +4 +4{LSB
Full Scale Calibration Error! |, »5+¢
All Ranges rwabetozero | | 03 03 03|%of FS
No adjustment at
+25°C I 07 05 0.4 %ot FS
Tmin to Tmax
With adjustment at
+25°C Il 04 0.2 0.1 % of FS
Tmin to Tmax
Using internal
Temperature Coefficients | reference
Tmin to Tmax
Unipolar Offset | 12 1 +1|LSB
(5) (2.5) {2.5) l(ppm/°C)
Bipolar Offset l +2 +1 +1|LSB
5 (2.5) (2.5) |(ppm°C)
Full Scale Calibration I +12 +7 +3 |LSB
(50) (25) (12) ppmv°C)
Power Supply Rejection r;!xe"h;ggfa?;‘"
+13.5V<Vce<+16.5V or
+11.4V<Vco<+12.6V ' 05 12 05 11 05 +1 |LSB
+.5V<V| ogIc<+55V I £0.1 105 £0.1 £05 +0.1 £05 [LSB
Analog Inputs
Input Ranges -5 +5|-5 +5]|-5 +5{VOLTS
Bipolar I -10 +10} -10 +10]-10 +10|VOLTS
0 +10] 0 +10{0 +10} VOLTS
i i
Unipolar 0 +20]0 +20{ 0 +20| VOLTS
Input impedance
10 Volt Span | 375 5 625|375 5 6.25|(3.75 5 6.25 kQ
20 Volt Span 15 20 25(15 20 25|15 20 25| kQ

Note 1: Fixed 50Q resistor from REF OUT to REF IN and REF OUT to BIP OFF.
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HADC5742

INDUSTRIAL TEMPERATURE RANGE -25 TO +85°C
Ta=-251085°C, Vo =+15Vor+12V, V| ogic = +5V, unless otherwise specified.

TEST TEST HADC574ZCl HADC574ZBI HADCS574ZAl
PARAMETER CONDITIONS | LEVEL UNITS
MIN TYP MAX | MIN TYP MAX | MIN TYP MAX
DC ELECTRICAL CHARACTERISTICS
Power Supplies
Operating Voltage Range
Vioaic | |+45 +55|+45 455|445 +55 |VOLTS
Vee I |+114  +165|+11.4  +165|+114 4165 [vOLTS
v Not required for
EE circuit operation.
Operating Current
lLoaic I 05 1 05 1 05 1|mA
lec I 7 9 7 9 7  9|mA
lee Not required for
circuit operation.
P Dissipation
1Sy, 25 | 10 150| 110 1s0| 110 150 |mW
Internal Reference Voltage I o9 10 101|99 10 10.1|99 10 10.1|VOLTS
Output Current” | 2 2 2{mA
DIGITAL CHARACTERISTICS
Logic Inputs (CE, CS,
RC, A0,12/8)
Logic "1" I |20 55(2.0 55(2.0 5.5 {VOLTS
Logic "0" | -05 +0.8 |-0.5 +081}-05 +0.8 [VOLTS
Current 0to+5.5VInput| | +01 45 101 45 +01 45 |uA
Capacitance I 5 5 5 pF
Logic Outputs (DB11-DBO,
STS)
Logic "0" (Isink = 1.6mA) | +0.4 +0.4 +0.4|VOLTS
e (ISOURCE =
LOglC 1 5001A) I +2.4 +2.4 +2.4 VOLTS
High Z State,
Leakage (Difn_mo,,.,) -5 101 45]-5 401 455 +0.1 45 pA
Capacitance Il 5 5 5 pF

Note 2 Available for external loads, external load should not change during conversion.
When supplying an external load and operating on +12V supplies, a buffer amplifier must be provided for the reference output.
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MILITARY TEMPERATURE RANGE -55 TO +125°C
Ta=-5510125°C, Voo =+15Vor+12V, V| ogic = +5V, unless otherwise specified.

PARAMETER TEST TEST HADCS574ZCM HADC574ZBM HADC574ZAM
CONDITIONS  |LEVEL UNITS
MIN TYP MAX [MIN TYP MAX | MIN TYP MAX
DC ELECTRICAL CHARACTERISTICS
Resolution 12 12 12|BITS
Linearity Error 25°C | +1 i% :1:12. LSB
Linearity Error ] +1 +1 +1{LSB
Differential Linearity Error i +1 ijé -'tjé LSB
Unipolar Offset; 10V, 20V | Musabletozers | | +2 +2 +2|LsSB
Bipolar Offset!; 5V, +10V o berozern | | 10 14 +4|LSB
Full Scale Calibration Error! [25:¢
Al Ranges Adjustable to zero | 0.3 0.3 0.3{%of FS
No adjustment at
+25°C I 0.8 0.6 04 % of FS
Tmin to Tmax
With adjustment at
+25°C Il 0.5 0.25 0.12 % of FS
Tmin to Tmax
Using internal
Temperature Coefficients | reference
Tmin to Tmax
Unipolar Offset | +2 41 +1|LSB
(5 (2.5) (2.5) |(ppmv°C)
Bipolar Offset | +4 +2 +1/LSB
(10) ®) (2.5) [(ppmv°C)
Full Scale Calibration | +20 110 +5 |LSB
(50) (25) (12.5) |(ppm/°C)
) Max change in full
Power Supply Rejection | 1" Cibration
+13.5V<Vcee<+16.5Vor
+11.4V<Vee<+12.6V ! +05 12 +05 +1 105 11 |LSB
+4.5V<V ogIc<+55V I £0.1 05 401 105 +0.1 05 |LSB
Analog inputs
Input Ranges -5 +5]|-5 +5]-5 +5|VOLTS
Bipolar ! -10 +10] -10 +10{-10 +10|VOLTS
0 +10] 0 +10| 0 +10{ VOLTS
i l
Unipolar 0 +200 +20 0 +20| VOLTS
Input Impedance
10 Volt Span | 375 5 625|375 5 625|375 5 6.25| kQ
20 Volt Span 15 20 25115 20 25115 20 25| kQ

Note 1: Fixed 50Q resistor from REF OUT to REF IN and REF OUT to BIP OFF.
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HADC574Z

MILITARY TEMPERATURE RANGE -55 TO +125°C
Ta=-5510125°C, Voo =+15Vor +12V, V| og|c = +5V, unless otherwise specified.

TEST TEST | HADCS74ZCM HADC574ZBM | HADC574ZAM
PARAMETER CONDITIONS |LEVEL UNITS
MIN TYP MAX | MIN TYP MAX | MIN TYP MAX
DC ELECTRICAL CHARACTERISTICS
Power Supplies
Operating Voltage Range
Vioaic 1 |+45 +55 | +4.5 +55|+45 +5.5 [VOLTS
Vee | |+114  +165[+11.4  +165|+114  +165 [VOLTS
Not required for
Vee circuit operation.
Operating Current
lLoGic | 05 1 05 1 05 1 |mA
lcc | 7 9 7 9 7  9|mA
lgg Not required for
circuit operation.
Power Dissipation
115pv,+sv | 110 150 110 150 110 150 [mW
Internal Reference Voltage | |99 10 10199 10 10.1|99 10 10.1|vOLTS
Output Current’ 1 2 2 2|mA
DIGITAL CHARACTERISTICS
Logic Inputs (CE, CS,
R/C, A0,12/8)
Logic ™" 1 |20 55|20 55(2.0 55|VOLTS
Logic "0 | -0.5 +0.8]-0.5 +0.8 }-0.5 +0.8 [VOLTS
Current Oto+5.5Vinput| | +01 +1 +01  +1 £01  +1 |pA
Capacitance I 5 5 5 pF
Logic Outputs (DB11-DBO,
STS)
Logic "0" (ISink = 1.6mA) | +0.4 +0.4 +0.4 |VOLTS
e (ISOURCE =
Logic™ 5004) | +24 +2.4 +2.4 VOLTS
High Z State,
Leakage (Dgn.[)goomy) -5 101 +5|-5 101 45|56 +0.1  +5 pA
Capacitance ] 5 5 5 pF

Note 2 Available for external loads, external load should not change during conversion.
When supplying an external load and operating on +12V supplies, a buffer amplifier must be provided for the reference output.
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CONVERT MODE TIMING CHARACTERISTICS
Typical @ 25°C, V¢ = +15Vor +12V, V| ogic = +5V, unless otherwise specified.

TEST TEST | HADCS74ZC | HADC5742B HADC574ZA
PARAMETER CONDITIONS UNITS
NOTE 5 LEVEL | yiN TYP MAX |MIN TYP MAX | MIN TYP MAX
AC ELECTRICAL CHARACTERISTICS
tpsc STS Delay from CE I 200 200 200(ns
tHec CE Pulse Width | 50 50 50 ns
tssc CSto CE Setup I |50 50 50 ns
thsc CS Low during CE
HSC High I 50 50 50 ns
tsrc R/Cto CE Setup I |s0 50 50 ns
tHRC R/C Low During CE | 50 50 50 ns
High
tsac AOto CE Setup I |0 0 0 ns
tHac AQ Valid During CE
High I |so 50 50 ns
tg Conversion Time
12-Bit Cycle Tmin to Tmax | 13 18 25|15 18 2545 18 25 |ps
8-Bit Cycle Tmin to Tmax 1 (10 13 19]10 13 17|10 13 17 |us

Note 5: Time is measured from 50% level of digital transitions. Tested with a 100pF and 3k$2 load for high impedance to
drive and tested with 10pF and 3KQ2 load for drive to high impedance.

DB11-DBO

‘\t
e |

v X

tsac

$Ts

‘.|

HIGH IMPEDANCE

Figure 1 - Convert Mode Timing Diagram
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READ MODE TIMING CHARACTERISTICS
Typical @ +25°C, Vo = +15Vor +12V, V| ogic = +5V, Unless otherwise specified.

TEST TES HADC574ZC HADC574ZB HADCS574ZA
PARAMETER CoNpimons | TEST UNITS
NOTE 5 MIN TYP MAX | MIN TYP MAX | MIN TYP MAX
AC ELECTRICAL CHARACTERISTICS
tpp Access Time from CE | 150 150 150|ns
typ Data Valid After CE 1 |25 25 25 ns
Low
tHL Output Float Delay | 150 150 150{ns
tgsr CSto CE Setup I [s0 o 5 0 5 0 ns
tsrr R/Cto CE Setup 1 o 0 0 0 0 0 ns
tsar AOto CE Setup 1 150 50 50 ns
tHSR CS Valid After CE | 0 0 0 0 0 0 ns
LO!I_
tHRR R/C High After CE
Low I [o 0 0 0 0 0 ns
tHAR Ao Valid After CE
Lond 1 |s0 50 50 ns
ths STS Delay After Data | |s00 1000 300 1000 |300 1000 {ns
CE ————-——/ L.___
cs —xt—-c tssr tHSR %
tHRR
RC
_f
tsSRR
o X X
tsar tHAR
T8 XR
ths l‘_’ tHD
HIGH
DB11-DBO MPEDANCE VALID —* >“
————1t w—-‘ je— tHL 4‘

Figure 2 - Read Mode Timing Diagram
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STAND-ALONE MODE TIMING CHARACTERISTICS
Typical @ +25°C, Vo =+15V or +12V, V| ogic = +5V. Unless otherwise specified.

TEST TEST HADC574ZC HADC574ZB HADC574ZA
PARAMETER CONDITIONS LEVEL UNITS
NOTE § MIN TYP MAX |[MIN TYP MAX |MIN TYP MAX

AC ELECTRICAL CHARACTERISTICS
tHRL Low R/C Pulse I Iso ns

Width 50 30
tpg STSDelayfromR/C I 200 200 200{ns
typr Data Valid After 1 |25 25

R/C Low 2 ne
tHs ?l;?dDe'ayAﬂe’ Data I |300 1000 [300 1000 [300 1000 [ns
tyry High R/C Pulse

Wicth I 150 150 150 ns
tppr DataAccess Time o 150 150 150|ns
SAMPLE AND HOLD
Acquisition Time I 118 24 30|18 24 30 | 18 24 30 |us
Aperture Uncertainty Time 1l 8 8 8 ns

tHAL
RT R ] . N
w HRH tos
i ‘s |
7
sTS e ‘e
) tHoR l
tHoR ths ‘

DB11.DBO DATA VAUD )—————< DATA VALID

Figure 3 - Low Pulse For R/C - Outputs
Enabled After Conversion

HIGH-Z
DB11-DBO

DATA VAL
N

HIGH-Z
(]

Figure 4 - High Pulse For R/C - Outputs
Enabled While R/C is High, Otherwise
High Impedance

TR Tl TIN
All electrical characteristics are subject to the following

conditions:

Al parameters having Min./Max. specifications are
guaranteed. The Test Level column indicates the specific
device testing actually performed during production and
Quality Assurance inspection. Any blank sections in the
data columns indicates that the specification is not tested
at the specified condition.

Unless otherwise noted, all tests are pulsed tests, therefore
Tjunc =Tcase = Tambient-

IEST LEVEL

IEST PROCEDURE

Production tested at the specified

conditions.

Parameter is guaranteed by design
and sampled characterization data.
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DEFINITION OF SPECIFICATIONS
INTEGRAL LINEARITY ERROR

Linearity error refers to the deviation of each individual
code from a line drawn from "zero" through "full scale"
with all offset errors nulled out (See Figure 5 and 7).
The point used as "zero" occurs 1/2LSB (1.22mV for a
10 Volt span) before the first code transistion (all zeros
to only the LSB "on"). "Full scale" is defined as a level
1 and 1/2LSB beyond the last code transition (to all
ones). The deviation of a code from the true straight
line is measured from the middle of each particular
code.

The HADC574ZAC and Bc grades are guaranteed for
maximum nonlinearity of +1/2LSB. For these grades,
this means that an analog value which falls exactly in
the center of a given code width will result in the
correct digital output code. Values nearer the upper or
lower transition of the code width may produce the
next upper or lower digital output code. The
HADC574AM, BM, CC and CM grades are guaranteed
to £1LSB maximum error. For these grades, an analog
value which falls within a given code width will result in
either the correct code for that region or either
adjacent one. The linearity is not user-adjustable.

DIFFERENTIAL LINEARITY ERROR
(NO MISSING CODES)

A specification which guarantees no missing codes
requires that every code combination appear in a
monotonically increasing sequence as the analog
input level is increased. Thus every code must have a
finite width. For the HADC574Z type BC, AC, BM, and
AM grades, which guarantee no missing codes to 12-
bit resolution, all 4096 codes must be present over the
entire operating temperature ranges. The HADC574Z
CC and CM grades guarantee no missing codes to 11-
bit resolution over temperature; this means that all
code combinations of the upper 11 bits must be
present; in practice, very few of the 12-bit codes are
missing.

DIFFERENTIAL NONLINEARITY

Differential nonlinearity is a measure of how much the
actual quantization step width varies from the ideal step
width of 1 LSB. Figure 7 shows a differential
nonlinearity of 2 LSB - the actual step width is 3 LSB.
The HADC574Z's specification gives the worst case
differential nonlinearity in the A/D transfer function
under specified dynamic operating conditions. Small,
localized differential nonlinearities may be insignificant
when digitizing full scale signals. However, if a low level
input signal happens to fall on that part of the A/D
transfer function with the differential nonlinearity error,
the effect will be significant.

MISSING CODES

Missing codes represent a special kind of differential
nonlinearity. The quantization step width for a missing
code is 0 LSB, which results in a differential non-
linearity of -1 LSB. Figure 7 points out two missed
codes inthe transfer function.

-/

Quantization Step
(Or Band)

Input Voltage

Figure 5 - Static Input Conditions

QUANTIZATION UNCERTAINTY

Analog-to-digital converters exhibit an inherent
quantization uncertainty of +1/2L.SB. This uncertainty
is a fundamental characteristic of the quantization
process and cannot be reduced for a converter of a
given resolution.

QUANTIZATION ERROR

Quantization error is the fundamental, irreducible error
associated with the perfect quantizing of a continuous
(analog) signal into a finite number of digital bits (A/D
transfer function). A 12-bit A/D converter can re-
present an input voltage with a best case uncertainty
of 1 part in 212 (1 part in 4096). In real A/Ds under
dynamic operating conditions, the quantization bands
(bit change step vs input amplitude) for certain codes
can be significantly larger (or smaller) than the ideal.
The ideal width of each quantization step (or band) is
Q = FSR/2N where FSR = full scale range and N = 12.
Non- ideal quantization bands represent differential
nonlinearity errors (See Figures 5,6and 7).

RESOLUTION - ACTUAL VS. AVAILABLE
The available resolution of an N-bit converter is 2N,

This means it is theoretically posssible to generate 2N
unique output codes.
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QUANTIZING ERROR
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Figure 6 - Quantizing error

Output <+

Codis Integral Nonlinearity | : ;
= Y e
(Y-1/2 LSB) ' i
)

:[ Hlss:d_ c_“:': -§

input <4

Output

. Non-monotonic Behavior
Differentlal Nonlinearity =
-— (X-1LsB)

Input Voltage

Figure 7 - Dynamic Conditions

THROUGHPUT

Maximum throughput is the greatest number of
conversions per second at which an ADC will deliver its
full rated performance. This is equivalent to the
inverse of the sum of the multiplex time (if applicable),
the S/H settling time and the conversion time.

GAIN

The slope of the transfer curve. Gain is generally user
adjustable to compensate for longterm drit.

ACQUISITION TIME/APERTURE DELAY TIME

In the HADC574Z, this is the time delay between the
R/C falling edge and the actual start of the HOLD
mode in a sample and HOLD function.

APERTURE JITTER

A specification indicating how much the aperture delay
time varies between samples.

SUCCESSIVE APPROXIMATION ADC

The successive approximation converter uses an
architecture with inherently high throughput rates
which converts high frequency signals with great
accuracy. A sample and hold type circuit can be used
on the input to freeze these signals during
conversion.

An N-bit successive approximation converter performs
a sequence of tests comparing the input voltage to a
successively narrower voltage range. The first range is
half full scale, the next is quarter full scale, etc., until it
reaches the Nth test which narrows it to a range of
1/2N of full scale. The conversion time is fixed by the
clock frequency and is thus independent of the input
voltage.

UNIPOLAR OFFSET

The first transition should occur at a level 1/2LSB
above analog common. Unipolar offset is defined as
the deviation of the actual transition from that point.
This offset can be adjusted as discussed on the
following pages. The unipolar offset temperature
coefficient specifies the maximum change of the
transition point over temperature, with and without
external adjustment.

BIPOLAR OFFSET

In the bipolar mode, the major carry transition (0111
1111 1111 to 1000 0000 0000) should occur for an
analog value 1/2LSB below analog common. The
bipolar offset error and temperature coefficient specify
the initial deviation and maximum change in the error
over temperature.
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CONVERSION TIME

The time required to complete a conversion over the
specified operating range. Conversion time can be
expressed as time/bit for a converter with selectable
resolution or as time/conversion when the number of
bits is constant. The HADC574Z is specified as
time/conversion for all 12-bits. Conversion time should
not be confused with maximum allowable analog input
frequency which is discussed later.

FULL SCALE CALIBRATION ERROR

The last transition (from 1111 1111 1110 to 1111
1111 1111 1111) should occur for an analog value 1
and 1/2LSB below the nominal full scale (9.9963 Volts
for 10.000 Volts full scale). The full scale calibration
error is the deviation of the actual level at the last
transition from the ideal level. This error, which typically
is 0.05 to 0.1% of full scale, can be trimmed out as
shown in Figures 11 and 12. The full scale calibration
error over temperature is given with and without the
initial error trimmed out. The temperature coefficients
for each grade indicate the maximum change in the full
scale gain from the initial value using the internal 10
Voltreference.

TEMPERATURE COEFFICIENTS

The temperature coefficients for full scale calibration,
unipolar offset, and bipolar offset specify the maximum
change from the initial (25°C) value to the value at Tmin
or Tmax .

POWER SUPPLY REJECTION

The standard specifications for the HADC574Z
assume +5.00 and +15.00 or +12.00 Volt supplies.
The only effect of power supply error on the
performance of the device will be a small change in the
full scale calibration. This will result in a linear change in
all lower order codes. The specifications show the
maximum change in calibration from the initial value
withthe supplies at the various limits.

CODE WIDTH

A fundamental quantity for A/D converter specifi-
cations is the code width. This is defined as the range
of analog input values for which a given digital output
code will occur. The nominal value of a code width is
equivalent to 1 least significant bit (LSB) of the fuli
scale range or 2.44mV out of 10 Volts for a 12-bit ADC.

LEFT-JUSTIFIED DATA

The data format used in the HADC574Z is left-justified.
This means that the data represents the analog input
as a fraction of full scale, ranging from 0 to 4095/4096.
This implies a binary point to the left of the MSB.

MONOTONICITY

This characteristic describes an aspect of the code to
code progression from minimum to maximum input. A
device is said to be monotonic if the output code
continuously increases as the input signal increases,
and if the output code continuously decreases as the
input signal decreases. Figure 7 demonstrates non-
monotonic behavior.

CIRCUIT OPERATION

The HADC574Z is a complete 12-bit Analog-To-Digital
converter which consists of a single chip version of the
industry standard 574. This single chip contains a
precision 12-bit capacitor digital-to-analog converter
(CDAC) with voltage reference, comparator, succes-
sive approximation register (SAR), sample & hold,
clock, output buffers and control circuitry to make it
possible to use the HADC574Z with few external
components.

When the control section of the HADC5742Z initiates a
conversion command, the clock is enabled and the
successive-approximation register is reset to all zeros.
Once the conversion cycle begins, it can not be
stopped or re-started and data is not available from the
output buffers.

The SAR, timed by the clock, sequences through the
conversion cycle and returns an end-of-convert flag to
the control section of the ADC. The clock is then
disabled by the control section, the output status
goes low, and the control section is enabled to allow
the data to be read by external command.

The internal HADC574Z 12-bit CDAC is sequenced by
the SAR starting from the MSB to the LSB at the
beginning of the conversion cycle to provide an
output voltage from the CDAC that is equal to the
input signal voltage (which is divided by the input
voltage divider network). The comparator determines
whether the addition of each successively-weighted
bit voltage causes the CDAC output voltage
summation to be greater or less than the input voltage;
if the sum is less, the bit is left on; if more, the bit is
turned off. After testing all the bits, the SAR contains a
12-bit binary code which accurately represents the
input signal to within+1/2 LSB.

The internal reference provides the voltage reference
to the CDAC with excellent stability over temperature
and time. The reference is trimmed to 10.00 Volts
+1% and can supply up to 2mA to an external load in
addition to that required to drive the reference input
resistor (1mA) and offset resistor (1mA) when
operating with +15V supplies. I the HADC574Z
is used with £12V supplies, or if external current must
be supplied over the full temperature range, an
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external buffer amplifier is recommended. Any
external load on the HADC574Z reference must
remain constant during conversion.

The sample and hold feature is a bonus of the CDAC
architecture. Therefore the majority of the S/H specifi-
cations are included within the A/D specifications.

Although the sample-and-hold circuit is not imple-
mented in the classical sense, the sampling nature of
the capacitive DAC makes the HADC574Z appear to
have a built in sample-and-hold. This sample-and-hold
action substantially increases the signal bandwidth of
the HADC574Z over that of similar competing devices.

Note that even though the user may use an external
sample and hold for very high frequency inputs, the
internal sample and hold still provides a very useful
isolation function. Once the internal sample is taken
by the CDAC capacitance, the input of the HADC5742
is disconnected from the user's sample and hold. This
prevents transients occuring during conversion from
being inflicted upon the attached sample and hold
buffer. All other 574 circuits will cause a transient load
current on the sample and hold which will upset the
buffer output and may add error to the conversion
itself.

Furthermore, the isolation of the input after the
acquisition time in the HADC5742Z allows the user an
opportunity to release the hold on an external sample
and hold and start it tracking the next sample. This will
increase system throughput with the user's existing
components.

SAMPLE AND HOLD FUNCTION

When using an external S/H, the HADC574Z
acts as any other 574 device because the
internal S/H Is transparent. The sample/hold
function in the HADC574Z is inherent to the capacitor
DAC structure, and its timing characteristics are
determined by the internally generated clock. How-
ever, for limited frequency ranges, the internal S/H
may eliminate the need for an external S/H. This
function will be explained in the next two sections.

The operation of the S/H function is internal to the
HADC574Z and is controlled through the normal R/C
control line (refer to Figure 8.) When the R/C line
makes a negative transition, the HADC574Z starts the
timing of the sampling and conversion. The first 2
clock cycles are allocated to signal acquisition of the
input by the CDAC (this time is defined as Tyeq).
Following these two cycles, the input sample is taken
and held. The A/D conversion follows this cycle with

the duration controlled by the internal clock cycle.

During Tacq. the equivalent circuit of the HADC574Z
in-put is as shown in Figure 9 (the time constant of
the input is independant of which input level is used.)
This CDAC capacitance must be charged up to the
input voltage during Tg, Since the CDAC time
constant is 100 nsecs., there is more than enough time
for settling the input to 12 bits of accuracy during Tyeq.
The excess time left during Tacq allows the user's buffer
amp to settle after being switched'to the CDAC load.

Note that because the sample is taken relative to the
R/C transition, Tgcq is also the traditional “aperture
delay" of this internal sample and hold.

Since Taeq is measured in clock cycles, its duration will
vary with %le internal clock frequency. This resuits in
Taoq = 2.4 psecs + 0.6 usecs. between units and over
temperature.

Offset, gain and linearity errors of the S/H circuit, as well
as the effects of its droop rate, are included in the
overall specs for the HADC5742Z.

APERTURE UNCERTAINTY

Often the limiting factor in the application of the sample
and hold is the uncertainty in the time the actual sample
is taken - i.e. the "aperture jiter" or Tay. The
HADC574Z has a nominal aperture jitter of 8 nsecs.
between samples. With this jitter, it is possible to
accurately sample a wide range of input signals.

The aperture jitter causes an amplitude uncertainty for
any input where the voltage is changing. The
approximate voltage error due to aperture jitter depends
on the slew rate of the signal at the sample point (See
Figure 10). The magnitude of this change for a sine-
wave can be calculated:

Assume a sinusoidal signal, maximum slew rate, Sr =
2nfVp (Vp = peak voltage, f={frequency of sine wave)
For an N-bit converter to maintain +/- 1/2 LSB accuracy :

Verr < Vis/2N  (where Verr is the allowable error
voltage and Vis is the full scale voltage)

From Figure 10:

Sr=AV/AT=2niVp

Let AV = Verr = Vg2 - (N+1), vp = Vin/2 and AT =tp
(the time during which unwanted voltage change
occurs)

The above conditions then yield:
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Vis/2¥ > mVinta g or fmax < Vis/(mVinta g)2h

Forthe HADC574Z, Tp ) = 8 nsec,
therefore fax < 5KHz.

For higher frequency signal inputs, an external sample
and hold is recommended.

«— I\

WAIT FOR .]vmr FOR BUS.
CONVERT SIGNAL I - CONVERSION o

—  f— arERTURE
A\ /\

M

R eq = 4K ohms at any range

T = Réq ceq

Figure 9 - Equivalent HADC574Z
Input Circuit

= 100 nsec.

Sample Point

—“| a l"—‘ Vepror = A dv
dt

Figure 10 - Aperture Uncertainty

TYPICAL INTERFACE CIRCUIT

The HADC574Z is a complete A/D converter that is
fully operational when powered up and issued a Start
Convert Signal. Only a few external components are
necessary as shown in Figures 11 and 12. The two
typical interface circuits are for operating the
HADCS574Z in either a unipolar or bipolar input mode.
Further information is given in the following sections
on these connections, but first a few considerations
concerning board layout to achieve the best operation.

For each application of this device, strict attention must
be given to power supply decoupling, board layout (to
reduce pickup between analog and digital sections),
and grounding. Digital timing, calibration and the
analog signal source must be considered for correct
operation.

To achieve specified accuracy, a double-sided printed
circuit board with a copper ground plane on the
component side is recommended. Keep analog signal
traces away from digital lines. It is best to lay the P.C.
board out such that there is an analog section and a
digital section with a single point ground connection
between the two through an RF bead. If this is not
possible, run analog signals between ground traces
and cross digital lines at right angles only.

POWER SUPPLIES

The supply voltages for the HADC574Z must be kept
as quiet as possible from noise pickup and also
regulated from transients or drops. Because the part
has 12-bit accuracy, voltage spikes on the supply lines
can cause several LSB deviations on the output.
Switching power supply noise can be a problem.
Careful filtering and shielding should be employed to
prevent the noise from being picked up by the
converter.

Capacitor bypass pairs are needed from each supply
pin to it's respective ground to filter noise and counter
the problems caused by the variations in supply
current. A 10uF tantalum and a 0.1uF ceramic type in
parallel between Vi ogic (pin1) and digital common
(pin15), and V¢e (pin 7) and analog common (pin 9) is
sufficient. Vgg is generated internally so pin 11 may be
grounded or connected to a negative supply if the
HADC574Z is being used to upgrade an already
existing design.
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GROUNDING CONSIDERATIONS

Any ground path from the analog and digital ground
should be as low resistance as possible to
accomodate the ground currents present with this
device.

The analog ground current is approximately 6mADC
while the digital ground is 3mADC. The analog and
digital common pins should be tied together as close
to the package as possible to guarantee best
performance. The code dependant currents flow
through the Vi ogic and Vg terminals and not through
the analog and digital common pins.

The HADC574Z may be operated by a uP or in the
stand-alone mode. The part has four standard input
ranges: 0V to +10V, OV to +20V, 5V and +10V. The
maximum errors that are listed in the specifications for
gain and offset may be adjusted externally to zero as
explained in the next two sections.

CALIBRATION AND
CONNECTION PROCEDURES

UNIPOLAR

The calibration procedure consists of adjusting the
converter's most negative output to its ideal value for
offset adjustment, and then adjusting the most
positive output to its ideal value for gain adjustment.

Starting with offset adjustment and referring to Figure
11, the midpoint of the first LSB increment should be
positioned at the origin to get an output code of all 0s.
To do this, an input of +1/2LSB or +1.22mV for the
10V range and +2.44mV for the 20V range should be
applied to the HADC574Z. Adjust the offset
potentiometer R1 for code transition flickers between
0000 0000 0000 and 0000 0000 0001.

The gain adjustment should be done at positive full
scale. The ideal input corresponding to the last code
change is applied. This is 1 and 1/2LSB below the
nominal full scale which is +9.9963V for the 10V range
and +19.9927V for the 20V range. Adjust the gain
potentiometer R2 for flicker between codes 1111
1111 1110 and 1111 1111 1111, If calibration is not
necessary for the intended application, replace R1
with a 50Q, 1% metal film resister and remove the
network from pin 12. Connect pin 12 to pin 9.
Connect the analog input to pin 13 for the 0V to 10V
range or to pin 14 for the 0V to 20V range.

BIPOLAR

The gain and offset errors listed in the specifications
may be adjusted to zero using the potentiometers R1

and R2 (See Figure 12). If adjustment is not needed,
either or both pots may be replaced by a 50Q, 1%
metal film resistor.

To calibrate, connect the analog input signal to pin 13
for a 5V range or to pin 14 for a +10V range. First
apply a DC input voltage 1/2LSB above negative full
scale which is -4.9988V for the +5V range or -
9.9976V for the 110V range. Adjust the offset
potentiometer R1 for flicker between output codes
0000 0000 0000 and 0000 0000 0001. Next, apply a
DC input voltage 1 and 1/2LSB below positive full
scale which is +4.9963V for the 15V range or
+9.9927V for the 110V range. Adjust the gain
potentiometer R2 for flicker between codes 1111
1111 1110and 1111 1111 1111.

ALTERNATIVE

The 100Q potentiometer R2 provides gain adjust for
the 10V and 20V ranges. In some applications, a full
scale of 10.24V (for an LSB of 2.5mV) or 20.48V (for
an LSB of 5.0mV) is more convenient. For these,
replace R2 by a 50Q, 1% metal film resistor. Then to
provide gain adjust for the 10.24V range, add a 200Q
potentiometer in series with pin 13. For the 20.48V
range, add a 1000Q potentiometer in series with pin
14.

CONTROLLING THE HADC574Z

The HADC574Z can be operated by most
microprocessor systems due to the control input pins
and on-chip logic. It may also be operated in the
"stand-alone" mode and enabled by the R/C input pin.
Full uP control consists of selecting an 8 or 12-bit
conversion cycle, initiating the conversion, and
reading the output data when ready. The output read
has the options of choosing either 12-bits at once or 8
followed by 4-bits in a left-justified format. All five
control inputs are TTL/CMOS compatible and include
12/8, CS, A0, R/C and CE). The use of these inputs in
controlling the converter's operations is shown in
Table 1, and the internal control logic is shown in a
simplified schematic in Figure 13.

STAND-ALONE OPERATION

The simplest interface is a control line connected to
R/C. The other controls must be tied to known states
as follows: CE and 12/8 are wired high, A0 and CS are
wired low. The output data arrives in words of 12-bits
each. The limits on R/C duty cycle are shown in
Figures 3 and 4. It may have duty cycle within and
including the extremes shown in the specifications on
the pages. In general, data may be read when R/C is
high unless STS is also high, indicating a conversion
is in progress.
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CONVERSION LENGTH

A conversion start transition latches the state of Ao as
shown in Figure 13 and Table 1. The latched state
determines if the conversion stops with 8-bits (Ao
high) or continues for 12-bits (Ao low). If all 12-bits are
read following an 8-bit conversion, the three LSB's will
be a logic "0" and DB3 will be a logic "1". Ao is latched
because it is also involved in enabling the output
buffers as will be explained later. No other control
inputs are latched.

1287 5
L)
L}
RT 5
CE o
R
100K
sV o—-v.r—-«:.usv
10V
vewv OV
ANALOG 20V
o 3 NPUTS N 14
3 ) e
om0V 2
L:m
vt
T s
1000 3
(cauenation) T
1
Vrat
N
Veo 7
+15V O 1F A.F

-}

Figure 11 - Unipolar Input Connections

45V

ANALOG
WNPUTS 21OV

1

+15V l\“"i”"'i
Agnd [9

Figure 12 - Bipolar Input Connections
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CONVERSION START

A conversion may be initiated by a logic transition on
any of the three inputs: CE, CS, R/C, as shown in
Table 1. The last of the three to reach the correct state
starts the conversion, so one, two or all three may be
dynamically controlled. The nominal delay from each is
the same and all three may change state
simultaneously. In order to assure that a particular
input controls the start of conversion, the other two
should be setup at least 50ns earlier. Refer to the
convert mode timing specifications. The Convert Start
timing diagram is illustrated in Figure 1.

The output signal STS is the status flag and goes high
only when a conversion is in progress. While STS is
high, the output buffers remain in a high impedance
state so that data can not be read. Also, when STS is
high, an additional Start Convert will not reset the
converter or reinitiate a conversion. Note, if Ao
changes state after a conversion begins, an additional
Start Convert command will latch the new state of Ao
and possibly cause a wrong cycle length for that
conversion (8 versus 12-bits).

READING THE OUTPUT DATA

The output data buffers remain in a high impedance
state until the following four conditions are met: R/C is
high, STS is low, CE is high and CS is low. The data
lines become active in response to the four conditions
and output data according to the conditions of 12/8
and Ao. The timing diagram for this process is shown in
Figure 2. When 12/8 is high, all 12 data outputs
become active simultaneously and the Ao input is
ignored. This is for easy interface to a 12 or 16-bit data
bus. The 12/8 input is usually tied high or low,
although itis TTLUCMOS compatible.

Table 1 - Truth Table for the
HADC574Z Control Inputs

CE [ RE 128 Ao Operation

[ x X x X None

x 1 x X X None

4 0 ° X ° Initiate 12 bit conversion

4 0 0 X 1 Initlate 8 bit conversion

1 + 0 x ° Initiate 12 bit conversion

1 1 ° x 1 Initiate 8 bit conversion

1 [ 1 X ° Initiate 12 bit conversion

1 ° v X 1 Initiate 8 bit conversion

1 0 1 1 X Enable 12 bit Output

1 0 1 [ ] Enable 8 MSE's Only

1 ° 1 ° 1 Enable 4 LSB's Plus 4
Trailing Zerces

When 12/8 is low, the output is separated into two 8-
bit bytes as shown below:

BYTE 1 BYTE2

o XXXX  XXXX|] XXXX 0000
I

MSB LSB

This configuration makes it easy to connect to an 8-bit
data bus as shown in Figure 13. The Ao control can be
connected to the least significant bit of the data bus in
order to store the output data into two consecutive
memory locations. When Ao is pulled low, the 8 MSBs
are enabled only. When Ao is high, the 4 MSBs are
disabled, bits 4 through 7 are forced to a zero and the
four LSBs are enabled. The two byte format is "left
justified data" as shown above and can be considered
to have a decimal point or binary to the left of byte 1.

Ao may be toggled without damage to the converter at
any time. Break-before-make action is guaranteed
between the two data bytes. This assures that the
outputs which are strapped together in Figure 13 will
never be enabled at the same time.

In Figure 2, it can be seen that a read operation usually
begins after the conversion is complete and STS is
low. If earlier access is needed, the read can begin no
later than the addition of times tpp and tyg before STS
goes low.

e

7
STS | 28
2|1 DB (MSB) k14
%
=l -
2 DATA
» BUS
HADC574Z 22
21
20
19
1
17
DBO (LS8) ALl
DiG. 15
com. |

Figure 13 - Interfacing the HADC5742Z
to an 8-bit Data Bus
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HADC574Z

INPUT BUFFERS

— N\

READ CONTROL

NIBBLE B ZERO
OVERRIDE

f——————p NIBBLEAB

o> NIBBLEC

EZs

STS
BIT12
BIT11

BIT10

BIT9

BIT8
BIT7
BiTe
BITS
BIT4
BIT3
BIT2
BIT4
DGND

R,
’
r R Voo
R A
2 3] =
A —2) &
.“MN-—-‘ [¢]
v _|_|—l__ 00Hz > Rz‘W\,——s RC
4 4
oV — d Ryt .
b CE
7
/ +6.5V > j_ +15V
c, 8] ReF-out
ASYNCHRONOUS SIGNALS T 21 AGND
10] REF-IN
A
11| NC
o [ Ba p—2] BiporF
Y —
/\/ 60Hz S>— 131 qovIN
By ——— J4] 20vIN
Rq-50Q, 5%, 12W
Ro-1KQ, 5%, 1/4W
Ry-50Q, 1%, 14W

Rs-10KQ, 5%, 1/4W
Rs-3.3KQ, 5%, 1/4W

C 104, 5%

< 455V

Figure 15 - Burn-in Schematic

GND ov
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PIN ASSIGNMENT HADC574Z PIN FUNCTIONS HADC574Z

TOP VIEW
T T NAME FUNCTION
[; VLOGIC sTS EI
Viogic Logic Supply Voltage,
E 1278 DB11 Nominally +5V
[s] & p1o [25] 128 Data Mode Select
[+] % oo [2s] cs Chip Select
E B DBS Ao Byte Address/ Short cycle
E CE pB? RC Read/ Convert
E vee DB6 @ CE Chip Enable
DB5 Vee Analog Positive Supply Voltage
E REFOUT Nominally +15V
DB4
E AGND EEI REF OUT Reference Output
E REF IN DB3 Nominally +10V
AGND Analog Ground
E N/C (VEE) bB2 9
REF IN Reference Input
12| BIPOFF DBt
N/C (VEE) This pin is not connected to the de-
13| 1ovIN LSB DBO vice.
E 20V IN pano s BIP OFF Bipolar Offset
10VIN 10 Volit Analog Input
28 LEAD DIP
20V IN 20V Analog Input
DGND Digital Ground
DBO-DB11 Digital Data Output
DB11-MSB
DBO-LSB
STS Status

**For Ordering Information See Section 1.
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SIGNAL
PROCESSING
TECHNOLOGIES

HADC674Z

FAST, COMPLETE 12-BIT nP COMPATIBLE
A/D CONVERTER WITH SAMPLE/HOLD

FEATURES:

« IMPROVED PIN-TO-PIN COMPATIBLE
MONOLITHIC VERSION OF THE HI574A
AND AD674A

- Complete 12-bit A/D Converter with
Sample-Hold, Reference and Clock

- Low Power Dissipation (150mW Max)

» 12-bit Linearity (over temp)

« 15us Max Conversion Time

« No Negative Supply Required

« Full Bipolar and Unipolar Input Range

GENERAL DESCRIPTION

The HADC674Z is a complete, 12-bit successive
approximation A/D converter. The device is integrated
on a single die to make it the first monolithic CMOS
version of the industry standard device, HI674A and
ADB74A. Included on chip is an internal reference,
clock, and a sample and hold. The S/H is an additional
feature not available on similar devices.

The HADC674Z features 15us (Max) conversion time
of 10 or 20 Volt input signals. Also, a 3-state output
buffer is added for direct interface to an 8-, 12-, or 16-
bit uP bus.

The HADC674Z is manufactured on Honeywell SPT's
Bipolar Enhanced CMOS process (BEMOS) which
combines CMOS logic and fast bipolar npn transistors
to yield high performance digital and analog functions
onone chip.

BLOCK DIAGRAM wes

APPLICATIONS:

- MILITARY/INDUSTRIAL DATA
ACQUISITION SYSTEMS

« 8 OR 12-bit uP Input Functions
* Process Control Systems

« Test and Scientific Instruments
« Personal Computer Interface

The BEMOS process and monolithic construction
reduces power consumption, ground noise, and
keeps parasitics to a minimum. In addition, the thin film
option on this process allows active adjustment of
DAC and comparator offsets, linearity errors, and gain
errors.

The HADC674Z has standard bipolar and unipolar
input ranges of 10V and 20V that are controlled by a
bipolar offset pin and laser trimmed for specified
linearity, gain and offset accuracy.

Power requirements are +5V and +12V to +15V with a
maximum dissipation of 150mW at the specified
voltages. Power consumption is about five times lower
than currently available devices, and a negative power
supply is not needed.

Ls8

STS D811 DB10 DB DB8 DB7 DB6 DBS D84 DB3 DB2 DB1 DBO DGND

FIEE R E FEFFFEE

NIBBLE A NIBBLE B NBSLE C

‘THREE-STATE BUFFERS AND CONTROL

CAPACITANCE
DAC

OFFSET/GAIN
TRIM
[ ] [

128IT

A

0| 8|3} | B | O S O o |

vioaic 128 €8 Ao RC CE VCC REF AGND REF VEE BP 10V 20V

out N OFF N N
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HADC6742

ABSOLUTE MAXIMUM RATINGS (Beyond which damage may occur)! 25°C

Supply Voltages
Positive Supply Voltage (Vo to DGND)...0to +16.5V
Logic Supply Voltage (Vi ogic to DGND)........... 0to +7V
Analog to Digital Ground (AGND to DGND)...-0.5t0 +1V

Input Voltages
Control Input Voltages (to DGND).

(CE,CS, Ao, 12/8, R/C)...ccueevevnnns -0.5t0 Vi ogic +0.5V

Analog Input Voltage (to AGND)........cccceeerenecees +16.5V

(REF IN, BIP OFF, 10Vin)

20V Vin Input Voltage (to AGND).........ccocniernnnens 124V
Notes:

Output
Reference Qutput Voltage......... Indefinite shortto GND
Momentary shortto Vo
Temperature
Operating Temperature, ambient.-55 to +125(case) °C
junction..................... +175°C
Lead Temperature, (soldering 10 seconds).......+300 °C
Storage Temperature.............ccoecevemenennnes -6510 +150 °C
Power Dissipation...............

Thermal Resistance (0ja)

1. Operation at any Absolute Maximum Rating is not implied. See Operating Conditions for proper nominal applied

conditions in typical applications.

COMMERCIAL TEMPERATURE RANGE: 0 TO +70°C
Ta=01070°C, Vg = +15Vor +12V, V| ogic = +5V, Unless otherwise specified.

TEST TEST HADC674ZCC HADC674ZBC HADC674ZAC
PARAMETER CONDITIONS |LEVEL UNITS
MIN TYP MAX |MIN TYP MAX | MIN TYP MAX
DC ELECTRICAL CHARACTERISTICS
Resolution 12 12 12 | BITS
Linearity Error | +1 112' ijé LSB
Differential Linearity Error | +1 iéi ijé LSB
. +25°C l
Unlpolar Oftset ; 1 OV, 20V Adijustable to zero + 0.1 x 2 + 0.1 + 2 * 0.1 + 2 |LSB
. +250C 10 ‘
Bipolar Offset!; +5V, 10V | Adjustable to zero ! + +4 +4 |LSB
Full Scale Calibration Error! | +25°C
All Ranges Adjustabletozero | | 03 0.3 0.3 |%of FS
No adjustment at
+25°C 1l 05 04 0.35 % of FS
With adjustment at
e I 0.22 0.12 0.05 %0fFS
Temperature Coefficients |Usinginternal
reference
Unipolar Offset I +02 2 +0.1 1 +01 11 |LSB
(10) {5) (5) j(ppm/°C)
Bipolar Offset I £02 2 +01 1 +0.1 1 |LSB
(10) (5) (5) {(ppm~C)
Fuli Scale Calibration I 9 15 2 |1sB
(45) (25) (10) | ppmroc)

Note 1: Fixed 50Q resistor from REF OUT to REF IN and REF OUT to BIP OFF.
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COMMERCIAL TEMPERATURE RANGE: 0 TO +70°C

TA=01070°C, Vi = +15Vor +12V, V| ogic = +5V, Unless otherwise specified.

TEST TEST | HADC674ZCC | HADC674ZBC | HADC674ZAC
PARAMETER CONDITIONS |LEVEL UNITS
MIN TYP MAX |MIN TYP MAX |MIN TYP MAX
DC ELECTRICAL CHARACTERISTICS
Power Supply Rejection ::aa’l‘ech;"ﬁai't’i;t’,"
+13.5V<Vco<+16.5Vor
+11.4V<Veo<+12.6V I 05 2 +05 +1 05 *1 [ g
+4.5V<V| ogIc<+55V | 0.1 05 0.1 105 +0.1 +0.5|LSB
Analog Inputs Ranges 5 +5 | -5 +5] -5 +5|VOLTS
|
Bipolar -10 +10 | 10 +10 | -10 +10[voLTs
0 +10]0 +10] 0 +10 |VOLTS
Unipolar "o +20 |0 +20| o +20 |VOLTS
Input Impedance
10 Volt Span I (375 5 625[375 5 625[3.75 5 6.25kQ
20 Volt Span 5 20 25|15 20 25{15 20  25|kQ
Power Supplies
Operating Voltage Range
Vioalc | |+45 +55]+45 +5.5| +45 +5.5 |voLTs
Vee 1 114 w65 |4114 4165|4114 4165 |yoLTs
Vv Not required for
EE circuit operation.
Operating Current [ 05 1 05 1 05 1] ma
loaic ’ ‘ )
lec | 7 9 7 9 7 9 mA
Ieg Not required for
circuit operation
Power Dissipation
+15V, +5V | 110 150 110 150 110 150 mw
Internal Reference Voltage | o9 10 101|99 10 101fs9 10 10.1|voLTs
Output Current? I 2 2 2] mA

Note 2: Available for external loads, external load should not change during conversion.
When supplying an external load and operating on a +12V supply, a buffer amplifier must be provided for the

reference output.
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HADC6742

COMMERCIAL TEMPERATURE RANGE: 0 TO +70°C
Ta=01070°C, Vo =+15Vor +12V, Vi ogic = +5V, unless otherwise specified.

TEST TEST | HADC674ZCC | HADC674ZBC | HADC674ZAC
PARAMETER CONDITIONS |LEVEL UNITS
MIN TYP MAX (MIN TYP MAX |MIN TYP MAX
DIGITAL CHARACTERISTICS
Logic Inputs (CE,CS,
R/C, A0,12/8)
Logic "1" I 2.0 55} 20 55]2.0 55| VOLTS
Logic "0" | -0.5 +0.8 |-0.5 +0.8 |-0.5 +0.8 | VOLTS
Current 0to 5.5V Input | +01 45 +01 45 +01  +5|pA
Capacitance I 5 5 5 pF
Logic Outputs (DB11-DBO,
STS)
Logic "0" (Igink = 1.6mA) | +0.4 +0.4 +0.4|VOLTS
Logic"1" (ISOURCE =500uA) | +2.4 +2.4 +2.4 VOLTS
(High Z State,
Leakage DB11- DBO Only) I -5 401 455 101 +5]-5 101  45|pA
Capacitance 1l 5 5 5 pF

2-28

SPT




INDUSTRIAL TEMPERATURE RANGE -25 TO +85°C

Ta=-251085°C, Voo =+15Vor+12V, Vi og|c = +5V, unless otherwise specified. N
N~
©
HADC674ZCl HADC6742BI HADC674ZAl
PARAMETER NS | LEvEL UNITS 8
MIN TYP MAX |MIN TYP MAX | MIN TYP MAX %
DC ELECTRICAL CHARACTERISTICS
Resolution 12 12 12| BITS
+1
Linearity Error 25°C I 1 ié 2 LB
+1 +1
Linearity Error ! +1 p > LSB E
Differential Linearity Error 1 +1 ié ii LSB
Unipolar Offset; 10V, 20V ;gf;%me 02600 | +2 +2 +2lLsB
Bipolar Offset!; 5V, £10V  |:2%C @ o | +10 14 +4|LSB
Full Scale Calibration Error!
All Ranges Z%i:sctable to zero 1 0.3 0.3 0.3|%0f FS
No adjustment at .
+25°C H 0.7 05 0.4 % of FS
Tmin to Tmax
With adjustment at
+25°C Il 0.4 0.2 0.1 % of FS
Tmin to Tmax
Using internal
Temperature Coefficients | reference ‘
Tmin to Tmax
Unipolar Offset | 12 1 +1|LSB
(5) (2.5) (2.5) |(ppmv°C)
Bipolar Offset I +2 +1 +1|LSB
(5) (2.5) (2.5) {(ppm/°C)
Full Scale Calibration I +12 +7 +3 |LSB
(50) (25) (12} |(ppmv°C)
- Max change in full
Power Supply Rejection | o "ard®
+13.5V<Vce<+16.5V or
+11.4V<Vce<+12.6V ! 105 2 105 11 105 +1|LSB
+4.5V<V 0GIC<+55V | 0.1 £05 4+0.1 +0.5 +0.1 +0.5 |LSB
Analog Inputs
Input Ranges -5 +5] -5 +5]-5 +5|VOLTS
Bipolar I -10 +10| -10 +10]-10 +10|VOLTS
0 +10{ 0 +10]| 0 +10{ VOLTS
i |
Unipolar 0 +20 0 +20[0 +20| VOLTS
Input Impedance
10 Volt Span | 375 5 625|375 5 625|375 5 6.25| kQ
20 Volt Span 15 20 2515 20 25115 20 25 kQ

Note 1: Fixed 50Q resistor from REF OUT to REF IN and REF OUT to BIP OFF.
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HADC674Z

INDUSTRIAL TEMPERATURE RANGE -25 TO +85°C
TaA=-251085°C, Vg = +15V or +12V, V| ogic = +5V, unless otherwise specified.

TEST TEST HADC674ZCl HADC674ZBI1 HADC674ZAl
PARAMETER CONDITIONS | LEVEL UNITS
MIN TYP MAX |MIN TYP MAX | MIN TYP MAX
DC ELECTRICAL CHARACTERISTICS
Power Supplies
Operating Voltage Range
Vioaic | |+45 +55 | +4.5 +55|+45 +55 |VOLTS
Vee | |+11.4  +165|+114  +165[+114  +165 [VOLTS
Vee Npt rgquired for VOLTS
circuit operation.
Operating Current
Lol I 05 1 05 1 05 1|mA
lcc | 7 9 7 9 7 9{mA
leg Not required for
circuit operation.
Power Dissipati
o Iigv,lggv | 110 150 110 150 110 150 |mW
Internal Reference Voltage I |oe 10 101]99 10 10|99 10 10.1|VOLTS
Output Current® I 2 2 2|mA
DIGITAL CHARACTERISTICS
Logic Inputs (CE, CS,
R/C, A0,12/8)
Logic "1" I |20 55|20 55(2.0 5.5 [VOLTS
Logic "0" l -05 +08|-05 +0.8]-05 +0.8 [VOLTS
Current 0to+55VInput| | +01 45 +01 45 +01 45 |pA
Capacitance I 5 5 5 pF
Logic Outputs (DB11-DBO,
STS)
Logic "0" (Isink = 1.6mA) | +0.4 +0.4 +0.4 |[VOLTS
. (ISOURCE =
Logic "1 500uA) | +2.4 +2.4 +2.4 VOLTS
(High Z State,
Leakage DB11- DBO Only) 5 101 45|56 101 +5]6 101 +5 BA
Capacitance ll 5 5 5 pF

Note 2 Available for extemal loads, external load should not change during conversion.
When supplying an external load and operating on +12V supplies, a buffer amplifier must be provided for the reference output.
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MILITARY TEMPERATURE RANGE -55 TO +125°C
TaA=-5510125°C, Vi =+15V or +12V, V| ogic = +5V, unless otherwise specified.

PARAMETER TEST TEST | HADC674ZCM HADC674ZBM HADC674ZAM UNITS
CONDITIONS |LEVEL
MIN TYP MAX |MIN TYP MAX | MIN TYP MAX
DC ELECTRICAL CHARACTERISTICS
Resolution 12 12 12|BITS
Linearity Error 25°C | +1 ié i% LSB
Linearity Error | +1 +1 +1]LSB
Differentiat Linearity Error | +1 i-12- 1-12- LSB
Unipolar Offset; 10V, 20V _ | Adusabiorozen | | £2 £2 +2|LsB
Bipolar Offset’; 15V, £10V  [Rivonerozore | | +10 +4 +4|LSB
Full Scale Calibration Error!
All Ranges iesboozen | | 0.3 03 03[%of FS
No adjustment at I %of FS
25°C o
'?‘min to Tmax 08 0.6 0.4
With adjustment at
+25°C 1l 05 0.25 0.12 % of FS
Tmin to Tmax
Using internal
Temperature Coefficients | reference
Tmin to Tmax
Unipolar Offset | 12 1 +1|LSB
®) (2.5) (2.5) |(ppm/°C)
Bipolar Offset | +4 +2 +1|LSB
(10) (5) (2.5) |(ppm/°C)
Full Scale Calibration | +20 +10 +5 |LSB
(50) (25) (12.5) |(ppmC)
PR Max change in full
Power Supply Rejection | =" Ciration
+13.5V<Vcee<+16.5V or
1114V Voot 12,8V ' 105 12 105 11 105 11 |LsB
+4.5V<V oGIC<+55V ' £0.1 405 101 £05 £0.1£05 [LSB
Analog Inputs
Input Ranges -5 +5(-5 +5|-5 +5]VOLTS
|
Bipolar -10 +10| -10 +10|-10 +10|VOLTS
0 +10} 0 +10{ 0 +10| VOLTS
i |
Unipolar 0 +20(0 +20]0 +20{ VOLTS
Input Impedance
10 Volt Span | |375 5 625[375 5 625(375 5 6.25|kQ
20 Volt Span 15 20 25|15 20 25|15 20 25| kQ
Note 1: Fixed 50Q resistor from REF QUT to REF IN and REF OUT to BIP OFF.
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HADC6742Z

MILITARY TEMPERATURE RANGE -55 TO +125°C
Ta=-56510125°C, Voo =+15Vor +12V, V| oI = +5V, unless otherwise specified.

TEST TEST | HADC674ZCM HADC674ZBM | HADC674ZAM
PARAMETER CONDITIONS |LEVEL UNITS
MIN TYP MAX | MIN TYP MAX | MIN TYP MAX
DC ELECTRICAL CHARACTERISTICS
Power Supplies
Operating Voltage Range
Vioalc | +4.5 +55|+45 +5.5|+4.5 +5.5 |[VOLTS
Vee | +11.4 +165|+11.4 +165]+11.4 +16.5 [VOLTS
Not required for
Vee circuit operation.
Operating Current
ILoaic | 05 1 05 1 05 1|mA
lcc | 7 9 7 9 7 9{mA
lgg Not required for
circuit operation.
Power Dissipation
+15V, 45V | 110 150 110 150 110 150 | mwW
Internal Reference Voltage I [ss 10 10|99 10 10|99 10 10.1[vOLTS
Output Current® I 2 2 2|mA
DIGITAL CHARACTERISTICS
Logic Inputs (CE, CS,
R/C, A0,12/8)
Logic "1" | 2.0 55120 55]2.0 5.5]|VOLTS
Logic "0" | -0.5 +0.8|-0.5 +0.8|-0.5 +0.8 |VOLTS
Current Oto+55Vinput| | +01  +1 +01 41 +01  +1 {uA
Capacitance Il 5 5 5 pF
Logic Outputs (DB11-bB0,
STS)
Logic "0" (Isink =1.6mA) | +0.4 +0.4 +0.4 |VOLTS
. (IsouRcE =
Logic "1 so0u) | +2.4 +2.4 +2.4 VOLTS
High Z State,
Leakage St DB Oriy) 5 01 45[-5 201 455 401 45|
Capacitance ] 5 5 5 pF
Note 2 Available for extemal loads, external load should not change during conversion.
When supplying an external load and operating on +12V supplies, a buffer amplifier must be provided for the reference output.
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CONVERT MODE TIMING CHARACTERISTICS

Typical @ 25°C, Vg = +15Vor +12V, V| ogic = +5V, unless otherwise specified.

TEST TEST HADC6742C HADC674ZB HADC674ZA
PARAMETER CONDITIONS UNITS
NOTE 5 LEVEL | yuN TYP MAX [MIN TYP MAX | MIN TYP MAX
AC ELECTRICAL CHARACTERISTICS
tpsc STS Delay from CE | 200 200 200|ns
tHeEc CE Pulse Width I 50 50 50 ns
tssc CSto CE Setup I |50 50 50 ns
t CS Low during CE
HSe High 9 I |50 50 50 ns
tsgrc R/Cto CE Setup I |50 50 50 ns
tHrc R/C Low During CE | 50 50 50 ns
High
tsac AOto CE Setup I o 0 0 ns
tyac A0 Valid During CE
High I |50 50 50 ns
tc Conversion Time
12-Bit Cycle Tmin to Tmax | 9 1519 15 |9 15 (us
8-Bit Cycle Tmin to Tmax 1 |6 10]6 10 |6 10 fus

Note 5: Time is measured from 50% level of digital transitions. Tested with a 100pF and 3kQ load for high impedance to
drive and tested with 10pF and 3KQ load for drive to high impedance.

CE

STS

DB11-DBO

s

tsrC : »>

[—— tHEC 3

;/

DR
i

——
tHAc

tHRC

tosc

|

HIGH IMPEDANCE

Figure 1 - Convert Mode Timing Diagram
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HADC674Z

READ MODE TIMING CHARACTERISTICS
Typical @ +259C, Vg =+15V or +12V, V| ogic = +5V. unless otherwise specified.

TEST TEST HADC6742C HADC674ZB HADCS74ZA
PARAMETER CONDITIONS |, cvel UNITS
NOTE § MIN TYP MAX | MIN TYP MAX | MIN TYP MAX
AC ELECTRICAL CHARACTERISTICS
tpp Access Time from CE I 150 150 150}ns
tHD Data Valid After CE | 25 25 25 ns
Low
tyL Output Float Delay | 150 150 150|ns
tgsr CSto CE Setup I |so0 o 50 0 50 0 ns
tsrR R/Cto CE Setup I |o 0 0 0 0 0 ns
tsar Aoto CE Setup | 50 50 50 ns
tysr CSValid After CE i o o o 0 0 0 ns
LOE
tHRR R/C High After CE
Low I o 0 0 0 0 0 ns
tHAR A0 Valid After CE
Low | 150 50 50 ns
tHs 3;%06'33' After Data I |100 600 {100 600 [100 600 |ns
CE———7 ;_
E‘Xt‘ tssR tHSR ,_j{_'
tHRR AL
RIC
7
_/
tSRR
o X X
tsAR tHAR
sTS N
tHs tHD
HIGH DATA
DB11-DBO MPEDANCE %—VALID_" >~—
O—KDD—.I Q—tHL4

Figure 2 - Read Mode Timing Diagram
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STAND-ALONE MODE TIMING CHARACTERISTICS
Typical @ +25°C, Vg =+15V or +12V, V| og|c = +5V, unless otherwise specified.

TEST TEST | HADCs742C HADC6742B HADC§74ZA
PARAMETER CONDITIONS LEVEL UNITS
NOTE 5 MIN TYP MAX |[MIN TYP MAX | MIN TYP MAX
AC ELECTRICAL CHARACTERISTICS
tHRL Low R/C Pulse | {50 50 50 ns
Width
tps STSDelayfrom RIC | 200 200 200|ns
typr Data Valid After | |25 25 25 ns
R/C Low
tHs flzf  Delay After Data I 100 600 |100 600 {100 600 |ns
thry High RIC Pulse
Width I [150 150 150 ns
tppr Data Access Time | 150 150 150|ns
SAMPLE AND HOLD
Acquisition Time Il 18 24 30|18 24 30|18 24 30 |us
Aperture Uncertainty Time ] 8 8 8 ns
R /] N
*HRH tps

DB11-DBO DATA VALID H——————( DATA VALID

Figure 3 - Low Pulse For R/C - Outputs

Enabled After Conversion

STS

‘opR '
HIGH-Z
DB11-D80

DATA VALID

Figure 4 - High Pulse For R/C - Outputs
Enabled While R/C is High, Otherwise

High Impedance
ELECTRICAL CHARACTERISTICS TESTING JESTLEVEL IEST PROCEDURE
Al electrical characteristics are subject to the following I Production tested at the specified
conditions: conditions.
Al parameters having Min/Max. specifications are g Parameter is guaranteed by design

guaranteed. The Test Level column indicates the specific

and sampled characterization data.

device testing actually performed during production and
Quality Assurance inspection. Any blank sections in the
data columns indicates that the specification is not tested
at the specified condition.

Unless otherwise noted, all tests are pulsed tests, therefore
Tjunc =Tcase = Tambient-

SPT
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HADC674Z

DEFINITION OF SPECIFICATIONS
INTEGRAL LINEARITY ERROR

Linearity error refers to the deviation of each individual
code from a line drawn from "zero" through “full scale"
with all offset errors nulled out (See Figure 5 and 7).
The point used as "zero" occurs 1/2LSB (1.22mV for a
10 Volt span) before the first code transistion (all zeros
to only the LSB "on"). “Full scale" is defined as a level
1 and 1/2LSB beyond the last code transition (to all
ones). The deviation of a code from the true straight
line is measured from the middle of each particular
code.

The HADC674ZAC and BC grades are guaranteed for
maximum nonlinearity of +1/2LSB. For these grades,
this means that an analog value which falls exactly in
the center of a given code width will result in the
correct digital output code. Values nearer the upper or
lower transition of the code width may produce the
next upper or lower digital output code. The
HADC674AM, BM, CC and CM grades are guaranteed
to +1LSB maximum error. For these grades, an analog
value which falls within a given code width will result in
either the correct code for that region or either
adjacent one. The linearity is not user-adjustable.

DIFFERENTIAL LINEARITY ERROR
(NO MISSING CODES)

A specification which guarantees no missing codes
requires that every code combination appear in a
monotonically increasing sequence as the analog
input level is increased. Thus every code must have a
finite width. For the HADC674Z type BC, AC, BM, and
AM grades, which guarantee no missing codes to 12-
bit resolution, all 4096 codes must be present over the
entire operating temperature ranges. The HADC674Z
CC and CM grades guarantee no missing codes to 11-
bit resolution over temperature; this means that all
code combinations of the upper 11 bits must be
present; in practice, very few of the 12-bit codes are
missing.

DIFFERENTIAL NONLINEARITY

Differential nonlinearity is a measure of how much the
actual quantization step width varies from the ideal step
width of 1 LSB. Figure 7 shows a differential
nonlinearity of 2 LSB - the actual step width is 3 LSB.
The HADC674Z's specification gives the worst case
differential nonlinearity in the A/D transfer function
under specified dynamic operating conditions. Small,
localized differential nonlinearities may be insignificant
when digitizing full scale signals. However, if a low level
input signal happens to fall on that part of the A/D
transfer function with the differential nonlinearity error,
the effect will be significant.

MISSING CODES

Missing codes represent a special kind of differential
nonlinearity. The quantization step width for a missing
code is 0 LSB, which results in a differential non-
linearity of -1 LSB. Figure 7 points out two missed
codes in the transfer function.

e 1

T Threshold Level

_ (Band Edge)
A

|

—-l Guantization Step
(Or Band)

va

—

Input Voltage

Figure 5 - Static Input Conditions

QUANTIZATION UNCERTAINTY

Analog-to-digital converters exhibit an inherent
quantization uncertainty of +1/2LSB. This uncertainty
is a fundamental characteristic of the quantization
process and cannot be reduced for a converter of a
given resolution.

QUANTIZATION ERROR

Quantization error is the fundamental, irreducible error
associated with the perfect quantizing of a continuous
(analog) signal into a finite number of digital bits (A/D
transfer function). A 12-bit A/D converter can re-
present an input voltage with a best case uncerainty
of 1 part in 212 (1 part in 4096). In real A/Ds under
dynamic operating conditions, the quantization bands
(bit change step vs input amplitude) for certain codes
can be significantly larger (or smaller) than the ideal.
The ideal width of each quantization step (or band) is
Q = FSR/2N where FSR = full scale range and N = 12.
Non- ideal quantization bands represent differential
nonlinearity errors (See Figures 5,6 and 7).

RESOLUTION - ACTUAL VS. AVAILABLE
The available resolution of an N-bit converter is 2N,

This means it is theoretically posssible to generate 2N
unique output codes.
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QUANTIZING ERROR
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Figure 7 - Dynamic Conditions

THROUGHPUT

Maximum throughput is the greatest number of
conversions per second at which an ADC will deliver its
full rated performance. This is equivalent to the
inverse of the sum of the multiplex time (if applicable),
the S/H settling time and the conversion time.

GAIN

The slope of the transfer curve. Gain is generally user
adjustable to compensate for long term drift.

ACQUISITION TIME/APERTURE DELAY TIME

In_the HADC674Z, this is the time delay between the
R/C falling edge and the actual start of the HOLD
mode in a sample and HOLD function.

APERTURE JITTER

A specification indicating how much the aperture delay
time varies between samples.

SUCCESSIVE APPROXIMATION ADC

The successive approximation converter uses an
architecture with inherently high throughput rates
which converts high frequency signals with great
accuracy. A sample and hold type circuit can be used
on the input to freeze these signals during
conversion.

An N-bit successive approximation converter performs
a sequence of tests comparing the input voltage to a
successively narrower voltage range. The first range is
half full scale, the next is quarter full scale, etc., until it
reaches the Nth test which narrows it to a range of
1/2N of full scale. The conversion time is fixed by the
clock frequency and is thus independent of the input
voltage.

UNIPOLAR OFFSET

The first transition should occur at a level 1/2LSB
above analog common. Unipolar offset is defined as
the deviation of the actual transition from that point.
This offset can be adjusted as discussed on the
following pages. The unipolar offset temperature
coefficient specifies the maximum change of the
transition point over temperature, with and without
external adjustment.

BIPOLAR OFFSET

In the bipolar mode, the major carry transition (0111
1111 1111 to 1000 0000 0000) should occur for an
analog value 1/2LSB below analog common. The
bipolar offset error and temperature coefficient specify
the initial deviation and maximum change in the error
over temperature.
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CONVERSION TIME

The time required to complete a conversion over the
specified operating range. Conversion time can be
expressed as time/bit for a converter with selectable
resolution or as time/conversion when the number of
bits is constant. The HADC674Z is specified as
time/conversion for all 12-bits. Conversion time should
not be confused with maximum allowable analog input
frequency whichis discussed later.

FULL SCALE CALIBRATION ERROR

The last transition (from 1111 1111 1110 to 1111
1111 1111 1111) should occur for an analog value 1
and 1/2LSB below the nominal full scale (9.9963 Volts
for10.000 Volts full scale). The full scale calibration
error is the deviation of the actual level at the last
transition from the ideal level. This error, which typically
is 0.05 to 0.1% of full scale, can be trimmed out as
shown in Figures 11 and 12. The full scale calibration
error over temperature is given with and without the
initial error trimmed out. The temperature coefficients
for each grade indicate the maximum change in the full
scale gain from the initial value using the internal 10
Volt reference.

TEMPERATURE COEFFICIENTS

The temperature coefficients for full scale calibration,
unipolar offset, and bipolar offset specify the maximum
change from the initial (259C) value to the value at Tmin
orTmax.

POWER SUPPLY REJECTION

The standard specifications for the HADC674Z
assume +5.00 and +15.00 or +12.00 Volt supplies.
The only effect of power supply error on the
performance of the device will be a small change in the
full scale calibration. This will result in a linear change in
all lower order codes. The specifications show the
maximum change in calibration from the initial value
with the supplies at the various limits.

CODE WIDTH

A fundamental quantity for A/D converter specifi-
cations is the code width. This is defined as the range
of analog input values for which a given digital output
code will occur. The nominal value of a code width is
equivalent to 1 least significant bit (LSB) of the full
scale range or 2.44mV out of 10 Volts for a 12-bit ADC.

LEFT-JUSTIFIED DATA

The data format used in the HADC674Z is left-justified.
This means that the data represents the analog input
as a fraction of full scale, ranging from 0 to 4095/4096.
This implies a binary point to the left of the MSB.

MONOTONICITY

This characteristic describes an aspect of the code to
code progression from minimum to maximum input. A
device is said to be monotonic if the output code
continuously increases as the input signal increases,
and if the output code continuously decreases as the
input signal decreases. Figure 7 demonstrates non-
monotonic behavior.

CIRCUIT OPERATION

The HADC674Z is a complete 12-bit Analog-To-Digital
converter which consists of a single chip version of the
industry standard 674. This single chip contains a
precision 12-bit capacitor digital-to-analog converter
(CDAC) with voltage reference, comparator, succes-
sive approximation register (SAR), sample & hold,
clock, output buffers and control circuitry to make it
possible to use the HADC674Z with few external
components.

When the control section of the HADC674Z initiates a
conversion command, the clock is enabled and the
successive-approximation register is reset to all zeros.
Once the conversion cycle begins, it can not be
stopped or re-started and data is not available from the
output buffers.

The SAR, timed by the clock, sequences through the
conversion cycle and returns an end-of-conven flag to
the control section of the ADC. The clock is then
disabled by the control section, the output status
goes low, and the control section is enabled to allow
the data to be read by external command.

The internal HADC674Z 12-bit CDAC is sequenced by
the SAR starting from the MSB to the LSB at the
beginning of the conversion cycle to provide an
output voltage from the CDAC that is equal to the
input signal voitage (which is divided by the input
voltage divider network). The comparator determines
whether the addition of each successively-weighted
bit voltage causes the CDAC output voltage
summation to be greater or less than the input voltage;
if the sum is less, the bit is left on; if more, the bit is
turned off. After testing all the bits, the SAR contains a
12-bit binary code which accurately represents the
input signal to within+1/2 LSB.

The internal reference provides the voltage reference
to the CDAC with excellent stability over temperature
and time. The reference is trimmed to 10.00 Volts
+1% and can supply up to 2mA to an external load in
addition to that required to drive the reference input
resistor (1ImA) and offset resistor (1mA) when
operating with +15V supplies. If the HADC674Z
is used with £12V supplies, or if external current must
be supplied over the full temperature range, an
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external buffer amplifier is recommended. Any
external load on the HADC674Z reference must
remain constant during conversion.

The sample and hold feature is a bonus of the CDAC
architecture. Therefore the majority of the S/H specifi-
cations are included within the A/D specifications.

Although the sample-and-hold circuit is not imple-
mented in the classical sense, the sampling nature of
the capacitive DAC makes the HADC674Z appear to
have a built in sample-and-hold. This sample-and-hold
action substantially increases the signal bandwidth of
the HADC674Z over that of similar competing devices.

Note that even though the user may use an external
sample and hold for very high frequency inputs, the
internal sample and hold still provides a very useful
isolation function. Once the internal sample is taken
by the CDAC capacitance, the input of the HADC674Z
is disconnected from the user's sample and hold. This
prevents transients occuring during conversion from
being inflicted upon the attached sample and hold
buffer. All other 674 circuits will cause a transient load
current on the sample and hold which will upset the
buffer output and may add error to the conversion
itself.

Furthermore, the isolation of the input after the
acquisition time in the HADC674Z allows the user an
opportunity to release the hold on an external sample
and hold and start it tracking the next sample. This will
increase system throughput with the user's existing
components.

SAMPLE AND HOLD FUNCTION

When using an external S/H, the HADC674Z
acts as any other 674 device because the
internal S/H is transparent. The sample/hold
function in the HADC674Z is inherent to the capacitor
DAC structure, and its timing characteristics are
determined by the internally generated clock. How-
ever, for limited frequency ranges, the internal S/H
may eliminate the need for an external S/H. This
function will be explained in the next two sections.

The operation of the S/H function is internal to the
HADC674Z and is controlled through the normal R/C
control line (refer to Figure 8.) When the R/C line
makes a negative transition, the HADC674Z starts the
timing of the sampling and conversion. The first 2
clock cycles are allocated to signal acquisition of the
input by the CDAC (this time is defined as Tagq).
Following these two cycles, the input sample is taken
and held. The A/D conversion follows this cycle with

the duration controlled by the internal clock cycle.

During Taeq, the equivalent circuit of the HADC674Z
in-put is as shown in Figure 9 (the time constant of
the input is independant of which input level is used.)
This CDAC capacitance must be charged up to the
input voltage during Taoq Since the CDAC time
constant is 100 nsecs., there is more than enough time
for settling the input to 12 bits of accuracy during Tacg.
The excess time left during T allows the user’s buffer
amp to settle after being switched to the CDAC load.

Note that because the sample is taken relative to the
R/C transition, Tcq is also the traditional “"aperture
delay” of this internal sample and hold.

Since Tyoq is measured in clock cycles, its duration will
vary with ﬂ'le internal clock frequency. This results in
Tacqg = 2.4 psecs * 0.6 usecs. between units and over
temperature.

Offset, gain and linearity errors of the S/H circuit, as well
as the effects of its droop rate, are included in the
overall specs for the HADC674Z.

APERTURE UNCERTAINTY

Often the limiting factor in the application of the sample
and hold is the uncertainty in the time the actual sample
is taken - ie. the "aperture jiter" or Tpy. The
HADC674Z has a nominal aperture jitter of 8 nsecs.
between samples. With this jitter, it is possible to
accurately sample a wide range of input signals.

The aperture jitter causes an amplitude uncertainty for
any input where the voltage is changing. The
approximate voltage error due to aperture jitter depends
on the slew rate of the signal at the sample point (See
Figure 10). The magnitude of this change for a sine-
wave can be calculated:

Assume a sinusoidal signal, maximum slew rate, Sr =
2nfVp (Vp = peak voltage, f=frequency of sine wave)
For an N-bit converter to maintain +/- 1/2 LSB accuracy :

Verr < Vis/2N+  (where Verr is the allowable error
voltage and Vis is the full scale voltage)

From Figure 10:

Sr=AV/AT=2nfVp

Let AV = Verr = Vg2 ~ (N+1) vp = Vin/2 and AT =ty
(the time during which unwanted voltage change
occeurs)

The above conditions then yield:
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Vis/2M > rdVinta j of fmax < VIS/RVintag)2M!

Forthe HADC674Z, Tp j = 8 nsec,
therefore fjax < 5KHz.

For higher frequency signal inputs, an external sample
and hold is recommended.
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Figure 9 - Equivalent HADC674Z
Input Circuit

Sample Point

| a AVerror = At dv
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Figure 10 - Aperture Uncertainty

TYPICAL INTERFACE CIRCUIT

The HADC674Z is a complete A/D converter that is
fully operational when powered up and issued a Start
Convert Signal. Only a few external components are
necessary as shown in Figures 11 and 12. The two
typical interface circuits are for operating the
HADC674Z in either a unipolar or bipolar input mode.
Further information is given in the following sections
on these connections, but first a few considerations
concerning board layout to achieve the best operation.

For each application of this device, strict attention must
be given to power supply decoupling, board layout (to
reduce pickup between analog and digital sections),
and grounding. Digital timing, calibration and the
analog signal source must be considered for correct
operation.

To achieve specified accuracy, a double-sided printed
circuit board with a copper ground plane on the
component side is recommended. Keep analog signal
traces away from digital lines. It is best to lay the P.C.
board out such that there is an analog section and a
digital section with a single point ground connection
between the two through an RF bead. If this is not
possible, run analog signals between ground traces
and cross digital lines at right angles only.

POWER SUPPLIES

The supply voltages for the HADC674Z must be kept
as quiet as possible from noise pickup and also
regulated from transients or drops. Because the part
has 12-bit accuracy, voltage spikes on the supply lines
can cause several LSB deviations on the output.
Switching power supply noise can be a problem.
Careful filtering and shielding should be employed to
prevent the noise from being picked up by the
converter.

Capacitor bypass pairs are needed from each supply
pin to it's respective ground to filter noise and counter
the problems caused by the variations in supply
current. A 10uF tantalum and a 0.1uF ceramic type in
parallel between Vi ggic (pin1) and digital common
(pin15), and V¢ (pin 7) and analog common (pin 9) is
sufficient. Vgg is generated internally so pin 11 may be
grounded or connected to a negative supply if the
HADC674Z is being used to upgrade an aiready
existing design.
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GROUNDING CONSIDERATIONS

Any ground path from the analog and digital ground
should be as low resistance as possible to
accomodate the ground currents present with this
device.

The analog ground current is approximately 6mADC
while the digital ground is 3mADC. The analog and
digital common pins should be tied together as close
to the package as possible to guarantee best
performance. The code dependant currents flow
through the V| ogic and Vg terminals and not through
the analog and digital common pins.

The HADC674Z may be operated by a WP or in the
stand-alone mode. The part has four standard input
ranges: OV to +10V, OV to +20V, 5V and +10V. The
maximum errors that are listed in the specifications for
gain and offset may be adjusted externally to zero as
explained inthe next two sections.

CALIBRATION AND
CONNECTION PROCEDURES

UNIPOLAR

The calibration procedure consists of adjusting the
converter's most negative output to its ideal value for
offset adjustment, and then adjusting the most
positive output to its ideal value for gain adjustment.

Starting with offset adjustment and referring to Figure
11, the midpoint of the first LSB increment should be
positioned at the origin to get an output code of all 0s.
To do this, an input of +1/2LSB or +1.22mV for the
10V range and +2.44mV for the 20V range should be
applied to the HADC674Z. Adjust the offset
potentiometer R1 for code transition flickers between
0000 0000 0000 and 0000 0000 0001.

The gain adjustment should be done at positive full
scale. The ideal input corresponding to the last code
change is applied. This is 1 and 1/2LSB below the
nominal full scale which is +9.9963V for the 10V range
and +19.9927V for the 20V range. Adjust the gain
potentiometer R2 for flicker between codes 1111
1111 1110 and 1111 1111 1111, If calibration is not
necessary for the intended application, replace R1
with a 50Q, 1% metal film resister and remove the
network from pin 12. Connect pin 12 to pin 9.
Connect the analog input to pin 13 for the 0V to 10V
range or to pin 14 forthe 0V to 20V range.

BIPOLAR

The gain and offset errors listed in the specifications
may be adjusted to zero using the potentiometers R1

and R2 (See Figure 12). If adjustment is not needed,
either or both pots may be replaced by a 50Q, 1%
metal film resistor.

To calibrate, connect the analog input signal to pin 13
for a +5V range or to pin 14 for a +10V range. First
apply a DC input voltage 1/2LSB above negative full
scale which is -4.9988V for the t5V range or -
9.9976V for the 110V range. Adjust the offset
potentiometer R1 for flicker between output codes
0000 0000 0000 and 0000 0000 0001. Next, apply a
DC input voltage 1 and 1/2LSB below positive full
scale which is +4.9963V for the 15V range or
+9.9927V for the 10V range. Adjust the gain
potentiometer R2 for flicker between codes 1111
1111 1110and 1111 1111 1111,

ALTERNATIVE

The 100Q potentiometer R2 provides gain adjust for
the 10V and 20V ranges. In some applications, a full
scale of 10.24V (for an LSB of 2.5mV) or 20.48V (for
an LSB of 5.0mV) is more convenient. For these,
replace R2 by a 50Q, 1% metal fim resistor. Then to
provide gain adjust for the 10.24V range, add a 200Q
potentiometer in series with pin 13. For the 20.48V
range, add a 1000Q potentiometer in series with pin
14.

CONTROLLING THE HADC674Z

The HADC674Z can be operated by most
microprocessor systems due to the control input pins
and on-chip logic. It may also be operated in the
"stand-alone" mode and enabled by the R/C input pin.
Full uP control consists of selecting an 8 or 12-bit
conversion cycle, initiating the conversion, and
reading the output data when ready. The output read
has the options of choosing either 12-bits at once or 8
followed by 4-bits in a left-justified format. All five
control inputs are TTL/CMOS compatible and include
12/8, CS, A0, R/C and CE). The use of these inputs in
controlling the converter's operations is shown in
Table 1, and the internal control logic is shown in a
simplified schematic in Figure 13.

STAND-ALONE OPERATION

The simplest interface is a control line connected to
R/C. The other controls must be tied to known states
as follows: CE and 12/8 are wired high, A0 and CS are
wired low. The output data arrives in words of 12-bits
each. The limits on R/C duty cycle are shown in
Figures 3 and 4. It may have duty cycle within and
including the extremes shown in the specifications on
the pages. In general, data may be read when R/C is
high unless STS is also high, indicating a conversion
is inprogress.
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CONVERSION LENGTH

A conversion start transition latches the state of Ao as
shown in Figure 13 and Table 1. The latched state
determines if the conversion stops with 8-bits (Ao
high) or continues for 12-bits (Ao low). If all 12-bits are
read following an 8-bit conversion, the three LSB's will
be a logic "0" and DB3 will be a logic "1". Ao is latched
because it is also involved in enabling the output
No other control

buffers as will be explained later.

inputs are latched.

CUTPUT BITS

M8 27 126 2512412322121 |on 119 |18 17 | 1

28" ,
L)
4o e MBBLEA | NEBLEB | NEBEC
RT 5 Loae THREE-STATE BUFFERS AND CONTROL
CE ¢
2.878
OSCILLATOR 128 8AR 22
653
Al Viogic
100K 1WF
asv Hr—ouw 2078
S Dgna
smsy Y N [SAWPLEMOLD  CDAG oo
— N __ 3
ANALOG! 20V b - 3 T
100K NPUTE IN__ 14 W r -T T
BP bl
uAY e ve| A h
l La P > 9 r
1000 I————L—
viet OFFSETIGAN
o g | [ e 1] | | memenerworc
e
1000 E
(CALBRATION)
10
Viot
~
\4\-4:71\1
+15V QI AF
agra 0

Figure 11 - Unipolar Input Connections

ouTPUT BITS

THREE -STATE BUFFERS AND CONTROL

_ w58 27 bas [25 24|20 | 20} 21 | 20] 10 | 18] 12] 18] B
128" 5
T® 3
P p— meaea | meaes | NeaEc
ARG 5
CE ¢
10V
fdd IN_13
ANALOG v
WPUTS H1OV W14
BIF
£ ] or 2
1000
Al
Viet
our o
1000
Az
19
'!‘ l Vrot
™

1

10 1 1

+15V
le;
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CONVERSION START

A conversion may be initiated by a logic transition on
any of the three inputs: CE, TS, R/C, as shown in
Table 1. The last of the three to reach the correct state
starts the conversion, so one, two or all three may be
dynamically controlled. The nominal delay from each is
the same and all three may change state
simultaneously. In order to assure that a particular
input controls the start of conversion, the other two
should be setup at least 50ns earlier. Refer to the
convert mode timing specifications. The Convert Start
timing diagram is illustrated in Figure 1.

The output signal STS is the status flag and goes high
only when a conversion is in progress. While STS is
high, the output buffers remain in a high impedance
state so that data can not be read. Also, when STS is
high, an additional Start Convert will not reset the
converter or reinitiate a conversion. Note, if Ao
changes state after a conversion begins, an additional
Start Convert command will latch the new state of Ao
and possibly cause a wrong cycle length for that
conversion (8 versus 12-bits).

READING THE OUTPUT DATA

The output data buffers remain in a high impedance
state until the following four conditions are met: R/C is
high, STS is low, CE is high and CS is low. The data
lines become active in response to the four conditions
and output data according to the conditions of 12/8
and Ao. The timing diagram for this process is shown in
Figure 2. When 12/8 is high, all 12 data outputs
become active simultaneously and the Ao input is
ignored. This is for easy interface to a 12 or 16-bit data
bus. The 12/8 input is usually tied high or low,
atthoughitis TTL/CMOS compatible.

Table 1 - Truth Table for the
HADC674Z Control Inputs

cE &3 RE | 128 Ao Operation

° x x X x None

x 1 X X X None

[ ° ° X ° Inhtlate 12 bit conversion

3 0 ° X 1 Initlate 8 bit conversion

1 4 ° x ° Initlate 12 bit conversion

1 + ° x 1 Inttlate 8 bit conversion

1 o v X ° Initiate 12 bit conversion

1 ° ¥ x 1 Inltiate 8 bit conversion

1 [ 1 1 b3 Enable 12 bit Output

1 [ 1 ° 0 Enable 8 MSB's Only

1 ° 1 ° 1 Enable 4 LSB's Plus 4
Trailing Zeroes

When 12/8 is low, the output is separated into two 8-
bit bytes as shown below:

BYTEA1 BYTE2

XXXX 0000
l
MSB LSB

o XXXX  XXXX
|

This configuration makes it easy to connect to an 8-bit
data bus as shown in Figure 13. The Ao control can be
connected to the least significant bit of the data bus in
order to store the output data into two consecutive
memory locations. When Ao is pulled low, the 8 MSBs
are enabled only. When Ao is high, the 4 MSBs are
disabled, bits 4 through 7 are forced to a zero and the
four LSBs are enabled. The two byte format is "left
justified data" as shown above and can be considered
to have a decimal point orbinary to the left of byte 1.

Ao may be toggled without damage to the converter at
any time. Break-before-make action is guaranteed
between the two data bytes. This assures that the
outputs which are strapped together in Figure 13 will
never be enabled at the same time.

In Figure 2, it can be seen that a read operation usually
begins after the conversion is complete and STS is
low. If earlier access is needed, the read can begin no
later than the addition of times tpp and tyg before STS
goes low.

P—

I —
sts| 28
2| 2w DB1 OAsE) P
2
1 |26
4 Ao 25
Lt DATA
2 BUS
HADC674Z | 22
2
2
1
18
”
DBO (L5B) 1
DiG. 15
com. |

Figure 13 - Interfacing the HADC674Z
to an 8-bit Data Bus
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PIN ASSIGNMENT HADC674Z
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(2]

GIETEIE R B s B B [+ (3] [s] (3]

TOP VIEW
—
vLOGIC STS
1278 DB11
cs DB10
Ao DB
RC DB8
CE DB7
vee DB6
REF OUT DBS
AGND DB4
REFIN DB3
NIC (VEE) DB2
BIP OFF DB1
10VIN DBO
20V IN DGND
28 LEAD DIP

**For Ordering Information See Section 1.

PIN FUNCTIONS HADC674Z

NAME
Vioaic
12/8

CS

Ao

RTC

CE

Vee

REF OUT

AGND
REF IN

N/C (VEE)

BIP OFF
10VIN
20VIN
DGND
DBo-DB11

STS

FUNCTION

Logic Supply Voltage,
Nominally +5V

Data Mode Select

Chip Select

Byte Address/ Short cycle
Read/ Convert

Chip Enable

Analog Positive Supply Voltage
Nominally +15V

Reference Output
Nominally +10V

Analog Ground
Reference Input

This pin is not connected to the de-
vice.

Bipolar Offset
10 Volt Analog Input
20V Analog Input
Digital Ground
Digital Data Output
DB11-MSB
DBO-LSB

Status

SPT
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SIGNAL
PROCESSING
TECHNOLOGIES

HADC7572

COMPLETE HIGH-SPEED 12-BIT A/D CONVERTER

ADVANCE INFORMATION

FEATURES:

« Improved Version of the AD7572

« 12-Bit Resolution and Accuracy

« High Speed; 3 and 5 pusec Versions

« Improved Analog Input Circuitry;
No Dynamic Source Loading
High Impedance

« Improved Negative Power Supply Range;
-10.5t0-16.5 Volts

GENERAL DESCRIPTION

The HADC7572 is a complete 12-bit A/D converter that
offers high speed with low power dissipation. This is
achieved with a successive approximation architecture
on a monolithic BIMOS process. Unlike the AD7572, the
HADC7572 uses analog input circuitry that virtually
eliminates dynamic source loading during the
conversion. This minimizes the required bandwidth of
the circuitry driving the HADC7572, lowers system cost
and simplifies system design.

The HADC7572 also offers an improved negative power
supply range of -10.5 to -16.5 volts. This broadens
application possibilities and simplifies applications that
utilize negative power supplies which vary from the
standard -15 volt analog supply system.

BLOCK DIAGRAM VREF

APPLICATIONS:

« Data Acquisition

« Instrumentation

« Process Control

« DSP System Digitizer

« Microprocessor Interface

» Personal Computer Interface

The pre-timmed internal band-gap voltage reference
assures stable operation over all operating conditions.
No external trim is required to meet the specified
accuracy. Device timing is controlled by the synchronous
clock input, or optionally an external crystal, both
provided by the user. For 0 to 5 volt unipolar operation
no externai components are required. Decoupling
capacitors at the power supply pins are recommended.

The tri-statable data outputs and high speed digital
interface of the HADC7572 ensures compatibility with
most popular 8, 16 and 32-bit microprocessors. The
device is packaged in a 24 pin 300 mil DIP.

AIN

bBt1 DBs DB7

DB4 DBY11 DBO/8  AGND DGND
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HADC7572

ELECTRICAL SPECIFICATIONS

VDD = 5V 5%, VSS = -10.5to -16.5V, Fg k =2.5 MHz, Tp = TyyN to Tyax Unless Otherwise Noted

Test Test HADC7572
Parameter Conditions |Level (1) Min Typ Max Units
Integral Nonlinearity | 0.5 | LSB
Differential Nonlinearity 1 0.5 | LSB
Gain Temperature Coefficient | 25 | ppm/°C
Logic Inputs
VK (Input High Voltage) I 2.0 Volts
VL (Input Low Voltage) | 0.8 | Volts
Conversion Time
Synchronous Clock | 5 | psec.
Asynchronous Clock 1 4.8 5.2 | usec

(1) Test Procedure:

HADC7572 PIN OUT

DB11 (MSB)

AIN

| - Production tested at the specified conditions

VREF

AGND

DB10

DB9

DB8

DB7

DB6

DBS

DB4

DGND

-k
=y

[E= =]

-

2

2/5/0QvH
UUUU@HMUM

vDD

N
[~
<
é

19 HBEN
18 CLK Ou1
7 | CLKIN
16 DBO/8
15 DB1/9
14 DB2/10
E DB3/11

**For Ordering Information See Section 1.
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SIGNAL
PROCESSING
TECHNOLOGIES

HADC7672

COMPLETE HIGH-SPEED 12-BIT A/D CONVERTER
WITH INTERNAL VOLTAGE REFERENCE

ADVANCE INFORMATION

FEATURES:

« Improved Version of the AD7672

« Optional Internal Voltage Reference

« 12-Bit Resolution and Accuracy

« High Speed; 3 and 5 psec Versions

« Improved Analog Input Circuitry;
No Dynamic Source Loading
High Impedance

- Improved Negative Power Supply Range;
-10.5t0-16.5 Volts

GENERAL DESCRIPTION

The HADC7672 is a complete 12-bit A/D converter that
offers high speed with low power dissipation. This is
achieved with a successive approximation architecture
on a monolithic BIMOS process.

Unlike the AD7672, the HADC7672 includes an on-chip
voltage reference which can be used in unipolar
applications (only). Optionally, fike the AD7672 an off-
chip reference can be provided at the VREF pin. An
internal multiplexer then automatically disconnects the
internal reference.  This internal/external reference
option provides direct plug-in compatibility, yet allows the
user to delete the external reference. The HADC7672
also uses an analog input circuit that virtually eliminates
dynamic source loading during the conversion. This
reduces the required bandwidth of the circuitry driving
the HADC7672, further lowering system cost and
simplifying system design.

APPLICATIONS:

« Data Acquisition

« Instrumentation

* Process Control

« DSP System Digitizer

« Microprocessor Interface

» Personal Computer Interface

Another HADC7672 enhancement is a total negative
power supply range of -10.5 to -16.5 volts. This
broadens application possibilities and simplifies using the -
12 volt supply provided by most personal computers.

The pre-trimmed internal band-gap voltage reference
assures stable operation over all operating conditions.
No external trim is required to meet the specified
accuracy. Device timing is controlled by the synchronous
clock input, or optionally by an external crystal, both
provided by the user. For 0-5 or 0-10 volt unipolar
operation no external components are required.
Decoupling capacitors at the power supply pins are
recommended.

The tri-statable data outputs and high speed digital
interface of the HADC7672 ensures compatibility with
most popular 16 and 32-bit microprocessors. The device
is packaged in a 24-pin 300 mil DIP.

BLOCK DIAGRAM
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HADC7672

ELECTRICAL SPECIFICATIONS

VDD = 5V 6%, VSS = -10.5 to -16.5V, FCLK =2.5 MHz, VREF = NC, TA =TM|N to TMAX Unless Otherwise Noted

Test Test HADC7672
Parameter Conditions |Level (1) Min Typ Max Units
Integral Nonlinearity l 0.5 LSB
Differential Nonlinearity I 0.5 LSB
Gain Temperature Coefficient ! 25 | ppm~°C
Logic Inputs
VH (Input High Voltage) I 2.0 Volts
VL (Input Low Voltage) 1 0.8 | Volits
Conversion Time
Synchronous Clock | 5 | psec.
Asynchronous Clock | 4.8 52 | psec
(1) Test Procedure: |- Production tested at the specified conditions

HADC7672 PIN OUT

ant [1 ] e [ 24 ] a2
veer [ 2| 23 | voo
AND [ 3 | [22 ] vss
DB11 (MSB) |I T E BUSY
DB10 |I > E [
o9 [ 6 | 8 (19 | @D
pes [ 7 | ~l [18 ] ek our
o7 [ 8 | 3 [17 ] ek
DB6 E N E DBO (LSB
pss [10 | 15 | o8t
pea [11 | 14 | B2
oGND [ 12 | 13 | oBs

**For Ordering Information See Section 1.
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SIGNAL
PROCESSING
TECHNOLOGIES

HADC77100

8-BIT, 150 MSPS FLASH A/D CONVERTER

FEATURES

+150 MSPS NOMINAL CONVERSION RATE
» 1/2 LSB Linearity

» Preamplifier Comparator Design

= Typical Power Dissipation < 2.0 Watts

GENERAL DESCRIPTION

The HADC77100 is a monolithic flash A/D converter
capable of digitizing a 2 volt analog input signal with
full scale frequency components to 50 MHz into 8-bit
digital words at a 150 MSPS update rate.

For most applications, no external sample-and-hold is
required for accurate conversion due to the device's
narrow aperture time. A single standard -5.2 Voit
power supply is required for operation of the

BLOCK DIAGRAM

ANALOG

INPUT
(FORCEOR SENSE) AGND DGND  VEE

APPLICATIONS

» Digital Oscilloscopes

*Transient Capture

« Radar, EW, ECM

» Direct RF Down-conversion

» Medical Electronics: Ultrasound,
CAT Instrumentation

HADC77100, with nominal power dissipation of less
than 1.75 Watts.

The part is packaged in a 42 Lead Ceramic DIP that is
pin compatible with the CX20116. Careful attention to
design and layout has provided a device with better
linearity, lower noise floor, stable input capacitance,
and lower data error rates. The HADC77100 is
available in Industrial and Military Temperature ranges.

F‘-l ﬁ;‘ fiel m 3 18
vnr‘z1 ,‘/ ,L'
_3 PREAMP COMPARATOR
3
4
i
3
&
3
VAM |32 —4
1
1
2
3
3
3
VRB E_j
CONVERT W‘E
CLKi21 T ,r
v VEE AGND
(SENSE OR FORCE)

SPT

2-561




HADC77100

ABSOLUTE MAXIMUM RATINGS (Beyond which damage may occur)! 250C

Supply Voltages Output Output
Negative Supply Voltage (Vg TOGND) ..-7.0to +0.5V Digital Qutput Current..........ccoeervvnennncacd Oto-25mA
Ground Voltage Differential...........c.cccoee.e. -0.5t0 +0.5V

Temperature

Input Voltage Operating Temperature, ambient........... -65t0 +150°C
Analog INput VORage. .......cc.ceovevrcceremnenn: +0.5t0 Vgg V JUNCHON. .ccovervenenenas +150°C
Reference Input Voltage..........ccoveeinnees +0.5t0 Vgg V Lead Temperature, (soldering 10 seconds)......+300°C
Digital Input Voltage........cceovvevnnirinnnnns Storage Temperature..........ccccvnieeennns -65t0 +1500C
Reference Current VRTto VRB..
Midtap Reference Current............c..coeeueees

Notes:
1. Operation at any Absolute Maximum Rating is not implied. See Electrical Specifications for proper nominal applied
conditions in typical applications.

ELECTRICAL SPECIFICATIONS

INDUSTRIAL TEMPERATURE RANGE
VEE =-5.2V, Rgource =10, felock = 100MHz, Duty Cycle = 50%  VRB = -2.00V, VRT = 0.00V, Unless otherwise specified

DC ELECTRICAL TEST TEST Rg?(':“ HoT coLp
PARAMETERS CONDITIONS  |LEVEL * +85°C | -25°C
MIN TYP MAX| MIN MAX [MIN MAX | UNITS

TRANSFER
CHARACTERISTICS
Integral Linearity , 77100A 1 :t% 112. ;{:% LSB
Differential Linearity , 77100A n ! 115 i% LSB
Integral Linearity, 771008 il Es % i% i% LSB
Differential Linearity, 77100B +3 +3 +3( L

o ] SB

(No missing codes) 4 4 4

Offset Error VRT 1l 30 30| -30 30 | -30 30| mv
Offset Error VRB Il |30 30| -30 30 |-30 30 | mv
ANALOG INPUT
CHARACTERISTICS
Input Voltage Range | 2.0 00} 2.0 0.0}-2.0 0.0 | VOLTS
Input Capacitance Over full input range \V 56 pF
Input Resistance Vv 4 kQ
Input Current 1 175 275 225 350 pA
Clock Synchronous
Input ClY rents \ 40 WA

TEST LEVEL CODE: See page 5.
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ELECTRICAL SPECIFICATIONS

INDUSTRIAL TEMPERATURE RANGE
VEE =-5.2V, Rgource =10 felock = 100MHz, Duty Cycle = 50%  VRB = -2.00V, VRT = 0.00V, Unless otherwise specified
DC ELECTRICAL TEST TEST ROOM HOT COLD
PARAMETERS CONDITIONS LEVEL +25°C +85°C -26°C
MIN TYP MAX| MIN MAX |[MIN MAX { UNITS
POWER SUPPLIES
Supply Current I 330 370 370 370 mA
Power Dissipation 1l 1.7 193 1.93 1.93 | watts
REFERENCE
Ladder Resistance It |00 300 {100 300 |80 300 Q
Reference Bandwidth \ 50 MHz
DIGITAL LOGIC
Output High Voltage 50Q to-2V I }-o0.98 -090 -0.82 |-0.89 -0.70 [-1.08 -0.91 [VOLTS
Output Low Voltage 50Q2 to -2V Il ]1.95 -1.80 -1.65 |-1.95 -1.65|-1.95 -1.69 |[VOLTS
Input High Voltage (MINV, LINV}) N J]1.13 -0.81 [-1.07 -0.67 |-1.27 -0.87 |VOLTS
Input Low Voltage (MINV, LINV) Il |95 -1.48 |-1.95 -1.42|-1.95 -150 |[VOLTS
VEE =-5.2V, Rgource =102 fclock = 100MHz, Duty Cycle = 50%  VRB = -2.00V, VRT = 0.00V, Unless otherwise specified
AC ELECTRICAL TEST TEST 'Zgg::m +35%1(-: (235%|E:D
PARAMETERS + N
CONDITIONS LEVEL by Typ mAX|MIN ~ MAX|MIN ~ MAX [uNiTs
CONVERSION TIMING, See Figure 1A
Maximum Sample Rate VvV [125 150 125 125 MSPS
Clock Low Width, TPW0 V |4 3 4 4 ns
Clock High Width, TPW1 VvV |4 3 4 4 ns
Output Latency v 1 1 1 |CYCLE
Output Delay, TD Differential Clock Vv 42 ns
Output Delay Tempco Differential Clock V 15 ps/°C
Output Rise Time 20% 10 80% 500 to -2V \Y; 2 ns
Output Fail Time 20% to 80% 50Q to -2V Vv 2 ns
TEST LEVEL CODE: See page 5.
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HADC77100

ELECTRICAL SPECIFICATIONS

INDUSTRIAL TEMPERATURE RANGE
VEE =-5.2V, Rgource =102 fejock = 100MHz, Duty Cycle = 50%

VRB = -2.00V, VRT = 0.00V, Unless otherwise specified

il < S A S I T =

MIN TYP MAX| MIN MAX | MIN MAX | UNITS
ANALOG INPUTS
Large Signal Bandwidth Vin=F.S. Vv 60 MHz
Small Signal Bandwidth Vin=500mV PP \' 120 MHz
Aperture Jitter Y 12 ps RMS
Aperture Delay Differential Clock \' 1.8 ns
Aperture Delay Tempco Differential Clock \' 7 ps/i°C
Aperture Time \' <100 ps
Settle-to-Hold Time \' 3 ns
Input Slew Rate Y] 300 Vius

VEE =-5-2V, Rgource =10, fclock = 100MHz, Duty Cycle = 50%

VRB = -2.00V, VRT = 0.00V, Unless otherwise specified

AC ELECTRICAL TEST TEST ’;‘5’(%” aggg gg,‘é[’
PARAMETER! + + -

ARAMETERS CONDITIONS LEVEL |iN TYP MAX| MIN MAX | MIN Max | uniTs
SIGNAL QUALITY fsgck = 100MHz
Total Dynamic Error Vin = FS @ 1MHz V 46 dB
Total Dynamic Error Vin = FS @ 25MHz \Y; 36 dB
Total Dynamic Error Vin=FS @ 50MHz \Vj 32 dB
Signaito noise ratio Vin=FS @ 1MHz \Y} 48 dB
Signal to noise ratio Vin =FS @ 25MHz Vv 43 dB
Signal to noise ratio Vin = FS @ 50MHz \Y) 36 dB
Total Harmonic Distortion Vin=FS @ tMHz \Y 44 dBc
Total Harmonic Distortion Vin=FS @ 25MHz Vv 35 dBc
Total Harmonic Distortion Vin = FS @ 50MHz vV 24 dBc
Mean Differential Non-
Linearity v -001 LSB
RMS Differential Non-
Linearity v 2 LSB
Differential Gain NTSC 40IRE mod. \ 1.0 %
Differential Phase ramp,Fo = 125MSPS \Yj 5 DEG

TEST LEVEL CODE: See page 5.
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TEST LEVEL CODES

Qo
o
-
ELECTRICAL CHARACTERISTICS TESTING TEST LEVEL TEST PROCEDURE ,':
All electrical characteristics are subject to the following | 100% production tested at the 8
conditions: specified temperatures. :|<:
Al parameters having Min./Max. specifications are ] 100% production tested at Ta =
guaranteed. The Test Level column indicates the specific 25°C, and sample tested at the
device testing actually performed during production and specified temperatures.
Quality Assurance inspection. Any blank sections in the
data columns indicates that the specification is not tested n QA sample tested only atthe
at the specified condition. specified temperatures.
Uniess otherwis_e noted, all tests are performed after die \Y; Parameteris guaranteed (but not
reaches operating temperature tested) by design and characteri-
zation data.
Vv Parametetis a typical value for

information purposes only.

SPT "
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HADC77100

GENERAL DESCRIPTION

The HADC77100 is the fastest monolithic 8-bit paraliel
flash A/D converter available today. The nominal
conversion rate is 150 MSPS and the analog
bandwidth is in excess of 50 MHZ. A major advance
over previous flash converters is the inclusion of 256
input preamplifiers between the reference ladder and
input comparators (see block diagram). This not only
reduces clock transient kickback to the input and
reference ladder due to a low ac beta but also
reduces the effect of the dynamic state of the input
signal on the latching characteristics of the input
comparators. The preamplifiers act as buffers and
stabilize the input capacitance so that it remains
constant over different input voltage and frequency
ranges and therefore makes the part easier to drive
than previous flash A/Ds. The preamplfiers also add a
gainof six to the input signal so that each comparator
has a wider overdrive or threshold range to "trip" into
or out of the active state. This gain reduces meta-
stable states that can cause errors at the output.

The HADC77100 has true differential analog and
digital data paths from the preamplifiers to the output
buffers (Current Mode Logic) for reducing potential
missing codes while rejecting common mode noise.

Signature errors are also reduced by careful layout of
the analog circuitry. Every comparator also has a clock
buffer to reduce differential delays and to improve
signal-to-noise ratio. Furthermore, the HADC77100
has an on-board power supply bypass of 1500pF to re-
duce external component needs, and the output
drive capability of the device can provide full ECL
swings into 50Q loads.

TYPICAL INTERFACE CIRCUIT

The HADC77100 is relatively easy to apply
depending on the accuracy needed in the intended
application. Wire-wrap may be employed with careful
point-to-point ground connections if desired, but to
achieve the best operation, a double sided PC board
with a ground plane on the component side
separated into digital and analog sections will give the
best performance. The converter is bonded-out to

place the digital pins on the left side of the package
and the analog pins on the right side. Additionally, an
RF bead connection through a single point from the
analog to digital ground planes wili reduce ground
noise pickup.

The circuit in Figure 1 is intended to show the most
elaborate method of achieving the least error by
correcting for integral linearity, input induced
distortion and power supply/ground noise. This is
achieved by the use of external reference ladder tap
connections, input buffer and supply decoupling. The
function of each pin and external connections to other
components are as follows:

VEE, AGND, DGND

VEE is the supply pin with AGND as ground for the
device. The power supply pins should be bypassed
as close to the device as possible with at least a .01uF
ceramic capacitor. A 1puF tantalum can also be used
for low frequency suppression. DGND is the ground
for the ECL outputs and is to be referenced to the
output pulidown voltage and appropriately bypassed
as showninFigure 1.

VIN (Analog input)

There are two analog input pins that are tied to the
same point internally. Either one may be used as an
analog input "sense" and the other for input "force".
This is convenient for testing the source signal to see
if there is sufficient drive capability. The pins can also
be tied together and driven by the same source. The
HADC77100 is superior to similar devices due to a
preamplifier stage before the comparators. This
makes the device easier to drive because it has
constant capacitance and induces less slew rate
distortion. ¥ an input buffer is needed, a Harris
HA2540 may be used in conjunction with an output
transistor buffer for lower frequency applications. For
higher frequencies, another option is to use an
Elantec EL2004 video buffer or an HA2539 and a
2N5836/7 transistor. Very high performance can be
achieved by using a comlinear CLC100.
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FIGURE 1 HADC77100 TYPICAL INTERFACE CIRCUIT

ELANTEC - EL2004 L VEE
HARRIS - HA2539 + TRANSISTOR T 52V
SIGNETICS - NE5538 + TRANSISTOR
ANALOG INPUT 6 = OF
;uﬁE CAN BE EITHER FORCE OR SENSE AGND|
N % Vs Al UV 0, 4@ MV
S T1F ALl -
PREAMP COMPARATOR
PMI- OPOB/1T o
LTC -LT1014 3 CLOCK
3 BIFFER
3
1

AP Wi WV
A3

Vret

v
Ot 23]

[ANALOG INPUT VRE

[CAN BE EITHER FORCE OR Sl E2)

g
g

TIK]
CONVERT W Ly
cud

NS TR

CLK, CLK (Clock Inputs)

The clock inputs are designed to be driven
differentially with ECL levels. The clock may be driven
single-ended since CLK is internally biased to -1.3V
(see clock input circuit on page 12). It may be left
open but a .01uF bypass capacitor from CLK to DGND
is recommended. The duty cycle of the clock should
be kept at 50% to avoid causing larger 2nd harmonics.
If this is not important to the intended application,
then duty cycles other than 50% may be used.

MINV, LINV (Output Logic Control)

These are digital controls for changing the output
code from straight binary to two's complement, etc.
For more information, see Table 1. Both MINV and
LINV are in the logic "low" (0) state when they are left
open. The "high" state can be obtained by tying to
DGND through a diode or 3.9kQ resistor.

DO to D7 (Digital Outputs)

The digital outputs can drive 50Q to ECL levels when
pulled down to -2V. When pulled down to -5.2V the
outputs can drive 130Q to 1KQ loads.

VRB, VRM, VRT (Reference Input)

There are two reference inputs and one external
reference voltage tap. These are -2V(VRB), mid-tap
(VRM), and AGND (VRT). The reference pins and tap
can be driven by op amps as shown in Figure 1 or
VRM may be bypassed for limited temperature oper-
ation. These voltage level inputs can be bypassed to
AGND for further noise suppressionif so desired.

N/C
All "Not Connected” pins should be tied to DGND on

the left side of the package and to AGND on the right
side.

SPT
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HADC77100

TABLE 1 - OUTPUT CODING

i 5 o 7 ) to the positive input of each preamplifier and compar-
LINV 0 1 0 1 ator pair. An analog input voltage applied at VIN is con-
nected to the negative inputs of each preampli-
ov 111.11 | 100..00 § 011..11 | 000..00 fier/comparator pair. The comparators are then
111...10 | 100..01  ( 011..10 | 000..01 clocked through each one's. individual clock buffer.
When the CLK pin is in the low state, the master or
input stage of the comparators compare the analog
: 10000 | 111,14 : o1 input voltage to the respective reference voltage.
Vi ~11 | 00000 1 O11... When the CLK pin changes from low to high the
o11...11 | 000..00 | 111..11 } 100..00 comparators are latched to the state prior to the clock
transition and output logic codes in sequence from
the top comparators, closest to VRT(0V), down to the
. . . . point where the magnitude of the input signal
000...01 011..10 | 100...01 111..10 changes sign (thermometer code). The output of
-2v 000..00 | 011..11 | 100..00 | 111..11 each comparator is then registered into four 64-to-6
bit decoders when the CLK is changed from high to
1V m, Vou low. At the output of the decoders is a set of four 7-bit
oV L VoL latches which are enabled (“track") when the clock
’ changes from high to low. From here, the output of
the latches are coded into 6 LSBs from four columns
OPERATION and 4 columns are coded into 2 MSBs. Next are the
MINV and LINV controis for output inversions and they
The HADC77100 has 256 preamp/comparator pairs  consist of a set of eight XOR gates. Finally, eight ECL
which are each supplied with the voltage fromVRTto  output latches and buffers are used to drive the
VRB divided equally by the resistive ladder as shown  external loads. The conversion takes one clock cycle
in the block diagram on page 1. This voltage is applied from the input to the data outputs.
FIGURE 1A - TIMING DIAGRAM
i :
! )
N \ v N+2
Analog input Vin /? t :
' v
_ €-TPW1 _pg-TPwO _py \
ClK. ~ -~ _——— (.
SRl T SN SIS D GEED, NS G
' '
o = )
er '
. ~ N
Comparator output ) : E
'
Slave X_ [) : X n
7 N
[ v A
Rl > ¢
6 bit latch output ) ¢ —~ : ). T
; \‘ : "
\ ! 1
\ \ N
8 bit latch output ¥ X . D4 G
]
\ \'; /
\
Data output D o~ D XN XN : N+1
]
_ﬂ Td ! '
Dots (<} in the chart denote respective latch timings.
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INPUT CIRCUIT MINV, LINV INPUT CIRCUIT g
AGND _ AGND E
» 10K Q 8
r <
VIN : v %X T
MINV
LINV 1.3V
] B
8 8 16K Q
VéE VEE
CLOCK INPUT OUTPUT CIRCUIT
AGND
pANRY AN AGND DGND
—_— -1.3V
CLK __AN—O
03
Kﬁ_ 13K
CLK Data Out
O 13K Q + |

VEE
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HADC77100

DYNAMIC EVALUATION

uT
POWER DESIGN out | FLUKE 60608 REF-O
TP 340 OPTION 130
out
zlz |z e FLUKE 60608
‘:‘; g g & REF-IN
VIN
cK | EXT out
IN_LINPUT HP 8082A — ] cLKIN oy
DUT CARD WI/LATCH EXT -
out HP 8082A INPUT IN/4 ECL o | HPE216B
DATA LATCH
z
/1 8
CLK
HP 8182A HPIB HP 9836
DATA ANALYZER CONTROLLER
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BURN-IN CIRCUIT  Tgasg = 125°C

O—

Ve 1N4736
R4 R4
o
VREF A 4, 1, 38, 39, 25, 26, 17
3
-2.00 Volts
Vgs Vee
23
R4|R4|R4R4|R,|R{Rq|R4
HADC77100 é
7
vin P2 8
o —AAN 30,34 9
10
1
12
13
—— a
cik P 4
o M 20 LINV
2o
o AAA 2 53 .18
g o< & MINV Ry
CLK 2
gy 15, 16, 41, -2.00
Ry =50Q14WatCC8% | 50 5 a5 a5

Ry =1K14WattCC5% — 5g
Ry =65 Q 1/4 Watt CC 5%

R, =65 Q 1/4 Watt CC 5%

VREr 2 -2.00 Volts

VEE 2 .6.6 Volts
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HADC77100

DEFINITION OF TERMS

PECIFICATION DIFFERENTIAL NONLINEARITY
A/D CONVERTER ERROR SUMMARY Differential nonlinearity is a measure of how much the
. . actual quantization step width varies from the ideal
Honeywell SPT realizes that the transfer function for step width of 1 LSB. Figure 2B shows a differential
an A/D converter is very dependent upon the slew  nonjingarity of 2 LSB - the actual step width is 3 LSB.
rate of the signal it is digitizing. The transfer function  The HADC77100's specification gives the worst case
under dynamic conditions may exhibit numerous gifferential nonlinearity in the A/D transfer function
errors (Figure 2B) yvhlle a static dc input !evel may  under specified dynamic operating conditions. Small,
appear close to the ideal (Figure 2A). Thatis why we  |ocajized differential nonlinearities may be insignificant
are including many dynamic tests as well as the the  when digitizing full scale signals. However, if a low
industry standard dc specifications. level input signal happens 1o fall on that part of the A/D
transfer function with the differential nonlinearity error,
the effect will be significant.
EFFECTIVE BITS (SNR)
MISSING CODES
This is the difference between the measured data at
the output of an A/D converter in responsé 10 a  Missing codes represent a special kind of differential
sinewave and an ideal sinewave's data best fitted 1o nonjinearity. The quantization step width for a missing
the measured data. The data is then plotted asusable  gode is 0 LSB, which results in a differential
(effective) output bits versus frequency. This is the  popjinearity of -1 LSB. Figure 2B points out two
most important specification since it is tested over the  missed codes in the transfer function.
entire frequency range of the part and shows true
dynamic performance. It also indicates the cumulative
effect of many error sources. These are quantization T
error, dynamic differential nonlinearity, missing codes, 1
integral nonlinearity, total harmonic distortion, aper- 1
ture uncertainty and noise. Not included are DC speci- 1 Threshold Level
fications such as offset and gain errors. The result is 1 (Band Edge)
calculated from measured rms error for the ideal '™ 1 l Output
sinewave and the measured actual rms error as 4
follows: T
eff bits =8 - log, actualrms error 4 - vzt sep
ideal rms error T
Furthermore, signal-to-noise ratio (SNR) can be
related to effective bits by the following formula: Input Vottage
SNR(dB) = 1.8 + 6.02 X N(eff bits) Figure 2A Static Input Conditions
Output
Codes Igl:?zra'!slgo)nlinurﬁy = ——ai Y :p——- :
QUANTIZATION ERROR 1 ¢ Missed ': :
T _c_‘.’i‘:___\__..
Quantization error is the fundamental, irreducible error e _\_k
associated with the perfect quantizing of a continuous T
(analog) signal into a finite number of digital bits (/D jupu Output
tranfer function). An 8-bit A/D converter can repre- T
sent an input voltage with a best case uncertainty of 1 \/\ T \_/\
part in 28 (1 part in 256). In real A/Ds under dynamic T
operating conditions, the quantization bands (bit I
change step vs input amplitude) for certain codes can T
be significantly larger (or smaller) than the ideal. The T
ideal width of each quantization step (or band) is Q = T~ e eaaa! Nonlinearty =
FSR/2N where FSR = full scale range and N = 8. Non-
ideal quantization bands represent differential non- Input Voltage
linearity errors (See Figures 2A and 2B). Figure 2B Dynamic Conditions
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SPECIFICATIONS CONTINUED
INTEGRAL NONLINEARITY

Integral nonlinearity is the maximum deviation of the
A/D transfer function from a best fit straight line
(Figure 3A). Integral nonlinearity does not include
any gain and offset errors. Integral nonlinearity in an
A/D is generally more detrimental when digitizing full
scale signals than low level signals which may fall on a
part of the transfer function which is relatively linear.
Figure 2B shows an integral nonlinearity error of 2
LSB. The HADC77100's integral nonlinearity can be
improved by using the external reference ladder taps
as shown in Figure 1. The resulting effect on the
linearity is shown in Figure 3B.

APERTURE UNCERTAINTY

Aperture uncertainty is the time jitter in the sample
point and is caused by short term stability errors in the
timebase generating the sample (encode) command
to the A/D converter. The approximate voltage error
due to aperture uncertainty depends on the slew rate
of the signal at the sample point. See Figure 3C .

As in any sampled data system, the aperture width
affects the accuracy of the system. The aperture time
can be considered an amplitude uncertainty for any
input where the voltage is changing. The magnitude
of this change for a sinewave can be calculated for
time or voltage by the equation:

dV/V =2Tiit,
Linearity Curves
0 -
i 42 \doal 8obit linesrity
p T
u
T
vV a4
o
L
T
A smv
G .
E
: H——t———
0 64 128 152 255
Bit Number
FIGURE 3A Linearity Curve with no
TAP adjustment

By calculating the aperture time for a given system
accuracy and comparing it to the aperture time
specification of the flash converter, the need for a
track and hold can be determined. The graph in Figure
4 summarizes required aperture time for 8-bit re-
solution high speed converters using sinusoidal fre-
quencies.

An example using an 8-bit flash converter follows. If
the signal that is to be measured is known not to
contain any sinusoidal frequencies above 10MHz,
then from Figure 4 it can be determined that to assure
less than 8-bits of error due to aperture alone, the A/D
converter must have an aperture time of less than
70ps. Most data sheets do not state aperture time so
usually a sample and hold is used. Unfortunately, the
sample and holds generally available today are not
faster than 70ps.

Aperture time and delay are very difficult to measure,
however these values are needed to make intelligent
design decisions. Honeywell SPT supplies these
values for the HADC77100 based on both computer
design simulations and verified by characterization of
samples.

10 =+ 2mv

MOP»~-rOo< =—-CcvoZ—

—_.—

i 1
2 1 T
) 64 128 152 255

Bit Number

FIGURE 3B Linearity Curve with TAPS
Forced to Within .5mV of
Ideal
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FIGURE 3C Aperture Uncertainty
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Missing Codes

¥

Large
Differential

Reconstructed
Sinewave
Histogram

In the histogram test, A/D transfer function step widths larger
than ideal show up as "spikes" in the histogram. Codes missing
from the transfer function show up as "bins" with zero counts.

FIGURE 5 Histogram Testing

CHARACTERISTIC TESTING

TESTING

All of the following tests can be performed using
Hewlett-Packard equipment as referred to in H.P.
Product Note 5180A-2. Test methods available to
measure the previous specifications are explained as
follows and listed in Table 2.

HISTOGRAM TESTING

In histogram testing, a full scale sinewave of specified
frequency is input to the HADC77100. The frequency
of the sinewave is selected to be non-coherent with
the sample rate of the A/D converter. Several hundred
thousand samples of the signal are taken and
processed into a histogram. At the end of the
sampling, the histogram is plotted with possible output
codes along the x-axis and frequency of occurance
along the y-axis. Above each possible output code
(the x-axis is from 0 to 256), a point is plotted whose
height is proportional to the total number of times that
code occurs. For a sinewave input, a perfect A/D
converter would produce a cusp probability density
function described by the equation:

a1
L\ (A2 - V2)12

where A is the peak amplitude of the sinewave and
p(V) is the probability of an occurance at a voltage V. If
a particular step is wider than the ideal width, then the
code associated with that step will have accumulated
more "counts” than a code corresponding to the ideal
step. A step narrower than the ideal width will
accumulate fewer counts. Missing codes are readily
apparent because a missing code will show zero
counts (See Figure 5).

FAST FOURIER TRANSFORM TESTING

The Discrete Fourier Transform (DFT) is another useful
tool for evaluating A/D converter dynamic perfor-
mance. Implemented using a Fast Fourier Transform
algorithm, the DFT converts a finite time sequence of
sampled data into the frequency domain. From the
frequency domain representation of the data, the
linearity of the A/D converter's dynamic transfer func-
tion may be measured. Harmonics of the input sine-
wave, caused by the integral nonlinearity, are aliased
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SPECIFICATION TESTING
CONTINUED:

into the baseband spectrum and can be readily
identified and measured. Additional effects can be
measured as shown in Table 2.

SINEWAVE CURVE FITTING

In the sinewave curve fit test, a full scale sinewave of
specified frequency is digitized by the HADC77100.
Using least squared error minimization techniques, an
idealized sinewave fit to the data is calulated by
software. The sinewave is in the form:

Asin(27tft+0)+DC

where Af,0,DC are the parameters which are selected
for a best fit to the data. The idealized best fit sine-
wave, Agsin(2nfst+85)+DCy is then subtracted from
the digitized time record.

TABLE 2
TESTS

The rms errors are then calculated and the effective
bits specification is found.

BEAT FREQUENCY TEST

Beat frequency testing is a qualitative test for A/D
converter dynamic performance and may be used to
quickly judge whether or not there are any gross
problems with the HADC77100. In this technique, a
full scale sinewave input signal is offset slightly in
frequency from the A/D converters sample rate. This
frequency offset is selected such that on successive
cycles of the input sinewave, the A/D's output ideally
would change by 1 LSB at the point of maximum
slope. Thus the A/D sample point "walks" through the
input signal. When the data stored in memory is
reconstructed using a low speed DAC, the beat
frequency, A f, is observed. Differential nonlinear-
ities show up as nonuniform horizontal lines in the
observed beat frequency waveform and missing
codes show up as gaps.

The following table summarizes the dynamic performance tests previously described and the dynamic errors which influence test results.

(Table from H, P. Product Note 5180A-2)

BEAT
SINEWAVE FREQUENCY

ERROR HISTOGRAM FFT CURVE FIT TEST

Differential Yes-shows up as spikes Yes-shows up as Yes-part of Yes

Nonlinearity elevated noise floor RMS error

Missing Codes Yes-shows up as bins Yes-shows up as Yes-part of Yes

with O counts elevated noise floor RMS error
Integral Nonlinearity Yes (could be measured Yes-shows up as Yes-part of Yes
directly with highly linear harmenics of fundamental RMS error
ramp waveform) aliased into baseband
Aperature Uncertainty No-averaged out. Canbe Yes-shows up as Yes-part of No
measured with "phase elevated noise fioor RMS error
locked"” histogram.
Noise No-averaged out. Can be Yes-shows up as Yes-part of No
measured with “phase elevated noise floor RMS error
locked" histogram.

Bandwidth Errors No No No Yes-used to
measure analog
bandwidth.

Gain Errors Yes-shows up in peak to No No No

peak of distribution.

Offset Errors Yes-shows up in offset No No No

of distribution average.

SPT
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CHARACTERIZATION GRAPHS
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PIN ASSIGNMENT PIN FUNCTIONS HADC77100

HADC77100
—_J

1 | VEE NC
[Z NIC VRT
(3] N/C
4 | VEE VEE
E AGND VEE
E DGND NIC
E DO (LSB) NC
[_a__ D1 AGND
E D2 VIN
[_]_2'_ D3 AGND
E D4 VRM
E D5 AGND
13 | e VIN
[1a] o7 (ms) AGND
[35] beno NC
[16] acnp NIC
E VEE VEE
(8] mnv VEE
[1s]ne NiC
E K VRB
[21] ek NC

JB 0B 08EREEEE0EE0EE

1B
Nilw| s

42 LEAD CERAMIC
SIDEBRAZED DIP

NAME

VEE

LINV

DGND

Do

D1-D6

D7

MINV

VRT

**For Ordering Information See Section 1.

FUNCTION

Negative Supply
Nominally -5.2V

DO through D6 Output
Inversion Control Pin

Digital Ground
Digital Data Output
(LSB)

Digital Data Output

Digital Data Output
(MSB)

D7 Output Inversion
Control Pin

Reference Voltage, Top
Nominally 0.0V

NAME

AGND
VIN

VRM

VIN

FUNCTION

ECL Clock Input Pin

ECL Clock Input Pin
Reference Voltage Bottom
Nominally -2.0V

Analog Ground

Analcg Input

Can be connected to the input
signal or used as Sense
Reference Voltage Tap Middle
Analog Input

Can be connected to the input
signal or used as Sense

SPT
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SIGNAL
PROCESSING
TECHNOLOGIES

HADC77200

8-BIT, 150 MSPS FLASH A/D CONVERTER

FEATURES

+150 MSPS CONVERSION RATE

+ 1/2LSB Linearity

« Preamplifier Comparator Design

« Typical Power Dissipation < 2.2 Watts

GENERAL DESCRIPTION

The HADC77200 is a monolithic flash A/D converter
capable of digitizing a 2 Volt analog input signal with full
scale frequency components into 8-bit digital words at a
150 MSPS update rate.

For most applications, no external sample-and-hold is re-
quired for accurate conversion due to the device's wide
bandwidth. A single standard -5.2 Volt power supply is
required for operation of the HADC77200, with nominal
power dissipation of 2.2 Watts.

BLOCK DIAGRAM

APPLICATIONS

» Digital Oscilloscopes

*Transient Capture

« Radar, EW

= Medical Electronics: Ultrasound,
CAT Instrumentation

The part is packaged in a 48 or 42 Lead Ceramic Side-
brazed DIP. The 42 Lead DIP is pin compatible with the
CX20116. The HADC77200 in the 48 or 46 lead
packages includes five external reference ladder TAPS
to gain better control over linearity; an overrange bit for
use in higher resolution systems; and a data ready output
pin for ease in interfacing to high-speed memory. Careful
attention to design and layout has provided a device with
low noise floor, stable input characteristics, and low data
error rate. The HADC77200 is available in Industrial and
Military Temperature ranges.

LNV MINV
[] [a]

{FORCE OR
SENSE
VRTF INPUT  AGND DGND VEE
44 m m 178
vms@)_; pZ ,l/
3
-
:
v [E] 3
*
2
vnz[i-—-_

VR1 Es_?r_

vnaFE..—
vnss@._
CIR[22
CONVERT I:
CLKE
26, 38,
[es] 40, 47
ANALGG (NPUT
(FORCE OR SENSE} AGND

5 27,3,
38, 46
VEE AGND

2-69




HADC77200

ABSOLUTE MAXIMUM RATINGS (Beyond which damage may occur)! 25°C

Supply Voltages Outpui Output
Negative Supply Voltage (Vgg TOGND)..-7.0t0 +0.5V Digital Output Current.........c.cccovveverrecennne 0to-25mA
Ground Voltage Differential...........c..c.ou.. -0.5t0 +0.5V
Temperature
Input Voltage Operating Temperature, ambient.......... -65to +1500C
Analog INput VORAGE..........cceemcernennerenns +0.510 Vgg V JUNCHON....oovervnrenns +1500C
Reference Input Voltage.. +0.5t0 Vgg V Lead Temperature, (soldering 10 seconds).....+300°C
Digital Input Voltage.................... .+0.5t0 Ve V Storage Temperature..........ccceeeevreerennen. -65t0 +150°C
Reference Current VRTto VRB........cccceceverrenens 25mA
Tap Reference Current............... ..-6 to+6mMA
Notes:
1. Operation at any Absolute Maximum Rating is not implied. See Electrical Specifications for proper nominal applied
conditions in typical applications.
ELECTRICAL SPECIFICATIONS
INDUSTRIAL TEMPERATURE RANGE
VEE =-5.2V, Rgource =102, VRB = -2.00V, VRT = 0.00V, Unless otherwise specified
DC ELECTRICAL TEST TEST Rggg‘ “°°T CO:,-D
PARAMETERS CONDITIONS  |LEVEL * +85°C | -250C
MIN TYP MAX | MIN MAX |[MIN MAX | UNITS
TRANSFER
CHARACTERISTICS
Integral Linearity , 77200A I x% ;t:15 ;t% LSB
Differential Linearity , 77200A I i-12- 115 i% LSB
integral Linearity, 772008 +3 +3 +3| LsB
g ity Ml p Y y LS
Ditferential Linearity, 772008 n +3 +3 +3| LsB
{No missing codes) 4 4 4
Offset Error VRT i -30 30 |-30 30} -30 30| mV
Offset Error VRB i -30 30 [-30 30 | -30 30| mv
ANALOG INPUT
CHARACTERISTICS
Input Voltage Range il 2.0 00[|-2.0 0.0{-2.0 0.0} VOLTS
Input Capacitance Over fullinputrange \) 45 pF
Input Resistance \Y) 4 kQ
Input Current 1l 300 500 450 650{ pA
Clock Synchronous
Input Currents \ 40 HA
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ELECTRICAL SPECIFICATIONS

o
o
INDUSTRIAL TEMPERATURE RANGE s
VEg =-5.2V, Rgource =109, VRB = -2.00V, VRT = 0.00V, Unless otherwise specified (;)
DC ELECTRICAL TEST ITEST ROEM HOOT CO‘I,.D %
PARAMETERS CONDITIONS  |LEVEL +25°C +85°C | -25°C
MIN TYP MAX| MIN MAX [MIN MAX | UNITS
POWER SUPPLIES
Supply Current il 420 505 525 505] mA
Power Dissipation ] 2,18 2.63 2.73 2.63| watts E
REFERENCE
Ladder Resistance Il 100 300 {100 300 {80 300 Q
Reference Bandwidth \) 50 MHz
DIGITAL LOGIC
Output High Voltage 50Q to -2V il -0.98 -0.90 -0.82 |-0.89 -0.70 |-1.08  -0.91 |[VOLTS
Output Low Voltage 50Q to-2V Il |1.95-1.80 -1.65{1.95 -1.65[1.95 -1.69 [VOLTS
Input High Voltage (MINV, LINV) N {113 081 {-1.07 -067 {-1.27 -0.87 |VOLTS
Input Low Voltage (MINV, LINV) It |-195 -1.48 |-1.95 -1.42 |-1.95 -150 |[VOLTS
VEE =-5.2V, Rsource =102, VRB = -2.00V, VRT = 0.00V, Unless otherwise specified
AC ELECTRICAL TEST TEST f;g%‘" +:5%£ 2;%;“
METER R

PARAMETERS CONDITIONS LEVEL {pun TyP MAX| MIN  MAX|MIN  MAX luniTs
CONVERSION TIMING, See Figure 1A
Maximum Sample Rate IV |125 150 125 125 MSPS
Clock Low Width, TPW0 | 5 3 4 4 ns
Clock High Width, TPW1 | 5 3 4 4
Output Delay, TD Differential Clock | 3 42 5 ns
Output Delay Tempco Differential Clock \) 15 ps/°C
Data Ready Delay Differential Clock I 3 4 5 ns
Output Rise Time 20% to 80% 50Q to-2V | 13 1.9 24 ns
Output Fall Time 20% to 80% 50Q to -2V | 11 15 22 ns
SPT 2.71
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ELECTRICAL SPECIFICATIONS

INDUSTRIAL TEMPERATURE RANGE
VEE =-5.2V, Rsource =102, fclock = 100MHz, Duty Cycle = 50%, VRB = -2.00V, VRT = 0.00V, Unless otherwise specified

DC ELECTRICAL TEST TEST +R2c5)<3:M ggg _gg)zn
PARAMETERS CONDITIONS LEVEL N TP Max| MIN MAX | MIN MaAX | UNITS
ANALOG INPUTS

Large Signal Bandwidth Vin=F.S. \Y) 100 MHz
Small Signal Bandwidth Vin=500mV PP V 175 MHz
Aperture Jitter Vv 12 ps RMS
Aperture Delay Differential Clock | 03 18 23 ns
Aperture Delay Tempco Differential Clock \Y 4 ps/°C
Aperture Time Vv <100 ps
Acquisition Time F.S.to+1/2LSB \Y 5 ns
Input Slew Rate \Vj 800 Vius

VEE =52V, Rsource =10 felock = 100MHz, Duty Cycle = 50%,

VRB = -2.00V, VRT = 0.00V, Unless otherwise specified

AC ELECTRICAL TEST TEST Rzog’"' HOT LOLD
PARAMETERS CONDITIONS LEVEL |1 *Tvp max| nn wax | mik max | unirs
SIGNAL QUALITY fgjock = 100MHz

Total Dynamic Error Vin=FS @ 1MHz | {45 48 dB
Total Dynamic Error Vin = FS @ 25MHz 1 |367 38 dB
Total Dynamic Error Vin=FS @ 50MHz | 31 33 dB
Signalto noise ratio Vin=FS @ 1MHz | 465 49 dB
Signal to noise ratio Vin = FS @ 25MHz | 425 46 dB
Signalto noise ratio Vin=FS @ 50MHz | 34 38 dB
Total Harmonic Distortion Vin=FS @ 1MHz | 52 56 dBc
Total Harmonic Distortion Vin = FS @ 25MHz | 38 39 dBc
Total Harmonic Distortion Vin = FS @ 50MHz 1 32 34 dBc
Differential Gain NTSC 40IRE mod. \Y) 1.0 %
Differential Phase rampFo=125MSPS 17y 5 DEG
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ELECTRICAL SPECIFICATIONS

MILITARY TEMPERATURE RANGE
VEE =-5.2V, Rgource =102 felock = 100MHz, Duty Cycle = 50%,

VRB = -2.00V, VRT = 0.00V, Unless otherwise specified

DC ELECTRICAL TEST {TEST ROOM HOT | coLb
PARAMETERS CONDITIONS LEVEL +250C +1250C | -55°C

MIN TYP MAX|MIN MAX |[MIN MAX | UNITS
TRANSFER
CHARACTERISTICS

earity. 77 +1 1 +1 +1
Integral Linearity, 77200A | p > > > LSB
Differential Linearity, 77200A I 1 £1 1 118
4 2 2 2

Offset Error VRT 1 |30 30 {-30 30 |-30 30| mvV
Offset Error VRB I |30 30 |-30 30 {-30 30 | mv
ANALOG INPUT
CHARACTERISTICS
input Voltage Range VRT=05V VRB=25V| | |25 +05125 +05|-25 +05| VOLTS
Input Capacitance Over full input range v 45 pF
Input Resistance Y 4 kQ
Input Current | 300 500 400 750| MA
Clock Synchronous
Input Currents \ 40 KA
POWER SUPPLIES
Supply Current | 420 505 535 505 | mA
REFERENCE
Ladder Resistance | 100 300 }130 300 |60 300 Q
Reference Bandwidth \' 50 MHz
SPT 278
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ELECTRICAL SPECIFICATIONS

MILITARY TEMPERATURE RANGE
VEE =-52V, Rsource =102 fclock = 100MHz, Duty Cycle = 50%,

VRB = -2.00V, VRT = 0.00V, Unless otherwise specified

DC ELECTRICAL TEST Test | ROOM e | Lo

IT =
PARAMETERS CONDITIONS LEVEL [N TYP MAX [MIN  MAX [MIN  MAX | UNITS
DIGITAL LOGIC
Output High Voltage 50Q to-2V | |-o0.98 -090 -0.82 |-0.85 -0.66 |-1.10 -0.95 [VOLTS
Output Low Voltage 50Q to -2V | -1.95 1.80 -1.85|195 -1.65]|-20 -1.70 |[VOLTS
Input High Voltage (MINV, LINV) | -1.13 -0.81 {-1.07 -0.67 |-1.27 -0.87 [VOLTS
Input Low Voltage (MINV, LINV) | -1.95 -1.48 |-1.95 -142]-195 -1.50 [VOLTS
AC ELECTRICAL TEST TEST +R£%M +:‘2°5§c ggéo
PARAMETERS CONDITIONS LEVEL o TYP MAX [MIN  MAX |MIN  MAX |UNiTS
CONVERSION TIMING (See Figure1A)
Maximum Sample Rate | 100 150 100 100 MSPS
Clock Low Width, TPWO | 5 3 5 5 ns
Clock High Width, TPW1 1 5 3 5 5 ns
Data Ready Delay, TD | 3 4 5 (38 7 |35 45 |ns
Output Delay, TD Differential Clock 1 3 34 5 |a 713 45]|ns
Output Rise Time (20% to 80%) 50Q to -2V | 13 19 24 }13 05 22 |Ins
Output Fall Time (20% to 80%) 50Q to -2V | 1.1 156 22 |14 05 22 (ns
ANALOG INPUTS
Aperture Jitter \Y 12 ps RMS
Aperture Delay Differential Clock | 03 12 23]03 28 103 20 | ns
Aperture Time \'/ <100 ps
Settle-to-Hold Time \ 5 ns
Aperture Delay Tempco Differential Clock VvV 4 ps/°C
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ELECTRICAL SPECIFICATIONS

MILITARY TEMPERATURE RANGE
VEE =-5.2V, Rgource =10 felock = 100MHz, Duty Cycle = 50%,  VRB = -2.00V, VRT = 0.00V, Unless otherwise specified

HADC77200

AC ELECTRICAL TEST Test | FOOM e | o
PARAMETERS CONDITIONS LEVEL MIN TYP MAX!MIN MAX | MIN max | units
SIGNAL QUALITY fgiock = 100MHz
Total Dynamic Error Vin=FS @ 1MHz | 45 48 442 442 dB
Total Dynamic Error Vin = FS @ 25MHz I 36.7 38 36.2 36.2 dB
Total Dynamic Error Vin =FS @ 50MHz | 31 33 29.2 292 dB
Signal to noise ratio Vin=FS@ 1MHz | 465 49 45 45 dB
Signal to noise ratio Vin =FS @ 25MHz | 425 46 41 41 dB
Signal to noise ratio Vin =FS @ 50MHz | 34 38 325 325 dB
Total Harmonic Distortion Vin=FS @ 1MHz | 52 56 50.5 52 dBc
Total Harmonic Distortion Vin=FS @ 25MHz | 38 39 365 38 dBc
Total Harmonic Distortion Vin =FS @ 50MHz | 32 34 305 32 dBc
TEST LEVEL CODES

LECTRI HARA T TEST LEVEL TEST PROCEDURE
All electrical characteristics are subject to the following | 100% production tested atthe
conditions: specified temperatures.
All parameters having Min./Max. specifications are 1l 100% production tested at Ta=
guaranteed. The Test Level column indicates the specific 25°C, and sample tested at the
device testing actually performed during production and specified temperatures.
Quality Assurance inspection. Any blank sections in the
data columns indicates that the specification is not tested,_ i QA sample tested only atthe
at the specified condition. specified temperatures.

Y] Parameter is guaranteed (but not
tested) by design and characteri-
zation data.

\Y Parameter is a typical value for
information purposes only.
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GENERAL DESCRIPTION

The HADC77200 is the fastest monolithic 8-bit parallel
flash A/D converter available today. The minimum
conversion rate is 150 MSPS and the analog
bandwidth is in excess of 70 MHZ. A major advance
over previous flash converters is the inclusion of 256
input preamplifiers between the reference ladder and
input comparators (see block diagram). This reduces
clock transient kickback to the input and reference
ladder. The preamplfiers also add a gain of six to the
input signal so that each comparator has a wider
overdrive or threshold range to "trip" into or out of the
active state. This gain reduces meta- stable states
that can cause errors at the output.

An additional advantage of the HADC77200 over
similar devices is a better integral linearity specifi-
cation over the part's entire usable range.

The specification is improved from 1/2 LSB to 1/4
LSB. The center reference ladder tap is optional as
needed to futher decrease this specification.

The HADC77200 has true differential analog and
digital data paths from the preamplifiers 1o the output
buffers (Current Mode Logic) for reducing potential
missing codes while rejecting common mode noise.

Signature errors are also reduced by careful layout of
the analog circuitry. Every comparator also has a clock
buffer to reduce differential delays and to improve
signal-to-noise ratio. Furthermore, the HADC77200
has an on-board power supply bypass of 1500pF to re-
duce external component needs, and the output
drive capability of the device can provide full ECL
swings into 50Q loads.

TYPICAL INTERFACE CIRCUIT

The HADC77200 is relatively easy to apply
depending on the accuracy needed in the intended
application. Wire-wrap may be employed with careful
point-to-point ground connections if desired, but to
achieve the best operation, a double sided PC board
with a ground plane on the component side
separated into digital and analog sections will give the

best performance. The converter is bonded-out to
place the digital pins on the left side of the package
and the analog pins on the right side. Additionally, an
RF bead connection through a single point from the
analog to digital ground planes will reduce ground
noise pickup.

The circuit in Figure 1 is intended to show the most
elaborate method of achieving the least error by
correcting for integral linearity, input induced
distortion and power supply/ground noise. This is
achieved by the use of external reference ladder tap
connections, input buffer and supply decoupling. The
function of each pin and external connections to other
components are as follows:

VEE, AGND, DGND

VEE is the supply pin with AGND as ground for the
device. The power supply pins shouid be bypassed
as close to the device as possible with at least a .01uF
ceramic capacitor. A 1uF tantalum can also be used
for low frequency suppression. DGND is the ground
for the ECL outputs and is to be referenced to the
output pulldown voltage and appropriately bypassed
as shown in Figure 1.

VIN (Analog input)

There are two analog input pins that are tied to the
same point internally. Either one may be used as an
analog input "sense" and the other for input "force".
This is convenient for testing the source signal to see
if there is sufficient drive capability. The pins can also
be tied together and driven by the same source. The
HADC77200 is superior to similar devices due to a
preamplifier stage before the comparators. If an input
buffer is needed, a Harris HA2540 may be used in
conjunction with an output transistor buffer for lower
frequency applications. For higher frequencies,
another option is to use an Elantec EL2004 video
buffer or an HA2539 and a 2N5836 transistor. Very
high performance can be achieved by using a
Comlinear CLC221/231.
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FIGURE 1 HADC77200 TYPICAL INTERFACE CIRCUIT
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CLK, CLK (Clock Inputs)

The clock inputs are designed to be driven differential-
ly with ECL levels. The clock may be driven single-
ended since CLK is internally biased to -1.3V (see
clock input circuit on page 12). It may be left open but
a .01uF bypass capacitor from CLK to AGND is recom-
mended. The duty cycle of the clock is not important
as long as minimum pulse width is maintained.

MINV, LINV (Output Logic Control)

These are digital controls for changing the output
code from straight binary to two's complement, etc.
For more information, see Table 1. Both MINV and
LINV are in the logic "low" (0) state when they are left
open. The "high" state can be obtained by tying to
AGND through a diode or 3.9kQ resistor.

DO to D7 (Digital Outputs)
The digital outputs can drive 50Q2 to ECL levels when

pulled down to -2V. When pulled down to -5.2V the
outputs can drive 130Q to 1KQ loads.

R
L]
85
LY

g
%
20—y

VRBF, VRBS, VR1, VR2, VR3, VRTF, VRTS
(Reference Inputs)

These are five external reference voltage taps from
-2V (VRB) to AGND (VRT) which can be used to
control integral linearity over temperature. The TAPS
can be driven by Op amps as shown in Figure 1.
These voltage level inputs can be bypassed to AGND
for futher noise suppression if so desired. VRB and
VRT have "force" and "sense" pins for monitoring the
top and bottom voltage references.

DREAD (Data Ready),
Inverse)

DRINV (Data Ready

The data ready pin is a flag that goes high or low at the
output when data is valid or ready to be received. It is
essentially a delay line that accounts for the time
necessary for information to be clocked through the
HADC77200's decoders and latches. This function is
useful for interfacing with high speed memory. Using
the data ready output to latch the output data ensures
minimum setup and hold times. DRINV is a data ready
inverse control pin. Timing is shownin Figure 1A.

SPT
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D8 (Overrange)

This is an overrange function. When the HADC77200
is in an overrange condition, D8 goes high and all data
outputs go high as well. This makes it possible to in-
clude the HADC77200 into higher resolution sys-
tems.

N/C

All"Not Connected" pins should be tied to AGND.

TABLE 1 - OUTPUT CODING

MINV 0 0 1 1
LINV 0 1 0 1
ov 1111 100...00 ot1..11 000...00
111..10 100...01 011...10 000...01
Vin - 100...00 1111 000...00 o11..11
011...11 000...00 1111 100...00
. 000...01 011...10 100...01 111...10
-2v 000...00 011...11 100...00 111..11
1V, Vo

0:V y, VoL

FIGURE 1A - TIMING DIAGRAM

OPERATION

The HADC77200 has 256 preamp/comparator pairs
which are each supplied with the voltage from VRT to
VRB divided equally by the resistive ladder as shown
in the block diagram on page 1. This voltage is applied
to the positive input of each preamplifier and compar-
ator pair. An analog input voltage applied at VIN is con-
nected to the negative inputs of each preampli-
fier/comparator pair. The comparators are then
clocked through each one's individual clock buffer.
When the CLK pin is in the low state, the master or
input stage of the comparators compare the analog
input voltage to the respective reference voltage.
When the CLK pin changes from low to high the
comparators are latched to the state prior to the clock
transition and output logic codes in sequence from
the top comparators, closest to VRT(0V), down to the
point where the magnitude of the input signal
changes sign (thermometer code). The output of
each comparator is then registered into four 64-t0-6
bit decoders when the CLK is changed from high to
low. At the output of the decoders is a set of four 7-bit
latches which are enabled ("track”) when the clock
changes from high to low. From here, the output of
the latches are coded into 6 LSBs from four columns
and 4 columns are coded into 2 MSBs. Next are the
MINV and LINV controls for output inversions and they
consist of a set of eight XOR gates. Finally, eight ECL
output latches and buffers are used to drive the
external loads. The conversion takes one clock cycle
from the input to the data outputs.

¥
L}
N+t : N+2
Analog input vin A X )
1
le-Tpw1 .*_Tpm - '
K. - - .- oo
Clock cLK__.J(_-_?"&.__./’_--.\___)( ———-
' X
L} f \
Mester XX XXX y
Comparator output : ' "!
1 : E
Stave 7 X f X :
! A
) ! >t
8 bit latch output X 1l Dt ':‘
! ' M
[ ' 1
1 N N
8 bit latch output : v Ne G
- ¥ /
1}
Data output D o~ D 4, )
x t
over-range D8 D 5 ] T m
L

Data Ready “for 77200"

Dots () in the chart denote
respective latch timings.

2-78

SPT




INPUT CIRCUIT

DRINV, MINV, LINV INPUT CIRCUIT

HADC77200

AGND AGND
- - 10K Q
Vr
VIN |:
MINV
LINV 1.3V
|"_'} +
8 % 16K Q
vr;E VEE
CLOCK INPUT OUTPUT CIRCUIT
D0 THROUGH D8, DREAD
AGND
PANRVAN
S AGND DGND
— 4.av ]
CLK O
O
kﬂ_ 13K Q AN
cLK
O 13K Q Datlla:) Out
" VEE
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DYNAMIC EVALUATION

POWER DESIGN our | FLUKEeosom  |REF-OUT
TP 340 OPTION 130
out
S ERE FLUKE 6060B
] ™ z g
Tiw 8|8 REF-IN
VIN
Ok} EXT out
IN INPUT HP 8082A I CLK-IN sV
DUT CARD W/LATCH ot y
ouT HP 8082A INPUT IN/4 ECL onp | HPe216B
DATA LATCH
V
/8
CLK
HP 8182A HPIB HP 9836
DATA ANALYZER CONTROLLER
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BURN-IN CIRCUIT TgasE = 125°C

o
VEE 5, 20, 25, 31, 32, 42, 43, 48
R4 é
o
v
REF R3
-2.00 Volts
VRB >
28, 29
HADC77200 R1 é 2% éé R1
NC |33, 37, 41 g
10
vin  R2 11
o} AN 35, 39 12
13
14
15
6
CLK R2 17
© %% 22 LINV
29
O AN 23 GGk 21 MINV
R2 8<> 3
CLK DRINV R2
-2.00
Rl =50Q 14 Watt CC 5%  — Notes:
R2 = 1KQ 1/4 Watt CC 5%
1. Pin numbers refer to dip packages
R3 = 65Q 1/4 Watt CC 5%
R4 = 3.25Q 1/2 Watt CC 5%

VREr = -2.00 Volts
VEE = .6.6 Volts
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DEFINITION OF TERMS

SPECIFICATIONS
A/D CONVERTER ERROR SUMMARY

Honeywell SPT realizes that the transfer function for
an A/D converter is very dependent upon the slew
rate of the signal it is digitizing. The transfer function
under dynamic conditions may exhibit numerous
errors (Figure 2B) while a static dc input level may
appear close to the ideal (Figure 2A). That is why we
are including many dynamic tests as well as the the
industry standard dc specifications.

EFFECTIVE BITS (SNR)

This is the difference between the measured data at
the output of an A/D converter in response to a
sinewave and an ideal sinewave's data best fitted to
the measured data. The data is then plotted as usable
(effective) output bits versus frequency. This is the
most important specification since it is tested over the
entire frequency range of the part and shows true
dynamic performance. It also indicates the cumulative
effect of many error sources. These are quantization
error, dynamic differential nonlinearity, missing codes,
integral nonlinearity, total harmonic distortion, aper-
ture uncertainty and noise. Not included are DC speci-
fications such as offset and gain errors. The result is
calculated from measured rms error for the ideal
sinewave and the measured actual rms error as
follows:

eff bits = 8 - logp a}ctual ms error
ideal rms error

Furthermore, signal-to-noise ratio (SNR) can be
related to effective bits by the following formula:

SNR(dB) = 1.8 + 6.02 X N(eff bits)

QUANTIZATION ERROR

Quantization error is the fundamental, irreducible error
associated with the perfect quantizing of a continuous
(analog) signal into a finite number of digital bits (A/D
tranfer function). An 8-bit A/D converter can repre-
sent an input voltage with a best case uncertainty of 1
part in 28 (1 part in 256). In real A/Ds under dynamic
operating conditions, the quantization bands (bit
change step vs input amplitude) for certain codes can
be significantly larger (or smaller) than the ideal. The
ideal width of each quantization step (or band) is Q =
FSR/2N where FSR = full scale range and N = 8. Non-
ideal quantization bands represent differential non-
linearity errors (See Figures 2A and 2B).

DIFFERENTIAL NONLINEARITY

Differential nonlinearity is a measure of how much the
actual quantization step width varies from the ideal
step width of 1 LSB. Figure 2B shows a differentidl
nonlinearity of 2 LSB - the actual step width is 3 LSB.
The HADC77200's specification gives the worst case
differential nonlinearity in the A/D transfer function
under specified dynamic operating conditions. Small,
localized differential nonlinearities may be insignificant
when digitizing full scale signals. However, if a low
level input signal happens to fall on that part of the A/D
transfer function with the differential nonlinearity error,
the effect will be significant.

MISSING CODES

Missing codes represent a special kind of differential
nonlinearity. The quantization step width for a missing
code is 0 LSB, which results in a differential
nonlinearity of -1 LSB. Figure 2B points out two
missed codes in the transfer function.

output -
Codes

+ Threshold Level
(Band Edge)

VAR |

—OI I‘-— Quantlization Step
(Or Band)

oib_y_\

Input Voltage

Figure 2A Static Input Conditions

Output
Codes Int i Nonli B : : ;
Integral oniineari
e Y

<+ Differential Nonlinearity =
X ¢ (X-1188B)

Input Voltage

Figure 2B Dynamic Conditions
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SPECIFICATIONS CONTINUED
INTEGRAL NONLINEARITY

Integral nonlinearity is the maximum deviation of the
A/D transfer function from a best fit straight line
(Figure 3A). Integral nonlinearity does not include
any gain and offset errors. Integral nonlinearity in an
A/D is generally more detrimental when digitizing full
scale signals than low level signals which may fall on a
part of the transfer function which is relatively linear.
Figure 2B shows an integral nonlinearity error of 2
LSB. The HADC77200's integral nonlinearity can be
improved by using the external reference ladder taps
as shown in Figure 1. The resulting effect on the
linearity is shown in Figure 3B.

APERTURE UNCERTAINTY

Aperture uncertainty is the time jitter in the sample
point and is caused by short term stability errors in the
timebase generating the sample (encode) command
to the A/D converter. The approximate voltage error
due to aperture uncertainty depends on the slew rate
of the signal at the sample point. See Figure 3C .

As in any sampled data system, the aperture width
affects the accuracy of the system. The aperture time
can be considered an amplitude uncertainty for any
input where the voltage is changing. The magnitude
of this change for a sinewave can be calculated for
time or voltage by the equation:

By calculating the aperture time for a given system
accuracy and comparing it to the aperture time
specification of the flash converter, the need for a
track and hold can be determined. The graph in Figure
4 summarizes required aperture time for 8-bit re-
solution high speed converters using sinusoidal fre-
quencies.

An example using an 8-bit flash converter follows. If
the signal that is to be measured is known not to
contain any sinusoidal frequencies above 10MHz,
then from Figure 4 it can be determined that to assure
less than 8-bits of error due to aperture alone, the A/D
converter must have an aperture time of less than
70ps. Most data sheets do not state aperture time so
usually a sample and hold is used. Unfortunately, the
sample and holds generally available today are not
faster than 70ps.

Aperture time and delay are very difficult to measure,
however these values are needed to make intelligent
design decisions. Honeywell SPT supplies these
values for the HADC77200 based on both computer
design simulations and verified by characterization of
samples.

dV/V = 2xfty
Linearity Curves
0 4 0 4
VoL 2 oal bt linesrity . 1
P P
(1] U
T T
z a4 4 g e 2mv
L L
T T
(A; smv 2
E T E T
2 H—t—t— 2 ——t—t—
0 64 128 152 255 o 64 128 152 255
Bit Number Bit Number
FIGURE 3A Linearity Curve with no FIGURE 3B Linearity Curve with TAPS
TAP adjustment Forced to Within .5mV of
Ideal
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CHARACTERISTIC TESTING

—v — | TESTING

l Sample Point All of the following tests can be performed using
Hewlett-Packard equipment as referred to in H.P.

| Product Note 5180A-2. Test methods available to

| measure the previous specifications are explained as

dv
At —

AVoror =At follows and listed in Table 2.
HISTOGRAM TESTING
FIGURE 3C Aperture Uncertainty
In histogram testing, a full scale sinewave of specified
1607 frequency is input to the HADC77200. The frequency
9 of the sinewave is selected to be non-coherent with
the sample rate of the A/D converter. Several hundred

}\ thousand samples of the signal are taken and

1E-08

processed into a histogram. At the end of the

N sampling, the histogram is plotted with possible output

’\ codes along the x-axis and frequency of occurance

10 along the y-axis. Above each possible output code

N {the x-axis is from 0 to 256), a point is plotted whose

\ height is proportional to the total number of times that

1E-11 N code occurs. For a sinewave input, a perfect A/D

converter would produce a cusp probability density
E12 function described by the equation:

1E-09

O=C~=0T P

®3 —=

1E+04 1E+05 1E+06 1E+07 1E+08 1E+09 1
p(V) = ————
(A2 - V2) 112

FREQUENCY (HZ)
L f

N=38 where A is the peak amplitude of the sinewave and

FIGURE 4 Aperture Time - Sinewaves p(V) is the probability of an occurance at a voltage V. If

a particular step is wider than the ideal width, then the

_________________ code associated with that step will have accumulated

more "counts” than a code corresponding to the ideal

step. A step narrower than the ideal width will

accumulate fewer counts. Missing codes are readily

apparent because a missing code will show zero
counts (See Figure 5).

Missing Codes

¥

FAST FOURIER TRANSFORM TESTING

The Discrete Fourier Transform (DFT) is another useful
tool for evaluating A/D converter dynamic perfor-
mance. Implemented using a Fast Fourier Transform
algorithm, the DFT converts a finite time sequence of
sampled data into the frequency domain. From the
frequency domain representation of the data, the
linearity of the A/D converter's dynamic transfer func-
tion may be measured. Harmonics of the input sine-
Reconstructed @ """~ """~ wave, caused by the integral nonlinearity, are aliased

Sinewave )
Histogram
In the histogram test, A/D transfer function step widths larger
than ideal show up as "spikes" in the histogram. Codes missing
from thetransfer function show up as "bins" with zero counts.

FIGURE 5 Histogram Testing
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SPECIFICATION TESTING
CONTINUED:

into the baseband spectrum and can be readily
identified and measured. Additional effects can be
measured as shown in Table 2.

SINEWAVE CURVE FITTING

In the sinewave curve fit test, a full scale sinewave of
specified frequency is digitized by the HADC77200.
Using least squared error minimization techniques, an
idealized sinewave fit to the data is calulated by
software. The sinewave is in the form:

Asin(27ft+6)+DC

where Af,06,DC are the parameters which are selected
for a best fit to the data. The idealized best fit sine-
wave, Agsin(2nfot+8,)+DCq is then subtracted from
the digitized time record.

The rms errors are then calculated and the effective
bits specification is found.

BEAT FREQUENCY TEST

Beat frequency testing is a qualitative test for A/D
converter dynamic performance and may be used to
quickly judge whether or not there are any gross
problems with the HADC77200. In this technique, a
full scale sinewave input signal is offset slightly in
frequency from the A/D converters sample rate. This
frequency offset is selected such that on successive
cycles of the input sinewave, the A/D's output ideally
would change by 1 LSB at the point of maximum
slope. Thus the A/D sample point "walks" through the
input signal. When the data stored in memory is
reconstructed using a low speed DAC, the beat
frequency, A f, is observed. Differential nonlinear-
ities show up as nonuniform horizontal lines in the
observed beat frequency waveform and missing
codes show up as gaps.

TABLE 2
TESTS
The following table summarizes the dynamic p ce tests p ly described and the dynamic errors which influence test results.
(Table from H. P. Product Note 5180A-2)
BEAT
SINEWAVE FREQUENCY

ERROR HISTOGRAM FFT CURVE FIT TEST

Differential Yes-shows up as spikes Yes-shows up as Yes-part of Yes

Nonlinearity elevated noise floor RMS error

Missing Codes Yes-shows up as bins Yes-shows up as Yes-part of Yes

with O counts elevated noise floor RMS error
Integral Nonlinearity Yes {could be measured Yes-shows up as Yes-part of Yes
directly with highly linear harmenics of fundamental RMS error
ramp waveform) aliased into baseband
Aperature Uncertainty No-averaged out. Can be Yes-shows up as Yes-part of No
measured with “phase elevated noise floor RMS error
locked" histogram.
Noise No-averaged out. Canbe Yes-shows up as Yes-part of No
measured with "phase elevated noise floor RMS error
locked" histogram.

Bandwidth Errors No No No Yes-used to
measure analog
bandwidth.

Gain Errors Yes-shows up in peak to No No No

peak of distribution.

Offset Errors Yes-shows up in offset No No No

of distribution average.
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CHARACTERIZATION GRAPHS
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CHARACTERIZATION GRAPHS (con't.)
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PIN ASSIGNMENT HADC77200
we vee [a] NAME  FUNCTION NAME  FUNCTION
E NiC AGND E .
E DRINV AGND E VEE Negative Supply CLK ECL Clock Input Pin
Nominally -5.2V
[F ] VRTS E
[s | vee VRTF {22 LINV DO through D6 Output CLK ECL Clock Input Pin
E;: AGND VEE E Inversion Control Pin
[z |oaro VEE 142 | DREAD Data Ready Output DRINV  Data Ready Inverse
(e | oreao VR3 {41
E DO (LSB) AGND {40 DGND Digital Ground VRBS Reference Voltage Bottom,
[E D1 VIN {39 | AGND Analon G § Sense, Nominally -2.0V
— nalog Groun
E o2 AGND 138 | VRBF Reference Voltage Bottom,
1203 VR2 137 | Force, Nominally -2.0V
13 | D4 AGND |36
(72 | D5 VIN E Do Digital Data Output Pin 1 VIN Analog Input, connected to the
151 06 AGND E (LSB) input signal or used as Sense
[16] o7 Mse) ve1 [33] D1-D6  Digital Data Output Pin 2 VR1 Reference Voltage Tap 1
E D8 (OVERRANGE) vee [32] through Pin 6
18 | DGND vee [31] VR2 Reference Voltage Tap 2
19 | AGND e (3o D7 Digital Data Output Pin 7 VR3 Reference Voltage Tap 3
[ 20 | vee VRBF |20 | (MSB)
21 | MINV VRBS |28 VRTS Reference Voltage Top,
E&: &K AGND |27] D8 Overrange Output Sense, Nominally -2.0V
e
[E o AGND 126 | MINV D7 Output Inversion VRTF Reference Voltage Top,
[2e]ne VEE |25 | Control Pin Force, Nominally -2.0V

48 LEAD CERAMIC SIDEBRAZED DIP

**For Ordering Information See Section 1.
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SIGNAL
PROCESSING

TECHNOLOGIES HADC77600
10-BIT, 50 MSPS FLASH ANALOG TO DIGITAL CONVERTER
PRELIMINARY INFORMATION

FEATURES: APPLICATIONS:

» Output Glitches Eliminated * Radar

» Trimmedto +3/4 LSB « Digital Oscilioscopes
= On-Chip Input Buffer Amplifier « Video Equipment

« Internal Gray Coded Logic for Low Noise » Spectrum Analyzers

« Preamplifier/Comparator Inputs * Medical Imaging

GENERAL DESCRIPTION

The HADC77600 is a monolithic 10-bit parallel A/D  Glitches and metastable states have been reduced to the
converter. The sample rate can be set up to 50MSPS 1 LSB level. This provides a great advantage to
(75MSPS TYPICAL) for digitizing signals up to 25MHz.  designers of single event detection systems for better
The full scale input range is -1.5 to +1.5 Volts. performance than previously possible.

The HADC77600 has a wide bandwidth to allow it to be  The device is packaged in a 72-lead Pin Grid Array (PGA)
used in many applications without a track and hold. If a  that includes on board power supply bypass capacitors
track and hold is required for the application, the  equivalent to 120pF on the VEE and VCC supply pins.
converter has excellent step response. Power dissipation is only 4.7 Watts, and operation is
New design techniques have been used to eliminate  guaranteed over both the commercial and military
random errors commonly found in flash converters.  temperature ranges.
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HADC77600

ABSOLUTE MAXIMUM RATINGS 25°C (1)

Supply Votages

Positive Supply Votage (VCC to AGND)......+6.0t0 -0.5V
Negative Supply Voltage (VEE to AGND)....-6.0 to+0.5V
GND Voltage Differential (AGND to DGND).. +0.5t0 -0.5V

Input Voltages

Data, Controls (ECL, measured to AGND).....+0.5 to VEE

Analog (VIN).....ccovrivrervenrnennes

+/-1.5V for +/-1.5V Ref

Output
Applied Voltage...........cccovvvenerecriennenes -8Vio+ .4V
Temperature
Temperature, ambient............ccceevvnes -60to +140°C
L JUNCHION. ... trenranne +150°C

Lead Temperature (soldering 10 seconds)....+300°C

Storage Temperature

-65 to +150°C

Note: Operation at any Absolute Maximum Rating is not implied. See Electrical Specifications for proper nominal applied conditions

in typical applications.

ELECTRICAL SPECIFICATIONS
VCC =+5.0V, VEE =-5.2V, VBIAS = +2.0V, {CLOCK = 50MHz, VRT= 1.5V, VRB=-1.5V, unless otherwise specified.

DC Electrical Test Test | Room +25°C| Hot +70°C Cold -25°C | ynits

Characteristics Conditions |Level (1) |Min Typ Max |Min Typ Max| Min Typ Max
TRANSFER CHARACTERISTICS
Integral Linearity +1 LSB
Differential Linearity +3/4 LSB
Offset Error VRT -15 mV
Offset Error VRB 15 mVv
ANALOG INPUT CHARACTERISTICS (ADC)
Input Voltage Range -1.5 +15(-15 +1.5}-1.5 +1.5 ] Volts
Input Capacitance 300 pF
Input Current AT Vin = 0Volts 1.0 mA
Input Resistance 20 K Ohms
Clock Synchronous Input 50 A

Currents
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