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L9953
L9953XP

Door actuator driver

Features

m  One full bridge for 6A load (Ry,=150mQ)

m Three half bridges for 1.5A load (R,,=800mQ)
= One highside driver for 6A load (Ry,=100m&)
= Two highside drivers for 1.5A load (R,,=800mQ)

m Programmable softstart function to drive loads
with higher inrush currents (i.e. current >6A,

PowerSO-36

PowerSSO-36

>1.5A)

Very low current consumption in stand-by
mode (ls < 6pA typ; Tj< 85 °C)

All outputs short circuit protected

Current monitor output for highside OUT1,
OUT4, OUT5 and OUT8

All outputs over temperature protected
Open load diagnostic for all outputs
Overload diagnostic for all outputs
Separated half bridges for door lock motor
PWM control of all outputs

Charge pump output for reverse polarity
protection

Applications

m Door actuator driver with bridges for door lock ,
mirror axis control, mirror fold and highside
driver for mirror defroster and two 10W-light
bulbs.

Description

The L9953 and L9953 XP are microcontroller
driven multifunctional door actuator driver for
automotive applications. Up to three DC motors
and three grounded resistive loads can be driven
with five half bridges and three highside drivers.
The integrated standard serial peripheral interface
(SPI) controls all operation modes (forward,
reverse, brake and high impedance). All
diagnostic informations are available via SPI.

Table 1. Device summary
Order codes
Package
Tube Tape and reel
PowerSO-36 L9953 L9953TR
PowerSSO-36 L9953XP L9953XPTR

September 2013

Doc ID 14278 Rev 4

1/38

www.st.com



Contents L9953 / L9953 XP

Contents

1 Block diagram and pin description ................. ... .. ... 6

2 Electrical specifications .............. ... i 9
2.1 Absolute maximum ratings . . ... . 9
2.2 ESD protection . . ... .. 9
23 Thermaldata .......... ... 9
2.4 Electrical characteristics . . ... .. ..o 10
2.5  SPI - electrical characteristics ........... ... ... ... . ... 14

3 Application information ............. ... . i 19
3.1 Dual power supply: VSand VCC .......... .. .. .. 19
3.2 Standby mode ... ... 19
3.3 Inductive loads . ... ... e 19
3.4 Diagnostic functions . ... . 19
3.5  Overvoltage and under voltage detection . . ........... ... ... .... 20
3.6 Charge pump . ... 20
3.7  Temperature warning and thermal shutdown . ..................... 20
3.8 Openloaddetection ......... ... e 20
3.9 Overloaddetection ......... ... .. 20
3.10  Current monitor ... ... e 21
341 PWMINpUES ..o 21
3.12 Cross-currentprotection . ... . 21

3.13 Programmable softstart function to drive loads with higher inrush current 21

4 Functional descriptionofthe SPI ............. ... ... .. ... 23
41 Serial Peripheral Interface (SPI) . .. ... . 23
42 ChipSelect Not (CSN) .. ... e 23
43 SerialDataln (DI) ... ..o 23
4.4 Serial Data Out (DO) . ... . 24
4.5 Serial clock (CLK) . . ..o 24
4.6 Input data register . ....... . 24
4.7  Statusregister .. ... . 24

2/38 Doc ID 14278 Rev 4 IYI




L9953 / L9953 XP Contents

4.8 Scanmode . ... 24
4.9 Testmode . . ... 25
410 SPI-inputdata and Statusregisters ........... ... ... .. ... .. ... 26
Packagesthermaldata ................ ... . i, 30
Package and packing information ................... ... ... ..., 31
6.1  ECOPACK® Packages ... .........ouueiuuoai . 31
6.2 PowerSO-36™ package information . .............. ... . ... ..., 31
6.3 PowerSSO-36™ package information ........................... 33
6.4 PowerSO-36™ packing information . .............. ... .. ... ... ... 34
6.5 PowerSSO-36™ packing information . . ............. ... ... .. ... 36
Revision history .......... ...t i i i 37

Doc ID 14278 Rev 4 3/38




List of tables L9953 / L9953XP

List of tables

Table 1.
Table 2.
Table 3.
Table 4.
Table 5.
Table 6.
Table 7.
Table 8.
Table 9.

Table 10.
Table 11.
Table 12.
Table 13.
Table 14.
Table 15.
Table 16.
Table 17.
Table 18.
Table 19.
Table 20.
Table 21.
Table 22.
Table 23.

4/38

DEVICE SUMMIAIY . . . oottt e e e e e e 1
Pin definitions and functions. . . . ... ... 6
Absolute maximum ratings . . .. ... o e 9
ESD protection . .. ... e 9
Operating junction temperature . .. ... e 9
Temperature warning and thermal shutdown . .. ... ... ... ... . ... . .. 10
SUPPIY . ottt e 10
Overvoltage and under voltage detection. . . ........ ... i 11
Current monitor OUIPUL . . .. oo e 11
Charge pump OUpUL. . . . oo e 11
OUTT - OUT 8 . . e e e e 12
Delay time from standby to active mode. . .. ... .. .. . .. 14
Inputs: CSN, CLK, PWM1/2and DI . ... .. o e 14
DI tIMING . et e e 14
DO 15
DO tIMING . . ottt e 15
CON tIMING . ..t e e 15
TeStMOE. . ..o 25
SPI - input data and Status registers 0. . ... ... ... 26
SPI - input data and status registers 1 .. ... ... . 28
PowerSO-36™ mechanicaldata ........... ... . i 32
PowerSSO-36™ mechanicaldata . .......... .. . . i 33
Document revision history . . ... ... e 37

4

Doc ID 14278 Rev 4




L9953 / L9953XP List of figures

List of figures

Figure 1.
Figure 2.
Figure 3.
Figure 4.
Figure 5.
Figure 6.
Figure 7.
Figure 8.
Figure 9.

Figure 10.
Figure 11.
Figure 12.
Figure 13.
Figure 14.
Figure 15.
Figure 16.

Block diagram . . .. ... e 6
Configuration diagram (IOp VIEW) . . . ..ot 8
SPI -transfer timing diagram . . ... ... 16
SPI-input timing . . ..o e 16
SPI - DO valid data delay time and validtime ........... ... ... .. ... ... .. ...... 17
SPI-DO enable and disable time ........ ... ... . . . i 17
SPI - driver turn-on/off timing, minimum CSN hitime. . .............. ... ... ..... 18
SPI - timing of status bit O (fault condition) . . ........ ... ... . .. . . 18
Example of programmable softstart function for inductive loads .................... 22
Packagesthermaldata. ... ... 30
PowerSO-36™ package dimensions . .. ... i 31
PowerSSO-36™ package dimensions . . . .. ... . 33
PowerSO-36™ tube shipment (no suffix) . .. ... 34
PowerSO-36™ tape and reel shipment (suffix “TR”) . ....... .. .. i .. 35
PowerSSO-36™ tube shipment (no suffix). . ... .. i i 36
PowerSSO-36™ tape and reel shipment (suffix “TR”) ......... .. ... .. ... 36

Doc ID 14278 Rev 4 5/38




Block diagram and pin description

L9953 / L9953XP

6/38

Block diagram and pin description

Figure 1. Block diagram
Vear Reverse Polarity
> Protection * Note:Value of capacitor has to be choosen carefully to limitthe VS voltage below absolute
~ maximum ratings in case of an unexpected freewheeling condition (e.g. TSD, POR)
vg— VS
vee CPhuanl;gpe —‘ > J::: Mirror Common
—‘} » Mirror Vertical
.lz —‘ D ours Mirror Horizontal
8 g ouT4
£ b 4{ ouTs Lock / Folder
= £
g ‘# IOUTG ® }
5 ouT?
5 & |
T
uc ouTs D
g LT efroster
T
.. PWM2/CM :] MUX 7
END
** Note: Resistors between pC and L9953 are recommended to limit currents
fornegative voltage transients at VBAT (e.g. ISO type 1 pulse)
Table 2. Pin definitions and functions
Pin Symbol Function
Ground:
1.18. 19 36 GND Reference potential
T Important: for the capability of driving the full current at the outputs all
pins of GND must be externally connected.
Highside driver output 8
The output is built by a highside switch and is intended for resistive
loads, hence the internal reverse diode from GND to the output is
missing. For ESD reason a diode to GND is present but the energy
5 35 ouT8 which can be dissipated is limited. The highside driver is a power
’ DMOS transistor with an internal parasitic reverse diode from the
output to VS (bulk-drain-diode). The output is over-current and open
load protected.
Important: for the capability of driving the full current at the outputs both
pins of OUT8 must be externally connected.
Half-bridge-output 1,2,3
3 OUTH The output is built by a highside and a lowside switch, which are
4 ouT? internally connected. The output stage of both switches is a power
5 oUT3 DMOS transistor. Each driver has an internal parasitic reverse diode
(bulk-drain-diode: highside driver from output to VS, lowside driver from
GND to output). This output is over-current and open load protected.
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Block diagram and pin description

Table 2.

Pin definitions and functions (continued)

Pin

Symbol

Function

6,7, 14, 15,
23, 25, 28, 32

VS

Power supply voltage (external reverse protection required)

For this input a ceramic capacitor as close as possible to GND is
recommended.

Important: for the capability of driving the full current at the outputs all
pins of VS must be externally connected.

DI

Serial data input

The input requires CMOS logic levels and receives serial data from the
microcontroller. The data is an 24bit control word and the least
significant bit (LSB, bit 0) is transferred first.

CM/PWM2

Current monitor output/PWM2 input

Depending on the selected multiplexer bits of Input Data Register this
output sources an image of the instant current through the
corresponding highside driver with a ratio of 1/10.000. This pin is
bidirectional. The microcontroller can overdrive the current monitor
signal to provide a second PWM input for the output OUT?7.

10

CSN

Chip select not input / test mode

This input is low active and requires CMOS logic levels. The serial data
transfer between L9953 and micro controller is enabled by pulling the
input CSN to low level. If an input voltage of more than 7.5V is applied
to CSN pin the L9953 will be switched into a test mode.

11

DO

Serial data output

The diagnosis data is available via the SPI and this tristate-output. The
output will remain in tristate, if the chip is not selected by the input CSN
(CSN = high)

12

VCC

Logic supply voltage
For this input a ceramic capacitor as close as possible to GND is
recommended.

13

CLK

Serial clock input

This input controls the internal shift register of the SPI and requires
CMOS logic levels.

16,17, 20,21,

ouT4
OouT5

Half-bridge-output 4,5: see OUT1 (pin 3).
Important: for the capability of driving the full current at the outputs both
pins of OUT4 (OUTS5, respectively) must be externally connected.

26

CP

Charge pump output
This output is provided to drive the gate of an external n-channel power
MOS used for reverse polarity protection

27

PWM1

PWM1 input:

This input signal can be used to control the drivers OUT1-OUT6 and
OUT8 by an external PWM signal.
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Table 2. Pin definitions and functions (continued)
Pin Symbol Function
Highside driver output 6,7:
Each output is built by a highside switch and is intended for resistive
loads, hence the internal reverse diode from GND to the output is
31 OUT6, | missing. For ESD reason a diode to GND is present but the energy
33 OUT7 | which can be dissipated is limited. Each highside driver is a power
DMOS transistor with an internal parasitic reverse diode from each
output to VS (bulk-drain-diode). Each output is over-current and open
load protected.
22,24, 29, .
30, 34 NC Not connected pins.
Figure 2. Configuration diagram (top view)
O
GND 1 [ | ] 36 GND
outg 2 [ ] ] 35 OUT8
OUT1 3 ] 34 NC
ouT2 4 ] 33 OUT?
OuUT3 5 [ ] ] 32 Vs
Vs 6 [ | ] 31 OUT6
Vs 7 30 NC
DI 8 [ PowerS0O-36 26 NG
CM/PWM2 9 28 Vs
CSN10 PowerSSO-36 ] 27 PWMT
DO 11 26 CP
Veci12 [ | 1 25 Vs
CLK 13 24 NC
Vs 14 23 Vs
Vs 15 22 NC
OuUT416 [ | ] 21 OUT5
OouT4 17 20 OUT5
GND 18 19 GND

8/38
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Electrical specifications

2

2.1

2.2

2.3

Electrical specifications

Absolute maximum ratings

Stressing the device above the rating listed in the “Absolute maximum ratings” table may
cause permanent damage to the device. These are stress ratings only and operation of the
device at these or any other conditions above those indicated in the operating sections of

this specification is not implied. Exposure to absolute maximum rating conditions for

extended periods may affect device reliability. Refer also to the STMicroelectronics SURE

Program and other relevant quality document

Table 3. Absolute maximum ratings
Symbol Parameter Value Unit
v DC supply voltage -0.3 t028 \"
S Single pulse t,¢ < 400ms 40 \Y
Vee Stabilized supply voltage, logic supply -0.3t0 5.5 \
Vo, Vpo V
DI> ¥DO, ¥CLK Digital input / output voltage -0.3t0 Vg + 0.3 Y
VCSN, prm1
Ve Current monitor output -0.3to Vg + 0.3 v
Vep Charge pump output -25to Vg + 11 \
louT1,236.7 Output current 15 A
louTass Output current +10 A
ESD protection
Table 4. ESD protection
Parameter Value Unit
All pins +2(1) kV
Output pins: OUT1 - OUT8 +8(@) kV
1. HBM according to MIL 883C, Method 3015.7 or EIA/JJESD22-A114-A.
2. HBM with all unzapped pins grounded.
Thermal data
Table 5. Operating junction temperature
Symbol Parameter Value Unit
T; Operating junction temperature -40 to 150 °C
Doc ID 14278 Rev 4 9/38
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L9953 / L9953XP

Table 6. Temperature warning and thermal shutdown

Symbol Parameter Min. | Typ. | Max. | Unit
: Temperature warning threshold junction : o

Tirw on temperature Tj 130 150 | °C

Thermal shutdown threshold junction T o

TispoN : : 170 C
I temperature increasing

T Thermal shutdown threshold junction T; 150 oC
ISD OFF | temperature decreasing

Tisp Hys | Thermal shutdown hysteresis 5 °K

24

Electrical characteristics
Vs =810 16V, Voo =4.5105.3V, T; = - 40 to 150°C, unless otherwise specified.

The voltages are referred to GND and currents are assumed positive, when the current
flows into the pin.

Table 7. Supply
Symbol Parameter Test condition Min. | Typ. | Max. | Unit
Vs Operating supply voltage 7 o8 Vv
range
Vg =16V, Vg = 5.3V
Vg DC supply current active mode 7 20 mA
OUT1 - OUTS8 floating
| Vg =16V, Vgg = 0V
S
it
standby mode . 4 12 UA
Vg quiescent supply current |OUT1 - OUT8 floating
Tiest = -40°C, 25°C
Tiest = 85°C() 6 25 | upA
Vg =16V, Vg = 5.3V
Ve DC I t 1 3 A
cc SUpRly curren CSN = V¢ , active mode m
lcc v _ t | Vg =16V, Vg = 5.3V
. uCrCr?e‘r‘]‘t"esce” SUPRlY CSN = Vg standby mode 25 | 50 | pA
OUT1 - OUTS8 floating
Vg =16V, Voo = 5.3V
s ) | CSN = Vg
ls+ loe cErTeﬂtwescent supply standby mode 50 | 100 | pA
OUT1 - OUTS8 floating
Tiest = 130°C
1. Guaranteed by design.
10/38 Doc ID 14278 Rev 4 1S7]
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Electrical specifications

Table 8. Overvoltage and under voltage detection
Symbol Parameter Test condition Min. | Typ. | Max | Unit
Vsuvon | VS UV-threshold voltage Vg increasing 5.7 7.2 v
Vsuv orr | VS UV-threshold voltage Vg decreasing 5.5 6.9 v
Vsuv hyst | VS UV-hysteresis Vsuv oN - Vsuv oFr 0.5 v
Vsov ore | VS OV-threshold voltage Vg increasing 18 245 | V
Vsov on | VS OV-threshold voltage Vg decreasing 17.5 235 | V
Vsov hyst | VS OV-hysteresis Vsov off - Vsov oN 1 v
Vpor orr | Power-On-reset threshold | V¢ increasing 4.4 v
Vpor on | Power-On-reset threshold | V¢ decreasing 3.1 v
VpPOR hyst | Power-On-reset hysteresis | VpoR oFr - VPoOR oN 0.3 \Y
Table 9. Current monitor output
Symbol Parameter Test condition Min. | Typ. Max | Unit
Vem | Functional voltage range | Vg =5V 0 4 \
Current monitor output ]
lom,, | ratios 0V <Vgy <4V, VCC=5V T5.005 -
lom/ lout1,4,5,8
0V<Vey<3.8y,
IcMace | Current monitor accuracy :/oi?r:ai\i ?X"mi”=500mA’ {‘:Z"F’é 28°ng -
(FS = full scale= 600uA)
Table 10. Charge pump output
Symbol Parameter Test condition Min. Typ. Max Unit
Vs=8V, Igp=-60pA Vg+6 Vg+13| V
Vgp S:lf‘;gee pump output Vg=10V, Icp= -80uA | Vg+8 Vg+13| V
Vg =12V, Igp = -100pA | Vg+10 Vg+13| V
Icp Sl:‘r?;%f pump output Vgp = Vg+10V, Vg =135V| 95 | 150 | 300 | pA
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Electrical specifications L9953 / L9953XP
Table 11. OUT1 - OUTS8
Symbol Parameter Test condition Min. Typ. Max Unit
Vg=13.8Y, Tj =25°C,
800 1100 mQ
rrON OUT1, | On-resistance to supply | lout1,2,3=+0.8A
ONOUTZ | or GND Vg =135V, Tj=125°C
rON OUT3 | ST +’018‘A ’ 1250 | 1700 | mQ
outt,23=*U.
Vg=135V,Tj=25°
s=135V, Tj=25°C, 150 | 200 | mQ
fonouT4, | On-resistance to supply | loutas=+3 A
roN ouTs |or GND Vg=135V, T;=125°
=185V, Tj=125°C, 225 | 300 | mQ
loutas=+3 A
VS =135V, T, =25 °C,
| __0 SjA 500 700 mQ
rrON OUTS. | On-resistance to supply \/OUTG:I; 5V.T PP
ON OUT7 =13. = °C,
S = 700 | 950 | mQ
loute,7=-08 A
Vg=135V,Tj=25°
s=18.5V.Tj=25°C, 100 | 150 | mQ
r On-resistance to supply lours =3 A
ON OUT8 -
Vg=135V,Tj=125°
=135V, Tj=125°C, 150 | 200 | mQ
lourg=-3 A
louT
Output current limitation
lout2 | g GpND Source, Vg=13.5 V -3.0 15 | A
louts
louT
Output current limitation : _
louT2 |15 supply Sink, Vg=13.5 V 15 3.0 A
louTs
lout4 | Output current limitation
ouTs |10 GND Source, Vg=13.5V -10.5 -6 A
| o
out4 | Output current limitation Sink, Vg=13.5 V 6 105 A
louts | to supply
loute | Output current limitation
oury |10 GND Source, Vg=13.5V -3.0 -15 A
Output current limitation : i i
louTs to GND Source, Vg=13.5V 10.5 6 A
_ Vg=13.5V,
Output delay time, . .
td oN H highF;ide dri\)//er on corresponding lowside 20 40 80 us
driver is not active
Output delay time, _
'WOFFH | highside driver off V=135V S0 | 150 ) 300 | ps
. Vg=13.5V,
Output delay time, . o
WWONL | |owside driver on corresponding highside 15 30 70 us
driver is not active
Output delay time,
t4OFF L Iowg)i o drivi;r of Vg=13.5V 60 | 100 | 200 | s

12/38
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Electrical specifications

Table 11. OUT1 - OUT8 (continued)
Symbol Parameter Test condition Min. Typ. Max Unit
Cross current protection
WHL  |time. source topsink tec onLs_oFFHs - o orF o 200 | 400 Hs
Cross current protection )
WLH  |{ime, sink to source tcc oNHs_oFFLS ~ td OFF L 200 | 400 Hs
Switched-off output Vouri-g=0V, standby 0 P 5 UA
lan | current highside drivers of | mode
OouT1-8 Vour1.s=OV, active mode | -40 | -15 0 HA
Switched-off output Vouri-5= Vs, standby 0 80 120 UA
lquL | current lowside drivers of | mode
OuT1-5 Vouri-s= Vg, active mode | -40 | -15 0 WA
Open load detection
loLp12s |current of OUT1, OUT2 | Source and sink 15 40 60 mA
and OUT3
Open load detection
loLpss | current of OUT4 and Source and sink 60 150 300 mA
OouT5
Open load detection
loLpg7 | current of OUT6 and Source 15 40 60 mA
ouT7
Open load detection
loLps current of OUT8 Source 30 150 300 mA
Minimum duration of
tyoL | open load condition to set 500 3000 Us
the status bit
Minimum duration of
tisc over-current condition to 10 100 us
switch off the driver
Recovery frequency for
freco | OC recovery duty cycle 2 8 kHz
bit=0
Recovery frequency for
frect OC recovery duty cycle 3 16 kHz
bit=1
dv /dt Vg=13.5V
ouTi23/dt | Slew rate of OUT453 and s 0.08 02 04 Vis
dVoyre7/dt ouT 67 Rioag = 16.8 Q
Slew rate of OUT, and Vg=13.5V
v 4 : 2 4 |V
d OUT45/dt OUT5 R|Oad —450 0.08 0 0 /us
Vg=13.5V
\Y I f OUT ) 2 4 Y
dVourg/dt | Slew rate of OUTg Ripag = 4.5 Q 0.08 0 0 /us
1. tcc on is the switch on delay time ty gy if complement in half bridge has to switch Off.
KYI Doc ID 14278 Rev 4 13/38




Electrical specifications L9953 / L9953XP

2.5 SPI - electrical characteristics

(Vg =810 16V, Voo =4.510 5.3V, Tj = - 40 to 150°C, unless otherwise specified. The
voltages are referred to GND and currents are assumed positive, when the current flows into

the pin).
Table 12. Delay time from standby to active mode
Symbol | Parameter Test condition Min. | Typ. | Max. | Unit
, Switching from standby to active mode.
Lset Delay time Time until output drivers are enabled 160 300 Hs
Table 13. Inputs: CSN, CLK, PWM1/2 and DI
Symbol Parameter Test condition Min. | Typ. | Max. | Unit
VinL Input low level Voo =5V 1.5 2.0 \'%
VinH Input high level Vee =5V 3.0 3.5 Vv
VinHyst | Input hysteresis Voo =5V 0.5 \%
ICSN in Pull up current at input CSN VCSN = 3.5V VCC =5V -40 -20 -5 HA
lcikin | Pull down current at input CLK Vok = 1.5V 10 25 50 HA
Ipjin | Pull down current at input DI Vp =15V 10 25 50 pHA
Pull down current at input
lPWNH in PWM1 P VPWM =1.5V 10 25 50 HA
(1) |Input capacitance at input
Cin"" | GSN, CLK, DI and PWM1/2 0V<Voo<83V 10018 | pF

1. Value of input capacity is not measured in production test. Parameter guaranteed by design.

Table 14. DI timing"

Symbol Parameter Test condition Min. | Typ. | Max. | Unit
tck | Clock period Voo =5V 1000 ns
tcukn | Clock high time Voo =5V 400 ns
tcuke | Clock low time Vee =5V 400 ns

CSN setup time, CSN low

lset CSN | pefore rising edge of CLK Vee =5V 400 ns
CLK setup time, CLK high B

lset CLK | pefore rising edge of CSN Veg =5V 400 ns

tsetpi | DI setup time Vee =5V 200 ns

thold time | DI hold time Vee =5V 200 ns
' Rise time of input signal DI, _

trin CLK, GSN Voo =5V 100 ns
_ Fall time of input signal DI, _

'[f in CLK, CSN VCC =5V 100 ns

1. DI timing parameters tested in production by a passed / failed test:
Tj=-40°C / +25°C: 'SPl communication @ 2MHz.
Tj=+125°C SPI communication @ 1.25 MHz.

4
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L9953 / L9953XP Electrical specifications
Table 15. DO
Symbol Parameter Test condition Min. Typ. | Max. | Unit
VpoL |Output low level VCC =5V, Ip=-2mA 0.2 0.4 v
Vpon | Output high level VCC=5V,Ip=2mA Vee 0.4 | V0.2 \Y
Vesn =V
Ipok | Tristate leakage current O\C/:S<’\‘VDOC<C,VCC -10 10 pA
Tristate input Vesn = Veos
Cpo " ) 10 15 F
Do capacitance 0V < Vg < 5.3V P
1. Value of input capacity is not measured in production test. Parameter guaranteed by design.
Table 16. DO timing
Symbol Parameter Test condition Min. | Typ. | Max. | Unit
t Do DO rise time CL =100 pF, ljgag=-1mA 80 | 140 ns
tf DO DO fall time CL =100 pF, Iload =1mA 50 100 ns
DO enable time CL =100 pF, liggg= TMA
t ; 100 | 250
enDOUIL | from tristate to low level |pull-up load to Vg ns
DO disable time CL =100 pF, liggg =4 mA
tai i 380 | 450
dis DOL U from low level to tristate | pull-up load to Vg ns
DO enable time CL =100 pF, ljgag=-1TMA
; 1 2
ten DO i H from tristate to high level | pull-down load to GND 00 80 | ns
DO disable time Cp =100 pF, ljgaq = -4mA
. ) 4
ldis DO H 1 from high level to tristate | pull-down load to GND 380 80 | ns
. VDO < 03 Vcc, VDO > 0'7VCC!
t DO delay t 50 | 250
4 DO elay time G, = 100pF ns
Table 17. CSN timing
Symbol Parameter Test condition Min. | Typ. | Max. | Unit
i CSN HI time, switching from | Transfer of SPI-command 20 s
CSN_HLstb | standby mode to Input Register H
. . Transfer of SPlI-command
tcsN_Hi,min | CSN HI time, active mode to input register 4 us
KYI Doc ID 14278 Rev 4 15/38
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Figure 3. SPI - transfer timing diagram

CSN high to low: DO enabled .
ocsn | %
time
CLK ENDNENENENENENE RERE T TN N30 Z 1 % I 1
{ | DI: data will be accepted on the rising edge of CLK signal time
DI AA’A’A’A‘A@A !
time
DO QAQAnA !
tault bit CSN low to high: actual data is time
transfered to output power switches g
Input
Data old data X new data _,
Register time
Figure 4. SPI - input timing
- [~ o08vCC
CSN
0.2VCC
t t t
set CSN CLKH setCLK
0.8 VCC
CLK \
\ 0.2VCC
t t t
setDI| | hold DI CLKL
‘> <> N
N - “NANS ANNANNANS— 08VCC
DI Valid Valid
VV-VV- Ay A T AVAVAVAY A G VYVVVVV\ - 02VCC
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Figure 5. SPI - DO valid data delay time and valid time

fin trin
_ -
0.8 VCC
CLK /. 0.5 VvCC
0.2 VCC
tr DO
DO / 0.8 VCC
(low to high)
0.2 VCC
400« Lipo
>
DO 0.8 VCC
(high to low)
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Figure 6. SPI - DO enable and disable time
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Figure 7.  SPI - driver turn-on/off timing, minimum CSN hi time
CSN low to high: data from shift register
is transferred to output power switches
tr in tf in
i B - CSN_HI,min -
e 80%
CSN L S N 50%
e B S — 20%
tiorF
— -
e 80%
output_current ffffff ONstate - e OFF state —--——----—--—--—--——--——- 50%
of a driver
S I 1 W 20%
torr
— | -
tdON
— f——
tON
— | |-
——————— 80%
OUtpUt.Currem ffffff OFF state - S ONstate ———-———— 50%
of a driver
e 20%
Figure 8. SPI - timing of status bit 0 (fault condition)
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3

3.1

3.2

3.3

3.4

Application information

Dual power supply: Vg and V¢c

The power supply voltage Vg supplies the half bridges and the highside drivers. An internal
charge-pump is used to drive the highside switches. The logic supply voltage V¢ (stabilized
5 V) is used for the logic part and the SPI of the device.

Due to the independent logic supply voltage the control and status information will not be
lost, if there are temporary spikes or glitches on the power supply voltage. In case of power-
on (V¢ increases from under voltage to Vpor ofr = 4.2 V) the circuit is initialized by an
internally generated power-on-reset (POR). If the voltage V¢ decreases under the
minimum threshold (Vpor on = 3.4 V), the outputs are switched to tristate (high impedance)
and the status registers are cleared.

Standby mode

The standby mode of the L9953 is activated by clearing the bit 23 of the Input Data Register
0. All latched data will be cleared and the inputs and outputs are switched to high
impedance. In the standby mode the current at Vg (V) is less than 6 pA (50pA) for

CSN = high (DO in tristate). By switching the V¢ voltage a very low quiescent current can
be achieved. If bit 23 is set, the device will be switched to active mode.

Inductive loads

Each half bridge is built by an internally connected highside and a lowside power DMOS
transistor. Due to the built-in reverse diodes of the output transistors, inductive loads can be
driven at the outputs OUT1 to OUT5 without external free-wheeling diodes. The highside
drivers OUT6 to OUT8 are intended to drive resistive loads. Hence only a limited energy
(E<1mJ) can be dissipated by the internal ESD-diodes in freewheeling condition. For
inductive loads (L>100uH) an external free-wheeling diode connected to GND and the
corresponding output is needed.

Diagnostic functions

All diagnostic functions (over/open load, power supply over-/under voltage, temperature
warning and thermal shutdown) are internally filtered and the condition has to be valid for at
least 32 us (open load: 1ms, respectively) before the corresponding status bit in the status
registers will be set. The filters are used to improve the noise immunity of the device. Open
load and temperature warning function are intended for information purpose and will not
change the state of the output drivers. On contrary, the overload condition will disable the
corresponding driver (over-current) and over temperature will switch off all drivers (thermal
shutdown). Without setting the over-current recovery bits in the Input Data register, the
microcontroller has to clear the over-current status bits to reactivate the corresponding
drivers.
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3.6

3.7

3.8

3.9
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Overvoltage and under voltage detection

If the power supply voltage Vg rises above the overvoltage threshold Vggy ofFf (typical 21
V), the outputs OUT1 to OUT8 are switched to high impedance state to protect the load.
When the voltage Vg drops below the under voltage threshold Vgyy opr (UV-switch-OFF
voltage), the output stages are switched to the high impedance to avoid the operation of the
power devices without sufficient gate driving voltage (increased power dissipation). If the
supply voltage Vg recovers to normal operating voltage the outputs stages return to the
programmed state (input register 0: bit 20=0).

If the under voltage/overvoltage recovery disable bit is set, the automatic turn-on of the
drivers is deactivated. The microcontroller needs to clear the status bits to reactivate the
drivers. It is recommended to set bit 20 to avoid a possible high current oscillation in case of
a shorted output to GND and low battery voltage.

Charge pump

The charge pump runs under all conditions in normal mode. In standby the charge pump is
disabled.

Temperature warning and thermal shutdown

If junction temperature rises above T, 1y a temperature warning flag is set and is detectable
via the SPI. If junction temperature increases above the second threshold T; gp, the thermal
shutdown bit will be set and power DMOS transistors of all output stages are switched off to
protect the device. Temperature warning flag and thermal shutdown bit are latched and must
be cleared by the microcontroller. The related bit is only cleared if the temperature
decreases below the trigger temperature. If the thermal shutdown bit has been cleared the
output stages are reactivated.

Open load detection

The open load detection monitors the load current in each activated output stage. If the load
current is below the open load detection threshold for at least 1 ms (t4o) the corresponding
open load bit is set in the status register. Due to mechanical/electrical inertia of typical loads
a short activation of the outputs (e.g. 3ms) can be used to test the open load status without
changing the mechanical/electrical state of the loads.

Over load detection

In case of an over-current condition a flag is set in the status register in the same way as
open load detection. If the over-current signal is valid for at least t|gc = 32 us, the over-
current flag is set and the corresponding driver is switched off to reduce the power
dissipation and to protect the integrated circuit. If the over-current recovery bit of the output
is zero the microcontroller has to clear the status bits to reactivate the corresponding driver.

4

Doc ID 14278 Rev 4




L9953 / L9953XP Application information

3.10

3.1

3.12

3.13

Current monitor

The current monitor output sources a current image at the current monitor output which has
a fixed ratio (1/10000) of the instantaneous current of the selected highside driver. The bits
18 and 19 of the Input Data Register 0 control which of the outputs OUT1, OUT4, OUTS5,
and OUT8 will be multiplexed to the current monitor output. The current monitor output
allows a more precise analysis of the actual state of the load rather than the detection of an
open- or overload condition. For example this can be used to detect the motor state
(starting, free-running, stalled). Moreover, it is possible to regulate the power of the defroster
more precise by measuring the load current. The current monitor output is bidirectional (c.f.
PWM inputs).

PWM inputs

Each driver has a corresponding PWM enable bit which can be programmed by the SPI
interface. If the PWM enable bit in Input Data Register 1 is set, the output is controlled by the
logically AND-combination of the PWM signal and the output control bit in Input Data
Register 0. The outputs OUT1-OUT6 and OUT8 are controlled by the PWM1 input and the
output OUT7 is controlled by the bidirectional input CM/PMW?2. For example, the two PWM
inputs can be used to dim two lamps independently by external PWM signals.

Cross-current protection

The six half-bridges of the device are cross-current protected by an internal delay time. If
one driver (LS or HS) is turned-off the activation of the other driver of the same half bridge
will be automatically delayed by the cross-current protection time. After the cross-current
protection time is expired the slew-rate limited switch-off phase of the driver will be changed
to a fast turn-off phase and the opposite driver is turned-on with slew-rate limitation. Due to
this behavior it is always guaranteed that the previously activated driver is totally turned-off
before the opposite driver will start to conduct.

Programmable softstart function to drive loads with higher
inrush current

Loads with start-up currents higher than the over-current limits (e.g. inrush current of lamps,
start current of motors and cold resistance of heaters) can be driven by using the
programmable softstart function (i.e. overcurrent recovery mode). Each driver has a
corresponding over-current recovery bit. If this bit is set, the device will automatically switch-
on the outputs again after a programmable recovery time. The duty cycle in over-current
condition can be programmed by the SPI interface to be about 12% or 25%. The PWM
modulated current will provide sufficient average current to power up the load (e.g. heat up
the bulb) until the load reaches operating condition. The PWM frequency settles at 3kHz or
6kHz. The device itself cannot distinguish between a real overload and a non linear load like
a light bulb. A real overload condition can only be qualified by time. As an example the
microcontroller can switch on light bulbs by setting the over-current Recovery bit for the first
50ms. After clearing the recovery bit the output will be automatically disabled if the overload
condition still exits.
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Figure 9. Example of programmable softstart function for inductive loads
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4

4.1

Note:

4.2

4.3

Note:

Functional description of the SPI

Serial Peripheral Interface (SPI)

This device uses a standard SPI to communicate with a microcontroller. The SPI can be
driven by a microcontroller with its SPI peripheral running in following mode: CPOL = 0 and
CPHA =0.

For this mode, input data is sampled by the low to high transition of the clock CLK, and
output data is changed from the high to low transition of CLK.

This device is not limited to microcontroller with a build-in SPI. Only three CMOS-compatible
output pins and one input pin will be needed to communicate with the device. A fault
condition can be detected by setting CSN to low. If CSN = 0, the DO-pin will reflect the
status bit O (fault condition) of the device which is a logical-or of all bits in the status registers
0 and 1. The microcontroller can poll the status of the device without the need of a full SPI-
communication cycle.

In contrast to the SPI-standard the least significant bit (LSB) will be transferred first
(see Figure 3).

Chip Select Not (CSN)

The input pin is used to select the serial interface of this device. When CSN is high, the
output pin (DO) will be in high impedance state. A low signal will activate the output driver
and a serial communication can be started. The state when CSN is going low until the rising
edge of CSN will be called a communication frame. If the CSN-input pin is driven above
7.5V, the L9953 will go into a test mode. In the test mode the DO will go from tri-state to
active mode.

Serial Data In (DI)

The input pin is used to transfer data serial into the device. The data applied to the DI will be
sampled at the rising edge of the CLK signal and shifted into an internal 24 bit shift register.
At the rising edge of the CSN signal the contents of the shift register will be transferred to

Data Input Register. The writing to the selected Data Input Register is only enabled if exactly
24 bits are transmitted within one communication frame (i.e. CSN low). If more or less clock
pulses are counted within one frame the complete frame will be ignored. This safety function
is implemented to avoid an activation of the output stages by a wrong communication frame.

Due to this safety functionality a daisy chaining of SPI is not possible. Instead, a parallel
operation of the SPI bus by controlling the CSN signal of the connected ICs is
recommended.
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4.4

4.5

4.6

4.7

4.8
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Serial Data Out (DO)

The data output driver is activated by a logical low level at the CSN input and will go from
high impedance to a low or high level depending on the status bit 0 (fault condition). The first
rising edge of the CLK input after a high to low transition of the CSN pin will transfer the
content of the selected status register into the data out shift register. Each subsequent
falling edge of the CLK will shift the next bit out.

Serial clock (CLK)

The CLK input is used to synchronize the input and output serial bit streams. The data input
(DI) is sampled at the rising edge of the CLK and the data output (DO) will change with the
falling edge of the CLK signal.

Input data register

The device has two input registers. The first bit (bit 0) at the DI-input is used to select one of
the two Input Registers. All bits are first shifted into an input shift register. After the rising
edge of CSN the contents of the input shift register will be written to the selected Input Data
Register only if a frame of exact 24 data bits are detected. Depending on bit 0 the contents
of the selected status register will be transferred to DO during the current communication
frame. Bit 1-17 controls the behavior of the corresponding driver.

If bit 23 is zero, the device will go into the standby-mode. The bits 18 and 19 are used to
control the current monitor multiplexer. Bit 22 is used to reset all status bits in both status
registers. The bits in the status registers will be cleared after the current communication
frame (rising edge of CSN).

Status register

This devices uses two status registers to store and to monitor the state of the device. Bit 0 is
used as a fault bit and is a logical-NOR combination of bits 1-22 in both status registers. The
state of this bit can be polled by the microcontroller without the need of a full SPI-
communication cycle. If one of the over-current bits is set, the corresponding driver will be
disabled. If the over-current recovery bit of the output is not set the microcontroller has to
clear the over-current bit to enable the driver. If the thermal shutdown bit is set, all drivers
will go into a high impedance state. Again the microcontroller has to clear the bit to enable
the drivers.

Scan mode
The Scan Mode can be entered by rising the PWMT1 input to a voltage higher than 9.5V.

4
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4.9 Test mode
The Test Mode can be entered by rising the CSN input to a voltage higher than 9.5V. In the
test mode the inputs CLK, DI, PWM1/2, the internal 2MHz CLK, OL and OC can be
multiplexed to output DO and Iref, Tsens1-4 and Vbgp can be multiplexed to input
CM/PWM2.
Furthermore the over-current thresholds are reduced by a factor of 4 to allow EWS testing at
lower current.
The internal logic prevents that the High-Side and Low-Side driver of the same half-bridge
can be switched-on at the same time. In the test mode this combination is used to multiplex
the desired signals according to following table:
Table 18. Test mode
OUT1 | OUT2 | OUT3 | OUT4 | OUT5 | OUT6
PWM | PWM | PWM | PWM | PWM | PWM DO LS3 | HS3 | LS4 | HS4 | LS5 | HS5 Test Pad
1EN |1EN | 1EN |1EN | 1EN | 1EN
I (both HI) I (both HI) I (both HI) NoError I (both HI) I (both HI) ! (both HI) S5uA Iref
both HI | (both HI) | ! (both HI) DI both HI I (both HI) | ! (both HI) Tsenst
! (both HI) both HI I (both HI) CLK ! (both HI) both HI ! (both HI) Tsens2
both HI both HI I'(both HI) | INT_CLK both HI both HI ! (both HI) Tsens3
I (both HI) | ! (both HI) both HI PWM1 I (both HI) | ! (both HI) both HI Tsens4
both HI I (both HI) both HI PWM2 both HI I (both HI) both HI X
I (both HI) both HI both HI oL I (both HI) both HI both HI X
both HI both HI both HI OC both HI both HI both HI Vbandgap
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