ALLIED RADIO SHACK

3.5-30 MHz AM CW SSB COMMUNICATIONS RECEIVER

MODEL  AX-190 CAT.NO. 20 - 5155
MODEL SX-190 CAT.NO. 20 -5190

SERVICE MANUAL

A PRODUCT OF RADIO SHACK

E A TANDY CORPORATION COMPANY



b=

8.

CONTENTS

General SPECITICAIONS. .......iiiuieeeiieeiie ettt ette ettt e et te et e e be e e e eebeessaeeeneeens 1
Disassembly INStIUCHIONS.......ccuuieriiiiiieeeii ettt et ee e eebe e e ebe e 2
BIOCK DIQGIAM ....couviiiiiiiieiie ettt ettt ettt eebe e eeb e et s 3
Algnment ProCEAUIE..........ccuuiiiiiiieiiieeiiecee et 4
Location of each coils, transformers and trimers............cocceeeeieeiiiiieeieiiieeeeeeeeinee e 4
1) 455 KHZ 20d IF AMPITIET....coiiiiiiiieiiieiiee et e 4
2) 2.920 — 2.420 MHz 1st variable IF AmMplfier.........ccccoeveieiiiiiiieiie e 5
3) VFO et e ettt e 5
4) 1st local crystal oscillator (HFO) .......coooviiiiiiiiiiieiiiecce e e 6
5) Preselector (RF) AMPLTIEr ...cc.eeeiiiiiiiiiiiieie e e 7
6) 100 KHz crystal Calibrator...........c..eeviieriiieiiiie ettt e 8
7) Reject and SEIECL.......ccuviiiiieciie ettt et 9
8) LSB and USB crystal 0SCILator .........cc.ceiviiiiiiiiiiieeiie e e 9
0) TrAP COluunniiiiiiiieiie e ettt ettt e e etbe e e ae e 9
Printed circuit board part location and its schematic diagram..........c..cccceveerrenenne. 12
1) RF Amplifier schematic diagram ...........ccccoeeeuiieiiiiniiieeiiienieeie e 12
RE PCB tOD VIEW ...uiiiiiiiiiie ettt ettt ettt ettt s eee e e e e eenes 12
RE PCB TCAT VIBW ...ttt ettt ettt sttt et esaeeneeens 13

2) Buffer Amplifier schematic diagram..............cceevviiiiiiiiiienniiinie e e 14
Buffer Amplifier PCB tOp VIEW ......cooviiiiiiiiiieiiieeee et s 14
Buffer Amplifier PCB 1€ar VIEW ........c.cooooiiiiiieiiieiiieeie e s 14

3) Calibrator schematic diagram ...........cceeeeieeriieeniiienieeie et e 15
Calibrator PCB tOD VIEW .....c.uuiiiiiieiiieiie ettt ettt et e e e s 15
Calibrator PCB T@ar VIEW......ccccuuiiiiiieiieeiie ettt ettt e ee s eive e 15

4) VFO schematic dia@ram ...........cccccuueeriiieiiiiiiie ettt eiae e e svee e e eee e 16
VEFO PCB tOP VIEW ..ciiiiiiiieiiee ettt ettt et eeette s etee e aeesasaeeesae et s enneennnes 17
VEFO PCB TCATI VIBW ...ttt ettt ettt sttt sre et e e eeea 17

5) IF schematic dia@ram...........cccuieeiieiniiieiieeeiie et erie ettt ettt eateeeee e e eeeeeeneees 18
IF PCB 0D VIBW ...ttt ettt ettt et te ettt e e et ee et e asteeeebaaenn s eesaaennneans 19

IF PCB TEAT VIEW w..utiiiiiiiieiiie ettt sttt sttt ettt e e saeeniaens 19

6) AF schematic diagram ...........ccceeeiieiiiiiiiee ettt e enee 20
AF PCB tOD VIEW ....viiiiiiieiiieiee ettt ettt et e st e e aeesasteeeneeen seesnneenses 21
AF PCB AT VIBW.....eeviiiiieeiieeitiiie st ettt sttt ettt sre et et e e saeeniaens 21
General schematic diagram ...........coocuiiiiiieeriiieniiieiie et e 21
PaTS TISt... ettt e ettt s e 22

Trouble SHOOTING ......eveiiiieiiie e e e e e e e eees 26



1.

General Specification

Number of semiconductor .............c..c...... 4FET, 22TR, 13 diode, 2 Zener and

2 thermister
IF Frequency .......cccocceevvvieeeniieeeeieceee, 2.920 to 2.420 MHz (Variable) and 455 KHz
Reception........c.coevveeviienieeciieeieeeeee, AM, CW, and SSB
Sensitivity (AM)...cccceeevieerriienieeiieeiie e Less than 1 microvolt for 10 db S/N ratio
Sensitivity (SSB) ..cccveeiieiiieiieieeeeene Less than 0.5 microvolt for 10db S/N ratio
SeleCtiVItY ..oovvieiiieiee e 4 KHz at 6 db down
Visual dial accuracy ........cccoeeevevveeinnnnne. +200 Hz
Calibration accuracy...........ccecueeeereenneennen Better than £500 Hz adjacent 25 KHz

calibration points after indexing

Stability ...coeeeieiieie e Better than 500 Hz after warm-up
Image rejection.........ccceeeeevveeeneieeneeennee. More than 60 db

Spurious rejection..........ceeeeeerceeereeeenennne. More than 50 db

Rejection tuning .........cccecveeevieenieeneeenne. More than 40 db

Selection tUNING .......c..eevvierriieriieiieeeeienne 500 Hz at -3 db

Audio output POWer......c.ccuveevieeniiieeieennen. Maximum 1 watt at 8§ ohm load
Audio output impedance..............cocueennee. 8 ohm and 600 ohm
Headphone output...........ccoeovveiieinieeninnn, 8 ohm standard 1/4 inch plug
Ant impedance..........ooceeevveeniiienieeiieeiens 50 to 75 ohm unbalanced
POWET SOUICE ...couveeviieieeviieeeciice e 120 V AC 60 Hz and 12 VDC
Power consumption ...........cccceeevuveenieennen. 10 watts

Remote stdby control............ccccevvernennenne Rear-mounted: 2 pin connector
DIimensions..........cceeeeveeenieeneeeeiieenieeeenns. 7” high, 15 wide and 10” deep



2. Disassembly Instructions

Remove all black screws then cabinet will be open.

3x6 IS0 Screw

Fig. 1




3. Block Diagram
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Alignment Procedure:
455 KHz 2nd IF Amplifier
Method 1 (Using Sweep Generator)

(1) Control Settings:
RF Gain - Full Clockwise

AF Gain - Max. Counterclockwise
Band SW - Any band

Function - AM

Q-Multi - OFF

CAL - OFF

(2) Connect the Sweep Generator output to the hot side of the VCS5, which is located in
VFO Box.

(3) Connect the oscilloscope to the Pin 10 which is IF output and it is located on the IF
PCB.

(4) Adjust the Generator output to obtain a reading on the scope.

(5) Tune MF1(RED),T9 (YEL), MF2 (RED), T10 (YEL) and TII (BLK) for peak and
symmetry on the scope.

Method 2 (Without using Sweep Generator)

(1) Control Settings:
Band SW - Any band but additional band
Preselector - Adjust to the selected frequency band
Calibrator - 100 KHz ON
Main dial - Tune to receive calibration signal
Function - AM
Q-Multi - OFF

(2) Adjust the RF Gain control to be read S 6 or 7 on the S-meter.

(3) Tune MF1, T9, MF2, T10 and T11 for peak on the S-meter, at this time adjust the RF
Gain control to read S 6 or S 7 on the S-meter.

(4) Confirm that the S-meter reading is same or not when remove the main dial from "0"
to -3 KHz and +3 KHz.

(5) [Ifitis not, repeat step (3) until no interaction is observed and all transformers are
turned for maximum gain.



2) 2.920-2.420 MHz l1st variable IF Amplifier

(1

2)
3)
4)

)

(6)
(7
(8)
)
(10)
(1D
(12)

Control settings:

RF Gain - Full clockwise

AF Gain - Adjust for desired audio level

Function - AM

Band SW - Any band but recommend 27. 0 MHz for SX-190 or 29.5 MHz
for AX-190

Preselector- Adjust to the selected frequency band

Q-Multi - OFF

Rotate the main tuning knob to "0" on the main dial.

Connect the VTVM and 8 ohms dummy load to SPK jack.

Connect the signal generator* to the antenna jack and adjust the frequency of the
generator to the receiving frequency.

*The generator output must keep as low as possible during alignment.

Adjust TC12, TC13 In the VFO box and L8, L10 in the buffer amplifier to maximum
output.

Rotate the main tuning knob to "500" on the main dial.

Adjust the frequency of the signal generator to the receiving frequency.

Adjust the TS5, T6 in the VFO box and L9 in the buffer amplifier to maximum output.
Rotate the main tuning knob to "250" on the main dial.

Adjust the frequency of the signal generator to the receiving frequency.

Adjust the L7 to maximum output.

Repeat step (2) thru (10) until no interaction is observed and all transformers and
trimmers are turned for maximum gain.

3) VFO Alignment
NOTE: Before the VFO alignment the set should be warmed up over 30 minutes.

Method 1 (Using frequency counter)

(1
2)
3)

Connect the frequency counter to J4 (VFO OUT) located on rear side.
Tune the main dial to "100" to the centerline marked nothing.

Adjust TC14 in VFO Box, to 3.275 MHz on the frequency counter.



4)
)
(6)

Tune the main dial to 450 to the center tine.
Adjust the T7, in the VFO Box, to the exactly 2.925 MHz on the frequency counter.

Repeat steps 2) thru 5) as necessary to obtain a frequency of 2.375 MHZ when the dial
indicates "100" and a frequency of 2.925 MHz when the dial indicates "450".

Method 2 (Without using frequency counter)

(1

2)
3)

4)

)

(6)

(7

(8)
)

Control settings:

RF Gain - Full clock-wise

AF Gain - Adjust for desired audio level
Band SW - 15 MHz Band

Preselector - 15 MHz

Function - AM

Q-Multi - OFF

Connect the antenna to The J1 ANT jack.

Tune the main dial to receive WWYV signal that is exactly 15.000 MHz. Normally it
will be heard at dial "0" on the main dial.

If it is not there, adjust the TC14 in the VFO Box to be receiving the WWYV signal on
the dial "0".

Before using the calibrator signal, make sure that the 100 KHz calibration signal is
correct or not. If it is correct zero beat sound is heard, if not adjust the TC17 on the

CAL PCB to be hear zero beat sound.

Remove the antenna; push the 100 KHz CAL knob and if the S-meter indicates over S
9 adjust the RF Gain control to be read S 6 or S 7.

Rotate the main timing knob and to receive the 4th calibration signal, it will be
appeared near the "400" on the main dial.

Adjust the T7 to receive "400" KHz calibration signal on the "400" on the main dial.

Repeat steps (4) thru (8) as necessary to obtain a correct frequency on the main dial.

4) 1stlocal crystal oscillator (HFO)

(1

Connect the RF VTVM and frequency counter to the HFO OUT J2 located on rear
side of the panel.



2)
3)

4)

)

Set the band SW to 29. 5 MHz position for AX-190 or 27.0 MHz position for SX-190.

Tune T4, located on the RF PCB, for peak as indicated on the VTVM and also correct
frequency. 32.420 MHz for AX-190 or 29.920 MHz for SX-190.

Rotate the band SW to 29.0, 28.5, 28.0, 27, 21 and 15 MHz Band for AX-190 or 27.0,
17.5 and 15 MHz Band for SX-190 make sure that those frequency error are within 1
KHz.

Rotate the band SW to 14 MHz and adjust TC7 to 17.920 MHz, rotate the band SW to
7 MHz and adjust TC6 to 9.920 MHz, rotate the band SW to 3.5 MHz and adjust TC5
to 6.420 MHz for AX-190.

Or, rotate the band SW to 14 MHz and adjust TC10 to 16.920 MHz, rotate the band
SW to 11.5 MHz and adjust TC9 to 14.420 MHz, rotate the band SW to 9.5 MHz and
adjust TCS8 to 12.420 MHz, rotate the band SW to 7.0 MHz and adjust TC7 to 9.920
MHz, rotate the band SW to 5.7 MHz and adjust TC6 to 8.620 MHz, rotate the band
SW to 3.5 MHz and adjust TCS to 6.420 MHz for SX-190.

The oscillation frequency of each bands are follow.

Band OSC Freq.
3.5 MHz 6.420 MHz
5.7 8.620

7 9.920

9.5 12.420
11.5 14.420

14 16. 920

15 17.920
17.5 20.420

21 23.920

27 29.920
28.0 30.920
28.5 31.420
29.0 31.920
29.5 32.420

5) Preselector (RF) Amplifier

(D

Control settings:
RF Gain - Full clockwise

AF Gain - Adjust for desired audio level
Function - AM

Q-Multi - OFF

Band SW - 14 MHz Band

Preselector- Just on mark "14"
Main dial - Marked "0"



)
3)
4)
)

(6)
(7

®)

€
(10)
(11

Connect the VTVM and 8 ohms dummy load to SPK jack.
Connect the signal generator to the antenna jack and adjust the frequency to 14 MHz.
Adjust L4, L5 and L6 on the RF PCB to maximum output.

Rotate the Band SW to 27 MHz Band, the preselector dial to just on marked "27" and
main dial to marked "500".

Adjust the frequency of the signal generator to 27 MHz.

Adjust TC1, TC2, and TC3 on the 3 gangs preselector variable capacitor to maximum
output.

Rotate the Band SW to 3.5 MHz, the preselector dial to just on marked "3.5" and main
dial to marked "0".

Adjust the frequency of the signal generator to 3.5 MHZ.
Adjust the Ti, T2 and T3 on the RF PCB to maximum output.

Repeat steps (3) thru (10) until no interaction is obtained and all transformers and
trimmers are turned for maximum output.

6) 100 KHz crystal calibrator

(D

)
3)
4)
)
(6)

Control settings:

RF Gain - Maximum clockwise

AF Gain - Adjust for desired audio level
Band SW - 15 MHz Band

Preselector - 15 MHz

Q-Multi - OFF

Function - AM

CAL - OFF

Connect the speaker to the SPK jack.

Connect the antenna to the ANT jack.

Turn the main dial to 15.000 MHz to receive the WWYV signal.
Push the 100 KHz CAL knob listen for beat sound.

Adjust the TC17, on the CAL PCB, to get zero beat sound.



7) Reject and Select Alignment
(1) Control settings:
RF Gain - Full clockwise
AF Gain - Full counterclockwise
Function - AM
(2) Receive one of the calibration signals.
(3) Q-multiplier SW to Reject position and set the tune knob to the center.
(4) Adjust VR15 on the IF PCB to minimum reading on the S-meter.
(5) Q-Multiplier SW to Select position.
(6) Adjust the RF Gain control to indicate S3 or S4.

(7) Adjust VR16 on the IF PCB to maximum reading on the S-meter but no oscillation
when rotating the tuning knob.

8) LSB and USB Crystal oscillator

(1) Control settings:
RF Gain - Full clockwise

AF Gain - Adjust for desired audio level

Band SW - Any band but additional band
Preselector - Adjust to the selected frequency band.
Q-Multi - OFF

CAL SW - Push the 100 KHz knob
Main dial Set to receive one of the calibration signal
Function USB or LSB

(2) Connect the speaker to the SPK Jack.
(3) Tune lower core of T12 to get beat sound.

(4) The activity of the LSB and USB crystals (X11 and X12) should be approximately the
same for both positions of the Function switch.

(5) Adjust the upper core of T12 to maximum audio output.
9) Trap Coil (L1, L2, L3)

(1) Control settings:
RF Gain - Full clockwise

AF Gain - Adjust for desired audio level
Band SW - 3.5 MHz

Preselector - 3.5 MHz

Main dial - "0"

Function - AM



(2) Connect the VTVM and 8 ohms load to the SPK jack.

(3) Connect the signal generator to the ANT jack and adjust the frequency to 2.920 MHz.
(4) Adjust L1 to minimum reading on the VTVM.

(5) Change the frequency of the signal generator to 3.500 MHz.

(6) Adjust L3 to 3 dB decrease point on the VITVM.

(7) Change the frequency of the signal generator to 30 MHz.

(8) Band SW rotate to 29.5 MHz, preselector dial to 30 MHz and main dial to "500"

(9) Adjust L2 to 3 dB decrease point on the VITVM.

-10 -
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Printed circuit board part location and its schematic diagram
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General schematic diagram
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8. Trouble shooting
Dificulty Possible cause and check point
Completly does not work a. Blow lA fuse
b. Faulty silicon diode DI3, Dl4
c. Faulty power transformer T13
d. Faulty AC/DC switch
e. Check the supply voltage
f. Check the AF circuit
Completly does not work a. Defective Q22 2SC971
but remained little noise b. Check the VFO
or hum. c. Check the HFO
d. Check each supply voltage
Extremely low sensi- a. Check each transister voltage of IF PCB
tivity all Bands b. Check each transister voltage of Ist IF circuit

(Buffer amp and variable IF circuit)

c¢. Check each transister voltage of RF PCB

10-30 MHz Band does

. Faulty L4, L5 or L6

a
not work but 3.5-10 MHz b. Faulty band switch
works
10-30 MHz Band does a. Faulty T1, T2 or T3
not work and also b. Faulty band switch
3.5-10 MHz too
3.5-10 MHz Band does a. Faulty Tl1, T2 or T3
not work but 10-30 MHz b. Faulty band switch
Band works
One or two Band does ~ a. Faulty one or two crystal of 1lst local oscillator
not work b. Faulty capacitor C17-C24 or TC4-TCll
c. Faulty band switch
Does not work Rejection a. Check the voltage of Q12
and Selection b. Faulty Q12
c. Faulty T8
d. Faulty Q-Multi SW
Does not work Selection a. Faulty VRI6
b. Faulty Q-Multi SW
Does not work Rejection a. Check the voltage of Qll
b. Faulty VRIS
¢. Faulty Q-Multi SW




Dificulty Possible cause and check point
Both 100 KHz/25 KHz a. Check the voltage of Q21
CAL does not work b. Faulty Q21
c. Faulty L1l or 12
d. Faulty Xtal
25 KHz CAL does not a. Check the voltage of Q19 & 20
work b. Faulty Q19 or 20
c. Faulty C83, C84 or C85
No USB or LSB a. Check the voltage of Q16
b. Faulty Ql6
c. Faulty T2
d. Faulty X12 or XI3
e. ¥aulty Function SW
Sound distorted on AM a. Check the voltage of Q23, 24, 25 and 26
b. Faulty one or twyo of them
BFO works but sound a. Check the voltage of Q17
distorted on SSB b. Faulty Q17
c. Faulty D8, 9, 10 or 10
No HFO output a. Check the voltage of Q6
b. Faulty Q6
c. Faulty output jack J2
No VFO output a. Check the voltage of Q10
b. Faulty Q10
c. Faulty output jack J4
Too mach frequency a. Check the supply voltage to Q9 and 10
drift b, Faulty Q22, Dl4 or D3
S-meter does not work a. Check the voltage of Q15
even strong signals b. Faulty QI5
c. Faulty D6 or 7
d. Faulty S-meter
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Jgu fITY.2: LISt df jwf djt Iyplcf vt f elgod o df jwoh!poralboelopubt Ighalpdbltzt d n x ju !jod spo.
of dypot !yp!bo!btt pdjbu eltsbotn juf du f o bsf Ipomlblg x IS r vjd eldpoof dypot/!Ui ftf!dpoof d.
ypot 'bsf If btjmtbddf ttjcritbdu f!'sf bdpdu f IS df jwf dboe!u fjdef tjho!gf sn ju!gf sn bof oudpoof d.
ypot 'yp'cf In bef ljo!blof bun boof §'Ghvd 12. 31)gbhf 16*!jmat e t !a f 'dpoof dypot !gpjout 'buu f!

g bdpdu f!s df jwf !

2/3/2! BOUFOOB!DP OOFDUJP O!
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BN !IBOM
Ui jt!gptjupolgspowef tIgpdd df qupo!pgbn grwef .n pevriad eltjhobriivoef ddpoejypot Ipdf ydft.
tjwh If yd sobrfjouf o & odf /!B OMt boet !gpBvipn byd!Opjtf!IMn jd o'

Cboe!)D*
Ui jt!bo!22.gptjypo!Choe!Di bohf I'Tx judi 'yp!dpwf du f !joud sobypobritspbedot yoh!choet !ggon 14/6!
PI29/1IN | {-lu f126IN | {!t boebse!gs r v odz!tjhobr)X X WHboelu f138IN | {!DClchoe!!

Uvojoh)E*)F*)GH

Ui jt!jt!a fIN bjo!lUvojohlL opc/!P of 'S wonaypo!dpowspriib!61!IL | {!ryof bdejbrtst bejoh/!Fbdi !joe).
dbypolyof Ipolu !l opcljoejdod t!2!L | {-!gpdgs r viodift!cf  ffol4/6'boe!4/1IN | {/!Ui flejbrh
tl jaujtli fraljo!griodf lcz!blgdypoldmaudi -!x i jdi !brmpx t!f bt z!bekvt un f ougpddorjedaypo/!

Qsftfrhdyps!)H*)I *

Ui f1Qe tf rhdypgjt!blu S f . tf dypolbjswbg berhldogbdjupdu buwof tld fljogvdyp!u f1ISAbn gngfs!
pvigvdgypn d fISAbn ggf s'boelu fljogvdyp!a f12tun jyf dtjn vidoof pvtra/!Ui jt !dpoigpridbo!cf!
tf ubggspyjn bd mlwp!u fleftjs elgd r vfodz!cz!vtjoh!u f In bd joh!po'u f!QH tf rhdypdejbmBgf d
tf woh!yp!u f Idpssf duge r vf odz!boe!wojohljolu flef tjof eltjhobrix ju 'a f!gef r v odz!wvojohll opc-!
u jt!dpowgprim vtcf 1#gf bl f e#jolpsef dgpdu f IS df jwf duplggpwef !u f!pgun vn ljoltf otjywwe/!



DBM)J)K

Ui f! dojesoypd djsavjd jt ! dszt orhdpougpne! boe! tvaaryft! 3! dopedoypo! of r v odif t/! Cz! gvti joh!
| opc!)Fp!jut 14 oA gptjupo! zpv!bdywod 'u 136! | {!doredops!x i jdi Ix jmgspwef In bd f dtjhobrt
fwsz!36IL 1 {!gpn 14/6'p!'41/1IN | {/'Cz!qvti joh!l opc!)KIwp!jut !# o# gptjupo! zpv!bdywo Tu f!
2111 | {!dojedops!x i jdi Ix jmgspwef In bd f dtjhobriif wf sz!211'L | {!ggpon 4/6!p!41/11IN | {/!

SGHbjo)MBGHDbjo!)L *!

Ui ftf!bd !dpodf oug d!dpougprty!
Y)MHUI jtljtia f IS of jwf dtf ot jyw w!dpolgpiGpspsejobsz! S df qypoljuti pvralct !tf ubdn by;j.
nvn fywd n fldmpd x jtfIgptjupo*/!diti pvralct !bekvt f elporm!joltvdi !dbtft!x i f< lbolfy.
L n f !t ugpoh!t jhobriggon bimdorttbypo!n bz!pwf spbelu f ! df jwf stdovtjohlejt ppajpo!
boe!lbls t vidbouef dof bt f !jo!t pvoe!rfwf m
)L *Ui jt!jt!a f wpnan f!dpolgoriUvsolplu fighi djolbldmpd x jtflejsf dypo!yp!jods bt f lwpm
vn f-lboelwplu f Irhgluplef dsf bt f wpran f/!

T.Nfus!Sfbejoht!)N *

U fIT.Nfddggpweft!binfbot!pgn fbtvgoh!u f!s raywf It ohu !pdjodpn joh!tjhobrty! ST riagwf !
& bejoht!bs porm!dpssf dux i folu f!SGHBJO!dpowgorijt 'grmaldpd x jtf/INfbtve n fou!lbs ! be!
JOHTHAvVO U 'gpn 121p!: Tboeljolef djcf rlbcpwf I'T.: Igpn 11!p!51leC/!

RIN vigqryf shHO*)P
)O* RIn vraqnyf dtf ridypdtx jud -lef d an jof t!S K dypo!psitf rhdypo!n pef/!
)P* Uvof !dpowgorin pwh tlu flopudi pdgf bl 'u sv!u flgbttchoe/!

Q pofthHQH
Ui f1Q poft!kod !K8*ggpweft!bvejp! pvigvugpn u flgobrtvejp!tbhf /1Ui f1Q poft!kodl !i bt!bol
pvigvdjn gf ebodf Ipd9lpi n t/1X i folvtjohlu f!Q poft!Kod 'u fltgf bl fdikodl ljtlejt berhe/!
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P QFSBUJOH!IJOTUSVDUJP OT!

UBCMF!2!
DPOUSPM BN ITFUUJOH! DX 'MTFUUJOH! TTCITFUUJOH!
Grodypo! BN !psBOM VTClpdMIC! VTClpdMIC!
BGHDbjo! Bekitugdeftjde!! Bektugdeftjde! Bektugpgeftjse!
bvejp!rfmf bvejp!rfwf rh bvejp!rfwf rh
Cboe!Tf rh TfugodeftjS el TfugodeftjSe! TfugodeftjS el
sbohf sbohf sbohf
SGHbo! Nbyjnvn! Nbyjnvn! Nbyjnvn!
Qe tf rhaypd Tf UgpdeftjSe! Tf ugpdeftjSe! Tf ugpdeftjSe!
off rvf odz! sbohf sbohf
N bo!Uvojon!  TfuwpleftjSe! TfuypleftjS el Tfuypleftjd el
off rvf odz! off rvf odz! off rvf odz!

UB CMFI2!joejdod t!u f!jojybrttf ujoht!pdu f wbg pvt !dpowgpriigpdf bdi 'wegf 'pdpaf oypo/!Ui f o .
s -u flef hd fIpdtid ohu !boeldrbgwe!x ju !x i jdi 'tjhobrix jricf I df jwf elx jtef gf oelvgpo!
gsogf 9 bekvt un f odpdu f wbg pvt 'dpougorty!

Gvodypo
Tx jud 'Wp! TTClvagf dpdmx f dgpdd df qupo!pd TTClboe!DX /tboe!p!BN !gpdBN IS df qypo/!tX i fo!
gvrtf 'wegf jod s § odf i bn gf $!BN I df qypo-tx judi |GV ODUJP O!p!BN .BOM!

Cboe
Tfdu jt!tx jud 'yp'u fleftjsf elchoe/!

SGIHbjo!
Tf du jt!dpowgprigpsn byjn vn 'tf otjywwe!)Gvimidmd . x jtf Igpt jypo*/!

BGHbjo!
Bekvtuu jt!dpowgorigpdef tjsf elwpran f Iriwf i

Qsf ITf rihdyps!
Uvsolu jt!dpougortboelt f uu fljoejdoupdof bdu flef tjf elcboe/!B ekvt Ugodn byjn vn 'S df jwf dtf ot .
ywe/!

Uvojoh

Tf Uu flejbrhoejdopdp!{ f /Ui folqvti !u f!pvd dejbriyhi um!boe!wsoljut plu bujubrtp!jt!tf ubd
{f9/'Opx 'u f!joejdbypot 'po'u f !pvu dejbrtdoo!cf lej o dum!sS belepx olp!2!IL | {/!Ui f126IN | {!
tboebse!t jhobrtX X Widbo!cf I df jwf elx i folu f!ejbrisf bejoh!jt!bul!n bd /!

22,



BN P gf sbypo!

Qodu f I df gupo!pdt tbypot 'griodf brmdpowgprtijolu f Igptjupot !joejdod eljolu f1JojybriiDpolgpriif u
yoht!di bsu!'Uvof !jo!b!t bbypo-ivtjoh!N bjo!wojoh!dpoigortibt ljoejdod eljolu f !t f dypolvoef 9
#UVOJOH#'Belvt UQH tf rhdypdgodi jhi ftu#T#N f uf I bejoh/!Ui jt!'dpowgpritf wjoh!jt 't byt godupsz!
x i jritpgf soyoh!pwf bl ju elgsf r vf odz!sbohf /1gf ydf ttjwf itqvgpvtlopjtft!tvdi bt!u ptf!dovtfe!
cz!bvip!jhojypo!n bl f!sf df qypolej gy dvralgriodf 'u fIG/ ODUIP Olt x judi !jolu fIBN !'BOMQqpt jypo/!
Ui fovipn bydiopjtf Igm jud dti pvralct Ivtf elpomalx i folof df ttbsz-1tjodf !jud oet 'p!s evdf ! f!

pw somtf g djf odz!pgu f IS df jwf §/!

DX P gf sbypo!

Ui fIdpowgorttf wjoh!st r vjd elgodu f IS df qypo!pddpef 't jhobridbsf !joejdod e!jolu f!di bau!Uvof itjh.
obrhp!{ f sp!cf bu!Ui f!In bjolwojoh!ejbrtdpolgortti pvralu folcf Ibekvt i e!polfju fdtjef Ipgu f!df od d
gpdeftjgelqgjud /!

TjhobriTjef cboe!P gf sbypo!

Qud TTCIS df qypo-u flejbrtti pvralcf lwof elwf sz!t mpx m/!!Fydf ttjwh It jhobrtt e ohu levgoh! TTC!
g df gupo!n bz!n bl flef n pevriypolejgydvrad! o't vdi !dotftlef dsf btf lu fISGHB JO!cz!wsojohlu jt!
dpowgoriyp!u f!Irhgd!'Tn ppu lef n pevriaypo!x ju folcf Igpt tjcrfV!

Dpouwgprtif wjoht 'godtjef choe!d df qupo!bs 'wswbnmlu f!tbn f 1ot !gpd DX /MNOpd -li px fwf s'u bu

X plgptjupot!pdu f lgrodypo!dpowgpribst 'ggpwef elplgf an jutf ridypo!pdfju fdu flvagf dpdipx fd
tjef cboe-bt lof df tthsz/!Ui f!tjef cboelu bun vtucf 'tf rhdd elx jref gf oelvgpo!u fIcboeljolvif/1Bt!
joejd eljolu f !t jef cboel!t f rhdypold bal)UB CMFI3*-u f!Imx f dtjef cboe!jt vt vbmalS r v elgod
TTCld df qypo!po!91tboe!5S1in f i g-1u f lvagf Stjef cboe!gpd TTC!S df qypo!po!31-126!boe!21!n f .
g/

UBCMF!3!
N FUFST! GSFRVFODZ! TEFCBOEVTFE!
1! 4/61pIS/LIN| {1 Mpx f o
51! 8/1Ip!8/BIN| {! Mpx f o
31! 25/11p!25/6IN | {! Vaqfd
26! 32/1Ip!3n6IN | {! Vaaf g
21! 39/11p!3: /8IN | {! Vaqf g
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UBCMF 4!

CSJIQEPSI;J%(UI!BC\:/B\FC!)EH GSFRVFODZ!)N | {* MITUFOJOH!UN F!

5: In fu dchboe! 6/: 61p!7/31! X jod dojhi u!

52!n f d dcboe! 8/211p!8/41! X jod dojhi u!

42'n fd dcboel - /61p!: /886! Ojhi u-'bmzf bd
36!n f U dchoe! 22/81\p!22/: 86! Ojhi u-'brmizf bd

2: Infu dcboe!! 26/21!1p!26/56! E bzt -lbmzf bdboe!

! ! Tvn n fdojhi u!
27'n fd dcboel! 28/81\p!28/: 1! E bzt -lbmzf bdboe!

! ! Tvn n fdojhi u!
22'n f U dcboe! 37/: 6p!38/61! E bzt -'bizf bd

+Ui ftf Ibd It f gbdod !boelejt yodugypn !u f!1Bn buf vaTi psx bwf Icboet-Ix i jdi 'pgf Sod!
pw dejof § ouhspvat!pdgd r viodift/!

Polu f!ti psux bwf Igsf r v odjf tlu f o Ix jnef Igovoe!shej p!t tbypot 'ebot n jujoh!ggon biipwf du f!

x pse/!N boz!pdu ftf!tuypot!ggpwef IFohnti . rohvbhf lcgpbedbt u /Ui f g r viodift!po!x i jdi !

n ptuti pax bw 'cgpbedbt Ut woy pot 'paf o !hsf Igpvoe!jolu f ! plvaqgf dcboet 'pdzpva s df jwf 91U f!
n bipge!pdti psx bwf I'cgpbedot Ut uoypot 'pgf o !x ju jo!df sl o!joud sobypobatbtt jhof elhspvqt!
pddd r vi odjf t-Ipg#choet #!Godzpvddpow ojf odf -Ibitpdu f!ti psx bwf Icboet!x i jdi !pggf dcftu
g df qupoli bt!cff olqspwef el)UB CMFI4*/' Tjodf Iti psx bwf IS df qupowbgft!x ju !u flyn fIpgebz-!
tf btpo!pdu f!zf bdboe!x ju !x f bu f ddpoejypot - dpn n f oef elgtd ojoh!yn ft!i bwf lortplcf f o!

ti px olbrpoh!x ju 'f bdi !ti pax bwf cboe/!

DBMICSBUJPO!BN X O'TC!

Jo!psef dgpdu f I df jwf dyplcf vt f elqspaf smljujt!jn gpsibouu buu flejbridojesbypolct !di fd fe!
boe!t f ugodf bdi choelpdu f ! df jwf S!Ui f Idpowgortiti pvralct !t f ubt 'gompx t!goddoredaypo;!

2/'Cd tf rhdypd. 'yp!n bd joh!gpdef tj elcboe!

3/'Choeltx judi !.!\pleftjsf elcboe!

4/'ST K dyjpol. P G

5/!Uvojoh!.!Spubd 'voyrtejbrit doril#1#bqgf bst 'polgpjod !
6/'SQ.!n byjn vn !dmpdl x jtf!

7/'B@. p'tvjupgf Soypd

8/IN pef!.IMTC!

9/IDBM.1211IL 1 {/!
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BN!

Ui jt!dpowgpryt vt felip!tf du flejbritl jalyp!f ybdddf o Soff r v odz!pddbryedoypolt jhobmiGodgstu

tf woh!soubd 'wojoh!l opclof bsf tuyplu f12111L | {!n bl f dtjhobrtvoyriu f !ypof ljtljola f { f gplcf bu!

| pralu f!lwojoh!l opc!gsn mlbuu jt!gpjouboe!splod !u flejbritl jsup! f sp!gptjupo/tUi fitl jslejbrijt!
kvtucfi joelu flwvojoh!l opc!boeljt!i f raljo!gpt jypolcz!blgydypo.md joh!ef wdf /1Ui jtlejbrijt!f btjra!
n pwf elcz!i boelcvux jm¥ n bjo!jo!gptjypo!bgf dbekvtun fou!Jolu fIBN !gptjypolop!dojesoypo!
pof ldbolcf i f bse-li px fwf s!bddvaod !gsf r vf odz!mpadbypoldoolct lef U an jof elcz!pet f shyohlu fI#THA
n fd dgpgn byjn vn ljoejdoypo!x i folwojohlu sv!u f!doyegoypo!tjhobry!

DX OrTC

X ju 'u f 'dpougoriit f bt lef tdgcf elbcpwf -Ibin bd fdtjhobrtti pvralctli fbselgpn u fltgfbl f9'Sp.
b d f In bjo'wojoh!l opc!voyriu fIypof IS bdi ft!{f splcfbulX i folu fypof !t bu{ f gp!cf butwsolu f!
T 1filn bd joh!po'u flejbrtt] jsup!u f Ijof In bd fe!MIC/tU jt i f splcf butjhobrtdbo!ct !i f bse!f wf sz!
21111 {/MIJ36L 1 {!l opcljt!qvti fe-tjhobridbolct!i fbselfw sz!36!L 1 {/'X i folu fIgrodypo!

tx judi ljt!tf ugp!VTC-lwof ld f 1 1iln bd joh!po'u flejbritl jalwp!u f!yof In bd felVTCljolu fltbn f!
n boof §/'Ui f lejbriyt 'opx !dorjedod e/!Ui jt!tbn flggpdf evd In vt Uct Igompx f elgod e bribddvsbdz!
xifoltxjud joh!yp!pu f dcboet/!

R.N VMUJQVIFS!

Ui fIR.n vraqnryf dpgf sod t!jolbimn peft-!IDX -'BN !boe! TTC-Iyplovimvox bod eltjhobrtix ju !blef f g!
51'leClopud -Ipdgf bl 'u fleftjd eltjhobrix i jrilti bsgf ojohld df jwf dtf rhdywwe!yp!i frglzpv!gid 'a f!
tjhobrizpv!x boupvdpdu flopjtf/!Ui f !t f rhdypdtx judi i bt!pgy!st K duboe!t f rihduqpt jupot /!B !wof !
dpougprtbmpx t!zpvip!n pwf lu f#gf bl #pd#ovniu pvhi pvdu f IS df jwf dcboeqbtt/tX i foldfo.

U & e-lu flopudi 'pdgf bl Ix jntef ljolu fIn jeerfipdu f Icboeqbtt -!boeln pwoh!u f !dpowgorhp!f ju fd
tjef Ix jriti jglu flopud 'pdaf bl Iypx bset!f ju f dtjef Ipgdu flcboegbtt/!

BEEJUIP OBMGSFRVFODZ !DPW-SBHF!

Goddpwf bhf !pd f u bo'u f 1Jod sobypobrtCspbedht yoh!Choe-lx plf yubldszt ot pdl fu!bsf lgsp.
wef elpolu fISAqgod e!djsavjucpbse/!Ui fjdd df jwoh!doohf !jt!boz!611!L | {!cboex jeu !cf x ffo!
4/6.21'N | {'boe!2/1.41IN | {/!

Ui f1f yisoldszt ortge r vf odz!jt 'dordvriod elbt 'gprmx /!

Fysoldszt rigd r v odz!>!Mox .f oelgs r v odz!pdd df jwoh!cboe!, 3/: 31IN T {/!
Qodf ybn grivljdzpv!x bodwp!s df jwf 126!N f 9B n buf vdcboe!soohf Iggon 132/11p!32/6!IN | {/!

Fyubldszt brigsf r viodz!>I3mLIN | {!, 3/: 31INIT {!>134/: 31IN | {/!

Jotf sl jt!dszt bbryplu f If yusbldszt ot pdl fUY 22!gpals df jwjoh!sbohf Icf i ff0121.41IN | {-!pd
Y 2!igpd4/6.21!IN | {-!boe!bolf yushldbghbd ypgn vt ucf beef eljolgbgomhrtx ju 'UD. 5!gpd4/6. 21!

N1 {!psUD.Magpd21.41IN | {/!Ui fltgn n f ddbgbdjwe!ti pvralct bekvt i elgpsdpsst dugds r vf odz!
boe!lbrtp!n byjn vn 'pvigvu!Ui f1f yuddldbgbd) ypdwbonaf ljt iti px o!jo!Gh/!3.4lboe!Gh/!13.5/!
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Add capacitor on foil

N tra crystal socket
side of circuct board Ex Y

Top of RF Board

Extra &rystal
socK et

1
"

@le®6lem
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Top of CAL Board

GHVSF!3.3IMPDBUPOTIPAFYUSB!DSZTUBMBOE !'DB(BDJIJPS!

w
2
5 600
-5
>
8
3 200 |
-
a
8
z 200
x
w
a - ~ ——r
8§ 7 8 9 10 LR 12

Extra Crystal Frequency (MHz}

GHVSF!3.4!DI BSUPJFYUSB!DSZ TUBMGSFRVFODZ 'WT/!IDB (B DJUP SWB M/ F!
GPS!4/61.121IN | {ISBOHF!

100

60 4

Extra Capacitor Value (pF)

20 1

—
10 20 30

Extra Crystal Freguancy (MH2}

GHVSF!3.5!DI BSUPJFYUSB!DSZ TUBMGSFRVFODZ 'WT/!IDB (B DJUP SWB MV F!
GPSI2V/11141IN | {!
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TFDUJIPO4;1UlI FPSZIPGEPQFSBUJPO!
4/28 HFOFSBM

Ui jt!tf dypo!x jmbjeljolvoef g Uboejoh!u f!pgf sagpo!pdu f mbgpvt Idjsdvjuljolu jt!s df jwf dbt!x
bt !bo!bjelj o't f sy djoh!boelej bhoptjoh!ugoverfit/!Ui fITY . 2: 1ljt Iblevbritpowf & jpo!s df jwf dvtjoh!b!
dszt bndpowgpirhe! pt djmoypdlplgspwief a f g s un jyjoh/!Ui flg g uboelt f dpoeln jyf & b Idpvarhe!
cz!blcboe.gbtt!JAdjsdvjue11!l | {Ix jef/!Ui f it f dpoeldpowf &jpo!pdava!x ju !u f!n jyjohlpgu f 12t
Jaboe!u f WGP /Ui fImpx 'pd3o0e!J3djt Ibn gy f elboelu f olef d duf elcz!u o flejgf & odef U dipst!

Ui flgg def ud dpdggpwef t!u flof df tt bsz!BHDWpnbhf t-u f!tf dpoelef ud dypgjt!vife!lgpBN Isf .

df gypolboelu f!u jselef U dypdjt!vtf elgpd DX boe! TTCIS df gupo/!Ui flef u du e!tjhobrijt lu folbn .
grigf elboe!bgqgrf elwp'u f lbvejp!pvigvu!

Ui f!dpn griv !djsdvjupdu fITY.12: 1ljt!ti px o!jolu f!tdi fn bydiejbhson !bud f ! bdpdu f!'n bovbm
Blcmd !ejbhson !jt!brtp!ggpwef elyplbjeljolvoef g tboejoh!u jt!d df jwf 91X i jrild bejohlu f ! yuju
jtitvhhftd elu bucpu lejbhgon t!cf !gonmpx fe/lUi flemd !ejbhdon !x jmis wf briu f!Ipwf Somtidi fn f-!
xifdbtlu fltd fn bydejbhsbn Ix jmgspwef lu flef ujrheld sivjsz/!

4/31  SGBN QMIGIFST!IBOE!l JHI !\GSFRVFODZ!P TDIMVBUP S!

Ui f1SQ@tjhobrts df jwf elbuu f !boud oob!jt!bgqryt elwp!u f thid 'pgR 2!)dot dpef ISABN grygf s'lu sv!

u f 'bod oob!jogvudpoof dypdK/!Ui fIQSFTFMFDUP S!dpougortjt !bl4. tf dypo!bjswbg berhldoghbd upd
u buwof t!u f!hbu 'boeledyjo!pdu fISAbn grygf dbt Ix f bt !a f!hbd !pdu fIggdn jyf 9)R5*/1Ui f!
g rvjd elwvojoh!shohf Ipdu ftf Idjsdvju!jt!pcujof elcz!tx jud joh!bo!bggspgg bu bnaf !pdjoevd.
bodf !jo!gbgarrix ju 'u f IQSFTFMFDUP S!wojoh!dbghbd ypsboelju bt t pdbd e!dpj i) U2-1U3-!" !
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