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L9942

Integrated stepper motor driver for bipolar stepper motors
with microstepping and programmable current profile

Features

m Two full bridges for max. 1.3 A load
(Rpson = 500 mQ)

m Programmable current waveform with look-up
table: 9 entries with 5 bit resolution

m Current regulation by integrated PWM
controller and internal current sensing

m Programmable stepping mode: full, half, mini
and microstepping

m Programmable slew rate for EMC and power
dissipation optimization

m Programmable Fast-, Slow-, Mixed- and Auto-
Decay Mode

m Full-scale current programmable with 3 bit
resolution

m Programmable stall detection

m Step clock input for reduced pController
requirements

m Very low current consumption in standby mode
ls <3 A, typ. Tj<85°C

m All outputs short circuit protected with
openload, overload current, temperature
warning and thermal shutdown

m The PWM signal of the internal PWM controller
is available as digital output.

m All parameters are guaranteed for 3 V < Vcc <
53Vandfor7V<Vs<20V

Applications

Stepper motor driver for bipolar stepper motors in
automotive applications like light levelling,
Bending light and Throttle control.

PowerSS024

Description

The L9942 is an integrated stepper motor driver
for bipolar stepper motors with microstepping and
programmable current profile look-up-table to
allow a flexible adaptation of the stepper motor
characteristics and intended operating conditions.
It is possible to use different current profiles
depending on target criteria: audible noise,
vibrations, rotation speed or torque. The decay
mode used in PWM-current control circuit can be
programmed to slow-, fast-, mixed-and auto-
decay. In autodecay mode device will use slow
decay mode if the current for the next step will
increase and the fast decay or mixed decay mode
if the current will decrease. The programmable
stall detection is useful in case of head lamp
leveling and bending light application, by
preventing to run the motor too long time in stall
for position alignment. If a stall is detected, the
alignment process is closed and the noise is
minimized.

Table 1. Device summary
Order code Junction temp. range, °C Package Packing
L9942XP1 -40 to 150 PowerSS0O24 Tube
L9942XP1TR -40 to 150 PowerSS0O24 Tape and reel
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Block diagram and pin information L9942
1 Block diagram and pin information
Figure 1. Block diagram
VBAT
ReversePolarityProtection
VCC ? , )
_— Note: value of capacitor has
T-CP VS ,J_—, to be choosen carefully to
I limit the VS voltage below
absolute maximum ratings in
P QA1 case of an unexpected
STEP ——r——— freewheeling  condition (e.g.
A — _ TSD, POR)
Gate-Driver
EN &
% % . :> PWM-Controller QA2
. PWM | | S o Z
* g z %%
QO | oo 2 — 3= 2 Ste
) ? 3 pper
= & 8 < Motor
= z 8 g QB1
CLK E :> Gate-Driver
o &
PWM-Controller
— QB2
GND [:]F‘F*EF GNDP
GND
Figure 2.  Pin connection (top view)
O
PGND 1 24 PGND
] Power SS024
QA1 2 23 QA2
vs 3| 22 Vs
ok 4[| [ Jet EN
pios[__ | [ ]20 RREF
csN e[| Exposed | J1evee
o 7[_| Pad | ]1s TEST
PWM 8 17 GND
step o | | Jiecp
vs ol | | J15vs
ast 11| | Jraame
PGND 12 13 PGND
All pins with the same name must be externally connected!
All pins PGND are internally connected to the heat slug.
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L9942 Block diagram and pin information

Table 2. Pin description

Pin Symbol Function

1,12, 13, PGND Power ground: All pins PGND are internally connected to the heat slug.
24 Important: All pins of PGND must be externally connected!

Power supply voltage (external reverse protection required): For EMI
VS reason a ceramic capacitor as close as possible to PGND is recommended.
Important: All pins of VS must be externally connected!

3,10, 15,
22

Fullbridge-outputs An: The output is built by a high-side and a low-side
switch, which are internally connected. The output stage of both switches is
a power DMOS transistor. Each driver has an internal reverse diode (bulk-
drain-diode: highside driver from output to VS, low-side driver from PGND to
output). This output is overcurrent protected.

QA1,QA

2,23 5

Fullbridge-outputs Bn: The output is built by a highside and a low-side
switch, which are internally connected. The output stage of both switches is
a power DMOS transistor. Each driver has an internal reverse diode (bulk-
drain-diode: highside driver from output to VS, low-side driver from PGND to
output). This output is overcurrent protected.

QB1,QB

11,14 5

SPI clock input: The input requires CMOS logic levels. The CLK input has

4 CLK a pull-down current. It controls the internal shift register of the SPI.

Serial data input: The input requires CMOS logic levels. The DI input has a
pull-down current. It receives serial data from the microcontroller. The data
is a 16bit control word and the most significant bit (MSB, bit 0) is transferred
first.

Chip Select Not input The input requires CMOS logic levels. The CSN
6 CSN |input has a pull-up current. The serial data transfer between device and
micro controller is enabled by pulling the input CSN to low level.

SPI data output: The diagnosis data is available via the SPl and it is a
7 DO tristate-output. The output is CMOS compatible will remain highly resistive,
if the chip is not selected by the input CSN (CSN = high)

PWM output This CMOS compatible output reflects the current duty cycle
of the internal PWM controller of bridge A. It is an high resistance output

8 PWM until VCC has reached minimum voltage ore can switched off via the SPI
command.
Step clock input: The input requires CMOS logic levels. The STEP input
9 STEP has a pull-down current. It is clock of up and down counter of control
register 0. Rising edge starts new PWM cycle to drive motor in next
position.
Charge Pump Output: A ceramic capacitor (e.9.100 nF) to VS can be
16 CP o
connected to this pin to buffer the charge-pump voltage.
17 GND Ground: Reference potential besides power ground e.g. for reference
resistor RREF. From this pin exist a resistive path via substrate to PGND.
18 TEST Test input The TEST input has a pull-down current. Pin used for production
test only. In the application it must be connected to GND.
19 Vol Logic supply voltage: For this input a ceramic capacitor as close as

possible to GND is recommended.

J
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Block diagram and pin information L9942

Table 2. Pin description (continued)

Pin Symbol Function

Reference Resistor The reference resistor is used to generate a
temperature stable reference current used for current control and internal
20 RREF | oscillator. At this output a voltage of about 1.28V is present. The resistor

should be chosen that a current of about 200uA will flow through the
resistor.

Enable input: The input requires CMOS logic levels. The EN input has a
1 EN pull-down resistor. In standby-mode outputs will be switched off and all

registers will be cleared. If EN is set to a logic high level then the device will
enter the active mode.
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2.1

2.2

2.3

24

J

Device description

Dual power supply: Vg and V¢

The power supply voltage Vg supplies the half bridges. An internal charge-pump is used to
drive the highside switches. The logic supply voltage V¢ (stabilized) is used for the logic
part and the SPI of the device. Due to the independent logic supply voltage the control and
status information will not be lost, if there are temporary spikes or glitches on the power
supply voltage. In case of power-on (V¢ increases from undervoltage to Vpor o =2.60 V,
typical) the circuit is initialized by an internally generated power-on-reset (POR). If the
voltage V¢ decreases under the minimum threshold (Vpor on = 2.3 V, typical), the outputs
are switched to tristate (high impedance) and the internal registers are cleared.

Standby mode

The EN input has a pull-down resistor. The device is in standby mode if EN input isn't set to
a logic high level. All latched data will be cleared and the inputs and outputs are switched to
high impedance. In the standby mode the current at VS (VCC) is less than 3 pA (1 pA) for
CSN = high (DO in tristate). If EN is set to a logic high level then the device will enter the
active mode. In the active mode the charge pump and the supervisor functions are
activated.

Diagnostic functions

All diagnostic functions (overload/-current, open load, power supply over-/undervoltage,
temperature warning and thermal shutdown) are internally filtered (tg_ = 32 ps, typical) and
the condition has to be valid for a minimum time before the corresponding status bit in the
status registers will be set. The filters are used to improve the noise immunity of the device.
Open load and temperature warning function are intended for information purpose and will
not change the state of the bridge drivers. On contrary, the overload/-current and thermal
shutdown condition will disable the corresponding driver (overload/-current) or all drivers
(thermal shutdown), respectively. The microcontroller has to clear the status bit to reactivate
the bridge driver.

Overvoltage and undervoltage detection

If the power supply voltage Vs rises above the overvoltage threshold Vgoy ofr (typical

21 V), an overvoltage condition is detected. Programmable by SPI (OVW) the outputs are
switched to high impedance state (default after reset) or the overvoltage bit is set without
switching the outputs to high impedance. When the voltage Vs drops below the under-
voltage threshold Vgyy ofp the outputs are switched to high impedance state to avoid the
operation of the power devices without sufficient gate driving voltage (increased power
dissipation). Error condition is latched and the microcontroller needs to clear the status bits
to reactivate the drivers.

Doc ID 11778 Rev 7 9/40
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Temperature warning and thermal shutdown

If junction temperature rises above T, vy a temperature warning flag is set which is
detectable via the SPI. If junction temperature increases above the second threshold T; gp,
the thermal shutdown bit will be set and power DMOS transistors of all output stages are
switched off to protect the device. In order to reactivate the output stages the junction
temperature must decrease below Tj SD -Tj SD HYS and the thermal shutdown bit has to be
cleared by the microcontroller.

Inductive loads

Each half bridge is built by an internally connected highside and a low-side power DMOS
transistor. Due to the built-in reverse diodes of the output transistors, inductive loads can be
driven without external free-wheeling diodes. In order to reduce the power dissipation during
free-wheeling condition the PWM controller will switch-on the output transistor parallel to the
freewheeling diode (synchronous rectification).

Cross-current protection

The four half-brides of the device are cross-current protected by an internal delay time
depending on the programmed slew rate. If one driver (LS or HS) is turned-off then
activation of the other driver of the same half bridge will be automatically delayed by the
cross-current protection time.

PWM current regulation

An internal current monitor output of each high-side and low-side transistor sources a
current image which has a fixed ratio of the instantaneous load current. This current images
are compared with the current limit in PWM control. Range of limit can reach from
programmed full scale value (register1 DAC Scale) down belonging LSB value of 5 bit DAC
(register1 DAC Phase x). The data of the two 5 bit DACs comes form set up in 9 current
profiles (register2 to 6). If signal changes to logic high at pin STEP then 2 current profiles
are moved in register1 for DAC Phase A and B. Number of profile depends on phase
counter reading and direction bit in registerO (Figure 7). The bridges are switched on until
the load current sensed at HS switch exceeds the limit. Load current comparator signal is
used to detect open load or overcurrent condition also.

Decay modes

During off-time the device will use one of several decay modes programmable by SPI
(Figure 4 top). In slow decay mode HS switches are activated after cross current protection
time for synchronous rectification to reduce the power dissipation (Figure 4 detail A). In fast
decay opposite half bridge will switched on after cross current protection time, that is same
like change in the direction. For mixed decay the duration of fast decay period before slow
decay can be set to a fixed time (Figure 4 detail B continuous line) or is triggered by under-
run of the load current limit (Figure 4 detail B dashed line), that can be detected at LS
switch. The special mode where the actual phase counter value is taken into account to
select the decay mode is called auto decay (e.g. in Figure 3 Micro Stepping DIR=1). If the
absolute value of the current limit is higher as during step before then PWM control uses

Doc ID 11778 Rev 7 KYI
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2.10

2.11

2.12

4

slow decay mode always. Otherwise one of the fast decay modes is automatic selected for a
quick decrease of the load current and so it obtains new lower target value.

Overcurrent detection

The overcurrent detection circuit monitors the load current in each activated output stage. In
HS stage it is in function after detection of current limit during PWM cycle and in LS stage it
works permanently. If the load current exceeds the overcurrent detection threshold for at
least tjgc = 4 ps, the overcurrent flag is set and the corresponding driver is switched off to
reduce the power dissipation and to protect the integrated circuit. Error condition is latched
and the microcontroller needs to clear the status bits to reactivate the drivers.

Open load detection

The open load detection monitors the activity time of the PWM controller and is available for
each phase. If the limit of load current is below around 100mA then open load condition is
detectable. Open load bit for a bridge is set in the register®6 if this low current limit can't
reached after at least 15 consecutive PWM cycles.

Table 3. Truth table
DC2 DC1 DCO

N

13 12 b} 10 max. IOL

0 0
0 1
1 0
1 1

46mA

x
x
x
x

X X X 68mA
52mA
X X 81mA

x
x
x

oO|o|O| O

—_

X X 53mA
78mA
0 1 37mA
0 1 44mA

0
0

1 1 0
1 1 1

olo|lo|Oo|O|O|O]| O
OoO|lOoO|O|O|O|O| X
oO|Oo|O| O X

x

X

Truth table shows possible profiles for active open load detection. Maximum threshold IOL is
shown in left column if x bits are 1 (see also Figure 7). Lowest possible limit is e.g. 3.1 mA
for DC2=DC1=DCO0=0 and it is set only 10=1.

Stepping modes

One full revolution can consist of four full steps, eight half steps, sixteen mini steps or 32
microsteps.

Mode is set up in register 0 and it defines increment size of phase counter. Phase counter
value defines address of corresponding current profile. Stepping modes with typical profile
values can see in Figure 3 (e.g. also so called "'Two Phase On' shown in dashed line).

Doc ID 11778 Rev 7 11/40
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Figure 3. Stepping modes

Full-Stepping Mode: DIR=0

24

Phase Counter

Full-Stepping Mode: DIR=1

0
- ]
____________ Current Driver A CurrentiDriverA____._}
0 8 0 8 Address of Curren 0 8 0 8
Profile Entry
s
Current Driver B
8 Surrent Driver ? 0 Address of Curren 8 0 8 0
Profile Entry
STEP|Signal STER Signal

Half-Stepping Mode: DIR=0

12 16

[
Half-Stepping Mode: DIR=1

20 24 28 Phase Counter o 8 4
[ | Current Driver A Driver Current/A 1
0 4 8 4 Q 4 8 4 Address of Current Q 4 8 4 Q 4 8 4
Profile Entry
Currept Driver B Driver Current B
8 4 0 4 8 4 0 4 Address of Current___ g 4 ) 4 8 4 0 4
Profile Entry
| STEP|Signal | STEP Signal I

Slow Decay

Mini-Stepping Mode: DIR=0 Mini-Stepping Mode: DIR=1
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 Phase Counter 30 28 26 24 22 20 18 16 14 12 10 8 6 4 2
Current Driyer A Current Driver|A
2 4 6|8 6 4 2 2 4 6 |8 6 4 2 | AdressofCurrent 2 4 6 8 |6 4 2 2 4 6 8 |6 4 2
Profile Entry
Current Driver B Current Drjver B
8 6 4 2 4 6 |8 6 4 2 4 6 | AdressofCurrent 8 |6 4 4 6 8 |6 4 2 4 _ 6
Profile Entry
STEP|Signal STEP|Signal

Micro Stepping Mode: DIR=0 (e.g auto decay)

01234567 8 9 1011121314 151617 181920 212223 242526 27 2829 30 31

nyruiuyyriyyuuuyy
Micro Stepping Mode: DIR=1 (e.g. auto decay)

Phase Counter 0 313029282726252423222120191817 161514131211 109 8 7 6 5 4 3 2 1

Slow Decay

Mode
Adress of Current
Profile Entry

Slow Decay

Slow Decay
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2.13 Decay modes

Figure 4. Decay modes

Load
Current

ON SLOwW FAST MIXED
DECAY DECAY DECAY

Pt

~ N PR
A 4 il

o . ) B

P»Time

Internal PWMCi/_\ /_\ /-\ /

Detail A: SWITCH ON AND SLOW DECAY

Load
Current

register0

SLOW DECAY DM2 DM1 DMO | MODE
0] 0] o | slow

Tec

Step
Limit
HS

VS

Fast decay is caused by oﬂl FP;
current through internal

diodes during cross current . o
»Time Protection time. 4 %
Ter  Filter time for the purpose of switch off delay in on mode is set by FT register6é
Toc  Cross current protection time is set by SR1 SRO register0
Tz Blank time of load current comparator  Tg=Ts¢
Detail B: register0
MIXED DECAY  |5y2/pm1]pMo| MODE | CURVE
X 0 11T VD | —
X1 1] 0] Ty, | e—
X |1 17T me | Mmmnn
Load Load
Current Current
A Tcc SLOW DECAY SLOW DECAY
Step after current with delay
tg“t undershoot
llllllllllllllllllllll
T m§= Ter+ 2Toe T mox= Twpt Tcc
. or Typz )
Time Time

Ter  Filter time for purpose of delay when decay mode has to change after limit under-run
Tuo When limit is reached so fast decay duration time is set by DM1 DM2 register0
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Electrical specifications L9942
3 Electrical specifications
3.1 Absolute maximum ratings
Table 4. Absolute maximum ratings
Symbol Parameter Value Unit
v DC supply voltage -0.3t0 28 v
S
single pulse tyax < 400 ms 40 Vv
Vee Stabilized supply voltage, logic supply -0.3105.5 v
VoiVoo, | Digital input / output voltage
VCLK VCSN’ -0.3to VCC +0.3 \%
Vstep VEn
Vrrer | Current reference resistor -0.3to Vee +0.3 A
Vee Charge pump output -0.3to Vg + 11 v
Vaxn (x=A;B n=1;2) output voltage -0.3to Vg +0.3 v
laxn (x=A;B n=1;2) output current +2.5 A
Warning: Leaving the limitation of any of these values may cause an
irreversible damage of the integrated circuit!
3.2 ESD protection
Table 5. ESD protection
Parameter Value Unit
All pins +2 (1) KV
output pins: Qxn (x=A;B n=1;2) +4) kV

1. HBM according to MIL 883C, Method 3015.7 or EIA/JJESD22-A114-A
2. HBM with all unzapped pins grounded
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L9942 Electrical specifications
3.3 Thermal data
Table 6. Operating junction temperature
Symbol Parameter Value Unit
T Operating junction temperature -40 to 150 °C
Table 7. Temperature warning and thermal shutdown
Symbol Parameter Min. Typ. Max. | Unit
Temperature warning
Tirwon | threshold junction Tjincreasing - - 150 °C
temperature
Temperature warning
Tirw oFr | threshold junction - 130 - - °C
temperature
Thermal shutdown threshold o
Tisp on junction temperature i i i 170 C
Thermal shutdown threshold o
Tisp oFF junction temperature i 150 i i C
TispHys | Thermal shutdown hysteresis | - - 5 - K
Figure 5. Thermal data of the package
Power $S024 Zth j-a
80 :
o _“'ﬂ 1|s| [T 11 I Pad soldered
60 ---252p :
§ 50 — 2s2p+Vias '
< 40 A
20 rd"‘?‘l:..a:'- ¥
10 e
0 o suuilll
1E-04 1E-03 1E02 1E01 1.E+00 1.E+01 1.E+02 1.E+03
Time (s)
Note:
1s 1 signal layer
2s2p 2 signal layers 2 internal planes
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Electrical specifications L9942

34 Electrical characteristics

Vg=71020V,Vcc=3.0t05.3V, Tj=-40to 150 °C, Iggr = -200 pA, unless otherwise
specified. The voltages are referred to GND and currents are assumed positive, when the
current flows into the pin.

3.4.1 Supply
Table 8.  Supply
Symbol Parameter Test condition Min. Typ. Max. | Unit
Vg DC supply current in active | Vg = 13.5 V, EN=V¢ outputs ) 7 20 mA
mode floating
Is Vg =135V, TEST, |Tj=-40°C ] 3 10
Vg quiescent supply current | EN = OV outputs t0o 25 °C MA
floating T,=125°C - 6 20
Vee =5.0 VEEN=Vg, i
DI=CLK=STEP=0V ! 8 | mA
loo ch DC supply current in Ve = 5.0 V TEST;
active mode EN=0V;CSN= |T,;=-40°C ) ] 3 A
V¢ ho clocks to 25 °C H
outputs floating
CSN=VCC no
clocks outputs T;=125°C - 2 6 pA
Icc Ve quiescent supply current | floating
Vs= 13.5 V, Vcc= T]= '40 OC _ 4 13
50V to 25 °C
TEST; EN=0 V pA
. CSN=V¢¢ no - o )
Is+lcc | Sum quiescent supply current clocks outputs T;=125°C 8 26
floating
EN =5V, CSN=CLK=0V DO
tsetPOR (1) Ve on set up time changes from high ohmic to logic 2 - - ps
level LOW

1. This parameter is guaranteed by design.
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L9942 Electrical specifications
3.4.2 Over- and undervoltage detection
Table 9. Over- and undervoltage detection

Symbol Parameter Test condition Min. Typ. Max. Unit

Vsuvon | Vs UV-threshold voltage Vg increasing - - 6.90 \

Vsuv orr | Vs UV-threshold voltage Vg decreasing 4.8 - -

Vsuv hyst | Vs UV-hysteresis Vsuv on -Vsuv oFF - 0.3 - v

Vsov orr | Vs OV-threshold voltage Vg increasing - 21 25 \'

Vsovon | Vs OV-threshold voltage Vg decreasing 18.5 20 - \

VSOV hyst VS OV-hyStereSiS VSOV OFF -VSOV ON - 0.5 - \

Vpeor orr | Power-off-reset threshold V¢ increasing - 2.6 29 \

Vporon | Power-on-reset threshold V¢ decreasing 2.00 2.3 - \

VpoRhyst | Power-on-reset hysteresis VpoR offr -VPOR ON - 0.11 - \

Figure 6. VS monitoring
Register 7 Register 7
uv ov
1 > 1 <
0 < 0 >
: P VS P VS
VSUV OFF  VSUV ON VSOV ON VSOV OFF
343 Reference current output
Table 10. Reference current output
Symbol Parameter Test condition Min. Typ. Max. Unit
VREF Reference voltage range | Iggr=-200 pA 1.05 1.25 1.45 \
Reference current . .
IREFshorted threshold shorted pin REF register6 bit7 RERR = 1 - - -250 pA
Reference current . .

IREFopen threshold open pin REF register6 bit7 RERR = 1 -150 - - pA
The device works properly without the external resistor at pin REF. In this case it doesn't
have to fulfill all specified parameters.

1S Doc ID 11778 Rev 7
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Electrical specifications L9942
3.4.4 Charge pump output
Table 11. Charge pump output
Symbol Parameter Test condition Min. Typ. Max. Unit
V=TV ligp=-100pA, an |1 - 20 v
Vep Charge pump output voltage |Vg=13.5V |switches off at 20 - 35 \
Vg0V | 30 - 40 v
The ripple of voltage at CP can suppressed using a capacity of e.9.100 nF.
3.45 Outputs: Qxn (x =A;Bn=1;2)
The comparator, which is monitoring current image of HS, is working during ON cycle of
PWM control. If load current is higher as set value then the signal ILIMIT is generated and
after filter time the bridge is switched off. Test mode gets access to signal ILIMIT and
threshold of current can be measured.
Table 12. Outputs: Qxn (x = A; B n =1; 2)
Symbol Parameter Test condition Min. Typ. Max. Unit
Vg=185V, T;=25°
=135V, Tj=25°C, - 500 700 mQ
lgxn =-1.0 A
Vg=13.5V, T, =125 °C,
Rpson Hs | On-resistance Qxnto Vg | S ! - 750 1000 mQ
laxn = -1.0 A
Vg=70V, T,=25°
§=7.0V. Tj=25°C, - 550 750 mQ
lgxn =-1.0 A
Vg=135V, T;=25°C
S " ’ - 500 700 mQ
lgxn =+ 1.0 A
On-resistance Qxn to Vg=13.5V,Tj=125°C,
R ! - 750 1000 Q
DSONLS | PGND g =+ 1.0 A m
Vg=70V, T,=25°
§=7.0V.Tj=25"C, - 550 750 mQ
|an =+1.0A
I | Output overcurrent test mode exclusive of filter 16 5 i A
@xnOC * | jimitation to VS or PGND |time 4ps (Chapter 2.10) '
Bits: DC2 DC1 DC0=000 60 95 130
Bits: DC2 DC1 DC0=001 100 140 180
Bits: DC2 DC1 DC0=010 180 230 280
Value of output current to
. m
@XFSHS | scale value)1 sourcing [ Bits: DC2 DC1 DCO=100 485 550 615
from HS switch Bits: DC2 DC1 DC0=101 720 810 900
Bits: DC2 DC1 DC0=110 1000 1150 1300
Bits: DC2 DC1 DC0=111 1200 1350 1500
Accuracy of micro steps
laxnlm_HS | current IiVmit P MIN®D ) MAX( mA

1. MIN=0.92 . |an|_|M -0.02 - “anFS_HS |;
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Note:

Figure 7.

Current profile has to pre set with 14 13 12 11 10 = 11111 and load to register 1.

Output current limit Iqyn v is product of full scale current ligynrs | (bits DC2 DC1 DCO) and
value of DAC Phase A/B (bits 14 13 12 11 10) in register1.

Values of DAC Phase A and B can read out and depends on set up done before:
1. direction DIR, stepping mode ST1 STO and phase counter P4 P3 P2 P1 PQ in register 0 and

2. value of corresponding current profile (for address of current profile entry see also
Figure 3).

Logic to set load current limit

Current-Profile Table
stored in register2, ...6

]

UP/Dowr Regi
- Count by} | DecayWode [ SlewRale |
1248
STEP B
0o Jo | o

il

i“Az AT AD
MUX | MUX [ MUX

A3 A2 Al A0 Address Calculation
Phase A [ Phase B

A3=0
Adr3 AB.0)

A3=1 A3=0 A3=1
Adr3 neg(A[3.0) | | Adro neg(A3.0) |  AdroA[3.0)

5

i '

Register 1

3| 2| 1| |Profie8

[ DAcSese | DACPhaseB |  DACPhaseA |
DI -...{Dcz‘om‘nco‘ 14 ‘ 13 ‘ 12 ‘ i ‘ 10 ‘ 4 ‘ 13 ‘ 12 ‘ 1" ‘ 10 ‘

13| 2| 1n |0 |Profile7 _ QA1

loam
1000

18| 12 | 11 |0 |Profile6
IUM\TA

leWLIM

5bit DAC
Phase A

3| | 1t | |Profile5

i3 || 1 |w0 |Profiled oBm |

1000

N
5

13 | 12 | 11 |0 |Profile3

138 | 2 | 11 |0 | Profile2

8|2 | 1 |0 |Profie1

IOX?UM

3| 2| 1| |Profile0

IOBZUM —

—‘ 1000

J
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3.4.6 PWM control
Table 13. PWM control (see Figure 4 and Figure 7)
Symbol Parameter Test condition Min. | Typ. | Max. | Unit
. ) ; Bit: FRE= 1 - 20.8 - kHz
Frequency of PWM cycles
P Bit: FRE= 0 - lea | - ] ez
Bits: DM1 DMO0= 0 1 - 4 - us
Twp'" | Mixed decay switch off delay time
Bits: DM1 DM0=1 0 - 8 . ps
Bit: FILTER= 0 - 15 - ys
Ter™ | Gliteh filter delay time
Bit: FILTER= 1 - 25 - ys
Bits: SR1 SR0= 00 - 0.5 - us
Tee (" | Cross current protection time Blank | Bits: SR1 SR0=0 1 - 1 - s
Tg (V| time of comparator Bits: SR1 SRO=10 - 2 - us
Bits: SR1 SR0=1 1 - 4 - us
Bits: SR1 SR0=00 . 13 - V/ps
Slew rate (dV/dt 30 % - 70 %) @HS | Bjts: SR1 SR0= 0 1 - 13 - V/us
VSR | switches on resistive load of 10 Q,
VS = 13.5 V Bits: SR1 SR0=10 - 6 - Vius
Bits: SR1 SR0=1 1 - 6 - V/ps

1. This parameter is guaranteed by design.
Time base is an internal trimmed oscillator of typical 2MHz and it has an accuracy of +6 %.

Figure 8. Switching on minimum time

Load current T, Filter time of current comparator
at Qxn Ter, Tec
"~ T ¢ Cross current protection time
T Blank time of current comparator
Step limit —_ 7 —_— — = = - 609 Tg=Tec=1us Tg=15us
| Tec Tg
p Time
Internal PWM Towm
clock ¢
20 or 30 kHz on decay
Ttz | |
Pin PWM r ‘
(for bridge A) \
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L9942 Functional description of the logic with SPI
4 Functional description of the logic with SPI
4.1 Motor stepping clock input (STEP)

Rising edge of signal STEP is latched. It is synchronized by internal clock. At next start of a
new PWM cycle the new values of output current limit are used to drive motor in next
position. Before start new motor step this signal has to be low for at least two internal clock
periods to reset latch.

4.2 PWM output (PWM)

This output reflects the current duty cycle of the internal PWM controller of bridge A. High
level indicates on state to increase current through load and low level is in off state so load
current decreases depending on chosen decay mode.

4.3 Serial peripheral interface (SPI)

This device uses a standard 16 bit SPI to communicate with a microcontroller. The SPI can
be driven by a microcontroller with its SPI peripheral running in following mode: CPOL =0
and CPHA = 0.

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

A fault condition can be detected by setting CSN to low. If CSN = 0, the DO-pin will reflect an
internal error flag of the device which is a logical-or of all status bits in the Status Register
(reg 7) and in the current profile register 4 (reg 6). The microcontroller can poll the status of
the device without the need of a full SPI-communication cycle.

4.4 Chip select not (CSN)

The input pin is used to select the serial interface of this device. When CSN is high, the
output pin (DO) will be in high impedance state. A low signal will activate the output driver
and a serial communication can be started. The state when CSN is going low until the rising
edge of CSN will be called a communication frame.

4.5 Serial data in (DI)

The input pin is used to transfer data serial into the device. The data applied to the DI will be
sampled at the rising edge of the CLK signal and latched into an internal 16 bit shift register.
The first 3 bit are interpreted as address of the data register. At the rising edge of the CSN
signal the contents of the shift register will be transferred to the selected data register. The
writing to the register is only enabled if exactly 16 bits are transmitted within one
communication frame (i.e. CSN low). If more or less clock pulses are counted within one
frame the complete frame will be ignored. This safety function is implemented to avoid an
activation of the output stages by a wrong communication frame.

4
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Note:

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

4.6 Serial data out (DO)
The data output driver is activated by a logical low level at the CSN input and will go from
high impedance to a low or high level depending on the status bit O (fault condition). The first
rising edge of the CLK input after a high to low transition of the CSN pin will transfer the
content of the selected status register into the data out shift register. Each subsequent
falling edge of the CLK will shift the next bit out.
4.7 Serial clock (CLK)
The CLK input is used to synchronize the input and output serial bit streams. The data input
(DI) is sampled at the rising edge of the CLK and the data output (DO) will change with the
falling edge of the CLK signal.
4.8 Data register
The device has eight data registers. The first three bits (bit O ... bit 2) at the DI-input are used
to select one of the input registers. All bits are first shifted into an input shift register. After
the rising edge of CSN the contents of the input shift register will be written to the selected
Input Data Register only if a frame of exact 16 data bits are detected. The selected register
will be transferred to DO during the current communication frame.
Figure 9. SPI and registers
a
g( T_. &DDO| D1 | D2 |D3 | D4|D5 D6 D7 D8 D9 D10 D11 D12 A0|A1 |A2 ‘_a
CSN CLK_ADR
INT_2MHz Ct?:tlr—oll
— EL_ERROR
_POR | PI2REG
Phase Counter Decay Mode | Slew Rate | Step Mode
ReglsterO‘ P4 | P3 | P2 | P1 | ) |DM2 | DM1 | DMO | SR1 | sno| ST1 |STO | DIR
[ DAC_Scale DAC Phase B Head(ljﬂy DAG Phase A
Register 1 [ pc2[ pct [oco | B4 [ i [ Bi2 [ Bit [ Bio [ A4 [ A [ A2 [ At [ A0
Current Profile 1 ov | Testony Current Profile 0 |
ReglsterZ\ 14 | 13 | 12 | " | 10 |ovw|-r1 To | \4| 13 | 12 | 3l | 10 ‘
Current Profile 3 [PWM Counter] PWM | Current Profile 2 |
Reg|ster3‘ 4 [ e [ e[ Jw [ o] oofnewa 48] ]n]w]
Current Profile 5 [ PWM Counter. CurrempmmeA |
Reglster4\ W [ [ 2 [0 [0 oa] DS—I_D2| HIEEEEREE
Current Profile 7 [ PWM Counter CurremProhleG |
Reglsters‘ 14 | 13 | 12 | " | 10 | D7| De—|_05| 14 | 13 [ 12 | 1" | 10 ‘
Register 6 ‘cme ssT | FT F;‘fi'(f sT Féi‘,%f)—‘pz’si"l%iie 4] c;"ei“ szmr 8n [ 0 i
[ Read-Onl!
Register 7 | otr7 T:fsﬂgefal.l;‘r; ‘|O\\;(SW’\)/||0”‘:J°\; iHSEIZ ‘HSEH |Lssz |Lsg:ei:usr:;|lHSA1 |LSA2 |Lsm
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5 SPI - control and status registers
5.1 Register 0
Table 14. Register 0
Phase counter Decay mode Slew rate Step mode DIR
Bit
12 11 10 9 8 7 6 5 4 3 2 1 0
Access rw rw rw rw rw rw rw rw rw rw rw rw rw
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0
Name P4 P3 P2 P1 PO DM2 | DM1 | DMO | SR1 | SRO | ST1 STO | DIR

The meaning of the different bits is as follows:

DIR This bit controls direction of motor movement. DIR=1 clockwise DIR=0 counter clockwise.
ST1 STO This bits controls step mode of motor movement (Figure 3).
00 Micro-stepping
01 Mini-stepping
10 Half-stepping
11 Full-stepping
SR1 SRO This bit controls slew rate of bridge switches. See also parameter Table 13
DM2 DM1 DMO This bits controls decay mode of output current (Figure 3).
000 Slow decay
001 Mixed decay, fast decay until Typ > 4 Ps
010 Mixed decay, fast decay until Typ > 8 ps
011 Mixed decay, fast decay until current undershoot T, =Trt +Tcc
100 Auto decay, fast decay without delay time
101 Auto decay, fast decay until Typ > 4 ps Auto decay uses mixed decay automatically
110 Auto decay, fast decay until Typ > 8 US to reduce current for next step if required
(see Figure 3 down right).
Auto decay, fast decay until current
111
undershoot T,

P4 P3 P2 P1 PO

This bits control position of motor, e.g. 00000 step angle is 0°, 01111 step angle is 180 °.

J
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5.2 Register 1
Table 15. Register 1
DAC scale DAC phase B DAC phase A
Bit
12 11 10 9 8 7 6 5 4 3 2 1 0

Access | rw rw rw r r r r r r r r r r

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0

Name | DC2 | DC1 | DCO | Bl4 BI3 BI2 BI1 BIO Al4 Al3 Al2 Al1 AlO

The meaning of the different bits is as follows:

Al4 AI3 AI2 Al1 AIO

These bits control DAC of
bridge A.

Bl4 BI3 BI2 BI1 BIO

These bits control DAC of

Value depends on address and the value of corresponding
current profile.

bridge B.
These bits set full scale range
DC2 DC1 DCO of limit, e.g. 000 for 100 mA or | See also parameter Table 12.
111 for e.g. 1500 mA
5.3 Register 2
Table 16. Register 2
Current profile 1 ov Test only Current profile 0
Bit
12 11 10 9 8 7 6 5 4 3 2 1 0
Access | rw rw rw rw rw rw rw rw rw rw rw rw rw
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0
Name 14 13 12 b 10 ovw | T1 TO 14 13 12 I 10

The meaning of the different bits is as follows:

1413121110 |These bits are loaded in register1 DAC Phase A or B if needed. | See also parameter Table 12
T1TO Should be programmed to 0. -
In case of an overvoltage event (V-SOV OFF) the outputs are
OVW =0 switched to high impedance state and the Vs Monitor bit OV is |-
set.
OVW = 1 In case of an overvoltage event (V-SOV OFF) the Vs Monitor bit
B OV is set. The status of the outputs are unchanged.
24/40
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54 Register 3

Table 17. Register 3

Current profile 3 PWM counter | PWM Current profile 2
Bit
12 11 10 9 8 7 6 5 4 3 2 1 0
Access | rw rw rw rw rw rw rw rw rw rw rw rw rw
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0
Name 14 I3 12 I 0] D1 DO |[NPWM | 1[4 13 12 I 10
The meaning of the different bits is as follows:
1413121110 | These bits are loaded in register1 DAC Phase A or B if needed. See also parameter Table 12
These bits are for threshold value in counter of active time during
D1 DO . -
signal PWM.

This bit switches internal PWM signal of bridge A to pin PWM if it
NPWM . . L . -
is set to 0, otherwise pin is in high resistance status.

5.5 Register 4 and 5

Table 18. Register 4 and 5

Current profile 5 (7) PWM counter Current profile 4 (6)
Bit
12 11 10 9 8 7 6 5 4 3 2 1 0
Access | rw rw rw rw rw rw rw rw rw rw rw rw rw
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0
Name 14 13 12 I I0 | D4(7) | D3(6) | D2(5) | 14 13 12 I 10
The meaning of the different bits is as follows:
141312 11 10 Thes.e bits are loaded needed. in register1 DAC Phase A See also parameter Table 12
or B if needed.
D4 D3 D2 (register4) | These bits are for threshold value in counter of active time
. during signal PWM. LSB and next value are set in -
D7 D6 D5 (register5) | registerd by DO and DA1.

J
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L9942
5.6 Register 6
Table 19. Register 6
ST . REF .
CLR (PWM) Filter | Freq. | ST ERR Open load Current profile 8
Bit 12 1 10 9 8 7 6 5 4 3 2 1 0

Access | rw rw rw rw r r r r rw rw rw rw rw

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0

Name |CLR6| sST | FT | WM g |RREF|Phase Phase) . | 5 | o | 11 | o

Freq. Error B A

The meaning of the different bits is as follows:

1413121110 These bits are loaded in register1 DAC Phase A or B if needed ‘ See also parameter Table 12
Phase B Phase A | These bits indicate open load at bridges
RREF Error This bit indicates if reference current is OK (150 pA <Iger < 250 pA), then is RERR=0.
ST This bit indicates stall detection.
PWM Freq. This bit sets frequency of PWM cycle. FRE=1 frequency 20 kHz, FRE=0 frequency 30 kHz
FT This bit sets filter time in glitch filter. FT=0 T =1.5 pys, FT=1 Tg =2.5 ps
SST This bit specifies output PWM to reflect same logical level like bit ST.
CLR6 This bit resets all read only bits to 0 in register 6.

5.7 Register 7

Table 20. Register 7

CLR | Temperature | VS monitor Overcurrent
Bit 12 11 10 9 8 7 6 5 4 3 2 1 0
Access |rw r r r r r r r r r r r r
Reset |0 0 0 0 0 0 0 0 0 0 0 0 0
Name |CLR7 | TSD | TW |OV(W)| UV |HSB2| HSB1 | LSB2 | LSB1 | HSA2 | HSA1 | LSA2 | LSA1

The meaning of the different bits is as follows:

bit7 ... bit0 These bits indicate overcurrent in each low side or highside power transistor.
1 overcurrent failure | > 2 A

oV(W) uv These bits indicates failure at VS (See also parameter Table 9)

01 Voltage at pin VS is too low.
10 Voltage at pin VS is too high.
TSD TW These bits indicates temperature failure (See also parameter Table 7)
01 Only for information set at temperature warning threshold.
10 In case of thermal shutdown all bridges are switched off. It has to reset by bit CLR7.
CLR7 This bit resets all bits to 0 in register 7.
26/40 Doc ID 11778 Rev 7 Kﬁ
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5.8

5.8.1

5.8.2

Note:

5.8.3

J

Auxiliary logic blocks

Fault condition

Logical level at pin DO represents fault condition. It is valid from first high to low edge of
signal CLK up to transfer of data bit D12. Fault bit is an logical OR of:

Control and status register 6 bit 5 and 6 for open load, bit 7 reference current failure
(RERR) and

Control and status register 7 bit 0 to bit 7 for overcurrent, bit 8 and 9 failure at VS
(UV,0V) and

bit 10 and bit 11 during high temperature (TW,TSD)

SPI communication monitoring

At the rising edge of the CSN signal the contents of the shift register will be transferred to
the selected data register. A counter monitors proper SPI communication. It counts rising
edges at pin CLK. The writing to the register is only enabled if exactly 16 bits are transmitted
within one communication frame (i.e. CSN low). If more or less clock pulses are counted
within one frame the complete frame will be ignored. This safety function is implemented to
avoid an activation of the output stages by a wrong communication frame. SPI
communication can be checked by loading a command twice and then answer at pin DO
must be same.

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

PWM monitoring for stall detection

Control registers 4, 5, and 3 contain bits D0-D7, use for setting a stall detection threshold.
The value in this set of bits determine the minimum time for current rise over one quadrant of
motor driving. D7-DO0 is compared with the sum of the rise times over one quadrant. When
the sum is less than the value stored in D7-D0 the ST bit (register 6 bit 8) is set to a logic “1”.

The PWM pin reflects the PWM control signal of the load current in bridge A. This is so after
power on when the SST bit (register 6, bit11) is reset to a logic “0”. If this bit is set to a
logical “1” then status of the ST bit 8 is mirrored to pin PWM. This provides stall detection
without the need of reading register 6 through the SPI bus.
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Logic with SPI - electrical characteristics L9942

6 Logic with SPI - electrical characteristics

VS =71t020V,VCC=3.0t05.3V, EN=VCC, T;=-40to 150 °C, Iggf = -200 pA, unless
otherwise specified. The voltages are referred to GND and currents are assumed positive,
when the current flows into the pin.

6.1 Inputs: CSN, CLK, STEP, EN and DI

Table 21. Inputs: CSN, CLK, STEP, EN and DI

Symbol Parameter Test condition Min. Typ. Max. Unit
VinL input low level - 0.3*VCC | 0.4*VCC - Vv
VinH input high level - - 0.6*VCC | 0.7*VCC Vv

Vinnyst | input hysteresis - - 0.1*VCC - \'

Icsnin | pull up current at input CSN Vesny=VCC-1.5V, -50 -25 -10 pA
lckin | pull down current at input CLK Vok=15V 10 25 50 pA

Iblin pull down current at input DI Vp =15V 10 25 50 pA
Istepin | pull down current at input STEP Vgregp=15V 10 25 50 pA
Renin | resistance at input EN to GND Venin= VCC 110 510 kQ
Cin @ 'gfllf %"’}p;c(;ti’m/lat input CSN, 0V <VCC<53V - 10 15 pF

1. Parameter guaranteed by design.

6.2 DI timing

Table 22. DI timing (see Figure 11 and Figure 13) (1)

Symbol Parameter Test condition Min. Typ. | Max. | Unit
toLk Clock period VCC=5V 250 - - ns
toLkH Clock high time VCC=5V 100 - - ns
toLkL Clock low time VCC=5V 100 - - ns

CSN set up time, CSN low before

lset CSN rising edge of CLK VeC=5V 100 i i ns
CLK set up time, CLK high before _ i )

fset CLK rising edge of CSN Vee=5v 100 ns

tset DI DI set up time VCC=5V 50 - - ns

th0|d DI DI hold time VCC =5V 50 - - ns

to ggﬁ time of input signal DI, CLK, VCC =5V . ) o5 ns

Fall time of input signal DI, CLK, VCC =5V ) i o5 ns

tin CSN

1. DI timing parameters tested in production by a passed/failed test:
TJ-:-40°C/+25°C: SPI communication @5MHz; Tj:+125°C: SPI communication @4.25MHz

J
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6.3 Outputs: DO, PWM
Table 23. Outputs: DO, PWM
Symbol Parameter Test condition Min. Typ. Max. | Unit
V
DOoutt Output low level VCC=5V,Ip=2mA - 0.2 0.4 \
VewMoutt
V - -
PO | hutput high level VCC =5V, Ip=-2mA Vgi vgg : v
VewMoutH ' '
. VCSN = VCC, _ _
IpooutLk | Tristate leakage current 0V < Vpo< VCC 10 10 pA
. Register3bit5=1 (NPWM) i )
IpwmoutLk | Tristate leakage current 0V < Vpyyy < VCC 10 10 pA
Cout " |Tristate input capacitance g(iIS’l:V\(/)%CL 53V - 10 15 pF
6.4 Output: DO timing
Table 24. Output: DO timing (see Figure 12 and Figure 13)
Symbol Parameter Test condition Min. Typ. Max. | Unit
t po DO rise time CL =100 pF, ljgaqg =-1 MA - 50 100 ns
i po DO fall time C_ =100 pF, ljgag =1 MA - 50 100 ns
| DO enable time from tristate to low | C| = 100 pF, ljg3q = 1 mA pull- i
tenDOtIL | |gyel up load to VCC 50 250 ns
_ | DO disable time from low level to | C| = 100 pF, lj54q = 4 MA pull- i
lisDOLtri | yrigtate up load to VCC 50 250 ns
_ DO enable time from tristate to CL =100 pF, ljpaq =-1 mA pull- i
ten DOt H | high level down load to GND 50 | 250 | ns
_ ~ | DO disable time from high level to | C| = 100 pF, ljj5q = -4 mA i
lis DOH i | yristate pull-down load to GND 50 250 ns
. VDO <0.3 VCC, VDO > 0.7 _
ta DO DO delay time VCC, C, = 100 pF 50 250 ns
6.5 CSN timing
Table 25. CSN timing
Symbol Parameter Test condition Min. Typ. Max. | Unit
tCS,\,_HLmin(1> CSN high time, active mode Transfer of SPl-command to 2 - - ps

Input Register

1. Parameter guaranteed by design.

574
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6.6 STEP timing
Table 26. STEP timing
Symbol Parameter Test condition Min. Typ. Max. | Unit
tstepmin” | STEP low or high time - 2 - - us
1. Parameter guaranteed by design.
Figure 10. Transfer timing diagram
t )
CSN_HI,mi
CSN high to low: DO enabled
CSN Vg _
time
CLK% of [t 120 sl J«Listiel 17 LisL]e 1 1 WMH‘
time
‘ DlI: data will be accepted on the rising edge of CLK signal
3 actual data new data
DI <X> A2A1A0111 10{D9 XD8 XD7 XD6 X DX D4XD3XD2X D1XDO A2X A1
§DO' data will change on the falling edge of CLK signal tirme
¢ status information
po (X @@E@@@@@@@@@@ _
t.
) CSN low to high: actual data is \ fault bit e
fault bit transfered to registers
Control and Status Register old data ( actual data
time
Figure 11. Input timing
=\ [ o0s8VvCC
CSN tok
0.2 VCC
tset CSN tCLKH t:set CLK
0.8 VCC
CLK \
\ 0.2 VCC
set DI thold DI tCLKL
DEEN PN <
A AAN A AJ— 08VCC
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Figure 12. SPI - DO valid data delay time and valid time

tf in trin
—_— I
0.8 VCC
CLK \ / 0.5 VCC
0.2 VCC
tr DO
DO / 0.8 VCC
(low to high) ’
0.2VCC
td DO tf DO
“«—p
DO 0.8 VCC
(high to low)
\ 0.2 VCC

Figure 13. DO enable and disable time
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Figure 14. Timing of status bit 0 (fault condition)

CSN

CLK

DI

CSN high to low and CLK stays low: status information of data bit O (fault condition) is transferred to DO

" ]
\
>
time
A4 _
»
time

DO: status information of data bit O (fault condition) will stay as long as CSN is low
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7.2

7.3
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Appendix

Stall detection

The L9942 contains logic blocks designed to detect a motor stall caused by excessive
mechanical load.During a motor stall condition the load current rises much faster than
during normal operation. The L9942 measures this time and compares it to a programmed
value.

This is done by summing the PWM on times for one full quadrant. For a full wave stepping
this is just one value (step 0). For microstepping this includes 8 separate values added
together, one for each step. This measurement is only done on phase A during the
quadrants where the current is increasing naturally (quadrants 1 and 3 of Figure 15); e.g.
stall detection is active during phase counter values 1 to 8 and 17 to 24 for DIR=0. During
the quadrants where the current is decreasing fast decay recirculation interferes with
accurate measurement of this time. If the sum of the PWM on time is less than a
programmed threshold stored in D0O-D7, stall is detected and indicated as a logic “1” in the
stall (ST) bit found in register 6 bit 8 (Figure 15 bottom). If bit 11 of register 6 is set to logical
“1” then the ST bit is mirrored to the PWM pin providing detection externally. The register
values DT7-DTO store the threshold value in 16us intervals. These bits can be found
interstitially in register 3 (DO, D1), register4 (D2, D3, D4) and register5 (D5, D6, D7).

Care should be taken when deciding the threshold timing. Motor current slew rates are
dependant on the driving voltage, the actual speed of the motor, the back EMF of the motor
as well as the motor and the inductance. Be sure to set your threshold well away from what
can be seen in normal operation at any temperature.

Step clock input

The Step clock input allows to run one device in micro-step mode, or several devices
simultaneously with cost effective 8 bit pController. In case of the L9942, the SPI
communication link provides only the settings for motor operation mode. Motor commutation
as high duty process is outsourced to a parallel driven pin. Without this step clock input, the
SPI command would also have to clock the motor, leading to a high SPI speed. For full
micro-step operation or simultaneous motor drive, an 8 bit pController could be rapidly
overloaded.

Load current control and detection of overcurrent (shortages
at outputs)

The L9942 controls load current in the two full bridges by using a pulls with modulation
(PWM) regulator. The mirrored output current of active HS switch is compared with a
programmed reference current (e.g. in figure A2 HSA1 and HSB2). Bridge is switched off if
current has exceeded the programmed limit value. A second comparator of the related LS
switch uses the mirrored load current to detect an overcurrent to ground during ON state of
bridges (e.g. in Figure 16 LSA2 and LSB1). The event of shortage from output to supply
voltage VS is detectable, but short current between outputs is limited through PWM
controller and so an overcurrent failure will not occur.

Load currents decrease more or less fast during OFF state of bridges depending on
selected decay mode. Slow decay mode is released by activating the HS switches of the
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bridge and current comparator has as new reference the overcurrent limit. A shortage to
ground can be detected, but not between the outputs.

Is it recommended to use the different fast decay modes too, especially in period if the load
current has to reduce from step to step. The duration of fast decay can set by fixed time ore
that it depends on the comparator signal utilizing the second current mirror at LS switch.
There can be monitored the undershoot of bridge current during OFF state.

Fast decay can be seen as switching the bridge in opposite direction, if it is compared to ON
state before. The load current control at HS switch is not used, but the comparator is still
active. The reference value is changed to overcurrent limit and a shortage to ground or now
between the outputs too will result in a signal. The internal filter time of at least 4 us will
inhibit the signal in many applications. Then you can use the mode “auto decay without any
delay time" (On Section 5.1 mode 100). On page 12 you can find in the lower part of
Figure 3the phase counter values, when fast decay as only part of mixed decay is used and
the shortages can be detected during a longer time. After this it is signalized in register 7 as
overcurrent in HS switch (e.g. in Figure 17 HSA1).

J
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Figure 15. Stall detection
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Figure 16. Reference generation for PWM control (switch on)
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Figure 17. Reference generation for PWM control (decay)
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8 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 18. PowerSS024 mechanical data and package dimensions
Di mm inch
im. Min. | Typ. | Max. | Min. | Typ. | Max. OUTLINE AND
A 2.45 0.0965
A2 | 2.15 2.35 | 0.084 0.0925 MECHANICAL DATA
al 0 0.10 0 0.003
b 0.33 0.51 | 0.013 0.020
c 0.23 0.32 | 0.009 0.012
p ™ |10.10 10.50 | 0.398 0.413
M 7.40 7.60 | 0.291 0.299
e 0.80 0.031
e3 8.80 0.346
F 2.30 0.090
G 0.10 0.004
G1 0.06 0.002
H 10.10 10.50 | 0.398 0.413
h 0.40 0.016
k 0" (min.), 8" (max.)
L 0.55 0.85 [0.0217 0.0335
o] 1.20 0.047
Q 0.80 0.031
S 2.90 0.114
T 3.65 0.143
U 1.0 0.039
N 10° (max)
X 4.10 4,70 | 0.161 0.185
v 6.50 7.10 | 0.256 0.279
4.90%) 5.50(4) [0.1924) 0.216)
(1) “D and E1” do not include mold flash or protusions. PowerSSOZ4
Mold flash tusi hall not d 0.15 0.006"
o Moo vt o e %) (Exposed pad down)
(3) Flash or bleeds on exposed die pad shall not exceed 0.4 mm per side
(4) Variation for small window leadframe option.
| 1
LEAD COPLANARITY
D (Euﬁy \enqkh)
]
A I E © O~
o/ N .,
( ;0 B Q
i {\ BOTTOM VIEW
AU uonuonuuouh
| eorepE—
‘ e3 ‘ M
7412818 |
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9 Revision history

Table 27. Document revision history

Date Revision Changes

10-Nov-2005 1 Initial release.

Feature list updated.
4-May-2 2

04-May-2006 Part numbers updated.
Feature list updated.

21-Sep-2

Sep-2006 8 Table 21 on page 28 updated.

Updated the order codes (see Table 1: Device summary on page 1).

09-Jul-2007 4 -
Changed the status from Preliminary data to Datasheet.
Updated the following tables: 2, 9, 14, 15, 16, 17, 18, 19 and 20.

02-Feb-2009 5 Updated the following chapters: 2.4, 5.1, 5.2, 5.3, 5.4, 5.5, 5.6 and
5.7.

15-May-2009 6 Updateq Figure 18: PowerSS0O24 mechanical data and package
dimensions on page 38.

19-Sep-2013 7 Updated Disclaimer.
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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.
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