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CORRECTIONS TO ERC-310 MANUAL

Page 1-5, Sec. 1-6 Reference Data

a. Number of preset channels should be 4 not 3.
Page 3-5/3-6, Sec. 3-3

a. Line a - Should be position 1 not N.

b. Line b - Should be position 1 not N.

Page 6-12, Sec. 6-6.4.2

a. Should be image rejection, not selection.
Page 6-21, Sec. 6-9.2

a. Need to insert step to remove wires to BNC.
Page 6-21, Sec. 6-9.3

a. Should read - display will slip out.

Figure 8-1

a. Change RY + TY to RX + TX.

Figure 8-4-

a. External power relay wired wrong.

b. D8 is backwards.

c. Rl - 47Kk, .

Figure 8-6

a. D8 is backwards. ©
b. 10M lines = only two.

c. Antenna matching line to transistor is wrong.
Index 1

a. Audio module instead of analog module.

Index 2

a. - ERC-310 instead of ERC-31.

Figure 8-21

a. UlB output pin is pin’4 not pin 10.

Figure 8-2

a. Synthesizer module missing reference numbers.
Page 4-5

February 17, 1981

a. 1lst complete paragraph, last sentence should read '"to provide an attentuation

of 24db at 5.4kHz".

Figure 8-23

a. See test manual for numerous changes.
Figure 8-11

a. TPl not labeled.

"Figure 8-6

a. D8 backwards.

b. R5-8K2.

c. Aux 8305 needs jumper from audio out to audio in.
Figure 8-19

a. See test manual for changes.

Figure 8-22

a. R2-10K.N-.

b. C3-.47uf.

c. C7-.luf.

Figure 8-17

a. See test manual for changes.

Figure 8-18

a. See test manual for changes.

Figure 8-15

a. 22p cap after Ql should be Cl4.
Figure 8-16

a. See test manual for numerous changes.
Figure 8-8

a. See test manual for numerous changes.
Figure 8-10

a. (€20 chould be .47u.

b. €3 should be .47u.
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1-5. ACCESSORIES

The following accessories are available to provide alternative methods of deploying the ERC-310:

Carrying Case (webbing and harness)

External Power Cable (2 meters)

Headset and Boom Microphone

Semi-base (Discone) Antenna with Cable (10 meters)
Rebroadcast Cable (1 meter)

Field Battery Charger (11-30 volts DC)

AC Adapter for Field Charger (110-220 volts AC)
Solar Battery Charger

Base Station Power Supply Unit (110-220 volts AC)

1-6 REFERENCE DATA

General

EFeQUENCERAMAE . . - . . o vr s oS sin s atis wslnle s vle e s s b u s 30 to 80 MHz (any 20 MHz segment)
Channel Spacing . ...... e e e P T 25 kHz
N MDD RO e D AR LS e b e s o alais e o sl A aa i e atie) i hals e s e ol e e o SRR 800
NaOmb OB e SeTCNaNNEIS S (o a0 i 0 e sl e oo o e at et S it R e e 3
Node Of O D ra O s e e i o5 Huh e o L areemishn o mns o v s St et e Ly O F3, simplex
EreqQUENCY St Y s s e e e e it i e et S e S Better than 2.5 kHz
O peratingeVoliage s o e L L T e s S e e ba S 10 to 30 VDC
Batlery R ackan s s e L e e L R e S e e e NiCad; 13.2 VDC — 2 AH
B ATt VAl e e e e e o el e e e e 15 hours on a 10:90 Duty Cycle
CONTIQUIATION .. . . < s - oo ts oo e el e e e S T ety v ahdrier el & eu e e e e o e et Manpack
Vehicular
Base Station
B ebroagCasti- - i« el e e Bn) N e et L S e gy Via Multicore Cable

Transmitter
R P oW e R O U P = o e e e s T i Sehet eV o s 1.5 W min. into 50-ohms @ 10 V
increasing to 5.0 W @ 24 V
o T o A L0 L0 e e It o e e o e R e B S P L e >70dB
H At ORI AT U A O s o o et el o wE et ool e aabas iehim o) =\ mirmiim bt o yn e MR HoES >60dB
MOAdUIatION DOVIATION « © ool s ciiors ohe o o sliaiaaials & d o aistie sl teerel a wihs elaial ot ok aalsllarars ola o lelikie 5 kHz (Voice)
1.5 kHz (Tone)
MOAUIatiON D ISEOILIONL - o o5 o' e e - < o omerabors fhon o e ehal sl e nors bl o o e e eds = s e < 8% @1 kHz
MoOAUIGtiON EreQUENCY & < - . (1o tit ciu o s ela ale alaieis ool ol af o Sehers uueE et el 2L E 300 to 2700 Hz within 3 dB
B S PO S B L e e o e mllarte s roim AhaTe o e Bty i T e e e b 5.4 kHz —20dB
Modulation EImMIEING! <. o c v cl e o o sl fsre sl e e o = = o el el B Speech Processor with
Whisper facility (automatic)
Transoiit COrrentDrAINEI2V) o e S e e R Rt e R e 800 mA
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1-6 REFERENCE DATA (Continued)

Receiver
TTNE VIR 5o G 578 oo e o e B 3 (oIS P D QI T3 0 770 B ) 0§ 10 B s e 0.4 uV for 10dB SINAD
Adjacent Channel Rejection ............c.cciiienrienicainenesoraaenacaneoncncconons >75dB
ITDAROIRBIOCHION, 1. . if e o = = orimicls o e o1 e s st i o wpamara e o ahEa, e o e ) Wi n e s e e >75 dB
U T o ¢ e S e o SRR, == © 0 P e P A e e e e >75 dB
T oS BT TR & o o oot 6 6.6 B O B 5 00 DO i B 00 A B 0 Clo o 0 0 4mW into 600 ohms
DA R TR D 0 it & 6 o b o 2800 ot et o o oo it o e By o M 08 i e s 5, D 5 < R < 8% @ 1 kHz
Receive Current Prain il 2V ) o e v e e s e 5w aiotsla e s SFETetnEnaota famlo) @ of olake sFohal s e uilaiim e n o mw o) 8 o 80 mA
Mechanical and Environmental

Weight (includingbattery) ...........cccitivientnonaesacnonacsananssas <5-1/2 Ibs. (2-1/2 kg)
HCMPETREOTCIRATING » . w o 2w wiv = v me = 50 e arie Wl was <0 o e e Gribaliaoles = W55 e e -400C to + 65°C (operating)
—550C to + 75°C (storage)

EITIIIGIEN o - o s w oo o oain v a o 5w s ale s S R s o 8 A R A Sl e o e el oA W e e i 95% R.H. @ 55°C
T L e e o T vl e OR0 DS 2 o MO T 4500 meters (operating)
9000 meters (transport)

T TR O a2 i et b, B ol o s e e S 0 e = £ 0 3 o A At O 1 0 63,0, 0. 2 hours @ 1 meter
] S e A e o S e R i iy 8 D o o o v D Qi MIL-STD-810
BUINDINIG o s it o e A0 e o e byt e il o RS o (e i i e e iel g o e o s o KO o DEF-133
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CHAPTER 2
SERVICE UPON RECEIPT AND INSTALLATION

2-1. UNPACKING AND INSPECTION

Immediately upon receipt of the ERC-310, inspect the packing box and the unit for signs of possible ship-
ping damage. Ascertain if the transceiver is performing satisfactorily as outlined in the Operating
Instructions, Chapter 3. If the transceiver is damaged or fails to operate properly, file immediate claim
with the carrier who is responsible to deliver your shipment undamaged. Failure to check for and report
damage immediately may result in monetary loss to you.

It is recommended you keep the shipping carton. In the event storage or reshipment becomes necessary it
will come in handy.

2-2. HANDSET

Connect the Handset to either of the two Audio connectors (10). With the raised reference mark
on the Handset plug adjacent to the short side of the top panel, the three locating pegs will fit into
the corresponding slots and, with a slight downward pressure and clockwise twisting, the plug
will be securely fixed to the connector. To release, press the plug downward and turn
counterclockwise.

'OQ I ) P

=i I
MHZ

i
@ (@I =ERC 3100 (®

I_H

AUDIO
CONNECTOR

Q HANDSET
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2-3. ANTENNA INSTALLATION

2-3.1 Whip Antenna. In normal use, a Whip Antenna is inserted into the Whip Antenna connector.
Note: At no time should an antenna be connected to both connectors simultaneously.

WHIP
ANTENNA
:19 HHEE '/:/P:‘;;NNA
CONNECTOR

|OO Erc 310 QO

on 3L s2 3o

| ———50-OHM
BNC
CONNECTOR

50-OHM
COAX

fj INSULATORS
e /

DIPOLE ANTENNA
172
L* MAz

2-3.2 Alternate Antenna System. The BNC connector is used for connecting the transceiver to
any other type of 50-Ohm antenna. The Dipole Antenna System may be used to provide a more
efficient antenna. To calculate the length and the Dipole Antenna, divide 72 by the frequency in
MHz and cut a piece of wire equal to the calculated length. Cut the wire into two equal sections
and connect each section to one end of an insulator (approximately 6 inches long). Connect the
conductor and shield of a 50-ohm coaxial cable to the two wires connected to the insulator. Con-
nect the other end of the coaxial cable to a BNC plug and connect this plug to the BNC connector
on the transceiver. Elevate the center of the antenna to a suitable height and fix the two ends of
the antenna to convenient anchor points. Where possible, the antenna should be at right angles to

the direction of the transmission.
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2-4. POWER REQUIREMENTS

2-4.1 External Power Source. The transceiver can be connected directly to a vehicular or base
station 11-30 - volt DC source without a power supply adapter using the external power cable.
Connect one end of the cable to either of the two front panel audio connectors as shown below and
the other end to the power source.

NOTE: On above 18 VDC cannot be used continuously on transmit.

EXTERNAL
POWER
CABLE

CAPT IVE
SCREW

BATTERY

BATTERY
CONTACTS

2-4.2 NiCad Battery Pack. The NiCad Battery pack provides DC voltage for manpack operation
of the transceiver. Mate the contacts on the battery pack with battery contacts on rear of trans-
ceiver. Secure the captive screw on rear of battery pack.

2-3/2-4
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CHAPTER3
OPERATING INSTRUCTIONS

3-1. OPERATOR CONTROLS, INDICATORS, AND CONNECTORS

3-1.1 Controls.

Frequency Selection Pushbuttons — Preset transceiver frequency of operation in 10 MHz,
1 MHz, 100 kHz, or 25 kHz steps. Depressing any of the pushbuttons illuminates the
display for approximately 5 seconds.

(O ERC 310

Voilume Control — Adjusts Memory Switch — Selects
receiver audio level. up to four preset frequencies.

Function Switch — (Program Mode) allows programming up to four specific frequencies
into the radio’s memory prior to a mission. OFF disconnects radio from the supply
voltage. ON allows radio to operate with no squelch. S1 selects tone squelch — audio
will be heard if the receiver receives a signal modulated by a 150 Hz tone; otherwise radio
remains mute. S2 selects noise squelch — audio will be heard when the RF signal has 6 to
15 dB SINAD (internally presettable); otherwise radio remains mute.

3-1




3-1.2 Indicators and Sensor.

Battery Condition Indicator — Operates when Display is on to indicate battery condition.
Lights to indicate battery state of charge is adequate to assure usable communications.
When not illuminated, it indicates that battery is either in a state of discharge or near
discharge.

Display — Displays frequency present by
Frequency Selection pushbuttons.

I_!II

Display Intensity Sensor — Determines display brightness. In strong sunlight, display
intensity is increased; in darkness, display intensity is decreased.

32



3-1.3 Connectors

Audio Connectors — Provides connection to Handset, External Power Cable and
Rebroadcast Cable, and other accessories.

Whip Antenna Connector — Provides connection of Whip
Antenna.

50-Ohm BNC Connector — Provides connection of Discone, Dipple, or other 50-Ohm Antenna.

3-2 MODES OF OPERATION
The transceiver is capable of operating in the following modes of operation.

a. Normal preset frequency mode of operation
b. Guard channel operation (option)

c. Frequency hopping operation (option).
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CHAPTER 4
PRINCIPLES OF OPERATION

Section |. TRANSCEIVER OVERALL FUNCTIONING

4-1. INTRODUCTION.

The ERC-310 is a fully synthesized manpack transceiver providing 800 channels, at 25 KHz spacing, of
voice communication in any 20 MHz band of the 30 to 80 MHz frequency range. The 20 MHz operating
band of the transceiver is factory installed to any desired 20 MHz band between 30 and 80 MHz (i.e., 30-
50 MHz, 35-565 MHz, 40-60 MHz, 50-70 MHz, 60-80 MHz, etc.). The transceiver can be supplied with up
to three modes of operation: normal preset channel operation is standard; guard channel operation and
semi-duplex operation are optional. A factory installed option is available to provide 400 channels

at 50 KHz spacing in lieu of the standard 800 channels at 25 KHz spacing.

4-2. TRANSCEIVER OVERALL BLOCK DIAGRAM FUNCTIONING. (See figure 8-1.)

The ERC-310 can be operated from a battery pack or can be connected directly to a vehicular or base
station 24-volt DC power source without a power supply adapter. The applicable power source is
connected to the audio module which contains the main power supply for the radio and to a voltage
regulator on the logic memory module which provides the operating voltage for the logic memory module
circuitry and for the display module. External power is applied to the transceiver via one of the front
panel Audio connectors. A front panel Battery Condition Indicator lights to indicate that battery charge
is adequate to assure usable communications. When not illuminated, it indicates that battery is either in a
state of discharge or near discharge.

Prior to using the radio in the normal preset frequency mode of operation, the operator programs up to
four specific frequencies into the radio’s memory prior to a mission. This is accomplished by placing the
Memory Select switch in the program (P) position and using the Frequency Select pushbuttons to enter a
specific frequency for each position of the Memory Select switch. When communications on a predeter-
mined channel is desired, the operator then merely selects the preset number on the Memory Select switch
and the radio is immediately on the frequency programmed to that position earlier. A factory installed
option can provide up to 10 Memory Channels. Actuation of the Frequency Select pushbuttons when
the Function Select switch is on any position other than P will not affect the programmed frequencies.

The receiver module contains the entire receiver with the exception of the audio amplifiers. It is broad- @)
band, operating between 30 and 80 MHz and limits the operating band to a 20 MHz segment selected by

the user. Although operating in the 30 to 80 MHz band, the receiver has been tested to operate virtually

flat to 500 MHz.

The audio module is used for both receiver and transmitter functions. On receive the audio module
delivers approximatelly 4 milliwatts into a 600 ohm headset. The audic module also includes tone and
noise squelch generators, selectable by the Function switch. The ON position of the function switch
allows the radio to operate with no squelch. Position S1 of the Function switch selects tone squelch,



in which audio will be heard if the receiver receives a signal modulated by a 150 Hz tone; otherwise the
radio remains mute. Position S2 of the Function switch selects noise squelch, in which audio will be heard
when the RF signal has 6 to 16 dB SINAD signal (internally presettable); otherwise radio remains mute on
transmit. The audio module amplifies and clips the audio output from the handset microphone. The
signal is then filtered and mixed with a 150 Hz tone to provide sidetone on the transmitted signal. The
composite speech and 150 Hz tone signal is applied to a modulator equalizer in the synthesizer module.
Auxiliary inputs and outputs are provided on the audio module which are available if delta modulators are
used for speech scrambling. Squelch information is also available from the audio module for automatic

" rebroadcast, or to control the guard channel of the semi-duplex mode.

The frequency synthesizer employs state-of-the art digital technology in a phase-locked loop scheme to
control frequency over the selected 20 MHz operating band. The frequency synthesizer module also
includes a modulation equalizer which equalizer frequency deviation within 500 Hz over the 20 MHz
frequency band. This represents £10% when related to the 5 KHz standard deviation. Stability of the
synthesizer between -40 and +65°C is better than 2.5 KHz, which is adequate for a 25 KHz channel
spacing system.

The transmitter module amplifies the transmit signal from the synthesizer and delivers a minimum of 1.5
watts to the antenna at the rated supply voltage of 12 VDC. When the supply voltage is raised to 24 volts,
the power output is approximately 5 watts.

The logic module controls the BCD inputs to the synthesizer. Because of the interface requirements for
semi-duplex and guard channel, conventional switches have been replaced with a total electronic
frequency entry. Entry of frequency information for normal preset channel operation is accomplished
via four Frequency Select pushbuttons located on the display module: 10 MHz, 1 MHz, 100 KHz, and
25 KHz. Depressing any of the pushbuttons illuminates the display for approximately 5 seconds.
Pressing the pushbutton causes the 7-segment display to clock through the frequency selections at a
rate of three steps per second (in the “P”” mode). Releasing the pushbutton causes that particular
frequency to be automatically stored in the memory located on the logic Memory module. By use of the
four pushbuttons, any frequency within the operating band can be stored in the memory. The memory
has four addresses which provides three operating channels and one guard channel or four operating
channels.

When considering a type of voice secure system to supply, delta modulation is the prime choice. There
are devices on the market today and the trend seems to be that delta modulation becomes more and more
viable in personal communications. A delta modulation speed scrambler of a low to medium security
level could be provided in the space allocated for the auxiliary module.

When operating in the guard channel mode, memory position 4 is programmed for an emergency or
command frequency. When the operator is operating the radio in the normal mode and a signal appears
on the guard channel, an audible indication is given to the operator. The operator will break off his
normal communication, switch the Memory Select Switch to position 4 and be in immediate contact
on the emergency channel. This feature is mainly useful in networks where a tactical net is operational
on one frequency and the commander of more than one net allocates-a guard channel so he can
communicate with all troops simultaneously.



Section II. MAJOR FUNCTION BLOCK‘DIAGRAM ANALYSIS
4-3. INTRODUCTION

This section provides a block diagram discussion of the radio and is keyed to appropriate major function
block diagrams. The discussion is arranged as follows: transmit functioning (paragraph 4-4), receive
functioning (paragraph 4-5), frequency selection and display functioning (paragraph 4-6), and frequency
synthesizer functioning (paragraph 4-7).

4-4. TRANSMIT FUNCTIONING. (See figure 8-2). The transmit mode of operation is initiated by
depressing the push-to-talk (PTT) switch on the handset connected to the front panel Audio connector.
This closes a relay in the radio which provides operating voltage to all transmit circuitry and feeds the
output of the transmitter module to the antenna via the filter module and antenna match, if applicable.
The sequence of operation for the transmit function is described below:

With the PTT switch depressed, the microphone output is applied to a speech compresser on the audio
module top board where the compressed audio is amplified and then clipped at 3 dB above the compression

level to guarantee that noise peaks which passed through the compressor are not appearing at the modulator.

The audio from the speech compressor is then passed through a high pass filter and low pass filter on the
audio module bottom board which are used in both the receive and transmit modes. These filters suppress
frequencies below 300 Hz and above 2.7 KHz to clean audio signal.

The filtered audio is then fed to a summing network on the audio module top board where it is mixed
with a 150 Hz tone generated by the tone squelch circuit. The composite speech and 150 Hz tone signal
is applied through the Deviation control to the modulation equalizer on the synthesizer module bottom
board. The modulation equalizer acts as a variable resistor which is controlled by the course tune voltage
to attenuate the audio used for frequency modulation depending on frequency. This results in an even
frequency modulation deviation over the band transmitted on. The coarse tune generator on the
synthesizer module top board sets the transmit VCO to the approximate transmit frequency, after which
the fine tune phase lock loop takes over.

The PC input from the phase comparator and program counter of the phase lock loop is applied to the
transmit VCO via the loop filter. The loop filter filters out sidebands as well as give the loop the required
modulation performance. The transmit VCO is also modulated, according to frequency, by the output
of the modulation equalizer on the synthesizer module bottom board.

The transmit VCO output is amplified in a broadband amplifier which receives an input from a lock
detector on the synthesizer module bottom board (figure 8-3). If an out-of-lock condition exists, the
gain of the broadband amplifier is reduced and the radio will not transmit. The output from the broad-
band amplifier is then fed to the transmitter module via a harmonic filter.

The transmitter module comprises a two-stage broadband amplifier with input and output matching
networks. It amplifies the transmit signal from the synthesizer and delivers a minimum of 1.5 watts to
the antenna at the rated supply voltage of 12 volts DC. When the supply voltage is raised to 24 volts,
the power output is approximately 5 watts.

The transmitter module output is fed through relay contacts to the filter module which is a nine-stage

low pass filter. From the filter module, the transmitted signal is either fed directly to the 50 ohm BNC
connector or through the antenna match to the whip antenna connector.
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45. RECEIVE FUNCTIONING. (See figure 8-2.) When the push-to-talk (PTT) switch on the handset
is released, the radio is in the receive mode and any signal present on the frequency to which the radio is
set will be heard in the handset. The sequence of operation for the receive function is described below:

In normal use, a whip antenna is inserted into the Whip Antenna connector. The signal received by the
whip antenna is fed through the antenna match, filter module, and normally closed relay contacts to the
receiver module. The radio can also be connected to any other type of 50 ohm antenna. In this case, the
received signal is fed directly from the 50 ohm BNC connector to the filter module. The filter module
establishes the upper frequency limit of the receiver.

The receiver input is passive, and there is no RF amplification or tuning required. The incoming RF
signal to the receiver module passes through a high pass filter which attenuates all frequencies below
30 MHz by a minimum of 60 dB.

Because the receiver will receive any signal between 30 MHz and 500 MHz, the problems of image

rejection and two signal jamming received primary consideration in the design. As mentioned earlier,

the high pass filter of the receiver module cuts off below 30 MHz which is the lowest operating frequency
of the radio. Image rejection is accomplished with the filter module which also serves as the transmitter
low pass filter. Both filters, the low pass in the filter module and the high pass in the receiver are Chebishev
filters with Cauer parameters. They have slope factors of approximately 1 to 1.11 to provide extremely
steep filter skirts. The filter module provides a rejection of 60 dB at 57 MHz and increases to approxi-
mately 75 dB at high frequencies.

A classic way of jamming a manpack radio is generation of two jamming signals with a difference between
their frequencies equal to the IF frequency of the radio. For example, a signal of 30 MHz and a signal

of 57 MHz generates the 27 MHz IF and renders the radio useless for operation. The ERC-310 is immune
to this type of jamming because the receiver bandwidth of 20 MHz does not allow two signals with a
difference of 27 MHz to enter the receiver. This “anti-jam’’ technique is an important feature for tactical
applications of the radio. '

Another major problem which plagues most receivers is that of cross-modulation or inter-modulation.
This phenomena, caused by non-linear mixing products in the front end of a receiver, is virtually non-
existent in the ERC-310 because of the unique, totally passive front end employed. There is no RF
amplification before the first mixer and signals must exceed approximately 100 millivolts which is an
unusually high signal level to be encountered, before any non-linearties occur in the mixer.

The filtered RF signal is then mixed in the first mixer with the receiver tuning signal from the frequency
synthesizer. The first mixer is a double balanced, low noise Schottky mixer which will not overload
until levels exceed -10 dBm. It has a noise figure of 5 dB and an insertion loss of 5.5 dB.

The first mixer is followed by a low noise |F amplifier (27 MHz) with a gain of 9 dB to compensate
for the insertion loss of the mixer and the crystal filter which follows the IF amplifier. The 27 MHz
crystal filter is a 10-pole, lattice filter, which provides an adjacent rejection (which in this case is

25 KHz) of 75 dB.

The crystal filter is followed by another low noise |F stage of 27 MHz, which has just enough gain to
overcome the noise of the second mixer. The second mixer mixes the 27 MHz IF signal down to the
second with a crystal oscillator frequency IF of 455 KHz. The 455 KHz signal is then broadband
amplified in a two-stage amplifier. The second amplifier, on the receiver module top board, incorporates
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a quadrature detector. Freguency stability of the second mixer crystal oscillator is not a critical factor
because the IF is broadband and the detector circuit will accept a large variation in frequency. This is
an important feature, especially over the wide temperature range in which the radio operates. The
detected audio signal is then routed to the audio module for further amplification and filtering.

In the audio module, the detected audio signal is fed through a low pass filter and receive preamplifier

on the top board, and a high pass filter and low pass filter, on the bottom board. The high pass and low
pass filters are used in both the receive and transmit modes. On receive, all frequencies below 300 Hz are
attenuated by the high pass filter. The 150 Hz sub-carrier squelch tone is attenuated by approximately
36 dB so it becomes nearly inaudible. This is a distinct improvement over other military radios where
the 150 Hz tone in the headset is quite disturbing. The low pass filter limits the upper frequency of the
audio and its 3 dB point is at 2.7 KHz, rolling off to provide an attenuation at of 24 dB at 5.4 K Hz.

The bias voltage for the high pass filter, low pass filter, and audio amplifier on the audio module bottom
board is provided by a bias generator on the audio module top board. The audio module top board also
contains two independent squelch systems, a 150 Hz tone squelch and a noise squelch. The noise squelch,
which operates on a signal to noise ratio, is internally preset. Also, to be unaffected by modulation, the
noise squelch circuitry operates on noise above 5 KHz only. The 150 Hz tone squelch activates the
receiver when the noise squelch is tripped and the presence of a 150 Hz tone is detected.

The squelch gate on the audio module bottom board controls selection of the desired squelch and

controls rebroadcast switching. Selection of no squelch or noise/tone squelch is made by the Function
switch as follows: ON position allows the radio to operate with no squelch: position S1 selects tone squelch ;
and position S2 selects noise squelch.

The filtered signal is fed through the volume control to an audio amplifier, on the audio module bottom
board, which delivers approximately 4 milliwatts into a 600 ohm headset. The volume control adjusts the
receiver audio level.

The coarse tune generator on the synthesizer module top board sets the receive VCO to the approximate
receive frequency, after which the fine tune phase lock loop loop takes over. The receive VCO oscillator
27 MHz higher than the transmit VCO.

The DC input from the phase comparator in the program counter of the phase lock loop is applied to the |
receive VCO via the loop filter. The receive VCO output signal is amplified to a level of approximately

1 milliwatt by a broadband amplifier. The receive tuning signal is then passed through a high pass filter
which filters out any spurious signal which would fall on the receive band and a matching network which
provides a reasonable match to the first mixer in the receiver module.

4-6. FREQUENCY SELECTION AND DISPLAY FUNCTIONING. (See figure 8-3.) Frequency
selection and the display of selected frequency by the radio is accomplished as follows:

Entry of frequency information for normal preset channel operation is accomplished by four Frequency
Select pushbuttons - 10 MHz, 1 MHz, 100 KHz, and 25 KHz - located on the display module. The
Frequency Select pushbuttons control the operation of a clock circuit on the logic memory bottom board
which is clocked by a 3.125 KHz clock from the synthesizer. The clock generator generates an Enable
which controls on/off time of the display, via a strobe generator on the logic memory top board, and
feeds selected frequency into the memory via a synthesizer divider which is slaved to the memory.

By use of four pushbuttons, any frequency within the operating band of the radio can be stored in the
memory.




“Writing”’ of frequency information into the memory can only be accomplished with the Function switch
in the Program (P) position. With the Function switch in the P position, depressing a pushbutton causes
frequency select information to be clocked into the memory at a rate of three steps per second. Releasing
the pushbutton causes that particular frequency to be automatically stored in the memory.

The memory has four addresses, selected by the Memory switch, which provides three operating

channels and one guard channel or four operating channels. When operating on one of the preset
frequency positions, operation of the frequency select pushbuttons does not affect the stored information.
Frequencies are changed only when the program (P) mode has been selected by the Function switch.

The size of the Memory can be increased to 10 channels at the factory. When the radio is switched off,
the memory will stay alive for approximately six months by small NiCad batteries integral to the module.

The frequency select information entered into the memory is applied simultaneously to the synthesizer
(paragraph 4-7) and to the display control on the logic memory top board, which controls the BCD inputs
to the display. When any of the Frequency Select pushbuttons is depressed, the strobe generator provide
a strobe to the BCD. Seven segment decodes which causes the frequency selected to be displayed for
approximately 5 seconds.

The ERC-310 uses intensity modulation to adjust display brightness to the ambient light conditions. This
is accomplished by the use of an LDR light sensor control the strobe pulse width of the display.

4-7. FREQUENCY SYNTHESIZER FUNCTIONING. (See figure 8-3.) The frequency synthesizer is a

single loop, downconversion type synthesizer which employs state-of-the-art techniques such as separate

transmit and receive VCO's, two offset crystal oscillators for down mixing, and pre-tune information =
which is generated out of the loop. The sequence of operation for the frequency synthesizer function is

described below:

As shown in figure 8-2, the synthesizer uses two separate VCO's, one for transmit and one for receive. The

transmit VCO generates any desired frequency between 30 and 80 MHz in 20 MHz segments. The

receive VCO provides any frequency between 57 and 107 MHz. After passing through the transmit or

receive function broadband amplifier, the signals are summed and amplified on the synthesizer top board. =
The transmit or receive VCO signal, as applicable, is then mixed down by mixing with a transmit or receive

crystal oscillator which oscillates 3 MHz lower than the lowest VCO frequency to generate a frequency

between 3 and 23 MHz. T

The mixed signal is then passed through a low pass filter which filters the downmixing product from the
double balanced mixer and feeds the signal “D’’ to the synthesizer bottom board.

On the synthesizer bottom board, the downmixed signal is fed to an input transformer which applies a
balanced signal to the linear amplifier. The linear amplifier amplifies the downmixed signal to a logic
level. The limiter limits the level of the signal to the ~8 prescaler so that it does not exceed logic level. ——

The 8 prescaler divides the downmixed 3 to 23 MHz signal by eight to provide a 375 KHz to 2.875 KHz
signal to the ~ N prescaler. The signal results in 800 channels at 25 KHz spacing for the 20 MHz band
selected.

The = N prescaler is especially designed for synthesizer applications and is programmed with the program

lines from the selection function (paragraph 4-6.) The resultant 3.125 KHz output of the +~ N prescaler ~
is the final loop frequency. This signal is compared in a phase comparator and quadrature detector with
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a 2.5 MHz reference signal provided by a 5 MHz crystal reference oscillator and a +2 reference prescaler.
The PC (phase comparator) signal is used to fine tune the transmit and receive VCO's, via the loop filter
on the synthesizer top board (figure 8-2). The 3.125 KHz output is the clock signal which is used by the
frequency select function (paragraph 4-6). The phase comparator and quadrature detector also provides
an output to the lock detector and amplifier and generates a signal which reduces transmitter power
output if an out-of-lock condition exists.

4.7



Section 11l. POWER SUPPLY AND DISTRIBUTION

48. POWER REQUIREMENTS. The ERC-310 can operate either from the 13.2 VDC, 2AH battery pack
or can be connected directly to a vehicular or base station 11 to 30 volt DC source without a power supply
adapter using the external power cable.

49. POWER SUPPLY AND DISTRIBUTION. (See figure 8-4).

4-10. INPUT POWER. The battery pack voltage or the voltage from the external power source is applied
through contacts of relay K1 to Function switch S1-A. From the Function switch, the voltage is applied
to the audio module, and the logic memory module.

4-11. MAIN POWER SUPPLY. The main power supply for the radio is located on the audio module.
It uses a nA78 voltage regulator, U3, which is preset to provide an output voltage of +3VDC at pin 1.
This regulated +9V DC is the operating voltage for all circuits of the radio except the circuits on the logic
memory module and the display. The voltage at pin 1 of U3 is set at +9VDC by R1, R2, R35, and R36.
The output voltage is filtered by C3, C4, R3, and C22.

4-12. LOGIC MEMORY MODULE POWER SUPPLY. The logic memory module uses a uA78 voltage
regulator, U7, to provide regulated +9V DC to the logic memory module and to the display. The battery
input voltage is applied to pin 4 of U7 via an input filter comprising RFC1, C2, C3, and C4. The output
voltage from pin 1 is filterd by RFC4, C7, C8, and C9. Resistors R15 and R16 set the output voltage at
+9VDC. Battery voltage is sensed by U1A, one gate of a Schmitt trigger NAND gate, which is set by R2
to trigger at +11 VDC. Thus, if the battery voltage is above +11 VDC, the Battery State Indicator on the
display module will light. If the battery voltage is below +11 VDC, the Battery State Indicator will be
extinguished.

4-13. SCHOTTKY VOLTAGE REGULATOR. The low power Schottky voltage regulator on the syn-
thesizer module bottom board is the only circuit in the radio that does not operate from +9 VDC. The
+9 VDC regulated voltage from the audio module is dropped to +5 VDC by diode D1 on the synthesizer
module bottom board and provided to the Schottky prescaler via RFC2.
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Section IV. CIRCUIT ANALYSIS

4-14. GENERAL

Paragraphs 4-15 and 4-16 describe the system logic and unique logic elements used in the radio. Paragraphs
4-18 through 4-25 provide a circuit analysis of each module. The descriptions in these paragraphs are
keyed by means of a number to the corresponding functional circuit on the referenced schematic diagram.
Paragraph 4-18 provides a detailed circuit analysis of the overall radio and of each individual module.

4-15. SYSTEM LOGIC

The ERC-310 uses the positive voltage level (+5 volts or +9 volts) as the logical ““1"* state (high level) and
ground level as the logical 0’ state (low level). Although the logical ‘0" state is said to be ground or zero
volt, the level is usually within 0.4 volt of zero. If any signal is at the logical ‘1" state or “high”, the
reverse or complement of the signal is “0" or low.

4-16. UNIQUE LOGIC ELEMENTS

Figure 8-5 gives logic symbols, truth tables, and other descriptive information for each unique logic element
used in the radio.

4-17. ERC-310 TRANSCEIVER. (See figure 8-6.)

Paragraphs 4-18 through 4-25 provide a detailed circuit analysis of each module comprising the radio. ltems

_not mounted on modules are either mounted on the motherboard or the front panel. The motherboard

has only the receiver/transmit switch relay, the external power relay, and some decoupling and circuit
protection as active circuitry. Otherwise, it is only the sockets for module pins. The front panel mounts the
audio connector, 50-BNC connector, VOL (volume) control, Memory switch, and Function switch. Refer
to Chapter 3, for a description of front panel controls, indicators and connectors.

Connection to the handset, external power source, and rebroadcast cable are made via the Audio connector.
When the handset PTT switch is depressed, the receive/transmit relay (K2) is energized. This provides
operating power to the transmit circuits of the radio. With the PTT switch released, the normally closed
contacts of K2 provides operating power to the receive circuits of the radio.

Relay K1 is the external power relay, and is energized when an external power source is used. If not ener-
gized, the battery voltage is routed through the relay contacts to the power supplies on audio module and
logic memory module.

Transister Q1 is a transistor switch which is switched by the logic memery module when the 10 MHz Fre-
quency Select pushbutton is depressed. This switches the tap on the torrid coil of the antenna match.
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4-18. AUDIO MODULE 1. The audio module is of two board construction. It is used for both transmit
and receive functions. Refer to paragraphs 4-18.1 and 4-18.2 for a description of audio module top and
, bottom boards, respectively.

4-18.1 Audio Module Top Board. (See figure 8-7). The audio module top board contains two independent
squelch systems (a 150 Hz tone squelch and a noise squelch), a bias generator, the compressor for the
‘microphone (which has a whisper facility), a low pass filter, and the receive preamplifier.

@ Tone Squelch Circuit. The tone squelch circuit, consisting of Q3 and U2-5, -6, -7, is operational
during both receive and transmit modes of operation. Q3 is a selective 150 Hz amplifier. During -
transmit, Q3 oscillates at a 150 Hz rate due to internal feedback. The 150 Hz tone is fed through
potentiometer R17 to a summing network, R22 and R23, where it is mixed with the MOD AUDIO
IN signal from the audio module bottom board and WIDEBAND input from the AUXILIARY
MODULE (if used). The resultant combined speech and 150 Hz signal is fed through Deviation
R24. The MOD OUT signal is fed to the modulation equalizer on the snythesizer module bottom
board. During receive, the +9V RX input to the circuit lowers the gain and Q of Q3 and oscillations
stop. Incoming 150 Hz tones will then be selectively amplified by U2-5, -6, -7 and rectified by a —
voltage doubler comprising D2, D3. The TONE output from the voltage doubler is fed to the
receive squelch gate on the audio module bottom board. The 150 Hz tone squelch activates the
receiver when the noise squelch is tripped and the presence of a 150 Hz tone is defected.

@ Noise Squelch Circuit. The noise squelch circuit, consisting of U2-8, -9, -10, operates on the
signal-to-noise ratio of the signal provided by the receive preamplifier. The noise squelch circuit
is a tuned filter with a frequency selectivity of approximately 9 KHz, determined by the combina-
tion of C13, C14, and R19. It amplifies noise (above 5 KHz only) but is unaffected by speech
signals. The output of U2-8, -9, -10, which is the limiting amplifier for the noise signal, is rectified
by a voltage doubler comprising D4 and D5. The noise squelch signal is then fed to the receive
squelch gate on the audio module bottom board. The noise squelch threshold is preset by R21.

Bias Generator. The bias generator, consisting of U2-12, -13, -14, supplies a fixed DC bias voltage
(VCC/2) to the audio module bottom board.

® ©

Speech Compressor. The speech compressor consisting of U3-5, -6, -7, operates as a high gain

amplifier for the microphone signal. Transistors Q1 and Q2, connected between the output (pin -
7) and input (pin 5) of U3 acts as a variable voltage divider on the input. The dynamic range of
the compressor is as follows: 3 MV (2 dB compression), 8 MV (full compression), 1V (0 dB),
with 8 MV compared with 0 dB. The AUDIO OUT signal present at U3-7 is fed to the high pass
filter on the audio module bottom board.

@ Low Pass Filter. The low pass filter, consisting of C2, C3, C24, and R1, limits the upper frequency
of the receive audio (RX IN) and its 3 dB point is at 2.7 KHz, rolling off to provide an attenuation T /
of 24 dB at 5.4 KHz. The filtered audio is applied to the noise squelch circuit and the receiver
preamplifier.

@ Receive Preamplifier. The receive preamplifier, U2-1, -2, -3, amplifies the filtered receive audio
from the low pass filter and feeds the amplified AUDIO OUT signal to the high pass filter on the
audio bottom board. The WIDEBAND OUT signal from the receive preamplifier is fed to the
auxiliary module.
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4-18.2 Audio Module Bottom Board. (See figure 8-9). The audio module bottom board contains a clipping
circuit, high pass filter, low pass filter, receive squelch gate, audio amplifier, rebroadcast switching circuit,
and a voltage regulator.

@ Clipping Circuit. The clipping circuit, consisting of D1 and D2, limits the input audio signal
to 0.7V to clip off noise peaks or speech peaks.

@ High Pass Filter. The high pass filter, consisting of the first two stages of U1, receives audio
either from the receive preamplifier (receive mode) or the speech compressor (transmit mode)
on the audio module top board. The high pass filter has a cutoff frequency of 300 Hz and
approximately 26 dB attenuation at 150 Hz. On receive, all frequencies, below 300 Hz are
attenuated by the high pass filter. The 150 Hz subcarrier squelch tone is attenuated by approxi-
mately 36 dB so it becomes nearly inaudible. This is a distinct improvement over such military
radios where the 150 Hz tone in the headset is quite distu rbing . On transmit, the high pass filter
suppresses frequencies below 300 Hz and above 2.7 KHz to provide a clean audio signal.

@ Low Pass Filter. The low pass filter, consisting of the third stage of U1, is an active low pass
filter which limits the upper frequency of the audio. Its 3 dB point is at 2.7 KHz, rolling off to
provide an attenuation of 24 dB at 5.4 KHz. The low pass filter is controlled or switched off by
the receiver squelch gate. In transmit mode, the MOD AUDIO OUT of the low pass filter is fed
to the modulation equalizer on the synthesizer module bottom board. In receive mode, the
audio output from the low pass filter is fed through the VOLUME control to the audio amplifier.

@ Receive Squelch Gate. The receive squelch gate circuitry consists of a transistor switch, Q2,
which controls the low pass filter and a Schmitt trigger, U2, which controls operation of Q2 and
the rebroadcast switching circuit. When enabled by appropriate tone squelch (T/S) or noise
squelch (N/S) inputs selected by the Function switch, the Schmitt trigger operates the transistor
switch when incoming squelch information (TONE or NOISE) from the audio module top board
is above a preset level. During transmit mode, diode D3 is connected to +9 VTX, thereby inhibiting
the rebroadcast function.

@ Audio Amplifier. The fourth section of U1 (U1-8, -9, -10) operates as an audio amplifier. During
receive mode, this amplifier delivers approximately 4 milliwatts into a 600-ohm headset. On
transmit, this amplifier generates the side tone. During transmit mode, Q3 reduces the gain of the
audio amplifier by approximately 10 dB. Frequency response of the total active filter and audio
section is as follows:

160 Hz (-26 dB), 300 Hz (-3 dB),

400 Hz (0 dB), 1000 Hz (0 dB), /
1500 Hz (0 dB), 2000 Hz (0 dB), o)
2.4 KHz (-1dB), 2.7 KHz (-3 dB),

5.4 KHz (-22 dB)
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@ Rebroadcast Switching. The rebroadcast switching circuit uses an open collector transistor switch,
Q1, to operate the receive-transmit switch in the other radio. Diode D3 inhibits the rebroadcast
function during the transmit mode.

@ Voltage Regulator. Voltage regulator U3 is the main power supply for the radio. It is preset to
provide an output voltage of +9VDC at pin 1. The regulated +9V DC is the operating voltage for
all circuits of the radio except the circuits on the logic memory module and the display. The
voltage at pin 1 of U3 is set at +9VDC by R1, R2, R35, and R36. The output voltage is filtered
by C3, C4, R3, and C22.

4-19. TRANSMITTER MODULE 2. (See figure 8-11.) The transmitter module is of single board construc-
tion. It is used for the transmit function only and contains an input matching network, broadband
amplifier, VMOS amplifier, and output matching network. The transmitter module has been tested be-
tween frequencies of 30 MHz and 200 MHz and its amplitude is practically flat.

@ Input Matching Network. The input matching network, consisting of R1, R2, R3 and C1, provides
an impedance match between the transmit harmonic filter on the synthesizer module bottom
board and the transmitter module input.

@ Broadband Amplifier. The driver stage of the transmitter uses a standard class B broadband
silicon transistor Q1. The bias for this stage is provided by the combination of D1 and R4. The
output signal from the broadband amplifier is fed into the VMOS stage.

@ VMOS Amplifier. The power output stage of the transmitter uses a vertical MOS (VMOS)
power transistor, Q2, which has profound advantages when used as a broadband amplifier. It
basically operates as a vacuum tube with extremely good broadband capabilities while exhibiting
good broadband noise performance. There are other advantages when using a VMOS device.
First, the transistor is immune to damage by antenna mis-match. Mis-matches from short circuit
to open circuit, over all phase angles, will cause no damage to the power amplifier. Therefore,
antenna protection circuitry is not necessary. Another advantage of VMOS is that the supply
voltage can vary between 10 volts and approximately 35 volts. Use of this type of device permits
the radio to be connected directly to a vehicle battery (24 VDC) without the use of a power
supply unit. The power amplifier is connected directly, while all other circuitry in the radio is
powered by internal voltage regulators. The power output of the radio increases to approximately
5 watts in this configuration without the necessity for re-tuning. The VMOS stage is biased by
R6, R7, and R8 to approximately 450 milliamperes at quiescent current. The VMOS stage is
neutralized to give better performance.

@ Output Matching Network. The output impedance of VMOS stage Q2 is transferred to 50 ohms
by transformer T2 and the combination L1/C10.
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4.20. RECEIVER MODULE 3. The receiver module is of two band construction. Itis used for the
receive function only. The receive module is broadband, operating in any 20 MHz operating band between
30 and 80 MHz. The module contains the entire receiver, with the exception of the audio amplifiers,

and employs double conversion with a first IF of 27 MHz and a second |F of 455 MHz. Although operating
in the 30 to 80 MHz band the receiver has been tested and is virtually flat to 500 MHz. Refer to paragraphs
4-20.1 and 4-20.2 for a description of receiver module top and bottom boards, respectively.

4-20.1 Receiver Module Top Board. (See figure 8-13.) The receiver module top board contains a high
gain amplifier and quadrature detector U1, which amplifies and detects the 455 KHz IF signal from the
receiver module bottom board. The detected output is fed to the low pass filter on the audio module

bottom board. Alignment of this stage is accomplished by adjusting indicator L1 for maximum output.

4-20.2 Receiver Module Bottom Board. (See figure 8-15.) The receiver module bottom board contains
a high pass filter, broadband double balanced mixer, three IF amplifier stages, a crystal filter, and a
crystal oscillater.

@ High Pass Filter. The high pass filter, consisting of L1, L2, L3, C1-C10, attenuates all frequencies
below 30 MHz by a minimum of 60 dB and in the case of the IF (27 MHz), attenuation is 65 dB.

@ First Mixer. The first mixer, U1 is a double balanced, low noise TFM-2 Schottky mixer which
mixes the received signal with the receiver side of the synthesizer. The output of the first mixer
is fed to the first 27 MHz IF amplifier. This particular mixer has a noise figure of 5 dB and an
insertion loss of 5 dB. It will not overload until levels exceed 10 dBm.

)

First IF Amplifier. The first IF amplifier, Q1, is a low noise 27 MHz amplifier which has a gain

of 9 dB to compensate for the insertion loss of the first mixer and the crystal filter which follows
the amplifier. The device used in this stage is a low noise, field effect transistor (FET). The source
of Q1 is tuned by the combination L4, C4, and C15 which provides matching to the crystal filter.

27 MHz Crystal Filter. The 27 MHz crystal filter. U2, is a 10-pole, lattice filter which provides an
adjacent channel rejection (which in this case is 25 KHz) of 75 dB. The crystal filter is followed
by the second |F amplifier.

Second IF Amplifier. The second IF amplifier, Q2, is another low noise 27 MHz |F amplifier,
which has just enough gain to overcome the noise of the second mixer. The source of Q2 is tuned
by L5 and C18.

Second Mixer. The second mixer, Q3, is a dual gate MOSFET which mixes the 27 MHz IF signal
with a 27.455 MHz signal generated by the crystal oscillater to produce the second |F signal of
455 KHz. The 455 KHz IF signal is then fed to the third IF amplifier.

PO ORI

Third IF Amplifier. The third IF amplifier U3, is part of a broadband two-stage 455 KHz
amplifier. The second stage of this IF amplifier is on the receiver module top board and includes
a quadrature detector. The output of U3 is tuned to 455 KHz by T3 and fed to the top board.

@

Crystal Oscillator. The crystal oscillator, consisting of Q4 and X1, generates a crystal controlled
27.455 MHz signal which is mixed in the second mixer with the 27 MHz IF signal. Frequency
stability of the second mixer crystal oscillator is not a critical factor because the IF is broadband
and the detector circuit will accept large variations in frequency. This is an important feature,
especially over the wide temperature range in which the radio operates.
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4-21. SYNTHESIZER MODULE 4. The synthesizer module is of two board construction. It is used for
both transmit and receive functions. The synthesizer module employs state-of-the-art techniques such as
separate voltage controlled oscillators (VCOs) and offset crystal oscillators to achieve the low current drain
required by small personal radios. It is a single loop synthesizer which uses the down mixing principle in
order to allow the use of CMOS throughout. The only exception is the use of a low power Schottky pre-
scaler. Refer to paragraphs 4-21.1 and 4-21.2 for a description of synthesizer top and bottom boards,
respectively.

4-21.1 Synthesizer Module Top Board. (See figure 8-17). The synthesizer module top board is the analog
board of the module, containing the loop filter, separate VCOs for transmit and receive, transmit broadband
amplifier and harmonic filter, receive broadband amplifier and high pass filter, a receiving matching network,
summing network, broadband amplifier, down mixer, filter, and transmit/receive crystal oscillators.

@ Loop Filter. The loop filter, consisting of R1, R2, R3, R5, R6, R7, C1, C2, C4, and C5, filters out
sidebands and gives the loop the modulation performance. A voltage taken from the junction of
R4/C3 is applied to the course tune generator. The PC input is the fine tune input from the phase
lock (synthesizer) loop.

@ Course Tune Generator. The course tune generator consists of dual operational amplifier, UT1.
A voltage from the junction of R4/C3 in the loop filter will produce an output from the course
tune generator which pretunes the transmit and receive VCOs to approximate frequency. After
this, the fine tune input (PC) from the phase lock loop takes over.

@ Transmit VCO. Transistor stage Q1 is the VCO for the transmit section of the radio. Its frequency
is controlled by the combination of inductor L1 and three varicaps, D1, D2, and D3. D1 is the
fine tune varicap and receives its input from the phase lock loop via the loop filter. D2, in response
to the MOD IN input from the modulation equalizer on the synthesizer module bottom board, fre-
quency modulates the VCO with the audio signal. D3 is the course tune varicap and receives its
input from the course tune generator. The output of Q1 is fed to transmit broadband amplifier
Q2, Q3.

@ Transmit Broadband Amplifier. The transmit breadband amplifier, Q2 and Q3, is a two-stage
broadband amplifier which amplifies the signal from the transmit VCO and feeds the amplified
signal to the transmit harmonic filter. Transistor Q3 receives a LOCK DET input from the lock
detector on the synthesizer module bottom board. If the radio is out-of-lock, the LOCK DET
input wili reduce the gain of Q3 and the transmit function will be inhibited.

@ Transmit Harmonic Filter. The transmit harmonic filter, consisting of L3, C36, L4, and C38,
reduces the harmonics from the transmit signal fed to the transmitter module. TX OUT is the
output to the transmitter module.

@ Receive VCO. Transistor stage Q6 is the VCO for the receive section of the radio. Its frequency
is controlled by the combination of inductor L2 and two varicaps, D4 and D5. D4 is the course
tune varicap and receives its input from the course tune generator. D5 is the fine tune varicap and
receives its input from the phase lock loop via the loop filter. The output of Q6 is fed to receive
broadband amplifier Q7. (The receive VCO frequency is 27 MHz higher than the transmit VCO.)
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Receive Broadband Amplifier. The receive broadband amplifier, Q7, amplifies the received signal
to a level of approximately 1 milliwatt.

®@ Q

High Pass Filter. The high pass filter, consisting of L5, L6, C50, C52, and C54, filters out any
spurious signals which fall in the receive band.

Receiver Matching Network. The receiver matching network, consisting of R46, R47, and R48,
provides a reasonable match of the synthesizer module to the receiver module. The RX QUT is
output to the receiver module.

Summing Network. The summing network, consisting of R33 and R35, combines the output of
Q2 (transmit) and Q7 (receive) and feeds the combined signal to the brisadband amplifier, Q4/Q5.

Broadband Amplifier. The broadband amplifier, consisting of Q4 and Q5, amplifies the signal
from the summing network to a level sufficient to minimize spurious products. The amplified
signal is fed to the down mixer, U2.

Down Mixer. The down mixer, U2, uses a TFM-2 double balanced mixer to mix the combined
receive/transmit signal from broadband amplifier Q5 with the output of crystal oscillator Q9
(transmit) or crystal oscillator Q8 (receive). The output of U2 is fed through a low filter to the
output.

® © © ©

@ Low Pass Filter. The low pass filter, consisting of L9, L10, C63, C64, and C65, filter the down
mixing product from the double balanced mixer and feeds the signal D" to the synthesizer
bottom board. The frequency of this signal is 3 to 23 MHz.

Transmit Crystal Oscillator. The transmit crystal oscillator, consisting of X1 and Q9, provides
a 27 MHz output to the down mixer.

@ Receive Crystal Oscillator. The receive crystal oscillator, consisting of X2 and Q8, provides a 54
MHz output to the down mixer.

4-21.2 Synthesizer Module Bottom Board. (See figure 8-19.) The synthesizer module bottom board
contains all logic circuitry of the synthesizer module. It contains an input transformer, linear amplifier,
limiter, +8 prescaler, +N prescaler, an adder, a reference oscillator, a reference prescaler, phase com-
parator and programmable counter, lock detector and amplifier, Schottky voltage regulator, and a
modulation equalizer.

@ Input Transformer. Input transformer T1 receives the mixed down 3 to 23 MHz signal, D, from
the synthesizer top board and applies a balanced signal to the linear amplifier. /

?
@ Linear Amplifier. Linear amplifier U9 is an operational amplifier which amplifies the mixed
3 to 23 MHz signal, D, to a logic level. The amplified signal from U9 is applied to the prescaler.

@ Limiter. Diodes D2, D3, and D4 limit the level of the signal to the Schottky prescaler, U7, so
as not to exceed logic level.
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Divide-By-Eight Prescaler. Comprises a divide-by-four Schottky prescaler, U7A and U7B, and

a CMOS divide-by-two prescaler, UBA, to divide the down mixed 3 to 23 MHz frequency by
eight. The resultant 375 KHz to 2.875 MHz signal from UBA is fed to the divide-by-N counter.
The divide-by-four prescaler, U7A and U7B, uses low power Schottky J-K flip-flops to generate
the speed required. The divide-by-two prescaler, UGA, is a CMOS prescaler.

Divide-By-N Prescaler. The divide-by-N prescaler, U1, is a divide-by-N counter chip designed for

counter applications. This chip is programmed by the program lines coming from the logic module

bottom board and from the adder circuit, U2 and U3. The program lines offset the 3 MHz part

of the signal. Thus, rather than counting from 3 to 23 MHz, the divide-by-N prescaler is pro-

grammed to count from O to 20 MHz. The output of U1 is fed to the phase comparator and o
programmable counter, U4.

Adder. U2 and U3 are NBCD (natural binary coded decimal) adders. Each adder chip adds two -
4-bit numbers in NBCD code. All inputs and outputs are active high. The carry out (pin 9) of
U2 is connected to the carry in (pin 7) of U3.

Reference Oscillator. The reference oscillator, consisting of U5C, USR, and X1, is a crystal con-
trolled oscillator which provides a 5 MHz reference signal to the reference prescaler.

Reference Prescaler. UGB is a divide-by-two prescaler which divides the 5 MHz output of the
reference oscillator by two. The resultant 2.5 MHz output for U6B is fed into the counter in
U4 which generates the crystal controlled 3.125 KHz for the phase discriminator.

Phase Comparator and Programmable Counter. The phase comparator in the programmable counter,
U4, compares the signal from the divide-by-N prescaler with the reference signal from the reference
prescaler. Pin 13 of U4 is the loop output (PC) which is fed to the loop filter on the synthesizer

top board. Pin 12 is the lock detector output which initiates the out-of-lock or in-lock condition.
The 3.125 KHz output at pin 2 provides timing of the clock generator on the synthesizer bottom
board. e

Lock Detector and Amplifier. Diode D5 detects the output, pin 12, of the phase comparator

in the programmable counter, U14. This DC level is amplified and buffered by hex buffers, USE b
and USF. If an out-of-lock condition occurs, the LOCK DET output to the transmit broadband

amplifier on the synthesizer module top board prevents the transmitter from transmitting if an

out-of-lock condition occurs. -

Schottky Voltage Regulator. Diode D1 provides +5 volts DC to operate the low power Schottky
prescaler, U2, which is the only integrated circuit operating on 5 volts. The +5 volts DC from ‘ /
D1 is fed to U2 via RFC2. %)

Modulation Equalizer. The modulation equalizes, consisting of U8 and Q1, equalizes frequency
deviation of the transmitted signal within +500 Hz over the 20 MHz frequency band. This
represents +10% when related to the 5 KHz standard deviation. The modulation is adjustable by
R13 and is controlled by the VCO course tune voltage for synthesizer module top board and
attenuates the audio used for the frequency modulation, depending on frequency, in order to give
an even frequency deviation over the band transmitted on.




4-22. LOGIC MEMORY MODULE 5. The logic module is of two board construction. It is used for both
transmit and receive functions. Refer to paragraphs 4-22.1 and 4-22.2 for a description of logic memory
module top and bottom boards, respectively.

4-22.1 Logic Memory Module Top Board. (See figure 8-21.) The logic memory module top board con-
tains a voltage regulator, strobe generator, and display control.

@

@

Voltage Regulator. U7 is a uA768GHM voltage regulator which is set for +9 volts out. It supplies
the display and the logic Memory module. UTA is one gate of a NAND Schmitt trigger used to
indicate the state of the battery. The threshold for the Schmitt trigger is set at 11 volts DC. Thus,
a voltage approximately 11 volts or lower will on the Battery State LED on the display module.

Strobe Generator. The combination of U11C, U11B, and U11D form a strobe generator which is
an astable multivibrator with variable pulse width. The pulse width is controlled from the LDR-1
light sensor in the display module. Frequency of the multivibrator is approximately 15 KHz. The
multivibrator will only start if it is supplied with an Enable from the logic memory module top
board. The strobe frequency is fed into the blanking input of U6 in the display module and also
fed the clock input of decode counter/decoder, U2, which is the digit select for the display.

Display Control. U2 is a decade counter/decoder which is the digit select for the display. U2 is
enabled by the output of U1C and clocked by the output of U1B. The outputs of U2, fed via

R8 through R12 control the digit drivers in the display module as well as the multiplexer circuitry
of U4, U5, and U6. U4, U5, and U6 are tri-state gates which multiplex the contents of the memory
on the logic memory module bottom board which comes in four channels into a single channel
4-bit information, going to the display module. Inverters U3A, U3B, U3C, U3D, and U3E are used
to invert the logic level from U2 to the multiplex gates.

4.22.2 Logic Memory Module Bottom Board. (See figure 8-23.) The logic memory module bottom
board contains a write circuit, clock generator, synthesizer divider, memory, and battery and battery
charging circuit.

®

@)

Writing Circuit. When the Function switch is in the P (programming) position, the WRITE input
to U11, pin 6 is logical ““O"’, producing a ““1"" at U11, pin 9. When the clock generator generates
an output pulse of U9, pin 14, NAND gates U11-10 and U11-11 will enable the memory to write
in data.

Clock Generator. The clock generator, U9, is a 14-bit counter which controls the frequency entry
and timing of the display. It is a 14-bit binary counter which is advanced one count on the
negative-going edge of the clock pulse. The 3.125 KHz clock pulse provided by the lock detector
is divided by U9 to produce a clock frequency entry of approximately .33 Hz for the counters.
After approximately 5 seconds, a reset pulse resets the clock generator, causing the display to turn
off and resets flip-flop U10 which stops the clocking of the counter, disables the write function of
the memory, and times out the display. U5 is a hex contact bounce eliminator. It receives inputs
from the four Frequency Select pushbuttons on the display module and is used to clean up bounce
of the switches. Depressing one of the switches initiates two functions: the corresponding output
of U5 will enable either of the four counters, U3, U4, U6, or U7, for frequency selection and
reset U10 to start the clocking process of the counters, as well as switch on the display. If the
Function switch is in any position other than P, the frequency selected will be displayed but the
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write circuit will not be enabled, so the displayed frequency cannot be changed and the content of
the memory cannot be altered.

Synthesizer Divider. The synthesizer divider uses four BCD up/down counters. These counters
are slaved to the memory so that they always start at the frequency which is stored in the memory
channel selected. U3 counts up to 4 for the 25 KHz spacing. After 4, it resets to 0. U4 is a
straight decade counter, selecting the 100 KHz steps. U6 is a straight decade counter, selecting
the 1 MHz steps. U7 only counts 1 and 2 and resets for the 10 MHz selection. U8 inverts the
outputs of U7 in order to give a ‘1" in channel 1 or bit 1 or a “0" in bit 2 and vice versa. This

is information required to synthesize programming.

Memory. The memory stores the frequency selected by the 10 MHz, 1 MHz, 100 KHz, and 25
KHz pushbuttons. By use of the four pushbuttons, any frequency within the operating band of
the radio can be stored in the memory. The memory comprises two 4-word by 8-bit random
access memories. The memory has four addresses which provide three operating channels and
one guard channel or four operating channels. The addresses are selected by the Channel Select
switch. In the switched off condition of the radio, these memories are powered by a small NiCad
battery, B1-3. The output of the memory controls the synthesizer divider, U3, U4, UG, and U7.

Battery and Charging Circuit. NiCad battery B1-3 powers the memory, when the radio is turned
off, for approximately six months. The battery is trickle charged every time the radio is switched
on.

4-23. DISPLAY MODULE. (See figure 8-25.) The display module is of single board construction. Itis
used for both transmit and receive functions. The basic function of the display module is to display the
frequency in 10 MHz, 1 MHz, 100 KHz, and 25/560/75 KHz steps and to display battery condition. It
contains display drivers, 7-segment display, BCD to 7-segment decoders, Frequency Select pushbuttons,
Battery State indicator, and a light sensor.

@

@
®
@

@ @
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Display Drivers. Transistors Q1 through Q5 are NPN transistors which drive the 7-segment displays,
U1 through U5. These transistors are controlled by the logic memory module top board.

7-Segment Display. The 7-segment display, consisting of U1 through U5, displays frequency in
10 MHz, 1 MHz, 100 KHz, and 25/50/75 KHz steps. The 7-segment display is driven by the display
drivers.

Frequency Select Pushbuttons. Preset radio frequency of operation in 10 MHz, 1 MHz, 100 KHz,
or 25 KHz steps. Depressing any of the pushbuttons illuminates the display for approximately
5 seconds.

Battery Condition Indicator. The battery condition indicator, CR1, operates when display is.
on to indicate battery condition. Lights to indicate battery state of charge is adequate (approx-
imately 11 volts) to assure usuable communications. When not illuminated, it indicates that
battery is either in a state of discharge or near discharge.

Display Intensity Sensor. The display intensity sensor, LDR-1, senses ambient light and provides
an output to strobe generator or logic memory module top board to Control display intensity.

BCD to 7- Segment Decoder. The BCD to 7-segment decoder, UG, converts the BCD representa-
tion of the frequency into a 7-segment output for application to the 7-segment display. Only
provides output as long as strobe pulse from the logic memory module top board is provided

(5 seconds).



4-24. FILTER MODULE. The filter module is of single board construction. |t is secured to the frame
of the radio to ensure good earthing. It consists of a nine-stage low pass filter. Its loss in the pass band
is extremely low and the final attenuation of the filter is 70 dB starting from 60 MHz. The filter is also
used as the upper frequency limit of the receiver. The output of the filter is fed directly to the 50 ohm
BNC connector and to the antenna matching module.

4-25. ANTENNA MATCHING MODULE. The antenna matching module is a torroid coil which is in
series with the whip antenna to resonate the antenna misband of the selected 20 MHz segment. The coil
is tapped and a transistor switch switches the tap when the 10 MHz Frequency Select pushbutton is
depressed.
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CHAPTERS
PREVENTIVE MAINTENANCE

5-1. PREVENTIVE MAINTENANCE CHECKS AND SERVICES.

a.

c.
d.

€.

Perform preventive maintenance checks as follows:

Prior to each operation, check the battery voltage by observing the Battery Condition indi-
cator on the radio front panel. The Battery Condition indicator operates when one of the
frequency select pushbuttons is depressed, causing the display to light.

Make sure that all front panel knobs are secure. Tighten setscrews if necessary.
CAUTION

When using an external power source connected
directly to the battery terminals. Make sure polarity
is not reversed. Otherwise, the radio will be damaged.

Every six months, check condition of the NiCad battery on the logic memory board.
Check all switches for proper operation.

Check handset and antenna for secure connections.

5-2. CLEANING.

Inspect the exterior of the radio. The exterior surfaces should be free of dirt, grease, and fungus. Remove
grease, fungus, and ground-in dirt from the case using an approved cleaning solvent. Remove dust and
other dirt from plugs and receptacles. Clean the panel and display with a soft, lint-free cloth. If dirt is
difficult to remove, dampen the cloth with mild soap and water.
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CHAPTER 6
MAINTENANCE

Section |. FIELD MAINTENANCE

6-1. GENERAL.

This section provides field maintenance procedures for the ERC-310. It consists of a performance test of
the overall radio (paragraph 6-2), troubleshooting to the assembly level (paragraph 6-8), and removal and
replacement of major assemblies (paragraph 6-9).

6-2. ERC-310 RADIO PERFORMANCE TEST

6-3. TEST EQUIPMENT REQUIRED. Test equipment required to test the ERC-310 radio is listed

below:

£

=2

d.

e.

SMDU test unit — Rohde and Schwarz 242.2010.51 and 249.3611.52, or equivalent.
DC power supply — Power Designs 6050A, or equivalent.

Audio test box — ETI part no. TD 0023.

Spectrum analyzer — Hewlett-Packard 8552B, 8553B, 141T, or equivalent.
Multimeter — Fluke 8000A, or equivalent.

6-4. TEST EQUIPMENT CONNECTIONS. Make the following test equipment connections to prepare
the ERC-310 radio for test:

NOTE

Refer to figures 6-1 and 6-2 for location of controls and
indicators for the SMDU and SMDU power test adapter.

Connect cable from BNC connector on the ERC-310 radio to TEST ITEM jack on the SMDU.
Connect cable from MOD GEN jack of the SMDU to the audio test box AUDIO IN connector.

Connect cable from AUDIO OUT jack of the audio test box to the SMDU AF VOLTMETER
jack.

Connect cable from RF jack of the SMDU to the spectrum analyzer INPUT jack.

Connect DC power supply to the audio test box VOLTAGE jacks.

Remove jumper wire from the audio test box CURRENT jacks.

Connect multimeter MA INPUT and COMMON jacks to the audio test box CURRENT jacks.
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SYNCHRON button
CH SPACING switch
RESOL X10 button
AF INT button
20-525 MHz button
RF INT button
Meter

MOD button
INT/EXT button
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Figure 6-1. SMDU Controls and Indicators
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LEGEND
1. L2 button 4. L4 button
2.  AK10 switch 5. Power meter L5
3. L3 button 6. AK15 button

Figure 6-2. SMDU Power Test Adapter Controls and Indicators
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6-5. INITIAL EQUIPMENT SETTINGS. Set test equipment switches and controls as follows:

a.

b.

C.

d.

Set the DC power supply switches and controls as follows:

Switch/Control

VOLTAGE switch
CURRENT LIMIT switch
POWER switch
CURRENT adjust control
METER switch
VOLTAGE adjust control

Set the SMDU switches and controls as follows:

Switch/Control

0.14-50 button
SYNCHRON button
CH SPACING switch
RF INT button

Signal Generator Frequency knobs

20-525 MHz EXT button
L3 button

1 KHz button

MOD GENERATOR button
RANGE switch

All other buttons not noted

Set the audio test box PTT/OFF switch to OFF position.

Setting

60V

5A

ON
Mid-range
\

11 volts DC

Setting

Depressed
Depressed
25

Depressed

Adjust for 30.050
indication on digital
frequency readout

Depressed
Depressed
Depressed
Released
AUTO

Released

Set the audio test box VOLUME control to 90% counterclockwise.



e. Set the spectrum analyzer switches and controls as follows:

Switch/Control Setting
FREQUENCY switch 30.050 MHz
BANDWIDTH switch 100 KHz
SCAN WIDTH switch 5 MHz/Division
SCAN TIME switch 2 MS
REFERENCE LEVEL switch 10
LINEAR SENSITIVITY switch 0
VIDEO FILTER switch MIN
SCAN TRIGGER switch AUTO
SCAN MODE switch INT
2 dB/10 dB/LIN switch 10dB

f.  Turn on all test equipment.

6-6. TEST PROCEDURES. Test procedures for the ERC-310 radio include Short and Current Consump-
tion Checks (paragraph 6-6.1), Channel Programming (paragraph 6-6.2), Transmitter Measurements (para-
graph 6-6.3), and Receiver Tests (paragraph 6-6.4).

6-6.1 Short and Current Consumption Checks. Perform short and current consumption checks for the
ERC-310 radio as described in paragraphs 6-6.1 and 6-6.2.

CAUTION
Thoroughly read all steps of the short and current consumption

checks before performing procedures. Failure to perform pro-
cedure exactly as described may cause damage to the radio.

6-6.1.1 Short Check. Perform short check as follows:
a.  Using multimeter (set to ohms function), check for open circuit across battery contacts.
b.  Set the audio test box PTT/OFF switch to OFF.
CAUTION
If either transmit or receive current is excessive, or power
supply faults, turn off power supply immediately to pre-

vent damage. Isolate power problem before continuing.

c.  On the multimeter, depress the DCMA FUNCTION button and the 2000 MA RANGE button.
d. Set the power supply POWER switch to ON.
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Set the ERC-310 Function switch tc ON.

Observe multimeter indication. Multimeter indication should be approximately 350 MA for
5 seconds, then drop to 125 MA maximum.

Set the audio test box PTT/OFF switch to PTT.

Observe multimeter indication. Multimeter indication should be approximately 1 ampere
maximum.

Turn off power supply.

6-6.1.2 Current Consumption Check. Perform current consumption check as follows:

a.

h.

Set the audio test box PTT/OFF switch to OFF.
CAUTION

|f either transmit or receive current is excessive, or power
supply faults, turn off power supply immediately to pre-
vent damage. lIsolate power problem before continuing.

On the multimeter, depress the DCMA FUNCTION button and the 2000 MA RANGE button.
Set the power supply POWER switch to ON.
Set the ERC-310 Function switch to ON.

Observe multimeter indication. Multimeter indication should be approximately 350 MA for
5 seconds, then drop to 125 MA maximum.

Set the audio test box PTT/OFF switch to PTT.

Observe multimeter indication. Multimeter indication should be approximately 1 ampere
maximum. Record current consumption.

Turn off power supply.

6-6.2 ERC-310 Preset Channel Programming. Program the ERC-310 as follows

6-6

a
b.

o

Set the ERC-310 Function switch to ON.

Check that the ERC-310 display illuminates then extinguishes after approximately 5 seconds.
Set the Function switch to P.

Set the ERC-310 Memory switch to 1.

Depress and hold the ERC-310 25 KHz Frequency Select pushbutton until 10 KHz and 1KHz
digits indicates 50",



f.  Depress and hold the 100 KHz Frequency Select pushbutton until 100 KHz digit indicates
llo'l.

Depress and hold the 1 MHz Frequency Select pushbutton until 1 MHz digit indicates “’0".
Depress and hold the 10 MHz Frequency Select pushbutton until 10 MHz digit indicates ““3"".
i.  Set the Memory switch to 2.
i Preset channel 2 of the radio to 37.050 MHz using the four Frequency Select pushbuttons.
k. Set the Memory switch to 3.
I.  Preset channel 3 of the radio to 43.050 MHz using the four Frequency Select pushbuttons.
m. Set the Memory switch to 4.
n. Preset channel 4 of the radio to 49.050 MHz using the four Frequency Select pushbuttons.

0. Set the Function switch to ON.
p. Depress one of the four Frequency Select pushbuttons, then set the Function switch to P.
q. Successively set the Memory switch to positions 1, 2, 3, and 4 while observing the display.
Frequency displayed should be as follows:
Memory
Switch Frequency
Position Displayed
1 30.050
2 37.050
3 43.050
4 49.050

6-6.3 Transmitter Measurements. Perform transmitter measurements as described in paragraphs 6-8.1
and 6-8.2.

6-6.3.1 Frequency Stability. Perform frequency stability measurements as follows:

a. Set the ERC-310 function switch to ON.

b. Set the ERC-310 Memory switch to 4.

c. Set the audio test box PTT/OFF switch to PTT.

d. Observe the SMDU digital frequency readout. Indication should be 49.050 MHz +2.5 KHz.
e. Set the audio test box PTT/OFF switch to OFF.

f.  Set the Function switch to OFF.
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6-6.3.2 RF Power Out. Perform the RF power out test as follows:

p.

Set the ERC-310 Function switch to ON.

Set the ERC-310 Memory switch to 1.

Set the audio test box PTT/OFF switch to PTT.

Observe the SMDU digital frequency readout. Indication should be 30.050 MHz +2.5 KHz.

Observe the ERC-310 output power on the SMDU POWER meter. Indication should be 1.5
watts minimum for all channels.

Set the Memory switch to 2.

Observe the SMDU digital frequency readout. Indication should be 37.050 MHz +2.5 KHz.
Repeat step e above.

Set Memory switch to 3.

Observe the SMDU digital frequency readout. Indication should be 43.050 MHz +2.5 KHz.
Repeat steps ¢ through e above.

Set Memory switch to 4.

Observe the SMDU digital frequency readout. Indication should be 49.050 MHz +2.5 KHz.
Repeat step e above

Set the audio test box PTT/OFF switch to OFF.

Set the Function switch to OFF.

6-6.3.3 RF Power Out (24V). Perform the RF power out (24V) test as follows:

a
b.
C.

d.

Set the power supply METER switch to V.

Adjust the power supply VOLTAGE control for an indication of 11 volts DC on the meter.
Repeat paragraph 6-6.3.2, steps a through n.

Adjust the power supply VOLTAGE control for an indication of 22 volts DC on the meter.

6-6.3.4 Modulation Deviation. Perform the modulation deviation test as follows:

6-8

a.

Set SMDU switches and controls as follows:

Switch/Control Setting
MOD button Depressed
DEV METER ON button Depressed
RF INT button Depressed




Switch/Control Setting

Signal Generator Frequency knobs Adjust for 25.000
indication on digital
frequency readout.

FM button Depressed

Set the ERC-310 Function switch to ON.
Set the ERC-310 Memory switch to 1.

Set the audio test box PTT/OFF switch to PTT. Observe that the SMDU READY LED
lights.

Observe the indication on the SMDU meter. With MOD button depressed, ““tone and voice”
deviation should be 5-7.56 KHz maximum.

Release the SMDU MOD button and observe the meter. ““Tone’’ deviation should be
1.7-2.7 KHz.

Set the Memory switch to 2.

Adjust the SMDU Signal Generator Frequency knobs for a 30.000 MHz indication on the
digital frequency readout.

Repeat steps e and f above.
Set the Memory switch to 3.

Adjust the SMDU Signal Generator Frequency knobs for a 35.000 MHz indication on the
digital frequency readout.

Repeat steps e and f above.

Set Memory switch to 4.

Adjust the SMDU MHz knobs for a 40.000 MHz indication on the digital frequency readout.
Repeat steps e and f above.

Set the audio test box PTT/OFF switch to OFF.

Set the Function switch to OFF.

Release SMDU MOD button.

Depress the SMDU 20-525 MHz button.

Release the SMDU DEV METER ON button.

Depress the SMDU NF/AF VOLTM button.

S



6-6.3.5 Harmonic Attenuation. Perform the harmonic attenuation test as follows:

®© o 0o T ®

i

o

Depress the L4 button on the SMDU power test adapter.
Set the ERC-310 Function switch to ON.

Set the ERC-310 memory switch to 1.

Set the audio test box PTT/OFF switch to PTT.

Tune the spectrum analyzer to ensure that first and second harmonics are at least -60 dBm.
Set the ERC-310 Memory switch to 2.

Repeat steps d and e.

Set the ERC-310 Memory switch to 3.

Repeat steps d and e.

Set the ERC-310 Memory switch to 4.

Repeat steps d and e.

Set the audio test box PTT/OFF switch to OFF.

Set the Function switch to OFF.

Depress the button L3 on the SMDU power test adapter.

6-6.3.6 Spurious Attenuation. Perform the spurious attenuation test as follows:
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Depress the L4 button on the SMDU power test adapter.
Set the ERC-310 Function switch to ON.

Set the ERC-310 Memory switch to 1.

Set the audio test box PTT/OFF switch to PTT.

Tune the spectrum analyzer to ensure that any spurious within 30-50 MHz range are at least
-70 dBm.

Set the Memory switch to 2.

Repeat steps d and e.

Set the Memory switch to 3.

Repeat steps d and e.

Set the Memory switch to 4.

Repeat steps d and e.

Set the audio test box PTT/OFF switch to OFF.

Set the Function switch to OFF.

Depress the adapter L3 button on the SMDU power test.




6-6.4 Receiver Tests. Perform receiver tests as described in paragraphs 6-6.4.1 through 6-6.4.10.

6-6.4.1 Receiver Sensitivity. Perform the receiver sensitivity test as follows:

a.

Set the SMDU switches and controls as follows:

Switch/Control Setting

MOD button Depressed

RF INT button Depressed

IM button Depressed

SINAD button Depressed

10/100 KHz knob Adjust for 5 KHz indication on SMDU meter
NF/AF VOLTM button Depressed

Depress button L2 on the SMDU power test adapter.
Set the ERC-310 Function switch to ON.
Set the ERC-310 Memory switch to 1.

Set the SMDU Signal Generator Frequency knobs for a 30.050 MHz indicator on digital
frequency readout.

Adjust the SMDU crank-type knob for a .4 microvolt indication on the RF Qutput scale.
Reading at smaller marking on meter.

Observe the dB indication on the SMDU meter. Red lines attached to red LEDs on meter =
reference point; i.e., +6 dB. Receiver sensitivity should be 10 dB SINAD minimum.

Set the ERC-310 Memory switch to 2.

Set the Signal Generator Frequency knobs for a 37.050 MHz indication on digital frequency
readout.

Repeat steps e through g.

Set the Memory switch to 3.

Adjust the SMDU Signal Generator Frequency knobs for a 43.050 MHz indication on digital
frequency readout. /

=

Repeat steps e through g.
Set the Memory switch to 4.

Set the SMDU Signal Generatory frequency knobs for a 49.050 MHz indication on digital
frequency readout.

Repeat steps e through g.
Release the SMDU SINAD button.
Set the ERC-310 Function switch to OFF.
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6-6.4.2 Image Selection. Perform the image selection test as follows:
a. Set the ERC-310 Function switch to ON.
b. Set the ERC-310 Memory switch to 1. -

c.  Adjust the SMDU Signal Generatory Frequency knobs for a 30.050 MHz indication on digital
frequency readout.

d. Depress the SMDU MOD and SINAD buttons.
e.  Adjust the SMDU crank-type knob for -10 dB indication on the meter (0 at 30% = 12 dB).
f.  Depress the SMDU 63.5-88 button.

g. Adjust the SMDU Signal Generator Frequency knobs for an 84.050 MHz indication on digital
frequency readout. -

h.  Set the SMDU fine scale of the RF Output knob for 0 dB at pointer.
i.  Adjust the SMDU crank-type knob for 10 dB change on meter 15. -

i Read image rejection from the SMDU fine scale of the RF output knob in dB. Image rejection
should be 60 dB minimum.

k. Set the ERC-310 Function switch to OFF.
l. Release the SMDU MOD on 2 SINAD buttons.
m. Depress the SMDU 0.14-50 button.

6-6.4.3 IF Rejection. Perform the IF rejection test as follows: R

a. Set the SMDU Signal Generator Frequency knobs for a 27.000 MHz indication on digital
frequency readout.

b. Set the ERC-310 Memory switch to 2.
c. Set the SMDU fine scale RF output knob for 0 dB at pointer.

d. Adjust the SMDU crank-type knob for 10 dB change on meter. IF rejection should be -60 dB
minimum.

e. Set the ERC-310 Function switch to OFF. ~—
f.  Depress the SMDU NF/AF VOLTM button.

")

6-6.4.4 RF Limiting. Perform the RF limiting test as follows:
a. Turn the ERC-310 Volume control fully clockwise.
b. Set the ERC-310 Function switch to ON.
c.  Adjust the SMDU crank-type knob for 1 microvolt output on RF Output scale.

d. Set the ERC-310 Memory switch to 1. Adjust the SMDU signal generator frequency knobs
for 30.050 MHz indication on digital frequency readout.

e. Depress the SMDU MOD and NF/AF VOLTM buttons. o
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f.

g.

While observing the SMDU meter, increase RF level slowly to 2V. Level on meter should
remain almost constant throughout scale. Any variance should be noted.

Set the ERC-310 Function switch to OFF.

6-6.4.5 Audio Distortion. Perform the audio distortion test as follows:

a.

=

e o

®

Set the ERC-310 Memory switch to 1.

Turn the ERC-310 Volume control for 1V RMS indication on meter 15.

Depress the SMDU NF/AF VOLTM button.

Adjust the SMDU crank-type knob for a 1 millivolt indication on RF Output scale.
Set the ERC-310 Function switch to ON.

Depress the SMDU DIST 1 KHz button.

Observe audio distortion in % on SMDU meter. Distortion should be less than 8%.
Release the SMDU DIST 1 KHz button.

Set the ERC-310 Function switch to OFF.

6-6.4.6 Audio Response. Perform the audio response test as follows:

Set the ERC-310 Function switch to ON.

Set the SMDU signal generator frequency knobs for a 30.050 MHz indication on digital
frequency readout.

Set the ERC-310 Memory switch to 1.
Depress the SMDU NF/AF VOLTM, FM, AF INT, and Resol x 10 buttons.

Adjust Volume control (on ERC-310) for a 0 dB needle indication on the 1000 MV range
of meter 15.

Depress the SMDU 1-3 KHz button.

Frequency displayed on digital frequency readout will be 2.7 KHz.

Observe dB scale on meter 15 (-6 dB maximum). Each range below 1000 MV = -10 dB at 0.
Depress the SMDU 0.3 button.

Frequency displayed on digital frequency readout will be .300 MHz.

Observe dB scale on meter 15 (-6 dB maximum).

Depress SMDU 3-10 KHz and fixed-variable buttons.

Adjust SMDU frequency knob until digital frequency readout reads 5.4 KHz.
Observe dB scale on meter 15 (-12 to -22 dB).

Depress SMDU 1-3 KHz button.

Adjust SMDU frequency knob until digital frequency readout reads 2 KHz.
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Observe dB scale on meter 15 (-6 dB maximum).

Depress SMDU FM and 0.1-0.3 KHz buttons.

Adjust SMDU frequency knob until digital frequency readout reads .150 KHz.
Depress SMDU NF/AF VOLTM button.

Observe dB scale on meter 15 (-20 to -26 dB).

Release SMDU fixed-variable, AF INT and Resol X10.

Depress SMDU 1 KHz button.

6-6.4.7 Audio Output. Perform the audio output test as follows:

a
b.

c
d.
e.

f.
g.

Set the SMDU Function switch to ON.

Set the SMDU Memory switch to 1.

Depress the F SMDU RF INT button.

Depress the NF/AF VOLTM button.

Turn the ERC-310 Volume control fully clockwise.

Observe output on meter. Meter indication should be 1.5V maximum (+.2V).

Set the ERC-310 Function switch to OFF.

6-6.4.8 Noise Squelch. Perform the noise squelch test as follows:

a.
b.

C.

Q.

i

g.

Set the SMDU Function switch to ON.

Set the ERC-310 Memory switch to 1.

Depress the SMDU MOD and INT/EXT buttons.
Set the ERC-310 Function switch to S2.

Adjust the SMDU crank-type knob for -145 dB indication on RF output scale. Then adjust
knob until squelch breaks (tone heard). Verify that the audio test box REBRO LED lights
when squelch breaks.

Observe level in microvolts on the SMDU RF output scale, using smaller marking.

Set the ERC-310 Function switch to OFF.

6-6.4.9 Tone Squelch. Perform the tone squelch test as follows:
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a.

b.

C.

Set the ERC-310 Function switch to S1.
Depress the SMDU FM button.

Depress the SMDU AF INT button.
Depress the SMDU MOD generator button.




e e. Depress the SMDU 0.1-0.3 button.

f.  Adjust the SMDU FREQ knob for a 150 Hz indication on the digital frequency readout.
— g.  Adjust the SMDU 10/100 KHz knob for a 1.5 KHz indication on meter.

h. Depress the SMDU NF/AF VOLTM button.

i.  Adjust the SMDU crank-type knob for a -145 dB indication on RF output scale. Then adjust
knob until squelch breaks (tone heard).

j-  Observe level in microvolts on the SMDU RF output scale, using smaller marking. Verify that
s the audio test box REBRO LED lights when squelch breaks.

k. Set the ERC-310 Function switch to OFF.
e I.  Adjust the SMDU 10/100 KHz knob for a 5 KHz indication on meter.
m. Set the ERC-310 Function switch to ON.
n. Depress the SMDU 1 KHz button.
0. Release the SMDU MOD GENERATOR button.
p. Depress the SMDU RF INT button.

6-6.4.10 Noise Quieting. Perform the noise quieting test as follows:
a. Release the SMDU MOD and INT/EXT buttons.
b.  Set the ERC-310 Function switch to ON.
c.  Adjust the SMDU crank-type knob for a -145 dB indication on RF output scale.

d.  While observing the SMDU meter, adjust the crank-type knob until a drop is noted on the
meter. Read scale in microvolts.

e. Set the ERC-310 Function switch to OFF.

6-7. FIELD MAINTENANCE. Troubleshooting and disassembly procedures for the ERC-310 are given
in paragraphs 6-8 and 6-9, respectively. Repair of a defective module is covered by shop maintenance.
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Figure 6-3. ERC-310 Exploded View (Sheet 1 of 3)
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Figure 6-3. ERC-310 Exploded View (Sheet 3 of 3)

Nut, 3mm

6-18




6-8. ERC-310 RADIO TROUBLESHOOTING. Refer to the following chart for troubleshooting of the

ERC-310 Radio.

ERC-310 TROUBLESHOOTING CHART

PROBLEM

POSSIBLE CAUSE

REMEDY

Malfunction of squelches

Rebro not working

Radio dead when battery
is used for power

Carrier but no modulation
on output

Transmit power not con-

stant throughout band

Display not right, some
digits out, some wrong

No transmit power out

No transmitter power out

—

WN = BWN =

HAWN =

—

. Bad audio module
. Squelches out of alignment

. Bad audio module
. Rebro line shorted in audio plug

assembly

. Shorted battery terminals

. Bad external power/battery relay
. Open line from function switch

. Shorted line from function

switch

. Bad handset
. Bad audio module
. Bad synthesizer module

. Bad antenna matching board
. Shorted antenna socket

. Synthesizer signal wrong

. Bad whip antenna

. 9V from logic-memory not going

through channel switch and back
to logic-memory

. Channel select line(s) shorted

. Synthesizer module output to Tx

not locking

. Coaxial cable from synthesizer Tx

out to transmitter open or
shorted

. No 9V transmit power to

transmitter

4. Bad synthesizer module

HWN = o

[o2 4]

. Bad transmitter module

. Shorted transmit output
. Bad radio filter board
. Open transmit output
. Open or shorted antenna

matching

. Handset ptt switch faulty
. Ptt line to relay open

—

—

. Change audio module
. Re-align squelches according to

paragraph 6-27.7 of manual.

. Change audio module

2. Change audio plug assembly

WN — HWN =

BWN =

—

. Locate and remove short
. Change relay

. Locate and repair open

. Locate and remove short

. Change handset

. Change audio module

. Change synthesizer module
. Change antenna matching

. Remove short

. Change synthesizer

. Change whip antenna

. Reset logic-memory module

. Locate and remove short
. Change synthesizer module

. Repair open line; locate short

and remove

. Check Tx/Rx relay

4. Change synthesizer

HWN — (43}

o m

. Change transmitter module

. Locate and remove short
. Change filter board

. Locate open and repair

. Change antenna matching

. Change handset
. Check and repair fault
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ERC-310 TROUBLESHOOTING CHART (Continued)

PROBLEM

POSSIBLE CAUSE

REMEDY

Display does not light when
power is switched on

Display lights all zeros and

will not go out

Display lights correct fre-
guency read out but does
not go out

Display will not program

Display runs when in pro-

gram mode

No receiver signal

No receiver signal

HWN -

o m

w N = w N = m PHWN -

OORrWN =

WN =

. Dead battery pack

. Bad external power cable

. Input voltage shorted to ground
. Display not correctly connected

to logic-memory module

. Display module bad
. Logic-memory bad

. Lack of 9 volts from audio

module to synthesizer module

. 9V from audio to synthesizer

shorted to ground

. Lack of 3.125 kHz clock signal

from synthesizer module to logic

. Shorted 3.125 kHz line
. Open 3.125 kHz line
. Clock not getting into logic-

memory

. Synthesizer not producing

3.125 kHz

. Logic not getting signal
. Display too loose in head for

membrane to make contact

. Bad membrane switch

. Shorted membrane switch
. Display too tight in head

. Shorted logic-memory

. Bad receiver module

. No power to receiver module
. Shorted receiver input

. Bad radio filter board

. No Rx frequency from

synthesizer module

. Bad audio module
. Shorted antenna socket
. Shorted or open antenna match-

ing board

. 27.455 MHz oscillator out

HWN =

o o

O WN = N — w N =

WN -

. Recharge battery pack

. Repair power cable

. Locate and remove short

. Correct connection to logic-

memory module

. Replace display module
. Change logic-memory module

. Replace audio module

. Locate and remove short

. Check 9V to synthesizer module
. Locate and remove short

. Check and repair continuity

. Change logic-memory module

. Change synthesizer module

. Replace logic module
. Adjust screws holding display

into head

. Replace display module

. Replace display module
. Adjust screws holding display

into head

. Replace logic-memory module

. Change receiver module

. Change audio module

. Locate and remove short

. Replace filter board

. Replace synthesizer module

. Change audio module
. Locate and remove short
. Locate and remove short or

change antenna matching

. Adjust Rx module L6 for center

of receiver signal
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ERC-310 TROUBLESHOOTING CHART (Continued)

PROBLEM

POSSIBLE CAUSE

REMEDY

Poor receiver sensitivity

No audio output

w N

OB WN =

. Receiver module out of alignment

. Receiver bad
. Poor signal amplitude from

synthesizer module

. Shorted volume control
. Bad audio module

. Shorted audio out line
. Bad handset

. Bad receiver module

1. Align receiver according to para-
graph 6-39.4 of manual

2. Change receiver module

3. Replace synthesizer module

1. Locate and remove short
2. Change audio module

3. Locate and remove short
4. Change handset

5. Change receiver module

6-9. REMOVAL AND REPLACEMENT GF MAJOR ASSEMBLIES. Removal and replacement of the
ERC-310 major assemblies is described in paragraphs 6-9.1 through 6-9.5.

6-9.1 Removal of Lid Castings. (See figure 6-3.1.)

a. Place ERC 310 Transceiver on flat surface.
b. Loosen and remove 8 only 3mm x 6mm S/S Screws (ET| Part #4120).
c. Remove 8 only 3mm Wavy Washers (ETI Part #4333).
d. Carefully lift Lid Casting (ETI Part #5312) to break seal, and remove to expose modules inside.

6-9.2 Removal of Modules. (See figure 6-3.1.)

Q0o oTw

. Loosen Module Retaining Screws (ETI #5017).
- Pull modules straight out.

- For removing logic-memory module 5, disengage display flex cable before removing.

- For removal of antenna matching board, always remove receiver module 3 first. Then loosen

and remove 1 only 10mm x 3mm S/S Screw (ET| Part #4222).
€. Pull Antenna matching board up and back to remove.

—h

- To remove auxiliary module, remove 2 only 3mm x 10mm S/S Screw (ETI Part #4222) and 2

only 3mm Wavy Washers (ETI Part #4333). Then place 2 small hooks under edge of board and

pull straight up.

6-9.3 Removal of Display Head. (See figure 6-3.2.)

a. Loosen and remove 6 only 2.5mm x 16mm S/S Screws (ET| Part #4212) and 6 only 2.5mm
Lock Washers (ET| Part #4322) and remove Display Screen (ETI Part #5708).

b. Loosen and remove 2 only 3mm x 20mm S/S Screws (ET| Part #4122) and 2 only 2.5mm Wavy
Washers (ETI Part #4332). Display module will not slip easily out of head.

6-9.4 Removal of Transmitter Module. (See figure 6-3.3.)

a. Loosen and remove 2 only 3mm x 20mm S/S Screws (ETI Part #4122) and 2 only 3mm Lock
Washers (ET| Part #4323).

b. Loosen and remove 1 only Bottom Bushing (ETI Part #5012) and slide transmitter cover

board out of way.
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c. Loosen and remove 2 only 3mm x 6mm S/S Screws (ETI Part #4120) and 3mm Lock Washers

(ETI Part #4323).
d. Remove transmitter module by pulling straight up out of radio casting.

6-9.5 Removal of Filter Board. (See figure 6-3.3.)

a. Desolder 3 wires, 2 from antenna match and BNC socket and one from TX/RX relay.
b. Loosen and remove 2 only 3mm x 4mm S/S Screws (ET| Part #4124) and 2 only 3mm Wavy

Washers (ET| Part #4323).
c. Remove filter board from casting.
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Section |l

SHOP MAINTENANCE

6-10. GENERAL

This section provides shop maintenance for the ERC-310. Shop maintenance consists primarily of test and
troubleshooting of the modules comprising the radio. Information contained in this section includes general
maintenance techniques (paragraphs 6-11 through 6-15), general troubleshooting techniques (paragraphs
6-16 through 6-20), and test and troubleshooting procedures for each module (paragraphs 6-20 through 6- ).

6-11. GENERAL MAINTENANCE TECHNIQUES

6-12. GENERAL PARTS REPLACEMENT. Most of the parts in the radio can be reached easily and
replaced without special procedures. While replacing parts, observe the following precautions and special
handling instructions.

a. When it becomes necessary to remove and replace a part in this solid-state equipment, use a
pencil-type soldering iron with a 25-watt maximum capacity. If only ac-operated irons are
available, use an isolating transformer. Do not use a soldering gun; damaging voltages can be
induced in components.

b. When soldering transistor or integrated circuit leads, solder quickly; where wiring permits, use
a heat sink (such as long-nose pliers) between the soldered joint and the transistor or integrated
circuit. Use approximately the same dress of transistor or integrated circuit leads as used
originally.

c. Before a part is removed, note the position of the part and its leads. Install replacement parts
in essentially the same position as the original part to avoid undesired coupling and spurious
oscillations.

6-13. REPLACING PARTS ON PRINTED CIRCUIT BOARDS. Replace parts on printed circuit boards
as follows:

NOTE

Refer to the applicable parts location illustration
in Chapter 8 for location of parts on the printed
circuit board.

a. Remove the defective part by cutting its leads near the mounting holes and holes in the part
side of the board.

Ty
Sy

CAUTION

When replacing parts on printed circuit boards, do not
apply heat directly to the conducting strip or damage
can result. Do not apply heat longer than necessary.

b. Apply heat at the mounting holes until the solder is melted; remove the remaining pieces of
the part wire leads.
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c. Heat the solder in the mounting holes and remove solder with a stiff bristle brush.

d. Bend the leads of the replacement part to fit the mounting holes.

CAUTION

Never apply much pressure against a printed circuit
board or force any part into position on the board.

e. Insert the leads in the mounting holes and press the part firmly against the board.
f.  Cut the leads approximately one-eighth inch from the wiring side of the board.
Bend and press the leads against the printed circuit conducting strip.
h.  Using a heat sink, solder the replacement part to the printed circuit conducting strip.

6-14. REPAIR OF PRINTED CIRCUIT BOARDS. Repair of printed circuit boards is limited to repair of
small breaks or cracks in the conducting foil. If the conducting strip has large breaks or if a board is broken,
it is much better to replace the subassembly rather than try to repair the board. Repair small breaks or
cracks in the conducting foil as follows:

Lightly scrape away any coating covering the area of the conducting strip to be repaired.

a

b. Clean the area with a firm-bristle brush and cleaning solvent.

C Repair the cracked or broken area of the conducting strip by flowing solder over the break.
d

If there is any indication that the strip might peel, bridge the break with a small section of
bare wire (approximately 2 inches). Apply solder along the entire length of the wire to bond
it solidly to the conducting strip. Considerable care must be exercised in applying the solder
to prevent it from flowing onto or near an adjacent strip. Keep the solder within the limits
of the strip that is being repaired.

6-15. MODULE DISASSEMBLY. Several of the ERC-310 modules are two-board modules. Figure 6-4
illustrates the manner in which these modules are disassembled.

6-16. GENERAL TROUBLESHOOTING TECHNIQUES

6-17. SIGNAL SUBSTITUTION. Signal substitution enables the technician to localize a trouble quickly
to a stage or component. A signal generator and oscilloscope are units of test equipment that are used in
signal substitution. While performing signal substitution procedures, do not exceed signal levels specified
so that damage to transistors may be avoided.

6-18. WAVEFORM ANALYSIS. The ERC-310 modules contain digital circuits. Voltage readings taken
in these circuits would be difficult to analyze since they would vary with circuit conditions (equipment
operation). For these circuits, waveforms must be taken and compared to the appropriate reference -
waveform.

6-19. VOLTAGE MEASUREMENTS. The ERC-310 contains semiconductor devices (for example diodes,
transistors, and integrated circuit components). When measuring voltages, use tape sleeving (spaghetti) to
insulate the entire test prod, except for the extreme tip. A momentary short circuit can ruin the semi-
conductor device. Use the same or equivalent electronic multimeter specified.

6-20. RESISTANCE MEASUREMENTS. Make resistance measurements in the ERC-310 only as directed.
Use the multimeter range specified, otherwise the indications obtained will be inaccurate.
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NOTE: AUDIO, LOGIC, SYNTHESIZER MODULES
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Figure 6-4. Typical Two Board Module, Disassembled View
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CAUTION

Before using any multimeter to test semiconductor
devices or associated circuits, check the open-circuit
voltage across the multimeter test leads. Do not use
the multimeter if the open-circuit voltage exceeds 1.5
volts. Also, since the RX1 range normally connects
the multimeter internal battery directly across the test
leads, the comparatively high current (50 ma or more)
may damage the semiconductor device under test. Asa
general rule, the RX1 range of any multimeter should
not be used when testing low power semiconductor
devices.

6-21. INTERMITTENT TROUBLES. In all of the tests, the possibility of intermittent troubles should

not be overlooked. |f present, this type of trouble often may be made to appear by tapping or jarring the
module. Make a visual inspection of the wiring and connections. Minute cracks in printed circuit boards can
cause intermittent operation. A magnifying glass is often helpful in locating defects in printed circuit boards.

6-22. WIRING OR POWER SUPPLY/DISTRIBUTION FAILURE. If the ERC-310 radio fails the unit test
and all modules are determined to be good, refer to the transceiver overall schematic diagram, figure 8-6,
to trace inter-module wiring and check miscellaneous components and to the power distribution diagram,

figure 8-4, to verify that voltages are provided to each module.

6-23. TEST EQUIPMENT PRECAUTIONS. The following precautions must be observed to protect the
test equipment and radio from damage:

a. Never connect test equipment (other than multimeter) outputs directly to a transistor circuit;
use a coupling capacitor.

b. Make test equipment connections with care so that shorts will not be caused by exposed test
equipment connectors.

c. Never use a power supply that doesn’t have low AC ripple. Good regulation is important be-
cause the output voltage of an external power supply having poor regulation may exceed the
minimum voltage rating of the transistors in the equipment being tested. An external power
supply that has poor AC filtering will create a false indication of poor filtering in the equip-
ment being tested.

d. The radio must be turned off before switching the external power supply on or off. The
transient voltages, created by switching the power supply on or off, may exceed the “punch-
through’’ rating of the transistors. Also, make sure that all connections are properly made
before applying power.




6-24. AUDIO MODULE PERFORMANCE TESTING.

Perform the procedure in paragraphs 6-25 through 6-29 to test an audio module if suspected of being
faulty or to test a module after repair.

6-25. TEST EQUIPMENT REQUIRED. Test equipment required to test the audio module is listed

below:

4
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n.

0.

Audio module test fixture.

DC power supply - Power Designs Inc. Model 6050A, or equivalent (2 required).
Multimeter-Fluke 8000A, or equivalent.

Multi-Counter-Fluke 1925A, or equivalent.

Oscilloscope-Tektronix 475, or equivalent.

Distortion analyzer-Hewlett-Packard 331A, or equivalent.

Signal generator - Hewlett-Packard 8640B, or equivalent (2 required).

Known good bottom board - ET| 8308.

Known good top board - ETI 8309.

Jumper pins - Cambion 20 mm, or equivalent (14 required).

Audio generator - Heath SG-5210, or equivalent.

Coax cables - four with male BNC ends, two with male BNC and banana plugs.
Cable with handset plug and banana plugs.

Receiver module test fixture.

Receiver module - ET| 8603.

6-26. INITIAL SETUP. Connect equipment and make initial switch settings described below before
performing the audio module performance tests, beginning with paragraph 6.22.

a.

Set the audio module test fixture switches and controls as follows:

Switch/Control Setting
TX/OFF/RX switch RX
VOLUME control MAX.
SQUELCH switch No/S

Set the receiver test fixture ON/OFF switch to ON.
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Set DC power supply No. 1 switches and controls as follows:

Switch/Control Setting
VOLTAGE switch 60V =
CURRENT LIMIT switch .5A
CURRENT adjust control Mid-range —
POWER ON/RESET switch POWER ON

Adjust the VOLTAGE control of power supply No. 1 for a 12 VDC output as indicated on the
power supply meter. Then turn the power supply POWER ON/RESET switch to RESET.

Connect DC power supply No. 1 to the receiver test fixtures.

Set DC power supply No. 2 switches and controls as follows:

Switch/Control
VOLTAGE switch
CURRENT LIMIT switch
CURRENT adjust control
POWER ON/RESET switch

Adjust the VOLTAGE control of power supply No. 2 for a 11 VDC output as indicated on
the power supply meter. Then turn the power supply POWER ON/RESET switch to RESET.

Setting
60V
.5A
Mid-range
POWER ON

Connect DC power supply No. 2 to the audio module test fixture.

Turn on the two signal generators, distortion analyzer, audio generator, multi-counter, multi-

meter, and oscilloscope.

Set signal generator No. 1 switches and controls as follows:

Switch/Control
FM switch
PEAK DEVIATION FM control
FM K/MHz pushbutton
PEAK DEVIATION FM control
LEVEL VOLTS pushbutton
MODULATION FREQUENCY control
INT/EXT pushbutton
FREQUENCY control
LOCKON pushbutton
ON/OFF switch
OUTPUT LEVEL control

Setting
INT
5kHz
Depressed
Adjust for 5 kHz deviation on meter
Depressed
1kHz
Depressed
35.500 MHz
Depressed
ON

Adjust for 1 microvolt

<)
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k. Connect signal generator No. 1 to RF IN jack of receiver module test fixture.

I.  Set signal generator No. 2 switches and controls as follows:

Switch/Control Setting
FM switch OFF
WH EXT pushbutton Depressed
FREQUENCY control 62.500 MHz
LOCKON pushbutton Depressed
RF switch ON
OUTOUT LEVEL control 0 DRM (.22 volt)

m. Connect signal generator No. 2 SYN IN jack of receiver module test fixture.

n. Set the distortion analyzer FUNCTION switch to VOLTMETER.

0. Set the distortion analyzer METER RANGE switch to 3 VOLTS.

p. Connect the distortion analyzer to audio module test fixture AUDIO OUT jack.

g. Connect the multi-counter to CH-2 vertical signal output on rear of oscilloscope.

r. Connect the oscilloscope CH-2 INPUT to audio module test fixture MOD OUT jack.
s.  Depress the multi-counter CHA FUNCTION pushbutton.

t.  Depress the multi-counter AUTO RESOLUTION pushbutton.

u. Depress the oscilloscope VERT MODE CH2 pushbutton.

v. Set the oscilloscope VOLTS/DIV and TIME/DIV switches, as necessary, to observe waveform.
w. Set the audio generator MULTIPLIER switch to X100.

x. Set the audio generator FREQUENCY switches to 10-0-0.

y. Set the audio generator SINE WAVE AMPLITUDE switch to .01V (10 MV).

z. Insert the receiver module in bottom mounting board of receiver module test fixture.

6-27. BOTTOM BOARD SETUP AND TEST PROCEDURES. Setup and test procedures for the audio
module bottom board are given in paragraphs 6-27.1 through 6-27.2. /

v )‘
6-27.1 Bottom Board Setup. Perform the following procedures to prepare the bottom board for test.

a. Insert the bottom board to be tested into bottom mounting board on the audio module test
fixture.

b. Insert 14 jumper pins in sockets to complete electrical connection. (See Figure 8-10.)

c. Insert known good top board into top mounting board on the audio module test fixture.
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6-27.2 BOTTOM BOARD CURRENT CHECK. Perform the bottom board current check as follows:

Remove jumper wire from audio module test fixture CURRENT CHECK jacks.
Connect leads between the audio module test fixture CURRENT CHECK jacks and MA

INPUT and COMMON jacks of the multimeter. Observe polarity (red to red and black to black).

Depress the multimeter DCMA FUNCTION pushbutton.
Depress the multimeter 200 MA RANGE pushbutton.

CAUTION

Observe caution while performing step e to prevent damage to
the equipment.

Turn on power supply No. 2 and observe current indication on the multimeter. Current con-
sumption should be approximately 15 to 30 MA. If current consumption excessive or power
supply faults, turn off power supply. Isolate faults before continuing.

Turn off power supply No. 2.

Disconnect the multimeter and replace current jumper wire.

6.27.3 Bottom Board Voltage Check. Perform the bottom board voltage check as follows:

6-30

Connect leads to V-2 and COMMON jacks on multimeter.
Depress the multimeter DCV FUNCTION pushbutton.
Depress the multimeter 20V RANGE switch.

Connect multimeter leads between +9 VDC and GND jacks on the audio test fixture. Observe
polarity.

CAUTION

Observe caution while performing steps e through h to prevent
damage to the equipment.

Turn on power supply No. 2.

Select R35 on the audio module bottom board (figure 8-10) for an indication
of 9 to 9.05 VDC on the multimeter.

Increase power supply No. 2 output voltage to 24 volts. Voltage indication on multimeter
should remain constant at 9 to 9.05 VDC.

Decrease power supply No. 2 output voltage to 11 VDC.

Disconnect the multimeter.
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6-27.4 Bottom Board RX Test. Perform the bottom board RX test as follows:

6-27.5

Turn on power supply No. 1.

Connect the receiver test fixture AUDIO OUT jack to the RX IN jack of the audio module
test fixture.

Observe the distortion analyzer for 1.5V RMS +.4 volts (3 dB). Note level.

Set the distortion analyzer FUNCTION switch to SET LEVEL and METER RANGE
switch to O dB.

Set the OUTPUT LEVEL control of signal generator No. 1 to 1 mV.

Adjust the distortion analyzer SENSITIVITY selector and SENSITIVITY VERNIER to
0 dB.5 on meter.

Set the distortion analyzer FUNCTION switch to DISTORTION.
Adjust the distortion analyzer Frequency dial for maximum dip on meter.

Set the distortion analyzer METER RANGE switch to read level on meter distortion
should be no more than 4%.

Return the distortion analyzer switches and controls to initial set up positions.

Disconnect the receiver test fixture from audio module test fixtures.

Bottom Board Audio Response Test. Perform the bottom board audio response test as follows:

Connect audio generator to the audio module test fixture RX IN jack.

Adjust the audio generator SINE WAVE OUTPUT control to obtain the same level as
obtained in paragraph 6-27.4, step c. Level is read on distortion analyzer. Note level.

NOTE

Do not adjust level of the audio generator throughout remainder
of this test.

Set the audio generator MULTIPLIER switch to X10.

Set the audio generator FREQUENCY switches to 30-0-0. There should be no more than
5 dB difference from level observed in step b above as read on the distortion analyzer.

Set the audio generator FREQUENCY switches to 10-5-0. Level should be 20 to 26 dB down
from level observed in step b above as read on the distortion analyzer.

Set the audio generator MULTIPLIER switch to X100.

Set the audio generator FREQUENCY switches to 20-7-0. There should be no more than
5 dB difference from level observed in step b above as read on the distortion analyzer.
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Set the audio generator FREQUENCY switches to 50-4-0. Level should be 12 to 22 dB
down from level observed in step b above as read on the distortion analyzer.

Disconnect the audio generator from audio module test fixture.
Connect the receiver module test fixture to RX IN jack of audio module test fixture.

Return test equipment switches and controls to initial setup positions.

6-27.6 Bottom Board TX Test. Perform the bottom board TX test as follows:

6-27.7
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a.

Connect the audio generator SINE WAVE OUTPUT to HANDSET jack on audio module
test fixture. Use handset plug to banana plug cable.

Set the audio module test fixture TX/OFF/RX switch to TX.

Observe level on distortion analyzer. Level should be 19 to 22 dB down from level
observed in paragraph 6-27.4, ¢ during bottom board RX test.

Set the distortion analyzer FUNCTION switch to SET LEVEL and METER RANGE
switch to -10 dB.

Adjust the distortion analyzer SENSITIVITY selector and SENSITIVITY VERNIER to
0 dB.

Set the distortion analyzer FUNCTION switch to DISTORTION.
Adjust the distortion analyzer frequency dial for maximum dip on meter.

Change the distortion analyzer METER RANGE switch to -30 dB. Level should be no
more than 4.5 using the 0-1 scale on the meter.

Disconnect the audio generator.
Return the distortion analyzer switches and controls to initial setup positions.

Set the audio module test fixture TX/OFF/RX switch to RX.

Bottom Board Squelch Test. Perform the bottom board squelch test as follows:

(o)
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Set the audio module test fixture SQUELCH switch to T/S.
Depress the FM K/MHz pushbutton on signal generator No. 1.

Adjust the PEAK DEVIATION FM control on signal generator No. 1 for 1.5 kHz
deviation indication on meter.

Depress the LEVEL VOLTS pushbutton on signal generator No. 1.

Set the MODULATION FREQUENCY control on signal generator No. 1 to X1 range.
Adjust the MODULATION FREQUENCY control knob on signal generator No. 1 to 150.
Adjust the OUTPUT LEVEL control on signal generator No. 1 for minimum signal out.

Adjust the OUTPUT LEVEL control until REBRO LED on the audio module test fixture
lights level should be approximately .2 to .4 microvolt.



Adjust the OUTPUT LEVEL control to 1 millivolt. REBRO LED should remain illuminated.
Set the audio module test fixture SQUELCH switch to N/S.

Release the FM K/MHz pushbutton on signal generator no. 1.

Adjust the OUTPUT LEVEL control for minimum signal out.

Adjust the OUTPUT LEVEL control until REBRO LED on the audio module test fixture
lights level should be approximately .3 to .8 microvolt.

Set the audio module test fixture SQUELCH switch to No/S.

Return switches and controls of signal generator no. 1 to initial setup positions.
NOTE

This completes the bottom board test procedures. Return all
equipment to initial setup positions.

6-28. TOP BOARD SETUP AND TEST PROCEDURES. Setup and test procedures for the audio module
top board are given in paragraphs 6-28.1 through 6-28.6.

6-28.1 Top Board Setup. Perform the following procedures to prepare the top board for test.

a.

b.

C.

Insert the top board to be tested into top mounting board on the audio module test fixture.

Insert known good bottom board into bottom mounting board on the audio module test
fixture.

Insert 14 jumper pins in sockets to complete electrical connection. (See figure 8-8.)

6-28.2 Top Board Current Check. Perform the top board current check by repeating paragraph 6-27.2,
steps a through g.

6-28.3 Top Board Voltage Check. Perform the top board voltage check as follows:

a.

e.

Connect leads to V-£2 and COMMON jacks on multimeter.
Depress the multimeter DCV FUNCTION pushbutton.
Depress the multimeter 20V RANGE switch.

Check for approximately 4.5 volts at U2, pins 13 and 14. (See figure 8-8 for top board parts
location.) - /

Disconnect multimeter.

6-28.4 Top Board Squelch Test. If “select on test”” resisters have been selected, perform paragraph 6-27.1,
steps a through o. If “select on test” resistors have not been selected. Perform the following procedure:

a.
b.

C.

Set the audio module test fixture SQUELCH switch to T/S.
Set the audio module test fixture TX/OFF/RX switch to TX.

Insure that potentiometers R17 and R24 on the top board (figure 8-8) are fully clockwise.

6-33



6-34

aa.

Connect orange leads of squelch test box to S.0.T. posts for R12. (see figure 8-8.)
Connect yellow leads of squelch test box to S.0.T. post for R32. (See figure 8-8.)

On squelch box, turn knob no. 1 and R1 until a 150 Hz signal of 2 volts peak-to-peak is
observed on the oscilloscope and multi-counter. Adjustment of the oscilloscope VOLTS/DIV
and TIME/DIV switches may be necessary. There should be no clipping of the 150 Hz signal.

Measure resistance of selected resistor. Insert selected resistors into top board.
Check for same signal on the oscilloscope and multi-counter as observed in step f.
Set the audio module test fixture TX/OFF/RX switch to RX.

Connect purple leads of squelch test box to S.0.T. posts for R31. (See figure 8-8.)
Depress the FM K/MHz pushbutton on signal generator no. 1.

Adjust the PEAK DEVIATION FM knob on signal generator no. 1 for a 1.5 KHz deviation
indication on the meter.

Depress the LEVEL VOLTS pushbutton on signal generator no. 1.
Set the MODULATION FREQUENCY control on signal generator no. 1 to X1 range.

Adjust the outside knob of the MODULATION FREQUENCY control on signal generator
no. 1to 152.

Adjust the OUTPUT LEVEL control on signal generator no. 1 for minimum signal out. Then
increase OUTPUT LEVEL to .3 microvolt.

Adjust R2 on squelch test box until the audio module test fixture REBRO LED lights.

Adjust the OUTPUT LEVEL control on signal generator no. 1 for minimum signal out. Note
that the REBRO light goes out. |If REBRO LED stays lit, perform steps p through r until
REBRO LED lights at approximately .2 microvolt and off with minimum signal in.

Measure resistance of R31. Select a resistor close to the value of R31 and insert resistor in
top board.

Check that REBRO LED lights at .2 to .4 microvolt and goes out with minimum signal in.
Increase signal level to 1 millivolt. REBRO LED should remain lit.

Release the FMK/MHz pushbutton on signal generator no. 1.

Set the audio module test fixture SQUELCH switch to N/S.

Adjust R21 of the top board to mid range. (See figure 8-8.)

Adjust the OUTPUT LEVEL control of signal generator no. 1 for minimum signal out.

Adjust the OUTPUT LEVEL control until the REBRO LED lights. Output level of the
signal generator should be approximately .3 to .8 microvolt.

Set the audio module test fixture SQUELCH switch to No/S.

Return the switches and controls of signal generator no. 1 to initial setup positions.
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6-28.5 Top Board RX Test. Perform the top board RX test by repeating paragraph 6-27.4, steps a
through d.

6-28.6 Top Board TX Test. Perform the top board TX test as follows:

a. Repeat paragraph 6-27.6, steps a through h of bottom board test procedure.
b. Note level of signal on oscilloscope. It should be a minimum of 2 volts peak to peak.
c. Return the distortion analyzer switches and controls to initial setup positions.

d. Set the audio generator SINE WAVE AMPLITUDE switch to 3V. Level should remain
constant + 10B of the level obtained in paragraph 6-27.6 step ¢ of bottom board test
procedure.

e. Return the audio generator switches and controls to initial setup positions.
L Disconnect the audio generator.

g. Set the audio generator TX/OFF/RX switch to RX.
NOTE

This completes the top board test procedures. Return all
equipment to initial setup positions.

6-29. AUDIO MODULE SETUP AND TEST PROCEDURES. Setup and test procedures for the audio
module are given in paragraphs 6-29.1 through 6-29.6.

6-29.1 Audio Module Setup. Prepare the audio module for test by inserting into bottom mounting
board on the audio module test fixture.

6-29.2 Audio Module Current Check. Perform the audio module current check by repeating
paragraph 6-27.2, steps a through g.

6-29.3 Audio Module Voltage Check. Perform the audio module voltage check as follows:

a. Repeat paragraph 6-27.3, steps a through e of bottom board test.
b. Depress the multimeter DCV FUNCTION pushbutton.
c. Depress the multimeter 20V RANGE switch.

d. Connect multimeter leads between +9 VDC and GND jacks on the audio test fixture. Observe
polarity.

e. Repeat paragraph 6-28.3, steps d and e of top board test.

6-29.4 Audio Module RX Test. Perform the audio module RX test by repeating paragraph 6-27.4,
steps a through j of bottom board test.

6-29.5 Audio Module Audio Response Test. Perform the audio module audio response test by
repeating paragraph 6-27.5 steps a through k.
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6-29.6 Audio Module TX Test. Perform the audio module TX test by repeating paragraphs 6-28.6, steps
a through g.

6-29.7 Audio Module Squelch Test. Perform the audio module TX test by repeating paragraph 6-27.7,
steps a through o.

NOTE

This completes the audio module test procedure. Return all
test equipment to initial setup positions and secure all test
equipment.

6-30. AUDIO MODULE TROUBLESHOOTING. Troubleshooting of the audio module is accomplished by
making voltage and waveform measurements in accordance with tables 6-1 and 6-2 for the audio module
top board and bottom board, respectively. Make voltage and waveform measurements with the initial setup
of figure 8-26 and paragraph 6-26. The initial setup should be modified by changing radio’s frequency in
accordance with the FREQ column of tables 6-1 and 6-2 and applying power/signals in accordance with
NOTES column of tables 6-1 and 6-2. Following is a definition of the notes.

NOTE DEFINITION

1 Troubleshooting performed with:
a. +14 VDC input power applied.
b. +9 VDC input power applied.
1 kHz signal input at 1 microvolt.
d. Radio VOLUME control at maximum.

e. No/S-T/S-N/S switch on test fixture set to No/S.

2 Troubleshooting performed with:
a. +14 VDC input power applied.
b. +9 VDC input power applied.
c. 1kHzsignal input at 10 microvolts.
d. Radio VOLUME control at maximum.

e. No/S-T/S-N/S switch on test fixture set to No/S.
3 Troubleshooting performed only with +14 VDC input power supplied.

4 Troubleshooting performed with:
a. +14 VDC input power applied.
b. +9 VDC input power applied.

c. 1kHzsignal input at 1 microvolt.
d. Radio VOLUME control at maximum.
e. N/S-T/S-N/S switch on test fixture set to No/S.

f. Potentiometers R17 and R24 set to maximum clockwise position.
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NOTE

DEFINITION

Troubleshooting performed with:

25

a o

R

1:

+14 VDC input power applied.

+9 VDC input power applied.

1 kHz signal input at 10 microvolts.
Radio VOLUME control at maximum.

No/S-T/S-N/S switch on test fixture set to No/S.

Potentiometers R17 and R24 set to maximum clockwise position.

Troubleshooting performed with:

a.

b.

+14 VDC input power applied.

Potentiometers R17 and R24 set to maximum clockwise position.

Troubleshooting performed with:

a.

b.

+14 VDC input power applied.
+9 VDC input power applied.
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Table 6-1. Audio Module Top Board Voltage and Waveform Measurements

PIN QUIESCENT
DEVICE i = s WAVEFORM FREQ. NOTES
€3, D1, RFC-1 +3.24 100 mV +3.39 1 kHz 1
% +3.24
+3.09
C3, D1, RFC-1 +8.98 2
C3, D1, RFC-1 +6 3
c10, D2, D3 +4.1 300 mV + 4.6 150 Hz 1
% + 4.l
+ 3.6
C10,D2,D3 +2.39 2.1 + 5.09 150 Hz 2
- 69
C10, D2, D3 +2.37 2.1 +5.37 150 Hz 3
-.63
C15, D4, D5 +1 8 + 275 Noise 1
W
-.25
C15, D4, D5 0 + 60MV 1 kHz 2
W
— 60MV
C15, D4, D5 0 3
Q1 G +4.51 1
Q1 G +1.45 2
Q1 G 0 3
Q1 S +4.45 0 1
Q1 S +4.45 11 mV i +4.46 1 kHz 2
/\/1/1/ +4.45
+4.44
Q1 S +4.45 3
Q1 D +4.45 1
Q1 D +4.45 3
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Table 6-1. Audio Module Top Board Voltage and Waveform Measurements — Continued

PIN QUIESCENT
DEVICE i = A WAVEFORM FREQ. NOTES
Q2 B +4.12 120 mV ! +4.32 1 kHz Mod. 1
+ 4.2
+3.92
Q2 B +4,51 460 mV +5.12 1 kHz 2
+4.51
+3.9
Q2 B +4.17 3
Q2 E +4.51 1
Q2 E +4.51 2
Q2 £ +4.51 3
Q2 c +.4 1
Q2 c +1.45 2
Q2 C ] 3
Q3 G +3.62 1
Q3 G 0 2
Q3 G 0 3
Q3 S +4.51 1
Q3 S +4.51 2
Q3 S +4,51 3
Q3 D +4.51 1
Q3 D +4.51 2
R1, R2, C24 +4.51 19 mV +4.54 1 kHz 1
+4.51
+4.48
R1, R2, C24 +6.53 40 mV +6.58 1kHz 1 2
+ 6.52
+ 6.46
R1,R2, C24 +4,51 3
R1,C1, C2 +4.51 24 mV +4.56 1 kHz 1
+4.57
+4.46
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Table 6-1. Audio Module Top Board Voltage and Waveform Measurements — Continued
PIN QUIESCENT
DEVICE NO. DC AC WAVEFORM FREQ. NOTES
R10, R11,C25 +4.3 775 mV +5.55 149 Hz 2
+ 3.05
R10, R11, C25 +4.38 78 +5.58 150 Hz 3
M/)/ +4.38
+ 3.8
R11,R12 +4.1 200 mV + 435 150 Hz 1
% + 4.1
+ 3.85
R11, R12 +4.5 2.1 +7.15 150 Hz 3
+1.15
R14, R21, C11 0 170 mV +.3 Noise 1
W -
-3
R14, R21, C11 0 30 mVv + .45 1 kHz 2
W -
-.45
R14, R21, C11 (] 3
R16, R17 +2.86 280 mV +3.36 1 kHz 4
W +2.86
+2.36
R16, R17 +1.84 859 mV + 3.74 1 kHz Mod. 5
% +1.84
- .94
R16, R17 +2.7 .76V +38 150 Hz 6
/\/\/\J e
+1.6
R17, R22, R23, +2.86 280 mV +3.36 1 kHz 4
R24
+2.36
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Table 6-1. Audio Module Top Board Voltage and Waveform Measurements — Continued

DEVICE o QUIEe L WAVEFORM FREQ. NOTES
NO. DC AC
R17, R22, R23, +2.92 850 mV + 4,82 1 kHz Mod. 5
R24
% + 2.92
+1.02
R17, R22, R23, +2.7 .76 + 3.8 150 Hz 6
R24
+ 27
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