SJLLUMIN

SLM8837

Low-Voltage H-Bridge Driver

GENERAL DESCRIPTION

The SLM8837 device provides an integrated motor
driver solution for cameras, consumer products, toys,
and other low-voltage or battery-powered motion
control applications. The device can drive one DC
motor or other devices like solenoids. The output
driver block consists of N-channel power MOSFETSs
configured as an H-bridge to drive the motor winding.
An internal charge pump generates needed gate drive
voltages.

The SLM8837 device can supply up to 1.8 A of output
current. It operates on a motor power supply voltage
from 0 to 11 V, and a device power supply voltage of
1.8Vto55V.

The SLM8837 device has a PWM (IN1 and IN2) input
interface. Both interfaces are compatible with
industry-standard devices.

Internal shutdown functions are provided for
overcurrent protection, short-circuit protection, under-
voltage lockout, and over-temperature.

APPLICATIONS

Consumer Products
Toys

e Cameras

Medical Devices

TYPICAL APPLICATION CIRCUIT

VCC

FEATURES

e H-Bridge Motor Driver
e Drives a DC Motor or Other Loads
e Low On-Resistance: HS + LS 280 mQ
e 1.8A Maximum Drive Current
e Separate Motor and Logic Supply Pins
e Motor VM: 0to 11V
e Logic VCC:1.8to5.5V
¢ PWM Interface
e PWM, IN1 and IN2

e Low Power Sleep Mode with Total 120nA
Maximum Sleep Current

e Small Package and Footprint
e 8 Pin DFN8 With Thermal Pad
e 2.0mm x 2.0 mm
e Protection Features
e VCC Undervoltage Lockout (UVLO)
e Overcurrent Protection (OCP)
o Thermal Shutdown (TSD)
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Figure 1. SLM8837 application circuit

Sillumin Semiconductor Co., Ltd. — www.sillumin.com

Rev1.0, Jul 2024


http://www.sillumin.com/

SHLLUMIN SLM8837

Table of Contents

LCT=T o1l e DT od o o4 o] o TP TSP PP PP PPPPP 1
F Y o] o] [or= 11T 1 T TSSO O TP PPPPRPII 1
FFRAIUIES ...t e e e e e e e e s e e e 1
QLN o[- I AY o) o] Tox= T o I T o1 U | PRSPPI 1
[ NN IO o T o [0 1= LT o PR 3
PIN FUNCLION DESCIIPLIONS ....uiiiiiiieeiie ittt e e e e e s e et e e e e e e s e st e e e ee e e s e s aataa e e e eeeesaasateaeeeaeeesaassataseeeaeeesanssnteneeaaeeesannnnrenes 3
(@00 L= g TaTo TN 1) (o] 4= L1 ] o ISP 3
T gTei (o] gt T =] (o Tod (@ B I F e | = 4 OO O UU P PP PPPPP 4
ADSOIULE MAXIMUIM REINGS .....eee ettt ettt e e ettt e e o bbe et e s bbb et e s bbbt e e e kbb e e e s bbe e e e abbb e e e snbbeeeesnnneeas 5
O TN ) Tor= 11T g I 2= 11 0o LT PSP UUP PP PPPPR 5
Recommended Operation CONGItIONS .........oouiiiiiiiiiieiii ettt e e sk e e e anb et e s abb e e e e eanbreeeeanbneeeeanene 5
THEIMAI INFOIMATION .....eeiiee ettt e et e e e st bt e e e st bt e e e aabb e e e e aabb e e e e anbbeeeesbbeeeeabneeeeans 5
S Tt Tt L O g L o Tt =T ] (o T OO PUP PP PPPPT 6
TIMING REQUITEIMENTS ...ttt ettt ettt ettt e e e e e eaa e 7
LT Tor 1o T D 1= S ] 1[0 8
OVBIVIBW ...ttt ettt ettt oo e ettt e e ekt e e 4o Rt e o4 ek et e o4 oe et e oo ek R et e o4 am R et e e e e R R et e e e ae R et e e e nEe e e e e e s En e e e e nnrne e e e nnr e e e e nnes 8
=TT o 1= @0 o1 o] 8
SIEEP MOUE ... ————— 8
Power SUpPlies and INPUL PINS ... s r e e a e e r e e s e e e e e e e e e e e s e e e e e e e aaaeeaaas 8
(0] (=Tox (o] o IO (oL U PSP PP OTPRP 8
VCC UNAEIVOIAGE LOCKOUL .....ceiiiiiiiiiiiiie ittt ettt ekttt sttt e e s ab bt e e s aabb e e s aabb e e e s nnnaeeas 8
(@Y =T (o0 =T o |l o (0] (=T ox 1 o] o TP P TP PPROTPRR 8
AL (T US4V (o [0 o PSPPSR URUPPPPP 8
DeViCe FUNCHONAI MOOES ........eiiiiiiiiie ettt st e e e ettt e e et e e e bbb e e e e s be e e e e nbee e e e nene 9
PN o] ol Tor=1aTo alr=TaTo I Taq] o] (=T gT=T a1 = o o PO 10
WY o] o1 To=Nd [T a TN T a0 g 10 F= LA T} o I 10
LR/ 0103z LI AN o] o] o¥= 11 o] o S 10
DESION REQUITBIMENTS ...ttt e oo ettt et e e e s e o e e b ettt et e e e e e e n bbbttt e e e e e s e annbbaeeeeeeesaannnbenneeaaens 10
Detailed DESIgN PrOCEAUIE........coiii ettt e e e e ettt et e e e s e e e bbbttt e e e e e s e e aanbbaeeeeaeeseaannbbnaeaaaeas 10
Power Supply RECOMMENTUALIONS ...ttt e e e e e s et et et e e e e e s e e an b e aeeeeaeeeeaannbenneeaaeas 11
= 1Yo 10 ©] 01T [T ] T PRSP 12
POWET DISSIPALION .....ceiiiiiie ettt ettt e e e e bt e e e ettt e e e ea bt e e e e aa b et e e e aabe e e e e ambe e e e e anbe e e e e ambeeeeeanbeeeesnene 12
PACKAGE CASE OULINES ..ottt ettt e bt e e e ettt e e e s ettt e e e eabe e e e e aabe e e e e anbe e e e e ambeeeesanbeeeeeanbeeeeennene 13
RV IS o] T o L] (o] Y PSR SRPTPPR 14
Sillumin Semiconductor Co., Ltd. — www.sillumin.com 2

Rev1.0, Jul 2024


http://www.sillumin.com/

SHLLUMIN SLM8837

PIN CONFIGURATION

Package Pin Configuration (Top View)
w [ 8| vec
| LT
! |
— -
outt [2 ! I 17 | nSleep
DFN8 - | Thermal P
o Pad L
Il I
ouT2 _3_1 : : |_6_ IN1
| |
__ I
GND [4 ] "7 I's | IN2
- — |

PIN FUNCTION DESCRIPTIONS

No. Pin Name | Function Description
1 VM Motor power supply
Bypass this pin to the GND pin with a 0.1uF ceramic capacitor rated for VM.
2 OuT1 Motor output
3 ouT2 Connect these pins to the motor winding.
Device ground
4 GND This pin must be connected to ground.
5 IN2 IN2 input
See the Detailed Description section for more information
6 INL IN1 input

See the Detailed Description section for more information

Sleep mode input
7 NSLEEP | When this pin is in logic low, the device enters low-power sleep mode. The device
operates normally when this pin is logic high. Internal pulldown.

Logic power supply

8 vee Bypass this pin to the GND pin with a 0.1pF ceramic capacitor rated for VCC.

Exposed | Connect the exposed pad to an external ground plane to improve thermal
Pad performance.

ORDERING INFORMATION
Industrial Range: -40°C to +125°C

Order Part No. Package QTY
SLM8837EF-7G DFN2x2-8L 3000/Reel
Sillumin Semiconductor Co., Ltd. — www.sillumin.com 3
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FUNCTIONAL BLOCK DIAGRAM

0V to 11V
VM VM
VM
> I— OuT1
"1 GaTE ocP B
I Driver
= Charge g
Pump 1
Vcce Gc})
Vcce VM
I o ouT2
- " | GATE ocp !
= Logic Driver T
a .
INL | | o
% >
IN2 | ] .
. Over
L - Temp
nSleep | | .
i - 0osC
™
TGND
Figure 2. Functional Block Diagram
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ABSOLUTE MAXIMUM RATINGS

Parameter Rating

VM, Motor power-supply voltage -0.3V to +12V
VCC, Logic power-supply voltage -0.3V to +6V
IN1, IN2, nSLEEP, Control pin voltage -0.5V 1o +6V
Operation Junction temperature, T; -40°C to 150°C
Storage temperature, Ts -60°C to 150°C
Note:

Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings only
and functional operation of the device at these or any other condition beyond those indicated in the operational sections of the specifications
is not implied. All voltage parameters are absolute voltages referenced to GND. Exposure to absolute maximum rating conditions for extended
periods may affect device reliability.

QUALIFICATION RATINGS

Symbol Description Value Unit
v HBM 42500 Y,
ESD
CDM +1500 \

RECOMMENDED OPERATION CONDITIONS

Symbol Definition Min Max Units
VM Motor power-supply voltage 11 \%
VCC Logic power supply voltage 1.8 5.5 \
lour Output peak current 1.8 A
Frwm Externally applied PWM frequency 250 kHz
Vioaic Logic level input voltage 5.5 \
Ta Operation ambient temperature -40 85 °C

Note: Power dissipation and thermal limits must be observed.

THERMAL INFORMATION

Over operating free-air temperature range (unless otherwise noted)

Symbol | Definition Thermal resistance Units

Rosa Junction-to-ambient thermal resistance 60.9 °C/W

ReJC(top) Junction-to-case (top) thermal resistance 71.4 °C/W
Sillumin Semiconductor Co., Ltd. — www.sillumin.com 5
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ELECTRICAL CHARACTERISTICS

TA = 25°C, over recommended operating conditions unless otherwise noted

Symbol Parameter Condition Min Typ Max Unit
POWER SUPPLIES (VM, VCC)
VM VM operating voltage 11 \Y
VM=5V;VCC=3V; 1 A
. No PWM H
Ivm VM operating supply current
VM=5V;VCC=3V; 65 A
50 kHz PWM H
VM =5V;VCC =3V,
lvmq VM sleep mode supply current nSLEEP = 0 20 nA
VCC VCC operating voltage 1.8 5.5 \Y
VM=5V;VCC=3V;
_ No PWM 1.15 1.35 mA
Ivee VCC operating supply current
VM =5V;VCC =3V,
50 kHz PWM 1.2 L4 | mA
VM=5V;VCC=3V;
Iveeq VCC sleep mode supply current nSLEEP = 0 5 200 nA
CONTROL INPUTS (IN1, IN2, nSLEEP)
vV Input logic-low voltage falling 0.25x | 0.38 x Vv
- threshold VCC | vCC
vV Input logic-high voltage rising 0.46x | 0.5x Vv
" threshold vcC | vce
. . 0.08 x
VHys Input logic hysteresis VCC \Y
I Input logic low current Vin=0V -5 5 MA
Vin=3.3V 50 MA
I Input logic high current
. putiogic hig Vin=3.3V 35 50 | pA
Rep Pulldown resistance 100 kQ
MOTOR DRIVER OUTPUTS (OUT1, OUT2)
. VM =5V;VCC =3V,
Rps(on) HS + LS FET on-resistance lo = 800 MA: Ty = 25°C 280 330 mQ
lorr Off-state leakage current Vour=0V -200 200 nA
PROTECTION CIRCUITS
VCC falling 1.7 \Y
Y VCC und It lockout
uvLo undervoltage lockou VCC rising 18
locp Overcurrent protection trip level 1.9 35 A
toec Overcurrent deglitch time 1 us
tRETRY Overcurrent retry time 1 ms
Trsp Thermal shutdown temperature Die temperature Ty 150 160 180 °C

Sillumin Semiconductor Co., Ltd. — www.sillumin.com
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TIMING REQUIREMENTS
Ta=25°C,VM =5V, VCC =3V, RL =20 Q, detail time definition see Figure 3.

Symbol Definition Min Max Units
tz Output enable time?! 300 ns
ts Output disable time?! 300 ns
to Delay time, INx high to OUTx high? 200 ns
tio Delay time, INx low to OUTXx low? 200 ns
ta1 Output rise time? 188 ns
t12 Output fall time? 188 ns
twake Wake time, nSLEEP rising edge to part active! 30 us

1) Values are verified by characterization on bench

IN1

OUTll 7 /§ )Y :

out2 [z__\ 7" <

20% 20%
OuUTX
t11—p! -— —> 1y
Figure 3. Input and Output Timing for SLM8837
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FUNCTION DESCRIPTION

Overview

The SLM8837 is an H-bridge driver that can drive one DC motor or other devices like solenoids. The outputs are
controlled using a PWM interface (IN1 and IN2) on the SLM8837 device. A low-power sleep mode is included, which
can be enabled using the nSLEEP pin.

The SLM8837 greatly reduces the component count of motor driver systems by integrating the necessary driver
FETs and FET control circuitry into a single device. In addition, the SLM8837 adds protection features beyond
traditional discrete implementations: under-voltage lockout, over-current protection, and thermal shutdown.

Bridge Control
The SLM8837 device is controlled using a PWM input interface, also called an IN-IN interface. Each output is
controlled by a corresponding input pin. Table 1 shows the logic for the SLM8837 device.

Table 1. SLM8837 Device Logic

nSLEEP IN1 IN2 OouT1 ouT2 FUNCTION (DC MOTOR)
0 X X 4 4 Coast
1 0 0 4 z Coast
1 0 1 L H Reverse
1 1 0 H L Forward
1 1 1 L L Brake
Sleep Mode

If the nSLEEP pin is brought to a logic-low state, the SLM8837 enters a low-power sleep mode. In this state, all
unnecessary internal circuitry is powered down.

Power Supplies and Input Pins

The input pins can be driven within the recommended operating conditions with or without the VCC, VM, or both
power supplies present. No leakage current path will exist to the supply. Each input pin has a weak pulldown resistor
(approximately 100 kQ) to ground.

The VCC and VM supplies can be applied and removed in any order. When the VCC supply is removed, the device
enters a low-power state and draws very little current from the VM supply. The VCC and VM pins can be connected
together if the supply voltage is between 1.8 and 5.5 V.

The VM voltage supply does not have any under-voltage lockout protection (UVLO), so as long as VCC > 1.8V,
the internal device logic remains active, which means that the VM pin voltage can drop to 0 V. However, the load
cannot be sufficiently driven at low VM voltages.

Protection Circuits
The SLM8837 device is fully protected against VCC under-voltage, over-current, and over-temperature events.

VCC Undervoltage Lockout
If at any time the voltage on the VCC pin falls below the under-voltage lockout threshold voltage, all FETs in the H-
bridge are disabled. Operation resumes when the VCC pin voltage rises above the UVLO threshold.

Overcurrent Protection

An analog current-limit circuit on each FET limits the current through the FET by removing the gate drive. If this
analog current limit persists for longer than toeg, all FETs in the H-bridge are disabled. Operation resumes
automatically after tretry has elapsed. Over-current conditions are detected on both the high-side and low-side
FETSs. A short to the VM pin, GND, or from the OUT1 pin to the OUT2 pin results in an overcurrent condition.

Thermal Shutdown
If the die temperature exceeds safe limits, all FETs in the H-bridge are disabled. After the die temperature falls to a
safe level, operation automatically resumes.
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Table 2. Fault Behavior

FAULT CONDITION H-BRIDGE RECOVERY

VCC undervoltage (UVLO) VCC<1.7V Disabled VCC>18V

Overcurrent (OCP) loutr > 1.9 A (MIN) Disabled treTry €lapses
Thermal Shutdown (TSD) Ty > 150°C (MIN) Disabled T, <150°C

Device Functional Modes

The SLM8837 is active unless the nSLEEP pin is brought logic low. In sleep mode, the H-bridge FETs are disabled
Hi-Z. The SLM8837 is brought out of sleep mode automatically if nNSLEEP is brought logic high.

The H-bridge outputs are disabled during under-voltage lockout, over-current, and over-temperature fault conditions.

Table 3. Operation Modes

MODE CONDITION H-BRIDGE
Operating NSLEEP pin =1 Operating
Sleep mode NSLEEP pin=0 Disabled
Fault encountered Any fault condition met Disabled

Sillumin Semiconductor Co., Ltd. — www.sillumin.com
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APPLICATION AND IMPLEMENTATION

Application Information

The SLM8837 is used to drive one DC motor or other devices like solenoids. The following design procedure can
be used to configure the SLM8837 device.

Typical Application

VM VCC
L VM VCC 8
0.1uF PWM 2 7 0.1uF
o
E
3 =
ourz 3 N1 |8 O
|_
4 16ND IN2 |2 O

Figure 4. SLM8837 Application Circuit

Design Requirements
Table 4 lists the required parameters for a typical usage case.

Table 4. System Design Requirements

DESIGN PARAMETER REFERENCE EXAMPLE VALUE
Motor supply voltage VM 9V
Logic supply voltage VCC 3.3V
Target rms current lout 0.8A

Detailed Design Procedure

Motor Voltage

The appropriate motor voltage depends on the ratings of the motor selected and the desired RPM. A higher voltage
spins a brushed DC motor faster with the same PWM duty cycle applied to the power FETs. A higher voltage also
increases the rate of current change through the inductive motor windings.

Low-Power Operation
When entering sleep mode, it is recommended to set all inputs as a logic low to minimize system power.

Sillumin Semiconductor Co., Ltd. — www.sillumin.com 10
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Power Supply Recommendations
Having appropriate local bulk capacitance is an important factor in motor-drive system design. It is generally
beneficial to have more bulk capacitance, while the disadvantages are increased cost and physical size.

The amount of local capacitance needed depends on a variety of factors, including:

The highest current required by the motor system

The power supply capacitance and ability to source current

The amount of parasitic inductance between the power supply and motor system
The acceptable voltage ripples

The type of motor used (brushed dc, brushless dc, stepper)

The motor braking method

The inductance between the power supply and motor drive system limits the rate at which current can change from
the power supply. If the local bulk capacitance is too small, the system responds to excessive current demands or
dumps from the motor with a change in voltage. When adequate bulk capacitance is used, the motor voltage remains
stable and high current can be quickly supplied.

The data sheet generally provides a recommended value, but system-level testing is required to determine the
appropriate size of bulk capacitor.

Parasitic Wire

Inductance .
Power Supply * Motor Drive System
MM ® ® M
+
— — Motor
+ T = Driver
I l vy | GND
e *—
Local Bulk IC Bypass
Capacitor capacitor

Figure 5. Example Setup of Motor Drive System with External Power Supply

The voltage rating for bulk capacitors should be higher than the operating voltage, to provide margin for cases when
the motor transfers energy to the supply

Sillumin Semiconductor Co., Ltd. — www.sillumin.com 11
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Layout Guidelines

The VM and VCC pins should be bypassed to GND using low-ESR ceramic bypass capacitors with a recommended
value of 0.1 pF rated for VM and VCC. These capacitors should be placed as close to the VM and VCC pins as
possible with a thick trace or ground plane connection to the device GND pin.

0.1uf 0.1uf

o—i|—e o—|—o

' Q '
(] (]
(] (]
L)
(] (]
OuUT1 - E : - NSLEEP
' Q '
(] (]
5 :
] Q ]
(] (]
our2 R ! N
(] (]
O
(] (]
GND q IN2

Figure 6. Simplified Layout Example

Power Dissipation
Power dissipation in the SLM8837 device is dominated by the power dissipated in the output FET resistance, or
Rpsen). Use below equation to estimate the average power dissipation when running a stepper motor.

Pror = RDS(ON) X (IOUT(RMS))2
Where
e Proris the total power dissipation
e Rps(on) is the resistance of the HS plus LS FETs
e louT(rRMs) is the rms or dc output current being supplied to the load

The maximum amount of power that can be dissipated in the device is dependent on ambient temperature and
heatsinking.
The value of Rps(n) increases with temperature, so as the device heats, the power dissipation increases.

SLM8837 has thermal shutdown protection. If the die temperature exceeds approximately 150°C, the device is
disabled until the temperature drops to a safe level.

Any tendency of the device to enter thermal shutdown is an indication of either excessive power dissipation,
insufficient heatsinking, or too high ambient temperature.
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PACKAGE CASE OUTLINES

.
5 8
I | | I | |
i UL
| | [
i |l E2 |
] ) Y4
_) o ] __D _ —_
| S
| |
i m m i m m -
4 1
. b
< Fl Dimension] _ MIN NOM MAX
| A 0.7 075 0.8
' Al 0 002 0.05
| c 0.203REF
i D 19 2 2.1
E 19 2 21
_I | | ||| u l_ D2 08 0.9 1
; E2 1.45 15 155
| b 02 025 0.3
e 04 05 0.6
o - L 0.25 03 035
< k 0.15 0.25 035
Unit : mm

Figure 7. DFN2x2-8L Outline Dimensions
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