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Power MCU Castor Mixer & outputs
CASTOR_SQUARE_OUT DSQUARE_IN RAMP_OUT DCASTOR_RAMP_IN
CASTOR_CHARGE_CVI DCHARGE_CV_IN PULSE_OUTI DCASTOR_PULSE_IN
CASTOR_PWM_CVI DPWM_CV_IN SUB_OUT DCASTOR_SUB_IN
MIX_QUT DCASTOR_MIX_IN
File: power.kicad_sch
File: castor.kicad_sch
Analog inputs Pollux
CASTOR_PITCH_CV DCASTOR_PITCH_IN POLLUX_SQUARE_OUT DSQUARE_IN RAMP_QUT DPOLLUX_RAMP_IN
POLLUX_PITCH_CVI PPOLLUX_PITCH_IN POLLUX_CHARGE_CVI DCHARGE_CV_IN PULSE_OUTI DPOLLUX_PULSE_IN
CASTOR_DUTY_CV PCASTOR_DUTY_IN POLLUX_PWM_CVI DPWM_CV_IN SUB_OUT DPOLLUX_SUB_IN
POLLUX_DUTY_CVI DPOLLUX_DUTY_IN MIX_OUT S POLLUX_MIX_IN

File: analogins.kicad_sch

DOTSTAR_DATA
DOTSTAR_CLK

File: castor.kicad_sch

LEDs

DDATA

DCLK

File: mcu.kicad_sch

File: leds.kicad_sch

File: outputmixer.kicad_sch
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Power input

FB1 D1

600R@100MHz 30V

Eurorack Power 500mA 500mA
+12v -2 Bl T> 12y

2 1

—-12v 1< . &# =12V
GND ?3 FB2 D2
71 600R@100MHz 30V
500mA 500mA C1 €2

22u =/ 22u
15V/SZI 16V/5%

3.3V regulator

Power consumption: 65-100mA, 0.7-1.2W

Power dissipated: 0.8W

Maximum rated junction temperature: 125 °C
Junction to ambient thermal resistance: 100 °C/W
Maximum temperature rise without heatsink: 80 °C
Schottky to allow USB to power the microcontroller
for firmware updates.

+12V +3.3V +3.3VA
D15 U1 FB3
30V LD1117-3.3 600R@100MHz
500mA 200mA

VUSB » > : . 3 vop2 . T 0
czl Hz’ lcu lc
JEZ

5
22u 10u 100n
16V/5% T 10V,/5% 16V,/20% Test points
A4
TP1
+3.3VH3\/3
P2
GND
3
-10V reference ~1ov
Cathode current:
Range: 75 uA to 15 mA
Simulated: 660 uA -12v
R1
2k2
100mw/1%
s
u2 E Ccé
LM4040087-10 3 10on Castor & Pollux
16V/20% open source
p ardware
A4
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Pitch CV inputs
Nominal input range: O V to 6 V UBA
Actual intput range: -0.5 V to 6.1 V MCP6004
Output range: 0.04 V to 3.25 V (inverted)
Low—pass caorner frequency: 1.5 kHz R4
100k
3 TN 100mW,/0.5%/thin »——DCASTOR_PITCH_CV
T LV A IN
CASTOR PITCH S 4%
R12
48k7
D3 VREF-10 100mW/0.5%/thin
ESD RS ——A\\N\——o
162k C16
100mW/0.5%/thin 2n2
16V,/10%
I
ueB
b4 MCP6004
POLLUX PITCH R6
100k
TTN VBN 100mW/0.5%/thin »——DPOLLUX_PITCH_CV
’] aw
S R13
% 48k7
D4 VREF-10 100mW/0.5%/thin
ESD R7 >
62k ci7
100mW/0.5%/thin 16v/10%
If
Power & bypassing
Consumption: 4mA (max, est)
Pulse width CV inputs
Nominal input range: 0 Vto 5V U6D +3.3VA
Actual input range: —0.01 V to 5.01 V MCP6004
Output range: 0.06 V to 3.17 V (inverted)
Low—pass corner frequency: 1.1 kHz R8
100k
J5 TTN DHUTY A IN 100mW/0.5%/thin p——DCASTOR_DUTY_CV
CASTOR DUTY S 4% J
B
R14 A1 C20 A1 c21 < UBE
61k9 = 100n T v MCP6004
D5 VREF-10 100mW/1%/thin 16V,/20% 16V,/20% !
ESD R9 —\\N\—2 4
196k c18
100mW/0.5%/thin 2n2
15vl/liuz <
I
uec
J6 MCP6004
POLLUX DUTY R10
100k
TN 100mW/0.5%/thin p——DPOLLUX_DUTY_CV
T LUTY B IN
S R15
61k9
D6 VREF-10 100mW,/1%/thin
Eso s . Castor & Pollux
oo cis TR
o SAnt 2n2
100mW/0.5%/thin 16v/10%
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Microcontroller

Power consumption: 10 mA (estimated)

12C on SERCOM3

Dotstar SPI on SERCOM1

Oscillator 1 output on TCCO.WO[6]
Oscillator 2 output on TCC1.WO[1]

Version 4 and earlier have PA27 floating
Version 5 and later have PA27 pulled down

+3.3V

o\
_L c7 _L c8 c10

1 100n 100n
16V/20% 16V/20% 16V/20%

Cc11
100n
16V/20%

17
44
6

VDDCORE

C12
1u

+3.3VA

C13

100n
16V/20%

il

16V/20%

—————— DOTSTAR_DATAG———2

DOTSTAR_CLKG——2]

3

AINL(VREFA)— & |
AIN4(VREFB)—— 9|

AINS CASTOR_DUTY_IND——L0

AIN6 - - — - POLLUX_PITCH_IND———21 |
- CASTOR_PITCH_IND———12
77777 POLLUX_DUTY_POT— 13 |
14

LFO_POT— 14 |

77777 CASTOR_DUTY_POT— 15 |
TCC1.WO[1] - - POLLUX_SQUARE_OUTG——16

TCCO.WO[6] - - CASTOR_SQUARE_OUTG——22

%22

%23

Se2k
,,,,,,,,,,, 12¢_SDA——25 |

12c_scL— 26 |

27

SERCOM1[0]
SERCOM1[1]

SERCOM3[0]
SERCOM3[1]

VERSION_5

45

SWCLK——45 |

46

SWDIO—— 46 |

RESE 40

c9

PAOQ
PAO1
PAO2
PAO3
PAO4
PAOS
PAO6
PAO7
PAO8
PAO9
PA1Q
PA11
PA12
PA13
PAL4
PA15
PAL6
PAL7
PA18
PA19
PA20
PA21
PA22
PA23
PA24
PA25
PA27
PA28

VDDIO
VDDIN
VDDANA

VDDCORE [-43

u3

ATSAMD21G18A-A

D—
D+

PA30 SWCLK
PA31 SWDIO

RESET

GNDANA

PBO2
PBO3
PBO8
PB0O9
PB10
PB11
PB22
PB23

|47 CASTOR_PITCH_POT- - - AIN1O

1‘75‘90 LLUX_PITCH_POT- - - AIN11

| 7 __ _ BUTTON

[—>————<POLLUX_DUTY_IN - - - AIN3

Sw1
100n
16V/20%

18 16ND

5

"

H

12-bit DAC

Power consumption: 1.5 mA (estimated)
12C on SERCOM3
LDAC tied low to immediately update all voltage

outputs

12C pull—ups for fast mode, could likely be as high as 10kOhm

+3.3V

R2
Lk7
100mW,/5%

R3
4k7
100mW/5% |5

+3.3VA

C14

100n
16V/20%

12C_SCL
12C_SDA

SCL
SDA
LDAC

2
3
4

5]

RDY/BSY

VoD L

VOUTB
VOouTC
VOuTD

MCP4728

VOUTA -0 POLLUX_CHARGE_CV
H.oPOLLUX_PWM_CV
185 CASTOR_CHARGE_CV
190 CASTOR_PWM_CV

C15
10u
10V/5%

Potentiometers & button

+3.3VA

~
z

CASTOR_PITCH_POT__ 2, > RVL
> Lok

#[ Castor pitch

+3.3VA

ki

RV2
A10k
& Pollux pitch

POLLUX_PITCH_POT__2,,

+3.3VA

ki

RV3
A10k
LFO

LFO_POT__2,

coy

RV4
CASTOR_DUTY_POT__ 2,

POLLUX_DUTY_POT__2,

BUTTON ~

+3.3VA

3V

A10k
#[ Castor duty

+3.3VA

3V

RV5
A10k
[ Pollux duty

SW2
BUTTON

—

Test points

TP4
SWDIO
TP5
SWCLK
TP6
RESET

SWDIQ e
SWCLK e

RESET. e

7
SQ2
P8
SQ1

CONN_D+ o D+
P9

CASTOR_SQUARE_OUTG—O

POLLUX_SQUARE_OUTG—O

CONND-__ _
TP10

uss

D—

KVUSB]

CONN_D-—

CONN_D+

ek

GND

USB B Receptacle

USBLC6-25C6

J2
usB

Castor & Pollux

open source
ardware
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Sawtooth waveshaper Output amplifiers
Differentiator RC: 2.7 us Input voltages: 0 V - 3.3 V (AC coupled) C29
(0.4% of period @ 1.5 kHz) Gain: -3.3 18p
g 5 Output ynnages: ~10.5 V peak—to—peak.lﬁv/my
Charge RC: 0.2 ms (5 kHz) 1 Differentiator | Ramp core I Output impedance: 1 kOhm L
| , | Input high—pass corner: 0.3 Hz 1T
Discharge RC: 2.2 uS . €22 | . Output low—pass corner: 220 kHz
(0.3% of period @ 1.5 kHz) 1 270p . i R30
! 6v/1% | ! €26 R27 33k
SQUARE_IND— 1 i ! 10u 10k 100mW/1% /thin R33
| S(l)f | ! 10V/5%  100mW/1%/thin M 1k
| ! | 'ampf‘"e% 150mW/5%
| 100mWwW/1%/thin ! 100mw/5% | 8
i ! | R24 »—A\A\\—RAMP_OUT
I ! I
| ! | 47k usc
! I e 100mW/1%
! | ! Ramp buffer/inverter |
I | MMBT3906 U Gai P / ! c27
| , 1 Gain: -0.333 H 18p
! | R19 ! |
6V/10%
e T c23 270R } ' I/li
:Charge buffer ! in 100mW/1% | R21 : 1
I 25V/1% !
| : T ’ i mo'nj/ofy/mm : R28
I e 4
! RL7 | | | c24 R25 33k
! 200k ] ! R20 | 100mW/1%/thin
! L ! | 10u 10k R31
i 100mW/0.5%/thin | i 33k i ov/sk 100mw/i%snin 3 D
‘ VW———— 2 | 100mW/1%/thin | 1ovy 100mW/1%/thin
! I 8 | § I "“LSE*‘”E% 150mW/5%
CHARGE_CV_IND | | 7
! I 10| ! i R22 »—A\N\\—PULSE_OUT
| ! U7¢ | ! 5
: | V : | 47k U78B
i . ! . 100mW/1%
I . ! ,
! 0V - 33V [ 0V - 10V | ‘ v 28
777777777777777777777777 g s | 18p
16V/10%
|1
I
R29
33k
Suboctave clock divider | | Waveform mixer €25 R26 oo
Power consumption: 1mA (estimated) Gain: -1 10“_ 10k o > R32
Output low—pass corner: 88 kHz 10V/5%  100mW/1%/thin 1k
R3L €30 sub_pre s 150mW/5%
RAMP_OUT
+3.3VA 100k 16t51p07 R23 . »—A\/N\——ASUB_OUT
4? 100mW/1%/thin : 47k U7A
< U9 H 100mW/1%
6]l e © ’
p— TR © R level<| 3 R37
2, T g sub_pre amp feve 100k N4
SQUARE_IND——~ . a 3 100mW,/1%/thin
]
L2 ere £ PULSE_OUT R35 AV
100k
Jwvczm J00mu/ 4%/ Power & bypassing i
Pulse level~| Z
0V - 3.3V
i Ch46 C47 i C48 C49
SUB_OUT! R36 UsA 100n 100n 100n 100n
100k TLO74 15V/20/ 16V/20% 15V/20/ 16V/20%
Pulse comparator 5 100mu/3/thin T
Power consumption: 1mA (estimated)
Sub level~| Z ‘
*12V
+3.3VA
ramp_pre 3
_CY N Castor & Pollux k1.
ardware

0OV-33V
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R47
47k
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Sawtooth waveshaper Output amplifiers
Differentiator RC: 2.7 us \ngut voltages: 0 V - 3.3 V (AC coupled) C38
(0.4% of period @ 1.5 kHz) Gain: -3.3 18p
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 5 Qutput voltages: ~10.5 V peak—to—peak.lﬁv/my
Charge RC: 0.2 ms (5 kHz) 1 Differentiator Ramp core ! Output impedance: 1 kOhm [
| Input high—pass corner: 0.3 Hz 1T
Discharge RC: 2.2 uS c31 : Qutput low—pass corner: 220 kHz
(0.3% of period @ 1.5 kHz) 270p | R53
sV | 35 R50 33k
SQUARE_IND> [ e : 104 10k 1DOm,<///\><.I/tm'n R56
Lok | 10V/5%  100mW/1%/thin 1k
100mW /1% /thi 100mW,/5% : remp-pre 150mw /5%
mW/1%/thin m
: 7 e AAN\——QRAMP_OUT
|
|
|

R40
200k
100mW/0.5% /thin

CHARGE_CV_IN

Ramp buffer/inverter

100mW/1%

Suboctave clock divider

Power consumption: 1mA (estimated)

+3.3VA

o U13

, 6|
2
1
7

vce

al® sub_pre
a 3

o
=
)

74LVC2G74

SQUARE_IND

Pulse comparator

Power consumption: 1mA (estimated)

+3.3VA

ramp_pre 3

PWM_CV_IND—

0OV-33V

Waveform mixer

Gain: -1

Output low—pass corner:

RAMP_QUT

Sub level~| Z

2

I
| ! c36
MMBT3906 | Gain: -0.333 ! 18
R42 : : 16V/1p07
€32 270R ! n_
1n 100mW/1% | Rih ! 11
25V/1% ! 10k |
> 1 100mW/1% /thin . 221
: R43 : €33 R48 100mW/1%/thin
! iy | 10u 10k | | RS54
| R : 10V/5% 100mW/1%/thin 1k
| 100mW/1%/thin ! pulse_pre 150mu/5%
I 8
! I »—A\N\\—PULSE_OUT
| ‘ R45 10
: | 47k U11C
| . 100mW/1%
I | 'Y
0V - -10V | | < €37
ffffffffffffffffffffffffffffffffffffffffffffffffffffffff 4 18p
16V/10%
|1
I
R52
C34 R49 33k
10u 10k | 100mW/1%/thin | R55
88 kHz 10V/5%  100mW/1%/thin 1k
39 sub_pre 150mW/5%
R57 14
18p RL6 —A\N\——SUB_OUT
100k 16V/10% 12
100mW,/1%/thin 47k U11D
H 100mW/1%
R60 <
100k
100mW /1% /thin
R58 A\
100k
So0mu 1% S Power & bypassing i
- 14
12,
i c40 cu1 i c42 cu3
RS9 U120 100n 100n 100n 100n
100k TLO74 15V/20/ 16V/20% 15V/20/ 16V/20%
100mW/1%/thin < UL1E < UL2E
—12v
open source
ardware
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Crossfade mixer
Output low pass corner frequency: 88 kHz
R66
100k
100mW/1%/thin A
CASTOR_MIX_IND AN
Chtb
18p
16V/10%
I
R65 c45
100k 18p
R62 100mW/1%/thin mvl/[wz
100k f i L
00mW/1%/thi
100mW/1%/thin o R68
8 | 100k
POLLUX_MIX_IN R67 L00mAL/1%/thin
R63 z 100k R69
R64 RV12 2° 100mW/1%/thin 1k
100m:\Ll/[j(1)'ﬁ/ih'm 100k AL0k % : VYV 8- 150mu/5% TN MIX
100mW/1%/thin Crossfade M = TLO74 7 AN
b 51, S
’— usB J10 B
%
Expansion header
EXT
POLLUX_PULSE_IN CASTOR_RAMP_IN C
POLLUX_RAMP_IN CASTOR_PULSE_IN
POLLUX_SUB_IN CASTOR_SUBL_IN
J9
open source
ardware D
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RGB LEDs
<+ D7 <+ D12 <+ D13 =
DATAD-L{ DI poeoi 3 oote-Loi S voteLoi S potb
cLko-4cl coPZc 7 colrYa T coPHc
2 Y Sy =
L Ry 9 RGB! U'R{cu 0
M| D M| Dotstar M| Dotstar M)
Castor & Pollux ﬁ %WW
open source
ardware
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