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1 Device comparison

1 afFEE R

TREAL TBTMI010EPFIBTMI011EPZ BN E R,

HW variant (BTM9010EP)

SPI variant (BTM9011EP)

Package

PG-TSDSO-14

PG-TSDSO-14

Digital interface

INA, INB, SEL, PWM

SDI, SCLK, CS, SDO

Path resistance

175 mQ at 25°C

175 mQ at 25°C

Current limitation

Min.10A

Min.10A

Overcurrent protection

Error flag at IS
pin; Latched

Error flag at IS pin;
OCx bit latched in the status byte;
Dedicate bit for each half-bridge

Slew rate selection

2 configurable slew rate levels:
¢ Selected viainput sequence
¢+ ReadoutatlS pin

2 configurable slew rate levels:
¢ Selected via SR bitin the control byte
+  Read out the control byte at SDO pin

Undervoltage shutdown

No sense current flowing out from IS pin;
No error flag;
Unlatched

No sense current flowing out from IS pin;
No error flag;
UV bit set but unlatched in the status byte

Overtemperature
protection

Error flag at IS
pin; Unlatched

Error flag at IS pin;
TSDx bit set but unlatched in the status
byte; Dedicate bit for each half-bridge

Open load detection

Errorflagat IS
pin; Unlatched

Error flag at IS pin;
OL bit set but unlatched in the status byte

Current sense

Provided at IS pin

Provided at IS pin

Enter to standby mode

Allinputs (INA, INB, SEL and PWM) are set to
Low

EN bitis set to Low

Datasheet
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2 Block diagram
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Gate driver ] OUTA
INA/SDI Protection and |
w " I
Diagnostics High-side f e
dirver f
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INB/SCLK detection
Digital logic | Overcur.rent
SEL/CS detection .
Low-sid N !
W-sice !
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» I
PWM/SDO detection
ouTB
Openload
detection }
pull
J ||: dol\lnrn
IS MUX Current sense
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Figure1l Block diagram
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3 Pin configuration

3 SIFECE

3.1 ME{Fhras

OUTA [T]1 Q14 [T ] OUTA
INA T2 t13[ T ]IS
GND [T]3 12 T ]Vs
GND [I]4 : P11 T Vs
GND [T5 10 1] SEL
INB [T]6 ¢ t 911 PWM
outB [1]7 i.......! 8 T_]o0OUTB
Figure 2 Pin configuration
Table1 Pin definitions and functions
Pin Symbol Function
1,14 OUTA Power output of the half-bridge A. All OUTA pins should be externally connected
together.
2 INA Input control combine with INB and PWM, refer to operative condition table
3,4,5 GND Power ground. All ground pins should be externally connected together.
6 INB Input control combine with INA and PWM, refer to operative condition table
7,8 OuUTB Power output of the half-bridge B. All OUTB pins should be externally connected
together.
9 PWM Input control combine with INA and PWM, refer to operative condition table
10 SEL Current sense selection pin
11,12 VS Power supply. All VS pins should be externally connected together.
13 IS Current sense and error flag pin
EDP - Exposed die pad.
For cooling and EMC purposes only.
Not usable as electrical ground.
Electrical ground must be provided by pins 3,4 and 5.
Itis recommended to connect the EDP to ground.

Datasheet
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3 Pin configuration

3.2 SPIRRZs
outa 111 O 4 [ T ] OUTA
sbl T2 : P13 11S
GND [1]3 ; 12T Jvs
GND [I]4 : t11[ T Jvs
GND [_1]5 10 I _Jcs
SCLK [I]6 : i+ 9 1] sbo
OUTB 147 ti-ee-eeui 8T 1 OUTB
Figure 3 Pin configuration
Table 2 Pin definitions and functions
Pin Symbol Function
1,14 OUTA Power output of the half-bridge A;
AllOUTA pins should be externally connected together.
2 SDI Serial data input with internal pull down
3,4,5 GND Power ground,;
All ground pins should be externally connected together.
6 SCLK Serial clock input with internal pull down
7,8 OouTB Power output of the half-bridge B;
AllOUTB pins should be externally connected together.
9 SDO Serial data output with open drain
10 Cs Chip select input with internal pull down
11,12 VS Power supply;
AlLVS pins should be externally connected together.
13 IS Current sense and error flag pin
EDP - Exposed die pad;
For cooling and EMC purposes only;
Not usable as electrical ground;
Electrical ground must be provided by pins 3,4 and 5.
It is recommended to connect the EDP to ground.
Datasheet 8 1.0
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4 General product characteristics

4 B
ZREBTSENE,
4.1 H3 R ATEE

BEARET HIAN RATE BRI I FTRE SR ERKA LSRR, KIFEITELNERATEBERMATILIE
AIRE =R MnER B A] 2%

Table 3 Absolute maximum rating

T;=-40°C E +150°C, FREREEAEXTH, EMEFANIM FFEZEME) -

Parameter Symbol Values Unit | Note or condition P-Number
Min. | Typ. | Max.
BE
Supply voltage Vs -0.3 - 40 v - P_GPC_01_1
Output voltage VouTx -0.3 - Vs+ v - P_GPC_01_02
0.3
Voltage of logic pins | Vina/ Vspi, -0.3 - Vs+6 |V Note: Max. 40V P_GPC_01_03
Ving/ Vsckus
VserL/ Vess
Vewm/ Vspo
Current sense pin | Vs -03 |- 40 v - P_GPC_01_15
Voltage between VS | Vg g -0.3 - 40 \Y - P_GPC_01_04
and IS pin
N=|
/Mmisz
Junction T; -40 - 150 °C - P_GPC_01_09
temperature
Storage Tstg -55 - 150 °C - P_GPC_01_10
Temperature
ESD Vesp(HaM, local) 2 - 2 kv |HBMY P_GPC_01_11
susceptibility all
pins (HBM)
ESD Vesp(HeM, global) -4 - 4 kv |HBMY P_GPC_01_12
susceptibility
OUT vs GND, VS
vs GND (HBM)
ESD Vesp(com) 500 |- 500 |V cbm? P_GPC_01_13
susceptibility all
pins (CDM)
ESD Vesb(coM, corner) 750 |- 750 |V CcDM? P_GPC_01_14
susceptibility
corner pins
(CDM)

1)  ESDMi=8ES], AMKIRE! (HBM), FFEAECQ100-002 (1.5kQ, 100pF) o

2)  ESDT%28EA], WEEZSMHIREY (CDM), FFEAECQL00-011,

Datasheet 9 1.0
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4 General product characteristics

4.2

TESEE

TESEES R TRFR:

infineon

Table 4 Functional range
Parameter Symbol Values Unit | Note or condition P-Number
Min. | Typ. | Max.
Supply voltage V5(nor) 7 - 18 v - P_GPC_02_01
range for normal
operation
Extended Vs(ext) 45 - 40 Vv - P_GPC_02_02
supply voltage
range for
operation
Junction T; -40 - 150 °C - P_GPC_02_03
temperature
HS /LS continous | Ips) 34 |- 3.4 A 1) P_GPC_02_04
drain current IniLs) Tams = 85°C
HS /LS pulsed Ipulse(Hs) 42 |- 4.2 A 1) P_GPC_02_05
drain current Ioulse(Ls) toulse<10's
Tamb = 850C
HS /LS pulsed Ipulse(HS) 52 |- 5.2 A 1) P_GPC_02_06
drain current Ipulse(Ls) toulse< 1S
Tamb = 850C
HS /LS pulsed Ipulse(Hs) 92 |- 9.2 A 1) P_GPC_02_07
drain current Ioulse(Ls) touise< 250 ms
7-junc =25°C?
Input voltage range |Vinanor)/ Vspinor,  |-0.3 |- 6.0 Vv - P_GPC_02_08
for normal Ving(nor) / VscLk(nor)»
operation VseL(non) / Ves(non)s
VPWM(nor)
1) EFEM2s2pM600mm2cu (70um) FHITHRAE
2) EZBKARIREREX A AETFET o = - 40°CE AR
4.3 ErAEE )
AR ERE R HEJEDEC JESDS1 FEE . B THEEZIER, 1FIAIRJEDEC,
Table 5 Thermal resistance
Parameter Symbol Values Unit | Note or condition P-Number
Min. | Typ. | Max.
Junction to Rihua - 33 - K/wW | P_GPC_03_01
ambient
Junctionto case | Rthic - 2 - KW |- P_GPC_03_02

Datasheet
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4 General product characteristics

1)  IR#E JEDEC JESD51-2,-5,-7, 7E FR42s2p R E#HITEAI . =i (GHFFE) F76.2x
114.3x 1.5 mm BEEER, & 2 MHHE 2x70 um Cu. 2x35um Cu)o EEHMIERT, BEERETHMEBILIEYSE—HNENTEEE

fiRo

4.4 BEAHAE
Table 6 Current consumption

V=TVZE 18V, T;=-40°C £150°C, ,=0A, FrERBEMEX T, ERAFRARNIH CRIESEIE)

Parameter Symbol Values Unit | Note or condition P-Number

Min. | Typ. | Max.

Supply currentin  |lys st - - 5 MA | Vina=Ving=0V; P_GPC_04_01
standby mode Vse,=0V; Vewn=10V,;

-40°C = Tj= 85°C; Vs=

13.5V
Supply currentin  |lys st - - 20 MA | Vina=Ving=0V; P_GPC_04_03
standby mode Vser=0V; Veumn=0V;

T;=150°C; Vs=13.5V
Supply currentin | ison) - 3 5 mA | Innormal P_GPC_04_04
normal mode operation mode:

Vina=5V, Ving=0V
or Vinma=0V, Vine=5V,;

Vser = X; Vewm

=0Vor Vewm

=5V,

No load is connected

Datasheet 11 1.0
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5 Digital logic

5 o E L
INA BI85 B TR ARNEEF X INBZ@EATESIFHBHNEAHAX. PWM AFESEXEHIR
WX, HEE, BIEFAHRPIIE T -LEHIMER, LURASFIBERG, BEEXRTURERARI.

Table 7 Operative condition

Input pattern Current sense/ Error | MOSFET status Bridge mode
flag
INA |INB |PWM |SEL |IS HSA |[LSA |HSB |[LSB
0 0 0 0 Hi-Z off | off | off | off |pull-down resistance is connected;

outputs are grounded

0 0 0 1 |errorflag:shortto GND | off | off | off | off | pull-up resistanceis connected
short to GND diagnosis

0 0 1 0 current sense: LSB off | on | off | on |slow decay/breakLS

0 0 1 1 current sense: LSA off | on | off | on |slow decay/breakLS

0 1 0 0 current sense: HSB off | off | on | off |fastdecay HSB/off

0 1 0 1 error flag: open load | off | off | on | off |fastdecay HSB/open load diagnosis;
pull-down resistance at OUTA is connected

0 1 1 0 current sense: HSB off | on | on | off |forward

0 1 1 1 current sense: LSA off | on | on | off |forward

1 0 0 0 error flag: openload | on | off | off | off |fastdecay HSA/open load diagnosis;

pull-down resistance at OUTB is
connected

1 0 0 1 current sense: HSA on | off | off | off |fastdecay HSA/off

1 0 1 0 current sense: LSB on | off | off | on |reverse

1 0 1 1 current sense: HSA on | off | off | on |reverse

1 1 0 0 current sense: HSB on | off | on | off |slowdecay/break HS

1 1 0 1 current sense: HSA on | off | on | off |slowdecay/break HS

1 1 1 0 current sense: LSB off | off | off | on |Half-bridge Ain tri-state

1 1 1 1 current sense: LSA off | on | off | off |Half-bridge Bin tri-state
2 XTI FSPIARZ, ZEFHTHINRGTEISPI X FHIZ H Lo

XTFSPIARZ, HEN (Ii8E 0 BT, ZEIFHNFHIIE .

1) Vse<0.25V.

Table 8 Fault conditions
Digital input pins IS Comment
INA INB PWM SEL
0 0 0 1 lis(FauLT) | Short to GND is detected
(RBELTHR......)
Datasheet 12 1.0
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5 Digital logic
Table 8 (continued) Fault conditions
Digital input pins IS Comment
INA INB PWM SEL

0 0 1 0/1 lisrauLT) | Error flagged; low side A/B latched off in OC condition

0 1 0 0 lisrauLT) | Error flagged; high side B latched off in OC condition

0 1 0 1 lis(FauLt) | Open load is detected

0 1 1 0/1 lisauLT) | Error flagged; high side B or low side A latched off in OC condition

1 0 0 0 lisrauLt) | Open load is detected

1 0 0 1 lisrauLT) | Error flagged; high side A latched off in OC condition

1 0 1 0 lisrauLT) | Error flagged; high side A or low side B latched off in OC condition

1 1 0 0 lisrauLT) | Error flagged; high side A/B latched off in OC condition

1 1 1 0 lisrauLT) | Error flagged; low side B latched off in OC condition

1 1 1 1 lisrauLT) | Error flagged; low side A latched off in OC condition
P XTI FSPIARZ, ZEFHTHINRGTEISPI X PRI ZH Lo

RS AT LT 1S 558 SDO 5/ BTEEK,
5.1 LN
INx
ESD
i

Figure 4 Input structure
Table9 Electrical characteristics

Vo=7VZE 18V, T;=-40°C & 150°C, FEBEAXF M, IEMBRARNGIH CRIESENE)

Parameter Symbol Values Unit | Note or condition P-Number
Min. | Typ. | Max.
Low level voltage | Vinaw)/ Vspiw)» 1.0 1.3 - Vv 1) P_INP_01_01
INA /SDI, INB/ Vinew)/ Vscikw)»
SCLK, SEL/CS, Vewmw),
PWM VSEL(L)/ Vesw)
ngh level VOltage VlNA(H)/ VSDl(H), - 1.6 2.1 Vv - P_lNP_01_02
INA/SDI, INB/ VinaH) / VscikH,
SCLK, SEL/ CS, Vewm(H),
PWM VseLny/ Vs
(REELTI.....)
Datasheet 13 1.0
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Table 9 (continued) Electrical characteristics

Vo=7VZE 18V, T;=-40°C & 150°C, FfHEBEAF M, IEMBRARNSIH CRIESEFE)

Parameter Symbol Values Unit | Note or condition P-Number
Min. | Typ. | Max.
Input VlNA(HYS)/ VSDl(HYS), 400 - mV - P_INP_01_03
voltage ) Vins(rys) / VscLkys),
hysteresis
VseLmvs) / Veshys),
VewM(Hvs)
Input current low | /inaw) / Isoi)» iney / |2 4 6 MA |VINA/VSDI=VINB/ P_INP_01_04
level Iscik)s VSCLK =VPWM =VSEL /
Ipwm)» IseL) / VPWM=1.0V
lpwmiL) Refer to Figure 4
Input current hinagH) / Tspi(rys inH) | - 10 20 WA |VINA/VSDI=VINB/ P_INP_01_05
high level /Iscikry, VSCLK = VPWM = VSEL /
Iowmn)s IseLH) / Towm( VPWM=2.1V
H) Refer to Figure 4
) HVia Vines VennB Ve F0.8 VBT, BRFEMENERNHEANEETFER, HHERERSNESHET,
Datasheet 14 1.0
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6
6.1

ThEER
ThEEWiEA

BTM9010EP/BTMO011EP BYTHERLL MM N HI1FEM. FrBFRIFFMIZE T ER FENF1.

SEEERNnFEBIURTERT, . HANSEEMERERES

0,18 High-side switch 0,18 Low-side switch
= 150° 0,16
0,16 T,=150°C T,=150°C
0,14 0,14
0,12 0,12
— . - T =25°C
& o1 T;=25°C S o1 !
E T, =-40°C £ 0,08
Q:g 0,08 j & T = -40°C
0,06 0,06
0,04 0,04
0,02 0,02
0 0
7 10 12 13,5 16 18 7 10 12 13,5 16 18
Supply voltage V [V] Supply voltage Vs [V]
Figure5 Typical ON-state resistance vs. supply voltage Vs
»
6.2 FF X B8]
trHs) total fitHs), total
INx
e
far(Hs)  fr(H$) fafHs)  [fHS!
A
VouTx
B80% B80%
AVoutx AVoutx
20% 20%
g
Figure 6 Definition of HS switching time without cross current protection time
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triLs) total fr(Ls), total

INx

tarLs) ties) farLs) friLs)
A )
Vourx

B0% 80%

AVoutx AVoutx

20% 20%

Figure 7 Definition of LS switching time without cross current protection time

HS switch on delay in active freewheeling

INx -1
>
t
Vourx
Passive freewheelin, Passive freewheelin,
Vst Vi 2 =
Vi
Vs+50% * Vf | — — — — —_ - — - — e e e e == =
v Active freewheeling

Y

Figure 8 HS switch on delay in active freewheeling

X T SPIhRZS, EFHY INX 5 SIRESE] SPI N FBIHINGL, INXIFTE CS TEEER.

6.3 FERER

6.3.1 E{hras

MEBIWMATIRRIEE, MEFIR, MR—MULHBAGESE, WETIIBERPFHEET—

RIRBF.
o FRERANESIOR TR, FEETEIH05us<tas<5us

v s BHE, EL—MRINESHELEN
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afineon

SELINA A
INB PWM

Slow slew rate level

At least one input high \

0.5ps < fsis = Sps

tsLs
e

Fast slew rate level

0.5us < fg

tsis

Ls = 5Sus

Slow slew rate level

/ At least one input high

At least one input high

IS A
hs(fautty

All inputs low

Slew rate feedback

All inputs low

Slew rate feedback

Figure9
EEEERIAL

Slew rate selection

EFIEFIZ,
SNE 10 PR SFTERIN G SHIRAMRET, A UERTURIVERR A BIZIAAZ A07E IS 51 LA RI Pt

' yD%E&BEEE/}ILhSFAULT I'ZIZII-IL)L,?’_B‘?'HED; l)_”J j:

o WIRISEIR EREER, NikFE

1R

BYRIER

SELINA 4
INB PWM

h

Fast slew rate level

0.5pus < fsis <

tsis

Sus

Slow slew rate level

0.5us

tsis

< fsts = Sps

IS 4
listfauty

At least one input high

At least one input high \ <

tstandby

Slow slew rate level

/ At least one input high N
»

All inputs low

All inputs low

Nn_/

Slew rate feedback

Slew rate feedbacl

k

Figure 10
6.3.2
FEBIRIX

Slew rate detection

SPIRRZs

F| SDI BYEIE=F

o WIRSRANKEN 1, MEFRFF

o MR SRANKENO0, MIEFIE
LBRERERKINEMANIEREBFE,
% SDO_SEL B9 0 BY, RIFAILUE

Eid SDO 1E1%

TIERRY SR LRIERE

S T

THIEH,

6.4 BSR4
Table 10 Electrical characteristics
Vo=7VZE 18V, T;=-40°C & 150°C, FEBEAXF M, IEMBRARNGIH CRIESENE)
Parameter Symbol Values Unit | Note or condition P-Number
Min. | Typ. | Max.

On-state high- RonHs) - - 160 mQ  [lousr=2.5A;Vs=6V; Tj= |P_PS_01_01
side resistance 150°C

(RBE&Tm......)
Datasheet 17 1.0
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Table 10 (continued) Electrical characteristics

Vo=7VZE 18V, T;=-40°C & 150°C, FfHEBEAF M, IEMBRARNSIH CRIESEFE)

Parameter Symbol Values Unit | Note or condition P-Number
Min. | Typ. | Max.
On-state high- Ron(Hs) - 875 |- mQ |lour=2.5A;Vs=6V;Tj= |P_PS_01_25
side resistance 25°C
On-state low-side | Ron(Ls) - - 160 mQ | lour=2.5A;Vs=6V; Tj= |P_PS_01_02
resistance 150°C
On-state low-side | Ron(Ls) - 875 |- mQ  |louor=2.5A;Vs=6V; Tj= |P_PS_01_26
resistance 25°C
Fast HS switch tari(Hs) 0.3 0.6 1.1 MS Ri0ad=5.6 Q; P_PS_01_04
on delay time Ve=13.5V
Slow HS switch on |ty ms) 0.5 1 15 Ms Ri0ad=5.6 Q; P_PS_01_23
delay time Ve=13.5V
Fast HS switch off | t4¢1(ns) 0.9 1.9 3.0 Ms Rioad=5.6 Q; P_PS_01_05
delay time Vs=13.5V
Slow HS switch off | tyryus) 14 |34 |70 US  |Rioad=5.6 Q; P_PS_01_22
delay time Ve=13.5V
Fast HSrise time  |t;yus) 035 |0.6 11 Ms Vourxfrom 20% to 80% |P_PS_01_06
Of Vs;
Ri0ad=5.6 Q,
Vs=13.5V
Slow HS rise time | tiy(us) 0.5 11 1.8 Us Vourxfrom 20% to 80% |P_PS_01_20
Of Vs;
Ri0ad=5.6 Q,
Vs=13.5V
Fast HS fall time tr1(Hs) 0.07 |025 |05 Us Vourxfrom 80% to 20% |P_PS_01_07
Of Vs;
Ri0ad=5.6 Q,
Vs=13.5V
Slow HS fall time | tyug) 0.15 |0.7 15 Ms Vourxfrom 80% to 20% |P_PS_01_21
Of Vs;
Ri0ad=5.6 Q,
Vs=13.5V
Fast LS switch tara(Ls) 0.3 0.55 0.9 US | Rioad=5.6 Q; P_PS_01_08
on delay time Ve=13.5V
Slow LS switchon | t4s) 0.5 1 15 MS  |Riad=5.6 Q; P_PS_01_16
delay time Vs=13.5V
(RBELT!......
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Table 10

(continued) Electrical characteristics

Vo=7VZE 18V, T;=-40°C £ 150°C, Fi B[EAEXTTF i, ERBR

INS IR (BRIESBME)

infineon

Parameter Symbol Values Unit | Note or condition P-Number
Min. | Typ. | Max.
Fast LS switch off | tg1(s) 1.0 18 |26 US  |Rioad=5.6 Q; P_PS_01_09
delay time Ve=13.5V
Slow LS switch tara(Ls) 15 |34 |71 US | Rioad=5.6 Q; P_PS_01_17
off delay time Ve=13.5V
Fast LS rise time trLs) 015 |04 0.7 S Vourxfrom 20% to 80% |P_PS_01_10
of Vs,
Rl_oad = 5.6 Q;
Vs=13.5V
Slow LSrisetime |tyLs) 0.3 0.8 1.6 Us Vourxfrom 20% to 80% |P_PS_01_18
of Vs,
Rl_oad = 5.6 Q;
Vs=13.5V
Fast LS fall time tr(Ls) 0.15 |045 |07 Us Vourxfrom 80% to 20% |P_PS_01_11
of Vs;
Rl_oad = 5.6 Q;
Vs=13.5V
Slow LS fall time | tgs) 0.3 0.8 1.5 Ms | Vourfrom 80% to 20% |P_PS_01_19
of Vs;
Rl_oad = 5.6 Q;
Vs=13.5V
Fast cross terossi 2.5 33 5 MS Ricaa=5.6 Q; P_PS_01_12
current Ve=13.5V
protection time
Slow cross current | terossn 4.5 7 9.5 VS Ricada=5.6 Q; P_PS_01_24
protection time Ve=13.5V
Free wheeling diode | V; - 0.8 0.9 \% |lout| =2 A; Tj=150°C P_PS_01_13
forward voltage
Slew rate tsis 0.5 - 5 Ms - P_PS_01_15

selection time

Datasheet
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7 RiFMIZHR

7.1 a4 R s

EIAFMRIAFF R EETE RS TN S 2 FF B8 1B o

7.1.1 REXEf

NRUBEBEMRT Vovorn, SIELL PR, Z2BHE

o ETHKHETMOSFET

o REFBAERAR

o ERRAFS| T

2 NRABBERTFIEBEUBEV; rorr, BARFKIER, RIEFIRENRINME

AR Vs A ZE Vovony AL, 0B 11 AR, /B MEIEE T

SEBEBE AR Von A LR, EFBEENERRERE R Bt Z55RAY, 1S 5| LI H QMR IS,

VS 4
Vuviany \
VuvioFF) ¢Vu~.4(w
INx t’
OUTX A t
r(HS
e L]
IS A tariHs) +f1sD t
hs(rauLT) ____S:;S _________ C_ S_ _____
t
Figure 11 Timing diagram for undervoltage behavior

7.1.2 R R
ZEEEREEERE, BEdh, SRARSEREE (QESHAERFRE) %M.
R B REAE T BT B Ft ore, MBRHAIITHIAOT

o REIN R RSB AR MOSFET

o REBAERAR

o EEERREZERELTE, AXEEXT, BESHMEERIET

o TEISSIENEEH Is (auo

— B REREAFXABE R so, MRS EFEThEE
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7.1.3 o RIP

7.1.3.1 AR EIEREM
BFF R BN HIERRIRIFTIRE, MR XAEXBIRER RPN,
R FFIES IZ R B RS AR A A B oo » MIZERMFIE
o HNERRKES
v BRSBTS BY 18] taoc
o PREIERERIRBE v«
YDA TR MR, ZERHIE
v I
v TEISSIBNIREE Is (auo
o EIHABKCHR (PWM. INAFIINB) $TFF MOSFET, #NE14FiR

IHSxA

LM HS e — — ——— —_—
I”LINLHS - Isp_Hs

Ispps = ————— e ——— ——— — — — -

| short to GND

- Y

faoc_Hs

short condition on high-side switch

Figure 12 High-side switch short circuit and overcurrent protection

VS Vs
T ILsx
- ) hvis - — — — — —_
E L short to supply I’L\M_LS - lso_1s
OUTx Jspls == e o — o
1%%—‘
}7

i
<
e faoc Ls

a4

short condition on low-side switch

Figure 13 Low-side switch short circuit and overcurrent protection

WHEREESESTRUEREE,
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7.1.3.2 V8 IEE BT
MNE 14FFR, EBEBNERES

o

-

PWM I

v

SEL A

Y

IL(LSA)

Tom_xx

=0

fum_Ls - Iso 1

Y

/

A 4

Figure 14 Recovery of short circuit and overcurrent protection by input pattern

7.1.4 R X BRI

MR =IAFMEIZ MOSFET KIZA=FERFE, L% FTEE@E, Xe@EIEh=ERaEMIREhRPERIER
RILMAY, EXRHAEAB— MOSFET FIFT A HFRNAESEAIMOSFET Z B8] S 2 BB fRiFBYiEl, EHiB{RiFAY(a]
terosst FH teross: SNEILS F B 16FR , URRIERERSHEEEES, XAJU/IEERERBEH,
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Case 1: HS switch off delay time

INB =0
- FriHs) tota
vs Na . PWM=0
Previous State - New Sfate Half-bridge A T_
HSA ON > HSA OFF [
: Vaun farns)  Byns|
LSA OFF - LSA OFF — vs |
OUTA
Bl%
I AVourx
_
—
%
= = GND ™
Case 2: LS switch on delay time without cross current protection time frLs).total
) Vs Vs PWM INA=0
Previous State - New State Half-bridge A T INE =0
HSA OFF-> HSA OFF t
: Voun tarsy  fys
LSA OFF -» LSA ON F s |
B0%
— AVouTx
|
'_
e
= GND ™
Case 3: LS switch on delay time with cross current protection time INE=0 tLs).total
Vs Vs IMA PWM =1
Previous State > New State Half-bridge A T_ R
HSA ON - HSA OFF ] i
[ Voum ferass + sy s
LSA OFF = LSA ON — Ve
0%
= AVoury
_ =
'_
0%
= GND >
Figure 15 Half-bridge outputs switching times: high-side to low-side transition
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Case 1: LS switch off delay time
Previous State = New State

HSA OFF = HSA OFF ,_
I+
LSAON - LSA OFF —

—
_
—

VS

Half-bridge A

INA=0
INB =0

T SEL=0

triLz ) total

Voura

Vs

fariLay  riLay

0%

Case 2: HS switch on delay time without cross cumrent protection time

. S
Previous State - New State o=

HSA OFF = HS54A ON

'_
LSA OFF = LSA OFF ™

!
_
—

Case 3: HS switch on delay time with cross
Vs

Previous State - New State

HSA OFF + HSA ON .|

ek

LSAON -»LSA QFF —

—
_
l—

AVoure
0%
GND -
t
INA=1 riHE) tota
INE PWR =1
T SEL=0
Half-bridge A
i
Vours farmsy  fnms
VS
QuTA o
AVoure
0%
— GND >
t
tripe) o
INAy  mE=1
T SEL=0

cumrent protection time

PWM
Half-bridge A

Voura A
QuUTA Ve

forozs + farmz) frmg

AVourx

GND

Figure 16

7.1.5

Half-bridge outputs switching times: low-side to high-side transition

TR £3 H AL

EUTERT, ZBELTETAINSTHIEBEBIaIRE A HFREN, HEREIRIREE IS 5 i,
«  OUTARMNAZFFEE
+  OUTBRMAEFFER
«  OUTA /X OUTB 43T GND 52E&

Table 11 Open load diagnostic
Digital input pins OUTA OuUTB IS Comment
INA INB PWM SEL
1 0 0 0 High Low lis(FauLt) | Open load at OUTA or OUTB
0 1 0 1 Low High hsFauLT) | Open load at OUTA or OUTB
(RBELT!......
Datasheet 2 1.0
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Table 11 (continued) Open load diagnostic
Digital input pins OUTA OuUTB IS Comment
INA INB PWM SEL
0 0 0 1 Low Low hsFauLT) | Shortto GND
INA=0 INA=1 INA=0
T e i R A e T amim

SEL=0

Internal
pull-down

Figure 17 Example of open load detection and short to GND

7.1.6 =25%r% ol

EIEETERN (BURT) , BRBEEEDISSIM, DURMESAT SEL SILEENFF XL GBI ERERER,
WE 18F7

hs A
[mA]
T i e
st
5
s
P -~
liscs) ol
i X 8
< o
O ~
\\562 = - -
NS -~
o = g
R
-~ 7 - & V\\\\
- -
-~ il
- —~
- -
-~ -
i Current Sense Error Flag
-
I Isb_xx IL A
Figure 18 Sense current vs. load current
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7.2 SPIERZs
EINFMEINFT X IIRETEECEIRAS TN A S FFER
7.2.1 R E X B

WNRHEBEBERT Vovors, 0B 19F77R, ZastHig

o EBHEMIMOSFET

¢ RIFBARAR

o EREMES|HI T

o BfIUViIAl

MEVHE Vuvion P E, sNE19FrR, Z234HIT AT

o IREERIBT

o BERBRRE EHHBuViL

HHEBBE AR Vion A ERY, TEABERMBREFERE 8]t £53RAT, IS 5|H1_EiG i H BT 1S,

VS A Set UV bit to 1 Clear UV bit
Vuvion) \
Vuviors) i\/uv:Hv
INx t’
OUTx A t
dr(HS
N o
1S A tar(Hs) +tisp t
hs(FauLT) ____E:_S _________ C_ S_ _____
t
Figure 19 Timing diagram for undervoltage behavior

7.2.2 R R
BREEMBESRR, TR, TRASHEBHE (BESHMENFE) *H,

R R ERRIIAE T BB B K Ftore, NIBSHRIITAIT

o REXS AT RRY S IOFMEID MOSFET

RIFBRRERAE
EEEEEREU TR, FAXFERXE, BERSMMEIERIETT
TEIS SIF 11 /s (raun

BRI REIRGE TSDx BN 1

Y ERERERTAHBLE RO, ST RINT:

¢ MEIERIETT

¢ BEUREFTHHBITSDXIL
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7.2.3 R

7.23.1 R E EBIREH
EAFXEEXMITRFEIPIIE, ML XEEXBIRERRIFIEE,
G0 SR T 2% B B B A R A A T B (B o » MiZEBSHHS
vOENTRRES

v BEII IR BTIEIEEY E] toc o

o [REIERERMIE fivx

LR AR UTET, ZERHE

o A

o TEISSIRM R Is (auw

o EIHIABKCHR (PWM. INAFIINB) ¥TFF MOSFET, $NE22FfR
+  EEEETAOCxIAL

Vs Set OCA to 1
Half-bridge A Ihisx
. JUMHS o o o o o o J——
ON 4 I’LIM_HS - IsD_Hs
] Jop s =, e e e e e e e e
OUTA =0.Hs
L
- /. short to GND
Fe
'_ -
> Ll
e Jf~ N faoc_Hs t
short condition on high-side switch
Figure 20 Short circuit between OUTA and GND to trigger overcurrent protection
VS vs Set OCAto 1
Half bridge A T ' Y
! [ - O — ——
E -_F short to supply ‘ I’uM,Ls -Isos
OUTA SDLS = e e e e e ——— — —
|7
ON  |r
'7 L.
= taoc_Ls t
short condition on low-side switch
Figure 21 Short circuit between OUTA and VS to trigger overcurrent protection
BERHRESRS T RABEREE,
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7.2.3.2 V8 IEEiE1T

WME22 Fin MEBREHIFT B NITHl. HFFBMOSFET BY I NALAIX R 2348,
EITAINT:

¢ MEIERIBETT

¢ HBEXIRMOSFET

«  BBROCXMI

-

A J

PWMT
I_ »
SEL A \
Clear QCA bit
»
IL(LSA) BEL Set OCA tg 1
L| /

Tum_xx —_——— — = e I

13
Jsp_xx —————/ -\t -

Y

Figure 22 Recovery of short circuit and overcurrent protection by input bits

7.2.4 FrE& 2 F4S

FEUTER, &SBHTHEIMNETAEMRBNAREAFROQN, HEKERSIEHIEISSIMLE, oLfiIt
MRS Lo

¢ OUTARMAZFFER
¢ OUTBRMAFFFER
¢ FEEREGND

Table 12 Open load diagnostic
Input bits in the control byte OUTA| OUTB IS OL bit Comment
INA INB PWM SEL
1 0 0 0 High Low his(FauLT) 1 Open load at OUTA or OUTB
0 1 0 1 Low High hs(FauLT) 1 Open load at OUTA or OUTB
0 0 0 1 Low Low ls(FauLT) 1 Short to GND
Datasheet 28 1.0
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INA=0
INB=1 ‘::> OUTA = Low
PWM =0 OUTB = High

OL=1

INA=1
INB=0 :> OUTA = High
PWM =0 OUTB = Low
SEL=0
VBAT oL=1
ON | I OFF

OUTA /\1)\,2UTB

High v/, Low
Internal
ore | g off | |puidown

OUTA = Low
OUTB = Low

Figure 23

7.2.5 BB 7 A I

Example of open load detection and short to GND

FERIEN (BIERT) , BRRERR IS5, RHESMT SEL 5IMIERRFF XA ELHIBYIE M BRER,

WME24FAT :

hs A
[mA]
hs(raiity | — — — = e s s s
lis(cs)
= Current Sense Error Flag
|
I Isb_xx I, A
Figure 24 Sense current vs. load current
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7.2.6 R X BRI

RS ILFMEIA MOSFET JKIZA=EINFiE, LUBRRX B R, XEEIENERR ARG SR ER R
SEIAY, TERFIEA— MOSFET FIFTHHETRAESEAIMOSFET Z (Bl 8I R X B RFRIFPETEl, XX BRI
BY 18] terosst FH teross: SNEI25FE26FR, UARUVIIRRIEASHEEESE, XOTUBIEAEESEHS.

Case 1: HS switch off delay time :J“:SGE 0 tiHs).total
VS INA
Previous State - New State T Half-bridge A
HSA ON - HSA OFF J t
[ Voura A tafiHs)  HiHs
LSA OFF > LSA OFF ——+— Vs
OUTA
*~——{ ———— 80%
b M AVoutx
._.‘
20%
= GND n »
Case 2: LS switch on delay time without cross current protection time tiLs) total
_ VS VS PWM INA=0
Previous State - New State T Half-bridge A T INB=0
HSA OFF-> HSA OFF i
| < Voura o fariLsy  tis
LSA OFF = LSA ON — Vs
OUTA
*— 1 80%
1 AVouTx
[
20%
GND >
t
Case 3: LS switch on delay time with cross current protection time INB=0 tf(LS) total
Vs Vs INA A PWM=1
Previous State < New State Half-bridge A ‘ .
HSA ON = HSA OFF - t
_‘ Vouta A feross + HdiiLs) HLs
LSA OFF - LSA ON ' S
_ OUTA v
| (] 80
— AVoutx
_‘.
| 20
- GND
Figure 25 Half-bridge outputs switching times: high-side to low-side transition
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Case 1: LS switch off delay time
Previous State = MNew State
HSA OFF = HSA OFF

—
_
—

LSAON - LSA OFF

=
I+
~

Case 2: HS switch on delay time without cross current protection time

VS

Half-bridge A

Previous State -» New State b
Half-bridge A
HSA OFF = HSA ON
—
LSA OFF = LSA OFF ™
OUTA

'_
_
—

Case 3. HS switch on delay time with cross current protection time

e
Previous State -» New State -~

Half-bridge A
HSA OFF &+ HSA ON -
I
LSAON - LSAOQFF —
ouTA

—
_
—|

mgzg tria).total
P T SEL=0
'Se
Voura fariLay  freey
VS
0%
AVoure
0%
GND >
t
INA=1 friHE) 1012
INB PWM =1
T SEL=0
i
Voura y taringy Wz
VS
0%
AVoure
0%
GND [
t
fring) 1ot
INA 4 mB=1
T SEL=0
»
t
PWM 1
t
Vo , torass + tarmz) free
Vs
£
AlWoute
%
GND -

Figure 26

7.3

Table 13

Half-bridge outputs switching times: low-side to high-side transition

BSHE

Electrical characteristics

Vs=7VZE 18V, Tj=-40°C & 150°C, FfHEBEAX T, IERABRANSIH CRIESEIE)

Parameter Symbol Values Unit | Note or condition P-Number
Min. | Typ. | Max.
Switch on voltage |Vuvon) - - 5.0 Vsincreasing P_PRO_01_01
Switch off voltage | Vuv(orr) 3.0 - 4.5 Vsdecreasing P_PRO_01_02
On/off hysteresis Vuv(hy) - 0.4 - - P_PRO_01_03
(RBLT;......)
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Table 13 (continued) Electrical characteristics
Vi=7VZE 18V, T;=-40°C £ 150°C, FiH B[EMAEXSTFith, EMEBTRNS I FRIESEIE)
Parameter Symbol Values Unit | Note or condition P-Number
Min. | Typ. | Max.
Current sense tis 1 4 10 VIS - P_PRO_01_04
recovery time
VS poweronreset | Vs por 3.8 - - Vsincreasing P_PRO_01_28
VS power off reset | Vs_porrr - 2.0 Vsdecreasing P_PRO_01_29
VS power on / off VS_POR_HY - 0.02 - VS_POR_ VS_POFFR P_PRO_01_30
hysteresis
PR B
Thermal Tisp 155 175 200 °C - P_PRO_01_05
shutdown
junction
temperature
Thermal switch on Tiso 150 - 190 °C - P_PRO_01_06
junction
temperature
Thermal hysteresis | AT - 12 - K - P_PRO_01_07
HS/LS overcurrent |loc ps 7.5 10 135 |A - P_PRO_01_09
detection threshold| /. <
HS/LS current ILiM_Hs 10.0 14.0 19.5 A - P_PRO_01_10
limitation Ium Ls
HS/LS tdOC_HS 5 7 11 Us - P_PRO_Ol_ll
overcurrent t
doc_Ls

shutdown filter -
time
FF E& S2 B G )
Open load loLp 2.5 4 5.5 mA | Input patterns: P_PRO_01_12
detection INA=1,INB=0,
current PWM =0, SEL = 0;

INA=0,INB=1,

PWM =0, SEL=0;
Open load th oL 5 - - us Input patterns: P_PRO_01_13
detection filter INA=1,INB=0,
time PWM =0, SEL =0;

INA=0,INB=1,

PWM=0,SEL=1;

INA=0, INB=0,

PWM=0,SEL=1
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Table 13 (continued) Electrical characteristics

Vo=7VZE 18V, T;=-40°C & 150°C, FfHEBEAF M, IEMBRARNSIH CRIESEFE)

infineon

Parameter Symbol Values Unit | Note or condition P-Number
Min. | Typ. | Max.

Short to ground Vstg 0.7 - 125 |V - P_PRO_01_27
detection voltage
2257 ol
High-side Kilis1(HS) 2010 (2250 (2490 |- lour=2.5A P_PRO_01_14
current sense
ratio
High-side Kilis2(HS) 1320 (2300 |3300 |- lour=0.4 A P_PRO_01_15
current sense
ratio
Low-side current Kilis1(LS) 2010 [2250 |2490 |- lout=2.5A P_PRO_01_16
sense ratio
Low-side current Kilis2(LS) 1410 |2860 |4310 |- lour=0.4 A P_PRO_01_17
sense ratio
Max. analog sense |/i5.cs) - - 55 mA | Innormal P_PRO_01_18
current operation

condition
Error sense current | /is(rauLT) 5.9 7.2 8.6 mA | In fault condition P_PRO_01_19
Bt Re
Input reset time for | trst s 300 - - ns Vink=5Vto0V; P_PRO_01_20
HS latched faults HSX is in fault

condition
Input reset time for |tgst |5 300 - - ns Vewn=5Vto 0V, P_PRO_01_21
LS latched faults LSXis in fault condition
Standby mode tstandby - - 50 VS - P_PRO_01_22
blanking time
Current sense blank | tjs g k 15 - 10 us lisfrom 0 to 40%; P_PRO_01_23
time for slow slew Rioad= 5.6 Q;
rate Vs=13.5V
Current sense tis_BLK 1.0 - 8.5 us lisfrom 0 to 40%; P_PRO_01_24
blank time for fast Rioad= 5.6 Q;
slew rate Vs=13.5V
Recovery time from |t 7 - 25 us - P_PRO_01_25
latched fault
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8 BITIMZIEDO (SPI)

8.1 SPI iR

FHIEANFTESRITEUEHNSIH SDIIRE, B ESR R HAN HEANSCLKHITREY, MHFTRTSE
RITEURERM S IHISDO Ahia, TUE27 .

LRIACS (Fift) SwESHE, BFHSR, SBETFER. HCSHAHSBRIFTHIRBEFEZE, BEIRE
HNFZBARHITHRE, LRSDORMBTIME=R (SFES) , SDOELBEHER. SDIAVREHEE SCLKH
FNTREAB NGB LSS, SDO FPIRSTE SCLK SN EFSBZERB Y. S34EMSPIEE R EHEINEE,

CS low to high: SDI is enabled. Status information transferred to output shift register
CS
! | f ! time
| |
| CS high to low: data from shift register is U‘ansfen‘edtio output functions
i |
ac _ [HEROMRROME - (Y3
; e s —IuL
! : ! ! time
| Lo [
} MSB | i Actual data LSB i New data
| |
| |
o QAL AAARARXX=NN
' /\ ANANNN__/NVVV
i : T ! time
: ISDI: will accept data on the falling edgc{ of SCLK signal
| | |
| |
i MSB ! Actual status LSB : New status
| |
| ! A
@099990 ED.C. 0N
time
SDO will change state on the rising edge of SCLK signal
Figure 27 SPI data transfer timing
SPIEEHSUMIZAR, SNEI28Ff7:
+  SDHEREUEFT
+ IR SDO_SEL=0, SDO fZHILBIEIRIRSHITHIFT
+ IR SDO_SEL=1, SDO FHILB/BIEIRITSHIREFTS
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SDI MSB Data Byte LSB
7 6 5 4 3 2 1 0
SDO_ SEN _
SEL INA | INB |PWM| SEL EN SR EN
SDO MSB Control Byte LSB
SDO_SEL = 7 6 5 4 3 2 1 0
0
SDO_ SEN _
SEL INA | INB |PWM| SEL EN SR EN
MSB Status Byte LSB
SDO_SEL = 1 7 6 5 4 3 2 1 0
SDO_
SEL OCA| OCB| OL UV |TSDA|TSDB| EN

Time

}

MSB is sent first in SPI message

Figure 28 SPl response
8.2 2REIRINS

7£ CS EFBME— SCLK EFAAZ (8], TE SDO LIREEB/EIRINE (GEF) filo
BT L BEIRFE, SR UEUTREG T HITRIEIZR, THEEMSPIBTEFhEKS:

EFAD T
F BN
FrE&

RE
KM
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| | time
SCLK I |
time

SDI

time

High Impedance High Impedance
sSDO Global Error Flag
] ] .

| | time
i i

r

Figure 29 Global error flag - Diagnostic with 0 - clock cycle

8.3 =HIFED

=@ SDI 5|l IET 281
»  fEBE(EN fiL):
ENIRE N 1 ISR H
ENIKE N 0L, FReESREFRIZEER (BHA)
o RIZEE (SRAID)
SRIGE N1, EFRERIZEKTF
- SRIRE RO, EFERZEBIE (FA)
o EEREAEMFBE (SEN_ENA) :
SEN_ENIZEN 1, BRBRAXE
SEN_ENIREN 0, FESIERRFEEF (FIN)
o EBREEREE (SELfI)
SELENIN 1, LATE IS SIHMR M A BORI R
SELENI 0, LATE IS SIRMRHEF47 B FURBSIEER (BRIA)
S5HMaNMES, SR FFRA GND BRI IRITEIRMAS 1S HE (BIRT)
PWM (PWM L) : 5INA. INBFISELMAEERTEER (BEXK7)
INB (OCBfiI) : 5 INA. SEL#1PwWM iIE&fER, ERIIERR (BEXK7)
INA (OCAMiI) : 5INB. SELF1PWMIESEA, EEREIEERN (BEKRT)
JRENFT3i%E4E (SDO_SEL iL):
SDO_SEL i€ &9 1 LAIXEY SDO 5|IBVIREF T
SDO_SEL & &/ 0 LAIZEY SDO 5] LRI (BRIA)

8.4 REFT

SDO 7ESCLKAHAHR B LIRS F 7S, MIRMHESBHRSHRIR, MR 14F7R:
v BHHAEITERR (ENG) ¢ FIERAFERTERR

o FAKHRT (TSDB i) : FAFBiTIEXHT
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o PSRBT (TSDAMIL) : A EXET

o VSRIE (UViI) : VSKIEXER

o REHFER (OLAD) : HAFHFFEREM

o BT (OCBMI) : FHFBITRIRIF

o HEMARTR (OCAfL) @ HFHFAEFRIF

o EEYFTS (SDO_SEL fil): ITHIFE T HREET

2 LRERINE EXBF R RS HIEEI S GEF=(TSDB) OR (TSDA) OR (UV) OR (OL) OR
(OCB) OR (OCA)o
Table 14 Failure reported in the global status byte and global error flag
Type of error Failure reported in the global status byte Global error flag
Thermal shut down of half-bridge A | TSDA=1
Thermal shut down of half-bridge B |[TSDB=1 1
Undervoltage of VS uv=1 1
Open load oL=1 1
Overcurrent of half-bridge A OCA=1 1
Overcurrent of half-bridge B 0ocB=1 1
No error TSD=0 0
uv=0
OL=0
OCA=0
OCB=0
8.5 SPIBYFF

AT HIRSPIEINIERS, IR LT HRMA:

¢ TECSEFBZEI, SCLKAMME

DMRFHREE T towr, FETECS EFR

[, SCLKIAME/WMRFHEEETF tieas T

tlead EN
AZ 42 3. e 42 3 =
*  SCLK@I 7 CS TR Z R EMRIFREF e, FHEE CS PEBZEEDRERET ton
twakeun is needed when the device is in standby mode
teer fwaksup fiead twakeup is not needed when the device is in normal operation mode fag fost
k| 5
s r fooik Vespy + 02V
Vesu -0.2V
tscLkn fscLkL
SCLK \ /‘ LY Vsclky + 0.2V
N p— Vsewkqu - 02V
SO setup fSDOJ’vod
Vs b . Vsl + 02V
sbl /| \ _,X\ Vo - 0.2V
E:_DU tvaso tnissoo
DO RS ‘X’ ‘X’ 0.8VoD_ext
) 7 AN 7N 0.2Voo_ext
30V < Vooexr<55V
SDO is connected to a pull up resistance of 2.2 k

Figure 30
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8.6 S

EHREERER, Kir SDO SIRIZEREEIMAL SDI. H—TMA SDO EZZFEFRI T —TMAL SDI, PR
[E—1 23R SDO EHEFIRSFRY SDI 5|, TEREHECER, HESCLKIEZEIFTE MAICSN, MEB1IFR.

EHiesER, FEIMEB voDIO BRI _EHIEBPAKIRE) SDO 5IMIEVIEIRM L. W TFRIEEPNRE— 184,
AR IESE P —NEZEIE SDI 5IBYAER _EHIEFE, NAFEINBEME,

The pull-up resistor needs to be adjusted
VDD_EXT based on the required max. SPI frequency.
D a
5000-2kQ 5000-2kQ 500Q-2kQ
Microcontroller A
VDDIO [] []
BTM9011EP BTM9011EP BTM9011EP i
Device 1 Device 2 Device 3
SDI SDO1 | SDI2 SDO2 | SDI3 SDO3
SDO [F—L " F—e—T —
A INE ANE al 1%
0 0 © 0
7] @ »
CS >
SCLK >
SDI
Figure 31 Daisy chain configuration with three BTM9011EP devices

BTM9011EP FBfE 8 (U {UFFas. MM ESUITIABRINF A EHIEFTI, WMEB2FR:

v BRARIESEMN 3HEHRIEFT.

v RRARIESEMN 2 ERIEF T,

v RERIXSEMN 1 EEEF T,

S5%EEPRE—1 3400 SDO EEMALIEERAY SDI UK

o« SPIMiIFFSRRY. CS EFAAME—1 SCLK EF R Z BRI E £ B HEIRIRE (GEF) RUZEEAH S,

+ 8 BTM011EP FURSF N EITH F HRIE IR /. SRR M 3 WNAVRSF T 3 iThlF T 3, B
st 2 SN BVREF T 2 IEHIF T 2, SRS N 1 WRAPRSF T 1 JEHIFT 1.
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SCLK

0

A 8 CLOCK CYCLES X 8 CLOCK CYLES X 8 CLOCK CYCLES X

Y

Y

MCU SDI = 8D0O3
_( GEF1/2/

OR \4

\j

Yy

A\

Time N
8-bit shift register
3
Figure 32 SPI frame in daisy chain configuration with three BTM9011EP devices
8.7 B4 sPI
Table 15 SPI electrical characteristics
Vi=7VZE 18V, T;=-40°C £ 150°C, FiE B[EAEXT T, ERBFRNAG I CRIESEIME)
Parameter Symbol Values Unit | Note or condition P-Number
Min. | Typ. | Max.
SPI i
Maximum SPI fspi,max - - 4 MHz |- P_SPI_01_01
frequency
M cs EAEE scLK £— EABIIER
SPlinterface tWAKEUP - - 20 MSs - P_SP|_01_02
wake- up time
SPI¥E[] (SDI, SCLK, CS)
Pull down Rcs, RPD_SDI) 100 250 300 kQ - P_SPI_01_07
resistor at pin CS, | Rpp sciks
SDland SCLK

(table continues...)
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Table 15

(continued) SPI electrical characteristics

Vo=7VZE 18V, T;=-40°C & 150°C, FrEBEAEXFH, IERBRANIH CRIESEIE)

infineon

Parameter Symbol Values Unit | Note or condition P-Number
Min. | Typ. | Max.
Input G - - 15 pF - P_SPI_01_08
capacitance at
pin CS, SDI and
SCLK
MO, Zigat miso
ngh OUtpUt VSDO(H) VDD_EX - - Vv RPULL_UP: 2.2 kQ, P_SPI_01_09
voltage level -0.4 Vop gx7=5V
Low output VSDO(L) - - 0.6 V RPULL?UP: 2.2 kQ, P_SP|_01_10
voltage level Vop ext=5V
Tri-state leakage IspoLk -10 - 10 A | Ves=Vop exTs P_SPI_01_11
current 0V <Vspo < Vop_gxt;
RpuLL_pown =200 kQ
Tri-state input Cspo - - 15 pF - P_SPI_01_12
capacitance
BRI
SCLK period tocLk 250 - - ns |- P_SPI_01_13
SCLK hlgh time tSCLKH 0.45* |- 0.55* ns - P_SP|_01_14
tocLk tocLk
SCLK low time tscikL 0.45* |- 0.55* |ns - P_SPI_01_15
tocLk tocLk
SCLK low before CS| tggr 125 - - ns - P_SPI_01_16
high
CS setup time tiead 250 - - ns |- P_SPI_01_17
SCLK setup time | {jag 250 - - ns |- P_SPI_01_18
SCLK low after tsEH 125 - - ns - P_SPI_01_19
CS low
SDI setup time tspi_setup 100 - - ns |- P_SPI_01_20
SDI hold time tspi_hold 50 - - ns - P_SPI_01_21
Input  signal tin - - 50 ns - P_SPI_01_22
rise time at pin
SDI, SCLK, CS
Input  signal tan - - 50 ns - P_SPI_01_23
fall time at pin
SDI, SCLK, CS
Minimum CS low test 4 - - MS - P_SPI_01_24

time

(table continues...)
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Table 15 (continued) SPI electrical characteristics

Vo=7VZE 18V, T;=-40°C & 150°C, P EBEAF M, IEMBRRNSIH CRIESEFE)

Parameter Symbol Values Unit | Note or condition P-Number
Min. | Typ. | Max.
GEF valid time tGEF VAL - - 250* |ns |n=no.ofdevicesin P_SPI_01_30
n the same daisy chain;
BB
SDO rise time tispo - 50 250 ns Croad= 50 pF; P_SPI_01_25

Rpu[lup: 2.2 kQ;
Max. values depends

on Rpullup
SDO fall time tispo - 50 110 ns Cload= 50 pF; P_SPI_01_26
Rpuuup: 2.2 kQ
SDO enable time | tenspo - - 80 ns - P_SPI_01_27
after CSrising edge
SDO disable time tDISSDO - - 200 ns - P_SPI_01_28
after CS
SDO valid time for tVASDO - - 110 ns VSDO< 0.2* VDD_EXT’ P_SP|_01_29
VDD_EXT=5V VSDO >0.8* VDD_EXT
Cload = 50 pF
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9 MAEE

UTRREhRNBE, NEARITSEANRETSGH, #8
FHRARN B BIREFINEE. FHNREERNT MRS, PR EBEREIINREX N AR #H1TIIE,

Reverse polarity Veat

Microcontroller . ———0
protection

AD /O Yo 1o 1o ICDC LINK

Figure 33 Application figure of BTM9010EP
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« The pull up resistor needs to be adjusted based on the required max. SPI frequency.
Vi « No pull up resistance is needed for the last device in the daisy chain in the SDI pin of
E—EXT the microcontroller has the internal pull up resistance.
Voar Reverse polarity ‘
protection l_—LI
= = — =]
Ilzcym Cvs Cocumk | Cvs 5
L g N GOy
VDDIO :| Rouil_up Reul_up i ’, ! JRpuH_up
| _
Device 2 i Device 3 |
| 1
I I
SDO2 SDI3 ! | SDO3
SDO [ BTM9011EP [] BTM9011EP s
. [
! i
I 1
I I
1 I
_D.__ - - a
=] b P
wu —
5 9%
Figure 34 Application figure of BTM9011EP in daisy chain
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10 Package

10 ESECT

infineon

(0.95)
0.05z10.05

|

1)
4.9+0.1 P 2%

Standoff

1)

'

8 i

-

Index
Marking

- @0

T I i & T x}t&?
L [AJoos[c] : ||, 067025 &

Seating Coplanarity 6
Plane =2 —={\02]D]14

2)
e ‘$‘[025®|A-B|C|14x Bottom View &
“‘EEEIHEHB SHHBMAAA™
/Oi -+
| ,
HHHHHE b7 BEWHAR {4 [0.15@|D
BI7| ss to1 | [$]o1@AB)

1) Does not include plastic or metal protrusion of 0.15 max. per side
2) Dambar protrusion shall be maximum 0.1 mm total in excess of lead width.

All dimensions are in units mm
The drawing is in compliance with ISO 128-30, Projection Method 1 [-1@‘]

Figure 35
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11 Datasheet revision history

11 BIRFMEITIER
Table 16 Revision history
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Revision number

Date of release

Description of changes

1.00

2024-06-30
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