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SECTION I
INTRODUCTION

This report describes the design and operation of a Digital Serial
Input/Output (I1/0) Exerciser of the Digital Avionics Information
System (DAIS) remote terminal. The exerciser serves two purposes. In
one direction, serial digital data from the Remote Terminal (RT) is
checked for parity errors while simultaneously being loaded into the
exerciser's buffer memory. In the other direction, the data from the
exerciser's buffer memory is sent back to the RT where the received
data is compared with the previously transmitted data for validity.

As Figure 1 shows, the RT can transmit digital serial data from any one
of four output interface devices and receive digital serial data via
any one of four input interface devices.
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SECTION II
DIGITAL I/0 EXERCISER HARDWARE
1. FLAG GENERATION CIRCUITRY

The "Fiaa" is a signal from the exerciser to the RT unit which
indicates that a DATA output from the RT has been completed, and that a
DATA input to the RT has been requested.

The flag signal generation is accomplished by the circuit shown in
Figure 2. During the RT DATA output cycle, a 1 MHz clock signal is sent
to the exerciser. This clock signal is applied to the flag circuitry,

a dual retriggerable one-shot action (74123), as shown by Figure 2. The
timing on the A section one shot is set up so that a 1 MHz signal will
keep retriggering it, holding its "Q" output high. Approximately

1.5 microseconds after the clock signal stops the A section, Q output
goes low. This high to low transition causes the B section one shot

to fire, generating a 5 psec flag pulse through a line driver to the

RT unit.

In reference to the detailed schematic (Figure 3a, b), the resistor
capacitor network between pins 14 and 15 of p43, u44, ubl1, u52, and
Vcc are critical. They must be selected for a time-out cycle greater
than the input clock-cycle time. In this case, the time-out must be
greater than 1 microsecond because of the 1 MHz clock. Component
layout is not critical but the RC networks should be kept as close as
possible to their respective integrated circuit.

2. BUFFER MEMORY

The buffer memory is four 1024-bit (RAM) random access
memories (2102). Each data bit is sequentially loaded into the RAM
for each RT interface device. Up to sixty 16-bit words plus parity
can be entered into each of the exerciser's RAM's. As Figure 4 shows,
the clock signal from the RT steps the address selection logic which
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selects the address for both input and output. The memory selection
and timing logic controls the RAM to be selected, its chip enable, and
the read/write functions.

3. TIMING AND ADDRESS SELECTION CIRCUIT

In reference to Figure 3a, b, the RC networks of R5, C1, and R14,
C2 are critical components. These networks provide the proper delay for
the clock signal. The end result is the buffer memory timing signals,
as represented by the same shapes shown in Figure 6. Component layout
is not critical.

Address selection of the buffer memory is accomplished by using
the clock to sequentially step-three 74161 counters, connected in cascade.

The purpose of the timing circuitry is to produce Memory Address
Selection, Read/Write, Data Enable, Chip Enable, and Parity Circuit
control timing pulses within one RT clock-cycle time. This is accomplished
by using a rising edge-detecting circuit, a falling edge-detecting
circuit, 3 "D" type edge-triggering flip-flop, and associated gating in
the configuration shown in Figure 5.

4. PARITY CIRCUIT

The purpose of the parity circuit is to check the validity of the
data being sent to the exerciser from the RT. 0dd parity is the type
used by the RT. In the event a parity error has been detected, an
output line to the RT unit labeled "ERROR" will be raised. An "ERROR"
signal from the exerciser to the RT tells the RT that an error was
detected while receiving data.

A J-K flip-flop, synchronous counter, and two "D" type edge-
triggered flip-flops are the primary components of the parity circuit
as shown in Figure 7. An error output will set any one of four "D"
type flip-flops, depending upon which channel data was received.
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TABLE 1

INTERCONNECTING NIRIN%OBETHEEN TESTER AND RT
R

SERIAL DIGITAL INPUT MODULE

Tester Module Tester Back Panel RT J9 Signal
__Connector Connector Connector Name

2 2 127 -Data #1

3 3 88 -Data #2

4 4 nz -Data #3

5 5 120 -Data #4

N 1" 123 Request #4

12 12 95 Request #2

13 13 110 Lock-Out #4

14 14 106 Lock-Out #2

17 17 M Flag #4

18 18 112 Flag #2

19 1 98 Acknowledge #4

20 20 101 Acknowledge #2

31 31 84 +Clock #4

32 32 97 +Clock #3

33 33 109 +Clock #2

34 34 86 +Clock #1

37 37 126 +Data #1

38 38 87 +Data #2

39 39 116 +Data #3

40 40 119 +Data #4

46 46 107 Request #3

47 47 122 Request #1

48 48 94 Lock-Out #3

49 49 102 Lock-0ut #1

52 52 113 Flag #3

53 53 103 Flag #1

54 54 99 Acknowledge #3
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TABLE 1 (CONTD)

Tester Module Tester Back Panel RT J9 Signal
Connector Connector Connector Name
55 55 104 Acknowledge #1

66 66 83 -Clock #4

67 67 96 -Clock #3

68 36 108 -Clock #2

69 35 85 -Cleck #1
80 100 Signal GND
79 8 Signal GND
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: TABLE 2
; INTERCONNECTING WIRING BETWEEN TESTER AND RT
SERIAL DIGITAEOSUTPUT MODULE
Tester Module Tester Back Panel RT J9 Signal
__Connector Connector Connector Name
9 8 57 Error #2
10 10 58 Error #4
15 15 60 Request #4
16 16 79 Request #2
21 21 72 Acknowledge #4
22 22 73 Acknowledge #2
23 23 92 Clock #4H
24 24 54 Clock #3H
25 25 65 Clock #2H
26 26 76 Clock #1H
27 27 81 Data #4H
28 28 63 Data #3H
29 29 56 Data #2H
30 30 49 Data #1H
44 44 45 Error #1
45 45 70 Error #3
2 50 50 59 Request #3
" 51 51 78 Request #1
* : 56 56 46 Acknowledge #3
; 57 57 51 Acknowledge #1
58 58 91 Clock #4L
59 59 53 Clock #3L
60 60 64 Clock #2L
61 43 75 Clock #1L
62 62 80 Data #3L
63 63 62 Data #3L
64 64 55 Data #2L
65 65 48 Data #1L

15
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TABLE 3
INTERCONNECTING WIRE LIST FOR LOGIC MODULE IN TESTER

a) Connections to integrated circuits are shown as the chip
pin number, not the socket number.

b) Connections to discrete components are shown as the socket
pin number.

+

C37-1» C38-1» C39-1y C40~1, U23-3y U23-4y U23-12y U23-13» U24~
3y U24-4,

U24-12, U24-13

C2-1y C3~-1y C4-1y CS-1y U23-1, U2R3~-2y U23-14, U23-15,» U24-1, U

-14y U24-15
A0

U26-14, U29-8» U30-8y U31-8y U32-8
Al

U26-13, U29-4, U30-4, U31-4» U32-4
A2

U26-12, U29-5y U30-Sy U31-5» U32-5
A3

U26~-11, U29-6y U30-6» U31-6» U32-6
A4

U27-14, U29-7y U30-7» U31-7y U32-7
AS

U27-13, U29-2» U302, U31-2» U32-2
Ab

u27-12y U29-1s U30-1, U31-1, U32-1
A7

u27-11, U29-16» U30-16» U31-16y U32-16
A8

u28-14, U29-15» U30-15» U31-15,» U32-15
A9

u28-13, U29-14, U30-14y U31-14, U32-14
Al0

u28-12
All

u28-11
ACK

U26-1y U27-1y U28-1y U46-8
ACKI1

C55-1» U37-7
ACKI2

C20-1» U37-9
ACKI3

C54-1, U3B-7
ACKI4

C19-1,» U3B-9

16
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ACKO1
ACKO2
ACKD3
ACKO4
CKD*
CKI
CKI1lt

CRI1-

CKI2+
CKI2-
' CRI3+
CRI3-
CKIA+
CKI4-
CKO

CKO1

CKO1+
CKO1-
CKO2

CRG2+
CKO2-
CKO3
CRO3+

CRO3-

TR i ¥ AT S

CK04

T e

CKO4+

AFAL-TR-78-141

CS56~-1y
C21-1»
U17-8»
U25-2»
C34-0y
C69-0y
C33-0y
Cé68-0y
C32~-0y
Cé67-0»
C31-0y
Cé66-0y

Ul4-11,y U155y

SWA4A9-14,

C26-0y

Cé61-0y

u3s-7
U3s-9
U3é6-7
U36-9
u2s5-5
U34-4
Us7-6»
us7-5
Us7-9»
us7-11
us8-6»
usg-s
us8-9»
us8-11

U42-6y

u42-5

TABLE 3 (CONTD)

usz-7

usz-10

usg-7

us8-10

U20-5» U25-1, U34-8

U34-9» U42-1y U42-2

u42-7

SW49-12y U34-10» U42-14» U42-15

C25-0»

C60-0y

U42-9y

u42-11

u42-10

SW49-16» U34-12» US0-1» US0-2

C24-0y

C59-0y

SWA49-15y

C23-0y

US0-6+»
uso-S

UsSo0--9»

uso-7

U34-13, US0-14, US0-15

usSo-10

17
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CKO4-

C58-0y USO-11
CROC1

U43-9» U43-13
CROC2

U44-9» U44-13
CKOC3

US1-9» US1-13
CKOC4

us2-9» US2-13
DATA

SWi-6y U10-1y U10-3s Ul6-2,
~11
DATA1+

C30~0y US9-&r US59-7
DATAL-

C65-0y US9-5
DATARY+

C29-0y US9-9s US59-10
DATAR-

C64-0y US9-11
DATA3+

C28-0s U60-6s UE0-7
DATAZ-

C63-0y U40-5
DATA4+

C27-0y U60-9y U60-10
DATA4-

C62-0y U60-11
ERROR . NO1

C44-1y U3-7
ERROR . NO2

Co-1s U3-9
ERROR «NO3

C45-1, U2-7
ERROR .NO4

C10-1y U2-9
FFr1

U12-5» U39-3y U39-11, U40-3,
FF2

U10-2, U11-5s U11-11
FF3

SW1-PAR.ENy U11-9, U46-13
FLAG1

C53-1» R37-As Ub1-7
FLAB2

C18-1» R39-A» Ub61-9
FLAG3

C52-1y R41-Ar U62-7
FLAGA

C17-1» RA3-Ay U&2-9
GND

R36~Ay R37-Bs» R38-As R3I9-B»

18
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TABLE 3 (CONTD)

Ul6-3,

U40-11

R40-A»

u29-11» U30-11, U31-11, U32

R41-Ry

R42-Ay R43-R»

SWi-Ay
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TABLE 3 (CONTD)

SW1-FAR.

DISy SW41-Ey SWAL1-RESET» U2-1y U2~2y U2-3y U2-4y U2~10s U2~11»
U2-12» U

2-13y U3-1s U3-2» U3-3y U3-4y U3-10» U3-11y U3~-12y U3-13, U4-3
y U9-8y U

15-10y U19-8» U19-14, U19-15, U22-9y U22-10y U22-12» U22-13y U
229y U3S

-2y U35-4y U35-11y U35-13y U36~2y U36~3y U36~10y U36~11y U36~-1
3y U37-2»

U373y U37-4y U37-11y U3I7-13y U3B~-2» U3B~-3,y U3B-11y U3B-13y U
39-4y U39

-5y U39-12y U39-13y U40-4y U405y U40-12y U40-13y U43-1y U44-1
y US1-1,

UsS2-1y US4-16y USS-1y USS5-2y US5-3y US55y USS-6y USS-12y USS-
14, US6-1

y US6-2y US6~-5y USE6-6y USH~12y Ubl-1y Ub1-2y Ub1-3y Ubl—-4y Ub1
~10y U1~

11y Ub1-12y U61-13y Ub2-1y Ub2-2y U623y Ub2-4y Ub2-10y UL2~11
y Ub2-12»

U62-13y UL3—-1y U63-2y UE3-5Sy Ub3-6y U312y Ub4—-1y Ub4-2y UL64
-3y Ub4-5

y Ub4-6y Ub4-10, U64-12

.01
CA9-0y US4-3y UL4-4
.02
C14-0y US4-4y U64-11
.03
C48-0y US4-5y USS5~15
.04
C13-0y US4-6y USS5-4
FOR
uis-4, U18-9y U18-12y U22-3
FOR’
U20-8y U221y U22-2
FU
SWa1-4, US-2y US5~12y Ub6-2y Ub-12y U11-2y U11~-12, U12-2y U14-2,
Uié-15y

u22-8y U22-11, U33-11, U34-3» U46-11» U47-3» U4A7-11, U4B-2, U4
8-5y U48-
10y U48-13, USS-11, US6-~4, US6-11y US6-15, U63-4y U63-11y UL3-

15y Usb4-1

S
R/7W’

U29-3» U30-3y U31-3y U32-3, U46-12
REQI1

C47-0y U337~y U37-6s U40-2y UA7-9» US4-11, US5-9, USS-10
REQIZ2

C12-0y U37-14» U37-15, U40-10y U47-10» US4~-12, US6-13y» USé6-14
REQI3

C46-0y U38-5» U38B-6y U39-2y U47-12y US4-13y US6~3y US6-7
REQI4

C11-0» U39-10y U47-13, US4-14y US4-10

19
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TABLE 3 (CONTD) 1
REQO1 2
ik C51-0y U7-1y UB-2» U35-5y U35-6» U40-1s U47-1, U48B-3y U54~7s U z#
59~ i
REQO2 |
C16~0y U7-4y UB-5, L35-14y U35-15s U40-9y U4A7-2y U48-6y US54-8» !
Us9-13,  §
U63-3 {
REQO3 |
C50-0y U7-9» UB-10y U36-5, U3é~6y U39~1y U47-4, U4B-8, US4-9, 4
| U60-3, Ub {
; 3-10 |
% REQD4 !
i C15-0y U7-12y UB~13, U39-9, UA4A7-5, US4-10, U60-13, Ub4~14 ;1
RI‘ | |
U46-2y U469y U47-8 I
RO
T U4-S» U17-2y U46~1
| vCce
: LED1-RBy LED2~Bs LED3-Ry LED4~-Ry R32-By R33-Bs, R34-Ey R35-E, U4
L -9y U9-16
t vy U13-16y U19-10y UL9-11y U32-10, UAS5-9y U45-11y U45-13, U45-1
Sy US3-9y
US3-11y US3-13, US3-15
91
U33-13, U60-14» UL0-15
92
U34-5, US8-14, US8-15
93
U34-4, USB-1,y US8-2
94
U33-12y U60-1y UL0-2
95
U33-10y US9-14» US9-15 ;
96 §
Ui17-13, U33-8 |
97
SWi-5, U17-12
98
U34-2y US7-14y US7-15
99
us2-7,y US3-8» US3-10
100
U34-1y US7-1y US7-2
101
U33-9, US9-1» US9-2
102
Us2-é» US3-7
103
US2-5, U62-14y U62-15
104
US2-15, US3-é, US3-12
‘ 105

uS2-14, US3-5
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T e -

TABLE 3 (CONTD)

SW49-2,» US2-2
US3-4, U53-14
uioe-7, U19-92» U20-9
Ué2-5» U62-6

us3-3

SW49-1, US1-2
SW49-D

U24-6y U24-7, U32-12

U40-6

U40-8

U24-10» U24-11, U31-12

U39-6

u23-6y U23~7» U30-12

u3?-8

u23-10» U23-11, U29-12

U0?A-6» U13-2

US1-14y US3-1

us3-2» US3-16
U45-8» UA45-10

Ué1-14y U61-15
uas5-7

SW49-11, U44-2

SWa1~Hy SWA9-C

106

R42-Ey
107

UsS1-27»
108

Ui9-6»
109

Usi1-5»
110

Usi-éy
111

R40~-Ry
112

SWa1-1I,y
113

u24-5y
114

U32-13,
115

U3i-13y
116

U24-9,
117

U30-13»
118

U23-Sy
119

u29-13»
120

U23-9y
121

SW41-7»
122
123

Usi-15y
124

U44-7,
125

U44-5y
126

U44-6»
127

R38-B»
128
129

SWa1-Gy
130

SW41-8»
131

SWA41-9y

SW49-B
Uo9A-7
Uo?A-5» U13-1
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TABLE 3 (CONTD)
132
SWA1-Fy SWA9-A
133
& ~ U43-7, U4AS-4, U4S5-14
| : 134
| U44-15, U4A5-6, UA5-12
135
U44-14, U4S-5
136
U43-5, U61-5, Ub1-6
137
U43-6» U45-3 ,
138 ]
R36-By SWA9-13, U43-2 ?
139 ?
U43-14, U4AS-1 ;
140 .
U43-15, UAS-2, UAS-16 {
141 i
U38-14, U38-15, US56-9 !
142 Q
SWAl-1, U9-1» U13-3 i
143 3
SW41-15, U9-2, U13-4 i
144 i
U7-2y U7-5» U7-10» U7-13s U12-9 i
145 ¢
LED7-By R35-A B
146 : |
Ui-4, Us-8 1
U2-14, U2-15, U6-9 !
148 !
SW1-9, Us-13
149
Ué~11s U7-11
150
U21-6» U21-9» U46-5
151 ]
U21-4, U21-5 i
152
U21-2, U21-3
153
U20-4» U21-1y U46-4
154
Ui19-3» U19-13, U20-3
155
SW13-8» Ulé-6
156
U4-1y U10-10y U12-13, U15-11
157

U4-6» UB-1,» UB-4y UB-9y UB-12
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158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
i81
182
183

TABLE 3 (CONTD)

SW1-AUTO, UB-11
LED7~By R34-A
U1-3» Ué-6
ué-3» U7-8
ui2-11, U20-10

SW41-5, U12-12
SW13-9y SW41-6

SW13-7» U16-5

Ulé-1, U20-6

u12-12, U17-9» U1B8-11

U18-13» U46-6

u12-3, U17-10

Ui11-3» U17-11, U20-~2

Ui7-4, U19-4
u27-15, U28-2
u21-11, U21-12
v18-10» U21-8» U
ui10-8y Ul4-1, U1
U15-14y U17-6
SWi-AUTOy UB-8
SW1-10y Ué-1
U2-5y U2-6y U6-5
Ul10-9» U25-6
U14-5» U14-12
U14-3, U15-12

U36~14y U36~-15y

21-13

4-13y

U4s-11

23
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184
185

186
187

188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207

208
209

TABLE 3 (CONTD)

u4g-12» U64-13

Uli-1, U18-6

u18-5, U21-10

U26-15, U27-2

Uiz-3» U18-1, U18-2y U25-3, U26-2
U11-13, U18-8

Uag-9, Us3-9

U10-5» U14-9» U25-4

SW1-8, U10-4

Ul10-6» U20-11

US-11, U7-6

ui-2» US-8

U3-14, U3-15, U5-9
LED6~By R33-A
SWi-11, US-13
SW1-AUTO, UB-6
U17-1y U46-10» U47-6
Ui19-2, U19-16» U20-1
uig-3, U19-1

U49-6» USS-7

LED4-Ay R31-B

U4B-4, U43-7

usS-3» U7-3

Ul-1, US-6

LEDS~Br R32-A
SW1i-MANUAL» SW41-D

24




AFAL-TR-78-141

TABLE 3 (CONTD)

210 :
SW1-MANUAL» SW41-C
211
SW1-MANUAL> SW41-R
212
SWAl-16y U9-4
213
U3-5, U3-6» US-5
214
SWi-12, US-1
215
SWi-AUTO,» UB-3
216
LED3-Ar R30-R
217
U49-5, US5-13 |
218 |
U49-3, Ub4-7 f
219 | 1
LED1-As» R28-R
220
U49-4, Ub4-9
221

LED2-A» R29-R
U4s-1, U63-13
SW1-MANUAL» SW41-A

25

B pe——————




AFAL-TR-78-141

DAIS SERIAL I/0 EXERCISER

PARITY ERROR LOCK-0UT
o o O O Q... 0. 0
1 2 3 . 1 2 3
PARITY RESET FLAG
wi!d 4 8 8 wol 8.4 .48
1 2 3 . 1 2 3
POVER
o
2 3 “Ade
3 . 3 s
DATA NORMAL
b nmgv TEST b
HANUAL MANUAL
PARITY PARITY ENABLE FLAG
RESET

®) ES ®)

PARITY DISABLE

POVER

OFF

Figure 8. Front Panel Layout
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TABLE 4
PARTS AND COST LIST

Type/Value Ckt Location(s) Quantity Cost/Ea Total Cost
2 7400 U8, U25 2 $ .30 $ .60
% 7408 u7, Ul0, V18, U48 4 .35 1.40
i 7404 un7 1 .36 .36
74104 u21 1 .40 .40
7410 U46 1 .45 .45
M4 u20 1 1.21 1.21 J
7425 U33, U34, U39, U40, U47 5 .32 1.60 :
7437 u22 1 .38 .38 :
7474 us, Us, UI1, U12, U14 5 4 2.05 ]
7476 u16 1 .41 4
74123 U43, U44, US1, US2 5 77 3.08
78161 u26, U27, U28 3 1.32 3.96
74193 u15 1 1.43 1.43 |
74279 uo 1 .86 .86 §
2102 U29, U30, U31, U32 4 3.25 13.00 ?
8T13 u2, U3, U35, U36, U37, U3B, 8 1.87 14.96 g
U61, U62 |
BT14 US5, US6, U63, UG4 4 1.87 7.48 E
%14 u23, U24 2 2.17 4.34 f
9615 U42, USO, US7, USS, US9, U0 6 2.7 13.02
750 g}é>n4, R6+R9, R12, R13, RIS 12 .25 3.00
2400 R14 1 .25 .25
3900 RS 1 .25 .25
20KQ R17, R19, R24, R26 4 .25 1.00
32k R21 1 .25 .25
50KQ R18, R20, R25, R27 4 .25 1.00

27 ;




Tyoe/Value
150pf
220pf
250pf
820pf
&0nf
Diode DIO
Power Supply
Misc Switches

" Hardware

LED's for Fro
Cabinet

AFAL-TR-78-141

TABLE 4 (CONTD)

Ckt Location(s) Quantity Cost/Ea Total Cost

Ql 1 .25 4

c3, C5, C6, C10 4 .25 1.00

c4, C7, Cc8, CN 4 25 1.00

C2 1 .25 2D

c9 1 1.00 1.00

1 .50 .50

30.00 30.00

for Front Panel 25.00

- " " 5.00

nt Panel 8.00
15.00 :

Parts costs are based on approximate retail price listings
at the time of fabrication.

Total time spent on project from design through completion
of fabrication was approximately 294 manhours.
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