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(24V-2.5V)/2mA = ~10kR
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V-led = 2.5, I-led = 
2mA
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R = (24-2.5)/0.002
R = 10.7k ohm

Nearest fit: 10k = <10% 
variance

Connector can handle 8A

PIC7201 

PIC7202 
COC72 

PIC7301 PIC7302 

COC73 

PID901 

PID902 
COD9 

PID1001 

PID1002 
COD10 

PIF101 PIF102 

COF1 

PIJ2101 

PIJ2102 

PIJ2103 

PIJ2104 

COJ21 

PIR11001 PIR11002 

COR110 

PIR11101 

PIR11102 
COR111 

PIC7202 PID902 
PIF102 

PIR11102 

POVOUT PIF101 PIJ2101 
NL24V0UNFUSED 

PIC7301 

PIR11001 
PIC7201 

PIC7302 

PID901 

PID1002 

PIJ2102 

PIR11002 

POGND 

PID1001 

PIR11101 

PIJ2103 

PIJ2104 

POGND 

POVOUT 



1

1

2

2

3

3

4

4

D D

C C

B B

A A

4

Yellow Jacket Space Program
Georgia Tech

Atlanta, GA28

Hardware In The Loop_2025-11-11T23_52_26_UTC.PrjPcb

1.03/18/2026

Project:

Size:

Date: Revision: Sheet: of:

A4
Schematic Designer: Peijie Liu

Responsible Engineer: Pratham Ingale
PCB Layout Designer: Pratham Ingale

Sheet Title: Input Load Switch.SchDoc

Input Load Switch

24V0-UNPROT
24V0

1
2

D13
LGR971-KN-1

GND

PW
R

7
GND5 TI

M
ER

6

SE
N

1

VIN2

UVLO3

OVLO4

G
AT

E
10

O
U

T
9

PGD 8

U18
LM5069MM-2/NOPB

4

1
2
35

Q10
CJAC80SN10

GND

GND
GND

GND 0805
100V 1µF

C75

24V0

100k
R116

GND

GND

GND

7.5m
2512

R112

50V
100nF
C86

1
2

N
T NT19

KELVIN
ISNS_24VIN_N

KELVIN

ISNS_24VIN_P

UVLO_24VIN

OVLO_24VIN

GA
TE

_2
4V

IN

PW
R_

24
VI

N

TI
ME

R_
24

VI
N

PG_24VIN

PG_24VIN

1
2

D12
LSR976

100k
R115

iISNS

i ISNS

63V
47µF
C76

47µF
C77

GND GND

4m
1206
500mW

R113

V
S

3
G

N
D

2

1

IN-5

IN+4

U17
TI_INA293B3QDBVRQ1

1
2

N
T NT17

1
2

N
T NT18

GND

ISNS_24V0

IS
NS
_2

4V
0_
P

IS
NS
_2

4V
0_
N

KELVIN

iISNS

GND GND GND GND GND GND GND

24V0-PREVIN

GND

VOUT

GND

ISNS

LED

8.66k
R117

VSENSE

100k
R120

GND

50V
100nF
C87

GND

VSNS_24V0

i
VSNS

24V0

VSNS

ISENSE 5V0-D

1210
100V 10µF

C79
10µF
C80

10µF
C81

10µF
C82

10µF
C83

10µF
C84

10µF
C85

50V
100nF
C74

22nF
C78

10k
R122

10k
R118

10k
R121

10k
R114

56k
0402
1%

R119

D11

C
D

B
B

51
00

-H
F

i
ISNS

(24V-2.5V)/2mA = ~10kR

24V
V-led = 2.5, I-led = 
2mA
R = (Vs-VLED)/Iled
R = (24-2.5)/0.002
R = 10.7k ohm

Nearest fit: 10k = <10% 
variance

Place C78 close to R112
instead of the VIN pin

C75 reduces the CM voltage seen
by VIN and SENSE

Place C75 near the NFET's drain

Bulk capacitance

PLIM = 60W
This is a limit 
of max power 
dissipation on 
the FET, not max 
power output

4.71ms fault timer

Split into multiple to 
counteract DC bias

Open drain, pulled 
low = fault

TVS Diode is on 
Input Power sheet

Gain = 0.4V/A

UVLO @ 16.2V
OVLO @ 29.6V

Add testpoints

90.9mV/V

7.3A current limit
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Compensation network 
for transient response

Gate drive resistorPlace the 470nF close to VDD
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POVOUT 

PIC5701 PIC5802 

PID602 

PINT1002 
PIR9001 

PIR9702 

NL48V00PRE 
PID601 PIL102 

PIQ605060708 

NLBOOST0MID 

PIC6401 

PIU1409 
NLBP048V 

PIC6601 

PIC6701 

PIU1404 
NLCOMP048V 

PIC6702 

PIR9701 

PIR9802 
PIR9902 

PIU1405 
NLFB048V 

PIR9102 PIU1408 
NLGATE048V 

PIC5601 

PIC5702 PIC5801 

PIC5901 PIC6001 
PIC6101 

PIC6201 
PIC6301 

PIC6402 PIC6501 

PID702 

PIJ508 

PIJ509 

PIJ5010 

PIJ5011 

PIJ5012 

PIJ5013 

PIJ5014 

PIJ608 

PIJ609 

PIJ6010 

PIJ6011 

PIJ6012 

PIJ6013 

PIJ6014 

PIR9502 

PIR9601 

PIR9901 

PIU1302 

PIU1406 POGND 

PIC6202 
PIR9401 PIU1407 

PIU1301 

PINT1101 

PIU1305 

PINT1001 

PIU1304 

NLISNS048V 

NLISNS048V0 

NLISNS048V00N NLISNS048V00P 
POISNS 

PIC6602 PIR9801 

PID701 

PIR10001 

PIQ601 PIQ602 PIQ603 
PIR9402 PIR9501 

PIQ604 PIR9101 

PIU1403 PO48V0DIS 

PIC6302 

PIR9301 
PIU1401 

NLRC048V 

PIC6502 
PIU1402 

NLSS048V 

PIC6102 

PIR9201 

PIR9602 

NLVSNS048V0 
POVSNS 

PO48V0DIS 

POGND 

POISNS 

POVIN 

POVOUT 

POVSNS 
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EEPROM_nWP 20

SD_CLK 57

SD_DAT361

SD_CMD 62SD_DAT063

SD_DAT564

SD_DAT167

SD_DAT468

SD_DAT269

SD_DAT770 SD_DAT672

SD_VDD_OVRD 73

SD_PWR_ON 75

SD
CARD

U1C

RPI_CM5

PCIe_CLK_nREQ102

PCIe_nWAKE104

PCIe_PWR_EN106

PCIe_nRST109

PCIe_CLK_N112

MIPI0_D0_N115

PCIe_RX_P116

MIPI0_D0_P117

PCIe_RX_N118

MIPI0_D1_N121

PCIe_TX_P122

MIPI0_D1_P123

PCIe_TX_N124

MIPI0_C_N127 MIPI0_C_P129

MIPI0_D2_N133 MIPI0_D2_P135

MIPI0_D3_N139 MIPI0_D3_P141

HDMI1_HOTPLUG 143

HDMI1_SDA 145

HDMI1_TX2_P 146

HDMI1_SCL 147

HDMI1_TX2_N 148

HDMI1_CEC 149

HDMI0_CEC 151

HDMI1_TX1_P 152

HDMI0_HOTPLUG 153

HDMI1_TX1_N 154

HDMI1_TX0_P 158

HDMI1_TX0_N 160

HDMI1_CLK_P 164

HDMI1_CLK_N 166

HDMI0_TX2_P 170

HDMI0_TX2_N 172

MIPI1_D0_N175

HDMI0_TX1_P 176

MIPI1_D0_P177

HDMI0_TX1_N 178

MIPI1_D1_N181

HDMI0_TX0_P 182

MIPI1_D1_P183

HDMI0_TX0_N 184

MIPI1_C_N187

HDMI0_CLK_P 188

MIPI1_C_P189

HDMI0_CLK_N 190

MIPI1_D2_N193

MIPI1_D3_N194

MIPI1_D2_P195

MIPI1_D3_P196

HDMI0_SDA 199

HDMI0_SCL 200

PCIe_CLK_P110

HDMI
&

MIPI

U1E

RPI_CM5

All SD pins are unusable 
due to EEPROM

Leave EEPROM_nWP (20) 
floating to enable EEPROM 
write

Don't foresee 
needing to use 
HDMI, MIPI, or PCIe PIU1020 

PIU1057 

PIU1061 

PIU1062 

PIU1063 

PIU1064 

PIU1067 

PIU1068 

PIU1069 

PIU1070 

PIU1072 

PIU1073 

PIU1075 

COU1C 

PIU10102 

PIU10104 

PIU10106 

PIU10109 

PIU10110 

PIU10112 

PIU10115 

PIU10116 

PIU10117 

PIU10118 

PIU10121 

PIU10122 

PIU10123 

PIU10124 

PIU10127 

PIU10129 

PIU10133 

PIU10135 

PIU10139 

PIU10141 

PIU10143 

PIU10145 

PIU10146 

PIU10147 

PIU10148 

PIU10149 

PIU10151 

PIU10152 

PIU10153 

PIU10154 

PIU10158 

PIU10160 

PIU10164 

PIU10166 

PIU10170 

PIU10172 

PIU10175 

PIU10176 

PIU10177 

PIU10178 

PIU10181 

PIU10182 

PIU10183 

PIU10184 

PIU10187 

PIU10188 

PIU10189 

PIU10190 

PIU10193 

PIU10194 

PIU10195 

PIU10196 

PIU10199 

PIU10200 

COU1E 

PIU1020 

PIU1057 

PIU1061 

PIU1062 

PIU1063 

PIU1064 

PIU1067 

PIU1068 

PIU1069 

PIU1070 

PIU1072 

PIU1073 

PIU1075 

PIU10102 

PIU10104 

PIU10106 

PIU10109 

PIU10110 

PIU10112 

PIU10115 

PIU10116 

PIU10117 

PIU10118 

PIU10121 

PIU10122 

PIU10123 

PIU10124 

PIU10127 

PIU10129 

PIU10133 

PIU10135 

PIU10139 

PIU10141 

PIU10143 

PIU10145 

PIU10146 

PIU10147 

PIU10148 

PIU10149 

PIU10151 

PIU10152 

PIU10153 

PIU10154 

PIU10158 

PIU10160 

PIU10164 

PIU10166 

PIU10170 

PIU10172 

PIU10175 

PIU10176 

PIU10177 

PIU10178 

PIU10181 

PIU10182 

PIU10183 

PIU10184 

PIU10187 

PIU10188 

PIU10189 

PIU10190 

PIU10193 

PIU10194 

PIU10195 

PIU10196 

PIU10199 

PIU10200 
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SENSE/FB 3

0P1V 12

EN13

GND7, 21(7)

VIN15, 16(15)
VOUT 1, 20 (1)

0P2V 11

0P4V 10

0P8V 9

6P4V24

6P4V15

3P2V 6

1P6V 8

NR14

U25

TI_TPS7A4700

GNDGND

100k
R152

GND

24V0 5V0-A

GND

24V -> 5VA LDO

GND GND

GND

1k
0603

R154

1
2

D23
LGR971-KN-1

EN_5V0-A

NR_5V0-A

SNS_5V0-A

1
2

N
T NT24

SNS_5V0-A

5V0-A-PRE

5V0-A

VIN

GND

VOUT

LED

0
1206

R151

1210
100V 10µF

C118

1µF C122

0402
50V 100nF

C119 0805
25V 22µF

C120
22µF
C121

10k
R153

i
5V

VOUT = 1.4VREF + 0.4V 
+ 3.2V = 5V

UVLO at 22V

GND voltage pins to 
configure VOUT

All components must 
be on the same side

Avoid vias on any 
traces

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

Capacitors at NR and 
VOUT should be as 
close as possible

Add testpoints

(5V-2.5V)/2mA = ~1kR

5V
V-led = 2.2, I-led = 
2.8mA
R = (Vs-VLED)/Iled
R = (5-2.2)/0.0028
R = 1k ohm

PIC11801 

PIC11802 
COC118 

PIC11901 

PIC11902 
COC119 

PIC12001 

PIC12002 
COC120 

PIC12101 

PIC12102 
COC121 

PIC12201 PIC12202 

COC122 

PID2301 

PID2302 
COD23 

PINT2401 

PINT2402 
CONT24 

PIR15101 PIR15102 

COR151 

PIR15201 

PIR15202 
COR152 

PIR15301 

PIR15302 
COR153 

PIR15401 

PIR15402 
COR154 

PIU2501 

PIU2503 

PIU2504 

PIU2505 

PIU2506 PIU2507 

PIU2508 

PIU2509 

PIU25010 

PIU25011 

PIU25012 

PIU25013 

PIU25014 

PIU25015 

COU25 

PINT2401 
PIR15102 

PIR15401 

POVOUT 

PIC12002 PIC12102 
PIR15101 PIU2501 

NL5V00A0PRE 

PIC11802 PIC11902 
PIR15202 PIU25015 POVIN 

PIR15201 

PIR15302 
PIU25013 

NLEN05V00A PIC11801 PIC11901 PIC12001 PIC12101 

PIC12202 

PID2302 

PIR15301 

PIU2506 PIU2507 

PIU25010 

POGND 

PID2301 

PIR15402 

PIU2504 

PIU2505 

PIU2508 

PIU2509 

PIU25011 

PIU25012 

PIC12201 PIU25014 
NLNR05V00A 

PINT2402 

PIU2503 
NLSNS05V00A 

POGND 

POVIN POVOUT 
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24V -> 5VD Buck

GND

1k
0603

R149

1
2

D22
LGR971-KN-1

PGND1

VIN2

EN3

PG 4

FB 5

VCC6

BOOT 7

SW 8

A
G

N
D

9

U24
LMR33640DDDAR

25pF
C110

24.9k
R147

GND
GND

GND

0603
25V 220nF

C109

1µF
C111

10µH
9.1A

L2

GND

GNDGND

24V0

VCC_5V0-D

FB_5V0-D

PG_5V0-D

SW_5V0-D

0

R143
BOOT_5V0-D

4m
1206
500mW

R144

V
S

3
G

N
D

2

1

IN-5

IN+4

U23
TI_INA293B3QDBVRQ1

1
2

N
T NT22

1
2

N
T NT23

GND

ISNS_5V0-D

IS
NS
_5

V0
-D
_P

IS
NS
_5

V0
-D
_N

KELVIN

iISNS

5V0-D

5V0-D-PRE

5V0-D

GND

5V0-D

VIN

GND

VOUT

0805
25V 22µF

C112

GND

22µF
C113

GND

22µF
C114

GND

22µF
C115

GND

22µF
C116

GND

ISNS

VSENSE

100k
R148

GND

50V
100nF
C117

GND

VSNS_5V0-D

i
VSNS

5V0-D

VSNS

100k
R146

100k

R145

ISENSE

1210
100V 10µF

C108
100nF
C107

0402
50V 100nF

C106

10k
R150

i
ISNS

LED

i
5V

Add testpoints

(5V-2.5V)/2mA = ~1kR

5V
V-led = 2.2, I-led = 
2.8mA
R = (Vs-VLED)/Iled
R = (5-2.2)/0.0028
R = 1k ohm

R143 for tuning EMI

C110 provides
feed-forward capacitance

Split into multiple to 
counteract DC bias

Gain = 0.4V/A

90.9mV/V

PIC10601 

PIC10602 
COC106 

PIC10701 

PIC10702 
COC107 

PIC10801 

PIC10802 
COC108 

PIC10901 

PIC10902 
COC109 

PIC11001 

PIC11002 
COC110 

PIC11101 

PIC11102 
COC111 

PIC11201 

PIC11202 
COC112 

PIC11301 

PIC11302 
COC113 

PIC11401 

PIC11402 
COC114 

PIC11501 

PIC11502 
COC115 

PIC11601 

PIC11602 
COC116 

PIC11701 

PIC11702 COC117 

PID2201 

PID2202 
COD22 

PIL201 PIL202 

COL2 

PINT2201 

PINT2202 
CONT22 

PINT2301 

PINT2302 
CONT23 PIR14301 PIR14302 

COR143 

PIR14401 PIR14402 

COR144 

PIR14501 PIR14502 

COR145 

PIR14601 

PIR14602 
COR146 

PIR14701 

PIR14702 
COR147 

PIR14801 

PIR14802 
COR148 

PIR14901 

PIR14902 

COR149 

PIR15001 

PIR15002 
COR150 

PIU2301 

PIU2302 

PIU2303 
PIU2304 

PIU2305 
COU23 

PIU2401 

PIU2402 

PIU2403 

PIU2404 

PIU2405 

PIU2406 

PIU2407 

PIU2408 

PIU2409 

COU24 

PIC10602 

PINT2302 
PIR14402 

PIR14802 

PIR14901 

PIU2303 

POVOUT 

PIC11002 

PIC11202 PIC11302 PIC11402 PIC11502 PIC11602 

PIL202 

PINT2202 
PIR14401 

PIR14501 

PIR14602 

NL5V00D0PRE PIC10802 PIC10902 

PIU2402 

PIU2403 

POVIN PIR14301 PIU2407 
NLBOOT05V00D 

PIC11001 PIR14601 

PIR14702 

PIU2405 
NLFB05V00D 

PIC10601 

PIC10801 PIC10901 

PIC11101 

PIC11201 PIC11301 PIC11401 PIC11501 PIC11601 

PIC11701 

PID2202 

PIR14701 

PIR15001 

PIU2302 

PIU2401 

PIU2409 
POGND 

PIU2301 
NLISNS05V00D POISNS 

PINT2301 

PIU2305 

NLISNS05V00D0N 
PINT2201 

PIU2304 

NLISNS05V00D0P 

PIC10702 PIR14302 

PID2201 

PIR14902 

PIR14502 PIU2404 
NLPG05V00D 

PIC10701 
PIL201 PIU2408 

NLSW05V00D 

PIC11102 
PIU2406 

NLVCC05V00D 

PIC11702 

PIR14801 

PIR15002 

NLVSNS05V00D POVSNS 

POGND 

POISNS 

POVIN 

POVOUT 

POVSNS 
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I2C0

CM5 Main.SchDoc CM5 Communication.SchDoc

CM5 Unused.SchDoc

SPI0

VRBF

SPI1

I2C0

SPI5

PwrCtrl

DigiPOT_MUX

CM5 GPIO.SchDoc

Compute Module 5

I2C0

SPI5

VRBF

PwrCtrl

DigiPOT_MUX

SPI1

SPI0

I2C0

PODigiPOT0MUX PODigiPOT0MUX 

POI2C0 POI2C0 POI2C0 

POPwrCtrl POPwrCtrl POPwrCtrl POPwrCtrl POPwrCtrl 

POSPI0 POSPI0 POSPI0 POSPI0 

POSPI1 POSPI1 POSPI1 POSPI1 

POSPI5 POSPI5 POSPI5 POSPI5 POSPI5 

POVRBF 

PODigiPOT0MUX PODigiPOT0MUX0CAL0RTDA PODigiPOT0MUX0CAL0RTDB 

POI2C0 POI2C00ALARM POI2C00SCL POI2C00SDA 

POPwrCtrl POPwrCtrl048DIS POPwrCtrl0FDIS POPwrCtrl0FPG POPwrCtrl0GDIS POPwrCtrl0GPG 

POSPI0 POSPI00CIPO POSPI00COPI POSPI00nCS0 POSPI00SCLK 

POSPI1 POSPI10CIPO POSPI10COPI POSPI10nCS0 POSPI10SCLK 

POSPI5 POSPI50CIPO POSPI50COPI POSPI50nCS0 POSPI50nCS1 POSPI50SCLK 

POVRBF 
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IN1

EN3

NC4

OUT 5

GND 2

U16

TI_TPS7A2033PDBVR

GND GND

3V3

5VD -> 3V3 LDO

1
2

D8

GND

3V3

1k
0603

R109

5V0-D

3V3-PREVIN

GND

VOUT
0
1206

R108

0402
25V 1µF

C71
0402
25V 1µF

C70

LED

i
3.3V

Can drive load 
up to 300mA

Add testpoints

(3.3V-2.5V)/2mA = 400R

3V
V-led = , I-led = 2mA
R = (Vs-VLED)/Iled
R = (3.3-2.5)/0.002
R = 250k ohm

Nearest fit: 220 = <10% 
variance

PIC7001 

PIC7002 
COC70 PIC7101 

PIC7102 
COC71 

PID801 

PID802 
COD8 

PIR10801 PIR10802 

COR108 

PIR10901 

PIR10902 

COR109 

PIU1601 

PIU1602 

PIU1603 

PIU1604 

PIU1605 

COU16 

PIR10802 

PIR10901 

POVOUT PIC7001 
PIR10801 PIU1605 

NL3V30PRE 

PIC7101 
PIU1601 

PIU1603 

POVIN 

PIC7002 
PIC7102 

PID802 

PIU1602 

POGND 

PID801 

PIR10902 

PIU1604 

POGND 

POVIN POVOUT 
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GND 1

GND 2

GND 8

GND 13

GND 32

GND 42

GND 53

GND 14

FAN_TACHO16

FAN_PWM19

LED_nACT21

GND 22

GND 23

GND 33

GND 43

GND 52

GND 59

GND 60

GND 65

GND 66

GND 71

GND 74VBAT76

+5V77

GPIO_VREF78

+5V79

+5V81

+5V83

CM5_3V384

+5V85

CM5_3V386

+5V87

CM5_1V888

WL_nDISABLE89

CM5_1V890

BT_nDISABLE91

PWR_BTN92

nRPIBOOT93

LED_nPWR95

GND 98

PMIC_EN99

GND 107

GND 108

GND 113

GND 114

GND 119

GND 120

GND 125

GND 7

GND 126

GND 131

GND 132

GND 137

GND 138

GND 144

GND 150

GND 155

GND 156

GND 161

GND 162

GND 167

GND 168

GND 173

GND 174

GND 179

GND 180

GND 185

GND 186

GND 191

GND 192

GND 197

GND 198

POWER
&

GND

U1A

RPI_CM5

i GND

i
5V

GND

10µF
C100603

25V 10µF
C9

GND GND GND GND GND GND

1
2

D1
LSR976

4V
+

5

IN+1

IN-3

V-
2

U2
TI_TLV9351IDCKR

GND

LED_nPWR
3V3

3V3

GND

LED_nACT

1
2

D2
LGR971-KN-1

3V3

LED_nACT

LEDs

LED_nPWR

nRPIBOOT

3V3

GND

FAN_TACHO
FAN_PWM

1

2

3

4

J1

43045-0427

FAN_TACHO

FAN_PWM

GND

24V0

FAN

1

2

J2

PINHEADER_2POS

nRPIBOOT

GND
BOOT

i3.3V

1k
0603
100mW

R1

1k
0603
100mW

R2

nPWR_GND

5V0-D

0402
25V 1µF

C11
1µF
C12 0402

50V 100nF
C13

100nF
C14

0402
50V 100nF

C15

0402
50V
100nF

C16

SDA
SCL

ALARM

I2C

I2C0
SDA
SCL
ALERT

A0

CM5 Temp
Temp Sensor.SchDoc

GND

LED_nPWR needs 
a buffer

Wireless & bluetooth disable can 
be left floating (89 & 91)

Don't foresee needing to 
power off the CM5 (92 & 99)

Connector for the 
on-board fan. We can 
make the harness with 
the fan's wires.

Jumper nRPIBOOT to GND 
to enable USB booting

Address:  1001000

PIC901 

PIC902 
COC9 

PIC1001 

PIC1002 
COC10 

PIC1101 

PIC1102 
COC11 

PIC1201 

PIC1202 
COC12 

PIC1301 

PIC1302 
COC13 

PIC1401 

PIC1402 
COC14 

PIC1501 

PIC1502 
COC15 

PIC1601 PIC1602 

COC16 
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GND

0603
25V 10µF

C18

GND GND

VDD3

VLOGIC4

GAIN 8

SYNC5

SCLK6

SDI7

SDO16

VREFOUT 18

VOUT0 2

VOUT1 1

VOUT2 20

VOUT4 12

VOUT5 11

VOUT6 10

VOUT7 9

VOUT3 19

LDAC15

RSTSEL14

RESET17 GND 13

U3

AD5676R

GND

nCS
SCLK
COPI
CIPO

VOUT0
VOUT1
VOUT2
VOUT3
VOUT4
VOUT5
VOUT6
VOUT7

Digital to Analog Converter

i
5V

i VDAC

5V0-A

0402
50V 100nF

C19

Tieing GAIN to GND sets 
it to 1 (0 - 2V5)

Tieing RSTSEL to GND makes 
DAC power up at zero scale

Tieing nLDAC to GND makes DAC 
constatly refresh input registers

VDAC traces are some of the most 
sensitive on this board. Place 
op-amps close to the DAC

PIC1801 

PIC1802 
COC18 

PIC1901 

PIC1902 
COC19 

PIU301 

PIU302 

PIU303 

PIU304 

PIU305 

PIU306 

PIU307 

PIU308 

PIU309 

PIU3010 

PIU3011 

PIU3012 

PIU3013 

PIU3014 

PIU3015 

PIU3016 

PIU3017 

PIU3018 

PIU3019 

PIU3020 

COU3 

PIC1802 PIC1902 PIU303 

PIU304 

PIC1801 PIC1901 

PIU308 

PIU3013 

PIU3014 

PIU3015 

PIU301 POVOUT1 
PIU302 POVOUT0 

PIU305 POnCS 
PIU306 POSCLK 
PIU307 POCOPI 

PIU309 POVOUT7 
PIU3010 POVOUT6 
PIU3011 POVOUT5 
PIU3012 POVOUT4 

PIU3016 POCIPO 

PIU3017 

PIU3018 

PIU3019 POVOUT3 
PIU3020 POVOUT2 

POCIPO 
POCOPI 

POnCS 
POSCLK 

POVOUT0 
POVOUT1 
POVOUT2 
POVOUT3 
POVOUT4 
POVOUT5 
POVOUT6 
POVOUT7 
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VIN+8

VOCM2

VIN-1

PD7
VS+

3

VS-

6

VOUT- 5

VOUT+ 4

U4
THS4531IDR

250k
0805

R16

250k

R17

GND

VDAC

GNDGND

GND

GND

0603
25V 10µF

C21

0603
25V

220nF

C26

2k
0603
0.1%

R20

2k
0603
0.1%

R13

0402
50V

4.7nF

C20

0402
50V

4.7nF

C27

100
0805
0.1%

R18

100

R14

1k
0603
1%

R19

1k

R15

10nF
C23

0603
25V

10nF
C25 GND

DIFFSNS_P

EXP
SIG_P
SIG_N
EXN

DIFFSNS

DIFFSNS_P
DIFFSNS_N

DIFFSNS_N

DIFFSNS

Differential Sensor Emulation

DIFFSNS

5V0-A

Signal I/O

0402
50V 100nF

C22

0402
50V 100nF

C24

DS_INP

DS_INN

DS_VCM

DS_OUTP

DS_OUTN

VOCM defaults to 2.5V 
for a 5V supply when 
tied to GND

Driving nPD high 
powers on the FDA

1st order LPF with fc = 16.9kHz

Gain = 2000/250000 
= 0.008

VOUT = (VOUT+)-(VOUT-) = VDIFFSNS = 0.008(VDAC)

Isolation resistors needed 
when driving capacitive load

Keep feedback 
loop traces small

Place cap as 
close to pin as 
possible

Place bypass caps 
as close to pin 
as possible

Differential & common 
mode filtering

Place iso resistors 
as close to pin as 
possible

Settling time for 
VDIFFSNS after 
VDAC changes is 
~1.5ms

EXP & EXN can be left floating. 
No excitation needed

This 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-)

RF=2k

RG=250k

PIC2001 PIC2002 

COC20 

PIC2101 

PIC2102 
COC21 

PIC2201 

PIC2202 
COC22 

PIC2301 

PIC2302 
COC23 

PIC2401 

PIC2402 
COC24 

PIC2501 

PIC2502 
COC25 

PIC2601 PIC2602 

COC26 

PIC2701 PIC2702 

COC27 

PIR1301 PIR1302 

COR13 

PIR1401 PIR1402 

COR14 
PIR1501 PIR1502 

COR15 

PIR1601 PIR1602 

COR16 

PIR1701 PIR1702 

COR17 

PIR1801 PIR1802 

COR18 
PIR1901 PIR1902 

COR19 

PIR2001 PIR2002 

COR20 

PIU401 

PIU402 

PIU403 

PIU404 

PIU405 

PIU406 

PIU407 

PIU408 

COU4 

PIC2102 PIC2202 

PIU403 
PIU407 

PIC2302 

PIC2402 

PIR1502 

NLDIFFSNS0N PODIFFSNS 

PIC2401 

PIC2501 
PIR1902 

NLDIFFSNS0P 

PODIFFSNS 

PIC2701 

PIR1702 

PIR2001 

PIU401 
NLDS0INN 

PIC2001 

PIR1301 

PIR1602 PIU408 
NLDS0INP 

PIC2002 

PIR1302 

PIR1401 PIU405 

NLDS0OUTN 

PIC2702 

PIR1801 

PIR2002 

PIU404 

NLDS0OUTP 

PIC2601 PIU402 
NLDS0VCM 

PIC2101 PIC2201 

PIC2301 

PIC2502 

PIC2602 

PIR1701 

PIU406 

PODIFFSNS PODIFFSNS 

PIR1402 PIR1501 

PIR1601 POVDAC 

PIR1802 PIR1901 

PODIFFSNS PODIFFSNS0EXN PODIFFSNS0EXP PODIFFSNS0SIG0N PODIFFSNS0SIG0P 

POVDAC 
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VIN+8

VOCM2

VIN-1

PD7
VS+

3

VS-

6

VOUT- 5

VOUT+ 4

U5
THS4531IDR

VDAC

0603
25V 10µF

C29

0603
25V
220nF

C33

2k
0603
0.1%

R32

2k
0603
0.1%

R21

0402
50V

4.7nF

C28

0402
50V

4.7nF

C34

100
0805
0.1%

R27

100

R22

1k
0603
1%

R28

1k

R23

TC_P

TC_N

VBIAS

TC

SIG_P
SIG_N

TC
TC_P
TC_N

Thermocouple Emulation

TC

Signal I/O

0402
50V 100nF

C30

GNDGND

GND
GND

5V0-A

GNDGND

5V0-A

0402
50V 100nF

C32

56k
1%

R24

56k

R26
24.9k0603

1% R25

1k0603
1% R29

3V3

10k

R30

10k
0603
0.1%

R31

GND

0603
25V

10nF
C31

TC_INP

TC_INN

TC_VCM

TC_OUTP

TC_OUTN

Driving nPD high 
powers on the FDA

1st order LPF with fc = 16.9kHz

Gain = 2000/56000= 
0.0357

Isolation resistors needed 
when driving capacitive load

Keep feedback 
loop traces small

Place cap as 
close to pin as 
possible

Place bypass caps 
as close to pin 
as possible

Differential filtering

Place iso resistors 
as close to pin as 
possible

Settling time for 
VTC after VDAC 
changes is ~1.5ms

VBIAS = 0.16V; allows 
emulation of negative 
voltages

VOUT = VTC = (VTC+)-(VTC-) = 0.0357*(VDAC-VBIAS)

Keep bias trace 
very tiny

This 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-)

RF=2k

RG=56k

When VDAC < 0.1814V, 
VIN < 0V, so VTC < 0V

PIC2801 PIC2802 

COC28 

PIC2901 

PIC2902 
COC29 

PIC3001 

PIC3002 
COC30 

PIC3101 

PIC3102 
COC31 

PIC3201 

PIC3202 
COC32 

PIC3301 

PIC3302 
COC33 

PIC3401 PIC3402 

COC34 

PIR2101 PIR2102 

COR21 

PIR2201 PIR2202 

COR22 
PIR2301 PIR2302 

COR23 

PIR2401 PIR2402 

COR24 

PIR2501 

PIR2502 
COR25 

PIR2601 PIR2602 

COR26 

PIR2701 PIR2702 

COR27 
PIR2801 PIR2802 

COR28 

PIR2901 

PIR2902 
COR29 

PIR3001 PIR3002 

COR30 

PIR3101 

PIR3102 
COR31 

PIR3201 PIR3202 

COR32 

PIU501 

PIU502 

PIU503 

PIU504 

PIU505 

PIU506 

PIU507 

PIU508 

COU5 

PIR3002 

PIC2902 PIC3002 

PIR2502 

PIU503 
PIU507 

PIC2901 PIC3001 

PIC3201 

PIC3302 

PIR2901 

PIR3102 

PIU506 

PIR2202 PIR2301 

PIR2402 POVDAC 

PIR2702 PIR2801 

PIC3401 

PIR2601 

PIR3201 

PIU501 
NLTC0INN 

PIC2801 

PIR2101 

PIR2401 PIU508 
NLTC0INP 

PIC3102 

PIR2302 

NLTC0N 
POTC 

PIC2802 

PIR2102 

PIR2201 PIU505 

NLTC0OUTN 

PIC3402 

PIR2701 

PIR3202 

PIU504 

NLTC0OUTP 

PIC3101 

PIR2802 

NLTC0P 

POTC 

PIC3301 

PIR3001 

PIR3101 

PIU502 
NLTC0VCM 

PIC3202 

PIR2501 
PIR2602 

PIR2902 

NLVBIAS 

POTC POTC0SIG0N POTC0SIG0P 

POVDAC 
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INA+3

INA-2

OUTA 1

U6A
TLV2197QDGKRQ1

INB+5

INB-6

OUTB 7

U6B
TLV2197QDGKRQ1

V+8

V-4

U6C

TLV2197QDGKRQ1
GND

75k
0805
0.1%

R37

GND

75k

R35
VDACA

75k

R44

GND

75k

R42
VDACB

14
0805
0.1%

R34

14
R38

0402
50V

15pF

C35

14
0805
0.1%

R41

14
R45

15pF

C38

10k
0603
0.1%

R40

10k

R39

10k

R46

10k
0603
0.1%

R33

CLB

CLA

SIG_P
SIG_N

CL

CLA

SIG_P
SIG_N

CL

CLB

Current Loop Sensor Emulation

i CL

i CL

CLA

CLB

5V0-A

Signal I/O

0402
25V 1µF

C36 0402
50V 100nF

C37

10

0402
1%

R36

10

R43

CLA_INP

CLA_INN

CLA_OUT

CLB_INP

CLB_INN

CLB_OUT

Place bypass caps 
as close to pin 
as possible

Resistors must be 
placed as close to 
input pins as possible

Minimize feedback 
loop trace

Resistors must 
be precisely 
matched to 
maintain 
stability & 
current 
accuracy. 0.1% 
resistors give 
0.2% error 
worst case

Isolation 
resistor for 
driving 
capacitive 
loads

Compensation cap inserts pole 
into transfer function. 
Ideally, R1*Cpar = R2*C1, but 
Cpar is unknown. If C1 is too 
low, risk instability, so 
15pF overestimates Cpar at 
the cost of settling time

Ideal matching 
leads to infinite 
output impedance

VSIG = (0.00953714*VDAC)*200

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

Route input traces far away 
from output or supply traces

Minimize input traces, as 
they are the most sensitive

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

This is a Howland Current Pump. It 
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.

Settling time for 
VCL is 0.5ms after 
VDAC changes

PIC3501 PIC3502 

COC35 

PIC3601 

PIC3602 
COC36 

PIC3701 

PIC3702 
COC37 

PIC3801 PIC3802 

COC38 

PIR3301 PIR3302 

COR33 

PIR3401 

PIR3402 
COR34 

PIR3501 PIR3502 

COR35 

PIR3601 PIR3602 

COR36 

PIR3701 PIR3702 

COR37 

PIR3801 

PIR3802 
COR38 

PIR3901 PIR3902 

COR39 

PIR4001 PIR4002 

COR40 

PIR4101 

PIR4102 
COR41 

PIR4201 PIR4202 

COR42 

PIR4301 PIR4302 

COR43 

PIR4401 PIR4402 

COR44 

PIR4501 

PIR4502 
COR45 

PIR4601 PIR4602 

COR46 

PIU601 

PIU602 

PIU603 

COU6A 

PIU605 

PIU606 

PIU607 

COU6B 

PIU604 

PIU608 

COU6C 

PIC3601 PIC3702 
PIU608 

PIR3301 

PIR3402 

NLCLA 

POCLA 

PIC3501 

PIR3701 

PIR3902 

PIU602 
NLCLA0INN 

PIR3302 

PIR3501 PIU603 
NLCLA0INP 

PIR3602 PIU601 
NLCLA0OUT 

PIR4001 

PIR4102 

NLCLB 

POCLB 

PIC3801 

PIR4401 

PIR4602 

PIU606 
NLCLB0INN 

PIR4002 

PIR4201 PIU605 
NLCLB0INP 

PIR4302 PIU607 
NLCLB0OUT 

PIC3602 PIC3701 

PIR3702 

PIR4402 

PIU604 

POCLB 

POCLA 

PIC3502 

PIR3401 

PIR3601 

PIR3802 

PIC3802 

PIR4101 

PIR4301 

PIR4502 

PIR3502 POVDACA 

PIR3801 

PIR3901 

PIR4202 POVDACB 

PIR4501 

PIR4601 

POCLA POCLA0SIG0N POCLA0SIG0P 

POCLB POCLB0SIG0N POCLB0SIG0P 

POVDACA 

POVDACB 
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INA+3

INA-2

OUTA 1

U7A

TLV2197QDGKRQ1

INB+5

INB-6

OUTB 7

U7B

TLV2197QDGKRQ1

V+8

V-4

U7C

TLV2197QDGKRQ1
GND

IDAC

RTD_P

RTD_N

IDACRTN

RTD

RTD Emulation

VDAC

60.4k
0603
0.1%

R47
GND

60.4k

R52

0603
16V

33pF

C40

250k
0805
0.1%

R57

GND

3

1

2

Q1
BSS123

IDAC

RTD_GATE

RTD_P

IDACRTN

RTD_N

RTD_N

RTD_P

IDAC

IDACRTN

10k
0603
0.1%

R51

10k

R48

10k

R53

i RTD

KELVIN

KELVIN

RTDC

1 2NT
NT1

1 2NT
NT2

100
0805
0.1%

R55 RTD_GATE

5V0-A

Signal I/O

0402
25V 1µF

C41 0402
50V 100nF

C42

0402
50V 100nF

C391k
0603 R49

10

0402
1%

R50

10

R54

10k

R56

RTD_INP1

RTD_INN1

RTD_INP2

RTD_INN2

RTD_OUT1

RTD_OUT2

Place bypass caps 
as close to pin 
as possible

Settling time for 
VRTD is 1.5ms after 
VDAC changes

This is configured as a 
differential amplifier 
with a gain of 6.04

This is configured as a 
comparator

Isolation resistors needed 
when driving capacitive load

These resistors set 
the gain (60.4/10)

0.1% tolerance for 
precise gain

Pulldown prevents 
transistor from 
turning on if 
floating

Dampens fast switching of comparator 
output to prevent parasitic ringing

Decouples high frequency 
noise in the feedback 
network, stabilizing 
amplifier

This feedback loop utilizes a 
comparator and a differential 
amplifier. The comparator will 
drive the nfet until voltage 
across it equals VDAC/Gain, as 
that feeds into the other 
comparator input

VOUT = VRTD = (VRTD+)-(VRTD-) = VDAC*0.165563 Limit input current 
and filter noise

BSS123 is a low Vgsth, 
fast, linear NFET; 
perfectly suited here

Route VDAC away 
from RTD_GATE to 
avoid switching 
noise

Keep feedback 
loop trace tiny

Place iso resistors 
as close to pin as 
possible

1st order LPF with fc = 483MHz --> 
main purpose is slew-rate limiting

Gate drive resistor

Keep gate trace 
short and direct 
to avoid ringing

Place gate drive 
resistor as close to 
gate pin as possible

PIC3901 

PIC3902 
COC39 

PIC4001 PIC4002 

COC40 

PIC4101 

PIC4102 
COC41 

PIC4201 

PIC4202 
COC42 

PINT101 PINT102 

CONT1 

PINT201 PINT202 

CONT2 

PIQ101 

PIQ102 

PIQ103 
COQ1 

PIR4701 

PIR4702 
COR47 

PIR4801 PIR4802 

COR48 

PIR4901 

PIR4902 

COR49 
PIR5001 PIR5002 

COR50 

PIR5101 PIR5102 

COR51 

PIR5201 PIR5202 

COR52 

PIR5301 PIR5302 

COR53 

PIR5401 PIR5402 

COR54 
PIR5501 PIR5502 

COR55 

PIR5601 PIR5602 

COR56 

PIR5701 

PIR5702 
COR57 

PIU701 

PIU702 

PIU703 

COU7A 

PIU705 

PIU706 

PIU707 

COU7B 

PIU704 

PIU708 

COU7C 

PIC4101 PIC4202 
PIU708 

PIC4102 PIC4201 

PIR4702 

PIR5701 

PIU704 

PINT101 
NLIDAC 

PORTDC 

PINT201 
NLIDACRTN 

PORTDC 

PIR5002 PIU701 

PIR5402 PIU707 

PIR5602 POVDAC 

PIQ101 

PIR5502 

PIR5702 

NLRTD0GATE 

PIR5101 

PIR5202 

PIU702 
NLRTD0INN1 

PIC4002 

PIR5601 PIU706 
NLRTD0INN2 

PIR4701 

PIR4801 PIU703 
NLRTD0INP1 

PIR5301 PIU705 
NLRTD0INP2 

PIC3901 

PINT202 

PIQ102 
PIR4902 

PIR5102 

NLRTD0N 

PORTDC 

PIR5001 

PIR5201 

PIR5302 

NLRTD0OUT1 

PIC4001 

PIR5401 PIR5501 

NLRTD0OUT2 

PIC3902 

PINT102 

PIQ103 PIR4802 PIR4901 

NLRTD0P 

PORTDC PORTDC PORTDC0IDAC PORTDC0IDACRTN PORTDC0RTD0N PORTDC0RTD0P 

POVDAC 
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IDAC

RTD_P

RTD_N

IDACRTN

RTD

RTDA

IDAC

RTD_P

RTD_N

IDACRTN

RTD

RTDB

CAL

CAL

3

1

2

Q9
BSS123

10
1%

R107

1 2NT
NT14

1 2NT
NT15

1 2NT
NT12

1 2NT
NT13

RTD Emulation

SDA
SCL

ALARM

I2C

I2C0

3V3

SDA
SCL
ALERT

A0

DigiPOT_Temp Sensor
Temp Sensor.SchDoc

5V0-A

5V0-A

5V0-A

8 1

7
65

3
2
4

K1

G6K-2F-Y-TR DC5

8 1

7
65

3
2
4

K2

G6K-2F-Y-TR DC5

RB+

RB-

RA+

RA-

GND

VT
ES
T1

VT
ES
T2

5V0-D

5V0-D

CAL_RTDA

CAL_RTDB

3

1

2

Q7
BSS123

3

1

2

Q8
BSS123

10k
R105

10k
R106

CAL_RTDA CAL_RTDB

GND

CAL_RTDA CAL_RTDB

100 0.1%

R101

100
0.1%

R104

5.9k
0.1%

R103

i
VSNS

1 2NT
NT16

CAL

nCSSCLK
COPICIPO
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Relay Drivers
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current calibration
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Place bypass caps 
as close to pin 
as possible

Minimize feedback 
loop trace

Isolation resistor 
for driving 
capacitive loads

Route input traces far away 
from output or supply traces

Minimize input traces, as 
they are the most sensitive

REQ = RSET = 0.733R

Power = (9*0.733)/3 
= 2.2WPulse rated

Pmax = 100W

Feedback capacitor 
+ resistor

1st order LPF with fc = 
788MHz for stability

IOUT = VDAC/RSET

Route these with large copper 
pours to maximize heat dissipation

Avoid vias on the feedback loop

This uses an op-amp to drive an 
NFET in its linear region, 
regulating current through RSET 
to match VDAC. The op-amp forms 
a closed feedback loop that 
adjusts the gate voltage to 
maintain IOUT = VDAC/RSET

90.9mV/V

90.9mV/V

Gain = 0.4V/A

Gain = 0.4V/A
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Minimize input traces, as 
they are the most sensitive

Route these with large copper 
pours to maximize heat dissipation

Place bypass caps 
as close to pin 
as possible

This uses an op-amp to drive an 
NFET in its linear region, 
regulating current through RSET 
to match VDAC. The op-amp forms 
a closed feedback loop that 
adjusts the gate voltage to 
maintain IOUT = VDAC/RSET

1st order LPF with fc = 
788MHz for stability

Isolation resistor 
for driving 
capacitive loads

IOUT = VDAC/RSETPmax = 100W

RSET = 2.2/5 = 0.44R

PMAX = (5.7A*5.7A*0.44R) = 
14.29W/5 = 2.86W

Gain = 0.4V/A

90.9mV/V
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Gate drive resistor

SAM has 10k 
pullup to 3.3V

Place gate drive 
resistor as close to 
gate pin as possible

Pulldown prevents 
transistor from 
turning on if VRBF 
is floating

Rds(on) = 6-10R

When driven, 
RBF_P = ~2mV
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Place C89 close to R123
instead of the VIN pin ！

C88 Reduces the common mode
voltage seen by VIN and SENSE

Taking the UVLO pin below 
its 2.5-V threshold to 
remotely shutdown

UVLO @ 16.8V
OVLO @ 31.3V

10.35ms fault timer76.4W PLIM
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R = (Vs-VLED)/Iled
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Nearest fit: 10k = <10% 
variance
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Place C95 close to R133
instead of the VIN pin ！

C94 Reduces the common mode
voltage seen by VIN and SENSE

Taking the UVLO pin below its 2.5-V 
threshold to remotely shutdown

UVLO @ 35.0V
OVLO @ 57.6V

22.12ms fault timer

(48V-2.5V)/17.5kR = 2.6mA

Vled = 2.5, Iled = 2mA
R = (Vs-Vled)/Iled
R = (48-2.2)/0.002 = 22750

42W PLIM

Ignore the 36mohm in 
this screenshot, it 
was needed to make 
the calculator work

1.5A current limit
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