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I. BACKGROUND

When the NASA/JSC B-57 synthetic aperture radar (SAR) development
testbed program was planned, an existing side-looking radar, the
APQ-102, was selected for remote sensing study programs. This radar is
a purely analoy sy:'em, employing photographic processing and azimuth
correlation using analog film processing into a SAR map. When the
investigation was expanded to include parametric variation for digital
SAR, a system had to be acquired to digitize the video data produced by
the APQ-102 and to record it on a wideband tape recorder aboard the air-
craft.

The system designed and built by ARL:UT i. called the digital data
recording system, or DDRS. In addition to digitizing the raw (pulse
compressed) video signals from the radar, the system provides for record-
11.g various parameters from the radar operating environment, such as the
inertial platform signals and aircraft operating parameters. These
parameters are necessary in the reconstitution of the radar video into a
synthetic aperture high resolution radar map.

The purpose of the DDRS is to supplement the analog radar system
with a digital SAR system which will permit the study and analysis of
various radar parameters, leading to the effective design of an orbiting
SAR for remote sensing applications.
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II. SYSTEM DESCRIPTION
The DDRS 1is mounted on a pallet carried in the pressurized and
temperature controlled electronic equipment bay of a testbed aircraft, an
RB-57.

A. Aircraft and Radar

1. B-57 Flight Testbed

The aircraft testbed is a 1ight twin-engine jet designed for
high altitude operation, up to 65,000 ft. At this height the synthetic
aperture radar (SAR) has the capability of simulating, in the geometry of
ground mapping, the look-down angles (complement of nadir angle), associ-
ated with a SAR on an orbital platform. There are usually two flight
modes at 60,000 ft: a start map nadir angle of 15°, or of 45°. The 15°
nadir angle gives a swath coverage for the SAR map of 2.5-12.5 nmi
(called Mode 1), and the 45° nadir angle gives coverage of 10-20 nmi--

a 10 nmi swath (Mode 2). See Figs. 1 and 2. Two antennas (and receivers)
are used to obtain both horizontal and vertical polarized radar data.

The B-57 is equipped with the LTN-51 inertial platform, with
clutter lock for velocity update. This platform provides antenna staba-
lizing signals to the radar antennas, and provides velocity information
required for the synthetic aperture radar system.

The aircraft normally operates at a ground speed of about
400 kt, and this is important since the radar pulse repetition frequency
(prf) is set at twice the ground speed in feet per second; in this case,
2 x 675, or 1350 pps.
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The APQ-102 uses linear FM pulse compression and the pulse
compressed, noncoherent video signals from the two receiver channels
are provided to the DDRS for high speed conversion to digital format.

The radar uses sensitivity time control (STC) and it is the
STC trigger which starts the DDRS data recording function.

Figure 3 indicates the various equipment locations in the
testbed aircraft. A DDRS control panel in the cockpit permits the crew
to digitize and record the SAR map data. The wideband (MINCOM) recorder
s located in the pressurized section of the afrcraft, and the right
and left looking antennas are in the nose of the RB-57.

2. APQ-102 Radar

The radar is a standard Air Force procured item with some
significant modifications. The original radar had a single polarized
antenna; the modified system has both vertical and horizontal polarized
receiver channels, both of which are recorded. The antenna has a cose-
cant squared pattern in elevation.

Another important modification is in the photographic film
used for video recording. A 5 in. wide film is exposed with a 2 in.
width utilized for each video channel, horizontal and vertical. This
film is used in the azimuth correlation process, the usual analog pro-
cessing which develops the SAR map.

The two channels of 15 MHz video are already motion compensated and
pulse compressed when they are digitized by the DDRS. The antenna gimbals
receive stabilizing signals from the LTN-51 inertial platform, and these
motion compensating servo signals are recorded along with other dynamical
parameters of the system.
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The radar operates at an X-band frequency with variable prf, as
indicated previously, such that two samples per foo: of the synthetic
aperture are ¢Htained.

In addition to the two channels of video data, which the DORS
records, various radar parameter environment (RPE) sfgnals are recorded.
Figure 4 shows the sources of these. Some are obtained from the universal
programmable parameter stripper (UPPS), designed and built by Lockheed
for NASA, and the data are from the NASA Earth Resources Data Acquisition
System {NERDAS). The data are recorded on a wideband MINCOM tape
recorder, carried in the pressurized section of the RB-57, after process-
ing through the DDRS.
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111, DDRS DESCRIPTION

The unit is designed to digitize the radar data and format it and
the RPE data into a format compatible with the Hughes Aircraft digital
recording interface equipment (DRIE). The ORIE is used at the ARL:UT
SAR playback facility to boh play back wideband tapes and reformat them
onto computer-compatible tapes (CCT) on a 9-track standard tape recorder.
Figure 5 is a block diagram of the system.

A MINCOM wideband tape recorder on board the aircraft produces
14 tracks of RPE and video data, which can be played back at the ARL:UT
facility, since the data are properly formatted by the DDRS to be com-
patible with the DRIE playback equipment. The Doppler analysis software,
called the ground signal processor (GSP), will produce digital SAR images
on a high resolution display from the filter outputs.

A. Functions of the DDRS

The principal function of the DDRS is to digitize the two channels
(called H and V) of raw video developed by the APQ-102 from the 70 MHz
IF. In addition, it provides a single record track of RPE data cor-
responding to the video data. Figure 4 illustrates the sources of the
data on which the DDRS operates, and the controls used by the operator
to obtain the desired outputs to the wideband tape recorder.

The timing of the system is critical; it is controlled by the radar
(APQ-102) timing. This comes from a 2.07065 MHz clock which controls a
coherent oscillator in the DDRS. The start of a rang? sweep is controlled
by the sensitivity time control trigger. The two video channels are
picked off from the optical recorder of the radar system.
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The universal programmable parameter stripper (UPPS) is a device
which permits digitally coded radar system parameters to be input to the
DDRS in a compatible format. Voice and time code data are also input for
recording on the wideband tape.

The cockpit-mounted control panel permits an operator to enter a
delay time from the start of the STC trigger to set the starting range
for the radar map--a value called ARmin‘ The sampling rate may also be
set by selecting the value of the sample interval. Finally, the operator
may select from 7-, 4-, 2-, or 1-bit data precision.

1. Digitizing

The DDRS digitizes analog video in video A/D board 6. Two
channels of video are digitized at a sample rate set by the operator (a
crew member) setting switches which select the sample interval (SI) and
the start of sampling (DRMIN), which is a selected delay from the STC
trigger. The latter is routed through the AGC/STC processor, which is a
Lockheed-built special device for the APQ-102 radar. See Fig. 6.

Besides the video, certain monitored environmental signals in
the DDRS, temperature and pressure and operating voltages, are digitized
externally in the auxiliary data board, located in the AGC/STC processor.
Analog signals are shipped out to the auxiliary data board, converted to
digital, and transferred back out to the DDRS, where they ara formatted
in the same manner as the UPPS data.

2. Recording

Figure 7, the DDRS block diagram, indicates those signals
recorded on the wideband MINCOM tape recorder. One track of the recorder
is used for the RPE data, made up from the UPPS output and the auxiliary
data coming from the auxiliary data board. These digital data are trans-
ferred through the auxiliary data bus. Eight tracks of the recorder are
used for the digitized video. A1l the digitized data are routed through

13
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Lockheed-built AGC/STC Processor

Clock
2.07065 Mz
28 V
STC Trigger
28V
dc Alt,
AGC
Manual Gain
Radar Mode
y )
Auxiliary
_ Clipper -+ Clock out to DDRS
Radar Mode Data -
to DDRS Board [~ STC Trigger to DORS
r }

+Digitized Data

Digital Control from DDRS

Analog Signals from DODRS
(Environment - Temperature, Voltage, Pressure)

FIGURE 6
AGC/STC PROCESSOR WITH AUXILIARY DATA BOARD
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Miller encoders and a parity bit generator. The LSB of the video tape
data is used for parity check (only in the 7-bit mode).

In addition to the outputs of the DDRS recorded in the MINCOM
recorder, the voice from the crew and ground stations and time code sig-
nals from the IRIG time code generator are frequency modulation coded,
and recorded on two more tracks of the MINCOM tape recorder. This is,
of course, independent of the DDRS.

B. Interfaces

The principal interfaces of the DDRS are with the radar system, to
obtain the video data, with the NERDAS outputs via the Lockheed-built
UPPS, with the auxiliary data board in the STC/AGC processor (built by
Lockheed), the cockpit-mounted control box, and the DRIE by way of the
wideband recorder. These will be described in turn.

1. Radar

Refer to Table I. The horizontal and vertical channel video
signals, pulse compressed bipolar (0.5 V) analog signals are supplied to
the DDRS from the optical recorder subsystem of the APQ-102. A test sig-
nal is generated as a reference on the video A/D board, variable from
zero to negative full scale for the analog input. This signal is fur-
nished on a connector for use in testing and adjusting the video inputs.

2. UPPS/NERDAS
_ Four address lines and a strobe signal are supplied from the
Lockheed-built universal programmable parameter stripper. In addition,

on a separate connector (J-101), 24 data lines are available from the
UPPS. These are differential, TTL signals.

16
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TABLE 1
LIST OF FRONT PANEL CONNECTOR SIGNALS FOR THE DDRS

J101:

MUXO - MUX23; differential signal inputs from the UPPS, TT..

J102:

ADD° - ADDs. and STRB; differential signal inputs from the UPPS, TTL.

J103:

REF; analo voltage reference output to patch into video inputs
for test, 0 to -1 Vdc, adjustable on Board 6.

TRIGRPE, TRIGVID: scope trigger output for the RPE and video
channels, respectively; TTL.

VIDNRZ° - VIDNRZ7; video data outputs, unencoded for scope viewing,
TTL.

RPENRZ; RPE data output, unencoded, TTL.

PARCHK; parity error pulse output, for connection to an event
counter, TTL.

RPETEST; input, when grounded puts the RPE subsystem into the test
mode.

AUX/UPPS; input, when RPETEST is grounded, determines either
auxiliary or UPPS data to be displayed, UPPS when grounded.

J104:

VIDMIL: differential outputs, Miller encoded video data, to
recorder, TTL.

J105:

Slo - SI3; +5 V inputs, binary coded sample interval control.

DRMINo - DRMIN7; +5 V inputs, 9's complement BCD delta RMIN control.
DP0 - DPy3 +5 V inputs, data precision control.

RPEINVAL, VIDINVAL, CNTINVAL, ORALT, CLKINVAL: TTL outputs, TRUE

(+2 v, 20 mA) indicates, respectively, poor RPE data, poor video
data, invalid control setting, video overrange, clock out of sync.

PWR ON; +2 V, 20 mA output whenever power is applied.

17




TABLE I (Cont'd)
LIST OF FRONT PANEL CONNECTOR SIGNALS FOR THE DDRS

NS§.7; - 5.7 V "false" voltage reference to control switches,
limited by 100 Q.

J106:

AUX ADD° - AUXADD3. AUXCLK, AUXST: differential outputs to the
auxiliary data board in the AGC/STC processor, TTL.

RADMODE: AUXDATA, AUXSTRB, STCTRIG, differential inputs from the
auxiliary data board, TTL.

N2, P5, N5.7, TEMP1, TEMP2, PRES; analog dc voltage outputs to
auxiliary data board, TTL.

P15, +15 V at 20 mA, resistor limited, from the auxiliary data board.

SYSCLK: 2.07065 MHz, TTL system clock signal input from the auxil-
iary data board.

J107:

+28 V with return at 4 A max, fused; 200 V, 400 Hz, 3-phase,
at 300 mA max

J108:

50 Q vertical polarization video input from the optical recorder.
Level is adjustable from 0.5 V pp to x1.0 V pp. The input is
dc coupled. )

J109:

50 9 horizontal polarization input, at the same level as J108.

18
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3. Auxiliary Data Board

Because of inadequate processing space in the DDRS, certain
analog signals are shipped out to the AGC/STC processor for conversion
to digital signals on the auxiliary data board. These are pressures,
temperatures, and voltages, which are monitored in the DDRS and recorded
on the wideband recorder. Clock stri.2 outputs and inputs control the
operation of the auxiliary data board. Other outputs from the AGC/STC
processor that involve the auxiliary data board are the STC trigger,
which initiates a digitizing cycle in the DDRS, a dc altitude signal
which is digitized and sent back to the DDRS for formatting, a signal
conditioned 2.07065 MHz clock pulse, and a digitized radar mode signal.

4., Controls

The cockpit-mounted contrcl panel permits an operator to send
control signals in digital form to the DDRS. The operator can select
the sample interval (SI), data precision or number of bits (DP), and the
start sampling range (DRMIN). Power ON and logic voltages are also
supplied. Signals sent to the control panel are invalid signals for the
clock, video, and RPE data, to inform the operator of a problem in the
DDSP. A control invalid (CNT INVAL) signal informs the operator that an
invalid set of switch settings has been selected. An over-range alert
(OR ALT) siénal alerts the operator to video signals which are exceeding
the range of the A/D converters.

5. Recorder
Eight tracks of formatted video (in FLAMR format) are sent to
the wideband tape recorder in Miller code, and one track, similarly for-

matted and coded, of RPE data. A clock output signal is furnished to the
same connector (J-104); however, it is not recorded.

19
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6. Power

The DDRS uses +5 V for TTL operations, and -5.75/-2.0 V for
MECL operations. These are supplied from two integral dc power supplies,
which are driven from the aircraft 28 Vdc bus. A cooling fan is driven
by 400 Hz ac power.

7. System Test

Video and RPE data encoded in NRZ format are supplied on
connector J-103 for other uses, such as checking the performance of the
DDRS in real time. A RPE test signal and a signal to select between UPPS
and the auxiliary data board are input to the DDRS. A RPE trigger and
parity check signal are supplied on the same connector, as is a video

trigger.

C. Performance Specifications

1. Controllable Parameters
Number of Range Samples Recorded:
7-bit data: 512 per polarization channel
4-bit data: 1024 per polarization channel
2-bit data: 2048 per polarization channel
1-bit data: 4096 per polarization channel

Allowable Slant-Range Sample Intervals: 40, 50, 60, 70, 80,
90, 100, 110, 120, 130, 140, 150 nsec

20
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Recorded Slant Range and Ground Range Swath Widths:

Slant Range Data Slant kange Mode 1 G-R  Mode 2 G-R
Sample Interval Precision swath Width Swath Swath
(nsec) (bits) (km) (nmi) {nmi)
40 (600 m) 7 30] 1066 m” 2.5 - 6-5 10 - 12-2
" 4 6.1 (3.31 nmi 2.5 - 9.2 10 - 14.3
" 2 12.3 (6.62 nmi 2.5 - 13.6 10 - 18.2
" 1 24.6 (13.2 mmi 2.5 - 21.2 10 - 25.4
80 (7.5 m) 7 3.8 (2.07 nmi 2.5 -17.3 10 - 12.7
" 4 7.6 §4.14 nmi 2.5 - 10.4 10 - 15.3
" 2 15.2 (8.28 nmi 2.5 - 15.6 10 - 20.0
" 1 30.4 (16.6 nmi) 2.5 - 24.9 10 - 29.0
60 (900 lﬂ) 7 4-6 2.48 Mig 205 - 709 10 - ‘3-3
" 4 9.2 (4.97 nmi 2.5 - 1.5 10 - 16.3
" 2 18.4 (9.94 nmi) 2.5 - 17.5 10 - 21.9
" ] 36.8 (19.9 nmi) 2.5 - 28.4 10 - 32.5
100 (15.0 m) 7 7.6 (4.4 mmi) 2.5 - 10.4 10 - 15.3
" 4 15.2 (8.28 nmi) 2.5 - 15.6 10 - 20.0
" 2 30.4 216.6 mi) 2.5 - 24.9 10 - 29.0
" 1 60.8 (33.2 nmi) 2.5 - 42.2 10 - 46.2
Available Delays from STC Trigger to Start of Sampling:
2-99 usec in 1 usec intervals
2. Video Characteristics (each polarization channel)
Video Input Impedance 75 0
Video 3 dB Bandwidth >20 MHz
Maximum Video Level (adjustable) 1.0V
Maximum Video Sampling Rate 25 MHz
Conversion Accuracy <30 mv
rms Sampling Jitter 1 nsec
Digital Code after Conversion 2's complement
Minimum IPP (worst case) 700 usec
Data Record Format to Tape Fig. 8
Tape Track Encoding Miller Code
Tape Track Assignment Table 11
21
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TABLE II
MINCOM RECORDER OPERATING PARAMETERS

Record Electronics Required: 11 Channels IRIG Wideband Direct Record

Record Speed: 120 ips

Tape Used: Scotch Type 888-1-9200-IRH, (1"x9200'}, Stock No. 84-9800-
3637-4, or equivalent

Tape Reels Used: 14 in. metal precision

Record Time: 920 sec (15.3 min)

Recorder Track Assignments:

Track Signal
1 IRIG Time Code
2 Open
3 Video Data Channel 6 (1.92 Mbs Miller Code)
4 Video Data Channel 4 "
5 Video Data Channel 2 "
6 Video Data Channel 0 "
7 RPE Data (1.92 Mbs Miller Code)
8- Open (FLAMR PPD Track)
9 Open (FLAMR FB Track)
10 Video Data Channel 1 (1.92 Mb; Miller Code)
n Video Data Channel 3 "
12 Video Data Channel 5 !
13 Video Data Channel 7 "
14 Voice Direct

23
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3. RPE Characteristics

Data Sampling Frequency 100 Hz
(established by NERDAS)

Data Types and Formats Table I1I

Data Record Format to Tape Fig. 9

4. Power Requirements

+28 Vdc at 4 A max
200 Vac, 400 Hz, 3 Phase at 0.4 A max

5. Physical Characteristics

Weight 25 1b
Dimensions 131/4 in. L x 8 1/2 in. W x 9 3/8 in.

D. Hardware Description

1. Mechanical Overview and Interconnection Scheme

The circuitry of the DDRS, other than the auxiliary data board,
is contained in a custom fabricated enclosure designed for mounting in
the RB-57 electronic pallet (Dwg. No. 1). On the back panel of this
enclosure are mounted all input and output cylindrical connectors (J-101-
J-109). Inside the enclosure are mounted two power supplies, a cooling
fan, and a card cage with eleven numbered card slots, six of which (slots
2, 4, 6, 8, 9, and 11) contain circuit boards and one of which (slot 1)
contains a cable connecting board.

Drawings No. 2 and 3 show the wiring scheme inside the enclosure.
The six circuit boards plug into the backplane connectors (J2, J4, J6,
J8, J9, J11) through the board-mounted plug connectors (PZ, P4, P6, P8,
P9, P11). The backplane connectors are wired to one another by wirewrap
connections according to the backplane wiring diagram, Dwg. No. 2. Also,
the circuit board plugged into 22 (in card cage slot 2) is connected to

24
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TABLE III
RPE DATA FORMAT

Data Bit Numbers

MSB JL LS8

// N\
23 20 16 12 Y 4 0
TIME 10xH 1xH 10xMIN I1xMIN | TOxSEC 1xSEC
DATE 10xYR 1xYR 10xMO 1xMO 10xDAY 1xDAY
LATITUDE SIGN 10xDEG 1xDEG | 1OxMIN 1xMIN . XMIN
LONGITUDE SIGN 100xDEG 10xDEG 1xDEG | VOxMIN 1XMIN
RADAR ALT xxxx | 10kxFT TkxFT | 100xFT 10xFT IxFT | BCD
HEADING XXXX XXXX 100xDEG | 10xDEG 1xDEG . 1xDEG
DRIFT XXXX XXXX SIGN 10xDEG 1xDEG | .1xDEG | BCD
ROLL SAME AS DRIFT
PITCH SAME AS DRIFT
GND SPD XXXX XX XX XXXX 100xkt 10xkt Txkt
VERT ACC XX XX XXXX SIGN 1xG .1xG .01xG BCD
e e B
IP '
Ipp XXXXXXXXXKXXXXXXXXXXXXX ~ |on Pn PP BIN
LSB = 482,94 nsec

FNg FNg

FRAME NO. XXXXXXXXXXXXX
incremented every 80 msec

25
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TABLE III (Cont'd)
RPE DATA FORMAT

14. STATUS WORD
SWy: VIDVAL (1=video data valid)
SWy:  RPEVAL (1=RPE data valid)
SWp:  CLKVAL (1=clock in sync)
SWy SW:  OR -OR, (count of video overranges in 100 msec)

LSB=8 for 7-bit precision .ata
LSB=16 for 4-bit precision data

LSB=32 for data precision=2-bit
LSB=64 for data precision=1-bit

SHB sw],: PARERRO - PARERR3 (count of buffer memory parity errors
in 10 msec - active only in 7-bit data
precision mode)

LSB=1 error
Slwl]2 suzs: undetermined

-

15. MODE WORD
MDo - MD7: undetermined

M08 - MD]S: DRMINo - DRMIN7 - coded into 2 digits of 9's comple-
ment of BCD

(delta RMIN)

LSB=965.880 nsec

LSB=10.0613 nsec (inverted binary)
MDyy = MDyy: DP, - DPy (data precision)

DP DP] Data Precision

(]
0 0 1-bit
0 1 2-bit
1 0 4-bit
1 1 7-bit

. 0=Mode 1
MDyy: RADMODE (Radar Mode: Jooct })

MD,4: CNTLVAL (1=Mode Control Settings Valid)

NOTE: FOR NERDAS DATA, THE SIGN CODE IS: +: 1110
- 1100

— - 5

) - = TRen, T py o RTEEEREE =T
- - = g s i SN -



TABLE III (Cont'd)
RPE DATA FORMAT

DATA FORMAT
23

1

RPE ADDRESS 201 - 220 (AUXILIARY DATA)

1
M
XXXXXXXXXXXXXXXXXX | S
B8

DATA

0
L
—35
B

4095.

AUXILIARY DATA

.

O 0 N O O W N - O
e & & 2 e« @ e e e

— ot emd  d —d -
N P wWw N - O
. . . . L] [

UNDEFINED
TEMP1

TEMP2

TEMP3 (not connected)
TEMP4

-5.7 V DDRS
+5 V DDRS
-2 V DDRS
+5 V AUX
-15 vV AUX
REF (+10 V)
dc ALT
AGC/MAN
GAIN

+15 V AUX
PRESSURE

27

Binary bits 0-11 define a whole number integer (N) between 0 and
To translate N into its corresponding voltage for each
parameter, use the following equations:

EQUATION

Voltage

= (2.443 x 107N

TEMP, °C = (0.0304) (N-1309)

Vol tage
Vol tage
Voltage
Vol tage
Voltage
Voltage
Voltage
Voltage
Voltage
Voltage
PSIA

= -(2.397 x 1073)N
(2.443 x 1073\

- (2.397 x 1073)N
(2.443 x 10°3)N

= -(4.986 x 1073)N
(4.888 x 10°3)N
(2.443 x 10°3)N
(7.473 x 10°3)N
(2.443 x 1073)N
(4.893 x 1073)N
((4.618 x 1073)N] -3.75

[




START OF
NEXT RECORD

- DATA RECORD 44 BITS, i.e., 22.88 usec >

oy < - f ) -
F%w B

o= SYNC WORD ~———— (AS REQUIRED)
ADDRESS
000111011071 |(gPR28 DATA (24 BITS)| P [1111{ 000 ;
t 1 SSPARITY o
ADS8...AD2 |
MSB  LSB ‘

ADA

@ TAPE MOTION

FIGURE 9
MAGNETIC TAPE FORMAT - RPE DATA RECORD

AE-80-99
28



A " Wil
Sh» ® 4y p .
i S By g - A T U A
T 7r\ -T ] L S —_— j\— fy" |
8 o 4% : i
o
. ] : I
2 w- , ]
: 3.2 »
< 9% _
G 8 3":, -
< >
s é' i
— 1" ——ul
4o b g
FRONT x -
"o, ORIGIN
2t AL Pagg 1
g % OF POOR QUAG E Is
e RBoARD
s5° ¢ 7"
1"-- ¥
POLDOUT PRAME Q
1
] L Y ) ? k1’ —of
R i DU
— , g h i A T I +  + B
A s 57 /3 o ne”_
Were . weviow
]Au!:""t k. thle | ) " a7 | wenan uv_|:
Belte ¢ FeTe g e Pl Ly SIDE THICK MESS  2/g —
1 '_:
PP - . e e Yy - —ere R -: — ll‘d




SN :
=" '\F
Pe . 4 [ * ” 1 "‘.
r:—‘\_!\. '—11_—*_' —_——— . —— ——
— F\“ fy.
Powee sSuPLY
FAN jés " bl
| N < 3%
; A Y _ .
: U T
I T PeWER  <uPpLY
3.5t — .
1%
— 7 I ) e
8 3":’ - " J =‘ 3‘ . ‘. [
- T ¢ 17
N r (] .
‘ L | N O I
L ‘ __-"_ +. I.h - -?’
'+ ¥ ESEs e 3% LA BAck PMEL
B S __jD ( !
SUPRET PLATE FeR .
l PR BMILIES 3
} I e
It
~
BOARD l: P le ¥ ;
o $%
I
i ¥o,
| PRA, ? |
. ’ e
. rp
e A
el —f o & "
R L 3K .
__J[ + + i i + i + . A
—_— ):.‘:___ /3 4 ;f' "-0' 2.0 >‘1
] ,
e T N R e S FucL VIEW @ s
ug% L/e” T SRCmaL ¢ RIGHT Dsgtées- - THE UMVERKTY OF TERAS ¢ EYIS
:::::u . AnsvLans ) saTEMAL NACY- /gpl-’,‘l D DM} MO. ;

ot




o AGC /5Tc_ PROCESSOR Bok

ColnE c?EE__a:m,,, i

To UPPS ADRESS

—

S
— T / s ‘e’ P N , C‘.onnsa.‘bt_ T/02
Vibdeo viveo I L] foow e man vekre
:n|-« T8 3 N J1
e
i 103 Cﬁ
vT] . RV cAD |
) n
cCLoCc Kk § - 3
: 4 b - - ‘-‘
| GENERATOR, fE = S 3
i Boarh) i : EE 5“:': E‘E -
-2 ol Vrr B - e ——— ToRE
¥ |efede Yeo .
Yy -2 ¥:= :
. i <1 N
o " jom %}GND !
| L : -
1 | 3
H : sTemac i
i i LK EKEW 4 7
i : Hl.
t . { 2.0 :}
by N & ::4
|{ : " Rw 3 o “"4{?5.;3
! i 3 3] - e
(! H Gsc =k T -
o {:.s INTERFACE o
I BOARD 2. ‘
il | Pl N H i
I 1 o~ o
I |
b1 :’LL '_J ——
{ ’ . %_’-I&IT b
| L5 | =
L R Y H .
: T3 i .
v -3 "n ‘ '
; V) o5 THwe x {
i Vg -S40k v ! IL
N 5 i
Rl (4. X3 P
. B i {1l b ]
i VIDEO MEMORY L) T A !
. BOARD 4 g = o R
! "D Gk ) ¥ Mo Que 7 |
LI~ | M T —
A % " -
-3 Vry VIOWT W . : VIeDaT, *
‘. _s Vie El’," S‘ VIbp* :
a S s .-l
b Mt M O im
@ { hl o ih e A 1 T
MR AR o, L -
. MeD ceklasle o P
’ cas ""“}—lrvw-—.-nr'm—— - o
S PR 3 T 0 IAS e ji‘l—
1 = ! T B ‘{l‘ﬁ e
[:g"_“” A‘ moan pe Wy e ——
DRMIN ‘sx AT Tume
. ) e e -
FOLIX)UT m P CockFIT CenmThot PAMEL
C ONRECTOR, TJrsg
T FILMED
BLANK NO v
PRECEDING PAGE T
K1
B LULFER




NTERFACE
OAKD 2L

To LPPS NDBE <5

CoNNFCBR J/0L

-

J1

L. Artihi s

75

UPPS DATA ConnEcToR Tlo)
I ,._/\_-_u..._-———»-—-—\”.

Jro

S

oy l i o < 5 :L TB
g :g*‘v Vl
o ol b can.
“ RPE FORMATTING ik mew ! WaLD o, 4
. BOARD 8
: In
cigf ORALY
> r__.._(u (IO NV
L1 91 SE— ’_# %‘ :: \
'——‘)\ 5 = forrs, 5
= &*‘ - SYSTEM
‘ { 5 TesT
' : [ 3 UV IR CoNNECRR.
i
! UL; . as J /03
| —fF" ¥
f i MLl RPR N =
1_—' i I, 'V )
=
A i VIDEO FORMATTING
‘ BOARD 11
7 |v : i
3] it
o
VIDDAT, [ 13
wl,
o : " g \'iv A
L) Nw_ jo»

o~ o,

MED CLK .&i N
1 o

n .T %o T‘ ._t '__JV\. _:“—— LA R, ol
[ j ~
v VY .
n :- i L “l““‘ ]31 N Tio FUuDQJT m
r":i vl L AT W ta ey Nl M
” ob N N MY T L_—M——__”_; :“‘. e
i,._, -~ L NI VIDEG ~ j
To e FIT ConThue FAMEL 7o TAPE RECORDER
CONNECTOR, Jwosgs C ONMECToR 3_’04
Lev -:::-uu > lu"' — A:&-nﬂ semticaiismurms ] NORS SYSTEM PACKk ASSEMpLY | APPLIED RESEARCH
- pr—————————
A arE eEEEET= SToNa, L DIRCAAR e e
L lFEB (7] ol N COALOL . re
C g it [ T e Draung A,
_— e e 13 43 i NALT 15017 ¢ D &l 2
31
— o i
. o N . . ‘ N . .

‘i
;
3

L




Jio

+* ‘t)o
PRy
+ e
-ity?
s
<8
[
(31
{eaa
e
ca0
)

Day WI
Davio

|

dhilslilils

w

IR NEAENEEEEAEEE

TO
UPPS |

[ 11

|4

RHHEEER

f

B
nw
"
[ ]
A»
[T}
| ]
3]

[ TS
B
Bt
81
!
B
Bn
(.3

[ 4]

87

8.
8¢
[ 4]

Ry

v
t

UErMrRZIRVAp<cnZzmswpPhpppprbrBrbphwrrcErkprE

alilililtih

H

!

O NL
81 Do Lo

CON’\\ECTORl
T 101 |

Butndy (2¢- 61
20 Ga 6! PLN
MaL &

PaeT & LAMTYOE LI PNA

CAsweomw Mgt @ 3
PYAOR 2N 8Lt PNC

14 1 4 L & 140 401 40 40 414 1041490 001 44 4

LW

oIl
Poomoen

ORIGINAL

P S
OF POOR AGE [

QUALITY |

PS1: ASN-MSS/AV-cs/sV-CA
Araold MAJM"".

PS9. SHU-3/YV
Arrald M.Juﬁu

29y Fuse

@ sA

at voC tav@ yA
28 Y Do Rivegn

Brewet [ooyuc|#t-
Fau Seco ne)P
3 pusct (3.

oND J:—

@Co>» mMm

PRECEDING

PAGE BLANK NOT FilMED

Il F—
W |ond
| we [l A1 e
SNL | Mt U [Rex Jio
1" [N 3
T ‘,,i
s,
| 10 7w [0V
<A | L 4
~lan [ ]
71 T\IGRW.EB— . & REURR :
r — ‘mm\;m NS s e L e
‘ 7 I 1 Y T ] N
P ci o) y TEST! Mot I 1
p ~————qy MIL . [N
£ c::IJC ‘| To | VB " M ' e 0
=< dz L o|Masi.
el ) S [0
~|cas [N < ] T B &
’CNI * U PP"’ I oMl — s 1 - m,__,u r
' ~|Co 4N RPE NI . —— L o | AL de
o oen] K Im P, CHE | Av Je 9 ol XX Iy
-joay & Aux /URS| Ay (o] M
ool {0 ' RRC 1Y A < e -[sm[T0C 1%
L1 Al N L ! L
CONNECTOR | CONNECToR:\ CONNECTON
T o2 Jie3 gl
RURNDY (22 -5%) BuenDy (re-20) BURNDY (r¢-2
oncEA §€ P 20 AR, 26 Fin 20 GA , 26 P2
MAL MALE FEMALE.
Famr 4 LaL Toews Paa FMT % LI Tot 20 PNA ATt LILToE 2
(C-l~~5~ mre 3 C Nermac Moty azatsn) (W Potapstar
PYAoR LB 68 PNC CAnmtor Ppat ¥ \ CANNON T
WAORIL B LLSNC YA ORI, B 26 SWA
3 ’;'r v (V1) © SAnx T T EA o o -

PS1 P Powe ¢ ] veer Co
o M s v (YO 9Amer | 0RED ey Ve 8;
Awe VI -av (v 6 YA Cace d -

PSQ
o v

POWER COMNZCTDR, M W o
We——/ Rurady C/6- &)Y wimay || c

GA /6, FIn 8

MALE —

PRT ¢ LIt TOERFNA Loy -.:::-uu

~ain PAgT U
‘p:. ok 1. s‘e (v }-‘I rm& s
) 1 ujvgﬁ

E000UT FRAML ’




] :
I ! $Y CLK [catly & | conx
| | S
I NZ |sa
i Pc 3|
NS |AD
- ' - l T2 Apig————ig |Coax
- (2@ z
‘\"‘ b | 3 e R":" a0 [0 ]x
U |Rres Jie 1 A o w To
i i ST ‘ =N
~L-K.A-ﬂ ' ) :‘ ' M MAGC/QTQ
DI 21 v *+ v
(". M of To | smmellwc]y| ProcEssoR
- AR o Lo
it o I S| CoxPrT A el 1T
[»] i
& ola8 | R M (] 3
s ; ol e | Tape r CONT&oLI Ar L[] »
3 . +|An N gLy N
v cr mof me[ 0 Jm | REQGIDER » {; mIPANEL T M sT ] [0
b e —4 MIL A" [ l * [N
—%| TEST] S [0k e e s | e L 0] R
B 3 -
x s [0 D L y 3 s [0
T o|aas G j NS & AUk | -irs *
H ! N - r el r | awp { e [0CTF
° 0] PwRon |8 3 “|ne 13
(E} : :‘Dr— (D_ wuu::r .51 [+ L] ID
{1} [ -~ [
“ e -[m[0C ~: | oo B I ey YT NI ¢ S Y
! — A 4 A
A | R X 12 I e L
Nnacn,kl CONNECTOR | com«ec‘rok—x CONNECTOR A
| Jlod J 1S T 106
DY Crt-20) BURNDY (re-ae) BURNDY (¢~ 2¢) BukndY (22-95)
a, 26 for 20 GA , A6 PIN 20 GA |, 26 pen 20 GA | 26 PIN, ( Coax pims
LE FEMALE FEMNALE FEMALE.
LibToE 3L PNA FAT S LILTCE 2L Swa PART % LILTOE 2LSNA PALT ® L2 TOoESS SNA  CCoax )
vac boliizarg,) (W PoiansvaTion) (N Pecagt®aTIond AnPuesser Prar®
CRrmrsr bagr ¥ \ CAMNON TS \ cannon  Papre \ u‘-u&n - lll-ru\
criL BLLSNG (rvnolm 826 Swe Prack b R26 SYC ay
ek NOTE 2 DORS  CevnecToRS
- vert Crl;:u""l TYHE — MTLITUREL CIpcwiAR CowmEcTolhs
%o —-——g- : vIdko ANy SHELL STWLE —  Chames) QAL §LANOR
CLPLING — THRAR Leet BAYORET
CALASY ¢ TERMTIAATT o ~ %apbv("IVL FINTSA w. il EavitovsgaT
& ~Y ol O
e Cemmterer . %I TA RACANMET  WITRE  tHAL
Mef o byl T4 PIne — CRIMP TvPa
h(»——éT - v ey
b‘ v . sate | umiy e acene S (3 naded
] s TR =] DDRS S9sTEm i
_g% Fack thre . CaLtY O TRMM 41 METE
rd T : R B :::,-,‘:“. Ty CONPNECTOC RS, vy “
pe "Q s e - AMNSMAARS e ———————— N k
- 4 I:‘:T::_" ‘i‘" .o ases -'msq,/:al-’-‘/ D D’MM} 0 3
33
~ .
DT g £




et et S R . Sobmr T v

J3 in the backplane through the five ribbon cables (CAB 1 - CAB 5) and the
plug connector (P3) which are mounted on the cable board (in slot 3).

Intercunnections between the card cage and the enclosure back
panel are made by ribbon cables (for digital signals) and by coaxfal
cable (for analog signals) as specified in Dwg. No. 3. Digital signals
leave the card cage backplane from connectors J1 and J10, which are
mounted in slots 1 and 10. Unlike the other backplane connectors, Ji
and J10 have no circuit boards plugged into them, but serve merely to
connect the ribbon cables from the cylindrical I/0 connectors on the
enclosure to the backplane wiring on the card cage.

2. Circuitry Description and Theory of Operation

a. Overview

The DDRS circuitry is partitioned into seven circuit boards,
six of which are contained inside the main enclosure and one of which is
in the AGC/STC processor unit. An effort was made to assign each circuit
board a unique function, rather than randomly distribute the required
system components among an arbitrary number of boards. Furthermore, the
circuitry is composed of a very high speed section employing emitter
coupled Yogic (ECL) and a medium speed section of transistor-transistor
logic (TTL); each having very different requirements in terms of supply
voltages and circuit layout. Finally, there simply was not enough room
in the space allotted for the DDRS in the equipment pallet to fit in all
the required circuitry and power supplies. So a seventh board (the auxil-
iary data board), containing all the components requiring +15 V supplies,
was fabricated to go in the AGC/STC processor unit, where +15 V was already
available.

The seven circuit boards perform the following functions:

Clock Generator Board (4-layer printed circuit - slot 9): Generates
“clock" pulses which cause the radar video signals to be sampled

35 ' e YV . i ' ’:.
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and digitized at a programmable frequensy and with a programmable
delay with respect to the STC trigger.

Phase locks the sample pulses to the 2.07065 MHz radar timing clock.
Provides detection of an out-of-lock condition in the phase lock loop.
Contains temperature and pressure sensors.

Video A/D board (4-layer printed circuit - slot 6): Converts the

instantaneous horizontal and vertical video voltages into two digital

data words, upon receipt of a sample pulse from the clock generator
board.

Truncates the data words to a programmable number of bits (1, 2, 4,
or 7) and steers the ~ctuined bits into the video memory to allow
for packing of data words less than 8 bits long into 8-bit wide
storage.

Adds an even parity bit to 7-bit data words.

Tests for overrange (clipping) of the video signals at the s*moling
times.

Provides a reference dc output to the test connector for testing
purposes.

Video memory board (4-layer printed circuit - slot 4): Stores the video
data words at the high sampling rates and reads them back o * at the
lower recording range.

Packs 4-, 2-, and 1-bit data into 8-bit words.

Multiplexes horizontal and vertical data words onto eight lines as
they are read out of the memory.
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Video formatting board (wirewrap - slot 11): Demultiplexes and formats
the horizontal and vertical video data words from the video memory
into eight channels of FLAMR-formatted serial data.

Miller-encodes the eight video channels :nd outputs them through
differential lire drivers to the wideband tape recorder.

) ) Sets the 1.92 MHz recording clock rate.

Tests for activity on the video and RPE outputs to the tape recorder
and alerts the operator in the case of an inoperative channel.

Radar parameters and environment (RPE) formatting board (wirewrap - siot 8):
Commutates and formats data words from the UPPS, the auxiliary data
board, and the cockpit control panel switches, as well as data words
generated on the RPE formatting board, into a single FLAMR-formatted
serial data stream,

Measures the interpulse period (IPP).
Generates frame numbers.

Tests the phaselock of the clcck generator board and alerts the
operator of loss of lock.

Counts the video memory parity errors.

Miller-encodes the RPE output data stream.

Interrace board {wirewrap - slot 2): Converts ECL-level logic siqnals to
TTL-1evel, and vice versa.

Rec:ives differential TTL signals and 5 V signals and converts them
to single ended TTL.

37
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Checks the cockpit control switch settings against a programmed set
of valid settings and alerts the pilot if his settings are invalid.

Checks the parity of the video data as they are read out of the
video memory.

Counts the number of A/D samoles that were clipped.

Auxiliary data conversion board (wirewrap - inside the AGC/STC processor
unit): Converts 16 channels of auxiliary analog information (tempera-
tures, pressure, voltages, radar parameter signals; into 12-bit digi-
tal words.

Outputs the 12-bit words to the RPE formatiing board to be formatted
into the RPE data tape track.

Measures the temperature inside the AGC/STC processor unit.

Buffers the STC trigger and radar mode output signals from the
AGC/STC processor unit to the NURS.

b. Detailed Board-by-Board Description

(1) Clock Generator Board (Dwg. No. 4)

The primary input to the clock generator board is the
SYSCLK clock signal at 2.07065 MHz. This signal is clipped at +5 V and
ground, and then converted to ECL levels by U24. ECL logic -ignals are
¢escribed in Appendix D, Section 1.

The primary output of the circuit is the gated sample
clock, the three identical copies of which are called GSCOR, GSCAD, and
GSCMEM. Since this clock must be phase coherent with SYSCLK but at a much
higher frequency, a coherent oscillator at 99.3912 MHz is employed which
is phase locked to the 2.07065 MHz SYSCLK. U12 is an ECL oscillator; its
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frequency is established by the resonance frequency of L1 in parallel

with C7 and the reverse junction capacitance of varactor diode D4. The
output of U12 is a phase coherent 99.3912 MHz timing signal used to syn-
thesize the sampling frequency. It is divided by 48 in U8 and U13 to pro-
duce a 2.07065 MHz square wave coherent in phase and frequency to SYSCLK,

Phase comparator U23 compares the phase of the SYSCLK signal to that of the
synthesized 2.07065 MHz square wave; any phase difference results in correc-
tion pulses at pins 3 and 11 of U23. These pulses either sink or source
current through Schottky diode bridge D1 to the integrating circuit built
around the high speed operational amplifier U22. The integrated correction
pulses at the output of U22 are connected to the cathode of the varactor D4
in order to correct the output frequency by changing the capacitance of D4.
This cioses the loop and ensures phase coherence.

The phase lock loop natural frequency and damping
factor are set by R1, R2, R3, and C3. Loop stability is improved by C}
and C4. (8, C9, and C10 frequency compensate the operational amplifier.
R6 injects a small dc current into the integrator, which results in a
small constant phase offset in the VCO output. It was found when inte-
grating the DDRS with the noisy radar equipment in the pallet that exter-
nal noise rejection was improved by this phase offset.

The sampling frequency is synthesized by the circuit
composed of U2, U3, and U4. The output of U2 at pin 15 is a series of
20 nsec pulses, which is gated (by a wire OR connection) with U14, pin 15.
The repetition frequency of these pulses is determined by the programmable
counter U4, which divides the 99.3912 MHz coherent clock frequency by any
integer from 4-15. The actual divisor integer is set by the logic levels
on the programming inputs of the counter; these levels are in turn set by
the position of the cockpit "sample interval" switch., The resulting sam-
pling intervals available range from approximately 40 nsec (divide by 4,
actually 40.2 nsec) through 150 nsec (divide by 15, actually 150.9 nsec)
in 10 n sec intervals.

The circuit composed of U3, U9, U10, U4, U19, and
U20 gates the output of the sampling frequency synthesizer. This circuit
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is triggered out of its quiescent state by the STC trigger pulse (STCTRIG),
which sets the left side of dual flip-flop U14. This enables the decimal
counters UT0 and U20 to begin counting up from their pre-set values, which
are set by the cockpit DRMIN control switches. The clock input to these
counters is the phase locked 2.07065 MHz clock, and their enable input is
a 1.035325 MHz signal from U9, pin 3; therefore, the counters increment
once every microsecond (actually once every 0.966 usec). The pre-set values
from the DRMIN cockpit control switches determine the number of counts

(1 usec per count) that the counters must increment before gating "on"

the sampling interval generator. After the progranmed DRMIN delay has
passed since the STC trigger, pin 15 of U9 and pin 15 of U14 have gone
false and the sampling clock pulses from pin 15 of U2 are gated through
U17 to the video A/D board.

Once the sampling pulses are gated on, they continue
until the buffer memory has been filled with one IPP's worth of digitized
data. At this time, the video memory board sets the memory read/write
(MR/W) line high. This signal sets the right half of flip-flop U14 on
the clock generator board, which in turn gates off the sampling clock.

At this time, the DRMIN delay circuit has returned to its quiescent state,
and awaits the return of MR/W to a low state and the occurrence of the
next STC trigger. The net effect of the circuit is to deliver sample
pulses to the A/D board in each IPP from the time the DRMIN delay times
out after the STC trigger, until the buffer memory is full.

A detailed timing diagram of the sampling interval
generator and DRMIN delay generator circuits is found in Figs. 10 and 11
which fully des:ribe the operation of these circuits.

Included on the clock generator board are a pressure
transducer and one of the three temperature transducers (TEMP 1) included
in the DDRS. The transducer output is connected to the auxiliary data
conversion board in the AGC/STC processor unit.
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(2) video A/D Board (Dwg. No. 5) |

The primary inputs to the video A/D board are the two
video channels and the three (identical) sampling clocks. The outputs
are two channels of quantized video data, a memory write signal, and an
overrange count signal.

The heart of the A/D board is the TRW 1007 8-bit,
33 MHz A/D converter integrated circuit (U25 and U26). The limits on
the input voltage the chip can quantize are the potential at pin 11 (V RT)
on the positive end and the potential at pin 22 (V RB) on the negative
end. This voltage range is divided into 256 discrete subranges, to which
the chip assigns consecutive 8-bit digital numbers. The most positive
voltage (V RT) must be set to ground potential; the most negative voltage
(V R8) may be set to between -1 V and -2 V. The A/D conversion is triggered
by a TTL level pulse at pin 30 (CONVERT). The output words are TTL level,
and one of four different digital encoding schemes may be selected by
appropriate TTL levels on pins 36 (NL/NV) and 41 (NM/NV).

The horizontal and vertical video inputs to the video
A/D board are bipolar signals of approximately 1 V pp, i.e., +0.5 V.
Video amplifiers U19 and U20 invert the video signals (voltage gain = -1)
and offset them by an adjustable voltage (currently set at -0.5 V), The
outputs of the video amplifiers have a voltage range of 0 to -1 V with a
+5 V input and feed into the analog inputs of the “wo TRW 1007 chips (one
chip for horizontal video and one for vertical). The negative full-scale
voltage level at pins 22 of the chips is set by the gain adjustment poten-
tiometer R1, which in conjunction with 2.5 V reference source U21 and
voltage inverter U22A, effectively sets the A/D gain of the DDRS. If the
Qideo signals turn out to actually be, e.g., 2 V pp, R1 may be adjusted to
set negative full scale at -2 V (as measured at the A/D chip, not at the
video input; full scale at the input would in this case be #+1 V). The
bias (offset) of the video amplifier outputs is adjusted by R2, which
varies the voltage at the noninverting inputs of the amplifiers from 0 to
one-half the reference voltage. It is normally set at one-fourth the
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reference voltage; as a result, a grounded video input translates into a
one-half full scale voltage at the analog input of the TRW chip. This
results in a digital “"zero" on the TRW output. In case of an unwanted
dc offset in the video signals, this potentiometer may be adjusted to
compensate. Since the bias voltage tracks the reference voltage, adjust-
ment of the gain control will not alter the effective bias setting.

Overrange voltage comparator IC's U23 and U24 produce
a positive ECL level when the video inputs to the TRW chips exceed the
positive or negative full scale levels. These levels are latched by the
sampling clock (GSCOR) inside the comparators and are gated with the
sampling clock (GSCMEM) to create a sample signal of one pulse per over-
range (ORCNT).

A clock delay 1ine, U17, is included to allow timing
adjustments of the samplinc clock. Provision is made for two jumper
selectable delays: one allows the memory write clock (MWRTCLK) to be
delayed in order to compensate for propagation delay from the rising edge
of the sample clock to the presentation of data to the memory board; the
other allows the sample clock to U25 to be delayed with respect to the
sanple clock to U26, to compensate for different propagation delays through
the two TRW chips. The setting of these timing adjustments will be dis-
cussed in Sec. IV,

A1l logic signals to the TRW A/D chips are TTL ievel.
Us, U6, U7, U8, and U8 perform ECL to TTL and TTL to ECL conversions.
Separate ground planes are maintained on the board; the analog ground
plane is ground for all analog components, while the digital ground plane
is ground for all digital components. The two grounds are connected on
the backplane where the video A/D board plugs in.

The output code selected by the NMINV and NLINV lines
on the TRW chips is positive-true 2's complement:

bl Caps = o
N 'l'"_"f.oﬁl v ~ .
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DORS VIDEO INPUT A/D CHIP DIGITAL CODE
NSB  LSB

+ full-scale: ommmm

+ one-step: 60000001

zero: 00000000

- one-step: munm

- full-scale: 10000000

The least significant bit (LSB) of this code is dropped by U12 and U15
and replaced by an even parity bit.

According to the data precision selected, each data
word from the A/D's and parity generators is truncated and has its indi-
vidual bits steered to the proper buffer memory chip by multiplexers U2,
U3, u4, UI1, and U9, U0, UT1, U4, The following data patterns are out-
put to the video memory board on lines DvO'Dv7 (and DHO-DH7):

Data Precision Dv7 Ove Dys Dya Dy3 sz Dy Dvo
7 bit 0, D, D3 Dy Dg Dg D, P
4 bit 6, D, D3 D, Dy D, Dy D,
2 bit 0, 0, 0, D, D, D, D, D,
1 bit D] D] D] D] D] D] D.l D]

Notes: D](MSB)-D7 refer to outputs from the TRW A/D chip.
P is the parity bit.

As shown above, only 7-hit data words contain a parity bit.

(3) Video Memory Board (Owg. No. 6)

The data patterns from the video A/D board are
temnorarily stored in 1024 by 1-bLit random access memory (RAM) IC's on
the video memory board. Separate write clock and read clock inputs are
provided on the board so that the data in the memories may be read out
at a slower rate than "2y are written in. The board produces a key
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control signal, MR/W, which sets the DDRS in either the acquire-data
state or the record-data state.

When DRMIN times out after the STC trigger, the clock
generator board begins sending sampling pulses to the A/D board. These
pulses are delayed on the A/D board (to allow the digitized video samples
to propagate through the A/D board) and sent to the video memory board as
a memory write clock (MWRTCLK). The pulses are 20 nsec wide and positive
going. The rising edge of each pulse is used to clock the address counter
composed of U30, U31, and U34; thz falling edge triggers the write-enable
one-shot composed of U36 and U37. The address counter increments from 0
to 511 and drives the address lines of the RAM; note that only the first
512 (out of 1024 total) locations in the RAM chips are used. The write-
anable one-shot generates a negative going pulse to the write-enable input
of each RAM chip when triggered. The width of this pulse is set by
tapped delay line U36 and can be set to 12, 14, 16, or 18 nsec. The
20 nsec between the rising and falling edges of the write clock pulse
allows the address lines to the RAM chips to settle at least 5 nsec before
the write-enable pulse arrives, as specified by the RAM data sheet
(Fairchild 10415A).

Each RAM chip has an enable input which must be
brought Tow for data to ba written or read. This input is used to con-
trol the number of parallel data bits that are written for each A/D sam-
ple, which depends on the data precision requested. For 7-bit data plus
parity, eight parallel bits are required and all enable lines (fﬁ} - Eﬂb)
to each 8-bit wide memory bank are brought low. For 4-bit data, first
€ﬁ7 - Eﬁﬁ are brought low, then fﬁé - fﬂb are brought low, and then the
address lines are incremented for the next two 4-bit data words. Similarly,
for 1-bit data, each enable line is sequentially pulsed low, beginning
with fﬂ& and ending with Eﬁb, and after all eight enables have been pulsed,
the address lines increment for the next round of eight samples. Changes
on the enable lines are triggered by the rising edge of MWRTCLK, and all
enable lines are stable by the time the write-enable pulse occurs. The

chip-enable logic consists of U15, U16, U17, U22, U23, U24, and U25.
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Since the address lines must change after every video
sample in the 7-bit mode but only after every two, four, or eight samples
in the 4-, 2-, and 1-bit modes, respectively, the clock frequency tc the
address counter must be changed with changes in the data precision.
Multiplexer U29 selects the full frequency MWRTCLK or else divided-down
frequencies, depending on the state of the data precision (DPO, DP‘)
lines, and outputs the clock signal to the address counter. The data
precision lines are coded as follows:

DP0 DP] Data Precision

0 0 1 bit

1 0 2 bit

0 1 4 bit

] 1 7 bit with parity

After the address . unter has reached a count of 511,
the next rising edge of the clock signal resets the counter to zero and
toggles flip-flop U34 at pins 14 and 15. The state of this flip-flop
determines whether the memory is in the read or the write mode. U34,
pin 15, is the memory read write (MR/W) signal: true means read; false
means write. A transition from read to write sets the clock generator
board into a quiescent state, waiting for an STC trigger. A transition
from write to read starts the video formatting board to immediately begin
reading data from the memory.

When the memory is in the read mode, the data
precision signals (DP0 and DP]) are gated true (at U33, pins 5 and 6) so that
the memory reads out eight bits at a time. The memcry read clock (MRDCLK))
is gated on, and the write-enable one-shot (U37, pin 7) is gatad off
(true). The memory write clock (MWRTCLK) is gated off on the clock gen-
erator board. The net result is that the stored memory words are read
out by MRDCLK. During this time, the 8-bit output of each memory bank is
muitiplexed by Ul4 and U21 onto eight lines (VIDDATO-VIDDAT7) to the video
formatting board. The multiplexers are controlled by MRDCLK: when
MROCLK is low, the horizontal video memory data appear on the VIDDAT lines;
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when MRDCLK is high, the vertical video memory data appear. Figure 12
illustrates the memory read timing.

(4) Video Formatting Board (Dwg. No. 7)

The detailed timing and operation of the video
formatting board is fully described in Fig. 12. A general summary of
the board's functions will be given here.

The rising edge of MR/W, signifying that the buffer
memory is full and ready to be read, triggers the video formatting cir-
cuitry from its quiescent state. This rising edge is synchronous with
the sampling clock and, therefore, asynchronous with the 3.84 MHz timing
clock in the video formatting board. Flip-flop VD5 synchronizes the
rising edge of MR/W, loads the sync word into shift register UH5, and
starts it clocking out the seyuence multiplexers (UH4, UHS, UJ4, UJS) to
the Miller encoders at 1.92 MHz. Meanwhile, signal ADR clears the address
counters in the video memory board for two MRDCLK cycles. Then the

! parallel-to-serial converting shift registers {VD1, VD2, UEl, UE2, UF1,
UF2, UG1, UG2) begin loading data from the memory board. UD1 loads first;
its first data word is the first sample of the horizontal video. UG2
loads last; its first data word is the fourth sample of the vertical video.

The outputs of the parallel-to-serial converters are
differentially delayed by registers UH1, UH2, UH3, UJ1, uJ2, and UJ3.
This ensures that the serial data lines (DATAO-DATA7) are bit parallel,
i.e., the first bit of each data word emerges from the delay registers
at the same time. Note that the parallel-to-serial converters are loaded
such that the most significant bit (VIDDAT7) of a memory data word is
shifted out first.

After the sync word has passed through the sequence
multiplexers, the multiplexer control lines change state and gate the
FLAMR format control bit through the multiplexers. This bit is wired
true. One bit time later, the controls again change state and gate the
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data lines from the delay registers through to the Miller encoders. At
this time, the first bit of each of the first eight data words has
appeared at the delay register outputs. 128 words (1024 bits) of data
are clocked through the multiplexers at 1.92 Mbs and are counted by the
MUX control circuitry (UG3, UG4, UG5), after which the control Tines to
the multiplexers again change state. Now the outputs of the parity
accumulator flip-flops (UH7, UH8, UH9, UH10) are allowed through to the
Miller encoders for 1-bit time. After this 1-bit time, the sync word
shift register is again gated through the multiplexer; the output of this
register (UH6, pin 9) remains true until the sync word is loaded on the
next rising edge of MR/W. Thus, the interrecord gap on the wideband tape
contains a series of filler ones.

Included on the video formatting board is a data
validation circuit (UJ7, UJ8, UJ9, UJ10). This circuit tests for activity
on the video and RPE output data lines before Miller encoding. Retriggerable
one-shot UJ8 will normally remain constantly triggered. If, however,
there is no activity on either the video data lines for approximately
6.6 msec or on the RPE data lines for 81 msec, then the one-shot outputs
will go false, and the respective signals VIDINVAL or RPEINVAL to the
cockpit will go true. One-shot UJ9 is inciuded to catch short dropouts
from UJ8 and stretch them into 1 sec pulses to the cockpit.

(5) RPE ~ormatting Board (Dwg. No. 8)

Operation of the RPE formatting board is controlled
by the program counter (UF9, UF10) in conjunction with the control PROM
(UE10). The program counter counts from 0O to 31; accordingly, there are
32 possible RPE data sources. Currently, only 30 of these possible
sources are recorded; these are shown in line 9 in the timing diagram,
Fig. 13. Timing for the entire board is described in this figure.

The primary control signals to the board are FCMR and
PCCP (lines 2 and 3 of Fig. 13). PCMR, which is the (inverted) strobe
signal from the UPPS corresponding to time-of-day, resets the counter to
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zero, which initiates the RPE output cycle and accesses the first memory
location in the control PROM. The control PROM is programmed as shown

in Table IV. Bits 2, 3, and 4 of the PROM output determine the source of
the data on the RPE data bus. For the first eleven locations, these bits
are all zeroes which, when decoded by UGB, select the UPPS data bus driver
(uo3, uD4, UD5, UD6, UD?, UD8). Thus, the first eleven RPE records after
a PCMR pulse contain NERDAS data.

Bit 0 of the control PROM output selects either the
UPPS strobe or a DDRS internal 15 kHz clock as source of the program
counter clock, PCCP. The first eleven PCCP pulses are from the UPPS
strobe. While the rising edge of PCCP increments the program counter,
the falling edge initiates the output of an RPE data record by enabling
the output shift register (UE3, UE4, UES, UE6, UE7, UEB) to begin shifting
the record out. The PCCP rising edge also resets both halves of flip-
flop UG9, which commands the output multiplexer (UE9) to gate the data
record through to the Miller encoder (UJ9, UJ10, UH11). After 43 bits
(11 bits sync, 8 bits address, 24 bits cdata) have been shifted out of
the output shift register, pin 12 of counter UH9 goes false, which causes
the record parity bit (even parity) to be gated through the output multi-
plexer for 1-bit time. At this time, flip-flop USG9 is set, which gates a
high level through the multiplexer (interrecord filler one's) until the
next rising edge of PCCP,

The contents of each data record are latched into the
parallel inputs of the output shift register on the rising edge of PCCP.
The first eleven bits are hard-wired as the sync code 00011101101. The
next eight bits are the output of the address PROM (UF8). This PROM is
programmed as shown in Table IV. The addresses are chosen according to
the following criteria:

(a) Parameters most useful during playback and CCT
conversion are given the addresses of data which are displayed on the
DRIE (at ARL:UT). These parameters are:
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TABLE 1V
RPE CONTROL PROM AND ADDRESS PROM SIT PATTERRS

CONTROL PROM OUTPUTS (UE10)

RPE ADDRESS PRON OUTPUTS (UF8)
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ol00 M 1 N7 o«
o M1 137 SF
ofle M 1187 6F
om M 1 ¥
000 11 1 217 8F
000 M 1 23 9F
1000 M 1 287 AF
oM v 27 oF
Mo M 1 N7 CF
ney M1 1 3w or
me Mm 1 387 £F
QUL L FF
-
=2 8% %
d b—d
8 =5 o«
- :g
i ogd it
w Nz
«
o]
v

ol o
0 M o n
10 000 000 200
10 00 o 22
00 on oo 132
o0 M s
0 M o0 170
o o0 10 28
0 o 00 130
o o0 M 2
o0 M o 72
0 00 o1 123
00 010 000 020
o m m W
o0 000 001 101
o 000 o0 102
o o0 oON 103
10000 001 200
10 000 010 202
10 o000 o1 203
10 o000 oo 204
10 000 101 20
10 000 110 206
0 000 M 207
10 001 000 20
10 001 001 am
0 001 o0 212
10 o0t o 3
10 001 100 204
10 000 100 25
10 001 Mo 216
10 001 M rilg
J0__91p oo, 220

L

52

g

65

HEX

7
&
”n
)
7
)
8
5
57
L)
83
10
7F
L)
114
Lx

81

82

83

8%

8

89

8t
8F

DATA CORRESPOMOING TO RPE
ADDRESS
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DATE
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HEAOING & NERDAS
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roLL
PLTCH
GROUND SPEED
VERTICAL ACCELERATION )
INTER-PULSE PERIOO |
FRAME NUMSER
STATUS > DORS
MOOE
UNDEF INED )
N
UNDEF INED
TEMP 1 (DORS BOARD §)
TEMP 2 (DDRS BOARD 2)
TEMP 3 (NOT CONNECTED)
TENP & (AGC/STC)
-5.75 v POWER (DORS)
*5 V PONER (DORS)
-2 V POMER (DORS)
+5 v POWER (AGC/STC) e
=15 ¥V POWER (AGC/STC)
+10 v REFERENCE
dc ALTITUDE
AGC/MANUAL GAIN
GAIN
+15 v POWER (AGC/STC;
AMBIENT PRESSURE (DDRS)
/

AUXILIARY DATA CONVERSION BOARD




Address
RPE Parameter (Octal) DRIE Display Label
Time mn LONGITUDE
Heading 170 LATITUDE
Ground Speed 172 HEADING
Frame Number 177 FRAME NUMBER
Altitude 175 RMIN

(b) The other parameters are assigned arbitrary
addresses convenient for the ARL:UT software which reads and processes
the RPE data.

The 24 bits following the eight address bits are
latched from the RPE data bus. There are six sets of bus drivers, only
one of which is enabled (by UG8, according to bits 2, 3, and 4 of the
control PROM) at a time. The bus driver for UPPS data has been mentioned.
The others are (1) the IPP counter driver (UF3, UF4), (2) the frame
counter driver (UFS, UF6, UF7), (3) the mode driver (UD2, UD9, UD10),

(4) the status driver (UD1, UH1), and (5) the auxiliary data driver (UE2,
UF2).

The IPP counter (UG2, UG3, UG4, UH2, UH3, UH4)
counts the number of cycles of the 2.07065 MHz radar clock that have
occurred between STC triggers. This number is latched on the rising edge
of each STC trigger pulse, about once every 750 usec. However, the IPP
counter number, like all RPE data values, is only recorded on the wide-
band tape once every RPE output cycle, every 10 msec. Since the STC
trigger is asynchroncus with the RPE timing, occasionally the IPP number
will change while being latched into the output shift register, resulting
in faulty IP¥ eading. However, such an error should not occur more than
once every 2.7 min, or about six times during an entire wideband tape.

A frame number is recorded on the RPE track which
is used by the DRIE and the ARL:UT data reduction software to block off the
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video data into manageable segments. The frame counter (UGS, UG6, UG?,
UH5, UH6) on the FPE board increments with every eighth cycle of UPPS/
NERCAS data. This amounts to once every 80 msec, or approximately once
every 107 video data records (or once every 107 IPP's). The actual frame
number {s arbitrary. The playback operater will not use the frame number
to identify the data; he will only use it to manage the data. Data iden-
tification and correlation with the optical recorder data may be accom-
plished using NERDAS time-of-day.

The mode data are the 15 bits of the operator
control settings along with the control valid bit, which are recorded as
one contiguous data word. The status data consist of a 5-bit count of
video overranges (from the interface board), the video valid and RPE
valid bits (from the video formatting board), the clock valid bit, and
a 4-bit count of word-by-word parity errors, all composed into one 12-bit
data word. The parity error counter is or the RPE board (UJ1, UJ2, UJ3,
UH2). When the DDRS is in the 7-bit data precision mode, the circuit
counts the number of parity errors (in the 7 bit plus even parity video
data words) during each data record. The count accumulates for 10 msec
up to a maximum of 15 errors, at which count it holds until output to ihe
wideband tape. The clock validation circuit (UJ4, UJ5, UJ9, UJ1) tests
for an out-of-lock condition on the clock generator board. The clock
skew (CLKSKEW) signal from the clock generator board is an exclusive-NOR
of the two inputs to the phase comparator. A false level on this line
occurs during the time when the reference 2.07065 MHz signal and the syn-
thesized phase locked 2.07065 MHz are out of phase. The rising edge of
the clock to flip-flop UJ9, pin 12, occurs approximately 75 nsec after
the rising edge 2.07065 MHz synthesized clock. If at this point, in each
2.07065 MHz clock cycle, CLKSKEW is false, then the CLKVAL line goes
false and CLKINVAL to the cockpit goes true. One shot UJ4, pin 5,
stretches momentary losses of lock into 1 sec pulses on CLKINVAL.

The auxiliary data comes from the auxiliary data
conversion board as a serial data stream. The interface board generates
a signal (AUXCP) to clock the serial data into the auxiliary data shift
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register (UEi, UH7). The parallel outputs of this shift register
constitute the 12-bit auxiliary data word. Fifteen different analog
parameters are digitized, shifted into the auxiliary data shift register,
and output through the output shift register during each 10 msec RPE
cycle. The RPE timing diagram (Fig. 13) shows the order in which the
auxiliary data are output. The order shown is determined by bits 5, 6,
7, and 8 of the control PROM (UE10). Data formats for all types of RPE
data are shown in Table III.

Included on the RPE formatting board is the
overrange alert one-shot (UJ4), which outputs a 1 sec ORALT pulse to the
cockpit when the MSB of the overrange counter (0R4) goes true. This con-
dition will occur when about 30% of the video samples are in saturation.

(6) Interface Board (Dwg. No. 9)

Most of the circuitry on the interface board is
involved with Togic level conversion, line receiving, and line driving.
Most ECL-TTL and TTL-ECL signal conversions in the DDRS take place on the
interface board. The #5 V logic signals from the cockpit control panel
are converted to TTL and ECL levels here. Since Dwg. No. 9 clearly shows
the signal conversion circuitry, no further discussion of it is necessary
here.

However, there are a few control circuits included on
the interface board. These are (1) UPPS and auxiliary data timing, (2)

control validation, (3) overrange counting, and (4) parity checking.

The UPPS and auxiliary data timing circuit (U19, U20,

'U21, u22, U27, U29) synthesizes the PCMR and PCCP sigrals required by the

RPE formatting board, as well as control and timing signals for the auxil-
jary data conversion board. U27 outputs the PCMR pulse when the first
strobe (time-of-day) of a data cycle from the UPPS occurs. The UPPS ad-
dress 1line receiver (U32) is currently wired to recognize an address of
0001 for the time-of-day stiobe, but for future requirements, these may
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be changed to recognize any time-of-day address by reversing the inverting
and noninverting inputs as required.

The PCCP signal has for its source either the UPPS
strobe or a 15 kHz square wave from U20, pin 13. Signal ROMo from the
RPE formatting board (the LSB of the control PROM on that board) deter-
mines the source: a false level selects the strobe by disabling counters
U19 and U20, while a true level selects the square wave by enabling the
counters and gating off the strobe at U4, pin 10. (An ECL inverter with
a wire OR connection followed by a ECL-TTL translator is used here because
of lack of space for another TTL NAND gate on the board.)

The AUXST signal commands the A/D converter in the
auxiliary data conversion board to start a conversion. It is a 2 usec
negative going pulse generated on the rising edge of the 15 kHz square
wave from U20, pin 13. The AUXCLK is the 0.96 MHz clock signal to the
A/D converter chip on the auxiliary data board. The timing of these
signals is shown in Fig. 13.

The control validation circuit (U16, U23, U24, U30,
u3l, U36, U37, U43, U44) compares the four cockpit settings (delta RMIN,
sample interval, data precisiun, and radar mode) with preprogrammed valid
control setting in the PROM's U31 and U34. Appendix C, Sec. 1, outlines
the valid control settings as currently programmed, and Appendix C,

Sec. 2, is a printout of the actual numbers (in base 16) stored in the
PROM chips. Address counters U16, U23, and U24 count through the 2048
address location in the PROM's until one of the address locations is
reached which contains data that match the control switch setting. At
this time, the "equals" output of the 16-bit magnitude comparator (U30,
U36, U37, U43) at pin 6, U43, goes true. This stops the address counters
and turns off the CONTROL INVALID light in the cockpit.

The overrange counter circuit (U6, U7, U8, U14, U15)
counts the number of videc samples during a 10 msec period for which either
the horizontal or the vertical video input circuitry was in saturation.
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It was found during the FLAMR program that an optimum
video level resulted in about 10% of the video samples being in satura-
tion. The overrange counter circuit counts up to a maximum 60% satura-
tion (at an IPP of 740 usec); the MSB goes high at 30% saturation and
causes the overrange alert (ORALT) light to turn on in the cockpit. The
lower the data precision is, the more video samples are produced in a
10 msec interval, and multiplexer U14 and counter U6 compensate to allow
the overrange count to accumulate to a greater number for the lower data
precisions.

Finally, as the video data are read from the memory,
U13 outputs a true level at pin 5 wherever the eight bits of the data
words do not have even parity. This signal (MEMPAR) is sent to the RPE
turmatting board which, when the system is in the 7-bit mode, counts the
number of memory words which do not have even parity when read, as indi-
cated by MEMPAR.

(7) Auxiliary Data Conversion Board (Dwg. No. 10)

The main purpose of the auxiliary data conversion
board is to digitize dc voltages corresponding to radar and environmental
parameters. It also interfaces the STC trigger and the radar mode signals
from the AGC/STC processor with the DDRS.

Temperature transducer ocutputs from the DDRS and the
TEMP 4 transducer output on board the auxiliary data board are amplified
by quad operational amplifier Ul. Since the auxiliary A/D converter (U9)
operates on an analog voltage range of 0 to +10 V, the negative polarity
of the temperature transducer outputs and the negative supply voltages
are inverted by Ul and U3.

Sixteen analog voltages (one of which is not currently
connected) are multiplexed through the analog multiplexers U4 and US5.
Each of the 16 voltages are sequentially selected by the control PROM on
the RPE formatting board through the auxiliary address lines (AUXADDO-
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AUXADD3). The output of the multiplexers is buffered by part of U3 and
connected to the analog input of the A/D.

The interface board of the DDRS synthesizes the start
convert (AUXST) and the conversion clock (AUXCLK) signals to the auxiliary
A/D, as required by the A/D data sheet (Micro Networks MN5216). The
start conversion signal is delayed 33 usec by shift registers Ul1 and U12
to allow the multiplexer output buffer to Slew between successive data
voltages. Control timing for the auxiliary A/D is shown in the RPE timing
diagram, Fig. 13.

Overtemperature comparator U13 senses the outputs of
the DDRS temperature transducers (TEMP 1 and TEMP 2). The comparator
output will go to a TTL Tow level when either of the transducers indicate
60°C or greater. This output (OVERTEMP) should be used to disconnect
power to the DDRS. The relay to remove DDRS power should be latching;
i.e., once triggered to remove power, it should have to be manually reset.
This is necessary because as soon as the DDRS is turned off, the OVERTEMP
signal will immediately go high again. If, at this time, the relay is
not latched off, power will be reconnected to the DDRS and OVERTEMP will
again go Tow, disconnecting power again, ad infinitum.

FRYCEDING PAGE BLANK NOT Fitamed
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IV. OPERATION AND MAINTENANCE

A. Preflight Checkout Procedure

1. Test Equipment Required

oscilloscope, event counter

2. Video System Checkout

a. Connections required to test connector J103:

(1) VIDEO NRZ track 7 to the oscilloscope vertical input
(2) TRIGVID to the oscilloscope

(3) PARCHK to the event counter

(4) REF to the video inputs J108 and J109

b.  Connect all other DDKRS 1/0 connectors to their respective
pallet cables.

¢. Double check connections and apply power.
d. From the control panel, switch the DDRS into the 4-bit data

precision mode and adjust the event counter sensitivity to show a rapid
count on the event counter.

e. From the control panel, switch the DDRS into the 7-bit mode.
The count rate should decrease to zero. If the count rate is still high,
decrease the counter sensitivity just until the counting stops and switch




back to the 4-bit mode. The count rate should always be very high in the
4-bit mode. Now switch back to the 7-bit mode for further tests and reset -
the event counter to zero.

W R A

f. Set the horizontal sweep rate on the oscilloscope to 1 usec/
div, and adjust the trigger sensitivity to display a stable digital wave- !
form on the CRT. This waveform is the first part of the video data ;
record. The bit duration is 0.51 usec, or about 2 bits per horizontal
division. The first bit begins where the waveform first falls from a high
level to a low level. The first twelve bits in the record compose the
sync word and should always be 000111011011:

boolv1ilof11]of11  —  data words

- 2

/’ Sync Word
First Bit

The rest of the record is composed of 128, 8-bit, serial 2's complement
data words, MSB (sign) first and parity bit last. The same word should

be repeated all 128 times. The value of this word depends on the refer-
ence voltage level connected to the video inputs from the test connector,
and is adjustable internally on board 6 of the DORS. Note that the

seventh bit of this word may toggle (on noise along with the eighth parity
bit). Check all eight tracks of video NRZ data for the same characteristic
waveform. This test may be more easily dune in the 4-bit mode, if the
toggling of the LSB and parity bits becomes too distracting.

g. Disconnect video inputs J108 and 109 and repeat step 6.
The value of the data word should be within 1 or ¢ LSB's of all zeroes.

h. Check the event counter for zero parity errors for as long
as the system was in the 7-bit mode.

i. Check the eight Miller-encoded video data lines to the
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wideband tape recorder with an oscilloscope for a phase encoded square
wave on each.

3. RPE System Checkout

a. Connections required to test connector J103:

(1) RPE NRZ to the oscilloscope vertical input
(2) TRIGRPE to the oscilloscope trigger input
(3) RPE TEST to ground

(4) AUX/UPPS to ground

b. Input a constant 24-bit word (DOD-23) from the UPPS MUX
output to the DDRS with a perindic strobe pulse from the UPPS STRB output.
(Repetition rate of the STRB pulse not to exceed 25 kHz.)

c. Set the horizontal sweep rate of the oscilloscope to 1.0 usec/
div and adjust the trigger sensitivity to obtain a stable waveforin on the
CRT. Observe the waveform. The first eleven bits are the sync words,
00011101101, and the next eight bits are the "test" address bits,
01111010:

looolnl ol11]lol1]0 1111'_0[1!0 —  data word

sync word address

The following 24-bit data word (MSB first) should be identical to the
24-bit word input from the UPPS. After the 24th bit of the data word will
be the record parity bit followed by filler ones.

d. Now discornect the AUX/UPPS input on J103 from ground. Ob-
serve the scope waveform. The sync word should now be f 1lowed by a dif-
ferent &§-bit address, 10001010:
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LeoofriilofiilofTi]ooo0[T]0f1]o — data word
Vv v /

sync word address

The 24-bit data word should be nominally
000000000000 1 0000000:

11]000000000000[7]0000000000O0[T|—~filler ones
| v ~

24-bit data word Parity

The data word may vary several bits from its nominal value.

e. Check the Miller-encoded RPE data line to the wideband
tape recorder for a phase encoded square wave.

4. Disconnect J103 and reconnect the video lines from the optical
recorder. The DDRS is now ready for flight.

B. System Operation

After a successful preflight checkout, the system is ready for in-
flight operation. With the unit cabled up and installed in the pallet,
the operator has only to set the required sample interval, data precision,
and delta RMIN from tho control panel. Once the pallet is powered up, and
the DDRS receives UPPS data and clock and STC signals, all the control
panel lights except "POWER ON" should go out. After this time, merely
connect voice and time code to the wideband recorder and start the recorder
when desired.

C. Adjustments

There are few internal adjustn:.ts in the DDRS. Those most often
requiring attention are the trimmer potentiometers on the A/D board. Other
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adjustments rarely requiring attention are timing adjustments by jumper
wires on the clock generator board, the video A/D board, and the video
memory board.

The gain and bias potentiometer adjustments on the video A/D board
are explained in Sec. III.D. The gain adjustment should be set so that
the overrange alert (ORALT) light rarely, if ever, lights up. Otherwise,
adjust the gain for optimum image quality, which past experience has
shown to be about 10% overrange. The bias adjustment should be used to
compensate for an unwanted dc offset in th> video signals. There is also
an output reference potentiometer which may be adjusted to set a desirable
test voltage for preflight checkout of the video A/D subsystem (Sez. IV.A).
The best reference voltage is that which, after being digitized, produces
an easily recognized digital waveform on the video data recorder tracks.

The other internal adjustments are timing adjustments and involve
changing jumper wires. These jumpers select one of several taps on tapped
lumped-constant delay lines. There are four of these jumpers: one on the
clock generator board 9 (Dwg. No. 4) to delay the reset memory address
for write (ADW); one on the video A/D board 6 (Dwg. No. 5) to delay the
sample pulse to the vertical channel A/D with respect to the sample pulse
to the horizontal channel A/D; and finally, one on the video memory board 4
(Dwg. No. u) to set the width of the write-enable pulse (WE) to the memory
chips. The current positions of these jumpers are shown in the drawirgs.
They shouid not have to be repositioned except when a TRW A/D chip is
replaced, or perhaps as the TRW chips age and their propagation delay char-
acteristics change.

The object in setting the jumpers is to meet the memory chip (Fair-
child 10415A) requicements for write pulse width (14 nsec) and for stable
A/D data at the memory chip inputs throughout the time the WE signal is
low. To check timing, use a high speed oscilloscope (Tek 7834 or 485
recommended) preferably with a fast FET input active probe (Tek P6201 or
P6202). Observe the data input (pin 15) and the WE input (pin 13) on a
10415A memory chip. With the system in the 7-bit mode and while digitizing




a video signal (a sine wave is good), A/D transitions at the D1n pin

should be visible. Ensure that these transitions occur only when WE

is high. it 1is important to check every 10415A this way since propagation
delays to each chip are slightly different. Check the timing at 40 nsec
sampling intervals and also at 60 nsec sampling intervals. (Refer to

Fig. 10.)

If data transitions occur during a WE pulse, the timing of the WE
pulse must be changed. It can be advanced by decreasing the delay of
the MWRTCLK on the video A/D board (currently set to 30 nsec) and it may
be retarded by increasing the same delay. Line 12 of Fig. 10 illustrates
this delay. If the data timing from one A/D channel is good, but the
timing of the other A/D channel 1is off, the vertical A/D may be
delayed with respect to the horizontal A/D by using the other jumper on
the A/D board. This requires the faster A/D to be in socket U25 with the
slower in U26, and the TRW chips may need to be reversed.

It is not recommended that the WE puise width be changed (by changing
the jumper on the video memory board). This width is currently set to
14 nsec (as shown in line 13 of Fig. 10).

The other timing adjustment involves the delay of the ADW signal on
the clock generator board. This will not require adjustment unless the
MWRTCLK delay is decreased. Refer to Fig. 10, line 9. The ADW signal
(available on the memory board at U31l, pin 5) must rise after the first
pulse of MWRTCLK (on memory board at U32, pin 15) in an IPP, but before
the second one. The delay is currently set at 50 nsec.

0. Maintenance

Symptoms and Causes - Corrective Action

1.  RPE-INVALID lights up
Probable cause - no UPPS strobe or address
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2.  “iDEO-INVALID lights up
Probable causes - no STC trigger
- no 2.07065 MHz clock

3.  CLOCK-INVALID lights up
Probable causes - no 2.07065 MHz clock
- ncisy clock signal

4.,  CONTROL-INVALID lights up
Probable cause - invalid control setting (will not disable DDRS)

5.  OVERRANGE-ALERT lights up
P hable cause - video A/D gain not properly adjusted

6. High parity error count (in 7-bit mode only)
Probable causes - MWRTCLK timing needs adjustment (Sec. IV.C)
- bad memory chip

The above symptoms will probably be most common and are fairly simple
to correct. If more serious problems develop, a complete understanding of
the DDRS circuitry and timina will be required, and the drawings and tim-
ing diagrams of this docui @i will have to be studied thoroughly. It is
recommended that before a., major surgery is performed, all connector pins
and sockets be checked (both on frcnt panel I/0 connectors and on internal
card cage connectors) and all power supply outputs be checked. The DDRS
circuitry is made up of reliable components; however, those most likely
to be the first to fail will be the more complex compcnents: the TRW A/D
chips, the memory chips, and the power supplies.

It must be stressed that the key to reliability in the ODRS is in
maintaining as low an operating temperature as possible. The cooling fan
inside the unit will Lelp in this regard, but even with the fan, the
interior DDRS temperature runs 10°C hotter than outside ambient temperature
at sea level. It is important that the power to the unit be disconnected
when the OVERTEMP line on the auxiliary data board goes low, and it is
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also recommended that close attention be given to the recorded values
for TEMP 1, TEMP 2, and TEMP 4 on the first data tapes.




APPENDIX A

CRITICAL SPARES AND PARTS LIST
W1TH COMPONENT PLACEMENT DRAWINGS
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CRITICAL SPARES LIST
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FIGURE A-5
RPE FORMATTING BOARD NO. 8
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FIGURE A-6
CLOCK GENERATOR BOARD NO. 9
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FIGURE A-7

VIDEO FORMATTING BOARD NO.
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DIGITAL DATA RECORDING SYSTEM
ACCEPTANCE PROCEDURE




AR W A a2
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| DIGITAL DATA RECORDING SYSTEM
: : ACCEPTANCE PROCEDURE
i

o

L

} E STANDARD CONFIGURATION

1. Data precision - 7 bit
2. Sample Interval - 70 nsec
3. Range Delay - 2 usec

4. Ramp Function - 1 V pp

116
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3.

TEST 1. DATA PRECISION SELECTION

Set Standard Configuration

a. Data Precision - 7 bit 78/
b. Sample Interval - 70 nsec 70 xw" SEC
¢. Range Delay 2 usec 2 MsEc

d. Ramp Function (1 Vpp) - TFo0 A HZ

Set and Record ldentifying word in RPE Data

Identifier word set . o

Identifier word observed - X X

Record and view data for 7-, 4-, and 2-bit precision

[ B ali™ . * S

78:/7

On print out verify proper operation of the recorded signals.
List and Plot Amplitudes for near, mid, and far range bin.

Range Bin Range Bin Range Bin
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TEST 1.

DATA PRECISION SELECTION (Cont'd)

5. Verify Proper RPE Words

Observed
Data Precision 7 8/ 7_—___
Sample Inte:.al: 6.4 _msec
Range Delay A3 ysme
Heading 2L0
Temp 1 2g.ev C
2 27.7§
3 X (we)
4 /9.2¢
Negative Volt 5.7 -5.75
Posrrive
DORS ¥egatiae Volt S S.0¥
Negative Volt 2 -2.07
AUX Positive Volt 5 # 78
Negative Volt 15 -/5.05
118




SR,

: TEST 1. DATA PRECISION SELECTION

1. Set Standard Configuration /

a. Data Precision - 4 bit ¥ B: 7T
b. Sample Interval - 70 nsec v
k c. Range Delay 2 usec v

d. Ramp Function (1 Vpp) = 450 w
| 2. Set and Record Identifying word in RPE Data

Identifier word set _ ol o

Identifier word observed co/

3. Record and view data for 7-, 4-, and 2-bit precision _# 45:7"

4. On print out verify proper operation of the recorded signals.

List and Plot Amplitudes for near, mid, and far range bin.
Rnge 3in Range Bin Range Bin

oW RIS
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TEST 1. DATA PRECISION SELECTION (Cont'd)

5. Verify Proper RPE Words

Observed .
Data Precision ¢ BT
Sample Interval 70.4 msec
Range Delay 1.93 Msec
Heading
Temp 1 29.03 °C
2 2p. 2/
3 A/ C
4 /9.58
Negative Volt 5.7 _ -8.7%5
DDRS n?&‘.’.’i‘:i Volt S s.o¥
Negative Volt 2 -2.07
AUX Positive Volt 5 4 98
Negative Volt 15 -75.08
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/-30-77
l TEST 1. DATA PRECISION SELECTION
V)‘ 1., Set Standard Configuration
u a. Data Precision - 2 bit 2.48.T
t* b. Sample Interval - 70 nsec d /M
. ¢. Range Delay 2 usec v

d. Ramp Function (1 Vpp) - 225 K HE
2. Set and Record Identifying word in RPE Data

Identifier word set (] o{

Identifier word observed ool

]

D .

l 3. Record and view data for 7-, 4-, and 2-bit precision __2 £/ 7
] 4. On print out verify proper operation of the recorded signals.

List and Plot Amplitudes for near, mid, and far range bin.

Range Bin . Range Bin Range Bin

=
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TEST 1. DATA PRECISION SELECTION (Cont'd)

S. Vertis proper RPE words

ooes

8-} served

Data Precision e Gir

Sample Interval 70.¥ »S€c

Range Delay /.73 i s&c
Heading
Temp 1 29.22°C

2 2L.6/

3 ANC

4 /9-¢¥
Negative Volt 5.7 -S,7%
m Volt S + 5.0/
Negative Volt 2 -2.07
Positive Volt 5 r 4. 98

Negative Volt 15 - /5.05
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PULSE NO. 1
© - Range Bins 16-31
7-bit data Horfzontal
B - Range Bins 32-63
4-bit data Vertical
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URIGINAL PAGE IS
OF POOR QUALITY
FIGURE B-1
DIGITAL RESPONSE OF DDRS TO TRIANGULAR WAVEFORM INPUT
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Test 000
70 nsec Sample Interval
7-bit Data Precision
—0— Horizontal Channel
--B-- Vertical Channel

Pulse 1, Range Bins 16-31

Amplitude

FIGURE B-2

DIGITAL RESPONSE OF DDRS TO TRIANGULAR WAVEFORM INPUT
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Test 000
70 nsec
7-bit Data
Pulse 21, Range Bins 16-31
Arrows identify parity error indications
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FIGURE B-3
DIGITAL RESPONSE OF DDRS TO TRIANGULAR WAVEFORM INPUT
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g» TEST 2. SLANT RANGE SAMPLE INTERVAL: ,-30.7’
E 1. Set Standard Configuration a. 787 b, c.dysse d. Raur - S14 KNE .
2. Set and Record Identifying Word in RPE Data
Identifier vord set 003 '
; ldentifier word observed 003 i@f
,’ ¥ 3. Verify proper sample interval using scope ,
| Selected Sample Intaerval Observed Sample Interval

M Sse o SBC

— KO sz — SR peame @

4. Record and view data for 40, 50, 60, 70, 80, 90, and 100 nanosecond
sample interval

List and Plot Amplitudes for near, mid, and far range bin.

Range Bin Range Bin Range Bin
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TEST 2. SLANT RANGE SAMPLE INTERVAL (Cont'd)

5. Vaerify proper RPE words
Observed

Data Precision 7 B)r

Sample Interval _ #%0.2 3¢

Range Delay /.7{,‘ SEC
Heading
Temp 1 27.03°¢
2 26.5/
3 A
4 19: 27
Negative Voltage 5.7 = 5.75
DoLS m Voltage 5 + 5"05/
Negative Voltage 2 -2.06
AUV X Positive Voltage 5 + 4. 98
Negative Voltage 15 - 15,05
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1-30-79

TEST 2. SLANT RANGE SAMPLE INTERVAL

Set Standard Configuration a. 7 87 v,

c. 2ysee_d. Pwe - g2 KHE

Set and Record Identifying Word in RPE Data

Identifier word set Oofl

Identifier word observed oo

AP

Verify proper sample interval using scope

Se)ected Sample Intervel Observed Sample Interval

SZ.5 nSEe

S0 msEe

Record and view data for 40, 50, 60, 70, 80, 90, and 100 nanosecond

sample interval

List and Plot Amplitudes for near, mid, and far range bin.

Range Bin Range Bin

Range Bin

—
—
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TEST 2. SLANT RANGE SAMPLE INTERVAL (Cont'd) /-30-79

5. Verify proper RPE words

Observed ‘ W
? 81 _ ‘

Data Precision

Sample Interval ___ §0.3/ wS6¢C

Range Delay /.93 7£§5¢
Heading
Temp 1 276/ °C
2 27.03
3 ANC
4 /9. 5%
Negative Voltage 5.7 ~-5.,75
ppes vaucage 5 + 5.0¥
Negative Voltage 2 -2.07
RUX Positive Voltage 5 + 4.98
Negative Voltage 15 - /5,06
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TEST 2. SLANT RANGE SAMPLE INTERVAL

1. Set Standard Configuration a. 7 &/ b. c. SuSsc d. Ranp~17/KHE

2. Set and Record Identifying Word in RPE Data
Identifier word set ocos -
Identifier word observed 0o0s ﬁ :

3. Verify proper sample interval using scope

Selected Sample Interval Observed Sample Interval
L0 m S&e 63 msSsc

4. Record and view data for 40, 50, 60, 70, 80, 90, and 100 nanosecond
sample interval

List and Plot Amplitudes for near, mid, and far range bin.

Range Bin Range Bin Range Bin
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TEST 2. SLANT RANGE SAMPLE INTERVAL (Cont'd)

Verify proper RPE words

Does

RUX

Obgerved

Data Precision 7 8,

Sample Interval __ $0.37 uSe&c

Range Delay /'93#556
Heading
Temp 1 27.85°¢C

2 27.36

3 ANC

4 /19.67
Negative Voltage 5.7 -5.75
Aosirive
NegatI® Voltage 5 + 5, 0¥
Negative Voltage 2 -2.07
Positive Voltage 5 + 478
Negative Voltage 15 - /5.06
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TEST 2. SLANT RANGE SAMPLE INTERVAL

R T ST ettt gy s .
e e e e et e s e e
e e e

[-30-71

¢, __Z#seg d. [CneP - FOOKHE

Set Standard Configuration a. 7 8¢7 b.

Set and Record Identifying Word in RPE Data

Identifier word set

Identifier word observed

006 |
/cz%"

o006

3. Verify proper sample interval using scope

Selected Sample Interval

70 s s8¢

4,
sample interval

Observed Sample Interval
Z23.5 m SEe

Record and view data for 40, 50, 60, 70, 80, 90, and 100 nanosecond

List and Plot Amplitudes for near, mid, and far range bin.

Range Bin

Gear

i bk R

Range Bin

Range Bin
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TEST 2. SLANT RANGE SAMPLE INTERVAL (Cont'd)

S. Verify proper RPE words 1-30-71

Observed '
AP
Data Precision 78 ,

Sample Interval __ 70, ¥ mSFC }
Range Delay /.93 W ssc i
Heading
Temp 1 27.97 °C
2 27.57
3 ANC
4 19.79
Negative Voltage 5.7 -5, 7%
ols) 43 !mca Voltage 5 t+ 5.0¥
Negative Voltage 2 -2.07
AUX Positive Voltage 5 + £.97
Negative Voltage 15 -/5.06
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TEST 2. SLANT RANGE SAMPLE INTERVAL
1. Set Standard Configuration a. 7 8/T b. c. & yS&¢ d. Panpr = 1029 KH&

2. Set and Record ldentifying Word in RPE Data

o0 '
Identifier word set ﬁZ )1’_7-70

r Identifier word observed @7

3. Verify proper sample interval using scope
Selected Sample Interval Observed Sample Interval

80 m sFe 84 . Sme

4. Record and view data for 40, 50, 60, 70, 80, 90, and 100 nanosecond
sample interval

List and Plot Amplitudes for near, mid, and far range bin.

Range Bin Range Bin Range Bin
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TEST 2. SLANT RANGE SAMPLE INTERVAL (Cont'd)

5. Verify proper RPE words
Observed

Data Prerision 7 .7

Sample i..erval __80.42 m SEc

Range Delay /.93 4 s8¢

Heading
Temp 1 28./8°¢
2 272.88
3 AC
4 /2-88
Negative Voltage 5.7 -~ S.7S
DORS w\h’ltage 5 +5.0¥
Negative Voltage 2 -2.,07
AUX Positive Voltage 5 +4.98

Negative Voltage 15 -/5.06

135
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TEST 2. SLANT RANGE SAMPLE INTERVAL:

1. Set Standard Configuration a. 7 [$/T b. c. & yske 4. Rawp - |1S7 KWE

2. Set and Record Identifying Word in RPE Data

l», Identifier word set 008 :
o008 /i 7

Identifier word observed

3. Verify proper sample interval using scope

Selected Sample Interval Observed Sample Interval

PO msec 93 m s8¢

4. Record and view data for 40, 50, 60, 70, 80, 90, and 100 nanosecond
sample interval

List and Plot Amplitudes for near, mid, and far range bin.

Range Bin Range Bin Range Bin




TEST 2. SLANT RANGE SAMPLE INTERVAL .(Cont'd)

5. Verify proper RPE words

Dprs

AUX

Observed
Data Precision 7 8rr
Sample Interval 70.58 m3fe
Range Delay /93 AL SE¢
Heading
Temp 1 28. 55 %

2 28. ¥9

3 AN C

4 20,03
Negative Voltage 5.7 -85.75
w Voltage 5 ~5, 0¥
Negative Voltage 2 -2.08
Positive Voltage 5 + 4.98
Negative Voltage 15 -/5.06
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TEST 2. SLANT RANGE SAMPLE INTERVAL. 1-30-79

1. Set Standard Configuration a. 7, &r b, c. ‘u $6¢ d. Banp - 1205 KN e
2. Set and Record Identifying Word in RPE Data

Identifiar word set 0o j{?p

Identifier word observad 009
3. Verify proper sample inturval using scope

Selected Sample Interval Observed Sample Interval

— {00 mséC (04 m see

4. Record and view data for 40, 50, 60, 70, 80, 90, and 100 nanosecond
sample interval

List and Plot Amplitudes for near, mid, and far range bin,

Range Bin Range Bin Range Bin
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TEST 2. SLANT RANGE SAMPLE INTERVAL (Cont'd) 1-30-79

S. Verify proper RPE words
Observed

Data Precision 7 BT

Sample Interval _ /00.6 mSEC ,i 7"'1

Range Delay l.93 ysEC

Heading
Temp 1 28.67°C
2 2.8
3 AC
4 20,07
Negative Voltage 5.7 -5.78
DDe3 n% Voltage 5 + 5.0
Negative Voltage 2 -2.08
AHUX Positive Voltage S +4.98
Negative Voltage 15 -/5,06
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: TEST 3. RANGE DELAY TEST
1. Set Standard Configuration a&. 7 &1 v, 70 msee c. d. KAnrP 9% -a¥2
2. Set and Record Identifying word in RPE data
Identifier word set o/0 WJ .
A
Identifier word observed o/0
3. Verify proper range delay using scope.
Selected Range Delay Observed Range Delay

2 . See 2 YSEC

4. Record and view data for 2, 30, 60, and 90 usec ranye delay
List and Plot Ampiitudes for near, mid, and far Range bins.

Range Bin Range Bin Range Bin
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TEST 3. RANGE DELAY TEST

5. Verify proper RPE words.

Observed
Data Erecision 7 &7
Sample Interval 70.4 mSec
Range Delay /- ,-‘57” s&e
Heading
Temp 1 20 .5€°%
2 29.52
3 AC
4 20,28
Negative Volt 5.7 -5.75
Does Nggg: Volt 5 +5.0f
Negative Volt 2 -2.09
AUX Positive Volt 5 +4.98
Negative 15 ~15.06
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TEST 3. RANGE DELAY TEST

% 1. Set Standard Configuration a. 7 87 b, 70 mSke c. d. Crwr - 200KH2

2. Set and Record Identifying word in RPE data

1 Identifier word set o/ | y
: /Q 7Y

Identifier word observed 0//

3. Verify proper range delay using scope.

Selected Range Delay Observed Range Delay

30 _u SEC 30{@&

4, Record and view data for 2, 30, 60, and 90 usec range delay
List and Plet Amplitudes for near, mid, and far Range bins.

Range Bin Range Bin Range Bin
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TEST 3. RANGE DELAY TEST

5. Verify proper RPE words.

Does

nux

Observed
Data Precision a-Va
Sample Interval 70.4 M SEC

Range Delay 28,77 uSEC
Heading
Temp 1 28,79 ‘c

2 27.43

3 AJC

4 20,28
Negative Volt 5.7 -5, 75
Nemseioe Volt 5 + s.04
Negative Volt 2 -~ 2,07
Positive Volt 5 + §.98

- /5.06

Negative 15
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TEST 3. RANGE DELAY TEST
Set Standard Configuration a. 7 &/7 b. 70 msee c. d. Kawp-900kr/&
Set and Record Identifying word in RPE data

P

Identifier word observed COr2

|
|
Identifier word set o/2 . 1

Verify proper range delay using scope.

Selected Range Delay Observed Range Delay

60 _u sk éofu SEe

Record and view data for 2, 30, 60, and 90 usec range delay
List and Plot Amplitudes for near, mid, and far Range bins.

Range Bin Range Bin Range Bin
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TEST 3. RANGE DELAY TEST

5. Verify proper RPE words.

DDES

X

Observed
Data Precision 78T
Sample Interval 70.¢ mS€c
Range Delay $7.98 i S
Heading
Temp 1 2g.64°C

2 29.3/

3 e

4 20.28
Negative Volt 5.7 ~5.7%

Posrmve

Negaddme Volt 5 7+ S.0¥
Negative Volt 2 -2.09
Positive Volt 5 + 4.9%
Negative 15 -75.06
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TEST 3. RANGE DELAY TEST /-30

1. Set Standard Configuration a. /&7 b. 70 s sec c. d. Kawp - gsorna

2. Set and Record Identifying word in RPE data

Identifier word set R 9/3 i &’W
e

Identifier word observed o/3

3. Verify proper range delay using scope.
Selected Range Delay Observed Range Delay
70 ® 4 sEC 90 , sEc
I

4. Record and view data for 2, 30, 60, and 90 usec range delay
List and Plot Amplitudes for near, mid, and far Range bins.

Range Bin Range Bin Range Bin

i
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TEST 3. RANGE DELAY TEST

5. Verify proper RPE words.

DoLS

AUX

Observed
Data Precision 78/f
Sample Interval 70.¥ » 8Ec
Range Delay §6.73 ysee
Heading
Temp 1 28 9/°¢

2 2?76/

3 AC

4 20.3¥
Negative Volt 5.7 -5.72%
nw Volt § +5.0¥
Negative Volt 2 ~2.07
Positive Volt 5 + ¥4 98
Negative 15 ~-75.06

147




r-30-79

TEST 4. BAND WIDTH

Standard Configuration a. _7 8/ p, 0 msee . i.&iﬂ d. Swe uwpe

Using dc input observed and record DDRS output amplitude on scope #£3 vrp

Using 7.5 MH2 sine wave input observe and record DDRS outpuc amplitude
on scope 42 v pP-P

Using 15 MHz sine wave input observe and record DDRS output on scope _3.0v p.pr

The dc and 15 Mz values should be within 3 dB of 7.5 MHz value.

SO

17 MHe - 37v PP
12.5MHHe ~ 4oV Pp
/0 WHE - %)V P-P
s HHeE - &2 v PP
2.§MHE - 42 Vv PP
t MHE - 43 v PP
44g v PP

S50 Kxié
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APPENDIX C

CONTROL VALIDATION PROMS

PRECEDING PAGE BLANK NOT FILMED
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APPENDIX D

MANUFACTURER'S DATA SHEETS

1. ECL COMPONENT DATA

2. TTL COMPONENT DATA

3. ANALOG AND DATA CONVERSION COMPONENT DATA
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F10K VOLTAGE COMPENSATED ECL SERIES

GENERAL DESCRIPTION — Fairchild F10K Series Emitter
Coupled Logic (ECL) circuns are high speed, low power logic
elements intended for use in high speed systems such as
central processors, memory controllers, peripheral equipment,
instrumentation and digital communication systems.

F10,000 ECL is designed to be fully compatible with con-
ventional 10,000 ECL and has the same part numbers,
functions, pinouts, temperature behavior, test methods, propa-
gaton delay limits and signal voltages.

F10K circuits employ Emitter Coupled Logic 1o achieve typi-
cal power levels of 25 mW/gate. The nominal power supply
is specified as Vgg equal 10 -5.2 V. All devices, however, may
be operated over Vgg ranges of -4.7 10 -6.2 V with negligible
loss of noise iImmunity. Some SSI gates may be operated over
8 Vgg range of -3 5 10 -6.2 V, again with a negligible loss of
noise immunity, due 10 the built-in voltage regulator.

In accordance with standard IC practice, F1I0K devices are
specified over 0°C 1o +75°C temperature range However,
himits ensure that the F10X series is fully compatible with
other 10,000 cevices spec - 1 over 3 -30°C to +85°C ambient
tempe/ature range.

High input impedance (typically 50 k1) and open outputs
allow effect:ve usage of series or paralle! terminated inetech-
niques and large numbers of OR-lies.

©® Very high speed . . . typically 2 ns per gate.

® Low power dissipation . . . typically 25 mW per gate.

® Voitege compensated . . . Noise margin insensitive to
power supply varistions and transients, relaxed power
supply requirements.

@ Intemal 50 k 8 (nominal) input pull down resistors . . .
unused inputs may be left open.

® Open emitter-follower outputs drive terminated lines.
©® Separate Ve leads eliminate noise coupling.

® Single Vgg power supply . . . -4.7 10 -8.2V. -

@ Wired-OR capability.

® Complementary, simultansous outputs.

® Fully compatible with other 10,000 series ECL.

RECOMMENDED OPERATING AND TEST CONDITIONS
— The Fairchild F10K series 1s designed to operate in a system
whose ambient temperature 18 controlled by moving 3ir or
eqLivalent means. The ambient temperature may be any
value between 0°C and +75°C, but the temperature gradient
between the devices must be at a minimum {0 conserve NOIse
immunily The Fairchild F10K devices are designed 10 meet
the specified dc characteristics when a thermal equilibrium
has been established. Tne circuit i1s 1n a test socket or mounted
on a printed circuit board and transverse air flow greater
than 500 linear fpm 1s maintained.  Qutputs are terminated
through a 50 1 resistor 1o -2.0 V.

The Fawrchild F10K series operates with a system power sup-
ply Vgg between -4.7 and -6 2 V. Detailed test specifica-
tions are for nominal Vgg = -5.2 V.

ABSOLUTE MAXIMUM RATINGS

(Non-operating, above which useful life may be impaired)
Storage Temperature -85°C 10 +150°C
Junction Temperature +150°C
Supply Voltage Vgg (Continuous) -8V
Input Voliage Gnd to Vgg
Output Current -50 mA
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FAIRCHILD ECL. DATA SHEET « F10K SERIES

FUNCTIONAL DESCRIPTION

F10K offers many high speed system design advantages.
High speed is achieved by using small, low capacitance
device geometries and operating the transistors between
the active and off modes, thereby avoiding saturation. The . 1

basic ECL gate is shown in Figurs 1.
If the input voltages are more negative than Vgg. Q1 and [ o it

Q2 are cut off and Q3 conducts, holaing the collector of
Q3 LOW. Iif sither input is more positive then Vgg. Q1 "2
or Q2 will conduct and Q3 will be cut off, raising its _f - an? NL.
collector voitage. Since ona or more trangistors are siways o o o A i
conducting, there is 8 constant current drain, independent
of frequency which eliminates sharp switching transients
and frequency dependent power dissipation effects. The e " -
outputs of the circuit sre emitter-followers, G4 and Q8. ) ’ ‘B wan
They provide low impedance drive 10 terminated lines and ;
voltage shifting to levels compatible with the inputs. The
basic gate simultaneously performs the pesitive logic OR
and NOR functions, providing both true and complement
outputs within 8 single gate delay period. The outputs of
several gates may be tied to provide 8 wired-OR function. Fig. 1.
An external load resistor must be provided in all cases. -

TYPICAL ECL TRANSFER
CHARACTERISTICS
WITH SPECIFICATION POINTS

VN = INPUT VOLTAGE - VOLTS

ViLs ViLa Vinp ViKa
<
\/
e — OHA g
|
7 \ // — YONS
7 7
CORNER POINT Vonc CORNER POINT
Voue _ ,3.
-y
CORNER POINT VoLc CORNER POINT 3
oc .
7 7 '
% Z o §
/ A
Vous
Fig. 2.
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® FIVA SERIED

__INPUT CHARACTERISTICS

}

; RIEES
i "o

“' ) a

2018 .18 <14 1D 10 -8 -8 -4 -2 0
Vin = WOUT VOLTAGE = VOLTS

OUTPUT TRANSITION
TIME VARIATION VERSUS
SUPPLY VOLTAGE
°
LAY
i
LTRSS
: i,
§ .
$
g,
" 1 T.-nc
{ a +%000 1o -2V
€ [ L]

L
42 80 A0 Y8 84 32 90 48 A
Vg - V.1 VOLTAGE - vOLTS

INPUT/OUTPUT TRANSFER
CHARACTERISTICS VERSUS
' TEMPERATURE

T T
veg* SV A -s0tive v
e b ke E

= T 1e]

s
—_—\\
10 w
12

Taeuc M NG
T

Tac0CMCENnC
\

VouT - QUTAUT VOLTAGE - vOu TS
-

-

al | |1

-2 8 .18 e 3 10 4 -8 -8

Vin = 'WPUT VOLTAGE - vOLTS

1YPICAL F10K SERIES CHARACTERISTICS

PROPAGATION DELAY

VARIATION VERSUS
SUPPLY VOLTAGE
g b8 co;l
" J L O LT
i (R o S =N :...m..
& L TR b
H : RN
3
: . ] \morln -
- wrinon)
8 / 10 080 s4 8t 4]
.
g T emC
¥ o
H 11 1]

42 60 30 98 14-87 30 .48 48

Vgg - LY VOLTAGE - VOLTS

OUTPUT TRANSITION TIME

VERSUS TEMPERATURE
1
i
H o
i ""
g
'§ ’
£
] Vego 42V
g i L] 'H;LITO:;OV
% . 3
£ L1 11
) ) )

Ta~ AMBIENT TEMPERATUAL ~ *c

CHANGE IN
POWER SUPPLY CURRENT
WITH RESPECT TO
CHANGES IN POWER
SUPPLY VOLTAGE

. . /
!-.
1
E=
L

w
-80 -70 -60 -%0 -40 -30 -0 -0 O
Vgq - POWER SUPPLY VOLTAGE - VOLTS

TYPICAL PROPAGATION
DELAY VERSUS
TEMPERATURE

| ’;
Pr

R

vege-82v

> o e~ ®
-
| —

LT
AR
n “ L]

Ta - AMBIENT TEMPERATURE - C

LI - PROPAGATION DELAY - MORMALIZIO

INPUT/OUTPUT TRANSFER
CHARACTERISTICS VERSUS
SUPPLY VOLTAGE

L T T A
Tas2C A ~900 W -2V

VgL o4V Vgge 4V
v

VouT - OUTPUT VOLTAGE - VOLTS
-

Y] =
Veggc A4V | vgg*-02v
.20 7R L A
10 18 18 14 22 0 -8 EL Y

Vin = INPUT VOLTAGE - VOLTS

OUTPUT CHARACTERISTICS
‘VERSUS TYPICAL OUTPLT
. TERMINATION SCHEMES

LA
%&

.18 =n P
}: sV ! nob\_.
-20 10-57V
I ,
) N L 2
[ \ Q|
: N.10-2v
| [
-
-2 -1 <12 08 Qe °
VOUT ~ OUTPUT VOLTAGE — VOLTS

OUT — OUTPUT CURRENT — aA
~

L e e Gl

169




. e e————

FAIRCHILD ECL DATA SHEET * F10K SERIES

LOGIC DIAGRAMS  vecy = ). Veca® 16 Vgg =8

F10101

. )
?
v
L} ]
L} )
)
"n
0 AL

F10108

= =t
=1 =X
o

F10109

F10117

. 1
[

’

]

10

"

. N
1) a 7

Logic Equation

232(4+5)(6+7+9)
3:(4+5)(6+7+9)

F10119

Logic Equation

= ol
o
o
L >

F10108

F10110

=
==

NOTE VCCI 2
Veca" '8

- ~oe
X

2:(3+4¢5+6)(7+9+10)(10+11+12)(13+14¢15;

F10107
) D =
o | I -
i ) I at

2"05‘:.5
3:4.5+4.5

F10111
» : |
==
1] (}]
h= D=

cha =15

F10118

Logic Equation
2=(3+4+5)(6+7+9)

F10121

Logic Equation

22(4+5+6)(7+9+10)(10+11+12)(13 + 14 +15)

J=(4+5+6)(7+9+10)(10+11+12)(13+ 14+ 15)
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DC CHARACTERISTICS: Vgg = -5.2 V, Vo * GND F10101 @ F10102 @ F10103 © F10108 ® F10108
F10107 © F10109 @ F10110 ® F10111

LIMITS
SYMBOL CHARACTERISTIC B v Y UNITS Ta CONDITIONS
Vou Qutput Voltage HIGH -1000 -840 mv 0°C
-960 -810 26°C
-900 -720 75°C VIN ViHA O V‘u
VoL Output Voltage LOW -1870 1685 | mv | ooc | BevlokcFunction
-1850 -1650 25°C
-1830 -1625 78°C Loading s
VoHe Output Voltage HIGH -1020 mv o°c 500 10 -20V
-980 25°C
o 75° =
e i VikB o ViLa
VoLc Output Voltage LOW -1645 | mv | o°c | PerLogicFunction
-1630 25°C
21605 75°C
ViH Input Voltage HIGH -1145 -840 mV 0°C | Guaranteed Input Voltage HIGH for
-1105% -810 25°C | All Inputs
-1045 -720 75°C
ViL Input Voltage LOW -187¢C -1490 mV 0°C | Guaranteed Input Voltage LOW for
-1850 -1475% 25°C’ All inputs
-1830 -1450 75°C
IH Input Current HIGH 265 pA 25°C | Viy = ViHA
F10101 Lead 12 550
F10107 Leads 5.7.15 220
F10110 Al Inputs 435
F10111 All Inputs 435
e Input Current LOW 0.3 pA 25°C | Vin = Vs
lee Power Supply F10101 -26 -20 mA 25°C | Inputs and Outputs Open
Current F10102 -26 -20
.F10103 ~26 -20
F10105 =21 -15
F10106 -21 -15
F10107 -28 -22
F10109 -14 -10
. F10110 ~38 -28
F10111 -38 -28

SWITCHING CHARACTERISTICS: Vgg =-5.2V, T4 =25°C F10101 @ F10102¢ F10103 ® F10105 ® F10106 @ F10109

SYMBOL CHARACTERISTIC _ueill UNITS CONDITIONS
8 TYP A
oM Propagation Delay LOW to HIGH 10 20 29 ns
ML Propagation Delay HIGH 1o LOW | 1.0 2.0 29 ns
YLH Output Transition Time 1.5 2.2 33 ns
LOW to HIGH (20% to 80%)
THL Output Transition Time 15 22 33 ns
HIGH to LOW (BO% to 20%)
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FAIRCHILD BECL DAIA SHEET ¢ F10K SERIES

SWITCHING CHARACTERISTICS: Vgg = -5.2V, T, = 26°C  F10107

UMITS
SYMBOL CHARACTERISTIC UNITS CONDITIONS
8 TYP A
LM Propagation Delay. LOW to HIGH | 1.1 24 3.7 ns
toML Propagstion Delay, HIGH to LOW | 1.1 24 3.7 ne
TLH Output Trangition Time 1.6 2.5 38 ns . See Figure 1
LOW to HIGH (20% to 80%)
THL Output Transition Time 15 25 35 ns
HIGH to LOW (80% to 20%)

SWITCHING CHARACTERISTICS: Vgg = -6.2V. T, 225°C  F10110 @ F10111

SYMBOL CHARACTERISTIC sl UNITS CONDITIONS
8 TYP A
V1Y) Propagation Delay, LOW to HIGH | 1.4 24 35 ns
pHL Propagation Delay. HIGH to LOW | 1.4 24 35 ns
M Output Transition Time 15 22 s ns See Figure 1
LOW 1o HIGH (20% to BO%)
tTHL Output Transitton Time 15 22 35 ns
HIGH to LOW (80% to 20%) {
SWITCHING CIRCUIT AND WAVEFORMS
n-um-—' '.— '.—n-n-.
At L D B
T KOs Cn 4 et e --
v l ny L L
L i ..' Fw.‘ r.-lu-
el - e
cc::::'vbl D] wKor e _\;;& - L_
T oL i e
5 O T o

Ly and Ly * equal length 50 f1 wmpedance lines
Ry = 5011 termination of scope

C, * Ju and stray capacitance <50pF
Decoupling O 1 pF from gnd to VEE and VCC

Jig set-up with no circuit under test

veer T veca * @0y
V“ .32V
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F10010+F10016

BCD DECADE COUNTER,/4-BIT BINARY COUNTER

GENERAL DESCRIPTION — The F10010 is a high speed synchronous, presettable,
cascadable BCD Decade Counter and the F10016 is a high speed synchronous, pre-
settable, cascadable 4-Bit Binary Counter. They are multifunction MSI building blocks
useful for 8 large number of counting, digital integration, and conversion applications.
Up to nine devices can be cascaded with no speed degradation using standard 10K
gates. A multidecade synchronous counter up to 150 MHz can be built. Typical count
frequency is 200 MHz.

?ollutu include sssertion inputs and outputs on each of the four master/slave counting
flip-flops. Terminal count 1s generated internally in a8 manner that allows synchronous
loading 8t nearly the speed of the basic counter. -

Both devices are packaged in hermetic ceramic 16-lead Dual In-Line packages and are
specified for operation over the temperature range 0°C to 75°C.

LOGIC SYMBOL

s 200N

L)
£10010/710018
LU

cp BINARY COUNTER
MA Qo Q) Q7 0y

IRy
veer !

veea = e
vie's

rcjo—4

® HIGH SPEED COUNT . . . 200 MHz TYPICAL COUNT FREQUENCY
® INTERNAL COUNT ENABLE — FOR HIGHEST SPEED EXPANSION
® ASYNCHRONOUS MASTER RESET CONNECTION DIAGRAM
® 50N DRIVE CAPABILITY DIP (TOP VIEW) -
® WIRED-OR CAPABILITY
® SEPARATE VCC LEADS — ELIMINATE NOISE COUPLING
® INTERNAL 50 k 2 INPUT PULL DOWNS
® SINGLE -5.2 V POWER SUPPLY
LEAD NAMES
PE Parallel Load Enabie (Active LOW)
Pn Paralle! Inputs
cpP Clock input (Clocks on Positive Transition)
CE Count Enable (LOW to Count}
MR Master Raset (HIGH Forcas all Q Outputs LOW)
T Terminai Count (10010, LOW st HLLH; 10016 LOW at HHHH)
Q, Counter Outputs
LOGIC DIAGRAM F10010
@ 2
n —Q . l
Ir 0 [
| - i o
l T ovantis Ty slave” b |® | T mastee Tgo Siave @ | T MAsTER T T Siave |
@10 OO " o =l [ TOr
Loo| 5 | B =& ﬁk%t:x} 2
Ua¥oh o) Lipstes | D20
Jd 4|.A<.;! t L‘..._ﬁ_..-fJ‘ WUioed o b s, o
0 T 4] T 5 ¥
n I
:
oD

O * LEAD NUMBERS

delays as many gate functions are achiaved internally without incurring a full gate delay

Note that this diagram s provwded for understanding of logic operation only It shoyld not be used for evaluation of propagation
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FAIRCHILD ECL DATA SHEET * F10010°F10016

LOGIC DIAGRAM F10016

e

R
08
u® oy --“e
®
iy O«

QO * LEAD NUMBERS

Note that ttus diagram 13 prownded for understanding of logic operation only. |t should not be used for evalustion of propagation
delays as many gate ftuncions are achweved internally without incurring 8 full gate deley.

FUNCTIONAL DESCRIPTION — The F10010 is a high speed BCD Decade Counter and the F10016 is a high speed
Binary Counter. The four master/slave flip-flops are fully synchronous and are driven in parallel through a clock driver.
The masters are loaded during the LOW period of the clock pulse. During the LOW to HIGH transition of the clock, the
master is disabled from the input and data is transferred to the siaves and then to the outputs. When the clock is HIGH,
the masters are inhibited from changing and the master/slave data path remains open. During the HIGH to LOW transi-
tion of the clock, the master/slave data path is inhibited, followed by the enabling of the masters for the acceptance of in-
puts from the counting logic, parallel entry, or count hold logic. ==

The Terminal Count (TC) is generated at count 9 (HLLH) on the 10010 and at count 1G (HHHH) on ths 10016.

The TC output is available simultaneously with the Q outputs through the use of unique lookahead logic and a fifth slave .
which is loaded during the LOW portion of the clock cycle. This feature, in conjunction with the triggered Count Enable
(CE) and the Paralle! Enable (PE) select the mode of operation 8s shown in the table below. The status of these control
lines is sampled only during the LOW to HIGH transition of the clock.

The Master Reset (MR) function is asynchronous. When HIGH, it overrides all other commands and forces all Q outputs
LOW and the TC HIGH.

TRUTH TABLE
Ce PE MR cp Function
L L L J | Losd Paraliel (P, 10 Q) ——
H L L i Load Parailel (P, to Q) R
L H L J Count X = Don't Care
H H L I Hold I = Clock Pulss (LOW to HIGH)
x X L 1 Masters Respond; Slaves Hold 1 = Clock Pulse (HIGH to LOW)
X X H X Reset (Q,, = LOW, TC = HIGH)
STATE DIAGRAMS
F10010 F10016

N

NOTE The 10010 can be preset 10 any s:ate. but will not count beyond 8 (KLLH). if preset to state 10, 11, 12, 13, Y4 or 16, st will
return to s normal sequence within two clock pulses
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FAIRCHILD ECL DATA SHEET ¢ F10010¢F10016

DC CHARACTERISTICS: Vgg * -6.2V, Vec * GND

SYMBOL CHARACTERISTIC 1 v A UNITS Ta CONOITIONS
VoM Output Volitage HIGH -1000 -840 mv ¥
=900 -810 28°C
-900 -720 78°C V”‘ = VIHA or Vlu
Vou Output Voitage LOW -1870 -1668 mv o°c | per Truth Table
-1850 -1680 28°C
-1830 -16256 76°C Loading is
Vouc | Output Voitage HIGH -1020 mv | o 50N w-20v
-$80 25°C
-920 75¢°C V|~ = V"..a or V“_A
Voo Output Voltage LOW -1646 | mv | o°c | per Truth Table
-1830 28°C
-1605 756°C
ViM Input Voltage HIGH -1145 -840 mv 0°C | Guaranteed Input Voltage HIGH for
-1105 -810 25°C | All inputs
-1045 -720 75°C
ViL Input Voitage LOW -1870 -1490 mv 0°C | Guaranteed Ingut Voltage LOW for
-1850 -1475 25°C | All Inputs
-1830 -1450 75°C
'™ Input Current HIGH 265 pA 25°C | ViN * ViMA
MR (Lead 12) 700
I Input Current LOW 05 PA 25°C | Vv = ViLe
Ige Power Supply Current -115 -80 mA 25°C | Outputs Open, Lead 12 Tied to V)
SWITCHING CHARACTERISTICS: Vgg = -5.2 V, Ty = 25°C. Ve = GND
LIMITS
SYM HARACTERISTI IT
BOL c CTERISTIC 5 P . UNITS CONDITIONS
feount Count Frequency 140 200 MH2 See Figure 1
'pLH Propagation Delay _ 20 36 50 ns
Clock to Output (Q, or TC)
See Figure 2
1PHL Propagation Delay 20 36 $.0 ns
Clock to Output (Q, or E.)
PHL Propagation Delay 40 ns See Figure 3
Master Reset to Output
LN Output Transiion Time 13 25 33 ns
LOW 1o HIGH (20% to 80%)
See Figure 2
tHL Output Transition Time 1.3 25 33 ns
HIGH to LOW (80% to 20%)
tw Clock Pulse Width 23 ns See Figure 2
L MR Pulse Width 28 ns See Figure 3
g Set-Up Time Prior t0Clock 20 ns
P, to CP
h Mold Time After Clock 10 ns
P, to CP
s Set-Up Time Prior to Clock 25 ns
PE or CE 1o CP
1 Hold Time After Clock 05§ ns

L UNEL Al
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QLOCR WA

NN
UuUuUuUuUyu

NN
U UUu

R onmn L]

Ly and L, * equal length 5082 impedance lines
Ry = 500) termination of scope
C, * S and stray capaciance < 8 0 pF

Fig. 1.

w..‘.a-a-mn

tout * 7 #om 10018

Maximum Count Frequency

Decoupling 0 1 yF from gnd to Vgg and Voo
v vV, 120V

(o{3] SCVI
VEG"J

s
GAnRATOR

-yt 10

Qg 0a 1T outRT

Ly and L, = equal length 3081 impedance Iines
Ry * 500 termination of scope
Cy * J9 and stray capacitance < § 0 pF

Decuupiing 0 1 pF from gnd to VEE and VCC

v LAY =20V
veet Y5
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DESCRIPTION — The F10115 and F10116 are differential amplifiers with low im-
pedance emitter-follower outputs. An internal reference supply (Vgg) is available for
added versatility. Active current sources provide improved common mode rejection.
The F10115 is a quad line receiver with single ended outputs. The F10116 is a triple
line receiver with complementary outputs. The devices are voltage compensated and
are fully compatible with other 10,000 series devices. The line receivers are used pri-
marily to receive data from Lalanced twisted pair lines, however, with appropriate con-
nections and feedback, they may operate as Schmitt triggers, high speed comparators,

F10115 - F10116
LINE RECEIVERS

oscillators, or broadband amplifiers.

TRUTH TABLES
F10118 Quad Line Recsiver

LOGIC DIAGRAM

NON-INVERTING INVERTING
INPUT INPUT OUuTPUT
L N L F10118
H L H
L VBB L
H Vas H
:aa T
B8
—t
F10118 Triple Ditferential Line Receiver o= o =i
NON.INVERTING INVERTING s
INPUT INPUT DUTPUT ouTPUT " e
\J
L H L H | >n||
H L H L
L VBB L H
H Vas H L
Vae H L H
Ves L H L F10118
FUNCTIONS
NON WvEATING NON WVERTING
ey ey
ouTRyY
. ouTRyT
SvEATING VERTWG m
P veer ; BRUT vegr s 0
ey e

177




-~ P

T

FAINVNIILKY Cvh WAITA ONECY

® FIVIIV ® Frivi9io

DC CHARACTERISTICS: Vgg = -8.2 V. Ve * GND

SYMBOL CHARACTERISTIC . %’ A UNITS | T, CONODITIONS
Vou Output Voltage HIGH -1000 -840 mv 0°C
-960 -810 26%C
-900 =720 76°C | ViN " ViHa of Vg
VoL Output Voltage LOW -1870 <1688 | mv | oec | Por Truth Table
-18580 -1650 26°C
-1830 -1628 78°C Loading is
Vouc | Output Voitage HIGH -1020 mv | o 600 10 -20V
. -980 28°C
-920 75°C | ViN ® Vi O Viea
VoLe Output Voltage LOW -1645 | mv | osc | per Truth Tebie
-1630 25°C
-1608 78°C
Vin Input Voltage HIGH -1145 -840 mv 0°C | Guaranteed Input Voltage HIGH for
-1105 -810 28°C | All Inputs
-1045 -720 76°C
viL Input Voltage LOW -1870 -1490 mv 0°C | Guaranteed Input Voitage LOW for
-1850 -1475 25°C | All Inputs
-1830 -1450 76°C
™ Input Current HIGH :1] pA 25°C | ViN *ViMA =
lceo Input Collector - Base -1.0 pA 25°C | vy =-8.2V
Leakage Current
lee Powsr Supply | F10115 -26 | -18 mA | 25°C | Leads 4.7.10.13 =V, g,
Current Leads 5.6,11,12 = V,
F10118 -21 -14 mA 25°C | Leads 4,.9,12 *Vie'
Leads 56,1013 = V'.
Vga Reference Voltage -1380 -1255 mv 0°C | F101185, Connect Leads 5,6,11,12
toLead 9
-1350 -1230 25°C
-1308 -1165 75°C | F10118, Connect Leads 5,10,13
to Lead 11
SWITCHING CHARACTERISTICS: Vee * -5.2V, Ty =25°C
LIMIT
SYMBOL CHARACTERISTIC : UNITS CONDITIONS
8 TYp A
tpLM Propagation Delay. LOW 1o HIGH 10 29 ns
1L Propagation Delay. HIGH 10 LOW | 10 29 ns
L") Output Transition Time 15 33 ns
LOW 10 HIGH (20% to 80%)
THL Output Transition Time 15 33 ns
MIGH to LOW (80% to 20%)
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FAIRCHILD ECL DATA SHEET e« F10115 « F10116

SWITCHING CIRCUIT AND WAVEFORMS

Vet vegpt T ieY

ne 01,0 neaBLI
9
[T ‘ | BT
CindRaTON ‘1 — e

KoK Cn e

:
i
,_ctx

win l.— 8 5C31 resistor tO ground

One input from each gate must be
ned to Vgg during tesiing

S

T

L;:- Ly. L2. and L3 = equal length
l_- t 5001 impedance lines
T__ Ry = 508 termination of scope

+
=
)

g .
- W
’,,




FAIRCHILD ECL DATA SHEET * F10116 * F10116

A line receiver is shown in Figure 2. The line is normally terminated in its characteristic impedance (typically 100  )and
output pull down resistors (typically 510 Q) are used. The voltage across tha terminsting resistor Vy mey be caiculated
as follows:

(Vge - Vou! Ry

a
vr Re * Rt * RuNE
Whaere Vo is the output voltage HIGH of the driving gate, R g is the rasistance and Ry is the terminating resistor. With
typical values, Vy is 620 mV. The line receivers nave a minimum differeitial input voltage gain of 7 V/V allowing very long
twisted pairs 10 be driven. The line receivers employ active current sources which allow them to reject common mode in-

puts between -0.55 and -3 V.

Information transfer is often organized with 8 dats bus approach, where many sources may input and receive data on 8
common bus #s illustrated in Figure 3. This configuration is a special case of wired-OR and the line receiver inputs ar?
essentially single ended which reduces worst case voltage gain to 3.5 V/V. In practice it is possible to transmit data ot rates
in exceis of 100 MHz over bus lengthg of 10 feet, having 10 or more receivers and transmitters on the line.

Twisted pair differential lines are recommended for clock distribution since clock skew may be balanced by adjusting line
lengths. Propagation time 18 approximately 1 ns per eight inches of line.

TWISTED-PAIR CONNECTIONS

vt

|- jo-w

o |

o ! jLJEi; ™ :‘ - l $
~u v

Backplane Data Bus

Differential Transmission and Reception

PARAMETERS FOR LINEAR APPLICATIONS
VEE .52V, Vee® GND. YA = 25°C

LIMITS
PARAMETER UNITS
8 TYp A
Voltage Gain 35 50 60 | vv TYPICAL LINE RECEIVER
DIFFERENTIAL GAIN
Sandwidth 60 MHz VERSUE INPUT FREQUENCY
Input Resistance 4 [ kN
Iaput Capacitance 3 pF »
Input Offset Current 2 pA .
Input Bias Current 17 30 pA T
»
Commor: Mode Input -30 055 v H
Voltage Range N
Common Mode Rejection Ratio 80 a8
Supply Voltage Rejection Rauo 35 a8 . ol
1= P0G0MNCY - Wy
Output Voltage Swing 040 Vpp
Output Source Current 60 mA
“put Resistance ] n




F10124
QUAD TTL TO ECL TRANSLATOR

DESCR!PTION — The F10124 is a Quad Tvansistor, designed to convert TTL logic

leveis to 10K ECL logic levels. The inputs are compatible with standard or with Schottky MDA SIRGnAe
TTL. A Common Enable input (Ec). when LOW, holds all inverting outputs HIGH and ﬁ‘.
hoids all True outputs LOW. The differential outputs sliow each circuit to be used as an

inverting/non-inverting translator or as a differential line driver. The output levels are ':m:
voltage compensated. L .
When the circuit is used in the differential mode, the F10124, due to its high common ':m"
mode rejection, overcomaes voltage gradients between the TTL and ECL ground systems. Ln_—Ch“

9

vee* ¢
)
Logic € ‘ 2=5.68
ic Equations 4578
DC CHARACTERISTICS: Vgg = -62V. Ve = +5.0V
LIMITS
SYMBOL CHARACTERISTIC ? — A UNITS Ta CONDITIONS
VoH Output Voltage HIGH -1000.. -840 mv 0°C —_
-960 -810 25°C
-900 -720 75%C | ViN = *40Vor
VoL Output Voltage LOW -1870 -16656 mv 0°C N vaov
-1850 -1650 agac | bows feactien
-1830 -1625 75°C Loading is
Voue Output Voltage HIGH -1020 mv o*C 50a 10 -20V
-980 25°C
-920 75°C V'N L V"." or V|u
Voic Output Voltage LOW -1845 mv o°C | per Logic Function
-1630 25°C
-1805 76°C
Vin Input Voltage MIGH 9 6.0 v 0°C | Guaranteed Input Voltage HIGH
Y *18 50 25°C | for All inputs
18 5.0 78°C
ViL Input Volta _2 LOW 0 *1.1 v 0°C | Guaranteed Input Voltage LOW
(4] 1.1 25°C | for All Inputs
0 +0 96 76°C
Veo Clamp Input Voltage -18 v 25°C | iy = -10mA
Vep lnpbl Breakdown Voltage 55 \" 25°C | Ly = *1.0 mA, Other inputs Vi = GND
'.H Input Current HIGH 80 M 25°C le 224V, Ec V|~ 104V
hux Input Current HIGH Ec 200 pA 25°C | Ec Viy * *24V, All Other
Inputs V,, = +0 4 V
hx Input Current LOW E¢ -128 mA 25°C | Ec Vg ® +0 4 V, All Other
Inputs V), = +40 V
he Input Currant LOW -32 mA | 25°C | VT 04 V.EcV)y =40V
Ige Power Supply Current -34 -2€ mA 25°C | Inputs and Outputs Open
leew Power Supply Current 13 *16 mA 25°C | Allinputs V), = +40 V
lecL Power Supply Current *18 *2§ mA 25°C | All Inputs v = GND
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FAIRCHILD ECL DATA SHEET ¢ F10124

SWITCHING CHARACTERISTICS: Vgg * 5.2V, Vog * 8.0V, Ty = 28°C

SYMBOL |  CHARACTERISTIC = ":‘Y"" " uNITS CONOITIONS
) Propagetion Deley, 1.0 30 60 ns
LOW 10 HIGM
Ippe Procagation Deley, 1.0 30 60 ns
HIGH 10 LOW
M Output Transition Time 18 28 3 ne .
LOW 10 HIGH (20% to 80%)
L Output Transition Time 18 2.6 3 ne
HIGH to LOW (80% to 20%)
SWITCHING CIRCUIT AND WAVEFORMS
a0V veerr0V
LA - ‘ EO!J&"'J
r=- -1
| _3:: |
o | |
scom ’ :l { —:& i ;:
Cman A \ B 1 | ¢‘:‘°:‘.
11 = "
T | '
s — ——
GAN RATON " T
I = = ey

NOTES

Connect unused outputs through 5081 resstor to ground
Ly. Ly and Ly ere equal lengins of SULT impedance Lines
Ry equals 50 N1 rermination of scope

B8-00~ .—.' .— _l.—\l Obne

—.'q—.—

Y

son \

! ! 208 :

i [
e g

-CJq..lo— — e, |

A aea SIS T
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F10125
QUAD ECL TO TTL TRANSLATOR

DESCRIPTION — The F10125 is a Q:-ad Translator for converting F10K logic levels to
TTL logic lovels. Differential inputs allow each circuit to be used as an inverting, non-
inverting or as a differential line receiver. An internal reference voltage generator
pruvidas Vgg on lead 1 for - ngle-ended operation or for use in Schmitt trigger applica-
tions. The outputs, which vall go LOW when the inputs are left unconnected, have a fan
out of 10 Schottky TTL loads.

LOGIC DIAGRAM

When used in the differential mode, the inputs have a common mode rejection of +1 V D—

— making this device tolerant of ground offsets and transients between the signal source Ve

and the translator. ’»—
2

TRUTH TABLE
“—‘>—|J
14—
' INPUTS -~ OUTPUT
Non-Inverting rting
In In On
L H L
H L H s
L L *
s # H ' FUNCTION
OPEN OPEN L
VEe VEe L —
WUT iy
L Vag L e e
H Ves H
Vas L H
Ves H L

*Undetermined



FAIRCHILD ECL DATA SHEET * F10125

DC CHARACTERISTICS: Vgg = -6.2 V, Ve * GND

SYMBOL CHARACTERISTIC 8 U:AYI:'S A UNITS Ta CONDITIONS
Vou Output Voltage HIGH +26 \'/ 0°C
+28 25°C
*2.5 75°C | ViN ® Vina OF Vi
Vou Output Voltage LOW +056 v 0°C | per Truth Table
+0.5 25°C o
+0.5 Loading is
-2.0 mA Vo...
Voue Output Voltage HIGH +2.5 \' 0°C +20 mA Vo
+2.6 25°C
+2.5 75°C le = V"..s or VM
Vore Output Voltage LOW +0.5 v 0°C | per Truth Table
. +0.8 25°C
+05 75°C
ViH Input Voltage HIGH -1148 -840 mv 0°C | Gueranteed Input Voitage HIGH for
-1105 -810 26°C | All Inputs
-1045 = -720 75°C
Vi Input Voltage LOW -1870 -1490 mV 0°C | Guaranteed Input Voltage LOW for
-1850 -1475 25°C | All Inputs
-1830 -1450 75°C
VIHH Common Mode Rejection +0.160 v 0°C -
Input Voltage HIGH +1.0 V +0.190 25°C
+0.280 75°C
Vitn Common Mode Rejection 6870 v 0°C
Input Vo'tay 3 LCW «1.0V -0.850 25°C
-0.830 75°C
ViHL Common Mode Rejection -1.840 v 0°C
Input Voltage HIGH -1.0V -1.810 25°C
-1.720 75°C
ViL Common Mode Rejection -2.870 v 0°C
Input Voltage LOW -1.0V -2.850 25°C
-2.830 75°C
Ves Referance Voltage -1380 -1250 mvV 0°C | ViN*Vis
-1350 -1230 25°C
-1305 -1168 75°C
Icso Input Leakage Current -10 PA 25°C | V| = Vgg Note 1
M Input Current HIGH 115 pA 25°C | Vin = Vjqa Note 1
| Short Circuit Current -100 -40 mA 25°C | Vn = GND Note 2
(15 ,_ IN
lge ~aztive Power Supply -40 mA 25°C | Inputs and Outputs Open
e 0 Power Supply 52| mA | 25°C | Vi = Vina Note 3
: 39 [ ma [ 250C | vy =V, gNow3

lecu ; Positive Power Supply

NOTES

Complementary Input * Vgg
One Output at & Tune

Lead 2, 6. 10, 14 = V.

Lead 3 7,11, 15=Lead ! (V.’)
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FAIRCHILD ECL DATA SHEET * F10126

SWITCHING CHARACTERISTICS: Vgg * -5.2V, T, = 26°C

SYMBOL | CHARACTERISTIC e UNITS CONDITIONS
tpLH Propagation Delsy. 1.0 6.0 ns
LOW 10 HIGH
'PHL Propagation Delay, 10 6.0 ns
HIGH to LOW
Y Output Transition Time 33 ns
1071020V
tTHL Output Transition Time 33 ns
20Viwo 10V
SWITCHING CIRCUIT AND WAVEFORMS
0V
Vet O = = - = = - =
[ Vea ]
0 ) ] q 1
1YV O v )
' 1
oyt W00 80V
@ vee
PULSE GENERATOR :: &80
s e 3
W Ot ) —O vour

SO£1 termination to grourd lc-
cated in each scope channel nput.

All input and output cadles to the
scope are equal lengths of 5002
coanial cable Wire length should
be <1/4.nch from TP‘N to mnput
lead and "’OUT 10 ouiput lead

a“—(

CL = 25 pF. including test fixture

One input from each gate must be tied to Ves
(Lead 1) during tesung




F10131

HIGH SPEED DUAL D FLIP-FLOP

DESCRIPTION — The F10131 contains two master/slave D-type flip-flops. The in-
ternal clock is the OR of two clock inputs, one common to both flip-flops. The OR clock
permits the use of one input as a clock pulse and the other as an active LOW enable.
While the clock is LOW, the slave is held steady and the information on the D input is
permitted to enter the master. The next transition from LOW to HIGH locks the master
in its present state making it insensitive to the D input. This transition simultaneously
connects the slave to the master causing the new information to appear on the outputs.
Master and slave clock thresholds are internally offset in opposite directions to avoid
race conditions or simultaneous master/slave changes when the clock has slow rise or
fall times.

Each flip-flop has separate set and clear inputs which asynchronously determine the
state of the output independent of the clock levels. Note that the output voltage leveis
of a flip-flop are unpredictable if both set and clear signals are HIGH.

LEAD NAMES

D Data Input 10 Muster

LOGIC SYMBOL

. S0
J =g 0 Qyp—13
12
noat
ouaL 0
R Ry
= Q) ]
' cor

n
CP, Clock Input
CPc Common Clock Input
Q, Output
G, Complement Output
Sp Set Direct Input
C Clear Direct Input
D ear Durect iUl yRUTH TABLES
ASYNCHRONOUS OPERATION
Sp Cp TABLE
SYNCHRONOUS
OPERATION o Sp Q a
D TABL
: L L See See
0 o(lm D Table D Table
L L
" H £ u H L
Sp = Cp = LOW H L L H
(1+1) = Time after positive H H undetermined
going clock transition
LOGIC DIAGRAM
So
0.
g Q
=

oL Ul .

70 ONwER o
ne roe

Note thai this diagram 18 provided for understanding of logi¢ operation only It should not
be used for evaluation of propagation delays. 88 many gate functions are achieved inter-
nally watrout incurning a full gate delay

CONNECTION DIAGRAM
OIP (TCP VIEW)




FAIMGHILD ECL DAIA SHEET ¢ F10131

DC CHARACTERISTICS: Vgg =-6.2 V., Vg = GND

LIMITS
SYMBOL CHARACTERISTIC UNITS CONDITIONS
8 TP A
VoM Output Voltage HIGH -1000 -840 mV 0°C
-860. -810 25°C
-900 -720 75°C VIN ® ViHA OF Vieel
Truth Table
VoL Output Voltage LOW -1870 <665 | mv | oc [P
-1850 -16850 25°C
.
-1830 -1625 75°C Loading is
Voue Output Vohage HIGH -1020 mv | o 500 t0-2.0V
-980 25°C
-920 75°C le = V|“° or V“_A
per Truth Table
Vore Output Voltage LOW -1645 | mv 0°C
-16830 25°C
-1608 75°C
Vi Input Voitage HIGH -1145 -840 mV 0°C | Guaranteed Input Voltage HIGH for
-1105 -810 25°C | All Inputs
-1045 -720 75°C
ViL Input Voltage LOW -1870 -1490 mv 0°C | Guaranteed Input Voltage LOW for
-1850 -1475 25°C | All Inputs
-1830 -1450 75°C
'™ Input Current HIGH bA 25°C |V N2V 1HA
cpP 220
Cep 265
] 245
Sp & Cp 330
W Input Current LOW 05 A 25°C | Vin = V8
lee Power Supply Current -56 -45 mA 25°C | Inputs and Outputs Open
SWITCHING CHARACTERISTICS. Vge *® “52V. Ty = 25°C
feount Toggle Frequency 125 160 MH2
trLH Propagation Delay 18 30 45 ns
Clock to Output’
PHL Propagation Delay 15 30 45 ns
Clock to Output
pLH Propagation Dealy 1.2 2.2 43 ns
Set to Q. Clear 10 Q
tPHL Propagation Delay 1.2 22 43 ns
Set to Q. Clear 1o Q
rLH - Output Transiion Time 1.5 22 45 ns
LOW to HIGH (20% to B0%)
THL Qutput Transition Time 156 22 45 ns
HIGH to LOW (80% to 20%)
4% Set-Up Time 25 056 ns
Data to Clock
t Hold Tirne 156 -05 ns

Data to Clock
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F10136 » F10536 » F10137 * F10537
4-STAGE UP/DOWN COUNTERS

F10K VOLTAGE COMPENSATED ECL

DESCRIPTION - The F10136/F10538 and F10137/F10537 are 4-stage synchronous
counters capable of operating at typical count rates of 250 MHz. The circuits are designed
10 operate in count up, count down, hoild, and preset modes, as determined by signais
apptied to select inputs S, and S;. The F10136 is a modulo-16 binary counter and the
F10137 is a BCD (8421) decade counter.

All operations are synchronous and state changes are initiated by the rising edge of the
clock. Each circuit has an active LOW Count Enable (CE) input and an active LOW Terminal
Count (TC) output which aliow two or more counters to be cascaded without extra logic. The
preset leature makes it possidie 10 use the F10136 and F10137 as programmabie counters
" a broad variety of applications.

HIGH SPEED ... 250 MMz TYPICAL COUNT RATE

FULLY SYNCHRONOUS

RIPPLE CARRY SIMPLIFIES CASCADING

PRESETTABLE, FOR VARIABLE MODULUS APPLICATIONS
SELECT INPUTS CAN BE WIRED TO Vce

S0 2 LINE DRIVING CAPABILITY

SEPARATE Vg PINS ELIMINATE NOISE COUPLING

INTERNAL 50 kQ 'APUT PULL-DOWN RESISTORS ... UNUSED INPUTS
CAN BE LEFT OPEN

PIN NAMES
(] 3 Count Enable input (Active LOW)
cp Clock Pulse input (Positive-Going Active Edge)
Pn Preset Data Inputs
Qn Flip-tiop Outputs
Sn Operating Mode Select Inputs
(] Terminal Count Ou’put (Active LOW)

STATE DIAGRAMS

10837/10137 COUNT UP  10837/10137 COUNT DOV/N 10834/10138

00 O=0-0=0=D
154
' -@

K]

LOGIC SYMBOL

(18] (VHISHW
% 11 es

g 1111

(1)13 =
(13) 9 =t
(1) 7=y

"
mEem

Veey = Pin 1 (8)
Veea = Pin 18 (4)
Vgg = Pin 8 (12)
( ) = Flatpak

CONNECTION DIAGRAM
OIP (TOP VIEW)

)
T
]
L]
L]
L]
v
L]




11 = HIGH Voitage Level
L = LOW Voitage Level
* = Starling pont. ardiliary pree . dets

X = Dont Core

F10138/F10838 LOGIC DIAGRAM

Fig. 1. Sample Operating Sequenses, F10138 * F10838 Binary

- > - 4 .

& slulz. 32 BIEZ =

LW!WU £ EW 3

H £ ] £
Rl#|zxxzszxx|x|as|zxxaxx
Slzlszaxxax|z|a|xazxazx

Bl =
glr|94~2zxxxava|a|a|xxT 0T

M%LnnanLLLNLLL Tz
Slxlzzxzxxzxzoa|a|a|laagsszx
] T |2 22 3 x x|x] o] xxxxxx
a | T |2 222 xx|x]a]xxxxxx
a2 2 > x|x|x|xxxxxx

mh.nxxxxxxxx..xxxxxx

Z|S[9|9D G L xag|x|D|vShaLLY
HEIFEEEE R EIE] R sy
gl2|lzxrxxxxx|x|a]|aaa -
a|ld|dd2sdaasa|x]a|zxTX Ix

FAIRCHILD ECL © F10138 © F10538 © F10137 © F10537
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Operstion only It Should not be used for evaluation of propagetion

delays o3 many interngl |
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SELECT
MODE
PRESET"
COUNT
ur

(Max)
HOLD
PRESET*
COUNT
DOWN
(Min)

=

”
|

L | M| H | CEinnoig
H|L|H
L M |n

LW |L
L

OQUTPUTS

LML N
H|L|L|NH
LIH|H N
L
L
L

L
L

T

b
5

LI{H|L|H N

L
L
L
L
L
L

HiL|L

H = HIGH Voltage Level
L= LOW Voitage Level
* = Starting point, rrditrary data

X« Don't Care

L
F10137/F10537 LOGIC DIAGRAM

INPUTS

JIX|X|X|X|L|IM|H|LIN
JIX|X|X|X|L|H|H|H|H
JIX|X|X|X|H|L|L|L|H

L
L
L

Fig. 2. Sampile Opaerating Sequences, F10137 « F10837 Binary

LIX|TJT|L|H]L|H

XrxITXx

&—

81 (82 |CE[CP Py [Py [Py |Pp[Qy)|Qz|Qq|Qg|TC

L

-t D

6To | ¢
|

LIHIL|TIX|X|X|X]|H
LIH|H|X]|X]|X]|X]|X|H
HIH|IX|X|X]X]|X|X

LiL | x| S

FAIRCHILD ECL © F10136 ® F10536 © F10137 © F10837
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Operation only It should not be used for evaluation of propagation

Selays as many intengl

Note that thia diagram is provided for undarstanding of logic
than indicated.

Veci=Pin 1 5)
Vcca-ﬂn 10 (4)
Vge=Pn 8 (12
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FAIRCHILD ECL © F10138 ® F10538 © F10137 ¢ F10537

FUNCTIONAL DESCRIPTION—In the counting modes, the F10138 follows & straightforward binary sequence. The
£10137 follows the 8421 BCD sequence, as indicated In the state diagrams on page 1. For either circuit type, the CE in-
pu* must be LOW for counting to occur, as indicated in the sample sequences of Figures 1 and 2.

The Select inputs determine the operating mode of a circult, as shown in the tadble of Figwe 3. Al operations are
synchronous and state changes are initiated by the rising edge of the clock. The CE input has no effect on the preset
and hold operations. Either of the Select inputs can be wired to VCC: this simplities designs in which 84 or 82 is re-
Quired 10 always be HIGH. .

In the counting modes the TC output is controlied by the TE input and by the state of the tlip-fiops, as Indicated in
Figure 3. TC is normally HIGH and goes LOW (assuming CE 1s LOW) when the counter reaches zero in the count n
mode or when it reaches maximum (15 for the 19138, 9 for the 10137) in the count up mode. The control that the CE in-
puts has on the TC output makes it possible to form multi-stage counters without external iogic, as shown In Figure 4.
In order for a given stage to count, the TC outputs (and thus the CE inputs) of all the preceding stages must be LOW.
The frequency capability of this arrangement Is limited by the time required for a negative-going TC signal from the
first stage to ripple through to the CE Input ¢ the last stage. The time between successive positive-going clock edges
must not be less than the sum of the CP to TC delay of the tirst stage, the CE loTCdolay. of the Intermediate stages,
and the CE 1o CP set-up time of the last stage. The counter can be enabled/disabled at the CE Input of the first stage
(Figure 4), or by using the Select inputs.

In the preset mode, the TC output of the F10138 is forced LOW, while that of the F10137 depends on the staty of Qs
and Q2, as indicated in Figure J. For eithar circuit type, the TC output is forced HIGH in the hold mode. This feature
can be used 10 simplify designs for certain types of applications. in the simple counter oi Figure 4, for example, the
second and subsequent xtages can be prevented from counting by putting the first stage into the hold mods, causing
a HIGH signal to ripple through .0 ail TC outputs. Wiring simplification is possible if the counter is to operate in only
one of the counting modes. plus preset and hold. For example, if the S1 inputs of the second and subsequent stages
are left open (LOW) and their S2 inputs wired in parallel with S2 of the tirst stage, then the 82 signal selects either the
count up or preset mode for these latter stages. Putting the tirs! stage into the hold mode effectively achieves a hold
for the entire counter in the manner previously described. Designers shouid bear in mind thata TCoutputis subject to
decoding spikes and therefore should not be used as a clock.

The flip-flops are master/siave type with internal JK feedback. information enters the master when the clock is LOW
and transfers to the siave when the clock goes HIGH. Signais on the Preset, Select, and CE inputs must be in the in-
tended state at least a set-up time before the clock rising edge. Hoid times for these inputs are negative, however,
which offers simplifications in some applications. Figure 5 iliustrates an arrangemant for a programmable down
counter using F10136 circuits. When the counter reaches the all-zeros state and the clock goes LOW, the TC outputs
will go LOW, starting at the tirst stage and rippling through to make the S1 inputs LOW. Thus with S1 and S2 LOW the
circuits are in the preset mode and the preset data will be entered on the next rising clock edge. S alsn goes HIGH
(with the clock) but this does not interfere with presetting because of the negative hold time characteristic. The CE In-
put of the first stage also goes HIGH with the presetting clock, causing the TC output to go HIGH and ripple thiot “h
the second and third stages to make the S inputs HIGH. After this Is accomplished the circuits are in the hol” mcJe
when the clock is HIGH and in the count down mode when the clock Is LOW.

The outputs of these circuits have no internal pull-down resistors and the 50 kR input puli-down resistors of F10K
elements do not provide sulficient current to perform the pull-down function at eiectronic speeds. External pull-down
current is an integral function of the termination scheme selected by the system designer, as discussed in Chapter 5
of the Fairchild ECL Hanabook.

Fig. 3. Mode Select and Terminal Count Equation Table

Select Operating Terminzl Count Output Equation

Sy |S2 Mc @ F10138 Binary F10137 BCO

LL Preset CaLowW fC=0y+0;

LIH | Countup | TCulE+QpeG1+82+0; - TC=CE+Qy+0y+0;+0Qy
H|L |CountDown | TCalE+Qg+Q1+Q;+03 fC=CeE+Qp+0y+Q;+0Qy
WM Mold TC= HIGH fC=HIGH
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FAIRCHILD ECL © F10138 ® F10538 © F10137 © F10837

DC CHARACTEMISTICS: Vgg = - 8.2 V, Voo = AND

svmsoL CHARACTERISTIC T s [ Ta CONDITIONS
™ Input Current HIGH s | 2383°C Vin = Vina
[ 20
8y 28
cr 2%
8, CF 248
Ieg Power Supply Current - 138 -108 mA |25°C Owtputs Open,
Pin 12 tied 10 Vi
AC CHARACTERISTICS: Vgg = ~52 V. T, = 26°C
SvMBOL CHARACTERISTIC ] s | TEST conommons
feount | Count Frequency 128 260 MMz
10 | propagation Delay, Clock o Qp 10| 22| 48| ne

Ipmy

tone Propagation Delay, Clock 10 TC

toin

"ﬂL . — —
Propagation Delay, CE 1o TC

U

truw | Output Trangimon Time LOW-10-HIGH, HIGH-10-LOW
|'|.\ (20% o ”*), (80% to 20%)

1.1

ty Set-Up Time Prior 10 Clock [
Data 20
Select 4.0
CE (10 Enable Count) ar
CE (10 inhidit Count) 1.2
n Hoic Time Afer Clock ne
Data -20
Select -4.0
CE (10 Enable Count) ~1.0
CE (10 Inhibnt Count) -28

-y, " &
-y B
(LT fon - 1 - b rp---
cr 124 cr
G\Nll

© +  MuitkStage Counter Using Ripple Carry

Programmable Down Counter




FAIRCHILD ECL © F10136 © F10538 © F10137 © F10837

SWITCHING CIRCUIT AND WAVEFORMS

"' A L—no MMIBIT COUPT) ""“l"
PR P

et
Ao rommacomn X

Ly and L2 = equal length 53 @ impedance lines
Ry = 50 Q termination of scope
Cy = vy 110 31ray copacitance <10 pf

Decoupiing 0.1 4F from ga¢ .0 Veg 8nd Voo

Veer - Veeewaoy
Vgge ~32V




F10160
12-BIT PARITY CHECKER/GENERATOR

DESCRIPTION — The F10160 is a 12-Input Parity Generator. The output will be HIGH

. LOGIC 8YMBOL
when an odd numbaer, of inputs are HIGH; typical delay is 4 ns. For applications requir- o o
ing fewsr than 12 inputs, unused inputs may be left open, since internal input resistors
hold unconnected inputs LOW.
34 6 0 7 W21
AREEEEEEENN i
¢ © 12 13 ey ie ) g o '
710180
13-0PUT PANTY '
COMCREN GINMRATOR .
" .
LEAD NAMES ] ?
'ﬂ Inputs :g; X :n .i
Po Panity Odd T l
|
LOGIC DIAGRAM CONNECTION DIAGRAM
DIP (TOP VIEW)

o
Fo—o :
T |, -

T o> - r

O = LEAD NUMBERS |
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DC CHARACTERISTICS: Vg * -8.2 V. Vg = GND

HIGH 10 LOW (80% to 20%)}

SYMBOL CHARACTERISTIC 1 v Y UNITS | T, CONDITIONS
VoM Output Voltage HIGH -1000 -840 mv 0*C
960 -810 28°C
-900 =720 76°C | Vin " Vina of Vi g
VoL Output Voltage LOW -1870 -16686 | mv | o°c | per Logic Funciion
-1880 -1680 28°C
-1830 -1628 78°C Loading is
VoHe | Outout Voltage HIGH -1020 mv | o 908 »-20V
-580 25°C
-920 78°C V'N . lel or VM
Voue Output Voltage LOW -1848 mv o°c | per Logic Function
-1830 28°C
-1608 758°C
Vi Input Voltage HIGH 1148 -840 mv 0°C | Guaranteed Input Voltage HIGH for
-1108 -810 25°C | All Inputs
-1045 -720 78°C
ViL Input Voltage LOW -1870 - -1490 mv 0°C | Guaranteed Input Voitage LOW for
-1850 -147% 25°C | All Inputs
-1830 -1450 75°C
M Input Current HIGH 220 pA 25°C | ViN *ViHa
(All Inputs)
hw Input Current LOW 056 pA 25°C | Vin*Vis
Igg Power Supply Current -59 46 mA 25°C | Inputs and Outputs Open
SWITCHING CHARACTERISTICS: Vgg = -6.2 V. T, = 25°C
LIMITS -
SYMBOL CHARACTERISTIC B P A UNITS CONUDITIONS
pLH Propagation Delay, 40 ns
LOW 10 HIGH
tPHL Propagation Uelay, 40 ns
HIGH tc LOW
LN Output Transition Time 15 20 33 ns
LOW to HIGH (20% to 80%)
ML Output Trangition Time 1.5 20 33 ns




F10161
1-OF-8 DECODER

ACTIVE LOW OUTPUTS

DESCRIPTION — The F10181 accepts 8 3-bit binary input and provides eight mutually LOGIC SYMBOL
exclusive outputs. The selected output will be LOW while all other outputs are HIGH.
Two enable inputs force all outputs HIGH when either or both are HIGH. Typical delay
is 4 ns from any address or enable 1o any output.
110 ? 9
LEAD NAMES . l —- |
AN O i L 3 10181
[ Enabie (Active LOW) “ . (" el bae o + or's sacoses
A, Address Inputs LTS ,"‘-...‘r::*;' 01 03 03 04 Oy Ou Oy
5,, Output (Active LOW) e 8 1 1213 410
veer !
veer ' 1o
LTRL
LOGIC DIAGRAM CONNECTION DIAGRAM |
DIP (TOP VIEW) !
Al
u Q@ @ % !
6w 90 !
(. |
- -_@ &
@ 5 '
]
H 9 4 1
.
. B .
0 B :
o . |
%~ |
L B m=m |
“e-—— |
woX— |




FAIRCHILD ECL DATA SHEET * F10161

TRUTH TABLE

ENABLE
INPUTS INPUTS OUTPUTS
L}
€ & | A2 Ay A | Oo Oy O O3 O4 Og O O
L L L L L L H H H H H . H H
L 8 L L H H L H H H H H H
L L L H L H H L H H H L] H
L L L H H H H H L H H H H
L L H L L H H H H L H H H
L L H L H H H H H H L H H
L L H H L H H H ] H H L ]
L L H H H H H H H H H H L
H X X X X H H H ¥ H H H H
X H X X X H . H H H H H H H
L = LOW Voltage Level
H = HIGH Voitage Level
X = Don't Care
OC CHARACTERISTICS: Ve = -5.2V, VCC = GND
M
SYMBOL CHARACTERISTIC LIMITS UNITS Ta CONDITIONS
8 TYP A
Vou Output Voitage HIGH -1000 -840 mvV 0°C
-960 -810 25°C
-900 =720 75°C V|~ = leA or V|La
VoL Output Voltage LOW -1870 -1665 | mv | occ | PerTruth Table
-1860 -1650 25°C
-1830 -1625 75°C Loading is
VoHe Output Voitage HIGH -1020 mv | 0°C 50q to-2.0V
-880 25°C
-920 75°C le = V"“B or VILA
VoLe Output Voltage LOW -1645 | mv | o°c | per Truth Table
-1830 25°C
-1605 75°C
Vin Input Voltage HIGH -1145 -840 mv 0°C | Gusranteed Input Voitage HIGH for
-1105 -810 25°C | All Inputs
-1045 -720 75°C
Vi Input Voltage LOW -1870 -1490 mv 0°C | Guaranteed Input Voitage LOW for
-1850 -1475 25°C | All Inputs
-1830 -1450 75°C
W input Current HIGH 220 pA 25°C | Vin = ViHA
"L ] Input Current LOW 05 PA 25°C V|~ = Vu_B
E Power Supply Current -76 -55 mA 25°C | Inputs and Outputs Open

P ™




VAInLNiW EUL WALTA SHEET * F10181

SWITCHING CHARACTERISTICS: Vgg = -6.2V, Voe * GND, Ty = 28°C

SYMBOL CHARACTERISTIC LMITS UNITS ‘ CONDITIONS
8 TYP A
U1 Propagation Delay, 18 40 6.0 ne
LOW to HIGH
ML Propagation Dalay 1.8 40 6.0 ns
trLm Output Transition Time 1.8 33 ns
LOW 10 HIGH (20% to 80%) \
L Output Transit.on Time 18 33 "
HIGH 10 LOW {80% to 20%)

SWITCHING CIRCUIT AND WAVEFORMS

PROPAGATION DELAY

e m/:llli
-

L8

|

LyendlL = gqus! length 50 £] impedance lines
Ry = 5061 termination of scope

CL * Jw and stray capac.ianvce <8.C pF
Decouphing 0.1 pF from gnd to VEE and Vcc

v, \'/ =20V
Vet - e

T




F10171
DUAL 1-OF-4 DECODER/DEMULTIPLEXER

SELECTED OUTPUTS LOW

DESCRIPTION — The F10171 contains a pair of 1-of-4 Decoder/Multiplexers with
Common Enable (Ec) and Address (Ag and Ay} inputs. In each decoder the unselected
{or disabled) outputs are HIGH and the selected (or enabled) output repeats the informa-
tion present on ita data input ('i'u or Tb). if the E'C input is HIGH all outputs of both de-
coders are HIGH, as indicated in the truth table. The F10171 can be used as & i -of-8
decoder/demultiplexer by connecting the True and Complement of the third address bit
to T. and Tb. respectively, and using EC as either a data input or 8s an enable.

LEAD NAMES
Ee Common Enable (Active LOW)
A, Address Inputs
[ Data Inputs
3,, Outputs

LOGIC SYmaoL

il
LN Y
1—1% oM
OUAL 1.0 4
s, DECODER. DEMULTIALEXER
000016026032 006016026030

TYTTTTTY

W20 68 4
veer !
vecat 8
vag* 9

LOGIC DIAGRAM

CCNNECTION DIAGRAM
DIP (TOP VIEW)




FAIRCHILD ECL DATA SHEET * F10171

TRUTH TABLE
A gu gu 824 g,h
LY o0 w | B2 | O
8 L L L L H H N
L H L L 2] H H H
Y L Y H H L H H L = LOW Voitage Leve!
L H [ H H _H H M M = HIGM Voltage Level
L L H L H H L H . .
L H H L H H H H X * Don't Care
L L H H H H H L
L H [ a) ) H H H W
H X X X H H ] H
DC CHARACTERISTICS: Vg = -5.2 V. Ve = GND
SYMBOL CHARACTERISTIC LMITS UNITS| 7 CONDITIONS
B Tve A A
Vou Output Voltage HIGH -1000 -840 | mv | o
-960 -810 28°C
~800 -720 75¢C ViN® leA or VILB
Vou Outpu( Voltege LOW -1870 -1666 | mv [ oc°c | per Truth Table
-1850 -1650 25°C
} -1830 -1625 75°C Loading is
VoHC | Output Voltage HIGN -1020 mv | o°c 500 10 -20V
-980 25°C
-820 75°C V.N = V'Ha or vlLA
Voie Output Voltage LOW -1645 | mv [ oe°c | per Truth Table
-1630 25°C
-1608 75°C
Vin Input Voitage HIGH -1145% -840 my 0°C | Guaranteed input Voltage HIGH for
-1105 -810 25°C | All inputs
-1045 -720 75°C
Vi input Voitage LOW -1870 -1490 mVv 0°C | Guaranteed Input Voltage LOW for
-185G -1475 25°C | All inputs
-1830 -1450 75°C
WM Input Current HIGH 220 pA 25°C | ViN * Vina
'.L input Current LOW 06 M 25°C le L VILB
13 Power Supply Current =77 -82 mA 25°C | Inputs and Qutputs Open
SWITCHING CHARACTERISTICS: Vgg* -5.2 V. Vee * GND. .5 = 25°C
|
SYMBOL CHARACTERISTIC 8 U:‘v ;S UNITS CONDITIONS
tpLH Propagation Delay, 15 4C 80 ns
LOW to HIGH
PHL Propagation Delay, 1.5 40 80 ns
HIGH to LOW
L TeY) Qutput Transition. Time 1 20 33 ns
LOW to HIGH (20% to B0%)
L Output Transition Time 11 20 33 ns

MHIGH to LOW {BO% 10 20%}




F10173

DESCRIPTIGN — The F10173 is a Quad 2-Channel Multiplexer with latches. It in-
corporates a common Enable and a common Data Select input. The Select input deter-
mines which Data input is enabled. A HIGH input enables Data inputs D, . Coy Ogc:
and Dgg and a LOW enables Data inputs Dy, Dyp, Dyc. D1g. Any change on the Data
input appears at the outputs while the Enable is LOW. Thae outputs are latched on the
positive transition of the enabie. While the Enable input is in the MIGH state, a change
in the information present at the Data inputs does not affect the output information.

LEAD NAMES
] Data Select
D, Data Inputs
E Enable (Active LOW)
Q, Outputs

QUAD MULTIPLEXER/LATCH

LOGIC SYMBOL

¢ 58 4 3 3T NW

:o. Oie O O1p Oox 014 Ouy D1
$10173

MATPLEXER/LATON
I
|
1 2 19 "
vee e th
viee 8

LOGIC DIAGRAM

o

Oy &

—t Oy

O &

——i0p

e 18 Q¢

b 14 0g

T T

» Cigt0

gt

Note that this disgram 15 praovided for understanding of logic operation only
It shouid not be used for evaluation of propagabion delays as many gate
i functiong are achieved internally without incurning 8 tuli gate delay

CONNECTION DIAGRAM
DIP (TOP VIEW)

TRUTH TABLE

S | E | Qpuy
H | L | Dg
L | L ]| 0g
X | H Q,

L = LOW Volage Level
H = HIGH Voitage Level
X = Don't Care
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FAIRCHILD ECL DATA SHEET  F10173

DC CHARACTERISTICS: Vgg » -5.2 V. Ve * GND

. LIM .
Al NOITION
.’»YMBOI1 CHARACTERISTIC » e ry UNITS| T, CONDITIONS
VoM Output Voliage HIGH -1000 -840 mv oc
-960 -810 28°C -
-900 -720 78¢C V|N - V»‘A or V|L.
VoL Output Voitage LOW -1870 1688 [ mv | occ | por Truth Table
-1850 -1680 28°C
-1830 -1628 75°%C Loading is
VoHe Output Voltage HIGH -1020 mv | 0% 508 w0-20V
-980 256C
Vo | Outeut Voltage LOW 1648 | mv | 0o | P Truth Table
-1830 25C
-1805 75°C
Vin Input Voltage HIGH 1145 -840 mv 0°C | Gusranteed input Voltage HIGH for
-1106 -810 25°C | All Inputs
-1045 -720 75°C
Vi input Voltage LOW -1870 -1490 mv 0°C | Guaranteed Input Voltage LOW for
-1850 -1478 25°C { Ali inputs
-1830 -1450 758°C
'lN Input Current HIGH pA 25°C Vin * leA *
Enable and Select 245
Data 290
W Input Current LOW 056 pA 25°C ! ViNn*Vie
e Power Supply Current -66 mA 25°C | Inputs and Outputs Open
SWITCHING CHARACTERISTICS: Vgg = -5.2V, Ty = 26°C
LIMITS
NDITIONS
SYMBOL CHARACTERISTIC 8 e A UNITS co 0
PLN Propagation Delay 45 ns
Enable to Output
B
tprg Propagation Delay 25 ny
Dats to Output
PLH Propagation Delay 38 ns
Select to Output
LM Outout Tranginon Time 20 ns
LOW to HIGH (20% 10 80%)
TML Output Transition Time 20 ns )
HIGH to LOW (80% 10 20%) @
iy Set-Up Time
Data 1.5 ns
Select 25
L' Hoid Time
Data 0.0 ns
Select 05 | ]




F10174
| | DUAL MULTIPLEXER

DESCRIPTION — The F10174 is a high speed Dual Channel Multiplexer with output LOGIC SYMBOL

3 enable capability. The Select inputs determine one of four active Data inputs for each
) multiplexer. When the Enable input is HIGH, both outputs are forced LOW. The Enable
is also useful when OR-wiring several multiplexers to achieve additional channel capa-
bility.
LEAD NAMES i ) I 1 I 'l, ‘l‘ i
'n Address Inputs 7 — £ s He 20 '35 ©» a2
[4 Enable (Active LOW) L o e
Z, Outputs b ll. "'
Sn Seiect Inputs ‘ 1 "
veer e
MIt A
veg * *
" TRUTH TABLE
E[s1 S| % z,
L = LOW Voitage Level
Hip x | X L L H = HIGH Voltege Level
L L L '0. 'Ob X = Don't Care
L| L |[H e b
L HL 124 2b CONNECTION DIAGRAM
L H|H 130 I3y DIP (TOP VIEW)
LOGIC DIAGRAM
® oo —P
© o = ‘
H
0—012, (D
@ 129 O— ] % 3
. =D ;
@ 39 O=" - [}
. L
® wo———JF ’
® »o— T4 '
@ to-
L]
TO OTHER 1:2 CIRCINT
Note that this diagram is provided for understanding of logic opstation only
It should not be used for evaluastion of propagation deiays as many gate
functions are schieved nternaily without incurfing a full gate deley Q = LEAD NUMBERS

NN



FAIRCHILD ECL DATA SHEET ¢ F10174

DC CHARACTERISTICS: Vgg * -5.2 V. Ve * GND

SYMBOL | CHARACTEMISTIC - “;‘Y':' — wms | T, CONDITIONS
\
Vou Output Voltage MIGH -1000 -840 mv oC
960 -810 28°C
-900 -720 78%C V|N s V.M o v“
VoL Output Volage LOW -1870 41685 | mv | oec | per Truth Tabe
-1880 -16880 a8°C .
-1830 -1628 78°C Lesding ie
VoHe | Output Voltage HIGH -1020 mv [ o 808 w -0V
-980 28°C
-920 75¢C V.N L] v”‘. or VM
Voie Output Voitage LOW -1645 | mv | oec | per Truth Table
-1820 25°C
-1808 78°C
Vi input Voltage HIGH -1143 -840 mv 0°C | Guaranteed Input Voltage HIGH for
-1108 -810 25°C | Al Inputs
-1045 -720 786°C
i Input Voltage LOW -1870 -1490 mv 0°C | Guaranteed Input Voltage LOW for
-1850 -1478 25°C | All inputs
-1830 -1450 75¢C
‘”‘ Input Current MIGH PA 28¢C V|N s leA
Dats 220
Enable 330
"L input Current LOW 06 yA 26°C V'N - V'La
ee Power Supply Current -80 40 mA | 256°C [ Inputs and Outputs Open
SWITCHING CHARACTERISTICS: Vgg * 52V, Ta® 25°C
SYMBOL | CHARACTERISTIC LIMITS UNITS CONDITIONS
B TYP A
PHL Propagstion Delay 1.8 e X o] 45 ns
Data to Output
PLH Propagation Delay 20 4.0 60 ns
Select to Output
tPHL Propagation Delay 1.0 20 29 ns
Enable to Output
U (1Y) Output Transition Time 1.6 20 33 ne
LOW to HIGH (20% 10 80%)
L Output Transition Time 16 20 33 ns

HIGH to LOW (BO% 10 20%)




ECL ISOPLANAR MEMORY F10415 / F10415A
1024x1-BIT FULLY DECODED RANDOM ACCESS MEMORY

FAIRCHILD VOLTAGE COMPENSATED ECL

GENEAAL DESCRIPTION ~ The F10418 end FI10415A are 1024-bit Read/Write Random Access
Memories organized 1024 words by one bit. Thay are desrgned 1or high wpeed scretch ped, control and
butter s10rege 200! . SOth inciude full addtess decoding on the chip, heve eparate Dot in
and non-inverted Dets Out 1ines, snd sctive LOW Chip Seiect lings. They are compatible witd F 10K
nd uncomeensated 10K ECL femiivet and ncivae onchip volitage compentation tor wnproved
nOWe Mmargin,

The F104185 and F10418A ece packaged (n 8 hermetc cerdmic 16-01n Gual inine Pachege and ore
s0ecified 101 OPErNION over the 1empersture range 0°C to 75°C.

o COMPATIBLE WITH F10K AND UNCOMPENSATID YOX ECL LOGIC
® TYPICAL READ ACCESS TIME .
F10418 - 28 m
FI10418A - 12
o TYPICALCHIPSELECT ACCESS TIME
FI10418 - 7 m
FI10418A -~ Bne
ORGANIZED 1024 WORDS X t BIT
OPEN EMITTER OUTPUT FOR EASE OF MEMORY EXPANSICN
POWER DISSIPATION O S mw/BIT
POWER DISaIPATION DECREASES WITH INCREASING TEMPERATURE

LOGIC SYMBOL

b
H
itp—c

1—fee ©*
Yot ay
sty
V=g Ay
1% nensrionsa
(25 IS
—{ag
U L EY)
[ I
vi=—q ay Sout
1
'
vec = Pin 18
veg * Png

PIN NAMES
s Chip Select Input
Agto Ag Address Inputs
Oin Data Input
Dour Oats Output
WE Wiite Ensbte Input
LOGIC DIAGRAM
b —
b ——
— W58 o 1w emaas
N
“a -.1 i
— :C}.— v.
-ree s =
T limezs
s Ik *
4wt s
veg o P18
- TTT
Q = *in Numberns PR

CONNECTION DIAGRAM
O LTOP VIEW)

NOTE

Tre Flaiper vers.0n hat the seme
pnouts iConnection Disgrami as the
Dual in-Line Pacuage.

R



FAIRCHILD ECL ISOPLANAR MEMORY ¢ F10416/F10418A

FUNCTIONAL DESCRIPTION — The F10418 ond F10415A are tully deceved 1024 .bit Read/Write Randem Aessns Memnors srganised 1034
wores by one b, Bit seiection i schewed Dy Mesns of 8 10-bit sddrem, AG 19 Ag. One Chip Select INGut i Provided 1or Mmemery array Sxden-
mu:omlmmmvummmnwm For larger memnories, the fast Ehip 10I0Ct 200008 1WMe POrmits the deseding of

cnip Seveet (TB) trom the sack sccom tims. The raeg and weite Operstions ore controNed by th siae of the sethe
LOW Write Enstie TWE). wern WE ond TF hetd LOW, the dots o1 Dy '8 ¥itton inte the ssdremed lecstion, Te res, W i hete 11GH ong I3
neid LOW. Daumtu itied ‘on is B ot DgyT end n Aon-inversd.

An unte i aroviced oA the F10418 enc FIOAIBA 10 attew M on it "
many 809 weh o v onpe , the eutp dmll“iuuﬂulmmhcmmm mmmmm

wied-OR 15 NOt weed. In either case nnww 60 11 pul down reentsr 19 ~2 V 0F on eRuvelont Mtwerh Myt B8 el 10 Proviee » LOW st
e outDUT when ot 18 ¢ *¢
ASSOLUTE MAXIMUNM RATINGS (sbove which the wetui lits Moy be impeired)

Storage Temperature ~88°C te +180°C
Temosrature (Ambeent) Undsr 8108 -88°C e 125°C
VEE P Potential 1o Ground Pin ~7.0Vie0sV
Input Voltage (dc) Vgg w08 v
Outout Current (oe Output HIGM) =30 mA w +0.} mA
WPUTE ouTeuY o B
TABLE Y - [ § Dm OPEN EMITTER L*LOW Volsage Lovehi ®» =17 V
TRUTH TABLE ] x [ v NOT SRLECTED] M « HIGH Vaitege Loveh = =09 V
[§ L . \ L 0L o (Nomngl vaiuee)
8 L L] L g 1 R = Dant't Core
v " N Sout RLAD
GUARANTERO OPERATING RANGES .
PART NUMBER . SUPPLY VOLTAGE (vgg) AMBIENT TEMPERATURE
MIN TYP MAX See Note 4
F104180C F10418ADC 848 vV -82v 494V 0*C 0 78°C
OC CHARACTERISTICS: Vgg » ~5.2V, Output Losd = S0 R and 20 pF 10 ~2.0V, T4 = 0°C 10 78°C (Nete &)
. - [ ] TVvP A
SYMBOL CHARACTERISTIC UNsTS Ta CONDITIONS
LIMIT [iNote IN LimiT
VOH Output Voltege HIGH -1000 -840 | mv o'C
980 -810 *2%°C
-900 ~720 *78°C Vin oV v
VoL Owiput Voliepe LOW | ~1870 21668 | mv oc | INT AT
-1880 -1650 *28°C
-1830 -1628 *78°C Losang n
voMe Qutput Voitage HIGH -1020 mv o°C 0 ftwe =20V
- 980 *28°C
L] e Vi e Ving o V
VoLc Output Voiiage LOW ~1648 | mv oc | MU TMeT Tl
-1830 *28°C
-160% +78°C
Vi input Voitege MIGH —-1148 -840 | mv o'C Guiranteed Input Voitage MIGH
-1108 -810 *28°C ter Ail inputs
-104%5 -720 *78°C
ViL 1nput Vollage LOW -1870 -1490 mv 0°C Gu *onioed inputl Voitage LOW
-18% -1478 *28°C 101 All inputs
-1820 -1450 *78°C
[ Input Currant HIGH 220 »A D10 +15°C Vin ® ViMA
[I7% input Current LOW, 0% 170 wA +2%°C Vi Vs
All others -80
166 Power Supply Curront -90 mA *15°C Al inputs snd Outputs Open
Pin 8) -150 | -108 o°c |
NOTES

1 Conditiont 107 18I1AG NOL ANDWN 1N tHS 1DIS 578 CRCIIN 10 Gusr BN 1IN0 0P SLIOR UABE! 'WeII (O’ (OnS:11BAe

2 The sp0c 1100 Lumitg 1gpresent the "wersl COME vBILE 187 TR DO/AMEtIer BinCE tNEES ~WOIS! €58 vOIuBS ABI MalY SECU! BT TRE LOMBErature
Sn1tOMes. 208 1LLONAI RO MMuRIly DA wwc PONGING (AP DO $EP 2ved Dy Gatr0oting the 2HEWADIE SVIIEM BParaling ONgeL

3 Typcoivoivorsaoivgg = -8 2V, Ty = 287C ane mensmum ipesing

& Guareniesd wilh (BANEISe 8:r 110w 2acosd.Ag 400 1inear F P M 5AM 7. minute wal™ up pords TyPual rBssian s »8ivt 81 1RS POChoge Mo

0,4 tJuncron 10 Amo.entl © 80 C/Watt (4t aur}

0,4 tduntrion 10 Ampiantl @ B0'C Wolt g1 400 F P M g tiow!

0,0 1 dunction ta Camnt = 397 CWatt

Tne Manmum 500908 SCCON 11/ME 1§ Gudl BATOSS 1 DR TR WETIt SO Bit A IR ¥ Using & Paavser 1esLing potiern.

6 OEFINITION OF SYMBOLS AND TEAME USED IN THIS DATA SHEETY
The symBois ond 100 me uted 1A this S510 SNOST REve BEEA CROISN 10 8708 with ThE 191001 SLaNEa 8¢ 8F TR B IECI BACE INGUIL 89 ANDC 0100
one he intrnstianst $Ioctratchnico! COmmnan The 161811ve voiusl 81 the 100¢I1100 CONTIIONS BRE LMt will BE raieranced (e o~ &t
GBI K00 TR 0a170mition 8! TR 15018 878 "A™' thE walud CIOMML 10 pos:Live inhia Ity "B 1R voIve ¢I0MSt 19 ABRATVE 1ALIAITY




FAIRCMHILD ECL ISOPLANAR ME(‘ORY * F1048/F10418A

AC CHARACTERISTICS: Vgg = ~8.2V ¢ $%. Outout Losd = $0N. 30pF 10 -20V, T4 = 0°Cre 78°C

F10418ADC" FY0418DC
SYMBOL PARAMETER MiN TYP MAX | MIN Tve MAR [UNITS CONDITIONS
{Ngie 3) (Note 31
READ MODE Fig 10 & b messured 0t
taCS Chep Dalect Accwss Time [} ? 10 ™ Whotinpw g
tRCS  Chip Select Recovery Time 1] ? 10 jSns [ owput iV a QL
(7YY Aodrem Access Tme 12 20 28 b1 ™~ o Vimg for Vou)
WRITE MODE
w Woite Pulve Wedth F10418A F10418
(10 Gusrantee writing) 12 28 20 ~ ‘wia*Em  wgaAc20m
'wgD  Dat» Setvp Time
Prior 10 Wiite [} L [ e
Wb Dats Moid Time
Atrer Wearg [} 1] o
WA Address Set-up Twme F10018A F1041%
Prior 10 Write [ ] [ ] ] ~ wellm Wweltm
TWHA Addrew Moid Time
Atter Weintg -] 4 ] ]
wicg  Chip Select Set.up Time
Prior to Write 4] s 0 " Fig. 2 messured
twiCs  Chip Select Moid Time 01 80 % of input
Atter Write 0 $ o ~ 10 voird output
ws Werte Oisabie Time s ? 10 L IV LA for Vo o
WR Write Recovery Time ? ? 10 n Ving tor Vou)
RISE TIME AND FALL TIME
[ Output Rue Time 1] L] n Mestured Detween 20 %
Yy Output Fotl Time ] 1] ne and B0 % points
Fg Vol
CAPACITANCE
Cin Input Pia Capacitance 4 L] L] of Messure with o Pulse
out  Output Pin Copacitence ? [ ] ? L} 1 Techniaue
‘hote The FIO15A AL imits ate premangly
LOADING CONDITIONS INPUT LEVELS
o - eve.e
.
)
trheltntee
vy ; o
. . " AL Turing Measurements Releronced 1o $ON 0f tnpul Leven
e i 1 - CL = 30 pF nciudi..g Jig ond Siray Co. acrance
1o Ry o 80} Terminst.on of Scope
READ MODE PROPAGATION DELAY READ MODE PROPAGATION DELAY
FROM CHIP SELECT FROM ADDRESS
(31
[ R S e - -~ - ar 8y R W
SDFE8Y L we o
- ey e - ). e - - - & -
LU ) = . Rt - -
bave e - »~ i PaTA G ter s




FAIRCHILD ECL ISOPLANAR MEMORY * F10418/F10415A

WAITE MO0

-y )
= X

! -
X

! i | r——.—
= =
P R T\ l =

'f"'—i :"_--—-l

ROTE  Tumerng Doagrom 100r00en1s one Soh/ton whiEH resultd i BN ERIWLM Cveie e Timing Moy B0 Changed 10 14 vrus SPpicatons 28 long & 1he
WO gl LV 1wt Jr @ MUt Vi 10g
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VOLTAGE-CONTROLLED
OSCILLATOR

MECL 111 MC1€00 series

McCié48

NemBETy i BOrenthesis Sene e pin number for
¥ pochage (Cose $Q7) L pactoge (Coom 6321, ong
P pochoge (Core 8481

Ingut Copacitence » § of tvp

The MC 1848 is an emitter-coupled 0acillator, CONstrue:
ted on & single monohithie shcon chip  Dutput levels are
compatible with MECL 11 fogic levsit  The osciilater re
Quites an external parsliel tank cwcwit conuiting of the
inductor (L) and capacitor (C).

A versctor diode may bs incorporsted into the tank
CHEuIt 10 Provide & voitage veriabils input for the oxcillstor
(VCN). The MC 1848 was cesiyned fo! use 1n the Motorols
Prawe Locked Loop shown in Figure §. Thit device mey
2150 DS UMWY N Many Ot BPPICE 0N tequiting & Tined
or vaciabiy {-equancy clock source of Pugh pectral pyrity
(Gee Figure 2).

The MC1648 may be opersted from a +35.0 Vde mupdh
or 8 -5.2 Vac wpply depending upon syctem reQuirements

M vimum Seriet Resstents 1o/ L (S sternet inauctense! » 3011 vp
Pawer Drsepatien = 180 mW tya/phg (8 O Vas Susply) SUPPLY VOLTAGE GNOD PiNt SUPPLY PINS
[ Qutput ¢ - 329 M tvp *8 0 Vee T8 1, %8
-8 2 vee ¥V 1a 7.0
FIGURE Y - CIACUIT SCHEMATIC
veea veee
"

Tl

%

hy

5

1
=9 Ouwepwt
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[

u«}j :s:“rw ae o)
N LY

4
-4
-
e

.,
)

FIGUAL 2 -~ SPECTRAL PUR

. i .
(31} 1@ (5} [ . i D
[, PR Tons veg g BEC

NG ) B i e RIS SN OIS Pun Aurms 19! ¥ parsogs (Lo 007 | pemsope (Com 620 onm & puce ape (e B44°

1TV OF SIGNAL AT QUTPUT

Sw *10amg Scan Waih = BO KR @
Come Froquercy 100 M1 Vertse Bcoe = Y0 ed o.¢

L Micre Mungi tarres 8TI03] Y iwne
#30 L amies Coppar wia
Ce30-30/7

;Dl.!

“TRG 170G ohm 1080407 ond {hE KOS ter M. ng
1am (mesence caaN iyte 38 1D} atianvates
Pone Laas haii e CT O)) 80 of sauinbiom




MC1648  (continued) S | ‘» o

A}
ELECTRICAL CHARACTERISTICS
]
Supply Veliage » +5.0 vains Output 1437 VOLTAGLAVABINT vaL T
vew mag
@ tem
Yompoosers Vot mps Vik vee W
E ] ) ) (Y]
‘N ¥} Y] :
MALJ k1] '
P VEST VOLTAGECURRINT AMPLUE VO
3 Pivd LTI BILOW vee
Cras o Sy mbeni Fam - [ [ [ ae [ Vortmgs | Vi o vee LY Qatt
Suaw Soawts O an Curpns ' s - -y © - Py AR - = (KT} — Ty
Lot Vo ] [C) 37 . o 0] va = ] Ve R T
Ourpat Vanage
s ¥ Vou 2 1w L) Ee J 0 n Jes ) "” - 1. 3 s
Oviowt Yonme
S Yoy Youm' [ (Y 1) ) 1% ) . v - - 1t - e
. [ iy d e S e Won ey Tow [
Pogh = fum Toms vonap Voo 7 - - - - ) - - - - - e bgwe)d - (R} 3 e
Owigwe Duty Crsm ps 3 - - - — [ - - - - (Y e ¥ gueld — 118 L] L)
Quss gn & raery [ - - - - 0| - - - - Y £ - DR F] e
7t SRIASITOA i DM Tt 08 BIWRRG M ‘o L P Nemreg SRS B WAt et . R e *
ELECTRICAL CHARACTERISTICS
P it .
- -D,
Supsty Veltags = -5.2 votus TE8T VOLTAGE/CURMINT VAL WMS
vt b
& Yo ]
Tompaonre | V18 mon Yoy vee "
e 330 21900 T 87 Y]
N 3008 w0 [ 83 7
e -3 400 a0t | 82 40
— TEST VOLTACLCURAINT 429480 1O
Sing LSTA0 B4LOW vee
[ [ a— Tam [ Yort mes iy, v vag W [
Pover budtns De s Covrom ig U -l - - )8 - 114
Lo 1 [T™ B g (2] = [} ) 3 1
Ovp? Vorege
Lope ¥ vou 3 Ry el -1 RYY -+ a3 e va ] - e 3 e
Ovewt vonege
S Vehop Youm' L -3 000 -3y -3800 EXT -29% EC var - -— O - OEg
wer | Tys | Wea | Wm | Tyg | Mo | S | Tep | Wae
oot w-Pomn Tar veornee Yoo 7 - -1 - - ] - — - - my  Jtee bgred - Te 3 +
Qvemet Dvty Crew vpe k] — -] - - — - - - . e bge ) - 1 3 K0
Qs F revueney [P, - - - - 00| M - - - - e St gee)d - re 3 Ve
T o g5 oeten e 50 UM &1 Thy 000 PP for § voasrer o e g
FIGURE 3 - TEST CIRCUIT AND WAVEFORMS
vee

*Use high snpedence prabe { > 1.0 Megonm must
be vied).

**The 1200 onrr resistor anY tha KOPE IBTMINSLION
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Cosx thait be CT 020 $0 or sauviveiont
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MC1648 (continued)

OPERATING CHARACTERISTICS

Figure 1 illustrates the circuit schematic for the MC1648.
The oxcillator incorporates positive feedback by coupling
the base of transistor Q7 to the collector of Q8. An auto-
matic gain control (AGC) is incorporated to limit the cur-
rent through the emittercoupled pair ot tranmistors (Q7
and Q8) and aliow optimum frequency response of the
oscillator.

in order to maintain the high Q of the oscillator, snd pro-
vide high spectral purity 8t the output, a cascode transistor
(Q4) is used to transiate from the emitter toliower {Q5) to
the output difterential pair Q2 and Q3. Q2 and Q3. in
conjunction with output transistor Q1, provide a highly
buffered output which produces asquare wave. Transuistors
Q10 thru Q14 provide the bias drive tor the osciilator and
output buffer. Figure 2 indicates the high spectral punty
of the oscillator output (pin 3).

When operating the oscillator \n the voltage controlled
mode (Figure 4}, it should be noted that the cathode of
the varactor diode (D) should be bissed »* least 2 VBE
sbove VEE (% 1.4 V tor positive supply operation}.

FIGURE & - THE MC 1648 OPERATING IN THE VOLTAGE
CONTAOLLED MODE

rrmem—————

0\.[

"4

V.no_r:‘
I

When the MC1648 13 used with a constant dc voltage
to the varactor diode, the output frequency will vary
shightly because of internal noise. This variation is plotted
vetsus operating frequency in Figure 5.

FIGURE B — NOISE DEVIATION TEST CIRCUIT AND WAVEFORM

K
2 100 3= ST orr—rIn
3 has ?Vcs_"i_"vig Owcitt Tenk Compo
‘~ I} T ¥ k {Circurt of Figuie &)
z 1d : [ T v
-
< | i ] MHT \od (1
« T Bl 1010} mv211s 100
> B it 1080 | mvanis | 23
a = #0100 ) MV2106 | 015
» b
[ +7
z - 3
M -
2 8
I+ —
¢ T -
S e 1
4 v 0 100
1, OPERATING FAEQUENCY, (MH2} Signel Generstor
P 608
20 aMs above MC 1848 Freauency —\ or Eauiv
¥ 300 mv
! !:4 REEECD Voltmeter
10 mV 20wz tauency
U:‘:c‘v‘r‘:- 1 uenrner ;'::“:, IR — ams
L MCisa8 bt '3‘5‘2‘"0: WP JA00A or €quiv
v
. v -
¢ o {MPSI10A output voltage) (Fuil Scaie Freguency)
.
N 10van
NOTE Any traquency devie1ion cautes Dy the sgns! generetor and MC 1648 power
ugply sNOu Da determned snd m:NIMEIed O 17 10 taming.




MC 1648

{continued)

TRANSEER CHARACTERISTICS IN THE VOLTAGE CONTROLLEN MODE
USING EXTERNAL VARACTOR DIODE AND COIL. Ta = 28°C

Y0 30 20 a0 80 e0 0 8O O 10

V. INFUT VOLTAGE (VOLTS)

FIGURE ¢
:: L. Mwere Metsl Torautal Core 874410,
s % & trns ot Ne._ 12 sepper wire.
Bl s
> | 1
g a0
§ 44 1
- 4 [ 1200°
< 3
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2
52
2
o 4 wmyieoy ¥ "
3 ‘e . [ Y LR
! Veey = Veca S Vet ko1 we
- .': — VEg - VEgg c Gne
o 10 20 30 4C 80 ¢0 0 B8O %O "0 The 1200 ohm resistar and the KO DS LErMING:
1men L d [ 3 -
V.. INPUT VOLTAGE (VOLTSI wrobe Cosa sheil B8 CT Q1080 of SRuivdient
W
FIGURE ?
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MC1648 {continued)

Typical transfer characreristics for the oscillator in the
voltage controlisd mode are thown in Figures 6, 7and 8.
Figures 6 and 8 show transter charactenistics employing
only tha capacitance of the varactor diode {pluse the input

P e of the Hator, 8 pF typicall Figure 7 ifius-
trates the oscilistor operating in » voitage controiled mode
with the output frequency range limited. This is achieved
by adding 8 capacitor +n parailel with the tank circuit as
shown Tha 1 k§] retistor in Figures 6 and 7 is used to pro-
tect the varactor cdiode during testing. it 13 NOt Necessary
81 (ong ss the o¢ iNput voitage does Not cause the diode to
twcome forwara tased. The targer-velued resistor (51 kil)
in Figure 8 s required 10 provide 1solation tor the high-
impedance junctions of the two veractor diodes.

The turing range of the oscittator in the voitage con
trotied mode may be caiculated »s.

.
{mex VC0 imax} + Cg

fmn  \/CD (min) + Cg

1

where {,5,n =
27 \/ L {Cp (max) + Cgh

Csg = shunt capacitance Linput plus externat
capacitance)

Cp = varactor capacitance #s a function of
Dias voitage

o et ot AR ..

Good RF and low-frequency bypasning is necessary on
the powst supply pins (see Figure 2).

Capacitors (Ct and C2 of Figure 4) should be used 10
bypass the AGC point and the VCO input (varactor
diode}, gusrantesing only dc iavels at these points.

For output frequency operalion between | MH2 and 50
MHz » 0.1 uF capecior s sutficient for Ct and C2. At
higher frequencies. smaller values of capacitance should be
used; at lower frequencies, larger values of capacitance. At
higher frequencies the value of bypass capacitors depends
directly upon the physical layout of the system. All by-
pasung should be #s close to the package pins as passible
s mimimize unwanted lead inductance.

The peak-t0-peak swing of the tank circurt is set inter-
nally by the AGC circuitry  Since voltsge swing of the
tank circuit provides the drive tor the output bufter, the
AGC potsntial directly aftects the output wavetorm. ¢ ig
is degired 1o have 8 1ine wave at the output of the MC1648,
& series resistor 13 tied trom the AGC pornt to the most
negative power patential (ground f +5 0 voit supply is
used, -52 volts it a negative supply S used] as shown in
anure 10.

At frequencies abave 100 MHz tyg, it may be necessary
toincrease the Lank circwit peak 10 peak voltage in order 1o
MAENIIN 3 SGUITE wave 31 the output of the MC1648. This
15 accomplished by tying & secies resistor {1 k{2 minimumi}
trom the AGC 1o the most positive power potential {+5 0
voits «f 8 +5.0 volt spply o used. ground ot ¢ -5.2 volt
supply 15 used) Figure 11 itiustrates this principle.

APPLICATIONS INFORMATION

The phase tocked 1000 shown in Figure 9 itlustrates the
use ot the MC 1648 43 ¢ voltege controtied oscitlatar The
tigure sllustrates 8 trequency synthesizer useful in tuners
tor FM broadcast, gengral svistion. maritime and land
mobile communications, amateyr and CB receivers The
system operates trom & single +5 0 Vdc supply . and requires
no anternat transiation, since sti components are com:
patible

Frequency generation of this type offers the advantages
of singie crystal operation simple channgl setection, and
eliminanion of special citcuitry to prevent harmonic lock:
up Additional features inciude de digitel switching (pref

erable over RF switching with 8 multiple crystsl system),
and a broad range of tuming {up to 150 MHz, the range
beng set by the varactor diode)

The output frequency of the synthesizer loap 1s deter
mined by the refarence frequency and the number prograsm-
med st the programmable counter, fo,p = Ny The
channei spacing 15 equei 10 frequency (f,e4)

For additional information on appiications and desigas
for phase iocked icops and digital frequency synthesizers,
see Motorola Appiication Notes ANSI2A. AN 535 ANSS3,
AN 564, AN 584, or Phase Locked Loop Systems Data

Book
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PHASE-FREQUENCY
DETECTOR

'MC12040 * MC12540

The MC12040/MC12540 is a phase-frequency de-
tector intended for use in systems requiring zero phase
and frequency difference at lock. In combination with
& voltage controlied oscillator (such as the MC1648),

MECL Phase-Locked Loop Components

MOTOROLA w

ISSUE C

MC12040 - MC12540

it is useful in a broad range of phase-locked loop P SUFFIX
applications. Operation of this device is very similar to CERAMIC PACKAGE PLASTIC PACKAGE
that of Phase Detector #1 of the MC4044. A dis- CASE 632-02 CASE 643
cussion of the theory of operation and applications
information is given on the MC4344/4044 data sheet.
VCC' A — i‘ VCC?
® Operating Frequency = 70 MHz Min. -559 1o +1259C NG 2 — — 13 Ne
O 33— —112 D
- (¥} § — manmendh B | =]
NC 8 — ——— 10 NC
R 6 — 9 v
VEE 7 = p— 8 NC
NC - No Connection
)-—-o 4 ('R) fy)
R6 30 (R>Ty
)
1
R a
s
s
A a
) - o
" v 12 8.y STR)
/ —O

Vccnl w Pin i
Vee2 = Pin 14
Veez = Pin?

11D Uy >tgl

o

e




e EET—————

o e

MC12040 e MC12540

. '
ELECTRICAL CIHARACTERISTICS ~ MC12040 INPUT| OUTPUT :
: niv{ulololo TRUTH TABLE
The MC12040 has been designed to meet the dc specifi- 00 [ X[X[X|xX
cations shown in the test table after thermal equilibrium ': : : : : ;‘ This i rictly a functional
has besn estabiished. Outputs are terminated through o ols Lelx b 's 18 not strictly a functiona
50 ohm resistor to +3.0 V for +5.0 V tests and through "Iy [olo [t truth table; i.e., it does not Cover
850 ohm resistor to -2.0 V for -5.2 V tests. ofv(vfofafr 8it possibile modes of operation.
: “, : : : : Howaever it gives » sufficient num-
RERICAKRE ber of tests to ensure that the de-
6 A Ub— g t{ojofolr | vice will function properly in all
IRERERERERT] R
110jolrivio X = Don't Core modaes of opersuion.
3 111 10(1]1]0
ol1rlofrir]e
1 ojejpe TEST VOLTAGE VALUES
e 1 9 tVelrs)
® Test
9 v bp—12 Vemperstury Viimas | ViLmin | Vidamin | ViLa mas] VEE
o*c -0 840 1870 Y 148 -1 490 52
n% -0 810 -1 850 -1 10% -147% -$2
Supply Voltege = -5.2V 75¢ 0720 <1830 1 048 <1450 52
L] Mc 12000 TEST VOLTAGE APPLIED TO PINS LISTED BELOW:
Under 0°¢ 25°%¢ +75%¢ Vee!
Chersctermtie Symbel | Tost Min Mox Men Max Min Max unn VK mea Vit | Vinama! Vicaman| Vet Gra
Power Suppty Dran Current I3 ? - - -120 -60 - - mAGe - - - - H 1.4
Ingut Current tinH 6 - - - 150 - - wAde [} - ! 1.1e
9 - 350 - - wdoe 5 ’ 114
Loge 1" Vor D] 3 | -1000 { -0840 | -0960 | -0810 | -0900 | -0720| vac - - - - 7 ‘e
Outpul Voitage ] : ) - - - -
1% - - - -
sl 1ERE o
Loge Q" « vo ] 3 <1870 [ -1638 | <1850 | -1620 [ 1830 | 1598 | wvoc - - - 7 114
Output Voltese 4 ' - - - -
" - - - -
2 ‘ l U l - - - -
Loac 1" Voua@| 3 1020 ~ -0 | - |-0920 - vec - - €9 U 1.14
Thigshoid Vollege . - ' - - - -
1 - - - - - -
2 T : : :
Loge 0" Vou@ 3 - -1 615 - -1 600 - -157% Vvae - - 1] 6 b 1,14
Thresnold Voltage 4 - - - - - 8 by
1 - - - - 9 [ ]
12 - - - - - [ 1 9
TEST VOLTAGE VALUES
Vel
@ Tost
Tamperature ViK max Vit mn | Vimamin| ViLama | Ve©
0% -4 160 «3130 +3 855 <3510 +50
25% +4 190 *1 150 -3 895 +3 825 -50
Supply Voitage = +5.0V r8%¢ -4 280 *3170 *3955 +3 550 *50
Pin - puch s TEST VOLTAGE APALIED TO PINS LISTED BELOW
Under 0°¢ 25°C +75°C ivge!
Charactornie Symbei | Tew Min | Max M | Max Min Max Umit ViM man Vit min | ViMA min | ViLa mse| VCC Gnd
Power Sudpty Oran Cusrent ‘e : <118 60 - manc - 114 ?
input Currant N [ 350 wAK 6 1.14 ?
l 260 LA Q UKL 7
TinL 6 X AUC [ 114 7
9 28 - wiAag 9 - 114 ?
Loge 17 VOH@ 3 4000 | 4160 | 404D | 4190 | 4100 { 4280 vde - - 114 !
Outpyt Vaitge a 1 l l l ‘ 5 l l l
= " - - -
12 “ ‘ - -
L © voull| 3 | 3190 | 3430 3210 i Jes0 | 3230 | 3470 | ve - - - - 11e 7
Output Vollage L) [ . _ - ,
3 . " l . - R . !
2 ‘ . - '
Logs 1 MVoual) 3 | 3980 4020 4080 vk 62 118 7
Threshoid Vollege 4 l
"
. 2 (] i 1 l ‘ i l
2 = :
i tope 07 VoLAS) 3 1450 3460 1490 v - 9 [ )14 ?
Threshoid Vollege M ' | l | 8 9 l l
1" : - 9 6
2 | ¢ P 1 [ j 6 9
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MC12040 e MC12540

PRF = 5.0 mH2

Duty Cycle « 80%

ttot-= 183 n202ns

NOTES:

1.

All input end output cadles to the scope
sre equal lengths of 80 3 cosxistl cable.

To Scope Channel A

AC TESTS

Puise
Puise

O
Gen 2

. Unused input and outouts are connected

16 8 30 £3 (MC12040) and 100 {1 {(MC12540)
193i5t07 10 ground.

The device under teit must be precondi-

tioned before performing the ac tests.

Preconditioning may be accomplished by
applving puise generator 1 for a minimum
of two oulies prior to puise generator 2.
The device must be preconditioned agein

when inputs to pins 6 and 9 are inter.
changed. The same technique applies.

Waveform A

Output

Wavetorm 8

8.0 uf

Vee = 0?.0 v

f.

Veg = <32 or =30 V

t=

0.1 uF

4
[ v
——=l) -
v
o]
-0
o—v -
2]
?
0.1 uF I
-
Pulse
Gen. 1
Pulse
Gen. 2
-
Qutput

To Scope Che. i B

TEST VOLTAGES/WAVEFORMS
Pr MC 12040 MC 12540 APPLIED YO PINS LISTED BELOW:

Under| Output 0°c «259C | +75°C | -85°C | +25°C | «125°C Pulse Pulse \J33 vee

Characteristic Symbol| Test [Waveform | Max Max Max Max Max Max Unit | Gen V| Gen 2 -30or-32Vj+e20V

Propagation Delay 164 64 ] 46 46 56 46 46 50 ny 6 9 ? 114
tget12e | 612 A 60 60 12 60 60 66 9 6
16e3- 61 A 45 45 5% 45 a5 49 6 9
tge11.] 611 B 64 64 17 64 64 70 9 6
1getref IM 8 46 46 56 46 46 50 9 6
1930 | 93 A 60 60 12 60 60 66 6 9
19+12. ] 912 A a5 45 58 45 459 49 9 6
1Qed4. 94 8 64 64 T 64 64 70 6 9

Output Rive Time t3e 3 A 34 J4 38 kX Ja 38 ns 6 9 7 14 .

7YS 4 -] 6 9
AN NN
12 12 A 9 6

Output Fail Time t3. 3 A J4 34 i8 J4 34 lg ne 6 9 7 114
4. 4 8 6 9
AHHANENNNIHE
tro. 12 A 9 [
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APPLICATIONS INFORMATION

The MC12040/MC 12540 is a logic network designed for use 8t 8
phase comparator for MECL-compatible input signais. |1t determines
the “lead”” or “lag’” phase relationship and the time ditfergnce
between the leading sdges of the waveforms. Since thess vdges occur
only once per cycCle, the detector has 8 range of 2 2n radians.

Operation of the device may be illustrated by assuming two
waveforms, R and V (Figure 1), of the same frequency but dif-
fering in phase. {f the logic had established by past history that
R wet leading V., the U output of the detector (pin 4) would pro-
duce a8 positive pulse width equsl to the phase difference and the D
output {pin 11) would simply remasin low.

On the other hand, it is #ls0 possible that V was lesding R
(Figure 1), giving rise to a positive pulse on the D output and a con-
stant low level on the U output pin. Both outputs for the sample
condition are valid since the Jetermination of lead or fag is depen-
dent on past edge crossing snd initial conditions at start-up. A
stable phase-locked loop will result from either cond:tion.

Phase error information 18 contained n the output duty cycle ~
that is, the ratio of the output puise width to total period. By
integrating or low-pass filtering the outputs of he detector and
shifting the leve! 10 accommaodate ECL swings, u..ie anslog infor-
mation for the voitage-controlled oscillator can be developed. A
circuit useful for this function is shown .in Figure 2.

Proper ievel shituing is scomplished by ditferentially driving the
operational amplifier from the normally high outputs of the phase

detector (U and O). Using this technique the quiescent different
voltage 10 the operational amplifier is 2ero (sssuming matehed ''Y
levels from the phase detector). The U and U outputs are thenu
to pass slong phage informstion to the operationsl amptifier, Ph
error summing is sccomplithed through resistors RY connected
the inputs of the operstional smplifier. Some R-C filtering
bedded within the input network (Figure 2) may be very v
ficial since the very narrow correctionsl pulses of the MC1204
MC12540 would not normally be integrated by the ampiifier. Ge
design guides for calculaung R1, R2, end C ere included in t
MCA4344/MC4044 data sheet. Phase detector gain for this confi
uration 15 approximately 0.16 volts/radian.

Systemn phate error stems from input offset voitage in the opi
ational smplivier, mismatching of nominslly equal resistors, a
mismatching of phaste detector "high'’ states between the outpu
used for threshold setting and phase messuring. All these effec
are reflected in the gain constant. For example, a 16 mV off
set voltage 1n the amphtier would cause an error of 0.016/0.16
0.1 radian or 5.7 degrees of error. Phate error can be trimmed 1@
2070 initially by trimmung either input offset or one of the threshold
resistors (R1 in Figure 2). Phase error over temperature depends
on how much the offending parameters drift.

FIGURE 1 — TIMING DIAGRAM

I

L

=~ e Leod

R Lesas V
(O Qutput = "0"")

[ I

s Rel e — 1]
(Y Qutputl = 0"") e Lo

FIGURE 2 — TYPICAL FILYER AND SUMMING NETWORK
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MC 12040
MC12540
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WV gl
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Circust F:agrams G Iing A1O101012 PIodu: ts 378 NUIL 08T 8% 3 'Meens
Of lustrating (v db 36O nNgu TOr  appiTat:ony Corse.suentiy
COMmete ntorrghion suthiLi@nt 107 CONSITLChON PUpaIes iy PAOT
Necvssarily gnen  The intarmat.un has been Laretuliy chechey and

8 heieved 10 be entirdly relatre MOoweve! No reso0n Lty 8
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Am687-Am687A

Dual Voitage Comparators

i S e

Distinctive Characteristics

¢ 8.0ns MAXIMUM PROPAGATION DELAY AT 5mV
OVERDRIVE

e Complementary ECL outputs

¢ 500 line driving capability

© 100% reliadility assurance testing in complisncey

MIL-STD-883.

o Electrically and optically inspected dice for sssemb

of hybrid products.

® Available in the hermetic dual-in-line package.

FUNCTIONAL DESCRIPTION

The AmE8? and AMBETA are fast Gual voltpge comperaton con.
Structed On & tingle 3ilicon chip with an advenced Mgh-trequency
wm TM dmm! 'uwn veary short propegetion deiays &6 well
wucs. Each has chifer.
mlm anaiog 1nputs lm’ complementary l0g¢ OUtDUts em.bb
with most forme of ECL. The PuUl current
for driving termunated SO0 tranarmission ines. The tonmauc offsets
and short deleys make these compernton epecisily suitable for
Mgh-apeed Drecinr 1 anelog-1o-¢ 8! Drocesung.
The comperston are nimilar 10 the AmEES high-spsed comperstor
but heve been des:gned to operste from e BV pomitive Wpply
{ d of 8V), @ 9 tess power than two AmB8S's. Seperate
latch functions sre provided to allow eech cOMpPeratos to be inde-
pendently used in a sampie-hoid mode. The Lateh Enadie inputs
are Intended to be driven from the lementary Outputs of o
standard ECL gote. if LE is HIGN end LE »w LOW, the comparstor
tunctions normally. Whea LE 13 driven LOW and L-!’ is driven HIGM,
the COMDErator OutPuts are locked in their existing logice! states. I
the latch tunction is not used, LE must be connected to ground.

FUNCTIONAL DIAGRAM

QoUTIVT O OVTILT
00—

Sourmt Souteur

—— ———
LATCH EnABLE LATCH AnABLE

vy

The outputs are 0pen emitters, therefore externsl pull-down resistor:
ore required. These resistors may be in the range of 80-200i:
connecied to =2.0V, o/ 200-200013 connected to -5.2V.

CIRCUIT DIAGRAM (Each Comparstor)

* oy
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"
L SCTY > On '1 Bouteur
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bt ] § oouTR
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ORDERING INFORMATION

Part Pack age Temperature Order
Number Type Range Number
AmEBTA oiP -30°C 10 +85°C AM687ADL
Am6E87A DP —85°C 10 +125°C AMEB7ADM
Am687 DIP —30°Cto +85°C  AM6B70L
Am68? oIP —55°C 10 +125°C AM68 710M
Am687 Dice ~30°C10 +85°C AMG8 XL
AmE8? Dice -55°C t0 +126°C AMEBTXM

ay A \{-.. ny j\{." 'y
wan Inn -a Ann nan
" METALLIZATION AND CCONNECTION DIAGRAM
PAD LAYOUT Yop View
ouTet C - ?\nn
-] 8
[- V.14 ot
.-o(: od Jone
w(] 1: "
ar] ' Eﬁ
L c N - v*
"~y wy
- -t v e P
-yt ey
DIE SIZE 0084 X 0 O8C" Nets Pint « morked for enent




AXIMUM RATINGS (Above which the useful life may be impaired)

AmGE7/687A

ave S.u0ly Voltage MAY Operating Tempersture Rangs
Sree S. unly Voltage A Am687.L, AmEBTA L —30°C to +85'C
Voir ® 24V AmBB7-M, AmBSTA-M -85 C 10 anlc
sgent'a: 'nput Voltage 18V Storage Temperature Range -85 C to +160°C
ot G rent 30mA Lead Temperature (Soldering, 60 Sec.) c
. ation (Note 2) 600 mW Minimum Operating Voitage {V* to V=) 8.7V

B

LECT 'CAL CHARACTERISTICS OVER THE OPERATING TEMPERATURE RANGES (Uniess otherwise specitied)

AmBETA-L AmSSTA-M
-teristics Am887-L AméS7-M
Parametet Conditions (Nete 2 Min. Max. Min,  Max. Units
, Otfser Voit Rg <1000, Ty = 28°C -30 *3.0 -20 *20 mv
npyt
e o Ag < 1000 238 | eas | <30 | e300 mv
Aversge Temperature Costficrnt - R
of Input Offset Voitege Rg <1000 10 *10 10 *10 avi°C
28°C< Ty € Taimes) -1.0 0 -1.0 *1.0 »A
Input Of remt ;
| toet Cor Ta* Tamn) a3 | 3| e | 18 »A
T )
i 28°C € To € Ta(man) 0 10 A
| Iput Bias Current TaTaimin) 19 " A
. input Voltage Range -33 27 =33 27 v
Common Mode Rejection Rato Ry € 1000, -1 € Ve & *27V 0 %0 o8
Supply Voitage Rejection Rato Rg € 100N, Vg = t&% 0 0 L]
Ta=25°C ~0960;, 0810 -0960| 0810 v
Output HIGH Voltege .. Ta*Taimn) -1.080| <0890 ! -1.100| ~0.920 v
Ta*Taimax) 0890 0700) 0850 -0620 v
H Ta=28°C -1880| -1650)| -1850| -1.650 v
| Output LOW Voitage Ta* Tatmn) 1890 -1.678, -1910] -1.69C v
l Ta=Talmex) ~1.8251 <1623 | -1810( -187% v
Positive Suppty Current » 2 mA
! Negative Supply Current '] 44 mA
T Power Ousuipstion . 485 450 mw
tehir y Characteristics (V,q » 100mV, Vo = SmVv)
Taimn) s Tas28C 'YI 80 ~”
o Loe . AmSETA
e e ! rovegetic-) Delay, AmSS Ta® Taimaxl) 10 ‘ 128 n
Taimin) T4 €25°C 10 ‘ 10 )
. oo e Propagstion Delay, Am887 Ta = Taiman) 14 2 s
Minimum Latch Set-up Time | Tac25C 40 | 40 4

LmV overdrive The spec tication
The Am68? snc AmEBTA s O
vore8 87 110w ot BOU LF PM or greater

. erate 8t DmW “C 10r operstion at aMBIENT tTemper stuses SDOVE ¢ 1 18°c
~niess Otherwise 800C:1:ed V' » 30V V™ @ B 2V Vy @ 20V ana R = SO o1 3w tching CAS/BC IO ATICS 878 101 8 100M V 1nput 4100 with
von 1071 Voo 1oy ' CMRAR SVAR ipge 800 (o #DD'y Gver the full Ve renge ano 1o 15% ppiy voileges
NOC 10 M@et 1he 1PECITICELIONS Prven N IO tabie after therm o BRWILET UM Res DOaN MIISDHINNEE with § tiens

Propagation Delays es s
Function of input Overdrive
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DA
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2. TTL COMPONENT DATA
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54/74 FAMILIES OF COMPATIBLE TTL CIRCUITS

PIN ASSIGNMENTS { (OP VIEWS)

*

QUADALPLE 2-WPUT sl fwl e vigslle
POBITIVE NAND CATES
TN OPENCOLLECTOR DUTPUTE
2
Pusitive lagle: Betlatisiiaatl
veald ] % »
SH9483 10 BN4G3 U N)
SNB4L03 1R N24L0) 1, M}
So0 poge 84 SNBALEOZ LI, Wi BN24LS03 1 NI
BNOASCI L W BNTAROS (4, NI
” |v - A I L . B L !‘
HEX INVERTERS . ;‘ 3 O8O e( o= '»m:
PonNve lag: D 4 q
A \C P M ID7 [ L P
K L ] af 10’ !0 1]
[T Y ) et o
SNS04 (N SNT604 {4, NI BNELOL (Wi
ENSANO04 (2 SNT6HO04 (4, NI SNSAHO4 (W1
SNB4L04 () SNTALO4 13, N) SNIALH4 ()
Sot pogs 83 SENBALEOS 10 W) BNJALSOS {3, W)
SNBASOS (). W) BN?4R04 1), N}
” r".w ”
HEX INVERTERS rrL .I-l.fl ¢ ;
WITH OPEN-COLLECTOR OUTPUTS | DJ Ld
i
Peivse lagie ! "<i ‘>ﬁ !
YeA el [} . )
T g
ENDAOS (2 SN7408 U, NI SNBA08 (W1
(14 1 X¥] SNTENOS (4 Ni ShPaKOS (Wi
Soe pogs 84 SNSALE08 (2 W1 SHTAL. (4 W
BNSASOS 1 W SNJ4SOS LU, NI
s
-

HEX INVERTEA SUFFERSDAIVIRS
WITH OPEN COLLECTOR
MW VOLTAGE OUTPUTS

pesiive lages.
Yea

San poge §-2¢

!
mf”v\’f* *’

A

-anhharu‘

SNHA08 (4 Wi 6rY406 (4 NI

Texas |NSTRUMENTS

CoRron

Lo A w«m 048« Baas TRAAS M



64/74 FAMILIES OF COMPATIBLE TTL CIRCUITS

PIN ASSIGNMENTS (TOP VIEWS)
o oB 2 » wile L] 9 L) 9 - L) . LJ L) L] []
POMTIVE-NAND GATES l%—l L&—]
00 : LBJ
v XB BaDaDeg0s0alall DalOalligDalalall
- W W e

95400 (0 47000 (4, 0} SNB00 (Wi

SH86100 (1) SNI6000 14, N BNBAHO00 (W)

SNE4LE0 [ SNYEL00 (4. N} NELE0 (T)
o0 pope 0.2 BNOOLE0O L4, W) BN74LIES LU, N}

SNGAS00 (S, W) SN74300 LU, M)
OUADRUPLE 1 HPUY .
m'mm“'l. LJ L] - . L] L] L] - L] A\ . L L U
WiTw OPEN.COLLECTOR OUTPUTS ! ; I l ; l [&J ‘ g }
m .
—_— =11 B IS =
veil BalaDeOala0al BaDeDalaDsOal

w o vt
SNBe0Y 18 NT601 U, N) SHB401 (W)
SNBALIOY L4 W BNT4LEOY L, N} Bian0r W .
veaLo (1) |

SNBANOY L BNT4AMOY (4, M)
oo pogn 04

OUADALPLY 1 eyt Io¥oinlo¥ololo Io¥olotolabolld
o T ,

;.;IYWI NOA QATES ]&J l.d]

<

Pontrs logss: ~
volke

04020020402

GN402 () SN7402 (. N} SMNE402 (W)
SNSALOZ i SH4L02 L. W) SNGALOZ(Y)
Sen papn 48 SNAALSOZ (). W SNT4ALSO2 12 NI

SNGAsO2 i1, Wt SM74302 1. NY

PEAY SFFEE OO BN » BALLAd TEALS PN



§4/74 FAMILIES OF COMPATIBLE TTL CIRCUITS

PIN ASSIGNMENTS (TOP VIEWS)

QUADAUMLE 3-IvwuT
NION-VOLTAQE INTERFACS
POSITIVE-NAND GATES

28

povivve tups:

Soo S o 620

SNBAYS (5 SN74le 1, Wi
ENBALSS U W BNIMLEIO UL W

TRIPLE I 1IPUT
POSITIVE-NOA CATES

21

Pomrve logle:
YeXogel |

SNSAZY (4 Wi ST (4 Nt
SNSALE2Y L), W) BNTALRDY () &)

QUADRUPLE 2 INFPUTY
PORITIVE NOA SUSFERS

BAAALAS

IR

Postovs lages: ’
Ye r'.
SV 1) W ENY428 (I, M)
SNBALE2E (4. W SNYALBIE 0. W)
Sae poge - 20
SINFUT

POSITIVE NAND GATES

30

: 2 |
T‘WyJ ya

Panreres bagec
v » ABCDEFGH
Ty T s

ANDA0 L5 SNT420 1) N}
SNAEHIO LY SNI4AN0 1. M)
SNLLL D0 L BNYELIO (4 NI

Bor nage § 2 SNBALEI0 1, W SNTALSIO 14 N)
BNS4130 14 W) SIS () M)

SNS430 W)
BNBE130 (W)
SNGALIO (T

NC - M 1AIING SEAMREL BN
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54/14 FAMILIES OF COMPATIBLE TTL CIRCUITS

PIN ASSIGNMENTS (TOP VIEWS)

A

. w & »
GUADRUPLE 2-1nPUT wlfol felfalinliol]e
POSITIVE-OR GATES Lg] I.BJ
o ] [0
A A I H 3 a L] ') 1]
L) 1w Y

SNS432 (). W SN7432 1), N}
$00 page §-28 SNSALEAZ (U, W SN74LS32 (I, NI

SNS4E32 U, W ENT4832 0, N)

" s M

QUADRUPLE 2.INPUT wl fulfu]l [w]lis]l el fe
POSITIVE-NOR BUFFERS

WITH OPEN-COLLECTOR OUTPUTS

33

positive legis: BaDaDaDaDzDal
Y=Ael v A ™ —1
SNS43I U, W} SNY433 (), NI
SNB4LSII (I, W] SN74LSI3 L4 N)
Sen poges §-24 ond 828
QUADRUPLE 2-INPUT
POSITIVE-NAND BUFFERS
pasitive logie:
Y-AB
A W Yy A N Y e
SN5437 U W) SN7437 {J, N)
Sae pomm $:20 SNSALSI? L, W) SNTALSIT (. N}
SNS4S37 (), W) SN74837 (U N)
b s b v » M v
QUADRUPLE 2-INPUT Qefisjsfispesnsi
POSITIVE-NAND BUFFENS

WITH OPEN-COLLECTOR QUTPUTS

38
positive logia:

Y AB

$oe poges 6-24 ond §-7¢

“ w W n» w
SN5438 ), W) SN7438 (J, N}
SNSALSIB (U, W) SN74LSIS (4, NI
SNS4SI8 (4, W) SN74S28 (. N)

TexAs INSTRUMENTS
[} [+] R (4]
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) 64/74 FAMILIES OF COMPATIBLE YTL CIRCUITS

PIN ASSIGNMENTS (TOP VIEWS)

4. 81T MAGNITUDE COMPARATORS Sate ) -

NS4S 1L Wi SN0 (2 N) SNBALAES 1)) ENTALEB LU NI
Ses page ’ 87 SNBLESS LU W) ENMALESS I N)

SNSALES LU W SNT4SAS (4 N}

»

B8 v.r @s-20an

QUADRUPLE 2INSUT EXCLUSIVE ON QA TES lb“%ﬂ “'][ q_]'l
[ [

un L1 -n'in-n,

SNB4DE L. W SNT4BS 1) N'
SNBALSPS (. W ENTALSES U N)
SNBASES J. VY) SNTasES I N}

) “ "‘ u\ !q-, h\ (.‘ " . wi
PUNCTION TABLE ROFHIFTIFLISUISI RO el aldal 5 r.i ni,
nPuTS | outeur ( i ot i
il 2 ] 1. ! i l "’) !
A_wl ¥ i e NG & i o lwr\ !
(SR L ‘r i N T
' " ‘I } !| |
H ——
N N i ~ \ it (\h;s‘w d ‘
™ L '!Ll‘ 1 [\—K‘l )5 ‘ , 1[1 J
- N SR e S SEe NI Koty - N -x R
e Ngh el L " Iem Hevel I'J'k,'_;x{rl'l!'? ‘;j‘:; i.‘ MJ 7 "T{;JW\T'J
- - " " Iy = » v
Sos pogs 768 ENSALES ()} SNIALBS U N) ENB4LEG (T)
ABIT TRUL-COMPLEMENT, ZURO. ONE ELEMENTS .
87 FUNCTION TABLE 1‘..‘ IR u'».‘l"s-
CONTROY N oo
ourruTs ) - :. st
wegrs L f i
B COIYY YR NN ova Sk SRR
IO FYR AT RV Lo R
LK At Ar A as croy I I
, S P LruTLr Ly
w N R AL LN
i T T BNBAMBT I W ENINET 4 N)
i Mo Rghlnel L tew el NC -Ne raternel canne. tea
Sse poge ' W Al A3 A3 AS T he el 87 IR reertne & Inpt

TEXAS INSTRUMENTS
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54774 FAMILIES OF COMPATIBLE TTL CIRCUITS

PIN ASSIGNMENTS (TOP VIEWS)
DUAL 4K POBITIVESDGE-TRIGGERED FLIP-FLOPS WITH PASSET AND CLEAR
109 FUNCTION TABLS
WPUTE QUTPYTS >
PRESET CLEAR CLOCK 4 K| O O
L " X X x| W L
" t x x xXjt w ]
¢ L X X x|M owe
" " toL Ll oM
" " v n ] vocae )
" " t L wiag 8o an
" " N D INSA100 1), W) EN4108 13, N}
WMt % x)0 & SNBALEVOBA L, W1 SNPALSIOPA U, W?
$00 peges $-40 ond 630
AND-GATED 4K MASTERSLAVE FLIP-FLOPS WITH DATA LOCKOUT
“0 " e ny M Wy [
FUNCTION TABLE io¥atoln el Vi ?
INPUTS uTPUTY 1
PRESEY CLEAR CLOCK 4 X [Q Q& .
L " X x KN L o
“ 8 x X Xl 13
L L X X X [M owme -~
" [ n t L |og 8 nizsDabDasDalslal
L] ~ Fat L] 18 L} L L " - o
" L L L ENSS110 10, W BNT&1I0 LU, NI
o) o] N M W | TOGGLE
pontive logw: J ® J14J2-4)
K e K1:K2:K3

Ses pev NC~Ne internal connsction

DUAL J- K MASTERSLAVE FLIP-FLOPE WITH DATA LOCKOUT

m
FUNCTION TABLE
INPUTS QUTPYTS
PRESET CLEAR CLOCX 4 K jO &
L H X X X [wW L
L X X x!L w
L L X X X [H M
" " B S O T T
L] ] Fat " L n L wom S % e
- " N LM [ 0]
o) L] N H M| TOGGLE SNBAINY (I W) SNYEIIY () N}
S0 page $-48

$00 aapianstian of function tebies on page 3-8,
* This cONt:guration it NGALISRIS. thet Iy (1 WAl ABT POrsist when Sreset SRd CIoar INBULE FEtur 18 Shatr Insctive (NG} lavel.
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54/74 FAMILIES OF COMPATIBLE TTL CIRCUITS

PIN ASSIGNMENTS (TOP VIEWS)

m

FUNCTION TABLE

DUAL J-X NRGATIVE SDGE - TRIGOENED FLIP.PLOPE WITH PRESET AND CLEAR

INPUTS QUTPUTS
PRESEY CLEAR CLOCK 4 X |a &
L " x X X W v
] L X x x L L)
L 9 X x X H [
“ " ' L L |ag G
H ] ] ] L H L
N L] 4 (% H [§ L]
] ] f W w | TOGGLE
[] N M x x |Qg O
See pages 658 and 588

« e +
pea ¢
! v ® i LT
Ao
A 1 ) 1] L] L] \ L]

SNSALEVIZ LU WY SN74LE112 (I, N)
SNSASIZ LU W) SNT4S112 (4. N)

1
3 FUNCTION TABLE
INPUTS outTeUTS
PRESEY CLOCK 2+ K | @ @
t x X L] L
W ! L ot lQ Qg
L] , L] L L} [N
M ‘ [ S
H f H M ] TOGGLE
H " x % joy O

54 1 poges §-58 and §-58

OUAL J. K NEGATIVE EDGE-TRIGGERED FLIP-FLOPS MITH PRESEY

BEALEAS
L

fCa 1 u ea w L3

SNSALSVIZ (3, W) SNIALSII L W
SNSAS113 (). W) SNT4SII LI N}

4

SUNCTION TABLT

- INPUTS QUTPUTS]
PRESET CLEAR CLOCK J x [s) 0
T w x X x| W L
" L x X X 8 L]
L L X XX [reoe
H H ' L v [0p Qg
] " ' I ] L
" N ‘ [ s H
L] L] ‘ Mo M TOUGLE
" H W X x 1Qy Qo
Soe pages §-58 and § 58

DUAL J K NEGATIVE EDGE YRIGGENED FLIP FLOPS WITH PRESEY. COMMON CLEAR, AND COMMON CLOCK

Ininlaiololala
= EGBEAL,

i [

SNBALSIVA (). W) SN74LS1IA (NI
ENSASII4 1. W) SNT4STYA (U N

Tee sapienstian 0f funiton tatiss on pege J 8.
TR LUATIGUIBtaN 18 ABNKIBLIE THat 1t 1t Wil AOT DET SISt WRBA O1ENet BAD € ISR IABVIE TRIUIN 10 ThEer (RELTIVE (Righ] level.
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TYPES SN54121, SN54L121, SN74121, SN74L121
MONOSTABLE MULTIVIBRATORS
WITH SCHMITT-TRIGGER INPUTS

schematics of inputs and cutputs
CQUIVALENT OF SACH INPUT TYPICAL OF BOTH QUTPUTR
A}
vee - - v VYee
Rea
Req
-
INPUT -
ouTPUT
weuy | e oM
a1
AL 40 sk
A2 4k 8D 128: Req ~ 130 11 NOM
8 2xi 4xn LIV Agq = 260 1 NOM
recommended oparating conditions
54 FAMILY SNBAITY SNSALA2Y
24 FAMILY SN74129 SN24L12Y unT

MIN NOM  (AAX | MIN NOM  MAX
84 Farruly 48 L) 55] 4% 8 5.8

.V v
Susply voltage. Vec T4 Famiy | 4.78 8 825 475 3 628
Highdeved output current, 10M -400 ~200 | uA
Low-level output current, 10t 18 8| mA
Schmitt input, 8 1 1 viy
Rt 0 toli of {
¢ of risa or inout pulss. oviat Logs Input, A1, A2 1 [ Viug
{nout puite widt, Ly {in) 50 100 ~
) 54 Farruly 1.4 0} 4 30
Exrarne) timing resstance. Rexy : 74 Femty X 0] 14 w0l
Eaternp tmung capecitance, Caxt 0 1000 -] 1000 | wF
T-2a0 67 (i
Outy cycle Ry « MAX Ryny % %] *
54 Farruly -58 125 | -55 2%
Overeting free-sir wmpecature, Ty 4 F ooty > 5o o e *c

TEXAS INSTRUMENTS
INCORPORATLD

POST DFPICE BOR $812 - BALLAS. TERAS PSS2Y
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TYPES SN54121, SN54L121, SN74121, SN74LI21
MONOSTABLE MULTIVIBRATORS
WITH SCHMITT-TRIGGER INPUTS

¢ Jitter-Froe Operation up to 90%

SNS42Y ... JOR WPACKAGE

e Progrummable Output Pulse Width SNSALI2Y ... JOR T PACKAGE
With R, ... 35ns Typ SNTA12Y, SN74LI21 ... J OR N PACKAGHE
With Rg, o/Coys - - - 40 ns to 28 Seconds ~

Rerv
Internal Compensation for Virtusl yee, NG NG Coay Comy By N
Temperaturs Independence _J"U‘JU"U“UWU'UH_

Duty Cycle ] j
® inhibit Capability " ]
Panp) It
FUNCTION TABLE A
INPUTS OoUTPUTS
Al A2 B Q
L X H L L3 ' z 3 ‘ s ,
Lo N G N At A7 8 o GND
x x L L L
M X [§ H
H 4 N s PON Ve logee: See ‘unction table
[ I JL T - -
i ) " LT NC - No internal connection
L ) S| JU 1r NOTES 1. An enternal capacitor may be connecied between
x L U Jr Cont (POMtIve) 8nd Ryyy/Couy-

2. TO use the INtetesl Liming reastor, connect Ry,
19 Ve, For improved pules width accurscy and
1omeataDility, CONNECT BN Ex18/N8! FONIIO? DA woen
Ment/Cont 900 Voo with Ry, spen<ircvited,

For eagienatian of tunction tedls
tymbois, wee pogs )-8,

description .

These multivibratons feature dual negative transition triggered inputs and 3 single Pos:hive-tranuition-triggered 1nput
which can be used & a0 inhitut input. Complementary output pulses sre provided.

Pulse triggering occurs at a pacticular voitage level and is not directly related to the tramition tme of the 1nput pulse.
Schmutt trigger input circustry {TTL hysteresis) tor the B input allows jitter-tree triggering from inputs with transition
rates as slow &s 1 volt/second. providing the circuit wath an excellent noise immunity of typically 1.2 volts. A hwgh
immunity to VCC noise of typicaily 1.5 voits 1s slso provided by internal iatching circustry.

Once fired, the outputs are independent of turther trannions of the inputs and ate a tunction only of the timing
components. input puises May be of any duration relstive to the output pulse. Output puise tength may be varred from
40 nanoseconds to 28 seconds by choosing apprepriate uming components. With no externsl tming components
lie., Ring connacted 10 VCC. Cext 30 Ren1/Cont OPen), an output puise of typicatly 30 or 35 nanoseconds 13 actueved
which May be used as & dc triggered reset 1gnal. Output nise and fall umes are TTL compaubie and independent of
pulse length.

Pulse width statulity is achieved through internal compensation and 1y virtually independent of VCC and temperature.
in most sppucstions, pulse stability will only be Limted by the accuracy of exteingl timing components,

Jitter-tiee operation is maintained over the full temperature and VCC ranges for more than six decades of tming
capacitance (10 pF to 1OLF) and more than one decade of uming resstence (2 ki to 30 kSl for the
SNS4121/SNSALI21 and 2 k) to 40 k2 for the SNTA121/SNT4L121). Thioughout these ranges, pulse width i
defined by the relationship twigur) ® CextRTINZ ™ 0.7 Co;RT In crrcunts where pulse cutott 15 not critical, tming
capacitance up to 1000 uF and ming resistance 3s low as 1 4 k2 Mmay be used Alo, the range of jtier free output
pulte widthy is extended if VCC is held 10 5 volts and free-air tempergture i 25°C. Duty cycles as high as 90% ate
schieved when using maximutn recommended RT. Higher duty cvcCles ote availabie f a certain amount of pulse width
prtter s aliowed.

TEXAS'J(P;I"STRUM ENTS
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TYPES SN54LS122, SN54LS123, SN74LS122, SN74LS12)
-
recommended operating conditions
SNBALS' SNMLS NIt
MIN NOM  MAX | MIN  NOM  MAX
Supply voltags, Vo© LR $ (S RER, s 8¢ Vv
High Jeve! oulput current, Ion ~-A00 ~400 | uA
Loveievel Output current, gy, 4 8| mA
Pulse wadth, ty, 40 40 ~t
External nrmeng resstance, Mgy ] 180 ) 260} «n
Eaternal cophcrtance, Cony . No mthction NO restrection
Witing Capacstonce at Mgy /Cony terming 80 0 of ‘
Operating tree-e temperature. Ta -%% ] o 0{ "¢ . {
slectrical characteristics over recommended operating free-sir temperature renge (uniess otherwise noted)
E
SNS4LS" 1 LI% ¥
ons?
PARAMETER TERT CONDATY MIN TYP: WMAX[MIN TVPS MAX UNIY
Vi High-level input vollage 2 2 v
V1 Low-ievel wput voitage 07 08¢ Vv
Vix  1nput clamd voltege Vog * MIN 4y -8 mA -1 % -151 V
Ve * MIN, Vi 2V,
Vo Highdeve! cutput voltage Vyp * Vi mex 1om ® ~400 uA 28 3s 2.? s v
vee © WIN, VineaV, Tior *4ma 0% 04 03% 04e
VoL Lowevel output voitepe Viy * Vaymex L) o‘:B'—UT‘, v
Input curtent ot
u manimum input voltege Ve ® MAX, vielv 0.1 01| mA
1))y Hgh-ievel inDut cutrent Voo ® MAX, Vps21V 20 20 | uA
H  Lowievet input cutrent Vg » MAX, Vi*04d Vv -0 4 ~04 | mA .
A¢ ShortCircuit output currenté | Vo o« MAX -20 ~100 (-~ ~100 | mA | -
Supnly current . | 12 [] " [ "
'€C  (wmascent o tiggered) VeCTMAX,  SeNow ) gy 7% A B
PPer cOnetions sNOwn o8 MiN 92 MAX, uss the S0ATHD? IS valve Hied under aperating
$AN rypucel voives sre st Voo s BV, Ty v 20°C.
ONOT MEre 1hen e L IPUT SNAVID DU INEIING 8T 5 1M SA By r0110n OF The Shert-ircy |l IAEUIY NEY Baseed ONS ses Ond.
NOTES: 12. Tompeurs Vou st Q, Vo st 3 origg 01 Q. ground Ry, 1 /Coyy. 4001V 3V 10 8 and clanr, ong puin A frem 2V 9 O V.
13, With all Subuts 900n 3nd 4.8 V appiied 1 8l Gats and clear Inputs, ICC » att o v round, hea 48 V. 8
apatied 10 cioek,
switching characteristics, Vec = 6§ V, Ta = 26°C, see note 14
FROM 0
t 134
PARAMETER (INPUT) 1OUTPUT) TEST CONDITIONS MIN  TYP MAX | UN
A 2] 33
wew 0 a [P
A 32 s
wHL ) o Cout = 0. Agar ® 340, Y ] ™ 1
; ) CL* t80f, A =220 2 37
TH Clear ~
1L q % [
e Q 17N} Aor B Q (I 200 ny \
Cont * 1000 0F,  Reyq = 10 441, :
twad Aos e Co* 180t A28 ¢ 48 i
‘bu‘ ® praoRetION GRigy Yime, |ow-10-Righ-level Outout
WrL ® arovsgstion selay tvne. Migh 1e-low-level Sutput
YWQ ® Wit 8! puisy st oumt Q
NOTE 14  Load cHEUIt $nd vuitage waveformy sre SPOWn On Bage 31 1.
j
— i
ot ] :
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TYPES SN54LS122, SN74LS122, SN5415123, SN74LS123
RETRIGGERABLE MONOSTABLE MULTIVIBRATORS

M

TYPICAL APPLICATION DATA FOR 'LS122, ‘L5123

The basic output pulse width 1 sssantislly deter-
mined by the valuss of externsl capacitance and
nming resstance. For pulse widths when Coxe €
1000 oF, see Figure 7.

When Cyx¢ > 1000 pF, the output pulse width is vee
detined as: Ry

tw ® 045 - Ry - Coxy

whaere
Ceat
Ry 1810 %1 lintarnal or external timing resistance.) ,,\'7—’{
Coxt 80 of ToCont V0o Rgnt/Cuny

terrTUn,
t,, ' in nanoseconds toemunal v

For best results, system ground should be applied to TIMING COMPONENT CONNECTIONS

the Ceyy termingl. The switching diode it not needed
fot slectrolytic capacitanced appiicanions.

LS122.°LS1 23
TYPICAL OUTPUT PULSE WIDTH

vi
m EXTERNAL TIMING CAPACITANCE

OO T T e v R
bt

ITIRY 16040 &

tuy—Output Pulte Width—ns

§
RT-IDRQ:
Ry *5k§2 F

+ ‘ b -ty \
10 Pt O
[ 100 1000

Coxr—External Timing Capacitance—pf

TR value 0f 1B0ELancE SNCOOPDE the MERIMUM rat SMMEnded 10 vie gvet
™he tull tempersiues cangs ot 1Ne SNOALS Circuite

TEXAS‘ lNSTRL‘J‘M ENTS

Ny O AN
PORT OFNCE BE W« BALLAS TERAS TSINN



TYPES SN54122, SN54123, SN54L122, SN54L123, SN54LS122, SN5415123,
SN74122, SN74123, SN74L122, SN74L123, SN74LS122, SN74LS12]
RETRIGGERABLE MONOSTABLE MULTIVIBRATORS

description {continued) AETRIOOE AL
1han Soore

' -:
T
wWTNVTQ []
- b oo S
TOUTPUT MTHOUT AL TRIGGE R

OUTPUT PULBE CONTROL UBING B TRIGOIA PUL

o ey I |
cLtan | l
OUTPLUT MITHOUT CLEAR

ouT™IY Qo ]

DUTPUT PULSE CONTROL UBING CLEAR 1PuT
NOTE Mot igpe pulss must A0t 43 Botere 0.22 Copy 110 PHO187000) RANGISEENdL 11 DIIVIOUE 11PN BUNS.

FIGUAER V- TYPICAL INPUT/OUTPUT PULSES

schamatics of inputs snd outputs
$22.°123,°L122. 'L123 CIRCUITS

EQUIVALENT OF EACH INPUT TYPICAL OF ALL QUTPUTS

Cloer mputs 01 1122, 123, Roq = 2011 NOM
Othe: noutiof "127.7121 Reg = 403 NOM
Cloar wnouts of 'L122,°L123 Roq = 400 NOM
Other inputs of 'L122,°L123 Rgq » 8811 NOM

‘122.7123 A =100 () NOM
WI122,°012) R 2200 00 NOM

‘L8122, L8123 CIRCUITS

TYMCAL OF ALL OUTPUTS

B e,
120 11 NOW

SQUIVALENT OF EACH INPUT

1703 NOM -

T -

—

—"

Texas INST RUMENTS
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TYPES SN564122, SN54123, SNE4L122, SN54L123, SN54L8122, SNEALSI2],
SN74122, SN74123, SN74L122, SN741123, SN74L5122, SN74ALS12]
RETRIGGERABLE MONOSTABLE MULTIVIBRATORS

.

e  D-C Triggerad trom Active-Migh or SVLAVI2 SNBALINDD .. . JOR W
, SNBAL122 .. . JONY
Active-Low Gated Logic Inputs BNPOYZL CNMLYZZ, SNNLSIRE... JOA W
° me for V'fY LOM O“W‘ {TOP VISW) (S8R NOTES ' THAV &)
Puises, Up to 100% Duty Cycle Rear!
R . v
Overriding Clear Terminates Output Puise o L. 2
wi julju wilw ] ]
e Compensated for VcC and Temperature
Variations [
e ‘122,°L122, 'L§122 Have Internal o
Timing Resistors
can O
122,00 122 W12 '123,°0123, L8123 4
FUNCTION TASLE FUNCTION TABLE 1 ) 3 4 1 . )
L] QUTPYTS UTS ouTPUTS
Citanlar a2 sy 82j0 O citan]a s|la & A A .G ano
L = X K = [N L]
N wow x x|y " : :: : : lagic: e function tabie
" A X L X L - NC-Ng miernsl connettins,
[ 3 X X X L + " x XL L "
" [ S AN Y ¥ " vynou
. L] [ NP 1SV g
L (SR IR R LY . Cowln v SNS4123 SNN4LS12). . . JOAW
" L SR B 2 SV 4 SNS4LY2D .. . J
L] ELwtin U SNTA12I, SN74L123, SNTALENZS .. .JOR N
L] LI N B I 2 SR ¥ § 1TOP VIEW) (SEE NOTES ) THAU &}
ol wrin uw
w |4 wwwin v YRest! H
t fva wwfn VEE Cout Cour 10 20 C\R 28 24
1 X Low Wi T ] " " 13 12 n" » L
m 508 suplanation of functien 1abies on page 3 8.
ol LR
description 8
These d-c triggered multivibrators feature output ok
puise width control by thies methods. The basc cn o
puise 2 13 programmed by siection of externg! s
renistance and capacitance values (s8¢ typical spplics- '_'{
tion deta). The 122, 'L122, and L5122 have internal ] H 3 4 ] [} 1} ]
timing resistors that sliow the circuits 10 be used with 1w W [) W 20 3 2 Reu/ GND
only an external capacitor, if 0 detired. Once CLR Cont  Cont

triggered, the basic pulse width may be extended by
retriggening the gated low-levei-active (A) or high.
level-active (B) inputs, or be reduced by use of the
overriding clear, Figure 1 illustrates puise control by
retrigoerning snd eerly clasr,

leps: we tunction wbie

The 'LS122 and "LS123 sre provided enough Schmitt
hysteresis 10 ensure jitt~-ree triggering from the 8
input with transition rates o siow a3 0.1 miltwvolt per
NANOCGNG,
NOTES. 1, An external LiMing Capaciier May Be CHnnec iod betwesn Couy snd My, /Coyy iDesitival,
2. To we the internst timing reswter of ‘122, 'L122 o0 "LS122. connatt A, 10 Ve,
3. For imerovsd pulte WAgtR scCuraty and 7eBestellity, COAABKY 80 $53inal F00Le! Barweon Moy /Copny 8nd VEC with Ryny

PN CHCUINS.
4. Vo obtein variabie puite widthe, cOANSEL 8n Ruternal varislie 104010nCe Botween R, v Ay, /Couy #nd Ve,

"
TeEXAS INSTRUMENTS
intOAronarip
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Am25L.S138  Am54LS/74L.S138

3-Line To 8-Line Decoder/Demuitiplexer

OISTINCTIVE CHARACTERISTICS

© lnverting #nd non-inverting ensbile inputs

© Am25LS devices offer the following improverments over
AmB4/74LS
= Higher 1peed
= S0mV lowsr VOL
= Twice the {anout over military rangs
= 440uA tource current

¢ 100% product sssursnce screening to MIL-STD -883
reQuirements

LOGIC DIAGRAM

o =

Yo

v

—
v
S
s
FUNCTIONAL DESCAIPTION " —D— !
The Am25L5138 is a 3-line to 8-line decoder/demultiplexer -
fobricated using advanced Low-Power Schottky technology. v
The decoder has three buffersd select inputs A, B and C
that sre decoded 1o one of sght Y outputs,
L ] ‘—|> #
One active-HIGH and two sctive-LOW enabies con be used -
for gating the decoder of can be used with incoming dats s
for demuitiplexing spplications. When the enable input
tunction is in the disable state, sl eight ¥ outputs sre HIGH -
regardiess of the A, B and C select inputs. ¢ D c v
The AmS4LS/74LS138 is » stendard performance version
of the Am28LS138. See sppropriate electrical characteristic
- tables for detaiied Am25LS improvements.
CONNECTION DIAGRAM LOGIC SYMBOL
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Am25L8/54L8/74L.3138

ELECTRICAL CHARACTERISTICS Am25L3138
The Foliowing Conditions Apply Uniess Otherwise Saecitied:

COML Tpel'Creer’C Vec e 80V % MIN, = 4.70¢  MAR, « $.23V)
ML Tac* ~M'Cte 128°C VeC oS0V 106 (MIN. =430V MAX, » 8.50V)
OC CHARACTERISTICS OVER OPERATING RANGE T
Porormetens Owseription Tost Condtions (Nete 1) Min. (Nete 2) Mon. Unin
VEe = MIN, Ign ® ~A40uA | ML 29 34
Owutput W ologe
Von 1GH v ViN©® Vin o Vi com'L 2 fY) Vein
Vee © MIN, 119 * sma N 0.4
vou Outout LOW Veliage Vin s Viner Vl&L‘O& Y YT Von
Guarantend wnpvt logeesl MIGH
Vin Input HIGH Lewet Tor oM 20 veon
Guer 9n100d nput logecet L 1% 0.7
viL 1nput LOW Lover | vattops for o puts CONT ) Vein
V) tnhout Clamp Veiage T veg s MIN, iy 0 - 1BmA -8 Veity
w nput LOW Curromt VEC ® MAK,, Vi = 0.6V -£0.38 'y
(1) npw) HIGH Currom VEC * MAK., Vi * 2.7V 2 »A
ty 1nput HIGH Curront VEE ® MAX., Viy = 1.0V 0.9 mA
isc m;,"’"' Curount Currom Ve * MAX. -8 - ma
icc Power Suaply Current Ve = MAX (Now &) ) Y mA
ELECTRICAL CHARACTERISTICS AmS4LS/74LS138
The Followng Conditions Apply Unless Otherwise Specitied:
COML Toe0°Creel0'C Vee =80V e 8% (MIN. = 4,78V MAX. = $.28V)
MiL TA®-83°C10+128°C  VCo oS0V 10%  (MIN =480V MAX. =8 50V)
DC CHARACTERISTICS OVER OPERATING RANGE Tye
Porameters Oexcripion Teost Conditions INote 1) Min, Now 21 Max. Units
VEC * WIN. 1gn * ~400uA | MIL ) 34
H Veltegs S Vein
Vo Outout HIGH v VIN ® Vi or Vi comL 7 3 *
Ve © MIN Al \gy = ¢mA [X]
Velu
Vou Outeut LOW Voliage ViN® Vinor V|L17‘L$°NV 10 * 8mA [-X ]
Guatantesd inpyt logcal HIGH
Vine tagut HIGH Lovet woltsot 10¢ 81t Aputs 20 Velu
Guaranieed mput logcal LOW| MIL 07
Vi 8oyt LOW Levet voitese tor ofl nputs COM L Y] veln
vy Input Clame Voltage Ve e MIN Ly ¢ - 1BmA -19 Vol
W input LOW Current Vee ® MAX, vy 04V -0.2% mA
n 1oyt HIGH Current VECCMAK, VN =2 IV 20 wA
" 1 1nout HIGH Curremt Vee ® MAX  Vyy T OV (X mA
Output Snort Circurt Current il
'sc ! iNote 3V Vee ® MAX -1$ -85 mA
Icc T Power Suppty Curtrent Vee = MAX INote 4) M I 63 10 mA I
NOWS ¥ For c@ndit i ne shBwn oy MIN @r MA K  yes the 80P 0P 1818 YOIV e 108¢ 108 URBP' §18C111Ce! LROTSE1E 414 190 tRG 800! CON'0 0o (YRS
7 Tysxstirits oo ot Voo ® SOV, 20°C amu.ont A8 mas mum 9eding
3 Net m e then 0N ViDL PNOUIE BO N 190 4t 8 1e Duidtion 8f the IhOrT Circurl 1001 SAOUIE NGt 04 cOPH ONE NGRS
& Outputs 0naied 074 S0en

MAXIPAUM RATINGS (Above wwhich the usetul lite may be impaited)

Storage Temperasture

-65°C 10 +150°C

Temper ature (Aminent) Under Bias

-55"C to «125°C

Supply Voﬂm to Guouw 'om'\ml (Pm Is to 'm 0) Com.mqm

-0 !W to*? OV

OC Voltage Apphed 10 Outouts tor HIGH Output Suu

-05v o -Vcc mas

OC Input Voltege

-05V|o-70\/

DC Outpul chm lnw Outwn

DC in lnpul 1 Current

30mA

C37 AA 10 +5.0mA
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Am25LS153 « Am54LS/74L.S153
Am25LS253 « Am54LS/74L.S253

Duasl 4-Line To 1-Line Data Selectors/Multiplexers

DISTINCTIVE CHARACTERISTICS

o Purforme setisl to peraliel conversion
o Swnderd, 'LS18J, end threestate, 'LE283, output versions
o Am26LS devices otfer the foliowing improvements ovor
AmBA/IALS
= Higher speed
= S0mV lower VOL
= Twice the fan-out over Military rangs
= 440u A soutce current
o 100% product suwance icresning to MIL-STO-083
roQuHeMents

FUNCTIONAL DESCRIPTION

These dual fourinput multiplenars provide the digitl
squiveient of 8 two-pole, four Position switch with the posk
tion of both switches set by the logic levelt supplied to
the select inputs A and B. Each section of the Am25.5183
ot 8 seperste active-LOW enabie (strobe) input thet forees
the output of thet section LOW when & HIGHN level s
epplied regerdien of the other inputs.

The Am28LE283 festures & Thee-stste QUtPUL 10 inwr-
foce with bus-organized systems. €eoh section of thw
AmSLS283 has & sperate active-LOW output contred
that dissbles the output driver (hghumpedence state) of
that section when 8 HIGH iogic level 18 spplied reyardiens
of the other inputs.

The AmBSALE/74L515] and 283 are ntenderd performance
versions of the Am25L.8163 end 253. See spproprisse eleceri-
cal charactetistic 1ablet for detailed Am2BLS improvements,

” x? x3 0w xe a

LOGIC DIAGRAM
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CONNECTION DIAGRAM L.OGIC SYMBOL
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AnSALS/74LS1E3 © AmBALS/TALS2E3

AmISLSE/S4LE/74L8180/283

SLECTRICAL CHARACTERISTICS
fae Following Conditions Apply Uniess Otherwise Specitied.

oMt Ta*0'CrC
:. Ta*-#'C128°C

Ve oS0V 8%
Vee* SOV 10N (MIN. =480V MAX. 3 90V]

M. 473V MAX, =328V

0¢ CHARACTERISTICS OVER OPERATING RANGE

Puemeters Description Test Conditiont inere 1) Wn, Typ.inew Mex. Units
e s R
B 3 !
Vom many BALEIRI | Vec *MIN.,  [low = —tmA 24 24 Vom
MLS289 | Vin ¢ Vire o Vi [1gw ¢ ~28mA 24 32
AW, 10t * A [-X])
Yoo Ovtout LOW Veitepm TS oniy, 1o < IR o5 Voin
" Gueranteed gt logueal NIGH
‘ L™ Input MIGH Lovet tor ol 2 Veoin
Toarantwed nput logesl LOWN | BaLS 0.7
H [T Indut L” Lovet veitogs for ofi put e ] Vein
K Input Clamp Veltege Veg ® MAK., Vi = = 10mA -1 Yoin
LY inguat LOW Currom VEC * MAX., Vi * 0.8V 038 ~a
('™ 1nput HIGH Cwrreme Voe * MAX., Vi = 27V ] »A
J Input HIGH Current Ve * MAX, Vi * 2.0V 0.1 vy
Otf-Sate (HIGH impedonce) Vo e24v 2
oz Output Current Ve ® MAK, A
AmBSELS/76L328) Oniy Vo * 04V -0
Output $hort Circwt Currant
Vee o MAX, -t «100 mA
' iNote 3) cc X ¢
vee * MAX. L5163 [ X4 10 ma
ce Power Supsiy Current (Now & 8783 7 v
0000y 1 For (NGNS SREWN 00 MIN o MAK  use The S0STEP7 18R voive 100C 108 undw §iottrcel CReres vt 167 1RG APPICIDIS Sovis TyDe.
7 Tymoiimis e e Ve * S0V, 287C embent and mesimum issding
3 Net Mere then ong Buipul SASUIE he SR 100 o1 8 1:Me Duretion of the SREI L CHENIT 108 ThOUIE REt AsSORd $A8 JIONG
& 1CC ' MO’ 08 with &} SUIPUTE BEIA SAY a1 INBUIL Jrounded

Am250.5153/64L5153
SWITCHING CHARACTERISTICS

{Ta++25°C, vee = S0V
Am25LS AmSALS/T4LE
L ' Descrip Min, Typ. Max. M, Typ. * Max. Units Test Conditions
L inc 10 15 [T
:‘H Data 16 Output o e TR ~
) ' L » TR (Rl
T Bt Ouen D 3 TR ™ A - 20w
L 16 24 T 16 2
P-;"——-dt i Strobe 16 Dutput Mﬁ 3 s L " ”———‘ ns
Am25L5153 ONLY Am25LS COM'L Am25LS ML
SWITCHING CHARACTERISTICS
OVER OPERATING RANGE* Ta=0Cte-70'C (T, « -85°Cte +125°C
Vo= « 5.0V =% Ve = 5.0V 210%
Parameters Description M:- Max. Min. Max. Units  Test Conditions
{ tom ) 1]
D Ou ~
e #44 to Output 24 )
1o, 42 o SOpF
e e 4 Select 10 Outpwt CL -
T et N » " ® = 200
oo w *» 4@
obe
U ows 302 10 Output -y M e

“AC 90110/ MAICE 00 00 ThE OEBTI1IAG LOMPIYBILE (BNGE ¥ Jus: Sn1end By WEtng B0t.rad 1 Group A, Bubyeup §
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Am25LS157 « Am54LS/74LS157
Am25LS158 « Am54LS/74L.S158

JUuadruple 2-Line To 1-Line Data Selectors/Multiplexers

DISTINCTIVE CHARACTERISTICS FUNCTIONAL DESCRIPTION
® Selects four of sight dats inputs with single selact line and These date selectors/muitiplexers are used 1o select 3 4-bit
overriding strobe word from one of two sources. The four outputs st the
& Inverting ‘LS158 and Non-inverting ‘LS157 configurations Am25LS157 present true dita with respact to the input
® Standard TTL outputs data. The tour cutputs of the Am25L 5158 present inverted
® Am25LS devices offer the following improvements over Usta with respect to the inputs and also minimize propags-
AmSA4/74LS tion delsy. A common active-HIGH strobe {sctive-LOW
-~ Higher tpeed enable) is provided on all devices.
— S0mV lower VoL . . .
. - A single selsct line, S, is used to seiect one uf the two
= Twice the fan-out over military range multiplexer input words. When the select is LOW, the A
R "0;‘:“‘:,;';“'“ current at HIGH w":“’l' ST.883 input word is present at the output. When the select is
"w“:'mm“ sssurance screening to MIL-STD- HIGH, the B input word is present at the output.
The AmS4LS/74LS157 and 158 are stendard performance
versions of the Am25LS157 and 158. See apprcpriate electrical
cheracteristic tables for detailed Am25LS imp! ts.
LOGIC DIAGRAMS
Am25L8157 Am25LS158
Am541.8/74L8157 AmS4LS5/74L5158
w2 -
" L] = v " > = v
— —
15 Lald
* ‘} m " 1 1]
- v » ™
» ]; ) » |
I (1)) v I "
—
s § ; |
n 2 4 = > L . L
- F “w -
= i 3 o 4 1 oy
- "y . - nn g
staoet G _'219._._. sTA08E g it
stuects L-Do—-l—‘:s—- e w
CONNECTION DIAGRAMS LOGIC SYMBOL
Top Views
|} veo 1 3 % 8 1110 e M 238 8 v Wy
He | NaRENE
ar 1A B AN MM MR 1A W8 AN A MM
1 [ | o §
[ " ¢ e " [ L
[T o 1Y kad bad &y -q v kad v ay
) R T 37 7 3
o 4 ? 1 ] 1?2 a 1 ] "
[ ] v
vee * Min 16
Notwe: Pin V15 mz ked for onientation. GND =P8
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: Am25L5/64L5/740L8187/158 7
Am25L5157 ¢ Am250.5158 %.
SLECTRICAL CHARACTERISTICS z
e Following Conditions Apply Unless Otherwise Specified: :
‘\ Ta*0Cw+70C Vee = 8.0V 8% IMIN. =478V MAX, = 5.28V)

. Ta--55Ctoe128°C Vee = 5.0V e 10% (MIN. = 4.50V MAX, = $.60V)
oc annAcremsncs OVER OPERATING RANGE 5
Spemeters Duscription Test Conditions (Nots 1) Min. Typircie 2 Max. Units E
] VCC = MIN, Ion ® —440uA | MIL 28 34 ]
Vou | OuPUINIGH Volum VIN = Vi or ViL COM'L 27 34 voin V
T Ve = MIN, loL = 4mA o4
Voits
oL : Output LOW Voitsge VIN ® Visor Vi ToL < 6mA 048
. Guarenteed input logicel HIGH
Yin i Inout HIGH Lovel voltage for all inputs 2 Voits :
- :
. Guarsnteed input fogioel LOW  MIL 07 %
Fu ; Ineut LOW Lewt voltage for ail inputs Com'L 08 Veits :
v ! input Clamp Voltage Vee ® MIN, iy = ~18mA -18 Volts i
Sor G -0.38 k
n input LOW Currem Ve = MAX,, Vi = 0.4V v —53 mA ;
Sor G 20
[ Input HIGH Current Vo ® MAX., VN = 2.7V o 3 »A
Y ) input HIGH Current Ve = MAX., VN = 7.0V Se 8 ol mA
! AorB 0.9
Qutput Short Cirsust Current
Vee . ~15 -8 mA 3
o ' (Note 3} CC = MAX .
1
i Vee " MAX. | L§157 9.7 16

‘¢ | Power Sunely Cument INote 4) L5158 'Y) s mA

s t For conditions shown at MIN. or MAX., use the approp(iate value soecified under Electricat Charscterstics 107 the sppliceble Gevice tyse. :

2 Tyouca imits ore 81 Ve = B0V, 25°C smbient and maximum loeding ;

. 3 Nol more than One Output SNOUID DE shO71ed 8t 8 tsme Duration of the Short circuit test Shouid NOL SACEEd ONS st ONd. E
4 iCC S Messured with 3l Outpuls Open end 4 8V sppihied 10 Al inputs.

AmS4LS/74L. 5157 » AMS4LS/741.5158

ELECTRICAL CHARACTERISTICS 3
e Following Conditions Apply Unless Otherwise Specitied: :
com rA <0°Cro+70"C VeE 50V 5%  (MIN =475V MAX = §25V) ;
wy * ~55°Co+125°C Ve =50V - 10%  (MIN =450V MAX. = 550V)
oc CHARACTERISTICS OVER OPERATING RANGE
Parameters Description Test Conditions (note 1) Min. Typ.(Note2)  Max. Units i
1 VCC = MIN. lom » —400uA | AmSALS 25 | a4 | :
v, HIGH cc - 1OH
. YoM Output HIGH Voltage Vin = Vin o Vi AmIALE 77 L 74 4 Volts
. Voo = MIN, All, loL * 4mA [ 04
v ) cc |
I_OL Output LOW Voltage VIN " ViHOrViL  [TA(S oniv, 1oy < BmA e 0.5 Volis
Guatanteed input logical HIGH
v Vol
. T InPUL HIGH Lavei voltage for »il inputs ? : o
Guaranteed input logical LOW | AmS4LS i 0.7
R
i nput LOW Level voltage for ait inputs J Am74LS T [+% ] Vol
Al Input Clamp Voltage Vee = MIN, Iy = ~18mA -15 Voiu
—048
W Input LOW Currant VEE = MAX., V) = 0.4V S0 G mA
—_—— Ao B 0.4
: ™ Input HIGH Current VEe = MAX. Viy = 2.7V [sorG | ha uA
- v ) FA or B 1 20
y Sor G | 02
th Input HIGH Current Ve = MAX Vg = 7.0V mA
—_— [AorB 0.1
) Output Short Cirewnt Current . _ _
-‘SC (Note 31 VG = MAX, 15 100 mA
' -MAx | Ls1S? IO X 16
! Powe’ Supply Current vee N
=€ e v Eune (Now a) (5358 T 48 ] mA

NOles V. Por conditions shown as MIN. or MAX  use the 8000P! 88 value s0eci1e9d unaer Eisctricel Characterntics 107 the spphicable devce type
2 Typicat imis are 8t Voo = 3 0V, 28°C ambient and menimum 10sding
3 Not more then ane DUtpul Shouid be shortad st 8 ime Curstion of the short c/7Cuit test should not encesd Ong secand
4 1CC ' MOBIu? 8T with 31 OULDULE OPeNn sn0 4 3V 800100 10 8l inputy
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Am2SLS160A/161A/162A/163A
Am54LS/74L.S160A/161A/162A/163A

Synchronous Four-Bit Counters

DISTINCTIVE CHARACTERISTICS

¢ Synchrunous pressttable counters

¢ Decade {"LS160A and ‘LS162A) and binary {"LS161A and
‘LS163A) counters

¢ Awynchronout (‘LS160A and ‘LS181A) and synchronous
{'LS162A snd "LS183A) clear inputs

® Am25LS devices offer the foliowing impe ts over
AmS4/74LS
~ Higher tpeed
-~ 50mV lower VoL
= Twice the tan-out over militery range
= 440uA source current

o 100% product sssurance screening to MIL-STD-883
requirements

FUNCTIONAL DESCRIPTION

The Am251LS160A, Am25LS181A, Am25LS162A and
Am25LS163A synchronous, presettable counters have inter-
nal look-shesd carry and ripple carry output for high-speed
counting applications. The Am25LS160A and Am25LS162A
are decade counters and the Am25L5161A and Am25L S163A
are 4-bit binary counters. Counting of loading occurs on the
positive transition of the clock puise. A LOW level on the
load input causes the data on the A, B, C and D inputs to be
shifted to the appropriate Q outputs on the next positive
clock tranmition. The losd need meet only the set-up and
hold time reguirements with respect to the clock.

The Am25LS160A and the Am25LS161A feature an asyn-
chronous clear. A LOW level at the clear input sets the Q
outputs LOW regardiess of the other inputs. The Am25LS
162A and Am25LS163A have a synchronous clesr, A LOW
level at the clear input sets the Q outputs LOW after the next
positive clock transition regardiess of the enable inputs.

Both count-enable inputs P and T must be HIGH to count.
Count enable T is included in the ripple carry output gate for
cascading connection. The anabie P or T inputs need meet
only the set-up snd hold time requirements with respect to
the clock.

The AmS4LS/74LS160A series are standard performance
versions of the Am25LS160A series counters. Ses appro-
priate slectrical characteristic tables for detailed Am25LS
improvements,

AOGIC DIAGRAMS

Am26LS180A Synchronous Decade Counter
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Am25LS182A synchronous decade counters are similar; how

ever, the clear is synchronous as shown for the Am25LS163A |

binary counters,

Am25LS163A Synchronous Binary Counter
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Am25LS161A synchronous binary counters are similar; how
ever, the clear is asynchronous as shown for the Am25LS160A
decacde counters.

I

CONNECTION DIAGRAM
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Am25LS160A, 161A, 162A and 163A
ELECTRICAL CHARACTERISTICS
™e Foilowing Conditions Apply Unless Otherwise Specified:

Am25LS/54LS/74LS160A/161A/162A/163A

coMtL Ta=0Cto+70°C Vee @ 5.0V 1 5% IMIN, = 475V MAX_ = 5.25V)
wiL Ta® -55'Cto+125°C Vee =50V 10% (MIN. » 450V MAX, = 550V)
pC CHARACTERISTICS OVER OPERATING RANGE
Parameters Daescription Test Conditions (Note 1) Min. Typ.(Note 2) Max. Units
i Vee = MIN.Ton » —440uA ™ T miL 25 34
"7 Output HIGH Voitage
Vo VIN = Vi or Vi COML 2.7 34 Volts
» VEC = MIN. 1oL = 4.0mA + 0.28 04
v, Output LOW Vot Voiu
+ VoL e VIN = VW o1 Vi ToL = 8 0MA 03§ 0.45
VM Input HIGH Lavel Guarantesd input togical HIGH voltage for sit inputs 2.0 Voits
' | Guarsntesd input logical LOW | MIL 07
a0 Input LOW Level | voltage for all nputs coML 08 Volns
v input Clamp Voitege vee = MIN, iy = —18mA -15 Volts
‘ A. B C D ENP CP -0.4
i Input LOW Current Vee = MAX., Vi = D4V Losd. EN T -08 mA
Ciear "160A, "161A —04
: Clesr "162A, '163A -0.4
| A.B.C.D,ENP CP 20
Load, ENT 40
[} [] t HIGH Curr ot v aMAX., ViN = 2.7V 4 A
" e ¢ ce N ("Ciear ‘1604, 1614 20 v
' Ciear '162A, "163A 20
[ # A B CDENPCP 0.1
i | Load ENT 0.2
H v = MAX. =70V A
i ] Input HIGH Current i cc . VIN Crea 160A TGIA o m
! ! Ciear "162A, '163A 01
. Output Short Circust Current
' « MAX, -1 -
. s¢ (Note 3 l vee 5 85 mA
: : Power Supply Current !
L‘CC" | All Outputs HIGH Vee = MAX (Note 4) 18 i mA
Power Supply Current ;
) : - ] 19 A
. ccL !, All Outputs LOW P vee = MAX. (Note § L 2 -
Notes. 1. For condiions shown a8 MIN or MA X  usq the SpP7OD Bte vaiue specifinc under Electrical Cheracteristics tor ihe apphcable Sevice type

. Typical imits ere at Ve * 5.0V, 25°C ambiant and manimum loading

1GCH 18 Mestured with the 10ed input HIGH, then sgein with the 1oad input LOW, with sl other 1nputs MIGH and ali outputs open
. IGCL '8 Measured with the clock input HIGH, then again with the clock input LCW, with all ather :nputs LOW and sil culouts open

MAXIMUM RATINGS (Above which the usetul Iife may be imparred)

)
2
3. Not more than one output shoutd be snorted a1 a8 me. Duration of the Short CircuIt 188t ShOUID NOT BRCEET ONE S8CONG.
4
L)

Storage Temperature

-65"C to +150°C

Temperature (Ambient) Under Bias
T ature '

~55°C 1o +125°C

Supply Voltage 1o Ground Potential {Pin 16 1o Pin 8) Centinuous

-0.5V to +7.0V

oC Vﬂage_l\pshed to Outputs for High Output State

-0.5V 10 +Vge max.

OC Input Voitage
. Put v

=05V 10 +7.0V

OC Output Current. Into Outputs

30mA

OC input Current

~30mA to +56.0mA




Am25LS164 - Am54LS/74L.S164

8-Bit Serial-in, Parallel-Out Shift Register

DISTINCTIVE CHARACTERISTICS

o Gated sevial inputs

® Asynchronous clesr

e Am25LS devices offer the following improvements over
AmSA/74LS
~ Higher speed
-~ 50mV lower Vg 8t iQL = BmA
- Twice the fanout over military range
- 440uA source current at HIGH output

o 100% product assurance screening to MiL-STD-883
reQuirements

FUNCTIONAL DESCRIPTION

The Am25LS164 and AmS54LS/74LS164 are eight-bit, seriat
in/parallel out shift registers built using advanced Low-Power
Schottky processing. A gated input provides enable/disable
control over incoming data such that the data can be entered
or logic zeros can be entered into the register.

An ssynchronous clear input can be used to simuitaneously
clear the eight fhip-flops 1n the device. Whe:: the clear input is
LOW, sl! internal Hip-tiops are forced LOW independent of
the clock input. An incoming data bit is entered into the Q,
thp-fiop and the data in all internat thp-flops is smited right on
the LOW-to-HIGH transition of the clock input.

The AmS54LS/74LS164 13 3 standerd performance version of
the Am25L5164. See appropriate electrical charactenstic tables
tor detarled Am25LS improvements.

LOGIC DIAGRAM
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Note Pin 1 .s marsed 107 onientatioNn GND » Pin?
~——

e
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Am25LS/54LS/74L.S164
Am25LS5164
' ELECTRICAL CHARACTERISTICS
The Followmng Conditions Apply Uniess Otherwise Specified:
cComL T4 e0°Ctos+70°C Ve ® B0V I8% MIN. c 478V MAKX. =835V
MIL TA=-855°Ct0+128°C Ve =8.0V :10% MIN. 430V MAX. =880V
DC CHARACTERISTICS OVER OPERATING RANGE Typ. i
Paramaters Description Test Conditions (Note 1) Min. (Note 2) Max. Units ‘
‘
Voe " MIN, Ign © ~4404A ML 25 Y )
v Output HIGH Vol Velits
on pu o VIN = Vib o ViL coM'L 27 34 ‘
Ve * MIN, 1oL " 4.0mA 0.2% 04
vou Output L OW Voitage ViN * Vin o ViL | Voits
oL “8.0mA 0.3% 045
Guersnteed input logical MIGH
Vin 1nput HIGH Level voltage for 8il inputs 20 Voits
Guaranteed input logical LOW MiL 0.?
Vi 1nput LOW Level ! voltage 10r 8if smDUTS “om T o8 Voins
v Input Clamp Voltage Veg *MIN iy » -18mA -15 Voits
Clock, Clear | | -038
U1 input LOW Current Vac *MAX, Viy =04V 'Y ' : o4 mA
.
im Input HIGH Current | Vee s MAX, Viy =27V 2 uA
" Input HIGH Current : Vee = MAX, Vi = 7.0V |l 0.1 mA
i |
Output Shoet Cirent Cursent |
] Voo = MAX. -1 -85 mA
¢ {Note 31 ce s 8
Power Supply Current l
1 - MAX. 1
cc iNote &) vee s 3 ™~
Notes ¥ For cONOIONy Shown a3 MIN. or MAX  ute The 3p0/0DN81¢ v8lus 3pec. o0 unaer Eleciricai Characternstics f0r the 2001 CaDIe Gev.ce type.
" 2 Tyorcatumitsareat Voo = S0V, 257 C smpient ana mpnimum 10ading
3 Not more 1han ONne CUTPUL SAGLIC e shorted #t 8 t:me Durat:on of the sROrt ¢irCi 1 1831 $hOUId NOT exceed ONE sacoNd
4. Mgatured with outlputs OPEn 1878} :NDULE grOUNIed, NG & MEMeEntary ground Then 4 5V 200::e0 10 the clsar NPt
Am25LS « AmS4LS/74LS
4
MAXIMUM RATINGS (Above which tne useful tite may be impaired)
Storage Temperature -65°C to ”50_}:)
Temperature (Ambient! Unger Bias ~55°C 10 +125'C
Supply Voltage to Ground Potential Continuous 0.5V to +7.0V
DC Voltage Acphied to Qutputs tor High Output State -0.5V t0 +Vee mat
OC input Voltage -05Vto ’7_‘°.§ '
DC Output Current, into Outputs 30m-
OC !nput Current ~30mA to +6.0m¢
DEFINITION OF FUNCTIONAL TERMS Metalitzation and Pad Layout
A, B Tre seciat inputs to the devce |f erther thy A rput
18 LOW or the 8 input s LOW. the Q4 f1ip Hop will be A r woovee
set LOVY on the LOW-10-MIGH transition of tre ciock - "' -
¢ 1 ——fa-Yu W
Clear  An asynchrorous master reset for the eight fiip ‘icps o 3 = ﬁ.—_ BIE-W
n the gswice When the ctear .nout s LOW. all %‘ oo .
interngl fhip ticos are set LOW incependent of the Gy 4 — W % %
clock o 38— %% o o,
Qa-Qy The eqyht true outputs of the eight-bit register % * O %‘,E‘i |—— 19 %
>
Clock  The clock input to the register Data 15 enterec :nto IR = ~—{ ] r as
the reg:ster on the LOW to - HIGH transiticn of the o .—‘ 4. - -
clock input.
DIE SIZE 0066 X 0 090"
S

ORIGIN
243 IGINAL PAgGE 1g
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DEEE—.. —
TYPES SN54185, SN54LS165, SN74165. SN74LS165
PARALLEL-LOAD 8-BIT SHIFT REGISTERS
-
functional block disgram st
-\
f e . ¢ . ] ’ . -l
pn o) {rs | J L J j -
a - - - A “ Y
.~ | -
(Pee pee rpee pes I ca oD ta qLﬂ
-m"{> % & - - & o th_ gy
add 0 hl.‘: }.(\OA. l\ll: n': nu: t\'l: \!: g Il? ~
= Q Q—
(1] '
L LI
el ¥
typical shift, load, and inhibit sequences
(Y 1}
CABCR vn gt I
Haay ey . !
[SPTICHY u ‘:'
. '
» S I
. h
e
! R
o
- 1 .
~ 1 1
Nh"'::--r V" - . - \ - . -
vt d, -‘-L LI a - N - . - .
F— "'—‘;l:— Wy Basy
L]
absolute maximum ratings over operating free-air temperature range (unless otherwise noted)
Supplv vattage, Voo (e Note 1) . . . . . L L L Ly
Input voltage SNS4165 SN24168 . . . . . . . . . . . 88y
SN541S165. SN74L5165 . . . . . . . . P A"/
(nteremitter voltage (see Note 2) . . . . . . . . . . .. s8Y
Operating free-air 1emperatute range. SN5416. LNSILSIES . . . . . . . . . . |  -55°C10125°C

SN74165 SNT4LS85 . . . . . . . . . . . . . 0w

* -
Storage temperature range .~65Cto 150°C
NOTES 1. VOoitags velues. 82Ca01 iINteremitter vOltage, 870 wilh 18200Ct 18 NATWErL round termingt,
2. Thie 19 the veitoge BOTWween twe smiTters of & My ltPIe-emitier transitar. TR 78TINg SRS IS Yor (N ‘16D 18 the MRift/lend inpvt 1n
CORIUACTION with the CI0Ch 1ARIDIL inButs,

!.‘
TE XA sl \I(§NS':!;B|9DM E N Ts

SORT BFFCE SOR 3012 + DALLAS TRRAS PLNNE
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T TYPES SN54165, SNBALI165, SN74165, SN74LS18S
PARALLEL-LOAD 8-BIT SHIFT REGISTERS

BULLETIN NO. DL-8 7611378, OCTOBEN 197

Complementary Outputs

Direct Overriding Load (Data) Inputs
Gated Clock Inputs

Parsilel-to-Serisl Dsta Conversion

TYPICAL MAXIMUM TYPICAL
TYrg CLOCK FREQUENCY POWER DISSIPATION
188 26 M2 210 mw
‘L1 35 MM 108 mw

description

The ‘1685 and ‘LS165 are B-bit serial shift registers
that shift the data in the direction ot Qa towad
G when clocked. Parsilel-in sccess 0 each stage 18
made avaiisble by eight individusl direct dats inputs
that are enabled by & low level at the shitt/losd
input. These registers slso feature gated clock inputs
and complementary outputs from the eighth bit. All
inputs are diode-clamped to minimize
transmission-line etfects, thereby simplitying system
design.

SNS41ES, SNSALEI0S

... JORWPACKAGE

 ENT4185, SNT4LEISS . .. J OR N PACKAGE
(TOP VIEW)

€0t eSSV | niaourn
. A mt  On

Vee "ot O <

LIPS

wyniiwlie

Positivg logie: 199 description

Clocking is accomplished through 8 2-input positive-NOR gate, permitting one input to be used as a clock-inhibit
tunction. Holding either of the ciock inputs hgh inhitets ciocking and holding either clock input low with the
shift/load input high enables the other clock input. The clock-nhilxt input should be changed to the high level only
while the ciock input is high. Paraliel loading is inhibited as long 8s the shit/iosd input is high. Data at the paratiel
inputs are loaded directly into the register on & high-1o-iow transition of the shift/Ioad input independently of the levels

of the clock, clock inhibit, or serial inpuss.

FUNCTION TABLE

INPUTS INYERNAL
SHIFT/ [CLOCK FARALLEL] outeurs | OUTPVT
LOAD [inwigiT | CHOCR | SERIAL I = an
A L)
L X X X a...h . [} [
H L L X x Cap Qo Quo
H L ' H x H  Qapn| QOga
H L * L X L Qan Qgn
L] H X x X Qao Cso =197

566 6xpIanstion of TuUNCLION tEDINI OGN Dege I 8.

schematic of inputs and cutput

‘165
{EQUIVALENT OF EACH INPUT{TYPICAL OF BOTH OUTPUTS]
v - - -
o 100 (1 vee
] ~OonM
LU 1SVAS - -
ourryr
PRI mad Ry, v 30 NOW B
Owe apwsn -..-unnou -

‘L$169
EQUIVALENT OF EACM INPUT [TYPICAL OF BOTH OUTPUTS
vee - \ vee
Roq 130 O NOM
(LU - -
outruy

Crace chach wp.B0 Ry * 1700 OM
Poroiint e

o nput Moy & 26001 NOM

tuised Moy o8 ail NOM

TEXAS| INSTRUMENTS

NCORFORAT

to

SO8? OFFICE BOR 5010 » BaLLAY YEAAR Mal?

L

o



T TYPES SN54LS280, SN545280, SN74LS280, SN74S280
msi 8-BIT ODD/EVEN PARITY GENERATORS/CHECKERS

SULLETIN NO. DL-8 7611829, DECEMBER 1872-AREVISED OCTOREN 19y

SNEALEI00, SNS4S200 . . . J O W PACKAGE
o Generstes Either Odd or Even Parity SN74L8200, SNTAS290 ... J OR N PACKAGE .
for Nine Dsts Lines (YOP ViEW)

e Cascadable for n-Bits

o Can Be Used to Upgrade Existing
Systems using MS! Parity Circuits

o  Typical Data-t0-Output Delay of Only 14 ns
for 'S280 and 33 m for 'LS280
Typical Powsr Dissipstion:

‘LS280... 80 mW

~—————

————
[ ]

) ’$280...335 mW
FUNCTION TABLE
[THUVBER OF INPUTS A ouTPuTs
THRU | THAT ARE MIGH | » EVEN £ 00D
0.24 68 ] L
1,3.9.29 L H loges: 008 funcrion tadle
N oo nigh leve! L = tow tevel NC—No internsl conneci-on
description

These universal, monolithic, nine-bit parity genarators/checkers utilize Schottky.clamped TTL high-pertormence’
circuitry and feature odd/even outputs to facilitate operstion of either odd or even parity application. The word:length
capability is ssnily expanded by cascading 33 shown under typical applicstion data.

Series 540LS/74LS and Series 545/74S5 parity generators/checkers offer the designer § trade-off between reduced power
consumption and high pertormance. These devices can be used 10 upgrade the performance of most systems utihizing
the "180 parity generator/checker. Aithough the ‘LS280 and 'S280 are impiementsd without expsnder inputs, the
corresponding function is provided by the svailability of sn input at pin 4 and the absence of any internal connecton
at pin 3. This permits the ‘LS2BO and ‘S2B0 to be substituted for the 180 i existing designs 10 produce an identicel
function even 1f 'LS280°s and 'S280's are mixed with existing '180's.

These devices are fully compatible with most other TTL and DTL circuits. All "LS280 and "S280 inputs are buttered 10

lower the drive requirements to ons Series 54LS/74LS or Series 545/74S standard i0ad, ¢ Y.

schematics of inputs and outputs

‘L5200 '$260

EQUIVALENT OF INPUTS TYPICAL OF OUTPUTS EQUIVALENT OF INGUTS TYPCAL OF OUTPUTS
- Ve

e v
vVe§ ——gp—-- 120 0 NOM [ e vee .- $00 NOM [—
20 %01 NOM - 2840 NOM --
INPUT o -
» INPUT .-
outeut ouTeuT
L A | ] ]

TEXAS |NSTRUMENTS

CONPORAT
POST OFTCE DOR 8030 M TERAS 13000 L

246




TYPES SN54LS280, SN74LS280
9-BIT ODD/EVEN PARITY GENERATORS/CHECKERS

ahsolute Maximum ratings over operating free-air temperature range (unless Gtherwise noted)

Supply voltage (see Note 1)

input voitage e e e

Opersting free-a1r temperature range. SN54LS5280
SN74LS200

Storage temperatureronge . . . . . .

NOTE T VOIlage vaiust 078 with 79999t 1 Ntw orh raung termngl

recommended operating conditions

v

R A"/
-55°Cto 128°C

. 0°Ct70°C

-65°C to 150°C

l SNSALE280 SN76LS200 uNIT
MIN NOM MAX | MiN NOM MAX

t}utﬂ‘v voitear, Voo (L] 1] 59 |48 5 825 v

[ r an tevel outowt current. Iy -04 ¢ | ma

l:_' evel outDUt current. iy L 0] maAa

! Ooergung tree-ai tempereturs, T -58 128 0 i c

electrical characteristics over recommended operating free-ait temperature range (uniess otherwise noted)

SNS4LS200 SNT4LLTN0 T
PARAMETER TEST CONDITIONS' MIN  TYPL MAX [MIN  TYP! MaXx
V s High tevel input voitege 2 2 v
m Low tovel input voi1age 0?7 o8] Vv
r‘:r( tnput c1amp vol tege VCC"MIN, 1= 13 mA -15 ~18] V
— —
VoMt tevel ot votegs :ff_:i: :’(:: . 7_:‘ . 25 34 27 34 v
VOL Lowlevel outout voltee Ve MIN, V=2V, 0% O6 0.3% o4 v
L ViL ®= MAX 038 (3]
L' Input current st mamimum inout voitage | YCC C MAX V=TV 01 01} mA
1i1pa Mg level inDut Current VCC*MAX V;*2)YV 20 0} uA
T Lowdevel input current VCC e MAX, VisQ4V -04 ~04! mA
108 SROM Citcust Gutput Current § VCC * MAX -30 -100 | ~20 -100 | maA
iCE Supoty current Ve * MAX. See Note 2 16 27 AL 27 | ™A

THOI cORB.1IBNI INOWA SEMIN 0 MAR U The 8BS OE 1010 valus 200811190 L NdW SCcammensed SO Q1R CONE:ITPNY

fAn typicoi vauss R Bt VEC TS Y T4 28 C
TINOt mure then 0ne OLIBUT SAOUIC B NS 108 51 8 1 8 Snd dur
NOTE 2 10C ' ™0atured with ail ADUTY GIOUNGEd 870 8ii Butpuls OPen

switching characteristics, Vec =5V, Ta = 25°C

0" €1 the SARIL < 17Cu1t YABVID ROt Saced 878 wiend

FROM 10
PARAMETERY TESY CONDITIONS MIN TYP MAK [UNIT

uNrUT) ouTruTl

™™ b2 ] 50

pim Data T Gven ~

[T CL*18pF R 2D, 9 L3

: Ses Note ) 23

pen Date t Oogg 3 "t

Wy N %0

s 9L re * PIOPIRINION BRIBY 1:Me iDW 10 NN Iovel OVIPUT tpyy, © DIBPERETON GOy hMme Pigh 18 iom iovel Suiput

NOTE 3 Load <itcu:l 6RG vOilege wavetGime pro 4hOW: On Dage J 11

TEXAS._I NSTRUMENTS

COMPuR e

POSt $F0.LL DO Wil . DaLLAS *REas MDD

xle
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Ky?! SERIES 548/748
iﬁ’;ﬁ’[s’ PROGRAMMABLE READ-ONLY MEMORIES .

]
o Titsnium-Tungsten {Ti-W) Fuse Links for o Full Decoding and Chip Select Simplity
Fant, Low-Voltage, Relisble Programming Systern Design
o Al Schottky-Clamped PROM’s Offer: o Applications Include:
Fast Chip Select to Simplify System Decode Microprogramming/Firmwers Loaden .
Choioe of Three-Stats or Open-Collector Outputs Code Converters/Character Generators !
P-N-P inputs tor Reduced Loading on Translators/Emulators
System Buffers/Orivers Address Mapping/Look-Up Tables
TYPE NUMBEA IPACKAGES) T sz ouTMUT ""::' ""”Mﬂc:
-83°Cle 128°C o'c0'C (ORGANIZATION) CONFIGUAATION “‘::“" Tive om' ':,' "'" on
SNSAS1AN0. W) SN148108(J. N) Moy open-coilestor
SNSAS200L), W) INT4RI88LI N) 132W 89 resvew N 400 mw ;
SNSASI8Y(), W) SN1432871J. N} 1024 bty thres-atene ﬂ
TNE4338711. W) SNTAS071_N) (298w a4 ®) spen-conector 420 o m 1
SNSASA101)) SN14SAT0U, N} I 004N-0110C10° ‘i
TN SN14S4IV(S N) 288 W B [ $om 850 mw 2
SNSASATI SN14S472L5 N} 4098 b three-atate E
SNSasaIV ! INTaSa13) N} 8IWaam owercoliecior St 090 mw H
SNSasaTal Wi Sh1as4Tal) NI 4096 oue Whreestate R
SNVasaTSI), Wi SNTa54781), NI B12Wase open-coIncIor s 600 mw 3
TS 1024 BITS 048 0178 08 5178 @0 TS
32 WOROS 8Y 8 8178} (J88 WORDS BY 4 SITS) (256 WORDS BY S BITS! (S12WORDS BY 8 TS} $SI12WOADE Y 0 BITH)
‘8189, 8208 5287, ‘5387 470, SATY 8472, 9473 8474, ‘M78 .
™ u » ase e v -ha » v "\“C Dlv -a AL i
L EEN “':: |“ ast 3. ):: :. ape ;31 " :- a0e v U gﬂ .:‘» ...gl\r_ ‘ - : ;
") !... a0t TN w § e0¢ ) " a80 sac 1 w agw w0l {[om =
e A 1 TN Ievy B 1] " oaps e 2 >u apo P Y
LR RUERY X3 Anu;i 1 Bo ane “ s ase -S D ane _,,é; P :
L XN "oene LI ALTON N B N w3 L XN Ye w - .o {
YYXEN hw see  eec - ' e Y pos w po8 00 o gu oo - o v - Qs
—e & o “.a. k. ®e g, “ oo ) g Dy oer .ot ] " = - -
- L XWY Y] LK YTs oL I 1 . s . o
o~ " ooy Lol e D ees -e l - e
- - .
-d ¥ . e
Pih o0 gnments ter a1 8 TROIE MEME 108 028 thE MIME 8¢ il POCh 0908

description !
Thesse monolithic TTL programmabie read-only memories (PROM 3} teature titancum-tungsten (Ti-W) fuse links with
eich Link dewgned 10 Program in one millisecond or iess. These PROM's offer considerable Haxibulity for upgrading
existing designs Of iMproving new designs 88 they festure tull Schottky clamping for improved performance,
low-current MOS-compatible p-n-p inputs, choice of bus-driving three-state of open-collector outputs, and improved
chip-seieCt access tin.es.

The high-complexity 2048 and AD96-bit 20 pin PROM's ¢an be used to significantly improve system density for fixed
memories as oli a1e offered 1n a dusi-in-1ine pack age having pin-Tow spacings of 0.300 nch.

PRELIMINAARY DATA SHEEY

° 1 { Sahotth Sode
Publshed u' Q‘To:u "::0:“ TEXAS'."%‘.S'LB":LM ENTS ’:””‘“:-' 'l'l.:". oy *
SOUY 0F9GE B0 B01I ¢ BaiLAS TERSS PsE Toum lnurumonty. U. & Potem

Number 3,483.078.




. : SERIES 545/74S
PROGRAMMABLE READ-ONLY MEMORIES

description (continued)

Data can be electronicelly programmed, 8 desired, 3t any Dit 10CALION iN SCCOrdaNce With the Programming procedure
wecitied. All PROM’s, except the ‘S287 and "S187, ste suppied wmith 8 low-iogc-level SutPUt CONAition 1tored 3T each
et location, The programming procedure opan-circuits Ti-W matal inks, which teverses the stored logic level st selected
iocations. The procedury s irrevertible. once sltered, the output for that bit locstion i permanently progremmed.
Outputs never Raving been sitered Mmay later be programmed 10 supply the opPosite output level. Operstion of the umt !
within the recommended Operating coNditions wil not siter the memory content. :

Active leveiis) 3t the chip-select inputis) enablys sl Of the outputs. An INBCLIVC level 3t any ChIP-seiect input Couses all
outputs 1o be o«f.

The three-state output offers the convenmence of sn open-CONLCIOr OutPut with the weed of » totem-POle GULPUL; it can
be bus-connected 10 other umidar Outputs yet it retains the fast rise time charactersiic of the TTL totem pole cutput.
The open-cotlector Output offers the capsbility of direct inerface with 8 Gata line having 8 Passive pullwp,

schamatics of inputs and outputs

‘S188, '$297, "5208, BINY, '9A70, 188, TIN?, T97. 8308,

BAY, ‘3472, 'SATS, 'BA74, 'SATE P40, "BATI, FATE ‘SATY, ‘SATE, MAT4
COUIVALENT OF TYPICAL OF TYPICAL OF
SACH \NFUTY ALL QUTPUTS ALL OUTPUTS

Yee - .- .. ———ce
8 1 HOowm
.- -Outeyr -
- -
NP gy - - 1 _2 ouTrUY
. * - -
¥ 3
R -
Pragramming Circuit POt Shown Program ming cgunt ABL INGWA

abtolute msximum ratings over operating free-sir temperature range (uniess otherwise noted)

Suppty voltage (see Note 1) o e e e e e e e e . A '
input voltage . . S S . X2
Ot state vutput vo! ugc . L .. e e R .. 85V
Opﬂlhnq free an temperdture ur\qt SNBSS Crcusts . . . . . . L L L L. —55 Cto 125°C

SN74S'Cwcusts . . . . . . .. ... ..... 0ClomnC
SIOraQE eMOPIMUr@ 1BNGE . . . . . . . . . . . e e i e .. ~8%°C10150°C

recommended conditions for progzamming

SNEAS . SNY4S’
UNIt
MIN NOM MAX
Srea0y state 4 $ $8
Supoiv voitage. Ve (tee Note 1) -V
Progrem puive 10 108 17
L] ool V [ ]
IApUT voltage - Bl 2 s v
Low lgvel, V. ] 0%
Sos (00d Crrcut
Term.nat:10n of 01l GUtDUS SaCOOT the ONE 1O DE prOgr brined
(Figure 1)
V0i1208 0000 10 OUIDUL 10 DO DIOYeMmMd V(O (ps) |10 Note 2 0 023 0) v
Durston of Ve programming paise Y isee Figure 2 ana Note 3) o9 1 10 | me
Programming Guly cycie % s %
Fon a1 temperatyre [} ] °C

TApeciute mpaimum rotings

NOTES | Voitsge olLes 078 with reepact 10 Potwark ground 1O7rminst TRE suePly vEI1BQN raHAD SO0 NET BPPIY SUring ProY pFming
2 Trme S1BE 3288 5470 S471 S472 $473 5474 snt 3475 810 wrDI0d w th 81 Bt O ATLIBNS CONTMIRING & 0w LOPE lavel sne
hd PIOPEmming 8 8.t CAENPEE e GuiPul 8F (e 8:t 10 Righ 1pc iovel The S87 ond BIQT 20 supPi iod with ol Bt OuIPUTS 8L 6 Nigh
9K 10v 0l SR PIOEFE™Ming 8 Dl CHBNPNE 11 18 & 10w 10gC 1BVt
3 Prowammoan s gusrentesy 1t ThE Buits 8PP 81 .8 O 9 e leng

TEXAS |NSTRUMENTS

NCOMPORAT
SO0 $00.0H BUS W00 o “&ul *eEa® 20008
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54/74 FAMILIES OF COMPATIBLE TTL CIRCUITS
PiN ASSIGNMENTS (TOP VIEWS)

OCTAL D-TVPE LATCHES

363  raansranentLaTOM L
28TATE OUTIUT :
COMMON OUTPUT CONTROL
L}

COMMON ENASLE

Soe poge 7487 ;

OCTAL O-TYPE FLIP-PLOMS

364 commoncLocx
COMMON OUTPUT CONTROL - . N e
3STATE OUTPUTS
* .
] y ¥
|

vy | ~ -

HEX BUS ORIVERS

365 IETATE OUTPUTS
NONINVERTED DATA OUTPUTS
GATED ENAGLE 1NPUTS

b pew 4-20 SNOAI00A 14, W) SNTIEINBA (4, NI
SNSALEING (S, W) SNTALSINE LU, NI

HEIX BUS CAIVEPS

366 INVERTED DATA QUTPUT
SATED ENABLE iNFUTS
JSTATE OUTPUTS

SNGAMAA (). W)  BNYEISEA (4, N
SNSALEINE L), W SNTALEINS U, N,

oo page - 28

Texas lengyENTs

mLOMrum Al
PORY GPMES $08 Wi « Saiaal YEAAS MRS




- Am26LS32 » Am26L.S33

Quad Difterential Line Recsivers

DISTINCTIVE CHARACTERISTICS

® Input voltage range of 15V (differential or common mode)
on Am26LS1); 7V (differential of common mode) on
Am28L532

® 20.2V sensitivity aver the input voitage renge on Am26LSI2;
20.8V sensitivity on Am26L33)

® The Am26LSI2 meets 8il the requirements of RS-422 end

RS42)

Sk minimum input impedance

J0mV input hysteress

Opetasion from sing'e +5V supply

16-p1n hermetic and moided DIP package

Fail safe input-output relationship. Output always high

when inputs are open.

Theee-state drve, with choice of compiementary output

enabies, 107 receiving directly onto a dats bus.

Propagation delay V7ns typical

Available 1n military snd commercial tempetature renge

Advanced low-powet Schottky proresting

100% reliabiity Basurance testing in complisnce with

MIL STD 883

FUNCTIONAL DESCRIPTION

The Am261S32 is o quad e receives designec 10 meet ¢
requitements of R$422 end AS42), et Federal Stande::
1020 and 1030 for balenced and unbaisnced dwitl ¢,
tranymisson,

The Am26L832 testurer an input sentitivity of 200mV o
the input voitage range of 27V, . .
The Am26LS3J features an input sensitivity of B00OmMV ewm
the input voltage rangs of 215V,

The Am28LS32 and Am26LS1] provide an enabie and disslt
tunction common to 8l four receivers. Both parts festure
state outputs with 8mA unk capability and incarparate 8 b
safe input-output relstionship which kespt the oviputs M,
when the 11puts sre open,

The Am26LS32 and Am26LSII ure constructed using A
vanced Low-Power Schottky procesuing.

.

[ 1y BTV}

LOGIC DIAGRAM

Moy gy ey ey "oy | Wy Wy
[ -3 O\JWY ] OU'N' 14 N"UV [ ] ovteyt &
s
B
ORDERING INFORMATION , CONNECTION DIAGRAM
Tow View
& /]
Am26.832 Am26053) [ dv wlvee
-eursa 'y
Pochage Yemper vvute Oroer Oraer , :
Tyvpe Ranyy Numier Numw y : T e
e NV'\,YAC 3
HMermetc DIP -65°Cto - (25°C  AMZELSIZDOM  AMD 5\5330” f: . . .,
FlstPan  -B5°C10+735°C AMIELSIZFM  AMI6LSIMEM st S 4P .
Oxe ~85°C 10 +126°C  AMGLSIZXM  AMI6LSIIAM aurr ¢ [ ﬁ..'_: [T TN]
Hermerc DIP 0°Cto+73C AMZ6L5120C  AM26.531D0C N XS P
Moed DIF ('Coe70°C  AM26LEIZPC  AMZ6LS3IIC —uts € & " "
D-ce OCro20°C AM6LSIIXC  AM26LSIIXC 8] |
NN
oo (10 h p }
No1g P.a\ iy mprbed ter granBtBn
. _——




LUTE MAXIMUM RATINGS (Above which the useful life may be impsired)

7.0V

ECTRICAL CHARACTERISTICS Over the operating temperature range
follow -1 con.iitions apply unless otherwise specified:

£33 Am26LSIIXM (MIL) Ta = -88'Co +128%C
£37+:. Am2$.S33XC (COM'L) T, =0"Cto+70°C

N Voir e N
+ B oaon Muti: Range 125V :
. ‘—.';l 1::42 Voltage +25V .
! plng — .
! voti : 7.0V ;,
! Qara Ly ient S0mA \

woge Te 1. - e Range 65°C 10 +165°C I

A 5
i

Vee=S8.0v: 10%
Vec = 8.0V 1 5%

Description Test Conditions Min. ":l;.:.p" Max.  Units
ZiHerenual Input Voluage VOUT = VoL of Vou o m26LS32. TV < Vem % MAd 02 006 92 lvom
Am26L533, -15V < Vo € +15V X 0.12 05
put Renstance —15V € Vo < +15V (One input AC ground) 8.0k 8.5k a
aput Current {Under Test) Vin = +15V, Other Ingut =15V € Vi € +15V 23 mA '
-oput Current {Under Test) ViN = =15V, Other Input ~15V € Vi € +15V -28 mA
VoC = Min., AV = +1.0V COM'L 2.7 34 i
. utput HIGH Voltage Volty i
VENABLE ~ 0.8V, lon = —440uA ML 25 34 {
“utput LOW Voltage Vee =M., aVin = 1.0V lo = 40mA 04 Voits ;
VERABLE =08V 1oL = 8.0mA 0.45 s_’
£nable LOW Voltage 0.8 Volts *’
tnable HKIGH Voltage 20 Volts {
Erable Clamp Voltage | Vee = Min, Iy = —18mA 15 | Volus :
oo v T | Vo = M ELIT — ™
" Enaole LOW Current Vin =04V ~0.36 mA
Enable HIGH Current ViN=27V 20 uA N
Output Short Circuit Current Vo0V, Vec * Mar,, 8V N = +1.0V -15 -85 mA
Power Supply Current Ve = Max, Al Vi = GNO, Outputs Disabled 52 70 mA
taput High Current Vin = 5.5V 100 A
Input Hysterens Ta = 25°C, Voe = 5.0V, Vem = OV 30 mv
tnput 10 Qutput Ta ~25°C, Vo *5.0V,Cy = 150F, see test cond. below 17 25 ns
Input 1o Output Ta=25°C.Vee =5.0V. C = 15pF, see test cond. below 17 25 ns
Enable 10 Qutput Ta =25°C. Vee 2 5.0V, C® SoF, see test cond. below 20 30 ns
Enable 1o Dutput Ta=25°C.Vge = 5.0V, Cyt = 5oF, see tost cond. below 15 2 ns
Enabie 1o Output TA =25°C. Ve = 5.0V, T = 150F, see test cond. below 15 22 ns
Enable 10 Qutput Ta =25°C.Vge = S.0V. C = 150F, see 1est cond. below 15 22 n
v typical values o8 Ve = 50V, T @ 25°¢C.
LOAD TEST CIRCUIT PROPAGATION DELAY ENABLE AND DISABLE TIMES ‘}
FOR THREE-STATE OUTPUTS {Notes 2 and 3) !

{Notes 1 and 3)

v
TESY On . Jov
oY vee ouTRT —— % —_— ; —1av oy = N 1av
\ f
T ‘ e vor \ N o
O—M—? ——lpin —t, P 120 'bl—L—J

omosTe ‘ kdd ouTeuT TN T8V i oo
ALL D100€8 Wyt K T e ov W.‘lt; oot - 1 IV ’__'__j‘: sy
TRANSITION - 18V S 00N T Voo

0ge, ey

WNSka vEST
T NCLUDES
v nf ang

<
'C < INSIE OR
€a7ACITANCE < N34 |———r— T I
(S B
ﬂ ourTeuT _/—d p— oM
NOAMALLY W ol A -1V
| s, OPEw, ~— .
" 1 mon L e ov asv

Notes:

\ N
2.

3

Disgrarn shown for Enable LOW.

Sy and 53 of Losd Circuit are closed except
where shown,

Puise Generatror for All Puises. Rate & 1.OMM2,
2o = 85002, 1, € 15091y € 6.0ns
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Am26LS31 '.f

Quad High Speed Ditferential Line Driver

A

DISTINCTIVE CHARACTERISTICS

Qutput skew — J.0ns typicel

‘nput to outpu: delay - 12ns

Operation from single +5V supply

16:pin hermetic and molded DIP packege
Outputs won't load hing when Vee = 0
Four ling drivers in one package for maximum package
density

FUNCTIONAL DESCRIPTION

The Am26LS31 is & quad differential line driver, designed tor .
digital data transmission over balanced lines. The Am26LS3t’
meets all the requirements of E1A standard RS422 and federy |
standard 1020, Is is designed to provide unipolar differentis
drive 10 twisted -pair or parallel-wire transmssion lines. V'

The circuit provides an enable and disable function common’
to all four drivers. The Am26LS31 features 3-state outpuns

® OQutput short-circuit protection and logicaly AND-ed complementary outputs. The inpun
® Complementary outputs are all LS compatible and are ali one unit load.
® Meets the requirements of EIA standard RS422 The Am26LS3! is constructed using advanced low-powe
® High output drive capability for 50Q transmission lines Schottky processing,
@ Avalable in military and commercial temperaturs range
¢ Advanced iow-power Schottky processing
©® 100% relisbility assurance testing in compliance with
MIL-STD.883 ‘
LOGIC DIAGRAM
[ 2 4 LY ».;uv m:w 'W'
Lol | b I
[ L1] Yoo D\JVNV OvYeuty QUTPUT  OuTeUT O\e"u' ou"u' wwu' w"v'
o1 [+] [ 34
ORDERING INFORMATION CONNECTION DIAC AM
(Top View)
Pachage Temper sture Order e Cj [ ver
Type Range Number Caants & : g [ wuro
Hermetic DIP -55°C 1o +125°C AM26LS310M ~g 81 [N
Flat Pak -65°Co +125°C AM261.531FM v [} | v
Dice -55°C 1o +125°C AM26LS31XM d :F s
Herme-c DIP 0°C to +70°C AM261S31DC cnammt 0 |
Mclded DIP 0°C1to +70°C AM261S31PC e ) cunnne ¢
Dice 0°C 1o +70°C AM26LS31XC ot [ oy |

ano d

Note Pin 1 .4 marned tor ocantation

ot g
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Am28LS31

ASSOLUTE MAXIMUM RATINGS (Above which the useful lite may be impaired}

sgely Voita 1.0V

ot Voity: 1.0V

Vol 5.8V
parog Te- - ture Range -65°C 10 +150°C
ECTR::.: - CHARACTERISTICS over the aparating temperature tange A

Petetiow  ~ihition spply uniess otherwite specitied:

papeLIIt ) Ta s -38°Cre s i’c Voo =tV 110

posaLEs! - Wil Tawo'Ceere’c Veg =8V e En -

Ye.

Sumnetons Deteription Test Conditions Min. (Nots 1} Max. Units
Voot Mutput HIGH Voitage Vg ® Min, ioW © ~20mA 8 Vaits
oL ) Dutput LOW Voluge Vee = Min, 1o = 20mA as Voin

™ Trput HIGH Voliege Veg * Min, 20 Volts
™ Input LOW Voitsge vee * Mea. (-2 ] Vet

™ input LOW Current Vog = Max., Vi = 0.4V 0.3 mA
™ input HIGH Current Vog = Max, Vi = 2.7V 2 uA

f N i~out Reverse Current Vec * Mo, VN = 7.0V 0 mA

Prer— —— - poy

Ot1-State (High impedence) Ver = Me Vg * 28V
© Qutput Current < " Vg = 08V ~20 A

} S—

'Y taput Clamp Voltsge Ve = Min, Iy = 18mA -9 Volws

Ll‘ Qutput Short Circuit Cutrent Vee = Max. =30 ~150 meA

t e " “Power Supply Current Ve = Max,, 8l outpuns diabied 80 80 mA

e tnput 1o Output Voe =50V, Ty = 25°C, Losd = Note 2 12 20 ~

oy Input 1o Output Voe =8OV, T = 25°C. Losd = Note 2 12 20 ~

1 BREw Output 1o Qutput Voe 5.0V, Tp = 25°C, Losd = Note 2 20 6.0 n~

‘N2 E~sbie 10 Output Vee 5.0V, To = 25°C.C = YO0pf 23 3 ~
~ Enabils 10 Output Ve * 80V, To»25°C.Cy = 10pF " 30 ~
m Enable 10 Outpus Ve * 50V, To = 28°C, Losd = Note 2 kL] 45 L
Tu E~able 1o Output Vee =80V, Ty =25°C, Losd = Note 2 30 40 ~

va Al eues ae Vo e B0V, Ta 2 28°C

T e sk vy t3Vie Vgutr = 13V, Ve g © OV 10 +3.0V. Ses Bataw.
—
AC LOAD TEST CIRCUIT PROPAGATION DELAY
FOR THREE-STATE OUTPUTS {Notes § and 3)
Tegr ——— v
s T8t N o
’::o:;';:“’: IS, (;-;wy—j bu-a;--: ooy, -— Vou
Goscioons | 4y ouTeut > o ‘ —
0N AND JIG N | vou
TAPACITANCE ' 1] | |
. —__ L,
ou\ 1 soveoY "X LT
= = i _l..-«] o ot *
ENABLE AND DISABLE TIMES
(Notes 2 snd 3\
Enable
e 3oy
“::‘:' - LF 17
)
. \____ ov
-1 -u-L—-‘
outruY ey oy
NORMALLY v v ! r v
\om ;,om. jf_:—!
| Samaatt R ] .._L
ouTeuT —-—-——t—-
oMLY 4 omv, 31% ~rev
e Y
Notes 1 Disgram shown for Treois LOW.
2. 84 and 33 0f Loas Circuit 370 01Geed 05 901 where shown
3. Puise Gereratar for Al Puless Rate & L OMME, 2o @ 8082 1, € 1800, t; € 8.0ns.
\;
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Phone: {312) 231.5270

CONNOR-WINFIELD
CORPORATION N
West Chicago, lllinois 60185, U.S.A. £

MODELS

SPECIFICATIONS

MODEL D14C,Dor E

MODEL L14C, D or E (L13C, D or E)*

Fixed Frequencies
Available

1MH2z to 20 MH2

Model L14( {1.13C): 0.1 Hz to 25 MHz
L14D,E (L130,E): 0.1 Hz to 60 MHz

.

Frequency Tolerance

Model D14C: £.005%, 0°to + 50°C -
D140: £.0075%, 0°Cto+85°C
D14E: 2.01%, - 25°C to + 75°C

L14C (L13C): £.001%, 0°C to + 50°C

L14p D): +.0025%, 0°C to + 65°C

TCIELI3ELSY .005%, — 25°C to + 75°C
External Frequency Adjust Option of £ 30 ppm
Tolerances to * .0005%, 0°C to + 50°C are available

Qutput Wavetorm

Squarewave, Logic 0 < 0.4V, Logic 1 > 2.4V into 2 200210 2KS2Load  _

Amplitude
and Load

Duty Cycle < 10 MHz, 49/51.51/49
Duty Cycie > 10 MH2, 30/70-70/30

Duty Cycle < 10 MHz, 59/51-51/49
Duty Cycle > 10 MH2z, 30/70-70/30

Supply Voltage

5 Vdc £ 5%

Supply Current

10 ma to 30 ma depending on frequency

10 ma to 125 ma depcnding on frequency

- Termination

3 pin O!P to plug into single |C socket, with.
gold plated pins, .017" (0.43mm) diameter

+- *14 pin DIP to plug into single IC socket with gold plated pins
L14C, D or E: Fiat Pins, .016” (0.8 mm) x .023" (0.6 mm}
L13C, D or E: Square Pins, .017" {0.4 mm) x .017" (0.4 mm)

Availability

2 to 6 weeks ARO, faster del

ivery possible with premium charge in some cases

Price Range
Special prices available
for larger quantities.

Less than S50 depending on specs & quantity

Unit Price Range: $61 to $222 depending on specifications & quamit‘u

°‘3ll
(7.6 mm 0.3 mm)

4

io—- 0.78" (1.98 cm)——‘ -
T

D14,C.Dor E

Mode!

.

be— 06" (1.52 cm) ]

Bulistin subject 1o change without notice.

e

: o o
1 7 |}
ST T
AUt <~ 0.49" 103"
N \9 X atd (12.4 mm) (7.6 mm)
A\ () 14
TWY LR A
) Grd
Vo
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[—— 0.78" (1.98 cm) —|

can be
I 0,38" (3.6mm)
high on special
0.44" Modol(IL.‘: gg,g or g) ’,;:1“'::,:":' treq.
(11.9 mm) Dor a7 46,3"“)
> 20MKH2z or
L14C D.E
l ' ] ] ] I I € 50kHZ
fe-0.6" (1,62 com)—]
123 47567
0.49" | o3
{(12.4 mm) (7.6 mm)
14 13 12 11 10 9 8 i
>~ '
Omitted pin

I T



3. ANALOG AND DATA CONVERSION COMPONENT DATA
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’;

MONOLITHIC VIDEO
7 Rw A/D CONVERTER
PRELIMINARY INFORMATION

MODEL : TDCIO07J

The TRW TDC1007J is an 8 bit fully- . v
paraliet {flash) A/D converter capable of
digitizing an analog signal at rates from d¢ to
30 megasamples per second (MSPS). It will
sccurately sample, without an external
sample-and-hold circuit, input signals with
frequency components up to 7 MHz (com-
parator 3 dB bandwidth of 40 MH2),

A single convert signal controls the
unit operation, which consists of 255
strobed comparators, combining logic, and
an output buffer register. Recovery from a
full scale step input occurs within 20 nsec.
Controls are provided for straight binary or

offset 2s complement output coding, in true
or inverted sense. NMINY
. LINV
The TDC1007J is patented (No. . . CONVERT
3283170), with other patents pending, v - l
IN -
FEATURES R
Var
e 8 bit resolution *>
< ‘ 1 P
e 30 MSPS
<
e No sample-and-hold circuit required r :: 4
< 2 Ly
e Aperture jitter 30 pS X U l
o T It
e Difterential phase 0.5 " ) p o, 4
e Difterential gain 1.5% I ™ !
e Binary or 2s complement output q‘_ ::::;8!:!1 LATCJ‘
o Monolithic, bipélar, TTL Vam v
3
e 64.pin ceramic DIP fn "P,( D,_..m)’
v ]
e 2.0 W power dissipation cc ¥ n . ,L‘/.L .
APPLICATIONS OanoP M X
3
® Video data conversion AgnoP )
>
n <
3X or 4X NTSC color VesP P4 N
3X or AX PAL color )
»
n <
e Radar data conversion 2¢ | oirrenenTiaL
Vs COMPARATORS *aoon
® Hiy. speed multiplexed data acquisition - (288} !

TRWW Lsi probucTs

».0. 80X 1125 REDONDO BEACH, CALIFORNIA 90278
© TRAW Inc. 1978 1213} 5351831
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L Tewy ) "rwo

alN

M1

C'N IS A NONLINEAR JUNCTION CAPACITANCE

Nt nm--oron vm< v"

R"‘-QWHIN CONVERT SIGNAL 18 HIGH {*1)

DIGITAL OATA
ovTruTt N -

V.‘ ISTHE VOLTAGE ON PIN Vn., NOT THE PIN ITSELF
N
Timing Diagram Simplified Analog Input Equivalent Circuit (Note 1)
- - - Vcc v
*
Vee O -——- 3son g
10K .14 - - [ 3111}
o oUTPUT TO
INFUT - QUTPUY
- PIN 3062
40 pF
— - -
- OUTPUT EQUIVALENT TEST LOAD POR DELAY
CIRCUIT MEASUREMENTS
Digital Input Eaquivalent Circuit Output Circuits
b
performance characteristics, typical over recommended operating temperature range (
PARAMETER TEST CGNDITIONS UNIT
Resolution 8 Bits
0.39 %
Dynamic Range 20 v
Linearsty Error 010 20 Msp conversion rate 0.2 %
Ottset Error, Top Vat*0V Vpg* =20V (Note 2] +30 mv
Bottom VRT "0\ Vg =-2.0V (Note 2) ~24 mv
Aperture Jitter 30 pS
Ditferential Phase NTSC or PAL ramp modulated with a 0.5 Deg
40 IRE color subcarrier (Note 3)
Difterentiat Gan 15 %
Bandwidth, Small Signai
3048 40 MH2
0.t dB 7 MMz
‘ Transient Response Recovery trom full step 1nput 20 nisc
Signai-to-Noise Ratio 10 MHz bandwidth
25 Msps conversion rate (Note 4)
Peak Sgnat/AMS Nomse 1.248 MH2 input 55 d8
2.438 MMz input . 54 dB
RMS Signal/RMS Noise 1.248 MH:z input 46 d8
2.438 MH2 input 45 das
No:se Power Ratic DC to 8 MHz white nose bandwidth 365 ds8
40 10ading 1,248 MH: siot L
20 Msps conversion rate (Noze 5)

TRW .si propucTs
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SPECIFICATIONS
absolute maximum ratings
Supply voltage, V e e e R . . . . . . 00to+70V
VEE ..ol : ) LU ooto-10V
input voitage, digital . . . N . . N . 0S5t0+885V
analog; signa NN . . . . . +05 V to VEE
reference . N . . , +0.5 V to VEE
Qutput voltsge . . . . . . . .o 0.5t +7.0V
Tempersture, operating, ambient . . R . .o . . . .0to+70°
junction ., . . .. . e e e . 75‘;0
lead, soldering {10 seconds) . . C. . ... +300°C
storage . . . . . . . . . . . . ., +B851t0 +180°C
recommended operating conditions
PARAMETER MIN NOM MAX UNIT
Sunply Voltage, Ve +45 +50 +5.5 v
Vee -5.75 6.0 -8.25 v
Reference .nput, Vit -1 0 +0.1 v
Vag 09 <20 -2.1 v
Convert pulte wictih, Tpyy 15 nsec
pro re) nsec
Operating Ambient Temperature Range 0 +25 +70 oc
interface specifications over recommended operating temperature range
PARAMETER l TEST CONDITIONS MIN NOM | MAX UNIT
Power Supply _ |
tee Supply -‘1.,we:g - -.__j Ve = MAX 3 mA
IEE Suppiy C:.::."ﬂ -l VEE « MAX ~400 mA
Analog
Signal Input. s e :
- e
VIN Input V.lre,. fa ; [v] -20 v
RIN Equwvaie s i, 7 Twp.d‘ nee —] \/EE = MAX 5 oo
CIN Input Capacitance 300 pF
'a1as Constant Input Bnas_m \/EE = MAX 500 KA
le Ctock Synchranous Bias VEE - MAX 200 MA
Refcrence tnput
'RT Reference Current, Top VEE = MAX VRT =00V VRB =20V +30 mA
ne Reference Current, Bottom Veg * MAX VRT =00V VRB =20V <30 mA
[} Reference Resistor 0.26 0.3 Q
RT Trim Resstor 15 k2
Digital
inputs’
Vi High Level Input Volitage 2.0 \%
V“_ Low Level input Voitage 08
'lH High Level input Current 75 MA
'lL Low Level Input Current -1.0 mA
Qutputs
VOH High Levei Qutput Voltage VCC = NOM 'OH = -04 mA 24 Vv
VOL Low Level Output Voitage Vee © NOM oL ® 40 mA 04 v
switching characteristics over recommended operating temperature range, Voo = 5.0, Vg = 60V
PARAMETER TEST CONDITIONS MIN NOM | MAX UNIT
F‘ Maximum Conversion Rate 20 30 Mbiz
TDELAY Aperture Deidy 10 nsec
To Digitat Qutput Delay 15 30 45 nsec

259
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TDCI1007)

PACKAGE INFORMATION

-

PIN1
IOENTIFIER

3

2
o0
1

e

L0000

\11!'

41 NMINV
4001 (MS8)
902

38D3

37D4

r ) T
—]

0.242/0.1928

‘ 0.082

So0rs '—'1 o.m& +0.018

0.011 2 0.001
END VIEW

HEAT

Ve

A

0.017
t 0.002 TYP

PLANE (REF)

il
_..| i

—0.100G TvP

36 NLINV

it

20.010

CONVERTJ0
NC 3y

TOP VIEW

.I-V

3508
3406
3307

SIDE VIEW

0.800
1 0.010

© 7AW INC. 1978 )

TN

MATING CONNECTORS INCLUDE:

Cambion 703-4064-01-04-12
Robinson-Nugent  ICN-649-55-G
Textool 232-2601-00-0605 (2 required)

*RECOMMENDED CONNECTION TO ANALOC GROUND FOR INTERELECTRODE SHMIELDING

Low-Profile, Solder Tail, Tin Piate, Jam Socket

!
b

1 0.01¢

NOTES:
® DIMENSIONS IN INCHES

@ ALL POWER AND GROUND
PINS MUST BE CONNECTED

® DGND 18 +8V GAOUND AND
REFERENCES TTL /O
BUFFERS ONLY

® ALL Vi PINS MUST BE
EXTERNALLY CONNECTED

Low-Profile, Solder Tail, Gold Plate, Jam Socket ‘

Solder Tail, Nickel Plate,

Zero Insertion Force Socket

v ,""".4‘.' Y ":

Uniocked (Note 3)

TRW s prooucTs

. Ty v'..’“q 2=
. Ditterential Phase — 40 IRE Modulated
NTSC Pamp — 14.3 MSPS Uniocked (Note 3}

Vector Disgram — NTSC Color Bars 14.3MSPS

260

Linsarity — 20 MSPS (Note 6)



TDCI007J

1. Analog Input. The analog input circuit of Figure 2 is a simplification that is adequate for most interface circuit designs.
As shown, the input consists of 255 parallel emitter-follower stages driving voltage comparators. CiN represents the non-
linear emitter-follower junction capacitance, and Ig{AS is the constant input biss current. Ryp is 8 linear resistive model
of the change in input -urrent due to comparator switching as the input moves through the range. This component cloes
not vary after the input ' 1ce is exceeded, as no additional comparators can be switched, but do note that the comparator
current is zero (R==) whii: the convert signal is high (’1’}). The diode voitage in the modei represents the base-coliector
junctions of the emitter-foliower transistors, which can conduct if the input exceeds +0.7 V.

The 300 pF maximum input capacitance presents a drive requirement simifar to that of & 75 ohm coaxial cable, though
its nonlinear nature and d¢ bias charactenistics make it unsuited to being driven directly by a 75 ohm line: 8 source
impedance of less than 10 ohms is indicated for optimal performance. One method of providing this drive is demon-
strated on the TDC1007PCB (page 9). This is not necessarily the best or most cost effective technique, but it performs

. well. The LHO0033, or equivalent, butter amplitier also woutks, and comman andlog line driver circuits can be adapted to
the task, Through the use of NMINV and NLINV, either inverting or noninverting bufters may be accommodated.

2. Reference inputs  The resistive divider that provides a reference voltage to each of the 255 comparator circuits has both
ends and a mudpuint tap avalable to the user, allowing considecable tlexibility in the circuit operation, The nominal
operating range 15 0 to -2 V, requiring approximately 0 V on VRT and -2 V on Vgg. This is not to preciude operation
over a sraaller range, as the circuit witf function with a total range of less than 1 volt; but some performance character-
istics will change. For example, » quantizer circuit has two major sources of dc linearity error: resistor ladder variations
and comparator offset voltages. The former 15 scaled by a range reduction while the latter is not. The circuit should be
operated with VRT and VRg within the recommended +0.1 t0 -2.1 V range, and VR at least 800 mV more negative
than VRT.

When one of the 255 comparators turns off due to a drop in analog input voltage, its bias current shifts from the analog
input to the reference ladder. When the convert signal is high, comparator bias current s zero. This generates clock and
signal related current noise on the reterence inputs with 8 maximum amplitude of {g, which can be relieved by ensuring
adequate bypassing of VT and VRE to analog ground. [t the reference inputs are exercised dynamically, as in an AGC
circuit, 3 bypass capacitor would be inappropriate and a low impedance reference source should be employed. The input-
reference circuit 1s modeled on page 6.

Calibration is accomplished by adjusting VRT and VRg to set the first and 256th thresholds to the desired voitager.
Note that Ry is greater than R, ensuring that calibration can be achieved with a positive voitage on VRT. Assunung 3
0 to -2 V desired range, continuously strobe the converter with -0.0039 V on the analog input, and adjust VRT for output
togaling betwreen codes 000 and 001, Then apply -1.9961 V and adjust VRR for toyghng between codes 254 and 255.
Rather thun adjusting VR T, 1t may be convenient 1o connect 11 10 analog ground and calibrate the O V end of the range
with a butfer ottset control. VRE 15 3 convement point for gain ad,ust that «s not in the analog signal path. These tech-
niques are employed on the TDC1007PCB (page 7).

1Y
A midpoint tap, VRM. allows the user to paratiel the upper or lower half of the ladder with a trim resistor, RT. Ths pro-
duces approximately 1,2 LS8 adjustment of the Lineanity mudpoint and s included for linearity compensation of an
extended temperature version of th:s part. 1115 not necessary that adjustrnent be performed over the commercial tem:
perature range (0 to 70°Ci. This pin can also be useful as a virtual ground reference for the input buffer ampiifier «f
bipolar conversions are performed. Be aware of the inherent RY impedance of this node; any ioad applied to VRM will
affect hineanty.

TRW s prooucTs
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OUTPUT CODING
Range Binary Oftset 28 Complement
True inverted True inverted
-2.0000V FS -2.0480V FS NMINV = 0 0 1
. STEP 7.8431 mV STEP 8.000 mVv STEP NLINV = 1 0 ] ¢}
0?0 0,0900\/ 0.0900\1 00009000 1111.1111 1000.0000 0111.1111
127 0.9961V -1.0160V 01111111 10000000 ARRRARER 00000000
128 -1.0039v -1.0240V 10000000 [ IRRRRAR] 000000C0 f1inn
129 -1.0118v -1.0320V 10000001 01111110 00000001 11111110
255 2.0000V 22,0400V 11111111 00000000 01111111 10000000
NMINV and NLINV sre to be considered D.C. controls. They may be tied to +5V for a logical ‘1’ and tied to ground for a
logical ‘0",
NOTES
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3. NTSC Video Testing. Measurement of video test signals is performed using the setup illustrated. The A/D and D/A
converters are strobed at 14.3 MH2z, unlocked from the color subcarrier, and the full composite signal encoded. No
sin{x)/x correction is performed. Differential phase and gain, in excess of that inherent in 8 bit quantization, are deter-
mined by measuring the deviation of the centerline of the trace on a vectorscope monitoring a reconstructed 40 IRE
moduiated ramp, sampled asynchronously with the color subcarrier. The small ““glitches’ in the differential gain photo-

! graph are due to color bar feedthrough within the test signal generator.
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. 4. Signal-to-Noise Ratio (SNR) Test. A block diagram of the SNR test setup is shown below. The analog input to the A/D
converter 1s 3 ungie tone with a p-p amplitude equai 10 the fuil scale range of the A/D. Power in the reconstructed
waveform is measured over a seiected bandwidth (<fg/2) and remeasured when the fundamental tone frequency is fil-
tered out at the D/A output. The ratio of the two power readings is the SNR. An ideal A/D converter has 8 SNR equal
10 6n+1.8 dB, where n = number of bits, n>4. This isthe RMS signal-to-RMS noise value. Peak signal-to-RMS noise theory
is approximately 9 d8 higher. :
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5. Noise Power Ratio Test. A block diagram of the NPR test setup is given below. Bandlimited gaussian noise is the analog
input to the A/D converter. Power in the reconstructed waveform is measure2 in a selected frequency siot and then |
remeasured with the same frequency siot notched out of the input signal spectrum, The ratio of the two power readings ‘
reflects the noise performance, dynamic nonlinearity of the A/D, and sperture sffects. The theoretical NPR for the test
performed is 40.5 dB. '
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6. Lineanity Testing. Device linearity is readily determined with the test setup below. The A/D output is inverted using the
NMINV and NLINV controls. The input is slightly overdriven with a siow ramp, the output and input are summed, and
the results displayed on an oscilioscops.
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Operational Amplifiers

LHO032/LH0032C ultra fast FET operational amplifier

general description

The LH00J2/LH0032C 14 & hgh slew rate. high
input impedance dilferential operations! amphifier
witabie for dwerse apphcation i 1as1 wgnal handi
ing The high sllowsble ditterential nput voltage.
ease of outputl clamping, an> Pugh ouipul drive
capability particuletly ¢_ .1t ‘Or COmParator apph
cations 1t may be uted n ppplicationy NOrmally
tesgrved 107 victeo amptihery altowing the use of
operational Qan sett:ng ana frequency (RIpONw
heping 1o the megeherty rogon

features

® Hugh tiew rate 800 V us
8 High bandwidth 0 MM
& Huyh input impedance 10"

8 Low nput bies ourrent 20 pA max
o Offset null with uingle pot

® Low input offiet voitage 2mV mes
® No compernation for gans sbove 50

The LHOOI2's wide dandwidth, high 1nput 1Mped
ance and high Outpul £apacily make 1 gn deal
choice 101 3pPICALIOM SuCh a3 summng smphifuers
n Ngh tpeed D to A's, bufters 1n dats scaustihion
tyttemns, and sample and hold Circuits Adetionsd
applicatiom include hgh speed Negratorn angd
video amplitwers The LHO032 s gueranteed over
the termperature 1ange -55°C 10 +125°C and the
LHO032C 1 guaranived from ~25°C to +85°C.

For information on othet National operstional
ampiiliers, tee iling on last page

schematic and connection diagrams

FAN

typscal applications

1 MK Buncron Generater

Metsl Can Pochope

fom "o au v e
S o & Nuternd 11409 e

Oroor Number LHOUIZG o2 LROOXICG
S$60 Pochoge &

OC te Vriowe L og Ampiitier

. . ; vd ..
v e
o T - et
Som o oy & wnd amp @B $4i.F aome Swr
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-

(3]
N N
” . .
8 absoiute maximum ratings
5 Suppiv Voitage Nnev
-~ tnput Voilage Vg *
o~ Ditterentist input Voitege 0V
@ Power Dusnipstion o0 curve
} 4 Operating Temperature Range LM002 -88°C 10 +128°C
S LH0032C -28°C 10 +0%°C
Siorege Temperature Rangs -88°C 10 +180°C
Lead Temperature (Soldering. 10 sec) 200°C

dc electrical characteristics Now 1)

PARAMETER CONDITIONS T Tve T wan ] ] dve | wan] V™"

inpuvt Otfen Veiiage Vet 118V Ry g 1008 T, e 29°C ? [y [ " -v

Vg * t1BV Ry gy, 100M " 2 -v
Average Ottert Veitage Deilt A, < 1008 n * wv/"C
1wt Boon Curront Tar¥°C "o 100 » 00 [l

»® w0 A
tngt Ottt Current Tae'C 1 n 10 [} J—
n 1] ~

Loge Sqne Voiag Gon Vgt 110V Vo retiOVietam | & n [ ] »n [ ]

A a1, -20°C

Ve 118V Vo e 11OV e 1 ams 87 L [ .

LR N Y]
tngut v oitage Aarge L7841 ) o | s12 "o | 12 v
Ouipul Volloge Swng Ve 18V A - a0} *10 [331 1 10 13 v
Power Suopiy Aerection Moo Vg o 1BV Avg " 190V ® L J | © L)
Commean Mooe Rrpcten Roted | Vg ¢ 110V AV, * WOV »® «® ® ] -
Supely Cutrent Voo 118V T, o 23°C "w ] 2 n m~A
ac electrical characteristics Now 2

PARAMETER CONDITIONS MIN TYp MAX UNITS

Siew Agte Ay = o1, AV, * 20V 380 500 Vips
Setting Time to 1% of Final Vaiue Ay ® -1 OV, 0V 100 ~
Settiing Tme 10 0 1% of Final Velue A, = -1 AV, = 20V 300 ~
Smail S gnat Rine Time Ay ® el AV, =1V [ ] 20 ~
Senati Signet Detay Time A, 0 AV, = IV 10 2% e

Now 1 Thew wecificat:ons apply for 16V 5 Vg 118V ond -88°C 10 +129°C for the LHOO0IZ 0nd -25°C 10 +85°C tor the
LHO0032C

New 2 Trew wpec:!.con9ns ap@iy tor Vg = 18V, R « ) ail and Tae 28°C
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+10V PRECISION VOLTAGE REFERENCE

GENERAL DESCRIPTION
FEATURES
Adjustable 10 Volt Output . . . ... .. Cene e 2%
The REF.0' Precision Voitage Reference provides o steble - 1 ey 3 e
+10V output which con be adivated over o 2J% renge with - h“”"'_' omporsturc Susbility . . . . .. bl s
MN'"’“““W'.NN“UO‘“N-S‘""OW”"W.‘ ® LowNeiw ......... secetsren e mV"
tion over an input voitsge range of 12 to 40V, low current w LowPower .................. ... 1Smw
dran of 1MA and excellent temperature stebility are achieved M Wide input Voltage Range . . . .. . .. co. 1210 OV
with 8n impr oved bendgap design. Low 208t low nowe snd low B High Load Driving Capatality . . ......... 20mA
power make the REF-01 »n encetient chorte whenever a stable - No Ex . C
voltags reference 1 required, such o8 :n D/A and A/D con- Short Cirouit P
werters, N POrtable instruments, and in digital voitmeters. Fuil - ¢ Cirouit Proot )
Militaty tempersture range devices with creening to MIL. @ ML-STO-B83A Screening Availeble
STO B81A are availsble
- SIMPLIFIED SCHEMATIC PIN CONNECTIONS AND ORDERING INFORMATION
. YOP VIEW
e
)
- " ne 3
1 »
foe V! e ? 01 o vouy
- ) s T
.
SROLMD
(CAsD
Nty
TO 99 (J huttin)
ORDER REF 1AL
REF OV
REF OVEL
REF LW
MEF01CH
i. REF 01D
a - WMintery Yompersture Aongs Devices
. wnth MIL STOS8IA Ciass 3 Processing
—a ORDEA REFOI1B8) A
oo REFOI O8I




REF-01

ABSOLUTE MAXIMUM RATINGS
input Voitage REF-01, A E. H 40V Operating Temperature Range
_ REF01C,D Vv REF-O1A, REF.01 -B5°C to +125°C
Powar Dissipation (see note) 500mw ¢°C 10 470°C
Output Short Cireuit Duration Indefinite REF-01E, REF-O1H, to
(to ground or Vi) REF-010 REF-01C, 1y
Storage Temperature Range -65°C 1o +150°C Note: Derate at 7.1mW/°C above 80" C ambient
Lead Temperature {Sotdering, 60 sec) 300°C temparature,
ELECTRICAL CHARACTERISTICS
REF-O1A AEF.01
Thete s0ectications 800ty 101 V iy = 18V, Ty = 26°C, untiess otherwise noted.
Paromarer Symuol Tast Conditions Man Typ Mas Min Typ Man Unmits
Outout Voitage Vo iy *OmA 997 10.00 1003 9295 1000 10.0% v
Output Adjustment Range AV¢rm Rp » 10M02 230 =33 - :30 £33 - h )
Cutout Voitage Nosw €np-p 0 tHz t0 10M2 - 20 X - 20 X »Vop
[Note 5)
1nout Voitaue Range Vin 2 - 40 12 - L] v
U Reguiation Vin = 1310 33V - 0006 0.010 - 0008 0010 ] SN
Note 4} —_
toad Reguiation iy, * 0 o 10mA - 0.005 0008 - 0006 goo /mA
(Note &)
Turn.on Settiing T.re ton To :0 1% of finat - 50 - - $0 - usec
value
Quegseent Current gy Na Load - 10 14 - 10 14 mA
Load Current i W0 n - 10 b3l - mA
S Cutrent s -0 32 -05 - 3 -08 - mA
Short Gircuit Current isc vo*90 - k4] - - X - mA
The toilowing wecificanont appty 10r Vi » +15V. <55 Cw Ta < +125 C and t = OmA uniess orherw s noted
Outputl Vriitage Change aVor 0'cTag+70°C - e02 006 - 00?7 ~17 LY
wiih Temperature
INotes 1 ana 2) 55°€TAC125 C - 006 0158 - 018 045 *
Outout Voitage TCvg (Note 3) - 3 [ 1] - 10 25 pom/* C
Temoerature Contticient
Crenge 1 V() Temoeratur® Rg = 10a 51 - 7 co= - a7 ~ pom/” C /%
Coetfic-ant with Qutput
Aryustinent
Lne Aeguistion CaTac+70'% - a 007 0012 - 0007 0012 | /v
(Vi ® 1310 33V)
iNote 4} 55 € Ta%125°C - © 009 0015 - 0009 Q015§ XNV
Load Regquistion T 20°C - 0 008 0010 - 0007 0012 /mA
(fg =0 to 8maA:
{Note 4} -58°¢Ta*125°C - 0007 0012 - Q009 0015 ] “/maA
NOTE ! AV AT 13 defined 8 the absdiute i 17/ :NCE DETWEEN the MEXIMUM QuIDUT vOILgR 4nT MILMUM OUtPUL vOitage Over the specifed
temperature 1ange SNDreIsEd 83 & Lercentage of TOV
VMAX - YMIN
v » —— ¥ 100
or ov
NOTE 2 AVQT wecificalon spphel trimmaed t0 10 000V or untrimmed .
. . avgr 01e-70 C
NOTE 3 TCV(Q 15 detined as AV (y7 divided by the temperature rangs; s ¢ . TCV {0 10470 C. - —Tc———-"
. VOT ~55 toet25°C
nd TCVQ{(-59 1o 25°C) « _-1_o_r_§3____5____
180 C
NOTE 4 Line and Loac Aeguiaton 10ecH 1ICaT0NY InCluce the efiects of seit hedling
NOTE § Pacamater @8 not TOO% tested, 90% of Lnits mest this specitication

266




Ami24/224/324
Am124A/224A/324A

Quad Op Amps

g

Distinctive Characteristics

in the linear mode the inpul common-maode voltage
range includes ground and the output voltage can also
swing to ground, even though operated trom only 8
singie power supply voitage.

The unity gain cross frequency is temperature
compensated

The input bias current is also temperatute
compensated

internatly frequency compensated tor unity gain
Large dc voltage gain —~ 100dB

Wide bandwidth {unity gain) — IMH?Z

{temperature compensated)

® Wide power supply

range:

Single supply ~ 3V to 30V
Dual supplies —~ £1.5V to 215V
® Very fow supply current drain (800uA} — essentiatly
independent of supply voltage {1mW/op amp at +5V)
® Low inpui Li3sing curtent — 48na
{temperature compensated)
o Low input offset voltage — 2mV
and otfset current — SnA

® Input common-mode voltage range includes ground
o Differential input voltage range equal to the power

supply voltage

e Large output voltage swing -~ OV to V* —-1.5V

FUNCTIONAL DESCRIPTION

The AmI24 senies consists of tour independent, high gan,
nterndily  trequency  compensgted  operationai  ampiifiers
designed primarly to operate trom a singie power supply over
3 wadre range of voltages. Those devices can also operate trom
split power supplies and the low power s 'y ocurrent dramn
s oindependent of the magnitude of the power supply voitage
Fuactigny? spptications consist of gl the convent.onal ap amp
orcuits which can now be more easily implemented in single
powet supply Systems aiong with trensducer amphitiers and de
g2 blocks

CONNECTION DIAGRAM

Top View

NG L

:] cuRtut e

NPT 1 - E : v):) INPUT 4 -
e : i: INPUTAY
weut e (] 5 ,:D N

V'Cl

N T St D»\

)
¢ D wouT )¢
\ [ veuty

- N : [CALE ]

et Y q}.;f

" D‘QHO

Queey g

Note #in

Yo marhet tor Onigntation

ORDERING INFORMATION

Part Package Temperature Order
Number Type _ Ranae  Number
Hesmetic 1P 0 Cto+70°C LM224D
Am3e Motded Q1P 0°Cro+70°C UM324N
e 0 20°C LD
Am223  Hemetc DIP_ 25°Cto «85°C | AM224D
Hermete DIP 557 C 1o «125 LM124D
Ami24 Fiat Pack SEETC o #1287 LMT24F
o Daee 557Cron128°C_ AMI24
T Hormetic DIP 0'Co ¢70°C LMI24AD
Am3Z4A  Mowed DIP 0'C+70°C LMJI24AN
) Owe 0o 70'\:__ CAMI23A
Am2TIA  Hermete DIP 25'C o +85°C LM224AD
Hermetic OIP 55 U t0 +125°C LMI124AD0
Am124A Flat Pach 55°C 10 +125°C  LMIJEAF
Dice ~65°C o #125°C  LDIMA

SCHEMATIC

DIAGRAM {Each Amphitier)
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Am124/224/324 ¢ AM124A/224A/324A
€l ECTRICAL CHARACTERISTICS (v* = +5.0Vpc. Note 4)

AmI24A Am224A Am3I2MA Am124/Am224 Am324 -
- imeter Conditions Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. Units
1.1 Ot Yorem Ta 2 CiINwa b 9 10 10 30 10 0 10 | 80 128 | 70 | mvoe
:. ::,"c'“ Tingte) @ gy Ta * 9°C » 0 .« [ 4 L 199 - 190 - W0 } sape .
e i Ty itel = iNi-t Ya s T T to | TR YR ) 20 | 0 WA | W8 | sApc
— +
) e . CommonMase . s I . .
(v e maaw vote 1 Ve eWvpc. Ta e ° veers| o vers| o veers| @ vearsl o ve-rs| voo
H !
- { == vee <20V HEDREED) NS IRIELD s | 10 TR D
“h v Cuem - i ~anc
' [ . 0F [E] [ o1 2 or | V2 X 13 [X] 12
— v
[P VPR Rvpse (Per large VO Wng) N 3
w wiem N -To0 teemie % | 100 ® 00 n m£ w e n | e vinv
— ¢ e
: - o
,'_3 ' vaitage Smag A 200 Tae M C :_ B | i [) vo.rg] @ ve-1s] vog
[ R ! l .
S e oC TaeC o P “w|n L) - » -
[~ seaom -
PRS-t 0 farav'c «w | we " | o | o w | wo e | w»
A0 0r 10 Ampni g TeyOumeve 200N Ty = I9°C berze 120 120 -120 -130 L]
G spivere B Doagei 2torso) H
Vin® = 10Vpe Vin-*Qvpe i
! Sower ] uiiigune 14 IeC ° 0 w0 0 el a | ! 0 | w0 n | e
—a + + ~Aoc
T V- 108 gC vins OvEE L o 7 T X :
[ fo ining Tarm e LI w il w i o | 2 w | »
R TN I u . v
P ¥t ctuvpe YNt cUvoe ! i ! 1 A
L raelaC vgr 0mvge L G IR Ty 7wy 11w rhoc 4
1‘_: e Tt Ta t 0% C wate 11 © e TTa w | © W “w | ® 0 | W0 [manc
I me e verse Naed : MY a9 HEY) 5T | 90 | mvpe
! T | mgson T IR j e i 20 10 | 10 'o avi'C ;
—_ I —r -
R I T % ") " 1100 80 | ~Aoc
s . : ;
L] bt i 1 H ;
Ce  com ! Lore ) w0 RTINS W0 !0 13 w0 shpc T
- Cwean T s ® ity NS T & 100 w0 | 200 FEES) @ | %0 | ~Apc (
e ] ‘ ; |
»e ——p Mg . N . ‘e .. c. ‘
St Ay eove v® e Xvpe ° ivt. 3o} o ivt-20f o ve-39] O ve-rgp O v°.10} voc ;
—_— i i :
CAre ot NN (P oe g V() g : . ! ) | 1 "
o HE NPT TS n | » | " | n . v
_— Sl + +
AR N H e | . L » v
Yo phSrNR o
o vnes O TG T 1 TN 1 TR
Y00 v tdovac W s roen 0 80 | 2 80 ° 20 | mvoc
S i i e e N — e i —
T ivvee VN s '
ey PRI ONES VN OYRC : o w | 20 w | w
LS |
Owe . oent i AN PP e o ma
‘ T A AR R I T ‘o v | 80 vo | so
’ o0
e T RE— pa— '
o e neret D l ve ve | voe

For operatng 41 high temperatures the Am324 must be dersted Dased on & *+128°C manimum junction rempereture and g thermai resistence of
175 °C W whih sppi@s 10r the device 10'dered in 3 PAINTEA Crcuit DOBIA. OPErBLING i & still gir aMBient The Am224 and Am 124 can Do dersted
bated on 2 +150 C mamimum Junclion temperature ThE Giasipation (3 the 10181 of all Tour smpliters — use sxternsl resistors. where posmdie to
BOW The amptitier 10 1ATLTELE OF 1O FRAUCE TNE DOWEr WhiCh 1 GISSHDBTRA in the Ntegrated Circu:t
« SRortcircuity trom The Dutdut 10 V¥ Can Coute euncotsive heating 8nd evantus’ OrucION. The MANIMUM SutDut CUrrent is APproxiMmatety 40ma
Ndenendent of the magnituas of V* At values of suPply volitage 1n eucess 81 + 1BV, CONLINUOUS SNOIL.CIICLITS CAN SACOOD the POWE! Jissipation
TAUAGE AN CHUTe pventull ddestruction,
3 Thin input cutrent witl 0nly exist when the voltage at eny of the inDut lesds 3 driven Negative. It 18 Jus tO the collector Dase junction of the input
PNA trantstors becoming forward Disted Snd thersby 8cting 88 INOut GIOGe CIeMDS IN BATIHON 10 this GIOAe sctiON, there I8 8ie lateral NPN
- PR ALE VANLIIOr BCLan on the 1€ chip. THIS annstor action can Cause the Output voitages of the op #MPs to go to the V* voltage level lor to
FOuUNG 101 2 18rge Orerdrivgl far the time GUTAtION thEt 80 INPut I8 hiven negative Thie 18 A0T destruCtive and POrmat GUTPUL STaTes Wil 0 43D I
WREN THhE et v RHAYE WRICH Wat NeQETIVE BGAIN 1RTLINE IO & vaIuE greatler then 0 JV
4 Thete e hicationy aooiy for v* - *8V e and ~B8 C N Ty w138 C urless otherwise un‘cd. With the An:]:l 8 temparature peciticationy
B0 I:mited 10 - 15 U~ 1 a & +85%°C 2ndt the Am34 termperature 5pec Tications sre imited to 0 C w T, € +70°C.
$ Ve Ay Ag = 01l with V' trom BV to JOV eng over the 1ull \ADUL cOMMONn made rarge IOV to V7 ~1 8v)
§ Thne g.raction OF 1he INPUL current 18 out Of the IC due 10 the PAP input stege. TRis cutrent is assentigliy contant, indepenaent of the state of the
CuUIOUL 8O NO 'CRAING THANGE an 181y ON the (INPuUt Hings,
THE 1ADUT COMMON Made voltage OF sither 1PPuUt 5.gnsl voitsge ShOuId Nt be BIlowsd 10 9o Negstive Dy mMare than 0.JV. The ubper end of the .
COMMON Moaw v 1390 range V' 1 BV Dut & ther O DOTA inputs Can 9o to +I2V without damage ’
0 Oue 10 0:00:Mity O euternal COMPONENTS. Nture tRAL COUBING 1§ AOT O/IGABTING vid HI7BY CODBLI1ANCE DOTwaen thees externsl Darts This typscally
SN DE Aelected a1 this 1yDS Of CADBCILIVE cOUPIING INCTEEY BT MigNer fraquenc:es




Am124/224/324 ® Am124A[224A/324A
MAXIMUM RATINGS (Above which the usetul life may be impaired)

¥y
§
]

Supply Voltage, V*

32V or 216,

Diffarential input Voltage

]

I

Input Voitage

Power Dissipation (Note 1)

=0.3V to *TZ'.

Moided DIP $70ma

Cavity DIP 900ma

Flat Pak {Am124F) B800ma
Output Short Circuit to GND (Note 2)

{One Amplifier) V* € 15V and T, = 25°C Continuou
input Current (Viy < -0.3Vg_ ) (Note 3) 50m.
Operating Temperature Range N

Am324/Am324A 0°C 10 +70°¢

Am224/Am224A =25°C to +85°C

Am124/Am124A ~55°C to +125'¢C
Storage Temperature Range —65°C to +150°¢
Lead Temperature {Soldering, 10 seconds) 300°¢

TYPICAL PERFORMANCE CURVES
Input Voitage Range input Current
15 T , w0 —r—r—r T
Lo y sl veweov 1 i —
2 e s sl Lt L
:‘, © T!uea}mvs'/_ ;: MR .n‘v ‘ L
Il l ﬂ E 0 : +—+ “ T
g !' * ; a Py r——l-——“'. =eify
2 s R —_—
3 i f » Ve es0v —
' | : ool Ly T
z A | ' REREER
[ - 0 -
-] L] 0 1% -85 -35-15 5 25 45 &% 8% 105128
v oA VT - POWER SUPPLY VOLTAGE ~ 1V Y‘ - TEMPERATURE - °C
13
Supply Current Voltage Gain
L]
? 8 '__é_ o] l ' . *
5 3 S 7 +“+——‘ 5.
= <
o L— l s
s 7 ~+- l———* -—T—— <
5 r‘ao'ctounc—'——j g
% . N — L
§ '_——;“":.;1:?: :>’
: | i t {7, =-85°C
L 0 -
) 10 ) x
V' - SUPPLY VOLTAGE - v V'L SUPPLY VOLTAGE - Vv
s
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Am124/224/324 ® AMm124A/224A/324A

Aygn - YOLIAGE GAN - @

- QUITUT VOLTAGE - mv

TYPICAL PERFORMANCE CURVES (Cont.)

Open Loop
Frequency Response

Rejection Ratio
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Output Characteristics
Current Sinking
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Integrated Uircuit

Low ant Voltage Reference

A

-‘;4.- ~ov u, PR . . N
y 4. > «'-' « L% ST A 3
PER A 'f EE ) T ] AH&H p

FEATURES

3-Terminal Device:
Voltage In/Voltage Out
Vout = 2.5V t1%: 4.5V <V, <30V
Excelient Temperature Stability:
10ppm/°C (ADS80OM)
10ppm/°C (AD580U)
Excellent Long Term Stability: 250uV
(25uV/month)
Low Quiescent Current: 1.0mA max
Small IC Package: TO-52 Can
10mA Current Output Capability
Low Cost: $2.00 (100's, AD580J)

PRODUCT DESCRIPTION

The AD580 is a three-terminal, low cost, temperature
compensated, bandgap voltage reference which provides a
fixed 2.5V output voltage for inputs between 4.5V and

30V. A unique combination of advanced circuit design and
sophisticated thin film resistor processing capability provides
the ADS80 with a temperature stability of better than
10ppm/°C and long term stability of better than 250uV.

in addition, the low quicscent current drain of 1.0mA max
offers a clear advantage over classical zener techniques.

The ADS80 is recommendced as a stable reference for all 8, 10,

and 12-bit D-to-A converters that require an external reference.

In addition, the wide input range of the AD580, allowing
operation with § volt logic supplies, makes the ADS80 a good
choice for all digital pancl metcr applications.

The ADSSOJ K, L and M are specifizd for operation over the
0 to +70°C tempcrature range; the AD580S, T and U are
specificd for operation over the extended temperature range
of -55 to +125°C.
PRODUCT HIGULIGHTS
1. The three-terminal voltage in/voltage out operation of
the AD580 provides regulated output voltage without any
external componcents.

Latarematign furacned by Analgj Cevsces 15 belisved 09 he dccurate
amit aaable Moot nn cenpors bty sy dssamed by Araing Devices
tgr 15 e nor tor any infemnements of Catonts or other righits of thirg
DYWL ahan Mgy oot frorm ats Loe No Licens? 1§ qran®eg by implica-
NN A1 OIReIws,e arder gny Datent o patent rights ot Anstog Devices.
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2. The AD580 provides a stable 2.5V output voltage for
input voltages between 4.5V and 30V. The capability
to provide a stable output voltage using a 5-volt input
makes the ADS80 an idcal choice for panel meter
applications.

3. Thin film resistor technology and tightly controlled bxpohr
processing provide the AD580 with temperature stabilities
below 10ppm/”“C and long term stability better than
250uVv.

4. The low quiescent current drain and fast turn-on time of
the ADS580 make it ideal for CMOS and other low power
system applications.

S. Every AD580 is baked for 48 hours at +200°C,

temperature cycled 10 times from —65 to +150°C, and
receives a high impact shock test.

4004 30

>
A aova VNI

Route 1 Industrial Park; P.O. Box 230; Norwood, Mass. 02062

Tel: 617/2294700 TWX: 710/294-6577
West Coust Mid-VVest Texas

213/595-1733 312/394.3200 214/231-5094
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National .
Semiconductor

Voltage Comparators

LM139/LM239/LM339, LM139A/LM239A/LM339A, LM2901,
LM3302 low power low offset voitage quad comparastors

general description

The LMI139 wres conusts of tour independent
Precision voitage comperators with an ottset volt.
e specification 2 tow a8 2 mV max for all four
comparators. These were desqgned specifically to
operate trom a single power suppty ovet » wide
range of voitages. Operation from sphit power
wppliey 1t 3ls0 PposnbIe and the low power supply
current drain is independent ol the magnitude uf
the power supply voitage. These comparators aleo
have » unique charactenstic in that the mput
common-mode voltege range ncludes ground,
even though operated from a ungie powsr supply
voitaqe. .

Apphication dteas ‘nciude Limit cCOMpa ators, BMpie
NSILG 10 Sigital convertars, pulse, squarewsve and
time delav generators, wade range VCO, MOS clock
tumers. mutivibrdtors and high voltage digital 109ic
odtes. The LM1J9 series was designed 10 directly
nterface with TTL and CMOS. When operated
from both plus and minus power tupplies, they
will dugctly intertace with MOS logic—~ where the
low power dran of the LM339 45 a distinct advan.

tage Over Standard COMpPArstorn. R

advantages

8 High preciion comparators
8 Reduced Vg drift over temperature

o Eliminates need tor dusl supplies

& Allows sensing nedt gnd

8 Compatible with all forms of togic

8 Power drain suitabie for battery operation

features

® Wide single supply voitage range or dudl sup:
pliss

LM139 series, 2VpC o 3 VpCor
LM139A series, LM290Y 21 Vpc to 218 VDo
LM3302 2vVpcto 28 Vpe

or 1 Vpg o t1A VpC
8 Very ‘ow supply curtent drpn (08 mA) -~
independent of supply voltage (2 mW/compars:
107 3t +5 Ve
® Low input buaning current 25 nA
® Low input offset current
and oftset voitage t3Imv
® Input common-mode voitage range includes gnd
® Differential input voltage range equal to the
power supply voltage
8 Low output
saturation voitsge .

250 mV st 4 mA

® Qutput voltage compatible with TTL, OTL,
ECL. MOS and CMOS log'c systems

1808 -

ZOEEW ‘106TINT ‘VEECIWT/V6EZWI/VEEINT

schematic and connection diagrams

st

Dual-ind wne and Flat Poskage
wWel ] uitret 4 -e wule WIS Wely Wy T

I.. 1y L} " » 3 [

+ ] [] [} » []

Wty wheti mWtE  amt)
» e -

WML SRt v

Ordor Number LM1390, LM1ISAD,  Onder Number LMIIBJ, LM1ISAJ,

LMI390 or LM2IPAD LM238J, LM2I9AJ, LMIIN,
Son NS Postage D148 LMIISAJ, LM2901S or LMIIOZS
Son NS Pochage JHAA
Cwor Number LMAJOE, LMIJSAP,  Ovder Number LMIIPN, LMIISAN,
LMII9F or LMIISAF LM2901N or LMIJON
Son NS Pochoge F14A So0 NS Poshage N14A

18 D el .

1 et

‘ o Ormirg TTL
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£X1600/LX1700 Series

ﬂ LX1600 Serier — Soe Package PXE
LX1700 Series — See Package PX7
. LX 17000 Series — See Package PX70

LX1600A, 1601A, 1602A, 1603A, 1810A. 1620A,
LX1700A, 1701A. 1702A. 1703A, T10A, 1720A, 730A
absolute pressute transducers 10—20 psia to 0-~300 psia

LX1601D, 1602D. 1603D, 1604D, 16100, 161D, 1612D. 16200,
LX1701D, 1702D. 1703D. 1704D, 170D, Y'MD, 112D, 720D
differential pressure transducers *5 psid to 0-100 psid

LX1601G. 1602G. 1603G, 1604G, 1610G, 1611G. 1612G. 1620G,
LX1701G. 1702G. 1703G. 1704G, 710G, TG, 712G, 1720G. 1730G
gage pressure transducers *5 psig to 0—-300 psig

general description

These tugged ucvices are highly accurate. completely ® Temperature coethicients better than 2:003% of
field interchangeable temperature compensated hineat span C (*0 01 v of span/ F)
peessure transducers : ® Repeatalnhity betrer than ¢0 5% of span

8 Temperature measurement capability at point of pres-
A tally signal conditioned transducer with 3 10 Vdc sure senging

ouvtise ey provided 3 small ceramic hytrd circunt con

. ® Avaladle from local National distributors
Liyuiaton teady tor PC board mounting (L A 1600 series)

or swirounded by 4 tough 2in¢ heCast housing with @ . .
! 9 wtn applications
maosded connector A nylon molded housing 13 availabie
whete metat enclosures are torbudden Al devices 1n ® Food and beverage processing
clude a2 vollage fequinted nput and an operationat ® Mestical electronics
Jmphiter guiput A conformal coating protects ail pot ® Computer pneumatics
vony of the circuit trom most Currosive O conduclive
¢ © ' ® Mot bhulb thermometry
flusds
® Fluid svstems proporhional control
' ® Hydrauhc and pheumatic controls
eatures 8 Heating, ventilation, refogeration and  ar cond:
8 Furld interchangeatnldy within 21 5% ot span nomng controls
®  + 3% of span Overall accuracy ® Automolve dhagnoustic, sately, and control systems

circuit and connection diagram
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product selection guide® Nomina characterstics (Vg > 18V, T4 « 21°C) (Notes 1 and 2)

DEVICE CALIBRATED OUTPUT PROOF MAX
PRESSURE RANGE Tyee VOLTAGE PRESSURE PRESSURES
ABSOLUTE LOW END NIGH END PKG BUAST
010 '8 pva L X1600A L X 1700A 25:015v 75:018v 40 pva 00 ove
1010 20 puia LXSO1A L X1701A 2502V 128:02v 40 paeo 300 psa
010 150ua LX1602A. LX1702A 252015V 125:01%v 40 pso 00 psea
010 30 pva LX1603A. LX1703A 29:015v 1252018V 60 pyio 00 py:ia
0to 60 uve LXVBI0A (X1710A 25:015v 125:0 15V 90 pve 300 puie
0to 100 pvid LX1620A LX1720A 25:015v 125:015v 180 psra 300 pyie
0 to 300 pa LX1730A 25:018V 12520 18V 450 ove 800 pyia (Note )
OIFFERENTIAL (Note 4} COMMON MOOE
-801t0 *5.0 pua LX16010. LX17010D 25:02v 125:02v 40 pvid 300 ps1a
4010 +$0pua LX16110, LX11D 25:02v 125202V 100 psidt 300 pua
“100t0 *10 0 nd LX18120 LX17120 25°0 15V 125:015v 125 pud 00 os:a
010 15pvd LX16020, LX1702D 25:015v 125015V 40 pudt 300 pya
Cto 0 puicdt LX 16030 LX17030 25:015v 125:016v 60 vy 300 pia
-1810 *15 pua LXI6040 LX1704D 25:015v 125 =015V 40 pyd 300 os:0
010 60 pudt LX1610D. LX1710D 25:019v 126 :015v 90 oy 300 psis
0 10 100 pyd LX16200. L X1720D0 25015V 125:015v 150 vyt 300 ovia
GAGE SEAL
-501t0 *50psg LX160'G. LX1701G 25:02v 125:02v 40 pug 50 pug
-5Q0to *50pug LXIBNIG. LXITVIG 25:02v 125-02v 100 pyg 118 pug
-1001t0 *100 pvg LX1612G. LX1712G 25015V 125015V 125 prg 145 pag
Oto 15 uug LX1602G. LX1702G 25015V «25:015v 40 p1ig 50 p1g
0ta 0pug LX1603G, LX1703G 25:015v 125015V 60 osig 70 o319
-1510 *1S ovyg LX1604G. LX17204G 25:015v 125:015v 40 pug S0 pvig
010 6Qpyg LX1610G. LX1710G 25:015v 125018V 90 puig 100 psig
0 to 100 puig LX1620G. LX1720G 25 :015V 125 :015v 150 pyg 175 019
0 to 300 ovg LX1230G 28015V 12% 015V 450 pug 500 psig
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absolute maximum ratings (Notwe §)

Encitation Voltage WVpe (Noted
Output Current, t, 2 mA
Operating Temperature Range ~40°C to +128°2
Lead Temperature (Soldering, 10 seconth) 200°C-

electrical specifications

LXI16 6 1700 0V 024§ LX16 & 1703 10A LXYS & 1720 1720A
LXI6H 270,02 11D A X164 1703 04 10 120 | LX16 & 17200
PARAMETER NOI T
ere CONDITIONS WLRIG A 1700 02 MG |AX16 41703 04, 10 126G | LX16 & V720 1730G NiTs
Tyr MAX TYP MAX TYP Max
Temperature Coetticient 2% Cwo*’8 C
Centgrade Ve "6V INote 21 | <004 009 00 +0 06 *002 1003 | % wan’C
§ ohiennen b ReX k] +00%0 00 0028 MU RN 0017 j Swan F
Temprrature Coetlicient 40 Cto ~25C o
Centigracte “15Croet25 | 004 c08 *0 03 ‘012 ‘002 1006 | %wen’C
Foncennent Vy by (Note 2t | -G 0039 MV AR *0 067 o0t *0033 | Swan F
Luvee -ty and Hysterens | 8ot Straght L one [V 0% 02 05 02 0% N wan
|
Repeatatr ity b oNave T -1 g PR LY -1 %0 Q%0 *07% g
Outirt VotTane Senvitnity| 149V~ Wy + 08 Q3 0% 03 0% ‘03 ‘05 »
Ve Vo)
Teanutucer By Cuorent iNote 2 'e Y] 1% X0 15 20 mA

Nete! 0% o 21 C 170F » C JA0F - MBEC 5720 « I00C 1 my - 18 my 'C ) pm =817 TORA Immig » 2038 =
e 76T M0 - 23T a0 - 68 Y mba

Note 2 Al 0ev (et A 150 L X186 403 1700 Secey gacopt the L X6 and 17004 200 1090 8000 4nd 1C01e0d 100 ercagtion 148 Y - vg « I3V The
LEIG ud 1T00A are rege ated and scard for oy tabun 2V o« Vg BV sa e 1o OF aesi 101 Datiery 0peration Upon o) 1#0ueit. the
SNt A ARG Bvd P uistan of any L K16 anad 1700 S0 30V ice wan e w0t tur Latiery ODerglion

Note J Pacoage burt! prostuces a8 shown tor the L X1600 Serev cacept for the LATEI0A which (annot be purcheted o § standard product
WERoul The Jing 0 Nyion vuier peaage

v

Notgd Tre LXITO0D Serov 0uter pachsge 4 gvkiabie :a N, ron ony

NO18 D THe tansflucers 58 COMIEA 1) P OIRCT g8 ~4t MOIL LV ULYE OF LONUUTHYE Tt ACLTLORS 110:6:00 1} 7L IMMerded 1O o 2ive pdicat
NS FIM LY

NOte § 1, 00 40ecal 1RULEI! ThE 210 POy L a0 D 1! anywhere DOtwte” § mimum Of 0ne vo!t SNG 8 manmym of Ivg 2 0) volts Simuiprty
The 180t te Ty Can e st Lt 10 s man ot By pa.
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FIERESS

LXS5600/LX5600A. LXS5700/LXS5700A

NN

LX5600/LX5600A, LX5700/LX5700A temperature transducors

general description

The LX5600 L XS700 series temperature transducery are
highly curate temperatute Mesturement Of control
Systems 1ot ute over 3 56 € 10 «125°C tempurature
tange Fabricated on & wungle monolithic chip they in
clude 8 tempersture wnior, stable voitage reference and
operational amplif.er

The output of the L X5600 LXS700 4 awrectly pro
portional 10 temperature in degresy Kelvin at 10 mV: K
Uv..'g the nternal op amp with sxternal tenstons any
temperature scate factor 11 ealy obtaned By con
necting I1he 0P 3MpP a1 & COMpardtor the output wiil
WAL 24 the temperature transverses the et point
maning the device uietul a1 an on of! temperature con
trolier

An active Yhunt regulator it connecied 10 the power
teacts 1o the LXE600/L X5700 to provide ¢ stable voltage
reterence  in 20dinhon to providing a reference at
requiates the L Arating voitage 10 6 RV This sliows the
use of any power tupply vOILIQr wiih suitabie externsl
18y .1101%

Tre op amp con ampity the 1O MY " £ trom the semor
10 Amost any desired output The input thas cureent s
1ow and relatively cOMtant with temperature ensuting
Ragh JCCutacy when Migh 30urce impedance s used
Further the output collector &) e returned to a
voitage higher then 6 BV aliow:ng the LX5000:L X5700
10 Urive 1amw and retays tom a 28Y suppiy

The LXS600 uses the difference in ermitter base voltage
of tranustors operating at different current densities 8
the basic temperature sensitive element. Since thy out-
pul depends only on teansistor rastching the seme
reliadeioty and stababity & present op sMps can be
enpecied

The LX5600 and LXS600A operate over ¢ -58°C 10
<125°C range and are avaslatiie 0 4 lead TO S package
The LXS700 and LX5700A ainc operste over the =55 C
to +125 C range and are avadable in the & iead TO 48
PXhaye

features . J
® Calitwation sccuracy of *4°C over -85°C 1o +128°C
® internal op aMp with treguency compensation

® Lirear putput of 1O mV 7K (10 mV °C)

® Directiy catitsated in Segrees Kelvin

® Qutiiut con drive 1oadh up to 35V

® internal slabie voltage reference

® Fout lead Sevice~ mimmizing witing

block and connection diagrams
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absolute maximum ratings

Supply Voltage internaily Regulated Qutput Short Circuit Duration Indetinite
Supply Current (Externally Set) 10 mA Opstating Temperature Range -55°C 10 +125°C
Output Collector Voitage 36V Storage Temperature Range -65°C to +150°C
input Voltage Range 0V to +7.0V Lead Temperature {Soldering, 10 seconds) 300°C
electrical characteristics Note 1)
LXSSO0A/LXST00A LXS600/LX8700
PARAMETER CONDITIONS tve | ennon | ERROR | oop | emnon | ERMOR
vours | tmv | 2%%F | vours | wmv | 1XOF | UMITS
" sPAN ® SPAN

Output Voitage (Note 2) Ta=+25C 298 40 222 29 80 444
Outgut Voitege (Note 2 Ta = -85°C 218 40 222 218 80 444
Output Voitage iNote 2) Tas 125°C 398 a 222 398 80 444
Lineanty aT < +180°C 0018 0018
Long Term Stababty Ta=125°C 20.002 20.002
Repestabiity Ta = 125°C £0.002 =0 002
VOLTAGE REFERENCE MIN TP MAX MIN TYP MAX UN.TS
Aeverss Breshdown Voitage TmAgI SSmA (1] 68% 7.12 655 [ ¥ ] 12% v
Aeverse Breangown Voilage . v
Change \With Current tmAgl gSmA 10 % 0 » -
Temperature Statninty 20 60 20 ] mv
O namic impedance te1maA 30 30 1]
RMS Nowe Voitaue 0H2 S 10 M, 0 30 uv
Long Term Stabibity Ta«*125°C 60 6.0 mV
oF AMP
Input Bies Current Ta=+25C s 75 b il 150 nA
input Bias Current 45 150 [ 250 nA
Voltage Gon Ry = 36k, V** = 36V 2000 15000 1500 15000 v
Output Leakage Cutrent Ta * 25°C (Note 3) 02 10 20 0.2 A
Output Leaksge Current {Note 2} 10 50 80 10 uA
Outout Source Current Vour < 405 10 10 uA
Output Sink Current 1V S Vogr < 36V 20 20 mA

Note 1: These 10wcitications apply tor -65°C < Ta < +125°Cand 09 mA < iguppLY < 1.1 MA unless otherwise specitied.
Note 2 The outoul voi1age apphos 10 the basc thermometer configuration with the output and feedback terminals shorted and 8 load rasistance
of - 1.0 M This 4 the teedback sense voitage and inctudes err0rs in DOth the sensor and op M. This voltage 1s toecitred for the sensor in a

dly stirred O Dath. .

Note 2: The output teakage current i soecitied with > 100 mV overdrive Since this voltage changes with temparature. the voitage drive for
turn oft changes and s detined as VT (with output ang «nput shorted) -100 mV . This specitication spphes tor Vour = 6V

application hints

Although the LXS600/LX5700 were designer to be as
trouble-free 33 possible, certain precau. ons should be
taken o insure the best possiblie performance.

Like any temperatyre sensor, internal power dissipation
will raise the sensor temperature above ambient. Nomi-
na: operating current for the shunt regulator s 1.0 mA
and causes 7.0 mW of power dissipation. In free, sutl, air
this raises the package temperature by about 1.2°K.
Although the regulator will operate at higher reverse cur-
rents and the output will drive foads up to 5.0 mA, these
higher currents can raise the sensor temperature over
19 'K above ambrent—degrading accuracy. Tnerefore, the
sensor shouid be operated at the lowest possible power
tevel.

With moving air, hquid or surface temperature sensing,
selt heating 15 not as great a problem since the measured

.

media will conduct the heat f-om the sensor. Also, there
are many small heat sinks designed for transistors which
will improve heat transfer to the sensor from the sur-
rounding medium. A small finned clip-on hest sink is
quite effective in frec ‘r. It should be mentioned that
the LX5600 d'- ‘= on the base of the package and there-
fore cornling 1 'hir Ras2 is pr. “erranie.

The 5 et aactOr provides a temperature
stabia wr'isn Lo Atisela,, (he temperature output of
setting 38 Crapas’ it POINt 1IN temperature coatrollers,
However, since this reference s at the same temperature
# the sensor lemperature changes will aiso cause refer-
ence drift, For application wherz maximum accuracy is
needed an external reference should be used. Of course,
tor fixed temperatire controtiers the internal reference
is adequate.
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g i MN5210 SERIES % 717
‘ ADJUSTMENT-FREE . g
. AIDCONVERTERS 7 -,
. e, Fumis iy qsic e = s L X - N ‘-* RES “: !
p PR :;.: it ;’..ai;.a&u-.».“.-m..‘m.ﬁ.:- BT U U TN AN VS ....;._uamwm.-mmﬂ
} R S :
DESCRIPTION - FEATURES R
The MNS5210 Series Devices are extremely fast 12 Bit : DT T
Successive Approximation A/D Converters providing both e '.Very High Speed A
parallel and serial output. These devices have a maximum : - 1 OuSeC/Blt max- o i
conversion time of 13 pSec which aliows full accuracy ; ’ 3
with a 1 MHz clock. i ‘e Totallv adjustment-free o i
These hybrid converters are housed in miniature 24 pin 'i : s '-":\:::::;:s‘:ax ze_rt_) ac-hust-v r:
giass/ceramic dual-in-line packages. Miniature size, low power 3 . v i
consumption and adjustment free opgranon contnb.ute to , . Low Power i . 3
the reasons why these converters provide the user with the . 700mW ; 3
best possible selection for compact and efficient systems, ) :
All converters are completeiy laser trimmed and totally @ Small e . ;
adjustment free. They require only one external compon- ; _ 24 Pin DIP o 4
ent, a non-critical 2.2uf capacitor. Additionally, due to : T !
. highly stable thin film resistor networks, these converters i e 1/2LSB Imeanty worst case;
provide long term maintenance fiee operation. : ) LA f!
) A e Hermencally sealed package H
. These converters are available in three input voltage ranges: ' sz e i
0 to —-10 volts (MN5210/13), *5 volts (MN5?H/14), and ; ° Parallel and senal outputs 3
310 volts (MN5212/15). For each of these input ranges, ’ s
rhAe user.has the ontion of speci.fying a model complete ® FullMlloperatnon ’
with an mtemal‘reference or for improved absolute accur- ] © 550C 1o +1250C (“H" models) H
acy, @ model which uses an external reference. . Available fully screened & pro- ‘
in all cases *1/2 LSB linearity is guaranteed over the cessed to the Class B require- .
entire operating temperature range. Additionally all units : ments of MIL-STD-883
are tested 100% for linearity and accuracy at their temp- : B i
erature extremes as well as at room temperature. : }
All models of the MN5210 Series may be procured for APPLICATIONS
operation over the entire —550C to +1250C muilitary temp- i : J
erature range (“H"” mode!s) with the same end temper- : L) Remote Equipment '
ature operating charactenistics as the commercial 0°C to : .
70°C range. In addition, full military temperature oper- . ® Medical Instrumentation !
ation devices are available processed to the Class B require- A ®  Aerospace ]
ments of MILSTD-883 (inquire about Micro Networks’ . ¢
“Option B"'). ®  Computer 1/0 Equipment 1
. 1
P R At S —

M\[ Micro Nesweorks Corporation |

324 Clark Street = Worcester, Massachusetts 01606
Tel: (617) 852-5400 = TWX 710-340-0067

B W e . s L e A meee. o - - L - - - o . . — .. - st e e hemaieen

PPPE.
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".\P" W“-v R Sl :
\Aeso;.ure MAXIMUM RATlNGS ;

A RS T i ] - !
" Operating Tcmpemuu _';" R > Rt \* Oto 70°C ( 55°C to 4125°C "H“ |
i3< Storage Temperature " = o- . RET XY A 1
» " . Positive Supply S “"$18 Volts = ‘
- -Negative Supply .. =18 Volts 3 S .
} © .. Logic Supply . ‘ o L2747 Volts - :
r canc Analoglaput e e e ?.325 Volu
) - ~,‘-'. Digital Qutputs -+ ~ - <+ % Logic Supply .

J.. Digitallnputs .. [ ’ " 45,5 Volts
"-.~ Reference Supply (Models MN5213 14 15 lﬂd 16) © =15 Volts

r A Al Al iR 1 - o e eeeeiae U6 cean Mot o L e S
SPECIFlCATlONS (TA-25°C Voltages $15, +5 unless othcrwm stated)
T AU N TR S A S @ o e, -_-.'-- ~wy ot W : ot T et [.,,‘ ,.‘m,..\."’ P
PERFORMANCE T oL :' . o 3
' S Joas HINPUT RANGE L INPUT } - HIGH . HIGH ACCURACY i
S e . . ~IMPEDANCE; PERFORMANCE  (Ext.Ref= -10.000V) § -
RS ..:w.mo-:ov 2o A8k MNS210 1 MNS213 ;_; A
! *P" ¢4+5v to-5V . . 07 67k . MNs2i o MNS214 " ‘
,"*‘ a0Vio-10v TR a3k s MNS212 Lt - JMNS215 L
) R 00 40V T e T MNS216 . IR
- i i TYP.  MAX. . Y. MAX. 4'
Resolutoon . : 12 i 12 i
) ;7 Linearity {0° to 70°C) (Note 1) " % o 2R 4
- Zero <rror ; 1 i S I A Lss ;
' Zero Error (0° 10 70°C) (Note 1) ) : 2 ; L2 Lleeeg LSBT p
- Absolute Accuracy 25°C (Note 2) - . . ., 2 { L2 ] Lse -~ 4
- # - Absolute Accuracy (0° 10 70°C) (Notes 182) 4 24 g o eli B R e 1
Z Conversion Time (Note 5) - ! 13 -3 '_v-“i HSec e
i Power Supply Requirements . - N N o i R i - ] .
<y -: Current Drain +15 Voit Supply - . 23 28 23 ‘28 i mA “
.Current Orain-15Volt Supply o 4 15 .19 S 5 . 63 . N ‘mA - i
" Cursent Drain + 5 Volt Supply . a i 25 42 ;. 28 L 42 [..lj mA . &
Current Drain-10Voht Reference K v 15 20 4 mA :
Power Supply Rejection : 1. 4 i _ ,' S X
: +15 Volts (Note 3) o 1 202 . X ¢ ¥ { Q 1 %F.S.R./%Supply .
#7115 Volts {Note 3) S Dx02 3 XESR/XSuoply . |
e, Power Consumption s 3 85 90 . ;:"57.;:-.7.‘.‘.““.,;_; W e 4
""LOGIC RATINGS 7777~ CMING T YR X" ITUNITS :
Input Logic Commands L Ser . T i
~ Logic “0" . e e T e . A ‘ .. Volts i
~Logic "¥* .| w0 200 . ~ ...Volts :
Loading : - - - . . 8 o TTL Load
Clock Input Pulse Width A |1 1 o x ~ 'nSec ;
Output Logic R ) : e Co a . i
Logic “0"” T S : : 4 ; o Volts ;
Logic "1* . : - © 24 36 ' oL Volts :
. Serial Output ' MR B . - NRZ !
Paraltel Qutput (See Tlmmg D:agram) e : o ‘ ‘
fanourtign - ORIGINAL PAGE IS ,.ﬂt Lood |
| arovttow . | - ~ OF POOR QUALITY |
. s ham s <ok 8 e it ot e e - . .o B N
LOGIC CODING
e MNG210/5213  MNS211/5214 T MNS212/5215  TMNS216 T MSB T TTRITTTTTTTTTTTTTLSR L
ov +5.0000 . +10.000 +99276 . . 0000000000CO X -
-5.000V 0 . 0 _ . +4.9976 ' 1000000C0000
-9 9976V -4 9976 ) “9 995 - 0 LR 11“11’1‘1 1 14 1‘“ o

NOTE 1. For "H' models, the specification appi:es for operation over the temperature range of 55°C 10 +125°C.

NOTE 2. Absolute accuracy ncludes all errors, gain, zero, and linganity. All converters are tested 100% at the temperatura
extremes f2r ingarity and absolute accuracy.

NOTE 3. For proper operation 115 Volt power supphes tolerance should not be greater than 3%,
NOTE 4. FSR 15 the abbreviation for Full Scale Range™” and 15 equal 1o the peak to peak output voltage, i.e. 10 voits for25V range.

NOTES. Conversion time s specihied with external 2.2uf capacitor (see block diagram). Without this capacitor conver.
sion ime 15 typicailv 20U Sec.




NOTES:

P 1.
2.
3.

con —4 LI L LI
rt S I
we 777777 U777 7 777777777 77777 77 777 7 777 77 7777777
s 7R\ P77 777777777777 77 77 777 7 77 7777777

SEAIAL OUT + 3 " : 3 3 3 3 3 3

BLOCK DIAGRAM
Clect i 124) O] Logic o) Setisl Out
PROGRAMMEN FIF
Start Conoprt 11} Ommmnd AND LATCH —
-0 12 €0C.
-0 9 MSE
-O ) W2
ISV 0 O—>» — 1 83
-0 &) B d
"y 113 O O 3 s
O 19} 6
v 21 O—> -—O 21 8?7
——() (20} St @
O Gna ch;) O 119 B @
—Q 1 sut0 *1IVOC
——) (17) B4 }Y
Q116 LS8
2.2ut
]’ exnv
P —
-V Agt Out (1) Orveemed O.AC —J‘)‘—'m- -
tor 10 000 voity ) '
(Note 1}
(MNS213. 14 ang 18) ‘6.0 C.- END OF CONVERSION
‘Wn.lu 114} O AN
AnsoaGna (1110772 COMPARATOR

.

TIMING DIAGRAM

NOTE 1, The maximum current which should be drawn from the -V Ref output {Available only on internal reference models) is 100 LA,

oy Z777777] 1 77777777777 777777 777777 717 77777777777
e T777777A 77777777777 777777 7 7777 77777777772
ars [0S L 777777 777777777777 77777777777
wre LI L 77777777 7777777777777 7777
o 777773 \ P77 77777777 77777777777
sy LD (77777 77777777777 7777
LRI TIIINA) l 777777777777 7777

w0 777770 —\_ P777777777777T
vt 0 TTTTTTT 777777777

o 7777770 | 7777770
toc‘;__f - | S

o

S8 | BTz ' @13 ' BiTe | BIUS | Bits ' BT 7 @18 ! 89 | mTio | sTu LS8

-

Shaded areas shown for gparallel data outputs denotes states detcrmined bydata input immediate prior 1o shaded area.
For continuous operation connec! start convert (Pin 1) 1o end of converson (Pin 22),
Reset the converter by holding the start ‘low’ during a tow to high transition of the clock. The start must be low for a
mimimum of 25 nSec prior 1o the clock transihon. After the start s acsin set high the conversion will begin on the next
low 1o high transiion of the clack. The start may be set low at any ume Juring a conversion to reset and begin again.
At the end of conversion the E.0.C. will reman low until the converter is reset. The parallel data s valid for the entire time
the € O.C. 15 tow.
The seriat output 1S non-return to 2ero.
For the user's design flex:bility, daptal and analog grounds are brought out separately and rmust be externally connectel.
For optimum results, this external connection shouid be made as ¢lose 10 the converter as is possible

A&3

. Micro Networks reserves the night to make design, soecification, and process changes and improvements,
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APPLICATION
SERIAL TO PARALLEL CONVERSION

(¥ ]
Ria ' Sa i
) 108, st 10
MNS210 205, o ° o o .
o ?
| gix e
‘; cLx 2400 s
7400
A s Git & :
N > 8it 3
> Bt 2
Qo= Ms8
cLock Cx
For more detailed information see Application Note AN-108.
j
)
PIN DESIGNATIONS
Pin1  Start Pin13 -15V
Pin2 +5V Pin 14 Analogin
Pin3  Serial Qut Pin 15 +15V
Pind Bit6 Pin 16 LSB
Pin5 Bitb Pin17 Bit11
Pn6 Bitd Pin18 Bit10 .
Pin7 Bit3 Pin 19 Bit9 -
Pin8 Bit2 Pin20 Bit8
Pin8 MSB Pin21 Bit?7
Pin 10 Ext. Capacitor Pin 22 E.O.C. (end of conversion)
Pin 11 Analog Ground Pin23 DIG Grd
Pin 12 -V ref out {int. ref. models) Pin 24 Clock Input
-V ref in (ext. ref. models)
nn‘-'-‘.-:-u ‘1"’ y~)
MODE. NUMBER MN521X H/B - _';‘_
Model selection ——:—l ' " ¥ i
Add “H*’ for -55 to +1259C operation —
Add “*/B** for 100% screened (883 Class B)* : 1
- _i !5
Example
0to 70°C(£5V, Int. Ret.) MN56211
-55 to +125°C Operation MNS5211H w " N
-55 to +125°C and 100% —y
screened *883 MN5211H/B - = —«{ kel i
*Micro Networks Option B’ ﬁ] -4
- 1Mo
" —21

ORDERING INFORA&ATION.

1.7\/

- e e B ke - ety

-
Outline dimensions in inches (and millimeters).

- Cwe

Micro Networlks Corporation

324 Clark Street » Worcester, Massachusetts 01606
Tel: (61._7') 852-5400 TWX 710-340-
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FINAL PERFORMANCE DATA
MODULAR POWER SUPPLIES

DATE [Q:Z:_?L
eaxt vo. SN ~AA S S/50~ C..S‘,@V' A seruaL No.  44/90

OUTPUT VOLTAGE VS INPUT VOLTAGE AT? z. E WATTS

INPUT Eo # 1 Eo # 2 Eo #3 Eo # & Eo # 5 Eo # 6
VOLTAGE S'& vDC 5 VYDC vDC vDC vDC VDC

L ¢ S . She 1S.00)

Lo $.$n7 15022
Eo ad) [ Jo=5.57 [%.57- Su¢)

OUTPUT VOLTAGE & RIPPLE VS OUTPUT POWER ]

o | E N =2200C
0% €,609 15.0)
son_ 16.800 1€ 099 |

RIPPLE ( VRMS )

1007, (& w16, imy
50% /X'm v Y; _gi_?) vl

INPUT CURRENT

INPUT FULL HALF NO TEST CONDITIONS

AGE CA A
VOLT LOAD LOAD LOAD 1. AMBIENT TEMPERATURE 25° ¢

LY 5.0 A,S O, ACA] 2. HEAT SINK: ALUMINUM .

50 Y, S 2 .G O, ASA 19" X 7" X 1/8" THICK
ARNOLD MAGNETICS CORP. M\ .
11520 W. JEFFERSON BLVD, ANSY
! CULVER CITY, CA. 90230 G

(213) 87027014
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FINAL PERFORMANCE DATA
DC INPUT

( DATE PODEL N0« SHY=-2/4 vV
/(25 | SERIAL NO. 4 4189

QUTPUT VOLTAGE vs INPUT VOLTAGE AT & WATTS
INPUT | OUTPUT NUMBER 1 OUTPUT NUMBER 2 QUTPUT NUMBER 2

VOLTACE

2Gp _T0-ZlAck |+ 10

26 | _2.000 vpe
20 1.9%9 _voc
QUTPUT VOLTAGE & RIPPLE va OUTRUT POWER (AT X8 VDC INAUT)

vDC

OUTPUT
POWER
(< OF)
(IATED)
- e
100% YOO VOC
50 006 _VDC 1
w
RIPPLE (mvRmS)
1004 .4 iy
50 3.3 v

W-—-——h————-—-———

INPUT CURRENT ws OUTPUT PUWER (AT A8  VDC INPUT)

f*ﬁ
100% TS Amep.

50

/L . /5 AmD, J

TEST CONDITIONS }

1. AMBIENT TEMPERATURE 25°C ‘
2. HEAT SINK: ALUMINUM 19" x 7" x 1/8" THICK

+  ARNOLD MAGNETICS CORPORATION o

L /3
11520 W, JEFFERSON BOULEVARD &
CULVER CITY, CALIFORNIA 90230 :

Form #6-72 286
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