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Use external 1 O resistor only if 1 0 series resistors are used to check if balancing

A

jumpers are assembled on this board.

is functional. Assemble jumpers if these resistors

are part of the external cell connection.
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Effective balancing resistance for a single cell:
Rbal = (75 Q/5 + RDS(on) + 2 x Rser) = 18 Q
When balancing multiple cells in series the current increases

slightly. Independently from the number of cells only two 1 R
resistors are in series.
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Improper use of batteries and high currents can lead to physical damage as
well as material damage. All parts of this project may contain potentially
dangerous errors and are published without assuming liability for any results.
In slightest doubt, have your project checked by sombeody qualified to do so.
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Use external 1 O resistor only if 1 0 series resistors are used to check if balancing

A

jumpers are assembled on this board.

is functional. Assemble jumpers if these resistors

are part of the external cell connection.
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Effective balancing resistance for a single cell:
Rbal = (75 Q/5 + RDS(on) + 2 x Rser) = 18 Q
When balancing multiple cells in series the current increases

slightly. Independently from the number of cells only two 1 R
resistors are in series.
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Improper use of batteries and high currents can lead to physical damage as
well as material damage. All parts of this project may contain potentially
dangerous errors and are published without assuming liability for any results.
In slightest doubt, have your project checked by sombeody qualified to do so.

Frank Bdttermann (frank /at/ ich—war—hier.de)

Sheet: /CVTIN15/
File: cvtin.kicad_sch

CERN-OHL-S
2.0

Title: Battery module front—end 16s (BMFE-16S)

Size: A5 [ Date: 2025-07-24 Rev: 0.1.2
KiCad E.D.A. 9.0.3 Id: 18/26
1 [ 2 [ 3 I G




Use external 1 D resistor only if
jumpers are assembled on this board.

1 0 series resistors are used to check if balancing

A

is functional. Assemble jumpers if these resistors
are part of the external cell connection.
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Effective balancing resistance for a single cell:
Rbal = (75 Q/5 + RDS(on) + 2 x Rser) = 18 Q
When balancing multiple cells in series the current increases
slightly. Independently from the number of cells only two 1 Q
resistors are in series.
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Improper use of batteries and high currents can lead to physical damage as
well as material damage. All parts of this project may contain potentially
dangerous errors and are published without assuming liability for any results.
In slightest doubt, have your project checked by sombeody qualified to do so.
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Use external 1 O resistor only if 1 0 series resistors are used to check if balancing

A

jumpers are assembled on this board.

is functional. Assemble jumpers if these resistors

are part of the external cell connection.
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Effective balancing resistance for a single cell:
Rbal = (75 Q/5 + RDS(on) + 2 x Rser) = 18 Q
When balancing multiple cells in series the current increases

slightly. Independently from the number of cells only two 1 R
resistors are in series.
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Improper use of batteries and high currents can lead to physical damage as
well as material damage. All parts of this project may contain potentially
dangerous errors and are published without assuming liability for any results.
In slightest doubt, have your project checked by sombeody qualified to do so.
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Use external 1 O resistor only if 1 0 series resistors are used to check if balancing

A

jumpers are assembled on this board.

is functional. Assemble jumpers if these resistors

are part of the external cell connection.
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Effective balancing resistance for a single cell:
Rbal = (75 Q/5 + RDS(on) + 2 x Rser) = 18 Q
When balancing multiple cells in series the current increases

slightly. Independently from the number of cells only two 1 R
resistors are in series.
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Improper use of batteries and high currents can lead to physical damage as
well as material damage. All parts of this project may contain potentially
dangerous errors and are published without assuming liability for any results.
In slightest doubt, have your project checked by sombeody qualified to do so.
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Use external 1 O resistor only if 1 0 series resistors are used to check if balancing

A

jumpers are assembled on this board.

is functional. Assemble jumpers if these resistors

are part of the external cell connection.
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Effective balancing resistance for a single cell:
Rbal = (75 Q/5 + RDS(on) + 2 x Rser) = 18 Q
When balancing multiple cells in series the current increases

slightly. Independently from the number of cells only two 1 R
resistors are in series.
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Improper use of batteries and high currents can lead to physical damage as
well as material damage. All parts of this project may contain potentially
dangerous errors and are published without assuming liability for any results.
In slightest doubt, have your project checked by sombeody qualified to do so.
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Use external 1 O resistor only if 1 0 series resistors are used to check if balancing

A

jumpers are assembled on this board.

is functional. Assemble jumpers if these resistors

are part of the external cell connection.
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Effective balancing resistance for a single cell:
Rbal = (75 Q/5 + RDS(on) + 2 x Rser) = 18 Q
When balancing multiple cells in series the current increases

slightly. Independently from the number of cells only two 1 R
resistors are in series.
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Improper use of batteries and high currents can lead to physical damage as
well as material damage. All parts of this project may contain potentially
dangerous errors and are published without assuming liability for any results.
In slightest doubt, have your project checked by sombeody qualified to do so.
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Use external 1 O resistor only if 1 0 series resistors are used to check if balancing

A

jumpers are assembled on this board.

is functional. Assemble jumpers if these resistors

are part of the external cell connection.
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Effective balancing resistance for a single cell:
Rbal = (75 Q/5 + RDS(on) + 2 x Rser) = 18 Q
When balancing multiple cells in series the current increases

slightly. Independently from the number of cells only two 1 R
resistors are in series.
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Improper use of batteries and high currents can lead to physical damage as
well as material damage. All parts of this project may contain potentially
dangerous errors and are published without assuming liability for any results.
In slightest doubt, have your project checked by sombeody qualified to do so.
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Use external 1 D resistor only if
jumpers are assembled on this board.

A

1Q

1 0 series resistors are used to check if balancing
is functional. Assemble jumpers if these resistors
are part of the external cell connection.
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Effective balancing resistance for a single cell:
Rbal = (75 Q/5 + RDS(on) + 2 x Rser) = 18 Q
When balancing multiple cells in series the current increases
slightly. Independently from the number of cells only two 1 Q
resistors are in series.
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Improper use of batteries and high currents can lead to physical damage as
well as material damage. All parts of this project may contain potentially
dangerous errors and are published without assuming liability for any results.
In slightest doubt, have your project checked by sombeody qualified to do so.
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Use external 1 D resistor only if
jumpers are assembled on this board.

A

1Q

1 0 series resistors are used to check if balancing
is functional. Assemble jumpers if these resistors
are part of the external cell connection.
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Effective balancing resistance for a single cell:
Rbal = (75 Q/5 + RDS(on) + 2 x Rser) = 18 Q
When balancing multiple cells in series the current increases
slightly. Independently from the number of cells only two 1 Q
resistors are in series.
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Improper use of batteries and high currents can lead to physical damage as
well as material damage. All parts of this project may contain potentially
dangerous errors and are published without assuming liability for any results.
In slightest doubt, have your project checked by sombeody qualified to do so.
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Use external 1 D resistor only if
jumpers are assembled on this board.

A

1Q

1 0 series resistors are used to check if balancing
is functional. Assemble jumpers if these resistors
are part of the external cell connection.
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Effective balancing resistance for a single cell:
Rbal = (75 Q/5 + RDS(on) + 2 x Rser) = 18 Q
When balancing multiple cells in series the current increases
slightly. Independently from the number of cells only two 1 Q
resistors are in series.
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Improper use of batteries and high currents can lead to physical damage as
well as material damage. All parts of this project may contain potentially
dangerous errors and are published without assuming liability for any results.
In slightest doubt, have your project checked by sombeody qualified to do so.
Frank Bdttermann (frank /at/ ich—war—hier.de)
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Use external 1 D resistor only if
jumpers are assembled on this board.

A

1Q

1 0 series resistors are used to check if balancing
is functional. Assemble jumpers if these resistors
are part of the external cell connection.
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Effective balancing resistance for a single cell:
Rbal = (75 Q/5 + RDS(on) + 2 x Rser) = 18 Q
When balancing multiple cells in series the current increases
slightly. Independently from the number of cells only two 1 Q
resistors are in series.
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Improper use of batteries and high currents can lead to physical damage as
well as material damage. All parts of this project may contain potentially
dangerous errors and are published without assuming liability for any results.
In slightest doubt, have your project checked by sombeody qualified to do so.
Frank Bdttermann (frank /at/ ich—war—hier.de)
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Use external 1 D resistor only if 1
jumpers are assembled on this board. < >

1Q

0 series resistors are used to check if balancing
is functional. Assemble jumpers if these resistors
are part of the external cell connection.

R106 P23 é R42
1.0 @] &

O—=— ceo

i|

Cell -
connection Kl
PCB ]
&
>
R37
I 47k
0.1%
Tcelln
© 47k 9 100n
c9
1lu

(2}
=
o
>

Effective balancing resistance for a single cell:
Rbal = (75 Q/5 + RDS(on) + 2 x Rser) = 18 Q
When balancing multiple cells in series the current increases
slightly. Independently from the number of cells only two 1 Q
resistors are in series.
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R47
2.2
— 10
[ 200 mA. -
TR, 10n
e
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Cn

Sn

Improper use of batteries and high currents can lead to physical damage as
well as material damage. All parts of this project may contain potentially
dangerous errors and are published without assuming liability for any results.
In slightest doubt, have your project checked by sombeody qualified to do so.
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Use external 1 D resistor only if 1
jumpers are assembled on this board. < >

1Q

0 series resistors are used to check if balancing
is functional. Assemble jumpers if these resistors
are part of the external cell connection.

R105 7 & rn
1.0 o
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R26
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c7
1lu
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Effective balancing resistance for a single cell:
Rbal = (75 Q/5 + RDS(on) + 2 x Rser) = 18 Q
When balancing multiple cells in series the current increases
slightly. Independently from the number of cells only two 1 Q
resistors are in series.
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R36
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Improper use of batteries and high currents can lead to physical damage as
well as material damage. All parts of this project may contain potentially
dangerous errors and are published without assuming liability for any results.
In slightest doubt, have your project checked by sombeody qualified to do so.
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Use external 1 D resistor only if 1
jumpers are assembled on this board. < >

1Q

0 series resistors are used to check if balancing
is functional. Assemble jumpers if these resistors
are part of the external cell connection.
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Effective balancing resistance for a single cell:
Rbal = (75 Q/5 + RDS(on) + 2 x Rser) = 18 Q
When balancing multiple cells in series the current increases
slightly. Independently from the number of cells only two 1 Q
resistors are in series.
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Improper use of batteries and high currents can lead to physical damage as
well as material damage. All parts of this project may contain potentially
dangerous errors and are published without assuming liability for any results.
In slightest doubt, have your project checked by sombeody qualified to do so.
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Use external 1 D resistor only if 1
jumpers are assembled on this board. < >

1Q

0 series resistors are used to check if balancing
is functional. Assemble jumpers if these resistors
are part of the external cell connection.
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Effective balancing resistance for a single cell:
Rbal = (75 Q/5 + RDS(on) + 2 x Rser) = 18 Q
When balancing multiple cells in series the current increases
slightly. Independently from the number of cells only two 1 Q
resistors are in series.
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I 200 mA ™
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o
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Improper use of batteries and high currents can lead to physical damage as
well as material damage. All parts of this project may contain potentially
dangerous errors and are published without assuming liability for any results.
In slightest doubt, have your project checked by sombeody qualified to do so.
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Use external 1 @ resistor only if
jumpers are assembled on this board.

1Q

1 Q serles resistors are used to check if balancing
< > is functional. Assemble jumpers if these resistors
are part of the external cell connection.

R100 ot & r3
1.0 ? T 100
Cen
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T

Cell -
connection Kl
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&
>
R95
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© 47k 9 100n
C58
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=
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Teelo shall very similar to
Tceut as 1t Is the same cell.

40 mv

- 2

7
GNDA

™ 10n

Cn

Improper use of batteries and high currents can lead to physical damage as
well as material damage. All parts of this project may contain potentially
dangerous errors and are published without assuming liability for any results.
In slightest doubt, have your project checked by sombeody qualified to do so.
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i I 2 I 3 I & 5 [ 6 [ 7 [ 8
Coupled microstrip impedance =102 Q
« witdh: 0.2 mm
« distance: 0.2 mm
« distance from plane: 0.14 mm VRef2—Buffer
IFA+ * Max out current 3.5 mA (due to voltage drop across isolating resistor)
* 55 NTCs max. with 47 kQ resistor (3.5 mA / (VRef2 / 47 kQ?).
C43
IFAExt L R182 Cu6 C7845v
j 10n u7A +5V
L = o| U8 TSZ124IYPT u7¢
PT61017XPEL I D s fto GNDA | 00r™| SN74LVA05LAPWR Tigs R216 R T5Z4241YPT
f
% o] | cuo Rigs MUX1com x 2 x| (Vrerzont ] - K L0
22 Lo n > 14 T U7E 8
100p Cc73 1k X1 Swi
131l e e J11 IFA= in %o |15 OTews 100n J TSZ124IVPT 9 GNDA
= X3 L+—¢—<]Tsnm <
%H o ig IFB+ GNDA X4 —+—l—< TBat+ s
— C47 X5 <1TBal2
} b E]_\é[ié R186 X6 z 1 ATBalt oo
| l < X7 - TBat-
= —
| _md o I bE o L6 Tem 1u
IFBExt C45 R187 Cu49 A 11 MUXa
10n 100T 51 10n B 10 MUXB GNDA
IFB— 48 e MUXc
> > VRef2Buf and Vspivi3 are used to check for stuck I0—expander and muxes.
MUX1:X0, MUX2:X1, MUX3:X2 and MUX4:X4 are used to make sure address signals are not shorted.
P16k '\|°°
. o IBIAS
G i CHP vattage. sete the recerver <
comparator threshold. GNDA
C7945v Worst—case charge carry—over between muxed channels
+10V Connecting a C1 (1 nF/5 V) vwa R1 (1 kQ) to C2 (1 puF/0 V) which is
sz oNDA o U9 being dis—/charged by R2 (10 kQ).
R213 1000~ SN74LV4051APWR 127 R218 = RxC - 2.303x1 ~ 90% TCiR1 = 1 ps
MUX2com x 2 %o 13 Temp Tvods 200K 4.605xt ~ 99% Tc2r2 = 10 ms
GNDA C74 1k B X1 Vsbivi3 Vsbivi3 6.908x1 ~ 99.9%
15 QTemp a _ When discharging C1 into C2 almost all energy dissipates within R1:
R180 pats _ in 52 12 Thod €72 R195 Vet = Vez ~ 4,995 mV within 5xtcirt (5 us?. This would be an error
0.8 mA/L35 mA 100 o = X3 1 GNDA gﬂt- ycmg 100n 100k of 0.1% at OV. For a lower voltage difference the percentage is lower.
<sgv  (state: refup/measure) 3 = Waiting about 5x1c2Rr2 ms) reduces this error to BV which would
8ot o oA X4 Tp Cellt s 5 50 A 50 A
at pry= C35 ] = X5 —T—W — TCeuis GNOA be indetectable.
100n = = X6 Cell15
+ 4 Tcel1s Measurement time for all GPIOS is about 5ms in ADBMS1818 normal mode.
2 100V X7 At —cetitd
6 Temp Measurement cylcle including open—wire test: 8x 330 ms = 2.64 s
u1 GNDA Inh MUX * Switch Mux input: 10 ms
Cellzs_ADBMS1818ASWZ « e AL A * Vait: 50 ms
T> r—— " g |10 MUXs * gamgke GP\G%&TO5 ms n 10
2 | 49 i o rgn 9 MUXc * Discharge capacitors: ms
3 c18 | = DRIVE Supplyen Ly C * Wait: 250 ms (cell temperature capacitors recharge very slowly, 47 kQ bias resistor)
R99 | >T 518 | L5y Lnesr reguistor * Sample GPIOs: 5 ms )
100 5 €17 s s T Vare, r\|oo * Compare voltages to previous measurement
X 517 | VREG
Ci6 “ 261 52 PL02  TPL0L <
S16 7 c16 DTEN e} GNDA ) )
S16 i i . 12C frequency is half the isoSPI frequency.
C15 8 51  VReft Min. series resistance 1 kQ
c15 VREF1 to limit equalizing currents. C80+5v
S15 9l 515 In order to run on 500kHz 12C (= 1MHz isoSPI during
Cis 10| c14 VREF2 50  VRef2 Juo FCOMM co.mmands) U6 must be replaced by TCAL9539PWR
S14 14| P15 GNDA and supplied by 3.3V. Lat}:er supply would also be
s 14 S14 C37Ju33 R214 100 SN74LV4051APWR jTemp necessary for MUXes (logic levels) and EEPROM.
G5
S35 13 643 wor P& 10 1u Hxscor X g x 12 | E:::g
C12 14 45 C75 1k X1 ﬁ +5V
S12 15 o45 +5Y oNoA in X2 C7145v
T isomp 5 byl Tceuto R210 R211 Q——l v —
—T—Ti EoE e e e
Cio 1§ Eié o iﬁ GNDA X5 % 10k 10k GNDA, 50, 1cags39PUR TO Qo0
el
, 510 19 ¢4 spo P2 X6 4 Teet7 N\ SDA 23 | ¢pa S P00 4 * D FuseDiag Qut: Main fuse diagnosis
Co 20| 62 IFA+ Nun—buffered MUX outputs allows X7 AH——— SCL 22 > 5 . . . .
e 2 c9 SCK IFA for using internal AFE-MOSFETs **1 SeL P01 <JFusertn In: Main fuse diagnesis return signal
c9 2l ¢q csp [6L - for open—wire tests. Inh |6 Temp LW po2 -8 D 0cDiag Qut: Dver—current diagnosis
53%22 c8 B PR MUXA P03 |- D OcRst Qut: Reset over—current flip—flop
CB 23 58 PB 64 |FB+ g 10 MUXs 3 RESET PO4 8 a0c In: Over—current flip—flop status (active low)
%24 c7 M8 [63 = w c e MUXc pos -2 AQSwrg In: Main switch power—good (active low)
%25 57 A > > pog6 |-LO D SwEn Qut: Enable main switch
Lo 26 1B1AS {22 IBIAS po7 |11 DPCen Outs Enable pre-charge
56 27 g icMp [58 ICMP "
H c5 < P10 13 DVswDiag Qut: Switch voltage measurement diagnosis
H 55 Lo GNDA a‘ P11 1‘5" DAUXEn Qut: Enable auxiliary output
4 () iah)
" —1Y; (YA GPIO1 5 P12 D FanMode Qut: Control fan voltage (low/high)
E; g; s SRi02 22 QoL 3 P13 13 DFangn Qut: Enable fan output
=3 94 3 GPIO3 Z| P14 JFanp In: Fan power—good
53 3363 GPIOY [t2SDA 156 GNDa 4 ! of V11 ol P15 |18 MUXa ‘
ST s epios 23 SCL R215 100 SN74LVA051APWR QTemp & 2 | p1e L9 MUXa oYeYeXe) 47k
S2 35 44 MUX1icom MUX&4com a 13 Tcells ] 21 2 20 MUXc Sf2E&Q R133
S2 GPI06 X a X0 —*—*ﬁ AQ S P17 T FFREE
C1 36 45 MUX2coMm > 14 Tcells &
Cc1 GPIO7 c76 1k X1 —3—‘—\
S1 37 o4 O Gplog [t6MUX3com 1n x2 |15 Tceus o
Co 38 ¢o > 6PI0g [AZ__MUXhcom %3 |12 Tcels N +5V
4 405 (- X |1~ Vsbi1s <
= GNDA X5 -2 —— Tce2 N 5V GNDA
© © agaya) X6 |—2—1 Tcel c70
332 4 | Tcello 100
GNDA £52 X7 — R209 R208 +5v 1300
inh |6 rempé 2.2k 2.2k wH H
A 11 MUXa SDA 5 ) GNDA
B 10 MUXB SDA g
w o M scL bfscL
La c 2 UXe 7l o« 3
>> Jg Jg WC G E2
'\|°° msermstqcoe DRS;‘* Improper use of batteries and high currents can lead to physical damage as
7 well as material damage. All parts of this project may contain potentially
GNDA GNDA g N . J . N .
dangerous errors and are published without assuming liability for any results.
In slightest doubt, have your project checked by sombeody qualified to do so.
/ Frank B&ttermann (frank /at/ ich—war—hier.de)
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Current merasurement

Dual-range current measurement with O A = VRef2. Measurement ranges are determinied

by ADC input range, current shunt and amplification. Charge current is mapped to VRer2..5 V
(positive values), discharge current to VRef2..0 V) (negative values).

Theoretical ranges: IHigh: —100..66.7 A (discharge/charge), lLow: —10..6.67 A

GNDA

Discharge over—current limit Ipisoc = 91 A

(VRef2 x 100kQ/(100kQ+10kQ))/(Rshunt x Gain)
R282

+5V

R283 R284

R270

Delay indep. from
g ADC—filter

2.2k 2.2k
mm:715§(a2!2nu(c4+cm/z)i +5V 4.7k
R266 C104 C113 | C114 >
10 1u U19A 5v
LMV393IPWR *
|
+
iééo > y19¢c
U78 n J LMV393IPWR
oNoAl 100n TSZ1241YPT =
GNDA
- Cc103 O GNDA
gH |_<, 100k
o R280
100n R261 (£1.2 %) o >
W7k B LMV3931PWR
10k 22k 68k Ro8L
0.1% 01% 0.4%
Charge over—current limit Ichgoc ~ 48 A
(3.021 Vx(100kQ+47kQ)/100kQ—VRef2) /(Rshuntx Gain)
c107 R271
100n
[ ] £Q2T2G
1.5k oceat u18D
R274
+5V 45V
Cc109 GNDA 100n
R275 10n - OcRstl Oc
iM [}
I» U18E Y €92 utec | Q,
40 e il ve_choraed 74AHCOOPW-Q100 2 100n
(ursion'ar DE’Q%Q)Q S 2)/9';50""9"‘
reanatd of DC protecion ip—
Ocbiag ~| 10k Cc93 p P
R269 020 R236 | | i 200p
100k . . GNDA
BSS123  Short—circuit protection Isc = 57 mV/Rshunt = 190 A V4
In case of a short circuit the Bat-—potential drops relative to GND. The zero- GNDA
P GNDA current bias voltage of 56.5 mV determines the comparator threshold. The diagnosis
tests as much of the the signal path as possible. Capacitive coupling prevents
accidential disabling of the protection (due to other hardware—fault or errorneous
r—— T software control). Effective peak—current will be greater than Isc, especially at
| : low loop inductances, due to propagation delays %e.g. comparator, gate driver).
| | RinN
Bat- - lad >GND
| 300u :
|
| |
| |
L ! Improper use of batteries and high currents can lead to physical damage as
223 well as material damage. All parts of this project may contain potentially
] dangerous errors and are published without assuming liability for any results.
ul
7K In slightest doubt, have your project checked by sombeody qualified to do so.
0.4% Frank B#ttermann (frank /at/ ich—war—hier.de)
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Fan output (non-isolated)

Batte(y current (examples)
200 mA x 7.2V - 76% ~
~

400 mA x 1265V + 85

9 W - ~37 mA/51.2 V
0 W - =116 mA/51.2 V

FB4 |
1k/100MHz | \
0.8A 1020 | }
<tV ¢ Bat+ In } Constant on—time (COT) switchung controller |
Bat+fusedD——#@ ) U4 Cpg  [auires synthetic outpit fipple due to low |
LM5169PDDAR 3 3y Redstor'and couals eapacitor ast wihctend Vin(nso. crerge protection |
i on " - .
2 [ D6 Y
b e A ES FB6 & PMEG100T10ELXD-Q')' . ;
IN414BWSQ iy | ow OutFilt RN
FanenD—>} } 31EN/uUvLOo \
o ‘ / N 1k/100MHz s SR s o \
’
7 ces c66 | o R126 0.8A b5 }
ya 1=  ==10u } 2 RT Z  aPGOOD 6 SML-A12D8TT86 |
e 100V 100V & s |
s 2uF/60V/25°C 2F/60V/25°C v | Open—drain c39
Diodes prevent current ‘ a8 ol !
flow into controlling R122| I:I R129 C126 100u |
vee o be Interrupted. 100kl 68k ‘
‘ BB Q388 }
017 } NX7002AKS ‘
1IN414BWSQ | gaZ(uFEaﬂp\/idt”CE =2.7 V (Ven—Vesgeh) -VF(s)) |
~ i RS e 2o |
Fanpc =t
\ J \
2.2k |
Bat-fysedD- l . *+ o ! NT2 | Fan- ‘
‘ R137 C67 _L M Q38A intaine UED bright- }
} 220k 1u =T R121 | NX7002AKS T ot moes, ot |
FanModeD | * |
| |
| L:I—Kl» |
| |
| 4.7k ING14BWSQ \
| R134 D7 \
Gate voltage slope limiting to prevent the DCDC to enter
current limiting/short—circuit protection when switching
LM5169: from low to high output voltage.

Vout = VRef x (RFBT / RFBB + 1)

fow = Vout x 2.5 x 109 / Rt

Inductor calculation:

Assume AlL = | x 40 % ~ 80 mA/160 mA, Vin = 65 V
L = Vout / (fsw x A\Lg x éi — Vout/Vin) = 302 uH/137 pH - 220 pH (compromise)

AlL = Vout / (fsw x L) x
IL(pk) = lout + AlL / 2 =

Output capacitor calculation:
Assume AVout = 144 mV/253

1 — Vout/Vin) = 110 mA/100 mA
255 mA/450 mA

mV (2 % Vout drop on current transient)

Cout > L x (lout + AlL / 2)% + (2 x AVout x Vout) = 6.9 uF/ 7.0 uF

Ve = AlL + (8 x fsw x Cout) =

43 mV/30 mV

Ripple network calculation (type-3):
oV

Assume Vrn(mm)

Ca > 10 + (fsw x ReBB || RFBT) = 415 pF/237 pF - 2.2 nF (already used elsewhere)

RA = (Vm - Vout) x Vout + (20

mV x Vin x fsw x CA) =~ 506 kQ/740 kQ - 680 kQ

Cg = 50 ps + (3 x RrBT) ~ 167 pF - 220 pF (already used elsewhere)

Simulation shows >14.7 mV feedback ripple at Vin(min) and Vout(max).
According to the datasheet 12 mV shall be the very minimum at Vin(min).

Improper use of batteries and high currents can lead to physical damage as
well as material damage. All parts of this project may contain potentially
dangerous errors and are published without assuming liability for any results.
In slightest doubt, have your project checked by sombeody qualified to do so.
Frank B&ttermann (frank /at/ ich—war—hier.de)
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Auxiliary power output (non—isolated)

Output can be enabled temporarily (1) by setting a jumper. This cirumvents the BMS to allow to bootstrap a BMS—controller
supplied from this module. After bottstrapping, the AFE can keep it enabled by AuxEn-signal.

Max. assumed output: 3A x 5V + 70% =~ 22W - =0.42A at 51.2V

T s puxy
| D15 | S0
| 1k/100MHz SSBPHL0-M3 }E’ \
|
} Bat+fusedD- . -f II>E|LI3 Aux+ ‘
777777777777777 T R138 !
- P N st 1
Bats See ot the Jomper 1o hot } 47k \
Sebentol wenmaty < T \ } €55
Capacitors in parallel to | ‘ 10u
protect against HBM—ESD pulses. N | R139 Enable ojtput 100V
| 47k manuau/r(o bootstrap 2F/60V/25°C
D14 3 | 1 |
NUP1301U-QX L— —Mantn —2 5|17
3 M20-8900305 P10
D16 3 R197
- ek Q35 o .
NuP13010-ax e DMT10H010LK3 R e B e
o | RiosewEmE LI DL A
D2 .
R196 P12
7777777777 EN4LLBWSR — — — 1 ——] 47k
| 1k |
R e = o |
| D3 S R199 |
| BZX384-B13 100k }
} Bat—fusedD- |
7777777777777777777777777777777777777777777 I
iBat— Diode ensures that the FET—gate is
not pulled low by ESD—clamping
diod within th ted 10
when 1rying to bootetrap. Improper use of batteries and high currents can lead to physical damage as

Frank Bdttermann (frank /at/ ich—war—hier.de)

well as material damage. All parts of this project may contain potentially
dangerous errors and are published without assuming liability for any results.
In slightest doubt, have your project checked by sombeody qualified to do so.
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Switching pre—regulator (60 V -» 10.3 V) & Isolated gate driver supply

Isolated supply for gate driver is required to keep the main switch non—conducting in case Mod—
is more negative then Bat— (trying to charge). Therefore, the required isolation voltage for the
coupled conductor is about VMed — VBat. This voltage cannot greater more than 20-30V because
the MOSFETS would avalance in case of greater external voltages.

P21
PMEG100T10ELXD-Q

Ideally =101V
Due to inductor SRF: <20V is fine

10VSw
FB1
1k/100MHz Bat+ TPit6 2
w
>
= 220 (5 57
R132 Y
1K Swe Linear post-reg. (10.5 V » 5 V)
GND1 220 220pGNDA
2urs0n/z5e 100V u3 w8 $500 ooV 126 u2
MAXL75520UB  \aaak +10V TPS7A2450DBVR  +5v E
GNDA GNDA Vi X N ouT "
1p2 1k/100MHz EH a R93
9 4.7u 0.8A < 1k
EN/UVLO GND C51 GNDA STy
Cc56 D4
R193 4.7u
5 vourle 48— u>$ 15p 3y SML-D12PBWT86
GNDA 22
If the load on +5V is sufficient to Open: PN 8 5 V4
maintain 10VSw in e MDDE—pin ano: rorcea-rwn GNDA MODE FB
il 0% o P e Wo0E A cron 6NDA
R191 33k
GNDA —[}-3{RT/SYNC RESET|Ix
200k GNDA
P
Mutual inductance: M = k x +(L1_x L2)
Leakage inductance: L' = (1 — k)2 x L
Improper use of batteries and high currents can lead to physical damage as
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Switch power—good signal
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Protection against MOSFET over—voltage when interrupting Snubber setup for =10 pH cable inductance.
current relies avalanche behaviour of the MDSFETs. Basic dampening of turn—off oscillations, only.
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Improper use of batteries and high currents can lead to physical damage as
well as material damage. All parts of this project may contain potentially
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Diagnose the presence/conductivity of a fuse (by sinking current from Mod+) only works if
* the main—switch is non—conducting,
* no parallel current—source is connected
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Improper use of batteries and high currents can lead to physical damage as
well as material damage. All parts of this project may contain potentially
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Frank Bdttermann (frank /at/ ich—war—hier.de)

Sheet: /Fuse test/ CERN-OHL-S
File: fuse_test.kicad_sch 2.0

Title: Battery module front—end 16s (BMFE-16S)

Size: A5 [ Date: 2025-07-24 Rev: 0.1.2

KiCad E.D.A. 9.0.3 Id: 23/26

2 I 3 I 4




1 [ 2 | 3 | L | 5 | [
Active DC—link precharge A
lavg: >350 mA, Ipk: 550 mA
fsw(nom): 125 kHz (max. at the start of pre—charge process) ¢ <IJMod+

Cc116
b1t 41U 300 nF/6s v
o 100v
PMEG100TL0ELXD—Q o
€123 is disch d t f thi itch R293
+ cap charges white the switeh is not conductin oor man‘s gate driver 100
+5V l?terwapmshazgia ish;ff (;nd c1(23h and r(e(z\'nsd \'ts( vgltage, : sere
UG e 50 /ot
erefore its voltage is a measure o e on—time PM?E generator m!
e prev(. cycllte,gwh'\ch e Mneacure. af the DC_link voltage. (switch turn—cn) EX e |
FB5 U20A IndDio
1k/100MHz +5V_PC Q30 Mod-
P233 N BSS84AKW PMEG100T10ELXD-Q
820u
D12
y L3
c119 R304 O Q32 108 560 v
470 DMN10H220L
1U 100 50 mW.
Shemet: 110 my
Enable D13
+5V_PC BZX384-B13 8
<
3
— R305 R308 R306 &
R3O0 1 10k 220k 100k
235 10k — [ 1—eoum
R209 1M i
2k 2 e
2 U218 ]
Switch flip—flop
c120 J R307 gg" R287
470p woos 70 G coent 1.5k P 250m
100k R295 Shoried: 5 mu
GND GND
Q31 <~ +5V_PC +5V_PC +5V_PC P4
O the awin e volioge 16 BSS123  OND S
compared to VCC-V(C123) to o | )
determinethe re—turn—on time. [}
+ S <
c117 > u21c c118 S u22e C115 = u20c
100n 1 LMV3931PWR 1000 gﬁAHcoopw_Qioo 100n 2 74LVC2614GW-Q100 ¢
(ol
| N |
GND GND GND
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