


Servicing pagers: 
Build a shielded room 

Part 1-A do-it-yourself shielded room helps to isolate a signal generator 
from nearby paging transmitter signals while troubleshooting pagers. 

Here are some suggestions for building your own. 

By David Ludvigson 

When servicing any type of pagers. cer· 
tain requirements must be met to guaran-
tee good-quality results. 

In large metropolitan areas . such as 
Houston, many paging transmitters always 
are operating: therefore, pager alignment 
usually is difficult because the signal 
generator's output may be "swamped'' by 
an on-frequency paging transmitter. 

To date, the only effective means of 
isolating these signal sources has been to 
enclose the test equipment and the opera-
tor within a copper shield. 

Manufactured shie lded rooms that arc 
big enough are expensive; nevertheless, 
after setting up the signal generator and 
trying to align a pager without any shield-
ing, I soon realized that patience and saint-
hood await the technician working under 
those conditions! 

In the comer of an electronics outlet 

Ludvigson is a technician in Houston. 

Raymond, my co-worker, cuts the aperture for 
the ec power lines. 
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Four pieces ol double-aided printed circuit board materiel make up the back wall of the test bench. 

Lengths ol 12-gauge tenslllzed solid copper wire are 
soldered along the length ol each seam. 

Raymond checks the wall-ceiling seam. Ear-
lier construction of the shielded room has 
been sheetrocked and finished. The black 
door strip la made of conductive foam. 



Centrally located, the ac outlet strip Is connected to an electromagnetic Interference (EMI) filter 
behind the panel. 

s1orc I found some double-sided printed 
c:irrn it board material at a reasonable price. 
Enough of these could tile a small room. 
so my employer, JJ Sounds. purchased 
several dozen 1.5-foot X 2-foot sheets. 

With boards of these dimensions. about 
78 sheets arc required 10 cover the walls. 
lloor and ceiling in a room measuring 4 
fee t x 8 foct X 6 feet. Additional pieces of 
circui t hoard arc needed to tinish the door, 
and special auention is required around air 

conditioning vents, lighting fixtures and ac 
power outlets. 

The framework is a curious mixture of 
2" X 4" and 2" X 2" materials. Sheetrock 
screws secure the circuil board material to 
the frame , with lengths of 12-gaugc, 
tensilized, solid copper wire soldered ev-
ery four inches 10 adjoining tiles on the 
top, sides and bottom. 

Small holes were drilled to pass ac 
power lines, and electromagnetic interfcr-

ence {EM]) fi lters were placed between the 
power source and the outlet st rips located 
inside the room. 

The door presented an interesting prob-
lem because it had to present a scaled plane 
in common with the walls and floor. A 
length of conductive foam was used as a 
pressure seal against the closed door. 

Accompanying photographs show the 
crew of JJ Sounds building the test bench 
for the homemade shielded room. 

Although the idea of using circuit board 
rnacerial may be innovative, the constrrn:-
cion is a large undertaking. No matter what. 
the room is never perfectly square. Gloves 
and masks should be worn when cutting 
tiles to size for protect ion from copper 
chips and fiberglass dust. 

The walls may be finished in anyching 
from shcetrock to carpeting, but the floor 
requires plywood over Lhe copper-clad fi -
berglass to dis tribute che technician ·s 
weight without cracking the circuit board 
material. It might be fair to equate che care 
and construction of the shielded room to 
that taken in building the pyramids ()f 
Egypt-i f labor may be provided in place 
of currency. the shielded room is relacively 
inexpensive. 

The do-it-yourself shielded room's over-



Once It ls covered with dark speaker-box carpeting, the shielded room becomes as dark as a tomb! 
The Ramsey Com 3 service monitor serves as a test monitor. Above the monitor Is a Cushman 
POCSAG and Golay paging code generator. The Motorola RTL-1005 radiation test fixture Is In front 
of an old RCA oscilloscope. Above the scope rests the IFFER, a piece of test equipment built by 
the author. Pete, another co-worker, consults a frequency and format chart. 

all pcrfonnance has been good. 
Reception on transistor radios and TV 

sets dies when they are placed in Lhe room. 
Pagers at 931 MHz are almost deaf to pag-
ing transmiuers located 1hree miles away. 

reducing their interference by more 1han 
50dB. 

To hear any of the paging transmitters 
on the Ramsey Com 3 service monitor re-
quires an external antenna fed through 

coax: otherwise, the paging transmitters 
are just background noise. 

Justifica1ion for building a shielded 
room is a matter of individual test loca-
tions relative to nearby paging transmit-
ters. If a repair location is within several 
miles of many transmitters, the quality of 
pager alignments will improve drastically 
when using a shielded room. 
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Postscript 

"Copper coffin" is my nickname for the do-it-
yoursclf shielded room because receivers "die" 
when the y are brough1 inside of it. The editor 
thinks it is too morbid a name to use in the article 
litle. but I like it. I'm experimcming with using 
aluminum foil to bui ld a shi.:ldcd room c:allcd 
the "1in foil tomb.'' 

Auto-Trac's Fleetservice System is your map to success. 
Auto-Trac's Fleetservice System gives you a 
cost effective leading-edge solution for all 
vehicle tracking applications. The Fleetservice 
System incorporates the latest In GPS tech-
nology. two-way data communications and 
wmputerized graphic mapping to improve 
your fleet planning, dispatching, t.racking and 
safety. The computerized maps display each vehicle's 
location and status so you can act quickly and 
accurately to various situations. The Fleetsen1ice 
System gives you precise information in an instant. 

Circle (23) on Fast Feel Card 
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Progress from tbe 20th to tbe 21st Century 
w ith Auto-Trac! 

For more information or a free evaluation of 
the Fleetservice System call (2 14) 480-8145 
or fax (214) 907-2292. 

9330 LBJ Freeway 
Suite 380 

Dallas, TX 75243 





Servicing pagers: 
Build an 'IFFER' 

Part 2- The IF section from a transistor radio makes an ideal accessory for 
the test fixture designed for Bravo pagers. Whether you use a shielded room 

or not, the accessory improves alignment results. 

By David Ludvigson 

One day. a heavy brass object arrived ut 
JJ Sounds. where l work. 

The company owner, J.H. Kim, looked 
completely baffled. ;'How do you use?" he 
asked. 

I took a look and chuckled. Jt was the 
Mmoro ln RTL- 1 005 test fixture : nearly 
$500 worth of enclosed antenna planes and 
shielding with a camilevered set of springs 
for test probes. To the uninitiated, it must 
closely resemble the Wouff Hong! * (Sec 
Photo I and Figure I below.) 

Following the directions for modifying 
the test fixture for usc with Bravo series 

*The WoutT Hong. from an amateur 
legend. is a licticious device said to be used for 
puni;,hing radio operators \\'ho misbehave. 

Pager servicing series 
"Servicing Pagers: Build a Shielded 

Room," January 1994. 
"Servicing Pagers: Build An 'IFFER" ," 

February 1994. 

Back issues printed within the pasL two 
years can be ordered for $5 each, postpaid. 
Call customer service at 800-441-0294. Is· 
sues printed more than two years ago and 
individual article photocopies are unavailable 
from the publisher. 

pagers requires a few minutes of work, and 
then a bit more time is required to get the 
assembly to drop the test probes across tes t 
point M I and ground on a Bravo. (Sec 
Photo 2 on page 38.) Unfortunately. after 
finally adjusting everything. problems just 
seemed to follow. 

First, the pager has to be put into the 
monitor mode. It seems that these units 

spend a good deal of their time turned off 
until they receive the appropriate preamble 
paging code. Turning the Bravo into a full· 
time receiver involves turning the pager 
off and depressing both the black and gray 
buttons simultaneously while turning the 
pager back on to the beep mode. 

A steady 3.2kHz tone follows. You now 
have two seconds to release both push-
buuons: quickly depress the gray button 
and release it. The word PAGING with an 
optional suf!ix will appear. Now you can 
troubleshoot the pager reliably. 

Whj le the window displays the word 
PAGING, insert the Bravo (with the back 
cover removed) into the test fixture. Close 
the clamp to connect the decoupling net· 
work to M I and ground. 

According to Motorola. alignment of the 
Bravo can be achieved with an ac 
millivoltmeter when subjected to an "on-
frequency"' signal. As I adjusted the output 
level of the Ramsey Com 3, there were 
times when the millivoltmeter responded 

II 
1.5k0 

TOAC 
VOLTMETER 

'REMOVE 
FOR USE 
WITH 'IFFER' 

TO M1 TO GROUND 
ON PAGER ON PAGER 

Photo 1. The Motorola RTL-1005 is nearly $500 worth of enclosed an· 
tenna planes and shielding with a cantilevered set of springs for test 
probes. 

Figure 1. To use the IFFER with the RTL·1005 test fixture, remove the 
20mH choke across the output. Otherwise, the Inductor swamps the 
IFFER's Input. 
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ridges 
Low Cost Swept SWR 

RLB 150 bridges can be used with spectrum 
analyzer/tracking generator or service monitor for 
swept SWR measurements . This technique sim-
plifies tuning of antennas , cavi ties. duplexcrs. 
isolators and many other RF devices. They al so 
can be used for cable insertion loss and imped-
ance measurements. 

EagJcO bridges have high directivity. five wau Photo 2. Adjust the RTL-1005 test fixture's probes across test point M1 and ground on a Bravo 
power rating and built-in termiruuion. pager. 

Model 
RLB150N3B 
RLB 150N3C 
RLB150N5A 

Freq MHz 
5-1000 
5-1300 
5-3000 

Price 
S389.00 
S425.00 
ss79.00 

FREE npplicalion note: "High Performance 
VSWR Measurements". Call and as k ror it! 
Catalogue covers bridges, cable sets and other 
userul equipment 

P.O. Bo"' 9446 
Wichita. KS. 67277 

(3 16) 265-2050 
Fax: (316) 265-2255 

Circle (31) on Fast Fact Card 

smoothly. and other times when it jumped 
all over the place. 

We had not built the shielded room yet. 
and I was certain that signals from nearby 
paging transmitters were interfering with 
the pager test measurements. (See Part I in 
lhc January issue for infonnation Hbout 
bui lding the do-it-yoursel f shielded room.) 

Test point M I is at the input of a 455kHz 
intermediate frequency (IF) amplifier, and 
it is isolated by a cemmic filter. To be able 
to differentiate between the signal from the 
signal generator and signals from the on-
frequency paging transmitters. I usc an 
external 455kHz lF strip followed by an 

audio detector and audio frequency (AF) 
power amplifier. By connecting an oscillo-
scope across the loudspeaker, I can see and 
hear when the pager is properly tuned. 

To find a suitable IF strip, I experi-
mented with a transistor AM radio. These 
radios are plentiful. and the part with a 
455kHz IF amplifier, an audjo detector 
and an AF amplifier fonns about of the 
radio. 

Standard radios have a con-
verter that feeds two IF stages at 455kHz. 
Coupling from M I on the pager through 
the radiation test fixture to a point in the 
IF of an external radio provides several 

Introducing the STI-9000, a simple, cost-effective system 
that measures signal coverage for: •••• Survey 
Cellulm; Paging, Broadcast & Mobile Radio. 

The STI-9000 offers: 

• Mobile Touch-Screen Control 
• Instant Signal Coverage Contour Plots 
• Real-Time MeasuremenL'i Display 
• State-of-the-Art GPS Accuracy 

Technologies 

Incorporated 

For more information, 
contact Bill Peek at 

503-591-5986 
SURVEY TECHNOLOGIES. INC. • 17980 SW SHADYPEAK • BEAVERTON. OREGON 97007 • FAX : 503-591-5986 

Circle (32) on Fast Fact Card 
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10 tHOUf 
ON OICMOICOPI 

Agure 2. TheiFFEA Is an AM transistor radio's Intermediate frequency (IF) strip. A 330pF capacitor 
(marked with en asterisk) Is tied to the primary side of the AM radio's converter, and the redia Is 
tuned to any unused frequency. 

advantages. 
First. the AM radio conunues to operate 

as an AM radio. 

Second, the s ignal at M I is sufficiently 
strong to be transported easily over three 
feet of RG-58 coaxial cable and translated 

at the external IF strip. (See Figure 2 to the 
left.) 

With the lFFER in p lace, the 20mH 
choke across the output of the RTL-1005 
is removed. This inductor swamps the in-
put to the IFFER and just gets in the way. 
A 330pP capacitor is tied to the primary 
side of the converter in the AM radio , and 
the radio is tuned to any unused frequency 
in the broadcast band. 

With the IFFER , pager a lignment is 
vastly improved. Standard Sinadder tech-
niques of using a 3.5kHz-deviated 1kHz 
tone on the selected frequency are suffi-
cient. Unless you have a shielded room 
such as the one described in Part l of this 
series, on-frequency "rattling" by nearby 
paging transmitters will upset any align-
ment attempt. There is no uncertainty as to 
the cause of erratic meter readings when 
using the IFFER; you can both see and 
hear the interference. 

Acknowledgement 

I would like to thank J.H. IGm. owner of JJ 
Sounds. South Houston. TX. and co-workers 
Raymond, Tim and Pete. for their belp with this 
project. 





Servicing pagers: 
Frequencies, coding formats 

Part 3-'Hooking up' customers so their pagers work on one of the various 
paging services in a given area is simple with the right equipment and 

information about crystal frequencies, receiver boards and decoder boards. 

By David Ludvigson 

Bravo pagers are built to receive paging 
messages sent in two types of digital code, 
POCSAG and Golay. 

With the POCSAG code, some of the 
pager's silicon chips decode the slow 
drawl of 512 bits per second (bps). Other 
chips can decode at J ,200bps, and yet 
another version races along at 2,400bps. 

Golay, on the other hand, operates at a 
single rate of speed, forcing all the needed 
data into a well-defined timeframe. 

From the retailer's point of view, this 
description summarizes all he needs to 
know about Bravo pager decoder boards. 
With this information and a 10-power 
magnifying lens, he has just about mas-
tered the Bravo decoder. At the end of this 
article, we will hand him his degree. 

Previous articles in this series have 
shown how a modest investment provides a 
signal generator, a POCSAG-Golay code 
generator, the radiation test fixture. the 
IFFER lF strip testing device and a do-it-
yourself shielded room-everything neces-

Ludvigson is a technician in Houston. 

Photo 1. The suffix of 
the Identification number 
printed on the decoder 
microprocessor ls known 
as the Oxx suffix be-
cause It Includes the let-
ter Oand two digits. The 
suffix Indicates the mi-
cro-processor's paging 
'language' (POCSAG or 
Golay) and speed. A 
table In the text gives the 
language and speed that 
go with each suffix. 

16 Mobile Radio Technology March 1994 

sary to handle service and repairs. An air-
time supplier such as Pagenet or Pagemart 
can provide pagers, capcodes, beeper num-
bers and, often, the necessary crystals to put 
Bravo pagers on their frequencies. Program-
mers for Bravo, Bravo Plus, and Bravo 
Express are available from Motorola. 

Capcodes and pager telephone numbers 
usually come in pairs. The pager telephone 
number is the usual seven-digit number that 
the caller dials from a Touch-Tone tele-
phone. Capcodes usually contain either six 
digits or seven digits: six digits for Golay 
codes (sometimes followed by the leuer 
"F"), or seven digits for POCSAG. 

Golay codes often are used on paging 
systems using radio frequencies below 
450MHz, and POCSAG generally is used 
(at varying speeds) above 150MHz. 

The frequencies and formats chosen by 
a retailer must reflect both what pagers he 
sells and what pagers come in for a 
"hookup." If a customer wants a hookup for 
a pager crystalled to 152.24 MHz (with a 
POCSAG 512 decoder), the retailer prob-
ably will want to re-crystal the pager 10 "his" 
frequency of, say, 152.84MHz, for example, 
where the POCSAG 512 format is used, too. 

Jn Houston, three paging carriers served 

by JJ Sounds operate POCSAG systems 
between 929MHz and 932MHz. All of them 
provide l ,200bps service. In addition. one 
provides 5 l 2bps service and another pro-
vides 2,400bps service, and they all want 
me to "hookup" customers! 

The Bravo pager is well-designed. 11 is 
modular-it has two circuit boards: One is 
a receiver, and the other is the decoder. The 
modular construction allows the retailer to 
remove the receiver from the decoder to 
customize the entire unit 10 the retailer' s 
frequency and format. 

Several tables are provided on page 18 
for those using the 930MHz Bravo. These 
tables are used to determine the operating 
frequency of Bravo pagers merely by 
looking at the first conversion oscillator 
and second conversion oscillator crystal 
frequencies. 

The first intermediate frequencies are ei-
ther 17.9MHz or 45.00MHz. Detennining 
the first conversion oscillator frequency is a 
mauer of simple math: 

I (receiver frequency) - (first IF fre-
quency)] I 12 = first conversion crystal 
frequency. 

Up to this point. you are dealing with a 
fairly common radio receiver. The big dif-
ference is in the triple-conversion superhet-
erodyne circuit that provides a narrow-
bandwidth receiver capable of "ignoring" 
other transmitters operating close to the 
same frequency. 

The detector used in the Bravo provides 
several useful outputs, each of which is 
metered easily by the "flap" of the RTL-
1005 test fixture. Astute technicians will 
note an audio output pin (TP6) and ques-
tion the use of the IFFER for alignment 
rather than this test point. 

The IFFER simply provides greater gain 
at 455kHz, thus allowing a pager l<J be dras-
1ically mis-tuned and still have enough sig-
nal 10 perform "brute-force" alignments. 

Data out and data in lines go to and from 
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Table 1-KXN6370A (Y501) Oscillator Frequencies 

Carrier Freq . 1 SI Osc. Freq. 930.5125 76.051042 
(MHz) (MHz) 930.5375 76.053125 

930.5625 76.055208 
929.0125 75.926042 930.5875 76.057292 
929.0375 75.928125 930.6125 76.059375 
929.0625 75.930208 !130.6375 76.1161458 
929.0875 75.932292 930.6625 76.063542 
929.1125 75.934375 930.6875 76.065625 
929.1375 75.936458 930.7125 76.067708 
929.1625 75.938542 930.7375 76.069792 
929.1875 75.940625 930.7625 76.071875 
929.2125 75.942709 930.7875 76.073958 
929.2375 75.944792 930.8125 76.076042 
929.2525 75.946875 930.8375 76.078125 
929.2875 75.948958 930.8625 76.080208 
929.3125 75.951042 930.8875 76.082292 
929.3375 75.953125 930.9125 76.084375 
929.3625 75.955208 930.9375 76.086458 
929.3875 75.957292 930.9625 76.098542 
929.4125 75.959375 930.9875 76.090525 
929.4375 75.961458 931.0125 76.092708 
929.4625 75.9&3542 931.0375 76.094792 
929.4875 75.965625 931 .0625 76.096675 
929.5125 75.967708 931.0875 76.098958 
929.5375 75.969792 931. 1125 "{6.101042 
929.5625 75.971875 931 .1375 76.103125 
929.5875 75.973958 931 .1625 76.105208 
929.6125 75.976042 931.1875 76.107292 
929.6375 75.978125 931.2125 76.109375 
929.6625 75.980208 931.2375 76.1114511 
929.6875 75.982292 931 .2625 76.113542 
929.7125 75.984375 931 .2875 76.115625 
929.7375 75.986458 931 .3125 76.117708 
929.7625 75.988542 931 .3375 76.119792 
929.7875 75.990625 931 .3625 76.121875 
929.8125 75.992708 931 .3875 76.123958 
929.8375 75.994792 931.4125 76.126042 
929.8625 75.996875 931 .4375 76.128125 
929.8875 75.998958 931.4625 76.130208 
929.9125 76.001042 931.4875 76.132292 
929.9375 76.003125 931 .5125 76.134375 
929.9625 76.005208 931 .5375 76.136458 
929.9875 76.007292 931 .5625 76.136542 
930.0125 76.009375 931 .5875 76.140625 
930.0375 76.011458 931.6125 76.142708 
930.0625 76.013542 931 .6375 76.144792 
930.0875 76.015625 931 .6625 76 .146875 
930.1125 76.017708 931 .6875 76.148958 
930.1375 76.019792 931 .7125 76.151042 
930.1625 76.021875 931.7375 76.153125 
930.1875 76.023958 931 .7625 76.155208 
930.2125 76.026042 931 .7875 76.157292 
930.2375 76.0281 25 931.8125 76.159375 
930.2625 76.030208 931 .8375 76.161458 
930.2875 76.032292 931.8625 76.163542 
930.3125 76.034375 931.8875 76.165625 
930.3375 76.036458 931 .9125 76.167708 
930.3625 76.038542 931.9375 76.169792 
930.3875 76.040625 931.9625 76.171875 
930.4125 76.042708 931 .9875 76.173958 
930.4375 76.044792 
930.4625 76.046875 F, • 12F0 17.9MHz 
930.4875 76.048958 2nd Osc. Freq . = 17.44SMHz 

NOTE 
This table applies to KXN6370A crystals (Y501) which are used in Bravo 
pagers with receiver board kit number NRF4071A· D ONLY. Bravo pagers 
with receiver board kit number NRF4071 E use NKN3000A crystals. 

IMPORTANT: Y501 1st Oscillator Crysltil wid C517 must be replaced as 
a pair per this table: 

Crystal Marking I C517 Markings 
Grp. Color Code ElA Marking Color Code I C517 Part 

1st Doi 2nd Dot I Code 1st Dot 2nd Dot . Number 
1 I Black None I COG 0 Black None , 2182358G41 
2 Violet None I U2J R Violet None I 2182358G46 
3 Orange Orange I P3K Orange Orange I 2 182358G48 
4 Yellow Orange I R3A Yellow Orange I 2182358G49 
5 No Markings I P3K Orange Orange I 2182358G48 

NOTE: Failure lo replace Y501 and C517 as a pair could resutt in racio senslUvlry at 
Iha extremes ol operation. 
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Table 2-NXN3000A (Y551) Oscillator Frequencies 

Carrier Freq. 1st Osc. Freq. 930.5125 73.79270 
(MHz) (MHz) 930.5375 73.79479 

930.5625 73.79687 
929.0125 73.66770 930.5875 73.79895 
929.0il7S 73.66979 930.6125 73.80104 
929.0625 73.67187 930.6375 73.80312 
929.0875 73.67395 930.6625 73.80520 
929.1125 73.67604 930.6875 73.80729 
929.1375 73.67812 930.7125 73.80937 
929.1625 73.69020 930.7375 73.81145 
929.1875 73.68229 930.7625 73.81354 
929.2125 73.68437 930.7875 73.81562 
929.2375 73.68645 930.8125 73.81770 
929.2625 73.68954 930.8375 73.81979 
929.2875 73.69062 930.8625 73.82187 
929.3125 73.69270 930.8875 73.82395 
929.3375 73.69479 930.9125 73.82604 
929.3625 73.69687 930.9375 73.82812 
929.3875 73.69895 930.9625 73.83020 
929.4125 73.70104 930.9875 73.83229 
929.4375 73.70312 931.0125 73.83437 
929.4625 73.70520 931.0375 73.83645 
929.4875 73.70729 931.0625 73.83854 
929.5125 73.70937 931 .0875 73.84062 
929.5375 73.71145 931 .1125 73.84270 
929.5625 73.71354 931.1375 73.84479 
929.5875 73.71562 931 .1625 73.84687 
929.6125 73.71770 931.1875 73.84895 
929.6375 73.71979 931.2125 73.85104 
929.6625 73.72187 931.2375 73.85312 
929.6875 73.72395 931 .2625 73.85520 
929.7125 73.72604 931.2875 73.85729 
929.7375 73.72812 931 .3125 73.85937 
929.7625 73.73020 931.3375 73.86145 
929.7875 73.73229 931.3625 73.86354 
929.8125 73.73437 931 .3875 73.86562 
929.8375 73.73645 931.4125 73.86770 
929.8625 73.73854 931.4375 73.86979 
929.8875 73.74062 931.4625 73.87187 
929.9125 73.74270 931 .4875 73.87395 
929.9375 73.74479 931 .5125 73.87604 
929.9625 73.74687 931.5375 73.87812 
929.9875 73.74895 931 .5625 73.88020 
930.0125 73.75104 931 .5875 73.88229 
930.0375 73.75312 931 .6125 73.88437 
930.0625 73.75520 931.6375 73.88645 
930.0875 73.75729 931.6625 73.88854 
930.1125 73.75937 931 .6875 73.89062 
930.1375 73.76145 931 .7125 73.89270 
930.1625 73.76354 931 .7375 73.89479 
930.1875 73.76562 931 .7625 73.89687 
930.2125 73.76770 931 .7875 73.89895 
930.2375 73.76979 931 .8125 73.90104 
930.2625 73.77187 931 .8375 73.90312 
930.2875 73.77395 931.8625 73.90520 
930.3125 73.77604 931.8875 73.90729 
930.3375 73.77812 931.9125 73.90937 
930.3625 73.78020 931.9375 73.91145 
930.3875 73.78229 931.9625 73.91354 
930.4125 73.78437 931.9875 73.91562 
930.4375 73.78645 
930.4625 73.78854 Fe • 12F 0 + 45Mttz 
930.4875 73.79062 2nd Osc. Freq. = 44.545MHz 

NOTE 
This table applies to NXN3000A crystals (Y551) which are used in Bravo 
pagers with receiver board kit number NRF4071 E ONLY. Bravo pagers 
with receiver board kit number NRF4071A· D use KXN6370A crystals. 

IMPORTANT: YSS 1 1st Oscillator Crystal and C567 must be replaced as 
a pair per this !able: 

Crystal Marking C567 Marltinas 
Grp. Color Code EIA Marking Color Code C567 Part 

1st Dot 2nd Dot Code 11t Dot , 2nd Dot Number 
1 I Black None COG 0 Black I None I 2182358G41 
2 Violet None U2J A Violet None 2182358046 
3 I Orange Orange [ P3K Orange Orange 2182358048 
4 Yellow Orange R3A Yellow Orange 2182358049 
5 No Markings P3K Orange Orange 2182358048 

NOTE: Faaure to replace Y55 I and C567 as a pair could result in radio sensi1Mty a1 
the temperature eXlremes of operallon. 



Celwave v1s11 us 11 CTIA, Booth #2936. 

2 Ryan Road, Marlboro, NJ 07746-1899 
Phone: (908) 462-1880 • ·i=ax: (908) 462-6919 



an 8-pin connector. Ai this point. the re-
ceiver circuitry ends. and the next step is 
to look at filters and decoders. which are 
on the second board. 

Decoders 
Motorola Bravo pagers use dedicated 

silicon chips to decode either POCSAG or 
Golay formats. 

These same chips provide output sig-
nals to the liquid crystal display (LCD> and 

con1rol signals to make the pager beep or 
vihrale. They also have been programmed 
to respond IO various portions of an en-
coded signal train. 

A review of these decoders· schematic 
diagrams wi II convince a cechnic ian 
quickly that everything here is only a matter 
of 1ime- or 1imi11g. Again. Motorola has 
simplified this technical wonderland by 
marking each microprocessor wich an cas· 
ily converted code number. le stam with 

Caller ID: It will nail them. 

Digital ANI 
Caller ID will end the stuck mikes 
and stop the horseplay on your 
radios. 10-33 includes time-out 
timer and emergency. Fleet prices 
$69 to $121. 800-521-2203. 

( csc I CONTROL SIGNAC' J 
1985 S. Depew. #7, Denver. CO 80227 

Circle (16) on Fast Fact Card 

W/ACOM 
QUALITY•SERVICE•PRICE 
... WE DO IT BEITER! 
FOR THE 150, 450, &: 850 MHz BANDS 
• Low-loss Transmitter Combiners 
•Receiver Multicoupler Systems 
•Coaxial Cavity Filters 
• Duplexers 
Investigate this c.·omplcte line of 
high performance products t.oclaJ'! 

PHONE 817-848-4435 
FAX 817-848-4209 

Circle (17) on Fast Fact Card 
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5105860 and has a suffix of Q.1x. where xx 
is a number between 01 mid 16. (See Photo 
I on page 16.) 

The following table indicates the 
" language" and speed of the various 
processors. 

PROCESSOR LANGUAGE SPEED 

001 Golay 
004 POCSAG 512bps 
006 POCSAG 512bps 

007 POCSAG 1.200bps 
008 Golay 
010 POCSAG 512bps 

011 POCSAG 1,200bps 
012 Golay 
014 POCSAG 512bps 

015 POCSAG 1,200bps 
016 Golay 

This table. along with a list of frequen-
cies and formats supplied by the airtime 
vendor, is indispensable for determining 
rapidly the feasibility of hooking up Bravo 
pagers. 

In Houston, JJ Sounds has signed on with 
three big airtime suppl icrs. They operate on 
the following frequencies and fonnats: 

152 24MHz 
152.84MHz 
454.lOMHz 
929.6625MHz 
929.7125MHz 
931.2875MHz 
931.4875MHz 
931.6875MHz 

Golay 
POCSAG 
Golay 
POCSAG 
POCSAG 
POCSAG 
POCSAG 
POCSAG 

512bps 

1,200. 512bps 
1,200bps 
2,400, 1,200bps 
1,200, 512bps 
1,200bps 

With a.fi'equency and j(mnat chart. pro-
gramming Bravo pagers becomes a process 
of matching crystals to the operating fre-
quency needed, matching a receiver board 
to a decoder board and then heading w the 
Bravo Programmer. 

Pager servicing series 
"Servicing Pngcrs: Build a Shielded 

Room:· January 1994. 
"Servicing Pagers: Build An 'IFFER'." 

Febrnary 1994. 
"Servicing Pagers: Frequencies. Coding 

Formats." March 1994. 

Back issues printed within the pas1 1wo 
years <.:an be ord<::rcd for $5 each, pos1paid. 
Call customer service at X00-441-0294. Is-
sues primed more than two years ago and 
individual article photocopies arc unavailable 
rrvm the publisher. 

Acknowledgement 
I would like to thank J.H. Kim. owner of JJ 

Sounds. Sou1h Houston. TX, and co-workers 
Raymond. Tim and for their help with this 
project. 





Servicing pagers: 
From bench to programmer 
Part 4-Follow these steps to choose an appropriate pager frequency, install 
the right crystal, verify proper receiver and decoder operation, and program 

the pager to work with a custom.er s pager telephone numbe1: 

By David Ludvigson 

With a customer's Bravo pager in hand. 
tum the slide switch all the way up to the 
beep mode. 

A rapid st! ries o f continuous beeps 
indicates a weak battery; replace it if 
necessary. 

With a good b:illery, the pager should 
emit four sets of " beep-beep" noises, and 
the display lamps should flash before the 
pager settles down to "lights out'' and a 
broken horizontal bar across the display. 

Up to th is point. the microprocessor has 
gone through its "wake-up" sequence. 
Fai lure at any point of this wake-up se-
quence usually indicates a failure of the 
decoder board. 

Turn the pager off. and then turn the 
pager's slide switch illl the way up (lO beep 
mode) while depressing both the gray and 
black push-buuons beneath the liquid crys-
tal display (LCD). Quickly release both 
push-buttons and rapidly depress the gray 
button. Upon re lease. the word paging 
(wi th an optional suf'lix) will appear in the 
LCD. 

Another depression of the gray button 
will reveal a set of Is and Os. These are the 
options (in binilry format) that have been 
programmed into the unit. Another depres-
sion will reveal the capcode (in decimal 
format). This c:ondi tion, in which all the 
i ntcrnal data nrny be read, is called the 
.H!l'l'ice mode. 

While the Bravo is in service mode and 
1mgi11g is displayed on the LCD. use a 
jeweler· s hexdriver to remove the two 
sc;rcws holding the case together. Remove 
the h•1ck cover. 

At this point, insert the pager into the 
radiation test fixlllrc with · the IFFER at-
tad1ed to test point MI. Using the presets 

Ludvigson is a 1echnician in Houston. 
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of the Ramsey Com 3 service monitor. gen-
erate an RF signal modulated with a I kHz 
tone at 4.SkH7. deviation and scan through 
the available frequencies to locate the 
pager' s operating frequency. 

The IFFER will show (on an external 
oscilloscope) how well the first local oscil-

lator has been adjusted. Failure to locate 
the signal will require disassembly of the 
pager. 

Tum the pager off. Remove the battery 
clip at the bouom of the case, and remove 
the battery. Remove the diffuser lens be-
hind the LCD. 

j PLASTIC LENS '.7 
LCD 

LIFT UP 
ON SLIDE 
SWITCH 

SLIDE SWITCH 

8-PIN CONNECTOR 

+ BATTERY 
CONNECTOR 

INSERT JEWELER'S 
SCREWDRIVER AT "L" 

FORMED BY THE 
MICROPROCESSOR 

CIRCUIT BOARD 

Figure 1. Use a jeweler's screwdriver to remove the decoder and receiver circuit boards from the 
Bravo pager housing. 



SECOND CONVERSION 
OSCILLATOR CRYSTAL FL553 

Photo 1. The suffix of the Identification number printed on the decoder 
microprocessor is known as the Qxx suffix because it includes the letter 
Q and two digits. The suffix Indicates the microprocessor's paging 
'language' (POCSAG or Golay) and speed. 

Photo 2. A view of the NRF4071 E 928MHz-932MHz receiver board with a 
17.9MHz IF shows the locations of the first conversion oscillator crystal , 
second conversion oscillator crystal and fine-tuning inductor L561. 

With a small screwdriver placed at the 
.. L .. formed by the circuit board (to 1he left 
of lhc positive ballery spring) and while 
lifting the lever of the side-moumed 011-
ribrate-beep switch. gently wedge the en-
tire unil from the case. (See Figure I on 
page 22.) 

Turn the circuit boards over lo read the 
Qxx number on the microprocessor. (See 

Photo 1 above.) Lei's call it Q07 for 
our discussion, so (from our frequency and 
format chart in Part 3) the pager should 
operate with POCS AG at a ra te of 
l ,200bps. 

Gemly rock the 8-pin junction, separat-
ing the two boards. With a small screw-
driver, move the boot around the first con-
version oscil lator crystal. (See Photo 2 

above.) Unless your eyes are good. I sug-
gesl the use of a I 0-power (I OX) loupe 
(magnifying lens) as an aid in reading the 
frequency information from the crystal. 

Often. the crystal i$ installed backward. 
with the frequency information facing the 
fine-tuning inductor housing. Jn this case. 
note the characteristics of the antenna and 
the tuning networks. 

Matchable Solutions For Your 
Mobile Communications Requirements 

I I 
ca:R=I ··=··) ( II ···-;:.._ ,aJl 

Whatever voice/data mobile communications equipment you 
want to mount... 

...1J I a Whatever vehicles you want to mount it in... 
......... You need the right hardware to fit your '-. 

• 

For literature on the right hardware NOW ,cfl" 
I •a• Call 1-800-GJ-MOUNT (1-800-456-6668) / ;- ,-;;-

• 1,--<t ' N ' ' Fax 1·800-WE·HELPP (1·800-934-3577) .... . /<. -., 
4J· '· fll' 

Service & So/utionsw. It 1\ · -
" 801 Francis Street. Stevens Point, Wisconsin 54481 

Visit us at IWCE, Booth #452 Circle (21) on Fast Fact Card 
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TEST POINT M1 

GROUND 

lator frequency requires a knowledge of 
the first intermediate frequency. Subtract 
either 17.9MHz or 45.0MHz from the op-
erating frequency. 

Let 's say the first IF frequency is 
17.9MHz: therefore 

931.2875 - 17.9 = 913.3875 

This value (913.3875) is divided by 12 
to obtain the first conversion oscillator 
frequency: 

913.3875 + 12 = 76.115625 

Photo 3. Adjust the RTL-1005 test fixture's probes across the receiver board's test point M1 and 
ground. 

Remove the original first conversion 
crystal and install a 76. J J 5625MHz crys-
tal in its place. Trim the crystal leads and 
reassemble the pager. leaving the back 
cover off. 

Having determined the range of receiver 
frequencies, change the crystal to match 
the desired frequency provided by the air-
time carrier. The .frequency and format 
chart for your own area will tell whether 
the capcode can be programmed to operate 
on POCSAG at I .200bps for any given ra-
dio frequency. 

From the F & F chart given as an ex-
ample in Part 3 and assuming a 930MHz 
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pager, paging systems on 929.6625 
MHz, 929.7 125MHz, 931.2875MHz, 
93 I .4875MHz, and. 93 J.6875MHz all use 
POCSAG at I ,200bps. Ex perience in 
Houston has shown transmitter problems 
with 929.7 I 25MHz and transmitter load-
ing on 93 I .6875MHz. I might choose 
93 l .2875MHz because the frequency is not 
heavily loaded-yet. 

Detennining the first conversion oscil-

HUTTON CELLULAR PRODUCT$ 
-111.-&mMlilll'T,_lffllJ n,tlfl 

Place the pager in the service mode with 
the word paging displayed on the LCD. 
Place the unit in the RTL- I 005 test fixture 
(with the IFFER attached), and bring down 
the probes to MI and ground. (See Photo 
3 above.) 

Radiate a fairly strong (>500µV) signal 
at 93 J .2875MHz with a 4.5kHz-deviated 
I kHz tone. Adjust the fine tuning inductor 
slug with a ceramic tuning tool until the 

'° ........ ,) 

m 
CELLULAR PRODUCTS 
Dallas, Texas 
214-239-0580 FAX 239-5264 
800-442-381 1 
Norcross, Georgia 
404-729-9413 FAX 729-9567 
800-741-3811 
Comm.Works 
Denver, Colorado 
303-820-2929 FAX 820-2809 
800-726-6245 
Comm.Works NW 
Seattle, Washington 

FREE Cellular 206453-2132 FAX 453-1558 
Accessory Gulde! 800-426-2964 

Visit Us Al IWCE/Spr/ng, Booth #1067. 
Circle (23) on Fast Fact Card 



signal from IFFER approximates a sin1: 
wave. 

signal generator's signal may be on the 
order of only IOdB. 

If you arc in shielded room, such as the 
one described in Part I of this series. you 
can adjust the pager for maximum sensi-
tivity. As a fi nal check. use the oscillo-
scope attached to the IFFER and the 
IFFER's loudspeaker to watch and listen 
to the activity on 93 I .287SMHz. While the 
paging transmiller is active, the difference 
between the strength of its and the 

To this point. you have a working re-
ceiver at 93 I .287SMHz, but the decoder is 
still untested. 

Remove the p:1ger from the radiation test 
fixture. Depress the gray button w reveal 
the cutTent capcode in the pager. Set the 
POCSAG-Golay generator to match the 
original capcode. 

Depress the gray button on the Bravo to 

FREE TOWER 
LITERATURE 

o PLEASE tilt In and 
mall this coupon for 
free lntamratlan an 
cammunlcatlan 
towers. 

MAILING ADDRESS·--------- - -

CITY _ ___ _ __ STATE. _ _ _ z 1p __ _ 

OFFICE TELEPHONE ( 

Cl rcle (25) on Fast Fact Card 
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Towers & Pales 
• Free Standing design 

to 400' 
• Tubular Steel to 250' 
• Guyed to 1000' 
In-house engineers 
design poles and tow-
ers to your specifica-
tions. Full range of fin-
ishes with installation 
and leasing available. 

VaLMDNT. 
Vatmonf lndustriu. ln.c: 
Valle)'. Ne-braska 6&064 

Placing the Bravo pager in 
Test Mode 1 

1. With the pager off. depress both 
push-buttons beneath the display and 
bring slide-switch fully up (to beep 
positio11). 

2. A steady tone at 3kHz or higher 
will be heard. 

3. Release both buttons and mo-
mentarily depress the gray (read) but-
ton. The word pag ing (with an op-
tional suffi x in some cases) wi ll 
appear. 

4. At this point, the Bravo pager is 
configured as a full-time receiver. If 
it should receive its capeode, one lamp 
will flash and a single beep will be 
heard from the internal speaker. 

Reading the capcode 

1. Perform steps I through 3 above. 
2. Depress the gray (read) bulton 

several times until the capcode is dis-
played on the LCD. 

show paging on the LCD and set the pager 
back inlO the radiation test fixture. Firs t 
defeat the I kHz tone on the RF signal 
generator. Then modulate a strong RF sig-
nal with the code generator. A single beep 
and a nash of the back-light lamp indicate 
a working decoder. 

Continue to decrease the RF signal while 
activating the code generator. At a certain 
point. the pager no longer will rt:spond. In 
an unshielded room (with pager transmit-
ters active) the pager will have a lot of 
junk data wi th which to contend. 

Only with a shielded room will an accu-
rate measure of overall sensiti vity be 
obtained. 

Okay, the pager understands the old 
capcode. and the receiver is working. It's 
time to go to the programmer. 

Bravo programmer 
Place the pager into the programmer. 
When the programmer is turned on. it 

plays about 10 seconds worth of commer-
cial messages. Then. it asks the operator to 
select: 

I GSC (Golay sequential code) or 
2 POCSAG 
Because you want POCSAG for this 

pager, select 2. The screen now displays: 
I JRB/JRC 
2 BAB 
BAB. JRB and JRC were parts of the 

original mode l numbers, and probably 
have been lost as labels were replal:ed. 
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Pager servicing series 

Part I: "Build a Shielded Room." January 
1994. 

Part 2: --suild An 'IFFER'." February 
199-1. 

Part 3: .. Frequencies. Coding ... 
March 1994. 

Part 4: "From Bench To Programmer," 
April 1994. 

Back printed within the past two 
years can be ordered for $5 each. 
Call service at 800-441-0294. Is-
sues printed more than two years ago und 
individual article photocopies are unavailable 
from the publisher. 

Simply put, JRB/JRC is normal POCSAG 
code, whereas BAB responds to inverted 
POCSAG code. Select 1. 

The screen now presents se\'era l op-
tions. Because we want to program the 
Bravo, we select option 2. 

The screen now displays ENTER 7 
DIGIT CAPCODE. 

Select one of the capcodes for 
93 l.2875MHz POCSAG at l ,200bps and 
enter the capcodc. Hit the ENTER key. 

The following screens allow a Bravo 
pager to perfonn numerous fu nctions and 
are found in the programming manual 
which comes with the Bravo Programmer. 

After the customizing, the programmer 
prompts, READY TO PROGRAM? Punch 
YES. 

Any erratic connection between the 
pager and programmer halts the program-
ming and prompts INSERT PAGER. Some 
wiggling and wedging might be needed to 
make proper connection. 

The program mer will repent PRO-
GRAMMING PAGER and PROGRAM-
MING FJNISHED. Remove the pager. 
grab your notes. nnd head for a te lephone. 

On a Touch-Tone telephone. dial the 
phone number associated with the capcode 
you have programmed. Depending on the 
activi1y on 93 I .287 5MHz, the pager 
should sound off in a few minutes. As-
suming success, strike out the capcodc 
from your list. This step prevents dupli-
cated and upset customers. 

Acknowledgement 

I woultl like to thank J.H. Kim. owner Clf JJ 
Sounds, South Housron, TX. and co-workers 
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Servicing pagers: 
The receivers 

Part 5-Here are some tips for identifying which frequency bands 
correspond with which receiver boards in Bravo pagers to help you install 

the right boards for hooking up new customers. 

By David Ludvigson the receiver module is a number. Refer to 
the following chart for frequency range. 

Motorola Bravo receivers have been 
designed for several frequency ranges. 

Although these ranges include the range 
from 33MHz to 50Ml-lz, this discussion 
covers pagers used at frequencies above 
150MHz. 

Quick identification 
From the backside, there are few visible 

differences between most of the Bravo 
receiver boards-they are all the same 
size. they all fit the 8-pin connector, and 
they all do basically the same job. 

Our task is to identify which receiver 
will work in any given portion of the spec-
trum allowed by our ji'equency and f11nc-
1io11 chart. (See Part 3. March issue.) 
Again. Motorola has simplified the task. 

Located on a sticker on the back side of 

FREQUENCY 
RANGE (MHz) 

929 - 932 
406- 420 
450- 465 
465- 480 
480- 495 
495 - 512 
450- 465 
450- 465 
465- 480 
465- 480 
138-143 
143- 148.6 
148.6-152 
152-159 
159- 164 
164- 169 
169-174 

RECEIVER 
MODULE No. 

NRF4071A·F 
NRE6421A,8 
NRE6423A,B 
NRE6424A,B 
NRE6425A,B 
NRE6426A.B 
AARE4001A·O 
AARE4001A·1 
AARE4002A·O 
AARE4002A-1 
NRD7211A,B 
NRD7212A,B 
NRD7213A,8 
NRD7214A,8 
NRD7215A,8 
NRD7216A.8 
NRD7217A.B 

Ludvigson is a technician in 1-louswn. 
These receiver boards are interchange-

able; thus. by merely replacing a 932MHz 

FINE TUNING L561 

FIL TEA FL551 IS FOR 
USE ON 929MHz-932MHz 

FIRST CONVERSION 
OSCILLATOR CRYSTAL 
Y501 

SECOND CONVERSION 
OSCILLATOR CRYSTAL 
Y552 

board with a 454MHz board, the pager is 
capable of operating in a different fre-
quency band. Cc.•r1ai11 cavea1s must be 
noted when frying 10 interchange Bravo 
Plus or Brai:o Express boards in rhe 
simple Bravo. Specijlcalfy. they will not 
work. Pi11011ts 011 !he 8-pin conr1ec1or are 
incompatible. 

In passing, the second conversion oscil-
lator in these receivers determines the po-
larity of t.he received POCSAG or Golay 
code. Depending on high-side or low-side 
signal injection (at the second mixer), the 
detector fhj1s the output polarity of either 
code format. in the same manner as detect-
ing one side of a single-sideband signal. 

nus factor might require attention dur-
ing the Bravo programming stage (SE-
LECT JRB/C or BAB), but it is confirmed 
easily by the NORMAL/INVERTED posi-
tion of a POCSAG-Golay generator. 

Quick identification of the band of op-
erating frequencies requires a look at the 
component side o f the receiver board. 

TEST POINT M1 

GROUND 

Photo 1. NRF series 929MHz-932MHz receiver circuit boards are easily Photo 2. These are the M1 test point and ground locations on the NAF 
Identified by the small rectangular filter (FL551) used at the oulput of the series 929MHz-932MHz receiver circuit boards. 
AF pre-amplifier. Fine tuning Is available by adjusting L561. 
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FINE TUNE L410 FIRST CONVERSION 
OSCILLATOR CRYSTAL 
Y001 

L403 C402 C413 C422 
THE MULTIPLIER MODULE (U402) 
IS FOUND ON NAE VERSIONS OF 
THE 406MHz-512MHz BRAVO. 

SECOND CONVER· 
SION OSCILLATOR 
CRYSTAL Y002 

GROUND 

Photo 3. NRE series 406MHz-512MHz receiver circuit boards are identi- Photo 4. These are the Ml test point and ground locations on the NRE 
lied simply by the ceramic module for the first conversion oscillator series 929MHz-932MHz receiver circuit boards. 
stage. Changing crystals requires adjusting both L410 and C441, and 
'touch-ups' on C422, C413, L403, and C402. For small frequency changes, 
try adjusting only L403 and C402. 

Antenna and RF pre-amplifier filters tell 
the whole stc>ry. 

The 928MHz- 933MHz receiver usually 
has a single band of strapping for an an-
tenna and a small square subassembly for 
a pre-amplifier filter. 

For 406MHz-512MHz, the antenna may 
be either a single strap or a dual-strap (in-
ductively coupled) assembly. When the 
dual-strap amenna is present. look for a 
ceramic sub-strated first conversion oscil-
lator. This is a modular mulliplier for the 

first conversion frequency . 
Another version of the 406MHz-

5 I 2MHz band receivers uses three 1Un-
ing inductors as a he lical filter between 
the RF pre-amplifier and the mixer. 
Wide frequency changes require both 

Lo W Loss Your best choice for fixed antenna feeders and jumpers for 
cellular, paging, PCS and two-way radio. Weatherproof, 

••• durable construction based on CATV cable technology. Lo W Cosl, Low attenutation and greater flexiblity at a lower 
price. Call your nearest Hutton location. today for a 

• quote on quality Times Microwave LMRrn cable. 

CABLE FROM HUTTON 
-,rTIMES 

MICRQ\NAVE SYSTEMS 

LMR 400 ......................................... 3/8" 
LMR 600 ......................................... 1/2" 
LMR 1200 ......................................... 7/8" 
LMR 1700 ......................................... 1-1/4" 

Dallas, Texas 
214-239-0580 FAX 239-5264 
800-442-3811 
Atlanta, Georgia 
404-729-9413 FAX 729-9567 
800-741-3811 
Hutton/Comm Works 
Denver, Colorado 
303-820-2929 FAX 820-2809 
800-726-6245 
Hutton/Comm Works NW 
Seattle, Washington 
206-453-2132 FAX 453-1558 
800-426-2964 

Type N & UHF connectors are a phone call away at Hutton! 
Circle (14) on Fast Fact Card 
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a re-alignment and a shielded room, such as 
the one described in Part I . January issue, to 
optimize these inductors effectively. 

Receivers equipped to run on I 38MHz-
l 74MHz arc denoted by the use of a ferrite 
core surrounded by a single band of metal 
for an antenna loop. Beneath an identify-
ing sticker arc several capacitors placed in 
a notch across the metal bm1cl. The reso-
nant circuit for this band is fonncd by the 
distributed capacitance. the values o f these 

capacitors and the amount of inductance 
provided by the core. 

Another significant c lue to the fre -
quency band is the placement of the first 
conversion oscillator crysta l. It is placed 
paralle l to. and at the edge of. the circuit 
board. 

Receivers with a ferrite core w ith sev-
eral windings of ribbon metal operate be-
k1w 50MHz and will not be treated in these 
discussions. 

Caller ID: The tip-off. 

Caller ID will end the stuck mikes 
and stop the horseplay on your 
radios. 10-33 includes time-out 
timer and emergency. Fleet prices 
$69 to $121. 800-521-2203. 

( csc I CONTROL SIGNAL$ J 
1985 $ .Depew. #7. Denver. CO 80227 

Circle (16) on Fast Fact Card 

AUDIO 
ACCESSORIES 
• Headsets (PTT & VOX) 
• Ear & Throat Mies 
• Surveillance Harnesses 

DY NATE CH 
TACTICAL 

COMMUNICATIONS 
16 Hampshire Drive, Hudson, NH 03051 

Toll Free: 1-800-233-8639 Fax: 1-603-880-6965 
Circle (17) on Fast Fact Card 
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Please note that tuning of these receiv-
ers will req11ire a ceramic tun ing tool. 
Se1·ere de-t11ni11g results from the use of 
meml tools. such as jeweler· s tools. 

NRF (929MHz-932MHz) receivers 
The 929MHz-932MHz NRF series re-

ceiver circuit boards are identified easily 
by the small rectangular filte r (FL551) 
used at the output of the RF pre-amplifier. 
(See Photo I on page 16.) 

Located at one corner of the filter is the 
first oscillator crystal (Y50 1). Depending 
on the frequency of the first in termediate 
frequency, this crysta l's frequency ranges 
between 73.666Ml-lz and 76.175MHz. Fine 
tuning is available by adjusting L56 I . 

The al ignment of these rece ivers is 
straightforward. Radia te a s ignal into 
the RTL-1005 (You are in your shielded 
room, aren't you?) and tes t receiver 
sensitivity us ing M I and ground. (See 
Photo 2 o n p<1gc 16.) lf necessary. ad-
just L56 I to center the signal. and ad-
just the multiplier stage. the RF pre-amp 
and the second conversion osci Ila tor 
frequency for optimum performance. 

NRE (406MHz-Sl2MHz) receivers 
The 406Ml-lz- 512MHz NRE series re-

ceiver circuit boards are identified simply 
by the ceramic module for the first conver-
sion oscillator stage. (See Phmo 3 on page 
18.) 

Alignment can be really difficult with-
out a shielded room because there are sev-
eral LC networks in the RF pre-amp that 
imeract. Changing crystals requires adjust-
ing both L4 I 0 and C44 I. and "touch-ups" 
on C422, C4 I 3. L403 and C402. For small 
frequency c hanges, I suggest adjusting 
only L403 and C402. 

Photo 4 on page I 8 shows the M I test 
point and ground locations. 

AARE (406MHz-512MHz) receivers 
AARE4001A receiver circuir boards 

cover the range of 450MHz-465Ml-lz and 

servicing·. series 
Pan f-"Build a Shielded Room." Janu-

acy 19..94. 
Pait 2- "Build An '!FF.ER'." February 

I.994. 
Cpding Ronnats," 

Part 4-''From Bench To ProgrJmmer," 
April 1994. 

Part 5'--''The Receivers." May 1994. 
Back. issues printed wii!iin ihe pasl iwo 

ycars,.can be ordered for $5 e.ach, postpaid. 
Gal)"i;u_s1tomcr mYice at. 8Qo.,<ilJ l'c0294. l sc 

pffnted more than two · y.eru:s ago and 
article pholocopies·are una\\ailable 

from lhe. publisher. · 
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As a division of Radio Frequency Systems, Inc., ,,,_-
Celwave offers the most complete selection of 
antenna system components; the strong 
engineering support; the integrity and the quality 
you from a leader. For paging, 

"""""_.-cellular, personal communications networks, 
dispatch and trunking, we are your global source 
for precisely manufactured products'that assure 
total system performance. 

© 1994 Radio Frequency Systems, Inc. 
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·-
Base station antennas. Duplexers. Filters. Cavity 
devices. Transmitter combiners. Receiver 
multicouplers. Bi-direqtionaf amplifiers. ,Advantage 
mobile antennas. Distributed 
Transmission line. Connectors and accessories. 
Celwave, / 

I 
2 Ryan Road, Marlboro, NJ 07746-1899 
In the U.S.: (800) 321-4700 ·fax: (615) 641-1910 . I 
Outside U.S.: (90.8) 462-1880/ fax: (908) 431-8388 ,___ 

CELWAVE® 
DIVISION OF RADIO INC. 

1t 
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FINE TUNE L455 

FL451 FL452 

FIRST CONVERSION 
OSCILLATOR CRYSTAL 
Y451 

SECOND CONVERSION 
OSCILLATOR CRYSTAL 
Y002 

TEST POINT M1 

GROUND 

Photo 5. AARE series 406MHz-512MHz receiver circuit boards are vlrtu- Photo 6. These are the M1 test point and ground locations on the AARE 
ally Identical, with the exception of the tuning range. The AARE4001A series 406MHz- 512MHz receiver circuit boards. 
board (pictured) covers 450MHz-465MHz and contains a 3-bay helical 
filter (FL451 ). Note that Y002 Is the second conversion oscillator crystal . 
FL452 serves as a band-pass filter. 

contain a three-bay helicaJ filter (FL45 I). 
(See Photo 5 above left.) 

The AARE series pagers virtually are 
identical, with the exception of the tuning 
range. Further. note that Y002 is the sec-
ond conversion oscillator crystal. 

FL452 serves as a band-pass filter. 
Photo 6 above right shows the MI test 

point and ground locations. 

series receiver circuit boards use a ferrite 
bar in 1he antenna circuit. 

The first conversion oscillator crystal. 

NRD (138MHz-174MHz) receivers 
YOO!. is in the range of 40.00MHz to 
65.3MHz, followed by a frequency multi-
plier. The second conversion oscillator As shown in Photo 7 on p<igc 26, NRD 

Pollcc.1Flre Cot.71utor Dhpl111 

hdhn Hll I ru.,,.-1 · u111 1ouo• Ca• Ccutcr 
C11ll:i01!n 6recnh l 111 lrld.lu Hill 

Co• CCAtf·r· 
Cbeviot n JoeJ HelgMs: 
Cou Center Glcolo l< u.T. Colhoun. H1'.l l 
"l. tcho C41houn H4ll Gree1,hi I ls 
"1••1 IAI Cou Ctntu lovelol'ld U.T. 
Grcenhllls nt St Joseph 

Gree•hl lls vOI< Cleves Sweetwlne 
Terna Id nlHi W 

n11ford Prov. Hosp. Glcndiidc U.T. 
llt SI Joseph .. . ' ntirlcmont 

Calhoun HAii [nglnters COM Centrr n11ror4 
"hmltown :::,Ji .. :·.i::.:r·:t.• ' Cheviot 
Harrison " l'"I llolghls Cleves 

C11lh0111t 11411 Wl ll IAiaso11 Rll 
Prov. Hosp. 
fcrn!ld 
111 . rc•o Fall 
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Remote Comparator Display 
The Smartswitch II™ Remote Comparator 
Display monitors and controls voting receiver 
systems on a personal computer or console. It 
can be used locally or remotely with leased-line 
or dial-up modems. 

Now you can get control of your voting system. ____ _ 
Combined Technologies, Inc. 

(513) 595-5900 

Visit us at UTC, Booth# 576. Circle (19) on Fast Fact Card 

22 Mobile Radio Technology May 1994 

·-. our hides tor you! 
working I Cellular I Paging 

We stock more rwo-W8Y 
quality top-grain 
leather cases 
than anyone else 
in the Industry. 
Our manufacturing 
techniques match 
the advanced 
specifications of the 
latest in Portable 
Radio, Pager or 
Cellular models. 
• Immediate delivery from large inventory. 
• Two day delivery on set up orders. 
• Logo imprinting. • Low pricing. 
If you're not getting this kind of service 
... call today. 

Circle (20) on Fast Fact Card 



SECOND CONVERSION 
OSCILLATOR CRVST AL TEST POINT M1 
Y002 

FINE TUNE 
L306 

FIRST CONVERSION 
OSCILLATOR CRYSTAL Y001 GROUND 

FERRITE BAR BENEATH STRAP 

Photo 7. NRD series 138MHz-17 4MHz receiver circuit boards use a ferrite Photo 8. These are the Ml test point and ground locations on the NAO 
bar In the antenna circuit. series 138MHz-174MHz receiver circuit boards. 

(Y002) is set either +455kHz or - 455kHz 
from 17.9MHz. As mentioned earlier, this 
frequency choice affects the polarity of the 
decoded signal. 

L305 varies the signal input from the 
multiplier into the first mixer. L306 tunes 
the crystal (YOO I) to frequency. L302 and 
L303 adjust the RF pre-amplifier to reso-
nance while L304 is broadly resonant at 

I 7.9MHz. A future article describes these 
circuits in detail. 

Photo 8 above right shows the MI test 
point and ground locations. 

Motorola, from the start, has designed 
the Bravo receivers around triple-conver-
sion supcrhets. Although the costs and 
complications of this conversion scheme 
have their drawbacks, the unrivaled sensi-

tivity and selectivity this circuit affords 
cannot be denied. 

Acknowledgement 
I woul<l like 10 thank J.H. Kim, owner of JJ 

Sounds. South Houston. TX, and co-workers 
Raymond, Tim and Pele, for their help wilh this 
project. 

Tait SMR repeaters: 1Air Power'' 
performance for less than $2000! 

I 
I 

@·-·llU··-

Circle (23) on Fast Fact Card 
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• Logic ready 
• 800 to 960 MHz; also UHF and VHF 
•One to five watts, continuous duty 
• Up to 128 frequencies 
• Part 88 ready 
•Two-year warranty 
call now! 
Tait Electronics-U.S.A., Inc. 
1-800-222-1255 
Fax: 71 3/468-6944 

• 
Tait repeater shown with 
optional cabinet, and 
Trident TNT-60 logic. 

™ 

© 1991, foit Eiectronics·U.S.A, Inc. 1\ll righls reserved. 





Servicing pagers: 
Elegant simplicity 

Part 6- Here are some details about the Bravo receiver circuitry. 
Surprisingly, the Bravo does not include one particular circuit that is 

comm.on to most FM receivers. Alignment information is included. 

By David Ludvigson 

In e ngineering terms. the Bravo receiv-
ers share elega111 simplicity. 

quency stability. se ns iti vity. selectivity 
and features found on j ust the 930MHz 
Bra\°l>- and lo do ii with only fi ve transis-
tors and a si licon chi p-well. that (for me) 
<.lelines e/ega111 si11111licity. 

starting wi th the NRF series (929MHz-
932MHz). 

Figure I below is a block diagram 
of one of the NRF series rece ivers. 

To manufacture a receiver with the fre- Let· s take a look at the Bravo receivers. a 1cchnician in Houston. 

FIRST MIXER 

ALTER 

0505 
0501. 0502 

_, 
< .. 
>< 

n _., 

FIRST 
CONVERSION 
OSCIUATOR 

fu • 4 X XTAl X3 

0503 

' 17.9MHz WITH NRF4071E, 
45MHz WITH OTHERS. 

OSCILLATOR 
MULTIPLIER 

0504 

Figure 1. A block diagram of the NRF4071A receiver. 
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SECONO MIXER 

XTAL FILTii.A 

SECOND 
OSCIUATOR 

+l.OV 
TO OSOHl SOS 

U201 

VOLTAGE 
AEOUlATOfl 

STROBED 
POWER 
CONTROL 
FOR IC1 

TEST POINT 
M1 

TO FILTER 

FROM 
ALTER 

DATA OUT 

STROBE IHPUT 

NRF SERIES PAGERS: 929MHz-932MHz. ELEMENTS INSIDE LARGE RECTANGLE 
ARE COMPONENTS OF THE SINGLE 'CHIP' ON THESE RECEIVER BOARDS. 



Alignment proc.e.dure: Bravo NRF series (45MHz IF) 
The following . procedure deviates 

from the· Motorola 
technique and ·ass.µnies the use of. a 
shielded room (See·Part {}and the IFFER 
(See Part 2). · · 

1. Set .geiiei-at(')r, ¢xact 
qLienCY. ot"rec'eiver: =(Ii >K.-\st conv. 
xtal) + 45Ml:lz. . 

· 2. Frequency-modulate.the signal with 
a 4.5kHz-deviated IkFiz tone. 

3. Meter Ml using th.eJFFER and an 
oscilloscope. · 

4. Adjust LS 11 for a.dose approx.ima-
tion ofa sine wave (as viewed on scope). 
This should be the first peak as LS) I is 
adjusted clockwise as viewed from the 
·foi l side of the circuit . . 

· 5. Trim. C52 I to slightly distort the sig-

(Additional detail is available from the 
schematic printed in the pager manual.) 
The antenna loop circuit (L50 1 and L502) 
is coupled via L503 and L504 into the 
emitter of Q501. C502 provides antenna 

nal viewed in step 4. This adjustment 
affects the muitiplier stage and causes 
"pulling" of the crystal oscillator. 

6. Reduce the signal generator's· out-
pUL leveLMj.u.st C521 (multiplier), C532 
(45MHz filter r.esponse); C5.l3(930MHz 
bandp,ass filler i'npu't) ano (:502 '(antenna 
frimmer)....::..in . 'that ' 
maximum. sensitivity: '.,:· 

7. Repeat.step 6 as. needed.:(or maxi-
mum scnsiti.vity. Output from the signal 
generator should read .· -90:2dBm 
(<7µ.V ) for 1,200 baud POC:SAG or 
-92.SdBin (<5.5 µ. V) for 512 baud 
POCSAG. Measurements are signal gen-
erator output level readings applied 
through a 6dB attenuator to the RTL· 
I 005 fixture. 

tuning for the frequency of interest. Be-
tween the loop antenna and the emitter of 
Q50 I is a matching network that effec-
tively transforms the high-impedance an-
tenna to about son. Q50 I and Q502 pro-

vide roughly 12dB-15dB of signal gain. 
Configured in common base. these t.ran-

sistors · input and output signals remain in 
phase with each other, making neutraliza-
tion virtually unnecessary. Output from 
Q502 (L508, C5l2 and C513) is tuned to 
the input frequency , reducing adjacent 
channel signals and images by about I 5dB. 

Lightly coupled by C5 I 4, this stage eas-
i I y matches the 50!i stripli ne filter 
(FL50 I). 

FL50 l is the "postage-stamp" near the 
tirst-conversion oscillator crystal on these 
boards. This dual-pole stripline filter has 
been pre-assembled and pre-tuned to pro-
vide image signal rejection at around 
840MHz. while passing the 929MHz-
932MHz antenna signal. 

In the meantime, a signal is being gen-
erated at the first conversion oscillator. 
Q503 is a basic Colpitts oscillator operat-
ing from a nominal 73.8MHz crystal. The 
collector circuit of Q503 is roughly reso-
nant m a frequency four times that of the 
original 73.8MHz, thus providing a fre-
quency of 295 .2MHz-along with the 
strong presence of 73MHz-to the base of 
Q504. 

Between the collector of Q503 and the 

Model 640 an.d .Series 2000 Paging Term'irials· 
- up to 50,000 subscribers, 38' channels, 72 .hrs. voice 

We'll Always Be H·er:e For ¥qu 
12335134th Ct N.E. ( Z-E TR 0 N1 ... 
Redmond WA 90052 

Circle (17) on Fast Fact Card 
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base of Q504 is a network (L514. C52 I 
and C520) that is tuned to the 4th har-
monic of 73.SMHz (295.2MHz). Having 
cleaned up the input, Q504 is used as a 
frequency triplcr to provide an output of 
12 X 73.8 = 885.6MHz. 

Q504's collecwr is broadly tuned to 
880MHz by the combination of C524 and 
L5 I 5. Note the use of resistor R508, 
though. This resistor lessens the effective 
"Q" of the tuned circuit, allowing a fair 
amount of multiplier bandwidth. 

L5 16 and C526 may seem redundant. 
but actually they provide another filter that 
keeps the output signal sinusoidal. (Multi-
plier stages get messy around the edges of 
their transition from F to F ). 

So. at one end of !'he fi her 
( FL50 I) there is an amplified off-the-air 
signal. and at the other end of the filter the 
first conversion oscillator signal is in-
jected. Mixer Q505 helps to sort them out. 

At the base of Q505 is a parallel rcsu-
nant cin.:uit (C529 and L5 l 7) that c:Josely 
matches the frequency response of the 
bandpass filter FL50 I. It also provides 
image rejection by selectively reducing the 
first convl!rsion uscillator signal and pass-
ing the antenna signal. 

Q505 mixes the incoming antenna sig· 

nal at 930.6MHz with the signal frequency 
of the first conversion oscillator (at 
885.6MHz) to provide an output of 
45MHz. 

The incoming FM signal should be de-
viated from 4kHz to 5kHz by the data 

GET CONTROL ... 

... Remote control, of upto 16 channels· 
Radius M200, GM300 & Maxtrac 300 series radios 

The CPI model MCA21 O remote and MCA series interface panel will allow you 
to remote control Radius or Maxtrac radios. upto sixteen channels, over any two 
wire voice grade circuit. 

The MCR210 remote control system provides LED displays for remote channel 
indication. channel up and down buttons, PTT indicator, on-hook PTT capability, 
monitor button and indicator, intercom capability between parallel remotes and the 
radio. scan control button and indicator for those radios so equipped and speaker 
volume control. 
Features 
• Simple inslallahon · No soldenng. cuamg or crimping. 
• Provides remote c11anne1 indication. 
• Doos 1101 <aqui<e 6308 op1ion. 
• Ro mote transmissions heard over radio speaker. 
• Rad•o transmissions monitored on remote speaker. 
• Uses any 1wo wire voice grade circuit. 

----- - - -......_. -- .-- --------
1186 Commerce Drive • Richardson, TX 75081 

(214) 437·5320 •FAX (214) 437·5360 • (800) 869·9128 

Circle (19) on Fast Fact Card 
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stream. (Years ago. 5kHz deviation was 
the norm, but today the maximum devia-
tion seems to vary.) As such. the second 
conversion mixer output should be able to 
pass at least ±5kHz from the center fre-
quency. Bravo pagers' second conversion 
mixers pass signals with deviation from 
± 3.5kHz to ±5kHz, depending on the 
crystal tilter' s frequency. 

The 45MHz intermediate signal then is 
mixed at the "crossed circle" located in IC 
U201. Onboard U201 is the "second oscil-
lator." with C026 coupling either the 
44.545MHz or 45.455MHz signal back to 
the second mixer. 

Mixer output goes directly to a narrow. 
bandwidth external 455kH z fi her. back 
into the chip for amplification. and into 
another filter. The second filter's output is 
test point MI and the input to a second IF 
amplifier. 

Up to this point. old-timers will have 
noted something strange about the entire 
receiver. There is no limirer circuitry in it, 
nothing to prevent it from responding to an 
AM signal, a dead carrier or a single-side-
band signal. In sho11, it "pays attention" to 
anything it hears. 

It is only after the second 455kHz am· 
plifier that the "whatever it hears" is de-
modulated by an active quadrawre de-
modulator, and we have an actual FM re-
ceiver. Demodulator output is sent to low-
pass filter and audio buffer stages. and 
subsequent RC filtering networks on the 
decoder board. 

Once filtered, the audio signal is pro-
cessed further by the peak and valley de-
tectors, limited, and then returned to the 
decoder board as data. 

Further refinements in U20 I include a 
battery-check comparator with :i I or 0 
output at TP9, and a voltage regulator with 
IV output for all five transistors on the 
receiver board. The main rnrrem reference 
is t0ggled later by the harte1:v saver signal, 
but it may be defeated by forward-biasing 
TP IO with a IOK resistor fed from TP4. 

Elegantly simple, or simply elegant. A 
930MHz receiver that fits in the palm of 
the hand, and is run by a I .5Y battery. 

Acknowledgement 
I would like to !bank J.H. Kirn. owner of 

11 Sounds, South Houston. TX, and co-
workers Raymond, Tim and Pete, for their 
help with this project. 
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Servicing pagers: 
Problems in paradise 

Part 7-The hot sun is no friend of electronic equipment, and the Bravo 
pager is no exception. The 17.9kHz IF receiver hoard is the most susceptible 

to drift, especially in ajtermarket cases. Here are some alignment tips. 

By David Ludvigson 

As was mentioned in Jasl month's in-
stallmenl. making a five-transisior, one-
chip radio receiver work reliably al 
930MHz is qui1e a feat. When it comes to 
paging receivers, there is more to it than 
first mee1s the eye. 

A side-by-side comparison of the NRF 
4017A and NRF 4017E boards reveals 
many differences. (Sec photos I and 2 be-
low.) The 45MHz IF "A'' board has agold-
colored RF filter. The RF filter on the "E" 
board is slightly taller and silver-colored. 
The "E" board uses a 17 .9MHz IF and has 
fewer components than the "A." There is 
also a glaring lack of "tech-tweakable" ad-
justments on the "E" boards; all that can 
be tuned is the antenna matching circuil 
(C552) and the oscillalor frequency 
(L56 I). 

Ludvigson is a technician in Houston. 

OSCILLATOR FREQUENCY 
ADJUSTMENT (561) 

RF FILTER FL551 
IS GOLD-COLORED 

Electronically, the 1wo versions of this 
receiver arc qui1e similar. The oscillator 
frequency first is quadrupled. then tripled. 
to provide an overall multiple of 12 times 
the crystal frequency. Although the 4017 A 
and 40 I 7B provide multiplier tuning. the 
40 I 7E does nOI have this feature. L564 
and C570 are fixed-value components, 
generally resonant at around 304MHz. 

Next. the 45MHz IF filler of the NRF 
4017 A is changed to l 7.9MHz in the 
4017E. This narrows the bandpass "win-
dow" for the incoming signal. making the 
oscillator tuning more critical. 

After several months of working with 
the 40 I 7E, l started noticing several cus-
tomers having their 
pages. In each case, they complained about 
a string of "Es" in their messages. (Dis-
playing an Eis the Bravo's way of report-
ing an error in darn.) Every customer was 
using a pager with lhe NR E 4071 for a 
receiver. A few minutes spent aligning the 
oscillaLor was all that was required to bring 
back solid message reports. 

Pagei· series 
Pa.rt I: "Builcl A Shielded· Room," January 

J.994. (All pagers.) 
Part 2: "Build.An '1FFER, '"February 1994. 

(Bravo, Bravo Plus, Bravo Express.) 
fart 3: "frequencies, Coding Formats." 

March 1994. (Bravo.) 
Pan 4: ''Fr.om Bench To Programmer," 

April 1994. (Brav.o.) 
Part 5: "The ·Receivecs," May 1994. 

(Bravo.) 
Part ·6: "Elegant 'Simplicity," June 1994. 

(Bravo.) 
Pai;t 7: "Problems Jn-Paradise." July 1994. 

(Bravo.) 

'Back prinied 'Yi\hin the ·past two 
years can for $5 .each,, postpaid. 
Ca\! custo!Jler. ·service at 800-4.41-0294·. Is· 

tj:Jan two ·Y,ea·rs 'ago and 
indi.vidualaiiicle.photocopies are unavailable 
fr9m publisher. 

Of utmost importance in any re-
ceiver design is the stability of the local 

OSCILLATOR FREQUENCY C570 (FIXED VALUE) 
ADJUSTMENT (L561) L564 (FIXED VALUE) 

RF FILTER FL551 IS SIL VER· 
COLORED AND SLIGHTLY TALLER ANTENNA MATCHING 
THAN 45MHz BOARD FILTER ADJUSTMENT (C552) 

Photo 1. The NRF 4071C board closely resembles the NRF 4071A board 
referred to in the text. NRF 4071A. NRF 40718 and NRF 4071C boards 
have gold-colored RF filters (FL55l) and a 45MHz IF. 

Photo 2. The NRF 4071 E board has a 17.9MHz IF and a silver-colored RF 
filter (FL551J that ls sllghtly talller than the filter on the A, Band C series 
boards. 
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Photo 3. Poor performance of the NRF 4071 E 0555 mixer stage often may be traced lo poor soldering joints at either the base inductor (L567) or the 
collector inductor (L585). 

oscillators and the bandpass characteristics 
of the IF. Should the oscillator drift be-
yond the bandpass window provided by the 
IF filter. the detected signal is going to be 
either above or below the range the de-
coder can handle. In short. the lcner E will 

become common in displayed messages. 
Summer came, and outdoor tempera-

tures rose higher and higher. Beach ac1iv-
ity followed. Again the NRF 4071 E began 
plaguing my bench. In some cases. 1hc first 
conversion oscillator was off by as much 

as 22kl-lz to 49kl-lz. and always on the high 
side. In each case. 1he customer had re-
placed the original black pager case with a 
semi-transparent after-markel unit. 

Any firs1-year elec1ronics student can 

Mind our Qs 
Exceptional Performance and Excellent Price 

Sinclair's Q-3220£ duplexer offers exceptional performance, 
price and versatility in the 406-512 MHz range. 

The Q-3220E offers: 
11
"'• Field tunable with proper equipment 

1111• Adjustable loops 
1111• 80 dB isolation, minimum 
1111• .5 dB insertion loss at 5 MHz separation 
1111

• Space saving 19" rack mountable to fit 
most cabinets 

For the Sinclair representative nearest you contact: 
Sinclair Radio Laboratories Inc. 
675 Ensminger Road 
Tonawanda, New York 14150, U.S.A. 
Tel: (800) 288-2763 Fax: (716) 874-4007 

Circle (13) on Fast Fact Card 
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Alignment procedure: Brave:> NRF series (17.9MHz IF) 
The fpll_owi11g·, nrocedu.i:e 

somewhat nonr 'the· suggested Motorola 
technique and' the use of the 
shielded room (Part (, January 1994 is-
sue) and the IFFE R (Part 2, February 
1994 issue). 

I. Set the signal gener;itor to the exact 
frequency of receiver [(F = (12 x 1st - - opcc 
conv. xtal) + IJ.9MHz). 

2. Frequency-modulate the signal with 
a 134Hz deviation. 

!t Meter Mt using the fFFER il.tfd:al'i 
(See photo A below.-) 

'4. A djust L561 for the maximum 
to-Milk display with the 134.0Hz 
tone. (See photo B below.) This sfiould 
be the first peak as L561 is. adjusred 
clockwise viewed from the foil side of 
tlie circuit board. 

5. Reduce the signal generator' s out-
put level, and adjust C552 

TEST POINT M1 L561 

GROUND 

6. Repeat !iteps 4 and 5 -as necessary 
for maximum sensitiv'it)'.":an<l 134.0Hz 
reception. Output from the signal gen-
erator should read -90.2dBm (<7µ V) 
for t,200bps POCSAG and -92.SdBm 
(<5.SµV) for 512bps.J>OCSAG. Mea-
surements are signal generator output 
level readings applied through a 6dB 
attenuator to the RTL-1005 fixture. 

C552 (UNDERNEATH ANTENNA BAR) 

Photo A. Adjust .. RTL·1005 test fixture's across the NRF 
4071E receiver circuit board's test point Mf and ground. 

Photo B. TheSe •are the circuit adjustment locations for- aligning the 
NRF 4071E receiver circuit board. · 

te ll ynu that temperature changes cause 
frequency drift. At 76MHz. a X 12 fre· 
quency multiplier converts a 4kHz oscilla-
tor dri ft lO a 48kHz drift al the output. This 
drift is exacerbated further by users who 
clip their pastel pagers to lhe sun visors of 

their cars in I 00°F + temperatures. 
Vv11at effecl does high temperature have 

on that fixed-tuned X4 mult iplier stage? 
L564 and C570 arc gelling lhe heat treat· 
ment as well as the oscillator. These 
surface-mounted compone nts have been 

Low loss .. 
Choose LMR™-600 Cable for Jumpers! 
• Loss of 1/2" low density foam 
• Flexibility of 1 /2" superflex 
• Connectors -- Silver/Gold pins 
• Weatherproof construction 

Low Cost! 
• 6 foot N-male jumper $52.70 • 15 foot N-male jumper $63.50 

Call for your Free Cable Selection Guide -- with price and performance 
comparisons to all common cables. 
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chosen 10 resonate around 304M Hz-un· 
der ordinary circumstances. As lhe tern· 
peraturc increases, the components expand 
slighlly. decreas ing the actua l amou111 o f 
c<ipaci tancc nf C570, wh ile also decreas-
ing the inductance of L564. In short . the 
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LC combination is changing its resonant 
frequency upward as well. This decreases 
the drive signal level to Q554. the X3 fre-
quency multiplier. Output from the overall 
x 12 oscillator-multiplier chain suffers. 
and the receiver sensitivity falls off. As the 
frequency drifts, the RF signal at the col-
lector of Q555 moves closer and closer to 
1he edges of the passband of the crysial 
filler (FL552) until the window is essen-
tially shut. and the pager no longer receives 
pages. 

Receiver boards NRF 4017A and NRF 
40 I 7B also tend to drift as temperatures 
rise. To its credit, Motorola selected com-

Poor pe1jormance of the 
Q555 mixer stage often 
may he traced to poor 

soldering joints at either 
the base or collector 

inductors. 

poncnts with decent temperature coeffi-
cients to minimize this tendency. Further-
more. the X4 multiplier tuned circuit is 
capahle of being optimized-literally. 
tuned to rcsQnance-by 1he use of a vari-
able capacitor in the 4017A and 4017B 
series. As another feature of these boards, 
1he 45MHz IF is generally broad enough 
to tolerate a wandering oscillator. 

Other caveats on the NRF 4017£ must 
include the problems encountered with 
some components. Poor performance of 
the Q555 mixer stage often may be traced 
to poor soldering joints at either the base 
or collector inductors. (See pho10 3 on page 
I 6.) II seems as though little time may have 
hccn spent tinning these inductors before 
;1sscmbly. because they are notoriously dif-
ficult to solder. 

Tuning the first conversion oscillator is 
fas1. A single turn of the L56 I inductor 
brings 1he oscillator to frequency-and 
several kilohertz beyond- with only a 
fraction of a 1urn. There simply is too much 
induciance here, and adjustment of this coil 
is critical. The permeability of the core or 
the number of of the inductor needs 
to be changed. Whatever, it is too touchy 
for the east Texas climate. 
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Servicing pagers: 
406MHz-512MHz receivers 

Part &-Here are some details about the inner workings of UHF Bravo 
receiver circuitry. Alignment information that makes use of some special 

equipment and techniques is included. 

By David Ludvigson 

As outlined in Part 5. the Bravo pager 
has been well-equipped to handle the 
450MHz spectrum. Let's take a closer look 
at the NRE and AARE 406MHz-51 2MHz 
receivers. 

The NRE series covers: 

0402 MIXER 

FREQUENCY 
BAND 

406 - 420 
450 - 465 
465 - 480 
480 - 495 
495 - 512 

45MHz 

J<:TAL. f.!LTER 

MODEL NO. 

NRE6421A,B 
NRE6423A,B 
NRE6424A,B 
NRE6425A,B 
NRE6426A,B 

455kHz 

FILTER 

Figure I below is a block diagram of the 
NRE series receivers. (For additional de-
tail , refer to the schematic diagram in the 
pager manual.) 

An ower loop w1te1111a is tuned by C402 
and C403 to resonance at the operating 

Ludvigson is a technician in Houston. 

U001 

TEST POINT 
M1 

l = L_ 
SECOND 
OSCILLATOR 

0003 

FIRST 
CONVERSION 
OSCILLATOR 

U40:! UHF 
MULTIPLIER 

fose x 8 OUTPUT 

+1.0V 
TO U402, 0401. 
0402 & 0003 

Figure 1. A block diagram of the NAE series 450MHz-512MHz receiver. 

IO i"1obi/e Radio Tech110/ogy August 1994 

VOLTAGE 
REGULATOR 

STROBED 
POWER 
CONTROL 
FOR IC1 

DATA Ol!T 

STROBE INPUT 



Alignment procedure: Bravo NRE series (45MHz IF) 
The following procedure deviates 

somewhat from the suggested Motorola 
technique, and assumes the use of a 
shielded room (See Part I) and the IFFER 
'(See Part 2), 

I. Set. the signal generator to the exact 
frequency of receiver: F oper = (8 X 1st 
conv. crystal) + 45MHz. 

2. Frequency-modulate the signal with 
a 4.SkHz-deviated J kHz tone. 

3. Meter Ml using the IFFER and an 

L410 C441 

frequency. The inner loop transforms the 
incoming signal to a low impedance, 
matching the antenna to the RF pre-ampli-
fier. 

oscilloscope. 
4. Adjust L4JO for close approxima-

tion ofa sine wave (as viewed on scope). 
This should be the first peak as L410 is 
adjusted clockwise as viewed from the 
foil side of the circuit board. 

5. Trim C44J to slightly distort the sig-
nal viewed ia step 4. This adjustment af-
fects the multiplier stage and causes 
"pulli.ng" of the crystal oscillator. 

6. Reduce the signal generator's out-
put level. Adjust C44 I (multiplier); L408 

L403, R402. C404 and C405 provide 
negative feedback to Q40 L stabilizing the 
common-emitter amplifier. Should the re-
ceiver be subjected to static discharges, 

Caller ID: Their goose is cooked. 

Caller ID will end the stuck mikes 
and stop the horseplay on your 
radios. ID-33 includes time-out 
timer and emergency. Fleet prices 
$69 to $121. 800-521-2203. 

( csc I CONTROL SIGNAt:) 
1985 S. Depew. #7. Denver, CO 80227 

Circle (10) on Fast Fact Card 
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(45MHz filter response); C413 and C407 
(antenna filter response); and C402 (an-
tenna resonance)-in that order-to 
ach.ieve maximum sensitivity. 

7. Repeat step 6 as needed for maxi-
mum sensitivity. Output from signal 
generator should read - 93dBm (5µ, V) 
for Golay or -90dBm (7 µ, V) for 
POCSAG 1,200. Measurements are sig-
nal generator output level readings ap-
plied through a 6dB attenuator to the 
RTL-1005 fixture. 

TEST POINT Ml 

GROUND 

CROOI will forward-bias with a negative 
voltage and c lamp the discharge to ground. 

Output from Q401 is coupled via C406 
to C408, C407 and L405. which combine 
to form one portion of the bandpass filter. 
The rest of the fi Iler consists of C4 I 2. 
C4 I 0, C4 I 3 and L406. This two-port filter 
provides allenuation of unwanted signals 
amplified by Q40 I. 

Meanwhile, Q003 operates as a Colpi11s 
oscillator at about 51 MHz. U402 contains 
a parallel resonant circuit tuned to the 4th 
harmonic. across pins 2 and 3. The U402 
module amplifies the resulting 204MHz 
signal. and then doubles it to produce an 
output at 408MHz (Note: Some versions 
use a tripler. followed by a doubler. for an 
overall X6 multiplie r stage.) 

The result ing 408MHz signal from the 
first conversion oscillator is injected (along 
with the amplified antenna signal) at the 
base of Q402. The L409-and-C4 I 4 combi-
nati on serves to bypass much of the 
408MH7.: signal. while the antenna signal is 
virtually unaffected. Output from Q402. at 
45MHz. may be adjusted by L408 to center 
the IF filter, 

Once through the filter (FL40 I), the 
45MH7.: signal mixes (at pin 12, UOO I) with 
the second oscillator signal at ei ther 



45.455MHz or 44.545MHz to produce a 
455kHz. output at UO I, pin 13. External 
fillers at 455kHz are matched with on-chip 
amplifier stages before being detected by 
the active quadrature demodulator. 

As mentioned in Part 6, the signal al test 
point Ml is not FM! Until the received 
signal is demodulated, the input may be 
anything from AM to a dead carrier. There 
are no limiters in the Bravo receivers. 

AARE series receivers 
Figure 2 below is a block diagram of the 

AARE series receivers. (For additional 
detail, refer to the schematic diagram in 
the pager manual.) 

These receivers are identified easily as 
having a triple set of tuning adjustments 
for the RF prc-ampl.ificr stage. and as lack-
ing the frequency multiplying module 
found in the other 406MHz-5 I 2MHz re-
ceivers (NRE series). 

To begin with. a loop antenna network 
(E40 I. C45 I) is matched via C452 and 
C453 to the base of Q45 I. Diode CR45 I 
performs as a static discharge device to 

prevent dmnage to Q45 I . 
Q45 I and Q452 are configured as com-

111011 emitterlco111mo11 /Jase or cascode. The 
need for neutralization has been minimized 
by use of R453 across the resonant circuit 
L452, C455 and C456. 

The helical filter (FL45 l) is adjusted to 
pass the RF signal at the antenna. 
AARE4001 receivers tune from 450MHz 
to 465Ml-lz. and AARE4002 series receiv-
ers tune from 465MHz lo 480MHz. As 
such. these helical filters tune the receiver 
accordingly. 

As an example. in an AARE400 I , the 
fi rst conversion oscillator Q454 is in a 
Colpitts c ircuit operating at 51. I 2MHz. 
Output from Q454 is tuned to lhe 4th har-
munic (204.48MHz) with tuned circuit 
L458 and C47 I. This signal drives multi-
plier Q455 (a frequency doubler) across 
L460 and C477 at 408.96MHz. L460 and 
C477 pr<.1vide post-multi plier filtering <11 
408.96Ml-lz. 

Mixer Q453 combines the signals com-
ing through the filter (FL45 l) and the sig-
nal from the oscillator-multiplier chain. 

Pager servicing serie$ 

Part I: "Build a Shielded Room," January 
1994. (All pagers.) 

Part 2: "Build An ' IFFER,"' February 
1994. (Bravo, Bravo Plus. Bruvo fap.re.5s.) 

Part 3: "Frequencies. Cociing Formats','' 
March 1994. ( Bravo.) · 

Part 4: :Ben.i:li,. To Progrnnimer,'' 
April 1994. (f3n1vo.)· 

Part 5·: "The Receivers," May 1994. 
(Bravo.) 

Part 6: °'Elegant Simplicity," June 1994. 
(Bravo.) 

Part 7: "Problems Jn Paradise," July 1994. 
(Bravo'.) 

Part 8: "406MI-lz-512MHz Receivers," 
August 1994. (Bravo.) 

Back issues printed with in the past two 
years can be ordered for $5 each, postpaid. 
Call customer service at 800-441-0294. Is-
sues printed more than two years ago and 
individual article photocopies are umwailable 
from the publisher. 

TEST POINT 
1 

455kH1 4SSkHl 

FILTER FILTER 

0453 MIXER SECOND MIXlOR 

FIRST 
CONVERSION 
OSCILLATOR 

0454 

3-STAGE 
HELICAL 

ALTER 

t04.n : f:uA&. )( 4 

"' x 

J 
" 

MULTIPLIER 
><2 

04SS 

4SMHl 

XTAL ALTER 

= 

TO 0451-0455 

Figure 2. A block diagram of the AARE series 450MHz-480MHz receiver. 
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Alignment procedure: Bravo AARE series ( 45MHz IF) 
Note: FLA51 has three sections. These 

will be noted as Ll (antenna side), L2 (in-
t.ennediate section) and L3 (mixer side) in 
this procedure. 

The following procedure deviates 
somewhat from the suggested Motorola 
technique and assumes the use of a 
shielded room (See Part J) and the JFFER 
(See Part 2). 

J. Set the signal generator to the exact 
frequency of the receiver (Poper= (8 X 1st 
conv . . crystal) +: .45MHz. 

2: .Frequency-modulate the signal with 

C455 L2 C451 
L1 L3 

The filter composed of C459. C460 and 
L453 effectively reduces the oscillator-

a 4.5kHz-deviated I kHz tone. 
3. Meter Ml using the IFFER and an os-

cilloscope. 
4. Adjust lA55 for a close approximation 

of a sine wave (as viewed on scope). This 
should be the first peak as .LA55 is adjusted 
clockwise as viewed from the foil side of 
the circuit board. 

5. Trim C47 l to slightly distott the signal 
viewed in step 4. This adjustment affects 
the multiplier stage and causes "pulling" of 
the crystal oscillator. 

6. Reduce the signal generator's output 
level. Adjust C47 l (multiplier), C463 

side signal while allowing the antenna sig-
nal to pass. These values may be critical to 

QUALl1Y•SERVICE•PRICE 
.. . VVE DO IT BElTER ! 
FOR THE 150, 450, &: 850 MHz BANDS 
•Low-loss Transmitter Combiners 
•Receiver Multicouplcr Systems 
•Coaxial Cavity Filters 
• Duplexers 
Investigate this complete line of 
high performance products today! 

PHONE 817-848-4435 
FAX 817-848-4209 

Circle {13) on Fast Fact Card 
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(45MHz filler response), L3 (mixer 
side), L2 (intemiediate), L 1 (antenna 
side), C45S (RF preamp output) and 
C45 L (antenna)- in that order:._to 
achieve maxim!Jm sensitivity. 

7. Repeat step 6 as f"!eeded for 
mum sensitivity. Output froin" the sig-
nal generator sho.lfld re.ad -93dBm 
(5µ, V) for Golay or -90dBm (7 µ V) for 
POCSAG 1,200. Measurements are sig-
nal generator output level readings ap-
pl.ied through a 6dB attenuator to the 
RTL-1005 fixture. 

TEST POINT M1 

GROUND 

mixer operation because antenna-side sig-
nal level and local oscillator injection lev-
e ls dctennine both sensitivity and selectiv-
ity of the receiver. 

The 45MHz output from Q453 is fil-
tered by FL452. and then sent to the UOOI 
"second mixer.·· along with the signal from 
the internal crystal oscillator (at either 
45.435MHz or 44.545MHz). The resulting 
455kHz signal then is filtered, amplified. 
filtered and amplified before it reaches the 
quadrature detector. Further processing of 
the signal delivers audio to TP8. External 
filters (on the decoder board) route b<1ck to 
the Data Fil l/P (TPIO) where the retrieved 
audio is converted into a data stream and 
subsequently dewdcd. 

Acknowledgement 
I would like 10 thank J.H. Ki111. owner of JJ 

Sounds. South Houston. TX. and co-work.:rs 
Raymond. Tim and Pete. for their hc:lp with this 
project. 





Servicing pagers: 
150MHz receivers 

Part 9-Here are some details about the inner workings of VHF Bravo 
receiver circuitry. Tips are included for changing pager frequencies for 

alignment purposes and other applications. 

Uy David Ludvigson 

To thi s point we have discussed 
Motorola 13rnvo receiver boards for Ille 
929MHz-932MHz and 406MHz-51 2Mllz 
frequency ranges. 

The following. information applies to !he 
NRD72 11 - NRD72 I 7 I 50MHz receivers 
lhat cover I 38MHz- I 74MHz. 

0 003 

OSCILLATOR/ 1---------' 
MULTIPLIER 

NRIJ rece;:iver boards cover: 

FREQUENCY 
RANGE (MHz} 

138 - 143 
143 - 148.6 
148.6 - 152 
152 - 159 
159 - 164 
164 - 169 
169 - 174 

17.9MHz 

XTAL FILTER 

MODEL NO. 

NRD7211A,B 
NRD7212A,B 
NRD7213A,B 
NR07214A,B 
NR07215A,B 
NRD7216A,B 
NRD7217A,B 

This particular series of boards is a 
mixed bag of tricks. 

Figure I below is a block diagram of 1hc 
NRD series receivers. (For additional de-
tail. refer to the schematic diagrmn in lhc 
pager manual.) The first IF is 17.9MHz, 
and the second conversion oscillator may 
be either 17.445MHz or 18.355MHz. To 

Ludv igson is u technician in Houston. 

455kH% 455kHt 

FILTER· FIL 'f!'R 

U001 

TEST PO!lfr 
M1 

= SECOND 
OSCILLATOR 

+1.ov 
TO 0301, 0302, 
0003 

VOLTAGE 
REGULATOR 

STROBED 
POWER 
CONTROL 
FOR IC1 

DATA OUT 

STROBE INPUT 

A block diagram of the NAO series 138MHz- 174MHz receiver. See text for oscillator/multiplier detalls. 
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Hands-free operation of portable two-way 
radios is now possible with David Clark 
Company's Voice-Activated (VOX) Headsets. 
New miniaturized circuitry fits inside the headset 
ear cup, eliminating the need for a separate 
bulky VOX module. 
With a Noise Reduction Rating of 24, these 
Voice-Activated Headsets with noise-canceling 
microphones, assure clear, crisp transmissions 
regardless of the background noise. 
Choice of boom microphone headset or 
throat microphone headset. 

No radio modification required. 

For more information and a 
FREE DEMONSTRATION, 
call or write: 

r:::t\@&Jvo@J Clark coMPANY 
INCORPORATED 

360 Franklin Street, Box 15054, Worcester, MA 01615-0054 
TEL: (508)751•5800; FAX: (508)753-5827: TELEX: 920482 
©1991 David Cfark Company Inc. 
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Alignment procedure: Bravo NRD series 
(17.9MHz IF) 

The following procedure deviates somewhat from the 
suggested Motorola technique, and assumes the use of a 
shielded room (See Pan I) and the lFFER (See Pan 2). 

I. Set the signal generator to the exact frequency of the 
receiver. See text for a discussion of how to determine the 
receiver frequency. 

2. Frequency-modulate the signal with a 4.5kHz-deviated 
!kHz tone. 

3. Meter Ml using the IFFER and an osciJloscope. 
4. Adjust L306 for a close approximation of a sine wave 

(as viewed on scope). This should be the first peak as L306 
is advanced clockwise into the tore as v,iewe<! from 1he foil 
side of the circuit board. 

5. Trim L305 to slightly distort the signal :viewed in step 
4. This adjustment affects the multiplier stage .and causes 
"pulling" of the crystal osoiHator. 

6. Reduce the signal generator's output level. Adjust .L305 
(multiplier); C301F (antenna), L302 (RF preamp output), 
L303 (RF preamp filter) and L304 ( 17 .9MHz , filter re-
sponse)- in that order-to achieve maximum sensitivity. 

7. Repeat step 6 as needed for maximum sensitivity. 
Output from signal generator should reatl -88.8dBm (7 µ. V) 
or less for Golay and POCSAG 5 I 2. For POCSAG 1,200, the 
output should read -86.5dBm (10.9µ.V) or better. Output 
level is measured at the input to the 6dB attenuator at the 
RTL-1005 fixture. 

L302 L303 

L305 L306 

TEST POINT Ml 

GROUND 



keep the second conversion oscillator' s 
multiple hannonics out of the bandpass of 
other tuned circuits. I 8.355MHz used as 
the second conversion oscillator frequency 
for some receiver frequencies. 

Conversely, to keep the second conver-
sion oscillator's multiple harmonics l)ut of 
the bandpass of the same tuned circuits. 
17 .445MHz is used as the second conver-
sion oscillator frequency for other receiver 
rrequencies. A chart is included to sort 
them out. 

Next. the first conversion oscillator 
multiplier stage 1s either a douhlcr 
or tripler, again depending on the re-
cc i ver operat ing frequency. T he 
I 38 MHz- l 48.599MHz receiver boards 
(NRD72 1 I A,B and NRD72 12A,B) use a 
frequency do11hler after the fi rst convcr-
s i on osc illator. NRD7213 through 
NRD72 I 7 use a frequency trip/er after the 
lirst conversion oscillator. 

A receiver board missing the identify-
ing sticker is no big problem. After having 
determined that it operntes in the I 38Ml lz-
l 74MHz range, look at the first conver-
sion oscillator crystal. Ir its frequency is 
between 60.8MI lz and 65.32MH.i:. the os-
ci llator is followed by a doubler stage. If 
the crystal frequency is between 43.6M llz 
and 52.03MHz, the oscillator is fo llowed 
by a tripler stage. 

The second conversion oscillutor crystal 
(the smallest crys1al on the board) is sup-
posed to be color-coded. either yellow or 
green. Yellow indicates a frequency of 

Pager servicing series 
Part I: ''Build a Shielded Room." Janu-

ary l 994. (All pager.;.) 
Part 2: "Build An ' IFFER,"' Febnmry 

1994. {Br.ivo, Bmvo Plus, Bravo 
Part 3: '·Frequencies, Coding Formnts." 

March 1994. {Bravo.) 
Part 4 : "From Bench To Programmer.'' 

Apri l I 994. (Bravo.) 
Pan 5: "The Receivers," May 1994. 

(Bravo.) 
Part 6: "Elegant Simplicity," June 1994. 

(Bravo.) 
Pan 7: "Problems In Paradise.'' July 

1994. (Bravo.) 
Pi\.rt 8: "406MHz- 51 2MHz Receiver.;," 

August 1994. (Brnvo.) 
Part 9: " ISOMHz Receivers,'' Septem-

ber 1994. (Bravo.) 

Back issues printed within the past two 
yenrs can be ordered for SS each, post-
paid. Call customer service at 800-441-
0294. Issues printed more than two years 
ago and individual anicle photocopies arc 
unavailable from the publisher. 
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'Leftovers' 

The NRF series (929MHz-932MHz) 
pagers includes the 40 I 7E, which has a 
17.9MHz TF and a first conversion os-
cillator operating around 76MHz. 

Use the following equation to calcu-
late the frequency for these pagers: 

F°"", = ( 12 X 1st conv. crystal) + 
17.9MHz 

Although l have not tried it, modify-
ing these units to operate on other fre-
quencies probably would be easy. Con-
verting the fi rst conversion oscillator 
into a variable crystal oscillator would 
require replacing the fine-tu ning induc-
tor wi th an external penneability-tuned 
inductance. Although the range of fre-
quencies that could be tuned in this 
manner might be relatively small , a 
bank of crystals might be switched in 
and out or the circuit. 

I 7.445MHz and means that data inversion 
is not required. Green indicates a fre-
quency or I 8.355MHz. and means that data 
inversion is required. Selecting inversion 
is part of the programming fonction (DI = 
YIN under Functions). 

Now that we have waded the muddied 
waters, let 's look at the block diagram. 

The antenna assembly consis ts of a 
single band or metal surrounding a ferrite 
bar, a variable capacitor and several fixed 
capacitors fanning a parallel resonant cir-
cuit at the operating frequency. C303 
couples the antenna signal to the diode 
clamped RF preamplifier. 0301. 

A neutralizing circuit, consisting of 
C304 and C305. helps to stabilize the com-
mon emitter circui t. The tuned circu it 
fo1med by L302 and C306 is tuned to the 
operating frequency. L303 and C309 pro-
vide impedance matching to the mixer, 
Q302. while providing image rejection. 

C3 I 0 serves ai; a de isolation capacitor 
and has negligible bearing on the tuned 
circuits. 

A Colpitts crys tal oscillator (Q003) 
feeds either a tripler or doubler (depending 
on the board: sec above) tank circui t. L305 
and C3 I 7. Finc-1uning or the crystal fre-
quency is accomplished by L306. 

Mixer output at 17.9MH7. is applied to 
the crystal Jilter (FL301) and muted 10 the 
second mixer in UOOI. The internal Sl'Cond 
oscillator opernles at ei ther I 7.445MHz or 
l 8.355MHz (sec above) and mixes with 

MI provides a starting point for an 
AM detector stage, and any .old. LM386 
will provide adequate output to feed a 
small speaker (when powered by a 3V-
6V supply). Tap into TP6 for demodu-
lated FM. 

Here is another idea. If your facility 
is set up to make changing pager fre-
quencies easy. it might be helpful to 
offset the first conversion oscillator to a 
quiet frequency before starting the align-
ment procedure. If the of 

room or the construction of a do-
it-yoursel f shielded raom as described 
in Part I is out of the question, shifting 
the frequencies of both the receiver 
module and the signal generator to a 
relatively quiet frequency would help 
with the alignment procedures. 

In short, the Bravo receivers might 
just find other applications than simply 
beeping! 

the 17.9M ll z firs t IF to de velop the 
455kl-lz second IF. Further filt ering and 
amplification of the 455kHz signal is then 
FM-demodulated by the UOOl 's q1wdra-
t11re detecwr. 

through an external RC filter (on 
the decoder board). the audio is converted 
into a data stream by peak-and-valley de-
tectors, 1 imited, and sent back to the de-
coder hoard for translation. 

As with all the receiver boards discussed 
so far. th is one may be turned inlo a full -
time receiver by connecting a IOK resistor 
between TP I 0 and TPI 2. defe;l!ing the 
strobed haucry sm·er signal generated by 
the decoder board. 

Acknowlcdr.:cmcnt 
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Servicing pagers: 
Tales crystal filters tell • • • 
Par/ JO-Tuning Bravo pager crystal filters to the high side of the first 

injection oscillator frequency results in proper operation. Heres why, plus 
sonie tips for making and verifying the adjustment. 

By David Ludvigson 

Crystal filters long have been used 10 
reduce a received signal's bandwidth. 
As a rule. filters usuall)' are adjusted to 
approximate a rectangular passband 
characteristic at the receiver's interme-
diate frequency to restrict detection to 
only that portion or lhe signal contain-
ing the desired intelligence .. 

the best is 1he 
tuning of an AM broadcast radio with an 
analog dial. With ihc re.:civer tuned to the 
low side of the carrier frequency, a decclll 
audio signal is he:1rd. As the radio is tuned 
upward in frequency. a point is reached al 
which the fidelity or the recovered audio 
drops off. This point is the carrier lrc-
quency. The carrier docs not contain any 

Lu(h·igson is a rcchni<.:ian in Houston. 

audio information. Continuing to tune up-
ward, once again a point of maximum fi-
delity is reached. This effect is especially 
noticeable if a narrow IF filter is used in 
the circuit ahead of the detector and 
amp I ifier. 

An FM receiver's bandwidth (and the 
recovered information) may be restricted 
by use of an IF filler. with similar effects. 

When placed in the palh of a low-level 
signal, a properly tenninared crystal filter 
passes only the fundamental frequency and 
a small portion of frequencies on either 
s ide of the fundamental. Depending on the 
construction and type of crystal geometry 
used to cut it a crystal's bandwidth usu-
ally falls between 0.02% and 0.05% of the 
crystal frequency. 

Several crystals of the same frequency 
may be configured to provide a narrower 
bandpass. but for the sake of discussion. 
we will limit the options to the 0.02% lig-

Figure 1. The signal from the paging transmitter is symmetrical. The paging receiver must be tuned 
to place the IF bandpass where it will do the most good. See text. 
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ures with respect to the Bravo receivers. 

The mathematics 

F",1 X 0.02% = bandwidth 

17.9MHz X 0.02% = 3,580Hz 

45.0MHz X 0.02% = 9,000Hz 

These figures determine the "window" 
or bandwidth available through the associ-
ated I 7.9MHz IF and 45.0MHz IF lilters 
and agree quite closely with measured 
performance of the Bravo IF filters. 

The signal radiated from paging trans-
miuers is symmetrical. (See Figure I 10 
the left.) On either side of the carrier fre-
quency, the same intelligence is transmit-
ted. ·'Nonna!" POCSAG is normal on both 
sides of the ce111er frequency; ''inve11cd" 
POCSAG remains inverted on both sides. 

The crystal filter imposes a bandwidth 
foctor that allows the quadrature detector 
to "see" that portion of the signal to which 
it has been tuned. This bandwidth factor 
may be adjusted by means of the first in-
jection oscillawr. 
. With a 9kHz window. the 45MHz IF 
boards are the easiest to tune, and they 
maintain their tuning for quite a long time. 
The narrower 3.58kHz window of the 
17.9MHz IF filter is more critical of ad-
justment. and oscillator frequency drift 
causes reception of erroneous messages. 
Recalling that the maximum rate of data is 
2.400bps and that 1he POCSAG signal pre-
amble calls for a large portion of the over-
all .. batch" to contain the "alternate I and 
()" sequence, we arc left with an IF win-
dow that must pass 2,400Hz to be of any 
value. 

Next, consider the FM detector. Regard-
less of its design. an FM demodulator re-
sponds with an output voltage polarity 
de1ennine<l by whc1hcr an inpm signal is 
higher or lower than the center frequency. 



:· .. Pai{ i·: " Built! a:Shielded fanil:i& 
. ·pagers.)- ·· · .. •.· . 
. •· 2: LIFF.ER," ' 

l:'lr;iv9 -: 
·:' J: FOrin':iis; 

Figure 2. A side view of the Bravo receiver board. Start with the oscillator core fully up (at c ircu it 
board level) when adjusting it to frequency. 
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In short . careful adjustment of the first 
injection oscillator frequency might result 
in fai lure to decode a received message' 
Placing the Bravo pagers (all of them) on 
the high side of the fi rst injection osci lla-
tor frequency results in proper operation. 
This fact means that the core of the oscil-
lator coil should be set to the fi rst peak as 
you adjust the core from the circuit board 
plane w the top of the coil form. (Sec Fig-
ure 2 above.) 

Further advancing the core (downward. 
as viewed by the operator) causes the IF 
window to move lower in frequency. to -
ward the carrier freq uency. and if ad-
vanced further. toward the .. unwanted 

s ide·· of the FM s ignal. 
When testing my tuning. I usually use a 

i 34Hz tone that modulates the signal gen-
erator to 3.5 kHz deviation. Us ing the 
IFFER. I can quickly determine pro1Jcr 
tuni ng by noting symmetrical response 
above and below the oscilloscope's hori-
zontal li ne. (Sec Pan 2: " Build An 
' IFFER. "' February 1994 issue.) At I 34Ht.:. 
I am test ing the low-frequency resp()nsc of 
my filter. and by setting it symmetrically, 
I am moving the bandpass completely off 
the "unwanted" side. Audible outpul from 
the IFFER also reveals a more resonant 
response to the I 34Hz signal when luned 
in this fashion. 

. : ·(!J',ra:vo:},: . · · .. · ·.'.: .,. ... . , : . . .. . . . , . 
... ) Part July ·. 
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I J'JlMf & Let us save you time and money with our fast 
shipping and competitive pricing. Tune into a 

MONFI. GETdelpenwdabte to 
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•1 itgK 
Dallas.Texas 
214-239-0580 FAX 2:39-5264 
800-442-3811 
Norcross, Georgia 
404-729-9413 FAX i29-!l567 
800-741-3811 
Comm.Works 
Denver. Colorado 
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Comm.Works NW 
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206-453-2132 FXx 45:3-1558 
800-426-2964 
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Servicing pagers: 
Microprocessor board 

Part 11-Here s how the versatile Bravo pager microprocessor board 
pe1fonns its tasks in shifting the pager from standby to receive, verifying 

address reception and displaying messages from electronic memory. 

Hy David Ludvigson 

To this point, we have discussed the 
various receiver boards for the Motorola 
Bravo pager. Now we will takc ;1 c loser 
look at j us t how the decodcr board 
operates . 

Motorula has made use or "dcdicated .. 
micrnprocessurs to handle the de1.:oding 
functions found in the Bravo. A list printed 
in Part 3 (March 1994 issue) identifies 
which chips handle Golay. POCSAG 512 
and POCSAG 1,200. Although the rormats 
may differ. programming each subset of 
chips uses the same microprocessor. 

The most obvious difference to the tech-
nician is found in the values of RC fi lters 
(Rl01/R201. RI02/R202/R302. CIO I/ 
C201/C30l. and CI04/C204/C304) and the 
clock speed (YI 0 I. Y201. and Y 30 I). The 
RC filter values have been chosen to opti-
mize the frequency response at rec. audio 
(pin 4. JOO I). The peak and Falfev detec-
tors (on the receiver board) detect the level 
transitions of the audio signal and apply it 
to the limiter. The resulting output is a 
stream or rectangular pulses. 

O NRN5!55A-2 and NRN515nA -2 dc' -
coder 

Numerous revisions have occurred with 
the decoder boards. 

The NRN5 l 55A-2 and NRN5 l 56A-2 
arc capable of Golay and POCSAG 5 12 
operation only. and use the 5105860QOI 
or 5 l 0586Q04 microprocessors ('QO I or 
'Q04 in these discussions). Should vuu 
ever find a 'Q02 or a 'Q20 for a micro1;ro-
ccssor (I never have). these processors 
serve as a POCSAG 512 chip when in-
stalled in these boards. 

D N RN5155A--I . NRN 5!56A--I. 
NRN7-159A. NRN7463A. and N RN 75-J9A 
decoder hoards: 

Ludvigson is a technician in Houston. 

Mobile Radio Technology I 994 

We will be discussing this series of 
decoder boards at length. 

They are capable of operating Golay. 
POCSAG 512 and POCSAG 1.200 for-
mats. with the previously noted modifica-
tions to the board (i.e .. RC filter. clock 
speed and microprocessor). Our discussion 
will cover the three basic modes in which 
this board operates: the "Wake-up!'" mode. 
the Tm looking for it 1'" mode and the 
"Look what I found!" 1m1dc. 

The 'Wake up!' mode 
Placing a ballery in the Bravo and 

switching it to "on'" is just the beginning 
of its day. (See Figure I 011 page 24. or see 
!Vlotorola manual 68P8 I 006885-C. page 
15. for more derail.) 

Switch SOOI is shown in its frtll up 
(beep) posit ion. B+ (from the nominal 1.5 
volt battery) is applied to pin 2 of the 
switch. one side of LOOI and the emitters 
of QOOl-Q004. Power for the suppor1-
i111e1:f'ace chip (UOO l) is provided through 
pin 21. 

At the far side of LOO l is a voltage 
multiplier that produces 3.2Ydc. This 
boosted de is applied 10 pin 48 of U I 02 
and pin 13 of the n>deplug ( U004) for 
operating voltage. 

Pin l () of UOO I is kd a high voltage by 
means of the sl ide switch. This flag in-
forms the chip that we expect it 10 beep. If 
this high is missing. the pager will go into 
the vibrate mode. 

With the sign:d output devices having 
been determined and with the chips having 
been provided with the required operating 
voltages. the crystal oscillator (YOO I and 
associated circuitry) is enabled. The reset 
line (pin 2. U 102) is held low until C006 
charges. This momentary lmr forces the 
CPU !U102) and the codeplug <U004) to 
restart 10 its lowest address and begin ex-
ecution of the program stored in the 6K 
BYTE ROM. From ROM. the program 
begins. 

The oscillator/timer cQunter advances by 
increments, starling the process of reading 
information stored in the codeplug. Line 
AO (pin I I. U l 02} is tested. If it is high. 
peripheral interface adapter (PIA) Port C 
controls the now of infonnation ()II/ of the 
codeplug IU004) into PIA Port A. PIA Port 
A strobes the codeplug via AO (pin I l, 
U 102). reading the s tored data viu the 1/0 
(pin 10. U 102) into Al. These data contain 
the capcodc and the options programmed 
into the codeplug. This information is 
stored in internal RAlVI. 

If. for any reason, the program fai Is to 
execute properly. the deadmcm 1i111er per-
forms a fl'set. This failure is detected when 
a low is sensed on pin 11 of U 102 and 

Pager servicing· ·series· 
Part I: "Build a shielded··.room," .. January 

1994.(All pagers;) 
P.art 2: 

(Bravo, Bravo Plus, . 
Pnrt 3: "Freql!ei1cie·s, c!:ld:lng'fo.rmats; 

March 1994. (.Bravo.) . · 
Part 4: "From bench to proiammer," April· 

1994. (Bravo.) 
Part 5: "The receivers," May 1994. (Bravo.) 
Part 6: "Elegant simpiicity," June 1994. 

(Bravo.) 
Part 7: "Problems in paradise," July 1994. 

(Bravo.) 
Part 8: "406MHz-512MHz receivers," Au-· 

gust 1994. (Bravo.) 
Part 9: " I 50MHz receivers;" September 

1994. (Bravo.) · 
Part I 0: "Tales crystal. filters teli .. .. :" :oc·-

tober 1994. (Bravo, Bravo Pfus, 
press.) '" 

Part 1-1: ''Microprocessor. board;" Novem-
ber 1994. (Bravo.) 

Back issues· printed within the ·past two 
years can be ordered for SS each, po.stpaid. 
Call customer service at 800-441-0294. Is-
sues printed more than two years ago and 
individual article photocopies are unavailable 
from the publisher. 
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Figure 1. A block diagram of the Bravo decoder boards. 
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CONVERTER 
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U004 

For Worry-Free Communication, 
It Pays To Be Well Connected. 
New LMR™ 500 Low-Loss, Low-Cost, 
Flexible Communications Cable Gives You: 
11> Loss of 3.13 dB/100 feet at 900 MHz. 
,.. Greater than 90 dB RF shielding. 
11>- Weather resistant polyethylene jacket. 
11> Minimum bending radius of 1 ". 
,.. $0.90 per foot. 

Times Microwave Systems LMR Cables and Connectors ... 
A Better Connection. 
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gcncmtes a warm of the operation 
oullined to this point. 

A warm rc::set is performed without any 
external signali ng and will be unnoticed 
hy the user unks!. the pager fails to either 
beep or buzz wh.:n turned on. 

Once data from the cocleplug have been 
transferred to RAM. the Bravo begins to 
beep. flash. cnublc the display generator 
(RP l - BP4) and provide a broken horizon-
tal bar to the display. 

' I 'm looking for ii!': format, results 
l'vlotorola has prominently displayed 

copyright notices throughout its literature 
to deter the unauthorized use of its tech-
niques by competitors. We can, neverthe-
less. make an educated guess as to the 
coding structure. and here we concentrate 
0 11 the POCSAG format. 

Figure 2. A block diagram of one method of comparing serial data. The Bravo uses a similar method 
of comparing 18 bits while looking for the capcode. It takes 32 bits to Identify the proper pager, 
to determine the source and to perform parity checks at a rate of 512bps or 1,200bps for POCSAG. 
Assuming everything matches (X = Y), the alarm sounds and the following 32 bits are decoded as 
a message to be seen on the liquid crystal display. 

The POCSAG format (regardless of 
speed) consists of a preamble and one or 
two bmches of codewords. A 32-bit jiw11e 
sync code precedes the ji·amekode1nml. 
Each batch transmits s ignals to a maxi-
mum of eight pagers ( 16 for double-batch). 
Each frame contains a pager number and a 
message. wilh a total of eight frames (one 
for double-batch) being sent in a si ngle 
/Jwch. If the batch is occupied in only 

Tum your service center 
into a profit center 
You've landed the service 
contracts - now make 
sure that they build your 
bottom line. ServicePlus 
integra tes and manages 
all administrative and 
decision support pro-
cesses throughout the 
service cycle. 

Servict:Plus · 
St'!"\ in• lnfnm1ation S\<;tem 

From a single point of entljl 
(Logbook). you can access 
accurate customer data, 
equipment history, technicians, 
suppliers, service contracts, 
inventory and dispatch. This 
modular system uses look-up 
tables and pre-set defaults to 
make Work Order data entry 
and information retrieval fast 
and easy. 
ServiccPlus modules include: 
• SP Manager 
• Logbook (Work 

Orders/Invoicing) 
• Inventory Control 
• Service Contracts 
• Dispatch 
• Purchase Orders 
• ACCPAC Plus"'. Great 

Plains'" or SB'P" Accounting 
Interface 

Circle (23) on Fast Fact Card 

1\ilol1ifc Radio Tcd11111/01:y November 1994 

For all your remote power needs: 

E:--j :::f--j ©@" 
P.O. Box 537 Willits, CA 95490 

Order Hotline 800-344-2003 
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f rames I. 3 and 5. an it//1• cotl1·11·11rd occu-
pies frames 2. 4. 6. 7 and 8 (plus jiwnes 9-
16 for double-ba1ch). 

Firs!. the preamble is 576 bi1s or alter-
nati ng " 101010 ... ". The decoder in the 
Bravo uses this preamble to determine 
whether ii is '"hearing .. POCSAG signals. 
and it de1ermines synchronization with the 
1ransrni11ed signal. Note that if the pre· 
amble is 1ransmined a1 1.200 baud. a 5 I 2· 
baud Bravo on 1hc same frequency would 

' 'hear"" a continuous string of e ither / .\ or 
Os. 

Similarly. a 5 12-baud signal would pro-
duce an ahernating "1 1001 100 .. in a 1.200-
baud Bravo on the same freque ncy. Suc.:h 
invalid code response is what allows scv-
erJI fonnats to share a single freque ncy. 

Next. the batch. Within each batch arc 
eight (or 16) jiwnes. Each jiwne is (H hi ts 
long. The first :n bits are the c.:apcode 
programmed into the Bravo. Thc follow-

Circle (25) on Fast Fact Card 

28 Mobile R<ulio Technology Novcmhcr 1994 

ing 32 hi ts contain the ..:a iling party·s 
phone number or 

Frame .n-11chrvni::.at io11 is a unique 
:n-hi t code (0 1111 100110100 1000010 
I 0 I I I 0 I 1()00) 1ha1 signals the beginning 
of each batch. The Bravo receiver board is 
act i vatcd cach time this jiwne sync code is 
transmitted. 

Within the Brarn codeplug. three bits 
ha,·e been programmed (by the capcodc) 
to identify which f r<1111e in each hatch is iLs 
own. ( A double-batch pager would have 
four bits 10 idemify which of 16 frames is 
its own). As the bmch is sent. the Bravo 
turns on the receiver board only ai the time 
ils Jiw11e is being sent. 

Up 10 this poin1. the information stored 
in RAM has been sining there. Now. ;1 
com1n1rison is made betweo;:n the capcode 
information and the incoming data stream. 
(Sec Figure 2 on page 26.) If a match is 
found. !he Bravo either beeps or vibra1es. 
Further incoming data are 1hcn stored in 
RAM for di splay. This is the calling 
party's phone number or other informa-
tion. Fail ing 10 match thc capco<le results 
in going back 10 looking for the preamble. 

All this takes some split-scwnd liming 
and a 101 of courdination. 

Meanwhile. back at the programmer ... 
From the preceding information. we can 

learn much about the programming uf 
Bravo pagers. 

When turned on. 1he Bravo Programmer 
asks, GSC or POCSAG? Your response to 
this question sets a hil in the Bravo that 
determines !he preamhlc' formal. With 
POCSAG. the preamh/e consists of 576 
alternating ls and Os. Golay has 14 alter-
nating ls and Os sent at a rate of 600bps. 

Next. the Bravo Programmer requests 
JRB/C or BAB. The JRB/C is used for two-
board Bravos. one recei ver and one de· 
coder board. The BAB is used for single-
board Bravo receivers not discussed in this 
series. JRB/C will place the POCSAG or 
Golay fo rmat in normal. BAB will place 
the format in in l'erted. 11ws<' f(mna/s re· 
quire the proper signal i11jec1io11 .fi·eq11e11cy 
i11 the recei 1·er boards. " Norma l" 
POCSAG or Golar 11.rnaUr ix trmumilled 
hy paging systems. Al/ost often. it is the 
rt'cefrer rhm is .. i111·enl'd . .. 

Sd ection of an i111·ened formal also sels 
a bit 10 signal the need w logirnlly AND 
the incoming darn stream with a /. This 
step produces a reversed image of the in-
coming s ignal (e.g .. 10010 lransmilled 
becomes 0 I I 0 I received). 

The eapcode comes next. Hidden within 
the POCSAG eapcode is the frame number 
it is ass ignc.d. Let's sec where a eapcode of 
IOJ.H>67 would be }i"<1111ed. 

Di,·ide 1034067 by 8. The quotient 
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equals 129258.375. Muhiply 1hc dcd 111al 
portiun of the ;inswer by 8. The prodtll'I of 
Cl.375 x 8 = 3. Recall that this is :ll·tually 
the -Ith j iw/I(! becnuse the f rames start a l 
true 0 and count co eicher 7 or 15. We just 
don· 1 siart councing a1 zero '. 

The heart-heat: synchronization 
Acquiring and synchronizing wi1h an 

im:orning data stream takes some snpltis ti -
ca1 ion. hut it is nicely done in 1he llravo 
pagers hy gt:nernting impulses at a regular 
rate of spet:d. 

At 5 l 2hps. there are 576 bi cs (prc.:amhk I 
+ 32 bits (frame sync) + (8 x 64 = 5 12 

(eight frames ). for a lOlal of 1.1 20 
hits per message . 
Because these 1.120 
hils take 2. 187472 

party's number). These go into RAM. 
Failing 10 match the capcodc in its as-

signed frw1w. 1he Bravo starts looking f'or 
the 576-bit preamfJ/e and the 32-bi t jiw11e 
.l'ync code. 

Lacking a pre(lmble. the Bravo drops 
into POCSAG ba11ery-.rn1•er mode. The 
receiver is turned on for 217 mi llisc1:onds 
out of every 1.047 seconds (for POCSAG 
5121 and 93 mill iseconds out of every 
1.047 seconds (for POCSAG 1.200). 

' Look what I found! ': memory display 
Once the Bravo "sounds off ... it free 

10 display Lhe convened data on 1hc liquid 
crystal display (LCD). 

seconds fo r trans-
mission. divide 
2.1 87472 by 1. 120 
to determine Lhe tlu-
ral ion of each bit ; 
2.187472 .;.. 1,120 :::; 
0.001953 I sernnds 
or 1.953 I millisec-
onds. 

By reciprocat ion. 
wc fi nd cha t the 
clock opt:r.iting at 
110.001953 1 = 
5 121-!z. This value is 
easily achieved by 
oivid ing the 
I .048576MHz time-

Acquiring and 
synchronizing with an 
incominR data strewn 

takes sonie 
sophistication., but it is 

nicely done in the Bra vo 

Recallin g the 
duta stn:am "snap-
shot" from RAM 
(by depressing the 
gray read button 
at pin 9 of UOO I ) 
involves 1wo op-
erations. The lirst 
depression or 1hc 
read button s i-
lences the ionc (if' 
it is on). Th..: s..:c-
ond 
causes th..: micro-pagers by generating 

impulses at a regular 
rate speed. 

processor 10 irans-
rcr RAM 1:on1c n1s 
into a decoder. 
and th en to the 

b:isc fre -
qucn1:y by 2.048 (a 
10-bi t shi ll). 

Sim ilarly, d ividing the 2.457600Mll z 
crystal frequency (used at l ,200bps) hy 
2.048 rcsull s in a c lock frequenc y of 
l .200Hz. By reciprocation. 111.200 = 
833.3 microseconds. the duration of ..:ach 
hit in 0.933296 seconds Cthe message lime 
a l I .200bp!>). 

Somewhere in this chip is a stage with 
1h..: single fu nction of count ing im-
pulses and signaling whe n the count 
reaches .n. For want of a belier term. call 
32 impulse5 a dick. 

Everything in the POCSAG signal for-
mat is di visible by a number or clicks. 
There are 18 clicks in the pl'l'amblt· 1576/ 
32 = 18): there is one click in the jh11111• 
.\',I'll<' and two clicks per f raml'. 

For the duration of each click, a com-
parison is made. Does the informati on in 
lhc data s1rca111 during one click match the 
11rea111/1/" ( 101010 ... J'! If so. the n::n :ivt:r b 
wrned on to recei \•e the f ramf! .n-11c If lhc 
dick window 111a1ches the first half of a 
/iw11" (the capcodc). 1hen 1he alert i, sig-
naled while 1he receiver Sta\':. on to l!el 1he 
l\CXI cl ick o r informatio;, Cthc 

display. 
U l 0'2 co nta ins 

12 8-hit rcgislers. 
These may hold as 

many as three 32-bil ll'Ords - incoming 
phone numbers - and are enabled hy use 
of' lhe prulf!CI switch al pin 45 or u I 02. As 
long as power is avai lable from pin 4 UOOI. 
1hcsc numbers remain in m<•morr . 

Electronically. 1he display rnn-
sists of the LCD driver. the LCD and a 
light switch. Another p()rtion of tht: mi-
croprocessor is used to drive the rnulli-
plcxcd display and 10 provide backplane 
ac signals. 

The.re is still more: Several ( '(111// l'll 

mt:ssages arc. avai lable when needed. as is 
a 3.2kHz audio generator to feed the heep 
speaker. 

In al l. !here is a lot o r technology 10 he 
found in the Bravo pager. 
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Servicing pagers: 
Headaches (and some aspirin) 

Part 12-Here are some tips for solving Little quirks and problems that come 
up .fi·om time to time with Motorola Bravo pagers. A computer program you 

can use to track your customers is included. 

Hy David Ludvigson 

You h:l\ e just fini shed replacing a crys-
1al and aligning a Mo1orola 13ravo pager. 
The rrequency and format problems have 
heen solved. You go 10 1he programmer 
and confidently enter the new capcode and 
answer the appropriate prompts with 
.. yes." Then you page it. 

.. I 23A456B789C" shows in the display. 
Whaaat? 

This problem is on..: of several poorly 
documented problems 1hat occur with dif-
fcrcnl ,·ersions and programming 111e1hods 
of and for the Bravo pagers. 

Certain .. hidden .. progranulling options 
can remove those i111crfcring lcuers. as 
wdl as 1hc annoying chirp !hat sounds 
when the Bravo is "'reminding .. you to read 
:111 unread message. 

When trying lo program a scrics of pag-
ers simultaneously. 1he leners .. PRC .. may 
appear on the programmer display. To fix 
1ha1 error. from 1he sdec1ion page just 
preceding 1he Rl:ADY TO l'NOGHAM? 
prompl. depress 0 cmd 9 on the program-
mer simultaneously. This slep places you 
in another page of programming options. 
(Sec lhe operator's sec1iun of !he manual 
for a full description of what the initials 
mean.) II is important tlu11 the /JS\IR (hal -
tcry-saver) option be enabled. so emer Yin 
response to that promp1. 

The page of options 1ha1 follows con-
tains the single c111ry PRC. Eniering N (no) 
here removes those interfering lcners from 
1he Jisplay. The next page again prompts 
li1r Rl::ALJY TO PROGRAM! 

Customers often complain of 1hc 1110-

111c11tary chirp that precedes vihration 
when lhc pager is in ils vibnilion-alert 
mode. Use 1he Bravo Progranum.:r 10 read 
1he pager's programming. Under OP · 
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TIONS. the SMC promp1 is followed by 
Y. which means that the silent mode chitp 
(SMC) has been enabled. Change the Y 10 
N. and 1he problem is solved. 

Recall what has been wriuen about nor-
mal and i111·er1ed code formats. It is a good 
idea to 1es1 the pager with your code-box 
just to make sure lhe cude format is cor-
rect. If you have lO switch signal polarity 
to causi: the pager H> respond. then reverse 
your DI scleclion . 

Somc1imcs. the <.Jutput signal al MI will 
look dead. even when you are belling it 
with 1 OV of RF signal. Recheck the first 
conversion crystal frc<1uency. It is possible 
that you are using a 45MHz offset crys1al 

Pager . . 
P;ir,1 I i. "Btiild a 

1994: (All . . .. , . · r ,,, · : 
Pait 2: ''Btiild An 'lFFER; ... f.ebniary 1.994 .. 
· (Bravo. Bravo Plus, B"rayc; EXp:fess.): 
Pa113: "Frequencies, Coding Forrri:it.S, March 

1994. (Bravo.) · 
Pan 4: ·'From Bench To ProgramlT)er;" April 

1994. (Bravo.) 
Pa11 5: ·"The Receivers:' May (Bi:avo.) 
Pan 6: "Elegant Simplicity,". ·J:tine 1994. 

(Bravo.) '' ,. 
Part 7: ".Pi:oblems In Paradise," :fuly 1994. 

(Bravo.) · · .. . . 
Part 8: Au-

gi1st 1994. (Bravo,) : · 
Part 9·: " 150MHz Receivers;" September 

1994. (Bravo.) · 
Part 10: '·Tales Crystal Tell . _ .... Oc-

tober 1994. (Bravo, Bravo Plus, Bravo 
Express.) 

Part 11: "Microprocessor Boarq;'.November 
1994. (Bravo.) 

Part 12: "He:1daches (and Some Aspirin)," 
January 1995. 

Back issues printed within the past two 
years can be 01:dcred f9r each, postpaid. 
Call customer service at 800-44r-0294.· ls-
sues printed more than two .years. ago and 
individual article photocopies are unavailable 
from 1he publisher. 

in a 17. 9MHz receiver board (or vice-
vcrsa). The oscillator cannot work so far 
from its intended frequency. 

Several crystal manufac111rers support 
the Brnvo. I was doing fairly well in find-
ing crystals, and then my supply improved 
when I found Crystronics' .. rocks." Fig-
ure I <.Jn page 32 lists the company's 
codes for VHF through 900MHz crystals. 
Call the company al 305-566-6949 for 
further information. 

Tracking customers 
When a mcrcham begins 10 deal in pag-

ers. he may discover rapidly that he needs 
a means of keeping track of his customer 
base. Generally, as long as h..: does not 
exceed 200 customers. he can handle cus-
tomer records with a Rolodex file. With 
more than 200 c.ustomers, !hough. it is time 
to look for a decent bookkeeping program. 

After looking around for several 
months, I finally decided there was no 
software available that was designed for 
pager information filing. Several pro-
grams merely laid information down on 
th..: disk, and the user had to define 
whether his input was in the .. Pager Num-
ber" or .. Capcode" field. Then you could 
1widdle your thumbs while 1he disk found 
a match. The occasiomtl "double number" 
problem (where two cuswmers have the 
same capcode and pager number) was 
frustrating with some software because it 
would find the first match and just stay 
1herc 1 It was not possible to get beyond 
the first collision of matching data to find 
out what was on the other side. 

Then. there was the issue of how ornate 
the software had to be. Were alternating 
color bars really necessary. or just a 
screen with information? How much of a 
han.J disk drive would be <.iecupied with 
aclual data. and how much would he used 
to crunch color and loca1ion information 
as ii printed the data to a parlicular spot 
on the screen? 



I decided to write my own software in 
a (Beginnds Symbolic In-
struction Code) programming language 
called BASICA to see which would do the 
best. Th..: r..:sults were surprising. 

He<lvy-duty databases use a separute 
data ti le where the information lies in w<1 it 
to be displayed on the screen. Whenever 
you search for some data. this file is inter-
rogated until a match is found. starting at 
your first file and marching through each 

file. one at a time. As your database in-
rreases. this search can become a huge 
task . One version of this sort of program 
uses nearly 3 mil lion bytes of stor;igc for 
the nearly 2.000 customers at JJ Sounds 
and Communications. South Houston. TX. 

My QWrl method is mure conservative. 
No flashing colors. no neon, just basic 
business. The same 2.000 customer tiles 
and the program occupy only 650K of disk 
space. 

EUMINATE BACKGROUND 
NOISE IN A SNAP! 
THE 5971' - PERFECT FOR HIGH NOISE El\MRONMENl'S. 

Shure's new 592T handheld electret oondenser micro-
phone is lhe only lond mobile microphone with patenled 
noise-ooncelling technoloqy. The 592T also hos 
low onJlow susceplibilily b 
quency i . All this provides aisp and dear oom· 
muniootion - evef'I in lhe noisiest environments. 

Like all Shure microphones, lhe 592T feolures 
a Million C)'de Plus"" leaf.type switch for longer, trouble-
free use and a virlvolly Anno-Dura' oose. 

MOOUUNK" TECHNOLOGY - MAKES CONNECTION AND 
CORD REPlACEMENT A SNAP. 

The 592T is port of Shure's patent-
ed M.oduUnk Sysrem 1. .MOdular 
cordsets allow the 592T lo plug 
inslontly inb virtually all popular 
rodio lronsceiven with 00 hard-
wiring, making insbllotion ond 
cable replacement lilerolly a snap. 
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The grinding of the hard drive is broken 
into 12 nearly identical programs that have 
been "chained" together. each calling the 
next in sequence. Information is presented 
in an easy-to-edit fashion. and a 12-year· 
old could etisily update the program. 

When entering data, eight fields are used 
in ench fi le: AZ$ is the pager phone num-
ber; N is the line number in which the dntn 
have been entered for this pager; CC$ is 
the capcode for the pager; NM$ is the 
cuswmer name; AD$ is the rate and month 
rental charge; CT$ tracks special features 
such as voice mail or statewide coverage; 
ST$ is the month-to-month payment due 
date; and NT$ is used to keep track of 
various notes. such as our own registration 
number, price paid and when the pay-
ment w;is received. 

Often. we receive payment by check, 
with no more information than a name 
and address. Perhaps the most powerful 
portion of this program is found in the 
MID) (midstring) fu nction. which allows 
names ( fi rst. last and whole name) to be 
found by the program. 

Pagcrfilcs 
The Pagertile program uses a universal 

entry format to allow the user merely to 
type in whatever information he has-
without specify ing the field-and the pro-
gram finds the match{es). 

Pagcrliles contain-within themselves-
the DAT A statements that penain to your 
customers. These statements are edited by 
the screen editor. and doubly resaved so 
there is a backup copy of the files. Each 
Pagcrlilc starts out about 5.5K long, but it 
can grow rapidly, so it is a good idea to 
install the program on a hard disk drive. 

Hard copy receipts may be generated with 
Pagcrlilcs. Automatic "next payment due" 
mathematics are performed within the pro-
gram and printed on the receipt. Embedded 
commands allow the user to print files for 
customers wilh past-due 

Current versions of Pagerfiles arc 
"chained .. through 12 programs. each ca-
pable of 200-250 customer fields. This 
capacity represents 2.400 to 3,000 custom-
ers. With s light modifications Lo the pro-
gram. Pagcrfiles could be extended to sev-
eral hundred programs. each capable of 
handling 200-250 customers. 

Written in BASICA. the essential 
progrnm is adapted easily to any IBM-
compatihlc computer offering a version of 
BASIC. which is usually bundled with the 
disk operating system (DOS). 

It is important to note the presence of 
the ··c:cho·· copy. thu s dou bling the 
memory requirements of the noppy disk 
or hard disk drive. Ten full copies (and 
"echoes") of fit nicel y on a 



1.-1-IMb floppy diskelte and take care of 
2.000 to 2.500 customers. 

Depending on the microprocessor speed 
and har<l drive access time. Pagerfiles 
sorts through 2.000 customers in about 4.5 
sccr111ds on a '486. 33Ml-lz computer on 
the hard disk drive. Using a 5.25-inch dis-
kette. th.: same machine takes 12 seconds. 
Speed is a question of machine and stor-
age media. 

D:ua .:ntry consists of structuring your 

files around the format given (i.e ., pager 
number. line number from the program, 
capeocle. name. rate per month. features. 
monthly due date and miscellaneous and 
search information). Once this informa-
tion is i:ntcred. begin entering data at line 
500. (Sec program on page 36.) 

Other special features may be embedded 
in Pagerfiles. Various portions of the NT$ 
may be used to indicate unassigned or inac-
tivated pagers. A bit of imagination with 
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Pagertilc, gti.:' ;1 long way toward achie\·-
ing a bctt.:r Rolodi:x index tile. 

Also included in Pagerfiles i' a labor-
saving routine that determines from the 
data exactly when payment is due and di-
als the pager number. The program down-
loads into any Hayes-compatible modem 
to leaw a .. get back lo me" phone number 
chat is programrn..:<l by lhe user. (See lines 
92-116 in the program listing.) 

When using BASICA. it is necessary to 
reset the dale anti time calendar-clock to 
print an accurate receipt. With BASICA 
running, type PRINT DATE$ and hit RE-
TURN. The value or DATE£ is printed. 
To change it. type DATE$="mrn/dd/ 
yyyy" (with mm. dd and yyyy standing 
for month. dale and yearl and hit RE-
TURN. To change the time. type PRINT 
TIMES and hit RETURN. The value of 
TIMES will app.:ar. To l'hange it. type 
TlMES="hh/mrnhs (with hh. mm and ss 
standing for hours. minutes and seconds 
in a 24-hour clock format) and hit RE-
TURN. This step sets the internal calen-
dar and clock. and th..: information will be 
printed on each receipt. 

A doeumen1ed copy of PGRFILE I is 
included with this article. and anyone is 
free to adapt, modify or use it. Copies of 
PGRFlLES arc available for a $15 chet:k 
or money order. A progr;1111 called PGFO 
contains documentation or the program. 
and an INFO l'ilc provides an overview. 

The followin!:! lines 11111s1 be written 
carefully to allow lhc programs to chain 
properly: line' 12. 14. 10. 14. 66. 74. 78 
and 100. Linc 1-1 informs the user \\'hich 
Pagerfile is being used. The remaining 
lines handle the chaining operations. 

Pagerfiles arc prn\·ided on 5.25-inch 
diskeues (formalled for .\60K> and 3.5-
inch diskettes ( l'onnaltcd for l.44mB) for 
lBM-co rnpatihk comrrntcrs. Indicate 
which version you need. Send to: David 
Ludvigson, 3 18 Avenue 13. South Hous-
ton, TX 77587. 

For readers interested in a Windows-
s1yle bookkeeping anti hilling 111c1hod, I 
recommend a program called PAGE-
KEEP, available from Electronic Informa-
tion eXchange tEIX). This panirul;ir soft-
ware generates n.:ports and has numerous 
options as muhi-user capability. 
auto-page. o,·cr-call management and au-
1orna1 ic data ..:xchangc. which pro\·ides an 
instant compari,Pn between your records 
and those of the billing company. For 
further information. call 7 13-765-7-100. 

Acknowledgement 
I would like to the nrnnagernent and staff 

of JJ Sounds and Co111mu11ica1ions. South 
Houston. TX. for their help with this 
project. Tel.: 713-944- 181.1. 



Squelch your Voting System problems 
with a CTI Comparator Display 

Voting 
Comparators 

Local. Leased,°' 

Remole Comparat0< Concenlrator 

Features: 
• Displays voting sytem and receiver status on local PCs, 

remote PCs, or consoles. 
• Disables faulty receivers remotely -

without making a trip to the comparator. 
• Logs receiver failure history with time and date stamp. 
• Helps diagnose system problems fast. 
• Great for finding intermittent problems with receivers 

and wirelines. 

Compatible with: 
• Conventional and Trunking systems 
• Motorola Digitac, Spectra-TAC, and TAC comparators 
• Ericsson I G.E. Analog Voters 

COMBINED 
_,, TECHNOLOGIES, INC. 

1211 W. Sharon Rd., Cincinnati, OH 45240 
(513) 595-5900 
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CRYSTRONICS PART# AND FREQUENCY 
. . . 'REFEflENCE CHART 

.. •.• "', .. ,.,' ;;· 
. . \ ALL 

LOW UHF 900 
BR110001-35.2001L BR310001-454.025 BR410001-929.3625 
BR110002-35.2201L BR310002-454.050 BR410002-929.3875 
BR110003-35.240/L BR310003-454.075 BR410003-929.4125 
BR110010-35.500/L BR310004-454.100 BR410004-929.4375 
BR1 10011-35.540/L BR310005-454.125 BR410005-929.4625 
BR120011-35.540/H BR310006--454.150 BR410006-929.5625 
BR110012-35.560/L BR310007-454.175 BR410007- 929.6375 
BR110013-35.580/L BR310008-454.200 BR410008-929.6625 
BR120013-35.580/H BR310009-454.225 BR410009-929.6875 
BR 110014-35.600/L BR310010-454.250 BR41001o-929.7125 
BR120017-43.200/H BR310011-454.275 BR410011- 929.7375 
BR110019-43.240/L BR310012-454.300 BR410012-929.7625 
BR120019-43.240/H BR310013-454.325 BR410013-929.7875 
BR120022-43.340/H BR310014-454.350 BR410014-929.8125 
BR120024-43.420/H BR310015-454.375 BR410015-929.8375 
BR110028-43.560/L BR310016--454.400 BR410016-929.8625 
BR120028-43.560/H BR310017-454.425 BR410017- 929.8875 
BR120029-43.580/H BR310018-454.450 BR410018-929.9125 
BR120031-43.620/H BR310019-454.475 BR410019-929.9375 
BR120033-43.680/H BR310020-454.500 BR410020-929.9625 

BR310021-454.525 BR410021-929.9875 

VHF BR310022-454.455 BR410022-931.0125 
BR310023-454.575 BR410023-931.0375 
BR310024-454.600 BR410024-931.0625 

BR210001-152.030 BR310025-454.625 BR410025-931 .0875 
BR210002-152.060 BR310026-454.650 BR410026-931 .1125 
BR210003-152.090 BR310027-462.750 BR410027- 931.1375 
BR210004-152.120 BR310028-462.775 BR410028-931.1625 
BR210005-152.150 BR310029-462.800 BR410029-931.1875 
BR210006-152.180 BR310030-462.825 BR410030-931.2125 
BR210007-152.210 BR310031-462.850 BR410031-931.2375 
BR210008-152.240 BR310032-462.875 BR410032-931.2625 
BR210009-152.480 BR310033-462.900 BR410033-931.2875 
BR210010-152.510 BR310034-462.925 BR410034-931.3125 
BR210011-152.540 BR310035-465.000 BR410035-931.3375 
BR210012-152.570 BR310036--464.975 BR410036-931.3625 
BR210013-152.600 BR310037-457 .575 BR410037-931.3875 
BR210014-152.630 BR310038-452.130 BR410038-931.4125 
BR210015-152.660 BR310039-455.500 BR410039-931.4375 
BR210016-152.690 BR310040-452.650 BR410040-931 .4625 
BR210017-152.720 BR310041-457.975 BR410041- 931.4875 
BR210018-152. 750 BR310042-454.550 BR410042-931.5125 
BR210019-152.780 BR310043-464.700 BR410043-931.5375 
BR210020-152.810 BR310044-456.375 BR410044-931.5625 
BR210021-152.840 BR310045-464.375 BR410045-931.5875 
BR210022-154.625 BR310046-452.750 BR410046-931.6125 
BR210023- 157.740 BR310047-453.125 BR410047-931.6375 
BR210024-158.100 BR310048-456.680 BR410048-931.6625 
BR210025-158.460 BR310049-463.200 BR410049-931.6875 
BR210026-158.700 BR310050-463.250 BR410050-931.7125 
BR210027-152.420 BR310051-449.675 B R41 0051-931. 7375 
BR210028-159.855 BR310052-464.350 BR410052-931.7625 

BR210029-152.0075 BR310053-454.6125 BR410053-931.7875 
BR210030-153.710 BR310054-445.600 BR410054-931.8125 
BR210032-155.280 BR310055-445.675 BR410055-931.8375 
BR210042-152.650 BR310056-445.825 BR410056-931 .8625 
BR210046-153.605 BR310057-445.950 BR410057-931 .8875 
BR210053-152.500 BR310058-462.625 BR410058-931.9125 
BR210056-150.635 BR310059-462.200 BR410059-931.9375 
BR210059-151.190 BR310060-462.350 BR410060-931.9625 

The first two characters of the model number BR = Bravo; 
BE= Bravo 17.91F (900 band). The last two digits represent a 
specific frequency and is common for all models. 
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Servicing pagers: 
Mixed signals 

Part 13-Check pager alignment ajier a customer has used a new pager for 
a week and listen to the paging system regularly for signs of trouble to 

make yourself extra valuable to the airtime supplie1: 

By David Ludvigson 

To this point in the pager servicing ar-
ticle series, various pitfalls and problems 
that occur with Bravo pagers have been 
discussed. The following information de-
scribes some other "disturbances" not pre-
viously covered. 

After changing a crystal in a Bravo 
pager, it is wise to have the customer bring 
the unit back after about a week to check 
the alignment. There is a natural tendency 
of a crystal to age, which may cause it to 
wander from its original frequency. This 
phenomenon is especially noticeable with 
Bravo pagers that use 17.9MHz IF receiv-
ers operating in the 930MHz range. The 
operating frequency also is adversely af-
fected by changes in ambient temperatures, 
so as the seasons change. expect a sudden 
influx of alignmcni work orders. 

Beyond local control 
Frequent "hookups" (setting up new 

customers to receive messages) require a 
paging network to maintain vast quantities 
of capcodes and associated telephone lines. 
Having these. the supplier also must de-
liver a radio signal to geographic areas that 
suit the customers' needs. Theoretically. 
all the equipment and data will provide 
reliable service-but there may be other 
problems. 

As the reseller's customer base grows, 
confusion may result: capcodes may suffer 
from "dyslexia;" pager telephone numbers 
may be confused or duplicated; and trans-
mitters may fail. More unusual problems 
may arise, too. 

As a paging service grows, the need to 
expand current services may conflict with 
the existing structure. Thus, in spite of a 

Ludvigson is a technician in Houston. 
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technician's loud insistence that "this 
capcode has to be working" (and the 
network representative asserting that "it 
should be"), it usually is discovered that 
expansion (or some other work) has 
caused inadvertent shut-downs of sev-
eral capcodes-at the network's end. A 
capcode generator and an alignment of 
the pager have produced reliable opera-
tion, but the switchboard required at-

Pager servicing series 

Part I: "Build a Shielded Room," January 
1994. (All pagers.) 

Part 2: "Build An 'IFFER,"' february 
1994. (Bravo, .Bravo Plus, Bravo 

Part 3: "Frequencies, Coding Formats, 
March 1994. (Bravo.) 

Part 4: "From Bench To Programmer," 
April 1994. (Bravo.) 

Part 5: "The Receivers," May 1994. 
(Bravo.) 

Part 6: "Elegant Simplicity," June 199.4. 
(Bravo.) 

Part 7: "Problems In Paradise," juJy 19,94. 
(Bravo.) 

Part 8: "406MHi-512MHz Receivers," 
August 1994. (Bravo.) 

Part 9: "150MHz Receivers," September 
1994. (Bravo.) 

Part 10: "Tales Crystal Filtei:s Tell ... ," 
October 1994. (Bravo, Bravo Plus; Bravo 
Express.) 

Part 11: "Microprocessor Boai-dt'Novem-
ber 1994. (Bravo.) 

Part 12: "Headaches (and Some Aspirin)." 
January 1995. (Bravo.) 

Part 13: "Mixed Signals," February 1995. 
(Bravo.) 

Back issues printed within the past two 
years can be ordered for $5 each, postpaid. 
Call customer service at 800-441-0294. Is-
sues printed more lhan two years ago and 
individual article photocopies are unavailable 
from the publisher. 

tention to make the proper connection. 
Technicians who are always listening to 

their airtime suppliers' frequencies usually 
are quick to notice impending problems. 
In September 1993, a noticeable "pinging" 
was heard in a signal from one of 
Houston's largest airtime suppliers. I sug-
gested that the transmitter' s voltage-
controlled oscillator (VCO) was introduc-
ing distortion. Tests conducted with the 
transmitter circuitry off-line and under 
ideal conditions revealed proper wave-
forms. When the transmitter was placed 
back on the air. though, the waveform dis-
tortion returned. A new VCO assembly 
was required to tame the problem. 

Unfortunately, not all problems are con-
sistent. Tracking the source of countless 
"error" messages in pagers caused one 
Houston airtime supplier to lose many of 
its resellers. Intermodulation distortion 
was entering the data stream at the satel-
lite receiver and cutting data to ribbons. 
With the intermittent nature of the prob-
lem, tracking the source was extremely 
difficult. The solution was expensive be-
cause it involved new sites and accompa-
nying transmitters. 

Sometimes, the problem might be local-
ized. A paging transmitter sometimes will 
fail , leaving a large territory without serv-
ice. Listening to the monitor revealed that 
the distant paging transmitters were oper-
ating, but the local one seemed to be dead. 
A thunderstorm had flooded a transmitter 
location in south Houston. 

Service technicians who take time to 
listen to their supplier's frequencies can 
be helpful when they contact service em-
ployees at the paging company to report 
unusual system operation. Remote trans-
mitter monitors may report a system is 
working fine, but they cannot report the 
presence of intermodulation distortion. 
Furthermore. varying weather conditions 
may also cause signal fading. 



NOW AVAILABLE 
ff om the 

MOTOROLA 
"FLIP PHONE" CRADLE "iii?T •• 

SMC Model 612FC 

Fits Most Models of the 
Popular Motorola "Flip 

Phone" Line 

Works With Both 
Standard Battery 

Pack and the Battery 
Eliminator 

• Special Design Securely Locks Phone in Place 

• Quick Release Button for Easy Removal and 
Reinstallation 

The- Motorola 'flip Phone .. w11h 
lhc SMC 106T Moun I 

Call your SMC Account Manager 
TODAY to find out about our 

"Introductory Order Specials"! 
m ELECTRO·MOUNT

1 
'providing solutions to all your installation challenges· 

P.O. Box 1607 •Tomball. TX 77377 • 1·800-527-1079 •Fax: (713) 356·0099 
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FREE Introductory Mobile Antenna 
of Your Choice 
Seeing is believing. That's why we want to send 
you a sample of our new premium quality LMR 
antenna line. You'll see for yourself that Midland 
is the better value. 
• Gold-plated contacts and connections, solid 

brass rings and assemblies, stainless steel 
mounting hardware - eliminate corrosion that 
robs your antenna of its power, dependability 
and longevity 

• Heavy-duty steel whips flex less, maintain opti-
mum range and performance 

• Silver-plated coax connectors deter interfer-
ence from unwanted signals 

Just fill out the coupon and FAX the magazine page to us or call. .................................................................... ........ ..... 

YES rm interested in your new antennas 
and qualifying for a FREE sample. 
(Fits standard 3/4" mount) 

OLAN d ll.V01oJ 
LAND MOBILE RADIO t...::UVLllJll 

The smart way to go. 

AgencyiOrganization::--- --- -----------
Address:: _____________ ______ _ 

City, State. Zip: _________________ _ 
Tolephone: _ _ _ _______________ _ 

Limit one free antenna per agency or organization. 
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In U.S.: 
Phone HOO/MIDLAND 

Ext 1690 
FAX: 816/920·1144 

In Canada: 
Phone 905/1139· 1700 
FAX: 905/839·7411 

M 

With the proliferation of 930MHz as-
signmems has come the considerable prob-
lem of 1ransmitter noise. In heavily popu-
la1ed areas. 1ransmit1cd signals tend to 
overlap one ano1her. causing desensitiza-
tion at the receiving pager. (Sec "Techni-
cally Speaking-Transmiller Noise" by 
Harold Kinley, C.E.T .. in the September 
1993 issue. p. 8. for an indication of the 
headaches tha1 may occur a1 transmil!er 
sites.) In Houston, where many pager us-
ers arc often directly beneath paging trans-
mitters, channel spacing vs. pager sensi-
tivity may become a critical issue. Re-

Another issue often 
found in synchronous or 
simulcast paging systems 

is the problem of 
synchronizing the very 
start of the message at 

the preamble or comma. 

ceiver designers will attempt to narrow the 
pager's bandwidth (at the IF) to allow re-
ception in the presence of a strong adja-
cent-channel signal, but this places strin-
gent requirements on receiver local oscil-
lators for frequency stability. 

Another issue often found in synchro-
nous or simulcast paging systems is the 
problem of synchronizing the very start ()f 
the message at the preamble or comma. 
The alternating 1-0 pattern of POCSAG 
coding could easily become confusing to a 
pager located mid-way between two out-
of-sync transmitters. Al 5 I 2bps, this con-
dition could occur in as little as 1/m of a 
second. It gets worse as the bps rate is 
increased' Various proposals have been 
suggested (such as specific codewords) to 
minimize this problem. although imple-
mentation would require a totally new 
approach, as well as new pagers. 
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Servicing pagers: 
Essential differences 

Part 14-Here are some tips fo r programniing Bravo Plus and Bravo 
Express pagers, including computer and storage media selection, hardware 

connections and software installation. 

BRAVO PLUS 
P.ROGRAMMING 
FIXTURE 

(A) 

BRAVOPPS 
SOFlWARE 

AC 
ADAPTER 

NLN 3640A 

(B) 

BRAVO EXPRESS 
PROGR.AMMING 
FIXTURE 

NLN 3723A 

J RJ-11 
CONNECTOR 

/ 

BREXPPS 
SOFTWARE 

COILED CORD 
TO EITHER 
UNIT, ABOVE 

PART NO. NLN 3548B HARDWARE 

(C) 

PC AT/XT OR 
COMPATIBLE COMPUTER 

(NOT PROVIDED) 

The NLN 3548 series hardware connects between the computer and the appropriate hardware and 
software for either the Bravo Plus or the Express. All three items (both fixtures with their software. 
and the interface) are available from Motorola for about $300. 

Figure 1: Programming fixtures are used to hold the Bravo Plus (A) and Bravo Express (B) pagers. 
The equipment configurat ion is shown at (C). 
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By David Ludvigson 

Unlike the Bravo pager, the Bravo Plus 
and Bravo Express pagers are capable of 
more than merely receiving pages and dis-
playing basic information in the window. 
One big difference is a 12/24-hour clock 
with a time stamp. The clock and time 
stamp features (although not essential to 
pager operation) provide something for the 
microprocessor to do while waiting for 4 
paging message. 

View from the programmer 
Plus and Express programming requires 

more sophistication than the Bravo. In 
this case, the user wi ll need an 
compatible computer with al least 360K 
of resident RAM (user suppl ied) and the 
programming interface and software (pro-
vided by Motorola). The necessary hard-
ware and software are packaged under 
Motorola pan number NLN 3548B. The 
NLN 3640A includes diske ttes for 
Bravo Plus and the necessary interfac ing 
hardware to match the pager to be pro-
g rammed. Similar ly . the NLN 3723A 
package contains software and a test fix-
ture lo mate with the Bravo Express. 

The NLN 35488 requi res the use of one 
of the RS-232 seria l pons found at the 
of the computer, defined by the user in the 
SETUP progrum when saved to hard disk 
or diskette. It is suggested that the default 
names be used to access the program. i.e., 
BRA VO P PS for Bravo Plus. and 
BREXPPPS for the Bravo Express. 

Depending on what is connected to your 
computer. it may be convenient lo use 
C OM PORT I for a printe r anti COM 
PORT 2 for the programmer. In this man-
ner. PGRFILES (or any other bookkeep-
ing utility program) will not collide on 

Lud"igson is a technician in Housto11. 



the RS-232 lines. (PGRFILES was cov-
ered in Part 12 in the January 1995 issue.) 

There is one quirk with the Bravo Plus 
and Bravo Express software. The Bravo 
Plus software rnns well at 33MHz; both 
reading FROM and writing TO the Bravn 
Plus may be done at Turbo speed. Pro-
gramming the Express. though. requires 
defeating the Turbo feature of most high-
speed computers. The software can READ 
the pager fine at Turbo speeds. but WRIT-
ING to the Express requires a slower 
speed. Mntorola has a software remedy for 
this problem. available for the asking. 

Software protection is an option in these 
programs. Passwords can be placed in front 
of the main body of the program. prevem-
ing unauthorized use. Similarly. a pass-
word may he embedded in either the Plus 
or Express to prevent others from reading 
or overwriting the data you have entered. 
As you will discover. there are 10 spaces 
in the ENTER PAGER PASSWORD 
frame. Each space may be filled with any 
letter, number or some punctuation marks. 
Because there are 26 letters. I 0 digits and 
numerous punctuation marks. the possibil-
ity of exactly matching an unknown string 
is exceedingly remote-and you only get 

six or seven attempts to do so! Unofficial 
(non-lvlotorola) hardware and software 
adaptations have been developed that al-
low the user tO defeat the password protec-
tion. Password-removal equipment may be 
purchased from Viamtel, 2909 Fannin. 
Houston. TX 77002. 713-750-0007. 

Hardware connections 
An ac adapter provides the required 

operating voltages for the interface unit. 
Attached by means of RJ- I I connectors, a 
mechanical interface consisting of a 3-pin 
electrical connector and a form-fitting 
pager nest provides the terminals for com-
municating daw to and from the pager. 
(See Figure I on page 66.) The mechanical 
interface is changed to match either the 
Bravo Plus or the Express. 

Software installation: Bravo Plus 
Provided with the NLN 3640A are the 

necessary diske11es (both 51.4-inch and 
3Y2-inch) that turn the computer into a 
programmer. 

Bring up the drive-prompt (A>). Insert 
the proper diske11e into the A drive. Verify 
the drive by typing A: and hit ENTER. 
Behind the A prompt. type SETUP and hit 

The Kink Is Dead. 
Working with corrugated cable can be a royal pain. 
It kinks. It's not flexible. It can cost you time 
and money. 

LMR Coaxial Cable won't kink. So, your system 
installs much easier, and you'll save money. You'll 
get the optimum performance you expect, with 
comparable loss. 

You'll find it in a size just right for your next 
installation. Call: 

1-800-TMS-COAX 
for a distributor near you. 

Long Live LMR. 
The No Kink Cable. 

--TIMES ,r MICROWAVE SYSTEMS 
P.O. Box 5039. Wallingford. CT 06492 
(203) 949·8400 • FAX: (203) 949-8423 
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ENTER. Copyright and version number 
will be displayed along with a .. hit any key 
to continue·· message. Doing so will bring 
up a selection screen where you decide 
whether you will be using backup floppy 
copies of the software or installing it on a 
hard drive. 

... a password m.ay be 
enibedded in either the 

Plus or Express to 
prevent others from 

reading or overwriting 
the data you have 

entered. 

Assuming use or the hard drive, merely 
hit ENTER or RETURN after reading the 
first page of che SETUP program. Page 
two asks for verification of the destination 
drive for the program. h it the hard drive? 



If you answer YES, the program will 
prompt for PATHS and PATHNAMES for 
your program. Because the program is on 
the A drive and you wish to place it on the 
hard drive (usually "C"), your source drive 
is A <tnd the destination drive is the C 
drive. 

The BRA YOPPS.EXE file will suu1 on 
the C drive, so the program path will origi-
mue (111 C: . The archive files (BPLUSARK) 
and help files (BPLLJSHLP) are "child" files 
called by BRA YOPPS.EXE. Unless you 
know how to use paths and pathnames, I 
suggest simply hitting ENTER when the de-
fault names are highlighted-it is easier that 
way. and the names are odd enough to avoid 
accidental over-writes. 

Next. the COM PORT is selected. As 
mentioned earlier. I use COM PORT I for 
my printer. so COM PORT 2 is assigned 
for the interface. It should be noted that 
resident software for fox or modems might 
occupy v;irious COM PORTS, so someone 
who k11nws might be helpful in determin-
ing what is available and how lo gel to it. 

Ok. password lime . .. (sigh!) If you are 
paranoid. enter your magic password in the 
blank. If not. leave it blank. (Mega-sigh!) 
The password will prevent unauthorized 
use of your computer as a means of pro-
gramming Bravo Plus pagers. 

No hard drive'? 
If you have no hard drive, get into your 

DOS version of DISKCOPY and make 
copies of both disk I and disk 2. labeling 
them appropriately. 

Erner the SETUP program by answer-
ing N lo the " Is this setup correct?" ques-
tion at the bottom of the screen. Place 
your c:opy of disk I in the B drive and 

your copv of disk 2 in the A drive. 
At the DISK #I DRIVE prompt. emer 

B. Ai the DISK #2 DRIVE prompt. emer 
A. Hit the ENTER key as the default paths 
arc highlighted. and select your COM 
PORT and PASSWORD as outlined 
above. If you have followed these direc-
1ions. or if you are content with your 
ch\)ices, answer Y to the query at the bot-
tom of the screen. The drives will grind 
for a few seconds as the appropriate files 

E-X-T-E-N-D 
YOUR EXISTING RF COVERAGE 

USE: 
Patented signal taps 
On Frequency Radio Repeaters 
Booster amplifiers, Line amplifiers 

and the 
EXPERIENCE OF THE COMPANY 

that specializes in RF extension systems 

arc marked and transferred from one io the 
other. 

S1ar1ing the diskette version of 
BRA YOPPS will require placing the copy 
of disk 2 in drive A and the copy of disk 
I in drive B. At the A> prompt , enter 
BRA VOPl'S. Unless you have protected 
your prngram with a password, the 
Motorola copyright notice and "hit any 
key . . . " message will appear. If the pro-
grnm has been password-protected, you 

KA VAL 
RGI FHOtR 
TO $£C:UA.rrY 
Of,tel 

ELECTRONICS INC. 
1637 Brentwood Crossing, Conyers, GA 30208 (404) 918-9750 fax (404) 918-9749 ""OE•c•ou"°S><°""'HGeOttCOURSE 
401 Alden Road, Unit 11, Markham, ON l3R 4N4 (905) 940-1400 fax (905)940-1402 
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WAR 
Call Ray Dashner today 

at 800-545-1349 
for blowout Tone Panel 

JHicincrl y t>• 

f) 
Here are some of the 
reasons our TP-154 is 
your best choice ... 

•Lowest Price. ,-0' 
• 50 CTCSS Tones. 

• 104 DCS Codes. 

• Front Panel Display. 

• CTCSS TRACK"' 
gives best sensitivity 

• Unbeatable 
performance. Q 

• More programability 
than any other panel. 

Andmore! ¢ 
IMMEDIATE DELIVERY 
ONE YEAR WARRANTY 

CSI is a rn9is1cred uadoma 1k 01 Connect Systems Inc 
Circle (69) on Fast Fact Card 
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will have to enter your password hefore 
the program will let you in. 

Similarly, starting BRA YOPPS from the 
hard drive will require entering 
BRA VOPPS at the C> prompt. Enter your 
password, if required. and you will be at 
the copyright notice. 

Software installation: Bravo Express 
In general , installation of the Bravo Ex-

press software is identical to that of the 
Plus. 

With the SETUP diskette in drive A. 
type SETUP behind the A> prompt. The 
same options as presented above will ap-
pear on the screen, allowing you to exit 
and make copies using DOS DISKCOPY 
or proceed to install the programs on your 
hard drive. You will be prompted for 
your COM PORTS and PASSWORD. If 
the Bravo Plus software works well , enter 
the same COM PORT as you used previ-
ous ly. As noted earlier. diskette working 
copies will end up with diskeue copy I in 
drive B and diskette copy 2 in drive A. 
The use of default paths and pathnames is 
encouraged. 

Having successfully installed the soft-
ware, type BREXPPPS at the drive prompt 
and hit ENTER. Enter your password (if 
used) and begin programming the Bravo 
Express. 

Acknowledgement 
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Servicing pagers: And you 
shall receiver knowledge • • • 
Part 15-Details about the Bravo Plus and Bravo Express 928MHz-932MHz 

NRF4101 receiver boards include some tips to make testing easier and 
faste1: As with the Bravo, the 17.9MHz IF units have critical adjustments. 

By David Ludvigson 

The NRF 4104 recci ver board for 
928MHz-932MHz Bravo Plus and Bravo 
Express pagers comes in two basic Ila-

ANTENNA 
MATCHING 
NEJ)V'ORK 

* 

RF PREAMP 

vors-17.9MHz IF and 45MHz IF ver-
sions. Past a11icles on the Bravo have dealt 
extensively with the frequency stability 
and other characteristics of these two IF 
blocks. (See Part 7, "Problems In Para-
dise:· July 1994 issue.) 

8·PIN 
INTERCONNECT 

Basically, the 45MHz IF board is less 
critical of adjustment than the 17.9MHz 
board. This difference stems from: 

Ludvigson is a technician in Houston. 

2ND 
OSCILLA 

TOR 

-1 
I 
I 
I 
I 
I 
I 
I 
I 

o.;.._-r--'---....-' I 

vxo 
0554 

11 TAIPLER 

I 
I 
I 
I 
I 
I 
I 
I 
I 

0553 

SWITCHED VCC LINE 

TUHED TO 
4TH 

HARMONIC 
OF XTAL 

SWITCHED 
VOLTAGE 

REGULATOR 

I I 
..i--t-------- - -.._--_-____ __._ - - - - _I 
0556 
PASS 

TRANSISTOR 
•SEE TEXT 

USSt 

Figure 1. This block diagram represents the circuitry used In the Bravo Plus and Bravo Express receivers. 
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New Unique Cable 
Grounding Kit Series 

Uni-Kit 2 Se,ries 
...,_ Fits cables up to 2" (down to 1/4") 
..._ Fits elliptical waveguides 
...,_ Lower resistance (less than half others) 
...,_.Lower (almost half others) 
...,_ Vibration and wind tested 
...,_ Quick nut driver installation 
..._ Adjustable strap to cable angle 
...,_ Four models for no dissimilar connections 
...,_ Competitively priced 

Uni-Kit 2CT 
Copper coax 

to Tower 

Uni-Kit 2CC 
Copper coax 
to Copper 

Uni-Kit 2TT 
Tinned coax* 

to Tower 

Uni-Kit 2TC 
Tinned coax* 

to Copper 
• Can also be used for grounding a galvanized tower leg. 

Circle (32) on Fast Fact Card 
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(I) the stability of the first conversion 
oscillator. 

(2) the bandwidth of the signal gelling 
through t.he IF stage. 

The service technician can expect prob-
lems with the I 7.9MHz IF boards from 
another perspecti ve-the only controls 
accessible to the technician are the first 
conversion oscillator tuning and the an-
tenna matching network. The rest of the 
tuned circuits are either thin-film encapsu-
lated or surface-mounted, pre-tuned net· 
works that only a soul bent on sainthood 
would care lo adjust! 

One block diagram is sufficient to fully 
appreciate these receivers. (See Figure I 
on page 34.) 

RF preselection is provided by a pair of 
transistors in common-base configuration. 
These two stages have been configured lo 
provide about 12dB of gain without requir-
ing a neutralizing network. Either of these 
stages. though. c;m get "wild" if the base 
bypass capacitors should open-in which 
case sensitivity drops off severely. or ad-
justment of the antenna network causes the 
stages 10 oscillme- so watch for poor sol-
der joints! 

The first conversion crystal oscillator is 
a Colpitts circuit with oscillation taking 
place between the base and emitler of 
Q553. Output from the collector is tuned 
to roughly four times the crystal frequency 
by means of a surface-mounted coil and 
capacitor. This same LC network feeds 
QS54. which is configured as a frequency 
tripler. This tripler yields an output of 
nem·Iy 900MHz to the base of mixer Q555 . 

At Q555. a combination of the RF sig· 
nal (at 931 MHz. roughly) and the signal 
from the oscillator-multiplier stages is 
coupled inlO the base. The collector circuit 
contains the crystal tilter, either I 7.9MHz 
or 45MHz. and a matching network di-
rectly feeding the second mixer. 

Within. U55 I has a multitude of capa-
bilities. Not only docs it include a mixer. 
it has ano1her crystal oscillator, a pair of 
455kHz IF amplifiers. a quadrature FM 
detec1or, a switching low-pass filter, a lim-
iter and at least l wo voltage regulators. It's 
a jungle in 

In the Bravo. low-pass filtering is a 
function of a separate RC network on the 
logic boards. In the Bravo Plus and Bravo 
Express. the 410 I series receiver boards 
lnwe audio tillering functions controlled 
by signals from the logic board that arc fed 
into the "jungle-d1ip" on the receiver 
board. More about this later. 

Getting into test mode 
As with their liult: brother. the Bravo, 

the Bravo Plus and Bravo Express spend 
much of their time turned off. The bauery 



The · .. 
Model NC409 
is-. a DTMF ANl/Alami 
status encoder and companion 
product to the Model NC401 DTMF Decoder 
designed to automatically or manually 
generate any of the 16 DTMF characters. 
The NC409 features 15 memory locations of 
up to 30 digits each plus last number redial 
and multiple user-configurable functions. 
Programming is easily performed by means 
of a 12 or 16 button "X-Y" keypad with 
common ground or the Model NC500 
Universal/P.C. programmer. The NC409 
measures .85'W x 1.36"L x .165'H and 
comes complete with micro-miniature 14 
pin header and 12" color coded cable 
assembly. For FREE detailed information 
ask for the NC409 user's manual. 

For detailed information 
or product catalog 
call 1-800-874-8663 
or Fax 916-477-8403 

"1D DATUQffAWNG 

12438 Loma Rica Dr., Grass Valley, CA 95945 
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saver literally gates the entire IV line to 
the RF preamp. firs! injection oscillator· 
multiplier and mixer stages simulta-
neously. At first glance. one would expect 
this gating to cause frequency instability 
as the oscillator is being turned from ojf to 
on. The single saving grace for chis method 
lies in the fact that the switched voltage is 
well-regulated, and the de decoupling net-
works to each stage have very short RC 
time constants. 

Placing the Bravo Plus into full-lime 
receive mode requires depressing the two 
bullons beneath the display simultaneously 
while bringing the ojf-mem-beep power 
switch from all the way to che beep 
position. Quickly release the buuons be-
neath the display, and depress the gray 
(READ) bunon momentarily. This proce-
dure secs the pager into sound pressure 
level (SPL) mode, and the internal speaker 
will emit a steady tone. Depress che gray 
button again to advance the pager to 
MODE I. In this mode, the pager is serv-
iceable as far as the receiver alignment is 
concerned. 

Another depression of the gray bunon 
sets the pager to MODE 2. In this mode. 
the decoder gives a single chirp when the 
proper capcode has been transmiued. 

Another depression of the gray bu1ton 
reveals hexadecimal information as to how 
the pager has been programmed. None of 
this informacion reveals the capcode. by 
the way. The capcode must be read with 
the BRA YOPPS software discussed in Pan 
13. "Essential Differences," in the Febru-
ary 1995 issue. 

When placing the Bravo Express inw 
test mode. a different approach must be 
taken. Tum the Express off, then. sequen-
tially, from right to left, depress each but· 
ton beneath the display, and wait. The 
word POCSAG with a numeral will appear 
in the window. If you want an SPL test. 
depress the center swicch; ocherwise the 
pager is set only to the cest mode. To get 
out of tesc mode. tum the Express on by 
depressing the left button. 

There are other ways of lllrning chcse 
pagers into full-time receivers wichout 
constancly lifting them out of the RTL 
1005 radiacion test fixture. For the Bravo. 
you could solder a lOK resistor across pins 
1 and 8 of the interconnection block. For 
the Bravo Plus and Express, simply ground 
line A2 (this is easily traced to a cest point) 
corning from the interconnecting block 
between the circuit boards. 

It was mentioned earlier that the Bravo 
Plus and Express use a switched filter to 
define the bandpass of the POCSAG sig-
nal. The fihcr connects to lines AO and Al. 
again available at the incerconnectinc 
block. A bit of experimenting shows th<tt 

when the pager is in normal operating 
mode (capable of decoding an on-the-air 
signal). programming differem POCSAG 
rates into the pager (at the computer) cause 
lines AO and Al to respond diffcrcmly. 

POCSAG 512 AO goes low, A 1 goes high 
POCSAG 1200 AO goes high. Al goes low 

These changes occur in response IO the 
strobed banery-saver signal at Linc /\2 and 
the received data scream. It will help 
greatly if you use 1he IFFER ( .. Build An 
'lFFER.' .. February 1994 issue) when try-
ing this for yourself. because you can ac· 
tually hear the voltage transitions while 
moving an oscilloscope probe from test 
point co cesc point. · 
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I would like to thank the and staff 

of JJ Sounds & South Hous-
ton. TX. for their help wilh lhis prnjet·c. T.:I: 713-
944-1813. 





Servicing pagers: 
The information highway 

Part J 6- Some tips for programming Bm\'O Plus and Bral'o Express pagers 
help you to bypass possibly unnecessmy hells and \·rhist!es. It may be better 

to have the pager 'beep on bad data' than to risk undeli\lered messages. 

By David Ludvigson 

Thc interface between the pager and its 
progra111111ing de\'ice is 'i111pk. 

Serial information is n.: <id sequentia l ly 
from the ))ager inl(l the program or. con-
versely. from the' progra111 into the pager. 
A lthough the pn.'sc·11 1;1ti(n1 (lf this data 
" looks" diff.:rem than the Bra\·o program-

:O.lo h11ol:1 f{;_\J 111 S·A t \l,tfl" 
1m,\VO 
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_ll _c:-_1d ___ == 

( 11vc111my ( \1111n ·11 # 
Sy11th<.':-.11.cd 
l·h'<10-.·ni:y 

l\umh1.:r Scn· .. :n 
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A<hH' YS 
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i ,;-\ 

("11.,t.._· I ( ',,d, .. .. \l .... n ... 
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l:XIT 
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Figure 1.The first programming screen for the Bravo Plus includes some superfluous information 
that has little to do with the operation o f the pagers. 
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mer pn: sc ntalion. ac1ual d il'ferences hc-
twecn thi.: 113M-compatibk compu ter 
hookup and the Bra\·o programmer arl' 
mi1wr. as fa r <i> data handling is conccrncd. 

A> tll»crihnl in .. Scr\·icing Pager': :Vli-
B(lard" in the N(l\'Cr11bc·r 

199-1 i-;,ue. thL· rc i' a definite pattern lLl the 
Bra\'l> progra 111111er. First. you dct'in..: 

to program POCSAG or (jolay 
i11 fornia1ion: then you look for NORM i\L 
or INVERTED data handling. and Ml forth . 

With the Bravo Plus and Bravo Expn:ss. 
this " ril l i11 the hla11ks" form of prngram-
111ing gets 111udd k d. S udden ly. there is 
room 1·or serial numhers. pas;,wonb. n1ca11-
ing l'requency information. l'lol'k op· 
lion' a11d cadenced tone a lerts- none of 
\\'h ich has anything 111 do wi th the opera· 
tion uf lhl· pager'. Bells and whi,;t lcs '. 

you 1111 i11 the various pieces of in· 
forma tion. a "string .. of inl'ormation is LTL'· 
ated for down loading into the page 1" s 
codeplug. PiL'l'l'S of Lhis "string" will be 
placed in10 spec ific program locat ions 
whl'rc they wi 11 be used lO perform imli · 
vidual ta,ks. 

I mentioned that mueh of the infonna -
tion Cilkd in at ihe l'.0111puter i, just '(' 
muc: li junk a' far a> 1he paging opt' ration i-. 
ctllh:e rncd . Wi1h a 
pager. there i' no poim in id..:ntifying op-
..:ra1ing frcqucncy-ir is nice to hiwc hut 
1w1 nec..:,,,,ary. C lock oprions arc o thL:r 
"nic:c to ha1·c" l'e;Jture,;. bu1 they arc ll•H 
terribly vital- but I have m<Jdc my poinl. 

Olll'.C pn>gran11ned. the pager operation 
rc,;1i lv..:s itsdf IO perl'onn ing specific tasks 
at ccr1:1in well-defined times. When ini-
tia lly llll'lll'll 011. the whole system per-
fon11> a re>l'L ckaring the memory. )Jl'I" 
forming 'l' ll'- te,1ing fu nl·ti01b and l'l' ' l'l · 
ting thL· d oc-k display. Capcode informa-
tion i, d1l1\ nloaded from the cockplug into 

Figure 2. The second programming screen offers a 'beep on bad data' option. More on this in the 
text. Additional clock options are not vital. l.t1d\ ig">11 ;, <t t-·d111 i<: i;111 in l-h1uswn. 
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the proper memory location. the rei:civer 
.. on-time·· cadence is determined by the 
POCSAG data rate information. and the 
audio ri lter is activated to pass the dala 
strewn information at the se lected speed. 

The receiver is enabled for a specilic 
period during each BATCH transmission. 
This is a function of the CAPCODE. If. 
duri ng the BATCH, the CAPCODE is 
matched, the information contained in the 
following 32 bits transfers to the micro-
processor. Decoded. these bi ts form the 
numerals that are passed to the displ;iy. 

When the data matches the CAPCODE. 
several operations occur. rirst. the ca-
dcnccd tone generator sou nds (while the 
phone number is being decoded}. Clock 
inforlllation is stored to indicate the hour 
at which the page arrived al the pager. In 
this manner, two memory locations arc 
oc<.:upicd and sequentially accessed via the 
gray (READ) push-button. 

If the user wishes to LOCK the infonna-
lion in the pager, a fonn of "scratch-pad" 
memory stores the number and time in the 
next available scratch-pad slot. ·111e LOC K 
key serves to latch or to unlatch this data. 
and a padlock symbol appears in the dis-
play 10 indicate saved data. Unlike the 

Pager servicing series 
Pan I: "Build a Shielded Room," January 

1994. (All pager$.) 
2: ''Build an ' IF.FER,'" February· 1994. 

(Bravo,, Brav.o Plus, Bravo Express.) . 
Pa.r(3: "f;requencies1 ·Codi rig Forrriats," 

Mareh 1994. (Bravo.) 
Part 4: "From Bench to Programmer," April 

1994. (Bravo.) 
Pan 5: "The Receivers;• May 1994. (Bravo.) 
Part .6: Simplici ty,'' June 1994. 

(Bm•o.) 
Part 7: "Problems in Parndise.'" Ju ly 1994. 

(Bravo.) 
Pan 8: "406MHz-5 I 2MHz Receivers,". Au-

gust 1994. (Bravo.) 
Part 9: "J50MH z. Receivers," September 

1994 .. (Bravo.) 
Pa·rt 10: "Tales Crystal Filters Tell ... ," Octo-

ber 1994. (Bfavo, Bravo Plus, Bruvo Express.) 
Parr 11 :. "Microprocessor Board," Novem-

ber 1994. (Bravo.) 

Brnvo, the Bravo Plus and Bravo Express 
do not necessarily drop memory contents 
when the power is turned off. Instead. they 
offer a CLEAR function to erase those 
numbers that are UNLOCKED. 

We can make her happy. 

-.--

.. 

Part I 2: "Headaches (and Some Aspirin)," 
Januaf')' 1995. (Bravo.} 

Part. 13; "Mii1ed Signals," Febrm,uy 1995. 
.(Bravo.) . . 

Part 14: "Essential'Dilforences,'"April 1995. 
(Bravo Plus, Brnvo Express.) 

Part 15: "And You Shall Recdver Knowl-
edge ... ," June 1995. (Bravo Plus, Bravo Ex-
press.) 

Part 16: "The Information Highway," July 
1995. (Bravo Plus. Bravo Express.) 

Back issues printed within the two years 
can be ordered for $5 each, postpaid. Call cus-
tomer service at 800-44 1-0294. Issues printed 
more than two years ago and individual article 
pholocopie/i are unovailable from the publisher. 
Individual photocopies of articles printed since 
Jailuacy 1987 can be ordered from UMI Tnfor-
matibn Store, 800-248-0360. 

The majority of functions found in the 
Plus and Express are virtually identical to 
those of the Bram. (See "'Servicing Pag-
ers: '·The Receivers:· May 1994 issue.) 
The recci vcr boards <li ffe r in that the 

Spira EMI Gaskets 

- For the ultimate in Sites "Unseen". 

· 4 Lub....Tulili:.d. RF Transparent 
mah:rials 10 choose from. 

· Standard and Custom Applicarions 
lo fir any budget. 

- Com.:calmcnl is our only business, 
1ha1·s why we' re The Leader. 

STll\Lm 
.• 011.u:ns 

i>hN bl4-"l'J8-1ml.l 
M·l· 

Circle (39) on Fast Fact Card 
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The EMI gasket you see here is our Quick-Shield, 
which is ideal for meeting FCC requirements at a very 

low cost. We also have many other gaskets to solve 
other EMI and environmental sealing problems. 

Call us t0day for your free color brochure! 

12721 Smicoy Street S .. N . Hollywood. CA 91605 
Tel: 8 18n<i4-8222. F .. x: 8t8n64-9880 

Circle (40) o n Fast Fact Card 



• Turnkey Tower 
Construction 

• Civil Construction 
• Antenna System 

Installation 
• Specialty Fabrication 
• Maintenance 
•Trouble Shooting 

CALL 1 ·800-327 ·8902 

A. 
SUJ.V.IMIT 
COMMUNICATIONS. INC. 
Van Winkle Park Drive 

Jackson, Mississippi 39209 

Circle (42) on Fast Fact Card 
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Figure 3. The first programming screen for the Bravo Express specifies the operating frequency-
nice, but not necessary for a crystal-controlled pager. 
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Figure 4. 'Beep on bad data: yes' helps to reveal reception problems. ' RF programming' Is available 
on the Bravo Express; see text about 'RF downloading.' 
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Figure 5. The third programming screen for the Bravo Express allows a selection of loud or normal 
alert levels. 



HIGH Q FILTERS 
NOTCH AND BANDPASS 

•Low loss 
• Broad frequency range 

30-950 MHz 
• Single, double & triple cavities 

for spot or wider band 
attenuation 

• Excellent power 
handling & 
temperature stability 

• Field tunable 

For more information, 
request our data sheets 
for HIGH Q FILTERS. 

M/IC 
MICROWAVE F ILT ER COMPANY 
6743 KINNE STREET 
EAST SYRACUSE, NY 13057 
800·448· 1666 . 3 15 ·437-3953 
FAX: 31 5-463-1467 

Circle (44) on Fast Fact Card 
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MODEL 1654-48-120-SO-U 

• 120 VAC, SINGLE PHASE OUTPUT 
• 24, 48 AND 130 voe INPUTS 
• 500 AND 1000 VA MODELS 
• 19" OR 23" RACK MOUNTABLE 
• OPTIONAL INTEGRAL TRANSFER SWITCH PERMITS 

OPERATION IN UPS/STANDBY MODES 

ELEcTRoN1cs co., 1Nc. 
PO Box 1329, Hillsborough, NC 27278 •Telephone: (919} 732-9351 

FAX: (919) 732·9359 
Circle (45) on Fast Fact Card 
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Bravo uses an external resistor-capacitor 
(RC) data filter. whereas the Plus and Ex-
press use a two-port. selectable-bandpass 
active filter within the detector integrated 
ci rcuit (IC). Allempts to use the Bravo 
and Plus/Express receiver boards inter-
changeably will result in frustrnt.ion. They 
arc nut compatible. 

Express 1>rogramming features 
The Express program has several op-

tions that may be confusing to the first-
time user. '"RF downloading" is a feature 
that has found favor in the alphanumeric 
pager business because it allows the same 
transmiucr that has been transmiuing stock 
price information from Dow Jones to turn 
off any selected customer"s capcode by 
sending the proper preamble and text. It 
controls service delivered to a late-paying 
user. Similarly. the RF-downloading fea-
ture may be used to select any of a number 
or dataslreams (e.g., paging, stock prices 
or sports scores) to be decoded at the 
pager. 

Current technology could easi ly provide 
paging companies with such abil ity. Such 
service is not supported in the Express. 
though. so any selections made in the "'RF 
downloading"" option are ignored by the 
pager. It is just as easy fo r the paging 
company to enable or disable an individual 
capcode at the switchboard. 

Another feature of the program is the 
""beep on bad data:· In areas where si-
mulc;ist signals overlap. the possibility 
of phasing differences causing an im-
perfect match of the capcode exists. 
When the signal st rength is relatively 
weak, the l3ravo family of p<1gers ot'tcn 
is willing lo decode "bad .. data. Re-
ceived pages are solid when signa l 
strength and phasing are favorable. but 
the teller "E"" creeps into messages un-
der unfavorable conditions-also when 
the receiver is out of alignment. 

If the "'beep on bad darn" is left off 
(BBD=N on the Bravo). count on cus-
tomers complaining of missed pages. I 
wou ld rather have custo mers tell me 
they are gelling ··E"s" in their messages 
than to have them miss them entirely. A 
few minutes on the alignment bench 
might be all that is required to restore 
proper operation. 

Acknowledgement 
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and staff of JJ Sounds and Communica-
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Servicing pagers: 
450MHz receiver boards 

Part 17- Here are some details about the inner workings of UHF Bravo 
Plus and Bravo Express receiver circuitry. Use an 'unknown 'feature during 

extensive troubleshooting of the circuit boards. 

B)' David Ludvigson 

The lady came up lO me quietly \\'ith 
a furtive look . .. Can you fix thisT she 
whispered . 

1 looked at the pager in her hand. It was 
a Bravo Plus. or at least the circuit boards 
that make up the Bravo Plus. Neatly sand-
wid1ed he1wccn the fro111 lens and 1he light 
diffuser wen.: the remains of the liquid 
crystal display (LCD), its flex-st.rip curl-

Ludvigson i;, a tl.'chnician in Houston. 

ing lazily at the ho1to111 of 1he case. 
Rule I. When disassembling a Bravo 

Plus lo make any repairs. remove the dif-
fuser Jens by placing a jeweler's screw-
driver between the screw r.:1aining post 
and the edge of 1hc diffuser Jens. and gen-
tly "rock .. the screwdriver to release the 
friction-fit pan . r:orcing the circuit boards 
out of the case without performing this 
step results in much unneeded cost and 
frustra tion! 

Logic and recei vcr board removal then 
may be accomplished by the same tech-
nique used for the Bravo pagers. (See Fig-
ures I and 2 below.) 

The NRE series or 1\.'lotorola Bravo Plus 

and Bravo Express receiver boards for 
406Ml-1z-5 I 2M Hz im:lu<les: 

NRE6550B IF 
NRE655 I B 45MHz 1F 
NRE6552B 45Ml-l z IF 
NRE655JB 45MHz IF 465MHz-480MHi 
NRE6552A 4SMHz IF 450MH1.-465tv1Hi. 
NRE6553A 45MHz IF 465MHi.-480MHi. 

Figure 3 on page 22 illustrates 1hc parts 
and functions of 1he receiver boards. See 
the appropriate Mo1orola 1cchnical manual 
for a complete schematic. 

Q45 I and Q452 arc configured as a 
cascode amplifier. capacitively coupled to 

PLASTIC LENS'l' 
LCD 

+BATTERY 
CONNECTOR LIFT UP ON 

SLIDE 
SWITCH 

SLIDE SWITCH /D 
8-PIN 

CONNECTOR 

Figure 1. Step 1: Turn the pager off. Remove the battery clip at the 
bottom of the case, and remove the battery. Insert a jeweler's screw-
driver at the edge of the diffuser lens to remove it. 
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Figure 2. Step 2: With a small screwdriver placed at the "L" formed by the 
circuit board (to the left of the positive battery spring) and while lifting 
the lever of the side-mounted on-vibrate·beep switch, gently wedge the 
entire unit from the case. 
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Figure 3. 406MHz-512MHz receiver boards. See text for multiplier operation details. 

U451 

the lo()p antenna. Di()dC CR45 I 
tlamage by clamping any excessive signal 
levels to grountl. The result ing ampli fi ed 
406M l-l z- 5 I 2 MHz signal is injec te d 
through FL45 I. a hel ica l ti lter generally 
broad e noug h to pass a 15M Hz range 
without significant band-ed ge attenuation. 

The preamplified and filte red signal is 
then presented to the base of Q453, the 
first mixer. 

At the same time. Q454 operates as a 
Colpi tts crys ta l oscillator with a bit of 
L455 slug-rnning applied. This tuning al-
lows the crysta l oscillator to be centered 

DEMOO-
ULATOR 

TEST POINT 
Mt 

22 

30 

at the required frequency to decode the 
paging signa l properly. (See "Tales Crys-
tal Fi lters Tell ... " in the October 1994 
issue.) T he Q454 output is actually ei-
the r three or four times the crys tal fre-
que ncy. In the NRE6 550B. the values 
chosen for Q454 · s collec tor resonate at 

OICE 
SentriVoice+ 

• Monitor alarms & alert over radio • Automatically send pages 
• NEMA 4X case with battery backup • Motorola 2-tone paging 
• Respond via DTMF remote control • 8 inputs 
• 80 seconds of voice storage • On-site paging 
• Integrate with Security/Fire Systems • Any radio mounts inside case 
Replaces Motorola's Voice Reporter VR 100 

(z ET R 0 No ®
Cost-effective solutions by a leading supplier of Radio Communications Systems. 

Zetron, Inc .. Industrial Systems Division 
12335 134th Ct. N.E., Redmond WA 98052 Ph: (206) 820·6363 Fax: (206) 820-7031 

Circle (17) on Fast Fact Card 
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8 PIN MALE 

B·CONDUCTOR 
RIBBON CABLE 

ADDED JUMPER BETWEEN PIN 
2 AND PIN 7 

8 PIN FEMALE 

NOISE·ATIENUATING HEADSETS 
WITH VOX 
A built-in Voice-Activated (VOX) 
module allows clear, "hands-free" 
transmission in noisy work areas. 
A short radio adapter cord connects 
directly from a Series 7200 Headset 
to your portable two-way radio. 
• Noise-canceling microphone, 

either boom-mounted or throat mic 
• Headset noise reduction rating of 

24 dB 

NOISE·ATIENUATING HEADSETS 
WITH PTI (Push·to-Talk) 
ADAPTER CORDS 
The PTT Adapter attaches to belt or 
clothing and acts as an interface 
between Series 7000 Headsets and 
your portable two-way radio. 
Choose from eight headset models 
for your particular application. 
• Noise-canceling microphone 
• Headset noise reduction rating of 

24dB 

Adapter cords available for all two-way radios. 
For more information and a Free Demonstration, call or write: 

M @f§Jvilcl/ Clark coMPANY 
INCORPORATED • 360 Franklin Street, Box 15054, 

TEL:(508)751 ·5800 
Worcester, MA 01615-0054 

FAX:(508)753·5827 
(\)1992 David Clark Comp<iny Inc. 

Circle (19) on Fast Fact Card 

24 Mobile Rlltfio Tt•cluwioKY 19'>5 

Figure 4. Modification to extender cable for 
Bravo Plus and Express pagers (not for Bravo). 
See text for details. 

roughl y three time s t he crys1al fre-
All o the r N RE-se ries n:cei v-

e rs are tuned to four times the crys la l 
frequenc y . 

Capacitively coupled. this thn:c-or-l'our 
times crys tal-frequency signal is appl ied 
to another filte r (L458 and C47 I l that re-
mo,·es virtually a ll other frequencies be-
sides the multip lied signal output. Q-155 
operates as a frequency doubler. yielding 
an overall output frequency of either six or 
eight limes the crystal frequency. This s ig-
n;) is also 10 the base of mi xer 
Q453. 

Q453 (in the case of a NRF.6552B) re-
ceives an o scilla tor frequ e ncy of .:igh1 
times 50.6363MHz (405.091'vlH1.J and an 
incomin!! rnn!!c of freq uencies tha1 is de -

b y. 1hc bandwid1h of the 
450MHz-465Mllz helical riltcr. Limited 
to a crystal frequency of 45 .OM Hz for lhi.: 
center of ils response , s ignals around 
405.09MHz + 4 5.000MI lz = 450.09MJ-lz 
a rc passed for further processing and 
decoding. 

The cT-ystal used for lhc second oscilla-
tor should be co lor coded brown for 
45 .455M l-l l and violet for 44.545MH1 .. 
The 45.455Ml-lz version prnbahly will re-
quire dow im·<'rsio11. (Respond YES lo 1hc 
programmer when the CUSTOMER RE-
QUIRES DATA INVERSIO N prnmpl ap-
pears.) The 44.545MHz version prohably 
will 1101 require daia inversion. 111 eitlter 
case. w11e rhe crysw l.fi-ecf11t'11cy j i11· th<' jirst 
strong peak 011 rite IFFl:R as rite slug is 
tuned clockll'ise imo the C'1//'(:. (Again. sec 
"Tales Crystal Filte rs Tel l ..... in 1he Octo-
ber I 994 issue.) 

Capaci tive coupling is used to fe.:d 1he 
second oscillaw r outpu1 into 1he second 
mi xer within " j ung le c h ip" U45 I . so 
called because of its complexity. At lhis 
point. the s igna l passing through rL-15 2 
is mL\ ed with the second oscillaior output 
10 produce an outpu t of 455kJ-l z. T his 
455kHz si!!nal is amplified through ;1 pair 
of intermediate freque ncy (I F ) amplifiers . 
and then demodulated by a quadrature de-
tecto r. A udi o outpul is brou g ht o ut 
through the chip· s pin 22 anti aim pre -
semed to the switc hable lo wpass fi lle r. 
Line A2 <pin 28) is enabled by the hat-
tery-save strobe. Lines AO and /\ I (pins 
2 7 anti 29 . respec ti ve ly ) control the 
bandpass of the sig.nal 1hat 
reaches the limiter. The signal is subse -
quen1.ly processed as output data . 

There is an undocurne n1ed (and virtu-
ally unknown) J'ea1ure of the Plus and lhc 
Exi>ress that may he lp you if ynu conduct 



extensive troubleshooting on cilhcr cir-
<:uil buar<l . On the jurnpcr-cahlc IO 
inLcrconne<:L these boards. pla<:c a jumper 
between pins 2 1groundl and 7 (i\2J as 

in Figure 4 on page 24. This 
ju mper a llows the rec.:e ivcr lo opc r;it..: 
·•ful l- time .. while the 111icropro<:cssor 
continues to perform all of its .. hous..:-
keeping .. and .. decoding .. chores. An 
on-frequency POCSi\Ci signa l wi1h a 
matching c;1pcodc and bauu-rale will 

c.:ausc a '"full-response .. (;ilann a<:live for 
leng lh t>f lime dc1e rn1 ined wh..:n pro-
grammed). trnubleslwoting. this 
utility should ht: ol' valu..:. 

To this point ... 
Many tckphone t:a lls have been re· 

c.:civ..:d n.:garding of the p;1gers that 
have hc.:cn 1rnublcso111c. Om: complaint is 
that there is a signal at t.:sl point 
MI but no sub,t:qucnt dec.:odi ng. T .:st 

Caller ID. Their number's up. 

Caller ID will end the stuck mikes 
and stop the horseplay on your 
radios. ID-33 includes time-out 
timer and emergency. Fleet prices 
$69 to $121. 800-521-2203. 

( csc I CONTROL SIGNAL ) 
1985 S. Depew. #7, Denver. CO 80227 

(303) 989·8000 
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The ULTIMATE 
NOBODY ... but NOBODY 
bea ts the quality 

PROTECTION ... 
a nd w orkmanship of LEATHERSMITH 's cases 
for tw o-way radio equipment. 

LEA THERSMITH 's speclally-developed, steer 
hide leather cases are expertly designed by Penn-
sylvan ia craftsmen. 

LEATHERSMITH's cases feature durable, rust-
proof nlckle-pla t ed snaps and fasteners. Quick 
d isconnect swivels are optlonal on all models In 
pollshed steel and sturdy molded nylon. 

Your choice of covers Is Included In our low.low 
prices. 

" Delivered on time ALL the lime!'' 
Call TODAY for your FREE information pack 

Toll-Free 1-800-233·0440 Fax 717-933-5653 

Rich, full-grained 
leather cases for 

the latest models 
In stock now! 

LOGO IMPllllTS 
Ill CHOICE OF 

COUlllS 

417 Frystown Rd. 
Myerstown , PA 17067 
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point M 1 is far removed from the acmal 
dcnwdulming stage (as shown in Figure 
2). II is certainly possible to have a per-
fectly working .. receiver"' at 455kHz but 
nothing coming fro m the demodulator or 
audio stages. I use a dual-trace scope to 
look at what is available for both audio 
and data (pins 8 and 4 on the Plus and 
Ex press re cc i ver boards· interconnect 
block). That .. jungle-<:hip" does not stop 
at the IF! Keep a few test receiver and 
decoder boards around and uy replacing 
suspected fau lty boards with known good 
boards. If the signal at M 1 looks good but 
de..:oding docs not take place until the 
receiver board is replaced. then the de-
modulator or signal-processing section of 
the j ungle-chi p is fa lli ng down. Often, 
this fai lure may be traced w a loose chip 
capacitor or resistor. 

Another problem is locating the opera-
tions frequency of some pager with its 
crystal-frequency marking posit ioned 
away from a viewing plane. The Ramsey 
Com 3 ser\'ice monitor provides a pro-
grammable offset frequency, which I have 
set to 0.0250MHz for all pager frequen -
cies. Merely putting the Ramsey into gen-
en111' mode with a 1 kHz tone allows me to 
sequentially move the frequency up or 
down in 0.0250MHz steps. This single 
feature of the Com 3 has saved countless 
hours of removing crystals and performing 
the math tO calculate the operating fre-
4uency! On the Com 3, press CLR. enter 
.0250. press SrO and OFFSET+. The same 
offset is useful on 450MHz. A tip of my 
hat 10 

T here also has been mention of the 
'"single-board Motorola pagers." These 
pagers basically are early versions of the 
two-board Bravo units and may or may 
110 1 be worth the l.ime to explain. To pro-
gram them, select " BAB" on lhe pro-
grammer. To get them to work properly 
usually requires setting them for data in-
version (Dl=Y). The operating freq uency 
is marked on lhe voltage-controlled os-
cillator (VCO) module on the rear side 
of lhc board . The chart provided in 
''Servicing Pagers: Frequencies, Coding 
formats" (March 1994 issue) indicates 
the c.:oding language and speed of the 
various decoder chips. f have llOt spent 
enough time 10 decide the various test 
points or what they signify in these "old-
timt:rs ... 

Motorola has introduced a conversion 
for the Bravo programmer that everyone 
will tind valuable. This conversion con-
sists of :1 new ··ground" pin that physi-
cally connects to the logic board·s nega-
tive battery tab and some new software to 
program the POCSAG "blob-chip ." 
New.:r versions of the decoder chip are no 



longer covered with a t:crarnic .. lid": instead. 
they are covered with an cpoxy-fi llcd .. blob." 
These chips may or 11111.1· nm be program· 
mable using th..: unmodified programmer. 
Different 1·oltagc levcls are used to pro· 
gram the codeplugs. Modifications are 
pe rformed at all 1vlotorola pager service 
centers. 

One further notc rcganling the .. miss-
ing page .. problem. Everything in the 
Bravo family of pagcrs allows a choice 

for a function known as " beep on bad 
data" (BBD on the Bravo). Invariably. I 
set this function to Y ES bccause it defeats 
the need for a perfect clu:cksum before 
displaying a message. This is enough to 
compensate for bad reception associated 
with signal overlap <rnd weak signals. 
More on this next edit ion. 

When the pager is set this way. the mes-
sage display degenerates IO a string of Es 
when the receiver board drifts off fre-

SOLAR ELECTRIC SPECIALTIES 
provides the 

highest quality 

photovoltaic power 

systems at 

competitive prices. 

We can design a 

system to provide 
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quency or becomes nearly deaf to the trans-
miuers. At the service bench. we either 
realign the oscillator and check the antenna 
tuning or replace the entire receiver board 
with a good one. 
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Servicing pagers: 
Logic/decoder boards 

for Bravo Plus, Bravo Express 
Part 18-Circuit descriptions unlock some of the mysteries about Bravo Plus 
and Bravo Express pagers. Miniaturization may defeat some repair attempts, 

but other faults can be remedied in a well-equipped service shop. 

By David Ludvigson 

The November 1994 article "Servicing 
Pagers: Microprocessor Board" introuuced 
you 10 the Motorola Bravo pager's logic 
board. With that information as a back-
ground. this article covers the Bravo Plus 
version of the same board. Part number 
references can be found in the appropriate 
Motorola technical manuals. 

The 'wake-up call' 
As the Bravo Plus is first activated. a 

RESET is peiformed al pin 78 of the mi-

Ludvigson is a technician in Houston. 

croprocessor (U025 J. This pin is held 
•·Jow" for the cime it takes co charge ca-
pacitor C5 . and this " mascer RESET" 
causes the entire pager to perform the fol-
lowing operations: 

( 1) The power supply and voltage dou-
bler circuitry is enabled. This action pro-
vides the 3V power to operate the entire 
microprocessor and logic functions. 

(2) Once the 3V supply is operating 
smoothly and verified by proper operation 
at U023. the clock oscillator shoulJ be 
churning out a signal at 38.4kHz (pin 7 1. 
U025). 

(3) With the 38.4kHz clock sign;il oper-
ating and the RESET invoked. the micro-
processor address counter is reset to the 
lowest register. Each subsequent clock 

Figure 1. Few portions of the Bravo pager family are as important as the U023 3V power supply 
shown In this block-and·equivalent circuit diagram. This supply maintains the operating voltage 
for the microprocessor and logic circuitry. Without ii, the pager would be nothing more than a radio 
receiver. 
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cycle (coming through an appropriate di-
,·ider networki moves the operating sys-
tem up, one notch at a time, through a 
copyrighted Motorola program. Although 
no portion of that program is divulged 
here. it is possible to observe several func-
tiom and to identify "what occurs when'' 
to help with troubleshooting this remark-
able hoard. 

As the wake-up call proceeds, informa-
tion stored in the code plug (U024) is trans-
ferred fmm pin 2 of U024 to pin 2 of the 
microprocessor (U025 ). where the Jata are 
stored in various registers located in U025. 
This information includes everything that 
was programmed using the software. along 
with some mathematically derived infor-
mation. More on this in a hit (or is it 
"byte'"?). 

Once the information transfers from the 
codeplug, the clock moves through each 
succeeding register. performing each soft-
ware instruction located at each register. 
These instructinns include testing the cur-
rem position of various switches, testing 
ba11cry status. testing 3V level status, re-
scuing the ''wake-up" ror the liquid crystal 
display (LCD) to display a full-segment 
load of 12 digits. and then settling down 10 
a time display in the window. The charac-
teristic "four sets of two chirps" and the 
flash of DS02 I round out the light-and-
trumpet show. and the Bravo Plus is ready 
10 begin its day. 

The 3V power supply 
Few portions of the Bravo pager family 

are as important as the 3V power supply. 
(Sec Figure 1 10 the left.) This supply 
maintains the opcrnting vol tage for the mi-
croprocessor and logic circuitry. and with-
out it the pager would be nothing more 
tlrnn a radio receiver. 



MCS-100 SERIES 
The Gamber-Johnson MCS-100 Series is an economical alternative 
to consoles for mounting voice and data communications equipment 
in your Caprice or Crown Victoria. 

Our base is one piece, made of 3/16" electrostatically powdercoated 
steel. For safety, all edges are milled and corners rounded. Our 
design allows installation in minutes without 
drilling or modifying the vehicle. Our radio 
b1ackets are universal and simple to 
install and adjust. The 22 1/2" mounting 
surface gives you room for up to six sets of 
radio brackets, or a combination of brackets 
and a Gamber-Johnson MCS Series MDT or 
Laptop/Notebook mount. We even offer an 
adjustable armrest to assure an 
ergonomically correct work station. 

The simplicity and strength of our design 
provides a margin of safety unsurpassed in the industry, and ease 
of installation which saves you time and money. Of course, the 
MCS-100 system is air bag friendly when properly installed, and, if 
desired, may be upgraded to an enclosed console protecting your 
initial investment years into the future. 

Partial 
accessory 
sampling 

The .. interna ls .. of U023 contain a 
switchmode power supply. Essentially, a 
switchmode power supply is an energy 
transfer method. The flux energy stored in 
an inductor is added to energy already 
present on a de power rail, using a tech-
nique called .vtep-up mode. 

In the case of the Bravo Plus, an oscil-
lator operating at about 80kHz is gated to 
provide driving current to an output tran-
sistor. As configured. energy stored in the 
external induc tor (L02 l) is momentarily 
placed in series-aiding mode with the 
source voltage of I.SY. As the transistor is 
toggled, e nergy is alternately stored in 
L02 I as the transistor saturates, and then 
ph1ced in series-aiding mode wi th the 
source voltage as the transistor comes out 
of saturation. The toggled 80kHz square 
wave is rectified by CR02 l . filtered by a 
IOJJ.F capacitor (C023). and decoupled by 
R02 I and C024. providing a little more 
than 3V output. 

The B++ output is deceptive- this is 1101 
the actu:tl output of the supply, but a means 
of resistive tapping to provide a reference 
feedback vohage to be compared at the 
vohage reference (VREF), pin 18. U023. An 
internal comparator is constantly checked 
and toggled to cause the 80kHz oscillator 

MCS-100 SERIES 

For Information now 
CALL 1-800-GJ-MOUNT 1-SOG-456-6868 

l!l FAX 1·800-WE-HELPP 1·800-934·35n 

Service & Solutions.M 
801 Francis Street. Stevens Poin t. Wisconsin 54481 

Circle (13) on Fast Fact Card 

18 Mobile Radio Tech11ology November 1995 



(to some cxtelll) by the baud (actually. bits 
per second lbps.IJ rate selected in the first 
screen of the programming session. As 
described in the November I 994 artic le. 
the capco<le 111flfhe111a1ically determi nes 
which frame will be to seek the 
capcode. 

In the case of the Bravo Plus and Bravo 
Express pagers. the baud (bps) rai l! also 
determines a division ratio that places the 
pager in a synchronous mode compatible 
with the selected POCSAG data rn tc. 

Figure 2. One method of control for the binary counter and divider stages of the Bravo Plus pager. 

The choice of 38.4kHz for the clock 
oscilla1or was not arhi1rary. When divided 
by 75. the resulting frequency is SI 2Hz: 
when divided by 32. the resulting fre-
quency is I .200Hz: ;111d when dividl!d by 
16, the fn:qucncy is 2,4001 lz. In 
any of these cases. a simple binary di vider 
would suffice nicely to provide an accu-
ra1e lime base to ma1ch the baud rate of a 
POCSAG signal. (Se.: Figure 2 abovl! left. ) 

lO provide adequate signal to keep the 
charge-discharge cycle across L02 I opera-
tive and to maintain the required output 
voltage. Overall. this is a sophisticated 
supply. but it cannot handle much output 
current. 

MeanwhiJe, back at the 
microprocessor ... 

Remember the infonna1ion loaded from 

the codeplug contains both instructional 
and mathe111a1ic:ally deri1·ecl data. The in-
structional data contain responses pro-
grammed to such prompts as BEEP ON 
BAD DATA Y/N or SILENT MODE 
CHIRP Y /N. These instructional data rep-
resent bit patterns that arc simple yes/no 
instructions. 

The mathemntically deri ved information 
is dependent on the capcode entered and 

Those familiar wilh programming the 
Plus and the express have Jong been fa-
miliar with the fac t that some versions 
program to S 12 baud or 2.400 baud. but 
not to both. and all of them program 10 
1.200 baud. 

This di fference is because one version 
of the microprocessor has both a divide-

To Reach the 
Un Reachable 

Beyond wire, beyond cells, Zetron radio telephony controllers 
give you cost-effective, wireless telephone service in remote locations. 

A normal touch-tone telephone is all that's needed to place and receive calls into the public 
telephone system. No special procedures are needed. Just lift the handset and receive dial tone! 

Model 72 Extend-a-Line 
A pair of M odel 72s establishes a dedicated full-duplex 
link from the end of the phone line out to a remote 
location. Companding ensures premium audio quali ty. 

.. " .. •..:' 
;fl; .... , ... ,... 

- . - . 

Model 71 Rcmotaphone 
Simply install a Remotapho nc and touch- tone 
telephone in cuch remote spot. Your DT MF-signaling 
phone patch can suppon multiple Remotaphones. so 
you can have low-cost 
telephone serv ice 
anywhere. Works great 
with full -duplex or 
simplex radios! 

Call today and ask for <>ur brochure. 

(Z ET R 0 N)_® __ "R_u_r_a_l R_ ad_i_o_Ti_e_Ie_p_h_on_y_So_I_u_ti_o_ns_' t_·r_om_ z_e_ti_·o_n_. '_' ---1 

Ze1ron, Inc. 12034 1341h Cl NE, PO Box 97004 Redmond WA 98073-9704 Phone: (206) 820-6363 Fax: (206) 820-703 1 
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by-75 and a divide-by-32 binary counter. 
although another version contains the di-
vide-by-32 and the divide-by-16 binary 
counlcr. In bo1h cases, the division ratio 
may be set wi1h either a I or a 0 control-
ling lhe clock' s output frequ ency. (See 
Figure 2.) 

Further housekeeping chores (e.g., 12/ 
24-hour time displays and vibrator on-off 
functions) are directed to specific ad-
dresses within lhc processor' s memory 

map to be performed al the appropria1e 
times. 

The 'I'm looking for it' mode 
Once pasl lhe wake-up mode. the pager 

goes into an alternating on-off mode. 
turning lhe receiver board on briefly 
and t.hen turning it off. The l.ength of 
on-off liming is governed by lhe bps 
(baud) ra1c detemiined at the program-
mer and is directly conlrolled by lhe di-
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vision ratio jus1 discussed. 
The pager is looking for lwo basic sig-

nals , either the alternating .. 1010 .. .," 576-
bit rr:pelition sigm1ling the beginning of a 
POCSAG transmission or the unique. 32-
bit .. word'' that contains lhe frame sync 
cmh' . If the "/ 0 /0 .. :· sequence is found, 
the pager responds by lengthening the 
receiver's 011. time. If the jiw11e sync word 
is found. the pager immedia1ely resets the 
frame co1111ter to zero and lllrns 011 at the 
ji-ame appropriale to the capcode pro-
grammed to that pager. 

Each ji-ame (I through 8) contains 64 
bits organized as 32 bits for rnpcode and 
pari1y, and the following 32 bits contain 
the remaining information that will be dis-
played as a message, plus the same check 
sum. 

11ie capcode!paritY portion starts out 
wi1h lhe first bit always being a zero. Bils 
2 through 19 conlain the capcocle. and bits 
20 :md 21 idenli fy the "source" of lhe 
pager call (a throwback to the day when 
pager calls were identified by the leuers 
A through D to identify who was calling). 
ll is the remaining bits' func1ion (bits 22 
through 32) tn report parily tests per-
formed on the message. These tests are 
used at the pager lo verify accurate mes-
sage reception. 

If the values in lhcsc lasl I 0 bits are not 
malched by lhe parity values received a1 
the pager. the message is then turned over 
to a decision made at the programmer. 
BEEP ON BAD DATA = N prevents any 
response from the pager. BEEP ON BAD 
DAT A = Y allows the message to be dis-
played with the leuer £ filling whatever 
portion of the message that did not match 
the calculated parity values. 

It was menliuncd earlier that the 
·' 1010 .... " 576-bit alternating preamble 
sequence of the POCS AG signal is 
monitored by the receiver. The speed al 
which this seq uence is sent must be 
mmched by the receiver to provide syn-
chronous deteclion. Unless lhe receiver 
.. sees" the alternating .. 1010 .. :· pre-
amble sequence. it remains in its '·re-
laxed" on-off cycle, waiting for some-
thing 10 happen. 

Similarly, if lhe ji-ame sw1c happens to 
be sent at the same time the pager receiver 
is on, a proper decoding of the frame sync 
signal immediately resets lhe ji·anu 
c011111er to zero and turns the pager receiver 
on again at the appropria1c frame. Un-
matched baud prevent lhe pager from 
responding to any portion of the frame 
sync or preamble signals. 

The 'Storing it away!" mode 
Upon receiving and properly ac-

knowledging a page. the pager transfers 



... 
Model NC409 
is a DTMF ANl/Alarm" 
status encoder and companion 

'MODEL 
NC409 

product to the Model NC401 DTMF Decoder 
designed to automatically or manually 
generate any of the 16 DTMF characters. 
The NC409 features 15 memory locations of 
up to 30 digits each plus last number redial 
and multiple user-configurable functions. 
Programming is easily performed by means 
of a 12 or 16 button "X-Y" keypad with 
common ground or the Model NC500 
Universal/P.C: programmer. The NC409 
measures .ss·w x 1.36"L x .165'H and 
comes complete with micro-miniature 14 
pin header and 12· color coded cable 
assembly. For FREE detailed information 
ask for the NC409 user's manual. 

For detailed information 
or product catalog 
call 1-800-874-8663 
or Fax 916-477-8403 

\1D' DATA StOHALLINO ... ODUCTS 

12438 Loma Rica Dr .• Grass Valley, CA 95945 
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Figure 3. The liquid crystal display (LCD) consists of 12 eight-segment displays, eight special· 
function displays (arrow, speaker, Jock, colon, A, B, C and 0) and the "wake-up" display (all 
segments, all displays). These d isplays are controlled by 30 active connections between the output 
of the microprocessor and the display. 

the 32-bil message 10 electronic 
memory. \\·here it is swrcd in RA i'vl 
(random access memory). The RJ\M has 
enough capaci1y 10 store 16 numbers 
plus the arri va I 1 im..: o f' the page. If it 
may be assumed tha1 :12 bits arc used 
for the message. and 32 bits are used for 
tile time-clock. then a 64 bits would be 
used for each messal:!c-clock combina-
tion. Wiih 16 mess;1ge-dock combina· 
t ions. 1.024 bits wou Id be needed in 
RAM w contciin all of the messages. When 
the memory is full. an message is 
generated. 

Using ihe /ock/1111/ock feature. 
messages may be .. locked .. into memory. 
This action means tha1 the remaining .. un -
locked'' memory is to handle incom-
ing messages. preveniing overwrites. As-
sociated w ith each locked message is a 
padlock icon. indicating the locked con-
dition. Removing th..: locked condition 
involves displaying 1l1e locked nurnb..:r or 

lorkcd time display and pressing the black 
se lector switch tn remove 1he padlock 
symbol. RAM performs its own house-
keeping by shifting memory contents up 
to the newly opened space and opening 
the bottom of RAM memory to allow a 
new message w occupy the newly openeu 
64-bit area. 

New message,.; arrive a1 the Bravo Plus 
in an unlocked conuition bu1 111ay be main-
tained in RAM !depending upon how the 
pager is programmed). in whit:h case the 
Bravo Plus may ht.: turned off with no loss 
of messages. It is not until the clear all 
message is enacted (by pushing the gray 
push-button) 1ha1 all unlocked messages 
arc cleared from RAM. All locked mes-
sages 111us1 be unlocked before they be-
come erasable. 

Translating and displaying 
The display consists of 12 eigl11-scgmen1 

displays, eigh1 special-function displays 



Figure 4.The Bravo Express U2 power supply chip uses an onboard battery to maintain the VCC 
voltage to the real-time clock when the power has been shut down, as shown in this block-and-
equivalent circuit diagram. This single feature allows an internal timer to compare master on and 
master off times (set by the user) and to transfer control to or from the AAA-size battery as a 
source of main power. 

" _-
Multipoint Operation 

• ·.Automatic Interference Detection 
• Freque.ncy ·Switching Capablllty 
• Voice Eri_cryptlon 

,. Duplex Operation 

·: .. 
; '.True.Full 
··Sup.ports 
• 100% Duty Cycle 
• Diagnostic Front Panel 

Radlo;Remote'.'..Contr,ol ' . 
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(arrow. speaker. lock, colon. A, B, C and 
D), and the "wake-up" display (all seg-
ments, all displays). These displays me 
controlled hy 30 active connections be-
tween the output of the microprocessor and 
the display. 

There are four "backplane" voltage lev-
els and comrol lines. Individual voltage 
steps of O. 113. 213 and full VDD are ap-
plied co these four lines, which activate 
separate LCD planes within the crystal 
display. Zero equals off 

There are 12 eight-segment displays. 
Assuming that a typical multiplex arrange-
ment is used, these 12 displays would be 
controlled by 8 + 12 = 20 lines. These lines 
are used in conjunction with the fou r 
backplane voltages to provide numeric 
data. (Sec Figure 3 on page 24.) 

The speaker display uses a single con-
trol line and a voltage level to display the 
symbol to the screen. 

Lock. arrow and colon share a single 
control line and use the avai lable three 
levels of displ;iy planes to darken the ap-
propriate symhol. Otherwise, the set of 
displays remains inactive (VDD = 0). 

Letters A. B. C and D are controlled by 
four control lines and a single display 
plane/voltage level. 

The line total equals the following: 

12 + 8 (for digits) = 20 
I (for speaker) = I 

I (for co/011, e1c.) = I 
4 <fi»r A. B. C and D) = 4 
4 (for voltage kvcls) = 4 

30 

At best, the schematics are ambiguous ... 
These are multiplexed displays, which 

means the average service shop is not 
going to be able to see (let alone fu lly 
diagnose) potential problems with the out-
put from the microprocessor chip. If the 
display shows "stray" portions of some 
other voltage level's segments, replacing 
the contact strip and display often cures 
the prohlem. (The conductive ribbon might 
be touching an adjacent contact next to its 
own.) LCD replacement requires the 
proper set of tools and a bit of puticnce, 
but. being able to do it is often worth the 
investment. 

Notes on the Uravo Express 
Refer to the appropriate Motorola 

schematics. 
The previous information largely applies 

to the Bravo Express logic boards with the 
following exceptions: 

First, the power supply chip uses an 
onboard battery (sec pin SC of U2) to 
maintain 1.he YCC voltage to the real-time 



clock when the power has been shut 
down. (See Figure 4 on page 26.) This 
single feature allows an internal timer to 
compare mas/er 011 and mas/er <!fl ti mes 
(set by 1he user) and 10 lransfcr control 
to or from the AAA-size ba11cry as a 
source of main power. Compare the 
pinouls of U025 in the Bravo Plus with 
!he pinouts of U I in the Bravo Ex.press. 
U025 and UJ arc 1he same chip. just 
loaded with diffcrenl sofcware. U023 

equals U2. and U024 equals U3 bu! the 
same programming software does not 
work on both pagers. 

Second, the Port A regislcr is config-
ured differen1ly. but this difference is 
largely jus1 a mauer of swi1ch placemen1 
and che additi on of mode and selec1 
swi1ches to s1ep the user through various 
l'eaiures available in the Express. 

Third, geographical 1erri1ory on !he logic 
board is limi1cd. Only someone wi1h a pair 

422-Series Auto-BackupTM 
Tower-Mounted Preamplifier Systems 

For the 806·960 MHz Frequency Range 
u.s. PAT. #s.418.490 • Auto-Backup system (US and other 

Model 422-86A-07-18-117 
Auto·Backup Tower-Mounted 

Preamplifier System 

patents pending) monitors primary 
preamplifier and switches to backup 
preamplifier in case of primary failure. 

• Secondary preamplifier is normally 
off-line and isolated from events 
that would destroy both amplifiers 
in competitive parallel-connected, 
"redundant" systems. 
High-selectivity, six- to ten-section 
combline preselectors for trunking, 
AMPS and GSM bands in 5, 10, 12.5, 
15, 18 and 25 MHz bandwidths. 
Multiple power supplies with auto-
matic battery backup for maximum 
system reliability. 

• Ground-level control panel 
provides positive diagnostic 
and power backup capabilities 
via a separate DC cable. 

• High-performance bipolar 
preamplifiers feature low 
noise figure and high output 
intercept point. 

• High-performance receiver 
multicoupler output amplifiers 
have a third-order output inter-
cept point of +43 dBm to 
assure a large dynamic range. 

Auto-Backup ... 
The no-compromise receiving 
system for today's world. 
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of eagle eyes and nerves of sceel should 
auempt repairs to !his board! 
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Servicing pagers: 
The 'tinfoil tomb' 

Part 19-Use aluminum foil to build a do-it-yourse(f" shielded room and 
overcome oxidation and breakage problems associated with rooms made of 

copper circuit-board material. Proper earth grounding plays a key role. 

Photo 1. This is the northeast cor-
ner of an 8' x 9' x 7' room with a 
fluorescent light fixture near the 
center of the ceiling. The walls and 
ceiling are gypsum-board; the 
floor is 8-lnch concrete. 

Photo 2. Applying the shielding 
began by hanging 8-foot lengths 
of 15-inch aluminum foil directly 
on the wall. Overlapping pieces 
are stapled directly to the wall with 
office paper staples. 

Photo 3. A hole is drilled through 
the concrete floor at the northeast 
junction, and a 4-foot-long, 5/e-
lnch-diameter copper ground rod 
is driven into the underlying soil 
for an earth ground connection. 

Photo 4. The No. 4 ground wire Is 
bonded mechanically and electrl-
cally to the foll at the juncture of 
both walls and the floor. Foll· 
backed tape is applied to the en· 
tire length of each section's seam. 

Uy David Ludvigson 

"Servicing Pagers: Build a Shielded 
Room:· the first ai1ide in this series (Janu-
ary 1994 ). described a do-it-yourself 
shielded room made of copper-dad. cir-
cuit-board material. I like to call it the 
"copper coffin:· because receivers "die" 
when they are brought into the room. 

Allhough the original design works well, 
it is difficult to build. Moreover. extended 
use has reve:1led the need for several modi-
fications, and sometimes individual "tiles" 
of circuit-board malerial must be replaced 
for the room to retain effective shielding. 
CoJTosion and lhe inevitable cracked cir-
cuit board require a ··minesweeping•· exer-
cise with a transistor radio to locate RF 
leaks. 

Ludvigson is a 1cchnician in llouscon. 

IO Mobile R"dio Teclmo/ogy January 1996 

The copper coffin's costs were largely 
absorbed in lhe acquisition of several 
pieces of tesl equipment. but 70 tiles a1 $6 
per tile (not including the intensive labor) 
added up to an expensive project. There 
had to be ano1her way. 

Some tests conducted at home used a 4-
foot cube covered with aluminum foil sold 
for home use. The cube was to 
an earth ground. and a transistor radio 
placed within it could not receive a lkW 
AM broadcast station three miles away. 

The combination of a remodeling 
project al .IJ Sounds and the maintenance 
pmbh:ms with the copper coffin led us to 
try aluminum foil for RF shielding. 

Photo I above left shows the northeast 
corner of a room measuring about 8' x 9' 
with an overall height of about seven feet. 
A single lluorescent lixture mounts in the 
ccnler of the ceiling. The walls and ceiling 
an.: construc1ed of standard two-by-fours 
with gyps um-board walls and ceiling 

placed on an 8-inch concrete tloor. 
Construction began by hanging 8-fool 

lengths of 15-inch aluminum foil directly 
on the wall. Overlapping pieces were 
stapled with office paper staples directly 
tO the wall. (See Photo 2 above.) 

At the northeast junction of walls and 
floor, a single hole was drilled through 
the concrete and a 4-foot-long, 5/s-inch-
diamctcr copper ground rod was driven 
into the underlying soil. Without a con-
nection to this ground, the surrounding foil 
has virtually no effect on receiver sensitiv-
ity to AM or FM broadcast stations. If tfu: 
room is 1101 .fully and completely earth 
xrounded. it will not work. 

By the way, just because an electrician 
says a connection to a ground rod is good 
does not necessarily mean that it is. Photo 
3 above shows oxidation around the clamp. 
Despite an electrician' s opinion, the con-
nection was not grounded. The clamp had 
to be removed, the rod cleaned and the 



clamp rese t to make a truly effective 
ground. Perhaps the path of the copper rod 
abraded the oxidation on its way into the 
earth. 

At this point, bringing a transistor radio 
near a grounded section of foil revealed 
some auenuation of broadcast band sig-
nals, but overlapping joims were leaking 
RF badly. Passing the broadcast band re-
<.:eiver next to a joint while applying 
enough pressure to seal the junction caused 

3 amp amp 7 amp 10 amp 

Now Tripp Ute's 
line or DC power 

cover the 
/itll mnge of' amper-

including the 
popu.lar .12 a.nd 20 

Tripp Lite DC Power 
Supplies earn you 
$1.14MORE 
PROFIT PER AMP 
on average tha11. 
Astron models. 

amp mdios. For Compare Tripp Ute: 
Tripp Lite quality, and 

provides 011tsla11.ding support to Astron 
customer service 
be/lire and aper the 
sale. Best of' aff, 

and we think you 
will agree· the dear 
choice is Tripp Lite' 

TRIPP LITE 
THE PfJWl:R PEOPLE 

further signal reduction. 
"Ground" is one thing to a radio com-

munications technician. To an e lectrician. 
"ground" is and neutral may or 
may not have anything to do with ;111 earth 
ground. 

With respect to the ''tinfoil tomb." the 
electrical earth ground is nearly 
70 feet from the junction box used for 
power distribution to t.he shielded room. 
This earth ground consists of a Yi-inch rod 

Tripp Lite 
DC Power 
Supplies 

Now Available in 
12,20,30,and 

50 Amp Models! 

Tripp Lite Features: 
•Current-limiting fold back 

for complete over-current 
protection 

•Crowbar overvoltage 
protection 

•Solid state, integrated circuitry 
•High quality filtering for very 

low ripple/low noise 
•Fully regulated output main· 

tains g5% of no-load value 
•Unbeatable product support, 

service and reliability 

• Rackmount models available 

a "7 Ready for an alternative to Astron? 
500 N. Orleans, Chicago IL 60610 

Tel: 312/755-8741 Fax: 312/644-6505 
Faxback; 312/755-5420 

E-mail: inlo%tripplite@mcimail.com 
Web; http;/ /tripplite.com 

Call and ask for Dept. PR 2 to sample 
a Tripp Lite DC Power Supply Today! 
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driven into the earth and clamped to the 
conduit that extends to the junction box. 
Several mechanical junctions of the 
conduit were physically separated from 
each other, and a few showed a ck short-
cir<.:uit when an ohmmeter was connected 
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on either s ide of the mechanical junction. 
To improve the grounding, another 

inch copper rod driven into the earth 
a few inches from the "grounded'' conduit. 
An 8-foot length of No. 4 gauge stranded 
copper wire was run to the junction box, 
ruJd neutral. whatever its e lectrical poren-

tial might have been, was grounded. 
Electrical service to the "tinfoil tomb" 

consists of two independent branches, each 
on a separate 20A breaker. Four double 
outlets were used with sets l and 3 on one 
branch and sets 2 and 4 on the ocher. 

Aluminum conduit and j unctions were 

U tilities, airlines. rail-
roads, public-safety, 

mi l itary and other 
government agencies 
worldwide have come 
to rely on Avtec fo r 
advanced. high -capacity 
console solutions for 
integrated radio/tele -
phone systems. DSPatch 
is a co lor touchscreen 
console system chat 
employs Digital Signal 
Processors (DSP's) at 
every line and worksta-
tion. Its distributed 

architecture ensures instant responses. even in 
large systems. DSPatch may be configured to 
support from 32 to 1,024 external lines or operator 
workstations. 

Circle (12) on Fast Fact Card 

14 Mobile Radio Tech11ology January 1996 

abraded to maintain "interruption-proof" 
de integrity at each end before being joined 
mechanically. It is not enough merely to 
pass a green-coated wire through the con-
duit back to the earth ground, but chat had 
better be done. too. 

On each side of the ac line, in the outlet 
boxes, a 0.1 µ.F, 600V bypass capacitor 
effectively reroutes to ground any RF com-
ing down the power lines. Without these 
bypass capacitors, the transistor radio 
would "come alive" when passed near the 
outlets. These same capacitors render wire-
less intercoms nearly worthless as a means 
of room-to-room communications. 

Photo 4 on page JO shows the placement 
of a foi l wrap around the No. 4 ground 
wire. This wire is grounded mechanically 
and electrically to the foil at the juncture 
of both walls and the floor. 

Foil-backed tape is applied to the entire 
length of each section's seam. The seams 
could be taped with virtually any type of 
tape, but foil-backed tape maintains the 
visual monotony! Taping each seam pre-
vents RF leakage through each junction. 

The tloor 
Photo 5 on page 16 shows how a double-

FEATURES INCLUDE: 

+ User configurable screens 
+ Conventional or trunked radio 
+ AN! with call queue 
+ Multi-format paging 
+ Simultaneous conferences 
+ Many more 
DSPacch32. a 32-port system, is 
available for smaller applications. 

Call, fax or write for 
additionaI itiformation or 
a budgetary proposal. 

4335 Augusta Highway 
Gilbert, SC 29054 USA 
Phone: (803) 892-2181 
FAX: (803) 892-3715 



Photo 5. A double-layer of foll 
on the floor is taped and bonded 
to the wall foil. Crosspieces wm 
support the floor deck. 

Photo 6. Foil-backed tape covers the bot· 
tom of the 2 .. X2 .. floor frame of Interlock· 
Ing crosspieces to maintain bonding even 
If the underlying foll becomes abraded. 

Photo 7. The southeast comer 
before shielding. The fluores-
cent llght fixture requires by-
passing and bonding to the foil. 

Photo 8. The southeast corner 
after shielding. The foil, floor 
support lattice and electrical 
service boxes are put in place. 

layer of foil is laid, taped and bonded to 
the protruding wall foil shown in Photo 2. 
Liberal use of foil-backed tape virtually 
hermetically seals the flooring to the 
walls. 

John Espinoza's custom woodworking 
provided an interlocking 2" X 2" frame 
and filler crosspieces to support the Yi-inch 
plywood floor. Foil-backed tape covers the 

bottom of this frame to maintain bonding 
should the underlying foil be abraded. (See 
Photo 6 above.) 

Photos 7 and 8 above right are before 
and ajier views of the southeast corner 
during construction. 

Applying spray-on adhesive, Irving 
Johnson and John Espinoza covered the 
exposed ceiling (Photos 9 and 10 on page 

eqliitlment worked .. --:. ; /. 
it Was olfr:batteries that caused 
the problems. Now with 
Cadex, I won't grab a 
battery without making sure it 
had been analyzed." 
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18) and then placed the foil. (See Photos 
11 and 12 on page 18.) Again, these over-
lapping junctions were stapled and raped 
to prevent RF leakage. 

The dangling fluorescent light fixture 
was bypassed with capacitors (using the 
method described earlier) and bonded to 
the ceiling foil. A receiver picks up 
some residual hum near the fixture, but 



-, _ . 

Photos 9-12. John Espinoza (on the left In the first two photos) and Irving Johnson cover the exposed celling with spray adhesive and then place 
the foil. The overlapping junctions are stapled and taped to prevent RF leakage. 

RF signals are virtually eliminated. 
Unlike the copper coffin, the door to 

the "tinfoil" tomb was simple to con-
struct. Photo 13 on page 20 shows that a 
single layer of aluminum foil was sim-
ply stapled directly to the door, folded 
around the door thickness, and then taped 
to secure the gaps. The door jamb was 
treated similarly. becoming in essence 
an external laminate to the existing 
woodwork. 

Flooring inside the "tinfoil tomb" is 
abom two inches above the concrete floor 

at the entrance, so foil from the floor was 
fonn-fitted around a two-by-four used as 
a threshold. This configuration provides 
metal-to-metal contact bet ween the 
threshold and the door when the door is 
closed. The elevated floor was covered 
with carpeting. 

Next, a table was constructed along the 
north wall. This, too. was covered with 
aluminum foil and bonded to the walls. 
Over the tabletop, a layer of gray carveting 
provides a bit of insulation from the foil. 
There is not much value in building a table 

that "shorts out" the circuitry being worked 
on. 

Photos I 4 and I 5 on page 20 show the 
equipment setup. From left to right are a 
Panavise's mount used to secure various 
boards for servicing, a Ramsey COM 3 
service monitor and a KNS Enterprises 
Cushman multifunction POCSAG/Golay 
generator. 

The large black unit with the blue screen 
is a Tenma 72-920 40MHz dual-trace os-
cilloscope. Atop this unit is the modified 
AM radio described in the February 1994 

·p.: "· .• '\;: .•• ,... 
·' " .. , .. e display niodutes::or. , g· soreens:" " . . 

theUltra-Com PROh in· corriptetel'y'"pr'bgram anQ' recori'-
figure screens without software changes. 

D Other systems claim "full programmability," but usually require 
firmware changes. Not Moducom: We claim it, and demonstrate it! 

D Moducom helps you design operating screens for function, color, 
switch sizes and location ... and much more, with the exclusive 
SCREENMAKER and CUSTOMIZER programs available only with 
the Ultra-Com PRO communications workstations .. 

Check the facts before you buy. Then check the source: Moducom. 
Call or write for our literature package and tree programming demo disk. 
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MODULAR COMMUNICATION SYSTEMS, INC. 
13309 Saticoy St., No. Hollywood •. CA 91605 

(818) 764-1333 Fax: (818) 764-1992 
Texas Office: 1824 Geneva Lane, Plano, TX 75075 (214) 509-8144 
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Photo 13. Aluminum foll Is 
stapled directly to the door, 
folded around It, and then taped 
to secure the gaps. The door 
jamb ls treated similarly. 

Photo 14. The table for equip· 
ment used to service pagers has 
been built In the northeast cor· 
ner of the shielded room, close 
to the earth ground connection. 

Photo 15. Equipment used for pager servicing includes a PanaVise mount, a 
Ramsey COM 3 service monitor, a KNS Enterprises Cushman multifunction 
POCSAGIGotay generator and a Tenma 72·920 40MHz dual-trace oscllloscope. 
Additional equipment includes an 'IFFER,' a Solomon Brothers SL·10 solder· 
Ing station and a Motorola RTL 1005 radiation test fixture. 

article "Servicing Pagers: Build an 
'IFFER."' A Solomon Brothers SL-I 0 
soldering station (available from Mkro 
Alarm Systems. 800-736-2999) provides 
temperature-controlled soldering conven-
ience. For $42.50, it is a surprising value, 
and it includes a grounding post (guess 

where that is connected'?) and multiple 
replacement tips. 

Al front and center is the Motorola RTL· 
I 005 radiation test fixture. surrounded by 
hand tools and repair aids. In the white 
box next to the soldering station is a 
jeweler's loupe. a IO-power monocle that 

HIGH Q FILTER S 
•Low loss 
• Broad frequency range 

30-950 MHz 

NOTCH AND BANDPASS 

• Single, double & triple cavities 
for spot or wider band 
attenuation 

• Excellent power 
handling & 
temperature stability 

• Field tunable 

For more information, 
request our data sheets 
for HIGH Q FILTERS. 

MliC 
MICROWAVE FILTER COMPANY 

6743 KINNE STREET 
EAST SYRACUSE, NY 13057 
800-448- 1686. 315 -437-3953 
F1lX: 315-46 3 -1467 
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attaches to the eyeglass bow. 
Project expenses are detailed in the box 

on page 14. 

How does it work? 
Preliminary testing shows little differ-

ence between rhe copper-circuit-board-
and the aluminum-foil-shielded rooms. 
Both require excellent grounding, and both 
provide about 50dB of attenuation to 
930MHz signals. With the aluminum ver· 
sion, copper oxidation is a thing of the 
past, and any RF leaks can be fixed with a 
patch of aluminum foil and aluminum tape. 

With boch rooms, RF has to be piped in 
by coax connectors to bring in enough sig· 
nal for a pager to receive on-the-air sig-
nals. Received signal strength on a pager 
is roughly equivalent to that generated by 
the Ramsey Corn 3 when the attenuator is 
at full minimum (XI scale with variable 
auenuator set at minimum). The room is 
effective. 
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