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MOTIX™ BTM9020EP/BTM9021EP integrated full-bridge ICs for BDC motors

Features
« Path resistance of typ. 84 mQ at 25°C
+ Pulse current:

- 8.8Afortyyse<1sat85°C

- 6.9 Afortyyse<10sat 85°C

« Supply voltage range from 7V to 18 V a RoHS
+ Extended supply voltage range from 4.5V to 40V %_:?
« Current limitation of min. 20 A ARG alied

« Slew rate selection

« Protection and diagnostics: overcurrent, undervoltage, overtemperature, open load detection,
current sense, cross current protection

+ Status flag diagnosis with feedback of current sense
» SPlinterface in BTM9021EP

+ Half-bridge mode

+ Green product (RoHS compliant)

+ I1SO ready

Potential applications

« Automotive unidirectional and bidirectional brushed DC motors
« Door modules

« Mirror modules

+ Body control modules

« Other inductive or resistive loads in the automotive field

Product validation
+ Qualified for automotive applications
+ Product validation according to AEC-Q100

Product description

MOTIX™ BTM9020EP/BTM9021EP integrated full-bridge IC is an integrated full-bridge for automotive motor drive applications. This
monolithic device is implemented in BCD technology, and assembled in PG-TSDS0-14 which has an exposed pad to ensure better
thermal performance.

The device provides intelligent protection features against overtemperature, undervoltage, overcurrent, short circuit and
crosscurrent. Moreover, the device also provides current sense and open load diagnostic as diagnosis features. The information
of the output current and the error flag is presented at IS pin.
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1 Device comparison

1 Device comparison
This table summarizes the differences between BTM9020EP and BTM9021EP.

HW variant (BTM9020EP) SPl variant (BTM9021EP)
Package PG-TSDSO-14 PG-TSDSO-14
Digital interface INA, INB, SEL, PWM SDI, SCLK, CS, SDO
Path resistance 84 mQ at 25°C 84 mQ at 25°C
Current limitation Min.20 A Min.20 A

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 via input sequence
+ ReadoutatlSpin

2 configurable slew rate levels:
+  Selected via SR bit in 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

Error flag at 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

Datasheet
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2 Block diagram
VS
BTM9020EP/BTM9021EP
Power supply
Internal Charge Power stage
supply pump f—
—
|_
Gate driver ‘Eﬂ OUTA
INA/SDI Protection and |
Diagnostics High-side | i
T m dirver :
ndervoltage
INB/SCLK detection
Bl et Overcur'rent
SEL/CS detection
f
Low-side |
Overtemperature dirver |
. I
PWM/SDO detection
OUTB
Openload ‘Eﬂ
detection [
] 95 || |2
|_ own
IS MUX Current sense
@ GND
Figure 1 Block diagram
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3 Pin configuration

3 Pin configuration
3.1 HW variant
OUTA [T]1 Q4 [T ] OUTA
INACT]2 13T 1s
GND [T]3 : 121 1vs
GND (T4 : P11 T T VS
GND [T]5 ilOZIZlSEL
INeT]6 i i 9T PwM
OutB [I]7 *t.......! 8| I ] OUTB
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 OUTB 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.
It is recommended to connect the EDP to ground.
Datasheet 7 1.00
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3 Pin configuration

3.2 SPl variant
OUTA [1]1 O 1411 OUTA
sol T2 : 113 T 11S
GND [I]3 121 1vs
GND (T4 : P11 T T VS
GND [T15 10T 1c¢s
SCLK [I]s6 : : 9] Sbo
outB 17 :i.......} 81 10UTB
Figure 3 Pin configuration
Table 2 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 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 ouTB Power output of the half-bridge B;
All OUTB 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 1.00
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4 General product characteristics

4 General product characteristics

The device is intended to be used in an automotive environment.

4.1 Absolute maximum ratings

Stress above the absolute maximum ratings listed in this chapter may cause permanent damage to the device.
Exposure to absolute maximum rating conditions for extended periods may affect device reliability.

Table 3 Absolute maximum rating
T;=-40°C to 150°C; all voltages with respect to ground, positive current flowing into pin (unless otherwise specified)
Parameter Symbol Values Unit | Note or condition P-Number
Min. | Typ. | Max.
Voltages
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 / VsckLs
Vser/ Ves,
Vewm / Vspo
Current sense pin Vis -0.3 - 40 Vv - P_GPC_01_15
Voltage between VS | Vg5 -0.3 - 40 Y - P_GPC_01_04
and IS pin
Temperatures
Junction T -40 - 150 °C - P_GPC_01_09
temperature
Storage Tstg -55 - 150 °C - P_GPC_01_10
Temperature
ESD susceptibility | Vesp(ngm, local) -2 - 2 kv HBMY P_GPC_01_11
all pins (HBM)
ESD susceptibility | Vesp(upwm, global) -4 - 4 kv |HBMY P_GPC_01_12
OUT vs GND, VS vs
GND (HBM)
ESD susceptibility | Vesp(com) -500 |- 500 v cbm? P_GPC_01_13
all pins (CDM)
ESD susceptibility | Vesp(com, cornen) -750 |- 750 |V cbm? P_GPC_01_14
corner pins (CDM)

1) ESD susceptibility, human body model (HBM), according to AEC Q100-002 (1.5 k€2, 100 pF).
2) ESD susceptibility, charged device model (CDM), according to AEC Q100-011.

4.2 Functional range

The parameters of the functional range are listed in the table below:

Datasheet 9 1.00
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Table 4 Functional range
Parameter Symbol Values Unit | Note or condition P-Number
Min. | Typ. | Max.

Supply voltage Vs(nor) 7 - 18 v - P_GPC_02_01
range for normal
operation
Extended supply Vs (ext) 4.5 - 40 v - P_GPC_02_02
voltage range for
operation
Junction T -40 - 150 °C - P_GPC_02_03
temperature
HS /LS continous | Ip(us) 55 |- 5.5 A 2 P_GPC_02_04
drain current I(Ls) Tamp =85°C
HS /LS pulsed drain | Ipyise(ts) -6.9 - 6.9 A 1) P_GPC_02_05
current Iulse(Ls) toulse=10's

Tamb =85°C
HS /LS pulsed drain | Ipyise(ts) -8.8 - 8.8 A 1) P_GPC_02_06
current Ioulse(Ls) thulse=<1s

Tamb =85°C
HS /LS pulsed drain | /pyise(Hs) -14 - 14 A toulse <250 ms P_GPC_02_07
current puise(L) Tiunc =25°C?
Input voltage range | Vina(or) / Vspinon)» -0.3 - 6.0 v - P_GPC_02_08

for normal
operation

Ving(nor) / VscLk(nor)s
VSEL(nor) / VCS(nor),
VPWM(nor)

1) Based on thermal simulation using 2s2p with 600 mm? Cu (70 um)

2) This pulsed drain current is defined for the inrush current when the load is at cold temperature T y,4 = - 40°C

4.3 Thermal resistance

This thermal data was generated in accordance with JEDEC JESD51 standards. For more information, please go to

JEDEC webpage.

Table 5 Thermal resistance

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

Junction to Riha - 32 - K/W |2 P_GPC_03_01

ambient

Junction to case Rihic - 2 - K/W |- P_GPC_03_02

1) According to JEDEC JESD51-2,-5,-7 at natural convection on FR4 2s2p board. The product (chip and package) was simulated on a 76.2 x
114.3 x 1.5 mm board with 2 inner copper layers (2 x 70 um Cu, 2 x 35 um Cu). Where applicable a thermal via array under the exposed pad
contacted the first inner copper layer.

Datasheet
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4.4 Current consumption

Table 6

Current consumption

infineon

Vs=7Vto 18V, Tj=-40°C to 150°C, /| = 0 A, all voltages with respect to ground, positive current flowing into pin (unless

otherwise specified)

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

Supply currentin s sTB - 5 MA  [Vina=Ving=0V; P_GPC_04_01
standby mode VsgL =0 V; Vpuym=0V;

-40°C=T;<85°C; Vs =

135V
Supply currentin s sTB - 25 MA  [Vina=ViNg=0V; P_GPC_04_03
standby mode VsgL =0V; Vpym=0V;

T;=150°C; Vs =13.5V
Supply currentin Ivs(on) 3 5.5 mA | In normal operation P_GPC_04_05

normal mode

mode:

ViNa=5V, Ving=0V
orVina=0V, Ving=5V;
VseL =X;

Voym =0V or

Vewm =5V;

No load is connected

Datasheet
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5 Digital logic

5 Digital logic

INA is in general to control the high-side switch of the half-bridge A. INB is in general to control the high-side switch of
the half-bridge B. PWM is used to control the low-side switches when the high-side is off. Please be informed that
there are a few exceptions listed in the operative condition table to cover all use cases. Please check the input
patterns refer to the Table 7.

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 resistance is connected
short to GND diagnosis
0 0 1 0 current sense: LSB off | on | off | on |slow decay/break LS
0 0 1 1 current sense: LSA off | on | off | on |slow decay/break LS
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 |fast decay HSB/open load diagnosis;

pull-down resistance at OUTA is connected

o
—
—
o

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 |fast decay 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 |slow decay/break HS

1 1 0 1 current sense: HSA on | off | on | off |slow decay/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 B in tri-state
Note: For SPI variant the inputs in the table are mapped to the dedicate bits in SPI protocol.

For SPI variant when EN bit is set to 0, the device will enter to standby mode.

1) Vs <0.25 V.

Table 8 Fault conditions
Digital input pins IS Comment
INA INB PWM SEL
0 0 0 1 lis(rautry | Short to GND is detected

(table continues...)

Datasheet 12 1.00
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Table 8 (continued) Fault conditions
Digital input pins IS Comment
INA INB PWM SEL

0 0 1 0/1 lis(eautry | Error flagged; low side A/B latched off in OC condition

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

0 1 0 1 lisrautt) | Open load is detected

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

1 0 0 0 lis(rautry | Open load is detected

1 0 0 1 lis(eautry | Error flagged; high side A latched off in OC condition

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

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

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

1 1 1 1 hsraulry | Error flagged; low side A latched off in OC condition
Note: For SPI variant the inputs in the table are mapped to the dedicate bits in SPI protocol.

The error flags can be read out either at IS pin or via SDO pin.
5.1 Control inputs
INX
ESD
il

Figure 4 Input structure
Table 9 Electrical characteristics

Vs=7Vto 18V, T;=-40°C to 150°C, all voltages with respect to ground, positive current flowing into pin (unless
otherwise specified)

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

Low level voltage | Vinaw)/ Vspi(w)s 1.0 1.3 - Vv 1) P_INP_01_01

INA /SDI, INB/ Vine()/ VscLkw)»

SCLK, SEL/ CS, Vewm(L),

PWM VseLw) / Ves

High level voltage | Vinagn)/ Vspi(h), - 1.6 2.1 v - P_INP_01_02

INA /SDI, INB/ Vins(H) / VscLk(H),

SCLK, SEL/ CS, Vewm(H)»

PWM VseL) / Ves(n)

(table continues...)

Datasheet 13 1.00
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Table 9 (continued) Electrical characteristics

Vs=7Vto 18V, T;=-40°C to 150°C, all voltages with respect to ground, positive current flowing into pin (unless
otherwise speC|f|ed)

Parameter Symbol Values Unit | Note or condition P-Number

Min. | Typ. | Max.

Input Voltage VINA(HYS)/ VSDl(HYS), - 400 - mV - P_INP_01_03
hysteresis

Vins(rvs) / VscLk(Hys),
VseLnvs) / Ves(hys),

Vewm(Hys)
Input current low IINA (L) / ISDI IINB(L)/ 2 4 6 H.A VINA / VSDI = V|NB/ P_INP_01_04
level ISCLK(L)» VSCLK =VPWM =VSEL /

/PWM(L) ISEL( )/ VPWM=1.0V

Ipwm(L) Refer to Figure 4
Input current high | liyam) / Ispin)s linsry | = 10 20 MA  |VINA/VSDI=VINB/ P_INP_01_05
level / /SCLK (H)» VSCLK =VPWM =VSEL /

Tewm(n), IseLr) / Tpwm( VPWM=2.1V

H) Refer to Figure 4

1) When Viya, Ving, Vewm, OF Vsgi () is higher than 0.8 V, the devices will enter the normal operation mode from the standby mode, and
consume higher quiescent current.

Datasheet 14 1.00
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6 Power stages

6.1 Functional description
The power stage of the BTM9020EP / BTM9021EP consists of two half-bridges. All protection and diagnostic functions
are applicable for each half-bridge.

The on-state resistance Roy dependents mainly on the junction temperature T;. The typical on-state resistance
characteristics are shown in Figure 5.

0,1 0,1
009  High-side switch 009  Low-side switch
0,08 T,=150°C 0,08
0,07 0,07 T,=150°C
§ 0,06 a 0,06
go,os T,=25°C go,os T,=25°C
o 0,04 < 0,04
T.=-40°C T,=-40°C
0,03 ! 0,03
0,02 0,02
0,01 0,01
0 0
7 10 12 13,5 16 18 7 10 12 13,5 16 18
Supply voltage Vq [V] Supply voltage Vq [V]
Figure 5 Typical ON-state resistance vs. supply voltage VS
6.2 Switching time
tr(HS), total ti(HS).total
INX
T »
A tar(Hs)  tr(H$) taf(Hs) ti(Hs
VouTx
80% 80%
AVoutx AVoutx
20% 20%
n >
Figure 6 Definition of HS switching time without cross current protection time
Datasheet 15 1.00
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ti(Ls) total tr(LS),total
INX
T »
taf(Ls) tiLs) tar(Ls) tr(Ls)
A
VOUTx'
80% 80%
AVourx AVourtx
20% 20%
T »
Figure 7 Definition of LS switching time without cross current protection time
HS switch on delay in active freewheeling
INX 1

»
>
t
Vourx
Passive freewheeling Passive freewheeling

Vs+ Vi
Vi
Vs+50% Vi |- — — — — -
Active freewheeling
£ T A . e

Figure 8 HS switch on delay in active freewheeling

For SPI variant the INx signal in the figure is mapped to the input bits in SPI protocol. The INx will be updated at the
CS falling edge.

6.3 Slew rate selection

6.3.1 HW variant

The slew rate is selected via input toggling as shown in Figure 9. If more then one input signal is high, the next slew
rate level will be selected when:

+ Allinputsignals are pulled down for the duration 0.5 ps < t5 5 <5 s

+ Atleastoneinputsignalis pulled up after ts 5 expired

Datasheet 16 1.00
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0.5us < tsts < Sps 0.5us < tsts < Sps
SELINA A ¢ P

INBPWM | Slow slew rate level sts Fast slew rate level sts Slow slew rate level
At least one input high \ At least one input high At least one input high .
>

All inputs low All inputs low
IS A Slew rate feedback
Is(fault) e — o . p—— e — — — — — — . — — — — — —
Cs Cs Cs
\__/ R
Slew rate feedback
Figure 9 Slew rate selection

The slow slew rate is selected by default after power up.

As shown in Figure 10 when all input signals are pulled down, the selected slew rate can be detected at IS pin before
the standby mode blanking time is expired:

«  Fastslew rate is selected, if the fault current /igpay ) is present at IS pin
+ Slow slew rate is selected, if no current is present at IS pin

0.5us < tsts < Sps 0.5us < tsts < Sps
SELINA A
INBPWM | Fast slew rate level Slow slew rate level Slow slew rate level

tstandby
At least one input high \ At least one input high \ / At least one input high N
>

Allinputs low All inputs low

tsLs tsts

IS A Slew rate feedback
hsfaut) e — s e e e e e e  — — — — ————— e o o — — —

CSs \ / CSs Cs

Slew rate feedback

Figure 10 Slew rate detection

6.3.2 SPI variant

The slew rate level is selected via the SR bit in the data byte sent to SDI:

« Thefastslew rate is selected if the SR bitis setto 1

+  Theslow slew rate is selected if the SR bitis set to 0

The slew rate is reset to the slow slew rate level by default after power up.

The slew rate level is read out in the control byte via SDO when the SDO_SEL is set to 0.

6.4 Electrical characteristics

Table 10 Electrical characteristics

Vs=7Vto 18V, T;=-40°C to 150°C, all voltages with respect to ground, positive current flowing into pin (unless
otherwise specified)

Parameter Symbol Values Unit | Note or condition P-Number

Min. | Typ. | Max.

On-state high-side | Ron(us) - - 78 mQ  |loyr=2.5A;Vs=6V;T;= |P_PS_01_01
resistance 150°C
(table continues...)
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Table 10

(continued) Electrical characteristics

infineon

Vs=7Vto 18V, T;=-40°C to 150°C, all voltages with respect to ground, positive current flowing into pin (unless

otherwise specified)

Parameter Symbol Values Unit | Note or condition P-Number
Min. | Typ. | Max.
On-state hlgh-SIde RON(HS) - 42 - mQ IOUT =25 A, Vs =6 V, TJ = P_PS_01_25
resistance 25°C
On-state low-side RON(LS) - - 78 mQ IOUT =25 A, Vs =6 V, TJ = P_PS_01_02
resistance 150°C
On-state low-side | Ron(Ls) - 42 - mQ | loyr=2.5A;Vs=6V; T;j= | P_PS_01_26
resistance 25°C
Fast HS switch on tdri(Hs) 0.6 1.0 1.6 ys Rload = 5.6 Q; P_PS_01_26
delay time Vs=13.5V
Slow HS switchon | t4o(ns) 0.8 1.6 3.2 us Rload = 5.6 Q; P_PS_01_27
delay time Vs=13.5V
Fast HS switch off | t4r1(ns) 2.1 4.5 6.5 ys Rload = 5.6 Q; P_PS_01_28
delay time Vs=13.5V
Slow HS switch off | tyeus) 3.0 9.0 16 us Rload = 5.6 Q; P_PS_01_22
delay time Vs=13.5V
Fast HS rise time tri(Hs) 0.6 1.0 1.9 gs VouTx from 20% to 80% |P_PS_01_30
of Vs,
Rioad = 5.6 €);
Vs=13.5V
Slow HSrise time | ty(ns) 1.0 2.2 4.4 ys Vouty from 20% to 80% |P_PS_01_31
of Vs;
RLoad =5.6 Q,
VS =135V
Fast HS fall time tri(ns) 0.4 0.9 1.4 ys Vouty from 80% to 20% |P_PS_01_32
of Vs;
Rload = 5.6 Q;
VS =135V
Slow HS fall time tia(Hs) 0.6 2.0 3.6 ys Vouty from 80% to 20% |P_PS_01_33
of Vs,
Rioad = 5.6 €2;
Vs=13.5V
Fast LS switch on tafi(Ls) 0.6 1 1.6 us Rload = 5.6 Q; P_PS_01_34
delay time Vs=13.5V
Slow LS switchon | t4r(Ls) 0.8 1.9 3.4 us Rload =5.6 Q; P_PS_01_35
delay time Vs=13.5V

(table continues...)
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Table 10

(continued) Electrical characteristics

infineon

Vs=7Vto 18V, T;=-40°C to 150°C, all voltages with respect to ground, positive current flowing into pin (unless

otherwise specified)

Parameter Symbol Values Unit | Note or condition P-Number
Min. | Typ. | Max.
Fast LS switch off tari(Ls) 2 3.8 5.7 us Rload = 5.6 Q; P_PS_01_36
delay time Vs=13.5V
Slow LS switch off | ty(s) 3.3 8 13.2  |us Rload = 5.6 Q; P_PS_01_37
delay time Vs=13.5V
Fast LS rise time tr(Ls) 0.4 0.8 1.2 us Vouty from 20% to 80% |P_PS_01_38
of Vs;
Rioad = 5.6 €2;
VS =135V
Slow LS rise time tra(Ls) 0.7 1.8 2.8 us Vouty from 20% to 80% |P_PS_01_39
of Vs;
Rload = 5.6 Q;
VS =135V
Fast LS fall time tr(Ls) 0.4 0.8 1.25 |us Vouty from 80% to 20% | P_PS_01_40
of Vs,
Rioad = 5.6 €);
Vs=13.5V
Slow LS fall time tio(Ls) 0.7 1.5 3.1 Vouty from 80% to 20% |P_PS_01_41
RLoad =5.6 Q,
Vs=13.5V
Fast cross current | tcoss1 2.5 3.3 5 uS Rload = 5.6 Q; P_PS_01_42
protection time Vs=13.5V
Slow cross current | teross2 45 7 9.5 us Rload = 5.6 Q; P_PS_01_43
protection time Vs=13.5V
Free wheeling diode | V¢ - 0.8 0.9 Vv llout| =2 A; Tj=150°C P_PS_01_13
forward voltage
Off-state output IL(oFF) - - 10 MA [ Vina=Ving=0V; P_PS_01_14
leakage current Vpwm=0V; Vs=13.5V;
VSEL =0.55 V,
T;=150°C
Slew rate selection |tgg 0.5 - 5 us - P_PS 01_15

time
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7 Protection and diagnostics

7.1 HW variant

Both high-side and low-side switches are capable to detect an open load condition in their activated state.

7.1.1 Undervoltage shutdown

If the supply voltage drops below V{yy(orr) as shown in Figure 11, the device will
«  Switch off the MOSFETs actively

+  Keep the charge pump on

«  Provide no output at current sense pin

Note: If the supply voltage drops below the power off reset voltage Vs_porer, the charge pump will be deactivated, and
the slew rate will be set to default value.

If Vs rises above Vyy(on) as shown in Figure 11, the device will resume normal operation.

When the supply voltage rises above Vyy(on), the sense current IS will be present at the IS pin when the switch on
delay and the current sense recovery time t|g expires.

VS A
Vuv(on) \ [
Vuv(oFF) ¢VUV(HV
INx t>
OUTX A ‘
NG el
IS A tum—csg +t|sg t
his(FAuLT) ____9_5 _________ C_ S_ _____
>
Figure 11 Timing diagram for undervoltage behavior
7.1.2 Overtemperature protection

This device is protected against overtemperature by the integrated temperature sensors. Overtemperature leads to a
switch off of the output stages including the high-side and low-side switches.

If the temperature sensor reaches T;sp for a duration longer than torr, the device behaves as follows
+  Switch off both high-side and low-side MOSFETs in dedicated half-bridge
+  Keep the charge pump on

+  Keep the switches off until the device resumes the normal operation when the junction temperature decreases
below the threshold

«  Provide /ig(au1y) at IS pin
The device resumes normal functionality once the temperature drops below thermal switch on junction temperature
T

jSO

7.1.3 Overcurrent protection
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7.1.3.1 Short circuit of output to supply or ground

The high-side switches are protected against short to ground whereas the low-side switches are protected against
short to supply.

If the current within the switch exceeds the corresponding overcurrent detection threshold /sp 4y, the device will
«  Enterinto an overcurrent condition

«  Start the overcurrent shutdown filter time t4oc xx

« Limitthe current to the current limitation /i jy_xx

When the overcurrent shutdown is triggered, the device will

« Latchoff

«  Provide /ig(au1y) at IS pin

+  Switch on the MOSFETSs by input pulse (PWM, INA and INB) as shown in Figure 14

VS
IHsx
Ivbs 4+ - — — — ——
ON IIUM,HS - Isp_ns
Isp_Hs

ourx B O T T T T T T T T T

| short to GND

1 |

A
-V

tioc_Hs

short condition on high-side switch

Figure 12 High-side switch short circuit and overcurrent protection

VS VS |
Lsx
j T R S — ——
L7 short to supply I’LIMJ_S - Isp_Ls
( Isp_Ls

outrx (BB =FHF—————F———————— —

ON
i
— tioc_Ls

short condition on low-side switch

A
-V

Figure 13 Low-side switch short circuit and overcurrent protection

The high-side current limitation is always higher than the low-side current limitation.

7.1.3.2 Recovery to normal operation

As shown in Figure 14 the recovery will be controlled by the input patterns.
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INA I
PWMI
SEL A
IL(LSA)
v xx = — — — — —
Ium_is - Isp_Ls
Isp_xx —_————
IS
hs(fauy + — — — — —
Figure 14 Recovery of short circuit and overcurrent protection by input pattern
7.1.4 Cross current protection

The high-side and low-side MOSFETs are ensured never to be simultaneously “ON” to avoid cross currents. This is
achieved by integrating delays in the driver stage of the power outputs to create a cross current protection time
between switching off one of the MOSFETs and switching on the adjacent MOSFET within the half-bridge. The cross
current protection time, toss1 and tross2, @S Shown in Figure 15 and Figure 16, have been specified to ensure that the
switching slopes do not overlap with each other. This prevents a cross conduction event.
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Case 1: HS switch off delay time L’w&go ti(HS), total

VS INA
Previous State - New State j Half-bridge A H

HSA ON -> HSA OFF

Vour tatHs)  tiHs

LSA OFF - LSA OFF Vs b
OUTA

80%

AVoutx

20%

= GND >
t
Case 2: LS switch on delay time without cross current protection time ti(Ls).total
Vs Vs PWM INA=0
Previous State > New State Half-bridge A T INB=0
HSA OFF-> HSA OFF t
Vour , tars) s,
LSA OFF > LSA ON Vs b
80%
AVoutx
20%
- GND >
t
Case 3: LS switch on delay time with cross current protection time INB=0 tr(Ls),total
Vs Vs INA, PwM=1 |
Previous State - New State Half-bridge A R
HSA ON - HSA OFF t
Voura o teross + taf(Ls) tiLs
LSA OFF - LSAON
'S
80%
AVoutx
20%
= GND >
t
Figure 15 Half-bridge outputs switching times: high-side to low-side transition
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Case 1: LS switch off delay time

VS VS

j Half-bridge A

Previous State > New State

HSA OFF > HSA OFF

LSAON - LSA OFF

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

VS

Previous State > New State
T Half-bridge A
HSA OFF - HSA ON J
LSA OFF - LSA OFF
OUTA

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

VS
Previous State > New State
Half-bridge A
HSA OFF - HSA ON o
LSAON - LSA OFF C
OUTA

a
I
H

INA=0

- tr(Ls),total
INB=0
PWM T SEL=0
t >
Vours tar(Ls)  tr(Ls
VS
80%
AVoutx
20%
GND >
t
INA=1 tr(HS).total
INB PWM =1
T SEL=0
T >
Voura A tar(Hs) tr(Hs
'S
80%
AVoutx
20%
GND >
tr(Hs),total
INA INB=1
T SEL=0

PWM W

Vouta A

VS

teross + tar(HS) tr(Hs|

80%

AVoutx

GND

Figure 16

7.1.5 Open load detection

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

In the following conditions this device provides open load detection without any external pull-down resistance, and

the error flag will be present at IS pin.

+ Openload at OUTA

+ Openload atOUTB

+ Shortto GND at OUTA and / or OUTB

Table 11 Open load diagnostic
Digital input pins OUTA OUTB IS Comment
INA INB PWM SEL
1 0 0 0 High Low lis(raurt) | Open load at OUTA or OUTB
0 1 0 1 Low High lis(eaurt) | Open load at OUTA or OUTB
(table continues...)
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Table 11 (continued) Open load diagnostic
Digital input pins OUTA OUTB IS Comment
INA INB PWM SEL
0 0 0 1 Low Low lis(raurry | Short to GND
INA=0 INA=1 INA=0
= = Low = =Hj INB=0 = Low
L e ot S e s T G
SEL=1 SEL=0
VBAT VBAT

Internal
pull-up
|l OFF 20k

Internal
pull-up
20k

off I/ IF on on I/

Low

pISI:Edr:;ng = 15 o off Ig 15 OFF@;:‘ZZ:L
Figure 17 Example of open load detection and short to GND
7.1.6 Current sense

In normal operation (refer to Table 7) a current source is connected to IS pin to provide a current proportional to the
forward current flowing through the switch selected by SEL pin as shown in Figure 18:

Is A
[mA]
hsFauy{————————————"——"———————~—~————
-
re
s
P -
lis(cs) -
i b A -
&S~ 17
N P
\(;\\\/ - - -
o -
-~ - a‘f\
- e ©
g _
- -
~ P
- —~
-~ -
~ -
T Current Sense Error Flag
-
I Isb_xx IL A
Figure 18 Sense current vs. load current
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7.2 SPI variant

Both high-side and low-side switches are capable of detection an open load in their activated state.

To supervises the SPI communication with the microcontroller the integrated watchdog should be activated by
setting the WD_EN to 1. In each SPI command 8 clock pulses should be sent to the device. The watchdog is triggered
by the falling edge of the CS signal if the number of the SCLK is the multiples of 8 during the CS high phase. If it is not
triggered at the falling edge of the CS signal in the watchdog period, the device will reset the control byte and the
status byte. After the standby mode blanking time the MOSFETs will be switched off as shown in Figure 19.

The watchdog is activated by setting WD_EN to 1.

When the falling edge of the CS single doesn't come in the watchdog period, or the number of the SCLK pulse is not
the multiples of 8 during the CS high phase, the device will:

+  Reset the control byte to their default values
+  Setthe status byteto 0
«  Switch off the MOSFETs, and enter to standby mode when tstanpgy is expired

Note: If the CS signal stuck at high, and the watchdog is not triggered in the watchdog period, the control byte will be
reset, and the MOSFETs will be switched off while the charge pump is kept activated. A rising edge of the CS signal is
required to resume the normal operation.

When the next rising edge of the CS signal comes, the device will resume to the normal operation mode and behaves
according to the control byte sent to SDI.

Switch off MOSFETs
Enter to standby mode

L ¢Re>ume to normal operation
! i

Watchdog triggered il Watchdog triggered

v,
«~———————

< twp - WD »

Cs

>

| I Watchdog is not triggered in rwp time
o~ .
Number of SCLK pulses =8 *n (n=1,2,3 ...) e Control bylg is reset to default values
" Status byte is reset to 0
8 SCLK pulses 8 *n SCLK pulses .
| standalone configuration daisy-chain configuration | —>
| R A R | | ISTANDBY
scik | CPIIVIT RN P
; AREREEREREREREN L
e H H ! —— —>
time
. .
Figure 19 Watchdog failure

7.2.1 Undervoltage shutdown

If the supply voltage drops below Vyyy(orr) as shown in Figure 20, the device will
+  Switch off the MOSFETs actively

+  Keep the charge pump on

«  Provide no output at current sense pin

+ SetUVbitto1l

If Vs rises above Vyy(on) as shown in Figure 20, the device behaves as follows:

+  Resume normal operation

+  Clear the UV bit in the status byte

When the supply voltage rises above Vyy(on), the sense current IS will be present at the IS pin when the switch on
delay and the current sense recovery time t;s expires.
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VS A Set UV bit to 1 Clear UV bit

i VUv(HY

Vuv(on)

Vuv(oFF)

INX t

OUTx A t
dr(HSV_
\ —

\4

IS A tar(Hs) +t|sg
lis(FAULT) Cs Cs

\4

Figure 20 Timing diagram for undervoltage behavior

7.2.2 Overtemperature protection

This device is protected against overtemperature by the integrated temperature sensors. Overtemperature leads to
switch off of the output stages including the high-side and low-side switches.

If the temperature sensor reaches T;sp for a duration longer than torr, the device behaves as follows

+  Switch off both high-side and low-side MOSFETSs in dedicated half-bridge

+  Keep the charge pump on

+  Keep the switches off until the device resumes the normal operation when the junction temperature decreases
below the threshold

«  Provide /ig(auiy) @t IS pin

+  Setthe dedicate overtemperature error flag TSDx bit to 1

When the temperature drops below thermal switch on junction temperature Tjso, the device behaves as follows:
+  Resume normal operation

+ Clear TSDx bit in the status byte

7.2.3 Overcurrent protection

7.2.3.1 Short circuit of output to supply or ground

The high-side switches are protected against short to ground whereas the low-side switches are protected against
short to supply.

If the current flowing through the switch exceeds the corresponding overcurrent detection threshold /sp 4y, the device
will

+  Enterinto an overcurrent condition

Start the overcurrent shutdown filter time tyoc_xx

«  Limit the current to the current limitation /|y u

When the overcurrent shutdown is triggered, the device will

«  Latch off

«  Provide /ig(fauiy) at IS pin

«  Switch on the MOSFETSs by input pulse (PWM, INA and INB) as shown in Figure 23
+ Setdedicated OCx bitto 1
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vs
Half-bridge A Ihsx

Ium_Hs

OUTA Isp_Hs
j | short to GND

-1 |

Set OCAto 1

> i
«

tioc_Hs

short condition on high-side switch

a4

Figure 21 Short circuit between OUTA and GND to trigger overcurrent protection

VS

OUTA |

OUi

'S
) ILsx
Half-bridge A T
| hvis 4+ — — — — -
L short to supply I/LIMiLS - Isp_Ls
( Isp_ts

Set OCAto 1

«

tioc_Ls

short condition on low-side switch

a4

Figure 22 Short circuit between OUTA and VS to trigger overcurrent protection

The high-side current limitation is always higher than the low-side current limitation.

7.2.3.2 Recovery to normal operation

As shown in Figure 23 the recovery will be controlled by the input bits in the control byte.
When the input bits to switch on the MOSFET is sent to the device, it behaves as follows:

+  Recovery to normal operation
«  Switch on the related MOSFET
+  Clearthe OCx bit
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afineon

-
-

k ™

Clear QCA bit

v

L,

SEL 4

v

SEL Set OCA to

IL(LSA) /

Jum_xx
Ium_is - Isp_Ls
Isp_xx _—_—— = —_\———

N

IS
ls(faulty

Figure 23 Recovery of short circuit and overcurrent protection by input bits

7.2.4 Open load detection

In the following conditions this device provides open load detection without any external pull-down resistance, and
the error flag will be present at IS pin and OL bit in the status byte.

+ Open load at OUTA

+ Openload atOUTB

+  Shortto GND

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 hs(FauLT) 1 Short to GND
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INA=0
INB=1 |::> OUTA = Low
PWM =0 OUTB = High
SEL=1

VBAT oL=1

INA=1

INB=0 I::> OUTA = High
PWM =0 OUTB = Low
SEL=0

VBAT oL=1

M Ilq OFF
OUTA 0 OUTB

High Low

Internal
15 oFF | |puldown

ON |

orf 1

INA=0

INB=0 |::> OUTA = Low
PWM =0 OUTB = Low

SEL=1

VBAT oL=1

plunltedrzvaw/ﬁ off Ig 15 oFf
Figure 24
7.2.5 Current sense

Example of open load detection and short to GND

In normal operation (refer to Table 7) a current source is connected to IS pin to provide a current proportional to the
forward current flowing through the switch selected by SEL bit as shown in Figure 25:

Iis A
[mA]

Iis(cs)

hsFauty|——————————

Current Sense

Error Flag

I Isb_xx

Iy [A]

Figure 25

7.2.6

Sense current vs. load current

Cross current protection

The high-side and low-side MOSFEs are ensured never to be simultaneously “ON” to avoid cross currents. This is
achieved by integrating delays in the driver stage of the power outputs to create a cross current protection time
between switching off one of the MOSFETs and switching on the adjacent MOSFET within the half-bridge. The cross
current protection time, t..ss1 and teross2, @S Shown in Figure 26 and Figure 27, have been specified to ensure that the
switching slopes do not overlap with each other. This prevents a cross conduction event.
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Case 1: HS switch off delay time L’w&go ti(HS), total

VS INA
Previous State - New State j Half-bridge A H

HSA ON -> HSA OFF

Vour tatHs)  tiHs

LSA OFF - LSA OFF Vs b
OUTA

80%

AVoutx

20%

= GND >
t
Case 2: LS switch on delay time without cross current protection time ti(Ls).total
Vs Vs PWM INA=0
Previous State > New State Half-bridge A T INB=0
HSA OFF-> HSA OFF t
Vour , tars) s,
LSA OFF > LSA ON Vs b
80%
AVoutx
20%
- GND >
t
Case 3: LS switch on delay time with cross current protection time INB=0 tr(Ls),total
Vs Vs INA, PwM=1 |
Previous State - New State Half-bridge A R
HSA ON - HSA OFF t
Voura o teross + taf(Ls) tiLs
LSA OFF - LSAON
'S
80%
AVoutx
20%
= GND >
t
Figure 26 Half-bridge outputs switching times: high-side to low-side transition
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Case 1: LS switch off delay time mé z g tr(Ls),total
i Vs Vs PWM A SEL=0
Previous State > New State Half-bridge A T
HSA OFF > HSA OFF t
Voura A tarLs)  trLs
LSAON - LSA OFF Vs
80%
AVoutx
20%
— GND >
t
Case 2: HS switch on delay time without cross current protection time INA=1 tr(HS),total
INB PWM =1
Previous State > New State Vs T SEL=0
T Half-bridge A >
HSA OFF > HSA ON t
Voun tar(Hs) tr(Hs
LSA OFF - LSA OFF Vs
OUTA
80%
AVoutx
20%
— — GND >
- t
tr(Hs),total
INA INB=1
T SEL=0
Case 3: HS switch on delay time with cross current protection time 1 >
Previous State > New State vs PWM
Half-bridge A "7
HSA OFF - HSA ON ! : >
LSAON - LSA OFF C oUTA VouTa A teross + tar(HS) tr(Hs|
'S
L
80%
-
[y AVourtx
—
= — 20%
GND >
t
Figure 27 Half-bridge outputs switching times: low-side to high-side transition
. . .
7.3 Electrical characteristics
Table 13 Electrical characteristics

Vs=7Vto 18V, T;=-40°C to 150°C, all voltages with respect to ground, positive current flowing into pin (unless
otherwise specified)

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

Switch onvoltage | Vyy(on) - - 5.0 v Vsincreasing P_PRO_01_01

Switch off voltage | Vyy(orr) 3.0 - 4.5 v Vs decreasing P_PRO_01_02

On/off hysteresis Vuviry) - 0.4 - v - P_PRO_01_03

(table continues...)
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Table 13 (continued) Electrical characteristics

Vs=7Vto 18V, T;=-40°C to 150°C, all voltages with respect to ground, positive current flowing into pin (unless

otherwise specified)

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

Current sense tis 1 4 10 uS - P_PRO_01_04
recovery time
VS poweronreset | Vs por 3.8 - - Vs increasing P_PRO_01_28
VS power off reset | Vs porrr - 2.0 Vs decreasing P_PRO_01_29
VS power on / off VS_POR_HY - 0.02 - VS_POR - VS_POFFR P_PRO_01_30
hysteresis
Thermal shutdown
Thermal shutdown | Tjsp 155 175 200 °C - P_PRO_01_05
junction
temperature
Thermal switch on Tiso 150 - 190 °C - P_PRO_01 06
junction
temperature
Thermal hysteresis | AT - 12 - K - P_PRO_01 07
Overcurrent shutdown
HS/LS overcurrent | /sp ns 16 22 27 A - P_PRO_01_09
detection threshold Isp_Ls
HS/LS current ILM_Hs 20 30 43 A - P_PRO_01_10
limitation IiM Ls
HS/LS overcurrent | tyoc Hs 5 7 11 ps - P_PRO_01_11
shutdown filter taoc Ls
time N
Open load detection
Open load loLp 2.5 4 5.5 mA | Input patterns: P_PRO_01_12
detection current INA=1,INB=0,

PWM =0, SEL=0;

INA=0,INB=1,

PWM =0, SEL=0;
Open load to oL 8.5 - - Hs Input patterns: P_PRO_01_13
detection filter time INA=1,INB=0,

PWM =0, SEL=0;

INA=0,INB=1,

PWM =0, SEL = 1;

INA=0,INB=0,

PWM=0,SEL=1

(table continues...)
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Table 13 (continued) Electrical characteristics

Vs=7Vto 18V, T;=-40°C to 150°C, all voltages with respect to ground, positive current flowing into pin (unless

otherwise specified)

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

Short to ground Vstg 0.7 - 1.25 Vv - P_PRO_01 27

detection voltage

Current sense

High-side current | Kilis1(HS) 4300 |4900 |5500 |- lout=5A P_PRO_01_14

sense ratio

High-side current | Kilis2(HS) 2600 |4800 |7200 |- lour=0.8A P_PRO_01_15

sense ratio

Low-side current Kilis1(LS) 4300 |4900 |[5500 |- loyur=5A P_PRO_01_16

sense ratio

Low-side current Kilis2(LS) 3200 |6000 |8800 |- lour=0.8A P_PRO_01_17

sense ratio

Max. analog sense | /i5cs) - - 5.5 mA | In normal operation P_PRO_01_18

current condition

Error sense current | /igraurT) 5.9 7.2 8.6 mA | In fault condition P_PRO_01_19

Timing

Input reset time for | tgst Hs 300 - - ns Viny=5Vto 0V, P_PRO_01_20

HS latched faults HSX is in fault condition

Input reset time for | trst |5 300 - - ns Vewm=5Vto0V; P_PRO_01_21

LS latched faults LSX is in fault condition

Standby mode tstandby - - 50 us - P_PRO_01_22

blanking time

Current sense blank | tis g1k 1.5 - 10 us I;s from 0 to 40%; P_PRO_01_23

time for slow slew Rioad = 5.6 Q;

rate Vs=13.5V

Current sense blank | tjs gk 1.0 - 8.5 us I,s from 0 to 40%; P_PRO_01_24

time for fast slew Rioad = 5.6 Q;

rate Vs=13.5V

Recovery time from | toc 7 - 25 ps - P_PRO_01_25

latched fault

Watchdog period twp - 65 - ms |- P_PRO_01_26
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8 Serial peripheral interface - SPI

8.1 SPI description

The control input word is read via the serial data input pin SDI, which is synchronized with the clock input SCLK
provided by microcontroller. The output word appears synchronously at the serial data output pin SDO, see Figure 28.

The transmission cycle begins when the chip is selected by the input CS (chip select), active high. After the CS input
returns from high to low, the word that has been read is interpreted according to the content. The SDO output
switches to tristate status (high impedance) at this point, thereby releasing the SDO bus. The state of SDI is shifted
into the input flip-flop with every falling edge on SCLK. The state of SDO is shifted out after every rising edge on SCLK.
The SPI of the device is daisy chain capable.

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 transferred to output functions
|
SRSRERERSRERE UL,
] | time
[ |
} i Actual data LSB i New data
|
|

| T : time

|
MSB | Actual status LSB

SDO

SDO will change state on the rising edge of SCLK signal

Figure 28 SPI data transfer timing

A SPI communication consists of 8-bit frames as shown in Figure 29:

+  SDIreceives the data byte

« IfSDO_SEL =0, SDO transmits the global error flag and the Control byte
« IfSDO_SEL =1, SDO transmits the global error flag and the Status byte
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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 |wWD_EN
SDO MSB Control Byte LSB
SDOSEL=01 7 | 6 [ 5 | 4 |3 | 2|10
SDO_ SEN_
SEL INA | INB [PWM| SEL EN SR |[WD_EN
MSB Status Byte LSB

SDO_SEL=1] 7 6 5 4 3 2 1 0

SDO_
SEL

OCA|OCB| OL | UV [TSDA|TSDB|wD_EN

Time

\

f

MSB is sent first in SPI message

Figure 29 SPl response

8.2 Global error flag
The global error flag (GEF) bit is reported on SDO between the CS rising edge and the first SCLK rising edge.

With global error flag the device is possible to have a quick diagnostic without any SPI clock pulse in following
conditions:

+  Overcurrent of half-bridge A
+  Overcurrent of half-bridge B
« Openload

+ Undervoltage

+  Thermal shut down
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cS I I
: : time
0 | |
SCLK : :
: : time
| |
soi O | |
| | »
: : time
: | | .
High | d High | d
SDO R e C s I/ Global Error Flag \' S URLLCICS
AN /7 >
' ' time
| |
Figure 30 Global error flag - Diagnostic with 0 - clock cycle
8.3 Control byte

The control byte is sent to the device via SDI pin:
+  Watchdog enable (Enable bit):
- WD_EN s set to 0 to deactivate the watchdog (default)
- WD_EN s setto 1 to activate the watchdog
«  Slew rate selection (SR bit):
- SRissetto1to select the fast slew rate level
- SRissetto 0 to select the slow slew rate level (default)
«  Current sense enable (SEN_EN bit):
- SEN_ENissetto 1to enable the current sense
- SEN_ENis setto 0 to disable the current sense (default)
«  Current sense select (SEL bit):
- SELisset to 1to provide the sensing current of half-bridge A at IS pin
- SELissetto 0 to provide the sensing current of half-bridge B at IS pin (default)

- Combine with other input bits the error flags of open load and short to GND are provided to the IS pin (refer
to Table 7)

+  PWM (PWM bit): Combine with INA, INB and SEL bit to select the operative mode (refer to Table 7)
« INB (OCB bit): Combine with INA, SEL and PWM bit to select the operative mode (refer to Table 7)
+ INA(OCA bit): Combine with INB, SEL and PWM bit to select the operative mode (refer to Table 7)
« Read out byte select (SDO_SEL bit):

- SDO_SEL isset to 1to read out the status byte at SDO pin

- SDO_SEL is set to 0 to read out the control byte at SDO pin (default)

8.4 Status byte

The SDO shifts out the status register during the SCLK cycles to provide an overview of the device status shown in
Table 14 as following:

+  Watchdog status of the device (WD_EN bit): activated or deactivated watchdog

+  Thermal shut down (TSDB bit): overtemperature shutdown of half-bridge B
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«  Thermal shut down (TSDA bit): overtemperature shutdown of half-bridge A

+ Undervoltage of VS (UV bit): VS undervoltage shutdown

« Open load (OL bit): open load detection

+  Overcurrent of half-bridge B (OCB bit): overcurrent protection of half-bridge B
«  Overcurrent of half-bridge A (OCA bit): overcurrent protection of half-bridge A
+ Read out byte (SDO_SEL bit): control byte or status byte

Note: The global error flag is a logic OR combination of error flags in the status byte: GEF = (TSDB) OR (TSDA) OR
(UV) OR (OL) OR (OCB) OR (OCA).
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 1
Thermal shut down of half-bridge B | TSDB=1 1
Undervoltage of VS uv=1 1
Open load OoL=1 1
Overcurrent of half-bridge A OCA=1 1
Overcurrent of half-bridge B 0CB=1 1
No error TSD=0 0
uv=0
OL=0
OCA=0
OCB=0
8.5 SPI timing

To ensure a correct SPI communication, the following conditions have to be fulfilled:

«  SCLK must be low for a minimum tggp before CS rising edge and tieaq OF tieag en after CS rising edge
+  SCLK must be low for a minimum t,5 before CS falling edge and tggy after CS falling edge

tBer tfwakeup tea

twakeup is needed when the device is in standby mode
twakeup is not needed when the device is in normal operation mode tag

tesL

CS

Vesiy + 0.2V

Ves -0.2V

SCLK

Vsciim + 0.2V

Vs - 0.2V

VsoiHy + 0.2 V

SDI

Vsoiy - 0.2V

<>
d tocLi
tscLkH tscLkL
N\ /
N p—
'SDI_setup tsDO_hold
K
Vs b .
) X
v N 7\
tenspo tvaspo toisspp
<> <> <—
\, \XI \XI
7 7\ 7\

SDO

0.8Vop_ext

0.2Voo_ext

3.0V < Vopexr<55V
SDO is connected to a pull up resistance of 2.2 k

Figure 31
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8.6 Daisy chain

In daisy chain configuration the SDO pin of the microcontroller is connected to a slave SDI. The first slave SDO is
connected to the next slave SDI in the chain. The SDO of the final device in the chain is connected to the SDI pin of the
microcontroller. In daisy chain configuration, the microcontroller SCLK is connected to all the slave CS inputs as
shown in Figure 32.

In the daisy chain an external VDDIO supply and a pull-up resistance is needed to drive the push-pull stage of the SDO
pins. For the last device in the daisy chain no external resistance is required if the microcontroller has an internal pull-
up resistance connected to it's SDI pin.

The pull-up resistor needs to be adjusted
VDD_EXT based on the required max. SPI frequency.
D s
500Q-2kQ 500Q-2kQ 500Q-2kQ
Microcontroller
VDDIO H H
BTM9021EP BTM9021EP BTM9021EP
Device 1 Device 2 Device 3
SDI1 SDO1| SDI2 SDO2 | SDI3 SDO3
SDO [1— —e— 1+ ¢ — ¢
RE AE gl 1%
O O © O
%] D %]
CS 3 >
SCLK >
SDI
Figure 32 Daisy chain configuration with three BTM9021EP devices

The BTM9021EP operates as a 8-bit shift register. The microcontroller must send the data bytes in reverse order as
shown in Figure 33:

«  The data byte for the device 3 is sent first.

+  Then data byte for the device 2 is sent.

«  Then data byte for the device 1is sent.

The SDI of the microcontroller, which is connected to SDO of the last device in the daisy chain, receives:

+ Alogic OR combination of all Global Error Flags (GEF) at the beginning of the SPI frame, between CS rising edge
and the first SCLK rising edge.

«  The status byte or the control byte of each BTM9021EP in reverse order: The status byte 3 or the control byte 3
corresponding to the device 3 is received first, followed by the status byte 2 or the control byte 2 corresponding to
the device 2, and finally the status byte 1 or the control byte 1 corresponding to the device 1 is received.
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SCLK 8 CLOCK CYCLES 8 CLOCK CYLES 8 CLOCK CYCLES
o £ X X \ :
| |
CS 1 1 i 1 _
I ! ; o
- |
| |
MCUSDO=SDIt | o A X opamaz X pamat —
| ! . N | o
| | \‘ \\ |
| | . \
SDI2 = SDO1 <_}<_Sl-l_m_}‘{ 3 i
- | atus byte or
\ GEF1 1 Copntrol Bvte 1 X DATA 2 )‘ >
I S K |
| | (N . |
I ! AN . I
SDI3 =SD0O2 i } y N i
= (W )‘( Status Byte 2 or )( Status Byte 1 or )( )\
| GEF1/2 \_Control Bvte 2 Control Byte 1 i -
i i \\\ \‘\ i
MCU SDI = SDO3 (= X— ngﬁwmi'?ﬁmmi
GEF1/2/ Control Byte 2 Control Bvte 1 -
Time _
. 8-bit shift register
4
Figure 33 SPI frame in daisy chain configuration with three BTM9021EP devices
8.7 Electrical characteristics SPI
Table 15 SPI electrical characteristics

Vs=7Vto 18V, T;=-40°C to 150°C, all voltages with respect to ground, positive current flowing into pin (unless
otherwise specified)

Parameter Symbol Values Unit | Note or condition P-Number

Min. | Typ. | Max.

SPI frequency

Maximum SPI fSpimax - - 4 MHz |- P_SPI_01_01
frequency

Delay from CS rising edge to first rising edge of SCLK

SPlinterface wake- | twakeup - - 20 us - P_SPI_01_02
up time

SPl interface (SDI, SCLK, CS)

Pull down resistor | Rcs, Rpp_spis 100 250 300 kQ |- P_SPI_01_07
at pln CS, SDl and RPD_SCLK’

SCLK

(table continues...)
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Table 15

(continued) SPI electrical characteristics
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Vs=7Vto 18V, T;=-40°C to 150°C, all voltages with respect to ground, positive current flowing into pin (unless

otherwise specified)

Parameter Symbol Values Unit | Note or condition P-Number
Min. | Typ. | Max.
Input capacitance | ( - - 15 pF - P_SPI1_01_08
at pin CS, SDl and
SCLK
Input interface, logic outputs MISO
ngh OUtpUt voltage VSDO(H) VDD_EX - - \Y RPULL_UP =2.2 kQ, P_SP|_01_09
level 1-0.4 Vop_ext =5V
Low output voltage | Vspo() - - 0.6 v RpuLL_up = 2.2 kQ; P_SPI_01_10
level Vop_ext =5V
Tri-state leakage ISDOLK -10 - 10 H.A VCS = VDD_EXT; P_SP'_Ol_ll
current 0V <Vspo < Vpbp_xs
RpyLL_pown =200 kQ
Tri-state input Cspo - - 15 pF - P_SPI_01_12
capacitance
Data input timing
SCLK period tpcLk 250 - - ns - P_SPI_01_13
SCLK hlgh time tSCLKH 045* |- 0.55* |ns - P_SP|_01_14
theLk tocLk
SCLK low time tscLkL 045* |- 0.55* |ns - P_SPI_01_15
thcLk tocLk
SCLK low before CS | tggr 125 - - ns - P_SPI_01_16
high
CS setup time tlead 250 - - ns - P_SPI_01_17
SCLK setup time tiag 250 - - ns - P_SPI1_01_18
SCLK low after CS | tgen 125 - - ns - P_SPI_01_19
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 rise tan - - 50 ns - P_SPI_01_22
time at pin SDI,
SCLK, CS
Input signal fall tan - - 50 ns - P_SPI_01_23
time at pin SDI,
SCLK, CS
Minimum CS low tesL 4 - - us - P_SPI_01_24

time

(table continues...)
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Table 15

(continued) SPI electrical characteristics
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Vs=7Vto 18V, T;=-40°C to 150°C, all voltages with respect to ground, positive current flowing into pin (unless

otherwise specified)

Parameter Symbol Values Unit | Note or condition P-Number
Min. | Typ. | Max.
GEF valid time tGEF VAL - - 250* |ns n =no. of devicesinthe |P_SPI_01_30
n same daisy chain;
Data output timing
SDO rise time trspo - 50 250 ns Cload = 50 pF; P_SPI_01_25
Rpullup =2.2 k.Q,
Max. values depends
on Rpullup
SDO fall time tispo - 50 110 ns Cload =50 pF; P_SPI_01_26
Rpullup =2.2kQ
SDO enable time teNsDO - - 80 ns - P_SPI_01_27
after CSrising edge
SDO disable time tbisspo - - 200 ns - P_SPI_01_28
after CS
SDO valid time for tvaspo - - 110 ns Vspo <0.2 * VDD_EXTa P_SPI_01_29

VDD_EXT=5V

Vspo > 0.8 * Vpp_gxt
Cload =50 pF
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9 Application Information

The following simplified application figure is given as a hint for the implementation of the device only and should not
be regarded as a description or warranty of a certain functionality, condition or quality of the device. The function of
the described circuits must be verified in the applications.

Reverse polarity Veat
protection

Microcontroller

AD /O /0 1/0 1/o :I:CDC LINK

BTM9020EP Vs

HSA

[ ]
L

OUTA

[
L

ouTB

Figure 34 Application figure of BTM9020EP
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Vob_ext

« The pull up resistor needs to be adjusted based on the required max. SPI frequency.
« No pull up resistance is needed for the last device in the daisy chain in the SDI pin of

the microcontroller has the internal pull up resistance.

O

Vear

Reverse polarity

protection

VDDIOégi

L1

EDQUNK Cvs

74
>

[Jree

-]
'5 EDC,\.\NK Cvs
(e} v

V.

ICDC,L\NK Cvs

v
>
Rpull_up "
I
|
i
i
I
I

—— - ,,D,
o =1
z 8 =
5 ©| 3

a
I

1 Rounl_up
L

l Rem
Cis E Ris

Figure 35
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10 Package
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All dimensions are in units mm

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.

The drawing is in compliance with ISO 128-30, Projection Method 1 [»E}@r]

Figure 36 Package dimension
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Table 16

Revision history
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