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User manual

EVAL-L9963E-MCU evaluation board

Introduction

The EVAL-L9963E-MCU is a hardware tool for evaluation and development and is ideal for rapid prototyping of a 48 V battery
management system (BMS) or as lower stage of a distributed BMS. This board can be used to evaluate the features of the
L9963E device and L9963T.

The EVAL-L9963E allows the user to connect up to 14 channels for cell voltage sensing, one channel for current sensing, and

up to 4 channels for temperature sensing (plus an additional on-board NTC to sense PCB temperature). The board provides an
onboard microcontroller with preloaded firmware intended to be used with STSW-L9963E GUI (graphical user interface).
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1 Hardware description

The EVAL-L9963E-MCU board provides maximum flexibility, giving access to all pins to simplify the evaluation
and debug phase of the device.

1.1 Block diagram

Figure 1. EVAL-L9963E-MCU block diagram
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1.2 Featured components

The EVAL-L9963E-MCU can be considered a reference design for a 48 V BMS or as a first layer of a distributed
BMS system. In the following table there is a short description of all the ST featured components.

Table 1. Featured components

= T EmEm ]

L9963E Automotive chip for battery management applications
L9963T Automotive SPI to isolated SPI transceiver
L9001 Automotive power supply IC with multiple voltage regulators

SPC574S64E3 32-bit Power Architecture MCU for automotive chassis and safety applications
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1.3 Board description

Figure 2. Board top view
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Figure 3. Main components and connectors
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2 Jumpers and connectors

2.1 Mother board jumpers and connectors

Table 2. Motherboard jumpers and connectors

I S R

X1 External power supply connector Jack

P1 USB connector for PC communication Mini USB connector
Isolated serial communication port:
1- VBAT

ISOPORT 1 | 2- ISOH- (From L9963E) USB type A connector
3- ISOH+ (From L9963E)
4- FaultH
Isolated serial communication port:
1-N.C.
ISOPORT 2 2- ISO- (from L9963T) USB type A connector

3- ISO+ (from L9963T)
4-N.C.
Battery connector:
1-cell 14
2-cell 12
3-cell 10
4-cell 8
5-cell 6
6- cell 4
7-cell 2
8-cell 0
9- ground

P2 10- current sensor resistor negative pin Multi pin connector
11- NTC1-
12- NTC2-
13- NTC3-
14- NTC4-
15- VBAT
16- cell 13
17- cell 11
18- cell 9
19-cell 7
20- cell 5
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I S R

21-cell 3
22- cell 1
23- ground

24- current sensor resistor positive pin

P2 Multi pin connector
25- NTC1+
26- NTC2+
27- NTC3+
28- NTC4+
1-2 ISO- redirected to ISOPORT 1_1
JP2 L9963T (U16) ISO- output selection
2-3 ISO- redirected to L9963E
1-2 high amplitude/high threshold (")
JP3 L9963T (U16) TX amplitude selection 2-3 low amplitude/low threshold (!
Unconnected : highamplitude/high threshold
1-2 minimum frequency (")
JP4 L9963T (U16) SPI master clock selection 2-3 maximum frequency ()
Unconnected: minimum frequency
1-2 enable the TX activity (")
JP5 L9963T (U16) transmitter enable signal 2-3 disable the TX activity (!
Unconnected : controlled by pc (PD9)
1-2 ISO- redirected to ISOPORT 1_1
JP6 L9963T (U16) ISO+ output selection
2-3 ISO- redirected to L9963E
1-2 high amplitude/high threshold (")
JP7 L9963T (U18) TX amplitude selection 2-3 low amplitude/low threshold (1)
Unconnected: high amplitude/high threshold
1-2 minimum frequency (")
JP8 L9963T (U18) SPI master clock selection 2-3 maximum frequency ()
Unconnected: minimum frequency
1-2 enable the TX activity (")
JP9 L9963T (U18) transmitter enable signal 2-3 disable the TX activity (!
Unconnected: controlled by pc (PD8)
Connected: watchdog disabled
JP12 L9001 (U26) watchdog disable )
Unconnected: watchdog enabled
Connected: L9001 enabled
JP13 L9001 (U26) wake signal
Unconnected :L9001 disabled
1-25V
JP14 3.3V -5V voltage selector
2-33.3V
1-2 5V from L9001
JP15 5V selector
2-35V from USB
1-2 VTREF
JHot Hot plug voltage selector
2-3 Vreg

1. See L9963T datasheet.
2. See L9001 datasheet.
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Default jumpers setting

Figure 4. P2 Battery connector
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2.2 Default jumpers setting

Table 3. Jumpers configuration

JP2 L9963T (U16) ISO- output selection 2-3 ISO- redirected to L9963E

JP3 L9963T (U16) TX amplitude selection 1-2: high amplitude/high threshold
JP4 L9963T (U16) SPI master clock selection Unconnected: minimum frequency
JP5 L9963T (U16) transmitter enable signal Unconnected: controlled by pc (PD9)
JP6 L9963T (U16) ISO+ output selection 2-3 ISO- redirected to L9963E

JP7 L9963T (U18) TX amplitude selection 1-2: high amplitude/high threshold
JP8 L9963T (U18) SPI master clock selection Unconnected: minimum frequency
JP9 L9963T (U18) transmitter enable signal Unconnected: controlled by pc (PD8)
JP12 | L9001 (U26) watchdog disable (2) Connected: watchdog disabled

JP13 | L9001 (U26) wake signal Connected: L9001 enabled

JP14 | 3.3V -5V voltage selector 1-25V

JP15 | 5V selector 1-2 5V from L9001

JHot Hot plug voltage selector 1-2 VTREF
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2.3 Hot plug protection
Figure 5. Hot plug protection circuit
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The structure shown in the Figure 5 on the GND path will help withstanding the hot plug by limiting the inrush
current incoming from any L9963E pin connected to the centralized clamp.

Working principle is the following:

When L9963E is OFF and no cell is connected, the VTREG regulator is shut down and MHOT is safely kept off by
the RPD pull down resistor.

Upon the first hot plug event, inrush current incoming from the centralized clamp is forced to flow into RHOT
resistor, which offers proper limiting.

Any VDS voltage spike on MOSFET during hot plug could be coupled to the gate via the parasitic Miller
capacitance. Unwanted turn-on is safely filtered by CGS, that helps keeping VGS below the threshold voltage.
Hence the MOSFET will stay OFF during hot plug.

If the hot plug voltage is enough to guarantee L9963E powerup the MOSFET will be turned on by VTREG
regulator with a proper delay, obtained through RG gate resistor.

Finally, during L9963E normal operation the MOSFET will be ON, thus guaranteeing a very low impedance path
(few mQ) on the analog GND (GND_B) line.

Such a small shift between L9963E GND and battery pack GND will not alter cell measurement at all, since cell
ADCs are fully differential. Hence, both cell and sum of cells measurements will be accurate.

Moreover, since L9963E only drains few mA from the battery pack, error introduced on the VBAT stack
measurement via internal voltage divider will be negligible.

Also the CSA used for Coulomb counting features a fully differential architecture, thus being immune to such a
small common mode shift.
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3 Getting started

3.1 System requirements
. EVAL-L9963E-MCU
. Mini USB to USB type A cable
. Power supply (at least 3 output 0 — 30V, if possible 60 V):
— 1 output to power L9963E (0:60 V)
— 1 output to simulate cells common mode voltage (0:60 V)
— 1 output to simulate cell voltage (0:5 V)
- 12 V power supply with 2.1 mm jack output, internal pin +
. L9963E evaluation GUI (please check STSW-L9963E user manual)

3.2 EVAL-L9963E-MCU board setup

3.21 Low voltage power supply

The 12 V power supply must be connected to X1 connector in order to properly supply the low voltage portion of
the EVAL-L9963E-MCU board.

Figure 6. Low voltage power supply
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If the power supply is properly working LED D10 and D3 will be switched ON when USB is connected to PC
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3.2.2 L9963E external connection and power supply

Figure 7. L9963E external connection and power supply
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When the deviceis supplied LED D13 will be switched ON.
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3.23 Transceiver settings

Figure 8. Transceiver settings
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EVAL-L9963E-MCU board setup

3.24 USB to PC connection

Figure 9. USB to PC connection

USB port to be
connected to PC

3.2.5 Possible connection for battery simulation
In case a real battery is not available, it's possible to use the following circuit to simulate the battery pack.

Figure 10. Battery simulation
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Minimum cells set: 1,2,13,14
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Board schematics

Figure 11. Board schematic (1/5)

v_uS% anNo
nouzvaLinre3 g0s  [VV0BOMZLiYZHIXZIEVOD | 0S4E00LdLITLHELNY
Z15C OV94IIN8SIS €090 20v0,
o ux | %l
%l T R AooL S MoL/Y
Sy EURY 3001
wtons 219 TF= LOH $DO L1OH SDY
14 = TH20-Hr€0900Y
_u €090 %S MOL/L 3 BERIN
g T —r 79
TOHI ML LOH DY T ATALA
LOHS
a oo NOILOLO¥Nd ON1dLOH
- € qND
MOV AND
AARES
o] <2
[2¥eY=1-F3 AV AND
2282 001 £
5575 Zou SZaLVZ0ISTITzZaN 380
daSNASI £ 0 ] * 50
15 [ — = o O saakdioviano
_ _ L 6¢ 061 »
MOVd AND SMOVd AND CEERER] L8O== o001 . £edl Aulp
\ A o scarveorscioczn el == 955
ELNC] T LS50 6T I duTe Eian SET A SE T I _\% [ —————7x O 7106 Ralliovd aNo 1]
i 80" BO== == 180== o ET - = £
LT st vL3| €L [ T n T Juze
[+#DIN T 901dD ”_.— STALVI0! r [s)
T RIN SR TS oxw ST como @ - o
FEOIN P TS ) T — B T kdiova ano O =
[IN = 01D €S 1 © DVd_AND
oINS TIN PV Tl £ | Tt T BT~ R
= FIOIN MT ST 08 [ 0L: duy
001 scarvaoiscioczan I == 695
0 ¢ o - parere) [ e oeve e )
€ v e T © DVd aND
. o1 L ,
€ aNo - TN TVREAINT DTN o7 ] dNAVAL L0 @ ﬂ oot ot e ozl duy
€ aND " scavaisaozn g == 195 e
[5) & )
0] <s MM - = = » O aakdioviano
SALHEOTHIEITDDIN! - 89 w w AN 66 694 6ldL » Ly
oz 9667 11NV ey T 11104 201 o 001 scaivaoIscioczan ey 790 -
o jlﬂ[ O vaakdhioviano 2
01, 98 é” 001 6F £9¥  8IdL » Ly
o 21— scavvaistozas oy == 755
9 - I <90
. 9 _ _ s W - = —H » 0 cas Klliovd ano 0
ARALA €966T MLV e v g 5T H 110Vd 10140 A== 66 654 L1dL » iy
" e 001 STALVI0ISTI0TZAN 650
ano \ £966T SO} sy O = it I = D
= €566 TTOST - A9DSTINIES - 088 = 01 T 5O saakloviany
a4 aND N G SON W01 8 ] BT g SEmd oudl » qup
-3 | SnaA QND T scavostoza ey == 5>
An]l 101 101 e 8 o7 Lad Keliova ES) <87
5] 1as 1081 S —=F T — = =0 DVd_AND
£966T dTOST mcoo._\_mozv sin T 001 oesn nmmwiﬁ_cm%: Iﬁlm_qu
paiquassy 10N JZF|[650]  NOPe0661 0SNG IISO, 00s 60145 6 ¢ T * < ®
£9667T NS P rgrrr e DS 801D 6018 —e—quor | cpu 60 oas lelfiova_ano
NALdS [UN é” 001 £ T pldL » Ly
- r—— R g | 5
ndino” ¢366T WHOST v 010 ¢ —t T <0 ]
con - zon WHOSI 1S = oo ™ = o 0 saa Rlliovd ano 05
0817 LINST SnqA - AND ﬁuH—H of sal tldl AuLy
o1 101 dHOSI 1o = <]
. g ovd ano
ndino” €561 T 14V Us e T w eepew L » sy
N scavasaozan == 00
PR a2 e pmy g 1 s <]
919uassy 10N 4UZF | [8ED ND = v €18 == - =T 5 DVd_AND
ADIQuISSY 10N B ee vl idl I»I%_G
u u( ng; ng 'z [ 4uoze u( 001 scavveoiscozan == 96
_;z:a,,,«m_cmo_ﬂﬂm S_HHh L a4 rWH — a 8."" _ED 7w T ) E0 ]
SO v € e[ 16 0£> £1ple == - — w QO cadkdhovd ano
4 VNVA t1s R 6c Loy OldL » u
S As P T, 09 quLy
Y] UOREISUOWID SNET POIN. G s TTOLIN in 2] oo = o1 [—— T scarvaistozan == 80 5
L "IN e TOIN AARIIA T < 5 0 = O 1 7O E
e — 1 sz — WOOA omiAk =7 OTIA g LVEA =5 oot 1dL
- oL T - z
- NSNS 4 JISNAS WV
AV AN D G G2 SOvd AN DoV ANO £966T
8 - €1n = _
- Loz - € AN
0@ GaND gaND NIV 1oN § 4
5 H 5 ooy | Aveosovisl anrg]
L ¢ i 1 e N 4N agl “ o 1] secarveorstiozzan
=5 =5 st0u quuasse saxaosu . rn
TSt LE966/£966 ] Ll 9dL r_A Ay $ RRERNAZIN
ZE T 1VaA N aane BT 17 LEERINAG:TY
w {4 oy olag
€1 £4T0INSILS 1

< 1InVd 1VEA ]
A TvaLINve LVaA

page 11/23

1
>
)

(74

]
©
<
©

]

=

=)




UM2846
Board schematics

Figure 12. Board schematic (2/5)
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Figure 13. Board schematic (3/5)
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Figure 14. Board schematic (4/5)

page 14/23

a
z
&}
a
Z
&}
a
Z
&}

ano

=
EL JU001 ELU JU001 anee Juor Au001 ECU qu00T1
_m_0|_| cm_ol_,| 910'—' wiul—| Dlul_| ow_ul_| ww_ul—| 310'—‘ mEUl_|

i
Hr
Hr

IS uld — Jozud S6 Uld T Sguld
ueN Ol AH ddA w0l AH ddA
172l 1] [@] |
2|2
1 E
Lo o] |2 P ANE L9661 o 1ora vod
Fll| 12 ol |5 _
$55|§ S/ Oa¥d OST L9661 jo0c1at <d
ano ano x| 3336 3 g
= = 2L EEFEL =g SIT TE966T wopny od
= = o] =1 =1 [ I 1) ~|=|<|= M4
2[ <[ Z ] OGP
= R R R PR EEEC R
T X0 ao SR RN O T
= odl g sl5s (g[8 |l ofelelol2lelelslslz
ELU qU001 Aant \}V
%ol_l wm_ol_l Eol_l a0z 90 f B3333838382255538388883835
9€15 B3K) F CEeexdsuA=—PRHoiIgssoS2lR
6E Uld 1 & oy m,i_H
Dav AH adA z _”_ T = N
ZHINOT TA o 2
|vAeNe]
Kt NIVIN_OI_AH_adA < wm&ﬁmg a Wﬁm T <
el Al ddA £ Tvixa 7 [elad (& -
TVIXA S vix 5 i €T e g
Z clad = VA
TVIX bS X Z 44 XA NVD
JSO AH ddA i [1lgd
280 AH dd £ 1 [z1lod NIVIN OI AH adA |—< uccoziy XL NVD
7. 9¢ — 0. NIV Ol AH ddA
[£1]0d AT dAA
aND aAND aAND €10d LS [p110d [olgd 6 AT ddA
= = = L £ L [siva -2 A
I\ I\ SINL [p1lvd
S Y 1 oar fetva |2 PIVd
ELO 4001 EL 4001 qu01 Au001 ang'e 0 T 3 V.
PELD: €610 €10 110 0£10! 6710 8210 Tod 7o [S1od [ellvd = v a
5L 0L [11]vd v
HAONLSAL [o1]vd <
89 uld s ud 1 61 1d an = lolad l6lvd & 0LV,
AT daA s 3 1sd0d [8vd {— =
a 7 tlad [Llvd 3 v
= AT Ada [9lvd -
- Aldd 2 ) [zlaa [cva 2 vd
DSO AH AdA & Za | [aq Irlva £ oV
ureN Ol AH ddA O £dd 0L [v]ad [elvd 4 Tvd
U saaa 4 L [clad [2lvd | -
DAV AH ddA & 5G e [olad 3 S [1vd [—= v
Tad i [Llad S S _lolvd |—= oV
S < [slad z z 04 NO04 T
| |
a1 1 el 2 O
o} Tww YT
TR O AH GaA e R R R e
IR CEEREEISEZRUEURN=SEZEREER
.\.M a €APISHLSOAS lnva
ano ano ven ||y
= = B ] e e e e e e I B R S B N
HmN— ﬂ AAA
AE9'C - THSTEOWIS _ SEEEEREREER ==EEIESIEIEEEE T LIVE yocord PIvd
& LS4 SAd o Tgrg NAXL T 1£9661 1 o o IS] S|=|S|5 ==
1S4 SSA 4001 yorrmmr| (= & =
0o === N RS < ANE T LE966T oopy TTvd
DDA MW e LT1D 6ad NAXL L£9661 mc =] 3] B s _
zn ¢ ERFFE < |7 = OMMAOST T TE966T oo T
- - 2B=l=12 El B z
weN Ol AH adA SRREI = SIA' T LE966T yopplu [ED)
%] ¥4 =] o] 1N o)
g4l | & B
==118 2

1
>
)

(74

]
©
<
©

]

=

=)




UM2846
Board schematics

Figure 15. Board schematic (5/5)
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Board layout

Figure 16. Assembly top
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Board layout

Figure 18. Inner 2
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Internal and external communication configuration

3

6 Internal and external communication configuration

Figure 20. Internal and external communication configuration
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IMPORTANT NOTICE - PLEASE READ CAREFULLY

STMicroelectronics NV and its subsidiaries (“ST”) reserve the right to make changes, corrections, enhancements, modifications, and improvements to ST
products and/or to this document at any time without notice. Purchasers should obtain the latest relevant information on ST products before placing orders. ST
products are sold pursuant to ST’s terms and conditions of sale in place at the time of order acknowledgement.

Purchasers are solely responsible for the choice, selection, and use of ST products and ST assumes no liability for application assistance or the design of
Purchasers’ products.

No license, express or implied, to any intellectual property right is granted by ST herein.
Resale of ST products with provisions different from the information set forth herein shall void any warranty granted by ST for such product.

ST and the ST logo are trademarks of ST. For additional information about ST trademarks, please refer to www.st.com/trademarks. All other product or service
names are the property of their respective owners.

Information in this document supersedes and replaces information previously supplied in any prior versions of this document.
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