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ABSTRACT

This report describes the efforts involved in determining the feasibility of modifying the present
Nimbus PCM Telemetry Subsystem to provide new capabilities and improve present features
with as little disturbance to the existing configuration as possible. The new capabilities in-,
cluded the addition of digital channel processing, satellite time as a telemetered parameter,
and synchronization of the PCM unit with the spacecraft clock. Improvement of present
capabilities included investigation of an analog gate having a higher breakdown voltage, a
differeri sync word, improved switching functions, and investigation of recording a split phase
RZ sigrial for a better signal to noise ratio. Necessary modifications to the associated
Acceptance Test Equipment to accommodate the recommended changes were studied and reported.
A new breakthrough in multiplexing analog data utilizing metalic oxide Semiconductc. Field
Effect Transistors is described.

The report concludes that the new system capabilities and the improvements upon the present
system features are both feasible and desirable.

The recommendation is made to incorporate these items into the present system.

The Ground Equipment Study concerned the investigation of the feasibility of modifying the
NIMBUS PCM Ground Station for compatibility with the data format changes as proposed in the
Airborne Equipment section and provide data processing capability to improve overall system
performance .

Synchronization with a new data format, decommutation, additions required to process increased
data content capabilities, record and display of digital channels, and Time Code data covered
a major portion of the scope of the study. Type of signal modulation was investigated to
determine if improved S/N performance could be obtained with feasible,. econanical modifi-
cation of the existing Ground Station. Test circuits were breadboarded, and a portion of the
NIMBUS Ground Station was modified to obtain analysis data and demonstrate feasibility of
proposed modifications.

The results of the study showed minor modifications of the Ground Station required for the new
format, fairly extensive modification to one assembly to accommodate split phase signal modu-
lation for maximum increase in S/N performance. Detailed modifications to Ground Station
Simulator are shown and appear feasible and practical for adequate testing compatibility with
proposed system changes.
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SECTIGt"! I

INTRODUCTION AAD DISCUSSION

1. INTRODUCTION AND DISCUSSION

1 . 1 INTRODUCTION. - In order to provide new, and improve present, capabilities of

the Nimbus Telemetry System a study was launched to determine the feasibility of

modifying the existing system. The present Nimbus Telemetry System is a communi-

cations link be tween ;nay Satellite and the ground station utilizing a 136 me A. M.

modul?jted corrie! . The informat'on transmired and received consists of converted

analo,^ lar. with %yr,,- added irk rot-der to us•`('sin intelligent interpretation of data, and

commas -d cc'nirol Jgncls. Thi s+ '._ ,-.1xNrt evaluates the results of the study and sets

forth specJ , c recomme. •daii--ns which wii1 result in improvements to the existing system

within reasonable economic limits. For the purposes of this study, separation is mc`-+-

tained between the Airborne and Ground equipments because of their relative inde-

pendence except that Airborne equipment modifications initiated compatible Ground

equipment changes. In aliareaswhere functional changes concerned the complete

system there was coordination in expanding ideas to insure system compatibility. It

should be noted here that an important phase of the study involved microelectronic

design which is covered in paragraph 1.6.5 and Section 2.

1. 1 . 1 Airborne. - The major objectives of the Airborne Equipments Design study are

tabulated in Table 1 . The new capabilities are of importance in that analog

is now supplemented with digital capability and Time Code insertion is of

paramount importance. In addition, an objective of the study included

0
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Figure 1. Major Study Design Equipment, Nimbus System

2



i

determination of the effects of the modifications on existing Acceptance Test Equip-

ment. - A breadboard model was demonstrated successfully to prove the Multicoder

for which one breadboard was constructed.

Table 1. Major Objectives of Airborne Design-Study

New Capabilities Improved Capabilities

a.	 Provide digital "multiplexing. a.	 Better PCM, synchronization
words generation and format.

b.	 Provide satellite time in PCM b.	 Utilization of a split phase
output format as a telemetered signal for Unit A output for
parameter. better signal to noise ratio.

c.	 Provide synchronizdtion of the c. - Increased reliability and oper-
PCM with Satellite clock. ating life in other areas.

1. 1.2 Ground. - Objectives of Study Program concerning the Ground Station are

practical design changes and minimum additions to the existing system enabling

a modified ground station to accept and process data in proposed new format and

using split phase signal modulation for A data.

1.2 SCOPE. - The Airborne scope of the study included performance to all objectives,

building the required breadboards following design analysis, and this final report. The

breadboard model -sufficed to fulfill the objectives without extensive disturbance of the

present hardware. The Ground equipment portion of the study encompassed modification

of part of a Nimbus C-4vound Station to demonstrate the feasibility of accepting and pro-

cessing the new type data in addition to providing indication that the Airborne objectives

were attained. Necessary illustrations and, procedures to support the study are included.

The mechanics of the modifications are discussed where applicable, but detailed assembly

3



drawings are beyond the scope of this report. Some units such as the Beacon Transmitter

and Tape Transport Unit are mentioned briefly in order to integrate the Study Design.

1.3 PRESENT AIRBORNE EQUIPMENT. - The present Nimbus Telemetry PCM Subsystem monitors

test point signals at strategic locations within other subsystems of the Satellite. Figure 2

illustrates the present subsystem with its associated Input Test Equipment. The subsystem

consists of the four components listed below;

a. PCM Multicoder; so designated because it contains complete multiplexing and coding

units in a single enclosure.

b. Telemetry Electronics Equipment (_TME).

c. Tape Transport Unit; used for recording Unit A data from the Multicoder and playback

on command from the Ground Station. 	 y

d. ' Beacon Transmitter; provides the telemetry link to the Ground Station.

1.3.1 Unit A PCM. - This part of the Multicoder accepts analog input signals in the

range of 0 to -6.4 volts from 542 analog channels and converts the analog to an

equivalent seven bit binar. • code. The output signal is in NRZ serial format which

is fed to the THE unit. Each output word at a bit rate of 500 cps consists of eight

bits of which bit one is the sync bit. The sync bit is always a zero except in word

one to every subframe in which it is a one. There are 64 words in each subframe

and 16 subframes comprise a frame. Thirty-two of the words in each subframe are

sampled at a rate of 1 sps and are called prime channels. The remaining 32 words

are sampled at a rate of 1/16 sps and are called subcommutated channels. The

prime channels in turn are divided into 30 analog channels and two channels of sync

1
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and subframe identification. The second word is used for sync with four "0" bits

~ and subframe count of 0- to 15 for the remaining four bits. Data channel capability,

therefore, amounts to 512 subcommutated channels and 30 prime channels fora total

of 542 exclusive of sync data), Normally Unit A has precedence over Unit B so that

if Unit A's coder should fail the coder from Unit B would be switched in with a sub-

sequent disabling of Unit B.

1.3.2 Unit B PCM. - This part of the Multicoder operates only on command, and then it

cycles through its program of 128 words consisting of analog and three sync channels.

Then it automatically turns off with no power usage until commanded to turn on again.

Output data consists of seven bit binary code for analog as part of an eight bit word

at a serial output bit rate of 10 cps. Thk results in 1024 bits per frame of 128 words

for a maximum single channel capabi'ity sampling rate of one sample per 1 .76 minutes.

All output words from Unit B occur at the same sampling rate unless the inputs are

supercommutated or subcommutated external to the Multicoder. The one output signal

from Unit B is a 5 kc carrier which is phase-modulated by NRZ code at a 10 cps rate.

A "1" bit shifts the carrier phase 1800 while a "0" bit has no effect on the carrier.

1.3.3 Telemetry Electronics. e -The Telemetry Electronics contains switching relays which

are activated by commands from the satellite Master Clock. Functions performed by

this switching are switching of the modulation input to the transmitter, power and

RECORD-PLAYBACK mode switching of the tape transport, and emergency clock

operation switching. The transmitter modulation switching selects one of four pos-

sible inputs. These inputs are stored, Unit A PCM data from the tape recorder, Time

z 6



Code data from the Master Clock, Unit A PCM data in real time combined with

Time Code data, and Unit B PCM data in real time. The RECORD-PLAYBACK

switching controls power to the tape transport unit and connects the tape transport

head to the RECORD or PLAYBACK amplifier in the telemetry electronics as re-

quired. The emergency clock is switched on the event of Master Clock failure and

provides the 500 cps bit rate and two-phase 100 -cps required for operation of Unit

A PCM=and the Tape Transport unit. The Telemetry Electronics also contains the Unit

A modulator which converts the NRZ code from the PCM to a gated sine wave signal

in which a 500 cps sine wave represents a "0" in the serial code. This gated, sine

wave signal is then stored in the magnetic tape of the Tape Transport unit. Upon

PLAYBACK command the stored data is read out through'the playback amplifier in

the Telemetry . Electronics at .30 times the record speed and routed to the modulator

input of the telemetry transmitter which transmits the data to the ground receiver

station.

1.3.4 Input Test Equipmen t. - The input test equipment simulates the master clock,

analog transducers and monitors the outputs of the PCM. One rack of equipment is

used to check the operation of the PCM while anpther rack of equipment is used to

check the TME. The test equipment for the PCM provides the input analog voltages

(variable in l millivolt increments from 00.000 volts to minus 10.000 volts) and

monitors operation of the selected channel to see if it performs to the required ac-

curacy. More detailed information on the above described units is available in

their respective "Handbook of Instructions" which are listed in the report bibliog-

raphy as references 1, 2, 3 and 4.

7
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1 .4 DESIGN STUDY PCM SYSTEM. - The present Nimbus PCM systems are capable of pro-

cessing only analog and sync data. It would be desirable to add a digital multiplexer to

the PCM since it is inefficien` to code a relay closing (digital device) with an analog to

digital converter (ADC) where seven bit times are used. Because the Unit A data is stored

on tape (at such times as the satellite is out of the telemetry link communications range) and

read out at a later time, it would also be desirable to multiplex a Time-Code into the output

serial data for Time correlation purposes. This addition of digital and Time Code channels

would improve the present system and :at they same 'time permit sync words to be programmed

bit by bit instead of word by word.

1.4.1 The existing Unit A of the Multicoder was modified so that the output format now

contains Time Code and digital channel data in addition to analog and sync data.

Table 2 comparison evaluates the existing and the modified systems. A block diagram

of the modified Multicoder (figure 3) may be compared to the ekisting system (figure

2), and it is observed that the Input Test Equipment, TME, Transmitter, and Tape

Recorder remain unchanged._ The two additional blocks represent constructed bread-

boards for Unit A and the simulated additional inputs of the Input Test Equipment.

The analog portion of the Multicoder remains unchanged except for an inhibit during

digital ckiannel processing and a change in the subframe word length from 64 to

62.5 in order to sync the Multicoder with the Time Code frame of once per second.

8



Table 2. Present Versus Study Nimbus Unit A PCM Channel Capability

Signal Identification Present Nimbus Study Nimbus
Words Used Words Used

Sync and identification 2* 2.5*

Prime analog 30 22

Subcommutated analog 512) 470

Time Code 0 6

Prime Digital 0 8 (56 6i-level)

Subcommutated digital 0 3 (21 6i-level)

Pulse digital with storage 0 -1 (7 pulse inputs)

Words per frame 64 62.5

* Present Nimbus system contains sync words in which the bits are either all
"ones's" or all ".zero's".	 The Study Nimbus system sync words are selectable
by bits in any combination.

1.4.2 The PCM breadboard (figure 4) contains all the necessary modifications to the

existing Unit A to incorporate Time Code and digital channel capability (table

3). Figure 5 illustrates the make-up of the breadboard chassis.

1.4.3 Input Impedance. - The PCM input impedance will be kept as large as possible to

reduce input -current requirements to a minimum for the input signal sources. The

source impedance `should be as low as is practical in order to keep signal source.

output voltage drop too minimum.

1.4.4 New Input Signal Spec ifications. - These are tabulated in (table 4). In com-

purison with other similar PCM systems these values are typical, and_ normal circuit

9
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Table 3. Multi-coder Unit A Output Format for N'Imbus "B" System (Sheet 1 of 16)

Subframe #1

Time Time
Slot Matrix Channel Slot -Matrix Channel

1 131 Sync # 1 33 P17 1A11
_ 2 P2 Sync 02 & ID . _ 34 Pi8 1Al2

3 Al 1/16A1 35 A9 1/16Al2.
4 BI Units Sec- . 36 iB9 Ten -Hours
5 P3 IN 37 P19 iD5

6 P4 lAl 38 P20 1A13
7 A2 1/16A2 39 A10 1/16A13_
8 B2 1/16A3 40 B10 1/16A14

9 P5 lA2 41 P21 1A14
_ 10 P6 lA3 42 P22 1A15

11 A3 1/16A4 43 All 1/16A15
12 B3 Tens Sec. 44 B11 1/16A16'^^

. 13 P7 1 D2 45 P23 1 D6
14 P8 lA4 46 P24 IA16
15 A4 1/16A5 47 Al2 1/16A17
16 B4 1/16A6 48 1312 1/16A18^=^

17 P9 lA5 49 P25 1A17
18 NO 1A6 50. P26 IA18
19- A5 Units Min 51 -A13 1/16A19
20 B5 1/16A7 52 B13 1/'16A20
21 P11 1D3 53 P27 1D7
22 P12- 1 A7 _ 54 P28 l A 19
23 A6 Tens Min. 55 A14 -1/16A21.
24 B6 1/16A8 56 B14 1/16A22 -

.25 P13 1 A8 57 P29 1 A20 -
26 P14 1A9 58 P30 1A21
27 A7 1/16A9 59 A15 1/16A23
28 B7 1/16A 10 60 B 15 1/16A24
29 P15 1D4 61 P31 1D8
30 P16 1 A 10	 = 62 P.32 1 A22
31 A8 Unit Hours 63 A16 Sync #3
32 B8 1/16A11
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Table 3e Multi-coder Unit A Output Formatfor Nimbus "B" System (Sheet 2 of 16)
_

Subframe #2

Time Time
-Slot Matrix Channel ' Slot- Matrix Channel

64 111 Sync # 1 96' P17, 1A11
65 P2- Sync #241L D . = . _ 97 P18 1Al2
66 A17 /16A25 98 A25 -	

/
1.16A37.

67 1317 1/ 16D 1 99' B25 l	 16A313/
68 P3 ;'1D1 100 -P19 1135
69 P4 1A1	 -	 _ 101 R20 1A13
70 A18 1/16A26 102: A26 ; 1/16A39
71 B18 1/16A27 103 ' 926 1%16440

72 PS 1A2_ 104 P21 1A-14
73 P6 lA3 105 '0221, 1A15	

y

74 A19 1/16428	 _ 106 A27 )/16A41
75 B19 1/16D2, 107 B27 1/16A42
76 P7 1 D2	 _ < 108 P23 ` 1 D6
77	 .. P8 lA4 109 P24 lAlb
78	 ; ;., A20 1/16A29 110 428 1/16A43.
79 ' B20 1/16A30, 111 B28 1/16A44

80. l?9 1A5	 _ 112 P25 1A17
81 P'10 1A6 113 P26 1A18
82 A21 1/16D3 114 A29 1/16A45

- ' 83	 . B21 1/16A31 115 B29 1/16A45
84 . P11 1D3 116 P27 1137
85 P12 lA7 117 P28 tAI0
86 A22 -	 1/16D4 Storage 118 A30 1/16447
87 B22 1/16A32 119 1330 1/16A48

88` P13 1A8 120 P29 1A20
89 P14 lA9 121 P30 1A21
90 A23 -1/16A33 122	 - A31 1/16A49
91 B23 x-1/1634 123 B31 1/i6A50
92 P15 1D4 124 P31 1138
93 P16 IA 10. 125 P32 IA22
94 ,A24-	 - 1/16A35 126 A32 Syr,, #3
95 B24 1/16A36

12 -
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Table 3. MUIH-coder Unit A C t tput Format for Nimbus "B";System (Sheet 3 of-16)

Subframe #3

Time Time
"Slot ,. Matrix.	 _ ,Channel Sl©t Matrix Channel

127 pi Sync # 1 ` -159 P17 lAll
128 P2 Sync #2 & ID 160 P18 1A,12
129 A33- 1/16A51	 = _::: 161 A41_ 1/16A67
130 B33 1/16A52 162 641 1/16A68
131 , P3 1D1_ 163 P19	 4, °>	 I D51.1

132 P4- 1A1 164 P20 1A13
133' A34 1/16A53. - 165 A42	 = 1%16A69
134 B34 1/16A54 _ 166 842. 1/16A70

`135_, P5 IA2 'h7 Pll 1A 14
136"` P6 1A3' 168 P22,:

._	
;.IRIS:.

137 A35 1%16A55 169 ^A43 -1/ 16A71
138 B35 1/16A56 170 B43	 r 1/1'6A72-
139 P7 1D2 171 P23 1D6
146 P8 lA4 172= P24 1A16
141 A36 1/16A57 173 A44 1/16A73`
142 B36 1/16A58 .174 B44 1/16A74

143 P9 lA5 175 _' P25 1,4,17
144 P10 IAb 176 P26 1A18
145 A37 1/.16A59 177 A45. 1/16A75
146 937 1/16A60 i78 845 ` 1/16A76
147 Pi 1 1D3 179 P27 1D7
148 P12 `1A7 180 P28- IA19
149 A38 1/16A61 181 A46 1/16A77
150 B38 1/16A62 182 B46 1/16A78

151 _P 13 1A8 183 P29 IA20
152 P14 1A9 184 P30 1A21
153 A39 -1/16A63 185 ,A47 1/IW9
154 B39 1/16A64 186= B47 1/16A8016,5: P 15 1 D4 187 P31 1 D8

-	 156 P16. 1,410 188 P32 1A22
157 A40 1/16A65 189 A48 Sync #3
158 B40 1/16A66

13



Table 3. Multi-coder Unit A Output Format for Nimbus "B" System (Sheet 4of 16;

Subfrcme #4

Time Time
Slot Matrix Channel Slot Matrix Channel

190 PI Sync ^1 222 PI2 1A11
;91 P2 Sync 02 & 1D 223 P18 IAl2
192 A49 1/16A81 224 A57 1/16A97
193 349 1/16A82 225 B57 1/16A96
194 P3 161-- 226 1519 1 D5
195- P4 l Al 227	 = - P20 - l A13
196 A50 1/16A83 228 A58 1/16A99
197	 - B50 1/16AS4 229 B58 1/16A100

198 P5 AA2 230 P21 IA14
199 P6 IA3 231 P22 IA15
200 A51 1/16AB5 232 A59 .1/16A101
2)1 851 1/16A86 233 B59 1/16A102
202 P7 1 D2 234 P23 I D6
203 P8 I A4 235 P24 i A 16
204 A52 I/IoA87 236 A60 1/16A103
205 B52 1/16A88 237 B60 1/16A104

206 P9 l A5 238 P25 i A 17
207 P i u I A6 239 P26 I A 18
208 A53 1/16A89 240 A61 1/16A105
209 B53 1/16A90 241 661 1/16Ai06
210 P11 I D3 242 P27 I D7
211 P12 IA7 243 P28 1A19
212 A54 1/16A91 244 A62 ,1/16A107
213 B54 1/16A92 245 B62 1/16A108

214 P13 I A8 246 -P29 I A20
215 P14 - IA9 247 P30 1A21
216 A55 1/16A93 248 /163 -1/16AIL9
217 B55 1/16A94 249 1163 1/16A110
218 P15 I D4 250 P31 I D8
219 P16 IA10 251 P32 IA22
220 A56 I/16A95 252 - A64 Sync #3

221 B56 1/16A96
14



Table 3. Multi-coder Unit A Output Format for Nimbus "B" System (Sheet 5 of 16)

Subframe #5

Time Time
Slot Matrix Channel Slot Matrix Channel

253 PI Sync 0 1 285 P17 IA11

254 P2 Sync 0 2 & ID 286 P18 1Al2

255 A65 1/16AI11 287 A73 1/16Al27

256 B65 V16_A112 288 B73 1/16AI28

257 P3 IDI 289 P19 IDS

258 P4 ] A 1 290 P20 I A13

259 A66 1/16A113- 291 A74 1/16AI29

:260 B66 1/16A114 292 B74 1/16AI30

261 P5 IA2 293 P21 IA14

262- P6 I A3 294- P22 I A15
-	 263 A67 1/16A115 295 A75 V1(a At31	 -

264 B67 1/16A116 296 B75 1/16,41132	 -
265 1?7 1 D2 297 P23 I D6
266 PB 1,'1 248 P24 i A 16
267 A68 1/16A117 299 A76 1/16AI33
268 B68 1/16AI18 300 B76 1/16AI34

269 P9 1 A5 301 P25 I A17

=	 270 . P-10	 '' 1 A6 302 P26 I A18
271 A69 1/16A119 303 A77 1/16A135
272 B69 1/16Al20 304 B77 1/16A136

273 PI 1=` 1 D3 305 P27 1 D7
274 P12 I A7 306 P28 I A 19
-275 A70 1/16Al21 307 A78 1/ 16A137

276 B70 1/16AI22 308 B78 1/16AM.

277 P13 l A8 309 F29 I A20
278 P14 i A9 310 P30 1A21
279- 1 - A71 1/16Al23 311 A79, 1/16A139
280 B71 1/16Al24 312 B79 1/16AI40
281 P15	

_
1D4 313 P31 _ID8

282 P16 1A10 314 P32 IA.22
283 A72 1/16AI25 315 A80 Sync N3
284 872 1/16AI26

d	 .	 ,
15



Table 3. Multi-coder Unit A Output Format=for Nimbus "B" System (Sheet 6of 16)

F

i

3

1

- Subframe-v6

Time = Time
Slot Matrix Cannel^ - Slot Matrix Channel

316 P1 -Sync 01 348 P17 lAl l

317 P2 Sync # 2 & ID 349 P18 1Al2

318 A81 1/16AI41	 - 350 A89 1/16A157

319 681 1/16A?42 351 B89 1/16Ai58

320 P3 1D1 352 P19 1 D

321 P4 IAl 353 P20 IA13

322 A82 1/16A343 354 A90 1/16A159

323 B82 1/16AI44 355 B90 3/16A160

-324 P5 1 A2 356 P21 3 A 14
325 P6 1 A3 357. P22 1 A 15
326 A83 1/16A145 358 A91 1/16Ai61
327 883 1/16A146 359 B91 1/16AI62
-328 P7 I D2 360 P23 I D6
329 P8 1 A4 361 P24 1 A 16
330 A84 1/16A147 362 A92 1/16A163
331 884 1/16A148 363 B92 1/16A164

332 P9 1A5 364 P25 1A17
333 P10 IA6 365 P26 1A13
334 A85 1/16AI49 366 A93 1/16A165
335 B85 1/I6AI50 367 B93 1/16A166
336 PH ID3 368 P27 ID7
337 P 12 I A7 369 P28 1 A 19
338 A86 1/16A35-1 370 A94 1/16A167
339 B86 1/16A152 371 B94 1/16AI68

340 P13 3 A8 372 P29 1 A20
341 F 14 1 A9 373 P30 I A21
342 A87 1/16AI53 374 A95 1/16A169
343 B87 1/16A154 375 895 3/16AI70
344 P15 1D4 376 P31 ID3
345 P16 IAiO 377 P32 IA22
346 A88 1/16A155 378 A96 Sync #3
347 888 1/16A]56

16



Table 3. Multi-coder Unit A Output Format for Nimbus "B" System (Sheet 7of 16`,

Subframe #7

Time Time
Slot Matrix Chanel Slot Matrix Channel

379 P1 Sync #1 411 P17 lAil

380 P2 Sync # 2 & ID x,12 P18 1Al2

381 A97 1/16A171 413 A105 1/16A187

382 B97 1/16A172 414 B105 1/16A188

383 P3 1D1 415 P19 1D5

384 P4 1 Al 416 P20 1 A13

385 A98 1/16A173 417 A106 1/16A189

386 B98 1/16A174 418 8106 1/16A190

387 P5 1 A2 419 P21 1 A14

388 P6 1 A3 420 P22 1 A 15

389 A99 1/16A175 421 A107 1/16A191

390 B99 1/16A176 422 8107 1/16A192

391 P7 1 D2 423 P23 1 D6

392 P8 1A4 424 P24 1A16

393 A100 1/16A177 425 A108 1/16A193

394 6100 1/16A178 426 B108 1/16A194

395 P9 1 A5 427 P25 ]A17 
396 P 10 1 A6 428 P26 1 A 18
397 A101 1/16A179 429 A109 1/16A195
398 8101 1/16A180 430 6109 1/16A196
399 PH 1 D3 431 P27 1 D7
400 P12 lA7 432 P28 1A19
401 A102 1/16A181 433 Ai 10 1/16A197
402 8102 I/16A182 434 13] 10 1/16A198

403 P13 1 A8 435 P29 1 A20
404 P14 1A9 436 P30 1A21
405 A103 1/16A183 437 All] 1/16A199
406 6103 1/16A184 438 13111 1/16A200
407 P15 1 D4 439 P31 ] D8
408 P16 1 A 10 440 P32 1 A22
409 A104 1/16A185 441 A] 12 Sync 03
410 8104 1/16A186

17



Table 3. Multi-coder Unit A Output Forma fo g Nimbus "B" System (Sheet 8 o 16)
Subframe #8

Time Time
Slot Matrix Channel Slot Matrix Channel

442 PI Sync #1 474 P17 iAll

443 P2 Sync #2 & ID 475 P18 1 Al2

444 A113 1/16A201 476 Al 21 1/16A217

445 B113 1/16A202 477 B121 1/16A218

446 P3 1 D 1 478 P119 1 D5

447 P4 1 Al 479 P20 1 A13

448 A114 1/16A203 480 Al22 1/16A219

449 8114 1/16A204 481 8122 1/16A220

450 P5 1 A2 482 P21 1 A14

451 P6 1 A3 483 P22 1 Al 5

452 A115 1/16A205 484 Al23 1/16A221

453 B115 1/16A206 485 B123 1/16A222

454 P7 1 D2 486 P23 1 D6

455 P8 1 A4 487 P24 1 A16

456 A116 1/16A207 488 Al 24 1/16A223

457 8116 1/16A208 489 6124 1/16A224

458 P9 1 A5 490 P25 1 A17

459 P10 1 A6 491 P26 1 A18

460 A117 1/16A209 492 Al25 1/16A225

461 6117 1/16A210 493 8125 1/16A226

462 P11 1 D3 494 P27 1 D7

463 P12 1 A7 495 P28 1 A19

464 Al 18 1/16A211 496 Al26 1/16A227

465 8118 1/16A212 497 B126 1/16A228

466 P13 IA8 498 P29 1A20

467 P14 IA9 499 P30 1A21

468 A119 1/16A213 500 Al27 1/16A229

469 8119 1/16A214 501 B127 1/16A230

470 P15 1 D4 502 P31 1 D8

471 P16 1 A 10 503 P32 1 A22

472 Al 20 1/16A215 504 Al28 Sync #3

473 8120 1/16A216

18



L

i

Table 3. Multi-coder Unit A Output Format for Nimbus "B" System (Sheet 9 o 16)

Subframe #9

Time Time
Slot Matrix Channel Slot Matrix Channel

505 Pi Sync # 1 537 P17 1A11
506 P2 Sync #2 & ID 538 P18 1Al2
507 Al29 1/16A231 539 A137 1112UA247
508 6129 1/16A232 540 13137 1/16A248
509 P3 1 D 1 541 P19 1 D5
510 4 lA1 542 P20 lA13

­130 /16A233 543 Ai 38 1/16A249
5 B130 1/16A234 544 13138 1/16A250

513 P5 1 A2 545 P21 1 A14
514 P6 1 A3 546 P22 1 A15
515 A131 1/16A235 547 A139 1/16A251
516 13131 1/16,236 548 8139 1/16A252
517 P7 1D2 549 P23 ID6
518 P8 1 A4 550 P24 1 A 16
519 A132 1/16A237 551 A140 1/16A253
520 B132 1/16A238 552 B140 1/16A254

521 P9 1 A5 553 P25 1 A 17
522 P10 1 A6 554 P26 1 A18
523 A133 1/16A239 555 A141 1/16A255
524 13133 1/16A240 556 13141 1/16A256
525 P11 i D3 557 P27 1 D7
526 P12 1 A7 558 P28 1 A19
527 A134 1/16A241 559 A142 1/16A257
528 B134 1/16A242 560 13142 1/16A258

529 P13 1 A8 561 P29 1 A20
530 P14 1 A9 562 P30 1 A21
531 A135 1/16A243 563 A143 1/16A259
532 8135 1/16A244 564 8143 1/16A260
533 P15 1 D4 565 P31 1 D8
534 P16 1 Al 0 566 P32 1 A22

535 A136 1/16A245 567 A144 Sync #3
536 B136 1/16A246

19
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Table 3. Multi-caner Unit A Ou'put Format for Nimbus "B" System (Sheet 10of 16 )

Subframe 010

Time Time
Slot Matrix Channel Slot Matrix Channel

5.58 P1 Sync #1 600 °17 1A11
569 P2 Sync #2 & ID 601 P18 1Al2
570 A145 1/16A261 602 A153 1/16A277
571 8145 1/16A262 603 8153 1/16A278
572 P3 1 D 1 604 P19 1 D5
573 P4 1 Al 605 P20 1 A13
574 A146 1/16A263 606 A154 1/16A279
575 8146 1/1 6A264 607 8154 1/16A280

576 P5 i A2 608 P21 I A14
577 P6 i A3 609 P22 1 A15
578 A147 1/16A265 610 A155 1/16A281
579 B147 1/16A266 611 6155 1/16A282
580 P7 1 D2 612 P23 1 D6
581 P8 1 A4 613 P24 1 A16
582 A148 1/16A267 614 Al 56 1/16A283
583 8148 1/16A268 615 B156 1/16A284

584 P9 1 A5 616 P25 1 A17
585 P10 1 A6 617 P26 1 A18
586 A149 1/16A269 618 Al 57 1/16A285
587 B149 1/16A270 619 B157 1/16A286
588 P11 I D3 620 P27 I D7
589 P12 I A7 621 P28 I A19
590 A150 1/16A271 622 A158 1/16A287
591 A150 1/16A272 623 8158 1/16A288

592 P13 I A8 624 P29 1 A20
593 P14 1 A9 625 P30 I A21
594 A151 1/16/A273 626 A159 1/16A289
595 8151 1/]6A274 627 8159 1/16A290
596 P15 1 D4 628 P31 1 D8
597 P16 IAIO 629 P32 IA22
598 A152 1/16A275 630 Ai 60 Sync #3
599 8152 1/16A276
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Table 3. Multi--coder Unit A Output Format for Nimbus "B" System (Sheet I1 of 16)

Subframe 011

Time Time
Slot Matrix Channel Slot Matrix Channel

631 PI Sync #1 663 P17 W1
632 P2 Sync #2 & ID 664 P18 IAl2
633 A161 1/16A291 665_ Ai69 1/16A307
634 13161 1/16A292 666 8169 1/16A308
635 P3 1 DI 667 P19 1 D5
636 P4 1 Al 668 P20 1 A13
637 A162 1/16A293 669 A170 1/16A30y
638 B162 1/16A294 670 6170 1/16A310

639 P5 1 A2 671 P21 1 Ai 4
640 P6 1 A3 672 P22 I A15
641 AI 63 1/16A295 673 A171 1/I6A311
642 8163 I/16A296 674 8171 1/16A312
643 P7 1 D2 675 P23 "I D6
644 P8 i A4 676 P24 I A' 6
645 A164 1/16A297 677 A172 1/16A313
646 8164 !/16A298 678 8172 1/16A314

647 P9 1 A5 679 P25 l A17
648 PI 0 I A6 680 P26 1 AI 8
649 A165 1/16A299 681 A173 1/16A315
650 B165 1/16A300 682 B173 1/16A316
651 PH 1 D3 683 P27 1 D7
652 P12 1 A7 684 P28 1 A.9
653 A166 1/16A301 685 A174 1/16A317
654 B166 1/16A302 686 8174 1/16A318

655 P13 1 A8 687 P29 1 A20
656 P14 1 A9 688 P30 1 A21
657 Al 67 1/16A303 689 Al 75 1/16A319

r	 658 B167 1/16A304 690 8175 1/16A320
659 P15 1 D4 691 P31 1 D8
660 P16 I A10 692 P32 I A22
661 A168 1/16A305 693 Al 76 Sync #3
662 6168 1/16A306

21
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Table 3. Multi-coder unit A Output Format for Nimbus "B" System (Sheet 12 of 16,̀

Subframe f12

Time Time
Slot Matrix Channel Slot Matrix Channel

694 P1 Sync # 1 726 P17 IAll
695 P2 Sy nc ^2 & I D 727 P 18 1 A 12

_	 696 A177 I/I6A321 728 Al 85 1/16A337
697 8177 I/I6A322 729 8185 1/16A338
698 P3 1 D 1 730 P19 1 D5
699 P4 1 Al 731 P20 1 A13
700 A178 1/16A323 732 A186 1/16A339
701 8178 1/16A324 733 8186 1/16A340

702 P5 1 A2 734 P21 1 A14
703 P6 1 A3 735 P22 i Ai 5
704 A179 1/16A325 736 Al 87 1/16A341
705 8179 1/16A326 737 8187 1/16A342
706 P7 1 D2 738 P23 1 D6
707 P8 1 A4 739 P24 1 A16
708 A180 1/16A327 740 Ai88 1/16A343
709 6180 1/16A328 741 B188 1/16x344

710 P9 1 A5 742 P25 I A 17
711 P10 1 A6 743 P26 I A18
712 A181 1/16A329 744 Ai 89 1/16A345
713 B181 1/16A330 745 8189 1/16A346
714 PH 1 D3 746 P27 1 D7
715 P12 I A7 747 P28 1 A19
716 Al 82 1/16A331 748 Al 90 1/16A347
717 B182 1/16A332 749 6190 1/16A348

718 P13 1 A8 750 P29 1 A20
719 P14 I A9 751 P30 1 A21
720 A183 1/16A333 752 Al 91 1/16A349

w:	 721 B183 1/16A334 753 8191 1/16A350
t	 722 P15 1 D4 754 P31 1 D8

723 P16 1 AI 0 755 P32 1 A22
724 A184 1/16A335 756 A192 Sync #3
725 B 184 1/1 6A336 

22



Table 3. Multi-coder Unit A Output Format for Nimbus "B" System (Sheet 13 of 16)

Subframe #13

Time	 Time
Slot	 Matrix	 Channel	 Slot	 Matrix	 Channel

757 131 Sync # 1 .789 P17 1A11
758 P2 Sync # 2 & ID 790 Pb8 1Al2
759 AN 06A351 791 A201 1/16A367
760 13193 1/16A352 792 8201 1/16A368
761 P3 - 1 D 1 793 P19 1 D5
762 P4 . A 1 794 P20 1 A 13
763 A19.4 1/16A353 - -795 A202 1/16A369
764 8194 1/16A354 -7.96 6202 1/16A370

765 P5 1 A2 797 P21 1 A 14
766 P6 1 A3 798 P22 1 A15
767 A195 1/16A355 799 A203 1/16A371
768 6195 1/16A356 800 8203 1/16A372
769 P7 1 D2 801 P23 1 D6
770 P8 1 A4 802 P24 1 A 16
771 A196 1/16A357 803 A204 1/16A373
772 6196 1/16A358 804 8204 1/ 16A374

773 P9 1 A5 805 P25 1 A17
774 P 10 1 A6 806 P26 1 A 18
775 A197 1/16A359 807 A205 1/16A375
776 13197 1/16A360 808 8205 1/16A376
777 P11 1 D3 809 P27 1 D7
778 P12 lA7 810 P28 1A19
779 A198 1/16A361 811 A206 1/16A377
780 6198 1/16A362 812 8206 1/16A378

781 P13 1 A8 813 x'29 1 A20
782 P14 IA9 814 P30 1A21
783 A199 1/16A363 815 A207 ]/kE ,379
784 8199 1/16A364 816 8207 1/16A380
785 P15 1 D4 817 PV, 1 D8
786 P16 1A10 818 P32 1A22
787 A200 1/16A365 819 A208 Sync #3
"788 8200 1/16A366

4
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Table 3. Multi- coder Unit A Output Format for Nimbus !'B" System (Sheet 14 of 16)

Subfrome #14

Time Time
Slot Matrix Charnel Slot- Matrix Crtannei

824` P1 ^ Sync N1 852 P 1T  ]All_F"2. _ _ Sync #2_:$ ID  853 P1V
.

1Al2
822. A209 1/16A381 854 A217 1/16A397
823 8209 1/16A382 855 13217 1/16A398'

P3 ' 1 D1 856 P19 1 D5
825 P4 1 A 1 857 `	 P20 . II A 13
826 A210 1/16A393 858 A-218 1/16A399
827 13210 1/16A3M ` 859 8218 1/16A400

828 P5. l A*2 860 p21- l A 14
.829 P6 1 A'3 861 ` 022 JA115
830 A211 1/1,6A385 -_862 A219 1/16A401

- 831 6211 1/16A386 863 6219 1/16A402
832 P7 1 D2 . 864 P23: 1 Db
833 P8 l A4 - 865 P24 1 A 16

q 834 A212 i/16A387 866 A220 1/16A403
835 B212 = 1/16A38$ 867 B220 1/16A404

836 P9 1 A5 868 P25 1 A 17
837 P 10 1 A6	 - 869 P26 - i A 18
838 A213 1/16A389 870 A221 1/16A405"
839 6213 1/16A390 871 B221 1/16A406
840 P11 1D3 872 P27 117	 -
841 P12 JA7 873 P28 1A19

_ 842 A214 1/16A391 874 A222 1/16A407;
843 A214 1/16A391 875 8222 1/16A408

844 P13 l A8- 876 P29 l A20
845 PH l A9 877 P30 1 A21
846 A215 1/16A393 878 - A.̂ ._3 1/16A409
847 13215 V16A394 879 8223 1/16A410

848 P15_ 1 D4 880 P31 1 D8
849. P 1 & l A 1.0 881 P32 l A22
850 A216 1/16A395 882 A224 Sync #3
851 B216 1/16A396

24



Table 3. Multi-coder unit A Output Format for Nimbus"B" System; (Sheet 15 of 16)

Subframe #15
-	 -	 - Time Tame

Slot Matrix Channel Slot Matrix Channel

883 P1 Sync # 1 915	 = 1517 )All-
884 P2 Sync #2-&--ID 916'- -	 P18" " 1Al2
$85 A225 - 1/16A411 917 A233 1/16A427	 -
886 8225 1/16A412 918 8233 06A428
887 -= ' P3 1 D 1 919 P 19 1 D5
888 P4 I Al 920 P20 1A13
889 A226 1/1.6A413 921 A234 1/16A429
890 8226 1/16A414 922 B234 1/16A430

891 P5 l A2 9,23 P21
1

 A141:

892 P6 AA3 97-4 P22 ° i A15_
X93_ . ` A227 1/16A415 925 -	 A235 1/15A431
894 8227 1/16A416	 _ 926 8235 1/16A432

895. P7 1D2	 _ 927 P23 1D6,

06 P8 A A4 - 928 P24 1 Al 6

A228 I/16A.>z 929 A236 1/16A433

898 B228 1/.1.6A418	 - 930: "	 B236 1/16A434

_899 P9 _ 1 A5 _ -. 931 P25 17-I A17
.900 P10 lAb 931 P26 1AIS

901 A229'" . 1/16A419 9.33 A237 1/16A435
8229 1/^6A420. 934 8237 1/16A436

903 PH1 1 D3 935 P27 1 D7
904 P12 - 1A7 936 PA 1A19
905 A230 1/16A421: 937 ,238 1/16A437

`	 -_906 8230 1/16A422 ' 938 8238 1/16A438

907 P13 l A8	 _ 939 P29 1 A20
-	 908 P14 1A9 _ 940 P30 1A21

909 A231 1/16A423 941_ A239 1/16A439
910 5231 1/16A424 942 B239 1/16A440
911 P15, 1 D4 943 P31 1 D8
912 P16 l A 10 944 P32 1 A22
913 A232 1/16A425 945 A240 Sync #3
914 8232 1/16A426



Table 3. Multi-coder Unit A Output Format for Nimbus "B" System (Sheet 16of 16)

Subfrome #16

Time Time
Slot Matrix. Channel	 - Slot Matrix Channel

946 P1 Sync # 1 978 P17 IAl l
947 P2 Sync 42 & ID 979 P18 'lAi2
948 A241 1/16A441 980 A249 1/16A457
949 B241 1/16A442 981 8249 1/16A458
950 P3 1D1 982 P19 1D5
951 P4 IAl 983 P20 IA13
952 A242 1/16A443 984 A250 I/I6A459
953 8242 1/16A444 985- 8250 1/16A460

954 P5 1 A2 986 P21 I A 14
955 P6 I A3 987 P22 I A 15
956 A243 1/16A445 988 A251 1/16A461
957 B243 1/16A446 989_ 6251 1/16A462
958 P7 I D2 990 P23 I D6
^,5y P8 i A4 991 P24 i A 16
960 A244 1/16A447 992 A252 1/16A463
961 8244 1//16A448 993 B252 1/16A464

962 P9 1 A5 994 P25 1 A 17
963 az il I A6 995 P26 1 A 18
964 _	 A245 1/16A449 996 A253 1/16A465
965 8245 1/16A450 97797 8253 1/16A466
966 P11 iD3 998 P27 1D7
967 P12 1 A7 999 P28 I A19
968 A246 1/16A451 1000 A254 1/16A467
969 6246 1/16A452 1001 13254 1/16A468

970 P13 IP8 i002 P29 1A20-
971 P14 I A9 1003 P30 I A21
972 A247 1/16A453 1004 A255 1/16A469
973 8247 1/16A454 1005 8255 1/16A470
974 P15 1D4 106 P31 1D8
975 P16 I A 10 1007 P32 I A22
976 A248 1/16A455 1008 A256 Sync #3
977 6248 I/16A456
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i

st
A 1 8:1 Counter

A 2 62.5:1 Counter

A 3 16:1 Counter

A 4 1 CPS Reset & Coder Control

A 5 Programmer

A 6 Programmer

A 7 Programmer

A 8 Programmer

A 9
Digital Multiplexer
Strobe Command and Driver

Al Q Digital Multiplexer _Gates

All Digital Multiplexer Gates

Al2 Digital Multiplexer Gates

A13 Digital Multiplexer Gates

A14 Digital Multiplexer Gates

A15 Digital Multiplexer Gates

A16 Digital Multiplexer Gates

A17 Digital Multiplexer Gates

A18 Core Drivers

A19 Bias Amplifier and 1. D. Buffer

A20 Storage Bistables and Reset

A21
Time Code Storage Shift Register,
Shift Driver, and Time Cod e Buffer	 i

A22 Time Code Storage

A23 1 CPS Reset, Time Code Buffer

Figure 5. Nimbus PCM Breadboard Chassis (Front View)
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;

designs are flexible enough to accept these values (f 500/6), or greater, depending

on the parameter varied. However, all these specifications are tentative and the

table should be studied to correct unrealistic values. If these assumed values differ

by to very large percentage, then trouble may be encountered in design. The input

curcuits may become more complex; power dissipation and physical size requirements

mcy increase.

Table 4. Nimbus Study System Input Signal Specifications

FCircutt Source
Impedance

(Ohms) Volts

Up-Level
M i l l iomps.

Max. Volts _

Down-Level
Mi I I lamps.

Max.

3,300 0 -6.4Analog Channel

Digital Bi-level i	 1,000 0 to -1.0 1.5 -5 to -24 0.01

Digital Pulse* 1,000 0 to -1.0 0.01 -5.50 -24 1.0

Pulse Width Time Code 'MO) s?
2,700 0 to -0.2 0.01 -1 to 5.4 1.0

500 cps Bit Rat
(CY 500) 2,900 0 to -0.2 0.01 -1 to -5.8 1.0

100 cps Clock (YBI)** 300 0 to 2.5 0.01 -20 to -24 0.5

	

PW = 250 ms	 ** Nimbus
T r 	 10 Ms
	 "A" or uCu

T r	10 ms
	

Clock

R



1.5 MULTIiCODER REQUIREMENTS. - Str;ngent requirements were followed in the modification.

These requirements precluded changing the physical dimensioning of the present package and

coder ,edundancy features. Existing circuits were to be either unchanged or changed a

minimum amount; power increase was to be held to less than 1.5 watts, and the modifications

were to be compatible with both A and C Nimbus Master Clocks. To insure reliability,

worst case conditions were assumed for the design approach. Temperature environment for

the circuits was limited to the range of -1900 to + 650'C. Component parameters were con-

servatively rated to allow an adequate sofefy margin. In most cases, breakdown voltages fog,

derated transistor junctions were derated 50% from the maximum ratings. Where the break-

down voltages were exceeded at the VBE function in circuits having large negative voltages,

diodes were inserted in series to prevent reverse current flow. In calculating the base current

and derated value for hFE was assumed to invore adequate drive. Worse case characteristics

of the transistor parameters VPE, VCESAT' ICBO, Cob, and C;b were used along with worse

case tolerance limits of the passive elements in determining the final component values_ A

typical example of worse case design equations for a simple inverter and equivalent step

function is shown in figure 6. One trade off encountered in using a worse case design tech-

nique is that of increased power consumption.. However, the final increase was only approx-

imately_15 % of the allotted power, justifying the worse case design approach.

1.5.1 Synchronization and Programmi ng. -- All of the clock inputs to the PCM plus the

Time Code are connected through input level adjusting buffer amplifiers. The 500

cps bit rate and the detected 1 cps Time Code control the counters in the programmer.

The counters still function a,, before in respect to the analog multiplexer except that
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>VDC	
View A

R3	 1c1RI

	

I p♦ 	 1

kkJ
rIq	 P11 q2 I

01	 02	 I

VCEI	 R2	
_I=CL RL

I
I IVCEISAT

V - VD2max. -VBEmax.	 VBEmax
turn-on: IBmin 

_	
-R1 max.	 R2min.

_ I C max.
IBmin	

hFEmin

VCE1 > VBEmax -V Dimin

turn-off: VCESATI < VBEmin - VDImax

(I CB4max) (R2max) < (--5)*(VBEn:ifn)

* chosen as safety margin

rise time: using an equivalent circuit and approximating the turn-off of the
transistor with an unit step function

View B

^T
ET	 C7' CO' h €E2 MAX (cob MAX)

T

R3RL.

RT	 R3+RL

ET

R3

=	 M

R3+RL 

	 -

tr = 2.3 (RT) (Cl) (0% to 90% amplitude

as

.	 Figure 6. Circuits to Illustrate Worst Case Design Approach
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one analog control - Ircuit k added to control the coder. Diode matrices are added

to control the digiMl muW plexer functions. By these means the programmer controls

Unit A of the Mijitic-)der,

1.5.2 Time Coup Inserrien. - Two new control signals have been added to Unit A PCM

to place the free- inning Time Ccde in the output PCM format. These signals, 100

cps 02 and the pulse width modulated Time Code , are connected through buffer

amplifiers into the Time Code control circuitry where the Time Code is accumulated

four bits at a time and stored until the programmer reads the four bits through the

digital multiplexer into the shitt register. The Time Code storage register is auto-

matically cleared before new data is stored. Thus the input Time Code storage

circuits are completely independent of the PCM programmer, and it is up to the

programmer to strobe the Time Code digital multiplexer gate at the proper time to

place the Time Code bits in the output Register before new Time Code data is stored.

1.5.3 Digital Channels. - The digital multiplexer controls one set of SET windings In the

output register and both the "A" and "B" coders still control individual sets of SET

windings in the output register. Therefore the output register set windings still

function as an OR gate with the new digital multiplexing capability completely

independent of the analog multiplexers as long as both do not feed-their set windings

at the same time. To control this possigility and to prevent it from Happening,

another OR gate is located in the programmer so that whenever.any digital word

occurs it prevents the coder power switch from turning on. This control is located

at the output of the word rate counter cnd controls the word rate ragwAless of which

32



coder is being used. If the word rate square wave is turned off, the coder power

switch" will not turn on and the coder will not allow current to flow in its output

register set windings. The digital multiplexer contains the following 16 digital gate

curcuits.

a. - 8 gates for prime digital data

b. 3 gates for subcommutoted digital data.

c. 1 gate for subcommutated pulse digital data.

d. 1 gate for the_ Time Code.

e. 3 dates for sync and subframe identification.

1.5.4 Sync Word. - The present sync word contains 16 bits with the first eight bits being

all "1's", the next.4 bits being "0's and the last four bits being the subframe identi-

fication count from the programmer's 16:1 counter. The Study Nimbus PCM will have

20 bits of subframe sync as shown in (figure 7). The first 16 bits can be selected to

any combination of "i's" and "0's" by hard wiring the s; • nc word digital multiplexer

word gate inputs to Power Supply Command for a "0" and -24.5V for a "1 ". The

optimum code combination for synchronizing the Nimbus ground station was deter-

mined and is shown in figure 7 since 8 adjacent "1's" do not occur as a sync word,

a new sync word detector will have to be placed in the ?CM Test Set to provide

proper decommutotion. This can be a simple serial 16 bit shift register that resets

the test set to word 1.5 upon coincidence of the sync word in the register.

1.6 MULTICODER BREADBOARD CONSTRUCTION. - With the Muiticoder requirements

firmed (paragraph 1.5), detailed design of the circuits t;as initiated with the selection of
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comFonet% and defining the design assumptions. In most cases the-general design approach

Gtr :dy established because the logic design had been previously decided. Updating

design and construction techniques-as much as practical for this study, the digital word

gates of the digital multiplexer utilized microelectronic circuits. The following paragraphs

describe the logic design, component selection, and all detailed analysis data required to

construct the breadboard.

_1.6.1 Multicoder Component Selection. 	 The design of. the circuits for the Nimbus Study

was based on component selection conforming to certain worst case design parameters.

In respect to transistor selection, these are tabulated in table 5 and parameters not

defined are in accordance with manufacturer's specifications for similar devices.

All transistors are assumed to have Vg E 0.8V at -l0oC, VBE 0.4V at 650C and VC 

saturated -0.3V maximum at 650C. The diode type used for ail  applications is the'-

RAD 100613 similar to 1 N916. This device has been used extensively in recent PCM

systems and has an excellent reliability record. Worse case design voltage across

the diode was set at 0.7V maximum at -1OoC and 1 ma and at 0.4V minimum at 650C

and 0.5 ma. Other parameters are reflected-in specification sheet. The resistors

and capacitors used in the new circuitry are from thq RAD 106115 series and the RAD

104228 series respectively. The first series designates the Allen Bradley carbon corrl-

position resistors, and the secrnd series the Vitronman ceramic VK 20 CW type. As

before, these components have excellent reliability records on previous spacecraft

telemetry.	 -
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Specification Parameters

RAD 100817 hFE 	 10 min at -100C IC BO = 160 no max.- at 656
NPN simil ar lc = 1 -ma VCB = 60V	 -
to 2N718A

RAD-100823 hFE = 40 min at -IOoC ICBO = 160 no max. at 650C
NPN similar Ic = 1 `ma VCB = 45V -
to 2N930_	 - - - 	 ._	 ::	 _ ___-	 _	 _	 . _

RAD 1 00667 h;FE = 20 min_at -10°C ICBO ° 160 nc max'. at 65.aC
NPN similar -	 1	 =1 ma VCB =.15V
to 2N753

RAD 100422 hFE = l0 mirr°at -14°C ICBO =:560 no at 650C -
PNP similar Ic = 1 ma VCB = -30V
to 2N2412

RAD 102258 hFE = 20 min at -1OoC ICBO - 160 no at 65"C
PNP similar - Ic = 1 ma VCB = -25V
to 2N24.12

Table 5. Worst Case Design Parameters for Transistor Components

i

1 ..t.2 Programmer. - (See figure R. The programmer is still connected in the same

manner to the analog multiplexer because the analog register and matrices operation

is unchanged. For this-reason, the digital multiplexer curcuits alone are shown in

the 14ock diagram. All of the programmer blocks represent new circ!jitry except for

the three counter blocks. The counters already exist in the present Nimbus system

but have been modified somewhat. Additional outputs to the digital matrices are

required from all three co^inters and external reset circuits have been addE y to the

bit and word counter. The suuframe counter controls the reset to the digital multi-

plexer input pulse (event storage bistables.) A 1 cps clock pulse is fed' into the

62 5'. 1_vPrd counter detector circuit to provide sync in the PCM output format.
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This sync enables the system to properly multiplex T-me Code data with analog and

digital data. Mote on tie block diagram that the digital :multiplexer data is inde-

pendent (paragraph 1.5.3) of the analog coder used to code the "A" Unit Analog

?Multiplexer.

l .6.2. t Since the Output Shift Register operates life a three input "OR" gate,

it was quite easy to add to digital multiplexer capabilities, without

affecting the existing analog capability except as to the quantity of

'inputs. __ The output register windings used for omits A and B -coders have

not been chai;ged. The winding used for the subframe identification

count has been reconnected to control all digital words including digital

bilevel data, Time Code, sync words, identification count, and bit sync.

Thus, the programmer has new diode matrices to generate the commands

for cont.olling the digital multiplexer and Time Code storage. Buffer

amplifiers have been added wrhere necessary to generate the proper locig'

levels for system operation from the external clock commands.

1.6.2.2 The word counte, now counts 62.5:1 and then resets itself to Word I as

shown in (fia ,sre 9) (sheet 3) instead of counting 64:1. The five ":'s"

in the serial pulse width modulated Time Ccde train are dete,:ted and also

reset the E2.5:1 word counter once every second. If the Time Code input

is operating properly, the programmer will be externally synchronized and

the T ime Code will be correctly placed in the output format. It Time

Code is lost, the progrommer will still operate at 62.5 words per second

38



4	 0

-^

^

_—

1
^	 ^	 t	 ^

—	 —l----^- --^

I
i
f

1

i	 !^	 1 ^^ ^ ^ s ib^^V
	

^ U

—, a —	 --rte-;-

I
—d — ^—

^
—	 — -- 0^—a —^

I	 ►;
--

"
—	 ^^ I • ^g

4 L r l
`^

A
^ ^ ^' ^ iU	 e
^ I of

1__^- — — — — — — -	 ------ --- -- —
h

-

8%

f

t

t

Q

D

>

Jlt

tom

t`I

O

as
Ai

Ea

co

I-

E
E

8
Q.

W
ai

Wo	 a

'^QO	 ^	 UQ^^	 ^^^q ^ 1i	 4	 `^ ^
	

h
m^, m W ^ n` h^ w ZW W	 ^ ^k U,

a ^o $ $^	
u^ o nb ^e^	 Phu

i
39



d )9

^ §\

( )§

§ §R
^ «§
^ d

k k^

k r
A ^

§ 2^
( 2^

' #}
) ^e

2 2f

E ^f

/ §

§ / Q
( ^ I

§ Q
§ k ]
c §. @

d / )

k

§ § $	 ^	 ^

^ \:\	 k)

§A a	 f

w ) .	 r

§
a

§

£

7 k

2 a

J

f

^J^ r

k ^
^ @
\ ^
J §

2
2

)

§
§

/̂

]

}
J ^^

\ ^

/

)

§
/

^

^
0
C4
%
r
^
E
a

^. ^

0c
^
-^

^ k
E
0

^
CL

a
^
^
@
^

e

It

)

40



33AAi U-4 ]n kS

,aQI

ii

sot
1'34 Ctf^C.`w S(li_

Sii tC 13S^K^

SUl

1 - 3 -6 7U 'Bll t
t'SS 'nnt St\;1^

Fal

L'3 -c FD 'L'i 1
1	 nlrt S1lnR

but
a 1< ,n

l'3'4 cdt	 '=nit
lt

ttll

l 'S'S tO gun
I'i'G -]3S C11nR

nl aw ln^.^
inn 6a0M ]nxG

0
M

N
.L

L

0

L
rr^

G
dL

L

a:

tl

Y 
U	 I	 `i "1

WW	 r

,u^	

W

v W ^.^	 W

4

O r C

O

Y'

LL ^
J q

F Y^

h

^ .J r

O Y F'.

x ^ Y ^ > s

!'
r7CS
^

^

N '^'
^ J
^ ^ap

d nJ

^ 6

A

^

p

9
L 1l G ^ ^ ^

99
7

U Y U a Y i=

Y f

41



per subframe, but the Time Code appearing in the output format will be

t`	
eitl°-^r all "0's" or will consist of random "1's" and "0's" depending upon

the mode of failure. Both the word counter and the subframe 16:1 counter

are connected to diode matrices to generate the proper output commands

for each of the input digital words, Time Code words, and sync words.

These matrices will produce the digital time slots out of the total frame

length of 63 x 16 or 1006 total time slots. To reduce the total power re-

quired by these commands the output matrices do not conduct current until

the power strobe appears for 200 microseconds. This pulse applies ground

to the output matrix "AND" gates and allows current to flow into the

output circuit if all inputs to tha "AND "gate are positive. This power

strobe is produced by `he 8:1 bit counter and the 500 cps bit rate so that

the command appears during the second half of oit 8 of all words. Thus,

the strobe appears and setsihe output register just after the eight bit of

the preceding word has been read out and jest before reading out bit one

of the next word. Since the coder is not used for digital transfer, the

coder is automatically inhibited during digital gating. The inhibit circuit_

word rate output is connected to Unit A and B -elay so that the new

digital circuits will operate properly with either Unit A or Unit B coder.

Using this method, more reliability is achieved by preventing intermix

of analog and digital data. In addition, the total overage power is min-

imized.
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1.6.2.3 The storage bistables for the seven bits, necessary for the 250 millisecond

transient data are reset by the subcommutated word matrix every 16 seconds.

The 7 bits of data appear in word 23 (time slot 86) of S--bfrome 2 and then

the storage is reset during the time of word 31. if the readout command

occurs just prio r to the set data from the inputs, the data will not be lost^

upon resetting the storage flip-flops because after the reset command
J

accurst here still remains a minimum of 120 milliseconds of set data time.

Therefore, no data will be lost since the SET commands are approximately

twice the width of time that separates the readout command and reset

command. Also it is possible that a "one" bit can be read out in two

successive vomples because of this overlap if the set command occurs just

prior to readout and overlaps the reset command. The normal output data

from these flip-flops will be zeros except for a "1" bit (2 maximum) for

every input transition, which may occur only once per day. Level changing

amplifiers were added between, the 16:1 Subfrome counter and the subfrome

identification inputs to the digital multiplexer. This was required because

the input voltage levels of the digital multiplexer for logic "0" and "1"

are zero-volts and minus five volts while the counters are -24 volts and

-12 volts for corresponding "0" and "1" logic.

1.6.2.4 Figures 10, 11 and 12 illustrate the logic involved in the programmer.

The 8:1 bit counter was slightly modified so that all outputs of the three

,iip-flops ore now available for external matrix timing. The input 500

4ps bit rate signal, the inversion of the 500 cps - is used to generate the

f ``
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output register 4hift and transfer commands. The timing of these com-

mands with -respect to the programmer bit , times is shown in Cgure 9.

S;nce the counter and the output register operate_from,r ^gative going-

transitions, the programmer bits and output bits=have a minimum separation

of one half bit or one millisecond. The word rate emitter fol lowers are

still used to control the analog multiplexer._

_	 1.6.2.5 The .64:1 word coun ter. (d2) has been changed to a 62. 5:1 word counter

by adding a`detoctor type reset ate. r This reset gate detects word 63 and

then the 500 cps and bit counter inputs produce the first half -of bit 5 so

that ?he output from this gate is a one rniIlisecond. pulse occurr ing during

the fist half of Bit 5 1 Word 63 (85W63). Reference to the timing diagram

(figure 9) shows this reset pulsa after it goes through a 500 microsecond

monostable flip ,-flop. Tnls pulse also reseis the 10:1 counter - locater; ir, tho

Time Code storage circuits. However, in the event the T ame Code is lost,

the resetting or , synchronizing of the Time. Code 10:1 counter by the pro-

grimmer will result in the toss of Time Code; Thus, the resetting of the

10:1 counter is only necessary when the Time Code 5 "ones” are detected

to produce the external 1 cps reset for the 62.5:1 word counter at which

time the 1061 counter must be synchronous with the programmer and Time

Code. The method of detecting the 5 Time CAe "ones" , to produce a 1

cps reset was selected because it, is independent of the 10 cps and 1 cps

clock pulses which are phased dif ferently in the Nlmbw'.'C" Clock, €rom
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what they v„ere° in the Nimbus "A” Clock. Thus, the PCM can be used

with either the Nimbus "A" Clock or the Nimbus "C" Clock because the

only signals that must maintain close phasing are the 500 cps, 100 cr)s-

and Time Code, and these signals are coherent in both clocks.

1.6.2.6 The 16:1 subframe counter (A3) operates the some way as in the present

system exceft that both phases of all four flip-flops are now connected to

external pins on the modules. The output plus sides are connected to the

level changing identification buffer amplifie - (A19) so that a "1" level

changes from -22V to -19 volts and a "0" level cnanges from -12V to 0

volts. With the connections shown in figure 10, all counter outputs are

plus (-12 volt level) so that all outputs from the buffers are plus (0 volt

level) and binary 0000 is read out as the identification subframe count.

1.6.2.7 Figure '0 also shows the 5 stage shift register (A4) that will store the 5

sequential Time Code "ones" when they appear in the code 'rain. 	 The

outputs of these 5 flip-flops are connected to an "AND" gate along with

Time Code inverted, 500 cps, and 100 cps 02 to produce the reset pulse

shown in figure 9. This reset pulse is also coupled to the 500 microsecond

monostable and resets both the 62.5:1 word, counter and the 10:1 Time

Code counter, so that the PCM becomes synchronous with the Time Code

train.

1.6.2.8 The bias amplifier (A19) shown develops -19 volts and -4 volts so that the

programmer can control the output register and digital multiplexer. Since
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there are several diode gate energy gaps separating the counter flip-flops

from the digital •-iultiplexer gate driver and since the input digital gates

have a "0" level that may range from 0 to -1V, and since the power supply

contains only OV and -24.5 volts, the bias amplifier was added so that

proper control of "turn-off" can be maintained by the counters. The -19

volts provides the emitter ► eturn for the digital multiplexer gate driver such
s

that -22 volts f.om the counters will hold the gate "off". The -4 volts

provides the emitter return for the output register core driver. An input

data logical "0" (0 to -1 volt) will hold the driver in the "off" state.

1.6.2.9	 The entire programmer niatrix (figure 11), shows all of the digital multi-

plexer bilevel gate commands, Time Code gate command, sync word gate

commands, the reset command to the 7 bit digital pulse data storage register

and the code command to the Unit A and B coder relay. T' a breadboard

card A9 contains the 500 cps inverter and the digital multiplexer power

strobe generator. The 500 cps inverter is used to trigger the counter stage

so that the counter changes in state occur during the positive transition of

the input 500 cps clock (CY 500). Thus, all the counters are completely

through changing state before the output shift register shifts and transfer

commands occur. For general information, the coder operation is also

shown on an expanded scale. The programmer timing with respect to the

output shift register timing shows a 4.5 bit delay with all of the digital

words being strobed into the output register during the time of programmer
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bit 4, and with all of the analog words being set into the output register

at the beginning of the programmer bit 5.

1 .6.2. 10 Breadboard card A5 contains the gates that generate the three sync word

strobe commands for words 1, .2 and 62.5. These three commands, called

DM12, 13 and 14 respectively, are directly connected to the digital

multiplexer gate driver transistors. Because the coder must be inhibited

during digital words, the first operation is to gate out the digital word

times first which are used to inhibit the coder and are also connected to

the output gcfas. The output strobe switch applies power supply com-

man to the output gates 68 K resistors during the last half of bit 4 of

words 1, 2 and 62.5. When the resistors are returned to power supply

common by the power switch, and when the inputs to the diodes are in

their upper level, the resistors will allow current to Flow into the digital

multiplexer driver transistors bases, allowing them to turn on for 200

usec. Thus, the digital multiplexer duty cycle is on for 200 micro-

seconds and off for 16 milliseconds giving a minimum power reduction

of 80:1. The exact power ratios can be determined over a subframe or

over prime frame by referring to the timing .4 iagram (figure 9). The

digi+ai commands are shown for subframes 1, 2 and 3 through 16 giving

an "OIL!/OFF ratio of:

17 x 200/106 or 294:1 for subframe 1,
15 x 200/106 or 333:1 for subframe 2,
11 x 200/106 or 454:1 for subframes 3 through 16.
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Thus, the total power reduction ratio averaged over 16 complete frames

is 16 x 106 or 432:1. This means that averaged out over a period of time

the entire digital mu!tiplexer dissipates 1/432 of the peak power dissipated

by any digital gate.

1 .6. 2. 11 Breadboard card A6 contains the gates that generate the eight prime digital

word strobe commands for words 5, 13, 21, 29, 37, 45, 53, and 62 of

every subframe. These word commands are also gated out first to inhibit

the coder and then to allow the 200 usec power strobe to turn on the digital

gate during the time the sync word commands, which is at the rate of one

sample per second. The eight digital words are referred to as 1 Dl through

1 D8 and are shown along with the other digital words (figure 9). The

strobe commands to the digital multiplexer gates are called DM1 through

DM8.

1.6.2.12 Breadboard card A7 contains the gates which generate six word time slots

4 1 12, 19, 23, 31 , and 36 used for the Tim.: Code and subcommutated

digital channels. To simplify the programmer and to make it more flexible,

the six time slots used in subframe 1 for the Time Code can be used in sub-

frames 2 through 16 to generate subcommutated digital channels, each

channel having 7 digital data inputs. Only the output gates must be added

to increase the subcommutated digital channel capability. The six time

slots it suoframes 2 through 16 can therefore be used to generate commands

for 6 x 15 or 90 subcommutated digital words. In ti.e PCM Study System,
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only four subcommutated digital words are provided. They are readout as

words 4, 12, 19 and 23 of subframe 2. With this method two more digital

words can be added by adding two more digiial multiplexer gate circuits

and by adding 10 diodes and 4 resistors to the programmer. In addition,

since the subframe is u!so necessary to generate the commands, every

group of 6 subcommutated digital words added will also add four more

diodes to generc;ra the subframe command. A!so on this card is tha two

mullisecr-nd reset command for the seven bit storage register used for the

seven pulsed digital inputs. This reset occurs at B4W31 SF 2 and the

command is tailed DM 17. This reset command and the set command,

DM 16 are both shown on the timing diagram (figure 9).

1 .6.2. 13 Breadboard card A8 contains all pf the output subcommutated digital word

commands (three subcommutated bilevel words, one subcommutated pulsed

digital word, and one command line for all six Time Code words) plus the

inhibit command to the coder cating flip-flop. The subcommutated digital

gates operate the same as the prime digital gates and the sync word gates

except they are also gated with the proper subframe count which reduces

the sampling rate to one sample every 16 seconds. The twenty input "OR"

gate shown has separate diode "AND" gates on all of its input lines. Thus,

the Time Code slots show 10 each 2 input "AND'S" and the sync and prime

digital word time slots show isolating diodes, so that the coder inhibit

"OR" gate wiil be isolated from the Time Code "OR" gate and from the

52



digital word commands. Using this type of code- inhibit circuit permits

the programmer digital word capability to be increased or decreased without

affecting the circuit design.

1 .6.2. 14 Breadboard card A4 contains the coder inhibit flip-flop that is used to

inhibit the word rate square wave command to the "A-B" coder relay.

The coder operates on the negative going transition of the word rate.

Should an inhibit occur, the entire negative alternation of the word rate

square wave is removed so. that the output to the relay remains in the

upper level during all digital word times. Figure 9 shows the coder

inhibit times for all 62.5 words in al! 16 subframes. The timing for sub-

frames 1, 2, and 3 are different from each other as shown. Subfrarnes 4

through 16 are timed the some as subframe 3.

1.6.3 Dig ital Multiplexer Logic. - The block diagram (figure 13) shows a total of 16

digital gate circuits. Logically these are identical except that the 16th gate is

preceed by a seven bit storage register. Eight gates are used for prime digital words,

three for subcommutated bdevel digital words, one for a subcommutated pulse digital

word, three for aync words, and one gate for the Time Code. Each bit is binary

weighted to conformance wieh the output register format with "OR" gating using

isolatlion diode coupling. The logic diagram (figure 14) makes this self-evident.

Negative true logic is used with the inputs accepting a 0 to -1 volt range for logic

"0" and -5 to -24 volt range for logic "I". The function of the 16th gate is not

readily apparent. These circuits sample 250 millisecond nominal transient input

data pulses which normally occur in a non-synchror:ous manner at a rate of up to
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one pulse per day. These pulses are stored and shifted out at the fra,ire rate. The

power strobe which acts as the enable for each AND gate is of 200 psec time duration

effectively turns on the power for the digital multiplexer. In the absence of a power

strobe there is no power dissipated (see paragraph 1 .6. 2. 10 for mathematical analysis).

The output of all gates are OR gated. To prevent crosstalk, or maintain channel

isolation, into the seven core drivers, only one gate can be turned on during a time

'nterval.

1.6.3. 1 . The A and B ccders are each connected directly to its respective output

shift register SET windings which are identical to the digital multiplexer

SET windings. The output shift register' operates as a three input OR gate,

but only one input can be applied at any one time. The two coders are

presently interlocked with relays in such a manner that only one coder

will operate at any one time with !nit A multiplexer.

1.6.3,2	 The coders in the Study System are now electronically irr,. l ocked with the

digital multi p lexer also. Word counts from the word counters are cantin-

usously monitored,	 Should the next time Dot in the output format be a

digital word, it is detected by the programmer, and the coder is inhibited.

(All digital operations are performed during the time of bit 4 of thct word).

The detected digital word turns on thr: coder inhibit circuit or the beginr.^ng

of bit 4 so that the negative edge of the word rate, which occurs at the

beginning o f bit 5, will be inhibited to prevent the coder from turning on.

The complete prime frame waveforms for the coder inhibit circuits are shown
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in figure 9. The digital multiplexer strobe pulses shown occur approx-

imately 1 .3 milliseconds after the coder is inhibited. The actual logical

command sequence is as follows:

a. The shift register reads out bit 8 of the preceeding word - analog or

digital (except for word 62.5).

b. The digital word is detected in the programmer matrix and turns on

the coder inhibit flip-flop.

C. The digital word is strobed through the digital multiplexer into the

output register.

d. The coder command does not occur because of the inhibit flip-flop.

e. The next shift pulse occurs to read out bit 1 of the seven bit digital

word stored in the output register.

i .6.4 Digital Multiplexer Detailed Analysis. - The schematic diagram (figure 15) rep-•

resen` the circuit properly only if it is fabricated with discrete components. The

digital multiplexer in the Study System initially contained this type of circuit. All

of the diodes are 1 N916s, the resistors are 27K f 5% and the transistores are 2N918s.

The component values very nearly approximate their equivalent counter parts in the

micro-integrated circuit gate, as the 27K resistors minus 10% for tolerance, temper-

ature, and aging is 24. 3K and the integrated circuit 30K (resistor values have since

been increased to 45K) resistors minus 20% for tolerance, temperature, and aging is

k	 24K. These low values simulate the worst case conditions at the lowest temperature

extreme of -10'C, as they require a maximum current when the transistor hFE is at its
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minimum. Thus, with these conditions the programmer matrix power strobe resistors

must pass maximum base current to Q1 . The value of the strobe resistor is 68K, which

assumes the resistor can increase by 10% to 74.8K and still pass enough base current

to properly operate the digital word gate.

1.6.4.1	 The detailed interface schematic diagram of one bit of the digital word

gate is shown in (figure 16). This curcuit shows an assumed impedance of

1 K for either a logical "0" or a logical "I", and this input 1 K resistance

is applied by a VCESAT energy gap of a PNP (Ql) for a "0" and an NPN

(Q2) for a "1 ". The -)utpit core driver interface shows a grounded

resistor (R3) and a PNP (Q3) emitter returned to -3.6V bias, which will

allow current to flow through R3 until the voltage developed across it

exceeds -4.3V which will turn on the transistor. The programmer trans-

istors Q4 and Q5 represent the circuits that turn on the gate driver trans-

istor Q6. As shown on the drawing when current flows through Q4, R5,

3 diodes, and 05 to -22 volts, which holds Q6 off as there is one volt

reverse bias across the base-emitter junction. When Q5 turns off, the

current form Q4 will flow through R5 and into the base of Q6 which turns

Q6 on and clamps the base junction to -18.3 volts. Q4 is held on by the

power strobe command for 200 microseconds.

1.6.4.2 All of the voltages and currents shown in figure 16 reflect normal con-

ditions where the resistor values are exact, diode Vfd = 0.6 volts, trans-

istor V CE SAT = 0.7 volts and transistor V CE SAT = 0.2 volts. These are
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the same semiconductor values as the ones listed in the circuit design

section of this report. The -24.5 volts shown is the battery voltage, the

-22 vol is shown is the PCM system vol tage at the output of the I ine f i I ter.

The -19 volts and -3.6 volts comes from the digital multiplexer bias

amplifier circuit.

1.6.4.3 The maximum current flows through Q6 when the maximum voltage is

developed across the seven R4's in parallel; all seven R's and RI's have

minimum resistance; all 7 diode Vfd's (CRI) are mimmuin; and when

VCE SAT is minimum for Q6 and all seven Q1's. Figure 17A shows these

parameters which cause a maximum Q6 collector current. The input

voltage at the system data interface is -0.765V and the required maximum

current from the programmer is I C/Bor 5. 17120 - 259 microamps. How-

ever, if the programmer 68K resistor increases 109/o to 74.8K and if

Q6 V RE SAT- increases to 0.9V, the maximum current 240 microomps which

requires a Q6 current gain of 5. 170.24 = 21 .6. Since all of these

factors will not occur simultaneously, this curcuit will work properly down

to -100C, at which time the drive becomes marginal if all of the discussed

parameters approach their worst case value. The 68K resistors were not

decreased to the next lowest resistor value of 62K, because of the addi-

tional loading placed on the counter flip-flops. The counters would have

to be redesigned io increase their load capability and the power increase

of one stage would be multiplied by the total number of stages (13), which
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I
of course, is not necessary as the -10bC margin is 350C below the normal

environmental temperature, and 5 0C below the specified minimum.

1.6.4.4 The maximum allowable interface input voltage for a logical zero is

shown in figure 17b. This value occurs when the input transistor VCESAT,

input resi., or R1, and input diode V fd are maximums and when the gate

resistor R4 and gate transistor V CE SAT are minimums. Thus, the voltage

developed by the divider at the interface i -0.984 volts which resulted

in the 0 to -1 volt specification with 1K source impedance.

1.6.4.5 The maximum source impedance that can be used reliably is calculated

as shown in (figure 18). The core driver bias is adjusted to -3.6 f0.5

volts which gives the minimum -3.1 volts shown. If the V CE SAT mini-

mum 0.5V then the base emitter junction forward bias point borderline

is -3.6 volts, and if V fd of CR2 is 0.4 volts, then the internal gate

voltage at the junction of CR1, CR2, and R4 is -4.0 volts. Since a

known voltage is across R4, the current is established as -0.62 ma. Also

since the voltage of CRl is a maximum of 0.8V, the voltage across R1

is known and since the current is known, R1 is calculated as a maximum

of 4.3K. This value for R1 is not 100% correct as calculated because

all of the assumptions are not exactly 100% correct and all of the con-

ditions will probably not occur at the same time. 4.3K would probably

work sufficiently well will discrete component digital gates, but could

present problems if used with the integrated circuit digital gates unless

the values of RI through R7 are increased.
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1.6.5 Microelectronic Digital Word Gate. - There are 16 digital multiplexer ward gates

as shown by the block diagram of figure 13. The Nimbus PCM Study Program pro-

vides all 16 of these gates in the new micro-package integrated circuit design concept.

Since each small flat-pack only contains 14 leads and one complete digital word gate

requires 16 leads, only one-half of a digital gate is placed in each package. Thus,

the PCM Study System will contain 16 digital word gates contained inside 32 micro

flat-packs with each flat-pack measuring 0. 125 x 0.25 x 0.035 inches. The inte-

grated circuit digital multiplexer operates exactly like its discrete component equi-

valent, except the circuit design specifications and equivalent circuits are different.

In the integrated circuit digital gate stray capacities and parasitic elements are no

longer negligible, and some new parasitcs are generated which do not exist with

discrete components. Since this generally degrades circuit operation, work is pro-

gressing to eliminate these parasitics from the fabricated circuit chips. Presently

the greatest disadvantage of the micro circuit techniques (wish respect to the Nimbus

Study digital gate) is the inability to fabricate seven high resistance resistors on one

chip along with the necessary 14 diodes and driver teonsistor. For example, note!

that the core driver transistor Q3 requires a minimum base current of 100 micro amps.

This current could be supplied by a R4 value of (-18.8V) - (-4.9V) /0. 1 ma = 139 K

which means the integrated circuit 30 K resistor is approximately 1/5 the discrete

component value. However, it is not practical at this time to make the integrated

digital gate resistors much larger than 30 K. Although subsequently the value of the

gote resistor has been increased to 45 K f 10% at 250C. Work is progressing on

increasing the practica l value of resistance to 100 K.
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1.6.5.1	 The following specifications were first written 3 June 1964, corrected at

a design review meeting on 12 June 1964 and updated 25 Septetnber 1964.

See Appendix II for final specifications.

a. Temperature Test Range for Proper Operation of Circuit: -lo o to

25oC

b. Tonsistors - Switching Circuit:

(1) Forward base-col lector voltage drop - 0.7V max at 1 ma and 250C

(2) Forward base-emitter voltage VBE min = 0. 16V at 1 mo and 7500

V BE max = 1.1 V at 1 ma and -200C

(3) Saturated collector-emitter voltage VCE SAT min = 0.2V at 1 ma

and -200C

VC E SAT max = 1.OV at 10 mo

and + 750C

Leakage current ICBO max = 10 nonoomps at 20V and 250C

Peak reverse voltage base colllector = 40 volts at 250C

Maximum forward collector current -l c max = 10 ma at 250C

Minimum forward collector current - l c min = i ma at 250C

DC current gain HFE min = 20 at 1 ma and -200C

HFE max = 200 at 1 ma and + 750C

C. Diodes

Forward base-collector voltage drop = 0.7 volts max at 1 ma and 250C

Reverse voltage base-collector = 40 volts max at 250C

'	 66



Peak leakage current = 200 nanoamps at 24V and 55°C

Forward current maximum = 10 rno at 250C

d. Resistors

Capacity per 1000 ohms at "N" isolation region = 2 pf max

Capacity of "N" region to "P" substrate = 10 pf max

All "N" regions per 10 K section must be floating with respect to

the other "N" regions.

The parasitic PNV beta from the resistor to substrate is a maximum of

0.01 at 250C.

Nominal resistance is 45 f10% at 250C.

The temperature coefficient of resistance is 0.3°,^O per oC max.

Maximum tolerance is 1.20% from -IOoC to + 650C.

e. Capacitors - Stray Parasitic

C = 2 C	 N2 + 1- VI +  1) farads
V2 - V1	 (Equation 1.0)

where C=equivalent capacity

C o = zero - volt capacity

V1 = minimum voltage across Co

V2=maximum voltage across C,o

and values for C o are C ob = 9 pf max.

C ib = 6 pf max.

Collector of PNP to "P" substrate = 9 pf max.

"P" resistor material to "N" isolation regi( •,n = 2 pf/K ohm max.
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1.6.5.2 The equivalent schematic diagram (figure 19) shows the discrete component

gate of (figure 15) converted to the integrated circuit schematic. On the

Nimbus Program this schematic diccdram is implemented by two of the micro

chips with each chip containing 4 bit gates. Thus, 8 bit gates are present

but only 7 are used. Since discussions on the circuits in (figure 19) would

be complicated by the size of the drawing and since all 7 bit gates operate

indentically, only one bit gate will be discussed in (figure 20). The str•:y

parasitic capacitors on the input diode, CR7, and output diode, CR14, have

been added for circuit consideratiors, but are considered to be negligible

in comparison with the operating speed of the Nimbus PCM. Capacitor

Cbo is approximately nine picofords and C eb is approximately six pico-

farads. Since the diodes CR7 and CR14 are actually irplemented by

NPN transistors used with open emitter circuits, the C eb is effectively not

in the circuit, and the C bc value of nine picoforads is only in the circuit

until the base-collector junction is forward biased. The RC time of Cbc

has a maximum of only 9 x 10 -12 x (1 K + 30K) = 279 x 10 -9 seconds or

RC = 0.279 microseconds. This RC time is affecteJ by the stray input

capacity (which is unspecified), C4 capacity, anc the stra y capacities

associated with R1 and Q1 which are considerably larger than C bc so that

with respeci to the entire gate circuit Cbc becomes negligible. Thus,

the actual gate reduces to the circuit shown in figure 19 wherein stray

capacities C eb and Cbc of diodes CR7 and CR14 are i.cdligible.
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1.6.5.3 Figure 20 shows four undesirable PNP transistors Q2, Q3, Q16, and Q23

which are formed by the process of fabricating NPN transistors on a "P"

substrate material (figure2l, View A). If these undesirable transistors

possess a current gain of 0.01 or greater, operation of the gate will be

materially degraded. For example, Q16 emitter is the anode (base) of

CR7 and Q16 base is the cathode (collector) of CR7. Any input signal

current becomes PNP base current and the collector of the PNP is effec-

tively connected to the substrate and -19 vdc. The transistor Beta times

this base current will flow directly from the input bilevel line to the

substrate with the current completely bypassing R1 (figure 21, View B).

Effettively, R1 becomes smaller by the amount of the stray PNP Beta.

-19 - ( -VCe Sat Q1) - ( -E in)	 (Equation 2)

l ^ n	 R1 + R1 (PNP Beta)

R1 (effective) -	 R1	 (Equation 3)
1 + Beta stray

Therefore, ;f Q16 has a Beta of 0. 1, R1 is bypassed by IOR1 with an

effective decrease of 10%. With the normal range of tolerance already

f20%/ it is evident that all stray PNP Betas should be held to 0.01 or

less. This maximum Beta will hold R1 decrease to 1% and the undersirable

PNP transistors can be removed from the circuit.
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1.6.5.4 View C shows the physical layout (one bit wiring) of the gate integrated

components, showing the common substrate "P" material which prevents

perfect isolatlion of all the individual components. Note how all the

stray capacities and PN junctions are foamed because of the physical

properties and proximity of the various materials used in the diffusion

process. The capacities are dependent on the area and thickness of the

material, but since junctions are formed the capacities are also dependent

on the junction voltages. Equation 1 show this. Figure 22 shows a

simplified one bit gate with the voltages across the capacitors to determine

the values of C1 through C6. The voltages for Q1 are taken from the

assumed specifications. Since an input "0" logic places the greatest

voltage across R1, the junction of the two resistors which make up R1

contains a voltage half way between -1.24 and -18 volts equal to -9.62

volts. The following parameters were calculated from the capacitor equation:

a. C1 (collector to substrate capacity of Q1) has a zero volt capacity of

10 pf but an effective capacity of 3.48 pf.

b. C2 (collector to base capacity of Q1) has a zero volt capacity of

nine pf but an effective capacity of 3.59 pf.

c. C3 (Base to emitter capacity of Ql ) has a zero volt capacity of six

pf but an effective capacity of 8.28 pf.

d. C4 (Collector to substrate capacity of CR7 plus CR14 with each

having 10 pf) has a zero cpacity of 20 pf but an effective capacity

of 4.81 pf.
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e. C5 + C6 - C5 is the capacity of R1 to the "N" isolation region, and

C6 is the capacity of the "N" isolalion region to the substrate. With

Q3 eliminated, C5 and C6 are in series, and She total zero volt cap-

acity is 8.57 pf and effective capacity is 2.27 pf.

As noted above the calculated capacities are very small, and all

of the RC time constants involved, using these capacitors, are less

than one usec. Any time constants which are less than one usec

become negligible since the only command affected by the transient

response is the programmer command to the gate driver which has a

rise and fall time of approximately four user,. Only stray C5 cap-

is critical. Assuming a Q3 gain of gnearer than 0. 01, C5 would be

multiplied by this gain and the junction of CR7, CR14, and R1 would

be pulled negative to -9.62 volts. This is because C5 and Q3 would

short the top half of R1 for the first few usec of every sample command

until C5 is charged. If the junction of CR7, CR14, and R1 is held

more negative than -4.9 volts for eight usec or longer, it is possible

to read a false " 1 " into the output register when the input is a "0".

However, with the nominal Q3 Beta assumed, the equivalent cir-

cuit is reduced to the circuit shown in figure 15.

1.6.6 Time Code Storage Blocks and Logic Analysis. - The block diagram (figure 23)

circuits use two commands from the Nimbus "A" or "C" clock to convert the RZ

serial pulse width modulated Time Code to an NRZ output code. The Time Code

train is coded BCD at the input to the PCM, and is a BCD code ct the output of the

PCM .
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1.6.6.1 The 10:1 counter is externally synchronized by the programmer at the some

time the programmer counters are 6ynchronized by the Time Code detected

1 cps reset pulse. Thus, the 10:1 counter is in phase with the Time Code

and counts the "0's" as they occur. During the first five counts of the

ld:l counter, all four Time Code bits of a word are shifted into the four

stage shift register by the 100 cps 02, then the last flip-flop in the 10:1

counter inhibits the shift pulses so that they do not pass through the con-

trol gate. The four stages of the shift register are directly connected to a

digital multiplexer word gate. The Time Code is fed into the output

register when the digital word gate is strobed by the programmer.

1.6.6.2 Strobing of the digital multiplexer is entirely independent of the Time

Code storage circuits, as the Time Code storage circu i ts will automatically

store the next group of four Time Code bits regardless of what the programmer

does. Since the programmer is synchronous with the Time Code circuits,

the programmer provides a digital multiplexer strobe pulse during the time

interval that the shift pulse control gate is inhibited by the 10:1 counter.

This strobe pulse does not occur at the same time in every Time Code group

(with respect to the beginning of the interval gap) as the Time Code can

only be readout into subcommutated time slot. The Time Code word re-

quires 100 milliseconds at the input to the PCM and is reduced to 16 milli-

seconds at the output of the PCM.

77



1.6.6.3 Because the Time Code word rate and PCM word rate are not compatible

with respect to each other, the output Time Code words are unevenly

spaced in the PCM format with respect to each other. The input Time Code

occurs at a much slower rate than the PCM output words, and a storage

device MOSt be used to accumulate and store the Time Code until the time

occurs to place it in the output format. The Time Code consists of four

bits of data for every Time Code train 10 bit word, therefore, a minimum

of four bits of storage is required. If all six Time Code words (units and

tens of seconds, units and tens of minutes, units and tens of hours) were

stored and readout into adjacent output PCM words, 22 bits of storage

would be required, therefore, only four bits of storage was selected to

minimize the hardware. A Time Code synchronous 10:1 counter is used

to gate the four Time Code data bits into the storage register. This

counter is made synchronous with the Time Code when the programmer

detects the Time Cade five "1's" and resets the 10:1 counter.

1.6.6.4 The logic diagram of (figure 24) shows the Time Code logic. The timing

diagrams of (figure 9 and 25) show that the 10 bit position, of ;,.r / lime

Code word occupies 10 milli^Pcunds of time each. If a "0" is present,

only the fi._' two mulIiseconds are used, if a "1" is present, only the

first six milliseconds are used. The las. four milliseconds are never used.

Since the "1" and the "0" pulses begin at the same time with respect to the

bit position, there is always a pulse transition at the beginning of each
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bit Cne. This transition is used to trigger the 10:1 counter. The first

bit pos;tion in each group of 10 bits is not used for the Time Code data,

but bit positions 2, 3, 4, and 5 contain Time , Code bits 1, 2, 4, and 8

respectively. The last five bit positions do not contain Time Code data

which allows the programmer 50 milliseconds (approximately three NCM

words) of time in which to read the stored Time Code word through the

digital mutliplexer before the Time Code changes. The 10:1 counter

allows the 100 cps 0 2 to shift the Time Code data serially into the input

shift register during the first five bit positions and inhibits the next five

shift pulses to give the programmer time to readout the four bits stored.

The Time Codes "1's" occur during the fall time of 100 cps 02, so that

the negative 100 cps transient is used to strobe the "1's" into the shift

register. This strobe pulse occurs 2.5 milliseconds after the "0" pulse

disc.	 ars and 1.5 milliseconds before the "1" pulse disappears, there-

fore, it is centered properly for reliable gating of any "1's" that appear.

This timing is the some for the Nimbus "A" and "C" clocks.

1.6.6.5 A Time Code buffer amplifier is used to change the input DC level to

make it compatible with the system logic levels and also places a mini-

mum load on the clock line (MO). The amplifier is connected to an

inverter so that the input Time Code data and its complement can be fed

to the first stage of the shift register to provide the proper input data for

shifting the data serially. The amplifier is also connected to the 10.1
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counter through an isolating diode gate. The 100 cps 02 buffer amplifier

is connected to an "AND" gate that is controlled by the last stage of the

10:1 counter. This "AND" gate is enabled for the first five bits of every

Time Code 10 bit group and allows the 100 cps signal to feed into the

inverter. The inverter output then becomes the five shift pulses to the

four bit storage register.

1.6.6.6 The 10:1 counter uses a monostable for feedback reset to insure that all

counters are reset every time because an "AND" gate detects the 5:1

count which would mace it possible to reset one stage feeding the "AN""

gate and remove the reset pulse before the other two stages are reset.

inverter on the ruset line from the programmer is used to correct the

polarity of the 1 cps reset pulse as the programmer counters contain

NPN's o-d the 10:1 counter contains PNP's.

1.6.7 Time Code Storage Detailed Analysis. - The Time Code storage circuitry is

shown in figure 26. The function of this circuitry is to accept the serial Time

Code data having the form of a pulse width modulated signal, store the data until

it can be inserted into tf a output format, and convert the serial data into a four

bit parallel data word with logic levels compatible to the digital multiplexer gate.

1.6.7.1	 The circuitry consists of the Time Code buffer Qi and Q2 and the four

stage shift register- , Q3 through Q10 on A21 with 1 cps reset buffer Q11,

the 5:1 count detect gate and reset monostable CR10, CR11, CR12, Q12,

and Q24, the shift driver Q13, Q14, anr^ Q15, and the four stage 10:1
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rr	 counter Q16 through Q23 on A22. The Time Code signal is buffered and fed
iT

into the shift register. The signal is also fed down to the 10:1 counter which

consists of a 5:1 counter (first three stages) and a 2:1 counter. The output

of the last stage of the 10:1 counter feeds on inhibit AND gate in the shift

driver. The shift driver also accepts the 100 cps (YB1) signal. The purpose

of the 10:1 counter is to provide storage time in the shift register by shifting

in only the sync bit and the four data bits of the ter-, bit Time Code word.

The counter enables the shift driver thereby providing five shift pulses to

the register. These five pulses shift out vie-viously stored dais and the

sync bit, and load the four bits of Time Code into the four stagPS. At This

time the counter inhibits the shift driver and the shift register remains

loaded with Time Code data. During the inhibit tine, the data is trans-

ferred through a digital multiplexer gate into the output format. The next

change of state of the 10:1 counter output occurs and the stored data is

shifted out and replaced by the next Time Code data word. The 1 cps

reser driver provides synchronization between the Time Code and PCM

output format. The AND gate and monostable detect the five count and

reset the first three stages of the counter giving the 5:1 counter section.

1.6.7.2 The Time Code buffer is a two stage device providing both an inverted

and a non-inverted steering output to the shift register. The input Time

Code signal swings from OV to -1V. The two steering outputs swing from

OV - 0.3V to - 11V t1V and have an output impedance of approximately

C^
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40K. The outputs were designed to rm tch the shift register stages to give

_	 uniformtransfer characteristics. An inverted Time Code signal is also ;ed

to the 10:1 counter. This output is diode decoupled to allow a source

impedance and level similar to those of the counter stages. The output

amplitude for this signal is limited `o about 4V so that the counter tran-

sistors will not exhibit base-emitter junction breakdown.

1.6.7.3 The shift register is similar to that of the 1 cps reset circuitry (paragraph

1.6.8) except for the PNP transistors. The PNP type was chosen since

it is directly compatible with the digital multiplexer gate and has a

simpler buffer input than an NPN shift register. As in the 1 cps reset shift

register, the stages are of the saturating type using direct coupled transfer

through the steering resistors. Positive triggering of the bistables is accom-

plished by differentiator circuits with diode coupling to the bases of the

transistors. The steering levels are OV -0.3V (transfer of binary "I") and

-11 ^1V (transfer of binary "0"). The differentiated spike is approximately

4V in amplitude. The output logic levels to the digital multiplexer are

OV -0.3V (binary "0") and -11V f1V (binary "1").

1.6.7.4 The PNP configuration for the 10:1 counter was used so that the existing

Time Code buffer could be utilized. The stages of the counter are typical

saturating bistables. Triggering of, the bistables is by the differentiators

connected to the bases through the coupling diodes. The 5:1 feedback

reset and the 1 cps reset circuits trigger one side of the bistables throUgh

n
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the OR gate diodes and the 22K base resistors. The transistors are

triggered by being turned on instead of off as with the normal feed

forward triggering. The output levels of the counters are OV -0.3V

and -4V ±0. 5V. The swing is limited to approximately 4V in order to

keep the base-emitter junctions from breaking down.

1.6.7.5 The 5:1 feedback reset monostable is triggered by the three input -.ND

gc'e. The monostable configuration is unorthodox due to the level reqvire-

ments of the input gate and the reset line. Normally, both the PNP and

NPN transistors are off. When the AND is enabled, the PNP saturates

supplying a surge of current through the timing 4apacitor C9 thereby

saturating the NPN output stage. The positive feedback, necessary in

any monostable circuit, is supplied through R73 and CR31 and keeps

the PNP saturated for the duration of the ourput pulse. The output is a

negative pulse swing from OV to -22V. Thewidth of the pulse is deter-

mined by the duration of the current surge through the capacitor where:

1 wr	 35	 (e - 
R35 C9	

) .

The 1 cps reset driver is a simple one stage inverter used to synchronize

the 10:1 counter with the PCM format.

p
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1 .6. 7.6 The shift driver consists of a two stage non-inverting buffer for the 100 cps

(YB1) signal, a diode inhibit AND gate and the PNP output driver. The

100 cps input signal swings from -1.5V ± 1V to -23V ± 1.5V with a 270

ohm source impedance. The buffer output acts as a strobe to the inhibit

AND gate resistor R41. When the gate is enabled, the PNP stage is

saturated and when inhibited, the PNP transistor is off. The output shift

pulse level is limited to 3.PV ±0.5V to prevent base-emitter breakdown

of the transistors in the storage shift register. The output impedance of

the shift driver was designed to discharge the shift line capacitance in

1 ms. The 1 ms insures ample dischar a in view of the five ms shift pulse

width and 10 ms shift pulse period.

1.6.8 The one cps Reset circuitry is shown in (figure 27). The circuitry provides a one cps

synchronous reset pulse obtained from the satellite master clock. In addition, a

62.5:1 count detector supplies a one cps reset timing in the event of a failure in

the satellite master clock to maintain the one second format. The one cps reset

allows the PCM to operate synchronously with the master clock. The configuration

was developed from the necessity of using both the Nimbus A and C clocks. Although

both clocks have one rps signals, they have different phasing. To obtain a design

capable of using both clocks only the Time Code signal (MO) and the 100 cps

signal (YB1) were utilized. These two signals do not change phasing with the two

clocks. The one zps reset is obtained by detecting the unique Time Code sync word
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with the five stage shift register and nine input AND gate (A23). The output of the

AND gate triggers the reset monostable through an OR gate. The 62.5:1 count de-

tector is a 10 input diode AND gate (A2) which also connects through the OR gate

to the monostable. Coincidence of reset from both gates is achieved by using the

500 cps signal as a common input. The reset monostable (A4) is triggered by the one

cps pulse from the OR gate. The monostable was designed to provide a 500 us reset

pulse. This width was chosen to guarantee reset even though some counters may be

slow in response, and to allow for the effect of propagation delay through the counter

string. Time Code data is read into the shift register in serial form by the Tim Code

buffer. The buffer accepts a -1V signal and provides two outputs to the steering

resistors of the first shift register stage. Using this input method, all stages are the

sane and more uniform shifting action is achieved. The shift driver converts the 100

cps signal into an acceptable shift pulse. The phasing - r the 100 cps signal is such

that the shift transition always occurs within the log. .,I "1" data time of the pulse

width modulated Time Code. This phasing is unique `o both clocks thereby per-

mitting both to be compot 	 a with the *eset circuitry. The shift register is a

typical t ransistor bistable configuration. All stages are saturating stages using

direct coupled transfer through the steering resistors. Negative triggering of the

bistables is accomplished by differentiator circuits with diode coupling to the

bases of the transistors. The steering levels are -22V ± 1V (transfer of binary "1"^

and -11V t1V (transfer of binary "0"). The differentiated spike is approximately

S;)



t4V in amplitude. Use of an NPN shift register was dictated by the logic levels of

the present Nimbus PCM counters which feed the 62.5:1 detect gate. The Time

Code buffer 05, 06, and 07 provides both an inverted and a non-inverted steering

output to the shift register. The input signal switches from OV to -1V minimum,

thereby necessitating the PNP stage. The two NPN transistors have output levels

and output resistances identical to those of the bistable stages giving uniform trans-

fer character ; sties to the shift register. The 100 cps shift driver 03 and Q4 is a two

stage non-inverting device. The input signal swings from an upper leve' o f -1 .5V

1 1 .5V. The two transistor- are therefore referenced to the digital multiplexer bias

19V ± 1 V to insure at least a 1.5V back bias turn-off voltage. The output impedonc e

was designed for a one msec rise time to insure the charging of the shift line capa-

citance within the five ms half cycle period of the square wave. The o ,jtp,it level

is limited to a 4.2V swing so as not to break down the base-emitter junctions of the

shift register transistors. The monostable A4 provides the 500 us reset. It is trig-

gered by a positive pulse causing 01 to saturate. The input trigger pulse from the

ono cps detect gate is one mst .- wide although the 62.5:1 count detect gate can

have a pulse width of only a few microseconds. Re diode, CR12, is in series

with the base to prevent the breakdown of the rase-emitter junction of 02.

Incorporating the diode in the base leg, rather then the emit'er leg allows the

output level to go as close to -24V filtered as possible otherwise there would be

difficulty in turning off the NPN transistors connected to the reset bus unless they

were referenced to the c 74itri' multiplexer bias. The reset bus load is approximotely

a

	 13K giving a 1 O output level.
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1.6.9 Storage Bistables. - The storage bistables (figure 28) functions as a storage device

for transient bilevel digital data. Random input data is in the form of 250 msec

pulses switching from 0 to -5 volts. The bistables cre conventional saturating flip-

flops designed on the basis of minimum power dissipation. The large collector

resistance tends to slow transition time, but no critical timing problem exists with

a 250 msec set pulse and a two msec reset pulse. The output is taken off the RESET

side and with negative true logic this results in a one ma saturation current to the

digital multiplexer for logic "0" at a voltage level of 0 to 0.3 volt. Binary "1"

resulting from SET data is approximately -5 volts. The two msec RESET pulse is

obtained from the programmer through an inverting driver.

1.7.0 Identification Format Buffers. - The buffers (figure 29) provide frame identification

kits of Word two of the output format. These buffers are used to transform the pro--

grammer 16:1 count outputs to logi,: levels compatible to the digital multiplexer

gate. The configuration selected has the features of minimum power consumption

and loading of the counter stages. The input NPN stage operates cla ys A in the off

modes while the output PNP stage is in the saturated off modes. High input imped-

once is achieved with the 56K emitter resistors resulting in an input impedance of

(kFE) (56K). The 270K collector resistors provide leakage current paths as well

as decreasing the fall time. The output logic levels from the buffers are OV - 0.3V

(binary 0) and 19 ±1V (binary 1).
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I .7. 1 Digital Multiplexer Power Strobe. - The digital multiplexer power strobe (figure 30)

functions as a delayed pulse to the matrix gates controlling the digital multiplexer.

The delay of approximately 300 us prevents storing data in the output shift register

while other data is being shifted and transferred. The strobe to the matrix gate

resistors decreases the power consumption while reducing the number of diodes in

the matrix. The circuitry consists of a 500 cps buffer, c four input AND gate-in-

verter, a 300 us delay half shot, a 200 us strobe half shot and a strobe buffer. TFe

AND gate-inverter and buffer provide a one msec trigger pulse to the half shot

during bit four of the programmer word. The inverter also provides a 500 cps

square wave signal to the counter string. The 300 us delay half shot C1 , R7, R8,

Q2, and CR8 allows the strobe to always occur after the shift and transfer pulses.

The delay provides a 150 usec safety factor between the trailing edge of the transfer

pulse and the beginning of the strobe pulse. fhe pulse width is determined by the

R 7C 1 time constant and is not particularly cirtical other than L : ng greater than

the shift and transfer pulse widths. Diode CR8 prevents current from flowing in

the reverse direction should the base-emitter function of Q3 break down. The 200

us strobe half shot C2, R9, R10, 04, and CR9 is identical to the delay half shot

except aifferent component values are used to obtain the reduced pulse width.

The strobe buffer 05, Q6, R11, R12, R14, is a two stage non-inverting driver

with both transistors normall y, off. When the half shot output goes positive both

transistors saturate. The output is then clamped to power supply common through
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r	 06. The output is common to all the motriK gate resistors supplying current to the

digital multiplexer. Selection of 200 us for the strobe width was based on F, ovir;.ig

sufficient time to charge the stray capacitance in the programmer and gate dr vers,

and to allow adequate time to set the shift register cores. The strobe buffer, being

essentially a power driver, was designed using the complementary scheme to con-

serve power by keeping both stages off during the non-strobe time. Since the duty

cycle is 1.25% this approach effects a considerable power savings.

1.7.2 Coder Control. - The coder control circuit (figure 31) provides the inhibi t ed code

command to the encoder power supply. By preventing power from being applied to

the encoder, digital words can be inserted into the format in place of the inhibited

analog words. The circuit used to prevent activating the pulse power supply con-

sists of a bistable, AND gate, and inverter. The pulsed supply is triggered by ',He

negative transition of the word rate signal. The method of inhibiting was,tl,erefore,

designed to prevent any unwanted negative transitions from reaching the power

supply. By setting the flip-flop during the negative half cycle of the (-) word

rate input, the AND gate command is clamped to the digital multiplexer bias

thereby keeping the inverter transistor off. If the flip-flop is in the reset state,

the bistable input to the AND gate is positive and the transition from the negative

half cycle to the positive half cycle of word rate causes the inverter tronsis*or to

saturate and activate the pulsed power supply. The bistable and inverter are

referenced to the digital multiplexer bias since C,ey are commanded from the

matrix and the (-) word rate buffer. The bistable is direct coupled to accept the

C
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two msec set and reset pulses directly from diode rrotrix gates. The inverter outpct

is clamped on the up level by the resistive voltage divider R6 and R8 in order to

maintain the some trigger amplitude used in the present system.

1.7.3 Bias Amplifier. - The bias amplifier (A19, figure 32), provides a reference bias

voltage to the seven core drivers and a second bias level to the digital multiplexer

gates and other circuits.

1.7.3. 1 The reference bias voltage is used its the core drivers to allow detection

between bit, ry "1" and "0" of the digital data. The reference level is

adjusted such that a binary "0" will never turn on the PNP input stage due

to the emitter always being at a more negative potential in respect to the

.`0" input level at the base. A binar, • 1 will always turn on the PNP

stage because the reference level is more thar the "1" levei to the base.

The second bias level designated the digital multiplexer bias provides a

positive voltage in reference to the -24V filtered line. The positive

voltage is necessary when us ng diode - resistor logic to allow turn off

of the transistors driven from the matrix gates. In the present programmer

scher,te a maximum of three diodes energy gaps plus V CF SAT of the counter

transistor must be compensated to permit logic operation.

1 .7.3.2 The configuration selected to obtain the two bias'levels has seveial

unique features. It i- basically two emitter followers and a constant

current source. The current source consists of 02, 03, R5, and CR1 .

The constant current is pulled through resistor R1 to provide the reference
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bias voltage which is buffered by the emitter follower Q1. The same cur-

rent also flows through R13 to develop the digital multiplexer bias voltage

which is likewise buffeted by the emitter follower Q3. The circuit can be

easily adjusted for different levels by changing the resistor values of R1, R5,

and R.Q. In addition to providing two udjustable levels with a minimum of

components the circuit has occeptable temperature and load stability with-

out the use of zener diodes or differential feedback amplifiers. The refer-

ence bias voltage is described by the equation:

E = -V	 - R	 ( VBE3 + Vr kI	 VBE2 )
BE]	 1	 R5

_ R1
E - -V BE]	 R5 (V CRI )

This voltage ( E ) has a positive temperature coefficient of:

(RI (R5)1) (1 .8) my/. C

and a dynamic output impedance of:

E_	 R1

( o	 hFEI

{
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^y.
The digital multiplexer bias voltage is described by the equation:

E' _ -24.5V (Fil.) + R13	
V BE3 + VCR1 -V BE2	 + VBE3

R5

	

E'er-22 + R1?	
(V	 ) + V	R5	 CR1	 BE3

The voltage (E') has a negative temperature coefficient of approximately:

R( 13 + 1)	 (1 .8) my/° C)

(R5)

and a dynamic output impedance of:

E	 R13

Ig o 	 hFE3

The above equations are opproxim: LI*or.s -ince the follawing assumptions

were applied:

V BE1	 BE3

VBE1 = VBE3	 (temperature and load)

Ic>> IB1

Ic---->IB3

where I C - constant current

I B1 = base current of 01

I B3 = base current of 03

hFE'>1
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f	 1.7.4 Core Drivers The seven core drivers (figure 32) replace the present modJes C20
L	 T-

and C17 for driving the sync windings of the output shift register. The sync windings

can •hen be used to 'nsert all the digital data into the output format. The core

drivels are similar to the previous dirvers except for the PNP input stage required

by the log i c levels. As explained in the bias amplifier section, the core driver

detects the logic differences by biasing the emitter of the input such that a 110"

never turns on the ?NP transistor and a "1" always turns on the transistor. A two

stage configuration was chosen for the driver primarily because of the high leakage

Currents of the 2N722 and proven results with the previous drivers. The leakage

of the 2N722 was felt to be high enough to possibly set the core using o one stage

arrangement with the core winding as a collector load instead of the second stage.

Another factor is the noise that would be put on the reference bias line since two

ma set current is used. By using the two stage scheme the set current is supplied

by the output NPN and does not affect the bias. The previous Nimbus drivers also

used this arrangement (NPN core drivers) thereby allowing a minimum change to

the package with this modification. In the quiescent mode both transistors are off

with the base of the input stage back biased to OV for noise immunity. When a

"1" is read into the driver from the digital multiplexer go:e, the PNP input saturates

supplying base current to the NPN output. The output stage also saturates drawing

approximately two ma 'hrough the 12K collector resistor and the shift register

wind ng. The winding is tied to power supply common to complete the collector

circuit loop.
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I .7.5 Programmer Counters. The three stage 8:1 counter (figure 33) and the t en stage

multiplexer synchronizer (figure 34) provide the basic timing signals to the program-

mer matrix and to the analog multiplexer for generating the desired PCM format.

1.7.5. 1 The design of the counter stages consisted of modifying the existing stages

by changing the components and by adding circuits to provide reset. In

the original configuration the counter stages were not identical. To insure

more uniform characteristics it was decided to make the new counter string

from one basic bistable design. Since the counter outputs now feed diode

matrix gates, it is important that transition tames and delays of the stages

be consistent, otherwise the possibility of generating noise spikes in the

gates is increased. The addition of the reset inputs to the first six stage,

in figure 34 is to provide the 62.5 word format. Since the 8=1 counter

already had reset inputs it was only necessary to change the value of the

input resistor from 220K to 100K. The lost four stages of the multiplexer

synchronizer are not reset since they only serve to count the 16 frames

of the output format.

1. 7.5.2 The modifications made to the existing Nimbus PCM Synchronizer Counter

design were the changing of all transistors to ^AD 100667, all collector

and base cross-over resistors to 82K, all steering resistors to 560K, all

diodes to RAID 100613, and all trigger capacitors to 390 pf. The config-

uration was also modified by eliminating the 220K base-emitter resistors
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s ; nce the ICBO leakage of the RAD 100667 units is sufficiently small. The

speed up capacitors in the 8:1 counter were removed as unnecessary to the

ooeration of the circ,)its in view of the faster transistors. In some stages, a

resi;tor was in series with the feed forward lead. This resistor was removed

and all stages were coupled through diode isolation circuits. The tw; rea-

sons for coupling forward by this method was to allow dropping the vo' age

swing on the trigger capacitor from 11 V to 4V and to isolate the collectors

from the capacitive load of the trigger circuits. The four volts swing will

not breakdown the base-emitter junctions, thereby increasing the relia-

bility o` the circuit.

1.7.6 Additional Multicoder Modification Requirements for Digital Inputs Compatibility.

A number of other modifications on the multicoder itself were required for compat-

ibility with . the digital inputs. These are listed below and described in succeeding

paragraphs:

a. Matrix drivers.

b. Shift register.

c. Sync word generation.

d. Unit A programmer.

e. Word rate counter.

1 .7.6.1 The matrix ,rivers were modified to make the analog multiplexer matrix

row drives compatible with the 62.5 word s 'ubframe. Row 16 drivers in

both the A and B matrices are in the SET condition at the time the
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synchronizer counts are reset by the one cps subframe reset pulse. The

result of this is that row 16 is read out at the some time as row one of the

next subframe. Since row 16 of these matrices is not used in the 62.5

word subframe, the condition was corrected by terminating fH!e "D" and

"E" register shift pulses at the end of row 15. The following procedure

was used:

a. A connecting ribbon was welded from pin 7 or T2 to pin 8 of T2 on the

M36 module (D501249) used in the "D" register.

b. A connecting ribbon was welded from pin 7 of T2 to pin 8 of T2 on the

M16 module (D50144) used in the "E" register.

1.7.6.2 The shift register was modified toprovide a means of inserting the data

from the digital multiplexer core drivers into the output shift register of

the present A to D converter. In order to accomplish this, the present

subframe gate modules C17 and C20 we-e removed from card 5B and the

shift register core windings previously used for subframe identif:ccation

were used for setting the digital data into the register. The printed cir -

cuitry on card 5B was changed to connect C26-26 to ^2, C'5 -7 and 20

to power supply common. Except for the connections listed below, all

other connections remain unchanged. Printed circui ry for modules Cl'7

and C20 is no longer required.
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NOTE

No. 1, C25 is the C25 which
formerly had pin 31 connected
to C17-11.

Shift Register
	

Core Drivers

,;I, C25-31 ................ ...... .. 	 1 wit output

# 1 , C25-18 ........................ 	 2 bit outpL-t

a l , C25-5	 ........................	 4 bit -utput

# 2, C;25-31 .. . 	 ....................	 8 bit output

N 2, C25-18 ........................ 16 bit output

# 2	 C2:;-5 ........................ 32 bit output

C26-24 ........................ 64 bit output

1 .7.6.3 The sync word generation circuit was madif ; ed to provide a means of in•-

serting a logic "1" bit into the 128 bit core of the output shift register

during multiplexer time slot 2 for purposes of generating the Nimbjs B

frame sync word. This is accomplished kq replacing Module M8 in the

"C" register w;tk an M31 module and connecting the coder command

output from M31-4 to the c oiler c ommand output fr om M31-4 in We " B"

register. This will insert a "1" bit for tl-,e fi;;t two wads of each sub

frame. The procedure follows:

109



110

a. Remove module M8 on curd 9A and replace it with an M31 module.

(Pin layout is the some for both modules.'

b. Remove the wir,-.^ jn the internal harness fror; P2Y - 17 to P'19Y -31 and

inFtall a wire trom P2Y-17 to P19Y-28.

1.7.6.4 Unit A programmer is modified to provide synchronizer counts to the digital

multiplexer section from the counters presently used in the analog synchro-

nizer and to provide a reset line to th, counters in order to synchronise

the counts to the one cps rate of the master clock. The count oi.tputs from

the synchronizer to the analog multiplexer w;ll remain the some, i.e ,

both sides of the 2,4,64,512, and 1024 count,. In addition to these counts,

the digital multiplexer will require both sides of the 8, 16, 32, 128, - )nd

256 counts. A new printed circuit layout of card lOB is required to pro-

vide the following connections in addition to the present conr.ections.

a. A common reset line from t y re internal connector (either P35G or P36G)

to modules M23, M2d , M25, and M26. This line will also be routed to

the 8:1 counter or coder card 5B.

b. Six additional leads at a required from P35G or P36G to M24 in order

to bring out both sides of the 3, 16, and 32 counts.

c. Modules M23, M24, M25, and M26 will require new a-,semhly

drawings in accordance with new schema ► --:7 drawings.

1 .7.6.5 The word rate counter circuit is modified to bring out both sides of all co,;nts

in the 3:1 counte. in the Unit A coder for use by the digital multiplexer to



provide a method for inse-,ing an inverter stage between the bit rate ampli-

fier module and the 8:1 counter, and to provide a coder control line from

the digital programmer to tl^e coder turn-on line. The procedure follows:

a. Relay out modules C1 and C2 on card 5B to provide outputs from all

counts per schernatic diagram.

b. Relay out card 5B to bring out ali counts from 8:1 counter to the in-

ternal harness on P19Y or P20Y. Relay out card 5B to provide connection

from internal harness to junction of C21-8 and C22-7. This is output 'o

bit rate inverter.

c. Relay out card 5B to bring out C1-4 to internal harness. Connection

from C21-7 to C1-4 is to be eliminated. This is to provide inverted bit

rate to the 8:1 counter.

d. Remove wire on internal harness between P20Y-4 and P24Y-35. Word

rate from coder control circuit in digital multiplexer will be connected to

P24 Y-35 .

1.7 TELEMETRY ELECTRONICS. - The TIME is modified to provide a reset inhibit voltage

to the multicoder unit in the event of a Master Clock failure. Under normal operating

conditions, the multicoder programmer will be reset by a pulse developed from the time

code frame sync word. For emergency operation, the Standby Clock will be activated

to provide the 500 cps bit rate and an inhibit voltage to the time code reset gate. Tl;e

synchronizer will then be reset by the 62.5 word count from the synchronizer counters.



a. Add a jumper on the THE internai harne« from P2-6 to P4-2.

b. Connect a wire on the external harness from P3-36 to multicoder reset inhibit input.

1.8 BREADBOARD FOR INPUT TEST EQUIPMENT. - The Time Code and Digital Simulctor

has two principal purposes; first, to provide signals to simulate the pulse width mod-

ulated time code signal and the 100 cps square wave from the Nimbus Spacecraft

Clock, and second, to provide simulated transducer inputs to the digital bi-level

channels and the digital transient data storage channels.,

1.8.1 Operation and Interface. - (See Fi-tures 35, 36, 37, and 38) Logic fL-nc }ions

to provide proper timing of the simulated clock signals are provider' by standard

logic cards of the some type that are used in the PCM Test Set, RAD 600436.

Drawings and circuit descriptions or thebe cards can be found in Section 5 of

the Radiation Incorporated Nimbus PGM Test Set Instruction Manual.

1.8. 1.1 Card 0 1 , 0 2, and 03 are standard logic bistable cards, RAD 1290-26.

They provide the synchronizing counts for gating out the Time Code

train. Card 0 1 is connected as a 10:1 counter and counts down the

lkc from the PCM Test Set to 100 cps. Outputs of this counter :ire

used to provide synchronization of the 100 cps square wave YA1

output and the 2 millisecond "0" bit of the Time Code which occur

at the 100 cps rate. Card N 2 is a 10:1 counter which c.oints the 100

cps down to the 10 cps Time Code word rate. Cutputs from this

card are used to gote the Time Code data bits into the Time Code

output stage. These bits, which occur as the first, second, third,

c-
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0

0

1 2 3 4 5 6

//Few,

Time Code Switchel BI-Level Switch; "S)"*^Output Connector A

Card RAT Number FUNCTION
1 1297-26 Bistable Multivibrator
2 1297-26 Bistable Multivibrator

3 1297-26 Bistable Multivibrator

4 1297-46 Four-Input NOR
5 1297-46 Four-Input NOR
6 1297-30 Two-Input NOR

7 1297-26 Bistable Multivibrator

8 ------- Time Code Bit Switch Card
Monostable Multivibrator9 1297-25

10 1297-30 Two -Input NOR

Four-Input NOR11 1297-46

12 ------- Bi-Level Simulator Switch Card

13

14 ------- Output Amp l if ier Card

Figure 35. Time Code and Digital Simulator Chassis and Card Assembly

Cr/	
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and fourth bit of each word, except the frame sync word, can be selected

by means of four toggle switches on card 0 3 to provide either a 2 milli-

second "0" bit or a 6 millisecond "i " bit. The tenth bit of each word is

always gated as a "I" bit ,except for the word following the frame sync

word.

1 .8.1 .2 Card 0 3 is a 10:1 counter which counts the 10 cps down to the 1 cps

frame rate. The outputs of this counter together with the word rate counter

provide the timing to gate out the frame sync word which consists of "1 "

bits in the fifth through ninth bit positions of the frame sync word. A 6

millisecond word sync bit is provided prior to the occurrence of each time

code data word following frame sync. A 2 millisecond word sync bit occurs

prior to time code data word one.

1 .8.1 .3 The selected "1 " bit gating pulses are used to dri,.e a monostable which

provides the necessary 6 millisecond "1 " bit pulse width. The outputs of

the "0" bit generator, card 6-4, and the "1 " bit generator, card 9-2;

are then fed into a NOR gate. The output of the NOR gate, 6-8, is

then a continuous train of 2 millisecond "0" bit pulses at 10 millisecond

intervals except during those times when the 6 milliseconds "1 " bit pulses

are gated in to override the "0" bits.

1 .8. 1 .4 The 100 cps YBl is phase shifted 90 0 with respect to YAl by means of

timing counts from the Radiation PCM Test Set. The 100 cps YB1 output

amplifier is a single stage amplifier with a complementary emitter follower
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output built on card 0 14. This circuit amplifies the 100 cps YB1 signal

`•	 to provide a positive level of 0 volts and a negative level of -23V.

1 .8.1 .5 The time code output amplifier provides a no load output of -5 volts durinq

bit time and 0 volts for the no bit level . The bit level is reduced to -0.8

volt veith a 600 ohm load.

1 .8.1 .6 The reset button on card 0 14 provides a reset voltage to the counter stages

in the test equipment and the counters in the PCM Test Sel to insure that

the 500 cps bit rate from the PCM Test Set is in phase with the test equip-

ment out puts .

1 .8.1 .7 The digital transducer outputs to the PCM are simuloted by means of 7 dpdt

toggle switches. The bilevel switch contacts are tied back to -5 volts in

the up position through one K ohms to simulate a "1 " bit and tied back

to -1 volt in the down position through 1 .2K ohms to simulate a "0" bit.

1 .8.1 .8 The transient data transducers are si.nulated by the other pole on the some

switches whick provide the bilevel inputs. In the UP position, this pole

is tied back to the output of a 250 millisecond monostable which is

activated once per second. During the ON time of the 250 millisecond

monostable, a -5 volt level through a 1 .OK resistor is provided througi,

the switch to the PCM transient data storage circuits. In the DOWN

position, the switch is tied to -1 volt through the 1 .OK resistor. The

top switch on both the time code and digital simulator cords corresponds

to the least significant bit of the data word. In checking the PCM unit,

C)'*-
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the four time code switches should not be placed in the "I " po%llion (jI

the same time as this result! in an erroneous data word which corresponds

to the time code frame sync word of five "1 " bits.

1.9 ACCEPTANCE TEST EQUIPMENT.- The multi-coder modifications result in additional

modification requirements in the Acceptance Test Equipment without changing its cornpoti-

bility in respect to the existing Nimbus "A" multi-coder. Briefly, these requirements are:

a. The addition of logic to provide a simulated Master Clock output to the multi-Ender of

the timr: code train signal ;MO) and the phase B 100 cps signal (YBi ).

b. The addition of signals to sin.-rate the digital hilevel and digital transient data inputs

to the multi-coder.

c. The addition if logic to recognize the new 16-bi o- sync word pattern.

d. The addition of logic to inhibit voltage comparison on 6e readout of the time code

word 63 which is now part of the sync word.

e. Simultaneous display and error detection of the six time code words.

1.9.1 Simulated Mas ter Clock Logic. -The simulated plaster Clock i,,,*-c is shown in

figure 39. Cards A1, A2, A3 and A4 are standard logic bistable counter cards

and are used to provide the synchronizing counts for gating out the t i me code word

train. Card Al is connected as a 10:1 counter crrd counts down the I kc from the

PCM Test to 100 cps. Outputs of this counter are used to gate the time code data

bits into the time code words. These data bits which occur as the first, second,

third, and fourth bit of each word, except the frame sync word can be selected

by means of four toggle switches, which will be located on the test set digital

C-)
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control panel, to provide either a 2 millisecond "0" bit or a 6 millisecond "1 "

bit. The tenth bit of each word is always gated as a "1 " bit except for the frame

sync word. Card A3 is a 10:1 counter which counts the 100 cps down to the cps

time .:ode frame rate. The outputs of this counter provide the timing to gate out

the frame sync word, which consists of a "1 " bit in the fifth through ninth bit

positions of the frame sync word. The selected 1 " bit gating pulses are used to

drive a monostable that provides the necessary 6-millisecond "1" bit pulse width.

The outputs of the "0" bit and "1 " bit generators, cards A6-3 and A5-5 respec-

tively, are then fed to a NOR gate. The output of the NOR gate, A7-3 is a

continuous train of two millisecond intervals except during those times that a six

millisecond "I" bit pulse is gated in, to override the "0" bit. The output of this

Time Code train is fed to an amplifier driver on card A15. This amplifier simulates

the output impedance characteristics of the Master Clock Time Code output circuit

and provides a no load output level of -5 volts during bit time and 0 volts for the

no bit level . The 100 cps 0 2 (YB-1) is phase shifted 90o with respect to 0 1 by

means of timing counts from the test set counters. The 100 cps amplifiers are

single-stage amplifiers with a complimentary emitter follower output. This circuit

provides a positive signal level of 0 volts and a negative level of -23 volts.

Signal coherency of the simulated clock outputs is shown in figure 37. The Time

Code data word (figure 39) would appear in the Time Code word train in all slots.

In order to provide a different word for each of the Time Code data slots readout

in the Multi-coder, it is necessary to provide additional logic (figure 40). The

^l
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i	 _	 1

timing pulses for the first four bits in each word are gated into six sets of ^witche%.

Each set consists of four switches c3'respondin%to the four data bits. When a

switch is closed, the data bit will be OR gated with the other data bits in the set.

This output is then AND gated with one of the six Time Code word slots. The six

word slots and their selected data bits are then OR gated into the Time Code word

train through gate A6-N8 as shown in figure 39.

1.9.1 .1 The 16-bit sync word recognition I99ic is shown in figure 41 . Cards A9,

A10, Al 1, Al2 are connected as a 16-bit shift register. The steering

inputs of the shift register are the NRZ and inverted NRZ code r̀ rom the

PCM multicoder. The NRZ code is shifted into the register at the 500

cps bit rate which is coherent with the 500 cps us.;d to generate the NRZ

code. When the unique sync pattern is shifted into the register, an output

sync pulse is generated by virtue of the NOR gating arrangement connected

to the appropriate output sides of the register stages. When the SYNC

WORD SELECT switch on the digital control panel is in the 16-bit position,

this pulse is used in place of the 8-bit s ync pulse to reset the test set logic

to the start of the frame. The word rate counter in the test set is now

reset to the one-half word position because sync recognition now occurs

at the half word point of Word 2 instead of at the end of Word 1 utilized

in the Nimbus "A" 8-bit sync recognition pattern.

C
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1 .9.1 .2 The logic diagram of the word inhibit circuitry is shown in (figure 42).

w The Counts from the test set time slot and subframe counter cards 1Al2

1A17, 1A18 are used to drive a NOR gate arrangement which selects

the six Time Code time slots in subframe one and time slot 63 in all sub-

frames. During these time p lot periods, a voltage level is produced at the

output of card A13-8 which can be used to inhibit the test set voltage

comparison circuit. In the 16-bit position of the SYNC WORD SELECT

switch, this inhibit voltage is OR gated with the normal inhibit voltages

from 1 A4S2.

1 .9.1 .3 The digital control panel interconneztion diagram is shown in (figure 43).

The SYNC WORD SELECT switch controls the selection of the 8-bit or

16-bit subframe sync word and in the 16-bit position also connects in the

Time Code word inhibit circuitry. The SYNC WORD SELECT switch will

be placed in the 16-bit position only for checkout of the input A of

Nimbus "B". The TIME CODE SIMULATOR switches provide the means of

selecting the data bits to be inserted into the Time Code word train. It

should be remembered that all four bits should not be placed in the "1 "

position at the some time as this is not a true Time Code word and results

in the generation of false sync words. The DIGITAL SIMULATOR switches

provide the means of selecting the signal level to the input of the digital

channels. The switches correspond to the bit weight position of the channels

in the digital word. One pole of each switch is used for the bilevel channels
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and the other pole is used for the transient data storage channels. In the

D"0" level of the switch position, the voltage level output is a worst case

condition of -1 volt. In the "1 " level of the switch position, the voltage

level output is a worst case condition of -5 volts. The output of these

switches is connected to the appropriate Muiticoder digital channel through

a 1 K resistor and the normally closed contacts of a test jack on the test

set patch panel.

1 .9.1.4 The logic for simultaneously displaying and detecting errors in the six Time

Code words is shown in (figure 44). The first four bits of the test set voltage

code storage bistables are connected to six sets of AND gates with each

set consisting of four gates corresponding to the four voltage code bits.

Each of the six sets is gated with one of the Time Code words. When a

particular Time Code word slot occurs it gates the four data bits, which

are in the voltage code storage, into a Time Code storage bistable. The

Time Code storage 6°-table will then light an indicator lamp if it is

storing a "1 ". All six Time Code words will be read into storage during

subfram 1 . At the start of subfram 2, the particular side of the storage

bistables, as selected by the twenty-four toggle switches, will be

interrogated. These switches will be in the some configuration as the

switches which generate the simulated Time Code word train. If the

readout of the Time Code words does not match the simulated word train

selection, then an error signal is generated which will be used to drive

r	
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7

a magnetic relay type counter. During subframe 16,the storage and ieadout

Cr 	
will be reset and ready to read in the next six Time Code words which

will occur in subframe one.

1 .9.2 Additional Power Requirements. - Because the addition of the forty-seven logic

cards, the two negative five volt supplies in the PCM test set are no longer adequate.

These supplies are KEPCO Mod SC- 18-2M. The recommended replacement is

KEPCO Mod CK8-5M which has the some external dimensions as the SC 18-2M.

A mounting panel KEPCO Mod RM 4 will be required for mounting the new supplie,

1.9.3 Hardware Requirements. -

1 .9.3.1 The logic additions to the test set will require 47 logic cards and two card

chassis. The card chassis will be mounted in the available space above

the two chassis now installed in the test set. The card breakdown is listed

below:

Quantity	 Type	 Assembly Drawing

1 each	 Power Driver	 D1297-44

4 each Shift Register D1297-[7

10 each Bistable Multivibrator D1297-26

12 each Four Input NOR D1297-31

13 each Two Input NOR D1297-48

2 each Emitter Follower D1297-28

1 each Monostable Multivibrator D1297-25

1 each Special Amplifier To be Drawn
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Quantity	 Type	 Assembly Drawing

'	 1 each	 Logic Card Chassis	 D600462

	

2 each	 Offset Network	 To be Drawn

1.9.3.2 The digital control panel will consist of an aluminum plate on which will

be mounted the DIGITAL SIMULATOR switches, the TIME CODE switches

and the SYNC WORD SELECT switch. The present test set patch panel

will have 2.75 inches removed from its bottom edge and the digital control

panel will be mounted in this space. The test jacks for the "B" unit multi-

plexer will be moved up on the patch panel to the unused "B" matrix test

jacks. The required hardware for this panel is listed below:

	

Quantity	 Description

7 each ............ Switch, D.P.D.T. miniature toggle

48 each ............ Swit,-ti, S.P.D.T. miniature toggle

1 each ............ Switch, 4-P.D.T. toggle

1 each ............ Diode 1 N192

1 each ............	 Resistor, 1 .8 K, 1/4 w

1 each ............ Aluminum Panel 19 x 2.75 x 0. 125

1 .9.4 Harness Requirements.-A new harness is required to connect the test set digital

outputs into the PCM Multicoder. The harness will require three Bendix type

PT 06CE-22-55P(SR) connectors and approximately one thousnad feet of 024

stranded wire.r

.l	
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1.9.5 System Test Set Modification Requirement.- The 62.5 word subframe and 16 bit

C'
	

sync word require addition logic (Figure 45) in the System Test Set in order to

provide compatible simulated PCM output. Word 62.5, Word 1, and Word 2 are

gated from the subframe counter bistab!es in the test set and are A,-ID gated with

the appropriate word bits from the word count bistables to generate the sync word

0 1 1 1 1 1 0 1 1 1 0 1 0. This RZ sync word is then gated to the NRZ output

bistable 3A7A4-4 from the "0" gate B6-N8 and the "1 " gate B6-N9. Bistable

WMA-3, which has been set at the start of Word 62.5 by gate B6-N2 output,

inhibits data word output to the NRZ bistable during sync word time. Positive

transition of gate B6--N 1 at the end of Word 2 is used to reset ;the inhibit bistable

and enable the data word output. Negative transition from gate B5-N8 at the end

of Word 62.5 is used to reset the subframe counters. The additional logic requires

four each 4 NOR logic and two each 2 NOR logic cards which can be accommo-

dated in the present logic card rack.

1 .10 RELIABILITY.-The reliability effort consisted of a study to determine recurring problem

areas prevalent in the previous Nimbus PCM Telemetry System (Ref 14, Section 4) and

to assess the reliability of the modified system. The reliability estimates reflect the

latest data on component failure rates (Ref 14, Section 4).

1 .10.1 Numerical Assessment of Subsystem Reliability. -A detailed evaluation of the

reliability of the PCM Study Subsystem modh ications using discrete components,

has been made, resulting in a probability of successful operation (Ps ) for a six

months life and allowing no loss of data of 0.7946. Assuming a minimum failure
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rate improvement of 2:1 using integrated circuits for the digital multiplexer

gates increases the P s to 0.8394.

1 .10.2 Reliability Mathematics.- The underlying distribution to describe the failure

pattern of any piece, part, circuit or subassembly is assured to be exponential

when used in a single mode, nonredundant application.

Probability of success:

P. = e JL i t
i

Where:	 Pi = probability of success of circuit

A i = failure rate of c;rcuit

t = time of mission

The reliability model for failure-free operation is simply the product of the zero-

failure probabilities of all blocks.

H
Ps = U Pi

i = A

P A 
P 

B P C ' .. PH

Where	
P. -	 ti

1 .10.3 Failure Rate Considerations. -The failure rates for semi-conductors (ref 13,

Secticn 4) are considered somewhat pessimistic in view of the fact that the

high-temperature operating burn-in which all semi-conductors on the Nimbus

Program are being subjected will improve their inherent reliability, but no
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means of measuring this improvement is readily available. Because of this, the

fsemiconductor failure rates do not reflect any improvement in reliability gain

with the bake program.

1 .10.4 Analysis Work Sheets .-Appendix IV contains the Reliability Calculation Form

work sheets. These work sheets give the results of stress analyses performed on

all circuits in the system, and the assigned failure rate for the calculated stress

level.

1 .10.5 Reliability Block Diagram .-(See Figure 46.) The block diagram gives the appor-

tionment of the overall subsystem reliability for each functional circuit block and

is currently applicable for the PCM study modifications.

1 .10.6 Failure Effects Analysis .-The following paragraphs present a failure effects

analysis of the Nimbus Study System modifications. This analysis was made

utilizing the logic and timing diagrams presently available. The failure effects

analysis considers failures at the circuit level, and in some cases, higher levels

of assembly as in the case of the programmer counters. Each circuit or block is

assumed to fail in turn, with the consequences of the failure on the mission

capability then determined. For analysis, the study system circuits and assem-

blies have been grouped as fol lowi-

a . Programmer Counters

b. 1 CPS Reset Circuit

c. Bias Ampl if ter

d. 1. D. Burisrs
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INI,r...umm—

e. Programmer Command Matrix

f. Coder Control

g. Digital Multiplexer

h. Time Code Storage

1 .10.6.1 The first stage of the counter string accepts an inverted 500 cps

trigger originating from the Nimbus clock. The first three stages

perform an 8:1 count for bit rate, the next six stages comprise a

62.5:1 counter (with reset) for word count, and the last four stages

comprise a 16:1 counter for subframe count. A failure in any stage

of the 8:1 or 62.5:1 counters will cause the loss of enabling commands

for the placement of all digital data into the output format. Also,

a counter failure would result in the loss of all analog data. For the

16:1 counter, three failure modes have been considered. Any of the

three failure modes wo,,Id introduce error in the frame identification

word .

a. A subframe 1 "lock-up" failure would affect Words 4, 12, 19, 23,

31, and 36 of 62.5 of F2-16 of the digital data, and III sub-

commutated analog data. The six word Time Code would appear

in all frames (F1-16), Words 4, 12, 19, 23, 31, and 36 of 62.5

The total data loss would include all subcommutated analog data

r	 (coder being continuously inhibited and no commonJs to the analogr

matrices), the three subcommutated digital words, rnd the
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subcor► mutated digital storage word (the loss of the reset pulse

for the storage flip-flops during W 31/62.5 F2 would be of

small importance since the word strobe, W 23/62.5 F2, would

not occur).

b. Subframe 2, "lock-up" failure would affect words 4, 12, 19, 23,

31, and 36 of 62.5, F1, F3-16, of the digital data, and all

subcommutated analog data. The total loss would include all sub-

commutated analog data (coder is inhibited and the six time code

digital words. In F1, four of the six time code words would be

replaced by the three subcommutated digital words and the sub-

commutated storage word. The other two word slots, W 31,
62.5

F1, reserved for two subcommutated analog words, would be

vacant (loss of commands and coder inhibit).

c. A subframe 3 - 16 0 "lock-up" malfunction will cause the loss o{

all digital data in words 4, 12, 19, 23, 31, and 36 of 62.5, F1,

2, and all analog subcommutated data.

1 .10.6.2 There are two 1 CPS detect circuits used to reset the six stage counter

to provide a 62.5:1 count. They are 62.5 word detector and 1 CPS

detector. The 62.5 word detector is an AND gate. It detects word

63 (A, B, C, D, E, F), bit five (1 2,3), and is gated with the 500 cps

input from the clock to provide a reset pulse at the beginning of bit 5,

woad 63. Thi pulse drives a monostable multivibrotor which gives a

C^
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500 ps reset pulse. A failure in this circuit could affect the count.

An open diode could cause a false reset and a shorted diode wpuld

load the counter. The 1 CPS detector is a five stage storage register

which detects the five "ones" that occur in the time code each second

and provides a: 1 CPS pulse. This pulse is OR'ed with the 62.5:1

word detector pulse to provide synchronization of the counter with

real time. A failure in this circuit could affect the count (Q6 shorted

C-E in the time code buffer) and the count will probably be asynch-

ronous with real time.

1 .10.6.3 This amplifier provides bias to the core drivers and digital multiplexer.

A failure will cause the loss of all digital data.

1 .10.6.4 This circuitry buffers the output of the four stages in the 16:1 counter.

This output is in the form of a from I.D. word (4 bits, W2162.5, Fl-

16). A failure +ould cause the loss of the frame identification word.

1.10.6.5 The most adverse failure mode would be that which would continuously

inhibit the coder, resulting in the loss of all analog data. The digital

failure modes are discussed below:

a. A9. A failure in this portion could cause the loss of all digital

data as a result of power strobe loss.

b. A5. A failure here could cause the loss of the three digital sync

word,, W 1,2,62.5	 F1-16.
62.5
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c. A6. A failure here could cause the loss of all prime digital data,

W 5,13,21,29,37,45,53,61 , F1-16.

62.5

d. A7. A failure here could cause the loss of the time code,

W 4,1 1 1 	 3Z 1	 Fl , the three subcommutated digital words,
62.5

W 4, 12
,19 F2, and the subcommutated digital storage word,

62.5

W23/62.5 F2.

e. A8. A failure here could have the some effect as in the A6 circuit

with an additional failure possibility in the coder inhibit OR gate.

A failure in this gate could cause either the coder to be inhibited

continuously or the result could be a no-inhibit condition causing

degradation of all digital data by analog superposition.

1 .10 6.6 A failure here could cause the loss of, or continuous presence of,

coder inhibit. In the former case, the result would be the loss of all

analog data. The latterwould result in the degradation of all digital

data caused by analog superposition.

1. 10.6.7 In the following analysis, a digital multiplexer gate is analyzed on a

piecepart level.

a. Driver Transistor. The most adverse failure mode would be a short

of the driver transistor. This would enable the digital gate

continuously. The effect would be that all data would be degraded
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by superposition on the 7 bit bus to the core drivers. An open

mode failure wou!d cause the loss of only one digital word.

b. Gate Resistors. An open or shorted resistor would cause the loss

of one bit in the digital word in question.

c. Input Diode. A shorted input diode would cause the degradation

of one bit in all data as a result of superposition on the common

bus. An open input diode would cause a continuous 'one" to be

read for one bit in the digital word in question.

d. Output Diode. An open output diode would came the loss of one

bit in the digital ward. A shorted diode would result in a loss of

isolation and degradation of the digital word in question.

1 .10.6.8 The time code storage consists of a 10:1 counter and a four stage shift

register. The 10:1 counter provides the shift pulses required to enter

each time code word into the register If r presentation to the digital

multiplexer. A failure in this counter would result in the loss of the

time code words. The four stage register stores the fjur bit time code

prior to sampling. After the code is read out through the digital

multiplexer, a new time code word is shifted in. A failure in the

storage register would result in the loss of the time code words.

1 .10.7 Parts Selection. -The additional components required for the Nimbus Study

Program were selected from similar qualified and acceptable units used in the

original system where possible and from those components already qualified to
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pertinent specification on other Telemetry Systems at Radiation. Every effort

has been made to use the minimum proacticable number each generic part type.

A review of the parts list for the original Nimbus PCM design was undertaken

to determine the revisions necessary for future systems using discrete components,

with the following results:

a. The 2N495 transistor, Radiation Specification 100354-1 (manufacturer Philco)

was I -sed extensively. Since Philco no longer produces transistors, it is

suggested that the 2N2187 (manufacturer Sprague) be cons tidered as a re-

placement.

b. The T2209 transistor, Radiation Specification 100330-1 (matched pair of

2N862 transistors manufactured by Philco) is used as a gating switch pair.

This transistor can be obtained from Sprague as a matched pair or a redesign

could be undertaken to use the 3N74 integrated ckopper in future systems,

which would increase reliability and improve performance.

1 .10.8 Failure History.-A program for recording Nimbus PCM module and system failures

was implemented in September 1961,  and was in operation Throughout the three

prototype and five flight systems. Corrective action performed on the flight

systems eliminated several problem areas that occurred during tests of the proto-

type systems. Every effort should be made to eliminate all of the recurring

problem areas on future Nimbus Systems. The following paragraphs describe the

major contributing factors that have caused system malfunctions along with the

corrective action that has been implemented.
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1 . 10.8.1 In respect to design, repeated timing malfunctions during high tem-

perature tests or the prototype systems were the result of leakage

current triggering the flip-flops in the Synchronizer Circuits. All

of the synchronizer stages of Unit A and Unit B were redesigned.

The nature of the redesign was to increase the operating current of

each stage, thereby obviating the effects of leakage. No further

problems resulted from this circuit during tests of the flight models.

A similar problem occurred during high temperature tests of the flight

systc..ns. Erroneous bits were generated in the Output Shift Register

ouused by the leakage current from one leg of the AND gate (2N1711

transistor) through the set windings. A design change was made to

lower the value of the base resistor and to increase the bias voltage.

Several tests were conducted to prove the reliability of the changed

circuit and all tests proved to be successful . However, since the

core winding is used as a collector load for the other side of the AND

gate (2N722 transistor), a further redesign has been undertaken

(figure 32) during this study program to preclude any possibility of

the 2N722 leakage current setting the core winding on futu.e systems.

1 .10.8.2 During vibration tests of the prototype systems, several instances of

module pin breakage occurred. I' was discovered that uneven pressure

was distributed across the module surfaces, when compressed in a

system configuration, creating tension on some of the module pins.
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The tension is increased with the additional stress of vibration causing

C. the pins to break. It was also discovered that in some instances the

module top or bottom planes were not parallel to the printed circuit

boards, on which it was mounted, due to variation in module height

or improper potting. As a result of the following corrective actions,

no further failures of this nature were encountered in the flight systems.

a. All modules were cemented to the printed circuit board.

b. Increased emphasis by inspection to ensure that all modules are

mounted flat to the board.

c. Greater control of the module potting process to ensure proper

curing time and temperature.

d. Eliminate crimping of pins when soldered to the board.

e. Eliminatc the use of weak component leads as module pins.

1 .10.8.3 Numerous-system malfunctions prior to Acceptance testing and several

during Acceptance testing were attributed to defective pulse trans-

formers. The primary problems have been squareness ratio degradation,

open windings and winding-to-core-to-winding shorts. The original

transformers used on the prototype systems were manufactured by

Radiation using Arnold cores. After several system malfunctions

caused by transformer core squareness ratio degradation, a thorough

investigation was made and the Radiation manufactured units were

replaced with units manufactured by Sprague using Dynacore cores.
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The transf,xmer squareness ration degradation mode of failure was

substantially reduced during tests of the flight systems. The cause

of the open winding was discovered to be the result of the terminal

wires not soldered internal to the Sprague transformer package. Items

of this nature should be controlled by inspection during manufacture

at the vendors facility. The specification control drawings for these

transformers include a polarity test of the windings to be performed on

all production units after each has been subjected to thermal shock

tests. This test should detect open winding defec,s that may occur

due to a fault in the inspection procedure. The most frequent mode

of a failure with the Sprague transformers was due to internal shorting.

In almost every instance, this was found to be caused by a short from

winding to winding through the stainless steel core bobbin. After

considerable investigation, including trips to the vendors facility, it

was concluded that the wire insulatioc• was degraded during winding

operations by the pitted bobbins and that the stainless steel bobbin

was not properly insulated. The specification control drawing was

revised to specify that the bobbin must be free of pits and burrs when

viewed at 100 magnification and it now specifies a double coat of

varnish on the core, followed by an insulation resistance test prior

to assembly. The vendor is also required to conduct a dielectric

strer)th test plus an insulation resistance test of the completed
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F	 transformer, following the non-destructive Thermal shock tests on

each of the production units. The specification control drawings

for the pulse transformers have been upgraded to ensure that the

above defects are controlled by the vendor. Tests were conducted

on a sample size of transformers manufactured by Sprague to the

revised specification. Twenty (20) units were vibrated to the levals

specified in MIL-T-21038B (General Specification for Low Power

Pulse Transformers dated 11 January 1962). No open or shorts were

detected after vibration. Nineteen (19) units were tested to des-

truction in order to measure the dielectric withstanding voltage. The

average dielectric strength of the improved transformers is over 609/o

higher than the previous design. This higher dielectric strength means

that the insulation life is extended and that the probability of winding

to winding shorts are greatly minimized.

1 . 10.8.4 Workmanship in welding operations is a contributing factor to module mal-

functions. This problem received considerable study and has been allevi-

ated by specifying weldable lead requirements in all part specification

control drawings, by checking the lead material on each component to

ensure proper weld and pressure settings for optimum weld strength,

and by implementing a more rigid weld inspection procedure. The

modules also receive individual vibration tests to further detect weak

welds prior to being placed in a system. Subsequent in-house projects
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have experienced very few weld problems since the institution of this

corcecti\,e action.

1 .11 MECHANICAL. - Resu:is of the investigation into repackaging the Airborne equipment to

include the modifications show that these modifications can be adequately incorporated

into the present system with relatively little disruption of the existing hardware. Part of

the small stack of cards, trays 10, 16, 17, and 18 must be relayed to accomodate the new

digitvt circuits. Additirnally, one card in the large stack, 5B, will require minor changes

to the printed circuitry t.) reflect the changes in the 8:1 counter and to permit sync and

digital data function into the output shift register. New card layouts are necessary only

where module changes have been made. Thus the size and quantity of printed circuit

cards remain unchanged. No problems are anticipated in fabrication and assembly.

1.11 .l Packaging Requirements. - The integrated circuits, supplied in flat packages,

are to be mounted to small cards (referred to as "carrier cards"). These carrier

cards are epoxy laminate cards with printed circuitry on each side. Their size

is approximately 1 .71 x .50 x .035 inches. The integrated circuit packages

are placed flat against the surface of these cards, and the leads are either

welded or soldered directly to the appropria te printed wiring. Each carrier card

accommodates two integrated circuit package. Interconnection lead wires are

attached, and the carrier cards are epoxy coated for protective purposes. The

next higher assembly is achieved by positioning four completed carrier cards into

a holding fixture so that the cards are all parallel and equally spaced with each

other. Sheets of mylar with welded module wiring patterns printed on them,

148



which have been prev;ously punched for location over the protrud ; ng leads, are

located in place. The interconnections between the leads are then made by

welding nickel ribbon to them as is done in the standard cordwood modules.

1.11 .2 Packaging Concept. - The packaging concept remains unchanged. Welded

cordwood modules similar to those currently in use will be fabricated. Both the

cordwood and integrated circuit welded modules will be foamed with urethane

rigid foam. No changes in system response to any of the induced environments

should occur. New module configuration: are illu , trated in figures 47 and 48.

Two new molds are required in order to foam the modules because of the new

module sizes, and one existing mold will require pin pattern modifications be-

cause of module relayout. Table 6 tabulates module utilization. The present

type and quantity or connectors will be maintained. In line with the present sys-

tem, two-sided circuitry with plated-through holes will be used. All affected

cards, eight per system, will require relayout which. in turn, necessitates eight

new masters. Repositioning will require four new drill templates (table 7). To

satisfy pin requirements, the printed circuitry will conform to the following

criteria:

0.	 Conductor Width ....... 	 . 0.020 inch

b.	 Land Width .... ...... .. 0.080 inch

C,	 Hole Size	 0.035 inch

d.	 Circuit Spacing	 .. . . . . 0.020 inch	 min.
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Table 6. Module Utilization Summary

New Module
Designation

Old Module
Replaced Module Contents

Qty. Per
System

Location
Troy Card

Pins Utilized
Per Module

D-1 C-17 Bias Amp & 3 1 5	 B 10
Core Drivers

D-2 C-20 4 Core Drivers 1 5	 B 11
D-3 C-1 Word Rate Counter 1 5	 B Present & 3
D-4 C-2 Word Rate Counter 1 5	 B Present & 2
D-5 M-23 8:1 Count Sync 1 10	 B 10

M-24
D-6 M-25 1/2-65:1 Count Sync 2 10	 B 11
D-7 M-26 16:1 Count Sync 1 10	 B 11
D-8 Dig. Mpxr Gates 4 18	 A&B 40
D-9 Trans. Data Storage 1 18	 B 11
D-10 Trans. Data Storage 1 18	 B 10
D-11 Programmer 1 17	 A/B 18

_1)-12 Programmer 1 17	 A/B 20
D-13 Programmer 1 17	 A/B 19
D-14 Programmer 1 17	 A/B 20
D-15 Programmer 1 17	 A/B 18
D-16 Programmer 1 17	 A/B 27
D-17 Programmer 1 17	 A/B 26
D-18 Coder Control 1 16	 A/B 7
D-19 1 CPS Reset 1 16	 A/B 9
D-20 1 CPS Reset 1 16	 A/B 24
D-21 Time Code Strobe 2 16	 A/B 8
D-22 Time Code Strobe 1 16	 A/B 15
D-23 I.	 D.	 Buffer 1 16	 A/B 10
D-24 Dig. Mpxr Pwr Stro 1 17	 A/B 9
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Table 7 Printed Circuit Card Utilization

Cord
Designation

Card Relay out
Card Number

Card
Designation

Pins Utilized
Internal

Connector Pair
External

coder 501292-52 5-B

Sync 501292-48 10-B 30 ---

Miscellaneous 501292-49 16-A 10

Miscellaneous 501292-50 16-B ---

Programmer 501292-49 17-A 40 ---

Programmer 501292-50 17-B 40 ---

Dig Mpxr 501292-49 18-A 30 49

Dig Mpxr 501292-50 18-B 30 56

` Exact quantity not determined at present time, but is well under the maxin wn allowable of

74 pins per card.
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1.12 DESIGN PROOF TESTING.- Testing of the modified system w^s only made to the extent

necessary to prove the feasibiliiy of the new design modifications. Testing was divided

into three categories which included a design feasibility test, design evaluation test, and

a series of mechanical tests. The design feasibility and evaluation tests were repeated

under typical temperature variations. In addition, a breadboard demonstration model

was operationally tested to conclude the testing program.

1 .12.1	 Electrical Testing. -

1 .12.1 .1 The design feasibility test involved operating the system with the new

format. Insertion of Time Code and digital data into the format along

with synchronizing the system to the master clock at a 1 cps rate was

achieved. All d igital and analog channels were checked to establish

the successful completion of the objective of the study program.

Checking the channels wos accomplished by using a modified PCM

test to compare the value of the output code with a preselected value.

1 .12.1 .2 The design evaluation test consisted of measuring various parameters

to confirm circuit performance. Included in these measurements were

pulse widths, rise and fall times, and amplitudes of the switching

circuits;  voltages and noise levels of the two bias lines; transient

characteristics of the counters and shift register stages; and in general

any parameter considered ind cative of proper circuit operation. The

evaluation test wosnot intended to be a formalized, rigorous, electrical

test of each individual circuit as would be expected in a prototype
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breadboard, but rcther, it was intended to be a test of the inherent

good in the feasibility model.

1 .12.1.3 The temperature test i^ olved cycling the breadboard modifications

between -100C and 650C. Certain param, srs were measured, where

deemed necessary, to e! •abl ish temperature characteristics for a

circuit. Those circuits were the digital multiplexer strobe, the 1 cps

reset, and the bias amplifier. In addition, all channels were checked

with the test equipment for correct code. To find the limits of opera-

tion the temperature extremes were increased to 50 0C and 850C with

no failure it the system operation. No critical adjustments were re-

quired even under repeated operation at temperature extremes. Power

requ;rements increased by only 220 milliwatts.

1. 12.2 Mechanical Testing.-Vibration tests were conducted on the microelectronic in-

tegrated digital gate module chips to determine the effect of sinusoidal and ran-

dom vibrations at the Nimbus specification levels and with a high G shaped in-

put to simulate the effect of structural packaging on the chips. Two module chips

were mounted back to back on an ipoxy-fiberglass card. The card was then

clamped between 80 durometer rubber attached to a cubical vibration fixture

(figure 49, View A).

The modules, operating in Nimbus PCM circuitry, were monitored by project

personnel using a nimbus PCIA simulator. The vibration test procedure was con-

ducted in accordance with the qualification section of NASA Nimbus specifica-

tion dated December 1962 and the anticipated maximum vibration that the micro
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module would be subjected to in the typical Nimbus package. These tests were

performed along each of the three major mutually perpendicular axes of the chips,

serial numbers 2, 7 1 16 and 17 as follows:

a. Test I	 -	 Sinusoidal vibration at 10 g peak, limited to 0.25 in D.A.
was applied from 5 cps to 2 KCS with a sweep rate of 2
minutes per octave (approximately 17 minutes).

b. Test II - RQndom vibration with a power spectral density level of 0.2
g Z/cps over the 20 to 2000 cps band (20 g RMS) was applied
for four minutes in each axis.

C.	 Test III	 - Sinusoidal vibration in accordance with the structural
simulation curve shown in Vier+ B was applied. Axes and
sweep r, +e were the same as Test I .

d.	 Test IV - A random vibration input spectrum in accordance with the
structural simulation curve in view C was applied. Axes
and exposure times were the some as those of Test II .

The samples were vibrated along three axes at Nimbus specification levels

(Test I and II) and then along three axes at higher levels (Tests III and IV). No

apparent electrical or mechanical degradation resulted from these tests.

1 .12.3 Breadboard System Demonstration. -The breadboard model was demonstrated to

verify operational capability of the modified PCM system in accordance with the

design objectives and compatibility of the outputs with the Ground Station. A

test tape format (Appendis VII) was used. The breadboard circuit cards, a

modified Multicoder and TME, a Nimbus A Master Clock, and A Nimbus Air-

borne Tape Transport unit were connected as a system. Unit A output of this

system was then recorded utilizing a MINCOM tape unit. This tape was played

back into a modified Ground Station where evaluation of Time Code, Digital
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Channels, Analog Channels, and Sync was made. Stored Unit A and rea l time

data were recorded using both the gated sine wave and split phase (M) type of

codes.

1 .13 QTHER AIRBORNE CONSIDERATIONS. - Two further studies were made, one of which

dealt with modifications for increased reliability, and the other concerned a modificat*,on

in the method of modulation. Paragraph 1. 13.5 describes the modification for increased

reliability. The modulation study is anc;yzed in the following Paragraphs through

Paragraph 1.13.4.

The feasibility of using an NRZ or split phase signal with the Nimbus tape recorder was

studied (Reference 9, Paragraph 2, Section 4), The purpose of this study was to obtain a

method of recording and playback of Unit A data which would yield a better signal to

noise (S/N than sine wave gating. The extensive modifications to other equipments re-

quired for NRZ modulation ruled out this method in favor of split phase modulation. At

present the code consists of a 500 cps sine wave which is gated on and off by the NRZ

code from the PCM Multicoder. Each sine wave cycle which is gated on corresponds to

a "0" in the NRZ code. Because of differentiation introduced by the record-playback

head, it was decided to gate the sine wave at the 90 0 point rather than the -ero cross-

over so that the reproduced signal will more closely resemble a sine wave. As shown in

(figure 50) the reproduced signal with code train of 00110011 has an overshoot component

caused by differentiation of the fast rise time at the gating points on the input signal. It

will also be noted that the first sine wave in a series has a lower amplitude than the

succeeding sine waves. These distortions result in a waveform which has poor signal to

noise characteristics.
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In Technical Report No. 8 prepared by the Radiation Advanced Communicaiions Group,

a recommendation was made to record the NRZ signal from the PCM unit directly. The

playback signal, which is differentiated by the record-playback process, indicated that

a gain of 7 db in the signal to noise ratio could be expected from the NRZ modulation

as compared to the gated sine wave modulation. A breadboard experiment was made to

determine the feasibility of the record and playback technique discussed above. The

results of the experiment indicated that the present Nimbus tape transport could be used

for this method. Results of the experiment and waveform illustrations are included in

the Technical Report Number 8. Selection of the type of code to be used in this study

was arrived at by consideration of the NRZ method descri l.)ed above; a split phase digital

method and feasibility of decreasing the distortion of the prese n t gated sine wave

method.

The NRZ method of modulation, while con6idered to have the optimum signal to noise

ratio, had two undesirable properties for overall system operation. The first of these is

that the beacon transmitter would have to be redesigned to accommodate do coupling

the modulation signal (Appendix VI). The second is that the ground station:synchronoier

would have difficulty in maintaining sync in the event of a large number of data words

containing all 0's( since there would be no transitions in the modulation signal during

this period) . Some method of decreasing the distortion of the present sine wave sign '31

might prove to be the easiest modification to perform but it was felt thai the anticipated

gain ir, signal to noise ratio was not sufficient to warrant concentrating on this particular
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method (Appendix VII). The split phase method offers an increase in signal to noise ratio

approaching that of an NRZ signal and can be ac coupled to the transmitter. It also offers

the advantage of having at least one arrnplrtude transition for each bit time and would

also eliminate the requirement for the "A" unit modulator in the Telemetry Electronics.

A split phase MARK code that changes phase for each "0" in the code was selectee es

requiring the fewest changes in the ground station logic. A diagram of the various code

wave forms is shown in tigure 51.

1 . 13.1 Circuit Design.-The technical effort on improving the characteristics of the

Nimbus tape recorder system was divided into four major categories; recording

technique, playback technique, system modification and test equipment modi-

fications. The present Nimbus system uses an analog recording technique where-

by the data signal is added to an ac bias si;lnal. This type of recording pe-mits

the signal to be stored on tape with less distortion than other methods and is the

most commonly used recording technique with sinusoidal or audio type signals.

However, when a square wave signal is fed to the Nimbus recorder, the resulting

playback is responsive only to the transitions of the recorded signal. Due to this

fact and because there were other advantages to be gained, a digital recording

method was employed for the modified recorder system. The digital recording is

accomplished by saturating the magnetic tape to eit! er- the negative or the

positive extremes for every data transition. The play back signal is similar to

that obtained by the analog recording method. The use of digital recording wiflh

the split phase M signal offers several advantages. The new record amplifier is
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smaller in size requiring only one module, whereas the present method uses a

module for the record amplifier and a module for the bias oscillator. The

o-cratio^ of the digital record amplifier is less critical than the analog arrange-

ment, which requires a select at test component and a gain adjustment potentio-

meter. Aside from the improvement in circuit performance using the digital

recording method it is possible to obtain improved signal and noise characteristics.

A maximum playback signal is recovered from the tape because the recorded

signal causes the tape to swing from negative saturation to positive saturation.

Furthermore, noise is reduced since the tape is held in saturation at all times,

except for the data transitions. Noise can be superimposed s• the signal only

b; being of sufficient amplitude to bring the tape out of saturation. The analog

method is susceptible however, to noise being superimposed on the signal since

the recording range is within the linear range of the tape magnetication curve.

The analog record amplifier is also more susceptible to noise on the input due to

Class A operation and a high input impedance. On the other hand, the digital

record amplifier uses large signal sw ; ngs from a buffered flip-flop f o saturate the

input stages. The saturating stages require more input noise energy than the

analog stage before recording noise on the tape.

1 .13.2 Re cord Amplifier (See Figure 52) .-Transistors Q 1 and Q2 act as gates for the

current sources Q4 and Q3 respectively. When Q1 satbrates it supplies base

drive to the current source Q4. Tht current source pulls the record current

through the gate (Q 1) and the record winding. Diode CR2 prevents gate Q1
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r -WOMM.

from also supplying base drive to current source 03. To reverse the polarity

of the record current the gate transistor Q 1 turns off and the other gate transistor

Q2 saturates. The same sequence of events follows as before with the record

current being pulled through the winding in the opposite direction by current

source Q3. The record current necessary to saturate the tape was found from

experimentation to be around 12 ma. To insure that tape saturation does occur

R5 and R6 were calculated to give about 20 ma of record current from each

current source. The current sources are temperature stabilized by the use of

1N746A zener --':odes (CR3, CR4) which have a negative temperature coefficient

close to that of the base emitter junctions of Q3 and Q4.

1.13 3 Playback Amplifier (See Figure 53).- - Because of the recorder characteristics,

the playback signal cannot be used directly off "he playback head. The square

wave is effectively diffe-entioted by the playback action where Eout of the

winding is proportional to dt . Furthermore, the playback winding acts

as a low p ,.-) filter resulting in different amplitude pulses for the two funda-

mental frequencies of the split phase M signal. To offset the limitations of the

recorder when using the digitla signal, a high gain, frequency compensated

amplifier was used to drive a pulse s'naping circuit. The end result is a square

wave split phase M signal identical to the recorded signal except for the 30

times inc rease in bit rate frequency. The playback signal from the recorder

winding is fed differentially into the input amplification stage. The

differential input eliminates most of the low frequency common mode noise
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coming from the recorder drive -rotor. The output of the amplification stage is

double ended to give c positive signal and a negative signal. These two signals

are fed into the equclization networks. The purpose of the equalization retwork

is to compensate ±or the frequency charocterisri--s of tFe playback head. fhe

recorder playback response curve 1 	 SA) is shrmn to have poor r.±spon a at

the data fundamental frcnuencies of 7.5kc end 15 kc. TV.* response of the equal-

ization network, (figu ? `*1 cur-,a 2, imp-lives fhe response c:iarocreristics so

that the playback is ±0.f db between 5K-: on., 20kc. The playback response is

shown in c urve 3. The output of the. e ualizer wos observed to hcve ;iigh fre-

quencv noise ,ding on the signs' cnd occasiona l high peak impul-- -.wise spikes.

Because ti,e mei t iod of pulse -nl.yinq involved differenf:cti .g, the pre ,.ence of

noise on the sisp._' ^s h;ghly • ir lesirable. Therefore, a high frequency RC

rollott cir::uit was inserted b',tween fhe ,-,ua izer cnd the sece,?d amplification

stage. The second amplification sta_+e provides the gain; to increase the equalized

signal to about b, r. t.. It consist, of a singla stage - amplifier having a high input

impedance and a constant gain over ±he frequency and temperature ranges en-

countered in the system. The signal from the second amplificotion stage is fed

to the peak detecting 6, cuitry where it is clipped at about four volts and diff-

erentiated. The clipping reference is a simple voltage dividdr which is used to

bias the differentiator so thz-' only the positive peaks of the signal will be diff-

erentiated. The differentiator output crosses u zero reference at the peak of the

input signal, since the slope a. he signal is zero at the peak. The output has a

169



CC	 rJ{
+

+ +	 t	 t	 t{IOKC IOOKC

11 1 i f

IOOOKC

f,	 444

:::	 ;	 .: ?l ! t lr+l +. l r,! S	 1	
t {t '

„

441
46 KC

!

lk WWI— 	 ^+	 !^t,	 l «„I	 ,.^,	 1ri'f
t il

tt . t^	 I +f REOUENCY

t	 > it	 CPS
ltt^	 ltI'd ,

'	 ,
l	 1

}
,

111 It ' '	 .'
i

^ 4 	+
1

! tl
,'

i
4	

,!r	
1	

t

1+ 1 ^!
tl

F

.'.I
ti
+l

l
1 !

tt' ,
1^1

1 I !	 +
i	 1 5	 !i t

s f	 i '^ ' i+ tl^l
;

1+
l I	 ^+

t f ill
+,)	

I

'	 l 11 i t l 1	 l	 t	
'I

r'1	 i +^1 i !: ?' 'i`'m t ^l

tt '' I 1 i t

all

itl;il #l'^' i i (}1 lI t ,

i	 1^! r ' } ! t i,+ a.; $^ ' 1	 RESPONSE OF RECORDER
{{ +	

t
`

j
t ^T { { l	 I N {{+{{N1^4f+rfH+1H 4^4i{+^IIi1N

' 2	 EQUALIZER RESPONSE-

I	 flit
+ 1 t + { ^{ {^{1{^{^{+^{{f{{r iIRA^+{{IINI{III

,+ •	 • l	 ' +•^ " '	 , 3	 DATA PLAYBACK RESPONSE
111tt tHlfthffi lf-	 +::::? ; ! ;;# + ..,

+ f	 f
1

1 4	 HIGH FREQUENCY ROLLOFF

::	 : 31t r^ t t iI S OVERALL FREQUENCY RESPONSE
+ t ,+ +

j
! N • OF PLAYBACK AMPLIFIER!
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positive slope at the zero because of inverting action of the differentialor

crossing and this slope is used to trigger the code flip-flop. Because both the

positive and negative phases of the signal are compensa ted and diffe,-entiated, a

positive trigger pulse is obtained for every peak of the playback signal. The

positive peak of the playback signal cruses the flip-flop to be set and the nega-

tive peak of the playback signal causes the flip-flop to be reset. In this manner

the split phase mark code is regenerated from the recorded data. Since the play-

back amplifier reconstructs the recorded signal using peak detection, it is com-

potible with any other type of recorded bilevel code such as NRZ or RZ type code.

1.13.3.1 The f-inctional blocks of the amplifier (figure 53) are correlated with

the schematic diagram (figure 55) as follows.

a. Differential input amplifier stage is Q1 and Q2 circuits.

b. Positive and negative equalization stages are Q3 and Q4 circuits.

c. Positive and negative rolloff stages are Q5 and Q6 circuits.

d. Positive and negative output amplifier stages are Q7 and Q8

circuits.

e. Positive and negative peak dete;tors are Q9 and Q10 circuits.

f. Clipping reference level are Q11 cnd Q12 circuits.

g. Output code flip-flop is Q13-A14.

1 .13.3.2 The di fferential input amplifier Q1 and Q2 was utilized primarily to

eliminate common, mode recorder noise from the playback signal.

Since the signal from the recorder is fairly low level, ranging from

171



R I	 R'%	 R11ICK	 .1K	 IOO K

c1^ c3S

Rla	 Q-f
S. K

RB CI
12 K O.00I% C S

O. 1

QI
L C2
IOMN O,Opj7

R4 RT R7 Rlj :	 C7
I iK IK IOOK

Lrk
OK	 0.001	 1

R "S RIO RI-4 RIl	 Cp	 R2_—^ IOU I  IOOK IOOK	 0.00:	 ISI

QLI LZ C'%
t MM 0.00j7

C
0. 1I

RII C4 RI'	 0^
12K .001 ^.3K

Q1 C1G

I

R2 RG RIB R:IBK 17K IGOK 121

- 24,5/

// -Z /



RSj	 C14
2SK	

T.  
47

PwR SUP Co"

NOTES:
I.	 OARTI>L REr I7ESN-.NA. T IONS/,/?C 5^-10WN;

rOR COrv1PLCTE	 I ONPRCr lll WITH
UNIT NO.OR 9UlBA»Y ^ESION.^.T10 N.

2. UNLESS OTHERWISE SPECIF'IEO,RE4
VL,1_UCS ARC IN ONM`^,i°.+^e TO L, W.
CAPA.CIT^NCC V/^.LUC♦ A.RC IN M ROFARADS,

j. VNLE°^S/^^TrIERwISE 9PECIFIEO,
at TMRUQk.1O ARE IOOe%Z5 (2NC 30)
DI 1 E p.12. ARE Ion GO7,
LI T"WU L4 A.RC A.LAIDOIIN ZZ -10%.

PWFO SUP COM
R21	 R41	 R^^D ROG
12.K	 IMCO^	 47K	 47K

R42
Ft%4	 47KRte	 t-	 IODK	

—a9.1K	 IOMH
R40	 CODE OUTPUT%47K

Fk

CI I	 R-J7 G1:!,	 OOK

	

O.IUF	 19K O.r Wr,

C17	 CIS
O.OI

Q11

R2^!
270	 R

1A.

l20 + C' R2 . R'90	 R j0rjK	 4.7	 IOOK I K	 100
- 24. 5/ SWITCMEO

I y C10	 R27 Rjl	 Rj2
C	 4.7	 I,-OK I K	 j70

	

R-L4	 Cj. 1 2
270

a o

0012

1	 R2"J	 L4
8.2K IOMH

1

R4 3
<	 1MM

Figure 55. Nimbus Playback Amplifier Schematic Diagram

172



46mv at 4.5kc to about 0.8 m y at 30kc, the differential input must

also have sufficient gain to drive the equalization networks. Other-

wis.., the attenuation characteristic of the equalizers would reduce the

signal level down close to the high frequency noise level and would

make the high frequency roll off less effective. By using high gain

transistors (2N930) for the differential amplifier, a circuit gain of

approximately 50 is obtained. The input impedance of the amplifier is

about 20k. Bias current to the oases is supplied by the voltage divider

R1 and R2 through the playback winding. This arrangement gives a

common mode bias current and helps maintain balance between the two

input stages. The output of the differential amplifier is double-ended,

providing positive and negative signals to the two equalizatior. circuits.

1.13.3.3 The two equoliLation circuits, Q3 and Q4, are used to improve the

poor frequency response of the recorder. The equalizers are idem-;cal,

one being for the positive output signal of the differential amplifier

and the other for the negative output signal. The equalizer circuit

consists of an emitter follower input, and an RA--C network. the

emitter follower prevents the equalizer from loading the input ompli-

Fier and also acts as a low i mpe , .nce driving source to the R- L-C net-

w->,K. The frequency response of the recorder before equalization is

shown in figure 56. This curve was obta i ned by rec. ►rding a square

wave signal and measuring the playback signal. Figure 56 also shows
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the results of the equalization. This curve was obtained by .sing an

input sinusoidal signal b ,-ving a response identical to that of the play-

back signal. The relative amplitudes shown require an amplification of

10 for the equalizer. The actual response of the R-L-C equalizer net-

works is shown in figure 54, curve 2. Curve 3 of the figure is the over-

all response of the playback signal after equalization ex pressed in dec-

ibels. The R-L-C network has two major frequency characteristics.

The R8, Cl impedance begins a 6 db/octave decrease at the corner

frequency of 8.8kc end the Ll,C2 circuit resonates at about 22kc. At

the lower frequencies the equalizer output voltage is attenuated by the

ratio of R8 and R9 plus the impedance of the L1,C2 circuit. As the

frequency increases, t:,e shunting effect of C1 causes the impedance

ratio of 118 1 C1 to R9+ L1,C2 to be less attenuating. Incrensing the

frequency higher, the L1,C2 circuit begins approaching resonance,

and its impedance becomes very large which further decreases the

attenuation. Passing through the resonant frequency for the tank circuit

the output signal approaches the input, since both C1 and C2 act as

low impedance shunts and the network is approximately a 1 k load

across a driving source. The output signals of the equalizers are fed

to the high frequency rolkoff circuits.

1 .13.3.4 The roll-off circuits Q5 and Q6 consist of ac-coupled emitter followers

with RC networks coupling to the second amplification stages. As with
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the equalization networks, the emitter follower inputs prevent loading

the equalizers with the RC roll-off circuits and also provide low im-

pedance driving sources for the roll-off circuits. Ac coupling of the

emitter followers was necessary , since the do level of the equalizer

outputs is about 1.5 v above the -24 .5 v switched level. The RC cir-

cuit of R 18 and C7 has a 6 db/octave attenuation with a corner break

frequency of 48kc. A plot of this circuit's characteristics is shown in

figure 54, curve 4. The combined frequency response for the equali-

zation and roll-off circuits is shown in figure ;4, curve 5. By using

the 48kc break, high frequency noise on the playback signal is effec-

tively suppressed without aegrading the data response characteristics.

1 .13.3.5 The second amplification stages Q7 and Q8 are fed directly from the

roll-off circuits. They obtain do bias from the emitter followers Q5

and 06 through the resistors R18 and R19. The gain of the amplifiers

is about 35 which provides outputs of approximately 6 v pp. The out-

puts of the amplifiers are ac-coupled to the peak detection circuits

through Cl1 and C12.

1 .13.3.6 The peak detection circuits and the code output tlip-flop reconstruct

a square wave split phase mark code trai.- from the playback signal.

The peak detection circuitry consists of the two differentiators Q9 and

Q10 and the two emitter follower reference outputs Q11 and 012. the

input signals from the second amplification stages are referenced to
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about 2.4 v abode the -24.5 v level by the P- , `a 100k voltage

divider. The emitters of the differentiators or	 used to a reference

vo'.-age so that the peaks of the playback sign--.	 in be clipped. This

reference voltage 's	 dished by the 390 ohi - ^istor R32 and the

25k pot R33 n,id is nu fe-ed by Q11 and Q12. 1;,e clipping level is

varied with the pW so that a 2 v peak is clipped from the incoming

signal. The output of the differentiator is Eo = —where i = ER and

where E is the clipped playback signa: and R is the 1 k value emitter

resistors of the differentiators. The output then becomes Eo = LR dt =

Kdt
. 	 With a sinusoidal signal, the true peak is characterized by

having a zero slope sc that odt-E•- = 0 at the peak. The differentiator

outputs are fed into the flip-flop, Q13 and Q14,to generate the split

phase mark code train. Because the differentiator outputs are inverted,

the zero crossover ^ = 0 has a positive slope and the outputs are

directly ac-coupled to the flip-flop through C13 and 05. Since the

flip-flop is not a true zero crossing detector, it does contribute to the

unequal pulse widths obtained. However, most of the pulse width dis.-

tortion is due to the phase shift encounter in the playback signal and

for this reason more sophisticated zero crossing detectors were not used.

The output of the code flip-flop is fed into the combining networks

through one of the 47k resistors. A simple RC filter R38 and C14 is

used to reduce 100 cycle noise on the -24.5 v switched line.
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1.13 - 4 Systew Change Requirements. - Several changes in the NIMBUS system other than

the record n.-.d ployback amplifiers were required. These changes included deletion

of several existing modules, modification of the Time Code amplifier and the

combining nehvork and replacing the RZ-NRZ converter with an RZ to split phase

converter. A block diagram of the present and proposed record-playback system

(figure 57) shows the only required change to the Multicoder unit is replacement

of the RZ-NRZ converter module by an RZ to split phase converter module.

The changes to the Telemetry Electronics includes the elimination of the four- unit

A modulator modules and the replacement of the record and playback circuitry

modules by a digital type record amplifier and a playback amplifier which will

restore the differentiated playback signal to a square wave split phase type of

signal. The A real-time signal will be combined with the 10kc Time Code signal

in the same manner as that of the gated sinusoid signal and will require only minor

changes to the Time Code amplifier circuitry. The Time Code Amplifier module 112,

which amplifies the combined 10kc Time Code and unit A real-time signals, requires

an increase in the size of the coupling capacitors in order to prevent

differentiation of the spli' phase real-time signal. The changes required are

an increase in size of C2 to .47uf and increase -n size of C3 to 10 uf.

The combining network module 18 requires a reduction in the size of

bypass capacitor Cl from .001uf to 100pf in order to prevent excessive inte-

gration of the high frequency components of the split phase output signal.

The RZ to Split Phase Converter (figure 58) converts the RZ output from the output
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shift register to a 500 cps square wave which effectively reverses phone on a "0"

Ioutput from the output shift register. The outputs from this module are used to

drive the digital record amplifier and the "A" real-time input to the Time Code

amplifier. The circuitry used is a modification of C18, the RZ to NRZ converter

used in the B Unit. Two signals we Or gated to the count input of a bistable

counter circuit. The bit rate input causes a change in state for each positive

transition of the 500 cps bit rate. The output shift register input, which is 180

degrees out of phase with the 500 cps bit rate, will cause another change of state

for each "1" in the digital output code. The output of the bistable then appears

as a 500 cps square wave. If there is no output from the output shift register,

which is a "0" condition, the bistable will not change state at this time, and it

wi I I appear that the 500 cps output of the bistable has shifted phase. A series of

"0"s from the output shift register will appear as a 250 cps square wove. Emitter

follower circuits are employed to provide the drive current for the record ampli-

fier from each side of the bistable. A complementary emitter follower circuit is

utilized to provide the real -time output to the Telemetry Electronics where it is

combined with the 10kcTime Code signal. The negative level of the real-time

output is zener-clamped at a negative 6.8 volts.

1.13.4.1 The new record/playback system will require changes in both the PCM

package and in the THE packaging. the changes to the Multicoder

unit will require a new module assembly for the RZ to split phase con-.

verter module. The module size and shape will be identical to the
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C19 module which it replaces. The printed circuitry of card 5B will

require modification in order to bring out two additional lines to the

external harness connector from the converter module. Tke changes to

the Mi)lticoder unit will require new module nssemblies for the record

amplifier and the playback amplifier. The record amplifier module will

be accommodated in the same standard siz ,3 module as the one being

replaced. The new playback will require two stanaard size modules in

place of the single one previously used. There is adequate space for

the installation of this extra module since the A unit modulator module;

and the erase oscillator module ore being removed. The printed cir-

cuitry of the Telemetry Electronics module card will require a new lay-

out to accommodate the new record and playback module assemblies.

The relay card wi II not require changes as the switching functions e-

main the same. Itie harness assembly between the Multicoder r.id the

Telemetry Electronics will require two additional wires for the two

additional outputs from the converter module. 1»e harness assembly

between the Telemetry Electronics and the Tape Transport can remain

unchanged although there is no longer n requirement for the three lead>

to the erme head.
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	 1. 13.4.2	 Test equipment modifications were required for both the PCM

Test Set and the THE Test Set. In order for the PCM Test Set

to be ompatible with the split phase M code output of the

PCM multicoder . the logic circuit additions shown in figure

59 are required. The logic operation is to gate bit rate with

the split phase and inverted split phase from the PCM unit.

These outputs from gates 2A18-3 and 2A18-8 are used to set

and reset bistable 2A20-2. The resultant output from 2A20-2

is an NRZ mark code with a transition occurring for each "0"

in the code train. Themark code and inverted mark code are

then differentiated to produce a negative pulse for each trans

sition in the code. These pulses are OR gated to the input of

a 15 ps monostable which fires and produces a pulse which

sets the NRZ output bistable 2A20-1 to the "0" level, and

inhibits the differentioted bit rate input to the set "1" side

of the bistable. The output of 2A20-1 is now an NRZ code,

compatible with the present test set, and can be directed to

the normal test set NRZ input circuitry.

The standard ground card circuits required for the PCM T--t

modification are listed below:

1 each 2 NOR card
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I each Diffetentiator Card

2 each Bistable Multivibrator Card

In order for the THE test set functions to be compatible with

the split phase M data PCM output, there are three areas

where modification are required. The three areas are "A"

unit data detector logic, the simulated PCM word train logic,

and the simulated 15 KC playback circuitry. Since the A

unit data is now in split phase M code form, it will no longer

be necessary to use the data detector logic which formerly

converted the gated sine wave to an NRZ signal. This wiring

modification is shown in figure 60. The circuit design of the

"A" Real Time detector card 3A7A14-7 will be modified to

remove the 10 KC Time Code component tend put out a split

phase square wave signal which can be direttly processed by

the PCM test set. To provide a simulated PCM split phase M

code output, the logic changes shown in figure 61 are required_

The "0" set input to the code bistable 3A7A4-4 woula be

switched out and a count input from inverted bit rate would be

switched in. Switch 3A1532 in figure 60 is the OPERATION

switch shown in the A Real Time position. Since the playback

signal is now o split phase M code, the 15 KC modulator card

3A7A22-2 is no longer required and the output of the split

phase converter 3A7A4-4 can be used directly to provide the
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3A1532

SET "1 " INPUT

BIT RATE

3A1532

SET "0" INPUT
NR;

3A7A4

f --0 CODE OUTPUT

SPLIT PHASE	 .7995

Figure bl. System Test Set Split Phase Output Modification0	 187



the simulated playback signal to the dummy recorder head in	 !

the test set. This signal will be differentiated by the dummy

head to provide a signal similar to that which is provided from

the tape transport unit. The only additional materials required

to modify the THE test set is a b-poic, double throw wafer switch.

1.13.4.3	 Testing of the new circuitry included design feasibility testing

and design evaluation testing. The design feasibility testing

involved operating the new circuits in conjunction with the

rest of the system. The purpose of this test was to prove that

the method chosen to implement the new record-playback

technique had been successful. Various codes ranging from

full scale to zero scale were recorded and played back using

the new circuits. Having established the satisfactory recon-

struction of the playback signal to the split phase M code

train, master tapes were made of the system outputs fo r veri-

fying compatibility with the ground station modifications.

Design evaluation testing consisted in making measurements

of various parameters to confirm the circuit performance.

Temperature measurements were made with the temperature

varied from -35 0 C to +8f C, as a safety factor, although

the design range was -100 C to +650C. Measurements were

made of the gain stability of the stages in the playback
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amplifier and of the stability of the record current in the

record amplifier. Within the circuit operational range of

-100C to +650C the gain of the differential input stage

increased 14%, the gain of the equalizer varied +28% to -6%

from the nominal gain at 25 C, and the gain of the second

amplification stage varied +5. 1% to -1.7% from the nominal

gain at 250 C. The combined effect of the gain drifts of these

different stages was an output signal of 5.9V + 0.3V, -0. IV

or a 0.4V variation in the clipped signal. Although the

clipped signal is only 2V the 0.4V variation does not degrade

the differentiated output. The code flip-flop performed satis-

factorily throughout the design range. The record current

varied f0.5 ma from the two current sources. The peak to

peak record current of 37 ma at 25a  represents 18.5 ma

from each current source. Figure 62 illustrates typical

circuit operation.

1. 13.5 Modifications for Increased Reliability. - Some work was performed in

other areas of the PCM subsystem for increased reliability through modifi-

cations which resulted in specific recommendations. This work included

modification of Unit B Activate Command circuit, THE Standby Clock

modification, and Relay Driver Wiring modification to the THE inter-

connection cabling.
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View A
View A shows the output of the differential amplifier. The effect of poor frequency
response is evident by the amplitude variation when data changes from "1" to 1101t.

J"M
View 3

View B is the output of the second amplification stcge after equalization. Slight
irregularities in the waveform are due to clipping action of the peak detecting
circuits. Improvement in amplitude response is apparent.

3'W^nn^
^^w1

View C
View C shows the equalized output (top waveform) and the unequalized output to
illustrate the phase shift of the playback amplifier.

Figure 62. Typical Waveforms (Sheet 1 of 2)
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View D
	

View E

Views D and E show reconstructed split-phose - M, code-train phasing in reference
to unequalized and equalized playback signals, respectively.

U

View F

View F also shows re constructed spl it-phase data and unequal ized playback signal.

View G

View G shows A unit real-time data and time-code signal before addition in the
time-cote amplifier.

View H

View H is the summation signal of A unit real-time data and time-code from the
combininq network.

Figure 62. Typical Waveforms (Sheet 2 of 2)
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1.13.5.1	 It would be advantageous to modify the present Unit B

Activate Command circuit (figure 63) to that illustrated

in figure 64. During spacecraft integration tests at General

Electric Test Facility it was found that noise transients on

the command matrix lines to the PCM B unitwere activating

the B Unit synchronizer reset monostabl -3s. On one PCM

unit it was also found that the 24 volt amplitude of the

command pulse, (originally specified as 12 volts,) was

causing premature turn-off of the reset monostable. To

correct this problem it was decided to place on isolating

relay and filter network between the Unit B command lines

and the Unit B command inputs. The added relay and filter

components were installed on a special bracket in the

Telemetry Electronics as it was not desirable to re-layout

the multicoder unit to accommodate these components due

to cost and time limitations. The purpose of this modifi-

cation is to relocate the relay in the multicoder unit and to

eliminate the monostable in the synchronizer reset circuit.

The hold in type of relay, which is now l6cated in the

Telemetry Electronics, would be placed in a standard 1.64"

x 1. 13" x .65" foam module and installed on card 4A of the

multicoder in the space now occupied by a dummy module.
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the -24 volts do output from the relay contacts would then

be routed to a modified M32 module on card 1 B. Since the

clock matrix command holds in the commanded relay for 60

t 10 msec, it is not necessary to use a monostable circuit to

generate the reset pulse width, as it is only necessary that

the reset pulse be wide enough to insure its presence when

power is applied to the Unit B Multicoder from the Power-cn

relay in module M33. Closure time of the Power-on relay is

approximately four milliseconds after the closure of the hold-

in relay; from this, it appears that a reset pulse width of 10

milliseconds cr greater would provide adequate overlap. In

the proposed circuit Unit B Activate command energizes the

hold-in relay v-hick applies the filtered -24 do through a

390 ohm resistor to the 460 ohm coil of the latching relay in

mo&-el M33 and to the base of the reset driver transistor in

module M32. The reset driver turns on, which drives the

reset line to ground level in approximately 70 microseconds

and maintains this level for the duration of the --ommand

pulse. The latching relay contacts close approximately four

milliseconds after the start of the reset pulse and applies

power to the Unit B coder and multiplexer. The 390 ohm

resistor and 1 .0 p capacitor provide filtering of -24 volt do

r~^
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to maintain the voltage across the latching relay winding

at -12 volt do during any transients which might occur due

to contact bounce of the hold-in relay. Present configuration

requires manufacture of a special bracket for mounting of the

relay and filter components in the Telemetry Electronics as

well as interconnection wiring between the Telemetry Elec-

tronics and Multicoder units. The advantages of this modifi-

cation are that it will consolidate the required hardware for

the Unit B Command in the Multicoder unit and increase

reliability by deletion of the monostable in the reset circuit.

The deletion of the m,.,nostable will reduce circuit require-

ments by fifteen components as listed below:

1 Pulse Transformer 	 2 Diodes

2 Transistors	 9 Resistors

1 Capacitor

The required changes to the Multicoder unit will consist of

changes to the printed circuit layoit of cards 1B and 4A

addition of relay module to ca rd 4A; assembly modification

of module M32, and changes to the internal and external

harnesses. The change to card 4A will consist of providing

for installation of the relay module including input lines

from the external connector and an output line to the internal
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connector. ,Module M32 assembly Nvill be changed to eliminate

the monostable circuit. The change to the external harness

will delete the command lines between the Telemetry Elec-

tronics and Multicoder units and provide the matrix command

lines to the external connector on card 4A.

	

1.13.5.2	 The Standby Clock modification provides short circuited

current limiting protection for the output transistors in the

100 cps outputs o f the THE Standby Clock to the Tape Trans-

port motors. A 120 ohm resistor in series with each output

line would limit maximum current to 200 ma and eliminate

repair costs caused by accidental short circuiting to ground.

The modification substitutes a 120 ohm resistor from pin 4 to

the junction of Q13 and Q14 emitters, and from pin 3 to the

junction of Q3 and Q5 in place of the present connecting

ribbons on module 1-4 (501523).

	

1.13.5.3	 The purpose of this modification is to simplify external

harness wiring to the Telemetry Electronics. At present,

pin 1 of module 1-15 (501524) is connected to the -24.5

volt line through a jumper wire in the external harness.

Since -24.5 volts is already routed into the module via pin

8 it would be a simple module assembly change to connect

pin 1 inside the module to the -24-volt line. This change
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would eliminate the external harness jumper from J1-6,

8 to J4 by substituting on 1-15 (D501524) a welded ribbon

from pin 1 to (+) side of CR-9.

1. 14 AIRBORNE EQUIPMENT CONCLUSIONS.- No significant problem areas

exist to nullify the feasibility of modifying the NIMBUS "B" in accordance with

the modifications described in this report. The breadboard demonstration model,

using test tapes verified the new and improved capabilities in respect to inclusion

of Time Code and digital multiplexing in the output format along with synchroni-

zation of the PCM with the spacecraft clock. The study objectives were achieved

100%. A microelectronic analog multiplexer utilizing MOSFET units (See Section

2) is feasible and offers significant size and reliability advantages over the present

multiplexer at slightly increased power requirements. Conclusions are summarized

in paragraphs 1. 14.1 and 1. 14.2.

1. 14. 1 a. Modified Multi der Power Requirements - Power increase over the

existing multicoder is less than 250 milliwatts.

b. New Packaging - External dimensioning will not change. Two new

molds required, and one mold modified for fabrication purposes.

Some card relay out, but no great problem in fitting the modifications

within the present package.

c. Weight - No significant effect because space currently filled with

dummy modules will be occupied by modified circuits.
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d. Reliability - Defining a successful operation as no loss of data

channels, and using discrete components, operational probability

for six months is 0. 7946. Cross strapping the PCM inputs will increase

this reliability. Part failure rate improvement will also add to relia-

bility. Decreasing the part failure rate by a factor of 10 would increase

probability to 0.9779 for six months operation. This can be achieved

by specifications equivalent to the Minuteman program. System relia-

bility would be improved by consolidation of the "Unit B Activate

Command" circuitry, relocating some external wiring of the THE

inside the unit would contribute some added reliability.

1. 14.2 NRZ and Split Phase Study -

a. It is feasible to replace the present gated sine wave code with split

phase code for Unit A. !r.:efpect to economy it is a better alternative

than NRZ code originally plop,,sed and capability has been demon-

strated by breadboard circuits.

b. Split phase code circuits can be accommodated in the present THE

package with a net reduction of four modules because of elimination

of Unit A modulator requirement.

c. THE power consumption by split phase modifications will increase

approximately 250 milliwatts.

d. It is feasible to transmit the split phase signal using the present

Hughes transmitter. It is also feasible to transmit Unit A real time
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data in the fo.m of Split phase M signal using the Hughes transmitter.

e. With satisfactory performance of the system over the temperature range

and w,th no supply voltage changes greater than '0.5 volts the only

apparent fault of tl,e new system is the phase distortion of the playback

signal. This distortion results in slightly asymmetrical pulse widths

of the reconstructed split phase M signal. Improvement in the phase

distortion would require a new record-playback head for the recorder

to avoid further complicating the playback amplifier. The ultimate

decision in this instance depends primarily upon the compatibility of

the distorted signal with the ground station equipment.

1.15 AIRBORNE EQUIPMENT RECOMMENDATIONS. - It is recommended that the

Unit A Multicoder modifications be accepted in total based on minimum cost

impact, measured parameters, and test tape evaluation. Further:

a. The analog gate transistors should be replaced by PINCH units or the gates

be replaced by MOSFET gates and integrated circuit drivers.

b. Unit A output should utilize a split phase (M) code if the present gated

sine wave signal is considered inadequate.

C.	 The "Unit B Activate Command" modification circuitry and the minor THE

circuit modifications previously described be made.

d.	 Unit B output should be covered as an area of study.

Presently this output is a phase modulated 5 Kc sine wave. By using the split phase

M code output, as employed b y the A unit, it may be possible to improve trans-

mission characteristics as well as effect a saving in circuits in both the airborne

and the ground station.
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1.16 GROUND EQUIPMENT. - Figure 1 illustrctes the NIMBUS PCM Ground Station.

The NIMBUS Instruction Manual (Reference 15, Section 3) should be referred to for

detailed theory of operation of the Ground Station. Essentially an RF signal from the

airborne telemetry system is received by the Ground Station (figure 65) and routed

through the system receiver, or a video signal is received from a remote receiver.

Magnetic tape records the video signal for later playback and processing. Real time

processing routes the video signal to the System Control Assembly where squelch cir-

cuits detect and indicate thwther serial data is a real or stored, or B data. The video

data is routed to the Bit Synchronizer where the system bit rate timing is synchronized

with incoming data and a deckion is made on each bit defining it os "1" or "0". The

present NIMBUS data output signal is of the gated-sine-wave type with a "0" repre-

sented as one complete cycle of a sine wave and a "I" as the absence of a signal for

a bit inrerval (waveform A, figure 66). The output of the Bit Synchronizer is serial

NRZ data (waveform U) and synchronized bit rate. This signal is routed to the Group

Synchronizer where the data is converted to parallel 7 bit data words and further system

timing synchronized with detected frame and word sync, enabling the remainder of the

system to decommutate the data and route it through patch panel selection to cligital-

to-analog converters. The resulting output is them displayed on traces of Brush Analog

Recorders. A computer input circuit assembly also provides interface logic for the

general purpose computer (supplied with the station) to process the data ir. accordance

with a selected programming. Two separate areas of the study program were of major

concern to the Ground Station, processing data in the new format and handling of a

split phase modulated signal in place of the gated sine wave type.
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CARD NUMBER

SIGNALS	 WAVEFORM	 AND TEST POINTS

^1	 ^__ /L n ^__A. 15 KC SIGNAL	 93-D, 66-B, 68-B
—^J - 	 v v

B. ZERO CROSSING	 69-C
DETECTOR

C. LEVEL DETECTOR ON	 n n U	 !I	 L	 70-B
TRANSITION GATE

48-F

D. LEVEL GATE (MSMV)

7o-C

E. TRANSITION! GATE

73-A

F. DATA SYNC PULSE

G. 15 KC CLOCK
39-13

73-C 
H. 15 KC CLOCK (DELAYED) TT-TT-FnFT-FT-FTll-ff

DIFFERENTIATED
73-i1

J. 15 KC CLOCK
DIFFERENTIATED 90- 11 

K. PHASE DETECTOR U u
OUTPUT N 1

-K
L. PHASE DETECTOR

n	 _94
J C

OUTPUT N 2

..........
7S-C

M. MIXER OUTPUT unn_j	 . I . ............. I	
-

N. ANALOG GATE OUT 65-F

53-E
P. BIT RATE

53-G
R. BIT RATE DELAYED r

61-AS. 15 KC INTEGRATOR

T. DECISION AMPLIFIER
II	 II	 II	 II 56-C

U. NRZ OUTPUT 53-1

A. 15 KC SIGNAL 93-D,	 66-H, 68-B

Figure 66.	 Bit Synchronizer Timing Diagram
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Processing data in the new format required changes to the Group Synchronizer assembly

and additional decommutation capability. The use of the split phase modulated signal

concerned treatment of the video signal in the Control Assembly and Bit Synchronizer.

Thus, the study and subsequent testing concentrated on these areas as separate items.

1. 16. 1 Areas of Change. - The new format would contain 62-1/2 words per subframe

with each word consisting of eight bits including one bit of sync. The infor-

motion content in respect to the Group Synchronizer was a two word frame

sync code, followed by a 1/2 word (four bits) subframe identification and

then 60 normal words. Thus, the counter must be changed for flywheeling

and checking at the 62-1/2 word frame length. The frame sync code recog-

nition logic would be seeking correlation on a 4-bit longer and more uniquely

coded pattern. There would be no change to the remaining logic except for the

different timing relation at the start of a frame, thus fulfilling minimum modi-

fication requirement.

1. 16.2 Provisions for Feasibility Demonstration. - For testing and the feasibility study

demonstration, a signal simulator was breadboarded which provided both types

of the video signal and the serial NRZ signal in the new format. Arrangement

was also made with airborne equipment study group to supply magnetic tapes.

made from its study test set up providing a video signal in the new date format.

Both gated Sine wave and split phase modulation types tapes would be made.

The modification to update an existing NIMBUS Ground Station was being

performed at Radiation during the study program period. Sc, edules were so
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arranged that po , trons of the system would be available for practical per-

formance testing nd demonstrating the feasibility of proposed than9	 9	 Y	 es.P r	 9

1. 16.3 Recommend ed Decommutation Approach. - As part of the study program, the

necessary decommutation for the added digital channels and time code words

in the new format wcs investigated. Methods and detailed logic were proposed.

One method studied was the addition of an independent separate Digital decom-

mutator to the system with a minimum of interfaces and system changes. A

second approach was to modify and add to existing system required decom-

mutation logic to provide required expansion.

1. 16. 4 Digital Channels and Time Code Recording. - The print-out of the digital

channels using an "event" type recorder and similar recording of time code

data is proposed. Detailed interface and packaging requirements will be

discussed later in this report as pert of the proposed digital decommutation

output. No demonst,ation or hardware testing was proposed in this area of

recording anu display.

1. 16.5 Split Phase Modulation. - The ability of the Ground Station to handle a split

phase modulated subcarrier signal was studied as a separate problem. The

problems of the gated sine wave modulation have been discussed in previous

portions of this report (paragraph 1. 13). The objectives of the ground equip-

merit study in this area were to determine how to modify the Ground Station

to accept and process split phase modulated signals and what economically

feasible advantages could by expected. Essentially this invol ed modification
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Table 8. Group Synchroni =er Input Content
at Word Count Intervals

TO SFID
1 M,KJT REGISTER TO OSR

INPUT SHIFT REGISTER 20 19 18 17 16 IS	 14 13 12 11 10 9 R 7 6	 S 4 3 2 1

EXISTING 'A' FORMAT

FRAME RAIE SyR g
f

5	 5 S
F

SFID FC FC FC FC FC FC	 FC FC FC FC FC
WORD COUNT	 0 AND X X X O

1
F	 F FC O O O 1 1 1	 1 1 1 1 1

READ SFID 0 1D	 ID ID 0

I x X X p X X	 X x X X x SF SFSfl SF I 	 SFI FC O
FC

D D	 D
O O

D 0

WR WR WR
2 X X X O X x	 X X x x X O X X X	 X x X X 0

WR WR wR
J x X x 0 X X	 X X X x X 0 X X x	 x x X X 0

jSFID FC FC FC FC FC	 FC FC FC FC K FC WR
63 FC O O O 1 1	 1 1 1 1 1 1 X X x	 X X X x 0

O

SF
SFI
	 SF

SF S

F^ F1 F1	 FC FC F' F1 F'
0 X x X O I

D D
I FC O O O

0 D O

TO SFID
INPUT REGISTER TO OSR

INPUT SHIFT REGISTER 20 19 IB 17 16 IS	 14 13 12 11 10 9 8 7 6	 5 4 3 2 1

NEW "A • FORMAT

FRAME RATE S S S S
F

SFID FC	 FC FC FC FC FC FC FC FC FC	 FC FC FC FC FC
WORD COUNT	 0 AND F1 FI F I I FC I	 1 I I 1 O 1 1 O 1	 1 1 O 1 O

REAL) SFID D D D D O

WR SF SF	 SF SF SFID FC FC FC FC FC FC	 FC FC FC FC FC
I x X X I D ID	 ID ID FC I 1 I 1 1 O	 1 I O 1 1

0

WR WR S F SF SF	 SF SFID FC FC fC
2 X X X O X X	 x X X X X O 1 1 1	 1 FC I I 1

D D D	 D 0

WR WR WR

3 X x X 0 X X	 x X X x X 0 X X X	 X X X X 0

WR WR

1114

x x x O X x	 X X X x X 0 x x X	 X X X X 0

FC FC FC FC FC FC	 FC K FC FC FC FC
% % X %

WR

I 1 O 1 1 O	 1 1 1 O 1 O % % % 0

SF SF SF SF SFID FC	 FC FC FC FC FC FC FC FC FC	 FC FC FC FC K
(63) 0 ID 10 ID ID FC 1	 1 I I 1 O 1 1 O 1	 1 1 0 1 O

O

WR SF SF	 SF SF SFID FC FC FC FC FC FC	 FC FC FC FC FC
I X x X 0 1D ID	 10 10 FC I I I 1 O	 1 1 0 1 1

O

47449
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and comparative performance checks on the Bit Synchronizer assembly. It is

recognized that the squelch circuits also receive the video signal and may require

minor modification for optimum performance with the split-phase signal with the

only difference being the frequency sensistive squelch circuit will be seeing a

nearly square wave input instead of the present sine-wave. The continuity of

waveform in split phase modulation will enhance the performance by eliminating

the sensitivity of squelches to data content, i.e.; fixed word of all "I's", on all

channels with gated-sine-wave modulation has minimum signal content of one

cycle per eight-bit intervals. Split- phase modulation will provide continuous
t

full cycle square waves, reversing phase for "0's". This gives a worst-case

condition for all zeros where the signal waveform looks like a 1/2 bit rate square

wave. Much testing and documentation had already been performed on the present

NIMBUS Bit Synchronizer and thus a basis for comparison was easily established.

Signal-to-noise (S/N) performance using one type of modulation versus the other

was the prime measurement for comparative performance indication. Extreme care

was taken to use the same test set up and instrumentation with emphasis on com-

parative results rather than absolute S/N performance measurement techniques

Tests were carefully documented, precision test equipment was used and valid

techniques were followed giving results which were close to the expected. The

study involved building breadboard logic and modifying an existing NIMBUS Bit

Synchronizer fur tests and final derrionstratien. An additional approach was

employed taking test data and demonstrating the use of Radiation Incorporated's,
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Universal Bit Synchronizer in place of the NIMBUS Bit Synchronizer in the

NIMBUS System.

1. 17 MODIFICATION OF GROUP SYNCHRONIZER ASSEMBLY. - Figure 67 is a photo-

graph of this assembly. Figure 68 illustrates the Group Synchronizer as a block dia-

gram. The modification of the Group Synchronizer, enabling synchronization with

the new format, was accomplished by adding a format select switch (6 PDT) with

appropriate wiring and logic changes which permitted operational checks to be made

in the existing format and ability to switch to proposed new format for further checks.

Details of the changes involved in this study can be followed by noting the sequence

of data through the input register of the Group Synchronizer; first in the existing

format and then in required sequence for the new format.

1.17.1 Table 8 indicates the differences in the existing and the new format as it

appears in the input register and further the progression of data bits (left

to right) at various word count intervals. In the existing format,frame

sync recognition occurs when the correct pattern (eight "1's" and four "0's"

occurs in the register in stages numbered 1 through 12. The word counter

is reset to zero by frame sync defining word count zero (0-63 count

sequence). Read-out of subframe identification (SFID) is also initiated

at this time, reading broadside from the input register stages 12 through

16 (4 bits plus last 0 bit of frame sync code, FC, enabling future expan-

sion to 32 subframe count). Finally, at word count zero time the output

shift register (OSR) is set and held at a!I "0'511.

C)
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1 . 17. 2 Word count 1 occurs 8 bits later and data has shifted to the right 8 stages. Data

in stages 2 through 8 for readout to the OSR is SFID information plus "0" bits of

the frame sync code, and can be decommutoted as Word 1 . After another 8 bits

of data has shifted into the register, word count 2 occurs with stages 2 through

8 containing the 7 data bits of Word 2 as a readout to the OSR. The data continues

in serially at bit rate as described to a word count of 63, at which time the last

data word of that subfrome is in stages 2 through 8 and read out to the OSR. The

frame sync code pattern is again entering the register, and after another 8 bits

, t is in correct position for correlation. This occurs at a Nord count of zero which

defines frame rate and SFID read outs as previously described,

1 . 17.3 Now looking at the new format and following the some sequence of data through

the input register, the differences and required logic changes can be seen. When

the frame sync code (now 16 bits) is in stages 1 through 6, it will be detected.

This requires only a change in the present 16 frame code select switches from the

eight "1's", four "0's", four bit switches at center-off position to the selected

Barker code. Two poles of the format select switch are used to route the detected

frame sync code signal in the present path for existing format, but in new format

position to reset the bit counter to a four count (0-7 sequence). See figure 69

(view Q for wiring change required. This in effect sets the word count to 0 plus

1/2 word. This necessitated routing of the frame sync d:lring search signal to

OR gate into the f rame rate line A30B since frame rate generation depended on

the bit counter also being zero (not four bits or 1/2 word ahead). By this means

l
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frame rate would now be generated at every word count zero time. The OSR is

held at all "0's" at word count zero. However, the SFID cannot be read at this

time as was done before, because stages 12 through 16 do not contain SFID data.

We need to initiate "SFID Read" after four more bits of data are shifted in the

register and this is done since the bit counter was set to a four count at word

count zero and will be indexed by bit rate to a zero count after four more bits.

The existing SFID Read logic holds the word count zero indication looking for

WR-L1 (bits-per-word count zero) to generate the SFID Read command. Thus,

four bit inter,/als after word countzero, stages 12 through 16 contain the SFID

data and is read to the SFID register. Also the word counter is indexed to Word

1 count.

1. 17.4 Next it is necessary to reset a portion of the input register after the frame sync

pattern has passed its correlation check in order to reconstruct a full seven bit

duta word for the SFID four bit word. By routing a delayed SFID Read (figure

69, View D) from A90E through a pole of the format select switch to reset input

register stages 10, 11 and 12 to "0" we are now ready at word count 2 to read-

out the correct SFID data with the three most significant bits as "0's" and SFID

information (0-15 count) in the four least significant bit positions.

1. 17.5 The OSR needs to be inhibited for both word count zero and word count 1,

since word count 2 is the first time valid data is in proper sta ges for readout.

The existing logic accomplishes this since the OSR inhibit is initiated by frame

rate and continues until next WRL-3 (bit count 2) occurs. Thus the reset of the
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bit cc,inter to 112 word ahead by frame rate enables the inhibit signal to last from

F word count zero ;frame rate time) through word count 1 (at next WR-L1 and two

more bit intervals (next WR-1-3). On the exis t ing format the same log--- only in-

hibits the OSR for word count zero and a word count 1 time correct SFID data is

read.

1. 17.6 An additional timing change that existing logic accomplishes in the some fashion

is the gated word rate signal to the rest of the system. On A data operation,

WR-L1 ;s rusted out as word rate. The reset of the bit counter 1/2 word ahead

dele te% ooe VIR-Ll . The decommutator counts this word rate relating it to

proper	 In the existing format it relates the first word rate received at

rrame rate as associated with frame synch code, the second received as assoc-

ioted with SFID wo ,d and the third one denotes the first data word and so on.

Therefore, the new format must send only one word rate for word count zero

and word count I and the second word rate at word count 2. The present logic

will do this since it deletes the word rate (WR-Ll) at the word count zero time

but not any other word count time by the advanced reset change.

1. 17.7 After SFID dala is read ou ► of the OSR (word count 2 or decommutator Word 1

time) and eight more data bits enter the input register, the first data word of

the new format is in position for readout to the OSR. Thus, data sequence and

decommutation is the same as per the existing format for the 60 data words

after SFID. Data Words are available at same patch panel selection as before.
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1 . 17.8 In the new forrnut the subframe ends after the 60th data word and it is necessary

to start the word count over at this time. This was accomplished by making the

word counter anasymmetrical counter counting 64 counts with 63 inputs. Feed

back was routed from the 32 count stage (figure 69, View B) to add one count.

Thus the word counter starts with a zero count through 32 adding one at this

time so the 33rd input produces a 34 count and on to a 63 count with 62 inputs

and reset to zero (or 64 count) on the 63rd input. This enobles the word counter

to flywheel and check for frame synch by tke same method as with existing format.

1. 18 MODIFIED BARKER FRAME SYNC CODE. - (See Ref. 16, 17, and 18 Section 3). In

choosing a 16, bit i iGi„C sync code for the new format, a Barker code word was consid-

ered. An n-bit frame sync pattern should be selected under the criterion that probability

of displacement of the pattern by fl bit be minimized, at the some time restricting the

probability of pattern displacement by 2 to (n-1) bits below a prescribed maximum. The

IRIG Telemetry Standards Document suggests a 11-bit plus complement 11-bit code word

and deleting latter bits of the complement for prescribed length of code word. The 11-

bit Barker word suggested was 11100010010. However, this was later revised to a 31-

bit synchronization pattern under PCM Standards as follows:

0101011010100101101001101010111

Extensive coverage of sync patterns is available in the references. In the NIMBUS

format it is evidentfor maximum uniqueness that the word sync pattern be excluded

such that a worst-case data pattern with word sync would still give an Error indication.

Also initially a requirement was considered stipulating „ie first bit of the frame sync

f^
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code be a "0" bit to be compatible with the generation of the wo cl sync bit of the 63rd

word. The new format deletes the last 12 bits of the 512bit frame length and adds the

remaining first 4 bits (0 word sync plus 3 data bits) of the 63rd word to the frame sync.

code. By this means a I I-bit Barker word plus the first 5 bits of its complement was modi-

fied to exclude the word sync pattern. Plotting of various deviations fro;n this f:•_ttern

versus error information as pattern appeared slipped to either side of the correct corre-

late.: position was done to obtain a satisfactory unique code pattern for the NIMBUS

format (table 9). Further work could be done in this area for the NIMBUS formal, but

the Ground Station possesses the flexibility of selecting switch positions for correlation

of any pattern.

1. 19 PROCESSING OF DIGITAL CHANNELS AND TIME CODE. - To process the expanded

data capability of the new format requires additional decommutation. Eight prime and

four subcommutated analog channels of the existing format have been designoted to

contain 1-bit (on/off func''ons) digital information channels. The Time Code da!o is

located in six subcommutated channels. Logic design was studied to sort and provide

roL'ting to recorder and display for 84 single channels plus the Time Code. One approach

was to provide an independent digital decommutator assembly requiring a minimum of

inputs from the system and capable of being packaged with its recording and display it

the system or remote. A second approach proposed adding another logic drawer to the

present system sharing timing and patching that is ovai'Ale.
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Table 9A. Deviation Checks from Modified Sync Pattern

Slip

	

F- FRAME SYNC PATTERN	 Left Errors

	O x x x x 0 1 1 1 1 1 0 1 1 0 1 1 1 0 1 0 x x x 	 0	 0

	

x x x x 0 1 1 1 1 1 0 1 1 0 1 1 1 0 1 0 x x x x 	 1	 8

	

x x x 0 1 1 1 1 1 0 1 1 0 1 1 1 0 1 0 x x x x x 	 2	 6

	

x x 0 1 1 1 1 1 0 1 1 0 1 1 1 0 1 0 x x x x x x 	 3	 5

	

x 0 1 1 1 1 1 0 1 1 0 1 1 1 0 1 0 x x x x x x x	 4	 5

	

0 1 1 1 1 1 0 1 1 0 1 1 1 0 1 0 x x x x x x x 0 	 5	 7

	

1 1 1 1 1 0 1 1 0 1 1 1 0 1 0 x x x x x x x 0 x 	 6	 3

	

1 1 '. 1 0 1 1 0 1 1 1 0 1 0 x x x x x x x 0 x x 	 7	 3

	

1 1 1 0 1 1 0 1 1 1 0 1 0 x x x x x x x 0 x x x 	 8	 5

	

1 1 0 1 1 0 1 1 1 0 1 0 x x x x x x x 0 x x x x 	 9	 2

	

1 0 1 i 0 1 1 1" 1 0 x x x x x x x 0 x x x x x 	 10	 3

	

0 1 1 0 1 1 1 0 1 0 x x x x x x x 0 x x x x x x 	 11	 4

	

1 1 0 1 1 1 0 1 0 x x x x x x x 0 x x x x x x x 	 12	 4

	

1 0 1 1 1 0 1 0 x x x x x x x 0 x x x x x x x 0	 13	 2

	

0 1 1 1 0 1 0 x x x x x x x 0 x x x x x x x 0 x 	 14	 2

	

1 1 1 0 1 0 x x x x x x x 0 x x x x x x x 0 x x 	 15	 1

	

1 1 0 1 0 x x x x x x x 0 x x x x x x x 0 x x x 	 16	 1

x x x x x x 0	 x x x x x x 0 x x x x x x x 0 x 	 WORST	 1

	

• x x x x 0 x x x x x x x 0 x x x x x x x 0 x x 	 CASE	 1

	

• x x 0 x x x x x x x 0 x x x x x x x 0 x x x x 	 CODE	 1

	

• x x x x x 0 x x x x x x x 0 x x x x x x x 0 x 	 PATTERN	 1

Slip

	

FRAME SYNC PATTERN	 Right Errors

	0 x x x x 0 1 1 1 1 1 0 1 1 0 1 1 1 0 1 0 x x x 	 0	 0

	

x 0 x x x x 0 1 1 1 1 1 0 1 1 0 1 1 1 0 1 0 x x 	 1	 8

	

x. x 0 x x x x 0 1 1 1 1 1 0 1 1 0 1 1 1 0 1 0 x 	 2	 6

	

x x x 0 x x x x 0 1 1 1 1 1 0 1 1 0 1 1 1 0 1 0 	 3	 5

	

x. x x x 0 x x x x 0 1 1 1 1 1 0 1 1 0 1 1 1 0 1 	 4	 5

	

x x x x x 0 x x x x 0 1 1 1 1 1 0 1 1 0̂  1 1 1 0	 5	 7

	

x x x. x x x 0 x x x x 0 1 1 1 1 1 0 1 1 0 1 1 1 	 6	 4

	

x x x x x x x 0 x x x x 0 1 1 1 1 1 0 i 1 0 1 1 	 7	 4

	

0 x x x x x x x 0 x x x x 0 1 1 1 1 1 0 1 1 0 1 	 8	 6

	

x. 0 x x x x x x x 0 x x x x 0 1 1 1 1 1 0 1 1 0 	 9	 2

	

x x 0 x x x x x x x 0 x x x x 0 1 1 1 1 1 0 1 1 	 10	 4

	

x x x 0 x x x x x x x 0 x x x x 0 1 1 1 1 1 0 1 	 11	 3

	

x x x 0 x x x x x x x 0 x x x x 0 1 1 1 1 1 0 	 12	 4

	

• x x x x 0 x x x x x x x 0 x x x x 0 1 1 1 1 1 	 13	 2

	

• x x x x x 0 x x x x x x x 0 x x x x 0 1 1 1 1 	 14	 3

	

• x x x x x x 0 x x x x x x x 0 x x x x 0 1 1 1 	 15	 2

	

0 x x x x x x x 0 x x x x x x x 0 x x x x 0 x x	 16	 2

Error Check *'or 0101 1 101 101 1 1 1 10 Frame Sync Pattern
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NIMBUS PCM GROUND STAI ION - "A" FORMAT MODIFICATION
MINOR FRAML LENGTH 	 - 62 1/2, 8-BIT WORDS
FRAME SYNC CGDF	 - 01111101101000110 	 b DIRECT ION OF ENTRY TO INPUT

SHIFI RLGISTLR

PATTERN SLIPPAGE Vs ERROR INDICATION

FRAME SYNC CODE PATTERN PLUS WORST DATA COMBINATION

DATA	 SLIPPAGF TO THE LEFT 	 SLIPPAGE TO TKE RIGHT

ERROR
MINOR COMBINATION

BEST I WORST I 1615 14 13 12 11 10 9 8 	 6 5 4 3 2 1	 G 1	 2 3 4 5 6 7 8 9 10 11 12 13 11 15 16

C

r^J	 n ^
1 ^J ^J

__j-

2
3
4

5
6
7
8
9
10

I

12

13

14

15

16

Figure 698. Frame Sync Pattern Slippage Errol Chart for Table 9B
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Table 9B. Deviation Checks from Modified Sync Pattern
Siip

r FRAME SYNC PATTERN Left Errors

K 0 x x x i i	 1 1 1 0 1 1 0 1 0 0 0	 1	 1	 0 x x x 0 0

0 x x. x 1 1 1	 1 1 0 1 1 0 1 0 0 0 1	 1	 0	 x x x x 1 8

x x x 1 1 1 1	 1 0 1 1 0 1 0 0 0 1 1	 0 x	 x x x x 2 8

x x 1 1 1 1 1	 0 1 1 0 1 0 0 0 1 1 0 x x x x x x 3 6

x 1 1 1 i 1 0	 1 1 0 1 0 0 0 1 1 0 x x x x x x x 4 7

1 1 1 1 1 0 1	 1 0 1 0 0 0 1 1 0 x x x x x x. x 0 5 6

1 1 1 1 0 1 1	 0 1 0 0 0 1 1 0 x x x x x x x 0 x 6 5
1 1 1 0 1 1 0	 1 0 0 0 1 1 0 x x x x x x x 0 x x 7 4

1 1 0 1 1 0 1	 0 0 0 1 1 0 x x x x x x x 0 x x x 8 7

1 0 1 1 0 1 0 0 0 1 1 0 x x x x x x x 0 x x x x 9 6

0 1 1 0 1 0 0 0 1 1 0 x x x x x x x 0 x x x x x 10 5

1 1 0 1 0 0 0	 1 1 0 x x x x x x x 0 x x x x x x 11 3

1 0 1 0 0 0 1	 1 0 x x x x x x x 0 x x x x x x x 12 3
0 1 0 0 0 1 1	 0 x x x x x x x 0 x x x x x x x 0 13 1
1 0 0 0 1 1 0 x x x x x x x 0 x x x x x x x 0 x 14 3

0 0 (. ' 1 0 x x x x x x x 0 x x x x x x x 0 x x 15 2
0 0 1 1 0 x x x x x x x 0 x x x x x x x 0 x x x 16 1

0 x x. x x x x x x 0 x x x x x x x x 0 x x x x x 1

x x x x x x x x 0 x x x x x x x x 0 x x x x x x WORST 1

x x x x x x x 0 x x x x x x x x 0 x x x x x x 0 CASE 1
xxxxx0`." x x x x x x x 0 x x x x x x 0 x x C^"S 1
x x 0 x x x x x x x 0 x x x x x x x 0 x x x x x PATTERN 1
x x x x 0 x x x Y x x x 0 x x x x x x x 0 x x x I

Slip
F--- FRAME SYNC PATTERN-7 Right Errors

0 x x x x 0 1	 1 1 1 0 1 1 0 1 0 0 0	 1	 1	 0 x x x 0 0

x 0 x x x x 0	 1 1 1 1 0 1 1 0 1 0 0	 0	 1	 1 0 x x 1 8

x x 0 x x x x 0 1 1 1 1 0 1 1 0 1 0 0 0	 1 1 0 x 2 8

x x x 0 x x x x 0 1 1 1 1 0 1 1 0 1	 0 0 0 1 1 0 3 7

x x x x 0 x. x x x 0 1 1 1 1 0 1 1 0	 1	 0	 0 0 1 1 4 7

x x x x x 0 x x x x 0 1 1 1 1 0 1 1	 0	 1	 0 0 0 1 5 4

x x x x x Y. 0 x x: x x 0 1 1 1 1 0 1	 1	 0	 1 0 0 0 6 7

x x x x x x x 0 x. x x x 0 1 1 1 1 0	 1	 1	 0 1 0 0 7 5

0 x x x x x x x 0 x x x x 0 1 1 1 1	 0	 1	 1 0 1 0 8 6

x 0 x: x x x x x x 0 x x x x 0 1 1 1	 1	 0	 1 1 0 1 9 7

x x 0 x x x x x x x 0 x x x. x 0 1 1	 1	 1	 0 1 1 0 10 2

x x. x 0 x x x x x x x 0 x x x x 0 1	 1	 1	 1 0 1 1 11 3

x x x. x 0 x x x x x x x 0 x x x x 0	 1	 1	 1 1 0 1 12 2

x x x x x 0 x x x x x x x 0 x x x x	 0	 1	 1 1 1 0 13 2

x x x x x x 0 x x x x x x x 0 x x x x 0	 1 1 1 1 14 4

x x x x x x x 0 x x x x x x x 0 x x x x 0 1 1 1 15 1

0 x x x x x x x 0 x x x x x x x 0 x x x x 0 1 1 16 1

Error Check For 0110001011011111 Frame Sync Pattern
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Table 9C. Deviation Checks from Modified Sync Pattern
$lip

FRAME SYNC FATTERN -] Left Errors

0	 x. x x x 1 0 1 1 0 1 0 1 0 1 1 0 1 0 1 0 x x x 0 0
x x x x 1 0 1 1 0 1 0 1 0 1 1 0 1 0 1 0 x x x x 1 13
x	 x x 1 0 1 1 0 1 0 1 0 1 1 0 1 0 1 0 x x x x x 2 4
x x 1 0 1 1 0 1 0 1 0 1 1 0 1 0 1 0 x x x x x x 3 7
x.	 1 0 1 1 0 1 0 1 0 1 1 0 1 0 1 0 x x x x x x x 4 7
1	 0 1 1 0 1 0 1 0 1 1 0 1 0 1 0 x x x x x x x 0 5 3
0	 1 1 0 1 0 1 0 1 1 0 1 0 1 0 x x x x x x x 0 x 6 9

1	 1 0 1 0 1 0 1 1 0 1 0 1 0 x x x x x x x 0 x x 7 0
1	 0 1 0 1 0 1 1 0 1 0 1 0 x x x x x x x 0 x x x 8 7
0	 1 0 1 0 1 1 0 1 0 1 0 x x x x x x x 0 x x x x 9 3
1	 0 1 0 1 1 0 1 0 1 0 x x x x x x x 0 x x x x x 10 3
0	 1 0 1 1 0 1 0 1 0 x x x x x x x 0 x x x x x x 11 4
1	 0 1 1 0 1 0 1 0 x x x x x x x 0 x x x x x x x 12 1
0	 1 1 0 1 0 1 0 x x x x x x x 0 x x x x x x x 0 13 4
1	 1 0 1 0 1 0 r x x x x x x 0 x x x x x x x 0 x 14 1
1	 0 1 0 1 0 x x x x x x x 0 x x x x x x x 0 x x 15 1
0	 1 0 1 0 x x x x x x x 0 x x x x .X x x 0 x x x 16 1
x x 0 x x x x x x x 0 x x x x x x x 0 x x x x x 1
• x x x x x x x 0 x x x x x x x 0 x x x x x x x WORST 1
• x x x x 0 x x x x x x x 0 x x x x. x x x 0 x x CAS E 1
• x x 0 x x x x x x x 0 x x x x x x x 0 x x x x DATA 1
• 0 x x x x x x. x 0 x x x x x x x 0 x x x x x x PATTERN 1
• x x x x x 0 x x x x x x x 0 x- x x x x x 0 x 1

Slip
FRAME SYNC PATTERN--- 7	Right Errors

0 x x x x 1 0 1 1 0 1 0 1 0 1 1 0 1 0 1 0 x x x 0 1	 0
x 0 x x x x 1 0 1 1 0 1 0 1 0 1 1 0 1 0 1 0 x x 1 13

X 0 x. x x x 1 0 1 1 0 1 0 1 0 1 1 0 1 0 1 0 x 2 4
x x x 0 x x x x 1 0 1 1 0 1 0 1 0 1 1 0 1 0 1 0 3 7
x.	 x x x 0 x x x x 1 0 1 1 0 1 0 1 G 1 1 0 1 0 1 4 7
x x x x x 0 x x x x 1 0 1 1 0 1 0 1 0 1 1 0 1 0 5 3
x x x x x x 0 x x x x 1 0 1 1 0 1 G 1 0 1 1 0 1 6 9
x x x x x x x 0 x x x x 1 0 1 1 0 1 0 1 0 1 1 0 7 1
0	 x. x x x x x x 0 x x x x 1 0 1 1 C 1 0 1 0 1 1 8 8
x 0 x x x x x x x 0 x x x x 1 0 1 1 0 1 0 1 0 1 9 2
x x 0 x x x x x x x 0 x x x x 1 0 1 1 0 1 0 1 0 10 4
x x x 0 x x x x x x x 0 x x x x 1 0 1 1 0 1 0 1 11 3
• x x x 0 x x x x x x x 0 x x ;: x. 1 0 1 1 0 1 0 12 2
• x x x x 0 x x x x x x x 0 x:.c x x 1 0 1 1 0 1 13 4
• x x x x x 0 x x x x x x x 0 x x x x 1 0 1 1 0 14 1
• x x x x x x 0 x x x x x x x 0 x x x x 1 0 1 1 15 3
0 x x x x x x x 0 x x x x x x :c 0 x x x x 1 0 1 16 1

Error Check For- 010101'010101101 Frame Sync Pattern
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I . 19. 1 Independent Dec.ornmutation. - The independent Digital Uecommutator assembly

would require the following inputs from the system; word rate, major frame rate,

subfreme rate and the 7 bit broadside data. Sync Confirmed and B-Squelch

are used also to prevent non-valid operation. There are 84 single channel out-

puts for the digital data routed through recorder input connector for 84 separate

traces. The lime Code would be available on a single output for serial trace

or 21 bit broadside output for a "Nixie" or similar display. A fixed-multi-

styli, electrosensitive writing recorder with 150 channel capacity and paper

speeds compatible with the present systems analog recorders would adequately

handle the digital and Time Code outputs. Channel arrangements would be

hard-wired for simplicity and interchangeable in groups of 10 by changing

input cable connectors to the recorder or by re-arranging individual channels

at a wiring terminal strip. (The Block Diagram is shown in figure 70).

1.19.1.1	 The logic of the Digital Decommutator contains its own timing.

A 6-stage word and four stage subframe counter driving matrix

gates provide decommutation timing, AND gated with the 7-bit

parallel data to set proper "0" or "1" data in an output register

per each channel. The Time Code data is handled the same to

sort out six subcommutated 7-bit channels for a 21-bit broad-

side input to a storage and serializing (shift) register. The out-

put registers have drivers to route data to inputs to the recorder

or other display.

C}
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84 OUTPUTS
DIGITAL CHANNELS

21 OUTPUTS
TIME CODE PARALLEL

DATA

7-BIT
DATA WORDS

WORD
r.' AT E

SERIAL TIME CODE
DATA

t

Figure 70. Independent Digital Decommutator Block Diagram
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1.19.1.2	 The Time Code serializing requires addil *, unal logic. Figure 71

shows details of the proposed approach. The timr code data words

are sorted and routed to proper stages of the output serializing

register. Thirty-four stages will provide for data and spacing.

The first stage contains a fixed "0" input so that the register

clears itself as the data is shifted out serially. The units and

•	 tens in formation of seconds, minutes and hours are routed to the

stages indicated leaving "0's" in non-addressed stages. An

internal clock with start, stop and rate control is used to drive

the shift register for proper serial readout rate. The register is

loaded during subframe 1 . The beginning of frame 2 starts the

internal clock wherein the rate has been set compatible with

recorder paper speed. The beginning of frame 1 stops the clock

so new data can be read-in. System timing or timing from the

word and frame counters of the Digital Decommutator could 5e

used in place of, or in conjunction with the internal clock by

switch selection. Time Code readout period is limited to a 15

subframe time interval. A Time Code reference trace would

improve visual read of Time Code data trace. Ideally the spacing

between units and tens, and seconds, minutes and hours should be

clearly defined. A trace of the Time Code serial shift rate would

provide some advantage with minimum effort. A more beneficial

reference trace would require another serial shift register to

t
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FROM GROUP SYNCHRt'N1ZfR
PARALLEL DATA INPUTS

b	 4	 2

CAPDCOUNT

2 NOR -
CKTS c ARDS

23 8
C ,P 15 12

M SFA'1 - / I

PI	 - 14 2

RELAY DPIVFR I I

TOTALS 74

INPUT ^^STROBES

NQRDD4

WORD 12

WORD 19
FROM DFCOMMoTAICR	 WORD 23	

INPUT GATES 21 NOR'S
WORU 31
NORD 36

} ;URF kAME STRGBf

SHIFT	
SHIFT REGISTER 34 CSR",
	 SERIAL OUTPUT	

TO KEYING RELAY

RELAY DRIVER

SUBFRAME I _ WORD 64

FROM DECOMMUTATCR

LIBf WWI	 w —n

ANALOG RECORDS R
SAM

PL
E

READOUT	 EVENT RECORDER

	

',IAPT	 INTERNAL
CLOCK

66 CPS
2 MSMV'S
7 NOR'

	

STOP	 1 CSR
4 PI	 WORD 4- 8 4	 2 I

WORD 12- 40	 10 111 SECONDS

WORD 19- 8 4	 2 Il

WORD 23- 40 20 10 MINUTES

WORD 31- 8 4	 2 1
WORD 36- 40 20 10 HOURS

INPUT DATA FORMAT

	

4 —	 SHIFT-IN DIRfC'TION

SFCONDS	 MINUTES	 HOURS
A

1
40 1 20 1 10 1 	 1	 8 4 1 2 1 1 1	 1	 1	 40 1 20 1 10 1 	 1	 H 4	 2 1 1	 1	 1	 1 40 1 20 1 10 1 	 1	 h 4	 2T 1

1 2 3 4	 5 6 1 8 9 10 II 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33

OUTPUT DATA FORMAT

0

I	 I	 I	 I	 I	 I	 I	 I	 I	 I	 i	 l	 l	 l	 l	 l	 l	 l	 l	 l	 l	 l	 l	 l	 l	 l	 l	 l	 l	 l	 l	 l	 l	 l

59 SECOND	 48 MINUTES	 37 HOURS	 46869

Figure 71. Time Code Display System Logic Diagram
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store and shift out spacing information.

	

1.19.1.3	 The packaging of the independent Digitai Decommutator would

require a separate cabinet to house the event recorder, a Time

Code Nixie display panel and a logic drawer for the decommu-

tation and drive logic. A separate logic power supply could be

housed in this cabinet or power supplied from the existing system.

Minimum panel space requirements would be approximately 24

`nches.

1 . 19.2 Decommutator Logic Added to Prevent System. - Later in the study program

more importance was attcched to making the Digital Decommutator o part of

$e existing system; especially endeavoring to use the patch panel spares

capability of the existing Decommutator assembly. This would provide a

method of arranging digital channels to be displayed on a particular recorder

trace by front panel patch selection. A Digital Channels Decommutator

drawer to be added to the existing system is thereby proposed as per the

following detailed description.

	

1. 19.2. 1	 The Digital Channels Decommutator drawer will contain four

units: the Time Code Decommutator/Seriahzer Unit, the Prime

Channel Digital Decommutator Unit, ine Subcom Channel Digital

Decommutator Unit, and the Time Code Data Locator. This

proposed new drawer will contain 64 standard circuit cards and

derive all its inputs trom the existing Group Synchronizer and
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Decommutator without modification to either except for wiling to

to the desired signals and wiring up an additional 32 hole section

of the existing Decommutator patch panel. Tl.e Digital Channels

Decommutator drawer will supply 86 outputs to drive the pro-

posed 150 channel event recorder. The 86 outputs include 56

prime channel on-off functions, 28 subcom channel on-off

functions, Time Code in serial form, and Time Code locator

(reference) marks. The Time Code may be applied to any or all

of th• ee events marker channels by patching on the Decom patch
	

1
panel. The Time Code locator marks may be placed on any or

all of three adjacent event marker channels. The on-off functions

are in groups of seven per their assignments in their respective

telemetry words and any of the twelve groups may be connected

to any of twelve groups of seven event markers. This allows

switch *-.ig of a group of functions to another event marker area

in case of failure of an event marker that was being used for a

critical function. The new drawer mny be Iccated in the cob-

inet with the new event recorder or in Cabinet 3 where the

telemetry receiver was previously located. If the drawer is

located in Cabinet 3, cabling will be required to t- ,vey 90 wires

!o drive 90 eveni markers. If the drawer is located in the event

recorder cabinet, cabling wil! be required to carry 50 wires,

^ 1
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most of which are signals from the system. In that case, five

power inverter cards will need to be added in the system to

drive the signals on the cable to the event recorder cabinet.

1.19.2.2 The Prime Channel Digital Decomrnutator unit (figure 72) has

as inputs the seven pairs of normal and inverted bit lines from

the Group Synchronizer and eight transfer pulse lines from the

Decom patch panel. The transfer pulse lines curry word gate

pulses for word gates 5, 13, 21, 29, 37, 45, 53, and 61. On

the patch panel any of these word gates may be selected for

any of the eight groups of seve,i stoticizing registers. The eight

words listed above are those which carry the 56 prime channel

on-off functions. For example, the case where word gate 5

is connected to the trigger inputs of the first group of register

stages. When Word 5 time occurs, the data which is p!esent

(Word 5) at the steering inputs of those register stages (and 7.II

others) from the Group Synchronizer is shif'ed into the firs,

register group. The data is held by the register group, and its

outputs to the respective event markers hold until word gate

5 occurs again to repeat the process. Thus, we load the eight

prime channel digital words as they are avoi!able into stati-

cizing registers where they are separated into 56 individual

bits (on-off functions) and sent to event recorder c'-iannels.

0
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1.19.2.3	 The Subcom Channel Digital Deconn-imutator unit (figure 73)

operates quite similarly to the Prime C:rannel Decommutator.

In the subcom unit, since there are only four words to decomm--

utate (4, 12, 19, 23), there are only 28 outputs to event

r..^rkers. As in the prime unit, the seven pairs of normal and

inverted bit lines from the Group Synchrunizer are connected

to tiie steering inpL'ts of the staticizing registers to be shifted

in when transfer pulses occur. The basic difference in the sub-

comunit is that the transfer pulses, which are word gates patched

in at the Decom Patch Panel, are not allowed to shift the regis-

ters except during subframe 2. Therefore, the registers ara only

updated once per major frame by the subcom digital data, where-

as tl--; -)rime unit registers are updoter' 16 times per major frame

by the prime digital data.

	

1.19.2.4	 The Time Code Decommutator/Se:-ia!izer unit (figure 74) consists

of a parallel-to-serial converter with decommutation gates to

load it. The Tire Code data appears in subframe 1 with units of

seconds in Wora 4, tens of seconds in Word 12, units of minutes

in Word 19, ten: of min-ite, i-, Wo-d 23, units of hou s in Word

31, and tens of hours ir. Word 36. The decommutation gates ghat

toad the shift register are enabled only during subframe 1 and

each group responsible for loading the v .rious bits of time infor-
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bAV MIN, f RAME 3ATF I

(FROM UECOMMUTATOR)
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O 5

FROM PATH PANEI WHFRF WORD GATES
W) 4 11 19 ArIE) 73 MAY RE PAT^IIED IN

Is'',

7'-IEfiATIVlIRIIE ON-O" 7 OUTPUTS TO 7 OUTPUTS TO
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A1417

,-J
7 00  PI -IS TO
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Figure 73. Subcommutoted Channel Digital Decommutator

C
Unit Logic Diagram
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motion isavailable. Other than the frame and woad (ate pulses,

the third input to the decommutation gates is the data, which is

gated into set the shift register when the gate is fully enabled.

Since all loading occurs in the first subframe, shifting of the

shift register is inhibited during the first subframe. After the

first subframe the shifting begins and bits are shifted out at the

rate of three bits per subframe, so that by the end of subframe

13 all data is out of the register. Even though the register is

clear, shifting sti:l occurs unti the beginning of the next major

frame, so zeros are put out for about one-fourth of a major frame.

Tens of seconds appear first, then units of seconds, tens of min-

utes, tens of hOUrs,and last is units of hours.

1.19.2.5	 The T : me Coce Data Locator unit (figure 75) consists of a ring

shift register which is loaded with a pattern of bits during the

first subframe and	 then is shifted simultaneously with the

Time Code shift register. The pattern of bits produced, marks

the first third or the Time Code data to facilitate reading it, and

the register circulates around and repeats itself until it has run

through the pattern a total of three times to mark all of the Time

Code data (figure 76). After it has cycled three times, its out-

put is inhibited during sr•hframes 14, 15, and 16 so no more

marking occurs. In subframe 1 then, when shifting is inhibited,

the register is reloaded and starts its cycle again.

1
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Table 10.

	

	 Circuit and Card Count for Proposed Diailal Channel

Decommutator Subsystem:

132 CSR Circuits Require . . . . . . 44 CSR Cards

148 Pi Circuits Require . . . . . . . 15 PI Cards

12-Nor Circuits and 21 3-Nor
Circuits and 2 4-Nor Circuits
Require ................. 4 3/4-Nor Cards

82-Nor Circuits Require ...... 12 -Nor Card

64 Cards total (to

be located in a

separate drawer)

32 holes in the recycling area of the existing decom patch panel

are required. The many patch boards now being used could be

re-silk screened to identify the Digital Channel patch area or

patch panel decals are available to change this area.

1.19.3 Event Recorder. - The Bnish multi-styli, electrosensitive writing recorder

is the type event recorder proposed to record and display the digital channels.

The Model 14361500 accomodating up to 150 channels is complete in only

15 1/2 inch panel space. A copy of Brush's specification sheet is enclosed

(Appendix X, Section 4) here for a detailed descripirion. This unit has chart

speeds compatible with the Brush Analog recorders used in the present NIMBUS

Ground Station. The Brush Trans-Switcher rput switch circuits are proposed to

di ive the event recorder and are considered a part of it. They provide solid

l	 } 239
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d

state switching that the normal system logic levels will drive adequately. The

Brush specification sheet (A`oendix XI, Section 4) describes in detail these

input circuits. The Model ' .J40203 or 11340204 is preferred. These circuits

plug in the event record requiring no additiinal space or external power other

than input signal.

1. 19.4 Time Code Display. - The Time Code will be recorded as a serial rrace or a

channel or channels of the even recorder. It is proposed that since a broad-

side output is available that a visual dis p lay also be included with a remote

output connection to route Time Code data to any other disploy sites. The

rapid indication display would be helpful as a search area indicator during

playback of recorded data for further processing. The display could be

packaged as a separate panel or in the front of the Digital Decommutator

Drawer.

1.19.4.1 A simplified visual display panel was used on the breadboard

test setup to display Time Code data. It comprised a labeled

panel with 21 subminiature amperex glow-tube lamps arranged

to indicate each BCD Time Code word (figure 77'... The data

input is routed to 21 CSR storage stages that directly drive the

indicator lamp-.. A small 60 VDC (less than 5 ma needed) and

1 volt filament supply powers the glow-tubes. The CSR's and

power supply would be included on this panel.
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1.19.4.2	 A more sophisticated display panel world use "NIXIE" type read-

out lamps converting the BCD to unitary for easier rapid reading.

The miniature "NI/:IE's" Model 104549-1 complete with con-

verter drivers and power supply easily package right on the

display panel are moderate in cost usirg two tubes per word for

a total of 6 "NIXIE's" req, fired.

1.20 SUBCARRIER MODULATION STUDY. - Performance checks in the NIMBUS Bit

Synchronizer and other Radiation Bit Synchronizers have indicated that improvements

could be made to the bit synchronization of the NIMBUS System. If the distortion

and overshoot of the present gated sine wave signal could be eliminated the present

NIMBUS Bit Synchronizer could be modified to integrate over the full bit interval

with a subsequent 2 to 3 db signal-to-noise improvement. this would be very close

to the theoret i cal optimum for RZ t ype signal. However an NRZ type signal offers

a theoretically 3 db better S/N performance ov the RZ type signal. Th-is `he

ground equipment study effort was first directed to investigotiri,) the modification

required for the NIMBUS Ground Station to handle NRZ type signals. It became

evident normal NKZ type modulation presented combined problems (paragraph 1. 13).

It was decided that split phase type moduiation wits actually an NRZ type signal

(one state for a "O" and the opposite of c 1") and very nearly the same S/N
A

per f ormance improvement of the Bit Synchronizer could be o^tained with this signal.

1.20. 1 I nvestigation of Handling NRZ/NRZI Type Modulati , n. - Even though

split pl,ase modulation is proposed, primarily for ease of implementation in
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the airborne equipment, a preliminary investigation was made into accepting

normal NRZ signals through the Ground Station. The findings are presented

mainly for documentation. The squelch detection circuitry would require

mn*i;fication and is more of a problem with NRZ signals where aitomatic

detection of several bit rates are required. The data content directly affects

the frequency content of the input signal train. A possible Detection method

would be to -,se a s tring of alternate " 1" and "0's" at the beginning of each

type data transmission to indicate data type. The frame sync code pattern

could produce the required detectable excitation for the squelches.

1.20. 1. 1 The present NIMBUS Bit Synchronizer (figures 78 and 79) would

require modification to by pass the input filter, add do restor-

ation to the output o, the input amplifier for better operation of

the zero crossing detector and change sync timing loop to

utilize some minimum number of level changes (worst case

code patterns). If NRZI type signal is used such that a "0"

is indicated by a change of level of the signal and a "1" is

indicated by no-change, then the present NIMBUS word sync

pattern (a "0" bit at beginning of each word) would guarantee

at least one level change (data 'transition) per 8 bit intervals

as worst case data. The bit decision circuitry would also

require changing to make bit decisions by full period inte-

gration of the bit interval. Using much of the present synchro-
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PCM BIT SYNCHRONIZER

'NDLT tWC'_ r	 VCO ERROR
^ I	 S00 CPS IS KC	 B DATA

C=• :A.NAL

'00 Cos	 IS KC	 B DATA	 ERROR ADJ.

♦20 	 •0	 2	 3	 4	 S

N& CkD %V 	 %& %./ %:1 41 `/

-20	 O	 6	 7	 B	 9	 IO

L— PONE • J	 L_	 SIGNAL

1416-236A

Figure 78. PCM Bit Synchronizer Panel
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nizer's logic this could be accomplished by inverting the NRZ

signal routing it through a second analog gate, opened during

the off half cycle the 1st analog gate, and to a second inte-

grate circuit. Both integrate circuits would be routed to differ-

ential inputs of the decision amplifier. The present ievel deter-

mining logic would then provide NRZI output if this type signal

is used or NRZ if that is used. Conversion of NRZ 1 to NRZ is

easy enough to implement by using a differentiator, inverter

and flip-flop reset by bit rate.

1.20.1.2	 A second method of bit decision logic requires no input analog

gate and only one integrate circuit. The NRZ signal is routed

directly to the integrate and dump circuit with dump control

occuring atend of each full bit interval. Output of integrator

is routed to two decision amplifiers, one biased as an "up"

level detector, and the other as a "down" level detector. The

outputs set or reset a flip-flop reconstructing NRZ or NRZI

output. One decision amplifier, a buf rer inverter, a differ-

entiator and 2 2-IJors would need to be added to existing bit

decision logic (figure 80).

1.20.2 Split Phase Modulation. - The investigation into handling split phase mod-

ulated signal led to building breadboard circuitry to ascertain feasibility and

make S/N performance checks. Modifications to the NIMBUS Bit Synchro-

nizer were in two areas:

.	 a. Synchronized timinq loop
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1.20.2.1 To use maximum number of data tra -.sitions as sync information it

was necessary o full wave rectify the incoming signalY 	Y	 9	 as is doneg	 (

in B data mode) and sync the loop at c ouble the bit rate. This

was done by forcing relay control to A83A-Kl to select A data

signal through rectifier A81 to the Level 'Detector portion of

Transition Gate A70. The Zero Crossing Detector signal path was

not used. The output from the Level Detector on pin 11 was routed

through, driver A39K, and the normal signal path was changed,

breaking the input to inverter A57H and routine -)utput of A39K

to A57H. The output of A57H was changed to go input to differen-

tiator A73A to trigger data CSR A74A of phase detector logic. Thus

the rectified input through the level detector generates maximum

number of transitions (2 per bit interval for no phase change and 1

per bit interval of phase change). However it is now necessary to

run the phase detector at twice the bit rate to sync with increased

transition rate. This was done by changing the input (clock path)

to relay A86-K4-NC from bit rate at A39B to twice bit rate at

A39A. Also it was necessary to change the loop filter A47 for twice

the bit rate. This was done by cutting the time constant in half; C3

(figure 81) was changed to .5 mfd and C5 to .02 mfd. This was a

minimum effort change to the loop and should be looked into further

for optimum performance at twice the bit rate.
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1.20.2.2 Bit decision logic was investigated with efforts toward simplified logic

design to detect phase changes in the signal. It was felt that it should

not be necessary to determine the correct phase of the signal as is re-

quired in split phase level type where one pha r- is a "0" and the opposite

phase is a "1". A split phase mark type signal had been chosen where

a phase change indicates a "0" and no phase change a "1". Functionally,

there was need to integrate and dump for maximum noise immunity in

order to determine the phase of a bit interval and compare it with the

phase of the next bit interval.

1.20.2.3 The first approach tried was to utilize a matched filter integrator. Past

tesrs on the matched filter integrator indicated this type to be optimum

for waveforms that did not change with data content. Split phase signals

are very uniform in waveshape with very little distortion generated in

changing phase. The output of the matched filter should merely change

polarity for opposite phase signal (see figure 82 for logic block diagram.).

The t peak detectors were used for do restoration but were not found

necessary with split phase data. They also Supplied automatic level

control (ALC) for the level detectors but would not be necessary if the

input signal level was reasonably constant. Looking at the waveforms

it can be seen that f--)r one phase of data with respect to the clock, the

dump occurs at the time of phase change when a "0" occurs (waveform

2 and 3) resulting in an integrator output (waveform 5) whose polarity
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changes for "0"s. However, with the signal and clock synced 180

degrees out of phase (waveforms 2 and 4) such that dump signal always

occurs in between F .se change times the integration output (waveform

6) has nearly zero output during phase change intervals and maximum

level (either polarity) at dump time during no change intervals. The

problem existed to determine which phase was the more useful and to

provide phase correcting logic to maintain one phase. Jince this was

contary to a simplified logic approach, a test was run employing the

scheme shown where + and - level detectors were OR gated together

and AND gates with the dump signal. If the clock and signal are in

phase (waveforms 2 and 3), there will be an inhibit at this AND gate

and no output to phase correcting logic. If the opposite phase is occur-

ing there will be no inhibit pulse at the phase changes ("0"-bits) and

the dump pulse will be routed tnrough a differentrator generating a trigger

an the training edge of the dump pulse toggline CSk1. Two phase correct-

ing triggers (or one depending on the starting state of CSR1) switch CSR2

changing selection of clock to other phase which cause inhibiting pulses

to occur and no further phase corrections unless errors occur of clock

should change phase. The level decisions are c!:)cked into the CSR at

dump time. Each edge is differentiated and OR gated togethor to set the

"0" side of NRZ output flip-flop. The "1" side is set by a narrow clock

pulse such that when transitions occur they override and set a "0", and

absence of transition allows a "1" to be set in generating NRZ from NRZ1.
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1 .20.2.4 A S/N performance check was run on the above simplified matched

filters approach and indications were that there was no inprovement

over the present 112 cycle integrate of the gated sine wave signal. It

was noted that the addition of a second integrator operating off the

oppo..,te phase of the timing would be a better approach eliminating

the need for phase correcting and error analysis logic. See (figure 83)

for logic diagram and waveforms. This required four decision amplifiers

as well as two matched filters but appears to offer solution to phase

decision requirement.

1.20.2.5 The ideal matched filter for a square waveform signal is anRC integrator.

Since the split phase signal decided upon was to be square wave with

system processing introducing no appreciable degradation it was decided

that a simpleRC integrator was very adequate. the second approach

used two integrate and dump circuits, one for each phase of the signal.

See (figure 84) for logic diagram and waveforms. The purpose of this

desigr was to insure that one integrate and dump circuit would integrate

alternate half cycles irrespective if the data pattern of phase relation.

The other integrate and dump circuit would perform the same function on

"1's" (no phase change) except integrate over two consecutive polarity

half c; cles every "0" (phase change). Outputs of the level detectors

(waveforms 4 and 5) are compared differentially in two separate decision

C '	 255
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amplifiers biased to trigger at 75% maximum difference. Outputs of the

decision amplifiers were OR gated together indicating "O"s and routed

to NRZ1 to NRZ conversion logic. This approach gave correct decisions

but suffered from S/N performance because of the many false decisions

from decision amplifiers when appreciable noise was present. To im-

prove this, it was necessary to add a window on the output of the

decision amplifiers. This required determining and maintaining correct

phase of the riming for the window (sample) and once again involved

more complex logic than desired.

1.20.2.6 Study program time was now running out but a third approach was tried

whereby one integrator was dumped at the end of each 1/2 cycle (by

each phase of the clock) at a 30kc rate. See figure 85 for logic wave-

forms. Plus level and minus level decisions were made in separate de-

cision amplifiers biased from ground. However, separate windows were

generated, one for each phase, to sample the decision amplifiers and

store decisions in CSR's connected to Exclusive-OR logic looking for

consecutive 1/2-bit polarities indicating a phase change. Since one

phase of timing will produce no consecutive 1/2-bit polarities, with

consecutive groups of two 1/2-bits at bit rote, regardless of data, there

w;,i be no output from one Exclusive-OR group. The other logic group

looking at consecutive groups of two 1/2-bits, but delayed or displaced

1/2 cycle, will produce an outpui eaci, time a phase change occurs in
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the signal . This output is then routed to trigger a flip-flop with result-

ant outputs as NRZI . Tke next step converts to NR7_ in a conventional

manner.

1.20.2.7 The third approach was breadboarded and checked (f igure 86) and

proved to work quite satisfactorily and waveforms as predicted were

still observed. However, closer investigation revealed shortcomings of

this approach to be that the 1/2-bit comparisons were using effectively

only '1/2 cycle of data for decisions which again is 3db loss in S/N

perfc mance. Tne addition of a second integrator and two more level

detec ,l ors (figures 87 and 88) would enable a similar technique to be

used whereby integration would be performed over the full bit interval.

Duplicate decision logic is furnished for both phases of timing. One

phase would produce no level decision as value of integrator over a

full bit interval at dump time would always be zero.	 The opposite

phase of timing woulc produce maximum (twice the 1/2-bit integrated

output level) level at bit decision (dump) time for "0" bits (phase

change) and zero level for "1 "s (no phase change). Therefore, regard-

less of the phase of the signal and the clock timing, phase changes

would be detected through one logic path or the other, but not both.

htiving thepaths OR gatcd together then eliminates the need to know

the correct phase of the timing or if the timing is maintaining constant

phase lock. There is no need for analysis decisions to determine if they
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are likely to be reliable or are false indications because of improper

timing.

1.20.2.8 Radiation's Universal Bit Synchronizer, Model 4041, as employed in

the Series 540 PCM Acquisition and Stored Program Decommutation

System (io fact the complete 540 Station) was available at Radiation

for tests with NIMBUS new formal data. (See Appendices X11 and XIII

for description and specifications of the Model 4041 Synchronizer and

540 Decom.) The Universal Synchronizer accepts,as one of its standard

'. F• ut f,,*`t phase mark (SPM) data. A program was derived and man-

uo'iy inse.-ted into the 54C System enabling it to process the new format

NIMBUS dwa. Test; Asre run using the breadboarded simulator and the

S/N test s pl n p „ Y.)tcin S/N performance data on the Universal Syn-
1

chronizei and simplified logic. The 540 System has 3 decimal displays

and 1 binary display. These were used to monitor decommutated :ata

for proper data conter'.

1.20.2.9 A brief explanation of the bit decision technique +jsed in the Ur.iver-sal

Synchronizer for split phase data may be followed from figures 89 and

90. Three integrate and dump circuits are used. Two of these, inte-

grator "A" and "B", have signal input gated in to integrate 1, 12 cycle

in one circuit and the next 1/2 cycle in the other circuit (waveforms D2,

G2, F2 and 12). The dump time is the same on integrators "A" and "B"

and their output is applied to differential inputs in one decision amplifier.
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Essentially this makes use of full cycle integration for decisions as to

phase polarity of input signal. The bi level output signal is then routed

to data decoder logic converting to NRZC output. The bit location

ambiguity (phase determination) of the split phase signal is resolved by

correct-phase-detector logic:. Integrator "C" and Dump "C" operate

over 1/2 cycle (twice bit rate) intervals, reconstructing a digital ver-

sion of the input waveforms at the output of Decision amplifier "B" with

polarity decisions of each 1/2 cycle made independently (waveforms S2,

T2 and U2). This output is routed to atwo-stage shift register where

adjacent 1/2 cycles are compared with phase one timing. If they are of

some polarity, an output pulse is generated indicating phase of timing is

wrong. The output of the comparator is loaded into a stage shift register

where a five out of nine check for errors is made. If a total of five

errors ever occurs in the nine stages as each comparison is shifted serially

through the register, '1 is detected by a digital to analog weighting. The

level detector logic generates a control signal selecting the other

phase of timir-i and resetting the error check logic. This procedure has

good noise immunity in that the wrong phase of timing has high probabil-

ity of producing a greater rate of errors with average data than that pro-

duced by random noise in usable signal levels.

! .21 SIMULATOR MODIFICATION.-(See figures 91 and 92.) The use of the new format data

will require changes to the Ground Station Simulator Assembly to enable its use in system
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test and checkout. The words-per-frame length must be changed to 62 1/2 words (500

bits). The frame sync code word length must be changed to 16 bits and either selectable

or fixed to final choice of modified Barker code pattern. The additional capability of the

new format containing digital channels and time code require further provisions in the

Simulator to check the system processing of this data. A Time Code generator should be

added and a method of controlli , ig individual bits in any of the digital channels separate

from the analog channels. 	 The use of split phase signal modulation in place of the gated

sine wave requires logic changes to furnish phase reversals of square wave bit rate for "0"

bit indications.

1 .21 .l Details of the modifications to the Simulator are shown in figure 93. Group A

logic changes indicate a mc.nod enabling the bit counter to count four bits

(1/2 word) for the first word count by bypassing the third stage of the bit counter.

After the first word, the bit counter counts normal eight bits per word. Group B

logic changes show reset routing required !.) that word counter is reset to a one

count immediately after the 64 count, thereby maintaining a symmetrical serial

count for 63 word counts. Thus, on "Normal Count" selection of "Data Contents"

the word counter supplies a serial-advancing count with no interruptions (unsym-

metrical) in count.

1 .21 .2 Inserting the correct frame sync bit at the correct time requires changes to the

formatting gate circuitry which p recedes the output register loading gates.

Additionally, the subframe identification (SFID) 1/2 word must now occur on the

third word count. Group C logic changes indicate detailed requirements. A
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Figurc 93. Simulator Logic Changes (Sheet 1 of 3)
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fixed frame sync pattern can be wired in as is done in existing system,or the 16

tinputs can be wired through 16 SPDT selector switches to ground or -10 volts to

select "1 "s or "0"s for simulated code pattern. Likewise, a switch is shown

(2 position-13 poles) providing the capability to retain existing format or switch

to tlF.e new format. The new format can be wired in, of course, by merel y by-

passing and deleting the switches.

1.21 .3 Group u logic changes and waveforms explain the addition of on NRZ to split

phase mark (SPM) converter and necessary switching to provide a SPM modulateJ

video output signal in place of the gated sine wave. The normal NRZC data is

sampled by one phase of the clock looking for " r," bit levels. Output of this

gate toggles a CSRwhich selects one phase of the clock in one state and the

opposite phase in the other state; thereby reversing phase of output signal each

time a "0" bit occurs and no change of phase for "1"s.

1.21 .4 In order to effectively check out the digital and Time Code channels' decom-

mutation capability in the ground station, it is desirable to be able to place a

word in any desired time slot in the PCM A data format while the rest of the time

slots contain some different known word. To accomplish this will require an

additional five cars in the simulator drawer: two 2 NOR cards and three switch

cards. Each switch card would have seven switches,. One card would permit bit

by bit selection of the content of the unique word. Another switch card would

use six switches for word slot selection in the subframe which was to contain, the

unique word. The last switch card would use four switches to select the subframe
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in which the unique word was to appear.

R

.22 STUDY PROGRAM FEASIBILITY TESTING CHRONOLOGY, -Certain tests were demon-

stroted before NASA personnel to prove feasibility. Bcsically, the output of the airborne

NIMBUS PCM Telemetry was recorded on magnetic tape, and these tapes were used as

input signals to the modif;ed Ground Station. The ability of the Ground Station to syn-

chronize on this data and decommutate portions of the data for content was observed

to verify Airborne PCM correct formatting of all inputs, digital channel and Time Code

capability and operating performance characteristics of the Ground Station.

1 .22.1 To show feasibility of accepting the new proposed 62-1/2 word format and ob-

taining the same system performance, the Group Synchronizer and the breadboard

simulator were mod;fied. A tape was used which provided gated sine wave sig-

nols but with the new format. Tests were then run using the simulator and

digital comparator to ascertain that no bit errors were being made and that the

system performed normally with the new format. Noise was mixed with the

simulated signal and data taken to determine:

a. that S/N performance was not affected by new format or modifications and

b. the sync acquisition characteristics with the new format.

Next the tape wi±h the new Format but the existing type signal (gated sine we ve)

was played into the system. Satisfactory handling of this data was noted by

normal synchronization indication: by the Group Synchronizer. A further check

was made by decommutation of most of the data by patching in a glow-tube ligh'

display to the outputs of the Ground Station's D/A staticising registers. This
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also verified that data on the airborne prepared tape was in tl^e (_or:ec+ format,

1
6 	 time slots, and Time Code values for synchronization with the system clock. Time

Code readout advanced 16 seconds per each sample. The samples were taken

once per major frame. At a bit rate of 500 cps and a suVrame lerigth of 62-1/2

eight-bit words for a total 500 bits, subframe rate occurs at 1 cps and,with 16

subtrames per major frame,gives major frame repetition every 16 seconds. The

use of split phase modulation affected both the control section (recognition of

signal to fire squelches) and the Bit Synchronizer. The squelch operation was

forced 1­ ­ manual switching. The fact was recognized that analog circuit design

must be done on .his section to optimize it for the new square wave split phase

signal, but this problem was deemed irrelevant for the feasibility demonstration.

The requirements necessary for bits decisions were quite extensive if the total

logic of the Radiation Universal Bit Synchronizer were employed. Other incom-

patibilities made direct use of existing logic packages impractical. However,

from this viewpoint it was decided that the Uriversal Bit Synchronizer would be

used to demonstrate the practicality and performance gain (S /1 N) of the use of +he

split phase signal over the gated sine wave. And at the same time, breadboard

work done on a simplified approach that could possibly be added to the NIMBUS

Bit Synchronizer was displayed. The demonstrations were divided into two

periobs. The test set-up was ;;bscrved (figure 94) and the signal routing explained

to NASA personnel. The breadboard simulator was used to supply signals, and

waveforms were observed on an oscilloscop e defining the various signals and timing.

1
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The first demonstration utilized an airborne section,-made tope with both real-

time "A" and stored "A" data. This tape was played on a system Mincom recorder

into the Universal Bit Synchronizer in Radiation's standard Decom station.

The output of the Universal Bit Synchronizer wns routed to the NIMBUS Group

Synchronizer and indication of "Locked" synchronization noted. The same signal

was routed to the breadboard modification to the NIMBUS Bit Synchronizer, and

a check made on the system sync-confidence. Some trouble was noted here in

that the synchronization was not solid. An investigation revealed large noise

spikes and abrupt fluctuation in amplitude of the signal from the Mincom tape

playback. The input dynamic range of the Universal Bit Synchronizer is better

than 15 to 1 and could handle this signal whereas the breadboard logic was de-

veloped to accommodate reasonably constant amplitude signala. Present NIMBUS

system operation employes manual gain control and a dynamic input rar:ge of

arounc' 3 to 1 . However, poor tape playback signal was traced to "dirty" tape.

The Mincom was cleaned and the tape cleaned by several runs over a soft tissue.

The signal was once again satisfactory for system synchronizatior. and was shown.

The second demonstration was performed using an a i rborne section-made tape with

a continuous run of real-time "A" (500 cps) data. The slower data rase and con-

tinuous run on tape made a decommutation display more practical. The playback

signal was routed to the Universal Bit Synchronizer and the Decom station was

programmed to clecommutate the data. The Time Code channels were observed

and the time change at 16--second ir.tervals noted. Then, using the test tape data
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content tabulation, each prime digital charnel was displayed and the correct

seven bits noted. The four subcommutated digital channels were displayed and

a digital readout verified. Several of the remaining analog channels were de-

commutated and binary display checked against the data tabulation. A similar

cl,eck was also made using Test Tape 2, routing the playback signal through the

Universal Bit Synchronizer for serial synchronization and bit decisions. The NRZ

output was then routed back to the NIMBUS System to the Group Synchronizer.

By patching in a breadboarded glow-tube display several selected digital channels

were checked and verified for data content. The Time Code was also decommu-

tated andreadout continually. Thus the NIMBUS system was handling the new

format satisfactorily and decommutation could be accomplished in a normal

operational method. A further variation of this test routed the playback signal

through the NIMBUS Bit synchronizer and breadboarded bit decision logic. Satis-

factory synchronization and handling of the date was observed. Time Code and

two digital channels being decommutated were observed on the glow-tube display.

Operation here wos limited to the'^lored-A" data (15 Ikc) segments on the tape;

since breadboarded bit decision logic was set up for only 15 kc bit rate. The third

type of testi-,g demonstrated was the method of determining signa l -to-noise per-

formance with simulator --supplied signals to the synchronizers. The reconstructed

NRZ output of the synchronizer was compared with the simulator NRZ output in

an "Exclusive -OR" bit comparator. The error indication was routed to a lab

counter to display number of bit errors per 10 -second interval. The number of
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errors divided by 1 .5 x 10 5 gave the bit error rate. Noise Irorn the General

(	 Radio Noise Generator vas-passed through a 30 kc low pass filter to define the

noise bandwidth. Noise and signal were measured on a Bruel and Ki aer VTVM to

determine S/N ratio. See figure 95 for S/N Performance curves of data taken on

the gated sine wave signal through the NIMBUS synchronizer compared with the

split phase signal through the NIMBUS and also through the Universal Synchro-

nizer. The breadboard split phase approach compared equally with the normal

synchronizer handling of thegatedsine wave signal. However, using the Univer-

sal Bit Synchronizer, S/N performance was obtained very close to the theoretical

optimum, or about 4-5 db better than the gated sine wave signal. The demon-

stration showed actual test setup and test data readings were taken for several

points and compared with data taken on previous tests. One area of frequent

misunderstanding in S/N performance tests is the nose bandwidth. In our test,

this is clearly defined as twice the bit rate or 30 kc. It was felt this was an

appropriate choice because the receiver bandwidth if, was thought to be between

30 kc and 50 kc. The last tests demonstrated the method of obtaining sync ac-

quisition time data. The some test set-up as that used for the S/N performance

check was used. The simulator was started and the start signal was routed to g ,e

on o lai) counter courting an internal 1 kc clock. A signal from the system

Group Synchronizer indicating frame sync " locked" was routed to the lab counter

to turn off the count operation. With signals mixed with noise giving 0, 1% and

10% error rates, the time was measured from random start to acquiring "locked"

r
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frame sync. The same test was run for word synchronization. The demonstration

+r
	

of these tests merely showed arrangement used for obtaining this data. See

Tables 11 , 12 for comparative data for 64 and 62-1/2word data formats.

1.23 CONCLUSIONS AND RECOMMENDATIONS.-For the Ground to handle the 62-1/2

word format only minor modifications are required. There are no problems in this area.

The selection of the frame sync code patterns were checked. Further investigation could

insure on optimum pattern. The decommutation of the digital channels and Time Code will

require approximately one more drawer assembly of logic and considerable wiring to the

patch -onel and present system Decommutator assembly. The only conrer •n in this area is

, 1 .)cr•tion of th( added drawer. The possible locations are:

Receiver area in Cabinet 3. The three Lambda Supplies would be raised up, making

room above the D-A drawers and opposite the patch panel it Cabinet 4.

2. Teletype Converter Drawer area in Cabinet 3. If the "B" data mode of operation

is deleted, this space would be available.

3. Bottom panel area of Cabinet 4. This would require moving the Normal/Simulated

input control relay assembly and re-arranging the rear connectors in this area. THis

would entail considerable wiring rework.

4. External to the present system. The Digital Decom drawer could be housed in another

r abinet with it-. event recorder.

The pinposed Brush Recorder Model 14 3615 00 is highly compatible with the pre %enl ystorn

and will be satisfactory for recording and displaying the digital data and Time Code refer-

ence. A visual Tirne Code display is recommended as being available at only little extra
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but offering considerable operations ease in monitoring Time Code. The use of split phase

modulated signal is practical and can be handled in the NIMBUS Ground Station. Modi-

fications must be made to the NIMBUS Bit Synchronizer or it must be replaced with a

version of the Radiation Model 4041 Universal Synchronizer. Modification of the NIMBUS

Bit Synchronizer is practical. Much of the present logic can be used and,with deletions of

some logic not needed, there is available space for the modification. Although time did

not allow check of more sophisticated bit decision techniques, the performance obtained

with the simplified approach indicated at least 3 to 4 db better S/N performance could be

expected over the present system. The Universal Bit Synchronizer actually performed (See

fig re 95• ) very :lose to theoretical optimum and about 5 db better !han the present

system. Further investigation should be made into optima n "squelch" operation with the

split phase signal.
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Table 11. Signal/Noise Performance Comparative Data

F ormat	 -	 New (62-1/2 Word)

Woid Data	 -	 Fixed-01010101 and Random

Signal	 -	 Split Phase Mark From Simulator

S/N
RATIO

db

WORD RATE
FIXED WORD

RAD. B.S.	 -	 NIMBUS
RANDOM WORD

RAD. B.S.	 -	 NIMBUS

i2.0 -	 0	 -	 7.15.10-4

10.1 -	 5.64.10-4	- 	 1.32.10-3

a 0 -	 5.38.10-3	- 	 7.65.10-3

S,0 9.3.10-5	 -	 3.02.10 -2	1.47.10-4	 -	 3.65.10-2

4.0 2.8.10-3	 -	 8.83.10-2	2.92.10-3	 -	 9.8.10-2

2.0 2.42.10-2	 -	 1.94.10-1	2.46.10-2	 -	 2.23.10-1

1.25 4.94.10-2	 -	 5.10-2	 -

A check was run on the NIMBUS breadboard using wired timing from the simulator to determine

error rate contribution from the NIMBUS synchronizer timing loop.

S/N ERROR RATE
RATIO FIXED WORD	 RANDOM FJORD

12 db 0 0

10 2.37.10-4 3.0.10-4

8 3.32.10-3 3.4.10-3

6 1.47.10-2 1.42.10-2

4 5.82.10-2 5.7.10'2

2 1.53.101 1.55.10-1
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`	 Table 12, Syr.c Acquisition Comparative Data

E.-,-or Comp.
Switch

Error
Rate

Frame Sync Acquisition Time
64 Word Format	 62-1/2 Word Format

Frames	 Frames

High 0% 2.6 2.96

High 1 % 3.91 3.68

High 10% 9.83 14.3

Low I	 0 "10 1.8 1.72

Low ?'.% 2.66 2.35

Low 10010 5.56 9.68
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SECTION II

NEW TECHNOLOGY

2. NEW TECHNOLOGY.

2.1 GENERAL. - A basic improvement in the analog multiplexer would significantly improve

the over-all PC:M telemetry subsystem characteristics since the multiplexer contains well

over two thi rds the system ci rcu i try .

2.2 REQUIREMENT FOR STUDY. 	 -The analog multiplexer basically cc. 	 , a memory gate

circuit (ferrite core transformer and a matched transistor pair) which is repealed for each of

the 667 analog input lines and a large number of similar transformer row and column trans-

former drivers. Repetitive circuitry will generally best lend itself to replacement by inte-

grated circuitry since only a few oasic circuit types must be developed. Therefore, if the

multiplexer circuits can be redesigned utilizing circuits adaptable to microelectronic

integrated circuit techniques, a significant improvement may be possible at reasonable cost.

2.3 STUDY OBJECTIVES. - This study was made to determine a feasible method for redesigning

the analog multiplexer utilizing microelectronic circuits, and to develop the necessary inte-

grated circuits sufficiently to prove their performance. A new type of analog gate should

Lie considered since the conventional matched chopper transistor pairs or integrated chopper

transistors both require a transformer drive circuit. The transformer precludes the efficient

use of integrated circuits due to its large physical size and multi-interconnections. Also,

if is considered that the reliability of a silicon integrated circuit is inherently greater than

a multi-winding transformer. Radiation is presently designing a complete typical PCM sys-

tem entirely utilizing microelectronic circuits. Since the anakq multiplexer requirements
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are in many ways similar, considerable advantage may be made of the work being done by

1	 this Radiation Technic , I Advancement Program .

2.4 NEW DESIGN REQUIREMENTS. - For a new design to be of significant improvement to

warrant rebuilding the present magnetic shift register driven multiplexer it is considered that

the following requirements should be met. By meeting the requirements of requirement f.

below, future integrated circuit analog multiplexers wi;l be able to take advantage of

experience and data which would be obtained from the redesign of the Nimbus Analog

Multiplexer.

a . High usage of integrated circuits

b. Large resulting decrease in physical size

c. Small, if any, additional increase in power consumption

d. Reliability improvement by decrease in number of high failure rate type components

e. Negligible reduction, if any, in multiplexer and system performance

f. Maximize the following desirable characteristics for future systems: High isolation

(low feedback current), low offset voltage, high voltage breakdown (allows wide

range of input voltages), low power consumption, and low capacitance to fixed

potentials as well as low input to output capacitance to minimize crosstalk.

2.5 ANALOG GATE. - Isolation requirements for any practical gating device from tho fixed

system voltages must be as high as possible otherwise the got:r,g device will allow a current

to flow from the fixed voltages to the varying analog input. This causes a voltage offset in

the transducer source impedance. Practical low-level multiplexing systems require that this

current be in the nonoampere range. If the use of a transformer isolated drive circuit is

precluded, another isolated gating device must be found.
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2.6 NEW DEVICES FOR ANALOG GATES. -A study of other devices has resulted in the

following being considered:

a . Optoelectronic Integrated Chopper Transistor (such as Texas Instrument type PEX 3002)

b. Diffused N or P Channel Unipolar Field Effect Transistor (such as Siliconix type U 137)

c. Diffused N or P Channel Metal Oxide Semiconductor Field Effect Transistor (MOSFET)

(such as General Micro-Electronics type X-1004)

2.6.1 O toelectr-)nic Integrated Chopper Transistor. - The optoe'ectronic integrated

chopper, (figure 96) is basically a conventional integratea chopper transistor which

is saturated by the optoelectronic coupling of an adjacent gallium arsenide diode.

ideally optical coupling should provide extremely high isolation. The optoelectronic

integrated chopper would meet the analog electrical requirements for the Nimbus

Analog Multiplexer but is considered undesirable because of the current drive re-

quirements to the gallium arsenide diode. One hundred milliamperes drive current

is bpecified. Such a large drive current would impose a severe maximum collector

resistance requirement on the digital drive circuit transistor which is not readily

available with present diffused integrated circuit techniques. (Low resistance

col lector connection to transistor substrate is not available due to component isola-

tion requirements in integrated circuits.) Also, it is generally desirable to keep the

drive current requirements low to minimize power consumption. Another severe

limitation is the complicated physical construction which precludes the use of only

conventional all diffused integrated circuits. Furthermore, the analog electrical

specifications severely limit the use of this device for future systems; since breakdown

voltages are only *5V, operation is only possible to 10 kc, and capacitance is rela-

tively Nigh.
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2.6.2 Unipolai Field Effect Transistor .-A P channel diffused unipola ► FET is shown in

figure 97. With .o control or gate voltage applied, the source to gate is connected

by the equivalent of a silicon resistor formed by the channel. When a back bias is

applied to the gate, the increasing depletion layer in the vicinity of the P N junc-

tion is designed to effectively open the source to drain conducting path. Good leakage

isolation isobtained since the feedback current is limited to the back biased junction

leakage. Offset must be zero since no junction is crossed. Typical ON resistances

in the 200 ohm range may be obtained with capacitances comparable to the inte-

grated chopper transistors. A primary disadvantage is that a back bias voltage is

required to prevent source to drain path from conducting. Thus, whenever t..e sys-

tem power is removed, all the input channels will be shorted together. This normally

shorted channel characteristic is considered serious enough to rule out the use of

conventional FET for most multiplexing applications although many of their other

characteristics are desirable. A stopgap solution would be to provide a battery in

the equipment to provide a back bias to keep the channels open when power is re-

moved but its physical size would diminish the volueof integrated circuit packaging

and it would eventually discharge. The fact that the circuit connection between

the FET gate and the digital drive circuit is not simple or straightforward is another

disadvantage of the conventional FET. This complexity is due to the fact that the

P N junction must be forward biased to allow a FET to conduct, but only a few

nanoamperes of forward current should flow to minimize feedback current once the

FET junction has started conducting. This problem is easily overcome in the MOSFET,

(next paragraph), by insulating the control terminal.
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2.6.3 Metal Oxide Semiconductor Field Effect Transistor.-A MOSFET is shown in figure 98•

To obtain source to drain conduction, a negative voltage is applied to the metallic

gate which directs the resulting field through the oxide insulation to the N substrate,

thereby attracting holes to the semiconductor surface under the gate. The net result

is a conducting path being formed between the source and drain "P" diffused areas.

When the negative gate voltage is removed, the "P" channel disappears and the

source and drain junctions are back biased by the more positive body voltage.

Absolute isolation is assured for the gate terminal and the always back biased source

and drain junction leakages can be kept in the nonoompere range. The resulting

drilve circuits are simple since the isolated gate need only be voltage switched for

the CAN and OFF conditions. Therefore, drive currents are minimal and power con-

sumptic, is low. The offset of the MOSFET is zero. Present junctic . breakdown

voltages cf 25V are possible with increases anticipated, thus allowing a future wide

range of input voltages. Capacitance to ground is comparable to the integrated

chopper, and crosstalk is minimized since the source to drain capacity is less than

1 pi coforad . Gate ON resistance is less than 500 ohms and could be decreased at

the expense of more capacitance to ground.

2.7 SELECTION OF MOSFET FOR ANALOG GATE.-The general gating requirements for future

systems as wt II as all the Nimbus analog signal input specifications can be met with the

MOSFET. Significant advantages over the conventional FET is the simplicity of drive cir-

cuitry and the open circuit feature of all gates when system power is turned off. The basic

advantage of the MOSFET over the transformer driven matcked chopper transistor gate is the
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elimination of the bulky, relatively inreliable transformers. Not only are most parameters

(	 of the MOSFET superior to those of the optoelectronic chopper, but future development

will probably favor the MOSFET. Anothfr advantage over the optoelectronic chopper is

simplicity of drive circuits and physical construction. Since "ie MOSFET can be built by

similar planar techniques used for normal transistor integrated circuits a complete micro-

electronic analog commutator is pessi b le .

2.7.1 Analog Gate Drive Requirements. - A basic MOSFET drive circuit is shown in

figure 99 . Since the input signal voltage range is always less than zero (0 to -6.4V)

the source to body junction will remain back biased if the body is returned to ground.

Similarly the drain to body junction is reverse biased. The P channel MOSFET will

remain OFF as long as the insulated control gate potential is equal to or greater than

the source or drain voltage. At this time, the only conduction will be the body

junction leakage currents to ground. The control gate is, therefore, returned to

ground through a resistor, to assure it is normally OFF. If the NPN transistor is

saturated, the analog gate will conduct. The -24V power input line is a convenient

voltage to bias the control gate for conduction. The minimum gate to source voltage

during conduction will then be 24 - 6.4 -;^ 17V which is more than sufficient to

form a conducting channel from source to drain. When the NPN transistor stops

conduction, the control gate will reci,,:-ge to ground and the analog input gate will

be effectively open. An inherent immunity to cracking (temporary closing) of the

analog gate due to system not-r : is provided since the control gate requires at least

a two volt threshold to the scurce before any source to drain conduction is started.
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Protection against c- ervoltage negative input signals is provided by the MOSFET

gates since the basic body junctions are capable of withstanding 24 volts without

breakdown, damage, cr Excessive leakage. Thus, protection is assured for any

analog i•-iput voltage, fioni ground to the negative supply voltage. With a small

modification in the f:,lff<< amplifier, the system would now be able to withstand these

overvoltages without damage. The MOSFET transistor can be operated with the source

and drain interchanges . The drain is connected to the analog gate output, rather

than the input, to reduce feedback current and line capacity; since the drain body

junction is constructed physically smaller than the source body junction. Low leak-

age and capacitance is most important at the drain or analog gate output because any

analog sigrxil path is connected to many more analog gate outputs than inputs. This

is a result of the physically tiering or grouping of the analog switches. The turn on

and turn off transient current in the inputand output lines caused by the source and

drain capacity to the control gate should not be overlooked. For a 25 volt switching

gate transient and 10 pf capacity, 250 Pico coulombs must be 6upplied from the ona-

log signal source for each series conducting MOSFET in the single pat:,. The simple

solution is to allow sufficient settling time before starting the coding process.

Presently this time is provided by a 1 10usec delay in the coder. Thus, for an eleven

time constant settling time a maximum 10 uses RC time constant could be allowed. For

a maximum 3K source impedance, approximately 3,000 pf capacity would be allow-

able at the analog input. Another possibility is to provide a sufficiently large

parallel capacitor at the analog source such that the transferred chorge and leakage
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currents have negligible effect on the input v.)ltage during the %ample period. De-

tailed information on MOSFET specifications are included in Appendix V.

2.7.2 Prevention of System Catastrophic Failure. - Since the system contains a large number of

analog gates considerable over-all reliability advantage can be obtained by isolating

failures to a small number of gates. MOSFET failures are basically isolated by tier-

ing 16 or less analog inputs (figure 100). The effect of failures in any of the input

MOSFET gates either disables the individual gate or all in a tiered group. The

following failures will only cause the loss of a single input: Short circuit S-B, G-B,

open circuit S, D. A tier of gates will fail if: Short circuit S-D, B- D, S-G, G-D,

open G. All gates outside of a tier are protected,since any gate can withsland the

full negative supply voltage. Often the output of a tier of input gates is coniiected

to the input of another tier (figure 101). This second tier is often referred to as

sequencer gates. The effect of failures in such a tier of sequencer gates is similui

to that in the tier of input gates except o failure causes the loss of all the ,hai,n ,. Is

in an input tier or all the channels in the sequencer tier, which may be an undesir-

able large number of channels. The probability of this second undesirable failure may

be reduced by only driving an input gate when its sequencer is driven. Then a shorted

gate in the sequencer will not interfere with the other gores in the sequencer tier . If

this drive limitation is used, the only failures in the sequencer gates thut can a ffec:t

more than a single input tier aie B-D and G-D shorts. The B-D short failure may be

avoided by leaving the body terminal in the sequencer MOSFET gates open. The

body connection only served as a bias return and the result of it being open will allow

0
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_	 gate junction leakage currents to flow from input to output separately 	 Thus, the

only failure in the sequencers that can cause the loss of more than a single input tier

is a gate to drain short.

2.8 MEMORY DRIVE CIRCUITS.-The present analog multiplexer utilizes row ana column driven

ferrite cores to saturate matched transistor pairs. Since the rows and columns are driven at

different rates, the transformer core must serve as a memory. Thus, one driver may reset

16 cores and the set pulse from the other driver type will produce an output only on the

core that has been previously reset. The problem then is to provide an equivalent drive

circuit that does not require a magnetic core for merrory and maintains the low power con-

sumption inherent with the magnetic scheme.

2.8.1 Circuit Approach. - Another source of memory in the present system is the 11 flip-

flops in the Unit A sequencer, and 7 flip-flops in the Unit B sequencer which operate

at the word ro te or slower. Effective use can be made of the flip-flop memory only

if it can be directly coupled to the analog gates with a minimum power consumption.

Due to the low duty cycle of analog sample time to OFF time, the low average poke ►

requirement may be met if leakage currents only are flowing during the OFF inte!.•als.

Thus, a scheme which only switches power to a-synchronizer flip-flop decoding net-

work during the ON interval may be considered. The MOSFET will be driven by an

i^1PN '.ransistor which serves as an AND gate in a rov, and column driven matrix. The

row and column driver outputs are power switched ON with timing provided by diode

AND gates. Both the diode AND gates and their buffered inputs from the syrrchro-

nizer flip-flops are power switched at the low duty cycle. Thus, the row and column
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are now coincident and depend directly on the state of the synchronizer flop-110ps.

v	 Therefore, memory is no longer required in the gate circuit. Power consumption

has been minimized by the low duty cycle power switching.

2.8.2 Circuit Detai ls.-Figure 102 indicates the circuit details for atypical row and column

drive matrix . Any desired gate may be ariven by selection of its row and c,,).umn in

the matrix. The MOSFET acte (figure 99) is driven by an NPN transistor which per-

forms the function of an AND gate. An output is provided when the emitter is con-

netted to -24V by a column driver saturated NPN transistor and the base is connected

to -19V by a row driver saturated PNP transistor. Timing for the row and column

drivers is pr-,vided by a six input AND gate matrix. This diode matrix is driven by

the NPN inverted buffered output of the existing synchronizer flip-flops. Voltage

levels are maintained by biasing the six input AND gate NPN emitters a volt -rbove

-24V. positive voltage is switched to the flip-flop buffers and the six input AND

gates eniy during the sample period (less than 1% duty cycle). Thus for more than

99% of the time none of the transistors or diodes in the microelectronic portion 4 the

analog multiplexer are conducting with the exception of leakage currents. During

this per*.od, the only power ,dissipated is in the base circuit of the flip-flop buffets.

A simple power supply circuit :s shown in figure 103. The -19V is povided by a

capac i tor which is charged through a series resistor, Rl, directly from tr ee input

power line. The zener dioae regulates the - 19V. Two series diodes provide the

- 23V from the current through R2 and We six input AND gate NPN emitters. An-

other AND gore provides the -19V switched output during the sample period.

i
^- F
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2.8.3 Circuit Interfaces. - All microelectronic portions of the analog multiplexer

can be constructed by interconnecting three basic circuits. These three

circjits are shown in figures 104, 105, and 106. A comparison to figure 102

indicates how the three basic circuits serve all the functions required in the

analog multiplexer. The power supply portion of the analog multiplexer

utilizes a standard six input and/nand gate as well as two discrete resistors,

two diodes, one zener diode and one capacitor. The total interface to the

rest of the PCM telemetry system consist of analog inputs, analog outputs,

synchronizer flip-flop outputs, -24V supply and ground, and sample command.

2.9 MU'_TIPLEXER CONFIGURATION. - The microelectronic analog multiplexer

configuration which performs all the functions of the present Unit A multiplexer

becomes self-evident with c stud; of the logic diagram (figure 100)and comparison

with the schematic diagram (figure 102). A logic diagram for Unit B multiplexer is

obvious.

2.9.1 Note that the probability of a failure affecting more than 16 input channels

is greatly reduced, since any second tier sequencer for the sub-commutated

channels only has an input present when it is sampled. (paragraph 2.7.2).

2.9.2 The total power consumption for the microelecrronic Unii A multiplexer is

250 milliwatts. This compares favorably to the present 204 milliwatts

power consumption. Most of the above power is required to supply the base

drive current to the NPN inverters which buffer the Sequencer Flip-Flop

0
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outputs. Comparison of this microelectronic analog multiplexer eesign with

design requirements indicate that all requirements have been met or exceeded.

2.9.3 During a redesign of the analog multiplexes many format changes could be

incorporated. These changes could include n',^ number of prime and sub-

commutated channels, the number of time slots (i.e. sampling rate), the ratio

of prime to sub-prime sampling rates and additional subcommutation. When

considering changes it is desirable to keep a binary relationship for the

required number of row or column drivers in any matrix.

2.1J ELECTRICAL TEST RESULTS. - An eight channel MOS Analog Gate circuit was

breadboarded and tested from -70 to +125 0C. The analog gate operated as expected

and tradeoffs of power and switching speed were incorporated.

2. 10.1 Pairs of MOS analog gates were tested for use in a low-level differential

multiple .er. Common mode rejection as well as changes in junction leakage

currents are of prime impoitarice in this application. A great advantage of the

MOS gate over any other type is the availability of the body terminal to which

input and output capacitances and leakages are referenced. By floating all

the multiplexer body terminals at the common mode voltage of the sampled

tra,isducer a great reduction in apparent capacity and leakage changes can be

realized. Thus, much superior common mode rejection and common mode input

impedance is possible for differential applications. The differential amplifier

provides the unity gain common mode biasing voltage as a by-product of its

operation..

0	
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2, 10.2 After attempting to solder the MOS transistors in the breadboard, a problem

-ion became apparent. Exces , 1 a leakages were found in some units and

examingtion showed cracks in the insulating oxide between the gate and

substrate. The cause of this oxide breakdown was excessive voltage applied

to this gate. The voltage was applied to the gate by the soldering iron since

it was only isolated from the line voltage by 7 megohms. The MOS transistors

are specified to withstand f 75V transients. Since a picoampere of current

is sufficient to crack the oxide any high voltage transient from even a high

impedance source can damage the oxide. Therefore, sufficient care in

handling and assembly must be taken to assure that overvol Cage is not applied

to the gate. Once assembled, the gate is connected to the body or ground by

the return resistor R1 shown in figure 99 ( typically 30K). Thus, the resistor

assures protection from any induced overvoltages.

2.10.3 Eight units were tested by measuring B--S and B-D junction leakages with a

back bias of 25 volts. Gate to a common body, source, drain leakage was

measured at f 25 volts. The gate leakage was always less than 1 picoampere

It may be noted that the increase in junction leakage current was almost

linear to 10V and then appears to increase roughly exponent i-.11y.. One

transistor was tested for junction breakdown which was approximately 150V.

A prime objec t ive of the work Radiation is currently doing on the MOS

transistor in the Physical Electronics Division is to decrease the B-S and B-U

junction leakages fo • future critical low-level use. The presently available

i=
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units are more than capable of meeting the Nimbus high-level requirements.

2.10.4 The eight measured units were first tested for 72 hours at 25 volts on the

junctions with -45V and 425V alternately applied to the gate. The operating

temperature tar ,e was -70 0C to +1500C. Next, the units were tested with

zero or 25 volts on the junctions and the following transienl gate voltage to

simulate operating conditions: Normally -t-25V wtth 30 us at -45V, F.T

2 user, R. T. < 5 user, at 1 KC. The test was run 48 hours from -700C to

+15000 . Al I units survived the tests and junction and gate lee r --ages were

negligibly changed.

2.11 MECHANICAL CONSIDERATIONS. - The new technology was sufficiently en-

couraging to warrant an investigati^n of the present PCM package tc determine how

it may be improved to take advantage of the size reduction offered by use of the

MOSFET integrated circuit ana!og multiplexer design.

2.11 .l Assumptions. - Several assumptions were made concerning system make-up

to provide a base from which to define a new package-

a. Use of MOSFET analog multiplexer with integrated circuit

drivers as detailed in paragraph 2.1 for Unit "A" and Un;t

"B" multiplexers.

b. Inclusion of PCM Study System innovations as given in

paragrap h 1 .5.

c. Microelecironic digital Bates.

d. Redundant coders using discrete components.
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2.12 PHYSICAL SIZE REDUCTION. - The resulting investigation revealed that a reduction

of 50% in volume, and a weight savings of approximately 45% over that of the present

system is possible. To achieve such dramatic savings in an already skillfully designed

package requires a relayout of the system. A standard Nimbus mud^,e of 8X 6X 6 1/2

inches was chosen as the most feasible size package. New cards, modules, and

connectors were considered. The packaging changes are detailed in the Subsequent

paragraphs.

2.13 PACKAGING. - The discrete components will be packaged in welded cordwood

module-, similar to those used in the present Nimbus systeii. The inlegioted circuits,

which are to be supplied in flat packages, are to be mounted to small cards (referred

to as carrier c(.rds). The carrier cards are epoxy laminate cards with printed

circuitry on each side. Their size is approximatel y 1 .50 X .50 X .035 itches. The

integrated circuit packages are placed flat against the surface of these cards, and

the leaas are ei -her welded or soldered directly to the appropriate printed circuitry.

Each carrier card in the Digital circuitry portion of the system accc-mmodates two

integrated circuit packan ps, while each carrier card in the Analog circuitry portion

of the system accommodates four integrated circuit packages. The reason for the

difference is due to the manner itt which each mint be electrically connected into

the systerr . Inteicomiection lead wires are attached, and the carrier cards ate

epoxy coated for protection purposes. The next higher assembly is achieved by

pos ; tioning four completed carrier cards into a holding fixtire so that the cards are

^t
f
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all parallel and equally spaced with each other. Sheets of mylar with welded module

wiring patterns printed on them, wkich have been previously punched for location over

the protruding leads,are then made by welding nickel ribbon to them as is done in the

standard cordwood modules. Both the cordwood and integrated circuit welded modules

a-e then foamed with urethane rigi^ foam so that the resulting modules are compatible

with the present system packaging concept.

2.13.1 Modules - A typical new module layout is shown in Figure 107 . Tables 13

14, 15 and summarize the utilization of new modules. Modules Dl through

D7 in Table 13 replace those modules listed under "Old Module

Replaced." Modules D8 through D24 are the new modules required for the

digital multiplexer. Table 14 shou l d be self explanatory. Table 15

merely indicates how the present coder modules would be grouped into new

modules to save space and lead pins.

Modules requiring relayout because of redesign, etc. are given in Table 16.

2.13.2 Printed Circuit Cards. - In order to package the system into the smaller

Nimbus module size of 8 X 6 X 6-- 1/2 inches, all of the circuit cards

would have to be entirely redone. Since this was considered necessary, it

was decided to strive for attaining the greatest volume reduction possible.

The resulting 50% volume savings is a direct result of the ability to fit the

electrenic^ onto 5.75 X 5.25 X .037 inch printed circuit cards. As in the

previous systems, the cards are of fiber glass base, epoxy resin, temperature
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Table 13 New Module Utilization Summaiy Digital Circuitry

New Module
Designation

Old
Replaced Module Contents

Quantity
Per System

Pins Utilized
p er Module

D1 C-17 Bias Amp 8. 3 1 10
Core Drivers

D-2 :0 4 Core Drivers 1 11
D-3 (	 C-1 Word Rate Counter 1 Present & 3
D-4 I	 C-2 Word Rate Counter 1 Present & 2
D-5 M-23 8:1 Count Sync 10

M-24
D-6 M-25 1/2-65:1 Count Sync 2 11
D-7 M-26 16:1 Count Sync 1 11
D-8 Dig. Mpxr Gates 4 40
D-9 Trans. Data Storage 1 1	 I
D-10 Trans. Data Storage 1 10
D-1 1 Programmer 1 18
D-12 Programme 1 20
D-13 Programmer 1 19
D-14 Programmer 1 20
D-15 Programmer 1 18
D-16 Programmer 1 27
D-17 Programmer 1 26
D-18 Coder Contra 1 7
D-19 1 CPS Reset 1 9
D-20 1 CPS Reset 1 21
D-21 Time Code Strobe 2 8
D-22 Time Code Strobe 1 15
D-23 I.	 D.	 Buffer 1 10
D-24 Dig Mpxr Pwr Strobe 1 9
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Table 14 New Module Utilization Summary Analog Circuitry

New Module
Designation

Old Module
Replaced Module Contents

Quantity
Per System

Pins Utilized
Per Module

A-1 2 Inverter Packs 3 28
16 A ND/NA N D Gates

A-2 2 Inverters, 4 AND/ 1 13
NAND Gates, 1 Analog
Gate

M-1 thru
A-3 M-22 1 AND/NAND Gate, 4 1 45

and Inverters, Power Supply
M-34 thru Conventional Components
M-37

A-4 8 Analog Gate Packs, 1 55
8 Inverter Packs

A - 5 8 Analog Gate Packs, 20 51
8 Inverter Packs

A-6 2 Analog Gate Packs 1 20
4 Inverter Packs

I

^j
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(
	 Table 15 New Module Utilization Summary Coder Ciicuitry

New Module
Designation

Old Module
Replaced

Quantity
Per System

Pins Utilized
Per Module

CR -1 A C-19, C-26 1 Less pins per
Funct' -)n than

CR-1B C-18, C-26 1 Present System

CR-2 (2) C-25 (1) C-26 2

CR-3 C-7, C-8, C-11 2

CR-4 C-12, C-13 1

CR-5 C-21, C-22 2

CR-6 C-1, C-2 2

CR-7 C-4, C-5, C-6 2

CR-8 C-14, C-15, C-28 2

CR-9 C-16, C-24, C-27 2

CR-10 C-9 2

CR-1 1 (2) C-10 6

Table 16 Modules Requiring Relayout

New Module Designation Old Module Designation

R-1 M-27
R-2 M-28
R-3 M-29
R-4 M-30
R-6 M-32
R-7 M-33

c_ }
315



temperature resistance material with 6;cuitry on two sides, electro-deposited

solder coated, and utilize plated through Doles for the interconnections. The

repackaged system will consist of nine truys, or eighteen cards. Each card has

six modules, and is checkerboarded so that the assembled cards can interlock

as in the present system. The cards have connectors on both ends, one for

internal jumper wires, and the other for external interfaces. Card layouts are

shown in (figure 108 through 113). Trays 7 and 8 are utilized for the coders,

and tray 9 for the power supply. This allows ease of removal of either or both

coders at a future date,should it be desired to remove them to a separate unit or

to reduce them in size or quantity of functions. In order to fabricate the above

cards, eighteen new layouts, one new master drawing, and one new drill

template would be required. All of the cards would be able to utilize the new

pin spacing and module placement on the cards. This assists in minimizing

costs for the redesign of the system. To accommodate all of the pin requirements,

the printed circuitry would be laid out under the following criteria:

Conductor width:	 .015 inch

Land (terminal) width:	 .060 inch

Hole size:	 .035 in :h

Conductor spacing: 	 .-12 inch
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In order to insure the proper tolerance and that the circuitry is of the proper
J

cross-sectional area, fine line etching techniques will have to be employed in

the fabrication of the cards. Although this technique require6 about twice the

amount of process time as the normal etching does, it will assure that the

necessary line and spacing requirements are obtained.

2.13.3 Connectors. - Due to deficiencies in the presently utilized connector, c

search was made into the selection of a new connector for use with the

redesigned package. The limiting factors imposed on the connector selection

were: (See Appendix III for performarce)

a. ........ .. Pin requirements per card

b. .......... Physical size of the connectors

c. . .... . . . . . Adaptability to the system

d. . . ... . . . . . Reliability of the contacts

e. .......... Ease of insertion and remcval

f. .......... Polarization of connector

Following much investigation, a tentative connector was selected. It is the

AMP-MECA 16 contact Wire-to-Board connector. This is a small, light

weight connector presently underdevelopment by AMP, Inc., Harrisburg,

Pennsylvania. It utilizes crimp contacts which are inserted in a Lexan molded

body. The male contacts are of the flat blade types, which slide into a pre-

formed beryllium copper receptacle. This receptacle has four (4) spring loaded
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t	 rib contacts which grip the blade on two opposite sides. The male body is

held in place by edges of the molded female part, so the only possible movement

is in the insertion-removal direction. Tests indicate that the average insertion

removal forces are 8 ounces per contact, or 8 pounds for a sixteen contact

connector. Vibration tests run at AMP have indicated no measurpble electrical

discontinuities of over one microsecond while the connector was subjecteu' to

0.06 inch DA or 10 g vibration, which ever is less, at a frequency span of from

10 to 500 cps. This was done in the three mutually perpendicular planes for

three hours per plane for a total vibration time of nine hours. Additional

tests will have to be run t:) assure that the connector can surpass the Nimbus

test specs, however. Presently, no means are provided for physically holding

the male portion in the female receptacle in the insertion-removal direction.

Contact retention is the only hol .':ng force. Since the proposed connector is

presently in the prototype stage of development, howeve r, there is a good

possibility that a feature to accomplish this can be incorporated. Due to

utilization spacing, this will necessitate a device which requires a minimum

amount of space. Jack screws, etc. cannot be used because of this problem.

Additional effort will have to be expended in this area.

Plans call for the use of six of the sixteen contact connectors per card

edge, or 96 contacts per edge. This provides enough contacts to metI the

maximum requirement of any of the cards along with providing a minimum of

10% spare pins. This also allows all of the internal connections to be made at

O
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one edge of the card, while keeping all of the external connections on the

other edge. External pin requirements are listed in table 17.

2.14 FABRICATION AND ASSEMBLY. - The system package will be made of sheet metal

similar to the present units. Mounting to the spacecraft will be accomplished in the

same manner. The printed circuit cards will be held in position, by internal keying

bars which will prevent any shift of the card stack. The electronics will be

compression loaded as in the present system. No problems should be encountered in

qualifying the system to test requirements. A holding fixture will be necessary for

positioning and holding the carrier cards prior to and during module welding. In

order to foam the modules, one new mold is required due to the new module sizes.

2.14.1 Handling. - Certain handling procedures are applicable to microelectronic

assemblies which are beyond the requirements of conventional procedures.

CAUTION

During fabrication, assembly, and test of the MOS

unit extreme care must be used to prevent the effects

of electrostatic charges on the MOS unit from work

benches, test equipment, human handling, and other

factors.

The to procedures for the MOS unit (Appendix 14) describe the stringent

procedure to be followed when handling a MOS unit.

0
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Table 17 External Connections

Pins Required	 I	 Function

502 Analog "A" Unil
125 An-flog "A" Unit:	 Redundant Lines
125 An«log "B" Unit
84 Digital
42 Digital:	 Redundant Lines

2 Time Code
2 100 cps
2 -24V (for Inhibit T.C.)
2 "A" Unit: NRZ Output
2 "A" Unit: Bit Rate Input
8 "A" Unit: -24V
6 "A" Unit: Power Ground
8 "A" Unit: Signal Ground
8 "A" Unit: Coder "test Points
5 "A" Unit: Analog Mpxr Test Points

20 "A" Unit: Sync. Test Points
5 "A" Unit: Digital Mpxr Test Points
2 "B" Unit: 5 kc 0 Shift Output
2 "B" Unit: 5 kc Mod. Freq. Input
2 "B" Unit: 10 cps Bit Rate
2 "B" Unit: (+) Emergency Operation
2 "B" Unit: (-) Emergency Operation
2 "B"	 Unit: (+) Normal Operation
2 "B" Unit: (-) Normal Operation
2 " B" Unit: (+) Read Command
2 " B" Unit: (-) Read Command
7 "B" Unit: Primary Power Ground
7 "B" Unit: Signal Ground
4 "B" Unit: -24.5V
8 "B" Unit: Coder Test Points
5 "B" Unit: Sync.	 Test Points
1 "B" Unit: Mpxr Test Points

998
100 10% Spare Contacts

1098 Total Pins Required

Total External Pin Capability = (16) (6) (9) (2), or 1728 pins

326



0 SECTION III

BIBLIOGRAPHY

	

3.	 BIBLIOGRAPHY

3.1 GENERAL. This section lists the publications which are either referenced directly from
the preceding sections or included to provide a greater depth of background material which is
applicable to this study.

3.2 LISTING

	

1 .	 Handbook of Instructions, P.C.M. Telemetry Subsystem for Nimbus Satellite
Radiation Incorporated, 20 May 1963.

2. Handbook of Instructions, Telemetry Electronics Subsystem Nimbus Satellite;
Radiation Incorporated, 20 May 1963.

3. Instruction Manual, Nimbus r'.C.M. Test Set;
Radiation Incorporated, March 1962.

4. Handbook of Instructions; Nimbus Telemetry Electronics Test Set;
Radiation Incorporated, May 1962.

5. Manual, Nimbus "C" Clock Subsystem, System Integration;
California Computer Products Incorporated, 15 September 1963.

6. Manu I, Nimbus "A" Clock Subsystem, System Integration;
California Computer Products Incorporated.

7. Environmental Specifications for the Nimbus Subsystems;
N.A.S.A G.S.F.C., December 1962.

8. Contract No. NAS5-3787; NASA/F .S .F .0 .

9. Technical Direction No. 3787-1 .' N.A.S.A./G.S.F.C. - 12 August 1964.

10. Technical Proposal RI 2765-5-24; Radiation Incorporated .

	

11 .	 Specification for Contractor-Prepared Monthly, Periodic and Final Project Reports
TID-S-100; N.A.S.A. G.S.F.C., August 1962.

	

12.	 Tech Report No. 8, Nimbus Information Handling Study; A.C.G.
Radiation Incorporated, 5 April 1963.

327



BIBLIOGRAPHY (Continued)

13. MIL-Handbook-2i7, Reliability Stress and Failure Rate Data for Electronic Equip-
ment - 8 August 1962

14. Nimbus PCM Telemetry Gatqrs - Detailed Reliability Analysis and Prediction
Report January 1962.

15. Instruction Manual for Nimbus PCM Ground Stations, Revised November 1964
under NAS Contract 5-902.

16. ING Telemetry Standards Document 106-60.

17. Technical Memorandum 73-53 "Synchronization Methods for PCM Telemetry",
Navel Ordnance Laboratory; Corona, California.

18. "Attainable Error Probabilities in Demodulation of Random Binary PCM/FM
Waveforms" by E . F . Smith, I . R . E. Transactions on Space Electronics and
Telemetry, December 1962.

19. Experimental Determination of Signal-to-Noise Relationships in PCM/FM
and PCM PM Transmission. Interim Report for NASA, GSFC, Contract

S 5-505 E ectromec anical Research, Inc., Sarasota, Florida
20 October 1961.

20. Telemetry System Study Final Report, Volume II of III . Experimental Evaluation
Program . U . S . Army Signal Researck and Development Laboratories Contract
No. DA-36-039SC-73182 Aeronutornic; Newport Beach, California,
18 December 1959

21 .	 "Techniques for Trans,,nission of Pulse Code Modulation Signals" by D..D. McRae,
Proceedings of National Telemetry Conference, May 1961, Chicago, Illinois

22. Minimum-Error Demodulation of Binary PCM Signals by E. F. Smith,
Dissertation for degree of Doctor of Philosophy,  University of Michigan, Alin
Arbor, Michigan, 1963.

23. Group Synchronization and Information Theory by D. R. Rhodes, Technical
Report No. 6, AdvancedCommunications Group, Radiation Incorporated,
Palm Bay, Florida, 21 December 1962.

24. PCM Group Synchronizer Performance Curves by F . Fiorini, Radiation
Incorporated, Palm Bay, Florida, Report No. 8514, 24 July 1962.

328



NOW	 I

CN	
BIBLIOGRAPHY (Continued)

- 25. "Advancements in the Design and Evaluation of Group Synchronizers for PCM Telemetry"
by M. B. Rudin and F. Fioiin.i, Record of 1962 National Symposium on Space Electronics
and Telemetry.

26. Synchronization Methods for PCM Telemetry, Technical Report No. ASD-TR-6109,
Air Force Contract MIPR (33-61-6) 	 -	 y Instrumentation Division, Missile Systems
Department, Naval Ordnance Laboratory, Corona, California, August 1962.

27. "Correlation Detection clod Sequential Testing for PCM Group Synchronization"
by J. L. Phillips and G . E. Goode, Proceedings of National Telemetry Conference,
May 1962, Washington, D . C.

28. "Digital Synchionizotion of PCM Telemeters" by J. P. Magnin, Proceedings of National
TelemetryConfere:-ice, May 1962, Washington, D. C.

29. "PCM Telemetry Synchronization" M. W. Williard, Proceedings of National Telemetry
Conference, Mai 1961.

30. "Synchronization Methods for PCM Telemetry" E. R. Hill and J. R. Weblemoe, Pro-
ceedings of National Telemetry Conference, May 1961 .

31. The Theory of Optimum Noise Immunity by V. A. Kotel'nikov, McGraw-Hill .

32. Information Transmission, Modulation, and Noise, by Mischa Schwarts, McGiow-I-lill.

33. PCM Synchronization and Demultiplexing Study, Final Report, by D.D. McRae and
F. A. Perkins, June 14, 1963 for G. C. Marshall Space Flight Center, Contact
Number NAS 8-5111 .

329



SECTION IV

APPENDICES

4. APPENDICES

4. 1 INTRODUCTION. - This section includes all the information necessary to complete

technical information requirements for this report. Some of the data presented in the

appendices is included ':n the preceding text sections to preserve continuity only.

4.2 LIST OF APPENDICES.

I	 Contract NAS 5-3787

11	 Reliability Test Program

! I I Amp-Meta Connector Test Data

IV Reliability Calculation Forms

V	 MOSFET Specification RAD 106510 (Semiconductor Device Set)

VI Beacon Transmitter Modulation Signal Compatibility

VII "A" Unit Modulator Modification

VIII Design Study Test Tapes

IX Specification, Integrated Digital Gate

X	 Brush Event Recorder Specifications

XI	 Bnish Solid State Switching Specifications

XII Model 4041 PCM Signal Conditioner and Bit Synchronizer

XI I I Series 540 PCM Decommutation System

XIV Five Channel MOS Transistor Functional Test Piocedure

XV Glossary
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NAS5-3787

SCHEDULE

OBJECTIVE

The objective of this design study is to determine the feasibility
of modifying the existing NIMBUS PCM Telemetry System to incorporate

(a) time -coding, (b) digital channels, (^) synchronization of the PCM
System with the Clock Subsystem, ( d) dig tal tape recorder, (e) reli-
ability of PCM frame synchronizer and the effects of such on the
directly related NIMBJS PCM Ground Stations and acceptance test equip-
ment.

I. STATEMENT OF WORK

The Contractor shall:

Item 1. Perform the design study outlined in the objective
in accordance with the Constraints and Requirements
set forth in Paragraph II below and in general con-
formance with the Contractor's Proposal. In the
event of conflict, the Contract Schedule shall prevail.

Item 2. Furnish the Type I and Type III Reports as required by
"Specifications for Contractor-Prepared Monthly,
Perjodic, and Final Project Reports," TID-S-100 dated
August 1962 which is incorporated herein by reference.

II. CONSTRAINTS AND REQUIREMENTS

1.. Constraints

1.1 The study approach shall be along the line requiring
the minimum modification to existing equipment and
the minimum additional components. Additional
components shall be similar to quali_ied and accept-
able units in the present system to the maximum
degree possible in accomplishing the objective set

forth above.

1.2 The modifications and additions shall be capable of
being incorporated in the same module size of the
present multicoder. The volume reserved for the 256
channel expansion may be utilized. To the extent
that this previously reserved volume is not adequate,
consideration shall be given to utilizing micro-
miniaturized circuitry. However, the effort that
may be applied in this direction shall in no event
exceed 10% of the total estimated cost of the
contrac ^_
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1.3 Total additional power requirements shall be less than
1.50 Watts.

1.4 No study shall be undertaken to improve the Raymond

Tape Recorder or the Hughes Beacon Transmitter.

2. Requirements

2.1 The synchronization with the Spacecraft Clock approach
shall be directed towards converting the number of
words per minor frame of 64 in the present system to

62.5 words per minor frame for the new system. Tile
number of eight bit words in the prime channels, the

number of minor frames per major frame and bit rate

shall remain unchanged.

2.2 T ne-Code shall utilize six time slots in the subcDmmu-

tated channels of the first minor frame, as follows:

(1) units of seconds, (2) tens of seconds, (3) units

of minutes, (4) tens of minutes, (5) units of hours,

and (6) tens of hours.

2.3 In providing for digital data channels determine the

feasibility of utilizing:

2.3.1 Four (4) prine analog channels for twenty-

eight (28) digital channels

2.3.2 Fourteen (14) digital data channels in the

sub-commutated matrix.

2.3.2.1 Seven (7) of the sub-commutated digital

channels having a storage bistable cir-

cuit for registering occurrences of

slow repetition rate. The storage bi-
stable shall reset at major frame rate

(every 16 seconds).

2.3.3 The last half word of each minor frame in

combination with the present synch word to

optimize the synch word code.

2.3.4 An alternative approach shell he provided should

the approach set out in 2.3.1, 2..3.2 ana 2.3.3

above not prove fensihle.
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2.4 Consider the application of utilizing the eight (8)
track digital tape transport for a single and two

(2) orbit capability (see Specifications dated
January 1964 for "MRIR-PCM Endless Loop Digital
Tape Recorder Subsystem").

2.5 System reliability requires that:

2.5.1 Time .-Code and digital channels shall be operational
with the "A" Coder and redundant "B" Coder.

2.5.2 The system shall also operate from the PCM
Standby Clock upon command. Analog and Digital
channels shall not be affected because of
failire of the Spacecraft Clock. This shall be
applicable to the "A" PCM only.

2.5.3 The system shall be capable of operation with

two PCM Spacecraft Tape Transports as in the
present system.

2.5.4 Synch operations use digital generation of
synch and sub-frame words or the isolation of

these words from the prime data channels.

2.6 The PCM Ground Station and modifications shall be

compatible with the Spacecraft PCM telemetry changes.

2.6.1 Circuitry for a Multichannel "on-off" event
recorder shall be provided for the digital

channels.

2.6.2 Circuitry for the conversion of Time-Code NRZ

signals to binary code for read-out on the Brush

Recorder event markers shall be provided.

2.6.3 Time-Code indication shall also be provided
for the event recorder.

2.7 Investigate and determine functional design parameters and

specifications for the modifications of PCM Test Se.-s and
ground station simulators for the simulation and tebting

of time-code and digital channels..

O
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2.8 Fabricate breadboards and/or laboratory test equipment
as necessary to demonstrate the results of the studies

as follows:

2.8.1 Those studies pertaining to the airborne
equipment, excluding the digital tape recorder
phase.

2.8.2 Those studies pertaining to the ground station
modifications demonstrating synchronization and
the PCM time slots for the digital channels and
time code. Exclude the time code event marker
and the digital channel event recorder. This
demonstration shall be performed by the Con-
tractor on the PCM ground station at GSFC utiliz-

ing a mincom tape generated by the Contractor

with the airborne equipment modified as a result
of the study.

III. GOVERNMENT FURNISHED PROPERTY

1. The following Government furnished property will be provided:

(a) one (1) PCM Multicoder

(b) one (1) Telemetry Electronics Module

(c) one (1) Raymond Tape Recorder

(d) one (1) Mincom Tape Recorder

Items (a), (b), and (c) will be furnished within forty-five

(45) days from date of award. Item (d) will be furnished within

four and one-half (4 112) months from date of award.

2. The PCM ground station at Goddard Space Flight Center shall be

made available for the performance of the demonstrations set forth

in Paragraph II, 2.8.2.

IV. PERFORMANCE AND DELIVERY

1. Schedule

Item 1. All engineering effort required by the study shall

be completed within five and one-half (5 1/2) months

after the "entered into" date of the Contract.

Item 2. (a) Type I Reports shall be delivered within ten
(10) days following the period reported.

C)
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Item 2.	 (b) A draft of the Type 111 (FinnI Report) shall
be furnished within six (6) months from date

of award. The r('Port in final form shall be

furnished within three (3) weeks after approval
of the draft. This report shall include all
drawings, computations, sketches, and informa-

tion developed during the study as well as any
experimental data tak,p n during or applicable to
the performance of this study. Comparative
data on various alternatives shall be included
in the report. The final report shall be

sufficiently comprehensive and conclusive to
permit a design specification to be obtained
directly from this report both with regard

to the additions and/or modifications to the
existing spacecraft PCM subsystem, PCM ground

stations, Acceptance Test Equipment and ground
station Simulator.

2. Distribution

Item 2. (a) Furnish two (21 copies direct+to the Technical
Officer by nai..e, C(-de 653; one (1) copy to the

Contracting Office: by name, Code 247.

(b) The Final Report in draft form shall be furnished

in five (5) copies to the Technical Officer with

a notice of transmittal to the Contracting Officer.

Distribution of the report in final form w:111 be
provided by the Technical Officer at the time of

approval of the draft. The number of copies
shall not exceed thirty-five (35).

V. TECHNICAL DIRECTION

The performance of the work required under this contract shall be
subject to the technical direction and surveillance of Benjamin

Schlachman, Technical Officer, Systems Engineering Branch, Code 653.

5.

0
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As used herein "technical ditectioii" is direction to the Contractor
which fills in details, requirea pursuit of certain lines of inquiry,

or otherwise serves to accomplish the contractual statement of work.

The technical direction to be valid:

(1) must be issued in writing consistent with the general
scope of the work set forth in this contract;

(2) may not constitute new assignment of work or change
to the expressed terms, conditions or specifications

incorporated into this contract;

(3) shall not constitute a basis for any increase in the

contract fee or extension to the contract delivery

schedule.	 As used herein surveillance includes, but

is not restricted to, the right of prior review and

consent by the Technical Officer to any contractor-

initiated internal changes or subcontract changes

within the terms, conditions and specification ,; of
the prime contract which the contractor estimates will

result in additional costs in excess of $25,000.

Nothing contained in this Article authorizes the con-

tractor to incur costs in excess of the estimated cost

or other limitation on funds set forth in this contract.

VI. ESTIMATED COST AND FIXED FEE

The total estimated cost of this Contract is $92,600 exclusive

of'the fixed fee of $7,200. The total of estimated cost and fixed

fee is $99,800.

VII. PAYMENT OF FIXED FEE

The fixed fee shall be paid in monthly installments based upon
the percentage of completion of work as determined by the Contracting

Officer.

VIII. SUBMISSION OF CLAIMS FOR REIMBURSEMENT

In accordance with the provisions of the clause of this contract

entitled Allowable Cost, Fixed Fee and Payment, invoices or vouchers

and any required supporting statements or certificates, properly

c^

C11
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identifiable with the contract number, will be submitted by the con-
tractor to the contracting officer or his authorized representative.
Reimbursement claims sho- ► ld be submitted on Standard Form 1034 (Public
Voucher for Purchases and Services other than Personal) and Continua-
tion Sheet 1035 in original and six (6) co p ies. An analysis of total
vouchered Lharges shall be p rovided on each reimbursement claim show-
ing current and cumulative costs broken down by cost elements (i.e.
material, direct labor, overhead, etc.) and fixed fer, when applicable.
Where the amount of fee claimed depends on a com putation based on
physical progress or rate of delivery of the com p leted item, the
basis for com puting the fee installment shall be shown . on the voucher.

IX. INSPECTION AND ACCEPTANCE

Final inspection and accootance for all items shall be performed

by the Contracting Officer or his authorized representative as named

in Paragra ph V above and shall be performed at Goddard S pace Flight
Center, Greenbelt, Maryland.

X. OVERHEAD

The contractor shall be reimbursed for overhead costs, not other-
wise reimbursable under this contract as a Direct Cost, at billing

rates acceptable to the contracting officer or his duly authorized

re p resentative, subject to appro p riate adjustment when final rates

are established in accordance with Clause No. 432 entitled "Negotiated

Overhead Rates."

XI. CONTENTS OF CONTRACT

This Contract consi s ts of:

1. The Title Page (NASA Form 437)

2. The Schedule in seven pages
3. The General Provisions NASA Form 417 (1-63)

4. Alterations to NASA Form 417 (1-63)
5. Clause 66 entitled "Contractor and Subcontractor

6. Clause 86 entitled "Accident Prevention"

7. Clause 88 entitled "Implied Licenses"

8. Clause 100 entitled "Materials Reports"
4. Clause 104 entitled "Sto p Work Order"

10. Clause 132 entitled "Negotiated Overhead Rates"

11. The Signature Page

Cost or Pricing Date"

1-9



71c rights and obligations of the parties to this contract shall be subject to and
governed by the Schedule and the General Provisions. To the extent of any incon-
sistency between the Schedule or the General Provisions, and any specifications
or other provisions which are made of this contract by reference or otherwise,
the Schedule and the General Provisions shall control. To the extent of any incon-
sistency between the Schedule and the General Provisions, the Schedule shall con-
trol.

IN WITNESS WHEREOF, the parties hereto have executed this Agreement as of
the day and year first above written.

THE UNITED STATES OF AMERICA

B y	
(SIGNATURE)

H. LEE TOMLINSON
(CONTRACTING OFFICER)

CONTRACTOR

RADIATION INCORPORATED
(NAME OF COMPANY OR INDIVIDUAL)

!;-	

(SIGNATURE)

John W. Simmons

(TYPED NAME)

Director of Contracts
(TITLE)

Melbourne, Florida
(ADDRESS)

"SA FORM 137-1 (4/59)

G
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ADMINISTRATIVE DATA

1.0	 SCOPE

1.1	 Purposc

The purpose of this test 13 to investigate the

operational reliability of the cu!)Ject integrated cir-

:uit Device i'or use in space electronic equipment.

1.2	 General Information

1.2.1	 De,^cription of Tect Sample

An integrated four input digital gate.

Type I - An early prototype

Type II- A later improved version of the
Type I.

Manufacturer:

Radiation Inc. P;ysical Electronics Division.

1.2.:4 	Part Number:

Radiation Fart No. 106626

1.2. 1 1	 Quanity Tented:

27 Type I
35 Type II

1.2._	 Applicable Documents:

Specifications - Radiation Inc.
ntegrated Circuit Device

Standards
^MIL-!7TD-202 Test Methods for Electronic and

II-4
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Electrical Component Parts

MIL-STD-750 Test Methods for Semiconductor
Devices	 6

1.2.0	 Disposition of Test Samples:

Retained by Reliability Components Group for

further evaluation.

1.2.7	 Tezt Conducted By:

Radiation Inc. Reliability Components Test Lab.

1.2.8	 Test Report Date:

January 22, 1965

2,"	 ABSTRACT

2.1	 Summary

The subject integrated ., ir r!uit devices were placed

In an operational life test which simulated electrical

operation of the devices by applying pulsed voltages

to the device in a manner similar to the system power

supply and signal inputs. The life test was run at an

elevated temperature of +85°C with a 6 hour subcycle

at -200C performed five days out of every seven.

Ea.h device was monitored daily for functional

operation and end point measurements were made at

specified intervals to determine parameter degradation.

11-5
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Tl, '^ total amount of time accumulated on the devices

was 28?1.6 hours on the Type I and 1748.0 hours on the

Type II for a total of 137,633.2 unit hours of test

time.

Since this test was intended to be an investiF-atic::

rather than a qualification, the data was used only to

determine degradation and not to pass or fail devices

by predetermined limits.

2.2	 Results

No catostrophic failures (shorted or open device--)

o:curred during the test program. During the daily

monitoring of the functional operation, degradation of

one Type I circuit S/N 36 was noted. This circuit

displayed unacceptable functional characteristics at the

start of the test program, and therefore, further degra-

dation is attributed to an initial defect not t. a device

failure.

?..;	 Conclusions

The results of this study show the subject ante„rated

-circuit device to be stable and reliable for its intended

use.

C^._
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TABLE I

e.

C^

O	 L	 D N	 E	 W

1—Time^e=med

Performed
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M
M

r

M
Ln

N

N

,o

O (iJ M o^
P w

oo

00
^

r

I^
N

r

M
lf1

Parameter Conditions

VCE= 50 @
TI C 	= lma	 ]OOC X X X X X

I
h fe

l'fc
@ Tp

IC E= lma	 -l0 °C X X X X X X

i
Ic

V	 = 5V @ T	 =pp

IC E= 	 lma	 +65°C X X X X

11,fe VCE= 5V @ TA =
I C	 = 1ma	 -20 0 0 x

^R x X X X X X X X X
I` ,) x X X X X X X X X

x X X X x X X X X
j1^•1 X X X X x X X X X

V CE(sat)
i

Ic = Ima
Ib = . I ma

}{ X X X X X X X X

V CE(sat) Ic = 10ma
II	 = l ma x X X X X

L CB f Ic = lma x

411 f Ib = lma X X X X
;BV cbo Ic =	 100,ua x X X X X

I cbo VCB = 20V X X X X X X X X X
I I ,:ho VCB = 30V X X X
I c1,c, VEB = 5V X X X X X X
IR(GR1) VR = 30V X X X X X X X X X X X
1T, (C,12) VR = 30V X X X X X X X X X X x

^1,;(C::3) VR = 30V X X X X X X X X X X X
^.1"(CR4) VR = 30V X X X X X X X X X X X
{I^	 (CR5) VR = 30V X X X X X X X X X X X
^1	 (CR6) VR = 30V X X X X X X x X X X x

(CR7) VR = 30V X X X X X X X X X X X
il;(CRS) VR = 30V X X x x x x x X X X x
Ci1; 5V	 140kc X x

i Cob 5V	 140kc X1 x

X
Vbe Ib= lma, TA =

+25°C
Vbc Ib = lma, TA =

- 20 o C x
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► 1

:;.0	 TEST PROCEDURES

^ 6 1	 Initial Electrical Parameters

The parameters specified In the oriL,,Inal revi.oion

of the detail part Specification were measured on the

Type I I eviccz prior to placing; these units, on life

test. The Type II devices were measured to a revised

set of _,arameters since they .:ere manufactured to these

parameters. Following the experience gained on the

Type I and II specifications the 106626 detail part

:specification was generated to set forth the finalized

requirements. Hence, several different parameters

and conditions exist for the measurement of these

circuits. The listing in Table I details the parameters

tested, the conditions used and the times at which the

measurements were made.

It should be noted that the detail part specification

106626 (See Appendix	 of the Nimbus Study Report)

requires that the devices must meet the diode reverse

leakage, the transistor reverse voltage base to :ollec-

tor, and the functional tests, and that the remaining

parameters .,e used to establish design guidelines.

For this reason, and to gain a3 much information as

pojsi'le, all units were placed on test even if they

did not fully meet all parameters.

11-8
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The functional test used for the purposes of this

study was to monitor the waveform at the collector

of each transistor. The amplitude of the waveform

must oe 20 volts minimum. This test was performed

on a GO-110-GO basis daily.

' 0 2 	 Operating Life Test

3.x..1	 The spe-Amens were placed in a chamber, and the

temperature was cycled between the high +85 degrees C,

and the low -20 degrees -1, teat temperature. Each

cycle consisted of 24 hours operation at the high teat

temperature with the low temperature subcycle performed

durin- five out of every seven cycles. The ]ow tempera-

ture sul.-ycle consisted of reducing , the chamber tempera-

ture at a maximum rate of 50C/minute to the low test

temperature. The low test temperature was maintained

for e + 112 hour and the temperature was then increased

to the high test temperature at a maxim..m rate of 50C/minute.

The temperature remained at the high test temperature for

the remainder of the cycle.

3.2.2	 The units were subjected to a simulated switching;

operation which provided a stress on the device equal

to that of the actual operation. During the operatinE;

c
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life test, the input lines were bussed together to form

a single input, and the output lines were bussed together

to fore: a single output. Sr;itchin€,: was performed at a

120 cps rep rate.

Figure 1 shows a typical schematic and waveforms

appllud to the device. Figure 2 shows the schematic

of the waveform generator used to supply the voltage

for the life test.

Life Test Circuit Operation

The waveform generator, Figure 2, places 0 volts

on the input elodes and -22 volts on the output diodos

on one half of the operation -ycle and. reverses the

volta;;es for the other half cycle. The transistor '

turned on with a strobe pulse during each half cycle.

Thus,, :urrent is drawn through each diode on -e each

cycle, through each resistor twist.• each cycle and

throu;;h the transistor twice ea :h cycle. In addition,

each diode is subjected to a reverse voltage once each

.yc1c. The 1K resistors in series with the diories are

for the purpose of protecting; the waveform generator

from damago in ease of shorts or catastrophic failure..

The t-8 K resistor in series with the transistor base

limits the strobe pulse current.

II-12
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x.2.4	 The end points were measured at interval3 throughout

the test corresponding to 0, 100, 2^0, X00, 1000 and

ca;h subsequent 1000 hours. (Refer to 3.1 and Table I.)

yI
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^,.0	 RE:'ULV3,

T.)ree Type I devices failed to meet initial func-

tional tests. These three devices did not have suffi-

iently high collecto r -base breakdown voltage to pass

the initial electrical tests; however, they were places:

on test alonC, w^ tl, the good devices for additional

Information. One of these units, SIN 36 showed further

ac,-;.ac.iation between 570 and 600 hours. This has not

be"i coL.!,ted as a device failure since it was definitely

an inii-tally defective unit.

Nine of the Type II devices were only partially

operative at the start of the test, but were also

plsceJ on test for additional information. These

?evicez had either low collector base breakdown voltai;e,

excessive diode reverse -urrent leakage or both. These

failures were also indicated by the functional test.

Nonc of the 'Type II devices degraded from their initial

measurement.

The results of this test shots that the units have

not been suffi-:iently screened to eliminate electrical

failures prior to this test. Thi.3 result was anticipated,

but it was decided to place all units on test rather

than only the electrically good units so that as much

information on the reliability of the device could

be gathered as possible.

C
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The results alto showed that of those devices

which meet the initial electrical reg lj.rements, all

successfully r;ompleted the life test under conditions

equal to or more severe than that expected in the

Nimbus Satellite.

II-15
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APPENDIX III

The proposed AMP wire-to-card MECA-type connectors were exposed
to the vibration test requirements specified for the Nimbus System. During
the test, the connectors received both sinusoidal and random vibration. The
connectors were checked for physical unmating and monitored for noise due
to scrubbing of the contacts. In addition, contact resistance was measured be-
fore and after the vibra t ion test. The physical test and card arrangement and
set-up is described in report EE-1152, a copy of which is attached.

No evidence of the connector halves having any tendency to come
apart was present. No physical damage occurred to the cards or connectors
as a result of the test. With the exception of Card No. 1, noise generation
wns negligible, and contact resistance showed no significant cl?nncies.

Card N ,. 1 showed an excessive amount of generated noise during
vibration, and did not complete the specified tests. Subsequent examination
of the card showed that, on two wires in one connector and one in another,
more than eight (8) of the 19 strands of the wires had been severed. Tying a
power source into this card and monitoring current, major fluctuations in the
current were induced by "wiggling" the wires which contained the broken
strands. Furthe,- examination of the wires involved showed that the strands were
broken immediately above the crimp joint, and that the crimp joints were not
as well centered as on the contacts where the wire strands were intact. These
observations lead to the conclusion that poor crimp joints, with the resulting
broken wire strands, were the cause of the noise generation on Card No. 1.

The results obtained from Cards No. 2 and 3 are such as to lead to
the recommendation of the use of these connectors on future programs where a
sma", I fight-weight, wire to card connector is needed. If this is done, a short
indoctrination period in the proper use of the specified crimp tools would be
undertaken to preclude any problems such as encountered in Card No. 1.
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ABSTRACT

The submitted connectors were subjected to a vibration

test to the requirements specified for the Nimbus oystems. During

this test the connectors were exposed to sinusoidal and Gaussian

random vibration. The connectors were monitored for generation of

noise due to scrubbing of their contacts. In addition contact

resistance was measured before and after the vibration test. Six

connectors were mounted on a }printed circuit type card and their

2ontacts wired in series to simulate normal mounting conditions.

Each card was then exposed to the vibration conditions specified

above.

There was no physical damage to the cards as a result

of the vibration test. The noise generation due to contact

scrubbing was negligible. The contact resistance showed no

significant change as a result of the vibration test.

C^
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1`-

TEST EQUIPMENT

I

F

ITEM MFG. MOD.

1. Power Amplifier Ling Electronics PP,'20/24/C

2. Console Ling Electronics E-1004-C

i. Random Console Ling Electronics ASDE-80

4. Shaker Table Ling Electronics A-246

5. Servo (cycling) Ling Electronics S-CO-2

6. Oscillator Ling Electronics S-CO-2

7. Tracking Filter Spectral Dynamics Corp. SD101A

^4 . True RMS Meter Ballantine 320

9. Oscilloscope Tektronix 545A

10. Type D Plug-In Tektronix Type D

11. Accelerometer Endeveo 2213C

12. Amplifier Endevco 2614

13. Power Supply Endevco 2622

14. Sine / Noise Mixer Ling Electronics MA-2-A

15. Millialmneter Weston 901

16. Volt. Meter Electro Inst

(a)	 Power Unit. 3000 A

(b)	 Volt Meter 3500
(c)	 Preamplifier 3020Q

17. Constant Current Supply Radiation

III-6
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	1.0	 DESCR' TZOis OF TEST SAMPLE

The miaia'.ure connectors tested were ten-pin connectors

measuring approxim.tely 3/4" x 3/4" x 1/4"• Six of these

connectors wer° mounted on a printed circuit card to simulate

actual test conditiono and the contacts connected in series. Three

of' these cards were wade up to provide three groups to be tested.

See Figure 1.

	

2.0	 FACILITIES AND EQUIPMENT REQUIREMENTS

	

2.1	 Ambient Conditions

Unless otherwise specified the following are the conside-ed

ambient conditions:

Temperature	 250±100C

Relative Humidity	 ?0% or less

Barometric Pressure	 Local Ambient

	

2.2	 Control Tolerances

Unless specified herein the maximum environmental control

tolerances held during the test program were as follows:

Vibration Amplitude 	 ±5%

Vibration Frequency	 ±5%

Random Vibration Levels 	 +3 db

C >_
111 -7
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Connectors Mounted On Printed Circuit. Cards

Fi ure 1
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1	 2.3	 Measurement Tolerances

IUnless otherwise specified the maximum environm

tolerances were as follows:

Vibration Amplitude	 15%

Vibration Frequency 	 +5%

Random Vibration	 +1 db

True RMS Voltage	 +3%

DC Voltage	 ±.01 or 1

DC Current	 1.5% FS

	3.0	 ELECTRICAL MEASUREMF_fTS

	

3.1	 Contact Resistance

The connectors w ,.-re subjected to a contact resi

prior to and et the cor.pletion of the vibration test.

Each card waF individually set up to monitor co

resistance as shown in Figure 2. With 10 milliamps flowing through

the circuit, the V oltage drop of each contact was measured on one

of the connectors designated as a sample connector. There was

one sample conyiector per printed circuit card. In addition to the

individual ccntect resistance, the total resistance of the series

connectors in each card was recorded. The measurements taken before

and after the vibration test were compared for evidence of any change.

(i
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3.2	 Noise Measurements

During the vibration test, the connectors were monitored

for generation of electrical noise due to scrubbing of their

contacts. Figure 3 shows the test setup for monitoring this

condition. With 10 milliamps flowing through the circuit,

the change in voltage due to the Caenge in contact resistance

during vibration was measured with a true RM5 meter and an

oscilloscope. The readings recorded were the total voltage

generated from 6 connectors or 60 contacts in series.



I

M; 111 amine ter

I

%W-

U A \LU[ PRINT PAPER CO. CL[ARPMUT IOOON

r _

Noise Monitor Circuit Test Setup

Figure 3

C
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iF--
1 

4.0	 VIBRATION ENVIRONMENT

4.i	 TFst Prucedure

Each printed circuit, card with six connectors was mounted

)n a to=t fixture which in turn was rigidly mounted to the

vibration shaker. Figure 4 is a typical test setup of the vibrat{ .1

Lest. Each of the cards were ther, subjected to a sinusoidal

vibration input of 10 g's peak or .25" double amplitude, whichever

was less. The vibration input was swept from 5 - 2000 cps at a consuint

octave sweep rate of 2 minutes per octave. The sinusoidal vibration

, est was conducted in each of three mutually perpendicular axes as

snowu in Figure 5.

At the completion of the sinusoidal sweep in each axis the

printed circuit cards were subjected to a random vibration test.

*I	 the power spe,2tral density level during this test was 0.2 g2/cps

from 20 to 2000 cps (20 g's ItMS). The random vibration input

was applied for a period of 4 minutes in each axis.

During the vibrations test, the connectors were monitored

for noiFe generation as described in paragraph 3.2. Prior to and

at the completion of the vibration test, the contact resistance

of the connectors was measure as described in paragraph 3.1.

r
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Typical Vibration Test Setup

figure 4

l	
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4.2	 Test Results

At the completion of the vibration test, the connectors

were examined for any evidence of da-lage and none was observed. It was

also observed that there was no physical discontinuity between the

two halves of the connectors as a result of the vibration test.

The contact resistance measurements taken prior to and at the

completion of the vibration test showed no significant change in

contact resistance. The noise generated during the vibration

;Lest due to scrubbing of the contacts was negligible in each of the

three axes of vibration on cards 2 and 3. Card No. 1 showed an

excessive amount of genera ed noise during vibration. 	 When

checking the card, indication of a loose connection was observed,

however, none could be found. As a result, this card was on^y

♦1 	 3ibrated in the X and Y axes. It should be noted that the quantity

of potting compound around the leads °rom the connectors on

this card was greater than that of cards 2 and 3. All data taken

before, during and after the vibration test is shown in he

appendix.
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1

DATA SHEET

TEST	 DATE

CARD NbMBER 0v1R	 ENGINEEF^. l.rC.t

Total Series Resistance of Card:	 3. z S	 (Includes Lead Resistance)
Contact Resistance of one Connector on Card:

Contact No.	 Contact Resistance (Milliohms)

1	
`t. O

2	
3.5

3

4
	 4. 2

s	 4. 9
6	

4 0

^	 4.q

9	 4.9
to	 3. S

j
f
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F-	 OOLTA 4+ROL1J

1F9T CZ 1 Y ^12AIton> Ilt<,^^IAfJCr I^1:AS • I^'1"S^_^$`64

1
I

I CARD NU.MBkm 	 d4e

Total Series Resistance of Card:, 	 -^ . 3	 Off, en_^ l Includes Lead Res t,l.r.nce)

Contact Resistance of one Cannectl-r an C•-rd:

Contact No. Gcntact %915:1 we (Kl)lio)^ )

2

3

L 

3,1 

t

lu µ , ^,
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DATA SHEET

TMT	 DATE

GARD NUMBER_1,,), p	 ENGINEER	 t1,	 C-ol Q

Total Series Resistance of Caid:_^ ,9 2 O"g (Includes Lead Resistance)

Contact Resistance of one Connector on Card:

Contact No.	 Contact Resistance (Milliohms)

1	 3.6

2	 3.3

3	 +0

4	 3.3

5	 3.7

*I
	

6
	

3.6

Y	 3.7
8	 3,'

9	 3.7
lu	 3.7

C	
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I

DATA S=

TEST^^..^ U ► ^GcNl,ct,	 CSiSlwtict (Ac a5	 TYNE	 / —^^ — 6 r

CARD NUMBER	 p	 ENGINEER

To+-1 Series Resistance of Card: 	 ^ ^ 9 9 	 (Includes Lead Resistance)
Cunta-, t Resistance of one Connector on Card:

Contact No. Contact Resistance (Milliohms)

1 3.4

2 4^0

3 3.7

4 -3
5 u'v

6 4-^

7 3,4

8 4, ;L

9 3.7
lU 4.3



111-22

Y • 1LY9 PANT ► A ► [II CO. CLIAM ► 2I0f IOOOM

Ttsr_C&%L, % f^.2.S. - Zti ►j:cl	 >^►^	 9 - zl - 6^

CARD MXBL9 T % r g c.	 sNaixl 2_

.'otal Series Resistance of Card:	 Z . 1 7 O	 (Includes Lead Resistance)

f intact Resistance of one Connector on Card:

Contact au.	 C(nts►, et Resistance 0U111obns)_

1
4.7

2
3.4

3.8
4

3.6-

3.9

3 4

	

^	 3.5

3.3
1

j.3

	

10	 3.)



U A BLU E F AINT ► .JCA CO. CL[AA ►/IIM! 1000K	 -

IRTA

fp U ,	 ^^	 ^!1CMSC :^s^L ^^^ Ii	 TEST n^	 i rI ,^A^l Dh	 ^	 AtiCe

CARD NLbM i 	 ^n	 G e	 L4GIN

Total Series Realstanc„• ^ ,f Card:	 3. C) 3 0 ^ w.^ (Includes Lead Res: stance)

CoLtact Resistance of one Connector on Card:

Cuntact too.	 ContaCt Resletaact	 ll.l2bW)

1	 4^^Z

2	 312

3	 4.0

4	 3. 2
3?

C	
313

7	 3.!

3, it
9 3.9
1V 3.3

111-23
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V / •LU[ PRINT PAPER CO. CL[A\ ► AINT IOOON

DATA SHF P

I	 ,

TESTV ► c Gt^7>r^ X ^1 S 	 DATE 4" Z ^— ^'}

CARD NUMBER O ►^	 ENGINEM K

Static Noise Level:

HMS Meter 130 AV ?,VA S	 Oscilloscope 4 '200 V V Pk

Noise LeveL During Random Vibration:

*RMS Meter Z Z J	 Oecilloscop*_ 5.0 Yo-AUVOIJI Pk
4. O

Noise Level During Sine Sweep Vibration:

L

Frequency

IS

30
G0
120

170

z ♦ o
2Ya
330

490
940

1200

1700

112 0

RMS Meter ,,14V Rv..,5

/30
) 70
/ 4a
3.20
ti 00
,;ou
130
zo o
/60

2,50

)40

L 100

L / 00

Oscilloscope ,6/V Pk

4200

2217

2000
3j00a

2 500
? Od
6Co

z z s"

100
200

4200

4. z a a

* `T'ht , n,)1 se le ael during vi')rati on in this axis varied between
tht , se p-f%ts.
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Ocri11ncrnno .e, 2Inn A V fP

U / BLUE PRINT ► A ► LM CO. CL[ARP\IMT IOOON

I

DATA SHEET

TEST y ^'p 00. } l O^1	 „X A X1 S	 DUE

CARD NUMBER Tt.^1 D	 RNG7IVEER

Static Noise Level:

RMS Meter /S O Xy R Yh S 	 Osc illos.:ope < 200 .,u V Pk

*1

Noise Level During Random Vibration:

RMS Meter // 5.4I 3 RmS

Noise Level During Sine Sweep Vibration

Frequency (Cft) RMS Met

15- 12.r

30 130
60 7 c-

Izo ► to

ljo /Do

290 m y
56 0 100

700 / 00

/20 100.
7000 160

^l	 111-25



U l- BLUE PRINT PAPER CO. CLEAR ►BINT IOOOM

f 
I
	

IATA OR=
t

,I

jA^1 ^U+1Rt.i.	 1 ^t' e G	 DIGIBIt	 T^

EE

Static . , Ase ',evel:

W, Meter—< 100 . J V 'RvMS	 Oscilloscope < 200 AO V P^,

Noise :evrl During Random Vibration:

RMS Meter 4, 100 -"V R%AS	 Oscilloscope ! '200 _v6-

M oir.( . *rvel 'During Sine Svrep Vibration:

Frequency Ctr511	 RM Meter (N 3 RMS)	 Osci o c (u3 Pk)

1'	 100	 4 200

30

60

/20

z40
4'fr o

160

1920

2000

L^
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TEST V^ b a,:^ Oh Y Ax ► s DATE 9- g I- 6 4

U A BLUE PRINT ► APFN CO. CLKARPIINT MOON

DATA SHEET

CARD NUMBER Oh e.	 ENGLNEER K, ^

Static Noise i,evC-.

RMS Meter l ZS.L/ V	 %o-^ S
	

Oscilloscope 4 Z60,14 u Plic,

Noise Level During Random Vibration:

RMS Meter 2 w,^%NVA1 S.	 Oscilloscope 40 ,,,nV fk

Noise Level Luring Sine Sweep Vibration:

Frequency (cps)

IS
30

3S
60

1Z o
^ 60

210

240
300

4%0
Gov

y00

140
11190

1920

RMS Meter

130 JA
100 m v
130 AA, v
I Zsp v

1 G 0 ,k v

3^5 .4 3
/30 QV

240 Ar y
500 Ak v
140A4v

3oo a v

600 Acv

4 n 6 ,44 v

Oscilloscope

0 0 AA Y.

^. o 0 m, v PK
0 0 

414-V.100 ,4 3
400 J4 V

a04 .L( v

I M 3
my

a. 0 0 d.( v
rn v

5 00 ^.4 v.
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U / BLUE PAINT PAPER CO. CL[AR ► AIMT IOOON	 .

DATA SHEM

TEST V l ^ k F^^ i 0 rJ	 I	 A i 1 5J".^ ^s	 / •^ 3

CAR) NUMBER_	 w O	 ENGXNEER

Static Noise Level:

RMS Meter 4C I O O
	

Oscilloscope	 L .2DO 'A' ^; Tk

Noise Levei During Random Vibration:

RW; Meter L / 0 0 ,xl V ^^l^.S
	

Cscilloscope L at, 0 .C[ !i Pk

Noise Level During Sine Sweep Vibration:

Frequency	 RMS Meter	 Oscilloscope

- — S	 - ---- -	 , s - G o o ,^ y f^.

4 So
qG^

I I ^o

C c0

It

c^	 III-28



U / SLUE POINT ► A ► EN M CIEAM ►RINT IOOON

DATA SHAY

6'1	 DATE 1 -	 ,3 - ^+ Lr

-'tatic	 'level:

IM Meter—4 Q Q ^4 y fni _
	

Oscilloscupe	 Ali v Pk

Noise I,. •vel During Random Vibration:

Rt; Meter	 476
	

Oscilloscope 1 Q

l9oic- :Pve - Nr1ng Sine Sueep Vibration:

Frequency

^s
30
60
Iao
a40
4 go
i•6^

^ pCC

H6 *ter

4c0,1-i),---
400
400
M Sa

2so
s0

46 0
460
440

Oscilloscope

600 y ^4
600
6 oo
6 00
6 00
600
^( G Q

S o0

700

I11-29



Oscilloscope

,

U I OLUI FAIMT PA/L n CO. CL""m" ''000H

DADA &=-

4	 ^	 q

TEST	 t I (^	 / S	 ^'!'j	 / - Z Fj — 6	 ,_.

CARD NUt^1ER	 W^

Stati;: Juice Level:

RMB Meter 4 10 0	 m s
	

Oscilloscope

noise level During Pandora Vibration:

RMS Meter < 1 0C) -Rh -C
	

Oscilloscope	 c °	 F,^

Noise Level During Sine Swsp Vibration:

Frequency	 Iff Meter

JL

I^0	 '
40

4 fi'o
^t6

/.j20
,^voo

111-30



U R RIUE PRINT PAPER CO. CLCARNINT 1000N 	 y

F
I

LAPA SH&T

,

6tHt L I' .YI , I se Level;

16C Meter '- lo Q a y Pin S Oscilloscope--L  -.200A V k

Nulse ;.!vel During Random Vibration:

R!6 Meter	 Oscilloscope_ -^ G 0 't, V

Nule.,,	 w.l baring Bine Sueep Vibratiou:

Frequency R6 -Hater Oscilloscm

bd ! bv,u ^ boo.

40

X60
10

ec

t

III-31



APPENDIX IV

RF I _IABILITY CALCULATION FORMS
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i
;7ADI. 7710N	 DATE:

• ^PVC OQA-O MA reo

PPOJ EC" NO.	 18^ 8

'NXT TITLE:	 1 C?S Reset

S/N:

COMPONENT N • ), x 10 -5 N A x 10 -5 REMARKS

Resistors

i
I

MIL -R -11C 50 .001 .050 < 10% Stress

Capacitors
Ceramic 11 .001 .011 < 10% Stress

Diodes (Si) 21 .010 .210 < 10% Stress

Transistors (Si) 17 .020 .340

I

< 10% Stress

BASED ON TEMPERATURE AND STRESS

A TOTAL (%/1000 HOURS)

^_	 = MTBF (HOURS)

^•	 R-277 IAEV a_64)	 IV-2



^j^— :&,=ice^"_11 b ^l ^k-q 	 ^..-► 4 84^.W-'d r-®b:M

C .^
	

I4AO/AT/ON
_ r M C O N p 0 w^ r f 0

DATE:

PROJECT NO.	 185P

UNIT T ITLE:	 Tire	 .oil S t o-agP

S/N:

COMPONENT
	

N-	
1` A x 10 -5	N A x 10 -5

	
REMARKS

Resistors,
MIL- R - 11C
	

72	 .001
	

072 1	 (' 105o Stress

;Capacitors,
Ceramic	 17	 .001	 .017

	
( 20% Stress

Diodes
	

29	 .010	 .290
	

10% Stress

1	 .019	 .019
	

< 30 176 Stress

Transistors (Si)	 23	 .020 j
	 .460
	

10% Stress

1

• BASED G+-, 'i c.-r,'ERATURE AND

i

.358	 = A TOTAL (R/1000 HOURS)

MTBF (HOURS)

` ^	 A-177 ( A t v t^^^)	
IV-3



/ rte+ 

LV rvlir"tiYr/Y1.r ^ ^	 Yr V ^ ^r • • ^ ^/ ^^ ^r^Ir^d^^

1

C^: DfAT/ON	 DATE:
N C U A -0 " n r E o

?RC	 NO.	 1058

UNIT - 4TLE:	 Transient Da t a Stora-e

S/N:

` BASED ON TEMPERATURE AND STRESS

0.343	 =A TOTAL (%/1000 HOURS)

/	 = MTBF (HOURS)

R -277 (REV 2-62)
IV-4



L

E	 C,;LCD;'^,3'ON "C9RM

RA—OIATI0N	 DATE: a
-NCOpAoAv.reo

PROJFCT NO.	 1858

UNIT TITLE:	 I. D. Buffers

COMPONENT N * A x 10-5 N A x 10 -5 REMARKS

Resistors
MIL- R- 11C	 12 .001 .012 < 1076 Stress

Transistors (Si)	 8

I

:Z

11

1

.160 < 1076 Stress

I

f

* BASED ON TE,v,?'7 .ATURE AND STRESS

17Z	 _ TOTAL (%/1000 HOURS)

MTBF (HOURS)

6 -;,77 lr'E ' V 2-44)

IV-5

i



R -177 I R E V 1—E4)

r L4AYid [ r' Y !^ C  C^ A r^ ^ 1'0 N	 /"VI

RA O/AT/ON
	 DATE:

L N  o"-o c7.. r & o

PROJECT NO.	 185E

UNIT TIT -E:	 Dizital N"u!*-'^'exer - Power S•rohr

S/N:

COMPONENT N * A x 10 -5 N A x 1J`5 	REMARKS

Resistors
MIL- R - 11C 13 .001 .013 10% Stress

1 .001 .001 ( 20% Stress
i

Capacitors
Ceramic 2 .001 .002 10% Stress

Diodes (Si) 9 .013 .117 ( 207o Stress

Transistors (S:)

i

6 .020 . 120 ( 107o Stress

* BASED ON TEMPERATURE AND STRESS

.253	 =A TOTAL (%/1000 HOURS)

= MTBF (HOURS)

IV-6

I



I
^^ - •	 . A	 . p

	

!1 ! w','	
tt
^ r	 X

11 `^ 
^	

J^ q/^
i r r r rr 3 ► 	 Y	 ^U i^ ^/	 AY V ^^ - ^r f Y

`	 l ?A 0/AT/ON
	 DATE:

/N CO p -0 47 A 7E0

PROJECT NO.	 1858

UNIT TITLE:	 Corier Control

S/N:

COMPONENT	 N * A x 10-5 N A x 10 -5 REMARKS

Resistors
MIL- R- 11C 8 .001 .008 < 10% Stress

Transistors (Si) 3 .020 .060 ( 10% Strefsa

Diodes (Si)

i

i

i

5 .010 .050 < 10% Stress

* BA <0cD ON TEMPERATURE AND STRESS

118	 = A TOTAL (%/1000 HOURS)

L	
MTBF (HOURS)

F -777 (RLV 2-64)
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A -171 (REV 2-64)

Q. r r V ^' ..d r .r 1 Y V C •ZA r v V L11 ` l ®.N F ®i% i 1/,

F,?f'..O/. Tt:^N
	 DATE:

'/ C OF1 PQRY rEO

P,xOji ECT NO.	 1858

UNIT TITLE:	 Bias Amolif:er anti Core Drivers

S/N :

COMPONENT N * A x 10 -5 N A x 10 -5	 REMARKS

R CSI,COrs
MIL-R- 11C 25 .001 .025 < 20% Stress

7 .002 .014 C 40% Stress

Transistor (Si) I	 17 .020 .340 < 10% Stress

Diode (Si) 1 .010 I	 .010 < 1076 Stress

* BASED ON TEMPERATURE AND STRESS

' . 389	 = A TOTAL (%/1000 HOURS)

= MTbF (HOURS)

IV-8



i

0

1	 k-A01.4 101	 DATE:
. NC U s4,o ON4 rEo

PROJECT NO.	 1858

UNIT TITLE:	 Digital :.:uitiDlexcr Gatc

S; N :

COMPONENT I'; * X x 10 -5 N A x 10 -5 REMARKS

Resistors ,
MIL-R - I IC 105 .001	 . 105 < 10% Stress

Transistor (SO 15 .020	 .300 ( 10016 Stress

Diode (Si) 210 .010	 2. 100

I

<105o Stress

* BASED ON TE;,,?"QATURE AND STRESS

2.505	 = A TOTAL (%/1000 HOURS)

MTBF (HOURS)

14 -277 (REV 2-04)	
IV-"



APPENDIX V

MOSFET SPECIFICATION

RAD 106510 (Semiconductor Device Set)
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S

REVISIONS
p	 LYN	 DESCRIPTION	 DATE j APPROVED

A CMG ET	 G /1 3	 cNR eT *e? /-2 d	 [ce Na.^  	 It/h16 W
(1) Revised per ECO, sheets 1, 2, 3, 4, 5,6,7,9

DESCRIPTION: Five-channel integrated MOS - FET Analog Multiplexer.

NOTE: When referring to Radiation part number, ,specify drawing number and pertinent dash number..

If there are any deviations between this specification and the manufacturer's part,
this specification shall have precedence.

This Detailed Part Specificatior. (DPS), in conjunction with General Specification(104118)
provides a complete procurement specification for items described herein.

Fairchild Semiconductor Corp
Mountainview, California 	 U7263	 L

MANUFACTURER	 CODE (DENT. NO. I	 ►ART NO.	 REMARKS

PI.000REMENT SPECIFICATION

F=V'::ON SHEET	 1	 6
[N. 'ZX I REV A A A A	 A

:.d^d`...Y	
_ _ter.

^~1

CHECAED DY. ,,n	 r^-^,., ^ RAO/AT/ON/ MELBOURNE. FLORIDA

TITLE
EA61ndEd

PnJJc 11 ENWHEE^ - SEMICONDUCTOR DEVICE SET/ 
DpyD1 kNGINEEN InK,

Â^̂r1^444̂lll^ ' ^L	 ^	 1	 CODE ( DENT NO. SIZE	 REV

91417 A	 106510
A/PROVAL

SCALE	 N/:T Dwe	 SHEET 1 Of 9
-46U

t
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C	 I .	 SCOPE.

This document specifies the requlrensents for a high-ral labilityfive-gore monolithic MOS
fieid effect device for use in space electronic equipment.

2. REFERENCED DOCUMENTS

RA  dwg 104113	 Transistor{, General	 cif cotjon for

MIL-STD 105	 Sampling Raceaures&Tables for 	 Inspection by Attributes
3. REQUIREMENTS

3.1	 Electrical '.equirements.

3.1 ,1	 Absolute MuYimum Ratings"' (Ref 6.1)

Source to Drain Voltage, VSDS(bWY tied to source): -40 volts
Drain to Source Voltage, V DSS: -40 volts
Gate to Source Voltage, VGSS' +50 volts, V DS" 0
Gate to Source Voltage (transient), VGSS: +50 volts, VDS- 0
Total Dissipotio!i, PC: @2500 Ambient: T50 mw
Maximum Junr_tu+n Temperature, Operating: +17500

Storage: +2000C

3.1 .2	 Recomrner.-Ied Maximum Ratings' (Ref 6.0

Source to Drain Voltage, VSDS (body tied to source): -25 volts
Drain to Source Voltage, V DSS : -25 volts
Gate to Source Voltage, VGSS +25 volts,
Gate to Source Voltage (transient), VGSSt -45 volts
Total Dissipation, PC : @250C ambient: 45 mw

3.2	 Mechanical Requirements.

The units shall be packaged In a fourteen pin flat-pock as shown In Figures 2 acrd 3.

1 3.3	 Marking.

Each unit shall be marked with the Radiation part number, serial number, lot number, and
vendor symb I or trademark as minimum markings.

3.4	 Lead Material . Material shall be Kovor with gold plate, 200 u-in. +100 u-in.

4. QUALITY ASSURANCE PROVISIONS

4.1	 Qualification Inspection (Ref GPS 4.4.5)

"Body lead shorted to source lead unless otherwise noted.

UNILSS OTHERWISE SRfCIFIEO	 SIZE	 REV

DIMENSIONS •u IN INCr.r S,

TOURANCES	 O RAmAnom A	 106510
^^+vow^or.w ► Ero

FRACTIONS = 1/8,11 I ANGLES = P
DEUM•LSl t PLACE..	 CODE (DENT p0. 91417	 SHEET	 2_. 

W
:ruce 

K-460-1
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WWWA

c 4.1.1	 Group 1 - All Units (85)

Parameters shall be "matured at 25PC +20C, union otherwise tpeclfled. 	 No failures
allowed for parameters s3 noted; total of 1 failure allow b12 for all other tes ► ^ noted by
nu[nsral 1 In Table I.	 Body lead Is shorted to source lead unless otherwise noted.

TABLE I
Failures

Test Symbol Conditions MIN MAX Urnits Allows

Drain to Source Breakdown BVDSS VGS-VB - 0
tzf

-40 volts 0
Vol togs ID- I uo	 6.3)

S< , urce to Drain Breakdown BVSDS VGD- VBD- 0,' -40 volts
Voltage IS= 1 uo 0

Gate Threshold Voltage VGST Ip- I0 ua,VGS-VDS,
-3 -6 Voltr 1

G -

Drain to Source Leokape IDSSI V'GS- 0, V DS- -25V 0.1 no 0
Current (Rsf 6.3)

Drain to Source Leakage IDSS2 VGS= 0, VDS= -25V, 5.3 I	 no 0
1 Current TA= 850C (Ref 6.3)

Drain-Body and Source IBD+BS VGS- VDSS-0 '  V8- +25V 10 no 1
Body Leakage Current TA- +850C

Gate Input Resistance RIS VGS° -20V, VDS-0 1013 ohms 1

Dynamic Drain Resistance rr, VGS--2W, VDS-0 1500 ohms 1

ON Current ISDS VDS- -5V, VGS- -2W 1.0 mo 1

Source Capacity Cs VDG-, V DB- VBG- 0, 2.0 pf 1
(Source-Drain + Source-Body VS- -5V
+ Source-Gate)

Drain Capacity C VGS= ^VSB= V GB= 0 2.0 pf 1
Source(Droin-+ Drain-Body VD- -5V

+ Droin-Gate)

Drain to Source Capacity Cds VB^, VG- +BV, VDS- 0 2.0 pf 1

(iote Capacity Cg VG- +8V, VDS- VDB- VSB= 0 3.0 pf 1

Nt[SS OT.(** 'S[ S[ICIIMO
.M[NSIoNS A& IN MICIeS. ^

`. f f

SIZ REV

TOLIRANC[S I RENO/AT/ON A 106510
i &_! rIoNt = 1/11 iwGLIS = P

`'	 rw.uowwowwrwe

SHZET	 3o[CIMaS, [	 .
nce
A[I : :W

2 
F	

. COME tour 040. 91417

it 	 I

l	 V-4



is

f4.1 .2	 Group II (Ref GPS 3.5) - 45 Units

TABLE II

	

4.1.2.1	 Subgroup 11 (a) - 20 Units

vrj
Test

	

Para	 Test

4.6.20.1 Temperature Cycling

4.6.20.2 Thermal Shock
4.6.18.3 Hermetic Seal
4.6.25 Vibration Variable Frequency (400 level)

Fai i ure-
Al lowei

4. 1.2.2 Subgroup 11 (b) - 25 Units

4.6.32 Storage Life, 15000

4.6.20.2 Thermal Shock

4.6.23 Shock

4.6.22.1 Acceleration

4.1.2.3	 Group II Post Test End Points (Conditions as specified In Para 4.1.1).

Drain to '-ounce Leakage Current, IDSSI:	 i5 0.1 no MAX

Drain-Body and Source-body Leakage Current, IDD,bSt	 tG 10.0 no MAX

Gate Threshold Voltage, VGST'	 -3.OV-4 VGST5 -6.0 volts

4.1 .3	 Group III - 40 Units

Operating Life Test per Figure : @ TA- 100aC, fne air	 Ref GPS 4.6.33

4.1.3.1	 Group III Post Test End Points (Conditions as specified in Para 4.1 . Z;

Drain to Source Leakage Current, IDSSI:	 L 1.0 no MAX

Drain-Body and Source-Body Leakage Current, I BD+GS t 	 X10.0 no 10vAX

Gate Threshold Voltage, V GST :	-3•0Vi!SVGST:!^- -6.0 Molts

t *NUS%OlMIAWMA Sr[clrl["	 BIZ	 A
01.1 NSIONS AN[ IN INIC IIf. 	 F

fOl[4ANC[5	 i7r) , RAO/AT/ON A	 106510	 A
1---J/NCOIRION^?/O

o[cIA+ALs, ruck .acesI 
nxe .m coo[ iDua No. 91,417	 SHM 4.

1-.w-I
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4.2	 Acceptance Inspection.

4.2.1	 Screening (I10 GPS 3.5 and 4.5. 1) Read and Record

TABLE III

GPS
Test Acceptance
Para Test or Conditioning Conditions Criteria

4.6.18.3	 Hermetic Seal (Rot 6.2) 	 Holiwn or WIN I	 10-6 cc/sec

4.6.22.2	 Acceleration (Ref 6.2) in Yl axis only No shorts or opens

4.6.1	 Visual and Mechanical

Drain to Source Leakage Current, I DSS1 VGS` 0, VDS' -21V L 0.1 no
^RCF. 6.3 )

j C ate Thre l uold Voltage, V GST	 ID= 10 uA, VGS` V DS , -3.0 V MIN
VGe 0 -6.0 V MAX

Ai;4.0, '..16 hou.,%	 VG-VB- 0, TA- 1000C
VS- VD- -30 volts

Drain to Source Lookar	 at, I DS31 VGS= 0, VDS- -25 V	 I L 0.1 ra
(Ref 6.3)

Got* Thr...hoid `.'aiiop, VGST	 Ipp` 10 LA, VGS-VDS, -3.0 V MIN
VG- 0 -6.0 V MAX

4.3	 Group A Inspection (Ref GPS 3.4 and 4,5.2.1) Read and Record

100% Testing.	 Reject all units failing to comply with the requirem*nts of Table IV.

TABLE IV

Test Symbol Conditions MIN MAX Units

Drain to Source Breakdown Vol toga BVDSS VGS--	 S- 0, I D= 1 uA, -40 volts
(Ref 6.I

'source to Drain Breakdown Voltage BVSDS VGD-'VBD= 0, I S - 1 uA -40 volts

Gate Input Resistance RIS VGS° -20V, V DS = 0
I

1013 ohms

JNIISS On.c,wlst sprc"110 dlt REV
DIN.I NSIONS All IN 0<041S.

`J A
/I

H	 110LIU.NCES RAomrmN 106510
FaACfIONS = 1/64I ANGEIS :

r.vOO^rOA.^1I0

SH<!T	 5DECIMALS. 2 KACI :.oaf
2 ►EACI _ .02 COD[ (DENT NO. 911417

A_a60-1
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TABLE IV (continued)

Test of	 Condition MIW Mokx	 Units

Dynamic Drain Resistance rd 	VGS- -20V, V Ds- 0 1500	 ohms

ON Current ISDS	 VDS- -5.OV, VGS- -20V 1.0	 mo

4.4	 Group B Inspection (Ref GPS 3.4 and 4.5.2.2)

Sample size shall correspond to on AQL of 0.065, P(A) +0.95 and o LTPD of 1.5,
P(A)-O.10 as defused in MIL-STD-105.

TABLE V

Test SYMW	 Conditions MAX I Units

Drain to Source Leakage Current I DSS2	 VGS= 0, V	 -25V,
TA= +850C Wf 6.3)

5.0	 no

Drain -Body and Sourca -Body IBD+BS	 VGS= VDS- 0, V B- +25V 10.0	 no
Le:.koge Current TA= +850C

Source Capacity Cs	 VDG= V DB= VBG= 0 2.0	 pf
(Source-Drain + Source-Body VS= -5V
+ Sourc,--Gate)

Drain Capacity
(Drain-Source + Drain-Body

C 	 VGS_V _V
 GB' 0

VDT -SV
2.0	 pf

+ Drain-Gate)

Drain-Source Capacity Cds	 VB= VG- +By, VDS- 0 2.0	 pf

Gate Capacity %	 VG. +eV, V DS- VDT VSBM 0 3.0	 pf

.R4\ESS OTHEAwISE SPICl ru D
L"m(NSIONS Yf IN v4CWS. ©

SIZE REV
^

TOLEIANCnS RAow7oN A 106510 /"^II

• A:. 1IONS = 1/E4; ANGL[S ! r
ivoOwwOw,^re0

8HECT	 6Y+TS: s KAU :.00s
I ►L.CE :.07 COD[ ID(NT No. 91417

-.S	 I
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Sample
Size	 S

1S

IDSSI

JGD+$S
ST

MIN MAX;	 Units

0.1	 no

10.0	 no

-3.0 -6.0	 Vol is

25

IDSS1
	

1.0	 no

IBD+BS
	

10.0	 no

VGST
	 -3.0 -6.0	 volts

25

IDSSI	 1.0	 no

lDSS2	 10.0	 no

J
1D+85	 10.0	 no

GST	 -3•	 -6.0	 volts

ra

4.5	 Group C Inspection (Ref GPS 3.5 and 4.5.2.3)

One defect allowed In each subgroup.

TABLE VI

G PS
Test
Para Test or Uxaminaticn

4.5.1 Subgroup I

4.6.20.1 Temperature I_ jrcl ing
4.6.20.2 Thermal Shock
4.6.25	 I Vibration, Vor Freq(50 G)
4.6.18.3 Hermetic Seal (MIL-STD-202,

Method 112, Cond 6)

4.5.2 ubgro_p II

4.6.32 Storage Life, 1500C
4.6.20.2 Thermal Shock

4.6.23 Shock

4.6.2.1 Acceleration

4.5.3 Subgroup III

4.6.33 Operating Life (per t ig. 1,
1000 hours) TA = 1 000C

5. PREPARATION FOR DELIVERY

5.1
	

Ref G PS 5.0

5.2
	

Units shall be pocked in containers marked "MOS Field Effect Device-Spec!al Handling
Required".

6. MOTES

6.1
	

Absolute maximum ratings are those ratings which if exceeded may impair the serviceability
of the device. Recommended maximum ratings are the maximum rungs recommended for
equipment reliability requirements.

1 6.2
	

Performance of these tests during normal manufacturing oad testing shall be considered
conformance to these requirements.

uNU SS OT H tA W ISE SKOFIED

DA ME NS ION S ♦llE IN INCI*S.

rOLEMNCES
, •^
t 'J RAO/AT/ON

61zE

A 106510

REV

IuC nONs S I/M, •N6EES

.^.cow^ow.reo

SHEET	 7DECIMALS. 3 PEA, E :.tans
t PE/.CE :.m

CODE (DENT NO. 91,417

K-460-I
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S1

S2

S3

S4

S5

-5

16.3

6.4

S

-25 V
0

The five common drain currents may be averaged for maximum leakage. Do not excerd
40 volts during the test for breakdown voltage.
All transistors must be on common substrate utilizing metallized interconnections except
for singular bond connections to pins.

GROUND GATE WAVEFORM[ 0.5 usec t r, tf 3 usec
Pulse Width -50 usec +20%
Pulse Rep Rate -1 KC +10%

"OFF*
0 volts

-45 V
•ON"

Figure 1 - Operating life Condition

ate.,

G 1 	G2	 G3	 G4	 G5

Figure 2(a) = Electrical Configurotisn

,^NEESS Ot-[A"L S ►ECIi ILD	 SIZE	 RE

DIM{NSIONS All IN W04S.

	

TOMANCL S	 RiAO/AT/ION	 106510
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Dl-5	 S 1 S2 S3 
S4 S5

13 12 11 10 9

14	 8
	 Pins 1 and 8 not connected. I

TOP

1	 7

2 3 4 5 6

G 1 G2 G3 G4 G5 81-5

Figure 2(b) Mechanical Configuration

500 -
MIN	 to _

.500
MIN

.050

.100

1	 14
2	 13

3	 12 .150

+.0 5 ♦L
-.250

4	 1l

5	 10

6	 7	 8	 9
.1

017 +.001 

--► .050	 .100
050

.021 +.004

I

.060	 r
MAX

•uus +•0005

Figure 3 Outline Drawing

All leads are evenly spaced.
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APPENDIX VI

BEACON TRANWITTER MODULATION SIGNAL COMPATIBILITY

VI -I



ft*	 ---------- --	 -

I ^ ^

1.0	 GENERAL

This report is submitted to clarify the capability of Lhe Hughes Nimbus

Beacon Transmitter pertaining to the different types of modulation signals

that are now under consideration for use by the Nimbus Telemetry Group.

Where the transmitter is not compatible with a given modulation signal,

necessary modification to the transmitter is noted. Two modulation

signals are considered. These two signals are NRZ PCM and SPLIT

PHASE PCM.

2. 0	 PROPOSED MODULATION SIGNALS

The two proposed modulation signals are presented below for reference.

	

BIT	 1	 1	 1	 0	 1	 0	 0	 0	 1

1	 1	 1	 1	 1	 1	 1	 1	 1

SPLIT PHASE ^1 r^
Waveform

NRZ	 -	 — — I

	_L
Waveform

If either signal is used, and realtime data is transmitted, the telemetry

signal is to be algebratically added to the standard time code signal which

is amplitude modulated onto a 10 KC square wave. If the recorded trans-

mission mode is used, there is a 30:1 increase in frequency of the bit rate.

3. 0	 TRANSMITTER COMPATIBI LITY

The transmitter in its present form will pass the uppermost frequency

to be transmitted from either of the two modulation waveforms in the

VI-2



direct or record mode of transmission. The assum ption is made here

chat the first and third harmonies of the 15 KC wave in the record mode

of the split phase wave are sufficient for good data transmission. Addition

of the split phase waveform to the time code should present no problem

as the frequencies do not overlap. No low frequency coupling problem

exists with the split phase PCM signal. Use of the NRZ code with the

transmitter will present a problem in the transmitter and in the ground

station. The transmitter must be made to transmit DC in order to

pass all possible: data that may be generated. The ground station must

also be DC coupled to pass this data. DC coupling in the ground station

will allow DC distortion terms and other low frequency mixing products

that are generated in the transmitter when time code and NRZ are added

to decrease the received signal to noise ratio. The magnitude of this

S/N degradation will depend on the transmitter distortion.

The transmitter will require extensive redesign in order to pass DC

modulation. With the present method of modulation, there will be a

reduction in efficiency if a DC capability is achieved. Modifications

insist be made to the transmitter modulator and at least two of the RF

stages in order to obtain DC capability and ietain the present power

output.

4.0	 SUMMARY

'The Hughes Nimbus Beacon Transmitter in the present form is capable

of handling the proposed split phase PCM signal in the real-time or

the record mode. For use with NRZ data, the transmitter will require

extensive modification.
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t 	 f	 , APPENDIX V II

"A" Unit Modulator Modification

E
1.0 Introduction

1.1 In addition to the study of split phase recording
which is covered in the main body of this report, a short study
was conducted to determine what improvement could be made in
the characteristics of the playback signal by modifying the
character of the A unit modulator signal prior to the record
process.

	

2.0	 Modification of Modulator Gating Level

	

2.1	 As stated previously in the main report, the "A" unit
data signal consists of a gated 500 cps sine wave. Each gated
cycle of the sine wave represents a "0" in the output binary
code. The sine wave at present is gated at the cosine or 900
point rather than at the zero crossover point due to the fact
that the record head differentiates the input signal. An illus-
tration of this signal is shown in Figure Al. The principal
difficulty with the present playback signal is caused by differ-
entiation of the sharp transition in the modulator signal from
the OFF level to the cosine level. This results in an apparent
overshoot on the leading and trailing edges of the playback sine
wave signal as shown in Figure A2 and A3. It can also be noted
in these figures that the first and last half cycle of a series
of sine waves are lower in amplitude than the rest of the
signal.

	

2.2	 In order to reduce the effects of the transition from
the OFF level to the signal level, a D.C. bias level was applied
to the modulator t.ransforr,:er T-1 in module 16. This was accom-
plished by connecting a resistor of approximately 180K between
the transformer center tap and the -24.5 volt supply. It also
requires the reversal of the transformer primary or secondary
leads to provide the necessary phase relationship for use with
a negative bias. The resultant modulator output with the bias
level set at 75% of the peak-to-peak signal is shown in Figure A4.
This signal was recorded and the playback signal is shown in
Figures A5 and A6. This playback signal can be seen to differ
from the original signal in the amount of overshoot and the
signal symmetry. The positive half cycles are now cf equal
amplitude. The negative half cycles are of smaller amplitude
on the first half cycle in a series and reach a maximum amplitude
of approximately 90% of that achieved by the positive half cycles.

V11-2



2.3	 The gating OFF level was then changed to the 67% point

C —	 as shown in Figure A7 and a recording was made of this signal.
The playback from this recording is shown in Figures A8 and A9.
The resulting waveform shows a slight increase in overshoot com-
ponent and a decrease in amplitude of the first positive half
cycle. The negative half cycles now approach 95% of the positive
half cycles.

2.4	 Due to the fact that the modulator output is no longer
symmetrical about the OFF level, the "A" Unit Real Time output
from I-7 will require an increase in size of the coupling capa-
citor to the time code amplifier to prevent differentiation of
the Real Time signal.

2.5	 Some distortion of the playback signal is due to noise
on the record signal which is apparently picked up in the tape
transport unit during each transition of the two 100 cps motor
drive signals. An illustration of this noise is shown in Figure
A10. Figure All shows an undistorted record signal across a
dummy head. Figure Al2 shows the effects of the noise on the play-
back signal. The amplitude of this noise is about 6% of the peak-
to-peak amplitude of the record signal. Filtering of this noise
would be difficult due to the fact that the maximum noise com-
ponents have a frequency close to the 500 cps record signal.

3.0	 Conclusions

3.1	 The playback waveform appears to offer some improvement
over the present waveform when the OFF level of the modulator is
maintained at approximately 70% of the maximum peak-to-peak ampli-
tude of the gated sine wave. Full evaluation of this improvement
should be made by the ground station on a comparative basis with
the present type of waveform. Since the "A" Real Time signal is
also changed, this fact should also be taken into account as to
the effect on the ground station operation.

3.2	 The physical changes to the Telemetry Electronics to
accomplish this modification would be quite simple. One additional
resistor would be added to module I7 and the coupling capacitor
C5 in module I7 would be increased in size to 2.2 uf. Transformer
T1 in module 16 would also require a reversal of leads 1 and 2.
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F'Ig. Al ('10%) FIG. A2 FIG. A3

FIG. A4 (75%) FIG. A5 FIG. A6

FIG A7 (67%) FIG. AB FIG. A9

FIG. A10 FIG. Al2	 4741'FIG. All

MODULATOR OUTPUT
	

PLAYBACK SIGNAL

RECORD HEAD SIGNAL
	

PLAYBACK
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APPENDIX VIII

DESIGN STUDY TEST TAPES



^-	 NIMBUS DESIGN STUDY TEST TAPES

Three MINCOM test tapes for checkout and testing of
the NIMBUS ground station compatibility with the new PCM format
were prepared utilizing modified Multicoder SN004, clock Unit
SN	 , Telemetry Electronics SN005 and airborne Tape Transport
SN2. The format of each tape included a 62.5 word length sub-
frame synchrcnous with the clock time code frame, a twenty bit
subframe synchronization word, which includes subframe identifi-
cation, time code data through tens of hours, and digital information
channels. Location of the above information in the forma'L is
shown in Table 1 and Figure 011. Composition of the sync word is
shown in Figure 4.1.

Test Tape #1 was made using the gated sine wave modu--
latic- employed in all previous systems. The digital and analog
channel input format is shown in Table 2. All subcommutated
channels other than those indicated in the format had an analog
input of 5.10 volts. (Binary readout of 1100110). The tape
contains one 220 sec. segment f playback signal from the airborne
recorder. This signal occurs approximately two minutes from the
start of the tape. The rest of the tape time is occupied by
Time Code and "A" Real Time signals containing the same format as
the playback data.

Test Tape #2 was made using the proposed split phase
(M) code modulation. This tape contains three playback segments.
The first playback segment has a format in which all analog
channel words have a readout of 1110100 and all digital words
(each word containing seven channels) had a readout of 0110011.
The second playback segment has a format identical to that of
Test Tape #1. The third playback segment has a format identical
to that of segment two except that subcommutated channels other
than those shown in the format table had an analog input of 0.00
volts. Each playback segment is preceded and followed by "A"
Real Time data containing the same format as the enclosed play-
back segment.

Tape #3 was continuous tape of "A" Real Time data
utilizing the split phase (M) code. The 10 KC time code signal
is not mixed with Real Time signal on this tape. All analog
channels in this format are 0.00 volts. Digital channels are as
shown in Table 2.

Test Tape #1 was prepared primarily to check out the
system modification which synchronized the PCM to the Master
Clock, and the addition of the digital channels including time
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VIII-3

code data. As shown in Table 2, the digital channel words in-
clude a word in which all seven digits in the word are "0" and
words in which all seven digits are "1". These are worst case
condition digital words. The time code words values are con-
trolled by the master clock output and are read out during subframe
one. The time code count can be verified by checking to see that
the count advances sixteen seconds each readout.

Test Tape #2 was prepared primarily for checkout of
the ground station r-)mpatibility with the split phase (M) code
modulation and for comparison of this code with the gated sine
wave modulation as to their respective signal to noise ratio
capabilities.

Test Tape #3 was made for preliminary checkout of
ground station logic modifications. The large number of channels
with "0" code on them is to simulate worst case conditions for
bit synchronization.

TL



TABLE 1

CSubframe
Subframe	 Time Slot	 Information

All 62.5 Sync Word
1 Sync Word
2 Sync Word and Subframe Count
5 Digital Channels 1-7

13 Digital Channels 8-14
21 Digital Channels 15-21
29 Digical Channels 22-28
37 Digital Channels 29-35
45 Digital Channels 36-42
53 Digital Charnels 43-49

All 61 Digital Channels 50-56
1 4 Time Code - Units seconds
1 12 Time Code - Tens seconds
1 19 Time Code - Units minutes
1 23 Time Code - Tens minutes
1 31 Time Code - Units hours
1 36 Time Code - Tens hours
2 4 Digital Channels 57-63
2 12 Digital Channels 64-70
2 19 Digital Channels 71-77
2 23 Digital Channels 78-84	 (storage)
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cSUBF DAME	 TIME SLOT

All
	

5

6

9

10

13

14

17

18

21

22

25

26

29

30

33

34

37

38

41

42

45

46

49

TABLE 2

TEST TAPE FORMAT TAPE #1

DIGITAL READOUT ANALOG

0 0 0 0 0 0 0 0.00

0 0 0 0 0 1 1 .15

0 0 0 1 0 0 0 .40

0 0 0 1 1 0 0 .60

0 0 1 0 0 0 1 .85

0 0 1 0 1 0 1 1.05

0 0 1 1 0 1 0 1.30

0 0 1 1 1 1 0 1.50

0 1 0 0 0 1 1 1.75

0 1 0 0 1 1 1 1.95

0 1 0 1 1 0 0 2.20

0 1 1 0 0 0 0 2.40

0 1 1 0 1 0 1 2.65

0 1 1 1 0 0 1 2.6.,

0 1 1 1 1 1 0 3.10

1 0 0 0 0 1 0 3.30

1 0 0 0 1 1 1 3.55

1 0 0 1 0 1 1 3.75

1 0 1 0 0 0 0 4.00

1 0 1 0 1 0 0 4.20

1 0 1 1 0 0 1 4.45

1 0 1 1 1 0 1 4.65

1 1 0 0 0 1 0 4.90

CHANNEL

Digital 1-7

Digital 8-14

Digital 15-21

Digital 22-28

Digital 29-35

Digital 36-42
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TABLE 2 CONTINUED

TEST TAPE FORMAT TAPE #1

SUBFRAME TIME SLOT DIGITAL READOUT ANALOG CHANNEL

All 50 1 1 0 0 1 1 0 5.10

53 1 1 0 1 0 1 1 5.35 Digital 43-49

54 1 1 0 1 1 1 1 5.55

57 1 1 1 0 1 0 0 5.80

58 1 1 1 1 0 0 0 6.00

61 1 1 1 1 1 0 0 6.20 Digital 50-56

Ali 62 1 1 1 1 1 1 1 6.35

2 4 1 1 1 1 1 1 1 6.35 Digital 57-63

2 12 1 1 1 1 1 1 1 6.35 Digital 64-70

2 19 1 1 1 1 1 1 1 6.35 Digital 71-77

2 23 1 1 1 1 1 1 1 6.35 Digital 78-84

Subcommutated channels not shown have a value of 5.10 fo;' tape #1 and

tape #2 segment 2 and a value of 0.00 for tape #2 segment 3.
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1.0	 GENERAL

	

1.1	 Scope

This specification coven the requirements for a high-milabllity digital pate for use In
space electronic equipment.

	

1.2	 Description

The Integrated circuit digital gate consists of two(2) flat packs, each having four digital
inputs, four digital outputs, one strobe Input, one power Input, and two (2) tie point leads at the
function of the driver transistor and collector reslslon. (See Figure 1)

	

2.0	 APPLICABLE DOCUMENTS

The following speelfloatlom and standards, of current Issue, form a port of this speclfical
to the extent specified herein.

Test Methods for Eleatronla and Electrical Con ponent Parts
Test Methods for Semlcondualor Devices

Inspection System Provlslor,, for Suppliers of Space Materials,
Cc -iponenls and Services

Mllltaryt
MIL-STD-202
MIL-STD-750

NASAL
NPC 200-3

Radiation:
Dwg 104118
	

Tronslstor, General Specification
Dwg 407654
	

Header-Lid, Flat Package

3.0	 REQUIREMFNTS

3.1	 Electrical Requirements

3.1.1	 The Integrated circuit devices shall meet the requirements of this specification throughout
all environmonts specified herein.

3.1.2	 All of the following electrical specifications are go-eral guidelines to establish dosign
criteria for the port. Final acceptance of anj device will be dependent upon performance to the,
parameter test of Para 3.1.2.1, the functional test of Para 3.1.2.2 and Appendix I.

3.1.2.1	 Parameter Toots

The following parameter checks are necessary to Insure that the circuit meets customer
interface specifications.

U94l1SS 01M14wISI SryC11rt0	 --
DI MINSIONS Mr 1.4 INC14 S.

1011RANC11	 O vAO/AT/O/V A	 106626
.aoop^ow.r^o

nACTIoNt S 1/64, ANO111: 1*
o(cwA ► s, ) ►IACr :.00!	 COD[ WENT N0. 91A{Y	 •HILT 2

I.IACr:.m

I
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(1) Diode Reverse Leakage, I R - 200 no max at
VR - 24 volts and TA - eC

(2) Revise Voltage lose to Collector, BV n 40 volts min,
IR -100 uo and TA - 25PC

3.1.2.2	 Functional Teas

Each Integrated Circuit Is to be checked functionally over the operating ran^o of -100C
to 650C, according to the test procedure In Appendix II. These tests are "Oo" "No-Go tests to
determine proper circuit operation In the PCM system.

3.1.3	 Temperature Range for Proper Operation of Clroultr -100C to 4WC

3.1.4	 Transistors

Forward base-collector voltage drop,
VBCF - 0•8V max at 1 mo and 2300

Forward base-emitter voltage,
VBEI n 0.61V min at 1 mo and 46VC

Forward base-emitter voltage,

VBE2 - 1.1V max at 1 ma and -100C

Saturated collector-emitter voltage,

VCE 1(set) - 0. 5V .rein at 10 - 0.1 mA, IC - 1.0 mA, TA - -10*C

Saturated collector-emitter voltage,

VCE2(sat) - MV max at III - 1.0 mA, IC - 10 mA, TA - +&VC

DC current gain,
HFE I - 20 min at IC - 1 mA, VICE - 5XV, TA - -100C

DC current gain,
HFE 2 - 200 max at IC n 1 mA, VCE - 5XV, TA -+63aC

Leakage current,
ICBO - 50 nonoamps max at 24V and 230C

Peak reverse voltage base-collector,
BVCDO - 40 volts min at 25aC, iR - 100 uo

1lal(SS OMIIw IS( S11011(D	 '^	 ^•
DIM(NSION' A.( IN INCMS.

(OU..NC11	 RAO/AT/ON A 106626rrvc'ownownrto
raACnONf s 1/64,.►NOUf : r
o(u+aM r n.c(:.W	 COD[ ID[NT No. 91417	 •N![T 3rruce:.m

a "0.1

{
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3.1.5	 Diodes

Forward bate-collector voltage drop,

V6CF • 0.6 volts max at I F n 1 PA and 2VC

Reverse voltage ban-collector,
VbC - 40 volts min at 23 0C, IR - 100 uo

Leakage current,
IL - 200 nonoomps mac at V R • 24V and TA • 650C

Forward current,
IF • lO mA min at 230C, VF • 1.3V

3.1.6	 Resis ► as

Nominal resistance Is 43K +20% at 230C.

The t-Imperot. aaefflclent of resistance Is 0.3% per oL mac.

Maximam talerortee Is ;30% from -1000 to +6rC.

Capocity pc- 1000 ohms to "N" isolation region - 2.5 pf max.

Capacl-'y of "N" region to "P" substrate - 40 pf max.

All "N" regions per 45K section mud be floating with respect to the other "N" regions.

The porosit'c PNP beta from the resistor to tha substrate Is a RMImum of 0.01 at 250C.

3.1.7	 Capacitor - Stray Parasitic

C • 2Co ( V22 +^rV1 + 1

where
C - "qulvalent capacity
CO - zero - volt capacity
V1 - minimum voltage across Co
V2 n maximum voltage aoross Co

and values for Co are Cob - 9 pf max ® S.OV, f - 140 KC

Clb n 6 pf max ® S.OV
F -140 KC

WIIIf OTMIIW11r {IfC1/K0	 ^•^i	 ♦^•

01 W IONINI Vr IN WOOS.	 0

rouN•NCIS	 RAO/AThDN A	 106626
nAcTioNI i 1/w, Amous : r	

IIVOOwPOIr^ ►e•

orclwLI s ►ucc ..	 coot iottfT No. 91,417	 Nft9T 4:I n.cr . m
0

r-4ro-1
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Collector of NPN to "P" substrate - 20 pf max ® 5V

"P" resistor material to "N" Istdotlon region a 2 pf/K ohm max.

3.2	 Mechanical Requirements

3.2.1	 Package

The package housing the integrated circuit chi` sholi be In accordance with Radiation
drawing 407654.

3.2.2	 Sealing

All units shall be hermetically healed and tested for looks to MIL -STD-202, Method 112,
Procedure III.

3.2.3	 Identlficatlon end Marking

All flat packs shall be marked with o red del adloeent to PIn 0 1, serlalization, manu-
facturer's nom@ or symbol and Al part number as minimum requirements, per Pura 3.7 of Radlotlon
drawing 104118, except subparagraph 3.7.1.

3.2.4	 Array Element Interconnection

Elomenis within the army ate to be connected by moors of metallization potters. No
elements shall be Interconnected by gold bonding.

3.2.5	 External Pin Configuration

The Integratod circuit chip shall be connected to the external package leads as shown in
Figure 2. Pins 4 and 11 shall be tied toge rher by interlrol connections.

3.2.6	 Workmarship shall conform to the highest available .forwards.

3.3	 Environmental Requirements

Devices procured to this specification shall be capable of performing within specification
limits over the rongo of environments listed below.

3.3.1	 Temperature Range

Operating	 -100C to +650C
Storage	 -550C to +2000C

3.3.2	 Humidity

Storage	 0 to 10096 RH

uNu» aM11w111 sncanko	 1	 REV
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C 3.3.3	 Vibration (three mutually perpendicular axis)

Sine	 10 to 3000 cps, 40 "G" rms.
Random	 10 to 3000 cps, 0.133 112/cps

3.3.4	 Shock (three mutually perpendicular axis)

1500 G half-sine, 0.5 mllllsec duration

3.3.5	 Acceleration (three mutually perpendicular antis)

20,000 G for 1 minute.

4.0	 QUALITY ASSURANCE PROVISIONS

4.1	 General

4.1.1	 Test Conditions

Al l tests shall be performed at 2500 +30C, 50% ±20K relative humidity, and omblent
barometric pressure, unless otherwise specified.

4.1.2	 Definition of Failure

Any device which falls to meet all requirements of this specificotlon shall be considered a
failure. Failure of a single device in more than one test or parameter shall constitute a single failure.

4.1.2.1	 Failure Reports

All (allures during gvcllflcotion and lot acceptance testing shall be report d on Radiation
Form 236. All (allures shall be reported within 3 days and a failure analysis report submitted within
10 days to Reliability Engineering, Radiation Systems Division.

4.2	 Qualification Test Sequence

4.2.1	 Group A - Initial Electrical Parameters

All specimens shall be tested for compliance to the requirements of 3.1.2.

4.2.2	 Group B - Eryvironmentol Qualification Inspectloa - 65 Units.

v+u» of-r.« a SMCIND	 SIZE	 REV
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IX-8

TABLE I

104116 Na. of afech
Test Paw Test Allowed

4.2.2.1 oubgwup to - 15 Units

4.6.20.1 Temperature Cycling

4.6.20.2 Thermal Shock

4.6.18.3 Hermetic Seal

Terminal Strersgth (we Note 6.4)

4.2.2.2 Subgroup Ib - 19 Unlh i

4.6.32 Storage Life 2WC

T n 1000 hour

4.2.2.3 Subgroup II - 10 Unih 1

A.6.25 Vibration Variable Frequency

4.6.23 Shock

4.6.22.1 Acceleration

4.6.21 Moisture Resistance

4.2.2.4 Subgroup III - 40 Unih 1

4.6.33 Operating life +WC
(See Note 6.3
T - 5000 hours

I	 4.2.3	 End Points

Tho following end points shall be performed within 72 hours after compietion of each
subgroup and at Intervals of 100, 250, 500, 1000, a,-J every subsequent 1000 hours +24 hours of
Subgroups lb and III.

4.2.3.1	 Functional Test

Each device shall be checked for performance when tested per Paragraph 3.1.2.

uNUSs O1NINW4( SKCIND	 SIZE	 REV
D,..NNUONs..1 WO u+C.lf.
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4.3	 Acceptance Screening R"Irenonts - 1009E Inspection, lot acceptance criteria per
Pans 4.5.1 and lot 1. .captance data per Pale 4.5.2.6 of 104116.

TABLE II

Ref Test or
Para Conditioning

Visual & Mechanical

3.1.2 Functional Test

3.2.2 Hermetic Seal

3.3.1 High Temperature Storage

3.3.5	 Acceleration

Bum-In (Note 6.3)

X-Ray (to be performed last) 	 HAIL-STD-202, Method 209

Acceptance
Criteria

Is

Para 3.1.2.2

10-6 cr,/wc

Functional test
+4SoC

No shorts or opens

Para 3.1.2.2

-100C, +250C,
4WC, Para 3.1.2.1

If

Conditions

+250C

MIL-STD-202, Method 112

2000C for 161 hours min

20,000 O In the eZe =Is
(Flo. 2)

TA a 6S0C
T n 336 hours

• Vendors workmanship standards to be approved by Radlatlon System Division Rellabillty Section to
establish accept-reject criteria.

4.4	 Group C - Acceptance Lot Inspection - 25 Units per Lot

TABLE II!

104118

Test Para Test

4.4.1 Subgroup 1 - 10 Units

4.6.20.1 Temperature Cycling

4.6.20.2 Thermal Shock

4.6.18.3 Hermetic Seal

4.6.32 Storage Life T A = 2000C, 1000 hours.
Functional Test (Para 3.1 .2)

No. of Defects
Allowed

I

I	 hill SS 01MINWI$j SrICI n IID	 o^ac n 	 n.c.
""INSIQNS Alf IN INCAS.	 O
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TABLE III (cont'd)

104118	 No. of Defect
Test Para	 Test	 Allowed

4.4.2	 Subgroup Il - 15 Units 	 1

4.6.33	 Operating Life +6VC (See Note 6.3)
T n 1000 hours

Functional Test (Para 3 . 1.2) Measurement to be performed

at the times specified in 104119 Para. 4.6.33

4.5	 Electrical Test Methods

The electrical tests required by this specification shall be performed In accordance with the
test methods specified In MIL-STD-750. In the event of conflict between thespecification and
MIL-STD-750, the specification shall govern.

4.6	 Environmental Tests

The environmental requirements specified heroin refer to those tests as Vecifled In
MIL-STD-750 or Radiation drawing 104118 to the extent speclfled herein.

5.0	 PREPARATION FOR DELIVERY

N/A

6.0	 NOTES

6.1	 Test data shall be permanently recorded In final form at the time of measurement.

6.2	 A test procedure which shall Include a test equipment Inds - shall be submitted and approved
prior to proceeding with qualification testing.

6.3	 Life Test Conditions

Tho units shall be subjected to a s!mulated switching operation which will provide a stress
on the device equal to that of the actual operation.

6.3.1	 During the operating life test, the input lines shall be bussed together to form a single
input, and the output I Ines shall be bussed together to form a single output. Switching will be per-
formed at a 120 cps rep rote. Care will be taken to ensure that the average stress Is equally applied
to all gates.

RE
LANll%% O^..Uw ill 11401`111D—'--
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6.3.2	 Figure I shows a typical schematic

6.4	 Terminal Strength

Leads must be able to withstand four (4) 450 arc cycles of the case using a 2 o: +0.1 oz
weight on the lead under test. The 430 arc cycles shall be In the 900 quadrant adjacent to Ave bottom
of the heads; , The rate of bending shall be uniform and no Faster than one (1) cycle/second.

LJNL SS OhgtW.0 snCOPRO
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DICw..►tl. 1 ►tKI .000

7 ►UtCI ..01

00 RAO/AWON
^NOOArO w^IfO

CODE WENT N0. 91417

Al	 106626

SHEET

IX•-11



U V OI.UC ►MITT ►A► EN CO ClWM OT 100"

2 3

n

I O
6 o U

N	 0	 — ---
P	 9 10 T

U P
1 12

T o U

S T

S

I

S

4	 11

S trobe
1

14

-20 V

Figure 1

One 4 Input Integrated Circuit Digital Gate
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1

Strobe

IN

Gate

/4

OUT

CUT

Gate
I3

IN

Vacant

One 4-Input Integrated Circuit

Figure 2
Digital Gate Fletpock Pin Layout
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APPENDIX I

Static To% lip

The static lest jig ;.es the transistor curve tracer to test the pate driver transistor's para-
meters, resistor values or ., Horse breokdown voltages. The test Jig can be replaced by clip leads
used directly with the curve rrr,cer for measuring the flat pack's parameters, however, the test jig
is faster, safer, and protects `he ` P-)ds on the flat pack. An extension cable Is provided for temperature
testing of the flat pack while ,.tonsuring the circuit parameters with the curve tracer.

Figure Al sNuw, the cnmpleto test set-up schematic diagram. The test Jig consists of a
3 POT switch, a one pole 8 position switch, an extension cable to the AUGAT card connector, an
AUGHT flat pack test cord a,ld a mini-box. The 3 PDT switch, SW1, selects the component type to be
restod with position 1 testinf the transistor 01 only and with position 2 testing both the diodes and
resistors only. The single pole 3 position switch, SW2, selects all 8 diodes, one at a time, with the
diode CR numbers corresponding to the switch positions. Thus, position 1 tests CR1 and R1 while
position 2 tests CR2 and R1. Since adjacent switch positions (in odd-even order) select two diodes
connected to the some resistor, the resistance roodings shown by the curve tracer should be the same
for both positions.
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APPENDIX 11

Functional Tests Using Dynamic Test Jig

The dynamic jig proves that the Integrated circuit performs Its system
function properly. This test Is a "go" "no go" type test that will tell If the chip Is functionally
operating.	 An oscilloscope is used to morlltor flat pack operation, therefore, the waveform
itself will tell what part of the circuit has failed. A power supply of -20 VDC provides the operotittg
voltage.

Figure A2 Is the logic diagram for the complete dynamic t::! setup. The test Jig generate/
a 200 uses strobe to the pole driver transistor, and sequential "1's" and "0's" to the gets Inputs to
simulate actual system operation. Figure A3 contains the timing diagram of the test jig output wr .,e-
forms together with the outputs from a properly operating 4 bit gate digital multiplexer flat pack.
During the proper operating sequence, a "1" (-S volt level) Is connected to gate 0 1, the gate Is strobed
and the output "1" appears at position I 1 on the timing diagram, this sequence continues through gates
2, 3, and 4 so that all 4 "1's" appear as the first four pulses (OV to -8 volts) on the timing diagram.
Than a "0" (-1 volt level) Is connected sequentlally to gates 1 through 4 so that the 4 "0" pulses occur
as shown an the Ilming diagram MY to -2 volts). Then the entire sequence repeats,

Figure A4 Is the schematic dlegrett, J a 70 ape +10% astable fllp-flop that generate/ the
basic cloak frequency for felt jig operation. The basic 200 uses strobe pulse repetition rote Is 14
mI I I iescorwe.

Figure A3 Is the schematic diagram of a counter stage and this circuit Is used three times to
provide the 811 counter flip-flop function.

Figure A6 Is the schematic diagram of the bl-level generator and Is repeated four times to
provide the four pulses necessary for checking oath of the 4 gates In the flat pack. The Input circuit
Is a 3 Input "AND" gate wired to the 811 counter to provide the first four counts (one from each of the
four circuits) that slmllare the aquentlal "1's" Into the 4 gates In the flat pack ► The following four
counts from the 611 counter are not used, therefore, 4 sequential "0'1" are then fed Into the 4 gates In
the flat pack.

Figure A7 Is the schematic diagram of the 200 uses strobe driver which Is used to control the
digital multiplexer gate driver "ON" time. This strobe pulse's located In the center of the "1's" being
fed Into the gate circuits to provide optimum gating.

The values For comps Ants used In all of these schematics reflects the design of the Nimbus
system to that proper signal simulation can be achieved. The outputs from the digital gate are all tied
together Into one circuit so that a single beam oscilloscope can be used to perform the test.

Failure Analysis

The four bit digital gate chip has only four components that give different failure conditions.
t:-oso :.,ur arc the driver transistor Q1 (refer to figure A1) the diodes CR1 and CR2, and the resistor RI .
(Diodes CR3 through CR8 and resistom R2 through R4 have the some failure conditions os M, 02, and
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Figure AS
Failure Analysis Chart

Flat

Failure Pock Output
Mode Cc-iponent Pin No. Waveform Remarks

CR 1 3 Continuous Any one Input diode opening up,
CR 3 S "1'$" all allows all strobe pulses to pass
CR S 10 Bit Times through the gate
CR 7 12

CR 2 2 11 Missing Any one output diode opening up,
CR 4 6 02 One removes only that particular "1"

OPEN CR 6 9 #3 "1" pulse from the output.
CR 8 13 04 Puln

R 1 4 & 11 01 Missing Any one resistor opening up, removes
R 2 4 6 11 02 One only that partioy lor "1" pule from
43 4 & 11 03 "1" tM output.
R 4 4 6 11 04 Pulse

G 1 6,701	 1 2 No output Output level is 0 volts
pulsel

CR 1 3 f 1 Tho Any one Input diode shortlroj,
CR 3 S 02 Input alloys that particular Input gate
CR S 10 13 Gate Pulse "1" ! tvel to paw to the output.
CR 7 12 04 Appeon

CR 2 2 11 Only Any one output diode shorting allows

SHORT
CR 4
CR 6

6
9

02 One
F3 "1"

only that one pulse appear as a
at the output.

CR 8 13 04 Pu l se Appears

R 1 4 3 11 Continuous The strobe pulses are apps led (at a
R 2 4 3 11 "'IV all -20 volt level) directly to the output
R 5 4 & 11 Bit Times for every bit time.
R4 4d11

01 C - E 14 to 4 & 11 Square Wave Input Gata pulses are directly "OR"
QI C - c' 1 to 4 d 11 gated together to form a square wave

i 01 B - E	 I 1 to 14 No output pulses
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(_ --br-ush

150 channel

operations monitor

model 14 3615 00

• 1. 25 ms response

• solid state input switchusg

• interchangeable s.vitch f.inctsons

• internal chart takeup

• complete in :5-1/2' pan-1 spice

DATA SHEET

MEETS MIL-1-26;00
"Ul), Class I

simultareous'y recoi ds multipl y events in sequence against time

The Operations Mot-.or rrodel 14 3611 00 records
on-oil, go/nc-gc or other t-,vo-state ol*r-.eons in
order of occurrence, duration and time relationship.
Up to 150 chanr.e!s may be monitored simultane)usiy
with time accuracies of 1. 25 mi.lisecords. Resotu!inn
of pulses as short as 2.5 m:llisecondi is pos-sale
with 100% confidence.

Each charute! is reccrde: L . 1 a fixed stylus v hick
writes by pulsed electrical current on electro-s2nsi-
tive paper. Pulse repetition rate varies with chart
speed	 nsuring a clear. continuous line wnen a
"wri' ccna.iiort exists and instant stoppage of the
line when input is switched to a "nr ;urs'e" .:ondition.
Dependil,g on switching logic entp!oyea, a "write"
condition may represent ON and a ' ru-%irita" con-
dition OFF, or vice versa. The record appears in
parallel lines, present in one condition, absent when
switched to the alternate condition. Styli are ar-
ranged in equally spaced groups of ten. Channel
Identification numbers are p r e p r i n t e d on chart.
Overall display is an orderly illuminated presen-
tation, easy to see and interpret.

BRANS-SWIT(4ER solid sic's inpui switching,

.."•rch npoobl• logic

Ta ; lim-na;e mechanical re ays and insure positive
reslx..t.se, solid state switching circuits , disposed
ten to a circuit board, are plug-mounted in the
-ecorier. = pitching circuits ate available for a
variety of rv,.ording modes, including "ON-write",
"OFF-o-rite", r-dundancy-ch pck and adjustable-
thresnold types Decade circuit boards, each govern-
Ing ten channels, m.av be -.:A rchanged and intermixed
as required.

Com p lete unit, secluding pulse power supply, switch-
ing logic and chart rewind, is contained in a shielded
rack-mounting enclosure which occupies only 15-1/2"
of panel space. System meets MIL-1-26600, Class I
specifications for RFI emanation. Twelve chart
speeds from . 05 mm/sec. to 200 mm/sec. are dis-
posed in two ranges, operable oy pushbuttons,
electrically controlled. All chart functions may be
remote l y controlled.

(•; For selection of switching : t-tc, see associated data sheet, "TRANS- SWITCHER
SoL'd State Switching Circe,_ for Operations Monitor model 14 3615 00"
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TRANS - SWITCNER

sr!id state decade
switching circuits

series 3400
f01

OPERATIONS MONITOR model 14 3615 00

- —brush

Trans -Switcher series 3400decade circuit boards are designed to supplant electromechanical relays for input switching
to individual channels of the Brush Operations Monitor model 14 3615 00 and subsequent variations of this improved
event recorder. Each board controls ten switching circuits. Boards are plugged into receptacles inside the Operations
Monitor, so that no additional panel space Is required.

Models available fall in two catLgories: ( 1) those for use where inputs derive from external switch or relay action; and
(2) tnose utilizing the presence or absence of a voltage sign:0 at rated level. For an ON /WRITE condition, triggering
voltage of 4 or 5 volts, (depending on specific model used) insures appearance of trace. For an OFF/NOT-WRITE con-
dition, input of 1 volt or less insures non-appearance of trace The one -volt leeway from zero voltage forestalls possi-
ble erroneous indications from unwanted system noise.

Switching response Is virtually instantaneous (no greater than 1.25 milliseconds.) Ambiguities as to occurrence and
timing of events are thereby eliminated. Boards may be Interchanged or intermixed as required.

EXTERNAL SWITCH IN PUTS

External input switching, sin 'e-ended	 11 3402 00	 External input switching, floating	 11 3402 Ol

Controls ten channels, actuated by external relays or
	 Controls ten Input channels, actuated by external relays or

switches with contacts capable of handling 600 volts, lima. 	 switches with contact ratings of 15 volts, 300 ma. All chan-
Common ground; 27K limiting resistors. External switch 	 nels floating and Isolated from each other and from ground -
closure produces a "not-write" condition. 	 thus are Isolated from extraneous system voltages. External

switch closure produces a "not-write" condition.

VOLTAGE INPUTS

Switching pulse, high impedance ( 27 K), flotation 11 3402 02

	

	 tween 5 and 25 volts by means of variable potentlomete:s
for each channel. Permits setting all channels to writeControls ten channels, producing a "write" condition on tFp- 

placation of voltage of 4.Ov DC or higher to maximum of 60v. 	 simultaneously on application of a specific: voltage
Floating in puts.27K input Impedance. All channela floatingand :solaced from	 2t K.

7K.
ever

Impudence varies with Betting, but le never

each other and from ground, Voltage, NOT WRITE: 0 - lvolt. 	 lees than 2	 Includes teat -circuit and reference,
nected with feet pushbuttons on Operations Monitor panel.

Switching pulse, high impedance ( 27K), floating
- with all -circuits confidence check	 11 3402 03

Identical to model : 1 3402 02 (above ) hut Includes test-circuit
an(: reference source to ineurE that all channels write at
specified Input of 5 volts or higher and do not write below
specified voltage level of 1 . 5 volt.
Test circuit connects with momentary pushbuttons on Oper-
ations Monitor panel.

Switching pulse, adjustable threshold -
- with all-rircuits confidence check 	 11 340204

Controls tr y channels producing a "write" condition on ap-
plication ; ' voltages whose minimum may be adjusted be-

Paired-channel, "redundancey-check" -

with all-circuits confidence chec k 	11 340205

Controls 5 event channels, producing "write" condition on
odd-numbered and "not -write" condition on even - numbered
styli with application of 5 volts or higher. Reversal of

writing occurs when voltage is removed. Resulting adjacent
traces thereby establish event with certainty. All chan-
nel pairs are floating and isolated from each other and
ground. 15K input inpedance. Includes test-circuit and

reference, connected with test pushbuttons on Operations
Monitor panel.

-hru.^1i
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The Radiation Model 4041 Signal Con-
ditioner and Bit Synchronizer recon-
structs and syncicronizes noisy PC?x1
signals over a wide range of signal-to-
noise ratios and bit frequencies. Output
is the regenerated data and hit rate
clock.
The unit is designed for applications
requiring a high degree of reliability,
and is currently in use in on - line spac •e -
craft checkout systems which require
very high reliability. Plug-in type
printed circui t cards are used through-
out, and all circuitry is solid-state.
Unnecessary circuit complication has
been avoided in order to achieve a
straightforward design and retain oper-
ati ag accuracy. The probability of
operator error has been greatly reduced
by human engineering, and the lavout
and function of all meters and c •om cols
is specifically planned for ease and
accuracy of operation.
Input to the Model 4041 Signal Condi-
tioner and Bit Synchronizer may be.
serial PCM signals, in all mayor for-
mats, from telemetr y receivers, mag-
netic tape, PCM signal simulators, or
ether sources of serial PCM dat.- The
unit derives hit rate (lock c rom the
incoming data. and with the aid of the
clock determines whether a "one" or
"zero" .•a a transmitted in each hit
period. PulF intr_gration and dump bit
detection are used for all input codes
to provide optimum performance under
wideiv varying signal - to-noise ratios.

Split phase signals are synchronously
rectified and integrated over the bit
period. Bit error probability i , . im-
proved. since the noise above ..cid
below t he bit rate fr7 = 4uency is mini-
mized	 v the :.rise cancelling effect
of rec • cnic •ation; and synchronous inte-
gration provides filtering at all bit
rates without the necessity of addi-
tional input filtering.

The phase lock loop of the synchronizer
employs a transition detector which
adaptively varies the loop bandwidth
proportionall y to the incoming signal's
hit density. Analog operation of the
loop provides improved performance
over other tec •hnigoes, specifically as
related to &cquisition . imp and the
effect of missing pulses. t o selecting
the design cr ; teria :c: this equipment,
emphasis was placed on performance
in terms of bit slippage, which directly
affects decommut.at.ion ac curacy, rather
than phase error. 'These and other
fNatures provide a measured perform-
ance v.cthin 1 db of the theoretical bit
error probability for rectangularly
shaped or filtered PCM signals.

Fight different PCM formats are pre-
programmed on plug -in type printed
circuit cards. Special cards can be sup-
plied for any specific formats and bit
rates within the i,nit's op^euiting capa-
bilities. Any of the eight ttrogrammed
formats cap be selected by a coded signal
from remote programming equipment.

Additional PCM formats can also be
set manually at the Svnchronizer's
control panel, with the FREQUENCY
BAND SELECT switch controlling
the coarse and fine frequency of the
VCO and the loop filter and INPUT
MODULATION, DATA POLARITY,
and LOOP BANDWIDTH switches
selecting correspond , ttg parameters.

Input Amplitude, Sync Quality, and
Fine Tuning meters are provided for
monitoring the equipment 's perform-
ance. The Sync Qualit y meter is read
in conjunction with the Fine Tuning
meter for positive indication that the
synchronizer is socked onto the .•orrec•t
bit frequency rather than a harmonic.

In addition to the circu i t intc:iace
c•onne^t.ors at the rear of the chassis,
front panel monitoring points and in-

g ut out put connect rs are provided for
convenience in testing and evaluation.
Four inputs are switch selectable. 'Test
points on each p nted circuit card
facilitate checkout and maintenance.

Operating voltages required for the
Model 4041 Signal Conditioner an,-'
Bit Synchronizer are -10 ±5% at
2.2 arnp.; +10 +5co at 0.250 amp.;
-26 ±5% at 0.350 amp.; t26 ±51/(.
at 0.600 amp., and - 24 ±20% at 0.600
amp. this indicator load may be corn•
bined with 26 volt load). A power
supply to furnish these requirements
is available as optional equipment.



VIDEO PCM TRANSI`IONLDFTECIORATTENUATOR H AMP

SYNCSIGN,' LEVEL	 QUALITY 	 PHASE ERRORMETER 	 METER	 METER

PHASE	 LPTANDCOMPARATORER	 VCO
I

FREQUENCYSWITCHING
COUNTER

- -----------J
I

MINGATOR ANDCONTR^L

PEAK IAMP DETECTORS I1
I PHASE LCCK LOOP

INPUTPULSE MODULATIONINTEGRATING SW I1 CHINGDETECTOR(PIDI ! DECODER GE
I v ►

PID

ENABLE 1-ORSPLIT PHASE
11 CLOCK OUT

r-♦ DATA OUT
I PID SHIFT TRANSITION I

REGISTER CORRtLAIOR
L - - - _- - - __ - - - _ - _	 - - - BIT DETECTORS J

SPECIFICATIONS Acquisition Range ±10% of Dit	 ate.

Sensitivity Bit slippage will be less than one
INPUT in 105 bits at an FM receiver IF

Coding NRC-C, NRZ S, NRZ-M, RZ, Split- SIN ratio of 7 db or more, w;th biL

phase C, Split-phase M. rate offset of ±4% anG bit rate
deviation of ±0.7% at a frequency

Bit frequency range: of 0.1% of bit rate.

NRZ 1 — 1,000,000 bits!sec.
Bit rate tracking range ±20%.

RZISplit-phase ).5 — 500,000 bits/sec.
OUTPUT

Signal amplitude range 0.5 — 60 volts peak-to-peak.
"ormat Serial NR7-C, normal and inverted,

DC offset 60% of input amplitude. NRZ-M; bit rate clock, normal and

Dynamic range 1`,:1. inverted.

Impedance Greater than 10,000 ohms (shunted Amplitude —0.1 ±0.1 volt and —10 ±OS volts
by not more than 3U pf). (unloaded) from a 50 ohm Source.

SYNCHRONIZATION Rise and fa -1 times 0.1 microsecond maximum.

Bit error . 3te Within 1 db of theoretical.
DIMENSIONS

Bit jitter accommodation Sinusoidal FM of ±6% of bit rate
at frequencies 0.5% of bit rate and Height 8.75 inches

below;	 ± 3%	 at	 any	 frequency. Width 19.0 inches
Phise modulation of ±20% of a
bit period. Depth . 19.75 inches

XI 1 -2 - 2
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RADIATION SERIES 540-AN AUTOMATIC PCM DECOMMUTATION

SYSTEM WITH MAGNETIC CORE MEMORY PROGRAMMING

9

f The Radiation Incorporated Series
540 PCM Acquisition and Stored
Program Decommut.ation System
combines +he flexibility of a random
access 8192 x 40 bit, 5-microsecond
memory with a high-performance
Model 4041 Signal Conditioner and
Bit Synchronizer.

The System accepts all major PCM
coding forms, including serial
PCM/NRZ (mark or change), serial
PCM /Split Phase i mark or change),
and serial RZ; with continuous
coverage of bit rate ranges from 1 to
1,000,000 bits second NRZ and 0.5
to 500,000 bits second split phase
and RZ. PCM formats and bit rates
can be selected automatically by the
stored program processor, or manu-
ally. System input can be PCM
signals from telemetry receivers,
magnetic tape reproducers, or any
other source of serial PCM signals.
A Radiation Model 4042 Signal
Simulator provides a wide range of

PCM data and r—nchronization test
signals for systei.. checkout --nd cali-
bration.

In addition to demultiplexed data,
continuous outputs are available for
data formatted into parallel words
and truncated words. For each serial
woi d entering the system, output
words are available in binary or
BCD. Both most significant and least
significant bit binary outputs are pro-
vided for either MSB or LSB input.

The probability of operator error
has been greatly reduced by human
engineering. The control panel lay-
out is specifically planned for ease
and accuracy of operation. Programs
can be modified during decommuta-
tion to achieve optimum processing
efficiency. Preset programs can be
selected manually, or automatically
under computer control. The oper-
ator can utilize the binary and deci-
mal displays to process data points
or to determine system performance

by monitoring key data words or
synchronization words.

A modular approach is used
throughout the system and down to
the logic element level, thus facilita-
ting system mainte'iance and future
modifications or additions. Power
supplies are loaded well below ratings
to insure sufficient  DC power for
future additions, and space is pro-
vided for additional logic drawers.

The modules, mounting hardware,
connectors, and wire wrap connec-
tions used in the Series 540 system
meet military specifications for
severe environmental conditions.
The system has been designed to
meet the requirements of NASA
NPC 200-3 and NPC 250-1, Quality
Assurance and Reliability Specifica-
tions. In ,-Adit.ion special precautions
are taken to suppress RFI, including
use of RFI cabinets, gaskets, and
connectors, to insure correct opera-
tion with other equipment.

RM

1. PERFORATED TAPE READER

2. PROGRAM CONTROL

3. DECIMAL DISPLAYS

4. BINARY DISPLAY

5. MODEL 4042 SIGNAL SIMULATOR

a•^

6	

.. .. ......	 --_^

6. WORD AND SUBFRAME
i'	 SYNCHRONIZERS	 5

7. PRIME FRAME SYNCHRONIZER	 '-

8. PARITY $	: (^

9. MODEL 4041 SIGNAL CONDMONER	 -
AND BIT SYNCHRONIZFR

:j
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PCM SIGNAL
SIMULATOR
(MODEL "012)

MAGNETIC TAPE SIGNAL PRIME FRAME, WORD,
RECORDEVREPRODUCER Q--^^ CONDITIONER DATA SUBFRAME, RECYCLE,

RF RECF IVFQM r`^ AND BIT
SYNCHRONIZER AND IDENTIFICATIOI`,

I	 I SYNCHRONIZERSAUAIL~. CLOCK

PROGRAM SELECTION

PROGRAM STOPED

FORMATTER PROGRAM
PROCESSOR

COMPUTER

MANUAL DATA DISPLAY
BINARY (1)

NEMOTE PROGRAM SWITLHIN" ^DECIMAL ( )

APER

APE

F EADER

D/A
CONVERTERS

MSB PARALLEL
BI NARY

L5B PARALLEL
BINARY

BINARY
STORAGE

BCD
STORAGE

MSB
O TRUNCATED

LSD

ZO TRUNCATED

BCD
MULTIPLEXED

SERIALO

5
NRZ

DATA
0O  ADDRES =:S

STATUS

SIGNALS

ROUTING
INSTRUCTIONS

DATA

IDENTIFICATION

CONTROL
SIGNALS
WORD
LENGTH

C ANALOG CATA
OUTPUT

Dl;,LTAL DATA
OUTPUT

CONTROL AND
STATUS OUTPUTS

Series 540 System — Simplified Diagram

SYSTEM DESCRIPTION

Signal Conditioner and Bit Synchronizer

Input to the Series 540 PCM Decom-
mutation System is through the
Radiation Model 4401 Signal Con-
ditioner and Bit Synchronizer, which
reconstructs and synchronizes noisy
PCM signals. This unit derives the
bit rate clock from the incoming
data, and with the aid of the clock
determines whether a "one" or
"zero" was transmitted in each bit
period. Outputs are clock and the
reconstructed serial data.

Integrate and dump bit detection
is used for all input codes to provide
optimum performance over widely

varying signal-to-noise ratios. Split
phase signals are synchronously
rectified and integrated over the L A
period. Thus, the noise above and
below bit rate frequency is mini-
mized, due to the noise cancelling
effect of rectification; and bit error
probability is improved.

The phase lock loop of the syn-
chronizer employs a transition
detector which adaptively varies the
loop bandwidth proportionally to the
incoming signal's bit transition den-
sity. These and other features provide
a measured performance within 1 db

of the theoretical bit error proba-

bility for rectangularly shaped or
filtered PCM signals.

Both manual and automatic selec-
tion of formats is provided. In auto-
matic operation, any of 8 prepro-
grammable formats may be selected
by the stored program decommuta-
tor. In manual operation, the VCO
and loop filter frequencies are switch-
selected.

Input Amplitude, Sync Quality,
and Fine Tuning meters are provided
on the front panel.
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Group
Synchronizer

The Group Synchronizer receives
reconstructed data and bit rate clack
from the Signal Conditioner, and
format control codes and quality
criteria from the Stored Program
Processor. Since the formats are
stored in the synchronizer as they
are selected, readdressing the mem-
ory for format during data processing
is eliminated. In addition, the oper-
ator can modify a stored format or
set up an entire format manually at
the control panel.

The Group Synchronizer provides
prime frame, subframe (recycle and
ID code, and word synchronization.
Three modes of operation are utilized
at each level of synchronization
acceptance: search, check, and lock.
The synchronizer steps through each
mode automatically, as determined
by the signal quality and the for-
matted error criteria.

To eliminate guesswork in pro-
gramming the synchronizer, a set of
synchronizer per:ermance curves is
included in the sy:aem's software.
With these, Group Synchronizer per-
formance can be determined as a
function of the bit error rate, format,
and synchronizer parameter settings.

Prime Frame

Synchronization

In processing, the prime frame sync
pattern is transferred from memory
into the st- -;e register, and parallel
comparisons are made to detect the
sync pattern. Quality parameter; are
set up at this time. Sync code acqui-
sition steps the Pr:,iie Frame Syn-
chronizer to check, and starts the
Stored Program Processor. Subse-
quent sync patterns which occur at
the correct time are c-)anted, and if
no sync pulse appears, i^, error is
counted. When the prescribed num-
ber of Words Sampled is reached
before Errors Allowable, the syn-

chronizer steps to lock, and the
number of Bit Errors Allowable
changes to correspond with the lock
setting. The synchronizer "fly-
wheels" at the confidence level estab-
lished in reaching the lock mode, and
monitors the sync position. If sync
becomes false, the synchronizer re-
verts to search. Single slippages can
be corrected without reverting
to search.

Subframe (Recycle) Synchronization.
The subframe sync code is detected
with the same type of parallel corre-
lator used in prime frame code recog-
nition. When prime frame sync • lui..;

been acquired the Stored Program
Processor indicates the time-slotisi
for the subframe code.

Split-syllable sync codes are ac-

commodated by storing the partial
patterns until a complete code has
been accumulated. The subframe
synchronizer advances from search
to lock in a manner similar to the
Prime Frame synchronizer. Again.
the allowed bit errors are auto ►nati-
cally :,witched upon reaching lock.

Subframe (ID) Synchronization.

The ID code may be from 4 to 9 bits
in length, and can appear as a sepa-

rate word or within a data word.
The ID synchronizer accepts either
NIS6 or LSB codes in conjunction
with ascending or descending count.

ID verification forces the Stored
Program processor to the correct

time-slot, in phase with data. Pha-
sing is retained as long as prim
frame sync and ID code sync are
maintained. If transmission fade or
temporary loss of data causes sync
loss, the ID synchronizer forces the
memory to the anticipated time-slot,
so that data processing remains con-
stant. The ID circuit then reacquires
sync normally.

Word ,Synchronization

The word sync code can appear at
either end of a data word. The code
and the number of bits are pro-
grammed by the Stored Program
Processor. Operation of the Word
Synchronizer is similar to that of the
Prime Frame Synchronizer.

Parit y Count

Manual or programmed initiation of
the parity count frame starts the
parity error count for 99 consecutive
frames. Up to 999 errors are dis-
played decimally, and the display
retains its status until reset.
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Stored Program

Processor

An 8192 x 40 bit, 5-microsecond
memory is incorporated in the Stored
Program Processor. The memory has
no fixed partitioning, and its full
capacity is available for either ac-
quisition programming, data word
programming, or a combinat ion of
the two. Any number of programs
can be stored, up to the capacity of
the memory. It is operated as a
fully random access memory. Nor-
mally, format control words are read
out sequentially during the initial
program selection. The memory need
not be accessed for format controls
during a data run, and the system's
inherent speed is thus increased.

Each memory data word is allo-
cated a unique address, and every
word contains 6 bits for the selection
of the next word. No multiple acces-
sing is required during decommuta-
tion, regardless of the number of
subcommutations in the format, and
more efficient use is made of the
memory's speed.

Data processing begins when for-
mat control word "1" reads the
initial format address (normally,

Stored Program Tape Reader Panel

prime frame sync) into the memory
address register. The register will
hold the address until the first prime
frame sync word has been acquired.
This gates the address out, and the
appropriate memory word is read to
provide controls and addresses for
sequencing the memory.

Inputs to the Stored Program
Processor are by paper tape, com-
puter, or manual entry. Words can
be re-written by appropriate control
of the restore portion of the read
restore cycle and proper encoding of
the input device. New programs may
be written into the memory on a
"time-sharing" basis while the exist-
ing program is being decommutated,
in order to eliminate down time for
programming.

A 300 character per second paper
tape reader is provided for inserting
format information into the system's
memory unit.

Output

Format Control

The Output Format Control unit
receives serial regenerated data from
the Signal Conditioner, timing from
the Group Synchronizer, and pro-
grain control instructions from the
Stored Program Processor. Analog
and digital data outputs are pro-
vided, as well as status, control, and
routing information for external de-
vices. Parallel binary and BCD data
are also provided to the system
displays.

Analog outputs are through the

D'A converters, each of which
includes a decoder for the addresses
from the Stored Program Processor.
Thus, any measurand, whether it
appears as a supercommutated,
prime or subcommuta`,ed channel,
can be routed to any converter.

Both MSB and LSB serial binary
uata are converted to MSB and MB
parallel binary, ar e? to MSB and
LSB truncated binary. for system
outputs. All serial binary data is also
converted for parallel T_ICD multi-
plexed output.

Any designated channel may be
stored in the output registers in
either binar , - or BCD. Selection is
made in the Output Format Control
by decoding the program control
instructions from the Stored Pro-
gram Decommutator. BCD channels
to be stored receive their data from
the BCD multiplexed output, and
binary channel data is received from
the MSB parallel binary output.

Outputs are also provided to three
decimal displays and one binary
display.

Additional

Capability

Ample memory capacity and logic
module space is provided for the
addition of a Data Correction fea-
ture, to allow the scale factoring,
offsetting, and linearizing of cata
during decommutation. The system
can also be expanded to incorporhte
data redundancy reduction in order
to reduce the bandwidth of data for
transmission or processing.

0
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RADIATION MODEL 4041 SIGNAL I

The Radiation Model 4041 Signal
Conditioner and Bit Synchronizer, a
basic component of the Series 540
Systern, is designed for applications
requiring a high degree of reliability.
The unit is currently in use in on-
line spacecraft checkout systems.

Plug-in type printed circuit cards
are used throughout, and all cir-

;ONDITIONER AND BIT SYNCHRONIZER

cuitxy is solid-state. Unnecessary
circuit complication has been
avoided in order to achieve a
straightforward design and retain
operating accuracy.

The Model 4041 maintains syn-
chronization with a 3% bit jitter
frequency, or a jitter of t25% of a
bit period at frequencies up to bit

rate, ;with r signal-to-noise ratio of
15 db. It will follow bit rate varia-
tions of zi- 20% with 50% transi-
tions. As a basic universal PCM
Synchronizer, the unit is extremely
versatile, featuring both automatic
selection of eight programmed for-
mats and manual formatting at the
control panel.



. ASAA
A11AAA.

/aM ^IDIIIAL ^IMIILA1'OPI

J J J J JJ004ia00K"y - _ Wc

:.. -

... s a	 V s y +^ a IL ti '% i t-^Zlb a_411, a

sag

gw?7?V Win!	 Z' Z_

Nib- --

RADIATION MODEL 4042 SIGNAL SIMULATOR

The Model 4042 Signal Simulator,
included in Radiation's Series 540
PCM System, generates test data
for quick, precise checkout of the
system. Evaluation of PCM telem-
etry receiving and processing is con-
venient and accurate, as a wide
range of PCM data and synchro-

nization signals are available. Noise
and signal faults can be introduced
in controlled increments, and errors
are simulated with switches on the
control panel. Controls include Bit
Hate and Format, Prime Frame
Length, Word Length, and Word
Synchronization. Any word synchro-

nization, parity, and data combina-
tion can be set up. The unit is capable
of simulating a major cycle in which
world length can be 4-33 bits, prime
frame length 4-512 words, and major
cycle length up to 512 prime frames.
A display panel permits monitoring
key points during simulation.

Block Diagram o/ Model 4042 Signal Simulator
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PERFORMANCE SPECIFICATIONS
SYSTEM INPUTS Sync Word 7 to 64 bits.

Bit Frequency 1 to 1,000,000 hits per second, NRZ; Modes of Operation Sea^ch and lock.
0.5 to	 500,000	 bits per second,	 split
phase and RZ. Status Indicators Search and lock.

Signal Range 0.5 to 60 volts peak-to-peak.

Dynamic Range 15 to	 1	 without adjustment. SUBFRAME ID SYNCHRONIZATION

DC Offset 60% of input peak-to-peak amplitude. ID Code Words Up to 9 bits (MSB or LSB first).

Input Impedance Greater tl.an 10,000 ohms shunted by Location Any position in either a data word or
not more than 3C uuf or decreased '.o sync word.
match the input source.

Status hidicatio-,; ID Error and ID Verified.
Input Selection Selector switch for four input '.

Pciarity Reversible.
WORD SYNCHRONIZATION

Connection Single-Ended.
Sync Word Up to 6 bits.

Codes Accepted RZ,	 NRZ	 (C,	 M	 &	 S),	 Split	 Phase
(C & M). Modes of Operation Search, Check and Lock.

Word Bit Arrangement MSB first or LSB first. Aperture (Lock Mode.) 0 bits.

Status Indicators Search,	 Check,	 Lock	 and	 an	 ON
BIT SYNCHRONIZATION indicator.

Bit Error Rate Within 1 db of theoretical (see typical
performance curve).

SUPERCOMMUTATION Channels to be supercommutated are
Jitter Maintains Synchronization with a jit- provided with the same data routing

te r of :t- 25 00 of a bit period. address.

Acquisition Range ±1)% with 50% transition at a signal-
to-noise ratio of	 15 db. PARITY "ODD",	 "EVEN", or	 "NONE"	 avail-

able. The start of an ODD or EVEN
Tracking Range - 20%. parity count sequence is programmed

Maintenance of Bit -25% of a bit period with a signal- or manual.	 A decim3l	 display	 indi-
cates up to 999 parity errors in 99 con-Synchronization to-noise ratio of —4 db and a nose secutive frames. Manual or remote 

bandwidth equal to the bit rate.b
reset.

Sens i tivity Bit slippage threshold of 8 db or bet-
ter. (Bit slippage threshold defired as
the	 siena!-io-noise	 ratio	 in	 an	 FM STORED PROGRAM UECOMMUTATOR
receiver	 IF,	 normalized	 to	 a	 band-
wiGth equal to the bit rate, at which Word Length Any length; i.e., variable word ler.gth
the bit synchronizer slips one or more from 4 to 64 bits (wired for 4 to 33 and
bits in one out of 10,000 bit frames expardabie to 64).
on the average.)

Word Rate Prime or sulscommutated word rates
Data Output Regenerated serial NRZ (M and Q. up to 200,0,7) per second.

Monitors Meters provided for input amplitude Prime Frame Length 512 or more depending on arrange-
level,	 sync	 status	 (quality)	 and	 fine ment of memory.
tuning.

Modes Manual or automatic selection of up Subframe Length Up to	 four	 independent	 subframe
ratios	 can	 be accommodated	 with

to 8 predetermined bit rates and other lengths to 512 words or greater. Sub-
associated parameters. frame synchronizers may be set up to

provide decommutation for sub-sub

PRIME FRAME SYNCHRONIZATION
channels.

Sync Word 7 to 64 bits. Programming Accepts	 programs from	 computers,
punched	 paper	 tapes or	 manually

Modes of Operation Search, Check and Lock. from the system control panel.

Aperture 0 to	 +1 bit, one setting applicable A	 phutoelectric	 paper tape	 unit	 is
for both the check and lock modes. provided which accepts 1 inch 8 chan-

nel tape for programming.
Status Indicators Search, Check and Lock with RESET

to search available. Channel Stripping Any combinat!on of channels may be
stripped from the total multiplex by
stored progrim instructions.

SUBFRAME RECYCLE SYNCHRONIZATION
Program Selection Selection of any one of the stored

Subchannels 512 or more depending on number of programs	 may	 be	 made manually,
programs stored in memory. automatically or remotely.
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DIGITAL DATA OUTPUT CAPABILITY

MSB Parallel Binary
	

Up to 64 bits per word.

LSB Parallei Binary
	

Up to 64 bits per wor".

BCD Multiplex
	

Up to 6 BCD characters per word.

ECD Storage
	

Up to 5 BCD stores of 6 digits each

Binary Storage
	

Up to 5 bin;,.y stores of 33 bits each.

MSB Truncated
	

4 to 15 bits per character.

LSB Truncated
	

4 to 15 bits p-r character.

ON/OFF Storage
	

Capability provided for ON/OFF data
storage in the b.nary storage registers.

Miscellaneous
	

Bits per word numbe • ing; 6 binary
bits.

Sync Status Signals for all synchro-
nizers.

Word Numbering: 9 binary bits and
11 BCD bits.

Channel Numbering: 36 binary bits
and 24 BCD bits.

Read-Out Commands: As required
with eaf "; ,ystem output.

End of Wor,, ulse.
End of Prime Frame Pulse.
End of Prime Frame S ync Word.
Data flag to indicate good or bad data.
Clock: Two out p ut phases.

Serial Digital Data
	

NRZ-C and NRZ-M.

Output Waveform
	

"ONE" level is —10 +4, —0 volts;
Characteristics "ZERO" level is —0+0, — 0.4 volts;

rise and tali tame less than 100 nano-
seconds; and the output impedance
is less than 93 ohms. In addition, thei ,
ASB output and one 12 bit binary

data address are capable of driving
up to 1500 feet of coaxial cable.

DATA DISPL!4YS

Binary	 One 64-bit indicator provided with
thumbwheel channel selector switch.

Decimal Tr,ree 6-digit decimal displays are
provided for BCD data with thumb-
wheel channel selector switches.

ANALOG DATA OUTPUT CAPABILITY

Voltage 0 to —5 volts.

Output Impedance 1K ohms (Lower output impedances
optionai).

Resolution One part in 256.

L inearity Better than 0.1%.

Long Term Stability Better than 0.1%	 over temperature
range from 25 to 50° C.

POWER REQUIREMENTS

Voltage	 120 volts -!- 10%, 51 to 63 cps, single
phase.

Power	 Less than 5000 watts.

PACKAGING

Size	 Two assemblies, one 6'x 6'x 2' and
one 6'x2'x2'.
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APPENDIX XIV

FIVE CHANNEL MOS TRANSISTOR

FUNCTIONAL TEST PROCEDURE

r

Icy-

XIV-1



U • 1LUG PRINT ► A ► 90 CO CLRAR►RINT 1000M	 i

t
REVISIONS

SYM DESCRIPTION DATE	 APPROVED

CHG BY CHK B y	 ECO NO.

PURPOSE:	 This test procedure is to be used for the functional test of the

I0r 5.lO MOS Transistor.

REVISION SHEET I '
INDEX RE,'

DRAWN BY

S.	 Li.neba l̂ gh .
MAO/AT/ON

1 	 OR P0F74TCO
MELBOURNE. FLORIDACHEC7" ' .e

.^' /I- ^S.	 t (^ TITLE
ENGINE R

/4.	 /w^	 I/..^e	 ,w.^	 / FIVE CHANNEL MOS TRANSISTOR TEST PROCEDURE
PROJE T E^ R

:+	 ^-i3 %5
lee- //l-r
APPROVAL CODE IDENI NO.	 SIZE REV

1 108810

91417	 A
APPROVAL

SCALE	 NEXT DWG SHEET 1 e	 g
RHO FORM 471 REV 11.68

XI -2



C"
SCALE SHEET 2

U. I. RLUI PRINT PAM CO. CLW►RIRT 1000M

TEST PRECAUTIONS

	

1.	 Assure al!. electrical equipment is grounded by the third wire to

electrical ground. Assure HP 425A microampmeter is on current scale.

	

2.	 Only put flat packs in the holder with a 100K connection between

common gates and drain.

	

3.	 When inserting MOS flat packs in holder or removing from holder the

following precautions will be taken.

A. Ground bench top.

B. Attach ground straps from bench top to wrist.

C. Plug empty flat pack holder into grounded connector and dis-

charge to bench top.

D. Discharge hands and tweezers to bench top.

E. Discharge flat pack container foil to bench top.

F. insert flat package in its holder. Assure 100K connection is

closed.

G. Closely check pin numbers of flat pack and holder.

Repeat above process when removing MOS flat pack from its holder and

always store flat pack in metal foil container.

	

4.	 Always plug flat package into connector called for in procedure when

designated.

S. Always assure flat pack faces operato- so that pin 1 in connector

corresponds to pin 1 in flat pack.

b. Assure power supply cannot cause overvoltage transients.

7. Do not use soldering iron -.chile testing tran •3istors .

CODE ILeNT NO. SIZE
	

R

RAOIAWON	 91417
	

108810

/IVCORPCRArso
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U. 9. OLUt DINT ► A► tA CO. CLWMINT IOOON

1.00 Disconnect voltmeter. 	 Record serial number of flat pack.

1.01 Adjust power supply #1 to 25V DC.

1.02 Adjust power supply #2 to OV DC.

.1.03 Switch SW-1 to OFF position.

1.04 Switch SW-2 to	 (-)	 position.

1.05 Plug flat pack holder into connector #1.

1.06 Connect ampmeter ground clip to terminal #A and power tip to

terminal #1.

1.07 Switch SW-1 to	 (+) position.

1.08 Record current on data sheet.

1.09 Adjust power supply #2 from OV DC to 25V DC.

1.10 Record current on data sheet.

.L..I: Switc}: SW-2 to	 (+) position.

12 Record current on data sheet.

1.j3 Switch SW-1 to OFF positiui.

1.14 Remove fiat pack holder from connector #1.

;.i5 Remove current probe from terminal #1.

	2.01	 Plug flat holder into connector #2.

	

2.02	 Connect current probe to terminal #2.

	

2.03	 Switch SW-1 to (+) position.

	

2.C .1	 Remove wire plugged into flat pack holder. Don't panic!

	

2.05	 Record current on data sheet.

	

2.06	 Plug in wire that was removed on flat pack holder.

CODE IDENT N0. 

SIZE108810	

REV

• RALMAWOM 91417
/NCORPO/iArt?O

SCALE	 SHEET 3
`	 t	 1	 tY 11•tt
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U. I. BLU[ PRINT ► A ► [W M CL[AMPNIMT 1000H

	2.07	 Switch

	

2.08	 Remove

	

2.09	 Record

	

2.10	 Plug i

	2.11	 Switch

	

2.12	 Remove

	

2.13	 Remove

SW-1 to (-) position.

wire plugged into flat pack holder.

current on data sheet.

n wire that was removed on flat pack holder.

SW-1 to OFF position.

flat pack from connector #2.

current probe from terminal #2.

3.0.1 Piug flat pack into connector #3.

3.02 Switch SW-1 to (-)	 position.

3.03 Connect current probe to terminal #S1-3.

3.04 Record current on data sheet.

3.05 Connect current probe to terminal #S2-3.

3.06 Record current on data sheet.

3.07 Connect current probe to terminal S3-3.

3.08 Record current on data sheet.

3.09 Connect current probe to terminal S4-3.

3.10 Record current on data sheet.

3.11 Connect current probe to terminal S5-3.

3.12 Record current on data sheet.

3.13 Adjust power supply #1 to 40V DC.

3.14 Repeat paragraph 3.03 to 3.12 recording current on data sheet.

3.15 Adjust power supply #1 back to 25 V DC.

3.16 Switch SW-1 to OFF position.

CODE IDENT NO. SIZE

• RAO/AT1OJV 91417 108810

/NCOAPO 01V,4 re 

SCALE SHEET	 4

^ o	 n^.^ n u.a

XI -5

R



i
► 	 -4

Y. I OLUI PRINT PAIR CO. CLIAI ►IIMT 1000H

	3.17	 Remove current probe from terminal S5-3.

	

3.18	 Remove flat pack holder from connector #3.

4.01 Connect voltmeter across power supply #1.

4.02 Adjust power supply #1 to 6.5V DC.

4.03 Switch SW-2 to	 (-)	 position.

4.04 Plug flat pack holder into connector #4.

4.05 Switch SW-1 to	 (-)	 position.

4.06 Connect current probe to terminal #S1-4.

4.07 Record current on data sheet.

4.08 Connect current probe to terminal #S2-4.

4.09 Record current on data sheet.

4.L0 Connect current probe to terminal #S3-4.

4.1.1 Record current on data sheet.

4.12 Connect current probe to terminal #S4-4.

4.13 Record current on data sheet.

4.14 Connect current probe to terminal #S5-4.

4.15 Record current on data sheet.

4.16 Adjust power supply #1 to 1V DC.

4.17 Repeat paragraph 4.06 to paragraph 4.15. 	 Recording current on

data sheet.

4.18 While connecting current probe to S1-4 through S5-4 adjust power

supply #2 until ampmeter is at 10 ua.	 The voltage adjusted to will be

recorded on data sheet.

CODE (DENT NO. SIZE	 REV

108810

• 14AD/AWOM	
91417

/NCORPOAArco
SCALE	 SHEET 5
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*I

Y. II. BLUI DINT ► A ► I\ CO. CLIV ►SINT IOOON

4.19	 Switch SW-1 to OFF position.

4.20	 Remove current probe from terminal #S5-4.

4.21	 Remove flat pack holder from connector #4.

5.01	 Plug flat pack holder into connector #5.

5.02	 Connect current probe to terminal #5.

5.03	 Switch SW-1 t,) (-) position.

5.04	 Adjust power supply #1 to 40V DC.

5.05	 Remove wire plugged into flat pack holder.

5.06	 Record current on data sheet.

5.07	 Plug in wire that was removed on flat pack holder.

5.08	 Adjust power supply #1 to 25V DC.

5.09	 Switch SW-1 to OFF position.

5.10	 Remove flat pack holder and insert into common grounded connector.

5..11	 Sign and date data sheet.

5.12	 Follow safety precautions to put flat pack into its proper

cr , n to : iler .

6.0'I	 If leakages in section 2.0 or 3.0 exceed .limit rerun 2.01 to

3.:2 wi-th same empty flat pack holder used during test. Record flat pack

holder leakage on data sheet.

108810

F

CODE IDENT NO. SIZE

RAO/AT/0N	 91417 /'"'^
/NCORPO I► ArLO

SCALE
II	 AN n . l o	 1111-41iW
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U. •. ILU[ PRINT ► A ► [• CO. CLEAN ► •INT IOOON
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CODE IDENT NO. SIZE	 REV

• MAMAT/OM	 91417 A	 108810INCORPOR.•T!O
SCALE	

I	
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U. M. MLUM PRINT ► A ► [M CO. CLIIAM► MIMT IOOON

DATA SHEET

Record serial number of flat pack under test

Related
Para. # Test	 Symbol	 Terminal Data Limit

1.08	 Drain-Body E Source Body	 IBD + BS	 1 - - -	 < lna
Leakage Current

1.10 1 - - -	 < lna

1.12 1 - - -	 lna
F.P.Holder Leakage

2.05 Gate Input Current - - - - 2 - - -	 < 20pa

2.09 - - - - 2 - - -	 < 20pa

3.04 Source to Drain Leakage - - - -	 S1 - 3 - - -	 < 100pa
Current

3.06 - - - -	 S2 - 3 - - -	 < 100pa

3.08 - - - -	 S3 - 3 - - -	 < 100pa

3.10 - - - -	 S4 - 3 - - --	 < 100pa

3.12 - - - -	 S5 - 3 - - -	 < 100pa

3.14 Source to Drain Breakdown IDSSI	 S1 - 3 - - -	 < 1 ua
Leakage CS) 40V

S2 - 3 - - -	 <1 ua

S3 - 3 - - -	 < 1 ua

S4 - 3 - - -	 <1 ua

S5 - 3 - - -	 <1 ua

DATE OF TEST

TEST OPERATOR

RADIA'y OM
/NCORPONATIO

CODE IDENT NO.

91417
SIZE

A
SCALE

108810

SHEET
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U. R. BLUR PRINT PAPER Co. CLwnIYT 100W

DATA SHEET

Record serial number of flat pack under teat

Related
Para. #. Test	 Symbol

4.07	 On Current	 ISDS

4.09

4.i1

4.13

4.15

4.1.7	 Dynamic Drain Current	 IIS
e

4.18	 Gate Threshold Voltage	 VGST

5.06	 Drain to Source Breakdown	 BVDSS
Voltage

Terminal Data Limit

S1 - 4 - - -	 > lma

S2 - 4 - - -	 > lma

S3 - 4	 -•	 - -	 > lma

S4 - 4 - - -	 > lma

S5 - 4 - - -	 > lma

S1 - 4 - - -	 >330ua

S2 - 4 - - -	 7 330ua

S3 - 4 - - -	 7330ua

S4 - 4 - - -	 >330ua

S5 - 4 - - -	 >330ua

S1 - 4 - - -	 3V -9V

S2 - 4 - - -	 3V-9V

S3 - 4 - - -	 3V -9V

S4 - 4 - - -	 3V -9V

S5 - 4 - - -	 3V -9V

5 - - -	 < 5ua

DATE OF TEST
	

OPERATOR

DATA REVIEWED BY
	

DISCREPANCIES

RE

RAO/ATlOM
	 91417 A
	

108810

/NCOgPONATRTO
SCALE
	

SHEET 9
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Glossary Terms

A-D-Analog-to-Digital

A process for converting an analog signal to a digital signal.

"A"- Data

Data handled by "A" unit of airborne Telemetry System. Differs
from "B" data handled by "B" unit. The "A" data signal is at
a 500 cps b:t rate, gated sine wave type modulation. A single
cycle rer.iesents a "O" 'bit (see •!aveforms, figure XV-1) and the absence
of a cycle: of +.ne sine wave rep)-ESents a "1" bit, "A" data is
trarv^:: itte.i at wo Lstenaefinid as A'Real which is at real time
500 E-ps of t rate and _\-•Sto= ^:d which is at 15 kc bit rate derived
from a- o arne tape play- -..P. it 1-30 speed increase.

A- Reai

"A" data transmitted at real time bit rate of 500 cps.

A - Stored

"A" data transmitted from magnetic tape stored playback at 1:30
tape speed inc-.:ease resulting in 15 kc bit rate.

A Unit

The continuous operating multi-coder unit which samples 542 channel
at a 500 cps bit rate. This data is stored on magnetic tape for
subsequent read out.

Barker Code

A binary code suitable for PCM frame synchronization having optimal
correlation properties with the unique property when decoded of
relative immunity to phase displacement by random pulses imme-
diately adjacent to the pattern, and relative immunity to phase
displacement error in the transmitted code. Reference: Corrmunication
Theory; Willis Jackson; Academic Press Inc., London, 1953.

C
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BCD - Binary Coded Decimal

A method of indicating an arabic numeral 0-9 by using 4 or more
binary digits. Common weighting of bits are 1, 2, 4, C7 1, 2,
4, 4, and 1, 2, 2, 4.

"B" Data

Data handled by "B" unit of the NIMBUS Airborne Telemetry System.
The 'B" data signal has a 10 kc video carrier frequency biphase
(split phase) modulated by a 10 cps bit rate. (See waveform
figure XV-1.)

Bit - Abbreviation of "binary digit"

A single charac-er having two distinct states of a binary word.
"O" bi and "1" bit are common definitions for the two states
(others are true/false, true/complement, yes/no, etc.)

Bit Synchronizer

A logic assembly in the NIMBUS PCM Ground Station that receives
the serial PCM data train from which it generates synchronized
bit rate timing and regenerates noise-free serial NRZ data.

Bit Interval

The time duration of F i.ngle bit.

Bit Rate

The repetition frequency of bits.

Beacon Transmitter

The 136 Mc. amplitude modulated transmitter used for transmitting
the PCM telemetry data to the ground station.

B Unit

This multi-coder unit samples 125 channels at a 10 cps bit rate
and operates for one frame upon comman6.

CDC

10	 Control Data Corporation. Manufacturer of the computer used withthe NIMBUS PCM Ground Station.
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Clock

t	 A primary source of synchronizing signals.

Coder

The circuitry used to convert the sampled analog inputs to a
digital code.

CSR

Counter Shift Register - A bistable logic element used in the
NIMBUS system as a binary counter, memory stage or shifting
register.

D C Restoration

The process of establishing a do component to a signal.

Decom

Abbreviation for Decommutator. A logic assembly in the NIMBUS
PCM Ground Station whose function is to provide patch board
selectable signals to demultiplex (sort out) individual data
channels.

Differentiator

A logic assembly in the NIMBUS PCM Ground Station whose output
waveform is negative going pulse triggered from a positive going
edge of a waveform. (See NIMBUS PCM Ground Station Instruction
Manual for circuit and details).

Digital Output

The magnitude of a stimulus represented in the form of a series
of discrete quantities coded in a system of notation, dis-
tinguished from analog output.

D-A - Digital-to-Analog

A process foz converting digitally coded data to an analog or
continuous function signal representing a measured parameter. In
PCM systems this usually involves decoding a group of binary bits
by summing their defined analog voltages or current weights re-
s-,,lting in a signal whose amplitude represents the measured para-
meter.
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1̂	 Exclusive - OR

A logic circuit used in the NIMBUS PCM Ground Station to perform
bit comparisons in binary word comparators performing the logical
expression ( A!B) + (A-li)=C.

Flip-Flop

A bist.able multivibrator.

F.)

A letter symbol used in the NIMBUS PCM Ground Stat ;-un description
defined as bit rate occurring at beginning of the bit interval.

Fo

Same as Fo except delayed in time occurring in the middle of the
bit interval.

Flywheeling

A descriptive term denoting the condition of system timing running
but not synchronized with or there is no indication of synchroni-
zation with the reference timing. In the case of the Ground
Station "flywheeling" denotes the system timing is functioning
not under control of or synced with the input data (there may
be no input) but at a sustaining or search mode determined by
characteristics of bit synchronizer timing loop.

Frame

A group of words comprising one cycle of a commutator.

Gated Sine Wave

Describes present NIMBUS "A" data signal modulation. A complete
cycle of a sinewave at the bit rate represents a "O" bit and the
absence (sine wave gated off) of a cycle represents a "1" bit
(see waveform figure XV-1.)

Group Synchronizer

A logic assembly in the NIMBUS PCM Ground Station that searches
the serial bit synchronized data train for recognition of word
sync and frame sync patterns which enable it to provide parallel
data output word rate, and frame start timing.
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Half Shot (Similar to Ground Station Term Differentiator)

A circuit which puts out a pulse whose width is determined by an
R C time constant. The circuit must be activated by a pulse
having a greater width than the required output pulse width.

ISR

Input Shift Register. A logic group in the Group Synchronizer
Assembly in the Ground Station comprising 20 storage stages
with buffered drivers arranged to accept the serial NRZ bit
train and shift it sequencially at bit rate through the complete
register. Thus  maximum of 20 bits are available for broadside
read.

Integrate and Dump

A portion of the bit decision logic in the Bit Synchronizer of
the Ground Station. The serial data is routed to an R-C in-
tegrate circuit for a portion of the bit interval controlled
by synchronized loop timing. At or near the end of the bit
period a level decision is made on the integrate circuit and
it is then "dumped" (discharged) to ground in a short interval
ready to process the next bit.

Integrated Circuit

A complete electronic circuit produced as a unit by micro electronic
techniques.

Major Frame

The lowest frequency frame in the format constituting one complete
sampling cycle of the multiplexer in which each transducer input
is sampled at least once. In the NIMBUS format an "A" data major
frame is 1024 words (16 minor frames) long.

Master Clock

The telemetry subsystem unit which provides frequency standards,
time code signals, command outputs and motor drive frequencies.

Matched Filter

A circuit whose function is to filter the combination of signal
and noise, so as to maximize the ratio of peak signal voltage to
rms noise at the system output. Reference: Information Trans-
mission, Modul.ati.on, and Noise; Mischa Schwartz.
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Micro electronics

The art of miniaturizing electronic components.

Mincom

Manufacturer of the analog tape recorder used in the Ground
Station. Mincom Div., Minnesota Mining and Manufacturing Co.

Minitract Time Code

A pulse width modulated serial code train which provides satellite
time data in binary coded decimal form.

Minor

A frame of lower frequency than the prime frame. Also referred
to as subframe. In the NIMBUS format a minor frame is 64 words
long, and there are 16 minor frames per major frame.

MOSFET

Metal oxide semiconductor field effect transistor.

MSMV

Monostahle multivibrator ( one-shot, -3ingle shot) .

Multiccder

The subsystem unit containing the A and B unit multiplexers and
two analog to digital converters.

Multiplexer

The circuitry used to sequentiall-- sample the inputs from the
telemetry transducers.

Nixie

A trade name for a neon glow type indicator tube with switching
circuits manufactured by Burroughs Corporation.

NOR

A logic circuit used in the NIMBUS Telemetry System. See the in-
struction manual for circuit specificationF.
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NRZ

Non-return-to-zero. A binary signal waveform whereby the state
of the bit is defined by a level or a change of a level. (See
waveform figure for various type of NRZ). T}iis signal differs
from RZ (return-i-o-zero) in that there is no defined start or
finish (to) reference level.

OSR

Output Shift Register. A group of logic in the Group Synchronizer
assembly in the Ground Station comprising 7 stages of storage with
broadside input and output routing data words to rest of the system.

Patch Panel

A grouping of circuit terminals and mating plug-in cords for
selectable routing of signals used in the Decommutator assembly
of the Ground Station. The specific function in the Ground Station
is the patching of the necessary transfer signal to decommutate any
desired data channels for display on any of the available 32 analog
recorder traces.

PCM

Pulse code modulation, in which the modulating wave is sampled
quantized and coded. Also used to designate the unit which performs
this function.

PI - Power Inverter

A logic circuit used in the Ground Station as an inverting stage,
buffer and driver. See the Instruction Manual for detailed circuit.

PINCH Unit

Planar Integrated Chopper.

Prime Channel

A data channel sampled once per prime frame.

Prime Frame

The highest frequency frame containing a sync pattern (also referred
to as a "minor frame).

C,	

Programmer

A term used to include the synchronizer ?nd its associated multi-
plexer matrix.
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P.S.C.

_	 Power supply common, this is the return line for the primary
-24.5 volt power supply in the Airborne Telemetry System.

Register

One or more bistable storage stages used to group, sort or store
binary bit addresses.

RZ

Return-to-zero - A binary signal waveform the state of the bit
is defined by a voltage level but differs from NRZ in that the
signal starts from a reference level and returns to this level
after defining the bit. (See waveform figure XV-1.)

RZ/NRZ Converter

The circuit which conve-ts the return-to-zero pulses from the
output shift register to a non-return-to-zero coded output.

Serializer

A group of logic that performs parallel-to-serial data conversion.

SFID

Subframe Identification. In the NIMBUS format, a 4-bit word
following the frame sync pattern identifies the prime (minor,
sub) frame by number 0-15.

Shift Register

A group of bistable stages so connected that a shift signal will
cause a transfer of stored bits from one to the next. The Ground
Station uses a standard CSR logic circuit for each stage of such
a register.

S P - Split Phase

A binary signal waveform whereby the bit state is defined by the
phase or change of phase of the signal. (See waveform figure for
various types of split phase). In the airborne signal recording
process for split phase (diphase or frequency doubling) a "0" bit
is represented by two pulses of current in the same direction,

10	
each pulse lasting for half a bit time. A "1" is represented by
two pulses of current in opposite directions.
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Squelch

A two level (on or off) control signal developed in the Control
Drawer of the Ground Station to automatically switch circuit
operation to process the different types of (A-real, A-stored,
time code and "B") data. The squelch circuits are essentially
separate tuned circuits and saturable switches set to detect the
different bit rates of each type of data.

Subcommutated channels

A channel sampled at a rate lower than the prime (minor) frame
rate.

Subframe

Usually referred to as a frame of lower frequency than the prime
frame; however, in reference to the NIMBUS format this term is
used interchangeably with prime frame and minor frame.

Standby Clock

This circuit in the Telemetry Electronics provides 500 cps bit
rate and two phase 100 cps for A unit operation in the event
of failure of the Master Clock.

Stored Data

The data from the A unit multi-coder which has been stored in
the magnetic tape recorder unit.

Staticizing Register

This term is used to denote the input bit storage register portion
of the D-A converters in the Ground Station.

Strobe

A logic signal usually a short pulse used to query condition of
logic gates at a particular time.

Sync Acquisition

The process of attaining synchronization of the system timing with
(in the Ground Station) input data train.

0
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Sync Confidence

A signal generated by the Ground Station Group Synchronizer de-
noting the status of the combined attainment of bit sync, frame
sync and (when selected by switch) word sync and SFID. This
signal is routed to the rest of the system indicating data is
valid.

Synchronizer

In the Airborne Telemetry System this term refers to the binary
counters used to provide timing for sampling the multiplexer gates.

Tape Transport

The electro mechanical portion of the airborne tape recorder, in-
cluding drive motors, tape and tape head. The record-playback
amplifiers are located in the Telemetry Electronics unit.

THE - Telemetry Electronics

The subsystem unit containing the switching relays for selecting
the desired data output and controlling the tape transport o pera-
tional mode. It also provides the electronic circuits for t,e
stored data and an emergency clock unit.

Unitary

A coding system in which each character has a single state or
value. Commonly used in phrase binary-to-unitary converter whereby
a n-bit binary input define 2 n discrete values and therefore the
unitary output require 2 n outputs.

VCO

Voltage Controlled Oscillator.

Video

This term is used in the description of the Ground Station operation
denoting the Ground Receiver (demodulated) output signal.

Window

A term used to describe a timing check interval. Usually a
window (search period) is generated by system timing to occur
around the time of an expected event enabling check logic to verify
the occurrence.
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