






























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































8-1-2 FRONT PANEL CONTROLS NOT CONTROLLED BY GPIB 

The front panel controls listed in Figure 8-3 are not controllable by 
the GPIB and therefore must be controlled manually by the technician, 
with the exception of the DISPLAY Control (51). The DISPLAY Control is 
manually selected for 11 0FF 11

, 
11 SCOPE 11 and 11 HELP 11 positions, but must be 

in 11 ANALY 11 for GPIB control, as noted in Paragraph 8-1-1. 

Ref. Nos. correspond to Figure 3-1 in Section 3. 

{::1 
TONES AM OEMOO 

OUTPUT OUTPUT 

3. HORIZ VERNIER Control 
5. HORIZ Control 

13. PWR/OFF/BATT Switch 
14. BATT TEST Button 
22. VOLUME Control 
23. SQUELCH Control 
35. GEN/LOCK Control 
36. INT TONE/RCVR Switch 
39. DEV/VERT Control 
44. VERT VERNIER Control 

45. VERT POS Control 
46. FOCUS Control 
47. INTENSITY Control 
49. Vertical Centering Adjustment 

(Analyzer) 
51. DISPLAY Control (see text) 
52. DC/AC Switch 
53. Horizontal Centering Adjustment 

(Analyzer) 
54. HORIZ POS Control 

Figure 8-3 FM/AM-1500 Controls NOT Controlled by GPIB 

8-3 



8-1-3 REAR PANEL GPIB CONNECTIONS AND SWITCHES 

03 

1. GPIB Connector 

The GPIB Connector (J59O2), on the Rear Panel of the FM/AM-15OO, 
conforms to IEEE Standard 488-1978 configuration as shown in 
Figure 8-4. 

2. GPIB Switch 

The GPIB Switch (SW59O1), on the Rear Panel of the FM/AM-15OO, 
must be set in the desired configuration prior to powering up 
the FM/AM-15OO. This is necessary because once the microprocessor 
in the FM/AM-15OO is initialized, it cannot read a change of a 
switch setting change on the GPIB Switch until it is powered down 
and subsequently powered back up. 

Dip switches Al thru A5 are used for the user-selected address 
of the FM/AM-15OO. The DIP switches are binary coded, with Al 
being the least significant digit. For example, if the desired 
address of the FM/AM-15OO is 9, configure switches Al thru A5 as 
follows: 

Al = ON = 1 
A2 = OFF = ~ 
A3 = OFF = ~ 
A4 = ON = 8 
A5 = OFF = ~ 

DIP Switch AB on the GPIB Switch is the ENABLE/DISABLE Switch 
for the GPIB operation. When AB is ON, the GPIB control is 
operable. When AB is OFF, the GPIB control is not operable. 
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,<> 

1® I I I I 
I GPIB SWITCH 

I I I 'il'Ml!W "t 1iiJ1• GPIB CONNECTOR 
.·~·~ 

': 

·@' ~ ' 

@ 

II ' ' . ;•· 

,<> 

ti 

GPIB Switch (SW5901) GPIB Connector (J5902) 

A] 1. D10 1 13. D10 5 
A2 2. D10 2 14. D10 6 
A3 User-Selected Address 3. DI0 3 15. D10 7 
A4 4. DI0 4 16. DI0 8 
AS 5. E0I 17. REN 
A6} Not Used 6. DAV 18. GND 
A7 7. NFRD 19. GND 
AB ENABLE/DISABLE GPIB 8. NDAC 20. GND 

9. IFC 21. GND 
10. SRQ 22. GND 
11. ATN 23. GND 
12. GND 24. GND 

Figure 8-4 Rear Panel Connectors and Switches for GPIB 
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8-2 THEORY OF OPERATION 

8-2-1 Attenuator Control & Display PC Board Detailed Theory of Opera­
tion 

General 

The Attenuator Control & Display PC Board allows the microprocessor to 
read the states of the units up, units down, tens up and tens down 
switches on the front panel LCD Display, as well as to control the 
programmable attenuator, attenuator LCD and the Remote LED (See Figure 
8-5 and GPIB Interface Module Schematic). 

Bi-Directional/Uni-Directional Buffer 

U8201 is an 8-bit, bi-directional, tri-state buffer which transfers 
data between the microprocessor bus and the peripheral bus. U8201 is 
continuously enabled and normally kept in the send mode {microprocessor 
bus to peripheral bus). When the 8-bit buffer is selected by the 
address decoder, the. bi-directional buffer is placed in the receive 
mode. U8202 is a single direction buffer which buffers address and 
control information from the microprocessor bus to the peripheral bus. 

Address Decoder 

U8204, U8205 and U8206 form the address decoder. The address decoder 
selects the 8 bit buffer, 8 bit latch or the LCD decoder/driver when 
the appropriate address and control signals are present on the bus. 

8-Bit Buffer 

U8203 is the 8-bit buffer. When U8203 is selected by the address 
decoder, U8203 will gate 4 bits from the units up, units down, tens up 
and tens down switches. The four most significant bits are tied low. 

8-Bit Latch 

The 8-bit latch, U8207, captures the programmable attenuator setting 
and the state of the Remote LED from the peripheral bus when directed 
to do so by the address decoder. The 7 attenuator-setting bits are 
applied to the 7-bit driver, and the remote bit is applied to the 
Remote LED. 

7-Bit Driver 

The 7-bit driver, U8208, is a transistor array configured as an open­
collector, inverting buffer. The output of the 7-bit driver is applied 
to the programmable attenuator. 

LCD Decoder/Driver 

The LCD Decoder/Driver, U8209, contains four 4-bit latches, four BCD 
to decimal decoders and four LCD drivers. Each of the BCD digits is 
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loaded into its appropriate 4-bit latch. The decoding circuitry asso­
ciated with a 4-bit latch converts the BCD number to a 7-segment code, 
which determines which segments will be illuminated. The LCD driver 
produces the square waves which drive the LCD segments and backplane. 
An LCD segment is off when the square wave on the applicable segment 
line is in phase with the square wave on the backplane line. An LCD 
segment is on when the square wave on the applicable segment line is 
180° out of phase with the backplane line. There are 28 segment lines 
out of U8209. Each line corresponds to one of 7 segments in one of 
the 4 digits on the programmable attenuator LCD. 

MICRO 

PROCESSOR 

BUS 

FROM 

UNITS UP SW 
UNITS ON SW 

TENS UP SW 
TENS ON SW 

Bl-DIRECTIONAL/ 

UNI-DIRECTIONAL 

S/R 

EN 
8 BIT 

BUFFER 

f----1...; CE 
ADDRESS 

DECODER 

PERIPHERAL 

~· 

8-BIT LATCH 

LCD 

DECODER/DRIVER 

BUS 

7-BIT DRIVER 

ATTENUATOR 

LCD 

PROGRAMMABLE 
ATTENUATOR 

'-------------... REMOTE LED 

Figure 8-5 Attenuator Control & Display PC Board 
Detailed Block Diagram 
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8-2-2 GPIB Interface PC Board Detailed Theory of Operation (Refer to 

General 

The GPIB Interface PC Board allows the microprocessor in the FM/AM-1500 
to communicate over an IEEE-488 bus as a talker or as a listener. The 
FM/AM-1500 does not operate as a controller (See Figure 8-6 and GPIB 
Interface Module Schematic). 

Power Switch 

Q7901 and K7901 form the power switch. When pin 22 of J5901 goes 
high, Q7901 will turn on and energize relay K7901. K7901, when 
energized, supplies +5 V to the GPIB Interface. When Q7901 is con­
ducting, the address buffer and the bi-directional buffer are enabled. 
When Q7901 is off, a high is applied to the enable lines of the address 
buffer and the data buffer to disable these buffers. 

Address Buffer 

The address buffer consists of U7902. U7902 is an 8-bit tri-state 
buffer which supplies address and control information to the address 
decoder and to the GPIB talker/listener. 

Bi-Directional Buffer 

U7901 is the bi-directional buffer. It gates data to and from the 
microprocessor bus and the peripheral bus. U7901 is in the send mode 
unless the 8-bit address DIP switches (SW7901) or one of the optional 
addresses are selected. 

Address Decoder 

The address decoder consists of U7904, U7905 and U7906. It selects the 
specific device whose address is present on the address bus. It may 
select the 8-bit buffer (address DIP switches), or the GPIB talker/ 
listener, as well as two other devices which may be connected to J5904. 

8-Bit Address DIP Switches 

The 8-bit address DIP switches, SW7901, are used to select the IEEE-488 
address of the FM/AM-1500. When a switch is closed (ON), a logic low 
is present on the output. When a switch is open (OFF), a logic high 
is present on the output. 

8-Bit Buffer 

U7903 is the 8-bit buffer. It gates the address DIP switch settings 
to the peripheral bus when directed to do so by the address decoder. 

8-8 
04 



GPIB Talker/Listener 

U7908 is the GPIB talker/listener. This IC controls the IEEE-488 bus. 
All timing, control and protocol for the GPIB is automatically encoded 
or decoded by this IC. It also provides the line drivers/receivers 
with a direction signal which determines the direction of the driver/ 
receiver. For additional information concerning U7908, see Intel's· 
data sheet for the 8291A or consult the Intel component data book. 

Line Drivers/Receivers 

U7909, U7910, U7911 and U7912 are the line drivers/receivers for the 
IEEE-488 bus. These IC's are bi-directional, open-collector buffers with 
Schmitt trigger inputs. These IC 1 s provide hysteresis to improve noise 
immunity when in the receive mode and to provide enough drive to support 
15 connecting devices in the output mode. 

+5V 

ON/OFF 

DATA 

BUS 

POWER 

SWITCH 

ADDRESS 

BUFFER 

Bl-DIRECTIONAL 

BUFFER 

8-BIT 

ADDRESS DIP 

SWITCHES 

I--_. +5V SWITCHED 

8-BIT 

BUFFER 

ADDRESS 

DECODER 

GPIB 

TALKER/ 

LISTENER RCVRS 

Figure 8-6 GPIB Interface PC Board Detailed 
Block Diagram 
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8-2-3 GPIB ANALYZER DIGITIZER PC BOARD DETAILED THEORY OF OPERATION 

Gener!l 

The GPIB Analyzer Digitizer provides the capability for a hard record 
copy of the analyzer trace (See Figure 8-7 and GPIB Interface Module 
Schematic). 

~Er--..----------------------. 

ANALYZER 
READ 

SWITCHING 

-HORIZ ---------a-4 DEi.AV 
SCAN CIRCUfT 

f SHOT 
t------------;~ MULTI- t-------...i 

VIBRATOR 

00 

GPIB 
BUS 

SWEEP 
ROY 

Figure 8-7 GPIB Analyzer Digitizer PC Board Detailed Block Diagram 

Ref~rence Volt!9_! 

CRl maintains a reference voltage of 6.9 V to U8005A which inverts 
that to -9.5 V. This voltage is provided to U8007 and U8005B as 
reference voltage. 

Anal Video 

The analyzer video signal enters at pin 4 of P5905, is buffered by 
U8005B, and limited by U8009B. U8009A is an emitter follower which 
feeds the signal to bilateral switch U8008A. 

Anal Horiz Scan 

The analyzer horizontal scan enters at pin 5 of P5905 and fed through 
the delay circuitry which consists of U8001, U8002, U8003 and asso­
ciated components. This signal is then fed to Q8001 which activates 
U8004. U8004 is a one-shot multivibrator, for the sweep ready status. 

Ana 1 Read 

The analyzer read signal enters at pin 9 of P5904. This signal deter­
mines when the analog to digital conversion will commence. This 
signal enters the A/D converter at RD to give the start command. 
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A/D Converter 

The analog to digital converter provides an 8-bit digital output. 
This process begins conversion when input is received from analyzer 
read. The digitized trace is fed out via the GPIB bus. · 

8-2-4 GPIB RF Attenuator Driver Detailed Thegry of Operation 

The input to AT7501 from the Output Amp is attenuated over an actual 
range of Oto -127 dB, and an effective range of Oto -120 dB (See 
Figure 8-7a and Programmable RF Attenuator Schematic). Because 
the programmable attenuator replaced the standard manual attenuator, 
which had a dB drop of approximately 6 to 7 dB, a software correction 
factor has been incorporated. The correction factor is as follows: 

Over 910 MHz = 0 dB 
760 to 910 MHz = 1 dB 
560 to 760 MHz = 2 dB 
260 to 560 MHz = 3 dB 
30 to 26 O MHz = 4 dB 
10 to 30 MHz = 5 dB 
Bel ow 10 MHz = 6 dB 

The 7-bit input from the Attenuator Control & Display PC Board is 
active low. When any or all of these inputs go low, the output of 
its respective driver transistor (Q7501 thru Q7507) goes high, 
selecting a corresponding amount of resistance in AT7501. 

DATA FROM 
ATTEN. CONTROL 

AND DISPLAY 
PC BOARD 

QI-Q7 

FROM 
OUTPUT AMP 

AT7501 

TO POWER 
TERMINATION 

Figure 8-7a GPIB RF Attenuator Driver Block Diagram 

8-3 PERFORMANCE EVALUATION 

Since an external controller communicates with the FM/AM-1500 over the 
GPIB bus, performance evaluations will vary according to the programs 
written for different controllers. In general, performance evaluation 
involves the execution of an applicable program. 

8-4 CALIBRATION 

There are no specific calibration adjustments for the GPIB option. 

8-lOa/8-lOb Blank 





8-5 TROUBLESHOOTING 

8-5-1 GPIB RF ATTENUATOR DRIVER ASSY 

SPECIAL ACCESSORY 
EQUIPMENT REQ'D: 1 Spectrum Analyzer---Capable of 920 Mhz at -64 dB 

1 Logic Probe (or Digital Voltmeter)---Any 

FIGURE REFERENCES: GPIB RF Attenuator Driver Assembly 

TEST SET-UP 
DIAGRAM: N/ A 

STEP PROCEDURE 

1. Set Front Panel controls as follows: 

Control -------------
(21) LCD 
{19) GEN/REC 
(18) DUPLEX/SIMPLEX 
(55) ATTENUATOR 
(13) PWR/OFF/BATT 
(10} RF Output Level 

2. Verify +12V at pin 1 of J7501. 

---~ettirrg__ __ 

920.0000 FREQ MHz 
GEN 
SIMPLEX 
0 dB 
PWR 
0 dB 

3. Connect external Spectrum Analyzer to TRANS/-40 dB DUPLEX con­
nee tor {11). 

4. Set RF Output Level Control (10) to set each of the inputs, one 
at a time, given in Table 8-1. For each selected input, verify 
that the corresponding input line goes low, the driver line 
goes high and that the display on external Spectrum Analyzer 
drops to a corresponding level. 

J7501 Inputs Drivers Trans/-40 dB 
(Active TTL Lowl (Active CMOS Hi.9..!ll Duelex Oum! 
1 dB (pin 2) Q2 -1 dB (± 2) 
2 dB (pin 3) Q3 -2 dB (± 2) 
4 dB {pin 4} Q5 -4 dB (± 2) 
8 dB (pin 5) Q6 -8 dB (± 2) 

16 dB (pin 6) Q7 -16 dB (± 2) 
32 dB (pin 7) Ql -32 dB (± 2) 
64 dB (pin 8) Q4 -64 dB (± 2) 

Table 8-1 Programmable Attenuator Troubleshooting 

5. Disconnect all test equipment. 
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8-5-2 GPIB LCD DISPLAY ASSY AND ATTENUATOR 
CONTROL DISPLAY PC BOARD 

SPECIAL ACCESSORY 
EQUIPMENT REQ'D: 1 Dual Trace Oscilloscope 

2 Oscilloscope Probes 
1 Digital Voltmeter---Any 

FIGURE REFERENCES: GPIB LCD Display Schematic 

TEST SET-UP 
DIAGRAM: 

GPIB Interface Module Schematic 

N/ A 

STEP PROCEDURE 

04 

1. Remove GPIB Interface Module to gain access to PC Boards in 
Module. Leave all connectors connected to GPIB Interface 
Module. 

2. Verify TTL High at pins 17, 21, 27 and 23 of J5908 when respec­
tive keys on RF Level Control are depressed. 

3. Verify TTL low at pin 36 of J5908 (GPIB disabled). 

4. Connect Channel 1 of Oscilloscope to pin 5 of U8209 on 
Attenuator Control and Display PC Board. 

5. Using Channel 2 of Oscilloscope, verify that applicable outputs 
of U8209 are either in phase or 180 degrees out of phase with 
channel 1. If Channel 2 is 180 degrees out of phase with 
Channel 1, a corresponding segment on the LCD should be 
illuminated. See Figure 8-8. 

a4 a3 a2 al 

141 
g4 

lb4 I 31 
g3 

lb3 121 
g2 gl 

•41 1•4 •31 lc3 •21 
d4 d3 d2 di 

Figure 8-8 LCD Display Segment Lines 

8-12 



8-5-3 GPIB INTERFACE PC BOARD 

SPECIAL ACCESSORY 
EQUIPMENT REQ 1 D: 1 Digital Voltmeter---Any 

1 Frequency Counter---Capable of 2 MHz 

FIGURE REFERENCES: GPIB Interface Module Assembly 

STEP 

TEST SET-UP 
DI AG RAM: 

GPIB Interface Module Schematic 

N/ A 

PROCEDURE 

1. Remove GPIB Interface Module to gain access to PC Boards in 
Module. Leave all connectors connected to GPIB Interface Module. 

2. Set DIP Switch A8 on GPIB ON/OFF Switch (SW5901) to ON before 
powering up the FM/AM-1500. 

3. Turn on the FM/AM-1500 and verify +5 Vat pin 7 of K7901. 
Also verify that collector of Q7901 goes low. 

4. Using Frequency Counter, verify a 2 MHz clock input at J5903. 

5. Figure 8-9 shows the handshaking diagram for the Intel 8291A 
GPIB Talker/Listener (U8 on schematic). Notice that the 8291A 
uses positive logic, while IEEE-488-1978 convention is negative 
logic. Verify handshaking by verifying that data is trans­
ferred when the states of the handshake lines are correct. 
For further information on the 8291A, refer to Intel's Data Book. 

D101-DI08 VALID NOT VALID VALID --L---~=-=:..._ ___ .....J... __ __.:_:.-=--:....__:_:__::,:_::_ __ ___J__ _______ _ 

DAV 

NRFD 

NOAC 

WR 

RD 

Figure 8-9 Handshaking Between GPIB Controller and FM/AM-1500 
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a-e MECHANICAL ASSEMBL y /PC BOARDS 

The following mechanical assemblies/PC Boards constitute the GPIB 
option: 

Figure Title ~ 

8-10 GPIB RF Attenuator Driver Assembly 8-15 
8-11 GPIB LCD Display Assembly 8-16 
8-12 GPIB Interface Module Assembly 8-17 
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AT5901-J1 c; . 
'"'-, 

AT5901-P1 

FRONT PANEL 
(REF.) 

() 

AT7501-J1 

OOTPUT AMPLIFIER 
(REF.> 

801 
TO 

POWER TERMINATION 

' 
r~-

<) ~ ~l-::-,~ 
~ ®i, 

~ ~ i'l~ 

PROGRA""1ABLE 
RF ATTENUATOR ~ 

PROGRA)MN3LE 
RF ATTENUATOR PC BO R1 

c:\ 0 v --GD-
cR2::l..]IJ­
cCF c,;\o v ~ 
CR3~ 

-c::::J-r:.;\ 0 

v.~ 
~ 

Q4 
11 
4 

12 
5 

NOTES: 

MECH ASSY 

I. lHE REF DES SERIES FOR THE RF 
ATTENUATOR DRIVE MECH ASSY IS 7500 
(I.E., JI IS J7501). 

2. DATA PART NO. 7005-5040-400. 

3. REF CIRCUIT SCHEMATIC 0000-3612-501. 

~lHRU SER. NO. 1993, P9801 WAS P6201. 

PC BOARD 

1. lHE REF DES SERIES FOR THE RF 
ATTENUATOR PC BOARD IS 7500 (I.E 
R1 IS R7501). •• 

2. DATA PART NO. 7010-3632-501. 

3. REF CIRCUIT SCHEMATIC 0000-3612-501. 

Figure 8-10 GPIB RF Attenuator 
Driver Assembly 
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FRONT PANEL 
· (REF.) 

~ ~ 
J8301 

!, 
ii , 
i ~ @'® 
'O ,,, 

I l 

Lro DISPLAY ASSEMBLY 

A 

0 0 
OSI 

908fl80998@@8@6091HJ9(l ) 
eeeeeeeeeeeeeaeeeee ■ J 

, SW3 SW 1 

'@ @ 
0 SW4 SW:?. 0 

@ @ 
TOP 

ELASTOMER I C 
CONNECTORS 4 

0 

PINI 

0 

LCD DISPLAY PC BO 

J8301 

. 8-16 
03 

0 

0 + 

DSI _i_ 
.1:1. 

DETAIL A 

Figure 8-11 

NOTES: 

MECH ASSY 

1. THE REF DES SERIES FOR THE LCD DISPLAY 
MECH ASSY IS 8300 (I.E., Jt IS J8301) 0 

2. DATA PART NO. 7005-5046-200. 

3 0 REF CIRCUIT SCHEMATIC 0000-5016-200. 

[!::::::::>usE EXTREME CARE WHEN HANDLING AND 
INSTALLING LCD AND ELASTOMERIC 
CONNECTORS• 

PC BOARD 

1. THE REF DES SERIES FOR THE LCD DISPLAY 
PC BOARD IS 8100 (I.E., SW1 IS SW8101). 

2. DATA PART NO. 7010-5036-200. 

3. REF CIRCUIT SCHEMATIC 0000-5016-200. 

GPIB LCD Display Assembly 



B:-~ 

; U l2 
U3 

Jub 

~ ~~@W@~S~@ 

J5905 -

TOP ViCW 

□ I 

BOTTOM VIEW 

GP i B 1 ~ITERFACE PC BOARD 



UI 

© . " 
• a 
a ■ 

a • 
Jei901 • • 

■ II 
II II 

II ■ 

II ■ 
ii • 

II ■ 

II ■ 

•■ PINI 

REAR PANEL 
CREF.) 

GPIB INTERFACE 
MODULE ASSEMBLY 

GPIB INTERFACE /,,.,.. fa 
PC BOARD / 

I 

1 .......... Y" I 
I' I I •-Off 
0 0 0 0 0 ,..:~ 

/ 

WEAR ADAPTER 
(FURNISHED IN LID) 

DIGIT IZER:-----,..4.......,,...4 

UI 

GD 

U3 

· ATTENUATOR CONTROL AND 
------DISPLAY PC BOARD 

□~ -fill}-
~ 
~ 

@]) 

GD 

us 
., 
0 

"' "' -, 

z 
;;: 

0 
mz 
• ii: 

r-- • 
0 • 

"' "' . -, 

ATTENUATOR CONTROL AND DISPLAY PC BOARD 

0 

EJ 

I-OTES: 

MECH ASSY 

1. THE REF DES SERIES FOR THE INTERFACE 
MODULE MECH ASSY IS 5900 (I.E., Jl IS 
J5901 ). 

2. DATA PART NO. 7005-5045-900. 

3. REF CIRCUIT SCHEMATIC 0000-5015-900. 

ATTENUATOR CONTROL AND DISPLAY PC BOARD 

1. THE REF DES SERIES FOR THE ATTENUATOR 
CONTROL AND DISPLAY PC BOARD IS 8200 
(I.E., Rl IS R8201). 

2. DATA PART NO. 7010-5036-300. 

3. REF CIRCUIT SCHEMATIC 0000-5015-900. 

ANALYZER DIGITIZER PC BOARD 

1. THE REF DES SERIES FOR THE ANALYZER 
DIGITIZER PC BOARD IS 8000 (I.E., Rl IS 
R8001). 

2. DATA PART 00. 7010-5036-000. 

3. REF CIRCUIT SCHEMATIC 0000-5015-900. 

INTERFACE PC BOARD 

1. THE REF DES SERIES FOR THE INTERFACE PC 
BOARD IS 7900 CI. E., R 1 IS R7901). 

2. DATA PART NO. 7010-5035-900. 

3. REF CIRCUIT SCHEMATIC 0000-5015-900. 

GPIB ANALYZER DIGITIZER PC BOARD 

jd o c o o o o c o oj 
PIN I P5905 

P5904 PIN I 
r-=1 c...,c,..,c=-c=-=-c -=c--=c,....,c,--,-c -or 

Figure 8-12 GPIB Interface 
Module Assembly 
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8-7 SCHEMATICS 

The following schematics/interconnects are provided for the GPIB 
option: 

Figure 

8-13 
8-14 
8-15 
8-16 

8-18 
01 

Title 

GPIB Interface Assembly Interconnect 
GPIB RF Attenuator Driver Schematic 
GPIB LCD Display Schematic 
GPIB Interface Module Schematic 

Page 

8-19 
8-20 
8-21 
8-22 



r------
MOTHERBOARD (REF) 

I 701 o-5035-300 

I 
I 
I 

J5322 
L - ---+---+­

p5322 

P5901 P5906 

J5901 J5906 

7 
I 

6050-0880-770 

J/P1410 

TO EXTERNAL ~ J/P5903 --------i--1------
INTERFACE fR 

P8301 

J8301 

LCD DISPLAY 
(8300) 

7005-5046-000 

.., GPIB INTERFACE 
(5900) 

7001-5045-900 

J5908 J5907 

P5908 

' I 

P5907 

---7 

I 

6050-0402-000 

P7501 

J7501 

: ......... __.._ A17501-P/Jr A1750H/P~ 

I OUTPUT AMP (REF) I PROGRAMMABLE ATTENUATOR 
L 7005-5040-900 j AT7501 {7500) 7005-5040-400 

,----7 
I I 

P/J1408 

I CLOCK DIVIDER (REF) 
(1400) 

I 
I 
I 

L 1005-5041-700 _J 

{ AT5901-J/ 

1~ 

A 

6042-5087-400 1 - - - - 7 

I 
P/J9801 

POWER TERM (REF) 
(9800) 

L 7005-5048-500 _J ----

M' ATTINUATOft {1tl00) 
...... ,Uff 'TOOl,.fO+o,,,400 

NOTES: 

DETAIL A 
THRU SER. NO. 1993 

1 0 ALL COAX SHIELDS ARE GROUNDED AT 
POINT OF TERMINATION. 

~THRU SER. NO. 1994: 
~AT5901 ANO COAX (TAG #45) NOT 

USED. COAX (TAG #46) CONNECTED 
FROM AT 7501-Jl TO J9801. 

Figure 8-13 GPIB Interface 
Assembly Interconnect 
0000-5017-900-C3 
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STAN.DAROS: 
(UNLESS OTHERWISE NOTED) 

l. ALL REF OOS CARRY AN ASSIGNED DESIGNATOR 
SERIES. THIS SCHEMATIC CARRIES SERIES: 

A. MECH - (7500) 
B. PC BD ASSY - (7500) 
c., 
D. 

2. ALL RESISTORS ARE 1/4 W, 5% TOLERANCE. 

3. ALL RESISTANCE IS EXPRESSED IN OHMS. 

4. FOR INTERCONNECTIONS REFER TO COAX 
INTERCONNECT AND GPIB INTERFACE INTER­
CONNECT• 

5. LAST REf 00S USED: 
AT1, Rl4, J2, Q7, CR7 

J?502 
NOT USED 

J7501 I 
F'ROM ATTI"N. 
CONTROL 

tf211 IN 

32d8 
!dB 
2clS 

6411'1 
4d8 
$dB 

18d8 
GNl'.l 
N/C 

2 

3 
·s 
4 
5 
6 
9 

10 

I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

-:-

RS 

R6 

I R7 

I 15K L _______ _ 
j PROG RF ATTENUATOR (7500) I 

PC BO 1700·3622·500 
j PC BD ASSY 7010·3632-501 I ----=-----7 

--- - - --------7 
-------------

•12v 

-::-

QI 

2N2907 

IN4148 

Gl2 
2N2907 
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SECTION 9 - CELLULAR OPTION 
9-1 INTRODUCTION 

The cellular option enables the FM/AM-1500 to test cellular mobile 
radios using "manual" tests and cell site simulation tests. To 
accomplish this task, a Cellular Controller PC Board has been added to 
the basic FM/AM-1500. With this new board installed, the FM/AM-1500 
still maintains its capabilities as a communications service monitor, 
but also will simulate cell sites and act as an MTSO (Mobile Telephone 
Switching Office). In addition to the new PC Board, two new connectors 
are provided on the rear panel for the mobile test interface cable and 
the printer interface cable. An optional ICD-1500 interconnect box 
is available for use as an external device capable of monitoring each 
of the mobile radio test points. 

9-2 THEORY OF OPERATION 

The FM/AM-1500 communicates with a mobile radio via both digital and 
RF signals. Communication within the FM/AM-1500 is accomplished 
between a 6809 CPU on the Cellular Controller PC Board and a Z80 CPU 
on the CPU/MEMORY PC Board. The communication modes are explained as 
follows: 

A. Mobile Digital Interface 

The mobile digital interface is the circuitry which allows the 
Cellular Controller PC Board to communicate with the mobile over 
the AMPS - configured interface bus. This port (J9102) is an 8-bit 
data bus, with three control lines for handshaking: DCL (Direction 
Control Line), TCL (Test Control Line), and CL {Clock Line). Cir­
cuitry on the Cellular Controller PC Board for this interface con­
sists of a 6522 VIA and IEEE-488 bus drivers. The handshake control 
is software controlled, and the bus drivers provide the necessary 
bus termination and drive to meet IEEE-488 specifications. 

Functions for this port include: 

1. Allow the FM/AM-1500 to send test commands to the mobile. 

2. Allow the FM/AM-1500 to request status from the mobile. 

3. Allow the FM/AM-1500 to test an AMPS-compatible mobile control 
unit. 

B. Mobile RF Interface 

The mobile RF interface is used to communicate with the mobile for 
cell site simulation, data verification, command/response tasks 
and signalling purposes. This function is bi-directional in that 
the FM/AM-1500 must generate and receive data and tones. Each of 
these two aspects are discussed as follows: 
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FM/AM-1500 generated data/tones 
The FM/AM-1500 must communicate through the RF port (TRANS/-40 dB 
DUPLEX Connector) in the following cases: 

1. Overhead messages (system control messages) sent to the mobile 

2. Page messages (contact the mobile) sent to the mobile 

3. Order messages (ring phone, change frequency, hang-up, etc.) sent 
to the mobile 

4. SAT (Supervisory Audio Tone) transmission to the mobile 

5. Audio to mobile for call completion 

Items 1, 2 and 3 above refer to the digital data sent serially to 
the mobile. This data is 10 kHz, Manchester serial data which the 
mobile monitors and int.erprets as control data from a cell site. 
The circuitry on the Cellular Controller PC Board to accomplish the 
generate data stream consists of a 6522 VIA, a multiplying digital 
to analog converter for level adjustment, and switching for AM or 
FM modulation selection (cellular operation uses FM modulation only). 

item numbers 4 and 5 above refer to tones and/or voice sent to the 
mobile whenever the mobile is on a voice channel. The mobile 
expects the SAT frequency to be present on the FOVC (Forward Voice 
Channel) and the operator of the FM/AM-1500 will want to verify 
audio function when a call is completed. The tones sent (SAT and 
test tones) will be generated by the tone generators within the 
basic FM/AM-1500 (tone #2 is the SAT generator). 

FM/AM-1500 received data/tones 
The FM/AM-1500 must receive data/tones in the following cases: 

1. Page response from the mobile 

2. Reverse control data channel responses 

3. Test transmissions over the RF port from the mobile 

4. SAT and ST (Signaling Tone) transmission for call signaling 

5. OTMF (Dual Tone, Multiple Frequency) tone signaiing from the 
mobile 

6. Audio from the mobile after call is completed 

Items 1, 2 and 3 above refer to the data stream from the mobile to 
the FM/AM-1500. The mobile will respond to commands sent from the 
FM/AM-1500 by sending data back on the RCC (Reverse Control Channel) 
and the RVC (Reverse Voice Channel). The circuitry on the Cellular 
Controller PC Board required to decode the data from the demodu­
lated audio consists of a programmable level control (MDAC), a pro­
grammable filter, a data clock generator, and a serial to parallel 
converter. The 6809 CPU will configure this hardware to the 10 kHz 
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Manchester data, and the serial to parallel circuitry will generate 
an interrupt after every 8 bits of data have been received. 

Items 4, 5 and 6 above refer to the tone/voice received from the 
mobile. The SAT will be transponded from the mobile whenever the 
mobile is on a voice channel. The ST is sent as an "on-hook" indi­
cation and a "flash" signal. The DTMF tones are used for end-to-end 
signaling from the mobile. The circuitry to detect SAT, ST and DTMF 
is similar to the data detection. The demod audio is put through a 
level circuit and a programmable filter, and is then sent to a 
counter circuit for frequency measurement. Also, a signal is pro­
duced which may be used as a "valid tone" indication (active if 
signal gets through the filter). 

C. CPU-CPU Interface 

To allow bi-directional communication between the cellular CPU 
(6809) and the existing CPU (Z80), a CPU-CPU interface is required. 
On the cellular side, the parallel ports of a VIA are used for data 
and handshake control. On the FM/AM-1500 side, bus latches and bus 
buffers are used to allow bi-directional data and handshaking to 
occur. The interface consists of 8 data bits (zd0-zd7}, direction 
control line (zdir), test control line (ztcl), and a clock line (zcl). 
The function and use of each of these lines is as follows: 

zdO thru zd7 - bi-directional data lines, the direction of which 
is controlled by the zdir line. When zdir = 0, 
data direction is from the Z80 to the 6809. 

zdir - unidirection control line that determines data direction 
of zdO thru zd7. This line is driven by the 6809. 

ztcl - unidirectional control line used to signal that data sent 
by the Z80 is valid and data received by the Z80 has been 
read. This line is driven by the Z80. 

zcl - unidirectional control line used to signal that data sent 
by the 6809 has been read. This line is driven by the 6809. 

Bus timing diagrams for the different modes are as follows: 
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---1500 TO CELLULAR CONTROLLER COMMAND OR DATA TRANSFER---

ZDIR 

----, ,-----
ZTCL '----✓ 

1 - z80 checks for zdir low, zcl hi 
2 - z80 sets ztcl hi 
3 - z80 sets data on zd0-zd7 
4 - z80 sets ztcl low to signal data ready 
5 - 6809 detects ztcl low 
6 - 6809 reads byte from zd0-zd7 
7 - 6809 sets zcl low to signal data accepted 
8 - z80 detects zcl low 
9 - z80 sets ztcl hi to signal data handshake 

10 - 6809 sets zcl hi to complete transfer 

---CELLULAR CONTROLLER TO 1500 DATA TRANSFER---

----, ✓-----ZCL , ____ / 

1 - 6809 checks for ztcl high 
2 - 6809 sets zdir high (reverse data 

direction) 
3 - 6809 sets data on zd0-zd7 
4 - 6809 sets zcl low 
5 - z80 detects zdir high and zcl low 
6 - z80 reads data byte from zd0-zd7 
7 - z80 sets ztcl low 
8 - 6809 detects ztcl low, sets zcl high 
9 - z80 detects zcl high, sets ztcl high 

10 - 6809 sets zdir low 

9-4 



9-2-1 Cellular Controller PC Board Detailed Theory of Operation 

CPU 
The 6809 CPU (U6525) controls the devices on the Cellular Controller 
PC Board (See Figure 9-1 and Cellular Controller Schematic). The CPU 
fetches an instruction from the ROM and then takes appropriate action, 
which may be changes in the data in its internal registers, in the 
RAM or in the I/0 devices. After the appropriate action is executed, 
the next instruction is fetched from the ROM. This process continues 
as long as power is applied to the Cellular Controller PC Board. 

Three control lines are used to interrupt the CPU: the RESIT line (pin 
37), the IRQ line (pin 3) and the FTRQ line (pin 4). The RESET line 
goes low when power is first applied to the PC Board. This is 
accomplished by U6516 A and B, R6520, CR6503 and C6534. When the RESET 
line goes low, the CPU is initialized and starts fetching instructions 
from the initialization routine in the ROM. After initialization is 
complete, the task rou-tines are accessed. When the IRQ line goes low, 
the CPU accesses the interrupt routine after the current instruction is 
completed. The interrupt routine determines the source of the interrupt 
and services the device that sent the interrupt. Optionally, the TRQ 
function may be disabled by set!i~~ the appropriate bit in the CPU's 
internal status register. The FIRQ line acts in a manner similar to the 
IRQ line, except that the FIRQ has priority over IRQ. For more infor­
mation on the 6809, refer to the manufacturer's data sheet or data book. 

ROM 
U6527 and U6532 (if installed in the Xl slot) are the ROM (Read Only 
Memory) ICs. These ICs contain instructions and look-up tables for 
the CPU. Jumpers are provided (JTB6505 and JTB6507) to allow expan­
sion to larger ROMs. There are no provisions for writing to the ROMs. 
The ROMs are non-volatile, which means they retain their memory when 
power is removed. 

RAM 
U6530 is the RAM (Random Access Memory). The RAM contains data which 
may be altered at will by the CPU. The RAM is a volatile device, which 
means its memory will be lost when power is removed. 

Address Decoder 
The Address Decoder consists of U6526, U6533, U6534 and U6535. U6526 
selects either one of three 16 K blocks of memory or one of the I/0 
devices. The 8000(H) to BFFF(H) output is used to enable U6533. 
U6533, in turn, may select one of the two VIA (Versatile Interface 
Adapters), one of the two counter/timers or it may enable U6534 and 
U6535. U6534 and U6535 select one of the remaining I/0 devices. The 
appropriate device, or memory, is selected when its address is present 
on the address bus. 

Control Logic 
The control logic consists of U£i29_A, Band D and U6528 A, Band C. 
The control logic produces the RD, WR and MEMEN signals, depending on 
the states of the R/W, E and Q lines from the CPU. See Table 9-1 for 
control logic operation. 
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E Q MEMEN R/W RD 
U6525, U 65 2 5, U6528C, U6525, U6529D, 
pin 34 pin 35 pin 8 pin 32 pin 11 

- - ·-1-------- -------
0 0 0 0 1 
0 1 1 0 1 
1 0 1 0 1 
1 1 1 0 1 
0 0 0 1 1 
0 1 1 1 0 
1 0 1 1 0 
1 1 1 1 0 

Table 9-1 Control Logic Truth Table 

CPU-CPU Bus Interface 

WR 
U6529B, 

pin 6 

1 
0 
0 
0 
1 
1 
1 
1 

The CPU-CPU Bus Interface consists of U6501, U6502, and U6504 thru 
U6509. U6505 and U6506 interface data, while U6507, U6508 and U6509 
interface control information. U6501 and U6502 are address decoders 
for the 280 CPU (on the CPU/MEMORY PC Board} side of the interface. 
The interface is accessed by the 6809 CPU through U6511, a 6522 VIA. 

U6505 and U6506 are 8-bit latches which temporarily store data to be 
transferred between the CPUs. U6505 stores data which is transferred 
from the 280 to the 6809. U6506 stores data which is transferred from 
the 6809 to the 280. 

U6507, U6508 and U6509 interface the control signals. U6507 and U6509 
store control information which is transferred from the 280 to the 
6809. U6508 stores control information which is transferred from the 
6809 to the 280. 

Cellular Test Port Interface 
The Cellular Test Port Interface consists of U6516D, U6516E, U6519, 
U6512A, U6523, U6524, U6520, U6521 and U6522. U6520, U6521 and U6522 
are line drivers/receivers. Each of these line drivers/receivers have 
four driver/receiver gates for a total of twelve driver/receivers. 
The mode (driver output or receiver input) is determined by U6516E, 
U6516F, Q6501, U6512A and U6519. U6519 is a VIA which interfices the 
twenty I/0 lines and the counter and shift register. U6524 is a line 
receiver for the serial port and U6523 is a line driver for the serial 
port. 

VIA 
Ub511, the VIA (Versatile Interface Adapter), interfaces the 6809 side 
of the interface adapter with the 6809 processor bus. The VIA also 
performs the serial data conversion, detects tones 1 thru 3 and selects 
AM or FM modulation for the serial data (cellular operation uses FM 
modulation only). The VIA also contains a parallel to serial converter 
and a 16-bit timer. For more information concerning the VIA, see the 
manufacturer's data sheet or data book. 

9-7 
02 



Serial Encoding Logic 
U65l2 B, C and D, U6513A and U6514A form the serial encoding logic. 
U6513A selects either the output of U6512D (NRZ data) or the output of 
U6512B (Manchester phase encoding). The output of U6513A is applied 
to a non-inverting amplifier, U6514A. The selected serial data is 
applied to the reference input of the D/A converter. 

D/A Converter 
The D/A converter determines the modulation level of the serial data. 
The digital to analog converter, U6515, captures 8 bits of level infor­
mation from the 6809 bus when instructed to do so by the address 
decoder. The D/A converter scales down the level of the serial data 
by a factor determined by the 8 bits of level information. U6514B 
converts the current out of U6515 to a voltage level which is fed to 
the serial data filter. 

Serial Data Filter 
The serial data filter consists of R6510, R6508, R6507, C6518, C6519 
and C6520. This filter shapes the rising and falling edge of the 
serial data before it is modulated. U6513B routes the filtered serial 
data to the AM or FM modulator. 

Counter/Timer Circuit 
The counter/timer circuit consists of U6531, U6517 and U6518. U6531 
divides the 2 MHz processor clock by 2, 4, 8 or 16. The division fac­
tor is jumper programmable and is normally set to divide by 4. This 
setting produces a clock frequency of 500 kHz which is fed to U6517 
and U6518. U6517 measures the duration of Tone 3 and counts the num­
ber of clock shifts for the Manchester phase decoder. U6518 measures 
the duration of Tone 1 and Tone 2. For more information concerning 
U6517 and U6518, see the manufacturer's data sheet or data book. 

Tone Detector Latches 
The tone detector latches consist of U6562, U6563, U6564, U6565 and 
U6567. These latches capture tone detector information from the data 
bus when instructed to do so by the Address Decoder. U6562, U6563, 
U6564 and U6565 latch active filter frequency and circuit Q parame­
ters. U6567 latches response time information for the tone detectors. 
U6568 converts the TTL output of U6567 to a Oto 12 V swing. 

Control Latch 
The control latch, U6566, captures clock information from the data bus 
when instructed to do so by the Address Decoder. The output of the 
control latch is applied to the clock generator. 

Clock Generator 
The clock generator consists of U6569 thru U6572. U6569 is a 14-stage 
binary counter which produces output frequencies of 500 kHz, 250 kHz, 
125 kHz, 62.5 kHz, 31.25 kHz, 15.625 kHz and 7.8125 kHz. CMOS 
switches U6570, U6571 and U6572 select one of these frequencies and 
apply the selected frequency to the applicable tone detector. U6570 
selects a frequency for Tone detector #1. U6571 selects a frequency 
for Tone detector #2. U6572 selects a frequency for Tone detector #3. 
These CMOS switches are controlled by the control latch. 
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Tone Detector #2 and #3 
Tone detector #2 is used for SAT detection (5970, 6000 or 6030 Hz). 
Tone detector #3 is used for detection of a 1 KHz tone and is provided 
for future use. Tone detectors #2 and #3 are identical in operation. 
Therefore, only Tone detector #2 will be discussed. Tone detector #2 
consists of U6552, U6553, U6541 A and C, U6554, U6555 and U6556. 
U6552 is a multiplying digital to analog converter, which controls 
the relative level into the active filter for minimum level detection. 
The active filter, U6553, is configured as a programmable bandpass 
filter. The output of U6553, pin 12, is applied to U6554 and U6555. 
U6554 is a squaring amplifier, the output of which is applied to the 
counter/timers. U6555 is a detector, the output (pin 7) of which is 
applied to CMOS switches U6541 A and C. These switches select the 
time constant of the detector. The output of the CMOS switches is 
applied to a comparator, U6556A. The comparator provides the VIA with 
a digital signal which indicates the presence of a tone. 

Tone Detector #1 
Tone detector #l is used for 10 KHz ST (Signalling Tone) detection. 
Tone detector #1 operates in the same manner as Tone detectors #2 and 
#3, with a few exceptions. The active filter, U6540, is configured as 
a bandpass filter when it is being driven by U6538. When the active 
filter is driven by U6537, the filter is configured as a lowpass fil­
ter. At the present time, software prevents U6537 from changing, 
keeping U6540 configured as a bandpass filter. The output of U6540 is 
applied to the detector, U6543. The unfiltered serial data is 
applied to the Manchester phase detector. The squaring amp for Tone 
detector #1 is in the Manchester phase decoding circuitry. All other 
aspects of Tone detector #1 are the same as Tone detectors #2 and #3. 

Manchester Phase Detector 
The Manchester phase detector consists of U6541B, U6542, U6546A, 
U6547, U6548, U6549, U6550 and U6538. Serial data enters the 
Manchester phase detector at pin 15 of U6541B. U6541B selects a slow 
or fast time constant, depending on the baud rate. U6542 is a 
squaring amp, the output of which is applied to the shift register, 
U6549, to the clock separator, U6546A and U6547, and to the 
counter/timers. U6546A and U6547 form a clock separator and produce a 
data clock signal which is applied to the shift register, U6549, to 
the bit counter, U6548, and to the counter/timer through Q6502. The 
counter/timer will interrupt the processor every 8 bits so that the 
contents of the shift register can be latched jnto U6550. The latch 
signal is generated by the bit counter, U6548. The microprocessor can 
preset U6548 in order to synchronize it with the data stream. U6551 
is provided to adjust the clock separator for a particular baud rate. 
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9-3 PERFORMANCE EVALUATION 

Performance evaluation for the Cellular option consists of accessing 
the Cellular Menu and executing all 50 commands. Procedures to be 
used are given in the Cellular Operator's Guide. If the Cellular com­
mands fail to perform as specified, calibration should be checked and 
then troubleshooting should be undertaken. 
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9-4 CALIBRATION 

9-4-1 CELLULAR CONTROLLER PC BOARD 

SPECIAL ACCESSORY 
EQUIPMENT REQ'D: 1 Oscilloscope---Dual Trace 

2 Oscilloscope Probes 
1 Frequency Counter---Capable of 0.1 Hz 

resolution at 10 KHz 

FIGURE REFERENCES: Cellular Controller PC Board 

STEP 

TEST SET-UP 
DI AG RAM: N/ A 

PROCEDURE 

1. Connect Frequency Counter to TP 1-24 test point (or to pin 18 
of U6511). 

2. Transmit cellular data by executing the RCVSl command (#26) 
i.e., call up the cellular DIRECTORY menu and execute the 
RCVSl command by pressing "EXEC, 2nd, CELL, 2, 6, ENTER 11 • 

3. Adjust trim capacitor C6574 for a reading on Frequency Counter 
of 10000.0 Hz (±0.5 Hz). 

4. Exit the RCVSl command. 

5. Set FM/AM front panel controls as follows: 

CONTROL 

{ 6) DEV/ PW R 
(7) MODULATION 

{19) GEN/REC 
{35) GEN/LOCK 

(4) AVG PEAK/PEAK 
(38) ANALY DISPR 
(51) DISPLAY 

(18) DUPLEX/SIMPLEX 
(21) LCD 

{28) TONE 1 FM/OFF/AM 
(26) TONE 2 FM/OFF/AM 
(31) TONE 2 

(23) SQUELCH 

9-U 

11 20 KHz 11 

11 FM 4 11 

11 G EN 11 

"LOCK" 
II PEAK" 

SETTING 

1 MHz or lower 
Any position EXCEPT TRACK or 

SWEEP 
"SIMPLEX" 
TONE 2 Hz = 10000 
FREQ MHz = 835.0200 
11 0FF 11 

II FM" 
Adjust for 8 KHz deviation 

level on MODULATION METER 
(1) 

Adjust so that SIG INDICA­
TOR LAMP (57) is illuminated. 



04 

6. Connect Channel 1 Probe of Oscilloscope to junction of R6594 
and R6553. Connect Channel 2 Probe of Oscilloscope to junction 
of collector of Q6502 and R6550. (See Figure 9-2). 

Figure 9-2 Cellular Calibration Test Points 
(Effective Ser. No. 2771 and on) 

Figure 9-2a Cellular Calibration Test Points 
{Effective Ser. No. 1194 thru 2770) 

7. Trigger on positive edge of Channel 1 signal. Adjust R6555 
so that duration of positive pulse on Channel 2 is 75 us. 
(See Figure 9-3). 

I,. 100 }JS ..... I 
Ch., I I r-1----..._ __ ... ,_ ____ r::·.:12V 

Ch.2 i:: 75 }J s----_l _ 
Figure 9-3 Cellular Pulse - Width Calibration 

8. Disconnect all test equipment. 
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9-5 TROUBLESHOOTING 

Troubleshooting the Cellular Controller PC Board requires that the 
technician have a thorough knowledge of cellular theory. For con­
venience, two test ports (TPl and TP2) have been provided on the PC 
Board. Pin numbers and the signals expected are given in Table 9-2. 
For those technicians having access to a storage Oscilloscope or a 
Logic Analyzer, Table 9-3 shows the data states to be expected for 
each of the 50 commands available in the Cellular Menu (refer to the 
Cellular Operator's Guide for discussion of the commands). Values of 
the data in Table 9-3 are given in hexadecimal form. 
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Test 
Points 

TPl-1 
-2 
-3 
-4 
-5 
-6 
-7 
-8 
-9 

-10 
-11 
-12 
-13 

-14 
-15 
-16 
-17 
-18 
-19 
-20 
-21 
-22 
-23 
-24 

-25 
-26 

Cellular Controller PC Board 

Signal 

+12V power 
1 MHz Clock 
0 to +5 V 
0 to +5V 
0 to +12V 
0 to +12V 
0 to +5V 
0 to 5V 
0 to +5V (active Low) 
0 to +12V 
0 to +12V 
0 to +5V (active Low) 
0 to +5V (active Low) 

0 to +12V 
0 to +12V 
0 to +5V 
10 Vp-p@ 8 KHz Dev. 
0 to +5V 
0 to +5V, 75 us pulse 
0 to +5 V 
Variable from Oto± 2.5V 
0 to +5V 
Variable from Oto± 2.5V 
10 KHz 

0 to +5V 
0 to +5V 

Notes 

Tone 2 Square Wave 
Tone 3 Square Wave 
Tone 2 Square Wave 
Tone 3 Square Wave 
Read Enable (RD} 
Tone 1 Square Wave 
6 KHz Bandpass SAT detected 
Tone 1 Square Wave 
Tone 2 Detected 
10 KHz Bandpass ST detected 
1 KHz Bandpass (initializa-

tion only) 
Tone 1 Detected 
Tone 3 Detected 
Write Enable (WR} 
Tone 2 Filter Output 
Memory Enable (MEMEN) 
Received data clock 
Manchester encoded data 
Leveled, Filtered AM Data 
Generated Serial Data 
Leveled, Filtered FM Data 
Shift Clock for Generated 

Data 
NRZ 
Either Manchester or NRZ 

Table 9-2 Cellular Controller PC Board Test Points 
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Test 
Points 

TP2-l 
-2 
-3 
_·4 
-5 
-6 
-7 
-8 
-9 

-10 
-11 
-12 
-13 
-14 
-15 

-16 
-17 

-18 
-19 
-20 
-21 
-22 
-23 

-24 

-25 
-26 

Cellular Controller PC Board 

Signal 

0 to +5V 
@ +l.5V is change state 
10 Vp-p@ 5 KHz Dev. 
@ +l.5V is change state 
Not Used 
0 to +5 V 
Not Used 
HI-Cellular; LO-future use 
125 KHz 
0 to +5 V 
1 MHz 
0 to +5V 
80 mV per KHz 
@ +l.5V is change state 
Oto +5V {High Active) 

10 Vp-p@ 8 KHz Dev. 
Oto +5V {High Active) 

Variable from Oto± 2.5V 
+5V power 
1 MHz 
GND 
+12V pulses 
80 mV per KHz 

Mobile Under Test RSSI 
Voltage 

-12V power 
@ -2.5 to +2.5V 

Notes 

Rectified Tone 3 
Frequency Selector (Tone 3) 
Tone 3 Filter Output 
Frequency Selector (Tone 1) 

Rectified Tone 1 

Data Rate Select 
Tone 3 Filter Clock 
Rectified Tone 2 
Tone 2 Filter Clock 
Tone 1 Square Wave Inverted 
Buffered FM Demod 
Frequency Selector (Tone 2) 
Data Detect Low Pass Level 

Output (not used) 
Tone 1 Filter Output 
Data Detect Bandpass Level 

Output 
Level Controlled Data 

Tone 1 Filter Clock 

Edge Detector 
FM Demod from Demod Audio PC 

Bd 
Proportional Voltage 

Level Shifted Data 

Table 9-2 (Continued) Cellular Controller PC Board Test Points 
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(command, number, ndbs, ndbr) (OP, AB, RB) 
Test 

Command 
Number Z80 to 6809 6809 to Mobile 

1 01,00,00 lF,00,00 
2 02,00,00 3F,00,00 
3 03,00,04 Sr,00, ~3 
4 04,00,00 7F,00, ~!IJ 
5 f/)5,01,02 FF,01, n 
6 06,00,00 80,00,~0 
7 07,00,00 81,00,00 
8 08,00,00 82,00,00 
9 fl)9,02,00 83,02,00 

10 0A,01,00 84,01,00 
11 f/JB,00,00 85,00, ~0 
12 f/JC,00,00 86,00, ~0 
13 00,00,00 87,00,~0 
14 f/JE,00,00 88,00,00 
15 f/JF,00,00 89,00,00 
16 10,00,00 8F,00,00 
17 11,00,00 90, !DID, ,0 
18 12,00,01 91,1818, ,0 
19 13,00,01 9C,IOIO, ,0 
20 14,00,01 92, O ,!DA 
21 15,00,01 93, , ~, 05 
22 16,00,21 94, H,20 
23 17,00,03 9s,,,,02 
24 18,00,05 96,ID!D,04 
25 19,02,02 97,02,01 
26 lA,00,00 98,00,00 
27 1B,00,00 99,00,00 
28 lC,00,00 9A,00,00 
29 1D,00,00 9B,00,00 
30 lE.00.00 9D.00.01 
31 lF,00,03 9E,00,02 
32 20,01,00 A0,(.H,00 
33 21,00,00 Al,00,00 
34 22,06,01 A2,06,00 
35 23,00,00 A3,00,00 
36 24, ~ ~, 0 ~ A4,!,H?.00 
37 25, ~~,0~ A5.00.00 
38 26, ~ ~ .liH A6 .IIJ , • 00 
39 27.00.00 A7.0 L00 
40 28,00,66 A8,0 ~, 65 
41 29.65.00 A9.65.0!1J 
42 2A,01,00 AA,01,00 

Table 9-3 Data States for Cellular Commands 
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43 2B,00,00 AB,00,00 
44 2C,ndbs,ndbr,(data) (OP,AB,RB) 

The data is dependent upon whether a response is required (ndbr > 0) 
and/or whether data is to be sent to the mobile (ndbs > ~) . The (data) 
for this command is as follows: 

data #1 - OP for auxiliary command 
data #2 - AB for auxiliary command (additional bytes) 
data #3 - RB for auxiliary command (returned bytes) 

The ndbs is equal to the AB plus 3 (OP,AB,RB). 
The ndbr is equal to the RB (return all data to the 280). 

45 initiate - 2D,0D,00 none 
status - 4D,00,01 none 
halt - 6D,00,00 none 

46 initiate - 2E,0D,00 none 
status - 4E,'00,01 none 
halt - 6E,00,00 none 

47 initiate - 2F,0D,00 none 
status - 4F,00,01 none 
halt - 6F,00,00 none 

48 30,19,00 none 

49 initiate - 31,00,00 none 
ha 1t - 51,00,00 none 

50 32,01,00 none 

Table 9-3 (Continued) Data States for Cellular Commands 
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9-6 MECHANICAL ASSEMBLIES/PC BOARDS 

The following mechanical assemblies/PC Boards constitute the cellular 
option: 

Figure Title Page 

9-4 Cellular Controller PC Board 9-19 
9-5 ICD-1500 Test Box 9-21 
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CELLULAR MOBIL ASSY 
( 700 l-504&-400) 

DETAIL A 

"' 
., 

"' 
0~ ,,,;/ 

.,,,, # 

jJJ -

l'~ 
I 

DETAIL B 

DETAIL C 

pocoooo, 

( Ull 

l:,c:,oouuo• 

;::,..==.= 

I > U63 

L1c,o<..>ooo 



A 

EFFECTIVE SER. NO. 1194 THRU 2770 

NOTES: 

PC BOARD 

1. THE REF DES SERIES FOR THE CELLULAR 
CONTROLLER PC BOARD IS 6500 AND 
6600 {E.G., R1 IS R6501 AND RlOO IS 
R6601). 

2. DATA PART NO. 7010-5036-600. 

3. REF CIRCUIT SCI-EMATIC 0000-5016-600 0 

[3:;:>e:FFECTIVE SER. NO. 2002, C75 ADDED. 

~FFECTIVE SER. NO. 2334, CR18, CR19, C~6 
AND C77 ADDED. 

~46 SELECTED AT TEST (SAT); 
NOMINAL 680 OHMS, RANGE 560 
THRU 1K OHMS. 

Figure 9-4 Cellular Controller 
PC Board 
(Sheet I of 4) 
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EFFECTIVE SER. NO. 1194 THRU 2770 

9-20 
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Figure 9-4 

TYPICAL FOR THRU-BOARD JUMPERS 

DETAIL A 

Cellular Controller PC Boar 
(Sheet 2 of 4) 



EFFECTIVE SER. NO. 2771 AND ON 

NOTES: 

PC BOARD 

1. THE REF DES SERIES FOR THE CELLULAR 
CONTROLLER PC BOARD IS 6500 AND 
6600 (E 0G., R1 IS R6501 AND RlOO Is 
R6601) • 

2. DATA PART NO. 7010-5036-600. 

3. REF CIRCUIT SCHEMATIC 0000-5016-600. 

4 • l'()T USED • 

5 • l'()T USED • 

r?----.i45 SELECTED AT TEsT {SAT): 4 
~NOMINAL 680 OHMS, RANGE 560 

THRU 1K OHMS. 

Figure 9-4 Cellular Controller 
PC Board 
(Sheet 3 of 4) 
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figure 9-4 Cellular Controller PC Board 
{Sheet 4 of 4) 
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0 
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0 0 

NOTES: 

MECH ASS'I' 

0 0 

J8501 
0 0 
PIN! D• PIN2 

" .. 
" " 

Q D 

0 I a·. 0 
Q D 

0 " 

I " D 

I : : , 
Q ,, I 

o I"• ii o 
I : : , I 

Cl Q i 
I aa I 

I : : 'I 
0 l..::::=:::J 0 

a o 

0 

0 

10 THE REF DES SERIES FOO THE IC0-1500 

0 

0 

0 

0 

a 

0 

TEST BOX JS 8600 (I.E., Jl IS J8601). 

2. DATA PART NO. 7005-5047-100. 

3. REF CIRCUIT SCHEMATIC 0000-5017-JOO. 

PC BOARD 

1. THE REF DES SERIES FOR THE ICD-1500 PC 
BOARD ASSY IS 8500 (I.E., ~l IS R8501). 

2. DATA PART NO. 7010-5037-IOO. 

3. REF CIRCUIT SCHEMATIC 0000-5017-100. 

• • • . . 
• • 

• 

. . 

. . 
• • 

Figure 9-5 ICD-1500 Test Box 
(Part of Option 10) 
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9-7 SCHEMATICS 

The following schematics/interconnects are provided for the cellular 
option: 

Figure Title Page 

9-6 Cellular Interconnect 9-23 
9-7 Cellular Ribbon Cable Schematic 9-24 
9-8 Cellular Controller PC Board Schematic 9-25 
9-9 ICD-1500 Schematic 9-31 
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L 7010-5035-300 
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CELLULAR INTERCONNECT 
OPTION 8 
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Figure 9-6 Cellular Interconnect (0000-5018-000) 
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N/C 

1-------------------7---------7 
"6!i03 

I TO/FROM J9 I 02 I I 
I CELLULAR TEST PORT I TEST CABLE I 
' PC BOARD (REF, REAR PANEL l • I 
- -r"'""'I 

I t---------------------1 I I - TRANSMIT-AUDIO (t) I 
2 1----------------------l 19 19 -TRANSMtT-AUOIO (·) 
3 t----------------------l 2 2 _TRANSMIT·AUDIO (SH)! 
4 f---------------------1 20 20 _ RECEIVE·AUDIO (SH) 

5 t----------------------l 3 3 - RECEIVE-AUDIO (·) I 
6 f---------------------121 21 -RECEIVE·AUDIO (+) I 
7 t----------------------l 4 4 _cu POWER (+l I 
8 t----------------------1 22 22 - CU POWER (+) 

9 ;:::::::::::::::::::::::::::::::::::::::..i-l 5 5 - cu GND A I 
:~ I 2: !3 :::::: ~~ ::: : I 
12 · 24 24 ,___ cu GND B I 

ON / OFF 13 ' 7 7 - ON / OFF SENSE I 
SWITCH HQOK 14 f---------------------1 25 25 ,___ SWITCH HOOK 

DIRECTION CONTROL 15 1----------------------t 8 8 '- DIRECTION CONTROL I 
CLOCK 16 1----------------------t 26 296 - CLOCK J 

DATA 0 17 t----------------------t 9 - DATA I 
DATA I 18 ---------------------t 27 27 - DATA 2 I 
DATA 2 19 1----------------------t 10 10 - DATA 3 I 
DATA 3 20 f---------------------1 28 28 - DATA 4 
DATA 4 21; II II _ DATA 5 J 

N/C { 22 1 29 29 - N/C I 
23 t----------------------1 IZ 12 ,-N/C 

GND 24 t----------------------1 30 30 1----- CABLE SHIELD I 
N/C 25 ---------------------! 13 13 - N/C J 

DATA 5 26 1---------------------1 31 31 - DATA 6 
DATA 6 27 ---------------------! 14 14 - DATA 7 I 
DATA 7 28 1----------------------l 32 32 _ DATA 8 

TEST CONTROL 29 t----------------------1 15 15 - TEST CONTRCIC. I 
Nie{ 30 1----------------------l 33 33 - 01scR1M1NATOR I 

l\31 1-------------------1 16 16 - MODULATOR I 
RSSI 32 ~:::::::::::::::::::::::::::::::::::::::~ 34 34 - RSSI 

{ 
33 17 17 - N/C I 
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NOTES: 
(UNLESS OTHERWISE NOTED) 
l • ALL REFERENCE NU143ERS CARRY AN ASSIGNED 

DESIGNATOR SERIES. 
THIS SCHEMATIC CARRIES SERIES: 6500. 
2. ALL RESISTORS ARE 1/8 W, 5% TOLERANCE. 
3 • ALL RESISTANCE IS EXPRESSED IN OHMS • 
4. ALL CAPACITANCE IS EXPRESSED IN MICROFARADS. 

R46 IS SELECT AT TEST (S.A.T.) 
NOMINAL VALUE= 680 OHMS. 
RANGE• 1K. 

6. IC GATES NOT USED: 

U3B, U16C, U24B, U24C, U24D, U36B, U46B, U46C, U46D 

Cellular Controller Circuit Schematic (Sheet l of 2) 
0000-5016-600-C3 
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!'OTES: 

1. ALL REF t,,()S CARRY AN ASSIGNED DESIGNATOR 
SERIES. THIS SCHEMATIC CARRIES SERIES 
8500 AND 8600. 

2. ALL RESISTORS ARE 10%, 1/4 W. 

3. LAST REF NO USED: J8501 
T8'502 
E8505 
P8501 

J8606 
SW8'502 
R8502 
TP8537 

Figure 9-9 ICD-1500 Schematic 
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APPENDICES 
APPENDIX A : FM/AM-1500 SPECIFICATIONS 

A-1 RF SIGNAL GENERATOR 

Frequency Range: 100 kHz to 999.9999 MHz in 100 Hz incre­
ments. 

Frequency Accuracy (See TCXO Master Oscillator) 

Residual FM: 50 Hz RMS (typical 30 Hz RMS) 
(Post detection 50-300 Hz) 

RF Output Power: 0 dBm to -128 dBm continuously adjustable 
into 500. (No range changing) 

Accuracy: ±2 dB, -10 to -80 dBm 
±2.5 dB, -80 to -128 dBm 
(-80 to -120 on IEEE version) 

Attenuator Dial: One continuous dial with µV and dBm. 

Modulation: FM: 2 Hz to 30 kHz rate at Oto ±25 kHz 

Freq. Shift with 
Modulation: 

deviation. 

For external inputs DC to 30 kHz rate. 
(DC, if generator lock control is in 
the variable position). 

Flat to ±2 dB DC to 30 kHz 

6 Vp-p ±2 Vp-p produce ±15 kHz devi­
ation 

AM: 10 Hz to 5 kHz rate at 0-90% 
6 kHz to 30 kHz rate at 0-30% 
3 Vp-p ±1 Vp-p produces 90% modulation 
External Mod impedance 600 

FMl, FM2, FM3 and FM4 are all FM 
modulation. SSB, AMI, and AM2 are 
AM modulation. SSB has no function 
other than AM in the generator mode. 

When the generator is in the "lock" posi­
tion, the center frequency is phase-locked 
to the system clock. 

A-1 
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A-1 RF SIGNAL GENERATOR (Cont'd) 

Modulation 
Distortion: 

Generator 
Freq. Control: 

Microphone 
Input: 

SSB Noise: 

Deviation Accuracy 
of Processor 
controlled audio 
levels: 

Generator Spurious: 

Harmonics: 

Non Harmonics: 

Typically: 

In-Band, typically: 

A-2 DUPLEX GENERATOR 

Freq Range: 

Freq Accuracy: 

Output Level: 

DUPLEX Connector: 

The FM modulation distortion plus noise at 
±25 kHz deviation is less than 2% from 
200 Hz to 20 kHz. 

When in the 11 locked 11 position, the generator 
is phase-locked to the master clock. When 
switched off from the 11 locked 11 position, 
the generator may be varied ±10 kHz. The 
FM modulation input is DC coupled for this 
unlocked function. {Internal or external 
modulation.) 

Generator can be switched on hy an external 
microphone. It has internal preamp with 
adjustable level. 

90 dBc/Hz at ±20 kHz from carrier. 

±5% from 20 Hz to 5 kHz and ±10% from 5 kHz 
to 20 kHz. 

> -25 d Be 

> -40 dBc 

> -60 dBc 

> -70 dBc 

±49.99 MHz from receive frequency {as indi­
cated on front panel (LCD) in 10 kHz incre­
ments. 

See TXCO Master Oscillator. 

0 dBm to -128 dBm continuously adjustable 
into 50fL (No range changing.) 

A-2 
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TRANS Connector: 

A-3 RECEIVER/MONITOR 

Frequency Range: 

Resolution: 

10 dB Sinad 
Sensitivity 
(typical): 

Selectivity: 
(3 dB): 

Antenna 
Attenuator: 

Quieting: 

Adjacent Channel 
Rejection: 

Beat Frequency 
Oscillator (BFO): 

Demodulation 
0 u t put Leve 1 : 
( 600S'2 Load) 

40 dB (±3 dB) below Attenuator Setting for 
Attenuator Settings from -10 to -80 dBm. 
40 dB (±3.5 dB) below Attenuator Setting for 
Attenuator Settings from -80 to -128 dBm. 

300 kHz to 999.9999 MHz. 

100 Hz 

2 µV (1 MHz to 1 GHz). Sensitivity reduced 
below 1 MHz (for 15 kHz RF bandwidth and 
8 kHz post detection bandwidth) 

6 kHz; SSB and AM1, 15 kHz; AM.2 and FM1, 
200 kHz, FM.2, FMs and FM4 

FM1 and FM.2 has post 
of 8 kHz. FMs has a 
bandwidth of 20 kHz. 
ulation bandwidth of 

demodulation bandwidth 
post demodulation 

FM4 has a post demod-
80 kHz. 

FM1 has a demodulation flatness of ±2 dB 
referenced to 1 kHz from 10 Hz to 20 kHz. 

AM1 and SSB have an RF bandwidth of 6 kHz 
and post detection bandwidth of 8 kHz. AM.2 
has an RF bandwidth of 15 kHz and a post 
detection bandwidth of 8 kHz. 

Selectable 0, -20 dB, and -40 dB (±2 dB each) 

Deviation measurements can be made down to 
0.1 kHz in post detection bandwidth of 
8 kHz. 

>25 dB at ±25 kHz (when in 15 kHz RF 
bandwidth) 
>40 dB at ±50 kHz (when in 15 kHz RF 
bandwidth) 

Fixed at center frequency. 

AM: 100% = 0.5 Vp-p nominal (selectable by 
modulation switch) 

FM: ±10 kHz deviation = 1.0 Vp-p nominal 

A-3 
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A-3 RECEIVER/MONITOR (Cont 1 d) 

Demodulation Output 
Level Impedance: 600 ohms 

Receiver Antenna 
Input Protection: 0.25 Watts maximum level without damage 

FM Demodulation 
Noise+ Distortion: Less than 2% at ±25 kHz deviation for modu­

lation frequencies from 200 Hz to 20 kHz 
with a receiver input level of -50 dBm. 

Image Rejection: 

Deviation 
Monitor Meter: 
(max peak either 
polarity) 

AM Modulation 
Digital Dis pl ay: 
(max peak, 
positive or 
negative) 

Digital 
Deviation Display 
(CRT): 

AM Modulation 
Monitor Meter: 

(RF bandwidth= 200 kHz, post detection 
bandwidth= 80 kHz) 

+ 1.4 MHz, 50 dB 
+ 21.4 MHz, 50 dB 
+ 238.6 MHz, 50 dB 
+ 2500 MHz ±10 MHz, 5 dB 

Scales: 
Accuracy 
quencies 
level of 

2 kHz, 6 
± 5% f u 11 
of 30 Hz 
-50 dBm. 

kHz, 20 kHz, 60 kHz 
scale for modulation fre­
to 10 kHz at a signal 

0.1% resolution on 20% and 60% ranges, 1% 
on 200% and 600% ranges. Accuracy 5% 
reading ±20 counts at received signal of 
-50 dBm for modulation frequencies 300 Hz 
to 10 kHz. (10% to 90% depth) 

Range is 0.00 to 60.0 kHz 
Accuracy is ±3% at these two pojnts: 

1. 6 kHz rate at ±2 kHz with 8 kHz post 
detection BW. 

2. 10 kHz rate at ±8 kHz with 20 kHz 
post detection BW. 

Scales 0-20%, 0-60%, 0-200% 
Accuracy ±7% of reading, ±5% full scale. 
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A-4 SPECTRUM ANALYZER 

Inputs: 

Log Scale: 

Dynamic Range: 

Modes: 

Full Scan: 

10 MHz/DIV: 

5 MHz/DIV: 

2 MHz/DIV: 

*1 MHz/DIV: 

*0.5 MHz/DIV: 

*0.2 MHz/DIV: 

*0.1 MHz/DIV: 

*20 kHz/DIV: 

*10 kHz/DIV: 

*2 kHz/DIV: 

*1 kHz/DIV: 

Transmitter: Transmitter under 
exceeds 0.1 watt. 
signal produces a 
reading. (marked 

test when power 
A 100 watt 

top graticule 
-30 dBm) 

Antenna Jack: The log scale is marked for dBm 
for this input when the antenna 
attenuator is set for "O". The 
signal can be attenuated by 
20 dB or 40 dB by the antenna 
attenuator switch. 

Within ±2 dB linearity from -30 dBm to -90 dBm 
indication. Switchable between 1 dB/DIV and 
10 dB/DIV. 

70 dB, additional 40 dB selectable by input 
attenuator. 

1 MHz to 1000 MHz; 650 kHz bandwidth 

Center frequency as selected; 650 kHz bandwidth 

Center frequency as selected; 650 kHz bandwidth 

Center frequency as selected; 650 kHz bandwidth 

Center frequency as selected; 30 kHz bandwidth 

Center frequency as selected; 30 kHz bandwidth 

Center frequency as selected; 30 kHz bandwidth 

Center frequency as selected; 30 kHz bandwidth 

Center frequency as selected; 3 kHz bandwidth 

Center frequency as selected; 3 kHz bandwidth 

Center frequency as selected; 300 Hz bandwidth 

Center frequency as selected; 300 Hz bandwidth 

* The receiver is fixed on the center frequency for monitoring while 
the analyzer scans as specified. On wider scans, the receiver and 
monitor portion are not usable. 
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A-5 TRACKING GENERATOR 

Frequency Range: 1.0 MHz to 1000 MHz as selected by the fre­
quency control. 

Output Level: Same as RF generator; O dBm to -128 dBm. 

Sweep Mode: The oscilloscope is switchable to external 
vertical input when in the tracking generate 
mode. 

A-6 OSCILLOSCOPE 

Display Size: 2" x 2~" 

Vertical 
Bandwidth: DC to 1 MHz (at 3 dB bandwidth) 

External Vertical 
Input Ranges: 10 mV, 100 mV, 1 V, 10 V per division 

Horizontal Sweep 
Rate: 10 mSec, 1 mSec, 100 µSec, 10 µSec per division 

A-7 AUDIO GENERATORS 

04 

Operating Modes: Internal: Variable frequency generators, one 
or both. 

External plus Internal: Any external tone(s) 
plus either or both 
internal tones simul­
taneously. 

Frequency Range: Variable from 2 Hz to 30 kHz. 

Accuracy: 0.01% 

Resolution: 0.1 Hz; 2 Hz to 9999.9 Hz; 1 Hz, 10.000 kHz to 
30 kHz. 

Output Level: Variable from Oto 2.5 VRMS minimum either 
tone into 1son. 

Distortion: <2% (10 Hz to 100 Hz) 
<0.7% typical 100 Hz to 30 kHz 
Some frequencies have a measured distortion of 
less than 1.5% as measured on a typical null 
type distortion analyzer. 
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A-7 AUDIO GENERATORS {Cont'd) 

Output 
Distribution: Each tone selectable OFF or into either AM or 

FM modulator when not under processor sequence 
control. Each tone level variable through 
"Tones Out" jack regardless of selection of 
11 FM 11 , 11 AM 11 or 11 0FF 11 by the manual switches. 

Speaker: Selectable from receiver or same signal as 
11 Tone Out 11 jack. 

A-8 FREQUENCY ERROR METER MEASUREMENT CAPABILITY 

RF Signals 

Sensitivity: Typically 1.5 µV above 1 MHz (sensitivity 
reduced below 1 MHz) 

Ranges: ±30 Hz, ±100 Hz, ±300 Hz, ±1 kHz, ±3 kHz, 
±10 kHz 

Resolution: ±1 Hz on the ±30 Hz and ±100 Hz ranges 

Demodulated Audio Signals 

is 

Ranges: ±3 Hz, ±30 Hz, ±300 Hz as referenced to fre­
quency of Tone Generator #1. 

Resolution: ±0.1 Hz on ±3 Hz scale 

Frequency Range: 20 Hz to 10 kHz 

A-9 DEMODULATED AUDIO FREQUENCY COUNTER 

Range: 

Resolution: 

Accuracy: 

10 Hz to 20 kHz 

1 Hz 

±2 counts 

A-10 INTERNAL SINAD METER 

Input: 

Frequency: 

Range: 

Accuracy: 

0.5 to 10 VRMS 

1 kHz 

0 to 20 dB 

±1.5 dB at 12 dB reading 

A-7 



A-11 POWER MONITOR 

Frequency Range: 1 MHz to 1000.00 MHz (wideband detector 
circuit) 

Power Ranges: 0 to 15 and Oto 150 Watts 

Accuracy: 1 to 600 MHz, ±7% of reading 

Input Power: 

±3% of full scale. 

600 to 1000 MHz ±17% of reading 
±3% of full scale 

821 MHz to 896 MHz ±7% reading, ±3% of full 
scale 

50 watts continuous 
150 watts until "over temp" lamp illuminates 

Changeover from generate to monitor mode occurs at nominally 100 mW 
input level to the TRANS/-40 dB DUPLEX Connector. 

A-12 TXCO MASTER OSCILLATOR 

Accuracy: 5 x 10-7 = 0.00005% (typically 2 x 10- 1
). 

Greater accuracy is attainable with front 
panel adjustment. 

Aging Stability: 2 to 3 PPM during first year ... 1 PPM per 
year thereafter. 

EXT. Clock: 

Optional Oven: 
Accuracy: 
Aging: 

BNC Connector for EXT 10 MHz STD. 

0.05 PPM (0-50°C) 
0.25 PPM per year 

A-13 PHYSICAL CHARACTERISTICS 

Dimensions: 

Weight: 

Temperature 
Range: 

A-14 POWER 

12.5" wide, 9" high, 19.5" deep 
(31.8 cm W, 22.9 cm H, 49.5 cm D) 

46 lbs. (20.9 kg) 

0° to 50° C 

Conveniently portable. Self-contained battery automatically recharges 
when AC line is connected. Operates on 106 to 266 VAC without 
switching, 50-400 Hz, 85 watts, or 11 to 18 VDC. Typical DC currents 
6.0 A at 12 V. 
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APPENDIX B : PINOUT /CONTACT ASSIGNMENTS FOR 
EXTERNAL ACCESSORY AND MICROPHONE CONNECTORS 

B-1 PINOUT TABLE FOR EXTERNAL ACCESSORY CONNECTORS 

The table below provides pin assignments for the EXT ACC Connector 
located on the front panel of the FM/AM-1500. This connector provides 
power and signal sources for external accessory equipment used with 
the FM/AM-1500. 

PIN# 

6--
10--SIGNAL 

(MALE) : ..... :-
1--

PIN# 

3 
- ---4 

2 
• 9 

0' \ '_ • 1 

,::, ~ 

POWER SOURCES 
(FEMALE) 

Figure B-1 External Accessory Connector (Front View) 

CONNECTOR PIN ASSIGNMENTS 

Pin No. Power Pin No. Signal 
Source Source 

1 +12 V 5 External FM 
Modulation 

2 -12 V 6 Tone Keying* 

3 +5 V 7 Microphone 
Keying** 

4 Tone Gen 8 Demodulated 
Signal Out 

9 Power 10 Signal 
Ground Ground 

* Open enables TONE 1 generator; short to ground disables 
TONE 1 generator. 

** Short to ground places FM/AM-1500 into generate mode. 
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B-2 PINOUT TABLE FOR MICROPHONE CONNECTOR 

The table below provides pin assignments for the MIC Connector located 
on the front panel of the FM/AM-1500. This connector provides power 
for an external microphone and an input point for microphone audio. 

PIN 3 

PIN 1 

Figure B-2 Microphone Connector (Front View) 

CONNECTOR PIN ASSIGNMENTS 

Pin No. Assignment 

1 +12 V 

2 Ground 

3 Microphone 
Keying* 

4 Microphone 
Audio 

5 · No Connec.t ion 

* Short to ground places FM/AM-1500 into generate mode. 
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APPENDIX C :: PREVENTIVE MAINTENANCE RECOMMENDATIONS 

Preventive maintenance on FM/AM-1500 test sets consists primarily of 
cleaning and visual inspection of internal/external components. 
External cleaning of the test set is recommended as often as necessary, 
depending on the environmental conditions to which the set is exposed. 
Internal cleaning should be performed on a more limited basis, pre­
ferably when the set is in a disassembled state for routine calibra­
tion, troubleshooting and/or repair. Test set disassembly for the 
sole purpose of internal cleaning is not recommended. 

C-1 EXTERNAL CLEANING 

1. Clean front panel and case with a soft lint-free cloth 
moistened with rubbing alcohol. 

2. To remove tar or oil from outside case, safety solvent may 
be used. 

[~~ur(~:l 
DO NOT ALLOW SAFETY SOLVENT TO CONTACT FRONT 
PANEL CONTROL AREA. SOLVENT CAN CAUSE DAMAGE 
TO FRONT PANEL CONTROLS, MARKINGS ETC. 

C-2 INTERNAL CLEANING AND INSPECTION 

[~9-ill 
The following procedures require external case 
to be removed from test set. 

@:~~i[~J 
DELIBERATE MOVING (HOWEVER SLIGHT) OF DISCRETE 
COMPONENTS ON CIRCUIT BOARDS, ETC. SHOULD BE 
AVOIDED. 

DO NOT OPEN INTERNAL MODULES FOR SOLE PURPOSES 
OF CLEAN I NG. 

1. Remove dust with hand-controlled dry air jet of 15 psi 
(1.054 kg/cm 2

) and wipe internal chassis parts and frame 
with soft lint-free cloth moistened with alcohol. 
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1. (Continued) 

!WARNING I 
DO NOT USE COMPRESSED AIR IN EXCESS OF 15 PSI. 
USE EXTREME CARE WHEN USING COMPRESSED AIR IN 
THE VICINITY OF CRT, IN ORDER TO MINIMIZE 
POSSIBILITY OF CRT IMPLOSION. OBSERVE FOLLOW­
ING PRECAUTIONS: 

a. REMOVE ANY LARGE DIRT/DUST PARTICLES FROM 
CRT MANUALLY, AS OPPOSED TO USING COM­
PRESSED AIR. 

b. DO NOT USE COMPRESSED AIR IN A DIRTY, 
CLUTTERED ENVIRONMENT. REMOVE ANY DEBRIS 
OR SMALL OBJECTS IN THE IMMEDIATE WORK 
AREA THAT MAY BECOME AIRBORNE DUE TO 
PRESSURIZED AIRFLOW. 

c. IF POSSIBLE, USE AN AIR HOSE NOZZLE EQUIPPED 
WITH A SPRING LOADED ON/OFF VALVE, AS 
OPPOSED TO ONE THAT REMAINS OPEN OR CLOSED 
CONTINUOUSLY. 

d. MAKE SURE COMPRESSED AIR HOSE IS FILTERED, 
TO PREVENT POSSIBLE OIL OR WATER DROPLETS 
FROM STRIKING CRT AT HIGH SPEEDS. 

2. Inspect CHASSIS for: 

a. Tightness of subassemblies and chassis mounted connectors. 

b. Corrosion or damage to metal surfaces. 

3. Inspect CAPACITORS for: 

a. Loose mounting, deformities or obvious physical damage. 

b. Leakage or corrosion around leads. 

4. Inspect CONNECTORS for: 

a. Loose or broken parts, cracked insulation and bad contacts. 
DO NOT disassemble connectors needlessly within test set. 

5. Inspect POTENTIOMETER CONTROLS for: 

a. Free rotation. If rotation feels rough, check control 
with an ohmmeter. 

6. Inspect readily accessible PRINTED CIRCUIT BOARDS for: 

a. Corrosion or damage to connectors. 
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6. {Continued) 

b. Damage to all mourited components including crystals and 
I.C. 1 s. 

c. Accumulation of dirt, dust or other foreign material. 

7. Inspect RESISTORS for: 

a. Cracked, broken, charred or blistered bodies. 

b. Loose or corroded solder connections. 

8. Inspect SEMICONDUCTORS for: 

a. Cracked, broken, charred or discolored bodies. 

b. Seals around leads being in place and in good condition. 

9. Inspect TOGGLE SWITCHES for: 

a. Loose levers or terminals and switch body contact to 
frame. 

b. Bent or loose line switch contacts. 

10. Inspect TRANSFORMER for: 

a. Signs of excessive heating. 

b. Broken or charred insulation and loose mounting hardware. 

11. Inspect WIRING for: 

a. Broken or loose ends and connections. 

b. Proper dress relative to other chassis parts. 

All laced w1r1ng should be tight with ends 
securely tied. 

C-3/C-4 Blank 





APPENDIX D : SPECIAL ACCESSORY TEST EQUIPMENT 

D-1 GENERAL 

This appendix contains recommendations for constructing special equip­
ment necessary for performing certain test procedures in this manual. 
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D-2 BATTERY LOAD SIMULATOR 

TPI 
RED 

Pl TP2 TPI 

I 
CW 2 

R3 o.3n 
45 IN.OF 
22 GA 
COPPER WIRE 

~ )+\--4~--A-M_P_S .. 

3 \ R4 

.,.. 

', - - ("'\ LOAD ADJ 
'<.l1oon 25w 

Pl 

R2 
"E"CAL 

~ 5.0 K 
\ 

\ 
\ 

\ 
\ 

' \ 
----- 3 \ 

.,.. 

' \ 
\ ~--------------~ 

RI 
39K .25W 
±.10% 

Figure D-1 Circuit Schematic and Dia~ram of Battery Load Simulator 
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TF-30 TUNE FIXTURE ASSEMBLY 
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0 
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/ 
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_,,,AIJ 
~--✓~ 

J1001 

J1002 

, 
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/~ / 1 
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REF 
DES 

JIOOI 
J1002 
J1003 
P1004 
P2001 
P2002 
CIOOl 
C1002 
DS1001 
DS1002 
FlOOl 
G1001 
G1002 
G1003 
R1001 
R1002 
51001 
S1002 
T1001 

J2001 
J2002 
C2001 
C2002 
C2003 
C2004 
C2005 
CR2001 
CR.2002 
CR2003 
CR2004 
CR.2005 
CR2006 
Q2001 

J1003 Q2002 
R2001 
R2002 
R2003 
R2004 
R2005 
R2006 
R2007 
R2008 
R2009 
R2010 
R2011 
R2012 
R2013 
U2001 
U2002 

DESCRIPTION IFR PART NO. QTY 

TUNE FIXTURE ASSEMBLY 
CONNECTOR, BNC 21 n-0000-020 l 
CONNECTOR, SMB 2123-0000-038 1 
CABLE ASSY, AC POWER 6041-0000-001 I 
CONNECTOR, CARD EDGE 2122-0000-0;18 I 
CONNECTOR, WAFER 2115-0000-006 I 
CONNECTOR, WAFER 2115-0000-013 1 
CAPACITOR .lOµF, 50 V 1521-0000-008 1 
CAPACITOR .15 µF, 50 V 1646-1540-098 1 
LED GRN 4950-0300-200 1 
DISPLAY, DIGITAL VOLTMETER 4600-0000-006 I 
FUSE, FAST BLO 1 A, 250 V 1 
LUG, GND 3/811 2850-0000-025 I 
LUG, GND 3/8" 2850-0000-0<11 1 
LUG, GND #4 INT TOOTH 2850-0000-014 I 
RESISTOR, VAR 10 K 4770-8810-300 I 
RESISTOR 5%, 1/4 W, 1 K 4702-0102-003 1 
SWITCH, TOGGLE 5114-0000-001 1 
SWITCH, TOGGLE 5114-0000-004 1 
TRANSFCRMER 5604- 0000-002 1 
TUNE FIXTURE, PC BD 7010-9806-900 1 
CONNECTCR, WAFER 2115-1001-006 1 
CONNECTOR, WAFER 2115-0000-016 1 
CAPPC, ITOR 400 l-lF, 180 V 1580-4010-800 1 
CAPACITCR 10 l-lF, 35 V 1 580- 1000-350 1 
CAPACITOR 1000 µF, 35 V 1580- 1 020-358 1 
CAPACITOR I µF, 35 V 1507-0105-118 1 
CAPACITOR 1 l-lF, 50 V 1502-0105-007 1 
DIODE, RECT IN4004 4815-0000-002 1 
DIODE, RECT IN4004 48 I 5-0000-002 1 
DIODE, SIGNAL IN4148 4815-0000-003 1 
DIODE, SIGNAL IN4148 4815-0000-003 1 
DIODE, ZENER 10 V 4818-0000-001 1 
DIODE, ZENER 609 V 4818-0000-015 1 
TRANSISTCR 2N2905 4801-0000-004 1 
TRANSi STOO 2M2405 4801-0000-002 1 
RESISTOR 5%, 1/4 W, 470 OHM 4702-0471-003 1 
RESISTOR 5%, 1/4 W, 47 OHM 4 702-0470-003 1 
RESISTOR 5%, 1/4 W, 470 OHM 4702-0471-003 1 
RESISTOR 5%, 1/4 W, 22 K 4702-0223-003 1 
RESISTOR 5%, 1/4 W, 5.6 K 4702-0562-003 1 
RESISTOR, VAR 2 K 4752-0202-002 1 
RESISTOR 5%, 1/4 w, 1 K 4702-0102-003 1 
RESISTOR 5%, 1/4 w, 330 OHM 4 702-0331-003 I 
RESISTOR 5%, 1/4 w, 3.3 K 4702-0332-003 1 
RESISTOR 5%, 1/4 w, 100 OHM 4702-0101-003 1 
RESISTOR 1%, 1/4 w, t00.00 OHM 4706-1003-001 1 
RESISTOR 1%, 1/4 W, 909.00 OHM 4706-9090-001 1 
RESISTOR, VAR 200 OHM 4752-0201-002 1 
IC, DUAL J-FET OP AMP LF412 3135-0000-054 1 
IC, REGULATOR 78M12C 5750-0000-010 1 
WIRE, BUS 22 GA 1050-0000-073 

Figure D-2 Circuit Schematic and 
Diag~am of TF-30 Tune 
Fixture Assembly 

D-3 
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D-4 50 OHM/ 150 OHM LOAD CONNECTOR 

ENCLOSURE (TYPICAL) 

J 1 

PART 
J 1 
J2 
Rl 
RZ 
SWl 
ENCLOSURE 

TYPE 
UG12094/U 
UGl 104 A/U 
ZO!lt, VAR. 
4 7Q, 5% 
C&K 7103 
ANY 

I 
I 

_ ___J 

I FR PART NO. 
2113-0000-020 
2113-0000-019 
4752-0201-002 

----
5114-0000-002 

----

J2 

INSULATED 
JUMPER 

Figure D-3 Circuit Schematic and Diagram of 50Qj150D Load Connector 

D-4 
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D-5 REMOVABLE 20 dB TEST POINT 

FABRICATE 20 dB TEST POINT AS 
FOLLOWS: 

I. SOLDER RESISTOR TO FIRST 
Sl43 CONNECTOR. 

2. SOLDER RF SHIELD TO FIRST 
St-a CONNECTOR. 

3. USING ACCESS HOLE, SOLDER 
RESISTOR TO SECOND Sl43 
CONNECTOR. 

4. SOLDER SECOND Sl43 CONNECTOR 
TO RF SHIELD. 

5. SOLDER BUS WIRE TO FIRST 
Sl43 CONNECTOR. 

6. TRIM BUS WIRE TO LENGTH 
REQUIRED TO CONTACT TEST POINT 
BEING ACCESSED. 

BUS WIRE----

FIRST----­
Sl43 MALE 

47GG, 1/8W ----...i. 
RESISTOR 

BRASS 
RF SHIELD 

ACCESS----+U 
HOLE 

Figure D-4 20 dB Test Point 

D-5 



D-6 300 Hz LOW PASS FILTER 

IN 

JI 

C2 

J1 

R1---!-----l~ 
..........,.,..,,...~-, ... -,.. ... r:.......tA 

Cl R2 C3 

Cl 

C2 
I ll7JIF 

35V 

.47pFI 35V 

PART TYPE 
J 1 UGl 104 A/U 
J2 UGl 104 A/U 
Rl 1 ~. 5% 
R2 4. 7 1(2, 5% 
R3 22 KSl, 5l 
Cl .47µF, 35V Tant 
C2 .47µF, 35V Tant 
C3 .04~F, 50V Poly Carb 
C4 .01 , 50V Poly carb 

C4 

R3 

J2 

IFR PART NO. 
2113-0000-019 
2113-0000-019 
4701-0102-003 
4701-0472-003 
4701-0223-003 
1507-0474-018 
1507-0474-018 
1502-0473-010 
1502-0103-010 

Figure D-5 Circuit Schematic and Diagram of 300 Hz Low Pass Filter 
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APPENDIX E : TEST EQUIPMENT REQUIREMENTS 

E-1 GENERAL 

This appendix contains a list of test equipment suitable for performing 
all of the maintenance procedures contained in this manual. Any other 
equipment meeting the specifications listed in this appendix may be 
substituted in place of the recommended models. It should be noted 
that the equipment listed in this appendix may exceed the minimum 
required specifications for some of the procedures contained in this 
manual. 
E-2 RECOMMENDED TEST EQUIPMENT 

TYPE MANUFACTURER & MODEL SPECIFICATIONS 

Oscilloscope Tektronix 4658 DC to 100 MHz 
5 mV/div vertical trace 
2 nS/div sweep rate 
Dual Trace 

Spectrum Analyzer Tektronix 7613 Frame Variable Persistance Storage 
Oscilloscope 

Tektronix 7Ll3/U Frequency Range: 1 kHz to 2.5 GHz 
Spectrum Analyzer Resolution 

Bandwtdth: 30 Hz to 3 MHz 

Tracking Generator Tektronix TM503 Frame Three-wide Mainframe 

Tektronix TR502 Frequency Range: 100 kHz to 1.8 GHz 
Tracking Generator Output Level: 0 dBm, ±0.5 dB 

Power Range: 0 to -59 dBm in 
10 and 1 dB steps 

Frequency Counter Fluke Model 1910A Frequency Range: 5 Hz to 125 MHz 

Digital Multimeter Fluke Model 8010A 3½ digit, ±0.1% basic DC accuracy 

Distortion Analyzer Sound Technology Frequency Range: 10 Hz to 110 kHz 
Model 17008 . Accuracy: .002% distortion 

AC Voltage 
Accuracy: 2% 

E-1 



TYPE MANUFACTURER & MODEL SPECIFICATIONS 

Function Generator Wavetek 182A Frequency Range: .004 Hz to 4 MHz 
Functions: Sine, Triangle & 

Square 
High level 

Output: 20 Vp-p 
(10 Vp-p into 50Q) 

Signal Generator Hewlett Packard 8640B Frequency Range: 1 to 1000 MHz 
Resolution: 0.1 to 100 Hz 

Accur.acy: 2 X lQ-6 

RF Output: +20 to -130 dBm 

Wattmeter Sierra 174A-1 Frequency Range: 25 to rooo MHz 

VSWR: 
25-512 MHz: 1.10 max 

512-1000 MHz: 1. 20 max 

Accuracy 
Incident Power: 

25-512 MHz: ±5% of full scale 
512-1000 MHz: ±7% of full scale 

FM/AM Modulation 
Meter Boonton Model 82AD Frequency Range: 10 MHz to 1.2 GHz 

Accuracy: 
FM: ±2% of reading 

from 30 Hz to 
100 kHz 

Accuracy: 
AM: ±2% of reading 

from 10 Hz to 90% 
AM and 5% of read-
ing below 10% and 
above 90%; from 
30 Hz to 100 kHz 

Resolution: 0.1% of full scale 
'for FM and AM 
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TYPE MANUFACTURER & MODEL SPECIFICATIONS 

RF Power Source MCL 15122 Main Frame 

6048 Oscillator Module Frequency Range: 50 to 200 MHz 
Power Range: 0 to 65 W 

RF Power Meter 
with Power Detector Boonton RF Microwatt- Frequency Range: 200 kHz to 18 GHz 

meter Power Range: 1.0 nW to 10 mW 
Model 42 BD Accuracy: ±Q.25% fs ±Q.15 dB 

>10 nW 

Boonton Power Sensor Frequency Range: 200 kHz to 7 GHz 
Model 41-4A Power Range: 1 nW to 10 mW 

Accuracy: ±0.3 dB >10 nW 

Triple Output Power 
Supply LAMBDA LPT-7202-FM Regulation: 0.01% + 1 mV 

Ripple: 500µV 
Voltage Ranges: 0-7 VDC@ 5.0 A 

0-20 VDC@ 1.5 A 
0-20 VDC @ 1.5 A 

Power Supply LAMBDA LK-351-FM Regulation: .015% or 1 mV 
Ripple: 500µV 

Voltage Range: 0-36 VDC@ 25.0 A 

Oscilloscope Tektronix PG 506 Module Accuracy: 0.25%, ±lµV 
Calibrator Voltage Range: 50 mV to 50V 

minimum 

E-3/E-4 Blank 





APPENDIX F : MECHANICAL ALIGNMENT OF FM/AM-1500 
RF OUTPUT LEVEL CONTROL 

F-1 GENERAL 

In certain maintenance operations it may be necessary to disassemble 
the front panel RF OUTPUT LEVEL Control (or Variable Attenuator). Upon 
reassembly, the atttenuator assembly must be properly aligned in order 
to reflect the true output power levels as indicated on the outer dial. 
The procedure for this alignment is as follows: 

The Variable Attenuator and outer di al are 
individually calibrated to each other at the 
factory. Do not interchange outer dials and 
attenuators from different sets. 

F-2· ALIGNMENT PROCEDURE 

REQUIRED TOOLS: 

.050" Allen Wrench 
Phillips Screwdriver 

Figure F-1 Identification of Attenuator Components 

F-1 
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STEP PROCEDURE 

1. Rotate attenuator shaft fully cw until stop is reached. 

2. Insert attenuator shaft through front panel and position attenu­
ator so that Jl is to the left (looking from front of 
FM/AM-1500). 

3. Position bezel against front panel so that reference plate screw 
holes are at the top. Secure bezel to attenuator with three 
Phillips screws provided. 

4. Position knob and outer dial on attenuator shaft so that the 
0 dBm mark is midway between the two reference plate screw holes. 

5. Secure reference plate to bezel with two Phillips screws pro­
vided. 

6. At this point the O dBm mark on the outer dial should be directly 
aligned with the index mark on the reference plate. Secure knob 
and outer dial to attenuator shaft with two set screws provided. 

1~ Rotate knob ccw and then fully cw. Verify that when knob is 
fully cw, the index mark on the reference plate is directly 
aligned with the O dBm mark on the outer dial. 

F-2 



APPENDIX G : dBm TO MICROVOLT CONVERSION CHART 

dBm µV dBm µV dBm µV 

0 224,000 -47 1,000 -94 4.47 
-1 200,000 -48 891 -95 3.99 
-2 178,000 -49 795 -96 3.55 
-3 159,000 -50 709 -97 3.17 
-4 141,000 -51 633 -98 2.82 
-5 126,000 -52 563 -99 2.52 
-6 112,000 -53 501 -100 2.24 
-7 100,000 -54 44 7 -101 2.00 
-8 89,100 -55 399 -102 1. 78 
-9 79,500 -56 355 -103 1. 59 
-10 70,900 -5 7 317 -104 1. 41 
-11 63,300 -58 282 -105 1. 26 
-12 56,300 -59 252 -106 1.12 
-13 50,100 -60 224 -107 1.00 
-14 44,700 -61 200 -108 0.891 
-15 39,900 -62 178 -109 0.795 
-16 35,500 -63 159 -110 0.709 
-17 31,700 -64 141 -111 0.633 
-18 28,200 -65 126 -112 0.563 
-19 25,200 -66 112 -113 0.501 
-20 22,400 -67 100 -114 0.447 
-21 20,000 -68 89.l -115 0.399 
-22 17,800 -69 79.5 -116 0.355 
-23 15,900 -70 70.9 -117 0.317 
-24 14,100 -71 63.3 -118 0.282 
-25 12,600 -72 56.3 -119 0.252 
-26 11,200 -73 50.l :.120 0.224 
-27 10,000 -74 44.7 -121 0.200 
-28 8,900 -75 39.9 -122 0.178 
-29 7,950 -76 35.5 -123 0.159 
-30 7,090 -77 31. 7 -124 0.141 
-31 6,330 -78 28.2 -125 0.126 
-32 5,630 -79 25.2 -126 0.112 
-33 5,010 -80 22.4 -127 o·.100 
-34 4,470 -81 20.0 -128 0.0891 
-35 3,990 -82 17.8 -129 0.0795 
-36 3,550 -83 15.9 -130 0.0709 
-37 3,170 -84 14.1 -131 0.0633 
-38 2,820 -85 12.6 -132 0.0563 
-39 2,520 -86 11. 2 -133 0.0501 
-40 2,240 -87 10.0 -134 0.0447 
-41 2,000 -88 8.91 -135 0.0399 
-42 1,780 -89 7.95 -136 0.0355 
-43 1,590 -90 7.09 -137 0.0317 
-44 1,410 -91 6.33 -138 0.0282 
-45 1,260 -92 5.63 -139 0.0252 
-46 1,120 -93 5.01 -140 0.0224 

G-1/G-2 Blank 





REF DES 

100 
200 
300 
400 
500 
600 
700 
800 
900 

1000 

1000 
1100 

1100 
1200 
1300 

1300 
1400 
1500 
1600 
1700 
1800 
1900 
2000 
2100 
2200 
2300 
2400 
2500 
2600 
2700 
2800 
2900 
3000 
3100 
3200 
3300 
3400 
3500 
3600 
3700 
3800 
3900 
4000 
4100 
4200 
4300 
4400 
4500 
4600 

APPENDIX H : FM/AM-1500 REFERENCE DESIGNATOR 
ASSIGNMENT CHART 

DESCRIPTION 

LCD/KEYBOARD PC BD ASSY 
KEYPAD PC BD ASSY 
FRONT PANEL UPPER PC BD ASSY 
FRONT PANEL MECH ASSY 
FRONT PANEL LOWER PC BD ASSY 
HIGH/LOW PASS FILTER MECH ASSY 
HIGH/LOW PASS FILTER PC BD ASSY 
OUTPUT AMP MECH ASSY 
OUTPUT AMP PC BD ASSY 
1300 MHz IF RECEIVER MECH ASSY (1005 

thru 1406) 
1300 MHz IF RECEIVER MECH ASSY (1407 & ON) 
RECEIVE ATTENUATOR PC BD ASSY (1005 

thru 1406) 
RECEIVE ATTENUATOR PC BD ASSY (1407 & ON) 
1300 MHz IF GENERATOR MECH ASSY 
1300 MHz RECEIVER IF PC BD ASSY (1005 

thru 1406) 
1300 MHz RECEIVER IF PC BD ASSY (1407 & ON) 
CLOCK DIVIDER MECH ASSY 
1300 MHz IF GENERATOR PC BD ASSY 
1120 MHz IF GENERATOR PC BD ASSY 
CLOCK DIVIDER PC BD ASSY 
LOW LOOP MIXER MECH ASSY 
LOW LOOP MIXER PC BD ASSY 
1210 MHz VCO PC BD ASSY 
1300-2300 MHz VCO PC BD ASSY 
HIGH LOOP #1 PC BD ASSY 
HIGH LOOP #2 PC BD ASSY 
DUAL VCO MECH ASSY 
DELAY LINE #1 PC BD ASSY 
DELAY LINE #2 PC BD ASSY 
DUPLEX OFFSET PC BD ASSY 
HIGH LOOP MECH ASSY 
89-90 MHz RECEIVER PC BD ASSY 
DELAY LINE MECH ASSY 
LOW LOOP PC BD ASSY 
DUPLEX OFFSET MECH ASSY 
FM GENERATOR PC BD ASSY 
GENERATE MIXER PC BD ASSY 
SPECTRUM ANALYZER L.O. PC BD ASSY 

SPECTRUM ANALYZER R.F. PC BD ASSY 
89-90 MHz RECEIVER MECH ASSY 
SPECTRUM ANALYZER IF PC BD ASSY 
LOW LOOP MECH ASSY 
CPU/MEMORY PC BD ASSY 
FM GENERATOR MECH ASSY 
I/0 INTERFACE PC BD ASSY 
GENERATE MIXER MECH ASSY 
DUAL TONE GENERATOR PC BD ASSY 
SPECTRUM ANALYZER L.O. MECH ASSY 

H-1 

DATA PART NO. 

7010-5030-100 
7010-5030-200 
7010-5030-300 
7005-5040-500 
7010-5030-500 
7005-5040-700 
7010-5030-700 
7005-5040-900 
7010-5030-900 

7005-5041-300 
7005-5041-400 
7010-5031-100 

7010-5031-200 
7005-5041-500 
7010-5031-300 

7010-5031-400 
7005-5041-700 
7010-5031-500 
7010-5031-600 
7010-5031-700 
7005-5041-900 
7010-5031-900 
7010-5232-000 
7010-5232-100 
7010-5032-100 
7010-5032-300 
7005-5042-101 
7010-5032-400 
7010-5032-600 
7010-5032-700 
7005-5042-300 
7010-5032-900 
7005-5042-500 
7010-5033-100 
7005-5042-700 
7010-5033-300 
7010-5033-400 
7010-5033-500 

7010-5033-700 
7005-5042-900 
7010-5033-900 
7005-5043-100 
7010-5034-lXX 
7005-5043-300 
7010-5034-300 
7005-5043-400 
7010-5034-500 
7005-5043-500 



REF DES 

4700} 4800 
4900 
5000 

4 700} 4800 
4900 
5000 
5100} 
9500 
5200 
5300 
5400 
5600 
5700 
5800 
5900 
6000 
6200 
6400 
6500} 
6600 
6700 
6800A 
6800B 
6900A 
6900B 
7000 
7100 
7200 
7300 
7400 
7500 

AT7500 
7900 
8000 
8100 
8200 
8300 
8400 
8500 
8600 
9100 
9300 
9400 
9800 
9900 
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DESCRIPTION DATA PART NO. 

DEMOD AUDIO PC BD ASSY (1005 thru 1425) 7010-5034-700 

DEMOD AUDIO PC BD ASSY (1426 & ON) 7010-5037-300 

OSCILLOSCOPE CONTROL & DEFLECTION PC BD ASSY 7010-5035-100 
SPECTRUM ANALYZER RF MECH ASSY 
MOTHERBOARD PC BD ASSY 
SPECTRUM ANALYZER IF MECH ASSY 
40 V POWER SUPPLY PC BD ASSY 
POWER SUPPLY PC BD ASSY 
LINE RECTIFIER PC BD ASSY 
GPIB INTERFACE MODULE 
POWER SUPPLY MECH ASSY 
POWER TERMINATION MECH ASSY (THRU S/N 1993) 
COMPOSITE MECH ASSY 
CELLULAR CONTROLLER PC BD ASSY 
CARD EXTENDER OPTIONAL ASSY (OPTION-05) 
BUFFER AMP PC BD ASSY 
BUFFER AMP PC BD ASSY 
BUFFER AMP MECH ASSY 
BUFFER AMP MECH ASSY 
TCXO ASSY 
DIODE SWITCH MECH ASSY (1005 thru 1406) 
HIGH OUTPUT AMP PC BD ASSY 
HIGH OUTPUT AMP MECH ASSY (OPTION-04) 
OVEN OSCILLATOR OPTIONAL ASSY (OPTION-02) 
RF ATTENUATOR DRIVER MECH ASSY 
PROGRAMMABLE ATTENUATOR 
GPIB INTERFACE PC BD ASSY 
GPIB ANALYZER DIGITIZER PC BD ASSY 
GPIB LCD PC BD ASSY 
ATTEN CONTROL & DISPLAY PC BD ASSY 
GPIB LCD DISPLAY ASSY 
GPIB WEAR ADAPTER MECH ASSY 
ICD-1500 PC BD ASSY 
ICD-1500 TEST BOX OPTIONAL ASSY (OPTION-10) 
CELLULAR MECH ASSY (OPTION-OB) 
MIXER NULL MECH ASSY (1235 & ON) 
MIXER NULL PC BD ASSY 
POWER TERMINATION MECH ASSY (S/N 1994 & ON) 
INVERTER BOARD FOR OSCILLOSCOPE CONTROL & 
DEFLECTION PC BD 

H-2 

7005-5043-700 
7010-5035-300 
7005-5043-900 
7010-5035-600 
7010-5035-700 
7010-5035-800 
7005-5045-900 
7005-5045-700 
7005-5046-100 
7003-5040-000 
7()10-5036-600 
7001-5046-700 
7010-5036-800 
7010-5036-800 
7005-5046-800 
7005-5046-800 
7001-5086-800 
7005-5044-800 
7010-5035-400 
7001-5045-400 
7001-5046-500 
7005-5040-400 
7010-3632-501 
7010-5035-900 
7010-5036-000 
7010-5036-200 
7010-5036-300 
7005-5046-000 
7005-5046-200 
7010-5037-100 
7005-5047-100 
7001-5046-600 
7005-5047-600 
7010-5037-600 
7005-5048-400 

7010-5038-600 



APPENDIX J : REPACKING FOR SHIPMENT 

J-1 SHIPPING INFORMATION 

IFR test sets returned to factory for calibration, service or repair 
must be repackaged and shipped subject to the following conditions: 

Do not return any products to factory without first receiving 
authorization from IFR Customer Service Department. 

CONTACT: 
Customer Service Dept. 
IFR, Inc. 
10200 West York Street 
Wichita, Kansas 67215 

Telephone: (800)-835-2350 
TWX: 910-741-6952 

All test sets must be tagged with: 

a. Owner's identification and address. 
b. Nature of service or repair required. 
c. Model No. 
d. Serial No. 

4 
Sets must be repackaged in original shipping containers using IFR 
packing molds. If original shipping containers and materials 
are not available, contact IFR Customer Service Dept. for 
shipping instructions. 

All freight costs on non-warranty shipments are assumed by 
customer. (See "Warranty Packet" for freight charge policy on 
warranty claims.) 

J-2 REPACKING PROCEDURE (Reference - Figure J-1 ): 

1. Make sure bottom packing mold is seated on floor of shipping con­
tainer. 

2. Carefully wrap test set with polyethylene sheeting to protect 
finish. 

3. Place test set into shipping container, making sure set is securely 
seated in bottom packing mold. 

4. Place top packing mold over top of set and press down until mold 
rests solidly on bottom packing mold. 

5. Close shipping container lids and seal with shipping tape or an 
industrial stapler. Tie all sides of container with break resistant 
rope, twine or equivalent. 

J-1 



TOP PACKING MOLD 

IFR SHIPPING CONTAINER 

Figure J-1 Repacking for Shipment 

J-2 
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WRAPPED WITH 
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APPENDIX K : ABBREVIATiONS & SYMBOLS 

K-1 GENERAL 

Defined below are various abbreviations and symbols which are commonly 
used throughout the FM/AM-15OO Maintenance Manual text. 

K-2 GENERAL ABBREVIATIONS 

A - Ampere 
AC or ac - Alternating Current 
Adj - Adjustment 
AGC - Automatic Gain Control 
AM - Amplitude Modulation 
Amp - Ampere 
ANALY DISP. - Analyzer Dispersion 
Assy - Ass em bl y 
BATT - Battery 
BCD - Binary Coded Decimal 
BFO oc - Beat Frequency Osei 11 aJor 

- Degrees Celsius 
CAL - Calibration 
ccw - Counterclockwise 
CRT - Cathode Ray Tube 
cw - Clockwise 
cw - Carrier Wave 
DAC - Digital to Analog Converter 
dB - decibels 
dBc - decibels above or below carrier level 
dBm - decibels above (or below) 1 milliwatt 
DC or de - Direct Current 
DCR - Duty Cycle Regulator 
DEFLEC AMP - Deflection Amplifier 
DEMOD - Demodulation, demodulate or demodulated 
DEV - Deviation 
DMM - Digital Multimeter 
DVM - Digital Vol tm et er 
ECL 
EXT ACC 

- Emitter Coupled Logic 
- External Accessory 

EXT MOD - External Modulation 
EXT DC - External Direct Current 
OF - Degrees Fahrenheit 
FET - Field Effect Transistor 
FILT - Filter 
FM - Frequency Modulation 
FREQ - Frequency 
GEN - Generate 
GHz - Gigahertz 
GND - Ground 
HI LVL - High Level 
HORIZ - Horizontal 

K-1 



Hz 
IC 
IF 
I NT MOD 
I PC 
Kg/cm 3 

kHz 
L/H 
LOG LIN 
LO 
mA 
MAX DISP 
Mech 
MHz 
MON 
µs 
µV 
ms or mSec 
mV 
mW 
MULT 
N/A 
NORM 
osc 
para 
PC Bd 
PLL 
Preamp 
psi 
PWR 
PWR MON 
RCV R 
REF 
RF 
R/H 
RMS 
ROM 
sec 
Seo pe Dev 
SIG 
SSB 
SW 
TCXO 
TRANS 
TTL 
V 
Vp 
Vp- p 
VAC 
vco 

01 

- Hertz 
- Integrated Circuit 
- Intermediate Frequency 
- Internal Modulation 
- Illustrated Parts Catalog 
- Kilogram per cubic centimeter 
- kilohertz 
- Left-hand 
- Logarithmic Linearity 
- Local Oscillator 
- Mil 1 i amperes 
- Maximum Dispersion 
- Mechanical 
- Megahertz 
- Monitor 
- microsecond 
- microvolt 
- millisecond 
- millivolt 
- milliwatt 
- Multiplier 
- Not Applicable 
- Normal 
- Oscillator 
- paragraph 
- Printed Circuit Board 
- Phase Lock Loop 
- Preamplifier 

pounds per square inch 
- Power 
- Power Monitor 
- Receiver 
- Reference 
- Radio Frequency 
- Right-hand 
- Root Mean Square 
- Read Only Memory 
- Seconds 
- Oscilloscope Deviation 
- Si gn a 1 
- Single Sideband 
- Switch 
- Temperature Compensated Crystal Oscillator 
- Transmitter or Transceiver 
- Transistor Transistor Logic 
- Volts 
- Volts Peak 
- Volts Peak-to-Peak 
- Volts Alternating Current 
- Voltage Controlled Oscillator 
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VDC 
VHF 
VOL 
V RMS 
VSWR 
w 
XMTR 
XTAL 

- Volts Direct Current 
- Very High Frequency 
- Volume 
- Volts Root Mean Square 
- Voltage Standing Wave Ratio 
- Wat ts 
- Transmitter 
- Crystal 

K-3 ABBREVIATIONS FOR REFERENCE DESIGNATORS 

BR 
C 
CR 
DS 
E 
FL 
G or GL 
J 
K 
L 
M 
M XR 
p 
Q 
R 
SW or S 
T 
u 
VR 
y 
YFL 
z 

- Bridge Rectifier 
- Capacitor 
- Diode 
- Display Lamps 
- Terminal 
- Feed-thru Filter 
- Ground 
- Connector (Fixed) 
- Relay 
- Inductor 
- Meter 
- Mixer 
- Connector (Movable) 
- Transistor 
- Resistor 
- Switch 
- Transformer 
- Integrated Circuit 
- Voltage Regulator 
- Crystal 
- Crystal Filter 
- Tuned Cavity 

K-3/K-4 Blank 






