FM BROADCAST TRANSM TTER — REPAIR & ANALYSI S REPORT

MC145151P2 PLL - PCS-150 VCO - 2SC1970 / 2SC1971 PA - 8.400 Mz XTAL - 7-elenent LPF
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Rev 1.0 - April 2026 - casl ab. science

Honebrew PLL FM Broadcast Transmitter (FRB m cropower design)

Mot or ol a MC145151P2 (CTGD0404, 28-DI P CMOS)

Mni-Crcuits POS-150 (100-150 MHz, +7 dBm shi el ded nodul e)

8.400 MHz HCG-49 — R=42 — f _ref = 200 kHz/channel step

2SC1970 (C1970 99AA, TO-92 VHF NPN, mmin board)

PA 2SC1971 (C1971 06AR, TO- 39 VHF NPN) — HEAT DAVAGED

LPF 7-¢el enent Chebyshev (3 air-core coils + 4 x 27 pF shunt caps)

SUPPLY 13.8 VDCin -> LMO940CT-12 (+12 V) -> 78L05 (+5 V |ogic)

STATUS PA sub- board heat damaged —full repair required before operation

WARNI NG Do NOT apply power until the PA sub-board danmage has been fully
assessed and the 2SC1971 transistor tested or replaced. Operating a transmtter
with a shorted PA transistor may pernmanently damage the VCO nodul e and | oop
filter.

1. SCOPE OF WORK

This report docunents the reverse-engineering and repair analysis of a honebrew FM
broadcast transmitter of the Free Radi o Berkeley m cropower PLL design famly. Al

maj or conponents have been identified from photographic inspection. The PA sub-board
exhi bits heat damage consistent with a failed 2SC1971 power transistor —Ilikely caused
by sustained operation into an open-circuit or high-SWR antenna | oad

This report provides: a conplete conponent inventory, annotated photographs, a ful
wire schematic reconstructed frominspection, a repair bill of materials, a frequency
progranmi ng table, and a step-by-step test procedure
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2. BOARD OVERVI EW — ANNOTATED PHOTOGRAPHS

o 2 m-

‘ e e 5 / L 3
FIG1 —Full interior. Main PLL board (left), FIG 2 —Main board detail. 8-pos DIP switch
PA sub-board (right). LM2940CT-12 regul ator (all OFF), MC145151P2 PLL (28-DIP), red
visible | ower-centre. Coax feeds to right. power -on LED, and 2SC1970 driver transistor

(TO- 92, upper-right).

FI G 3 —PA sub-board. 2SC1971 (Cl1971 06AR,
TO 39) at bottomcentre. Hand-wound air-core
mat ching coils visible. Yellow decoupling cap
at top.

FIG 4 —7-el enent Chebyshev LPF. Three
bare-wire air-core coils (5T #18, 1/4" dia)
with four 27 pF black ceram c shunt caps.
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FI G 5 —PA sub-board heat damage. Scorchi ng and FIG6 —DIP switch detail (all 8 positions
PCB di scol ouration clearly visible. Al burnt OFF). Must be configured to correct N-counter
passi ves nust be repl aced before re-use. bi nary value for target FM frequency before
use.
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3. COVPLETE W RE SCHEMATI C

Reconstructed from conponent identification and cross-referenced agai nst the FRB M cropower
Broadcasting Technical Primer (v4). Signal path: Crystal -> PLL -> Loop Filter -> VCO ->
Driver -> PA -> 7-el LPF -> SO 239. Al values confirned unless noted.

FM BROADCAST TRANSMITTER — COMPLETE WIRE SCHEMATIC

FIG7 —Conmplete wire schematic. f_out = N x 200 kHz (8.400 MHz crystal, R-divider = 42). Geen = RF
path. Blue = control/DIP. Orange = +12 V. Yellow = +5 V. Red = danmaged secti on.
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4. CONFI RVED COVPONENT | NVENTORY

8.400 MHz XTAL

7-el ement LPF

REF PART / MARKI NG VALUE / SPEC FUNCTI ON STATUS

ul MC145151P2 CTGD0404 | CMOS PLL, 28-DI P PLL synt hesi zer K

u2 LF351IN (NSO JFET op-anp, 8-DIP| Active loop filter (03¢

U3 LM2940CT-12 JMB5AG +12 V LDO, 1 A, TO{2&0 n vol tage regul ator | K

07} 78L05 (locate!) +5 V reg, TO 92 Logi ¢ supply for Ul Verify

MOD1 POS- 150 MCL 100- 150 MHz VCO Vol tage-ctrl oscillator| &K

QL 2SC1970 C1970 99AA VHF NPN, TO- 92, 1 WRF pre-driver K

(07 25C1971 C1971 06AR VHF NPN, TO 39, 2 WRF power anplifier DAVAGED

Y1 8.4000 MHz HC- 49 Crystal reference | PLL reference oscill ator K

SWL 8-pos DIP (all OFF) — N-count er channel sel ect Set before use
L4-L6 Air-core coils x3 5T #18 wire, 1/4" di‘ael LPF inductors OK —check j oi
C15-18 Bl ack ceramic disc x4| 27 pF each LPF shunt capacitors (03¢

c1 El ectrol ytic 470 uF / 10 V Supply bulk filter K

c3, A Cerani ¢ 22 pF each Crystal |oad caps (04

D1 Red LED 5 mm — Power - on i ndi cat or K

5. FREQUENCY PROGRAWM NG TABLE

For nul a:

f _out

= Nx f _ref

= N x (8400 kHz / 42) =
H GH (+256) on this board —verify with DVMM before setting switches.

N x 200 kHz. N8 bit

may be hard-w red
Switch logic (ON =

H GH or LOWN nust be confirnmed by nmeasuring pin voltages.
Bl NARY (9-bit) SW TCH SETTINGS (SW8=N7 ... SWL=NO0)

88.1 Mz 440 1 10111000 SW8, SwWr, SWs, SWA, SWB ON

91.1 MHz 455 1 11000111 SW8, SwWr, SWs, SwW, SW, SW ON

98.1 MHz 490 1 11101010 SW8, SWr, SWs, SW, SWB, SW. ON

100. 1 MHz 500 1 11110100 SW8, SWr, SWs, SW, SW4, SW2  ON
101.1 MHz 505 1 11111001 SW8, SWr, SWs, SW, SW4, SWB, SW ON
104.1 Mz 520 10 00001000 SW8 bit overflow —verify N8 hard-wire
107.9 Mz 539 10 00011011 SW8 bit overflow —verify N8 hard-wire
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6. REPAIR BILL OF MATERI ALS

PRI ORI TY

CRI Tl CAL

COVPONENT SPEC SOURCE NOTES

2SC1971 transistor | TO-39, 12 V, 2 W 350

MiBay NOS / MbuserSub: 2SC2078, 2N3866, NT

£107

CRI Tl CAL

PA board burnt passiMEsh col our codes on|bdarser / Digi Key All scorched R + C nust

| MPORTANT

Locate/verify 78L05 +5 V TO- 92 regul ator | Already on board Confirm +5.0 V out put

| MPORTANT

DIP switch config | Per freq table above | No purchase nee

jed | - OFF may be out - of - ba

nd

RECOMVENDED

50 ohm dumy | oad | >=5 Wper FRB PDF desidduild or buy MJST test PA here first

RECOMVENDED

Ther mal paste Non- conducti ve conmpounddny el ectronics| Re-apply under @ can

RECOMVENDED

| PA cl eani ng | sopropyl 90%r Har dware store

Bot h boards before power -

on

OPTI ONAL

POS- 150 spare Mni-Circuits POS-150| eBay NOS ~$15-30 Source while NOS exists

7. REPAIR & TEST PROCEDURE

STOP Do NOT power on until steps 1-4 are conplete. PA board has confirnmed heat
damage.

Step 1 Renove PA sub-board. Under nagnification, identify all burnt/discol oured
conponents. Phot ograph before desol deri ng.

Step 2 Desol der @2 (2SC1971). DWM out-of-circuit: Vbe forward = 0.55-0.70 V. Any
reverse conduction on GE or B-C = failed junction, replace transistor.

Step 3 Repl ace all burnt resistors and capacitors on PA board. Re-tin all air-core
coil pad joints.

Step 4 Locate 78L05 (TO-92 near Ul). Verify OUT = +5.0 V. Wthout this the PLL cannot
run.

Step 5 Set DIP switch per frequency table (Section 5). Confirmswitch polarity with
DWW first.

Step 6 Connect 50 ohm dunmy |oad to SO 239. Do NOT use an antenna until dummy-| oad
tests pass.

Step 7 Power on. Verify LM2940CT-12 OUT = +12.0 V. Verify 78L05 QUT = +5.0 V. LED D1
lit.

Step 8 Scope Ul pin 26 (OCsCin): 8.400 Mz sinewave, 0.5-1.5 Vpp. No signal -> check
C3/ C4.

Step 9 Ul pin 1 (LD) should go HHGH within ~100 ns. Stays LOW-> recheck DIP, +5V,
crystal.
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Step 10 U2 (LF351N) pin 6: stable nmid-rail DC 4-7 V when | ocked. Saturated =
unl ock/ faul t.

Step 11 Scope POS-150 output: RF present at target frequency? Vtune fromU2 in 1-10 V
range?

Step 12 Check QL (2SC1970) collector: RF anplified? Idle Ic ~10-40 mA. No RF -> RFC1,
C10/ C11.

Step 13 RF power neter into 50 ohm dunmmy: expect 1-2 Woutput. PA supply current
150- 400 mA.

Step 14 Verify on FMreceiver at target frequency. Only then switch dummy |oad for LPF
+ ant enna.
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8. KEY TEST PO NT QUI CK REFERENCE

TEST PO NT LOCATI ON EXPECTED FAI LURE | NDI CATES
+12 V rail LM2940CT-12 QUT pj12.0 V +/- 0.5 V | Regulator fault / overl oad
+5 V rail 78L0O5 QUT pin 5.0 V+- 0.25 V | Regulator missing or dead

Crystal osc Ul pin 26 (OSCin)| 8.400 Mz 0.5-1.5Vppoad caps C3/C4, crystal

PLL lock (LD| UL pin 1 Logic HGH (+5 V) | DIP setting, +5 V, crystal

Loop filter out2 LF351IN pin 6 4-7 V stable DC Unl ock, wiring, W2 fault

VCO RF out put| POCS-150 out put pad+7 dBm at target f|rModul e dead, Vtune range

Driver output| QL 2SC1970 col | ect ®F: ~50-200 mW RFC1, C10/Cl1, bias R

PA out put powebLPF out put / SO 2B39-2 Winto 50 ohm| @, matching coils L1-L3

PA supply curfr12 V feed, keyed | 150-400 mA @ bias, matching network

PA transi stor substitution

2SC1971 is pin-conpatible with 2SC2078 (preferred), 2N3866 (TO 39 netal can,
excel l ent), and NTEL107. The 2SC2078 may cone in TO-92 or TO 39 dependi ng on

manuf acturer —al ways verify pinout (B-CGE vs E-C B) against the datasheet before
sol deri ng.

DIP switch polarity

Whether DIP switch ON = H GH or LOWN depends on external pull-up/pull-down resistors.
Measure each pin voltage while toggling before setting frequency. The table in Section
5 assumes ON = HHGH = bit included in Ncounter val ue.

5 Vregulator (U4 —still to locate visually

The 78L05 has not been confirnmed in photographs. It should be a TO 92 adjacent to the
MC145151P2, given its short supply trace requirement. An unidentified 8-D P near the
crystal may alternatively be a switching regulator —inspect markings under

magni fi cati on.

LPF coil solder joints

Air-core coil leads of stiff #18 wire exert nmechanical stress on PCB pads during
thermal cycling. Al six coil-end joints (two per coil, three coils) should be
re-tinned with fresh rosin-core solder even if they appear intact visually.

PCS- 150 nodul e sourci ng
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Mni-Crcuits POS-150 is discontinued. NOS units appear on eBay at $15-30 USD. Source
a spare now —wi thout this nodule the entire VCO section requires redesign.

FCC regul atory note

FMtransmtters exceeding FCC Part 15 power limts (50 uWinto 3 mantenna at 88-108
MHz) require an appropriate FCC authorization (LPFM FMtranslator, full-power, etc.).
This unit at 1-2 Wsubstantially exceeds Part 15 limts and requires a license to
operate.




