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24p connector equal for 12/15/18/20 cell version 2x 16p connector equal for 12/15/18/20 cell version
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For Cell Balancing/ Measuring Inputs: Max. 0.250A Balancing Current
Reaction Time:

200% Load (0.500A) = ca. 20ms

300% Load (0.750A) = <10ms

For Power Supply Inputs: Max. 0.500A Current
Reaction Time:

200% Load (1.000A) = ca. 200ms

300% Load (1.500A) = ca. 70ms
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Pin-Header for additional analog and digital inputs/outputs GPIO Extension Connector
X400
PRIMARY-ANALOG-IN 0 1 2 PRIMARY-ANALOG-IN 1
PRIMARY-ANALOG-IN 2 3 4 PRIMARY-ANALOG-IN 3 X401
PRIMARY-ANALOG-IN 4 5 6 PRIMARY-ANALOG-IN 5 PRIMARY-DIGITAL-IO 0 1 2 PRIMARY-DIGITAL-10 1 +5.0V_VREG_0 +5.0V_VREG_1
PRIMARY-ANALOG-IN_6 7 8 PRIMARY-ANALOG-IN 7 PRIMARY-DIGITAL-IO 2 3 4 PRIMARY-DIGITAL-IO 3 +3.0V_VREF2_0 +3.0V_VREF2_1
PRIMARY-ANALOG-IN 8 9 0 PRIMARY-ANALOG-IN 9 PRIMARY-DIGITAL-IO 4 5 6 PRIMARY-DIGITAL-IO 5
PRIMARY-ANALOG- 0 1 2 PRIMARY-ANALOG-IN 11 PRIMARY-DIGITAL-IO_6 7 8 PRIMARY-DIGITAL-IO 7 | 4
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PRIMARY-ANALOG- 4 5 6 PRIMARY-ANALOG-IN_15 +5.0V_VREG_0 _1 C400 C401 C402 _1 C403
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FUSED_VBAT- 3 4
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::lOOHISOV PRIMARY-GPIO3-OPT 11 1 SECONDARY-GPIO3-OPT
PRIMARY-GPI04-OPT 13 12 SECONDARY-GPI04-OPT
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SECONDARY-ANALOG-IN 0 1 2 SECONDARY-ANALOG-IN 1 SECONDARY-DIGITAL-IO 0 1 2 SECONDARY-DIGITAL-10 1
SECONDARY-ANALOG-IN 2 3 4 SECONDARY-ANALOG-IN 3 SECONDARY-DIGITAL-I0 2 3 4 SECONDARY-DIGITAL-10 3 gen_pinheader| 2.54_2x10
SECONDARY-ANALOG-IN 4 5 6 SECONDARY-ANALOG-IN 5 SECONDARY-DIGITAL-I0O 4 5 6 SECONDARY-DIGITAL-IO 5
SECONDARY-ANALOG-IN_6 7 8 SECONDARY-ANALOG-IN_7 SECONDARY-DIGITAL-IO 6 7 8 SECONDARY-DIGITAL-IO 7 FUSED_VBAT- FUSED_VBAT-
SECONDARY-ANALOG-IN_8 9 0 SECONDARY-ANALOG-IN 9 9 10
SECONDARY-ANALOG- 0 11 2 SECONDARY-ANALOG- 1 +5.0V_VREG_1
SECONDARY-ANALOG- 2 13 4 SECONDARY-ANALOG-IN_13 gen_pinheader_2.54_2x5
SECONDARY-ANALOG- 4 15 6 SECONDARY-ANALOG-IN_15 FUSED_VBAT-
7 8
+3.0V_VREF2_1
gen_pinheader_2.54_2x9 _1 C406
FUSED_VBAT- ~—T—100n/50V
C407 1
100n/50V FUSED_VBAT-
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- .- .- PRIMARY-DIGITAL-I0_[0..7]
- - 1.
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developed by; Project Description File
7
Fraunhofer IISB % Fraunhofer BMS-Slave 12-Cell Connectors connectors.SchDoc
Schottkystr. 10 11ISB Author License Version Release Date Sheet
www.foxbms.org g]é?rSnBaE;Iangen G ETETR e foxBMS Team Creative Commons Attribution 4.0 217 2019-03-28 4 /21
2 3 4 5 ‘ 7 8




Daisy Chain Connectors
4x 2p connector equal for 12/15/18/20 cell version
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1 2 3 4 5 6 7 8
PRIMARY-SCL_O PRIMARY-SCL_0
PRIMARY-SDA 0 PRIMARY-SDA_0
+3.0V_VREF2_0
C100-1
100n/50V
R100- R101- R102- R103-
10k 10k 10k 10k
FUSED_VBAT- Temperature Sensors 0 to 7
R104- R105- R106- R107-1 7-bit MUX address 0x4C primary 12C
10k 10k 10k 10k 1001100
1C100-1
,Rlﬁ;l 4 s1 D 8 PRIMARY-OPA TEMP
—J 5
100R R109-1 S2
—1 I 6
7 S3
100R R110-1 > S4
1
I T S5
100R R111-1 0 S6
L & 1 PRIMARY-SCL 0
9 -
AR | S8 SCL 93 PRIMARY-SDA 0 +5.0V_VREG_0
16 SDA ————=—
100R R113-1 15 A0 2
1
T00R  R114-1 FUSED_VBAT- S LRESE
1 id VDD GND 14
LO0R ,le;l +5.0V_VREG_0 ADG728BRUZ
TOOR. C101-1
|
| ci021  _[ c1031 _| cio41 _| cros-1  _| c1o6-1  _| cro7-1  _| c1081 _| C109-1 1u/35V
—10n/100V —T—10n/100V —T—10n/100V —T—10n/100V —T—10n/100V —T—10n/100V —T—10n/100V —T—10n/100V FUSED_VBAT-
~ © n < ™ o~ - o
ox o o o o o ox o
o o] o o ) o o o]
(%2} (%2} (%2} (%2} n (%2} (%2} (%2}
alo@ @ @ @ & @ & L
o o 9 9o 9 9 9 @ FUSED_VBAT-
ig iz 7 Iz lg bz Ig iz
> > > > > > > >
x x & x x x x x
< < < < < < < <
5 3 3 3 3 3 3 =
x x x @ @ x x x
o o [N o o o o o
PRIMARY-T-SENSOR [0..7] PRIMARY-T-SENSOR_[0.7] |
+5.0V_VREG_0
+5.0V_VREG_0 C110-1
1u/35V
n
]I-:USED7VBAT- R116-1
PRIMARY-OPA TEMP | PRIMARY-MUX-DATA_TEMP
U100-1 L0
AD8628ARTZ-R2
8 Additional Temperature Sensors / Analog Inputs 8 Additional Temperature Sensors / Analog Inputs Cl11-1
7-bit MUX address 0x4D primary 12C 7-bit MUX address Ox4E primary 12C 1 10n/100V
1001101 1001110 FUSED_VBAT-
R117-1
X 1C101-1 1C102-1 —
‘ PRIMARY-ANALOG-IN_[0..15] PRIMARY-ANALOG-IN. 0 4 s1 D 8 PRIMARY-OPA USER PRIMARY-ANALOG-IN 8 4 s1 D 8 PRIMARY-OPA USER '(F'
PRIMARY-ANALOG-IN_1 5 s2 PRIMARY-ANALOG-IN. 9 5 s2 FUSED_VBAT-
PRIMARY-ANALOG-IN 2 6 s3 PRIMARY-ANALOG-IN_10 6 s3
PRIMARY-ANALOG-IN. 3 7 sS4 PRIMARY-ANALOG-IN_11 7 sS4
PRIMARY-ANALOG-IN 4 12 S5 PRIMARY-ANALOG-IN_12 12 S5
PRIMARY-ANALOG-IN 5 11 S6 PRIMARY-ANALOG-IN_13 11 6
PRIMARY-ANALOG-IN 6 10 s7 PRIMARY-ANALOG-IN_14 10 s7 +5.0V_VREG_0
PRIMARY-ANALOG-IN_ 7 9 S8 scL 1 PRIMARY-SCL 0 PRIMARY-ANALOG-IN_15 9 S8 scL 1 PRIMARY-SCL_0
+5.0V_VREG_0 SDA 3 PRIMARY-SDA 0 +5.0V_VREG_0 +5.0V_VREG_0 SDA 3 PRIMARY-SDA 0 +5.0V_VREG_0
16 | o 16| o - +5.0V_VREG_0 C112-1
15 A1 RESET |2 5] A1 RESET |2 Lur3sv
[Te}
FUSED_VBAT-__ 13 14 13 14
YR R FUSED_VBAT- e v FUSED_VBAT- 1161
+5.0V_VREG_0 ADG728BRUZ +5.0V_VREG_0 ADG728BRUZ 1 — 7 N
C113-1 C114-1 PRIMARY-OPA US — PRIMARY-MUX-DATA_USER
Il I U101-1
I ] AD8628ARTZ-R2
1u/35Vv 1u/35V C115-1
FUSED_VBAT- FUSED_VBAT- 1 10n/100V
FUSED_VBAT-
PRIMARY-ANALOG-IN [0..15] R119-1
1
T
R FUSED_VBAT-
developed by; Project Description File
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EXT_DC_ISO+
R600-1_| C600-1 R601-1 .
10k  —T—10n/100V orR Optional bypass
s Q600-1B
. PBSS4112PANP
U600-1
LM5161QPWPRQ1
R602-1 VINO 3 11 BST 0
|:|68k p— VY ESl] +5.0V_VREG_0
RON O 5 | pon N L C601-1
_| c602-1 _| c603-1 C604-1 o ow 22 Tloomsov L600.1
1u/250V 100n/100V —[100n/50v s o= a0 % W 0 =
I NC 220uH
81 FPwM B oY FBO
R604-1 R605-1
= ” Q600-1A [5E/BCSHUTOOWN O SHDN 0 4 10 VCC 0 _1 c605-1 R606-1 R607-1
[ EXT_DC_SHUTDOWN_Q _ I PBSS4112PANP DC/DC-SHUTDOWN_Q — END/UVLO \{/Dcc —1oon50v | liks 1R
P4
2 a 5
R608-1 u o
124k
R609-1 '[< N _| ce606-1 R610-1 _l c607-1 _| c608-1
10k T 1u/35V 1k “T2u2/10V —T2u2/10V
FUSED_VBAT- FUSED_VBAT- FUSED_VBAT- FUSED_VBAT- FUSED_VBAT-  FUSED_VBAT- FUSED_VBAT-  FUSED_VBAT-
developed by; Project Description File
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1 3 5 7 8
T 3 T 3
| optional: | | optional: |
| differential | | differential |
1 capacitor 1 1 capacitor 1
R1300-1 i fiter i R1301-1 i fiter |
FUSED CELL 5+ A ! ! PRIMARY-C6 FUSED CELL 11+ e ! ! PRIMARY-C12
100R ' ' 100R ' '
|_C1300-1 ' ' _l c1301-1 ' '
—10n/100V 4 | =1onm100v |
I I I I
I I I I
| c1302-4 ' c1303-4
| =T 10n/100V /g Z1300-1 | = 10n/100v /g Z1301-1
| g MMSZ4692T1G | g MMSZ4692T1G
1 0 &y 1 0 @&
I I I I
FUSED CELL 4+ RIS02.L ! ! PRIMARY-C5 FUSED_CELL 10+ RISO3C ! ! PRIMARY-C11
100R ' ' 100R ' '
|_c1304-1 : : _| ci3051 : :
—10n/100V | | ' —T1on100v| | '
I I I I
I I I I
I - I —
C1306- C1307-
| ::10n/10(§l\/ ZRNPH] | ::10n/1001r\/ Z1303,1
| i MMSZ4692T1G | | MMSZ4692T1G
I [N} I [N}
[} [} [} [}
FUSED CELL 3+ RISCLT ! ! PRIMARY-C4 FUSED CELL 9+ RISCoGT ! ! PRIMARY-C10
100R ! ! 100R ! !
| _c1308-1 I I _| c13091 I I
—10n/100V [ ) ' T10m/100v | ) '
I I I I
I I I I
I — ] —
C1310- C1311-
i ::10n/1001h/ 21304-1 ; ::lOn/lo()iN 23051
i i MMSZ4692T1G i i MMSZ4692T1G
] [ IN) ] I o~
- I I - [} [}
FUSED _CELL 2+ RIS06CT ! ! PRIMARY-C3 FUSED _CELL 8+ RISOAL ! ! PRIMARY-C9
100R ! ! 100R ! !
_| ci13121 i i _| ci13131 i i
T 1omioov| ! ! T 1omioov| ! !
I I I I
I I - : I -
[} . 5
I ::féf,llf)o 71306-1 | ::folr?/llsoo 71307-1
' s MMSZ4692T1G ' s MMSZ4692T1G
| N | | N
b I I b I I
FUSED CELL 1+ RIS08S i i PRIMARY-C2 FUSED CELL 7+ RISONS i i PRIMARY-C8
e [] [] I [] []
100R i i 100R i i
_ ci3161 i i _ c1z171 i i
T lonwov| ! T ionwov| !
I I I I
I I I I
I = ] -
1 ::fér?/ll%()l\l Z71308-1 1 ::(1:015/11%01\/ Z1309-1
J ] MMSZ4692T1G J J MMSZ4692T1G
I I «~ : : ~
I I
FUSED_CELL 0+ RISIOCL i i PRIMARY-C1 FUSED_CELL 6+ RISTLL i i PRIMARY-C7
100R ) ) 100R ) )
|_C1320-1 ' ' | ci3211 ' '
—10n/100V | | ~T10n/100V | |
I I I I
I I I I
1 [ 1 [
i C1322-1 | C1323-1
| == 71310-1 | == 71311-1
[ 1on/100) R E e oo [ ton/100 K S o oo
| o | o
FUSED CELL 0- RISLZL ) ) PRIMARY-CO ) ) PRIMARY-C6
100R I I I I
I I I I
[} [} [} [}
o d o d
FUSED_VBAT- FUSED_VBAT-
PRIMARY-C[0..12] PRIMARY-C0.18]
CELL_VOLTAGES
FUSED_CELL 11+
gE::::fié: FUSED_CELL_10+
CELL or FUSED CELL O+
CELL 8+ EUSEDIGEDINE
CELL 7+ —
CELL 6+ Er e
3 - g {__FUSED_CELL » ECSCEND
-3dB corner frequency of LTC6811 internal digital low-pass filter: FUEIED) CIELL ggttfi: ED CELL 4+
fast mode: 27kHz CELL 3+ ED CELL 3+
normal mode: 6.8kHz CELL 2+ ED CELL 2+
filtered mode: 26Hz CELL 1+ ED CELL 1+
ST FUSED CELL 0+
Grounded capacitor low-pass filter: CELL 0- FUSED CELL 0-
C = 100nF -> fg = 16kHz -
C =22nF -> fg = 72kHz
C =10nF -> fg = 160kHz (recommended)
Differential capacitor low-pass filter (lower cost): developed by: = RIOIScL X[ RIE

C =100nF -> fg = 11kHz
C =22nF -> fg = 50kHz
C =10nF -> fg = 112kHz

www.foxbms.org

Fraunhofer 1ISB
Schottkystr. 10
91058 Erlangen
Germany

~ Fraunhofer
11SB

www.iisb.fraunhofer.de

BMS-Slave 12-Cell

Primary Voltage Measurement

primary_decoupling.SchDoc

Author

foxBMS Team

License

Creative Commons Attribution 4.0

Version

217

Release Date

2019-03-28

Sheet

12 /21

5

7

8




3 4 B 6 7 8
+5.0V_VREG_0
8 Additional Digital Inputs/Outputs R700-1[ JR701-1[ JR702-1[ |R703-1[ JR704-1| JR705-1[ |R706-1[ |R707-1
7-bit MUX address 0x20 primary 1°C 10k 10k 10k 10k 10k 10k 10k 10k
0100000
U700-1
PRIMARY-SCL 0 HebscL po < —
-DIGITAL-
PRIMARY-SDA 0 SDA E% <)%3 PRIMARY DIGITALIO 2
P - T. -
2. ADDR P3 ) 3§ ﬁgig g ﬁ‘ 8 i max. source current: 0.3mA
13| — P45 PRIMARY-DIGITAL-IO S max. sink current: 20mA
A INT O Pe PRIMARY-DIGITAL-I0 6
FUSED_VBAT- 3 RESET P7 2 PRIMARY-DIGITAL-10 7
R708-1 0 BRI AR DI AL [ e " PRIMARY-DIGITAL-IO_[0.7]
10k 16 VCCI 3
r— VCCP GND
TCAG6408APWR
C700-1
||
+5.0V_VREG_0 11
100n/50V
C701-1
||
I
100n/50V
FUSED_VBAT-
developed by: Project Description File
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PRIMARY-SDA 0

PRIMARY-SCL 0

EEPROM

7-bit base address 0x50 primary 1>C
10100 (A17) (A16)

Al17, A16: MSB address bits

+5.0V_VREG_0
+5.0V_VREG_0
1C800-1 RS0
. & vec We 10K
€800-1 4 yss E2
100n/50V scL 6 PRIMARY-SCL 0
% | NC. SDA 5 PRIMARY-SDA 0 FUSED_VBAT-
N.C.
M24MO2-DWMN3TP/K
PRIMARY-SDA_0
PRIMARY-SCL 0
FUSED_VBAT- EEPROM M24M02 is qualified AEC-Q100

Temperature Sensor

WAC\:
floating: write operation enabled
pulled high: write operations disabled

When Write Control (WC) is driven high, device select and address

bytes are acknowledged,
data bytes are not acknowledged.

7-bit address 0x48 primary 12C +5.0V_VREG_0
1001000 +0.5°C (typ.) at +25°C
+1°C (max.) from -10°C to +85°C
R801-1 +2°C (max.) from -10°C to +125°C
10k +3°C (max.) from -55°C to +125°C
1C801-1
PRIMARY-SDA 0 5 SDA ALERT 3 PRIMARY-TEMP-ALERT [ PRIMARY-TEMP-ALERT Attention: use -AOT Type (12C address conflict otherwise)!
PRIMARY-SCL_0 4 SCLK
Alert temperature can be configured via 12C
+5.0V_VREG_0 1 VDD GND 2
MCP9800A0T-M/OT
C801-1
||
I
100n/50V
FUSED_VBAT-
Temperature Sensor MCP9800 is qualified AEC-Q100
developed by; — Project Description File
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Setting Pins

FUSED_VBAT+ =
Power Supply S
D1400-1 K
x
<
=
DFLS1100-7 R1400-1 o
EXT_DC_ISO+ — LTC-V+ 0 T +3.0V_VREF1 0 o +5.0V_VREG_0
[ EXT_DC_ISO+ P00
< DR PRIMARY-wpT | R1401-1 .
_E' _|_c14001 Watchdog timer pull-up
=—100n/100V +3.0V_VREF2_0 _1 c1a011 M
> >\ D1401-1 - = 1u3sv
ZE SMAIGOA-ES/6L T T PRIMARY-SWTEN
©
% TP1401-1 Software timer configuration: g C/RVRECRD
EE +5.0V_VREG_0 optional p“::'gp: Em (Sf;a"dard)
LTC-V- 0 +5.0V_VREG_0 _1 c1402-1 Pull-down: o ) R1404-1
— T 1u/35V 05‘1'3’56‘5'_ N 10k
PRIMARY-GPIO1-OPT
- T
TP1402-L £ ;gel;too ED on: LTC in STANDBY, REFUP or MEASURE R Ve OR R209: GPIO1 connected to pin header
LED off: LTC in SLEEP mode - R210: GP101 connected to temperature % VREG 0
R1406-1 ’ -
_| C1403-1
—1u/35V R1407-1 —E PRIMARY-MUX-DATA_TEMP
270R e R1408-1
optional
B R1409-1 LS
TP1403-1 1 PRIMARY-GPIO2-OPT
S S OR R211: GPI102 connected to pin header
IR0 A= U e A=) A= — R212: GP102 connected to user MUX
1C1400-1 GPIO PinS R1410-1 +5.0V_VREG_0
S (& L vs C12 —; QTZ'MARY'CH — 1 PRIMARY-MUX-DATA_USER
PRIMARY-IN _P1 42 SCK (IPA) S12 PRIMARY-GPIO1 o?r;onal R1411-1
SPInotused 43" y
SPinotused gy DNy Gl %ARYCM PRIMARY-GPI02 ,_.R1412'1 lOk
PRIMARY-IN N1 T SDO (NC) S11 == PRIMARY-GPIO3-OPT
. —_— CSB (IMA) 6 PRIMARY-C10 PRIMARY-GPI0O3 OR R213: GPI03 connected to pin header
Cell voltage sense inputs EEYAERAEIT (L 41 Cl0 <—=75 R214: GP103 connected to balancing feedback +5.0V VREG 0
PRIVMARY-OUT N 27~ 'PB S10 ———— : R1413-1 PV
DRIMARY.-CI0. 12] PRIMARY-OUT N1 47} |yg 6 PRIMARY.CO ERIMARYCGRIOS — GLOBAL-BALANCING-FEEDBACK |
— -
PRIMARY-C[0..18] | PRIMARY-GPIOL 27, | o0, gg 99 PRIMARY-GPIO5 i3
PRIMARY-GPIO2_ 28,.| Gpjo2 Ria14-1
Pl GP Y -
R R SPISs 2 GPIO3 cs (10 FRIVARY.CE — T PRIMARY-GPIO4-OPT R1415- TR 1416
I 3§u> GPIO4 sg |l S8 O0R R215: GPIO4 connected to pin header i ﬂ1k21 i>C Pullups
GPIO5 12 PRIMARY-C7 — R216: GP104 connected to 12C SDA
Cl <7 R1417-1
PRIMARY-WDT _ 39 | \ypt s7 o ST 1 t PRIMARY-SDA_0
. OR
¢ LTCDRIVE_0 — 38 DRIVE Co (i FRIMARVCO optional
R 40 s6 a2 S6 R1418-1 TP1404-1
ISOMD 16 PRIMARY-C5 — 1 PRIMARY-GPIO5-OPT
communication mode (ISOMD connected to VREG = isoSPI) 37 €5 a7 s OR R217: GP105 connected to pin header
t VREG S5 — R218: GPIOS5 connected to 12C SCL
R1419-1 R1420-1
ERIMERVCICME 46 ICMP C4 wﬂ T PRIMARY-SCL_0
Cell balancing control 1k21 I R1421-1 . S4 2 O0R TP1405-1
IBIAS
FUSED_VBAT- == 20 PRIMARY-C3
L
S0 PRIMARY-SWTEN 36| o reny oo 2153
differential signal voltage amplitude adjustment
1 ’
S[0.12 S[0.18] +3.0V_VREF2_0 +3.0V_VREF1 0 35 VREF1 c2 QWM
S2
34
2 1 24 PRIMARY-CI
LTC-V- 0 30 V- s1 5 S1
31 | V- co 26 PRIMARY-CO
LTC6811HG-1#PBF
Communication Circuit
PRIMARY-IN_P1 PRIMARY-OUT_N1
C1404-1 C1405-1
R1422-1 Il Il R1423-1
120R [ i i 1 120R
PRIMARY-IN_N1 FUSED_VBAT- 100p/50V 100p/50V FUSED VBAT- PRIMARY-OUT P1
(=] L2l [V
~joo|o
| | | || [TR1400-1
Layout: H H HM2102NL
- The transformer should be placed as close to the isoSPI isolation transformer isolation transformer
cable connector as possible. The distance should be
kept less than 2cm.
- The LTC6811 should be placed at least 1cm to 2cm away oliol<olad
from the transformer. T
- On the top component layer, no ground plane should be ‘ PRIMARY-IN- PRIMARY-OUT+
. PRIMARY-IN- PRIMARY-OUT+ >
placed under the transformer, the isoSP1 connector, or . TP1406-1
in between the transformer and the connector. F;Z\Q:)S;SCIELCH 6804/LTC6811 ’ P:E;;;iﬁg?:/ et
- The isoSPI signal traces should be isolated from [ PRIMARY-IN* PRIMARY-IN+ PRIMARY-OUT- PRIMARY-OUT-
surrounding circuits and traces by ground metal or TP1407-1
space. No traces should cross the isoSPI signal lines,
unless separated by a ground plane on an inner layer. developed by: — Project Description File
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1 2 3 4 5 6 7 8
SEooNDARYSCL 1 seconparver 1
+3.0V_VREF2_1 SECONDARY-SDA_1
C100-2
100n/50V
R100- R101- R102- R103-
10k 10k 10k 10k
FUSED_VBAT- Temperature Sensors 0 to 7
R104-. R105-; R106- R107-2 7-bit MUX address 0x4C primary 12C
10k 10k 10k 10k 1001100
1C100-2
R108:2 4 [ g 5 |8 SECONDARY-OPA TEMP
7 5
100R R109-2 [ 6 S2
7 S3
100R R110-2 > S4
LI 1 S5
100R R111-2 0 S6
e, 9] 7 1 SECONDARY-SCL 1
Sk g S8 30 {S3SECONDARY-SDA 1 +5.0V_VREG_L
16 SDA ————5
100R R113-2 15 A0 2
Al RESET
~
T00R R114-2 FUSED_VBAT 13 u
LT VDD GND
LO0R ,R1—|15_2 +5.0V_VREG_1 ADG728BRUZ
100R 01|(|)1-2
]
| ci022 _| c1032 _| cioa2 _| cros2 _| c1o6-2 _| cro72 _| c1082 _| C109-2 1u/35V
~ — o N Ge) & - S —10n/100V —T—10n/100V —T—10n/100V —T—10n/100V —T—10n/100V —T—10n/100V —T—10n/100V —T—10n/100V FUSED VBAT-
o o o @ @ @ o o -
o o o e} o e} o o
(%2} (%2} (%2} (%2} n (%2} (%2} (%2}
z z z 4 4 4 z z
w w Ll w w w w w
P P P P P P P P
Ig iz 7 Iz lg Ig Ig iz 5
g < < < < < > < FUSED_VBAT-
o o o x x x o o
< < < < < < < <
a a a a a a a a
Z Z zZ Z b4 =4 Z Z
o o e} e} o o o o
s} O O O O O O O
m m | i} i} i} m m
w w (%] (%] w w w w
SECONDARY-T-SENSOR [0..7] SECONDARY-T-SENSOR [0.7] ]
+5.0V_VREG_1
+5.0V_VREG_1 C110-2
1u/35V
n
41> ]I-:USED7VBAT- R116-2
| p— |
SECONDARY-OPA TEMP3 | , — <SECONDARY-MUX-DATA_TEMP
U100-2
AD8628ARTZ-R2
8 Additional Temperature Sensors / Analog Inputs 8 Additional Temperature Sensors / Analog Inputs Cl111-2
7-bit MUX address 0x4D primary 12C 7-bit MUX address Ox4E primary 12C 1 10n/100V
1001101 1001110 FUSED_VBAT-
R117-2
) 1C101-2 1C102-2 —
SECONDARY-ANALOG-IN_[0..15] SECONDARY-ANALOG-IN & s1 D 8 SECONDARY-OPA USER SECONDARY-ANALOG-IN & s1 D 8 SECONDARY-OPA USER I(FI
SECONDARY-ANALOG-IN_ 5 s2 SECONDARY-ANALOG-IN & s2 FUSED_VBAT-
SECONDARY-ANALOG-IN_B s3 SECONDARY-ANALOG-IN_B) s3
SECONDARY-ANALOG-IN ¥ sS4 SECONDARY-ANALOG-IN_T1L sS4
SECONDARY-ANALOG-IN S5 SECONDARY-ANALOG-IN 112 S5
SECONDARY-ANALOG-IN BL S6 SECONDARY-ANALOG-IN 1183 S6
SECONDARY-ANALOG-IN 1) s7 SECONDARY-ANALOG-IN 16t s7 +5.0V_VREG_1
SECONDARY-ANALOG-IN_B S8 scL 1 SECONDARY-SCL 1 SECONDARY-ANALOG-IN_1b S8 scL 1 SECONDARY-SCL 1
+5.0V_VREG_1 SDA 3 SECONDARY-SDA 1 +5.0V_VREG_1 +5.0V_VREG_1 SDA 3 SECONDARY-SDA 1 +5.0V_VREG_1
16 o 16 Ao +5.0V_VREG_1 C112-2
15.] A1 RESET |2 5] ‘A1 RESET L2 1u/35V
[Te)
FUSED_VBAT-__ 13 14 13 14
e @R FUSED_VBAT- VD GNP FUSED_VBAT- R116.2
+5.0V_VREG_1 ADG728BRUZ +5.0V_VREG_1 ADG728BRUZ 1 — 7 .
C113-2 C114-2 SECONDARY-OPA — SECONDARY-MUX-DATA_USER
Il I U101-2
I ] AD8628ARTZ-R2
1u/35Vv 1u/35V C115-2
FUSED_VBAT- FUSED_VBAT- 1 10n/100V
FUSED_VBAT-
SECONDARY-ANALOG-IN [0..15] R119-2
| — |
T
R FUSED_VBAT-
developed by; / Project Description File
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EXT_DC_ISO+
R600-2_| C600-2 R601-2 .
10k  —T—10n/100V orR Optional bypass
& Q600-2B
N\ PBSS4112PANP
U600-2
LM5161QPWPRQ1
R602-2 VIN 13 11 BST 1
|:|68k Y VY ESl] +5.0V_VREG_1
RON 15 | oy NG |14 C601-2
_| c602-2 _| c603-2 C604-2 T S [EE Tloomsov L6002
1u/250V 100n/100V —[100n/50v s - e % w1 -
| NC 220pH
81 FPwM B Y B 1L
R604-2 R605-2
Aiias  Q600-2A (5C/5CSAUTOOWN B SHDN 14 10 VvCC 1 _1 c605-2 R606-2 R607-2
[ EXT_DC_SHUTDOWN_1 1 I\ PBSS4112PANP DC/DC-SHUTDOWN I END/UVLO \{/Jcc ——100n50v | |1ks 1R
P4
2 a 5
R608-2 u o
124k
R609-2 '[< N _| ce606-2 R610-2 _l c607-2 _| c608-2
10k T 1u/35V 1k —T2u2/10V  —T2u2/10V
FUSED_VBAT- FUSED_VBAT- FUSED_VBAT- FUSED_VBAT- FUSED_VBAT-  FUSED_VBAT- FUSED_VBAT-  FUSED_VBAT-
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1 2 3 4 5 7 8
== ———==== - == ———==== -
1 ! 1 !
| optional: | | optional: |
I differential I differential
\ capacitor 1 \ capacitor 1
R1300-2 1 filter : R1301-2 | filter i
FUSED_CELL 5+ = ! ! SECONDARY-C6 FUSED_CELL 11+ = ! ! SECONDARY-C12
| I | T —T T
100R ) ' 100R ) '
] ]
_L_c1300-2 : ' _L ci3o1-2 : '
10n/100V ' | 10n/100V ' |
] ]
| o | o
| | Z1300-2 | | 71301-2
C1302-3 C1303-3
1 —1 -1
i =—10n/100V MMSZ4692T1G : =—10n/100V MMSZ4692T1G
1 : & | : ~
] ]
¥ 1 ! ) | 1
FUSED CELL 4+ R1502;2 | ! SECONDARY-C5 FUSED CELL 10+ R1303-2 | ! SECONDARY-C11
| I | T T T
100R : ' 100R : '
_| c1304-2 | ! _| c1305-2 | !
T 1on/100v | ! ' T 1omioov| ! '
] ]
| ] = | ] =
| _| c1306-4 71302-2 | | c1z074 71303-2
: == MMSZ4692T1G : == 1on100V MMSZ4692T1G
1 : o h : o~
] ]
- | ! _ | !
FUSED CELL 3+ RI30452 | | SECONDARY-C4 FUSED CELL 9+ R130552 | | SECONDARY-C10
LT 1 1 LT 1 1
100R | ) 100R | )
] ]
_| c1308-2 | I _| c1309-2 | !
T lon/00v | ! ' T iomioov| ! '
: - | >
71304-2 71305-2
! _l cas10- ! _l c1311-3
) =—10n/100 MMSZ4692T1G : =10n/100V MMSZ4692T1G
1 : o~ 1 : o~
] ]
X | X |
FUSED CELL 2+ R1306-2 ! ] SECONDARY-C3 FUSED CELL 8+ R1307:2 ! i SECONDARY-C9
T T T T
100R ' | 100R ' |
C1312-2 ' : C1313-2 ' :
R - 1 — B ]
—T—10n/100V I ) —T—10n/100V I )
] ]
I : — I : -
] ]
71306-2 71307-2
| _| c1314- | _| ci31s5-
: == 1on/100} MMSZ4692T1G ! == 10n/100} MMSZ4692T1G
1 : o 1 : o
] ]
- ] - ]
FUSED CELL 1+ RIS0852 ) i SECONDARY-C2 FUSED CELL 7+ R130952 ) i SECONDARY-C8
T | [ | I | | [
100R i | 100R i |
_| ciz162 ) i _| ciz17-2 ) i
—T—10n/100V | : —T—10n/100V | )
: : - : : —
J 71308-2 J ‘21309-2
i | cias2 & i _| ci3ie2
! = 100100V “ MMSZ4692T1G ! = 100100V N MMSZ4692T1G
1 ! 1 !
1 ! 1 !
FUSED CELL 0+ R1510:2 ! ! SECONDARY-C1 FUSED CELL 6+ RISTLZ ! ! SECONDARY-C7
T T
100R ) ' 100R ) '
_| c1320-2 ) ' _| ciz212 ) '
—T—10n/100V i I —T—10n/100V i I
] ]
: [ : [
! J 71310-2 ! J 71311-2
H _| c1322 H _| c13232
| =T ton/tooy 7 MMS24692T1G | =T ton/1oo “TMMMSZ4692T1G
| | | |
] ]
FUSED_CELL 0- RISIZE2 ' ! SECONDARY-CO ! ! SECONDARY-C6
T T
100R ! ' ! '
] ]
! | ! |
FUSED_VBAT- FUSED_VBAT-
SECONDARY.CIO.12] § i <F = 5NBARY-CI0.16]
CELL_VOLTAGES
FUSED CELL 11+
GELL il FUSED CELL 10+
CELL_10+ FUSED CELL ot
CELL_9+ e
. . , CELL 8+ S (UL Fi
-3dB corner frequency of LTC6811 internal digital low-pass filter: = FUSED CELL 7+
CELL_7+
fast mode: 27kHz CELL 6+ EUSED C§__ 6+
n_ormal mode: 6.8kHz FUSED CELL CELL 5+ :USED Cf“ 5+
filtered mode: 26Hz CELL 4+ FUSED CELL 4+
CELL 3+ EUSEDIGEITESS:
Grounded capacitor low-pass filter: CELL 2+ FUSED CELL 2+
C = 100nF -> fg = 16kHz CELL 1+ EBEES SE[[ éi
C =22nF -> fg = 72kHz CELL_0+ EUSEDNCEIA
C = 10nF -> fg = 160kHz (recommended) CELL_0- Us C 0-
Differential capacitor low-pass filter (lower cost):
C =100nF -> fg = 11kHz developed by; / Project Description File
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+5.0V_VREG_1
8 Additional Digital Inputs/Outputs R700-2 [ JR701-2 [ ]R702-2 [ |R703-2 [ JR704-2 | |R705-2 [ |R706-2 [ |R707-2
7-bit MUX address 0x20 secondary 1°C 10k 10k 10k 10k 10k 10k 10k 10k
0100000
U700-2
SECONDARY-SCL_1 HebscL PO SECONDARY-DIGITAL-IO_0
SECONDARY-SDA_1 el spa P12 SECONDARY-DIGITAL-I0 1]
= Py |l SECONDARY-DIGITAL-IO 2
2./ ADDR P3 s 2;28 gﬁ;ig g ﬁ‘ 8 i max. source current: 0.3mA
13 | — P4 0 SECONDARY-DIGITALIIO 5 max. sink current: 20mA
INT Eg 1 SECONDARY-DIGITAL-IO 6
FUSED_VBAT- 3 RESET P7 2 SECONDARY-DIGITAL-IO 7
R708-2 a SECONDARY-DIGITAL-10 [0.7] SECONDARY-DIGITAL-I0_[0..7]
10k T vecl .
— VCCP GND
TCAB408APWR
C700-2
||
+5.0V_VREG_1 ]
100n/50V
C701-2
||
I
100n/50V
FUSED_VBAT-
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SECONDARY-SDA 1

2 3 4 B 6 7 8
EEPROM
7-bit base address 0x50 secondary 1*C
10100 (A17) (A16)
Al17, Al16: MSB address bits
+5.0V_VREG_1 +5.0V_VREG_1
W\C\:
1C800-2 RE00-2 floating: write operation enabled
8 Fvee we ; oK pulled high: write operations disabled
4 VSS E2 When Write Control (WC) is driven high, device select and address
C800-2 scL 6 SECONDARY-SCL 1 bytes are acknowledged,
100n/50V 1] 5 SECONDARY-SDA 1 data bytes are not acknowledged.
) 3 “g' SDA FUSED_VBAT-

SECONDARY-SCL 1

SECONDARY-SDA 1

SECONDARY-SCL 1

FUSED_VBAT-

Temperature Sensor

M24M02-DWMN3TP/K

7-bit address 0x48 secondary 1°C

EEPROM M24M02 is qualified AEC-Q100

+5.0V_VREG_1

1001000
+5.0V_VREG_1
RE01-2
10k
1C801-2
SECONDARY-SDA 1 5 3 SECONDARY-TEMP-ALERT |
SECONDARY-SCL 1 4] SPA =~ ALERT
SCLK
L | vop GND 2
MCP9B00AOT-M/OT
C801-2
1]
11
100n/50V 1
FUSED_VBAT-

1 SECONDARY-TEMP-ALERT

Temperature Sensor MCP9800 is qualified AEC-Q100

+0.5°C (typ.) at +25°C

+1°C (max.) from -10°C to +85°C
+2°C (max.) from -10°C to +125°C
+3°C (max.) from -55°C to +125°C

Attention: use -AOT Type (12C address conflict otherwise)!

Alert temperature can be configured via 12C

developed by:

\
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1 2 3 4 B 6 7 8
Setting Pins
N
Power Supply 5
>
x
<
FUSED_VBAT+ g
o
D1400-2 @
@ +5.0V_VREG_1
R1400-2
DFLS1100-7 I SECONDARY-WDT — . A
R1401-2 g Watchdog timer pull-up
‘ EXT DC 150+ — LTC-V+ 1 P1400-23.0V_VREF1 1 ™
< 100R
g _1 C1400-2 PRIMARY-SWTEN1 RII022
® —T—100n/100V +3.0V_VREF2 1 _C1401-2 : . Foren
> > D1401-2 T T 1u/35v ORptional iﬂfﬁ"‘lﬁeotr:mer configuration:
e SMAJB0A-E3/61 R1403-2 P
gR P1401-2 0rR Pull-down: off (standard)
£3
EE +5.0V_VREG_1
+5.0V_VREG_ _1_C1402-3 +5.0V_VREG_1
T Lu/35v FUSED_VBAT-
LTC-V- 1 !
4 Ig'ggr?OO-EED on: LTC in STANDBY, REFUP or MEASURE mode optional ?(}SOA-Z
LED off: LTC in SLEEP mode R1405-2
C1403-1 SECONDARY-GPIO1-OPT
——1u/35V R1406-2 OR R309: GP101 connected to pin header
270R R310: GPI01 connected to temperature MUX +5.0V VREG 1
R1407-2 ' -
?ﬂmm e SECONDARY-MUX-DATA_TEMP
1 1 O0R R1408-2
FUSED_VBAT- FUSED_VBAT- FUSED_VBAT- uRptllinOagl—Z 10k
T SECONDARY-GPIO2-OPT
Cell voltage sense inputs . OR R311: GPIO2 connected to pin header
GPIO Plns R1410-2 R312: GP102 connected to user MUX +5.0V_VREG_1 B
L— [ SECONDARY-MUX-DATA_USER
OR
SECONDARY-GPIO1 ) R1411-2
SO D AR ] " SECONDARY-C[0.18] | 1C1400-2 ogtonal 10k
LTC-V+ 1 1 Vi c12 g SECONDARY-C12 SECONDARY-GPIO2 — SECONDARY-GPIO3-OPT
SECONDARY-IN PL_42_| ¢ 1oy $12 == SECONDARY-GPIO3 OB R313: GP103 connected to pin header
SPI not used 3 4 SECONDARY-C11 R314: GP103 connected to balancing feedback +5.0V_VREG_1
SPInotused (xa-] SDI(NC) -~ Cll =g SECONDARY-GPIO4 RI4132
—— SDO (NC) S11 =< GLOBAL-BALANCING-FEEDBACK]
SECONDARY-IN N1 5> CSB (IMA) OR
c10 6 SECONDARY-C10 SECONDARY-GPIO5 e
SECONDARY-OUT P148§N> IPB S10 <1>79< R1414-2
SECONDARY-OUT NIAZ.| g SECONDARY-GPIO4-OPT
cg |8 SECONDARY-C9 R 1152 18R pultups
. SECONDARY-GPIOL 27 | -0~y 39 =2 R315: GP104 connected to pin header 1k21 1k21 P
Cell balancing control SECONDARY-GFI02 28] 250, =X 1 R1a17.p  R316: GPIO4 connected to 12C SDA
Cell balancing control ggggmgﬁsigg:gi ég GPI03 C8 10 SECONDARVEEE {1 ECONDARY-SDA
(not used on secondary) SECONDARY-GPIO5 33 GPI104 S8 <»>%< OR l
CRICS 7 Li12_ SECONDARY-C7 I
SECONDARY-WDT_39 | ypr 57 [f3¢ SECONDARY-GPIO5-OPT TP1404-2
. OR .
LTC-Drive_1 38 14 SECONDARY-C6 R317: GPI1O5 connected to pin header
(_LTC-DRIVE 1 750V VREG T DRIVE gg 15 Rla19.p  R318: GPIOS connected to 12C SCL *
40 —
ISOMD SECONDARY-SCL_Tj
communication mode (ISOMD connected to VREG = isoSPI) T c5 1? SECONDERNEES OR TP1405-2
| VREG S5 [t
H C
R1420.2 PRIMARY-ICMP1 46 18 SECONDARY-C4
ICMP C4 19
differential signal voltage amplitude adjustment Lkox RIG2L2 45 IBIAS &
FUSED_VBAT- 820R c3 20 SECONDARY-C3
PRIMARY-SWTEN1 36 SWTEN s3 glE (
+3.0V_VREF2 1  +3.0V_VREF1 1 35 | \REF1 Co |22 SECONDARY-C2 Communication Circuit
g§ ( SECONDARY-IN_P1 SECONDARY-OUT N1
S2
34 | VREF2 C1404-2 C14052
c1 24 SECONDARY-C1 R1422-2 || || R1423-2
LTC-V- 1 30 V- S1 2§/ ( 120R 1 1 J_ 120R
SECONDARY-IN N1 ] FUSED VBAT- _ 100p/50V 100p/50V_FUSED VBAT- SECONDARY-OUT_P1
31 26 SECONDARY-CO
r V- co —
[ [ce] [o2] =1 i
LTC6811HG-1#PBF
L | | [ ] [TrR1400-2
H H HM2102NL
isolation transformer isolation transformer
Layout:
- The transformer should be placed as close to the isoSP1 oliol<lo]ad
cable connector as possible. The distance should be T
kept less than 2cm. SECONDARY-IN- SECONDARY-OUT+ :
- The LTC6811 should be placed at least 1cm to 2cm away revious LTC6804/LTCE811 [ SECONDARY-IN- TP1406-2 SECONDARYEOUIE
from the transformer. E)n daisy-chain T
- On the top component layer, no ground plane should be ) = SECONDARY-IN+ SECONDARY-OUT- [ SECONDARY-OUT>
placed under the transformer, the isoSPI connector, or [ SECONDARY-IN+ TP1407-2 SECONDARVEGHI D
in between the transformer and the connector.
- The isoSP1 signal traces should be isolated from next LTC6804/LTC6811
surrounding circuits and traces by ground metal or in daisy-chain
space. No traces should cross the isoSPI signal lines,
unless separated by a ground plane on an inner layer.
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