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AM/FM RECEIVER MOLECULE di te BJT dio, STM32G0B1 USB audi
/ - Iscrete + op—amp radio, audaio
FM_Frontend IF_10M7 AM_IF A
FM: high-side LO, IF 10.7 MHz. Varactor tanks use BB910 through a 22 pF Two 10.7 MHz ceramic filters (230 kHz) around one BJT gain stage, then a Gain is set by the tail currents of two BC847BS differential pairs (-40 dB
series capacitor (reduces RF swing on the diode and sets the tuning BJT mixer with a 10.24 MHz crystal oscillator converts both bands to 455 range each); an op—amp integrator holds the detected carrier at ~1 V.
ratio). kHz.
B
Antenna, diplexer & FM front end 10.7 MHz IF & second conversion to 455 kHz AM 455 kHz IF, AGC & envelope detector
File: fm_frontend.kicad_sch File: if_10m7.kicad_sch File: am_if.kicad_sch
AM_Frontend Tuning_Ul FM_IF
AM 530-1700 kHz is up—converted with a high—side LO at 11.23-12.4 MHz; the DAC outputs are scaled x1.45 by rail-to-rail op—amps to 0—-4.8 V and Each IF cycle transfers a fixed charge C*(Vpp—2Vf) into the op—amp summing
image lands at 22-23 MHz and is removed by the 2 MHz LPF, so no tracking heavily RC filtered (varactor noise = LO phase noise). The RF tracking node, so the average current is proportional to frequency (40 uA at 455 [
preselector is needed. tank uses a filtered 12-bit PWM. kHz, +/-6.6 uA at +/-75 kHz).
©
AM front end (up—conversion to 10.7 MHz) Tuning, band switching & user interface FM 455 kHz limiter & pulse—count discriminator
File: am_frontend.kicad_sch File: tuning_ui.kicad_sch File: fm_if.kicad_sch ]
Molecule_|O Power_MCU
Adom Molecule (Molecule Design Guide v1.0): large / standard machine pins USB-C 5 Vin —> PTC —-> +5V. AP2112K LDO -> +3V3 (MCU). Ferrite—filtered
in the four corners, 96 x 96 mm apart on the 32 mm large grid (mounts +5VA (all analog/RF) and +3.3VA (MCU VREF+: ADC / DAC reference). The
directly on the base scaffmd), and medium machine contacts on the 2 mm STM32G0B1 runs USB from HSI48 + CRS and its timers from a 40 MHz crystal;
grid measured from MP1. All four corner pins are GND; 5 V comes in on the a blank chip boots straight into the ROM USB DFU bootloader. D
VIN contact (MC1) or USB—C. None of the contacts is needed in use: power,
control, audio and firmware updates all run over USB—C. SWD, UART and the
audio outputs are optional debug / monitor points; CLK(=B0OQTO0)/3V3 and
RST/GND are adjacent pairs for jumper recovery.
Molecule interface: machine pins & contacts Power, USB & MCU
File: molecule_io.kicad_sch File: power_mcu.kicad_sch
SIGNAL FLOW 3
ANT —> diplexer —> FM: 88—108 MHz RF amp (tracked varactor tank) —> BJT mixer <— 98.7-118.7 MHz VCO
—> AM: 0.53-1.7 MHz preamp —> BJT mixer <— 11.23-12.4 MHz VCO (up—conversion)
both —> 10.695 MHz IF (2 ceramic filters + BJT amp) —> BJT mixer <— 10.24 MHz X0 —> 455 kHz
AM: ceramic filter —> 2x diff—pair VGA —> post—amp —> diode detector —> op—amp AGC & 5 kHz LPF
FM: BJT limiter —> squarer —> diode—pump pulse—count detector —> op—amp integrator —> 15 kHz LPF
STM32GOB1: ADC samples AM_AUDIO / FM_AUDIO; DAC1/DAC2 tune the VCOs: PWM tunes the FM preselector; |
TIM2_ETR counts the limited IF; TIML injects 40 MHz—crystal—derived markers at ANT for self—calibration. Sieeraieel Jran iwels/ilasiiyny {eisls soues of Gk
4—layer PCB, JLCPCB—compatible rules
USB-C only: UAC audio + CDC control port + DFU runtime: a blank chip boots into ROM USB DFU. Adom
Sheet: /
POWER: USB—C 5 V or VIN machine pin (B5819W OR—ing, 500 mA PTC). AP2112K 3.3 V. +5VA for analog/RF. FTM;l am;mg'e;;“’;k“‘{*“h S T )
Band switching: PNP high—side switches (MCU open—drain) power only the active front end. Itle: / EcelveEmiiolecUIER=RdISCIETE) /op—amp [8dio. 4 8
) . . . . . Size: A3 [ Date: 2026-09-29 Rev: B (molecule)
ADOM MOLECULE: large/standard GND machine pins 96 x 96 mm, 28 medium contacts on the 2 mm grid (all optional). KiCad EDA. 10.0.6 Id: 1,/9
PTBT & layeis — F.Cu signal / In1.Cu solid GND / T@2.Cu power / B.Cu[signal + GND pour.3 T [N T 5 T 5 T 7 T B F
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Power' USB & MCU PWR_FLAG PWR_FLAG PWR_FLAG PWR_FLAG PWR_FLAG
USB-C 5 V in —=> PTC —> +5V. AP2112K LDO —> +3V3 (MCU). Ferrite—filtered +5VA (all analog/RF) and +3.3VA (MCU VREF+: ADC / DAC reference). The STM32GOB1 runs USB from HSI48 + CRS and its timers from a 40 MHz crystal; a blank chip boots strajght into the| ROM USB DfU
bootloader.
VBUS +5V +5VA +3.3VA GND

i e | N Qpscsetymsy e o o e T
| USB-C / machine—pin power input & ESD I | 3.3 VLDO & filtered analog rails I | STM32G0B1 microcontroller (USB audio, control, DFU) I
| Device—only USB 2.0: 5.1k CC pull—downs, USBLC6 on D+/D—-. 5V comes from USB-C | | +5VA feeds every RF/IF stage and the op—amps: each stage adds | I ADC: PAO AM audio, PA1 FM audio, PA2 AM AGC/RSSI, PA3 FM AFC, PA6 FM RSSI. DAC: PA4 FM LO tune, PA5 AM LO I

or from the VIN machine contact MC1 (Adom control panel PS2 or USB 5 V); B5819W | its awn RC decoupling. I tune. PB1 = TIM3_CH4 PWM (RF tracking). PA15 = TIM2_ETR IF counter. PA8 = TIM1_CH1 calibration marker. |
I diodes OR the two sources. I I | PB8/PB9 open—drain band enables (5 V tolerant). PB6/PB7 = USART1 debug console. 40 MHz crystal (harmonics at |
| &l o | I +5V U102 +3V3 < e e < | | 80 / 120 MHz, clear of the FM band and the LO range). Programming: a blank chip enumerates as ST ROM DFU |
| J101 VBUS VBUS | I 1 RIS | (empty check); afterwards the firmware reboots into ROM DFU on a USB request. PA14 = SWCLK doubles as BOOTO
usB-C VBUSS Ay P | 3 EN I for jumper recovery. I
| R101 R102 U101 | o €103 C104 €105 FB101 | |

al aEad gg EE; 5.1k Bill3 , 0 : 6usmc&zsce | | Nf-; 1u 10u 100n 00R@100MHz | | +3V3 ST T T CNRST » I
| ceaf B e s S B | | |
| D—c GND GND - f - | I GND GND GND GND +5VA | V10 110 111 Lc114 Lo0n |

D—of
I D+E I | euA 3 vaaa asa I | i STM3260B1CCU7 <ol IlOOn IlOOn Iu.m |
D+4 y < o GN
GND I 5 e I
| 1] L.l ] o
1 GND GND GND
of |2 o seue I | P2 “o0n RO0ROLOMUTT 10 fon || wecow 5]7Fo e |
| = 2 cpuad B8 | u n e u n HSELOUT_ 9] oy - |
| i I | I | <nrsT>—29pr2 PAL |
=5 ~ PAS

| i S I | GND GND +3.3VA GND GND I I ;gPDO PA6 I

I GND  GND I I— —————————————————————— | I %ig; ::; I
I D106 +5V +5V +5V +5V I | ol PA e
9,/UCPD1_DBCC1

| p10s VBUS VINOR__nq’ i | | Epcs PAL0/PAL2 |

~| VIN_OR :Iﬁ B5819W | 11 PC7 PA10/UCPD1_DBCC2 I
| BoBEOW 1 101 loc102 R107 | I Q I;EI?. :Z:ﬁ I
| 50 10u 100n 2.2k | | 3 e o~ |

VIN_OR PWR_LED_A

| | | PBO%( |
| GND GND PBi I
PWR_LED_A I I n I

| | | PB3 |
| 4 PBY4 |
Cl . I | PBSZ |

PB6
| N I I pB7 [ I
| I | Pt |
GND PB9

I I I PB10[2 I
I | PB11 [2 |

VS S S - | pPB12[2
o132 |
| PB14 26 -LED,AM I
H | " Pe1sfEl |

w
I =) I
I I
I GND I
I HSE_IN HSE_OUT I
HSE_IN__ 1 IILHSE,OUT
D | f C116 c117 |
| ~ 18p 18p |
I I
| Chb GND GND |
I I
o o e

ml Debug test points I
| Bare copper pads, labelled on the I
| silkscreen; not assembled. |
| O TP101 TP102 TP103 TP104 I

VBUS VIN T VOR 5V |
| VIN_OR |
I VBUS +5V |

E | O TP105 TP106 TP107 TP108 |
| 3V3 3V3A 5VA GND |
I +3V3 +3.3VA +5VA GND I
| O TP109 O TP110
| GND CAL I
L4 |

Ml GND I Generated fram tools/design.py (single saurce of truth)
| I 4—layer PCB, JLCPCB—compatible rules
—————————————— = Adom

Sheet: /Power_MCU/
File: power_mcu.kicad_sch
Title: Power, USB & MCU
Size: A3 [ Date: 2026-09-29 Rev: B (molecule)
KiCad E.D.A. 10.0.6 Id: 2/9
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Tuning, I:and switching & Gser interface

DAC outputs are scaled x1.45 by rail—to—rail op—amps to 0—4.8 V and heavily RC filtered (varactor noise = LO phase noise).

A:_Varactor tuning voltage amplifiers (DACL —> VI_FM, DAC2 —> VI_AM)

| Gain = 1 + 10k/22k = 1.45. Two RC poles (10k/4.7u, 10k/1u) after each amplifier.

The RF tracking tank uses a filtered 12—-bit PWM.

'_RF tracking voltage (PWM DAC) & 1.65 V ADC mid—rail reference

PB1 PWM —> 2—pole RC (16 Hz) —> x1.45 —> VT_RF. VREF_1V65 = VDDA/2 buffered, biases
the audio filters.

| Band switches (PNP high—side, MCU open—drain)

GPIO low = band powered. GPIO high—Z (reset default) = off;

10k pulls base to 5 V.

m m
| | |
| . |

| U201A U2018 +5VA | I || |
Q062IDR Q062IDR
| VTF_OUT VTA_OUT | | R209  pwM_rt PWMFL pyM_pr  R210 pyy 2 PWMF2 | | A0 swrs (28 |
- - o| v201c | [ 1 - - - | | L] |
| | TLV9062IDR | 10k — 10k . | | SwF B A 1k
| > | | 1u 1u | MMBT3906 [] R217 |
| : | | | 10k |
: | | | SWF_B |
| l | | GND GND || RN |
| | | U202A U2028 +5VA || e |
| GND | PwMmr2_ 3 062IDR VREF_DIV__5 062IDR | |
| NERE e | | viere_ 2 R VREF_BUF__ 6 YRR 202 || c212 213 |
L _ ®
| vrrour  R2% vrees viroutr K295 yre gy _L | | X TLV90621DR | 10u 100n  SWA_B Q202 R219 |
L1 R202 L1 c201 | > | MMBT3906 10k |
| 0k o 0k = | |
| 7u | | J | SWA_B |
| | | - | | o GND |
|| +5VA
| GND GND | | | | |
R220
| R204 R205 VTA_FB | GND SVAB__ ™ CGAMENND |
| VIFFL RS, VR | I viRour B2 e g VTRFB oo R213 GREY 33 | | 1K " 15 |
| s €202 s R206 | | N o - - = | | 10u 100n |
| 1u 22k | | R212 208 || I I |
22k 1u R214
||
| I | | I co | | GND GND |
| R207 GNVDTAji R208 GNDT | | GND GND YREEDN | L———————————————————————l
| VTA’OUTEWA’H -L VTA’H +5VA | | VREF_DIV VREF_DIV |
| s €203 s c204 | | VREF_BUF - e |
4.7 1 R215 €209 = €210
I I ’ I ’ €205 I I 10k IlOOn 100 Iiu |
100n c211
GND GND | ot |
I I | I GND GND GND |
| GND | | |
GND
________________________________ 4 |
\- J
. m . T T T T T T
| || Status LEDs | Debug test points |
I Band and USB status. Everything else | I Bare copper pads, labelled on the |
(tun'mg, band, volume, calibration, firmware | silkscreen; not assembled. |
| update) is controlled from the PC over the | TP201 1P202 1P203 TP204 |
| USB-C cable: no external controls are needed. | | DACF DACA PWM TVTFi |
| R224 oo, LEDFA | | DAC_FM DAC_AM PwM_RF > VTF-OUT |
| - | | TP205 TP206 O TP207 O TP208 |
| 1 | | T VTAL T VIRL VREF 5VFM
| GREEN §) | | VTA_OUT  |VTR_OUT I
| .
| || QEmR o o |
| R225 LEDA_A | |
Cleoavy— oA I oND GND |
| ; : N |
YELOWERd o le—_——
| 4 I
I
I R226 o LEDS_A |
| Qs | |
| 220 . |
| BLUE (USB/stertg) |
N
| I
| GND I
- g
Generated fram tools/design.py (single saurce of truth)
4—layer PCB, JLCPCB—compatible rules
Adom
Sheet: /Tuning_Ul/
File: tuning_ui.kicad_sch
Title: Tuning, band switching & user interface
Size: A3 [ Date: 2026-09-29 Rev: B (molecule)
KiCad E.D.A. 10.0.6 Id: 3/9
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Antenna,l diplexerI & FM froznt end

FM: high—side LO, IF 10.7 MHz. Varactor tanks use BB910 through a 22 pF series capacitor (reduces RF swing on the diode and sets the tuning ratio).

______________________ - ————— e
A| Antenna input & diplexer I_FM RF amplifier with varactor—tracked tank (88—108 MHz) | FM local oscillator 98.7-118.7 MHz (common—base Colpitts)

| AM branch: 5—pole 2 MHz Butterworth LPF (series L first = high lc ~4 mA. Tank 150 nH || (3.3 pF + BB910 via 22 pF): tuned by VI_RF le ~2 mA. Tank 110 nH || (3.3 pF + BB910 via 22 pF): feedback 4.7 pF / 15 pF.
| Z at VHF). FM branch: 3—pole 70 MHz HPF (series C first = high (firmware tracks the LO). Tuned by VT_FM.

Z at MF) + 3-pole 130 MHz LPF. FMRF_C FMLO_C

FMRF_C Ci < FM_MIX_B
FMHP_2 A FM_BPF n
-’P

120n J—CBOEJ

| |
| ] |
(I I
(I I
| | | FM_BPF | R309 V_L01  V_LO1 |
FM_BPF [i FMRF_B v_L01
| (CALARK CAL_INJ | | - I I . S |
(SMA) R302 FMRF_B__ 1 Q301 FMLOB__ 1 Q302 C314 ke C315
| R301 L | | MMBTH10 | | MMBTH10 100n =T=1n I
| 100k | | ~ ~
| | FMRF_E | | FMLO_E |
| | A | | GND GND |
| oND o | I vRFt  R303 oo o FMREB oo R30S oo oo FMRF_E2  FMRF_E2 | | vior P10 ryos [MOB FMLO_B FMLO_E  FMLO_E |
| cany -_,%AMLPF 1 J_ | | b7k R304 22 R306 308 | | s R311 316 R312 LC317 |
| 301 | | 1.8k 82 1n I | 4.7k 1n 330 15p |
2.7n
| | I GND GND GND I I GND GND GND GND I
| GND
| 50 AMLPF 2 1503 I I FMRrC %y ey FMRFC empr_c Cno VARRRF  |ARRF | | FMLoc Cns FMLOE  FMLOC_ S%7 v lot pldteLe |
AMLPF_1 AMLPF_2 =< AMLPF_2
| 35 g AMRFIN | oo J_czog D301 | 47p 110n J_@lg |
| ¢ €302 <Y | | 3.3p N 58910 I | 3.3p |
2.7n
| | I GND GND I I GND |
GND R307 R308 v RF1 v RF1 320 VAR_LO R313
| BB rwpa PP mupt SFRY puwpo  FMHP2 | | [ VARRE ey [} V-RFL | | FMLO_C n VAR_LO ] VARLO I
| k - - ll - J_ (I LG i c311 c312 | D302 100k
| L304 305 | | 100n 1n | D gz510 |
| "o [ | |
| | | | | GND |
| GND GND | | | | |
I L305 FM_BPF I I | | I
| | | |
| |
| |
| |

g o o T Ve r hoe v e H ST, T
| FM mixer (RF + LO at base, IF at collector) | Debug test points |
le ~2 mA, emitter bypassed. Collector drives the shared Bare copper pads, labelled on the
I I
10.7 MHz IF node. | silkscreen; not assembled. |
| TP301 TP302 TP303
| | T VRF T vLO T FLO |
| | VLRFL V.ot |FMLOE |
| | O TP304 TP305 |
| | MIX GND |
| |
R314 FM_MIX_B | | ChU |
] FM_MIX_B | | |
2 R315 | === -
6.8k |
I
GND |
FMMIX_E FMMIX_E |
R316 C322 |
150 10n |
I |
GND GND I
______________________ .

o

Generated fram tools/design.py (single saurce of truth)
4—layer PCB, JLCPCB—compatible rules
Adom

Sheet: /FM_Frontend/
File: fm_frontend.kicad_sch

Title: Antenna, diplexer & FM front end

Size: A3 [ Date: 2026-09-29 Rev: B (molecule)

KiCad E.D.A. 10.0.6 Id: 4/9

ik [ 2 [ 5 | [ | 5 | 6 [ 7 [ 8




AM front end (uchonversi:)n to 10.7 MHz)

AM 530-1700 kHz is up—converted with a high—side LO at 11.23-12.4 MHz; the image lands at 22-23 MHz and is removed by the 2 MHz LPF, so no tracking preselector is needed.

______________________ N ——_——— ————— e
:_AM RF preamplifier | AM local oscillator 11.23-12.4 MHz (Clapp) | :_AM mixer Debug test points |

50 ohm terminated input, Ic ~3.8 mA, gain ~24 dB. L = 8.2 uH in series with 15 pF || (BB910 via 33 pF): divider 220
pF / 470 pF. Tuned by VT_AM.

Same topology as the FM mixer; shares
the 330 ohm 10.7 MHz IF load.

Bare copper pads, labelled on the
silkscreen; not assembled.

: ' 5 '
I il AMRF_C | I I I | I I
-—'-AMJQF\N j—AMRFJ V_AM2 RGLOB V_AM2 V_AM2 TP4OL TP402 O TP4O3
| e AMRF_B__ 1 % Q401 I | " "M -L || I | T/\;:Mii T/X’:f AMIN |
| - MMBT3904 | | amoe 1 Q402 2 406 cuor || AM_MIX_B Q403 | | - - |
| N | MMBT3904 10u 100n | | MMBT3904 | TPLOL TPLO5 O TPLO6 |
AMRF_E | ~ | ARF ALO GND
I | | AMLO_E I I AMMIX_E | | TxMRF,c Twuu l I
R402 VML VAMAL R403 | GND GND |
| [ }—"" _L PBE,__— IR | | R409 AMLO_B AMLO_E Cpo8 | | RU413 MR | | C |
V_AM2 AMLO_B AMLO_B 'i AMLO_E AM_MIX_B
Y — _ _ _ €SI _MIX_|
I v 5802 5883 - I | 22k R410 R411 24, | Ru14 I | |
u n 1 >~ [[|Rkt0 ||R&2xz - v g 7 ffRrR#s | l-e——e——
| 22k 1.5k || 6.8k
| I I L N |
| GND GND | |
| AMRF_B AMRF_E2  AMRF_E2 | I GND GND I I GND |
R405 AMMIX_E  AMMIX_E
| RGO4 AMRF’EEZZ et R406 C404 | | AMLOZE awtos M0 amior AMYO-T amior PR varam || |
| 6.8k 56 100n I | _L 52 _L | | RU15 413 I
| I | 5389 C410 || 150 100n
p 15p
I GND GND GND I | I I I I I
| GND GND
R407 C4@5 GND GND
| WPBE_ R AMRF*C—! j—AM*M‘XJ I | VAR_AM RAL2 o awioe T2 ammix e | !_ _____________ _!
| 470 158n | ] - - = |
100k
. Do |
|
| I
| GND |
|

Generated fram tools/design.py (single saurce of truth)
4—layer PCB, JLCPCB—compatible rules
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10.7 MHz IF & second conversion to 455 kHz

Two 10.7 MHz ceramic filters (230 kHz) around one BJT gain stage, then a BJT mixer with a 10.24 MHz crystal oscillator converts both bands to 455 kHz.

r— - -4"""""-F"F-:- - ¥ - ->">=\ —_ o _—r s Y r - —r W, r W Wwr W wr VY W W - r— - - - — — — —
Mixer load & first 10.7 MHz ceramic filter | 10.7 MHz IF amplifier & second ceramic filter | Second mixer 10.7 MHz —> 455 kHz | 10.24 MHz crystal oscillator (Colpitts) | | Debug test points I

v L [Ro0L 1 cran
- C1+—rmix > IFMiX =
0

330

I

I

I

I

I

I

| 22p ~ R502 =T=10u
| I l 2 I
| 5 V_IF1

I

I

I

I

I

I

I

FLS01 +5VA V_IF1
= CFA_IN__ 1 mﬁiﬁﬁ.zoomim
(G C503

C502
GND GND
V_IF1 CF1_0UuT

CF1_0UT e IF_B1
C504 R503
IlOOn 330

GND GND

S g g g o g g S S S

lc ~3.9 mA, gain ~15 dB.
IF_C1

V_IFL R504 IF_B1 IF_B1
M
IF_B1 1 Q501 LS R505
MMBT3904 5.6k
o~
IF_E1
GND
IF_E1 RoUe IF_E2 REE REE V_IF1 RSB IF_C1
o2 R507 C506 LBl

GND GND

FL502

Cpa7
IF_C1 i l CF2_IN CF2UIN 1

e

Cpa8
CF2_0UT lﬁMIXZ’B
0

I
I
I
I
I
I
I
I
I
I
| 120 100n
l I
I
I
I
I
I
I
I
I
I
I

1

GND

le ~1.4 mA; 1.5 kohm collector load sources the 455 kHz
filters.

IF2_0UT V_IF2 R510 MIX2_B MIX2_8B
MIX2_8B Q502 2 R511
MMBT3904 6.8k
MIX2_E
GND
MIX2_E MIX2_E R513
V_IF2 ] F2.00T IF2_0UT
R512 J—CEIO S C511
220 IlOOn IlOOp
GND GND GND
+5VA V_IF2 V_IF2
J—CEIZ J—CEI}
R514 10u 100n
22
V_IF2
GND GND

S g S S S S P

le ~1.1 mA; crystal load ~12 pF (100p/220p divider + 15
pF series). With 10.240 MHz the first IF is 10.695 MHz:
| firmware tunes LO1 = RF + 10.695 MHz so the second IF

lands on 455 kHz.

V_IF2 V_IF2 I:IRSiS X0_B Mo
M ks R516
X0_B__ 1 Q503 47k
MMBT3904
o~
X0_E GND
XO_E 4 XO_E

. X0_B Ci XO0_E
1% J—CEIS

I
I
I
I
I
I
I
I
I R517
I
I
I
I
I
I
I
I

o
1.5k 220p
GND

GND GND
RUSA XO_E Ci lg MIX2_B

LCElﬁ

pr

X0_B 4%?&3(01

| Bare copper pads, labelled on th
silkscreen; not assembled.

TP501 T |
VIFL v
T/,Iﬁi T/,I I
TP504 1505 O TP506 |
IFL XQ GND
Tr,u 10,{ I |
I
I

P502 TP503
IF2 CF1
F2 CF1_0UT

GND

4—layer PCB, JLCPCB—compatible rules
Adom
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AM 455 kHz IF, AGC & envelope detector

Gain is set by the tail currents of two BC847BS differential pairs (<40 dB range each); an op—amp integrator holds the detected carrier at -1 V.

____________________________________________________ ———— e ——
’_455 kHz AM channel filter & bias | ’_AGC variable—gain IF (2 x BJT differential pair) | IF post—amplifier & envelope detector | AGC integrator, RSSI & AM audio low—pass (5 kHz) | | Debug test points |

HCCF2-455 LTWCGL: +/-4.5 kHz @ 6 dB, 2 kohm terminations. Gain per stage = Itail*Rc/(4*Vt): 0.9 mA —> x19, 10 uA —> x0.2. AGC_B = V_AGC/2. lc ~1.1 mA, gain ~30. Detector RC = 22 us. U601A: Pl integrator (100k, 4.7k + 1u) vs 0.98 V reference. U601B: unity—gain Sallen—
Key Butterworth 5 kHz, audio re—biased to VREF_1V65 for the ADC.

| Bare copper pads, labelled on the

|
| || L | |
| | | V_IF3 VGAL_OUT | I AM_IFOUT | | | | silkscreen; not assembled. |
| 5w V_IF3 V_IF3 ORI C[ii AMF_IN || VBIAS :IR605 VGAL_IN - B | | veazout F1° awpe - vaFs K13 avp g | | U601A U601B | | TP601 O TP602 O TP603 TP604 |
| _L _L - || 10k 0 Z | jj; M :Im( || AGC_REF___3[TNVQO62IDR AMA_P__ 5[TINQU62IDR +5VA | VIF3 vB AMF VGAL |
| 603 C604 | VGALIIN 2 Q601A  VBIAS_ 5 Q6018 | AMP_B 1 Q605 1 VAGC 7 AMA_OUT | V_IF3  |VBIAS  |AMF_OUT  |[VGA1_OUT
o = et | BC8LTBS BC847BS | | MMBT3904 | | AGCN__ 2 AMAOUT 6 Jeoic | | |
22
I L 1F3 I I I I ﬂVGAi,E ¢VGA1,E I | NAMP?E || m+ BRI I | T Vens® T 3 T el Q08 I
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| " 2.7k || MMBT3904 | | I I | | | AMA_OUT |
~ GND
| || VGALT GND | | GND GND GND | | R620 R623 Cpih | | GND GND |
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| | || L — O o e 1
| s s | | vems R610  veaz_IN | | vars R8T avopour amirout  FRE peTa CEES | 100k b7k |
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| I || “Merze e | | | . . . |
I GND GND I I Von I I GND | | I
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FM 455 lkl-lz limitler & puls;-count lcliscrimina}tor

Each IF cycle transfers a fixed charge C*(Vpp—2Vf) into the op—amp summing node, so the average current is proportional to frequency (40 uA at 455 kHz, +/-6.6 uA at +/-75 kHz).

r—ee—— e —— —— — — — — — — — — — — — — — q1 T ——— 7 T — — — — — — — —— r—ee—— e — — — — — — — — — — — — — —
*I Input low—pass wo-—stage imiter signal—stren etector (see uarer requency counter outpu iode—pump discriminator us de—emphasis integrator
| Input & t t BJT limit | FM l-st th detect k | S & IF f t tput | | Diod d tor & 75 d h t t I
| lc ~0.95 mA per stage, ~33 dB per stage. | | RS_A | | DC—-coupled saturating switch, threshold ~2.2 V on | | FM_DEMOD = VREF_FM — [*51k (~1.8 V at 455 kHz). 51k || 1.5 nF = 76 us.
| | | mne S msa | | LM2_C. IF_CNT (3.3 V) —> TIM2_ETR for AFC. | | I
+5VA v IF4 V_IF4 R702 FMF_2 - —J - Cyps 0702
FMF_1  FMF 1 FMF_2 R711 PUMP
| J_ m—ﬂi J_ | I 0 47k || um2c_ s RifES LIM2_C sQ_8 S | | in VREF_FM e SUMJ |
c701 c702 C704
| | || - "
| R701 10u 100n 150p | | || R714 | | 2 |
| e I I | I A | | 4.7k | | PUMP I
D701 | U701A
I CGNDS LIM1_C 703 i :ND UMLE I | < RSA I I A | I VREF_FM__ 3 FMA_P |
FMF_2 LIM1_B V_IF4 LIM1_B - - -
| Ii M I:ISSk | BATS4WS c712 | Ry RIS | | SUMJ__ 2 FMA_OUT |
| LM1_B_ 1 Q701 R704 R705 | | 100n | | | | —— — |
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| s | I e 03 o 1 |
| G | | e | | MMBT3904 | | TG |
| e e GND GND I | I | | | ‘”; TLV9062IDR I
- - LIM2_C
| J_ vors R796 Mt e J_ umic 18 umzs - | | R712 | | GND | | ‘
—_— ﬂ = I
706 €707 100k
| 100n 2.2k 47p LM2.B_ 1 7 Q702 | I | | Rite = | | < |
| I I MMBT3904 | | || I | |
o~
GND
I o o LIM2_E I | I I | I GND B I
. R725 VREF_FM VREF_FM  VREF_FM +
| wEn B e LIM2_B LIM2_E UM2E | o R7I0 o o LIM2_C | | I | telly LREES J— J— i |
e —:— = 1.2k
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| | | I I |
| | | GND |
| GND GND | | |
o ] | J
[ cr b b o M -t 1 1aE tu—y Cne o o s T
| AFC output & FM audio low—pass (15 kHz) I | Debug test points |
| FM_DC = 2/3 x FM_DEMOD (0.1 s) for AFC/tuning. U701B | | Bare copper pads, labelled on the |
unity—gain Sallen—Key 15.8 kHz, removes 19 kHz pilot. silkscreen; not assembled.
I ||
jpu— - || Qe omeomeoge |
{EMDC
| T | V_IF4 LIMI_C  [LM2_C |
| | | o1pros TP706 O TP707 P708
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| ~ ~ || |
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I FFMAJN FMAIN__ = I I 1P709 IP710 I
100k
I ||
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| 10k e N J
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| |
| |
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| in |
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| |
- -
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GND; 5 V comes in on the VIN contact (MC1) or USB-C.
pairs for jumper recovery.

Moleculé interfacé: machin2e pins &lcontacts

Adom Molecule (Molecule Design Guide v1.0): large / standard machine pins in the four corners, 96 x 96 mm apart on the 32 mm large grid (mounts directly on the base scaffold), and medium machine contacts on the 2 mm grid measured from MP1. All four corner pins are
None of the contacts is needed in use: power, control, audio and firmware updates all run over USB-C.

SWD, UART and the audio outputs are optional debug / monitor points; CLK(=BQ00T0)/3V3 and RST/GND are adjacent

r- - T T T
| Corner machine pins, large (pincer grip points) | | Edge contacts (wired to the control panel / other molecules) | | Probe contacts (machine—probe points; accept probe needles) |
| MP1..MP4 = GND (5 V enters on contact MC1 or USB-C). | | Left edge: power, USB, SWD (CLK doubles as BOOTO), reset, UART, audio out. Right: | | 10.7 MHz and 455 kHz IF, AM detector, FM discriminator, limiter output, the three |
| | | antenna (in parallel with the SMA jack). | | tuning voltages, +5VA. |
MP1
cl MachinePinLargeStandard | I *54\/51 z’ié 353 EEL‘ | I T[%g T5C52K1 I
| 4 I| T, T T I| (IR0 |
s | R |
MachinePinLargeStandard C6 b
c4::j——<|7 | | Eﬁ? ?vs T @&7 gscra Eﬁ? | | @= AM,DET@%; FM_DEMOD |
| XD | | % @B—/] E—WK ER——<NRST D | | gl cas |
| e || cio cio || o= |
J::jMa—cgePinLargeStandard | | MC10 MC11 MC12 MC13 | | |
= DIO GND X RX MC26 MC27 MC28
| A | | & {Swni0 1K) @ UARUX@ UART_RX | |V VIR S5vA T VA |
\% o
| | | GND | | & A RD) VI_RF )R |
MP4
Bl MachinePinLargeStandard | | MC14 MC15 MC16 MC17 | !______________________________l
=1::3—?7 | N AM FM GND
| X I | % > AM_AUDIORES) FM_AUDIO % I
| GND GND
- ! | Mcis MC19 |
ANT GND |
| @@ |
| GND |
| I
e
c
D
E
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