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Power Input

A
Connector can handle 8A

BEL_0678H9150-0

O%< R110

PJ-063AH

A
TVS Diode

CGND 1kv  GND

LED

24V0-UNPROT

R111 ‘A(24V—2.5V)/2mA = ~10kR

10k

D10
\Q  LGR971-KN-1

o
Z
w)

24V0-UNPROT
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} To
— 024

GND TIMER

LM5069

A
TVS Diode is on
Input Power sheet

24V0-UNPROT

&
Place C78  close to R112 ‘

instead of the VIN pin

Input Load Switch

AAdd testpoints

A

7.3A current limit

7.5m
2512
NT19

R112

KELVIN
—

&

C75 | reduces the CM voltage seen
by VIN and SENSE

0805 ——C75
1pF

Q10

GATE_24VIN

CJACB0SN10
5 ¢

KELVIN
-

I SENSE

APlace C75 near the NFET"s drain

47uF

47F

24V0

C80 C81 C84 C85
100V 10pF 10pF 10pF 10pF 10pF 10pF 10pF
Oit ABulk capacitance
LM5069MM-2/NOPB P
PG_24VIN ) & E g GND GND GND GND GND GND  GND
A
woemn 3. 9 O 6 o6 241N Open drain, pulled ‘ _
= <R117 4 PGD low = fault Split into multiple to ‘
UVLO @ 16.2V T8.66k Sl ovLo e counteract DC bias
OVLO @ 29.6V | 5 g =
J_—‘ GND o =
T = 1 VSENSE LED
10k & GND = g 24V0 24V0
GND 4 PLIM = 60W B g

= This is a limit ; %

GND of max power e 5 = ‘
dissipation on R119 C86 R121 ‘ (24V-2.5V)/2mA = ~10kR
the FET, not max 56k 100nF 10k
power output 0402 50V

- 1% -
= = cs87 D13
e e = GND GND 100nF — & LGRO71-KN-1
Reut = DNP o 50V
L2 = Q A
F; ;—, © 4.71ms fault timer | — — —
Crer = 100.00 nF Design Results = = =
Ri= 100 kQ Settings __ Units GND GND GND
] R2= 8.66 kQ Current limit| 73 A
I R3= 10 kQ Power Limit| 60 w
: R4 = NA kQ Circuit Breaker Current| 73 A
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I SENSE SYRD

C56
50V 100nF

KELVIN
—_—

TI_INA293B3QDBVRQ1 ISNS

a

Gain = 0.4V/A
=

Add testpoints

24V -> 48V Boost Rl

A
oY Bulk capacitance
D6
Ll BOOST _MID ?
27uH
46m CDBB5100-HF
- ‘ A - . ‘ 48V0 VS E N S E
240 Place the 470nF close to VDD Gate drive resisto~
U14 oo ] Q6
VIN 10 | VDD GDRV 8 GATE_48V MW CSD19538Q3AT
14 = =
RO3 “fsw = 715k 0805 GND GND
0805
21K ISNS L L2 o “Position these so ground is
1210 C59 0402 C60 RC 48V 1 C61 & p
50V 47uF 50V 470nE RC 48V close to boost ground 100nF 49.7mV/\
0402 C62 = 50V
0402 C63 3| =T ISNS 50V 82pF GND
= = 50V 100pF 48V-DIS DIS/EN = =
GND GND o L ARl = 56k GND GND
= ‘ = = >— BP D VFB = 0.7V
Bypass capacitance & £ 1 SS VOUT = 48V
5 R2 = (VFB*R1)/(VOUT-VFB) = 828
> FB FB 48V >
24V0 0402 —=—=C64 0402 C65 48V0
35 25V 1puF 25v 47nF Ce6 R98 r
A
m| GND : & onD comp 2 e H MW R99 Route FB away from switching | o
= TPS40210DGQR 15nF 17.4k 825 o2
I p— = 0402 0402 0402
- - GND 50V c67 1% 1% 03
||
A = - | I = 4
1 Place capacitors close to pins = 3300F oD O
Compensation network 0 402 5
1 for transient response O
50V
| O &
| O 7
8 = O 8
9 9
= 480 LED =
10 =) O 10
1 a _ | 1
m| R100 | (48V-2.5V)/17.5kR=2.6mA O
17.4k
12 =) O 12
13 L - o3
D7
14 = \:A LGR971-KN-1 O 14
PH2-14-UA PPPC0O72LFBN-RC
GND GND GND
AUse to bypass boost if AUse to bypass boost if ‘
using breakout board using breakout board
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=

U1E

PCle_CLK_nREQ

HDMIO_HOTPLUG

[
a
w

E

=1 PCle_nWAKE HDMIO_SDA <»>2%<
<59 PCle_PWR_EN HDMIO_SCL (e
<710 PCle_nRsT HDMIO_CLK P >=7e5—
><| PCle CLK P HDMIO_CLK N =<
=< PCle CLK N HDMI0_CEC <o
15> PCle RX P HDMIO_TX0 P =28
251 PCle RX N HDMIO_TXO N ==
<or PCle_TX P HDMIO_TXL P =2
=224 PCle_TX_N HDMIO_TXI N B==ex
HDMIO_TX2 P =22
HDMIO_TX2 N ==
MIPIO_C_P
MIPIO_C_N UG
MIPI0O_DO | SD_DATO0 SD_CLK
MIPI0_DO _| SD_DAT1 SD_CMD =
MIPIO_D1_| SD_DAT2 All SD pins are unusable
MIPIO_D1 | SD_DAT3 due to EEPROM
MIPIO_D2_| SD_DAT4 EEPROM_nWP
MIPI0_D2_| SD_DAT5 Leave EEPROM_nWP (20)
W‘ MIPIO_D3_| SD_DAT6 floating to enable EEPROM
=2+ MIPIO_D3_| 143 SD_DAT7 SD_VDD_OVRD write
HDMIL_HOTPLUG (ag7e— SD_PWR_ON
HDMIL SDA [<i7e-X RPI_CM5
MIPI1_C_P HDMI1_SCL W -
MIPIL_C N HDMI1 CLK P =22
MIPI1_DO | HDMI1_CLK_N —ﬁ
MIPI1_DO _| HDMI1_CEC ﬁ
MIPI1_D1 | HDMI1_TX0_P —W
MIPI1_D1_| HDMI1_TX0_N —?(
><—===— MIPIL_| D2 HDMI1_TX1_P W(
><—==—— MIPIL_| D2 HDMI1_TX1_N W(
><—==—— MIPIL_| D3 HDMI1_TX2_P W(
e MIPIl D3 HDMI1_TX2_ N p——
RPI_CM5
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A
Add testpoints

24V -> 5VA LDO

AConnect sense to FB at
the load (near DAC/ADC)

5V
24V0
u25
+ VIN VOUT
ZR152 SNS_5V0-A
1210 ==C118 0402 ==C119 100K SENSE/FB 0805 ==C120
100V | 10pF 50V 100nF By -0 opy 12 25V | 224F U2
SR153 A
= = 710k B EN oP2v M = = R
GND GND H wesvo-a 14 NR oPav 10 GND GND
“WLo at 22v i1 (v % 6P4V1 0P8V gﬂ< “anl components must ‘
4 3 = be on the same side
——— 6P4V2 1PeV ——< VOUT = 1.4VREF + 0.4V
= 701 6 + 3.2V = 5V
Capacitors at NR and ‘ 2 GND 3P2V
VOUT should be as
close as possible VLAY
= AGND voltage pins to —
GND configure VOUT GND
A
Avoid vias on any
traces
w04 LED
R154 ‘A(SV—Z.SV)/ZmA - 1R
1k
0603
-
D23
N LGR971-KN-1
GND - -
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AAdd testpoints

A
R149 ‘ (5V-2.5V)/2mA = ~1kR
1k

24\ -> 5VD Buck

A
R143 | for tuning EM" |

KELVIN

I SENSE

5V0-D

0402
50V

C106
100nF

N

@
O

TI_INA293B3QDBVRQ1 ISNS

A
Gain = 0.4V/A

24V0 LMR33640DDDAR = =
u24 A -
7 R143 C110 | provides
1 VIN BOOT &'\M’l feed-forward capacitance
N 0 ——cio7
sw 8 SI 50-D I 100nF
1210 €108 0603 C109 1] PGND
100V 10pF 25V 220nF R145
VCC_5V0-D 6 | VCC PG 4 PG_5V0-D A'A'A'
— — — [a) 100k
= = = zZ B 5 £8 5V0-D
GND GND GND Cl11 2
1uF X
@ 24.9k 0805 C112 C113 C114 ——C115 C116
= 25V 20uF | 22uF | 22uF | 22uF | 224F
GND <_GND >
= GND = = = = =
GND GND GND GND GND GND
A
Split into multiple to
counteract DC bias
5V0-D VSENSE
5v0D LED

C117
100nF
50V

A
90.9mVv/\

0603
— — —
D22 GND GND
Q  LGR971-KN-1
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CM5 Main.SchDoc CM5 Communication.SchDoc
12C0 AN
CM5 GP10.SchDoc CM5 Unused.SchDoc
SPI10 AN
SPI1 AN
SPI5 AN
12C0 AN
DigiPOT_MUX =)
PwrCtrl ==
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AAdd testpoints

5V0-D

LED

R109 ‘A(3.3V—2.5V)/2mA = 4008 |
1K

©
Z
w)

5VD -> 3V3 LDO

OuUT

»—— NC GND ¢
TI_TPS7A2033PDBVR

3v3

3.3V

A
Can drive load
up to 300mA
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CM5 Temp
12C Temp Sensor.SchDoc
SDA == > SDA A0 |
<_12C0 SCLe=== > SCL
ALARM s===""] ALERT —
GND
- |
Address: 1001000
24V0
Ji
1
ENWED 4 N “Connector for the
on-board fan. We can
EANTEW :| make the harness with
4 q the fan"s wires.
43045-0427
FAN &
3v3
3v3
A
LED_nPWR needs 16 R1 LEDS
a buffer 1k
0402 0603
50V — | 100mwW 3v3
100nF  GND D1
LED _nPWR \}\LSRWG

N

@
o

u2
TI_TLV9351IDCKR

nPIR_GND

LED _nACT

C12 0402 C13

1uF 50V 100nF
GND

Cil4
100nF

GND

3v3

3.3V

0402
50V

C15
100nF

GND

NRPIBOOT

A
Don"t foresee needing to

power off the CM5 (92 & 99) RANBTACHO

FAN_PWM

U1A

AWireles‘.s & bluetooth disable can
be left floating (89 & 91)

LED_nACT
LED_nPWR

A
Jumper nRPIBOOT to GND
to enable USB booting

J2
NRPIBOOT

BOOT

PINHEADER_2POS

+5V GND ;
+5V GND 2
+5V GND
+5V GND 2
+5V/ GND 3
+5V GND 52
GND 2
GND 22
CM5_3v3 GND 22
CM5 3v3 GND 33
GND (4
88 GND' 55
—8 . cms_1vs GND 22
— 0 cms 1v8 GND 22
GND 22
78 END | s
GPIO_VREF GND o2
onp -2
76 GND (2
T80 vBaT GND
OND 757
%2 GND 58
2ot PWR BTN GND %
-1 nRPIBOOT GND
B pmic EN GND 1
GND 2
16 GND —58
1551 FAN_TACHO GND (123
FAN_PWM GND (22
GND 735
89 GND 57
<o wi_npisasLE GND 3
5«91 BT NDISABLE GND (138
GND et
GND (o0
21 GND 755
2 Lep_nacT GND (3
LED_nPWR GND
OND 767
GND —7¢g
GND 528
GND 13
GND 12
GND 2
GND (o0
GND o2
GND g7
GND g7
OND 757
GND 755

GND

RPI_CM5

@
=
o

(DGND
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12C Temperature Sensor

12C
3v3 (P
I

U228 N | B
51 vee SDA i |
. scL |
c1058 ALERT 5= ALERT 4 —
100nF () { GND ADDO
50V 12C TI_TMP112AIDRLR
GND
f— a .
6ND AO: Address —
= selector
Place sensor close to _
/ opposite to the pad
of heat source
©
D
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Project: Hardware In The Loop_2025-11-11T23_52_26_UTC.PrjPch

Schematic Designer:  Peijie Liu
Size: A4 | PCB Layout Designer: Pratham Ingale
Responsible Engineer: Pratham Ingale

Date: 3/18/2026 Revision: 1.0

3

Sheet:

11 of:

28

Yellow Jacket Space Program
Georgia Tech
Atlanta, GA

Y

S

P




12C Temperature Sensor

12C
3v3 (P
I

U22A N | B
51 vee SDA i |
. scL |
c105A < ALERT 5= ALERT 4 —
100nF () { GND ADDO
50V 12C TI_TMP112AIDRLR
GND
f— a .
6ND AO: Address —
= selector
Place sensor close to _
/ opposite to the pad
of heat source
©
D
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A
When flashing with USB, ensure the
jJumper on nRPIBOOT is on

ETHERNET USB2.0

A
Impedance control

1%

0603 av3 ETH for 100 ohms
= “USB_OTG_ID is i 1y pulled
R3 , OTG_ID is internally pulle ‘
ETH LEDG  ppp—em oeoen B up, grounded to set as host
rfiii\:ﬁ_ﬁ ””” I
% T e 12 oo 94
1 ETH TX P O = g S0l CCl =X
& X+ = S ! ETHO_N CC2 o X
-+ TX- = i i USB_OTG_ID <7
3 ETH_RX_P ! | o 11 UsB J3
RX+ ‘ ! VBUS EN ==
6 ETH_RX | EIHRXP | 4 — 1
RX- | SR> ETHLP A al o
D = ST iA } USB D N 2
T Tx | Aema | } — UsB P 05 USBDP | USE D P 3
J4 CT RX 5 LS ——— USB N Q‘L USE DN i %
ARIM11D7-009-AB-EW2 - < 19; ETH2 P ETH — } g
—L 17 <—=> ETH2_N 20 e — A\ —ses O
7| 100nF DB SRORVCLY 18 = RS MOLEX_0476420001
NC N 0402 USB3_0_RX_N —%34 Impedance control —
GND e >H§u> ETH3 P USB3 0 DP wig=e>( | USB for 90 ohms ==
V3 »—201 ETH3 N USB3 0 DM [ifs—> e —
] ] — USB3_0_TX_P W If communication fails,
R5 - USB3_0_TX_N p——< replace the jumper with
ETH LEDY gy —emeoieow CID % ETH_nLED3 an 0402 100nF C
330 &< ETHnLED2 .
0603 <—=24 ETH_SYNC_OUT USB3_1 RX P o725
1% USB3 1 RX N e
USB3. 1 DP <EW<
USB3_1.DM <»r%?<
USB3_1 TX P e
USB3_1_TX_N =2
RPI_CM5
D3
D4
ETH RX_P 1 4 ETH TX_P
D1+ D2+
ETH RX_N Al = =5 BB ETH_IXN ggg__g_z_.+‘ Bk _- %
e~ DI- D2- ——<
A
ESD protection GND o
on ETH lines ESD protection GND

on USB lines

TI_TPD4EUSB30
TI_TPD4EUSB30

ND =

@
[}
=4
o
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A
AF8 SPI5
<{_SPI5
A
AF1 SPI1
{_SPI1
<_PWRCTRL

<_DigiPOT_MUX

VRBF

3v3 3v3 3Vv3

R6 SR7 SR8
O e ies
12C0_ALARM
12C0_SDA
12C0_SCL
I
I

SPI
SPI5_nCS0
nCSO ==cpyE=ncs1
nCS1 = =
C1P0 PI5 CIFO
0P} SP15_COPT
P
SOLK SPT5 SCIK
SPI
1CS0 emeSPLLNCS
neSl=  <piq cipo
CIPO
GoP1 enSPLLCOPT
SOLK SPILSCIK
PWRCTRL
FSAV-DIS
gg:g GSAM-DIS
e FSAV-PG
GSAN-PG

DigiPOT_MUX

CAL_RTDA
CAL_RTDB

RTDA
RTDB

W

W

A

o © U
GPIO Function Chosen Description FUNC

10 HAT ID
1 HAT ID
L2 1.8k PullUp
a V3 1.8k PullUp
Impedance control 4 CAL RTDA out
for 50 ohms '5 CAL RTDB ourt
16 VRBF ouT
V7
)8 SPI0 CSn[0] DAC AFO
9 SPI0 SIO[1] CIPO
! 10 SPI0 SIO[0] COPI
j11 SPI0 SCLK SCLK
112 SPI5 CSn[0] ADC1 AF8
iy 13 SPI5 SIO[1] CIPO
i 14 SPI5 SIO[0] COPI
' |15 SPI5 SCLK SCLK
5 16
)17 12C0 Alarm
) 18 SPI1CSn[0] RTD_DigiPOT AFO
19 SPI1SIO[1] CIPO
! 20 SPI1SIO[0] COPI
321 SPI1SCLK SCLK
122 GSAM-PG IN
|23 FSAM-PG IN
V24 GSAM-DIS ouT
'|25 FSAM-DIS ouT
) 26 SPI5 CSn[1] ADC2
)27 48V-DIS ouT
) 38(SDA0) _ 12C0O SDA MIPI Fixed
2 39(SCLO) 12C0 SCL MIPI Fixed
GP100: HAT ID
GPI101: HAT ID
GP102: 1.8k pulled_up
GP103: 1.8k pulled_up
UlD
<Lt 1D_SD (GPI00) GPIOI7 2% Lot
»—=2= ID_SC (GPIO 1) GPI018
58 26 SPI11_CIPO
>%§N>5 GPI102 GPI1019 57 SPIL COPI
RTDA 54 gg:gi ((3;};:8%2 25 R9,,,49.9 SPI1_SCLK
WV
RTDB 31| 76 GSAV-PG
GPIOS GPI1022
30 Y FSAM-PG
3 GPIO6 GPI1023 5 GSAV-DIS
<—=> GPIO7 GPI1024
SP10_nCS 39 41 FSAM-DIS
GPIO8 GPIO25 <5
SP10_CIPO 40 <n§4 SP15_nCS1
GPIO9 GPI1026
SP10_COPI 44 GPIO10 GPIO27 48 48V-DIS
SP10_SCLK__R1(,,49.9 38 GPIO1L
SP15_nCSO M 3 80 R11,,49.9  12C0_SCL
GPI012 SCLO W\
SP15_CIPO 2 82 12C0_SDA
GPIO13 SDAO
SPI5_COPI % apiols
Sl b 1.7 g:i GPIO15 CAM_GPIO0 Q%
<—=3> GPIO16 CAM_GPIO1 =<
A
50R to reduce RPI_CM5

ringing

A

Place resistors
close to driving
source

-
Color Key
SPIO

SPI1

SPI5

General GPIO
12C
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3Vv3

Analog to Digital Converter

U21A

1 DVDD
BYPASS

DGND

3Vv3

ADC capp 2 | CAPP

ADC_CAPN 3| CAPN

START
Cs#
DIN
SCLK

E) DOUT

h DRDY#
H RESET#
PWDN#

J_— CLKIN
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REFOUT
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3Vv3

Analog to Digital Converter

U218

1 DVDD
BYPASS

DGND

3Vv3

ADC capp 2 | CAPP
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START
Cs#
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SCLK

E) DOUT
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J_— CLKIN

AVDD

REFOUT

AVSS
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Digital to Analog Converter

A
5V VDAC traces are some of the most B
sensitive on this board. Place

DI U3 op-amps close to the DAC

3 vbp VREFOUT

0603 ==C18 0402 =—=C19 | vioeic VOUTO

25V 10uF 50V 100nF VOUTL

— — VOUT2

= = SYNC VOUT3 VDAC

NS Che SCLK VOUT4 —

SDI VOUT5

SDO VOUT6

VOuUT7

“Tieing nLDAC to GND makes DAC ‘ i [DAC

constatly refresh input registers = RSTSEL GAIN

<=L RESET GND >

ATieing RSTSEL to GND makes ‘ — ZDSEeren — & c

DAC power up at zero scale GWD GWD Tieing GAIN to GND sets ‘

it to 1 (0 - 2V5)

A . N D
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Differential

Sensor

Emulation

‘Alst order LPF with fc = 16.9kHz |

A
RF=2k

A DS QUTN

APlace bypass caps
as close to pin

as possible

5V0-A

=
EXP & EXN can be left floating-
No excitation needed

| Signal 1/0

DIFFSNS

AKeep feedback
1

oop traces smal*

>~ EXP
SIG_P
SIG_N
S EXN

DIFFSNS

AThis is a fully differential amplifier. It takes the input
voltage, VIN=(VIN+)-(VIN-) and multiplies it by the gain (RF/RG)
to produce a differential output voltage, VOUT=(VOUT+)-(VOUT-)

0603 C21 0402 Cc22
25V 10pF 50V 100nF
=i = 2 _ _ _ |
e e ™ n VOUT = (VOUT+)-(VOUT-) = VDIFFSNS = 0.008(VDAC)
ARG - ‘ AD — — 7 D VSt THS45311DR P }
= riving n ig R14 R15 T [
powers on the FDA VOUT- 2 M\ M\ ' : DIEFSNS N i =
R16 8 100 1k —LCZ3 ! ! Settling time for
VDAC —L VIN+ - LT i || VDIFFSNS after
250k Place iso resistors TR coa i || VDAC changes is
0805 as close to pin as i || ~1.5ms
R17 1 possible | |
A'A'A' DS_INN VlN’ } }
250k R18 i 1
o6 VOUT+ ,l'za DIFFSNS
—_ | DS_VeM. 2 L
e I vocMm VS 0805 0603 . §
220nE 0.1% 1% Differential & common
= =— 0603 © ’ mode filtering
Gain = 2000/250000 G\D 25V =
= 0.008 Isolation resistors needed
= = when driving capacitive load
Place cap as VOCM defaults to 2.5V
close to pin as for a 5V supply when —
possible tied to GND GND

R20
A'A'A' DS _OUTP.
2k
0603
0.1%
c27
1 Project: Hardware In The Loop_2025-11-11T23_52_26_UTC.PrjPch
4.7nF Sheet Title: Differential Sensor.SchDoc
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Thermocouple Emulation

A
Place bypass caps
as close to pin

A
1st order LPF with fc = 16.9kHz |

oop traces smal*

AKeep feedback
1

A
RF=2k

TC_OUTN

5V0-A

Signal 1/0

TC
SIG_P

e SIG N

e >

AThi:s is a fully differential amplifier. It takes the input
voltage, VIN=(VIN+)-(VIN-) and multiplies it by the gain (RF/RG)
to produce a differential output voltage, VOUT=(VOUT+)-(VOUT-)

as possible
0603 C29 0402 C30
25V | 10pF 50V 100nF
A A
VBIAS = 0.16V; allows = = VOUT = VTC = (VTC+)-(VTC-) = 0.0357*(VDAC-VBIAS) |
emulation of negative 6D 6D ™ Us
oS 7= THS453110R
& A N PD VS+
5V0-A RG=56k Driving nPD high 5 R22 R23
powers on the FDA VOUT- M\ M\
R24 100 1k
VDAC — 8 ¥ vin+ =
1% SR25 56k Place iso resistors
06%3 24.9k 1% as close to pin as
VBIAS R26 1 possible
A VIN-
56k R27 R28
195 £R29 A A VOUT+ 4
(] b 0402 ——C32 e T
A
Lo H0Y || deils VOCM  VS- 0805 0603 ‘Differential filtering |
10k 0.1% 1% &
© . Settling time for
=— = = = VTC after VDAC
GND oD Place cap as 8233 Isolation resistors needed changes is ~1.5m~
close to pin as 25V when driving capacitive load e
possible 220nF =
A A = When VDAC < 0.1814V,
Keep bias trace Gain = 2000/56000= ‘ — — oD VIN < 0V, so VIC < 0V
very tiny 0.0357 oD GND _
R32
AAA TC OUTP
W\
2k
0603
0.1%
C34
||
I
4.7nF - . .
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oop trace

N inimize feedback
1

A
Minimize input traces, as
they are the most sensitive

R35

R33
W CLA MDcL
10k
0603
0L 0805 SR34
UBA 0.1% g 14

TLV2197QDGKRQ1

VDACA CLA_INP.

75k
R37

AAA CLA_INN

GND

Wy
75k

0805
0.1%

A
Compensation cap inserts pole
into transfer function.
Ideally, R1*Cpar = R2*C1, but

A

Resistors must
be precisely
matched to
maintain
stability &
current

accuracy. 0.1%
resistors give

0.2% error
worst case

A

Settling time for
VCL is 0.5ms after
VDAC changes

- - -
This is a

Howland Current Pump. It

A

SIG_P can be left floating. The
current source on the SAM will
get stuck at 24V

Signal 1/0

<=R38
Cpar is unknown. If Cl is too 50V N
low, risk instability, so
15pF overestimates Cpar at R39
the cost of settling time AN
10k
R4
= A'A'A(') CLB @CL
Resistors must be 10k
placed as close to 0603
input pins as possible 0.1% 0805 SRAL
ueB 0.1% g 14
TLV2197QDGKRQ1
[ VoAcE W——coe 5
VDACB &
75k Isolation
resistor for
Bf:‘ CLB_INN. 6 drl\/lr}g-
Wy capacitive
75k loads
N A
CD Ideal matching
leads to infinite
output impedance
SR45

A
Route input traces far away
from output or supply traces

R46

AN

14

10k

takes the input voltage,
VIN=(VIN+)-(VIN-), and forces a
constant current through the load,
set by VIN and the resistor ratio.
Proper resistor matching ensures
the output current is independent
of load impedance.

A
VSIG = (0.00953714*VDAC)*200

*FSAM & GSAMr4 are 100, but
code multiplies by 2

CL
><— SIG_P CLA
A T sien
CL
<= SIG_P CLB
QLE_______~ SIG_N
A
Place bypass caps
as close to pin
as possible
5V0-A U6C
8 v+
0402 C36 0402 C37
25V 1uF 50V 100nF
_ . 4 V-

TLV2197QDGKRQ1
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A
- These resistors set ‘
RTD Emulation the gain (0.4/10)
A _ A
Decouples high frequency =
IDAC 1 NT1 noise in the feedback — <R47 This is configured as a
network, stabilizing 6D 360.4k differential amplifier
amplifier 0603 U7A with a gain of 6.04
KELVIN 0.1%
=
R48 3
A'A'A' RTD_INP1 INA+
RTD GATE 1 Q R L8 1 '3,59 AIsolation resistors needed
1k 0402 C39 OUTA W\ g oS —
BSS123 50V 1000 Rs1 10 when driving capacitive load
® A'A'A' RTD_INN1 2 INA- 1%
KELVIN | 10k 0402 = 5 7
RTD_N == 0603 Place iso resistors
0.1% as close to pin as
NT2 ABSSlzs is a low Vgsth, = TLV2197QDGKRQ1 possible
1DACRTN 1 2 fast, linear NFET; 0.1% tolerance for
= perfectly suited here precise gain R52
AVAVAV k B
A
ces This feedback loop utilizes a
comparator and a differential
amplifier. The comparator will
u RTD OUT1 drive the nfet until voltage
S I gnal I /O across it equals VDAC/Gain, as
777777777 that feeds into the other
RTD L : RTD comparator input
1pac ——1DAC =
i i U7B This is configured as a e
RTD_P ﬂ | comparator
{RTDC L |
RTD_N ssp=mamess | R53 = 5
- ; AV RTD_INP2 5 INB+ Place gate drive
IDACRTN resistor as close to
1DACRTN } | 10k ouTE>_7 z,?,f: ‘R"SV‘E RTD_GATE gate pin as possible
7777777777 R56 S 6 10 100 -
b 2
MDAG 10K e 881%/5 0805 ZR57 Gate drive resistor)
‘A ! 7 0.1% T 250k @
VOUT = VRTD = (VRTD+)-(VRTD-) = VDAC*0.165563 i Bep & 4 ~
Toisrooon oo ety
_ short and direct
C40 GND to avoid ringing
N I I RTD_OUT2 -
2, A A Route VDAC away
Settling time for from RTD_GATE to ]
VRTD is 1.5ms after = avoid switching 33pF
A
WDAC G@iEmES Z;ag?ogzpiis (i:ﬁps noise 229/3 Dampens fast switching of comparator ‘
e T p - output to prevent parasitic ringing = —
p Pulldown prevents
- r 2
202 Lic 1st order LPF with fc = 483WHz --> ‘ ESSEeT from
= - A turning on if
3 main purpose is slew-rate limiting 1 -
v+ oating
0402 C4l 0402 ca2
25V 1pF 50V 100nF
a B 0 D
I . 4, Project: Hardware In The Loop_2025-11-11T23_52_26_UTC.PrjPch
Sheet Title: RTD.SchDoc c
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4

<_RTDA

<_RTDB

5V0-A 5V0-D
RTD NT12 g Kl 1 CAL RTDA
1
ERE 4 2 3 RA+ DigiPOT_Temp Sensor  3V3
2 o° 12C Temp Sensor.SchDoc
RIDNS 5 o) 6 RA- 5V0-A
CAlgmm— o TG SDA === > SDA AO
RTD_N 5 % [ SCL == > SCL
PR LLE< G6K-2F-Y-TR DCS SDO DI <t COPI ALARM s===_ | ALERT
IDACRTN CLK CS =7
A
Keepout signal traces under K1 K2 \Fng ggmg §J s AAddreSS' 1001001 |
AGND3 W4 <u%3 RBEB+
5V0-A 5V0-D ﬁg éﬁ % :
RTD g K2 1 CAL RTDB £ GHEDS |y
. NTi4 2 AGND1 W2 s
LRE 4 3 RB+ 50v | 100nF 23 1 P2
> 0 O Al B2 19<
RTD_P =0 q R el 81 AGND2
CA o 0
RTD_N T2 AD_AD8403ARZ1
, Miis GBK-2F-Y-TR DC5
IDACRTN = =
GND GND
A
5V(FS) - VTEST1 = lout * RdigiPOT ‘
VTEST1 - VTEST2 = lout * Rref
CA =
Dvsns lout = 5V * R103 / (RLOL + R103) / 10 = 8.333mA
100  0.1% Rmax = 500R (digipot) + 100R (ref) = 5V / 8.333mA
Vss SR102
Jo 5V0-A &
A A -
R102 = Test Point for 1206 | Place Q9 R107 | close to UL2B ‘ EQLERleﬁTgBﬁf“)g!y i @m ‘
current calibration and route NetQ9 3 ' away 2 3
=
% SR103 —
™ 5.9 CAL_RTDA Relay Drivers CAL_RTDB_
00. 0.1% ~22mA each
® 2 o™ o™
L
= 1 =107 1 |—"1aes
| IO 1uF [ CAL_RTDA I } [ CAL_RTDB f
3. v BSS123 6 SR04 ——Cé9 | T8ss123 | T8ss123
INB- T 25V
U128 400 <R105 ™ <R106 ™
- 0.1% B3 B3
10k 10k
TLV2197QDGKRQ1L
AM1  8.33mA 2 .
o
3 3 * o Vs15 & -
< © < U12B | Shared IC Part with U12A
& SR107 | .
T J10 in detontor.SchDoc _
T12N6755 1% GND

RTD Emulation

R2 100
|

QP1 10PAMP

Ir

—AM—
R3 10

—

Project: Hardware In The Loop_2025-11-11T23_52_26_UTC.PrjPch
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I SENSE SYRD
- KELVIN
o~
Valve Emulation - -
}L 4
|
1sNs(D 5 =
| 90.9mV/\
iz al |
I I
3 S|
| ; ; | — —
I l - —
3 2 ol | GND GND
| &= 2l
I I
\7777 7777777777 77\
Z|NT4 Z|NT5
|Aa
™ Route these with large copper ‘ VLVA POST R63
Minimize input traces, as U9A pours to maximize heat dissipatio~ M\
they are the most sensitive 4m -
1206 VI Slgnal 1/0
3 500mwW
VDACA INA+ 0 (P
OUTAS_L e Red VvAG 4 Pl @ AT VLY
JYOV M | — CJAC80SN10 i 1
2 | W S [? VA I SENSE 5V0-D
INA- oAy 0805 SReS . a | S==—=—=SICN SENS
0402 =—=C45 01% T 250k “' FIEYS = 1001 | VLY
50V 47pF | %‘
TLV2197QDGKRQL == i Ve g:g_z VLVB >
GND | I -
VLVA_INN EAGAG VLVA S },,,,,,,,,J
Y KELVIN
43 =
& . 0603 N
Minimize feedback 1% 2512 SR67 SR68 SR69 [& | B
loop trace 1% J22 J22 T22 REQ = RSET = 0.733P ISNS
3w

[}

I

I

i
z 3 =
Power = (9*0.733)/3 ‘ Q

A A

Pulse rated L VIVAN =2.2W 10UT = VDAC/RSET i ;
|2
]

|

|

— [
This uses an op-amp to drive an - -
NFET in its linear region,
regulating current through RSET E|nT6 =N
to match VDAC. The op-amp forms
a closed feedback loop that o~ R70
adjusts the gate voltage to U9B = VEVERROSTH M\
maintain I0UT = VDAC/RSET Isolation resistor 4m
for driving 1206
5 capacitive loads 500mwW
VDACB INB+ - — o
R71 —
7 vivB our VLVB,G 4 } Q4
ouTB M\ e 14
= . 10 | — CJAC80SN10
Route input traces far away INB- 0805 <R72
from output or supply traces ——c47 0.1% Y 250k N VSENSE
47pF
APlace bypass caps TLV2197QDGKRQ1 ﬁ
as close to pin R73
as pOSSi Ie VLVB_INN A'A'A' VLVB_S
—— 43
V=4 o6 “1st order LPF with fc = -
8 788MHz for stability Feedback capacitor <R75 =SR76 SR77 ca8 =
V+ + resistor <’2 2 <’2 2 <’2 2 100nE 90.9mv/\
50V
|a
(2)‘518/2 f:g ggs/z EggnF Avoid vias on the feedback loop | VLVB N = =
GND GND
_ g 4l V-
= TLV2197QDGKRQ1

Project: Hardware In The Loop_2025-11-11T23 52 26 _UTC.PrjPch
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Detonator Emulation

I SENSE

5V0-D

KELVIN
o~
o
A
ISNS
=
=
w
o
%2}
=
ﬂ
A
Route these with large copper A -
pours to maximize heat dissipatior - -
NT9 =
This uses an op-amp to drive an
= = DET POST P NFET in its linear region,
Minimize input traces, as U12A Isolation resistor regulating current through RSET
they are the most sensitive for driving am to match VDAC. The op-amp forms
capacitive loads 1206 a closed feedback loop that
3 500mwW adjusts the gate voltage to
VDAC INA+ Ll maintain I10UT = VDAC/RSET
R80 — 5
outa>-1 e S |ﬁ} SJAcaosmo
10 o
2 INA- 1% 0805 < R81 PET S I gnal I /O
s 0402 ==C52 0402 0.1%3 250k ” = = @
1st order LPF with fc = T Pmax = 100W 10UT = VDAC/RSET T |
788VMHz for stability o0 Sifels — = | REl
TLV2197QDGKRQ1 = i SIG P DET
| |
R82 GND | E==——e— SIG_N
DET_INN A DET S Lo !
W\
43
0603
1% a ‘
SR83 SR84 R85 SR86 SR87 RSET = 2.2/5/=10.44R
122 J22 J22 J22 J22
e VSENSE
A 2512
Place bypass caps
as close to pin
as possible QELD =
_— PMAX = (5.7A*5.7A*0.44R) =
V04 p12€ 14.20W/5 = 2.86W
8
V+
C53 = ,
100nF 90-9mV/\
0402 C54 0402 C55 50V
25V 1k 50V 100nF
4|\ GND GND
= TLV2197QDGKRQ1L
GND B . -
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Remove Before Flight Tag Emulation

p

ASAM has 10k
ullup to 3.3V

&
Place gate drive
resistor as close to
gate pin as possible

A
Gate drive resisto~ |

BR R59 GATE_RBF 1
10
L 0805 SR60
0.1% 7 250k

3v3

Signal 1/0

RBF
SIG_P

e SIGN

RBF >

A

Pulldown prevents
transistor from GND
turning on if VRBF

is floating

A
Rds(on) = 6-10R

Project: Hardware In The Loop_2025-11-11T23_52_26_UTC.PrjPch

Sheet Title: RBF Tag.SchDoc
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DET

CLA

< CLB

<{_DIFFSNS

DET J8
SIG_P

SIGN DET_N

MOLEX_436500200

CL J10
SIG_P CLARK

SIG_N CLA

MOLEX_436500200

CL Ji3
SIG_P GEBRX

SIG_N CL8

MOLEX_436500200

DIFFSNS

EXP DIFFSNS_EXP

SIG_P

DIFESNS N

SIG_N

EXN

MOLEX_430450400

I
!
! TC
I
! SIG_P
! TCA
; SIG_N
I
I
I
I
-
VLV
SIG_P
< VLVA
SIG_N
VLV
SIG_P
< VLvB
SIG_N
RBF
SIG_P
RBF
SIG_N

I
I
I
J9 i
!
IC N 3
I
MOLEX_436500200 i
777777777777777777777777777777 I
J11
VLVA N
MOLEX_436500200
J14
VLVB N
MOLEX_436500200
J17
RBE_N

MOLEX_436500200

<_RTDA

<_RTDB

<_RTDC

RTD
IDAC

IDACRTN
RTD_P

RTD_N

RTD
IDAC

IDACRTN
RTD_P

RTD_N

RTD
IDAC

IDACRTN
RTD_P

RTD_N

MOLEX_430450400

1DACRTNB

MOLEX_430450400

MOLEX_430450400
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SENSE GATE
R1
R2
R3 GND TIMER
L5069 24V Output Load Switch
uTpu Oa WITC
A
= ‘ C88  Reduces the common mode ‘
2.8A current limit = voltage seen by VIN and SENSE
GND
4 ——C88 H
2470 Place C89 | close to R123 ‘ (1)385/ =
instead of the VIN pin !
R123
AAA
W\
20m
D14 3v3 w C90 C92
== NT20 -
N SMAI26A z N X a7uF | a7pF | a7uF
N g S 50V
e KELVIN & e 1210
. == E o
& a — — —
(&} = - -
=} u19 R125 —— GND GND GND
KELVIN ISNS LM5069MM-2/NOPB 10k GND
2
t VIN =z w &k
o E 2
3 »w < O
UVLO 24VOUT UVLO (_')
- B 8  GSAM-PG
Taking the UVLO pin below = 4 PGD PG >
its 2.5-V threshold to UVLO @ 16.8V Sl ovio o
remotely shutdown OVLO @ 31.3V - R128 EER129 5 | GND E E
17.4k 8.66k
GsAM-DIS. 1 |— 1012
[_SHON 7 Fessi23 = S ©
GND 5 g
R130 = — 3 3
10k GND GND g 2
Can> 2av0-san LED
= 76 ' Moot 9% P10 35ms fault time- |
= 6D 76.4W PLIN 191k 220nF .35ms fault time:
Cib “(24v-2.5)/20A = ~10kR |
R132 | C -5V)/2m
— = 10k
} GND GND -
Rsns = 20 mQ
Ry = DNP Q D17
Rows = 0 Q Q  LGR971-KN-1
Rewr = 191 kQ
Cruer = 220.00 nF Design Results
R2= 17.4 kQ Currentlimit| 2.8 A GND
R3= 100 kQ Power Limit| 76 W
R4= 8.66 kQ Circuit Breaker Current| 28 A
Cavier = DNP nF Startup Time|  4.82 ms
Cn= 0.01 uF Insertion Delay| 160.0 ms
o Bog0 1o  FaultTimeout,_1035 1 _ms Project:Hardware In The Loop_2025-11-11T23_52_26_UTC.PrjPch
D2 DNP Restart Time During Fault| 2069.424 ms . . — - - -
Q1 NON-TI MOSFET Upper UVLO Threshold| 18.968 vV Sheet Title: 24V OUtpUt Load Switch.SchDoc
in parallel 1 Lower UVLO Threshold| 16.868 v Schematic Designer:  Peijie Liu
Q2 DNP Upper OVLO Threshold| 31.368 v Size: A4 | PCB Layout Designer: Pratham Ingale Yellow Jacket Space Program
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