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12V->5V buck cannot
sink current. Decrease
R29/R30 as needed to
ensure buck always
sources current. Worst
case: battery current
sensor sinks 37 mA into
+5V (@ 150A assist)

HW_VER1/0:
FF: REVA/B/C
FL: REVD
LF: RESERVED
LL: RESERVED
F=FLOAT
L=GND

ANYTHING OUTSIDE THE BOX IS SAFE TO TOUCH

SOURCE
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MUST BE "B" VERSION
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ARDUINO
MEGA2560

USE 250 mW COMPONENTS!
2.4 mA @ 240AC = 576 mW
1.2 mA @ 120AC = 144 mW

USB SERIAL

L1_GRID

L2

GND_EARTH

GRID_PWM+
GRID_PWM-
GRID_HVDC-
GRID_HVDC+
MCM_CONN_E+
MCM_CONN_E-
JUNCTION_HVDC-
JUNCTION_HVDC+

ONBOARD FANS

(5.0-1.15-2.2)/(100)=16.6 mA typical
(4.9-1.50-2.3)/(100)=11.0 mA min

LiBCM GENERATES +12V FROM HVDC BATTERY.  12V_KEYON ONLY TELLS LiBCM WHEN CAR IS ON

(5.0-1.25-2.2)/(200)=7.8 mA typical
(4.9-1.65-2.3)/(200)=4.7 mA min<< QTY3 FETS

    DROP V_FAN
    TO 12 VOLTS

<<+12V IF USING
       EPM1210SJ

MCM_E_CONTROL

MCM

V_MIN = 0.05
V_MAX = 4.95

ONLY POPULATE ONE BUCK CIRCUIT (TOP OR BOTTOM).
WITH SPECIAL THANKS TO THE COVID19 PARTS SHORTAGE!

48
(L

E
D

4)

VCC
SCK
MOSI
MISO
GPIO-0
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HMI_RX
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BATT_CURRENT_ADC is ratiometric to +5V rail.
Therefore ADC should reference +5V rail.

BATT_CURRENT_SCALED is 1.660 volts with no battery current.
ASSIST causes OUTPUT voltage to increase.
REGEN causes OUTPUT voltage to decrease.

The voltage measured on BATT_CURRENT_SCALED is:
(BATT_CURRENT_I2V) * 2.29 - 4.07 = BATT_CURRENT_SCALED

The overall equation is:
(5 + 79.3 * Battery_Current_RAW * 250E-6) / 2 * 2.29 - 4.07 = BATT_CURRENT_SCALED

Which reduces to:
BATT_CURRENT_RAW * 22.7E-3 + 1.655 = BATT_CURRENT_SCALED
(BATT_CURRENT_RAW is negative during regen)

MEGA2560's 10 bit ADC limits current resolution to 215 mA per count,
which is sufficient for coulomb counting.  The firmware oversamples 64x per sample.

HVDC
BATT

Applies:
m= 2.29 gain
b= -4.07 offset

VCC
RX
TX
GND

+15V <- HVDC
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RELAY
FLYBACK

V_MIN = 1.75
V_MAX = 4.00
SENSOR RAILS
AT THESE VALUES

Battery Current Sensor outputs 250 uA/A (ISOC).
The output voltage is ratiometric to +5V rail.
Therefore ADC should reference +5V rail.

BATT_CURRENT_I2V is 2.5 volts with no battery current.
ASSIST causes OUTPUT voltage to increase.
REGEN causes OUTPUT voltage to decrease.

The voltage measured on BATT_CURRENT_I2V is:
((5 V) + (R_I2V) * (I_Battery) * (250E-6))/2 = BATT_CURRENT_I2V
Note: I_Battery is negative during REGEN.
Note: Divided by 2 due to R51,R52 divider

Examples:
148 A Assist: ((2.5 V) + (79.3 Ohms) * (148 A) * (250 uA/A))/2 = 3.967 volts
140 A Assist: ((2.5 V) + (79.3 Ohms) * (140 A) * (250 uA/A))/2 = 3.888 volts
100 A Assist: ((2.5 V) + (79.3 Ohms) * (100 A) * (250 uA/A))/2 = 3.491 volts
050 A Assist: ((2.5 V) + (79.3 Ohms) * (050 A) * (250 uA/A))/2 = 2.996 volts
010 A Assist: ((2.5 V) + (79.3 Ohms) * (010 A) * (250 uA/A))/2 = 2.599 volts
001 A Assist: ((2.5 V) + (79.3 Ohms) * (001 A) * (250 uA/A))/2 = 2.510 volts
000 A (IDLE): ((2.5 V) + (79.3 Ohms) * (000 A) * (250 uA/A))/2 = 2.500 volts
001 A Regen: ((2.5 V) - (79.3 Ohms) * (001 A) * (250 uA/A))/2 = 2.490 volts
010 A Regen: ((2.5 V) - (79.3 Ohms) * (010 A) * (250 uA/A))/2 = 2.401 volts
050 A Regen: ((2.5 V) - (79.3 Ohms) * (050 A) * (250 uA/A))/2 = 2.004 volts
070 A Regen: ((2.5 V) - (79.3 Ohms) * (070 A) * (250 uA/A))/2 = 1.806 volts
072 A Regen: ((2.5 V) - (79.3 Ohms) * (072 A) * (250 uA/A))/2 = 1.786 volts

+12V IF USING >>
EPM1210SJ      

EPM1210SJ
    OR

SENSOR_EN

SOURCE

SOURCE

12V_KEYON

FAN3 WIRE

CLOSED:
FIRMWARE DEFINED

OPEN:
FIRMWARE DEFINED

AP62301 IS LESS EFFICIENT
(CONSUMES 4.5 mA AT IDLE)

CONNECTS TO
GRID CHARGER
(ONLY)

John Sullivan - 2021 - IC.net: 'mudder'
This work is licensed under the Creative Commons
Attribution-ShareAlike 4.0 International License (CC BY-SA 4.0).
View this license at: creativecommons.org/licenses/by-sa/4.0/

THESE FETs ELIMINATE OEM BATTERY CURRENT
SENSOR'S IDLE POWER CONSUMPTION:

IPWR_P  |   ISOC   |  IPWR_N  |  P(IDLE)
----------------------------
  12V        5V**        0V        120 mW
  12V        5V**        Z***      500 mW
  0V*        5V**        0V        230 mW
  11.3V****  5V          Z***         0 mW
  Z***       5V          Z***         0 mW

*SOURCED FROM IGNITION, KEY OFF
**BACKFEEDS THRU R_I2V
***USING OPEN DRAIN SWITCH
****POWERED THRU FORWARD BIASED DIODE

NOTE: ALL TESTS PERFORMED WITH 0A
RUNNING THRU HIGH CURRENT CABLES
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MEGA_0(RX0)

MEGA_14(TX3)
MEGA_15(RX3)
MEGA_16(TX2)
MEGA_17(RX2)
MEGA_18(TX1)
MEGA_19(RX1)
MEGA_20(SDA)
MEGA_21(SCL)

MAKK2016T1R0M

CLOSED:
USB CANNOT UPDATE FIRMWARE
NO RESET ON USB ENUMERATION

OPEN:
USB FIRMWARE UPDATES ALLOWED
USB ENUMERATION RESETS MEGA

44
(G

P
IO

-3
)

46
(L

E
D

3)

THIS IS NOT AN
INTERLOCK!!!

USER_SW

12V_ALWAYS



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

A

B

C

D

E

F

G

H

A

B

C

D

E

F

G

H

Date: 2021-09-19
KiCad E.D.A.  kicad (5.1.9-0-10_14)

Rev: CSize: User
Id: 2/2

Title: LiBCM - Lithium G1 Insight
File: LiBCM_BMS.sch
Sheet: /LiBCM BMS/
Linsight, LLC

R95
100

R
8375

R108
1k24

C35

100n

1

2
3

Q8

Q_PMOS_GSD

R96
100

R
8475

R109
1k24

C42

100n

1

2
3

Q9

Q_PMOS_GSD

R97
100

R
8575

R110
1k24

C36

100n

1

2
3

Q10
Q_PMOS_GSD

R98
100

R
8675

R111
1k24

C43

100n

1

2
3

Q11
Q_PMOS_GSD

R99
100

R
8775

R112
1k24

C37

100n

1

2
3

Q12
Q_PMOS_GSD

R100
100

R
8875

R113
1k24

C44

100n

1

2
3

Q13
Q_PMOS_GSD

R101
100

R
8975

R114
1k24

C38

100n

1

2
3

Q14
Q_PMOS_GSD

R102
100

R
9075

R115
1k24

C45

100n

1

2
3

Q15
Q_PMOS_GSD

R103
100

R
9175

R116
1k24

C39

100n

1

2
3

Q16
Q_PMOS_GSD

R104
100

R
9275

R117
1k24

C46

100n

1

2
3

Q17
Q_PMOS_GSD

R105
100

R
9375

R118
1k24

C40

100n

1

2
3

Q18
Q_PMOS_GSD

R106
100

R
9475

R119
1k24

C47

100n

1

2
3

Q19
Q_PMOS_GSD

R107
100

C41

100n

R124
100

C49

100n

R
12

3
10

0

GND_ISO_A

GND_ISO_A

1

2
3

4

Q20

Q_NPN_BCEC

C51

1u

C53

1u
C54

1u

V+1

C810

S811

C712

S713

C614

S615

C516

S517

C418

S419

C122

C320

S321

C222

S223

C124

S125

C026 GPIO1 27
GPIO2 28
GPIO3 29

S123

V- 30
V- 31

GPIO4 32
GPIO5 33
VREF2 34
VREF1 35

SWTEN 36
VREG 37

DRIVE 38

WDT 39

C114

ISOMD 40
CSB(IMA) 41
SCK(IPA) 42

SDI(ICMP) 43
SDO(IBIAS) 44

A0 45
A1 46
A2 47
A3 48

S115

C106

S107

C98

S99

U11

LTC6804-2

R
30

7
10

k

GND_ISO_A

R126
768

R
12

8
1k

24

R157
1k24

R158
1k24

R159
1k24

R160
1k24

R161
1k24

R162
1k24

R163
1k24

R164
1k24

R165
1k24

R166
1k24

R167
1k24

R168
1k24

R170
100

C70

100n

R
16

9
10

0

1

2
3

4

Q33

Q_NPN_BCEC

C74

1u

C75

1u

C76

1u

V+1

C810

S811

C712

S713

C614

S615

C516

S517

C418

S419

C122

C320

S321

C222

S223

C124

S125

C026 GPIO1 27
GPIO2 28
GPIO3 29

S123

V- 30
V- 31

GPIO4 32
GPIO5 33
VREF2 34
VREF1 35

SWTEN 36
VREG 37

DRIVE 38

WDT 39

C114

ISOMD 40
CSB(IMA) 41
SCK(IPA) 42

SDI(ICMP) 43
SDO(IBIAS) 44

A0 45
A1 46
A2 47
A3 48

S115

C106

S107

C98

S99

U12

LTC6804-2

-
T

H
5

R172
768

R
17

4
1k

24

GND_ISO_B

GND_ISO_B

GND_ISO_B

C135

100n

C136

100n

R
30

8
1k

24

R306
768

V+1

C810

S811

C712

S713

C614

S615

C516

S517

C418

S419

C122

C320

S321

C222

S223

C124

S125

C026 GPIO1 27
GPIO2 28
GPIO3 29

S123

V- 30
V- 31

GPIO4 32
GPIO5 33
VREF2 34
VREF1 35

SWTEN 36
VREG 37

DRIVE 38

WDT 39

C114

ISOMD 40
CSB(IMA) 41
SCK(IPA) 42

SDI(ICMP) 43
SDO(IBIAS) 44

A0 45
A1 46
A2 47
A3 48

S115

C106

S107

C98

S99

U15

LTC6804-2

C139

1u

C138

1u

C137

1u

1

2
3

4

Q72

Q_NPN_BCEC

R
30

3
10

0

R304
100

C128

100nR290
100

1

2
3

Q71
Q_PMOS_GSD

C134

100n

R302
1k24

R
27

7
75

R289
100

1

2
3

Q70
Q_PMOS_GSD

C127

100n

R301
1k24

R
27

6
75

R288
100

1

2
3

Q69
Q_PMOS_GSD

C133

100n

R300
1k24

R
27

5
75

R287
100

1

2
3

Q68
Q_PMOS_GSD

C126

100n

R299
1k24

R
27

4
75

R286
100

1

2
3

Q67
Q_PMOS_GSD

C132

100n

R298
1k24

R
27

3
75

R285
100

1

2
3

Q66
Q_PMOS_GSD

C125

100n

R297
1k24

R
27

2
75

R284
100

1

2
3

Q65
Q_PMOS_GSD

C131

100n

R296
1k24

R
27

1
75

R283
100

1

2
3

Q64
Q_PMOS_GSD

C124

100n

R295
1k24

R
27

0
75

R282
100

1

2
3

Q63
Q_PMOS_GSD

C130

100n

R294
1k24

R
26

9
75

R281
100

1

2
3

Q62
Q_PMOS_GSD

C123

100n

R293
1k24

R
26

8
75

R280
100

1

2
3

Q61
Q_PMOS_GSD

C129

100n

R292
1k24

R
6475

R279
100

1

2
3

Q60
Q_PMOS_GSD

C122

100n

R291
1k24

R
6275

R278
100

GND_ISO_D

GND_ISO_D

GND_ISO_D

GND_ISO_DGND_ISO_D

R
35

7
D

N
P

R305
7k32

D17 LED

C177

DNP

R
34

8
D

N
P

D10 LED

R264
7k32

D9 LED

R218
7k32

D8 LED

R171
7k32

D7 LED

GND_ISO_B

10
11

125

6
7
8 9

T2B

1

13
14
15
16

2
3
4 T1A

R125
7k32

R
35

9
20

C48
100p

EN1

IM 10
IP 11

MSTR 12
SLOW 13

GND 14
ICMP 15
IBIAS 16

MOSI2

MISO3

SCK4

CS5

VDDS6

POL7

PHA8 VDD 9

U10

LTC6820

C34

100n

+5V

R120
768

R122
1k24

GND_ENG

GND_ISO_C

GND_ISO_E

R224
5M

R222
5M

+5V

C95 22n C96

22n

GND_ISO_E

R215
5M

R214
5M

C78 22n C92

22n

C93

100p

GND_ISO_E

GND_ISO_E

GND_ISO_E
R176
5M

R175
5M

C71 22n C72

22n

C77

100p

R129
5M

-
T

H
1

R131
5M

C103

100p

10
11

12 5

6
7
89

T1B

C142

100p

R144
100

R
13

2
75

C57

100n

1

2
3

Q21

Q_PMOS_GSD

R145
100

R
13

3
75

C64

100n

1

2
3

Q22

Q_PMOS_GSD

R146
100

R
13

4
75

C58

100n

1

2
3

Q23
Q_PMOS_GSD

R147
100

R
13

5
75

C65

100n

1

2
3

Q24
Q_PMOS_GSD

R148
100

R
13

6
75

C59

100n

1

2
3

Q25
Q_PMOS_GSD

R149
100

R
13

7
75

C66

100n

1

2
3

Q26
Q_PMOS_GSD

R150
100

R
13

8
75

C60

100n

1

2
3

Q27
Q_PMOS_GSD

R151
100

R
13

9
75

C67

100n

1

2
3

Q28
Q_PMOS_GSD

R152
100

R
14

0
75

C61

100n

1

2
3

Q29
Q_PMOS_GSD

R153
100

R
14

1
75

C68

100n

1

2
3

Q30
Q_PMOS_GSD

R154
100

R
14

2
75

C62

100n

1

2
3

Q31
Q_PMOS_GSD

R155
100

R
14

3
75

C69

100n

1

2
3

Q32
Q_PMOS_GSD

R156
100

C63

100n

R309
5M

R310
5M

C140 22n C141

22n

R
7

D
N

P

R
8

D
N

P

R
9

D
N

P

C56

22n

C55 22n

C52

100p

GND_ISO_A

1

13
14
15
16

2
3
4T2A

R
10

D
N

P

R
22

3
10

0

10
11

125

6
7
8 9

T3B

1

13
14
15
16

2
3
4 T3A

R189
100

R
17

7
75

R202
1k24

C79

100n

1

2
3

Q34

Q_PMOS_GSD

R190
100

R
17

8
75

R203
1k24

C86

100n

1

2
3

Q35

Q_PMOS_GSD

R191
100

R
17

9
75

R204
1k24

C80

100n

1

2
3

Q36
Q_PMOS_GSD

R192
100

R
18

0
75

R205
1k24

C87

100n

1

2
3

Q37
Q_PMOS_GSD

R193
100

R
18

1
75

R206
1k24

C81

100n

1

2
3

Q38
Q_PMOS_GSD

R194
100

R
18

2
75

R207
1k24

C88

100n

1

2
3

Q39
Q_PMOS_GSD

R195
100

R
18

3
75

R208
1k24

C82

100n

1

2
3

Q40
Q_PMOS_GSD

R196
100

R
18

4
75

R209
1k24

C89

100n

1

2
3

Q41
Q_PMOS_GSD

R197
100

R
18

5
75

R210
1k24

C83

100n

1

2
3

Q42
Q_PMOS_GSD

R198
100

R
18

6
75

R211
1k24

C90

100n

1

2
3

Q43
Q_PMOS_GSD

R199
100

R
18

7
75

R212
1k24

C84

100n

1

2
3

Q44
Q_PMOS_GSD

R200
100

R
18

8
75

R213
1k24

C91

100n

1

2
3

Q45
Q_PMOS_GSD

R201
100

C85

100n

R217
100

R
21

6
10

0

1

2
3

4

Q46

Q_NPN_BCEC

C98

1u

C99

1u
C100

1u

V+1

C810

S811

C712

S713

C614

S615

C516

S517

C418

S419

C122

C320

S321

C222

S223

C124

S125

C026 GPIO1 27
GPIO2 28
GPIO3 29

S123

V- 30
V- 31

GPIO4 32
GPIO5 33
VREF2 34
VREF1 35

SWTEN 36
VREG 37

DRIVE 38

WDT 39

C114

ISOMD 40
CSB(IMA) 41
SCK(IPA) 42

SDI(ICMP) 43
SDO(IBIAS) 44

A0 45
A1 46
A2 47
A3 48

S115

C106

S107

C98

S99

U13

LTC6804-2

R219
768

R
22

1
1k

24

GND_ISO_C

GND_ISO_C R
11

D
N

P

R130

5M

1

10
11
12
13
14
15
16
17
18
19

2

20

3
4
5
6
7
8
9

J13
Conn_01x20

1

10
11
12
13
14
15
16
17
18
19

2

20

3
4
5
6
7
8
9

J16
Conn_01x20

1

10
11
12
13
14

2
3
4
5
6
7
8
9

J17
Conn_01x14

1

10
11
12
13
14

2
3
4
5
6
7
8
9

J18
Conn_01x14

C172

100p

R
34

1
20

R
34

2
20

R
34

3
20

R
34

4
20

R
34

6
20

R
34

7
20

R
34

9
20

R
35

0
20

R
35

2
20

R
35

3
20

-
T

H
3

R
22

0
10

k

GND_ISO_C

C94

100n

GND_ISO_C

C97

100n

R340
20

C118

100n

C117

100n

R339
20

R
26

6
10

k
-

T
H

4

R354
100

R355
100

R
35

6
20

C173

DNP

R
33

8
D

N
P

R
26

7
1k

24

R265
768

V+1

C810

S811

C712

S713

C614

S615

C516

S517

C418

S419

C122

C320

S321

C222

S223

C124

S125

C026 GPIO1 27
GPIO2 28
GPIO3 29

S123

V- 30
V- 31

GPIO4 32
GPIO5 33
VREF2 34
VREF1 35

SWTEN 36
VREG 37

DRIVE 38

WDT 39

C114

ISOMD 40
CSB(IMA) 41
SCK(IPA) 42

SDI(ICMP) 43
SDO(IBIAS) 44

A0 45
A1 46
A2 47
A3 48

S115

C106

S107

C98

S99

U14

LTC6804-2

C121

1u

C120

1u

C119

1u

1

2
3

4

Q59

Q_NPN_BCEC

R
26

2
10

0

R263
100

C110

100nR249
100

1

2
3

Q58
Q_PMOS_GSD

C116

100n

R261
1k24

R
23

6
75

R248
100

1

2
3

Q57
Q_PMOS_GSD

C109

100n

R260
1k24

R
23

5
75

R247
100

1

2
3

Q56
Q_PMOS_GSD

C115

100n

R259
1k24

R
23

4
75

R246
100

1

2
3

Q55
Q_PMOS_GSD

C108

100n

R258
1k24

R
23

3
75

R245
100

1

2
3

Q54
Q_PMOS_GSD

C114

100n

R257
1k24

R
23

2
75

R244
100

1

2
3

Q53
Q_PMOS_GSD

C107

100n

R256
1k24

R
23

1
75

R243
100

1

2
3

Q52
Q_PMOS_GSD

C113

100n

R255
1k24

R
23

0
75

R242
100

1

2
3

Q51
Q_PMOS_GSD

C106

100n

R254
1k24

R
22

9
75

R241
100

1

2
3

Q50
Q_PMOS_GSD

C112

100n

R253
1k24

R
22

8
75

R240
100

1

2
3

Q49
Q_PMOS_GSD

C105

100n

R252
1k24

R
22

7
75

R239
100

1

2
3

Q48
Q_PMOS_GSD

C111

100n

R251
1k24

R
22

6
75

R238
100

1

2
3

Q47
Q_PMOS_GSD

C104

100n

R250
1k24

R
22

5
75

R237
100

C174

DNP

GND_ISO_A

C50

100n

GND_ISO_B

C73

100n

GND_ENG

GND_ENG

GND_ENG

GND_ENG

R
17

3
10

k
-

T
H

2

R
34

5
D

N
P

R
12

7
10

k

C175

DNP

LTC6820_CS
LTC6820_SCK

LTC6820_MISO
LTC6820_MOSI

CELL8pos

CELL7pos

CELL6pos

CELL5pos

CELL4pos

CELL3pos

CELL2pos

CELL1pos

VdriveCollector_A

VpFILT_A

C12_A

S12_A

C11_A

S11_A

C10_A

S10_A

C9_A

S9_A

C8_A

S8_A

C7_A

S7_A

C6_A

S6_A

C5_A

S5_A

C4_A

S4_A

C3_A

S3_A

S
12

b_
A

C2_A

S2_A

S
1b

_A

S1_E

C1_E

S2_E

C2_E

S3_E

C3_E

S
11

b_
A

C4_E

S5_E

C5_E

S6_E

C6_E

S7_E

C7_E

S8_E

C8_E

S9_E

C9_E

S10_E

C10_E

S11_E

C11_E

S12_E

C12_E

VpFILT_E

VdriveCollector_E

CELL49pos

CELL50pos

CELL51pos

CELL52pos

CELL53pos

CELL54pos

CELL55pos

CELL56pos

CELL57pos

CELL58pos

CELL59pos

CELL60pos

S
12

b_
E

S
1b

_E
S

11
b_

E
S

10
b_

E
S

9b
_E

S
8b

_E
S

7b
_E

S
6b

_E
S

5b
_E

S
4b

_E
S

3b
_E

S
2b

_E

C0_E

VREG_E

DRIVE_E

IPA_E
IMA_E

IC_E
IB_E

S
10

b_
A

S
9b

_A
S

8b
_A

S
7b

_A

VREF1_E
VREF2_E

S
6b

_A
S

5b
_A

S
4b

_A
S

3b
_A

S
2b

_A

C0_A

S1_B

C1_B

S2_B

C2_B

S3_B

C3_B

S4_B

C4_B

S5_B

C5_B

S6_B

C6_B

S7_B

C7_B

S8_B

C8_B

S9_B

C9_B

S10_B

C10_B

S11_B

C11_B

S12_B

C12_B

VpFILT_B

VdriveCollector_B

C0_B

VREG_A

IPA_A
IMA_A

IC_A

LED_E
WDT_D

LED_D

IB_A

VREG_B

WDT_C

DRIVE_B

IPA_B

WDT_B
LED_B

IMA_B

IC_B

WDT_A
LED_A

IB_B

C
E

LL
19

ne
g

WDT_E

CELL9pos

IP
_I

S
O

B
_X

TCENTER_B

C10pos

C11pos

C12pos

IS
O

C
_T

A
P

BIAS_C
IB_6820
IC_6820 IS

O
B

_T
A

P

BIAS_B

TCENTER_6820 TCENTER_ISO_SAFETY

TCENTER_C

VREF1_A
VREF2_A

VREF1_B

IS
O

A
_T

A
P

IP
_I

S
O

A
_X

BIAS_A

IM
_I

S
O

A
_X

VREF2_B

IM_ISO_SAFETY

IS
O

D
_T

A
P

BIAS_D

IP
_I

S
O

D
_X

IM
_I

S
O

D
_X

TCENTER_D

CELL13pos

CELL14pos

CELL15pos

CELL16pos

CELL17pos

CELL18pos

CELL19pos

CELL20pos

CELL21pos

CELL22pos

CELL23pos

CELL24pos

S
12

b_
B

S
1b

_B
S

11
b_

B
S

10
b_

B
S

9b
_B

S
8b

_B
S

7b
_B

S
6b

_B
S

5b
_B

S
4b

_B
S

3b
_B

S
2b

_B

IM
_I

S
O

C
_X

BIAS_EISOE_TAP

IM
_I

S
O

E
_X

IP
_I

S
O

E
_X

QC1_B

QC2_B

QC3_B

QC4_B

QC5_B

QC6_B

QC7_B

QC8_B

QC9_B

QC10_B

QC11_B

QC12_B

CELL13neg

TCENTER_A

IP
_I

S
O

C
_X

IM
_I

S
O

B
_X

DRIVE_A

IM_6820

IP_6820

S1_C

C1_C

S2_C

C2_C

S3_C

C3_C

S4_C

C4_C

S5_C

C5_C

S6_C

C6_C

S7_C

C7_C

S8_C

C8_C

S9_C

C9_C

S10_C

C10_C

S11_C

C11_C

S12_C

C12_C

VpFILT_C

VdriveCollector_C

CELL25pos

CELL26pos

CELL27pos

CELL28pos

CELL29pos

CELL30pos

CELL31pos

CELL32pos

CELL33pos

CELL34pos

CELL35pos

CELL36pos

S
12

b_
C

S
1b

_C
S

11
b_

C
S

10
b_

C
S

9b
_C

S
8b

_C
S

7b
_C

S
6b

_C
S

5b
_C

S
4b

_C
S

3b
_C

S
2b

_C

C0_C

VREG_C

DRIVE_C

IPA_C
IMA_C

IC_C
IB_C

VREF1_C
VREF2_C

T_C

QC1_C

QC2_C

QC3_C

QC4_C

QC5_C

QC6_C

QC7_C

QC8_C

QC9_C

QC10_C

QC11_C

QC12_C

CELL25neg CELL37neg

QC12_D

QC11_D

QC10_D

QC9_D

QC8_D

TCENTER_E

QC7_D

QC6_D

QC5_D

QC4_D

QC3_D

QC2_D

C1_A

QC1_D

T_D

IP_ISO_SAFETY

IM_ISO_STAR

IP_TERMAIM_TERMA

S1_A

IP_TERMB IM_TERMB IP_TERMC IM_TERMC IP_TERMD IM_TERMD IP_TERME IM_TERME

IP_ISO_STAR
IP_TERM_STAR

IM_TERM_STAR

S
N

U
B

A

VREF2_D
VREF1_D

CELL49neg

S4_E

IB_D
IC_D

IMA_D
IPA_D

DRIVE_D

VREG_D

C0_D

S
2b

_D
S

3b
_D

S
4b

_D
S

5b
_D

S
6b

_D
S

7b
_D

S
8b

_D
S

9b
_D

S
10

b_
D

S
11

b_
D

S
1b

_D
S

12
b_

D

CELL48pos

CELL47pos

CELL46pos

CELL45pos

CELL44pos

CELL43pos

CELL42pos

CELL41pos

CELL40pos

CELL39pos

CELL38pos

CELL37pos

VdriveCollector_D

VpFILT_D

C12_D

S12_D

C11_D

S11_D

C10_D

S10_D

C9_D

S9_D

C8_D

T_E

QC1_E

QC2_E

QC3_E

QC4_E

QC5_E

QC6_E

QC7_E

QC8_E

QC9_E

QC10_E

QC11_E

QC12_E

S8_D

C7_D

S7_D

C6_D

S6_D

C5_D

S5_D

C4_D

S4_D

C3_D

S3_D

C2_D

S2_D

C1_D

S1_D

CELL1neg

QC12_A

QC11_A

QC10_A

QC9_A

QC8_A

QC7_A

QC6_A

QC5_A

QC4_A

QC3_A

QC2_A

QC1_A

T_BT_A

S
N

U
B

B

S
N

U
B

C

S
N

U
B

E

LED_C

LO
A

D
 R

E
S

IS
T

O
R

S
 (

E
R

J-
12

Z
Y

J7
50

U
):

(4
.1

 V
) 

^ 
2 

/ (
75

 O
hm

) 
=

 (
22

4 
m

W
) 

pe
r 

re
si

st
or

.
(4

.1
 V

) 
   

 / 
(7

5 
O

hm
) 

=
 (

55
 m

A
)

0x2 0x3

C18+
C17+
C16+
C15+
C14+
C13+
C12+
C11+
C10+
C09+
C08+
C07+
C06+
C05+
C04+
C03+
C02+
C01+
C01-

CELL24pos doesn't have the same issue
as CELL18pos (see note), because C24+
connects between QTY2 LTC6804 ICs,
whereas C18+ connects between QTY2
BMS sense connectors (hence no current)

CELL18pos connects to both
J13 & J16. Thus, a small portion
of assist/regen current flows
thru this trace.  This causes about
1 mV error per regen/assist amp.
Examples:
+052A regen causes +50mV reading
-129A assist causes -90mV reading
  
LTC6813 would prevent this.

U11/U12/U13 ARE NOT
GALVANICALLY ISOLATED

U11/U12/U13 ARE NOT
GALVANICALLY ISOLATED
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Cell48+
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Cell40+
Cell39+
Cell38+
Cell37+
Cell37-

68.5 TO
69.0 OHMS

48S
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Cell28+
Cell27+
Cell26+
Cell25+

Cell25-(24+)
Cell23+
Cell22+
Cell21+
Cell20+
Cell19+

Cell19-(18+)
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U15 IS GALVANICALLY
ISOLATED FROM ALL
OTHERS.  IF USED,
PLACE BETWEEN PACK
PACK POS & JUNC POS

AUX BATTERY: 12S
(NOT IN OEM ENCLOSURE)

TOUCHING ANYTHING INSIDE THIS BOX IS SAFE
TOUCHING ANYTHING OUTSIDE THIS BOX COULD KILL YOU

GALVANIC ISOLATION

GALVANIC
ISOLATION

BATTERY BAY 1: 12S MODULE
(CLOSEST TO JUNCTION BOARD)

BATTERY BAY 2 (MIDDLE BAY): 18S MODULELOWEST 6 CELLS BATTERY BAY 2
HIGHEST 6 CELLS BATTERY BAY 3

BATTERY BAY 3 (FURTHEST FROM JUNCTION BOARD): 18S

U11/U12/U13 ARE NOT
GALVANICALLY ISOLATED

U14 IS GALVANICALLY
ISOLATED FROM ALL
OTHERS.  PLACE
IMA FUSE+SWITCH
BETWEEN BAY1 MODULE-
     AND BAY2 MODULE+

(SEE PAGE 1)
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