1518

CTRL FFC —> break—off control board: SPI2 bus + 2 chip-selects (CS_CTRL, CS_CTRL2 from APM J7.7/J7.10) + 3V3/+5V/GND.

Control board digitizes its own pots/switches over SPI (ADC + shift—reg/mux); STM32 reads them and streams CVs to the DACs.

OUTPUTS - 1/4in L/R (ACJS—MHOM) + 3.5mm headphone/debug

AUDIO BOARD — front end: power, U.FL audio in, reconstruction filter + buffers, 1/4in L/R + 3.5mm out
FRONTEND ANALOG_FIITER_CV. MASTHBIRUETER
SPLSCK opy_sck
SPI_MORI
FILT_L_IND FILT_L_IN ==PSPILMOS! FX_RET_L
CS_DAC|
FILTRUIND LR m$cs_|JAc 1 FILT_L_ING] FILT_L_IN e
MODE_SE}i5pE_sEL
VoLJL
FILT_L_OUTD; FILT_L_OUT 59
File: FRONTEND.kicad_sch i e VOLR H1 H3
: . - PWR_FLAG
M2 M2
FILT_R_ING FILT_R_IN PWR_FLAG
GND MF_QV_CUTOFF (o) (o)
FILT_R_OUTDY FILT_R_OUT MF_QV_RES
MF_MODE_A H2 H4
ev_Fx3p—CV-FX3 M2 M2
MF_MODE_B
File: ANALOG_FILTER_CV.kicad_sch
File: MASTHRINUISHERIAdchdhsch EX_RET_L FX_RET.R
POWER B
gl ] J10 J11 J12 R222 R
UL EPLEE RRONT U.FL FX send R U.FL FX return L U.FL FX return R 0 0"3
FILT_L_OUT FILT_R_OUT FX_RET_L FX_RET_R
FILT_L_OUTFILTJR_OUT
X GND GND GND GND
14
@mo ANALOG PATH - each channel's buffer output (FILT_x_IN) goes into the analog sub—sheet; FILT_x_OUT returns to the jacks ki &
File: POWER.kicad_sch 51 fq 521525
lcUTOFF SPI_SCK 1 GND R 1oy RN1 RN
@m{n SPILMOSI2 [ LINE_L Tty N1 HNLS
[RES SPIMISO3 |
CS_DACL 4 | OUTPUT_BUF
DE_A FX_CONTROL csPOTS5 | | 5
Lyiene == SPLSCH. <o ooy MODESEE L | ENRERFC FrC
SPI_MO$( - S VOL_L] VoL L 15
223 SPI_MOS| CV_CUTOFFQ] MF_CV_CUTOFF r:- 1/4in R
V@ GND o ST LSS Ly 51 52
Vg ! CcV_RESO MF_CV_RES Cs.DAc210] | oD st 52X
C5.DACR ¢5_pac2 LINE_R | RNL ITNa
LINE_LDY LINE_L _ = o &
LINE_RCY LINE_R
HP_L| HP_L 6
1M L0 = 3.5mm HP
#PWRL022 QEPI_SCK 2| S
SPIMOSI3 [ HP_RDY HP_R m
SPI_MISO4 | J v GND
LsPOTSS L | )9 File: OUTPUT_BUF kicad_sch M
MF. MODE_& e: - .Kicaa_sc
—=————1= | CTRL->PANEL FFC
MF_MODE7B[_
#PWR4007 ’E 8]
GATE 9 [
DETECT_RANEL
File: FX_CONTROL kicad_sch
MASTER VOLUME - RV4/RV5 = one dual-gang pot (shared L/R knob); attenuates final output to the jacks/HP
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AUDIO INPUT
— U.FL for L and R DACs from APM
+5V +5V
c8
inF o o
——— % .
Zu2c Z usc
GND ! i
i > >
c | 1
-5V
56085a U3A =6
B - OPA1678 - OPA1678 -
UFL Lin 10k 100R
—{ —DFILT_L
%—rﬁ——:» FILT_L_IN
GND
jt c11
56095 U3B
5 o OPA1678 e OPA1678 -
U.FL R in 10k 100R
»—{_—DFILT_R
%—rﬁ——:» FILT_R_IN
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FX CONTROL - 2nd FX-control FFC (SPI + mode/order/enable) —> DAC8565 #2 makes CV_CUTOFF/CV_RES (+2 spare FX CVs); digital selects pass through
CONTROL/DAC — SPI + CS_DAC2 + CS_EXP from the root’s one 10-pin control FFC; this DAC + the MCP expander share that SPI bus.
DAC decoupling
+5V 45V
+5V I
€52
100nF
< O
S o GND
: 8
16l pac VOUTAFE— B ev_cUTOFF
CS,DAC2D£% SYNC vouTB %—DCV,RES
D—6ND———
SPLnosD N voum
VRER2 3| VREFH,/VREFOUT
. +5V r—VREFL
T enp s
RST
fll? L4 RsTSEL .
GND GND @
GND u20
DAC8565
GND
MCP23S17 expander — SPI2 + CS_EXP —> 16 GPIO fan—out for all FX/filter digital selects (frees the FFC from per—line GPIO). Runs at +3V3.
I+5v
€53
10uF
GND
+3V3
C55 I
100nF I
GND
outputs to filter/FX: CV_CUTOFF, CV_RES (—> SVF), CV_FX1/CV_FX2 (—> future phaser/chorus/tremolo); MODE_A/B, ORDER_SEL, FX_EN1/2 digital.
Knobs/switches live on the controller board; STM32 reads them, drives this DAC over SPI and sets the digital lines.
Sheet: /FX_CONTROL/
File: FX_CONTROL.kicad_sch
Title:
Size: A3 [ Date: Rev:
KiCad E.D.A. 10.0.6 Id: 3/9




POWER FFC (4—pin from APM): +5V +3V3 GND GND (—5V made on-board)

POWER INPUT
— L—pin FFC from APM (+5V)
— ICL7660 makes —5V

J1

PWR FFC 4p

BN

BN o |

c

M ©
=z
o

+5V

+5V8
+5V1

)@
&

+5V -5V
20 c21
100nF 100nF
GND GND
Ut
LTC660 _sv
Ve voutp2—=3Y 4 o
BOOST
AP+ 2 Se?
osc
=2 GND
v 10uF
2 cap— ——-l"
9
M

#PWRLO2BPWR4021
+5V GND
#PWR404B
+3V3

R11 R12 R13

1k 1k 1k

D1 D2 D3

LED LED LED
SR e

#PWRLO1#PWRLO3HPWR4L000
GND -5v GND

STATUS LEDs: +5V power / +3V3 LDO / -5V charge pumps

+5V
GND
CONTROL FFC (10—pin from APM J8): 1SCK 2MOSI 3MISO 4CS_DAC1 5CS_DAC2 6CS_EXP 7sp 8/9GND 10sp
c18
100nF
uLs
LTEHEGND +5V
I +5vs8 5 -5V -5V
45V 1 ;Sosr vout c61 cs1
00nF
. cap+ |2 20F | 1o roon
»—0sC 6 100nF
GND GND
&y &
=) 4 GND u22
Z CAP-—
[T 5V AP2112K-3.3
M :: +5V1 VIN vouT| 5 ™ +3v3 +3V3
+5V3
EN -
GND = c57
€56 Nw 1uF
1uF
GND
GND GND
+3V3 LDO - AP2112K-3.3 from +5V (power FFC carries no +3V3); supplies only the MCP expander.
Sheet: /POWER/
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ANALOG FILTER / CV (stereo) — SPI in (10—pin FFC) —> DAC8565 makes CVs —> per—channel LM13700 VCF/VCA; CD4053 selects analog or FPGA—digital

CONTROL/DAC — ane 10-pin control FFC (roat) feeds this DAC (CS_DAC1) + the FX DAC + MCP over ONE shared SPI bus; MODE_SEL from the expander

+5V
A
cs4 2V
10uF 5v
Y * TOGGLE — CD4053: MODE_SEL selects analog (VCA_x_OUT) vs bypass (FILT_x_IN) for BOTH L an
GND
< 9
o o
o o
£ 2
16 pac VoAl CV_CUTOFF | |
oz 9l5yne voutgfZ— CV-RES
i 10 7 CV_VCA
@sPiser—l SCLK voute -
aspiMes—L DIN VOUTD——————p v Fx3
VRER 3 | VREFH,/VREFOUT
+5V VREFL

€25 7\ 13@[

fll? 12 RSTSEL
P: ENABLE = B8
GND GW =
Ty
DAC8565
+5V
GND
I -5V
© +5V
L
Co91 > U ueé

5C |
CV SUMMER - DAC CV_CUTOIF L20%y_M@D summed by U5 —> VCUTOFF (drives both L and R VCFs); knob lives on the control board -] 4053 =
=+ 12 o 14
RS X & X [——————Ofu.Lout
GND wE YALOUT 431y >
-5V w100k 2 05
SRS YO Y 2——DFILT_R.OUT
CV_cuTpR YAROUT 4 1y
R20 5 4
100k GND VCUTOFF x> %2 ‘ o
. -5V c
s | Lo ]
— opiigm ODESEL 10 g cot coe
R21 9 c (A & 100nF 100nF
100k GND <& >>
+5V
I |~ GND GND
VCF+VCA L - LM13700 OTA lowpass then OTA VCA (NOTE: OTA/labc topology — verify vs datasheet) €92 _5v
100nF GND
GND
u4c
LM13700 U4A
R30 4] R31 13" R36
20k GND <& NE1 GND <& >%5mm 12 VCAL OUT 100k
a N 3 o VCUTOFF VCF_L_Ob lo+ CV_VCA
C30
R35
inF +5V
20k )
GND -
+
>
U4E
3
el
-5V
I -5V
VCF+VCA R — LM13700 OTA lowpass then OTA VCA (NOTE: OTA/labc topology — verify vs datasheet) Imv €93
100nF
€90 I
100nF GND
usc
LM13700 UBA
I GND E
R40 4] R41 13 R46
20k 6N L2l _OUT 100k GND L %5“,“ 12 VCAR_OUT 100k
a N ] 3 A VCUTOFF VCF_R_O lo+ CV_VCA
C40
R42 R45
s | oF sV 20k
GND -
-5V GND i
DECOUPLING 100nF/IC (U4,/U8/U5/U6 rails -lI—SV ; U7 DAC +5V) TUEE |
>
€95 ©
oY _s5v Sheet: /ANALOG_FILTER_CV/
File: ANALOG_FILTER_CV.kicad_sch
ChU Title:
Size: A3 [ Date: Rev:
FILT_x_IN / FILT_x_OUT are the hierarchical pins shared with the root (front—end) sheet. Power rails (+5V/—5V/GND) are global. KiCad E.D.A. 10.0.6 Id: 5/9 .
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MASTER FHLTER (stereo) = VC state=variabte fitter 2=pote: tP/HP/BP/notch; CV cutoff + CV Tesonance; mode—setect mux
w
o
CHANNEL L FILTp—5V
LPL )
Y T e L usep €503
%)
P! dii A FILTp+5V
HPL s 5 FILT GNB0"
o
- S €511
~
= 9
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B - 8 g
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2 FILT_GND LLJEEL AALDDED RR ONT
~
¥ ol
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30C
> ~ O
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FRILIGNBY
€502
c RN P
FILTER FFC
CHANNEL R
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] U3
==
"78»7"0“““ FILTp45V
HPR _——y 6
o
~
Ll
FILTArSV - FILTp+5V
, g Fueno, LPRL 121y, o x[1i3 AUDIO_R_OUT
- & %’”ﬂ_—c—sﬁ— Xt > 514
§ FILTpA+5V HRE_ ""15 | X2
N
LPR FILT.G :((g v 3 GntoOF
S g Hg Y1 u37
+ U3SE x| 12
T — v3 4052
] L FILLGND
RESFBR o C—— Inh
B L& % FILT_GND, FILTA-5V 10
S S 13 B8 e
& )g mopes 9 1p Qi
BPR 4 LPR
o~
A7 FILT_GND PHT4-5V
10k
-5V
FILTpA+5V
E ~
I FILT_GND A
ISV & 504+ U36E
RE |
cs5 FISLTEG‘ oonF o
0
FigT]entoOnF FILTA-5V
u DECOUPLING — 100nF at eachMC’'s supply pins (+5V and —5V)
FILTpA+5V FILTpA+5V FILTpA+5V
€508 €510 €512 Sheet: /MASTER_FILTER/
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Size: A3 [ Date: Rev:
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OUTPUT BUFFER (UB0 + push—pull Q1-Q#4): unity buffer w/ class—B current boost in the loop. LINE_x—>1/4in(100R), HP_x—>headphone(22R).
#PWRL341
UBOA
OPA1678
voL_Lo——3]4 a
#PWR4337
45V BUF 2]
o]
e
>
g #PWR4339
T R82
-
l UsoB Q3 ——
90— ——DLINER
#PWRL340 5
= VOL_RD———2{+ . R
BUF_R| 38 R83
p 22R
—————— [ }—DHpPR
MMBT3906
Sheet: /OUTPUT_BUF/
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FXTCHORUS (true stereo) — BBD (MN3207) delay per channel, MN3TOT Z—phase clock swept by CV_FX3 (vibrato); wet/dry mix; bypass CD4053 on FX_EN3.

Anti—alias LPF in, reconstruction LPF out. NOTE: NO NE570 compander (not in KiCad libs) — add later for lower BBD naise. VDD=+5V (verify BBD headroom/bias + clock rate vs datasheet + real-model sim before fab).

VGGB FXB_+5V
U73A U74A U75A
0OPA1678 0OPA1678 0OPA1678
2 [Tel
VMID3 Q (= VMID3 GND 3
— 1+ o o RALS S B Y
1 AA_L CLK1 2 cP1 > > 1 WET_L 1 CHW_L
IL_L 2 _ CLK2 6 cP2 ouTL 7 BO4_L OL_L 2 _ ML_L 2 _
FXB_+5V
ML 3y our2}8 B02.L u72
MN3101
FX
% B_GND 0sc1 7 o
03¢t 7Tloxs 2
-1 70 =
MN3207 05€2 61 ox2 vee_ouT L‘éfﬁf
cP1
(=]
0SC3 5 0xX3 5 cpP2 CLK2
-«
VGGB FXB_+5V FXB_GND
U738 U748 U758
2 [Tel
VMID5 Q (= VMID5 GND 5
— 1+ o o —_— 4 1+
7 AA_R CLK1 2 cP1 > > 7 WET_R 7 CHW_R
ILLR 6 _ CLK2 6 cP2 ouTL 7 BO1_R OL_R 6 _ ML_R 6 _
AR 3 N ouT2 8 BO2_R
‘% FXB_GNp
T o
MN3207
FXB_+5V FXB_+5V FXB_+5V
FXB_+5V
= = =
; ; ; u76
U73C U74C u75C f, 4053
| | |
> > >
CH_L_IN12 o 14
v L 131 %0 X
&+ &+ &+ CHW.L 13 o g FXB_L_QUT
FXB_-5V FXB_-5V FXB_-5V CH.RIN2 15
T e Y
CHW.R 1 FXB_R_OUT
CHWR 1 vy
)& Z0 Z L)(
FXB_+5V Hz Z1
U77A
. FXBRAE78 N 6 |,
Z u77eC 1051 1 VMID R1052 FXB_GND &= 18 o
S ook 100k c gy
) FXB_GND o~
FXB_GND
FXB_-5V
FXB_-5V
FXB_GND
CHY R <rrm—'-F
R1067 R1068
22k 10k
VMID R1054 0SC3 R1057 R1058 R1059
47k 220k 10k 10k
C1053 0SC 0SC2 C1055 0SC2 0SC3 Y == Tr—) 0SC1 /——=1 ILLL  AAL IL_L AA_L IL_L BOl:I OoL_L 302: OoL_L WET7:| OoL_L WET_ OoL_L CHiLtI ML_L WET7:| ML_L
10uF 100pF HH BLCVi | BLLIN - HH 4L“i
C1056 C1060 R1061 R1062 R1063 C1064 R1065 R1066
FXB_GND FXB_GND 100pF inF 10k 10k 10k inF 22k 22k
AA_R ILLR AA_R ILLR BO1. OL_R BO2 OL_R WET. OL_R WET. OL_R CH_R, ML_R  WET ML_R CHW. ML_R
R— y R | y F— N F— N 3 N ] N | y 3 y - y
R1069 C1070 R1071 R1072 R1073 C1074 R1075 R1076 R1077
10k inF 10k 10k 10k inF 22k 22k 22k
FXB_+5V FXB_-5V
DecoujNG 1008F /IC FXB_-#A5V FXB_5V FXB_ASV FXB_5V FXB_#5V FXB_—5V
1085 c1oa; c10az7l_ c1o88l c1089l  c1090l  c1091l  c1092
100nF T~ 100nFT~ 100RFT~ 100nF]~ 100nF]~ 100nFT~ 100nF]~ 100nF
Sheet: /FX_CHORUS/
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FX CHAIN — DRIVE (soft clip) + TREMOLO (OTA VCA, LFO=CV_FX1); each bypassable (FX_EN). In: FILT_x_FILT (from SVF) —> Out: FX_x_OUT (to volume)

DRV_L

FXAg-5V
FXAA+5V I c703 I
FYAA+SV
- F GN%OOnF F GN%OOnF
©
Cc700 & us2c FXAl
I
>

U40E

FXAA+5V
C704
F GN%OOnF

FXAA+5V

«
SN 2
Ea @
- FXAl—SV
Ij,\
= FXA_GND. -
v U4
(24
ZF DRV_R
R
¥
©
D
DECOUPLING 100nF/IC FXAA+5Y FXAa—5V
E
I C706 Cc707
FxalanDORL lanbOOF
NOTE: analog FX — simulate/verify diode clip levels and OTA VCA vs LM13700 datasheet before fab.
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