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DRV8845: 38 V, 1.5 A Quad H-Bridge Motor Driver with Smart Tune Technology

1 Features
• Integrates four H-bridges
• Can drive different configurations -

– Two stepper motors
– Four brushed-DC motors
– Three brushed-DC motors
– One stepper and two brushed-DC motors
– One stepper and one brushed-DC motor

• Footprint and software compatible with similar 
drivers from other vendors

• 4.5-V to 38-V Operating supply voltage range
• Low RDS(ON): 900 mΩ HS + LS at 24 V, 25°C
• 1.5-A full-scale current Per Bridge
• Industry standard PHASE/Ixx Interface
• Synchronous rectification
• Full, 1/2 and 1/4 step operation for stepper motors
• Forward, reverse and coast modes for DC motors
• Smart tune decay for smooth and quiet operation
• Supports 3.3 V and 5 V logic inputs
• Protection features

– VM undervoltage lockout (UVLO)
– Charge pump undervoltage (CPUV)
– Overcurrent protection (OCP)
– Thermal shutdown (OTSD)

2 Applications
• IP Network Camera
• Brushed DC Motors
• Printers and scanners
• Medical Applications
• ATMs, currency counters, and EPOS
• Office and home automation

• Major and small home appliances

3 Description
The DRV8845 is a quad full-bridge driver for a wide 
variety of industrial applications. The device can be 
used for driving up to two stepper motors or up to 
four brushed-DC motors. Each full-bridge output is 
rated up to 1.5 A and 38 V. The DRV8845 includes 
pulse width modulation (PWM) current regulators, 
along with 2- bit nonlinear DACs (digital-to-analog 
converters) that allow stepper motors to be controlled 
in full, half, and quarter steps; and DC motors in 
forward, reverse, and coast modes.

The PWM current regulator uses the smart tune 
decay mode for motor audible noise and vibration 
reduction, increased accuracy, and reduced power 
dissipation. Internal synchronous rectification control 
circuitry is provided to improve power dissipation 
during PWM operation.

Protection features include thermal shutdown with 
hysteresis (OTSD), undervoltage lockout (UVLO) 
and overcurrent protection (OCP). Special power up 
sequencing is not required.

The DRV8845 is supplied in a 6 mm x 6 mm, 36 pin 
QFN package with exposed pad for enhanced thermal 
performance.

Device Information
PART NUMBER PACKAGE(1) BODY SIZE (NOM)

DRV8845RHHR QFN (36) 6mm x 6mm

(1) See the orderable addendum at the end of the data sheet.

PHASEx

4.5 to 38 V

M

+              –

DRV8845

1.5 A

1.5 AI0x

Quad H-Bridge 

Motor Driver

+
     

         –

M

+              –

1.5 A

1.5 A

+
               –

4

4

BDC
BDC

BDCBDC

BDC
BDC

BDC
BDC

I1x4

VREFx4

C
o

n
tr

o
lle

r

Protection

Smart tune

nSLEEP

DRV8845 Simplified Schematic

DRV8845
SLVSGF5A – MAY 2023 – REVISED DECEMBER 2023

An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications, 
intellectual property matters and other important disclaimers. PRODUCTION DATA.

https://www.ti.com/solution/ip-network-camera
http://www.ti.com/applications/industrial/motor-drives/overview.html
http://www.ti.com/solution/home-printer
http://www.ti.com/solution/scanner
https://www.ti.com/applications/industrial/medical/overview.html
http://www.ti.com/solution/atms-automated-teller-machines
http://www.ti.com/solution/currency-counter
http://www.ti.com/applications/industrial/epos/overview.html
http://www.ti.com/applications/industrial/building-automation/overview.html
http://www.ti.com/applications/industrial/appliances/overview.html
https://www.ti.com/product/DRV8845
https://www.ti.com/lit/pdf/SLVSGF5
https://www.ti.com/product/DRV8845?dcmp=dsproject&hqs=#order-quality
https://www.ti.com/product/DRV8845?dcmp=dsproject&hqs=#tech-docs
https://www.ti.com/product/DRV8845?dcmp=dsproject&hqs=#design-development
https://www.ti.com/product/DRV8845?dcmp=dsproject&hqs=#support-training


T
I 
C

o
n
fi
d
e
n
ti
a
l
–

N
D

A
R

e
s
tr

ic
ti
o
n
s

Table of Contents
1 Features............................................................................1
2 Applications..................................................................... 1
3 Description.......................................................................1
4 Device Comparison......................................................... 3
5 Pin Configuration and Functions...................................4
6 Specifications.................................................................. 6

6.1 Absolute Maximum Ratings........................................ 6
6.2 ESD Ratings............................................................... 6
6.3 Recommended Operating Conditions.........................6
6.4 Thermal Information....................................................6
6.5 Electrical Characteristics.............................................7
6.6 Typical Operating Characteristics............................... 8

7 Detailed Description...................................................... 11
7.1 Overview................................................................... 11

7.2 Functional Block Diagram......................................... 12
7.3 Feature Description...................................................13
7.4 Device Functional Modes..........................................19

8 Application and Implementation.................................. 21
8.1 Application Information............................................. 21
8.2 Application Schematics.............................................22
8.3 Application Curves.................................................... 23

9 Layout.............................................................................25
9.1 Layout Guidelines..................................................... 25
9.2 Bulk Capacitance...................................................... 25

10 Revision History.......................................................... 26
11 Mechanical, Packaging, and Orderable 

Information.................................................................... 27

DRV8845
SLVSGF5A – MAY 2023 – REVISED DECEMBER 2023 www.ti.com

2 Submit Document Feedback Copyright © 2023 Texas Instruments Incorporated

Product Folder Links: DRV8845

https://www.ti.com/product/DRV8845
https://www.ti.com/lit/pdf/SLVSGF5
https://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLVSGF5A&partnum=DRV8845
https://www.ti.com/product/drv8845?qgpn=drv8845


T
I 
C

o
n
fi
d
e
n
ti
a
l
–

N
D

A
R

e
s
tr

ic
ti
o
n
s

4 Device Comparison
Table 4-1. Device Comparison Table

Device Name Drives DC motor Drives Stepper Interface Microstep Current sensing

DRV8849 No Yes STEP/DIR Up to 1/256 Internal sensing

DRV8845 Yes Yes PHASE/Ixx
Up to 1/4, higher 

microstepping by VREF pin
Sense Resistor
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5 Pin Configuration and Functions
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Figure 5-1. RHH Package, 36-Pin QFN, Top View DRV8845

Table 5-1. Pin Functions
PIN

I/O(1) DESCRIPTION
NAME QFN

I04 1 I Control Input for H-Bridge 4

OUT1A 2 O H-Bridge 1 Output A

SENSE1 3 O Sense resistor terminal for H-Bridge 1

OUT1B 4 O H-Bridge 1 Output B

VM1 5 P Supply Voltage. VM1 should be connected to VM2 pin close to the device.

OUT2B 6 O H-Bridge 2 Output B

SENSE2 7 O Sense resistor terminal for H-Bridge 2

OUT2A 8 O H-Bridge 2 Output A

PHASE4 9 I Control Input for H-Bridge 4. Leave this pin OPEN when H-Bridge 3 and H-Bridge 4 are 
paralleled.

PHASE3 10 I Control Input for H-Bridge 3. When H-bridge 3 and 4 are paralleled, PHASE3 is used to 
control the combined H-bridge.

nSLEEP 11 I
Sleep mode input. Logic high to enable device; logic low to enter low-power sleep mode; 
internal pulldown resistor.

VREF1 12 I Reference voltage input to set the full scale chopping current in H-bridge 1

VREF2 13 I Reference voltage input to set the full scale chopping current in H-bridge 2

VREF3 14 I
Reference voltage input to set the full scale chopping current in H-bridge 3. VREF3 
controls the current of the combined bridge when H-Bridge 3 and H-Bridge 4 are 
paralleled.

VREF4 15 I Reference voltage input to set the full scale chopping current in H-bridge 4. Voltage on this 
pin is ignored when H-Bridge 3 and H-Bridge 4 are paralleled.
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Table 5-1. Pin Functions (continued)
PIN

I/O(1) DESCRIPTION
NAME QFN

GND 16 G Analog ground

PHASE2 17 I Control Input for H-Bridge 2

PHASE1 18 I Control Input for H-Bridge 1

I14 19 I Control Input for H-Bridge 4

OUT4A 20 O H-Bridge 4 Output A

SENSE4 21 O Sense resistor terminal for H-Bridge 4

OUT4B 22 O H-Bridge 4 Output B

VM2 23 P Supply Voltage. VM2 should be connected to VM1 pin close to the device.

OUT3B 24 O H-Bridge 3 Output B

SENSE3 25 O Sense resistor terminal for H-Bridge 3

OUT3A 26 O H-Bridge 3 Output A

I13 27 I Control Input for H-Bridge 3. When H-bridge 3 and 4 are paralleled, I13 is used to control 
the combined H-bridge.

I12 28 I Control Input for H-Bridge 2

I11 29 I Control Input for H-Bridge 1

PGND 30 G Power ground

VCP 31 P Reservoir capacitor terminal

CP1 32 P Charge pump capacitor terminal

CP2 33 P Charge pump capacitor terminal

I01 34 I Control Input for H-Bridge 1

I02 35 I Control Input for H-Bridge 2

I03 36 I Control Input for H-Bridge 3. When H-bridge 3 and 4 are paralleled, I03 is used to control 
the combined H-bridge.

PAD - - Exposed pad for enhanced thermal performance. Should be soldered to the PCB.

(1) I = Input, O = Output, I/O = Input or Output, G = Ground, P = Power.
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6 Specifications
6.1 Absolute Maximum Ratings
Over operating free-air temperature range referenced with respect to GND (unless otherwise noted) (1)

MIN MAX UNIT

Power supply voltage (VMx) –0.3 40 V

Charge pump voltage (VCP, CP1) –0.3 VVM + 7 V

Charge pump negative switching pin (CP2) –0.3 VVM V

Sleep mode input voltage (nSLEEP) -0.3 5.75 V

Control input voltage –0.3 5.75 V

SENSEx pin voltage (VSENSEx) -0.5 0.5 V

SENSEx pin voltage (VSENSEx) for < 1 μs -2.5 2.5 V

Reference input pin voltage (VREFx) –0.3 5.75 V

Continuous phase node pin voltage (OUTxA, OUTxB) –1 VVM + 1 V

Transient 100 ns phase node pin voltage (OUTxA, OUTxB) –3 VVM + 3 V

Output current 0 1.5 A

Operating ambient temperature, TA –40 125 °C

Operating junction temperature, TJ –40 150 °C

Storage temperature, Tstg –65 150 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress 
ratings only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under 
Recommended Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device 
reliability.

6.2 ESD Ratings

VALUE UNIT

V(ESD) Electrostatic discharge
Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001 (1) ±2000

V
Charged-device model (CDM), per ANSI/ESDA/JEDEC JS-002 (1) ±500

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process. JEDEC document 
JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.

6.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)

MIN MAX UNIT

VVM Supply voltage range for normal (DC) operation 4.5 38 V

VI Control input voltage 0 5.5 V

VREFx Reference voltage (VREFx) 0 1.5 V

TA Operating ambient temperature –40 125 °C

TJ Operating junction temperature –40 150 °C

6.4 Thermal Information

THERMAL METRIC RHH UNIT

RθJA Junction-to-ambient thermal resistance (1) 29.9 °C/W

RθJC(top) Junction-to-case (top) thermal resistance 19.5 °C/W

RθJB Junction-to-board thermal resistance 11.6 °C/W

ψJT Junction-to-top characterization parameter 0.3 °C/W
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THERMAL METRIC RHH UNIT

ψJB Junction-to-board characterization parameter 11.6 °C/W

RθJC(bot) Junction-to-case (bottom) thermal resistance 4.1 °C/W

(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application 
report.

6.5 Electrical Characteristics
Typical values are at TA = 25°C and VVM = 24 V. All limits are over recommended operating conditions, unless otherwise 
noted.

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
POWER SUPPLIES (VM)

IVM VM operating supply current

nSLEEP = 1, IOUT = 0 mA, outputs on, 
PWM = 50 kHz, DC = 50% 9 14 mA

nSLEEP = 1, Outputs off 3.5 4.5 mA

nSLEEP = 0 1.3 3 μA

tSLEEP Sleep time nSLEEP = 0 to sleep mode 120 μs

tRESET nSLEEP reset pulse nSLEEP low to clear fault 20 40 μs

tWAKE Wake-up time nSLEEP = 1 to output transition 0.62 0.8 ms

tON Turn-on time VM > UVLO to output transition 0.62 0.8 ms

CHARGE PUMP (VCP, CP1, CP2)
VVCP VCP operating voltage VVM > 6 V VVM + 5 V

f(VCP)
Charge pump switching 
frequency VVM > UVLO, nSLEEP = 1 380 kHz

LOGIC-LEVEL INPUTS

VIL Input logic-low voltage 0 0.8 V

VIH Input logic-high voltage 2 5.5 V

VHYS Input logic hysteresis 140 270 400 mV

IINL Logic input low current VIN = 0 V -1 1 μA

IINH Logic input high current VIN = 5 V 30 μA

tPD Propagation delay

PWM change to source on 300 600 900 ns

PWM change to source off 150 700 ns

PWM change to sink on 300 600 900 ns

PWM change to sink off 150 700 ns

MOTOR DRIVER OUTPUTS

RDS(ONH) High-side FET on resistance

TJ = 25 °C, IO = -1. 2 A 450 550 mΩ

TJ = 125 °C, IO = -1.2 A 700 850 mΩ

TJ = 150 °C, IO = -1.2 A 780 950 mΩ

RDS(ONL) Low-side FET on resistance

TJ = 25 °C, IO = 1.2 A 450 550 mΩ

TJ = 125 °C, IO = 1.2 A 700 850 mΩ

TJ = 150 °C, IO = 1.2 A 780 950 mΩ

Vf Body diode forward voltage IO = ± 1.2 A 1.2 V

IDSS Output Leakage Outputs, VOUT = 0 to VM -2 7 μA

tSR Output rise/fall time VM = 24V, IO = 1.2 A, Between 10% 
and 90% 100 ns

tD Dead time 90 425 600 ns
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Typical values are at TA = 25°C and VVM = 24 V. All limits are over recommended operating conditions, unless otherwise 
noted.

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

tBLANK Current sense blanking time ((1)) 1 μs

PWM CURRENT CONTROL (VREFx)

IVREFx
VREFx pin reference input 
Current VREF = 1.5 V -1 1 μA

tOFF PWM off-time 16 μs

ΔITRIP Current trip accuracy

VVREFx = 1.5 V, phase current = 100% –2 2

%VVREFx = 1.5 V, phase current = 67% –3 3

VVREFx = 1.5 V, phase current = 33% -7 7

PROTECTION CIRCUITS

VMUVLO
VM UVLO
threshold

VM falling 4.1 4.25 4.35
V

VM rising 4.2 4.34 4.45

VMUVLO,HYS
VM UVLO
hysteresis

Rising to falling threshold 90 mV

VCPUV Charge pump undervoltage VCP falling VVM + 2 V

IOCP Overcurrent protection Current through any FET 2.5 A

tOCP Overcurrent deglitch time 2.1 μs

TOTSD Thermal shutdown Die temperature TJ 155 165 175 °C

THYS_OTSD Thermal shutdown hysteresis Die temperature TJ 20 °C

(1) Guaranteed by design.

6.6 Typical Operating Characteristics
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Figure 6-1. Sleep Mode Supply Current
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6.6 Typical Operating Characteristics
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Figure 6-2. Operating Supply Current with Outputs OFF
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6.6 Typical Operating Characteristics
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Figure 6-4. High-side FET on resistance
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7 Detailed Description
7.1 Overview
The DRV8845 is designed to operate two stepper motors, up to four DC motors, or one stepper and one or 
two DC motors. The device integrates four N-channel power MOSFET H-bridges. The DRV8845 is footprint 
and software compatible with similar quad H-Bridge motor drivers from other vendors. The DRV8845 can be 
powered with a supply voltage between 4.5 and 38 V. The device is capable of providing an output current up to 
2.5-A peak or 1.5-A full-scale. The actual full-scale and rms current depends on the ambient temperature, supply 
voltage, and PCB thermal capability.

The currents in each of the output full-bridges are regulated with pulse width modulated (PWM) control circuitry. 
Each full-bridge peak current is set by the value of an external current sense resistor, RSENSEx , and a reference 
voltage, VREFx.

A simple PHASE/I0/I1 interface allows easy interfacing to the controller circuit. With this interface, a stepper 
motor can be driven in full-step, half-step or quarter-step modes. Higher resolution step modes can be 
programmed by dynamically changing the voltage on the VREFx pins. Also, the DRV8845 supports driving 
brushed-DC motors in forward, reverse and coast modes. A low-power sleep mode is included which allows the 
system to save power when not driving the motor.
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7.2 Functional Block Diagram
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Figure 7-1. Functional Block Diagram
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7.3 Feature Description
The following table shows the recommended values of the external components for the driver.

Table 7-1. External Components
COMPONENT PIN 1 PIN 2 RECOMMENDED

CVM1 VM1 PGND X7R, 0.01-µF, VM-rated ceramic capacitor

CVM2 VM2 PGND X7R, 0.01-µF, VM-rated ceramic capacitor

CVCP VCP VM1 X7R, 0.22-µF, 16-V ceramic capacitor

CSW CP1 CP2 X7R, 0.022-µF, VM-rated ceramic capacitor

RREF1 VREFx VCC (1)
Resistor to limit chopping current.

RREF2 VREFx GND

RSENSEx SENSEx GND See the PWM Current Control section for details.

(1) VCC is not a pin on the device, but a VCC supply voltage can be used to set the VREF voltage.

7.3.1 Motor Configurations

Each of the four H-bridges have independent PWM current control circuitry, that makes the DRV8845 capable of 
driving the following configurations -

• Two stepper motors
• One stepper motor and two BDC motors
• Four BDC motors

In addition, H-bridge 3 and H-bridge 4 can be paralleled together. To enable this, PHASE4 must be left OPEN at 
start-up or when the device exits from sleep mode. By paralleling the two H-bridges, the DRV8845 supports two 
more configurations -

• One stepper motor (H-bridge 1 and 2) and one BDC motor (paralleled H-bridge 3, 4)
• Three BDC motors (H-bridge 1, H-bridge 2, paralleled H-bridge 3, 4)

Each H-bridge can deliver up to 1.5 A current. When paralleled, the combined H-bridge 3 and 4 can deliver up 
to 3 A current. Ensure OUT3A is shorted to OUT4A, OUT3B is shorted to OUT4B and SENSE3 is shorted to 
SENSE4 pin.

7.3.2 Stepper Control Logic

Control logic is implemented via the standard I0, I1, and PHASE interface. This logic allows for full, half, and 
quarter step modes. Each bridge also has an independent VREF input so that higher resolution step modes can 
be programmed by dynamically changing the voltage on the VREFx pins.

The PHASE inputs control the direction of current as shown in Table 7-2 -

Table 7-2. PHASE Truth Table
PHASEx OUTxA OUTxB

L L H

H H L

The I0x, I1x inputs control the current flowing through the outputs as shown in Table 7-3 -
Table 7-3. I0x, I1x Truth Table

I0x I1x Output Current

L L 100%

H L 67%

L H 33%
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Table 7-3. I0x, I1x Truth Table (continued)
H H 0

The step sequencing table for full step, half sep and quarter step modes is shown in Table 7-4 -
Table 7-4. Step Sequencing Settings

Full 1/2 1/4 Phase 1 
(%ITRIPMax)

I0x I1x PHASE Phase 2 
(%ITRIPMax)

I0x I1x PHASE

1 1 0 H H X 100 L L 0

2 33 L H 1 100 L L 0

1 2 3 100/67* L/H* L 1 100/67* L/H* L 0

4 100 L L 1 33 L H 0

3 5 100 L L 1 0 H H X

6 100 L L 1 33 L H 1

2 4 7 100/67* L/H* L 1 100/67* L/H* L 1

8 33 L H 1 100 L L 1

5 9 0 H H X 100 L L 1

10 33 L H 0 100 L L 1

3 6 11 100/67* L/H* L 0 100/67* L/H* L 1

12 100 L L 0 33 L H 1

7 13 100 L L 0 0 H H X

14 100 L L 0 33 L H 0

4 8 15 100/67* L/H* L 0 100/67* L/H* L 0

16 33 L H 0 100 L L 0

100

67

0

-67

-100

Phase 1 (%)
100

67

0

-67

-100

Phase 2 (%)

Full step 2 phase Modi�ed full step 2 phase

Figure 7-2. Step Sequencing for Full-Step Increments

100

67

0

-67

-100

Phase 1 (%)
100

67

0

-67

-100

Phase 2 (%)

Half step 2 phase Modified half step 2 phase

Figure 7-3. Step Sequencing for Half-Step Increments
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100

67

0

-67

-100

Phase 1 (%)

33

-33

100

67

0

-67

-100

Phase 2 (%)

33

-33

Figure 7-4. Step Sequence for Quarter-Step Increments

7.3.3 DC Motor Control

Control of the DC motors is accomplished by tying the I0x and I1x pins together, creating an equivalent ENABLE 
function with maximum current defined by the voltage on the corresponding VREF pin. The DC motors can 
be driven via a PWM signal on this enable signal, or on the corresponding PHASE pin. Motor control includes 
forward, reverse, and coast. The turth table is shown in Table 7-5 -

Table 7-5. DC Motor truth table
ENABLEx (I0x = I1x) PHASEx OUTxA OUTxB Description

H X Hi-z Hi-z Coast

L L L H Reverse

L H H L Forward

When H-bridge 3 and 4 are paralleled, PHASE3, I03 and I13 are used to control the combined H-bridge. VREF3 
alone controls the current of the combined H-bridge, and the voltage on VREF4 pin is ignored.

As mentioned in Section 7.3.1, H-bridge 3 and H-bridge 4 can be paralleled together to drive a single DC motor 
with higher current. To enable this, ensure following steps -

• PHASE4 must be left OPEN at start-up or when the device exits from sleep mode.
• Leave I04 and I14 OPEN as well. The combined H-bridge is controlled by PHASE3, I03 and I13.
• Ensure OUT3A is shorted to OUT4A and OUT3B is shorted to OUT4B.
• Short SENSE3 to SENSE4 pin.
• VREF3 voltage alone controls the ITRIP of the combined H-bridge. Leave VREF4 OPEN.
• ITRIPMax = 2 × VREF3 / (3 × RSENSE), where RSENSE is the sense resistor connected from the shorted SENSE 

pin to ground.

Each H-bridge can deliver up to 1.5 A current. When paralleled, the combined H-bridge 3 and 4 can deliver up to 
3 A current.

7.3.4 PWM Current Control

Each H-bridge is controlled by a PWM current control circuit that limits the load current to a desired value, ITRIP. 
Initially, a diagonal pair of source and sink MOSFET outputs are enabled and current flows through the motor 
winding and RSENSEx. When the voltage across the current sense resistor equals the voltage on the VREFx pin, 
the current sense comparator resets the PWM latch, which turns off the source driver.

The maximum value of current limiting is set by the selection of RSENSEx and the voltage at the VREFx input with 
a transconductance function approximated by:
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ITRIPMax = VREF / (3 × RSENSE)

When H-bridge 3 and H-bridge 4 are paralleled, and SENSE3 and SENSE4 pins are shorted together, the 
maximum value of current limiting is set by:

ITRIPMax = 2 × VREF3 / (3 × RSENSE), where RSENSE is the sense resistor from the shorted SENSE pin.

Each current step is a percentage of the maximum current, ITRIPMax. The actual current at each step ITRIP is 
approximated by:

ITRIP = (% ITRIPMax / 100) x ITRIPMax

where % ITRIPMax is given in the Step Sequencing table.

It is critical to ensure that the maximum rating of ± 500 mV on each SENSEx pin is not exceeded.

7.3.5 Current Regulation and Decay Mode

During PWM current chopping, the H-bridge is enabled to drive through the motor winding until the chopping 
current threshold is reached. This is shown in Figure 7-5, Item 1.

Once the chopping current threshold is reached, the H-bridge can operate in two different states, fast decay or 
slow decay.

• In fast decay mode, as soon as the PWM chopping current level is reached, the H-bridge reverses state by 
switching on the opposite arm MOSFETs to allow the winding current to flow in the opposite direction. As the 
winding current approaches zero, the H-bridge is disabled to prevent further reverse current flow. Fast decay 
mode is shown in Figure 7-5, item 3.

• In slow decay mode, the winding current is re-circulated by enabling both low-side MOSFETs in the H-bridge. 
This is shown in Figure 7-5, Item 2.

xOUT1 xOUT2

1

2

Forward drive

Slow decay

VM

3 Fast decay (Reverse drive)

2

1

3

Slow decay

Fast decay

Mixed decay

PWM ON PWM OFF

TBLK

ITRIP

TDEG

TFAST

Figure 7-5. Decay Modes

The DRV8845 features the smart tune Dynamic Decay mode for current control. The smart tune is an advanced 
current regulation scheme compared to traditional mixed decay modes. Smart tune helps the stepper motor 
driver adjust the decay scheme based on changes in operating factors such as:

• Motor winding resistance and inductance
• Motor aging
• Motor dynamic speed and load
• Motor supply voltage variation
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• Motor back-EMF difference on rising and falling steps
• Step transitions
• Low-current versus high-current dI/dt
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Figure 7-6. Smart tune Dynamic Decay Mode

Smart tune Dynamic Decay dynamically adjusts the fast decay percentage of the total mixed decay time. This 
eliminates the need for motor decay tuning by automatically determining the best mixed decay setting that 
results in the lowest ripple and best performance for the motor.

The fast decay percentage is optimized iteratively each PWM cycle. If the motor current overshoots the target 
ITRIP level, then the mixed decay mode becomes more aggressive (by increasing fast decay percentage) on the 
next cycle to prevent loss of current regulation. If a long drive time must occur to reach the target ITRIP level, the 
decay mode becomes less aggressive (by reducing fast decay percentage) on the next cycle to operate with less 
ripple. On falling steps, smart tune Dynamic Decay automatically switches to fast decay to reach the next step 
quickly. Smart tune Dynamic Decay operates with fixed 16μs OFF time.

7.3.6 Blanking Time

This function blanks the output of the current sense comparator when the outputs are switched by the internal 
current control circuitry. The comparator output is blanked to prevent false detections of overcurrent conditions, 
due to reverse recovery currents of the clamp diodes, or to switching transients related to the capacitance of the 
load. The blank time, tBLANK , is approximately 1 μs.

7.3.7 Charge Pump

A charge pump is integrated to supply a high-side N-channel MOSFET gate-drive voltage. The charge pump 
requires a capacitor between the VM and VCP pins to act as the storage capacitor. Additionally a ceramic 
capacitor is required between the CP1 and CP2 pins to act as the flying capacitor.
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VM
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VM
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Charge 

Pump 

Control

VM

CP2

Figure 7-7. Charge pump

7.3.8 Logic-Level Pin Diagram

Figure 7-8 gives the input structure for logic-level pins PHASEx, I0x, I1x and nSLEEP.

Figure 7-8. Logic-level Input Pin Diagram

7.3.9 Protection Circuits

The device is fully protected against supply undervoltage, charge pump undervoltage, output overcurrent, and 
device overtemperature events. In the event of a fault, all the outputs are disabled until the fault condition is 
removed. At power-up, the undervoltage lockout (UVLO) circuit disables the drivers.

7.3.9.1 VM Undervoltage Lockout (UVLO)

If at any time the voltage on the VMx pins falls below the UVLO threshold voltage, all the outputs are disabled. 
The charge pump is disabled in this condition. Normal operation resumes when the VM undervoltage condition is 
removed.

7.3.9.2 VCP Undervoltage Lockout (CPUV)

If at any time the voltage on the VCP pin falls below the CPUV voltage, all the outputs are disabled. The charge 
pump remains active during this condition. Normal operation resumes when the VCP undervoltage condition is 
removed.
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7.3.9.3 Overcurrent Protection (OCP)

In the event of an output short, an analog current-limit circuit on each FET limits the current through the FET by 
removing the gate drive. If the current limit persists for longer than the tOCP time, all MOSFETs are disabled. The 
charge pump remains active during this condition.

Once the OCP condition is removed, normal operation resumes after applying an nSLEEP reset pulse, a VM 
power cycling or nSLEEP cycling.

7.3.9.4 Thermal Shutdown (OTSD)

If the die temperature exceeds the thermal shutdown limit (TOTSD), all MOSFETs are disabled. Normal operation 
resumes after the junction temperature falls below the overtemperature threshold limit minus the hysteresis 
(TOTSD – THYS_OTSD).

7.3.9.5 Fault Condition Summary

Table 7-6. Fault Condition Summary

FAULT CONDITION H-BRIDGEs
CHARGE 

PUMP
LOGIC RECOVERY

VM undervoltage (UVLO) VM < VUVLO Disabled Disabled
Reset

(VM < 3.9 V)
Automatic: VM > VUVLO

VCP undervoltage (CPUV) VCP < VCPUV Disabled Operating Operating VCP > VCPUV

Overcurrent (OCP) IOUT > IOCP Disabled Operating Operating Latched

Thermal Shutdown (OTSD) TJ > TOTSD Disabled Disabled Operating
Automatic: TJ

< TOTSD – THYS_OTSD

7.4 Device Functional Modes

7.4.1 Sleep Mode (nSLEEP = 0)

When the nSLEEP pin is low, the device enters a low-power sleep mode. In sleep mode, all the internal 
MOSFETs are disabled and the charge pump is disabled. The tSLEEP time must elapse after a falling edge on 
the nSLEEP pin before the device enters sleep mode. The device is brought out of sleep automatically if the 
nSLEEP pin is brought high. The tWAKE time must elapse before the device is ready for inputs.

7.4.2 Operating Mode (nSLEEP = 1)

When the nSLEEP pin is high, and VM > UVLO, the device enters the active mode. The tWAKE time must elapse 
before the device is ready for inputs.

7.4.3 nSLEEP Reset Pulse

A fault can be cleared through a quick nSLEEP pulse. This pulse width must be greater than 20 µs and shorter 
than 40 µs. If nSLEEP is low for longer than 40 µs but less than 120 µs, the faults are cleared and the device 
may or may not shutdown, as shown in the timing diagram. This reset pulse does not affect the status of the 
charge pump or other functional blocks.
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nSLEEP

All faults cleared,

device stays active
All faults cleared, device may or may not shutdown

Device shuts down (goes into sleep mode, 

faults cleared by default)

20 µs 40 µs 120 µs

Figure 7-9. nSLEEP Reset Pulse

7.4.4 Functional Modes Summary

Table 7-7 lists a summary of the functional modes.

Table 7-7. Functional Modes Summary
CONDITION CONFIGURATION H-BRIDGEs CHARGE PUMP Logic

Sleep mode 4.5 V < VM < 38 V nSLEEP pin = 0 Disabled Disabled Disabled

Operating 4.5 V < VM < 38 V nSLEEP pin = 1 Operating Operating Operating
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8 Application and Implementation
Note

Information in the following applications sections is not part of the TI component specification, 
and TI does not warrant its accuracy or completeness. TI’s customers are responsible for 
determining suitability of components for their purposes, as well as validating and testing their design 
implementation to confirm system functionality.

8.1 Application Information
The DRV8845 can drive motors with the following configurations -

• Two stepper motors
• Four brushed-DC motors
• Three brushed-DC motors
• One stepper and two brushed-DC motors
• One stepper and one brushed-DC motor
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8.2 Application Schematics
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Figure 8-1. Application Schematic for Driving two Stepper Motors
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8.3 Application Curves
CH3 = PHASE1,3 (5 V/div), CH6 = PHASE2,4 (5 V/div), CH1 = OUT1A (20 V/div), CH2 = OUT1B (20 V/div), 
CH7 = IOUT_1 (1 A/div), CH8 = IOUT_4 (1 A/div)

Figure 8-2. Driving two stepper motors in full-step

CH5 = IOUT_4 (1 A/div), CH6 = IOUT_3 (200 mA/div), CH7 = IOUT_1 (1 A/div), CH8 = IOUT_2 (1A/div), VREF1,2,4 = 1.62 
V, VREF3 = 0.9 V, RSENSE1 = RSENSE2 = RSENSE4 = 0.36 Ω, RSENSE3 = 0.2 Ω

Figure 8-3. Driving four brushed-DC motors
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CH1 = I01 (10 V/div), CH2 = I11 (10 V/div), CH3 = PHASE1 (10 V/div), CH5 = IOUT_4 (BDC 2, 2 A/div), CH6 = IOUT_3 
(BDC 1, 2 A/div), CH7 = IOUT_1 (Stepper, 1 A/div), CH8 = IOUT_2 (Stepper, 1A/div), VREF1,2,4 = 1.62 V, VREF3 = 0.9 V, 
RSENSE1 = RSENSE2 = RSENSE4 = 0.36 Ω, RSENSE3 = 0.2 Ω

Figure 8-4. Driving one stepper in quarter-step and two brushed-DC motors
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9 Layout
• A low-ESR ceramic capacitor must be placed in between the CP1 and CP2 pins. A value of 0.022 µF rated 

for VM is recommended. Place this component as close to the pins as possible.
• A low-ESR ceramic capacitor must be placed in between the VM and VCP pins. A value of 0.22 µF rated for 

16 V is recommended. Place this component as close to the pins as possible.
• The device must be soldered directly onto the PCB. The thermal pad should be soldered directly to an 

exposed surface on the PCB. Thermal vias should be used to transfer heat to other layers of the PCB.
• It is important to have a low impedance single-point ground located very close to the device. Connect the 

exposed pad and the ground plane directly under the device ground.
• The input capacitors should be placed as close to the device supply pins as possible. The ceramic capacitor 

should be closer to the pins than the bulk capacitor.
• The sense resistors should have a very low impedance path to ground. SENSEx pins should have very short 

traces to the sense resistors and very thick, low impedance traces directly to the ground underneath the 
device. Ensure that the maximum voltage on the sense pins do not exceed +/- 500 mV.

9.1 Layout Guidelines
Follow the layout example of the DRV8845 EVM. The design files can be downloaded from the DRV8845EVM 
product folder.

9.2 Bulk Capacitance
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’s capacitance and ability to source current
• The amount of parasitic inductance between the power supply and motor system
• The acceptable voltage ripple
• The type of motor used (brushed DC, brushless DC, stepper)
• The motor braking method

The inductance between the power supply and motor drive system will limit the rate current can change from the 
power supply. If the local bulk capacitance is too small, the system will respond 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 sized bulk capacitor.

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.
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Figure 9-1. Example Setup of Motor Drive System With External Power Supply

10 Revision History
NOTE: Page numbers for previous revisions may differ from page numbers in the current version.

Changes from Revision * (May 2023) to Revision A (December 2023) Page
• Updated Current Regulation and Decay Mode section.................................................................................... 16
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11 Mechanical, Packaging, and Orderable Information
The following pages include mechanical, packaging, and orderable information. This information is the most 
current data available for the designated devices. This data is subject to change without notice and revision of 
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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will fully indemnify TI and its representatives against, any claims, damages, costs, losses, and liabilities arising out of your use of these 
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TI’s products are provided subject to TI’s Terms of Sale or other applicable terms available either on ti.com or provided in conjunction with 
such TI products. TI’s provision of these resources does not expand or otherwise alter TI’s applicable warranties or warranty disclaimers for 
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PACKAGING INFORMATION

Orderable Device Status
(1)

Package Type Package
Drawing

Pins Package
Qty

Eco Plan
(2)

Lead finish/
Ball material

(6)

MSL Peak Temp
(3)

Op Temp (°C) Device Marking
(4/5)

Samples

DRV8845RHHR ACTIVE VQFN RHH 36 4000 RoHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 125 DRV8845 Samples

 
(1) The marketing status values are defined as follows:
ACTIVE: Product device recommended for new designs.
LIFEBUY: TI has announced that the device will be discontinued, and a lifetime-buy period is in effect.
NRND: Not recommended for new designs. Device is in production to support existing customers, but TI does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.
OBSOLETE: TI has discontinued the production of the device.

 
(2) RoHS:  TI defines "RoHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. TI may
reference these types of products as "Pb-Free".
RoHS Exempt: TI defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.
Green: TI defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.

 
(3) MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.

 
(4) There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

 
(5) Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If a line is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.

 
(6) Lead finish/Ball material - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two
lines if the finish value exceeds the maximum column width.

 
Important Information and Disclaimer:The information provided on this page represents TI's knowledge and belief as of the date that it is provided. TI bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. TI has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
TI and TI suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

 
In no event shall TI's liability arising out of such information exceed the total purchase price of the TI part(s) at issue in this document sold by TI to Customer on an annual basis.
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GENERIC PACKAGE VIEW

This image is a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.

VQFN - 1 mm max heightRHH 36
PLASTIC QUAD FLATPACK - NO LEAD6 x 6, 0.5 mm pitch

4225440/A
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