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Features

. Supply voltage from 7 V to 75 V
. Embedded power MOSFETs with current ratings: 6 Arms, Rpson) = 27 mQ typ

. Current sensing amplifier

. Current limiter implementing PWM trimming or fixed OFF time control
. Adjustable slew rate for improved EMl/efficiency trade-off

. Full set of protections: overtemperature, overcurrent and UVLO
. Open-load detection

Applications

. Stage lighting

. Factory automation

. ATM and money handling machines

. Textile machines

. Home appliances

. Robotics

Description

The STSPIN9P series is an extremely flexible platform that supports a wide range of
low-voltage motors with power ratings up to 500 W, including stepper, brushed, and
brushless DC motors.

Thanks to the integration of low Rpson) MOSFETs (16 mQ or 27 mQ depending on
the model), the BOM space saving comparing to discrete solutions is significant.

The supply voltage is wide, ranging from 7 to 75 V. The series offers a set of pin-to-
pin compatible half-bridge and full-bridge topologies, enabling coverage of a broad
variety of applications.

The STSPIN9P2 sub-series includes pin-to-pin compatible full-bridge devices.
Components in the STSPIN9P2 series differ in driving mode, and control features to
enable the adoption of a tailored solution for each specific application.

Despite their topological simplicity, the devices integrate a wide set of functional
blocks and advanced features.

All versions integrate regulators making the device fully self-supplied. A charge pump
allows unlimited high-side on time.

The integrated AFE, composed of a differential amplifier and a comparator, is
designed to amplify the signal from a shunt resistor and compare it to a reference.

In case of versions with integrated current limiter, the comparator output is used to
implement a fixed off time or a PWM trimming control strategy, otherwise it is only
available for the application on the COUT open-drain output.

All devices in the STSPIN9P series feature the adjustable slew rate, enabling
optimization of the EMl/efficiency trade-off. This capability improves overall
performance and accelerates customer design qualification.

The devices are also fully protected thanks to UVLO (overcurrent protection and
thermal shutdown). Additionally, open-load detection verifies proper motor connection
when the power stage is disabled, providing dedicated signaling on the nOL output.

The STSPIN9P2 products come in a compact 7x9 QFN package.

For further information, contact your local STMicroelectronics sales office.


https://www.st.com/en/product/stspin9p21?ecmp=tt9470_gl_link_feb2019&rt=ds&id=DS15030
https://www.st.com/en/product/stspin9p22?ecmp=tt9470_gl_link_feb2019&rt=ds&id=DS15030
https://www.st.com/en/product/stspin9p23?ecmp=tt9470_gl_link_feb2019&rt=ds&id=DS15030
https://www.st.com/en/product/stspin9p24?ecmp=tt9470_gl_link_feb2019&rt=ds&id=DS15030
https://www.st.com/responsible-products
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1 Overview

The STSPIN9P2 platform targets high-current motor-driving solutions with particular focus on brushed-DC motor.

The family encompasses several systems-in-package composed of one control die and four MOSFET dies
implementing a full-bridge topology.
Products differentiate according to features provided by the control die as listed in Table 1.

Table 1. Full-bridge ordering codes

27 Yes

STSPIN9P21 6 INx, ENx

STSPIN9P22 27 6 INx, ENx No
STSPIN9P23 27 6 PWM, PH Yes
STSPIN9P24 27 6 PWM, PH No
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Figure 1. STSPIN9P21 / STSPIN9P23 full-bridge with current limiter
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Figure 2. STSPIN9P22 / STSPIN9P24 full-bridge with uncommited AFE

Creana Ccc Caoor
I Criy H

£
38
|
L
HEHE

o

VBOOT

.
N/

g Open-load ouT1
and {1
OoCcD

] o | [F5]
)]
g vce

¢ DC motor

N/

LSS1
— | Tisst .
|| Them. il,:; v
vz g COntrol shutdown _;_“,%:;_M
] logic

o

{ H

GND

[H —

L 1 Open-load lour2
and LT
ocb

sz, | 1
j
£ |[H
/‘/ LsS2
33V I

SNSN
SNSP.

Rshunt

DS15030 - Rev 1 page 4/33




‘_ STSPIN9P2
’l Pin description

3 Pin description
Figure 3. STSPIN9P2 full-bridge - pinout
Y
¢ =
T a=z 3
s s s OE% 2"“‘&'5% 25“‘ by
s Se35HzEzd b S 86 &
55 54 53 52 51 50 49 48 47 46 45 44 43 42 41 40
/R e 39 WM
w2 O 38 WM
w3 O 37 W
N ) EPAD1 EPAD4 A o W
W 5 [ O 35 W
W 6 O ) 34 WM
EPAD3
outt 7 O 3 33 out2
outt 8 O ) 32 out2
outt 9 O 3 31 ouT2
outt 10 [ EPAD2 EPADS 3 30 out2
Lss1 11 O ) 29 Lss2
Lss1 12 (O ) 28 Lss2
13 14 15 16 17 18 19 20 21 22 23 24 25 26 27
- <« — QK 2 Q0 Lo =z O 3] IR
5 5 $3%gs¢€222 & G4
x < u!
w
e
Table 2. STSPIN9P2 full-bridge - pin assignment
STSPIN9P21 | STSPIN9P23
Type
STSPIN9P22 | STSPIN9P24
1,2,3,4,5,6,34,35, Main supply voltage
36, 37, 38, 39, 43, 53, VM Supply )
54, 55, EPAD1, EPAD4 (HS MOSFET drain)
Half-bridge A output
7,8,9, 10, 15, EPAD2 OuUT1 Analog out
(LS MOSFET drain, HS MOSFET source)
Half-bridge A reference voltage
11,12, 13, 14 LSS1 Analog out
(LS MOSFET source)
16 REG3V3 Supply 3.3 V regulator output
17 nFAULT Open-drain output | Fault open drain output
18 nOL Open-drain output  Open load detection drain output
19 CcouT Open-drain output | Comparator open-drain output
Current limiter off-time setting.
19 TOFF Analog input
Short to ground for PWM trimming mode.
20, 44, 50, EPAD3 GND Ground Ground
21 VREE Analog input Current limiter reference/Comparator inverting

input
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22
23

24

25, 30, 31, 32, 33,
EPADS

26, 27, 28, 29

40
41
42
45
45
46
46
47
47
48
48
49
51
52
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STSPIN9P21

STSPIN9P22 | STSPIN9P24

SNSP
SNSN

SNSO

ouT2

LSS2

CP1
CP2
BOOT
EN1 -

IN1 -
- PWM
EN2 -
- nNBRAKE
IN2 -
- PH
SR
nSTBY
vce

STSPIN9P23

Type

Analog input
Analog input

Analog output

Analog out

Analog out

Analog out
Analog out
Supply
Digital input
Digital input
Digital input
Digital input
Digital input
Digital input
Digital input
Digital input
Analog input
Digital input
Supply

Sense amplifier non inverting input
Sense amplifier inverting input

Sense amplifier output/Comparator non inverting
input

Half-bridge B output

(LS MOSFET drain, HS MOSFET source)
Half-bridge B reference voltage
(LS MOSFET source)

Fly capacitor pin 1

Fly capacitor pin 2

Bootstrap voltage

Enable input 1

Enable input

Driving input 1

PWM input

Enable input 2

Brake input (active low)

Driving input 2

Phase input

Slew-rate setting

Active low standby

14 V regulator output
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4 Device ratings

4.1 Absolute maximum ratings (AMR)

Stresses above the absolute maximum ratings listed in Table 3may cause permanent damage to the device.
Prolonged exposure to conditions at or above the maximum ratings may affect device reliability.

Table 3. Absolute maximum ratings

Main supply voltage -0.3t0 80 \%
Vee Gate driver supply voltage -0.3t0 18 \%
VReg3va 3.3V regulator supply voltage -0.3to 4 \%
lour | Output current (each output) DC current 6 A
CP1 Charge pump capacitor pin 1 voltage -0.3 to Vy+0.3 \Y
CP2 Charge pump capacitor pin 2 voltage -0.3 to BOOT+0.3 \%
VBooT | Bootstrap voltage -0.3 to Vy+18 \Y,
Voutx | OUTX pin voltage DC -0.6 to V+0.4 \Y;
Vsis Low-side source voltage DC -0.6 to +0.6 \%
Vio Logic input/output voltage -0.3t05.5 \%
Vsr Slew rate pin voltage -0.3 to VReg3v3+0.3 \Y
lop Open-drain sink current Up to 10 mA
Vsnso | Current-sensing amplifier output voltage -0.3 to VReg3v3+0.3 \%
Isnso Current-sensing amplifier output current Up to 35 mA
Vsnsp | Current-sensing amplifier non-inverting input voltage DC -0.6 to +0.6
Vsnsn | Current sensing amplifier inverting input voltage DC -0.6 to +0.6
Vrer | Reference voltage -0.3 to VreGav3+0.3
Tstg Storage temperature -55 to 150 °C
Ty Junction temperature -40 to 150 °C

1. MOSFETs are based on 100 V technology, the actual supply voltage could be limited by gate driver ratings.
4.2 ESD characteristics

Table 4. ESD protection ratings

Human Body Model Conforming to ANSI/ESDA/JEDEC JS-001-2014 H2 2000 \Y
All pins
Conforming to ANSI/ESDA/JEDEC JS-002-2014

C2a 500 \

CDM Charge Device Model
Corner pins only

Conforming to ANSI/ESDA/JEDEC JS-002-2014

C2 750 \
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4.3 Recommended operating conditions

Table 5. Recommended operating conditions

symoa parsmetsr et comtion———bin || e i
75 \%

Vm Motor supply voltage 7
Vee Gate driver supply voltage s v
VM and VCC pin shorted 7 15 \%
Ccc VCC regulator output capacitor 4.7 uF
VgooT | Bootstrap voltage Vm+Vee \Y
CgooT | Bootstrap capacitor 1 uF
CrLy | Charge pump fly capacitor 220 nF
Cregavs REG3V3 capacitor 4.7 uF
Csnso | Differential amplifier output capacitor 100 pF
Vio Logic input/output voltage 0 5 \%
lop Open-drain sink current 4 mA
Vsnso | Current-sensing amplifier output voltage 0 3.3
Vgnsp | Current-sensing amplifier non-inverting input voltage 0 0.5
Vsnsn | Current-sensing amplifier inverting input voltage 0
VRer | Reference voltage 0 3.3 \Y,
Vpmz 15V 100 | kHz
fowm | PWM frequency
Vm <15V 25 | kHz
Tamb  Operative ambient temperature -40 1251 °C

1. The actual operative range depends on power dissipation and actual junction-ambient thermal resistance of the device in
the final application.

4.4 Thermal data

Table 6. Thermal data

Rth-cT) Thermal resistance, junction-to-case top 13.6 °C/wW

Rth(J-cB) Thermal resistance, junction-to-case bottom 1.2 °C/W
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5 Electrical characteristics

Testing conditions: V) = 48 V, unless otherwise specified.

Typical values are tested at T; = 25 °C, minimum and maximum values are guaranteed by thermal
characterization in the range of -40 to 125 °C, unless otherwise specified

Table 7. Electrical characteristics

iy x| i

Supply
Vee,on VCC supply UVLO turn-on threshold 6.45 7 \

VCC supply UVLO hysteresis

Ve hyst 240 mvV
(Vee,on - Vec off)

VBo,0n Bootstrap supply UVLO turn-on threshold | Veo = VBooT - VM 5.8 7 \

Bootstrap supply UVLO hysteresis

VBO hyst 240 mV
(VBo,0n - VBO,0ff)

VREG3V3 Internal 3.3 V regulator output voltage ISHORT = 41 mA 3.3 Vv

All MOSFETs off
No external load on user regulator

Img Overall quiescent consumption from VM 5.2 mA
No load on SNSO

Rorr = 12 kQ, fixed topr

nSTBY =low, Ty =25°C 0.5
IsTBY Standby current consumption A
nSTBY = low, full temperature range 1
tsTBY,off Standby to MOSFETs turn-off See Figure 6 225 us
tsTBY.dis MOSFETSs turn-off to circuitry disabling See Figure 6 5 us
. See Figure 6 (1)
tsTBY,0n Standby wake-up time 32 us

nSTBY low pulse 1 ms

14 V LDO linear regulator

Vee 14 V linear regulator output 14.2 \Y
lcclim Maximum regulator current 40 mA
Ty=25°C 27 mQ
Rps(on),Ls Low-side turn-on resistance
Full temperature range 59 mQ
Ty=25°C 27 mQ
Rps(on),Hs High-side turn-on resistance
Full temperature range 59 mQ
Input-high to high-side turn-on propagation = Maximum slew rate
tdiNH ) ) 1.6 us
delay (including DT) 50% IN to 20% OUT
Input-low to low-side turn-on propagation Maximum slew rate
taINL . ) 1.6 us
delay (including DT) 50% IN to 80% OUT
VBooT = Vm + Vce
P . : Vihn=0-3.3V
ton MOS High-side MOSFET turn-on propagation 250 ns

delay OUT 500 Q to 0V, Vy = 48 V
50% Vi, to 10 or 90% OUT
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Max slew rate

Veoot =Vm *+ Vee
ton_mos Low-side MOSFET turn-on propagation Vn=0-33Y ns
delay OUT 500 Q to 48 V 270
50% Vi, to 10 or 90% OUT
Max slew rate

Voot =Vm + Vee

Vihn=0-3.3V
g;?:;side MOSFET turn-on propagation OUT 500 Q to OV, Vy = 48 V 850
50% Vi, to 10 or 90% OUT
tort MO8 Max slew rate ns
VBoot = Vm + Vee
Vin=0-3.3V
I&Z:I:;Ide MOSFET turn-on propagation OUT 500 Q to 48 V 480
50% Vi, to 10 or 90% OUT
Max slew rate
toT Deadtime 1.3 us

Maximum Slew Rate
MT Propagation delay matching 150  ns
MT = |tainH - taind

VBoot = Vm + Vce

EN=0-33V

OouT500Qto0V,Vy =48V 250
50% EN to 10 or 90% OUT

Max slew rate
tdENH ns
VBooT = Vm + Vce

EN=0-33V
OUT 500 Q to 48 V 270
50% EN to 10 or 90% OUT

Max slew rate

High-side MOSFET enable propagation
delay

Low-side MOSFET enable propagation
delay

VBoot = Vm + Vce

EN=0-33V

OouUT500Qto0V,Vy =48V 760
50% EN to 10 or 90% OUT

Max slew rate
tdENL ns
Voot =Vm + Vee

EN=0-33V
OUT 500 Q to 48V 450
50% EN to 10 or 90% OUT

Max slew rate

High-side MOSFET disable propagation
delay

Low-side MOSFET disable propagation
delay

Rgr =shortto 3.3V 1
Rising slew rate
SRiise 9 Rk = 44 kQ 05 Vins
(20% - 80%)
Rsr = 22 kQ 0.3
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SRrise

SRtall

Rising slew rate
(20% - 80%)

Falling slew rate
(80% - 20%)

Rsr = shortto 0 V 0.2 Vins
Rgr =shortto 3.3V 1
Rsr = 44 kQ 0.5

Vins
RSR =22kQ 0.3

Rsr = shortto 0 V 0.2

Logic input and outputs

VILEN)
VIHEN)
Vi
Vi
Rppin
VoL

IH,srR

Low logic input voltage
High logic input voltage
Low logic input voltage
High logic input voltage
Input pull-down resistor
Open drain outputs low logic voltage

SR current generator

EN, ENx and nBRAKE inputs 0.4 \Y
EN, ENx and nBRAKE inputs 2.55 V
INx, PWM and PH inputs 08 V
INx, PWM and PH inputs 2.1 \%

500 kQ
Isink =4 mA 035 V

50 pA

Integrated comparator

VCOMP,offset
tcomp,delay

tcomp,deglitch

Comparator offset
Propagation delay
Deglitch filter

Integrated amplifier

VRep=1V 10 mV
VReg=1V 240 ns
130 ns

VaMPoffset

AcL

Rin,amP

VsNsoH

VsnsoL

tsettiing

Current limiter

Amplifier offset

Amplifier gain

Equivalent input resistance

High-level output voltage

(VReG3V3 - Vsnso)

Low-level output voltage

Output voltage settling time

Ty;=25°C 6 mv
Full temperature range 7  mV
9.5 10 105 VIV
90 kQ
Vgnsp = 0.36 V
Vensn =0V 14 mV
IL =500 A
IL =500 pA 20 mV
Vin 150 mV step
150 ns

R_ = 3kQ, C = 100 pF

VioffDIS

torr

tBLANK

PWM trimming mode voltage on TOFF pin

Current limiter off time

Blanking time

02| V
RoFF = 10 kQ, COFF =0.1nF 1 us
Rorr =23 kQ, Corr =0.5nF 10 us
Rorr = 630 kQ, Copg = 1 nF 550 us
SR short to 3.3 V 1.3
RSR =44 kQ 2.1
us
RsR = 22 kQ 3.2

SR shortto 0 V 45
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Open-load detection

toLD refresh Open-load detection refresh time 100 us
toLD,check Open-load detection check time 100 us
loLp,PD Open-load detection pull-down 25 3  mA
VoLpL Open-load detection low threshold 23
VoLbH Open-load detection high threshold Vu +2 \Y
Ty=25°C 8 13 A
loc Overcurrent threshold
Full temperature range 6
VRELEASE OC release ENABLE threshold 04 \V

Thermal shutdown

Thermal shutdown threshold (regulator

Tso protection) 150 c
Thermal shutdown release threshold o

TsD refease (regulator protection) 120 c
Thermal shutdown threshold (MOSFETs °

Tsowos) protection) 120 130 c

Thermal shutdown release threshold 100 o

TsDMOS) refease (MOSFETs protection)

1. The actual time to return to operative condition may depend on settling time of supply voltages (Vreg3vs, Vcc and Veoor)-
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5.1 Timing diagrams
Figure 4. Propagation delay definition, INX/ENx, OUTx
|NX 50“/:7( 50%l§ / \
ENX 50%5‘ 50%7(
i 90% s0% \ e0%
OUTX E 10% 20% é o é 20%
s, ; SRrise SRall
;‘t’f’;l
— L
taine taenL tdENH
Figure 5. Propagation delay definition, PWM, EN, nBRAKE, OUTx
NBRAKE o ot
PWM 50%7( 50%)(
EN 50%5\ 50%7(
h 90% w [ 1 i 3 90%
High-Z
OUTx Em% &, 10% 10% ’
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6 Control die description

The following sections describe in detail the control-die architecture and the function of the sub-blocks.

6.1 Supply and regulators

The control die integrates three linear regulators generating different supply voltages, starting from the main
supply input (VM).

6.1.1 Power-up and power-down
During power-up, all the MOSFETSs are kept off, with maximum allowed sink current, until:

. Low-side (V¢cc) and high-side (VgooT) gate driver supplies are asserted above respective ULVO
thresholds.
. Internal control blocks are properly supplied and operative.

6.1.2 3.3 V regulator (REG3V3)

The control circuitry requires a 3.3 V supply voltage for proper operation. This voltage is internally generated by a
linear regulator requiring an external capacitor on the output line.

Note: This regulator cannot be used for supplying external components.

6.1.3 14 V regulator (VCC)

The device integrates a 14 V linear regulator, which generates the gate drivers supply (Vcg). The regulator has a
maximum overall current availability Icc jim, protecting the regulator against short circuit and overload.

Note: This regulator cannot be used for supplying external components.

6.1.4 Charge pump
A charge pump supplies the high-side gate drivers and guarantees a 100% duty-cycle operation.

6.1.5 Standby

Setting the nSTBY input low disables the power stage and forces the device in low consumption mode (current
consumption: lstgy).

In this condition, the following circuits are disabled:

. All internal regulators

. Charge pump

. Gate drivers

. Analog front-end (differential amplifier and comparator)
. All protections

The embedded MOSFETs are kept off by the 100 kQ pull-down resistor on the gate driver outputs.

Figure 6. Standby

nSTBY (pin)
| tsTBY,off ' ! tsTeYon '
' j ' j
Power stage enabled Power stage disabled Power stage enabled
tsTBY.dis ~—st i
Operative Standby Operative
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6.2 Control logic

The power stage is controlled using different driving strategies according to the device product code.

Table 8. Full-bridge with ENx/INx driving strategy, inputs to output

High impedance

1 0 0 LS on
1 1 0 HS on
1 X 1 LS on

1. Decay status forced by the current limiter circuit, if enabled. See Section 6.4.1.

Table 9. Full-bridge with PWM/PH driving strategy - inputs to outputs

m "BRAKE | PWM | PH | DEGAY® oui our2

X X High impedance High impedance
1 0 X X X LS on LS on
1 1 0 0 0 LS on LS on
1 1 1 0 0 LS on HS on
1 1 0 1 0 LS on LS on
1 1 1 1 0 HS on LS on
1 1 X X 1 LS on LS on

1. Decay status forced by the current limiter circuit, if enabled. See Section 6.4.1.

All control inputs of the device have pull-down resistors to avoid unpredictable behaviour in case of pin
disconnection.

6.2.1 Dead time

The dead time feature, in companion with interlocking function, ensures that the high-side and low-side MOSFETs
of the same channel are not turned ON simultaneously. A minimum dead time is enforced between the turn-off of
one gate driver output and the turn-on of its complementary output.

DS15030 - Rev 1 page 15/33



‘_ STSPIN9P2
’l Control die description

6.3 Gate driver
The high-side (HS) and low-side (LS) gate drivers have a similar block diagram:
. A reference pin for the low level (OUT for HS and LSS for LS).
. The output pad (GHS or GLS), directly connected to the gate of the embedded MOSFET.
. The supply pin (BOOT or VCC), fixed and independent of the reference node.

When the control die is disabled (e.g. in standby mode or not supplied), an equivalent 100 kQ resistor ensures
that the MOSFETs remain off.

The driver source current and turn-on timing are set to change the output slew rate among four values: for each
slew rate, a pair of current and timing is selected based on the characteristics of the embedded MOSFET.

The sink current and turn-off timing are set only according to the integrated power MOSFETSs targeting a fast turn-
off. Turning off the MOSFETs with the maximum current allows for minimizing the dead time duration.

The voltage on the SR pin is set through an external pull-down resistor combined with an integrated pull-up.

Figure 7. Slew rate (SR) selection circuit

VREG3V3
Row1
VREG3V3
+
Iref 5/6xVrecsvs Control logic
STOeuA -
[]RDIVZ
SR[] . h
3/6xVssens Control logic
I::IRDIVG
+
116X Vresss Control logic

Roiva

Table 10. Slew rate selection

Output slew rate (typ)
Vsr RsRr (* 5% trise / tfan

VsR > 5/6 x VREG3V3 Short REG3V3 1 V/ns 50 ns
3/6 x VRregavs < Vsr < 5/6 X VReGavs 44 kQ 0.5 V/ns 100 ns
1/6 x Vreaavs < Vsr < 3/6 x VReGava 22 kQ 0.3 V/ns 150 ns
Vsr < 1/6 X VReG3v3 Short GND 0.2 V/ns 200 ns
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6.4 Current sensing amplifier and comparator

The control die integrates one differential amplifier with a fixed gain factor of Ag_ designed to amplify the signal
from an external shunt resistor.

The differential voltage between SNSP (non-inverting input) and SNSN (inverting input) is amplified and available
on the SNSO output.

The same signal is internally connected to the non-inverting input of a comparator, which according to the
ordering code, is at user disposal or dedicated to a current limiting feature (see Section 6.4.1).

In the first case (uncommitted comparator), the result of the comparison is available on the COUT open-drain
output with an inverted logic: when amplifier output is greater than VREF voltage, COUT is forced low.

In both cases, the inverting input of the comparator is available on the VREF input pin.

Figure 8. Embedded amplifier and comparator

Current limiter option

Uncommitted couT :
comparatorg i
option : H

SNSO[ ———¢

P4
[72]
P4
(72]

VREF
SNSP

It is possible to filter the amplifier output connecting to a small capacitor on the SNSO pin. This affects the
comparator input as well.

6.4.1 Current limiter

When the amplifier and the comparator are dedicated to the current limiter feature, the voltage drop of an external
shunt resistor connected between SNSP and SNSN is amplified by Ac and compared with the reference voltage

(VReF)-

When Vgnso > VRer, the comparator triggers, and the device operates according to the selected decay strategy.
Two current limiter modes are available:

. Fixed OFF time (RC network on the TOFF pin)

. PWM trimming (TOFF pin shorted to ground)

To avoid spurious triggering of the current limiter, a blanking signal is applied to the comparator output during
each power stage commutation.
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6.4.1.1 Fixed OFF time

In fixed off time mode, when the comparator is triggered, the control circuitry sets the device in decay status for a
tofr time.

This timing is adjusted through an RC network connected to the TOFF pin as shown in Figure 11.

Figure 9. Fixed OFF time current limiter - ENx/INx driving strategy

I, : : Dead time
out Dead time Dead time

Ingr = Vrer / (10 x Resnr) L

Dead time

EN

IN1

IN2

DECAY

Figure 10. Fixed OFF time current limiter - PWM/PH driving strategy

Irer = Vrer / (10 X Rsnunt)

Dead time

. S .
ouT Dead time Dead time

Vsnso

Irer = Vaer / (10 X Reun) e

Dead time

EN

PWM |

PH |

DECAY
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Figure 11. topr vs. Rorr- Corr network

TOFF time Vs RoppC opr [us]

0 100 200 300 400 500 600

Rorr*Corr [us]

6.4.1.2 PWM trimming mode

PWM trimming mode is activated by shorting the TOFF pin to ground. When the comparator is triggered, the
control circuitry sets the device in decay status until one of the following conditions occurs:

. Full-bridge device with ENx/INx driving strategy: at least one of the inputs EN1, EN2, IN1 or IN2 is forced

low.
. Full-bridge device with PWM/PH driving strategy: at least one of the inputs EN, PWM or nBRAKE is forced
low.
Figure 12. PWM trimming current limiter (PWM/PH driving)
1
Rshunt

Irer = Vrer / (10 X Rshunt)

lout

Vsnso

PWM

PH

DECAY

¢ Some figures missing for simplicity
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Figure 13. PWM trimming current limiter (ENx/INx driving)
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6.5 Open-load detection
The control die integrates open-load detection circuitry.
If open-load failure condition is asserted, the nOL pin is forced low until one of the following conditions is satisfied:

. The bridge is enabled (i.e. leaving high impedance condition).
. The bridge successfully passes the next open-load check.
Note: The open-load failure does not interfere with normal operation.

In the device, an open-load test is performed when:

. PWM/PH driving case: EN input is low and a positive pulse of to| p refresh is applied on the PWM input (see
Figure 14).
. ENx/INx driving case: both EN1 and EN2 inputs are low and a positive pulse of to| p refresh i applied on the

IN1 input (see Figure 14).

Figure 14. Open-load test triggering

EN1/EN2 |
EN |
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IN1
PWM
No failure
nOL AN N \
Failure detected Failure detected
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The test is performed as follows:
1. The OUT1 and OUT2 voltages are checked in accordance with the following cases:
a. The voltage is above Vg p H.

b. The voltage is below Vg p L.
c. The voltage is neither above Vg p y nor below Vo p L.

2. A pull-down current lg| p pp is applied to OUT1 and the output voltages (both OUT1 and OUT2) are checked
again.

Figure 15. Open-load detection
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Control logic

The result of the two checks, which is available after to| p check, defines the open-load condition assortment.

Table 11. Open-load detection test result

Check 1 (pull-up)

Mismatch between
Check 2 (pull-down) VouTi,2>Vowo,H - Voup,L <Vouti2<VobH  Vout1,2 <VolbL
VouT1 and Voyr2 status

FAIL FAIL FAIL FAIL
Vourt1,2 > VoLb H
(Anomalous) (Anomalous) (Anomalous) (Anomalous)
OK FAIL FAIL FAIL
Volp,L < Vout1,2 < VoLbH
(weak pull-up) (Anomalous) (Anomalous) (Anomalous)
OK OK FAIL FAIL
Vout1.2 <Volb,L
(load detected) (weak pull-down) (Anomalous) (Anomalous)
FAIL FAIL FAIL FAIL
VOUT1 and VOUT2 status
(Anomalous) (Anomalous) (Anomalous) (Anomalous)
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6.6 Protections
The device integrates several protections as listed in Table 12.
All protections force the nFAULT output low until they are released.

Table 12. Protection summary table

Ve UVLO Vee < Veeoff Power stage disabled Vee 2 Veeon

Power stage disabled
Control die overtemperature Ty control > Tsp Ty,control < TsD release
VCC regulator and charge pump off

HS MOSFET off
Voot UVLO VBooT — VM < VBo,off ] ) ) Voot — Vm 2 VBo,on
LS MOSFET driven according to inputs

EN input forced low

Vps monitoring Vps of one MOSFET > Vpg tn Power stage disabled
(VEN < VRELEASE)
MOSFETs’ overtemperature Tymos > Tsp Power stage disabled Tymos = Tsp,release
6.6.1 Overcurrent protection (Vps monitoring)

The control die constantly monitors the drain-source drop of each power MOSFET: V), — Vot for the high-side,
and Voyt — Vsis for the low-side.

When a power MOSFET is expected to be on (i.e. at the end of the turn-on phase), and its drain-source drop
exceeds the Vps 1y threshold, an overcurrent condition is triggered. This forces the power stage into a safe state
and pulls the nFAULT output low.

The safe condition is achieved by turning off all MOSFETSs using a reduced turn-off current to limit the dl/dt and
avoid critical overshoots or undershoots below ground on the switching node.

The control die keeps the MOSFETSs off until normal operation is restored by forcing the EN input low (Vgy <
VRELEASE)-
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Figure 16. Overcurrent protection
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(1) According to specific driving option
(2) In ENX/INx option, both the EN1 and EN2 must be forced low.

6.6.2 Under-voltage lockout protection (UVLO)
Undervoltage lockout protection (UVLO) is present on the following supplies:
. Low-side gate driver supply (Vcc)
. High-side gate driver supply (VgooT— VM)
During power-up, UVLO is released when the supply exceeds its respective “on” threshold. After power-up, the

UVLO is triggered when the supply falls below its respective “off’ threshold and is released again once the supply
rises above the “on” threshold.

Deglitch filtering on the protection comparators prevents spurious triggering due to internally generated or
externally coupled noises.

When at least one of the supplies is in UVLO condition, the power stage is forced into a safe state (i.e. all
MOSFETs turned off), and the nFAULT output is forced low.
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Figure 17. UVLO protection on VCC power supply
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6.6.3 Thermal shutdown

Each MOSFET in the system-in-sackage is protected against overtemperature by a dedicated temperature sensor
located in the driver die (one sensor per MOSFET). When the measured temperature of any MOSFET is above
the safe threshold Tspvos), the control die turns off the power stage until the temperature of all MOSFETSs is

below TspMoS) release-

A temperature monitoring circuit is also present in the control die. If the measured temperature is above the safe
threshold Tgp, the VCC regulator and the charge pump are turned off until the temperature returns below

TSD,reIease-
In both cases, the nFAULT output is forced low.
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7 Package information

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.

71 VFQFPN 9x7x1.0 mm 55L pitch 0.4 package information

Table 13. Package mechanical data

Symbol
A 0.90 0.95 1.00
A1 0.00 0.035 0.05
A2 - 0.75 -
A3 0.203 REF.
0.15 0.2 0.25
D 9.00 BSC
D1 1.91 2.01 2.1
D2 1.50 1.60 1.70
E 7.00 BSC
E1 4.30 4.40 4.50
E2 2.10 2.20 2.30
L 0.35 0.45 0.55
e 0.4 BSC
aaa 0.10
bbb 0.07
cce 0.10
ddd 0.05
eee 0.08
fff 0.1
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Figure 18. Package outline
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7.2 Suggested footprint

The STSPIN9P2 footprint for the PCB layout is typically defined based on multiple design factors, such as
assembly plant technology capabilities and board component density. For easy device usage and evaluation, ST
provides the following footprint design, which is suitable for a wide range of PCBs.

Figure 19. Suggested footprint
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8 Ordering information

Table 14. Order code

STSPIN9P21 VFQFPN 9x7x1.0 mm 55L pitch 0.4 SPIN9P21 Tape and reel
STSPIN9P22 VFQFPN 9x7x1.0 mm 55L pitch 0.4 SPIN9P22 Tape and reel
STSPIN9P23 VFQFPN 9x7x1.0 mm 55L pitch 0.4 SPIN9P23 Tape and reel
STSPIN9P24 VFQFPN 9x7x1.0 mm 55L pitch 0.4 SPIN9P24 Tape and reel

DS15030 - Rev 1 page 28/33



ﬁ STSPIN9P2

Revision history

Table 15. Document revision history

12-Sep-2025 1 Initial release.
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IMPORTANT NOTICE — READ CAREFULLY
STMicroelectronics NV and its subsidiaries (“ST”) reserve the right to make changes, corrections, enhancements, modifications, and improvements to ST
products and/or to this document at any time without notice.
In the event of any conflict between the provisions of this document and the provisions of any contractual arrangement in force between the purchasers and

ST, the provisions of such contractual arrangement shall prevail.

The purchasers should obtain the latest relevant information on ST products before placing orders. ST products are sold pursuant to ST’s terms and
conditions of sale in place at the time of order acknowledgment.

The purchasers are solely responsible for the choice, selection, and use of ST products and ST assumes no liability for application assistance or the design of
the purchasers’ products.

No license, express or implied, to any intellectual property right is granted by ST herein.

Resale of ST products with provisions different from the information set forth herein shall void any warranty granted by ST for such product.

If the purchasers identify an ST product that meets their functional and performance requirements but that is not designated for the purchasers' market
segment, the purchasers shall contact ST for more information.

ST and the ST logo are trademarks of ST. For additional information about ST trademarks, refer to www.st.com/trademarks. All other product or service names
are the property of their respective owners.

Information in this document supersedes and replaces information previously supplied in any prior versions of this document.

© 2025 STMicroelectronics — All rights reserved
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