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TPS274C65CP 72mQ Quad-Channel Smart High-Side Switch With Diagnostics

1 Features

* Quad-channel 72mQ Rpyn smart high-side switch
— Low Rpp ensures low power dissipation for up
to 2A DC loads
* Improve system level reliability through adjustable
current limiting
— TPS274C65CP: Current limit set-point from
250mA to 1.9A
— TPS274C65CPH: Current limit set-point from
290mA to 2.26A
» Drive inductive, capacitive, and resistive loads
— Adjustable current limit for capacitor charging
— Integrated output clamp to demagnetize
inductive loads
* Robust output protection
— Integrated thermal shutdown
— Protection against short-to-ground events
— Configurable fault handling
» Diagnostic features enable improved module
intelligence
— Wire-break detection
— Short-to-supply detection
* Small 6mm x 6mm leadless package

2 Applications

* Industrial PLC systems
— Digital output modules
— 10Link master ports
— Sensor supplies

3 Description

The TPS274C65CP device is a quad-channel smart
high-side switch designed to meet the requirements
of industrial control systems. The low 72mQ Rpson
minimizes device power dissipation even when
providing large output load current. The device
integrates protection and diagnostic features to
ensure system protection even during harmful events
like short circuits or load failures. The device protects
against faults through a reliable current limit which is
adjustable from 300mA to 2.26A to provide protection
regardless of output load current.

The TPS274C65CP has an internal regulator to
create voltage for internal rails. Additionally, a VDD
pin is provided to allow the use of external VDD
supply which must be derived from the VS to
reduce the power dissipation. The comprehensive
fault reporting include a dedicated VS_FLT pin to
indicate the VS undervoltage, and separate fault pin
STx to indicate the faults happening in each channel.

The TPS274C65CP is available in a small 6mm x
6mm VQFN package with 0.5mm pin pitch, which
minimizes design PCB footprint.

Package Information

PART NUMBER PACKAGE(") PACKAGE SIZE?)
TPS274C65CP
RHA (VQFN, 40) 6.00mm x 6.00mm
TPS274C65CPH

(1) For all available packages, see the orderable addendum at
the end of the data sheet.

(2) The package size (length x width) is a nominal value and
includes pins, where applicable.

T

Typical Application Schematic

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.
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4 Device Comparison Table

Table 4-1. Functionality Comparison
CURRENT LIMIT
PART NUMBER INTERFACE CURRENT SENSE | SETTINGS ALLOW FOR V‘é":;gﬁk&;tﬁg&
2A OPERATION
TPS274C65CP GPIO No current sense No Yes
TPS274C65CPH GPIO No current sense Yes Yes
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5 Pin Configuration and Functions
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Figure 5-1. RHA Package, 40-Pin VQFN (Top View)
Table 5-1. Pinout - Version CP, CPH
PIN
TYPE(") DESCRIPTION
NO. NAME
1 DNC — Do not connect.
2 VS_FLT O Supply fault output — open drain, pull up with a 4.7K resistor to VDD pin.
3 DIAG_EN | Enable diagnostics.
4 VDD P Logic supply input(@).
7 EN3 | Enable Ch3 output.
8 EN2 | Enable Ch2 output.
9 EN1 | Enable Ch1 output.
10 EN4 | Enable Ch4 output.
30 ILIMCEG | Curren_t limit configuration pin — set the 3-bit setting of the current limit with a resistor to the
GND pin of the IC.
Internal regulator enable pin, float to enable. Tie to the GND pin of the IC to disable and use
29 REG_EN .
- an external supply input to VDD.
Configure the device in latch (on fault) mode when the pin is pulled HI. Set the pin LO for
28 LATCH |
auto-retry on fault.
22 ST1 (6] CH1 fault status, open drain, pull up with a 4.7K resistor to VDD pin.
23 ST2 (e} CH2 fault status, open drain, pull up with a 4.7K resistor to VDD pin.
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Table 5-1. Pinout - Version CP, CPH (continued)

PIN
TYPE(") DESCRIPTION
NO. NAME
24 ST3 (0] CH3 fault status, open drain, pull up with a 4.7K resistor to VDD pin.
25 ST4 (@) CH4 fault status, open drain, pull up with a 4.7K resistor to VDD pin.
6,26,27,20 |DNC — Do not connect.
14-17 VS P 24V switch supply input to the IC.
38,39 OouUT1 o OUT1
32,33 ouT2 o ouT2
12,13 OouT3 o OouT3
18,19 OouUT4 o OouT4
34-37 VS P 24V switch supply input to the IC.
21,5 GND — Device ground.
40,31,11,20 |DNC — Do not connect.
Exposed Pad |GND | Connect to the GND pin of the IC.
(1) I'=input, O = output, P = power

(2)  When the device is configured to support an external regulator connected to VDD, the
supply input for the external regulator must be derived from the same VS supply of TPS274C65CP, as shown in the Typical Application
Schematic.
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6 Specifications

6.1 Absolute Maximum Ratings
Over operating free-air temperature range (unless otherwise noted)()

MIN MAX| UNIT
Continuous supply voltage, Vys to IC_GND -0.3 40 V
Maximum transient (< 1 ms) voltage at the supply pin (with respect to IC GND), Vg, during ON state -0.3 60 Vv
VOUT voltage to IC_GND -30 Vys+0.3 Vv
Vps Vvoltage Vps voltage -0.7 39 V
Low voltage supply pin voltage, Vpp Low voltage supply pin voltage, Vpp -0.3 7.0 V
Digital Input pin voltages, Vpig -0.3 7.0 Vv
Analog pin voltage REG_EN -0.3 7.0 Vv
FLT pin voltage, Vit FLT pin voltage, Vet -0.3 7.0 \%
ST pin voltage, Vst ST pin voltage, Vst -0.3 7.0 \Y
Reverse ground current, Ignp Vs<0V -50 mA
Maximum junction temperature, T 150 °C
Storage temperature, Tgig -65 150 °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.

6.2 ESD Ratings

VALUE UNIT
Vv Electrostatic Human body model (HBM), per All pins except VS and +2000 Vv
ESD1  |discharge ANSI/ESDA/JEDEC JS-001( VOUTX -
Vv Electrostatic Human body model (HBM), per VS and VOUTXx with respect +4000 v
ESD2 | discharge ANSI/ESDA/JEDEC JS-001() to GND =
Electrostatic Charged device model (CDM), per ANSI/ESDA/ .
VEsDs | gischarge JEDEC JS-002, all pins(® All pins 500 v
Electrostatic Surge protection with 42 Q, per IEC 61000-4-5;
Vsuge | gischarge 1.2/50 us VS, OUTx +1000 v
(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) 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
Vs_opmax Nominal supply voltage 12 36 \%
Vpp Low voltage supply voltages 3.0 5.5 \%
Vpig All digital input pin voltage -0.3 55 \%
Vst ST pin voltage -0.3 55 \Y
VaNA REG_EN pin voltage -0.3 5.0 \
Ta Operating free-air temperature -40 125 °C
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6.4 Thermal Information

TPS274C65X
THERMAL METRIC(") @) RHA (VQFN) UNIT
40 PINS
Raua Junction-to-ambient thermal resistance 25.4 °C/W
ReJcitop) Junction-to-case (top) thermal resistance 15.8 °C/W
Ress Junction-to-board thermal resistance 7.6 °C/W
Wyt Junction-to-top characterization parameter 0.2 °C/W
Wis Junction-to-board characterization parameter 7.6 °C/W
Rauc(bot) Junction-to-case (bottom) thermal resistance 0.6 °C/W
(1)  For more information about traditional and new thermal metrics, see the SPRA953 application report.
(2) The thermal parameters are based on a 4-layer PCB according to the JESD51-5 and JESD51-7 standards.
6.5 Electrical Characteristics
Vys =11V 1t036V,Vypp=3.0V1to55V, T;=-40°C to 125°C (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
INPUT VOLTAGE AND CURRENT
\éDHSX—C'amP Vps clamp voltage FET current = 10 mA, Vg = 24 V 40 44 50 Y
\éDHSX—C'amP Vps clamp voltage FET current=10 mA, Vg =19 V 40 44 50 \
\éﬂsx—c'amp Vpg clamp voltage FET current = 10 mA, Vg = 10 V 33 37 41 \Y,
Ve undervoltage Measured with respect Output FETs turned off
Vs _uvpr rSotection falli?m to the GND pin of the at VS less than this 8.6 9 9.3 \Y
P 9 device, All channels ON |threshold.
Ve undervoltage Measured with respect Output FETs turned ON
Vs uver rSotection recgve risin to the GND pin of the at VS more than this 9.5 10 10.3 \Y
P Y 9 device, All channels ON |threshold.
Vs undervoltage ) . )
Vs _UVPRH protection deglitch time Time from triggering the UVP fault to FET turn-off 15 20 25 ys
Vg undervoltage warnin Measured with respect
Vs ovwe | oS, 9 9 |to the GND pin of the 12 125 135 Vv
N falling device
Ve undervoltage warnin Measured with respect
Vs ovwr | S otag 9 |to the GND pin of the 11.2 135 158| Vv
— recovery rising device
Measured with respect
Vs uviop | s undervoltage lockout |y " o oD pin of the 3.0 v
N falling device
Measured with respect
Vsuvior | /8 undervoltage lockout | " aND pin of the 2.7 3 33 v
’ rsing device
Vpp undervoltage . . .
Vbbp,uvLoF lockout falling Measured with respect to the GND pin of the device 2.7 2.8 2.9 \%
Vv Vpp undervoltage lockout M ith he GND bin of th . 2 2 2 Vv
DDUVLOR | figing easured with respect to the GND pin of the device .8 .88 .98
L Continuous load current, |All channels enabled, Tayg = 85°C 1.6 A
NOM per channel Two channels enabled, Tayg = 85°C 2.5 A
| '(‘)ej‘ﬁg%‘;\‘l‘g‘i’:gf;” Vs = VOUT < 36 V, Switch and all diagnostics P
OUTLEAKX ctate disabled, measured into the OUTx pin H
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6.5 Electrical Characteristics (continued)
Vys=11Vto36V,Vypp=3.0Vto55V, T;=-40°C to 125°C (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
| Output leakage current  |VS<=36V, Voyr=0 0 08 10 A
OUT(OFF) | (per channel) Channel disabled, diagnostics disabled Tj <= 125°C : H
Vpp quiescent current, _
VDDIlq |al diagnostics disabled, |x55%°V:Voo =05V 1.85 21| mA
external VDD » OUTx ™
Vg quiescent current, Vs<36V,
VSla internal VDD All channels enabled, loytx=0A 4.9 5.6 mA
Vs quiescent current, V<36V, Vpp=3.0V
VSla external VDD All channels enabled, loytx=0A 20 245 mA
Leakage current out of
the output pins with the _ _
lleak LG GND of IC disconnected, Vs£30V, Vpp =55V, RL =240 0.8 09/ mA
- All channels enabled
Load ground connected
to supply ground
RON CHARACTERISTICS
On-resistance _|Ty=25°C 72 mQ
(Includes MOSFET ang | 10V % Vs = 36 V. lours = -
package) OouT2 T,=125°C 110 mQ
R - i = °
ON On-resistance when 2 10V Vs <36V, loyr = T,=25°C 33 mQ
channels are paralleled | > 200 mA
Includes MOSFET and  |,®YT2 " ' =125°
é nokago) Vour tied to Vours T;=125°C 55  mQ
VDD_REG CHARACTERISTICS
VDD Output voltage Includes load and line
Vyob (Internal regulator 6V<Vs<36V, lvop < regulation across the 3.1 3.3 3.6 v
20 mA
enabled) range.
Load regulation of
LRvpp internal VDD regulator 6V<Vg=<36V, lypp <20 mA 0.95 VIA
when enabled
Load transient regulation |6 V<Vg=<36V, lypp
LRiran_vop | Of internal VDD regulator | <step from 5 mA to 15 1uF 10 mV
when enabled mA in 10 us
Current Limit of internal
lcL_vobp regulator 6V=sVg=36V 25 50 mA
CURRENT LIMIT CHARACTERISTICS
Setting =2.26 A 2.01 2.26 2.88 A
Setting=1.9A 1.6 1.9 23 A
Setting = 1.52 A 1.28 1.52 1.76 A
Regulated current at -
| CHx I, current limitation |short circuit RL < 200 Setting = 1.15 A 0.92 1.15 1.38 A
Clx level, H version mohms when Enabled. | Settting = 0.86 A 0.74 0.86 0.98 A
VDD = 3.3 V. -
Setting = 0.67 A 0.57 0.67 0.77 A
Setting = 0.48 A 0.38 0.48 0.57 A
Setting = 0.29 A 0.22 0.29 0.39 A
Setting=1.9A 1.6 1.9 23 A
Setting=1.6 A 1.35 1.6 1.85 A
Setting =1.25 A 1 1.25 1.5 A
Regulated current at -
| CHx I, current limitation |short circuit RL < 200 Setting = 1A 0.85 1 1.15 A
o level mohms when Enabled. | Setting = 0.72 A 0.62 0.72 082 A
VDD =3.3 V. -
Setting = 0.56 A 0.47 0.56 0.63 A
Setting = 0.4 A 0.32 0.4 0.47 A
Setting = 0.25 A 0.19 0.25 0.33 A
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6.5 Electrical Characteristics (continued)
Vys=11Vto36V,Vypp=3.0Vto55V, T;=-40°C to 125°C (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
CHx Peak current _ o o
leL pk1 enabling into permanent IJ =-40°C 10 125°C, VS Settting = 1.0A 2.80 A
= =24V
short
CHx Peak current
T,=-40°C to 125°C
oL pko | LPreshold when short -\ 54\ "Minimum Settting = 1.0A 8 A
— is applied while switch . _
inductance = 2.2 uH
enabled
FAULT CHARACTERISTICS
Off State Wirebreak or
lwe_oFF Open-load (OL) detection | Switch disabled, DIAG_EN = HIGH 38 51 64 WA
internal pullup current
Off state WireBreak . ) . .
Vws_oFF T (WB) or Open-load (OL) Channel Disabled, off-state wire-break diagnostics 5.6 6 6.5 v
H - enabled
detection voltage
Tass Thermal shutdown 160 185 210 °C
Thermal shutdown o
Thvs hysteresis 20 21 35 ¢
Vol_FLT Fault low-output voltage |l t=2 mA, sink current into the pin 0.4 \Y
tRETRY Retry time Time from thermal shutdown until switch re-enable. 0.6 ms
DIGITAL INPUT PIN CHARACTERISTIC
DIG pin Input voltage 0.7 x
Vi, DiG high-level 3.0V<VDD<55V Voo v
DIG pin Input voltage 0.3 x
V”-, DIG low-level 30V=sVDD<55V VoD \%
Internal pullup resistance
RREG_EN  |for REG_EN pin 1 MQ
Rpiex Internal pulldown resistor 0.7 1 2.0 MQ
I, DiG Input current high-level |Vpig=5V 5 uA
DIGITAL OUTPUT PIN CHARACTERISTICS
VoL st ‘Output Logic Low Voltage \ ST Pin current = —4 mA 04/ v
6.6 Switching Characteristics
Vg=6V1to36V, T;=-40°C to +125°C (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
. Vg =24V,R_=48 Q50% of EN to
tbr CHx Turnon delay time 10% of VOUT 5 18 25 us
. Vg =24V,R_=48 Q50% of EN to
tor CHx Turnoff delay time 90% of VOUT 16 24 33 us
= 0, 0,
SR2g VOUTX rising slew rate Vs B 24V, 25% 10 75% of Vour, 1 1.6 22|  Vips
R =48 Q,
= o, o,
SR2¢ VOUTX falling slew rate Vs =24V, 75% to 25% of Vour, 1 1.4 18| Vips
R =48 Q,
fmax Maximum PWM frequency 1 kHz
. Vg=24V,R =48 Q 50% of EN to
ton CHx Turnon time 90% of VOUT 33 42 us
) Vg=24V,R =48 Q 50% of EN to
torr CHx Turnoff time 10% of VOUT 46 57 us
. 1ms ON time switch enable
ton - torr | CHx Turnon and off matching pulse Vgg = 24 V, R, = 48 Q —41 -7 23 us
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6.6 Switching Characteristics (continued)
Vg=6V1to36V, T;=-40°C to +125°C (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
. 100-ps OFF time switch enable
ton - torr | CHx Turnon and off matching pulse, Vs =24 V. R, =48 Q, F = f o —41 -7 23 us
. 100-us ON time switch enable
ton - torr | CHxTurnon and off matching pulse, Vg = 24 V, R = 48 Q, F = fy —41 -7 23 us
CHx PWM accuracy - average load 200-ps enable pulse, Vs =24 V, R, = 0
Apw 480 -20 20 %
current
F = fnax
6.7 Typical Characteristics
Ven=0to 5V VS=12V Tams = 25 °C Ven=5t00V VS=12V Taug = 25 °C
Figure 6-1. Turn-on Time (tON) Figure 6-2. Turn-off Time (tOFF)
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7 Parameter Measurement Information
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Figure 7-1. Switching Characteristics Definitions
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8 Detailed Description
8.1 Overview

The TPS274C65CP device is a quad channel 72-mQ smart high-side switch intended for use for output ports
with protection for 24-V industrial systems. The device is designed to drive a variety of resistive, inductive
and capacitive loads. The device integrates various protection features including overload protection through
current limiting, thermal protection, short-circuit protection, and reverse current protection. For more details on
the protection features, refer to the Feature Description and Application Information sections of the document.

In addition, the device diagnostics features include VS UVLO reporting, individual channel fault reporting,
adjustable current limit and thermal shutdown. The device also integrates open load detection in the OFF state
to enable protection against wire breaks, the function can be enabled through the DIAG_EN pin. The device
includes open drain STx pin output for each channel that indicates device fault states such as short to GND,
short-to-supply, overtemperature, and the other fault states discussed.

8.2 Functional Block Diagram

VDD REG_EN VS
— (| —
LI LI {1
I .
< 3V |
y Reg h
Internal Power M
Supply
Charge Pump >
| | Output
Gate drive Clam
ENc [ ] > P K
OUTx
{1
— Current Limit 4 4
STx [
EJ l@—| Thermal Shutdown
Fault Indication
VS_FLT
A
Open-load
detection
I 1 I 1 I 1
| .| L L L
DIAG_EN LATCH ILIMCFG GND
8.3 Feature Description
8.3.1 Pin Diagrams
This section presents the 1/O structure of all digital input and output pins.
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Logic level input pin

VDD
STATE CONNECTION | INPUT
Vin Tied to VDD F( Logic High
Vi Tied to GND : Logic Low
E ESD Reo
Figure 8-1. Logic Level Input Pin
VDD
STATE STATUS
Rey
No Fault Pulled-Up
OUTPUT
Fault Pulled-Down
ESD | Inactive
Active

Shows the structure of the open-drain output pin, NFAULT. The open-drain output requires an external pullup resistor to function

properly.

Figure 8-2. Open Drain Output Pin (ST)

8.3.2 Programmable Current Limit

The TPS274C65CP integrates an adjustable current limit feature. With external resistor at ILIMCFG pin, the
current limit of the device can be adjusted. When the overload or short-circuit situation happens, the device
clamps the current at preset current limit level.

A lower current limit lowers fault energy and current during a load failure event such as a short-circuit or a partial
load failure. By lowering fault energy and current, the overall system improves through:

» Reduced size and cost in current carrying components such as PCB traces and module connectors
» Less disturbance at the power supply (Vs pin) during a short circuit event
» Less additional budget for the power supply to account for overload currents in one channel or more
* Improved protection of the downstream load

Table 8-1. ILIMCFG Table for TPS274C65CP

Resistor Value (kQ)(")

Typical ILIM Threshold (A)

133 0.25
178 0.4
23.7 0.56
31.6 0.72
442 1
59 1.25
78.7 16
110 1.9
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Table 8-2. ILIMCFG Table for TPS274C65CPH
Resistor Value (kQ)(") Typical ILIM Threshold (A)

13.3 0.29
17.8 0.48
23.7 0.67
31.6 0.86
44.2 1.15
59 1.52
78.7 1.9
110 2.26

(1)  The tolerance of the resistance is 1%.
8.3.3 Protection Mechanisms

The TPS274C65CP protects the system against load fault events like short circuits, inductive load kickback,
overload events and over-temperature events. This section describes the details for protecting against each of
these fault cases.

Thermal shutdown will cause the switch to automatically disable. Another scenario is when switch hits current
limit, the switch will get overheated and hit thermal shutdown eventually.

The fault indication is reset and the switch turns back on when all of the below conditions are met:

* treTRY has expired
» All faults are cleared (thermal shutdown and current limit)
* LATCH pinis low

8.3.3.1 Over-current Protection

When lgyt reaches the current limit threshold, I, the device registers an overcurrent fault and begins regulating
the current at the set limit. When either switch is in the FAULT state, it is indicated on the corresponding STx
pin. This protects the system against overload cases where the load attempts to draw more than the maximum
rated current, so the TPS274C65 can recognize and limit current or shut off these cases. In the case of a slow
overload with the device channel enabled for a while, the current limit levels are as shown in Figure 8-3.

louTx

A

leL_th=lcL_s
- | - N

- _/

Slow overload

t1 t2
Switch Turns Off

Figure 8-3. Overload Response
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A

STx —

VOUTx—

ENx —

Taes p———————————

ee bFb—-——-——---==-—- /i ;\

loutx =

Load current increases to threshold. Current is
Normal operation limited. Temp increases but does not reach Normal operation
TABS/IREL.

Figure 8-4. Overcurrent Behavior

For more details on the current limiting functionality, please see Programmable Current Limit.
8.3.3.2 Short-Circuit Protection

The TPS274C65CP provides output short-circuit protection to ensure that the device prevents current flow in
the event of a low impedance path to GND, removing the risk of damage or significant supply droop. The
TPS274C65CP is guaranteed to protect against short-circuit events regardless of the state of the ILIM pins.

Figure 8-5 shows the behavior of the TPS274C65CP when the device is enabled into a short circuit.
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Current (A)
A
| |
| |
| |
| |
leLENPSF —p ——————————————— e et v

leLt- b

Current Limit tRETRY

A
— 4
v

Thermal Shutdown > Time (s)

Figure 8-5. Enable into Short-Circuit Behavior

Due to the low impedance path, the output current rapidly increases until it hits the current limit threshold. Due to
series inductance and deglitch, the measured maximum current can temporarily exceed the I value defined as
lcL_enps, however, it settles to the current limit.

In this state, high power is dissipated in the FET, so eventually the internal thermal protection temperature for the
FET is reached and the device safely shuts down. If the device is not configured in latch mode, the device waits
treTry @amount of time and turns the channel back on.

Figure 8-6 shows the behavior of the TPS274C65CP when a short-circuit occurs when the device is in the
on-state and already outputting current. When the internal pass FET is fully enabled, the current clamping
settling time is slower so to ensure overshoot is limit, the device implements a fast trip level at a level Igycr-
When this fast trip threshold is hit, the device immediately shuts off for a short period of time before quickly
re-enabling and clamping the current to Ic__reg level after a brief transient overshoot to the Ic;_gnps level. The
device then keeps the current clamped at the regulation current limit until the thermal shutdown temperature is
hit and the device safely shuts off.

Current (A)
A

loveRl————— -t ——t+—————————————— —

leLenps|——————|-Fpt —-———--"-"-"-"-"-"-=--—-——

leL

INom

[
|
|
Current Limit | tRETRY
|
|
|

A
S §

Thermal Shutdown »Time (s)

Figure 8-6. On-State Short-Circuit Behavior

Soft Short- Circuit Behavior shows the behavior of the TPS274C65CP when there is a small change in
impedance that sends the load current above the Ic| threshold. The current rises to Ic. inpk since the FET
is still in the linear mode. Then the current limit kicks in and the current drops to the I, value.
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Current (A)
A
|

|

leL ENPS|— — - — - - — Hmm e —— e e
|
loL_LINPK| |
|

leL

INom

Current Limit trRETRY

A

1
Thermal Shutdown

Figure 8-7. Soft Short-Circuit Behavior

In all of these cases, the internal thermal shutdown is safe to hit repetitively. There is no device risk or lifetime
reliability concerns from repeatedly hitting this thermal shutdown level.

8.3.3.2.1 Vg During Short-to-Ground

When Vgyt is shorted to ground, the module power supply (Vg) can see a transient decrease. This decrease is
caused by the sudden increase in current flowing through the cable inductance. For ideal system behavior, Tl
recommends that the module supply capacitance be increased by adding bulk capacitance on the power supply
node.

8.3.3.3 Thermal Shutdown Behavior

Figure 8-8 shows the thermal shutdown behavior when LATCH pin is high. As shown, the switch clamps the
current until it hits thermal shutdown, and then the device will remain latched off until the EN or LATCH pin
toggles. Although the device is configured in latched condition, there is an internal tretry period. ST pin will
remain low and output will remain OFF even when EN or LATCH toggled within the treTry period.
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STx —
VOUTx —
ENx — |_
Tass A
Thvs
\/
T, —
tReTRY
- P
lew
loutx  —
-t
Load reaches limit. Current is Switch is disabled. Temp Switch follows ENx.
limited. Temp reaches limit. decreases by Tyys Normal operation.
Figure 8-8. Thermal Shutdown — Latched Behavior
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Figure 8-9 shows the behavior with LATCH pin low (auto-retry mode). hence, the switch will retry after the fault is
cleared and treTry has expired.

A

STx —

VOUTx —

ENXx —

Tass i

/

Thys

T, —

leL

loutx

Pt

Load reaches limit. Current is Switch is disabled. T, Switch follows ENx. Normal
limited. Temp reaches limit. decreases by Thys operation.

Figure 8-9. Thermal Shutdown - Auto-retry Behavior

8.3.3.4 Inductive-Load Switching-Off Clamp

When an inductive load is switching off, the output voltage is pulled down to negative, due to the inductance
characteristics. The power FET may break down if the voltage is not clamped during the current-decay period.
To protect the power FET in this situation, internally clamp the drain-to-source voltage, namely Vpg cjamp, the
clamp diode between the drain and gate.

Vps,clamp = Vs — Vout (1

During the current-decay period (Tpecay), the power FET is turned on for inductance-energy dissipation. Both
the energy of the power supply (Eg) and the load (E_pap) are dissipated on the high-side power switch itself,
which is called Epgp. If resistance is in series with inductance, some of the load energy is dissipated in the
resistance.

Ensp = Es + ELoap = Es + EL — Er (2)
From the high-side power switch’s view, Eygp equals the integration value during the current-decay period.

J- TDECAY

Ensp = Vbs,clamp * louT (t)dt )
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L R x lourmax) + |Vour|
Toecay = R In[ {

IVour| 4)
Veat + [Vout R x loutmaxy + [Vout
Epsp =L x # x | R xloyrvax) — [Vour|in (V ) | |
R Vour| ()
When R approximately equals 0, Egp can be given simply as:
e 1 oL.p Veat + [Vour|
HSD ~ 5 OUT(MAX) R2 (6)
Power Supply
T I
L
. 'S
Vbs
‘ *
—b[]i Gate Driver :
A\ 4
GND vouT *
1 L
R VOUT
A 4
Figure 8-10. Driving Inductive Load
A
| |
| |
INPUT :
|
|
|
|
|
‘ } >
| |
VinEaT) | - 7} 7777777777777777777
VOUT T >
VDS, clamp
IOUT Enso
- -
toecay
Figure 8-11. Inductive-Load Switching-Off Diagram
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As discussed previously, when switching off, supply energy and load energy are dissipated on the high-side
power switch, which leads to the large thermal variation. For each high-side power switch, the upper limit of
the maximum safe power dissipation depends on the device intrinsic capacity, ambient temperature, and board
dissipation condition.

8.3.3.5 Inductive Load Demagnetization

When switching off an inductive load, the inductor can impose a negative voltage on the output of the switch.
The TPS274C65 includes voltage clamps between VS and VOUT to limit the voltage across the FETs and
demagnetize load inductance if there is any. The negative voltage applied at the OUT pin drives the discharge
of inductor current. Figure 8-12 shows the device discharging a load of 100 mH paralleled with 48 Q, resulting
500mA at the turn-off.

Figure 8-12. TPS274C65 Inductive Discharge (100 mH + 48 Q)

The maximum acceptable load inductance is a function of the energy dissipated in the device and therefore the
load current and the inductive load. The maximum energy and the load inductance the device can withstand for
one pulse inductive dissipation at 125°C is shown in Figure 8-13. The device can withstand 40% of this energy
for one million inductive repetitive pulses with a 2-Hz repetitive pulse. If the application parameters exceed this
device limit, use a protection device like a freewheeling diode to dissipate the energy stored in the inductor.

520
480

440 \
400 \
360

320 \

280

VS =24V

240

200

160

Single Pulse Inductive Discharge Energy (mJ)

120
06 0.8 1 12 14 16 1.8 2
Current (A)

Figure 8-13. Maximum Energy Dissipation (Eas) Allowed T start = 125°C - Single Pulse, One Channel
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8.3.3.6 Thermal Shutdown

The TPS274C65CP includes a temperature sensor on the power FET and also within the controller portion of the
device. There are two cases that the device registers a thermal shutdown fault:

* Tyrer > TaBs
* (TyreT — Ty.controller) > TREL

The first condition enables the device to register a long-term overtemperature event (caused by ambient
temperature or too high DC current flow), while the second condition allows the device to quickly register
transient heating that is causes in events like short-circuits.

After the fault is detected, the switch turns off. If T,rer passes Tags, the fault is cleared when the switch
temperature decreases by the hysteresis value, Tpys. If instead the Trg threshold is exceeded, the fault is
cleared after TReTry passes.

Each channel shuts down independently in case of a thermal event, as each has its own temperature sensor and
fault reporting.

8.3.3.7 Undervoltage Protection on VS (UVP)

The device monitors the supply voltage Vg to prevent unpredicted behaviors in the event that the supply voltage
is too low. When the supply voltage falls down to Vg yypr, the switches shut off. If the voltage is still above
the Vs yvLor, the VS_FLT pin is pulled low to signal the supply fault if the supply. When the supply rises up to
Vs _uvpr, the device turns back on and VS_FLT is cleared.

Fault is not indicated on the STx pin during an UVLO event. During an initial ramp of Vyg from 0 V at a ramp rate
slower than 1 V/ms, Vgny pins must be held low until Vg is above the UVP threshold. For best operation, ensure
that Vg has risen above UVP before setting the Vgny pins to high.

8.3.3.8 Undervoltage Lockout on Low Voltage Supply (VDD_UVLO)

The device monitors the input supply voltage Vypp (in versions A/C) to prevent unpredictable behavior in the
event that the supply voltage is too low. When the supply voltage falls down to Vypp yvior, the device channel
outputs are disabled. The device resumes normal operation when VDD rises above the VDD or threshold.
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VS

VOUTx

V/VDD_UVLOR

VvbD_uvLoF

VDD

VDD decreases below Vuvior.

The device is disabled and the digital registers
are reset.

VDD rises.
Normal powerup operation

Figure 8-14. VDD UVLO

8.3.3.9 Power-Up and Power-Down Behavior

Device is in OFF or POR state when the device is not powered. STx and VOUTXx are in the high-Z state.

After the Vs>V yypr and Vpp > Vpp uvLor, the device is ready for full operation.

In case the VDD power supply is enabled first and the VDD voltage exceed Vpp yyLor before the VS supply is
up and VS voltage exceeds Vs yypr, the outputs remain disabled.

8.3.4 Diagnostic Mechanisms

As systems demand more intelligence, having robust diagnostics measuring the conditions of output power is
increasingly important. The TPS274C65 integrates many diagnostic features that enable modules to provide
predictive maintenance and intelligence power monitoring to the system.

8.3.4.1 Fault Indication

The following faults are a register a fault that show on the ST pin:

* FET thermal shutdown

» Active current regulation

* Open load detection in OFF state

*  Vgur short to battery during OFF state
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i — — FAULT
Condition Vs VDD ENx OUTx DIAG_EN LATCH VS_FAULT STx
Recovery
VS
Undervoltag < Vsiu\/p > VDD,UVLO X X L H -
e
>Vs uvp | > Vop,uvLo L H H -
Normal
>Vs uvp | > Vop,uvLo H H H -
OFF-state
Short to
Supply, >Vs yvp | > VbpuvLo L X H L -
OFF-state
open load
>Vs uve | > Vbpuvio H L H L Auto-retry
Short to Latch-off.
GND, Fault
Overload, | 5o o | >Vppuvio H H H L recovers
TSD - '
when ENx
toggles.

8.3.4.2 Short-to-Battery and Open-Load Detection

The TPS274C65CP is capable of detecting short-to-battery and open-load events when the switch is in the OFF
state if the DIAG_EN is high. The fault will be report to STx pin. The feature can be turned off by pulling the
DIAG_EN pin low. The detection threshold will be when Voyt > Vg oFF Th-

VS
L
6.7V
Fault 4, E}
Register VwB_OFF_TH
< out
® 1

VOUT

1
L

TPS274C65CP

Load

Figure 8-15. Open-Load Detection Circuit

8.4 Device Functional Modes

During typical operation, the TPS274C65CP can operate in a number of states that are described below.
8.4.1 Off

OFF state occurs when the device is not powered.

8.4.2 Active

In ACTIVE state, the switch is enabled with ENx high. The diagnostic functions can be either on or off during
ACTIVE state.
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9 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. 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.

9.1 Application Information
The following sections give examples of typical implementation and design examples.
9.2 Typical Application

Figure 9-1 shows the schematic of a typical application of the TPS274C65. the schematic includes all standard
external components. This section of the data sheet discusses the considerations in implementing commonly
required application functionality.

Legend

3 wow
%7 System GND

,,,,,,

DIAG_EN LATCH

VST

1/0 Source
TPS274C65CP T3

o
3

REG_EN GND ILIMCFG

Figure 9-1. Typical Application Circuit
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9.2.1 Design Requirements

Table 9-1. Recommended External Components

COMPONENT TYPICAL VALUE PURPOSE
RproT 5-10 kQ Protect microcontroller and device /O pins
Rst 4.7 kQ Open-drain pull-up resistor
RiLivx 13.3 kQ to 110 kQ Discrete value outlined in Table 8-1
Cvin1 100 nF to System GND | Stabilize the input supply and filter out low frequency noise
Cuinz 4.7 nF to IC GND Z::?esr;ri]gnc;f voltage transients (for example, ESD, IEC 61000-4-5) and improved
Cvop 2.2 uF to Module GND | Stabilize the input supply and limit supply excursions.
CouTt 22 nF Filtering of voltage transients (for example, ESD, RF transients)
Z1vs 36-V TVS Clamp surge voltages at the supply input

Diode with < 0.7-V forward

voltage drop Optional for reverse polarity protection - if needed

Danp

Stabilize IC GND in the event of negative output swings when GND network is

R 4.7 kQ
GND used

9.2.2 Detailed Design Procedure

In an example application with maximum load current of 500 mA, the current limit must be set to an acceptable
level. With the current limit variation and tolerance allowed for this specific application, the current limit setting
of 1 A is chosen. Referring back to the Table 8-1, 44.2-kQ resistor with 1% tolerance needs to be placed at the
ILIMCFG pin.

Depending on the tolerance on the maximum current for the application, the current limit resistor can be chosen
to leave the overhead needed before the current limit engages.

9.2.2.1 IEC 61000-4-5 Surge

The TPS274C65 is designed to survive against IEC 61000-4-5 surge using external TVS clamps. The device
is rated to 48 V ensuring that external TVS diodes can clamp below the rated maximum voltage of the
TPS274C65. Above 48 V, the device includes Vpg clamps to help shunt current and ensure that the device
survives the transient pulses. Depending on the class of the output,TI recommends that the system has a
SMBJ36A or SMCJ36A between VS and module GND.

9.2.2.2 Loss of GND

The ground connection can be lost either on the device level or on the module level. If the ground connection is
lost, both the channel outputs are disabled irrespective of the EN input level. If the switch was already disabled
when the ground connection was lost, the outputs remain disabled even when the channels are enabled. The
steady state current from the output to the load that remains connected to the system ground is below the
level specified in the Specifications section of this document. When the ground is reconnected, normal operation
resumes.

9.2.2.3 Paralleling Channels

If an application requires lower power dissipation than is possible with a 65-mQ switch. Since the retry timer
for each channel is not synchronized in TPS274C65CP, Tl recommends to have the current limit for a single
channel set higher than the total current for the paralleled channel. For example, if two of the channel are
paralleled to drive 2A total current through the two channels, then the individual channel current limit needs to be
set higher than 2A.

If the current limit cannot be set higher, a manual toggle of ENx (enable signals for the channels being
paralleled) is needed after a thermal fault event happened.
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9.2.3 Application Curves

Figure 9-2 shows a test example of switching the load with 250 kHz PWM signal. Test conditions: VS =12V,
Duty Cycle = 5%, Tamg = 25 °C. Channel 1 is Vgyr voltage. Channel 2 is EN pin voltage. Channel 3 is VS
voltage. Channel 4 is VS current.

Figure 9-3 shows a test example of enabling a switch while there is a short at the output. Test conditions: VS
=24V, Tamg = 25 °C. Channel 1 is Vgut voltage. Channel 2 is FAULT pin voltage. Channel 3 is VS voltage.
Channel 4 is VS current.

Figure 9-2. 250 kHz PWM Switching Figure 9-3. Enable into Short Circuit

9.3 Power Supply Recommendations

Table 9-2. Operating Voltage Range
Vs Voltage Range Note

Nominal supply voltage, all parametric specifications apply. The

12Vio 36V device is completely short-circuit protected up to 125°C.

Functional operation per data sheet (switch can turn off), but can not

36 Vto 39V ) e
meet parametric specifications.

9.4 Layout
9.4.1 Layout Guidelines

To prevent thermal shutdown, T; must be less than Tags. If the output current is very high, the power dissipation
can be large. The VQFN package has good thermal impedance. However, the PCB layout is very important.
Good PCB design can optimize heat transfer, which is absolutely essential for the long-term reliability of the
device.

1. Maximize the copper coverage on the PCB to increase the thermal conductivity of the board. The major
heat-flow path from the package to the ambient is through the copper on the PCB. Maximum copper is
extremely important when there are not any heat sinks attached to the PCB on the other side of the board
opposite the package.

2. Add as many thermal vias as possible directly under the package ground pad to optimize the thermal
conductivity of the board

3. Plate shut or plug and cap all thermal vias on both sides of the board to prevent solder voids. To ensure
reliability and performance, the solder coverage must be at least 85%.
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9.4.2 Layout Example
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Figure 9-4. TPS274C65CP Layout Example
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10 Device and Documentation Support

10.1 Documentation Support

10.1.1 Related Documentation

Texas Instruments, Adjustable Current Limit of Smart Power Switches application report

Texas Instruments, How fo Drive Resistive, Inductive, Capacitive, and Lighting Loads application report

Texas Instruments, Improved Automotive Short Circuit Reliability Through Adjustable Current Limiting application
note

10.2 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.

10.3 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.

10.4 Trademarks
TI E2E™ is a trademark of Texas Instruments.
All trademarks are the property of their respective owners.

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

A 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.

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

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

Changes from Revision * (October 2023) to Revision A (February 2024) Page
* Updated Device Comparison Table to include the H VErsioN.............uuuiiiiiiiiiiiii e 3
» Updated Electrical Characteristics table to include the current limit for H version devices.........cccccoeeeeei. 6

* Added plots for thermal shutdown latched and auto-retry behavior in Thermal Shutdown Behavior section...17
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12 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 ©)
@ ©)

TPS274C65CPHRHAR Active Production VQFN (RHA) | 40 2500 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 TPS274C6

5CPHRHA

TPS274C65CPHRHAR.A Active Production VQFN (RHA) | 40 2500 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 TPS274C6

5CPHRHA

TPS274C65CPHWRHAR Active Production VQFN (RHA) | 40 2500 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 TPS274C6
5CPHWRHA

TPS274C65CPHWRHAR.A Active Production VQFN (RHA) | 40 2500 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 TPS274C6
5CPHWRHA

TPS274C65CPRHAR Active Production VQFN (RHA) | 40 2500 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 TPS274C

65CPRHA

TPS274C65CPRHAR.A Active Production VQFN (RHA) | 40 2500 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 TPS274C

65CPRHA

TPS274C65CPWRHAR Active Production VQFN (RHA) | 40 2500 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 TPS274C
65CPWRHA

TPS274C65CPWRHAR.A Active Production VQFN (RHA) | 40 2500 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 TPS274C
65CPWRHA

@ 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 TI 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.
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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. Tl 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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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)
TPS274C65CPHRHAR VQFN RHA 40 2500 330.0 16.4 6.3 6.3 1.1 12.0 | 16.0 Q2
TPS274C65CPHWRHAR | VQFN RHA 40 2500 330.0 16.4 6.3 6.3 1.1 12.0 | 16.0 Q2
TPS274C65CPRHAR VQFN RHA 40 2500 330.0 16.4 6.3 6.3 1.1 12.0 | 16.0 Q2
TPS274C65CPWRHAR | VQFN RHA 40 2500 330.0 16.4 6.3 6.3 1.1 12.0 | 16.0 Q2
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TAPE AND REEL BOX DIMENSIONS
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPS274C65CPHRHAR VQFN RHA 40 2500 367.0 367.0 35.0
TPS274C65CPHWRHAR VQFN RHA 40 2500 367.0 367.0 35.0
TPS274C65CPRHAR VQFN RHA 40 2500 367.0 367.0 35.0
TPS274C65CPWRHAR VQFN RHA 40 2500 367.0 367.0 35.0
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GENERIC PACKAGE VIEW
RHA 40 VQFN - 1 mm max height

6 x 6, 0.5 mm pitch PLASTIC QUAD FLATPACK - NO LEAD

This image is a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.
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RHA0040B

PACKAGE OUTLINE
VQFN - 1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD
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4219052/A 06/2016

NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing

per ASME Y14.5M.
2. This drawing is subject to change without notice.

3. The package thermal pad must be soldered to the printed circuit board for thermal and mechanical performance.
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EXAMPLE BOARD LAYOUT

RHA0040B VQFN - 1 mm max height
PLASTIC QUAD FLATPACK - NO LEAD
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NOTES: (continued)

4. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature

number SLUA271 (www.ti.com/lit/slua271).
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EXAMPLE STENCIL DESIGN
RHA0040B VQFN - 1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD
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BASED ON 0.125 mm THICK STENCIL
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72% PRINTED SOLDER COVERAGE BY AREA UNDER PACKAGE
SCALE:12X

4219052/A 06/2016

NOTES: (continued)

5. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
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RHAO0040M

PACKAGE OUTLINE
VQFN - 1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD
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4226110/A 07/2020

40X o

NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing

per ASME Y14.5M.

2. This drawing is subject to change without notice.
3. The package thermal pad must be soldered to the printed circuit board for thermal and mechanical performance.

i

INSTRUMENTS
www.ti.com




EXAMPLE BOARD LAYOUT
RHAO0040M VQFN - 1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD
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NOTES: (continued)

4. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature
number SLUA271 (www.ti.com/lit/slua271).

5. Vias are optional depending on application, refer to device data sheet. If any vias are implemented, refer to their locations shown
on this view. It is recommended that vias under paste be filled, plugged or tented.
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EXAMPLE STENCIL DESIGN
RHAO0040M VQFN - 1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD
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NOTES: (continued)

6. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.

INSTRUMENTS
www.ti.com



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 © 2026, Texas Instruments Incorporated
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