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DRV81545: 55V Four-Channel Low-side Driver With Integrated Protection Features

1 Features

* Four-channel integrated low-side switches
- 235mQ RDS(ON) at 25°C
— Output stage 55V operating maximum (60V
absolute maximum)
— Low minimum operating supply voltage range
with stable Rpgon) across voltage: 4.5V
— Selectable current limit from 0.5A up to 3A per
channel
— Integrated catch diodes for flexible decay
(external TVS/Zener) as an alternate current
path on switch turn-off
» Hardware INx interface for fast switching up to
250kHz
» Diagnostic feedback
— MCU fault interrupt signal (nFAULT)
» Thermally enhanced surface mount package
(PWP20)
* Protection features
— User settable current limit
— Independent overtemperature, overcurrent
protection for each switch
— Configurable over-current cut-off delay (COD)

2 Applications

« PLC

» Distributed 1/0

* Field Devices

» General relay and solenoid drive

« Textile machines
VM

3 Description

The DRV81545 is a four-channel low-side switch
driver that operates from 4.5V to 55V and supports
a wide range of load currents. The device integrates
four low-side switches with a Rpg(on) of 235mQ, each
with a freewheeling diode to the VCLAMP pin. This
feature allows the user to either recirculate current or
connect an external TVS for inductive load turn-off.

The device can be controlled through a hardware
GPIO interface. Each channel features individual
overtemperature protection, and an analog current
limit adjustable with an external resistor on the
ILIM pin. There is an optional cut-off delay (COD)
configuration which limits the duration of a current-
limiting condition on the respective channel, helping to
prevent damage to the device or the load. Faults are
indicated on a fault output pin (nFAULT).

Package Information
PACKAGE!(") PACKAGE SIZE®
PWP (HTSSOP, 20) | 6.50mm x 6.40mm

PART NUMBER
DRV81545PWPR

(1)  For more information, see Section 10.
(2) The package size (length x width) is a nominal value and
includes pins, where applicable.

VLOAD Types of Loads Examples
. LED BDC Motor Heating
l SolenoidRelay ;04 161 direction) Element
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An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
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4 Pin Configuration and Functions

4 N\
o
PGND [1] T T T T T \I [20] PGND
PGND [Z] : | [EIPeND
velamp | | [Blvclamp
IN1(E| | [@ouTt
IN2 5] | | [EouTt2
IN3[&] | Thermal : 5] 0UT3
IN4 (7] : | [=louta
GNDLE| | | [Blvm
NC =] | I [12] ILIM
nFAULT [10] \ _! [#lcop
\ J

Figure 4-1. 20-Pin PWP Package, HTSSOP (Top View)

Table 4-1. Pin Functions

PIN
DESCRIPTION
NAME PWP (20) | TYPE(™

POWER AND GROUND

GND 8 GND |Device ground. Connect to system ground.

NC 9 — Not connected

PGND 1,2,19,20 | GND |Power ground. Connect to system ground.

THERMAL PAD . o T_hermal Pad. Cpnnect to system ground._ C_onn_ect to a continuous ground pour copper plane with
direct-connect vias for the best thermal dissipation.

VCLAMP 3,18 PWR | Connect directly to VM supply, or Zener diode to VM supply or GND

VM 13 PWR Power. supply. Bypass this pin to GND with a 0.1uF capacitor as well as sufficient bulk
capacitance.

CONTROL

cop 1 | Device configuration pin for Cut-off Delay. Connect to an appropriate resistor to GND to set the
corresponding cut off delay. Connect directly to GND to disable this feature.

ILIM 12 | Connect a resistor between ILIM and GND to set the current limit and threshold. Do not leave this
pin unconnected. Connect directly to GND for the maximum current limit setting.

INT 4 | Controls the output of channel 1. For details, see the Hardware Interface section. Pin has internal
pull-down resistor.

IN2 5 | Controls the output of channel 2. For details, see the Hardware Interface section. Pin has internal
pull-down resistor.

IN3 6 | Controls the output of channel 3. For details, see the Hardware Interface section. Pin has internal
pull-down resistor.

IN4 7 | Controls the output of channel 4. For details, see the Hardware Interface section. Pin has internal
pull-down resistor.

NFAULT 10 o Open drain output. Pulled low when in fault condition. Connect pull-up resistor to external logic
supply.

OUTPUT

OUT1 17 O Connect to load 1

OouT2 16 O Connect to load 2

OouT3 15 O Connect to load 3

OouT4 14 0] Connect to load 4

(1) I'=input, O = output, PWR = power, GND = ground
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5 Specification

5.1 Absolute Maximum Ratings
Over operating temperature range (unless otherwise noted)(")

PIN MIN MAX| UNIT
Power supply voltage VM -0.3 60| V
Output voltage OUTx -0.3 VCLAMP+0.3| V
Peak output current OUTx Intﬁrr:ii!g A
Clamp voltage VCLAMP -0.3 60| V
Continuous RMS current on VCLAMP (pins 3, 18 tied together) VCLAMP 8| A
Transient current < 1ms on VCLAMP (pin 3, 18 tied together) VCLAMP 16| A
OUTXx FET recirculation diode current RMS or continuous OUTx FET body diode 5| A
Digital input pin voltage ILIM, INx -0.5 55| V
Digital output current nFAULT 10| mA
Digital output pin voltage nFAULT -0.5 7V
Operating virtual junction temperature, T, -40 150| °C
Storage temperature, Tgg -60 150 °C

(1)  Operation outside the Absolute Maximum Ratings may cause permanent device damage. Absolute Maximum Ratings do not imply
functional operation of the device at these or any other conditions beyond those listed under Recommended Operating Conditions.
If used outside the Recommended Operating Conditions but within the Absolute Maximum Ratings, the device may not be fully
functional, and this may affect device reliability, functionality, performance, and shorten the device lifetime.

5.2 ESD Ratings

VALUE UNIT
y Electrostatic | Human body model (HBM), per ANS/ESDA/JEDEC JS-001(") +3000 y
(ESD) |discharge  |Charged device model (CDM), per JEDEC specification JESD22-C101® +1000

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

5.3 Recommended Operating Conditions
Over operating temperature range (unless otherwise noted)

MIN NOM MAX| UNIT
Vm Power supply voltage 45 55@| v
VeLavp Output clamp voltage 55 \%
1 channel on 3.3 A
lout Continuous output current (each channel) | T, = 25°C("), no PWM 2 channels on 28| A
4 channels on 2.0 A
Tave Operating Ambient temperature -40 125| °C
T, Operating junction temperature -40 150, °C

(1) See Continuous Current Capability for ratings across temperature
(2) The overcurrent protection does not support short circuit above 50V V)
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5.4 Thermal Information

DRV81545
THERMAL METRIC(") PWP (HTSSOP) UNIT
20 PINS
Rgya Junction-to-ambient thermal resistance 32.9 °C/W
Reucop)  |Junction-to-case (top) thermal resistance 30.5 °C/W
Reus Junction-to-board thermal resistance 13.2 °C/W
Wr Junction-to-top characterization parameter 1.2 °C/W
Y Junction-to-board characterization parameter 13.1 °C/W
Reycpoty |Junction-to-case (bottom) thermal resistance 4.3 °C/W

M

note.

5.5 Electrical Characteristics

4.5V £ Vyy £ 55V, —40°C < T; < 150°C (unless otherwise noted), Typical values at 24V, 25°C

For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application

PARAMETER ‘ TEST CONDITIONS MIN TYP  MAX| UNIT
POWER SUPPLY
V1 = 24V, No Switching 3] mA
lym VM operating supply current —
Vu = 24V, Output switching at 200kHz 5/ mA
V rising 4.1 4.25 4.45 \
VuvLo VM undervoltage lockout voltage
V falling 4.0 4.15 4.35 \
VuvLo_Hys VM undervoltage lockout hysteresis 100 mV
tuviLo VM undervoltage deglitch 10 us
LOGIC-LEVEL INPUTS (INx)
Vi Input low voltage 0.8 \%
ViH Input high voltage 2 \%
Vuys Input hysteresis 0.4 \
I Input low current Vin=0 -5 5| MA
iy Input high current VN = 3.3V 50 100| pA
OPEN-DRAIN OUTPUT (nFAULT)
VoL Output low voltage for nFAULT lo =5mA 0.1 \Y
loH Output high leakage current for NFAULT Pull-up resistor to 5V 1 MA
t Time after Vyy > Vyyio (rising) that 30 s
nFAULTVALID | \EAULT signal is valid. H
SWITCHING
Rise time _ - -
&R OUTXx rising from 10% to 90% Vi =24V, R, =480, C, =0.1nF 200 300| ns
Vm =24V; R =48Q C| =0.1nF , input
tr Fall time fall time < 0.1 ps, Output falling 90% to 200 300 ns
10% of final value
INx crossing 50% voltage to OUTx
tpp Input to output propagation delay falling to 90% 300 500 ns
Vm=24V; R =48QC=0.1nF
DRIVER OUTPUTS (OUTx)
Vm = 24V, Io = 500mA, T, = 25°C 235 mQ
Rps(on) FET on resistance
Vm =24V, o = 500mA, T, = 85°C 350 mQ
lorr Off-state leakage current Vout = Vm = 24V 0.5 MA
loFr Off-state leakage current Vout = Vm = 55V 10| pA
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5.5 Electrical Characteristics (continued)
4.5V £ Vy\ £ 55V, —40°C < T; < 150°C (unless otherwise noted), Typical values at 24V, 25°C

PARAMETER TEST CONDITIONS MIN TYP  MAX| UNIT
Ve Recirculation Diodes forward voltage Vout = 24V, I = 500mA 1.2 \%
Recirculation Diodes reverse leakage
lor curront 9 Vour = 0V, VoLawp = 55V 10| pA
PROTECTION CIRCUITS
RILIM short to GND or RILIM < 20kQ 3 A
Current limitation value Rim = 30kQ 14 2 26 A
ILIM Follows 60/R||_|M[kQ] for 30kQ < RILIM < RILIM =60kQ 0.7 1 1.3 A
120k0 RiLm = 90kQ 0.4 066 09| A
Ry v = 120kQ 0.3 0.5 0.7 A
Rium = Short to GND 4 A
RILIM = 30kQ 3 A
ILIM_ACTlVATE Current limit activation threshold RILIM = 60kQ 1.5 A
RILIM =90kQ 1 A
RILIM = 120kQ 0.75 A
. Value of external resistor below which
tcop_pis Cut off Delay disable threshold Cut off function is disabled 20| kQ
R = 60kQ 0.4 0.5 0.6 ms
Cut off Delay cop
¢ Adijust with external resistor Reop to GND | Rcop = 120kQ 0.8 1 1.2) ms
cob Follows RcoplkQ]/120 +15% for 60kQ Reop = 180kQ 12 15 18] ms
< Rcop < 240kQ
Rcop = 240kQ 1.6 2 24| ms
. . Rcop = 60kQ 15.5 ms
Overcurrent protection retry time
¢ Adijust with external resistor Reop to GND | Rcop = 120kQ 31 ms
RETRY Follows 32*tcop +15% for 60kQ < Rcop S [Regp = 180kQ 46.5 ms
240kQ
Rcop = 240kQ 62 ms
Ttsp Thermal shutdown temperature Die temperature 150 170 190| °C
TTSD_HYS Thermal shutdown temperature hysteresis 40 °C
trsp_pe Thermal shutdown deglitch 20 us
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5.6 Typical Characteristics
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6 Detailed Description
6.1 Overview

The DRV81545 is a four-channel low-side switch driver that operates from 4.5V to 55V and supports a wide
range of load currents. The device integrates four low-side switches with a Rpg(on) of 235mQ, each with a
freewheeling diode to the VCLAMP pin. This feature allows the user to either recirculate current or connect an
external TVS for inductive load turn-off.

The device can be controlled through a hardware GPIO interface. Each channel features individual
overtemperature protection, and an analog adjustable current limit with an external resistor on the ILIM pin.
There is an optional cut-off delay (COD) configuration which limits the duration of a current-limiting condition
on the respective channel, helping to prevent damage to the device or the load. Faults are indicated on a fault
output pin (nFAULT).

6.2 Functional Block Diagram

—L =

Protection P VM Undervoltage 5V
Overcurrent
3.3V /5V Protection B Logic Supply
Rupaur Open Drain h (POR)
" Outputs Thermal Shutdown

-l

|
nFAULT Undervoltage
% Shutdown

IN1 [—

Power Stage

1
L]

IN2

A4

Input Logic

]
‘»’\N\m ‘»’\N\m ‘»’\N\m {»’\N\m

IN3

A4

—_—_—

Predriver Stage

LS
Predriver,
PGND

IN4

A4

r_
L

cop COD duration Setting
RCOD

ILIM {j [ Current Limit Setting
R\LIM
[
i GND IPGND
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6.3 Feature Description
6.3.1 Integrated Clamp Diode, VCLAMP

The DRV81545 contains four protected low-side drivers. Each output has an integrated clamp diode connected
to a common pin, VCLAMP.

VCLAMP can connect to a Zener or TVS diode to VM or to GND, allowing the switch voltage to exceed the main
supply voltage VM. This connection can be beneficial when driving loads that require very fast current decay.
Because each output has a diode to the VCLAMP pin, the user can share a single external TVS diode for all 4
channels. Alternatively, VCLAMP can be connected directly to the main power supply voltage (VM).

In all cases, the voltage on the outputs must not be allowed to exceed the DRV81545 maximum output voltage
specification. Below are some configurations which are supported by the DRV81545.

VM \f
g LT

M————
———— v, = E‘l1
L= -(Vaiose )
Power Stage VCLAMP Power Stage VCLAMP VLOAD
{] .
p VLOAD
Cutn:ent 1 Current path +
path on on switch
switch Vi ( turnoff Vi
turnoff
Other Internal Othe_r Int_erna\
Circuits [] Circuits []
OuUTX OuTX
— —
fiaa i
[ [

J‘\ 1 ’J_‘ 1
L‘JGND T GND
1

Figure 6-1. Slc;w Decay (VCLAMP Tied to VLOAD) Figure 6-2. Fastest Decay (TVS/Zener VCLAMP to

\f
LI
Power Stage VCLAMP
1
LT
4 VLOAD
Current path
on switch
turnoff o
Other Internal \/ E
Circuits 1
OUTX
!
e
—
L‘JGND

L L
Figure 6-3. Fast Decay (TVS/Zener CLAMP to GND)
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Table 6-1. VCLAMP Decay Modes

ConnmeT DECAY MODE WHEN TO USE V, VOLTAGE
Directly to VLOAD Slow Decay Loads that do not need fast decay. Safe for the full Vi = —Viiode

VM operating range.

Fastest current decay. Not recommended when
TVS or Zener to VLOAD |  Fast Decay VM or VLOAD > 28V due to chance of exceeding [V, = — [Vdiode + Vzener]
OUTx maximum voltage.

Lower clamping voltage than TVS to VLOAD, but
slightly less fast current decay. TVS needs higher
breakdown voltage than VLOAD to prevent leakage
current.

TVS or Zener to GND Fast Decay VL, = = [Vdiode + Vzener—VLOAD]

6.3.2 Protection Circuits

The DRV81545 is protected from VM undervoltage, per-channel overtemperature, die overtemperature, and
overcurrent events.

6.3.2.1 ILIM Analog Current Limit

The DRV81545 implements an analog current limit on each output as a protection against short circuits or
capacitive loads with large inrush current. If the output stage sees a high-current condition | > I aAcTIVATE »
the FET gate drive voltage is reduced to regulate the output current at the I, level. This gate drive adjustment
operates the FET in the linear region, resulting in a much higher Rpsony and dissipating significant power.
This current limiting feature (ILIM) is designed to be similar to overcurrent protection, but instead of completely
shutting the FET off during an overcurrent event, the current is limited to a safe level until the device overheats.

Figures Figure 6-4 and Figure 6-5 show ILIM reducing the inrush current to a safe level before steady-state
continuous current, such as in the case of a capacitive load. This feature provides system-level benefits of
reducing PCB trace width and reducing the system power supply capability requirements.

A A
IOUTx IOUT><
lumactvareE -\ — - - - - -
|| \erm~—m—m—m————————-—
Time > Time >
Figure 6-4. High Startup Current Without Current Figure 6-5. Controlled Startup Current With ILIM
Limiting Protection Current Limiting Protection

The analog current limit level, I 1, can be configured with a pull-down resistor on the ILIM pin to GND as shown
in Table 6-2. The same value of I is set for all four channels based on R . The current limit condition on one
channel does not affect other channels, unless there is an event such as a chip-wide over-temperature.
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Table 6-2. Analog Current Limit Level Depending on ILIM Resistor

Ry_m RESISTOR BETWEEN ILIM PIN AND GND CURRENT LIMIT LEVEL, I
0 < R jm< 20kQ 3A
30kQ < Ry < 120kQ ILmIA] = 60/Rm[kQ]
Ry jm= 120kQ ILim[A] = 60/Rm[kQ], can be non-linear

Figure 6-6 shows the active current limit during tryye To tsp during a short condition with cut-off delay disabled
(0kQ < Rgop < 20kQ). The cut-off delay feature is explained further in Section 6.3.2.2. After the channel shuts
off, the channel retries only after the channel temperature returns to safe level (ttsp — trsp Hys). If the channel
INx state changes during a I condition the controller responds to the input state change, such as shutting off
the output. If the device has shut off due to TSD and the temperature is still above a safe level, the device does
not respond to the input state change, meaning the devices does not turn the output back on if the device is still
too hot, even if INx is toggled.

INX T Short circuit
occurs here
>,
loutx A
ILIMiACTIVATE (\\ \
IL\M g
A ILIM until TSD OUTx Disabled ILIM until TSD t
Cool Down to Ty < (Ttsp — Trsp_tys)
nFAULT
>,

Figure 6-6. Current Limit Response to Short With Thermal Shutdown Based Retry (Cut-Off Delay
Disabled)

Figure 6-7 shows a simplified schematic of the analog current limit circuit for each low-side FET.

b our
PREDRVE —meo | - I Eoupled
-~ I ~
LS _ON p ~.
(from digital) { = |[_—.} OUTPUT )
NI | FET
> | ~~ —— - -
T
< AvP ?
) {1GND
Analog limit

Figure 6-7. Analog Current Limit and Sensing Diagram

6.3.2.1.1 Effect of Load Resistance on Power Dissipation Before TSD

The resistance of the load affects how long the channel operates in the linear region before hitting thermal
shutdown. The resistance functions similarly to a linear drop-out regulator (LDO), where a higher voltage drop
requires the device to dissipate more power.

For example, take a 24V system with a 1A I setting for a 5Q load versus an 11Q load. Without current
limiting these draw 4.8A and 2.2A respectively, but with the I, feature, these regulate to 1A. Use Equation 1 to
calculate the linear region resistance of the FET to achieve this 1A current limit:
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\%
=% (1)
VyM
I, (2)

M= [RLOAD + RDS(ON)]

Rearrange Equation 2 to solve for Rpson), then plug in the system values for loads 5Q and 11Q:

Vv
Rps(oN) = [ﬁ] —RpoaD (3)
RDS(ON)_SQ = (%) —5Q0—- RDS(ON)_SQ = 19Q (4)
RDS(ON)_llQ = (%) -110 - RDS(ON)_11Q =130 (5)

Use this resistance to calculate the power dissipated inside the DRV81545 FET:
PreT 50 = I° X R = 1A% x 19Q = 19W )
PrET 110 = > xR =1A%x 13Q = 13W )

As in Equation 6 and Equation 7, even though both loads are limited to 1A, the DRV81545 has to dissipate more
power for a 5Q load than an 11Q load. This power dissipation directly correlates with the temperature rise of the
FET over time. More power dissipated means the channel hits thermal shutdown faster.

6.3.2.2 Cut-Off Delay (COD)

Since the analog current limit condition results in very high power dissipation, the DRV81545 offers a cut-off
delay feature that controls the maximum length of an I, or overcurrent condition. tcop can be adjusted with a
pull-down resistor on the COD pin as shown in Table 6-3.

Table 6-3. Cut-Off Delay (COD) Settings

Rcop RESISTOR
BETWEEN COD PIN AND FUNCTION BEHAVIOR nFAULT PIN
GND

Pulled low when a channel hits thermal shutdown.
Released when channel temperature returns to safe
level

Cut-off delay function is disabled, Output stage and IC

0= Rcop< 20kQ are protected by thermal shut down only

Current limit allowed to persist for tcop = Rcop(kQ)/
120ms typical, before power stage shuts off Pulled low when tcop elapses. Released when treTry
elapses.

60kQ < Rgop < 240kQ

Rcop = 240kQ tcop = Rcop(kQ)/120ms, but linearity is not specified.

For 60kQ < Rcop < 240kQ , the device lasts in current limit condition for duration tcop = Rcop(kQ)/120ms. After
the channel shuts off, the channel retries only after an interval of tretry = (tcop * 32) ms typical. If the user
changes channel state during a current limit condition, the controller responds to the input state change. During
treTrY, however, the controller does not respond to an input state change.

For Rcop = 240kQ the same equation holds true, tcop (Ms) = Reop(kQ)/120, but linearity is not specified.

If a thermal shutdown occurs during the COD interval, the channel turns off and retries once the temperature
reaches safe level. The COD timer is paused for the duration the output turns off due to thermal shutdown.
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Figure 6-8. Current Limit Circuit Response to Short with COD Enabled

The cut-off delay-based timing of tcop and tretry feature reduces the average power dissipation compared
to thermal-shutdown based retry. Without COD, the device recovers from thermal shutdown in 1-5ms at room
temperature with one channel on. With COD, the device waits the full tretry period before re-enabling the
output. For example, let's calculate the average power dissipation per cycle with versus without COD for
RiLim=100kQ, Vym=Vioap = 24V, R oap = 1Q

__60 _ 60 _

PouTx_iLiM = VouTx X ILiM = [vLoaDp — ILim X RLoap] X Inim
= [24V — 1Q X 0.6A] = 0.6A = 14.0W

9)

With cut-off delay enabled (60kQ < Rcop < 240kQ) the average current depends on the tcop and the tretry =
tcop % 32ms. For Reop = 120kQ

_ Reoplk®] 120

tcop = —q35— = 139 = 1ms (10)

tRETRY = tcop X 32 =1ms X 32 = 32ms (11)
[PouTx_ILIM X tcop] _ [14.0W x 1ms] _

PCOD—AVERAGE = tcop + tRETRY ~ 1ms+32ms 0.43W (1 2)

Without cut-off delay (COD pin connected to GND, or Rcop < 20kQ) the device automatically retries after
thermal hysteresis (T, < (trsp — trsp Hys). Calculate the average power dissipation using a retry time of
trsp_Hys_ReTRY = 2.5ms and the same 1ms on-time as if the device thermal shutdown after trgp = 1ms:

[PouTx_ILIM X tTsp] _ [14.0W x 1ms]
[trsp + tTsp_Hys RETRy|  [1ms+2.5ms]

PILIM_AVERAGE = =4w (13)

Cut-off delay results in a significantly lower average power dissipation (0.43W in this example) than thermal-
shutdown based protection (4W in this example). This result leads to lower overall system heating and better
performance on adjacent device channels.

6.3.2.3 Thermal Shutdown (TSD)

A dedicated thermal sensor is placed close to each power FET. When a channel encounters an overtemperature
condition, the corresponding power FET is disabled and the NFAULT pin is asserted low. The thermal protection
of the four output power stages is independent.
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If the die temperature exceeds safe limits, all output FETs are disabled and the nFAULT pin is driven low. After
the die temperature has fallen to a safe level, operation automatically resumes.
6.3.2.4 Undervoltage Lockout (UVLO)

Whenever the voltage on the VM pin falls below the UVLO falling threshold voltage, Vyy o, all circuitry in the
device is disabled, the output FETS are disabled, and all internal logic is reset. Operation continues when the
Vywm voltage rises above the UVLO rising threshold, as shown in Figure 6-9

A

Vuwo (max) rising — —
Vuvio (min) rising — —

Vuvio (max) falling — —
Vuvio (min) falling — —

Device enabled,

L~
Device status Device enabled, active mode % Device disabled, fault mode X
active mode

&\\ S

\

»
»

Time —»

Figure 6-9. VM UVLO Operation

6.3.3 Fault Conditions Summary

Table 6-4 summarizes the fault conditions and how to recover from each condition. Additionally, the nFAULT
pin is pulled low momentarily when the device first wakes up (VM > Vyyio(rising))- After time thrauLt vaLip the
nNFAULT pin accurately reports any fault states, but during the t,rauLt vaLp time the microcontroller can ignore
any nFAULT low signals. -

Table 6-4. Fault Conditions Summary

FAULT NFAULT PIN RECOVERY
Channel Overtemperature, Ty chx > T1sp Pulled Low Ty <(Ttsp = Trsp_Hvs)
Global (Die) Overtemperature, T; > Ttsp Pulled Low Ty <(Trsp = T1sp_Hys)
COD time expiry, when COD enabled Pulled Low trReTRY €lapses
VM Undervoltage (UVLO), Vyy < VyvLo VM falling Internal circuits disabled Vym > Vyvro VM rising

6.4 Device Functional Modes
6.4.1 Hardware Interface Operation

The DRV81545 can be controlled through a simple hardware interface where INy decides state of OUTyx. When
the INx pin is driven high, internal logic switches on the corresponding output FET. Setting INx low switches off
the corresponding OUTx FET. Table 6-5 lists this control scheme.

Table 6-5. Hardware Control Mode for Channel x

INx OUTx DESCRIPTION
0 Hi-Z OUTx disabled (Hi-Z)
1 L OUTx FET on

6.4.2 Parallel Outputs

Two outputs can be connected together in parallel for higher current. Figure 6-10 shows the schematic of
DRV81545 driving two solenoid loads. The device also supports paralleling all four channels together.
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VLOAD
—> IN1 OouT1
L
L——p IN2 ouT2
Controller
—> IN3 ouT3
L
L—p IN4 ouT4

Figure 6-10. Drive Two Solenoids with Higher Current

Take care that the recirculation current on the VCLAMP pin does not exceed the absolute maximum ratings for
continuous RMS current or transient current <1ms. PWM with a large inductive load can cause high current on
VCLAMP.
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7 Application and Implementation

Note

Information in the following applications sections is not part of the Tl component specification, and
Tl does not warrant its accuracy or completeness. Tl's customers are responsible for determining
suitability of components for their purposes. Customers should validate and test their design
implementation to confirm system functionality.

7.1 Application Information

The DRV81545 is a quad channel low side that can be used to drive loads to ground such as bulbs, coils,
unipolar BDC motors, capacitive loads like LED modules. Channels can be paralleled to drive higher current. For
inductive loads that need PWM type control, the DRV81545 also integrates catch diodes from OUT to VCLAMP
that can be used to recirculate current for a slow decay. For fast turn-off the user can connect a breakdown
Zener at the VCLAMP pin for a fast decay of current in an Inductive load.

7.2 Typical Application

5V/12V/I24V VLOAD

v

CEULK C\/M

Ll

3.3V/5V VM

COIL

YY)
MOTOR
£
oy

LED module

|
|
|
I
|
I
I
|
I
I
I
I
| L
I
| RurauLr VLOAD
! nFAULT [IJVCLAMP o
DE—
|
|
| jOUT1
1 L] -
—_—> | TCOUT
I
Micro } TOUTZ
troll | *
controller ! hd Cour
I
} OouT3
— o -
| Cour
I
| IN4 DRV81545 ouT4
— » ] g o
I B LC
| T ouT
I
I
|
|
|
I
Optional
Isolation COD ]
RCOD %I
ILIM
Rum %

I} 1
GND H'J PGNDlJ

Figure 7-1. Typical Application Schematic

Figure 7-1 shows the application schematic of the DRV81545. VLOAD and VM can be tied together, or can be
different voltages as long as the voltages do not exceed any pin absolute maximum ratings.
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7.2.1 External Components

Table 7-1 lists the recommended external components for the DRV81545, and Table 7-2 lists additional
components that can be used to improve performance or add electrical isolation.

Table 7-1. Required External Components

SYMBOL DESCRIPTION VALUE PURPOSE
Cvm Capacitor on VM 1uF Supply voltage filtering
CguLK Bulk capacitor on VM 47uF — 100uF Supply voltage inrush and ripple smoothing
Rcop Pull-down resistor on COD pin Set resistance based on desired cut-off delay
RiLm Pull-down resistor on ILIM pin Set resistance based on current limit desired
R Pull-up resistor to logic voltage on 10kQ Bias the nFAULT voltage to high when the pin is
nFAULT open-drain nFAULT pin not pulled low
Table 7-2. Optional External Components
SYMBOL DESCRIPTION VALUE PURPOSE
Court Capacitor on each OUTx to GND 10nF Filtering for system level ESD
TVSsuraE Surge diode on VCLAMP pin | SMAJ33CA or TvS3300 | Protection against system level voltage surge and
for inductive demagnetization
UiSoLATION Quad-channel digital isolator for INx 1SO6440 Provide electrical isolation between rest of the

circuit and the DRV81545

7.2.2 Continuous Current Capability

Table 7-3 below shows an estimation of the continuous current ability of each channel with different numbers of
channels on for different ambient temperatures. Row 1 Channel on illustrates the continuous current ability if 1
OUT is on, and the other 3 outputs are off. Row 2 Channels on illustrates if 2 channels are on with an equal
load and the other two outputs are off. Row 4 Channels on illustrates if all 4 channels are on simultaneously with
an equal load on each one. For example, with 4 Channels on each channel can output 2.0A for a total of 8.0A
running through the device.

This data is from bench tests on a large PCB with layout optimized for power dissipation, the continuous current
capability is different for every system and PCB design.

Table 7-3. FET DC Current Capability per OUTx

Setup 25°C 55°C 85°C 125°C
1 Channel on 3.3A 3.0A 2.6A 2.0A
2 Channels on 2.8A 2.5A 2.2A 1.7A
4 Channels on 2.0A 1.8A 1.6A 1.2A

Note that this only applies for loads that are continuous ON, not PWM. Switching the outputs with PWM
introduces switching losses which further heat the device and results in significantly less average current
capability.

7.2.3 Power Dissipation

Power dissipation in the DRV81545 device is dominated by the power dissipated in the output FET resistance,
or Rps(on). Average power dissipation of each FET when running a static load can be roughly estimated by
Equation 14:

P = Rpg(oN) X [lour]? (14)

where

» P is the power dissipation of one FET
* Rps(on) is the resistance of each FET
* lpyr is equal to the average current drawn by the load.
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At start-up and fault conditions, this current is much higher than normal running current; consider these peak
currents and duration. When driving more than one load simultaneously, the power in all active output stages
must be summed.

The maximum amount of power that can be dissipated in the device is dependent on ambient temperature and
heatsinking.

Note that Rpgon) increases with temperature, so as the device heats, the power dissipation increases. Take this
action into consideration when sizing the heatsink.

7.2.4 Application Curves

Everywhereyoulook™

—
=
et

$ 1  TELEDYNE LECROY
b |

I

+

[Tbase 3.

1MS
X1= 21790 ms AX= -1.0018 ms
X2= 11772 ms 1/AX= -998.2Hz

Figure 7-2. tcop = 1ms with Reop = 120kQ, 12V, 12Q Load, VCLAMP Shorted to VM

Figure 7-3. treTry = 46.5ms with Cut-Off Delay (COD) Enabled, Rcop = 180kQ, 12V, 12Q 1mH Load,
VCLAMP Shorted to VM
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7.3 Power Supply Recommendations
7.3.1 Bulk Capacitance

Appropriate local bulk capacitance is an important factor in motor drive system design. Having more bulk
capacitance is generally beneficial, although the disadvantages include increased cost and physical size. Bulk
capacitors near the motor driver act as a local reservoir of electrical charge to smooth out the motor current
variation.

Experienced engineers often use general guidelines about bulk capacitance to select the capacitor values. One
such guideline says to use at least 1uF to 4uF of capacitance for each Watt of load power. For example, a
solenoid which draws 4 Amps from a 24V supply has a power of 96 Watts, leading to bulk capacitance of 96uF
to 384pF, using this general guideline.

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

A large value of bulk capacitance is desired to provide a constant VM supply voltage during current transitions,
such as solenoid start-up, changes in load torque, or PWM operation. A working estimate of the required
capacitance for consistent supply is essential to reduce complexity, cost and size of board electronics. We
can use a general guideline method to find an appropriate capacitor size based on the expected load current
variation and allowable motor supply voltage variation:

Curk > kX AlyoTor X TpwM + A VsyppLy (15)

Where:
CpguLk is the bulk capacitance

k is a scale factor to account for the ESR for typical capacitors in this type of application; k = 3 is practical for
these cases.

Alyoror is the expected variation in motor current, iax — imin
Tpwwm is the PWM period which is the reciprocal of the PWM frequency
AVsyppry is the allowable variation in the motor supply voltage.

Figure 7-4 plots several data points and applies this general guideline, showing relatively good agreement.

28
2.6 \ —— Measured ripple

>4\ —— Practical Rule of Thumb (3 factor)
22\
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\
e \
\
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0.8 \

0.6

0.4 ~—

0.2 ==
0

Supply voltage ripple (V)
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Capacitance (uF)

Figure 7-4. Measured Results and 3 x General Guideline, Accounting for Real-World Non-Zero ESR
Values of Electrolytic Capacitors
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See also the Bulk Capacitor Sizing for DC Motor Drive Applications application note.

7.4 Layout
7.4.1 Layout Guidelines

Place the bulk capacitor to minimize the distance of the high-current path through the motor driver device.
Make the connecting metal trace widths as wide as possible, and numerous vias must be used when
connecting PCB layers. These practices minimize inductance and allow the bulk capacitor to deliver high
current.

Use wide metal traces for the high-current device outputs.

The VM pins are bypassed to GND pins using low-ESR ceramic bypass capacitors with a recommended

value rated for VM. The capacitors are placed as close to the VM pins as possible with a thick trace or ground

plane connection to the device VNEG pins.

In general, inductance between the power supply pins and decoupling capacitors must be avoided.

The thermal PAD of the package must be connected to system ground.

— Try to use a big unbroken single ground plane for the whole system / board. The ground plane can be
made at bottom PCB layer. Figure 7-5 shows an example of temperature rise from constricted versus
continuous ground pours underneath the driver.

— To minimize the impedance and inductance, the traces from ground pins are as short and wide as
possible, before connecting to bottom layer ground plane through vias.

— Use multiple vias to reduce the impedance.

— Try to clear the space around the device as much as possible especially at bottom PCB layer to improve
the heat spreading.

— Single or multiple internal ground planes connected to the thermal PAD also help spread the heat and
reduce the thermal resistance.

For more layout guidelines and best practices see the Best Practices for Board Layout of Motor Drivers

application note.

High
Temperature

£

Ambient
Temperature

Figure 7-5. Broken Ground vs Continuous Ground Pour Heat Map

7.4.2 Layout Example

For the layout example, see the evaluation module (EVM). The Altium design files can be downloaded from the
DRV81545EVM product folder.
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8 Device and Documentation Support
8.1 Documentation Support
8.1.1 Related Documentation

For related documentation, see the following:

» Texas Instruments, Best Practices for Board Layout of Motor Drivers application note

» Texas Instruments, Bulk Capacitor Sizing for DC Motor Drive Applications application note
» Texas Instruments, PowerPAD™ Made Easy application note

» Texas Instruments, PowerPAD™ Thermally Enhanced Package application note

8.2 Receiving Notification of Documentation Updates

To receive notification of documentation updates, navigate to the device product folder on ti.com. Click on
Notifications to register and receive a weekly digest of any product information that has changed. For change
details, review the revision history included in any revised document.

8.3 Support Resources

TI E2E™ support forums are an engineer's go-to source for fast, verified answers and design help — straight
from the experts. Search existing answers or ask your own question to get the quick design help you need.

Linked content is provided "AS IS" by the respective contributors. They do not constitute Tl specifications and do
not necessarily reflect Tl's views; see TlI's Terms of Use.

8.4 Trademarks
PowerPAD™ and TlI E2E™ are trademarks of Texas Instruments.
All trademarks are the property of their respective owners.

8.5 Electrostatic Discharge Caution

This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled

‘ with appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.

“: \ ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may
be more susceptible to damage because very small parametric changes could cause the device not to meet its published
specifications.

8.6 Glossary
Tl Glossary This glossary lists and explains terms, acronyms, and definitions.

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

Changes from Revision * (October 2025) to Revision A (December 2025) Page
» Changed the document status from Advance Information to Production Data...........ccccccceeiiiiiiiiiiiiiicineeeeeee 1

10 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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PACKAGING INFORMATION

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ ©)
DRV81545PWPR Active Production HTSSOP (PWP) | 20 3000 | LARGE T&R - NIPDAU Level-3-260C-168 HR -40 to 125 DRV81545
PDRV81545PWPR Active  Preproduction HTSSOP (PWP) |20 3000 | LARGE T&R - Call TI Call Tl -40 to 125

@ status: For more details on status, see our product life cycle.

@ material type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

® RoHS values: Yes, No, RoHS Exempt. See the Tl RoHS Statement for additional information and value definition.

@ Lead finish/Ball material: Parts 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.

® msL rating/Peak reflow: The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

© part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

Multiple part markings will be inside parentheses. Only one part marking contained in parentheses and separated by a "~" will appear on a part. If a line is indented then it is a continuation of the previous line and the two
combined represent the entire part marking for that device.

Important Information and Disclaimer: The information provided on this page represents TI's knowledge and belief as of the date that it is provided. Tl 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. Tl and Tl 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 Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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PACKAGE MATERIALS INFORMATION

I3 TEXAS
INSTRUMENTS
www.ti.com 18-Dec-2025
TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO [¢—P1—
L Regic oy Rogic e o T
o| |e o Bo W
el |
. Diameter ' '
Cavity —>| AO |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ ]
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O O O O 0O O 0 O0 Sprocket Holes
| |
T T
St N Il )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ & A |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
DRV81545PWPR HTSSOP| PWP 20 3000 330.0 16.4 6.95 | 7.0 14 8.0 16.0 Q1
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PACKAGE MATERIALS INFORMATION

I} TEXAS
INSTRUMENTS
www.ti.com 18-Dec-2025
TAPE AND REEL BOX DIMENSIONS
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
DRV81545PWPR HTSSOP PWP 20 3000 353.0 353.0 32.0

Pack Materials-Page 2



GENERIC PACKAGE VIEW
PWP 20 HTSSOP - 1.2 mm max height

6.5 x 4.4, 0.65 mm pitch SMALL OUTLINE PACKAGE

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

4224669/A
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PACKAGE OUTLINE

PWPO0O020AC PowerPAD™ TSSOP - 1.2 mm max height
SMALL OUTLINE PACKAGE
6.6
e M
PIN 1 INDEX
AREA 18X [0.65]
 — 3}}
—] =3
— —
—] —
2x
U — —
64 —
NOTE 3
—] —
—] —
—] —
1 — *Eri
. J 11
it Jox 0-30
8] 43 0.17 4X (0°-12°)
[ [01® [c[A[B]
fSEE DETAIL A
[
- (0.15) TYP
\. (W ku \f
=
T sz (0.5)
NOTE 5
10—

2X (0.2)
‘ —n ox 0.2
4

iR

DETAIL A
s — TYPICAL
1 120
3.00
2.54

4231817/A 05/2025

PowerPAD is a trademark of Texas Instruments.
NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.

. This drawing is subject to change without notice.

. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not
exceed 0.15 mm per side.

. Reference JEDEC registration MO-153.

. Features may differ or may not be present.

wWN

(G208~

INSTRUMENTS
www.ti.com




EXAMPLE BOARD LAYOUT
PWPO0O020AC PowerPAD™ TSSOP - 1.2 mm max height

SMALL OUTLINE PACKAGE

34
NOTE 9

®

20X (1.5) T——‘ S\&LMM
;1 B T ,,,,,,,, |
- Ay
20X (0.45) jF]
(R0.05) TYP CD

METAL COVERED
BY SOLDER MASK

77777 )
(1.3)
TYP (6.5)
| S NOTE 9
| % w

\—SEE DETAILS

b

(@0.2) TYP ‘J(l 3) TYP
VIA . 8)

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN

SCALE: 10X
SOLDER MASK METAL METAL UNDER SOLDER MASK
OPENING‘\ SOLDER MASK\ / OPENING
O \
|
EXPOSED METAL | " ———EXPOSED METAL
#L 0.05 MAX # 0.05 MIN
ALL AROUND ALL AROUND
NON-SOLDER MASK SOLDER MASK
DEFINED DEEINED

(PREFERRED)
SOLDER MASK DETAILS

4231817/A 05/2025

NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.
7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
8. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature
numbers SLMA0O02 (www.ti.com/lit/sima002) and SLMA004 (www.ti.com/lit/sima004).
9. Size of metal pad may vary due to creepage requirement.
10. Vias are optional depending on application, refer to device data sheet. It is recommended that vias under paste be filled, plugged
or tented.
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EXAMPLE STENCIL DESIGN
PWPO0O020AC PowerPAD™ TSSOP - 1.2 mm max height

SMALL OUTLINE PACKAGE

®3)
BASED ON
0.125 THICK

20X (1.5 METAL COVERED
(1.5 STENCIL Y BY SOLDER MASK
& 1 T N k ,,,,,,, i

20X (0.45) | 1]

(R0.05) TYP —

N
)

[ W
%

N

)

(4.4)
BASED ON
0.125 THICK
STENCIL

18X (0.65)

—-E-—]

11

SEE TABLE FOR
! ¢ ! DIFFERENT OPENINGS

FOR OTHER STENCIL
(5.8) THICKNESSES

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL

SCALE: 10X
STENCIL SOLDER STENCIL
THICKNESS OPENING
0.1 3.35 X 4.92
0.125 3.00 X 4.40 (SHOWN)
0.15 2.74 X 4.02
0.175 2.54 X 3.72

4231817/A 05/2025

NOTES: (continued)

11. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
12. Board assembly site may have different recommendations for stencil design.
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, regulatory or other requirements.

These resources are subject to change without notice. Tl grants you permission to use these resources only for development of an
application that uses the Tl products described in the resource. Other reproduction and display of these resources is prohibited. No license
is granted to any other Tl intellectual property right or to any third party intellectual property right. Tl disclaims responsibility for, and you fully
indemnify Tl and its representatives against any claims, damages, costs, losses, and liabilities arising out of your use of these resources.

TI's products are provided subject to TI's Terms of Sale, TI's General Quality Guidelines, or other applicable terms available either on
ti.com or provided in conjunction with such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable
warranties or warranty disclaimers for Tl products. Unless Tl explicitly designates a product as custom or customer-specified, TI products
are standard, catalog, general purpose devices.

Tl objects to and rejects any additional or different terms you may propose.

Copyright © 2025, Texas Instruments Incorporated
Last updated 10/2025


https://www.ti.com/legal/terms-conditions/terms-of-sale.html
https://www.ti.com/lit/pdf/SZZQ076
https://www.ti.com
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