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FUSED_VBAT+
Power Supply Setting Pins
D1400
FUSED_VBAT+ .
DFLS1100-7 a
EXT_DC_ISO+ %1 LTC-V+ T +3.0V_VREF1 e +5.0V_VREG
EXT_DC_ISO+ T
100R TP1401
R OVAVRERZ WDl Watchdog timer pull-up
+3.0V_VREF2 ::(l:ulé%av
C1400 T Discharge timer configuration:
D1401 —T—100n/200V Pull-up: on
SMAJ85A-E3/61 TP1402 Pull-down: off
+5.0V_VREG
+5.0V_VREG _1 C1402
T lu/50V R1408
FUSED_VBAT- CICVE LD1400 ] GPIOL-OPT
TP1403 2 0R
9N | ED on: LTC in STANDBY, REFUP or MEASURE FUSED_VBAT- R209: GPIO1 connected to pin header
+5.0V_VREG C1401 LED off: LTC in SLEEP mode R1409 R210: GPIO1 connected to temperature MUX
—1u/50V R1403 MUX-DATA_TEMP
270R
| R1410
TP1400 1 GP102-OPT
= == OR
- DRVEAT P SEPAB A D SEPRVEATY — R211: GP102 connected to pin header
i R1411 R212: GPIO2 connected to user MUX
GPIO PInS [ 1 MUX-DATA_USER
1C1400 GPIOL O
R1412
LIC Vit v+ cig o2 — B8 GEIO2 1 GPIO3-0PT
. S18 xb—m——— —————— OR
Cell voltage sense inputs . o1 G0 R213: GPIO3 connected to pin header 5.0V VREG
C17 <1y GPIO4 R1413 R214: GP103 connected to balancing feedback e
Cl0.18 s17 ———— GLOBAL-BALANCING-FEEDBACK |
.
C[0..18 16 M GPIOS OR
INSET 62 sck (pA) S16 l—— S16 R1414
SPI not used 3 SDI (NC GP106 ] GPIO4-OPT
7 SDO( NC): o5 L8 cis = - R1419 [ |R1420
IN_N1 ; (NC) 9 S15 GPIO7 i . 1k2 1k2
CSB (IMA) S15 —— R215: GP104 connected to pin header 12C Pullups
10 cl4 GPIOS R1415 R216: GP104 connected to 12C SDA
Cl4 -7 —— SDA
OuUT P1 64 IPB S14 1 S14 0R *
OUT N1 63 GPI09
IME 12 c13
Cl3 fage—<= R1416 TP1408
S13 ——— [ ] GPI105-OPT
GPIO1 39
GPIO2 407] GRiot 14 c12 LR
CPIo3 a1 GPI02 C12 S R217: GP105 connected to pin header
GPIO3 S12 — R1417 R218: GP105 connected to 12C SCL
GRIOH 421 GPIO4 —1 ] scL
GPIO5 4 16 c11 R TP1409
: GPIOG ag™] GRIOS - Cll jai5 Sii R
Cell balancing control GPIo6  s11 fetl— SH
GP107 4!
GPIO7 GP106
GP108 A 18 C10
GPIOS 477 GRIOB  Cl0 1a7g 510
GPIO9 S10 mb—m—m ™ GP107
S[1.18
S[1..18 20 c9
C9 i = GPI108
WDT 56 WDT S9 1 S9
GPI109
LTC-DRIVE 49 22 C8
{__LTC-DRIVE 50V VREG DRIVE (S:g 3 S8
5.1 1somD o o
communication mode (ISOMD connected to VREG = isoSPI) 48 Cc7 5 S7
differential signal voltage amplitude adjustment IRGES =
R1400
ICMP 58 26 C6
ICMP C6 7 36
1 | 7 mas Communication Circuit
FUSED_VBAT- m cs 28 C5 IN_P1 OUT N1
DTEN 52 29 S5 C1404 C1405
DTEN S5 R1405 [| R1418
+3.0V_VREF2 +3.0V_VREF1 51 VREF1 ca 30 C4 120R 1 1 J_ 120R
34 3L S4 IN_N1 FUSED VBAT- _ 100p/50V 100p/50V _FUSED_VBAT- OUT_P1
50
VREF2
c3 32 C3 I P N (1 ]
s3 33 S3
- | [ || [TrR1400
c2 34 Cc2 H H HM2102NL
S2 35 S2
65 | . isolation transformer
Layout: c1 36 Cl
LTC-V- 60 V- s1 37 Sl
- The transformer should be placed as close to the isoSPI ofol<lomlad
cable connector as possible. The distance should be 59 . co 38 Co
kel’:)t less than 20hm. 1d be blaced at | [ isoSPLIN- T IN- OuUT+ T iS0SPl OUT+
- The LTC6813 should be placed at least 1cm to 2cm away q TP1404 TP1406
from the transformer. LTC6813HLWE-1#32ZPBF PLFOLIC SoaCTEesLt ext L TCoB0MLTCo8IL
- On the top component layer, no ground plane should be Yy [ isoSPL_IN+ T IN+ OUT- T i50SPI OUT- Yy
placed under the transformer, the isoSPI connector, or TP1405 TP1407
in between the transformer and the connector.
- The isoSPI signal traces should be isolated from
surrounding circuits and traces by ground metal or developed by: L Project Description File
space. No traces should cross the isoSPI signal lines, /- .
unless separated by a ground plane on an inner layer. fox B M S Fraunhofer 11SB = Fraun hOfer BMS-Slave 18-Cell Primary LTC6813 LTC.SchDac
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Fast-Acting Surface Mount Fuse

F300
—
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VBAT+

CELL

[

]

SJ300
OR

—
fuse_0.5A_0448.500MR

RS0T FUSED

CELL

FUSED_VBAT+

CELL

—
—
fuse_0.25A_0466.250NR
F302

—

FUSED

CELL

CELL

—
fuse_0.25A_0466.250NR
F303

—

FUSED

CELL

CELL

—
fuse_0.25A_0466.250NR
F304

—

FUSED

CELL

CELL

—
fuse_0.25A_0466.250NR
F305

—

FUSED

CELL

CELL

—
fuse_0.25A_0466.250NR
F306

= FUSED

CELL

CELL_VOLTAGES

CELL_17+
CELL_16+
CELL_15+
CELL_14+

CELL

—
fuse_0.25A_0466.250NR
F307

= FUSED

CELL

CELL

— ]
fuse_0.25A_0466.250NR

F308

— FUSED

CELL

CELL

9+

—
fuse_0.25A_0466.250NR
F309

— FUSED

CELL

CELL

—
fuse_0.25A_0466.250NR

=310} FUSED

CELL

[

CELL_13+
CELL_12+

CELL

—
fuse_0.25A_0466.250NR

=301 FUSED

CELL

CELL_VOLTAGES

CELL_17+
CELL_16+
CELL_15+
CELL_14+
CELL_13+
CELL_12+

CELL_11+
CELL_10+

CELL_9+

CELL

—
fuse_0.25A_0466.250NR

3128 FUSED

CELL

CELL_11+

CELL_10+

CELL_9+

CELL_8+

CELL_7+
CELL_6+

CELL

—
fuse_0.25A_0466.250NR

E3133 FUSED

CELL

CELL_8+

CELL_7+

CELL_6+

CELL 5+

CELL_4+

CELL_3+
CELL 2+

| CELL

—
fuse_0.25A_0466.250NR

314 FUSED

CELL

CELL 5+

CELL_4+

CELL_3+

CELL_1+

CELL_0+

CELL

—1
fuse_0.25A_0466.250NR

5151 FUSED

CELL

CELL 2+

CELL_1+

CELL_0+

CELL_0-

CELL

—
fuse_0.25A_0466.250NR

3161 FUSED

CELL

CELL

—
fuse_0.25A_0466.250NR

L FUSED

CELL

CELL

—
fuse_0.25A_0466.250NR

3181 FUSED

CELL

CELL

—
fuse_0.25A_0466.250NR

(=3001 FUSED

CELL

[

]

SJ301
OR

—
fuse_0.25A_0466.250NR

F320

—

VBAT-

VBAT-

—
fuse_0.5A_0448.500MR

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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T 3 T 3 T 3
| optional: | | optional: | | optional: |
| differential | | differential | | differential |
1 capacitor 1 1 capacitor 1 1 capacitor 1
b filter J b filter J b filter J
FUSED CELL 5+  R1300 ! ! cs FUSED CELL 11+ R1307 ! ! c12 FUSED CELL 17+ R1313 ! ! c18
100R ' ' 100R ' ' 100R ' '
_l c1300 ' ' | _c1312 ' ' _| ci1324 ' '
—T—10n/100V | | —10n/100V | | —T—10n/100V | |
] ] ] ] ] ]
] ] ] ] ] ]
] ] ] ] ] ]
| _| c1306 | _| ciz18 | | c1330
I =10n/100V 21300 I =10n/100V 21306 I =10n/100V 21312
| g MMSZ4692T1G | g MMSZ4692T1G | g MMSZ4692T1G
| 0 &g | 0 &g | 0 &
] ] ] ] ] ]
FUSED CELL 4+  R1301 ! ! cs5 FUSED CELL 10+ R1308 ! ! c11 FUSED CELL 16+ R1314 ! ! c17
T — T
100R ' ' 100R ' ' 100R ' '
| ci301 ) ) | c1313 ) ) _| ci32s5 ) )
=T-10n/100V ' ' —10n/100V ' ' =T-10n/100V ' '
] ] ] ] ] ]
] ] ] ] ] ]
] ] ] ] — ] ]
C1307 C1319 c1331
] - | ] - 1 ] - |
i =—10n/100V 21301 | =—10n/100V 21307 | =—10n/100V Z1313
| | MMSZ4692T1G | g MMSZ4692T1G | ] MMSZ4692T1G
] I~ ] ] o~ | | N
] ] ] ] ] ]
FUSED CELL 3+  R1302 | | c4 FUSED CELL g+  R1309 | | c10 FUSED CELL 15+ R1315 | | c16
| I | T T — T T T T T
100R : : 100R : : 100R : :
_| c1302 I I | c1314 I I _| c1326 I I
—T1on/100v| | ' —1on/100v | | ' —T1on1oov| | '
I I I I I I
] ] ] ] ] ]
I [ I [ ] [
| S ronooy 2102 | =Flowiody g 210 | T ronony 21
i i MMSZ4692T1G i i MMSZ4692T1G i i MMSZ4692T1G
] I~ ] ] o~ ] [ BN
] ] ] ] ] ]
FUSED CELL 2+  R1303 i i c3 FUSED CELL g+  R1310 i i c9 FUSED CELL 14+ R1316 i i ci5
T T T — T T T T T
100R ! ! 100R ! ! 100R ! !
_1 C1303 1 1 | C1315 1 1 _1 Ci1327 1 1
=T-10n/100V ) ) —10n/100V ) ) =T-10n/100V ) )
I I I I I I
' - : - : .
] ]
| = romiod g 210 | = Tomiony g 21309 | =ETomiony g 21318
' \ MMSZ4692T1G ' 1 MMSZ4692T1G ' s MMSZ4692T1G
] [ ] ] N ] ] o~
] ] ] ] ] ]
FUSED CELL 1+  R1304 i i c2 FUSED CELL 7+ RISl i i cs FUSED CELL 13+ R1317 i i cl4
LT T T LT T ] | [ []
100R | | 100R | | 100R | |
_| c1304 : : _| ci316 : : _| c1328 : i
—T—10n/100V ! ! —T—10n/100V ! ! —T—10n/100V ! !
I I I I I I
| 1301 - | clsz2 1 - | Cl3sa 1
1 ——10n/100V 71304 1 ——=10n/100V Z1310 1 ——10n/100V 71316
: : MMSZ4692T1G : : MMSZ4692T1G : : MMSZ4692T1G
1 1] & 1 ] & 1 1] &
FUSED CELL 0+  R1305 : ! c1 FUSED CELL 6+ R1312 : ! c7 FUSED CELL 12+ R1318 : ! ci13
| I | ] ] — ] ] T ] ]
100R i i 100R i i 100R i i
| c1305 ' ' | c1317 ' ' | ci329 ' '
—T—10n/100V 1 1 —10n/100V 1 1 —T—10n/100V 1 1
] ] ] ] ] ]
I I I I I I
| claL 1 - i c132z 1 - i c1335 1
]
! =10n/100V 21305 ! =10n/100V Z1311 ! =—10n/100V 21317
! ! MMSZ4692T1G ! ! MMSZ4692T1G ! ! MMSZ4692T1G
1 o 1 o 1 o
FUSED CELL 0. R1306 ) ) co ) ) c6 ) ) c12
— | | 1 | 1 |
100R | | | | | |
FUSED_VBAT- 4 1 1 1 1 1 1
I e e e e - U - I e e e e -
FUSED_VBAT- FUSED_VBAT- FUSED_VBAT-
CELL_VOLTAGES
CELL_17+ EB?EB
CELL_16+ FUSED
CELL 15+ FUSED
CELL 14+ FUSED
CELL 13+ FUSED
CELL 12+ FUSED
CELL 11+ FUSED
CELL_10+ FUSED
CELL 9+ EVSED)
FUSED_CELL CELL 8+ EVSED
-3dB corner frequency of LTC6804 internal digital low-pass filter: gEtbé: FUSED
fast mode: 27kHz CELL 5+ FUSED
normal mode: 6.8kHz - FUSED C[0..18] [
! CELL_4+ - ¢ C[0..18]
filtered mode: 26Hz FUSED
CELL 3+ ——————5eES
CELL 24 ——
Grounded capacitor low-pass filter: CELL 1+ FUSED
C =100nF -> fg = 16kHz CELL 0+ FUSED_CELL 0+
C = 22nF -> fg = 72kHz CELL 0- FUSED CELL 0-
C =10nF -> fg = 160kHz (recommended) -
Differential capacitor low-pass filter (lower cost): developed by: = RIOIScL X[ RIE
g = ;ggr;l::f fg—zséiﬁ_ziz fox B M S Fraunhofer IS8 % Frau n hofer BMS-Slave 18-Cell Primary Voltage Measurement input_filter.SchDoc
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FUSED CELL 5+ FUSED CELL 11+ FUSED CELL 17+
CELL_VOLTAGES N N N
FUSED CELL 17+ T1500 T1506 T1512
ggtt—%: FUSED CELL 16+ {—" 1 NX2301p215 RIBIZ op | 1 NX2301p215  RIS30  oqp | 1 Nx2301p215 RIS8 o9
_ FUSED CELL 15+ = LT | LT | LT
CELL 15+ Alisd0) (2 3Kk3 3k3 33
CELL 14+ =USEDIGELLRY P . &
- FUSED CELL 13+
CELL 13+ E E
e FUSED CELL 12+
1 FUSED CELL 11+ CELL5 FEEDBACK+ CELL11 FEEDBACK+ CELL17 FEEDBACK*
e FUSED CELL 10+
Gt
FUSED_CELL ggtt_gi FUSED CELL 7+ R1500 [ JR1506 77mA@5-gV R1518 [ ]R1524 R1536 [ R1542
~ FUSED CELL 6+ 130R | |130r ESMA @42V 130rR | |130R 130R | [130R
CELL 6+ — 62MA @ 4.0V
ggtt—i: FUSED GELL 4+ FUSED CELL 4+ 58mA @ 3.8V FUSED CELL 10+ FUSED CELL 16+
CELL 3+ FUSED CELL 3+ 55mA @ 3.6V
= FUSED GELL 2+
gE::::‘i: FUSEDICELT R+ - R0t R1513 - 50 R1531 - 513 R1549
CELL L+ FUSED GELL 0t | 1 NX2301P215 s5 | 1 NX2301P,215 s11 | 1 NX2301P215 517
s FUSED CELL 0- - L_{ | L_1 | L1
CELL 0- 3K3 33 33
™ (32} ™
CELL4 FEEDBACK* CELL10 FEEDBACK+ CELL16 FEEDBACK+
SILI8l <
R1501 [ R1507 R1519 [ |R1525 R1537 [ |R1543
130R | [130R 130R | [130R 130R | [130R
FUSED CELL 3+ FUSED CELL 9+ FUSED CELL 15+
CELL_FEEDBACK
- o~ o o
CELL17 FEEDBACK+ T1502 T1508 T1514
e CELL16 FEEDBACKH | 1 Nxesoip21s RIS o | 1 Nx2301p215  R1S32 g0 | 1 NX2301p215  RIS50 g6
CELL15 FEEDBACK+ CECEI Rk SEDBACKS —i 33 —i 33 —i 33
CELL14 FEEDBACK+ CELL14 FEEDBACK® - o -
F it e CELL13 FEEDBACK®
el CELL1? FEEDBACK®
e CELL1L FEEDBACK® CELL3 FEEDBACK+ CELL9 FEEDBACK+ CELL15 FEEDBACK+
el CELL10 FEEDBACK®
CELL9_FEEDBACK+ g;--g §§2€Ei
R fEEppacky CELL7 FEEDBACK+ R1502 []R1508 R1520 []R1526 R1538 [R1544
CELL_FEEDBACK CELL6_FEEDBACK+ CELL6 FEEDBACK+ 130R [ J130R 130R [ J130R 130R [ J130R
CELL5 FEEDBACK+ CECCOREEEDBACK:S,
B CELL4 FEEDBACK+ FUSED CELL 2+ FUSED CELL 8+ FUSED CELL 14+
CELL3_FEEDBACK+ EEL%— ggﬁgﬁ
L oA CECCREEEDBACK:S, - RS0 R1515 = LEEL R1533 = [R5l R1551
_ CELLO FEEDBACKS | 1 Nx2301p215  RISIS o4 | 1 Nx2301p215  RIS33 o | 1 NX2301P215  RISSL oo
CELLO_FEEDBACK+ ) - -
3Kk3 33 33
o o o
CELL2 FEEDBACK+ CELL8 FEEDBACK+ CELL14 FEEDBACK+*
R1503 []R1509 R1521 [R1527 R1539 [|R1545
130R | [130R 130R | [130R 130R | [130R
FUSED CELL 1+ FUSED CELL 7+ FUSED CELL 13+
o~ o o~
T1504 T1510 T1516
|1 nxasowpots RBLY s |1 Nx2301po15  RISSY o 1 Nxzsorp1s  RISSZ oy
1 1 1 1 1 1
3Kk3 3k3 33
™ (32} ™
CELL1 FEEDBACK* CELL7 FEEDBACK+ CELL13 FEEDBACK+
R1504 [R1510 R1522 []R1528 R1540 [ ]R1546
130R | J130R 130R | |130R 130R | |130R
FUSED CELL 0+ FUSED CELL 6+ FUSED CELL 12+
o T1505 ~ T1511 3 o T1517 5
| 1 Nxzsorea1s ROL o |1 Nxesowpo1s RIS o7 |1 Nx2301p215 RIS o4
3K3 33 33
o o (9]
CELLO FEEDBACK* CELL6 FEEDBACK+ CELL12 FEEDBACK+
R1505 [ R1511 R1523 [ |R1529 R1541 [ |R1547
130R | [130R 130R | [130R 130R | [130R
FUSED_CELL 0- FUSED CELL 5+ FUSED CELL 11+
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+5.0V_VREG_0
CELL_FEEDBACK 5 OVAVREER0
L17 FEEDBACK+
CELLI HEEDINCG: (16 FEEDBACK® +5.0V_VREG_1
CELL16_FEEDBACK+ E
L [15 FEEDBACK+
CELL15 FEEDBACK+ —
CELL14 FEEDBACK+ LBk +5.0V_VREG_1
CELLL3 FEEDBACK+
CELL13 FEEDBACK+ —
CELL12_FEEDBACK+ c I CKS
s CELLLL FEEDBACK® D1100
CELL11_FEEDBACK+
— CELL10 FEEDBACK®
CELL10_FEEDBACK+
i CELLO FEEDBACK+
— CELLS FEEDBACK+ BAT54C,215
CELL8 FEEDBACK+
R CELL7 FEEDBACK+
CELLy_FREEDEAC CELLG FEEDBACKH 2.0mA @ 1.5V
CELL FEEDBACK CELL6_FEEDBACK+ 0mA @ L.
d CELL5 FEEDBACK+ 16.0mA § 3.6V
CELL5 FEEDBACK+ — P W e
CELL4 FEEDBACK+ E
el Lo-TEEDDACKY CELL3 FEEDBACK+ R1100 U1100 R1106 U1106 R1112 U1112
= CELL2 FEEDBACK+ CELL5 FEEDBACK+ L0 1 4 CELL11 FEEDBACK+ R1L0€ 1 4 CELL17 FEEDBACK+ R 1 4
CELL2 FEEDBACK+
GELLL IAEIEACHs: gE[::é EEEBEQE?: FUSED CELL 4+ 150R 2 +V" |< 3 FUSED CELL 10+  150R 2 +V" |< 3 FUSED CELL 16+  I9OR 2 +V" |< 3
CELLO_FEEDBACK+
ACPL-217 ACPL217 ACPL-217
u1101 u1107 U1113
CELL_VOLTAGES CELL4 FEEDBACK+ Ri0L 4 CELL10 FEEDBACK+ RH07 4 CELL16 FEEDBACK+ RIS 4
CELL_17+ EUSEDICELCR:, TR +\ |< R +\ |< TR +\ |<
= FUSED CELL 16+ FUSED CELL 3+ 2 3 FUSED CELL 9+ 2 3 FUSED CELL 15+ 2 3
CELL 16+
e FUSED CELL 15+
= FUSED CELL 14+ ACPL-217 ACPL217 ACPL217
CELL 14+
e FUSED CELL 13+
e FUSED CELL 12+
CELL 2 FUSED CELL 1L+
T FUSED CELL 10+
e o FUSED CELL o+ 1102 U1102 1103 U108 1114 U114
s FUSED CELL &+ CELL3 FEEDBACK+ P11 1 4 CELLY FEEDBACK+ RI10¢ 1 4 CELL15 FEEDBACK+ Rt 1 4
FUSED CELL CELL 8+
CELL 7+ FUSEDICELLR7+ 150R “ 150R “ 150R “
= FUSED CELL 6+ FUSED CELL 2+ 2 3 FUSED CELL 8+ 2 3 FUSED CELL 14+ 2 3
CELL 6+
CELL 5+ FUSED CELL 5+
e FUSED CELL 4+ ACPL-217 ACPL217 ACPL-217
= FUSED CELL 3+
CELL 3+ FUSED _CE
CELL 24— FUSED CELL 2+
o FUSED CELL L+
CELL 14— FUSED CELL 1+
CELL O+ —— FUSED CELL 0+
e FUSED CELL 0- R1103 U1103 81100 U1109 R1115 U1115
. CELL2 FEEDBACK+ R 1 4 CELL8 FEEDBACK+ ROt 1 4 CELL14 FEEDBACK+ R 1 4
T T T
FUSED CELL 1+ TR 2 +V" |< 3 FUSED CELL 7+ g0 2 +V" |< 3 FUSED CELL 13+  190R 2 +V" |< 3
ACPL217 ACPL217 ACPL217
U1104 U110 U116
CELL1 FEEDBACK+ R04 4 CELL7 FEEDBACK+ R0 4 CELL13 FEEDBACK+ RH16 4
T T T
FUSED CELL 0+ 150R 2 +V" |< 3 FUSED CELL 6+ 150R 2 +V" |< 3 FUSED CELL 12+  15OR 2 +V" |< 3
ACPL-217 ACPL217 ACPL-217
U1105 U111l u1117
CELLO FEEDBACK+ Ri105 4 4 CELL6 FEEDBACK+ RHIL 4 CELL12 FEEDBACK+ R 4 4
T T T
FUSED CELL 0- TR 2 +V" |< 3 FUSED CELL 5+ g50% 2 +V" |< 3 FUSED CELL 11+ _ 190R 2 +V" |< 3
ACPL217 ACPL217 ACPL217
GLOBAL-BALANCING-FEEDBACK ‘

T 1 GLOBAL-BALANCING-FEEDBACK
8

R1118 C1100
10k 100n/50V
Replace optocouplers with AEC-Q101 qualified Toshiba TLX9291A for automotive applications. FUSED VBAT-
FUSED_VBAT-
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1 2 3 4 B 6 7 8
Design Note:
replace ADG728BRUZ with ADG728WBRUZ-REELY7 for
automotive compliance
+3.0V_VREF2
+3.0V_VREF2 4
_1 c1o00
—T—100n/50V
R100 R102 R104 R106 1 EUSERRVEATE Temperature Sensors 0 to 7 8 Additional Temperature Sensors / Analog Inputs
10k 10k 10k 10k 1 7-bit MUX address 0x4C primary 1>C 7-bit MUX address 0x4D primary 1>C
FUSED_VBAT- 1001100 1001101
R101 R103 R105 R107
10k 10k 10k 10k 1C100 1C104
4 s1 D | 8 OPA TEMP ANALOG-IN 0 4 s1 D 8 OPA USER
D) ANALOG-IN 1 5
6| o ANALOG-IN 2 i
7 sS4 ANALOG-IN 3 7 sS4
2 S5 ANALOG-IN 4 2 S5
1 S6 ANALOG-IN 5 1 S6
0 57 ANALOG-IN_6 0 57
9 S8 scL 1 SCL ANALOG-IN 7 9 S8 scL 1 SCL
SDA 3 SDA  +5.0V_VREG +5.0V_VREG SDA 3 SDA  +5.0V_VREG
16 16
A0 A0
150 A1 RESET =2 [ ANALOG-IN_[0.15] memNALOCIN 10,101 150 A1 RESET [<2
~ FUSED_VBAT- 13 VDD GND 14 FUSED_VBAT-__ 13 VDD GND 14
% +5.0V_VREG ADG728BRUZ +5.0V_VREG ADG728BRUZ
1%} ©
2l o c1o1 C105
w
o g e +5.0V_VREG 1 1
z
i o) - 1u/50V 1u/50V
s 2 m FUSED_VBAT- FUSED_VBAT-
o g o
— z o
o 9
— z o
o g -
- z o
z ox
o 3
- z
®
i +5.0V_VREG
LSENSOR 10.7]__ 7 5FNSOR [0.7] |
C103
+5.0V_VREG 1u/50V
wn
FUSED_VBAT-
- R108
8 Additional Temperature Sensors / Analog Inputs 1 — MUX-DATA TEMP
7-bit MUX address 0x4E primary 12C OPA_TEMP m —
1001110 U100
ADB8628ARTZ-R2
1C101 C106
ANALOG-IN 8 4 s1 D 8 OPA USER 1 10n/100V
ANALOG-IN 9 5] 52 FUSED_VBAT-
ANALOG- 0 6 53
ANALOG- 1 7
S4
ANALOG- 2 2 +5.0V_VREG
ANALOG-IN 13 1 gg FUSED_VBAT-
ANALOG- 4 0 57
ANALOG- 5) 9 1 SCL C104
+5.0V_VREG &) &b <gm oA SCL 2 .50y VREG +5.0V_VREG 1u/50V
160 r SDA ‘|— T
ANALOG-IN [0..15 15 Al RESET 2 © R
13 14
VDD GND R109
B PRVEA i {1 MUX-DATA _USER
+5.0V_VREG ADG728BRUZ OPA_USER T00R
C102 U101
|| ADB8628ARTZ-R2
1 c107
1u/50V 1 10n/100V
FUSED_VBAT- FUSED_VBAT-
FUSED_VBAT-
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3 4 5 7 8
+5.0V_VREG
8 Additional Digital Inputs/Outputs R701 R703 R705 R707
7-bit MUX address 0x20 1°C 10k 10k 10k 10k
0100000 R700 R702 R704 R706
10k 10k 10k 10k
U700
1‘51 SCL PO <»%1 IglglIﬁLzlg 2 max. source current: 0.3mA
SDA Pl <k DIGITALIO 2 max. sink current: 20mA
P2 TAL
2 DIGITAL-IO 3
ADDR Ei <1% DIGITAL-10 4
:313 = 0 DIGITAL-IO 5
INT EZ 1 DIGITAL-IO 6
FUSED_VBAT- 3 RESET P7 2 DIGITAL-IO 7
1R07£8 1é veal . DIGITAL-10 [0.7] DCTACTO O]
—— VCCP GND
TCAB6408APWR
C701
1
+5.0V_VREG 11
100n/50V
C700
+5.0V_VREG H FUSED_VBAT-
100n/50V
FUSED_VBAT-
developed by: — Project Description File
—3
fox BMS creunnofer 1ss 24 Fraunhofer | svssiave 1s-cei Primary Digital Inputs/Outputs digital_io.SchDoc
Schottkystr. 10 11ISB Author License Version Release Date Sheet
www.foxbms.org gt?rSnBaE;Iangen www.iisb.fraunhofer.de foxBMS Team Creative Commons Attribution 4.0 1.1.3 2018-08-08 8 /15
3 4 ‘ 5 ‘ 7 8




3 4 5 6 7 8
EEPROM
7-bit base address 0x50 primary 1>C
10100 (A17) (A16)
A17, A16: MSB address bits
+5.0V_VREG
+5.0V_VREG
WAC\:
s OVAVREG 1C801 ,@‘ floating: write operation enabled
8 vee W ; I_|10k pulled high: write operations disabled
C800 4 VsS E2 When Write Control (WC) is driven high, device select and address
100n/50V scL 6 bytes are acknowledged,
< % | NC. SDA 5 FUSED_VBAT- data bytes are not acknowledged.
N.C.
FUSED VBAT- | M24M02-DWMN3TP/K
SDA SDA
SCL SCL 1 EEPROM M24M02 is qualified AEC-Q100
FUSED_VBAT-
Temperature Sensor
7-bit address 0x48 primary 12C
1001000
+5.0V_VREG
+0.5°C (typ.) at +25°C
+1°C (max.) from -10°C to +85°C
R800 +2°C (max.) from -10°C to +125°C
10k +3°C (max.) from -55°C to +125°C
1C800
. L ; . .
ggf SDA ALERT 3 TEMP-ALERT TEMP-ALERT Attention: use -AOT Type (12C address conflict otherwise)!
SCUIS Alert temperature can be configured via 12C
+5.0V_VREG VDD GND 2
MCP9800A0T-M/OT
C801
||
100n/50V
FUSED_VBAT-
Temperature Sensor MCP9800 is qualified AEC-Q100
developed by: — Project Description File
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2 3 4 B 6 7 8
Pin-Header for additional analog and digital inputs/outputs GPI10O Extension Connector
+5.0V_VREG_0 +5.0V_VREG_1
X400 X402 +3.0V_VREF2_0 +3.0V_VREF2_1
PRIMARY-ANALOG-IN 0 1 2 PRIMARY-ANALOG-IN 1 PRIMARY-DIGITAL-10 0 1 2 PRIMARY-DIGITAL-IO 1
PRIMARY-ANALOG-IN 2 3 4 PRIMARY-ANALOG-IN_3 PRIMARY-DIGITAL-10 2 3 4 PRIMARY-DIGITAL-10 3 | )
PRIMARY-ANALOG-IN 4 5 6 PRIMARY-ANALOG-IN 5 PRIMARY-DIGITAL-10 4 5 6 PRIMARY-DIGITAL-10 5
PRIMARY-ANALOG-IN 6 7 8 PRIMARY-ANALOG-IN 7 PRIMARY-DIGITAL-10 6 7 8 PRIMARY-DIGITAL-10 7 | _C404 C405 C406 _1 C4o7
PRIMARY-ANALOG-IN 8 9 0 PRIMARY-ANALOG-IN 9 9 10 [—100n/50V 100n/50V 100n/50V/ ~T_100n/50V
PRIMARY-ANALOG-IN_10 11 2 PRIMARY-ANALOG-IN_11 +5.0V_VREG_0 X404
PRIMARY-ANALOG- 12 13 4 PRIMARY-ANALOG-IN_13 gen_pinheader_2.54_2x5 1 2
PRIMARY-ANALOG-IN_ 14 15 16 PRIMARY-ANALOG-IN_15 FUSED_VBAT- 3 4
17 18 5 6
PRIMARY-GPIO1-OPT SECONDARY-GPIO1-OPT
O AVRER2SD e e a0 FURIER YN PRIMARY-GPI02-OPT L 5 SECONDARY-GPIO2-OPT > HUSED_VBAT-
gen_p A e Y PRIMARY-GPI03-OPT o 1 SECONDARY-GPIO3-OPT
- PRIMARY-GPI04-OPT 13 12 SECONDARY-GPI104-OPT
PRIMARY-GPIO5-OPT T 6 SECONDARY-GPIO5-OPT
C401 PRIMARY-WDT 7 ] SECONDARY-WDT
=—100n/50V FUSED_VBAT- [ PRIMARY-TEMP-ALERT 9 50 SECONDARY-TEMP-ALERT]
gen_pinheader| 2.54_2x10
FUSED_VBAT- X401 X403 FUSED_VBAT- FUSED_VBAT-
SECONDARY-ANALOG-IN 0 1 2 SECONDARY-ANALOG-IN 1 SECONDARY-DIGITAL-IO 0 1 2 __SECONDARY-DIGITAL-IO 1
SECONDARY-ANALOG-IN 2 3 4 SECONDARY-ANALOG-IN 3 SECONDARY-DIGITAL-IO 2 3 4 SECONDARY-DIGITAL-IO 3
SECONDARY-ANALOG-IN 4 5] 6 SECONDARY-ANALOG-IN 5 SECONDARY-DIGITAL-IO 4 5 6 SECONDARY-DIGITAL-IO 5 X405
SECO DARY-ANALOG-IN 6 7 8 SECO DARY-ANALOG-IN 7 SECONDARY-DIGITAL-IO 6 7 8 SECONDARY-DIGITAL-IO 7 PRIMARY-GPIO6 1 2 SECONDARY-GPIO6
SECONDARY-ANALOG-IN 8 9 0 SECONDARY-ANALOG-IN 9 9 10 3 4
= PRIMARY-GPIO7 SECONDARY-GPIO7
SECONDARY-ANALOG- 0 11 2 SECONDARY-ANALOG- 1 +5.0V_VREG_1 PRIMARY-GPIO8 5) 6 SECONDARY-GPIO8
SECONDARY-ANALOG- 2 13 4 SECONDARY-ANALOG- 3 gen_pinheader_2.54_2x5 PRIMARY-GPIO9 7 8 SECONDARY-GPIO9
SECONDARY-ANALOG- 4 15 6 SECONDARY-ANALOG- ) FUSED_VBAT-
17 18 gen_pinheader_2.54_2x4
+3.0V_VREF2_1
gen_pinheader_2.54_2x9 _1 c403
FUSED_VBAT- ~—T—100n/50V
C400 4
100n/50V FUSED_VBAT-
FUSED_VBAT-
+5.0V_VREG_0 +3.0V_VREF2_0
SECONDARY.DICITALIO [0.7] SECONDARY-DIGITAL-10_[0..7] +5.0V_VREG_0 +3.0V_VREF2 0
PRIMARY-DIGITAL-10 _[0..7] PRIMARY-DIGITAL-IO [0..7] +5.0V_VREG_1 +3.0V_VREF2_1
: i . +5.0V_VREG 1 +3.0V_VREF2 1
SECONDARY-ANALOG:IN 10,15k <= 5NDARY-ANALGG-IN [0.15]
FUSED_VBAT-
PRIMARYANALOGIN 10,051 5riiARY ANALGG-IN [0.15]
FUSED_VBAT-
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+
o
2}
8}
la}
Fuse + -
Reverse Polarity Protection Flyback Transformer ﬁ TP902
Mrpoo1 TR900 D901 I X900
D
F900 500 , Lo N . . 2 DF 1
EXT_DC_IN+ — ”‘ LYY YN PDS3200 -
V_IN=8.24V fuse_1.25A_04661.25NR 7440404210 7 —_C908 D02 inheader_2.54_2
[ EXT_DC_IN- DELS1100-7 C905 _l c907 —T4urriooy |l c909 MMSZ5268BT1G gen_pinheader_2.54_.
::470p/100V 6 —T4u7/100V T 4u7/100V «
Snubber 2 * TP903
8
R903
[]39R WE_750313457 +—{ FUSED_VBAT- |
C906 I
_1 C900 1 C901 _[ C902 R900 FUSED_VBAT-
T lu/25VvV ~—T10u/25V—T10u/25V 390k
R904 4n7/1000V
1C900 200k
3 VIN SwW 5] R_FB
R902
L) Enuvio  TC B REREE
R _FB 6 LK
=—-—=——"—1 RFB
R_REF 7
———— > RREF
Ep 9 Temperature .
At @ B Compensation I:I10k
_1 _C903 R901 LT8302HS8E#PBF
—T—100n/50V | |86k6 904
1
1
1u/50V
TP900
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Daisy Chain Connectors
4x 2p connector equal for 12/15/18/20 cell version

X500
PRIMARY-IN+ ; |
PRIMARY-IN- ‘

X501
PRIMARY-OUT+ %
PRIMARY-OUT-
X502
SECONDARY-IN+ 1
SECONDARY-IN-
X503
SECONDARY-OUT+ 1
SECONDARY-OUT-

molex_microfit_3_01x2_THT

molex_microfit_3_01x2_THT

molex_microfit_3_01x2_THT

molex_microfit_3_01x2_THT

Primary Daisy-Chain

Secondary Daisy-Chain
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External Power Supply

X1000
EXT _DC_IN+ 1 3
EXT_DC_IN+ 5 7
EXT_DC_IN-}
samtec_TSW-102-07-G-D
EXT DC_IN-
X1001
1
2
molex_microfit_3_01x2_THT
X1002
1 Daisy-Chain
2

molex_microfit_3_01x2_THT
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Batterie Cell Voltage Sense Connector Temperature Sensor Connector
24p connector equal for 12/15/18/20 cell version 2x 16p connector equal for 12/15/18/20 cell version
X200 VBAT+ X201 X202
24 12 PRIMARY-T-SENSOR 0 1 9 SECONDARY-T-SENSOR 0 1 9
23 11 VBAT+ PRIMARY-T-SENSOR_1 2 10 SECONDARY-T-SENSOR_1 2 10
CELL 17+ 22 10 CELL 16+ PRIMARY-T-SENSOR_2 3 11 SECONDARY-T-SENSOR_2 3 11
CELL 15+ 21 9 CELL 14+ PRIMARY-T-SENSOR_3 4 12 SECONDARY-T-SENSOR_3 4 12
CELL 13+ 20 8 CELL 12+ PRIMARY-T-SENSOR_4 5 13 SECONDARY-T-SENSOR_4 5 13
CELL 11+ 9 7 CELL 10+ PRIMARY-T-SENSOR 5 6 4 SECONDARY-T-SENSOR 5 6 4
CELL 9+ 8 6 CELL 8+ PRIMARY-T-SENSOR_6 7 5 SECONDARY-T-SENSOR_6 7 5
CELL 7+ 7 5 CELL 6+ PRIMARY-T-SENSOR_7 8 6 SECONDARY-T-SENSOR 7 8 6
CELL 5+ 6 4 CELL 4+
CELL 3+ 5 3 CELL 2+ molex_microfit_3_08x2_THT molex_microfit_3_08x2_THT
CELL L+ 4 2 CELL 0+ [HUSED) VISATT
CELL 0- 3 1 PRIMARY-T-SENSOR [0..7] ¢ 1 SECONDARY-T-SENSOR [0..7]; = 1
» PRIMARY-T-SENSOR_][0..7] FUSED_ VBAT- $ SECONDARY-T-SENSOR_[0..7]> FUSED. VBAT-
molex_microfit_3_12x2_THT
VBAT-
VBAT-
CELL_VOLTAGES
CELL_O-
CELL_0+
CELL_1+
CELL_2+
CELL_3+
CELL_4+ CELL
CELL 5+
CELL_6+
CELL_7+
CELL_8+
CELL_9+
CELL_10+
CELL_11+
CELL_12+
CELL_13+
CELL_14+
CELL_15+
CELL_16+
CELL_17+
Pi t Fil Descripti Status
/ Fl’aunhofel‘ “SB rojec e escrips IO-FI atu
% Frau n hofer SchottkystraBe 10 BMS-Slave 18-Cell bat_connectors.SchDoc Connection to pack
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2 3 4 B 7 8
U600
LM5161QPWPRQ1
EXT_DC_IS0+ VIN 3 yiN BST <»11;55T—|_
RO RON 5| oy e 14 C602
1 ce00 1 ce01 C607 T w 2 Tloomsov L600
1u/250V 100n/200V —[100n/50v ? ss oW qla SwW PN VAGEIEE
l NC 9 B 744053221
FPWM FB
SHDN 4 10 VCC _1 C604 R602 R604
DC/DC-SHUTDOW EN/UVLO VCC =—100n/50V I:Ilks I:IlR
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