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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 specifications that are based on initial device
characterization. These limits are subject to change upon the completion of full characterization over the specified
temperature and supply voltage ranges.

FINAL — These data sheets contain specifications based on 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 (i) 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 otherwnse 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.
MARCH 1995 — ALL RIGHTS RESERVED



How to Use This Book

The front part of this book has a complete product selection
guide, cross reference table and detailed orderinginformation.
The product selection guide lists all of the products and their
key features for quick reference and comparison purposes,
the product cross reference guide provides a cross over
reference to other manufactures by product part number,
and the ordering information section provides complete
ordering information by part number, grade, package type
and operating temperature range.

There is amaster table of contents at the front of the book that
shows the beginning page number of each data sheet, and
each data sheet section has its own table of contents for that
section. Data sheets for the analog-to-digital converters and
the digital-to-analog converters are placed in ascending
order of bit resolution, and the comparator and evaluation
board data sheets are placed in alphanumeric order.

Customer Service

Customer supportand service is extremely important to us at
SPT. Not only do we pride ourselves on high-performance
data conversion products, but we pride ourselves on high-
performance customer service. Factory direct assistance is
available weekdays from 7:30 AM to 5:30 PM MST. Please
contact our Customer Service Center at 1-800-643-3778
(USA only) or 1-719-528-2300 to place an order, return
products, ask technical or applications related questions, or
order technical literature. For immediate local assistance
contact your local SPT sales representative. See a listing of
ourdomestic and international sales offices, representatives
and distributors at the back of this book.

Technical Literature and Applications Assistance
Contact our Customer Service Center at 1-719-528-2300 for
the latest product data sheets and evaluation board
information. In addition to product data sheets, SPT has a
complete line of product application notes to assist in the
evaluation and board layout design of our high performance
data conversion products. Contactthe SPT Customer Service
Center to order your technical application notes.

For factory direct applications support, our applications
engineers are ready to answer all of your technical
questions and inquiries. Contact our Applications
Engineering Center at 1-719-528-2300 weekdays from
8:00 AM to 5:00 PM MST.

Prices and Quotations

Price quotations made by Signal Processing Technologies
or its authorized field sales representatives are valid for 30
days. Delivery quotations are subject to reconfirmation at
the time of order placement. Call our Customer Service
Center for information concerning pricing, product delivery
status, product samples or information regarding the return
of product.

Placing Orders

You can place orders by telephone, fax or mail with any of our
authorized sales representatives, distributors, regional offices
or our Colorado Springs headquarters. See the listing of
sales offices, representatives and distributors at the back of
this book for the location nearest you or cail SPT Sales and
Marketing at 1-800-643-3778 (USA only) or 1-719-528-2300
for assistance.

Returns and Warranty Service

When you need to return products to SPT, contact us prior
to shipping to obtain authorization and shipping
instructions. For complete instructions, contact your local
sales representative, distributor or call our Colorado
Springs Customer Service Center at 1-800-643-3778 (USA
only) or 1-719-528-2300. See the list of domestic and
international representatives and distributors at the back
of this book.

If you are returning products, please call for your RMA
number, then ship units prepaid and supply the original
purchase order number and date, along with an explanation
of the malfunction. Upon receipt of the returned product, SPT
will verify the problem and inform you of the status of any
warranty replacements or credits applicable.




Founded in 1983.

Develops, manufactures and markets
high-performance data conversion and
signal conditioning products.

Corporate headquarters in

Colorado Springs, CO.

Domestic and international
manufacturing facilities.

Wholly-owned subsidiary of Toko, Inc.
Sales offices in the United States and Europe
with sales representatives throughout
North America, Europe and the Far East.
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Company Background

Signal Processing Technologies, Inc. (SPT)
develops, manufactures and markets high-
performance data conversion and signal condi-
tioning products and is a leader in cost-effective,
highest performance monolithic analog-to-digital
converters (ADCs), digital-to-analog converters
(DACs), and comparators. Since 1983 SPT has
provided leading-edge monolithic conversion
products with industry breakthroughs in resolu-
tion, sampling rate, power and cost.

Today, we continue to expand our line of con-
verter and comparator products to meet our
customer needs in the commercial, industrial,
and military market sectors worldwide. This
1995 data book includes over 20 new data con-
version products as well as many new temperature
performance ranges and packaging options for
existing products. With our innovative product line
and excellence in customer application and sales
support, SPT continues to be one of the fastest
growing data conversion integrated circuit (IC)
suppliers in the industry.

Key Markets and Applications

SPT’s products are designed for a variety of com-
mercial, industrial, and military systems appli-
cations. Commercial and industrial applications
include video capture and TV broadcast, CRT
monitors, desktop scanners, medical ultrasound,
IR imaging, and RF communications including
satellite, cellular and microwave systems. Addi-
tional applications include high-performance
instrumentation such as automated test equip-
ment (ATE), scientific instruments, and digital
oscilloscopes. SPT's high-performance products
lend themselves very well to military applications
which include radar, guided weapons, surveillance
and reconnaissance, target acquisition, navigation
and guidance.

1SO9001 Certified

As of February 1995, Signal Processing Tech-
nologies, Inc. received ISO9001 certification from
the internationally recognized British Standard
Institute. BSI certifies companies across the world
and is one of the leading bodies of the European
Quality System Certification Network (EQNET).

1SO9001 is an international standard for assess-

ing the quality management system for
companies that perform design, manu-
facturing and testing of
products. Certification
means that a complete
quality management system is in place for design/
development, production, and servicing of all SPT
products. The SPT quality management system is
audited by BSI biannually to ensure conformity to
the 1ISO9001 standard.

SPT — Leadership in Data Conversion and Signal Processing
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PRODUCT SELECTION GUIDE

HIGH-SPEED A/D CONVERTERS
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SPT7610 S 6 1,000 36 2.75 | QU 44 * Wide input BW of 1.4 GHz
SPT1175 A 8 20 46 0.09 C D,S,N,P,U 24,28 N/A | Single supply alternative
B 8 30 44 0.09 to TMC1175 and CXD1175
SPT7710 A 8 150 48 2.2 LM J,G,QU 42,44,46 | /883 | Wide bandwidth
B 8 150 47 2.2 No sparkle codes
SPT7725 A 8 300 47 22 | IM | JGQU 42,4446 | /883 | Data ready and overrange
outputs. Quarter point
B 8 300 46 2.2 ladder taps.
SPT7750 A 8 500 47 5.5 ! GK,U 68,80 * | Demuxed output. Gray
code output. Wide input
B 8 500 45 5.5 BW of 900 MHz.
SPT7755 A 8 750 46 5.5 I GKU 68,80 + | Demuxed output. Gray
code output. Wide input
B 8 750 44 5.5 BW of 900 MHz.
spt7760 | A | 8 | 1,000 42 55 | GKU 68,80 » | Demuxed output. Gray
code output. Wide input
B 8 | 1,000 40 5.5 BW of 900 MHz.
SPT7810 A 10 20 60 1.3 C, JN,U 28 > On chip track-and-hold
B 10 20 57 1.3 Monolithic
SPT7814 A 10 40 57 1.3 C\ JNU 28 * | On chip track-and-hold
B 10 40 54 1.3 Monolithic
SPT7820 A 10 20 60 1.0 C.IlM J,C,S,N,U 28 /883 | TTL output version of the
B 10 20 57 1.0 SPT7810
SPT7824 A 10 40 57 1.0 CiM| JCSNU 28 /883 | TTL output version of the
B 10 40 54 1.0 SPT7814
SPT7830 S 10 25 57 .07 (o} S,U 8 * Serial output
3.3t0 5.0 V Supply Range
SPT7835 S 10 5 59 .07 CM D,N,S,T,U 28,32 * | On chip track-and-hold
Tri-state outputs
SPT7840 S 10 10 58 0.1 CM D,N,S,T,U 28,32 * On chip track-and-hold
Tri-state outputs
SPT7850 S 10 20 56 0.14 C,M D,N,8,T,U 28,32 * On chip track-and-hold
Tri-state outputs
SPT7852 S 10 20 56 0.17 C TU 44 * Dual ADC
SPT7855 S 10 25 58 0.14 CM D,N,S,T,U 28,32 * | On chip track-and-hold
Tri-state outputs
SPT7860 S 10 40 54 0.18 c.M D,N,S,T,U 28,32 * On chip track-and-hold
Tri-state outputs
SPT7861 S 10 40 58 0.16 Cc N,S,T,U 28,32 * Pin compatible with
SPT7860
SPT7870 S 10 100 56 14 C J,QU 32,44 * Single-ended
ECL outputs

*

Consult the factory for availability of /883 processed units.

s;
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PRODUCT SELECTION GUIDE
HIGH-SPEED A/D CONVERTERS-Continved
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spr7e71 | s | 10| 100 | s | 13| c | JQU 3244 | * | Single ended
. TTL outputs
SPT7910 S 12 10 67 1.4 C J,U 32 * Includes sample-and-hold
on monolithic die
SPT7912 S 12 30 66 1.4 c Ju 32 * Includes sample-and-hold
on monolithic. die
SPT7920 S 12 10 66 1.1 C.M J,QU 32,44 * TTL output version of
the SPT7910
SPT7922 S 12 30 65 1.1 CcM JQu 32,44 * TTL output version of
: the SPT7912
SPT7930 S 12 5 69 0.45 CM J,S,U 28 * Includes sample-and-hold
on monolithic CMOS die
MEDIUM-SPEED A/D CONVERTERS
& @
(\@\\ o«.\& -y & ' 3
. ‘O IR\ N 3 o
& Y2 SR A R & &
& & & (\e"’o_?? ) N K Q,c‘}‘ @ \)rz} &
< RN YRR NN < S o <
HADC574Z | A | 12 | 25 1/2 10 | cIM | J4pcu 28 /883 | Input ranges 0-10, 0-20, x5,
and +10. Low power. Alter-
B |12 25 1/2 27 natives for HI574 & AD574.
c | 12 o5 1 45 DESC drawing available.
HADC674Z | A | 12 15 _1/2 10 C,,M J,D,C,U 28 /883 | Input ranges 0-10, 0-20, =5,
and +10. Low power. H1674
B 12 15 1/2 27 alternative. DESC drawing
C 12 15 1 45 available.
SPT774 A |2 8 1/2 10 | c,,m | Upcu 28 /883 | Input ranges 0:10, 0-20, +5,
) i and +10. Low power.
B 12 8 112 27 Alternative to the HI774 and
C 12 8 1 45 AD1674.
D/A CONVERTERS - GENERAL PURPOSE
& &
NS <€ & 8 o &
& & \\;\\o <O @Q) \‘)\« <® & & o&%
] @6 060 D \,\ Q\Q ((Q fba{. g \)‘Z} Q’D\
® S & N <@ Q & o <
SPT9712 S 12 8 1 LV | N,P,U 28 * =] ECL input compatible
SPT9713 S 12 8 1 LV | N,P,U 28 * TTL input compatible
SPT5216 B |16 | 150 2/6*** LV c 4QU 32,44 * | Parallel input reference,
Output range: +1010 0,
C 16 150 2/8* L,V +5100, t5 0r 2.5V

*

** Commercial temperature grades.
*** Over temperature.

Consult the factory for availability of /883 processed units.
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PRODUCT SELECTION GUIDE

D/A CONVERTERS - VIDEO
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SPT5100 S 8 - 1/2 20 C 32 N/A | Dual DAC

SPT5110 S 8 - 1/2 30 C 48 N/A | Triple DAC

SPT1018 A 8 10 1/2 275 ™M N,U 24 /883 | Video control alternative

B 8 10 1/2 165 ) to the TDC1018
SPT1019 A 8 10 1/2 275 I'M N,U 24 /883 | Video control with reference
B 8 10 1/2 165

SPT5140 S 8 10 1/2 400 /M N,U 24 /883 | Ref, video control

SPT5220 S 10 - 1 80 C N 28 N/A | Single +5 V supply
Video controls

SPT5230 S 10 - 1 50 C T 52 N/A | Triple DAC

COMPARATORS
Q
2\ O
q,\ge é\Qq} &
NJ D ® 2 & )
© > L D Q & S &
{\e @62‘ Qs\ Q"o\ R Q\ %\6\ D) R c\’éb RN 00\0
< o SEN < $© A07//RCE <@ Q® < <

HCMP96850 | S 1.76/1.76 2.4 +25 | 3.0 90 | D,U 16 | Symmetrical TR/TF.
Alternative to the AD96385

SPT9687 S 1.2/1.2 2.0 +2.5 | £3.0 185 | N,D,C,P,J,U | 16,20 | High performance
Alternative for the AD96687

- SPT9689 A .18/.08 65 |-2.5/+4.0 | +10 350 | J,C,PU 16,20 | 900 MHz bandwidth
B .18/.08 .85 | -2.5/+4.0 | +25 350 Differential latch control

SPT9691 0.4/0.4 2.2 -4/+8.0 125 700 C J,C,P,N,U 20 | JFET inputs. Constant
propagation delays

SPT9693 S 0.45/0.45 | 1.25 | -3/+8.0 | +25 430 C | JCPU 20 | JFET inputs. Constant
propagation delays

*  Consult the factory for availability of /883 processed units.

S
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PRODUCT SELECTION GUIDE

PIN DRIVERS
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SPT9500 ) 300 | -3t0 +10 1.0 5 1.2 c P 28 | Variable output levels for
) ECL, TTL, and CMOS
SAMPLE-AND-HOLDS
Cﬁ ,bd‘ O
O\ RS X >
NS 7SI o H KX /8
@ ¢ @ v R F & @ & P
& & '\'\6:3\° <o’ @ D) S QQ~ AR Q T/ & 0\09
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SPT9101 S 7.0 11.0 0.5 1<0.001 20 550 | S,C,U | .20 | Alternative to
ADS101

Package Type Key Temperature Range Key

J  Ceramic Sidebrazed DIP C Commercial (0 to +70 °C)

D Cerdip | Industrial (-25 to +85 °C)

C Leadless Chip Carrier (LCC) M Military (-55 to +125 °C)

G Pin Grid Array

K MQuad Grades Key

N Plastic Dip A Highest

P Plastic Leaded Chip Carrier (PLCC) C Lowest

Q Cerquad S Single Grade

S Small Outline Package (SOIC)

T Quad Flat pack or Thin Quad Flat Pack

U Die

4755 Forge Road, Co. Springs, CO 80907
PH: (719) 528-2300; Fax: (719) 528-2370
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PRODUCT CROSS REFERENCE GUIDE

(INDUSTRIAL SPT EQUIVALENT)

ANALOG BURR

DEVICES SPT DESCRIPTION BROWN SPT DESCRIPTION
AD574AJD HADC574ZCCD  12-BIT ADC ADC774JH SPT774CCJ 12-BIT ADC
AD574AKD HADC574ZBCD  12-BIT ADC ADC774KH SPT774BCJ 12-BIT ADC
AD574ALD HADC574ZACD  12-BIT ADC ADC774SH SPT774CMJ 12-BIT ADC
AD574ASD HADC574ZCMD  12-BIT ADC ADC774TH SPT774BMJ 12-BIT ADC
AD574ATD HADC574ZBMD  12-BIT ADC

AD574AUD HADC574ZAMD  12-BIT ADC HARRIS SPT DESCRIPTION
ADB74AJD MADGS74ZCCD  12-BIT ADC HI1-574AJD-5  HADC574ZCCJ  12-BIT ADC
ADG74AKD HADCE74ZBCD  12-BIT ADC HI1-574AKD-5 HADC574ZBCJ  12-BIT ADC
AD674ALD HADCG74ZACD  12-BIT ADC HI1-574ALD-5 HADC574ZACJ  12-BIT ADC
AD674ASD HADC674ZCMD  12-BIT ADC HI1-574ASD-2  HADC574ZCMJ  12-BIT ADC
AD674ATD HADC674ZBMD 12-BIT ADC HI1-574ATD-2 HADC574ZBMJ 12-BIT ADC
AD674AUD HADC674ZAMD 12-BIT ADC HI1-574AUD-2  HADC574ZAMJ 12-BIT ADC
AD1674JN SPT774CCD 12-BIT ADC HI1-674AJD-5  HADC674ZCCJ  12-BIT ADC
AD1674KN SPT774BCD 12-BIT ADC HI1-674AKD-5 HADC674ZBCJ  12-BIT ADC
AD1674AD SPT774ClJ 12-BIT ADC HI1-674ALD-5 HADC674ZACJ  12-BIT ADC
AD1674BD SPT774BlJ 12-BIT ADC HI1-674ASD-2  HADC674ZCMJ  12-BIT ADC
AD1674TD SPT774BMJ 12-BIT ADC HI1-674ATD-2  HADC674ZBMJ  12-BIT ADC

AD9712 SPT9712 12-BIT DAC HH-674AUD-21 HADC674ZAMJ  12-BIT ADC

AD9713 SPT9713 12-BIT DAC

AD9101 SPT9101 12.BIT THA HI1-774J-5 SPT774CCJ 12-BIT ADC
AD96685B HCMP96850SID  SINGLE COMPARATOR HI1-774K-5 SPT774BCJ 12-BIT ADC
AD96687B SPT9687 DUAL COMPARATOR HI1-774S-2 SPT774CMJ 12-BIT ADC

CURE HI1-774T-2 SPT774BMJ 12-BIT ADC

SROWN oPT BESCRIFTION HI-1175 SPT1175 8-BIT, 20 MSPS ADC
ADC574AJH HADC574ZCCD  12-BIT ADC MICRO

ADC574AKH ~ HADC574ZBCD  12-BIT ADC POWER SPT DESCRIPTION
ADC574ASH  HADC574ZCMD  12-BIT ADC MP8780 SPT1175 8-BIT, 20 MSPS ADC
ADC574ATH  HADC574ZBMD  12-BIT ADC

ADC674AJH  HADC674ZCCD  12-BIT ADC PLESSEY SPT DESCRIPTION
ADC674AKH  HADC674ZBCD  12-BIT ADC SP9685DG HCMP96850SID  SINGLE COMPARATOR
ADC674ASH  HADC674ZCMD  12-BIT ADC SP9687DG SPT9687 DUAL COMPARATOR
ADC674ATH  HADC674ZBMD  12-BIT ADC

ADS574JP HADC574ZCCD  12-BIT ADC SONY SPT DESCRIPTION
ADS574KP HADC574ZBCD 12-BIT ADC CX20116 SPT7710AlJ 8-BIT, 150 MSPS ADC
ADS574SH HADC574ZCMJ 12-BIT ADC CXA1396D SPT7710AlJ 8-BIT, 150 MSPS ADC
ADS574TH HADC574ZBMJ 12-BIT ADC CXD1175AM SPT1175 8-BIT, 20 MSPS ADC
ADS774JP HADC774CCJ 12-BIT ADC RAYTHEON  SPT DESCRIPTION
ADS774KP HADC774BCJ 12-BIT ADC

ADS774SH HADC774CMJ 12-BIT ADC TDC1018 SPT1018 8-BIT, 275 MWPS DAC
ADS774TH HADC774BMJ 12-BIT ADC TMC1175M7C20 SPT1175 8-BIT 20 MSPS ADC

TMC1175M7C30 SPT1175

8-BIT, 30 MSPS ADC

S
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SPECIFICATION DEFINITIONS

APERTURE DELAY

Aperture delay represents the point in time, relative to the
rising edge of the CLOCK input, that the analog input is
sampled.

APERTURE JITTER
The variations in aperture delay for successive samples.

DIFFERENTIAL GAIN (DG)

A signal consisting of a sine wave superimposed on various
DC levels is applied to the input. Differential gain is the
maximum variation in the sampled sine wave amplitudes at
these DC levels.

DIFFERENTIAL PHASE (DP)
A signal consisting of a sine wave superimposed on various
DC levels that is applied to the input. Differential phase is the

maximum variation in the sampled sine wave phases at these
DC levels.

EFFECTIVE NUMBER OF BITS (ENOB)

SINAD = 6.02N + 1.76, where N is equal to the effective
number of bits.

N = SINAD - 1.76
6.02

+/- FULL-SCALE ERROR (GAIN ERROR)

Difference between measured full scale response
[(+Fs) - (-Fs)] and the theoretical response (+4 V -2 LSBs)
where the +FS (full scale) input voltage is defined as the
output transition between 1-10 and 1-11 and the -FS input
voltage is defined as the output transition between 0-00 and
0-01.

~ INPUT BANDWIDTH
Small signal (50 mV) bandwidth (3 dB) of analog input stage.

DIFFERENTIAL NONLINEARITY (DNL)

Error in the width of each code from its theoretical value.
(Theoretical = V_/2")

INTEGRAL NONLINEARITY (INL)

Linearity error refers to the deviation of each individual code
(normalized) from a straight line drawn from -Fs through +Fs.
The deviation is measured from the edge of each particular
code to the true straight line.

OUTPUT COMPLIANCE

The maximum allowable output voltage swing of a digital-to-
analog converter.

OUTPUT DELAY

Time between the clock's triggering edge and output data
valid.

OVERVOLTAGE RECOVERY TIME

The time required for the ADC to recover to full accuracy after
an analog input signal 125% of full scale is reduced to 50% of
the full-scale value.

SIGNAL-TO-NOISE RATIO (SNR)

The ratio of the fundamental sinusoid power to the total noise
power. Harmonics are excluded.

SIGNAL-TO-NCQISE AND DISTORTION (SINAD)

The ratio of the fundamental sinusoid power to the total noise
and distortion power.

TOTAL HARMONIC DISTORTION (THD)

The ratio of the total power of the first 64 harmonics to the
power of the measured sinusoidal signal.

SPURIOUS FREE DYNAMIC RANGE (SFDR)

The ratio of the fundamental sinusoidal amplitude to the single
largest harmonic or spurious signal.
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SPT PRODUCT IDENTIFICATION CODE

PREFIX
PRODUCT NUMBER

ELECTRICAL GRADE E

OPERATING TEMPERATURE RANGE

PACKAGE TYPE

|——— SPECIAL BY CUSTOMER
DRAWING OR SCREEN

SPT 7824 A C S /883

[ Options:
H Standard Hi-Rel Screening

E Special Electrical
883  Compliant to /883, Class B

Ceramic Sidebrazed

Cerdip

Leadless Chip Carrier

Pin Grid Array

Plastic Dip

Plastic Leaded Chip Carrier
Cerquad

Small Outline Package (SOIC)
Thin Quad Flat Pack (TQFP)
MQuad

Die

CRXT10WOTZ000<

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

L A
B T Increasing Grade
C
S Single Grade

(See Product Listings) -

ADC  Analog-to-Digital Converter
CMP  Comparator .
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
HADCS574ZAI(X) 12-BIT, 25 usec ADC SEE NOTE BELOW 28 INDUSTRIAL
HADC574ZBI(X) 12-BIT, 25 usec ADC SEE NOTE BELOW 28 INDUSTRIAL
HADC574ZCI(X) 12-BIT, 25 psec ADC SEE NOTE BELOW 28 INDUSTRIAL
HADC574ZAM(X) 12-BIT, 25 psec ADC SEE NOTE BELOW 28 MILITARY
HADC574ZBM(X) 12-BIT, 25 usec ADC SEE NOTE BELOW 28 MILITARY
HADC574ZCM(X) 12-BIT, 25 usec 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 usec ADC SEE NOTE BELOW 28 MILITARY/883
HADC574ZCM(X)/883  12-BIT, 25 usec ADC SEE NOTE BELOW 28 MILITARY/883
HADC574ZCCU 12-BIT, 25 psec ADC DIE +25°C

DESC Drawing Number 5962-85127 28 MILITARY/883
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 usec ADC SEE NOTE BELOW 28 COMMERCIAL
HADC674ZAI(X) 12-BIT, 15 usec ADC SEE NOTE BELOW 28 INDUSTRIAL
HADC674ZBI(X) 12-BIT, 15 psec ADC SEE NOTE BELOW 28 INDUSTRIAL
HADC674ZCI(X) 12-BIT, 15 usec ADC SEE NOTE BELOW 28 INDUSTRIAL
HADC674ZAM(X) 12-BIT, 15 psec ADC SEE NOTE BELOW 28 MILITARY
HADC674ZBM(X) 12-BIT, 15 usec 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
HADC674ZCCU 12-BIT, 15 usec ADC DIE +25 °C

DESC Drawing Number 5962-91690 28 MILITARY/883
SPT774AC(X) 12-BIT, 8 usec ADC SEE NOTE BELOW 28 COMMERCIAL
SPT774BC(X) 12-BIT, 8 usec ADC SEE NOTE BELOW 28 COMMERCIAL
SPT774CC(X) 12-BIT, 8 psec ADC SEE NOTE BELOW 28 COMMERCIAL
SPT774AI(X) 12-BIT, 8 usec 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 usec ADC SEE NOTE BELOW 28 MILITARY
SPT774BM(X) 12-BIT, 8 usec ADC SEE NOTE BELOW 28 MILITARY
SPT774CM(X) 12-BIT, 8 usec ADC SEE NOTE BELOW 28 MILITARY
SPT774AM(X)/883 12-BIT, 8 usec ADC SEE NOTE BELOW 28 MILITARY/883
SPT774BM(X)/883 12-BIT, 8 usec ADC SEE NOTE BELOW 28 MILITARY/883
SPT774CM(X)/883 12-BIT, 8 usec ADC SEE NOTE BELOW 28 MILITARY/883
SPT774CCU 12-BIT, 8 psec ADC DIE +25 °C
SPT7610SIQ 6-BIT, 1 GSPS ADC CERQUAD 44 INDUSTRIAL
SPT7610SCU 6-BIT, 1 GSPS ADC DIE +25 °C

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

2-4
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ORDERING INFORMATION

ANALOG-TO-DIGITAL CONVERTERS - Continved

PART NUMBER DESCRIPTION PACKAGE TYPE # PINS TEMPERATURE RANGE
SPT1175ACD 8-BIT, 20 MSPS ADC CERDIP 24 COMMERCIAL
SPT1175ACN 8-BIT, 20 MSPS ADC PLASTIC DIP 24 COMMERCIAL
SPT1175ACP 8-BIT, 20 MSPS ADC PLCC 28 COMMERCIAL
SPT1175ACS 8-BIT, 20 MSPS ADC soIC 24 COMMERCIAL
SPT1175BCD 8-BIT, 30 MSPS ADC CERDIP 24 COMMERCIAL
SPT1175BCN 8-BIT, 30 MSPS ADC PLASTIC DIP 24 COMMERCIAL
SPT1175BCP 8-BIT, 30 MSPS ADC PLCC 28 COMMERCIAL
SPT1175BCS 8-BIT, 30 MSPS ADC SOIC 24 COMMERCIAL
SPT1175SCU 8-BIT, 20 MSPS ADC DIE +25 °C
SPT7710A1J 8-BIT, 150 MSPS ADC .75 LSB SIDEBRAZED a2 INDUSTRIAL
SPT7710B1J 8-BIT, 150 MSPS ADC +.95 LSB SIDEBRAZED 42 INDUSTRIAL
SPT7710AIG 8-BIT, 150 MSPS ADC +.75 LSB PGA 46 INDUSTRIAL
SPT7710BIG 8-BIT, 150 MSPS ADC +.95 LSB PGA 46 INDUSTRIAL
SPT7710AlQ 8-BIT, 150 MSPS ADC +.75 LSB CERQUAD 44 INDUSTRIAL
SPT7710BIQ 8-BIT, 150 MSPS ADC +.95 LSB CERQUAD 44 INDUSTRIAL
SPT7710AMJ 8-BIT, 150 MSPS ADC +.75 LSB SIDEBRAZED 42 MILITARY
SPT7710BMJ 8-BIT, 150 MSPS ADC +.95 LSB SIDEBRAZED 42 MILITARY
SPT7710AMQ 8-BIT, 150 MSPS ADC +.75 LSB CERQUAD 44 MILITARY
SPT7710BMQ 8-BIT, 150 MSPS ADC .95 LSB CERQUAD 44 MILITARY
SPT7710AMJ/883  8-BIT, 150 MSPS ADC +.75 LSB SIDEBRAZED 42 MILITARY/883
SPT7710BMJ/883 8-BIT, 150 MSPS ADC +.95 LSB SIDEBRAZED 42 MILITARY/883
SPT7710AMQ/883 8-BIT, 150 MSPS ADC +.75 LSB CERQUAD 44 MILITARY/883
SPT7710BMQ/883 8-BIT, 150 MSPS ADC +.95 LSB CERQUAD 44 MILITARY/883
SPT7710BCU 8-BIT, 150 MSPS ADC +.95 LSB DIE +25°C
SPT7725Al1J 8-BIT, 300 MSPS ADC +.75 LSB SIDEBRAZED 42 INDUSTRIAL
SPT7725BI1J 8-BIT, 300 MSPS ADC +.95 LSB SIDEBRAZED 42 INDUSTRIAL
SPT7725A1G 8-BIT, 300 MSPS'ADC +.75 LSB PGA 46 INDUSTRIAL
SPT7725BIG 8-BIT, 300 MSPS ADC +.95 LSB PGA 46 INDUSTRIAL
SPT7725A1Q 8-BIT, 300 MSPS ADC .75 LSB CERQUAD 44 INDUSTRIAL
SPT7725BIQ 8-BIT, 300 MSPS ADC +.95 LSB CERQUAD 44 INDUSTRIAL
SPT7725AMJ 8-BIT, 300 MSPS ADC +.75 LSB SIDEBRAZED 42 MILITARY
SPT7725BMJ 8-BIT, 300 MSPS ADC +.95 LSB SIDEBRAZED 42 MILITARY
SPT7725AMQ 8-BIT, 300 MSPS ADC +.75 LSB CERQUAD 44 MILITARY
SPT7725BMQ 8-BIT, 300 MSPS ADC +.95 LSB CERQUAD 44 MILITARY
SPT7725AMJ/883 8-BIT, 300 MSPS ADC +.75 LSB SIDEBRAZED 42 MILITARY/883
SPT7725BMJ/883  8-BIT, 300 MSPS ADC +.95 LSB SIDEBRAZED 42 MILITARY/883
SPT7725AMQ/883  8-BIT, 300 MSPS ADC +.75 LSB CERQUAD 44 MILITARY/883
SPT7725BMQ/883  8-BIT, 300 MSPS ADC +.95 LSB CERQUAD 44 MILITARY/883
SPT7725BCU 8-BIT, 300 MSPS ADC +.95 LSB DIE +25°C
SPT7750AIG 8-BIT, 500 MSPS ADC +1.0 LSB PGA 68 INDUSTRIAL
SPT7750BIG 8-BIT, 500 MSPS ADC +1.5LSB PGA 68 INDUSTRIAL
SPT7750AIK 8-BIT, 500 MSPS ADC +1.0 LSB MQUAD 80 INDUSTRIAL
SPT7750BIK 8-BIT, 500 MSPS ADC +1.5 LSB MQUAD 80 INDUSTRIAL
SPT7750BCU 8-BIT, 500 MSPS ADC +1.5 LSB DIE +25°C
SPT7755AIG 8-BIT, 750 MSPS ADC +1.0 LSB PGA 68 INDUSTRIAL
SPT7755BIG 8-BIT, 750 MSPS ADC +1.5 LSB PGA 68 INDUSTRIAL
SPT7755AIK 8-BIT, 750 MSPS ADC +1.0 LSB MQUAD 80 INDUSTRIAL
SPT7755BIK 8-BIT, 750 MSPS ADC +1.5 LSB MQUAD 80 INDUSTRIAL
SPT7755BCU 8-BIT, 750 MSPS ADC +1.5 LSB DIE +25°C
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ORDERING INFORMATION

ANALOG-TO-DIGITAL CONVERTERS - Continved

PH: (719) 528-2300; Fax: (719) 528-2370

PART NUMBER DESCRIPTION PACKAGE TYPE # PINS TEMPERATURE RANGE
SPT7760AIG 8-BIT, 1 GSPS ADC +1.0 LSB PGA 68 INDUSTRIAL
SPT7760BIG 8-BIT, 1 GSPS ADC +1.5 LSB PGA 68 INDUSTRIAL
SPT7760AIK 8-BIT, 1 GSPS ADC +1.0 LSB MQUAD 80 INDUSTRIAL
SPT7760BIK 8-BIT, 1 GSPS ADC 1.5 LSB MQUAD 80 INDUSTRIAL
SPT7760BCU 8-BIT, 1 GSPS ADC +1.5 LSB DIE +25 °C
SPT7810AlJ 10-BIT, 20 MSPS ADC SIDEBRAZED 28 INDUSTRIAL
SPT7810BIJ 10-BIT, 20 MSPS ADC SIDEBRAZED 28 INDUSTRIAL
SPT7810ACN 10-BIT, 20 MSPS ADC PLASTIC DIP 28 COMMERCIAL
SPT7810BCN 10-BIT, 20 MSPS ADC PLASTIC DIP 28 COMMERCIAL
SPT7810BCU 10-BIT, 20 MSPS ADC DIE +25°C
SPT7814AlJ 10-BIT, 40 MSPS ADC SIDEBRAZED 28 INDUSTRIAL
SPT7814BlJ 10-BIT, 40 MSPS ADC SIDEBRAZED 28 INDUSTRIAL
SPT7814ACN 10-BIT, 40 MSPS ADC PLASTIC DIP 28 COMMERCIAL
SPT7814BCN 10-BIT, 40 MSPS ADC PLASTIC DIP 28 COMMERCIAL
SPT7814BCU 10-BIT, 40 MSPS ADC DIE +25 °C
SPT7820AlJ 10-BIT, 20 MSPS ADC SIDEBRAZED 28 INDUSTRIAL
SPT7820BIJ 10-BIT, 20 MSPS ADC SIDEBRAZED 28 INDUSTRIAL
SPT7820AIC 10-BIT, 20 MSPS ADC LCcC 28 INDUSTRIAL
SPT7820BIC 10-BIT, 20 MSPS ADC LCcC 28 INDUSTRIAL
SPT7820ACN 10-BIT, 20 MSPS ADC PLASTIC DIP 28 COMMERCIAL
SPT7820BCN 10-BIT, 20 MSPS ADC PLASTIC DIP 28 COMMERCIAL
SPT7820ACS 10-BIT, 20 MSPS ADC SOIC 28 COMMERCIAL
SPT7820BCS 10-BIT, 20 MSPS ADC SOIC 28 COMMERCIAL
SPT7820AMJ 10-BIT, 20 MSPS ADC SIDEBRAZED 28 MILITARY
SPT7820BMJ 10-BIT, 20 MSPS ADC SIDEBRAZED 28 MILITARY
SPT7820AMJ/883 10-BIT, 20 MSPS ADC SIDEBRAZED 28 MILITARY
SPT7820BMJ/883 10-BIT, 20 MSPS ADC SIDEBRAZED 28 MILITARY
SPT7820BCU 10-BIT, 20 MSPS ADC DIE +25°C
SPT7824Al1J 10-BIT, 40 MSPS ADC SIDEBRAZED 28 INDUSTRIAL
SPT7824BIJ 10-BIT, 40 MSPS ADC SIDEBRAZED 28 INDUSTRIAL
SPT7824AIC 10-BIT, 40 MSPS ADC LCC 28 INDUSTRIAL
SPT7824BIC 10-BIT, 40 MSPS ADC LCC 28 INDUSTRIAL

_ SPT7824ACN 10-BIT, 40 MSPS ADC PLASTIC DIP 28 COMMERCIAL
SPT7824BCN 10-BIT, 40 MSPS ADC PLASTIC DIP 28 COMMERCIAL
SPT7824ACS 10-BIT, 40 MSPS ADC lelle; 28 COMMERCIAL
SPT7824BCS 10-BIT, 40 MSPS ADC SOIC 28 COMMERCIAL
SPT7824AMJ 10-BIT, 40 MSPS ADC SIDEBRAZED 28 MILITARY
SPT7824BMJ 10-BIT, 40 MSPS ADC SIDEBRAZED 28 MILITARY
SPT7824AMJ/883 10-BIT, 40 MSPS ADC SIDEBRAZED 28 MILITARY
SPT7824BMJ/883 10-BIT, 40 MSPS ADC SIDEBRAZED 28 MILITARY
SPT7824BCU 10-BIT, 40 MSPS ADC DIE* +25 °C
SPT7830SCS 10-BIT, 2.5 MSPS ADC SOIC 8 COMMERCIAL
SPT7830SCU 10-BIT, 2.5 MSPS ADC DIE +25 °C
SPT7835SCD 10-BIT, 5 MSPS ADC CERDIP 28 COMMERCIAL
SPT7835SCN 10-BIT, 5 MSPS ADC PLASTIC DIP 28 COMMERCIAL
SPT7835SCS 10-BIT, 5 MSPS ADC SOIC 28 COMMERCIAL
SPT7835SCT 10-BIT, 5 MSPS ADC TQFP 32 COMMERCIAL
SPT7835SCU 10-BIT, 5 MSPS ADC DIE +25 °C
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ORDERING INFORMATION

ANALOG-TO-DIGITAL CONVERTERS - Continved

PART NUMBER DESCRIPTION PACKAGETYPE  #PINS  TEMPERATURE RANGE
SPT7840SCD 10-BIT, 10 MSPS ADC CERDIP 28 COMMERCIAL
SPT7840SCN 10-BIT, 10 MSPS ADC PLASTIC DIP 28 COMMERCIAL
SPT7840SCS 10-BIT, 10 MSPS ADC SOIC 28 COMMERCIAL
SPT7840SCT 10-BIT, 10 MSPS ADC TQFP 32 COMMERCIAL
SPT7840SCU 10-BIT, 10 MSPS ADC DIE +25 °C
SPT7850SCD 10-BIT, 20 MSPS ADC CERDIP 28 COMMERCIAL
SPT7850SCN 10-BIT, 20 MSPS ADC PLASTIC DIP 28 COMMERCIAL
SPT7850SCS 10-BIT, 20 MSPS ADC SOIC 28 COMMERCIAL
SPT7850SCT 10-BIT, 20 MSPS ADC TQFP 32 COMMERCIAL
SPT7850SCU 10-BIT, 20 MSPS ADC DIE 125 °C
SPT7852SCT DUAL, 10-BIT, 20 MSPS ADC TQFP 44 COMMERCIAL
SPT7852SCU DUAL, 10-BIT, 20 MSPS ADC DIE 125 °C
SPT7855SCD 10-BIT, 25 MSPS ADC CERDIP 28 COMMERCIAL
SPT7855SCN 10-BIT, 25 MSPS ADC PLASTIC DIP 28 COMMERCIAL
SPT7855SCS 10-BIT, 25 MSPS ADC SOIC 28 COMMERCIAL
SPT7855SCT 10-BIT, 25 MSPS ADC TQFP 32 COMMERCIAL
SPT78555CU 10-BIT, 25 MSPS ADC DIE 125 °C
SPT7860SCD 10-BIT, 40 MSPS ADC CERDIP 28 COMMERCIAL
SPT7860SCN 10-BIT, 40 MSPS ADC PLASTIC DIP 28 COMMERCIAL
SPT7860SCS 10-BIT, 40 MSPS ADC SoIC 28 COMMERCIAL
SPT7860SCT 10-BIT, 40 MSPS ADC TQFP 32 COMMERCIAL
SPT7860SCU 10-BIT, 40 MSPS ADC DIE +25 °C
SPT7861SCN 10-BIT, 40 MSPS ADC PLASTIC DIP 28 COMMERCIAL
SPT7861SCS 10-BIT, 40 MSPS ADC SOIC 28 COMMERCIAL
SPT7861SCT 10-BIT, 40 MSPS ADC TQFP 32 COMMERCIAL
SPT7861SCU 10-BIT, 40 MSPS ADC DIE 125 °C
SPT7870SCJ 10-BIT, 100 MSPS ADC SIDEBRAZED 2 COMMERCIAL
SPT7870SCQ 10-BIT, 100 MSPS ADC CERQUAD 44 COMMERCIAL
SPT7870SCU 10-BIT, 100 MSPS ADC DIE 25 °C
SPT7871SCJ 10-BIT, 100 MSPS ADC SIDEBRAZED 2 COMMERCIAL
SPT7871SCQ 10-BIT, 100 MSPS ADC CERQUAD 44 COMMERCIAL
SPT7871SCU 10-BIT, 100 MSPS ADC DIE +25 °C
SPT7910SCJ 12-BIT, 10 MSPS ECL ADC SIDEBRAZED 32 COMMERCIAL
SPT7910SCU 12-BIT, 10 MSPS ECL ADC DIE* 125 °C
SPT79125CJ 12-BIT, 30 MSPS ECL ADC SIDEBRAZED 32 COMMERCIAL
SPT7912SCU 12-BIT, 30 MSPS ECL ADC DIE* 125 °C
SPT7920SCJ 12-BIT, 10 MSPS TTL ADC SIDEBRAZED 32 COMMERCIAL
SPT7920SCQ 12-BIT, 10 MSPS TTL ADC CERQUAD 44 COMMERCIAL
SPT7920SMJ 12-BIT, 10 MSPS TTL ADC SIDEBRAZED 32 MILITARY
SPT7920SCU 12-BIT, 10 MSPS TTL ADC DIE* +25 °C
SPT7921SCJ 12-BIT, 20 MSPS TTL ADC SIDEBRAZED 32 COMMERCIAL
SPT7921SCQ 12-BIT, 20 MSPS TTL ADC CERQUAD 44 COMMERCIAL
SPT7921SMJ 12-BIT, 20 MSPS TTL ADC SIDEBRAZED 32 MILITARY
SPT7921SCU 12-BIT, 20 MSPS TTL ADC DIE* +25°C
SPT7922SCJ 12-BIT, 30 MSPS TTL ADC SIDEBRAZED 32 COMMERCIAL
SPT79225CQ 12-BIT, 30 MSPS TTL ADC CERQUAD 44 COMMERCIAL
SPT7922SMJ 12-BIT, 30 MSPS TTL ADC SIDEBRAZED 32 MILITARY
SPT7922SCU 12-BIT, 30 MSPS TTL ADC DIE* +25°C
SPT7930SCJ 12-BIT, 5 MSPS TTL ADC SIDEBRAZED 28 COMMERCIAL
SPT7930SCS 12-BIT, 5 MSPS TTL ADC SOIC 28 COMMERCIAL
SPT7930SCU 12-BIT, 5 MSPS TTL ADC DIE 425 °C
* CONSULT FACTORY FOR AVAILABILITY
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ORDERING INFORMATION

DIGITAL-TO-ANALOG CONVERTERS

PART NUMBER DESCRIPTION PACKAGE TYPE # PINS TEMPERATURE RANGE
SPT5100SCT DUAL, 8-BIT, 20 MWPS TQFP 32 COMMERCIAL
SPT5110SCT TRIPLE, 8-BIT, 30 MWPS TQFP 48 COMMERCIAL
SPT1018AIN 8-BIT, 275 MWPS DAC PLASTIC DIP 24 INDUSTRIAL
SPT1018BIN 8-BIT, 165 MWPS DAC PLASTIC DIP 24 INDUSTRIAL
SPT1018AMJ 8-BIT, 275 MWPS DAC CERDIP 24 MILITARY
SPT1018BMJ 8-BIT, 165 MWPS DAC CERDIP 24 MILITARY
SPT1018AMJ/883 8-BIT, 275 MWPS DAC CERDIP 24 MILITARY
SPT1018BMJ/883 8-BIT, 165 MWPS DAC CERDIP 24 MILITARY
SPT1019AIN " 8-BIT, 275 MWPS DAC W/REF PLASTIC DIP 24 INDUSTRIAL
SPT1019BIN 8-BIT, 165 MWPS DAC W/REF PLASTIC DIP 24 INDUSTRIAL
SPT1019AMJ 8-BIT, 275 MWPS DAC W/REF CERDIP 24 MILITARY
SPT1019BMJ 8-BIT, 165 MWPS DAC W/REF CERDIP 24 MILITARY
SPT1019AMJ/883 8-BIT, 275 MWPS DAC W/REF CERDIP 24 MILITARY
SPT1019BMJ/883 8-BIT, 165 MWPS DAC W/REF CERDIP 24 MILITARY
SPT5140SIN 8-BIT, 400 MWPS DAC W/REF PLASTIC DIP 24 INDUSTRIAL
SPT5140SMJ 8-BIT, 400 MWPS DAC W/REF CERDIP 24 MILITARY
SPT5140SMJ/883 8-BIT, 400 MWPS DAC W/REF CERDIP 24 MILITARY
SPT5220SCN 10-BIT, 80 MWPS PLASTIC DIP 28 COMMERCIAL
SPT5230SCT TRIPLE, 10-BIT, 50 MWPS SQFP 52 COMMERCIAL
SPT9712SIN 12-BIT, 100 MWPS ECL DAC PLASTIC DIP 28 INDUSTRIAL
SPT9712SIP 12-BIT, 100 MWPS ECL DAC PLCC 28 INDUSTRIAL
SPT9712SCU 12-BIT, 100 MWPS ECL DAC DIE COMMERCIAL
SPT9713SIN 12-BIT, 100 MWPS TTL DAC PLASTIC DIP 28 INDUSTRIAL
SPT9713SIP 12-BIT, 100 MWPS TTL DAC PLCC 28 INDUSTRIAL
SPT9713SCU 12-BIT, 100 MWPS TTL DAC DIE COMMERCIAL
SPT5216BCJ 16-BIT RES DAC W/REF SIDEBRAZED 32 COMMERCIAL
SPT5216CCJ 16-BIT RES DAC W/REF SIDEBRAZED 32 COMMERCIAL
SPT5216BCQ 16-BIT RES DAC W/REF CERQUAD 44 COMMERCIAL
SPT5216CCQ 16-BIT RES DAC W/REF CERQUAD 44 COMMERCIAL
SPT5216CCU 16-BIT RES DAC W/REF DIE ) +25 °C
COMPARATORS

PART NUMBER DESCRIPTION PACKAGE TYPE # PINS TEMPERATURE RANGE
HCMP96850SID HIGH-SPEED COMPARATOR CERDIP 16 INDUSTRIAL
HCMP96850SCU HIGH-SPEED COMPARATOR DIE +25 °C
SPT9687SIC DUAL HIGH-SPEED COMPARATOR LCC 20 INDUSTRIAL
SPT9687SID DUAL HIGH-SPEED COMPARATOR CERDIP 16 INDUSTRIAL
SPT9687S1J DUAL HIGH-SPEED COMPARATOR SIDEBRAZED 16 INDUSTRIAL
SPT9687SIN DUAL HIGH-SPEED COMPARATOR PLASTIC DIP 16 INDUSTRIAL
SPT9687SIP DUAL HIGH-SPEED COMPARATOR PLCC 20 INDUSTRIAL
SPT9687SCU DUAL HIGH-SPEED COMPARATOR DIE +25 °C
SPT9689AlJ SUB-NANOSECOND COMPARATOR SIDEBRAZED 16 INDUSTRIAL
SPT9689BIJ SUB-NANOSECOND COMPARATOR SIDEBRAZED 16 INDUSTRIAL
SPT9689AIC SUB-NANOSECOND COMPARATOR LCC 20 INDUSTRIAL
SPT9689BIC SUB-NANOSECOND COMPARATOR Lcc 20 INDUSTRIAL
SPT9689AIP SUB-NANOSECOND COMPARATOR PLCC 20 INDUSTRIAL
SPT9689BIP SUB-NANOSECOND COMPARATOR PLCC 20 INDUSTRIAL
SPT9689BCU SUB-NANOSECOND COMPARATOR DIE +25 °C

* CONSULT FACTORY FOR AVAILABILITY
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ORDERING INFORMATION

COMPARATORS

PART NUMBER DESCRIPTION PACKAGE TYPE # PINS TEMPERATURE RANGE
SPT9691SCJ 2NS, JFET COMPARATOR SIDEBRAZED 20 COMMERCIAL
SPT9691SCC 2NS, JFET COMPARATOR LcC 20 COMMERCIAL
SPT9691SCN 2NS, JFET COMPARATOR PLASTIC DIP 20 COMMERCIAL
SPT9691SCP 2NS, JFET COMPARATOR PLCC 20 COMMERCIAL
SPT9691SCU 2NS, JFET COMPARATOR DIE 20 +25 °C

SPT9693SCJ 1NS, JFET COMPARATOR SIDEBRAZED 20 COMMERCIAL
SPT9693SCC 1NS, JFET COMPARATOR LCC 20 COMMERCIAL
SPT9693SCP 1NS, JFET COMPARATOR PLCC 20 COMMERCIAL
SPT9693SCU 1NS, JFET COMPARATOR DIE 20 +25°C

PIN DRIVERS

PART NUMBER DESCRIPTION PACKAGE TYPE # PINS TEMPERATURE RANGE
SPT9500SCP 300 MHz PIN DRIVER PLCC 28 COMMERCIAL
SPT9500SCU 300 MHz PIN DRIVER DIE +25°C
SAMPLE-AND-HOLDS

PART NUMBER DESCRIPTION PACKAGE TYPE # PINS TEMPERATURE RANGE
SPT9101SIC 125 MSPS SAMPLING AMPLIFIER LcC 28 INDUSTRIAL
SPT9101SIS 125 MSPS SAMPLING AMPLIFIER SOIs 28 INDUSTRIAL
SPT9101SCU 125 MSPS SAMPLING AMPLIFIER DIE +25 °C
EVALUATION BOARDS

EB1175 SPT1175 DEMO BOARD

EB5220 SPT5220 DEMO BOARD

EB7610 SPT7610 DEMO BOARD

EB7710/25 SPT7710/25 DEMO BOARD

EB7750/55/60 SPT7750/55/60 DEMO BOARD

EB7810/14 SPT7810/7814 DEMO BOARD

EB7820/24 SPT7820/7824 DEMO BOARD

EB7830 SPT7830 DEMO BOARD

EB7835/40/50/55/60 SPT7835/40/50/55/60 DEMO BOARD

EB7870 SPT7870 DEMO BOARD ,
EB7871 SPT7871 DEMO BOARD

EB7910/12 SPT7910/7912 DEMO BOARD

EB7920/22 SPT7920/7922 DEMO BOARD

EB9101 SPT9101 DEMO BOARD

EB9712 SPT9712 DEMO BOARD

EB9713 SPT9713 DEMO BOARD

S
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Section 3 Analog-to-Digital Converters
HADC574Z 12-Bit, 25 1sec BICMOS........cociiiiiiic e 3-5
HADC674Z 12-Bit, 15 uSeC BICMOS ... ..ot 3-23
SPT774 12-Bit, 8 useC BICMOS ......c.ooiiiiiiccrce s 3-41
SPT7610 6-Bit, 1 GSPS Flash ........cccceviiiiiiiiiiiicic 3-59
SPT1175 8-Bit, 20 and 30 MSPS, CMOS ........c.cccoiiieiiiric e 3-67
SPT7710 8-Bit, 150 MSPS ..ottt 3-75
SPT7725 8-Bit, 300 MSPS ..o 3-87
SPT7750 8-Bit, 500 MSPS .......oii e 3-99
SPT7755 8-Bit, 750 MSPS ..ottt 3-107
SPT7760 8-Bit, 1 GSPS ..o et 3-115
SPT7810 10-Bit, 20 MSPS, ECL OUIPULS ......oovviriiriciinecieccre e 3-123
SPT7814 10-Bit, 40 MSPS, ECL Outputs ........ccovvmiicinieiin i 3-133
SPT7820 10-Bit, 20 MSPS, TTL OUPULS ......eeriiiirieriieirecicnie e 3-143
SPT7824 10-Bit, 40 MSPS, TTL OULPUL ......eriiiiiieiiiercriee e 3-153
SPT7830 10-Bit, 2.5 MSPS, Serial OUpULS .........ccociiiiiiiniiicicee 3-163
SPT7835 10-Bit, 5 MSPS, Low Power, CMOS..........cccoeirieniiiiiiis 3-171
SPT7840 10-Bit 10 MSPS, Low Power, CMOS...........c.cccconiviniiiinicie, 3-181
SPT7850 10-Bit, 20 MSPS, Low Power, CMOS...........cccovciiiniiiiiiis 3-191
SPT7852 Dual 10-Bit, 20 MSPS, Low Power, CMOS ........c.cccoeeirveninnne 3-201
SPT7855 10-Bit, 25 MSPS Low Power, CMOS............cccccciiiniiiininies 3-205
SPT7860 10-Bit, 40 MSPS, Low Power, CMOS............cooiiiivniiiiiiie 3-215
SPT7861 10-Bit, 40 MSPS, Low Power, CMOS............cceovviciinicicne, 3-225
SPT7870 10-Bit, 100 MSPS, ECL OUtpULS ......ocoeiiiiiiccrcie 3-231
SPT7871 10-Bit, 100 MSPS, TTL OUIPULS ......eoiiiiriiiicec e 3-237
SPT7910 12-Bit, 10 MSPS, ECL Outputs .....c.oooiiiiiiiiiicicceinicine 3-243
SPT7912 12-Bit, 30 MSPS, ECL OUPULS ....cceoviiiiieieriercrcesiccis 3-253
SPT7920 12-Bit, 10 MSPS, TTL OUIPULS ..o 3-263
SPT7921 12-Bit, 20 MSPS, TTL OULPULS ....ooveiieerrieireieceeieceeee e 3-273
SPT7922 12-Bit, 30 MSPS, TTL OUIPULS ....c.coviiiiiiiiiniiie e 3-283
SPT7930 12-Bit, 5 MSPS, Low Power, CMOS...........ccoociriiiiicriccenenene 3-293
s 4755 Forge Road, Co. Springs, CO 80907
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SSPT

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 us Max Conversion Time

No Negative Supply Required

Full Bipolar and Unipolar Input Range

GENERAL DESCRIPTION

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

The HADC574Z features 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
CMOS process (BEMOS) which combines CMOS logic and
fast bipolar npn transistors to yield high performance digital
and analog functions on one chip.

MsB

BLOCK DIAGRAM

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 and 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 that of
currently available devices, and a negative power supply is
not needed. A standard military drawing is published under
DESC number 5962-81527.

LsB
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HADC574Z

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

Supply Voltages Output
Positive Supply Voltage (Vcc to DGND) .....0to +16.5 V Reference Output Voltage .......... Indefinite short to GND
Logic Supply Voltage (VLogic to DGND) ......... Oto+7V Momentary short to Vcc
Analog to Digital Ground (AGND to DGND) .-0.5to +1V

Temperature

Input Voltages Operating Temperature, ambient ............ -55to +125 °C
Control Input Voltages (to DGND) junction +175 °C
(CE, CS, Ao, 12/8, R/C) .......c....... -0.5to VLogic +0.5V Lead Temperature, (soldering 10 seconds) +300 °C
Analog Input Voltage (to AGND) Storage Temperature ..........ccccceeverevreeenne -65 to +150 °C
(REF IN, BIP OFF, 10 ViN) .cocciieiencncnccireiene +16.5V Power Dissipation.............. . 1000 mW
20 V Vin Input Voltage (1o AGND) .......cccovevvvnenee 124V Thermal Resistance (8jA) ........cocovvririnnnnens 48 °C/W

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

ELECTRICAL SPECIFICATIONS

TA=TMmIN to TmMAX, Vcc=+15 V or +12 V, VL ogic=+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 Vi 12 12 12 |BITS
Linearity Error1 Ta=0to0 70 °C Y| +1 +1/2 +1/2 |LSB
Ta =-2510 +85 °C | +1 +1/2 +1/2 |LSB
Ta=-5510+125°C | +1 +1 +1 |LSB
Differential Linearity No Missing Codes Vi 1 12 12 BITS
Unipolar Offset; 10V, 20 V +25 °C Adjustable to Zero Vi +0.1 +2 +0.1 +2 +0.1 +2 |LSB
Bipolar Offset1; 5V, £10 V | +25 °C Adjustable to Zero Vi +10 +4 +4 |[LSB
Full Scale Calibration Error2
All Input Ranges +25 °C Adjustable to Zero Vi 0.3 0.3 0.3 |% of FS

No Adjustment at +25°

TA=0to70°C \ 0.5 0.4 0.35 %of FS
Ta=-25t0 +85 °C \ 0.7 0.5 0.4 %of FS
Ta=-55t0 +125°C \ 0.8 0.6 0.4 %of FS
With Adjustment at +25 °C
TA=0to 70 °C \% 0.22 0.12 0.05 %of FS
Ta=-25t0 +85 °C \Y 0.4 0.2 0.1 %of FS
TAa=-55t0 +125°C \Y 0.5 0.25 0.12 . |%of FS
Temperature Coefficients3 Using Internal Reference )
Unipolar Offset Ta=0t070°C \" +02 #2 +0.1 +1 +0.1 +1 |[LSB
(10) (6) (6) |(ppm/°C)
TaA =-25to +85 °C v +2 +1 +1 |LSB
®) @5) (2.5) |(ppmrC)
Ta=-55t0 +125°C v +2 +1 +1 |LSB
(5) (2.5) (2.5) [(ppm/°C)
Bipolar Offset TA=0t0o70°C \% +0.2 +2 +0.1 1 +0.1 +1 |[LSB
(10) (5) (5) |(ppm/°C)
Ta =-25to +85 °C v +2 +1 +1 |LSB
(5) (2.5) (2.5) |(ppm/°C)
36 4755 Forge Road, Co. Springs, CO 80907 spr
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ELECTRICAL SPECIFICATIONS

Ta=TmiN to TMax, Vecc = +15 V or +12 V, Viogic = +5 V, unless otherwise specified.

N
TEST TEST HADC574ZC HADC574ZB HADC574ZA E\:
PARAMETER CONDITIONS LEVEL| MIN TYP MAX |[MIN TYP MAX |[MIN TYP MAX | UNITS e}
(@]
DC ELECTRICAL CHARACTERISTICS %
Bipolar Offset (Cont.) Ta=-55t0 +125°C v +4 +2 +1|LSB
(10) (5) (2.5) | (ppm/°C)
Full Scale Calibration Ta=0to 70 °C \% +9 +5 +2| LSB
(45) (25) (10) | (ppm/°C)
Ta =-25t0 +85 °C \Y +12 +7 +3|LSB
(50) (25) (12) | (ppm/°C)
Ta=-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<Vcc<+16.5 V or Vi +0.5 +2 +0.5 #1 0.5 *1|LSB
+11.4 V<Vcco<+12.6 V
+4.5 V<V oGIc<+5.5 V Vi +0.1 0.5 +0.1 10.5 +0.1 +0.5|LSB
Analog Input Ranges
-5 +5 -5 +5 -5 +5 | Volts
Bipolar Vi
-10 +10]| -10 +10| -10 +10| Volts
0 +10 0 +10 0 +10| Volts
Unipolar Vi
0 +20 0 +20 0 +20 | Volts
Input Impedance
10 Volt Span Vi 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
Vioaic Vi +4.5 +5.5| +4.5 +5.5| +4.5 +5.5| Volts
Vce Vi +11.4 +16.5|+11.4 +16.5[+11.4 +16.5 | Volts
VEE Not required for
circuit operation
Operating Current
lLoGic Vi 0.5 1 0.5 1 0.5 1| mA
Icc Vi 7 9 7 9 7 9| mA
IEg Not required for
circuit operation
Power Dissipation
+15V,+5V Vi 110 150 110 150 110 150 | mW
Internal Reference Voltage Vi 9.97 10 10.03| 9.97 10 10.03| 9.97 10 10.03| Volts
Output Current4 VI 2 2 2 mA

S
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HADC574Z

ELECTRICAL SPECIFICATIONS

TA=TMmIN to Tmax, Ve = +15 V or +12 V, Vi ogic = +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
Logic Inputs
(CE, S, RIC, Ao, 12/8)
Logic “0” Vi -0.5 +0.8 |-0.5 +0.8 |-0.5 +0.8 | Volts
Logic “1” Vi 2.0 55 |20 55 |20 5.5 Volts
Current 0t0 5.5V Input Vi +.01 +1 +.01 +1 +01 +1 pA
Capacitance \Y 5 5 5 pF
Logic Outputs
(DB11-DBO, STS)
Logic “0” (Isink = 1.6 mA) Vi +0.4 +0.4 +0.4 | Volts
Logic “1” (IsouRcE = 500 pA) | VI +2.4 +2.4 +2.4 Volts
Leakage (High Z State,
DB11-DBO0 Only) Vi -5 +0.1 45 -5 +0.1 +5 -5 +0.1 +5 A
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:
Note 3:
Note 4:

Fixed 50 Q resistor from REF OUT to REF IN and REF OUT to BIP OFF.
Full Tempco testing is performed on all Grade A and MIL-STD-883 devices.
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

Ta=+25°C, Vcc =+15.0 Vor +12 V, VL ogic = +5 V, unless otherwise specified.

TEST TEST HADC574ZC HADC574ZB HADC574ZA

PARAMETER CONDITIONS LEVEL [ MIN TYP MAX|MIN TYP MAX{MIN TYP MAX |UNITS
AC ELECTRICAL CHARACTERISTICS5
tpsc STS Delay from CE | 200 200 200 |ns
tHec CE Pulse Width | 50 50 50 ns
tssc CS to CE Setup | 50 50 50 ns
tHsc CS Low during CE High | 50 50 50 ns
tsrc R/C to CE Setup 1 50 50 50 ns
tHrc R/C Low During CE High I 50 50 50 ‘ ns
tsac Ao to CE Setup | 0 0 0 ns
tHAc Ao Valid During CE High | 50 50 50 ns
tc Conversion Time

12-Bit Cycle TmIN to TmAx | 13 18 25 |15 18 25 |15 18 25 |[us

8-Bit Cycle TMIN to TmAX | 10 13 19 [t0 13 17 |10 13 17 |us

Note 5: Time is measured from 50% level of digital transitions. Paramaters are 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 1 - Convert Mode Timing Diagram

t HEC 1
ssC |

L
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R N
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HADC574Z

ELECTRICAL SPECIFICATIONS

READ MODE TIMING CHARACTERISTICS

Ta=25°C, Vcc=+15.0 Vor +12 V, Vi oaic = +5 V, unless otherwise specified.

TEST TEST HADC574zZC HADC574ZB HADC574ZA

PARAMETER CONDITIONS LEVEL | MIN TYP MAX|MIN TYP MAX|MIN TYP MAX| UNITS
AC ELECTRICAL CHARACTERISTICS6

tpp Access Time from CE | 150 150 150 | ns
tip Data Valid After CE Low | 25 25 25 ns
tHL Output Float Delay | 150 150 150 | ns
tssr CS to CE Setup | 50 0 50 0 50 0 ns
tsrr R/C to CE Setup | 0 0 0 0 0 0 ns
tsAR Ao to CE Setup | 50 50 50 ns
tHsr CS Valid After CE Low l 0 0 0 0 0 0 ns
tHrR R/C High After CE Low | 50 50 50 ns
tHs STS Delay After Data Valid | 300 1000 |300 1000 | 300 1000 | ns
tHAR Ao Valid after CE Low | 50 50 50 ns

Note 6: Time is measured from 50% level of digital transitions. Parameters are tested with a 100 pF and 3 k2 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
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ELECTRICAL SPECIFICATIONS

STAND-ALONE MODE TIMING CHARACTERISTICS

Ta=25°C, Vcc=+15.0Vor +12 V, VL oaic = +5 V, unless otherwise specified.

TEST TEST HADC574ZC HADC574ZB HADC574ZA
PARAMETER CONDITIONS LEVEL | MIN TYP MAX|MIN TYP MAX|MIN TYP MAX]| UNITS
AC ELECTRICAL CHARACTERISTICS®
tHRL Low R/C Pulse Width I 50 50 50 ns
tps STS Delay from R/C I 200 200 200 | ns
tHpR Data Valid After R/C Low I 25 25 25 ns
tHs STS Delay After Data Valid | 300 1000 | 300 1000 | 300 1000 | ns
tyRH High R/C Pulse Width | 150 150 150 ns
tppr Data Access Time I 150 150 150 | ns
SAMPLE AND HOLD
Acquisition Time I\ 18 24 34 |18 24 34 |18 24 34 |us
Aperture Uncertainty Time \' 8 8 8 ns,RMS

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

After Conversion
t

HRL

RIC

SsTS

thHs

DB11-DBO DATA VALID p———_ DATAVALID

TEST LEVEL CODES

All electrical characteristics are subject to the
following conditions:

All parameters having min/max specifications
are guaranteed. The Test Level column indi-
cates the specific device testing actually per-
formed during production and Quality Assur-
ance 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, Ty=Tc = Ta.

\

TEST LEVEL

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

RIC

8T8

'ooR HoR

HIGH-Z
DATA VALID

HIGH-Z

DB11-DBO

TEST PROCEDURE

100% production tested at the specified temperature.

100% production tested at Tao=25 °C, and sample
tested at the specified temperatures.

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.

100% production tested at Ta = 25 °C. Parameter is

guaranteed over specified temperature range.

S
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HADC574Z

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 figures 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
is defined as a level 1 and 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 HADC574ZAC and BC grades are guaranteed for maxi-
mum nonlinearity of £1/2 LSB. For these grades, this means
that an analog value that 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
HADC574ZAM, BM, CC and CM grades are guaranteed to
+1 LSB maximum error. For these grades, an analog value
that 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 that 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 AC, BC, AM and BM grades that 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 2LSB - 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 insig-
nificant when digitizing full scale signals. However, if a low
levelinput 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
associated with the perfect quantizing of a continuous
(analog) signal into a finite number of digital bits (A/D
transfer function). A 12-bit A/D converter can represent an
input voltage with a best case uncertainty of 1 part in 212
(1 part in 4096). In real A/Ds under dynamic operating

conditions, the quantization bands (bit change step vs

input amplitude) for certain codes can be significantly
larger (or smaller) than the ideal. The ideal width of each
quantization step (or band) is Q=FSR/2N where FSR=full
scale range and N=12. Nonideal quantization bands rep-
resent differential non linearity errors. (See figures 5, 6
and 7.)

Figure 5- Static Input Conditions
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RESOLUTION - ACTUAL vs AVAILABLE

The available resolution of an N-bit converter is 2N. This
means it is theoretically possible to generate 2N 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

Gain is 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

This is 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 that converts high
frequency signals with great accuracy. A sample-and-hold
type circuit can be used on the input to freeze these signals
during conversion.

An N-bit successive approximation converter performs a
sequence of tests comparing the input voltage to a succes-
sively narrower voltage range. The firstrange is half full scale,
the next is quarter full scale, etc., until it reaches the Nth test
which narrows it to a range of 1/2N of full scale. The 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
offsettemperature coefficient specifies the maximum change
of the transition point over temperature, with and without
external adjustment.

BIPOLAR OFFSET

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

CONVERSION TIME

This is the time required to complete a conversion over the
specified operating range. Conversion time can be expressed
as time/bit for a converter with selectable resolution or as
time/conversion when the number of bits is constant. The
HADC574Z is specified as time/conversion for all 12-bits.
Conversion time should not be confused with maximum
allowable analog input frequency which is discussed later.
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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 atthe lasttransition from the ideal level. This error, which
typically is 0.05 to 0.1% of full scale, can be trimmed out as
show in figures 11 and 12. The full scale calibration error over
temperature is given with and without the initial error trimmed
out. The temperature coefficients for each grade indicate the
maximum change in the full scale gain from the initial value
using the internal 10 volt reference.

TEMPERATURE COEFFICIENTS

The temperature coefficients for full scale calibration, 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. Thisis defined as the range of analoginput values
for which a given digital output code will occur. The nominal
value of a code width is equivalent to one 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 |mpI|es 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. Figure
6 demonstrates nonmonotonic behavior.

CIRCUIT OPERATION

The HADC574Z is a complete 12-bit analog-to-digital con-
verter that 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 it 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 cannot 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 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; if the sum is less, the bit is left
on; if more, the bit is turned off. After testing all the bits, the
SAR contains a 12-bit binary code which accurately 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 operating with +15 V supplies. If the 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 refer-
ence must remain constant during conversion.

The sample-and-hold feature is a bonus of the CDAC archi-
tecture. 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 builtin 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 will be explained in the
next two sections.

The operation of the S/H function is internal to the HADC574Z
and is controlled through the normal R/C control line. (Refer
to figure 8.) When the R/C line makes a negative transition,
the HADC574Z starts the timing of the sampling and conver-
sion. The first two clock cycles are allocated to signal acqui-
sition of the input by the CDAC. (This time is defined as Tacq.)
Following these two cycles, the input sample is taken and
held. The A/D conversion follows this cycle with the duration
controlled by the internal clock cycle.

Figure 8 - Sample and Hold Function
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During Tacgq, the equivalent circuit of the HADC574Z input is
as shown in figure 9 (the time constant of the input is
independent of which input levelis used). This CDAC capaci-
tance must be charged up to the input voltage during Tacq-
Since the CDAC time constant is 100 nsecs, there is more
than enough time for settling the input to 12-bits of accuracy
during Tacq. The excesstime leftduring Tacq allows the user’s
buffer amp to settle after being switched to the CDAC load.

Figure 9 - Equivalent HADC574Z Input Circuit

-
W
. Co—lzspF E
eq l

Req =4 kQ at any range
T = Req Ceq =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 Tacq is measured in clock cycles, its duration will vary
with the internal clock frequency. This results in
Tacq =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 specifica-
tions 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 Tay. The HADC574Z has a
nominal aperture jitter of 8 nsec 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 volt-
age 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<Vis/2N+1 (where Vgry is the allowable error voltage
and Vs 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 = Vegrr = Vi (2 - (N+1)), Vp = Vin/2 and At = tay
(The time during which unwanted voltage change occurs)

The above conditions then yield:
Vis/2(N+1) > fVin tay or fwax < Vis/(nVin tag)2(N+1)
For the HADC574Z, tay=8 nsec, therefore fmax <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 figures 11 and 12. The two typical interface circuits
are for operating the HADC574Z in either an unipolar or
bipolar input mode. Information on these connections and on
conditions concerning board layout to achieve the best op-
eration are discussed below.

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

To achieve specified accuracy, a double-sided printed circuit
board with a copper ground plane on the component side is
recommended. Keep analog signal traces away from digital
lines. It is best to lay the 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
closely 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 HADC574Z must be kept as quiet
as possible from noise pickup and also regulated from
transients or drops. Because the part has 12-bit accuracy,
voltage spikes on the supply lines can cause several LSB
deviations on the output. Switching power supply noise can
be a problem. Careful filtering and shielding should be
employed to prevent the noise from being picked up by the
converter.

Capacitor bypass pairs are needed from each supply pin to
its 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| ogic (pin 1)
and digital common (pin 15), and Vcc (pin 7) and analog
common (pin 9) are sufficient. VEg 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 closely to the package as
possible to guarantee best performance. The code depen-
dent currents flow through the Vi ogic 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,+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 shouid be positioned at
the origin to get an output code of all 0s. To do this, an input
of +1/2LSB 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.
This is 1 and 1/2 LSB below the nominal full scale which is
+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 1110and 1111 1111 1111. If calibration is
not necessary for the intended application, replace R2 with a
50 Q, 1% metal film resistor 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

MSB 27

BIPOLAR

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 for a
+5 V range or to pin 14 for a +10 V range. First apply 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
DCinputvoltage 1 and 1/2 LSB below positive full scale which
is +4.9963 V for the +5 V range or +9.9927 V for the 10 V
range. 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 (for an LSB of
2.5 mV)or20.48V (foran LSB of 5.0 mV) is more convenient.
In the Unipolar mode of operation, replace R2 with a 200 Q
potentiometer 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 with a 500 Q
potentiometer (in addition to the previous changes). The
calibration will remain similar to the standard calibration
procedure.
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Figure 12 - Bipolar Input Connections
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CONTROLLING THE HADC574Z

The HADC574Z can be operated by most microprocessor
systems due to the control input pins and on-chip logic. It may
also be operated in the “stand-alone” mode and enabled by
the R/C input pin. Full uP control consists of selecting an 8 or
12-bit conversion cycle, initiating the conversion, and read-
ing the output data when ready. The output read has the
options of choosing either 12-bits at once or 8 bits followed
by 4-bits in a left-justified format. All five control inputs are
TTL/CMOS compatible and include 12/8, CS, Ao, R/C and
CE. The use of these inputs in controlling the converter’s
operations is shown in table |, and the internal control logic is
shown in a simplified schematic in figure 14.

STAND-ALONE OPERATION

The simplestinterface is a control line connected to R/C . 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 specifica-
tions. In general, data may be read when R/C is high unless
STS is also high, indicating a conversion is in progress.

Figure 13 - Interfacing the HADC574Z
to an 8-bit Data Bus
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CE [e3] RC 1218 Ao Operation

0 X X X X None

X 1 X X X None

4 0 0 X o Initiate 12 bit conversion

f 0 ] X 1 Initiate 8 bit conversion

1 ‘ 0 X 0 Initiate 12 bit conversion

1 ) o X 1 Initiate 8 bit conversion

1 0 ) X 0 Initiate 12 bit conversion

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

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). If all 12-bits are read following an 8-bit conversion,
the three LSB’s will be a logic 0 and DB3 will be a logic 1. Ao
is latched because it is also involved in enabling the output
buffers as will be explained later. No other control inputs are
latched.

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 par-
ticular input controls the start of conversion, the other two
should be set up at least 50 ns earlier. Refer to the convert
mode timing specifications. The Convert Start timing diagram
is illustrated in figure 1.

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

READING THE OUTPUT DATA

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

BYTE 1

XXXX XXXX
|

MSB

BYTE 2

XXXX 0000
[
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, it can be seen that 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 tpp and tHs before STS goes low.
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Figure 14 - Control Logic

Figure 15 - Burn-In Schematic
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PIN ASSIGNMENTS

TOP VIEW
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N/C (Vgg)
BIP OFF

10VIN

20V IN

8TS

N

DB11

DB10

DB

©
N

DB

3
n

(I Tl (=] [T [a] [s] L] [n] Ta] Te] Ta] ] [s] [&]

DB6| 2

DB5S

DB4

DB3

DB2

DB

DBO

DGND

28 LEAD DIP

BIP 0V
OFF IN

28 Lead LCC

12/8 Vioge STS

20V DGND DBO
IN

DB11  DB10

PIN FUNCTIONS

NAME FUNCTION

ViLoagic Logic Supply Voltage, Nominally +5 V

12/8 Data Mode Selection

[ Chip Selection

Ao Byte Address/Short Cycle

R/C Read/Convert

CE Chip Enable

Vce Analog Positive Supply Voltage,
Nominally +15 V

REF OUT Reference Output, Nominally +10 V

AGND* Analog Ground

REF IN Reference Input

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

BIP OFF Bipolar Offset

10V IN 10 Volt Analog Input

20VIN 20 Volt Analog Input

DGND Digital Ground

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

STS Status

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

S
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SSPT

SIGNAL PROCESSING TECHNOLOGIES

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 us 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 are 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

BLOCK DIAGRAM

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 and 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 unipolarinput 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 that of
currently available devices, and a negative power supply is
not needed.

A standard military drawing is published under DESC number
5962-91690.

LsB

STS DB1t DB10 DB9 DB8 DB7 DB6 DBS DB4 DB3 DB2 DB1 DBO DGND

[ NIBBLE A |
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NIBBLE B

NIBBLE C

‘—>| THREE-STATE BUFFERS AND CONTROL

]
]

7N

—

12 BIT SAR |

L]

CONTROL LOGIC |

lREFl

Viogic 128 C8 A, RIC CE

~ = 2

1 2 3 4 5 6 7 8 9 10| 11 121113 |14
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4755 Forge Road, Co. Springs, CO 80907
PH: (719) 528-2300; Fax: (719) 528-2370

S

3-23




HADC674Z

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

Supply Voltages

Positive Supply Voltage (Vcc to DGND) .....

Logic Supply Voltage (VLoaic to DGND)

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

Input Voltages
Control Input Voltages (

(CE, CS, Ao, 12/8, R/C) ............... -0.5to VLogic +0.5V Lead Temperature, (soldering 10 seconds)........ +300 °C
Analog Input Voltage (to AGND) Storage Temperature ..........ccceeevrveeennn. -65 to +150 °C
(REF IN, BIP OFF, 10 ViN) ..cceeovivieverrreeeeiens 165V Power Dissipation............... 1000 mwW
20 V Vin Input Voltage (to AGND) ........ccceeeveeeene 24V Thermal Resistance (8ja) .......cc.cocoeveveieueieiennee. 48 °C/W

Note:

to DGND)

conditions in typical applications.

ELECTRICAL SPECIFICATIONS

Ta=TmIN to Tmax, Vec=+15V or +12 V, Vi oagic=+5 V, unless otherwise specified.

Output
Oto+16.5V Reference Output Voltage .......... Indefinite short to GND
Oto+7V Momentary short to Ve
Temperature
Operating Temperature, ambient ............ -55to +125 °C
junction .......ccceeeeeee. +175 °C

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

TEST TEST HADC674ZC HADC674ZB HADC674ZA
PARAMETER CONDITIONS LEVEL | MIN TYP MAX |[MIN TYP MAX [MIN TYP MAX |UNITS
DC ELECTRICAL CHARACTERISTICS
Resolution \ 12 12 12 Bits
Linearity Error1 Ta=0to 70 °C Vi +1 +1/2 +1/2 |LSB
Ta =-25to +85 °C | +1 +1/2 +1/2 |LSB
Ta=-55t0 +125 °C | +1 +1 +1 LSB
Differential Linearity No Missing Codes Vi 11 12 12 Bits
Unipolar Offset; 10 V, 20 V +25 °C Adjustable to Zero \Y +0.1 +2 +0.1 #2 +0.1 +2 LSB
Bipolar Offset1; 5V, 210 V | +25 °C Adjustable to Zero VI +10 +4 +4 LSB
Full Scale Calibration Error2
All Input Ranges +25 °C Adjustable to Zero Vi 0.3 0.3 0.3 |%ofFS
No Adjustment at +25°
TaA=0t070°C \ 0.5 0.4 0.35 %of FS
Ta =-25t0 +85 °C \ 0.7 0.5 0.4 %of FS
Ta=-55t0 +125 °C \" 0.8 0.6 0.4 %of FS
With Adjustment at +25 °C
Ta=0t0o70°C \Y 0.22 0.12 0.05 %of FS
Ta=-25t0 +85 °C \Y 0.4 0.2 0.1 %of FS
Ta=-55t0 +125°C \ 0.5 0.25 0.12 %of FS
Temperature Coefficients3 Using Internal Reference
Unipolar Offset Ta=0t0o70°C v +0.2 +2 +0.1 #1 +0.1 1 LSB
(10) (5) (5) | (pPm/°C)
Ta=-25t0 +85 °C v +2 +1 +1 LSB
(5) (2.5) (2.5) | (ppm/°C)
Ta=-55t0 +125°C I\ +2 +1 +1 LSB
(5) (2.5) (2.5) | (ppm/°C)
Bipolar Offset TA=0t0o70°C v +0.2 2 +0.1 #1 +0.1 1 LSB
(10) (5) (5) (ppm/°C)
Ta=-2510 +85 °C v +2 +1 +1 LSB
(5) (2.5) (2.5) | (ppm/°C)
304 4755 Forge Road, Co. Springs, CO 80907 spr
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HADC674Z

ELECTRICAL SPECIFICATIONS

Ta=TmIN to Tmax, Vce = +15 V or +12 V, Vi ogic = +5 V, unless otherwise specified.

TEST TEST HADC6742C HADC674ZB HADC674ZA
PARAMETER CONDITIONS LEVEL | MIN TYP MAX|MIN TYP MAX|MIN TYP MAX| UNITS
DIGITAL CHARACTERISTICS
Logic Inputs
(CE, CS, R/C, Ao, 12/8)
Logic “0” Vi -0.5 +0.8} -0.5 +0.8 | -0.5 +0.8 | Volts
Logic “1” Vi 2.0 55 |20 55 |20 5.5 | Volts
Current 0to 5.5V Input VI +.01 +1 +01 +1 +01 +1 HA
Capacitance \ 5 5 5 pF
Logic Outputs
(DB11-DBO, STS)
Logic “0” (Isink = 1.6 mA) Vi +0.4 +0.4 +0.4 | Volts
Logic “1” (Isource = 500 pA) Vi +2.4 +2.4 +2.4 Volts
Leakage (High Z State,
DB11-DB0 Only) Vi -5 +0.1 +5 |-5 +01 +5 |-5 +0.1 +5 A
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

Ta=TMmIN 0 TMAX, Vcc =+15 Vor +12 V, Vioaic = +5 V, unless otherwise specified.

TEST TEST HADC674ZC HADC674ZB HADC674ZA
PARAMETER CONDITIONS LEVEL | MIN TYP MAX [MIN TYP MAX [MIN TYP MAX | UNITS
DC ELECTRICAL CHARACTERISTICS
Bipolar Offset (Cont.) Ta=-55t0 +125°C \% +4 +2 +1 LSB
(10) (5) (2.5) | (ppm/°C)
Full Scale Calibration TA=0t0o70°C \Y% +9 15 12 LSB
(45) (25) (10) | (ppm/°C)
Ta =-2510 +85 °C I\ +12 +7 +3 LsSB
(50) (25) (12) | (ppm/°C)
TA =-55to +125 °C \" +20 +10 15 LSB
(50) (25) (12.5)] (ppm/°C)
Power Supply Rejection Max change in full
scale calibration
+13.5 V<Vcc<+16.5 V or| Vi +0.5 *2 +0.5 =1 +0.5 =1 LSB
+11.4 V<Vpoe<+12.6 V
+4.5 V<VLoGIc<+5.5 V Vi +0.1 +0.5 +0.1 +0.5 +0.1 +0.5 |LSB
Analog Input Ranges
-5 +5 |5 5 |5 45 |vois
Bipolar Vi
-10 +10 |-10 +10 |-10 +10 | Volts
0 +10 |0 +10 |0 +10 | Volts
Unipolar Vi
0 +20 |0 +20 |0 +20 | Volts
Input Impedance
10 Volt Span Vi 375 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
ViLoaGic Vi +4.5 +5.5 [+4.5 +5.5 |+4.5 +5.5 | Volts
Vce Vi +11.4 +16.5[+11.4 +16.5|+11.4 +16.5] Volts
VEE Not required for
circuit operation
Operating Current
lLoaic Vi 05 1 05 1 05 1 mA
Icc Vi 7 9 7 9 7 9 mA
IEE Not required for
circuit operation
Power Dissipation
+15V,+5V Vi 110 150 110 150 110 150 |mW
nternal Reference Voltage Vi 9.97 10 10.03{9.97 10 10.0319.97 10 10.03] Volts
Output Current4 v 2 2 2 mA
s 4755 Forge Road, Co. Springs, CO 80907 .05
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ELECTRICAL SPECIFICATIONS

CONVERT MODE TIMING CHARACTERISTICS

Ta=+25°C, Vcc = +15.0 Vor +12 V, Vi oaic = +5 V, unless otherwise specified.

TEST TEST HADC674ZC . HADC674ZB HADC674ZA

PARAMETER CONDITIONS LEVEL | MIN TYP MAX|MIN TYP MAX [MIN TYP MAX | UNITS
AC ELECTRICAL CHARACTERISTICS5
tpsc STS Delay from CE | 200 200 200 | ns
tHec CE Pulse Width | 50 50 50 ns
tssc CS to CE Setup ] 50 50 50 ns
tHsc CS Low during CE High 1 50 50 50 ns
tsrc R/C to CE Setup | 50 50 50 ns
tHrc R/C Low During CE High I 50 50 50 ns
tsac Ao to CE Setup | 0 0 0 ns
tHac Ao Valid During CE High | 50 50 50 ns
tc Conversion Time

12-Bit Cycle TmIN to TmAX | 9 13 15 9 13 15 9 13 15 us

8-Bit Cycle TMmIN to Tmax ! 6 8 10 6 8 10 6 8 10 us

Note 5: Time is measured from 50% level of digital transitions. Parameters are 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 1 - Convert Mode Timing Diagram
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ELECTRICAL SPECIFICATIONS

READ MODE TIMING CHARACTERISTICS

Ta=25°C, Vcc =+15.0 Vor +12V, VL oaic = +5 V, unless otherwise specified.

TEST TEST HADC674ZC HADC674ZB HADC674ZA

PARAMETER CONDITIONS LEVEL | MIN TYP MAX{MIN TYP MAX|MIN TYP MAX| UNITS
AC ELECTRICAL CHARACTERISTICSé

tpp Access Time from CE | 150 150 150 | ns
tHp Data Valid After CE Low | 25 25 25 ns
tHL Output Float Delay | 150 150 150 | ns
tssr CS to CE Setup | 5 0 ) 50 O 50 0 ns
tsrr R/C to CE Setup | 0 0 0 0 0 0 ns
tsaR Ao to CE Setup | 50 50 50 ns
tHsr CS Valid After CE Low | 0 0 0 0 0 0 ns
tHrRr R/C High After CE Low| | 50 50 50 ns
tHs STS Delay After Data Valid | 100 600 {100 600 {100 600 | ns
tHAR Ao Valid after CE Low | 50 50 50 ns

Note 6: Time is measured from 50% level of digital transitions. Parameters are 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
N
cEeo N
&ﬁb’ tSSF! tHSR 4%—
tHRR 4...‘
R/C
7 ﬂx_
/]
tsRR
o X X
tsAR tHAR "
STS \\
tHD
HIGH ths l"
DB Y  DATA
pBTI-DB0 IMPEDANGE VALID 7]
le——tpp e— tHL
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ELECTRICAL SPECIFICATIONS

STAND-ALONE MODE TIMING CHARACTERISTICS

TA=25°C, Vcc=+15.0Vor +12 V, Vi oaic = +5 V, unless otherwise specified.

TEST TEST HADC674ZC HADC674ZB HADC674ZA
PARAMETER CONDITIONS LEVEL [ MIN TYP MAX[MIN TYP MAX|MIN TYP MAX| UNITS
AC ELECTRICAL CHARACTERISTICSS6
tHRL Low R/C Pulse Width | 50 50 50 ns
tpg STS Delay from R/C I 200 200 200 | ns
tHpR Data Valid After R/C Low I 25 25 25 ns
tHs STS Delay After Data Valid | 100 600 | 100 600 | 100 600 | ns
tHRH High R/C Pulse Width | 150 150 150 ns
tppr Data Access Time | 150 150 150 | ns
SAMPLE-AND-HOLD
Acquisition Time v 12 17 20 |12 17 20 |12 17 20 |ups
Aperture Uncertainty Time \ 8 8 8 ns,RMS

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

After Conversion

DB11-DBO DATA VALID p———————=<_ DATAVALID

TEST LEVEL CODES

All electrical characteristics are subject to the
following conditions:

All parameters having min/max specifications
are guaranteed. The Test Level column indi-
cates the specific device testing actually per-
formed during production and Quality Assur-
ance 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, Ty = Tc = Ta.

\

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

P
RIC
'HRH 'ps |
sTs
e
' DDR ' HoR
HIGH-Z HIGH-Z

DATA VALID

DB11-DBO

TESTLEVEL TEST PROCEDURE

100% production tested at the specified temperature.

100% production tested at Ta=25 °C, and sample
tested at the specified temperatures.

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.

100% production tested at Tp = 25 °C. Parameter is
guaranteed over specified temperature range.
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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 figures 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
is defined as a level 1 and 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 HADC674ZAC and BC grades are guaranteed for maxi-
mum nonlinearity of £1/2 LSB. For these grades, this means
that an analog value that 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
HADC674ZAM, BM, CC and CM grades are guaranteed to
+1 LSB maximum error. For these grades, an analog value
that 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 that 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 HADC674Z
type AC, BC, AM and BM grades that guarantee no missing
codes to 12-bit resolution, all 4096 codes must be present
over the entire operating temperature ranges. The
HADC674Z CC and CV 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 adifferential 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 insig-
nificant when digitizing full scale signals. However, if a low
levelinputsignal 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
associated with the perfect quantizing of a continuous
(analog) signal into a finite number of digital bits (A/D
transfer function). A 12-bit A/D converter can represent an
input voltage with a best case uncertainty of 1 part in 212
(1 part in 4096). In real A/Ds under dynamic operating
conditions, the quantization bands (bit change step vs
input amplitude) for certain codes can be significantly
larger (or smaller) than the ideal. The ideal width of each
quantization step (or band) is Q=FSR/2N where FSR=full
scale range and N=12. Nonideal quantization bands rep-
resent differential non linearity errors. (See figures 5, 6
and 7.)

Figure 5 - Static Input Conditions

Output T
Codes
Threshold Level
Inkpm/\ ]

(Band Edge)

|
-

Output

Quantization Step
’~— (Or Band)

Input Voltage

RESOLUTION - ACTUAL vs AVAILABLE

The available resolution of an N-bit converter is 2N, This
means it is theoretically possible to generate 2N 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

Gain is 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

Thisisa 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 that converts high
frequency signals with great accuracy. A sample-and-hold
type circuit can be used on the input to freeze these signals
during conversion.

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

UNIPOLAR OFFSET

The first transition should occur at a level 1/2 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
offsettemperature coefficient specifies the maximum change
of the transition point over temperature, with and without
external adjustment.

BIPOLAR OFFSET

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

CONVERSION TIME

This is the time required to complete a conversion over the
specified operating range. Conversion time can be ex-
pressed 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.

4755 Forge Road, Co. Springs, CO 80907
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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 atthe lasttransition fromthe ideal level. This error, which
typically is 0.05 to 0.1% of full scale, can be trimmed out as
show in figures 11 and 12. The full scale calibration error over
temperature is given with and without the initial error trimmed
out. The temperature coefficients for each grade indicate the
maximum change in the full scale gain from the initial value
using the internal 10 volt reference.

TEMPERATURE COEFFICIENTS

The temperature coefficients for full scale calibration, 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 one 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
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. Figure
6 demonstrates nonmonotonic behavior.

CIRCUIT OPERATION

The HADC674Z is a complete 12-bit analog-to-digital con-
verter that 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 wnth few
external components.

When the 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 cannot 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; if the sum is less, the bit is left
on; if more, the bit is turned off. After testing all the bits, the
SAR contains a 12-bit binary code which accurately 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 operating with =15V supplies. Ifthe 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 refer-
ence must remain constant during conversion.

The sample-and-hold feature is a bonus of the CDAC archi-
tecture. 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 builtin 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 HADCG674Z 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 foran external S/H. This function will be explained in the
next two sections.

The operation of the S/H functionis internal tothe HADC674Z
and is controlled through the normal R/C control line. (Refer
to figure 8.) When the R/C line makes a negative transition,
the HADC674Z starts the timing of the sampling and conver-
sion. The first two clock cycles are allocated to signal acqui-
sition of the input by the CDAC. (This time is defined as Tacq).
Following these two cycles, the input sample is taken and
held. The A/D conversion follows this cycle with the duration
controlled by the internal clock cycle.

Figure 8 - Sample-and-hold Function

(Tacg)

Acquisition
Time

Wait For | o
Convert Signal g Read

—| |<g—— Aperture
VIN Jitter
|

r———- Acquisition Time = Aperture Delay Time = 0.12 X Tgonvert
CDAC Voltage '<—>1

0 Volts \

| Wait For Bus

During Tacq, the equivalent circuit of the HADC674Z input is
as shown in figure 9. (The time constant of the input is inde-
pendent of which input level is used.) This CDAC capaci-
tance must be charged up to the input voltage during Tacg.
Since the CDAC time constant is 100 nsecs, there is more
than enough time for settling the input to 12-bits of accuracy
during Tacq. The excesstime left during Tacq allows the user’s
buffer amp to settle after being switched to the CDAC load.

Figure 9 - Equivalent HADC674Z Input Circuit

Note that because the sample is taken relative to the

25 pF

Req =4kQat any range
T = Req Ceq =100 nsec

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

Since Tacqis measured in clock cycles, its duration will
vary with the internal clock frequency. This results in
Tacq =1.7 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
specifications 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 Tay. The HADC674Z has a
nominal aperture jitter of 8 nsec 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 volt-
age 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<Vis/2N+1 (where Vg is the allowable error voltage
and Vs is the full scale voltage)
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Figure 10 - Aperture Uncertainty

Sample Point

From figure 10:
SR=AV/At=2 nfVp

Let AV = Vgrr=Vis (2 - (N+1)), Vp = Vin/2 and At=tay (The time
during which unwanted voltage change occurs)

The above conditions then yield:
Vis/2(N+1) > tfVip tag or fmax < Vis/(nVin tag)2(N+1)
For the HADC674Z, tay=8 nsec, therefore fmax <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. Information on these connections and on
conditions concerning board layout to achieve the best op-
eration are discussed below.

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

To achieve specified accuracy, a double-sided printed circuit
board with a copper ground plane on the component side is
recommended. Keep analog signal traces away from digital
lines. It is best to lay the 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
closely 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 HADC674Z must be kept as quiet
as possible from noise pickup and also regulated from
transients or drops. Because the part has 12-bit accuracy,
voltage spikes on the supply lines can cause several LSB
deviations on the output. Switching power supply noise can
be a problem. Careful filtering and shielding should be
employed to prevent the noise from being picked up by the
converter.

Capacitor bypass pairs are needed from each supply pin to
its 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| ogic (pin 1)
and digital common (pin 15), and V¢ (pin 7) and analog
common (pin 9) are sufficient. VEg is generated internally so
pin 11 may be grounded or connected to a negative supply if
the HADC674Z is being used to upgrade an already existing
design.

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 closely to the package as
possible to guarantee best performance. The code depen-
dent currents flow through the V| ogic and V¢ terminals and
not through the analog and digital common pins.

The HADC674Z may be operated by a uP or in the stand-
alone mode. The part has four standard input ranges: 0V to
+10V,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 +1/2LSB or +1.22 mV for the 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.
This is 1 and 1/2 LSB below the nominal full scale which is
+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 1110and 1111 1111 1111. If calibration is
not necessary for the intended application, replace R2 with a
50 Q, 1% metal film resistor and remove the network from pin
12. Connect pin 12 to pin 9. Connect the analog input to pin
13 for the O V to 10 V range or to pin 14 for the 0 V to 20 V
range.

Figure 11 - Unipolar Input Connections

MSB 27| 26| 25

BIPOLAR

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 for a
+5 V range or to pin 14 for a 10 V range. First apply a DC
input voltage 1/2 LSB above negative full scale which is
-4.9988 V forthe £5 V range or-9.9976 V forthe £10 V range.
Adjust the offset potentiometer R1 for flicker between output
codes 0000 0000 0000 and 0000 0000 0001. Next, apply a
DCinputvoltage 1 and 1/2 LSB below positive full scale which
is +4.9963 V for the £5 V range or +9.9927 V for the 10 V
range. 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 (for an LSB of
2.5 mV)or20.48V (foran LSB of 5.0 mV) is more convenient.
In the Unipolar mode of operation, replace R2 with a 200 Q
potentiometer 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 with a 500 Q
potentiometer (in addition to the previous changes). The
calibration will remain similar to the standard calibration
procedure.
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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 tP 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 bits followed
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
operations is shown in table |, and the internal control logic
is shown in a simplified schematic in figure 14.

Figure 13 - Interfacing the HADC674Z

to an 8-bit Data Bus

Address Bus

2] 1278
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DIG
com

Data
Bus
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STAND-ALONE OPERATION
The simplest interface is a control line connected to R/C . 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. In general, data may be read when R/C is high
unless STSis also high, indicating a conversion s in progress.

Table | - Truth Table for the HADC674Z Control Inputs

CONVERSION LENGTH
A conversion start transition latches the state of Ao as shown

CE s RIC 128 Ao Operation

0 X X X X None

X 1 X X X None

4 0 0 X 0 Initiate 12 bit conversion

f 0 0 X 1 Initiate 8 bit conversion

1 ¢ 0 X 0 Initiate 12 bit conversion

1 v 0 X 1 Initiate 8 bit conversion

1 0 4 X 0 Initiate 12 bit conversion

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

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.
Ao is latched because it is 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 I. 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 set up 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 possibly cause a wrong cycle length for that conver-
sion (8 versus 12-bits).

READING THE OUTPUT DATA

The output data buffers remain in a high impedance state
until the following four conditions are met: R/C is high, STS
is low, CE is high, and CS is low. The data lines become
active in response to the four conditions and output data
according to the conditions of 12/8 and Ao. The timing
diagram for this process is shown in figure 2. When 12/8 is
high, all 12 data outputs become active simultaneously and
the Ao input is ignored. This results in east interface toa 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 separated into two 8-bit bytes as shown below:

BYTE 1 BYTE 2

XX XX XXXX XXXX O00O0O
[ [

MSB LSB

This configuration makes it easy to connect to an 8-bit data
bus as shown in figure 13. The Ao control can be connected
to the least significant bit of the 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, it can be seen that 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 tpp and tHs before STS goes low.
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Figure 14 - Control Logic
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PIN Assignment HADC674Z
TOP VIEW
E VLOGIC STS EI
E 12/8 DB11 El
B oB1o| 26
E Ao oo | 2]
E RIC DB8 E‘
[e]ee
[ 7] vee oes| 22|
[ &|rerour DBs
E AGND oB4| 20|
[10] reF v DB3 EI
E NIC (Vgg) DB2 E|
[12] eiporF 01| 17]
[13] 1ovin DEO E‘
[14] 2ovin DGND
28 LEAD DIP
RO T8 1B Vigg STS DBH  DBIO

BIP 0oV
OFF IN

ZFNV DGND  DBO

28 Lead LCC

PIN Functions HADC674Z

NAME FUNCTION

VLoaGic Logic Supply Voltage, Nominally +5 V
12/8 Data Mode Selection

(3 Chip Selection

Ao Byte Address/Short Cycle

R/C Read/Convert

CE Chip Enable

Vce Analog Positive Supply Voltage,

Nominally +15 V

REF OUT Reference Output, Nominally +10 V

AGND* Analog Ground

REF IN Reference Input

N/C (VEE) 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 lids on the sidebrazed and LCC packages are
internally connected to AGND.

S
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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 the chip are an internal reference,
clock, and a sample-and-hold. The S/H allows full Nyquist
sampling of input signals.

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

The BEMOS process and monolithic construction reduces
power consumption and ground noise and keeps parasitics to
aminimum. In addition, the thin film available on this process

BLOCK DIAGRAM

APPLICATIONS

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

Process Control Systems

Test and Scientific Instruments

Personal Computer Interface

e o o o o

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 that of
currently available devices, and a negative power supply is
not needed.

NIBBLE A |

NIBBLE B |

NIBBLE C

r THREE-STATE BUFFERS AND CONTROL ]

12 BIT SAR ‘I

12-BIT
CAPACITANCE
DAC

OFFSET/GAIN
TRIM

L[

CONTROL LOGIC ] LREF l

Vioagic 128 C§ A, RC CE

I 3133 3 3 | 3 e

Vcc REF AGND REF VEE BIP 10V 20V
Of

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

Output

Reference Output Voltage .......... Indefinite short to GND
Momentary short to Vcc

Temperature
Operating Temperature, ambient ............ -55to +125 °C
junction .......ccocoeenenee. +175°C
Lead Temperature, (soldering 10 seconds)....... +300 °C
Storage Temperature ..........ccccoeeeeininne -65to +150 °C
Power Dissipation...........ccccoeviiiininiccinniiens 1000 mW
Thermal Resistance (6jA) ........ccccoevevrveeniieecnn. 48 °C/W

Supply Voltages
Positive Supply Voltage (Vcc to DGND) .....0to +16.5 V
Logic Supply Voltage (VLogic to DGND) ......... Oto+7V
Analog to Digital Ground (AGND to DGND) .-0.5t0 +1 V
Input Voltages
Control Input Voltages (to DGND)
(CE, CS, Ao, 12/8, R/C) ......cce..... -0.5 to Vioaic +0.5V
Analog Input Voltage (to AGND)
(REF IN, BIP OFF, 10 ViN) .ccocviiciiiiniencnies +16.5V
20 V Vin Input Voltage (to AGND) ........cccocevennee. 24V
Note:

conditions in typical applications.

ELECTRICAL SPECIFICATIONS

Ta=TmIN to Tmax, Vee=+15 V or +12 V, VLoagic=+5 V, unless otherwise specified.

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

TEST TEST SPT774C SPT774B SPT774A
PARAMETER CONDITIONS LEVEL | MIN TYP MAX |[MIN TYP MAX [MIN TYP MAX | UNITS
DC ELECTRICAL CHARACTERISTICS
Resolution Vi 12 12 12| BITS
Linearity Error1 Ta=0to 70 °C Vi +1 12} +1/2| LSB
Ta =-25t0 +85 °C | +1 +1/2 +1/2 LSB
Ta =-5510 +125 °C | +1 +1 +1 LSB
Differential Linearity No Missing Codes \'l 1 12 12 BITS
Unipolar Offset; 10V, 20 V +25 °C Adjustable to Zero Vi +0.1 12 +0.1 +2 +0.1 +2|LSB
Bipolar Offset1; +5 V,#10V | +25°C Adjustable to Zero i +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°
Ta=0t070°C \Y 0.5 0.4 0.35 %of FS
Ta =-25t0 +85 °C \ 0.7 0.5 04 %of FS
Ta =-55t0 +125 °C \ 0.8 0.6 0.4 %of FS|
With Adjustment at +25 °C
TA=0t070°C Vv 0.22 0.12 0.05 %of FS
Ta =-25to +85 °C Vv 0.4 0.2 0.1 %of FS
TA =-55t0 +125 °C \% 0.5 0.25 0.12 %of FS
Temperature Coefficients3 Using Internal Reference
Unipolar Offset TA=0t070°C \% +0.2 +2 +0.1 +1 +0.1 +1 | LSB
(10) (5) (5) | (ppm/°C)
TA =-25t0 +85 °C v +2 +1 +1 | LSB
(5) (2.5) (2.5) | (ppm/°C)
Ta =-55t0 +125 °C v +2 +1 +1 LSB
(5) (2.5) (2.5) | (ppm/°C)
Bipolar Offset TaA=0to70°C \% +0.2 12 +0.1.  +1 +0.1 +1|LSB
(10) (5) (5) | (ppm/°C)
TA=-25t0 +85 °C v 12 +1 +1|LSB
' (5) (2.5) (2.5) | (ppm/°C)
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ELECTRICAL SPECIFICATIONS

TA=Tmin to Tmax, Vcc = +15 Vor +12 V, Vi oagic = +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.) Ta=-55t0 +125 °C v +4 +2 +1|LSB
(10) 5) 2.5) | (ppmrC)
Full Scale Calibration Ta=0t070°C I\ +9 +5 +2|LSB
(45) (25) (10) | (ppm/°C)
Ta=-25t0 +85°C [\ +12 +7 +3|LSB
(50) (25) (12) | (ppm/°C)
Ta=-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<Ve<+16.5 V or \ +05 £2 0.5  *1 +0.5 +1|LSB
+11.4 V<Vceo<+12.6 V
+4.5 V<VLogGIc<+5.5V \ +0.1 0.5 +0.1 0.5 +0.1 *0.5|LSB
Analog Input Ranges
-5 +5 -5 +5 -5 +5 | Volts
Bipolar Vi
-10 +10| -10 +10| -10 +10 | Volts
0 +10 0 +10 0 +10| Volts
Unipolar Vi
0 +20 0 +20 0 +20 | Volts
Input Impedance
10 Volt Span Vi 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
ViLoaic Vi +4.5 +55| +4.5 +5.5| +4.5 +5.5 | Volts
Vce Vi +11.4 +16.5[+11.4 +16.5|+11.4 +16.5| Volts
VEE Not Required for
circuit operation.
Operating Current
lLoagic Vi 0.5 1 0.5 1 0.5 1| mA
Icc Vi 7 9 7 9 7 9| mA
lee Not required for
circuit operation.
Power Dissipation
+15V,+5V Vi 110 150 110 150 110 150 mW
Internal Reference Voltage Vi 9.97 10 10.03] 9.97 10 10.03| 9.97 10 10.03 | Volts
Output Current4 Vi 2 2 2| mA
s 4755 Forge Road, Co. Springs, CO 80907 343
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ELECTRICAL SPECIFICATIONS

Ta=Twmin to TMax, Voc = +15 Vor +12 V, Vi ogic = +5 V, 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, RIC, Ao, 12/8)
Logic “0” Vi -0.5 +0.8] -0.5 +0.8| -0.5 +0.8| Volts
Logic “1” Vi 2.0 55 2.0 55| 2.0 5.5 Volts
Current 0t0 5.5V Input \ +.01 +1 +.01 +1 +.01 +1] nA
Capacitance Vv 5 5 5 pF
Logic Outputs
(DB11-DBO, STS)
Logic “0” (Isink = 1.6 mA) Vi +0.4 +0.4 +0.4| Volts
Logic “1” (IsouRCE = 500 pA) Vi +2.4 +2.4 +2.4 Volts
Leakage (High Z State,
DB11-DBO0 Only) Vi -5 0.1 45 -5 0.1 45 -5 0.1 +5( pA
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

Ta=+25°C,Vcc =+15.0Vor+12 V, VL oagic = +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 CHARACTERISTICS5
tpsc STS Delay from CE | 200 200 200| ns
tHec CE Pulse Width ] 50 50 50 ns
tssc CS to CE Setup | 50 50 50 ns
tHsc CS Low during CE High I 50 50 50 ns
tspc R/C to CE Setup I 50 50 50 ns
tHrc R/C Low During CE High | 50 50 50 ns
tsac Ao to CE Setup | 0 0 0 ns
tHac Ao Valid During CE High | 50 50 50 ns
tc Conversion Time

12-Bit Cycle TMIN to TMAX | 70 75 80 70 75 80 70 75 80|us

8-Bit Cycle TMIN to TMAX I 485 525 565 4.85 525 565 4.85 525 565 us

Note 5: Time is measured from 50% level of digital transitions. Parameters are 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 SPECI

FICATIONS

READ MODE TIMING CHARACTERISTICS

Ta=25°C, Vcc =+15.0 Vor +12V, VL oaic = +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 CHARACTERISTICS6
tpp Access Time from CE | 150 150 150{ ns
thp Data Valid After CE Low | 25 25 25 ns
tHL Output Float Delay | 150 150 150| ns
tssp CS to CE Setup | 50 - 0 50 0 50 0 ns
tsrr R/C to CE Setup 1 0 0 0 0 0 0 ns
tsaR Ao to CE Setup | 50 50 50 ns
tHsk CS Valid After CE Low ! 0 0 0 0 0 0 ns
tHRR R/C High After CE Low | 50 50 50 ns
tHs STS Delay After Data Valid | 90 300 90 300 90 300| ns
tHAR Ao Valid after CE Low | 50 50 50 ns

Note 6: Time is measured from 50% level of digital transitions. Parameters are 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
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ELECTRICAL SPECIFICATIONS

STAND-ALONE MODE TIMING CHARACTERISTICS

Ta=25°C, Vcc=+15.0 Vor+12 V, Vioaic = +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 CHARACTERISTICS6

tHRL Low R/C Pulse Width | 50 50 50 ns
tps STS Delay from R/C I 200 200 200 | ns
tHDR Data Valid After R/C Low | 25 25 25 ns
tHs STS Delay After Data Valid | 90 300 90 300 90 300 | ns
tHrH High R/C Pulse Width I | 150 150 150 ns
topr Data Access Time | © 150 150 150 | ns

SAMPLE-AND-HOLD

Acquisition Time IV |1.35 1.45 155 [1.35 145 1.55| 1.35 1.45 1.55 | 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
tHRL
RIC o N
' HRH ps

S§TS
st ' ¢
t t
HDR HS ' ppR ‘o
HIGH-Z HIGH-Z
DB11-DBO  DATAVALID DATA VALID DATA VALID
DB11-DBO

TEST LEVEL CODES TESTLEVEL TEST PROCEDURE

All electrical characteristics are subject to the | 100% production tested at the specified temperature.

following conditions: I 100% production tested at TaA=25 °C, and sample

All parameters having min/max specifications tested at the specified temperatures.

are guaranteed. The Test Level column indi- n QA sample tested only at the specified temperatures.
cates the specific device testing actually per- \% Parameter is guaranteed (but not tested) by design
formed during production and Quality Assur- and characterization data.

ance inspection. Any blank section in the data v Parameter is a typical value for information purposes

column indicates that the specification is not

only.
tested at the specified condition. y . )
Vi 100% production tested at Ta = 25 °C. Parameter is
Unless otherwise noted, all tests are pulsed guaranteed over specified temperature range.

tests; therefore, Ty=Tc = Ta.
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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 figures 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 1 and 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 that falls exactly in the center of a given code
width will result in the correct digital output code. Values
nearer the upper or lower transition of the code width may
produce the next upper or lower digital output code. The
SPT774AM, BM, CC and CM grades are guaranteed to
+1 LSB maximum error. For these grades, an-analog value
that 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 that 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 AC, BC, AM and BM grades, that 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 combi-
nations of the upper 11-bits must be present. In practice, very
few of the 12-bit codes are missing.

DIFFERENTIAL NONLINEARITY

Differential nonlinearity is a measure of how much the actual
quantization step width varies from the ideal step width of
1 LSB. Figure 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 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
associated with the perfect quantizing of a continuous
(analog) signal into a finite number of digital bits (A/D
transfer function). A 12-bit A/D converter can representan
input voltage with a best case uncertainty of 1 part in 212
(1 part in 4096). In real A/Ds under dynamic operating
conditions, the quantization bands (bit change step vs
input amplitude) for certain codes can be significantly
larger (or smaller) than the ideal. The ideal width of each
quantization step (or band) is Q=FSR/2N where FSR=full
scale range and N=12. Nonideal quantization bands
represent differential non linearity errors. (See figures 5, 6
and 7.)

Figure 5 - Static Input Conditions
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RESOLUTION - ACTUAL vs AVAILABLE

The available resolution of an N-bit converter is 2N. This
means it is theoretically possible to generate 2N 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

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

ACQUISITION TIME/APERTURE DELAY TIME

In the 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

This is 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 that converts high
frequency signals with great accuracy. A sample-and-hold
type circuit can be used on the input to freeze these signals
during conversion.

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

UNIPOLAR OFFSET

The first transition should occur at a level 1/2 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
offsettemperature coefficient specifies the maximum change
of the transition point over temperature, with and without
external adjustment.

BIPOLAR OFFSET

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

CONVERSION TIME

This is the time required to complete a conversion over the
specified operating range. Conversion time can be ex-
pressed 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.

4755 Forge Road, Co. Springs, CO 80907
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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 figures 11 and 12. The full scale calibration error
over temperature is given with and without the initial error
trimmed out. The temperature coefficients for each grade
indicate the maximum change in the full scale gain from the
initial value using the internal 10 volt reference.

TEMPERATURE COEFFICIENTS

The temperature coefficients for full scale calibration, 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 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 one least
significant bit (LSB) of the full scaie range ur 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 signal increases, and if the output code
continuously decreases as the input signal decreases. Fig-
ure 6 demonstrates nonmonotonic behavior.

CIRCUIT OPERATION

The SPT774 is a complete 12-bit analog-to-digital converter
that consists of a single chip version of the industry standard
774. 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 SPT774 with few external compo-
nents.

When the control section of the SPT774 initiates a conversion
command, the clock is enabled and the successive-approxi-
mation register is reset to all zeros. Once the conversion
cycle begins, it cannot 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 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 equalto 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; if the sum is less, the bit is left
on; if more, the bit is turned off. After testing all the bits, the
SAR contains a 12-bit binary code which accurately 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 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 archi-
tecture. 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 built in sample-
and-hold. This sample-and-hold action substantially in-
creases the signal bandwidth of the SPT774 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 SPT774 is disconnected from the user’s sample-
and-hold. This prevents transients occurring during conver-
sion from being inflicted upon the attached sample-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 foran external S/H. This function will be explainedinthe
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.) When the R/C line makes a negative transition,
the SPT774 starts the timing of the sampling and conversion.
The first two clock cycles are allocated to signal acquisition of
the input by the CDAC. (This time is defined as Tacq.)
Following these two cycles, the input sample is taken and
held. The A/D conversion follows this cycle with the duration
controlled by the internal clock cycle.

Figure 8 - Sample-and-Hold Function
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During Tacg, the equivalent circuit of the SPT774 input is as
showninfigure 9. (The time constant of the inputis independ-
ent of which input level is used.) This CDAC capacitance
must be charged up to the input voltage during Tacq. Since
the CDAC time constant is 100 nsecs, there is more than
enough time for settling the input to 12-bits of accuracy during
Tacq- The excess time left during Tacq allows the user’s buffer
amp to settle after being switched to the CDAC load.

Figure 9 - Equivalent SPT774 Input Circuit

1 25 pF

Req =4 kQ at any range

T = Req Ceq =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 Tacq is measured in clock cycles, its duration will
vary with the internal clock frequency. . This results in
Tacq = 1.45 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 specifica-
tions for the SPT774.

APERTURE UNCERTAINTY

Often the limiting factor in the application of the sample-and-
holdis the uncertainty in the time that the actual sample is taken,
i.e., the “aperture jitter" or Tay. The SPT774 has a nominal
aperture jitter of 8 nsec 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<Vis/2N+1 (where Verr is the allowable error voltage
and Vig 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 = Vgrr= Vi (2 - (N+1)), Vp = Vin/2 and At = tay (The time
during which unwanted voltage change occurs)

The above conditions then yield:
Vis/2(N+1) > ntfVin tag or fmax < Visg/(rVin tag)2(N+1)
For the SPT774, tay=1 nsec, therefore fmax <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
figures 11 and 12. The two typical interface circuits are for
operating the SPT774 in either an unipolar or bipolar input
mode. Information on these connections and on conditions
concerning board layout to achieve the best operation are
discussed below.

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 point ground
connection between the two through an RF bead located as
closely 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 picked up by the converter.

Capacitor bypass pairs are needed from each supply pin to
its respective ground to filter noise and counter the problems
caused by the variations in supply current. A 10 pF tantalum
and a 0.1 uF ceramic type in parallel between V| ogic (pin 1)
and digital common (pin 15), and Vcc (pin 7) and analog
common (pin 9) are sufficient. VEg is generated internally so
pin 11 may be grounded or connected to a negative supply if
the SPT774 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 closely to the package as
possible to guarantee best performance. The code depen-
dent currents flow through the Vi_ogic 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 standardinputranges: 0Vto+10 V,
0Vto+20V, 5V and £10 V. 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 +1/2LSB or +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. Thisis 1 and 1/2 LSB below the nominal full scale
which is +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 resistor 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

MSB 27|26

25[24| 23| 22| 21|20 19| 18| 17{ 16|

BIPOLAR

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 for a
+5 V range or to pin 14 for a +10 V range. First apply 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 forthe £10 V range.
Adjust the offset potentiometer R1 for flicker between output
codes 0000 0000 0000 and 0000 0000 0001. Next, apply a
DCinputvoltage 1 and 1/2 LSB below positive full scale which
is +4.9963 V for the £5 V range or +9.9927 V for the +10 V
range. 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 (for an LSB of
2.5 mV)or20.48V (foran LSB of 5.0 mV) is more convenient.
In the Unipolar mode of operation, replace R2 with a 200 Q
potentiometer 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. Inbipolar mode of operation, replace R1 with a 500 Q
potentiometer (in addition to the previous changes). The
calibration will remain similar to the standard calibration
procedure.
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Figure 12 - Bipolar Input Connections " Ouputbis
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CONTROLLING THE SPT774 Figure 13 - Interfacing the SPT774 to an 8-bit Data Bus
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 Q o Address Bus Q
the R/C input pin. Full uP control consists of selecting an 8 +-
or 12-bit conversion cycle initiating the conversion and read- -
ing the output data when ieady. The ouiput read has the st 28
options of choosing either 12-bits at once or 8 bits followed by 2| o5 OBt (MsB 2T
4 bits in a left-justified format. All five control inputs are TTL/ [ 2
CMOS compatible and include 12/, CS, Ao, R/C and CE. T 4w 2
The use of these inputs in controlling the converter’s opera- 2 .
tions is shownintable |, and the internal control logic is shown 2 Qata
in a simplified schematic in figure 14. 2
21
STAND-ALONE OPERATION o
— 19
The simplestinterface is a control line connected to R/C . The N

output controls must be tied to known states as follows: CE
and 12/8 are wired high, Aoand CS are wired low. The output

data arrives in words of 12-bits each. The limits on R/C duty bR <le2 s
cycle are shown in figures 3 and 4. It may have a duty cycle com'—l
within and including the extremes shown in the specifica- =
tions. In general, data may be read when R/C is high unless )

STS is also high, indicating a conversion is in progress.
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CE 3 RC 128 Ao Operation

0 X X X X None

X 1 X X X None

f 0 0 X 0 Initiate 12 bit conversion

4 0 0 X 1 Initiate 8 bit conversion

1 ¢ 0 X 0 Initiate 12 bit conversion

1 ¢ 0 X 1 Initiate 8 bit conversion

1 0 $ X 0 Initiate 12 bit conversion

1 0 4 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

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). If all 12-bits are read following an 8-bit conversion,
the three LSB’s will be a logic 0 and DB3 will be a logic 1. Ao
is latched because it is also involved in enabling the output
buffers as will be explained later. No other control inputs are
latched.

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 set up 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 possibly cause a wrong cycle length for that conver-
sion (8 versus 12-bits).

READING THE OUTPUT DATA

The output data buffers remain in a high impedance state until
the following four conditions are met: R/C is high, STS is low,
CE is high, and CS is low. The data lines become active in
response to the four conditions and output data according to
the conditions of 12/8 and Ao. The timing diagram for this
process is shown in figure 2. When 12/8 is high, all 12 data
outputs become active simultaneously and the Ao input is
ignored. This results in 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
separated into two 8-bit bytes as shown below:

BYTE 1

X X X X

X X XX
|
MSB

BYTE 2

XXXX 0000
|
LSB

This configuration makes it easy to connectto 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, it can be seen that a read 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 tpp and tHs before STS goes low.
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PH: (719) 528-2300; Fax: (719) 528-2370

S

3-55

SPT774



SPT774

Figure 14 - Control Logic
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Figure 15 - Burn-In Schematic
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PIN ASSIGNMENT SPT774

[z] [a][s] [=1 sl el [e] TSl ol [l (1 [o] 1 [2]

TOP VIEW

RIC

CE

vce

REF OUT
AGND
REF IN
N/C (Vgg)
BIP OFF
10V IN

20V IN

8§TS

DB11

DB10

DB9

DB8

DB7
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DB5

DB4

DB3
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DGND
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DB11  DB10

PIN FUNCTIONS SPT774

NAME FUNCTION

Vioaic Logic Supply Voltage, Nominally +5 V

12/8 Data Mode Selection

Ccs Chip Selection

Ao Byte Address/Short Cycle

R/IC Read/Convert

CE Chip Enable

Vce Analog Positive Supply Voltage,
Nominally +15 V

REF OUT Reference Output, Nominally +10 V

AGND* Analog Ground

REF IN Reference Input

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

BIP OFF Bipolar Offset

10V IN 10 Volt Analog Input

20VIN 20 Volt Analog Input

DGND Digital Ground

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

STS Status

*  The lids on the sidebrazed and LCC packages are
internally connected to AGND.
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SIGNAL PROCESSING TECHNOLOGIES

SPT7610

6-BIT, 1 GSPS FLASH A/D CONVERTER

FEATURES

* 1:2 Demuxed ECL Compatible Outputs
1.0 GSPS Conversion Rate

Wide Input Bandwidth - 1.4 GHz

Low Input Capacitance - 8 pF
Metastable Errors Reduced to 1 LSB
Monolithic Construction

e o o o o

GENERAL DESCRIPTION

The SPT7610 is a full parallel (flash) analog-to-digital con-
verter capable of digitizing full scale (0 to -1 V) inputs into six-
bit digital words at an update rate of 1 GSPS. The ECL-
compatible outputs are demultiplexed into two separate
output banks, each with differential data ready outputs to
ease the task of data capture. The SPT7610's wide input

ADVANCED INFORMATION

APPLICATIONS

« Digital Oscilloscopes

* Transient Capture

¢ Radar, EW, ECM

¢ Direct RF Down-Conversion

bandwidth and low capacitance eliminate the need for exter-
nal track-and-hold amplifiers for most applications. A propri-
etary decoding scheme reduces metastable errors to the 1
LSB level. The SPT7610 operates from a single -5.2 V
supply, with a nominal power dissipation of 3.0 W. The
SPT7610 is available in a 44L cerquad surface-mount pack-
age in the industrial temperature range. Contact the factory
for military and /883 availability.
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SPT7610

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............cccocvuvurnnneee -05t0+0.5V
Input Voltage
Analog Input Voltage .........ccoceeveieneecrcninnnenenne +0.5VtoV,
Reference Input Voltage . . +0.5VtoV
Digital Input Voltage ........... .. +0.5Vto V.
Reference Current V_ 10V g oo +20 mA

Output . :
Digital Output Current ...........ccceeeureerircniinncnens 0to -25 mA
Temperature
Operating Temperature, ambient ..........ccccoceeeee. -25t0 +85 °C
Lead Temperature, (soldering 10 seconds) .............. +300 °C
Storage Temperature ..........ccceeveeevercennnnnnes -65 to +150 °C

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

tions in typical applications.

TARGET ELECTRICAL SPECIFICATIONS

TA = TMIN to Tmax, VEE=-5.2 V £5%, VRB=-1.00 V, VRM=-0.5 V, VRT=0.00 V, fcik=100 kHz, Duty Cycle=50%, unless otherwise specified.

TEST TEST SPT7610

PARAMETERS CONDITIONS LEVEL ~ MIN TYP MAX UNITS
DC ELECTRICAL CHARACTERISTICS
Integral Linearity [ -0.5 +0.5 LSB
Differential Linearity | -0.5 +0.5 LSB
No missing codes guaranteed 1 6 Bit
Offset Error VRT | -30 +30 mV
Offset Error VRg I -30 +30 mVv
Input Voltage Range | -1 0.0 Volts
Input Capacitance Over Full Input Range v 8 pF
Input Resistance v 60 kQ
Input Current | 300 pA
Clock Synchronous
Input Currents V 2 A
Supply Currentt At +25 °C, VEg=-5.2V | 465 700 mA
Power Dissipation? At +25 °C, VEg =-5.2V I 2.75 3.65 w
Ladder Resistance [ 80 Q
Reference Bandwidth \ 100 MHz
Digital Output High Voltage R1=50Q to-2V | -1.2 -0.9 Volts
Digital Output Low Voltage R1=50Q to-2V 1 -1.8 -1.5 Volts
Digital Input High Voltage

(CLK, NCLK) | -1.1 -0.7 Volts
Input Low Voltage

(CLK, NCLK) | -2.0 -1.5 Volts
Input Swing

(CLK, NCLK) \4 100 700 mV

1 Supply current and power dissipation will be tested over full temperature range, but maximum specifications may change at

temperature extremes.
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TARGET ELECTRICAL SPECIFICATIONS

Ta = +25 °C ambient, VEg=-5.2 V +5%, VRe=-1.00 V, VRM=-0.5 V, VRT=0.00 V, fcik=1000 MSPS, Duty Cycle=50%, unless otherwise spécified,

TEST TEST SPT7610
PARAMETERS CONDITIONS LEVEL MIN TYP MAX UNITS
AC ELECTRICAL CHARACTERISTICS
Maximum Sample Rate | 1000 1200 MSPS
Clock Low Width, TPWO | 0.5 0.4 ns
Clock High Width, TPW1 [ 0.5 0.4 ns
DATA to DATA READY Delay v TBD ns
Clock to Data Delay v TBD ns
Data Skew Between Output Data v 250 ps
Small Signal Bandwidth \Y 1.4 GHz
Aperture Jitter \" 2 ps
Acquisition Time Vv 250 ps
Input Slew Rate \Y 5 | Vins
Total Dynamic Errort FiN=250 MHz at +25 °C | 31 34 dB
FiN=400 MHz at +25 °C | 27 32 dB
Signal to Noise Ratio1 FIN=250 MHz at +25 °C 1 TBD 36 dB
FiN=400 MHz at +25 °C | TBD 33 dB
Total Harmonic Distortion1 FiN=250 MHz at +25 °C | TBD 36 dBc
FiN=400 MHz at +25 °C | TBD 33 dBc

1 These parameters will be tested over full temperature range, but performance minimums are TBD at temperature extremes. How-
ever, total dynamic error in test conditions fin = 250 MHz, fcLk = 650 MHz over full temperature is guaranteed at 30 dB minimum.

TEST LEVEL CODES

All electrical characteristics are subject to the
following conditions:

All parameters having min/max specifications
are guaranteed. The Test Level column indi-
cates the specific device testing actually per-
formed during production and Quality Assur-
ance 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, Ty = Tg = Ta.

Vi

TEST LEVEL

TEST PROCEDURE

100% production tested at the specified temperature.

100% production tested at TAo=25 °C, and sample
tested at the specified temperatures.

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.

100% production tested at TA = 25 °C. Parameter is
guaranteed over specified temperature range.

S

PH: (719) 528-2300; Fax: (719) 528-2370

4755 Forge Road, Co. Springs, CO 80907

3-61

SPT7610

oo



SPT7610

SUBCIRCUIT SCHEMATICS

Figure 1A - Input Circuit Figure 1B - Output Circuit Figure 1C - Clock Input
AGND AGND DGND AGND
—]
VIN Vr =
3 cLK oK
| Data Out
Veg VEE

Table 1'- Truth Table

IDEAL INPUT1 D6A(OVR) BINARY TWOs COMPLEMENT
STEP VOLTAGE (V) D6B(OVR) TRUE INVERTED TRUE INVERTED

MSBinv(VEE)2| MSBiNv(GND)| MSBiNV(GND) | MSBiNv(VEE)2
LSBinv(VEE)2 | LSBINV(GND) | LSBiNV(VEE)2 | LSBiNv(GND)

00 -1.000 0 000 000 111 111 100 000 011 111

01 -0.984 0 000 001 111 110 100 001 011110

— - 0 — - - —

- - 0 - - - -

- - 0 - - - —

31 -0.516 0 011 111 100 000 111111 000 000

32 -0.500 0 100 000 011 111 000 000 111 111

33 -0.484 0 100 001 011 110 000 001 111 110

— — 0 — — — _—

— — 0 — — — —

_— J— 0 -— — J— _—

62 -0.031 0 111 110 000 001 011 110 100 001

63 -0.016 0 111111 000 000 011 111‘ 100 000

>63 -0.000 1 111 111 000 000 011 111 100 000

1 Ideal input voltage does not include gain, offset and linearity voltage errors.
2 VEE or floating.
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Figure 5 - A/D Converter Testability
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Table 2 - Testability Truth Table

DA D5A D4A D3A D2A DIA  DOA
nth DRA 1 0 1 0 1 0 1
(n+1)th DRA 0 1 0 1 0 1 0

DB D5B D4B D3B D2B DIB  D@B
nth DRB 1 0 1 0 ] 0 ]
(n+1)th DRB 0 1 0 1 0 1 0
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PIN ASSIGNMENT SPT7610

VRBS
MINV —]
Test [
AGND —]
AVee
DA [
D5A [
D4A [
D3A [
DGND ]
D2A [

L ENEE - EE)
2R z°° ZoR+
ya
1 1 VRTs
1 AGND
[ CLK
1 NCLK
SPT7610 —1 AGND
1 LINV
Top View 1 AVEE
1 DRB
1 NDRB
1 DB
1 D18

via —
voa ]
VdaN ]
vda ]
aNoa
890
asa ]
ava
ged
dged
aNova ]

PIN FUNCTIONS

NAME FUNCTION

VEE Negative Supply Nominally -5.2 V

AGND Analog Ground

VRTF Reference Voltage Force Top,
Nominally 0 V

VRTS Reference Voltage Sense Top

VRM Reference Voltage Middle,
Nominally -0.5 V

VRBF Reference Voltage Force Bottom,
Nominally -1.0 V

VRBS Reference Voltage Sense Bottom

VIN Analog Input Voltage,
Can Be Either Voltage or Sense

DGND Digital Ground

DO~D5A Data Output Bank A

D0~D5B Data Output Bank B

DRA Data Ready Bank A

NDRA Not Data Ready Bank A

DRB Data Ready Bank B

NDRB Not Data Ready Bank B

D6A Overrange Output Bank A

D6B Overrange Output Bank B

CLK Clock Input

NCLK Clock Input

MINV MSB Control Pin

LINV LSB Control Pin

TEST Test Control Pin

VR1 Reference Voltage 1/4
Nominally -0.75 V

VR3 Reference Voltage 3/4,

Nominally -0.25 V

S
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SSPT

SIGNAL PROCESSING TECHNOLOGIES

SPT1175

8-BIT, 20 AND 30 MSPS CMOS A/D CONVERTER

FEATURES

* 30 MSPS Maximum Conversion Rate
¢ [nternal Sample-and-Hold Function

* 90 mW Power Dissipation at 20 MSPS
¢ Internal Voltage Reference

¢ Single +5.0 V Power Supply

* Three-State TTL-Outputs

e CMOS Compatible Clock

GENERAL DESCRIPTION

The SPT1175 is a CMOS two-step A/D converter capable of
digitizing full scale analog input signals into 8-bit digital words
at sample rates of 20 and 30 MSPS.

For most applications, no external sample-and-hold or
video driving amplifiers are required due to the device's
narrow aperture time, wide bandwidth, and low input ca-
pacitance.

APPLICATIONS

» Video Digitizing

* Image Scanners

¢ Personal Computer Video
¢ Medical Ultrasound

¢ Multimedia

* Digital Television

The SPT1175 operates from a single +5.0 V power supply
and has an internal voltage reference which eliminates the
need for external reference circuitry. All digital inputs are
CMOS compatible and the tri-state outputs are TTL-compat-
ible. The SPT1175 is ideal for most video and image pro-
cessing applications that require low power dissipation and
low cost. The SPT1175 is available in 24-lead plastic SOIC,
plastic DIP, ceramic DIP, PLCC and die form.

BLOCK DIAGRAM
VRe  VmBs DVpp DGND
O)- O )
\9 \ A A\ U
V—é OE
Coarse
> Sampling Latch Encoder |-
—] Amplifier le— —1 DO (LSB)
—>1 D1
Data = D2
Latches
Error and = D3
Reference Matrix Correction
ViN Circuit — %S:;L? —™ D4
) Buffer >l D5
> D6
Fing 1 > D7 (MSB)
91 Sampling Encoder |-
Amplifier Anal
nalog
Mux = Latch [«
L] Fine
—1 Sampling |_.|
Amplifier
Timing Generator —O cLk
o ) O
U WV U U \J A%
Vit VRTs AGND Avpp DVpp AGND
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SPT1175

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

Supply Voltages Temperature
L7/ o YRR -0.5t0+7.0 V Operating Temperature ........c.cccoceeeneee. eeees

Input Voltages Junction Temperature ..........ccccovvirviniinniinnennnns
Analog Input AGND to Vpp Lead Temperature, (soldering 10 seconds) .-
Reference Input Voltage AGNDto Vpp Storage Temperature ..........cc.ceeeeereereenns -55to +125 °C
ESD Susceptibility(2) ...£1,500V

Notes: 1. Operation at any Absolute Maximum Rating is not implied. See Electrical Specifications for proper nominal
applied conditions in typical applications.
2. 100 pF discharged through a 1.5 kQ resistor (human body model).

ELECTRICAL SPECIFICATIONS

T,=+25 °C, AV,,=DV,=+5.0 V, AGND=DGND=0.0 V, V_,=+0.6 V and V_.=+2.6 V, unless otherwise specified.

TEST TEST
PARAMETERS CONDITIONS LEVEL MIN TYP MAX UNITS
Resolution 8 Bits
DC Accuracy (+25 °C)
Integral Nonlinearity | +0.8 +1.2 LSB
Differential Nonlinearity | +0.6 +1.0 LSB
No Missing Codes | Guaranteed
Analog Input
Input Voltage Range | VRB VRT \
Input Bias Current | 5.0 LA
Input Resistance Vi 100 200 kQ
Input Capacitance Y 15 pF
Input Bandwidth \ 12 : MHz
Reference Input
Reference Ladder Resistance | 200 300 400 Q
Reference Current | 5.0 6.7 10.0 mA
Refarence Input Voltage Vep v 0 06 - \%
VRT v - 2.6 28 | V
Internal Bias VRB ) I 0.55 0.60 0.65 \'
VRT-VRB | 1.9 2.0 2.1 \'
Short VRT and VRTS
Short VRg and VRes
Offset Voltage Error
Top | -18 -25 68 | mv
Bottom 1 0 10 40 mvV
Timing Characteristics
Maximum Conversion Rate 1 MHz Input Sine Wave | 30 40 MSPS
Output Data Delay (td) v 18 30 ns
Output Data Delay (High '2") [\ 100 ns
(Tdish, Tdisl)
Data Valid Time Tri-state circuit \" 100 ns
(Teneh, Tenel)
Sampling Time Offset v 5 10 ns

NOTE: ltis strongly recommended that all of the supply pins (AVpp, DVpp) be powered from the same source.

4755 Forge Road, Co. Springs, CO 80907 |
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| ELECTRICAL SPECIFICATIONS

Ta=+25 °C, AVpp=DVpp=+5.0 V, AGND=DGND=0.0 V, VRg=+0.6 V and VRT=+2.6 V, unless otherwise specified.

TEST TEST
PARAMETERS CONDITIONS LEVEL MIN TYP MAX UNITS
Dynamic Performance
Signal-To-Noise Ratio fs=20 MSPS
fin=1.0 MHz | 44 46 dB
fin=3.58 MHz | 43 45 dB
fin=10 MHz | 44 dB
Spurious Free
Dynamic Range fs=20 MSPS
fin=1.0 MHz | 44 47 dB
fin=3.58 MHz | 41 44 dB
fin=10 MHz | 30 33 dB
Signal-To-Noise Ratio fs=30 MSPS
fin=1.0 MHz | 42 44 dB
fin=3.58 MHz 1 41 43 dB
fin=10 MHz 1 40 42 dB
Spurious Free
Dynamic Range fs=30 MSPS
fin=1.0 MHz | 42 45 dB
fin=3.58 MHz | 35 38 dB
fin=10 MHz 1 30 33 dB
Differential Phase NTSC 20 |IRE Mod Ramp | 0.7 Degrees
Differential Gain fs=14.3 MSPS | 1.0 %
Digital Inputs
Input Current, Logic High Vpp =5.25V, VIH = Vpp | 1.0 HA
Input Current, Logic Low Vpp =5.25V, V|L=DGND | 1.0 HA
Pulse Width High (CLK) i v 15 ns
Pulse Width Low (CLK) v 15 ns
Voltage, Logic High | 4.0 \
Voltage, Logic Low | 1.0 Vv
Digital Outputs
Output Current, High Vpp=4.75V | -1.1 mA
Output Current, Low Vpp=4.75V | 3.5 mA
Output Current, High 'Z' Vpp =5.25V, OE= VpD | 16 | pA
Voltage High | 4.0 \
Voltage Low | 04 | V
Power Supply Requirements
AVpD (Analog Supply Voltage) I\ +4.75 +5.0 +5.25 \%
DVpp (Digital Supply Voltage) v +4.75 +5.0 +5.25 \"
Supply Voltage Difference (AVpp -DVpD) v -0.1 0.0 0.1 \
Supply Current fs=20 MSPS | 18 27 mA
Power Dissipation | 90 135 mW
TEST LEVEL CODES TEST LEVEL TEST PROCEDURE
All electrical characteristics are subject to the following | 100% production tested at the specified temperature.
conditions: '

All parameters having min/max specifications are guar-
anteed. The Test Level column indicates the specific n

device testing actually performed during production

v

and Quality Assurance inspection. Any blank section in
the data column indicates that the specification is not v
tested at the specified condition.

Vi

Unless otherwise noted, all tests are pulsed tests;
therefore, Ty =Tc = Ta.

100% production tested at Ta=25 °C, and sample tested at
the specified temperatures.

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.

100% production tested at Ta = 25 °C. Parameter is guar-
anteed over specified temperature range.

S
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SPT1175

Table 1 - Output Coding

DIGITAL
INDEX ANALOG INPUT (V) OUTPUT
0 0.6078125 00000000
1 0.6078125 ~ 0.6156260 00000001 VRB=0.6 V
2 0.6156250 ~ 0.6234375 00000010 VRT=2.6 V
123 1.5921875 ~ 1.6000000 01111111 1LSB=7.8125 mV
124 1.6000000 ~ 1.6078125 10000000
125 1.6078125 ~ 1.6156250 10000001
254 2.5843750 ~2.5921875 11111110
255 2.5921875 ~ 11111111

Figure 1A: Timing Diagram

Clock

V|N (n+3)

Data

>< Data (n-3) >< Data (n-2 Data (n-1)

Data (n) x

Figure 1B: Tri-State Output Timing Diagram
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.
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5 50%
OFE 25V S ° 1
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VoL 25V
V,
109 Ok
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o Z 50% OE % 50%
OE 1
— 90% Ty
VoH | \10% OH
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TYPICAL INTERFACE CIRCUIT
The SPT1175 is an 8-bit analog-to-digital converter which

uses a two-step, ping-pong architecture to perform conver- -

sions up to 30 MSPS. Figure 2 shows the typical interface
- requirements when using the SPT1175 in normal operation.

The following sections describe the function and operation of
the device.

POWER SUPPLIES AND GROUNDING

The SPT1175 operates from a single +5 V power supply.
AVpp and DVpp must be supplied from the same source
(analog +5 V) to prevent a latch-up condition due to power
supply sequencing. Each power supply pin should be by-
passed as closely as possible to the device. For optimal
performance, both the AGND and DGND should be con-
nected to the system's analog ground plane.

ANALOG INPUT AND VOLTAGE REFERENCE

The SPT1175 input voltage range is VRT>VIN>VRB. Two
reference voltages (VRT and VRB) are required for device
operation. These voltages may be generated externally or
the SPT1175's internal reference may be used.

Inside the SPT1175, reference resistors are placed between
AVpp and VRTs and between AGND and VRgs so that VrTs
and VRBes generate the 2.6 V and 0.6 V references respec-
tively. (See figure 3.) In order to utilize the internal self-bias
reference voltage, VRTs is to be shorted with VRt and the
VRBs pinis to be shorted to the VRp pin. The self-bias internal

Figure 2 - Typical Interface Circuit

reference is not as stable over temperature and supply
variations as externally generated reference voltages but will
perform well in many commercial video applications.

Figure 3 - Reference Circuit Diagram
SPT1175
AVbp | W] AGND
wy wy wy
5.0V ov
< <
TLEELE
7 I T e T
26V 06V

DIGITAL INPUTS AND OUTPUTS

The analog input is sampled and tracked on the first 'H' cycle
of the external clock and is held from the falling edge of CLK.
The output remains valid (output hold time), and the new data
becomes valid (output delay time) after the rising edge of
CLK, delayed by 2.5 clock cycles. The clock input and output
enable input must be driven at CMOS-compatible levels.

EVALUATION BOARD

The EB1175 evaluation board is available to aid designers in
demonstrating the full performance of the SPT1175. This
board includes a reference circuit, clock driver circuit, output
data latches, and an on-board reconstruction DAC. An appli-
cation note describing the operation of the board is available.
Contact the factory for price and delivery.

Ut=Eleantec, EL2030
U2=0P.07

D1=D2=RCA, SK9091
Q1=Q2=2N2222A
FR=FairRite, 2743001111
All capacitors are 0.01 pF unless
otherwise specified.

DVpp CLK |12
AVpD DVpp LUy
|18} Avpp D7 | 10(MSB)
VRTS D619
VRT D58
L 18 Avpp D47
Vi pale Outputs
AGND D2|5
AGND D1|4
VRBS po [3(5B)
VRB DGND 2_{>_)
DGND OE (1
38T
Q—E'io 00— .5

NOTE: AVpp and DVpp must be supplied from the same source (Analog +5 V)
to prevent a latch-up condition due to power supply sequencing.
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PIN ASSIGNMENTS

— 8§ 8 Rl § 8 5 &
OoE[] O ] DGND g g " @
DGND [ (] VRe P e
D@ (LsB) [] 1 Vgmes o s [ I
D1 AGND '
4 H D2 6 |: ]22 AGND
D2 [ [] AGND i i
D3] ppanp H ViN Ne 8 [] PLCC :lzz NIC
D4 E SOIC j AVpp b4 o E ]21 A
DD
D5 E 1 :RT s 10 ] N2 ver
I [;6 C g ACTS D6 11 [ :| 19 Vars
DV AV 5 ®» & & & I &
DD DD 5 5 >z ; N
cLk O 1 DVpp § = 935 g 8
PIN FUNCTIONS
OE Tri-State Output Enable AVpD Analog Supply
Tri-State When OE = DVpp, VRTS Internal Self-Biased Reference Top
; Enable When OE = DGND Shorted with VRT pin (17). Generates 2.6 V.
DGND Digital Ground VRT Reference Resistor Top Side
R T
- g’ DU ata AGND Analog Ground
D7 Digital Output Data (MSB) -
DV Digital Suppl VRBs Internal Self-Biased Reference Bottom
DD gita’ Supply Shorted with VR pin (23). Generates 0.6 V.
CLK CMOS Digital Clock Input VRB Reference Resistor Bottom Side

4755 Forge Road, Co. Springs, CO 80907
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LASPT

SIGNAL PROCESSING TECHNOLOGIES

SPT7710

8-BIT, 150 MSPS FLASH A/D CONVERTER

FEATURES

* Metastable Errors Reduced to 1 LSB
¢ Low Input Capacitance: 10 pF

¢ Wide Input Bandwidth: 210 MHz

* 150 MSPS Conversion Rate

» Typical Power Dissipation: 2.2 Watts

GENERAL DESCRIPTION

The SPT7710 is a monolithic flash A/D converter capable of
digitizing atwo volt analog input signal 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, wide bandwidth, and low input capacitance.

A

single standard -5.2 volt power supply is required for opera-
tion of the SPT7710, with nominal power dissipation of

APPLICATIONS

* Digital Oscilloscopes
Transient Capture
Radar, EW, ECM
Direct RF Down-Conversion
Medical Electronics: Ultrasound, CAT Instrumentation

2.2 W. A proprietary decoding scheme reduces metastable
errors to the 1 LSB level.

The part is packaged in a 42L ceramic sidebrazed DIP which
is pin compatible with the CX20116 and CXA1396D. A sur-
face-mount 44L cerquad and a 46L PGA package are also
available which allow access to additional reference ladder
taps, an overrange bit, and a data ready output. The SPT7710
is available in industrial and military temperature ranges and
in /883 compliant versions.

These functions are
available in the PGA and
cerquad packages only.

<F§:':I?r Is"::;m AGND DGND  Veg LIV MINV
o-m-ess [1rin imi
1 vars I T T | I
QTR o, S 8 Preamp Comparator
3 k% Clock _: DRINV
Buffor
MSBD7
3 | 255 > . —1_1 oreap
3 | 152 > 1 overrange
L | 151 1 o7mss
4 | 128 > _"‘b D6
vee (3% ECL
3 256 to
8-Bit Letches " os
E | 127 > Encoder Buffers
E | S ” H
> 64
D5 || j s
| 63 > D4
D3 _: 02
I | >
z D2 ____:I o1
| 1> D1
z —Jooiss
vase 1] LSB DO,
{ Veps [ H—
Convert OXK L 2 ] J
0=t "
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(Sense or Force)

<
m
m

spr 4755 Forge Road, Co. Springs, CO 80907
PH: (719) 528-2300; Fax: (719) 528-2370

3-75




SPT7710

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

Supply Voltages Output
Negative Supply Voltage (Vg TO GND)......... ~7.0t0 +0.5V Digital Output Current ...........cccoeevevererrneereenns 0to-30 mA
Ground Voltage Differential.................ccccoeuenene. -0.5t0+0.5V

Temperature

Input Voltage Operating Temperature....... -25°C ambient to +85 °C ambient
Analog Input Voltage ...........ccceeivencniicinenens VEgto +0.5V JUNCHON ..o +150 °C
Reference Input Voltage ...........cccoccnveceiennenns VEEt0 +0.5V Lead Temperature, (soldering 10 seconds). +300 °C
Digital Input Voltage VeEgto+0.5V Storage TeMPErature ...........coceeveeerureeseoreeene -65 to +150 °C

Reference Current VRTF to VRBFE 25 mA

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

ELECTRICAL SPECIFICATIONS

TA= TMIN to TMAX, VEE=-5.2 V, Rsource=50 Q, VRBF=-2.00 V, VR2=-1.00 V, VRTF=0.00 V, fcik=150 MHz, Duty Cycle=50%, unless otherwise specified.

TEST TEST SPT7710A SPT7710B
PARAMETERS CONDITIONS LEVEL MIN TYP MAX | MIN TYP MAX | UNITS
DC Accuracy
Integral Linearity fcLk = 100 kHz Vi -0.75 +0.60 +0.75 |-0.95 +0.80 +0.95 | LSB
Differential Linearity fcLk = 100 kHz Vi -0.75 +0.75 |[-0.95 +0.95 | LSB
No missing codes Guaranteed Guaranteed
Analog Input
Offset Error VRT v -30 +30 -30 +30 | mV
Offset Error VR v -30 +30 -30 +30 | mV
Input Voltage Range Vi -2.0 0.0 -2.0 0.0 | Volts
Input Capacitance Over full input range \" 10 10 pF
Input Resistance Vv 15 15 kQ
Input Current Vi 250 500 250 500 | pA
Input Slew Rate \" 1,000 1,000 V/us
Large Signal Bandwidth ViN=F.S. \ 210 210 MHz
Small Signal Bandwidth ViN=500 mV P-P \] 335 335 MHz
Reference Input
Ladder Resistance V! 100 200 30¢C 100 200 30C | &
Reference Bandwidth \" 10 10 MHz
Timing Characteristics
Maximum Sample Rate Vi 125 150 125 150 MSPS
Clock to Data Delay - \ 2.4 24 ns
Output Delay TEMPCO \ 2 2 ps/°C
CLK-to-Data Ready Delay (tq) \ 2.0 2.0 ns
Aperture Jitter \" 5 5 ps
Acquisition Time Vv 1.5 1.5 ns
Dynamic Performance
Signal-to-Noise Ratio FiN = 3.58 MHz Vi 46 48 45 47 dB
Fin = 50 MHz Vi 42 46 40 44 dB
Total Harmonic Distortion FiN = 3.58 MHz Vi -48 -52 -46 -50 dB
FiN = 50 MHz Vi -40 -44 -39 -43 dB
Signal-to-Noise and Distortion | FiN = 3.58 MHz Vi 45 48 43 46 dB
(SINAD) FiN = 50 MHz \'A 39 42 37 40 dB
376 4755 Forge Road, Co. Springs, CO 80907 spr
PH: (719) 528-2300; Fax: (719) 528-2370




ELECTRICAL SPECIFICATIONS

TaA= TmIN to TMAX, VEE=-5.2 V, Rsource=50 Q, VRF=-2.00 V, VR2=-1.00 V, VRTF=0.00 V, fcik=150 MHz, Duty Cycle=50%, unless otherwise specified.

TEST TEST SPT7710A SPT7710B

PARAMETERS CONDITIONS LEVEL MIN TYP MAX MIN TYP MAX| UNITS
Digital Inputs

Digital Input High Voltage

(MINV, LINV) Vi -1.1 -0.7 -1.1 -0.7 | Volts

Digital Input Low Voltage '

(MINV, LINV) Vi -2.0 -1.5 -2.0 -1.5 | Volts

Clock Synchronous

Input Currents Vv 40 40 HA

Clock Low Width, TpwiL \ 4 3 4 3 ns

Clock High Width, TpwH \ 4 3 4 3 ns
Digital Outputs

Digital Output High Voltage 50Qto-2V Vi 141 -1.1 Volts

Digital Output Low Voltage 50Qto-2V Vi -1.5 -1.5| Volts
Power Supply Requirements

Supply Current +25 °C | 425 550 425 550 | mA

Power Dissipation +25 °C | 2.2 2.9 22 29| W
TEST LEVEL CODES TESTLEVEL TEST PROCEDURE
All electrical characteristics are subject to the I 100% production tested at the specified temperature.
following conditions: Il 100% production tested at Tao=25 °C, and sample

. . - tested at the specified temperatures.
All parameters having min/max specifications
are guaranteed. The Test Level column indi- 1 QA sample tested only at the specified temperatures.
cates the specific device testing actually per- v Parameter is guaranteed (but not tested) by design
formed during production and Quality Assur- and characterization data.
ance inspection. Any blank section in the data v Parameter is a typical value for information purposes
column indicates that the specification is not only.
tested at the specified condition. . .
Vi 100% production tested at Ta = 25 °C. Parameter is
Unless otherwise noted, all tests are pulsed guaranteed over specified temperature range.
tests; therefore, Ty = Tc = Ta.
4755 Forge Road, Co. Springs, CO 80907
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TYPICAL PERFORMANCE CHARACTERISTICS

SNR vs Input Frequency THD vs Input Frequency
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GENERAL DESCRIPTION

The SPT7710 is a fast monolithic 8-bit parallel flash A/D
converter. The nominal conversion rate is 150 MSPS and
the analog bandwidth is in excess of 200 MHz. A major
advance over previous flash converters is the inclusion of
256 input preamplifiers between the reference ladder and
input comparators. (See block diagram.) This not only
reduces clock transient kickback to the input and reference
ladder due to a low AC beta but also reduces the effect of the
dynamic state of the input signal on the latching character-
istics of the input comparators. The preamplifiers act as
buffers and stabilize the input capacitance so that it remains
constant for varying input voltages and frequencies and,
therefore, makes the part easier to drive than previous flash
converters. The SPT7710 incorporates a proprietary decod-
ing scheme that reduces metastable errors (sparkle codes or
flyers) to a maximum of 1 LSB.

The SPT7710 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

Figure 1 - SPT7710 Typical Interface Circuit 1

Optional L

reduce differential delays and to improve signal-to-noise
ratio. The output drive capability of the device can provide
full ECL swings into 50 Q loads.

TYPICAL INTERFACE CIRCUIT

The typical interface circuit is shown in figure 1. The
SPT7710 is relatively easy to apply depending on the accu-
racy needed in the intended application. Wire-wrap may be
employed with careful point-to-point ground connections if
desired, but to achieve the best operation, a double sided PC
board with a ground plane on the component side separated
into digital and analog sections will give the best perfor-
mance. The converter is bonded-out to place the digital pins
on the left side of the package and the analog pins on the
right side. Additionally, an RF bead connection through a
single point from the analog to digital ground planes will
reduce ground noise pickup.

The circuit in figure 2 (PGA and cerquad packages only) is
intended to show the most elaborate method of achieving the
least error by correcting for integral nonlinearity, input in-
duced distortion, and power supply/ground noise. This is
achieved by the use of external reference ladder tap connec-
tions, an input buffer and supply decoupling. The function of
each pin and external connections to other componentsis as
follows:

Vee

Analog Input 01pF Q 52V
N Can Be Either Force Or Sense = ko
Bufer i LINV ? ? MINV
HE VRTE P P , '
‘7 2 Preamp  Comparator
Py MSB D7
Clock
Buffer
b =S
B4 06
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I =)
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s )
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= D4
t s
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ECL
3 256To
o1 uFJ- S8l vl
% s " Enos Buffers
3 03
v
3 o
D2
3 @
A >
2 o1
2
>
VReF v, LSB DO
o250 VREF|
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Force Or Sense Vin| 500 3 2 500
3 3 3
oK
—
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FISCET T r T
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Figure 2 - SPT7710 Typical Interface Circuit 2 (PGA and Cerquad Packages Only)
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VEg, AGND, DGND

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

ViN (ANALOG INPUT)

There are two analog input pins that are tied to the same
pointinternally. 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 SPT7710 is superior to similar
devices due to a preamplifier stage before the comparators.
This makes the device easier to drive because it has
constant capacitance and induces less slew rate distortion.
An optional input buffer may be used.

VEE

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.)
CLK may be left open but a .01 uF bypass capacitor from
CLK to AGND is recommended. NOTE: System perfor-
mance may be degraded due to increased clock noise or jitter.

MINV, LINV (OUTPUT LOGIC CONTROL)

These are ECL-compatible digital controls for changing the
output code from straight binary to two's complement, etc.
For more information, see table I. 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.
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Tablel- Output Coding
MINV 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
Ve - 100...00 | 111..11 000..00 | O11..11
011...11 000..00 | 111..11 100...00
. 000...01 011..10 | 100...01 111...10
2v 000..00 | o011..11 100..00 | 111..11
BV Vou 0V, Vo
DO TO D7 (DIGITAL OUTPUTS)

The digital outputs can drive ECL levels into 50 Q when
pulled downto -2 V. When pulled down to -5.2 V, the outputs
can drive 150 Q to 1 kQ loads.

VRBF; VR2, VRTF (REFERENCE INPUTS)

There are two reference inputs and one external reference
voltage tap. These are -2 V (VRpf), mid-tap (VR2) and
AGND (VRTF). The reference pins can be driven as shown
in figure 1. VR2 should be bypassed to AGND for further
noise suppression.

VRBF; VRBS, VR1, VR2, VR3, VRTF, VRTS REFERENCE
INPUTS (PGA AND CERQUAD PACKAGES ONLY)

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

N/C
All Not Connected pins should be tied to DGND on the left

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

DREAD - DATA READY, DRINV - DATA READY INVERSE
(PGA AND CERQUAD PACKAGES ONLY)

The data ready pinis a flag that goes high or low at the output
when data is valid or ready to be received. It is essentially a
delay line that accounts for the time necessary for information
to be clocked through the SPT7710'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 (PGA AND CERQUAD PACKAGES
ONLY)

This is an overrange function. When the SPT7710 is in an
overrange condition, D8 goes high and all data outputs go
high as well. This makes it possible to include the SPT7710
into higher resolution systems.

OPERATION

The SPT7710 has 256 preamp/comparator pairs which are
each supplied with the voltage from VRTF to VRpF 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 V|N
is connected to the negative inputs of each preamplifier/
comparator pair. The comparators are then clocked through
each comparator's individual clock buffer. When CLK pn is
in the low state, the master or input stage of the comparators
compares the analog input voltage to the respective refer-
ence voltage. When CLK 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 VRTF (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-t0-6 bit decoders when CLK is changed from high to
low. Atthe output of the decodersis a set of four 7-bit latches
which are enabled (track) when CLK changes from high to
low. From here, the outputs 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.
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Figure 3 - Timing Diagram

N+2
N \ N+1 \ r\
Analog Input VIN /( E 3
. | TPW1 _,E<_pro - \
RS S S, S S S
Comparator Output ' E }
Slave X ' X 3 X 2
3 \ : £
' : ?
6 Bit Latch Output N ' 8
it Latch Outp \X \ >< E
8 Bit Latch Output X R X E X
Data Output D@ - D7 N SN Net
e e T R L LT )
E Overrange D8 — Td E
i i
i Data Ready AN N !
i ]
1 1
: Timing for PGA and Cerquad Packages Only :
I e e e e e e e e o e = o —— - ——— J
Figure 4 - Subcircuit Schematics
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VEE
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Figure 5 - Clock Input Figure 6 - Burn-In Circuit (42L DIP Package Only)

* AGND Vee
O
% 1N4736
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< 13kQ O————W———— VIN D3
D4
? os
D6
A VEE Tk R2 o b7
oK LINV
EVALUATION BOARDS ‘ B ok 99 i MNV
R2 e
The EB7710 evaluation board is available to aid designers in R2
demonstrating the full performance of the SPT7710. This R, =50Q 1/4 Watt CC &%
board includes a voltage reference circuit, clock driver circuit, Fip =1 ka2 1/4 Watl CC 5% 20V
output data latches and an on-board reconstruction of the ~ §372°% W 2% L
digital data. An application note describing the operation of V‘; £ = 200 Vols
this board as well as application tips is also available. Contact Vg = 66 Voits
the factory for price and delivery.
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PIN ASSIGNMENTS SPT7710

D8
D7
D6
D5
D4
D3
D2
D1

44
43
42
41
40
39
38
37
[=] 0o

35 | DREADY

3 | DGND

Top
View
Cerquad

2] [31[E] Gl =] Gl El sl fel o] [N [o] [o][=] [o1 ] [

[=][s][s

< < < <
N,
Vee NC E‘
NC VRTF [41]
LNV ne [0
Vee Vee E
AGND Vez [
DGND NG {7
DO (LSB) NG []
o1 AGND E
= Va zl
o Top View AGKD ]
o4 DIP vee ]
D5 AGND E
D6 Y [®]
D7 (MSB) AGND [29]
DGND Ne (28]
AGND NG E
Ve Vee El
MiNv Vee [23]
NC NC E
Tk VREF |23
CLK NG

AGND
VEE
LINV
N/C
DRINV
N/C
VEE
AGND
AGND
VRTS
VRTF

PIN FUNCTIONS

NAME FUNCTION

LINV DO through D6 Output Inversion Control Pin

VEE Negative Analog Supply Nominally -5.2 V

DGND Digital Ground

Do Digital Data Output (LSB)

D1-D6 Digital Data Output

D7 Digital Data Output (MSB)

MINV D7 Output Inversion Control Pin

CLK Inverse ECL Clock Input Pin

CLK ECL Clock Input Pin

AGND Analog Ground

VIN Analog Input; Can be Connected to the
Input Signal or Used as a Sense

VR2 Reference Voltage Tap 2 (-1.0 V typ)

VRTE Reference Voltage Top

VRBF Reference Voltage Bottom

The following pins are on PGA and cerquad packages only.

DRINV Data Ready Inverse
DREAD Data Ready Output
Overrange Overrange Output D8
VR1 Reference Voltage Tap 1 (-1.5 V typ)
VR3 Reference Voltage Tap 3 (-0.5 V typ)
VRTS Reference Voltage Top, Sense
VRBS Reference Voltage Bottom, Sense
9 8 7 6 5 4 3 2 1
O O O O O O O O O}~
w D6 B » m e D D0 DGND
O O O O |8
AGND o7 DREAD AGND
O O O O (¢
VEE DGND NC VEE
o O O o |P
CLK  MINV B 0“ om LINV  DRINV
o O View O O |E
VEE CLK PGA VEE AGND
O O O O |F
AGND AGND VRTS. AGND
O O O O |¢@
VRBS VEE NC VRTF
O O O O |[H
VRBF  VR1 VR3 VEE
O O O o O O O o |/
NC AGND VIN AGND VR2 AGND VIN AGND NC
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ASPT

SIGNAL PROCESSING TECHNOLOGIES

SPT7725

8-BIT, 300 MSPS FLASH A/D CONVERTER

FEATURES

Metastable Errors Reduced to 1 LSB
Low Input Capacitance: 10 pF

Wide Input Bandwidth: 210 MHz
300 MSPS Conversion Rate

Typical Power Dissipation: 2.2 Watts

GENERAL DESCRIPTION

The SPT7725 is a monolithic flash A/D converter capable of
digitizing a two volt analog input signal into 8-bit digital words
at a 300 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, wide bandwidth, and low input capacitance. A
single standard -5.2 volt power supply is required for opera-
tion of the SPT7725, with nominal power dissipation of 2.2 W.

APPLICATIONS

Digital Oscilloscopes

Transient Capture

Radar, EW, ECM

Direct RF Down-Conversion

Medical Electronics: Ultrasound, CAT Instrumentation

e o o o o

A proprietary decoding scheme reduces metastable errors to
the 1 LSB level.

The part is packaged in a 42L ceramic sidebrazed DIP which
is pin compatible with the SPT7710. A 44L surface-mount
cerquad package and a 46L. PGA package are also available
which allow access to additional reference ladder taps, an
overrange bit, and a data ready output. They are also pin-
compatible with the SPT7710. The SPT7725 is available in
industrial and military temperature ranges and in /883 compli-
ant versions.

U VarsL T T
v --"Ij_-_L Preamp Comparator
RTF E3
Y 1 256 ——_—I DRINV
= Clock
Bufter MSB D7
E | 2, 1 oreso
______ 3
Lyt |>E§ . P—
3
e | 151> T ormss
- P | 128 > os
Ve 13 ECL
B3 256 to
1 8-Bit tatches  \—"os
127 > Encoder Buffers
— These functions are
D6 04 available in the PGA and
| 6> cerquad packages only.
D5 _:] o
&8 > D4
03 ~':' D2
] 2>
EE D2 "—:1 D1
[ ) o1
P —J ooLss
Vepe 1] LsB D0,
 vags L+
Gonvert LK C— 2 l T
o B T
Analog Input \LE!; Alaulo
(Sense o Force)

4755 Forge Road, Co. Springs, CO 80907
PH: (719) 528-2300; Fax: (719) 528-2370

SPT

3-87




SPT7725

\

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

Supply Voltages

Negative Supply Voltage (Veg TO GND).........
Ground Voltage Differential......

Input Voltage

Analog Input Voltage...............

Reference Input Voltage

Digital Input Voltage ...............
Reference Current VRTF to VRBF

~7.0t0+0.5V
-05t0+0.5V

VEgto +0.5V

Output )
Digital Output Current .........ccocvviiivcnniieinnnee 0to-30 mA
Temperature
Operating Temperature ...... -25°C ambient to +85 °C ambient

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

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

ELECTRICAL SPECIFICATIONS

Ta=TMIN to TMAX, VEE=-5.2 V, Rsource=50 Q, VReF=-2.00 V, VR2=-1.00 V, VRTF=0.00 V, fcix=250 MHz, Duty Cycle=50%, unless otherwise specified.

TEST TEST SPT7725A SPT775B
PARAMETERS CONDITIONS LEVEL MIN TYP MAX | MIN TYP MAX | UNITS
DC Accuracy
Integral Linearity Vi -0.75 +0.60 +0.75 |-0.95 +0.80 +0.95 | LSB
Differential Linearity \'l -0.75 +0.75 [-0.95 +0.95 | LSB
No missing codes Guaranteed Guaranteed ‘
Analog Input
Offset Error VRT v -30 +30 -30 +30 | mV
Offset Error VR v -30 +30 -30 +30 | mV
Input Voltage Range Vi -2.0 0.0 -2.0 0.0 | Volts
Input Capacitance Over full input range \ 10 10 pF
Input Resistance \' 15 15 kQ
Input Current \" 250 500 250 500 | pA
Input Slew Rate \ 1,000 1,000 Vius
Large Signal Bandwidth Vin=F.S. \') 210 210 MHz
Small Signal Bandwidth ViN=500 mV P-P \' 335 335 MHz
Reference Input
Ladder Resistance Vi 100 200 300 100 30l o
Reference Bandwidth \ 10 10 MHz
Timing Characteristics
Maximum Sample Rate Vi 250 300 250 300 MSPS
Clock to Data Delay \' 2.4 2.4 ns
Output Delay TEMPCO \' 2.0 2.0 ps/°C
CLK-to-Data Ready Delay (tq) \ 2.0 2.0 ns
Aperture Jitter \ 5.0 5.0 ps
Acquisition Time \' 1.5 1.5 ns
Dynamic Performance
Signal-to-Noise Ratio FiN = 3.58 MHz Vi 45 47 44 46 dB
Fin = 100 MHz Vi 39 42 38 41 dB
Total Harmonic Distortion FiN = 3.58 MHz Vi -48 -52 -46 -50 dB
FiN = 100 MHz Vi -40 -43 -39 -42 dB
Signal-to-Noise and Distortion | Fin = 3.58 MHz \Y| 44 46 42 44 dB
(SINAD) Fin = 100 MHz Vi 37 39 35 37 dB
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ELECTRICAL SPECIFICATIONS

TAa=TMIN to Tmax, VEE=-5.2 V, Rsource=50 Q, VRBF=-2.00 V, VR2=-1.00 V, VRTF=0.00 V, fcik=250 MHz, Duty Cycle=50%, unless otherwise specified.

TEST TEST SPT7725A SPT775B

PARAMETERS CONDITIONS LEVEL MIN TYP MAX MIN TYP MAX| UNITS
Digital Inputs

Digital Input High Voltage

(MINV, LINV) \'l -1.1 -0.7 -1.1 -0.7 | Volts

Digital Input Low Voltage

(MINV, LINV) VI 2.0 15| -20 -1.5| Volts

Clock Synchronous

Input Currents \ 40 40 HA

Clock Low Width, TpwL Vi 2 1.8 2 1.8 ns

Clock High Width, TpwH \'l 2 1.8 2 1.8 ns
Digital Output

Digital Output High Voltage 50Qto-2V \ -1.1 -1.1 Volts

Digital Output Low Voltage 50Qto-2V Vi -1.5 -1.5] Volts
Power Supply Requirements

Supply Current T=+25°C | 425 550 425 550 | mA

Power Dissipation T=+25°C | 2.2 2.9 2.2 29| W
TEST LEVEL CODES TESTLEVEL TEST PROCEDURE
All electrical characteristics are subject to the I 100% production tested at the specified temperature.
following conditions: I 100% production tested at Ta=25 °C, and sample

. . L tested at the specified temperatures.
All parameters having min/max specifications
are guaranteed. The Test Level column indi- m QA sample tested only at the specified temperatures.
cates the specific device testing actually per- v Parameter is guaranteed (but not tested) by design
formed during production and Quality Assur- and characterization data.
ance inspection. Any blank section in the data v Parameter is a typical value for information purposes
column indicates that the specification is not only.
tested at the specified condition. . .
Vi 100% production tested at Ta = 25 °C. Parameter is

Unless otherwise noted, all tests are pulsed guaranteed over specified temperature range.
tests; therefore, Ty = Tc = TaA-

‘ 4755 Forge Road, Co. Springs, CO 80907
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Signal-to-Noise Ratio (dB)

Signal-to-Noise and Distortion (dB)
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TYPICAL PERFORMANCE CHARACTERISTICS
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GENERAL DESCRIPTION

The SPT7725 is a fast monolithic 8-bit parallel flash A/D
converter. The nominal conversion rate is 300 MSPS and the
analog bandwidth is in excess of 200 MHz. A major advance
over previous flash converters is the inclusion of 256 input
preamplifiers between the reference ladder and input com-
parators. (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 for varying
input voltages and frequencies and therefore makes the part
easier to drive than previous flash converters. The SPT7725
incorporates a proprietary decoding scheme that reduces
metastable errors (sparkle codes or flyers) to a maximum of
1 LSB.

The SPT7725 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

Figure 1 - SPT7725 Typical Interface Circuit 1

Optional L

Vee
‘Analog Input L o1pF 052V
Can Bo Ether Force Or Sense =
AGND
Vin

reduce differential delays and to improve signal-to-noise
ratio. The output drive capability of the device can provide full
ECL swings into 50 Q loads.

TYPICAL INTERFACE CIRCUIT

Thetypicalinterface circuitis shownin figure 1. The SPT7725
is relatively easy to apply depending on the accuracy needed
in the intended application. Wire-wrap may be employed
with careful point-to-point ground connections if desired, but
to achieve the best operation, a double sided PC board with
a ground plane on the component side separated into digital
and analog sections will give the best performance. The
converter is bonded-out to place the digital pins on the left
side of the package and the analog pins on the right side.
Additionally, an RF bead connection through a single point
from the analog to digital ground planes will reduce ground
noise pickup.

The circuit in figure 2 (PGA and cerquad packages only) is
intended to show the most elaborate method of achieving the
least error by correcting for integral nonlinearity, input in-
duced distortion, and power supply/ground noise. This is
achieved by the use of external reference ladder tap connec-
tions, an input buffer and supply decoupling. The function of
each pin and external connections to other components is as
follows:

Bl I

VATE [~

Preamp  Comparator

=T

T

[ ]

Glock
Buffer

MSB D7

EcL
Latches

Butters.

ot

500 3 Zs0a

T

(Analog)

>
>
>
] :‘>[]Z
e :&[R
-
< Encoder
Y
Fkﬁ\’z
>
12
>
VRer M -3
o250 VReF|
Can Be Either 0oPo7 01 pF;
Force Or Sense Ving
CLK|
.
Coman | 10008>] [}
ol L9ox T T
VvV 8F3%
55 PO
Vee

52V

= O -2V (Digital)
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Figure 2 - SPT7725 Typical Interface Circuit 2 (PGA and Cerquad Packages Only)

Optional
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D1
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R 3 3
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Y
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2v kS

10250
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VRes| |

[ =

01 pF
& ok
Convert | 100116, s
ol LoTk
3F 3 An(nlogln'nul

2 %01 WF

(Analog)

£z, AGND, DGND

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

Vin (ANALOG INPUT)

There are two analog input pins that are tied to the same
point internally. Either one may be used as an analog input
sense and the other for input force. This is convenient for
testing the source signal to see if there is sufficient drive
capability. The pins can also be tied together and driven by
the same source. The SPT7725 is superior to similar de-
vices due to a preamplifier stage before the comparators.
This makes the device easier to drive because it has
constant capacitance and induces less slew rate distortion.
An optional input buffer may be used.

y 500 -3 500
Taowo Tvee  Taano
Vi
IN 2v al
o I 01 pF
01 yF 01 yF -2 V (Digital) =
52V

VEE

LK, CLK (CLOCKINPUTS)

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.)
CLK may be left open but a .01 uF bypass capacitor from
CLK to AGND is recommended. NOTE: System perfor-
mance may be degraded due to increased clock noise or
jitter.

MINV, LINV (OUTPUT LOGIC CONTROL)

These are ECL-compatible digital controls for changing the
output code from straight binary to two's complement, etc.
For more information, see table |. 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.
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Tablel- Output Coding
MINV 0 0 1 1
LINV 0 1 0 1
ov 111..11 | 100..00 | O011..11 000...00
111..10 | 100...01 011..10 | 000...01
Vn - 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 | Ot1..11 100..00 | 111..11
BV Vo 0V, Vo

DO TO D7 (DIGITAL OUTPUTS)

The digital outputs can drive ECL levels into 50 Q when
pulled down to -2 V. When pulled down to -5.2 V, the outputs
can drive 150 Q to 1 kQ loads.

VRBF, VR2, VRTF (REFERENCE INPUTS)

There are two reference inputs and one external reference
voltage tap. These are -2 V (VRBF), mid-tap (VRr2) and AGND
(VRTF). The reference pins can be driven as shown in figure
1. VR2 should be bypassed to AGND for further noise
suppression.

VRBF; VRBS, VR1, VR2, VR3, VRTF, VRTs REFERENCE
INPUTS (PGA AND CERQUAD PACKAGES ONLY)

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

N/C
All Not Connected pins should be tied to DGND on the left

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

DREAD-DATAREADY, DRINV-DATAREADY INVERSE
(PGA AND CERQUAD PACKAGES ONLY)

The data ready pin is a flag that goes high or low at the output
when data is valid or ready to be received. It is essentially a
delay line that accounts for the time necessary for information
to be clocked through the SPT7725'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 (PGA AND CERQUAD PACKAGES
ONLY)

This is an overrange function. When the SPT7725 is in an
overrange condition, D8 goes high and all data outputs go
high as well. This makes it possible to include the SPT7725
into higher resolution systems.

OPERATION

The SPT7725 has 256 preamp/comparator pairs which are
each supplied with the voltage from VRrTF to VRBF divided
equally by the resistive ladder as shownin the block diagram.
This voltage is applied to the positive input of each preampli-
fier/comparator pair. An analog input voltage applied at V|N
is connected to the negative inputs of each preamplifier/
comparator pair. The comparators are then clocked through
each comparator's individual clock buffer. When CLK is in
the low state, the master or input stage of the comparators
compares the analog input voltage to the respective refer-
ence voltage. When CLK 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 VRTF (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-to0-6 bit decoders when CLK is changes from high to
low. At the output of the decoders is a set of four 7-bit latches
which are enabled (track) when CLK changes from high to
low. From here, the outputs 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.

4755 Forge Road, Co. Springs, CO 80907
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Figure 3 - Timing Diagram
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Figure 4 - Subcircuit Schematics
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Figure 5 - Clock Input Figure 6 - Burn-In Circuit (42L DIP Package Only)
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EVALUATION BOARDS i “ geE

R2
The EB7725 evaluation board is available to aid designersin = o _ . o 1/a wartce 5%

demonstrating the full performance of the SPT7725. This ;' _, 0 1a wart cc 5%

board includes a voltage reference circuit, clock driver circuit, R§ —6.50Q 1/4 Watt CC 5% 20V
output data latches and an on-board reconstruction of the R, =650 1/2 Watt CC 5%
digital data. An application note describing the operation of v .. = -2.00 voits

this board as well as application tips is also available. Contact ~ vgg = -6.6 voits

the factory for price and delivery.
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PIN ASSIGNMENTS SPT7725

&

ED
wr\wm¢mwv—&ﬂ:%
Ooo0o0o000o000AQ
F I FFLEL R

DGND [T]
AGND [Z]
Vee [2]
MINV =]
CIK 3]
CLK 5]

Vee (7]
AGND
AGND
VRBS
Vrer 1]

N

1] ] E R EE] B E e [ B [e] fo1 (=] o] [+1[5]

Top View
DIP

D7 (MSB)
DGND
AGND
Vee

MINV

NC

Tk

CLK

AGND

N
AGND

AGND

N
AGND

EE

Vee

VRBF

BB E B B R R R B B b s R R

PIN FUNCTIONS

NAME FUNCTION

LINV DO through D6 Output Inversion Control Pin

VEE Negative Analog Supply Nominally -5.2 V

DGND Digital Ground

DO Digital Data Output (LSB)

D1-D6 Digital Data Output

D7 Digital Data Output (MSB)

MINV D7 Output Inversion Control Pin

CLK Inverse ECL Clock Input Pin

CLK ECL Clock Input Pin

AGND Analog Ground

VIN Analog Input; Can be Connected to the
Input Signal or Used as a Sense

VR2 Reference Voltage Tap 2 (-1.0 V typ)

VRTE Reference Voltage Top

VRBF Reference Voltage Bottom

The following pins are on PGA and cerquad packages only.

DRINV Data Ready Inverse

DREAD Data Ready Output

Overrange Overrange Output D8

VR1 Reference Voltage Tap 1 (-1.5 V typ)
VR3 Reference Voltage Tap 3 (-0.5 V typ)
VRTS Reference Voltage Top, Sense
VRBS Reference Voltage Bottom, Sense

9 8 7 6 5 4 3 2 1
O O O O O O O O [IO|~A
B p D5 Di DB @ D D0 DGND
O O O O |68
AGND D7 DREAD AGND
O O O O (¢
VEE DGND NC  VEE
o O O O |p
GK MV Bottom LNV DRINV
o O i O O |E
VEE  CLK View VEE  AGND
o O PGA O O |F
AGND  AGND VRTS AGND
O O O O |¢
VRBS VEE NC  VRTF
o O O O (H
VRBF VR VR3  VEE
O O 0O O O O O O o |
NC AGND VN AGND VR2 AGND VN AGND NC
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SIGNAL PROCESSING TECHNOLOGIES

SPT7750

8-BIT, 500 MSPS FLASH A/D CONVERTER

FEATURES

¢ 1:2 Demuxed ECL Compatible Outputs
Wide Input Bandwidth - 900 MHz

Low Input Capacitance - 15 pF (MQUAD)
Metastable Errors Reduced to 1 LSB
Monolithic for Low Cost

Gray Code Output

GENERAL DESCRIPTION

The SPT7750 is a full parallel (flash) analog-to-digital con-
verter capable of digitizing full scale (0 to -2 V) inputs into
eight-bit digital words at an update rate of 500 MSPS. The
ECL-compatible outputs are demultiplexed into two separate
output banks, each with differential data ready outputs to
ease the task of data capture. The SPT7750's wide input
bandwidth and low capacitance eliminate the need for exter-
nal track-and-hold amplifiers for most applications. A propri-

APPLICATIONS

« Digital Oscilloscopes

¢ Transient Capture

¢ Radar, EW, ECM

* Direct RF Down-Conversion

etary decoding scheme reduces metastable errors to the
1 LSB level. The SPT7750 operates from a single -5.2 V
supply, with a nominal power dissipation of 5.5 W.

The SPT7750 is available in a 68L PGA and an 80L surface-
mount MQUAD package over the industrial temperature
range of -25 to + 85 °C. Contact the factory for availability of
die and /883 versions.
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SPT7750
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ABSOLUTE MAXIMUM RATINGS (Beyond which damage may occur)' 25 °C

Supply Voltages
Negative Supply Voltage (V. TO GND) ......... ~70t0 +0.5V
Ground Voltage Differential...........c..cccccceenenee. -05t0+0.5V
Input Voltage

Analog Input Voltage ................
Reference Input Voltage ..........
Digital Input Voltage .................

Reference Current V_ . to V,

Notes:

tions in typical applications.

ELECTRICAL SPECIFICATIONS

Output

Digital Output Current ..........ccccovrnivnernncnnnnes 0to -28 mA

Temperature
Operating Temperature, ambient .............cc.eeeee -25t0 +85 °C
case .... v +125°C
junction ........cceeeeenne ....+150 °C
Lead Temperature, (soldering 10 seconds). ............. +300 °C
Storage Temperature ...........cccocevreiecinccncnnn. -65 to +150 °C

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

Ty=Tc=Ta=+25°C, VEg=-5.2V, VRB=-2.00 V, VRm=-1.0 V, VRT=0.00 V, fcik=500 MHz, Duty Cycle=50%, unless otherwise specified.

TEST TEST SPT7750A SPT7750B
PARAMETERS CONDITIONS LEVEL MIN  TYP MAX | MIN TYP MAX|UNITS
Resolution 8 8 Bits
DC Accuracy (+25 °C)
Integral Nonlinearity fok = 100 kHz | -1.0 +1.0 | -15 +1.5|LSB
Differential Nonlinearity feowk = 100 kHz | -0.85 +0.95 |[-0.95 +1.5]LSB
No Missing Codes Guaranteed Guaranteed
Analog Input
Input Voltage Range | Vgs Vgt Vg Var|V
Input Bias Current V=0V | .75 2.0 .75 20|mA
Input Resistance \Y) 15 15 kQ
Input Capacitance \
MQuad Over Full Input Range Vv 15 15 pF
PGA Over Full Input Range Vv 30 30 pF
Input Bandwidth
Small Signal Vv 900 900 MHz
Large Signal \ 500 500 MHz
Offset Error Vgy v -30 +30 -30 +30|mV
Offset Error Vgg v -30 +30 -30 +30 | mV
Input Slew Rate \ 5 5 V/ns
Reference Input .
Ladder Resistance | 60 80 60 80 Q
Reference Bandwidth \ 30 30 MHz
Timing Characteristics
Maximum Sample Rate I 500 500 MHz
Aperture Jitter Vv 2 2 ps
Acquisition Time \ 250 250 ps
CLK to DATA READY Delay v 0.9 1.4 1.9 0.9 1.4 1.9]ns
Clock to Data Delay v 1.25 1.75 225 | 1.25 1.75 2.25|ns
Dynamic Performance
Signal-To-Noise Ratio
(without Harmonics)
fin=50 MHz | 47 45 dB
fin=250 MHz | 44 42 dB
Total Harmonic Distortion
fin=50 MHz I -46 -44 dBc
fin=250 MHz | -38 -36 dBc

3-100
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ELECTRICAL SPECIFICATIONS

Ty=Tc=Ta=+25°C, VEg=-5.2 V, VRe=-2.00 V, VRM=-1.0 V, VRT=0.00 V, fcik=500 MHz, Duty Cycle=50%, unless otherwise specified.

TEST TEST SPT7750A SPT7750B
PARAMETERS CONDITIONS LEVEL MIN TYP MAX MIN TYP MAX |UNITS
Dynamic Performance
Signal-to-Noise and Distortion
fin=50 MHz ] 43 ‘ 41 dB
fin= 250 MHz ] 37 35 dB
Spurious Free Dynamic Range
fin="50 MHz | 49 44 dB
fin=250 MHz | 4 36 dB
Digital Inputs
Input High Voltage
(CLK, NCLK) | -1.1 -0.7 =11 -0.7 \
Input Low Voltage
(CLK, NCLK) | -1.8 -1.5 -1.8 -15]|V
Clock Pulse Width High (toy) | 1.0 0.67 1.0 0.67 ns
Clock Pulse Width Low (tpyy,) | 1.0 0.67 1.0 0.67 ns
Clock Synchronous
Input Currents \" 2 2 LA
Digital Outputs
Logic "1" Voltage | -1.1 -0.9 -1.1 -0.9 \
Logic "0" Voltage | -1.8 -1.5 -18  -15|V
Power Supply Requirements
Voltage Vge v -4.95 -5.2 -5.45 |-4.95 -62 -545|V
Current I I 1.05 1.2 1.056 12]A
Power Dissipation | 55 6.25 55 6.25|W
Typical Thermal Impedances: 8¢ (PGA) = 5°c/w; 6yc (MQUAD) = 4°c/w
TEST LEVEL CODES TESTLEVEL TEST PROCEDURE
All electrical characteristics are subject to the | 100% production tested at the specified temperature.
following conditions: 1] 100% production tested at TaA=25 °C, and sample
All parameters having min/max specifications tested at the specified temperatures.
are guaranteed_ The Test Level column indi- [t QA Sample tested Only at the Specified temperatures.
cates the specific device testing actually per- \% Parameter is guaranteed (but not tested) by design
formed during production and Quality Assur- and characterization data.
ance mspec_:tlon. Any blank sect,qn in th‘? data Vv Parameter is a typical value for information purposes
column indicates that the specification is not only
tested at the specified condition. ' . .
A 100% production tested at Ta = 25 °C. Parameter is
Unless otherwise noted, all tests are pulsed guaranteed over specified temperature range.
tests; therefore, Ty = Tc = Ta.
s 4755 Forge Road, Co. Springs, CO 80907 3101
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SPT7750

GENERAL DESCRIPTION

The SPT7750 is one of the fastest monolithic 8-bit parallel
flash A/D converters available today. The nominal conver-
sion rate is 500 MSPS and the analog bandwidthis in excess
of 900 MHz. A major advance over previous flash converters
is the inclusion of 256 input preamplifiers between the
reference ladder and input comparators (see block dia-
gram). 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 capaci-
tance so that it remains constant over different input voltage

Figure 1 - SPT7750 Typical Interface Circuit

Vin

and frequency ranges and therefore makes the part easier to
drive than previous flash converters. The preamplifiers also
add a gain of two 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.

The SPT7750 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. The output drive capability of the device can
provide full ECL swings into 50 Q loads.

Vin
50 Q
ViN
™
<} > DRB (DATA READY)
VRTF DRB (DATA READY)
> D8B (OVR) °
> D78 (MSB)
RS VRTs 3 DrBMse) ¥
> D5B o
> D4B
> D3B
22Q v % o
RM D1B
% > DRA (DATA READY)
= > DRA (DATA READY)
Rz > D8A(OVR)
> D7A(MSB) <
> D6A
Vres > D5A é
220 1N2907 > D4A @
ooV “ut —1 | VRer > D3A
Sfore o—l—jt - ) D2A
Reference '\I {5 > oA
> DOA (LSB)
52V -
| : e
o u CLK 3 2
2
Convert NCLK
L o 20V
500F 500 4uFL  Puldown
I (Digital)
2V % % L = Ferrite bead or inductor
Txﬂg:)ové? < o * = 10 pF Tantalum Capacitor and 0.1 pF Chip Capacitor

g o—_L— VEE

OP220 or equivalent with low offset/noise.
= 1kQ; 0.1% matched.

AGND

= DGND

Motorola ECLInPS Lite, MC10EL 16, differential receiver
with 250 ps (typ) propagation delay.
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TYPICAL INTERFACE CIRCUIT

The circuit in figure 1 is intended to show the most elaborate
method of achieving the least error by correcting for integral
linearity, input induced distortion and power supply/ground
noise. This is achieved by the use of external reference
ladder tap connections, input buffer and supply decoupling.
Please contact the factory for the SPT7750 evaluation board
applications note that contains more details oninterfacing the
SPT7750. The function of each pin and external connections
to other components is as follows:

VEg, AGND, DGND

VeE is the supply pin with AGND as ground for the device. The
power supply pins should be bypassed as close to the device
as possible with at least a .01 uF ceramic capacitor. A 1 pF
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 SPT7750 is superior to similar devices due to a pream-
plifier stage before the comparators. This makes the device
easier to drive because it has constant capacitance and
induces less slew rate distortion.

CLK, CLK (CLOCK INPUTS)

The clock inputs are designed to be driven differentially with
ECL levels. The duty cycle of the clock should be kept at 50%
to avoid causing larger second harmonics. If this is not
important to the intended application, then duty cycles other
than 50% may be used.

DO TO D8, DR, NDR, (A AND B)

The digital outputs can drive 50 Q to ECL levels when pulled
down to -2 V. When pulled down to -5.2 V, the outputs can
drive 130 Qto 1 kQloads. All digital outputs are grey code with
the coding as shown in table 1.

VRBF, VRBS, VRTF; VRTS, VRM
(REFERENCE INPUTS)

There are two reference inputs and one external reference
voltage tap. These are -2 V (VRp force and sense), mid-tap
(VRm) and AGND (VRT force and sense). The reference pins
and tap can be driven by op amps as shown in figure 1 or VRm
may be bypassed for limited temperature operation. These
voltage inputs can be bypassed to AGND for further noise
suppression if so desired.

Table | - Output Coding
VIN D8

oV 1 10000000
10000001
10000011

L]
10100001
10100000
11100000

L]
11000001
11000000
01000000

L[]
01100001
01100000
00100000

L]
00000011
00000001
00000000

05V 0

-1.0V 0

1.5V 0

20V 0
THERMAL MANAGEMENT

The typical thermal impedances have been measured for
each package type:

OCA (PGA) = 13 °C/W in still air with no heat sink
O©CA (MQUAD) = 17 °C/W in still air with no heat sink

We highly recommend that a heat sink be used for this device
with adequate air flow to ensure rated performance of the
device. We have found that a Thermalloy 17846 heat sink
with aminimum air flow of 1 meter/second (200 linear feet per
minute) provides adequate thermal performance under labo-
ratory tests. Application specific conditions should be taken
into account to ensure that the device is properly heat sinked.

4755 Forge Road, Co. Springs, CO 80907
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OPERATION

The SPT7750 has 256 preamp/comparator pairs which are
each supplied with the voltage from VRT to VRp 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/com-
parator pair. The comparators are then clocked through each
one's individual clock buffer. When the CLK pin is in the low
state, the master or input stage of the comparators compare
the analog input voltage to the respective reference voltage.
When the CLK pin changes from low to high the comparators

Figure 2 - Timing Diagram

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 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. Atthe 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. 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.

N & N+5 N+6
/ N+2 N+4 / r_\
Vi 20ns /
N+3
o T\
LT U UV W Y A W Y A W
1.4ns
o\ /T /]
vwra o S\ L L] L
Data Bank A N-2 N I~ IR
1.75ns
WP
1.4ns
o | [ /T 0\ \
NDRB \___j j__/| \ /—
Data Bank B R [ N I X:
1.75 ns,
yp
Figure 3 - Subcircuit Schematics
INPUT CIRCUIT OUTPUT CIRCUIT CLOCK INPUT
AGND AGND
AGND DGND
i n -
CLK CLK
q
Data Out

VEE

Vee
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PIN ASSIGNMENT SPT7750

-

CIEIEE) 6 &

PIN FUNCTIONS SPT7750

VEE Negative Supply Nominally -5.2 V
) ?@@ @ @ AGND Analog Ground
OIS, (=
VRTF Reference Voltage Force Top,
H
o % Nominally 0 V
. @ Bottom View @ VRTS Reference Voltage Sense Top
. @ @ PGA VRM Reference Voltage Middle, Nominally -1 V
o= @ ® VRBF Reference Voltage Force Bottom,
o @ @ Nominally -2 V
. @ @ @ @ @@ VRBS Reference Voltage Sense Bottom
A @ @ @ @ VIN Analog Input Voltage, Can Be Either
1 2 3 4 5 6 7 8 9 10 1N Voltage or Sense
DGND Digital Ground
§ﬁ§§§§§§§§§§§ﬁ§§ D0.D7A Data Output Bank A
BE3NgaraNIzEERee D0.D7B Data Output Bank B
b= b L & N DRA Data Ready Bank A
Ve i gz oon NDRA Not Data Ready Bank A
VEE 50 VEE
e od E o Do DRB Data Ready Bank B
o o Do Dano NDRB Not Data Ready Bank B
 dawo 114 Top View E 6 bano D8A Overrange Output Bank A
D8B 1244 [ 53 DRA
e MQUAD [ 52 AGhD D8B Overrange Output Bank B
hanp red b 50 o CLK Clock Input
provptes B Ve NCLK Clock Input
Veg 199 P46 Vep
VEg 209 [ 45 AGND
Vrer 219 [ 44 AGND
VEe 229 P 43 VRTS
Veg 239 [ 42 Vg
VRes 249 B 41 NIC
ooo0oo0 o oo oooooooo
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SIGNAL PROCESSING TECHNOLOGIES

SPT7755

8-BIT, 750 MSPS FLASH A/D CONVERTER

FEATURES

* 1:2 Demuxed ECL Compatible Outputs
Wide Input Bandwidth - 900 MHz

* Low Input Capacitance - 15 pF (MQUAD)
* Metastable Errors Reduced to 1 LSB

* Monolithic for Low Cost

* Gray Code Output

GENERAL DESCRIPTION

The SPT7755 is a full parallel (flash) analog-to-digital con-
verter capable of digitizing full scale (0 to -2 V) inputs into
eight-bit digital words at an update rate of 750 MSPS. The
ECL-compatible outputs are demultiplexed into two separate
output banks, each with differential data ready outputs to
ease the task of data capture. The SPT7755's wide input
bandwidth and low capacitance eliminate the need for exter-
nal track-and-hold amplifiers for most applications. A propri-

APPLICATIONS

« Digital Oscilloscopes

» Transient Capture

¢ Radar, EW, ECM

¢ Direct RF Down-Conversion

etary decoding scheme reduces metastable errors to the
1 LSB level. The SPT7755 operates from a single -5.2 V
supply, with a nominal power dissipation of 5.5 W.

The SPT7755 is available in a 68L PGA and an 80L surface-
mount MQUAD package over the industrial temperature
range of -25 to + 85 °C. Contact the factory for availability of
die and /883 versions.
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3 & . D58 «  |—DRB (DATA READY)
) 151 cx . WL »psB(OVR)
P. Q 8 . (5] ——=-D7B (MSB)
b 9 D2B 5 |0,
E 3 o S <4 | _mpsg BANK B
< 128, ax DS ax DB o R
> |7 = & w z
3 = b4 < |—=D38
1 Ow u DB ] 28
v, = »——'\F—M» © 2 - @
) 1 l‘/27 2 T o F D i M;: (LSB) _/
E3 = = w -DOB.
¥ 82 2 on 3 [—»-OFA DATAREADY) )
< N m 1 w - = —=DRA (DATA READY)
3 D 4 o o 2 [—DsAOvm
N . | —=-D7A (MSB)
T —a =
: E || ™ DsA S |—»DsA
> les o ¥ ol . . S —ebsa BANKA
o D |—wDiA
b : N WL .D3A
3 i e — ™ o2
z
- D1 |__»D1A
DIA [—
L [—»D0A (LSB) W,
T ]
L I = ™
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SPT7755

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 ...........ceevcnninicciinncnae 0to -28 mA
Ground Voltage Differential.............cccccoceeeeenns -0.5t0 +0.5V
Temperature
Input Voltage Operating Temperature, ambient .............c........ .-2510 +85 °C
Analog Input Voltage ............ccecveiiieniicnininnnns +0.5VtoV case ....... ... +125°C
Reference Input Voltage ........cccccccvveinicnnecnnnne +05VtoV, junction ... .+150 °C
Digital Input Voltage ...........cocecevrecninenrccreanne +0.5Vto V. Lead Temperature, (soldering 10 seconds). ............. +300 °C
. Reference Current V10 Vg e 35 mA Storage Temperature ...........cccc.coeuerenrrinnrnnes -65 to +150 °C

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

ELECTRICAL SPECIFICATIONS

Ty=Tc=Ta=+25°C, VEE=-5.2 V, VRg=-2.00 V, VRM=-1.0 V, VRT=0.00 V, fk=750 MHz, Duty Cycle=50%, unless otherwise specified.

TEST TEST SPT7755A SPT7755B
PARAMETERS CONDITIONS LEVEL MIN TYP MAX | MIN TYP MAX|UNITS
Resolution 8 8 Bits
DC Accuracy (+25 °C)
Integral Nonlinearity fok = 100 kHz ! -1.0 +1.0 -1.5 +1.5|LSB
Differential Nonlinearity fok = 100 kHz 1 -0.85 +0.95 |-0.95 +1.5|LSB
No Missing Codes Guaranteed Guaranteed
Analog Input
Input Voltage Range [ Vks Vgrr Vrs Ver|V
Input Bias Current ViN=0V 1 .75 2.0 .75 2.0|mA
Input Resistance \ 15 15 kQ
Input Capacitance \
MQuad Over Full Input Range \ 15 15 pF
PGA Over Full Input Range \ 30 30 pF
Input Bandwidth
Small Signal \" 900 900 MHz
Large Signal \ 500 500 MHz
Offset Error Vg v -30 +30 -30 +30{mV
Offset Error Vg v -30 +30 -30 +30 1 mVv
Input Slew Rate \ 5 5 Vins
Reference Input
Ladder Resistance | 60 80 60 80 Q
Reference Bandwidth \ 30 30 MHz
Timing Characteristics
Maximum Sample Rate | 750 750 MHz
Aperture Jitter \' 2 2 ps
Acquisition Time \' 250 250 ps
CLK to DATA READY Delay v 0.9 1.4 1.9 0.9 1.4 1.9|ns
Clock to Data Delay v 1.25 1.75 225 | 1.25 175 225|ns
Dynamic Performance ’
Signal-To-Noise Ratio
(without Harmonics)
fin=50 MHz l 46 44 dB
fin=250 MHz | 44 42 dB
Total Harmonic Distortion
fin=50 MHz | -45 -43 dBc
fin=250 MHz | -37 -35 dBc
3108 4755 Forge Road, Co. Springs, CO 80907 spr
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ELECTRICAL SPECIFICATIONS

Ty=Tc=Ta=+25°C, VEg=-5.2 V, VRB=-2;00 V, VRm=-1.0 V, VRT=0.00 V, fcik=750 MHz, Duty Cycle=50%, unless otherwise specified.

TEST TEST SPT7755A SPT7755B
PARAMETERS CONDITIONS LEVEL MIN TYP MAX MIN TYP MAX |UNITS
Dynamic Performance
Signal-to-Noise and Distortion
fin="50 MHz I 43 41 dB
fin =250 MHz I 36 34 dB
Spurious Free Dynamic Range
fin="50 MHz | 48 44 dB
fin=250 MHz | 40 36 dB
Digital Inputs
Input High Voltage
(CLK, NCLK) | -1.1 -0.7 -1.1 -0.7 \
Input Low Voltage
(CLK, NCLK) I 1.8 15 18 -15]|v
Clock Pulse Width High (toyy) | 0.67 0.5 0.67 0.5 ns
Clock Pulse Width Low (toyy ) [ 0.67 0.5 0.67 0.5 ns
Clock Synchronous
Input Currents Vv 2 2 LA
Digital Outputs
Logic "1" Voltage I -1.1 -0.9 -1.1 -0.9 v
Logic "0" Voltage [ -1.8 -1.5 1.8  -15|V
Power Supply Requirements
Voltage Vg [\ -4.95 -5.2 -5.45 |-4.95 -5.2 -545|V
Current lgg | 1.05 1.2 1.056 12(A
Power Dissipation | 5.5 6.25 55 6.25|W
Typical Thermal Impedances: 8yc (PGA) = 5°c/w; 8yc (MQUAD) = 4°c/w
TEST LEVEL CODES TEST LEVEL TEST PROCEDURE
All electrical characteristics are subject to the I 100% production tested at the specified temperature.
following conditions: i 100% production tested at Tao=25 °C, and sample
All parameters having min/max specifications tested at the specified temperatures.
are guaranteed. The Test Level column indi- i QA sample tested only at the specified temperatures.
cates the specific device testing actually per- v Parameter is guaranteed (but not tested) by design
formed during production and Quality Assur- and characterization data.
ance mspeghon. Any blank Sec‘!‘?" n thc—; data \Y Parameter is a typical value for information purposes
column indicates that the specification is not only
tested at the specified condition. ) . .
Vi 100% production tested at Ta = 25 °C. Parameter is
Unless otherwise noted, all tests are pulsed guaranteed over specified temperature range.
tests; therefore, Ty =Tc = Ta.
s 4755 Forge Road, Co. Springs, CO 80907 3100
PH: (719) 528-2300; Fax: (719) 528-2370 i
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SPT7755

GENERAL DESCRIPTION

The SPT7755 is one of the fastest monolithic 8-bit parallel
flash A/D converters available today. The nominal conver-
sion rate is 750 MSPS and the analog bandwidth is in excess
of 900 MHz. A major advance over previous flash converters
is the inclusion of 256 input preamplifiers between the
reference ladder and input comparators (see block dia-
gram). 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 capaci-
tance so that it remains constant over different input voltage

Figure 1 - SPT7755 Typical Interface Circuit

and frequency ranges and therefore makes the part easier to
drive than previous flash converters. The preamplifiers also
add a gain of two 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.

The SPT7755 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. The output drive capability of the device can
provide full ECL swings into 50 Q loads.

Vin Vin
50 Q
i Vin
<‘L > DRB (DATA READY)
Vgre > DRB (DATA READY)
> D8B (OVR) °
L > D7B
RS Vrts > Dremse) ¥
> DsB @
> DB
> D3B
b 22Q > DoB
Vem > DIB
% > DRA (DATA READY)
R= > DRA (DATA READY)
= > DB8A (OVR)
> D7A(MSB)
v > D6A s
RBS > D5A Z
220 1N2907 v S D4A &
20V ;U‘ * RBF > [D)g:
Reference _1/ ] % > DA
> DOA (LSB)
52V
I o] Lo
CLK 87 3
Convert u2 NCLK
L o -20V
50Q% 50Q AWF L putdown
L (Digital)
2V w % % L = Ferrite bead or inductor
w
'(:K::g%gr; = < a * = 10 pF Tantalum Capacitor and 0.1 pF Chip Capacitor
l—( U1= OP220 or equivalent with low offset/noise.
R = 1kQ; 0.1% matched.
% = AGND
L
= = DGND
U2=Motorola ECLInPS Lite, MC10EL 16, differential receiver
with 250 ps (typ) propagation delay.
3110 4755 Forge Road, Co. Springs, CO 80907 spr
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TYPICAL INTERFACE CIRCUIT

The circuit in figure 1 is intended to show the most elaborate
method of achieving the least error by correcting for integral
linearity, input induced distortion and power supply/ground
noise. This is achieved by the use of external reference
ladder tap connections, input buffer and supply decoupling.
Please contact the factory for the SPT7755 evaluation board
applications note that contains more details oninterfacing the
SPT7755. The function of each pin and external connections
to other components is as follows:

Veg, AGND, DGND

VEegis 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 pF
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 SPT7755 is superior to similar devices due to a pream-
plifier stage before the comparators. This makes the device
easier to drive because it has constant capacitance and
induces less slew rate distortion.

CLK, CLK (CLOCK INPUTS)

The clock inputs are designed to be driven differentially with
ECL levels. The duty cycle of the clock should be kept at 50%
to avoid causing larger second harmonics. If this is not
important to the intended application, then duty cycles other
than 50% may be used.

DO TO D8, DR, NDR (A AND B)

The digital outputs can drive 50 Q to ECL levels when pulled
down to -2 V. When pulled down to -5.2 V, the outputs can
drive 130 Qto 1 kQloads. All digital outputs are grey code with
the coding as shown in table 1.

VRBF; VRBS, VRTF, VRTS, VRM
(REFERENCE INPUTS)

There are two reference inputs and one external reference
voltage tap. These are -2 V (VRp force and sense), mid-tap
(VRmM) and AGND (VgT force and sense). The reference pins
and tap can be driven by op amps as shown in figure 1 or VRm
may be bypassed for limited temperature operation. These
voltage inputs can be bypassed to AGND for further noise
suppression if so desired.

Table | - Output Coding
Vin D8

oV 1 10000000
10000001
10000011

L]
10100001
10100000
11100000

L]
11000001
11000000
01000000

-0.5V 0

-1.0V 0

L]
01100001
01100000
00100000

L]
00000011
00000001
00000000

-15V 0

2.0V 0

THERMAL MANAGEMENT

The typical thermal impedances have been measured for
each package type:

OCA (PGA) = 13 °C/W in still air with no heat sink
OCA (MQUAD) = 17 °C/W in still air with no heat sink

We highly recommend that a heat sink be used for this device
with adequate air flow to ensure rated performance of the
device. We have found that a Thermalloy 17846 heat sink
with a minimum air flow of 1 meter/second (200 linear feet per
minute) provides adequate thermal performance under labo-
ratory tests. Application specific conditions should be taken
into account to ensure that the device is properly heat sinked.

4755 Forge Road, Co. Springs, CO 80907
PH: (719) 528-2300; Fax: (719) 528-2370
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SPT7755

OPERATION

The SPT7755 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 Vinis
connected to the negative inputs of each preamplifier/com-
parator pair. The comparators are then clocked through each
one's individual clock buffer. When the CLK pin is in the low
state, the master or input stage of the comparators compare
the analog input voltage to the respective reference voltage.
When the CLK pin changes from low to high the comparators

Figure 2 - Timing Diagram

/N’\

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 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. 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.

Vin N+2 N+4 N+7
1.3ns
N+3 L
o U
L [ U U G Y G A G A U A S
ora [
NORA \ 1.4 ns typ
Data Bank A N2 N [ [ne2 [N+a
1.75 ns typ
DRB \ \ \ \_
NDRB / \ 1.4 ns typ \
Sata Bank B ] X N-1 Nit X N+3 JV
1.75ns t¥p
Figure 3 - Subcircuit Schematics
INPUT CIRCUIT OUTPUT CIRCUIT CLOCK INPUT
AGND AGND
AGND DGND
ViN Ve PR — N
CLK CLK
<
Data Out
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PIN ASSIGNMENT SPT7755
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D4B
VEE
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D58
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DGND
D7B
DGND
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AGND
AGND
AGND
AGND
VEE
VEE
VRBF
VEE
VEE
VRBS

-
-B®

- (OO
4O,
00,
00,

®

490,

©

O

2883888885885 88

TMozDzRz>z>z>m>>

O Two © O

BIIIFANINIIBEL32

nonnnOonnnonoaonaAnn
1g o [ 64 N/IC
29 P63 N/IC
3g b 62 D3A
ag P 61 D2A
1= b60 Vge
60 b 59 DIA
79 |2 58 DGND
8 b 57 DoA
9 b3 56 DGND
10 1 55 NDRA
114 Top View ) 54 DGND
120 153 DRA
139 b 52 AGND
14d MQUAD b 51 AGND
150 B 50 CLK
164 b 49 Ve
179 b 48 NCLK
1803 b 47 Vg
190 EAG VEE
200 45 AGND
21d 44 AGND
220 P 43 VRs
23] 42 VgrE
240 41 NIC
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PIN FUNCTIONS SPT7755

VEE Negative Supply Nominally -5.2 V @
AGND Analog Ground R
VRTE Reference Voltage Force Top, E
Nominally 0 V @
VRTS Reference Voltage Sense Top
VRM Reference Voltage Middie, Nominally -1 V
VRBF Reference Voltage Force Bottom,
Nominally -2 V
VRBS Reference Voltage Sense Bottom E
VIN Analog Input Voltage, Can Be Either
Voltage or Sense
DGND Digital Ground
D0.D7A Data Output Bank A
D0.D7B Data Output Bank B
DRA Data Ready Bank A
NDRA Not Data Ready Bank A
DRB Data Ready Bank B
NDRB Not Data Ready Bank B
D8A Overrange Output Bank A
D8B Overrange Output Bank B
CLK Clock Input
NCLK Clock Input

S

4755 Forge Road, Co. Springs, CO 80907
PH: (719) 528-2300; Fax: (719) 528-2370

3-113




RSPT

SIGNAL PROCESSING TECHNOLOGIES

LEADERSHIP IN
DATA CONVERSION
- AND
SIGNAL PROCESSING

. 4755 Forge Road, Co. Springs, CO 80907
s-114 PH: (719) 528-2300; Fax: (719) 528-2370 SP '




ASPT

SIGNAL PROCESSING TECHNOLOGIES

SPT7760

8-BIT, 1000 MSPS FLASH A/D CONVERTER

FEATURES

¢ 1:2 Demuxed ECL Compatible Outputs
Wide Input Bandwidth - 900 MHz

Low Input Capacitance - 15 pF (MQUAD)
Metastable Errors Reduced to 1 LSB
Monolithic for Low Cost

Gray Code Output

GENERAL DESCRIPTION

The SPT7760 is a full parallel (flash) analog-to-digital con-
verter capable of digitizing full scale (0 to -2 V) inputs into
eight-bit digital words at an update rate of 1000 MSPS. The
ECL-compatible outputs are demultiplexed into two separate
output banks, each with differential data ready outputs to
ease the task of data capture. The SPT7760's wide input
bandwidth and low capacitance eliminate the need for exter-
nal track-and-hold amplifiers for most applications. A propri-

APPLICATIONS

« Digital Oscilloscopes

¢ Transient Capture

¢ Radar, EW, ECM

¢ Direct RF Down-Conversion

etary decoding scheme reduces metastable errors to the
1 LSB level. The SPT7760 operates from a single -5.2 V
supply, with a nominal power dissipation of 5.5 W.

The SPT7760 is available in a 68L PGA and an 80L surface-
mount MQUAD package over the industrial temperature
range of -25 to + 85 °C. Contact the factory for availability of
die and /883 versions.

BLOCK DIAGRAM T
BUFFER
v Analog 9 DEMUX
RT Input W I 1 oo«
L Preamp  Comparator BUTER
) 1
1
3 -
2]
3 (OVR) D8B
id z —
s s 8 0
E (MsB) . —=DRB (DATA FlEADY)\
S DsB ¢  [—DRB (DATA READY)
3 _!Xlt: = [ M . Y | epeovm)
i a8 . O |—wD7B(MSB)
bW Or D28 ’5' L »D6B
¢ o5 . 058 BANKB
= I |OF Ds— @ DB S |—»new
E3 Eu % o < —D3B
v°_“L Qw 3 R —
Gy 127 o@ D4 DA w —=DIB
s v cE 5 e[
3 e R S | —»-DRA (DATA READY)
i Qg = & . @ | 5 DRA(DATAREADY)
3 DD TR B 5 | _»osaovm)
L T o9 . & L »p7A(MSB)
$ | E T DsA 8 —-D6A
,b s o " . S >0 BANKA
i ° 3 ——-D4A
L . —y
;t | o D2A »D2A
ES | —. b1 | »Di1A
L |—-D0A (LSB) _J
I ] DOA
L > ==
3 (LsB)

A\

Ves
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SPT7760

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

Supply Voltages

Negative Supply Voltage (V.. TO GND) .........
Ground Voltage Differential........

Input Voltagé

Analog Input Voltage.................

Reference Input Voltage
Digital Input Voltage .............
Reference Current V_ to Vg,

Notes:

tions in typical applications.

ELECTRICAL SPECIFICATIONS

-7.0t0 +0.5V
-05t0+0.5V

+0.5VtoV,
.. +0.5VtoV,
+0.5VtoV

Output
Digital Output Current ...........coeeieiicniniiennnnn 0to-28 mA
Temperature
Operating Temperature, ambient ...................... -25 to +85 °C
case ........ +125°C
junction
Lead Temperature, (soldering 10 seconds).
Storage Temperature .........cccoceeeeereerrerennseennene

Ty=Tc=Ta=+25°C, VEg=-5.2 V, VRB=-2.00 V, VRM=-1.0 V, VRT=0.00 V, fcik=1000 MHz, Duty Cycle=50%, unless otherwise specified.

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

TEST TEST SPT7760A SPT7760B
PARAMETERS CONDITIONS LEVEL MIN  TYP MAX | MIN TYP MAX|UNITS
Resolution 8 8 Bits
DC Accuracy (+25 °C)
Integral Nonlinearity fowk =100 kHz | -1.0 +1.0 | -15 +1.5|LSB
Differential Nonlinearity fowk = 100 kHz | -0.85 +0.95 |-0.95 +1.5|LSB
No Missing Codes Guaranteed Guaranteed
Analog Input
Input Voltage Range | Vas Vgar Vgs Vgr |V
Input Bias Current V=0V l .75 2.0 .75 2.0|mA
Input Resistance \ 15 15 kQ
Input Capacitance \
MQuad Over Full Input Range \ 15 15 pF
PGA Over Full Input Range \" 30 30 pF
Input Bandwidth
Small Signal \Y 900 900 MHz
Large Signal \ 500 500 MHz
Offset Error Vg | -30 +30 -30 +30 | mV
Offset Error Vg | -30 +30 -30 +30 | mV
input Siew Rate \ 5 5 Vins
Reference Input
Ladder Resistance | 60 80 60 80 Q
Reference Bandwidth \ 30 30 MHz
Timing Characteristics
Maximum Sample Rate | 1,000 1,000 MHz
Aperture Jitter \' 2 2 ps
Acquisition Time \ 250 250 ps
CLK to DATA READY Delay I\ 0.9 1.4 1.9 0.9 1.4 1.9|ns
Clock to Data Delay v 1.25 1.75 225 | 1.25 175 2.25|ns
Dynamic Performance
Signal-To-Noise Ratio
(without Harmonics)
fin=50 MHz l 45 43 dB
fin=250 MHz | - 43 41 dB
Total Harmonic Distortion
fin=50 MHz 1 -44 -42 dBc
fin=250 MHz 1 -36 -34 dBc
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ELECTRICAL SPECIFICATIONS

Ty=Tc=Ta=+25°C, VEg=-5.2 V, VRg=-2.00 V, VRM=-1.0 V, VRT=0.00 V, fcix=1000 MHz, Duty Cycle=50%, unless otherwise specified.

TEST TEST SPT7760A SPT7760B
PARAMETERS CONDITIONS LEVEL MIN  TYP MAX | MIN TYP MAX |UNITS
Dynamic Performance
Signal-to-Noise and Distortion
fin=50 MHz | 42 . 40 dB
fin=250 MHz | 35 33 dB
Spurious Free Dynamic Range
fin=50 MHz | 47 43 dB
fin=250 MHz [ 39 35 dB
Digital Inputs
Input High Voltage
(CLK, NCLK) | -1.1 -0.7 -1.1 -0.7 \"
Input Low Voltage
(CLK, NCLK) I -1.8 -1.5 -1.8 15|V
Clock Pulse Width High (toyy) | 0.5 0.4 0.5 0.4 ns
Clock Pulse Width Low (toyy ) | 0.5 0.4 0.5 0.4 ns
Clock Synchronous
Input Currents \Y 2 2 HA
Digital Outputs
Logic “1" Voltage | -1.1 -0.9 -1.1 -0.9 \
Logic "0" Voltage | -1.8 -1.5 -1.8 15|V
Rise Time 20% to 80% \ TBD TBD ps
Fall Time 20% to 80% Vv TBD TBD ps
Power Supply Requirements
Voltage Vg v -4.95 -5.2 -5.45 |-4.95 6.2 -545|V
Current Igg | 1.05 1.2 1.05 12|A
Power Dissipation | 5.5 6.25 55 6.25|W

Typical Thermal Impedances: 8¢ (PGA) = 5°c/w; 6yc (MQUAD) = 4°c/w

TEST LEVEL CODES TEST LEVEL TEST PROCEDURE

All electrical characteristics are subject to the | 100% production tested at the specified temperature.

following conditions: Il 100% production tested at Tao=25 °C, and sample

All parameters having min/max specifications tested at the specified temperatures.

are guaranteed. The Test Level column indi- i QA sample tested only at the specified temperatures.

cates the specific device testing actually per- v Parameter is guaranteed (but not tested) by design

formed during production and Quality Assur- and characterization data.

ance inspection. Any blank section in the data v Parameter is a typical value for information purposes

column indicates that the specification is not only

tested at the specified condition. : . .
Vi 100% production tested at Ta = 25 °C. Parameter is

Unless otherwise noted, all tests are pulsed guaranteed over specified temperature range.

tests; therefore, Ty = Tc = Ta.

s 4755 Forge Road, Co. Springs, CO 80907 3147
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SPT7760

GENERAL DESCRIPTION

and frequency ranges and therefore makes the part easier to

~drive than previous flash converters. The preamplifiers also

The SPT7760 is the fastest monolithic 8-bit parallel flash
A/D converter available today. The nominal conversion
rate is 1,000 MSPS and the analog bandwidth is in excess
of 900 MHz. A major advance over previous flash converters
is the inclusion of 256 input preamplifiers between the
reference ladder and input comparators (see block dia-
gram). 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 capaci-
tance so that it remains constant over different input voltage

Figure 1 - SPT7760 Typical Interface Circuit

add a gain of two 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.

The SPT7760 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. The output drive capability of the device can
provide full ECL swings into 50 Q loads.

DRB u2> > DRB (DATA READY)
DRB 4 > DRB (DATA READY)
DRA ! > DRA (DATA READY)
u2
ViN o Vin DRA ql) 3 DRA (DATA READY)
§¥353=55 g %EEEESE
50Q Vin ; -2.0 V Pulidown (Digital)
D8B (OVR)
q > D7B (MSB)
VRTE > D6B
> DsB
b > D4B
RZ Vars > DB
> D2B
> D1B
22Q > DOB (LSB)
| VRm
6 D7A (MSB)
RZ > oo
> D4A
> D3A
Vras > D2A
220 1N2907 |, > DiA
RBF
20V * > DOA(LSB)
Reference
52V o
8 &
N o 20V
o CLK T
Convert u2 ApFy  Pulldown
o— NCLK . — (Digital)
50 Q EE 500 L = Ferrite bead or inductor
w % % * = 10 pF Tantalum Capacitor and 0.1 uF Chip Capacitor
w
oV = < a Utl= OP220 or equivalent with low offset/noise.
Pulldown R = 1kQ;0.1% matched.
(Analog)
“7 = AGND
5.2V L
= = DGND

U2= Motorola ECLInPS Lite, MC10EL 18, differential receiver
with 250 ps (typ) propagation delay.
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TYPICAL INTERFACE CIRCUIT

The circuit in figure 1 is intended to show the most elaborate
method of achieving the least error by correcting for integral
linearity, input induced distortion and power supply/ground
noise. This is achieved by the use of external reference
ladder tap connections, input buffer and supply decoupling.
Please contact the factory for the SPT7760 evaluation board
applications note that contains more details oninterfacing the
SPT7760. The function of each pin and external connections
to other components is as follows:

Veg, AGND, DGND

VEegis 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 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 SPT7760 is superior to similar devices due to a pream-
plifier stage before the comparators. This makes the device
easier to drive because it has constant capacitance and
induces less slew rate distortion.

CLK, CLK (CLOCK INPUTS)

The clock inputs are designed to be driven differentially with
ECL levels. The duty cycle of the clock should be kept at 50%
to avoid causing larger second harmonics. If this is not
important to the intended application, then duty cycles other
than 50% may be used.

DO TO D8, DR, NDR (A AND B)

The digital outputs can drive 50 Q to ECL levels when pulled
down to -2 V. When pulled down to -5.2 V, the outputs can
drive 130 Qto 1 kQ loads. All digital outputs are grey code with
the coding as shown in table 1. SPT recommends using
differential receivers on the outputs of the data ready lines to
ensure the proper output rise and fall times.

VRBF; VRBS; VRTF; VRTS, VRM
(REFERENCE INPUTS)

There are two reference inputs and one external reference
voltage tap. These are -2 V (VRg force and sense), mid-tap
(VRm) and AGND (VRT force and sense). The reference pins
and tap can be driven by op amps as shown in figure 1 or VeRm
may be bypassed for limited temperature operation. These
voltage inputs can be bypassed to AGND for further noise
suppression if so desired.

Table | - Output Coding
VIN D8

ov 1 10000000
10000001
10000011

[ ]
10100001
10100000
11100000

11000001
11000000
01000000

L]
01100001
01100000
00100000

L]
00000011
00000001
00000000

-05V 0

-1.0V 0

-1.5V 0

20V 0

THERMAL MANAGEMENT

The typical thermal impedances have been measured for
each package type:

OCA (PGA) = 13 °C/W in still air with no heat sink
©CA (MQUAD) = 17 °C/W in still air with no heat sink

We highly recommend that a heat sink be used for this device
with adequate air flow to ensure rated performance of the
device. We have found that a Thermalloy 17846 heat sink
with a minimum air flow of 1 meter/second (200 linear feet per
minute) provides adequate thermal performance under labo-
ratory tests. Application specific conditions should be taken
into account to ensure that the device is properly heat sinked.

4755 Forge Road, Co. Springs, CO 80907
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OPERATION

The SPT7760 has 256 preamp/comparator pairs which are
each supplied with the voltage from VRT to Vrp 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 VN is
connected to the negative inputs of each preamplifier/com-
parator pair. The comparators are then clocked through each
one's individual clock buffer. When the CLK pin is in the low
state, the master or input stage of the comparators compare
the analog input voltage to the respective reference voltage.
When the CLK pin changes from low to high the comparators

Figure 2 - Timing Diagram

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 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 s 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. 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.
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Figure 3 - Subcircuit Schematics

INPUT CIRCUIT OUTPUT CIRCUIT CLOCK INPUT
AGND AGND
AGND DGND
o ¥a —— _
CLK CLK
q
Data Out
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PIN ASSIGNMENTS

PIN FUNCTIONS

NAME FUNCTION ,
L VEE Negative Supply Nominally -5.2 V
K AGND Analog Ground
5 @ VRTE Reference Voltage Force Top,
. Nominally 0 V
VRTS Reference Voltage Sense Top
N VRM Reference Voltage Middle, Nominally -1 V
F Bottom View VRBF Reference Voltage Force Bottom,
€ @ @ Nominally -2 V
o @ @ VRBS Reference Voltage Sense Bottom
VIN Analog Input Voltage, Can Be Either
6| @ (eo) Voltage or Sense
o) G Ce) ) € o) o) () ()i DGND Digital Ground
NHOCCIOIOICICISD) D0_D7A Data Output Bank A
2 3 4 5 & 7 8 9 W0 W D0.D7B Data Output Bank B
DRA Data Ready Bank A
NDRA Not Data Ready Bank A
0<9990z08990g <00 DRB Data Ready Bank B
EREZEZIELFESEERSS NDRB Not Data Ready Bank B
Bpaydazanizzargsy D8A Overrange Output Bank A
p2g 1O bea NG D8B Overrange Output Bank B
o o9 e CLK Clock Input
vE 0 ver NCLK Clock Input
DsB 60 [ 59 D1A
DGND 74 [ 58 DGND
DeB 80 P 57 DOA
DGND 94 R 56 DGND
D7B 104 [ 55 NDRA
DGND 110 TOp View [ 54 DGND
DsB 120 P 53 DRA
N/C 134 R 52 AGND
NC 140 MQUAD b 51 AGND
AGND 15q P 50 CLK
AGND 160 149 Ve
AGND 17 3 48 NCLK
AGND 18 P47 Veg
VEg 190 P 46 VEp
VEg 200 B 45 AGND
VRer 214 B 44 AGND
VEg 224 B 43 VaTs
Veg 230 b 42 VR
VRes 240 b 41 NG
oo o000 0 o000 o oooo
s 4755 Forge Road, Co. Springs, CO 80907 12
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PSPT

SIGNAL PROCESSING TECHNOLOGIES

SPT7810

10-BIT, 20 MSPS, ECL OUTPUT A/D CONVERTER

FEATURES

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

* Bipolar +2.0 V Analog Input

* 60 dB SNR @ 1 MHz Input

* Low Power (1.3 W Typical)

e 5 pF input Capacitance
s ECL Outputs

GENERAL DESCRIPTION

The SPT7810 A/D converter is a 10-bit monolithic converter
capable of word rates of a minimum of 20 MSPS. On board
track/hold function assures excellent dynamic performance
without the need for external components. Drive require-
ment 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

APPLICATIONS

* Medical Imaging
* Professional Video

* Radar Receivers

* Instrumentation

¢ Electronic Warfare

* Digital Communications

Output data format is straight binary. Power dissipation is
very low at only 1.3 watts with power supply voltages 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 side-
brazed DIP, PDIP, and die form. Commercial and industrial
temperature ranges are currently offered. Contact the factory
for availability of military temperature range and /883 pro-
cessed units.

Analog

Input Coarse

AD

Analog
Prescaler

T/H Amplifier
Bank

Digital
Output

7

Successive Interpolation
Stage i

Decoding Network

[

Successive Interpolation
Stage i+1

¥
¥

Successive Interpolation
Stage N
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SPT7810

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

Supply Voltages
Yoo RO +6V
N E it ttttee ettt e e cirre e ce e e s e s st ar e s baae e s s nnaeeaesans -6V
Input Voltages
Analog INPUt .....coveiieiiieee e VEBSVINSVFET
VET, VEB: coveerriireeiie sttt sve e ae s +3.0V,-30V
Reference Ladder Current .........ccoccovevniencnnenenns 12 mA

Note: 1.
applied conditions in typical applications.

ELECTRICAL SPECIFICATIONS

Output
Digital Outputs......c..ecvereerrirececceeeeeen +30 to -30 mA
Temperature
Operating Temperature ..........cccceeeveeieereenns -25 to +85 °C
Junction Temperature (1) ..........ccccovemneerecnrnneennens 175°C
Lead Temperature, (soldering 10 seconds) ......... 300 °C
Storage Temperature ..........ccocevirenicrene -65 to +150 °C

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

TA=Tmin~ Tmaxs Vec=+5.0 V, Vgg=-5.2 V, V|N=12.0 V, Vgg=-2.0 V, V51=+2.0 V, feiock=20 MHz, 50% clock duty cycle, unless otherwise specified.

TEST TEST SPT7810A SPT7810B
PARAMETERS CONDITIONS LEVEL | MIN TYP MAX | MIN TYP MAX| UNITS
Resolution 10 10 Bits
DC Accuracy (+25 °C) + Full Scale
Integral Nonlinearity 250 kHz Sample Rate | +1.0 +1.5 LSB
Differential Nonlinearity I +0.5 +0.75 LSB
No Missing Codes Guaranteed Guaranteed
Analog Input
Input Voltage Range \ 2.0 +2.0 \
Input Bias Current Vin=0V Vi 30 60 30 60| uA
Input Resistance \ 100 300 100 300 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
Reference Input
Reference Ladder Resistance Vi 500 800 500 8C0 Q
Reference Ladder Tempco v 0.8 0.8 Q/°C
Timing Characteristics
Maximum Conversion Rate Vi 20 20 MHz
Overvoltage Recovery Time \" 20 20 ns
Pipeline Delay (Latency) \l 1 1| ClockCyce
Qutput Delay Ta=+25°C \' 5 ns
Aperture Delay Time Ta=+25°C \" 1 1 ns
Aperture Jitter Time Ta=+25 °C \ 5 5 ps-RMS
Dynamic Performance
Effective Number of Bits
fin=1 MHz 9.2 8.7 Bits
fin=3.58 MHz 8.8 8.3 Bits
fin=10.3 MHz 7.5 7.0 Bits

1Typical thermal impedances: 28L sidebrazed DIP. 6j, = 50 °C/W,
28L plastic DIP 6;, = 50 °C/W.
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ELECTRICAL SPECIFICATIONS

Ta=Tmin = Tmax, Vec=+5.0 V, Vgg=-5.2 V, Vin=22.0 V, Vgp=-2.0 V, V51=+2.0 V, foock=20 MHz, 50% clock duty cycle, unless otherwise specified.

TEST TEST SPT7810A SPT7810B
PARAMETERS CONDITIONS LEVEL| MIN TYP MAX | MIN TYP MAX | UNITS
Dynamic Performance
Signal-To-Noise Ratio
(without Harmonics)
fin=1 MHz +25 °C 1 57 60 54 57 dB
Ta=Tmin - Tmax \" 55 58 52 55 dB
fin=3.58 MHz +25°C | 56 58 53 55 dB
TA=Tmin - Tmax \% 54 56 51 53 dB
fin=10.3 MHz +25 °C | 50 53 47 49 dB
Ta=Tmin - Tmax v 47 50 44 46 dB
Harmonic Distortion
fin=1 MHz +25°C | 57 60 54 57 dB
Ta=Tmin - Tmax v 54 57 51 54 dB
fin=3.58 MHz +25°C | 56 58 53 55 dB
TA=Tmin - Tmax v 53 55 50 52 dB
fin=10.3 MHz +25°C | 46 48 43 45 dB
Ta=Tmin - Tmax v 45 47 42 44 dB
Signal-to-Noise and Distortion
fin=1 MHz +25°C 1 55 57 52 54 dB
Ta=Tmin = Tmax v 52 49 dB
fin=3.58 MHz +25°C | 54 55 51 52 dB
Ta=Tmin - Tmax v 51 48 dB
fin=10.3 MHz +25°C | 44 47 41 44 dB
Ta=Tmin - Tmax v 43 40 dB
Spurious Free Dynamic Range | +25 °C, fin =1 MHz \' 67 67 dB
Differential Phase +25 °C, fin=3.58 & 4.35 MHz | V 0.2 0.2 Degree
Differential Gain +25 °C, fin=3.58 & 4.35 MHz \ 0.5 0.7 %
Digital Inputs
Logic "1" Voltage \ -1.1 -1.1 \"
Logic "0" Voltage \' -1.5 15|V
Maximum Input Current Low vi -500  +200 +750 | -500 200 +750| pA
Maximum Input Current High Vi -500  +300 +750 | -500 +300  +750| pA
Pulse Width Low (CLK) I\ 20 20 ns
Pulse Width High (CLK) \Y) 20 300 20 300| ns
Digital Outputs
Logic "1" Voltage 50Qto-2V \" -1.1 -0.8 -1.1 -0.8 \"
Logic "0" Voltage 50Qto-2V Vi -1.8 -1.5 -1.8 15|V
Power Supply Requirements
VoltagesVce v +4.75 -5.0 +5.25 | +4.75 +5.0 +5.25|V
-VEE v -4.95 -5.2 -5.45 | -4.95 -52 -545|V
Currents Icc Vi 140 170 140 190| mA
-lee Vi 115 140 115 160| mA
Power Dissipation Outputs Open Vi 1.3 1.6 1.3 18| W
Power Supply Rejection Ratio| (5V +0.25V, -52V £2.0 V) \ 1.0 1.0 LSB
s 4755 Forge Road, Co. Springs, CO 80907 3125
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TEST LEVEL CODES

All electrical characteristics are subject to the
following conditions:

All parameters having min/max specifications
are guaranteed. The Test Level column indi-
cates the specific device testing actually per-
formed during production and Quality Assur-
ance 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, Ty=Tc = Ta.

Figure 1A: Timing Diagram

Vi

TEST LEVEL

TEST PROCEDURE

100% production tested at the specified temperature.

100% production tested at Ta=25 °C, and sample
tested at the specified temperatures.

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.

100% production tested at Ta = 25 °C. Parameter is
guaranteed over specified temperature range.

CLK "
: oty
Output V Data Valid Data Valid
Data N N+1
Figure 1B: Single Event Clock
C—LK ““““““““““ \‘ [y T \\
\ Y \
CLK \ A .
g
Output 7
Data Data Valid
Table 1 - Timing Parameters
PARAMETERS DESCRIPTION MIN TYP MAX UNITS
4 CLK to Data Valid Prop Delay - 5 ns
towH CLK High Pulse Width 20 - 300 ns
towL CLK Low Pulse Width 20 - - ns
4755 Forge Road, Co. Springs, CO 80907
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TYPICAL PERFORMANCE CHARACTERISTICS

SNR vs Input Frequency THD vs Input Frequency
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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, VEE
and Vcc. Both supplies should be treated as analog supply
sources. This means the VEg and V¢ ground returns of the
device should both be connected to the analog ground
plane. All other -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 uF and 10 pF capacitors as
shown in figure 2. i

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
planes is recommended to achieve the best performance of

Figure 2 - Typical Interface Circuit

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:
VET and VEg. VET is the force for the top of the voltage
reference ladder (+2.5 V typ), VFB (-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 (VsT,VRM
and Vgg). VsTis the sense for the top of the reference ladder
(+2.0 V), VRMm is the midpoint of the ladder (0.0 V typ)
and Vgp is the sense for the bottom of the reference
ladder (-2.0 V). The voltages seen at VsT and Vgp are the
true full scale input voltages of the device when VFr and VEg
are driven to the recommended voltages (+2.5 V and -2.5V
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 converters. When not being used, a
decoupling capacitor of .01 uF connected to AGND from
each tap is recommended to minimize high frequency noise
injection.

An example of a reference driver circuit recommended is
shown in figure 2. IC1 is REF-03, the +2.5 V reference with a

ckin O ok 5
— CLK
ckn O 9
Vi D10 (Overrange)
aoaios O Conse 4 Qe M
Ving | AD D9 (MSB)
Analog O
Input -
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tolerance of 0.6% or £ 0.015 V. The potentiometer R1 is
10 kQ 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 Vit and
VEB. If 0.1% matching is not met, then potentiometer R4 can
be used to adjust the VFg voltage to the desired level. R1 and
R4 should be adjusted such that VsT and Vsg 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 VFT and VFg. How-
ever, because the device is laser trimmed to optimize perfor-
mance with 2.5V 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 -VsT+1 LSB)
-FS error =bottom of ladder offset voltage = A(-FS -Vsg -1 LSB)

where the +FS (full scale) input voltage is defined as the
output transition between 1-10 and 1-11 and the -FS input
voltage is defined as the output transition between 0-00 and
0-01.

ANALOG INPUT

Vin1 and VN2 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 for an input “force.” The
inputs can also be tied together and driven from the same
source. The full scale input range will be 80% of the reference
voltage or +2 volts with Veg=-2.5 V and VFT=+2.5 V.

The drive requirements for the analog inputs are minimal
when compared to conventional Flash converters due the
SPT7810’s extremely low input capacitance of only 5 pF and
very highinput resistance of 300 kQ2. For example, for aninput
signal of £ 2V p-p with an input frequency of 10 MHz, the peak
output current required for the driving circuit is only 628 pA.

CLOCK INPUT

The clock inputs (CLK,CLK) 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 CLK . may be
left open, but a .01 uF bypass capacitor to AGND is recom-
mended. As with all high speed circuits, proper terminations
are required to avoid signal reflections and possible ringing
that can cause the device to trigger at an unwanted time.

The CLK pulse width (tpwH) must be kept between 10 ns and
300 ns to ensure proper operation of the internal track-and-hold
amplifier. (See timing diagram.) When operating the SPT7810
at sampling rates above 3 MSPS, it is recommended that the
clock input duty cycle be kept at 50% to optimize performance.
The analog input signal is latched on the rising edge of the CLK.

DIGITAL OUTPUTS

The format of the output data (D0-D9) is straight binary.
These outputs are ECL with the output circuit shown in figure
4. The outputs are latched on the rising edge of CLK with a
propagation delay of 4 ns. There is a one clock cycle latency
between CLK and the valid output data (see timing diagram).
These digital outputs can drive 50 ohms to ECL levels when
pulled down to -2 V. The total specified power dissipation of
the device does not include the power used by these loads.
The additional power used by these loads can vary between
10 and 300 mW typically (including the overrange load)
depending on the output codes. If lower power levels are
desired, the output loads can be reduced, but careful consid-
eration to the capacitive loads in relation to the operating
frequency must be considered.

Table 2 - Output Data Information

ANALOG INPUT OVERRANGE OUTPUT CODE
D10 Dg-DO
>+2.0V +1/2 LSB 1 11 1111 1111
+2.0V-1LSB [¢] 11 1111 1110
0.0V (0] 00 B2 DODD
-2.0V +1LSB [¢] 00 0000 O00Y
<2.0V [¢] 00 0000 0000

(9 indicates the flickering bit between logic 0 and 1).

Figure 3 - Output Circuit

AGND

DGND

A
YWy

. Data Out

OVERRANGE OUTPUT

The OVERRANGE OUTPUT (D10) is an indication that the
analog input signal has exceeded the positive full scale input
voltage by 1 LSB. When this condition occurs, D10 will switch
to logic 1. All other data outputs (DO to D9) will remain at logic 1
as long as D10 remains at logic 1. This feature makes it
possible to include the SPT7810 into higher resolution systems.

EVALUATION BOARD

The EB7810 evaluation board is available to aid designers in
demonstrating the full performance of the SPT7810. This
board includes a reference circuit, clock driver circuit, output
data latches and an on-board reconstruction of the digital
data. An application note describing the operation of this
board as well as information on the testing of the SPT7810 is
also available. Contact the factory for price and availability.
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PIN ASSIGNMENT PIN FUNCTIONS

NAME FUNCTION
paNDL U E Vee DGND Digital Ground
oo [3 21 aano D0-D9 ECL Outputs (DO=LSB)
o1 [3 24 Vee D10 ECL Output Overrange
p2 [4 24 v, CLK Clock Input
o3 [3 24 v, ‘ CLK Inverted Clock Input
o4 [o B Vo VEE -5.2 V Supply
0s [3 E Ve AGND Analog Ground
Vce +5.0 V supply
pe E 2 Vina ViNT, VIN2 Inputs (tied together at the die)
o7 [9 2 Vst VET Force for Top of Reference Ladder
ps [19] KE| Ver Vst Sense for Top of Reference Ladder
pe [ IERY cc VrB Force for Bottom of Reference Ladder
oio [2 7 AGND VsB Sense for Bottom of Reference Ladder
peno[3 K Ve VRM Middle of Reference Ladder
ok [14 EEET
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SIGNAL PROCESSING TECHNOLOGIES

SPT7814

10-BIT, 40 MSPS, ECL OUTPUT A/D CONVERTER

FEATURES

¢ Monolithic 40 MSPS Converter
On-Chip Track/Hold

Bipolar £2.0 V Analog Input

57 dB SNR @ 3.58 MHz Input
50 dB SNR @ 10.3 MHz Input
Low Power (1.3 W Typical)

5 pF Input Capacitance

ECL Outputs

GENERAL DESCRIPTION

The SPT7814 A/D converter is a 10-bit monolithic converter
capable of word rates of a minimum of 40 MSPS. On board
track/hold function assures excellent dynamic performance
without the need for external components. Drive require-
ment 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

APPLICATIONS

* Medical Imaging

¢ Professional Video

¢ Radar Receivers
¢ |nstrumentation

¢ Electronic Warfare
* Digital Communications

Output data format is straight binary. Power dissipation is
very low at only 1.3 watts with power supply voltages of +5.0
and -5.2 volts. The SPT7814 also provides a wide input
voltage swing of +2.0 volts.

The SPT7814 is available in a small 28-lead ceramic side-
brazed DIP, PDIP, and die form. Commercial and industrial
temperature ranges are currently offered. Contact the factory
for availability of military temperature ranges and /833 pro-

cessed units.
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SPT7814

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

Supply Voltages
[0 RN +6V
VN EE tteiettreeeiee i esrtreeeeenreeesesbae e s esereaeseeessaneessesneeesennes 6V
Input Voltages
Analog INput .......ccoooriiiiiiee VEBSVINSVFT
VET, VEB toereteeteeeetet et +3.0V,-30V
Reference Ladder Current ........ccccecevevverccenncnnenn, 12 mA
Note: 1.

applied conditions in typical applications.

ELECTRICAL SPECIFICATIONS

Output
Digital QUtPULS .....c.oeoveiireeeeree s +30 to -30 mA
Temperature
Operating Temperature ...........cccceeeurvennennee -25 to +85 °C
Junction Temperature (1) ... 175 °C
Lead Temperature, (soldering 10 seconds) ......... 300 °C
Storage Temperature ...........c.coceeeeiiiennne -65 to +150 °C

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

Ta=Tmin - Tmax, Vcc=+5.0 V, Vgg=-5.2 V, V|n=12.0V, Vgg=-2.0 V, Vg1=+2.0 V, faock=40 MHz, 50% clock duty cycle, unless otherwise specified.

TEST TEST SPT7814A SPT7814B

PARAMETERS CONDITIONS LEVEL MIN TYP MAX MIN TYP MAX | UNITS
Resolution 10 10 Bits
DC Accuracy (+25 °C) + Full Scale

Integral Nonlinearity 250 kHz Sample Rate I +1.0 1.5 LSB

Differential Nonlinearity | +0.5 +0.75 LSB

No Missing Codes Guaranteed Guaranteed
Analog Input .

Input Voltage Range \ +2.0 +2.0

Input Bias Current Vin=0V Vi 30 60 30 60 | uA

Input Resistance \| 100 300 100 300 kQ

Input Capacitance Vv 5 5 pF

Input Bandwidth 3 dB Small Signal \ 120 120 MHz

+FS Error Vv +2.0 +2.0 LSB

-FS Error \" +2.0 +2.0 LSB
Reference Input

Reference Ladder Resistance \ 500 800 500 800 Q

Reference Ladder Tempco 0.8 0.8 Q/rC
Timing Characteristics

Maximum Conversion Rate Vi 40 40 MHz

Overvoltage Recovery Time Vv 20 20 ns

Pipeline Delay (Latency) Vi 1 1 | ClockCycle

Output Delay Ta=+25 °C \Y ns

Aperture Delay Time Ta=+25 °C \ 1 1 ns

Aperture Jitter Time Ta=+25 °C \Y ps-RMS
Dynamic Performance

Effective Number of Bits

fin=1 MHz 8.7 8.2 Bits

fin=3.58 MHz 8.7 8.2 Bits

fin=10.3 MHz 7.3 6.9 Bits

Typical thermal impedances: 28L sidebrazed DIP: 6ja = 50 °C/W,
28L plastic DIP: 6;; = 50 °C/W.
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ELECTRICAL SPECIFICATIONS

Ta=Tmin - Tmax, Vcc=+5.0 V, Veg=-5.2 V, Vi\=£2.0 V, Vgg=-2.0 V, Vs1=+2.0 V, feiock=40 MHz, 50% clock duty cycle, unless otherwise specified.

TEST TEST SPT7814A SPT7814B
PARAMETERS CONDITIONS LEVEL | MIN TYP MAX | MIN TYP MAX | UNITS
Dynamic Performance
Signal-To-Noise Ratio
(without Harmonics)
fin=1 MHz +25°C | 55 57 52 54 dB
Ta=Tmin - Tmax I\ 53 55 50 52 dB
fin=3.58 MHz +25°C | 55 57 52 54 dB
Ta=Tmin - Tmax v 53 55 50 52 dB
fin=10.3 MHz +25°C I 48 50 46 48 dB
Ta=Tmin = Tmax v 45 47 43 45 dB
Harmonic Distortion
fin=1 MHz +25°C [ 54 56 52 54 dB
Ta=Tmin - Tmax I\ 51 53 49 51 dB
fin=3.58 MHz +25 °C I 54 56 52 54 dB
Ta=Tmin - Tmax v 51 53 49 51 dB
fin=10.3 MHz +25°C | 46 48 43 45 dB
Ta=Tmin - Tmax v 45 47 M 43 dB
Signal-to-Noise and Distortion
fin=1 MHz +25 °C | 52 54 49 51 dB
Ta=Tmin - Tmax v 49 46 dB
fin=3.58 MHz +25°C | 52 54 49 51 dB
Ta=Tmin - Tmax v 49 46 dB
fin=10.3 MHz +25 °C l 44 46 41 43 dB
Ta=Tmin = Tmax v 43 40 dB
Spurious Free Dynamic Range [ +25 °C, fin=1 MHz \Y 67 67 dB
Differential Phase +25 °C, fin=3.58 & 4.35 MHz \" 0.2 0.2 Degree
Differential Gain +25 °C, fin=3.58 & 4.35 MHz \" 0.5 0.7 %
Digital Inputs
Logic "1" Voltage \' -1.1 -1.1 Vv
Logic "0" Voltage \' -1.5 15|V
Maximum Input Current Low Vi -500 +200  +750 | -500 £200  +750 | pA
Maximum Input Current High \"/| -500  +300 +750 | -500 +300 +750 | pA
Pulse Width Low (CLK) \% 10 10 ns
Pulse Width High (CLK) v 10 300 10 300 | ns
Digital Outputs
Logic "1" Voltage 50Qto-2V Vi -1.1 -0.8 -1.1 -0.8 \
Logic "0" Voltage 50Qto-2V Vi -1.8 -1.5 -1.8 15|V
Power Supply Requirements
VoltagesVcc v +4.75 -5.0 +5.25 |+4.75 +5.0 +5.25|V
-VEE v -4.95 -52  -5.45 |-4.95 5.2 -545]|V
Currentscc Vi 140 170 140 190 | mA
-lee Vi 115 140 115 160 | mA
Power Dissipation Outputs Open Vi 1.3 1.6 1.3 18| W
Power Supply Rejection Ratio |(5V +0.25V, -5.2 V +2.0 V) \" 1.0 1.0 LSB
s 4755 Forge Road, Co. Springs, CO 80907 3135
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SPT7814

TEST LEVEL CODES

All electrical characteristics are subject to the
following conditions:

All parameters having min/max specifications
are guaranteed. The Test Level column indi-
cates the specific device testing actually per-
formed during production and Quality Assur-
ance 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, Ty=Tc = Ta.

Figure 1A: Timing Diagram

TEST LEVEL

\'

TEST PROCEDURE

100% production tested at the specified temperature.

100% production tested at Tao=25 °C, and sample
tested at the specified temperatures.

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.

100% production tested at Ta = 25 °C. Parameter is
guaranteed over specified temperature range.

CLK

Output

: Data Valid
Data N N+1

Data Valid

Figure 1B: Single Event Clock

T Y/ \i Y/
CLK /\ ______ .’\ f?\
F g
Output 7 A
Da’t)a ///////////////////% Data Valid
Table 1 - Timing Parameters '
PARAMETERS DESCRIPTION MIN TYP MAX UNITS
ta CLK to Data Valid Prop Delay - 5 ‘ ns
towH CLK High Pulse Width 10 - 300 ns
towL CLK Low Pulse Width 10 - - ns
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TYPICAL PERFORMANCE CHARACTERISTICS

THD vs Input Frequency
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SPT7814

TYPICAL INTERFACE CIRCUIT

The SPT7814 requires few external components to achieve
the stated operation and performance. Figure 2 shows the
typical interface requirements when using the SPT7814 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 SPT7814 requires the use of two supply voltages, VEe
and Vcc. Both supplies should be treated as analog supply
sources. This means the Veg and Ve ground returns of the
device should both be connected to the analog ground
plane. All other -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 uF and 10 uF capacitors as
shown in figure 2.

The two grounds available on the SPT7814 are AGND and

DGND. DGND is used only for ECL outputs and is to be
referenced to the output pulldown voltage. These grounds

Figure 2 - Typical Interface Circuit

are not tied together internal to the device. The use of ground
planes is recommended to achieve the best performance of
the SPT7814. 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 SPT7814 requires the use of two voltage references: VFT
and Veg. VT is the force for the top of the voltage reference
ladder (+2.5 V typ), VEB (-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.
In addition, there are 3 reference ladder taps (VsT,VRMm and
VsB). VsT is the sense for the top of the reference ladder
(+2.0 V), Vrmis the midpoint of the ladder (0.0 V typ) and Vsp
is the sense for the bottom of the reference ladder (-2.0 V).
The voltages seen at Vst and Vspg are the true full scale input
voltages of the device when Vet and VFg are driven to the
recommended voltages (+2.5 V and -2.5 V typical respec-
tively). 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 converters. When not being used, a decoupling capaci-
tor of .01 uF connected to AGND from each tap is recom-
mended to minimize high frequency noise injection.
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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
10 kQ 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 Vet and
VEB. If 0.1% matching is not met, then potentiometer R4 can
be used to adjust the VFpg voltage to the desired level. R1 and
R4 should be adjusted such that VsT and Vsp are exactly
+2.0 V and -2.0 V 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 VFr and Veg. How-
ever, because the device is laser trimmed to optimize perfor-
mance 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 -VgT+1 LSB)
-FS error=bottom of ladder offset voltage=A(-FS -Vsg -1 LSB)

where the +FS (full scale) input voltage is defined as the
output transition between 1-10 and 1-11 and the -FS input
voltage is defined as the output transition between 0-00 and
0-01.

ANALOG INPUT

VN1 and VN2 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 for an input “force." The
inputs can also be tied together and driven from the same
source. The full scale input range will be 80% of the reference
voltage or +2 volts with VFg=-2.5 V and VFr=+2.5 V.

The drive requirements for the analog inputs are minimal
when compared to conventional Flash converters due the
SPT7814’s extremely low input capacitance of only 5 pF and
very high input resistance of 300 kQ2. For example, for an input
signal of+ 2 V p-p with an input frequency of 10 MHz, the peak
output current required for the driving circuit is only 628 pA.

CLOCK INPUT

The clock inputs (CLK,CLK) are designed to be driven differ-
entially with ECL levels. The clock may be driven single
ended since CLK isinternally biased to -1.3 VCLK . may be left
open, but a .01 pF bypass capacitor to AGND is recom-
mended. As with all high speed circuits, proper terminations
are required to avoid signal reflections and possible ringing
that can cause the device to trigger at an unwanted time.

The CLK pulse width (tpwH) must be kept between 10 ns and
300 ns to ensure proper operation of the internal track-and-
hold amplifier. (See timing diagram.) When operating the
SPT7814 at sampling rates above 3 MSPS, it is recom-
mended that the clock input duty cycle be kept at 50% to
optimize performance. (See graph.) The analog input signal
is latched on the rising edge of the CLK.

SNR vs Clock Duty Cycle
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DIGITAL OUTPUTS

The format of the output data (D0-D9) is straight binary.
These outputs are ECL with the output circuit shown in figure
4. The outputs are latched on the rising edge of CLK with a
propagation delay of 4 ns. There is a one clock cycle latency
between CLK and the valid output data (see timing diagram).
These digital outputs can drive 50 ohms to ECL levels when
pulled down to -2 V. The total specified power dissipation of
the device does not include the power used by these loads.
The additional power used by these loads can vary between
10 and 300 mW typically (including the overrange load)
depending on the output codes. If lower power levels are
desired, the output loads can be reduced, but careful consid-
eration to the capacitive loads in relation to the operating
frequency must be considered.

Table 2 - Output Data Information

ANALOG INPUT OVERRANGE OUTPUT CODE
D10 D9-DO
>+2.0V +1/2LSB 1 11 1111 1111
+2.0V-1LSB (0] 11 1111 1110
ooV o [/%0%,%/%]% R %]%]%]%)
-2.0V +1LSB o 00 0000 000G
<-2.0V o 00 0000 0000

(T indicates the fiickering bit between logic 0 and 1).
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SPT7814

Figure 3 - Output Circuit

AGND DGND
]
Data Out
|
OVERRANGE OUTPUT

The OVERRANGE OUTPUT (D10) is an indication that the
analog input signal has exceeded the positive full scale input
voltage by 1 LSB. When this condition occurs, D10 will switch
to logic 1. All other data outputs (DO to D9) will remain at logic 1
as long as D10 remains at logic 1. This feature makes it
possible to include the SPT7814 into higher resolution
systems.

EVALUATION BOARD

The EB7814 evaluation board is available to aid designers in
demonstrating the full performance of the SPT7814. This
board includes a reference circuit, clock driver circuit, output
data latches and an on-board reconstruction of the digital
data. An application note describing the operation of this
board as well as information on the testing of the SPT7814 is
also available. Contact the factory for price and availability.
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PIN ASSIGNMENT
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PIN FUNCTIONS

NAME FUNCTION

DGND Digital Ground

DO0-D9 ECL Outputs (D0=LSB)

D10 ECL Output Overrange

CLK Clock Input

CLK Inverted Clock Input

VEE -5.2 V Supply

AGND Analog Ground

Vce +5.0 V supply

ViN1, VIN2 Inputs (tied together at the die)

VFT Force for Top of Reference Ladder
VsT Sense for Top of Reference Ladder
VEB Force for Bottom of Reference Ladder
VsB Sense for Bottom of Reference Ladder
VRM Middle of Reference Ladder

S

4755 Forge Road, Co. Springs, CO 80907
PH: (719) 528-2300; Fax: (719) 528-2370

3-141

SPT7814



ASPT

SIGNAL PROCESSING TECHNOLOGIES

LEADERSHIP IN
DATA CONVERSION
AND
SIGNAL PROCESSING

i 4755 Forge Road, Co. Springs, CO 80907
3142 PH: (719) 528-2300; Fax: (719) 528-2370 $P |




SSPT

SIGNAL PROCESSING TECHNOLOGIES

SPT7820

10-BIT, 20 MSPS, TTL OUTPUT, A/D CONVERTER

FEATURES

* Monolithic 20 MSPS Converter
On-Chip Track/Hold

Bipolar +2.0 V Analog Input

60 dB SNR @ 1 MHz Input
Low Power (1.0 W Typical)

5 pF Input Capacitance

TTL Outputs

e O o o o o

GENERAL DESCRIPTION

The SPT7820 A/D converter is a 10-bit monolithic converter
capable of word rates of a minimum of 20 MSPS. On board
track/hold function assures excellent dynamic performance
without the need for external components. Drive require-
ment problems are minimized with an input capacitance of
only 5 pF.

Inputs and outputs are TTL compatible to interface with TTL
logic systems. An overrange output signal is provided to

BLOCK DIAGRAM

APPLICATIONS

* Medical Imaging

* Professional Video

* Radar Receivers

¢ Instrumentation

¢ Electronic Warfare

* Digital Communications

indicate overflow conditions. Output data format is straight
binary. Power dissipation is very low at only 1.0 watt with
power supply voltages of +5.0 and -5.2 volts. The SPT7820
also provides a wide input voltage swing of £2.0 volts.

The SPT7820 is available in a 28-lead ceramic sidebrazed
DIP, PDIP, LCC, and SOIC packages in commercial, indus-
trial and military temperature ranges. The SPT7820 is
available in an /883 version in 28L DIP, and it is available
in die form.

Analog

Coarse
Input AD

Analo?
Prescaler

Digital
Output

va

Successive Interpolation

Decoding Network

[

Successive Interpolation
Stage i+1

v

'

Successive Interpolation
Stage N

s 4755 Forge Road, Co. Springs, CO 80907
PH: (719) 528-2300; Fax: (719) 528-2370

3-143




SPT7820

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

Supply Voltages
o o T TSRS +6V
VEE tottettruerrteenstsseeneeestessesssesssnsneesresnnesasssseseesnnsnsanes -6V
Input Voltages
Analog INput .....cooviiiiiir e VEBSVINSVET
VET, VEB +3.0V,-3.0V
Reference Ladder Current .........cccoveeeeeccinninninnns 12 mA

CLK Input

Note: 1.
applied conditions in typical applications.

ELECTRICAL SPECIFICATIONS

Output
Digital Outputs........ccccorveiniriinniiinineenee. +30 to -30 mA
Temperature
Operating Temperature ............c.cecervenne -55 to +125 °C
Junction Temperature? 175 °C

Lead Temperature, (soldering 10 seconds) 300 °C
Storage Temperature -65 to +150 °C

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

TA=Tmin - Tmax, Vcc=+5.0 V, VEg=-5.2 V, DVcc=+5.0 V, VIN=£2.0 V, VsB=-2.0 V, VsT=+2.0 V, fclock=20 MHz, 50% clock duty cycle, unless otherwise

specified.
TEST TEST SPT7820A SPT7820B
PARAMETERS CONDITIONS LEVEL MIN TYP MAX | MIN TYP MAX|UNITS
Resolution 10 10 Bits
DC Accuracy (+25 °C) +/- Full Scale
Integral Nonlinearity 250 kHz Sample Rate | +1.0 +1.5 LSB
Differential Nonlinearity | +0.5 +0.75 LSB
No Missing Codes Guaranteed Guaranteed
Analog Input
Input Voltage Range Vi +2.0 +2.0 \'
Input Bias Current VIN=0 V \ 30 60 30 60| pA
Input Bias Current Ta=-55to +125 °C Vi 75 75| pA
Input Resistance \'ll 100 300 . 100 300 kQ
Input Resistance -55to +125 °C Vi 75 300 75 300 kQ
Input Capacitance \ 5 5 pF
Input Bandwidth 3 dB Small Signal v 120 120 MHz
+FS Error \ +2.0 2.0 LsB
-FS Error Vv +2.0 +2.0 LSB
Reference Input
Reference Ladder Resistance Vi 500 800 500 800 Q
Reference Ladder Tempco Vv 0.8 0.8 Q/rC
Timing Characteristics
Maximum Conversion Rate Vi 20 20 MHz
Overvoltage Recovery Time \ 20 20 ns
Pipeline Delay (Latency) Vi 1 1| Clock Cycle
Output Delay TA=+25 °C \' 14 18 14 18| ns
Aperture Delay Time Ta=+25 °C \ 1 1 ns
Aperture Jitter Time Ta=+25°C v 5 5 ps-RMS
Acquisition Time TA=+25 °C Vv 20 20 ns
Dynamic Performance
Effective Number of Bits
fin=1 MHz 9.2 8.7 Bits
fin=3.58 MHz 8.8 8.3 Bits
fin=10.0 MHz 7.5 7.0 Bits

1 Typical thermal impedances (unsoldered, in free air): 28L sidebrazed DIP: 6j = 50 °C/W,
28L LCC: 6ja = 99 °C/W, 28L plastic DIP: 6ja = 50 °C/W, 28L SOIC: 6ja = 100 °C/W.
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ELECTRICAL SPECIFICATIONS

TA=Tmin - Tmax, Vcc=+5.0 V, VEg=-5.2 V, DVcc=+5.0V, V|N=£2.0 V, Vgp=-2.0 V, VsT=+2.0 V, fclock=20 MHz, 50% clock duty cycle, unless otherwise

specified.
TEST TEST SPT7820A SPT7820B
PARAMETERS CONDITIONS LEVEL MIN TYP MAX | MIN TYP MAX |UNITS
Dynamic Performance
Signal-To-Noise Ratio
(without Harmonics)
fin=1 MHz +25°C I 57 60 54 57 dB
(0-70, -25 to +85 °C) v 55 58 52 55 dB
-55 to +125 °C* | 52 55 49 52 dB
fin=3.58 MHz +25 °C | 56 58 53 55 dB
(0-70, -25 to +85 °C) v 54 56 51 53 dB
-65 to +125 °C* 1 52 54 49 51 dB
fin=10.0 MHz +25 °C | 50 53 47 49 dB
(0-70, -25 to +85 °C) v 47 50 44 46 dB
-55 to +125 °C* | 43 46 40 42 dB
Harmonic Distortion
fin=1 MHz +25 °C | 57 60 54 57 dB
(0-70, -25 to +85 °C) v 54 57 51 54 dB
-55 to +125 °C* | 50 53 47 50 dB
fin=3.58 MHz +25°C | 56 58 53 55 dB
(0-70, -25 to +85 °C) v 53 55 50 52 dB
-55 to +125 °C* | 50 52 47 49 dB
fin=10.0 MHz +25°C [ 46 48 43 45 dB
(0-70, -25 to +85 °C) I\ 45 47 42 44 dB
-55 to +125 °C* | 45 47 42 44 dB
Signal-to-Noise and Distortion
fin=1 MHz +25°C l 55 57 52 54 dB
(0-70, -25 to +85 °C) I\ 52 49 dB
-55 to +125 °C* | 48 45 dB
fin=3.58 MHz +25°C | 54 55 51 52 dB
(0-70, -25 to +85 °C) v 51 48 dB
-55 to +125 °C* | 48 45 dB
fin=10.0 MHz +25°C 1 44 47 41 44 dB
(0-70, -25 to +85 °C) v 43 40 dB
-55 to +125 °C* | 41 38 dB
Spurious Free Dynamic Range | +25 °C, fin = 1 MHz \ 67 67 dB
Differential Phase +25 °C, fin = 3.58 & 4.35 MHz Vv 0.2 0.2 Degree
Differential Gain +25 °C, fin = 3.58 & 4.35 MHz \ 0.5 0.7 %
Digital Inputs ‘
Logic "1" Voltage \ 2.4 4.5 24 40V
Logic "0" Voltage \ 0.8 08|V
Maximum Input Current Low | +25 °C v 0 +5 +20 0 +5 +20 | pA
Maximum Input Current High | +25 °C v 0 +5 +20 0 +5 +20 | A
Pulse Width Low (CLK) v 20 20 ns
Pulse Width High (CLK) v 20 300 20 300 | ns
Digital Outputs
Logic "1" Voltage \" 2.4 24 \"
Logic "0" Voltage v 0.6 06|V
Power Supply Requirements
Voltages Vcc v 4.75 525 | 475 5.25|V
DVce v 4.75 5.0 5.25 4.75 5.0 5251V
-VEE v -4.95 -5.2 -5.45 | -4.95 52 -545|V
Currents Icc Vi 118 145 118 145 | mA
Dicc Vi 40 55 40 55| mA
-lg Vi 40 57 40 57 |mA
Power Dissipation \'l 1.0 1.3 1.0 1.3|W
Power Supply Rejection (5V+0.25V,-5210.25V) \ 1.0 1.0 LSB
*Temperature tested MIL and /883 only.
s 4755 Forge Road, Co. Springs, CO 80907 3145
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SPT7820

TEST LEVEL CODES

TEST LEVEL

All electrical characteristics are subject to the
following conditions:

All parameters having min/max specifications
are guaranteed. The Test Level column indi-
cates the specific device testing actually per-
formed during production and Quality Assur-
ance 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, Ty = Tc = Ta.

Figure 1A: Timing Diagram

CLK “""7

P

Vi

TEST PROCEDURE

100% production tested at the specified temperature.

100% production tested at TA=25 °C, and sample
tested at the specified temperatures.

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.

100% production tested at Ta = 25 °C. Parameter is
guaranteed over specified temperature range.

Data

Output 5 X N-1

X Data Valid X Data Valid
N N+1

Figure 1B: Single Event Clock

7
Output 7777 Data Valid
Table 1 - Timing Parameters
PARAMETERS DESCRIPTION MIN TYP MAX UNITS
ta CLK to Data Valid Prop Delay - 14 18 ns
towH CLK High Pulse Width 20 - 300 ns
towL CLK Low Pulse Width 20 - - ns
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TYPICAL PERFORMANCE CHARACTERISTICS
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SPT7820

TYPICAL INTERFACE CIRCUIT

The SPT7820 requires few external components to achieve
the stated operation and performance. Figure 2 shows the
typical interface requirements when using the SPT7820 in
normal circuit operation. The following section provides a
description of the pin functions and outlines critical perfor-
mance criteria to consider for achieving the optimal device
performance.

POWER SUPPLIES AND GROUNDING

The SPT7820 requires -5.2 V and +5 V analog supply
voltages. The +5 V supply is common to analog Vcc and
digital DVcc. A ferrite bead in series with each supply line is
intended to reduce the transient noise injected into the
analog Vcc. These beads should be connected as closely as
possible to the device. The connection between the beads
and the SPT7820 should not be shared with any other
device. Each power supply pin should be bypassed as
closely as possible to the device. Use 0.1 uF for Vgg and
Vce, and 0.01 pF for DVcc (chip caps are preferred).

AGND and DGND are the two grounds available on the
SPT7820. These two internal grounds are isolated on the

Figure 2 - Typical Interface Circuit

device. The use of ground planes is recommended to achieve
optimum device performance. DGND is needed for the DV¢cc
return path (40 mA typical) and for the return path for all digital
output logic interfaces. AGND and DGND should be sepa-
rated from each other and connected together only at the
device through a ferrite bead.

A Schottky or hot carrier diode connected between AGND
and VEE is required. The use of separate power supplies
between Vcc and DV is not recommended due to potential
power supply sequencing latch-up conditions. Using the
recommended interface circuit shown in figure 2 will provide
optimum device performance for the SPT7820.

VOLTAGE REFERENCE

The SPT7820 requires the use of two voltage references:
Ver and Veg. Ver is the force for the top of the voltage
reference ladder (+2.5 V typ), Veg (-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 Q. The +2.5 V voltage source for reference Vet must be
current limited to 20 mA maximum if a different driving circuit
is used in place of the recommended reference circuit shown
in figures 2 and 3. In addition, there are three reference

R
CLK. CLK
() 100Q
2.5V MAX Vin Coal 4
(:2!\‘1/ ) pring > D10} (Overrange) )\
D9 (MSB)
2
v ViN Vour | & 25V VFT \ ¢
VT Ic1 2 —\ D8
WF-F (REF-03) |5 < _J_ J_.OI WF E3N Analog o
GND Trim Fo L Vst N\ Prescaler ¥ > 2
. 1yl I \ D6 2
B u’ n??.l: Fon 1 § o S
F ke Y 2 S > °
,0$?JF v 2R Successive N § D4 %
RM E
—l |— Stage 1 : D3 o
E30 ko 2R : 1 D2
I
C4 b3 <
o1 bF, ves T 2 < = : D1 >
Yy 4 i} +—\ Successive b Do (s8) ;/
FR -
25V Ves | § Stage L
C5 ~
1pF .01 pF 'nro o ) o1
w z ol
: Ty ¥ lgle |ols Bl B8
NOTES:
1) D1 = Schottky or hot carrier diode
2) FB = Ferrite bead, Fair Rite P/N 2743001111
to be mounted as closely to the device as possible. The ferrite
bead to ADC connection should not be shared with any other device.
3) C1-C11 = Chip cap (recommended) mounted as closely
to device's pin as possible. T v

4) Use of a separate supply for Vcc and DVcc is not recommended.

5) R1 provides current limiting to 45 mA.

45V
(Analog)
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ladder taps (Vsr, Vam and Vsg). Vst is the sense for the top
of the reference ladder (+2.0 V), Vru is the midpoint of the
ladder (0.0 V typ) and Vgg is the sense for the bottom of the
reference ladder (-2.0 V). The voltages seen at Vst and Vgg
are the true full scale input voltages of the device when Vg
and Vg 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 converters. When not
being used, a decoupling capacitor of .01 uF (chip cap
preferred) connected to AGND from each tap is recom-
mended to minimize high frequency noise injection.

Figure 3 - Analog Equivalent Input Circuit

-

Vee

VFT

Analog Prescaler

NP
]

[

VEE

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
10 kQ 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 Vet and
VEB. If 0.1% matching is not met, then potentiometer R4 can
be used to adjustthe Veg voltage to the desired level. Vet and
VEB should be adjusted such that VsT and Vsp are exactly
+2.0 V and -2.0 V 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 V1 and Vgg. How-
ever, because the device is laser trimmed to optimize perfor-
mance with + 2.5V 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 -VsT+1LSB)
-FS error =bottom of ladder offset voltage = A(-FS -Vsg-1LSB)
where the +FS (full scale) input voltage is defined as the output
transition between 1-10 and 1-11 and the -FS input voltage is
defined as the output transition between 0-00 and 0-01.

ANALOG INPUT

Vin is the analog input. The full scale input range will be 80%
of the reference voltage or +2 volts with Vegg=-2.5 V and
V|:T=+2.5 V.

The drive requirements for the analog inputs are minimal
when compared to conventional Flash converters due to the
SPT7820’s extremely low input capacitance of only 5 pF and
very high input resistance of 300 kQ. For example, for an
input signal of £2 V p-p with an input frequency of 10 MHz,
the peak output current required for the driving circuit is only

628 pA.
CLOCK INPUT

The SPT7820is driven from a single-ended TTL input (CLK).
The CLK pulse width (tpwH) must be kept between 20 ns and
300 ns to ensure proper operation of the internal track-and-
hold amplifier. (See timing diagram.) When operating the
SPT7820 at sampling rates above 3 MSPS, it is recom-
mended that the clock input duty cycle be kept at 50% but
performance will not be degraded if kept within the range of
40-60%. The analoginput signal is latched on the rising edge
of the CLK.

The clock input must be driven from fast TTL logic (ViH
<4.5V, Trise <6 ns). In the event the clock is driven from a
high current source, use a 100 Q resistor in series to current
limit to approximately 45 mA.

DIGITAL OUTPUTS

The format of the output data (D0-D9) is straight binary. (See
table 2.) The outputs are latched on the rising edge of CLK
with a propagation delay of 14 ns (typ). There is a one clock
cycle latency between CLK and the valid output data. (See
timing diagram.)

Table 2 - Output Data Information

ANALOG INPUT OVERRANGE OUTPUT CODE
D10 D9-DO
>+2.0V +1/2LSB 1 11 1111 1111
+2.0V-1LSB 0) 11 1111 11109
0.0V 0 00 OO DDDD
-2.0V +1LSB (0] 00 0000 OO0V
<20V (6] 00 0000 0000

(@ indicates the flickering bit between logic 0 and 1).

The rise times and fall times of the digital outputs are not
symmetrical. The propagation delay of the rise time is typi-
cally 14 ns and the fall time is typically 6 ns. (See figure 4.)
The nonsymmetrical rise and fall times create approximately
8 ns of invalid data.

4755 Forge Road, Co. Springs, CO 80907
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SPT7820

Figure 4 - Digital Output Characteristics

N N+1
A A
CLKIn L,y | .
\ Rise Time
__6ns_ | 6 nsec
o yp T
35V >
DataOut 2.4V ol N "I‘)V;"d N Irg;gd
(Actual) (N-2) (N-1) N
[0 : /R S S S —————————
05V
tpdi
(14 ns typ.) §
' %
pata 0 5 Y
ata Out (N-2) § Invalid (N-1) Invalid (N-1)
Equivalent Data Data R
(Equi ) ] E A
OVERRANGE OUTPUT EVALUATION BOARD

The OVERRANGE OUTPUT (D10) is an indication that the
analog input signal has exceeded the positive full scale input
voltage by 1 LSB. When this condition occurs, D10 will switch
to logic 1. All other data outputs (DO to D9) will remain at
logic 1 aslong as D10 remains atlogic 1. This feature makes
it possible to include the SPT7820 into higher resolution
systems.

The EB7820 evaluation board is available to aid designers in
demonstrating the full performance of the SPT7820. This
board includes a reference circuit, clock driver circuit, output
data latches and an on-board reconstruction of the digital
data. An application note.describing the operation of this
board as well as information on the testing of the SPT7820is
also available. Contact the factory for price and availability.
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PIN ASSIGNMENTS

DGND [7 U 28] v
o [e] (7] Vee
D1 E E AGND
D2 [4] E v
s[5 2] Vg
D4 6 23 V,
(] 2 Veg
= [ DIP/PDIP 2 v
D6 [s] 21 vy
o7 9 20
%
ST
2] 10 19|
Ver
» [ A
fee}
D10 12| 17|
AGND
DGND [q3] E Vee
e [ ) o

D2 D1 D0 DGND DVoc VeEe  AGND

oREN=Rn -]

TOP VIEW 0 o

D10 DGND DVcc CLK VEE AGND Vcc

DVcc Vee AGND Voo VB Vse MM VN Vst VRT Voo AGND VEE  CK
B HEHBBHBHEHBEHHBHBBHBHHBBHBHB
SoIC

°

H B EHEEHHEHEHHEHEHEHHHH

DGND DO D1 D2 2] D4 Ds D6 D7 D8 D9 D10 DGND DVec
PIN FUNCTIONS
NAME FUNCTION NAME FUNCTION
DGND Digital Ground VIN Analog Input
DO0-D9 TTL Outputs (DO=LSB) DVce Digital +5.0 V Supply
D10 TTL Output Overrange VRM Middle of Voltage Reference Ladder
CLK Clock VET Force for Top of Reference Ladder
VEE -5.2 V Supply (Analog) VsT Sense for Top of Reference Ladder
AGND Analog Ground VEB Force for Bottom of Reference Ladder
Vce +5.0 V supply (Analog) VsB Sense for Bottom of Reference Ladder
s 4755 Forge Road, Co. Springs, CO 80907 3151
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SIGNAL PROCESSING TECHNOLOGIES

SPT7824

10-BIT, 40 MSPS, TTL OUTPUT A/D CONVERTER

FEATURES

Monolithic 40 MSPS Converter
On-Chip Track/Hold

Bipolar 2.0 V Analog Input

57 dB SNR @ 3.58 MHz Input
Low Power (1.0 W Typical)

5 pF Input Capacitance

TTL OQutputs

e O o o o o o

GENERAL DESCRIPTION

The SPT7824 A/D converter is a 10-bit monolithic converter
capable of word rates a minimum of 40 MSPS. On board
track/hold function assures excellent dynamic performance
without the need for external components. Drive require-
ment problems are minimized with an input capacitance of
only 5 pF.

Inputs and outputs are TTL compatible to interface with TTL
logic systems. An overrange output signal is provided to

BLOCK DIAGRAM

APPLICATIONS

* Medical Imaging
¢ Professional Video

* Radar Receivers

* Instrumentation

¢ Electronic Warfare

¢ Digital Communications

indicate overflow conditions. Output data format is straight
binary. Power dissipation is very low at only 1.0 watt with
power supply voltages of +5.0 and -5.2 volts. The SPT7824
also provides a wide input voltage swing of £2.0 volts.

The SPT7824 is available in a 28-lead ceramic sidebrazed DIP,
PDIP, LCC, and SOIC packages in commercial, industrial and
military temperature ranges. The SPT7824 is available in an
/883 version in 28L DIP, and it is available in die form.

Analog

Coarse
Input AD

Analog
Prescaler

x
S
T/H Amplifier % L
Bank z Digital
......................................... = Output
| £ 10
g
Successive Interpolation §
Stage i
[}
Successive Interpolation
Stage i+1
1]
¥
Successive Interpolation
Stage N
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SPT7824

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

Supply Voltages
VG eerrreeereemninniie s st e sre s te s s e e ssree s sre e e ssbae s sraeassaeanas +6 V
VEE ititiiie i st e s st e e e s e ar e e e s aaree s e anes 6V
Input Voltages
ANAlog INPUL ...ccveriiieeee s VEBSVINSVFT
VET, VEB . e +3.0V,-3.0V
Reference Ladder Current 12mA
CLK INPUL ..ooeiiiiiiiccteeienic e Vce
Note: 1.

applied conditions in typical applications.

ELECTRICAL SPECIFICATIONS

Output

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

Temperature

Operating Temperature......

Junction Temperaturel

Lead Temperature, (soldering 10 seconds)

Storage Temperature ........

-65 to +150 °C

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

N
TA=Tmin - Tmax, Vcc=+5.0 V, VEg=-5.2 V, DVcc=+5.0V, VIN=t2.0 V, Vgg=-2.0 V, VsT=+2.0 V, fclock=40 MHz, 50% clock duty cycle, unless otherwise

specified.
TEST TEST SPT7824A SPT7824B
PARAMETERS CONDITIONS LEVEL | MIN TYP MAX | MIN TYP MAX|UNITS
Resolution 10 10 Bits
DC Accuracy (+25 °C) +/- Full Scale
Integral Nonlinearity 250 kHz Sample Rate | +1.0 1.5 LSB
Differential Nonlinearity | +0.5 +0.75 LSB
No Missing Codes Guaranteed Guaranteed
Analog Input
Input Voltage Range Vi +2.0 +2.0 \
Input Bias Current VIN=0 V Vi 30 60 30 60 |pA
Input Bias Current Ta=-551t0 +125 °C A\ 75 75 |nA
Input Resistance Vi 100 300 100 300 kQ
Input Resistance -55to +125 °C Vi 75 300 75 300 kQ
Input Capacitance \ 5 5 pF
Input Bandwidth 3 dB Small Signal \" 120 120 MHz
+FS Error \" +2.0 +2.0 LSB
-FS Error Vv +2.0 +2.0 LSB
Reference Input
Reference Ladder Resistance Vi 500 800 500 800 Q
Reference Ladder Tempco \ 0.8 0.8 Q/°C
Timing Characteristics
Maximum Conversion Rate Vi 40 40 MHz
Overvoltage Recovery Time \" 20 20 ns
Pipeline Delay (Latency) Vi " 1 | Clock Cycle
Output Delay Ta=+25 °C \ 14 18 14 18 |ns
Aperture Delay Time Ta=+25 °C \ 1 1 ns
Aperture Jitter Time Ta=+25 °C \Y 5 5 ps-RMS
Acquisition Time Ta=+25°C \ 12 12 ns
Dynamic Performance
Effective Number of Bits
fin=1 MHz 8.7 8.2 | Bits
fin=3.58 MHz 8.7 8.2 | Bits
fin=10.0 MHz 7.3 6.9 |Bits

1 Typical thermal impedances (unsoldered, in free air): 28L sidebrazed DIP: 6j5 = 50 °C/W,
28L LCC: 6ja = 99 °C/W, 28L plastic DIP: 8ja = 50°C/W, 28L SOIC.
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ELECTRICAL SPECIFICATIONS

TA=TMIN-TMAX, Vcc=+5.0 V, VEE=-5.2V, DVcc=+5.0V, VIN=$2.0 V, V5g=-2.0 V, V5T=+2.0 V, fciock=40 MHz, 50% clock duty cycle unless otherwise specified.

TEST TEST SPT7824A SPT7824B
PARAMETERS CONDITIONS LEVEL MIN TYP MAX | MIN TYP  MAX |UNITS
Dynamic Performance
Signal-To-Noise Ratio
(without Harmonics)
fin=1 MHz +25°C | 55 57 52 54 dB
(0 to 70, -25 to +85 °C) \% 53 55 50 52 dB
-55 to +125 °C* | 49 51 46 48 dB
fin=3.58 MHz +25°C | 55 57 52 54 dB
(0 to 70, -25 to +85 °C) \" 53 55 50 52 dB
-55to +125 °C* | 49 51 46 48 dB
fin=10.0 MHz +25 °C 1 48 50 46 48 dB
(0 to 70, -25 to +85 °C) v 45 47 43 - 45 dB
-55 to +125 °C* | 41 43 39 41 dB
Harmonic Distortion
fin=1 MHz +25 °C | 54 56 52 54 dB
(0 to 70, -25 to +85 °C) v 51 53 49 51 dB
-55 to +125 °C* | 50 52 48 50 dB
fin=3.58 MHz +25°C | 54 56 52 54 dB
(0 to 70, -25 to +85 °C) \Y% 51 53 49 51 dB
-55 to +125 °C* | 50 52 48 50 dB
fin=10.0 MHz +25 °C | 46 48 43 45 dB
(0 to 70, -25 to +85 °C) [\ 45 47 41 44 dB
-55 to +125 °C* | 44 46 40 42 dB
Signal-to-Noise and Distortion
fin=1 MHz +25 °C | 52 54 49 51 dB
(0to 70, -25 to +85 °C) v 49 46 dB
-55 to +125 °C* | 48 45 dB
fin=3.58 MHz +25°C l 52 54 49 51 dB
(0 to 70, -25 to +85 °C) v 49 46 dB
-55 to +125 °C* | 48 45 dB
fin=10.0 MHz +25 °C | 44 46 a4 43 dB
(0to 70, -25 to +85 °C) 1\ 43 40 dB
-55 to +125 °C* | 40 37 dB
Spurious Free Dynamic Rangel +25 °C, fin = 1 MHz \ 67 67 dB
Differential Phase +25 °C \ 0.2 0.2 Degree
Differential Gain +25 °C, fin = 3.58 & 4.35 MHz \Y 0.5 0.7 %
Digital Inputs
Logic "1" Voltage \ 2.4 4.5 2.4 4.0 |V
Logic "0" Voltage A 0.8 08 |V
Maximum Input Current Low | +25 °C v 0 +5 +20 0 +5 +20 |pA
Maximum Input Current High| +25 °C v 0 +5 +20 0 +5 +20 |pA
Pulse Width Low (CLK) \Y, 10 10 ns
Pulse Width High (CLK) \% 10 300 10 300 |ns
Digital Outputs
Logic "1" Voltage v 2.4 24 \"
Logic "0" Voltage v 0.6 0.6 |V
Power Supply Requirements
VoltagesVcc v 4.75 525 | 4.75 525 |V
DVce v 4.75 5.0 5.25 4.75 5.0 5.25 |V
-VEE \" -4.95 -5.2 -5.45 |-4.95 52 -545 |V
CurrentsIcc \Y| 118 145 118 145 | mA
Dicc Vi 40 55 40 55 [mA
-lge Vi 40 57 40 57 |mA
Power Dissipation Vi 1.0 1.3 1.0 13 |W
Power Supply Rejection (5V+0.25V,-52V+0.25V) \ 1.0 1.0 LSB
*Temperature tested MIL and /883 only.
s 4755 Forge Road, Co. Springs, CO 80907 3155
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SPT7824

TEST LEVEL CODES

All electrical characteristics are subject to the
following conditions:

All parameters having min/max specifications
are guaranteed. The Test Level column indi-
cates the specific device testing actually per-
formed during production and Quality Assur-
ance 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, Ty = Tc = Ta.

Figure 1A - Timing Diagram

TEST LEVEL

Vi

TEST PROCEDURE

100% production tested at the specified temperature.

100% production tested at TaA=25 °C, and sample
tested at the specified temperatures.

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.

100% production tested at Ta = 25 °C. Parameter is
guaranteed over specified temperature range.

Output
Data N-2 X

N-1

X Data Valid X Data Valid
N N+1

Figure 1B - Single Event Clock

\

W 77770, v

Table 1 - Timing Parameters

PARAMETERS DESCRIPTION MIN TYP MAX UNITS
tq CLK to Data Valid Prop Delay - 14 18 ns
towH CLK High Pulse Width 10 - 300 ns
towL CLK Low Pulse Width 10 - - ns
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TYPICAL PERFORMANCE CHARACTERISTICS
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SPT7824

TYPICAL INTERFACE CIRCUIT

The SPT7824 requires few external components to achieve
the stated operation and performance. Figure 2 shows the
typical interface requirements when using the SPT7824 in
normal circuit operation. The following section provides a
description of the pin functions and outlines critical perfor-
mance criteria to consider for achieving the optimal device
performance.

POWER SUPPLIES AND GROUNDING

The SPT7824 requires -5.2 V and +5 V analog supply
voltages. The +5 V supply is common to analog Vcc and
digital DVcc. A ferrite bead in series with each supply line is
intended to reduce the transient noise injected into the analog
Vce. These beads should be connected as closely as pos-
sible to the device. The connection between the beads and
the SPT7824 should not be shared with any other device.
Each power supply pin should be bypassed as closely as
possible to the device. Use 0.1 pF for Ve and Vcg, and
0.01 uF for DVcc (chip caps are preferred).

Figure 2 - Typical Interface Circuit

AGND and DGND are the two grounds available on the
SPT7824. These two internal grounds are isolated on the
device. The use of ground planes is recommended to achieve
optimum device performance. DGND is needed for the DVcc
return path (40 mA typical) and for the return path for all digital
output logic interfaces. AGND and DGND should be sepa-
rated from each other and connected together only at the
device through a ferrite bead.

A Schottky or hot carrier diode connected between AGND
and Vg is required. The use of separate power supplies
between Vcc and DV is not recommended due to potential
power supply sequencing latch-up conditions. Using the
recommended interface circuit shown in figure 2 will provide
optimum device performance for the SPT7824.

R1
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Yy
(TTL) 100 Q
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GND Trim Fo 1 Vgt N\ Prescaler 5 @
- 1 u;l | _cz_l L \ H D6 2
) 01 yF FoR ¢ 2 05 - E
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c3 > i 3 s
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=
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NOTES:
1) D1 = Schottky or hot carrier diode 3
BT .
2) FB = Ferrite bead, Fair Rite P/N 2743001111 = |F
to be mounted as closely to the device as possible. The ferrite ApF . [ |
bead to ADC connection should not be shared with any other device. '
3) C1-C11 = Chip cap (recommended) mounted as closely o1 10 4F, 10 F,
to device's pin as possible. T v
4)

Use of a separate supply for Vcc and DVcc is not recommended.

5) R1 provides current limiting to 45 mA.

52V

+5V
(Analog)

AGND
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VOLTAGE REFERENCE

The SPT7824 requires the use of two voltage references:
Ver and Veg. Vet is the force for the top of the voltage
reference ladder (+2.5 V typ), Veg (-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. The +2.5 V voltage source for reference Vet must
be current limited to 20 mA maximum if a different driving
circuit is used in place of the recommended reference circuit
shown in figures 2 and 3. In addition, there are three
reference laddertaps (Vst, Vemand Vgg). Vsris the sense for
the top of the reference ladder (+2.0 V), Vgwm is the midpoint
of the ladder (0.0 V typ) and Vsg is the sense for the bottom
ofthe reference ladder (-2.0 V). The voltages seenat Vgrand
Vgg are the true full scale input voltages of the device when
Vgrand Veg are driven to the recommended voltages (+2.5 V
and-2.5 Vtypical 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 converters. When not
being used, a decoupling capacitor of .01 uF (chip carrier
preferred) connected to AGND from each tap is recommended
to minimize high frequency noise injection.

Figure 3 - Analog Equivalent Input Circuit

Vee
I
5 5
ViN —+— % VET
: o
‘ e
© —
= <
®
VEE

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
10 kQ 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 Vet and
VEeg. If 0.1% matching is not met, then potentiometer R4 can
be usedto adjustthe Vg voitage to the desired level. VFT and
VeB should be adjusted such that Vst and Vgg are exactly
+2.0 V and -2.0 V 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 Vet and Vgg. How-

ever, because the device is laser trimmed to optimize perfor-
mance 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 -VsT+1 LSB)
-FS error =bottom of ladder offset voltage = A(-FS-Vsg-1LSB)
where the +FS (full scale) input voltage is defined as the
output transition between 1-10 and 1-11 and the -FS input
voltage is defined as the output transition between 0-00 and
0-01.

ANALOG INPUT

Vin is the analog input. The full scale input range will be 80% of
the reference voltage or +2 V with Vgg=-2.5V and Ver=+2.5 V.

The drive requirements for the analog inputs are minimal
when compared to conventional Flash converters due to the
SPT7824’s extremely low input capacitance of only 5 pF and
very highinput resistance of 300 kQ. For example, for an input
signal of + 2 V p-p with an input frequency of 10 MHz, the peak
output current required for the driving circuit is only 628 pA.

CLOCK INPUT

The SPT7824 is driven from a single-ended TTL input (CLK).
The CLK pulse width (tpwH) must be kept between 10 ns and
300 ns to ensure proper operation of the internal track-and-
hold amplifier. (See timing diagram.) When operating the
SPT7824 at sampling rates above 3 MSPS, it is recom-
mended that the clock input duty cycle be kept at 50% to
optimize performance. (See figure 4.) The analog input
signal is latched on the rising edge of the CLK.

The clockinput must be driven fromfast TTL logic (ViH<4.5V,
TRISE <6 ns). In the event the clock is driven from a high
current source, use a 100 Q resistor in series to current limit
to approximately 45 mA.

Figure 4 - SNR vs Clock Duty Cycle
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SPT7824

DIGITAL OUTPUTS

The format of the output data (D0-D9) is straight binary. (See
table 2.) The outputs are latched on the rising edge of CLK
with a propagation delay of 14 ns (typ). There is a one clock
cycle latency between CLK and the valid output data. (See
timing diagram.)

Table 2 - Output Data Information

ANALOG INPUT OVERRANGE OUTPUT CODE
D10 D9-DO
>+2.0V +1/2LSB 1 11 1111 1111
+2.0V-1LSB o 11 1111 1119
ooV o 00 000D BODD
2.0V +1LSB o} 00 0000 0O00Y
<2.0V 0o 00 0000 0000

(9 indicates the flickering bit between logic 0 and 1).

The rise times and fall times of the digital outputs are not
symmetrical. The propagation delay of the rise time is typi-
cally 14 ns and the fall time is typically 6 ns. (See figure 5.)
The nonsymmetrical rise and fall times create approximately
8 ns of invalid data.

Figure 5 - Digital Output Characteristics

OVERRANGE OUTPUT

The OVERRANGE OUTPUT (D10) is an indication that the
analog input signal has exceeded the positive full scale input
voltage by 1 LSB. When this condition occurs, D10 will switch
to logic 1. All other data outputs (DO to D9) will remain at
logic 1 as long as D10 remains at logic 1. This feature makes
it possible to include the SPT7824 into higher resolution
systems.

EVALUATION BOARD

The EB7824 Evaluation Board is available to aid designers in
demonstrating the full performance of the SPT7824. This
board includes a reference circuit, clock driver circuit, output
data latches and an on-board reconstruction of the digital
data. An application note describing the operation of this
board as well as information on the testing of the SPT7824 is
also available. Contact the factory for price and availability.
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PIN ASSIGNMENTS

/

DIP/PDIP
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SPT7824

D10 DGND DVee CLK VEE AGND Vcc

SoIC

°

H H EHHEHHEHHBHHEHHEHBEHEHH E=N

DGND DO D1 D2 o D4 25 06 o7 08 OV
PIN FUNCTIONS
NAME FUNCTION NAME FUNCTION
DGND Digital Ground VIN Analog Input
DO-D9 TTL Outputs (D0=LSB) DVce Digital +5.0 V Supply
D10 TTL Output Overrange VRM Middle of Voltage Reference Ladder
CLK Clock VET Force for Top of Reference Ladder
VEE -5.2 V Supply (Analog) VsT Sense for Top of Reference Ladder
AGND Analog Ground VEB Force for Bottom of Reference Ladder
Vce +5.0 V supply (Analog) VsB Sense for Bottom of Reference Ladder
s 4755 Forge Road, Co. Springs, CO 80907 3161
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SSPT

SIGNAL PROCESSING TECHNOLOGIES

SPT7830

10-BIT, 2.5 MSPS, SERIAL OUTPUT A/D CONVERTER

FEATURES

10-Bit, 100 kHz to 2.5 MSPS Analog-to-Digital Converter
Monolithic CMOS
Serial Output
Internal Sample-and-Hold
Analog Input Range: 0 to 2 V Nominal; 3 V Max
Power Dissipation (including reference ladder)
56 mW at +5V
37 mW at +3.3V
* Single Power Supply: +3.3 V to +5 V Range

GENERAL DESCRIPTION

The SPT 10-bit, 2.5 MSPS serial analog-to-digital converter
delivers excellent high speed conversion performance, with
low cost and low power. The serial port protocol is compat-
ible with the serial peripheralinterface (SP1) or MICROWIRE™
industry standard, high-speed synchronous MPU interfaces.
The large input bandwidth and fast transient response time
allows for CCD applications operating up to 2.5 MSPS.

BLOCK DIAGRAM

ADVANCED INFORMATION
APPLICATIONS

Handheld and Desktop Scanners
DSP Interface Applications
Automotive Applications

Remote Sensing

The device can operate with either +3.3 V or +5 V single
supplies, with low power dissipations of 37 mW and 56 mW,
respectively. The small package size makes this part excel-
lent for hand-held applications where board real-estate is a
premium. The SPT7830 is available in the commercial
temperature range in an 8L SOIC package and die.

Ground Vpp
Track-and-Hold
| SAR Serial
Analog Input 10-Bit Output Data Out
I AD Logic
Clock
Timing And Control
Start Convert
VREF+ VREF-
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SPT7830

ABSOLUTE MAXIMUM RATING (Beyond which damage may occur)!

Supply Voltages Output

VDD cvtemtcteeeesteteeeteseeneteseaeebeteseesssaesesebeenssasereananas +6V Data Out........cceiiiiiiii e 10 mA
Input Voltages Temperature

ANAIOY INPUL.....vreeerereenetereeree e -0.5t0 +6 V Operating, ambient..........c.ccccoovrnrieninnniinnas

VREFH ceeerieerreerinneeeeiesisneeessssstessssseessssssessessessens 0to Vpp JUNCHON L.

VREE" crevteerereieeeemsieiessssssesesssesessasssssssssessssnses 0 to VReF+ Lead, Soldering (10 seconds)

CIOCK @NA SC...covvvvvrrerrerireriesesersesesesssseesseesessseen Vbp SHOrage wvovvvvessseriersssnsssnrtnnnns SR

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

ELECTRICAL SPECIFICATIONS

Ta=+25°C,Vpp=+3.3V10+5.0V, ViN=0t0 2V, fcLk = 35 MHz, fg = 2.5 MSPS, VRer+ = 2.0 V, VRer- = 0.0 V, unless otherwise specified.

TEST TEST
PARAMETERS CONDITIONS LEVEL MIN TYP MAX UNITS

DC ELECTRICAL CHARACTERISTICS
DC Performance

Resolution 10 Bits
Differential Linearity 1 +0.5 LSB
Integral Linearity | +1.0 LSB
No Missing Codes | Guaranteed
Analog Input
Input Voltage Range v VREF- 2.0 VREF+ \"
Input Bias Current v TBD mA
Input Resistance I 250 kQ
Input Capacitance [\ 5 pF
Input Bandwidth (Small Signal) I\ TBD MHz
Offset +2.0 LSB
Gain Error 2.0 LSB
Reference Input
Resistance 250 300 350 Q
Voltage Range
VREF- 0 VREF+ v
VREF+ 3.0 \
Reference Settling Time 90 ns
Timing Characteristics
Maximum Conversion Rate 1 25 MSPS
Minimum Conversion Rate v 0.1 MSPS
Maximum External Clock Rate | 35 MHz
Minimum External Clock Rate v 1.4 MHz
Start Convert Min Pulse Width (tsc) | 1 Clock Cycles
Aperture Delay Time v 5 ns
Aperture Jitter Time v 5 ps
3164 4755 Forge Road, Co. Springs, CO 80907 spr
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ELECTRICAL SPECIFICATIONS

TA=+25°C,Vpp=+3.3V1to+5.0V,ViN=0to 2V, fcLk = 35 MHz, fg = 2.5 MSPS, VRer+ = 2.0 V, VRer- = 0.0 V, unless otherwise specified.

TEST TEST
PARAMETERS CONDITIONS LEVEL MIN TYP MAX UNITS
Dynamic Performance
Effective Number of Bits
fin = 500 kHz n TBD Bits
fin =1 MHz 1} 8.8 Bits
Signal-to-Noise Ratio
fin = 500 kHz n TBD dB
fin=1MHz n 57 dB
Harmonic Distortion
fin = 500 kHz i TBD dB
fin=1MHz 1} 60 dB
Power Supply Requirements
+Vpp Supply Current Vpp=33V v 9 1 mA
Vpp=5.0V | 13 15 mA
Power Dissipation Vpp=33V v 31 35 mW
With VRgr Included Vpp=5.0V | 65 75 mwW
Power Supply Rejection Ratio [\ TBD mV/NV
TEST LEVEL CODES TEST LEVEL TEST PROCEDURE

All electrical characteristics are subject to the
following conditions:

All parameters having min/max specifications
are guaranteed. The Test Level column indi-
cates the specific device testing actually per-
formed during production and Quality Assur-
ance 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,.

Vi

100% production tested at the specified temperature.

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

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.

100% production tested at T, = 25 °C. Parameter is
guaranteed over specified temperature range.

S
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SPT7830

GENERAL DESCRIPTION AND OPERATION

The SPT7830 is a 10-bit analog-to-digital converter that
uses a successive approximation architecture to perform
data conversion. Each conversion cycle is 14 clocks in
length. When the Not Start Convert (SC) line is held low,
conversion begins on the next rising edge of the input clock.
The ScC line must be held low for a minimum of one clock
cycle. When the conversion cycle begins, the data output pin

- is forced low until valid data output begins.

The first two clock cycles are used to perform internal offset
calibrations and tracking of the analog input. The analog
input is then sampled using and internal track-and-hold
amplifier on the rising edge of the third clock cycle. On clock
cycles 4 through 14, a 10-bit successive approximation
conversion is performed, and the data is output starting with
the MSB.

Serial data output begins with output of the MSB. See the
Data Output Set Up and Hold Timing section for details. Each
bit of the data conversion is sequentially determined and
placed on the data output pin at the clock rate. This process
continues until the LSB has been determined and output. At
this point, if the SC line is high, the data output pin will be
forced into a high impedance state, and the converter will go
into an idle state waiting for the SC line to go low. This is
referred to as Single Shot Mode. See Modes of Operation for
details.

If the SC is either held low through the entire 14 clock
conversion cycle (free run mode) or is brought synchronous
with the trailing edge of the fourteenth clock cycle (synchro-
nous mode), the data output pin goes low and stays low until
valid data output begins. Because the chip has either re-
mained selected in the free run mode or has been immedi-
ately selected again in the synchronous mode, the next
conversion cycle begins immediately after the fourteenth
clock cycle of the previous conversion. See Modes of Opera-
tion for details.

TYPICAL INTERFACE CIRCUIT
Figure 4 shows the typical interface circuit for the SPT7830.
CLOCK INPUT

The SPT7830 requires a 50% duty cycle clock running at 14
times the required sample rate. The clock may be stopped
and started without degradation of operation (single shot
type of operation), however, the clock should remain running
during a conversion cycle.

POWER SUPPLY AND REFERENCE REQUIREMENTS

The SPT7830 requires only a single supply and operates
from 3.3 V to 5.0 V. The reference ladder bottom may be
grounded or range from -x V to VRgr+. The VREF+ pin may
range up to Vpp.

The recommended VRer+ voltage for 3.3 V operation is
VRer+ = 2.0 V. The recommended VRgeF+ voltage for 5.0 V
operation is VRer+ = 3.0 V. )

DATA OUTPUT SET UP AND HOLD TIMING

Figure 5 shows the set up and hold timing for the serial data
output of the MSB. The MSB data output is valid on the rising
edge of the fifth clock cycle. Each of following output bits is
valid on the rising edge of each subsequent clock cycle. The
times indicated are for 35 MHz clock operation (2.5 MSPS
conversion rate).

DATA OUTPUT CODING
The coding of the output is straight binary. (See table 1.)
Table 1 - Data Output Coding

ANALOG INPUT OUTPUT CODE D9 - DO
+F.S. £ 1/2LSB 11 1111 1119

+1/2 F.S. X XXXX  XXXX

+1/2 LSB 00 0000 0O00Y
VREE- 00 0000 0000

@ indicates the flickering bit between logic O and 1.

X indicates the flickering bit between logic 1 and O.

ANALOG INPUT AND REFERENCE SETTLING TRACK
AND HOLD TIMING

Figure 6 shows the timing relationship between the input
clock and SC versus the analog input tracking and reference
settling. The analoginputis tracked from the fourteenth clock
cycle of the previous conversion to the third clock cycle of the
current conversion. On the rising edge of the third clock
cycle, the analog input is held by the internal sample-and-
hold. After this sample, the analog input may vary without
affecting data conversion.

The reference ladder inputs (VRer+ and VREf-) may be
changed starting on the fourteenth clock cycle of the previ-
ous conversion and must be settled by the rising edge of the
third clock cycle of the current conversion. The times shown
in figure 6 are for 35 MHz clock operation (2.5 MSPS
conversion rate).

MODES OF OPERATION

The SPT7830 has three modes of operation.The mode of
operation is based strictly on how the ScC is used.

SINGLE SHOT MODE

When SC goes low, conversion starts on the next rising edge
of the clock (defined as the first conversion clock). SC must
be held low for a minimum of one clock period. The MSB of
data is valid on the rising edge of the fifth conversion clock.
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The conversion is complete after 14 clock cycles. At the
fifteenth clock cycle, if SC is high (not selected), the data
output goes to a high impedance state, and no more conver-
sions will take place until the next sC low event. (See the
single shot mode timing diagram in figure 1.)

SYNCHRONIZED MODE

When scC goes low, conversion will start on the next rising
edge of the clock (defined as the first conversion clock). SC
must be held low for a minimum of one clock period. The
MSB bit of data is valid on the rising edge of the fifth
conversion clock.

The first conversion is complete after 14 clock cycles. At any
time after the falling edge of the fourteenth clock cycle, sc
may go low again to initiate the next conversion. When the
SC goes low, the conversion starts on the rising edge of the
next clock. (See the synchronized mode timing diagram in
figure 2.)

Figure 1 - Single Shot Mode Timing Diagram

The data output remains low between conversion cycles if
SC is asserted with the falling edge of the fourteenth clock
cycle. lf the assertion occurs after more than 14 clock cycles,
the data output will go to a high impedance state between
conversions.

FREE RUN MODE

When sc goes low, conversion starts on the next rising edge
of the clock (defined as the first conversion clock). The MSB
data is valid on the rising edge of the fifth conversion clock.

As long as SC is held low, the device operates in the free run
mode. New conversions start after every fourteenth cycle
with valid data available on the rising edge of the fifth clock
within each new conversion cycle.

The data output remains low between conversion cycles.
See the free run mode timing diagram in figure 3.

tsc_ |
|
Start Convert Latch
MSB
\
Clock 1 2 3 4 5 6 7 8 9 0] [ 2] [18] [14
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MSB LSB
Start Sample

Conversion Analog Input

Figure 2 - Synchronous Mode Timing Diagram
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Figure 3 - Free Run Mode Timing Diagram
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Figure 4 - Typical Interface Circuit Figure 5 - Data Set-Up and Hold Times for
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Figure 6 - Analog Input Track-and-Hold Timing and Reference Settling-and-Hold Timing

Start Convert (EE)

Clock

Reference

Analog Input

Reference Must
Be Settled

14 Cycles per Conversion Example

* Should be high by the rising edge of clock 13 to ensure that internal logic will be ready for the
next start convert when operating in synchronous mode.

One Clock Should Be
Cycle Minimum High By Here * /
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7
l*‘”'cu(—"
14 1 2 3 4 13 14 1
A B B B B B B C
A
—>, <10 ns
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l<—Reference Settling Window **—>¢«———Hold Reference%
)\ J L N
(“—‘3/fCLK +10 ns——>]
/ L
j ~ 7 J ﬂ
K Analog Input Tracking ‘
Reference Can Input Sample Point
Begin Changing

** The reference settling window can be extended by adding extra clocks per conversion cycle.
The example shown is the minimum number of clocks required (14) per conversion cycle.

PIN FUNCTIONS

PIN ASSIGNMENTS

External VRgp+ || 1

Analog In [

External VRep- | |

Ground [

FUNCTION

Analog signal input

Start Convert. A high-to-low transition on this
input begins conversion cycle and enables
serial data output

Clock that drives A/D conversion cycle and
the synchronous serial data output

NAME
8 ] VbD Analog In
7 :l Data Out Start Convert
6 [] Clock Clock
5 :I Start Convert Data Out

Serial Data. Tri-state serial data output for
the A/D result driven by the CLOCK input

External VRer+

External voltage reference for top of refer-
ence ladder

External VRep-

External voltage reference for bottom of
reference ladder

Vbbb

Analog & Digital +3.3 V to +5 V Power
Supply Input

GND

Analog & Digital Ground

<
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SSPT

SIGNAL PROCESSING TECHNOLOGIES

SPT7835

-10-BIT, 5 MSPS, 75 mW A/D CONVERTER

FEATURES

* Monolithic 5 MSPS Converter

¢ 75 mW Power Dissipation

¢ On-Chip Track-and-Hold

+Single 5 V Power Supply

TTL/CMOS Outputs

5 pF Input Capacitance

Low Cost

Tri-State Output Buffers

High ESD Protection: 3,500 V Minimum

e © o o o o

GENERAL DESCRIPTION

The SPT7835 is a 10-bit monolithic, low cost, ultra-low power
analog-to-digital converter capable of minimum word rates of
5 MSPS. The on-chip track-and-hold function assures very
good dynamic performance without the need for external
components. The input drive requirements are minimized due
to the SPT7835's low input capacitance of only 5 pF.

Power dissipation is extremely low at only 75 mW typical at
5 MSPS with a power supply of +5.0 V. The SPT7835 is pin-
compatible with the entire family of SPT 10-bit, CMOS con-
verters (SPT7835/40/50/55/60) which simplifies upgrades.

BLOCK DIAGRAM

AN

ADC Section 2

CLK In O—>| ; .
Timing | *
and [P
Control

>» ADC Section 7

Enable O—>]

Data
Valid

APPLICATIONS

» All High-Speed Applications Where
Low Power Dissipation is Required

¢ Video Imaging

* Medical Imaging

* IR Imaging

e Scanners

» Digital Communications

The SPT7835 has incorporated proprietary circuit design (*)

and CMOS processing technologies to achieve its advanced
performance. Inputs and outputs are TTL/CMOS-compat-
ible to interface with TTL/CMOS-logic systems. Output data
format is straight binary.

The SPT7835 is available in 28-lead 300 mil cerdip and
PDIP, 28-lead SOIC and 32-lead small (7 mm square) TQFP
packages over the temperature range of 0 to 70 °C. Die are
also available. For extended temperature ranges and /883
processing requirements, consult the factory.
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—> D8
—> D7
—> D6
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Mux/
Error
Correction

—> D5

> D4
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* Patent pending.
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ABSOLUTE MAXIMUM RATINGS (Beyond which damage may occur)' 25 °C

Supply Voltages
AVDD teeiicrreriiieieeesitreesssrteeee s saaae e e e raee s senree e e e snanns +6V  Output
[B A ) o U PS +6 'V Digital OUPULS ......oceeveeieieieieie e 10 mA
Input Voltages Temperature
Analog Input.......cccocevveniicennne -0.5 Vto AVpp +0.5 V Operating Temperature ...........ccoceveeeeeirinenenns 0to 70 °C
VREF ..0to AVpp Junction Temperature .........cccceeeeeieereenseerirensnenne 175°C
CLKINPUL ...t VbD Lead Temperature, (soldering 10 seconds)......... 300 °C
AVpp -DVpp .... .. 7100 mV Storage Temperature ......c.ccceeeeeeevieeecnnnnn. -65to +150 °C
AGND - DGND .. .. 100 mV

Note: 1.
applied conditions in typical applications.

ELECTRICAL SPECIFICATIONS

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

Ta=25°C, AVpp =DVpp =+5.0V, ViN= 0104V, fcLK = 10 MHz, fs = 5 MSPS, VRHs = 4.0 V, VRLs = 0.0 V, unless otherwise specified.
TEST TEST
PARAMETERS CONDITIONS LEVEL MIN TYP MAX UNITS
Resolution 10 Bits
DC Accuracy
Integral Nonlinearity I +1.0 LSB
Differential Nonlinearity | +0.5 LSB
No Missing Codes | Guaranteed
Analog Input
Input Voltage Range | VRLS VRHS \
Input Resistance | 250 kQ
Input Capacitance \ 5.0 pF
Input Bandwidth (Small Signal) \ 100 MHz
Offset \ +2.0 LSB
Gain Error Vv +2.0 LSB
Reference Input
Resistance | 400 500 600 Q
Bandwidth \" 100 150 MHz
Voltage Range
VRLS \ 0 - 2.0 \'
VRHS \" 3.0 - AVpp Vv
VRHS - VRLS \) 1.0 4.0 5.0 \'
A(VRHF - VRHS) \ 90 mV
A(VRLS - VRLF) \Y 75 mv
Reference Settling Time
VRHS Vv 15 Clock Cycles
VRLS \' 20 Clock Cycles
Conversion Characteristics
Maximum Conversion Rate I 5 MHz
Minimum Conversion Rate v 2 MHz
Pipeline Delay (Latency) v 12 Clock Cycles
Aperture Delay Time \ 5 ns
Aperture Jitter Time \ 10 ps
Dynamic Performance
Effective Number of Bits
fin=500 kHz | 9.2 Bits
fin=1 MHz | 9.2 Bits
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ELECTRICAL SPECIFICATIONS

TA=25°C, AVpp =DVpp=+5.0V,VIN=01t0 4V, fcLk = 10 MHz, f5 =5 MSPS, VRHs = 4.0V, VRLs = 0.0 V, unless otherwise specified.

TEST TEST
PARAMETERS CONDITIONS LEVEL MIN TYP MAX UNITS
Dynamic Performance
Signal-to-Noise Ratio
(without Harmonics)
fiN=500 kHz | 54 59 dB
fin=1 MHz | 54 59 dB
Harmonic Distortion
fin=500 kHz | 59 63 dB
fin=1 MHz | 59 63 dB
Signal-to-Noise and Distortion
(SINAD)
fin=500 kHz | 52 57 dB
fin=1 MHz | 52 57 dB
Spurious Free Dynamic Range Y 63 dB
Differential Phase \' TBD Degree
Differential Gain \ TBD %
Intermodulation Distortion Vv TBD dB
Digital Inputs
Logic "1" Voltage | 2.0 \
Logic "0" Voltage | 0.8 \
Maximum Input Current Low | -10 +10 nA
Maximum Input Current High | -10 +10 MA
Input Capacitance \Y 5 pF
Digital Outputs
Logic "1" Voltage (lon=0.5 mA) | 3.5 \
Logic "0" Voltage (loL=1.6 mA) | 0.4 \
tRISE 15 pF load \ 10 ns
tFALL 15 pF load \" 10 ns
Output Enable to Data Output Delay | 20 pF load, Ta = +25 °C \ 10 ns
50 pF load over temp. Vv 22 ns
Power Supply Requirements
Voltages DVpp | 4.75 5.0 5.25 \%
AVpp | 4.75 5.0 5.25 \"
Currents Alpp | 9 12 mA
Dlpp | 6 10 mA
Power Dissipation fin=1 MHz | 75 110 mwW
TEST LEVEL CODES TEST LEVEL TEST PROCEDURE

All electrical characteristics are subject to the |
following conditions: All parameters having min/ I
max specifications are guaranteed. The Test
Level column indicates the specific device test-
ing actually performed during production and mn

Quality Assurance inspection. Any blank sec- v
tion in the data column indicates that the speci-
fication is not tested at the specified condition. v

Unless otherwise noted, all tests are pulsed

tests; therefore, Ty =Tc =Ta.

Vi

100% production tested at the specified temperature.

100% production tested at Tpo=25 °C, and sample
tested at the specified temperatures.

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.

100% production tested at Ta = 25 °C. Parameter is

guaranteed over specified temperature range.

S
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ANALOG IN

(Internal) L. L L . U U U INVALD - o L. L . . 0 U VALD:

DATA VALID

Figure 1B: Timing Diagram 2

A
a
Y

IN

DATA —\ y . T . .
OUTPUT Data @ . . ‘Data 1 . . Data 2

DATA _—\4-———- tDAV + DAV . :
VALID L : . : : ;

Table 1 - Timing Parameters

DESCRIPTION PARAMETERS MIN TYP MAX UNITS
Conversion Time tc 2"tcLK ns
Clock Period tcLk 100 ns
Clock High Duty Cycle toH 40 50 60 %
Clock Low Duty Cycle toL 40 50 60 %
Output Delay top 15 20 25 ns
DAV Pulse Width toav toLk ns
Clock to DAV ts 16 21 26 ns
e v % ey SPT




TYPICAL PERFORMANCE CHARACTERISTICS

SNR vs Input Frequency

THD vs Input Frequency
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TYPICAL INTERFACE CIRCUIT

Figure 1 shows the typical interface requirements when
using the SPT7835 in normal circuit operation. To reduce the
possibility of latch-up, avoid connecting the DGND pins of
the ADC to the digital ground of the system. The following
sections provide descriptions of the major functions and
outline critical performance criteria to consider for achieving
the optimal device performance.

Figure 1 - Typical Interface Circuit

(Fi?:\'/r; —_ VRHF D10
G——{VrHs
VRS .
.
<G———VALr . '
Vin ——— {viy  SPT7835/40/50 Intl-e(;fgeilg;ng
< —Vea 0
CLKIN ——— oIk =
DAV
AVDD AGND DGND' DVpp F
”"*—t
== L2 +D5
| ]
T
NS DGND  +D5

e AR =

*To reduce the possibility of latch-up, avoid
A;Eal‘ég A;5 IXg connecting the DGND pins of the ADC to the D+5 'V| D*g“/l
al on igital igital
ey digital ground of the system. pleig

NOTES: 1) L3 is to be located as closely to the device as possible.
2) There should be no additional connections to the right of L1 and L2.
3) All capacitors are 0.1 pF surf: t unless of i ifi
4)L1, L2 and L3 are 10 pH inductors or ferrite beads.

POWER SUPPLIES AND GROUNDING

SPT suggests that both the digital and the analog supply
voltages on the SPT7835 be derived from a single analog
supply as shown in figure 1. A separate digital supply should
be used for all interface circuitry. SPT suggests using this
power supply configuration to prevent a possible latch-up
condition on power up.

OPERATING DESCRIPTION

The general architecture for the CMOS ADC is shown in the
block diagram. The design contains eight identical succes-
sive approximation ADC sections, all operating in parallel, a
16-phase clock generator, an 11-bit 8:1 digital output multi-
plexer, correction logic, and a voltage reference generator
which provides common reference levels for each ADC
section. :

The high sample rate is achieved by using multiple SAR ADC
sections in parallel, each of which samples the input signal
in sequence. Each ADC uses 16 clock cycles to complete a
conversion. The clock cycles are allocated as follows:

Clock Operation

1 Reference zero sampling
2 Auto-zero comparison

3 Auto-calibrate comparison
4 Input sample

5-15 11-bit SAR conversion

16 Data transfer

The 16 phase clock, which is derived from the input clock,
synchronizes these events. The timing sighals for adjacent
ADC sections are shifted by two clock cycles so that the
analog input is sampled on every other cycle of the input
clock by exactly one ADC section. After 16 clock periods, the
timin