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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.

Honeywell SPT 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.
Honeywell SPT does not assume any responsibility for the use of any
circuitry described in ths book other than the circuitry contained
within a Honeywell SPT product. Honeywell SPT makes no
representations that the circuitry described within this book is free
from patent infringement or other rights of third parties which may
result from its use. No license is granted by implication or

otherwise under any patent, patent rights, or other rights, of
Honeywell SPT.

Honeywell Inc., Signal Processing Technologies, reserves the right to change products and specifications without notice.
WARNING—LIFE SUPPORT APPLICATIONS POLICY—Honeywell SPT products shall not be used within any Life Support Systems
without the specific written consent of Honeywell SPT. A Life Support System is a product or system intended to support or sustain
life which, if it fails, can be reasonably expected to result in 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

AID CONVERTERS

RESOLUTION SAMPLE CONVERSION LOGIC LINEARITY
PART NO. (BITS) RATE (MSPS) TIME (1s) FAMILY INT DIF FEATURES
HADC 77300A 8 250 ECL Ve Y2 PIN COMPATABLE WITH HADC77200
HADG 773008 s 250 oL " v _ IMPROVED ANALOG PERFORMANCE
wocTmor g o a e ERATSEeECT
HADC 772008 8 150 ECL % %  IMPROVED ANALOG PERFORMANCE
HADC 771004 8 150 ECL % i PRE AMPLIFIER DESIGN
HADC 771008 8 150 ECL % “
HADC 77600 10 50 ECL 1 v ONBOAID BUFFER, METASTABLE
HADC 674A 12 15 I v v
HADC 674B 12 15 TTL Ve Ve S/H FUNCTION, LOW POWER,
HADC 674C 12 s e T MO RSN Te AT NGO
HADC 574A 12 25 T Ve Ve ALTERRATES FOR v 4- i 674
HADC 5748 12 25 L % v AND AD574
HADC 574C 12 25 T 1 1
D/A CONVERTERS

RESOLUTION UPDATE ~ SETTLING LOGIC  LINEARITY
PART NO. (BITS) RATE (MSPS) TIME (ns) FAMILY INT DIF FEATURES
HDAC 34020 4 100 4 I ve v TRIPLE 4-BIT, REF, VIDEO CONTROL
HDAC 34010 4 200 4 ECL Ve Ve TRIPLE 4-BIT, REF, VIDEO CONTROL
HDAM 51100 8 125 3 ECL v v 512 X 8 PALETTE, REF, VIDEO CONTROL
HDAC 51600 8 165 (250 TYP) 3 TIL v Ve 51, 411, MUX, REF, VIDEO CONTROL
HDAC 101808 8 180 3 ECL v v VIDEO CONTROL, ALTERNATE FOR TDC 1018
HDAC 10181B 8 180 3 ECL ve Ve REF, VIDEO CONTROL
HDAM 51200 8 200 3 ECL v v 512 X 8 PALETTE, REF, VIDEO CONTROL
HDAC 97000 8 200 10 ECL Ve Ve REF, ALTERNATE FOR ADS700
HDAC 10180A 8 275 3 ECL Ve V. VIDEO CONTROL, ALTERNATE FOR TDC 1018
HDAC 10181A 8 275 3 ECL ve v REF, VIDEO CONTROL
HDAC 51400 8 385 3 ECL Ve Ve REF, VIDEO CONTROL
HDAC 7541Z 12 500 I Ve Ve ALTERNATE FOR AD7541A
HDAC 7642A 12 500 L ve ve ALTERNATE FOR AD7542
HDAC 7543A 12 500 I v v ALTERNATE FOR AD7543
HDAC 7545A 12 500 TIL v Ve ALTERNATE FOR AD7545
HDAC 50500 12 500 TTL v v MICROPROCESSOR INTERFACE
HDAC 50600 14 500 . % v PARALLEL INPUT
HDAC 50800 14 500 TIL va va 2 BYTE INPUT

HDAC 52160 16 100 TTL Vo Va PARALLEL INPUT

12 | Honeywell




PRODUCT SELECTION GUIDE

COMPARATORS
PROP
tdts DELAY Vem Vos RN AV
PART NO. (ns) (ns) (\)] (mV) (k) (VIv) FEATURES
SYMETRICAL t,fty,
HCMP 96850 1.76/1.72 3.0 +25V +30 60 4k ALTERNATE FOR
SP9685, AM6685
HIGH PERFORMANCE,
HCMP 96870A 1.21.2 23 +25 +3.0 60 4k ALTERNATE FOR
SP9687, AM6687
HIGH Vem RANGE,
HCMP 96900 1.6/1.6 42 +10 +05 10,000 1k SYMETRICAL t,/tf AND PROP
-3 DELAY INDEPENDENT OF
OVERDRIVE AND Vem
INSTRUMENTATION AMPLIFIERS
NON- GAIN SUPPLY
LINEARITY Vos BANDWIDTH VOLTAGE
PART NO. ®V) (MH2) (\) FEATURES
.001% 25
HINA 522 MAX +15
AV = 1
1003% 25 25 ALTERNATE SOURCES FOR
HINA 524 MAX AV = 1000 ANALOG DEVICES
AV = 1 +15 MONOLITHIC CONSTRUCTION
001% 25 25
HINA 624 MAX AV = 1000
AV = 1 +15
FILTER
DYNAMIC MAX BANDEDGE SUPPLY
RANGE BANDEDGE TOLERANCE VOLTAGE
PART NO. (dB) (kH2) (%) v) FEATURES
7TH ORDER LOW PASS, >76dB
STOPBAND ATTENUATION, ON CHIP
HSCF 24040 85 20 +05 +5 ANTIALIAS FILTER, DIGITALLY
PROGRAMMABLE BANDEDGE AND
DC GAIN
EVALUATION FEATURED
BOARDS PRODUCT FEATURES
EB 100 HADC77100 150MSPS A/D, D/A
EB 101 HADC77200 150MSPS A/D, D/A
EB 102 100MHz BUFFER AMP, 8-BITS
EB 103 HADC77200/77300 300MSPS A/D, D/A PING-PONG
EB 104 HADC574/674 AID, D/A, OPTIONAL S/H
EB 105 HSCF24040 ON-BOARD OR EXTERNAL
PROGRAMMING

Honeywell
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PRODUCT CROSS REFERENCE GUIDE

INDUSTRY SPT INDUSTRY SPT INDUSTRY SPT

PART NO. EQUIVALENT PART NO. EQUIVALENT PART NO. EQUIVALENT
AD522AD HINAS228BlJ AD7545AQ HDAC7545ABID MP7645LN HDAC75465AACN
AD522BD HINAS22A1 AD76458Q HDAC7545ABID MP7545SD HDAC7545ABMD
AD522SD HINA622BMJ AD76545CHIPS HDAC7545ABCU MP7545TD HDAC7545ABMD
AD524AD HINA524ClJ AD7545CQ HDAC7545AAID MP7545UD HDAC7545AAMD
AD524BD HINA524BlJ AD7545GCQ HDAC75465AAID/G MP7623 -HDAC76412ZCCU
AD524CD HINAS24 Al AD7545GLN HDAC7545AACN/G MP7623AD HDAC7541ZBID
AD524SD HINA524CMJ AD7545GUD HDAC7545AAMD/G MP7623BD HDAC7541ZAID
AD574AJD HADC5742CCJ AD7545UN HDAC7545ABCN MP7623JN HDAC7541ZBCN
ADS74AJIN HADC5742CCN AD7545KN HDAC7545ABCN MP7623KN HDAC7541ZACN
ADS74AKD HADC6742BCJ AD7545LN HDAC7545AACN MP76235D HDAC7541ZBMD
ADS74AKN HADC574ZBCN AD7545SD HDAC7545ABMD MP7623TD HDAC7541ZAMD
ADS74ALD HADC574ZACJ AD7545TD HDAC7545ABMD PM7542AQ ‘HDAC7542AAMD/G
ADS74ALN HADCS574ZACN " AD7545UD " HDAC7545AAMD PM7542BQ HDAC7542AAMD
AD624AD HINA624ClJ * 'AD9700D22A HDAC97000SJM PM7542BQ HDAC7542ABMD
AD624BD HINAB24BlJ AM6685DL HCMP96850SID PM7542EQ HDAC7542AAID/G
AD624CD HINA624AH AM6687DL HCMP96870SID PM7542FQ HDAC7542AAID
AD624SD HINA624CMJ AM6687LL HCMP96870SIC PM7542FQ HDAC7542ABID
AD7641AAQ HDAC7541ZBID Cx02116 HADC77100AlW PM7542G HDAC7542ABCU
AD7541ABQ HDAC7541ZAID HI1-674AJD-6 HADC5742CCJ PM7542GP HDAC7542AACN/G
AD76541ACHIPS HDAC75412BCU HI1-574AKD-5 HADC5742BCJ PM7542HP HDAC7542AACN
AD7541AIN HDAC7541ZBCN HI1-574ALD-5 HADC574ZACJ PM7542HP HDAC7542ABCN
AD7541AKN HDAC7541ZACN HI1-674AJD-6 HADC674ZCCJ PM7543AQ HDAC7543AAMD/G
AD7541ASD HDAC7541ZBMD HI1-674AKD-6 HADC674ZBCJ PM7543BQ HDAC7543AAMD
AD7541ATD HDAC7541ZAMD HI1-674ALD-6 HADCB74ZACJ PM7543BQ HDAC7543ABMD
AD7542AD HDAC7542ABID MP7542 HDAC7542ABCU PM7543EQ HDAC7543AAID/G
AD7542BD HDAC7542AAID MP7542AD HDAC7542ABID PM7543FQ HDAC7543AAID
AD7542CHIPS HDAC7542ABCU MP7542BD HDAC7542AAID PM7543FQ HDAC7543ABID
AD7542GBD HDAC7542AAID/G MP7542N HDAC7542ABCN PM7543G HDAC7543ABCU
AD7542GKN HDAC7542AACN/G MP7542KN HDAC7542AACN PM7543GP HDAC7543AACN/G
AD7542GTD HDAC7542AAMD/G MP7542SD HDAC7542ABMD PM7543HP HDAC7543AACN
AD7642UN HDAC7542ABCN MP7542TD HDAC7542AAMD PM7543HP HDAC7543ABCN
AD7542KN HDAC7542AACN MP7543 HDAC7543ABCU PM7545AR HDAC7545AAMD/G
AD75428D HDAC7542ABMD MP7543AD HDAC7543ABID PM7545BR HDAC7545AAMD
AD76542TD HDAC7542AAMD MP7543BD HDAC7543AAID PM7545BR HDAC7545ABMD
AD7543AD HDAC7543ABID MP7543UN HDAC76543ABCN PM7545ER HDAC7545AAID/G
AD7543BD HDAC7643AAID MP7543KN HDAC7543AACN PM7545FR HDAC7545AAID
AD7543CHIPS HDAC7543ABCU MP7543SD HDAC7543ABMD PM7545FR HDAC7545ABID
AD76543GBD HDAC7543AAID/G MP7543TD HDAC76543AAMD PM7545G HDAC7545ABCU
AD76543GKN HDAC7543AACN/G MP7545 HDAC75465ABCU PM7545GP HDAC7545AACN/G
AD7543GTD HDAC7543AAMD/G MP7546AD HDAC7545ABID PM7545HP HDAC7545AACN
AD7543JN HDAC7543ABCN MP7545BD HDAC7645ABID PM7545HP HDAC7545ABCN
AD7543KN HDAC7543AACN MP7545CD HDAC7545AAID SP9685DG16 HCMP96850SID
AD7543SD HDAC7543ABMD MP7545UN HDAC7545ABCN SP9687DG16 HCMP96870AID
AD7543TD HDAC7543AAMD MP7545KN HDAC7545ABCN TDC1018J7C HDAC10180AMJ
1.4 Honeywell




SPT PRODUCT IDENTIFICATION CODE

PREFIX
DEVICE TYPE
MODEL NUMBER
ELECTRIC GRADE
TEMPERATURE OPERATING RANGE
PACKAGE TYPE
. SPECIAL BY CUSTOMER
DRAWING OR SCREENING
H DAC 97000 s | D/ +
OPTIONS:
+ Standard Bum-in
— H Standard Hi-Rel Screening
G Special Electric
J CERAMIC SIDEBRAZED
D CERDIP
C LEADLESS CHIP CARRIER
G. PIN GRID ARRAY
¥ PLASTIC Qua
M HYBRID METAL
H HYBRID CERAMIC
U DIE ONLY
L LEADED CHIP CARRIER
S SMALL OUTLINE
X SPECIAL PACKAGE
M Military (- 66° to +125°C)
Tem—====_1 Industrial (~ 26° to + 85°C)
C Commercial (0 to 70°C)
A 1
b B | INCREASING GRADE
SINGLE GRADE
(See Product Listings)
ADC - Analog-to Digital Converter CMP - Comparator
DAC Dlgltal‘to-Andog Converter  INA - Instrumentation Amplifier
DAM - Digital-to-Analog Converter SCF - Switched Capacitor Filter
Wlth Memory THA - Track and Hold Amplifier

Honeywell 18




ORDERING INFORMATION

ANALOG TO DIGITAL CONVERTERS

PART NUMBER DESCRIPTION PACKAGE TYPE # PINS TEMPERATURE
HADCS74ZACN 12-BIT RES ADC; 12-BIT LIN PLASTIC* 28 COMMERCIAL
HADC574ZBCN 12-BIT RES ADC; 12-BIT LIN PLASTIC* 28 COMMERCIAL
HADC574ZCCN 12-BIT RES ADC; 11-BIT LIN PLASTIC* 28 COMMERCIAL
HADCS574ZACJ 12-BIT RES ADC; 12-BIT LIN SIDEBRAZED 28 COMMERCIAL
HADC674ZBCJ 12-BIT RES ADC; 12-BIT LIN SIDEBRAZED 28 COMMERCIAL
HADC574ZCCJ 12-BIT RES ADC; 11-BIT LIN SIDEBRAZED 28 COMMERCIAL
HADCS74ZAMJ 12-BIT RES ADC; 12-BIT LIN SIDEBRAZED 28 MILITARY
HADC674ZBMJ 12-BIT RES ADC; 12-BIT LIN - SIDEBRAZED 28 MILITARY
HADCS74ZCMJ 12-BIT RES ADC; 11-BIT LIN SIDEBRAZED 28 MILITARY
HADC574ZCCU 12-BIT RES ADC; 11-BIT LIN - DIE +25°C
HADC674ZACN 12-BIT RES ADC; 12-BIT LIN PLASTIC* 28 COMMERCIAL
HADC6874ZBCN 12-BIT RES ADC; 12-BIT LIN PLASTIC* 28 COMMERCIAL
HADCE874ZCCN 12-BIT RES ADC; 11-BIT LIN PLASTIC* 28 COMMERCIAL
HADCB74ZACJ 12-BIT RES ADC; 12-BIT LIN SIDEBRAZED 28 COMMERCIAL
HADC6874ZBCJ 12-BIT RES ADC; 12-BIT LIN SIDEBRAZED 28 COMMERCIAL
HADC674ZCCJ 12-BIT RES ADG; 11-BIT LIN SIDEBRAZED 28 COMMERCIAL
HADC674ZAMJ 12-BIT RES ADC; 12-BIT LIN SIDEBRAZED 28 MILITARY
HADC674ZBMJ 12-BIT RES ADC; 12-BIT LIN SIDEBRAZED 28 MILITARY
HADC674ZCMJ 12-BIT RES ADC; 11-BIT LIN SIDEBRAZED 28 MILITARY
HADC674ZCCU 12-BIT RES ADC; 11-BIT LIN” DIE +25°C
HADC77100AlJ 8-BIT, 150 MSPS ADC + V2 LSB SIDEBRAZED 42 INDUSTRIAL
HADC77100AMJ 8-BIT, 150 MSPS ADC + ¥z LSB SIDEBRAZED 42 MILITARY
HADC77100AMJ/MIL 8-BIT, 150 MSPS ADC + Y2 LSB SIDEBRAZED 42 MILITARY
HADC77100BIJ 8-BIT, 150 MSPS ADC + % LSB SIDEBRAZED 42 INDUSTRIAL
HADC77100BMJ 8-BIT, 150 MSPS ADC + % LSB SIDEBRAZED 42 MILITARY
HADC77100AIG 8-BIT, 150 MSPS ADC = Y2 LSB PGA 46 INDUSTRIAL
HADC77100AMG 8-BIT, 150 MSPS ADC %2 LSB PGA 46 MILITARY
HADC77100AMJ/MIL 8-BIT, 150 MSPS ADC + ¥z LSB PGA 46 MILITARY
HADC77100BIG 8-BIT, 150 MSPS ADC + % LSB PGA - 46 INDUSTRIAL
HADC77100BMG 8-BIT, 150 MSPS ADC + % LSB PGA 46 MILITARY
HADC77200A1 8-BIT, 150 MSPS ADC = Y2 LSB SIDEBRAZED 48 INDUSTRIAL
HADC77200AMJ 8-BIT, 150 MSPS ADC Y2 LSB SIDEBRAZED 48 MILITARY
HADC77200AMGQ/MIL 8-BIT, 150 MSPS ADC + %2 LSB SIDEBRAZED 48 MILITARY
HADC77200B1Y 8-BIT, 150 MSPS ADC = % LSB SIDEBRAZED 48 INDUSTRIAL
HADC77200BMJ 8-BIT, 150 MSPS ADC + % LSB SIDEBRAZED 48 MILITARY
HADC77200AIG 8-BIT, 150 MSPS ADC + %2 LSB PGA 46 INDUSTRIAL
HADC77200AMG 8-BIT, 150 MSPS ADC = %2 LSB PGA 46 MILITARY
HADC77200AMJ/MIL 8-BIT, 150 MSPS ADC + ¥z LSB PGA 46 MILITARY
HADC77200BIG 8-BIT, 150 MSPS ADC + % LSB PGA 46 INDUSTRIAL
HADC77200BMG 8-BIT, 150 MSPS ADC = % LSB PGA 46 MILITARY
HADC77300ACG 8-BIT, 250 MSPS ADC x %2 LSB PGA 46 COMMERCIAL
HADC77300BCG 8-BIT, 250 MSPS ADC * % LSB PGA 46 COMMERCIAL
HADC77600SCG 10-BIT, 50 MSPS ADC + V2 LSB PGA 72 COMMERCIAL
HADC77600SI1G 10-BIT, 50 MSPS ADC =+ V2 LSB PGA 72 INDUSTRIAL
HADC77600SMQ 10-BIT, 50 MSPS ADC + Y2 LSB PGA 72 MILITARY
HADC78160 CONTACT FACTORY FOR ORDERING INFORMATION

*HONEYWELL RESERVES THE RIGHT TO SHIP CERDIP IN LIEU OF PLASTIC PACKAGES.
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ORDERING INFORMATION

DIGITAL TO ANALOG CONVERTERS

PART NUMBER DESCRIPTION PACKAGE TYPE # PINS TEMPERATURE
HDAC10180AID 8-BIT, 275 MWPS DAC CERDIP 24 INDUSTRIAL
HDAC10180AMJ 8-BIT, 275 MWPS DAC SIDEBRAZED 24 MILITARY
HDAC10180BID 8-BIT, 165 MWPS DAC CERDIP 24 INDUSTRIAL
HDAC10180BMJ 8-BIT, 165 MWPS DAC SIDEBRAZED 24 MILITARY
HDAC10181AID 8-BIT, 275 MWPS DAC W/REF CERDIP 24 INDUSTRIAL
HDAC10181AMJ 8-BIT, 275 MWPS DAC W/REF SIDEBRAZED 24 MILITARY
HDAC10181BID 8-BIT, 165 MWPS DAC W/REF CERDIP 24 INDUSTRIAL
HDAC10181BMJ 8-BIT, 165 MWPS DAC W/REF SIDEBRAZED 24 MILITARY
HDAC340108CJ 3 X 4-BIT DAC, 200 MWPS SIDEBRAZED 28 COMMERCIAL
HDAC34020SCJ 3 X 4-BIT DAC, 100 MWPS SIDEBRAZED 28 COMMERCIAL
HDACS50500ACN/G 12-BIT RES DAC; 12-BIT LIN PLASTIC* 20 COMMERCIAL
HDACS50500ACN 12-BIT RES DAC; 12-BIT LIN PLASTIC* 20 COMMERCIAL
HDAC50500BCN 12-BIT RES DAC; 11-BIT LIN PLASTIC* 20 COMMERCIAL
HDAC50500AI1D/G 12-BIT RES DAC; 12-BIT LIN CERDIP 20 INDUSTRIAL
HDACS50500AID 12-BIT RES DAC; 12-BIT LIN CERDIP 20 INDUSTRIAL
HDAC50500BI1D 12-BIT RES DAC; 11-BIT LIN CERDIP 20 INDUSTRIAL
HDAC50500AMD/G 12-BIT RES DAC; 12-BIT LIN CERDIP 20 MILITARY
HDAC50500AMD 12-BIT RES DAC; 12-BIT LIN CERDIP 20 MILITARY
HDAC50500BMD 12-BIT RES DAC; 11-BIT LIN CERDIP 20 MILITARY
HDAC50500BCU 12-BIT RES DAC; 11-BIT LIN DIE +25°C
HDACS50800AID 14-BIT RES DAC; 14-BIT LIN CERDIP 28 INDUSTRIAL
HDAC506008I1D 14-BIT RES DAC; 13-BIT LIN CERDIP 28 INDUSTRIAL
HDAC50800AMD 14-BIT RES DAC; 14-BIT LIN CERDIP 28 MILITARY
HDAC50800BMD 14-BIT RES DAC; 13-BIT LIN CERDIP 28 MILITARY
HDAC50800BCU 14-BIT RES DAC; 13-BIT LIN DIE +25°C
HDACS50800AID 14-BIT RES DAC; 14-BIT LIN CERDIP 24 INDUSTRIAL
HDAC508008BID 14-BIT RES DAC; 13-BIT LIN CERDIP 24 INDUSTRIAL
HDACS50800AMD 14-BIT RES DAC; 14-BIT LIN CERDIP 24 MILITARY
HDAC50800BMD 14-BIT RES DAC; 13-BIT LIN CERDIP 24 MILITARY
HDACS50800BCU 14-BIT RES DAC; 13-BIT LIN DIE +25°C
HDAC5140081J 8-BIT, 385 MWPS DAC W/REF SIDEBRAZED 24 INDUSTRIAL
HDAC51400SMJ 8-BIT, 385 MWPS DAC W/REF SIDEBRAZED 24 MILITARY
HDAC61600SCG 8-BIT, 165 MWPS DAC PGA 72 COMMERCIAL
HDAC62160SCG CONTACT FACTORY FOR ORDERING INFORMATION

HDAC7541ZACN 12-BIT RES DAC; 12-BIT LIN PLASTIC* 18 COMMERCIAL
HDAC7541ZBCN 12-BIT RES DAC; 11-BIT LIN PLASTIC* 18 COMMERCIAL
HDAC7541ZAID 12-BIT RES DAC; 12-BIT LIN CERDIP 18 INDUSTRIAL
HDAC75412BID 12-BIT RES DAC; 11-BIT LIN CERDIP 18 INDUSTRIAL
HDAC7641ZAMD 12-BIT RES DAC; 12-BIT LIN CERDIP 18 MILITARY
HDAC7641ZBMD 12-BIT RES DAC; 11-BIT LIN CERDIP 18 MILITARY
HDAC75641ZBCU 12-BIT RES DAC; 11-BIT LIN DIE +25°C

*HONEYWELL RESERVES THE RIGHT TO SHIP CERDIP IN LIEU OF PLASTIC PACKAGES.
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ORDERING INFORMATION

DIGITAL TO ANALOG CONVERTERS CONTINUED

PART NUMBER DESCRIPTION PACKAGE TYPE # PINS TEMPERATURE
HDAC7542AACN/G 12-BIT RES DAG; 12-BIT LIN PLASTIC* 16 COMMERCIAL
HDAC7542AACN 12-BIT RES DAC; 12-BIT LIN PLASTIC* 16 COMMERCIAL
HDAC7542ABCN 12-BIT RES DAC; 11-BIT LIN PLASTIC* 16 COMMERCIAL
HDAC7542AAID/G 12-BIT RES DAC; 12-BIT LIN CERDIP 16 INDUSTRIAL
HDAC7542AAID 12-BIT RES DAC; 12-BIT LIN CERDIP 16 INDUSTRIAL
HDAC7542ABID 12-BIT RES DAC; 11-BIT LIN CERDIP 16 INDUSTRIAL
HDAC7542AAMD/G 12-BIT RES DAC; 12-BIT LIN CERDIP 16 MILITARY
HDAC7542AAMD 12-BIT RES DAC; 12-BIT LIN CERDIP 16 MILITARY
HDDC7542ABMD 12-BIT RES DAC; 11-BIT LIN CERDIP 16 MILITARY
HDAC7542ABCU 12-BIT RES DAC; 11-BIT LIN DIE +25°C
HDAC7543AACN/G 12-BIT RES DAC; 12-BIT LIN PLASTIC* 16 COMMERCIAL
HDAC7543AACN 12-BIT RES DAC; 12-BIT LIN PLASTIC* 16 COMMERCIAL
HDAC7543ABCN 12-BIT RES DAC; 11-BIT LIN PLASTIC* 16 COMMERCIAL
HDAC7543AAID/G 12-BIT RES DAC; 12-BIT LIN CERDIP 16 INDUSTRIAL
HDAC7543AAID 12-BIT RES DAC; 12-BIT LIN CERDIP 16 INDUSTRIAL
HDAC7543ABID 12-BIT RES DAC; 11-BIT LIN CERDIP 16 INDUSTRIAL
HDAC7543AAMD/G 12-BIT RES DAC; 12-BIT LIN CERDIP 16 MILITARY
HDAC7543AAMD 12-BIT RES DAC; 12-BIT LIN CERDIP 16 MILITARY
HDAC7543ABMD 12-BIT RES DAC; 11-BIT LIN CERDIP 16 MILITARY
HDAC7543ABCU 12-BIT RES DAC; 11-BIT LIN DIE +25°C
HDAC7546AACN/G 12-BIT RES DAC; 12-BIT LIN PLASTIC* 20 COMMERCIAL
HDAC7545AACN 12-BIT RES DAC; 12-BIT LIN PLASTIC* 20 COMMERCIAL
HDAC7545ABCN 12-BIT RES DAC; 11-BIT LIN PLASTIC* 20 COMMERCIAL
HDAC7545AAID/G 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
HDAC7545ABCU 12-BIT RES DAC; 11-BIT LIN DIE +25°C
HDAC97000S1J 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
HDAM51100SCG 125MHz W/512 X 8 MEMORY PGA 46 COMMERCIAL

*HONEYWELL RESERVES THE RIGHT TO SHIP CERDIP IN LIEU OF PLASTIC PACKAGES.
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ORDERING INFORMATION

COMPARATORS

PART NUMBER DESCRIPTION PACKAGE TYPE # PINS TEMPERATURE
HCMP96850SID HIGH SPEED COMPARATOR CERDIP 16 INDUSTRIAL
HCMP96850SCU HIGH SPEED COMPARATOR DIE +25°C
HCMP86870AID DUAL HIGH SPEED COMPARATOR CERDIP 16 INDUSTRIAL
HCMP96870AIC DUAL HIGH SPEED COMPARATOR LCC 20 INDUSTRIAL
HCMP96870AlJ DUAL HIGH SPEED COMPARATOR SIDEBRAZED 16 INDUSTRIAL
HCMP86870ACU DUAL HIGH SPEED COMPARATOR DIE +25°C
HCMP86900 CONTACT FACTORY FOR ORDERING INFORMATION

INSTRUMENTATION AMPLIFIER

PART NUMBER DESCRIPTION PACKAGE TYPE # PINS TEMPERATURE
HINAS22A1J INSTRUMENTATION AMPLIFIER SIDEBRAZED 14 INDUSTRIAL
HINAS22BIJ INSTRUMENTATION AMPLIFIER SIDEBRAZED 14 INDUSTRIAL
HINAS22BMJ INSTRUMENTATION AMPLIFIER SIDEBRAZED 14 MILITARY
HINA522BCU INSTRUMENTATION AMPLIFIER DIE +25°C
HINAS524A1J INSTRUMENTATION AMPLIFIER SIDEBRAZED 16 INDUSTRIAL
HINAS524BlJ INSTRUMENTATION AMPLIFIER SIDEBRAZED 16 INDUSTRIAL
HINA524ClJ INSTRUMENTATION AMPLIFIER SIDEBRAZED 16 INDUSTRIAL
HINA524CMJ INSTRUMENTATION AMPLIFIER SIDEBRAZED 16 MILITARY
HINA524CCU INSTRUMENTATION AMPLIFIER DIE +25°C
HINA624AIJ INSTRUMENTATION AMPLIFIER SIDEBRAZED 16 INDUSTRIAL
HINAB24BIJ INSTRUMENTATION AMPLIFIER SIDEBRAZED 16 INDUSTRIAL
HINAB24ClJ INSTRUMENTATION AMPLIFIER SIDEBRAZED 16 INDUSTRIAL
HINAG24CMJ INSTRUMENTATION AMPLIFIER SIDEBRAZED 16 MILITARY
HINA624CCU 12-BIT INSTRUMENTATION AMPLIFIER DIE +25°C
SPECIAL FUNCTIONS

PART NUMBER DESCRIPTION PACKAGE TYPE # PINS TEMPERATURE
HTHA27140 CONTACT FACTORY FOR ORDERING INFORMATION

HSCF24040ACN 7 POLE LOW PASS SC FILTER PLASTIC* 32 COMMERCIAL
HSCF24040ACJ 7 POLE LOW PASS SC FILTER SIDEBRAZED 32 COMMERCIAL
HSCF24040AMJ 7 POLE LOW PASS SC FILTER SIDEBRAZED 32 MILITARY
HSCF24040CCU 7 POLE LOW PASS SC FILTER DIE +25°C
EVALUATION BOARDS

PART NUMBER DESCRIPTION

EB100A HADC?77100AlJ DEMO BOARD

EB100B HADC77100BIJ DEMO BOARD

EB101A HADC77200AlJ DEMO BOARD

EB101B HADC77200BlJ DEMO BOARD

EB102A CLC221 BUFFER BOARD

EB102B CLC231 BUFFER BOARD

EB103 HADC77200/77300 PING-PONG BOARD

EB104 HADC574 DEMO BOARD

EB105 HSCF24040 DEMO BOARD

*HONEYWELL RESERVES THE RIGHT TO SHIP CERDIP IN LIEU. OF PLASTIC PACKAGES.
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~ SIGNAL
PROCESSING
TECHNOLOGIES

HADC574Z

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

PRELIMINARY INFORMATION
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 HADC574Z 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.

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 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.

BLOCK DIAGRAM

Ls8
STS DB11 DB10 DB DB DB7 DB8 DB5 DB4 DB3 DB2 DB1 DBO DGNO

R

NIBBLE A NIBBLE B NIBBLE C
THREE-STATE BUFFERS AND CONTROL

L 12 BIT SAR ]

1287

APACITANCE
DAC

Ci
OFFSET/GAIN
TRIM
=2 Bz

CONTROL LoOGIC

94

108600} 0) 8]0 0] 0| | | ey

VLOGIC 128 €8 Ao RE CE VCC REFAGND REF VEE BIP 10V 20V
IN OFF IN IN

Honeywell

2-3




HADC574Z

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

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

Input Voltages

Output
Reference Output Voltage......... Indefinite shortto GND
Momentary shortto Voo
Temperature
Operating Temperature, ambient.-55 to +125(case) °C
junction...........c.ue.... +1750C

Control Input Voltages (to DGND).

(CE, CS, Ao, 12/8, R/C)........couuuun. -0.5to0 Vi ogic +0.5V Storage Temperature...
Analog Input Voltage (to AGND).........cceevrrurunnnnes +16.5V Power Dissipation................
(REF IN, BIP OFF, 10Vin) Thermal Resistance (Gi A)
20V Vin Input Voltage (1o AGND)........ccoerverrrerneneas +24V

Notes:

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

..-65t0.+150°C

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
Typical @ +25°C, Vg = +15V or +12V, V| oG = +5V, Unless otherwise specified.

PARAMETER TEST TEST HADC574ZCC HADC574ZBC HADC574ZAC
CONDITIONS |LEVEL
MIN TYP MAX |MIN TYP MAX |MIN TYP MAX |UNITS
DC ELECTRICAL CHARACTERISTICS
Resolution 12 12 12|BITS
Linearity Error Trmin to Tmax | +1 i1§ 112. LSB
Differential Linearity Error | Tmin to Tmax I x i% i% LSB
Unipolar Offset Adjustabletozero | | £1 %2 £.1 22 £.1 +2[LSB
Bipolar Offset! Adjustable to zero | +10 +4 +4 |LsB
Full Scale Calibration Error! I 0.3 0.3 0.3 |%ofFS
No adjustment at
+250C Il 0.5 0.4 0.35 % of FS
Tmin to Tmax
With adjustment at
+250C 1l 0.22 0.12 0.05 % of FS
Tmin to Tmax
Temperature Coefficients | Using intemal
reference
Unipolar Offset | 2 12 +.1 1 +.1 z1|LsB
(10) (5) (5) |(ppmroC)
Bipolar Offset I 2 £ CREY .1 x1|LsB
(10) (5) (5) | (ppm/C)
Full Scale Calibration I 19 15 2 |1sB
(45) (25) (10) | (ppm/°C)

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

2-4
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COMMERCIAL TEMPERATURE RANGE 0 TO +70°C
Typical @ +25°C, Vg = +15V or +12V, V| 0gIG = +5V, Unless otherwise specified.

PARAMETER TEST TEST HADC574ZCC HADC574ZBC HADC574ZAC
CONDITIONS |LEVEL
MIN TYP MAX |[MIN TYP MAX | MIN TYP MAX |UNITS
DC ELECTRICAL CHARACTERISTICS
Power Supply Rejection 2";’,‘:"23;;‘;;‘;"
+13.5V<Vce<+16.5Vor
+11.4V<Vcca+12.6V ' x2 1 +1 (LSB
+45V<V| ogIc<t55V ! 1 2 x1 lisp
Analog Inputs Ranges | -5 +5]-5 +5]-5 +5|VOLTS
Bipolar -10 +10 | -10 +10 | -10 +10 |VOLTS
0 +101]0 +10] 0 +10 |VOLTS
i |
Unipolar 0 +20]0 +20| 0 +20 [VOLTS
Input Impedance
10 Volt Span | |375 5 625375 5 625375 5 6.25 | kQ
20 Volt Span 15 20 25[15 20 25[15 20  25|kQ
Power Supplies
Operating Voltage Range
Vioeic | |+45 +5.5 |+4.5 +5.5|+45 +5.5 |VOLTS
Vee I |+114  +165 [+11.4  +165|+11.4  +16.5 [VOLTS
Not required for
VEe circuit operation. VOLTS
Operating Current
mA
lLoaic I 1 3 1 3 1 3
lec I 7 9 7 9 7 9| mA
leg I 0 0 0 mA
Power Dissipation
+15V, 45V [ 110 150 110 150 110 150 | mwW
Internal Reference Voltage | |99 10 101|99 10 101(99 10 10.1[VOLTS
Output Current2 | 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.
Honeywell 25
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COMMERCIAL TEMPERATURE RANGE 0 TO +70°C
Voo =+15Vor+12V,V| ogic = +5V, Unless otherwise specified.

PARAMETER

TEST
CONDITIONS

TEST
LEVEL

HADC574ZCC
MIN TYP MAX

HADC574ZBC

MIN TYP MAX

HADC574ZAC

MIN TYP MAX

UNITS

DIGITAL CHARACTERISTICS Th

e following specifications are guaranteed over

the full temperature range.

Logic Inputs (CE, CS,

R/C, Ao,12/8)
Logic "1"3 I [24 55|24 55|24 5.5|VOLTS
Logic "0" | -0.5 +0.81-0.5 +0.8| -0.5 +0.8| VOLTS
Current 0t0 5.5V Input | +.01 45 +.01 45 +.01.  +5]pA
Capacitance I 5 5 5 pF

Logic Outputs (DB11-DBO,

STS)
Logic 0" (Isink = 1.6mA) | +0.4 +0.4 +0.4|vOLTS
Logic"1" (UsouRce=S00pA) [ | 1424 +2.4 +2.4 VOLTS

(High Z State,

Leakage bBr1-Dsoony)| | |5 01 +5|-5 104 +5[5 101 +5|pA
Capacitance ] 5 5 5 pF

Note 3: Although the guaranteed threshold is higher than the standard TTL threshold (+2 Volts),
loading is much less than standard TTL due to the CMOS nature of the inputs.

Honeywell




MILITARY TEMPERATURE RANGE -55 TO +125°C

Typical @ +25°C, Vo =+15V or +12V, V| og|c = +5V, Unless otherwise specified.

PARAMETER TEST TEST HADC574ZCM HADC574ZBM HADC574ZAM
CONDITIONS LEVEL
MIN TYP MAX |MIN TYP MAX | MIN TYP MAX |UNITS
DC ELECTRICAL CHARACTERISTICS
Resolution 12 12 12| BITS
Linearity Error I +1 i-;' :th. LSB
Linearity Error Tmin to Tmax | 11 iJz. ii LSB
Differential Linearity Error | Tminto Tmax | £1 ié ":12- LSB
Unipolar Offset Adjustable tozero | | +2 £2 +2|LSB
Bipolar Offset! Adjustableto zero | | £10 +4 +4|LSB
Full Scale Calibration Error! I 0.3 0.3 0.3|%0f FS
No adjustment at
+25%C I 08 0.6 0.4 %of FS
Tmin to Tmax
With adjustment at
+259C 1l 05 0.25 0.12 % of FS
Tmin to Tmax
Using internal
Temperature Coefficients | reference
Tmin to Tmax
Unipolar Offset | +2 1 +1|LSB
(5) (2.5) (2.5) |(ppm/OC)
Bipolar Offset I +4 +2 +1|LSB
(10) O] (2.5) {(ppm/°C)
Full Scale Calibration I +20 +10 5 [LSB
(50) (25) (12.5) |(ppm/°C)
Power Supply Rejection 2’1;"‘:';2:;3;';0::’"
+13.5V<Vce<+16.5V or | 2 1
+11.4V<Vce<+12.6V + * £11L8B
+4.5V<V| ogIc<+5.5V I i% 112 i% LSB
Analog Inputs
Input Ranges -5 +5|-5 +51-5 +5|VOLTS
Bipolar I -10 +10] -10 +10]-10 +10|VOLTS
0 +10| 0 +10]0 +10|{ VOLTS
i |
Unipolar 0 +20l0 +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
Honeywell 2.7
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MILITARY TEMPERATURE RANGE -55 TO +1250C
Typical @ +25°C, Vo =+15V or +12V, V| ogic = +5V, Unless otherwise specified.

PARAMETER | TEST TEST | HADC574ZCM | HADC574ZBM | HADC574ZAM
CONDITIONS * |LEVEL
MIN TYP MAX |MIN TYP MAX | MIN TYP MAX |UNITS
DC ELECTRICAL CHARACTERISTICS
Power Supplies
Operating Voltage Range
Vioaic | |+45 +55 | +4.5 +55|+45 +5.5|VOLTS
Vee I |+114  +165|+11.4  +165|+11.4  +165 |VOLTS
Vee o aporation. VOLTS
Operating Current
lLoalo I 13 1 3 1 3|ma
lec | 7 9 7 9 7 9| mA
lee Il 0 0 0 mA
Power Dissipation
¢1§v,+5v I 110 150 110 150 110 150 |mW
Internal Reference Voltage I |ee 10 101f99 10 10.1f9.9 10 10.1|vOLTS
Output Current? I 2 2 2{mA
DIGITAL CHARACTERISTICS The following specifications are guaranteed over the full temperature range.

Logic Inputs (CE, CS,

R/C, Ao,12/8)
Logic "1" | 2.4 55|24 55124 5.5|VOLTS
Logic "0" ] -0.5 +0.81-0.5 +0.81-0.5 +0.8 |VOLTS
Current 0to+55Vinput| | +£01 45 +01 +5 +01 45[HA
Capacitance I 5 5 5 pF

Logic Outputs (DB11-DBO,

STS)

Logic "0" (Sink =16mA) | | +0.4 +0.4 +0.4 |VOLTS
nqw (ISOURCE =
Logic "1 500p) | +2.4 +2.4 +2.4 VOLTS
(High Z State,

Leakage DB11- DBO Only) 5 401 +5|-5 101 45|5 0.1 45 A
Capacitance 1l 5 5 5 pF

Note 4: Available for extemnal 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.

PARAMETER TEST TEST HADC574ZC HADC574ZB HADC574ZA
CONDITIONS || EVvEL
NOTE 5 MIN TYP MAX |MIN TYP MAX | MIN TYP MAX JUNITS
AC ELECTRICAL CHARACTERISTICS
tpsc STS Delay from CE | 200 200 200| ns
tHec CE Pulse Width I |50 50 50 ns
tgsc CStoCE Setup I |s0 50 50 ns
tHsc CS Low during CE
HSC ian ’ I |50 50 50 ns
tsrc R/Cto CE Setup I |50 50 50 ns
tHRe R/C Low During CE 50 ns
High | |50 50
tsac Aoto CE Setup 1 lo 0 0 ns
tHac Ao Valid During CE
High I |50 50 50 ns
tc Conversion Time )
12-Bit Cycle Tmin to Tmax I 13 18 25[15 18 25[(15 18 25]|us
8-Bit Cycle Tmin to Tmax | 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 3kS2 load for high impedance to
drive and tested with 10pF and 3KQ load for drive to high impedance.
—_ tssc tHEC
RE tsrc tHsC
/
/]
tHRC
« XX
tsac [-—
tHAC
STS
tosc
DB11-DBO HIGH IMPEDANCE
Figure 1 - Convert Mode Timing Diagram
Honeywell 2.9

HADC574Z



HADC5742

READ MODE TIMING CHARACTERISTICS
Typical @ +25°C, Vg = +15V or +12V, V| ogic = +5V, Unless otherwise specified.

PARAMETER TEST TEST HADC574ZC HADC574ZB HADC574ZA
CONDITIONS |LEVEL
NOTE 5 MIN TYP MAX |MIN TYP MAX | MIN TYP MAX |UNITS

AC ELECTRICAL CHARACTERISTICS
tpp Access Time from CE | 150 150 150(|ns
typ Data Valid After CE I |es 25 25 ns

Low
tHL Output Float Delay | 150 150 150|ns
tssr CSto CE Setup I |50 o 50 0 50 0 ns
tsrr R/C to CE Setup I o o 0 0 0 0 ns
tsar Aoto CE Setup 1 |50 50 50 ns
tHsr CS Valid After CE i o o o o0 0o o ns

Low
tHRR R/C High After CE

Low [ 0] 0 0 0 0 0 ns
tHAR Ao Valid After CE

Low I |50 50 50 ns
tHs ST5 Delay After Data I |300 1000 [300 1000 [300 1000 |ns

N
CE-—————————47

tssr

tHSR

tHRR

tSRR

tsar

tHAR

STS

DB11-DBO

tHs
HIGH

Figure 2 - Read Mode Timing Diagram

'IMPEDANCE

|¢———tDD —
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STAND-ALONE MODE TIMING CHARACTERISTICS
Typical @ +25°C, Vg =+15V or +12V, V| ogic = +5V, Unless otherwise specified.

PARAMETER TEST TEST HADC5742C HADC574ZB HADC574ZA
CONDITIONS |LEVEL
NOTE § MIN TYP MAX |MIN TYP MAX |MIN TYP MAX [UNITS
AC ELECTRICAL CHARACTERISTICS
tHRL Low R/C Pulse | |50 ns
Width 50 50
tps STSDelayfromR/IC I 200 200 200|ns
typr Data Valid After 1 |25 25
R/C Low 2 ne
tHs TS Delay AfterData I |soo 1000 [300 1000 [300 1000 |ns
tyrH High R/C Pulse
Width l 150 150 150 ns
tppr Data Access Time | 150 150 150(|ns
SAMPLE AND HOLD
Acquisition Time I 18 24 3018 24 30|18 24 30 us
Aperture Uncertainty Time il 20 20 20 ns
tHRL
RIT l RE K

I
tos '

:ﬂ‘l

8TS

Hs

DB11-DBO DATA VALID > DATA VALID

Figure 3 - Low Pulse For

R/C - Outputs

Enabled After Conversion

tHRH

sTS

};oﬂ_‘

HIGH-Z
DB11-DBO

_&_‘

HIGH-Z

7]
te ’

DATA VALID

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

E

TESTLEVEL  JEST PROCEDURE

Production tested at the specified

All electrical characteristics are subject to the following

conditions:

All

parameters having Min./Max.

specifications  are

conditions.

Parameter is guaranteed by design
and sampled characterization data.

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-

Honeywell
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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 1/2L.SB 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 HADC574Z A and B 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
HADC574ZCC 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

Miséing 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.

T Threshold Level
(Band Edge)

—-I Quantization Step
(Or Band)

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 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 2V
unique output codes.

2-12
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QUANTIZING ERROR
+ 12188

-12L88
o 7
00 v
/

010 = ) /
001 =
e
"
T T 1 I 1 1
(X} 18 28 35 A8 85 685
ANALOG INPUT VOLTAGE —%

OUTPUT CODE ———
2
1
N

Figure 6 - Quantizing error

Output -+ \ , .
Integral Nonlinearity = ! [
(¥-1/2LSB) ': vop
| Missed Codes ! '

AR A

"\ Non-monotonic Behavior
Differential Nonlinearity =
- {X-1188) s

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 long term drift.

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.

Honeywell
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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
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 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
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 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 HADC574Z 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. If 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 HADC574Z
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 HADC574Z 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 Taoq)~
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 Tagq, 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 Tycq. Since the CDAC time
constant is 100 nsecs., there is more than enough time
for settling the input to 12 bits of accuracy during Tacq~
The excess time left during Tycq 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, Tyoq 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\e internal clock frequency. This results in
Tacq = 2.4 usecs * 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 "aperiure jitter" or Tpy. The
HADC574Z has a nominal aperture jitter of 20 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 < Vig/2N+l (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
occurs)

The above conditions then yield:

Honeywell
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Vis/2NH 2 rfVintay or fmax < Vis/(mVinta 2N+

Forthe HADC574Z, Ta gy =20 nsec,
therefore fyay < 2KHz.

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

~ N/,
Tacq)
ACQUISITION
TIME
WATT FOR [WATT FOR BUS
CONVERT SIGNAL l [@——— CONVERSION READ
——»{ fe—— aperTURE
v /_\ JTTER
M
ACQUISITION TME = APERTURE DELAY TIVE = 0.12 X TCONVERT

CDAC VOLTAGE

Figure 8 - Sample and Hold Function

O AAA— /c

—I- 25 pf

ceq
R eq = 4K ohms at any range
T= Req ceq =100 nsec.

Figure 9 - Equivalent HADC574Z
Input Circuit

J T
\

"‘~'| at l‘—‘" AVgpror = At dv
~dt

Figure 10 - Aperture Uncertainty

Sample Point

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
HADC574Z 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 Vcc (pin 7) and analog common (pin 9) is
sufficient. Vgg is generated internally so p|n 11 may be
grounded or connected to a negative supply if the
HADC574Z is being used to upgrade an already
existing design.

2-16

Honeywell




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 V¢c 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: 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 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 fim 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 +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 x5V range or
+9.9927V for the 110V range. Adjust the gain
potentiometer R2 for flicker between codes 1111
11111110and 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 pP 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, Ao, 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, Ao 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.

Honeywell
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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. aureuTems
_ L] 24 10 18h17 |16
128 ,
L)
P po— NBBLEA | NBBLEB | NBBLEC
AT s THREE-STATE BUFFERS AND CONTROL
CE ¢
R
100K
BV OtV 15V
omuv 1OV
oo § INPUTS il
w20V O:F N

188

h__Viogic ol

Voo 7
+I6V O VOUFHF
w$

Figure 11 - Unipolar Input Connections

OUTPUT BIT8

‘THREE-STATE BUFFERS AND CONTROL.

_ 58 27 |26 |25 242 [20]21 |20 s0 | 18] 7] 18] S°
128" 5
T 3

P conTROL NBBLEA | NIBBLEB | NIBBLEC
AT 5
CE ¢

ANALOG 20V
INPUTS £10V IN__14

1

+8V

+18V D’""'”"”F
agra®

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 it is TTL/CMOS compatible.

Table 1 - Truth Table for the
HADC574Z Control Inputs

CE &3 RIE 128 Ao Operation

0 X X X X None

X 1 X X X None

f 0 0 X o Initiate 12 bit conversion

4 0 ° x 1 Initlate 8 bit conversion

1 4 ° X 0 Initlate 12 bit conversion

1 * o X 1 Initlate 8 bit conversion

1 ° v X ° Initlate 12 bit conversion

1 0 v X 1 Intiate 8 bit conversion

1 ° 1 1 X Enable 12 bit Output

1 ° 1 ° ° Enable 8 MSB's Only

1 ° 1 0 1 Enable 4 LSB's Plus 4
Tralling Zeroes

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

BYTE 1 BYTE2

o X XXX XXXX|[XXXX 0000
| !

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.

=1

4
sTs|
2|15 DBYIMSE) 14
L -
" e %
24 DATA
2 BUS
HADC574Z 22
21
20
19
18
1
DBO (Ls8) 18
Dia. 15
com. |

Figure 13 - Interfacing the HADC574Z
to an 8-bit Data Bus
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Figure 14 - HADC574Z Control Logic
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Figure 15 - Burn-in Schematic
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PIN ASSIGNMENT HADC574Z

158 MILS
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TOP VIEW
—
vLOGIC 8T8
12/8 DB11
cs DB10
Ao DB9
RIC DB8
CE DB7
vee DB6
REF OUT DB5
AGND DB4
REF IN DB3
N/C (VEE) DB2
BIP OFF DB1
10V IN LSB DBO
20V IN DGND
28 LEAD DIP
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O ]
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o 0
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**For Ordering Information See Section 1.

4

1"

PIN FUNCTIONS HADC574Z

NAME
Vioaic
12/8

s

Ao

RC

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

‘Honeywell
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SIGNAL
PROCESSING
TECHNOLOGIES

HADC674Z

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

PRELIMINARY INFORMATION
FEATURES:

+ IMPROVED PIN-TO-PIN COMPATIBLE
MONOLITHIC VERSION OF THE HI674A

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

» Low Power Dissipation (150mW Max)

« Faster Conversion and Pin Compatible with HADC574Z

« 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.
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

8TS DB11 DB10 DB DB8 DB7 DB6 DBS DB4 DB3 DB2 DB1

3] (7] (] =] o] ] ] ] o o

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
DBO DGND

nialalo

1 LT 1] 1]

NIBBLE A

NIBBLE B NIBBLE C
THREE-STATE BUFFERS AND CONTROL

0|08 E3{13]3]03| 3]0 0| O x| o o )

VLoGIC 128 C§ Ao RC CE VCC REF AGND REF VEE BIP 10V 20V

our N OFF IN N
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ABSOLUTE MAXIMUM RATINGS (Beyond which damage may occur)! 25°C

Supply Voltages

Positive Supply Voltége (Vcc to DGND)...0to +16.5V
Logic Supply Voltage (Vi ogic to DGND)
Analog to Digital Ground (AGND to DGND)...-0.5 to +1V

Input Voltages

Control Input Voltages (to DGND).

(CE,CS, Ao, 12/8, R/C)......cvervcuuvne -0.5t0 Vi ogic +0.5V
Analog Input Voltage (10 AGND)...........ccovrnennens +16.5V

(REF IN, BIP OFF, 10Vin)

20V Vin Input Voltage (to AGND)

Notes:

Output

Oto+7V

Storage Temperature
Power Dissipation
Thermal Resistance (6;a)

Temperature .
Operating Temperature, ambient.-55 to +125(

Indefinite shortto GND

Momentary shortto Voo

case)°C
+1759C

1. Operation at any Absolute Maximum Rating is not implied. See Operating Conditions for proper ndminal applied
conditions in typical applications.

COMMERCIAL TEMPERATURE RANGE 0 TO +70°C
Typical @ +25°C, Vo =+15V or +12V, V| ogic = +5V, Unless otherwise specified.

PARAMETER TEST TEST HADC674ZCC HADC674ZBC HADC674ZAC
CONDITIONS |LEVEL
MIN TYP MAX |[MIN TYP MAX | MIN TYP MAX |UNITS
DC ELECTRICAL CHARACTERISTICS
Resolution 12 12 12| BITS
— ) . 1
Linearity Error Trmin to Tmax | + i% 112. LSB
Differential Linearity Error | Tmin to Tmax I 1 i% i-; LSB
Unipolar Offset Adjustabletozero | | +1 2 .1 2 +.1 +2|LSB
Bipolar Offset! Adjustabletozero | | +10 +4 +4 |LSB
Full Scale Calibration Error! | 0.3 0.3 0.3 [%ofFS
No %dju stment at I :
250C o,
Tmin to Tmax 05 0.4 0.35 % of FS
With adjustment at
+250C 1l 0.22 0.12 0.05 % of FS
Tmin to Tmax
Temperature Coefficients |Using intemal
reference
Unipolar Offset | +2 42 +.1 %1 +.1 1|LSB
(10) 5) (5) |(pPm~C)
] +.2 2 +.1 #1 +.1 1|LsB
Bipolar Offset | 1 %
(10 (5) (5) | (ppm/°C)
Full Scale Calibration | 9 25 12 | 5B
(45) (25) (10) | (pPm/C)

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

2-24

Honeywell




COMMERCIAL TEMPERATURE RANGE 0 TO +70°C
Typical @ +25°C, Vo = +15V or +12V, V| oGIc = +5V, Unless otherwise specified.

PARAMETER TEST TEST HADC674ZCC | HADC674ZBC HADC674ZAC
CONDITIONS |LEVEL
MIN TYP MAX |[MIN TYP MAX |MIN TYP MAX |UNITS
DC ELECTRICAL CHARACTERISTICS
Power Supply Rejection 2’1:,"9"";;’?;;2:;“
+13.5V<Vce<+16.5V or
+11.4V<Vece+12.6V ' +2 1 +1 LS8
+45V<V| ogIc<+5.5V [ +1 *% *é LSB
Analog Inputs Ranges | 5 +5| -5 +5| 5 +5|VOLTS
Bipolar -10 +10 | -10 +10 | -10 +10 [VOLTS
0 +101}0 +10| 0 +10 |VOLTS
i |
Unipolar 0 +20 | 0 +20[ 0 +20 [vOLTS
Input Impedance
10 Volt Span | |375 5 625375 5 625]375 5 6.25/kQ
20 Volt Span 15 20 25|16 20 25[15 20  25[kQ
Power Supplies
Operating Voltage Range
Viogic | |+45 +5.5 | +4.5 +5.5|+4.5 +5.5|[VOLTS
Vee | |+11.4 4165|4114  +165(+11.4  +16.5 [VOLTS
Not required for
Ve circuit operation, VOLTS
Operating Current
mA
lLoaic | 1 3 1 3 1 3
lec I 7 9 7 9 7 9| mA
lee ] 0 0 0 mA
Power Dissipation
1BV, 25V [ 10 15| 110 150 110 150| mw
Internal Reference Voltage I |99 10 101|998 10 101f09 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.
Honeywell 2.25
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COMMERCIAL TEMPERATURE RANGE . 0 TO +70°C
Ve =+15Vor+12V, V) ogic = +5V, Unless otherwise specified.

PARAMETER TEST TEST | HADC6742CC | HADC674ZBC | HADC674ZAC
CONDITIONS |LEVEL
MIN TYP MAX |MIN TYP MAX |MIN TYP MAX |UNITS
DIGITAL CHARACTERISTICS  The following specifications are guaranteed over the full temperature range.
Logic Inputs (CE,CS,
R/C, Ao,12/8)
Logic "1"3 I f24 55|24 55|24 55| VOLTS
Logic "0" I |05 +0.8]-05 +08|-05 +0.8|VOLTS
Current 010 5.5V Input | +.01 +5 +.01 +5 +.01  +5[pA
Capacitance 1] 5 5 5 pF
Logic Outputs (DB11-DBO,
STS)
Logic "0" (sink =1.6mA) | | +0.4 +0.4 +0.4|VOLTS
Logic"1" (source=500w) | | |+2.4 +2.4 +2.4 VOLTS
High Z State,
Leakage Coriomoony| 1 |5 01 +5|5 101 45|85 101 +5[pA
Capacitance 1l 5 5 5 pF

Note 3: Although the guaranteed threshold is higher than the standard TTL threshold (+2 Volts),
loading is much less than standard TTL due to the CMOS nature of the inputs.
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MILITARY TEMPERATURE RANGE -55 TO +125°C

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

PARAMETER TEST TEST | HADC674ZCM HADC674ZBM HADC674ZAM
CONDITIONS LEVEL
MIN TYP MAX | MIN TYP MAX | MIN TYP MAX |UNITS
DC ELECTRICAL CHARACTERISTICS
Resolution 12 12 12|BITS
Linearity Error I +1 i’; i-;- LSB
Linearity Error Tmin to Tmax I +1 i;. ;t]z. LSB
Differential Linearity Error | Tmin to Tmax | +1 i-; *-;- LSB
Unipolar Offset Adjustableto zero | | +2 +2 +2|LSB
Bipolar Offset! Adjustableto zero | | +10 +4 +4|LSB
Full Scale Calibration Error! | 0.3 0.3 0.3|%of FS
No adjustment at
+25°C I 0.8 0.6 0.4 %ofFS
Tmin to Tmax
With adjustment at
+259C I 05 0.25 0.12 % of FS
Tmin to Tmax
Using internal
Temperature Coefficients | reference
Tmin to Tmax
Unipolar Offset | +2 1 +1|LSB
®) (25) (2.5) |(ppm/C)
Bipolar Offset I +4 +2 +1]LSB
(10) (5) (2.5) |(ppm/°C)
Full Scale Calibration | +20 +10 +5 |LSB
(50) (25) (12.5) |(ppm/OC)
Power Supply Rejection 2‘;,":':‘;3;’{;;:"
+13.5V<Vce<+16.5V or |
+11.4V<Vco<+12.6V 2 &1 x1)Ls8B
+45V<V ogIc<+5.5V | +1 +1 +1|LsB
2 2 2
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 +2010 +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 25115 20 25| kQ
Honeywell 227
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MILITARY TEMPERATURE RANGE -55 TO +125°C
Typical @ +25°C, Voo = +15V or+12V, V| ogIc = +5V, Unless otherwise specified.

PARAMETER TEST |TEST | HADC674ZCM | HADC674ZBM | HADC674ZAM
CONDITIONS |LEVEL ‘
'MIN TYP MAX |MIN TYP MAX | MIN TYP MAX [UNITS
DC ELECTRICAL CHARACTERISTICS
Power Supplies
Operating Voltage Range
Vioaic | |+45 +55|+4.5 +55]+45 +5.5 [VOLTS
Vee: I |+#114  +165|+114  +165[+11.4  +165 [VOLTS
v Not required for VOLTS
EE circuit operation.
Operating Current
lLoaic 1 1 3 1 3 1 3| ma
lcc | 7 9 7 9 7 g[mA
Ilge | 0 0 0 mA
Power Dissipation
o l:sef?v,lfsv 1 110 150 110 150 110 150 |mW
Internal Reference Voltage I |99 10 101|99 10 10.1|]9.9 10 10.1|VOLTS
Output Current” | 2 2 2|mA
DIGITAL CHARACTERISTICS The following specifications are guaranteed over the full temperature range.

Logic Inputs (CE, CS,

RIC, Ao,12/8)
Logic ™" ’ | |24 55(24 55|24 5.5|VOLTS
Logic "0" | -0.5 +0.81-0.5 +0.8]-0.5 +0.8 [VOLTS
Current 0to+5.5Vinput| | £01 45 +01 45 +.01 +5[HA
Capacitance I 5 5 5 pF
LoglcOutputs (DB11-DBO,
STS)
Logic "0" (Isink = 1.6mA) | +0.4 +0.4 +0.4 |VOLTS
Logic"1" S:;?CE B | +2.4 +2.4 +2.4 VOLTS
Leakage ‘S??f%”mn 5 201 455 101 45|5 204 45
Capacitance ll 5 5 5 pF

Note 4: Available for external loads, external load should riot change during conversion.
When supplying an external load and operating on +12V supplies, a buffer amplifier must be prowded for the

reference output.
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CONVERT MODE TIMING CHARACTERISTICS

Typical @ 25°C Vg = +15V or +12V, V| ogic = +5V, Unless otherwise specified. Er'

©

PARAMETER TEST TEST HADC6742ZC HADC674ZB HADC674ZA 8
CONDITIONS || EVEL <

NOTE 5 MIN TYP MAX |MIN TYP MAX | MIN TYP MAX |UNITS I

AC ELECTRICAL CHARACTERISTICS

tpsc STS Delay from CE | 200 200 200/ ns
tHec CE Pulse Width I |50 50 50 ns
tssc CSto CE Setup I |50 50 50 ns
tHsc CS Low during CE
HSC Liah 9 I |50 50 50 ns
tgrc R/Cto CE Setup I |50 50 50 ns
tHRc R/C Low During CE
High I |50 50 50 ns
tsac Aoto CE Setup 1 lo 0 0 ns
tHAc Ao Valid During CE
High | 50 50 50 ns
tc Conversion Time )
12-BitCycle | TmntoTmax I e 15 |9 159 15 |us
8-BitCycle Tmin to Tmax | |6 10 |6 10 |6 10 |us

Note 5: Time is measured from 50% level of digital transitions. Tested with a 100pF and 3kQ2 load for high impedance to
drive and tested with 10pF and 3K<2 load for drive to high impedance.

tssc [&—— tHEC 3

|

Ao

cs
4
CJ
_  tsrc L thsc
tHRC

X

——
tHaCc

tosc

tsac

A

STS

HIGH IMPEDANCE

DB11-DBO

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

PARAMETER TEST fEST ’ HADC674ZC HADC674ZB HADC674ZA
CONDITIONS |LEVEL
NOTE 5 MIN TYP MAX | MIN TYP MAX | MIN TYP MAX |UNITS
AC ELECTRICAL CHARACTERISTICS
tpp Access Time from CE | 150 150 150|ns
typ Data Valid After CE 1 |25 o5 25 ns
Low
tyL Output Float Delay | 150 150 150|ns
tssp CSto CE Setup I |50 o 5 0 50 0 ns
tsrr R/Cto CE Setup I jo o 0 0 0 0 ns
tsar Aoto CE Setup 1 |50 50 50 ns
tHsr CS Valid After CE 1 lo 0 0 0 0 0 ns
Low
tHRR R/C High After CE ns
Low I |o 0 0 0 0 0
tHAR Ao Valid After CE
Low I |50 50 50 ns
ts ST5Delay After Data I [100 600/100 600 [100 600 |ns
CE ——; \______
cs _ﬁt—o tssR tHsR o—ﬁ(——
tHRR QjL
RIC
4
—
tsRR
o X )
tsar tHAR
sts S
HIGH tHe e >
DB11-080 IMPEDANCE N\ VALiD — >—
}¢——— t DD ——>t je— tHL —.‘

Figure 2 - Read Mode Timing Diagram
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STAND-ALONE MODE TIMING CHARACTERISTICS

Typical @ +25°C, Vg =+15V or +12V, V| ogic = +5V, Unless otherwise specified. N
N~
PARAMETER TEST TEST | HADC674zC HADC674ZB HADC674ZA 3
CONDITIONS |LEVEL Q
NOTE 5 MIN TYP MAX [MIN TYP MAX |MIN TYP MAX |UNITS §
AC ELECTRICAL CHARACTERISTICS
tyrL Low R/C Pulse I Iso ns
Width 50 >0
tpg STSDelayfromR/C I 200 200 200|ns |
typr Data Valid After 25 o5
R/C Low ! % ns
tHs JTS Delay AfterData I 100 600{100 600[100 600 |ns
tyrH High R/C Pulse
Width I 150 150 150 ns
tppr Data Access Time | 150 150 150|ns
SAMPLE AND HOLD
Acquisition Time I |10 14 1810 14 1810 1.4 18fus
Aperture Uncertainty Time i 20 20 20 ns

t

HRL
] I R

RIC

I

sTS

HS

DB11-DBO DATA VALID  )>——— DATA VALID

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

t
HRH

_toﬂ“

HIGH-Z
DB11-DBO

'HOR

DATA VALID

HIGH-Z

71
tc

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

LECTRICAL CH T
All electrical characteristics are subject to the following
conditions:

All 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-

TEST LEVEL

PR DUR

Production tested at the specified

conditions.

Parameter is guaranteed by design
and sampled characterization data.

Honeywell
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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 HADC674Z A and B 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
HADC674ZCC 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.

T Threshoid Level

1 (Band Edge)
\7\ 1 l

_-I |._ m:;lz;:nlo; Step

-/

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 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, 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
+121LSB

-12L8B

-

101 =

100 —

011 /

010 =

OUTPUT CODE

T T T T |} |}
05 15 25 35 45 655 65

ANALOG INPUT VOLTAGE —®
Figure 6 - Quantizing error

Output -+ ' '
Codes 7
Integral Nonlinearity = !y
(Y-1/2 LSB) ':
Missed Codos 1

|

MII

"\ Non-monotonic Behavior
Differential 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 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.

Honeywell
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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 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
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 HADC6742 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-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 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 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. 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
specifications are included within the A/D specifica-
tions.

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 Tacq)-
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 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 Tgoq. Since the CDAC time
constant is 100 nsecs., there is more than enough time
for settling the input to 12 bits of accuracy during Tyeqg.
The excess time left during Ty 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, Taoq is also the traditional "aperture
delay" of this internal sample and hold.

Since Ty¢q is measured in clock cycles, its duration will
vary with ﬂw internal clock frequency. This results in
Tacq = 14 usecs + 0.4 psecs. 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 - i.e. the "aperture jitter" or Tpj. The
HADC674Z has a nominal aperture jitter of 20 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/2M!  (where Verr is the allowable error
voltage and Vfs is the full scale voltage)

From Figure 10:

Sr=AV/AT=2rfVp

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:

Honeywell
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Vis/2N+ 2 afVinta g OF fmax < VIS/(rVinta )2+

Forthe HADC674Z, Tpj = 20 nsec,
therefore figy < 2KHz.

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

e/ \
ARG
Ny
oo
P O 1 R

Vi /_\’ M
—

R eq = 4K ohms at any range

T=R =100 nsec.

eq ceq

Figure 9 - Equivalent HADC674Z
Input Circuit

Sample Point

At
'i r av = At dv
error T

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 10pF tantalum and a 0.1uF ceramic type in
parallel between Vi ogic (pin1) and digital common
(pin15), and V¢g (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 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 V| ogic and Vgc 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: 0V to +10V, OV to +20V, 45V 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 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 orto 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%
metalfilm 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
11111110and 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 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, Ao, 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, Ao 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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HADC674Z

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. .

128" ,
-3
Ay
RE 5
CE ¢
Rt
100K
15V O——W 15V
10V
owov Vo
ANALOG! 2oV
100K N 14
[
v BF
l«m
Vet
ouT 4
1000 3
(CALIBRATION)
10
Vrat
N
Voo 7
+15V O 104F I F

Figure 11 - Unipolar Input Connections

OUTPUT BITS
msa Ls8
27|26 |25 ] 24|20 | 22]21 {2018 | 18] 17] 16
128 5
® 3
ao s coNTROL NBBLEA | NIBBLEB | NIBBLEC
RT 5 THREE-STATE BUFFERS AND. CONTROL
CE & -
+5Y
1oV
fd Wl X
20V bl ]
INPUTS 210V IN__ 14| N = - J
BP Vj
. £ ] ofr 2 T\
Wh - ° 9
1000
Rl

Voo 7
sV SOHFHWE

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 TTL/CMOS compatible.

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

BYTE1 BYTE2
o[ XXXX XXXX]|XXXX 0000
1 |
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 =

Table 1 - Truth Table for the o 2
HADC674Z Control Inputs o A _;’
a0 %
CE [ RE 128 Ao Operatlon 2
e DATA
[) X x X X None BUS
X 1 X x X None HH6TIA 2
[ [ ° b3 [ Inttlate 12 bit conversion HADC674Z il
4 ° [ X 1 Initlate 8 bit conversion |2
1 v ° X ° Inktlate 12 bit conversion L
1 + o X 1 Initlate 8 bit conversion ::
1 0 v b3 [ Inkiate 12 bit conversion os0 L8y "
1 1] * X 1 Inltiate 8 bit conversion DiG. | 15
1 ° 1 1 x Enable 12 bit Output o ?I
1 ] 1 [ ) Enable 8 MSB's Only
[ R R R R it Figure 13 - Interfacing the HADC674Z
to an 8-bit Data Bus
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INPUT BUFFERS

)

READ CONTROL

:

—$- NIBBLE B ZERO
D OVERRIDE

_D‘_—F:D——_—p NIBBLEAB

b~ NIBBLE C

e

- +5.5V
£ 4343
<F ‘) ‘b <b < "
) T T T T
1] 45v sTS ' 3.0KQ
211278 BIT 12 J2z
sles BIT11 fs |
alp, BIT10 s |
W5V — a00HZ N s|lge HADC Bite |2
o — ‘ slecg 6742 it |z
+16.5V 7 +15V BIT7 22
ol eF our BIT6 |zt
9 A GND BIT5 20
A—] REF IN BIT4 |10
s _u1l i BIT3 |18
+5V . v AA—121 BIP OFF BIT2 |17
/\?HZ} CRE] prevee BIT1 |1
BV A Ne 4 20vIN DGND 2
2323233 a7k
l COMMON
Figure 15 - Burn-in Schematic
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PIN ASSIGNMENT HADC674
TOP VIEW
—
E VLOGIC sT8
E 1278 DB11
E cs DB10
E__ Ao DBY
[5: RIC DB8
E CE DB7
[7] vee DB6
E REF OUT bBs
E AGND DB4
F__E' REF IN DB3
E N/C (VEE) DB2
E BIP OFF D81
E 10VIN LSB DBO
E 20VIN DGND
28 LEAD DIP
18 17 186 15 1 13 12
* oooo o oo
1 | O o
2 || O O
21 || O 0
g 2 (0 D
L a a
» | O 0
2 O o
0O 0O 0Oooooao

"

26 27 28 1 2 3 4

DIE PLOT
159 MILS
20X

**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
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SIGNAL
PROCESSING
TECHNOLOGIES

HADC77100

8-BIT, 150 MSPS FLASH A/D CONVERTER

PRELIMINARY INFORMATION
FEATURES

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

» Preamplifier Comparator Design

» Maximum 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 Volt
power supply is required for operation of the

BLOCK DIAGRAM

ANALOG

INPUT
(FORCE OR 8ENSE) DGND1 DGND2 DVEE

30 i8 15

17,

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.

LINV

[]

MIN

[re]

VRT[ 41

PREAMP COMPARATO!

vam [az ]

14 | MSB D7

VRB |23

o 3]

CONVERT

CLK | 21

INPUT
(SENSE OR FORCE)
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HADC77100

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

Supply Voltages Output
Negative Supply Voltage (Vgg TOGND) ..-7.0t0 +0.5V
Ground Voltage Differential.............cc.e.u.. -0.510 +0.5V
AyEeg to Dygg Differential 50mV
Input Voltage
Analog Input Voltage........c..cocervuinennnanes +0.5t0 Vgg V
Reference Input Voltage. «.#0.5t0Vgg V
Digital Input Voltage..............ccce..uu. .. #0510 Vgg V
Reference Current VRTto VRB..........ccceueveunees 25 mA
Midtap Reference Current............cccuueee -6 to +6 mA

Notes:

Output
Digital Output Current...........coceuvvennnne ...010-25 MA
Temperature :
Operating Temperature, ambient
junction
Lead Temperature, (soldering 10 seconds)......+300°C

Storage Temperature...........o.ceeeervvernens -6510 +150°C

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, Rsource =102, fclock = 125MHz, Duty Cycle = 50%

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

DC ELECTRICAL TEST TEST Rzoggl ”°°T COL-D
PARAMETERS coNDITIONS  |LeveL| *2® +85°C -259C
MIN TYP MAX | MIN MAX |[MIN MAX | UNITS

TRANSFER |
CHARACTERISTICS
Integral Linearity , 77100A I i% :t.12. :Jz. LSB
Differential Linearity , 77100A I i% i% i% LSB
Integral Linearity, 771008 i i% :!:i‘i1 i% LSB
Differential Linearity, 77100B I +3 +3 +3]LsB

(No missing codes) 4 4 4
Offset Error VRT | 18  -30 -30 30 | mv
Offset Error VRB I 18 430 +30 +30| mv
ANALOG INPUT
CHARACTERISTICS
Input Voltage Range | 2.0 0.0 VOLTS
Input Capacitance Over full input range V] 56 pF
Input Resistance \' 4 kQ
Input Current l 175 275 225 350 | pA
Clock Synchronous
Input Cgrrents v 40 HA

TEST LEVEL CODE: Seepage 7.
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ELECTRICAL SPECIFICATIONS

INDUSTRIAL TEMPERATURE RANGE
VEE =-5.2V, Rgource =109, fclock = 125MHz, Duty Cycle = 50%

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

DC ELECTRICAL TEST TEST F;CS)%M 322(1:- (;g;.g
PARAMETERS CONDITIONS LEVEL| * * R
MIN TYP MAX| MIN MAX [MIN MAX | UNITS
POWER SUPPLIES
Supply Current
Supply Current
REFERENCE
{ofinwe Reference Operating Conditon I |>vRT 00 VOLTS
Negative Reference Operating Condition ] 25 <VRB VOLTS
Voltage
Reference Ta
Current P VRM=-1.00V v 4 mA
Ladder Resistance Il [100 160 |100 180 |80 120 Q
Reference Bandwidth \% 50 MHz
DIGITAL LOGIC
Output High Voltage 50Q to -2V Il |-0.98 -090 -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) no|1.13 081|107 067|127 -0.87 |VOLTS
Input Low Voltage (MINV, LINV) Il |-1.98 -1.48]-1.95  -1.42[-1.95 -1.50 |VOLTS
Output Rise Time 10% to 90% 50Q to -2V v 2 ns
Output Fall Time 10% to 90% 50Q to -2V 1\ 2 ns
VEE =-5.2V, Rgource =109 felock = 125MHz, Duty Cycle = 50%  VRB = -2.00V, VRT = 0.00V, Unless otherwise specified
AC ELECTRICAL TEST TEST +';g%‘" +:5%'£ 25%'5"
PARAMETER:! N
RAMETERS CONDITIONS LEVEL Imin- Tvp max{ MmN~ mAX| MIN  MAX |uniTs
CONVERSION TIMING, See Figure 1A
Maximum Sample Rate Il |125 150 125 125 MSPS
Clock Low Width, TPWO0 Il 4 3 4 4 ns
Clock High Width, TPW1 n la 3 4 4 ns
Output Latency 1\ 1 1 1 |CYCLE
Output Delay, TD Differential Clock Vv 4.2 ns
Output Delay Tempco Differential Clock 15 ps/°C
TEST LEVEL CODE: See page 7.
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ELECTRICAL SPECIFICATIONS

INDUSTRIAL TEMPERATURE RANGE
VEE =-5.2V, Rgource =102 fclock = 125MHz, Duty Cycle = 50%

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

DC ELECTRICAL TEST TesT | RooM o0 oD
PARAMETERS CONDITIONS LEVEL MIN TYP MAX| MmN max | miN max | uniTs
ANALOG INPUTS

Large Signal Bandwidth Vin=F.S. Il 60 MHz
Small Signél Bandwidth Vin=500mV PP Il 100 120 MHz
Aperture Jitter \Y} 12 ps RMS
Aperture Delay Differential Clock \Y 1.8 ns
Aperture Delay Tempco Differential Clock \' 7 ps/°C
Aperture Time Y <100 ps
Settle-to-Hold Time \Y 3 ns
Input Slew Rate \' 300 Vius
VEE =-5.2V, Rgource =109, felock = 125MHz, Duty Cycle = 50%  VRB = -2.00V, VRT = 0.00V, Unless otherwise specified
AC ELECTRICAL TEST TEST ROOM HOT coLD
PARAMETERS CONDITIONS LEVEL |y “Tve max| MIN. MAX | M- MaX | UNITS
SIGNAL QUALITY fgjock = 125MHz

RMS Sinewave Curve Fit Vin=FS @ 1MHz Il 8 LSB.
RMS Sinewave Curve Fit Vin = FS @ 25MHz I 7 LSB
RMS Sinewave Curve Fit Vin = FS @ 50MHz ] 53 LSB
Signal to noise ratio Vin = FS @ 1MHz ] 48 dB
Signal to noise ratio Vin = FS @ 25MHz 1l 43 dB
Signal to noise ratio Vin = FS @ 50MHz Il 36 dB
Total Harmonic Distortion Vin = FS @ 1MHz \% 44 dBc
Total Harmonic Distortion Vin = FS @ 25MHz \Y) 35 dBc
Total Harmonic Distortion Vin = FS @ 50MHz \% 24 dBc
mgggr%ﬁerentlal Non- v 001 LSB
E'r\\ﬁesa rit[;:fferentlal Non- v 2 LSB
Differential Gain NTSC 40IRE mod. Y 1.0 %
Differential Phase ramp.Fo=125MSPS Vv 5 DEG

TEST LEVEL CODE: See page 7.
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ELECTRICAL SPECIFICATIONS

MILITARY TEMPERATURE RANGE
VEE =-5.2V, Rgource =10, felock = 125MHz, Duty Cycle = 50%,

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

DC ELECTRICAL TEST TEST ROOM HOT coLb
PARAMETERS conDITions  |LeveL| *25°C +125°C | -55°C

MIN TYP MAX|MIN MAX [MIN MAX | UNITS
TRANSFER
CHARACTERISTICS
Integral Linearity, 77100A l £1 £l £l 1] s

4 2 2 2

Differential Linearity, 77100A [ 1 21 1 118
Offset Error VRT I 18  -30 -30 -30( mv
Offset Error VRB | 18 30 30| mv
ANALOG INPUT
CHARACTERISTICS
Input Voltage Range | |25 +05[-25 +05|-25 +05| VOLTS
Input Capacitance Over full input range \Y 56 pF
Input Resistance \Y 4 kQ
Input Current | 175 275 200 400 HA
Clock Synchronous
Input Currents v 40 A
POWER SUPPLIES
Supply Current
(analog) I ]210 250 300 330 330 mA
Supply Current
(digifa’,') | 50 70 70 70 | mA
REFERENCE
{S e Reference OperatngCondifon | | [5VRT 00 VOLTS
Negative Reference Operating Condition | -25 <VRB VOLTS
Voltage
Reference Tap Vens =-1.00V
Current AM =T v 4 mA
Ladder Resistance It J100 160 [130 210 |80 120 | Q
Reference Bandwidth \' 50 MHz
TEST LEVEL CODE: Seepage 7.
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ELECTRICAL SPECIFICATIONS

MILITARY TEMPERATURE RANGE
VEE =-6.2V, Rgource =102 felock = 125MHz, Duty Cycle = 50%,

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

DC ELECTRICAL TEST TEST 3?&” +:*2°570 c gg,'éD
PARAMETERS CONDITIONS LEVEL MIN TYP MAX|MIN MAX |[MIN MAX | UNITS
DIGITAL LOGIC

Output High Voltage 50Q to -2V | -0.98 -0.90 -0.82 |-0.85 -0.66 [-1.10 -0.95 |[VOLTS
Output Low Voltage 50Q to-2V I |1.95 1.8 -165[-1.95 -1.65[1.95 -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) I -1.95 148 |-1.95 -1.42|-1.95 -1.50 |[VOLTS
Output Rise Time (10% to 90%) 50Q to -2V 2 ns
Output Fall Time (10% to 90%) 50Q to -2V 2 ns

VEE =-5.2V, Rgource =102 felock = 125MHz, Duty Cycle = 50%,  VRB = -2.00V, VRT = 0.00V, Unless otherwise specified
AC ELECTRICAL TEST Test | ROCM S0 | Sop
PARAMETERS CONDITIONS LEVEL |in TvP max|miN ~ MAX [MIN  mAX |uniTs
CONVERSION TIMING (See Figure1A)

Maximum Sample Rate It 125 150 MSPS
Clock Low Width, TPWO il 4 3 ns
Clock High Width, TPW1 |4 3 ns
Output Latency \Y 1 1 1 |CYCLE
Data Ready Delay, TD ] 4.2 ns
Output Delay, TD Differential Clock I |32 42 48 |61 73 117 ns
Output Delay Tempco \Y 15 ps/°C
ANALOG INPUTS

Large Signal Bandwidth Vin=F.S. I 60 MHz
Small Signal Bandwidth Vin =500mVPP I 100 120 MHz
Aperture Jitter \Y 12 ps RMS
Aperture Delay Differential Clock Il |12 18 24 |24 36 |5 ns
Aperture Time VvV <100 ps
Settle-to-Hold Time \' 3 ns
Aperture Delay Tempco Differential Clock \V 7 ps/°C

TEST LEVEL CODE: Seepage7.
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VEE =-5.2V, Rgource =109, felock = 125MHz, Duty Cycle = 50%,

MILITARY TEMPERATURE RANGE

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

AC ELECTRICAL TEST Test | ROCM e | S2e
CHARACTERISTICS CONDITIONS LEVEL MIN TYP MAXI MmN max | min max | uniTs
SIGNAL QUALITY fgjock = 125MHz
RMS Sinewave Curve Fit Vin=FS @ 1MHz Il LSB
RMS Sinewave Curve Fit Vin = FS @ 25MHz Il LSB
RMS Sinewave Curve Fit Vin = FS @ 50MHz ] LSB
Signalto noise ratio Vin = FS @ 1MHz Il 48 dB
Signal to noise ratio Vin = FS @ 25MHz I 43 dB
Signal to noise ratio Vin = FS @ 50MHz ] 36 daB
Total Harmonic Distortion Vin=FS @ 1MHz \V} 44 dBc
Total Harmonic Distortion Vin = FS @ 25MHz \V 35 dBc
Total Harmonic Distortion Vin = FS @ 50MHz V] 24 dBc
Mean Differential Non-
Linearity v 001 LSB
RMS Differential Non-
Linearity v 2 LSB
TEST LEVEL CODE: See page 7.
TEST LEVEL CODES
ELECTRICAL CHARACTERISTICS TESTING JESTLEVEL  TEST PROCEDURE
All electrical characteristics are subject to the following | 100% production tested at the
conditions: specified temperatures.
All parameters having Min/Max. specifications are i 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 ]} QA sample tested only at the
at the specified condition. : specified temperatures.
Unless otherwise noted, all tests are pulsed tests, v Parameter is guaranteed (but not
therefore Tj = T = Ty tested) by design and characteri-
zation data.
\" Parameter is a typical value for

information purposes only.

Honeywell
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GENERAL DESCRIPTION

The HADC77100 is the fastest monolithic 8-bit-parallel
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
gain of six to the input signal so that each comparator

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 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:

AVEE, DVEE, AGND, DGND

The analog and digital supply and ground pins are
physically separated on the device. It is recom-
mended to take advantage of the noise suppression
benefits by utilizing separate ground and supply
planes when operating the part above 50 MSPS clock
rates.

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 50Q2 loads.

If separate AVEE and DVEE are used, be sure to
power both up simultaneously to avoid damaging the
device. The digital and analog power supply terminals
should be bypassed as close .to the device as
possible to their respective grounds with at least a
.01uF ceramic capacitor. ‘A 1uF tantalum can also be
used for low frequency suppression. The digital
ground is further divided into internal circuit ground
(DGND1) and output ground (DGND2). The digital
output ground should be referenced to the pulldown
voltage and bypassed to it 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
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. 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
2N5836/7 transistor. Very high performance can be
achieved by using a comlinear CLC100.
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FIGURE 1 HADC77100 TYPICAL INTERFACE CIRCUIT

ELANTEC - EL2004
COMLINEAR - CLC281/221

=

DVEE

HARRIS - HA2839 + TRANSISTOR 6’“?
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- 4 ;
PMI - OP-00/11

j
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T

wf ¥ FFF O
1
T q T
»n 33,38
DGND2
WF O1pF
AGND AVEE &
82V P

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
DGND1 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
DGND1 through a diode or 3.9k<2 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 suppression if so desired.

N/C
All "Not Connected" pins should be tied to DGND1 on

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

Honeywell
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TABLE 1 - OUTPUT CODING

MINV 0 0 1 1
LINV 0 1 0 1
ov 1111 100...00 011..1 000...00
111..10 100...01 011...10 000...01
Vin . 100...00 111..11 000...00 011..11
011...11 000...00 11111 100...00
. 000...01 011...10 100...01 111..10
-2V 000...00 011..11 100...00 1111
1V, Vou
o:Vv I, v oL

The HADC77100 has 256 preamp/comparator pairs
which are each supplied with the voltage from VRT to
VRB divided equally by the resistive ladder as shown
inthe block diagram on page 1. This voltage is applied

FIGURE 1A - TIMING DIAGRAM

to the bositive 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-to-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.

Analog input
K. -~ R PR,
ARl T SR SRR D, D S G
! v
! '
! ' N\
Master m ) 1
v
\ N
Comparator output \ : T
\ Ly E
Slave 4 [ )4 \ X 4
)
\ A
\ : > L
)
6 bit latch output N — : P e ‘:’
N v
\ ' M
' ' 1
. ! \ N
8 bit latch output b d T X o X G
NI V
' \ /
. \ \
: A \
Data output D o~ D , XN XN ) N+1
\
—Td 'o— '

Dots () in the chart denote respective latch timings.
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INPUT CIRCUIT

AGND

ST

AVEE

CLOCK INPUT

DGND1

i

— -1.3V
CLK
—am—>0
. I
I 13K Q
CLK
[

1§

DV ge

MINV, LINV INPUT CIRCUIT

DGND1

-1.3v

DV e
OUTPUT CIRCUIT
DGND1 DGND2
|
a;] uf

Honeywell
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DYNAMIC EVALUATION
POWER DESIGN ouT | FLUKE 6060B REF-oUT
TP 340 OPTION 130
R out
> | FLUKE 6060B
~N
88 § z REF-IN
VIN
IN_JINPUT HP 8082A — ] cLkan sav
DUT CARD W/LATCH EXT -
out HP 8082A INPUT IN/4 ECL oo | HPe216B
DATA LATCH
Z
/] 8
CLK
HP 8182A HPIB HP 9836
DATA ANALYZER CONTROLLER
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BURN-IN CIRCUIT  TgURN.IN = 125°C

o)
Analog and
Digital supply * 1N4736

Ve 4,1, 38, 39, 25, 26, 17
-2.00 Volts
Vee
23
HADC77100 R1 R1
7
Vin R2 8
O—— AANA——130,34 9
10
1
12
13
K po "
o———AN—20
LINV
n 5828 .
O—AV—
R2 88 E MV
cLk l I | R2
soa 15, 16, 41, -2.00
Ry =S0014WMCCS% | o5 4 5 o

R, =1KQ14WattCC 5% — g¢
X

Ry = 6,50 1/4 Watt CC 5%

Ry = 3.25Q 1/2 Watt CC 5%

VREF = -2.00 Volts

VEE = .6.6 Volts

BURN-IN CIRCUIT

5.2V

T F
A

MC10HO16

100 Q 100 @
Vee
5.2 Voits 200
8 =

_rl 118

CLK CLK

ClK = -0.7to - 1.7 Voits
Frequency = 50 KHz

CIRCUIT TO GENERATE CLOCK AND INPUT FOR BURN-IN CIRCUIT

Honeywell
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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 - log, ctualrms 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 differential
nonlinearity of 2 LSB - the actual step width is 3 LSB.
The HADC77100'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 |

T

-+ Threshold Level
(Band Edge)

VAR |

-—Cl ‘O— Quantization Step
(Or Band)

O;im/\

Input Voltage
Figure 2A Static Input Conditions

Output - )
Codes Integral Nonlinearity ———~q: — ;
integral Nonlinearity =

(1% Lse) Yo

'“\"“/\

T Differential Nonlinearity =
X < -1 LSB)

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 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 =2rfty
Linearity Curves
[
N 1 42 doal 801t linearity
v
T
va L
o
L
T
A 5mv
G £
E
2 t } i f
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.

A0 — 2mv

MmMOP>»—Hr0< «CvZ~-

Bit Number

FIGURE 3B Linearity Curve with TAPS
Forced to Within .5mV of
Ideal

Honeywell
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—4 At [¢— AVgror=Atdv_
dt
FIGURE 3C Aperture Uncertainty
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FIGURE 4 Aperture Time - Sinewaves

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:

p(V) =
(A2 - V22

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(2tit+6)+DC

where A,f,6,DC are the parameters which are selected
for a best fit to the data. The idealized best fit sine-
wave, Agsin(2nfot+05)+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 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.

TABLE 2
TESTS
The following table izes the dynamic perf tesis p ly described and the dynamic errors which infl test resuits.
(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

Noniinearity elevated noise floor RMS error

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

with 0 counts elevated noise floor RMS error
Integral Nonlinearity Yes (could be measured Yes-shows up as Yes-part of Yes
directly with highly linear harmonics 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 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.

Galin 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.

Honeywell
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CHARACTERIZATION GRAPHS
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PIN ASSIGNMENT
HADC77100
| — NAME

[ avee NG |42
[z | e vat[a1]  AVEE
v ne [a0]

Z DVEE AVEE (39 ] LINV

5 | DGND1 AVEE E

& | DGND2 e [37]

[7 | po (LsB) nc[ss] DVEE

8 | D1 AGND [35

s | p2 VIN % DGND1
[10] o3 AGND % DGND2
11| Da VAM | 32
E D5 AGND [ 31 Do
[G3] os viN | 30
[14] o7 mse) aGno [20]  pi-ps
[35] benp2 N [28]
L‘_i- DGND1 NG z D7
[37] ovee AVEE [26]
[rs] mmv Avee [25]  MINV
[s] e e [24]
[20] e vas [ 23]
E cLK e [22]

42 LEAD CERAMIC
SIDEBRAZED DIP

.050 DIA. +.005

(@5 PLCS)
o\ 8 7 6 5 4 3

FUNCTION

Negative Analog Supply
Nominally -5.2V

Do through D6 Output
Inversion Control Pin

Digital Analog Supply
Nominally -5.2V

Digital Ground 1
Digital Ground 2

Digital Data Output
(LSB)

Digital Data Output

Digital Data Output
(MSB)

D7 Output Inversion
Control Pin

PIN FUNCTIONS HADC77100

NAME

CLK
CLK
VRB

AGND
VIN

VRM

VIN

VRT

FUNCTION

HADC77100

ECL Clock Input Pin
ECL Clock Input Pin

Reference Voltage Bottom
Nominally -2.0V

Analog Ground
Analog Input

Can be connected to the input
signalor used as Sense

Reference Voltage Tap Middle

Analog Input
Can be connected to the input
signal or used as Sense

Reference Voltage, Top
Nominally 0.0V

NOTES:

1. CAVITY DOWN
2. RING METALIZATION IS .055°
3. DIMENSIONING ON BONDING -
PADS & DISTANCE TO THE RING -
METALIZATION PER STD, PROCESS PRACTICE
4. CERAMIC OVERALL THICKNESS IS .080+.008

OO 00000
N/C D6 D5 D4 D3 D2 DI
DGND1 D7
TSI \
o| DVEEDGND] |+ )
- ] ]
e Q \ \
+H| CLK MINV \ \
gl O O ! !
é AVEE CLK X ,
4 \ \
© \ \
AGND2AGNDY | | .
........ L]
N/C AVEE I |
O O
VRB N/C OI/’GND1 VRM E
CR O 00O
NT AGKD2| “VIN AGND1 VIN
.1oom=—tt |<-— €-280 + .008-
350 + .008
PN 460 + 008

46 LEAD PIN GRID ARRAY

**For Ordering Information See Section 1.

PN

181 + .012 | 5. TOPSURFACETO BEMETALIZED
FOR HEAT-SINKING PURPOSES
2 1 PIN 1 IDENT. 6. GOLD PLATING 60u INCHES MIN. THICKNESS
050 SQ ‘OVER 100y INCHES NOM. THICKNESS NICKEL
—_— \\\‘?"%__ *CONNECT ALL GROUND AND N/C PINS TO AN
Do DGND2 \’// ) APPROPRIATE GROUND.
B \/Q
N/C DGND1 YN
: I} I f
™
N/C DVEE N
D A N
LNV NG ) A g 8 8
O O |e \ HoOH H
AVEE AGND2 L\\ § § §
F [
N/C AGND1 N ‘
O G N ‘,
N/C  VRT N j
o O N7\
N/C AVEE
. VANN/N VAN
AGND2 N/C\_ 025 DIA. 005 NN
(%6 PLCS) G-Package
64a = 40°C'W

eJA = 15°C/W with
500 LFPM Air Flow

Honeywell
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SIGNAL
PROCESSING
TECHNOLOGIES

HADC77200

8-BIT, 150 MSPS FLASH A/D CONVERTER

PRELIMINARY INFORMATION
FEATURES

+150 MSPS CONVERSION RATE

* 100 MHz Full Scale Bandwidth

*1/2 LSB Linearity

* Preamplifier Comparator Design

» Maximum Power Dissipation < 2.7 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 to 100 MHz 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.

APPLICATIONS

« Digital Oscilloscopes

*Transient Capture

*» Radar, EW

» Medical Electronics: Ultrasound,
CAT Instrumentation

The part is packaged in a 48 Lead Ceramic Sidebrazed
DIP and a 46 Lead PGA. The HADC77200 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.

LINV  MINV

[a] [5] [] [a]

BLOCK DIAGRAM rogesen
VRTF INPUT DGND! DGND2 DVEE
44] [39 19 18
VRTS 45
3
3
vm[4__|_§
3
3
VA2 [37}—3
3
3
va__:
L4
3
VRBF [29}—
VRS 28]
CONVERT

B
AVEE AGND1

Honeywell
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HADC77200

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

Supply Voltages Output Output
Negative Supply Voltage (Vgg TOGND) ..-7.0t0 +0.5V Digital Output Current...........coeveevennnne. 0to-25mA
Ground Voltage Differential...................... -0.5t0 +0.5V
Ayeg to Dygg Differential . 50mV Temperature
. Operating Temperature, ambient -850 +150°C
Input Voltage junction +1500C
Analog Input Voltage............ccouvevurrinnenens +0.5t0 Vgg V Lead Temperature, (soldering 10 seconds)......+3000C
Reference Input Voltage.........cccevuerenene. +0.5t0 Vgg V Storage Temperature.........ccoeerveeenne -6510 +1500C
Digital Input Voltage.............cceeu.. .+05t0Vgg V :
Reference Current VRTto VRB.........cccecvreenene. 25mA
Midtap Reference Current............. .emB tO+6MA
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, Rsource =109 fclock = 125MHz, Duty Cycle =50%  VRB = -2.00V, VRT = 0.00V, Unless otherwise specified

DC ELECTRICAL TEST TEST A HOT coLp
PARAMETERS CONDITIONS LEVEL * +85°C -25°C
MIN TYP MAX | MIN MAX |[MIN MAX | UNITS

TRANSFER
CHARACTERISTICS
Integral Linearity , 77200A I :l:% :1;12. 1:12. LSB
Differential Linearity , 77200A Il 1 i-‘z- i% LSB
Integral Linearity, 772008 I i% i% ii LSB
Differential Linearity, 772008 I +3 +3 +3| LsB

(No missing codes) 4 4 4
Offset Error VRT [ -8 15 -15 -15 | mv
Offset Error VRB | 8 415 +15 +15 [ mv
ANALOG INPUT
CHARACTERISTICS
Input Voltage Range | -2.0 0.0 VOLTS
Input Capacitance Over full input range VvV 56 pF
Input Resistance \' 4 kQ
Input Current I 300 500 450 650 uA
Clock Synchronous ’
Input Cgrrents v 40 HA

TEST LEVEL CODE: See page 7.
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ELECTRICAL SPECIFICATIONS

INDUSTRIAL TEMPERATURE RANGE
VEE =-5.2V, Rgource =109, fclock = 125MHz, Duty Cycle = 50%

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

DC ELECTRICAL TEST TEST ROOM HOT COLD
PARAMETERS CONDITIONS  [LEveL| +25°C +850C -259C
MIN TYP MAX| MIN MAX [MIN MAX | UNITS

POWER SUPPLIES
Supply Current
(anZFl)o);;) I 360 425 440 425] mA
Supply Current
REFERENCE
foige Reference Oerating Condition I |>vRB 00 VOLTS
Negative Reference Operating Condition | 25 <VRT VOLTS
Voltage
Reference Ta|
Current P VAM=-1.00V v 4 mA
Ladder Resistance Il }100 160 [100 180 |80 120 Q
Reference Bandwidth V 50 MHz
DIGITAL LOGIC
Output High Voltage 50Q to-2V Il |-098 -090 -0.82|-088 -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) i {113 0.81{-1.07  -067|-1.27 -0.87 [VOLTS
Input Low Voltage (MINV, LINV) It |15 -1.481-1.95  -1.42]-1.95 -1.50 [VOLTS
Output Rise Time 10% to 90% 50Q to -2V v 2 ns
Output Fall Time 10% to 90% 50Q to -2V v 2 ns
VEE =-5.2V, Rsource =109, felock = 125MHz, Duty Cycle = 50%  VRB = -2.00V, VRT = 0.00V, Unless otherwise specified
AC ELECTRICAL TEST TEST :;g%‘" +:§>1c- gg,'&"
PARAMETER -

S CONDITIONS LEVEL lyin- 1Y mAX| MIN ~ MAX | MIN ~ MAX |uNiTs
CONVERSION TIMING, See Figure 1A
Maximum Sample Rate N |125 150 125 125 MSPS
Clock Low Width, TPW0 Il 4 3 4 4 ns
Clock High Width, TPW1 N 14 3 4 4 ns
Output Latency A\ 111 1|1 1 |CYCLE
Output Delay, TD Differential Clock 42 ns
Output Delay Tempco Differential Clock 15 ps/°C
TEST LEVEL CODE: See page 7.
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ELECTRICAL SPECIFICATIONS

VEE =-5.2V, Rgource =102, felock = 125MHz, Duty Cycle = 50%

INDUSTRIAL TEMPERATURE RANGE

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

DC ELECTRICAL TEST TEST 52%”‘ ] ;159; _gg,lén
PARAMETERS CONDITIONS ~ |LEVEL [pyny “Typ max| MIN MAX | MIN MAX | uniTs
ANALOG INPUTS

Large Signal Bandwidth Vin=F.S. I 100 MHz
Small Signal Bandwidth Vin=500mV PP I 100 175 MHz
Aperture Jitter \' 12 ps RMS
Aperture Delay Differential Clock \ 1.8 ns
Aperture Delay Tempco Differential Clock Y 7 ps/°C
Aperture Time \Y <100 ps
Acquisition Time F.S.to+1/2LSB Vv 5 ns
Input Slew Rate \" 800 Vius

VEE =-5.2V, Rgource =10, felock = 125MHz, Duty Cycle = 50%

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

AC ELECTRICAL TEST TEST +R22<%M 8";‘3; gs%'é"

-+ - .
PARAMETERS CONDITIONS LEVEL lyin TYP MAX| MIN MAX | MIN MAX | uNiTS
SIGNAL QUALIT’Y felock = 125MHz
RMS Sinewave Curve Fit Vin=FS @ 1MHz 1l 8 Bits
RMS Sinewave Curve Fit Vin = FS @ 25MHz ] 7 Bits
RMS Sinewave Curve Fit Vin = FS @ 50MHz i 5.3 Bits
Signalto noise ratio Vin = FS @ 1MHz ] 48 dB
Signal to noise ratio Vin = FS @ 25MHz ] 46 dB
Signalto noise ratio Vin = FS @ 50MHz ] 42 dB
Total Harmonic Distortion Vin =FS @ 1MHz \) 46 dBc
Total Harmonic Distortion Vin = FS @ 25MHz Vv 38 dBe.
Total Harmonic Distortion Vin = FS @ 50MHz \% 34 dBc
Mean Differential Non-
Linearity v 001 LsB
RMS Ditferential Non-
Linearity v 2 LSB
Differential Gain NTSC 40IRE mod. \ 1.0 %
Differential Phase ramp,Fo = 125MSPS Vv 5 DEG

TEST LEVEL CODE: See page 7.
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ELECTRICAL SPECIFICATIONS

MILITARY TEMPERATURE RANGE

VEE =-5.2V, Rgource =109, felock = 125MHz, Duty Cycle = 50%,  VRB = -2.00V, VRT = 0.00V, Unless otherwise specified
DC ELECTRICAL TEST TEST ROOM "'°I °°t',-°
PARAMETERS CONDITIONS | LEvEL| *25°C 4126°C | -55°C

MIN TYP MAX|MIN MAX |MIN MAX | UNITS
TRANSFER

- CHARACTERISTICS
Integral Linearity, 77200A | +1 1 +1 1| s
4 2 2 2

Differential Linearity, 77200A | 1 sl 1 +1l L8
Offset Error VRT | 18 -30 -30 30| MV
Offset Error VRB | 18 30 30| mv
ANALOG INPUT
CHARACTERISTICS
Input Voltage Range | 2.5 +05|-25 +05]-25 +05| vOLTS
Input Capacitance Over full input range \Y 56 pF
Input Resistance Y 4 kQ
Input Current | 300 500 400 750| pA
Clock Synchronous
Input Currents \ 40 HA
POWER SUPPLIES
Supply Current
(analog) | 360 425 450 425 mA
Supply Current
(digital) [ 60 80 80 80
REFERENCE
\F;gﬁggg Reference Operating Condition I |>vRB 0.0 VOLTS
Negative Reference Operating Condition | 25 <VRT VOLTS
Voltage
Reference Tap Vet <-1.00V
Current RM =T v 4 mA
Ladder Resistance I} 100 160 |130 210180 120 | Q
Reference Bandwidth \' 50 MHz
TEST LEVEL CODE: See page 7.
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ELECTRICAL SPECIFICATIONS

VEE =-52V, Rsource =109 felock = 125MHz, Duty Cycle = 50%,

MILITARY TEMPERATURE RANGE

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

DC ELECTRICAL TEST TEST ROOM HOT CoLD
PARAMETERS CONDITIONS LEVEL | +25°C +125°C | -550C

MIN TYP MAX|MIN MAX |[MIN MAX | UNITS
DIGITAL LOGIC
Output High Voltage 50Q to-2V | |-0.98 -0.90 -0.82|-0.85 -0.66|-1.10 -0.95 [VOLTS
Output Low Voltage 50Q to -2V I |1.95 180 -1.65 [1.95 -1.65|-1.95 -1.70 [VOLTS
Input High Voltage (MINV, LINV) I |-1.13 -0.81 |-1.07 -0.67 [-1.27 -0.87 [VOLTS
Input Low Voltage (MINV, LINV) | -1.95 -1.48 |-1.95 -1.42|-1.95 -1.50 |VOLTS
Output Rise Time (10% to 90%) 50Q to -2V 2 ns
Output Fall Time (10% to 90%) 50Q to -2V 2 ns

VEE =-5:2V, Rsource =10, fclock = 125MHz, Duty Cycle = 50%,

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

AC ELECTRICAL TEST TEST 203"' HOT coLD
PARAMETERS CONDITIONS LEVEL |uuny 1vp max|min - Max v max |unirs
CONVERSION TIMING (See FigureiA)

Maximum Sample Rate Il 125 150 MSPS
Clock Low Width, TPWO0 ] 4 3 ns
Clock High Width, TPW1 Il 4 3 ns
Output Latency v |1 1 1|1 11 1 |CYCLE
Data Ready Delay, TD Il 4.2 ns
Output Delay, TD Differential Clock I |32 42 48 |6.1 73|17 ns
Output Delay Tempco \/ 15 ps/°C
ANALOG INPUTS

Large Signal Bandwidth Vin=F.S. I 100 MHz
Small Signal Bandwidth Vin=500mVPP Il [100 175 MHz
Aperture Jitter \V} 12 ps RMS
Aperture Delay Differential Clock I 112 18 24 |24 36 |5 ns
Aperture Time Vv <100 ps
Settle-to-Hold Time \' 3 ns
Aperture Delay Tempco Differential Clock \V 7 ps/°C

TEST LEVEL CODE: See page 7.
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ELECTRICAL SPECIFICATIONS

o
(@]
MILITARY TEMPERATURE RANGE C’:l
VEE =-5.2V, Rgoyrce =102, fejock = 125MHz, Duty Cycle = 50%, VRB = -2.00V, VRT = 0.00V, Unless otherwise specified g
AC ELECTRICAL TEST TEsT | ROOM e | S b
PARAMETERS CONDITIONS LEVEL MIN TYP MAX| MIN MAX | MIN MAX | UNITS
SIGNAL QUALITY fclock = 125MHz
RMS Sinewave Curve Fit Vin = FS @ 1MHz 1] 8 Bits
RMS Sinewave Curve Fit Vin = FS @ 25MHz | 7 Bits
RMS Sinewave Curve Fit Vin = FS @ 50MHz 1l 5.3 Bits
Signal to noise ratio Vin=FS @ 1MHz 1 48 dB
Signal to noise ratio Vin = FS @ 25MHz | 46 dB
Signalto noise ratio Vin = FS @ 50MHz ] 42 dB
Total Harmonic Distortion Vin=FS @ 1MHz Vv 46 dBc
Total Harmonic Distortion Vin = FS @ 25MHz Vv 38 dBc
Total Harmonic Distortion Vin = FS @ 50MHz vV 34 dBc
Mean Differential Non-
Linearity v 001 LSB
RMS Differential Non-
Linearity \' 2 LSB

TEST LEVEL CODE: See page 7.

TEST LEVEL CODES

LECTRICA ARACTERI TESTLEVEL  TEST PROCEDURE |
All electrical characteristics are subject to the following | 100% production tested at the i
conditions: specified temperatures.

All parameters having Min./Max. specifications are Il 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 1] QA sample tested only at the ‘
at the specified condition. specified temperatures. |
|
|
Unless otherwise noted, all tests performed after a 3 min. v Parameter is guaranteed (but not |
power soak. tested) by design and characteri-
zation data.
\ 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 conversion
rate is 150 MSPS and the analog bandwidth is in
excess of 100 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.

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.

AVEE, DVEE, AGND, DGND

The analog and digital supply and ground pins are
physically connected on the device. It is recommend-
ed to take advantage of the noise suppression bene-
fits by utilizing separate ground and supply planes
when operating the part above 50 MSPS clock rates.

The center reference ladder taps are optional as
needed to futher decrease this specification.

The HADC77200 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 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.

If separate AVEE and DVEE are used, be sure to
power both up simultaneously to avoid damaging the
device. The digital and analog power supply terminals
should be bypassed as close to the device as
possible to their respective grounds with at least a
.01uF ceramic capacitor. A 1uF tantalum can also be
used for low frequency suppression. The digital
ground is further divided into internal circuit ground
(DGND1) and output ground (DGND2). The digital
output ground should be referenced to the pulidown
voltage and bypassed to it 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

ELANTEC - EL2004 v
K] COMLINEAR CLC221/231 ANALOG DVEE
HARRIS - HA2530 + TRANSISTOR _ INPUT DGND1  DGND2
(FORCE)

LINV - MINV
|4 2t

| l o
7 l:D e fos 1 %
VATS| P2
Ly -

PMI- OPoOR1 Y
LTC-LTiore

VR1

E]

vret
av

Ot VRBF 20| |
VRBS 28

CIK
CONVERT »
23

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 DGND1 is rec-
ommended. The duty cycle of the clock is not impor-
tant 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
DGND1 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 13022 to 1KQ loads.

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 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. Itis
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 shown in Figure 1A.

Honeywell
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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 DGND1 on

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

TABLE 1 - OUTPUT CODING

MINV 0 0 1 1

LINV 0 1 0 1
ov 111..11 100...00 011..11 000...00
111..10 100...01 011...10 000...01
ViN . 100...00 11111 000...00 011..11
011...11 000...00 1.1 100...00
. 1 000...01 011...10 100...01 111..10
-2V 000...00 011...11 100...00 1m.n

1V IH, \' OH

0:V ., VoL

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-
atorpair. 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-to-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.

FIGURE 1A - TIMING DIAGRAM |, - .
Analog input Vin /’ i :\'L\_’:
- le-Tpwi _hl‘.pro s '
6K - - - - = - PR
: ' N\
Master D
1 N 'I‘
Comparator output : ' ‘é
Slave X Y - X ' X N
i f
6 bit latch output NG X T
R
8 bit latch output ) X : X [] > G
E ) /
Data output D ¢~ D 4, o XN ] XN ; DNt
* —{Td T4 — '
— T N

Data Ready “for 77200"

Dots (e) in the chart denote
respective latch timings.
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INPUT CIRCUIT

AGND

M

5_3

AVEE

DRINV, MINV, LINV INPUT CIRCUIT

DGND1

-1.3V

DVge

CLOCK INPUT OUTPUT CIRCUIT
D0 THROUGH D8, DREAD
DGND1
AN DGND1 DGND2
O
aie -1.3v :
O k1 _a—0 AN
Data Out
. 13K Q -
O 1K Q %
i DV g
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DYNAMIC EVALUATION
POWER DESIGN OUT | FLUKE 6060B REF-OUT
TP 340 OPTION 130
out
> I> (=]
3| B FLUKE 6060B REF-IN
+ . I(l’ (0]
VIN
CLK | EXT ouT
IN_[INPUT HP 8082A ‘ | cLKk-IN 52V
DUT CARD W/LATCH EXT -
OUT|  .paos2a INPUT IN/4 ECL GND HP 6216B
DATA LATCH
%
K]
CLK
HP 8182A HPIB HP 9836
DATA ANALYZER CONTROLLER
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BURN-IN CIRCUIT

TBURN-IN = 125°C

I

Vin
-5.2V
8 | |1, 16 =  .2.00
50 Q
13 3
Vin
MC10H018
5 6,12
100 Q 100 O
VEe
5.2 Volts 12,00
— -2.00
8 =
50 Q
3 >
CLK

J_J:,w

MC10195

CLK

CLK

Freq

-0.7to - 1.7 Volts
uency = 50 KHz

CIRCUIT TO GENERATE CLOCK
AND INPUT FOR BURN-IN CIRCUIT

[
Analog and

Digital supply 8, 20, 25, 31, 32, 42, 43, 48
R4
VRer R3
v -2.00 Volts
RB Dvee [Avee
28, 29
HADC77200 R1 R1
NC |33, 37, 41 g
10
vn P2 1
oO——AA———1{34, 39 12
13
14
15
16
LK R2 17
o——W 2 LINV
5ol ,*
o— MA——123 222, 2
goge MmNy
R2 >
cLK l l DRINV R2
-2.00
Rl =50Q 1/4 Watt CC 5% =

R2 = 1KQ 1/4 Watt CC 5%
R3 = 6.5Q 1/4 Watt CC 5%
R4 = 3.25Q 1/2 Watt CC 5%
VRer = -2.00 Volts

VEE = -6.6 Volts

Pin numbers refer to dip packages only.

Honeywell

2-75

HADC77200



HADC77200

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
caiculated from measured rms error for the ideal
sinewave and the measured actual rms error as
follows:

eff bits =8 - log, Actual rms 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).

VAR |

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 differential
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.

Codes

I Il
| S N S

Throshold Level
(Band Edge)

OC/\
—-l Quantization Step
(Or Band)

Input Voltage

Figure 2A Static Input Conditions

Output
Codes

1 ]
__.-,,,:,._;

h\w/\ e
+

-+ Differential Nonlinearity =
X < (X-1 LSB)

Integral Nonlinearity =
(V-1?2 LsB) &4

Input Voitage

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:

dV/V = 2nifty

Linearity Curves

5mv

moO»-Aro< —-Hcvovz-—

1 1 1 1
2 1 I I T

0 64 128 152 255

Bit Number

FIGURE 3A Linearity Curve with no
TAP adjustment

7 4eal 8.bit linearity

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.

A0 — 2mv

mOP»-r0< —-Co9vZ-—

Bit Number

FIGURE 3B Linearity Curve with TAPS
Forced to Within .5mV of
Ideal

Honeywell
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Sample Point

AVgrror =t v

I
I
"—’|‘M|‘_'dt

FIGURE 3C Aperture Uncertainty
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FIGURE 4 Aperture Time - Sinewaves

Missing Codes

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 HADC77200. 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:

pV)= — 1
(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 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(2rft+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(2nfgt+65)+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 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.

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 harmonics 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.

Honeywell
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HADC77200

CHARACTERIZATION GRAPHS
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PIN ASSIGNMENT HADC77200

TOP VIEW NAME FUNCTION NAME FUNCTION
T ne avee [4] DRINV Data Ready Inverse CLK Inverse ECL Clock input Pin
[z | ve AcND2 [a7] | Ny DO through D6 Output CLK ECL Clock Input Pin
| 3 [DRINV AGND1 [46] Inversion Control Pin
4 | LINV VRTS E VRBS Reference Voltage Bottom, Sense
E DVEE VRTF E] AVEE Negative Analog Supply Nominally -2.0V
=1 panp1 3 Nominally -5.2V
L5 AVEE [43) VRBF Reference Voltage Bottom, Force
| 7_| DGND2 AVEE zl DVEE Digital Analog Supply Nominally -2.0V
"8 | DREAD VR3S [a1] Nominally -56.2V
— VR1 Reference Voltage Tap 1
[o|pocss aowoz [0] ponnt Digital Ground 1
|10 )01 VN [39] AGND1 Analog Ground 1
[11] o2 AGND1 [38] DGND2  Digital Ground 2
(12 | D3 vRz [37] VIN Analog Input, can be connected to
3| Da AGND1 E DREAD Data Ready Output the input signal or used as a Sense
[14] os v [35] po Digital DataOutputPin1 ~ AGND2  Analog Ground 2
[15 ] o6 AcND2 [34] (LSB)
_Ti— D7 (MSB) VR1 E VR2 Reference Voltage Tap 2
17 | D8 (OVERRANGE) avee [32] D1.Dé Digital Data Output Pin 2
= penp2 Through 6 VIN Analog Input, can be connected to
|: AVEE |31 the input signal or used as a Sense.
[18 ] panp1 nc (0] D7 Digital Data Output Pin 7
@ DVEE VRBF E (MSB) VR3 Reference Voltage Tap 3
IZ MINY VRBS E D8 Overrange Output VRTS Reference Voltage Top, Sense
[z2] e AcNot [27] Nominally OV
[23] ek AcND2 [26]  MINV D7 Output Inversion
E NIC AVEE E Control Pin VRTF Reference Voltage Top, Force
Nominally 0V
48 LEAD CERAMIC
SIDEBRAZED DIP
.050 DIA. + .005
T TICE) ——p1181 £ .012 |@—o
9 8 7 6 5 4 3 2 1 PIN 1 IDENT.
.050 SQ. )
OO O0O0O0OO ) 2052 -
D8 D6 D5 D4 D3 D2 D1 DO DGND2 NPT
o} e YR
DGND1 D7 DREADDGND1 w N
O O Tt " C H ‘\\\ ﬁ
| DVEE DGND2 \ ! N/C DVEE
2”6 - 1o o b AN \ B
+| CLK MINV : \ LINV DRINV Q 8 § 8
g O \ ! o) E N & HoH
g| Ave x| | v ] avee aGND2 \\: g 8 8
3l O : ~ O I N N
AGND2 AGNDY | 1 v | vRTs acnos N L
i I 8 I\
VRBS AVEE N/C VRTF LN .
e 5, ¢ | VA
VRBF VR1 AGND1 VR2 VR3 AVEE .
\/\ NOTES:
N/C AGND2|VIN AGNDZ VIN_AGND2 N/C|  .025 DIA. £ .005 R DO iON 055
100 TYP —-.l ld-- €280 + 008 (46 PLCS) 3 PADS 8 DSTANGE TOTHE NG -
METALIZATION PER STD. PROCESS PRACTICE
350 + 008 op 20 e LA
RO ackage - ela =40°C/W " FORHEAT-SINKING PURPOSES
V- Of i 3 .
YN wion | AN | gasisCMu LR
ir Flow .
46 PIN GRID ARRAY arrRoPAATEGROND. o

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

HADC77300

8-BIT, 250 MSPS FLASH

ADVANCE INFORMATION
FEATURES

+250 MSPS CONVERSION RATE

+150 MHz Full Scale Bandwidth

+1/2 LSB Linearity

« Preamplifier Comparator Design

» Maximum Power Dissipation < 4.3 Watts

GENERAL DESCRIPTION

The HADC77300 is a monolithic flash A/D converter
capable of digitizing a 2 Volt analog input signal with full
scale frequency components to 150 MHz into 8-bit digital
words at a 250 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 HADC77300, with nominal
power dissipation of 4 Watts.

A/D CONVERTER

APPLICATIONS

« Digital Oscilloscopes

«Transient Capture

« Radar, EW

« Medical Electronics: Ultrasound,
CAT Instrumentation

The part is packaged in a 46 Lead PGA. The
HADC77300 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 HADC77300 is available in
Industrial and Military Temperature ranges.

BLOCK DIAGRAM et
SENSE)
ANALOG
VATF INPUT  DGNDI DGND2 DVEE LIV MINV
AT
o _[] J:?_él 5]
VRTS E ,J/
[PREAMP COMPARATOR prrvrrrvrrrm
: RANGE
E: o8
. MsB
b7
.E 7] D6
VR3 E{_
3 EN
*
D4
VR2 [J5}—3
2
#* %] os
VR E}__ j
4] 02
»
[3] o1
72| LsB
VRBE [Ho]— 0o
VR8s [G9]
CIK D1] DRINV
CONVER = :
T ok T T 82| pREAD
I €T, F, F1, F8,
l——lALou Ez.u..le J6
INPUT AGND AVEE  AGND
(FORCE OR 2 1
SENSE)
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HADC77300

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

Supply Voltages Output Output
Negative Supply Voltage (Vgg TOGND) ..-7.0t0 +0.5V Digital Output Current.........ccocveereneennnncd 0to -25 mA
Ground Voltage Differential...................... -0.5t0 +0.5V
AyEeg to Dy g Differential............ccoveieiiiennas 50mV Temperature
Input Voltage
Analog Input Voltage.........c.cceeeveecnernnnns +0.5t0 Vgg V Lead Temperature, (soldering 10 seconds)......+300°C
Reference Input Voltage.. ..+05t0 Vgg V Storage Temperature.............cccevueunenes -6510 +150°C
Digital Input Voltage.............cco.... ...#0.5t10 Vgg V
Reference Current VRTto VRB..........ccccceuunees 25 mA
Midtap Reference Current............cceue.s -6 to+6mA
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, Rgoyrce =109 felock = 250MHz, 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 -25°C UNITS
MIN TYP MAX| MIN MAX |[MIN MAX

TRANSFER

CHARACTERISTICS

Integral Linearity , 77300A I i% :t% :t_;_ LSB
Differential Linearity , 77300A Il i% i% i-;- LSB
Integral Linearity, 773008 I :t% :t% :t% LSB
Differential Linearity, 773008 Il +3 +3 +3| LsB

(No missing codes) 4 4 4

Offset Error VRT | -8 -5 -15 15| mv
Offset Error VRB | +8 415 +15 +15| mv
ANALOG INPUT
CHARACTERISTICS

Input Voltage Range | 2.0 0.0 Volts
Input Capacitance OverFulllnputRange |  V/ 30 pF
Input Resistance \' 4 kQ
Input Current ] 15 mA
Clock Synchronous

Input Currents v 40 HA

TEST LEVEL CODE: See page 7.
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ELECTRICAL SPECIFICATIONS

INDUSTRIAL TEMPERATURE RANGE
VEE =-5.2V, Rgource =109, fclock = 250MHz, Duty Cycle = 50%

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

DC ELECTRICAL TEST TEST lzg&M Bl;g)c':l' (;(;(I’.Ic)
PARAMETERS CONDITIONS LEVEL * + A

MIN TYP MAX| MIN MAX |[MIN MAX | UNITS
POWER SUPPLIES
Supply Current
(Ar?ggg) I 750 775 750 | mA
Supply Current
(Digital) I 60 80 85 80| mA
REFERENCE
\Bgﬁggg Reference Operating Condition | sVRB 0.0 Volts
Negative Reference Operating Condition | 25 <VRT Volts
Voltage
Reference Tap .
Current VAm=-1.00V v 8 mA
Ladder Resistance Il {100 160 |100 180 | 80 120 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) I [-1.13 -0.81|-1.07  -0.67|-1.27 -0.87 |Volts
Input Low Voltage (MINV, LINV) Il |-1.95 -1.48[-1.95  -1.42]-1.95 -1.50 |Volts
Output Rise Time 20% to 80% 50Q to -2V v 1 ns
Output Fall Time 20% to 80% 50Q to -2V v 1 ns

VEE =-5.2V, Rgource =102, fejock = 250MHz, Duty Cycle = 50% VRB = -2.00V, VRT = 0.00V, Unless otherwise specified
AC ELECTRICAL TEST Test | ROOM HoT oD
PARAMETERS b LEVEL MIN+2'EI,'YCI;3 MAX Mls85 |(v:|Ax Mll.‘l25 nanx UNITS
CONVERSION TIMING, See Figure 1A

Maximum Sample Rate Il |250 250 250 MSPS
Clock Low Width, TPWO 1l 2 2 2 ns
Clock High Width, TPW1 I 2 2 2 ns
Output Delay, TD Differential Clock \Y 21 ns
Output Delay Tempco Differential Clock VvV 15 ps/°C
TEST LEVEL CODE: See page 7.
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HADC77300

ELECTRICAL SPECIFICATIONS

INDUSTRIAL TEMPERATURE RANGE
VEE =-5:2V, Rgource =109, fclock = 250MHz, Duty Cycle = 50%

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

DC ELECTRICAL TEST TEsT | POCM - SO0
PARAMETERS CONDITIONS LEVEL MIN TYP MAX| MIN MAX | miN max | uniTs
ANALOG INPUTS

Large SignalBandwidth Vin=F.S. 1l 150 MHz
Small Signal Bandwidth Vin=500mV PP it |200 MHz
Aperture Jitter \% 8 ps RMS
Aperture Delay Differential Clock \ 1.0 ns
Aperture Delay Tempco Differential Clock \) 7 ps/°C
Aperture Time \ <70 ps
Acquisition Time F.S.to+1/2L.SB \Y 2 ns
Input Slew Rate \ 2 V/ns
VEE =-5.2V, Rgource =109, fclock = 250MHz, Duty Cycle = 50% VRB = -2.00V, VRT = 0.00V, Unless otherwise specified
AC ELECTRICAL TEST TEST ROOM HOT coLD
PARAMETERS CONDITIONS LEVEL |y “Tve max| mN max | mi wax | unirs
SIGNAL QUALITY fgjock = 250MHz

RMS Sinewave Curve Fit Vin=FS @ 1MHz Il 8 Bits
RMS Sinewave Curve Fit Vin = FS @ 50MHz 1] 7 Bits
RMS Sinewave Curve Fit Vin =FS @ 100MHz 1l 5.3 Bits
Signalto Noise Ratio Vin=FS @ 1MHz 1l 48 dB
Signal to Noise Ratio Vin = FS @ 50MHz i 46 dB
Signalto Noise Ratio Vin =FS @ 100MHz 1l 42 dB
Total Harmonic Distortion Vin =FS @ 1MHz Vv 46 dBc
Total Harmonic Distortion Vin=FS @50MHz \' 38 dBc
Total Harmonic Distortion Vin = FS @ 100MHz Vv 34 dBc

TEST LEVEL CODE: Seepage 7.
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ELECTRICAL SPECIFICATIONS

MILITARY TEMPERATURE RANGE
VEE =-5.2V, Rgource =109, fclock = 250MHz, Duty Cycle = 50%,

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

DC ELECTRICAL TEST TEST ROgM HOT | coLD
PARAMETERS CONDITIONS LEVEL +250C +1250C -550C
MIN TYP MAX|MIN MAX |MIN MAX | UNITS

TRANSFER
CHARACTERISTICS

inaari +1 1 +1 +1
Integral Linearity, 77300A | A > > > LSB
Differential Linearity, 77300A [ 1 sl 1 +111s8
Offset Error VRT | -15 -15 15| mvV
Oftset Error VRB | +15 +15| mV
ANALOG INPUT
CHARACTERISTICS
Input Voltage Range Over Full Input Range | 25 +0.5]-25 +05]|-25 +0.5| Volts
Input Capacitance Vv 30 pF
Input Resistance Vv 4 kQ
Input Current | 15 mA
Clock Synchronous
Input Currents v 40 KA
POWER SUPPLIES
Supply Current
(Analog) | 750 775 750 | mA
Supply Current
(Dizgay,) | 60 80 80 80 | mA
REFERENCE
53%‘5’2 Reference Operating Condition | sVRB 0.0 Volts
Negative Reference Operating Condition | 25 <VRT Volts
Voltage
Reference Tap Vians = -1.00V
Current RM=- v 8 mA
Ladder Resistance I |100 160 [130 210 |80 120 Q
Reference Bandwidth \' 50 MHz
TEST LEVEL CODE: See page 7.
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HADC77300

ELECTRICAL SPECIFICATIONS

MILITARY TEMPERATURE RANGE

VEE =-5:2V, Rgource =102 fciock = 250MHz, Duty Cycle = 50%,

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

ROOM HOT COLD

PARAMETERS ConDmoNs  |LevEL | +25°C 25 | .g50c
MIN TYP MAX [MIN MAX |[MIN MAX | UNITS

DIGITAL LOGIC
Output High Voltage 50Q to -2V | -0.98 -0.90 -0.82 {-0.85 -0.66 |-1.10 -0.95 |Volts
Output Low Voltage 50 to -2V | |1.95 18 -165 195 -1.65]-1.95 -1.70 |Volis
Input Low Voltage (MINV, LINV) | -1.13 -0.81 [-1.07 -0.67 |-1.27 -0.87 [Volts
Input High Voltage (MINV, LINV) | -1.95 -1.48 -1.95 -1.50 [Volis
Output Rise Time (20% to 80%) 50Q to -2V 1 ns
Output Fall Time (20% to 80%) 50Q to -2V 1

ns

VEE =52V, Rsource =102, fclock = 250MHz, Duty Cycle = 50%,

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

AC ELECTRICAL TEST TEST F;g%‘" :"205{, c g{g‘g
PARAMETERS CONDITIONS LEVEL |yin“Tve max|miN  Max [N mMAX |uniTs
CONVERSION TIMING (See Figure1A)

Maximum Sample Rate ] 250 MSPS
Clock Low Width, TPWO ] 2 ns
Clock High Width, TPW1 1l 2 ns
Data Ready Delay, TD ] 2.1 ns
Output Delay, TD Differential Clock ] 21 ns
Output Delay Tempco \V 15 ps/°C
ANALOG INPUTS

Large Signal Bandwidth Vin=F.S. 1 150 MHz
Small Signal Bandwidth Vin =500mVPP il 200 MHz
Aperture Jitter \Y 12 ps RMS
Aperture Delay Differential Clock 11 1.0 ns
Aperture Time V <70 ps
Acquisition Time 2 ns
Aperture Delay Tempco Differential Clock \/ 7 ps/°C

TEST LEVEL CODE: See page 7.
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ELECTRICAL SPECIFICATIONS

MILITARY TEMPERATURE RANGE

VEE =-5.2V, Rsource =109, fclock = 250MHz, Duty Cycle = 50%,

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

PARAMETERS CONDITIONS LEVEL |yyn TYP MAX | MIN MAX | MIN max | uniTs
SIGNAL QUALITY fgjock = 250MHz
RMS Sinewave Curve Fit Vin = FS @ 1MHz 1l Bits
RMS Sinewave Curve Fit Vin = FS @ 50MHz | Bits
RMS Sinewave Curve Fit Vin = FS @ 100MHz 1l 5.3 Bits
Signal to noise ratio Vin=FS @ 1MHz Il dB
Signal to noise ratio Vin = FS @ 50MHz | 46 dB
Signalto noise ratio Vin = FS @ 100MHz I 42 dB
Total Harmonic Distortion Vin=FS @ 1MHz 46 dBc
Total Harmonic Distortion Vin = FS @ 50MHz 38 dBc
Total Harmonic Distortion Vin = FS @ 100MHz 34 dBe
TEST LEVEL CODE: See following chant.
TEST LEVEL CODES
ELECTRICAL CHARACTERISTICS TESTING TEST LEVEL TEST PROQCEDURE
All electrical characteristics are subject to the following | 100% production tested at the
conditions: specified temperatures.
All parameters having Min./Max. specifications are Il 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 mn QA sample tested only at the
at the specified condition. specified temperatures.
Unless otherwise noted, all tests performed after a 3 min. v Parameter is guaranteed (but not
power soak. tested) by design and characteri-
zation data.
\ Parameter is a typical value for

information purposes only.
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HADC77300

GENERAL DESCRIPTION

The HADC77300 is ta very wide bandwidth monolithic
8-bit parallel flash A/D converter available today. The
minimum conversion rate is 250 MSPS and the analog
bandwidth is in excess of 200MHz. 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 HADC77300 over
similar devices is a better integral linearity specifi-
cation over the part's entire usable range.

TYPICAL INTERFACE CIRCUIT

The HADC77300 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:

AVEE, DVEE, AGND, DGND

The analog and digital supply and ground pins are
physically separated on the device. It is recommend-
ed to take advantage of the noise suppression bene-
fits by utilizing separate ground planes when
operating the part above 50 MSPS clock rates.
Separate supply planes are not necessary for the
HADC77300.

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 HADC77300 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 HADC77300
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.

If separate AVEE and DVEE planes are used on a
board, the AVEE plane can be tied together at the
device pins to DVEE because the digital and analog
supply pins are connected internally through a 50Q
resistor. There is no need for supply sequencing on
the HADC77300 if separate supplies are used. The
digital and analog power supply terminals should be
bypassed as close to the device as possible to their
respective grounds with at least a .01uF ceramic
capacitor. A 1pF tantalum can also be used for low
frequency suppression. The digital ground is further
divided into internal circuit ground (DGND1) and
output ground (DGND2). The digital output ground
should be referenced to the pulldown voltage and
bypassed to it as shown in Figure 1. DGND1 should
be connected to AGND if DVEE is connected to
AVEE.

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
HADC77300 is superior to similar devices due to a
preamplifier stage before the comparators.
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FIGURE 1 HADC77300 TYPICAL INTERFACE CIRCUIT

[+ DGND1
BUFF ANALOG
l l INPUT 4
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PMI-OPO11
LTC-LT1014 ;

|

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 DGND1 is rec-
ommended. The duty cycle of the clock is not impor-
tant 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
DGND1 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.

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 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
HADC77300'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 shown in Figure 1A.
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D8 (Overrange)

This is an overrange function. When the HADC77300
is in an overrange condition, D8 goes high and all data
outputs go high as well. This makes it possibie to in-
clude the HADC77300 into higher resolution sys-
tems.

N/C
All "Not Connected" pins should be tied to DGND1 or
AGND.

TABLE 1 - OUTPUT CODING

MINV 0 0 1 1
LINV 0 1 0 1
ov 111..11 100...00 011...11 000...00
111...10 100...01 011...10 000...01
ViN 100...00 1.1 000...00 011...11
011...11 000...00 111..11 100...00
. 000...01 011...10 100...01 111..10
-2V 000...00 011...11 100...00 111..11
1V H, \ OH
0:V 3, VoL

FIGURE 1A - TIMING DIAGRAM

OPERATION

The HADC77300 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-to-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.

N+2
Analog input Vin \
'
\
_ le-TPW1 _pig-TPWO \
CIK - - - DR I J—
Clock ik _/T,\:\.___./C._.L/ .....
' \
\ \ \
Master \ |
. \ ! N
Comparator output \ : E
1
siave X X X R
: \ A
L
. ! ’
6 bit latch output ™NG = W 'Ir
u T L
\ ) V
: ! N
8 bit latch output ) ¢ \ X L) )4 G
\
. \': /
. \ \
Data output D g~ D 4, N XN N+t
over-range D8 : \
—p Td *
Data Ready —_ 7 N N

Dots (o) in the chart denote

respective latch timings.
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INPUT CIRCUIT

AGND

SR

AVEE

CLOCK INPUT
AN
ax 1av
7 : —AA—0
H_ 13K Q
cLk
O 13K 0

L9

DV gg

DRINV, MINV, LINV INPUT CIRCUIT

DGND1

DV ge

OUTPUT CIRCUIT
D0 THROUGH D8, DREAD

DGND1 DGND2

AN
Data Out
O
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2-93

HADC77300



HADC77300

DYNAMIC EVALUATION
POWER DESIGN ouT | FLUKE 60608 REF-oUT
TP 340 OPTION 130
out
> > [=]
AEE FLUKE 60608 N
+ T v |O
VIN
oK | EXT ouT
IN_INPUT HP 8082A ] oLk sov
DUT CARD W/LATCH EXT -
ouT HP 80827 INPUT IN/4 ECL onp | HPE216B
DATA LATCH
// 8
CLK
HP 8182A HPIB HP 9836
DATA ANALYZER CONTROLLER

2-94

Honeywell



HADC77300

CIRCUIT TO GENERATE CLOCK BURN-IN CIRCUIT
AND INPUT FOR BURN-IN CIRCUIT
) o
ANALOG DIGITAL SUPPLY E2, E9, G8, H1, C1, C9
ax I LTI ReS
iininliy v
I REF R3
-2.00 Volt:
vin r T J l VrB Dveg |Avee o
52V G1, G9
8 1,16 =  .2.00
HADC77300 R1 R1
50 Q NC |C2, G2, B2
J1,J9 A2
13 3 A3
vin Vin R2 A4
MC10H016 O——AN—3, 47 A5
A6
5 612 A7
A8
B8
100 @ 100 Q R2 A9
VEE CLK
© 5.2 Volts 200 o——AN——D9 LINV
—  -200 o Q S b2
8 - oO——AN\+—E8 553508
500 CLK g2 8285 v | MNY
o1 a1 DRINV R2
3 . B9 F2
. K
MC10195 \\ AL, CB 2,00
| F1,F8,Fe, 42,
R1 = 50Q 1/4 Watt CC 5% — J4, J6, J8, E1
R2 = 1KQ 1/4 Watt CC 5%
I 118 R3 = 6.5Q 1/4 Watt CC 5%
= R4 = 3.25Q 1/2 Watt CC 5%
cLK oK
o ! VREF = -2.00 Volts
CLK = -071to -1.7 Voits
Frequency = 50 KHz 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.

EFFECTIVEBITS (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 - logy actual rms 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 differential
nonlinearity of 2 LSB - the actual step width.is 3 LSB.
The HADC77300'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

_.I I-— Quantization Step
(Or Band)

oiiy_\

input Voitage

Figure 2A Static Input Conditions

Qutput - 1 1 I
Codes Integral Nonlinearity JES— f— ;
(V1% LsB) Yo

h\w/\:

T Differential Nonlinearity =
X <« (X11SB)

::://\

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 fallon a
part of the transfer function which is relatively linear.
Figure 2B shows an integral nonlinearity error of 2
LSB. The HADC77300'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 =2rfty
Linearity Curves
] ﬁ_
lll ‘tz Ideal 8-bit linearity
N+
1]
T
vl
[
L
T
A 5mv
G —t—
E
: B e —
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 HADC77300 based on both computer
design simulations and verified by characterization of
samples.

1.0 — 2mv

moO»r»-ro< - cCoZ—

Bit Number

FIGURE 3B Linearity Curve with TAPS
Forced to Within .5mV of
Ideal
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Sample Point

At AVgrror =At AV

—% f—" &
FIGURE 3C Aperture Uncertainty
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FIGURE 4 Aperture Time - Sinewaves

Missing Codes

¥

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 HADC77300. 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:

=1
(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 HADC77300.
Using least squared error minimization techniques, an
idealized sinewave fit to the data is calulated by
software. The sinewave is in the form:

Asin(2rtit+6)+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(2nfot+65)+DCq 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 HADC77300. 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 elevat<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>