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1.4uF @ 24V 12V rail grovided for intermediate step-down to 5V for current sense LDO's
09uF@12v ——Ci14 ——C15 3.3uF@ 12V
1210 50V
50V 10%
o0 10% 1210
1 L wr | anF
GND GND
24105V (DC/DC) - 5V Logic LV_Fsv . )
24V_to_5V_DCDC.SchDoc Damping Capacitance
GND
== GND > 24V_Vin PS5V_OUT [} LV_P5V LV_ISNS_P12V is aclean rail for use only with the current sensors. This filtering provides clean HF filtering.
&l ] GND LC filtering in needed as the current sensor exhibits poor PSRR at the ~300KHz DC/DC switching frequency
Downstream LDO provides low-frequency filtering and final 12V to 5V regulation.
GND
AR APPLIED PHYSICS LAB
MARS2 LVPS UNIVERSITY OF WASHINGTON
1013 NE 40TH STREET
SEATTLE, WA 98105
TITLE
MARS2 - IPB - Local Power Supplies
SIZE [CAGE CODE  |DWG NO. REV
B |98514 89568 2.0
FILENAME | ocal Power Supplies.SchDoc [SHEET 19 OF 53
8 7 6 5 4 3

2

1




8

3 4 1
THIS DOCUMENT AND THE DATADISCLOSED HEREIN OR
HEREWITH IS THE PROPERTY OF APPLIED PHYSICS LAB -
UNIVERSITY OF WASHINGTON.
1.5uF @ 25V L2 1.5uF @ 25V u17
[ 24V_Vin YY) 11N +vout 2 P5V_OUT
SRR4028-180Y GND
0.75A H ca2
sR8l 18uH 30% 3R82 N R785.0-05 | 1O0uF Maximum Coutput + Load is 220uF without protection diode
31% 31% T HE9A
1206 1206
3R3 3R3
. 2+ c43 4 2 _ca4
__2:3\5/ “T"10uF Damping Capacitance __gé\s “T"10uF Damping Capacitance
10% 50V 10% 50V
1210 10% 1210 10%
A4.7UF Tantalum A4.7UF Tantalum
GND X7R X7R
LC Filter f(-3dB) = ~24KHz
Gain(300KHz) = -40dB
Damping provide for entire PI filter - Peaks approximately 2dB
PROJECT *
*
MARS2 LVPS
TITLE
MARS2 - IPB - 24V to 5V DC/DC
SIZE [CAGE CODE  |DWG NO. REV
B |98514 89568 2.0
FILENAME 24\ {0 5V_DCDC.SchDoc [SHEET 15 OF 53
8 7 6 B

2

1




8

6 3 4 3 2 1
THIS DOCUMENT AND THE DATADISCLOSED HEREIN OR
HEREWITH IS THE PROPERTY OF APPLIED PHYSICS LAB -
UNIVERSITY OF WASHINGTON.
F
MTBF: 26162x10"3hr
f=280kHz-380kHz
Max Power Dissipation: 0.52W
1.5uF @ 25V L4 1.5uF @ 25V U19
[ 24V _Vin YY) 1l N +vout 2 P12V_OUT
gRgiOZS-lSOY GND o e
1res 1éuH 30% 1res N mrs1205 ::IOUF Maximum Coutput + Load is 220uF without protection diode
$1% 31% ’ 10%
1206 1206 50V
3R3 3R3 2017
—L (55 4 53 —L 56 2_cs4
T s0v “T"10uF Damping Capacitance T sov “T"10uF Damping Capacitance
10% 50V 10% 50V
1210 10% 1210 10%
4.7UF Tantalum 4.7uF Tantalum
GND
LC Filter f(-3dB) = ~24KHz
Gain(300KHz) = -40dB
Damping provide for entire Pl filter - Peaks approximately 2dB
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P187 NETCLASS P187 NETCLASS
P187 NETCLASS
POSITIVE HIGHSIDE
P187 NETCLASS +187V to GND « 4 RELAY-TOPNC () p187 NETCLASS
P375 OUT [ ] P375_IN P375 OUT [ o/,"o 5
P375_IN ] P375_IN lo P375 OUT
RELAY INPUT 5
EMI Filter to attenuate DC;/DC Ripple Anti-Alias Filter G|41C l RECAMOUIEU
Current sense poor PSSR in the Fsw range Anti Alias Filter.SchDoc
12V to 5V (Linear) - ISNS Power G41C
12V_to 5V_ISNS_REFOUT.SchDoc 0 [ CH-I B el S R <
D1
[LV_ISNS P12V > VIN PSV_REFOUT [ tJ LV_ISNS_PSV_IN LV_PSV —— ] P5VIN \ FFD08S60S-F085
Lv_GND | L1 GND LV_GNDllll—:I LV_GND LV_GND-I”—:I GND
K2
COIL DRV_LOW 5 RELAY OUTPUT
- o,
-187Vt0 GND fo—2 -
HV_RTN |
[ HV_RIN | 4 RELAY-BOTTOMNC. (7)1 & yereass
G41C
RELAY INPUT
N187 NETCLASS
N187 NETCLASS
LV P24V LV_P5V
LV_p24V —— ] LV_P24V
LV_P5Vp—— ] LV_P5V
G41C Contactor
------------------------
L . 26.5V Nominal
— = = . FET_CH_Digital_Logic.SchDoc Vdropout =1-10V
5 B LV*PSVC'T:I PEVIN Ry ——— Rcoil = 290 Ohms (91.4mA, 2.42W)
1 V.IsNs
- FAULT > CH-FAULT
= VISET S\ ieer CH-CNTL > CH-CNTL
—FAULTINIECT _— p i T-INJECT
FAULT-INJECT
UPSTREAM-FAULT > UPSTREAM-FAULT HAS-FAULTED [ t—| CH-HASFAULTED SHORT-FAULT-0C [
Open-Collector pulls V_ISET to approx 0V which is -4A ensuring a normal FAULT
CH-FET EN " CH-ENABLE
VOEAY -\ peay =] CH-ENABLEN
- Disabling channel resets fault
LV_GND |||—:| GND > FAULT-RESET
Place near Op-Amp VDD LV_GND |||—j GND LV_GND | L] LV_GND

LV_P5V

Place near op-amp U15

:-:C7 l

CO0G, NPO
50V
10nF LV_P24V
0603
5% Contactor Driver
Y[ LV P5V Relay_Driver.SchDoc
| - COIL DRV [ | COIL_DRV_HIGH
LV TGND R51 Flyback diode included in driver
= A\ TP4 [ CH-RLY_EN 1 > EN COIL _RTN_HIGH 82mA Nominal
COIL_RTN [
R52 4.53k 5002
b3 White —_ ] GND
<0603
10k }I'JECMSZAIDR -
Contactor Driver
R53 V_DELAY Relay_Driver.SchDoc
_ COIL_DRV [ | COIL_DRV_LOW
Vee=5vV LV_| Flyback diode included in driver
VOH=4.85V I > EN COIL_RTN [ COIL_RTN_LOW 82mA Nominal
Soes O Neoa = : PROJECT APPLIED PHYSICS LAB
B 1nF e e | GND [
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LV_?G_ND LVE\ID 10k e
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GND
GND
{ COIL DRV ]
D4 COIL_DRV
/NPMEGA4010CEJ115
COIL_RTN
92mA Expected
Limits Igate < 10mA Max (D10 Safe)
N
R64 1 =12
3.3V CMOS EN AN \ } TN2504N-G
‘ 348 l— T TN2504N-G Vds =40V
0603 ™ Pd(92mA) = 24mW = 1.75C Rise Vth(max)= 1.6V
1% Id=1A
$R65 Rds(on-max) = 1.5 Ohms
70603 RjOA =73 C/W
10k
1%
GND GND
G41C Contactor
26.5V Nominal
Vpickup =16V
Vdropout =1-10V
Rcoil =290 Ohms (91.4mA, 2.42W)
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Rov
Place near Op-Amp VDD
PS5V
P5VIN ——C36 ——C37 .
COG,NPO | 10% c3g%Y
50V 16V Il
10nF 1pF ]
0603 1.2u 6.8uF
5% '|:T39 25V
I 10%
1.2uF
GND 10v
= 1% Y
GND
— u16B .
=S U16A Vout 2.5V center bias
GND 2 TLV2452AIDR 6 . TLV2452AIDR
Vin expected at 2.5V center bias Z R77 R78 5 SIG-OUT>
R7 R >!> MW\ MW\
[ SIG-IN 9 80 1% 0603
0603 3.48k e 953 1%
2.43k 0603 o 0603 1.50k
1% 1%
——C40 ——C41
10% 10%
16V 4 16V
1pF GND 1pF
GND GND
4th Order Butterworth Active Filter with Unity Gain Output
TLV2452A Vout(LOW) @ 10mA =0.5V
TLV2452A Vout(HIGH) @ 10mA =4.5V
F(-3dB) = 50Hz
Av(300Hz) =-61dB
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INA310 current sense amplifier operates up to -4V Vem
A |
| i . .
| P187 NETCLASS MOSFETINPUT &FNGGNBSX MOSFET OUTPUT 3 .Sﬂgfoc'gﬁ'st gg;ggéSense P187 NETCLASS
9 @ ‘ '
‘ + = ‘
D2y — [P3750UT ]
PS75 IN_| J_* o } ] RSNS_P RSNS_N [ P375_OUT
! U2A
| 1 |
| - o~ }
! | = HV_PSV|——— ] P5V-IN FAULT D—l— TP5
| o D6 | ISO-GND RESETH z —l>— AEALURT-BUR ©) FAULT Output
| SZMMSZ15ET1G 3 "] GND RESETn < 5001
| D7 ! <= NC
I
! GATE_DRV_HIGH R89 | SN74LVC1G17QDCKRQL
11 I =
1N4148WS Zener keeps the Gate within +15V of Source | ISO-GND Has pullup to 5V
SOD-323 i Pull to GND to RESET a FAULT
i
ROL 3
MOSFET oUTPUT (i) Py COMOSFEFEUTPUT }
I
I
I
I
I
I
I
I
I
I
I
I
I
I
o o N |
[[LV_P2aV —Lv_P24v
Short Circuit Logic Intergration
LV_P5V oy 2rt;cl;:/un—Loglc—lntegratlon.SchDoc
pizv————
HV_P5V ——— ] P5V
LV_GND Isolated Gate Drive Power - HIGH
Isolated_Gate_Power_Supp ies.SchDoc
= Lv_Pav b——"1 P24avIN ISO-P12V [ ——HV_P12V GATE_DRV_HIGH GATE_DRV_HIGH
LGN 1SO-P5Y [ ——|HV_P5V
FAULT-BUF
] GND ISORTN [ 1SO_RTN N FAULT <
- ] CH-EN
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- = | _RESETn
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] GND
R63 !
[ CH-CNTL 4 EHi-EN =
768 N4 — l/\ I1SO-GND
—>
2
140357145100
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U228
5
= vce
Q8 Re3 GND
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24V LOW VOLTAGE POWER DOMAIN ISOLATED HIGH VOLTAGE FET DRIVER POWER DOMAIN
lnFCl6
||
[ P2V} |
C1206X102KGRACAUTO
Inf MCP1792-5002H/DB
uU15 5V Output
2 VIN aE VOUT 1SO-P5V
. pPS1 5 LZ') LZ')
~ ~ VIN +VO ~ i
+] C17 +] C18 +] C19 - . o<
TT<22UF  T~22uF 1] eND ov L2 T~22uF $R61  Datasheet specifies 4emA minimum load current  —=—C33 100mA Maximum —=C47
< 2917 | 2017 —| 2917 328k  Loadisa MOSFET gate - no current 2.2uF TI0A =70 C/W 2.2uF
el sov | sov PQP1-D24-S12-M 50V Resistor dissipates 52mW (100mW rated) X5R - X5R
5 E 25V 25V
s s
s ]
= o
S S
a a 1nFCZO
GND 1 ISO-RTN
C1206X102KGRACAUTO
1nF
Solid Tantalum
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P5V
P5V-IN
GND
R102
CHD RSNS P e RSNS N
5mR
2W
75ppm/°C
1%
Vishay Dale
WSL28165L000FEH
Use kelvin connection
_— C50
C49 0805
25V 25V p5V
100nF 1uF
Pev =
GND
R93
4.99k
1R62
34.99k u18
VS
IN+
ouT
Lros L%
6.8k
Vemp = 0.6V CMP_IN CMP_OUT FAULT >
Threashold set to ~18A
§§%§k [ RESETn RSTn
Place close to IN310 RSNS_N D8
1 1N4148WS
T s | @ SOD-323
25v INA310A1IDGKR
100nF
gﬁg GND GND
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Us Fpiv | Isolated Gate Drive Voltage (Referenced to NMOS Source)
[ANODE & ANODE vce
2 ﬁ 3 .
X—— NG Yoy L CATE > T 880NF @ 12V [~11uC Charge]
NMOS/IGBT Gate X7R
‘ CATHODE: VEE 50V
10uF
UCC23511BDWYR P12V_RTN NMOS Source
eDidoe Ith =7-16mA (Recommended 10mA)
VF=1.8Vt02.4Vattyp 2.1V (1.35mV/C)
A
Vf=2.1V ->102.2
Ohms for 11.7mA
If(Vf=1.8V) =14.7mA
If(Vf=2.4V) =8.8mA
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P375_IN I ] P375_IN P375_OUT [+ CHA_P375_OUT
CH_RTN [ CHA_RTN
I I 7 HV_RTN LV_P24V [ ——]LV_pP24Vv
LV_ISNS_P12V [ ——]LV_ISNS_P12V
[ UPSTREAM-FAULT I > UPSTREAM-FAULT LV_P5V [ ——]LV_PsV
CHA FET EN
[ CHA FET EN I > CH-FET_EN ‘
SYS_24V LV_p24v [ CHA_RLY_EN ChIASREVAEN > CH-RLY_EN LV.GND [ ||'LV—GND
LV_ISNS_P12V LV_ISNS_P12V [ CHA_CURRENT SET -SHA CURRENT SET i > CH-ISET
LV _P5V LV_P5V CH-HAS-FAULTED EASCIBSENSERING FAULT SENSE INL >

|I'v_enD

[ CHB_FET EN

CHB FET EN

CH-I

Interface Channel B
Interface_Channel.SchDoc

1 P375_IN

b— ] HV_RTN

i > UPSTREAM-FAULT

| CHB_RLY_EN

CHB RLY_EN

. > CH-FET_EN

[ CHB_CURRENT SET

CHB_CURRENT_SET

> CH-RLY_EN

[ CHC FET EN

CHC FET EN

> CH-ISET

CHA| CHA I

P375_OUT [ CHB_P375 OUT
CH_RTN [} CHB_RTN

LV_P24V [ ——]LV_p24Vv
LV_ISNS_P12V [ ———]LV_ISNS_P12V
LV_P5V [ ———]LV_P5V

LV_GND |:—||| LV_GND

CH-HAS-FAULTED

FAUEIESENSERIN FAULT_SENSE_IN2

Interface Channel C
Interface_Channel.SchDoc

1 P375_IN

b— ] HV_RTN

{ > UPSTREAM-FAULT

| CHC RLY_EN

CHC RLY EN

1 > CH-FET_EN

[ CHC_CURRENT_SET

CHC CURRENT SET

> CH-RLY_EN

[ CHD_FET EN

CHD FET EN

1 > CH-ISET

CH-I CHB] CHB S
P375_OUT [ CHC_P375 OUT
CH_RTN [t CHC_RTN
LV_p24V [ ——]LV_p24v
LV_ISNS_P12V [ ———{LV_ISNS_P12V
LV_P5V [ ——]LV_P5V
LV_GND |:—||I-LV7GND

CH-HAS-FAULTED
CH-I

EADCTRSENSERING FAULT SENSE IN3
CHC | I

Interface Channel D
Interface_Channel.SchDoc

] P375_IN

L] HV_RIN

{ > UPSTREAM-FAULT

| CHD_RLY_EN

CHD RLY EN

1 > CH-FET_EN

[ CHD_CURRENT_SET

CHD_CURRENT SET

> CH-RLY_EN

1 > CH-ISET

P375_OUT [ CHD_P375 OUT
CH_RTN [t CHD_RTN

LV_P24V [ ——]LV_pP24v
LV_ISNS_P12V [ ———{LV_ISNS_P12V
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P12V
PI2V ko]
P5V
GND
P12V
Py PNP MOSFET HIGH Driver
MMBT3906LT1G LED Current Limiter _ Gate_Driver.SchDoc
= If=12.5mA P187 NETCLASS
GND Q5 Supplies 5V to MOSFET Driver anode when CH-EN is HIGH R]E — ANODE P12V [}
N/ 20" ®
GATE GRIEEDRVEL G GATE_DRV_HIGH >
— ] CATHODE P12V RTN [ ——
o
S ook g
EAULT FAULT 1 | BSS138P,215
~N
—l>— & RESETn
1 Pulls RESETn to GND when CH-EN is OFF
- e .
R92 1 SN74LVC1G17QDCKRQ1 :
[CHEN ! e, MMBT3904LT1G
4.99k
NPN
~N
HFE ~ 30 minimum = = = —
Ib=~882uA 1 GND GND GND GND
lc =~26mA =
GND INA310 FAULT causes 5V MOSFET driver to turn off FAST
INA310 will remain OFF until RESETn is driven LOW
Pev
U21B
21 vee
GND
ot SN74LVC1G17QDCKRQL
C51
ISO-GND 1SO-GND
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	GATE
	P12V
	P12V_RTN


	Components
	C51
	C51-1
	C51-2

	Q5
	Q5-1
	Q5-2
	Q5-3

	Q6
	Q6-1
	Q6-2
	Q6-3

	Q7
	Q7-1
	Q7-2
	Q7-3

	R76
	R76-1
	R76-2

	R84
	R84-1
	R84-2

	R90
	R90-1
	R90-2

	R92
	R92-1
	R92-2

	U21A
	U21-1
	U21-2
	U21-4

	U21B
	U21-3
	U21-5


	Nets
	FAULT
	Pins
	Q6-1
	R90-2

	NetLabels
	FAULT

	Ports
	FAULT


	GATE_DRV_HIGH
	NetLabels
	GATE_DRV_HIGH

	Ports
	GATE_DRV_HIGH


	GND
	Pins
	Q6-2
	Q7-2
	R90-1

	Ports
	GND


	ISO-GND
	Pins
	C51-1
	U21-3


	NetQ5_1
	Pins
	Q5-1
	R84-2


	NetQ5_3
	Pins
	Q5-3
	R76-1


	NetQ6_3
	Pins
	Q6-3
	R76-2


	NetQ7_1
	Pins
	Q7-1
	R92-2


	NetQ7_3
	Pins
	Q7-3
	R84-1
	U21-2


	NetR92_1
	Pins
	R92-1

	Ports
	NetR92_1


	NetU21_1
	Pins
	U21-1


	NetU21_4
	Pins
	U21-4

	Ports
	NetU21_4


	P5V
	Pins
	C51-2
	Q5-2
	U21-5

	Ports
	P5V


	P12V
	Ports
	P12V



	Ports
	CH-EN
	FAULT
	GATE_DRV_HIGH
	GND
	P5V
	P12V
	RESETn


	Components
	C61
	C61-1
	C61-2

	D6
	D6-1
	D6-2

	D7
	D7-1
	D7-2

	Q3
	Q3-D
	Q3-G
	Q3-S1
	Q3-S2

	Q4
	Q4-1
	Q4-2
	Q4-3
	Q4-4

	Q8
	Q8-1
	Q8-2
	Q8-3
	Q8-4

	R63
	R63-1
	R63-2

	R83
	R83-1
	R83-2

	R89
	R89-1
	R89-2

	R91
	R91-1
	R91-2

	TP5
	TP5-1

	U22A
	U22-1
	U22-2
	U22-4

	U22B
	U22-3
	U22-5


	Nets
	CH-EN_19
	Pins
	Q4-4

	NetLabels
	CH-EN
	CH-EN


	FAULT-BUF_19
	Pins
	R83-2
	TP5-1
	U22-4

	NetLabels
	FAULT-BUF
	FAULT-BUF
	FAULT-BUF


	GATE_DRV_HIGH_19
	Pins
	D7-2
	R91-1

	NetLabels
	GATE_DRV_HIGH
	GATE_DRV_HIGH


	HV_P5V
	Pins
	C61-2
	U22-5


	HV_P12V
	ISO_RTN
	Pins
	C61-1
	D6-2
	Q3-S1
	Q3-S2
	Q4-3
	Q8-2
	U22-3

	NetLabels
	ISO_RTN


	LV_GND
	Pins
	Q4-2
	Q8-3

	Ports
	LV_GND


	LV_P5V
	Ports
	LV_P5V


	LV_P24V
	Ports
	LV_P24V


	NetD6_1
	Pins
	D6-1
	Q3-G
	R89-2
	R91-2


	NetD7_1
	Pins
	D7-1
	R89-1


	NetQ3_D
	Pins
	Q3-D

	Ports
	NetQ3_D


	NetQ4_1
	Pins
	Q4-1
	R63-2


	NetQ8_1
	Pins
	Q8-1
	R83-1


	NetQ8_4
	Pins
	Q8-4

	Ports
	NetQ8_4


	NetR63_1
	Pins
	R63-1

	Ports
	NetR63_1


	NetU22_1
	Pins
	U22-1


	NetU22_2
	Pins
	U22-2


	RESETn_19
	NetLabels
	RESETn
	RESETn


	RSNS_N
	Ports
	RSNS_N



	Ports
	CH-CNTL
	LV_GND
	LV_P5V
	LV_P24V
	P375_IN
	P375_OUT
	SHORT-FAULT-OC


	Components
	C7
	C7-1
	C7-2

	C8
	C8-1
	C8-2

	C9
	C9-1
	C9-2

	D1
	D1-1
	D1-3
	D1-4

	K1
	K1-1
	K1-2
	K1-3
	K1-4
	K1-5

	K2
	K2-1
	K2-2
	K2-3
	K2-4
	K2-5

	R51
	R51-1
	R51-2

	R52
	R52-1
	R52-2

	R53
	R53-1
	R53-2

	R54
	R54-1
	R54-2

	R55
	R55-1
	R55-2

	R56
	R56-1
	R56-2

	R57
	R57-1
	R57-2

	TP4
	TP4-1

	U3A
	U3-1
	U3-2
	U3-3
	U3-4
	U3-8

	U3B
	U3-5
	U3-6
	U3-7


	Nets
	CH-CNTL_16
	CH-ENABLE
	Ports
	CH-ENABLE


	CH-ENABLEn_16
	CH-FAULT_16
	CH-I_16
	NetLabels
	CH-I
	CH-I


	COIL_DRV_HIGH
	Pins
	K1-2
	K2-2

	NetLabels
	COIL_DRV_HIGH
	COIL_DRV_HIGH
	COIL_DRV_HIGH
	COIL_DRV_HIGH

	Ports
	COIL_DRV_HIGH


	COIL_RTN_HIGH_16
	Pins
	K1-5

	NetLabels
	COIL_RTN_HIGH
	COIL_RTN_HIGH


	COIL_RTN_LOW_16
	Pins
	K2-5

	NetLabels
	COIL_RTN_LOW
	COIL_RTN_LOW


	EN
	Ports
	EN


	FAULT-INJECT_16
	NetLabels
	FAULT-INJECT
	FAULT-INJECT


	HAS-FAULTED
	Ports
	HAS-FAULTED


	LV_GND
	Pins
	C7-2
	C8-1
	C9-1
	R54-1
	R56-1
	R57-1
	U3-4

	Ports
	LV_GND


	LV_ISNS_P5V_IN_16
	LV_P5V
	Pins
	C7-1
	C8-2
	R52-2
	R55-1
	U3-8

	Ports
	LV_P5V


	NetC9_2
	Pins
	C9-2
	R52-1
	R54-2
	U3-3


	NetD1_1
	Pins
	D1-1
	D1-4
	K1-3

	Ports
	NetD1_1


	NetD1_3
	Pins
	D1-3
	K2-3

	Ports
	NetD1_3


	NetK1_1
	Pins
	K1-1


	NetK2_1
	Pins
	K2-1

	Ports
	NetK2_1


	NetR51_1
	Pins
	R51-1
	U3-2


	NetR51_2
	Pins
	R51-2
	R53-2
	U3-1


	NetR55_2
	Pins
	R55-2
	R56-2
	U3-5


	NetR57_2
	Pins
	R57-2
	U3-6
	U3-7


	P375_IN
	Ports
	P375_IN


	P375_IN_16
	RELAY-BOTTOM-NC_16
	Pins
	K2-4

	NetLabels
	RELAY-BOTTOM-NC


	RELAY-TOP-NC_16
	Pins
	K1-4

	NetLabels
	RELAY-TOP-NC


	SIG-OUT
	Ports
	SIG-OUT


	UPSTREAM-FAULT
	Ports
	UPSTREAM-FAULT


	V_DELAY_16
	Pins
	R53-1
	TP4-1

	NetLabels
	V_DELAY
	V_DELAY


	V_ISET
	NetLabels
	V_ISET

	Ports
	V_ISET


	VIN
	Ports
	VIN



	Ports
	CH-FET_EN
	CH-HAS-FAULTED
	CH-I
	CH-ISET
	CH-RLY_EN
	CH_RTN
	HV_RTN
	LV_GND
	LV_ISNS_P12V
	LV_P5V
	LV_P24V
	P375_IN
	P375_OUT
	UPSTREAM-FAULT


	Nets
	CH_RTN
	Ports
	CH_RTN
	CH_RTN
	CH_RTN
	CH_RTN


	CHA_CURRENT_SET
	NetLabels
	CHA_CURRENT_SET

	Ports
	CHA_CURRENT_SET


	CHA_FET_EN
	NetLabels
	CHA_FET_EN

	Ports
	CHA_FET_EN


	CHA_I
	NetLabels
	CHA_I

	Ports
	CHA_I


	CHA_RLY_EN
	NetLabels
	CHA_RLY_EN

	Ports
	CHA_RLY_EN


	CHB_CURRENT_SET
	NetLabels
	CHB_CURRENT_SET

	Ports
	CHB_CURRENT_SET


	CHB_FET_EN
	NetLabels
	CHB_FET_EN

	Ports
	CHB_FET_EN


	CHB_I
	NetLabels
	CHB_I

	Ports
	CHB_I


	CHB_RLY_EN
	NetLabels
	CHB_RLY_EN

	Ports
	CHB_RLY_EN


	CHC_CURRENT_SET
	NetLabels
	CHC_CURRENT_SET

	Ports
	CHC_CURRENT_SET


	CHC_FET_EN
	NetLabels
	CHC_FET_EN

	Ports
	CHC_FET_EN


	CHC_I
	NetLabels
	CHC_I

	Ports
	CHC_I


	CHC_RLY_EN
	NetLabels
	CHC_RLY_EN

	Ports
	CHC_RLY_EN


	CHD_CURRENT_SET
	NetLabels
	CHD_CURRENT_SET

	Ports
	CHD_CURRENT_SET


	CHD_FET_EN
	NetLabels
	CHD_FET_EN

	Ports
	CHD_FET_EN


	CHD_I
	NetLabels
	CHD_I

	Ports
	CHD_I


	CHD_RLY_EN
	NetLabels
	CHD_RLY_EN

	Ports
	CHD_RLY_EN


	FAULT_SENSE_IN1
	NetLabels
	FAULT_SENSE_IN1

	Ports
	FAULT_SENSE_IN1


	FAULT_SENSE_IN2
	NetLabels
	FAULT_SENSE_IN2

	Ports
	FAULT_SENSE_IN2


	FAULT_SENSE_IN3
	NetLabels
	FAULT_SENSE_IN3

	Ports
	FAULT_SENSE_IN3


	FAULT_SENSE_IN4
	NetLabels
	FAULT_SENSE_IN4

	Ports
	FAULT_SENSE_IN4


	HV_RTN
	Ports
	HV_RTN


	LV_GND
	Ports
	LV_GND


	LV_ISNS_P12V
	Ports
	LV_ISNS_P12V


	LV_P5V
	Ports
	LV_P5V


	LV_P24V
	Ports
	LV_P24V


	P375_IN
	Ports
	P375_IN


	P375_OUT
	Ports
	P375_OUT
	P375_OUT
	P375_OUT
	P375_OUT


	UPSTREAM-FAULT
	Ports
	UPSTREAM-FAULT



	Ports
	CHA_CURRENT_SET
	CHA_FET_EN
	CHA_I
	CHA_P375_OUT
	CHA_RLY_EN
	CHA_RTN
	CHB_CURRENT_SET
	CHB_FET_EN
	CHB_I
	CHB_P375_OUT
	CHB_RLY_EN
	CHB_RTN
	CHC_CURRENT_SET
	CHC_FET_EN
	CHC_I
	CHC_P375_OUT
	CHC_RLY_EN
	CHC_RTN
	CHD_CURRENT_SET
	CHD_FET_EN
	CHD_I
	CHD_P375_OUT
	CHD_RLY_EN
	CHD_RTN
	FAULT_SENSE_IN1
	FAULT_SENSE_IN2
	FAULT_SENSE_IN3
	FAULT_SENSE_IN4
	GND
	HV_RTN
	LV_ISNS_P12V
	LV_P5V
	P375_IN
	SYS_24V
	UPSTREAM-FAULT


	Components
	C1
	C1-1
	C1-2

	R1
	R1-1
	R1-2

	R2
	R2-1
	R2-2

	R95
	R95-1
	R95-2

	R96
	R96-1
	R96-2

	R97
	R97-1
	R97-2

	U1
	U1-1
	U1-2
	U1-3
	U1-4
	U1-5
	U1-6
	U1-7
	U1-8


	Nets
	FAULT_SENSE_IN[7..0]
	FAULT_SENSE_IN0
	NetLabels
	FAULT_SENSE_IN
	FAULT_SENSE_IN


	FAULT_SENSE_IN1
	NetLabels
	FAULT_SENSE_IN
	FAULT_SENSE_IN


	FAULT_SENSE_IN2
	NetLabels
	FAULT_SENSE_IN
	FAULT_SENSE_IN


	FAULT_SENSE_IN3
	NetLabels
	FAULT_SENSE_IN
	FAULT_SENSE_IN


	FAULT_SENSE_IN4
	NetLabels
	FAULT_SENSE_IN
	FAULT_SENSE_IN


	FAULT_SENSE_IN5
	Pins
	R97-2

	NetLabels
	FAULT_SENSE_IN
	FAULT_SENSE_IN


	FAULT_SENSE_IN6
	Pins
	R96-2

	NetLabels
	FAULT_SENSE_IN
	FAULT_SENSE_IN


	FAULT_SENSE_IN7
	Pins
	R95-2

	NetLabels
	FAULT_SENSE_IN
	FAULT_SENSE_IN


	NetLabels
	FAULT_SENSE_IN


	BOARD_TEMP_1
	Pins
	C1-2
	R1-1

	NetLabels
	BOARD_TEMP
	BOARD_TEMP


	CHA_CURRENT_SET_1
	NetLabels
	CHA_CURRENT_SET
	CHA_CURRENT_SET


	CHA_FET_EN_1
	NetLabels
	CHA_FET_EN
	CHA_FET_EN


	CHA_I_1
	NetLabels
	CHA_I
	CHA_I


	CHA_P375_OUT_1
	CHA_RLY_EN_1
	NetLabels
	CHA_RLY_EN
	CHA_RLY_EN


	CHA_RTN_1
	CHB_CURRENT_SET_1
	NetLabels
	CHB_CURRENT_SET
	CHB_CURRENT_SET


	CHB_FET_EN_1
	NetLabels
	CHB_FET_EN
	CHB_FET_EN


	CHB_I_1
	NetLabels
	CHB_I
	CHB_I


	CHB_P375_OUT_1
	CHB_RLY_EN_1
	NetLabels
	CHB_RLY_EN
	CHB_RLY_EN


	CHB_RTN_1
	CHC_CURRENT_SET_1
	NetLabels
	CHC_CURRENT_SET
	CHC_CURRENT_SET


	CHC_FET_EN_1
	NetLabels
	CHC_FET_EN
	CHC_FET_EN


	CHC_I_1
	NetLabels
	CHC_I
	CHC_I


	CHC_P375_OUT_1
	CHC_RLY_EN_1
	NetLabels
	CHC_RLY_EN
	CHC_RLY_EN


	CHC_RTN_1
	CHD_CURRENT_SET_1
	NetLabels
	CHD_CURRENT_SET
	CHD_CURRENT_SET


	CHD_FET_EN_1
	NetLabels
	CHD_FET_EN
	CHD_FET_EN


	CHD_I_1
	NetLabels
	CHD_I
	CHD_I


	CHD_P375_OUT_1
	CHD_RLY_EN_1
	NetLabels
	CHD_RLY_EN
	CHD_RLY_EN


	CHD_RTN_1
	FAULT_MUX_A_1
	FAULT_MUX_B_1
	FAULT_MUX_C_1
	FAULT_MUX_D_1
	FAULT_SENSE_1
	HV_RTN
	INPUT-FAULT-RESET_1
	NetLabels
	INPUT-FAULT-RESET
	INPUT-FAULT-RESET


	LV_GND
	Pins
	C1-1
	R2-1
	R95-1
	R96-1
	R97-1


	LV_IGB_P24V
	LV_ISNS_P12V
	LV_P5V
	Pins
	U1-2


	LV_P12V
	LV_P24V
	NetR1_2
	Pins
	R1-2
	R2-2
	U1-3


	NetU1_1
	Pins
	U1-1


	NetU1_4
	Pins
	U1-4


	NetU1_5
	Pins
	U1-5


	NetU1_6
	Pins
	U1-6


	NetU1_7
	Pins
	U1-7


	NetU1_8
	Pins
	U1-8


	P375_IN_1




