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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 cleck. Improvement of present
capabilities included investigation of an analog gate having o higher breakdown voltage, a
differer; sync word, improved switching functions, and investigation of recording a split phase
RZ signal 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 capcbilities, 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 obtainad with feasible ,. econonical 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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INTRODUCTION £.ND DISCUSSION

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 iink be*tween ‘he Satellite and the ground station utilizing a 136 mc A, M.
modu!ated carsier. The information transmit'ed and received consists of converted
analog dat. with syne edded n order to «ttain intelligent interpretation of data, and
commat 7 va'r;ol Jgnals. Thic .0 v 1zport evaluates the results of the study and sets
forth speciftc'vrécomme.-do'ri wns which will result in improvements to the existing system
within reasonable economic limits. For the purposes of this study, separation is mc' -
tained beiween the Airborne and Ground equipments because of their relative inde-
pendence except that Airborne. equipment modifications initiated compatible Ground
equipment changes. [n aliareas where functional changes concerned the complete
system there was coordination in expanding ideas to insure system compatibility. |t
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 Equipmenis 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
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! ’ determination of the effects of the modifications on existing Acceptance Test Equip-
ment. . A breadboard model was demonstr ated successfully to prove the Multicoder

for which one breadboard was constructed.

Table 1. Major Qbjectives of Airborne Desigr;‘_Study_ -

New Capobif‘itiesr ’ i lmprosféé‘?:opabiliﬁes

la. Provide digital muitiplexing. a.  Better \PCM synchronization
: words generation and format.

b. Provide sateliite time in PCM . Utilization of a split phase

3
b
output format as a telemetered ~ signal for Unit A output for
parameter. - ) better signal to noise ratio.
¢c. Provide synchroniz_:_'zﬁon of the c. . Increased reliabiriity and oper-
PCM with Satellite clock. ating life in other areas.
1.1.2 Ground. - Objectives of Study Program concerning the Grodnd Station are

practical design changss and minimum additions to the existing system enabling
a modified ground station to accept and process data inrpropiosed 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 breqdboérds following design analysis, and this final report. The
breadboard model sufficed to fulfill the objectives \'/vifhouf "exfensivve disturbance of the
present hardware. The Groundr equipment porﬁg_n of the study én;ompqssed modification
of part of a Nimbu; Gt‘ound Station to demonstrate the feasibility of cccepﬁng and pro-

cessing the new iype 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 crqdfscussed where applirca.ble, but detailed assembly




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 sigr:als at strategic locations within other subsystems of fhé Satellite. Figure 2
illustrates the pr;esent subsystem with its associated Inp_ut:Tesf Equipment. The subsystem

~ consists éf the four components Iisteci below:
a. PCM Multicoder; so designated because it contains complete mull:'iplexing and coding
units in a single enclosure.
b. Telemetry Eléétronics eq;ipment (TME).
c. Tape Trcnqurt Unit; u;ed fo; rééb‘rding Unit A data from the Multicoder and playback
on command from the Ground Station. R
d. Beacon i’ransmitter; provides the telemetry link to the Ground Station.
1.3.1 Unif:A PCVM.V - This'pa‘rf of the Multicoder accepts analog input signals in the
~range of 0 to -6.4 volts from 542 analog channels and ;co;\verts the analeg to an
équi‘val‘enf seven bit binar- code. The oujpﬁf signal is in NRZ serial format \;vhich
is fed to the TME unit. Each output word at a bit rate of 500 cps consists of eight
: bifs of which bit one is the syncxb‘i.t. The sync bit is always a zero except in word
one to every subframe in which it is a one. There are $4 words in each subfrgme
~and 16 subframes comprise a frame. Thirty-two of the words in each subframe are
sampléd at a rate of 1 sps and are cqlled prime channéls. The remaining 32 words
are sampled ot 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
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1.3.2

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 charnels for a total

of 542 exclusive of sync datd). | Normally Unit A hos precedence over Unit B so that
if Unit A's coder should fail the coder from Unit B would be.swm.:hed in with a sub-

sequent disabling of Unit B,

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

cycles through its program of 128 woic:ls consisting of analog and three sync channels.
Then it auiomatically»turns off with.no power usage \Jf;fil commanded to turn on again.
Oufpulf data consists of seven bit binary code for onafog as part of an eight bit Vwrord

at a serial output bit- rate of 10 cps. This results in 1024 bits per frame of 128 word;
for a moxfmum single channel capabifii}' sompling rate of' one sample per 1.76 minute;.
All output words from Unit B occur at the seme ;ompling rate ‘unless the vinpufsr are
supercommutated or subcommutated external to the Multicoder. The one ov;prut ;ignal

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

A "1" bit shifts the carrier phase 180° while a "0" bit has no effect on the carrier.

1.3.3 Telemetry Electronics. - 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 fape recorder, Time
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1.3.4

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 RECDRD-—PLAYBACK

. switching controls power to the tape transport unit and connects the tdpg fror?sport

head to the RECORD or PLAYBACK amplifier in the 'f'_elemefry electronics as re-

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

provides the 500 cps bit rate und two-phase 100 cps fécjuired 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 repr‘esénfs,o, "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 th‘r‘oﬁgh'fh'e 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.

Input Test Equipment. - 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 fhes. 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 1 millivolt increments from 00.000 volts to minus 10.000 volts) and
monitors operation of the selected channel fo see if it performs to the required ac-
curacy. More detailed information on the above described uqit_s is available in
their respective "Handbook of Instructions” which are..lisfed in the report bibliog-

raphy as references 1, 2, 3 and 4.
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~]v.4 DESIGN STUbY PCM SYSTEM. - The present Nimbus PCM systems are capable of pro-
cessing only analog and sync ciofo. It would be desir&.’;le to add a digital mul}iplexer to
the PCM since it is inefficien! to code a lgeloy closing (digital device) with an analog to
digital convérterr (ADC) Yyﬁere seven bit times are used. Because the Unit A data is Sfored
" on tape (at su::h times as the satellite ;s out :of the felemétfy'link communi;otions range) and
read out at a later time, it would also be desirable to multiplex a Time:Code into the output
_serial dafa for Time correlation purposes. This addifion of d,ivg—if‘calr and Time Code channels
would improve. the present system and at the saﬁte time permis? sync words to be programméd
bit byrbit instead of word by word. | ‘
1.4.1 vThe'existing‘ Unit A of the Multicoder was modified so r_thut the output format now
~ contains Tim;_ Code and digital channel data in qdditicn to analog and sync data.
Table 2 comparison e\/Aaliiate_s} the existing aﬁd the moéifi’erd systems. A block diagram
of the modified Multicoder (fig:uré 3) may be compared t;: the existing system (f-iéure
A?}.), and it is observed that the Input Test Equipment, TME, Tronsrﬁiﬂér, and Tape
Recorder rerr.lai'n unéhonged.: The two additional blocks repre_senf:consfrucfredbrfead-
boards for Unit A and the simulated additional inpu_:ts of the lﬁpuf rTest Eciuipment.
The analog portion of the Multicoder remains unchar;ged except for an inhibit during -
Aigifol channel processing and a change in the subframé word length from 64 to

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




1.4.2

1.4.3

1.4.4

-

(it
¥

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

Signal ldentification Present Nimbus Study Nimbus
Words Used Words Used
Sync and identification 2+ 2.5%
Prime analog 7 - 30 7 22
Subcommutated analog | 512 | 470
| Time Code | | o 6
Prime Digifol rv , o 0 8 (56 bi-level)
Subcommutated aigitél , -0 3 (2] bi-level) »
Pulse digitol‘ wﬁh storage | - 0 1 (7 pulse inputs).
Words per frame | _ _ 64 E 62.5 .
| Presént Nimbus sys*em 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.

The PCM breadbbard (figure 4) contains all the necessary mod;ificati‘drlrs to the. a

existing Unit A to incorporate Time Code and digital channel capability (takle 3

3). Figure 5 if_lusfrates the nlfn-ake—up of the breadboard cHassis.

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 toa minimum.

New Input Signal Specifications. - These are tabulated in (table 4). in com-

parison with other similar PCM systems these values are typical, and normal circuit
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Table 3. Mulh-coder Unit A Output Format for Nimbus "B" System (Sheet [ of 16) '

Time

Slot Matrix Channel

1Pl Sync #1

2 P2 Sync #2 &
.3 Al - 1/16A1
4 Bl = Units Sec.

5 P3 1D1

6 P4 1A)

7 A2 1/16A2

8 B2 - 1/16A3 -

9 . P5 1A2

10 , P6 1A3 -

11 -A3 1/16A4
12 B3 Tens Sec.
i3 . P7 1D2

14 P8 1A4

15 A4 1/16A5
16 B4 1/16A6
17 P9 1A5

18 - P10 1A6

19 A5 Units Min
20 - B5 . 1/16A7
21 PIL: , D3
22 P12, 1A7 .

23 " Ab ~ Tens Min.
24 B6 1/16A8
25 P13 1A8

26 P14 1A9

27 A7 1/16A9
28 B 1/16A10
29 P15 - 1D4

30. " Pl6 1A10

31 A8 Unit Hours
32 ‘B8

1/16A11

Subframe #1

iD.

-

1

34

Time

slot

33
35
38
39
40

4]

42
43
A4

45
46
47
48

49
50 .

51

52

53

54
55
56

57

58
59
60
61
62
63

36
37

- A2

Matrix Channel
P17 1AN

P18 - 1A12
A9 1/16A12
B9 Ten Hours
P19 1D5

P20 . 1A13
A10 1/16A13.
BIO - 1/16A14
P2 1Al4

P22 C1A15
A1l 1/16A15
BI1 1/16A16
P23 D6 S0
P24 1A16 | . -

1/16A17

B12 l/léAlB\\J/
P25 1A17

P26 1Ai8
A13 1/16A19
CBI3 - 1/16A20
P27 D7

P28 1A19
Al4 1/16A21
Bl4 1/16A22 .
P29 1A20.

P30 1A21

Al5 1/16A23
BI5 1/16A24
P31 1D8

P32 1A22

Alé "~ Sync #3
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Table 3. Muhu-coder Umf A Output Format- For Nimbus "B". System (Sheet 2 of 16)

Time
Slot

64'

65
66
. 67
68
ey
70
7

72

73

74
75
76 -

77 .
78

80

81
- A21

83 . B2
84 Pl
85 P12
86 A2
87 322
88 - PI3
89 o P4
90 - A23
ol 823
92 P15
93 - Plé
24 A4 -
95 B4

Pl
- P2
A7
-P3
P4
A8
BI8

SubfrCime #2

Sync #1

'/ 16A25

‘ ]/16A2/ :

: ‘,]Az'; |

“1A3
1/16A28
_1/16D2

1A4
1/16A29
_]./]6A30:

1A5
1A6
1/16D3
1/16A31
103
1A7

]/] 6D4 S',Orage

1/16A32

A8

1A9
1/16A33

1/16434

1D4
1A10:

- 1/16A35
- 1/16A36

12

Tlme ’
‘S|ot

‘ ,96

- 97

o 98
S99

100
o101 =

103 -

104
©.105
106
.. 108
7109

110

om

,”2’:':' 
N3
114

115
116
117
118

19

120
121

122

123
124

125
126

 Motrix

Channe{ )

PI7. AN
I
A25 -~ 1/16A37
'5825 = )
P19 T D5
S P20 - el
A% /1A
- B26 - ]/16A40
P21 . - 1A14
a2 _1/16A41 - ©
B27 - 1/16A42 -
- 5 [>Y TR
pad . 1A16
A28 1/16A43
P25 1AL7
p2s “1AI8
o 1/16A45
‘B29  1leads
P27 o7
P28 1A1
o 1/16A47
B0 1/16A48
P29 1A20
P30 1A21
A3) Viehds
B3l Vet
P 1D
P32 1A22
ASZ Syne #3

1/16A38 -

o
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© Table 3. Multi-coder Unit A Cctput Format for Nimbus "B" System (Sheet 3of 16) -
| | | ‘Subframe #3 o B L L T
Time - - o Time

~ Slot  Matrix . Channel 7 Slet. n . Matrix

Channel
127 Pl Sync#l - -159. P17 1AL
w128 P2 Sync #2810 - 160 . PI8 1A
7129 - A33. 7 L 1/16A5T T o 161 A4l - T1/16A67
1300 - B33 1/16A52 . 162 B4l 1/16A68
- 131 P8 D1 : 163 . P19.. - 1D5 -
132 P4 . AL 164 F20 1Ai8
1330 0 A34 T 1/16A53 165 © A42 - 1/16A69
7. 134 B34 1/16A54. . 166 . T B42  1/16A70 .

93, P50 L1A2 ¢ 147 P - - Al
. 218 . P66 T 1AT o 168 P22 o0 TIAIS
137 - ASS CV16ASS o - 169 - A43 L 1/16A7L
138. B35 = - 1/16A56. 170 . B43- . 1/l6A72. o 1o
14 A3 w1/ 16A57 o L 173 . A44 1/16A73 Sy R
Ao 142 B3 - 1/16A58 174 CB44 - 1/16A74 e

143 P9 L 1As 175 P25 . 1417
144 P10 A6 LT L 178 P26 1A18
c 145 A7 1/16A59 177 - A4S 1/16A75
146 B37 1/16A60 | 178  B45 1/16A76
147 P11 ID3 179 P27 1D7.
148 P12 A7 180 P28 1A19
149 A38 “1/16A61 C181  Ad6 1/16A77
150  :B38 1/16A62 182 B4 1/16A78

151 P13 1A8 183 - P29 1A20
152 P14 1A9 i 184 P30 1A2]

153 . A39  1/16A63 © 185 A47 1/16A79
154 B39 1/16A64 ) 186 P47  1/16A80
155 PI5  1D4 | 87 P31 108
156 P16 . -1AI0 - 188 - P32 1A22
157 A40 - 1/16A65 189 A48~ Sync #3
158 B4O - 1/16A66 - ' : '
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Table 3. Multi-coder Unit A Qutput Format for Nimbus "B" System (Sheet 40»??16)

Time
Slot

190

91

192
193
194
195.
196

197 -

198
199
200
21
202
203
204
25

206
207
208
209
210
211
212
213

214

215
216

217
218
219
220
221

Matrix

PI
P2
AdY
349
P3
P4
AS0
B50

P5
P6
AST
851
P7
P8
AS2
B52

Py
AS3
B53
P11

Pi2
AS4
BS54

P13
P14 .
AS5
855
P15
P16
ASS
B56

“1D1-

Subfrcme #4

Channel

~Sync #1

Sync #2 & iD
1/16A81
1/16A82

1A1
1/16A83

1/16A84

C1A2

1A3

" 1/16A85

1/16A86
1D2

1A4 .
1/16A87 -
1/16A88

1A5
1A6
1/16A89
1/16A90
1D3
1A7
1/16A91
1/16A92

1A8
1A9
1/16A93
1/16A94
1D4

1A10
1/16A95
1/16A96

14

Time
Slot

222
223

- 224
225
- 226
227 -.

228
229

230

231
232
233
234
235
236
237

238
239
240
241
242
243

244

245

- 246

247
248
249
250
251

- 252

Matrix

P17
P18
A57
B57
P19
P20 -

A58

B58

P21
p22
A59
B59
P23
P24
AGO
B60

P25
P26
A6l
B61
P27
P28

- A62

862

P29
P30
/163
163
P31
P32
Ab4

Chunnel

1A11
1A12
1/16A97
1/16A98
1D5

1A13
1/16A99
1/16A100

1A14

C1A15
1/16A101

1/16A102
D6
1A16
1/16A103
1/16A104

CJA17

1A18
1/16A105
1/16A106
107

1A19

1/16A107

1/16A108

" 1A20

1A21

1/16ALS

1/16A110
D8

1A22
Sync #3
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Tabie 3. Multi-coder Unit A Output Format for Nimbus *B" System (Shee—t 50f 16

Time
Slot

253
254
255
256
257
258
259

%0

261
262

264
265
266
o267
- 268

269
27G
271

w72

273
274
275
276

277

78
279 -
280

281
282
283
284

263
. B67
P7

P8

Matrix

P1
P2

- A65

B65
P3
P4
A6

B6

P5
P6
AGT

A68
B68

P10
ALY
B69-
PTi=
P12
A70
B70 -

P13
P14
A71
871

P15

P16

A72

B72

Subframe #5

Channel

Syac #1

Sync #2 & ID

1/16A111
1/16A112
1D1-

1Al

1/16A113 -

1/16A114

1A2
1A3
1/16A115

1/16A116

1D2

1

1/16A117
1/16A118

1A5
1A6°
1/16A119
1/16A120
103

1A7
1/16A121

1/16A122

"1A8

1A9
1/16A123
1/16A124

1D4

1A10
1/16A125
1/16A126

15

Time
Slot

285
286
287
288
289
290
21

.292

223
294 .
25
296

. 297

298
299
300

301

302
303
304

-305
306

307
308

309
310
311
312
313
314
315

Matrix

P17
P18
A73
B73
P19
P20

B74

P21
P22
A75
875
P23
P24
A76
876

P25
P26
A77
B77
P27
P28
A78
B78

P9
P30

A7

B79
P31

- P32

ASO

A4 .

Channel

1A11
1A12
1/16A127
1/16A128
D5
1A13
1/16A129
1/16A¥30

1A14 5
]AI_S ":;:
T,/?&:}f%?:ﬂ

/168332

iD6 .
1A16

1/16A133

’I/§6A134 '

1A17
1A18
1/16A135
1/16A136
1D7.
1A19
1/16A137

L 1/16A138 -

1A20

1A21
1/16A139
1/16A140

D8

1A22
Sync #3
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Table 3. Multi-coder Unit A Output Format-for Nimbus "8" System (Sheet 60f 16)

Time

Slot

316
317
318
319
320
321
322
323

324
325
326
327
328
329
330
331

332
333
334
335
336
337
338
339

340
341
342
343
344
345
346
347

Matrix

Pl
P2
A81

- B81

P3
P4

AB2
B82

P5
P6
A83
383
P7
P8
A84
B84

P10
A85

- B85

PIT
Piz
AB6
B86

P13
F14
A87
887
P15
P16
A88
B88

—
Vs

Sync #1

 Subframe:#6

Sync#¥2 & ID

1/16A141
1/16A142
1D1

1A1 -
1/16A143
1/16A144

1A2
1A3
1/16A145
1/16A146
1D2
1A4
1/16A147

1/16A148

1A5
1A6
1/16A149
1/16A150
iD3
1A7
1/16A151
1/16A152

1A8

iA9
1/16A153
1/16A154
1D4

1A10
1/16A155
1/16A156

16

Time

Slot

348
349

- 350

351
352
353

354 .

355

356
357

358
359
360
361
362
363

364

365
366
367
368
369

370

371

372
373

374

375
376
377

378

Matrix

P17
P18
A89
B89
P19
P20
A90
890

P21

- P22

A91
891

P23
P24
A92
B92

P25

. P26

A?3 .
893
P27
P28
A94
894

P29
P30
A95
B95
P31

P32
A96

Channel

AN

1A12
1/16A157
1/16A158
1D5

1A13
1/16A159
1/16A160

1A14
1A15
1/16A161
1/16A162°
1D6

1A16
1/16A163
1/16A164

1A17
1A18
1/16A165
1/16A166
1D7

1A19
1/16A167
1/16A168

1A20
1A2i
1/16A169
1/16A170
103

1A22
Sync #3
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Table 3. Multi-coder Unit A Output Format for Nimbus "B" System (Sheet 70f 16;

Time
Slot

- 379
380
381
382
383
384
385
386

387
388
389
390
321
392
393
394

395
396
397
398
399
400
401
402

403
404
405
406
407
408
409
410

Matrix

Pl
P2
A97
B97
P3
P4
A98
B98

P5

P6
A99
B9
P7
P8
A100
8100

2%
P10
A101
B101
P11

P12

Al02
8102

Pi3
P14
A103
B103
P15
P16
A104
B104

Subframe #7

Time

Channel Slot
Sync #1 411
Sync #2 & ID 412
1/16A171 413
1/16A172 414
1D1 415
1A1 416
1/16A173 417
1/16A174 418
1A2 419
1A3 420
1/16A175 421
1/16A176 422
1D2 423
1A4 424
1/16A177 425
1/16A178 426
1A5 427
1A6 : 428
1/16A179 429
1/16A180 430
103 431
1A7 432
1/16A181 433
1,16A182 434
1A8 435
149 436
1/16A183 437
1/16A184 438
1D4 439
1A10 440
1/16A185 441

1/16A186
17

Matrix

P17
P18
A105
B105
P19
P20
Al106
B106

P21
P22
A107
_107
P23
P24
A108
8108

P25
P26
Al109
B109
p27
P28
A110
B110

P29
P30
Alll
B111
P31
P32
All12

Channel

1A11
1A12
1/16A187
1/16A188
1D5

1A13
1/16A189
1/16A190

1A14
1A15
1/16A191
1/16A192
1D6

1A16
1/16A193
1/16A194

1A17
1A18
1/16A195
1/16A196
1D7
1A19
1/16A197
1/16A198

1A20
1A21
1/16A199
1/16A200
1D8

1A22
Sync #3
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Table 3. Multi~coder Unit A Output Forma: for Nimbus "B" System (Sheet 8 of 16)

Time

Slof

442
443
444
445
446
447
448
449

450
451
452
453
454
455

- 456
457

458
459
460
461
462
463
464
465

466
467
468
469
470
471
472
473

Matrix

Pl
P2
All13
B113
P3
P4
All4
Bi14

P5
P6
All5
B115
P7
P8
All6
B116

P9
P10
All7
B117
P11
Pi2
All8
B118

P13
P14
AL
BI19
P15
P16
A120
B120

Subframe #8

Channel

Sync #

Sync #2 & ID
1/16A201
1/16A202
1D1

1A1
1/16A203
1/16A204

1A2
1A3
1/16A205
1/16A206
1D2
1A4
1/16A207
1/16A208

1A5
1A6
1/16A209
1/16A210
1D3
1A7
1/16A211
1/16A212

1A8
A9
1/16A213
1/16A214
104
1A10
1/16A215
1/16A216

18

Time

Slot

474
475
476
477
478
479
480
481

482
483
484
485
486
487
488
489

490
491
492
493
494
495
496
497

498
499
500
501
502
503
504

Matrix

P17
P18
Al2]
B121
P19
P20
Al122
B122

P21
p22
A1Z3
B123
P23
P24
Al24
B124

P25
P26
Al25
B125
P27
P28
Al126
B126

P29
P30
A127
B127
P31
P32
A128

Channel

1Al
1A12
1/16A217
1/16A218
D5

1A13
1/16A219
1/16A220

1A14
1A15
1/16A221
1/16A222
1D6

1A16
1/16A223
1/16A224

1A17
1A18
1/16A225
1/16A226
107

1A19
1/16A227
1/16A228

1A20
1A2]
1/16A229
1/16A230
1D8

1A22
Sync #3




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

Time
Slot

505
506
507
508
509
510

5

513
514
515
516
517
518
519
520

521
522
523
524
525
526
527
528

529
530
531
532
533
534
535
536

Matrix

Pl
p2
A129
B129
P3

4
130
B130

P5

P6
Al131
B131
P7
P8
A132
B132

P9
P10
A133
B133
P11
P12
Al134
B134

P13
P14
A135
B135
P15
P16
A136
B136

Subframe #9

Channel

Sync #1
Sync #2 & ID
1/16A231
1/16A232
1D1
1A1

/16A233
1/16A234

1A2
1A3
1/16A235
1/164236
1D2
1A4
1/16A237
1/16A238

1A5
1A6
1/16A239
1/16A240
D3

1A7
1/16A241
1/16A242

1A8
1A9
1/16A243
1/16A244
1D4

1A10
1/16A245
1/16A246

19

Time

Slot Matrix Channel
537 P17 1AT1

538 P18 1A12

539 Al37 1/16A247
540 B137 1/16A248
541 P19 1D5

542 P20 1A13

543 Al38 1/16A249
544 B138 1/16A250
545 P21 1A14

546 P22 1A15
547 Al39 1/16A251
548 B139 1/16A252
549 P23 1D6

550 P24 1A16

551 Al40 1/16A253
552 B140 1/16A254
553 P25 1AY7

554 P26 1A18 -
555 Al4l 1/16A255
556 Bl41 1/16A256
557 P27 1D7

558 P28 1A19 i
559 Al42 1/16A257
560 B142 1/16A258
561 P29 1A20

562 P30 1A21

563 Al43 1/16A259
564 B143 1/16A260
565 P31 1D8

566 P32 1A22

567 A144 Sync #3
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Table 3. Multi-coder Unit A Ou'put Format for Nimbus "B" System (Sheet 100of 16 )

Time
Slot

558
569
570
571
572
573
574
575

576
577
578
579
580
581
582
583

584
585
586
587
588
589
590
591

592
593
594
595
596
597
598
599

Matrix

Pl
P2
Al45
B145
P3
P4
Al46
B146

P5
P6
Al47
B147
P7
P8
Al48
B148

P9
P10
Al49
B149
P11
P12
A150
A150

P13
P14
Al31
B151
P15
P16
A152
B152

Subframe #10

Time

Channel Slot Matrix Channel
Sync #1 600 o017 1A11
Sync #2 & 1D 601 P18 1A12
1/16A261 402 A153 . 1/16A277
1/16A262 603 B153 1/16A278
1DI 604 P19 1D5
1Al 605 P20 1A13
1/16A263 606 Al54 1/16A279
1/16A%64 607 B154 1/16A280
1A2 608 P21 1A14
A3 609 P22 1A15
1/16A265 610 Al155 1/16A281
1/16A266 611 B155 1/16A282
1D2 612 P23 1D6
1A4 613 P24 1A16
1/16A267 614 Al56 1/16A283
1/16A268 615 B156 1/16A284
1A5 616 P25 1A17
1A6 617 P26 1A18
1/16A269 618 A157 1/16A285
1/16A270 619 B157 1/16A286
1D3 620 p27 1D7
1A7 621 P28 1A19
1/16A271 622 A158 1/16A287
1/16A272 623 B158 1/16A288
1A8 624 P29 1A20
1A9 625 P30 1A21
1/16/A273 626 Al59 1/16A289
1/16A274 627 B159 1/16A290
1D4 628 P31 1D8
1A10 629 P32 1A22
1/16A275 630 A160 Sync #3

1/16A276

20




Py
s

Table 3. Multi-coder Unit A Output Format for Nimbus "B" System (Sheet 11 of 16)
Subframe #11

Time Time
Slot Matrix Channel Slot Matrix Channel
631 Pl Sync 1 663 P17 1A
632 P2 Sync #2 & ID 664 P18 1A12
633 Al61 1/16A291 665, Al49 1/16A307 -
634 B16] 1/16A292 - , 666 B169 1/16A308
4635 P3 1D1 667 P19 1D5
636 P4 1Al 668 P20 1A13
637 A162 1/16A293 669 Al70 1/16A30y
638 B162 1/16A294 670 B170 1/16A310
639 P5 1A2 671 P21 1A14
640 P6 1A3 672 P22 1A15
641 A163 1/16A295 673 Al71 1/16A311
642 B163 1/16A296 674 B171 1/16A312
643 P7 1D2 675 P23 iD6
644 P8 1A4 676 P24 1AT6
645 Albd 1/16A297 677 Al72 1/16A313
646 B164 1/16A298 678 R172 1/16A314
647 P9 1A5 679 P25 1A17
648 P10 1A6 680 P26 1A18
649 A165 1/16A299 681 Al73 1/16A315
650 B165 1/16A300 682 B173 1/16A316
651 P11 1D3 683 p27 107
652 P12 1A7 684 P28 1A19
653 A166 1/14A301 685 Al74 1/16A317
654 B166 1/16A302 686 B174 1/16A318
655 P13 1A8 687 P29 1A20
656 P14 1A9 688 P30 1A21
657 A167 1/16A303 689  Al75 1/16A319
658 B167 1/16A304 690 B175 1/16A320
659 P15 1D4 691 P31 108
660 P16 1A10 692 P32 1A22
661 A168 1/16A305 693  A176 Sync #3
662 B168 1/16A306 .‘
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Table 3. Multi-coder Unit A Output Format for Nimbus "B" System (Sheet 12 of 16

Time

Slot

694
695
696
697
698
699
700
701

702
703
704
705
706

707 -

708
709

710
71
712
713
714
715
716
717

718
719
720
721
722
723
724
725

Majgrix

P1
P2
Al177
B177
P3
P4
Al178
B178

P5
P6
Al79
B179
P7
P8
A180

‘8180

P9
P10
Al8l1
B181
P
P12
A182
B182

P13
P14
A183
B183
P15
P16
Al84
B184

Subframe #12

Channel

Sync #1

Sync #2 & ID
1/16A321
1/16A322
1D1

1Al
1/16A323
1/16A%24

1A2
1A3
1/16A325
1/16A326
1D2
1A4
1/16A327
1/16A328

1A5
A6
1/16A329
1/16A330
1D3 -
1A7
1/16A331
1/16A332

1A8
1A9
1/16A333
1/16A334
1D4

1A10
1/16A335
1/16A336

22

Time
Slot

726

727
728
729
730
731
732
733

734
735
736
757
738
739
740
741

742
743
744
745
746
747
748
749

750
751
752
753
754
755
756

Matrix

Pi7
P18
A185
B185
P19
P20
Al86
B186

P21
P22
A187
B187
P23
P24

A88

B188

P25
P26
Al189
B189
P27
P28
A190
B190

P29
P30
Al91
BI91
P31
P32
Al92

Channel

1Al
1A12
1/16A337
1/16A338
D5
1A13
1/16A339
1/16A340

T1A14

1AI5
1/16A341
1/16A342
1D6

1A16
1/16A343
1/16A344

1A17
1A18
1/16A345
1/16A346
107

1A19
1/16A347
1/16A348

1A20
1A21
1,/16A349
1/16A350
108

1A22
Sync #3
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Table 3. Multi-coder Unit A Output Format for Nimbus "B" System (Sheet 13 of 16)

Time
Slot

757
758
759
760
761
762
763
764

765
766

767
768
769
770
771
772

773
774
775
776
777
778
779
780

781
782
783
784
785
786
787
788

Matrix

P1
P2

AIS?

B193
P3
P4
A19.4
B104

PS
Pé

A195
B195
P7
P8
Al196
B196

P9
P10
Al197
B197
P11
P12
A198
B198

P13
P14
Al99
B199
P15
P16
A200
8200

Subframe #13

Time
Channel Slot
- Syne f1 789
“Sync ¥2 & ID 790
3/16A351 791
1/16A352 792
R 15Y 793
AT 794
1/16A353 - - -795
1/16A354 796
1A2 797
1A3 798
1/16A355 799
1/16A356 800
1D2 801
1A4 ~ 802
1/16A357 803
1/16A358 804
1A5 805
1A6 " 806
1/16A359 807
1/16A360 808
iD3 809
1A7 810
1/16A361 811
1/16A362 812
1A8 813
149 ’ 814
1/16A363 815
1/16A364 816
1D4 817
1A10 818
1/16A365 819

1/16A366

23

Matrix

P17
P8
A201
Bz01
P19
P20

A202

8202

P21
P22
A203
8203
P23
P24
A204
B204

P25
P26
A205
B205
P27
P28
A206
B 206

P29
P30
A207
B207
P3:
P32
A208

Channel

1A11
1A12
1/16A367
1/16A368
1D5

1A13
1/16A369
1/16A370

1A14
1A15
1/16A371
1/16A372
1D6

1A16
1/16A373
1/16A374

1417
1A18
1/16A375
1/16A376
107

1419
1/16A377
1/16A378

1A20
1A21
1/1€ \379
1/16A380
D8
1A22
Sync #3
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Table 3 Multl coder Umt A Output Format for Nimbus. " System (Sheef 14 of 16)

Subframe 4
: Tine » :  Time o
’ Slot Matrix .- - Chamwf Slot- - Matrix Channel
- 820 - Pl sync#! - 852 Pz AN
o821 ¢ P2 T Syne #z&io 783 pI1gs - 1A12
822 A209  1/16A381 © . 854 A217 . 1/16A397
823 . B209 - - 1/16A382 < 855  B217  1/16A398
.824- -P3 - DV ez 856 - - P19 - ID5 -
. 825 P4 AL 857 PO 1A
L 826  A210 1/16A363 . 858 ... A218 . 1/16A399 .
A 827  B210 1/16A384 - 859 218 1/16A400‘ [T

828  P5 1AZ ¢ Coo 860 - P2k A4
8% P& 1A3 861 P22 IAI5 - o
830 A211 1/16A385 = 862 . A219 Vi6ag01 .
. -831 B211 - 1/16A386 863 . - B219 1/16Ad02
. 832  pP7 D2 - 864 P23° .. 1Db -
833 - P8 - 1Ad . 865 P4 T MA6
834 AZ12 . 1/16A387 - 866 A220 1/16A403
835 B212 = 1/16A388 867 B220 . 1/16A404 -

£

8% P9 1A5 - 868 P25  1A17

837 - P10 1A6 869 P26 . 1A18.

838  A213 1/16A389 | 870 . A221 © 1/16Ad05
839 B213 1/16A390 871 - B221 1/16A406 =
840 PN 103 7 B ) 107

841 P12 1A7 873 P28 1A19. =7 e
842  A214 1/16A391 874 'A222 l/leuO? o
843 A214 1/16A391 875 B222 1/16A408

844 P13 1A8 L. 876 P2 1A
845 P4 1A9 877 - P30 1A21
846  A215 1/16A393 878 - A.3 1/16A409
847 B215 /16A394 879 B223 1/16A410
848  PI5S_ 1D4 ' 880 P31 ms
849  PI& 1A S 1 P32 1A22

850  AZi6 1/16A395 882 A224 Sync #3
851 §216 1/16A396 R g

24




- ST - Time
883 Pl

886 8225
887 «P3
888 P4

P10-

8229
PH

= ez P13
S 908 P14
L 909  A231

£ 9 - -PIS

' 912 P16
213 A232
914 B232

o . -

H .

- . \ NS - .
e S ek s et s e mannan e Aficetacs B i e TGRS L SR S

f o Slot - Matrix

s P2
o s A2S

88 A2
890 . B226

- B227

P7
. P8
A28

P9
AR

S A230
B230

g g N QT

Subframe #l 5

Channel -

o Sync #l

Sync #28&1D
1/16A411

1/16A412
1D} -
‘]A] R o

1/16A413

1D2
AT
|/16M7

1A5 =

1/16A419
/‘6A420;.1. R

D3
T1A7

1A8

- 1A9

1/16A423
1/16A424
1D4

1A10
1/16A425

-1/16A426

1/16A416 arEe

1/16A421 e
1/16A422

Ta me

 Slot o Ma‘trix

915 917'
T
7 _A2'«3,5

218 - .p233

919 < PIY

© 920 © P2

1/16A814 -

7/16A418 e

921 . A234
922 . B2 o

e P2l

924 - P22

U925 A2
926 - B235
927 . PW

P24

< p2s

935 . P27
936 -~ - P29

937 4238

938 B238

939 P®
940 -~ P30
9241 A239

942 B239

943 P31
944 - P32
945 A240

CIAIL

SRR A L AP AN e I i T 2 e A TN T R e e syt M s e i S e

Tabie 3. Mulh-codee Unit A Output Format for Nimbus "B" Sysfem (Sheef 150f 16}

Channel

~

A1

RV I

~1/i6A428
105

1A13
V16A429
1/16A430  *

1A14

s

V164431

: A236 ‘:‘f
1 B236 7

9 B2y

. 1/16A432 -

106
1A16.
1/16A433

1164434 -

1A17
1A18

1/16A435
/162436
107 -
TA19
1/16A437
1/16A438

1A20
1A2]
1/16A439-
1/16A440
108

YA22

Sync #3




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

. Tirme
]S'll:te Matrix Channel - Slot Matrix Chennel
946 Pl Sync #1 978 P17 1A11
947 P2 - Sync#¥2&ID 979 P18 C1A12
948 A241 1/16A441 980 A249 1/16A457
949 B241 1/16A442 981 B249 1/16A458
950 P3 1D1 982 P19 1D5
951 P4 1A1 - 983 . - P20 1A13
952 A242 1/16A443 984 , A250 1/16A459
953 B242 1/16A444 985- 8250 1/16A460
954 P5 ' 1A2 986 P21 1AM4
955 P 1A3 987 P22 1A15
956 A243 1/16A445 088 A251 " 1/16A461
957 B243 1/16A446 989 B251 1/16A462
958 P7 D2 990 P23 1D6
$3% P8 1A4 991 P24 1A16
) 966 A244 1/16A447 992 : A252 1/16A463
- 961 B244 1/16A448 993 B252 1/16A464
962 P9 1A5 994 P25 1A17
963 o1y 1A6 995 P26 1A18
964 A245 1/16A449 996 A253 1/16A465
965 B245 1/16A450 597 B253 1/16A466
966 P11} D3 998 P27 1D7
967 012 147 999 P28 1A19
948 A246 1/16A451 1000 A254 1/16A467
969 B246 1/16A452 1001 . B254 1/16 A468
970 P13 148 1002 P29 1A20
971 Pi4 1A9 1003 P30 1A21
972 A247 1/16A453 1004 A255 1/16A469
| 973 - B247 1/16A454 1005 B255 1/16A470
y 974 P15 iD4 Y P31 1D8
1 975 P16 1A10 1007 P32 1A22
976 A248 1/16A455 1008 A256 Sync #3
977 B248 1/16A456
( 26
",
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B Al 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
Digital Multiplexer
i A 9  Strobe Command and Driver
Al10  Digital Multiplexer Gates
All D‘igitcl Multiplexer Gates .
Al12  Digital Multiplexer Getes
A13  Digital Multiplexer Gates
Al4 Digital Multiplexer Gates
Al15  Digital Multiplexer Gates
Alé6  Digital Multiplexer Gates
Al7  Digital Multiplexer Gates
Al18  Core Drivers
AlQ Bias Amplifier and |. D. Buffer
A20 Storage Bistables and Reset
Time Code Storage Shift Register, }
A21 ___ Shift Driver, and Time Code Buffer !
A22  Time Code Storage
A23 1 CPS Reset, Time Code Buffer
= Figure 5. Nimbus PCM Breadboard Chassis (Front View)
i
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designs are flexible enough to accept these values (£ 50%), or grearer, 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 a very large percentage, then trouble may be encountered in design. The input

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

may increase.

Table 4. Nimbus Study System Input Signal Specifications

Circuit Source Up-Level Down-Level
Impedance - Milliomps. Milliamps.
(Ohms) Volts Max. Volts Max.
Analog Channel 3,300 0 -6.4
Digital Bi-level 1,000 0to-1.0 1.5 -5to ~24 0.01
Digftal Pulse* 1,000 Oto-1.0 0.01 -5.50 -24 1.0
Pulse Width Time Code MO) o , :
2,700 0t0-0.2 0.01 -1t05.4 i.0
500 cps Bit Rat
(CY 500} 2,900 0to-0.2 0.01 -1to -5.8 1.0
100 cps Clock (YBI)** 300 0to2.5 0.01 -20 to -24 0.5
‘ PW = 250 ms ** Nimbus
Tr IO ms "A" or ucu
T, 10 ms Clock

29
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1.5 MULTICODEK REQUIREMENTS. - Stringent requirements were followed in the modification.

These requiremenis precluded changing the physical dimensioning of the present packoge ond
coder redundancy feotures. Existing cir;:uits were to be either unchanged or changed @
minimum amount; power increase was ‘o 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 desfgn approach. Temperature environment for
the circuits was limited to the range of -10°C to + 659C. Component parcmetérs were con- .
servatively rqted to allow an adequate safety morgin. In most cases, breakdown voltages for

derated transistor junctions were dercted 5G% from the maximum ratings. Where the break- |

- down voltages were exceeded ot the Vgg iunction in circuits having large negative voltages,

diodes were inserted in series to prevent ceverse current flow. In calculating the base current
and derated value for hgg was ﬁssumed to insure odequate drive. Worse case charaocteristics
of the fransistor parometers Vpg, VCEs AT 'C'BO' Cobr and Cib were used along with worse
case tolerance limits of the passive elements in defermining the final component values. A
typical example of worse case design .equofions for a simple inverter and eéuivolent step
function is shown in figure 6. One trade off encountered in using a worse case design tech-
nique is that of increased power consumptior.. However, the final increase was only approx-
imately 15 % of the allotted power, justifying the worse case design approach.

1.5.1 inchronizotion and Programming. - 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 i cps Time Code control the counters in the programmer .

The counters still function as before in respect to the analog multiplexer except that

30
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View A

+VDC

x
[74
—ANAA
<+—
—
(9]

e e o ol

Veet

_Hi
il
O
£

VAN
P2
2

P e e wne

Veeisar

V- VD2max. -VBEmax. VBEmax.

tu : lpmin = - '
rn=on: TBmin R max. R2min.
: _ lc max.
Bmin  hEEmin

VCEI >VBEmax -lemin

turn-off: VC£S ATy <VBEmin = YDImax

N (lcsomox) (Rzmx) S— (-S)Q(VBEn‘.in)
' * 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/\(Wo——l

Ey =&/ T Cr=Crthrez max(cob max) -

R3RL
R3+RL
R3

ff = —2—— (V)
R3+RL

-
[

Figure 6. Circuits to lilustrate Worst Case Design Approach
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1.5.2

1.5.3

one analog control ~{rcuit is added to control the coder. Diode matvices are added
to control the digital multiplexer functions. By these means the programmer controls
Unit A of the Muiticnaer.

Time Code Inseriicn. ~ Two new control signals have been added to Unit A PCM

to place the free-runai r;g Time Ccde in the output PCM Fonnqt. These signals, 100
cps #2 and the pulse width modulated Time Code , are conneéted through buffer
amplifiers into the Time Code control circ;.:itry where the Time Code ls accumulated
four bits at a tire and stored until the progrohmer reads the four bits through the
digital fnult%piexer into the shitf 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
pr.ogrommer to strobe the Time Code digital nuitiplexer gate at the proper time to

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

Digital Channels. - The digital mulﬁpléxer confrois 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 possihility and to prevent it from happening,
another OR gate is located in the programmer so that wherever any digital word
occurs it prevents the coder power switch from turning on, This cohirgl is located

at the output of the word rate counter end controls the word rate ragavdless of which
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1.5.4

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 subcor’nmutafed- digital data.

c. 1 gate for subcommutated pulse digital data.

d. 1 gate for‘ the Time Code.

e. 3 gates for sync and §§bframe identification.

Sync Word. - The present syn§ word contains 16 bits with the first eight bits being
all M 's", the next 4 bits being "O's". and the last four bits being fHe subframe identi-
fication count from the programmer's 16:11' counter. Tha Study Nimbus PCM will have
20 bits of sugframe s);nc as shoWr; in (figure 7). The firs& 176 bits can be selected to
any combination of "1's" and "0's" by hard wiring the s‘,'ncrword digital multiplexer
word gate i'npu?s to Pf:mr_er Supply Command for a "0" and -24.5V fora "1". The
optimum code combiriation for synchronizing the Nimbus ground stafion was deter=-
mined and is shown in figure 7 sinc_e 8 adjacent "1's" ao not occur as a sync word,

a new sync word detector will have to be placed in the PCM Test Set tc; provide
proper decommutinition. 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 Multicoder requirements

firmed (paragraph 1.5), detailed design of the circuits was initicted with the selection of
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components Ori"ld defining the design assumptions. In most cases t_hé.generol degign appro&ch
wu, Gir =dy established because the logic design had been previously decided. Updating
design and construction techniques-.‘.d‘s 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 selecticn, 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 componenfrselecfion conforming to certain Worst case design parameters.
In respect to transistor selection, these are tabulated in table 5 icind paramete’rs not
defined are in accordance with manufacturer's sbocificotions for similar devfces. |
All transistors are assumed t§ have Vigg 0.8V at i-lO°C, Ve 0. 4V7 at 65°C and VCE
sdf@rated -0.3V nidximum at 65°C, The' diode type used tor all app!jcqi‘ions is the
RAD 100:6].3 similar to 1N916. This device has been us:ed- extensively in r;cent PCM
~systems and has an excellent reliability record; Worse case de‘s%'gn voltage ;:cross

the diode was set at 0.7V raaximum Lat ~10°C and 1 ma and at 0.4V minimum at 65°C :
and 0.5 ma. Other pardrﬁeters are reflected in specification sheet. TBe resistors
and capacitors used in the new circuitry are from tha RAD 106115 series and the RAD
104228 series respectively. Thé' first series designates the Allepr Bradley cerbon com-
position resistors, and the seccnd series the Vitrbnmon ceramic VK 20 CW typé. As |

before, these components have exceilent reliability records on previsus spacecraft

telemetry.
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 Table 5. Warst Case Design Pardmeters for Transistor Ccrmiponents

Specification Parameters .
RAD 100817 hFE = 10 min " at -IO°C '(.BO = 160 na max.. cs? 65°
NPN similar : 1, =1ma. VCB 60V
to 2N718A : 7
RAD-100823 hgg = 40 min at ~10°C IcBO = 160 na max. at 65°C
NPN similar ’ |c =7 'm’q VCB =45v . |
| to 2N930 T S BRI S ! R
-‘RAD 100667 ~ hpg =201 min at -1 | ICBO = 160 na max. at 65°C |
NPN similar I”-I ma - I VCB 15V e
to 2N753 - E e _
RAD 100422 g = 10 min at -w°c‘ | teno =160 na ot 5°C
| PNP similar Il =1 ma VCB = -30V
| to 2N24l2 | SO -
’ RAD 102253 : hFE = 20 min at -|o°c Icgo = 'lQQna at 65°C
PNP similar Ic =1lma : - Vcp = -25V
to 2N2412 . :

T l£2 Progrdmmer.

= (See figure 8. ) The piogrammer is still cor;ngcted in the same

manner to the anolog mulhpiexer becouse l'he analog reglstér and mutrlces operanor‘r
ls; unchanged. For this’ reason, the dlgttol mulhplexer curcuuts alone are shown in
the block diagram. All of the prbgrdmmer blocks represent, new circuitry ex’cept 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 threé counters and external reset circuits have been adde to thé :
bit and word cour;fer, The subframe counter ;;'anf(g)'ls the reset:' to the dfgitc_l leti- :
plexer input pulse (event storage bistébles.) Al 6ps clock pulse is fed into .;he |

62.5:1:word counter detector circuit to pm\/ide sync in the PCM cutput format.
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This sync enables the system to properly multiplex T'me Code data with analog and

digital data. Mote on the block diagram that the digital mul%ipiexér data is inde~

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

Multiplexer.

2.5.2.1. Since the Qutput Shift Register operates like a three input "OR" gate, |
it was quite easy to add to digital muitiplexer éap’@b%iiﬁes, without
cffecfiﬁg the existing anclog capubiiiijv except as to the quantity of
inputs. “ The output register windings used for Units A and B coders have
not been charged. The winding used for the subframe identification
count has b&fen reconnected to control all digital words{including dig.i\‘ai
bilevel data, Tirﬁe Coede, sync words, identification count, end bit sync.
Thus, the prog;'mmmer has new diode matricés to generate the commands
for controlling the digital multiplexer and Time Code siorage. Buffer
amplifiers have been added wiere necessary to generate the proper Iocig."
levels for system operation from the external clock commands.

1.6.2.2 The word counfer now counts 62.5:1 and then resets itself to Word 1 as
shown in (figure 9) (sheet 3} instead of counting 64:1. The five "1's"
in the serial pulse width modulated Time Ccde train are détéded and also
reset the €2.5:1 word cour;?er once every second. If the Time Code inpui
is operating properly, the programmer will be exteraally synchronized and
the Time Code will be correctly pi‘dcéd in the output format. If Time

Code is lost, the programmer will still operate at 62.5 words per second
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per subframe, but the Time Code appearing in the output format will be
eitkar 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 cominands
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 1008 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 inputsto tha "AND"gate are positive. This power

sf'robe is produced by ‘he 8:1 ibit countar and the 500 ¢ps bit rate so that
the command appears during thc second half o:.fu oit 8 of all words. .T'nus,
the strobe appears and ;ef‘s%he output register just after the eight bit of
the preceding word has been read out and iust:before raading out bit one
of the next word. Since the coder is not uséd fo; digitai 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 cperate prope;l'y with either Unit A or Unit B coder.
Using this mefhod, more reliability is achieved by preventing intermix

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

imized,
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1.6.2.3

1.6.2.4

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 Subframe 2 and then

the storage is reset during the time of word 31. If the readout commarid

~

occurs just prior to the set data from the inputs, the data will not be lost”

-~

upon resetting the storage flip-flops because after the reset command —~~

occurs there 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 readgﬁt command and reset
command. Also it is possible that a "one" bit can be read out in two
successive samples kecause of this overiap if the set command occurs just

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

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

every input transitien which may occur only once per day. Level changing
amplifiers were added between the 16:1 SuBmee counter and the subframe
identification inputs to the digital multiplexer. This was required be;ouse
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 correspoﬁding "0" and "1* logic.

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

The 8:1 bit counter was slightly modified so that all outputs of the three
«tip=flops ore now available for external matrix timing. The input 500

cps bit rate signal, the inversion of the 500 cps’is used to generate the
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~ output regi;ter shift and transfer commands. The timing of these com=

mands with respect to the programmer Bif‘ times is shown in figure 9, =~ .

Since the counter ond the output register opérnteiromva@aﬁve g‘oing‘

transmons, the progrommer blts and ou%put bﬂs have a mmcmum sepqronon

~

of one holf but or one mulhsecond The word raié emmer fql;ower; are: .
_ | ‘shll used to control the anulog mulhpiexer.i o o - S
1;6';2.'5 The 64: 1 word coun**’r (A2) hus been chunge& to o 62 5 1 word counter
| _by oddmg Q detector typaa reset gate Thns reset gate detects w°rd 6(_; and. |
then the 500 cps and blt counter mputs producn the flrsf half of blt 5 50 _ |
“that *he output from thls gafe is a one mlihsecond pulse occurrmg durmg
- the flrst holf of Bit 5 Word 63 (85W63 Reference to fhe hmmg dqurc‘m -
(figure 9) shows %hls reset pul«e o‘ter n goes through a 500 mw"osecgnd | |
monostable fllp-Flop Thls pulse also reseis the 10:1- counter léfatec. ;r thcr.v'] '
| ’T:rj\e Code storage clrcmts. However, in the event the ‘!eme_‘Cede, is lost,
r>t_he resetting -or‘syhchronizi‘ngb of the Time Code 10:1 counter by the pro-"
g-rar;nmer wiil result in the ic)ss' of Timé Code. ThuS, the resetting rof the |
10:1 co_unter‘is only necessary wheﬁ the Ti_me Code 5 "ones" are detected -
fo produce the exiernal | cps re-et for the 62.5:1 word counter ot which
time the }0;]' counter must bé_ synchron@s with the programmer and Time
Codé. The methodgof detectihg the 5 Time Cide "ones” to prqducé al
cps reset was selected because it is independent of the 10 cps'and 1 cps

clock pulses which are phased differently in the Nimbbs"'fC“ Clock, from
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1.6.2.6

1.6.2.7

1.6.2.8

what they were in the Nimbus "A" Clock. Thus, the PCM can be used
with either the Nimbuys "A" Clock or the Nimbus "C" Clock because the
only signals that must maintain close phasing are the 500 cps, 100 cps.
and Time Code, and these signals are coherent in both clocks.

The 16:1 subframe counter (A3) cperates the same way as in the present
system excegt 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 changes 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.
Figure !0 also shows the 5 stage shitt 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 #2 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 Timz Code
train,

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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1.6.2.9

there are several diode gate energy gaps separating the counter flip-flops
from the digital =wltiplexer gate driver and since the input digital gates
have a "0" level that may range from O to -1V, and since the power supply
contains only 0V 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 teturn for the digital multiplexer gate driver such
that =22 volts from 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.

The entire programmer matrix (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’ 2 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 o:cur. 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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1.6.2.10

bit 4, and with all of the analog words being set into the output register
at the beginning of the progrommer bit 5.

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 getes. The output strobe switch applies power supply com-
mon 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 diod2s 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 diagram (figure 9). The
digital commands are shown for subframes 1, 2 and 3 through 16 giving
an "ON/OFF ratio of:

17 x 200/10% or 294:1 for subframe 1,

15 x 200/10% or 333:1 for subframe 2,
11 x 200/10% or 454:1 for subframes 3 through 16.
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1.6.2.11

1.6.2.12

Thus, the total power reduction ratio averaged over 16 complete frames

is 16 x 10® or 432:1. This means that averaged out over a period of time
the entire digitel mu’.tipléxer dissipates 1/432 of the peak power dissipated
by any digital gate.

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 commeands, which is at the rate of one
sample per second. The eight digital words are referred to as 1D1 through
1D8 and are shown along with the other digital words (figure 9). The
strobe commands to the digital multiplexer gates are called DM1 through
DM8.

Breadboard card A7 contains the gates which generate six word time slots
4,12, 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 ir subframes 2 through 16 can therefora 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 digifal multiplexer gate circuits
and by adding 1€ diodes and 4 resistors to the programmer. |In addition,
since the subframe is ulso necessary to generate the commands, every
group of 6 subcommutated digital woids added will also add four more
diodes to genercie the subframe command. Also on this card is the two
mulliseccind 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 called 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 of 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 irom the




- e

digital word commands. Using this type of coder inhibit circuit permits
the programmer digital word capability to be increased or decreased without
affecting the circuit design.

1.6.2.14 Breadboard card Ad 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 all 16 subframes. The timing for sub-
frames 1, 2, and 3 are different from each other as shown. Subframes 4
through 16 are timed the same as subframe 3.

1.6.3 Digital Muliiplexer 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 bilevel digital words, one for a subcommutated pulse digital
word, three for sync words, and one gate for the Time Code. Each bit is binary
weighted in 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 "1". 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-synchrorous manner at a rate of up fo
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one pulse per day. These pulses are stored and shitted out at the frane 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 mothematical analysis).

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

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

interval .

1.6.3.1.

1.6.3.2

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 registes operates as a three input OR gate,
but only one input can be applied at any ore time. The two coders are
presently interlocked with relays in such a manner that only one coder
will operate at any one time with "Init A multiplexer.

The coders in the Study System ure now electronically irr. locked with the
digital muliiclexer also. Word counts from the word counters are céntin-
usously monitored  Should the next time slot 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 the coder inhibit circuit ar the beginring
of bit 4 so that the neyative 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




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 ond turns on
the coder inhibit flip-fiop.

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 1N9?16s, the resistors are 27K + 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 hcvé since
been increased to 45K) resistors minus 20% for tolerance, temperature, and aging is
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 hgg is at its
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minimum. Thus, with these conditions the programmer natrix 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 ihe digitel word gate.

1.6.4.1

1.6.4.2

The detailed interface schematic diagram of one bit of the digital word
gate is shown in (figure 16). This curcuit shows an assumed impedar.ce of
1K for either a logical "0" or a logical "1", and this input 1K resistance
is applied by a VgSAT energy gap of a PNP (Q1) for a "0" and an NPN
(Q2) for a "1". The nutput core driver interface shows a grounded
resistor (R3) and a PNP (Q3) emitter returned to -3.6V bias, which will
aflow 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 (5 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.

All of the voltages and currents shown in figure 16 reflect normal con-
ditions where the resistor values are exact, diode V¢4 = 0.6 volts, trans-

istor VBESAT = (.7 volts and transistor VCESAT = 0.2 volts. These are
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inadil

1.6.4.3

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 volts shown is the PCM system voltage at the output of the line filter.
The =19 volts and =3. 6 volts comes from the digital multiplexer bias
amplifier zircuit,

The maximum current flows through Q6 when the maximum voltage is
developed across the seven R4's in parallel; all seven R's and Rl's have
minimum resistance; all 7 diode VEd's (CR1) are miniwium; and when
VcgSAT 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 IC/Bor 5.17/20 - 259 microamps. How-
ever, if the programmer 48K resistor increases 10% to 74.8K and if

Q6 Ve SAT increases to 0,9V, the maximum current 240 microamps which
requires a Q6 current gain of 5.17/0.24 = 21.6. Since all of these
factors will not occur simultaneously, this curcuit will work properly down
to =10°C, 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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1.6.4.4

1.6.4.5

of course, is not necessary as the =109C margin is 35°C below the normal
environmental temperature, and 5°C below the specified minimum,

The maximum allowable interface input voltage for a logical zero is
shown in figure 17B. This value occurs when the input transistor VCESAT,
input resizior R1, and input diode V¢ are maximums and when the gate
resistor R4 and gate transistor VCESAT are minimums. Thus, the voltage
developed by the divider at the interface is -0.984 volts which resulted
in the 0 to =1 volt specification with 1K source impedance.

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 0.5
volts which gives the minimum =3.1 volts shown, [f the VpeSAT mini-
mum 0.5V then the base emitter junction forward bias point borderline

is =3.6 volts, and if Vg of CRZ is 0.4 volts, then the internal gate
voltage at the junction of CR1, CR2, and R4 is =4.0 volts. Sincea
known voltage is across R4, the current is established as -0.62 ma. Also
since the voltage of CR1 is a maximum of 0.8V, the voltage across R1

is known and since the current is known, Rl 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 ysed with the integrated circuit digital gates unless

the values of R1 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-helf of a digital gate is ploced 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 (with 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 teansistor. 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
gate resistor has been increased to 45 K + 10% at 25°C. Work is progressing on

increasing the practica! 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 September 1964.

See Appendix |l for final specifications.

Temperature Test Range for Proper Operation of Circuit: =10° to
25°C
Tansistors = Switching Circuit:
(1) Forward base-collector voltage drop = 0.7V max at 1 ma and 25°C
(2) Forward base-emitter voltage Vg min = 0.16V at 1 ma and 75°C
Vgg max = 1.1V at 1 ma and -20°C
(3) Saturated collector-emitter voltage VcgSAT min = 0.2V at 1 ma
and -20°C
VCESAT max = 1,0V at 10 ma
and + 750C
Leakage current !cpo max = 10 nanoamps at 20V and 25°C
Peak reverse voltage base colllector = 40 volts at 25°C
Maximum forward collector current =1. max = 10 ma at 25°C
Minimum forward collector current = 1. min = 1 ma at 25°C
DC current gain HFE min = 20 at 1 ma and -20°C
HFE max = 200 at 1 ma and + 75°C
Diodes
Forward base-collector voltage drop = 0.7 volts max at 1 ma and 25°C

Reverse voltage base-collector = 40 volts max at 25°C




P o ™

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

Forward current maximum = 10 ma ot 25°C

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 sectior must be floating with respect to
the other "N" regions.

The parasitic PNI’ beta from the resistor to substrate is @ maximum of
0.01 at 25°C.

Nominal resistance is 45 £10% at 25°C.

The temperature coefficient of resistance is 0.3% per °C max.

Maximum tolerance is 1:20% from -10°C to + 65°C.

Capacitors - Stray Parasitic

- (V2 +1=VI]+1)
et V2 - V1 ok (Equation 1.0)

where C=equivalent capacity
C,=zero - volt capacity
V1=minimum voltage across C
V2=maximum voltage across Co
and values for C are C ) = 9 pf max.
C;p = 6 pf max.
Collector of PNP to "P" substrate = 9 pf max.

"P" resistor material to "N" isolation regirn = 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 dicgram 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 strzy
parasitic capacitors on the input diode, CR7, and output diode, CR14, have
been added for circuit consideratiors, but are considered to ke negligible
in comparison with the operating speed of the Nimbus PCM. Capacitor
Cpo is approximately nine picofards and C, is approximately six pico-
farads. Since the diodes CR7 and CR14 are actuolly implemented by
NPN transistors used with open emitter circuits, the C, is effectively not
in the circuit, and the Cbc value of nine picofarads is only in the circuit
until the base-collector junction is forwaid biased. The RC time of Che
has a maximum of only 9 x 10=12 x (1K + 30K) = 279 x 10~% seconds or
RC = 0.279 microseconds. This RC time is affected by the stray input
capacity (which is unspecified), C4 capacity, anc ihe stray capacities
associated with Rl and Q1 which are considerably larger than C} . so that
with respeci to the entire gate circuir C, becomes negligible. Thus,
the actual gate reduces to the circuit shown in figure 19 wherein stray

capacities Cop and C . of diodes CR7 and CR14 are 1.cy4ligible.
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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 (figure21, 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 Rl (figure 21, View B).

Effectively, Rl becomes smaller by the amount of the stray PNP Beta.

_ =19 - (Ve Sat QI) - (-E;p) (Equation 2)
i R1 + R1 (PNP Beta)
RI (effective) = RI (Equation 3)

1 + Beta stray

Therefore, if Q16 has a Beta of 0.1, R1 is bypassed by 10R1 with an
effective decrease of 10%. With the normal range of tolerance already
+20% 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 formed 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 | 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. CI (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 Q1) 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+ Cé-C5 is the capacity of Rl to the "N" isolation region, and
Cé is the capacity of the "N" isolalion region to the substrate. With
Q3 eliminated, C5 and Cé are in series, and the 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 usec. Only stray C5 cap-

is critical. Assuming a Q3 gain of grieater 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 haif of R1 for the first few usec of every sample command
until C5 is charged. If the junction of CR7, CR14, and R 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

1.6.6.2

The 10:1 counter is externally synchronized by the programmer at the same
time the programmer counters are synchronized by the Time Code detected
| 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

10:1 counter, all four Time Code bits of a word are shifted into the four
stage shift register by the 100 cps @2, 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 stuges 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 tbe programmer,

Strobing of the digital multiplexer is entirely independent of the Time
Code storage circuits, as the Time Code storage circuits 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 durir.g 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 Jime 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.
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1.6.6.3 Because the Time Code word rate and PCM word rate are not compatible

1.6.6.4

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 ot @ much slower rate than the PCM output words, and a storage
device inust 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 Code five "1's" and resets the 10:1 counter.

The logic diagram of (figure 24) shows the Time Code logic. The timing
diagrams of (figure 9 and 25) show that the 10 bit positions of any 1ime
Code word occupies 10 milliseconds of time each. If a "0" is present,
only the fi, " *wo mulliseconds 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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1.6.6.5

bit 1ime. This transition is used to trigger the 10:1 counter. The first
bit position 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, ond 8
respectively. The last five bit positions do not contain Time Code data
which allows the programmer 50 milliseconds (approximately three PCM
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 @ 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 #2, 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 same for the Nimbus "A" and "C" clocks.

A Time Code buffer amplifier is used to change the input DC level to
make it compatible wit'l; the system logic levels and aiso 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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1.6.6.6

counter through an isolating diode gate. The 100 cps A2 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. |
The 10:1 counter uses a monostable for feedback reset to insure that all ’i
counters are reset every time because an "AND" gate detects the 5:1

count which would make it possible to reset one stage feeding the "AN™"

gate and remove the reset pulse before the other two stages are reset. )

invert er 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 a-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 the 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, and Q15, and the four stage 10:1
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1.6.7.2

counter Q16 through Q23 on A22. The Time Code signal is buffered and fed
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 dato bits of the ten bit Time Code word.
The counter enables the shift driver thereby providing five shift pulses to
the register. These five pulses shift out praviously stored daia and the

sync bit, and load the four bits of Time Code into the four stages. At ihis
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

resei 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.
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 %1V and have an output impedance of approximately
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1.6.7.3

1.6.7.4

40K. The outputs were designed to nu tch the shift register stages to give
uniform transfer characteristics. An inverted Time Code signal is also ‘ed
to the 10:1 counter. This output is dinde 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.

The shifi 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 *1") and
=11 21V (transfer of binary "0"). The differentiated spike is approximately
4V in amplitude. The output logic levels to the digital multiplexer are
0V -0.3V (binary "0") and =11V %1V (binary "1").

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 oft the bistables is by the differentiators
connected to the bases through the coupiing diodes. The 5:1 feedback

reset and the 1 cps reset circuits trigger one side of the bistables through




1.6.7.5

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 20.5V. The swing is limited to approximately 4V in order to
keep the base-emitter junctions from breaking down.

The 5:1 feedback reset monostable is triggered by the three input »+ND

R — R

gce*e. The monostable configuration is unorthodox due to the level require-
ments of the input gate and rhe reset line. Normally, both the PNP and
NPN transistors are off. When the AND is enabled, the PNP saturatas
supplying a surge of current through the timing ¢apacitor 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 ouiput 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:

22V (e-

R3s5

t
R3s5 Co

).

The 1 cps reset driver is a simple one stage inverter used to synchronize

the 10:1 counter with the PCM format.

TRTT O =PRI

it s
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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 0 270
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 3.8V 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
I ms. The | ms insures ample discharge 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
aliows 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 cps signals, they have different phasing. To obtoin a design
capable of using both clocks only the Time Code signal (MO) and the 100 cps
signal (YBI1) were utilized. These two signals do not change phasing with the two

clocks. The one cps 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 propogation 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
same and more uniform shifting action is achieved. The shift driver converts the 100
cps signal into an acceptable shift pulse. The phasing - € the 100 cps signal is such
that the shift transition always occurs within the log. 4l "1" data time of the pulse
width modulated Time Code. This phasing is unique ‘o both clocks thereby per-
mitting both to be compal e with the reset circuitry. The shift register is a

typical transistor 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 hiv (transfer of binary "1";

and =11V %1V (transfer of binary "0"). The differentiated spike is approximately

)




PP

4V 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 Q5, Qé, and Q7 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 characteristics to the shift register. The 100 cps shift driver Q3 and Q4 is a two
stage non-inverting device. The input signal swings from an upper leve! of ~1.5V
11.5V. The two transistor- are therefore referenced to the digital multiplexer bias
19V L1V to insure at least a 1.5V back bias turn-off voltage. The output impedance
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 output 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 Q1 to saturate. The input trigger pulse from the
onc cps detect gate is one msec wide although the 62.5:1 count detect gate can
have a pulse width of only a few microseconds. The diode, CRI2, is in series

with the base to prevent the breakdown of the base-emitter junction of Q2.
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 u’yita! multiplexer bias. The reset bus load is approximotely

\

13K giving a 10V output level.

N




{ 1.6.9

| N

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 O 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 ard 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 te 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.

Identification Format Bufiers. - The buffers (figure 29) provide frame identification

bits 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 class A in the off
modes while the output PNP stage is in the saturated off modes. High input imped-
ance is achieved with the 56K emitter resistors resulting in an input impedance of
bhee) (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 hiv (binary 1).
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1.7.1 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,  four input AND gate=in-
verter, a 300 us delay half shot, a 200 us strobe half shot and a strobe buffer. The
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 signcl to the counter string. The 300 us delay half shot C1, R7, RS,
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. [he pulse width is determined by the
R7C, time constant and is not particularly cirtical other than v ‘ng greater than
the shift and transfer pulse widths. Diode CR8 prevents current from flowing in

the reverse direction should the base-emitter junction of Q3 breck down. The 200
us strobe half shot C2, R, R10, Q4, and CR? is identical to the delay half shot
except aifferent component values are used to obtain the reduced pulse width.

The strobe buffer Q5, Qé, R11, R12, R14, is a two stage non-inverting driver
with both transistors normally 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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Q6. The output is common to all the matrix gate resistors supplying current ta the
digital multiplexer. Selection of 200 us for the strobe width was based on fiovidiag
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 inhibited 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 1s triggered by the
negative transition of the word rate signal. The method of inhibiting was, therefore,
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 clomped to the digital multiplexer bias
thereby keeping the inverter transistor off. If the flip-flop is in the rese! 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 transistor to
saturate and activate the pulsed power supply. The bistable and inverter are
referenced to the digital multiplexer bias since ti.ey aré commanded from the

matrix and the (-) word rate buffer. The bistable is direct coupled to accept the
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two msec set and reset pulses directly from diode matrix gates. The inverter output

is clomped on the up level by the resistive voltage divider R6 and R8 in order to

maintain the same 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.

1.2.3.1

1.7.3.2

The reference bias voltage is used in the core drivers to allow detection
between bir. 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
Y0" input level at the base. A binar, 1 will always turn on the PNP
stage because the reference level is more than 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
scherie a maximum of three diodes energy gaps plus VCESAT of the counter
transistor must be compensated to permit logic operation.

The configuration selected to obtain the two bias'levels has several

unique features. It iz basically two emitter followers and a constant
current source. The current source consists of Q2, Q3, R5, and CRI1.

The constant current is pulled through resistor R1 to provide the reference
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Figure 32, Bias Amplifier and Core Drivers Schematic Diagram
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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 buffered by the emiiter follower Q3. The circuit can be
easily adjusted for differeni levels by changing the resistor values of R1, R5,
and R13. In addition to providing two adjustable levels with a minimum of
components the circuit has acceptable 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:

(Vaes * Verl - Vssz)
Rs5

RI
E = -Var - Vert)

This voltage (E) has a positive temperature coefficient of:

(R1_+1) v/
) (1.8) mv/°C

and a dynamic output impedance of:

E RI
lo heg)
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The digital multiplexer bias voltage is described by the equation:

Vees * Verr Vee2 | tVees

E' = -24.5V (Fil.) + RI3
Rs

=22 + RI2
Ee 5 (Ver1? + Vaes

The voltage (E') has a negative temperature coefficient of approximately:

R13_+ 1) (1.8)mv/°C)
(R5)

and a dynamic output impedance of:

E R13

Vo "FE3

The above equations are approximciions ¢<ince the following assumptions

were applied:

Veer = Vaes

Veer = Vaes (temperature and load)
|C>lB]
123> g3

where lc - constant current

lBl base current of Q1

| base current of Q3

B3

h 1
FE—>
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1.7.4 Core Drivers. The seven core drivers (figure 32) replace the present modules C20

N

and C17 for driving the sync windings of the output shift register. The sync windings
can then be used to insert all the digital data into the output format. The core
drivers are similar to the previous dirvers except for the PNP input stage required

by the logic 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 "0"
never turns on the PNP transistor and a "1" always turns on the transistor. A two
stage configuration was chosen for the driver primarily because of the high leckage
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 a 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 o

"1" is read into the driver from the digital multiplexer gate, the PNP input saturates
supplying base current to the NPN output. The output stage also saturates drawing
approximately two ma through 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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1.7.5 Programmer Counters. The three stage 8:1 counter (figuie 33) and the ten stage

multiplexer synchronizer (figure 34) provide the basic timing signals to the program-

mer matrix ard to the analog multiplexer for generating the desired PCM format.

1.2.5.1

1.7.5.2

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 stiing
from one basic bistable design. Since the counter outputs now feed diode
matrix gates, it is important that transition times 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 stages
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 last four stages of the multiplexer
synchronizer are not reset since they only serve to count the 16 frames

of the output format.

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 RAD 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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since 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
overation of the circuits in view of the faster transistors. In some stages, a
resistor was in series with the feed forward lead. This resistor was removed
and oll 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 11V 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 of 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.

b.

e.

Matrix drivers.

Shift register.

Sync word generation.
Unit A programmer.

Word rate counter.

1.7.6.1 The matrix drivers were modified to make the analog multiplexer matrix

row drivers compatible with the 62.5 word subframe. Row 16 drivers in

both the A and B matrices are in the SET condition at the time the
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1.7.6-2

synchronizer counts are reset by the one cps subframe reset pulse. The
result of this is that row 16 is read out at the same 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 the "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 of 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.

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 Cl7‘ond C20 were removed from card 5B and the
shift register core windings previously used for subframe identification
were used for setting the digital datu into the register. The printed cir -
cuitry on card 5B was changed to connect C26-26 to #2, C25-7 and 20

to power supply cominon. Except for the connections listed belew, all
other connections remain unchanged. Printed circuiiry for modules C17

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
1, C25=3) . ittt e 1 Lit output
WY, CISNB . « 0550550 = % bwdor = ren 5 i 2 bit output
Fl, C25-5 .o it e 4 bit _utput
- 7% 8 bit output
#2, C25-1B . . . et 16 bit output
B CH8 sonsasssnasnnteinsissmps 32 bit output

C26-24. . .. 64 bit output

1.7.6.3 The sync word generation ciicuit was modified to provide a means of in-

serting a logic "1" bit into the 128 bit core of the sutput shift register

during multiplexer time slot 2 for purposes of generating the Nimbus B

frame sync word. This is accomplished by replacing Module M8 in the

"C" register with an M31 module and connecting the coder command

output from M31-4 to the coder command output from M31-4 in the "B"

register. This will insert a "1" bit for the fi:st two words of each sub -

frame. The procedure follows:
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1.7.6.4

! 1.7.6.5

a. Remove module M8 on card 9A and replace it with an M31 module.
(Pin layout is the same for both modules. )

b. Remove the wira un the internal harness frer: P2Y-17 to P19Y-31 and
inttall a wire trom P2Y-17 to PI9Y-28.

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 tha counters in order to synchronize
the counts to the one cps rate of the master clock. The count outputs trom
the synchronizer to the analog multiplexer will remain the some, i.e.,
both sides of the 2,4,64,512, and 1024 counts. In addition to these counts,
the digitol multiplexer will require both sides of the 8, 16, 32, 128, and
256 counts. A new printed circuit layout of card 10B is requiied to pro-
vide the following connections in addition to the present conrections.

a. A common reset line from the internal connector (either P35G or P36G)
to modules M23, M24, M25, and M26. This line will also be routed to
the 8:1 counter or coder card 5B.

b. Six additional leads aie 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 assembly
drawings in accordunce with new schemaiic drawings.

The word rate counter circuit is modified to bring out both sides of all counts

in the 8:1 counte: in the Unit A coder for use by the digital multiplexer to
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provide a method for inseriing 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 the coder turn-on line. The procedure follows:
a. Relay out modules C1 and C2 on card 5B to provide outputs from all
counts per schematic 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 outpbt to

bit rate inverter.

c. Relay out card 5B to bring out C1-4 to internal harness. Connection

from C21-7 to Cl-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
P24Y-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. The

synchronizer will then be reset by the 62.5 ‘vord count from the synchronizer counters.
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a. Add a jumper on the TME internal harness 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

cheonnels and the digital transient data storage channels.

1.8.1 Operation and Interface. = (See Fijures 35, 36, 37, and 38) Logic functions

to provide proper timing of the simulated clock signals are provided by standard
logic cards of the same type that are used in the PCM Test Set, RAD 600436.
Drawings and circuit descriptions of these cards can be found in Section 5 of
the Radiation Incorporated Nimbus PCM Test Set Instruction Manual.
1.8.1.1 Cards #1, #2, and #3 are standard logic bistable cards, RAD 1290-26.
They provide the synchronizing counts for gating out the Time Code
train. Card #1 is connected as a 10:1 counter and counts down the
Tkc from the PCM Test Set to 100 cps. Outputs of this counter are
used to provide synchronization of the 100 cps square wave YAI
output and the 2 millisecond "0" bit of the Time Code which occur
at the 100 cps rate. Cord #2 is a 10:1 counter which counts the 100
cps down to the 10 cps Time Code word rate. Cutputs from this
card are used to gate the Time Code data bits into the Time Code

output stage. These bits, which occur as the first, second, third,
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Front View, Chassis Layout Reset Butto
1 12|3|4|5]|6|7|8|9|10['1[12]13-14
0 ¢ o @ 0
- ’
¢ p
0 5 4 [ 0
L )
Time Code Switchel Bi-Level Switc@V\Outpuf Connector Jl
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
9 | 1297-25 Monostable Multivibrator
10 | 1297-30 Two-Input NOR
11 1297-46 Four=Input NOR
12 | ~=====- Bi-Level Simulator Switch Card
13
14 | ======= OQutput Amplifier Card

Figure 35. Time Code and Digital Simulator Chassis and Card Assembly
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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 #3 to provide either a 2 milli-
second "0" bit or a 6 millisecond "1" bit. The tenth bit of each word is
always gated as a "1" bit :xcept for the word following the frame sync
word.

1.8.1.2 Card #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 s:'~c bit occurs
prior to time code data word one.

1.8.1.3 The selected "1" Lit gating pulses are used to drive 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 YBI is phase shifted 90° with respect to YAl by mecns 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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1.8.1.5

1.8.1.6

output built on card #14, This circuit omplifies the 100 cps YB1 signal

to provide a positive level of 0 volts and a negative level of =23V.

The time code output amplifier provides a no load output of =5 volts during
bit time and 0 volts for the no bit level. The bit ievel is reduced to -0.8
volt with a 600 ohm load.

The reset button on card #14 provides a reset voltage to the counter stages
in the test equipment and the counters in the PCM Test Set to insure that
the 500 cps bit rate from the PCM Test Set is in phase with the test equip-

ment oufputs.

1.8.1.7 The digital transducer outputs to the PCM are simuloted by means of 7 dpdt

1.8.1.8

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.
The transient data transducers are si.nulated by the other pole on the same
switches which 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 1.0K resistor is provided through
the switch to the PCM transient data storage circuits. in the DOWN
position, the switch is tied to =1 volt through the 1.0K resistor. The
top switch on both the time code and digital simulator cards corresponds

to the least significant bit of the data word. In checking the PCM unit,
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“1" position al

the four time code switches should not be placed in the
the same time as this resulte 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 compati=~

bility in respect to the existing Nimbus "A" multi-coder. Briefly, these requirements are:

o‘

The addition of logic to provide a simulated Master Clock output to the muiti-crder of
the time code train signal {(MO) and the phase B 100 cps signal (YBI).

The addition of signals to sim.ate the digital bilevel and digital transient data inputs
to the multi-coder.

The additior: of logic to recognize the new 16-bi* sync word pattern.

The addition of logic to inhibit voltage comparison on the readout of the time code
word 63 which is now part of the sync word.

Simultaneous display and error detection of the six time code words.

1.9.1 Simulated Master Clock Logic. -The simulated Master Clock icyic is shown in

figure 39. Cards Al, A2, A3 and A4 are standard logic bistable counter cards
and are used to provide the synchronizing counts for gating out the time code word
train. Card Al is connected as a 10:1 counter end counts down the | kc from the
PCM Test to 100 cps. Outputs of this counter are used to gate the time code data
bits into the time ccde 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
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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 é-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 isa
continuous train of two millisecond intervals except during those times that a six

lll n

millisecond 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 levei. The 100 cps @2 (YB-1) is phase shifted 90° with respect to @ 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
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timing pulses for the first four bits in each word are gated into six sets of switches.
Each set consists of four switches carresponding;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 lggic is shown in figure 41. Cards A9,
A10, All, Al2 are connected as a 16-bit shift register. The steering
inputs of the shift register are the NRZ and inverted NRZ code from 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 sync 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.
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1.9.1.2 The logic diagram of the word inhibit circuitry is shown in (figure 42).

The Counts from the test set time slot and subframe counter cards 1A12,
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 slot 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 1A452.

1.9.1.3 The digital contro! panel interconnection 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

ll] "

should be remembered that all feur bits should not be placed in the
position at the same 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
"0" level of the switch position, the voltage level output is a worst case
condition of =1 wvolt. Inthe "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 1K resistor and the normally closed contacts of a tesi 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 bistable 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 same 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
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a magnetic relay type counter. During subframe 16,the storage and 1eadout

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

1.9.3

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 same external dimensions as the SC 18-2M.

A mounting panel KEPCO Mod RM 4 will be required for mounting the new supplie..

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.

below:

Quantity

1 each
4 each
10 each
12 each
13 each
2 each
1 each

1 each

Type
Power Driver
Shift Register
Bistable Multivibrator
Four Input NOR
Two Input NOR
Emitter Follower
Monostable Multivibrator

Special Amplifier
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The card breakdown is listed

Assembly Drawing

D1297-44
D1297-27
D1297-26
D1297-31
D1297-48
D1297-28
D1297-25

To be Drawn




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:

Quoantity

1 each

1 each

oooooooooooo

Description
Switch, D.P.D.T. miniature toggle

Swit h, 5.P.D.T. miniature toggle
Switch, {-P.D.T. toggle

Diode 1N192

Resistor, 1.8 K, 1/4w

Aluminum Panel 19 x2.75 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 #24

i stranded wire.
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1.9.5 System Test Set Modification Requirement.~ The 62.5 word subframe and 16 bit

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 AMD gated with
the appropriate word bits from the word count bistables to generate the sync word
011111011101 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
3A7A4A-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=N1 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 modifications 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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Figure 45. System Test Set Additions Logic Diagram (Sheet 1 of 2)
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rate improvement ot 2:1 using integrated circuits for the digital multiplexer
gates increases the P, to 0.8394.

1.10.2 Reliability Mathematics.- The underlying distribution to describe the failure

patternof any piece, part, circuit or subassembly is assured to be exponential
when used in a single mode, nonredundant application.

Probability of success:

- ,-Ai'

Where: P,

probability of success of circuit

failure rate of circuit

2>
[}

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-n P;
i=A
= PAPBPC . ..PH

Whe
re ) e"li ¢

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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1.10.4

1.10.8

1.10.6

means of measuring this improvement is readily available. Because of this, the
semiconductor failure rates do not reflect any improvement in reliability gain
with the bake program.

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 .

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.

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 follows:

a. Programmer Counters

b. 1 CPS Reset Circuit

0

Bias Amplifier

d. |. D, Burfars
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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 would 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 all 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
(coder being continuously inhibited and no commands to the analog

matrices), the three subcommutated digital words, ¢nd 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 syb-
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 -3—15-%9

F1, reserved for two subcommutated analog words, would be
vacant (loss of commands and coder inhibit).
c. A subframe 3 - 16, "lock-up" malfunction will cause the loss of
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,

word 63. This pulse drives a monostable multivibrator which gives a
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1.10.6.3

1.10.6.4

1.10.6.5

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 would

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 (Qé shorted

C-E in the time code buffer) and the count will probably be asynch-

ronous with real time.

This amplifier provides bias to the core drivers and digital multiplexer.

A failure will cause the loss of all digital data.

This circuitry buffers the output of the four stages in the 16:1 counter.

This output is in the form of a fram |.D. word (4 bits, W2/62.5, F1-

16). A failure -vould cause the loss of the frame identification word.

The most adverse failure mode would be that which would continuously

inhibit the coder, resulting in the loss of all analog data. The digitel|

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. AS5. A failure here could cause the loss of the three digital sync

words, W Jol 62,0 , F1=16.
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c. Ab. Afailure here could cause the loss of all prime digital data,

5,13,21,29,37,45,53,61
62.5

w

, F1-16.

d. A7. A failure here could cause the loss of the time code,

W 4,12,19,23,31,36
62.5

F1, the three subcommutated digital words,

w 522 17 F2, and the subcommutated digital storage word,

62.5

W23/62.5 F2.

e. A8. A failure here could have the same effect as in the Aé 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 resuit 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 latter would 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 would 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 cause the loss of one

bit in the digital word. 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 © 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 four 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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1.10.8

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 resuits:

a. The 2N495 transistor, Radiation Specification 100354-1 (manufacturer Philco)
was 1sed extensively. Since Philco no longer produces transistors, it is
suggested that the 2N2187 (manufacturer Sprague) be considered as a re-
placement.

b. The T2209 transistor, Radiation Specification 100330-1 (matched pair of
2NB862 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 IN74 integrated chopper in future systems,
which would fncreose reliability and improve performence.

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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t 1.10.8.1

1.10.8.2

—————

In respect to design, repeated timing malfunctions during high tem-
perature tests cf the prototype systems were the result of |eakage
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
systens. Erroneous bits were generated in the Output Shift Register
cuused 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 future systems.
During vibration tests of the prototype systems, several instances of
module pin breakage occurred. |* 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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1.10.8.3

The tension is increased with the additional stress of vibration,causing
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 contro!l of the module potting process to ensure proper
curing time and temperature.
d. Eliminate crimping of pins when soldered to the board.
e. Eliminate the use of weak component leads as module pins.
Numerous-system malfunctions prior to Acceptance testing and several
during Acceptance testing were atiributed 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 transformer 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 defecis 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 insulatior 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 jth test plus an insulation resistance test of the completed
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1.10.8.4

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 Pcwer
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 60%
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.

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
cortective action.

1.11 MECHANICAL.-Resuits 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
digital circuits. Additicnally, one card in the large stack, 5B, will require minor changes
to the printed circuiiry to reflect the changes in the 8:1 counter and to permit sync and
digital data functions 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.

1.11.1  Packaging Requirements. - The integrated circuits, supplied in flat packages,

ore 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 appropriate 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




talk.2

which have been previously punched for location over the protruding 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.

Pockaging 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 illustrated 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 modifizations be-
cause of module relayout. Table 6 tabulates module utilization. The present
type and quantity of 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:

a. Conductor Width. . ... .. . 0.020 inch

b. Land Width ............ 0.080 inch

G, Hola Szl o vicvsnvainmwan 0.035 inch

d. Circuit Spacing ... ...... 0.020 inch min.
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Table 6. Module Utilization Summary

Dig. Mpxr Pwr Strob1

New Module Old Module Ier. Per Location | Pins Utilized

Designation Replaced Module Contents System | Tray Card | Per Module

D-1 C-\7 Bias Amp & 3 1 5 B 10

Core Drivers

D-2 C-20 4 Core Drivers 1 5 B 1

D-3 C-1 Word Rate Counter 1 5 B Present & 3

D-4 C-2 Word Rate Counter 1 - 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 1

D-7 M-26 16:1 Count Sync 1 10 B 1

D-8 Dig. Mpxr Gates 4 18 A&B 40

D-9 Trans. Data Storage 1 18 B 1

D-10 Trans. Data Storage 1 18 B 10

D-11 Programmer 1 17 A/B 18
D=-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 0

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 1 17 A/B 9
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Table 7 Printed Circuit Card Utilization

Card Card Relay out Card Pins Utilized Connector Pair
Designation Card Number Designation Internal External
Coder 501292-52 5-B » .

Sync 501292-48 10-B 30 -—-
Miscellaneous 501292-49 16-A o 10
Miscellaneous 501292-50 16-8 * -—-
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 maximum allowable of -

74 pins per card.
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1.12 DESIGN PROOF TESTING .- Testing of the modified system wos only made to the extent

necessary to prove the feasibiltiy 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.)

1,02.1.2

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 digital 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.
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 circbit operation. The
evaluation test wasnot 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 -10°C and 65°C. Certain param. 2rs were measured, where
deemed necessary, to es*ablish 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°C and 85°C with
no failure it the system operation. No critical adjustments were re-
quired even under repeated operation at temperature extremes. Power
requirements increased by only 220 milliwatts.

1.12.2 Mechenical 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 structunal packaging on the chips. Two module chips
were mounted back to back on an epoxy-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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Figure 49. Vibration Tests (Sheet 1 of 3)
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1.12.3

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, 16 and 17 as follows:

a. Testl - 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. Testll - Rgndom vibration with a power spectral density level of 0.2
g“/cps over the 20 to 2000 cps band (20 g RMS) was applied
for four minutes in each axis.

c. Testlll =~ Sinusoidal vibration in accordance with the structural
simulation curve shown in View~ B was applied. Axes and
sweep r-te were the same as Test |,

d. TestIlV - A random vibration input spectrum in accordance with the
structural simulation curve in view C was applied. Axes
and exposure times were the same as those of Test Il.

The samples were vibrated along three axes at Nimbus specification levels
(Test | and 1) and then along three axes at higher levels (Tests 11l and 1V). No

apparent electrical or mechanical degradation resulted from these tests.

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' 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 modification
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 madulation 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 ;:aresponds 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° 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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Figure 50. Sine Wave Gating |llustrating Overshoot
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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
playbcck 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 described above; a split phase digital
method and feasibility of decreasing the distortion of the oresent gated sine wave
method.

The NRZ method of modulation, while considered to have the aptimum 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 arcommodate dc coupling « ¢
the modulation signal (Appendix VI). The second is that the ground station:synchronizer
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 signal
might prove to be the easiest modification to perform, but it was felt thai the anticipated

gain in signal to noise ratio was not sufficient to warrant cuncentroting 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. |t also offers
the advantage of having at least one amplitude 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 selectec s
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 signal. This type of recording permits
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 eitl'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 with

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
operation 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
rezording 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 on rhe signal onlyl
by 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
recurd amplifier uses large signal swings from a buffered flip-flop to saturate the
input stages. The saturating stages require more input noise energy than the
analog stage before recording naise on the tape.

1.13.2 Record Amplifier (See Figure 52) .~Transistors Q1 and Q2 act as gates for the

current sources Q4 and Q3 respectively. When Q1 safurates it supplies base
drive to the current source Q4. The current source pulls the record current

through the gate (Q1) and the record winding. Diode CR2 prevents gate Q1
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1.13.3

from also supplying base drive to current source Q3. To reverse the polarity

of the record current the gate transistor Q1 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
IN746A zener <.odes (CR3, CR4) which have a negative temperature coefficient
close to that of the base emitter junctions of Q3 and Q4.

Playback Amplifier (See Figure 53) .— Because of the recorder characteristics,

the playback signal cannot be used directly off the playback head. The square
wave is effectively differentiated by the playback action where E_ , of the
winding is proportional to _jTo . Furthermore, the playback winding acts

as a low ps 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 shaping circuit. The end result is a square
wave split phase M siénal identical to the recorded signal except for the 30
times increase 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 motor. The output of the amplification stage is
double ended to give ¢ positive signai and a negative signel. These two signals
are fed into the equclization networks, The purpose of the equalization retwork
is to compensate for the frequency charocterisiizs of the playback head. The
recorder playback response curve 1 (figuie 54) is shown to have poor respon:= at
the data fundamental freavencies of 7,5kec end 15 ke, Tha response of the equal~
ization network, (figu @ & curve 2, improves the respense characreristics so
that the playback is +0.5 db between 5«= ar.» ke, The playback response is
shown in curve 3. The outpui of the equalizer was observed to have high fre-
quency noise .ding on the signc! end occasional high peak impu.~ roise spikes,
Because tiie merhod of pulse sheping involved differenticting, the presence of
noise on the sigy..2! =5 highly n lesirable. Therefore, a high frequency RC
rollert circuit was inserted b tween rhe (~ua izer end the seccad amplitication
stoge. The second amplification stone provides the gain to inciease the equalized
signal to about 6y pp. It consist. of a single stage amplifier having a high input
impedance and a constant gain over the frequency and temperature ranges en-
couniered in the systam. The signa! from the second amplification stage is fed
to the peak detecting circuitry where it is clipped at about four volts and diff-
erentiated. The clipping reference is a simple voltage divider which is used to
bias rhe differentiator so that 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 o. .he signal is zero at the peak. The output has a
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Figure 54. Nimbus Recorder Frequency Characteristics
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positive slope at the zeiro 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 compensated and differentiated, a

positive trigger pulse is obtained for every peak of the playback signal. The

positive peak of the playback signal ccuses 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-

patible with any other type of recorded bilevel code such as NRZ or RZ type code.

1.13.3.1 The functional blocks of the amplifier (figure 53) are correloted with

the schematic diagram (figure 55) as follows:

f.

s

Differential input amplifier stage is QI and Q2 circuits.
Positive and negative equalization stages are Q3 and Q4 circuits.
Positive and negative rolloff stages are Q5 and Q6 circuits.
Positive ard negative output amplifier stages are Q7 and Q8
circuits.

Positive and negative peak dete.:tors are Q9 and Q10 circuits.
Clipping reference level are Q11 and Q12 circuits.

Output code flip~flop is Q13-Al4,

1.13.3.2 The differential 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




[ o1

SR2
4: [[_1.9

-24.%Vv

Ry
[r 4.3

as

Qas

100K

‘gnm Jgnr. 1¢é= [

100K IO.%I |

RG
12K

R4
100K

RIS
ICOK

§R|1 lc.e R2
5 \OOK To.oos rs'.»\

RIS as

/74

s




PARTIAL REF DESIQONATIONS ARE SHOWN,
FOR COMPLETE DESIGNATION PREFIX WITH
UNIT NO.OR DUBARSY DESIGNATION.

UNLESS OTHERWISE SPECIFIED,RES
VALUES ARE INOMMS ,£59% TOL gW.
CAPACITANCE VALUES ARE 'N MCROFARADS,

Qi

:
:
\
|
)
R22 Ra)
kN 3 ’IMIQ
SR28 -3
s'e.tk (=151}
)
it A3 Ci1a
Q.UF 1Mk O.CLUF
B | ey | —~W—iF
.,_@M
R2Z3
270
RO +| Ce 1.R7.r. R®O
SK 14.1 sleox 13

(S

A, UNLESS OTHERWISE SPECIFIED,
QU THRU GLIO A RE 1QOB23 (LNZ30),
QAIEAIZ ARE IODGET,
LI THRU La ARE ALADOIN 22-10%,
< —C PWR SUP COM
Rae SR
’41-& 4: 4TK
VA4 R42
R®4 a7k
00K S AN———0
R4O CODE OUTPUTS
47K
—VW—0
R37
Qs Qe SIOOK
L
cIs
0.0!
R4
< 8
R38®
190
>4 VWA———0 =24.%V SWITCHED

< 4.7

| R4
270

iz
=

—i—

Tcw 3r27

R3?2
> 320

La
IOMH

gmze 23

R332 o8
2%K

© PWR SUP COm

Figure 55. Nimbus Playback Amplifier Schematic Diagrom

172 -




- ——

1.13.3.3

46mv at 4,5kc to about 0.8 mv 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 ;he differentiol amplifier, a circuit gain of
approximately 50 is cbtained. The input impedance of the amplifier is
about 20k. Bias current to the pases 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.
The two equalization circuits, (3 and Q4, are used to improve the
poor frequency response of the recordrr. The equalizers are identical,
one being for the positive output signal of the diffei:ntial amplifier
and the other for the negative output signal. The equalizer circuit
consists of an emitter follower input, and an R=L-C network. The
emitter follower prevents the equalizer from loading the input ampli-
fier and also acts as a low impe’ .nce driving source to the R-L-C net-
work. The frequency response of the recorder befcre equalization is
shown in figure 56. This curve was obtained by recording a square

wave signal and measuring the playback signal. Figure 56 also shows
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1.13.3.4

the results of the equalization. This curve was obtained by using an
input sinusoidal signal heving 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 ofter equalization expressed in dec-
ibels. The R-L-C network has two major frequency characteristics.
The R8,C1 impedance begins a 6 db/octave decrease at the corner
frequency of 8.8kc end the L1,C2 circuit resonates at about 22kc. At
the lower frequencies the equalizer output voltage is attenuated by the
ratio of R8 and R? plus the impedance of the L1,C2 circuit. As the
frequency increases, ti.e shunting effect of C1 causes the impedance
ratio of R8,Cl to R9+ L1,C2 to be less attenuating. Increasing 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 Cl1 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 rolloff circuits.

The roll-off circuits Q5 and Q6 consist of ac-coupled emitter fol lowers

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 dc level of the equalizer

. outputs is about 1.5 v above the -24 .5 v switched level. The RC cir-

l . ]3.3.5

1.13.3.6

cuit of R18 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 tor the equali-
zation and roll-off circuits is shown in figure 54, curve 5. By using
the 48kc break, high freq;Jency noise on the playback signal is effec-
tively suppressed without aegrading the data response characteristics.
The second amplification stoges Q7 and Q8 are fed directly from the
roll-off circuits. They obtain dc bias from the emitter followers Q5
and Q6 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 C11 and C12,

The peak detection circuits and the code output flip~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 Q12. The

input signals from the second amplification stages are referenced to
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about 2,4 v abovethe -24,5 v level by the !” ‘o 100k voltage

divider. The emitters of the differentiators ar, ';sed to a reference

vo'tage so that the peaks of the playback signc ~in be clipped. This
\&
reference voltage is - »lished by the 390 oh: " ~sistor R32 and the

/
;e

25k pot R33 end is nyrfered by Q11 and G12. 1. clipping level is
varied with the pot so that a 2 v peak is clipped from the incoming
sig:il. The output of the differentiator is Eo = ﬂ%—where i = ER and
where E is the clipped playback signal and R is the 1k velue emitter

resistors of the differentiators. The output then becomes Eo = LR g-f— =

% . With a sinusoidal signal, the true peak is characterized by
having a zero slope sc that dE -0 ot the peak. The differentiator

dt
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 S.E_ =0 has a positive slope and the outputs are

t P op puts
directly ac~coupled to the flip=flop through C13 and C15. 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 phuse 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 Systen: Change Requirements. - Several changes in the NIMBUS system other than

the record ard playback amplifiers were required. These changes included deletion
of several existing modules, modification of the Time Code amplifier and the
combining network and replacing the RZ=-NRZ converter with an RZ to split phase
converter. A block diagrom of the present and proposed record-playback system
(figure 57) shows the only required change to the Mt;lticoder 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 split phase real-time signal. The changes required are
an increase in size of C2to .47uf and increase in size of C3 to 10 uf.
The combining network module 18 requires a reduction in the size of

bypass capacitor C1 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 phase on a "0"
output 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 convertar
used in the B Unit. Two signals are 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 couse another change of stote

ll] "

for each in the digital output code. The output of the bistable then appears
os a 500 cps square wave. |f there is no output from the output shift register,
which is @ "0" condition, the bistable will not change state at this time, and it
will appecr 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 wave. Emitter
follower circuits are employed to provide the drive current for the record ampli-
fier from each side of the bistable. A complementory emitter follower circuit is
utilized to provide the real-time output to the Telemetry Electronics where it is
combined with the 10kc Time Code signal. The negative level of the real-time
output is zener-clamped at @ negative 6.8 volts.
1.13.4.1 The new record/playback system will require changes in both the PCM
package and in the TME 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 replacas. The printed circuitry of card 5B will
require modification in order to bring out two additional lines to the
ex ternal harness connector from the converter module. The changes to
the Multicoder unit will require new module assemblies for the record
amplifier and the playback amplifier. The record amplifier module will
be accommodated in the same standard siz» module as *he one being
replaced. The new playback will require two standord size modules in
place of the single one previously used. There is adequate space for
the instellation of this extra module since the A unit modulator modules
and the erase oscillator module are being removed. The printed cir-
cuitry of the Telemetry Electronics module card will require a new lay-
out 1o accommodate the new record and playback module assemblies.
The relay card will not require changes as the switching functions ' 2=
main the same. The harness assembly between the Multicoder ¢:ad the
Telzmetry Electronics will require two additional wires for the two
additional outputs from the converter module. 1he harness assembly
between the Telemetry Electronics and the Tape Transport con remain
unchanged although there is no longer n requirement for the three leads

to the erase head.
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1.13.4.2

Test equipment modifications were required for both the PCM
Test Set and the TME 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 tran-
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 differentiated 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 Te-t
modification are listed below:

1 each 2 NOR card
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| each Differentiator Card

2 each Bistable Multivibrator Card

In order for the TME 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
ke 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" Rfol Time detector card 3A7A14-7 will be modified to
remove the 10 KC Time Code component and 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 would 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 a 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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Figure 61. System Test Set Split Phase Output Modification
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1.13.4.3

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 TME test set is a 6-poiv double throw wafer switch.

Testing of the new circuitry included design feasibility testing i
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 for veri-
fying compatibility with the ground station modifications.
Design evaluation testing consisted in making measurements
of various parameters to confiim the circuit performance.
Temperature measurements were made with the temperature
varied from -35°C to +85°C, as a safety factor, although
the design range was -10°C to +65°C. Measurements were

made of the gain stability of the stages in the playback
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1.13.5

amplifier and of the stability of the record current in the
record amplifier. Within the circuit operational range of
-10°C to +65°C 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 25°C. The combined effect of the gain drifts of these
different stages was an output signal of 5.9V + 0.3V, -0.1V
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 0.5 ma from the two current sources. The peak to
peak record current of 37 ma at 25°C represents 18.5 ma

from each current source. Figure 62 illustrates typical

circuit operation.

Madifications 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, TME Standby Clock
modification, and Relay Driver Wiring modification to the TME 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 "0",

JWAWA

View 8
View B is the output of the second amplification stage after equalization. Slight
irregularities in the waveform are due to clipping action of the peak detecting
circuits. Improvement in amplitude response is apparent.

SN\NANNN

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-phase = M, code=train phasing in reference
to unequalized and equalized playback signals, respectively.

NANNAM\

guiEgine

View F

View F also shows reconstructed split-phase data and unequalized playback signal.

SeEL L

View G

View G shows A unit real-time data and time=-code signal before addition in the
time-cocde amplifier.

yh=eritylaviald

View H

View H is the summation signal of A unit real=time data and time-code from the
combining network.

Figure 62. Typical Waveforms (Sheet 2 of 2)
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1.13.5.1

It would be advantagecus 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 monostablss. 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 an isolating
relay and filter network betwezn 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 ldcated 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 dc output from the relay contacts would then
be routed to a modified M32 module on card 1B. Since the
clock matrix command holds in the commanded relay for 60
+ 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 or greater would provide adequate overlap. In
the proposed circuit Unit B Activate command energizes the
hold-in relay v-hich applies the filtered -24 dc through a
390 ohm resistor to the 460 ohm coil of the latching relay in
mod-: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 approximateiy 70 microseconds
and maintains this level for the duration of the command
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 dc
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to maintain the voltage across the latching relay winding

at -1Z volt dc 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 s
the Unit B Command in the Multicoder unit and increase

reliability by deletion of the monostable in the reset circuit.

The deletion of the munostable 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 ot
changes to the printed circuit layout of cards 1B and 4A
addition of relay module to card 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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1.13.5.2

1.13.5.3

connector. Module M32 assembly will 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.

The Standby Clock modification provides short circuited
current limiting protection for the output transistors in the
100 cps outputs of the TME 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).

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 Multicader Power Requirements - Power increase over the

existing multicoder is less than 250 milliwatts.

b. New Packaging - External dimensioningwill 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 TME

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. !n -espect to economy it is a better alternative
than NRZ code originally piopused and capability has been demon-

strated by breadboard circuits.

. Split phase code circuits can be accommodated in the present TME

package with a net reduction of four modules because of elimination

of Unit A modulator requirement.

. TME power consumption by split phase modifications will increase

approximately 250 milliwatts.

. It is feasible to transmit the split phase signal using the present

Hughes transmitter. |t is also feasible to transmit Unit A real time

199




data in the form of split phase M signal using the Hughes transmitter.
e. With satisfactory performance of the system over the temperature range
and with no supply voltage changes greater than 0.5 volts the only
apparent fault of the 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 TME
circuit modifications previously described be made.

d.  Unit B output should be cavered 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 by 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 1illustrates 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 Stotion. 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 indizate 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 decision is made on each bit defining it as " 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 " 1" 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 signdl 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 digital-
to-analog converters. The resulting output is then 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 in accordance
with o 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 cif the gated sine wave type.
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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-
mation 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 videc 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. Schedules were so
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Pl N

1.16.3

1.16.4

1.16.5

arranged that portions of the system would be available for practical per-
formance testing and demonstrating the feasibility of proposed changes.

Recommended Decommutation Approach. - As part of the study program, the

necessary decommutation for the added digital channels and time code words

in the new format was investigated. Methods and detailed logic were proposed.
One method studied was the addition of an independent seporo}e 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.

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 piurt of the proposed digital decommutation
output. No demcnstration or hardware testing was proposed in this area of
recording and display.

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-
ment 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 be expected. Essentially this invol ed modification
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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 contert, 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
full cycle square waves, reversing phase for "0's". This gives a worst-case
candition 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 ver sus 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 for tests and final demonstraticn. 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.

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 operofi.onul checks to be made
in the existing format and ability to switch to proposed new format for further chetks.
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 bi;s (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!l "0's".
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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 decommutated 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 os described to a word count of 63, at which time the last
data word of that subframe 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
it is in correct position for correlation. This occurs at a word 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 same 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 C) for wiring change required. This in effect sets the word count to 0 plus
1/2 word. This necessitated routing of ti.e frame sync during search signal to
OR gate into the trame 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
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1.17.4

117,35

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 tkis 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 intervals 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.

Next it is necessary to reset a portion of the input register after the frame sync
pattern has passed its carrelation check in order to reconstruct a full seven bit
data word for the SFID four kit word. By routing a delayed SFID Read (figure
69, View D) from AS0E 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.

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 stages 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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1.17.6

1.17.7

bit ccunter to 1/2 word ahead by frame rate enables the inhibit signal to last from
word count zero iframe rate time) through word count 1 (at next WR-L1 and two
more bit intervals (next WR-L3). On the existing format the same logic only in-
hibits the OSR for word count zero and a word count 1 time correct SFID data is
read.

An additional timing change that existing logic accomplishes in the same fashion
is the gated word rate signal to the rest of the system. On A data operation,
WR-L1 is ruuted out as word rate. The reset of the bit counter 1/2 word ahead
deletes one WR-L1. The decommutator counts this word rate relating it to
proper v:oias. In the existing format it relates the first word rate received at
frame rate as associated with frame synch code, the second received as assoc-
iated with SFID word 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 | and the second word rate at word count 2. The present logic
will do this since it deletes the word rate (WR-L1) at the word count zero time
but not any other word count time by the advanced reset change.

After SFID data is read oui 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 read out 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 format 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 84 count) on the é3rd input. This enobles the word counter
to flywheel and check for frame synch by the scme method as with existing format,

1.18 MODIFIED BARKER FRAME SYNC COQE._ - (See Ref. 16, 17, and 18 Section 3). In
choosing a 16 bii frame 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 £1 bit be minimized, at the same 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 patternsAis available in the references. In the NIMBUS

format it is evident for maximum uniqueness that the word sync pattern be excluded

such that o worst-case data pattern with word sync would still give an Error indication.

Also initially a requirement was considered stipulating ..e first bit of the frame sync
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code be a "0" bit to be compatible with the generation of the word sync bit of the 63rd
word. The new format deletes the last 12 bits of the 512bit frame length and adds tke
remaining first 4 bits (0 word sync plus 3 data bits) of the 63rd word to the frame sync
code. By this means a 11-bit Barker word plus the first 5 bits of its compleinent was modi-
fied to exclude the word sync pattern. Plotting of various deviations from this pzttern
versus error information as pattern appeared slipped to either side of the correct corre=-
lated 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 formai, but
the Ground Station possesses the flexibility of selecting switch positions for correlation
of any pattern.

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 designated to
contain 1-bit (on/off func*ions) digital information channels. The Time Code data is
located in six subcommutated channels. Logic design was studied to sort and provide
routing to recorder and display for 84 single channels plus the Time Code. One approach
was to provide an independent digital decommutator assembly requiring @ minimum of
inputs from the system and capable of being packaged with its recording and display at
the system or remote. A second approach proposed adding another logic drawer to the

present system sharing timing and patching that is avai'able.
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NIMBUS PCM GROUND STATION - “A" FORMAT MODIFICATION

MINOR FRAME LENGTH - 62 1/2, 8-BIT WORDS

FRAME SYNC CODE = 011111011010001 10— DIRECTION OF ENTRY TO INPUT
SHIFT REGISTER

PATTERN SLIPPAGE Vs ERROR INDICATION

FRAME SYNC CODE PATTERN PLUS WORST DATA COMBINATION

MINOR
ERROR

DATA
COMBINATION

SLIPPAGF TOQ THE LEFT SUIPPAGE TO Tt.c RIGHT

BEST | WORST

161514131211 10 9 8 7 6 5 4 3 2 | G 1 2 3 4 5 6 7 8 9101112131115 16
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Figure 69B. Frame Sync Pattern Slippage Error Chart for Table 9B
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1.19.1

Independent Decommutation. = The independent Digital Decommutator assembly

would require the following inputs from the system; word rate, major frame rate,
subframe 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 Time 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 conrectors 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 Z1-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.
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Figure 70. Independent Digital Decommutator Block Diagram
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1.19.1.2  The Time Code serializing requires additional logic. Figure 71
shows details of the proposed approach. The time 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 information of seconds, minutes and hours are routed to the
stages indicated leaving "0's" in non-cddres.r:ed stages. An
internal clock with start, stop and rate control is used tq 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 soeed. 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 be
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. ldeally the spocing
between unlts and tens, and seconds, minutes and hours should be
clearly defined. A trace of the Time Code serial shift rate would
provide come advantage with minimum effort. A more beneficial

reference trace would require ancother serial shift register to
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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 sepaiate 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 atteched to making the Digital Decommutator a part of
the existing system; especially endeavoiing 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/Serializer Unit, the Prime
Channel Digital Decommutator Unit, the 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 wiring to

to the desired signals and wiring up an additional 32 hole section

of the existing Decommutator patch panel. The 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 three events marker channels by patching on the Decom patch
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
switchiag 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 may be lccated in the cab-
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 carry 90 wires
to drive 90 eveni markzrs. |f the drawer is located in the event

recorder cabinet, cabling wil! be required to carry 50 wires,
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119, 2.2

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.
The Prime Channel Digital Decommutator 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 carry word gate
pulses for word gates 5, 13, 21, 2%, 37, 45, 53, and 6'. On
the patch panel any of these word gates may be selected for
any of the eight groups of seven staticizing 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 resent
(Word 5) at the steering inputs of those register stages (and 1|
others) from the Group Synchronizer is shifted into the firsi
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 available into stati-
cizing registers where they are separated into 56 individual

bits (on-off functions) and sent to event recorder channels.
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1.19.2.3

1.19.2.4

The Subcom Channel Digital Decommutator unit (figure 73)
operates quite similarly to the Prime Channel 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:orkers. As in the prime unit, the seven pairs of normal and
inverted bit lines from the Group Synchrunizer are connected

to the steering inputs of the staticizing registers tc be shifted

in when transfer pulses occur. The basic difference in the sub-
comunit is that the transier 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 arz only
updated once per major frame by the subcom digital data, where-
as th. orime unit registers are updatec 16 times per mai;r frame
by the prime digital data.

The Time Code Decommutator/Serializer unit (figure 74) consists
of a parallel-to-serial converter with decommutation gates to
load it. The Tir.e Code data appears in subframe 1 with units of
seconds in Wor3 4, tens of seconds in Word 12, units of minutes
in Word 19, ten. of minutes in Wo-d 23, units of hours in Word
31, and tens of hours in Word 36. The decommutation gates rhat
ioad 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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1.19.2.5

mation isavailable. Other than the fiame and woid gate 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 stitl 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.

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 ot the Time Code data to facilitate reading it, and
the register circuiates 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 si:bframes 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.
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Table 10.  Circuit and Card Count for Proposed Digital Channel
Decommutator Subsystem:
132 CSR Circuits Require . ... .. 44 CSR Cards
148 Pi Circuits Require . . . .. .. 15 Pl Cards
12-Nor Circuits and 21 3-Nor
Circuits and 2 4-Nor Circuits

Requle . vvnsvvsnascnsnsa 4 3/4 -Nor Cards

82-Nor Circuits Require .. .... 12 -Nor Card

64 Cards total (to

be lacated 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 Brush 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 description. This unit has chart
speeds compatible with the Brush Analog recorders used in the present NIMBUS
Ground Station. The Brush Trans-Switcher iput switch circuits are proposed to

drive the event recorder and are considered a part of it. They provide solid
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1.19.4

state switching that the normal system logic levels will drive adequately. The
Brush specification sheet (Aproendix XI, Section 4) describes in detail these
input circuits. The Model " 340203 or 11340204 is preferred. These circuits
plug in the event record requiring no additional space or external power other
than input signal.

Time Code Display. - The Time Code will be recorded as a serial rrace or a

channel or channels of the eveni recorder. It is proposed that since a broad-
side output is available that a visual disolay also be included with a remote
output connection to route Time Code data to any other display 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 lamps. 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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1.20

1.19.4.2 A more sophisticated display panel would use "NIXIE" type read-

out lamps converting the BCD to unitary for easier rapid reading.
The miniature "NIXIE's" Model 104549-1 complete with con-
verter drivers and power supply easily package right on the
display panel are moderate in cost using two tubes per word for
a total of 6 "NIXIE's" required.

SUBCARRIER MODULATION STUDY. - Performance checks in the NIMBUS Bit

Synchronizer and cther Radiation Bit Synchronizers have indicoted that improvements

could be made to the bit synchronization of the NIMBUS System. |f 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-fo-noise improvement. This would be very close

to the theoretical optimum for RZ tyvpe signal. However an NRZ type signal offers

a theoretically 3 db better S/N performance ovei the RZ type signal. Thus ‘he

ground equipment study effort was first directed to investigeting the modification

required for the NIMBUS Ground Station to handle NRZ type signals. It became

evident normal NNZ type modulation presented combined problems (paragraph 1.13).

It was decided that split phase type modulation was actually an NRZ type signal

(one state for a "O" and the opposite of ¢ 1")and very nearly the same S/N

performance improvement of the Bit Synchronizer could be obtained with this signal.

1.20.1 Investigation of Handling NRZ/NRZi Type Modulatin. - Even though

split pt.ase modula tion is proposed, primarily for ease of implementation in

243

VLN s 41 s




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
modification and is more of a problem with NRZ signals where automatic
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 use a ctring 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 squel¢hes.
1.20.1.1 The present NIMBUS Bit Synchronizer (figures 78 and 79) would
require modification to by pass the input filter, add dc restor-
ation to the output oi 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 ieast 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

VCO ERROR

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 Ist 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! 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 butfer inverter, a differ-
entiator and 2 2-Nors 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 timing loop
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1.20.2.1 To use maximum number of data tra:sitions as sync information it
was necessary to full wave rectify the incoming signal (as is done
in B data mode) and sync the loop at couble the bit rate. This
was done by forcing relay control to AB3A-K1 to select A data
signal through rectifier A81 to the Level Detector portion of
Transition Gate A70. The Zero Crosting 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 routing sutput 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 AB6-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; CC
(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

1.20.2.3

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 ievel type where one phasz is a "0" and the opposite
phase is a "1". A split phuse mark type signal had been chosen where

a phase change indicates a "0" ard 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.

The first approach tried was to utilize a matched filter integrator. Past
tests 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 oppesite phase signal (see figure 82 for logic block diagram.).
The * peak detectors were used for dc 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 far 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 p .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. bince 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 C5k1. 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 clacked 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

1.20.2.5

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 1/2 cycle integrate of the gated sine wave signal. It
was noted that the addition of a second integrator operating off the
opposite phase of the timing would be a better apprcach 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.

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 purpese of this
desigr. was to insure that one integrate and dump circuit would integrate
alternate half cycles irrespective of the data pattern of phase ralation.
The other integrate and dump circuit would perform the same function on
"1's" (no phase chonge) except integrate over two consecutive polarity
half cycles every "0" (phase change). OQutputs of the level detectors

(woveforms 4 and 5) are compared differentially in two separate decision
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1.20.2.6

amplifiers biosed 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 timing for the window (sample) and once again involved
more complex [ogic than desired.

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-
cisionamplifiers 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 rate, regardless of data, there
wiii 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 each time a phase change occurs in
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1.20.2.7

the signal, This output is then routed to trigger o flip=flop with result-
ant outputs as NRZ1, The next step converts to NRZ in a conventional
manner,

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
perfermance. The addition of a second integrator and two more level
detectors (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, regord-
less of the phase of the signal and the clock timing, phase changes
would be detected through one logic path or t’he other, but not both.
Having the paths OR gated 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 (in fact the complete 540 3tation) was available at Radiation
for tests with NIMBUS new format data. (See Appendices X!| and XIl|
for description and specifications of the Model 4041 Synchronizer and
540 Decom.) The Universal Synchronizer accepts,as one of its standard
‘.aputy,spiit phase mark (SPM) data. A program was derived and man-
vo'iy inseited into the 54() System enabling it to process the new format
N'MBUS data. Test; wsre run using the breadboarded simulator and the
S/N test set-up .o Jotain /N pel\'formance data on the Universal Syn-
chronize; und simplified logic. The 540 System has 3 decimal displays
and | binary display. These were used to monitor decommutated -iata
for proper data conter*,

1.20.2.9 A brief explanation of the bit decision technique used in the Universal
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 1/2 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 signol. The bilevel 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 52,
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
same 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, ‘* is detected by a digital to analog weighting. The
level detector logic generates a control signal selecting the other
phase of timirn 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.

1.21 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 mu;t 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 controlling individual bits in any of the digitai 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,
1.21.1 Details of the modifications to the Simulator are shown in figure 93, Group A
logic changes indicate a me.hod 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 ofter 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 precedes 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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fixed frame sync pattern can be wired in as is done in existing system,or the 16
inputs 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 the new format, The new format can be wired in, of course, by merely by-
passing and deleting the switches,

Group D logic changes and waveforms explain the addition of an NRZ to split
phase mark (SPM) converter and necessary switching to provide a SPM modulated
video output signal in place of the gated sine wave. The normal NRZC dato is
sampled by one phase of the clock looking for "0" 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,

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. Te uccomplish this will require an
additional five cargsinthe simulator drawer: two 2 NOR cards and three switch
cards, Each switch card would have seven switches. One card would permit bit
by bit seiection 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.

1,22 STUDY PROGRAM FEASIBILITY TESTING CHRONOLOGY, ~Certain tests were demon~-
stroted before NASA personnel to prove feasibility. Basically, the output of the airborne
NIMBUS PCM Telemetry was recorded on magnetic tape, and these tapes were used as
input signals to the modified 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 modified. 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 offected by new format or modifications and
b. the sync acquisition characteristics with the new format,

Next the tape with the new format but the existing type signal (gated sine wc 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 dota on the airborne prepared tape was in the correct format,
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 subframe lerigth of 62-1/2
eight-bit words for a total 500 bits, subframe rate occurs at 1 cps and,with 16
subframes per major frame, gives major frame repetition every 16 seconds. The
use of split phase modulation offected both the control section (recognition of
signal to fire squelches) and the Bit Synchronizer. The squelch operation was
forced k- manual switching. The fact was recognized that analog circuit design
must be done on this section to optimize it for the new square wave split phase
signal, but this problem wos 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-
palibilities 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 (5/N) of the use of the
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
periods. The test set=up was chserved (figure 94) and the signal routing explained
to NASA personnel. The breadboard simulator was used to supply signals, and

waveforms were observed on an oscilloscope defining the various signals and timing.
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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 standord Decom station.

The output of the Universal Bit Synchronizer was routed to the NIMBUS Group
Synchrenizer and indication of "Locked" synchronization noted. The same signal
was routed to the breadboard modification to the NIMBUS Bit Synchronizer, and
o 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 signals. Present NIMBUS
system operation employes manual gain control and a dynamic input range of
around 3 to 1. However, poor tape playback signal was traced to "dirty" tope.
The Mincom was cleaned and the tape cleaned by several runs over a soft tissue.
The signal was once again satisfactory for system syrichronization and was shown.
The second demonstration was performed using an airborne section-made tape with
a continuous run of real-time "A" (500 cps) data. The slower data rate and con-
tinvous 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 decommutate the data. The Time Code channels were observed

and the time chonge at 16-second intervals noted. Then, using the test tape data

279




content tabulation, each prime digital channel 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
check 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 andreod out 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 datec was observed. Time Code and
two digital channels being decommutated were observed on the glow-tube display.
Operation here was limited to the "stored-A" data (15 kc) segments on the tape,
since breadboarded bit decision logic was set up for only 15 kc bit rate. The third
type of testing demonstrated was the method of determining signal-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° gave the bit error rate. Noise from the General
Radio Noise Generator v/as-passed through a 30 kc low pass filter to define the
noise bandwidth. Noise and signal were measured on a Bruel and Kjaer VIVM 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
synckronizer handling of thegatedsine wave signal. However, using the Univer-
sal Bit Synchronizer, $/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 noise 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 ke and 50 kc. The last tests demonstrated the method of obtaining sync ac-
quisition time data. The same 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 gate
on a lab counter counting an internal 1 kc clock. A signal from the <ystem
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"
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frame sync. The same test was run for word synchronization. The demonsiration
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.

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 an 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 ~anel and present system Decommutator assembly. The cnly concern in this area is
Iscation of the added Arawer. 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 punel in Cabinet 4.

2, Teletype Converter Drawer area in Cabinet 3. |f 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
cabinet with its event recorder.

The proposed Brush Recorder Model 14 3615 00 is highly compatible with the present .ystem

and will be satisfactory for recording and displaying the digital data and Time Code refer-

ence. A visual Time 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 than the present
system. Further investigation should be made into optimum "squelch” operation with the

split phase signal.,
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Table 11. Signal/Noise Performance Comparative Data

Format - New (62-1,/2 Word)
Woid Data -  Fixed=01010101 and Random
Signal - Split Phase Mark From Simulator

S/N WORD RATE
RATIO FIXED WORD RANDOM WORD

db RAD. B.S. - NIMBUS RAD. B.S. - NIMBUS
12,0 -0 - 7.15.107
10.1 - 5.64,1074 - 1.32.107°
3.0 - 5.38.1073 - 7.65.107°
5.0 9.3.10°° - 3.02.1072 1.47.104 - 3.65.1072
4.0 2.8.10° - 8.83.1072 2.92.103 - 9.8.10-2
2.0 2.42,10°2 - 1.94,107 2.46.102 - 2.23.107
1,25 4.94.10°2 - 5102 -

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 WORD
12 db 0 0

10 237,107 3.0.1074

8 332,107 3.4,1073

6 1.47.1072 1,42.1072

4 5.82.1072 5.7.1072

2 1.53.10”" 1.55.107!
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Table 12, Syrc Acquisition Comparative Data

Frame Sync Accl;uisition Time
E:cor Comp. Error 64 Word Format 62-1/2 Word Format
Switch Rate Frames Frames
High 0% 2,6 2,96
High 1% 3.9 3.68
High 10% 9.83 14.3
Low 0% 1.8 1.72
Low 1% 2.66 2,35
Low 10% 5.56 9.68
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SECTION 11
NEW TECHNOLOGY

2. NEW TECHNOLOGY.

2.1 GENERAL. - A basic improvement in the analog multiplexer would significantly improve
the over-all PCM telemetry subsystem characteristics since the multiplexer contains well
over two thirds the system circuitry .

2.2 REQUIREMENT FOR STUDY.  -The analog multiplexer basically cc:ists i @ memory gate
circuit (ferrite core transformer and a matched transistor pair) which is repeated 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 fypc’e of analog gate should
be 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,
it 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 analag multiplexer requirements

287




are in many ways similar, considerable advantage may be made of the work being done by
this Radiation Technical 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 wiil 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

Q.

. 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 the fixed
system voltages must be as high as possible otherwise the gating 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 nanoampere range . |f 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)

2.8.1 Optoelectranic Integrated Chopper Transistor. - The optoe'ectronic integrated

chopper, (figure 96) is basically a conventional integrated 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
i1s specified. Such a large drive current would impose a severe maximum collector
resistance requirement on the digital drive circuit transistor which is not readily
availoble with present diffused integrated circuit techniques. (Low resistance
collec.or 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 high.
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2.6.2 Unipolar Field Effect Transistor.~A P channel diffused unipolar 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 is obtained 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 copacitances 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 ti.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 value of 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 nanoampere range. The resulting
drive circuits are simple since the isolated gate need only be voltage switched for
the ON ond OFF conditions. Therefore, drive currents are minimal and power con-
sumpticr s 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 picofarad. 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 we || 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 matched chopper transistor gate is the
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elimination of the bulky, relatively unreliable transformers. Not only are most parameters
of the MOSFET superior to those of the optoelectronic chopper, but future development
will probably favor the MOSFET. Another advontége over the optoelectronic chopper is
simplicity of drive circuits and physical construction. Since "“e MOSFET can be built by
similar planar techniques used for normal transistor integrated circuits a complete micro-
electronic analog commutator is pessible.

2.7.1 Analog Gate Drive Requirements. - A basic MOSFET drive circuit is shown in

figure 99. Since the input signai 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 @ conducting channel from source to drain. When the NPN transistor stoF;s
conduction, the control gate will recharge 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 noisz is provided since the control gate requires at least

a two volt threshoid to the scurce before any source to drain conduction is started.
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Protection against ¢ -ervoltage negative input signals is provided by the MOSFET
gates since the basic body junctions are capable of withstanding 24 volts without
breakdown, damaye, eor excessive leakage. Thus, protection is assured for any
analog input voltage fiom ground to the negative supply voltage. With a small
modification in the buffer amplifier, the system would now be able to withstand these
overvoltages without domage. The MOSFET transistor can be operated with the source
and drain interchanged . 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 signal 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 supplied from the ana-
log signal source for each series conducting MOSFET in the single path. The simple
solution is to allow sufficient settling time before starting the coding process.
Presently this time is provided by a 110usec delay in the coder. Thus, for an eleven
time constant settling time a maximum 10 usec 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 charge and leakage
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currents have negligible effect on the input v»>ltage during the sample 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, $-G, G-D;
open G. All gates outside of a tier are protected,since any gate can withstand the
full negative supply voltage. Often the output of a tier of input gates is connected

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 similar

to that in the tier of input gates except o failure causes the loss of all tlhe channels

in an input tier or all the channels in the sequencer tier, which may be an undesir-
able large number of charnels. The probability of this second undesirable failuic 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 gates in the sequence:r tier. If
this drive limitation is used, the only failures in the sequencer gates that can effect

f more than a single input tier are 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
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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 memory 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 rote 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 pover
requirement may be met if leakage currents only are flowing during the OFF inte:ials.
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
NPN iransistor which serves as an AND gate in a row 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 synchro -

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 flip-tlops.
Theretore, memory is no longer required in the gat2 circuit. Power consumption
has been minimized by the low duty cycle power switching.

2.8.2 Circuit Details. - Figure 102 indicates the circuit details for a typical row and column

drive matrix. Any desired gate may be ariven by selection of its row and cuwumn in
the matrix. The MOSFET gate (figure 99) is driven by an NPN transistor which per-
forms the function of an AND gate. An cutput is provided when the emitter is con-
nected 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 ard column
drivers is provided by o six input AND gate matrix. This diode matrix is driven by
the NPN inverted buffered output of the existing synchronizer flip-fiops. Voltage
levels are maintained by biasing the six input AND gate NPN emitters a volt above
-24V. Positive voltage is switched to the flip-flop buffers and the six input AND
gates cnly 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 >f the
analog multiplexer are conducting with the exception of leakage currents. During
this period, the only power dissipated is in the base circuit of the flip-flop buffers.
A simple power supply circuit is shown in figure 103. The -19V is provided by a
capacitor which is charged through a series resistor, R1, directly from the input
power line. The zener diode regulates the =19V. Two series diodes provide the
-23V from the current through R2 and the six input AND gate NPN emitiers. An-

other AND gare provides the =19V switched output during the semple period.
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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
circuits 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 MULTIPLEXER CONFIGURATION. - The microelectronic analog multiplexer

configuration which performs all the functicns of the present Unit A multiplexer

becomes self-evident with a stud: of the logic diagram (figure 100)and comparison

with the schematic diagram (figure 102). A logic diagram for Unit B multiplexer 1s

obvious.

2.9.1

2.9.2

Note that the probability of a failure offecting more than 16 input channels
is greatly reduced, since any second tier sequencers for the sub-commutated
channels only has an input present when it is sampled. (paragraph 2.7.2).
The total power consumption for the microelecironic 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
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outputs. Comparison of this microelectronic analog multiplexer design with
design requirements indicate that all requirements have been met or exceeded.
2.9.3 During a redesign of the analog multiplexei many format changes couid be
incorporated. These changes could include the 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.

2.10 ELECTRICAL TEST RESULTS. - An eight channel MOS Analog Gate circuit was
breadboarded and tesred from -70 to +125°C. 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 importarice 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 sompled
transducer 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.
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2.10.2 After attempting to solder the MOS transistors in the breadboard, a problem

2.10.3

oon became apparent. Exces:: e |leakages were found in some units and
examingtion showed cracks in the insulating oxide between the gate and
subshate. 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 £ 75V transients. Since a picoampere of current

is sufficient to crack the oxide any high voltage transient from even a high
impedonce source can damage the oxide. Therefore, sufficient care in
handling and assembly must be taken to assure that overvoltage is not applied
to the gate. Once assembled, the gate is connected to the body or ground by
the return resistor Ry shown in figure 99 (typically 30K). Thus, the resistor
assures protection from any induced overvoltages.
Eight units were tested by measuring B-S and B-D junction leakuges with a
back bias of 25 volts. Gate to a common body, source, drain leakage was
measured at + 25 volts. The gate leakage was always iess than 1 picoampeie.
It may be noted that the increase in junction leakage curient was almost
linear to 10V and then appears to increase roughly exponenti~.ily. One
transistor was tested for junction breakdown which was approximately 150V.
A prime objective of the work Radiation is currently doing on the MOS
transistor in the Physical Electronics Division is to decrease the B-S and B-D

junction leakages fo- future critical low-level use. The presently available
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(’ units are more than capable of meeting the Nimbus high-level requirements.
2.10.4 Thz 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 rar e was -70°C to +150°C. Next, the units were tested with
zero or 25 volts on the jurictions and the following transient gate voltage to
simulate operating conditions: Normally +25V with 30 us at =45V, F.T
2 useq R.T. < 5 usec at 1 KC. The test was run 48 hours from -70°C to
+150°C. All units survived the tests and junction and gate lecl:ages were
negligibly changed.
2.11 MECHANICAL CONSIDERATIONS. - The new technology was sufficiently en-
: couraging to warrant an investigation 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 analog multiplexer design.
2.11.1 Assumptions. - Several assumptions were made concerning system make-up
to provide a base from which to define a new poclfage:
a. Use of MOSFET analog multiplexer with integrated circuit
drivers as detailed in paragraph 2.1 for Unit "A" end Unit
"B" multiplexers.
b. Inclusion of PCM Study System innovations as given in

paragraph 1.5,

T ——

c. Microelectronic digital gates.

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. Te achieve such dramatic savings in an already skilltully designed
package requires a relayout of the system. A standard Nimbus modiie 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
modules similar to those used in the present Nimbus systein. The integrated ciicuits,
which are to be supplied in flet packages, are to be mounted to small cards (referred
to as carrier ccrds). The carrier cards are 2poxy laminate cards with printed
circuitry on each side. Their size is approximately 1.50 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 appropriate printed circuitry.
Each carrier card in the Digital circuitry portion of the system accemmodates two
integrated circuit packanas, 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 ir: which each must be electrically connected into
the syster . Intercoriection lead wires are attached, and the carrier cards are
epoxy coated for protection purposes. The next higher assembly is achieved by

positioning four completed carrier cards into a holding fix‘ure so that the cards are
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all parallel and equally spaced with each other. Sheets of mylar with welded module
wiring patterns printed on them, wk.ich 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
are then foamed with urethane rigic 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 D1 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!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% voiume savings is a direct result of the ability io fit the

electronics onto 5.75 X 5.25 X .037 inch printed circuit cards. As in the

]
f
i

previous systems, the cards are of fiber glass base, epoxy resin, temperature
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Table 13 New Module Utilization Summary Digital Circuitry

New Module Old Quantity Pins Utilized
Designation Replaced Module Contents Per System | Per Module
D1 C-17 Bias Amp & 3 1 10
Core Drivers

D-2 20 4 Core Drivers 1 11

D-3 C-1 Word Rate Counter 1 Present & 3
D-4 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 11

D-10 Trans. Data Storage 1 10

D-11 Programmer 1 18

D-12 Programme 1 20

D-13 Programmer 1 19
D-14 Programmei 1 20

D-15 Programmer 1 18
D-16 Programmer 1 27

D-17 Programmer 1 26

D-18 Coder Contrc! 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

T
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Table 14 New Module Utilization Summary Analog Circuitry

New Module Old Module Quantity | Pins Utilized
Designation Replaced Module Contents Per System | Per Module
A-1 2 Inverter Packs 3 28
16 AND/NAND 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 85
8 Inverter Packs
A-5 8 Analog Gate Packs, 20 51
8 Inverter Packs
A-6 2 Analog Gate Packs 1 20

4 |nverter Packs
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Table 15 New Module Utilization Summary Coder Ciicuitry

New Module Old Module Quantity Pins Utilized

Designation Replaced Per System Per Module

CR-1A 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 ]

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-11 (2) C-10 )

Table 16 Modules Requiring Relayout

New Module Designation

Old Module Designation

M-27
M-28
M-29
M-30
M-32
M-33
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temperature resistance material with circuitry on two sides, electro-deposited
solder coated, and utilize plated through holes for the interconnections. The
repackaged system will consist of nine trays, 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 beth 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 inzh
Conductor spacing: .=12 inch
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2.13.3

In order to insure the proper tolerance and that the circuitry is of the proper
cross-sectional area, fine line etching techniques will have to be employed in
the fabrication of the cards. Although this technique requires about twice the
amount of process time as the normal etching does, it will assure that the

necessary line and spacing requirements are obtained.

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 Il| for performarce)

@ crrssgan v Pin requirements per card

B voio e s wn Physical size of the connectors
B 5w 8% 4% 3 Adaptability to the system

- . Reliability of the contacts

Bi camwis ®5ns Ease of insertion and remcval
B sspsannnsa 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 under development 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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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 subjected 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 t5 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 direcfior;.
Contact retention is the only hol !ing force. Since the proposed connector is
presently in the prototype stage of development, however, 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 wiil 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 meet 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

324




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 te ~ procedures for the MOS unit (Appendix 14) describe the stringent

procedure to be followed when handling a MOS unit.
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Table 17 External Connections

Pins Required

Function

502
125
125

F-N
—-ana-\l\wammwwwwnmommmommmmmnmg

— 0
O~O|
o

—
o
0
Qo

Analog "A" Unit

Analog "A" Unit: Redundant Lines
Analog "B" Unit

Digital

Digital: Redundant Lines

Time Code

100 cps

-24V (for Inhibit T.C.)

"A" Unit: NRZ Output

"A" Unit: Bit Rate Input

"A" Unit: -24V

"A" Unit: Power Ground

"A" Unit: Signal Ground

"A" Unit: Coder Test Points

"A" Unit: Analog Mpxr Test Points
"A" Unit: Sync. Test Points

"A" Unit: Digital Mpxr Test Points
"B" Unit: 5 kc @ Shift Output

"B" Unit: 5kec Mod. Freq. Input
"B" Unit: 10 cps Bit Rate

"B" Unit: (+) Emergency Operation
"B" Unit: (-) Emergency Operation
"B" Unit: (+) Normal Operation
"B" Unit: (=) Normal Operation
"B" Unit: (+) Read Command

"B" Unit: (-) Read Command

"B" Unit: Primary Power Ground
"B" Unit: Signal Ground

“B" Unit: -24.5V

"B" Unit: Coder Test Points

"B" Unit: Sync. Test Points

"B" Unit: Mpxr Test Points

10% Spare Contacts
Total Pins Required

Total External Pin Capability = (16) (6) (9) (2), or 1728 pins
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I1. CONSTRAINTS AND REQUIREMENTS

1.. Constraints

g 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) digital tape recorder, (e) reli-
ability of PCM frame synchronizer and the effects of such on the
directly related NIMBUS PCM Ground Stations and acceptance test equip-
ment.
1. STATEMENT OF WORK
The Contractor shall:
Item L. 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 I1I Reports as required by
"Specifications for Contractdr-Prepared Monthly,
Periodic, and Final Project Reports,'" TID-S-100 dated
[ August 1962 which is incorporated herein by reference.
[

1.1

1.2

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 abowve.

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%Z of the total estimated cost of the
contracts
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SCHEDULE

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.

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. The
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 Time-Code shall utilize six time slots in the subcommu-
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) prime 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 shall be provided should
the approach set out in 2,3.1, 2.3.2. anc 2.,3.3
above not prove feasible.
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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
chainels shall not be affected because of
failure 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 testing
of time-code and digital channels,.

-‘-
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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

2.8.2

Those studies pertaining to the airborne
equipment, excluding the digital tape recorder
phase.

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.

GOVERNMENT FURNISHED PROPERTY

1. The following Government furnished property will be provided:

(a)
(b)
(c)
(d)

one (1) PCM Multicoder

(1) Telemetry Electronics Module
(1) Raymond Tape Recorder

(1) Mincom Tape Recorder

one
one
one

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 1/2) 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 1I, 2.8.2.

PERFORMANCE AND DELIVERY

1. Schedule

Item 1.

Item 2.

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.

(a)

Type 1 Reports shall be delivered within ten
(10) days following the period reported.




NAS5-3787

SCHEDULE

Item 2. (b) A draft ol the Type 111 (Final Report) shall
be furnished within six (6) months from date
of award. The report 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 tzken 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 (2, copies direct ito the Technical
Officer by nawe, Code 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 will 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.

g % Y
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As used herein "technical ditection'" is direction to the Contractor
which fills in details, requires 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 specifications 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.

V1, 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
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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 should 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) cooies. An analysis of total
vouchered charges shall be provided 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 comnutation baced on
physical progress or rate of delivery of the completed item, the

basis for computing the fee installment shall be shown on the voucher.

IX. INSPECTION AND ACCEPTANCE

Final inspection and acceptance for all items shall be performed
by the Contracting Officer or his suthorized representative as named
in Paragraoh V abocve and shall be performed at Goddard Soace 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
reoresentative, subject to appronriate adjustment when final rates
are established in accordance with Clause No. |32 entitled '""Negotiated

Overhead Rates.'

XI. CONTENTS OF CONTRACT

This Contract consists of:

1. The Title Page (NASA Form 437)

2. The Schedule in seven nages

3. The General Provisions NASA Form 417 (1-63)

4, Alterations to NASA Form 417 (1-63)

5. Clause 66 entitled '"Contractor and Subcontractor Cost or Pricing Data"
6. Clause 86 entitled '"Accident Prevention"

7. Clause 88 entitled "Implied Licenses"

8. Clause 100 entitled 'Materials Reports"

9, Clause 104 entitled '"Stop Work Order"

10. Clause 132 entitled '"Negotiated Overhead Rates'

11. The Signature Page




The 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

//;t -—-/ méw

(SIGNATURE)

H. LEE TOMLINSON
(CONTRACTING OFFICER)

CONTRACTOR

ADIATI

(NAME OF COMPANY OR INDIVIDUAL)

By v ﬂ//dt v

e (SIGNATURE)

John W, Simmons

(TYPED NAME)

Director of Contracts
(TITLE)

Melbourne, Florida
(ADDRESS)

NASA FORM 437-1 (4/59)
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1l

1.2.4

ADMINISTRATIVE DAT.\

SCOPE

Purpose
The purpose of this test is to investigate the

opcrational rellability of the cubject integrated cir-

cult devlices 1or use 1n space electronlic equipment,

General Information

Description of Test Sample

An integrated four input digital gate,
Type I = An early prototype

Type II- A later improved version of the
Type I.

Manufacturer:

Radliatlion Inc. Piysical Electronics Division,

Part Number:

Radiation Part No., 106626

Quanity Tested:

27 Type I
35 Type II

Applicable Documents:

Specifications - Radiation Inc.
106626 = Integrated Circult Device

Standards
D=202 Test Methods for Electronic and

R
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B Electrical Component Parts

MIL=STD=750 Test Methods for Semiconductor
Devices [

1,2.6 Disposition of Test Samples:

Retalned by Rellabllity Components Group for

further evaluation,

152.7T Test Conducted By:

Radlation Inc. Rellabllity Components Test Lab,

1.2,8 Test Report Date:

January 22, 1965

2 ABSTRACT
’ 24 Summary

The subject lntegrated circult devices were placed
in an operational life test which simulated electrical
operation of the devices by applylng pulsed voltages
to the device in a manner similar tc the system power
supply and signal inputs., The 1ife test was run at an
elevated temperature of +85°C with a 6 hour subecycle

at -20°% performed five days out of every seven,

Ea:h device was monitored daily for functional
operation and end point measurements were made at

specified 1intervals to determine parameter degradation,

ﬁ‘
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Tk~ total amount of time accumulated on the devices
was 2821,6 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 investigation
rather than a qualification, the data was used only to
determine degradation and not to pass or faill devices

by predetermined limits,

Results

No catostrophic failures (shorted or open devices)
o:curred during the test program. During the daily
monitoring of the functional operation, degradation of
one Type I circult S/N 36 was noted, This circuit
displayed unacceptable functional characteristics at the
start of the test program, and therefore, further degra-
dation 1s attributed to an initial defect not t. a device

failure,

Conclusions

The results of this study show the subject integrated

:1rcult device to be stable and reliable for 1ts 1ntended

use,

-6
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E
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VCBf do = lma X
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‘R (CR7) VR = 30V X[ X| X| X[ x| x| X| X| X| X X
IR(CRS8) VR = 30V X| X| X| X| X| X X| X| X| X| X
Cib 5V 140kc X X
i Coh 5V 140kc X X
ivbc Ip= Ima, Ty =
+25°C -
Vie Ib= lma, Ty = X
-209C

-7




g1 1S 10t

T —

U. 5. BLUK PRINT PAPER CO. CLEARPRINT 10004 *

TEST PROCEDURES

Initial Electrical Parameters

The parameters specifiled 1In the oripginal revision
of the detall part specification were measured on thc
Type [ devices prior to placing these units on 1life
test. The Type II devices were measured to a revised
set of parameters since they were manufactured to these
parameters, Following the experience galned on the
Type I and II specifications the 106626 detall part
specification was generated to set forth the finalized
requirements., Hence, several different parameters
and conditions exist for the measurement of these
circuits, The listling in Table I detalls the parameters
tested, the conditlions used and the times at which the

measurements were made,

It should be noted that the detailil 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 rollecc-
tor, and the functional tests, and that the remalining
parameters be used to establish design guildelines,

For thils reason, and to gailn as much information as
possille, all units were placed on test even 1f they

did not fully meet all parameters,
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The functional test used for the purposes of this
study was to monitor the waveform at the collector
i of each transistor, The amplitude of the waveform
must pbe 20 volts minimum, This test was performed

on a GO=NO-GO basis daily,

. Operating Life Test

Seed The spe:lmens were placed in a chamber, and the
temperature was cycled between the high +85 degrees C,
and the low =20 degrees C, test temperature, Each
cycle consisted of 24 hours operation at the high tcst

temperature with the low temperature subcycle performed

-

durlng five out of every seven cycles, The low tempera=-

ture sub:ycle consisted of reduclng the chamber tempera-

2

ture at a maximum rate of 5°C/minute to the low test

| temperature, The low test temperature was maintained

| for 6 + 1/2 hour and the temperature was then increased

to the high test temperature at a maximum rate of 5°C/mlnute.
The temperature remained at the high test temperature for

the remainder of the cycle,

3e2e2 The units were subjected to a simulated switching

operation which provided a stress on the device equal

e

to that of the actual operation, During the operating

-9
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1lifc test, the input lines were bussed together to form
a single input, and the output lines were bussed together
to form a single output, Switching was performed at a

120 cps rep ra%e,

Fipure 1 shows a typlcal schematic and waveforms
applled to the device., Flgure 2 shows the schematic
of'" the waveform generator used to supply the voltage

for the 1ife test.

“oiee Life Test Cilrcult Operatlon

The waveform generator, Figure 2, places 0 volts
on the 1nput alodes and =22 volts on the output diodes
on cne hLalf of the operation :ycle and reverses the
-’ volta;;es for the other half cycle, The transistor 3
turned on with a strobe pulse during each half cycle,
Thus, current is drawn through each dlode on:e each
cycle, through each resistor twice each cycle and
throush the transistor twlce ea:h cycle, In addition,
each diode 1s subjected to a reverse voltage once each
'yele, 'The 1K resistors in seriles with the dlodes are
for the purpose of protecting the waveform generator
from damage in ~ase of shorts or catastrophic failures,
The 0B K resistor 1n series with the translstor base

i 1imits the strobe pulse current,

=12
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Zelel The end pointo were measured at intervals throughout
the test corresponding to 0, 100, 250, 500, 1000 and

ea:h subsequent 1000 hours, (Refer to 3,1 and Table I.)

T
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e O RESULTS

Three Type I devices falled to mcet initial func-
tional tests. These three devices did not have suffi-
:iently high collector =base breakdown voltage to pasc
the inltial electrical tests; however, they were placed
on test along with the good devices for additional
information, One of these units, S/N 36 showed further
depraudation between 570 and €600 hours., This has not
bezn coulnted as a device fallure since it was def'lnitecly
an initially defective unit.

Nine of the Type II devices were only partially
operative at the start of the test, but were also
placed on test for additional information, These
devices had elther low collector base breakdown voltaype,
excersive dlode reverse current leakage or both, These
fallurcs were also indicated by the functional test,
None of the ''ype II devices degraded from their initial
measurement,

The results of this test show that the units have
not been suffl:iently screened to eliminate electrical
failures prior to this test, Thls 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,

||f|4
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| The results also showed that of those cevices
which meet the initial electrical requirements, all
successfully completed the l1life tect under conditions
cqual to or morc severe than that expected in the

Nimbus Satellite,

=15
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APPENDIX 11l

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 vibration 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
was negligible, and contact resistance showed no significant changes.

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. Further 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'', light-weight, wire to card connector is needed. If this is done, a short
indoc trination period in the proper use of the specified crimp tools would be
undertaken to preclude any problems such as encountered in Card No. 1.

-2
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PURPOSE

The submitted miniature connectors were tested to see if

they could physically meet the vibration requirements specified

in Environmental Specification for Nimbus Systems, National Aeronautics

and Space Administration, dated 1962.

ADMINISTRATIVE DATA

Item Tested:

Manufacturer:

Manufacturer's Model Number:

Environmental Specification:

Quantity Items Tested:
Security Classification:
Date Test Completed:
Test Conducted By:

Disposition of Specimens:

Miniature Connectors

AMP Incorporated

Prototype

Environmental Specification
for Nimbus Systems, National
Aeronautics and Space
Administration, dated
December 19C2

18

Unclassified

28 September 1964
Radiation Incorporated

Returned to Engineering,
Radiation Incorporated
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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
contacts 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.

e
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TEST EQUIPMENT
ITEM MFG. MOD.
1. Power Amplifier Ling Electronics PP/20/2kL/C
2. Console Ling Electronics k-1004=C
3« Random Console Ling Electronics ASDE-80
k. Shaker Table Ling Electronics A-246
5. Servo (cycling) Ling Electronics §-C0-2
6. Oscillator Ling Electronics 8-C0-2
T. Tracking Filter Spectral Dynamics Corp. SD101A
8. True RMS Meter Ballentine 320
5. Oscilloscope Tektronix 54L5A
10. Type D Plug-In Tektronix Type D
11. Accelerometer Endevco 2213C
12. Amplifier Endevco 2614
13. Power Supply Endevco 2622
14. Sine/Noise Mixer Ling Electronics MA-2-A
1. Milliammeter Weston 901 )
16. Volt Meter Electro Inst

(a) Power Unit 3000 A

(b) Volt Meter 3500

(c) Preamplifier 3020Q
17. Constant Current Supply Radiation

P
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1.0 DESCR™ TION OF TEST SAMPLE

The minia“‘ure connectors tested were ten-pin connectors
measuring approxim.teiy 3/4" x 3/4" x 1/4". Six of these
connectors wers mountcd on a printed circuit card to simulate
actual test conditions and the contacts connected in series. Three
of these cards vere weade 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 considered

ambient conditions:

Temperature 259+10°C

Relative Humidity 0% or less

Barometric Pressure Local Ambient
2.2 Control Tolerances

Unless specified herein the meximum environmental control

tolerances held during the test program were as follows:

Vibration Amplitude +5%

Vibration Frequency +5%

Random Vibration Levels +3 db
=7
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Connectors Mounted On Printed Circuit Cards

Figure 1
'
7
(
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2.3 Measurement Tolerances

Unless otherwise specified the maximum 2nvironmental test

tolerances were as follows:

Vibration Amplitude +5%
Vibration Frequency +5%
Random Vibration +1 db
True RMS Voltage +3%
DC Voltage +.01 or 1 digit, whichever is greater
DC Current +.5% FS
3.0 ELBCTRICAL MEASUREMFATS
3.1 Contact Resistance

The connectors w:re subjected to a contact resistance test
prior to and et the corppletion of the vibration test.

Each card war individually set up to monitor contact
resistance as shown in Figure 2. With 10 milliamps flowing through
the circuit, the 1oltage drop of each contact was measured on one
of the connectors designated as a sample connector. There was
one sample connector per printed circuit card. 1In addition to the
individual ccntect resistance, the total resistance of the series
connectors on each card was recorded. The measurements taken before

and after the vibration test were compared for evidence of any change.

-9
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Volt Meter }——

Contact
10 ma :v

Milliammeter w
Constant

’ Current

Contact Resistance Test Setup

Figure 2

W Wl
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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 caange in contact resistance
during vibration was measured with a true RMS meter and an
oscilloscope. The readings recorded were the total voltage

generated from 6 connectors or 60 contacts in series.

-1
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Oscilloscope

®

_[ M?tﬁr ll_

-q———-—#—

J

Series Connectors

-
A
b=
I
|
)
|

Milliamneter (

_’ Constant w
£ Current

Noise Monitor Circuit Test Setup
Figure 3
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4.0 VIBRATION ENVIRONMENT

h.l Test Procedure

Each printed circuit card with six connectors was mounted
on a test fixture which in turn was rigidly mcunted to the
vitration shaker. Figure 4 is a typical test setup of the vibrati:a
test. Each of the cards were then 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 constant
octave sweep rate of 2 minutes per octave. The sinuscidal vibration
test was conducted in each of three mutually perpendicular axes as
shown in Figure 5.

At the completion of the sinusoidal sweep in each axis the
printed circuit cards were subjected to a random vibration test.
The power spectral density level during this test was 0.2 g2/cps
from 20 to 2000 cps (20 g's RMS). The random vibration input
was applied for a period of 4 minutes in each axis.

During the vibration test, the connectors were monitored
for noise generation as described in paragraph 3.2. Prior to and
at the completion of the vibration test, the contact resistance

of the connectors was measured as described in paragraph 3.l1.

=13
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Typical Vibration Test Setup

Figure U
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Definition of Axis

_Figure 5
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L.2 Test Results

At the completion of the vibration test, the connectors
were examined for any evidence of damage 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
iest 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‘=d noiee during vibration. When
checking the card, indicetion of a loose connection was observed;
however, none could be found. As a result, this card was only
" vibrated in the X and Y axes. It should be noted that the quantity
of potting compound around the leads from 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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APPENDIX

Test Data Sheets
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DATA SHEET

ST CowYac¥ Rasistawnce-Tuhal mre  9-21-¢¢

CARD NUMBER___OW&. ENGINEER__ X ,__M.Q

Total Series Resistance of Card: Q, 25 QL!,§ (Includes Lead Resistance)

Contact Resistance of one Connector on Card: _

Contact No. Contact Resistance (Milliohms)
* 4.0
. 3.5
’ 4-¢
) 4.2
g 4.9
6

4.0
1.9

4.0
? 4.9
10 3. 5-

(x

=18
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SATA GHEET

v 0t Vibgation Béudance Meos. mm__2-28 -¢4
cax o () v e BOINER. _ Q;Qe

Total Series Resistance of Card: 1- Rl abE . Includes Lead Res sience)

Contact Resistance of one Connectrr on Card:

Contact No. Coatact Besistance (Wijlichms)
1 e, 9
€ 4. b
3 L. T
L w3
) 3'7
7 L.o
: 3 1
J L,.é
10 u.il
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DATA SHEET
TEST Conte c N kol MTE 9-21-¢4
CARD NUMBER___ ] 4)© mvomeer__ K. Cale

Total Series Resistance of Cerd:__ 2,92 olwas (Includes Lead Resistance)

Contact Resistance of one Connector on Card:

Contact No. Contact Resistance (Milliohms)
i 3.6
2 . ..
3 4.0
: 3.3
. 3.7
° 3.6
. 7
8 3.1
e 3.7
o 3.7

Ll N
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DATA SHEET

Tﬁs'rﬁ,.-i Ubeit. ﬁe;.«,t.m Meps: mre  7-28 - €4

——— 7/
CARD NOMBER | \W OO ENGINEER kd%

Totel Series Resistarnce of Card: b 4 ¢\ e (Includes Lead Resistance)

Contact Resistance of one Connector on Card:

Contact No. Contact Resistance (Milliohms)
1 3.9
2 L.0
3 3.1
A 3.1
5 u-0
- y-?
7 3.4
8 s &
9 3.7
10 . 3

=21
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(
TSI Can}. . _Res. - Tuitial W 9-2]-64
CARD NMBER__ I hrege. ponrn__ K, Cola

Jotal Scries Resiatance of Card:__ 2.9 7 o\Ww g (Includes Lead Resistance)

{ ntact Resistance of one Connector on Card:

; 4.7

: 3,4

"’ 3.8

L 3.5_

' 3.9

» & 3,4
¢ 3.5

’ 3.3

E 4.3

10 3'/
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-

DATA GEENT
TEST {5- \.)'" QP'V e (W DATR ?‘2_6"64‘

CARD mm_“r\n Re € ENGINEER (. &—QR

Total Series Resistance .f Card: },Q} oh p5 (Includes Lead Res:stance)

Coutact Resistance of one Connector on Card:

Contact Wo. Contact Resistance (Milliobms)

1 2
2 3.2
3 4.9
* 3.2
? 3.1
° 3.3
: 3.0
| 3.4
1: i

3.3

"n-23
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DATA SHEET
msT_Vibratiows X Axis MrE__9-21-64
CARD NUMBER _ ONE. ENGINEER __ K, Cols
Static Noise Level:
RMS Meter_ 130 4V WS Oscilloscope_ % 200 4V Pk

Noise Level During Random Vibration:

*5 Meter  22.5 miliwoltsfme Oecilloscops_ 8.0 williyolts Pk
4_ Q #4 v M e ”

Noise Level During Sine Sweep Vibration:

Frequency RMB Meter 4y Ams  Oscilloscope v Pl
IS 130 <200
30 /90 22%
6o /40 .. R2§5
120 320 2000
170 §00 3,000
240 Soo . 2500
2y0 136 260
330 200 _eco
4t0 )60 225
9¢o 250 loro
1200 140 200
1700 < 100 £ 200
1920 4 /00 < 200

* PThe notse level during vibration in this axis varied between

these points.
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DATA SHEET
w W .
mst_\ibhaYiann X AxiS mre_9-21-€4
CARD NUMBER _ Jeig — A Y
Static Noise Level:
RMS Meter /50 4V RwS Oscilloscope_ < 200 w1 Pk

Noise Level During Random Vibration:

RMS Meter__ )/ & 4V RmS Oscilloscope. <& 200 AV Pk

Noise Level During Sine Sweep Vibration:

Fregquency €ps) RMS Meter Qns) Oscilloscope Pk
15 128 _4v L 200 4y fx
30 130
‘o ‘ 25 n

‘zo , ‘o B n

140 fo0 "

280 ns "

560 oo *

700 /00 "
2000 100 - \ 4
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DATA BHEET
50 VibreaYew X Ams mre__7-2|-64
cARU JUMRER__ ) Wre e pomer__ K, C{!-(
Static «oise Level:
WS Meter < |00 uy ]&\_ﬂhs Oscilloscope_ & 200 4V Pk
Noise Zevel During Random Vibration:
RS Meter < 100 2V RwmS Oscilloscops_< 200 LV Pl

Yoirr ‘evel During Sine Swveep Vibration:
Frequency £p$) BB Meter@/vims)  Oscilloscope(esv Pk)

'S £ 100 £ 200

30
6o
{20
240
4'%0
960
1920
20060 A 4 Y
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mesT_ Vibratiow Y Axrs

DATA SHEET

CARD NUMBER OV ¢,

DATE

9-2)- 64

ENGINEER K‘ Gﬂ'(-(

Static Noise weve..

RMS Meter 125 <&V Qw\;

Noise Level During Random Vibration:

RMS Meter 2 wallivg\ks Qws

Noise Level During Sine Sweep Vibration:

Frequency (cps)
\S
3o
35
60
120
1 €0
210
240
‘300
4 %0
600
yoo
%0
1180
1920

RMS Meter

130 uv
loo my
130 4 v
| ASy v
|60 yv
.8 VvV
8 e ALY
385 yv
130 4v
4o 4y
500 M v
| 8o 4 v
300uv
600 4V

Yooy v

Oscilloscope__< 200 4V ﬁk

Oscilloscope_ 40 yaV fk

Oscilloscope

R 00 v
L OO vy P
A00 4 v
200 Y4 v
Loo yv

-

200 M v
Il "~y
I vy
QOOQV

b yav
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[ _DATA SHEET
msr /ibeolon 1 pyyis prg_ 1-23 -€4
S 0
CARD NUMBER__ | WO e LY (/éf
Static Noise Level:
RMS Meter < | 0O :HZ £ms Oscilloscope & LOO A4 \/ Ph
Noise Level During Random Vibration:
RMS Meter < [QO Ay lg'mé Oscilloscope_ & 200 MLy t’s
Noise Level During Sine Sweep Vibration:
Frequency RMS Meter Oscilloscope
IS < |00 vKRS & 200 m y F-
.30 . I et
» __bo --.- .
[20 o LA
140 e e e
l* go ] "
760 A Lt
19 20 | -
2¢¢c0 ¢
=== Bl
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DATA SHEET
w5 _\[rbgatioy J A %1 mre__1- 23-6u4
CARD MMBER__| R e e BGINERR__ K %

Ctatic Nolse Level:

e Meter_ 400 Ay BMS Oscilloscupe £ 0o VR ¢

Noise Level During Random Vibraticn:

RMS Meter g 76 Oscillonccpe_io_%‘g )V F £

Noig: Zeve  Iuring Sine Sweep Vibration:

Frequency RE Meter Cscilloscope
s Leo tiv too_u v F
30 Loo . 6oo

6o L4ooO (Yo}

12.0 250 oo
240 250 600

ugo 250 o0

760 U460 900

19 2.0 Leo 700
200¢ 60 700

1il-29
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~DATA OHEET

TEST \/;LﬁnLU\ Z AQL'L.S__ DATE 2-2% —6¢ i

CARD NUMBER iw o EFGINERA K a—_ég

Stati: luise Level:

RMB Meter £ /00 kms Oscilloscope L 700 -«

noise Level During Random Vibratioa:
R Meter_< JoO RANS Oscilloscope_ < 200 Pk

Noise Level During Sine Sweep Vibration:
Frequency RE Meter Oscilloscope
S . < 10bmuv & 2004y
30 2 A
» 6o o v
- 120 ' "
240 2 '
440 :
760
/1920
2000

-~

111-30
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~DATA SHEKT

;nsg%f.gglu'u Z Hyls

CAR.: {'JMBEX 7 /1 e e

mre___7- 28-¢¢

ENOINEER H/ (14

dtat.c Juise Level:

RS Meter < 100 4y RmS

Nulse /evel During Random Vibration:
RMS Meter [ éQ y/e 4

woiue wevel During S8ine Sweep Vibration:

Oscilloscope__ < 200 4 v b

Oscilloscope Lo 0/1.4. %4

Frequency RE Heter Oscilloscope
s lbour 00 AUy
—30 1604 v 2004y
. lgco) lfg,ur J-aa,a.y
160 pew - 004
240 '& V
y 6o " :
T éo0 " /
1920 o .
‘9\ kc " 1"
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RELLASILIVY CALCULATION FORM

RADIATION DATE:

INCORPORATED

PPOJECT NO. 1858

UNIT TITLE: 1 C7S Reset
S/N:
COMPONENT N *5. %1070 | NA x10™ REMARKS
- i
Resistors,
MILR-11C 50 .001 . 050 < 10% Strass
Capacitors,
Ceramic 11 .001 L.011 < 20% Stress
Diodes (Si) 21 .010 .210 < 10% Stress
Transistors (Si) 17 .020 . 340 € 10% Stress

* BASED ON TEMPERATURE AND STRESS

L.""‘“ ; = A TOTAL (%/1000 HOURS)
= MTBF (HOURS)

R_277 (REV 2.04)
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RELIASILITY CALCULATIC.!! FOR

RADIATION DATE:
«INCORPORATED
PROJECT NO. 1858
UNIT TITLE: ____Time Code Storage
S/N:
COMPONENT N * X ]0'51 NA x10°3 REMARKS
Resistors,
MIL-R~-11C 72 .001 .072 ¢ 10% Stress
Capacitors,
Ceramic 17 .001 ,017 { 20% Stress
Diodes 'Zi) 2Y .010 .290 { 10% Stress
1 .019 .019 < 30% Stress
Transistors (Si) 23 ,020 . 460 { 10% Stress
* BASED O~ Tcm2ERATURE AND STaeu.
.858 = A TOTAL (%/1000 HCURS)

= MTBF (HOURS)

Ro277 (REV 2-04)
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N = n -m a— ~ wup " " -
L -E-LA ll—-“ Cf’ihCU&-u uuﬂOl\‘ LO ﬂ’\/\
RADIATION PATE:
PRC ~CT NO. 1558
UNIT \TLE: __Transient Data Storage
S/N:
|
COMPONENT N *Ax107 | NAx1073 REMARKS
Resistors,
MIL-R-11C . 43 .C01 .043 < 10% Stress
Transistors (Si) 15 .02 .30 < 10% Stress

|-

* BASED ON TEMPERATURE AND STRESS

l 0.343 = A TOTAL (%/1000 HOURS)

= MTBF (HOURS)

H.277 (REV 2.64)
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ATION FORM

RADIATION sl
PROJFCT NO. 1858
UNITTITLE: ____ 1, D, Buffers
S/IN:
COMPONENT *Ax107% | NA X107 REMARKS
Resistors,
MIL- R- 11C 12 .001 .012 { 10% Stress
Transistors (Si) 8 02 . 160 < 10% Stress
|
* BASED ON TEMPZRATURE AND STRESS
. 172 = A TOTAL (%/1000 HOURS)

Re277 (AEY 2e0d)

« 3

V=5

= MTBF (HOURS)

Ww‘ —



ReLIASILITY CALCCOLATION FSRM

RADIATION DATE:

SINCORPORATED

PROJECT NO. 1858
UNIT TITLE: Digital Multinlexer - Power Strohe
S/N:
COMPONENT N *Ax1075 | NA X105 REMARKS
1
Resistors,
MIL-R -11C 13 .001 .013 { 10% Stress
1 .001 .001 € 20% Stress
. Capacitors,
|  Ceramic 2 .001 .002 {10% Stress
Diodes (Si) 9 013 | .117 < 20% Stress
Transistors (Si) 6 .020 . 120 < 10% Stress

* BASED ON TEMPERATURE AND STRESS

.253 = A TOTAL (%/1000 HOURS)

= MTBF (HOURS)

R.277 (REV 2-04)
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RoLASILITY CALCULATION FCRM

RADIATION PATE:
PROJECT NO. 1858
UNIT TITLE: Coder Control
S/N:
COMPONENT N *Ax100 | NAx 107 REMARKS
Resistors,

MIL- R- 11C 8 .001 .008 { 10% Stress
Transistors (Si) 3 .020 .060 ¢{ 10% Stress
Diodes (Si) 5 .010 .050 {10% Stress

|
* BASED ON TEMPZRATURE AND STRESS
|_.118 | =ATOTAL (%/1000 HOURS)
= MTBF (HOURS)

Ra277 (REV 2..64) Iv_7




RELILZLVY CALCULATION FORM

( RADI. TION DATE:

INCORPORATED

PRCJECT NO. 1858

UNIT TITLE: Bias Amplifier and Core Drivers

S/N:

I
COMPONENT N *Ax10 | NAx107 REMARKS

Resistors,

MIL-R- 11C 25 .001 .025 < 20% Stress
7 .002 .014 € 40% Stress

. Transistor (Si) 17 .020 .340 { 10% Stress
Diode (Si) 1 .010 .010 < 10% 3tress

* BASED ON TEMPERATURE AND STRESS
L 389 = A TOTAL (%/1000 HOURS)

( = MTBF (HOURS)
Ro277 (REV 2-64) V=8




RCLIADILITY CALCULATION FORM

RADIATION DATE:

INCORPORATED

PROJECT NO. 1358

UNIT TITLE: Digital vuitiplexer Gate
S//N:

COMPONENT N *Ax10° [ NA x1073 REMARKS
Resistors,

MIL-R-11C 105 .001 . 105 ¢ 10% Stress
Transistor (Si) 15 .020 .300 { 10% Stress
Diode (Si) 210 .010 2.100 £10% Stress

* BASED ON TEMP=RATURE AND STRESS
2,505 =X TOTAL (%/1000 HOURS)
= MTBF (HOURS)

Rw277 (REV 2-64)

V=9




APPENDIX V

MOSFET SPECIFICATION

RAD 106510 (Semiconductor Device Set)
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3.1

3.1.1

3.1.2

3.2

3.3

3.4
4,

4.1

*Body lead shorted to source leod unless otherwise noted.

SCOPE

This document specifies the requirements for a high=relicbility five=gate monolithic MOS
fieid effect device for use in tpace slecironic squipment,

REFERENCED DOCUMENTS

RAD dwg 104113 Tromsistor, Generol Specificatjon f

MIL=STD 105 Sampling e o o o ctien by Atiribuses
REQUIREMENTS

Electrical “equirements.
Absolute Muximum Ratings® (Ref 6.1)

Source to Drmiin Voltoge, Vgps(body tied to source)s =40 volts
Drain to Source Voltoge, Vpss: =40 volts
Gate to Source Voltage, Ves: 450 volts, Vo= 0
Gate to Source Vollage (transient), Vgss: +50 volts, Vps=0

Total Dissipation, Pc: @259C Amblent: Y50 mw
Maximum Junction Temperature, Operating: +175°C
Storage: +200°C

Recommersdled Maximum Rotings® (Ref 6.1)

Source to Drain Voltage, VSDS (body tied to source): =25 volts
Drain to Source Voltoge, Vpss: =25 volts
Gate to Source Voltage, VGss: 25 volts,
Gate to Source Voltage (tronsient), VGss: =45 volts
Total Dissipation, Pc: @25°C ambient: 45 mw

Mechanical Requirements.
The units sholl be pocko.g-d in a fourteen pin flot=pack as shown In Figures 2 ond 3.
Marking.

Each unit shall be marked with the Rodiation port number, serial number, lot number, and
vendor symbl or trademark as minimum markings.

Lead Material . Material shall be Kovor with gold plate, 200 u-in. +100 u-in.
QUALITY ASSURANCE PROVISIONS

Qualification Inspection (Ref GPS 4.4.5)

UNLLSS OTHERWISE SPECIFIED
DIMENSIONS ARE IN INCHES, h O

SIZ€ REV |

TOLERANCES

FRACTIONS 2 1/84; ANGLES i
DECIMALSs J PLACE . ,008
2MACE: .2

RADIATION A

INOCORPORATED

—

106510

CODE IDENT NO. 91417

R-440-1




4.1.1

Group 1 = All Units (85)

Parometers shall be measured at 25°C +2°C. unlems otherwise specified. No follures

ollowed for porometers s> noted; total of 1 failure allowabls for all other tes*« noted by

numeral | in Table |. Body lead is shorted to source lead unless otherwise noted .

TABLE |
Failures
Test Symbol Conditions MIN| MAX| Units| Allowed]
Drain to Source Breakdown | BV ¢ VGgs=Vps=0 =40 volts 0
Voltage Ip=1 w.ibf 6.3)
Source to Droin Breakdown | BVsps VGo* Vsp= 0, -40 volts
Voltage lg=1 vo 0
Gaote Threshold Voltage VGST In=10 W'VGS-VDS' «3J | =6 | volis |
G =0
Drain to Source Leakape lpss) VGs=0, Vps= =25V 0.1 | no 0
Current (Ref 6.3)
Drain to Source Leakage lpss2 Vace=0, Vps=-25V 5.9 | no 0
Current TAG}WC (Ref 6.3) ’
Drain-Body and Source IBD+8S VGs=Vps=0, Vp= 25V 10 no 1
Body Leckoge Current TA= *85%
Gate Input Resistance Ris VGs= =20V, Vps=0 1013 ohms 1
Dynamic Drain Resistance re Vgs= =20V, Vps=0 1500 | ohms 1
ON Current ISps Vps= -5V, VGs*= =20V 1.0 mo 1
Source Capacity C, Vo= Vps= VaG=0, 2.0 | pf 1
(Source=Drain + Source=Body Vg= =5V .
+ Source=Gate)
Drain Capacity C VGs*Vea®Veaa™ 0 2.0 | pf 1
(Drain=Source + Drain=-Body d Vg- - o
+ Drain-Gate)
Drain to Source Copacity Cas V.‘ VG- +#V, Vps=0 2.0 | pf |
Gate Capacity Co VG= 8V, Vps=Vpp= Vsp=0 3.0 | pf 1
L ——————
LNLESS OI(hwik SHCIND 8zt REV
DIMEN N :
TousAncts &% raorarion | A 106510 A
INQORPORATED
15CTIONS 2 1/84; ANGLES 2 1°
A 1 CODE IDENT NO. 91417 SHZZT 3

R-460-1
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4.1.2 Group |l (Ref GPS 3.5) = 45 Unin

TABLE Il
4.1.2.) Subgroup 1l () = 20 Units
GPS
Test Follure-
Para Test Allowed
4.6.20.1 Temperature Cycling
4.6.20.2 Thermal Shock
4.6.18.3 Hemetic Seal
4.6.25  Vibration Variable Frequency (40G level) |
41.2.2 Subgroup 11 (b) = 25 Unin
4.6.32 Storage Lifs, 150°C
4.6.20.2 Thermal Shock
4.6.23 Shock 1
4.6.22.1 Acceleration
4.1.2.3 Group I Post Test End Points {Conditions as specified in Poro 4.1.1).
Drain to “ource Leckoge Current, Ipcc;t < 0.1 no MAX

Drain=Body and Source=Body Leakage Current, I3pigst << 10.0 no MAX

Gate Threshold Voltage, V eyt =3.0VL VGs71< 6.0 voins
4.1.3 Group Il = 40 Units

Operoating Life Test per Figure . @ To=100°C, free air  Ref GPS 4.6.33
4.1.3.1 Group |1l Post Test End Points (Conditions os specified in Pora 4.1.1;

Drain to Source Leakage Current, Ingg:: < 1.0 na MAX

Drain=Body and Source=Body Leckoge Current, Isp+as: <10.0 na MAX

Goate Threshold Voltage, V1! “3.0V=Vger< =6.0 volts
- REV |
SERSTE, | 7S
TOLERANCES d- ' RADIATION A 106510 A
INCORPORATED
F5ACTIONS 2 1/64; ANGLES 2 °
B § 3 CODE IDENT NO. 91417 SHEET 4
1-440-1




4.2 Acceptance Inspection.

4.2.1 Screening (Ref GPS 3.5 ond 4.5.1) Read and Record
TABLE Il
GPS
Test Acceptaonce
Pora Test or Conditioning Conditions Criterle
4.6.18,3 | Hermetic Seal (Ref 6.2) Helium or Radiflo % 10~ ce/rec
4.6.22,2 | Acceleration (Ref 6.2) in Y1 axis only No shorts or opens
4.6.1 Viwel ond Mechanicol
Drain to Source Leakage Current, Ipcsy [ Vgs= 9, Vps= =28V < 0.1 no
{ fREF.6.3)
G ate Thre hiold Voltoge, Vst Ip= 10 wA, Vgs=Vps, | <3.0V MIN
| Vig=0 6.0 V MAX
Aginp, 736 houn Vg™Vp=0, Ta= 100°C
Vs. VD' =30 volts
Drein to Source Leckor  Cvv.¢, Ipgsy| VGs=0, Vpg= =25V < 0.1r0
0SS (Rere.d) O
Gate Thru:hoid “/>lioge, VGST lp=10 vA, VGs*Vps, =3.0 V MIN
V=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 requirements of Table IV.

TABLE IV
Test Symbol Conditions MINT MAXT Unirs
Drain to Source Breakdown Voltage| BV pgg VsV <= 0, Ip=1vA, =40 volts
(Ref 6.
“ource 1o Drain Breakdown Voltoge| BVgps Vep™Vep=0, ls=1vA -40 volts
Gate Input Resistonce Ris VGs= =20V, Vps=0 - 1013 ohms
] REV |

UNLESS OTHIRWISE SPECIFIED
DIMENSIONS ARE IN INCHES,

TOLERANCES
FAACTIONS 2 1/64; ANGLES 2 I*

DECIMALS: ) PLACE Z ,008
2 PLACE ¢ 02

il

CODE IDENT NO. 91417

E) raoraTion| A

INOCOmMPORATED

106510

R-460-1
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TABLE IV (continued)

Test Symbol Conditions MIN [ MAX T Unins
Dyncmic Drain Resistance |- d Vgs= =20V, V=0 1500 | ohms
ON Current lsps Vps= =5.0V, Vgg= =20V 1.0 ma

J
4.4 Group B Inspection (Ref GPS 3.4 ond 4.5.2.2)

Sample size sholl correspond to an AQL of 0.065, P(A) +0.95 ond o LTPD ¢f 1.5,
P(A)=0.10 as defined in MIL-STD=105.

TABLE V
Test _ Symbol Conditions MIN| MAX | Units
Drain to Source Leakage Current lDSSZ Vgs=0, Vps= =25V, 5.0 | no
Ta= +85°C (Ref 6.3)

Diain-Body and Sourcs -Body l8D+8s Vgs=VDs=0, Vp= +25V 10.0 | na
Leukoge Current Tp= +85°C ’
Source Capacity - Voo=Vpe= Vag=? 2.0 |pf
(Source-Drain + Source-Body ’ Vg= =5V LA
+ Source-Gate)
Drain Caopacity C VaeVea=Veap=0 2.0 | pf
(Drain=Source + Drain-Body = Vgé - o
+ Drain-Gate)
Drain=-Source Capacity Cas Vp= VG- +8V, Vps=0 2.0 | pf
Gate Capacity C‘ Vg= 8V, Vps= VD.- Vsp=0 3.0 | pf

UNLESS OTHERWISE SPECIFIED $iz RE

DIMENSIONS ARE IN INCHES, r A

TOLERANCES Q RADIATION A 106510
INCORPORATED
-ACTIONS 2 1/84; ANGLES 2 1®
AL macE S @ CODE IDENT NO. 91417 sHEgT 6

redy -l




: 4.5 Group C Inspection (Ref GPS 3.5 ond 4.5.2.3) ‘
& One defect ollowed in eoch subgroup.
TABLE VI
GPS
Test Sample | Limits
Paro Test or Examinaticn Size Symbol MIN  MAX Units
4.5.1 Subgroup | 15
4.6.20.1 Temperature \_ ycling Ipssi 0.1 na
4.6.20.2 Thermal Shock
4.6.25 Vibration, Vor Freq(50 G) lsD+8s 10.0 na
4.6.18.3] Hermetic Seal (MIL-STD-202, GST =3.0| =6.0 volts
| Method 112, Cond B)
4.5.2 Subgro.p Il 25
4.6.32 | Stoiage Life, 150°C Ipss1 1.0
4.6.20.2 Thermal Shock
4.6.23 Shock I3D+8S 10.0 na
4,6.22.1 Acceleration Vest -3.0{ =6.0 volts
4.5.3 Subgroup 11l 25
4.6.33 Operating Life (per Fig. 1, lpssi 1.0 na
1070 hours) T, = 100°C Ipss2 10.0 na
| 10.0 na
JGS‘ =3.00 =6.0 volts
5. PREPARATION FOR DELIVERY
5.1 Ref GPS 5.0
5.2 Units shall be pocked in containers marked "MOS Field Effect Device=Spectal Hondling
Required”.
6. NOTES
6.1 Absolute maximum ratings are those ratings which if exceeded may impair the serviceability
of the device. Recommended maximum ratings are the maximum rr.rings recommended for
equipment reliability requirements.
6.2 Performance of thess tests during normal manufacturing and testing shall be considered
conformance to these requirements.
UNLESS OTHERWISE SPECIFIED 8iz -
DIMENSIONS ARE IN INCHES, ’ ‘,;) A A
TOLERANCES RADIATION 106510
INCORPORATED
FRACTIONS 2 1/64; ANGLES 2 1*
O S aACt: CODE IDENT NO. 91417 SHEETY 7

A=480-1
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REV |

FRACT.ONS 2 1/64; ANGLES 2 1°
DilimALS: ) PLACE . 008

2PACE: .02

6.3 The five common drain currents may be averaged for maximum leckage. Do not exceed
40 volts during the test for breakdown voltage .
6.4 All transistors must be on common substrate utilizing metallized interconnections except
for singular bond connections to pins.
GROUND GATE WAVEFORM: 0.5 usec teo tf Jusec
3 D Pulse Width =50 usec +20%
"_’? Pulse Rep Rate =1 KC +10%
.GF.
G 0 volts
25V ¢ =
Ol
-45V
ION.
Figure 1 = Operating Life Conditions
0815
52 o
Yyl
53 o— 10 f Di.s
% o vir
S
)
5
> [ A
o o o o l
G G2 G G4 Gs
Figure 2(a) = Electrical Configuraticn
.Mus‘omsnx:!u S'l!:c“.i:: s m
DiMENSION IN G
roLeaancts O, raoraTion| A 105510
INOCORPORATED

CODE IDENT NO. 91417

SHEXT
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Di.s S, Sp S35, Ss

]

131211109
14 8
TOP

Pins 1 and 8 not connected.

7
S 6

|

G) 62636465 Byus

Figure 2(b) Mechanical Configuration

N
| &
»

o doticn w——31 -
e R . B | T——— +
017 +,001 r — 1= 2 oo
— 050 aq¢—— .00
— .02) +,004
.060 i L v, IR,
P
.004 +.0005
Figure 3 Outline Drowing
All leods are evenly spaced.
UNLESS o:-um!u su:féuo SIZE REV
DIMENSIONS ARL IN HES, ’
TOLERANCES O ' RADIATION A 106510 A
. . INCORPORATED
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APPENDIX VI

BEACON TRANSMITTER MODULATION SIGNAL COMPATIBILITY




1.0 GENERAL
This report is submitted to clarify the capability of the 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 prerented below for reference.

BIT 1 1 1 0 1 0 0 0 1
1 1 1 1 1 1 1 1 1
SPLIT PHASE {_—\ r‘—“ ‘ , r >
Waveform | L__l L ' L——‘"&

NRZ . '
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 COMPATH LITY

The transmitter in its present form will pass the uppermost frequéncy

to be transmitted from either of the two modulation waveforms in the

Vi-2
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direct or record mode of transmission. The assumption is made here
that 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
statiorn. 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 ccupled 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 degrad~tion 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
must be made to the transmitter modulator and at least two of the RF
stages in order to obtain DC capability and etain the present power
output.

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.

Vi-3
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"A" UNIT MODULATOR MODIFICATION

Vil-1

JT—




S

.V,*_,‘__

APPENDIX VII

"A" Unit Modulator Modification

1.0 Introduction

L.l 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 90°
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 transformer T-1l in module I6. 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.

Vii-2




2.3 The gating OFF level was then changed to the 67% point
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
Al0. 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. Sinc? 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
Tl in module I6 would also require a reversal of leads 1 and 2.
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MODULATOR OUTPUT PLAYBACK SIGNAL
f -

Fig. Al (50%)

FIG. A4 (75%)

FIG A7 (67%) FIG. A9

RECORD HEAD SIGNAL PLAYBACK

FIG. AlQ FIG. All FIG. Al2 aas
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NIMBUS DESIGN STUDY TEST TAPES

Three MINCOM test tapes for checkout and testing of
the NIMBUS ground station compatibility witi. the new PCM format
were prepared utilizing modified Multicoder SN0O0O4, clock Unit
SN + Telemetry Electronics SNOO5 and airborne Tape Transport
SN2. The format of each tape included a 62.5 word length sube
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 format is
shown in Table 1 and Figure 0ll. 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 #l. 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 Masteu
Clock, 2nd the addition of the digital channels including time

Viti-2




code data. As shown in Table 2, the digital channel words ine
{ 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 cone
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 rompatibility 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.

( - VI-3




Subframe

Al

NN

1

=

Subframe

Time Slot

62.5
1
2
5

13

21

29

37

45

53

6l
4

12

19

23

31

36
4

12

19

23

TABLE 1

Information

Sync Word
Sync Word

Sync Word and Subframe Count

Digital
Digital
Digital
Digital
Digital
Digital
Digital
Digital

Time
Time
Time
Time
Time
Time

Code
Code
Code
Code
Code
Code

Channels 1-7
Channels 8-14
Channels 15-21
Channels 22-28
Channels 29-35
Channels 36-42
Charnels 43-49
Channels 50-56

- Units seconds
- Tens seconds
Units minutes
- Tens minutes
- Units hours

- Tens hours

Digital Channels 57-63
Digital Channels 64-70
Digital Channels 71-77
Digital Channels 78-84 (storage)
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TABLE 2

TEST TAPE FORMAT TAPE #l

SUBI'RAME TIME SIOT DIGITAL READOUT
All 5 000OO0OO0OO0OO
6 0000011
9 00011000
10 0001100
13 0010001
14 0010101
17 001i010
18 001l1l1l1l0
21 0100011
22 6100111
25 0101100
26 0110000
29 0110101
30 0111001
33 0111110
34 1000010
37 1000111
38 1001011
41 1010000
42 1010100
45 1011001
46 1011101
49 1100010

VIl-5

ANALOG

CHANNEL

0.00

.15

.40

.60

.85

1.50

1.75

Digital

Digital

Digital

Digital

Digital

Digital

8-14

15-21

22-28

29-35

36-42




TABLE 2 CONTINUED

TEST TAPE FORMAT TAPE #l

SUBFRAME TIME SLOT DIGITAL READOUT  ANALOG CHANNEL

All 50 1100110 5.10
53 1101011 5.35 Digital 43-49

54 1101111 5.55

57 1110100 5.80

58 1111000 6.00
61 1111100 6.20 Digital 50-56

All 62 11211111 6.35
2 4 1111111 6.35 Digital 57-€3
2 12 1111111 6.35 Digital 64-70
2 19 11131111 6.35 Digital 71-77
2 23 1111111 6.35 Digital 78-84

Subcommutated channels not shown have a value of 5.10 for tape #l and

tape #2 segment 2 and a value of 0.00 for tape #2 segment 3.
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106626

DESCRIPTION: Four-input Integrated circult digital gate,

NOTE:  When referring to Rodlation part number, specify drawing number and pertinent dash number,
If there are any deviations between this specificalion end the manufacturer's port,
this specification shall have precedence.
This Dotall Port Specification (DPS), together with General Specification 104118, forms o
compleie procurement specification for the item(s) listed hersin,
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1.0 GENERAL

1.1 Scope

This specification covers the requirements for a high=reliability digital gate for use in
space electronic equipment,

1.2 Description

The Integrated circult 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
lunction of the driver transistor and collector reslstors. (See Figure 1)

2.0 APPLICADLE DOCUMENTS

The following specificatioms and standards, of current lssve, form a part of this specification]
to the extent specified herelin,

Military:
MIL=-STD=-202 Test Metheds for Electronie and Electrical Component Part
MIL=STD-750 Test Methods for Semiconducior Devices

NASA;
NPC 200-3 Inspection System Provision: for Suppliers of Space Materlals,
Coponents and Services
Rodlation:
Dwg 104113 Tronsistor, General Specification
Dwg 407654 Header-Lid, Flot Package
3.0 REQUIREMENTS
3.1 Electrical Requirements
3.1.1 The Integrated circuit devices shall meat the requirements of this specification throughout

all environments specified herein,

3.1.2 All of the following electrical specifications are general guidelines to establish dosign
criteria for the port. Final acceptance of any device will be dependent upon performance to the
parametor test of Paro 3.1,2.1, the functional test of Para 3.1.2.2 ond Appendix |,

3.1.2.1 Parometer Tests

The following parometer checks are necessary to insure that the circult meets customer
interfoce specifications.
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to 65°C, according to the test procedure In Appendix Il. These tests are
determine proper clircult operation In the PCM system,

(1) Diode Reverse Leakoge, Ig = 200 no max ot
VR =24 volts and T, = 65°C

(2) Reverse Voltoge Base te Collector, BVace = 40 volts min,
'l gﬁmWﬂﬂ TA -25°C

3.1.2.2  Functional Tests

Eoch integrated circult Is to be checked functionally over tho.mnﬂng range

3.1.3 Temperature Range for Proper Operation of Clreulhr «10°C to +65°C

J.1.4 Tromiston

Forward base=-collector voltage drop,
Vpcr ® 0.8V max et 1 me and 25°C

Forward base=emitter voltage,
Vagy = 0.61V min at 1 ma and +45°C

Forward base=emitter voltage,
Veez = 1.1V max at | ma and -10°C

Saturated collector-emitter voltoge,
VCEi(sat) * 0.5V minat Iy = 0.1 mA, Ic= 1.0mA, T\ = =10°C

Saturated collector-emitter voltage,
VCE2(sat) = 3.0V max at Iy = 1,0mA, Ic =10 mA, Tp = +45°C

DC curront gain,
HFE} = 20 min ot lc =1mA, Vcg = 5.0V, Ty ==10°C

DC curront gain,
HFEy = 200 mox at Ic = | mA, Vee =5.0V, Ty = +45°C

Leckage current,
Icao ™ 50 nanocamps max at 24V and 250C

Peak reverse voltoge base-collector,
BVcpo = 40 voits min ot 25°C, Ip = 100 vo

No-Go

of =10°C

tests to

UNLESS OTHERWISE SMCITILD SIZE REY
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3.1.5

3.1.6

3.‘.7

Diodes

Forward base=collector voltage drop,
Vace = 0.6 volts mox ot g =) mA ond 25°C

Reverse voltoge bose=collector,
Vac = 40 volts min at 25°C, '. = 100 vo

Leakage current,
IL = 200 nanoomps max ot Vp = 24V and Ty, = 65°C

Forward current,
Ig = 10 mA min ot 25°C, Vg = 1,8V

Resisions

Nomina! resistance Is 45K $20% ot 25°C.

The 1umperat:> asefficiont of resistance Is 0.9% per ©C meax.

Moaximum tzlerance Is $30% from =10°C to +65°C,

Capacity pe- 1000 ohms to "N*" Isolation region = 2.5 pf max.

Capacliy of "N" region to "P" substrate = 40 pf max.

All "N" reglons per 45K section must be floating with respect to the other "N" regions.
The parasitic PNP beta from the resistor to the substrate Is @ maximum of 0.01 at 25°C,

Copacitors = Stray Parasitic

Ca2Co(VV2+1 -VVI+))

where

C = aquivalent capacity

Co = zoro = volt capacity

V1 = minimum voltage acrom Co
V2 = maximum voltoge acrom Co

and volues for Co ore Cob = 9 pf max @ 5.0V, f = 140 KC

Cib = 6 pf max @ 5.0V
f =140KC

UNLESS OTHiawist SMCI/RD
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Coilector of NPN to "P" sbstrate = 20 pf max @ 5V

"P" resistor moterial to "N" isclation reglon = 2 pt/X ohm max.
3.2 Mechanical Requirements
3.2.1 Package

The package housing the integrated circult chip shall be In accordance with Radiation
drowing 407654,

3.2.2 Sealing

All units shall be hermetically seeled end tested for leaks to MIL=STD=202, Method 112,
Procedure il

3.2 Identification ond Marking

All flar packs shall be merked with @ red dot edjecent to Pin 1, serlalization, menu=

focturer's nome or symbol and Ri port number @s minimum requirements, per Pere 3.7 of Radiation
drowing 104118, except swbporegreph 3.7.1,

3.2.4 Array Element Interconrection

Elomenis within the array are to be connected by means of metallization patterns. No
elements shall be Interconnected by gold bending.

3.2.5 External Pin Configuration

The integratod circult chip shall be connected to the external package leads as shown In
Figure 2. Pins 4 and 11 sholl be tied together by Interual connections.

3.2.6 Workmarship shall conform to the highest avallable standards.

3.3 Environmental Requirements

Devices procured to this specification shall be copable of performing within specification
limits over the rongo of environments listed below.

3.3.1 Temperature Range
Operating =10°C to +65°C
Storoge -55°C to +200°C

3.3.2 Humidity

Storage 0 to 100% RH -
UNLESS OTHERWISE SPECIID n!! a
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3.3.3

3.3.4

3.3.5

4.0

4,
41,1

borometric pressure, unless otherwise specified.

4,1.2

failure. Follure of a single device Ir more than one test or parameter shall constitute a single failure.
‘.‘ '2.‘

Form 236, All fallures shall be reported within 3 days and a failure analysls report submitted within
10 days to Reliability Engineering, Rodic.tion Systems Division.

4.2

4.2,1

"202

Vibration (three mutuolly perpendiculor axls)

Sine 19 to 3000 cps, 40 "G*" .
Random 10 to 3000 cps, 0.133 g¢/cpe

Shock (three mutvally perpendiculor axis)

1500 G holf=sine, 0.5 millisec duration

Acceleration (three mutually perpendicular axis)

20,000 G for | minvte,

QUALITY ASSURANCE PROVISIONS

General

Test Condlitions

All tests shall be performed ot 25°C +5°C, 50% #20% relative humidity, and amblent

Dofinition of Fallure

Any device which falls to meet all requirements of this specification shall be considered o

Fallure Reports

All fallures during qualification and lot acceptance testing shall be reported on Rodiation

Quolification Test Sequence
Group A = Initial Electrical Parameters
All specimens shall be tested for compliance to the requirements of 3.1.2.

Group B = Environmental Qualification Inspectica = 65 Units,
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TABLE |

104118 No. of Defech
Test Pora Test Allowed
4.2,2.) Subgroup la = 15 Unin 1

4.6.20.1 Temperoture Cycling
4.6,20.2 Thermal Shock
4.6,18.3 Hermetic Sea
Terminal Strength (see Note 4.4)
4.2.2.2 Subgroup Ib = 13 Unin 1
4.6.92 Storage Life 200°C
T = 1000 hours
4.2.23 Subgroup |1 = 10 Units 1
4,6.25 Vibration Varieble Frequency
4.6,23 Shock
4.6.22,1 Accaleration

4,6.21 Molsture Resistonce
4.6.33 Operating Life +65°C
(See Note 6.3
T = 5000 hours

4.2.3 End Polints

Tho following end points shall be performed within 72 hours ofter compietion of each
subgroup and ot intervals of 100, 250, 500, 1000, arJ every subsequent 1000 hours 24 hours of
Subgroups Ib and Il
4.2,3.1  Functional Test

Each device shall be checked for performance when tested per Paragraph 3.1.2,
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4.3

Ref
Pare

3.1.2
3.2.2
3.3.1

3.3.5

Acceplonce Screening Requirements - 100% Inspection, lot acceptance criteria per
Para 4.5.1 ond lot L .ceptance data per Pare 4.5.2.6 of 104118,

Test or
Conditioning

Viswal & Mecheanical
Functional Test

Hermet!c Seal

High Temperature Storage

Acceleration

Burn=in (Note 6.3)

X=Ray (to be performed last)

TABLE Il

Condlitions

#25°C

MIL-STD=202, Method 112
200°C for 168 hours min
20,000 G In the "Z" axls
(Fig. 2

Tp = 65°C

T = 336 houn

MIL-STD-202, Method 209

Acceptonce
Criteria

Pare 3.1.2.2
10°8 cc/sec

Functional test @
¥»s5°C

No shorts or opems
Pora 3.1.2.2@

=10°C, +25°C,
+45°C, Poro 3.1.2,)

* Vendon workmonship standords to be opproved by Radiation Systems Division Rellabllity Section to

establish accapt=reject criterla,

4.4 Group C = Acceptance Lot Inspection = 25 Units per Lot
TABLE IIY
104118 No. of Defects
Test Para Test Allowed
4.4.) Subgroup | = 10 Units 1
4.6.29.1 Temperature Cycling
4,6.20.2 Thermal Shock
4.6.18.3 Hermetic Seal
4,6.32 Storage Life T, = 200°C, 1000 hours.
Functional Test (Pora 3.1 .2!
UNLESS OTHERWISE SPECIFILD 8IZ REV |
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TABLE (Il (cont'd)

104118 " No. of Defechs
Test Para Test Allowed
4.4.2 Sobgroup 11 = 15 Unile !
4.6.33 Operating Life +45°C (See Note 6.3)
T = 1000 hours

Functional Test (Pare 3.1.2) Measurement to be performed
at the times specified in 104118 Para. 4.6.3)

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 environments! requirements spacified herein refer to those tests as specified In
MIL=STD=750 or Radlation drawing 104118 to the extent specified 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 tost procedure which shall include a test equipment Inde * shall be submitted and approved

prior to proceoding 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 lines shall be bussed together to form a single output. Switching will be per-
formad ot o 120 cps rep rate. Care will be taken to ensure that the average stress Is equally applied
to oll gates.
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6.3.2 Figure 1 shows a typical schematic
6.4 Terminal Strength
Leods must be able to withstand four (4) 45° arc cycles of the case using a 2 oz +0.1 oz

welight on the lead under test. The 45° are cycles shall be in the 90° quadrant adjocent to the bottom
of the heade:. The rate of bending shall be uniform and no fester than one (1) cycle/second.
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One 4 Input Integrated Circuit Digital Gate
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One 4-Input Integrated Circuit
Figure 2
Digital Gate Flatpack Pin Leyout
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APPENDIX |

Statlc Ter' Jig

The static test [ig uses the transistor curve tracer to test the gate driver transistor's para=
meters, resistor values ar< llode breokdown voltoges. The test |ig can be replaced by clip leads
used directly with the curva iracer for measuring the flot pack's parometers, however, the test |ig
is foster, safer, and protects the ‘eads on the flat pack. An extension cable is provided for temperature
testing of the flat pack whila ..iensuring the circult parameters with the curve tracer,

Figure Al shows the complete test set-up schematic diagram. The test |ig consists of @
3 POT switch, o one pole B pesition switch, an extension coble to the AUGAT card connector, an
AUGAT flot pack test cord a.d @ mini=box. The 3 PDT switch, SW1, selects the component typs to be
tested with position 1 testing the tramsistor Q1 only and with position 2 testing both the diodes and
resistors only. Tho single pole 3 position switch, SW2, selects all 8 diodes, one at a time, with the
diode CR numbers corrasponding to the switch positions. Thus, position 1 tests CR1 and R1 while
position 2 tests CR2 ond R1. Since adjacent switch positions (In odd=-even order) select two diodes
connected to the same resistor, the reslstance readings shown by the curve tracer should be the ame
for both positions.

-
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APPENDIX (I
Functional Tests Using Dynamic Test Jig

The dynamic |ig proves that the Integrated circuit performs its system
function properly. This test Is @ "go” "no go® type test that will tell if the chip Is functionally
operating. An oscllloscope is vsed to monitor Flat pack operation, therefore, the waveform
m'.u will tell whot port of the circuit hos falled. A power supply of =20 VDC provides the operaling
voltage.

Figure A2 Is the logic diogram for the complete dynamic ies! ufup. The test |ig generates
@ 200 usec strobe to the gate driver transistor, and sequential "1's" and "0's" to ihe gate Inputs to
simulate actual systom operotion. Figure AJ contains the timing diagram of the test [ig outpu? wave
forms together with the outputs from @ properly operating 4 bit gate digital mul'lplouor flat pack,
During the proper operating sequence, o o [l ( volt level) Is connected to gate 71, the gate Is strobed
ond the output "1" appean at position /1 on the timing diagram, this sequence continues through gates
2, 3, ond 4 10 that all 4 "1's" appear as the first four pulses (OV te =8 volts) on the timing diagram,
Then a "0" (=1 volt level) Is connected sequentially to gates 1 through & so that the 4 "0" pulses oceur
as shown on the timing diegram (OV te =2 voits). Then the entire sequence r~peats,

Figure A4 Iy the schematic dlagrem .7 a 70 cps +10% asteble flip=flop that generates the
be::e clock frequency for test [Ig operation. The baslc 200 Usec strobe pulse repetition rate Is 14
milliseconds.

Figure AS Is the schematic diagram of @ counter stage and this clreult Is used three times to
provide the 811 counter flip=flop function.

Figure Aé Is the schematic diagram of the bi=level generater and Is repeated four times to
provide the four pulses necessary for checking sach of the 4 gates In the flat pack. The Input circult
a J Input "AND" gate wired to the 8:1 counter to provide the first four counts (one from each of the
four clrcults) that similate the sequential "1's" Info the 4 gates In the flat pack: The following four
e:un:u from l:I'm 811 counter are not used, therefore, 4 sequential "0's" are then fed into the 4 gates In
the flat pack.

Figuro A7 Is the schematic diagram of the 200 usec 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 clrcults to provide optimum gating,

The voluos for compe ents used in all of these schematics reflects the design of the Nimbus
system 30 that proper signal simulation can be achleved. The outputs from the digital gate are all tied
together into one circui? so thot a single beom osc!lloscope can be used to perform the test.

Failure Analysis
The four bit digital gate chip has only four components that give different failure conditions.

1hoso Juur are the driver transistor Q1 (refer to figure Al) the diodes CR] and CR2, and the resistor R1,
(Diodes CR3 through CR8 and resistors R2 through R4 have the same failure conditionsas CR1, CR2, and
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R1, thus, only one gote will be discussed). The chart of Figure AB lists the failures and the sffect

on the oytput wavef orm,
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Figure AB

Fallure Analysis Chart

Flot
Failure Pack Output :
Mode Co~ponent Pin No. Waveform Remarks
CR1 3 Continvows Any one input diode opening up,
CR3 5 "1's" all allows all strobe pulses to pas
CRS 10 Bit Times through the gate
CR7 12
o
CrR2 2 71 Mining Any one output diode opening up,
CR 4 6 12 One removes only that particular *1"
OPEN CR & 9 3 =" pulise from the output.
CRS 13 14 Pulse
R A8 M 1 Mining Any one reslstor opening up, removes
R2 48N 12 Ore only that particular "1" pulse from
R3 48N f3me» the output,
R4 48N 14 Pulse
Q) 6,7, 412 No output Output level Is 0 volts
pulses
cr1 3 " The Any cne Input diode shorting,
CR3 5 2 Input allows that particuler Input gate
CRS 10 13 Gote Pulse "1" [ivel to pam to the output.
CR7 12 14 Appeon
CR2 2 1 Only Any one output dlode shorting ollows
CR4 é 72 Ore only that one pulse appecr as @ "1"
SHORT CR 6 9 FRIE ot the output.
CRS 13 4 Pulse Appeans
R 481N Continvous The strobe pulses are applied (ot o
R2 440 "1%" all =20 volt level) directly to the output
R3 480 Bit Times for every bit time.
R4 4811
QIC-¢ 404411 Square Wave Input Gata pulses are directly "OR"
QC-¢ Ttod4& 11 gated together to form a square wave
QiB-E 11014 No output pulses

! UNLESS OTHERWISE SPECIFIED
DIMENSIONS ARE IN INCHES,

' TOLIRANCES
' PRACTIONS £ 1/84) ANGLUES 2 1°

DECIMALS: ) PLACE 2 ,008
2MACt: @

RADIATION A

INCORPORATEOD

CODE IDENT M. 91417

[} 4

106626

SHEKT 23

R -4s0-1
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APPENDIX X

BRUSH EVENT RECORDZR SPECIFICATIONS




. —brush

DAVYA SHEET

150 channel
operations monitor

model 14 3615 CO

e 1.25ms response

e solid state input switching

e interchangeable switch functions
e internal chart takeup

e complete in :5-1/2" pan~l space

MEETS MIL-1-26600
‘QF1), Class |

simultarneously recci4s multipi2 events in sequence against time

The Operations Moi..or model 14 361% 00 records
on-o0if, go/mc-gu or other two-state operacions in
order of occurrence, duration and time relationship.
Up to 150 chanrels may be moritored simulitaneousiy
with time accuracies of 1. 25 miilisecornds. Resolut{on
of pulses as short as 2.5 millisecondr is posmale
with 100% confidence.

Each channe! is reccrded L; a fixed stylus vhich
writes by pulsed electrical current on electro-sensi-
tive paper. Pulse repetition rate varies with chart
speed nsuring a clear. continvous iine when a
"writ  condition exists and instant stoppage of the
line when input is switched to a "nc-write" condition.
Depending on switching logic employed, a '"write"
condition may represent ON and a "ru-writ2" 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 preprinted on chart.
Overall display is an orderly illuminated presen-
’ tation, easy to see and interpret.

1RANS-SWITCHER solid sta®e inpui switching,

W *arch ngeable logic *

70 : lim'na-e mechanical re ays and insure positive
respurse, solid state switching circuits, disposed
ten fo a circuit board, are plug-mounied in the
~ecorder. itching circuiis aie available for a
variety of recording modes, including "ON-write",
V"OFF-write'', r-dundancy-check and adjustable-
threshold types Decade circuit boards, each govern-
ing ten channels, may be ' terchanged and intermixed
as required.

Complete unit, including 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'y controlled.

(*) For selection of switching . ic, see associated data sheet, "TRANS-SWITCHER
Solid State Switching Circu... for Operations Monitor model 14 3615 00"

(T bl‘"Sh INSTRUMENTS

DIVISION OF 377H AN PERKINS. CLEVELAND 14 OHWIO
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A —brush

TRANS-SWITCHER
so!id state decade

switching circuits
series 340C

OPERATIONS MONITOR modei 14 3615 00

m'hhi m;imm{um

\:)md i

Trans-Switcher series 3400 decade 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.
Monitor, so that no additional panel space is required.

Models available fall in two catcgories: (1) those for use where inputs derive from external switch or relay action; and
(2) those utilizing the presence or absence of a voltage signa! 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

Boards are plugged into receptacles inside the Operations

timing of events are thereby eliminated. Boards may be interchanged or intermixed as required.

EXTERNAL SWITCH INPUTS

External input switching, sin‘ 'e-ended 11 3402 00

Controls ten channels, actuated by external relays or
switches with contacts capable of handling 600 volts, 6ma.
Common ground; 27K limiting resistors. External switch
closure produces a ''not-write'' condition.

External input switching, floating 11 3402 01

Controls ten input channels, actuated by external relays or
switches with contact ratings of 15 volts, 300 ma. All chan-
nels floating and isolated from each other and from ground -
thus are isolated from exiraneous system voltages. External
switch closure produces a ''not-write' condition.

VOLTAGE INPUTS

Switching pulse, high impedance (27K), flotation 11 3402 02

Controls ten channels, producing a "write' condition on ap-
plication of voltage of 4.0v DC or higher to maximum of 60v.
27K input impedance. All channels floatingand isolated from
each other and from ground, Voltage, NOT WRITE: 0 - 1volt.

Switching pulse, high impedance (27K), floating
- with all-circuits corfidence check 11 3402 03

Identical to model 11 3402 02 (above) but includes test-circuit
an(. reference source to insurc 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-circuits confidence check 11 3402 04

Controls tin channels. producing a "write" condition on ap-
plication ¢! voltages whose minimum may be adjusted be-

DIV

X1-2

bru

tween 5 and 25 volts by means of variable potentiometers
for each channel. Permits setting all channels to write
simultaneously on application of a specific voltage input.
Floating inputs. Impedance varies with setting, but is never
less than 27K. Includes test-circuit and reference, con-
nected with test pushbuttons on Operations Monitor panel.

Paired-channel, ''redundancey-check' -

with all-circuits confidence check 11 3402 05

Controls 5 event channels, producing '‘write' condition on
odd-numbered and "'not-write'" condition on even-numbered
styll 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 inipedance. Includes test-circuit and
reference, connected with test pushbuttons on Operations
Monitor panel.

ISION UF f.

VIT.
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MODEL 4041 °CM SIGNAL CONDITIONER
AND BIT SYNCHRONIZER
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The Radiation Model 4041 Signal Con-
ditioner and Bit Synchronizer recon-
structs and synchronizes noisy PCM
signals over a wide range of signal-to-
noise ratios and bit frequencies. Output
is the regenerated data and bit rate
clock.

The unit is designed for applications
requiring a high degree of reliability,
and is currently in use in on-line space-
craft checkout systems which require
very high reliability. Plug-in type
printed circuit cards are used through-
cut, and all circuitrv is solid-state.
Unnecessary circuit complication has
been avoided in order to achieve a
straightforward design and retain oper-
ating accuracy. The prebability of
operator error has been greatly reduced
by human engineering, and the lavout
and function of all meters and conrrols
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 major for-
mats, from telemetry receivers, mag-
netic tape, PCM signal simulators, or
cther sources of serial PCM dat» The
unit derives bit rate clock from the
incoming data, and with the aid of the
clock determines whether a “one’” or
“zero” ..as transmitted in each bit
period. Pule integration and dump bit
detection are used for all input codes
to provide optimum performance under

# widely varying signal-to-noise ratios.

£3

Spliv phase signals are synchronously
rectified and integrated over the bit
period. Bit error probability is im-
proved, since the noise above and
below the bit rate fr=quency is mini-
mized , the nnise cancelling effect
of recuiication; 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 bandwidih
proportionally to the incoming signal’s
bit density. Analog operation of the
loop provides improved performance
over other techniques, specifically as
related to acquisition time and the
effect of missing pulses. Tn selecting
the design criteria ic: this equipment,
emphasis was placed on performance
in terms of bit slippage, which directly
affects decommutation accuracy, rather
than phase error. These and other
features provide a measured perform-
ance v.ithin 1 db of the theoretical bit
error probability for rectangularly
shaped or filtered PCM signals.

Eight different PCM formats are pre-
prograrnimed on plug-in type printed
circuit cards. Special cards can be sup-
plied for any specific formats and bit
rates within the 1nit’s operating capa-
bilities. Any of the eight programmed
formats can be selected by a coded signal
from remote programming equipment.

XI1=2=/

POM SIGNAL CONDITIONE™
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Additional PCM formats can also be
set manually at the Synchronizer’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 corresponding parameters.

Input Amplitude, Sync Quality, and
Fine Tuning meters are provided for
monitoring the equipment’s perform-
ance. The Sync Quality meter is read
in conjunction with the Fine Tuning
meter for positive indication that the
synchronizer is locked onto the correct
bit frequency rather than a harmonic.

In addition to the circuit interface
conne~tors at the rear of the chassis,
frent panel monitoring points and in-
i:ut ‘output 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 amp.; +10 5% at 0.250 amp.;
-26 +5% at 0.35C amp.; +26 +5%
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.




SYNC
SIGNZL LEVEL PHASE ERROR I
METER e METER g
R e e ateenias: Re—lloail (ke e e S . ﬁ
|
VIDEO PCM | PHASE |
il Bl .. i: "Bt COMPARATOR Ao veo ||
| FREQUENCY |
| SWITCHING |
PEAK |
oerecrors ¢ |
i COUNTER |
LPMASE LOCK LOOP _|
[ e b o e _—— e — e — | — -
| PULSE MODLRATION '
| $ mrot::e%r:c SWITCHING |
I (PID) fIMING |
DECODER GENERATOR AND |
| PHASE CONTROL
N (- :
| ——l—b CLOCK OUT
| ENABLE FOR |
SPLIT PHASE 1 P DATA OUT
| |
o SHIFT TRANSITION |
| REGISTER CORRELATOR |
L BIT DETECTORS |

SPECIFICATIONS

INPUT
Coding

Bit frequency range:
NRZ
RZ/Split-phase

Signal amplitude range

DC offset

Dynamic range

Impedance

SYNCHRONIZATION
Bit error . ate

Bit jitter accommodation

NRC-C, NRZ-S, NRZ-M, RZ, Split-
phase C, Split-phase M.

1 - 1,000,000 bits/sec.

).5 — 500,000 bits/sec.

0.5 — 60 volts peak-to-peak.
..60% of input amplitude.

15%:1,

Greater than 10,000 ohms (shunted
by not more than 30 pf).

Within 1 db of theoretical.

Sinusoidal FM of +6% of bit rate
at frequencies 0.5% of bit rate and
below; + 3% at any frequency.
Phase modulation of +20% of a
bit period.

Acquisition Range

Sensitivity

Bit rate tracking range

QUTPUT

“ormat

Amplitude

Rise and fa:l times
DIMENSIONS
Height

Width

Depth

+10% of pbit ate.

Bit slippage will be less than one
in 105 bits at an FM receiver IF
S/N ratio of 7 db or miore, with bit
rate offset of 4% anc bit rate
deviation of +0.7% at a frequency
of 0.1% of bit rate.

1 20%.

Serial NRZ-C, normal and inverted,
NRZ-M; bit rate clock, normal and
inverted.

=0.1 £9.1 volt and —10 *0.5 volts
(unloaded) from a 50 chm source.

0.1 microsecond maximum.
8.75 inches

.19.0 inches
19.75 inches

Xl-2-2
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RADIATION SERIES 540—AN AUTOMATIC PCM DECOMMUTATION
SYSTEM WITH MAGNETIC CORE MEMORY PROGRAMMING

The Radiation Incorporated Series
540 PCM Acquisition and Stored
Program Decommutation System
combines the 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 (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

1. PERFORATED TAPE READER

2. PROGRAM CONTROL

3. DECIMAL DISPLAYS

4. BINARY DISPLAY

5. MODEL 4042 SIGNAL SIMULATOR

6. WORD AND SUBFRAME
SYNCHRONIZERS

7. PRIME FRAME SYNCHRONIZER
8. PARITY

9. MODEL 4041 SiIGNAL COMDITIONER
AND BIT SYNCHRONIZFR

PCM data and svnchronization test
signals for systel. checkout and cali-
bration.

In addition to demultiplexed data,
continuous outputs are available for
data formatted into parallel words
and truncaied words. For each serial
woid 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-
mel 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 mainte1ance 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 ~ddition special precautions
are taken to suppress RFI, including
use of RFI cabinets, gaskets, and
connectors, to insure correct opera-
tion with other equipment.




PCM SIGNAL
SIMULATOR
(MODEL 4042)

MAGNETIC TAPE

RECORDER/REPRODUCER OOl
RF RECEIVFRS M)

—0

AUXILIAR T

SIGNAL
CONDITIONER
AND BIT
SYNCHRONIZER

PRIME FRAME, WORD,

DATA |} SUBFRAME, RECYCLE,

SYNCHRONIZERS

AND ODENHFICATIONI ’

MLEQ— cLock
PROGRAm SELECTION i 1

PROGRAM
FORMATTER

STORED
S_—

D/h
CONVERTERS

MSB PARALLEL
BINARY

LSB PARALLEL
BINARY

BINARY
STORAGE

ANALOG DATA
QuTPUT

DIGITAL DATA

8CD
STORAGE L
OuTPUT

MSB
TRUNCATED

LS8
TRUNCATED

PROGRAM
PROCESSOR

COMPUTER

MANUAL O
KREMOTE PROGRAM SWITC AING O

|

DATA DISPLAY
BINARY (1)
DECIMAL (")

PAPER
TAPE
READER

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 it
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

XI=3

8CD
MULTIPLEXED

SERIAL
NRZ

DATA
ADDRES: :S
STATUS
SIGNALS
ROUTING
INSTRUCTIONS
DATA
IDENTIFICATION

CONTROL
SIGNALS

WORD
LENGTH

OUTPUT FORMAT CONTROL
J\

CONTROL AND
> STATUS OUTPUTS

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.




-

Group
Synchronizer

The Group Synchronizer receives
reconstructed data and bit rate clock
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 formac 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 perfermance curves is
included in the system’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 -ge register, and parallel
comparisons are made to detect the
sync pattern. Quality parameters are
set up at this time. Sync code acqui-
sition steps tlie Prine Frame Syn-
chronizer to check, and starts the
Stored Program Processor. Subse-
quent sync patterns which occur at
the correct time are ¢ounted, and if
no sync pulse appears, uiv 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 has
been acquired the Stored Program
Processor indicates the time-slot(s)
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 automati-
cally switched upon reaching lock.

Subframe (1D) Synchronization.

The ID code may be from 4 to 9 bits
in length, and can appear as a sepa-

X1l1-4

PRIME FRAME BYNG

rate word or within a data word.
The ID synchronizer accepts either
MSB 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 prime
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.

Parity 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 combination 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 mnemory 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-
gram 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

xlll E

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 subcommutated channel,
can be routed to any converter.

Both MSB and LSB serial binary
auta are converted to MSB and LSB
parallel binary, ar¢ to MSB and
LSB truncated binary, for system
outputs. All s2rial binary data is also
converted for parallel BCD 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 data
during decommutation. The system
can also be expanded to incorporate
data redundancy reduction in order
to reduce the bandwidth of data for
transmission or processing.
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RADIATION MODEL 4041 SIGNAL CONDITIONER AND BIT SYNCHRONIZER

= = e

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-

cuitry 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 +25% of a
bit period at frequencies up to bit

rate, with 2 signal-to-noise ratio of
15 db. It will follow bit rate varia-
tions of +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.
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RADILTION 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
Rate 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 of Model 4042 Signal Simulator

BIT RATE PRIME FRAME BITS PER WORD WORDS PER PRIME FRAME
B mcconme | T} e e o
JITTER CONTROL
EXTERNAL T RATE
PATCH
PANEL
SERIAL TO PARALLEL |
CONVERTER SERIAL OUTPUT
AND AN -
CODE GENERATOR
BIT RATE OUTRUT
-
NCISE SOURCE
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SYSTEM INPUTS
Bit Frequency

Signal Range
Dynamic Range
DC Offset

Input Impedance

Input Selection
Pciarity
Connection
Codes Accepted

Word Bit Arrangement

BIT SYNCHRONIZATION
Bit Error Rate

Jitter

Acquisition Range
Tracking Range
Maintenance of Bit

Synchronization

Sensitivity

Data Output
Monitors

Modes

PERFORMANCE SPECIFICATIONS

1 to 1,000,000 bits per second, NRZ;
0.5 to 500,000 bits per second, split
phase and RZ.

0.5 to 60 volts peak-to-peak.
15 to 1 without adjustment.
60% of input peak-to-peak amplitude.

Greater tl.an 10,000 ohms shunted by
not more than 3C uuf or decreased ‘o
match the input source.

Selector switch for four input:.
Reversible.
Single-Ended.

RZ, NRZ (C, M & S), Split Phase
(C & M).

MSB first or LSB first.

Within 1 db of theoretical (see typical
performance curve).

Maintains Synchronization with a jit-
ter of +25% of a bit period.

+1)% with 50% transition at a signal-
to-noise ratio of 15 db.

+20%.

+25% of a bit period with a signal-
to-noise ratio of —4 db and a noise
bandwidth equal to the bit rate.

Bit slippage threshold of 8 db or bet-
ter. (Bit slippage threshold defired as
the signal-to-noise ratio in an FM
receiver IF, normalized to a band-
wiath equal to the bit rate, at which
the bit synchronizer slips one or more
bits in one out of 10,000 bit frames
on the average.)

Regenerated serial NRZ (M and C).

Meters provided for input amplitude
level, sync status (quality) and fine
tuning.

Manual or automatic selection of up
to 8 predetermined bit rates and other
associated parameters.

PRIME FRAME SYNCHRONIZATION

Sync Word
Modes of Operation
Aperture

Status Indicators

7 to 64 bits.
Search, Check and Lock.

0 to =1 bit, one setting applicable
for both the check and lock modes.

Search, Check and Lock with RESET
to search available.

SUBFRAME RECYCLE SYNCHRONIZAT!ON

Subchannels

512 or more depending on number of
programs stored in memoty.

Xi-9

Sync Word
Modes of Operation

Status Indicators

7 to 64 bits.
Search and lock.

Search and lock.

SUBFRAME ID SYNCHRONIZATICN

ID Code Words

Location

Status Indications

Up to 9 bits (MSB or LSB first).

Any position in either a data word or
sync word.

ID Error and ID Verified.

WORD SYNCHRONIZATION

Sync Word
Modes of Operation
Aperture (Lock Mode)

Status Indicators

SUPERCOMMUTATION

PARITY

Up to 6 bits.
Search, Check and Lock.
0 bits.

Search, Check, Lock and an ON
indicator.

Channels to be supercommutated are
provided with the same data routing
address.

“ODD", “EVEN", or “NONE" avail-
able. The start of an ODD or EVEN
parity count sequence is programmed
or manual. A decimal display indi-
cates up to 999 parity errors in 99 con-
secuttive frames. Manual or remote
reset.

STORED PROGRAM LECOMMUTATOR

Word Length

Word Rate
Prime Frame Length

Subframe Length

Programming

Channel Stripping

Program Selection

Any length; i.e., variable word length
from 4 to 64 bits (wired for 4 to 33 and
expandabie to 64).

Prime or subcommutated word rates
up to 200,020 per second.

512 or more depending on arrange-
ment of memory.

Up to four independent subframe
ratios can be accommedated with
lengths to 512 words or greater. Sub-
frame synchronizers may be set up to
provide decommutation for sub-sub
channels.

Accepts programs from computers,
punched paper tapes or manually
from the system control panel.

A photoelectric paper tape unit is
provided which accepts 1 inch 8 chan-
nel tape for programming.

Any combination of channels may be
stripped from the total multiplex by
stored program instructions.

Selection of any one of the stored
programs may be made manually,
automatically or remotely.
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DIGITAL DATA OUTPUT CAPABILITY

MSB Parallel Binary
LSB Parallei Binary
BCD Multiplex

ECD Storage

Binary Storage
MSB Truncated
LSB Truncated
ON/OFF Storage

Miscellaneous

Serial Digital Data

QOutput Waveform
Characteristics

DATA DISPLAYS
Binary

Decimal

Up to 64 bits per word.

Up to 64 bits per worc,

Up to 6 BCD characters per word.
Up to 5 BCD stores of 6 digits cach.
Up to 5 bina.y stores of 33 bits each.
4 to 15 bits per characeer.

4 to 15 bits par character.

Capability provided for ON/OFF data
storage in the binary storage registers,

Bits per word numbering; 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 each xystem output.

End of Worc “ulse.

End of Prime Frame Pulse.

End of Prime Frame Sync Word.

Data flag to indicate %‘ood or bad data.

Clock: Two outnut phases.

NRZ-C and NRZ-M.

“ONE" level is —10 +4, —0 volts;
“ZERQ" level is —0+0, —0.4 volts;
rise and fall time less than 100 nano-
seconds; and the output impedance
is less than 93 ohms. In addition, the
MSB output and one 12 bit binary
data address are capable of driving
up to 1500 feet of coaxial cable.

One 64-bit indicator provided with
thumbwheel channel selector switch,

Three 6-digit decimal displays are
provided for BCD data with thumb-
wheel channel selector switches.

ANALOG DATA OUTPUT CAPABILITY

Voltage
Output Impedance

Resolution
Linearity
Long Term Stability

POWER REQUIREMENTS
Voltage

Power

PACKAGING
Size

0 to —5 volts.

1K ohms (Lower output impedances
optionai).

One part in 256.
Better than 0.1%.

Better than 0.1% over temperature
range from 25 to 50° C.

120 volts = 10%, 57 to 63 cps, single
phase.

Less than 5000 watts.

Two assemblies, one 6'x6'x2' and
one 6'x2'x2.

X1=10
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FIVE CHANNEL MOS TRANSISTOR

FUNCTIONAL TEST PROCEDURE
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TEST PRECAUTIONS
i Assure all electrical equipment is grounded by the third wire to
electrical ground. Assure HP 425A microampmeter is on current scale.
24 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. 1Insert 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.
5. Always assure flat pack faces operator so that pin 1 in connector
corresponds to pin 1 in flat pack.
6. Assure power supply cannot cause errvoltage transients.

7. Do not use soldering iron while testing transistors.
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1.06

1.07

1.08

1.09

1.0

2 edd

{.12

Disconnect voltmeter. Record serial number of flat pack.
Adjust power supply #l1 to 25V DC.

Adjust power supply #2 to OV DC.

Switch SW-1 to OFF position.

Switch SW-2 to (-) position.

Plug flat pack holder into connector #1l.

Connect ampmeter ground clip to terminal #A and power tip to

terminal #1.

Switch Sw-1 to (+) position.

Record current on data sheet.

Adjust power supply #2 from OV DC to 25V DC.

Record current on data sheet.

Switch SW-2 to (+) position.

Record current on data sheet.

Switch SW-1 to OFF positio .

Remove flat pack holder from connector #1.

Remove current probe from terminal #1.

Plug flat holder into connector #2.

Connect current probe to terminal #2.

Switch SW-l1 to (+) position.

Remove wire plugged into flat pack holder.

Record current on data sheet.

Plug in wire that was removed on flat pack holder.

1:&1-ﬂlﬂlﬂﬂﬂﬂ7ﬂﬂl
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2.07 Switch SwW-1 to (-) position.
{f 2.08 Remove wire plugged into flat pack holder.

2.09 Record current on data sheet.
2.10 Plug in wire that was removed on flat pack holder.
2.11 Switch SW-1 to OFF position.
2.12 Remove flat pack from connector #2.
2.13 Remove current probe from terminal #2.
3.0l Plug 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 #l1 to 40V DC.
3.14 Repeat paragraph 3.03 to 3.12 recording current on data sheet.
3.15 Adjust power supply #l back to 25 V DC.
3.16 Switch SW-1 to OFF position.

CODE IDENT NO. | SIZE REV |
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3.17 Remove current probe from terminal S5-3.
3.1l8 Remove flat pack holder from connector #3.
4.01 Connect voltmeter across power supply #l.
4.02 Adjust power supply #l1 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.
4.10 Connect current probe to terminal #S3-4.
’ 4.11 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 #l1 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 Sl1=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 IDENT NO. | SIZE REV |
E 01417 A 108810
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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 SwW-1 to (=) position.
5.04 Adjust power supply #l1 to 40V DC.
5.05 Remove wire plugged into flat pack holder.
5.06 Record current on data sheet.
507 Plug in wire that was removed on flat pack holder.
5.08 Adjust power supply #l1 to 25V DC.
5.09 Switch SW-1 to OFF position.

’ 5.10 Remove flat pack holder and insert into common grounded connector.
5441 Sign and date data sheet.
Follow safety precautions to put flat pack into its proper

conta:ner.

W
N

6.0! If leakages in section 2.0 or 3.0 exceed limit rerun 2.01 to
3.:2 with same empty flat pack holder used during test. Record flat pack

holder leakage on data sheet.
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DATA SHEET

Record serial number of flat pack under test

Related
Para. # Test Symbol Terminal Data Limit
1.08 Drain-Body & Source Body Ipp + BS l === < lna
Leakage Current
1.10 l] = = = < lna
1.12 l = = = < lna
F.P.Holder Leakage
2.05 Gate Input Current - - - 2 - - - < 20pa
2.09 - - - - 2 - - - < 20pa
3.04 Source to Drain Leakage - - - - Sl -3 - - - < 100pa
Current
3.06 - = - - 82 -3 - - - <100pa
3.08 - - - - 83 -3 - - - < 100pa
’ 3.10 ---- 84 -3 - - = < 1l00pa
3.12 -—-—- 85 -3 - - - < 1l00pa
3.4 Source to Drain Breakdown Ipsst Sl -3 --= 1 ua
Leakage @ 40V
8§82 -3 - - - <1 ua
83 -3 === &1 ua
84 -3 - -~ £1lua
85 =3 - - - (1lua
DATE OF TEST
TEST OPERATOR
CODE IDENT NO. | SIZE REV
01417 |A
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Related
Para.

.07
.09
ayded
.13
sl

.17

.18

.06

DATA SHEET

Record serial number of flat pack under test

DATE OF TEST

DATA REVIEWED BY

4ﬂ~1 : : SCALE

Test Symbol Terminal Data Limit
On Current Igps 81 -4 - - - > lma
82 =4 - - - > lma
83 -4 ~ - - > lma
84 -4 - - - > lma
85 = 4 - - - 2 1lma
Dynamic Drain Current Irs Sl -4 - - - >330ua
' s2 4 - - - 2330ua
S3 4 - - - 2»330ua
S84 4 - - - 2330ua
S5 4 - - - 2330ua
Gate Threshold Voltage VasT sl 4 - - - 3v-9v
§2 - 4 - - - 3v-9v
s3 4 - - - 3v-9v
sS4 4 - - - 3v-9v
S5 4 - - - 3v-9v
Drain to Source Breakdown BVpss 5 - - < 5ua
Voltage
OPERATOR
DISCREPANCIES _
L CODE IDENT NO. | SIZ REV |
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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 bit rate, gated sine wave type modulation. A single
cycle represents a "O" bit (see ~aveforms, figure XV-1) and the absence
of a cycle of the sine wave represents a "1" bit, "A" data is
trarzsitted av .wo ratecaefined as A'Real which is at real time
500 c¢ps it rate and \-Stored which is at 15 kc bit rate derived
from a. oorne tape playri -k At 1:30 speed increase.

A- Reau
"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: Communication
Theory:; Willis Jackson; Academic Press Inc., London, 1953.

XV-2
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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, £; 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 character 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 fingle 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 commanc.

CDC

Control Data Corporation. Manufacturer of the computer used with
the NIMBUS PCM Ground Station.
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Clock
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 dc component to a signal.
Decom

Abbreviation for Decommutator. A loyic 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 for converting digitally coded data to an analog or
continuous function signal representing a measured parameter. 1In
PCM systems this usually involves decoding a group of binary bits
by summing their defined analog voltages or current weights re-
sulting in a signal whose amplitude represents the measured para-
meter.
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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.B)=C.

Flip-Flop

A bistable multivibrator.

Fo

A letter symbol used in the NIMBUS PCM Ground Statioun 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. 1In 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.

XV-5
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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. Thusamaximum ©of 20 bits are available for broadside
read.

04 S L b8k

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 precvides 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 a. the system output. Reference: Information Trans-
mission, Modulation, 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

Monostalle 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 sequentially 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 specificationr.
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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). This signal differs
from RZ (return-to-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).

Programmer

A term used to include the synchronizer and its associated multi-
plexer matrix.

XV-8




A“.\

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 bistakie 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,
each pulse lasting for half a bit time. A "l1" is represented by
two pulses of current in opposite directions.

XV=-9




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.

S ——

Sync Acquisition

The process of attaining synchronization of the system timing with
(in the Ground Station) input data train.

o
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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.

TME - Telemetry Electronics

The subsystem unit containing the switching relays for selecting
the cesired data output and controlling the tape transport opera-
tional mode. It also provides the electronic circuits for the
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 deflne 2" discrete values and therefore the
unitary output require 2" 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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