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GENERAL INFORMATION

TYPES OF DATA SHEETS

ADVANCE INFORMATION — These data sheets contain the descriptions 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 spe
characterization. These limits are subject to change upon the completion
temperature and supply voltage ranges.
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FINAL — These data sheets contain specifications based on complete characterizations of the devices over the
specified temperature and supply voltage ranges.

WARRANTY

SPT warrants that standard products (except for board-level products) delivered hereunder shall be free from defects
in material and workmanship under normal use and service for a period of one (1) year from the date of shipment from
SPT's facility. Board level products delivered hereunder shall be free from defects in material and workmanship under
normal use and service for a period of ninety (90) days from the date of shipment from SPT's facility. For products which
are not standard products, such as dice and wafers, SPT warrants to Buyer that such products shall be free from defects
in material and workmanship under normal use and service for a period of thirty (30) days from the date of shipment.
Products which are "engineering samples” are sold AS IS, "WITH ALL FAULTS," and with no warranty whatsoever.

If, during such one year, ninety day or thirty-day period (i) SPT is notified promptly in writing upon discovery of any defect
in the goods, including a detailed description of such defect; (ii) such goods are returned to SPT, F.O.B. SPT's facility;
and (iii) SPT's examination of such goods discloses to SPT's satisfaction that such goods are defective and such defects
are not caused by accident, abuse, misuse, neglect, alteration, improper installation, repair or alteration by someone
other than SPT, improper testing, or use contrary to any instructions issued by SPT, within a reasonable time, SPT shall
(at its sole option) either replace or credit Buyer the purchase price of such goods.

Prior to any return of goods by Buyer pursuant to the section, Buyer shall afford SPT the opportunity to inspect such
goods at Buyer's location, and any such goods so inspected shall not be returned to SPT without its prior written consent.

SPT shall return any goods repaired or replaced under this warranty to Buyer, transportation prepaid, and reimburse
Buyer for the transportation charges paid by Buyer for such goods. The performance of this warranty does not extend
the warranty period for any goods beyond that period applicable to the goods originally delivered.

The foregoing warranty constitutes SPT's exclusive liability, and the exclusive remedy of Buyer, for any breach of any
warranty or other nonconformity of the goods covered by this quotation. THIS WARRANTY IS EXCLUSIVE, AND IN
LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING BUT NOT LIMITED TO
THE WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE, WHICH ARE HEREBY
EXPRESSLY DISCLAIMED.

PRODUCTS AND SPECIFICATIONS

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

LIFE SUPPORT APPLICATIONS POLICY

WARNING — Signal Processing Technologies' products shall not be used within any life support systems without the
specific written consent of Signal Processing Technologies. A life support system is a product or system intended to
support or sustain life which, if it fails, can be reasonably expected to result in a significant personal injury or death.

©SIGNAL PROCESSING TECHNOLOGIES, INC.
SEPTEMBER 1991 — ALL RIGHTS RESERVED
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PRODUCT SELECTION GUIDE

A/D CONVERTERS

RESOLUTION SAMPLE INL (LSB)/ POWER TEMP PKGS/ QUAL
PART NO. GRADES (BITS) RATE (MSPS) SNR (dB) (WATTS) RANGE PINS LEVEL FEATURES 1
HIGH SPEED
HADC77100 A 8 150 12 <22 I, M J /H PREAMPLIFIER DESIGN
/
B 3/4 | 42
HADC77200 A 8 150 172 <22 M J M DATA READY AND
/ OVERRANGE
B 3/4 <2.2 | 48 OUTPUTS, QUARTER
POINT LADDER TAPS
SPT7810 A 10 20 59 1.3 | J * ON-CHIP TRACK/HOLD
MONOLITHIC
B 56 28
SPT7814 A 10 40 57 1.3 1 J * ON-CHIP TRACK/HOLD
MONOLITHIC
B 54 28 N
SPT7820 - 10 20 59 1.0 | J * TTL OUTPUT
VERSION OF SPT7810
28
SPT7824 - 10 40 57 1.0 | J . TTL OUTPUT
VERSION OF SPT7814
28
SPT7910 - 12 10 68 1.4 | J " INCLUDES S/H ON
MONOLITHIC DIE
32
SPT7912 - 12 20 68 1.4 | J * INCLUDES S/H ON
MONOLITHIC DIE
32
SPT7920 - 12 10 68 1.1 | J * TTL OUTPUT
VERSION OF SPT7910
32
SPT7922 - 12 20 68 1.1 | J " TTL OUTPUT
VERSION OF SPT7912
32

*CONSULT FACTORY FOR AVAILABILITY OF MILITARY TEMPERATURE RANGE AND /883 PROCESSED UNITS.
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PRODUCT SELECTION GUIDE

A/D CONVERTERS (Continved)

CONVERSION LINEAR- INPUT PKGS
RESOLUTION TIME ITY RANGES TEMP / QUAL
PART NO. GHA_['JES (BITS) (usec) (LSB) (V) RANGE PINS LEVEL FEATURES
SPT7572 A 12 5/12 12 0-5 C J - IMPROVED INPUT
/ CIRCUITRY
B 1 24
C 1
SPT774 A 12 8 12 C LM J, /883 MONOLITHIC, S/H
5, 10 D,C,U FUNCTION, LOW
B 1/2 / POWER. ALTERNATIVE
0-10, 0-20 28 FOR HI774
C 1
HADC6742 A 12 15 12 C, LM J, /883 MONOLITHIC, S/H
15, +10 D,C, U FUNCTION, LOW
B 172 / POWER, NO NEGATIVE
0-10, 0-20 SUPPLY REQUIRED,
C 1 28 HI674 ALTERNATIVE
HADC574Z A 12 25 12 C,I,M J, /883 MONOLITHIC, SH
15, +10 D,C, U FUNCTION, LOW
B 12 / POWER, NO NEGATIVE
0-10, 0-20 SUPPLY REQUIRED,
Cc 1 28 ALTERNATIVES FOR
HI574 AND AD574
D/A CONVERTERS
GLITCH LINEAR- CONVERSION PKGS
RESOLUTION ENERGY ITY RATE TEMP / QUAL
PART NO. GRADES (BITS) _(PV -S) (LSB) (MWPS) RANGE PINS LEVEL FEATURES
ECL LOGIC
HDAC51400 S 8 10 1/2 400 '™ D/24 /883 REF, VIDEO CONTROL
HDAC10181 A 8 10 12 275 I'™M D /883 REF, VIDEO CONTROL
/
B 172 165 24
HDAC10180 A 8 10 12 275 I'M D /883 VIDEO CONTROL
/ ALTERNATIVE
B 12 165 24 FOR TDC1018
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PRODUCT SELECTION GUIDE

D/A CONVERTERS (Continved)

SETTLING LINEAR- PKGS 1
RESOLUTION TIME ITY OUTPUT TEMP / QUAL
PART NO. GRADES (BITS) (ns) (LSB) TYPE RANGE  PINS  LEVEL _ FEATURES
TTL LOGIC
HDAC7542A A 12 500 1/2 | C,LM N,D - ALTERNATIVE FOR
/ AD7542
B 1 16
HDAC7543A A 12 500 1/2 | C.,,M N,D - AD7543 ALTERNATIVE
/
B 1 16
HDAC7545A A 12 500 1/2 | C.LM N,D - ALTERNATIVE FOR
/ AD7545
B 1 20
HDAC52160 A 16 150 1 LV | J PARALLEL INPUT,
/ REFERENCE, OUTPUT
B 2 32 RANGE: +10to 0, +5t0 0,
+50R 2.5V
Cc 4
COMPARATORS
PROP POWER PKGS
TR/TF DELAY ch Vos DISSIPATION TEMP /
PART NO. GRADES (NS) (NS) (V) (V) (mW)  RANGE _PINS FEATURES
HCMP96850 S 1.76/1.76 2.4 25 +3.0 125 | D,U SYMMETRICAL TR/TF,
/ ALTERNATE FOR SP9685,
16 AM6685, AD9685
HCMP96870/A S 1.211.2 2.0 2.5 +3.0 250 I N,J,D,C, P HIGH PERFORMANCE,
/ ALTERNATE FOR SP9687,
16,16,16,20,20 AM6687, AD9687
SPT9689 A .18/.08 65 -25/+4.0 =10 350 | J/IC 900 MHz BANDWIDTH
/ DIFFERENTIAL LATCH CONTROL|
B +25 16/20
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PRODUCT SELECTION GUIDE

FILTERS
DYNAMIC MAX BANDEDGE ~ SUPPLY PKGS
RANGE BANDEDGE  TOLERANCE VOLTAGE TEMP /
PART NO. GRADES (dB) (kHz) (%) (V) RANGE _ PINS  FEATURES
HSCF24040 A 85 +0.5 5.0 C,M J,C 7th ORDER LOW PASS, >76 dB
/ STOPBAND ATTENUATION, ON-CHIP
32,28 ANTI-ALIAS FILTER, DIGITALLY
PROGRAMMABLE BANDEDGE AND DC
VOLTAGE REGULATORS
OUTPUT OUTPUT OUTPUT DROPOUT OuTPUT
VOLTAGE VOLTAGE CURRENT VOLTAGE NOISE
PART NO. (V) REGULATION (%) (ma) (mv) (1V s FEATURES
SPT114 2.0t0 8.0 +3.5 70 120 180 ON/OFF SWITCH; SHORT
(11 Versions) CIRCUIT PROTECTION
SPT115 2.51t08.0 +3 100 170 180 ON/OFF SWITCH; SHORT
(10 Versions) CIRCUIT PROTECTION
SPT116 2.0t055 13 100 50 150 THREE TERMINAL;
(8 Versions) THERMAL SHUTDOWN
DC/DC CONVERTERS
OUTPUT INPUT OUTPUT
VOLTAGE VOLTAGE CURRENT
PART NO. v) v) (ma) FEATURES
SPT11806 9.3t0 32 1.1t0 18 0.1 BUILT-IN VOLTAGE
REFERENCE AND
RELAXATION OSCILLATOR
SPT11821 10 to 24 0.9t0 10.0 24 BUILT-IN OSCILLATOR
AND SMALL SURFACE
MOUNT PACKAGE
-6 SPT




PRODUCT CROSS REFERENCE GUIDE

(INDUSTRIAL SPT EQUIVALENT)

ANALOG
AMD SPT DESCRIPTION DEVICES SPT DESCRIPTION
AM6685DL HCMP96850SID  SINGLE COMPARATOR | AD7545ACHIPS HDAC7545ACCU  12-BIT DAC
AM6687DL  HCMP96870SID/A  DUAL COMPARATOR | AD7545AQ  HDAC7545ABID  12-BIT DAC
AM6687LL HCMP96870SIC/A  DUAL COMPARATOR AD75458Q HDAC7545ABID 12-BIT DAC
AD7545CQ HDAC7545AAID 12-BIT DAC
ANALOG AD7545GCQ  HDAC7545AAID/G  12-BIT DAC
DEVICES SPT DESCRIPTION AD7545GUD  HDAC7545AAMD/G 12-BIT DAC
AD7545SD HDAC7545ABMD  12-BIT DAC
AD574AJD  HADC5742CCD  12-BIT ADC AD7545TD  HDAC7545ABMD  12-BIT DAC
ADS574AKD HADC574Z8CD  12-BIT ADC AD7545UD HDAC7545AAMD  12-BIT DAC
AD574ALD HADC574ZACD 12-BIT ADC AD7545GLN HDAC7545AACD/G  12-BIT DAC
AD574ASD HADC574ZCMD  12-BIT ADC AD7545LN HDAC7545AACD  12-BIT DAC
AD574ATD HADC574ZBMD 12-BIT ADC AD7545KN HDAC7545ABCD  12-BIT DAC
AD574AUD HADC574ZAMD 12-BIT ADC AD7545JN HDAC7545ABCD 12-BIT DAC
AD674AJD HADC674ZCCD 12-BIT ADC AD7572JN0S SPT7572CCJ/05 12-BIT ADC
ADS74AKD HADCE74ZBCD $2.BIT ADC AD7572KNO5  SPT7572BCJ/05  12-BIT ADC
ADE74ALD HADCE74ZACD 12.BIT ADG AD7572LNO5  SPT7572ACJ/05  12-BIT ADC
ADB74ASD HADGG74ZOMD  12.BIT ADG AD7572JN12  SPT7572CCJi12  12-BIT ADC
AD7572KN12  SPT7572BCJ/12  12-BIT ADC
AD674ATD  HADC674ZBMD  12-BIT ADC AD7572LN12  SPT7572ACJA2  12-BIT ADC
ADSAAALID  HADCSTRAMD e SITAD0 AD9685B HCMP96850SID  SINGLE COMPARATOR
AD1674 SPT774 12-BIT ADC AD9687B HCMP96870SID/A  DUAL COMPARATOR
AD7542ACHIPS HDAC7542ACCU  12-BIT DAC SURR
AD7542AD HDAC7542ABID  12-BIT DAC
AD7542BD HDAC7542AAID  12-BIT DAC BROWN SPT DESCRIPTION
AD7542GBD  HDACT7542AAID/G  12-BIT DAC ADC574AJP HADC574ZCCD 12-BIT ADC
AD7542GTD  HDAC7542AAMD/G  12-BIT DAC ADCS574AKP  HADC574ZBCD 12-BIT ADC
AD75425D HDAC7542ABMD  12-BIT DAG ADC574ASH  HADC574ZCMD 12-BIT ADC
hmamy oo wavo | CTA oo e
AD7542GKN  HDAC7542AACD/G  12-BIT DAC ADGR7AAKP  HADGB74ZBOD {2.BIT ADG
AD7542KN  HDAC7542AACD  12-BIT DAC ADC674ASH ~ HADC674ZCMD  12-BIT ADC
AD7542JN HDAC7542ABCO _ 12-8IT DAC ADC674ATH  HADC674ZBMD _ 12-BIT ADC
AD7543ACHIPS HDAC7543ACCU 12-BIT DAC ADC774JP SPT774CCJ 12-BIT ADC
AD7543AD HDAC7543ABID 12-BIT DAC ADC774KP SPT774BCJ 12-BIT ADC
AD7543BD HDAC7543AAID  12-BIT DAC ADC774SH SPT774CMJ 12-BIT ADC
AD7543GBD  HDAC7543AAID/G  12-BIT DAC ADC774TH SPT774BMJ 12-BIT ADC
AD7543GTD HDAC7543AAMD/G 12-BIT DAC HARRIS SPT DESCRIPTION
AD7543SD HDAC7543ABMD  12-BIT DAC
N [l
AD7543TD HDAC7543AAMD  12-BIT DAC HI1-574ALD-5 HADC574ZACJ 12-BIT ADC
AD7543GKN  HDAC7543AACD/G  12-BIT DAC HI1-574ASD-2  HADGS742CMY 12.BIT ADG
AD7543KN  HDAC7543AACD  12-BIT DAC HI1-574ATD-2  HADC574ZBMJ  12-BIT ADC
AD7543UN HDAC7543ABCD  12-BIT DAC HI1-574AUD-2 HADC574ZAMJ 12-BIT ADC
SPT 7




PRODUCT CROSS REFERENCE GUIDE

(INDUSTRIAL SPT EQUIVALENT)
HARRIS SPT DESCRIPTION PLESSEY SPT DESCRIPTION
HI1-674AJD-5 HADC674ZCCJ 12-BIT ADC SP9685DG HCMP96850SID SINGLE COMPARATOR
HI1-674AKD-5 HADC674ZBCJ 12-BIT ADC SP9687DG HCMP96870SID/A  DUAL COMPARATOR
HI1-674ALD-5 HADC674ZACJ 12-BIT ADC PMI/ADI SPT DESCRIPTION
HI1-674ASD-2  HADC674ZCMJ 12-BIT ADC
HI1-674ATD-2 HADC674ZBMJ 12-BIT ADC PM7542AQ HDAC7542AAMD/G 12-BIT DAC
HI1-674AUD-21 HADC674ZAMJ 12-BIT ADC PM7542BQ  HDAC7542AAMD  12-BIT DAC
N 77205 SPT7740C) T2BIT ADC PM7542BQ HDAC7542ABMD  12-BIT DAC
AN 774Ks SPT7726C) 5B ADG PM7542EQ HDAC7542AAID/G  12-BIT DAC
PSS MO0 TeaTon
HI1-774T-2 SPT774BMJ 12-BIT ADC PM7249G HDAGYS42ACCU  DIE
MAXIM SPT DESCRIPTION PM7543AQ HDAC7543AAMD/G  12-BIT DAC
MAX663 *SPT114/115 VOLTAGE REGULATOR m;g:ggg :B:g;g:gﬁgmg :;:g [D)ﬁg
MAX667 SPT114/115 VOLTAGE REGULATOR PM7543E0 gy e gy
MX7572LNO5  SPT7572ACJ/05  12-BIT ADC pipuing HDAG7543AAID 12-BIT DAG
MX7572KNO5  SPT7572BCJ/05  12-BIT ADC PM7543FQ HDAG7543ABID 12-B1T DAG
MX7572JN0O5  SPT7572CCJ/05  12-BIT ADC PM7543G HDAG7543ACCU  DIE
MX7572LN12  SPT7572ACJ/12  12-BIT ADC
MX7572KN12  SPT7572BCJ/12  12-BIT ADC PM7545AR HDAC7545AAMD/G  12-BIT DAC
MX7572JN12  SPT7572CCJ/12  12-BIT ADC PM7545BR HDAC7545AAMD  12-BIT DAC
PM7545BR HDAC7545ABMD  12-BIT DAC
MICRO PM7545ER HDAGC7545AAID/IG  12-BIT DAC
POWER SPT DESCRIPTION PM7545FR HDAC7545AAID 12-BIT DAC
MP7542DIE HDAG7542ACCU _ DIE PM7545FR HDAC7545ABID 12-BIT DAC
MP7542AD HDAC7542ABID 12-BIT DAC PM7545G HDACTS45ACCU __ DIE
MP7542BD HDAC7542AAID 12-BIT DAC SEIKO SPT DESCRIPTION
MP7542SD HDAC7542ABMD  12-BIT DAC S-8850 *SPT114/115 VOLTAGE REGULATOR
MP7542TD  HDAC7542AAMD _ 12-BIT DAC S-812xAG  SPT116 VOLTAGE REGULATOR
MP7543DIE HDAC7543ACCU  DIE S-812xxHG SPT116 VOLTAGE REGULATOR
MP7543AD HDAC7543ABID 12-BIT DAC S-812xxPG SPT116 VOLTAGE REGULATOR
MP7543BD HDAC7543AAID 12-BIT DAC S-813xxHG SPT116 VOLTAGE REGULATOR
MP7543SD HDAC7543ABMD 12-BIT DAC SONY SPT DESCRIPTION
MP7543TD HDAC7543AAMD  12-BIT DAC
CX20116 HADC77100AlJ 8-BIT, 150MSPS ADC
MP7545DIE HDAC7545ACCU  DIE
MP7545AD HDAC7545ABID  12-BIT DAC TEXAS INST  SPT DESCRIPTION
MP75458D HDAC7545AAID 12-BIT DAC TL751LXD *SPT114/115 VOLTAGE REGULATOR
MP7545CD HDAC7545AAID 12-BIT DAC TL751LXP *SPT114/115 VOLTAGE REGULATOR
MP7545SD HDAC7545ABMD  12-BIT DAC TL750LXD *SPT116 VOLTAGE REGULATOR
MP7545UD HDAC7545AAMD  12-BIT DAC TL750LXP *SPT116 VOLTAGE REGULATOR
NATIONAL _ SPT DESCRIPTION TL750LXLP SPT116 VOLTAGE REGULATOR
TRW SPT DESCRIPTION
LM2931 SPT116 VOLTAGE REGULATOR
LM2931A SPT116 VOLTAGE REGULATOR | TDC1018 HDAC10180 8-BIT, 275MWPS DAC
LM2936 SPT116 VOLTAGE REGULATOR
* Functional Replacement
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SPT PRODUCT IDENTIFICATION CODE

PREFIX

PRODUCT NUMBER

ELECTRICAL GRADE

TEMPERATURE OPERATING RANGE

PACKAGE TYPE
SPECIAL BY CUSTOMER
l DRAWING OR SCREEN

HADC 574Z A C D/ 883

]

Options:
B Standard Burn-In
H  Standard Hi-Rel Screening
E Special Electric

883 Compliant to /883 Standards

Ceramic Sidebrazed
Cerdip

Leadless Chip Carrier

Pin Grid Array

Plastic Dip

Plastic Leaded Chip Carrier
Die

[
COUZO0O00<

M Military (-55 to +125 °C)
— | Industrial (-25 to +85 °C)
C Commercial (0 to +70 °C)

A
— B T Increasing Grade
C
S Single Grade
XX Regulator Product Designator

(See Product Listings)

ADC  Analog-to-Digital Converter
CMP  Comparator

DAC Digital-to-Analog Converter
SCF  Switched Capacitor Filter
SPT  New SPT Products
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ORDERING INFORMATION

ANALOG-TO-DIGITAL CONVERTERS

PART NUMBER DESCRIPTION PACKAGE TYPE # PINS TEMPERATURE RANGE
HADC574ZAC(X) 12-BIT, 25 psec ADC SEE NOTE BELOW 28 COMMERCIAL
HADC574ZBC(X) 12-BIT, 25 usec ADC SEE NOTE BELOW 28 COMMERCIAL
HADC574ZCC(X) 12-BIT, 25 usec ADC SEE NOTE BELOW 28 COMMERCIAL
HADCS574ZAl(X) 12-BIT, 25 psec ADC SEE NOTE BELOW 28 INDUSTRIAL
HADC574ZBI(X) 12-BIT, 25 psec ADC SEE NOTE BELOW 28 INDUSTRIAL
HADC574ZCI(X) 12-BIT, 25 psec ADC SEE NOTE BELOW 28 INDUSTRIAL
HADCS574ZAM(X) 12-BIT, 25 psec ADC SEE NOTE BELOW 28 MILITARY
HADC574ZBM(X) 12-BIT, 25 psec ADC SEE NOTE BELOW 28 MILITARY
HADC574ZCM(X) 12-BIT, 25 psec ADC SEE NOTE BELOW 28 MILITARY
HADC574ZAM(X)/883  12-BIT, 25 usec ADC SEE NOTE BELOW 28 MILITARY/883
HADC574ZBM(X)/883  12-BIT, 25 psec ADC SEE NOTE BELOW 28 MILITARY/883
HADC574ZCM(X)/883  12-BIT, 25 usec ADC SEE NOTE BELOW 28 MILITARY/883
HADC574Z 12-BIT, 25 psec ADC DIE +25 °C
HADC674ZAC(X) 12-BIT, 15 psec ADC SEE NOTE BELOW 28 COMMERCIAL
HADC674ZBC(X) 12-BIT, 15 psec ADC SEE NOTE BELOW 28 COMMERCIAL
HADC674ZCC(X) 12-BIT, 15 psec ADC SEE NOTE BELOW 28 COMMERCIAL
HADC674ZAl(X) 12-BIT, 15 psec ADC SEE NOTE BELOW 28 INDUSTRIAL
HADC674ZBI(X) 12-BIT, 15 usec ADC SEE NOTE BELOW 28 INDUSTRIAL
HADC674ZCI(X) 12-BIT, 15 psec ADC SEE NOTE BELOW 28 INDUSTRIAL
HADC674ZAM(X) 12-BIT, 15 usec ADC SEE NOTE BELOW 28 MILITARY
HADC674ZBM(X) 12-BIT, 15 psec ADC SEE NOTE BELOW 28 MILITARY
HADC674ZCM(X) 12-BIT, 15 usec ADC SEE NOTE BELOW 28 MILITARY
HADC674ZAM(X)/883  12-BIT, 15 usec ADC SEE NOTE BELOW 28 MILITARY/883
HADC674ZBM(X)/883 12-BIT, 15 usec ADC SEE NOTE BELOW 28 MILITARY/883
HADC674ZCM(X)/883  12-BIT, 15 usec ADC SEE NOTE BELOW 28 MILITARY/883
HADC674Z 12-BIT, 15 psec ADC DIE +25°C
SPT774AC(X) 12-BIT, 8 psec ADC SEE NOTE BELOW 28 COMMERCIAL
SPT774BC(X) 12-BIT, 8 psec ADC SEE NOTE BELOW 28 COMMERCIAL
SPT774CC(X) 12-BIT, 8 psec ADC SEE NOTE BELOW 28 COMMERCIAL
SPT774Al(X) 12-BIT, 8 psec ADC SEE NOTE BELOW 28 INDUSTRIAL
SPT774BI(X) 12-BIT, 8 psec ADC SEE NOTE BELOW 28 INDUSTRIAL
SPT774CI(X) 12-BIT, 8 usec ADC SEE NOTE BELOW 28 INDUSTRIAL
SPT774AM(X) 12-BIT, 8 psec ADC SEE NOTE BELOW 28 MILITARY
SPT774BM(X) 12-BIT, 8 usec ADC SEE NOTE BELOW 28 MILITARY
SPT774CM(X) 12-BIT, 8 psec ADC SEE NOTE BELOW 28 MILITARY
SPT774AM(X)/883 12-BIT, 8 psec ADC SEE NOTE BELOW 28 MILITARY/883
SPT774BM(X)/883 12-BIT, 8 psec ADC SEE NOTE BELOW 28 MILITARY/883
SPT774CM(X)/883 12-BIT, 8 psec ADC SEE NOTE BELOW 28 MILITARY/883
SPT774 12-BIT, 8 usec ADC DIE 28 +25°C
SPT7572ACJ/05 12-BIT, 5 usec ADC SIDEBRAZED 24 COMMERCIAL
SPT7572BCJ/05 12-BIT, 5 psec ADC SIDEBRAZED 24 COMMERCIAL
SPT7572CCJ/05 12-BIT, 5 psec ADC SIDEBRAZED 24 COMMERCIAL
SPT7572ACJ/12 12-BIT, 12 psec ADC SIDEBRAZED 24 COMMERCIAL
SPT7572BCJ/12 12-BIT, 12 psec ADC SIDEBRAZED 24 COMMERCIAL
SPT7572CCJ/12 12-BIT, 12 psec ADC SIDEBRAZED 24 COMMERCIAL

NOTE: (X) Denotes Package Type: J - SIDEBRAZED DIP; D - CERDIP; C- LCC

SPT
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ORDERING INFORMATION

ANALOG-TO-DIGITAL CONVERTERS (Continuved)

PART NUMBER DESCRIPTION PACKAGETYPE  #PINS  TEMPERATURE RANGE
HADC77100AlJ 8-BIT, 150 MSPS ADC +1/2 LSB SIDEBRAZED 42 INDUSTRIAL
HADC77100BIJ 8-BIT, 150 MSPS ADC +3/4 LSB SIDEBRAZED 42 INDUSTRIAL
HADC77100AMJ 8-BIT, 150 MSPS ADC +1/2 LSB SIDEBRAZED 42 MILITARY
HADC77100AMJ/H  8-BIT, 150 MSPS ADC +1/2 LSB SIDEBRAZED 42 MILITARY HI-REL
HADC77200A1J 8-BIT, 150 MSPS ADC +1/2 LSB SIDEBRAZED 48 INDUSTRIAL
HADC77200BIJ 8-BIT, 150 MSPS ADC 3/4 LSB SIDEBRAZED 48 INDUSTRIAL
HADGC77200AMJ 8-BIT, 150 MSPS ADC +1/2 LSB SIDEBRAZED 48 MILITARY
HADC77200AMJ/H  8-BIT, 150 MSPS ADC +1/2 LSB SIDEBRAZED 48 MILITARY HI-REL
SPT7810AI(X) 10-BIT, 20 MSPS ADC SEE NOTE BELOW 28 INDUSTRIAL
SPT7810BI(X) 10-BIT, 20 MSPS ADC SEE NOTE BELOW 28 INDUSTRIAL
SPT7810AM(X) 10-BIT, 20 MSPS ADC SEE NOTE BELOW 28 MILITARY
SPT7810BM(X) 10-BIT, 20 MSPS ADC SEE NOTE BELOW 28 MILITARY
SPT7810AM(X)/883  10-BIT, 20 MSPS ADC SEE NOTE BELOW 28 MILITARY/883
SPT7810BM(X)/883  10-BIT, 20 MSPS ADC SEE NOTE BELOW 28 MILITARY/883
SPT7810 10-BIT, 20 MSPS ADC DIE 28 +25°C
SPT7814AI(X) 10-BIT, 40 MSPS ADC SEE NOTE BELOW 28 INDUSTRIAL
SPT7814BI(X) 10-BIT, 40 MSPS ADC SEE NOTE BELOW 28 INDUSTRIAL
SPT7814AM(X) 10-BIT, 40 MSPS ADC SEE NOTE BELOW 28 MILITARY
SPT7814BM(X) 10-BIT, 40 MSPS ADC SEE NOTE BELOW 28 MILITARY
SPT7814AM(X)/883  10-BIT, 40 MSPS ADC SEE NOTE BELOW 28 MILITARY/883
SPT7814BM(X)/883  10-BIT, 40 MSPS ADC SEE NOTE BELOW 28 MILITARY/883
SPT7814 10-BIT, 40 MSPS ADC DIE 28 +25°C
SPT7820° 10-BIT, 20 MSPS, TTL, ADC SIDEBRAZED, LCC __ 28 IND, MIL, /883
SPT7824" 10-BIT, 40 MSPS, TTL, ADC SIDEBRAZED, LCC 28 IND, MIL, /883
SPT7910° 12-BIT, 10 MSPS, ECL, ADC SIDEBRAZED 32 IND, MIL, /883
SPT7912" 12-BIT, 20 MSPS, ECL, ADC SIDEBRAZED 32 IND, MIL, /883
SPT7920° 12-BIT, 10 MSPS, TTL, ADC SIDEBRAZED 32 IND, MIL, /883
SPT7922" 12-BIT, 20 MSPS, TTL, ADC SIDEBRAZED 32 IND, MIL, /883
DIGITAL-TO-ANALOG CONVERTERS

PART NUMBER DESCRIPTION PACKAGE TYPE  #PINS  TEMPERATURE RANGE
HDAC7542AACD/G __ 12-BIT DAC CERDIP 16 COMMERCIAL
HDAC7542AACD 12-BIT DAC CERDIP 16 COMMERCIAL
HDAC7542ABCD 12-BIT DAC CERDIP 16 COMMERCIAL
HDAC7542AAID/G  12-BIT DAC CERDIP 16 INDUSTRIAL
HDAC7542AAID 12-BIT DAC CERDIP 16 INDUSTRIAL
HDAC7542ABID 12-BIT DAC CERDIP 16 INDUSTRIAL
HDAC7542AAMD/G ~ 12-BIT DAC CERDIP 16 MILITARY
HDAC7542AAMD 12-BIT DAC CERDIP 16 MILITARY
HDAC7542ABMD 12-BIT DAC CERDIP 16 MILITARY
HDAC7542A 12-BIT DAC DIE +25°C

* CONSULT FACTORY FOR AVAILABILITY
NOTE: (X) Denotes Package Type: J - SIDEBRAZED DIP; D - CERDIP; C - LCC
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ORDERING INFORMATION

DIGITAL-TO-ANALOG CONVERTERS (Continved)

PART NUMBER DESCRIPTION PACKAGE TYPE # PINS TEMPERATURE RANGE
HDAC7543AACD/G 12-BIT DAC CERDIP 16 COMMERCIAL
HDAC7543AACD 12-BIT DAC CERDIP 16 COMMERCIAL
HDAC7543ABCD 12-BIT DAC CERDIP 16 COMMERCIAL
HDAC7543AAID/G 12-BIT DAC CERDIP 16 INDUSTRIAL
HDAC7543AAID 12-BIT DAC CERDIP 16 INDUSTRIAL
HDAC7543ABID 12-BIT DAC CERDIP 16 INDUSTRIAL
HDAC7543AAMD/G 12-BIT DAC CERDIP 16 MILITARY
HDAC7543AAMD 12-BIT DAC CERDIP 16 MILITARY
HDAC7543ABMD 12-BIT DAC CERDIP 16 MILITARY
HDAC7543A 12-BIT DAC DIE +25°C
HDAC7545AACD/G 12-BIT DAC CERDIP 20 COMMERCIAL
HDAC7545AACD 12-BIT DAC CERDIP 20 COMMERCIAL
HDAC7545ABCD 12-BIT DAC CERDIP 20 COMMERCIAL
HDAC7545AAID/G 12-BIT DAC CERDIP 20 INDUSTRIAL
HDAC7545AAID 12-BIT DAC CERDIP 20 INDUSTRIAL
HDAC7545ABID 12-BIT DAC CERDIP 20 INDUSTRIAL
HDAC7545AAMD/G 12-BIT DAC CERDIP 20 MILITARY
HDAC7545AAMD 12-BIT DAC CERDIP 20 MILITARY
HDAC7545ABMD 12-BIT DAC CERDIP 20 MILITARY
HDAC7545A 12-BIT DAC DIE +25°C
HDAC10180AID 8-BIT, 275 MWPS DAC CERDIP 24 INDUSTRIAL
HDAC10180BID 8-BIT, 165 MWPS DAC CERDIP 24 INDUSTRIAL
HDAC10180AMD 8-BIT, 275 MWPS DAC CERDIP 24 MILITARY
HDAC10180BMD 8-BIT, 165 MWPS DAC CERDIP 24 MILITARY
HDAC10180AMD/883  8-BIT, 275 MWPS DAC CERDIP 24 MILITARY/883
HDAC10180BMD/883  8-BIT, 165 MWPS DAC CERDIP 24 MILITARY/883
HDAC10181AID 8-BIT, 275 MWPS DAC W/REF CERDIP 24 INDUSTRIAL
HDAC10181BID 8-BIT, 165 MWPS DAC W/REF CERDIP 24 INDUSTRIAL
HDAC10181AMD 8-BIT, 275 MWPS DAC W/REF CERDIP 24 MILITARY
HDAC10181BMD 8-BIT, 165 MWPS DAC W/REF CERDIP 24 MILITARY
HDAC10181AMD/883  8-BIT, 275 MWPS DAC W/REF CERDIP 24 MILITARY/883
HDAC10181BMD/883  8-BIT, 165 MWPS DAC W/REF CERDIP 24 MILITARY/883
HDAC51400SID 8-BIT, 400 MWPS DAC W/REF CERDIP 24 INDUSTRIAL
HDAC51400SMD 8-BIT, 400 MWPS DAC W/REF CERDIP 24 MILITARY
HDAC51400SMD/883  8-BIT, 400 MWPS DAC W/REF CERDIP 24 MILITARY/883
HDAC52160AIJ 16-BIT RES DAC W/REF SIDEBRAZED 32 INDUSTRIAL
HDAC52160BIJ 16-BIT RES DAC W/REF SIDEBRAZED 32 INDUSTRIAL
HDAC52160CIJ 16-BIT RES DAC W/REF SIDEBRAZED 32 INDUSTRIAL
HDAC52160 16-BIT RES DAC W/REF DIE* +25°C
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ORDERING INFORMATION

COMPARATORS

PART NUMBER DESCRIPTION PACKAGE TYPE # PINS TEMPERATURE RANGE
HCMP96850SID HIGH-SPEED COMPARATOR CERDIP 16 INDUSTRIAL
HCMP96850SCU HIGH-SPEED COMPARATOR DIE +25 °C
HCMP96870SIC/A DUAL HIGH-SPEED COMPARATOR LCC 20 INDUSTRIAL
HCMP96870SID/A DUAL HIGH-SPEED COMPARATOR CERDIP 16 INDUSTRIAL
HCMP96870SIJ/A DUAL HIGH-SPEED COMPARATOR SIDEBRAZED 16 INDUSTRIAL
HCMP96870SIN/A DUAL HIGH-SPEED COMPARATOR PLASTIC DIP 16 INDUSTRIAL
HCMP96870SIP/A DUAL HIGH-SPEED COMPARATOR PLCC 20 INDUSTRIAL
HCMP96870 DUAL HIGH-SPEED COMPARATOR DIE* +25°C
SPT9689A1J SUBNANOSECOND DUAL COMPARATOR  SIDEBRAZED 16 INDUSTRIAL
SPT9689BIJ SUBNANOSECOND DUAL COMPARATOR  SIDEBRAZED 16 INDUSTRIAL
SPT9689AIC SUBNANOSECOND DUAL COMPARATOR  LCC 20 INDUSTRIAL
SPT9689BIC SUBNANOSECOND DUAL COMPARATOR LCC 20 INDUSTRIAL
SPT9689 SUBNANOSECOND DUAL COMPARATOR  DIE* 16 +25°C
DC/DC CONVERTERS

PART NUMBER DESCRIPTION PACKAGE TYPE # PINS TEMPERATURE RANGE
SPT11806M 9.3TO 32V OUTPUTS MFP-8 8 20 TO +75°C
SPT11806Z 9.3 TO 32V OUTPUTS ZP-10 10 -20 TO +75°C
SPT11821M 10 TO 24 VOUTPUTS MFP-8 8 -20TO +75°C
SPT118212Z 10 TO 24 VOUTPUTS ZP-10 10 -20TO +75°C
FILTERS

PART NUMBER DESCRIPTION PACKAGE TYPE # PINS TEMPERATURE RANGE
HSCF24040ACJ LOW PASS PROGRAMMABLE FILTER SIDEBRAZED 32 COMMERCIAL
HSCF24040ACC LOW PASS PROGRAMMABLE FILTER Lcc* 28 COMMERCIAL
HSCF24040AMJ LOW PASS PROGRAMMABLE FILTER SIDEBRAZED* 32 MILITARY
HSCF24040 LOW PASS PROGRAMMABLE FILTER DIE +25°C
VOLTAGE REGULATORS

PART NUMBER DESCRIPTION PACKAGE TYPE # PINS TEMPERATURE RANGE
SPT11420M 2.0 VOLT OUTPUT SOT23L 6 COMMERCIAL
SPT11425M 25 VOLT OUTPUT SOT23L 6 COMMERCIAL
SPT11430M 3.0 VOLT OUTPUT SOT23L 6 COMMERCIAL
SPT11432M 3.2VOLT QUTPUT SOT23L 6 COMMERCIAL
SPT11435M 3.5 VOLT OUTPUT SOT23L 6 COMMERCIAL
SPT11440M 4.0 VOLT OUTPUT SOT23L 6 COMMERCIAL
SPT11445M 4.5 VOLT OUTPUT SOT23L 6 COMMERCIAL
SPT11450M 5.0 VOLT OUTPUT SOT23L 6 COMMERCIAL
SPT11455M 5.5 VOLT OUTPUT SOT23L 6 COMMERCIAL
SPT11460M 6.0 VOLT OUTPUT SOT23L 6 COMMERCIAL
SPT11480M 8.0 VOLT OQUTPUT SOT23L 6 COMMERCIAL
SPT114xxMTR* TAPE AND REEL (RIGHT) SOT23L 6 COMMERCIAL
SPT114xxMTL* TAPE AND REEL (LEFT) SOT23L 6 COMMERCIAL

* CONSULT FACTORY FOR AVAILABILITY
** DESIGNATOR xx DENOTES AVAILABILITY OF ANY STANDARD VOLTAGE OPTION.
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ORDERING INFORMATION

VOLTAGE REGULATORS

PART NUMBER DESCRIPTION PACKAGE TYPE # PINS TEMPERATURE RANGE
SPT11525M 2.5 VOLT OUTPUT MFP-8 8 COMMERCIAL
SPT11530M 3.0 VOLT OUTPUT MFP-8 8 COMMERCIAL
SPT11532M 3.2VOLT OUTPUT MFP-8 8 COMMERCIAL
SPT11535M 3.5 VOLT OUTPUT MFP-8 8 COMMERCIAL
SPT11540M 4.0 VOLT OUTPUT MFP-8 8 COMMERCIAL
SPT11545M 4.5VOLT OUTPUT MFP-8 8 COMMERCIAL
SPT11547M 4.7 VOLT OUTPUT MFP-8 8 COMMERCIAL
SPT11550M 5.0 VOLT OUTPUT MFP-8 8 COMMERCIAL
SPT11555M 5.5 VOLT OUTPUT MFP-8 8 COMMERCIAL
SPT11580M 8.0 VOLT OUTPUT MFP-8 8 COMMERCIAL
SPT115xxMT** TAPE AND REEL MFP-8 8 COMMERCIAL
SPT11620N 2.0 VOLT OUTPUT TO-92N 3 COMMERCIAL
SPT11625N 2.5 VOLT OUTPUT TO-92N 3 COMMERCIAL
SPT11630N 3.0 VOLT OUTPUT TO-92N 3 COMMERCIAL
SPT11635N 3.5 VOLT OUTPUT TO-92N 3 COMMERCIAL
SPT11640N 4.0 VOLT OUTPUT TO-92N 3 COMMERCIAL
SPT11645N 4.5 VOLT OUTPUT TO-92N 3 COMMERCIAL
SPT11650N 5.0 VOLT QUTPUT TO-92N 3 COMMERCIAL
SPT11655N 5.5 VOLT OUTPUT TO-92N 3 COMMERCIAL
SPT116xxNT** PLASTIC TAPE TO-92NT 3 COMMERCIAL

EVALUATION BOARDS

EB100A
EB100B
EB101A
EB101B
EB102B
EB103
EB104
EB105
EB7810/14
EB7820/24
EB7910/12
EB7920/22

HADC77100AlJ DEMONSTRATION BOARD
HADC77100BlJ DEMONSTRATION BOARD
HADC77200AlJ DEMONSTRATION BOARD
HADC77200BIJ DEMONSTRATION BOARD

BUFFER BOARD
HADC77200 PING-PONG BOARD

HADC5742/674Z DEMONSTRATION BOARD

HSCF24040 DEMONSTRATION BOARD
SPT7810/14 DEMONSTRATION BOARD
SPT7820/24 DEMONSTRATION BOARD
SPT7910/12 DEMONSTRATION BOARD
SPT7920/22 DEMONSTRATION BOARD

** DESIGNATOR xx DENOTES AVAILABILITY OF ANY STANDARD VOLTAGE OPTION.
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SIGNAL PROCESSING TECHNOLOGIES

HADC574Z

FAST, COMPLETE 12-BIT uP COMPATIBLE

A/D CONVERTER WITH SAMPLE/HOLD

FEATURES

Improved Pin-To-Pin Compatible Monolithic Version
of the HI574A and AD574A

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

Low Power Dissipation (150 mW Max)

12-Bit Linearity (Over Temp)

25 ps Max Conversion Time

No Negative Supply Required

Full Bipolar and Unipolar Input Range

e e e o

GENERAL DESCRIPTION

The HADC574Z is a complete, 12-bit successive approxima-
tion 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 chipisan
internal reference, clock, and a sample and hold. The S/H is
an additional feature not available on similar devices.

The HADC574Z teatures 25 ps (Max) conversion time of 10
or 20 Volt input signals. Also, a three-state output buffer is
added for direct interface to an 8, 12, or 16-bit uP bus.

The HADC574Z is manufactured on a Bipolar Enhanced
CMQOS process (BEMOS) which combines CMOS logic and
fast bipolar npn transistors to yield high performance digital
and analog functions on one chip. M8

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 10 V and 20 V that are controlled by a bipolar offset
pin and laser trimmed for specified linearity, gain and offset
accuracy.

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

Ls8
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HADC574Z

Positive Supply Voitage (V.. to DGND) ....... Oto+16.5V
Logic Supply Voltage (V ;- 10 DGND) ............ Oto+7V
Analog to Digital Ground (AGND to DGND) .-0.5to +1 V

Input Voltages

Control Input Voltages (to DGND)
(CE, CS, Ao, 12/8, R/C) .cvovvvveane. -0.5t0V
Analog Input Voltage (to AGND)

+0.5V

LOGIC

ABSOLUTE MAXIMUM RATING (Beyond which damage may occur) ' 25 °C

Supply Voltages Output

Reference Output Voltage .......... Indefinite short to GND
Momentary short to V.,

Temperature

Operating Temperature, ambient ............. -5510 +125°C

junction .......coeeeinenn +175°C
Lead Temperature, (soldering 10 seconds)........ +300 °C
Storage Temperature ............cccccoeveenennnn. -65 to +150 °C

(REF IN, BIP OFF, 10 Vin)
20 V Vin Input Voltage (to AGND) ..........cccccevvvnnne. 124V

Note:

conditions in typical applications.

ELECTRICAL SPECIFICATIONS

+16.5V

Power Dissipation .......
Thermal Resistance (6,,)

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

T,=Tom 10 Tyar Vee=+15Vor +12V, V . =+5 V, unless otherwise specified.
TEST TEST HADC574ZC HADC574ZB HADC574ZA
PARAMETER CONDITIONS LEVEL | MIN TYP MAX MIN TYP MAX |[MIN TYP MAX | UNITS
DC ELECTRICAL CHARACTERISTICS
Resolution | 12 12 12| BITS
Linearity Error’ T,=0t0 70 °C | +1 +1/2 +1/2 LSB
T,=-25t0 +85°C | +1 +1/2 +1/2 LSB
T,=-55t0 +125°C | + +1 +1 LSB
Differential Linearity No Missing Codes | 11 12 12 BITS
Unipolar Offset; 10 V, 20 V +25 °C Adjustable to Zero | +0.1 +2 +0.1 +2 +0.1 +2 LSB
Bipolar Offset1; +5 V,£10 V +25 °C Adjustable to Zero | +10 +4 +4 LSB
Full Scale Calibration Error2
All Input Ranges +25 °C Adjustable to Zero | 0.3 0.3 0.3 [% of FS
No Adjustment at +25°
T,=0t070°C \Y 0.5 0.4 0.35 %of FS
T,=-25t0+85°C Y 0.7 0.5 0.4 %of FS
T,=-55t0 +125°C \ 0.8 0.6 0.4 %of FS
With Adjustment at +25 °C
T,=0t070°C \ 0.22 0.12 0.05 %of FS
T,=-25t0+85°C Y 0.4 0.2 0.1 %of FS
T,=-55t0 +125°C \Y 0.5 0.25 0.12 %of FS
Temperature Coefficients3 Using Internal Reference
Unipolar Offset T,=0t070°C v +0.2 +2 +0.1 +1 +0.1 +1 LSB
(10) (5) (5) |(pPm/°C)
T,=-25t0 +85°C v 2 £1 11 LSB
) (2.5) (2.5) {(ppm/°C)
T,=-55t0+125°C v +2 +1 +1 LSB
) (2.5) (2.5) [(ppm/°C)
Bipolar Offset T,=0t070°C v 0.2 2 +0.1 +1 +0.1 1 LSB
(10) 6) (5) ((prm/°C)
T,=-25t0 +85°C \% +2 +1 +1 LSB
5) (2.5) (2.5) [(ppmr-C)
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ELECTRICAL SPECIFICATIONS

Ta=Tun 10 Tyaxr Ve = #15 Vor +12V, V,

LOGIC

= +5V, unless otherwise specified.

TEST TEST HADC574ZC HADC574zB HADC574ZA
PARAMETER CONDITIONS LEVEL| MIN TYP MAX |[MIN TYP MAX [MIN TYP MAX | UNITS
DC ELECTRICAL CHARACTERISTICS
Bipolar Offset (Cont.) T,=-551t0 +125°C \" 4 +2 +1 LSB
(10) 5) (2.5) |(ppm/°C)
Full Scale Calibration T,=0t070°C v 19 5 +2 LSB
(45) (25) (10) |(ppm/°C)
T,=-25t0+85°C \% +12 17 13 LSB
(50) (25) (12) |(ppm/°C)
T,=-551t0+125°C v +20 +10 5 LSB
(50) (25) (12.5) |(ppm/°C)
Power Supply Rejection Max change in full
scale calibration
+13.5 V<V  <+16.5V or | 0.5  £2 +05 +1 0.5 1 LSB
+11.4 V<V  <+12.6 V
+4.5V<V . <+55V | +0.1 0.5 +0.1 105 +0.1 +0.5 LSB
Analog Input Ranges
-5 +5 -5 +5 -5 +5| Volts
Bipolar |
-10 +10| -10 +10| -10 +10 Volts
0 +10 0 +10 0 +10 Volts
Unipolar |
0 +20 0 +20 0 +20 Volts
Input Impedance
10 Volt Span | 3.75 5 6.25| 3.75 5 6.25( 3.75 5 6.25 kQ
20 Volt Span 15 20 25 15 20 25 15 20 25 kQ
Power Supplies Operating
Voltage Range
Viosc | +4.5 +5.5| +4.5 +5.5| +4.5 +5.5| Volts
Vee | +11.4 +16.5(|+11.4 +16.5(+11.4 +16.5 Volts
Vee Not Required for
circuit operation.
Operating Current
oo [ 05 1 05 1 05 1 mA
lec | 7 9 7 9 7 9 mA
lee Not required for
circuit operation.
Power Dissipation
+15V, +5V ! 110 150 110 150 110 150 mwW
Internal Reference Voltage | 9.97 10 10.03| 997 10 10.03| 9.97 10 10.03| Volts
Output Current? | 2 2 2 mA
SF r 3-5

HADC574Z



HADC574Z

ELECTRICAL SPECIFICATIONS

To= T 10 Tyax Voo = #15 Vor +12V, V. - = +5 V, unless otherwise specified.
TEST TEST HADC574ZC HADC574ZB HADC574ZA
PARAMETER CONDITIONS LEVEL | MIN TYP MAX|MIN TYP MAX|MIN TYP MAX| UNITS
DIGITAL CHARACTERISTICS
Logicﬂputs_ _
(CE, ¢S, R/C, Ao, 12/8)
Logic “0” | -0.5 +0.8/ -05 +0.8 -0.5 +0.8  Volts
Logic “1” | 2.0 55 20 55 20 55 Volts
Current 0to 5.5V Input | +.01 +1 +.01 +1 +.01 +1 HA
Capacitance \% 5 5 5 pF
Logic Outputs
(DB11-DBQO, STS)
Logic “0” (I, = 1.6 MA) ! +0.4 +0.4 +0.4)  Volts
Logic “1” (lsource = 500 HA) ! +2.4 +2.4 +2.4 Volts
Leakage (High Z State,
DB11-DB0 Only) | -5 101 +5 -5 +0.1 +5) -5 +0.1 +5 uA
Capacitance Y 5 5 5 pF

Note 1: For military temperature range, the device linearity is guaranteed to be 1/2 LSB at 25 °C.

Note 2: Fixed 50 Q resistor from REF OUT to REF IN and REF OUT to BIP OFF.

Note 3: Full Tempco testing is performed on all Grade A and MIL-STD-883 devices.

Note 4: Available for external loads, external load should not change during conversion. When supplying an external load and
operating on a +12.0 V supply, a buffer amplifier must be provided for the reference output.
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ELECTRICAL SPECIFICATIONS

N
CONVERT MODE TIMING CHARACTERISTICS E
wn
T,=+25°C,V  =+150Vor+12V, Vioac = +5 V. unless otherwise specified. 8
TEST TEST HADC574z2C HADC574ZB HADC574ZA %
PARAMETER CONDITIONS LEVEL | MIN TYP MAX | MIN TYP MAX MIN TYP MAX| UNITS
AC ELECTRICAL CHARACTERISTICS!
tosc STS Delay from CE [ 200 200 200 ns
t,.c CE Pulse Width | 50 50 50 ns
1., CS to CE Setup ! 50 50 50 ns 3
t.ec CS Low during CE High I 50 50 50 ns
t4c R/C to CE Setup I 50 50 50 ns
t,-c R/C Low During CE High I 50 50 50 ns
t,,c Ao to CE Setup | 0 0 0 ns
t,.ac Ao Valid During CE High | 50 50 50 ns
t, Conversion Time
12-Bit Cycle Ty 10 Tya [ 13 18 25 15 18 25 15 18 25 us
8-Bit Cycle Tom 10 Ty | 10 13 190 10 13 17 10 13 17 us

Note 1: Time is measured from 50% level of digital transitions. Tested with a 100 pF and 3 kQ load for high impedance to drive and tested
with 10 pF and 3 k< load for drive to high impedance.

Figure 1 - Convert Mode Timing Diagram
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HADC574Z

ELECTRICAL SPECIFICATIONS

READ MODE TIMING CHARACTERISTICS

T,=25°C,V =+15.0Vor+12V,V . = +5V, unless otherwise specified.
TEST TEST HADC5742C HADC574ZB HADC574ZA

PARAMETER CONDITIONS LEVEL | MIN TYP MAX | MIN TYP MAX | MIN TYP MAX| UNITS
AC ELECTRICAL CHARACTERISTICS'

top Access Time from CE | 150 150 150 ns
t,, Data Valid After CE Low | 25 25 25 ns
t,, Output Float Delay | 150 150 150 ns
teen CS to CE Setup I 50 0 50 0 50 0 ns
tenn R/C to CE Setup | 0 0 0 0 0 0 ns
tsan AO to CE Setup | 50 50 50 ns
t,cn CS Valid After CE Low | 0 0 0 0 0 0 ns
t.nn R/C High After CE Low I 50 50 50 ns
t,s STS Delay After Data Valid | 300 1000, 300 1000| 300 1000 ns
t,ar A0 Valid after CE Low [ 50 50 50 ns

Note 1: Time is measured from 50% level of digital transitions. Tested with a 100 pF and 3 k<2 load for high impedance to drive and tested
with 10 pF and 3 k<2 load for drive to high impedance.

Figure 2- Read Mode Timing Diagram
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ELECTRICAL SPECIFICATIONS

STAND-ALONE MODE TIMING CHARACTERISTICS

T,=25°C, V. =+15.0Vor+12V,V . = +5V, unless otherwise specified.
TEST HADC5742C HADC57478 HADCS574ZA

PARAMETER CONDITIONS LEVEL | MIN TYP MAX|MIN TYP MAX|MIN TYP MAX | UNITS
AC ELECTRICAL CHARACTERISTICS (NOTE 5)

- Low R/C Pulse Width I 50 50 50 ns
t,s STS Delay from R/C | 200 200 200 ns

o Data Valid After R/C Low | 25 25 25 ns
t,s STS Delay After Data Valid | 300 1000 300 1000, 300 1000 ns
1,0 High R/C Pulse Width | 150 150 150 ns

or Data Access Time [ 150 150 150 ns
SAMPLE AND HOLD
Acquisition Time v 1.8 24 34 18 24 34 18 24 34 us
Aperture Uncertainty Time \ 8 8 8 ns,RMS

Figure 3- Low Pulse for R/C
After Conversion
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TEST LEVEL CODES
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All electrical characteristics are subject to the following con- |

ditions:

All parameters having Min./Max. s

n
pecifications are guaran-

teed. The Test Level column indicates the specific device

testing actually performed during
Assurance inspection. Any blank
umns indicates that the specifica

AAAAA P

speuneu condition.

production and Quality i
sections in the data col-

tion is not tested at the

Unless otherwise noted, all tests are pulsed tests, therefore

T =T

JUNG = CASE AMBIENT

< DATA VALID

HIGH-Z

TEST PROCEDURE

100% production tested at the specified
temperature.

100% production tested at T,= +25 °C, and
sample tested at the specified tempera-
tures.

QA sample tested only at the specified
temperatures.

Parameter is guaranteed (but not tested) by
design and characterization data.
Parameter is a typical value for information
purposes only.
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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 6). The point used as
“zero” occurs 1/2 LSB (1.22 mV for a 10 Volt span) before the
first code transition (all zeros to only the LSB “on”). “Full
scale”isdefinedas alevel 1 and 1/2 LSBbeyond the lastcode
transition (to all ones). The deviation of a code from the true
straight line is measured from the middle of each particular
code.

The HADC574ZAC and BC grades are guaranteed for maxi-
mum nonlinearity of £1/2 LSB. For these grades, this means
thatan analog value which falls exactly in the center of agiven
code width will resultin the correctdigital output code. Values
nearer the upper or lower transition of the code width may
produce the next upper or lower digital output code. The
HADC574ZAM, BM, CC and CM grades are guaranteed to+1
LSB maximum error. For these grades, an analog value
which falls within a given code width will result in either the
correct code for the 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. Forthe 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 prac-
tice, 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 6 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 condi-
tions. Small, localized differential nonlinearities may be
insignificant when digitizing full scale signals. However, if a
low level input signal happens to fall on the 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 nonlin-
earity. The quantization step width for a missing code is 0
LSB, which results in a differential nonlinearity of -1 LSB.
Figure 6 points out two missed codes in the transfer function.

QUANTIZATION UNCERTAINTY

Analog-to-digital converters exhibit an inherent quantization
uncertainty of £1/2 LSB. 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 asso-
ciated with the perfect quantizing of a continuous (analog)
signal into a finite number of digital bits (A/D transfer func-
tion). A 12-bit A/D converter can represent an input voltage
with a best case uncertainty of 1 part in 2'2 (1 part in 4096).
In real A/Ds under dynamic operating conditions, the quanti-
zation 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. Nonideal quan-
tization bands represent differential non linearity errors (See
figures 5, 6 and 7).

Figure 5 - Static Input Conditions

Output T
Codes T I
T Threshold Level
] (Band Edge)
Inp%\ 1 l Output
\/ T A
4 Quantization Step

ﬁ k- (OrBand)

Input Voltage

RESOLUTION - ACTUAL vs AVAILABLE

The available resolution of an N-bit converter is 2V. This
means itis theoretically possible to generate 2" unique output
codes.
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Figure 6 - Dynamic Conditions
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Figure 7 - Quantizing Error
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OUTPUT CODE

T T T T T T
0s 1.5 25 35 45 55 6.5

ANALOG INPUT VOLTAGE —_—

THROUGHPUT

Maximum throughput is the greatest number of conversions
per second at which an ADC will deliver its full rate perform-
ance. 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 architec-
ture withinherently 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.

A N-bit successive approximation converter performs a se-
quence 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 1/2" of full scale. The conver-
sion time is fixed by the clock frequency and is thus indepen-
dent of the input voltage.

UNIPOLAR OFFSET

The first transition should occur at a level 1/2 LSB 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 co-efficient 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
1/2 LSB below analog common. The bipolar offset error and
temperature co-efficient specify the initial deviation and maxi-
mum change in the error over temperature.

CONVERSION TIME

Thetime 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.
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FULL SCALE CALIBRATION ERROR

The last transition (from 1111 1111 1110to 1111 1111 1111
1111) should occur for an analog value 1 and 1/2 LSB 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 show in Figure 11 and 12 on page 17. The full
scale calibration error over temperature is given with and
without the initial error trimmed out. The temperature coeffi-
cients 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, unipo-
lar offset, and bipolar offset specify the maximum change
from the initial (25 °C) value to the value at Tmin or Tmax.

POWER SUPPLY REJECTION

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

CODE WIDTH

The fundamental unit for A/D converter specifications 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 2.44 mV 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 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 in-
creases as the input signal increases, and if the output code
continuously decreases as the input signal decreases. Fig-
ure 6 demonstrates non-monotonic behavior.

CIRCUIT OPERATION

The HADC574Z is a complete 12-bit analog-to-digital con-
verter 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, successive approximation register
(SAR), sample and hold, clock, output buffers and control
circuitry to make possible to use the HADC574Z with few
external components.

When the control section of the HADC574Z initiates a conver-
sion command, the clock is enabled and the successive-
approximation register is reset to all zeros. Once the conver-
sion 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 conver-
sion 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
thatis 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 volt-
age causes the CDAC output voltage summation to greater
or less than the input voltage; it 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 repre-
sents 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 2 mA to an external load in addition to that required to drive
the reference input resistor (1 mA) and offset resistor (1 mA)
when operatingwith+15V supplies. Ifthe HADC574Z is used
with 12 V supplies, or if external current must be supplied
over the full temperature range, and 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 specifications
are included within the A/D specifications.

Although the sample and hold circuit is not implemented 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 in-
creases the signal bandwidth of the HADC574Z over that of
similar competing devices.
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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 occurring 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 through-
put 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. However, for
limited frequency ranges, the internal S/H may eliminate the
need for an external S/H. This function willbe explainedinthe
next two sections.

The operation of the S/H functioniis internal to the HADC574Z
and is controlled through the normal R/C control line (refer to

Figure 8). Whenthe R/C linemakes a negative transition. the
HADCS574Z 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 T, ). 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.

Figure 8 - Sample and Hold Function
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WAIT FOR BUS
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% JITTER
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¢ L ; CONVERT

WAIT FOR
CONVERT SIGNAL

CDAC VOLTAGE

0VOLTS

During T, . the equivalentcircuit of the HADC574Zinputis as
shownin lgigure 9 (the time constant of the input is independ-
ent of which input level is used). This CDAC capacitance
must be charged up to the input voltage during T, .. Since the
CDAC time constantis 100 nsecs, there is more than enough
time for settling the input to 12-bits of accuracy during T, ..
The excess time left during T___ allows the user’s buffer amp

to settle after being switched to the CDAC load.

Figure 9 - Equivalent HADC574Z Input Circuit

1

25 pf
Ceq
Req = 4K ohms at any range
T-= Req C eq= 100 nsec.

Note that because the sample is taken relative to the R/C

transition, Tacq is also the traditional “aperture delay” of this
internal sample and hold.

Since T, is measured in clock cycles, its duration will vary
with the internal clock frequency. This results in T, =2.4
usec 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 HADC574Z.

APERTURE UNCERTAINTY

Often the limiting factor in the application of the sample and
hold is the uncertainty in the time that the actual sample is
taken i.e. the “aperture jitter' or T, . The HADC574Z has a
nominal aperture jitter of 8 nsecs between samples. With this
jitter, it is possible to accurately sample a wide range of input
signals.

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

Verr<V /2% (where Verr is the allowable error voltage
and Vfs is the full scale voltage)
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Figure 10 - Aperture Uncertainty
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averror _ Atav
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From Figure 10:
Sr=AV/AT=2 nfVp

Let AV=Verr=V, 2 - ™, Vp=Vin/2 and AT=t,  (The time
during which unwanted voltage change occurs)

The above conditions then yield:

V, /2% safVin t, or f_ <V, /(rVint, )2N+1

max =

For the HADC574Z, T, =8 nsec, therefore f <5 kHz.
For higher frequency signal inputs, an external sample and
hold is recommended.

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 Figure 11 and 12. The two typical interface circuits
are for operating the HADC574Z in either an unipolar or
bipolar input mode. Further information is given in the
following sections on these connections, but first a few
conditions concerning board layout to achieve the best op-
eration.

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. ltis best to lay the PC board out such that there is an
analog section and a digital section with a single pointground
connection between the two through an RF bead located as
closetothe device as possible. If 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 pickup 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 10 uF tantalum
and a 0.1 pF ceramic type in parallel between V .. (pin 1)
and digital common (pin 15), and V. (pin 7) and analog
common (pin 9) is sufficient. V. is generated internally so pin
11 may be grounded or connected to a negative supply if the
HADC574Z is being used to upgrade an already existing
design.

GROUNDING CONSIDERATIONS

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

The analog ground current is approximately 6 mADC 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 depen-
dent currents flow through the V . and V. terminals and
not through the analog and digital common pins.

The HADC574Z may be operated by a uP or in the stand-
alone mode. The part has four standard input ranges: 0V to
+10V,0Vto+20V,15Vand+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.
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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 +1/2 LSB or +1.22 mV for the 10 V range and +2.44 mV for
the 20 V range should be applied to the HADC574Z. Adjust
the offset potentiometer R1 for code transition flickers be-
tween 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. Thisis 1 and 1/2 LSB below the nominal full scale
whichis +9.9963 V for the 10 V range and +19.9927 V for the
20 V 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 R2 with a 50 Q, 1% metal film resister and remove the
network from pin 12. Connect pin 12 to pin 9. Connect the
analog input to pin 13 forthe 0 V to 10 V range or to pin 14 for
the 0 V to 20 V range.

Figure 11 - Unipolar Input Connections
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The gain and offset errors listed in the specification 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 50 Q, 1% metal film resistor.

To calibrate, connect the analog input signal to pin 13 fora+5
V range or to pin 14 fora+10 V range. Firstapply a DC input
voltage 1/2 LSB above negative full scale which is -4.9988 V
for the +5 V range or -9.9976 V for the £10 V 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 1/2 LSB below positive full scale which is
+4.9963 V forthe 5 V range or +9.9927 V forthe £10 Vrange.
Adjust the gain potentiometer R2 for flicker between codes
1111 1111 1110 and 1111 1111 1111,

ALTERNATIVE

In some applications, a full scale of 10.24 V (foran LSB of 2.5
mV) or 20.48 V (for an LSB of 5.0 mV) is more convenient. In
the Unipolar mode of operation, replace R2 by 200 2 poten-
tiometer and add 150 Q in series with pin 13 for 10.24 V input
range or 500 Q in series with pin 14 for 20.48 V input range.
In bipolar mode of operation, replace R1 by 500 Q2 potentiom-
eter (in addition to the previous changes). The calibration will
remain similar to the standard calibration procedure.

Figure 12 - Bipolar Input Connections
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CONTROLLING THE HADC5742

The HADC574Z can be operated by most microprocessor
systems due to the control input pins and on-chip logic. It may
also be operated in the “stand-alone” mode and enabled by
the R/C input pin. Full uP control consists of selecting an 8
or 12-bit conversion cycle, initiating the conversion, and
reading the output data when ready. The output read has the
options of choosing either 12-bits at once or 8 following 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 opera-
tions is shown in Table |, and the internal control logic is
shown in a simplified schematic in Figure 14.

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

ADDRESS BUS
Ao

sTS| 28
2 | 127 DB11 (MSB) 27 _
l—_‘ 2
K Ao 25
24 y  oaa
2 BUS
22
HADC574Z 21
20 |
19
18

DBO (LSB)
DIG 15

com. |

STAND-ALONE OPERATION

The simplest interface is a control line connectedto 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 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 a duty cycle
within and including the extremes shown in the specifications
onthe pages. Ingeneral, data may be read when R/C is high

unless STS is also high, indicating a conversion is in prog-
ress.

Table | - Truth Table for the HADC574Z Control Inputs

CE cs RIC 1218 Ao Operation

it
0 X X X X None |
X 1 X X X None

Initiate 12 bit conversion

Initiate 8 bit conversion

1 & 0 X 0 Initiate 12 bit conversion

1 v 0 X 1 Initiate 8 bit conversion

1 0 ) X 0 Initiate 12 bit conversion i
1 0 ¢ X 1 Initiate 8 bit conversion ‘
1 0 1 1 X Enable 12 bit Output ‘
1 0 1 0 0 Enable 8 MSB's Only |
1 0 1 0 1 Enable 4 LSB's Plus 4 ‘

Trailing Zeroes
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CONVERSION LENGTH

A conversion start transition latches the state of Ao as shown
in Figure 13 and Table I. The latched state determines if the

T Ty, N YU W T Y R C I I

(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".
Aois latched because itis also involved in enabling the output
buffers as will be explained later. No other contro! inputs are
latched.

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 I. The last
of the three to reach the correct state starts the conversions,
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 50 ns earlier. Refer to the convert
mode timing specifications. The Convert Start timing dia-
gram 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 start of
Ao and possible cause a wrong cycle length for that conver-
sion (8 versus 12-bits).

READING THE OUTPUT DATA

The output data buffers remain in a highimpedance state until
the following four conditions are met: R/C is high, STSis low,
CE is high, and CS is low. That 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. When 12/8 is low, the output is sepa-
rated into two 8-bit bytes as shown below:

BYTE 1

X X X X XXXil

MSB

BYTE 2

XXXX O00O0

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 address 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.

InFigure 2, itcan be seen that aread operation usually begins
after the conversion is completed and STS is low. If earlier
access is needed, the read can begin no later than the
addition of time t,, and t, ; before STS goes low.

SPT
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Figure 14 - Control Logic
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Figure 15 - Burn-In Schematic
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J— “‘UWW-—‘ 2 BIT2
+5V BIPOFF AMA )} AMA
/\/ 60Hz 13[ 4yovIN BIT1 [L6 UALAS YWV
- P —
sY 14] 20v IN DGND |15 ‘V?W\/ ‘ ‘VfW\r—
R
Ry - 50Q, 5%, 12W 4 5
R, - 1KQ, 5%, 1/4 W
Ry - 50Q, 1%, 174 W
Ry - 10KQ, 5%, 1/4 W GND 0V
Rs - 3.3KQ, 5%, 1/4 W
C.- 1uF. 5%
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PIN Assignment HADC574Z
TOP VIEW
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1218

Ccs

Ao

RIC

CE

vCcC
REF OUT
AGND
REF IN
N/C (VEE)
BIP OFF

10V IN

FlEE EEFF RAFEFR EF A

20V IN

LSB

STS

DB11

DB10

DB9

DB8

DB7

DBé

DBS

DB4

DB3

DB2

oB1

DBO

DGND

N

8

N
rS

n
w

- - - N [N r N n N
o ~ © ) - N o o ~

BiP i0vV
OFF IN

28 LEAD DIP

20V
IN

C

@

DB10

DB9

DBs
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PIN Functions HADC5742Z

NAME FUNCTION
Viosic Logic Supply Voltage, Nominally +5 V
12/8 Data Mode Selection
cs Chip Selection ]
Ao Byte Address/Short Cycle
R/C Read/Convert
CE Chip Enable
Ve Analog Positive Supply Voltage,
Nominally +15 V
REF OUT Reference Output, Nominally +10 V
AGND* Analog Ground
REF IN Reference Input
N/C (V) This pin is not connected to the device.
BIP OFF Bipolar Offset
10VIN 10 Volt Analog Input
20VIN 20 Volt Analog Input
DGND Digital Ground
DBO - DB11 Digital Data Output
DB11-MSB DBO-LSB
STS Status

*  The lid on the sidebrazed and LCC packages are
internally connected to AGND.
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HADC674Z

FAST, COMPLETE 12-BIT uP COMPATIBLE

A/D CONVERTER WITH SAMPLE/HOLD

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 (150 mW Max)

12-Bit Linearity (Over Temp)

15 ps Max Conversion Time

No Negative Supply Required

Full Bipolar and Unipolar Input Range

GENERAL DESCRIPTION

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

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

MsB

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 10 V and 20 V that are controlled by a bipolar offset
pin and laser trimmed for specified linearity, gain and offset
accuracy.

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

LsB

STS DB11 DB10O DB9 DBs DB7 DB6 DBS DB4 DB3 DB2 DB1 DBO DGND

BLOCK DIAGRAM

(o] (27| oo | [os | [es| [ea] [z ] [= [z ] [ro ] [re | [v7 | [re ] [1s ]
N O A A

[ NIBBLE A |

NIBBLE B T NIBBLE C

THREE-STATE BUFFERS AND CONTROL

L

12 BIT SAR

12-BIT
CAPACITANCE
DAC

OFFSET/GAIN
TRIM

—

CONTROL LOGIC

| [ Rer
b )

D 2

VLOGIC 12/8 CS Ao

|33 N ) 3 B 3 2

R/C CE

VCC REF AGND REF VEE BIP 10V 20V
ouTt IN OFF IN IN
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HADC674Z

Positive Supply Voltage (V.. to DGND) ....... Oto+16.5V
Logic Supply Voltage (V ;. to DGND) ............ Oto+7V
Analog to Digital Ground (AGND to DGND) .-0.5to +1 V

Hages

Control Input Voltages (to DGND)

Innut Voltages

ABSOLUTE MAXIMUM RATING (Beyond which damage may occur) ' 25 °C
Supply Voltages

(CE, CS, Ao, 12/8, R/C) ..coecvevvene. 0510V e +05V

Analog Input Voltage (to AGND)

(REF IN, BIP OFF, 10 Vin) oo +16.5V

20 V Vin Input Voltage (to AGND) ..........ccccoeverennn. +24 V
Note:

conditions in typical applications.

ELECTRICAL SPECIFICATIONS

Output

Reference Output Voltage .......... Indefinite short to GND
Momentary shortto V.

Temperature
Operating Temperature, ambient .............-55 to +125 °C
junction ..o +175°C
Lead Temperature, (soldering 10 seconds)........ +300 °C
Storage Temperature ...........ccccocevveeean. -65 to +150 °C
Power Dissipation ............c.cccccoooviiiiiiiii 1000 mW
Thermal Resistance (Bj) ovee 48 °C/W

Ta=Ton 10 Tyaw Vee=+15 Vor +12V, V . =+5 V, unless otherwise specified.

LoGic™

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

TEST TEST HADC6742ZC HADC674ZB HADC674ZA
PARAMETER CONDITIONS LEVEL | MIN TYP MAX [MIN TYP MAX [MIN TYP MAX | UNITS
DC ELECTRICAL CHARACTERISTICS
T
Resolution I 12 12 12| BITS
Linearity Error! T,=0to 70 °C | +1 +1/2 +1/2|  LSB
T,=-25t0+85°C I +1 +1/2 +1/2 LSB
T,=-55t0 +125°C | +1 +1 +1 LSB
Differential Linearity No Missing Codes | 11 12 12 BITS
Unipolar Offset; 10 V, 20 V +25 °C Adjustable to Zero | +0.1 +2 +0.1 +2 +0.1 +2 LSB
Bipolar Offset1; +5 V,+10 V +25 °C Adjustable to Zero | +10 +4 +4 LSB
Full Scale Calibration Error?
All Input Ranges +25 °C Adjustable to Zero | 0.3 0.3 0.3 |% of FS
No Adjustment at +25°
T,=0t070°C Vv 0.5 0.4 0.35 %of FS
T,=-2510+85°C \Y 0.7 0.5 0.4 %of FS
T,=-55t0+125°C \ 0.8 0.6 0.4 %of FS
With Adjustment at +25 °C
T,=0t070°C \ 0.22 0.12 0.05 %of FS
T,=-25t0+85°C \ 0.4 0.2 0.1 %of FS
T,=-55t0 +125°C \Y 0.5 0.25 0.12 %of FS
Temperature Coefficients3 Using Internal Reference
Unipolar Offset T,=0t070°C v 02 #2 +0.1 *1 0.1 +1 LSB
(10) (5) (5) [(ppm/°C)
T,=-25t0+85°C \Y +2 +1 +1 LSB
(5) (2.9) (2.5) {(ppm/°C)
T,=-55t0 +125°C v 2 11 +1 LSB
5) (2.9) (2.5) {(ppm/°C)
Bipolar Offset T,=0t070°C v +0.2 +2 +0.1 +1 0.1 +1 LSB
(10) ®) (5) [(ppm/°C)
T,=-25t0 +85°C \% +2 +1 +1 LSB
®) (2.5) (2.5) ((ppm/°C)
SPT




ELECTRICAL SPECI

FICATIONS

To= Tun 10 Ty Ve = +15Vor 412V, V . = +5 V, unless otherwise specified.
TEST TEST HADC6742C HADC674ZB HADC674ZA
PARAMETER CONDITIONS LEVEL| MIN TYP MAX |[MIN TYP MAX |[MIN TYP MAX | UNITS
DC ELECTRICAL CHARACTERISTICS
Bipolar Offset (Cont.) T,=-551t0+125°C v +4 +2 +1 LSB
(10) (5) (2.5) |(ppm/°C)
Full Scale Calibration T,=0t070°C v +9 15 +2 LSB
(45) (25) (10) |(ppm/°C)
T,=-25t0 +85°C v +12 +7 3 LSB
(50) (29) (12) {(ppm/°C)
T,=-55t0+125°C [\ +20 +10 +5 LSB
(50) (25) (12.5) |(ppm/°C)
Power Supply Rejection Max change in full
scale calibration
+13.5 V<V  <+16.5V or | 05 £2 05 1 05 #1 LSB
+11.4 V<V _ <+126 V
+4.5V<V o <+65V | +0.1 0.5 +0.1 0.5 0.1 +0.5 LSB
Analog Input Ranges
5 +5 5 +5 -5 +5| Volts
Bipolar |
-10 +10| -10 +10| -10 +10 Volts
0 +10 0 +10 0 +10 Volts
Unipolar |
0 +20 0 +20 0 +20 Volts
Input Impedance
10 Volt Span | 3.75 5 6.25| 3.75 5 6.25| 3.75 5 6.25 kQ
20 Volt Span 15 20 25 15 20 25| 15 20 25 kQ
Power Supplies Operating
Voltage Range
Viosc | +4.5 +5.5| +4.5 +5.5| +45 +5.5| Volts
Vee | +11.4 +16.5|+11.4 +16.5|+11.4 +16.5 Volts
Vee Not Required for
circuit operation.
Operating Current
Looe [ 05 1 05 1 05 1 mA
lee | 7 9 7 9 7 9 mA
lee Not required for
circuit operation.
Power Dissipation
+15V, +5V | 110 150 110 150 110 150 mW
Internal Reference Voltage | 9.97 10 10.03| 9.97 10 10.03| 997 10 10.03| Volts
Output Current4 | 2 2 2 mA
SPT 323
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ELECTRICAL SPECIFICATIONS

Ta=Tun 10 Tyaw Voo = +15Vor +12V, V. = +5 V, unless otherwise specified.
TEST TEST HADC674ZC HADC674ZB HADC674ZA
PARAMETER CONDITIONS LEVEL | MIN TYP MAX|MIN TYP MAX|MIN TYP MAX| UNITS
DIGITAL CHARACTERISTICS B
Logicﬂputs_ _
(CE, ¢S, R/C, Ao, 12/8)
Logic “0” | -0.5 +0.8/ -0.5 +0.8/ -0.5 +0.8/ Volts
Logic “1” | 2.0 55 20 55 2.0 5.5 Volts
Current 0t0 5.5 V Input | +.01 +1 +.01 +1 +.01 +1 pHA
Capacitance \% 5 5 5 pF
Logic Outputs
(DB11-DBO, STS)
Logic “0” (Ign = 1.6 MA) I +0.4 +0.4 +0.4)  Volts
Logic “1” (lsource = 500 pA) | +2.4 +2.4 +2.4 Volts
Leakage (High Z State,
DB11-DB0 Only) I -5 £0.1 +5 -5 £0.1 +5| -5 *0.1 +5) pA
Capacitance \ 5 5 5 pF

Note 1: For military temperature range, the device linearity is guaranteed to be 1/2 LSB at 25 °C.

Note 2: Fixed 50 Q resistor from REF OUT to REF IN and REF OUT to BIP OFF.

Note 3: Full Tempco testing is performed on all Grade A and MIL-STD-883 devices.

Note 4: Available for external loads, external load should not change during conversion. When supplying an external load and
operating on a +12.0 V supply, a buffer amplifier must be provided for the reference output.
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ELECTRICAL SPECIFICATIONS

CONVERT MODE TIMING CHARACTERISTICS

T,=+25°C, Voo = +15.0 Vor +12V, V

LOGIC

= +5V, unless otherwise specified.

TEST TEST HADC674ZC HADC674ZB HADC674ZA

PARAMETER CONDITIONS LEVEL | MIN TYP MAX|MIN TYP MAX|MIN TYP MAX| UNITS
AC ELECTRICAL CHARACTERISTICS!
tosc STS Delay from CE | 200, 200 200 ns
t,c CE Pulse Width | 50 50 50 ns
ts. CS to CE Setup | 50 50 50 ns
t.sc CS Low during CE High | 50 50 50 ns
tsc R/C to CE Setup | 50 50 50 ns
t,nc R/C Low During CE High I 50 50 50 ns
ts,c Ao to CE Setup [ 0 0 0 ns
t,.ac Ao Valid During CE High ! 50 50 50 ns
t. Conversion Time

12-Bit Cycle w10 Touax I 9 13 15 9 13 15 9 13 15 ps

8-Bit Cycle Ty 10 Thoax [ 6 8 1 6 8 10 6 8 10 ps

Note 1: Time is measured from 50% level of digital transitions. Tested with a 100 pF and 3 k<2 load for high impedance to drive and tested
with 10 pF and 3 kQ load for drive to high impedance.

Figure 1 - Convert Mode Timing Diagram

e A
CE tHEC

tssc L

tSRC L

tHSC

RIC

tHRC

DB11-DBO

HIGH IMPEDANCE
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ELECTRICAL SPECI

FICATIONS

READ MODE TIMING CHARACTERISTICS

T,=25°C,V =+15.0Vor+12V,V .. = +5V, unless otherwise specified.
TEST TEST HADC6742C HADC674ZB HADC674ZA

PARAMETER CONDITIONS LEVEL | MIN TYP MAX|MIN TYP MAX|MIN TYP MAX| UNITS
AC ELECTRICAL CHARACTERISTICS'

tyo Access Time from CE | 150 150 150 ns
t,, Data Valid After CE Low ! 25 25 25 ns
t,. Output Float Delay | 150 150 150 ns
tesn CS to CE Setup I 50 0 50 0 50 0 ns
tene R/C to CE Setup I 0 0 0 0 0 0 ns
tsaq A to CE Setup | 50 50 50 ns
t.er CS Valid After CE Low I 0 0 0 0 0 o ns
t.ms R/C High After CE Low [ 50 50 50 ns
t,s STS Delay After Data Valid | 300 1000| 300 1000{ 300 1000 ns
t, ..z A0 Valid after CE Low I 50 50 50 ns

Note 1: Time is measured from 50% level of digital transitions. Tested with a 100 pF and 3 kQ load for high impedance to drive and tested
with 10 pF and 3 kQ load for drive to high impedance.

Figure 2 - Read Mode Timing Diagram

c_sﬁb. tssr tHSR ﬂ —
tHRR
RIC
e
—/
t SRR
Ao ><
tsar tHAR ‘4
STS \\
HD
t HS }‘_. !
HIGH
DATA
DB11-DBO - >‘
IMPEDANCE | VALID |
je——n1t DD4-‘ je— tHL —-‘
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ELECTRICAL SPECIFICATIONS

STAND-ALONE MODE TIMING CHARACTERISTICS

T,=25°C,V  =+150Vor+12V,V, = +5 V, unless otherwise specified.

LOGIC

TEST HADC674ZC HADC674ZB HADC674ZA
PARAMETER CONDITIONS LEVEL | MIN TYP MAX|MIN TYP MAX|MIN TYP MAX| UNITS
AC ELECTRICAL CHARACTERISTICS (NOTE 5)
1., LOW R/C Pulse Width | 50 50 50 ns
t,s STS Delay from R/C | 200 200 200 ns
1., Data Valid After R/C Low I 25 25 25 ns
b STS Delay After Data Valid | 300 1000 | 300 1000 300 1000 ns
1., High R/C Pulse Width I |150 150 150 ns
toon Data Access Time [ 150 150 150 ns
SAMPLE AND HOLD
Acquisition Time v 1.2 1.7 2.0 1.2 1.7 2.0 12 1.7 20 us
Aperture Uncertainty Time \ 8 8 8 ns,RAMS

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

- PR g
e—I L
r.,,‘es,,_q‘
STS e e
o [ e
TEST LEVEL CODES

All electrical characteristics are subject to the following con-
ditions:

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

Unless otherwise noted, all tests are pulsed tests, therefore
Tine = Toace = T

JUNC CASE ~ ' AMBIENT

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

| toor | Lﬁlﬂ“_*; |
R ,
HIGH-Z HIGH-Z
DB11-DBO if:VALKD
TEST LEVEL TEST PROCEDURE

| 100% production tested at the specified
temperature.

1] 100% production tested at T,= +25 °C, and

sample tested at the specified tempera-

tures.

QA sample tested only at the specified

temperatures.

Parameter is guaranteed (but not tested) by

\" Parameter is a typical value for information
purposes only.
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DEFINITION OF SPECIFICATIONS
INTEGRAL LINEARITY ERROR

Linearity error refers to the deviation of each individual code
from aline drawn from “zero” through “full scale” with all offset
errors nulled out (See Figure 5 and 6). The point used as
“zero” occurs 1/2LSB (1.22 mV for a 10 Volt span) before the
first code transition (all zeros to only the LSB “on”). “Full
scale”isdefinedasalevel 1 and 1/2 LSB beyondthe last code
transition (to all ones). The deviation of a code from the true
straight line is measured from the middle of each particular
code.

The HADC674ZAC and BC grades are guaranteed for maxi-
mum nonlinearity of +1/2 LSB. For these grades, this means
that an analog value which falls exactly in the center of agiven
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
HADC674ZAM, BM, CC and CM grades are guaranteedto+1
LSB maximum error. For these grades, an analog value
which falls within a given code width will result in either the
correct code for the 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 afinite width. Forthe 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-bitresolution over temperature; this means that all code
combinations of the upper 11-bits must be present; in prac-
tice, 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 6 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 condi-
tions. Small, localized differential nonlinearities may be
insignificant when digitizing full scale signals. However, if a
low level input signal happens to fall on the 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 nonlin-
earity. The quantization step width for a missing code is 0
LSB, which results in a differential nonlinearity of -1 LSB.
Figure 6 points out two missed codes in the transfer function.

QUANTIZATION UNCERTAINTY

Analog-to-digital converters exhibit an inherent quantization
uncertainty of +1/2 LSB. 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 asso-
ciated with the perfect quantizing of a continuous (analog)
signal into a finite number of digital bits (A/D transfer func-
tion). A 12-bit A/D converter can represent an input voltage
with a best case uncertainty of 1 part in 2'? (1 part in 4096).
In real A/Ds under dynamic operating conditions, the quanti-
zation 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. Nonideal quan-
tization bands represent differential non linearity errors (See
figures 5, 6 and 7).

Figure 5 - Static Input Conditions

Output T [
Codes T J—‘

]
Threshold Level

T (Band Edge) I

y‘\ : l Output ﬂ\,
AR Y

+ Quantization Step
4 —{ f¢— (Or Band)

Input Voltage

RESOLUTION - ACTUAL vs AVAILABLE

The available resolution of an N-bit converter is 2V. This
means itis theoretically possible to generate 2N unique output
codes.
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Figure 6 - Dynamic Conditions
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Figure 7 - Quantizing Error

QUANTIZING ERROR

S
& o NG
©
w

FL

101 —
100 —
011
w
Q
Q
O o010
— 1
o
a
= oo1—
2
o
000 —
[ | I I 1 I
05 15 25 35 as 55 65
ANALOG INPUT VOLTAGE ———
THROUGHPUT

Maximum throughput is the greatest number of conversions
per second at which an ADC will deliver its full rate perform-
ance. 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 architec-
ture 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.

A N-bit successive approximation converter performs a se-
quence 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 1/2V of full scale. The conver-
sion time is fixed by the clock frequency and is thus indepen-
dent of the input voltage.

UNIPOLAR OFFSET

The first transition should occur at a level 1/2 LSB 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 co-efficient 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
1/2 LSB below analog common. The bipolar offset error and
temperature co-efficient specify the initial deviation and maxi-
mum change in the error over temperature.

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.

SPT
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FULL SCALE CALIBRATION ERROR

The last transition (from 1111 1111 1110to 1111 1111 1111
1111) should occur for an analog value 1 and 1/2 LSB 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 show in Figure 11 and 12 on page 17. The full
scale calibration error over temperature is given with and
without the initial error trimmed out. The temperature coeffi-
cients 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, unipo-
lar offset, and bipolar offset specify the maximum change
from the initial (25 °C) value to the value at Tmin or Tmax.

POWER SUPPLY REJECTION

The standard specifications for the 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

The fundamental unit for A/D converter specifications 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 2.44 mV out of
10 Volts for a 12-bit ADC.

LEFT-JUSTIFIED DATA

The data format used in the HADC674Z is left-justified. This
means that the data represents the analog input as 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
creases as the input signal increases, and if the output code
continuously decreases as the input signal decreases. Fig-
ure 6 demonstrates non-monotonic behavior.

CIRCUIT OPERATION

The HADC674Z is a complete 12-bit analog-to-digital con-
verter 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, successive approximation register
(SAR), sample and hold, clock, output buffers and control
circuitry to make possible to use the HADC674Z with few
external components.

Whenthe control section ofthe HADC674Z initiates a conver-
sion command, the clock is enabled and the successive-
approximation register is reset to all zeros. Once the conver-
sion cycle begins, it can not be stopped or restarted and data
is not available from the output buffers.

The SAR, timed by the clock, sequences through the conver-
sion 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
thatis 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 volt-
age causes the CDAC output voltage summation to greater
or less than the input voltage; it 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 repre-
sents 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 2 mAto an external load in addition to that required to drive
the reference input resistor (1 mA) and offset resistor (1 mA)
when operating with+15 V supplies. lfthe HADC674Z is used
with £12 V supplies, or if external current must be supplied
over the full temperature range, and 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 specifications.

Although the sample and hold circuit is not implemented 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 in-
creases the signal bandwidth of the HADC674Z over that of
similar competing devices.
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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 occurring 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 through-
put 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. However, for
limited frequency ranges, the internal S/H may eliminate the
need for an external S/H. This function will be explainedin the
next two sections.

The operation of the S/H functionis internal to the HADC674Z
and is controlled through the normal R/C control line (refer to

Figure 8). Whenthe 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 (thistime is definedas T, ). 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.

Figure 8 - Sample and Hold Function

(Tacq)
ACQUISITION
TIME

WAIT FOR BUS
}4———’ l {@——— CONVERSION ——.[ READ

— | |e—— APERTURE
Vin JTTER

~{l

ACQUISITION TIME = APERTURE DELAY TIME = 012X T
"__q CONVERT

WAIT FOR
CONVERT SIGNAL

CDAC VOLTAGE

0VOLTS

During T, the equivalent circuit ofthe HADC674Z inputis as
shownin Ff’lgure 9 (the time constant of the input is independ-
ent of which input level is used). This CDAC capacitance
must be charged uptothe input voltage during T__ . Since the
CDAC time constantis 100 nsecs, there is more than enough
time for settling the input to 12-bits of accuracy during TW
The excess time left during T, allows the user’s buffer amp
to settle after being switched to the CDAC load.

Figure 9 - Equivalent HADC674Z Input Circuit

25 pf
Ceq
R eq = 4K ohms at any range
T-= Req C eq= 100 nsec.

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

is measured in clock cycles, its duration will vary
=1.7

Since T,
with the internal clock frequency. This results in TwI
usec 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 that the actual sample is
taken, i.e., the “aperture jitter" or T, . The HADC674Z has a
nominal aperture jitter of 8 nsecs between samples. With this
jitter, it is possible to accurately sample a wide range of input
signals.

The aperture jitter causes an amplitude uncertainty for any
input where the voltage is changing. The approximate
voltage error due to aperture jitter depends on the slew rate

of the sianal at the cnmr\ln noint (see Figure 10) The
O e sighal at tne sar Point \See rigure v, Ine

magnitude of this change for a sine wave can be calculated:

Verr<V, /2" (where Verr is the allowable error voltage
and Vfs is the full scale voltage)
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Figure 10 - Aperture Uncertainty
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From Figure 10:
Sr=AV/AT=2 nfVp

Let AV=Verr=V, 2 - ™", Vp=Vin/2 and AT=t, (The time
during which unwanted voltage change occurs)

The above conditions then yield:

V2% amtVint, or f <V, /(nVint, )2N+1

max = " fs

For the HADC674Z, T, =8 nsec, therefore f__ <5 kHz.
For higher frequency signal inputs, an external sample and
hold is recommended.

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 Figure 11 and 12. The two typical interface circuits
are for operating the HADC674Z in either an unipolar or
bipolar input mode. Further information is given in the
following sections on these connections, but first a few
conditions concerning board layout to achieve the best op-
eration.

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. Itis best to lay the PC 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 located as
closetothe device as possible. If 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 pickup 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 10 uF tantalum
and a 0.1 uF ceramic type in parallel between V . (pin 1)
and digital common (pin 15), and V. (pin 7) and analog
common (pin 9) is sufficient. V. is generated internally so pin
11 may be grounded or connected to a negative supply if the
HADCG674Z is being used to upgrade an already existing
design.

GROUNDING CONSIDERATIONS

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

The analog ground current is approximately 6 mADC 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 depen-
dent currents flow through the V . and V__ terminals and
not through the analog and digital common pins.

The HADC674Z may be operated by a pP or in the stand-
alone mode. The part has four standard input ranges: 0V to
+10V,0Vt0+20V,+5Vand+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.
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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 +1/2LSBor +1.22 mV forthe 10 V range and +2.44 mV for
the 20 V range should be applied to the HADC674Z. Adjust
the offset potentiometer R1 for code transition flickers be-
tween 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. Thisis 1 and 1/2 LSB below the nominal full scale
whichis +9.9963 V for the 10 V range and +19.9927 V for the
20 V 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 R2 with a 50 Q, 1% metal film resister and remove the
network from pin 12. Connect pin 12 to pin 9. Connect the
analog input to pin 13 forthe 0 Vto 10 V range or to pin 14 for
the 0 V to 20 V range.

Figure 11 - Unipolar Input Connections
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The gain and offset errors listed in the specification 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 50 Q, 1% metal film resistor.

To calibrate, connect the analog input signal to pin 13 fora+5
Vrange or to pin 14 fora+10 V range. Firstapply a DC input
voltage 1/2 LSB above negative full scale which is -4.9988 V
for the £5 V range or -9.9976 V for the +10 V range. Adjust
the offset potentiometer R1 for flicker between output codes
00000000 0000 and 0000 0000 0001. Next, apply a DC input
voltage 1 and 1/2 LSB below positive full scale which is
+4.9963 Vforthe £5Vrange or +9.9927 Vforthe +10 Vrange.
Adjust the gain potentiometer R2 for flicker between codes
11111111 1110 and 1111 1111 1111,

ALTERNATIVE

In some applications, a full scale of 10.24 V (foran LSB of 2.5
mV) or20.48 V (for an LSB of 5.0 mV) is more convenient. in
the Unipolar mode of operation, replace R2 by 200 Q2 poten-
tiometer and add 150 Q in series with pin 13 for 10.24 V input
range or 500 Q in series with pin 14 for 20.48 V input range.
In bipolar mode of operation, replace R1 by 500 Q2 potentiom-
eter (in addition to the previous changes). The calibration will
remain similar to the standard calibration procedure.

Figure 12 - Bipolar Input Connections
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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 ouiput read has the
options of choosing either 12-bits at once or 8 following 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 opera-
tions is shown in Table |, and the internal control logic is
shown in a simplified schematic in Figure 14.

Figure 13 - Interfacing the HADC6742Z
to an 8-bit Data Bus

ADDRESS BUS
Ao

—_—
sTs| 28
2| 128 DB11 (MSB) 27 —_
26
4l A 2
24 DATA
23 BUS
22
HADC674Z 21
20 1
19
18
17
DBO (LSB) 16
DG | 15
coM

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 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 a duty cycle
within and including the extremes shown in the specifications
onthe pages. Ingeneral, datamay be read when R/C is high
unless STS is also high, indicating a conversion is in prog-
ress.

Table | - Truth Table for the HADC674Z Control Inputs

CE [ RC 1218 Ao Operation

0 X X X X None

X 1 X X X None

f 0 0 X 0 Initiate 12 bit conversion

Q 0 0 X 1 Initiate 8 bit conversion

1 v 0 X 0 Initiate 12 bit conversion

1 v 0 X 1 Initiate 8 bit conversion

1 0 v X 0 Initiate 12 bit conversion

1 0 v X 1 Initiate 8 bit conversion

1 0 1 1 X Enable 12 bit Output

1 0 1 0 0 Enable 8 MSB's Only

1 0 1 0 1 Enable 4 LSB's Plus 4
Trailing Zeroes
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CONVERSION LENGTH

A conversion start transition latches the state of Ao as shown
in Figure 13 and Table |. The latched state determines if the
conversion stops with 8-bit (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”.
Aois latched because itis also involved in enabling the output
buffers as will be explained later. No other control inputs are
latched.

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 |. The last
of the three to reach the correct state starts the conversions,
S0 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 50 ns earlier. Refer to the convert
mode timing specifications. The Convert Start timing dia-
gram 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 start of
Ao and possible cause a wrong cycle length for that conver-
sion (8 versus 12-bits).

READING THE OUTPUT DATA

The output data buffers remain in a highimpedance state until
the following four conditions are met: R/C is high, STS is low,
CE is high, and CS is low. That data lines become active in
response to the four conditions and output data according to

the conditions of 12/8 and Aoc. 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 sepa-
rated into two 8-bit bytes as shown below:

BYTE 1

lXXXX XXXXJ
|
MSB

BYTE 2

XXXX O00O0

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 address 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.

InFigure 2, itcan be seenthataread operation usually begins
after the conversion is completed and STS is low. |f earlier
access is needed, the read can begin no later than the
addition of time t,, and t, ; before STS goes low.

SPT
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Figure 14 - Control Logic
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PIN Assignment HADC6742Z
= TOP VIEW
[_1_— vLOGIC sTS
[Z 128 DB11
B oB10 | 26|
[+] no 089
E RIS DBS
[e]
E vee DB6
E REF OUT DBs
E AGND DB4
E REF IN DB3
E N/C (VEE) DB2
E BIP OFF D81
[1a] rovm LB DBO
E 20VIN oGND |15
28 LEAD DIP

AO Cs 128 v oac STS DB11 DB1O

R N N B N Yo N N N

la) L3] [2] |4

BIP

10V
OFF IN

20V DGND DBO
IN

DB6

DbBS

DB4

DB3

PIN Functions HADC674Z

NAME FUNCTION

Viosic Logic Supply Voltage, Nominally +5 V

12/8 Data Mode Selection

CS Chip Selection

Ao Byte Address/Short Cycle

R/C Read/Convert

CE Chip Enable

Vee Analog Positive Supply Voltage,
Nominally +15 V

REF OUT Reference Output, Nominally +10 V

AGND* Analog Ground

REF IN Reference Input

N/C (V) This pin is not connected to the device.

BIP OFF Bipolar Offset

10VIN 10 Volt Analog Input

20 VIN 20 Volt Analog Input

DGND Digital Ground

DBO - DB11 Digital Data Output
DB11-MSB DBO-LSB

STS Status

*  The lid on the sidebrazed and LCC packages are
internally connected to AGND.

SPT
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SIGNAL PROCESSING TECHNOLOGIES

SPT774

FAST, COMPLETE 12-BIT uP COMPATIBLE

A/D CONVERTER WITH SAMPLE/HOLD

FEATURES

Improved Pin-To-Pin Compatible Monolithic Version
of the HI774

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

Low Power Dissipation (150 mW Max)

12-Bit Linearity (Over Temp)

8 us Max Conversion Time Including

S/H Acquisition

No Negative Supply Required

Full Bipolar and Unipolar Input Range

GENERAL DESCRIPTION

The SPT774 is a complete, 12-bit successive approximation
A/D converter. Included on chip is an internal reference,
clock, and a sample and hold. The S/H allows full nyquist
sampling of input signals.

The SPT774 features 8 s (Max) conversion time of 10 or 20
Volt input signals. Also, a three-state output buffer is added
for direct interface to an 8, 12, or 16-bit uP bus.

The BIMOS process and monolithic construction reduces
power consumption, ground noise, and keeps parasitics to a

BLOCK DIAGRAM

MSR

ADVANCE INFORMATION
APPLICATIONS

« Military/Industrial Data Acquisition Systems
+ 8 or 12-Bit uP Input Functions

» Process Control Systems

» Test and Scientific Instruments

» Personal Computer Interface

minimum. In addition, the thin film available on this process
allows active adjustment of DAC and comparator offsets,
linearity errors, and gain errors.

The SPT774 has standard bipolar and unipolar input ranges
of 10 V.and 20 V that are controlled by a bipolar offset pin and
laser trimmed for specified linearity, gain and offset accuracy.

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

LS8
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12 BIT SAR

CONTROL LOGIC

]
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ABSOLUTE MAXIMUM RATING (Beyond which damage may occur) ' 25 °C
Supply Voltages

Positive Supply Voltage (V.. to DGND) ....... Oto+16.5V
Logic Supply Voltage (V o, 10 DGND) ............ Oto+7V

Analog to Digital Ground (AGND to DGND) .-0.5to +1 V
Input Voltages

Contro!l Input Voltages (to DGND)

(CE, CS, Ao, 12/8, R/C) ...coeveuvne. -0.5t0 V o 0.5V

Analog Input Voltage (to AGND)

(REF IN, BIP OFF, 10 Vin) ..ccoooiiiieiicce e +16.5V

20 V Vin Input Voltage (to AGND) .........cccc.cceenee +24 V
Note:

conditions in typical applications.

ELECTRICAL SPECIFICATIONS

Output

Reference Output Voltage .......... Indefinite short to GND
Momentary shortto V.

Temperature
Operating Temperature, ambient ............. -551t0 +125 °C
junction +175°C
Lead Temperature, (soldermg 10 seconds)........ +300 °C
Storage Temperature ...........c.ccceceeviiieene -65t0 +150 °C
Power Dissipation ..........c..ccocvviiiiiiiiiiie e 1000 mW
Thermal Resistance (6|A) .................................... 48 °C/W

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

T,=T

o Voe=+15Vor+12 v,V

=+5V, unless otherwise specified.

MIN MA LOGIC
TEST TEST SPT774C SPT774B SPT774A
PARAMETER CONDITIONS LEVEL | MIN TYP MAX [MIN TYP MAX |[MIN TYP MAX | UNITS
DC ELECTRICAL CHARACTERISTICS
Resolution | 12 12 12| BITS
Linearity Error’ T,=01t070°C | +1 +1/2 +1/2| LSB
T,=-25t0 +85°C | +1 +1/2 +1/2 LSB
T,=-55t0 +125°C | +1 +1 +1 LSB
Differential Linearity No Missing Codes | 12 12 BITS
Unipolar Offset; 10 V, 20 V +25 °C Adjustable to Zero | +0.1 +2 +0.1 +2 +0.1 +2 LSB
Bipolar Offset1; +5 V,+10 V +25 °C Adjustable to Zero | +10 +4 +4 LSB
Full Scale Calibration Error2
All Input Ranges +25 °C Adjustable to Zero | 0.3 0.3 0.3 % of FS
No Adjustment at +25°
T,=0t070°C Vv 0.5 0.4 0.35 %of FS
T =-2510 +85°C \Y 0.7 0.5 0.4 %of FS
=-55t0 +125°C \Y 0.8 0.6 0.4 %o0f FS
With Adjustment at +25 °C
T,=0t070°C v 0.22 0.12 0.05 %of FS
T,=-25t0+85°C \ 0.4 0.2 0.1 %of FS
T,=-55t0+125°C \ 0.5 0.25 0.12 %of FS
Temperature Coefficients3 Using Internal Reference
Unipolar Offset T,=0t070°C [\ +0.2 +2 +0.1 +1 +0.1 +1 LSB
(10) 5) (5) |(Ppm/°C)
T,=-25t0+85°C \% +2 +1 +1 LSB
(5) (2.5) (2.5) [(ppm/-C)
T,=-55t0+125°C \% +2 +1 +1 LSB
(5) (2.5) (2.5) |(ppm/°C)
Bipolar Offset T,=0t070°C v +0.2 +2 +0.1 +1 +0.1 +1 LSB
(10) ) (5) |(PPm/°C)
=-25t0 +85 °C v +2 +1 +1 LSB
() (2.5) (2.5) |(ppm/“C)
340 SPT




ELECTRICAL SPECIFICATIONS

To= Tun 10 Ty Vee = +15Vor +12V, V .- = +5 V, unless otherwise specified.
TEST TEST SPT774C SPT774B SPT774A
PARAMETER CONDITIONS LEVEL| MIN TYP MAX [MIN TYP MAX [MIN TYP MAX | UNITS
DC ELECTRICAL CHARACTERISTICS
Bipolar Offset (Cont.) T,=-55t0+125°C [\ +4 +2 +1 LSB
(10) (5) (2.5) |(ppm/°C)
Full Scale Calibration T,=0t070°C \% 19 5 +2 LSB
(45) (25) (10) |(ppm/°C)
T,=-25t0 +85°C \% 12 17 +3 LSB
(50) (25) (12) ((ppm/°C)
T,=-55t0 +125°C v +20 +10 5 LSB
(50) (25) (12.5) [(ppm/°C)
Power Supply Rejection Max change in full
scale calibration
+13.5 V<V  <+16.5 Vor | 0.5 £2 +0.5 1 05 #1 LSB
+11.4 V<V, <+126 V
+4.5V<V o <455V | +0.1 $0.5 +0.1 +0.5 +0.1 0.5 LSB
Analog Input Ranges
5 +5 -5 +5 5 +5| Volts
Bipolar |
-10 +10| -10 +10{ -10 +10| Volts
0 +10 0 +10 0 +10| Volts
Unipolar |
0 +20 0 +20 0 +20| Volts
Input Impedance
10 Volt Span | 3.75 5 6.25| 3.75 5 6.25| 3.75 5 6.25 kQ
20 Volt Span 15 20 25 15 20 25 15 20 25 kQ
Power Supplies Operating
Voltage Range
Viosc | +4.5 +5.5| +4.5 +5.5| +45 +5.5 Volts
Ve | +11.4 +16.5|+11.4 +16.5|+11.4 +16.5| Volts
Vee Not Required for
circuit operation.
Operating Current
loaic | 0.5 1 0.5 1 0.5 1 mA
lee [ 7 9 7 9 7 9 mA
lee Not required for
circuit operation.
Power Dissipation
+15V, +5V | 110 150 110 150 110 150 mW
Internal Reference Voltage | 9.97 10 10.03| 9.97 10 10.03| 9.97 10 10.03| Volts
Output Current? | 2 2 2 mA
SPT 341
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ELECTRICAL SPECIFICATIONS

Ty= Ton 10 Tyaxe Voo = +15 Vor 412V, V

LOGIC

= +5V, unless otherwise specified.

TEST TEST SPT774C SPT774B SPT774A
PARAMETER CONDITIONS LEVEL | MIN TYP MAX| MIN TYP MAX|MIN TYP MAX| UNITS
DIGITAL CHARACTERISTICS
Logic Inputs
(CE, CS, R/C., Ao, 12/g)
Logic “0” | -0.5 +0.8| -0.5 +0.8| -0.5 +0.8]  Volts
Logic “1” | 2.0 55 2.0 55 2.0 5.5 Volts
Current 010 5.5V Input | +.01 +1 +.01 +1 +.01 +1 uA
Capacitance \ 5 5 5 pF
Logic Outputs
(DB11-DBO, STS)
Logic “0" (lgn = 1.6 MA) | +0.4 +0.4 +0.4|  Volts
Logic “1” (lsounce = 500 pA) [ +2.4 +2.4 +2.4 Volts
Leakage (High Z State,
DB11-DB0 Only) | -5 +0.1 +5 -5 0.1 +5 -5 0.1 +5 uA
Capacitance Vv 5 5 5 pF

Note 1: For military temperature range, the device linearity is guaranteed to be 1/2 LSB at 25 °C.
Note 2: Fixed 50 Q resistor from REF OUT to REF IN and REF OUT to BIP OFF.
Note 3: Full Tempco testing is performed on all Grade A and MIL-STD-883 devices.

Note 4: Available for external loads, external load should not change during conversion. When supplying an external load and

operating on a +12.0 V supply, a buffer amplifier must be provided for the reference output.
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ELECTRICAL SPECIFICATIONS

CONVERT MODE TIMING CHARACTERISTICS

T,=+25°C, V. = +15.0 Vor +12V, V.. = +5 V, unless otherwise specified.
TEST TEST SPT774C SPT774B SPT774A

PARAMETER CONDITIONS LEVEL | MIN TYP MAX | MIN TYP MAX| MIN TYP MAX| UNITS
AC ELECTRICAL CHARACTERISTICS'
tosc STS Delay from CE | 200 200 200 ns
t,.c CE Pulse Width [ 50 50 50 ns
1,5 CS to CE Setup ! 50 50 50 ns
t,sc CS Low during CE High | 50 50 50 ns
ts,c R/C to CE Setup | 50 50 50 ns
t,oc R/C Low During CE High | 50 50 50 ns
ts,c Ao to CE Setup [ 0 0 0 ns
t,.ac A0 Valid During CE High | 50 50 50 ns
t. Conversion Time

12-Bit Cycle T 10 Thax | 6 7 8 6 7 8 6 7 8 us

8-Bit Cycle wine 10 Thoae ! 485 525 565 485 525 565 4.85 525 565 us

Note 1: Time is measured from 50% level of digital transitions. Tested with a 100 pF and 3 kQ2 load for high impedance to drive and tested
with 10 pF and 3 kQ load for drive to high impedance.

Figure 1 - Convert Mode Timing Diagram
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ELECTRICAL SPECIFICATIONS
READ MODE TIMING CHARACTERISTICS

T,=25°C, V,=+150Vor+12V,V =+5V, unless otherwise specified.

LOGIC

TEST TEST SPT774C SPT774B SPT774A

PARAMETER CONDITIONS LEVEL | MIN TYP MAX|MIN TYP MAX|MIN TYP MAX | UNITS
AC ELECTRICAL CHARACTERISTICS'

typ Access Time from CE | 150 150 150 ns
t,, Data Valid After CE Low | 25 25 25 ns
t,, Output Float Delay | 150 150 150 ns
teen CS to CE Setup I 50 0 50 0 50 0 ns
tenm R/C to CE Setup | 0 0 0 0 0 0 ns
tsan A to CE Setup | 50 50 50 ns
t,en CS Valid After CE Low | 0 0 0o o0 0 0 ns
t..n R/C High After CE Low | 50 50 50 ns
t,s STS Delay After Data Valid | 90 300 90 300 90 300 ns
t, s A0 Valid after CE Low [ 50 50 50 ns

Note 1: Time is measured from 50% level of digital transitions. Tested with a 100 pF and 3 k<2 load for high impedance to drive and tested
with 10 pF and 3 k< load for drive to high impedance.

Figure 2 - Read Mode Timing Diagram
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ELECTRICAL SPECIFICATIONS

STAND-ALONE MODE TIMING CHARACTERISTICS

T,=25°C, V., =+15.0Vor+12V,V = +5V, unless otherwise specified. E
TEST SPT774C SPT774B SPT774A %

PARAMETER CONDITIONS LEVEL | MIN TYP MAX|MIN TYP MAX | MIN TYP MAX| UNITS

AC ELECTRICAL CHARACTERISTICS (NOTE 5)

t.« LOW R/C Pulse Width | 50 50 50 ns

1, STS Delay from R/C | 200 200 200 ns

t..n Data Valid After R/C Low 1 25 25 25 ns

t,s STS Delay After Data Valid | 300 1000 | 300 1000| 300 1000 ns

t,.0 High R/C Pulse Width I {150 150 150 ns

t,0n Data Access Time l 150 150 150 ns

SAMPLE AND HOLD

Acquisition Time v (12 13 14 |12 13 14| 12 13 14 us

Aperture Uncertainty Time \ 1 1 1 ns,RMS

Figure 3- Low Pulse for R/C - Outputs Enabled Figure 4 - High Pulse for R/C - Outputs Enabled

After Conversion While R/C is High, Otherwise High Impedance
e \L 77777 JW[, — ae ——A R

sTS

-
H
-
3
¢
2
B
o
T
|

- !
)B11-DBO  DATA VALID > <3ATA VALID HIGH-Z HIGH-Z
S S - DATA VALID
DB11-D80

TEST LEVEL CODES TEST LEVEL TEST PROCEDURE
All electrical characteristics are subject to the following con- | 100% production tested at the specified
ditions: temperature.

Il 100% production tested at T,= +25 °C, and
All parameters having Min./Max. specifications are guaran- sample tested at the specified tempera-
teed. The Test Level column indicates the specific device tures.
testing actually performed during production and Quality 1] QA sample tested only at the specified
Assurance inspection. Any blank sections in the data col- temperatures.
umns indicates that the specification is not tested at the v Parameter is guaranteed (but not tested) by
specified condition. design and characterization data.

Vv Parameter is a typical value for information
Unless otherwise noted, all tests are pulsed tests, therefore purposes only.
Tine= Tease = T,

JUNC CASE AMBIENT
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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 6). The point used as
“zero” occurs 1/2 LSB (1.22 mV for a 10 Volt span) before the
first code transition (all zeros to only the LSB “on”). “Full
scale”isdefined asalevel 1and 1/2 LSB 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 SPT774AC and BC grades are guaranteed for maximum
nonlinearity of £1/2 LSB. For these grades, this means that
an analog value which falls exactly in the center of a given
code width will resultin 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
SPT774AM, BM, CC and CM grades are guaranteed to +1
LSB maximum error. For these grades, an analog value
which falls within a given code width will result in either the
correct code for the 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 SPT774
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
SPT774 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 prac-
tice, 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 6 shows a differential nonlinearity of 2 LSB - the
actual step width is 3 LSB. The SPT774'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 insignifi-
cant when digitizing full scale signals. However, if a low level
input signal happens to fall on the 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 nonlin-
earity. The quantization step width for a missing code is 0
LSB, which results in a differential nonlinearity of -1 LSB.
Figure 6 points out two missed codes in the transfer function.

QUANTIZATION UNCERTAINTY

Analog-to-digital converters exhibit an inherent quantization
uncertainty of £1/2 LSB. 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 asso-
ciated with the perfect quantizing of a continuous (analog)
signal into a finite number of digital bits (A/D transfer func-
tion). A 12-bit A/D converter can represent an input voltage
with a best case uncertainty of 1 part in 2'2 (1 part in 4096).
In real A/Ds under dynamic operating conditions, the quanti-
zation 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 (orband) is Q=FSR/
2N where FSR=full scale range and N=12. Nonideal quan-
tization bands represent differential non linearity errors (See
figures 5, 6 and 7).

Figure 5 - Static Input Conditions

Output |
Codes T

Threshold Level
(Band Edge)

VARSI

ﬁ

O\Ut_py\

Quantization Step
k- (orBand)

Input Voltage

RESOLUTION - ACTUAL vs AVAILABLE

The available resolution of an N-bit converter is 2V. This
means itis theoretically possible to generate 2" unique output
codes.
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Figure 6 - Dynamic Conditions
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Figure 7 - Quantizing Error
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THROUGHPUT

Maximum throughput is the greatest number of conversions
per second at which an ADC will deliver its full rate perform-
ance. 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

Inthe SPT774, 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 architec-
ture 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.

A N-bit successive approximation converter performs a se-
quence 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 1/2" of full scale. The conver-
sion time is fixed by the clock frequency and is thus indepen-
dent of the input voltage.

UNIPOLAR OFFSET

The first transition should occur at a level 1/2 LSB 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 co-efficient 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
1/2 LSB below analog common. The bipolar offset error and
temperature co-efficient specify the initial deviation and maxi-
mum change in the error over temperature.

CONVERSION TIME

The time required to complete aconversion 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 SPT774
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.

SPT
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SPT774

FULL SCALE CALIBRATION ERROR

The last transition (from 1111 1111 1110to 1111 1111 1111
1111) should occur for an analog value 1 and 1/2 LSB 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
errar, which typically is 0.05 to 0.1% of full scale, can be
trimmed out as show in Figure 11 and 12 on page 17. The full
scale calibration error over temperature is given with and
without the initial error trimmed out. The temperature coeffi-
cients 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, unipo-
lar offset, and bipolar offset specify the maximum change
from the initial (25 °C) value to the value at Tmin or Tmax.

POWER SUPPLY REJECTION

The standard specifications for the SPT774 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 resultin 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

The fundamental unit for A/D converter specifications 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 2.44 mV out of
10 Volts for a 12-bit ADC.

LEFT-JUSTIFIED DATA

The data format used in the SPT774 is left-justified. This
means that the data represents the analog input as 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 in-
creases as the input signai increases, and if the output code
continuously decreases as the input signal decreases. Fig-
ure 6 demonstrates non-monotonic behavior.

CIRCUIT OPERATION

The SPT774 is a complete 12-bit analog-to-digital converter
which consists of a single chip version of the industry stan-
dard 774. This single chip contains a precision 12-bit ca-
pacitor digital-to-analog converter (CDAC) with voltage
reference, comparator, successive approximation register
{SAR), sample and hold, clock, output biiffers and contiol
circuitry to make possible to use the SPT774 with few
external components.

When the control section of the SPT774 initiates a conversion
command, the clock is enabled and the successive-ap-
proximation registeris resetto 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 conver-
sion 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 SPT774 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
thatis 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 volt-
age causes the CDAC output voltage summation to greater
or less than the input voltage; it 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 repre-
sents the input signal to within £1/2 LSB.

The internal reference provides the voltage reference to the
CDAC with excellent stability over temperature andtime. The
reference is trimmed to 10.00 Volts +1% and can supply up
to 2 mAto an external load in addition to that required to drive
the reference input resistor (1 mA) and offset resistor (1 mA)
when operating with £15 V supplies. If the SPT774 is used
with £12 V supplies, or if external current must be supplied
over the full temperature range, and external buffer amplifier
is recommended. Any external load on the SPT774 refer-
ence 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 specifications.

Although the sample and hold circuit is not implemented in
the classical sense, the sampling nature of the capacitive
DAC makes the SPT774 appear to have a builtin sample and
hold. This sample and hold action substantially increases the
signal bandwidth of the SPT774 over that of similar com-
peting devices.
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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 SPT774 is disconnected from the user's sample
and hold. This prevents transients occurring during con-
version from being infiicted upon the attached sampie and
hold buffer. All other 774 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 SPT774 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 SPT774 acts as any
other 774 device because the internal S/H is transparent.
The sample/hold function in the SPT774 is inherent to the
capacitor DAC structure, and its timing characteristics are
determined by the internally generated clock. However, for
limited frequency ranges, the internal S/H may eliminate the
need for an external S/H. This function will be explainedin the
next two sections.

The operation of the S/H function is internal to the SPT774
and is controlled through the normal R/C control line (refer to
Figure 8). Whenthe R/C line makes a negative transition, the
SPT774 starts the timing of the sampling and conversion.
The first 2 clock cycles are allocated to signal acquisition of
the input by the CDAC (thistime is definedas T, ). 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.

Figure 8 - Sample and Hold Function
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During T,_, the equivalent circuit of the SPT774 input is as
shownin Figure 9 (the time constant of the input is independ-
ent of which input level is used). This CDAC capacitance
mustbe charged upto the input voltage during T, .. Since the
CDAC time constant is 100 nsecs, there is more than enough

time for settling the input to 12-bits of accuracy during T
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Figure 9 - Equivalent SPT774 Input Circuit
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Ceq
Req = 4K ohms at any range
T-= Req C eq” 100 nsec.

Note that because the sample is taken relative to the
R/C transition, Tacq is also the traditional “aperture

delay” of this internal sample and hold.

Since T, is measured in clock cycles, its duration will vary
with the internal clock frequency. This results in Twq =1.3
psec 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 SPT774.

APERTURE UNCERTAINTY

Often the limiting factor in the application of the sample and hold is
the uncertainty in the time that the actual sample is taken, i.e., the
“aperture jitter" or T, .. The SPT774 has a nominal aperture jitter of
8nsecsbetween samples. Withthisjitter, itis 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:

Verr<V /2V' (where Verr is the allowable error
voltageand Vfs is the full scale voltage)
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Figure 10 - Aperture Uncertainty
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From Figure 10:
Sr=AV/AT=2 =fVp

Let AV=Verr=V, 2 - ™V Vp=Vin/2 and AT=t, (The time
during which unwanted voltage change occurs)

The above conditions then yield:

V /2% antVint, or f <V, /(nVin t, )2N+1

max = " fs

For the SPT774, T, =1 nsec, therefore f__ <40 kHz.

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

TYPICAL INTERFACE CIRCUIT

The SPT774 is a complete A/D converter that is fully opera-
tional when powered up and issued a Start Convert Signal.
Only a few external components are necessary as shown in
Figure 11 and 12. The two typical interface circuits are for
operating the SPT774 in either an unipolar or bipolar input
mode. Further information is given in the following sections
on these connections, but first a few conditions 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

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. Itis best to lay the PC 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 located as
close to the device as possible. If possible, run analog signals
between ground traces and cross digital lines at right angles

only.
POWER SUPPLIES

The supply voltages for the SPT774 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 pickup 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 10 uF tantalum
and a 0.1 uF ceramic type in parallel between V. (pin 1)
and digital common (pin 15), and V_; (pin 7) and analog
common (pin 9) is sufficient. V__is generated internally so pin
11 may be grounded or connected to a negative supply if the
SPT774is being used to upgrade an already existing design.

GROUNDING CONSIDERATIONS

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

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

The SPT774 may be operated by a uP or in the stand-alone
mode. The part has four standard input ranges: 0V to +10
V,0Vto+20V,£5Vand+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.
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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 +1/2LSBor +1.22 mV for the 10 V range and +2.44 mV for
the 20 V range should be applied to the SPT774. 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 1/2 LSB below the nominal full scale
whichis +9.9963 V for the 10 V range and +19.9927 V for the
20 V 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 R2 witha 50 Q, 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 0 V to 10 V range or to pin 14 for
the 0 V to 20 V range.

Figure 11 - Unipolar Input Connections
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The gain and offset errors listed in the specification 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 50 €, 1% metal film resistor.

To calibrate, connect the analog input signal to pin 13 fora+5
Vrange or to pin 14 fora+10 V range. Firstapply a DC input
voltage 1/2 LSB above negative full scale which is -4.9988 V
for the £5 V range or -9.9976 V for the +10 V 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 1/2 LSB below positive full scale which is
+4.9963 Vforthe +5Vrange or +9.9927 Vforthe 10 Vrange.
Adjust the gain potentiometer R2 for flicker between codes
1111 1111 1110and 1111 1111 1111,

ALTERNATIVE

In some applications, a full scale of 10.24 V (foran LSB of 2.5
mV) or 20.48 V (for an LSB of 5.0 mV) is more convenient. In
the Unipolar mode of operation, replace R2 by 200 €2 poten-
tiometer and add 150 Q in series with pin 13 for 10.24 V input
range or 500 Q in series with pin 14 for 20.48 V input range.
In bipolar mode of operation, replace R1 by 500 Q2 potentiom-
eter (in addition to the previous changes). The calibration will
remain similar to the standard calibration procedure.

Figure 12 - Bipolar Input Connections

SPT
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CONTROLLING THE SPT774

The SPT774 can be operated by most microprocessor sys-
tems 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 whenready. The output read has the
options of choosing either 12-bits at once or 8 following by 4-
bits in a left-justified format. All five control inputs are TTL/
CMOS compatible and include 12/8, TS, Ao, R/C and CE.
The use of these inputs in controlling the converter's opera-
tions is shown in Table |, and the internal control logic is
shown in a simplified schematic in Figure 14.

Figure 13 - Interfacing the SPT774
to an 8-bit Data Bus

ADDRESS BUS

.

L

AW
STS{ 28
2| 18 DB11 (MSB) 27 —
2
4 Ao 2
24 DATA
. 8US
22
SPT774 2 )
20
19
18
17
DBO (LSB) $——10
| DIG 15
| com. 1

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 controls must be tied to known states as follows: CE

and 12/g arewired high Acand CS are wired low. The cutput

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 a duty cycle
within and including the extremes shown in the specifications
onthe pages. Ingeneral, data may be read when R/C is high
unless STS is also high, indicating a conversion is in prog-
ress.

Table | - Truth Table for the SPT774 Control Inputs

CE [ RIC 1218 Ao Operation
0 X X X X None
X 1 X X X None

Initiate 12 bit conversion

Initiate 8 bit conversion

Initiate 12 bit conversion

Initiate 8 bit conversion

1 0 v X 0 Initiate 12 bit conversion
1 0 v X 1 Initiate 8 bit conversion
1 0 1 1 X Enable 12 bit Output

1 0 1 0 0 Enable 8 MSB's Only

1 0 1 0 1 Enable 4 LSB's Plus 4

Trailing Zeroes
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CONVERSION LENGTH

A conversion start transition latches the state of Ao as shown
in Figure 13 and Table I. The latched state determines if the
conversion stops with 8-bit (Ao high) or continues for 12-bits
(Ao low). Hf 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”.
Aois latched because itis also involved in enabling the output
buffers as will be explained later. No other control inputs are
latched.

CONVERSION START

A conversion may be initiated by a logic transition on any of
the three inputs: CE, TS, R/C, as shownin Table |. The last
of the three to reach the correct state starts the conversions,
S0 one, two or all three may be dynamically controlled. The
nominal delay from each is the same and all three may
change state simultaneously. [n order to assure that a
particular input controls the start of conversion, the other two
should be setup at least 50 ns earlier. Refer to the convert
mode timing specifications. The Convert Start timing dia-
gram 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 beread. 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 start of
Ao and possible cause a wrong cycle length for that conver-
sion (8 versus 12-bits).

READING THE OUTPUT DATA

The output data buffers remain in a highimpedance state until
the following four conditions are met: R/C is high, STS is low,
CE is high, and CS is low. That 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. When 12/8 is low, the output is sepa-
rated into two 8-bit bytes as shown below:

BYTE 1

X XXX XXXXJ

MSB

BYTE 2

rXXX?( OOOOJ

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 address 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, itcanbe seenthat a read operation usually begins
after the conversion is completed and STS is low. If earlier
access is needed, the read can begin no later than the
addition of time t,, and t,,; before STS goes low.

SPT

3-53

PT774

<



SPT774

Figure 14 - Control Logic

INPUT BUFFERS

NIBBLE B ZERO
— OVERRIDE

) | ———————— NIBBLEAB
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READ CONTROL
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Figure 15 - Burn-In Schematic
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PIN Assignment SPT774

TOP VIEW

7

VLOGIC

12/8

CE
vcc
REF OUT

AGND

REF IN

sisnioinioiclcininin

N/C (VEE)

>

BIP OFF

10V IN

BB

20V IN

LsB

STS

DB11

DB10

DB9

DB8

DB7

DB6

DBS

DB4

DB3

DB2

DB1

DBO

DGND

23

N
N

- - - - N N n N N N N
o ~ © © o - IN o o ~ ©

28 LEAD DIP

DGND DBO

BIP 10V 20V
OFF IN IN

PIN Functions SPT774

NAME FUNCTION

Vioac Logic Supply Voltage, Nominally +5 V

12/8 Data Mode Selection

CS Chip Selection

Ao Byte Address/Short Cycle

R/C Read/Convert

CE Chip Enable

Vee Analog Positive Supply Voltage,
Nominally +15 V

REF OUT Reference Output, Nominally +10 V

AGND* Analog Ground

REF IN Reference Input

N/C (V) This pin is not connected to the device.

BIP OFF Bipolar Offset

10 VIN 10 Volt Analog Input

20 VIN 20 Volt Analog Input

DGND Digital Ground

DBO - DB11 Digital Data Output
DB11-MSB DBO-LSB

STS Status

*  The lid on the sidebrazed and LCC packages are
internally connected to AGND.

SPY
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SIGNAL PROCESSING TECHNOLOGIES

SPT7572

COMPLETE HIGH-SPEED 12-BIT A/D CONVERTER

FEATURES

« Improved Version of the AD7572

» 12-Bit Resolution and Accuracy

+ High Speed; 5 and 12.5 usec Versions

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

+ Improved Negative Power Supply Range;
-10.510 -16.5 Volts

» Lower Power: 150 mW Max

GENERAL DESCRIPTION

The SPT7572 is a complete 12-bit A/D converter that offers
high speed with low power dissipation. This is achieved with
a successive approximation architecture on a monolithic Bl-
MOS process. Unlike the AD7572, the SPT7572 uses analog
input circuitry that reduces the amount of kickback, or synchro-
nous noise, to the driver source during the conversion. This
minimizes the required bandwidth of the circuitry driving the
SPT7572, lowers the system cost and simplifies system de-
sign.

The SPT7572alsooffers animprovednegative power supply range
of -10.5 to -16.5 volts. This broadens application possibilities and
simplifies applications that utilize negative power supplies which
vary from the standard -15 volt analog supply system.

BLOCK DIAGRAM

VREF

ADVANCE INFORMATION
APPLICATIONS

 Data Acquisition

+ Instrumentation

» Process Control

+ DSP System Digitizer

+ Microprocessor Interface

» Personal Computer Interface

The pretrimmed internal bandgap voltage reference assures
stable operation over all operating conditions. Device timing
is controlled by the external synchronous clock input, or an
optional external crystal. For 0to 5 volt unipolar operation, no
external components are required. Decoupling capacitors at
the power supply pins are recommended.

The tri-state data outputs and high speed digital interface of the
SPT7572 ensures compatibility with most popular 8, 16 and
32-bit microprocessors. The device is packaged in a 24-pin
300 mil DIP.

BANDGAP
VOLTAGE
REFERENCE
AND BUFFER

10 kQ

12-BIT DAC

12 SUCCESSIVE
APPROXIMATION
REGISTER
T LOGIC
g °
o f e
= ¥
B

12-BIT LATCH

10 ki

CONTROL s

j
THREE-STATE R cLock CLK OUT
OUTPUT THREE-STATE OSCILLATOR
BUFFERS OUTPUT BUFFERS CLKIN
T ] T 1 T —
oB11 DB8 087 DB4  DB3/11 DBOB  AGND DGND

SPT
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ABSOLUTE MAXIMUM RATING (Beyond which damage may occur) 25 °C

Supply Voltages Output Voltages
.............................................. -03Vto+7V Digital Output Voltage to DGND
............................................ +0.3Vto-17V (D11-D0/8, CLK OUT, BUSY) ............-0.3 V, V,; +0.3 V
0.3V, V,,+0.3V
AIN 10 AGND ... #15V  Temperature

Operating Temperature ..............c..ccecovevenene.

Input Voltages Lead TeMPETatUre ..........c.o.....omrrrrrrierisssrenrens
Digital Input Voltage to DGND Storage Temperature o

(CLKIN, HBEN,RD,CS .....ccc.cc0.ec.... -0.3V,V,, +03V Power Dissipation...............
Derates above +75 °C by

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

ELECTRICAL SPECIFICATIONS

Voo =5V, Vg =-15V, fCLK: 2.5 MHz for SPT7572XXX05, 1 MHz for SPT7572XXX12.
All Specification T to T__ unless otherwise noted. Specifications apply to Slow Memory Mode.

TEST TEST SPT7572A SPT7572B SPT7572C UNITS
PARAMETER CONDITIONS LEVEL | MIN TYP MAX|MIN TYP MAX|MIN TYP MAX
DC ELECTRICAL CHARACTERISTICS
ACCURACY
Resolution 12 12 12 Bits
Integral Nonlinearity | +1/2 +1 +1 LSB
Differential Nonlinearity | +1 +1 +1 LSB
Minimum Resolution for
which no Missing Codes
are Guaranteed 12 12 12 Bits
Offset Error @ +25 °C | +3 13 +4 LSB
T toT Typical Change over I +4 15 16 LSB
Temp is = 0.5 LSB
Full Scale (FS) Error! V=5V, Vg=-15V, I
FS=5V,T,=+25°C +10 +10 +15 LSB
Full Scale TC?? Ideal Last Code | 25 25 45 | ppm/°C
Transition
=FS - 3/2LSBs
ANALOG INPUT
Input Voltage Range | 0 +5 0 +5 0 +5 | Volts
Input Current | 03 07 03 07 03 07 mA
INTERNAL REFERENCE VOLTAGE
Vi Output @ +25 °C | 5.2 -5.3| -5.2 63| -5.2 -5.3 | Volts
Ve Output TC \ 20 20 40 ppm/°C
Output Current Sink External Load Should | 550 550 550 HA
Capability Not Change During
Conversion

358 SPT




ELECTRICAL SPECIFICATIONS

Voo =5V, Vg =-15V, fCLK: 2.5 MHz for SPT7572XXX05, 1 MHz for SPT7572XXX12.

sy
All Specification T to T unless otherwise noted. Specifications apply to Slow Memory Mode.

TEST TEST SPT7572A SPT7572B SPT7572C UNITS
PARAMETER CONDITIONS LEVEL |MIN TYP MAX |MIN TYP MAX | MIN TYP MAX
POWER SUPPLY REJECTION
Vo Only FS Change,
VSS=-15V 1] +1/2 +1/2 +1/2 LSB
Vo= +4.75 V1o
+5.25V
Vg Only FS Change,
VDD=5V I +1/2 +1/2 +1/2 LSB
Vgs=-11.4Vto
-15.75 V
DIGITAL CHARACTERISTICS
LOGIC INPUTS
TS, RD, HBEN, CLK IN
V. Input Low Voltage | +0.8 +0.8 +0.8 | Volts
Ve Input High Voltage | +2.4 +2.4 +2.4 Volts
C, Input Capacitance \" 10 10 10 pF
T3, RD, HBEN
l» Input Current V=0tV | +10 +10 +10 nA
CLKIN
I Input Current Vy=0toV,, | +20 20 120 HA
LOGIC OUTPUTS
CLKOUT
V., Output Low Voltage | I, = 1.0 mA | +0.4 +0.4 +0.4 | Volts
Vo, Output High Voltage | lg, e = 200 pA | +4.0 +4.0 +4.0 Volts
D11-D0/8, BUSY
V... Output Low Voltage | I, = 1.6 mA | +0.4 +0.4 +0.4 | Volts
V. Output High Voltage | Iy, . = 200 pA | +4.0 +4.0 +4.0 Volts
D11-D0/8
Floating State Leakage | +10 +10 +10 pA
Current
Floating State Output 1\ 15 15 15 pF
Capacitance
CONVERSION TIME*
SPT7572XXX05
Synchronous Clock fou =2-5MHz | 5 5 us
Asynchronous Clock 48 52| 48 52| 48 5.2 us
SPT7572XXX12
Synchronous Clock fox=1MHz | 125 12.5 125 us
Asynchronous Clock 12 13 12 13 12 13 us
SPT
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Voo =5V, Ve=-15V, T, =T, 10T,

MAX

unless otherwise noted.

TEST TEST SPT7572A SPT7572B SPT7572C UNITS
PARAMETER CONDITIONS LEVEL| MIN TYP MAX MIN TYP MAX [MIN TYP MAX
POWER REQUIREMENTS
Voo ! 4.75 +5 525/ 475 +5 525|475 +5 5.25| Volts
Vs | -10.5 -15 -16.5|-10.5 -15 -16.5/-105 -15 -16.5 Volts
loo AIN=5 V;CS=RD=V,, | 9 15 9 15 9 15 mA
lss AIN=5 V;CS=RD=V,, | 3 5 3 5 3 5 mA
Power Dissipation 100 150 100 150 100 150 mwW
TIMING CHARACTERISTICS °
t, CS to RD Setup Time 1] 0 0 0 ns
t, RD to BUSY Propagation Delay n 45 230 45 230 45 230 |ns
1.8 Data Access Time after RD, CL =20 pF I 50 110 50 110 50 110 |ns
Data Access Time after RD, CL = 100 pF 1] 60 150 60 150 60 150 | ns
t, RD Pulse Width n t3 13 13 ns
t, TS toRD Hold Time n 0 0 0 ns
.6 Data Setup Time after BUSY n 40 90 40 90 40 90 |ns
t77 Bus Relinquish Time I 20 40 75 20 40 75 20 40 75 ns
ty HBEN to RD Setup Time ] 0 0 0 ns
t, HBEN to RD Hold Time n 0 0 0 ns
t Delay Between Successive Read Operations n 200 200 200 ns

Specifications subject to change without notice.

NOTES:
TIncludes internal voltage reference error.

2Full-Scale TC = AFS/AT, where AFS is Full-Scale change from T, = +25°Cto T or T, _

SIncludes internal voltage reference drift.

o

4Conversion time is measured at specified frequency with falling edge of RD coincident to the falling edge of CLK OUT.
STiming Specifications are sample tested at +25 °C to ensure compliance. All input control signals are specified with tr = tf = 5 ns
(10% to 90% of +5 V) and timed from a voltage level of 1.6 V.
6, and t, are measured with the load circuits of Figure 5 and defined as the time required for an output to cross 0.8 V or 2.4 V.
7t, is defined as the time required for the data lines to change 0.5 V when loaded with the circuits of Figure 6.

TEST LEVEL CODES

All electrical characteristics are subject to the following con- |

ditions:

100% production tested at the

specified temperature.

All parameters having min/max specifications are guaran-
teed. The Test Level column indicates the specific device
testing actually performed during production and Quality
Assurance inspection. Any blank section in the data column
indicates that the specification is not tested at the specified
condition.

Unless otherwise noted, all tests are pulsed tests, therefore
T=T,=T,

TEST LEVEL TEST PROCEDURE
Il
temperatures.
I
fied temperatures.
\%
tion data.
Vv

100% production tested at T, = 25°C,
and sample tested at the specified

QA sample tested only at the speci-

Parameter is guaranteed (but not
tested) by design and characteriza-

Parameter is a typical value for
information purposes only.
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Figure 1 - Load Circuits for Access Time

5V
3 kQ
DBNO— O DBN o—I—o‘
3kQ CL
DGND DGND
a. High-ZtoV,, (t) b. High-ZtoV, (t)
andV, toV,, (t) and V,, toV, (t)
5V
Figure 2 - Load Circuits for Output Float Delay
3kQ
DBN O I DBN
3kQ 10 pF 10 pF
DGND 1; DGND
a. V,,toHigh-Z b. V, toHigh-Z
CIRCUIT OPERATION

The SPT7572 is a complete high-speed 12-bit analog-to-
digital converter. The monolithic design contains a 12-bit
DAC with voltage reference, comparator, successive ap-
proximation register (SAR), clock, output buffers and control
circuitry to ensure compatibility with most 8, 16, and 32
microprocessors.

When the control section of the SPT 7572 initiates a conver-
sion, the successive approximation register is reset and data

output buffers enabled. A conversion cycle cannot be re-
started once it has begun.

The internal 12-bit DAC is sequenced by the SAR starting
from the MSB to the LSB during conversion. After testing all
the bits, a 12-bit binary code is contained in the SAR accu-
rately representing the input signal. Control logic then
enables the SAR contents to be loaded in the 12-bit latch for
transfer to the output buffers.

The SPT7572 has a pretrimmed internal bandgap voltage

reference and buffer to assure stable nnnrntmn over all

temperature ranges. The reference is internally connected to
the DAC and can supply up to 550 pA to an external load.

SPT
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SPT7572

CALIBRATION AND CONNECTION PROCEDURES

Figure 3 is an operational diagram showing the minimum
external configuration for the SPT7572 to perform an analog-

Figure 3 - Operational Diagram

to-digital conversion. Note thatthe only external components
required are a crystal/ceramic resonator and four capacitors.

0to+5VInputo———— 1 AIN
-5.25 V \er Output o—I—I— 2 VREF
0.1 uF 10 uF

D—I—II— 3 AGND
K—— 4 DB11

DB10

o——— 6 DB9

o—— 7 DB8
DATA
BIT <

OUTPUTS Oo——— 8 DB7

O——— 9 DB6

o———— 10 DBS

(——— 11 DB4
ﬁ— 12 DGND

Vpp 24 [0 +5V
Vgg 23— -15V
BUSY 22 ———o Status Output

CS 2t|—>

— Control
RD 20 Inputs
HBEN 19—
C1
CLKOUT 18 —1—1
=]
CLKIN 17 —I—i
c2
DBO/8 16 —=°
DB1/9 15— Data
Bit
Outputs

DB2/10 14 [—=°

DB3/11 13 —=°

* 2.5 MHz resonator for 5 us device

1.0 MHz resonator for 12.5 us device

C1 and C2 values depend on characteristics

of resonator. Typical values are 30 to 100 pF

CONTROL INPUTS SYNCHRONIZATION

Data conversion time for the SPT7572 can vary from 12t0 13
clock cycles in applications in which the ADC clock and RD
control input are notin sync. The 12to 13 clock cycles are the
result of the ADC waiting for the first falling CLK IN edge after
conversion start before conversion begins. This means a
worstcase delay is an entire conversion cycle if RD and clock
are not synchronized. If the application requires constant
conversion time, RD must move low on the rising edge of
CLK IN or the falling edge of CLK OUT.

INTERNAL CLOCK OSCILLATOR

Figure 4 shows the proper connection of an external crystal
or ceramic resonator to the SPT7572 to provide a clock
oscillator. ADC timing is achieved by the 50% duty cycle of
the oscillator between CLK IN and CLK OUT. The resonator
can be omitted if an external clock source with a 50% duty
cycle is connected to CLK IN with an inverted CLK IN signal
at CLK OUT.

Figure 4 - Internal Clock Oscillator

SPT7572
C1

CLKOUT 18 _I_|

*

CLK IN 19—I——|

c2

* 2.5 MHz oscillator for 5 us device
1.0 MHz oscillator for 12.5 us device
C1 and C2 values depend on characteristics of the
oscillator. Typically 30 to 100 pF.
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INTERNAL BANDGAP REFERENCE

The SPT7572 has an internal bandgap reference trimmed to
-5.25 V. Pin 2is the V., output which makes up to 550 pA
of current available to an external load with .

if Ve iS Used, a decoupiing capacitor shouid be used to fiiter
noise. Large capacitor values, however, will affect the

dynamic response and stability of the reference. A recom-
mended schematic for decoupling is shown in Figure 5.

Figure 5 - Decoupling Schematic

SPT7572
2 Vger

0.1 uF -,-_Im uF

3 AGND

UNIPOLAR OFFSET AND FULL-SCALE ERROR
ADJUSTMENT

Figure 6 shows the interfacing circuit for unipolar offset and
full-scale error adjustment. This configuration allows for
offset and full-scale error to be adjusted to zero. (Offset is
adjusted before full scale )

Considering zero offset error, an input of +0.5 LSB (0.61 mV)
is applied to V. The op amp is adjusted for code transition
changes atthe ADC output between 0-00 and 0-01. Zero full-
scale error adjustment is done by applying an input of
4.99817 V (FS-3/2 LSBs) to V, and adjusting R1 until the
ADC output code transitions change between 1-10 and 1-11.

Figure 6 - Unipolar 0 to +5 V Operation with Gain Error
Adjust

ViIN h 100 1
Al W AN

SPT7572

R1
2 200 Q
20kQ 3
—AAN ¢ A GND

BIPOLAR OPERATION, OFFSET BINARY AND
COMPLEMENTARY OFFSET BINARY OUTPUT CODE

Bipolar operation with offset binary output code is achieved
using the circuit configuration shown in Figure 8. An op-amp
is used to offset V| by 2.5 V. The transfer function for this
circuit is A, =VIN +2.5 V. The analog input range is 2.5 V
with an LSB=1.22 mV.

Values of R3 and R4 can adjusted for other input signal
ranges. All resistors should be the same type and be made
by the same manufacturer so that temperature coefficients
match. The resistors should be chosen so the full dynamic
range of the ADC (0 to 5 V) is covered at AIN.

Figure 7 - Bipolar Operation, Output Code offset
Binary

R3

619 k2
ViNo———a—— . 1
A A\N
R2
619k

AAA—
V

> Ri
< 13k

2 SPT7572
L, R4 REF
I 13k

0.1 uF 10 uF

BIPOLAR OPERATION, OUTPUT CODE
COMPLEMENTARY OFFSET BINARY

Bipolar operation with complementary offset binary output
code is achieved using the circuit configuration shown in
Figure 8. An op-amp is used to offset V, by 2.5 V. The
transfer function for this circuitis AIN=-V, +2.5 V. The analog
input range is +2.5 V with an LSB of 1.22 mV.

R2 canbe adjusted for other input signal ranges. All resistors
should be the same type and manufacturer so temperature
coefficients match. The resistors should be chosen so the full

dynamic range of the ADC (0 to 5 V) is covered at AIN.

SPT
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Figure 8 - Bipolar Operation, Output Code Offset

Binary
R3
6.19 kQ
R2 AN
6.19 k2 vv
ViN o —AN A s
A1 AN
A
L AGND
R1 K|
1Bk T o T
s 0.1 4F: 10uF SPT7572
VREF
2

BIPOLAR OFFSET AND FULL-SCALE ERROR
ADJUSTMENT

Offset and full-scale errors can be adjusted using the circuit

shown in Figure 9. Offset is adjusted before full-scale error.
The offsetis adjusted by applying .61 mVto V  andtuning R5

TIMING AND CONTROL

DATA FORMAT

The SPT7572 can provide output data in parallel or two-byte
load for 16-bit and 8-bit microprocessors, respectively. The
LSB s always right justified in the digital word. Inthe two byte

until the output code changes between 10-00 and 10-01. The
full-scale error is adjusted by applying 2.49817 volts (last
transition point) and tuning R6 until the output code changes
between 1-10 and 1-11.

Figure 9 - Bipolar Operation with Offset and Gain Error

Adjust
v
INO—— o,
6.19 kQ
R6
500 Q
AN
R4 R2
13kQ < 6.19 kQ
R1
13 ke 2
VReF
0.1 pF 10 pF
3
AGND

read mode, DB7...DB0/8 are used while DB11...DB8 are
ignored. High byte enable (HBEN) controls the digital multi-
plexer so that data can be read in two cycles in 8-bit systems.

DATA BUS OUTPUT, CS AND RD=LOW

Pin4 Pin5 Pin 6 Pin7 Pin8 Pin9 Pin 10 Pin 11 Pin 13 Pin 14 Pin 15 Pin 16
PIN DEFINITION D11 D10 D9 D8 D7 D6 D5 D4 D3/11 D2/10 D1/9 Do/8
HBEN=LOW DB11 DB10 DB9 DB8 DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
HBEN=HIGH DB11 DB10 DB9 DB8 LOW LOW LOW LOW DB11 DB10 DB9 DB8
NAtas N44 NN/Q ara tha ANCO Aata Aitninit nine
INVILTO wii....w/u/0 ailc Uit Nwvw uaia Uul'.lut ’Jllla
DB11...DBO are the 12-bit conversion results; DB11 is the MSB.
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Figure 10 - ROM Mode, Parallel Read Timing and Data Status Diagram.

This eliminates the need for the microprocessor to move into a wait state. This mode allows data to be disregarded if not needed
during a given time period, keeping the CPU out of a wait state. When the SPT7572 minimum conversion time has elapsed,

another READ operation begins. This sequence continues as long as the CS and RD logic initiate READ operations.

BUSY

> el > e gy ——>

> < > <

__/olooata \
DATA ———< ;
DB11-DB0

[\

>l > e

~

/" NEW DATA
DB11-DBO

D11 D10

DATA OUTPUTS D9 D8 D7 D6 D5 Da D311 D2/10 D1/9 Do/8
First Read (Old Data) DbB11 D810 DB9 DB8 DB7 DB6 DBS DB4 DB3 DbB2 DbB1 DBO
Second Read DB11 DB10 DB9 DB8 [o]-74 DB6 DBS DB4 DbB3 DB2 D81 DBO

Figure11 - Slow Memory Mode, Two Byte Read Timing Diagram

Figure 11 is the timing and data output status diagram for the slow memory mode, two byte read. For this application, only data
outputs D7 ... D0/8 are used. Conversionbegins inthe same manner as the slow memory mode, parallel read. New data is placed
onthe databus, butonly the lower 8-bits (D7 ... DO) are read from the ADC. HBEN is moved high to signal a second READ, placing

the high 4-bits on D3/ ... D0/8. During the two READ operations, the four MSBs appear on data outputs D11 ... D8.

W

HBEN

Qi

T T v '
>ty > lg - <' >ty
® T\ . ;
>t < > g >« !y > e
RD \ '
>l — t > > ,
' 0 ' .
o L - L C
> < o€ > e > - > 17
OLD DATA NEW DATA [NEW DATA
DATA \ DB7-DB0 DB7-DBO DB11-DB8
DATA OUTPUTS D7 D6 D5 D4 D311 D210 D1/9 Do/8
First Read (Old Data) pB7 DBé DBS DB4 DB3 DpB2 DB1 DBO
Second Read Low Low Low Low DB11 DB10 DB9 DB8
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SPT7572

Figure 12 - ROM Mode, Two Byte Read Timing Diagram

Figure 12is the ROM mode, two byte read timing and data status diagram. In this mode, the data outputs are segmented using
D7 ... D0/8. The four MSBs are placed on the data bus first, on D3/11 ... D0/8, followed by the lower 8-bits. This sequence
is opposite the slow memory mode, two byte READ.

A //// I\ W

< 'y >ty € i > e <o > Lie

Y

>

e ->~':t<—
\ A

NEW
DB

. OLD DATA \ NEW DATA 4 DAT:
DATA OUTPUTS o7 D6 D5 D4 D3/11 D2/10 D1/9 Do/8
First Read (Old Data) oB7 DBé DB5 DB4 D83 DB2 DB1 DBO
Second Read Low Low Low Low DB11 DB10 DB9 DB8
Third Read DbB7 DBé DBS DB4 DB3 DB2 DB1 DBO

Figure 13 - Slow Memory Mode, Parallel Read Timing Diagram

Figure 13 is the data bus status and timing diagram for the slow memory mode, parallel read. A data conversion is triggered
by CS and RD going low. The SPT7572 acknowledges this conversion by taking BUSY low. The three-state data outputs

hold data from the previous conversion. Atthe end of the conversion when output latches have been updated, BUSY returns
high and the conversion result is placed on data outputs D11...D0/8.

> tor—— lcov— <ty
BUSY ———\ o . \
> € > g < > 1<
NEW DATA NEW DATA \ /
DATA ‘ DB11-DBO DB11-DBO [ \
DATA OUTPUTS D11 D10 D9 D8 D7 D6 D5 D4 D311 D2/10 D19 Do/8
Read DB11 DB10 DB9 DB8 DB7 DBé6 DBS DB4 DB3 DbB2 DB1 DBO
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PIN ASSIGNMENT SPT7572

AN II
VREF [Z
AGND E

DB11 (MSB) E
DB10 ’Z

DB9 E

DB8 |_7__

DB7 lz

DB6 [Z

DB5 E

pBa [ 11 |
DGND E

SPT7572

5] 2123 3] [3]]2 ] ][2 ][]

e

HBEN

CLK OuUT

CLKIN

DB0/8

DB1/9

DB2/10

DB3/11

PIN FUNCTIONS

NAME FUNCTION N
AIN Analog Input E
VREF Voltage Reference Output ?5
AGND Analog Ground

DB11 Data Bit 11, Active when TS and RD are low
DB10 Data Bit 10, Active when CS and RD are low

DB9 Data Bit 9, Active when TS and RD are low

DB8 Data Bit 8, Active when TS and RD are low
DB7 Data Bit 7, Active when TS and RD are low

DB6 Data Bit 6, Active when TS and RD are low

DB5 Data Bit 5, Active when TS and RD are low

DB4 Data Bit 4, Active when TS and RD are low
DGND Digital Ground

DB3/11 Data Bit 3/11, Changes with status of HBEN
DB2/10 Data Bit 2/10, Changes with status of HBEN
DB1/9 Data Bit 1/9, Changes with status of HBEN

DBO0/8 Data Bit 0/8, Changes with status of HBEN

CLKIN Clock Input

CLK OUT Clock Output

HBEN High Byte Enable Input

RD Read Input

CS Chip Select Input

BUSY Busy Output

Vs Negative Supply -15 V

\ Positive Supply +5 V

DD

SPT
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SIGNAL PROCESSING TECHNOLOGIES

HADC77100

8-BIT, 150 MSPS FLASH A/D CONVERTER

FEATURES

+ 150 MSPS Conversion Rate

+ 1/2 LSB Linearity

+ Preamplifier Comparator Design

+ Typical Power Dissipation < 2.2 Watts

GENERAL DESCRIPTION

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

For most applications, no external sample-and-hold is re-

quired for accurate conversion due to the device's narrow
aperture time and wide bandwidth. A single standard -5.2 volt

BLOCK DIAGRAM

APPLICATIONS

« Digital Oscilloscopes

» Transient Capture

- Radar, EW, ECM

« Direct RF Down-conversion

» Medical Electronics: Ultrasound, CAT Instrumentation

power supply is required for operation of the HADC77100,
with nominal power dissipation of 2.2 Watts. The part is
packaged in a 42 Lead Ceramic Sidebrazed DIP which is pin
compatible with the CX20116. Careful attention to the design
and layout has provided a device with better linearity, lower
noise floor, stable input characteristics, and lower data error
rates. The HADC77100 is available in industrial and military
temperature ranges.
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HADC77100

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

Supply Voltages
Negative Supply Voltage (V. TO GND) .......... -7.0t0 +0.5V
Ground Voltage Differential ..............ccccoceveeenne -0.5t0+05V
Input Voltage
Analog Input Voltage ...........ccccoeeniiiiiiniincnnns +0.5Vto V.
Reference Input Voltage .........c.ccccevvvviiienenns +05Vto VvV,
Digital Input Voltage.............. +0.5Vito Vg
Reference Current VRT to VRB .......cccoveiieiiinnnenne. 25 mA
Notes:

tions in typical applications.

ELECTRICAL SPECIFICATIONS

Output
Digital Output Current ...........ccccoevvccecinvinnnnn, 0to -25 mA
Temperature

Operating Temperature, ambient .................... -651t0 +105 °C
case.. .
junction ..........

Lead Temperature, (soldering 10 seconds).
Storage Temperature ...........ccooeeveeviiireennn,

1. Operation at any Absolute Maximum Rating is not implied. See Electrical Specifications for proper nominal applied condi-

Te=Toase=+125 °C, T,=Tyaienr Vee=52 V, Ry, .. =10 ©, VRB=-2.00 V, VRT=0.00 V, f =100 MHz, Duty Cycle=50%, unless otherwise specified.
ROOM HOT coLb
TEST TEST +25 °C Toax Ton
PARAMETERS CONDITIONS LEVEL MIN TYP MAX MIN MAX MIN MAX | UNITS
DC ELECTRICAL CHARACTERISTICS
integrai Linearity, 77100A T,=-2510+85°C i +1/2 +1/2 +1/2 LSB
T,=-55t0 T, | +1/2 13/4 +3/4 LSB
Differential Linearity, 77100A T,=-25t0+85°C Il 172 £1/2 172 LSB
(No missing codes) T,=-55t0 T, | +1/2 +3/4 +3/4 LSB
Integral Linearity, 771008 Il +3/4 13/4 +3/4 LSB
Differential Linearity, 771008 I +3/4 +3/4 +3/4 LSB
(No missing codes)
Offset Error VRT T,=-25t0+85°C I +30 +30 +30 mV
T,=-55t0 T, | +30 +30 +30 mV
Offset Error VRB T,=-25t0 +85°C I +30 +30 +30 mV
T,=-55t0 T, | +30 +30 +30 mV
Input Voltage Range T,=-25t0 +85°C 1] -2.0 0.0 -20 0.0 -20 0.0 Volts
T,=-55t0 T, | -2.0 0.0 -20 0.0 -20 0.0 Volts
Input Capacitance Over full input range 45 pF
Input Resistance 100 kQ
Input Current T,=-25t0 +85°C I 300 500 450 650 KA
T,=-55t T, | 300 500 400 750 HA
Clock Synchronous Vv 40 HA
Input Currents
Supply Current T,=-25t0 +85°C 1] 420 505 525 505 mA
T,=-55t0 T, | 420 505 535 505 mA
Power Dissipation Il 2.18 2.63 2.73 2.63 mA
Ladder Resistance T,=-25t0 +85°C I 100 300 100 300 80 300 Q
T,=-55t0 T, | 100 300 130 300 60 300 Q
Reference Bandwidth Vv 50 MHz
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ELECTRICAL SPECIFICATIONS

o
Te=Tease=*125 °C, T,=T yent Vee=52 V, Ry, =10 Q, VRB=-2.00 V, VRT=0.00 V, f =100 MHz, Duty Cycle=50%, unless otherwise specified. 9
N~
ROOM HOT coLp S
TEST +25°C Touax T (=)
PARAMETERS CONDITIONS LEVEL MIN TYP MAX MIN MAX MIN MAX | UNITS %
DIGITAL CHARACTERISTICS
Output High Voltage 50Qto-2V
T,=-25t0+85°C I -0.98 -0.90 -0.82 -0.89 -0.70 -1.08 -0.91 Volts
T,=-55t0T, | -0.98 -0.90 -0.82 -0.85 -0.66 -1.10 -0.95 Volts
Output Low Voltage 50Qto-2V
T,=-25t0+85°C Il -1.95 -1.80 -1.65 -1.95 -1.65 -1.95 -1.69 Volts
T,=-55t0 T, | -1.95 -1.80 -1.65 -1.95 -1.65 -2.00 -1.70 Volts 3
Input High Voltage (MINV, LINV)| T, =-25 to +85 °C 1} -1.13 -0.81 -1.07 -0.67 -1.19 -0.87 Volts
T,=-551t0 T, | -1.13 -0.81 -1.07 -0.67 -1.22 -0.87 Volts
Input Low Voltage (MINV, LINV) | T, =-25to +85 °C 1l -1.95 -1.48 -1.95 -1.42 -1.95 -1.50 Volts
T,=55t0T | -1.95 -1.48 -1.95 -1.42 -1.95 -1.50 Volts
AC ELECTRICAL CHARACTERISTICS
Maximum Sample Rate T,=-25t0+85°C I\ 125 150 125 125 MSPS
T,=-55t0 T, | 100 150 100 100 MSPS
Clock Low Width, TPWO T,=-25t0+85°C I 5 3 ns
T,=-551t0 T, | 5 3 5 5 ns
Clock High Width, TPW1 T,=-25t10+85°C I 5 3 ns
T,=-55t0 T, | 5 3 5 5 ns
Output Delay, TD Differential Clock Y 3 42 5 ns
Output Delay Tempco Differential Clock \" 15 ps/°C
Large Signal Bandwidth Vin=F.S. \ 100 MHz
Small Signal Bandwidth Vin=500 mV PP \ 175 MHz
Aperture Jitter \Y 12 ps
Aperture Delay Differential Clock
T,=-2510+85°C Vv 0.3 18 23 ns
Aperture Delay Tempco Differential Clock ' 4 ps/°C
Aperture Time \Y <100 ps
Acquisition Time F.S.to +1/2 LSB \ 5 ns
Input Slew Rate \ 800 Vius
Total Dynamic Error Vin = FS @ 3.58 MHz
T,=-25t0+85°C | 442 48 dB
T,=-55t0 T, | 442 48 43.2 435 dB
Total Dynamic Error, 77100A Vin = FS @ 50 MHz
T,=-25t0+85°C | 28.2 33 dB
T,=-55t0 T, | 282 33 27 27 dB
Signal to Noise Ratio Vin = FS @ 3.58 MHz
T,=-25t0+85°C I 46 49 dB
T,=-551t0 T, [ 46 49 45 45 dB
SPT




HADC77100

ELECTRICAL SPECIFICATIONS

To=Tense=+125°C, T,=T ymenr Vee=-5-2 V, Rg,, ., =10 Q, VRB=-2.00 V, VRT=0.00 V, f ,=100 MHz, Duty Cycle=50%, unless otherwise specified.
ROOM HOT COLD
TEST TEST +25°C Toax Ton
PARAMETERS CONDITIONS LEVEL MIN TYP MAX MIN MAX MIN MAX | UNITS
AC ELECTRICAL CHARACTERISTICS
Signal to Noise Ratio, 77100A | Vin = FS @ 50 MHz
T,=-25t0+85°C | 33 38 dB
T,=-551t0T, | 33 38 32.5 325 dB
Total Harmonic Distortion Vin = FS @ 3.58 MHz
T,=-2510 +85°C | 49 dBc
T,=-55t0T, | 49 46 48 49 dBc
Total Harmonic Dist., 77100A Vin = FS @ 50 MHz
T,=-25t0 +85°C | 30 34 dBc
T,=-55t0 T, | 30 34 27 28.5 dBc
Differential Gain NTSC 40 IRE mod. \ 1.0 %
ramp, Fc = 100 MSPS
Differential Phase NTSC 40 IRE mod. Vv 5 DEG
ramp, Fc = 100 MSPS
TEST LEVEL CODES TEST LEVEL TEST PROCEDURE
All electrical characteristics are subject to the following con- | 100% production tested at the
ditions: specified temperature.
Il 100% production tested at T, = 25°C,
All parameters having min/max specifications are guaran- and sample tested at the specified
teed. The Test Level column indicates the specific device temperatures.
testing actually performed during production and Quality 1l QA sample tested only at the speci-
Assurance inspection. Any blank section in the data column fied temperatures.
indicates that the specification is not tested at the specified v Parameter is guaranteed (but not
condition. tested) by design and characteriza-
tion data.
Unless otherwise noted, all tests are pulsed tests, therefore \Y Parameter is a typical value for

T=T,=T,

information purposes only.
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GENERAL DESCRIPTION

The HADC77100 is one of the fastest monolithic 8-bit parallel
flash A/D converters available today. The nominal conver-
sion rate is 150 MSPS and the analog bandwidth is in excess
of 100 MHz. A major advance over previous flash converters
is the inciusion of 256 input preampiifiers between the refer-
ence 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 convertors. The preamplifiers 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 metastable states that can cause
errors at the output.

Figure 5 - HADC77100 Typical Interface Circuit

ELANTEC - EL2004
HARRIS HA2539 . TRANSISTOR

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 1500 pF to reduce external component
needs. The output drive capability of the device can provide
full ECL swings into 50 Q loads.
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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, butto 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 perform-
ance. 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 circuitin Figure 5 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:

V.., AGND, DGND

EE?
V. is the supply pin with AGND as ground for the device. The
power supply pins should be bypassed as close to the device
as possible with at least a .01 uF ceramic capacitor. A 1 uF
tantalum can also be used for low frequency suppression.
DGND is the ground for the ECL outputs and is to be
referenced to the output pulldown voltage and appropriately
bypassed as shown in Figure 5.

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 capaci-
tance 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 transistor.
Very high performance can be achieved by usinga Comlinear
CLC221/231.

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 -1.3 V (see clock input circuit). It may
be leftopenbuta .01 uF bypass capacitor from CLK to AGND
is recommended. The duty cycle of the clock should be kept
at50% to avoid causing larger second harmonics. Ifthisis 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 informa-
tion, see Table Il. Both MINV and LINV are in the logic "low"
(0) state when they are left open. The "high" state can be
obtained by tying to AGND through a diode or 3.9 kQ resistor.

DO TO D7 (DIGITAL OUTPUTS)

The digital outputs can drive 50 Q to ECL levels when pulled
downto-2 V When pulleddown to-5.2 V the outputs can drive
130 Q, to 1 k2 loads.

VRB, VRM, VRT (REFERENCE INPUTS)

There are two reference inputs and one external reference
voltage tap. These are -2 V (VRB), mid-tap (VRM) and
AGND (VRT). The reference pins and tap can be can be
driven by op amps as shown in Figure 5 or VRM may be
bypassed for limited temperature operation. These voltage
inputs can be bypassed to AGND for further noise suppres-
sion if so desired.

N/C

All "Not Connected” pins should be tied to DGND on the left
side of the package and to AGND of the right side of the
package.

Table Il - Output Coding
MINV 0 0 1 1
LINV 0 1 ] 1
ov 111..11 | 100..00 | 011..11 000...00
111..10 | 100...01 011..10 | 000...01
ViN - 100..00 | 111.11 000..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
1:VIH, VOH
O:V,L VOL
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OPERATION

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 in the block diagram.
This voltage is applied to the positive input of each preampli-
fier/comparator pair. An analog input voltage applied at VIN
is connected to the negative inputs of each preamplifier/
comparator pair. The comparators are then clocked through
each one's individual clock buffer. Whenthe CLK pinisinthe
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

TIMING DIAGRAM

comparators, closest to VRT (0 V), 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 4 columns and 4 columns are coded
into 2 MSBs. Next are the MINV and LINV controls for output
inversions which consist of a set of eight XOR gates. Finally,
8 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.

1
- I
! \
\
. _ \
Analog input vin /‘ ! :
\
la—TPW1 _pig—TPWO —pf :
CLK ! \
Clook cik X X X X X
' \
! \
\ \ \
Master D |
: \ N
Comparator output . \ T
! E
|
Slave . X N ":
\ : A
\ . P L
! \
6 bit latch output N v T
X D ,
\ \ M
: ! |
\ ! N
8 bit latch output )¢ \ [} X G
T
\
I l ; /
! \
DataoutputD 5 - D 5 N1 ] XN N+1
T
t
\
_.1 Td *‘_

Dots (¢) in the chart denote respective latch timings.
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SUBCIRCUIT SCHEMATICS

INPUT CIRCUIT

VIN :

VhEe
CLOCK INPUT

AGND

13K%

OUTPUT CIRCUIT

AGND

MINV, LINV INPUT CIRCUIT

DGND

10K%

T
FAT

MINV
LINV 1V
Data Out )
O

BURN-IN CIRCUIT

o TCASE =125°C
VEE /%/ 1N4736
R4 R4
o
VRer 4,1,38,39, 25,26, 17
R3
-2.00 Volts
VRB
23
HADC77100
Vin R2
o——ANM——30.34
CLK  mo
° vy 20 5| LINV
[a)a]
o W% 8% ="
R2 ag< >
CLK J R2
5,6, 15, 16, 29,
31, 33,35, 41, -2.00
R, =500 1/4 Watt CC 5%

R, = 1KQ 1/4 Watt CC 5% —
R3 =6.5Q 1/4 Watt CC 5%
o

R, =06.50
4 X

VReg = -2.00
VEE = -6.6 Volts
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DEFINITION OF TERMS
A/D CONVERTER ERROR SUMMARY

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 1B) while a static DC input level may
appear close to the ideal (Figure 1A). That is why we are
including many dynamic tests as well as the industry standard
DC specifications.

TOTAL DYNAMIC ERROR (EFFECTIVE BITS)

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 mostimportant 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 errors are quantization
error, dynamic differential nonlinearity, missing codes, inte-
gral nonlinearity, total harmonic distortion, aperture uncer-
tainty and noise. Not included are DC specifications such as
offset and gain errors. The result is calculated from the
measured RMS error for the ideal sinewave and the meas-
ured actual RMS error as follows:

eff bits = 8 - log, _actual RMS error
ideal RMS error

Furthermore, total dynamic error (TDE) can be related to
effective bits by the following formula:

TDE(dB) = 1.8 + 6.02 X N(eff bits)
QUANTIZATION ERROR

Quantization error is the fundamental, irreducible error asso-
ciated with the perfect quantizing of a continuous (analog)
signal into a finite number of digital bits (A/D transfer func-
tion). An 8-bit A/D converter can represent 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 quantiza-
tion 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/2M where FSR = full scale range and N = 8. Nonideal
quantization bands represent differential nonlinearity errors
see Figures 1A and 1B.

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 1B shows a differential nonlinearity of 2LSB - 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 condi-
tions. Small, localized differential nonlinearities may be

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 nonlin-
earity. The quantization step width for a missing code is 0
LSB, which results in a differential nonlinearity of -1 LSB.
Figure 1B points out two missed codes in the transfer func-
tion.

Figure 1A - Static Input Conditions
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INTEGRAL NONLINEARITY

Integral nonlinearity is the maximum deviation of the A/D
transfer function from a best fit straight line (Figure 2A).
Integral nonlinearity does not include any gain or 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 1B shows an integral nonlinearity
error of 2 LSBs. The HADC77100's integral nonlinearity can
be improved by using the external reference ladder tap as
shown in Figure 5. The resulting effect on the linearity is
shown in Figure 2B.

Figure 2A - Linearity Curve with no TAP adjustment
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Figure 2B - Linearity Curve with TAP Forced to within
.05 mV of Ideal
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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 con-
verter. The approximate voltage error due to aperture uncer-
tainty depends on the slew rate of the signal at the sample
point see Figure 2C.

Asinany 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 = 2 it

By calculating the aperture time for a given system accuracy
and comparing itto the aperture time specification of the flash
converter, the need for a track and hold can be determined.
The graph in Figure 3 summarizes required aperture time for
8-bit resolution high speed converters using sinusoidal wave-
forms.

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 10 MHz, then from Figure 3 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 70 ps. 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 70 ps.

Aperture time and delay are very difficult to measure. How-
ever, these values are needed to make intelligent design
decisions. SPT supplies these values for the HADC77100
based on both computer design simulations and verified by

characterization of samples.
T Figure 2C - Aperture Uncertainty
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Figure 3 - Aperture Time - Sinewaves
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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 1.

HISTOGRAM TESTING

in histogram testing, a full scale sinewave of specified fre-
quency 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 occurrence
alongthe y-axis. Above each possible output code (the x-axis
is from 0 to 256), a point is plotted whose height is propor-
tional 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 - V?) 12

where A is the peak amplitude of the sinewave and p(V) is the
probability of an occurrence ata 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 4.

Figure 4 - Histogram Testing
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Inthe histogram test, the 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.

FAST FOURIER TRANSFORM TESTING

The Discrete Fourier Transform (DFT) is another useful tool
for evaluating A/D converter dynamic performance. Imple-
mented using a Fast Fourier Transform algorithm, the DFT
converts a finite time sequence of sampled data into the
frequency domain. From the frequency domain representa-
tion of the data, the linearity of the A/D converter's dynamic
transfer function may be measured. Harmonics of the input
sinewave, caused by the integral nonlinearity, are aliased
into the baseband spectrum and can be readily identified and
measured. Additional effects can be measured as shown in
Table I.

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 calculated by software. The
sinewave is in the form:

Asin(2 nft+6)+DC

where A, f, g, DC are the parameters which are selected for
a best fit to the data. The idealized best fit sinewave,

A,sin(2 nf t+6,)+DC,
is then subtracted from the digitized time record. The RMS

errors are then calculated and the effective bits specification
is found.
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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, Af, is observed. Differential
nonlinearities show up as nonuniform horizontal lines in the
observed beat frequency waveform and missing codes show
up as gaps.

Table | - Tests

DYNAMIC EVALUATION

POWER DESIGN
P340

outr FLUKE 60608

> 1> (o
& la |z
<o (6

12V
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1)
5

=

OPTION 130

FLUKE 60608

out
HP 8082A

OUT CARD WALATCH

DATA LATCH

CLK

EXT
HP 80824

REF-OUT

REF-IN

CLK-N sV

INPUT

IN4ECL HP 62168

HP 8182A HPIB

DATA ANALYZER

HP 9836
CONTROLLER

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 Nonlinearity Yes-shows up as spikes. Yes-shows up as Yes-part of Yes

elevated noise floor. RMS error

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

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 RMS error
ramp waveform). fundamental aliased
into baseband.
AAperature Uncertainty No-averaged out. Can be Yes-shows up as Yes-part of No
measured with "phase elevated noise floor. RMS error
locked" histrogram.

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 of No No No

distribution average.
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CHARACTERIZATION GRAPHS
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PIN ASSIGNMENT HADC77100

TOP VIEW

VEE
N/C
LINV
VEE
AGND
DGND
DO(LSB)
D1
D2
D3
D4
D5
D6
D7(MSB)
DGND
AGND
VEE
MINV
N/C
CLK
CLK

S = ~ = = = = = = - -
!HHH - 2 il > hed i el =] > i - e "~ -

PIN FUNCTIONS HADC77100

NAME
V

EE

LINV

DGND
Do
D1~D6
D7
MINV
CLK
CLK

VRB

AGND

VIN

VRM

VRT

FUNCTION
Negative Supply Nominally -5.2 V

DO through D6 Output Inversion Control
Pin

Digital Ground

Digital Data Output (LSB)
Digital Data Output

Digital Data Output (MSB)
D7 Output Inversion Control
ECL Clock Input Pin

ECL Clock Input Pin

Reference Voltage Bottom Nominally
20V

Analog Ground

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

Reference Voltage Tap Middle

Reference Voltage, Top Nominally 0.0 V

3-82

SPT




THIS PAGE INTENTIONALLY LEFT BLANK

SPT

3-83




PSPT

SIGNAL PROCESSING TECHNOLOGIES

EXCELLENCE IN
DATA CONVERSION
AND
SIGNAL PROCESSING

3-84

SPT




ASPT

SIGNAL PROCESSING TECHNOLOGIES

HADC77200

8-BIT, 150 MSPS FLASH A/D CONVERTER

FEATURES

150 MSPS CONVERSION RATE

1/2 LSB Linearity

Preamplifier Comparator Design
Typical Power Dissipation < 2.2 Watts

.
.
.

.

GENERAL DESCRIPTION

The HADC77200 is a monolithic flash A/D converter capable
of digitizing a 2 volt analog input signal with full scale
frequency components to 50 MHz into 8-bit digital words at a
150 MSPS (TYP) 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 HADC77200, with nominal power
dissipation of 2.2 watts.
(FORCE OR
SENSE)
IALOG

VATF  INPUT DGND

APPLICATIONS

Digital Oscilloscopes
Transient Capture
Radar, EW

The part is packaged in a 48 lead ceramic sidebrazed DIP.
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 atten-
tion to design and layout has provided a device with a low
noise floor, stable input characteristics, and low data error
rate. The HADC77200 is available in industrial and military
temperature ranges.
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ABSOLUTE MAXIMUM RATINGS (Beyond which damage may occur)' 25 °C

Supply Voltages Output
Negative Supply Voltage (V¢ TO GND)............... -7.0t0 +0.5V Digital Output Current.........cccceeevvevveciininieiniens 0to-25 mA
Ground Voltage Differential................ccooenvirnnn -0.5to +0.5V

Temperature

Input Voltage Operating Temperature, ambient..........c.c..coee... -65to +105 °C
Analog Input Voltage..........ccoccoeviiiiiiiicnienn. +0.5Vto V. CASE...veieeeriiieeet et +125°C
Reference Input Voltage.. . +0.5Vto V. junction..... +150 °C
Digital Input Voltage............... . +0.5Vito Vi, Lead Temperature, (soldering 10 seconds)................... +300 °C
Reference Current VRTto VRB........ccoeeviiiiciiiin 25 mA Storage Temperature ..........c.ccoeverevveeiinieiencnn, -65to +150 °C
Tap Reference Current...........ccoevviiciniiinnnns -6 to +6 mA

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

ELECTRICAL SPECIFICATIONS

To=Tense=+125 °C, T,=Tpenn Vee=5-2 V, Ry, =10 Q, VRB=-2.00 V, VRT=0.00 V, f =100 MHz, Duty Cycle=50%, unless otherwise specified.
ROOM HOT CcoLD
TEST TEST +25°C Toax Tun
PARAMETERS CONDITIONS LEVEL MIN TYP MAX MIN MAX MIN MAX | UNITS
DC ELECTRICAL CHARACTERISTICS
Integral Linearity, 77200A T,=-25t0 +85°C Il +1/2 +1/2 +1/2 LSB
T,=-55t0T, | +1/2 +3/4 +3/4 LSB
Differential Linearity, 77200A T,=-25t0+85°C It £1/2 £1/2 £1/2 LSB
(No missing codes) T,=-55t0T, | +1/2 +3/4 +3/4 LSB
Integral Linearity, 77200B I +3/4 +3/4 +3/4 LSB
Differential Linearity, 77200B Il +3/4 +3/4 +3/4 LSB
(No missing codes)
Offset Error VRT T,=-25t0+85°C Il +30 +30 +30 mvV
T,=-55t0T, | +30 +30 +30 mV
Offset Error VRB T,=-25t0+85°C I +30 +30 +30 mvV
T,=-55t0 T, [ +30 +30 +30 mv
Input Voltage Range T,=-25t0+85°C Il -2.0 0.0 2.0 0.0 -20 0.0 Volts
T,=-55t0T, | -2.0 0.0 -2.0 0.0 -20 0.0 Volts
Input Capacitance Over full input range \ 45 pF
Input Resistance \ 100 kQ
Input Current T,=-25t0+85°C Il 300 500 450 650 HA
T,=-551t0 T, | 300 500 400 750 HA
Clock Synchronous \' 40 HA
Input Currents
Supply Current T,=-2510+85°C I 420 505 525 505 mA
T,=-55t0 T, | 420 505 535 505 mA
Power Dissipation Il 2.18 2.63 2.73 2.63 mA
Ladder Resistance T,=-25t0+85°C I 100 300 100 300 80 300 Q
T,=-55t0 T, | 100 300 130 300 60 300 Q
Reference Bandwidth \ 50 MHz
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ELECTRICAL SPECIFICATIONS

Te=Tease=*125 °C, T,=T yenr Vee=5-2V, Rg,,, =10 Q, VRB=-2.00 V, VRT=0.00 V, f ,=100 MHz, Duty Cycle=50%, unless otherwise specified.
ROOM HOT coLD

TEST +25°C Toax Tun
PARAMETERS CONDITIONS LEVEL MIN TYP MAX MIN MAX MIN MAX | UNITS
DIGITAL CHARACTERISTICS
Output High Voltage 50Qto-2V

T,=-25t0+85°C I -0.98 -0.90 -0.82 -0.89 -0.70 -1.08 -0.91 Volts

T,=-55t0 T, | -0.98 -0.90 -0.82 -0.85 -0.66 -1.10 -0.95 Volts
Output Low Voltage 50Qto-2V

T,=-25t0 +85°C I -1.95 -1.80 -1.65 -1.95 -1.65 -1.95 -1.69 Volts

T,=-55t0 T, | -1.95 -1.80 -1.65 -1.95 -1.65 -2.00 -1.70 Volts
Input High Voltage (MINV, LINV)| T, =-25to +85 °C Il -1.13 -0.81 -1.07 -0.67 -1.19 -0.87 Volts

T,=-55t0 T, | -1.13 -0.81 -1.07 -0.67 -1.22 -0.87 Volts
Input Low Voltage (MINV, LINV) | T, =-25to +85 °C 1l -1.95 -1.48 -1.95 -1.42 -1.95 -1.50 Volts

T,=-55t0T, | -1.95 -1.48 -1.95 -1.42 -1.95 -1.50 Volts
AC ELECTRICAL CHARACTERISTICS
Maximum Sample Rate T,=-251t0+85°C v 126 150 125 125 MSPS

T,=-55t0 T, I 100 150 100 100 MSPS
Clock Low Width, TPWO0 T,=-25t0+85°C | 5 3 ns

T,=-55t0 T, | 5 3 5 5 ns
Clock High Width, TPW1 T,=-25t0 +85°C | 5 3 ns

T,=-55t0 T, | 5 3 5 5 ns
Output Delay, TD T,=-25t0 +85°C | 3 42 5 ns
Differential Clock T,=-55t0 T | 3 42 5 4 7 3 4.5 ns
Output Delay Tempco
Differential Clock B o \% 15 ps/°C
Data Ready Delay T,=-2510 +85°C | 3 4 ns
Differential Clock T,=-55t0 T, | 3 4 5 38 7 35 45 ns
Output Rise Time 10 to 90% T,=-25t0 +85°C | 13 19 24 ns
50Qto -2V T,=-55t0T, [ 1.3 19 24 13 4 5 22 ns
Output Fall Time 10 to 90% T,=-2510+85°C | 1.1 15 22 ns
50 Qto-2V T,=5510T, [ 1115 22 11 4 5 22 ns
Large Signal Bandwidth Vin =F.S. 100 MHz
Small Signal Bandwidth Vin=500 mV PP 175 MHz
Aperture Jitter 12 ps
Aperture Delay Differential Clock

T,=-25t0+85°C | 03 18 23 ns

T,=-55t0T. | 03 1.8 23 03 28 03 20 ns
Aperture Delay Tempco Ditferential Clock Vv 4 ps/°C
Aperture Time \ <100 ps
Acquisition Time F.S.to £1/2 LSB Vv 5 ns
Input Slew Rate \ 800 Vius
SPT 287
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ELECTRICAL SPECIFICATIONS

Te=Tonse=+125 °C, T,=Tpygenr: Vee=5-2 V. Ry, =10 Q, VRB=-2.00 V, VRT=0.00 V, f , =100 MHz, Duty Cycle=50%, unless otherwise specified.
ROOM HOT coLD
TEST TEST +25°C Toiax Tun
PARAMETERS CONDITIONS LEVEL MIN TYP MAX MIN MAX MIN MAX | UNITS
AC ELECTRICAL CHARACTERISTICS
Total Dynamic Error V,=FS@ 1 MHz
T,=-2510+85°C | 45 48 dB
T,=-551t0T, [ 45 48 442 442 dB
Total Dynamic Error V,=FS@ 25MHz
T =-25t0 +85 °C | 36.7 38 dB
T =-55t0 T, I 36.7 38 36.2 36.2 dB
Total Dynamic Error, 77200A V,=FS @ 50 MHz
T =-25t0 +85°C | 295 33 dB
T =-55t0 T, | 295 33 29.2 29.2 dB
Signal to Noise Ratio V,=FS@1MHz
TA =-2510 +85 °C [ 46.5 49 dB
T,=-55t0T, | 46.5 49 45 45 dB
Signal to Noise Ratio V, =FS @ 25 MHz
T =-25t0 +85°C | 425 46 dB
T =-55t0T, [ 425 46 41 41 dB
Signal to Noise Ratio, 77200A | V, =FS @ 50 MHz
T =-25t0 +85°C | 33 38 dB
T =-55t0 T, | 33 38 325 325 dB
Total Harmonic Distortion V,=FS@ 1 MHz
T =-25t0 +85°C | 52 56 dB
T =-55t0 T, [ 52 56 50.5 52 dB
Total Harmonic Distortion V,=FS @ 25MHz
T =-25t0 +85 °C | 38 39 dB
T =-551t0 T, | 38 39 36.5 38 dB
Total Harmonic Dist, 77200A V,, = FS @ 50 MHz
T =-25t0 +85°C | 32 34 dB
T =-55t0 T, | 32 34 30.5 32 dB
TEST LEVEL CODES TEST LEVEL TEST PROCEDURE
All electrical characteristics are subject to the following conditions: | 100% production tested at the specified
. . I temperature.
All parameters having min/max specifications are guaranteed. The M 100% production tested at T, = 25 °C, and
Test Level column indicates the specific device testing actually sample tested at the specifieAd temper’atures.
performed during production and Quality Assurance inspection. QA sample tested only at the specified
Any blank sections in the data columns indicates that the specifica- m temperatures.
tion is not tested at the specified condition. Parameter is guaranteed (but not tested) by
. . v design and characterization data.
Unless otherwise noted, all tests are performed after die reaches Parameter is a typical value for information
operating temperature. v purposes only.
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Timing Diagram
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DEFINITION OF TERMS
A/D CONVERTER ERROR SUMMARY

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 1B) while a static DC input level may
appear close to the ideal (Figure 1A). That is why we are
including many dynamic tests as well as the industry standard
DC specifications.

TOTAL DYNAMIC ERROR (EFFECTIVE BITS)

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

dald is t ed as Usabie | ouipu eralls

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 errors are quantization
error, dynamic differential nonlinearity, missing codes, inte-
gral nonlinearity, total harmonic distortion, aperture uncer-
tainty and noise. Notincluded are DC specifications such as
offset and gain errors. The result is calculated from the
measured RMS error for the ideal sinewave and the meas-
ured actual RMS error as follows:

eff bits = 8 - log, actual RMS error
ideal RMS error

Furthermore, total dynamic error (TDE) can be related to
effective bits by the following formula:

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

SPT
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QUANTIZATION ERROR

Quantization error is the fundamental, irreducible error asso-
ciated with the perfect quantizing of a continuous (analog)
signal into a finite number of digital bits (A/D transfer func-
tion). An 8-bit A/D converter can represent an input voltage
with a best case uncertainty of 1 partin 28 (1 part in 256). In
real A/Ds under dynamic operating conditions, the quantiza-
tion 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. Nonideal
quantization bands represent differential nonlinearity errors
see Figures 1A and 1B.

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 1B shows adifferential 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 condi-
tions. 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 nonlin-
earity. The quantization step width for a missing code is 0
LSB, which results in a differential nonlinearity of -1 LSB.
Figure 1B points out two missed codes in the transfer func-
tion.

Figure 1A - Static Input Conditions
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Figure 1B - Dynamic Conditions
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INTEGRAL NONLINEARITY

Integral nonlinearity is the maximum deviation of the A/D
transfer function from a best fit straight line (Figure 2A).
Integral nonlinearity does not include any gain or 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 1B shows an integral nonlinearity
error of 2 LSBs. The HADC77200's integral nonlinearity can
be improved by using the external reference ladder taps as
shown in Figure 5. The resulting effect on the linearity is
shown in Figure 2B.

Figure 2A - Linearity Curve with no TAP adjustment
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Figure 2B - Linearity Curve with TAP Forced to Within

.5 mV of Ideal
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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 con-
verter. The approximate voltage error due to aperture uncer-
tainty depends on the slew rate of the signal at the sample
point see Figure 2C.

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 = 2 i,

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 3 summarizes required aperture time for
8-bit resolution 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 10 MHz, then from Figure 3 it
canbe determined thatto assure less than 8-bits of error due
to aperture alone, the A/D converter must have an aperture
time of less than 70 ps. Most data sheets do not state

aperture time so usually a sample and hold is used. Unfor-
tunately, the sample and holds generally available today are
not faster than 70 ps.

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

Figure 2C - Aperture Uncertainty
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Figure 3 - Aperture Time - Sinewaves
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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 I.

HISTOGRAM TESTING

In histogram testing, a full scale sinewave of specified fre-
quency 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 occurrence
along the y-axis. Above each possible output code (the x-axis
is from 0 to 256), a point is plotted whose height is propor-
tional 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) = 1
ATV

where Ais the peak amplitude of the sinewave and p(V) is the
probability of an occurrence ata 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 4.

Figure 4 - Histogram Testing

Missing Codes

Large
Differential
Nonlinearity

Reconstructed

Sinewave
Histogram

In the histogram test, the 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.

FAST FOURIER TRANSFORM TESTING

The Discrete Fourier Transform (DFT) is another useful tool
for evaluating A/D converter dynamic performance. Imple-

mented using a Fast Fourier Transform algorithm, the DFT
converts a finite time sequence of sampled data into the
frequency domain. From the frequency domain representa-
tion of the data, the linearity of the A/D converter's dynamic
transfer function may be measured. Harmonics of the input
sinewave, caused by the integral nonlinearity, are aliased
into the baseband spectrum and can be readily identified and
measured. Additional effects can be measured as shown in

Tahla |
1AuIT 1.

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 calculated by software. The
sinewave is in the form:

Asin(2 nft+6)+DC

where A, f, 8, DC are the parameters which are selected for
a best fit to the data. The idealized best fit sinewave,

Asin(2 nf t+8,)+DC,

is then subtracted from the digitized time record. The
rms errors are then calculated and the effective bits specifi-
cation 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, Af, is observed. Differential
nonlinearities show up as nonuniform horizontal lines in the
observed beat frequency waveform and missing codes show

up as gaps.
DYNAMIC EVALUATION
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Tablel- Tests

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 CURVEFIT | TEST

Difterential 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

Hegréi 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

Aperture Uncertainty 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

peak of distribution.

Offset Errors Yes-shows up in offset No No

of distribution average.

GENERAL DESCRIPTION

The HADC77200 is the fastest monolithic 8-bit parallel flash
A/D converter available today. The minimum conversion rate
is 150 MSPS and the analog bandwidth is in excess of 100
MHz. A major advance over previous flash converters is the
enclosed 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 preamplifiers also add a gain of six to the input
signal 'so that each comparator has a wider overdrive or
threshold range of "trip" into or out of the active state. This
gain reduces metastable states that can cause errors at the
output.

An additional advantage of the HADC77200 over similar
devices is a better integral linearity specification over the

parts entire usable range. The center reference ladder taps
are optional as needed to further improve 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 1500 pF to reduce external component
needs. The output drive capability of the device can provide
full ECL swings into 50 Q loads.

SPT

3-93

HADC?77200



HADC77200

FIGURE 5 - HADC77200 Typical Interface Circuit
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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, butto achieve the best operation adouble sided PC
board with a ground plane on the component side separated
into digital and analog sections will give the best perform-
ance. 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.

—
wh

The circuit in Figure 5 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:
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V.., AGND, DGND

EE’
V. is the supply pin with AGND as ground for the device. The
power supply pins should be bypassed as close to the device
as possible with at least a .01 pF ceramic capacitor. A 1 uF
tantalum can also be used for low frequency suppression.
DGND is the ground for the ECL outputs and is to be
referenced to the output pulidown voltage and appropriately
bypassed as shown in Figure 5.

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. This makes
the device easier to drive because it has constant capaci-
tance 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 transistor.
Very high performance can be achieved by usinga Comlinear
CLC221/231.

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 -1.3 V. (See clock input circuit.) It may

be leftopenbuta .01uF bypass capacitor from CLK to AGND
is recommended. The duty cycle of the clock should be kept
at 50% to avoid causing larger second harmonics. Ifthisis 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 informa-
tion, see Table Il. 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 AGND1 through a diode or 3.9 kQ
resistor.

DO TO D7 (DIGITAL OUTPUTS)
The digital outputs can drive 50 Q to ECL levels when pulled

downto-2V. When pulled down to -5.2 V the outputs candrive
130 Q to 1 kQ loads.

Table Il -  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 | 111..11 | 000..00 | 011..11
011...11 000...00 11111 100...00

100...01 111...10
100...00 1111

. 000...01 011...10
-2V 000...00 011...11

1V v

oV I VOL

VRBF, VRBS, VR1, VR2, VR3, VRTF, VRTS
(REFERENCE INPUTS)

These are five external reference voltage taps from -2V
(VRB) to AGND (VRT) which can be used to control integral
linearity over temperature. The taps can be driven by op
amps as shown in Figure 5. These voltage level inputs can
be bypassed to AGND for further noise suppression if so
desired. VRB and VRT have "force" and "sense" pins for
monitoring the top and bottom voltage references.

DREAD (DATA READY), DRINV (DATA READY
INVERSE)

The data ready pinis 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
tobe 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 (see Timing Diagram).

D8 (Overrange)

This is an overrange function. When the HADC77200is in an
overrange condition, D8 goes high and all data outputs go
highaswell. This makes it possible toinclude the HADC77200
into higher resolution systems.

N/C

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

SPT
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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.
This voltage is applied to the positive input of each preampli-
fier/comparator pair. An analog input voltage applied at VIN
is connected to the negative inputs of each preamplifier/
comparator pair. The comparators are then clocked through
each one's individual clock buffer. Whenthe CLK pinisinthe
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 (0 V), down to the point where
the magpnitude 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

CHARACTERIZATION GRAPHS

Signal To Noise (dB)

0 5 10 15 20 25 30 35 40 45 50
Analog Input Frequency (MHz)

Output Delay (nsec)
o

55 -35 15 85 105 125

5 25 45 65
Temperature (Deg C)

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 4 columns and 4 columns are coded
into 2 MSBs. Next are the MINV and LINV controls for output
inversions which consist of a set of eight XOR gates. Finally,
8 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.

Aperture Delay (nsec)
~
°

55 35 15 5 25 45 65 85 105 125
Temperature (Deg C)

40

30

Output Rise & Fall Time (nsec)

5 25 45 65 85 105 125
Temperature (Deg C)

IS

w

Data Ready Delay (nsec)

65 85 105 125

55 -3 15 5 25 45
Temperature (Deg C)
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SUBCIRCUIT SCHEMATICS

INPUT CIRCUIT
AGND
vr
VIN
VEE
CLOCK INPUT
AGND
1.3V
cLK
0
13K0
CIK
0= :
13KQ
Ve
DRINV, MINV, LINV INPUT CIRCUIT
AGND
1.3V
Vee

OUTPUT CIRCUIT
AGND

DGND

Data Out

BURN-IN CIRCUIT

Toase =125°C

0

o
Analog and Digital Supply
5,20,25,31.32,42,43 48
VRer R4 %
<
R3
Vrs -2.00 Volts
28,29
R1 J
333
8
NC -| 333741 9
10
¥ A2 S 11
«
o—— AM——1 3439 E 12
g 13
I 14
15
16
CLK R2 7
<>—\N\,j 22 4| ENY
21
O'_N\/_—‘ 23 %) MINV]
= 3
CLK R2 3 DRINV
— R2
Z|Z|E=
g2
-2.00 Volts

R1 =50 Q 1/4 Watt CC 5%
R2 = 1kQ 1/4 Watt CC 5%
R3 =6.5Q 1/4 Watt CC 5%
R4 = 3.25 Q 1/2 Watt CC 5%
VReF = -2.00 Volts

VEE =-6.6 Volts

—1

R1
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PIN ASSIGNMENT HADC77200 PIN FUNCTIONS HADC77200

TOF viEw NAME FUNCTION
l 1 [ NC VEE | 48 I VEE Negative Supply Nominally -5.2 V
I o> | N/C AGND | 47 | LINV DO through D6 Output Inversion Control Pin
E‘ DRINV AGND E DREAD Data Ready Output
‘ DGND Digital Ground
| 4 | LINV VRTS | 45 I
AGND Analog Ground
| 5 | VEE VRTF | 44 I - ;
DO Digital Data Output Pin 1 (LSB)
| 6 | AGND VEE | 43 | D1-D6 Digital Data Output Pin 7
| 7 | DGND VEE |42 | D8 Overrange Output
| 8 | DREAD VR3 | 41 I MINV D7 Output Inversion Control Pin
E D1 VIN ? al—( ECL Ciock input Pin
DRINV Data Ready Inverse
[11] o2 AGND |38 |
VRBS Reference Voltage Bottom, Sense
12| D3 VR2 | 37 I Nominally -2.0 V.
13 | D4 AGND |36 I VRBF  Reference Voltage Bottom, Force, Nominally-2.0 V
| 14 | D5 VIN | 35 | VIN Analog Input, connected to the input signal or used
as Sense
15| D6 AGND E VR1 Reference Voltage Tap 1
16 | D7 (MSB) VR1 |33 VR2 Reference Voltage Tap 2
II 17 | D8 (OVERRANGE) VEE [32| VR3S  Reference Voltage Tap 3
| 18 | DGND VEE | 31 VRTS Reference Voltage Top, Sense, Nominally -2.0 V
E ‘ inally -2.
19 | AGND NG | 30 VRTS  Reference Voltage Top, Force, Nominally -2.0 V
| 20 | VEE VRBF | 29
| 21 | MINV VRBS |28
| 22 | CLK AGND | 27 |
| 23 | CLK AGND | 26 I
'I 24 1 N/C VEE 1 25 ll

w
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ASPT

SIGNAL PROCESSING TECHNOLOGIES

SPT7810

10-BIT, 20 MHz A/D CONVERTER

FEATURES

+ Monolithic 20 MSPS Converter
+ On-Chip Track/Hold

« Bipolar +2.0 V Analog Input

» 57 dB SNR @ 3.58 MHz Input
« Low Power (1.3 W Typical)

+ 5 pF input Capacitance

« ECL Outputs

GENERAL DESCRIPTION

The SPT7810 A/D converter is a 10-bit monolithic converter
capable of word rates of up to 30 MSPS. On board track/hold
function assures excellent dynamic performance without the
need for external components. Drive requirement problems

are minimized with an input capacitance of only 5 pF.

Inputs and outputs are ECL to provide a higher level of noise
immunity in high speed system applications. An overrange
output signal is provided to indicate overflow conditions.

BLOCK DIAGRAM

Output data format is straight binary. Power dissipation is
very low at only 1.3 watts with power supply voitages of +5.0
and -5.2 volts. The SPT7810 also provides a wide input
voltage swing of +2.0 volts.

The SPT7810 is available in a small 28-lead ceramic
sidebrazed DIP package and in die form. An industrial
temperature range of -25 to +85 °C is currently offered with
military temperature and /883 processed units to be available

PRELIMINARY INFORMATION
APPLICATIONS

Medical Imaging
Professional Video
Radar Receivers
Instrumentation
Electronic Warfare

Digital Communications

in the near future.
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SPT7810

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

Supply Voltages

Input Voltages
Analog Input
Ve V
Reference Ladder Current ............ccooeevviiiiiinecen, 12 mA

Note: 1.
applied conditions in typical applications.

ELECTRICAL SPECIFICATIONS

T,=425 °C, V =+5.0V, Ve =-52 V, V,=+2.0V, V=25V, V, =425V, f

clock

Output

Digital Outputs ..................

Temperature

Operating Temperature .....

Junction Temperature

Lead Temperature, (soldering 10 seconds)
Storage Temperature ........

=20 MHz, unless otherwise specified.

0to-30 mA
-65t0 +150 °C
..175°C

-65to +150 °C

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

TEST TEST SPT7810A SPT7810B
PARAMETERS CONDITIONS LEVEL | MIN TYP MAX | MIN TYP MAX | UNITS
Resolution 10 10 Bits
DC Accuracy
Integral Nonlinearity I +1.0 1.5 LSB
Differential Nonlinearity Il +0.5 +0.75 LSB
No Missing Codes Guaranteed
Analog Input
Input Voltage Range I +2.0 +2.0 \
Input Bias Current 1l 30 40 30 40 uA
Input Resistance V,=0V 1] 300 300 KQ
Input Capacitance \ 5 5 pF
Input Bandwidth 3 dB Small Signal \ 120 120 MHz
+FS Error +2.0 +2.0 LSB
-FS Error +2.0 +2.0 LSB
Midscale Error +0.5 +0.5 LSB
Reference Input
Reference Ladder Resistance Il 500 800 500 800 Q
Reference Ladder Tempco Vv 0.8 0.8 Q/°C
Reference Ladder Bandwidth \ 50 50 MHz
Conversion Characteristics
Maximum Conversion Rate 1] 20 20 MHz
Output Delay 4 4 ns
Acquisition Time 20 20 ns
Aperture Delay Time 1 1 ns
Aperture Jitter Time 5 5 ps-RMS
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ELECTRICAL SPECIFICATIONS

T,=+25°C, V =+5.0 V, V=62V, V,

INT

=20V, V=25V, V, =425V, f

clock

=20 MHz, unless otherwise specified.

TEST TEST SPT7810A SPT7810B
PARAMETERS CONDITIONS LEVEL | MIN TYP MAX | MIN TYP  MAX | UNITS
Dynamic Performance
Effective Bits
fin=1 MHz 9.0 8.5 Bits
fin=3.58 MHz 8.8 8.3 Bits
fin=10 MHz 75 7.0 Bits
Signal-To-Noise Ratio
(without Harmonics)
fin=1 MHz I 57 59 54 56 dB
fin=3.58 MHz 1] 56 58 53 55 dB
fin=10 MHz I 50 53 47 49 dB
Total Dynamic Error
fin=1 MHz I 55 56 52 53 dB
fin=3.58 MHz I 54 55 51 52 dB
fin=10 MHz I 44 47 41 44 dB
Harmonic Distortion
fin=1 MHz 64 Distortion BINS from I 57 59 54 56 dB
fin=3.58 MHz 4096 pt FFT I 56 58 53 55 dB
fin=10 MHz I 46 48 43 45 dB
Digital Inputs
Logic "1" Voltage \ -1.1 1.1 \
Logic "0" Voltage v -1.5 15|V
Maximum Input Current Low Il -500  +200 +750 | -500 +200 +750| pA
Maximum Input Current High I -500  £300 +750 | -500 +300 +750| pA
Pulse Width Low (CLK) 20 20 ns
Pulse Width High (CLK) 20 300 20 300 | ns
Digital Outputs
Logic "1" Voltage 50Qto-2V 1] -1.1 -0.8 -1 -0.8 v
Logic "0" Voltage 50Qto-2V Il -1.8 -1.5 -1.8 15|V
Power Supply Requirements
Voltages V. vV +4.5 +55 | +45 +55|V
Vee [\ -4.7 5.7 -4.7 571V
Currents | Il 140 170 140 190 | mA
lee Il 115 140 115 160 | mA
Power Dissipation Outputs Open 1] 13 1.6 1.3 18| W
Power Supply Rejection Ratio 70 70 dB
SPT 3-103
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Figure 1A: Timing Diagram

(N is the first rising edge of the CLK after the device is powered up)

N N+1 N+2

T

TRTRIRTRIRILLL XL ST LKL LSLLLLTLTTY ¢

SRR AL RARRHXHHAAX KA

OSJ;%JT asasosatesatetotetetotelosetetoselotetetotetoetetotetel) DAT ANVALID DATQ V1AL|D
4 +

CLK

b
OUTPUT XXXX

DATA XXX DATA VALID
SRR

TEST LEVEL CODES TEST LEVEL TEST PROCEDURE
All electrical characteristics are subject to the following con- | 100% production tested at the
ditions: specified temperature.

l 100% production tested at T,=25 °C,
All parameters having min/max specifications are guaran- and sample tested at the specified
teed. The Test Level column indicates the specific device temperatures.
testing actually performed during production and Quality 1} QA sample tested only at the speci-
Assurance inspection. Any blank section in the data column fied temperatures.
indicates that the specification is not tested at the specified v Parameter is guaranteed (but not
condition. tested) by design and characteriza-

tion data.
Vv Parameter is a typical value for

information purposes only.
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TYPICAL INTERFACE CIRCUIT

The SPT7810 requires few external components to achieve
the stated operation and performance. Figure 2 shows the
typical interface requirements when using the SPT7810 in
normal circuit operation.

The following section provides a description of the pin func-
tions and outlines critical performance criteria to consider for
achieving the optimal device performance.

POWER SUPPLIES AND GROUNDING

The SPT7810 requires the use of two supply voltages, V.
and V.. Both supplies should be treated as analog supply
sources. This means the V. and V., ground returns of the
device should both be connected to the analog ground plane.
Allother-5.2 V requirements of the external digital logic circuit
should be connected to the digital ground plane. Each power
supply pin should be bypassed as closely as possible to the
device with .01 puF and 10 pF capacitors as shown in
Figure 2.

The two grounds available on the SPT7810 are AGND and
DGND. DGND is used only for ECL outputs and is to be
referenced to the output pulldown voltage. These grounds
are not tied together internal to the device. The use of ground

Figure 2 - Typical Interface Circuit

planes is recommended to achieve the best performance of
the SPT7810. The AGND and the DGND ground planes
should be separated from each other and only connected
together at the device through an inductance. Doing this will
minimize the ground noise pickup.

VOLTAGE REFERENCE

The SPT7810 requires the use of two voltage references: V.,
and V. V. is the force for the top of the voltage reference
ladder (+2.5 Vtyp), V., (-2.5 V typ) is the force for the bottom
of the voltage reference ladder. Both voltages are applied
across an internal reference ladder resistance of 800 ohms.
Inaddition, there are 3reference ladder taps (V4. Vo, and V).
V, is the sense for the top of the reference ladder (+2.0 V),
Vuisthe midpoint ofthe ladder (0.0 Vtyp) and Vg isthe sense
for the bottom of the reference ladder (-2.0 V). The voltages
seenat Vg and Vg are the true full scale input voltages of the
device when V_, and V_ are driven to the recommended
voltages (+2.5 V and -2.5 V typical respectively). These
points should be used to monitor the actual full scale input
voltage of the device and should not be driven to the expected
ideal values as is commonly done with standard flash con-
verters. When not being used, a decoupling capacitor of .01
uF connected to AGND from each tap is recommended to
minimize high frequency noise injection.
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SPT7810

An example of a reference driver circuit recommended is
shown in figure 2. IC1 is REF-03, the +2.5 V reference with a
tolerance of 0.6% or +/- 0.015 V. The potentiometer R1 is 10k
ohms and supports a minimum adjustable range of up to 150
mV. IC2 is recommended to be an OP-07 or equivalent
device. R2 and R3 must be matched to within 0.1% with good
TC tracking to maintain a 0.3 LSB matching between V.. and
V. It 0.1% matching is not met, then potentiometer R4 can
be used to adjust the V_; voltage to the desired level. R1 and
R4 should be adjusted such that V¢, and V; are exactly +2.0
V and -2.0V respectively.

The analog input range will scale proportionally with respect
to the reference voltage if a different input range is required.
The maximum scaling factor for device operation is + 20% of
the recommended reference voltages of V_, and V.. How-
ever, because the device is laser trimmed to optimize per-
formance with 2.5 V references, the accuracy of the device
will degrade if operated beyond a + 2% range.

The following errors are defined:

+FS error = top of ladder offset voltage = A(+FS -V;)
-FS error = bottom of ladder offset voltage = A(-FS -V,)

Figure 3 - Alternate Interface Circuit

Where the +FS (full scale) input voltage is defined as the
output approximately 1 mV above the transition of 1—10 and
1—11 and the -FS input voltage is defined as the output
approximately 1 mV below the transition of 0—00 and 0—01.

An example of an alternate reference driver circuit is shown
in figure 3. This circuit is to be used to minimize the +FS and
-FS errors over temperature. U1 and U2 are LM339s with an
output voltage of +2 V and -2 V respectively. U3 and U4 are
recommended to be OP-07s or equivalent. The input offset of
these devices is 150 uV maximum. This circuit uses a true
force and sense when driving the reference ladder of the
SPT7810. U3 sources the currentthrough V. (V. isasense)
while U4 is sinking current through V, (V, is a sense). To
calibrate the reference, adjust R1 for V,=+2.0 V (V,, will be
typically +2.5 V) and adjust R4 for V,=-2.0 V (V,; will be
typically -2.5 V). Thiscircuit is preferred because it allows the
user to know exactly what the full scale input voltage is.

Note: U3 and U4 are biased from the +5.0 V and -5.2 V
supplies to prevent the absolute maximum ratings of V. and
V., from being exceeded in the event of an open circuit on U3
or U4.
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ANALOG INPUT

V. and Vv, are the analog inputs. Both inputs are tied to the
same point internally. Either one may be used as an analog
input “sense” and the other foraninput “force.” The inputs can
also be tied together 