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BERCTION Y = DEBCRIFRION

1=-1 IRTRODUCTION

This manual was vwritten for the Regency Model RH250 andé
Wilson Model WH2516 transceivers but is also applicable to

the BFRegency Model RH2Z56, Except for the case and front
panel, the RE256 and WH2S514 are identical, and "RH256" can be
Bubstituted wherever "WHZ5le"® appears. This manual

supersedes Service Manual 0300-4323-400.

The RHI50 and WH251¢ are synthesized transceivers designed to
operdate in the VHEF Land Mobile Communications Band. The
RHI50 nas ten-channel capability and  the WH21S516
has sixteen—channel capability. A, B, and C fragquendcy rapnges

and ©UK (12.5 kdz channel spacing) models are availanle in
both radios,

Theae radios are programmable by the service technicians.
Zach is equipped with an electrically alterable read-only
memno oy (EARCR) . This device stores the radios'
charactecistics as programmed using the radios' keyboard.
This elipinctes the need to order crystals or programmable
read-only memories (PROMs) from the factory.

E  continuous tone coded sgquelch system (CTCSS) encoder and
decoder are built-in, Any one of thirty=seven tones can be
selected for use on any one channel. The sixteen-channel
radio <an have any two tonea owut of thirty-seven on one
channel, A mixing of tone and non—tone channels may be
programmed inte the radies aleng with ensode snly or decode

anly channels. The decode only channels reguire that the
transmitter be disabled,

These radios are capabls of being pregrammed for operation in
simplex and/or half-duplex systems. Sipmplex and half-duplex
channels eoan be programmed intc each radio, previded that a

total freguency separation of 6 Mz i= not exceeded batwean
transmit and receive freguenaiss,

Active channel and prierity channel scanners are alge
standard eguipment. The user, under normal operation, simply
entere the channels that zre to be =canned into a scarn  1list
and salects the desired scan function from the kevboard,
This is a user programmable feature.

The kevboard is used in radio programming and Suring normal

operation. When the day/night ewiteh iz in the night
position, the kevboard is illuminated from the back.

O300=-4427-800 =1= SECTION 1



1-2 SPECIFICATIONS

Genperal
Channeals
RH2S0 1l to 10 dealer programmable
WH25 16 1l ta 16 dealer programmable
Freguensy Range
Model A ' : 134 to 150 ME:
Model B 150 o 162 MEz
Model C 162 to 174 Mz
Mode]l OFE 182 to 174 MHZ
Channel Spacing
Models A, B, ané C 3 kHz (& kHz min
resclution)
Model UE 12.5 kHz [(12.5 kHz min
resolution)
Freguency Separation 6.0 MHz (VCO woltage
ransnitter ‘Receiver naintained between
& and 7.5 VDC)
Operating Temperature -30° to +659C
-2i° to +150%F
Storage Temperature =509 to + 90%C
=589 tn +194°F
Case Dimensions 612" % 234" x X0 3
6.5 om X 7.0 cm x 17.3 cm
Welght 4 1lbs, 14 ozs
2.4 kg
Uperating Duty Cycle 20%; 1 minute transrit
4 minzte receive
Antenna Impedance 50 ohme
Supply Yoltage 13.8 vDCT (negatlive ground)

Current Drain @ 13.8 vDS
Supply Voltage

Receiver Sguelched S00 mA Max*
Receiver Max Audio 1.1 A Max*
Transnitting 20 A Max*

*hdd 150 mh for operation below 0°9C (320F)
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1-2 SPECIFICATIONS |continued}

@ Pessiver

Receiver Sensitivity

12 dB SINAD 0.35 uV (=116 dBm])

20 4B Quieting 0.5 ‘uvV (=113 dBmwm}
Squelch Sensitivity

Threshold Sqguelch D.2 wV (=121 dBm)

Tight Eguelch 1.0 u¥ (=107 dBm}
CTCESS Sensitivity 0,32 uv (=115.% dBm)

w/tone dav. of 750

Adjacent Channel 0 dB

Dessnsitization
1z dB SIHAD Method

Operating Bandwidth 3.0 MHz (+l1.5 MHzZ)
Inage Rejection 70 4B
Spurious Rejectlon io 4B
IM 12 DB SIHAD 70 48
@‘ Modulation Acceptance *T.3 KHz
Bandwidth
Freg Stability Temp #0.0005%8*
Freg Stability Voltage #0.00005%
hudio Respanse per EIA RBIDAC, Part 9
Aydio Distortion # %
Rated Power
hudio Power 2Jut 5 W HMin
Squelch Blocking per BIA R5204C, Part 18
Receiver Attack Time (EIA) . 150 mBea Max
Becaiver Sguelech 250 mESes HMax

Closing Time (EIRL)

*Lllow 5 minutes werm=-up time for ambient temperature
below 3ZOP (OO0,

@
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1-2 SPECIFICATIONS (continued)

Receiver (continued)

Hum & Hoise Ratio 40 aB Min
(2guelched)
Hum & Heise Ratia i5 dB Min
iUnsguelched)
Undeszired Radiated per FOU; Part 15, Subpare
Tranomitter
FPower Qutput 25 W Min
DT Power inko Final 47 W Max
Dutput Freg Stability +0.0005%%*
{Temng)
Output Freg Stability +0.00005%
(Vale)
Spurioues & Harmonics, —E7.3% AdBe
conducted
Spurious & Harmonlcs, Meets FCC reguirements for
Radiated Partas 2, 21, Bl, and 80
Operating Bandwidth 5 MHz (+£2.5 MH2)
Emission Designator 16F2
Modulation Factory set at FCOC Max of
+5> kKHEz
sdudio Freq Distortion i%
M Bum & Holze 15 dB Min
AM Hum & Noise per EIA RS1G5ZB, Part 16
Audio Freq Response per EIA RS152B, Part 7
Transmitter Attack Time per EIA RE1GZB, Part 18
dideband Spectrum per EILR R3L3Z2B, Fart 17

*Allow 5 minutes warm=up time for ambient temperatures
below 329F (09C).

NOTE: All specificationz are subject to change without
notice.

0300-4427-800 -i- SECTION



1-3 SY¥STEM CONEIDERATIONS

These radics are designed for CTCES operation or non-CTCSE
cperation. It 15 possible, bhowever, to adapt other tons
signaling devices if there is mounting space available.

If ancther tone =signaling device is used, the fellowing

cirgcult connection points  and logd  ceguiremsnkts. muat  be
fellowed:

1. Make audic circuit connection at Af. Load must not be
lower than 10K ohma.

= I Ume EE f£or mis hapg—up poinkt. 211 phannals must ba
programmed for non-CTCES operation.

3. Power supply connections can be made to PO, Fl, PLO, or
P20, Tharse are fs Pestrietions ko the amount of ourrént
that can be dArawn from the PO or Pl peoints, however, the
il int ecannokt excecd 10 mh and the P1l) point cannct
exceeﬁ 25 . The P10 point 1s the regulated 5 V supply

and P20 is the regulated 8.5 V supply.

4. WUse U2 as the transmitter tone modulation input.

5. Use E3 a5 & earrier deteckt signal. Thiz is only
activated when the sguelch contrel is set to sguelch the
radie. Tt is sctive |47 ¥V ontput into 10K ohn lcad) when
a carrier is present.

6. Use D1 ¢to activate +the message lignt. The Jumper
connecting D1 to Pin 24 of IC403 must be removed.

7. Dee AB 2= the input for audible alarm. This signal must
be padded for the desired alarm lewvel.

8. Connection points are shown on the Optien Tie Point
Diagram in Section 2-4.

NOTE: The base station microphone has a built=in
compression anplifier, therefore no external

one is needed when considering system
Iegquirements.

1f & compression amplifier ig desired for use in a component

base station use the Split Bar Desk Microphone with built-in
Compression Amplifier.

In installations where prohibitive AC ripple is present on
the power supply lines use the Alternator Whine Filter to cut

oyt the ripple to the radio. Check with the installatien
section to review the proper installation practices.

Q300-4427 =800 i SECTIon 1



1-3 B5YSTEM COMSIDERATIONS (continued)

The radios' operating bandwidth iz specified at 3.0 MHz for
the receiver and 5.0 MHz for the transmitter. Typical units

normally run 3.5 MHz and 6.0 MHz respectively. With careful
tuning, the radios' performance may be coptimized for wideband

aperations. WLENING: MATNTARIN THE WCO VOLTAGE {FIN & OF
IC502) BETWEEH 4.0 VDC AND 7.5 VDC.

If the radios are to be used as part of a component base

station, .EE NHOT PLACE THE RADIC OH TOF OF, OB ARJRCENT TO,
THE AC POWER BUPPLY. Locate the radic far encugh awvay from

tEe power supply S0 there is nc magnetic coupling between
tEhom.

QI00~4427=-800 O SECTION L



1-4 EQUIPMENT SUPFPLIELD
1. Radio
2. Hand Microphonpe
3. Hardware Kit No. 2
i. Mpunting Bracket
5. Two (2) Black Anti-Rotation Washers
B. Two (2} Steel Wasners
T. Twn (2) Mounting Stub-Enobs
§. DC Power Cord w/5 A Fuse

@&

FIGURE 1 - EQUIPMENT SUPPLIED
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1-5 EQUIPHMENT NWOT SUPPLIED

1. Antenna
2. BAnteane Feed Ceble

3¢ 13-V -Bapply
Exterpnal Cptions Available

Cuick Mount Thumb Bolts (stud-knobs|

5 W Born Epeaker

Handzet and Cradle (S-pin)

Hand Microphone, Blask {(S-pin)

BC Power Cord, S A

DO Cord w/Cigarette Lighter Plug, 5 &

External Speaker, & ohm

Handsex w/ Switch

Hand Microphone, Beige (5-pin)

Mounting Bracket

OC Power Cord for 13 VDC Power Supply listed below

6 A Alternator Whine Filter

2plit Bar Desk Mic w/Compressor Amplifier
(epecify black or beige)

ld A 13 VDC Power Supply., 117 VAC 60 Hz

l-6 OPERATION

MONITOR

: BACKLIGHTED
SWITCH | KEYS0ARD
YOLUME AON-OFF
CONTROL

SQUELCH CONTROL— e NIGHT/DAY SWITGH

FIGIRE 2 - CONTROL PANEL

0300-4227=-800 -E- SECTION 1
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(Refer to Figure 2 for the following descriptions.)
VOLOME CONTROL /ON-OFF SWITCH

This control wvaries the speaker volume. Clockwise rotetion
turns the radio on and increases the volume, The RH250
powers up on the priority channel. When turned cff and back
on, it will revert back to the priority channel, i.e. ths
redic will not remember the state it was in before being

switched off. The WH2516 will, however, remember the state
it wat in before being switched off.

SQUELCH CONTROL

-The sgueleh econtrol is used to eliminate the speakar noise

when net receivin 8 tramemission. Mowre the coptrol
Clockwise until noise is heard. If in the SCAN mode the
Leceiver will stop scanning. Then mowve the control

Counterclockwise until the speaker noise iz sguelched, If in

the S5CAH mcde the receiwer will start to scan approximately
two seconds after the speaker sguelches.

MUNITOR SWITCH

Flacing this switch in the "MON" position allows the user to
menitor the channel when the CTCSS decoder is operating.

NIGHT/DAY SWITCH

Placing this switch in "DAY" position places the display
lights at maximum brightness and does not lighc the keybeoard.
In the "HIGHT" position the display light's brightness is
decreased apd the kevboard is illuminated.

STATUS LED=

There are four status LEDs located to the left of the channel
display. :

TX - ¥When lit indicates that the transmitter is activated.
Thia iz accomplished by removing the microphone from
the bang-up clip (off-hook condition| and pressing
the push=-to-talk ewitch on the microphone.

SCAM = When 1it er £lashing indicateer that the zadis is  in

the BSCAN mode. Pressing the BCAN Dbutton on  the
keyboard pute the radic in the SCAN mode.

M2G - When 1lit indicates that o message has been received.
The radio's CTCSE decoder must be activated in crder
for thiz: LED fo funpticon. If a measage has bess
received, going off hook or changing the channel will
teset tha LED ta ite OFF oegte.

0300=-4427=800 -G= SECTION 1



PRIOR — When lit indicates that the radic's pricrikty function
has bean sealected. Pressing the PRIOE button on the
keypad  will  ackivats or dssxstivats  thse PRIORITY
funetion.

CHAMNEL LDISPLAY

Displays the current channel the radio is operating on. The
channals are selected by pressing the zppropriate bottom(is)
on the keyboard.

RHZ50 RECEIVER COPEFRATION

There are two receiver operating modes, manual and scan. The
radio powers-up in the manual mofe on the pricrity channel.

Manual Mode:

The manual mode 1s entered by pressing the MANUAL button
or any of the channel buttons (1-10) on the keyboard. The

scan LED is extinguished, The radio operates on the
displayed channel.

Scan Mode:

Allows the radio to moniter activity on more than one
channel. Pressing the S5CAH button on the kevboard will place
the radio in the scar mode. The scan LED will be
illuminated. The radio will scan the channels placed into
the scan list only if the microphone i& on-hook (mic hang=-up
button connected to chassis ground) and the sgquelch control
adjusted to sguelch the radic (without a carrier pregent).
With the radioc properly set up, the scan LED will blink and
the display will turn off while the radio scans. When there
ig agtivity on one of the channels in the scan list, the
radio will sStop on that chaanel,; the scan LED will be held
on, and the active channel] will be displayed. The radio will
g0 to the priority channel whenever the microphons iz lifted
off hook. When the microphone is placed back in the hang-up
clip; the radio resumes scanning.

Programming the Scan Liiskt:

Programming the scan list is a user oparaticon. That is,
the radio is not in the program mode for this operation.

Entering a channel inte the scan list is accomplished by
preasing kthe channel to be entered and ths BERTER button  <n
the kevboard. When the ENTER button is pressed the display
will momentarily blink ©ff and then will display the channel
Just entered in the scan list.

0300-4427-800 =10= SECTION 1



To delete a channel from the scan list press the channel
tc be deleted and then press the DELETE button -on the
keyboard. The channel display vill blink off and after the
channel has been deleted from the list the next channel in
the list will be displayed.

If deleting consecutive channels in the scan list, it is
noct necessary to enter all the channels. The channels can be
deleted by pressing the first channel number of the seguence:
then press the LCELETE button as many times as there are
channels to delete. For example: to delete channels 3, 4,

and 5 in the scan list, select channel 3 and press the DELETE
outton three tines,

I£f all the channels have been deleted from the =can

list, a flashing "c" will be displayed. The scanner will not
operate without at least one channel in the =can list.

o review the channels in the scan list, press the
MANUAL button on the keyboard. Each time the MIMUAL butten
ie pressed the next higher channel in the scan list is
d iEPla?Ed &

The Priority Function:

The priority function allows the operator to listen to
one channel (non-priority channel) and not miss en important
message on another more important channel fpriorit
channgl) . Pressing the PRIOR button on the Xkeyboard Hilf
enables or disable the priority function. When the priority
LED i1s 1lit the priority function is enabled.

Whenever the priocity function is selected (pressing the
PRIOR button results in illumination of the priority LED) the
radie will go lnte the manual mode and jump to the pricrity
channal. When the priority function is disabled (pressing
the PRIOR button results in the priority LED turnipng off) the
radio will stay in its operating mode.

To change the priority channel, select the channel to
becoms Lhe priority channel and press the FRO PRICRE and ENTER
buttons (in that order) on the keyboard.

Priority-Manual Operation:

The souelch contrel must be set, sguelching the radio,
to allow the prierity Eunction to operate. When the radio is
listening on & non-priority channel it will occasionally look
at the pricrity channel. If the priority channel ia active
the radio will stop on that channel and monitor the
"—fﬂnﬁm.i.EEiﬂn- The radio doeg Ehis regardleas of what is
neppening on the non-priority channel, When the priority
channael becomes inactive and the micrephone was not lifted

0300-4427=800 = SECTION 1



from the hang=up clip, the racdlo will return to listen to the
non~priority chapnnel it was on before. But if the microphone
ia lifted, the gadic will pemsis on the priority channel
forgetting the non-pricrity channel it was on previously.

Priority-Scan Operation:

Operation o©f the radio 'with ‘the priority function
selected in the  Bpoan mode ia mimilay Ea +Ehat of  tha

non=-priority scan mode with one exception. If the radic
ateps acanning  ("lesks' up") eon a non-pricrity channel the
radic will occasionally look at the priority channel. It

thetre im activity on the prierikty channel the radio will etay

on the priority channel; if not, the radio will go back to
the channel that waep interrupted.

Lifting +the microphone ¢ff=hook will scause the radio o
stop scanning and go to the pricrity channel. Upon placing
the microphone on=hook the radio will resume scanning.

If a call comes in oo a non=pricrity channel, however,
and the microphone is lifted off-hook (causing the radio to
jump to the priority channel) the message channel is lost.
To prevent this from occurring the user must note the channel
tha mnessage was ©on &nd presg that chennel button on the
keyboard (taking the radio out of the scan mode) and then
pick up the microphone.

oF 10H

The operation of thig radio’is zimilar t5 that of the BHIS0D.
There are two receiver modes, manual and scan. The WH25le,
however, powers up ko the state the radio was in before the
power was turned off. The radio will still do this ewven

after the powWer connectoar iz disconnscted and then
reconnected.

Manual Mode:

The manual mode is the same as the RHEZ50 with the
exception of selecting channels 11 through 16. Whenever the
1"  button is pressed, the display will flash a "1" in the
tens position. If a second number is not entered within
three seconds the radioc will revert to channel 1. 1L,

howewver, a second button between 1L and 6 is presssd, the
radio will select that channel 11 through 15, respectively.

0300-4427-800 =12d= SECTION 1



Scan Mode:

The scan mode is gimilar to that of the RHZS0. The same
conditions are reguired to scan, that is, sdjust tEhe sgueleh
control to sSguelch the radicy place the microphone Oon=hoOoK

and press the SCAN button on the keyboerd. . The changes in
the scan mode are as follows:

The WH2516 will not jump to the priority channel
when answering a call. The only time this will
goeur iz when the radleo i2 gcanning (SCAN LED
blinking) and the microphone is lifted off hook.
This is regardless of the prioricy function
selected.

Scan delay time selections of 0.68, 1.3, and 2.0 seconds
are avallable. after receiving a call, the programmer has
the option of selecting one of three time delays before the
radic starts scanning. The selection of the delay bEime is
done during radio programming (see Section 2-1).

Programming the Scan Liskt:

Bntering, deleting, and reviewing the channels in the
scan lisk @re done in the same way as the RH250. Preseing
ENTER enters the channel in the list; pressing DELETE deletes
a channel from the list, and pressing the MANUDAL button
reviews the channels in the scan list.

The Priority Function:

The priority funetion 15 the same as the RHI50's
priezity function. Prese the PRIOR button to actiwvate the
priority £function; press the PRIOER bution again to deactive
ik, The WHIZR1E, however, will not jJump to the priescity
channel when activating the prlority function. Also, any
time. the PRIDE button ig presesed and held the radio will
display the priority channel.

Priority-Manuel Operation:

The priority-mansal operation of the WH2316é is =imilar
to the REZS0 axcept for the following:

If the radie revertse t5 a priority charnnel while
listening t© a non-pricrity channel, regardless
whether +the microphone was lifted off-hook, tqg
tadio will go back to the non=priority chanpel 1t
wag on befpre.

When activating the priority function the radie
will stay on the same channel.

0300=-4427-B00 e R L SECTION 1



Priority-Scan Operation:

The priority-scan operation of the WH2516 is similar to
the BH25D except for the following:

When the scanner locks-up on a nen-prierity channel
the radic jumpe to the ag¢tive priority channel; the
radie will geo Eack to the noen—prioerity <hanhel
before starting the scannet. This occcurs even if
the miorophone was taken off-hook.

The radic will rmot jump £o the prisrity ehannel

vhen the pricrity function is activated but will
remain sCanning.

TRANSMITTER OPERATION

To transmit, select the dezired channel, 1ift the mircrophone
off-hook, monitor to be sure the channel ie not in use, key
the tt:ansmitter, and epeak into Ehe microphone. To key the
transmitter press Lthe push-to-talk (PTT) button on the side
of the microphone. Two—-way conversation is accomplished by
the push-to-talk, releass-to-listen operation of the PTT

button on the microphone. ¥When transmitting a message make
the conversation short and clear.

Note that the PTT buttdn on the microphone is not enabled
when the microphone is on~hook (microphone hang-up button
connected to chassis ground). Also, while tranemitting, the
keyboard 1is disabled so accidental pressing of a button on
the keyboard will not interrupt the trammisssion.

The WHZ51lt has zome features not availabe in the RH25(. one
is a time-out timer, The timer is to prevent accidental PTT
operation from blocking a channel. The available time-=outs

are 320, a0, and 120 seconds. When programmed (see
cection 2=-2) the time-out function iz enabled on all channels.

Ancther feature available on the WHI516é is that the transmit

CTCS5 tone frequency can be different than the receiver
decoder tone freguency.

Q300—4427-800 =la= SECTION L




SECYTION 2 - SERVICE INPFPORBAT ION

- & INSTALLATION

HARMING: THIS UHIT IE CESIGHED TO OFERATE IH

VEHICLES WHICH HAVE A 12 VDC HEGATIVE
GROUND POWER SUPPLY

Locate the radi¢ in a convendent and accessible area in  the
vehicle's cab. Secure the mounting bracket and attach the
radio. Mount the micrephone hang—up clip. The microphons

nang-up clip mnmust be grounded to the wehicle's chassis.
Conneckt the microphcone.

Route the power cable supplied to the wvehigcle'®s battery,
Connect the positive (red) lead to the positive (#) terminal
on  tha battery; connect the negative (black} lead to the
negative (=) terminsl. Be sure to locate the wires away from
any noige Sourcas; such aa the generator or alkernator,
ignition  wires, ete. If there is not enough wire, splice
additisnal wire to connect: the leadse to the battery. If the
battery . is located in an extremely remote location, find a
bBigs connection that can handle a 5 amp current draw: Check
this base connection for ripple on the line, The ripple must
be lésa than 200 mVREMS ctherwise an alternator whine £filter
must ba used (or find a better terminal block connection).

Maunt the antenna and ropte the antenna fsad sakle Eo  the
radio. Conneakt the antenna and make sdjueskments foar besk
radio-to-antenna match.

MOTE: Any adjustments affecting the transmitter's
FOWEE cutpuk, carrier freguancy and/or
modulation deviation must be done by a
gqualified technician,

2-2 ALICGHMERT

Programming the Radio

Geanerals

The BRI2E0 and WHZ2S1lé conktain a programming Jumper . Badio
programming ¢an only be accomplished when the radic is in the
program mode. To plage the radio in this mode fEcllow the
directions listed under "Entering the Programming Mode." The
directions listed wnder "Programming” desor ibes the
programming procedure for each of the radios. BE BUre to
follow ‘these procedures =xacily otherwlse the radic will not
perform properly. The radio 185 programmed using a
reverse—pelish data entry technigue. This is where the data
iz keved in first and then entered into the channel memory.

0300-4427-800 : =15= SECTION 2



Entering the Programming Mode:

1.

Before powering the radioc up be sure that the progsramming
jumper, JU40l, is installed.

Tarn on tha radio.

Enter the programming mode by pressing "PRC PRIOR"™ "10"
on the keyboard. The display will go blank.

The radic is now in the progran mode. The radic will

remain in the program mode until turned off. The radis
is now ready to accept programming data. Follow the
programming procedure for Ethe particular radic being
prograrmed. When pregramming is completed, follow the

instructions on exiting the program mode.

Frogramming: (Note - to enter 8 zerc (0) press the ten (10

.

button on the keyboacd.)
EHi50 Programming

a. Enter the program node (see "Entering the Programming
Mode™) .

bD. EKey 1in the receiver freguency [(6-=digit code) in kHEZ.

Tc enter a T-digit freguency (BI250UK only) subtract
4.5 KHz from the desired freguency and enter the

results. f{e.g. for a fregquency of 164.6375 MHz enter
164635} .

C. Select the simplex/half-duplex code (l-digit code).

0 ="5inplex
B = half/duplex

d. BSelect (CTCES/tramnsmitter operation code {l-digit
codel .

8]

noermal BX/TE operation

(CTCES encoder and decoder snabled if CTCSS tone
selected)

Hormal RX/TX operation

{CTCES encoder enabled only if CTCSS tone
selected)

BX operation only; transmitter disabled

(CTCSS decoder enabled if CTCSS tone selected)

|

"=
| ]
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=

Eey in CTCS5 tone code (2-digit code) from the table
balow:

Do e Fraouency Code Freguency Code Freguency

i]1] nS tone 13 103.5 H= et l62.2 H=
i B 67.00 Hz 14 iBY 2 27 167.9
02 71.80 15 110.9 28 I73a.8
03 74.4 16 114.B 29 179 .9
04 170 17 1lé. @ 30 lB&.2
05 T9.7 18 123.0 b l92.8
0& e o 19 12T.3 az 203.5
a7 B5.4 20 1318 33 210.7
na BR.S 21 136.5 34 218.1
Ce 81.5 i2 141.3 35 235.7
10 94 _H 23 14e.2 e -1 233.6
11 87 .4 24 15).4 55 241.8
12 log.0 25 1586.7 y

If an eight (B) was entered in Step o (half-duplex
channel), then key in the transmit fregquency in kHz

(E=digit ende). To antsr a 7-digit code (REISOUE
only} subtract 2.5 kHz from the desired freguency and
entar the resulez. (e.g9. for a freguency of 164.63175

MHZ enter 164633).
Piess the ENTER button on the keyboard.

Press the channel number the data is to be stored in.
The channel number will he displayed after the data
is stored,

Program the other channels by doing Steps b through h
for sach schannal.

Delete any unprogrammed channels by pressing the
DELETE button on the keyboard followed by opressing
the ENTER buttorn and the channel to be deleted. IF
deleting more than one channel the DELETE button only
neads to be pressed once followed by the ENTER -
CEAN, NO. seguence for each channel to be deleted,

Review any channels that might be considered to be
impropesrly programmed (see "Reviewing the Preogssm").

Exit the program mode. Turn the pows:t off. Remove
the Programning jumper, JU401.

0300-4427-800 =t SECTION 2



2. WH2516 Programming

(=

-

Enter the program mode (ses "Entering the Programming
Mode™ ).

Fey in the receiver freguency in kHz (6=digit code).
T enter a T-digit freguency (UK only) subtract

2.5 %kHz from the desired fregquency and enter the
results.

Select the simplex/half-duplex code (l-digit code),.

0 = simplex
B = half/duplex

Select the tranemitter operation code (l1=-digit code).

0 = ncrmal BX/TX cperation
4 = BX operation only; TX dissbled

KeyY in the RX CICSS code from tone table given in
l.g. [2-digilt ecode).

Key in. the TX CTCS5S code from tone table given in
l.e.  (2=digit code]. This step does not have to be

done if programming a simplex channel with the SA Mea
RX and TX tone. The TX tone code must be entered if

Programming & half-duplex channel.

Eey in the TH frequency in kHz (6-digit code) 1if

Programming a half-duplex channel, To enter a
7=digit freguency (UK only) subtract 2.5 kHz from the
desired frequency and enter the results.

Press the ENTER button on the keyboard.

Press the channel the data is to be entered in. Note
that when pressing the "1" button the tens digit on
the channel display starts blinking the number 1. Tt
will de this for about three seconds, waiting for a
second digit to be entered (for channels 11 through
16). The digsplay reverts to channel 1 if no second
digit is entered in the allotted time: channel 1 will
then be programmed with the data.

Repeat 3Steps b through i for all the channels to he
Programmed.,

Delste any unprogrammed channels, Follow the same
procedure described inm 1. 3.
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2 TR in the scan delay code (l-digit code) from table

below:
Code
Scan Delay WHZS516A B, C WH2Z516UE
0.680 =ec 0 1
1.3 Baa 2 3
2.0 =T 4 5
m. K in the Time-0ut-Timer code (1 digit) £from the
table belowiz
Timea Out Code
HO Eime out 0
i0 sec 1
60 sec 2
120 sec 4

n. ¥ey in the External Decoder Interrupt Dalay code from
the table below:

Decoder Delay Code
Built-In OTCSS 0 g
External 100 ms 1
External 200 2
External 300 3
Externasl 400 4
External 500 5
Externzl BOO G
Extarnal 700 )
Externzl BoL 8
External ann g

HOTE: When using external decoder consult the factory.
6. Press the ENTER button on the keyboard.
p. Press the S5CAN button an the kayboard.

Q. Exit the programming mode by turning off the radioc
and removing the programming Jjumper, JU401.

Reviewing the Program:

1. Before the channels can be reviewed, the radio must be in
the prng:amminq mode, If the radio iz alresdy in the
Programming mode then continde on to Step 2: if not,
follow the procedure in "Entering the Programming Mode.®

2, Rerviewing the program for the channels is the same for
both models, RE250 and WH2S1E.

4. Press the MANUAL button on the keyboard.
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b. Press the channel number to be reviewed. Note that
when reviewing channel 1 on the WH25l6, a 1 will
flash in the tens digit. This is not part of the
channel's program: the radio is just waiting for the
second digit entry for channels 11 through l6.

The radiec will display, using the one's digit on the
channel display, the programmed data for the selected
channel. Bach data digit is displayed for two
seconds, starting with the receiver freguency through
to the transmitter freguency in the same order the
channel was programmed,

3. EBeviewing the radio configuration (WHZ51E ohly)
a. Press the MANUAL button on the keyvboard.
b, Press the S5CAN button on the kevboard.
The one's digit on the channel display will display
in order: the scan delay code, the time-out-timer

code, and a Zet¢, in chat order (each code displayed
for two seconds].

Transmitter Aligmment

Equipment Regquired:

1. Termiline Wattmeter or Through-line Wattmeter with a
termination into 50 ohm dummy load

2. Freguency Counter w«lth an accuracy of #+100 Hz

3. FM Deviartion Monitor

4, 'DC Voltmeter with 1 megohm input impedance

5. 'Hex head and =mall straignt blade alignment tools
g. Mic Matching Hetwork [(shown in Figure 3)

7. Aundio Generator

E. 'Power Supply

270 BE20
s [ E P
o audiz aa e o Al o ‘mic
SEeNaIstor ] SOILNEeCTET
“1-._‘_ '-.,_‘h
- -
FIGURE 3

0300-4427-BO0 -20- SECTION 2




Pre-Alignment Procedure: (radio plugged in and operating)

. l. Set the cores of L501, LS02, L5023, and L5504 flosh with
. the top of the eoil form.

2, Connegt the DC. Voltoeter between Pipn & of ICEOZ2 and
ground (this point is also accessible at the connection
cf the green wire and R201 on the VOO Boazd).

de o Belest the ‘highest Ereguency  (recelive ©of transmit,
whichever 18 highest] and tune L20]1 for 7.5 ¥V on tha
Voltmeter {(use the access hole on chasslis side).

4. Belect the lowest freguency. Be sure the woltage on the
Voltmeter does not drop below 4 volts. If these voltages
are exceeded then the transceiver's specifications cannot
be guaranteed.

5. Adjust R560 to the most counterclockwise peosition.

&. Disconnect the Voltmeter and continue on to  the
Transnitter RF Alignment FProcedure.

Trenamitter RF Alignment Procedure:
1. Connect the DO Voltmeter betwsen M5 and ground.
2., Calculate the mathematical center of oue transmit
. frequencies. If a channel is not programmac within +100
kHz of the mathematical <enter, program one.

3. Connect the power meter to the antenns port making sure
the line is terminated into 50 ohms.

4, Connect the Mic Matching Network and connect the Audio
Generator to the Matching Wetwork. S5et the Generator to

1 kHz with an output of 0 volts.

5. Eey +the transmitter and tune 1501 and L5022 for peak
voltage on the Voltmeter. Tune LIG3 for a veltage dip on
the Voltmetar, Tune L1504 for peak wvoltage on the
Voltmeter.  Power should register on the power meter, I
not, tune C307 for a power reading. This voltage will be
about 0,2 V. Unkey transmitter.

€. Eey the transmitter momentarily for sach of the following
adjustments:

Adjust C301, €307, €311, and £313 for maximum output

Powel.

Retune LS50l and L5022 for peak voltage on Voltmeter.
Disconpect the Voltmetar.

@
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Eetune L5003 and LS04 for maximum cutput power.

REeadjust C301, €307, €311, and C3l3 [or maximumn PoOwel.
Adjust RH60 untll & decrease in power ls noticed, This
step must be performed in order to activate the reverse
pPower protection clricuit.

Unkey transmitter.

Modulation Adjustment:

T

Select a channel with no tope. If all mbanneiﬁl pave
tone, turn R561 to the maximus counterglockwlse position.

Increase the Audic Generator's ocutput to d4=volis ms.
Key the transmitter.

Adjust R516 for the proper modulation deviation as
follows:

Models A, B, of C with CTCSS adjust for +4. 0 kHz.

Models A, B, or C wlthout CTCES adjust for +4.5 kIz.
Models UK with CTCS5 adjust for +2.0 kHz.

Models UK without CICSS adjust for +2.1 KHi.

Decrease audio ocutput of Audic Generatorl Lo Zelo.

If the radio has CTCSS tone, Select a tone channel and
adjust R561 for proper tone deviation. For Models &, B,
e © adjust for +750 Hz deviation; Lo UK Modsl adjust

for +300 Hz tone deviation.

Unkey transmitter.

Carrier Fregquency Adjustment:

1.

Eeying transmitter adjust C%45 for the correct ogorrier
Lrequency within #1000 Ez.

HOTE: 1Insurs thet transnltter 13 net keyed before
procesding.
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Recgiver Alignment

Equipment Reguired:

1.

2

Signal Fenerator with freguency calibrated within
+100 Hz

Frequency Counter [(not needed Lf transmitter earrier
frequency set procedure has been dons)

DC Voltmeter

AC Voltmeter with 4B scale

SINAD Distortion Meter (may not be used depending on tyvpe
of BF alignment method uzed)

10 MAz Bandwidth Seope (may not be used depending on type
of IF alignment method used)

Pre-hlignment Procedure:

1.

2.

8

Set L401, L402, L4003, L404, and L4068 so that the core is
flush with top of the eoil form.

With ro s2ignal to6 the radioc and power on, adjuszt L4099 for

4.5 VDC +0.25 V at Pin 10 of IC405 (referenced to chassis
ground) .

If the VCO has not yet been adjusted (L201) then parform
Steps 2 through 4 listed under "Pre-Alignment Procedura®
in Transmitter RAlignment part of Saction 2-2.

If the transmitter carrier frequency adjustment has not
bean done (reference paragraph 1 of the "Carrier
Fraguency Adijustment®™ instroction), the receiver local
oscillator fregquency must be adjusted. Do this by
connesting the Praguency Counter's probe throagh a 27pF
capacitor to the tap of L406. The fregquency measured
will ba the carrier fregquency minus 10.7 MH=Z. If nok.
adjust C545 for the correct freguency. HOTE: FINAL
adjustment of 545 nu=zt be made in afcordancs with
paragraph 1 of the "Carrier Freguency  Adjustment”

instruotions.

Put the radis in the MONITOR mode.

Local Osoillatoar Adjustment:

Connect a DT Veoltmeter between M2 and groond.
Tune L4055 for a dip in the Voltmeter reading.

Connect the Voltmeter between M3 and ground.
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4.
Bk

RF

1.

Tune L406 for peak voltage on the Voltmetar.

Retune L4035 and L4066 for & peak reading on the Valtmeter.

Circuit Adjustment;

Method 1 - Quieting Method

&

Connect an AC Voltmeter across the spesker terminals.
Unsguelch the radic and adjust the noise volume to a
comicrtable listening lewvel. Hote this reference
level on the AC dB scale.

Connect an unmodulated RF Signal Generator to the

antefina connector and set the Generator to the
receiver freguency,

Increase the BRF output of the Generator until the
noise level drops 15 dB as read on the Voltmeter.

Tune L401, L402, L403, and L404 for minimum noise.
While toning, decrease the Generator's RF output to
maintain the noisze level between the 20 and 15 dB
gquieting points,

Repeat Step d. until maxinum guieting i=s obtained. &
20 4B guieting sensitivity of 0.5 oV or less should
be measured. If not, then go en to "IF Adjustment,”
Method 1. If the guieting measurement iz correct,
then go to "Discriminator Adiustment.,"

Method Z =5IRAD Distortion Method

A

Connect the SINAD Distortion Meter across the speaker
terminals, Unsguelch the radio and adjust the volume
to a comfortable listening level.

Connect a nodulated Signal Generator, that has been
2¢t Lo the correct receive frequency, to the antenna
connector. Modulate the Generator with a 1 kHz tone

at the following deviations: for the RHEH250A, B,
or. C.= +3.0 kBz; RE250UK = +1.5 kHz.

Inerease the Generator's RF outpat until a 6 4B SIMAD
iz measured.

hdqust L401, L402, L4033, and L404 for maximum SIHNAD
catio.
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&, Decrease Generator's output to maintain 6 4B BSINAD
and repeat Step d. until no improvemant in SINAD can
be made,

f. Measure 12 4B SINAD signal level. This level should
be lezs thanm 0.35 oV (-1ll6 dBm). If it is not, @o on
to IF Alignment Method 2. If satizfactory, 9o on to
Diseriminator Adjustment.

IF Adju=tnent:
l. Method 1 = RF Level Method
&, Connect a scope betweesn M4 and ground.

b. Connect an unmodulated Signal Generator to the
antanna ¢connestor,

c. Increase the Generator's output for a 100 mV
eak-to—peak reading on the Oscilloscope. The RF
evel should be approximately 20 uv (-El dBm).

d. Adjust L407 for greatest pesk-to-pesak voltage on ths
scope.

4. Method 2 - SINAD Distorticn Method

a. Connect a SINAD Distortion Meter across the speaker
terminals.

b. Connect a Signal Generator, medulated as given in
paragraph 2.b. under "BF Cireuit Adjustment.”

2, ‘Adjust the Generator's BF output for a 6 d8 SINAD
reading on the metear,

d. Adjust L407 for the best SINAD.

Disoriminator Adjustment:

1. Connect an AC Veoltmeter across the speaker terminals.

2. Connect a Signal Generater, modulated per paragraph 2.b.
under "RF Circuit Adjustment.," to the antenna connector.
Adjust the BF output level to 1 oV (~47 dBm).

3. Adjust L409 for maximum AC voltage on the meter.
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=3 INITIAL TESTS

Before installing the unit, perform the following checks,
Selzct and test each channel for:

l. Proper receiver sensitivity (0.35 uV SINAD max)
Z. Proper tcransmitter power outpet (25 W min)

3. Correct transmitter carrier frequency (+l100 Hz)
4., Correct modulation deviation limiting point

+4 kHz peak = A,B,C models with a CTCSS channel
+4.5 kHz peak = A,B,C models without CTCSS

+2.0 kHz peak - UK model with a CTCSS channel
+2.5 kiz peak - UK model without CTCSS

2. Correct CTCS55 tone mnodulation (if applicable)

Between 500 Ez and 1 kEz peak - A,B,C models
Between 250 Ez and 5300 Hz peak = UK model

6. PFroper CTCSS5 decoder operation (if applicable)

7. Correct CTCSS encoding freguency {(1f applicable)

8. Correct VCO wveoltage in RX and TX modes (between
4 = 7.5 VDC)

Select all the functions on the keypad to be sure they are
operable. For example: plage the radio in the scan mode and
make sure it can osk=up on a busy channel. Check the
Priority Function and Priority Scan mode for proper
operation. Be sure all the LEDs are lighting correctly.

After installation, test the uait on an active channel,
testing out any encoder options, for example, to see if the
system responds correctly. Start end run the vehicle to be
sure there is no interference with the radio's performance.

2=4 CIRCUIT DESCEIFTIORS
Regeiver (refer to Figure 4 = Block Diagram)

The received signal passes through & sclid stete T/R switch
on the PA Board and then to the RF amplifier, 0409, on the
Main Board. The output of the RF anp is coupled to the gate
gircuit of the nixer stage, 0410, ThE signal of the first
local oscillator (LO) is fed to the source input ©f the mixer
transistor, 0410, The first LO's freguency iz 10.7 MHz below
the received signal's carrier freguency.
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The resultant 10.7 MHz signal from the mixer is filtered by a
4-pole crystal filter. The Eiltered 10.7 MHzZ slignal is fed
to the IF integrated circuit. The IF chip contains the
second LO and second mixer. The second LO's Ereguency Ls
10.245 MHz. By mixing the 10.7 MHz freguency and the second
LT fEreguency, the second IF Le obtained;, 455 kHz, which is
filtered by a ceramic filter, CP401. The filtered 455 kHz is
pageed  through limiting amplifiers and then coupled to a
gquadrature detector. The guadrature detector (on IC405 along
with L409) convertes the freguency modulated signal o an

amplitude modulated (voltage) signal. The apdic cutput is
Pin 10 of IC405.

The audio output from the guadrature detector, Pin 10, is
applied to the de-emphasis circuit, R221 and €226, and to the
input of the low-pass tone Filter, IC202 (C and B). The
low-pass tone filter amplifies the teone and filters out the
audio weoice sigrale. The cutput of the tone filter is fed
inte a Bchmitt trigger, Q204 and (205, which shapes the tones
inte the oorrect digital waveforms for the mnicroprocessor
(uP} to decode the tones, If the correct tone is decoded,
Ehe uP will #urn the MSG LED on and un—mute the receive audio
path. After the de-emphasis circuit, the regeive voice audio
passes through a high-pagse filter, IC202 (D and A). The
high-pass filter reduces the amplitude of the tone signal to
an acceptable level in ths receive audio path with a minimal
affect on the overall receive audio.

The input %o the sguelch circuit is restricted to high
freaguency andie, approximately & to 25 kEz, by the use of
B and C components. The "noise® occurcing in this range is
amplified by IC405 and detected by CRALOD. The D¢  woltags
resulting £from the detected "noise" is applied to IC405,
Pin 14 which drives Pin lé low and activatea the sguelch
switeh circuilb, Q411, 0412, and Q413. When the "noise® is of
sufficient amplitude, the audie is turned off and the
receiver is muted. When a signal appears, the "noise™ is
reduced £ a point where the detected signal i=2 no  longer
sufficient to mute the audio.

If the channel being received is one that is programmed for a
CTCEE tone, the microphone iz on hook and the monitor switch
is not in the MON position; even though the noise is reduced
by & received signal on the correct RF carrier freguency, if
the uP, IC403, does not decode the correct tone from the
Behmitt +trigger adircult; the uP will then activate the
squelch switch cireuit and the audic will remain muted. i
the gocrrect tonet is decoded, the sguelch switch circult will
not mute the audio. The audio is turned "ON"™ and the audio

amplifier, IC406, is allowed to operate normally and deliver
audic to the speaker.

0300-4427-800 -27= SECTICN 2



SECTION 2

BLOCK DIAGRAM
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Tranamitter f{refer to Tiguie 4 - Block Diagiam)

Audis apeech ie converted from mir pressure variations £o an
electrical signal by the microphone which alseo pre-emphasizes
tha andio signal by 6 4B per actave. Thig signal 15 then
applied to two operational emplifiers, ICE012 and ICS50LD.

Thae Mndulation Limitear ie the second operational amplifier,
ICS0LA. There 18 sufficient gain in the first and second
operationz]l amplifier =o when a signal is applied whish ig
20 dB greater than that reguired for a 3 kHz deviation, the
second operational amplifier will as [nte rail-to-rail

Timitingr i.@.; vcc =0.7 V and 0 V.

After the audio =ignal is limited, it passes through a
four-pole active low-pass filter. This active £ilter
coneiste of the third and fourth operational amplifiers of
ICR01l (B and ) and ite associated resistore smd capacitores.
The resultant signal is then limited with respect to sideband
eplatter and has an 18 8B per ooctave roll-cEf azbove 3 kHz.

The CPCSS  tone: are applied after the audis limiter but
before the TX audic low-pass filter. The tones are generated
by &the uP and their harmonicz are filtarsd by tha low-pass

Filter, IC202 (B and C). R561 is used for the adjustment of
the tome modulation signal.

The output of the modulation amplifier/poat limiter filtar
circuit, Pin 8 of IC501, iz fed to a master deviation control
(RE16). This eocontrol is set hy running the modulation
amplifier into full limiting and adjusting R516 for maximum
system deviation.

The audio is then applied te a varacter freguency modulator.
The wvaractor, CRI01l, is series-coupled through C202 and C204
to the wvoltage eontrelled ocscillator, VCD. By warying the
valtage on the varactor diode at an audic rate, the rasonant
fregquency of the V0O {g waried which regults in the
oscillator output being freguency modulated a2t the audio
fregquency. The capacitance changes versus valtage, of ths
varactor, is almosgst linear which resulte in low distortion.
The _frequency doubling stage, QBE0Ll, inersases both the VOO
frequency and the deviation to the desired value.

The input to Q501 is one half (1/2) the carrier freguency and
after pasging throuvgh Q801, the esignal is "rich™ in harmonicse
of the Linput freguency. LS50l and L502 are tuned Cfor the
carrier freguenoy and bave attenuation te the fundamental and

other harmonics. The signal s then amplified by QE0Z2 and
further attenuatien to the Fundamentzl and hermonies ig

achieved by L503 and L504.
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The amplifier, OS03,  the ‘driver, (0301, and the power
amplifier, 0302, stages are uszed toc amplify the carriesr
signal to the reguired output power. Inpedance matching to
20 ohms is provided by L2307, C310, C3l1ll, C3l2, and C313. The
stages in this section operate in the Class C mode.

During transmit, saturated switch 0510 is turned on supplying
biasing current for CR3IO1l and CR3I02. When CR302 is biased
"on," a short to ground is provided at this point. Through
Phase rotatien, C3l6, L309, and €115 present a high inpedance
to the RF path at CR301l. This high impedance prevents the RF
power from going to the receiver. Also, when CR30L is turned
"on," this presents a low impedance to the RF power, thereby
allowing the BF power to be coupled inte the low-pass filter.

Harmonic suppression, which reduces the harmonics of the
garrier below the level that is reauired by the PCC, is
provided by the output low-pass filter. This filter is
composed of L310, L31l, 1312, L3l13, €317, C318, and C319.
The cutoff freguency is approximately 210 MHz.

The RF output power is zampled by B304 and R305 and rectified
by CR303, This rectified woltage is filtered by C321l and the
resultant D.C. is applied to the inverting input, Pin 4, of
the variable voltage regulator, ICS0S. By varying R360, the
voltage at Pin 4 can be varied which, when compared ko the
voltage at Pin 5, varies the output woltage at Pin 10, which
iz the supply voltage for (503. BRBS560 is adjusted so that tha
output power is 215 watts. For whatever reason, if the output
power goes higher or lower than 25 watts, the voltages
regulator compensates and adjusts the voltage on Q503 to
maintain a 25 watt output.

Control Board

The digital displays, DS101 and DS102, on the control board
are seven-segment Yellov LED <¢hannel displays. Thesge
displays are ceontrolled by cirguitry on the main board.
Binary-coded decimal information is sent to the
decoder/driver, IC404, from the uP for DSLO2, IC4d4 then
drives DELD2 to show the correct decoded number. DE101 1is
controlled by 0407, which is activated by the uP.

The TX, SCAN, MG, and PRIORITY LEDs are controlled by Q1l01,

Ql0z, Qli3, and Qld4, respectively., These transistors are
used as NPN saturated switches which are activated directly

by the uP, Ql0l is econtrolled by the TX 9.5 ¥V susplyv; Ql0Z,
@21C3, and Q104 are econtrolled by the microprocessor, IC403.
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The MOM switch, SW10Dl, is a SPDT switch used to disable the
tone decoding when on a tone channel and to reset the MSSG
LED. The DAY-NIGHT switch, SWl02, is a DPDT switch used to
control the brightness of the display and the illumination of
the keybcard. In the DAY position, the displays are driven
hﬁ 5 ¥V and the keyboard is not 1lit. In the NIGHT position,
the displays are driven by 2.9 V because three diocdes ars
added in series wvith the 5 V line to the displays. Also, in
the NIGHT position, the keyboard is illuminated by an
incandescent light bulb in conjunction with a light-bar.

The wvolume control, RLO1l, takes the apdioc from the soguelch
switch ecircuit and controls the woltage level going to the

audio amplifier, IC406. The sguelch control, R10Z, contrals
the amplitude of noise signal supplied to the input of the
syuelch noise amplifier, Pin 12 of IC405.

Svnthezizer

The synthesizar consistes of a voltage-controlled oscillator
(VCD) , reference oscillator, ®N* and "A" dividers, phase
detector, and & low-pass loop f£ilter. Tha digital
information for the synthesizer to be at one half (1/2) the
correct frequency for the receiver or the transmitter comes
from cthe woP. The synthesizer integrated circuit, IC503,
contains the reference oscillator "N" divider, phase
detactor , out-of-lock detector, and receive/transmit
switches.

C210, CR201, and CR202. The fregquency of the oacillator is
determined by the voltage across CRI02,. This fregquency is
divided by either 15 or 16 by IC201. The resultant [reguency
18 then divided by a programmable "N," contained in IC503,
which results in a freguency close to 2500 Hz, 6.25 kHz in
the "UE" model,

The reference oscillator consistz of Y501, ICS03, o£543, C544,
and €345, which is used for fine freguency adjustment. The
@scillator 415 a parallel resonant Colpitte  type. Tha
reference oscillator has a heater-controlled crystal, ¥501.
This ecrystal is specified to ensure that the freguency
stahility between =59 and +65°C iz within +0.0005%, Tha
heazter resistor, BR545, begins to heat up at approximately
+10%C and ie well activated at 0°C. Thie ensures +0.0005%
freguency stability over the temperature range of =30°C to
+60~C for both the receiver and transmitter. €543, €544, and
C345 are MNPO ceramic capacitors, thereby adding additional
stability to the wascillator. The refesrence oscillator
freguency of 10.240 MHz is divided by 4,096 and the resultant
freguency is 2500 Hz for the "a, B, and ¢" models. The
reference divider in the "UK" model takes a 12.8 MHz
reference woscillator frequency and divides by 2,048 to get
the .25 kHz reference freguency.
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The reference gignal is compared to the signal out of the

=<~ N counter (internally) and an error signal is generated
at Pin-4 of IC503.

The error voltage from the phase detector is then amplified
and filtered by IC502 and becomes the control voltage for the
vCo. This voltage is applied to CR202 and changes the VCD
freguency in & direction that reduces the phase differences
between reference oscillator freguency and the VOO freguency.
When the leoop is "LOCEED," the frequency of the VOO is
proporilional to the freguency of the input signal from the
reference oscillator.

Microprocessor and EAROM

The microprocessor, IC403, acts as a central controller. It
mnn}tu:s inputs such as the Keyboard, the EAROM, PTT line,
monitor switch, hookswitch, programming jumper, sguelch, and
CTCSE tone input. It controls the display and status LEDS,
information placed in the EAROM, receiver sguelch operation,
the beep for keyboard contact closure, synthesizer freguency;
CTCSS tone frequency, and transmitter/modulation enable line,

Starting with the keyboard, which is a &4 x 4 crosspoint
matrixz, the column contacts are connected to Pins 3, 4, 5,
and & of IC403 and the row contacts are connected to Pins 19,
18, 17, eand’' 38 of IC463. Whenever the radio is idle, the
column lines 4are low (less than 0.8 VDC) and the row lines
are high (greater than 2 VDC). When a contact is closed, the
microprocessor senses & change on one of the row lines and
investigates further to determine which column closure caused
the row line to go low. The voltages on the schematic are
when the keyboard i=s idle,

The display and sStatus LEDS are controlled by the
micreprocessor. DS101 displays a one (1) when Q407 is turned
= 5 8 When Channel 10 is selected, the base voltage will bDe
e S, D5102 is driven by a BCD to seven-segment decoder,
IC404., The display segments are defined in Figure 5.
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The inpute to IC404 are four (4) BCD (bBinary=coded decimal)
lines (A,B,C, and D) from the microprocessor, IC403. A =zero
i5 displayed when the BCD lines are a2ll low (lezs than 0.8 W)
as. shown 1in the table of Figure 5. For & 2ero, the
A b.e,d,e, and £ segmentz ara turned on by pullimg Pinz I,
13,10,8,7, and 2 lov, respectively. The microprocessor also
controls the PRIORITY, MSE, and SCAN LEDs through Q104 0103,

and QlOZ, respectively. Turning on the transistors causes
the LED=s *o furn on.

CTCES  toneg ars both eneaded from and decoded by  the
microprocesscr. The encoded tone is derived from the signals
at Pina 30, 2L, and 32 of IC4ADI. Thege a&are summesd and
filtered on the VCO/Filter Board. The CTCSS tone signal
recaived after filtaring and shaping orn the VCD/Filter Board
is interrogated by the microprocessor at Fin 38. The
microprocesgsor, if programmed for COTCSS, will interrogate the
gignal on the line provided a carrier is present. Carrier
detection is accomplished by momentarily: looking at the
sguelch control line (the line is being used as an input in
Ehis oasea), to determine whether the radic is sguelched or
not. The sguelch ¢lrouit must be operative, i.e., the sguelch
conteol must be adjusted so that without a carrier present
there is no noise from the speaker. The reason this is done
ig ko eliminate falge decodes on noise. When a f£ignal is
received and the correct tone is present, the microprocessor
releasas the squelch control line (FPin ZB of IC443 now acting
as an output}. The microprocessor will alsc release the
sguelch control line when Fine 14 ar 23 go h1gh~ thiz ocours
when the microphone goes off- hﬂnk or the monitor switch is in
the MON position.
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The CTCSS tone Ireguency is determined by counting circuitry
in the microprocessor. The time base reference for these
tones comes from the timing oscillater of the microprocessor.
The oscillator's freguency is 2.579545 MHz. This oacillator
serves as the clock for the microprocessor and is essential
for ite operation.

The microprocessor programs and reviews information stored in
the EARE: thriough & pbuffer, IC40Z. This IC translites
voliage levels bebtween 5V (microprocesscr side) to 15 ¥
(EAROM side}. The inputs, driven by 0 and 5 V levels, are
Pins 2,5,7,9,11, and 14, The outputs, 0 and 15 VvV level
drivers, are Fips 3,;4,.6.10,12, apd 15. The wvoltiges on the

schematic are stakie, that is, the voliages shown are when
the EARDM is l[dle.

When the EAROM is accessed (for & read or write operation),
the high voltage supply is activated (by the microprocessor}).
The collector of Q403 pulses low to activate the high woltage
supply. Ducing this time, there is a +15 V level at Pian 1
and & -21 Vv level at Fin 2 of IC401. The status LEDs also
flicker during an EAROM access.

The receiver and transmitter frequency codes are controlled
by the microprocessor, The microprocessor takes the stored
informatien from the EAROM and serially transmits it to the
syncheslzer chip, ICS03 (SEYNTH DATA, SYHTH CLOCK line=). The
eynthesizer clock path (SYNTH CLOCE) is the line connecting
Fin & of IC403 to Fin % of ICH)3, The synthesizer data path
(SINTE DATA) i= the line connecting Pin 9 of IC403 to Pin 10
of IC503. Both lines are normally low when in ap idle state.
During data transfer the clock line alternates between +5 ¥
and 0 V, around a frequency of 12.8 kHz, clocking the data
into IC503, When the radioc ig turned on, the microprocessol
iz Dasel "By the @elay in voltage rise on Fin 3% caused by
C470. A low on this line restarts the microprocessor and the
raglo w¥ill "set—up™ on the pricrity channel.

The WHZ516 has a different reset cicrcuit than the REZ50.
Instead of CU70 resetting the microprocesscor, a transistor,
Q405, does. wWhen the radic is turned on, Q405 heolds Fin 3%
of IC403 low. When the woltage on the 13 V switched lines
reaches 8 WV, Q404 is blased on, thereby turning off Qd05.
This series of events holds Pin 39 of IC403 low while the 5 ¥
supply sBtabilizes. Anytime the 13 V line fluctuates below
B V, thea microprocessor will be reset, This allows the
miccoprocessor  to be held in reset before the 5 V¥V  supply
becomes unregulated. The WH2516é reset schematic is shown in
Figare b,
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FIGURE 6 - RESET CIRCUIT WH2S516

36 ¥V Sgpply and Contrel Switehin

The uf "soffrals when Ehe 36V BE o DT converker i3
activated. To test if the 36 V power supply 1z operating
sorrectly . ground the collector of 3403 ko Furn on Ehe DE £o
bC converter, The main components of the 36 ¥V supplvy are
T40L, Q401, Q402, CR401, CR402, CR403I, RIOL, R402, R4AODI,
R4O4, C401l, C402, and <C403. When activated, there is
appeaximateély +15 Y on the cathode of the 365 ¥ Zener dicde,
CR403, and -21 V on the anode of CR403 (voltages are relaktive

to chazzis ground) |

The radico'a main power, 13 V at J3, is regulated into two
supplies. The digital circuits associated with the
micraprocesacr and synthesizer derive power from the 5 ¥
supply (regulated by IC504|. The circults which derive power
from the 0.5 V supply are as follows: the receiver'sg BF, IF
and apdie circuits; the transmitter's modulation and exciter
eireuiksy and the VOO sscillator, buffer, and loop filter
circuits.

The receiver circuits receive a switched 9.5 V woltage whica
iz gonkrolled by QBOE, D507, and the syothesizsz chip [(ICED3,

18 Gl B3 1 In the receive mode the base of 0507 is around
0.7 ¥, Q507 saturates, turning on (508. The transmitter's
exciter ecirecuits alsoc have @ switched 9.5 V voltage. This

voltage iz contrelled by 0505, 95008, 0506, the eyn:thesizer
chip (IC503, Pin 13), Q406, and the microprocessar (IC403,
Pin 27). Q500 iz turned on only if three conditions are met.
First, the transmitter frequency data transferred to the
s¥nthesizer IC must be received oorrectly: second, the
phase-lock loop mst be "LOCKED"; third, the microprocessor
mast relpaz=e tha ENABRLE line. The synthesizer chip relesaces
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the TX ENABLE line at Pin 13 of ICE03 if the TX Efreguency
information is correctly received. When the synthesizer is
phase-locked, voltage at: Pin 6 between 4 and 7.5 VDC and
adjustable by L201, Pin 7 of ICS503 will be 4.9 VDC. When the
synthesizer loop goes out of lock, Pin 7 of ICS03 pulses low,
holding the wvoltage at Pin 13 (IC503 =till) to arocund 0.8
VDLC. The microprocessor releases the TX ENABLE line by
pulling the base of Q506 below 0.5 VDC via Q406, Q406 also
Pulls the bage line of QI01l low activating the modulation
varactor on the VCO Board. When these three conditions are
meL, the TYX ENABLE line is at 1.6 VDC turning on 509%; this
in tuen allows the expiter to receive its supply voltage.
Q508 alsc turns on Q510, allewing a switched 13.8 V line to
activate the tranemit switch on the PA Board and supplies 13
V to the exciter output regqulator cifcuit.

2=3 TROUBLESHOOTING

The troublesheooting Iflowcharts on the following pages are
designed ko aid in localizing the problem area. Once the
problem area is localized, use voltage measurement data,
vigual inspections of components in the area, and other
troubhleshooting practices to find the defective component.
The wvoltages shown on the schematics are all refereanced to
ground. They were made with a voltmeter having a 10 megohm
input impedance.
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PROBLEM 1 - EECEIVER COMPLETELY DEAD, N0 NOISE AT SPELAKER

With no signal applied; MONITOR MODE (CTCSS):
Squelch Jdisabled

LEDs
Light,Channel
Display OF

no

Fower Supply
FProblem

L

Audic at Pin
10 of Ic40s

IF Chip Froblem: Check power on Pin 4.

Check discriminator woltage (4.5 vDC)
&L Pin- 10,

Check voltages on Pins 5,6,7, and.B.

yes

Moise BRudio

At Pin 1 of
ICZ02

FProblem with Audic Filter: Check DO

voltages on Fins 1 and 14 (4.2v).
Check rfor aundio at Pin 14 of ICI0Z.

Hoise Buadi
At Collectoar
of Q413

Defect in Squelch Cirguits Check
voltage at Pin 16 of IC405 (5V).

Check veoltage at collector of Q412
(OV]) .

Holse
Audio on
Pin 1 of ICA06

o

no

Coupling Problem: Bad vel econtral,
bad cable or connector, open
coupling cap.

(Vol Control Max Volume)

vl

=
Audic Amplifier Problem:

Check power suppiy; ehegck speaker.
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PROELEM 2 - RECEIVER NOISE PRESENT BUT WILL WOT RECEIVE
A ETGHAL

Signal generator connected and set to
correct - freguency: BF output ak
maximum. Sguelch circuits disabled.
isguelch contral fally cleckwise.)

V2O Control
Voltage OE
]

Synthesizer not locked; if cannot lock
by adjusting L20L, see synthesizer
troubleshooting .

*Voltage at Pin 6 of ICS502 must be
between 4 and 7.5 VDC and
contrellable by L201.

no VCO drive or doubler stage problem:
Check voltages on Q408; isclate VCO

drive coaxs check for 0dEBm level at
1/2 the LO freguency.

M251.5

tunable by
L405

3 >1.0 VDC
tunable by
L405,L406

Mixer or doubler output problem:
Check voltage on 0410 drain.

Connect a 10.7 MHz signal through a
470pF capacitor to Pin 18 of IC405;
modulate with 1 EHz tone: sat RF
output to SmV.

Iz 1 FKHz

no 2nd IF problem: 2nd LO Osc not
tone audible

running; check crystal FTd402Z:
defective IF chip (IC405)

RF amplifier bias trouble: Check bazsa
bias supply voltage; check collector
supply woltage; defective transistor.

Voltage
OK

ves

PA Board antenna switch trouble. WVCO locked but on wrong
freguency (see Synthesizer Troubleshooting).
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PROBLEM

Voo/8ynth
locked up*

3

Ie
freguency
10.240 MEz*
+100 52 =%

1)

—orrect
waveform

Check Synth
Freguency
Slgnature

RECEIVER AND TRANSMITTER

OFF FREQUENCY

See Synthesizer OQut-of-Lock Trouble-
shooting Procedure.

*Must have voltage at Pin 6 of 1C502
between 4 and 7.5 VDC and controllable
by LI01.

Measuring the signal at Fin 14 of ICS503
through a 4.7pF cap inte a 1l megohm
input impedance counter.

Ref 0Osc problem: Bad crystal;
Bef Osc abbard ICS03:

bad
CAp vBElues

changed.

IC20L; Pin 7
putput OK
(Figure 2)

*12.8 MEz for UE model.
*

Connect a scope to Pin & of IC503;
observe waveform and compere with

Figure 1 below.

Dual modulus control
failure: Check
voltages around IC503;
possible IC failure.

yes

nc

VCO or prescaler failurs;
Check wvoltages around

prescaler IC201, Q202,
and 2203,

Synth ckip counter failure: Check
voltage arcund IC503; defective ICE03.

1

FIGURE

|

Microprocessor or memory failure. I

—-a{:ﬂzps

e

o

i ml—  H=p B

FIGURE 2
RJ tvpp 3.8 MHz <Preg. 5.7 Mig
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PROBLEM 4 - SYNTHESIZER LOOP WILL HOT LOCE

Conne¢t frequency counter to Pin 1 of ICEDL;
Ereguency around anﬁE

no ! ne
Freguen Any osclllation

QE?

Vo0 or buffer failure

Vo0 out of fregquency
VEs range; component value

"l changed.

Check Fig. 2 waveform as shown
in Problem 3.

Fig. 2
waveform
OF

Prescaler Failure

yes

Check Reference Osc. as shown in Problem 3,

Freguen
oK Ref. Osc not running.

e e S L
yes

Eynth Freq:
signature Microprocessor sSending no code or grossly

wrong code,

ves

VeSS

Locp Filter failure; check voltages around IC502.

Connect scope probe to Pin 4 of IC504: should
have four erratic pulses.

Defective PLL
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. 2=6 DIAGEAMS, VOLTLGE DATA, AND SCHEMATICS
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CIRCUIT TIE POINTS
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TUNING POINTS
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PARTS PLACEMENT
CONTROL BOARD

CONTROL_BOARD
T700-687

PARTS OVERLAY
CONTROL BOARD
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