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(8) CNI Analog Modules, 3605609-0501, -0503, and -0550 

(a) General (See f i g u r e  78) 

Three d i  f f e r e n t  CNI anal og nodules are c u r r e n t l y  i n s t a l l  ed 
i n  t he  NC-104B, depending upon the  func t i ons  requi red.  
The 3605609-0501 p a r t  number module i s  desc r i  bed i n  t he  
f o l  low ing paragraphs. The -0503 module conta ins  on l y  t he  
RALT c i r c u i t s ,  which are i d e n t i c a l  on a l 1  modules. The 
-0550 i s  s i m i l a r  t o  t h e  -0501, -0503 module except f o r  
HIRF l i g h t n i n g  p r o t e c t i o n  c i r c u i t r y .  

Th is  module processes the  analog CNI s igna l  s from 
non-ARINC 429 equipment, and generates d i g i  t a1  s igna l  s f o r  
i nco rpo ra t i ng  i n t o  an ARINC 429 word. 

Th is  paragraph and the  f o l  low ing paragraph 7.C(9) descr i  be 
the  CNI i n t e r f a c e  c i r c u i t s .  Although t h i s  module 
processes t h e  analog inputs,  and the  f o l l o w i n g  CNI d i g i t a l  
module processes the  d i g i t a l  inputs,  t h e  two modules have 
some common areas. Refer t o  t he  b lock  diagram d e s c r i p t i o n  
f o r  an o v e r a l l  d e s c r i p t i o n  o f  t h e  CNI i n t e r f a c e  c i r c u i t s .  

The CNI analog module receives DC l e v e l  i npu ts  from the  
GS/LOC p o r t i o n  o f  t he  NAV rece iver ,  analog i npu ts  from the  
r a d i o  a l t ime te r ,  and the  s in/cos o r  synchro conver te r  
i npu ts  fed  by the  ADF rece iver .  

The 9960 Hz VOR bear ing composite s igna l  from the  NAV 
r e c e i v e r  i s  a l so  appl i e d  t o  t h i s  module f o r  processing. 

An i n t e r f a c e  i s  provided f o r  both l e f t  and r i g h t  s ide  
inputs,  except f o r  t he  r a d i o  a l t i t u d e  (RALT) da ta  i npu t .  
F igure 79 1 i s t s  the  i npu ts  processed by t h e  CNI analog 
module. 

INPUT SIGNALS 

ADF 1 SYNCHRO X, Y, Z 
ADF 2 SYNCHRO X, Y, Z 
ADF SIN 1 
ADF SIN 2 
ADF COS 1 
ADF COS 2 
Local i zer  1 
Local i zer  2 

I n p u t  Signal s and Mu1 t i  p l  exers Empl oyed 
Figure 79 

MULTIPLEXER 
EMPLOY ED 

U4519 
U4519 
U4534 
U4534 
U4523 
U4523 
U4532 
U4532 

I.B. 10104A 

. 

INPUT SIGNALS 

G l  ides lope 1 
G l  i des1 ope 2 
Col 1 i ns RALT 
Sperry RALT 
ARINC RALT 
NAV 1 9960 composite 
NAV 2 9960 Composite 
VOR t e s t  
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MULTIPLEXER 
EMPLOY ED 

U4521 
U4521 
U4533 
U4533 
U4522 
U4526 
U4525 

U4525, U4526 
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(b) Input  Mu1 t i p l  exers 

Several 4-channel CMOS anal og mu1 t i p l  exers (type HI509) 
are contained on the module, and are used f o r  se lec t ing  
inputs  t o  be processed. Refer t o  f i g u r e  79 and 80. 

This ch ip  has fou r  "A" inputs and fou r  "B" inputs, w i t h  a 
s ing le  "A" output and a s ing le  "B" output. When the ch ip  
i s  enabled by a l o g i c  h igh a t  p i n  2, one o f  the "An inputs  
w i l l  appear a t  the "A" output, and one o f  the "B" inputs  
w i l l  appear a t  the "Bu output. A 2-b i t  address ( A l ,  AO) 
determines which o f  the fou r  inputs  i s  switched t o  the 
output. A l 1  the mu1 t i p l exe rs  (except the two NAV mux's) 
are addressed simul taneously by the T l 2  SEL s igna l  and the - 
OPRITST signal  . 

Typi ca l  Anal og Mu1 t i  p l  exer Operat i on 
Figure 80 

> HIGH S I D E  OUT 

> LOW SIDE OUT 
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LOC 1 HIGH - > 
LOC 2. HIGH - > 

REF VOLTAGE - > 
GROUND - > 

2 
ENABLE -> 

B INPUTS 
LOC 1 LON - > 
LOC 2 LOW - > 

GROUND - > 
GROUND - > 
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(c) ADF Synchro Inputs  

The ADF synchro suppl i e s  th ree  s igna ls  (X, Y, and Z)  o f  
vary ing  phase. Two ADF synchro i npu ts  can be processed. 

The ADF 1 synchro X and Z  i npu ts  are app l ied  t o  d i f f e r e n c e  
a m p l i f i e r  U4531B which produces an X-Z output.  The Y and 
Z i npu ts  are appl i e d  t o  d i f f e r e n c e  a m p l i f i e r  U4531A which 
produces a  Y-Z output.  The two outputs are app l i ed  t o  
anal og swi t c h  U4520. 

S i m i l a r l y ,  t h e  ADF 2  i npu ts  are subtracted and t h e  
r e s u l t i n g  s igna ls  are app l ied  t o  analog swi tch  U4520. 
Th is  c h i p  i s  a  quad SPST analog switch. Each o f  t he  f o u r  
switches i n  the  ch ip  can be operated independently by an 
"A" input ,  however, i n  t h i s  c i r c u i t  a l 1  are operated by an 
output  from m u l t i v i b r a t o r  U4518B, which i s  t r i g g e r e d  by 
t h e  400 Hz reference i n p u t  t h a t  operates the  synchros. 
The swi tch  gates the  f o u r  ADF s igna ls  t o  ADF m u l t i p l e x e r  
U4519. 

The ADF m u l t i p l e x e r  se lec ts  the  ADF 1 o r  t he  ADF 2  inputs,  
o r  a  reference vo l tage input ,  depending upon t h e  address. 
Refer t o  f i g u r e  81 f o r  ADF mu1 t i p l e x e r  addresses. The 
se l  ected s igna l  s  are appl i e d  t o  8 - input  mu1 t i p l  exer U4539, 
f o r  a p p l i c a t i o n  t o  t h e  ana log- to -d ig i ta l  (A/D) conver ter  
(U4524). 

ADF Synchro M u l t i p l e x e r  U4519 Addresses 
Figure 81 

I .B.  10104A 

SELECTED SIGNALS 

ADF 1 synchro, X-Z and Y-Z 

ADF 2  synchro, X-Z and Y-Z 

Reference vo l tage t e s t  

C i r c u i t  o f f ,  s e t  t e s t  

ADDRESS 
- 
OPRITST 

O 

O 

1 

1 

" 112 SEL 

O 

1 

O 

1 
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(d) Local izer Inputs 

The two local izer inputs are appl ied to mu1 tiplexer U4532. 
Either the high and low LOC 1 inputs are selected or the 
high and low LOC 2 inputs are selected. The addresses are 
the same as previously shown for the ADF synchro 
mu1 tiplexer (mux) in figure 81. The selected inputs are 
appl ied to integrating ampl i fier U4511A, which suppl ies 
the selected LOC signal to 8-input multiplexer U4539. 

(e) Gl ideslope Inputs 

The two gl ideslope (GS) inputs are processed by 
multiplexer U4521, exactly 1 i ke the LOC signals. The 
selected GS signal is also appl ied to mu1 tiplexer U4539. 

(f) RALT Mu1 t i pl exers 

Two mu1 tipl exers (U4533 and U4522) are provided for 
selecting up to four RALT inputs. Currently only three of 
the four possible inputs are employed. Mu1 t i pl exer U4533 
(RALT A) i s wired to receive a Col 1 ins RALT or a Sperry 
RALT. Multiplexer U4522 is wired to receive an ARINC RALT 
and a spare RALT input. The inputs are processed exactly 
1 i ke the LOC and GS inputs, and the RALT A and RALT B 
inputs are appl i ed to mu1 tiplexer U4539. 

(g) Sine and Cosine Mu1 tiplexers 

These two mu1 ti pl exers (U4534 and U4523) receive the sine 
(SIN) and cosine (COS) signals respectively from two ADF 
units. The analog signals are processed exactly like the 
previ ously descri bed mu1 tipl exers. The SIN output from 
U4534 and the COS output from U4523 are also applied to 
mu1 t i pl exer U4539. 

(h) Eight-Input Mu1 tiplexer U4539 

This chip selects one of eight inputs for application to 
the anal og-to-digi ta1 converter U4524. The input that is 
selected is determined by the 4-bit address from dual 
counter U4540A. The least significant bit (U4540-3) is 
the T/2 SEL bit and the other three bits directly address 
the mu1 tiplexer. Figure 82 1 ists the address scheme for 
the mu1 tiplexer, and illustrates how the inputs are 
sequentially sampled. The operate mode is assumed (the 
OPR/TST signal i s 1 ow) . 
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As p rev ious l y  described, a l 1  o f  t he  i n p u t  m u l t i p l e x e r s  are 
cont inuously  enabled, and are a l 1  addressed by t h e  same 
2 - b i t  address. Therefore, t he  e i g h t  i n p u t  c i r c u i t s  w i l l  
a l 1  be supply ing output  data, depending upon the  address. 
That necess i ta tes  the  8- input  m u l t i p l e x e r  t o  s e l e c t  one o f  
t h e  i npu ts  a t  a  t ime f o r  a p p l i c a t i o n  t o  the  AJD conver ter .  

Mu1 t i p l e x e r  U4539 and RAM Wr i te  Addresses (from U4540A) 
Figure 82 

(i) Anal og-to-Digi ta1  Converter U4524 

Th is  c h i p  d i g i t i z e s  t h e  dc i n p u t  vo l tage (suppl i e d  by 
U4539) i n t o  a  12-b i t  p a r a l l e l  d i g i t a l  word. The c h i p  
compares the  i n p u t  vo l tage w i t h  a  reference vo l tage t o  
determine the  value, and generates t h e  12-b i t  word. 
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The A/D conver ter  i s  c o n t r o l l e d  by th ree  ex terna l  inputs;  
CE a t  p i n  6, CS a t  p i n  3, and R/C a t  p i n  5. I n  t h i s  
app l i ca t i on ,  t h e  ch ip  s e l e c t  (CS) i s  w i red  low f o r  
permanent se lec t ion ,  t h e  c h i p  enable (CE) i s  w i red  t o  i-5 V 
f o r  permanent enable, and the  read lconver t  (RJC) i n p u t  i s  
c o n t r o l l e d  by f l  i p - f l o p  U4528B. When t h e  R/c i n p u t  goes 
1  ow (400 nsec minimum), t he  conversion c y c l e  (conver t  
s t a r t )  i s  i n i t i a t e d .  The actual  conversion w i l l  s t a r t  i n  
about 500 nsec, and once the  cyc le  i s  s ta r ted ,  i t  cannot 
be i n te r rup ted .  The conversion cyc le  requ i res  about 30 
usec and then v a l i d  data i s  ava i lab le .  The data  w i l l  
appear a t  t h e  outputs when t h e  R/c s igna l  goes high. 
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When R/C i s  high ( a f t e r  conversion) the data output l i n e s  
are enabled and the 12-bi t  word i s  appl ied t o  the bu f f e r  
RAM, since the 1218 format input  a t  p i n  2 o f  the A/D 
converter i s  wired high t o  se lec t  a 12-bi t  word output. 
The bu f f e r  RAM i s  formed by U4535, U4536, and U4537. Each 
ch ip  i n  the RAM provides 16 b i t s  o f  storage f o r  each o f  
fou r  inputs, therefore, the e n t i r e  RAM can s tore  16 12-bi t  
words. 

(j) Address and A/D Converter Control C i r c u i t s  

The mu1 t i p l e x e r s  and A/D converter are addressed by 
s igna ls  generated from a 100 KHz c lock  input .  The c lock  
i s  appl ied t o  a 4-stage counter (U4540B) which d iv ides the 
100 kHz by 2, 4, 8, and 16, r e s u l t i n g  i n  outputs o f  50 
kHz, 25 kHz, 12.5 kHz, and 6.25 kHz respect ive ly .  The 
6.25 kHz output clocks the second counter (U4540A) and 
generates fou r  more outputs t h a t  are used f o r  the 112 SEL 
s ignal  and the 8-input mu1 t i p l  exer (U4539) address inputs  
as p rev i  ousl y  expl a i  ned . 
Refer t o  t im ing  diagram f i g u r e  83. The 50 kHz output a t  
p i n  11 clocks D-type f l ip - f l ops  U4528B and U4528A. The 
D-input t o  these F-F i s  obtained from NORing the  25 kHz 
and the 12.5 kHz outputs. The output from U4528B i s  the 
R/C s ignal  t o  the A/D converter, and the Q output from 
U4528A i s  used f o r  the read s ignal  t o  the b u f f e r  RAM. 

(k) Bu f fe r  RAM (U4535-U4537) 

The three 64-bi t  chips i n  the Bu f fe r  RAM are wired t o  
operate as a s ing le  RAM, w i t h  common read lwr i te ,  ch ip  
select,  and address inputs. The t o t a l  RAM has 12 inputs  
and can s tore  16 words. Figure 84 i s  a t im ing  diagram f o r  
the RAM address generated by the counter i n  U4524A and 
se l  ected by mu1 t i p l  exer U4538. 

The diagram i l l u s t r a t e s  the sequential storage o f  the 16 
possib le data inputs  from the inpu t  mul t ip lexers .  Once 
again, observe t h a t  wh i le  8 -b i t  mu1 t i p l e x e r  U4539 i s  
addressed f o r  each o f  the 8 inputs, the T/2 SEL b i t  
toggles every 320 microseconds (50 kHz) and appl ies the #1 
and then the #2 input  f o r  t h a t  addressed select ion,  
c reat ing 16 inputs which are processed by the  A/D 
converter and u l t ima te l y  suppl ied t o  the b u f f e r  RAM as 16 
12-bi t words. 
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Each 64-bit RAM has an active-low write input (m) that 
controls the writing/readingoperation for the memory, and 
an active-low chip select (CS) at pin 2. When the CS and - 
WE are both low, the data on the four inputs (Dl - D4) is 
wri tten into the addressed memory word, and precondi tions 
the output circuitry so that correct data is present at 
the outputs when the write cycle is complete. 

Reading is performed when the chip select is low and the 
write input is high. The data stored in the addressed 
word is read out on the four non-inverting outputs. When 
the chip select (pin 2) is high, and during a writing 
operation, the four outputs go to an inactive high 
impedance state. 
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100 M 
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U4540-3, 1QA 
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U4541C-10 

RIE m UD 
U4528-ô. v 
NOR-GATE OUT 
U4541B-4 

F-F OUT 
U4528-5. Q 

NOR-6ATE OUT 
U4541D-13 
RAW CHIP SELECT 

Analog Mux and A/D Converter Control Timing Diagram 
Figure 83 

RAI4 
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1 6 RALT 
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u4540-4* 1QB 

I I I I 

I 
I 
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Buffer  RAM "Write" Address Timing Diagram 
Figure 84 
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(1) B u f f e r  RAM Address M u l t i p l e x e r  U4538 

Th is  c h i p  i s  a  quad 2- input  m u l t i p l e x e r  w i t h  an 1/13 s e l e c t  
i n p u t  a t  p i n  1. The c h i p  i s  permanently enabled by t h e  
low i n p u t  a t  p i n  15. When the  s e l e c t  i n p u t  ( p i n  1) i s  
low, t he  f o u r  address i npu ts  (Al ,  A2, A3, A4) from the  
microprocessor address bus are appl i ed t o  t h e  mu1 t i p l  exer 
output  p ins  and address the  b u f f e r  RAM. When the  s e l e c t  
i n p u t  i s  high, the  f o u r  B address i npu ts  from counter 
U4540B are app l ied  t o  the  output  p i n s  and address the  
b u f f e r  RAM. 

The s e l e c t  i n p u t  t o  t he  rnu l t i p lexe r  i s  t he  BUFFER RAM EN 
s igna l  from the  CNI d i g i t a l  board. Th is  i n p u t  (P4512-39) 
i s  a c t u a l l y  a  RAM read enable, and i s  low when the  
microprocessor wants t o  read the  analog CNI da ta  from the  
b u f f e r  RAM. A t  t h i s  t ime the  microprocessor w i l l  supply 
t h e  necessary 16 addresses t o  read t h e  16 12-b i t  words i n  
t h e  RAM and the  data w i l l  be a ~ ~ l i e d  t o  t h e  da ta  bus. i n  
sequence as i l 1  us t ra ted  i n  f i g h k e  l x x .  Observe t h a t ' t h e  
i nve r ted  BUFFER RAM EN s iana l  i s  a l so  t h e  r e a d l w r i t e  
s igna l  t o  the  RAM ( p i n  3): and r e s u l t s  i n  t h e  " w r i t e "  mode 
when the  s igna l  i s  high, as p rev ious l y  explained. 

(m) RAM Operat ion Sequence Summary 

1 Wr i te  Mode - 

As p rev ious l y  described, when the  BUFFER RAM EN s igna l  
i s  high, the  RAM i s  i n  t he  w r i t e  mode and the  16 dc 
vo l tage i npu ts  are cont inuously  being supp l ied  t o  the  
A/D converter,  converted i n t o  a  12-bi t d i g i  ta1  word, 
and s tored i n  t he  b u f f e r  RAM w i thou t  c o n t r o l  from the  
m i  croprocessor. When the  m ic~oprocesso r  accesses the  
b u f f e r  RAM t o  read the  accumulated data, t h e  
f ree-running process i s  ha1 ted. However, t he  c o n t r o l  
c i r c u i t s  w i l l  n o t  permi t  t h e  processor t o  i n t e r r u p t  a  
" w r i t e "  sequence i n  t h e  RAM. 

2  Read Mode - 

When the  w r i t e  sequence i s  complete, t he  2QD output  
from counter U4540B ( p i n  8) goes low and c locks  counter 
U4540A t o  s e l e c t  t he  next  m u l t i p l e x e r  (U4539) i n p u t  and 
advance the  w r i t e  address t o  the  RAM f o r  t he  next  A/D 
conversion and RAM w r i t e  cyc le .  Th is  output  from p i n  8 
o f  U4540 i s  a l so  the  BUFFER RAM AVAIL s iana l  which i s  
app l ied  t o  the  CNI d i g i t a l  board, where i t  r e s u l t s  i n  a  
low BUFFER RAM EN s igna l  and an i n p u t  t o  t he  
m ic rop rocesso r~v ia  the  da ta  bus. 
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The low BUFFER RAM EN s igna l  now se lec ts  t h e  
microprocessor address i npu ts  t o  U4538. The s igna l  i s  
a l so  i nve r ted  by U4542E, which se lec ts  the  "read" mode 
f o r  t h e  RAM and c lea rs  the  counter (U4540B) which 
generates t h e  c locks  f o r  t h e  A/D conver ter .  

The data  i n  t h e  RAM i s  now read out  a t  a 20 Hz ra te ,  
c o n t r o l l  ed by the  microprocessor address from 
m u l t i p l e x e r  U4538. The RAM read address i s  shown i n  
f i g u r e  85. 

B u f f e r  RAM Read Addresses from U4538 
F igure  85 

(n) NAV Composite Inpu t  C i r c u i t s  

READ FUNCTIONS 

#1 ADF SYNC X-Z 
#2 ADF SYNC X-Z 
# l  ADF SYNC Y-Z 
#2 ADF SYNC Y-Z 
#1 LOC 
#2 LOC 
#1 GS 
#2 GS 
RALT A (Col 1 i ns) 
RALT B (Sperry) 
RALT C (ARINC 552) 
RALT C o f f s e t  t e s t  
#1 ADF s i n  
#2 ADF s i n  
#1 ADF cos 
#2 ADF cos 

ADDRESS 

1 General - 

I A4 A3 

A t  t h i s  time, r e c a l l  t h a t  t h e  VOR composite s igna l  
conta ins two 30 Hz s igna ls .  A re ference s igna l  and a 
v a r i a b l e  s igna l .  The two are  in-phase o n l y  a t  O0 
magnetic North. A t  a l 1  o ther  headings, t h e  phase 
between the  two 30 Hz s igna ls  w i l l  Vary. Th i s  r e s u l t s  
i n  t he  f a m i l i a r  composite s igna l  format, w i t h  t h e  9960 
Hz s igna l  being frequency modulated by t h e  reference 
s igna l  and ampli tude modulated by t h e  v a r i a b l e  phase 
s igna l  . 

I A2 A l  

I.B. 10104A 

O O O O 
O O O 1 
O O 1 O 
O O 1 1 
O 1 O O 
O 1 O 1 
O 1 1 O 
O 1 1 1 
1 O O O 
1 O O 1 
1 O 1 O 
1 O 1 1 
1 1 O O 
1 1 O 1 
1 1 1 O 
1 1 1 1 
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There are two i d e n t i c a l  NAV composite c i r c u i t s  on the  
board. Each o f  the  NAV composite c i r c u i t s  (VOR 
decoder) conta ins th ree  main par ts ;  an i n p u t  
mu l t i p lexe r ,  a  reference s igna l  decoder, and a  v a r i a b l e  
s igna l  decoder. Only the  NAV 1 c i r c u i t  i s  described i n  
t he  f o l  1  owing paragraphs. 

2  Inpu t  Mu1 t i  p l  exer U4526 - 

Figure 86 i l l u s t r a t e s  the  i n p u t  analog m u l t i p l e x e r  
(U4526) employed f o r  t he  NAV 1 inpu t .  Th is  m u l t i p l e x e r  
se lec ts  e i t h e r  t he  composite VOR s igna l  from t h e  NAM 1 
rece iver ,  o r  t he  VOR t e s t  s igna l  from the  CNI d i g i t a l  
board. Only two o f  t he  f o u r  poss ib le  i npu ts  t o  the  
m u l t i p l e x e r  are used. Therefore, t h e  A l  address inpu t  
i s  permanentfy grounded and on l y  t h e  A0 i n p u t  (TST/OPR) 
i s  used t o  s e l e c t  one o f  t he  two i n p u t  s igna ls .  

> HIGH SIDE OUT 

MULTIPLEXER 

> LOW SIDE OUT 
NOT USED - 

NAV Composite Mu1 t i p l  exer U4526 
Figure 86 
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When the  VOR T S T / ~  s igna l  i s  low, the  NAV 1 composite 
i npu t  i s  selected, and when the  NAV T S T / ~  s igna l  i s  
high, t h e  composite VOR t e s t  s igna l  i s  selected. The 
selected inpu t  i s  appl i e d  t o  a d i f f e r e n c e  a m p l i f i e r  
(U4515B), and t h e  r e s u l t i n g  composite s igna l  i s  appl ied 
t o  a "reference" s igna l  decoder and t o  a " va r iab le "  
s igna l  decoder. 

3 Var iable Signal Decoder C i r c u i t  - 

The v a r i  ab1 e s igna l  decoder c i r c u i t  conta i  ns a 1 ow-pass 
f i l  t e r  (U4515A), a band-pass f i l  t e r  (U4527D) and an 
output  comparator/ampl i f i e r  (U4517). 

The composite Nav s igna l  i s  coupled by R l l O  t o  t h e  
low-pass f i l  t e r .  The 30 Hz low-pass f i l  t e r  ex t rac ts  
t h e  30 Hz va r iab le  s igna l  from t h e  composite s igna l ,  
removing the  9960 Hz s igna l .  The band-pass f i l t e r ,  
U4527D, f u r t h e r  attenuates t h e  9960 Hz component. 

The f i l t e r e d  30 Hz s igna l  i s  then app l ied  t o  comparator 
c i r c u i t  U4517 which converts t h e  s inuso ida l  waveform 
i n t o  a TTL l e v e l  (10 V p-p) squarewave s igna l  
corresponding t o  the  30 Hz v a r i a b l e  s igna l .  The output  
a t  U4517, p i n  7 i s  fed  v i a  54512 p i n  38 t o  t h e  CNI 
d i g i t a l  module. 

4 Reference Signal Decoder C i r c u i t  - 
The purpose o f  t h i s  c i r c u i t  i s  t o  remove t h e  30 Hz 
reference s igna l  which frequency modulates t h e  9960 Hz 
component o f  t h e  rf c a r r i e r .  Refer t o  f i g u r e  87. 

This decoder c i r c u i t  conta ins a 9960 Hz band-pass 
f i l t e r  (U4527C, U4508), an FM de tec to r  and pulse 
averaging c i r c u i t  (U4506A, U4505A, U4504A), a 30 Hz 
band-pass f i  1 t e r  (U4503B), and a d i  fference/comparator 
ampl i f i e r  (U4502). 

The 9960 Hz band-pass f i l  t e r  removes t h e  30 Hz va r iab le  
frequency component from t h e  VOR s igna l ,  resu l  t i n g  i n  a 
9960 Hz FM output  s igna l  a t  p i n  8 o f  U4527C. U4508 i s  
a comparator which converts t h e  sinewave t o  a 
squarewave. 
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The FM s igna l  i s  detected by a pu lse  averaging c i r c u i t ,  
which inc ludes monostable m u l t i v i b r a t o r  (MVB) U4506A. 
The output  from U4508-7 i s  app l ied  t o  t h e  "Bn i n p u t  o f  
t h e  MVB ( p i n  5). This  MVB i s  t r i g g e r e d  on t h e  negat ive 
edge o f  t he  9960 Hz input ,  and has an output  pu lse  
w id th  o f  about 70 usec. The MVB i s  r e t r i g g e r a b l e  i f  
t h e  nex t  i n p u t  pulse occurs w i t h i n  t h e  70 usec on-time. 

The 9960 Hz pulse w id th  i s  about 100 usec, and the  
unmodulated s igna l  w i l l  produce evenly spaced 70 usec 
output  pulses from the  MVB ( p i n  6). However, t he  t ime 
between pulses w i l l  Vary when t h e  s igna l  i s  modulated. 
Since t h e  modulat ion i s  a constant  30 Hz re ference 
frequency, t he  pu lse  spacing w i l l  Vary a t  t h e  36 Hz 
r a t e .  I n  o ther  words, when t h e  frequency i s  high, 
U4506A produces more pulses o f  constant  width, and when 
i t  i s  lower the  pulses are o f  t h e  same w id th  b u t  
f u r t h e r  apar t .  The pu lse  w id th  o f  t h e  MVB i s  
determined by the  t ime constant  developed by RI35 and 
C4527. 

The resu l  t i n g  pu1 ses are averaged ( in tegra ted)  by 
C4529, b u f f e r  a m p l i f i e r  U4505A, and low-pass f i l t e r  
U4504A. The r e s u l t i n g  s igna l  i s  a s inuso ida l  vo l tage 
t h a t  va r i es  i n  amplitude a t  a 30 Hz r a t e .  Th is  s igna l  
i s  app l ied  t o  30 Hz band-pass f i l t e r  U4503B. The 
f i l t e r  output  i s  app l ied  t o  a m p l i f i e r  U4502, which 
produces the  TTL l e v e l  30 Hz squarewave reference 
output  a t  p i n  7. This 30 Hz squarewave output  i s  f ed  
v i a  54512 p i n  36 t o  the  CNI d i g i t a l  module. 

5 VOR Bearing Cal cu l  a t i o n  - 
The CNI d i g i t a l  module swi tches t h e  30 Hz re ference and 
the  30 Hz v a r i a b l e  squarewave s igna ls  t o  t h e  a u x i l  i a r y  
module, where they are appl i ed t o  programmable i n t e r v a l  
t imers.  

The NAV processor de f ines  the  VOR phase angle ( r a d i a l )  
t h a t  t h e  a i r c r a f t  i s  on by a c a l c u l a t i o n  us ing  t ime 
d i  f ferences. The processor measures t h e  t ime  
d i f f e r e n c e  between the  30 Hz re ference and v a r i a b l e  
s igna l  S. 
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30 HZ 
VARIABLE 

30 HZ 
REFERENCE 

When the square wave signal goes positive a timer on 
the auxil iary module starts, defining T,, the beginning 
of the 30 Hz reference period (Pl). When the 30 Hz 
variable square wave goes positive at Tl, the first 
time count stops, measuring the P, period. 

The timer continues to time until it measures the 
period to the next positive going 30 Hz reference 
transition, T,, the end of one complete 30 Hz reference 
cycle (Pl). (If the transmitted VOR signal 30 Hz 
reference frequency is not exactly 30 Hz, the processor 
compensates for the vari ance.) 

Using the two measured time periods the processor 
divides P, by Pl, then mu1 tipl ies the dividend times 
360° to cal cul ate the VOR angle. 

Typi cal VOR Composite Waveforms 
Figure 87 

(9) CNI Digital Modules 3605610-0501, -0502, and -0550 

(a) General 

This module processes the CNI digital signals from 
non-ARINC 429 equi pment, and generates signal s for 
incorporating into an ARINC 429 word. The inputs 
processed are listed in figure 89. Refer to the block 
diagram (figure 88) and to the module schematic diagram. 
The -0550 simil ar to the -0501, -0502 module except for 
HIRF 1 ightning protection circuitry. 
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Clock s igna l  s  t o  U5033 
Clock s igna l  s  t o  U5033 
DME sync t o  U5032 
DME sync t o  U5032 
D isc re te  i n p u t  t o  U5004B 
D isc re te  i n p u t  t o  U5004D 
D isc re te  from CNI analog 
D isc re te  from CNI analog 

ILS 1 Enable D isc re te  i n p u t  t o  U5020C 
Inner  Marker 1 D isc re te  i n p u t  t o  U5026A 
M i  dd l  e  Marker 1 D isc re te  i n p u t  t o  U5026B 
Outer Marker 1 D isc re te  i n p u t  t o  U5026D 
ILS 2 Enabl e  D isc re te  i n p u t  t o  U5020D 
Inner  Marker 2 D isc re te  i n p u t  t o  U5026C 
Middle Marker 2  D isc re te  i n p u t  t o  U5027A 
Outer Marker 2  D isc re te  i n p u t  t o  U5027B 

Inputs  t o  CNI D i g i t a l  Module 
Figure 89 

(5) I npu t  Mu1 t i p l  exers 

Several 4-channel CMOS anal og mu1 t i p l  exers ( type HI509) 
are contained on the  module, and are used f o r  s e l e c t i n g  
i npu ts  t o  be processed. Refer t o  f i g u r e  89. 

Th is  c h i p  has f o u r  "A" i npu ts  and f o u r  "B" inputs,  w i t h  a  
s i n g l e  "A" output  and a  s i n g l e  "Bu output .  When t h e  c h i p  
i s  enabled by a  l o g i c  h igh  a t  p i n  2, one o f  t he  "A" i npu ts  
w i l l  appear a t  t he  "A" output,  and one o f  t he  "B" i npu ts  
w i l l  appear a t  t he  "Bu output .  A 2 - b i t  address (Al ,  AO) 
determines which o f  t h e  f o u r  i npu ts  ge ts  switched t o  t h e  
output .  
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ENABLE -> 

A INPUTS 
DME 1 DATA H I  -> 
DME 2 DATA HI -> 

TEST FROM U5001 -> 
GROUND -> 

B INPUTS 

I.B. 10104A 

1 

1 A  
2A OUT A 
3A 
4 A 

4-CHANNEL 
CMOS 
MUX 

TYPE 
H I  509 

1 B 
2B OUT B 
3 B 
4B 

U5034 
b 

DME 1 DATA LO -> 
DME 2 DATA LO -> 

GROUND - > 
GROUND -> 

HIGH S IDE OUT > 

> LON S I D E  OUT 

A l  Po 
ADDRESS 

Typi cal  Anal og Mu1 t i p l  exer Operat i on 
Figure 90 

(c) DME C i r c u i t s  

The inputs  from two DMEys can be processed. Each DME 
suppl ies a DATA input ,  a CLOCK input, and a SYNC inpu t  t s  
the module v i a  connector J1B. The DME rece ivers  i n  the 
a i r c r a f t  supply two s e r i a l  buses, f o r  the l e f t  and r i g h t  
remote DME un i t s .  The two DME DATA inputs  are appl ied t o  
analog mu l t i p lexer  U5034. Refer t o  f i g u r e  90 f o r  t y p i c a l  
mu1 t i p l exe r .  

The DME se lec t ion i s  con t ro l l ed  by the  microprocessor 
address s ignal  s and the CNI SELECT signal .  The address 
s ignal  s ( A l ,  A2, A3) are appl i e d  t o  an 8 - b i t  addressable 
l a t c h  (U5024). Two o f  the l a t c h  outputs are appl ied t o  
the three DME mu1 ti p l  exers (U5034, U5033, U5032) when the 
microprocessor wants t o  look  a t  the DME DATA, CLOCK, and 
SYNC inputs. Each o f  the three mul t ip lexers  are addressed 
the same, and w i l l  se lec t  the inputs  f o r  e i t h e r  DME 1, DME 
2, o r  tes t .  
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The two outputs (h igh s ide  and low s ide)  from t h e  
mu1 t i p l e x e r  are appl i e d  t o  a comparator, and t h e  s e r i a l  
DATA i s c l  ocked i n t o  a s e r i  a l  -to-para11 e l  s h i  ft r e g i  s t e r  
(U5029, U5043). The data  i s  r e t r i e v e d  from t h e  s h i f t  
r e g i s t e r  on a p o l l e d  bas is  a t  a 2.5 Hz c lock  r a t e  as 
f o l  1  ows. 

When power i s  appl ied, t h e  t e s t  s igna l  from counter  U5001 
i s  se lec ted  by the  DME mu1 t i p l e x e r s  ( p i n  6) and i s  rou ted  
i n t o  the  DME c i r c u i t  t o  c l e a r  t he  r e g i s t e r s  and v e r i f y  
c i r c u i t  operat ion. The t e s t  s igna l  i s  generated by t h e  
12-b i t  counter U5001 from a 1.67 MHz i n p u t  clock, and i s  
i n  t h e  King format (10101010.). The t e s t  s igna l  i s  always 
se lec ted  by the  address (Al,  AO) between DME 1 and DME 2 
s e l e c t i o n  t o  guarantee t h a t  no l e f t - o v e r  da ta  i s  
processed, and t o  permi t  de tec t i ng  a dead channel. Refer 
t o  f i g u r e  91. 

DME Mu1 t i  p l  exer Addresses 
Figure 91 

DESCRIPTION I 

The outputs from the  DME c lock  and sync m u l t i p l e x e r s  
(U5033, U5032) are appl i e d  t o  c i r c u i t s  which are  sof tware 
c o n t r o l l e d  f o r  t he  type DME i n s t a l l e d  i n  t h e  system. The 
DME r e c e i v e r  c i r c u i t s  accept e i t h e r  t h e  Col1 i n s  DME format 
o r  t he  King DME format, which i s  determined by equipment 
s t rapping.  The two formats are  n o t  t o t a l l y  compatible. 
When power i s appl ied, t h e  microprocessor reads t h e  s t r a p  
cond i t i ons  and determines which type DME i s  connected. It 
then generates the  necessary address t o  l a t c h  U5024, which 
suppl i es a K i  ng/Col l  i ns output  t o  mu1 t i p l  exers U5813A and 
U5013B. Th is  conf igures t h e  hardware f o r  s e l e c t i n g  t h e  
K ing  o r  C o l l i n s  c lock  and s t robe s igna ls  t o  t h e  s h i f t  
r e g i s t e r .  

O 

O 

1 

1 

I.B. 10104A Page 98.61 
Jun/94 

Selects DME 1 DATA f o r  outputs. 

Selects DME 2 DATA f o r  outputs.  

Sel ec ts  c l  ock f o r  l o c a l  DME t e s t  word. 

Both outputs go t o  ground (OFF cond i t i on ) .  

O 

1 

O 

1 

1A & 1B 

2A & 2B 

3A & 38 

4A & 4B 
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(d) Cl ock Generator Circuits 

The clock generator contains a 12-bit counter (U5035) and 
a 3.399 MHz input from the master processor module. The 
3.399 MHz signal is divided by the counter to produce four 
additional frequencies for the CNI circuits. The clock 
frequencies obtained from U5035 are 1 isted in figure 92. 

Reference signal input to VOR test signal 
generator (divider U5003). 
Drives A/D Buffer RAM control logic on 
analog CNI module (100 kHz). 
Variable signal input to VOR test signal 

Clock Generator Frequencies 
Figure 92 

(e) Discrete Input Buffers 

Several input buffer circuits allow discrete signals $rom 
the external equipment to be processed by the NC-104B. 
There are two types of buffers employed. The first type 
accepts "super flag" level signals which may be either 
sourcing t28 Vdc or an OPEN condition. The second type 
buffer input circuit can sense switched ground signals, 
which are either tied to an aircraft ground or are OPEN. 
The digital CNI module provides eight buffer inputs for 
each type, although they are not al1 employed. 

Al1 inputs employ a steering diode and a type LM139 
operational ampl i fier, but the diode pol ari ty and 
amplifier biasing is different for the two types inputs 
expected, and the inputs cannot be i nterchanged. 

The 16 operational -ampl i fier outputs are appl ied to two 
octal buffer/l i ne dri vers, U5009 and U5028. When these 
two chips are enabled, they apply the discrete inputs to 
the data bus. The enable is obtained from the Y0 output 
of demul tipl exer U5023, which i s controll ed by the address 
from the microprocessor. Refer to figure 93 for the 
di screte input read address (01 1000). 

I.B. 10104A Page 98.62 
Jun/94 

The document reference is online, please check the correspondence between the online documentation and the printed version.



Alliedsignal Air Transport Aviortics 

COMPONENT MAINTENANCE MANUAL 
PART NUMBER 3614331 

( f )  Sta tus  Buffer U5010 

This chip i s  an 8-bit bus d r iver  which allows t he  
microprocessor t o  view the  d i f f e r en t  s t a tu s  b i t s  as  the  
CNI c i r c u i t  co l lec t s  data. To determine i f  data i s  ready 
t o  be read, t h i s  buffer i s  read by the  microprocessor 
before any poll ing of the  receiver c i r c u i t s  i s  performed. 
Although the  chip may supply 8 b i t s  t o  the  data  bus, only 
the  D l ,  D2, and D3 outputs, f o r  "Buffer R A M  ready", "NAV B 
data ready", and "NAV 2 data ready" respectively,  are  
empl oyed. 

This chip i s  enabled by an output from demultiplexer 
U5038, which i s  controlled by the  address from the  
microprocessor and a CNI read signal (CNI RD). Refer t o  
f igure  93 f o r  the  s t a tu s  buffer read address (010110). 

(g) VOR Gate Generators 

There are  two identical  c i r c u i t s  provided, one fo r  NAV 1 
and one f o r  NAV 2. Only the  NAV 2 c i r c u i t  i s  described. 

The CNI analog module generates squarewave representations 
fo r  the  30 Hz variable signal and f o r  the  reference 
signal .  These two s ignals  a re  used t o  produce two gate 
s ignals  t ha t  control the  programmable timers on the  
auxi l iary  module. The reference gate  i s  the  width of one 
cycle of the  reference s ignal ,  and gives the  processor 
c i r c u i t s  a reference count specifying the  exact frequency 
of the  30 Hz signal being processed. The variable gate 
has a width equal t o  the  reference gate a t  O-degree phase 
s h i f t  and zero width a t  a 360-degree phase s h i f t .  The 
processor c i r c u i t  determines the  VOR bearing from the 
following formula, where the  count occurs during the  gate  
time. 

vari ab1 e count 
VOR bearing i n  degrees = 360 (1 - 

reference count 
1 

Using the  reference count i n  the  calcula t ion e l  iminates 
any e r rors  caused i f  the  reference frequency i s  not 
exactly 30.0000 Hz. 

I.B. 10104A Page 98.63 
Jun/94 

The document reference is online, please check the correspondence between the online documentation and the printed version.



Alliedsignal Air Transport Avionics 

COMPONENT MAINTENANCE MANUAL 
PART NUMBER 3614331 

I.B. 10104A 

The circuit also produces a "data ready" signal (from 
flip-flop U5006A) which appears as the Dl signal to the 
status buffer (U5010) and al so generates the VOR Interrupt 
signal from U5007B, which is sent to the interrupt 
controller for the processor. The Dl output from the two 
VOR decoder circuits are or'd together in U5007B to 
produce a single "VOR Interrupt" signal. The processor 
determines which circuit originated the interrupt by 
reading the output from the status buffer. 

To ensure that the data is not corrupted during writing ts 
the buffer RAM, a request acknowledge protocol is emplsyed 
between the processor and the controll er hardware. When 
it is time for the processor to read the contents of the 
buffer RAM, it requests the sequencer to relinquish 
control of the address 1 ines. When the controller reaches 
a point in the cycle where it is safe to mux the addreâs 
lines, it does so, and sends a "ready", signal to the 
processor. The processor is then al lowed to directly read 
data from the RAM and the controller will remain ha1 ted 
until the request signal is removed by the processor. 

This circuit contains three identical D-type fl ip-flops, 
U5006A, U5006B, and U5022A. Assume that the Y3 output 
from demul ti pl exer U5037 has occurred and cl ears U5006A, 
which removes the NAV INTER signal. Al1 three flip-flops 
are now in the reset condition and the Q output is a logiâ 
low. 

When the first NAV 2 REF IN pulse occurs, it clocks U5006B 
to the set condition and the Q output goes high. This 
high output is the REF OUT signal and is also the "D" 
input to fl ip-flops U5022A and U5006A. When the NAV 2 MAR 
IN pulse occurs, U5022 will become set and produce a high 
VAR OUT signal . 
When the next NAV 2 REF IN pulse occurs, U5006A becomes 
set and the high Q output is the NAV INTERRUPT signal. 
The low Q output from U5006A clears fl ip-flops U5006B and 
U5022A, and the circuit is now setup to receive the next 
VOR input to the processor. 
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(h) VOR Test signal Generator 

This circuit generates a VOR NAV composite signal for 
testing and cal i brating the VOR filter circuits. The 
crystal controll ed 3.399 MHz cf ock i s empl oyed to 
digitally generate the signal, which eliminates any time 
or temperature drift errors that might enter into the 
cal i brati on. 

The 3.399 MHz clock is divided in U5035 to produce a 30.0 
Hz output and a 208.6 kHz output as previously explained. 
The 30.0 Hz squarewave represents the "variable" component 
and is applied to U5021/U5005, which are programmable 
divide-by-N 4-bit counters. The 208.686 kHz output from 
US035 represents the reference signal and is applied to 
divide-by-N counter U5003, which is programmed by the 
output from the 30 Hz counters, The two counter outputs 
are then summed together in summing amplifier U5017A to 
produce a O-degree bearing composite VOR signal. 

The test signal runs continuously and can be multiplexed 
into the detector circuits whenever required. 

(i) Addresses 

Most events and functions are timed or controlled by an 
address from the processor circuits, which result in read 
or write operations depending upon the IORC and IOWC 
signal S. Figure 93 i l  1 ustrates the various addresses for 
both the CNI analog and the CNI digital module operations 
previously described. Only addresses Al through A5 in the 
16-bit address are used on the CNI modules. 

Page 98.65 
Jun/94 

The document reference is online, please check the correspondence between the online documentation and the printed version.



Alliedsignal Air Transport Avionics 

COMPONENT MAINTENANCE MANUAL 
PART NUMBER 3614331 

1 VOR OPERATE/TEST 

not  decoded f o r  wr i  t i n g  

CNI Module Addresses 
Figure 93 
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(j) DME Word Formats 

Both the  C o l l i n s  DME words and the  King DME words are  
processed by t h e  CNI module as p rev ious l y  expl ained. F igure 
94 i l l u s t r a t e s  the  d i f f e rences  between the  two formats. 

DME Word Format and Content 
F igure 94 

1 

(10) Connector Board 200-08282-0000 

The connector board, w h i l e  p rov id ing  a l 1  connect ions t o  the  r e a r  
connector (JlA/B) , a l  so p rov i  des EMI f i  1 t e r i  ng . The connector 
board replaces f i l  t e r  assembly 3606109-0501 and -0502. 

FORMAT 

COLLINS 
(ARINC) 

KING 

The f i l  t e r i n g  c i r c u i t  conta ins two s t e e r i n g  diodes f o r  i s o l a t i o n  
and an L-C f i l  t e r .  The l e f t  and r i g h t  t 2 8  Vdc buses are  appl i e d  
t o  s t e e r i n g  ( i s o l a t i o n )  diodes on t h e  board. t he  common output  
from t h e  diodes i s  f i l t e r e d  by a convent ional L-C f i l t e r  and the  
dc vo l tage i s  app l ied  t o  t h e  power supply f o r  developing the  
addi t i o n a l  vo l tages requ i red  by the  u n i t .  

I.B. 10104A 
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WORD 

1 

2 

3 

1 

2 
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DATA CONTENTS 

Dl5  

.O8 

SSM 

0.8 

x 

Dl4 

.O4 

SSM 

0.4 

x 

Dl3 

.O2 

200 

0.2 

x 

D l2  

.O1  

100 

0.1 

x 

D l 1  

O 

80 

.O8 

x 

Dl0 

O 

40 

.O4 

x 

D9 

O 

20 

.O2 

200 

D8 

X X X X X X X X X X X X X X X X  

O 

10 

. O 1  

X X X X X X X X X X X X X X X X  

D7 

1 

8 

x 

1 0 0 8 0 4 0 2 0  

D6 

O 

4 

x 

D5 

O 

2 

x 

D4 

O 

1 

x 

10 

D3 

O 

0.8 

x 

8 

DO 

1 

0.1 

x 

1 

D2 

O 

0.4 

x 

4 

D l  

O 

0.2 

x 

2 
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