ghipsmall

Chipsmall Limited consists of a professional team with an average of over 10 year of expertise in the distribution
of electronic components. Based in Hongkong, we have already established firm and mutual-benefit business
relationships with customers from,Europe,America and south Asia,supplying obsolete and hard-to-find components
to meet their specific needs.

With the principle of “Quality Parts,Customers Priority,Honest Operation,and Considerate Service”,our business
mainly focus on the distribution of electronic components. Line cards we deal with include
Microchip,ALPS,ROHM, Xilinx,Pulse,ON,Everlight and Freescale. Main products comprise
IC,Modules,Potentiometer,IC Socket,Relay,Connector.Our parts cover such applications as commercial,industrial,
and automotives areas.

We are looking forward to setting up business relationship with you and hope to provide you with the best service
and solution. Let us make a better world for our industry!

Contact us

Tel: +86-755-8981 8866 Fax: +86-755-8427 6832
Email & Skype: info@chipsmall.com Web: www.chipsmall.com
Address: A1208, Overseas Decoration Building, #122 Zhenhua RD., Futian, Shenzhen, China

iy [0



574

L9954LXP

Door actuator driver

Features
m Three half bridges for 0.75 A loads
(Rpson = 1600 mQ)

= Two configurable high-side driver for up to 1.5A
load (Rpgon = 500 mQ) or 0.35 A load
(Ron = 1800 mQ)

= One high-side driver for 6 A load
(Rpson = 100 mQ)

» Programmable soft start function to drive loads
with higher inrush currents (i.e. current > 6 A,
current > 1.5 A)

= Very low current consumption in standby mode
(Is< 6 pAtyp; T;< 85 °C)

» All outputs short circuit protected

m  Current monitor output for high-side OUT1,
OUT4, OUT5 and OUT6

m All outputs over temperature protected
m  Open-load diagnostic for all outputs

m  Overload diagnostic for all outputs

s PWM control of all outputs

m Charge pump output for reverse polarity
protection

PowerSS0O-36

Applications

» Door actuator driver with bridges for mirror axis
control and high-side driver for mirror defroster
and two 10 W light bulbs and/or LEDs.

Description

The L9954LXP is a microcontroller driven
multifunctional door actuator driver for automotive
applications. Up to two DC motors and three
grounded resistive loads can be driven with three
half bridges and three high-side drivers. The
integrated standard Serial Peripheral Interface
(SPI) controls all operation modes (forward,
reverse, brake and high impedance). All
diagnostic information is available via SPI.

Table 1. Device summary
Order codes
Package
Tape and reel
PowerSSO-36 L9954LXP L9954LXPTR
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Block diagram and pin description L9954LXP

1 Block diagram and pin description

Figure 1. Block diagram
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Figure 2. Configuration diagram (top view)
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ouTe 2 [ [ 35 0OUT6
OUT1 3 [ | [ 1 34 NC
ouT24 [ [ 1 33 0OUTs
ouT3 5 [ [ 32 Vs
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L9954LXP

Block diagram and pin description

Table 2. Pin definitions and functions
Pin Symbol Function
Ground:
1,18, 19, 36 GND reference potential.

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

2,35

ouT6

High-side driver output 6

The output is built by a high-side 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
which can be dissipated is limited. The high-side driver is a power
DMOS transistor with an internal parasitic reverse diode from the
output to Vg (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 OUT6 must be externally connected.

a b w

OuUT1
ouT2

OuUT3

Half-bridge output 1,2,3

The output is built by a high-side and a low-side switch, which are
internally connected. The output stage of both switches is a power
DMOS transistor. Each driver has an internal parasitic reverse diode
(bulk-drain-diode: high-side driver from output to Vg, switchs driver
from GND to output). This output is over-current and open-load
protected.

6,7, 14, 25,
28, 32

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 Vg 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 high-side 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 OUTS5.

10

CSN

Chip select not input

This input is low active and requires CMOS logic levels. The serial data
transfer between L9954LXP and micro controller is enabled by pulling
the input CSN to low-level.

11

DO

Serial data output

The diagnosis data is available via the SPI and this 3-state output. The
output remains in 3-state, if the chip is not selected by the input CSN
(CSN = high)
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Table 2. Pin definitions and functions (continued)
Pin Symbol Function
Logic supply voltage
12 Vee For this input a ceramic capacitor as close as possible to GND is

recommended.

Serial clock input

13 CLK This input controls the internal shift register of the SPI and requires
CMOS logic levels.
Charge pump output
26 CP This output is provided to drive the gate of an external n-channel power
MOS used for reverse polarity protection.
PWM?1 input
27 PWM1 | This input signal can be used to control the drivers OUT1-OUT4 and
OUT6 by an external PWM signal.
High-side driver output 4 and 5
Each output is built by a high-side switch and is intended for resistive
loads, hence the internal reverse diode from GND to the output is
31 OUT4, | missing. For ESD reason a diode to GND is present but the energy
33 OUTS5 | which can be dissipated is limited. Each high-side driver is a power
DMOS transistor with an internal parasitic reverse diode from each
output to Vg (bulk-drain-diode). Each output is over-current and open-
load protected.
15,16, 17, 20,
21,22, 23, 24, NC Not connected pins.
29, 30, 34

4
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L9954LXP

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 m

aximum ratings

Symbol Parameter Value Unit
v DC supply voltage -0.3t0 28 \
S Single pulse tya¢ < 400 ms 40 Vv
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 \%
Vep Charge pump output -25to Vg + 11 \
louT1,2345 Output current 15 A
louTs Output current +10 A
ESD protection
Table 4. ESD protection
Parameter Value Unit
All pins +2() kv
Output pins: OUT1 - OUT6 +80@ 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 16186 Rev 3 9/35




Electrical specifications L9954LXP

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
Tisb on t ; ; 170 C
emperature increasing
T Thermal shutdown threshold junction T; 150 oC
ISDOff | temperature decreasing
Tisp Hys | Thermal shutdown hysteresis 5 °K
2.4 Electrical characteristics

Values specified in this section are for Vg=81t0 16 V, Vo =4.5t0 5.3 V, TJ- =-40to 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, V=53V
Vg DC supply current active mode 7 20 mA
OUT1 - OUTE® floating
| Vg=16V,Vgc=0V
S
standby mode . 4 12 UA
Vg quiescent supply current |OUT1 - OUTE floating
Tiest = -40 °C, 25 °C
Trest=85°C M) 6 25 uA
Vg=16V, V=53V
Ve DC I t 1 3 A
ce SUpPly curren CSN = V¢ , active mode m
lcc v _ © subol Vg=16V,Vgc=5.3V
. Srf;e‘l‘:'esce” Supply CSN = Vg standby mode 25 | 50 | pA
OUT1 - OUTE® floating
Vg=16V, V=53V
s : " | CSN = Vg
Is+10e | gumonk PRy standby mode 50 | 200 | pA
OUT1 - OUTS6 floating
Ttest = 130 oC
1. Guaranteed by design.
10/35 Doc ID 16186 Rev 3 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 \"
Vsuv off | Vs UV-threshold voltage Vg decreasing 5.5 6.9 v
VSUV hyst VS UV-hysteresis VSUV Oon- VSUV oOff 0.5 Vv
Vsov of | 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
VpoRr off | Power-on reset threshold V¢ increasing 4.4 \
Vpor on | Power-on reset threshold V¢ decreasing 3.1 v
VpoRr hyst Power-on reset hysteresis Vpor off - VPOR On 0.3 Vv
Table 9. Current monitor output
Symbol Parameter Test condition Min. | Typ. | Max. | Unit
Vecm | Functional voltage range Vec=5V 0 4 \
Current monitor output ratio: 1 )
lem/ louts 10000
Current monitor output ratio: 1
lem/ loutt 3800
| Current monitor output ratio: |0V <Vgy<4V,
M i/ Voc=5V 1
cMm/ louT4,5 10200
low Rpgon mode
Current monitor output ratio: 7
|QM/ louts 5 2400
high Rpgon mode
Doc ID 16186 Rev 3 11/35
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aple 9. urrent monitor output (continue
Table 9 C t it tput ( ti d)
Symbol Parameter Test condition Min. | Typ. | Max. | Unit
0V<Veu<38Yy,
Current monitor accuracy Veeg=5V,
Acc lom/ lout s loutming = 0.5 A,
lout maxg =5-9 A
0V<Veu<38Yy,
Current monitor accuracy Voo =5Y,
Acc lom/ louT 1 lout,min 1= 60MA,
| lout max 1= 0.6A 4% + | 8% + )
CM acc ' 0V<Vey<38YV, 1%FS | 2%FS
Current monitor accuracy v 5V
CC=92V,
Acclom/ lout 4,5 loutmin 4.5 = 30 MA
high R d utmin 4,57 ’
197 Pioson MOTe lout max 4,5 = 300 mA
0V<Vey<38YV,
Current monitor accuracy vV SC{\/A ’
Acc Iy /| ce=>n
¢ lom/lour 4.5 lout,min 4,5 = 150 A,
low Rpgon mode loutmax a.5= 1 A
ut max 4,5 =
Table 10. Charge pump output
Symbol Parameter Test condition Min. | Typ. | Max. | Unit
Vg=8V, Icp=-60pA Vg+6 Vg+13 | V
Vep Sg}ggee pump output Vg =10V, Igp = -80 pA Vg+8 Vg3 | V
Vg=12V, Igp =-100 pA Vg+10 Vg+13 | V
Charge pump output Vep=Vg+ 10V,
P | current Vg=135V 9 | 150 | 300 | uA
Table 11. OUT1 - OUT6
Symbol Parameter Test condition Min. | Typ. | Max. | Unit
Rpson ouTt Vs =135V, 1= 25°C, 1600 | 2200 | mQ
Roser | On resistance to supply or |louTi,2,3=%0.4 A
PSon OUT2 | GND Vg=135V, T, = 125°C
Rpson ouT3 STT ’ 2500 | 3400 | mQ
lout123=%04A
Vg=13.5V,T;= 25 °C, 500 | 700 | ma
On resistance to supply in | lout4s=-0.8 A
low R mode = = °
Rpsonours, DSon Vs =135V, T;=125°C, 700 | 950 | mQ
Rbson ouTs loyts5=-08 A
On resistance in high Tj=25°C, loyras=-02 A 2000 | 2700 | mQ
Rpson mode T;=125°C, loyt45=-0.2A 3200 | 4300 | mQ

Doc ID 16186 Rev 3
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Electrical specifications

Table 11. OUT1 - OUT6 (continued)
Symbol Parameter Test condition Min. | Typ. | Max. | Unit
Vg=13.5V,T;=25 °C, 100 | 150 | ma
R On resistance to supply loute =3 A
DSon OUTe Vg =135V, T;= 125 °C,
! 150 | 200 | mQ
louts=-3A
louT
Output current limitation
louT2 | 1 aND Source, Vg = 13.5 V 1.25 075 A
louTs
louT
Output current limitation . B
louT2 0 supply Sink, Vg =135V 0.75 1.25 A
louTs
Output current limitation
to GND in low Rpggn -3.0 -1.5 A
| mode
ouT4 Source, Vg=135V
louts | Output current limitation
to GND in high Rpgon -0.65 -035| A
mode
Output current limitation
oUTs |15 GND Source, Vg = 13.5 V -10.5 6 | A
. - |Vg=13.5V, Rggg=
t4onH gg;pg:issrl?nt'me’ high corresponding low-side 10 40 80 us
driver is not active
Output delay time, high-
WOH | side driver of 9" Vg =135V, Roag=@ 15 | 150 | 300 | ps
. ~ [Vs=13.5V, Ripgg= @
tdonL gg;pg:i\?:rl?ntlme’ low corresponding high-side 15 30 70 us
driver is not active
Output delay time, low-
WL | side driver of Vg=135V, Riggg =@ 20 | 150 | 300 | s
Cross current protection @)
WHL | fime, source to sink tcc oNLs_oFFHS - 4 off H 200 | 400 | ps
Cross current protection
WH  |time. sink to sgurce toc ons_oFFLs -t oFF L? 200 | 400 | ps
VouTi.6=0V, standby mode| -3 0 -3 HA
Switched-off output v _0 V. active
lauH current high-side drivers m%%!g 2e6 = = 40 | 15 | 0 HA
of OUT1-6
VouTs-5 =0V, active mode -10 -8 0 pA
Switched-off output VouTi-3= Vs, standby mode | 0 80 | 120 | pA
laLe current low-side drivers of
ouT1-3 VouTi-3= Vs, active mode -40 -15 0 HA
Open-load detection
loLp12z | current of OUT1, OUT2 | Source and sink 10 20 30 mA
and OUT3

Doc ID 16186 Rev 3
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Electrical specifications L9954LXP

Table 11. OUT1 - OUT6 (continued)

Symbol Parameter Test condition Min. | Typ. | Max. | Unit
Open-load detection
current of OUT4 and 15 40 60 mA
OuUT5
loLbas | Open-load detection Source

current of OUT4 and
OUTS5 in high Rpggn
mode

Open-load detection

loLps current of OUT6 Source 30 | 150 | 300 | mA

Minimum duration of
ta oL open-load condition to set 500 3000 | ps
the status bit

Minimum duration of over-
tisc current condition to switch 10 100 us
off the driver

Recovery frequency for

freco OC recovery duty cycle 1 4 kHz
bit=0
Recovery frequency for

frect OC recovery duty cycle 2 6 kHz
bit=1

dVourizs/dt | Slew rate of OUT4o5 and
dVourss/dt | OUT4s

dVourg/dt | Slew rate of OUTg Vg=13.5V, Rigag= ? 0.08 | 0.2 | 0.4 | Vius

1. OUT1,2,3 320HM
OUT4,5 160HM
OUT4,5 high RDSon mode 630HM
OuUT6 40HM

2. tcc onis the switch On delay time tq oy if complement in half bridge has to switch off.

Vg=13.5V, Rigag= @ 01 | 0.4 | 0.9 | Vius

2.5 SPI - electrical characteristics

Values specified in this section are Vg =810 16 V, Vo =4.5t0 5.3 V, 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 12. Delay time from standby to active mode

Symbol | Parameter Test condition Min. | Typ. | Max. | Unit

Switching from standby to active mode.
tset Delay time | Time until output drivers are enabled 160 | 300 ps
after CSN going to high.

4
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L9954LXP Electrical specifications
Table 13. Inputs: CSN, CLK, PWM1/2 and DI
Symbol Parameter Test condition Min. | Typ. | Max. | Unit
VinL Input low-level Veg=5V 1.5 2.0 \
VinH Input high-level Veg=5V 3.0 3.5 \Y
VinHyst | Input hysteresis Vec=5V 0.5 \'%
Icsnin | Pull up current at input CSN Vesn=35V,Vec=5V| -40 -20 -5 pA
lcikin | Pull down current at input CLK |V =15V 10 25 50 HA
Ipiin | Pulldown current atinput DI |Vp =15V 10 25 50 pA
Pull down current at input
lPWM1 in PWM1 P VPWM =15V 10 25 50 HA
(1) |Input capacitance at input
Cin"" | CsN, CLK, Dland PwM1/2 |0V <Voc <53V 101 15 1 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 Veg=5V 1000 - ns
tcukn | Clock high time Veg=5V 400 - ns
tcikL | Clock low time Veg=5V 400 - ns
CSN setup time, CSN low before 3 i
lset CSN rising edge of CLK Veg=5V 400 ns
CLK setup time, CLK high before _ i
lset CLK rising edge of CSN Voc=5V 400 ns
tsetp) | DI setup time Vec=5V 200 - ns
th0|d DI DI hold time VCC =5V 200 - ns
Rise time of input signal DI, CLK,
tin | osn putsig Voo =5V - | 100 | ns
Fall time of input signal DI, CLK,
tn | oaN putsig Vog =5V - | 100 | ns
1. Dl timing parameters tested in production by a passed / failed test:
Tj=-40°C/+25°C: SPIlcommunication @ 2 MHz.
Tj=+125°C SPI communication @ 1.25 MHz.
Table 15. DO
Symbol Parameter Test condition Min. Typ. Max. | Unit
VpoL | Output low-level Veg=5V, Ip=-2mA 0.2 0.4 \
Vpon | Output high-level Voc=5V,Ip=2mA Voc-0.4|Vge-0.2 \%
'S7] Doc ID 16186 Rev 3 15/35




Electrical specifications

L9954LXP

16/35

Table 15. DO (continued)
Symbol Parameter Test condition Min. Typ. Max. | Unit
I 3-state leakage current Vesn = Vee, -10 10 HA
DOLK oV < VDO < VCC
3-state input Vesn = Ve
Cpo " . 10 15 F
Do capacitance 0V<Vgs<53V 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 po DO rise time Cp =100 pF, ligagg=-1 mA - 80 | 140 | ns
t po DO fall time CL =100 pF, ligpagg=1 mA - 50 | 100 | ns
' DO enable time CL =100 pF, liggg=1 mA i
tenDOiL | from 3-state to low-level pull up load to Vg 100 | 250 | ns
‘ | DO disable time CL =100 pF, liggg =4 mA i
lais DO Lt | from low-level to 3-state | pull up load to Vee 380 | 450 | ns
DO enable time
_ ) _— C_ =100 pF, ljgagg=-1 mA i
tenpotin | from 3-state to high oull down load to GND 100 | 250 | ns
level
DO disable time
tsis poH i | from high-level to 3- g(')—;ndllggé)';’) I'GoﬁjDz -4 mA pul - | 380 | 450 | ns
state
. Vpo < 0.3 Ve, Vpo> 0.7V
t DO delay time Do cc» 'ho ce | . 50 | 250 | ns
dDO y C_ = 100pF
Table 17. CSN timing
Symbol Parameter Test condition Min. | Typ. | Max. | Unit
i CSN HI time, switching from | Transfer of SPI command 20 i i s
CSN_HLstb | standby mode to Input Register H
tcsn_ Hi,min | CSN HI time, active mode Transfer of SPI command 4 - - ys

to input register
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Figure 3. SPI - transfer timing diagram
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Figure 5. SPI - DO valid data delay time and valid time
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Figure 7.

SPI - driver turn-on / off timing, minimum CSN HI time
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Application information

Dual power supply: Vg and V¢c

The power supply voltage Vg supplies the half bridges and the high-side drivers. An internal
charge-pump is used to drive the high-side 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 not are lost, if
there are temporary spikes or glitches on the power supply voltage. In case of power-on
(Ve increases from under voltage to VpoR of = 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 3-state (high impedance)
and the status registers are cleared.

Standby mode

The standby mode of the L9954LXP is activated by clearing the bit 23 of the input data
register 0. All latched data is 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 3-state). By switching the V¢ voltage a very low quiescent current can
be achieved. If bit 23 is set, the device is switched to active mode.

Inductive loads

Each half bridge is built by an internally connected high-side and a low-side power DMOS
transistor. Due to the built-in reverse diodes of the output transistors, inductive loads can be
driven at the outputs OUT1 to OUT3 without external free-wheeling diodes. The high-side
drivers OUT4 to OUT®6 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 is 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 not changes the
state of the output drivers. On contrary, the overload condition disables the corresponding
driver (over-current) and overtemperature switchs 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.

4
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Overvoltage and under voltage detection

If the power supply voltage Vg rises above the overvoltage threshold Vggy of (typical 21 V),
the outputs OUT1 to OUT6 are switched to high impedance state to protect the load. When
the voltage Vg drops below the under voltage threshold Vgy off (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 (register 0: bit 20=0) to normal operating voltage the outputs stages
return to the programmed state after at least 32 ps.

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 strongly 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
out of action.

Temperature warning and thermal shutdown

If junction temperature rises above T, 1\ a temperature warning flag is set after at least 32
us and is detectable via the SPI. If junction temperature increases above the second
threshold T; gp, the thermal shutdown bit is set and power DMOS transistors of all output
stages are switched off to protect the device after at least 32 us. 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 (4o, ) 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. 3 ms) can be used to test the open-load status without
changing the mechanical/electrical state of the loads.

Overload 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 tjg¢c = 32 ps, 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.
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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 high-side driver. Signal at
output CM is blanked after switching on of driver until correct settlement of circuitry (at least
for 32 ps).

The bits 18 and 19 of the input data register 0 control which of the outputs OUT1, OUT4,
OUT5 and OUTS6 is 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-OUT4 and OUT6 are controlled by the PWM1 input and the
output OUT5 is controlled by the bidirectional input CM/PMW2. For example, the two PWM
inputs can be used to dim two lamps independently by external PWM signals.

Cross-current protection

The three 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 is
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 is 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 starts to conduct.

4
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Figure 9.

Programmable soft start function to drive loads with higher
inrush current

Loads with start-up currents higher than the overcurrent limits (e.g. inrush current of lamps,
start current of motors and cold resistance of heaters) can be driven by using the
programmable soft start function (i.e. overcurrent recovery mode). Each driver has a
corresponding over-current recovery bit. If this bit is set, the device switchs automatically 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 15 %...25 %. The PWM
modulated current provides 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 1.5 kHz or
3 kHz. 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 is automatically disabled if the overload
condition still exits.

Programmable soft start function for inductive loads and incandescent bulbs
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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 are needed to communicate with the device. A fault condition
can be detected by setting CSN to low. If CSN = 0, the DO pin reflects the status bit 0 (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) is 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) is in high impedance state. A low signal activates the output driver and a
serial communication can be started. The state when CSN is going low until the rising edge
of CSN is called a communication frame.

Serial Data In (DI)

The input pin is used to transfer data serial into the device. The data applied to the DI is
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 is 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 is 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.

Serial Data Out (DO)

The data output driver is activated by a logical low-level at the CSN input and goes 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 transfers the
content of the selected status register into the data out shift register. Each subsequent
falling edge of the CLK shifts the next bit out.
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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) changes 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 is 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 is 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 goes 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 is 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. No
error bit (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
is 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
goes into a high impedance state. Again the microcontroller has to clear the bit to enable the
drivers.
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