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6 Boards: < 5V0  «———AGND——>]
| Mother Board “ PRI P(‘E:’:J)Card H SEC SR Card ‘ - 3.3V, 100mA [€——AGND————>, <«—LEAD_ISO_12V_L—
T L VBAT—>{ Load Switch e \7Bl Buck SV, S00mA__5yg PMIC ——3V3——> MCU, Sensors | =—=\/BUS / VM| D> «—LEAD_ISO_-5V_L—
| Meu Gard ‘ ‘ (Lag) H Bias Card | LM74202-Q1 LM61440-Q1 Rleln < LEAD_SW—— AGND Bias Card
PRI Power Card | e P G N D | «—LAG_ISO_12V_L—— 1as Car
(Lead) «——LEAD_HS_PWM— <€—LAG_ISO_-5V_L—
— 12V, 150mA ea
Buck-boost lzvx—> Push-Pull 1SO 12V_H—> High-side GaN LEAD_LS_PWM ¢ AGNDM ’
SR, ACL, AEF ——LEAD_OC_H—— EN_5V0 > ,Tl
TPS552872-Q1 SN65058-Q1 LEAD_OC_L: > EN_12V >
- LEAD_HS_TEMP—> ——LEAD_EN_ISO_12V—>]
B 9] ard C on f | 12V, 150ma LEAD_LS_TEMP—» ——LAG_EN_ISO_12V—>] witc
PO WET Tl’ee U e LEAD_GaN_FAULT—>
Layout Top View SNES07-01 m < LEAD_EN_ISO_12V— RST g
A «——LEAD_EN_DRV- ERRORSTS Lo
LAG_ISO_12V_L: Capacitors CANs
SG1—> LV Voltage —SG3—> g}/rf;LrYt BCBias ‘ V_HV_1 >
$G2.1> HV Temp General o ¢ AGNDM > V_HV_2—>
Mother Board E— Zafe:v as < 5V0 Sensors V_LV_1 >
Ll oals
110*15*70mm  MCU Card P = Rogowski Coil «—SAFE_OUT— PMIC l€——AGND————> V_LV_2—>]
ower Car ¢ VBUS > I_HV_1—]
110*25*70mm  Cold Plate [« PWMs I_HV_2 >
Ti0i07omm . SEC SR Card «—ENDRV—| | LV Resistor i 'EI LAG_SW |_HV_FILTER—>| ADCs
EE. — [«—EN_ISO_12V—{ PRI Power Card 4—&'\(;"':£ :(\;/:/\';_) II_IL\\//_;—>
" SN Sensors/ | «——cans—p| INTERF < _HS_ _LV_. >
° E [l nFLTs Amplifiers A (Lag) LAG_LS._PWM :II:_I:I\\//_; ¢
© _“ S SN —
< .E Transformer Choke T-Hvs 7:’ ﬁ\\; i*: LAG_OC_H . T_LV_l >
Kol B =V ADCs D ”
°IF e SEC SR Card Mother Board i Me Card 1AGOCL Mother Board T2 >
" - F u S a LAG_HS_TEMP—» «—LEAD_HS_PWM——|
|
’ togis | | pwws——| pwws LAG_LS_TEMP—> <« LEAD_LS PWM—
110*25*70mm  Cold Plate o LAG_GaN_FAULT- > Logics [«——LAG_HS_PWM————/
[PRIPWR Card (lead) |  [_PRIPWR Card (Lag) | 7 m LAG_EN_I50_12V «——LAG_LS_PWM—
50*10*40mm 50*10*40mm VLV 22— [«—SR1_HS_PWM—— MCU Card
imertace [ [——1HV_2—) cwpss LAG_EN_DRV——] —SRI_LS_PWM PWMs an
Bias Card Bi o < 12v «———SR2_HS_PWM——|
le——EN_12v—— = [E—5V0——— Interface [«——SR2_LS_PWM
l—eN_Is0_12Vs—] |I] HMUXE_.‘ie il GPIOs <¢—VouT ACL1_PWM
v eSSV nFLTs——> ——— AGND———>| «——ACL2_PWM———
= > 5V0, 5V0_CAN—>
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Lo [ ——AGND———>|
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——ACL2 PWM———— ‘75"‘—:3
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| | ] [ I LV 2 —
' wh] Eh) U EE e PRy N
n > % || t T o JE;} " Jﬁ} « EN_SR IHV_OC > GPIOs
Ga Ga ] Mos mos— | < EN_ACL: L IHV_FAULT—>
HV + _ V HV [ 1+ ISNS VOUT: > —GaN_OC_1, GaN_OC_2—»}
== | TpsF12cD = y ! T - L ———GaN_FAULT—>
| CST2010-100L — «— [ | = V/ BAT e CAN FLT
A
- - - - B V_LV_1 V_LV_2 - - < DGND > AO, AL, A2, A3——>
-] EE BB P e
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Revision History

Rev ECN # Approved Date Approved by Notes
N/A N/A N/A N/A N/A
INPUT PSFB: PLACE R1 R15 R127 R128, DNP R16 R129
SHB: PLACE R16 R129, DNP R1 R127 R15 R128
BIAS_DGND
R1,,, O o _ VMID AEF Board Interface
LR, 0T VBAT ”‘ AGND BIASNAGHD ) J1 J2 ] o
+c5 D5 BIAS_VIN 2 _g g 4 BIASEAY) gv
500V c4 C56 DY pt 3] RIASIAGND AGND Py
120uF 0.47uF 630V VIN BIAS HS 12V BIAS VI BIAS VIN 10 ol=2T AGND
630V 0.01uF VIN BIAS_fiS_12V 4 Lslo| |t BIAS 5V 20
PD FEZ’ PGND AGND LEAD _EN_ISO_12V EADIENAISORTE 5 ]
e R LAG EN _ISO 12V 1 2 1 LEAD 1SO_12V_L
VMID VMID VIMID2 LAG_EN_ISO_12¥ o TTO O LEAD_ISO_12V_k—~=1s =
—— — HS BIAS CARD 0 o O AGNDP
R4 R5 R6 R7 are used for voltage balance. —— —— 3 o 6 o O 5 LEAD IS0 5V LEAD ISO -5V L
It has extra leakage current, so only place in SHB topology. 4 0 8 o O 7
Place in SHB topology. 5) o 1(2) o O slal LAG 150 12V D> ;é(lilDlﬁ/lo 12V_L
1w 2 97 AGNDM LAG 150 5V L
BIAS_AGND O © LAG_ISO_-5V_L -
PRIMARY SIDE FLE-107-01-G-DV
R2 BIAS CARD
LEAD_HS PWM V/ 10k
S LEAD_HS_PWM 5V0 5v0 R3
LS PWM [~ [EAD LS PWM AGND AGND o SECONDARY SIDE
VLEAD EN_I50_1pv | B , JBUS I 233
O O
EN DRV ([ EAD EN DRV 310 ot4l ! R124. 0 50V
515 ols R12270 X c8 17
71y ol 8 TP1 TP2 R:ng.v 0 ||24ud ACL1 PWM 7NeIL B 1 ol2 e PO ACL2 PWM
9 5 o1 R11¢, 0 5IOV 3 o ol4
11 12 12v 5 6 5V0
LEAD_OC_H o © psFB: PLACE | | co L 8 8 8
IEAD O L FLE-106-01-G-D\-A SHB: DNP | [2.8u 1«.; o o ig
O O
LEAD_HS TEMP 5 50V EN_SR 13 14 EN ACL
I|_EAD HS_TEMP c10 | EAD_SW R EN_SR O O EN_ACL
LEAD LS TEMP =55 TEVP =D &0 | EAD SW ”2_% SR1_HS PWM SRRFSEEWN FLE-107-01-G-DV L 1S B SR1 LS PWM
LEAD_GaN_FAULF | £A5 GaN FAULE FEND PGND Scol\g SR2_HS PWM 7 I T 7 LS B SR2_LS PWM
J7 Ile _A+c2 _l*c1e6 _l+c17 _I+ci1 _l*c12 _l*+ci4
110 ol2 | cT “T~35V ~T~35V ~T~35V ~T~35V ~T~35V ~T~35V
LEAD_ISO 12V _l—t—=—c=—s— 3 4 TP7 TP8 50V 1800uF { 1800uF | 1800uF! 1800uF} 1800uF! 1800uF
LEAD_ISO_12V. O O
5 6l AGNDP C18 VBAT
LEAD ISO -5V O O ® AGNDP 3 VBAT
- LEAD_ISO_-5V. -—”—“—Fl JL3 T
CLP-103-02-G-D 10 6
AGNDP 50V 510 o
210 o
Higher voltage rated caps for SHB | VPH T2 4 SEC+ Ve "
AT Ce=a=y
PRI POWER CARD (LEAD BRIDGE) 2% CLP-103 /60T L g gem—
VPRI 2 3 SEC- VSEC Choke
VT-22332 DGND
Transformer SEC SR Card —
LAG_HS PWM LAG HS_PWM il 5V0 oo
LAG_LS PWM AGND AGND
¥~ [AG_EN_1S0_12V 20
1 2
s 2 97
LAG_EN_DRV O ©
515 o8
7 8 TP9 TP10
O ©
9 10
1 1° 97w
LAG_OC H O ©
TACIOGAN FLE-106-01-G-D\-A
LAG HS TEMP = =
LAG_HS_TEMP GND DGND
LAG LS TEMP ~I'AG 5 TEMP
LAG GaN_FAULT
LAG_GaN_FAULF | PSFB: PLACE
J11 [ SHB: DNP
T
LAG ISO 12V Lt 5 T0 9T+ teigrpia i R33
LAG_ISO_ 12V L O O connect to screw of liquid cole plate
LAG_ISO -5V L *1o o1t AGNDM e N DGND
LAG_ISO_-5V_L R20
CLP-103-02-G-D PGND R77
AGNDP
PSFB: PLACE
SHB: DNP

PRI POWER CARD (LAG BRIDGE)
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Control Card Interface TEST
J8
10 o2 19
5 8 g 6 121 o o 122 PMIC_SAFE_OUT1 1
715 o8 23 15 g1 124 3 LEAD EN DRV 3v3 3v3
DAC1 9 o O 10 DEBUG1 125 o O 126 DEBUG2 LEAD EN DRV _MCU 2
AGND T HV 1 nlyg gliz 1Hv2 v 12z 15 ol 128 U
13 15 oJf 14 DAC2 AGND 129 15 51 130 sR8 R9
VLV 1 15 [ 5 ol 16 w15 ol 13 37.50k 7.50k
17 15 o 18 VLV?2 138 | 5 ot 134
815 of20 TLV 2 135 | 5 o f 136
1LV 1 21 o O 22 {7 137 o O 138 PMIC _SAFE OUT1 4 - -
AGND 23 o0 O 24 1LV 2 AGND 139 o O 140 6 LAG_EN DRV
V HV 1 25 15 ol 26 VHV 2 AGND |5 of 142 LAG EN DRV _MCU 5 !\Dl P2
27 |5 5] 28 LHVFILTER 43 15 oSl 14 U1aE X X
29 15 o230 TLVI us | 5 o 146 N Red N Green
3L 15 o232 17 | 5 o148
315 o34 u |5 o] 150
515 o386 151 | 5 o 182 5V0 AGND
37 15 o138 158 |5 o] 154 ERRORSTS 9 GaN_FAULT
AGND 3 [ 5 ol v 155 [ 5 ol 156 8 LEAD EN ISO 12V
41 o O 42 5V0 AGND 157 o O 158 LEAD _EN_ISO_12V_M@OyJ
315 ol 4 v 159 15 51 160 UTaC R11
5 15 ol AGND 161 | 5 o 162
a7 15 o148 v 163 |5 o] 164 0
{7 LEAD HS PWM 49 o O 50 SR1 HS PWM AGND 165 o O 166
AGND LEAD_LS PWM 51 o O 52 SR1 LS PWM 167 o O 168 —_ AGND
LAG _HS PWM 53 o O 54 SR2 HS PWM 169 o O 170 ERRORSTS 12 DGND
LAG LS PWM 55 o O 56 SR2 LS PWM PMIC_COMP2 IN+ 171 o O 172 _PMIC WAKE2 ) 11 LAG_EN_ISO_12V
0015x and P65x compatible PMIC COMP2 IN- 173 174 5V0 LAG_EN_ISO_12V_MC13
PROFILING1 57 o o 58 ACL1 PWM PMIC COMP1 IN+ 175 g 8 176
SPI Cl%k 59 |5 Sl 60 ACL2 PWM PMIC COMPLIN- 177 | 5 S| 178 ERRORSTS u14D
PROFI 61 62 179 180
Sreeai—a 19 STe r ° o LOGIC CIRCUIT
65 8 8 66 AGND HSEC8-130-01-L-DV-A
SPI_SIMO 67 68 EN SR C89
AGND SPI_SOMI 69 o O 70 EN_ACL ||
SPICLK o, 79 o 72 ENswo Il UaA
SPI_CS " "R630 73 o O 74 EN_12Vv 25V LEAD GaN_FAULT 2
THVI ""R64075 [ o] 76 0.1pF —C19 4 R34 o GaN FAULT
EQNC,SLNT ;g 5 o gg b 5V0 av3l o—L4 - 7 &—> AGND (2).51\{”: LAG GaN FAULT 1 100 l
nSTE s [0 9T e TXx0 UL4E SN74AHC1G08QDBVRQL C69
83 8 8 84 50V
A0 85 o O 86 LV 1 | LV 2 2200pF
AGND Al 87 o O 88
LEAD_EN_ISO_12V_MCU 89 o O 90 AGND
LEAD _EN_DRV_MCU 91 o O 92 T HV 2 5V0
LAG_EN_ISO_12V_MCU B3 [5 ol 9 GNoCci sRo1 $R95
LAG_EN_DRV_MCU 95 o O 96 $3.30k $3.30k I_LV = lout * 0.05/1000 * 100 + 1.1 = 1.1 + 0.005 * lout 3v3
97 98 U2 3v3
O O T
99 100 GaN_OC 2 I_LV=300A,V=26V OC=+296A
AG\?\JD 101 o O 102 _GaN_FAULT 16 )
103 g 8 104 A2 veP €105
3Vv3 105 o O 106 _A3 5V0 PMIC_COMP1 IN+ PMIC_COMP2_IN+ J18 LEAD_HS TEMP 12 SOA DA 13 R35 T HV 1 25V
TR3®_PMIC SAFE OUT1 107 | § ] 108 THV OC PROFILINGL 1 [ LEAD LS TEMP 14| a1n o 0.1uF
10.0k 1o |5 5] 110 THVFAULT PROFILING2 2 | o LAG _HS TEMP 15 | oon sR14 AGND
111 o O 112 :;R96 :;R87 DEBUG1 3 l @ LAG LS TEMP 11, S3A $10.0k
3v3 {7 113 o O 114 PMIC WAKE1 $1.00k $1.00k DEBUG2 4 l @
AGND us |5 ol us I_LV= 2.2-0.004 * Isec 4 LEAD OC H - o8 |2 R36 _ GaN 0OC_1
SVOCAN 17 [ 5 S| 18 LEAD OC L &0 100
119 o O 120 RST v v I_LV=-100A, V=26V OC=-100A PRPCO05SBAN-M71RC LAG_OC H 2 s2B
AGND AGND AGND LAG _OC L 4 S3B
HSECB8-160-01-L-DV-A-BL ——C70 C71
A0 10 7 50V 50V
Al 9 ﬁ‘l’ NG 2200pF 2200pF
5V0 5V0_CAN
I R97  pMIC WAKEL 6. | = 8 Aé{\lD AGND
CAN 10.0k 1R134 LR135 EN GND
R80 : 310.0k $10.0k AGND TMUX1309QDYYRQ1 AGND
BIAS VIN 30 BIAS VIN R92 o IP3
65| 3v3
> ACND, 3.65K Lcn TP_H0.45P0.75 UL 3v3
50V AGND
TP4 L
vee CANH (22 gRos 0.01uF — 16 1vop
30.0k TP_HO0.45P0.75 €106
C52 10 |\sup AGND AGND — T LEAD_HS TEMP 12 | on oalets RIS o THV? 25V
IlOOnF CAN_WAKE LEAD LS TEMP 14 ) a1 100 0.1uF
50V 5 LAG_HS TEMP 15 $R130 AGND
AGND Ve LAG LS TEMP uy ] on $10.0k
TXD S (I CaNL led2 o - o CANL BUS CANH_BUS 3
3v3 ) R18 CANL BUS I[Eﬁg 88 llj 1l sos oB ka2 Rll o_GaN OC 2
PMIC WAKE2 7 S 5
Wr7o0 | "N 360.4k c21 ¢ LAG OC H 2 o 100
CAN WA;6ER7:L 09 WAKE NC 11 ® — LAG OC L 4 338 —L 107 c108
C22 R94 CAN FLT 8 |—— oR21 100V A2 10 7 50V 50V
25V 100k nSTB__ 14| AULT $60.4k 4700pF AGND A3 940 NCI—— 2200pF 2200pF
0.1pF TENCAN 67| S8 R22 CANH BUS R ” v
o 24V e 1.00M 6 |en oD |8 AGND AGND
AGND AGND RXD 4 RXD GND 2 C23 |1 ::R136 ::Rl37
3 ] 210.0k $10.0k AGND  TMUXI1309QDYYRQ1 AGND
TCANI1043ADYYRQL AGND AGND 00v /77
0.01uF
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Primary Voltage: AMC3311 + TLV9001

U9
L I I c78 25V
c79 C80 cs1 1 16 |L_0.1uF
25V 1pF 50V DCDC_OuUT DCDC_IN | l—
I O.1uF g 25V .I 2200pF 2 | DCDC_HGND DCDC_GND 15
<7 3 14 3v3
AGNDP HLDO_IN DIAG
NC U44 13 sR42
NC LDO_OUT $47 5k
® > {HLpo_ouT vDD |22
6 11VSNS OUTP
cs4 c85 X OUTP——— | —=c82 c83
25V 50V 7 10VSNS OUT 50V 1uF
0.1pF | 22004F HGND OUTN————— 2200pF | 25V
o & 1 HGND GND |2 ? ?
AMC3311QDWERQL
VIN R43 R44 R45 R51 AGND
845k 845k 845k Lrss
39.09k ——C86 c87
50V Il 3v3
0.01uF 1]
< 220pF
16V c88
N R59 25V
AGNDP AGNDP 50 0.1pF
AGND
3v3
u13
R119 VSNS_OUTN R61 19,0k 4 g TLV9001QDBVRQ1L
PGND AGNDP . RIS V HV 1
VSNS ouTp RE6 4 3 |, 100
PSFB: V_HV=15/10%1*(9.09/2544.1)*VBUS=0.00534VBUS 7
220p!

VREF = 3V, Range: 562V max 16V 90<R68
co1 20
220pF AGND
16V AGND | _V HV 2

SHB: V_HV=15/10*1*(4.70/2539.7)*VBUS=0.002775VBUS

VREF =3V, Range: 1080V max

Secondary Voltage: Resistor Ladder

VBAT VBAT

IRs1
$49.9

‘:RQQ
310.0k

v
AGND AGND
V_LV=Vout/12.05*2=0.166 * Vout

VREF =3V, Range: 0 ~ 18.1V

AGND AGND
V_LV=Vout/ 12 *2=0.1666 * Vout

VREF =3V, Range: 0 ~ 18V

AGND

Primary Voltage: AMC0311 + TLV9001

1SO 5V
LEAD 1SO 22V L R30 o T
lc41 lc44 2.00k
1uF 25V R37
25V 0.1pF 3v3
2.00k D10 cos
AGNDP AGNDP 25V
DNP R30,R37.D10 in Havok Bias Card | " 0-1uF coe
,R37, in Havok Bias Car SO5V Ul av3 | 25v
0.1uF
1 8 AGND
R104 R105 R106 rio7  ACONDP Yoer Yoo
VMID 2 i vouTe 2 VSNS_OUTP_2
845k 845k 845k i . . VSNS OUTN 2
9.09k co7 SHTDN VOUTN -
50V 4 5
0.01uF GND1 GND2
AMC1311BQDWVRQ1 Jz
AGNDP AGNDP AGND
AGNDP P2P, Use AMC0311-Q1
cos
1
3v3 ]
220pF
16V
C99 R109
25V
0.1pF 15.0k
AGND 3v3
o U1l
VSNS OUTN 2 R60 10,0k 4 TLVH001QDBVRQL
1 Ri12- V_HV 2
VSNS OUTP 2 R65 190 ° 3 10.0 I
o 220p!
16V [c101
LR116=—C102
2150k | 220pF AGND
) 16V AGND
AMC0311: V_HV=15/10*1*(9.09/2544.1)*VBUS=0.00534VBUS v
AGND

VREF = 3V, Range: 562V max
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1 ‘ 2 3 2 ‘ s .
Primary Input Current: TMCS1133 Primary Input Current: Current transformer + TLV365
C24
3v3 ||
by = 3vs I
BLM15AX6Q1SN1D o 3v3
C75 C76 R£4
wF | 25v LR79 Close to DSP T1 2,00k €29
25V 0.1yF $10.0k 3 5 6 R25 3V3 25V
—— NC NC —— N d
AGND = 5 NC (- « o 1.00k
9 R40 IHV 1 1 —NC NC —5— D6 D7
'S VOUT L2 @ NC —
10 |ye 10.0 N —LIne ne 12 2
VIN = R110 | HV_OC | | iR28 JR29 [R39 R67 | yv FILTER
_|_;_ IN+ 100 crr VN LEAD SWIR 4 - h $15.0 3150 $15.0 3 100k
FAULT J1!
b i
VBUS ——|™ IR » €100 220pF ° 1R3s8 Cc51
3V 8 50V 16V v $2.00k 50V
voc NC 2200pF AGND VPRI+ 11 DG 2 R31 2200pF
GND 1.00k AGND \4
CST2010-100LB us AGND AGND AGND
$R111 TMCS1133B2QDVGR AGND AGND sR32TLV365QDBVRQL
$3.65k C3532.00k
50V
° 10pF Close to DSP
AGND b
SR114 I_HV=(|lpri / 100] * 5) * 2 = 0.1 * |lpri|
31.00k C103 v
220pF VREF =3V, Range: -30 ~30A AGND
y 16V R115 o | HV FAULT
100
AGND C104
50V
2200pF .
Rsense = 0.05 mohm Secondary Inductor Current: INA296
AGND 3v3
I_LV =lout * 0.05/1000 * 100 + 1.1 = 1.1 + 0.005 * lout
OC =3.3/4.65*1000 * 2.5/50 = 35A
VREF = 3V, Range: -220 ~380A C42
I_HV = - lpri * 50 /1000 + 1.65 = 1.65 - 0.05 * Ipri VREF =3V, Range: -27 ~33A 25V
0.1uF
3v3 uz AGND
vout R47 o
10.0 8
e Close to DSP
C45 8
220pF * 5 R62 LV 1 1 /;)
VBAT R52 16V 1 i 100 I 1%
100 | rers Ne - co4 “’|‘r W “‘|
SR58 [ 13 2 220pF e
3150k REF2 GND 16V
NA296A4QDDFRQ1 v
AGND AGND AGND
SR54
$7.50k
v
AGND
Secondary Output Current: INA225
3v3
Close to DSP
C53 3v3
25V U10  250kHz
0.1uF
AGND 3 1 LV 2
DGND close to choke Ve o
R73 L
® o
C54
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