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L9374LF

Four channel valve driver

PowerS0-36

Features
e Four protected low-side drivers with
diagnostics
— Two 140 mQ PWM controlled outputs
(Q1 & Q2)

— Two 250 mQ current controlled outputs with
6 % accuracy (Q3 & Q4)

o All outputs with 35 V Zener Clamp
e Programmable output timer

e Clock monitor

¢ Integrated recirculation diodes

Datasheet - production data

e 16 bit serial peripheral interface, up to 5 MHz

with diagnosis

e Battery compatible supply voltage

e Detailed load diagnosis
— Over load protection
— Open load (off-state)
— Undercurrent
— Undervoltage
— Temperature warning and shutdown
— Power or signal GND loss
— Freewheeling diode loss
— Silent valve driver test

Description

The L9374LF is a SPI (serial peripheral interface)
controlled four channel low side driver with
integrated recirculation diodes.

The output duty cycle (all channels) / current
regulation level (Q3 & Q4 only) can be
programmed individually. It is possible to program
two consecutive output duty cycles or target
currents per channel as well as an individual
duration time for each channel actuation.

Table 1. Device summary

Order code Package Packing
L9374LF PowerSO-36 Tube
L9374TRLF PowerSO-36 Tape and reel
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Figure 1. Block diagram
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Pins description

Figure 2. PowerS0-36 pins connection (top view)

/
NC 1 36 ] PGND3
Q []2 35 1 NC
Q@ []s3 34 1 NC
D1/D3 [ 4 38 |— NC
D1/D3 5 32 NC
Qt []e 31 1 SGND
a1 7 30 /1 EN
PGND1 [ 8 29 1 sPICs
PGND12 9 28 1 miso
PGND2 10 27 MOSI
Q [ 26 1] SPICLK
Q2 [] 12 25 ] CLKIN
NC [ 13 24 1 vs
D4/D2 [ 14 23 NC
D4apD2 [ 15 22 1 NC
Q4 [ 16 21 1 NC
Q4 ] 17 20 1 NC
NC [ 18 19 1 PGND4
GAPGPS00193
Table 2. Pins description
Pin # Pin name Description
1 PGND Not connected/Power ground.
2 Q3 Output.
3 Q3 Output.
4 D1/D3 Free wheeling diode.
5 D1/D3 Free wheeling diode.
6 Q1 Output.
7 Q1 Output.
8 PGND1 Power ground of the output driver 1& 2.
9 PGND12 Power ground of the output driver 1& 2.
10 PGND2 Power ground of the output driver 1& 2.
11 Q2 Output.
12 Q2 Output.
13 N.C. Not connected.
14 D4/D2 Free wheeling diode.
15 D4/D2 Free wheeling diode.
16 Q4 Output.

DoclD025414 Rev 1
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L9374LF

Table 2. Pins description (continued)

Pin # Pin name Description

17 Q4 Output.

18 PGND Not connected/Power ground.

19 PGND4 Power ground of the output driver 4.

20 N.C. Not connected.

21 N.C. Not connected.

22 N.C. Not connected.

23 N.C. Not connected.

24 VS Supply pin.

25 CLKIN Input for precise clock.

26 SPICLK SPI communication clock.

27 MOSI Master Out Slave In for SPI communication.

28 MISO Master In Slave Out for SPI communication.

29 SPICS SPI chip select.

30 EN Enable.

31 SGND Signal ground.

32 N.C. Not connected.

33 N.C. Not connected.

34 N.C. Not connected.

35 N.C. Not connected.

36 PGND3 Power ground of the output driver 3.

10/80
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L9374LF Electrical specifications

3 Electrical specifications

3.1 Absolute maximum ratings

Table 3. Absolute maximum ratings

Symbol Parameter Min. Max. Unit
Vg Supply voltage -0.3 38 \%
Vbx Freewheeling diode voltage -0.3 35 \
Vo Output voltage 03 ?faerﬂf!i v
VEN Enable voltage
VSP|CLK SPI clock VOItage
\Y, PI chi I I
SPICS SPI chip select voltage 03 6 v
VMOS| SPI MOSI Voltage
Vmiso SPI MISO voltage
VELKIN SPI clock input voltage
lat; 2 - -4 A
: Output current at reversal voltage
las; 4 - -2 A
lEN_cL
I
ISP'CLK—CL Input clamping currents (static) -3 +3 mA
ISPICS—CL Input clamping currents (dynamic) -10 +10
MOSI_CL
lcLkin oL
Tamb Ambient operating temperature -40 +125 °C

Definition:  Current flowing into the L9374LF are considered positive -> “+"
Current flowing out of the L9374LF are considered negative -> “-"

Warning: Transients beyond this limit will cause currents into ESD
structures which must be limited externally to 210 mA
(maximum energy to be dissipated: 2 mJ).

3
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L9374LF

3.2 ESD susceptibility

3.21 HBM
ESD susceptibility HBM according to EIA/JESD 22-A 114B
Table 4. HBM
Pin Condition Min. Max. Unit
All pins - +2 - kV
. A PGND12, PGND3, PGND4, LGND
Output pins Dy; Qx; and GND are connected together. t4 ) kV
3.2.2 MM
ESD susceptibility according to EIA/JESD22-A115-A
Table 5. MM
Parameter Condition Min. Max. Unit
Machine model (MM) All pins + 250 - \%
3.3 Electrical characteristics
Vg =5.21020V;-40 °C = T; = 175 °C, unless otherwise specified.
Function is guaranteed until thermal shutdown threshold, Tgp;
3.31 Supply current
Table 6. Supply current
Symbol Parameter Condition Min Typ Max | Unit
Vs =135V
@+175°C| 2.0 - -
lvs Supply current @+25 °C i 75 i mA
@-40 °C - - 9.0
v, Supply voltage operating | 59 ) 20 Vv
range

3.3.2 Output power stages

The output power stages consist of an MOSFET and a freewheeling diode. Each output
contains diagnostic and protection circuitry. Additional current sensing is present in the
current regulated outputs (for more details see Section 4.7: Output driver).

12/80 DoclD025414 Rev 1

3




L9374LF Electrical specifications
Figure 3. Output power stages Q1/Q2
To Dy
500kHz
T Dxy
oS - Z‘E
Rep 4ol e Other
MUX |g-{ Outputs
M &
T
Vs LEAK
—»
Internal
Signal e U U
SLOPE CONTROL PGNDx2
ToQz
GAPGPS00196
Table 7. Output power stages
Symbol Parameter Condition Min. Typ. Max. Unit
Static drain-source lg=1A
R Q ) 60 140 390 mQ
oN@Q1/Q) | 5 resistance Q/Q, (TK: 0.58 % / K; Typ @ RT)
Static drain-source lg=1A
R /Q ) 80 250 520 mQ
on(Q3/Qa) | 5 resistance Q3/Qy (TK: 0.58 % /K; Typ @ RT)
\ Z-diode clamping voltage |Iq = current limitation 35 - 40 \%
Output pull down resistor
Rpp (multiplexed to the 4 EN=1 20 40 100 kQ
outputs sequentially)(")
Vq=20V;EN=0V
ILEAK Output leakage current Tj=130°C - - 5 MA
Tj=25°C 1 uA
1. Rpp is sequentially connected to each output for 2 ps (8 us period) for the purpose of detecting off-state open load.
Figure 4. Output power stages Q3/Q4
To Dy
500kHz
T Dxy
o, -,
R 4to1 1\ i RSENSE
MUX |- Outputs
P
<|7
V2 LEAK
—»
Internal
Signal . U U
SLOPE CONTROL PGNDxZ
To Qz
GAPGPS00197
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Electrical specifications L9374LF
3.33 Freewheeling diode
Table 8. Freewheeling diode electrical characteristics
Symbol Parameter Condition Min. Typ. Max. Unit
Forward voltage of free _
VED12 | wheeling diodes D, /D, lgp=-1.5A 0.5 0.75 1.75 v
Vv Forward voltage of free D3, D4 @-250 mA 0.5 1.0 1.5 \
FD34 | wheeling path D3, D4 @-1.8A 16 3.6 v
Calculated:
R Q3/Q4 Sense resistor - 1 - Q
sense ¥ (VFp_1.8A"VFD_250ma)/1.95 A
. . Vq<Vp<18V
R Resistor D43-Pin 100 240 700 kQ
D1/3 13 (Typ @ T; = 25°C)
Leak t into Dx-Pi
||eak Ox 0 eakage current Into UX-Fin EN =0 5 _ 160 UA
—— |D1s
Leakage current into Dx-Pin [EN =1
I 90 70 400 A
leak_Dx_1/0 D13 Dog Ipac = 0A M
Leakage current into Dx-Pin [EN =1
| 90 - 2400 A
leak_Dx_1/1.8 D13 Dog Ipac = 1.8A M
3.34 Output timing characteristics
The DMOS outputs have controlled slopes to minimize EME. The Edge Shaping option is
programmed via SPI (See Edge shaping (EDGE_SH); without edge shaping, the slope is
fixed to 10V/us in both directions.
Figure 5. Output timing characteristics diagram with edge shaping
va/v A
Ss Veo
Vo oG- T-V_m_e-_t ______ 7(_____
f
Where:
e  Vp: Valve supply voltage
e  Vgp: Forward voltage drop across the recirculation diode
e Vgpgg: Voltage Sf to Ss slope transition
e Ss: Slow slope
e  Sf: Fast slope
14/80 DoclD025414 Rev 1 Kys




L9374LF Electrical specifications
Table 9. Output timing electrical characteristics(!)

Symbol Parameter Condition Min. Typ. Max. Unit
Vedge Edge shaping threshold measured from Vp -2.2 - -1 \Y
Sf_Q4/Q, | Sf output on/off slope fast Q4/Q, 3 10 17 Vlius
Ss_Q4/Q, | Ss output on/off slope slow Q4/Q, :/D - ?05\; 2 4 6 Vlius
load=!-

Sf_Q3/Q4 | Sf output on/off slope fast Q3/Q4 resistive load 6 13 20 V/us
Ss_Q3/Q4 | Ss output on/off slope slow Q3/Q4 2.5 5 7.5 V/us

1. See Figure 5 for waveform.
The slope is defined between 20 % and 80 % of the edge.
Symmetric switching of DMOS
Figure 6. Symmetric switching of DMOS diagram
A
uQx
0.5
< L > t -
T
A Symmetric switching is present to ensure a reliable PWM at the output.
Table 10. Symmetric switching of DMOS electrical characteristics
Symbol Parameter Condition Min. Typ. Max. Unit
Symmetry Il
t -dc - -1.0 - 2.0
sym1 with edge shaping tx-dc - T<1.5 ps HS
s " dc =50 %
ymmetry V=10V
t 0 - 3.0
sym2 without edge shaping @ He
3.3.5 PWM output behavior
(refer to Section 4.4: Set-point controller for details)
Table 11. PWM output behavior characteristics
Symbol Parameter Condition Min. Typ. Max. Unit
fQy Output frequency - 2% 4 +2 % kHz
DC Duty range - 0 - 100 %
DCrgs |Duty resolution of f_A - - 0.2 - %
N Number of bits for duty resolution/ | ) 9 _ )
RES  |target current value
Kys DoclD025414 Rev 1 15/80




Electrical specifications L9374LF
Table 11. PWM output behavior characteristics (continued)
Symbol Parameter Condition Min. Typ. Max. Unit
Resolution of duration
t 1A - -
(MRES | Add. 0 bit DO = 0 - 250 us
Add. 0 bit D9 =1 500 us
Ngit Number of bits for duration - - 5 - -
Max. Duration
t - -
(Mwax | adq. 0 bit D9 = 0 (25-1) x 250 ps 775 | ms
Add. 0 bit D9=1 (25-1) x 500 ps 15.5 ms
3.3.6 Q3 / Q4 (current controller)
(refer to Section 4.5: Current controller for details)
Table 12. Q3 / Q4 (current controller) electrical characteristics
Symbol Parameter Condition Min. Typ. Max. Unit
lQ3s/a Current range - 0 1.8 A
lQ3/Q4_res Current resolution - - 3.5 - mA
| Current accurac lioag = 0 MA to 400 mA 124 mA
Q3/Q4_acc Yy loag > 400 MA +6 %
3.3.7 Logic inputs / outputs
Figure 7. Logic inputs
3V
lpy
S%I\E(::)ES% Signal CLIEIN Signal
lpp
Table 13. Logic inputs electrical characteristics
Symbol Parameter Condition Min. Typ. Max. Unit
Vin_low |Input threshold - -0.3 - 1.0 \Y
Vin_nigh | Input threshold - 20 - 3.5 \Y,
Vinnys | Input threshold hysteresis - 50 100 350 mV
Internal pull-up current source
I OV<EVjyws<2V -12 -30 -60 A
PU  |for SPICS, SPICLK, MOSI In-xy H
Internal pull-down current
"D | source for EN, CLKIN 1V Vingy <345V *12 | #3060 | A
Cin Input capacitance Designed but not tested 3.5 - 7.5 pF
16/80 DoclD025414 Rev 1 Kys




L9374LF Electrical specifications
3.3.8 Logic outputs (MISO)
Figure 8. Logic outputs (MISO) circuit
3V
Tristate —— 4| Reu
MISO
Signal —#» | Ruiso
Table 14. Logic outputs (MISO) electrical characteristics
Symbol Parameter Condition Min. Typ. Max. Unit
VM|SO_L MISO low voltage IOut—xy <25 PA; CL <30 pF 0 - 0.4 \%
Vmiso_H | MISO high voltage lout-xy < -25 PA; 25 3.3 3.45 \
RM|SO-ON MISO ON resistance RON+RMISO 40 100 400 Q
SPICS = high
R MISO pull ist 50 120 300 kQ
P-U pull tp Teststor — MISO in tristate mode
Cin Input capacitance designed but not tested 3.5 - 7.5 pF
3.3.9 Diagnostic functions at output stage
(refer to Section 4.8: Diagnostics for details)
Table 15. Diagnostic functions at output stage electrical characteristics
Symbol Parameter Condition Min. Typ. Max. Unit
VoL | Open load threshold output off 0.3 0.33 0.39 x VS
luc Undercurrent threshold output on 50 100 140 mA
Temperature shut down o
Tsp threshold™) - 180 200 220 C
Tw Temperature warning - 160 180 200 °C
ATwsp | Difference between T\y and Tgp | Tgp-Tw 10 - 40 °C
Dy 10ss | Supply loss threshold - 32 - 39 \Y
loc1(1/2) | Overcurrent threshold 1 Q4/Q; OC_TH_Qx =01 5 7.5 9 A
loco(1/2) | Overcurrent threshold 2 Q4/Q; OC_TH_Qx =10 7 8.5 10 A
IOC(3/4) Overcurrent threshold Q3/Q4 3 5 8 A
Vg on | Gate monitoring threshold Internal node 2.5 - - \Y
Vg _orf | Gate monitoring threshold Iq > 15 mA, Internal node - - 1 \Y
1. Monitoring is only active if the output is on.
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3.3.10 General diagnostic functions
(refer to Section 4.8: Diagnostics for details)

Table 16. General diagnostic functions electrical characteristics

Symbol Parameter Condition Min. Typ. Max. Unit
Vyy Under voltage threshold (VS-pin) 3.0 - 5.2 \Y,
Vsg L |Signal GND loss threshold - 0.2 0.4 0.6 \
Vpg L | Power GND loss threshold - 0.5 - 25 \Y,
Vpg 1h |Power GND loss hysteresis - - 1.0 - \Y

Table 17. CLKIN-monitoring characteristics

Symbol Parameter Conditions Min. Typ. Max. Unit

CLKIN monitoring @ 250 kHz-mod
foLkiN H2s0 | ooy SPI'E;’”' oring @ #"MOYe | frequency too high 300 - 760 | kHz

CLKIN monitoring @ 250 kHz-mode

fCLKIN_L25O set SPI bit frequency too low 90 - 190 kHz
CLKIN monitorin 1 MHz-mode

foLkn HiM | oy spi b 9@1MHz frequency too high 1.20 - | 304 | MHz
CLKIN monitorin 1 MHz-mode

foLkin LM [ cor i e 9@1MHz frequency too low 0.36 - | 076 | MHz

‘ CLKIN monitoring CLKIN frequency ok 250 kHz

CLKIN_OK 1 clear SPI bit 1 MHz

3.3.1 Filtering times

Table 18. Failure filtering times characteristics

Symbol Parameter(!) Condition Min. Typ. | Max. | Unit
toL Openload filtering time outputs off 20 44 70 V]
tuc Under current filtering time - 10 20 40 us
tovL Overload switch-off delay time |- 10 20 40 us
tsp Thermal shutdown delay time - 10 40 80 us
trw Thermal warning filtering time - 10 20 40 V&

tox L Dx loss filtering time - 1 2 5 us
tpgnp L | Power GND loss filtering time - 10 20 40 us

tsgnp L | Signal GND loss filtering time - 10 20 40 V]

t en F | EN filtering time(?) - 1.5 2 25 us
tcik F | CLKIN-failure detection time - 140 200 310 us

p—_ fCutLj;:ﬁg triwrcr:t(_:‘reachable failure ) 775 8 8.25 ms

1. All parameters based on valid CLKIN (250 kHz / 1 MHz) signal.
2. Digital filter only for falling edges and analog filter for both edges.

3

18/80 DoclD025414 Rev 1




L9374LF Electrical specifications

Table 19. SVDT test timing
Symbol Parameter Condition Min. Typ. Max. Unit

SVDT Enabled

ty Minimum passing test time | Ox < Iyc 90 100 110 us
VDT Enabl

t Maximum failing test time S nabled 450 500 550 us

Y |_QX < IUC

Refer to Section 4.8.13: Silent valve driver test (SVDT).

3.3.12 Vp measurement

(refer to Section 4.5.2 VD for details)

Table 20. Vp measurement electrical characteristics

Symbol Parameter Condition Min. | Typ. | Max. | Unit
Vp measurement _ 0
Vol accuracy Vp=10V 10 %
Vies Voltage resolution - - 0.1 - \
tint Integration Time Vp=13.5V 0.71 - ms

Vp-Integration time increases linearly with Vp,.

Table 21. Vp measurement bit values
SPI - bit D8 D7 D6 D5 D4 D3 D2 D1 DO

VD-value 16V 8V 4V 2V 1V 12V | 174V | 18V 116 V

3.3.13 Rs measurement

(refer to Section 4.5.2 : RS for details)

Table 22. Rg measurement electrical characteristics

Symbol Parameter Condition Min. | Typ. | Max. | Unit
Rg-measurement o
Rs_M_ACC | acey racy ) ) ) 10 %
Rs-measurement
Rs_M_RES | esolution i ) 8.6 ) mQ

Table 23. Rs SPI bit values
SPI - Bit D8 D7 D6 D5 D4 D3 D2 D1 DO

Rg-value 4Q 2Q 1Q 12Q | 17/4Q | 1/8Q [ 116Q | 1/32Q | 1/64 Q

Note: Rs-measurement time increases linearly with Rg.

3
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3.3.14 V_FWD measurement
(refer to Section 4.5.2 : V_FWOD for details)
Table 24. V_FWD measurement electrical characteristics
Symbol Parameter Condition Min. | Typ. | Max. | Unit
Vewp acc | V_FWD measurement accuracy - - - 10 %
Vewp res | V_FWD measurement resolution - - 7.8 - mV
Vewp_Meas | Expected measured voltage range | - 0.5 0.7 1.3 \Y
V_FWD-measurement time increases linearly with V_FWD.
Table 25. V_FWD SPI bit Values
SPI - Bit D8 D7 D6 D5 D4 D3 D2 D1 Do
V_FWD 2V 1V 12V | 14V | 18V | 116V | 1/32V | 1/64V |1/128 V
3.3.15 Internal oscillator
Table 26. Internal oscillator electrical characteristics
Symbol Parameter Condition Min. Typ. Max. Unit
fosc | Oscillator frequency - 1.4 20 26 MHz
3.3.16 SPI timing characteristics SPICLK, MISO, MOSI, SPICS
Figure 9. SPI timing characteristics SPICLK, MISO, MOSI, SPICS
/ tspics-high tspics-low
SPICS
7
tea trise ta ta
s tspiciehign  tspicikion] — 'ﬂ =
0.8 Viign + I\ .
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Table 27. SPI timing characteristics

Symbol Parameter Conditions Min. Typ. Max. Unit
fspicLk | SPICLK frequency Cioad = 30 pF 0 - 5 MHz
IsPICLK-high, | SpICLK high time / low time |- 68 - - ns
tsPICLK-low
tiead SPICS -> SPICLK delay - 80 - - ns
tiag SPICLK -> SPICS delay - 60 - - ns
tmosl-stable | MOSI stable - 68 - - ns
trise/trall ﬁ:;(t;l;fe /N]l;)"St lime Cioad < 150 pF 0 - 100 ns
tmisO-delay | SPICLK -> MISO delay Cioad < 150 pF - - 80 ns
) ' Cioad S 15 pF 0.8 2 7 ns
t“”'v'”SS%”;: MISO rise time / fall time(") | C,aq < 50 pF 25 7 21 ns
Cloaq < 65 pF 35 9 28 ns
tspics-high | SPICS high time / low time Cioadq < 150 pF 150 - - ns
tmiso_tri | MISO tri-state Cioaq < 150 pF - - 100 ns
1. guaranteed by design
Note: The MISO pin is tri-stated with a weak pull-up when SPICS is high.
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4

4.1

Circuit description

The L9374LF is a four channel low side driver with integrated recirculation diodes intended
for ABS applications. The device communicates entirely by 16 individual SPI commands. All
outputs can be switched or PWMed. Two outputs have the additional capability of providing
current regulation

It is possible to program two consecutive PWM duty cycles / Current levels at one time.
Individual switched on-times can also be generated.

All outputs have high level diagnostic capabilities. These include off state open load, under
current, shorted load, gate voltage monitoring, thermal warning and shutdown flags. Higher
level diagnostics include a Silent-Valve-Detection-test (SVDT) to verify load and driver
integrity as well as a Built-in-Self-test (BIST) to verify the internal logic integrity. The
L9374LF can detect and report a missing recirculation diode, Ground loss, Clock failure,
and synchronization failure.

SPI serial peripheral interface

The L9374LF SPl is a fully bidirectional serial interface configured as a SLAVE for
communication between a uC (the MASTER) and the L9374LF. All data management is
handled in 16 sets of SPI registers of 16 bits each. There are 16 input or command registers
and 16 status registers. All output control including current control and PWM / switching
timing is realized internally. The control parameters (Duty Cycle, Duration, and Current
regulation) are programmed via serial communication. The 16 status registers provide a
high level of diagnostic capability from output status to internal control parameter
confirmation.

Figure 10. SPI block diagram
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Messages from the master (uC) to the L9374LF is sent over the MOSI (Master out Slave In)
pin. Messages from the L9374LF to the master will be sent over the MISO (Master in Slave
Out) pin.

The master starts the communication with a 1" — '0' transition on the SPICS pin. After
t_eap:(Table 27.) the master sends a clock signal to the SPICLK and data to the MOSI pin.
The SPICLK pin must be low at the falling edge of SPICS and remain low for t| gap for
correct communication to occur. The SPICS pin must rise after every 16 bits sent.

The MISO pin is tri-stated with an high ohmic pull-up resistor when the SPI chip select
(SPICS) pin is held high.

The SPI has the following features:

e 4 wire SPI (SPICS, SPICLK, MOSI, MISO)

¢  Word length of 16-Bits (0..15)

e 4 address and 11 data bits and one parity bit

e 16 receive-buffers (11 bit wide)

e 16 send-buffers (11 bit wide)

General protocol

The protocol has the following structure:

e A parity-bit at the LSB and eleven data bits (bits 1 to 11).

e The four address bits are at the highest position at the transfer (bits 12 - 15).
e  SPI communication begins with the MSB.

e Highlevel ="'

e Lowlevel ='0'

Figure 11. General SPI protocol

<,\: MSB LSB
A3 A2 Al A0 D10 | D9 D8 D7 D6 D5 D4 D3 D2 D1 DO P

GAPGPS00205

e Ax: address bits

. Dx: data bits

e P: parity bit

A message from the L9374LF to the master uC (MISO) contains 4 address bits. These bits
are not a copy of the received address from the previous transmission, but are addresses

that were decoded from the address decoder. This is done so that the master (uC) has the
ability to discern the integrity of the L9374LF address decoder.

Every time an error bit in one of the SPI registers is set by the L9374LF it will remain set until
the corresponding register has been read out via SPI. Once a status register has been read
the corresponding register will be reset upon the rising edge of SPICS.

Every SPI communication writes data into a register (read only not possible). Every SPI
response is associated with the address of the message sent one communication before.
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41.2 SPI failure detection

SPI communications sent to the L9374LF that contain errors are ignored. This inaction
includes both the commands given and the data retrieved. That is, commands are ignored
and the initial state of the output is not changed. Also data registers referenced by the
erroneous SPI communication will not be reset.

Figure 12. SPI error handling
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Three functions are monitored to discern a correct SPI communication from the master:

1. Correct number of Clock pulses in SPICLK per transfer.
During each SPICS-low-phase the L9374LF counts the number of positive edges of
SPICLK. If this number is unequal to 16 a SPICLK-error is detected.

2. Parity check (odd)
The L9374LF detects a parity error if the number of ‘1’s within a transfer is even.

3. Data-failure monitoring:
This bit is set if the master writes inappropriate data to any of the configuration
registers (2/14/15).

41.3 Data transfer

Upon the completion of each 16 bit SPI command (rising edge of SPICS), data is
transferred from the SPI block to the appropriate internal registers. Some internal SPI
registers are reset (such as fault bits) once they are accessed.
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41.4 Address decoder
The address decoder routes incoming data into the appropriate receive buffer and sets up
the appropriate send buffer register to transmit information back to the master (MISO) for
the subsequent SPI communication.
41.5 Parity generator
The parity generator completes the output messages with a parity bit. The number of ‘“1’s
within an output-transfer has to be odd. Parity is verified prior to the SPICS going high.
4.1.6 Initial MISO information
After initial power on, the first SPl-answer from the L9374LF reflects the Chip-ID
information. Typically, the information will appear as follows:
A3 | A2 | A1 | AO |D10| D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO P
1 0 1 0 0 0 1 1 1 0 0 0 0 1 1 0
This information is unique to this device and reflects specific device information relevant
only to ST.
41.7 Register map

This is a brief reference to the register locations within the L9374LF. Refer to Section 5:

Programmers guide for a more detailed description of each register.

Command buffer (data in)

3

Table 28. Command buffer (data_in)

Addressygx) Content Buffer name
0 Sync-trigger, Reset, and Sync values SYNC_REG
1 STW min and max values STW_V
2 Configuration register CONFIG 1
3 Fast Switch ON gate commands FSON
4 Duration Registers doe Q1 /Q2 Duration Q1/Q2
5 Duration of current 1 Q3 + duration of current 1 Q4 Duration Q3/Q4
6 Duty cycle 1 Q1 DUTY1_Q1
7 Duty cycle 2 Q1 DUTY2_Q1
8 Duty cycle 1 Q2 DUTY1_Q2
9 Duty cycle 2 Q2 DUTY2_Q2
10 Current/duty cycle1 Q3 CUR/DTY1_Q3
11 Current/duty cycle 2 Q3 CUR/DTY2_Q3
12 Current/duty cycle 1 Q4 CUR/DTY1_Q4
13 Current/duty cycle 2 Q4 CUR/DTY2_Q4
14 Current / PWM controller configuration register 2 CONFIG 2
15 Current / PWM controller configuration register 3 CONFIG 3

DoclD025414 Rev 1
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Status buffer (data out)

4.2

421

26/80

Table 29. Status buffer (data_out)

Addressyex) Content Buffer name
0 General status G_STATUS
1 Q1 output status register STATUS_Q1
2 Q2 output status register STATUS_Q2
3 Q3 output status register STATUS_Q3
4 Q4 output status register STATUS_Q4
5 Voltage of Dx VD
6 Output-duty Q3 OUT_DUTY_Q3
7 Output-duty Q4 OUT_DUTY_Q4
8 ISAT value for Q3 ISAT_Q3
9 ISAT value for Q4 ISAT_Q4
10 Internal diode Voltage measurement V_FWD
11 Measurement resistor RS
12 Current controller status CC-STATUS
13 Error average Q3 ERRORAVG_Q3
14 Error average Q4 ERRORAVG_Q4
15 Reserved — data ,000 0000 0000° RESERVED

A more detailed explanation about the register settings can be found in section Section 5:
Programmers guide.

Clock

The clock controller contains a CLKIN-monitoring function to validate the CLKIN frequency,
a clock multiplier to produce an internal 2 MHz clock, and an internal oscillator for
monitoring purposes and backup.

Figure 13. Clock block diagram

Internal oz CLKIN Monitor
Oscillator
" > CLKIN_F
CLKIN —2r—t l
or 0
41 250kHz /O__> fok
2 Switch 8x 2MHz |_>_O
CLKIN.S —7— 1 Multiplier
GAPGPS00207

Clock multiplier

The Clock Multiplier provides a steady 2MHz signal (fc ) for the internal logic based on the
CLKIN signal. The multiplier factor is determined by setting the CLKIN_S bits in the SPI
Command register Configuration register 1 (address 2). It is possible to have the wrong
CLKIN_S bits set for a specific CLKIN frequency. When this occurs a CLKIN failure
(CLKIN_F) is registered.
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42.2

423

4.3

431

3

Internal oscillator

The 2MHz internal oscillator (fos; Table 26.) provides a comparison signal used to validate
the incoming CLKIN signal. If the CLKIN signal is determined to be out of range then the
internal oscillator is used to provide clock signals internal to the L9374LF. The internal
oscillator does not have the accuracy of a proper CLKIN signal. Therefore the diagnostic
filter times will reflect the accuracy of this clock for that case.

CLKIN signal monitoring

The CLKIN signal is an external 250 kHz or 1MHz signal from the pC to the L9374LF. This
signal is monitored to be within a specified range (fo kv L <fcLkin<fcLkin H- T@ble 17.). If the
value is out of range, then the CLKIN_F (CLKIN failure) bit is set to ‘1’. If a CLKIN failure
(fcLk out of range) is detected, the outputs are disabled and the internal 2MHz oscillator is
used as the clock for the internal logic.

Table 30. Clock validation
CLKIN CLKIN_S 250 kHz / 1 MHz foLk CLKIN_F
250 kHz 250 kHz 2 MHz 0 (no failure)
1 MHz 1 MHz 2 MHz 0 (no failure)
250 kHz 1 MHz 1 MHz 1 (failure)
1 MHz 250 kHz 8 MHz 1 (failure)

Synchronization controller

Due to the natural SPI communication task time jitter, proper actuation of the outputs
requires some level of synchronization. The Synchronization Controller provides
synchronized output actuation eliminating SPI task time jitter issues.

This function forces the outputs to change their commanded state at a specified point in time
outside the SPI communication window. This also ensures a more stable SPI
communication by minimizing ground fluctuation due to output switching during periods of
SPI communications. This delay between the SPI commands and the output actuation is
programmed by setting the RESET_VALUE and SYNC_VALUE parameters located in
register 0.

Output synchronization

The RESET_VALUE time value is determined by using the typical time between SPI cycles.
When programmed properly, the SPI communications occur at or around the
RESET_VALUE timing. The Sync Tolerance Window (STW) is an interval of time between
RESET_VALUE times where accessing the Sync Section 5.1.1: Sync + Sync-trigger register
(address 0) during this interval generates a sync failure (SYNC_F). This window is defined
by the parameters STW_V_MIN and STW_V_MAX.

The SYNC_VALUE is a programmed delay after the RESET_VALUE when the output
transitions occur. This delay is typically set as half of the RESET_VALUE. This sets the
output transitions furthest from each SPI cycle and during the STW.
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Figure 14. Synchronization controller block diagram
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Inputs

The synchronization controller receives the following input signals:
e f A =4 KkHz for internal clocking.
e SYNC_TRIG ="1” initiates the synchronization timing with that SPI event.

e  SPI synchronization values (SYNC_VALUE, RESET_VALUE, STW_V_MIN;
STW_V_MAX) provide the parameters that allow for output synchronization.

Outputs

The synchronization controller provides the following output signals:

e The STW signal is used in conjunction with accessing address 0 to notify the master
that the SPI cycles are within the programmed exclusionary window (SYNC_F=1).

e The SYNC_SIG initiates the actuation of the new output commands.

The synchronization counter increases its value with every period of f_A. When the value of
the counter equals the SYNC_VALUE a synchronization signal (SYNC_SIG) is generated
(SYNC_SIG=1").

The synchronization counter continually counts to the RESET_VALUE and resets unless a
SYNC_TRIG command is sent. If a SYNC_TRIG command is sent then the counter resets
immediately. Upon resetting the SYNC_TRIG and STW signals are reset (SYNC_SIG =

STW =0’).

28/80
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Normal sequence

When stepping through a normal sequence of events the following occurs:

e Ata SYNC_TRIG (SYNC_TRIG="1") command the synchronization counter, STW and
SYNC_SIG flags are reset (STW="0’, SYNC_SIG="0’)

e The counter counts up at a rate defined by f A =4 kHz.
e  When the counter value reaches STW_V_MIN the STW flag is set (STW="1")

e  When the counter value reaches SYNC_VALUE the SYNC_TRIG flag is set
(SYNC_TRIG="1") which activates the most recent output commands.

e  When the counter value reaches the STW_V_MAX value the STW flag is reset
(STW="0")

e  When the counter value is equal to the RESET_VALUE the counter is reset and the
output signal sync_signal is reset (SYNC_SIG="0’)

Disallowed programming states

Erroneous programming results in the STW flag being set ‘1’
e Ifthe STW_V_MIN value is higher than or equal to STW_V_MAX value the STW flag is

set (STW = 1)
o Ifthe STW_V_MAX value is higher or equal to the RESET_VALUE value the STW flag
is set (STW =1)

Synchronization failure

Sync failure detects a timing error in the output command synchronization. The master unC
programs a timing window (STW) where accessing to the Status Register address 0 is not
allowed.If there is an access to the Status Register address 0 when the STW flag is set then
a sync-failure is generated (SYNC_F = 1). Also, a SYNC_F will be detected if there is no
SPI traffic at all between two SYNC_SIG events. This status will be read out on the
subsequent SPI transfer.

Without a SYNC_SIG or at sync-failure there is no effect for the actuation and setpoints

Synchronization controller programming

It is necessary to write into two registers (Command Register addresses 0 and 1, sections
5.1.1 and 5.1.2) to program the Synchronization Controller. The SYNC_VALUE, the
RESET_VALUE and the SYNC_TRIG values are programmed through address 0. The
SYNC_TRIG is written to once to initialize the counter. Once initialized the SYNC_TRIG bit
is reset by the controller. Subsequent SPI transfers the SYNC_TRIG bit should not be set to
avoid re-initializing the sync counter. There is no influence on the sync counter if the
SYNC_TRIG is not set. Occasionally, the sync counter may need re-initializing depending
on the timing between the RESET_VALUE and the uC loop time. The RESET_VALUE is
incremented by 1ms intervals. The SYNC_VALUE is incremented by 250us intervals.

The STW_V_MIN and STW_V_MAX values are programmed via register 1 (Section 5.1.2).
Their interval length is dependant on the RESET_VALUE MSB (address ‘0’, bit D9)

Table 31. Sync. tolerance window interval length
RESET_VALUE (add.0, bit D9) | RESET_VALUE Duration | Sync tolerance window interval

0 <8ms 250 ps/bit
1 >8ms 500 ps/bit
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Example
Example for a 5 ms cycle time, 2.5 ms SYNC_VALUE-, STW of +1.75 ms/-1.25 ms:

Cycle time:

—  For programming the cycle time the master has to write the RESET_VALUE (4 bit)
via SPI. One bit has the resolution of 4/f A =1 ms.

— RESET_VALUE:5ms/1ms=5— 0101
SYNC_VALUE:

—  For programming the sync-signal the master has to write the SYNC_VALUE (6
bit). The LSB has the resolution of 250 ys.

— SYNC_VALUE: 2.5 ms /250 ps = 10 — 00 1010y,
Sync tolerance window:
—  For programming the STW the master must write min and max values (2 x 5 bit):
STW_V_MIN: 0.75 ms
STW_V_MAX: 3.75 ms
STW_V_MIN: 0.75 ms / 250 ps + 1 = 4— 0 0100y
STW_V_MAX: 3.75 ms / 250 ps + 1 = 16— 1 00005,

Figure 15. Normal mode
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SPI transfer means transfer of all send and receive registers (0 through 15).
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Figure 16. Sync-failure + re-synchronization
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Re-synchronizing

The master sets the SYNC_TRIG bit to ‘1’ (section 5.7.7) to re-initialize the sync counter.
This re-synchronizes the L9374LF synchronization controller to the master. When this bit is
set three counters are reset: the PWM counter (output frequency and duty cycle),
synchronization counter and the duration counter. The SYNC_TRIG bit is reset (set to ‘0’) by
the L9374LF upon re-synchronization.

The picture below shows the behavior of the output when the synchronization is done. The
time tx is anything lower than 250 ps.

Figure 17. Behavior of the output when the synchronization is done
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4.3.2 Time shift between output actuation

The actuations of the outputs are time shifted by 90° (typ. 62.5 ps) to offset their effect on
the supply during switching. This balances the incremental switching current and reduces
the EME generated by the switching of these channels. The new duty cycle or target current
also becomes valid with this 90 degree time shift after the SYNC_SIG.

)
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Figure 18. Channels time shift
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Set-point controller

The set point controller generates a PWM duty cycle based on a duty cycle value or a
regulated current value from the SPI command registers for each output. This circuit is
designed to generate two different PWM duty cycle / current regulation values for each
output per SPI cycle. This translates to a duty cycle/current level [w(n)] for a duration [t(n)]
and then a second duty cycle/current level [w(n+1)] until otherwise commanded for each
output per SPI cycle. Depending on what is driving this controller (Direct SPI command (in
the form of a duty cycle value) or Current Controller) the end result is either a fixed
commanded PWM duty cycle or a regulated current.

Figure 19. Set-point controller block diagram

syncsignal fA
SPI input buffer
time
t(n) - timing box
set point *
datain
current set point/
wn) duty set point
A‘ﬁ ) output buffer B #
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The set point controller receives the following input information:
e  Synchronization-signal (SYNC_SIG)

e  Frequency of the PWM-generator (f_A; duty 50 %)

e  Set Point 1 (Duty cycle/current 1) = w(n)(9 bits)

e  Set Point 2 (Duty cycle/current 2) = w(n+1)(9 bits)
e  Duration (duration of Duty cycle/current 1) = t(n)(5 bits)

The Duty cycle/current set point value is the only output signal.

The timer commands the change between w(n) and w(n+1) to the Duty cycle/current set
point according to the programmed timing value t(n). The counter in the timing box is
controlled by f_A and bit D9 of address 0 (see Table 33.). If the value of the counter is lower
than t(n) the Duty Cycle/current set point is set to w(n). If the value is equal or higher the
Duty Cycle/current set point is set to w(n+1).

Table 32. Example of PWM duration timing, t(n)

Duration value (5 Bit) Add. 0, bit D9 on-time (ms)
000003, X 0 ms (off)
M1 0 7.75 ms
011012 0 3.25ms
11111 1 15.5 ms
011015 1 6.5 ms

Note that the RESET_VALUE MSB (bit 9 of address 0) affects the timer duration. With the
MSB set the timer values double. This means if the SPI cycle time is equal or higher than 8
ms (>100(4,) the resolution of the duration t(n) is 500 ps per LSB instead of 250 ps.

Table 33. Timer t(n) resolution versus RESET_VALUE MSB
RESET_VALUE (add.0, bit D9) RESET_VALUE duration Resolution of timer duration

0 <8ms 250 ps
1 >8ms 500 ps

The timer counter is reset by the SYNC_SIG.

All buffers and the timer counter are reset by:

e A CLKIN failure detection (CLKIN_F =‘1")

e Are-synchronization command (SYNC_TRIG = ‘1’)
The value range (externally programmed):

e w(n): 9 Bit

e w(n+1): 9Bit

o t(n): 5 Bit

Example of set-point control

Below is an example of programming two sets of Set-Points sequentially. After programming
the parameters that govern the synchronization (RESET_VALUE, SYNC_VALUE and the
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SWT values) the parameters Set-Point 1 (DUTY1 or CUR/DTY1), Set-Point 2 (DUTY2 or
CUR/DTY2) and duration t1 (D_Qx) are programmed (for programming instructions see
section 5.1.5: Duration registers (address 4 and 5)).

Generically, after the SYNC_TRIG the Set-Point 1 is valid for t1 ms. After t1 ms the set-point
controller switches to Set-Point 2 until the next SYNC_TRIG event.

Figure 20. Set-point control example

1A/60% .
0.5A/30% \ 0.5A/30% \
3ms 1ms
0A/0%
RESET_VALUE RESET_VALUE
-
A A
SYNC_VALUE SYNC_VALUE
SPI SYNC_TRIG SPI SYNC_TRIG SPI

Set-Point 1 - ----- 05A/30%DC----=-=------------ 0.5A/30% DC
Durationt - - ---- 3ms —---mmmm - — - 1ms
Set-Point2 - - - - - - 0A/0%DC -----commmeem oo 1A/60% DC GAPGPS00214

In this example the RESET_VALUE (and therefore the SPI transfer loop time) is set to 5ms
and the SYNC_VALUE is set to 2.5 ms. This sets the SYNC_TRIG at 2.5 ms after each SPI
transfer. At SYNC_TRIG, the new information received at the previous SPI transfer is
incorporated into the Set-Point Controller.

Current controller

Two outputs (Q3 & Q4) are equipped with a current controller. The current controller
converts the Set-Point controller output (Current Set Point) into a current level regulated
duty cycle command using a sophisticated algorithm incorporating Load resistance supply
voltage, and recirculation path variances.

The current controller output duty cycle information is calculated using a dedicated load
model in standard Arithmetic Logic Unit (ALU). This model includes the supply voltage, the
recirculation path as well as the load resistance. The load resistance value is programmable
via SPI while the recirculation path and the load supply voltage parameters are measured
by the L9374LF. These measured values are readable via SPI as well.

Load resistance error integration phase

The value of the programmed Load is corrected during the valve actuation. This correction
is called the Error Integration Phase and the resulting value (ISAT_Qx,) is accessible via
SPI (Status registers 8 and 9, Section 5.2.5). ISAT_Qx is an internal value of the current
controller. In an ideal system (without any system tolerances) the first approximation is
determined y the equation:

RL_real

ISAT ~
S RL_SPI

3
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RL_real ~ RL_SPI - (1 + ISAT)

ISAT is the relative error of the SPI-Value RL_SPI to the real load RL_real (within an ideal
system).

ISAT is a twos complement. The range value is {-1 ... +(1-LSB)} and
_ 1
LSBsam)| = 513

With this algorithm a fast controller dynamic can be achieved. Figure 21 shows the load
current response for different target currents. The ISAT_Qx value integration is disabled for
commanded target current values less than 29 pe). This corresponds to a target current of:

1.8Ax 22 _ 102mA

512
Figure 21. Load current response for different target currents diagram

25 T T T T

Error
Integration
Phase

Starting at time zero a load error is corrected by modifying the programmed load resistor
value with an integral correction factor Igat. This integration function is valid for target
currents higher than 110mA. If the ISAT value is once corrected in the system the load
model will respect the required precision immediately if the target current is reached in the
load. To avoid a long error integration phase during actuation of the ABS system it is
recommended that the current controlled outputs (Q3 & Q4) be activated periodically. This
will allow the L9374LF to adjust the Igpt parameter for any possible load resistance changes
due to temperature.

The integral correction factor (ISAT) is remembered and potentially modified at every load
actuation. It can be reset by changing RL or resetting the Current controller (see

Section 5.1.9). If reset, the load resistance error correction will be recalculated upon the
next output actuation.
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Analog signal measure blocks

All internal analog measurements are converted into digital values for use internal to the
L9374LF. These values are accessible via SPI. The supply of the load, an equivalent
measured resistor, as well as an equivalent recirculation diode forward voltage are
measured with the same analog to digital converter sequentially.

e VD, Register 5, bits D0-D8
e RS, Register 11, bits D0-D8
e V_FWD, Register 10, bits D0-D8

VD

The VD is measured by the L9374LF as the voltage present at pin D13.The value for VD
can be read in the SPI register 5 (refer to 3.3.72: VD measurement and 5.2.3: VD (address

5)).
RS

An equivalent sense resistor is measured internal to the L9374LF. The digital value is stored
in SPI-register 11. The value is corresponding to the measurement resistor which is used for
the current controller. The digital value is multiplied with the factor of 1.8 (refer to 3.3.73: Rs
measurement and 5.2.7: Sense resistor measurement (Rs) (address 11).

This means:

Rs(spi) = 1.8 - RSmeasured

To get the right value of Rs it is necessary to divide the SPI-value by 1.8.
The resolution of the LSB is 8.7mQ (typ.) and the parameter range is:

Condition Rs-value (Q) (after division by 1.8)
Min 0.62
Typ 1.00 (TK = 1.57 mV/K)
Max 1.58

V_FWD

An internal reference diode forward voltage is measured using a fixed bias current. This
corresponds to the forward voltage drop across one of the current controller freewheeling
diodes. The digital value is stored in SPI Status register 10 (refer to 3.3.74: V_FWD
measurement and 5.2.6: Reference diode voltage measurement (V_FWD) (address 10)).

Load current measurements

The load current is measured in both the on and the off state of the output. This measured
current is subtracted from the target current which is set by a digital to analog converter. The
load current difference is converted into a digital signal for each output. This digital signal is
called error average. The error average is an internal value of the current controller. The
error average is the integral of the difference between the target current and real current
within a PWM period (250 us).

ERRORAVG_Qx = %I('target = lrea)dt
T

3
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The error average is a twos complement number. The range value is {-[value] ... +([value]-
LSB)} and

‘LSB 3.6mA

(erroraverage)‘ =

This value is available in the SPI Status registers 13 and 14 (refer to 5.2.9: Error average
(address 13 + 14)).

Figure 22. Integration of the error average

— K, [dt

Error

average ISAT
| ] >
e (n) y (n+1)

GAPGPS00216

The current controller calculates the correction factor ISAT out of the error average within an
output period (1/f_A). During a period (n) it calculates the control variable y(n) with the
current deviation e(n). At the next period n+1 the control variable y(n) is used. The value
ISAT is always stable if the load resistor value is stable. More details about the usage of
ISAT you will find in the following chapters.

Duty cycle calculation in the ALU

The ALU is shared between outputs 3 and 4 in the L9374LF. The following equation is used
by the ALU to provide the output PWM duty cycle information to the Duty cycle Generator.

_ VoRr * ltarGeT "Rs . lTaARGET Rispi
Vor* VeaT * ltarceT (Rs—Rpson))  Vor + VeaT * ItarRGET " (Rs = Rps(on))

ic “(gar+ 1
Where:

Vpr: Forward voltage of the recirculation diode (measured value stored in register V_FWD_Qx)
ltarceT: Value programmed by the SPI and provided by the Set Point Unit

Rs: Sense resistor value (measured value stored in register RS)

R sp): Value given by the SPI

Vgat: Supply voltage of the load (measured on pin D1/3 stored in register VD)

Rps(on): fixed value of 500mOhm temperature coefficient is not respected

IsaT: Current Controller correction factor
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Current controller diagnostic performance

The maximum output value from the current controller is 1FF. This values is only reached if
the measured current does not reach the commanded current. If this maximum value
extends for more than tong (8ms typ, Table 18.) the Current Not Reachable flag (CNRX,
5.2.4) is set. The PWM controller contains the check for this condition (for details see
section 4.6.1: Current not reachable detection(Q3 and Q4 only):).

A set CNRXx flag indicates that the load regulation is out of control and resets the ISAT value.
This forces the ALU to re-learn a new ISAT value returning the system to a stable dynamic
performance.

The ISAT register can be monitored by the master uC to determine if it is on the positive or
negative limit. This will indicate if the current controller is out of range and that the current
precision can not be assured.

PWM generator

The PWM Generator converts a Duty Cycle Set Point value into a PWM signal for each
Output Driver. The duty cycle setpoint can be derived from either a direct SPI command
(through the Set-Point Controller directly) or through the Current Controller.

The PWM-generator (Figure 23) provides a 4 kHz PWM duty cycle (f_Qx) depending on the
value of the 9 bit control variable. A 9-Bit ring counter counts with a frequency of o k

(2 MHz). The ring counter output is compared to the control variable. If the value of the
counter is lower than the control variable the output f_Qx is high turning on the output Qx. If
the value of the counter is equal or higher to the output f_Qx is low turning off the output Qx.

The counter can be reset by either a counter overflow at "1F4 j4e,)' (— 5001()), or by a
SYNC_TRIG command. The control variable value is changed only when the counter
passes through zero.

Figure 23. PWM control block diagram

9 bit
Ring Counter
>1F4 9
1F4 —— 50%
! f_A
foux  _a , 9 A
' |14
|
= 000
EN
RESET =
SYNC_TRIG L
Y f Qx
9 9 | )
9 bit
Control Variable Latclh 4
— Current Not Reachable
14
1FE 9 8 ms Delay CNRx
Current
Controller
Sign bit GAPGPS00217
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Current not reachable detection(Q3 and Q4 only):

The current not reachable bit is set (CNRx = 1, see section 5.2.4) when the current
controller control variable is set to 1FF ey for more than tcyrr_f (8ms typ, Table 18). This
indicates that the current requested has not been attained for that duration. The CNRXx bit is
also set when the current measurement sign bit is set to 1 for more than tcyrr £ (8ms typ,
Table 18).

In both cases a failure is indicated via SPI (and the ISAT parameter is reset).

Output driver

The output driver controls the gate of the low side power DMOS as well as provides specific
diagnostic information to the SPI diagnostic registers. There are several signals that control
the actuation of the output power DMOS. In normal operation the typical input is the f_Qx
from the PWM generator. Other inputs that can turn on the output are the silent valve driver
test (SVDT) and the Fast Switch on circuitry. Inputs that can disable the outputs are the fast
switch off command, device enable, and certain failure detections that can potentially cause
catastrophic damage if the output is left on.

Figure 24. Gate drive block diagram with power
Off-State 125kHZ_‘

__________________ Open Load | Dxy
f ox VHDL CODE . % 401l g
SvDT .
@ @)
7, —|X Qx
} QX_ON
g 5—GZI PGNDxz

FSON_EN
Dx_Loss

ONx
FSOFF_ALL

PWM
Qx_OFF
Dx_Loss

GAPGPS00218

Input controls

The output driver control circuit includes the logical combination of the following signals:

e  PWM Generator output signal: (f_Qx)

e  Silent Valve Driver Test signal (SVDT)

e Device Enable (EN)

e  Specific Diagnostic failure indications such as PGND loss, overload, over temperature
(Diag_F).

e  Fast Switch off for all outputs: (FSOFF_ALL)

e  Fast Switch on Enable: (FSON_EN)

o  Direct SPI driven output switching through the Fast Switch On command (ONy,

In normal operation, the signals EN = ‘1", FSOFF_ALL = ‘0", Diag_F = ‘0’, allow the gate to

be driven by the PWM Generator signal (f_Qx). PWM Generator signal can override the
SVDT input if actuation is commanded during an SVDT.

The signals Diag_F='0’, EN="0’ and FSOFF_ALL="1’ by-pass all other inputs and turn off the
output immediately. The Diag_F flag is set to ‘1’ at the detection of PGND loss, overload and
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over-temperature disabling the affected output. Hardware Enable (EN) is an external pin
and is controlled by the uC directly. FSOFF_ALL is a SPI command that provides a method
to shut down all outputs in one SPI command.

Diagnostics

Output stage diagnostics provide fault feedback information for the SPI status registers.

Gate monitoring

Qx_ON and Qx_OFF provide Gate voltage status history information. If the output DMOS
Gate voltage is above the Qx_ON threshold at any point between two SPI cycles the
Qx_ON output will latch on (‘1’) the SPI bit associated with that signal (bit 6 of status
registers 1 - 4). If the output DMOS Gate is below the Qx_OFF threshold at any point
between two SPI cycles the Qx_OFF output will latch on (‘1’) the appropriate SPI bit
associated with that signal (bit 7 of status of status registers 1 - 4). If an output is PWMmed
both Qx_ON and Qx_OFF will return a ‘1’ when read by the SPI. Upon reading status
registers 1 through 4 the Qx_ON and Qx_OFF bits are reset to ‘0’.

Conversely if the Gate voltage remains above or below the thresholds mentioned the status
bits Qx_ON or Qx_OFF will indicate only one state was present. At no time will both bit not
be set.

Table 34. Qx_ON and Qx_OFF provide gate voltage status history information
QX_ON QX_OFF

Condition

duty: 100% 1 0
duty: 0% 0 1
duty: 0% < dc <100% 1 1
defect 0 0

Freewheeling diode loss detection

Dx_Loss transmits to the SPI register latch a ‘1’ whenever the output protection clamping
structure is used. This notifies the SPI that the freewheeling diode, Dx, was not in the circuit.

According Figure 23 the Device Enable has a direct link to a separate discharge path on the
power gate. Only the high voltage clamp (Dx_loss) gets a higher priority, to protect the
DMOS from high voltage damage if the freewheeling diode is “lost”.

Table 35. Output driver possible input configuration

FSOFF_ALL

FSON_EN

ONy

Setpoints

Output Qx
(0=off, 1=0n)

Remark

10

Q=on/PWM

0

like EN pin

10

Q = off

0

like EN pin

01

Q=on/PWM

1 or PWM

01

Q = off

0

01

Q=on/PWM

1 or PWM

01

Q = off

0

01

Q=on/PWM

1

Channel switched on without a sync-signal

01

==X | X|[O|O]| X | X

2|2 OO X | X | X | X

Q = off

1

Channel switched on without a sync-signal
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Diagnostics

There is a large amount of diagnostic functions in the L9374LF. These functions are
designed to verify internal as well as external conditions to the L9374LF. In so doing virtually
every function is checked for proper operation. All of the diagnostic results are read by the
master uC via SPlI commands.

Figure 25. Diagnosis block diagram
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Undercurrent / openload

Undercurrent can be detected if the current through the load in on-state is below the
undercurrent threshold (lyc, Table 15) for longer than the filter time (tc, Table 18). The filter
is active in that a counter counts up when the undercurrent is detected (the device is on
AND load current below |yc) and counts down when undercurrent is not detected (either the
device is off OR the current is above I ). Once undercurrent is detected the SPI fault bit is
reset when the counter reaches 0.

This bit is not latched unless undercurrent is detected during the SVDT test.
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Figure 26. Diagram under current
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Figure 27. Diagram openload
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Openload

Openload detection is done in the off-state through a multiplexed pull-down resistor, Rpp
(see Figure 4). Rpp is multiplexed onto each output node sequentially at a fixed 125kHz
rate. The output voltage is measured while Rpp is connected to the output. Voltages below
VoL (Table 15) indicate an off-state Open load condition. Multiplexing Rpp reduces the
overall “leakage” current while providing a substantial pull-down current to verify open load
status. There is a counter that “debounces” the open load detection similar to the
undercurrent filter counter. Open load is reported in the SPI status registers (bit DO of
registers 1 -4, 5.2.2: Output status Q1... Q4 (address 1 to 4)) and is cleared once read.

Overload

If the measured load current is higher than the overcurrent threshold (Iocy Table 15) a
failure is detected. The overcurrent detection is measured in on state only. This failure is
filtered for to. (20us typ., Table 18). After tg_ the output is shut down immediately and all of
the set point and control variables are set to zero. This disables the output from further
actuation until the appropriate status registers are read and cleared (refer to 5.2.2). Once
the appropriate SPI status registers are read the offending output(s) are released to be
driven again. This failure detection is used for all outputs.

The overcurrent bit is latched upon an overcurrent detection and reset after reading the
corresponding SPI register.

S74
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Outputs Q1 and Q2 have a selectable overcurrent threshold. These currents are individually
selectable as well. (see Table 15 also 5.1.8: Configuration register 2 - current control / over-
voltage threshold (address 14))

This failure detection is also used during SVDT (see 4.8.13: Silent valve driver test (SVDT)).

Thermal warning and thermal shutdown

The L9374LF is equipped with a two stage thermal protection system. This system provides
for an early thermal warning and a thermal overload shutdown protection. With thermal
warning some countermeasures can be realized by the Master uC to potentially prevent
thermal shutdown. The temperature for each output is only measured when the output is on.

Temperature warning has the same functionality as over-temperature. The only differences
are:

e The threshold is 20°C below over-temperature.
e  The Output is not shut down.
e The SPI-Bit shows the actual status at the time it is accessed.

Thermal warning

If the measured value is higher than the thermal warning threshold, Ty (Table 15), for tryy
(Table 18)the appropriate thermal warning bit for that output is set in the SPI Status register
(bit D8 of status registers 1 - 4, Section 5.2.2). No other action is taken. Reading the status
registers clears the Tyy bit(s) once the device is cooled sufficiently. This failure detection is
used for all outputs.

Thermal shutdown

When the measured temperature exceeds the thermal shutdown threshold, Tgp, a failure is
detected. This failure detection is filtered for to1 (40 us typ., Table 18). After tgt the output is
shut down immediately and all of the set point and control variables are set to zero. This
disables the output from further actuation until the over temperature condition is removed
and appropriate status register(s) (status registers 1 - 4, Section 5.2.2)) are read. Reading
the status registers clears the Tgp bits once the device is cooled sufficiently. This failure
detection is used for all outputs.
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Figure 28. Thermal detection / protection behavior.
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Power ground loss (PGND-loss)

PGND-loss continuously monitors the voltage between SGND and PGNDxy. If the
measured value is higher than Vpg | (Table 16) for longer than tpgnp | (Table 18) a failure
is detected. This sets the PGNDL_Qx bit (Section 5.2.2) and sets all of the set point and
control variables to zero disabling the output. There is a power ground loss bit for each
output even though Output 1 shares power ground with Output 2 and Output 3 shares
power ground with Output 4. It is not possible to switch on the output as long as the failure is
detected.

Once the power ground loss condition is removed the outputs are re-enabled by reading the
appropriate status register (SPI Status register 1 - 4). This clears the failure bit in the status
register and re-enables the output for use. This failure detection is used for all outputs.

The status of the failure is shown via SPI. PGND-loss is latched and can be reset only by
accessing this register when the failure does not exist anymore.

Signal ground loss (SGND-loss)

The SGND-loss monitors the voltage between SGND and PGNDXxy. If the measured value is
higher than Vgg | (Table 16) for tggnp L (Table 18) a failure is detected. After this time ALL
outputs are switched off immediately and the driver is shut down. The SPI communication is
possible but there is a threshold shift at the logic output drivers due to an additional
substrate diode in the ground path between PGNDxy and SGND (see Section 5.2.1).

Freewheeling diode loss detection (Dx-loss)

Freewheeling diode loss is detected by measuring the current through the output clamping
structure. If the clamping structure is used for more than tpy | (Table 18) a Dx_Loss is
detected and the appropriate Status register bit (bit D5 of status registers 1 - 4,

Section 5.2.2) is latched on. This bit can only be cleared once the failure is removed and the
status register is read.
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4.8.8 SPIl-failure
There are 3 possible SPI-failures:
e  parity failure (PARITY_F)
e clock failure (SPICLK_F)
e data failure (DATA_F)
In case of any SPI-Failure the next transmission to the master contains the following data:
MSB LSB
received address O T T AT A AR A O T AT B P‘;”t
A3 | A2 | A1 | Ao [D10| D9 [ D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO | P

4.8.9

3

Parity failure:

A parity failure is detected if the total number of '1's in the message is not odd. The
PARITY_F bit of status register O is set and master message is ignored (no change of the
data). The corresponding status message returned to the master after a parity failure
contains the received address and only ‘1’s for the data bits. The PARITY_F bit can be
cleared by accessing address 0.

SPI clock failure:

The L9375 counts the number of SPICLK positive edges during SPICS actuations
(SPICS="0’). If this number is unequal to 16 an error is detected and the message is not
used (no change of the data) and the SPICLK_F bit in the status address 0 is set. The
corresponding status message returned to the master after a Clock failure contains the
received address and only ‘1’s for the data bits. The SPICLK_F bit can be cleared by
accessing address 0.

Data failure:
A SPI command with data content that is not allowed produces a data failure (DATA_F).

The Data_F bit in the SPI status register 0 is set if the master writes invalid data to the
config-registers (address 2, 14 and 15). When this failure occurs all data in these addresses
are not modified (no change in the content at these registers).The Data_F bit can be cleared
by accessing address 0.

CLKIN-failure

CLKIN-failure (CLKIN_F) is detected if the input frequency (Table 17) at the CLKIN pin is out
of the specified range for tc k g (7able 18). Once this failure is detected all outputs are
switched off immediately, all set points, control variables, and counters are reset to zero and
the sync_counter is set to one. This frequency is monitored by an internal oscillator. This
oscillator used to clock all internal nodes otherwise driven by CLKIN.

All failures which occur due to a CLKIN-failure are not reflected in any SPI-register. Only a
sync failure will be reflected. Failures which occurred prior to a CLKIN failure are not deleted
or overwritten.

The CLKIN_F bit can be cleared by accessing address 0 once the failure is removed.
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4.8.10 Sync-failure
Sync failure detects a timing error in the output command synchronization. The master uC
programs a timing window (STW, Section 4.3) where accessing to status address 0 is not
allowed. If there is an access to Status address 0 when the STW flag is set then a sync-
failure is generated (SYNC_F = 1). Also, a SYNC_F will be detected if there is no SPI traffic
at all between two SYNC_SIG events. This status will be read out on the subsequent SPI
transfer.
Without a SYNC_SIG or at sync-failure there is no effect for the actuation and setpoints
A sync-failure detection results in two consecutive error flags (SYNC_F = 1).
To re-synchronize the L9374LF a SYNC_TRIG signal must be sent.
4.8.11 Current not reachable failure (Q3 & Q4)
The Current Not Reachable failure is detected when the current controller control variable is
set to 1FF ey) Or the current measurement sign_bit is set (1) for more than tcyrr_F (8ms
typ). Once a CNR is detected the CNRXx bit for that output is set to ‘1’ and the ISAT value is
reset (see sections, 4.5.4, 4.6.1 and, 5.2.1).
The Current Not Reachable detection is used for outputs Q3 and Q4 only.
Table 36. Fault diagnostic summary
Failure Output Effect Reset behavior
state
Openload off — bit is set (latched) Access SPI-register
Undercurrent on — bit is set (filtered) see Section 4.8.1: Undercurrent / Access SPI-register
openload
— bit is set (latched)
Overload on — outputis switched off Access SPI-register
— all set points / current / duty cycle / durations are kept at
zero
— bit is set (latched)
Over temperature on ~ output 'S_SW'tChed off . Access SPl-register
— all set points / current / duty cycle / durations are kept at
zero
— bit is set (latched)
PGND-loss on+off | output IS_SWItChed off . Access SPl-register
— all set points / current / duty cycle / durations are kept at
zero
— No constraints at all functions
— SPI-communication has to be possible
— The SPI-bit SGND_L is set after the filter time
SGND-loss on + off ((SGND_filt) ) i Access SPl-register
— All channels are switched off after tSGND _filt and all
current setpoints are deleted
— The sync-parameters are not cleared; sync-counter is
not reset
Dx-loss on — bit is set (latched) Access SPI-register
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Table 36. Fault diagnostic summary (continued)

Output

Failure Effect Reset behavior
state
SPI: Parity failure — bit is set (latched
y on + off ( ) Access SPI-register
odd — data are not used
SPI: SPICLK-failure — bit is set (latched
on + off itis set (latched) Access SPI-register
n<>16 — data are not used
— bit is set (latched
SPI: Data-failure on + off ( ) e . Access SPI-register
— data are not used (within a register)
— bit is set (latched)
— all outputs switched off immediately
— all set points / current / duty cycle / durations are kept at
zero
CLKIN-failure on + off Access SPI-register
— all counters are kept at zero
— all synchronization values are kept at zero (reset, sync,
STW)
— there is no influence at all status register
Sync-failure
STW_V_MIN < X < on + off |— bit is set (latched) Access SPI-register
STW_V_MAX
— all outputs switched off immediately
— all set points / current / duty cycle /durations are kept
zero
— all counters are kept at zero
Under voltage @ VS | on + off -

— all synchronization values are kept at zero (reset, sync,
STW)

— all status register are kept at zero
— all input, outputs and data buffer are kept at default

3
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4.8.12

48/80

ALU- BIST (Build in self test)

The ALU BIST is based on a Cyclic Redundancy Check (CRC) value calculation. For this
reason it is possible to bring the sequencer, which controls the calculation of the current
regulation ALU, into a special BIST mode. This mode is programmable via SPI using a
special sequence of commands. The BIST is enabled when the fast switch off (FSOFF_ALL
=10’) command is given. The BIST then starts when the Res_ CCV command (Res_CCV =
‘01’) along with a characteristic polynomial is programmed via SPI into register 15 (see
Section 5.1.9). The BIST is autonomous, once it is started, it cannot be interrupted. The
internal registers are used to provide values to the ALU during the BIST. These registers will
be reset at the start of the BIST. After the BIST has finished the BIST busy bit (status
address 5, bit D9) is reset and the CRC checksum is available. The checksum and can be
read out via SPI from the ISAT_Q3 register (status address 8, bits DO - D9, Section 5.2.5).
The BIST mode can then be exited when the fast switch off all command is reversed
(FSOFF_ALL =‘01’). The used registers will be cleared to their power-on reset state when
the L9374LF exits BIST mode.

Figure 29. Functional overview of the ALU BIST

BIST Control Start/Stop SPI »  POLYNOM

MEMORY ALU
— XBUF X
S — YBUF Y
> DOUT
o— ISAT » 71
o— DCO z2

GAPGPS00223

To achieve test coverage higher than 97% with the BIST the following 4 polynomial values
are recommended.

1. 194d (1100 0010)
2. 225d (1110 0001)
3. 212d (1101 0100)
4. 245d (1111 0101)

Sequence to perform the ALU built in self test during application:

1. Initiate the BIST sequencer; SPI command address: 2, FSOFF_ALL = 10).

Note: The sequencer is then waiting for the programming of the characteristic
polynomial to start the BIST.

2. Program the characteristic polynomial (SPI command address 15 RL= xxxxxxxx) while
setting Res_CCV (='01’). While the BIST is running BIST busy bit (BIST_BUSY Status
address 5, bit D9) is set to ‘1.

Note: Programming address 15 starts the BIST sequence. At the beginning of the

DoclD025414 Rev 1 KYI




L9374LF

Circuit description

3

sequence the internal registers are reset. It's not possible to interrupt the BIST. When
the BIST is completed, the BIST busy bit is reset to’0’ and the checksum is available to
be read.
The BIST_BUSY bit reflects the actual status of the sequencer. 1: BIST is running or
has been run previously and no current regulation is possible.

3. Readout the BIST checksum value located in status address 8, bits DO - D9).

4. Repeat steps 2 and 3 until all of the polynomials have been run through the sequencer.

5. To exit the BIST mode write FSOFF_ALL = ‘01’ (command address 2, bits D4 & D5).
At this point you must re-program a new RL value (SPI command address 15, RL =
XXXXXXXX).
Note: Once leaving the BIST mode the internal registers are set to default values. After
exiting the BIST mode and providing a new RL value the sequencer is ready to learn a
new current regulation.

It is possible to program new current regulator set values in the same SPI access loop
(Address. 0 to 15) where the BIST is stopped and a new RL value is written.

Affected internal registers from BIST:

XBuf Register for intermediate results
YBuf Register for intermediate results
DCO Register for intermediate result of DC

ISAT_Q3 Integration register for Channel 3
The contents of these register are reset at the initiation and completion of the BIST.

Just using the fast switch off command alone (FSOFF_ALL="10) does not initiate a BIST.
This action will only initiate the sequencer into the BIST ready state. The BIST will not be
started until programing a polynomial via SPI into address 15 is completed. Until that point
the internal registers will not be reset. It is possible to leave the BIST ready state with by
reversing the fast switch off command (Command address 2, FSOFF_ALL =‘01’). The
sequencer is then ready for new current regulation commands.
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Figure 30. BIST sequence

BIST end

RL= xxxx

BIST_Busy =0 BIST_Busy =1

BIST_Busy =0 BIST_Busy =1

BIST_Busy =0

BIST
Finished

BIST Start
RL= xxxx

FSOFF_ALL =10 BIST Busy =1

BIST_Busy = 1

GAPGPS00224

Silent valve driver test (SVDT)

The silent valve driver test (SVDT) checks the DMOS Output and valve load integrity.
Because the valve is switched on for a very short time during the test, the current in the
loads remains very low. Subsequently the valves are not actuated and there is no
observable valve noise.

The SVDT is initiated via a SPI command and automatically tests all outputs sequentially. It
is not possible to restart the SVDT while it is in the middle of a test. However the SVDT can
be interrupted by setting the SYNC_TRIG bit (Command register 2, bit D10).

The following status monitors are used during an SVDT:

Table 37. Status monitored during SVDT

Status Bit description Bit(s)
Off- State Open Load OL_Qx DO
Under Current UC_Qx D1
Over current OC_Qx D2
Over Temperature OT_Qx D3
Loss of freewheeling diode Dx_Loss D5

The SVDT SPI command is a 2 bit command where only one combination is acceptable to
begin the test

3
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Table 38. SVDT command

SVDT command (Address 2) Bit 1 Bit 0
Not Possible 0 0
Normal Operation / No test 0 1
SVDT Active (in test mode) 1 0
Not Possible 1 1

When the SVDT has completed testing all of the outputs, the SVDT bits are reset ‘01’ and
the test is halted. To restart the test the SVDT bits must be rewritten as “10’. All of the results
are stored within the SPI output status registers (SPI addresses 1 - 4, section 5.2.2).
Accessing the output status registers after the SVDT is completed clears these registers. It
is important to note that reading these addresses during an SVDT test also clears the status
bits.

The SVDT sequence begins at the next SYNC_SIG after initiating the SVDT command. It is
important to disable edge shaping (Command Address 2, bits D8 & D7 = ‘10’ section 5.1.3)
during the SVDT test for accurate results. This can be done in the same command.

The SVDT will run in a loop until completed even if the programmed sync register cycle time
(RESET_VALUE) is shorter than the SVDT actuation time.

Figure 31. Timing between each output test

A | | ! !
| | | |
| | | |
| | |
| | |
Qt | | 1 | |
‘ | | |
| | | |
| | | |
| | | |
i i i
| | |
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| | | |
| | | |
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a3 i i failure: UC
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o | | | 1
X
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Figure 32. SVDT-Timing with SPI-transfer:
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switched off.

Disable Edge Shaping (Command address 2, bits D8 & D7 = *10°)
Initiate SVDT (Command address 2; bits D1 & DO = “10’)
Qx switches on at the next sync-signal (sequence of actuation: Q1..Q4)
Because the output is actuated the output current increases.
At time tx, if the output current has exceeded the under current value, I, the output is

6. If the over current threshold (Io¢) is achieved prior to tx then the output is immediately
disabled and an over current condition is detected.

7. The output will switch off any time prior to exceeding time, ty, if the undercurrent
threshold, ¢, has been met.

8. After the output is disabled if the output clamps the voltage to V; (35V) a Dx_Loss is

detected.

9. If an Over temperature is not detected then the SDVT test is passed
10. The SVDT will then test at Qx+1 until all 4 outputs have been tested.

Criterion for passing:

. no overcurrent

e  Current value increases and reached undercurrent value within time ty (Iqx>lyc) &

(tx<t<ty).

¢ Channels with a freewheeling diode does not have a clamping thus do not report a
Dx_Loss condition

e no failure at all Output status registers (Status Addresses 1 - 4).

e Qx ON=1
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Figure 33. Passing test diagram
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Figure 34. Possibilities of a passed test
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The SVDT test examples

Figure 35. Test failed: short circuit / overload
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A failed test sequence for overload condition:

1.

Disable Edge Shaping (Command address 2, bits D8 & D7 = *10’)

2. Initiate SVDT (Command address 2; bits D1 & DO = ‘10°)

3. Qx switches on at the next sync-signal (sequence of actuation: Q1..Q4)

4. The output current increases and reached |, before tx is reached

5. Output Qx is switched off for overload protection and the overload bit (bit DO of the
status registers D1 - D4).

6. After the output is disabled if the output clamps the voltage to V, (35V) a Dx_Loss is
detected.

7. If an Over temperature is not detected then the SDVT test is passed

8. The SVDT will then test at Qx+1 until all 4 outputs have been tested.

Criterion:

e The output current increases and reaches overcurrent value within the test time tx

SPI:

Status registers 1 - 4, OL_Qx bit is set.

3
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Figure 36. Test failed: high resistive load / undercurrent
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A failed test sequence for under current condition

The test sequence:

Disable Edge Shaping (Command address 2, bits D8 & D7 = ‘10’)

Initiate SVDT (Command address 2; bits D1 & DO = 10’)

Qx switches on at the next sync-signal (sequence of actuation: Q1..Q4)

The output current increases but does not reach the undercurrent value, ly¢.
After ty the output is switched off.

After the output is disabled if the output clamps the voltage to V; (35V) a Dx_Loss is
detected.

If an Over temperature is not detected then the SDVT test is passed
The SVDT will then test at Qx+1 until all 4 outputs have been tested.

o0k wd-~

© N

Criterion:

e the current value does not reach the undercurrent value within time ty
SPI:

e  Status registers 1 - 4, UC_Qx bit is set.

3
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Table 39. SVDT status

Under
Overcurrent e
Dx_loss oc Q Current Description
- UC_Qx
0 0 0 Test is passed
0 0 1 High resistive load or high inductive load
Overcurrent: short circuit to supply voltage or short
0 1 0 L
circuit of the load
0 1 1 Not possible
1 0 0 Dx-loss
1 0 1 Dx-loss+ high resistive load or high inductive load
1 1 0 Dx-loss + short circuit to supply voltage or short circuit of

the load

Not possible
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5 Programmers guide
This programmers guide is a reference section intended to aid in the L9374LF interface
software development. The L9374LF uses SPI messaging for all of its communication into
or out of the device. The Command registers are written to and the Status registers are
read.
5.1 Command registers
The Command Registers are registers written to by the MASTER uC to actuate the
L9374LFs various functions. Each command consists of an address, data, and a parity bit
(refer to Chapter 4.1: SPI serial peripheral interface for more details).
51.1 Sync + Sync-trigger register (address 0)
MSB LSB
0 0 0 0 S.mg— RESET_VALUE SYNC_VALUE Parity
A3 | A2 | At | A0 | D10 | D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO | P

3

Table 40. Sync + Sync-trigger register

Sync + sync-trigger Name Bit Location Numbit::r of bit time
Synchronization value SYNC_VALUE D0-D5 6 250 s
Reset value (highest 4 Bits) RESET_VALUE D6-D9 4 1ms
Sync-trigger SYNC_TRIG D10 1 -

For this section see Chapter 4.3: Synchronization controller for more details

Synchronization value:

This 6-bit-value represents a time value. At this time the new set points are processed.
Resolution of LSB: 250 us

Reset value:

With this value the time base of the synchronization can be modified.
Resolution of LSB: 1 ms

The MSB of the RESET_VALUE (D9) affects the bit times for the Sync Trigger Window, the
Duration x, and the Duration y parameters.

Sync-trigger:

The synchronization is re-triggered by setting this bit to ‘1. After a re-synchronization the
internal logic will clear this bit automatically.

If the SVDT is active and still running, it will be interrupted by setting the SYNC_TRIG bit
(See also Chapter 4.3 section on Synchronization controller programming).
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5.1.2 Sync tolerance window (STW) register (address 1)
MSB LSB
ol ol o] 1] o0 STW_V_MAX STW._V_MIN P';”t
A3 | A2 | A1 | AO | free D9|D8|D7|D6|D5 D4|D3|D2|D1|D0 P
STW value:
These two sets of 5 bits each define a window (between min and max) where accessing
address ‘0’ within this window will cause a sync failure indication (SYNC_F).
To keep the resolution meaningful for the entire range of Sync Triggering the resolution is
dependant on the RESET_VALUE MSB. For programming the two values to the STW the
master has to write both values (2 x 5 bit).
Table 41. STW value
. bit time bit time
STW value Name Bit Number RESET_VALUE | RESET_VALUE
location of bits — -
S0111y 21000,
STW value min. STW_V_MIN DO - D4 5 250 ps 500 ps
STW value max. STW_V_MAX D5 - D9 5 250 ps 500 ps
For this section see Chapter 4.3: Synchronization controller for more details
51.3 Configuration register 1 (address 2)
MSB LSB
FSON .
0 0 1 0 X X EDGE_SH EN FSOFF_ALL CLKIN_S SVDT | Parity
A3 | A2 | A1 | AO | free | free D8 D7 D6 D5 D4 D3 | D2 | D1 | DO P
Table 42. Configuration register 1
Config register Name Bit location | Number of bits
Silent valve driver test SVDT DO - D1 2 Bit
CLKIN frequency 1MHz / 250kHz CLKIN_S D2 -D3 2 Bit
Fast switch off all FSOFF_ALL D4 - D5 2 Bit
Fast switch on enable (general) FSON_EN D6 1 Bit
Edge shaping on / off EDGE_SH D7 - D8 2 Bit
Silent valve driver test (SVDT):
These two bits (D0 & D1) are normally set to ‘01’. Writing "10' to these two bits starts the
silent valve driver test.
(for more details see Chapter 4.8.13: Silent valve driver test (SVDT))
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Table 43. Silent valve driver test (SVDT)

Bit 1 Bit 0 Combination
0 0 Not valid
0 1 Normal condition / no test
1 0 Active
1 1 Not valid

Writing not valid bit combinations generates a SPI-data-failure and causes that specific SPI
command to be ignored and subsequent returning Status Register data to be set to all ‘1’s.

CLKIN input frequency 1MHz / 250kHz (CLKIN_S):

These two bits set the ratio between internal and external clock (SeeChapter 4.2: Clock).

Table 44. CLKIN_S

Bit 1 Bit 0 Combination
0 0 Not valid
0 1 250 kHz
1 0 1 MHz
1 1 Not valid

Writing not valid bit combinations generates a SPI-data-failure and causes that specific SPI
command to be ignored and subsequent returning Status Register data to be set to all ‘1’s.

Fast switch off (FSOFF_ALL):

These two bits (D4 & D5) are normally set to ‘01°. With these two bits set to ‘10’ all outputs
are switched off immediately (without regard to the synchronization). When set to active
these bits clear the fast switch on enable (FSON_EN) bit at address 3 and all set points. It is
not possible to activate any output with status FSOFF_ALL = ‘10’ (active). This bit pattern is
also used to initiate the ALU built in self test, or BIST, (for more details on the Built In Self
Test see Chapter 4.8.12: ALU- BIST (Build in self test)).

Table 45. Fast switch off

Bit 1 Bit 0 Combination
0 0 Not Valid
0 1 Normal condition
1 0 Active — all outputs are off
1 1 Not Valid

Writing Not Valid bit combinations generates a SPI-data-failure and causes that specific SPI
command to be ignored and subsequent returning Status Register data to be set to all ‘1’s.

Fast switch on enable (FSON_EN):

This bit (D6) is normally set to ‘0. Setting this bit (‘1’) enables the SPI ability to drive outputs
directly. With this bit set, writing to address 3 (bits DO -D3) turns or off outputs Q1 - Q4. All of
the bits in Command Register 3 are reset when FSON_EN is reset (‘0’).
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Edge shaping (EDGE_SH)

Edge Shaping option allows the user to incorporate a slower more EMI sensitive slope to
the output waveform. By setting these bits the user is able to turn on / off edge shaping for
all outputs (see Section 3.3.4: Output timing characteristics). There is no option to select
individual outputs for edge shaping. When performing the SVDT it is recommended that
Edge Shaping be turned OFF.

Table 46. Edge shaping

Bit 1 Bit 0 Combination
0 0 Not Valid
0 1 Edge Shaping ON for all outputs
1 0 Edge Shaping OFF for all outputs
1 1 Not Valid

Writing Not Valid bit combinations generates a SPI-data-failure and causes that specific SPI
command to be ignored and subsequent returning Status Register data to be set to all ‘1’s.

514 Fast switch-on (FSON) register (address 3)
MSB LSB
Parit
0 0 1 1 X X X X X X X ONy ONj ON, ON;4 y
A3 A2 | A1 AOQ | free | free | free | free | free | free | free D3 D2 D1 DO P

60/80

Table 47. Fast switch-on

Configuration register Bit Location Name
Switch on Q1 DO ON;
Switch on Q2 D1 ON,
Switch on Q3 D2 ONjy
Switch on Q4 D3 ONy4

If the fast switch on enable bit (FSON_EN) is set, writing 1 to the bit ONy switches the
output on 100%. A ‘0’ written to the fast switch on enable pin will disable this function. Any
outputs on as a result of an ONXx bit being high will be turned off.

The fast switch off all bits (FSOFF_ALL) turn off all channels immediately (it does not
depend on the synchronization) and clear all bits at this address. The fast switch off all
(FSOFF_ALL) command has the highest priority.

3
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5.1.5 Duration registers (address 4 and 5)

MSB LSB
0 1 0 0 X D_Q2 D_Q1 P";‘,”t
o | 1| o] 1| «x D Q4 D Q3 P‘;”t
A3 | A2 | A1 | AO | free | D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | Do | P

The output can be driven in two stages by one SPI transfer, a duty cycle for a duration and
then a second duty cycle. These registers provide the initial duration information. Two
duration values are available in each register.

Table 48. Register duration value

Register address Duration parameter Number of bits Bit location Output
4 D_Q1 5 Bit D4 - DO Q1
4 D_Q2 5 Bit D9 - D5 Q2
5 D_Q3 5 Bit D4 - DO Q3
5 D_Q4 5 Bit D9 - D5 Q4

The duration bit resolution depends on the synchronization timer RESET_VALUE MSB:

Table 49. Duration bit resolution

RESET_VALUE MSB (add.0, bit D9) Resolution of duration
0 250 ps
1 500 ps

5.1.6 Duty cycle register (address 6 to 9)

MSB LSB
o | 1| 1] 0] x| x DUTY1_Q1 P‘;”t
0 1 1 1 x | x DUTY2_Q1 P‘;‘/”t
1 o | ol o X X DUTY1_Q2 P";‘,”t
1 1ol o | 1] x| x DUTY2_Q2 P‘;’”
A3 | A2 | A1 | A0 | free | free | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | Do | P

The value of these registers represent the outputs Q1 and Q2 set point duty cycles. Address
6 and 8 provide the initial duty cycle used during the duration specified in the duration
register (address 4). Addresses 7 and 9 provide the duty cycles used after the duration
specified in address 4 has expired.

3
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Table 50. Duty cycle register (address 6 to 9)

Register address Duty cycle register Number of bits | Bit location Name
6 Output 1 Duty cycle 1 9 DO - D8 DUTY1_Q1
7 Output 1 Duty cycle 2 9 DO - D8 DUTY2_Q1
8 Output 2 Duty cycle 1 9 DO - D8 DUTY1_Q2
9 Output 2 Duty cycle 2 9 DO - D8 DUTY2_Q2

The resolution is 0.2% per LSB.
000(H) = 0% Duty Cycle
1F4 ) = 100% Duty cycle.

To achieve the full diagnostic capability do not use a duty cycle of less than 5%(or 19y)).

51.7 Current / duty cycle registers (address 10 to 13)

MSB LSB
1 0 1 0 X X CURRENT/DUTY1_Q3 P‘;”t
1 0 1 1 x | x CURRENT/DUTY2_Q3 P‘;‘/”t
1 1 0| o X X CURRENT/DUTY1_Q4 P";‘,”t
1 1 0 1 X X CURRENT/DUTY2_Q4 P‘;”t
A3 | A2 | A1 | AO | free | free | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | Do | P

These registers provide a numerical value that is either translated as a current regulation set
point or a duty cycle set point. This depends on the Current Control / PWM (CCPWM_Qx)
bits found in Register 14. Either or both outputs can be set as either a current controlled
output or a fixed PWM output independently (for details see Chapter 3.3.6: Q3 / Q4 (current

controller)).
Table 51. Current / duty cycle registers
Register . Numberof | _. .
address Duty cycle register bits Bit location Name
10 Output 1 Current / Duty cycle 1 9 DO - D8 CURRENT/DUTY1_Q1
11 Output 1 Current / Duty cycle 2 9 DO - D8 CURRENT/DUTY2_Q1
12 Output 2 Current / Duty cycle 1 9 DO - D8 CURRENT/DUTY1_Q2
13 Output 2 Current / Duty cycle 2 9 DO - D8 CURRENT/DUTY2_Q2
Resolution of LSB: 3.522mA
OOO(H) =0 Amps
1FF(H) =1.8 Amps
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5.1.8 Configuration register 2 - current control / over-voltage threshold
(address 14)

MSB LSB

1 1 1 o | x| x| x |ovTH Q2| 0oV TH a1 | ccpwm_a4 | ccpwm a3 | Pt

A3 | A2 | A1 AQ | free | free | free | D7 D6 D5 D4 D3 D2 D1 DO P

Table 52. Configuration register 2 - current control / over-voltage threshold

Configuration register Number of bits Bit location Name
Current Controller / PWM Switch Q3 2 bit D1-DO CCPWM_Q3
Current Controller / PWM Switch Q4 2 bit D3-D2 CCPWM_Q4
Overload threshold Q1 2 bit D5 - D4 OV_TH_Q1
Overload threshold Q2 2 bit D7 - D6 OV_TH_Q2

Current controller / PWM enable

These two bits control the PWM or current regulation algorithm for outputs Q3 and Q4.
When disabled the output reverts to a PWM only configuration as in outputs Q1 and Q2.

Table 53. Current controller off Q3 / Q4

Bit 1 Bit 0 Combination
0 0 Not Valid
0 1 Current controller enabled (PWM Control Off)
1 0 PWM Control Only (Current Control Off)
1 1 Not Valid

Writing Not Valid bit combinations generates a SPI-data-failure and causes that specific SPI
command word to be ignored and subsequent returning Status Register data to be set to all
“1's.

Overload threshold Qx:

These two bits change the threshold of the overload diagnosis of channel Q1 and Q2. (See
Table 15. for values and 4.8.3: Overload for a functional description)

Table 54. Overload threshold Q1 / Q2

Bit 1 Bit 0 Combination
0 0 Not Valid
0 1 Overload threshold 1
1 0 Overload threshold 2
1 1 Not Valid

Writing Not Valid bit combinations generates a SPI-data-failure and causes that specific SPI
command word to be ignored and subsequent returning Status Register data to be set to all
“1's.

3

DoclD025414 Rev 1 63/80




Programmers guide L9374LF

5.1.9 Configuration register 3 (CCV reset and load resistance values)
(address 15)
MSB LSB
1 1 1 1 x | Res CCV RL_SPI P?/”t
A3 | A2 | A1 | A0 |free | D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | Do | P

64/80

Table 55. Configuration register 3

Configuration register Number of bits Bit location Name
Reset current controller values 2 bit D9 - D8 Res CCV
RL_SPI 8 bit D7 - DO RL_SPI

Reset current controller values command (Res_CCV):

The Current Controller values are reset and the new RL_SPI is used after the reset time.
During the reset phase the current controller regulation variable Igay is set to zero and no
current regulation is possible. When changing the RL_SPI it is necessary to reset the
current controller by giving this command

Table 56. Reset current controller values command

Bit 1 Bit 0 Combination
0 0 Not Valid
0 1 Reset
1 0 Normal Condition
1 1 Not Valid

Writing Not Valid bit combinations generates a SPI-data-failure and causes that specific SPI
command word to be ignored and subsequent returning Status Register data to be set to all
“1's.

RL_SPI:

RL_SPI is an 8 bit value representing the expected load resistance driven by the current
controller outputs (Q3 and Q4). This value is used for both current controllers. The controller
performance is best with RL_SPI close to the real value of the load resistor.

Table 57. Load resistor value

D7 D6 D5 D4 D3 D2 D1 DO SPI - Bit

8Q 40 2Q 10 172Q | 1/4Q | 1/8Q | 116 Q RL_SPI

3
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5.2 Status registers

5.21 General status (address 0)

MSB LSB
0 0 0 0 0 SGND_L [FSON_S| CLKIN_State EN | CLKIN_F [ SYNC_F | DATA_F |SPICLK-F|PARITY_F| Parity
A3 |A2 |A1 A0 |free| D9 | D8 | D7 | D6 | D5 | D4 D3 D2 D1 Do | P

3

Table 58. Status registers

General status Number of bits Bit location Name
Parity-failure 1 Bit DO PARITY_F
SPI-Clock-failure 1 Bit D1 SPICLK_F
Data-failure 1 Bit D2 DATA_F
Sync-Failure 1 Bit D3 SYNC_F
CLKIN-failure 1 Bit D4 CLKIN_F
EN Status 1 Bit D5 EN
1MHz / 250kHz Status 2 Bits D7 - D6 CLKIN_S
Fast Switch On Enable Status 1 Bit D8 FSON_S
SGND loss 1 Bit D9 SGND_L

Parity-failure:

If a parity-failure occurs during any command write this bit is set. It is cleared by accessing
address 0.

SPI-Clock-failure:

This bit is set by a clock-failure (number of positive edges of SPICLK within SPICS = low is
unequal 16) and is cleared by accessing address 0.

Data-failure:

This bit is set if the master writes invalid data to the configuration-register (Data: SVDT,
CLKIN_S and FSOFF_ALL / CCPWM_Qx / OV_THx, EDGE_SH_OFF). Reset of this bit is
done by accessing address 0. If the master tries to write invalid data to one of the input
registers its content will not be changed (invalid write access is ignored, SPI data failure is
set).

Sync-failure:

This bit is set by a Sync-failure and is cleared when the failure does not exist anymore.
(shows the actual status)

(see Synchronization failure)
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CLKIN-failure:

If the frequency of CLKIN-signal is not in a specified range a CLKIN-failure occurs
(CLKIN_F = 1). The specification range can be changed via SPI (CLKIN_STATE). This bit
(CLKIN_F) can be cleared by accessing this address.

Hardware EN status:

The EN Status bit reflects the level of the Enable (EN) pin. If the value of the Enable pin was
low since the last access to this register the status EN is low (low sensitive signal). This bit is
cleared by accessing this address.

1 MHz / 250 kHz status:

These bits reflect the two CLKIN_S bits from the Command register 2 (bits D3 and D2). This
is done to verify that the L9374LF has received the CLKIN_S command.

Table 59. CLKIN_S command

Bit 1 Bit 0 Combination
0 0 Not possible
0 1 250 kHz
1 0 1 MHz
1 1 Not possible

Fast switch on enable (FSON_EN) status

This bit shows the actual status of Fast switch on enable (FSON_EN) bit found in Command
register 2, bit D6.

SGND loss:

After sensing a signal ground loss for tggnp it the SPI-bit SGND_L is set, all channels are
switched off, and all current set points are reset. The sync-parameters and the sync_counter
are not cleared. With SGND-loss a SPI-communication is still possible by using PGND as a
ground reference. When the loss of SGND no longer exists the SGND _L bit is reset after an
access to address 0 (refer to section 4.8.6: Signal ground loss (SGND-loss)).

5.2.2 Output status Q1... Q4 (address 1 to 4)
Outputs Q1 and Q2 (addresses 1 and 2):

MSB LSB
0 0 0 1 0 |OV_TH1| TW_1 |Q1_OFF|Q1_ON| DL_1 PG';‘ZDL TSD_1 |[OVER_1| UC_1 | OL_1 | Parity
0 0 1 0 0 |ov_Thz| ™w_2 |a2 oFF|a2.oN| pL_1 [PENDL|7sD 1 |ovER 2| UC 2 | OL2 | Parity
A3 | A2 A1 A0 | free D9 free D7 D6 D5 D4 D3 D2 D1 DO P
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Outputs Q3 and Q4 (addresses 3 and 4):
MSB LSB
0 0 1 1 0 Ccf’g’v"" TW_3 |Q3_OFF|Q3_ON| DL_3 P‘i's“f'- TSD_3 OVER— UC_3 | OL_3 | Parity
0 1 0 0 0 CC_PXVM TW_4 |Q4_OFF|Q4_ON| DL_4 P‘ig‘f‘- TSD_4 OVER— UC_4 | OL_X4 | Parity
A3 A2 A1 A0 | free | D9 free D7 D6 D5 D4 D3 D2 D1 DO P

3

nnnnnn

Table 60. Output status Q1... Q4

Channel status Number of bits Name
Openload 1 Bit OL_x
Undercurrent 1 Bit UC_x
Overload 1 Bit OVER_x
Thermal Shutdown 1 Bit TSD x
PGND-lost 1 Bit PGNDL_xy
Dx-lost 1 Bit DL_x
Output ON 1 Bit Qx_ON
Output OFF 1 Bit Qx_OFF
Current / PWM controller Select 1 Bit CCPWM_x
overload threshold 1 Bit OV_THx
Thermal warning 1 Bit TW_x

(see section 4.8: Diagnostics for details for mot of the parameters in this section)

Open load:

The open load bit is set if the voltage at output Qx in off-state is lower than the failure-
threshold V| (Table 15.). This bit is cleared by accessing this address (Refer to section
4.8.1 for more details).

Undercurrent:

The undercurrent bit shows the status of the undercurrent detection (Iyc, Table 15.).
This bit is cleared by accessing this address (Refer to section 4.8. 71 for more details).

Overload:

When the current through output Qx in on-state is higher than the failure-threshold (lg
Table 15.) the overload bit is set and all set point and control variables for the offending
output are set to zero. This bit can be cleared by accessing this address (Refer to section
4.8.3 for more details).

Thermal shutdown:

thermal shutdown is detected if the temperature of the DMOS is above Tgp, (Table 15.) for
tovL (Table 18.) (refer to section4.8.4 for more details).
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PGND-loss:

This bit is set by a power ground loss and is cleared by accessing this address (Refer to
section 4.8.5 for more details)

Loss of freewheeling diode (Dx-loss):

This bit is set by loss of the freewheeling diode and is cleared by accessing this address
(refer to section 4.8.7 for more details).

Gate voltage on status (Qx_ON):

This bit shows the status of the output driver gate. A comparator monitors the voltage of the
gate.

If there is any actuation of the output between two SPI transfers the cycle time this bit is set.
The bit is cleared by accessing this address (Refer to section: Gate monitoring for more
information).

Gate voltage off status (Qx_OFF):
This bit shows the status of the output driver gate. A comparator monitors the voltage of the gate.

If the output is disabled between two SPI transfers the cycle time this bit is set. The bit is
cleared by accessing this address (Refer to section: Gate monitoring for more information).

Current / PWM controller select:

This bit is set when the Current Controlled is disabled and the PWM Control is active (refer
to: Current controller / PWM enable for details).

Table 61. Current / PWM controller select

CCPWM Status current controller off
0 Current Controller Enabled
1 PWM Control Enabled (Current Control disabled)

Overload threshold:

This bit shows the overload threshold selected in Configuration register 2 (Command
address E) actual status of the threshold of the overload diagnosis (refer to Table 15.)

Table 62. Overload threshold

OV_TH Status overload threshold Typical overload threshold value
0 Overload threshold 1 75A
1 Overload threshold 2 85A

3
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5.2.3 VD (address 5)

MSB LSB
0 1 0 1 0 | BIST_BUSY VD P";‘,”t
A3 | A2 | A1 | AD | free D9 D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | Do | P

Table 63. VD / BIST BUSY general status

General status Number of bits Name
VD 9 VD
BIST BUSY 1 BIST_BUSY

VD:

The value supply voltage at the D13 pin is measured and stored in Status Address 5 (refer
to section 3.3.12: VD measurement for more details)

Table 64. VD value
SPI - Bit D8 D7 D6 D5 D4 D3 D2 D1 DO

VD-value 16V 8V 4V 2V 1V 12V | 174V | 18V 116 V

BIST BUSY:
This bit shows the status of the BIST state machine (details see Chapter 4.8.12)

Table 65. BIST BUSY status

BIST_BUSY flag BIST status
0 BIST not running
1 BIST is running

5.24 Output duty (address 6 and 7)

MSB LSB

Parit
0 1 1 0 0 CNR3 Out_duty Q3 ;
0 1 1 1 0 CNR4 Out_duty Q4 P‘;”t
A3 |A2 A1 | A0 | free D9 D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | Do | P

Table 66. Output duty

Output status Number of bits Name
Output duty 9 Bit Out_duty_Qx
Current Not Reachable 1 Bit CNRx
‘Yl DoclD025414 Rev 1 69/80




Programmers guide L9374LF

Output duty:

This value shows the duty cycle commanded by the current controller (9 bit control variable)
just prior to the time of the SPI transfer. The resolution of LSB is that f the PWM command
register of 0.2%.

Timing example:

e Time base: 5 ms between SPI transfers

e  Output-frequency: 4 kHz — 250 ps

The Out_Duty_Qx value shows the duty cycle at 4,75 ms.

The maximum value read is 1FF . This occurs when the output current cannot reach the
commanded value (refer to section 3.3.6: Q3 / Q4 (current controller) for more information).

Current Not Reachable (CNRx):

This bit is set if the control variable of the current at output Qx shows the maximum value
(1FF)) for more than 8 ms (typ.). This bit can be cleared by accessing this address, when
the failure does not exist anymore (refer to section 3.3.6: Q3 / Q4 (current controller) for
more information).

5.2.5 ISAT-Qx (address 8 + 9)
MSB LSB
1 1o lol] o] o ISAT_Q3 P';”t
1 1ol o o] 1 ISAT_Q4 P?/”t
A3 | A2 | A1 | A0 |free | D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 [ DO | P
Table 67. ISAT_Qx
Channel status Number of bits Name
ISAT_Qx 10 Bit ISAT_Qx
ISAT_Qx:
ISAT_Qx is an internal value of the current controller. This is used by the current controller
to provide accurate current regulation (refer to section 3.3.6: Q3 / Q4 (current controller) for
more details).
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5.2.6 Reference diode voltage measurement (V_FWD) (address 10)
MSB LSB
1 1o 1]o0o|lolo V_FWD P‘;”t
A3 | A2 | A1 | A0 |free |free | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 [ DO | P
Table 68. Reference diode voltage measurement
Description Number of bits Resolution per bit
Reference diode forward voltage drop 9 Bit 7.8 mV typ
Reference diode forward voltage (V_FWD):
The V_FWD value is a measurement of an internal reference diode using a fixed reference
current. This corresponds to the forward voltage of one of the current controller output
freewheeling diodes.
The resolution of the LSB is 7.8mV (typ.) and the parameter range is:
Table 69. V_FWD value
SPI - Bit D8 D7 D6 D5 D4 D3 D2 D1 DO
V_FWD 2V 1V 12V 114V 1/8V | 116V | 1/32V | 1/64V | 1/128 V
Note: Refer to section : V_FWD for more information.
5.2.7 Sense resistor measurement (Rs) (address 11)
MSB LSB
1 0o | 1 1 0| o Rs Parit
y
A3 | A2 | A1 | A0 [ free [free | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO | P

3

Table 70. Sense resistor measurement

Channel status Number of bits Name
Sense resistor measurement 9 Bit Rs
Refer to Section 4.5.2 for more information)
The resolution of the LSB is 8.7mQ (typ.) and the parameter range is:
Table 71. Rs value
SPI - Bit D8 D7 D6 D5 D4 D3 D2 D1 DO
Rs-value 40 20 10Q 12 Q 1/4 Q 1/8Q | 116 Q | 1/32Q | 1/64 Q
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5.2.8 Current controller status register (CC-STATUS) (address 12)

MSB LSB
11 1|0 o] o | Resccy RL_SPI P‘;”t
A3 | A2 | A1 | A0 |free | D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 [ DO | P

72/80

Table 72. Current controller status register

CC-register Number of bits name
Reset current controller values 2 Bit Res_CCV
RL_SPI 8 Bit RL_SPI

Res_CCV Feedback:

Res_CCV show the actual current controller reset state. This is not a copy of the bit
received in the command register 15 (see 5.1.9). The bit combination ‘01’ (reset) can only

read via SPI if the communication runs during a current regulator reset.

RL_SPI feedback

RL_SPI is a copy of the received SPI-values (see 5.1.9: Configuration register 3 (CCV reset

and load resistance values) (address 15)).
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5.2.9 Error average (address 13 + 14)

MSB LSB
Parit
1 1 0 1 0 0 ERRORAVG_Q3 ;
Parit
1 1 1 0 0 0 ERRORAVG Q4 ;
A3 | A2 | A1 | A0 | free | free | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | Do | P

Table 73. Error average

Error average Number of bits Name

Error average 9 Bit ERRORAVG_Qx

(refer to Section 4.5.2 : Load current measurements for detailed information)

5.2.10 Reserved (address 15)

This register is not used. Answer will always be 0xF001.

MSB LSB
1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 P";‘,”t
A3 | A2 | A1 | A0 |[D10| D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO | P

3
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6 Register block functional overview
6.1 Input command register block overview (MOSI data)
Note: without address-bits and parity
Table 74. Overview input register block
address D10 D9 D8 D7 D6 D5 D4 D3 D2 DO
RESET_VALUE SYNC_VALUE
0 sync_
SYNC_REG| trig sync_ | sync_ | sync_ | sync_ | sync_ | sync_ | sync_ | sync_ | sync_ | sync_
- res 3 | res 2 | res_1 res_0 |value_5|value_4 |value_3|value 2 |value 1 |value 0
Poweron | 0 0 0 0 0 0 0 0 0
reset status
STW_V_MAX STW_V_MIN
1
stw v | free | STW_| STW_ | STW_ | STW_ | STW_ | STW_ | STW_ | STW_ | STW_ | STW_
B max_4 | max_3 [ max_2 | max_1 | max_0 | min_4 | min_3 | min_2 | min_1 | min_0
Poweron | 0 0 0 0 0 0 0 0 0
reset status
) - EDGE_SH | ooy | FSOFF ALL CLKIN_S SVDT
EDGE_SH|EDGE_SH LKIN LKIN
CONFIG 1 e SN ESEES T BN IFsorr 1| Fsorr o] M-S CHG-S-[svDT_1|svDT_0
poweron | g 0 0 1 0 0 1 0 1 1
reset status
3
FSON free free free free free free free |Q4_ON|Q3_ON|Q2_ON|Q1_ON
Poweron | 0 0 0 0 0 0 0 0 0
reset status
4 D_Q2 D_Q1
Duration free
Q1/Q2 Da2 4 | Da23 | Da2 2 | Da2 1 | Daz o | Dat1 4 | Da1 3 | Da12 | Da1.1 | Da1o
poweron 1o 0 0 0 0 0 0 0 0 0
reset status
5 D_Q4 D_Q3
Duration free
Q3/Q4 Das 4 | Das 3 | Das 2 | Dasa 1 | Das o | Doz 4 | Das 3 | Pas 2 | Das 1 | Das o
poweron 14 0 0 0 0 0 0 0 0 0
reset status
6 DUTY1_Q1
free free
DUTY1_Q1 DU1qq_gPU1qq_7|DU1qq_6|PUTq1_5|DUTq1_4|DUTqs_3[DU1qq 2[DU1qq_4DU1qq o
Poweron | 0 0 0 0 0 0 0 0 0
reset status
7 . . DUTY2_Q1
DuTY2 Q1| oo | e

DU2q+_g[DU2q+_7|DU2q1_¢{DU2q1_5|DU2q1_4|PU2q1_5|PU2q1 2PU2q1_1|PU2q1 o

74/80
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Table 74. Overview input register block (continued)
address D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
poweron 1 g 0 0 0 0 0 0 0 0 0 0
reset status
8 DUTY1_Q2
free free
DUTY1_Q2 DU1qp g{DU1q2 7|DU1q2 6|PUTqaz_5[PUTqz 4[PU1qe 3|DU1q2 2|DUTq2 1|DUTqz o
poweron | o 0 0 0 0 0 0 0 0 0 0
reset status
9 DUTY2_Q2
free free
DUTY2_Q2 DU2q; §{DU2q; 7|DU2q; 6|DU2q, 5[DU2q;, 4[DU2q; 3|DU2qo 5|DU2q; 1|DU2q; o
poweron 1o 0 0 0 0 0 0 0 0 0 0
reset status
10 CURRENT/DUTY1_Q3
CUR/DTY1_| free free
Q3 CU1q3_g/CU1q3 7|CU1q3 6/CUTas 5/CU1q3 4|CUTqa3 3/CUTq3 2|CU1q3 1(CUTas o
poweron 1 g 0 0 0 0 0 0 0 0 0 0
reset status
1" CURRENT/DUTY2_Q3
CUR/DTY2_| free free
Q3 CU2q3 §|CU2q3 7|CU2q3 6|CU2q3 5/CU2q3 4|CU2q3 3|CU2q3 2/CU2q3 1{CU2q3 o
poweron 1o 0 0 0 0 0 0 0 0 0 0
reset status
12 CURRENT/DUTY1_Q4
CUR/DTY1_| free free
Q4 CU1q4 _g|CUTQ4_7|CUTs_6|CUTqQs 5/CUTq4 4|CUTqQ4 3|CUT4 2/CUTqs 1(CUTq4 o
poweron 1 g 0 0 0 0 0 0 0 0 0 0
reset status
13 CURRENT/DUTY2_Q4
CUR/DTY2_| free free
Q4 CU2q4 §|CU2q4 7|CU2q4 6/CU2q4 5/CU2q4 4|CU2q4 3|CU2q4 2/CU2q4 1(CU2q4 o
poweron 1 g 0 0 0 0 0 0 0 0 0 0
reset status
. OV_TH_Q2 OV_TH_Q1 CCPWM_Q4 | CCPWM_Q3
conFlg o | free | free | free oy T4 |OV_TH_|OV_TH_|OV_TH_|CCPWM|CCPWM|CCPWM|CCPWM
- Q2.1 Q2.0 Q1_1 Q1.0 | Q41| Q40| _Q31]_Q30
poweron 14 0 0 0 1 0 1 0 1 0 1
reset status
s Res_CCV RL_SPI
free
CONFIG_3 Fée\f—f Re\f—gc RL, | R,y | Ry | RLy | RL3 | RL, | RLy | RLg
power on
0 X X X X X X X X X X
reset status
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6.2 Status register block overview (MISO data)

Note: without address-bits and parity
Table 75. Overview answer register block
address | D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
0 oo | SGND_| STATE CLKIN_State | pw  |cLKIN_|SYNC_| Data |SPICLK|PARITY
G_INFO L | _FAST | CLKIN.S | CLKTLS | EN F F _F _F _F
power on 0 0 0 0 1 0 0 1 0 0 0
reset status
1
PGND | TEMP | OVER | UC
f OV TH| TW_ 1 |Q1_OFF|Q1_ON|DL_Q1 oL Q1
STAT1US—Q ree - -1 |Q1_OFF Q1 M | a1 | ot | i -Q
power on 0 0 0 0 0 0 0 0 0 0 0
reset status
2
PGND | TEMP | OVER | UC
f OV_TH| TW_2 |Q2_OFF|Q2_ON|DL_Q2 oL Q2
STAT;S—Q ree |OV- 2 |Q2_OFF)Q2_ -2 2| @ | @ | a |°-%
power on 0 0 0 0 0 0 0 0 0 0 0
reset status
3
CCPWM PGND | TEMP | OVER | UC
f TW_3 |Q3_OFF|Q3_ON|DL_Q3 oL_Q3
STAT;JS—Q ree | a4 -3 |Q3_OFF|Q3_ Bl a3 | a3 | a3 | a3 |O-°
power on 0 0 0 0 0 0 0 0 0 0 0
reset status
4
CCPWM PGND | TEMP | OVER | UC
STATAEJS_Q free |“ 4 | TW_4 |Q4_OFF|Q4_ON|DL_Q4 Las| ot | o4 | s oL_Q4
power on 0 0 0 0 0 0 0 0 0 0 0
reset status
S free | 2T~ vps|vp7|vpe|vps|vba|vps|vpa|vp1|vpo
VD BUSY - - - - = = = - -
power on 0 0 0 0 0 0 0 0 0 0 0
reset status
6 OUT_DUTY_Q3
CNR
OUT DUTY| free Q3 | OUTD | OUTD | OUTD | OUTD | OUTD | OUTD | OUTD | OUTD | OUTD
_Q3 Q38| Q37| Q36| Q35|Q34|Q33|Q32|Q31]| Q30
power on 0 0 0 0 0 0 0 0 0 0 0
reset status
7 OUT_DUTY_Q4
CNR
OUT DUTY| free Qa_ | OUTD [ OUTD | OUTD | OUTD | OUTD | OUTD | OUTD | OUTD | OUTD
_Q4 Q48| Q47| Q46| Q45| Q44| Q3| Q2| Q1| Qa0
power on 0 0 0 0 0 0 0 0 0 0 0
reset status
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Table 75. Overview answer register block (continued)
address D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
8 ISAT_Q3
iSAT Q3 | fre® | ISAT_ | ISAT_ | ISAT_ | ISAT_ | ISAT_ | ISAT_ | ISAT_ | ISAT_ | ISAT_ | ISAT_
- Q39| Q38| Q37| Q36| Q35|Q34|Q33|Q@2|Q31|Q30
power-on 0 0 0 0 0 0 0 0 0 0 0
reset status
0 ISAT_Q4
ISAT Q4 | free [ISAT_Q|ISAT_Q|ISAT_Q|ISAT_Q|ISAT_Q|ISAT_Q|ISAT_Q|ISAT_Q|ISAT_Q|ISAT_Q
- 49 | 48 | 47 | 46 | 45 | 44 | 43 | 42 | 41 | 40
power on 0 0 0 0 0 0 0 0 0 0 0
reset status
10 V_FWD
free free
V_FWD V_FWD—8|V_FWD_7 |V_FWD_8|V_FWD_5|v_FWD_4|V_FWD_3|V_FWD—_2|V_FWD_'|V_FWD_9
power on 0 0 X X X X X X X X
reset status
11 Rs
free free
RS RS s | RS 7 | RSe | RS 5 | RS_4 | RS.3 | RS2 | RS_1 RS_o
power on 0 0
reset status
Res_
12 f ccy |RL_SPI RL_SPI
ree
CC-STATUS
Res CCIRes CCl o | Ry | RLs | Ry | RLs | RL, | RL, | RL
V1 V.0
power on 0 0 1 0 1 0 0 0 0 0 0
reset status
13 ERRORAVG_Q3
ERRORAV | free free ERROR|ERROR |ERROR|[ERROR|ERROR|ERROR [ERROR|ERROR|ERROR
G Q3 AVG_Q |AVG_Q |AVG_Q |AVG_Q |AVG_Q |AVG_Q |AVG_Q |AVG_Q |AVG_Q
- 3.8 37 3.6 35 3.4 3.3 32 3.1 3.0
power on 0 0 0 0 0 0 0 0 0 0 0
reset status
14 ERRORAVG_Q4
ERRORAV | free free ERROR|ERROR |ERROR|[ERROR|ERROR|ERROR [ERROR|ERROR|ERROR
G Q4 AVG_Q |AVG_Q |AVG_Q |AVG_Q |AVG_Q |AVG_Q |AVG_Q |AVG_Q |AVG_Q
- 48 | 47 | 46 | 45 | 44 | 43 | 42 | 41 | 40
power on 0 0 0 0 0 0 0 0 0 0 0
reset status
15
RESERVED RESERVED
answerfo | 0 0 0 0 0 0 0 0 0 0
access
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Package information

In order to meet environmental requirements, ST offers these devices in different grades of
ECOPACK® packages, depending on their level of environmental compliance. ECOPACK®
specifications, grade definitions and product status are available at: www.st.com.

ECOPACK® is an ST trademark.

Figure 37. PowerS0-36 (slug down) mechanical data and package dimensions

mm inch
DM IN. T TvP. [MAX. | MIN. | TYP. | MAX. OUTLINE AND

A 3.60 0.1417 MECHANICAL DATA

al 0.10 0.30 |0.0039 0.0118

a2 3.30 0.1299

a3 0 0.10 0.0039

b 0.22 0.38 (0.0087 0.0150

c 0.23 0.32 {0.0091 0.0126

D 15.80 16.00 (0.6220 0.6299

D1 9.40 9.80 |0.3701 0.3858

E 13.90 14.5 |0.5472 0.5709

E1 10.90 11.10 [0.4291 0.4370

E2 2.90 0.1142

E3 5.80 6.20 (0.2283 0.2441

e 0.65 0.0256

e3 11.05 0.4350

G 0 0.10 0.0039

H 15.50 15.90 (0.6102 0.6260

h 1.10 0.0433

L 0.8 1.10 |0.0315 0.0433

N 10° (max)

s 8’ (max) PowerS0O-36
Note: “D and E1” do not include mold flash or protusions.

- Mold flash or protusions shall not exceed 0.15mm (0.006")

- Critical dimensions are "a3", "E" and "G".
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Table 76. Document revision history

Date

Revision

Changes

30-Oct-2013

1

Initial release.
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Please Read Carefully:

Information in this document is provided solely in connection with ST products. STMicroelectronics NV and its subsidiaries (“ST”) reserve the
right to make changes, corrections, modifications or improvements, to this document, and the products and services described herein at any
time, without notice.

All ST products are sold pursuant to ST’s terms and conditions of sale.

Purchasers are solely responsible for the choice, selection and use of the ST products and services described herein, and ST assumes no
liability whatsoever relating to the choice, selection or use of the ST products and services described herein.

No license, express or implied, by estoppel or otherwise, to any intellectual property rights is granted under this document. If any part of this
document refers to any third party products or services it shall not be deemed a license grant by ST for the use of such third party products
or services, or any intellectual property contained therein or considered as a warranty covering the use in any manner whatsoever of such
third party products or services or any intellectual property contained therein.

UNLESS OTHERWISE SET FORTH IN ST'S TERMS AND CONDITIONS OF SALE ST DISCLAIMS ANY EXPRESS OR IMPLIED
WARRANTY WITH RESPECT TO THE USE AND/OR SALE OF ST PRODUCTS INCLUDING WITHOUT LIMITATION IMPLIED
WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE (AND THEIR EQUIVALENTS UNDER THE LAWS
OF ANY JURISDICTION), OR INFRINGEMENT OF ANY PATENT, COPYRIGHT OR OTHER INTELLECTUAL PROPERTY RIGHT.

ST PRODUCTS ARE NOT DESIGNED OR AUTHORIZED FOR USE IN: (A) SAFETY CRITICAL APPLICATIONS SUCH AS LIFE
SUPPORTING, ACTIVE IMPLANTED DEVICES OR SYSTEMS WITH PRODUCT FUNCTIONAL SAFETY REQUIREMENTS; (B)
AERONAUTIC APPLICATIONS; (C) AUTOMOTIVE APPLICATIONS OR ENVIRONMENTS, AND/OR (D) AEROSPACE APPLICATIONS
OR ENVIRONMENTS. WHERE ST PRODUCTS ARE NOT DESIGNED FOR SUCH USE, THE PURCHASER SHALL USE PRODUCTS AT
PURCHASER’S SOLE RISK, EVEN IF ST HAS BEEN INFORMED IN WRITING OF SUCH USAGE, UNLESS A PRODUCT IS
EXPRESSLY DESIGNATED BY ST AS BEING INTENDED FOR “AUTOMOTIVE, AUTOMOTIVE SAFETY OR MEDICAL” INDUSTRY
DOMAINS ACCORDING TO ST PRODUCT DESIGN SPECIFICATIONS. PRODUCTS FORMALLY ESCC, QML OR JAN QUALIFIED ARE
DEEMED SUITABLE FOR USE IN AEROSPACE BY THE CORRESPONDING GOVERNMENTAL AGENCY.

Resale of ST products with provisions different from the statements and/or technical features set forth in this document shall immediately void
any warranty granted by ST for the ST product or service described herein and shall not create or extend in any manner whatsoever, any
liability of ST.

ST and the ST logo are trademarks or registered trademarks of ST in various countries.
Information in this document supersedes and replaces all information previously supplied.
The ST logo is a registered trademark of STMicroelectronics. All other names are the property of their respective owners.

© 2013 STMicroelectronics - All rights reserved

STMicroelectronics group of companies

Australia - Belgium - Brazil - Canada - China - Czech Republic - Finland - France - Germany - Hong Kong - India - Israel - Italy - Japan -
Malaysia - Malta - Morocco - Philippines - Singapore - Spain - Sweden - Switzerland - United Kingdom - United States of America

www.st.com
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