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CAN_RX = - -
T CAN_TX CAN_RX > CAN_RX RX_POWER_OFF
5 DAISY_TX DAISY_RX DAISY RX ™ DAISY_RX ASSERT SHEET ALARM_L U_BMB Power Supply
— RX_POWER_OFF o L CELL REV L — CELL REV L THERMISTORS_OFF BMB-OVP Power Supply.SchDoc
™ ASSERT_SHEET_ALARM_L > OVP_L Boost_Drive > Boost_Drive
CELL_REV_OVERRIDE SHUTDOWN ™ SHUTDOWN
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CAN_POWER _OK L

OP-AMP_POWER_EN
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"> CAN_POWER_OK_L
> SHEET_ALARM_L
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™ OP-AMP_POWER_EN
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‘ CONFORMAL COATING ‘

01-002192-00
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09-000144-00
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U_BMB Cell Bleed
BMB-OVP Cell Bleed.SchDoc

BLEED ENI8..0]

> BLEED_EN[8..0]
> V_PROTECTEDI10..1]

Tesla Motors, Inc. All rights reserved.

CONFIDENTIAL ECO: ==
THIS DOCUMENT CONTAINS " v /'
PROPRIETARY INFORMATION AND [pDwN: Date- v
SHALL NOT BE REPRODUCED, NOR
SHALL THE CONTENTS HEREIN BE TESI A MOTORS
USED BY OR DISCLOSED TO ENGR: Date: e
OTHERS EXCEPT AS EXPRESSLY Title:
AUTHORIZED BY AN OFFICER OF - . .
TESLA MOTORS, INC. CHKD: Date: Battery Monitor Board - Top Level Schematic
Copyright (¢)2007 MFG: Date: Size: Scale: Date: Document Number: REV:

File:




1 2 3 4 ‘ 6
J5B J5A \ PROTECTED[10..1] ‘
e e V_PROTECTED[10..1]
o | V_SENSE 0 - V_SENSE 2 F1 !
B | V_SENSE 9 i V_SENSE_4 V_SENSE_10 /\/ V_PROTECTED10
% V_SENSE_7 s V_SENSE 5 \/ SENSE [10.0] [V SENSE [10.0]
5 THERMISTOR B6 5 THERMISTOR_A6 0.375A / ! s
o THERMISTOR_B5 5 THERMISTOR_A5
S THERMISTOR B4 z THERMISTOR A4 =
T THERMISTOR B3 : THERMISTOR_A3 V_SENSE_9 /\/ V_PROTECTEDY
= THERMISTOR B2 : THERMISTOR A2
T THERMISTOR Bl 7 THERMISTOR Al VCC+5V 0.375A
T V_SENSE 8 5 V_SENSE_6
Y V_SENSE_10 5 V_SENSE 1 =
T VCC+5V _TEST a V_SENSE 3 vce+sy TEsT  R163 V_SENSE 8 /\/ V_PROTECTEDS
Sonso Sanso 2K2 0.375A
Sensor Connector Sensor Connector . . . :
01-001894-00 VCC+5V Monitor for production testing
F4
V_SENSE_7 /\/ V_PROTECTED?
RN6 0.375A
o—-2 4 1 ver vop L
G 3 S —
voENSE D | T 2 -4 ves our P V_SENSE 6 A\ _—— VL PROTECTEDS
vCa
41 onD D 8 0.375A
K CN1
s [ 1 U5 BQ29410PWR o g =
7 01-005386-00 ==k 4 5 ~ V_SENSE 5 A\ PROTECTEDS
6 | , |3
= 3 6 1 Q18 ) 0.375A "y
1} 2 7 N, 01-000150-00 Traces on nets V_PROTECTEDL1 ..
s T B o MMBT2907A V_PROTECTED10 from F1, F2, etc. to Q10, Q13,
00n v F7 ... etc. to be 0.012 in. wide
SENSE_4 V_PROTECTED4
RN8 10K /\/
5 4 1. ver vop L 0.375A
V_SENSE_8 6 3 2 Ve N R61
V_SENSE 7 7 2 3] &3 out -8 390K
V_SENSE 6 8 1 5 1 Q19 8
=5 VC4 6 01-000150-00 V_SENSE 3 /\/ V_PROTECTED3
K o2 GND  CD | MMBT2907A 0375A
8 1 U6 BQ29410PWR
V_SENSE 5 ——— 01-005386-00 C49
1} 100nF F9
6 | , |3 R62 V_SENSE 2 /\/ V_PROTECTED2
51 . | 4 : 6
it 221K 0.375A G
R46 - 1
A7R 100nF V [ED10 z
V_SENSE 1 AN V_PROTECTED1 ¥ 'Egg g
N\ v rED7 8
R63 0.375A V] 'EDS 2
VCCH5V V TED4
RN9 1Ko =" V_PROTECTED9 ;
V_SENSE_4 5 4 1 7 V_SENSE_0 V_PROTECTED?
VSENSE3 6 3 2] ve, VPP AV V PROTECTEDL i
V_SENSE 2 7 2 3 8 R65 0.375A V_PROTECTED3
V_SENSE_1 8 1 57 Ve ouT o
=5 VC4 6 221K 12
1K oN3 GND €D L THERMISTOR AL 5
8 1 U7 BQ29410PWR GND THERMISTOR_A6 T
Z i} 5 01-005386-00 C51 ——C53 1 THERMISTOR_A2 16
I 100nF | 01-000047-00 ’ THERMISTOR_Ab
g I i 0.1uF THERMISTOR_A3 1;
I R67 THERMISTOR A4 0
21K ==C52  01-003653-00 GND
V_SENSE 0 100nF 1000F  BSS138 GND 2
01-005390-00
4.3 V Brick Overvoltage Protection GND GND NO LOAD
THERMISTOR_B[6..1]
el LRMISTOR ACLL THERMISTOR A[6..1]
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O CANVCC  ~ T T T T T T T T T T
CAN Bus Region, at vehicle chassis potential | VCCH5YV
I ry
J3B | Rg | Build option: Intended design is to use the ADuM1201, U18.
A1 R4 U4 |
8 RS ——=C2 T 390R .
7 3K3 0rSIKS L8 | e U4, R4, R5, R9, U2, R7, R10, R11, Q2, R15, R14, C3 are not installed.
6 CAN_POWER_OUT D1 I
" e
5 |
Q1 1SMA5917BT3 TXD 6 f ¥ 3
47V CAN_VCC : CAN_TX |
5
|
14] U14 GND | VCC+5V
Signal Brick voltage < 1.3 V by We 6N137 |
reducing the CAN_POWER voltage ZXMP3ALSF 1 VIN VOUuT 5 CAN_GND |
CAN_VCC
by 4.7V. T U18 | Csa
1 8 T
A1 3.1 ON_OFF —Lca1 3 voor _{op2 12 100nF
R6 ——C32 470F 5 VOA —<h VIA 1op VCCH5V
100R 4.7uF 7= viB > voB = Q2
<ol Byp GND 2 GND1  {3ND2
ADuUM1201ARZ-RL7
R3 . R% LP2985IM-5 T GND BSS84
PTC CAN_GND I RX_PQWER R15 100R
10K0 0.14A |
' R7 u2 | R10 <RIl —Lcs w1
T
CAN_GND 390R | vee | SIS C3Ks | 0.duF [N — RX_POWER _OFF
2 ! 7 GND GND 100K
J3A Ul ¥ N R12
4 CANH P RxD -4 RXD 3 N 6 | _CAN RX TERM [ CAN RX
. CANL B CANL XD |k I 22R0[&
2 CAN_POWER_IN CAN_VCC CAN_VCC I GND 5 Place 22 Ohm src. termination resistor
1 R89 O0—3 | VREF VDD —3 I VCCH5Y within 0.5 in. of the 6N137 or the ADuM120?
8 2 6N137 | GND =
RS VSS | R96
01-001896-00 1R00 c1 R68 ! !
TJA1050T 0.1uF 10KO0 I 20K0
: CAN_POWER_OK_L »
CAN_i_GND CAN_GND X <
— | 19A R69
198 e pesoon o 20K0
2PC365N X R170
~ l MMBT2007A 4 1 SHEET ALARM_L
I Q16 A 10K0
] ™
CAN_GND A us | . R13 ) e .
] OVP_L
J IR * 1K5
SHEET_ALARM_GATE 3 | 2 D23
- BAT54A
HCPL-817-36CE: a5 VCC+5V CELL REV OVERRIDE |
| D27
| 1 3
. . _ ) ) ) ) . . o R
Daisy Chain Input Daisy Chain Input Region, at the Main Board potential of the Daisy Chain Output driving this input. | 3E3 ASSERT_SHEET ALARM_L]
: MMBD4148
DAISY_IN_P 1 = I 4
' { DAISY RX >
J1B JIA 5 A DAISY_RX
7] L DAISY_IN_N R 2 I 3
et
g P 390R HCPL-BI7-36CE, &b
________ 9 — — ——— — | 3 e e e e -
10 — 4 — ) )
1 5 Daisy Chain Output
12 | 6 —— |GND
R1
01-003335-00 DAISY OUT P DAISY TX ]
390R
Run connectiqn to J1-6 wi_th atrace. Clee_\r out the
ground plane in the CAN interface isolation area. Main Board Region, at local battery potential, Monitor Circuit 1
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V_PROTECTED10

Q11
FZT705TA

R84

D14
o sy R151

24w
5 MMBZ6VE8AL 10K0

V_PROTECTED9

S

D15
= 45V R138

24W
MMBZ6V8AL 10K0

V_PROTECTEDS8

Q8
FZT705TA

R83

D16
= 45V R142

24w
MMBZ6V8AL 10K0

V_PROTECTED?

D17
= 45V R133
24W
MMBZ6V8AL 10K0

V_PROTECTEDG6

D18
= 45V R136
24W
MMBZ6V8AL 10K0

V_PROTECTEDS
V_PROTECTED4

D19
4.5V R158
24W

MMBZ6V8AL 10K0

V_PROTECTED3

-
D20
—| 45V R161
24W
MMBZ6V8AL 10K0

V_PROTECTED2

D21

= 45V
24W R153
MMBZ6V8AL 10K0

Q9
FZT705TA

R82

Q6
FZT705TA

R80

Q7
FZT705TA

R81

Q12
FZT705TA

R88

[V PROTECTED[10.4] \V_PROTECTEDI[10.1]

39R

Q13
FZT705TA

R87

39R

Q10
FZT705TA

PP e

D22
) R85
™
3 V_PROTECTED1 3R
&b Lplﬁ R154 S R160 < R150 S R135 {R134 <R141 <R139 < R150 BLEED L0 R86
A0 MMBZ6VEAL 6K81 C12K7 {18K7 24K C30K9 36K5 (43K2 (47K YR
24W u13
BLEED EN1 1 6 BLEED L1
/ BLEED EN2 20 Ny oot (15 BLEED 12
|/ BLEED EN3 3] N3 oUTs 14 BLEED L3
|/ BLEED EN4 4 \Na  ouTs 13 BLEED L4
|/ BLEED ENS 51 |Ne  oUTs 12 BLEED L5
|/ BLEED EN6 6 1___BLEED L6
[/ —BLEED ENY 77 IN6 OUT6 —5—grFep L7 ;
IN7 ouT7 BLEED L8 CONFIDENT'AL ECO: \"'EELF
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BLEED ENO 1 Q USED BY OR DISCLOSED TO ENGR: Date: -
A FZT605TA Title:
R145 015 OTHERS EXCEPT AS EXPRESSLY :
BLEED_EN8 AUTHORIZED BY AN OFFICER OF - .
o0 Ra MMBTA06 o - TESLA MOTORS, INC. CHKD: Date: Battery Monitor Board- Cell Bleed
R148 ;
10K0 Copyright (¢)2007 MFG: Date: Size: Scale: Date: Document Number: REV:
1 SND Tesla Motors, Inc. All rights reserved. *
ND
GND -
File:
GND




VCC+5V
TEMP[6.0]
R17 / TEMP[6.0] |
R19 {R21 10K0
390R ¢'390R
u7
GND DAISY X pajsy T
<{_OP-AMP_POWER_Ep¢ TEDRES ;i RE7/CCP2/AD15 RF7/SS_L D%l TEMP2
CEDREE 2=~| RE6/AD14/P1B RF6/ANLL/CLIN- <= TEMPL
RE5/AD13/P1C RF5/AN10/C1IN+/CVREF
THERMISTORS_OFF 76 16 TEMPO
THERMISTORS_OFF = POWER OFF < RE4/AD12 RF4/AN9/C2IN- <+ V CELLS
RX_POWER_OFF SHOTDOVN 25~ RE3/ADLL RF3/ANB/C2IN+ <z VGRS
SHUTDOWN 3= RE2/CS_L/AD10 RF2/AN7/CI1OUT (<o NV CELLS
ASSERT_SHEET _ALARM L BLEED ENIB.0] L—— RELWR_L/AD9 RF1/AN6/C20UT
<BLEED_EN[8..0] 4 24 V_CELL5
BLEED ENS [ REO/RD_L/AD8 RFO/AN5
— 81 RDTIPSPTIADT
4 VCCH5V BLEED EN5 65, Sgggggg;ﬁgg RG5/MCLR_LVpp 2 MCLR N
B MCLR N BLEED EN4 66 _LIVPP
ICSP Header 1| — MCLRN T — %51 RD4/PSPAIADS RGAPID (aoc—]
2 —= = RD3/PSP3/AD3 RG3 re—<—1
3 ;—’-EEB E f gg RD2/PSP2/AD2 RG2ICANRX (<& CAN RX CAN RX |
4 = RD1/PSP1/AD1 RGL/CANTX2 r<g—11 R18
5 o BLEED ENO 72: RDO/PSPO/ADO RGO/CANTX1 CAN TX TERM 1 CANTX >
6 - 22R0
DEBUG_RXD 38 19 EMP6
; DEBUG_TXD 37" sgéﬁ;ggl Engﬁmigig 20 TEMPS APlace220hmsrc. termination resistor
6 21 TEMP4 within 0.5 in. of drive pin.
=1 RC5/SDO RH5/AN13 <22 ~EMP3
7> RC4/SDI/SDA RH4/AN12 Seava—
] Boost Drive 7351 RC3/SCKISCL RH3/AL9 <t
<_Boost_Drive 3 RC2/CCP1/P1A RH2/A18 %
Dﬁ% RC1/T10SI/CCP2 RH1/A17
CELL_REV_OVERRIDE »—CELL REV OVERRIDE B¢ RCOTLOSO/TLACKI RHO/A16
— 271 RBT/KBI3/PGD w
S TeRTE] =5t RB6/KBI2IPGC RIT/UB L [m<—T
RB5/KBI1/PGM RIGILB_L
SHEET_ALARM L SHEET ALARM L R47 10K0 gg RB4/KBIO RISICE_ L <o
CAN_POWER OK L e REV T Y T0K0 =51 RB3/INT3/CCP2 RI/BAO <t
CELL REV L RB2/INT2 RJ3/WRH_L
OVP L R97 10KO 57 6!
OVP_L DAISY RX 5> RBL/INT1 RI2WRL L <t
DAISY_RX RBO/INTO RILOE L <igo<—1
J__ vi RIO/ALE <P5<—]
C39 ca2]1 M 2 PIC CLKI 49
18pF | 18pF sl OSCL/CLKI VCC+5V
 CELLEG 4.000 MHz XTAL CLKO PIC CLKO 50 | croicl KORAG "
M CELL4 e 0 R 33 RAS/AN4/LVDIN VoD |22
D%%D BT VoD |22 VCC+5V  VCC+5V  VCC+5V  VCC+5V  VCC+5V
v CELL3 2t RAJANSIVREF+ vDD 28
V_CELL2 29 Eﬁ;ﬁ“i/\/REF'
| C40 C38 Ca4 c41 C43
1000pF 1000pF 1000pF 1000pF | 4.7uF
AVDD+5V » VES :531
| A ﬁg 70 GND GND GND
a7 2 | avss vss i : ) :
Place bypass caps close to the processor's power pins.
4.7uF 18F8585
GND GND
VCC+5V
GND
DAISY RESET R29 Q4
10K0 I, MMBTA06
R54 R38
47K R44 RS51 DAISY TIMER 470K
<~ GND
R50 [ 1803 14 o
A >8 R4l 12 +4 > q CONFIDENTIAL : ==
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VCC+5V
R98 VCC+24V
47KO 870 47R . U20 .
5 IN__ouT
[ OP-AMP_POWER_EN = SHDN 4
GND ADJ R71 c
——C56 LT3014ES5 1M0 01-002299-00
2u2 1.0uF
SND GND
AOp Amp Voltage Regulator ‘ R72
APower input from Battery Sheet 22=42Y i, 23 iy 53KE
22-42V .
Main Voltage Regulator
22-42Vin, 5V out.
R20 GND
s 1MO0 Us D4
[V _PROTECTEDIO V_PROTECTEDI0 . 4 VN BOOST 2 3 1
47R
l 15 SHDN_L cl9 MMBD4148 VCC+5V
R23 c22 TO 330F u___
2M4 2u2 %@ NC_1 Sw 2 ~Vv !
NC_3
GND ;r’i NC_5 9 C25 100uH
11 G —|
vC
BIAS 10 0.1uF R93
SHUTDOWN_SENSE R26 L et " 300K
10K0O —=C23 EB | —L 45
D13 R172 100pF 41 syne 27pF A1
1 3 Q17 13 ——=c21
[ SHUTDOWN 0 PGFB
MMBTAO06 8 47uF
10K0 79— GND_8
MMBD4148 R173 R22 GND_17 pcoop =¥
C24
10K0 21K LT1976EFE 4 D5 RO2
%?JF GND 4mF 1 10BQ100 100K 1
: GND GND
GND GND SND GND SND
GND
ry
Analogue Voltage Reference
7.5Vin, 5.000 V out
AVDD+5V
c6 D2 U6
[ Boost Drive Boost_Drive H _ 1 3 Analogue_Ref Boost 2 VIN VOUT 6
R16
4.7uF MMBD4148 A A 3. sABN R
) 100K e g cs
I NC O
D3 - 4.7uF
MMBD4148
<
L4 LT1461CCS8-5
4.7uF
VCC+5V GND
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1 2 3 4 ‘ 5 6
D24 D25 D26
TEMP1 2 ’ ‘ 1 TEMP2 TEMP3 2’ ‘ 1 TEMP4 TEMPS 2 ’ ‘ 1 TEMP6
Switch power onto thermistors only when measurement is required. ™ ™ ™
BAT54C BATS54C BATS54C
AVRD+SV 03 VCCH5V
b [
BSS84 L2 Prevent wiring fault (e.g. thermistor short to cell) from pulling PIC A/D inputs above 5 V
10nF
GND
R25
100K  ==C57
10nF
R24 1 THERMISTOR_POWER
100K GND
R31 R52 R48 R42
[ THERMISTORS_OFF THERMISTORS_OFF 3K3 10K0 10K0 10K0
THERMISTOR AJ6..1] From Thermistor From Thermistor From Thermistor
[ THERMISTOR_A[6..1] THERMISTOR A0 R32 TEMPO THERMISTOR Al R53 TEMPL THERMISTOR A2 R49 TEMP2 THERMISTOR A3 R43 TEMP3
[ THERMISTOR B[6.1] THERMISTOR B[6.1] 1K5 THERMISTOR B1 1K5 THERMISTOR B2 1K5 THERMISTOR B3 1K5
Thermistor input leads C16 ——C17 ——C18
10nF 10uF 10uF
One thermistor to each pair R164 R165 R166 ——C34
(THERMISTOR_Ax, THERMISTOR_BX) D6 2K2 2K2 2K2 10uF
© GND
~—c
~ Lm33sAM
GND
Temp. sensor signals to ADC
L TEMP[6.0
R39 R36 R33
10K0 10K0 10K0
From Thermistor From Thermistor From Thermistor
THERMISTOR A4 R40 TEMP4 THERMISTOR A5 R37 TEMPS THERMISTOR A6 R34 TEMP6
THERMISTOR B4 1K5 THERMISTOR_B5 1K5 THERMISTOR_B6 K5
——C33 ——C35 ——C36
R167 10uF R168 10uF R169 10uF
2K2 2K2 2K2
GND
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Voltage sensing wires from the Bricks in the Sheet
TV SENSE [10.0] \ SENSE [10.0]
TN N Sensed cell voltages to ADC
- ¢ V_CELL[B.0] >
V_CELL[8.0
/ /
V SENSE 9 16 RNIA 4 2 RNIB 45
100K 100K
0.1% 0.1% V SENSE 3 16 RNSA 4 2 RN3B 45
2 100K 100K
= Q R60 v CELL8A 0.1% 0.1%
RN1C ’
V_SENSE 10 14 S g 3 U12A 4K75 VCCH5V 2] 1 R56 V CELL3/
100K LT1491A RN3C
0.1% C15 V_SENSE 4 14 3 8 UL1A 4KT5
VCC+5V 10nF 100K
T 4 RNID 45 o 100K LT1491A &
10nF
100K
0.1% o (SN e 4 RN3D 13
——C28 100K
0.1uF . D10 0.1% GRE
VCC+24V 4]‘—' . GND D9
L RN2A RN2B 1
GND VASERSEA S A Lo s 2 2 KJ VCCH24V _.K—I 3
VCCH24V L2 Y SRR -
pAL V SENSE 2 1 RN4A 46 15 RN4B 5 BATA
R57 100K 100K
14 V_CELLY
V SENSE 9 3 RN2C ! e Y
——C30 oD 4K75
- 100K R58
0.1uF 0.1% ITYEIA c14 NG > 14 V_CELLY/
- 10nF V_SENSE 3 3 o 14 U11D 4K75
GND 13 & I 100K LT1491A .
100K N EiNl 10nF
VCCH24V L6 SN
T 13 RN4D 4 o
100K 1
L g V SENSE 77 RN2G 19 9 RN2H ¢ UVP DET BUS GRS N2
100K 100K
s 0.1% 0.1%
1 9 RN4G RN4H
N . R78 v CELLGA V SENSE1 7 10 9 8 eessy
= V SENSE8 5 RN2E 45 g9 Ay P 100K 100K C+
Place bypass cap 100K 7 7
: LT1491A
adjacent to each op 0.1% Cc7 9 RTE
amp package. 10nF 8 V CELL}/
11 RN2F ¢ VSENSE 2 5 RNAE 15 g9 TG p R35 VCCH5V
36K5 R27
100K 100K
0.1% € 0.1% ST it CELLREV.L >
GND L D12 11 RN4F ¢ 0 10nF 1MO <
100K 1
, 3 100K an . D UVP_REF 2 S ) R75
2 R28 3| ! >% CELL_REV_OVERRIDE
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