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4 Device Comparison Table

PART NUMBER

BEHAVIOR AFTER THERMAL FAULT

TPS4HC120A

LATCH off the faulted channel after thermal fault. Toggling EN is required to re-enable the

specific channel.

TPS4HC120B(")

Auto-retry after thermal fault.

(1) Device in preview. Please contact Tl for more information.

Copyright © 2025 Texas Instruments Incorporated
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5 Pin Configuration and Functions

NC

EN1

EN2

EN3

EN4
SEL1
SELO
DIAG_EN

NC — No internal connection

See 73l 8 for full list of recommended components.

FLT
LPM
SNS
ILIM
GND
NC

© ©® N o a b~ W N

Thermal
Pad

28 [ VOUT1
27 [ VOUT1
26 [_] vouT2
25 [ VOUT2
24 [ ) NC
23 [ veB
22 ] vBB
21 [ ] vBB

20 ] vBB
19 [J NC
18 [J vouTs
17 [J vouTs
16 [ vOUT4
15 [ vouT4

B 5-1. DGQ Package, 28-Pin HVVSOP (Top View)

Z 5-1. Pin Functions

PIN
TYPE DESCRIPTION

NO. NAME

1,14,19, 24 NC N/A No internal connection.

2 EN1 | Input control for channel 1 activation, internal pulldown.

3 EN2 | Input control for channel 2 activation, internal pulldown.

4 EN3 | Input control for channel 3 activation, internal pulldown.

5 EN4 | Input control for channel 4 activation, internal pulldown.

6 SELA1 | SNS channel-selection high bit; internal pulldown.

7 SELO | SNS channel-selection low bit; internal pulldown.

8 DIAG_EN | Enable-disable pin for diagnostics, internal pulldown.

9 ECT o Open drain global fault output. Referred to FAULT, FLT, or fault pin.
Recommended 5-10kQ pullup resistor.
Open drain LPM status pin. Pulled high by external supply if the

10 LPM (0] device is in LPM or SLEEP state. Pulled low internally when device
is in ACTIVE mode. Recommended 5-10kQ pullup resistor.

11 SNS O SNS current output.
Adjustable current limit. Connect a resistor to chip GND, SHORT the

12 ILIM O pin to chip GND, or leave the pin OPEN to set the current limit
value.

13 GND Power Ground of device. Conpect to resistor- diode ground network to have
reverse battery protection.

15,16 VOUT4 Power Output of channel 4 of the high side switch, connected to load.

17,18 VOUT3 Power Output of channel 3 of the high side switch, connected to load.

20, 21, 22,23 VBB Power Power supply.

25,26 VOUT2 Power Output of channel 2 of the high side switch, connected to load.

27,28 VOUT1 Power Output of channel 1 of the high side switch, connected to load.

Thermal Pad Pad Power Thermal Pad, internally shorted to ground.

4 BEICET BTN (DERRBE Sb) EHE
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6 Specifications

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

MIN MAX| UNIT
Maximum continuous supply voltage, Vgg 28 V
Load dump voltage, V| p 1ISO16750-2:2010(E) 35 \%
Reverse Polarity Voltage gﬂpagi:(r;lignd;rriﬂﬁn of 3 minutes and with the -18 \%
Enable pin current, Ienq,len2, lEN3, lEN -0.5 20 mA
Enable pin voltage, Vent v en2, VENs, VEN4 -1.5 5.5 \Y
Diagnostic Enable pin current, Ipja_en -0.5 20 mA
Diagnostic Enable pin voltage, Vpia_en -1.5 5.5 V
Sense pin current, Igns -10 150 mA
Sense pin voltage, Vgns -1.5 5.5 \Y
SELX pin current,lgg; « -0.5 20 mA
SELx pin voltage,Vgg « -1.5 5.5 Vv
FLT pin current, I 1 -30 25 mA
FLT pin voltage, Vg1 -0.3 55 \
LPM pin current, I py -30 2.5 mA
LPM pin voltage, V ppm -0.3 5.5 Vv
ILIM pin current, I m -0.5 20 mA
ILIM pin voltage, V| ju -1.5 5.5 V
Reverse ground current, Ignp Vpgg < OV -50 mA
Maximum junction temperature, T 150 °C
Storage temperature, Tgg —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

Classification Level C5

VALUE UNIT
Human-body model (HBM), per AEC Q100-002 All pins except VBB and +2000
Classification Level 2(2) VOouT -
Electrostatic Human-body model (HBM), per AEC Q100-002
VEsD) | gischarge) Classification Level H3A®) VBB and VOUT +4000 v
Charged-device model (CDM), per AEC Q100-011 All pins +750

(1)  All ESD strikes are with reference from the pin mentioned to GND
(2) AEC-Q100-002 indicates that HBM stressing shall be in accordance with the ANSI/ESDA/JEDEC JS-001 specifications.

6.3 Recommended Operating Conditions

over operating free-air temperature range (unless otherwise noted) (")Digital input pins are EN1, EN2, EN3, EN4, SEH, SEL,

DIAG_EN

MIN MAX UNIT
Vyes_NOM Nominal supply voltage (1) 4 18 \Y
VvBB_EXT Extended supply voltage(@ 3 28 \Y
VvBB_sc Short circuit supply voltage capability 28 \%
VbiN All digital input pin voltage -1 5.5 \%

Copyright © 2025 Texas Instruments Incorporated
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6.3 Recommended Operating Conditions (¥tX)
over operating free-air temperature range (unless otherwise noted) (")Digital input pins are EN1, EN2, EN3, EN4, SEH, SEL,

DIAG_EN

MIN MAX UNIT
Ta ‘ Operating free-air temperature -40 125 °C
(1)  All operating voltage conditions are measured with respect to device GND
(2) Device will function within extended operating range, however some parametric values might not apply.
6.4 Thermal Information

TPS4HC120-Q1
THERMAL METRIC(") () DGQ (HVSSOP) UNIT

28 PINS
Rgya Junction-to-ambient thermal resistance 32.1 °C/W
Reauc(top) Junction-to-case (top) thermal resistance 324 °C/W
Reus Junction-to-board thermal resistance 8.4 °C/W
Wyt Junction-to-top characterization parameter 1.0 °C/W
WiB Junction-to-board characterization parameter 8.3 °C/W
Reuc(bot) Junction-to-case (bottom) thermal resistance 2.1 °C/W

M
@

6.5 Electrical Characteristics

Vgg = 6V to 18V, Tp = —40°C to 125°C (unless otherwise noted); Typical application is 13.5V, 1A, RILIM = Open (unless
otherwise specified). Digital input pins are EN1, EN2, EN3, EN4, SELO, SEL1, DIAG_EN.

For more information about traditional and new thermal metrics, see the SPRA953 application report.
The thermal parameters are based on a 4-layer PCB according to the JESD51-5 and JESD51-7 standards.

PARAMETER TEST CONDITIONS MIN TYP MAX‘ UNIT
INPUT VOLTAGE AND CURRENT
VuvLor :{si?‘:ndervoltage lockout 3.2 36 4.0 Vv
v 3 m ookout Measured with respect to the GND pin of the device
gg Undervoltage lockou
VUVLOF | falling 25 2.75 30, VvV
v VDS o it T,=25°C 35 43 \
clamp voltage
Clame pvortad T, =—40°C to 150°C 34 45 v
Voutclamp |VOUT clamp voltage T,=-40°C to 150°C -31 -23 \%
Quiescent current all
|Q channels enabled VBB < 28V, VENX = VDlAG_EN = 5V, IOUTX =0A 3.8 4.5 mA
Quiescent current Vpgg < 28V Vgg <28V
IQ,DIAG_DIS channel enabled VEN =5V VDlA_EN = OV, VEN =5 V, VDIA_EN =0 V, 3.8 4.2 mA
diagnostic disabled loutx = 0A loutx=0A
Current consumption in | Vgg < 18V, Igns = OmA
ISB Standby mode VENX = OV, VDIAG_EN = 5V, VOUT =0V 38 4.5 mA
Delay time to remain in
tsTBY standby mode before VENx = VDIAG_EN =5V to OV 20 ms
entering sleep mode
Sleep current (total _ Ta=25°C 0.5 MA
IsLeEP device leakage including xBB = 18\/_‘ \é\E/N’{/_ —ov 0
MOSFET channels) DIAG_EN = BV, VouT = BV Ty = 125°C 2| WA
| Output leakage current  |Vgg < 18V, Veng = Ta=25°C 0.01 0.2 pA
OUT(sleep) | per channel Voiag_en = 0V, Vour =0V | T, = 125°C 05| pA
Continuous load current, |All channels enabled ~ oro A
ILnom Ta=85°C
per channel One channel enabled 3 A
RON CHARACTERISTICS

6 BFHB TS 70— N2 (ZE RO EPE) #55
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6.5 Electrical Characteristics (¥tX)

Vgg = 6V to 18V, Tp = —40°C to 125°C (unless otherwise noted); Typical application is 13.5V, 1A, RILIM = Open (unless
otherwise specified). Digital input pins are EN1, EN2, EN3, EN4, SELO, SEL1, DIAG_EN.

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
5V < Vpg <28V, T,=25°C 120 mQ
lout= 1A T,=150°C 250 mQ
Ron On-resistance
3V < Vgg <5V, T,=25°C 175 mQ
lout =1A T,=150°C 280 mQ
i i <
BRov | oeteen chamets | loors Th T,=-40C 10 150°C 5 %
-resi i T,=25°C 120 mQ
Ron(rev) g\}er?ssésrgirl]:netf T |ev s Ves sy Tj = 150°C 250 mQ
Ve Sg:é’udc't?gf \‘:‘;mgred Ven = 0V oyt = -0.1A 0.8 11 v
CURRENT SENSE CHARACTERISTICS
Ksns Current sense ratio oyt = 1A 1040
lout / Isns
_ 1.9 mA
lout = 2A ) 3 %
_ 1.43 mA
lout = 1.5A ) 3 %
0.72 mA
lout = 750mA ) 2 %
louT = 300mMA 029 mA
lsns Current sense current Ven = Vo £n = 5V -5 5 %
and accuracy — 0.1 mA
lout = 100mA >p 12 %
_ 0.072 mA
louT = 75mA 16 pps %
0.03 mA
lour = 30mA 35 3| %
lour = 15mA 0.014 mA
-75 75 %
SNS CHARACTERISTICS
Vpiag_en = 5V, Rsns= 1kQ 45 5 52 \
VsNsFH Vsns fault high-level Vpiac_en = 3.3V, Rens= 1kQ 3.2 3.6 3.9 \
Vpiac_en = 1.8V, Rens= 1kQ 3.2 3.6 3.9 \Y
ISNSEH Isns fault high-level Vbiag_EN > VIH,DIAG_EN 4.5 6.5 mA
Voo s | for ul curont somee and | SN Measured with respect o °
N fault functionality Vbiag_EN = SV GND pin of device 6.5
CURRENT LIMIT CHARACTERISTICS
Copyright © 2025 Texas Instruments Incorporated HFHE 57— RN 2 (DRSBTS P) #5%5F 7
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6.5 Electrical Characteristics (¥tX)

Vgg = 6V to 18V, Tp = —40°C to 125°C (unless otherwise noted); Typical application is 13.5V, 1A, RILIM = Open (unless
otherwise specified). Digital input pins are EN1, EN2, EN3, EN4, SELO, SEL1, DIAG_EN.

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Rim > 60kQ (ILIM = OPEN) 3.8 4.8 5.6 A
Rium < 1.1kQ (ILIM = GND) 1.9 2.2 2.4 A
RILIM =2.49kQ 1.9 A
RILIM =4.87kQ 1.7 A
L. X RILIM =9.76kQ 1.5 A
leL IcL current limit setting
R||_|M =16.5kQ 1.1 1.25 1.4 A
R||_|M =23.2kQ 1 A
R||_|M = 31.6kQ 0.75 A
RILIM = 432'(0(1) 0.5 A
Rium = 57.6kQM 0.19 0.25 0.32 A
. T,=-40°C to 150°C,
ICL_LINPK Linear Mode peak diJ/dt <0.01 A/ms IILIM =0.25A to 2.2A 1.6 x |c|_ A
Peak current enabling _ o o _
ICL_ENPS into permanent short T,=-40°C to 150°C Load = 5uH +100mQ 2.25 % gL A
OVCR Peak current
lover when short is applied T,=-40°C to 150°C Load = 5uH +100mQ 12 A
while switch enabled
FAULT CHARACTERISTICS
Open-load (OL) detection _ _
Ro. internal resistor Ven = 0V, Vpiag_en = 5V 100 150 175 kQ
t Open-load (OL) detection | Vgy = 0V, VDIAGiEN =5V, When Vgg — VOUT < Vo|_, 300 500 s
oL deglitch time duration longer than tg . Openload detected. H
Open-load (OL) detection
VoL voﬁtage (L) Ven = 0V, Vpiag_en = 5V 15 Vv
OL and STB indication- |Vgy =5V to 0V, Vpjag En = 5V
toL1 . . _ NS 500 us
time from EN falling lout = OmA, Voyut = Vg — VoL
OL and STB indication- | Vgn =0V, Vpjag en = 0V to 5V
toL2 . . _ - _ 600 us
time from DIA_EN rising |loyt = OmA, Vout = Veg — VoL
CHx Thermal shutdown °
Tass threshold 162 c
CHx Thermal shutdown °
Thvs hysteresis %0 ¢
CHx Relative thermal o
TreL shutdown 80 C
N it VDIAGiEN =5V
traur_pur | Fault indication-time Time between fault and FLT asserting 60 Hs
L it VDIAGiEN =5V
trauLT_sns | Fault indication-time Time between fault and Igys settling at Vgnser 60 HS
t Retrv time Time from fault shutdown until switch re-enable 1 2 3 ms
RETRY y (thermal shutdown).
LOW POWER MODE
Load current level for
||_pM’eme,— entry to LPM t> tSTBY 83 110 137 mA
ILPM exit Load current level for exit 130 165 200 mA
of LPM
R in Low Power
Rbson,Lpm M%Z%N 50mA I oAb 130 mo

8 BRHCT BT — RNy (DB b B
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6.5 Electrical Characteristics (¥tX)
Vgg = 6V to 18V, Tp = —40°C to 125°C (unless otherwise noted); Typical application is 13.5V, 1A, RILIM = Open (unless

otherwise specified). Digital input pins are EN1, EN2, EN3, EN4, SELO, SEL1, DIAG_EN.

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Quiscent current per
laLPm channel in LPM with all ~ |OmA I oap —40°C to 125°C 20 pA
channels enabled
t LPM Transistion Device in LPM transition out 50 s
LPM indication-time time between current increase and LPM asserting H
Recovery/Exit time from Device in LPM transition out
tWAKE y time between wake interrupt (EN, DIAG_EN pin) and 50 us
LPM :
LPM asserting
Current peak coming out
; Peak current for o o
IPKLPM,exit of LPM. Current Settlng < immediate shutoff in LPM —40°C to 125°C 1.6x||_|M
2.25A
DIGITAL INPUT PIN CHARACTERISTICS
VL, DIN Input voltage low-level No GND Network 0.8 \%
VIH, DIN Input voltage high-level | No GND Network 1.5 \%
Vihvs,pin | Input voltage hysteresis 100 mV
Internal pulldown resistor
for ENx, DIAG_EN 0.7 ! 13 MQ
Rep_DIN Internal pulldown resistor
for SELO, SEL1 0.7 ! 13 MQ
Input current high-level _
for SELO, SEL1 Vo = 53V 100 bA
. o Input current high-level
for DIAG_EN Voiag_en = 55V 30| pA
Input current high-level
I, DIN fofENx d Venx = 5.5V 30 MA
DIGITAL OUTPUT PIN CHARACTERISTICS
Vipm LPM low output voltage | Igpm = 2mA 0.4 \%
VELT FLT low output voltage leor = 2mA 0.4 Y,
(1)  If using GND network, accuracy for this current limit setting will be shifted from the table value
6.6 SNS Timing Characteristics
Vg = 6V to 18V, Tp = —40°C to 125°C (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
SNS TIMING - CURRENT SENSE
VEN =5V, VDIAG EN = 0V to 5V 60
_ iy us
t Settling time from rising edge of DIAG_EN Rsns = 1kQ, I = 30mA
SNSIONT 1 50% of Vpjag_en to 90% of settled ISNS Venx= 5V, Vpiag en = 0V to 5V 30 us
RSNS = 1KQ, ||_ =1A
gle;tgngEt’ilme from rising edge of EN and Ve = Vo en = OV to 5V
tsnsionz 50% of VDIAG en Vento 90% of settled VBB =13.5V RSNS =1k, RLOAD - 150 HS
— 20Q
ISNS
Settling time from rising edge of EN with
t DlAG_EN HI; Ven =0V to 5V, VDIAGiEN =5V, VBB = 150 s
SNSIONS 1 50% of Vpjag_en Ven to 90% of settled 13.5V, Rgns = 1kQ, Rioap = 20Q H
ISNS
VEN = 5V, VDIAG_EN =5Vto0V VBB =
tsNSIOFF Settling time from falling edge of DIAG_EN | 13.5V 20 us
Rsns = 1kQ, R =20Q
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6.6 SNS Timing Characteristics (ftX)
Vgg = 6V to 18V, Tp = —40°C to 125°C (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
. . . VEN = 5V, VDIAG_EN =5V
tSETTLEH Settling time from rising edge of load step Rens = 1kQ, lour = 10mA to 1A 20 us
— : Ven = 5V, Vpiag_en = 5V
tSETTLEL Settling time from falling edge of load step Rens = 1kQ, lour = 1A to 10mA 20 us
Multi-sense transition delay from channel Ven =_5V’ VD'AG—EN_= 5V _
tseLx Rsns = 1KQ, lout1 = 1A to loyT2 = 50 s
to channel
0.5A
6.7 Switching Characteristics
Vgg = 13.5V, Tp = —40°C to 125°C (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Chgnnel Turn-on delay time (from 30 55 us
¢ Active) Vgg = 13.5V, R_ = 1kQ 50% of EN to
OR Channel Turn-on delay time (from 10% of VOUT 40 60 s
Sleep or LPM) H
Chgnnel Turn-off delay time (from 30 55 us
) Active) Vgg = 13.5V, R = 10Q 50% of EN
oF Channel Turn-off delay time (from to 90% of VOUT
30 85 us
LPM)
= o, o,
SRk VOUT rising slew rate Vs = 13.5V, 20% to 80% of Vour, 0.1 0.3 055 Vs
R =10Q
= o, o,
SRe VOUT falling slew rate Vs = 13.5V, 80% to 20% of Vour, 0.1 0.3 05| Vs
R_ =10Q
Channel Turn-on time (Standby Vgg = 13.5V, R = 10Q 50% of EN to
fon delay to Active) 80% of VOUT 30 50 100]  ws
Channel Turn-off time (Active to Vgg = 13.5V, R = 10Q 50% of EN to
torr Standby delay) 20% of VOUT 30 70 145 bs
1ms enable pulse Vgg = 13.5V, R = _40 40 us
10Q
ton - torr | Turn-on and off matching 200-ps enable pulse, Vgg = 13.5V,
R_ =10Q, —40 40 us
200-ps enable pulse (1ms
period), Vgg = 13.5V, R_ = 10Q -25 25 %
A PWM accuracy - average load
PWM nt 0 =
curre <500Hz, 50% Duty cycle Vgg =
13.5V, R_ = 10Q -12 12 %
Eon Sr\:wtchmg energy losses during turn- Vag = 13.5V, R, = 10Q 05 mJ
Eorr S;/fvnchlng energy losses during turn- Vgg = 13.5V, R, = 100 05 mJ
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6.8 Typical Characteristics
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6.8 Typical Characteristics (continued)
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Enabled Enabled
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6.8 Typical Characteristics (continued)
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7 Detailed Description
7.1 Overview

The TPS4HC120-Q1 device is a smart high-side switch, with internal charge pump and quad-channel integrated
NMOS power FETs. Full diagnostics and high-accuracy current-sense features enable intelligent control of the
load. The adjustable current-limit function greatly improves the reliability of the whole system.

The device has logic pins to enable each of the four channels and a separate pin to enable the diagnostic output
with two pins to select the channel to be output on the analog current SNS pin. It also implements a global FLT
pin to be used as an interrupt to the MCU.

The external high-accuracy current limit allows setting the current-limit value by applications. When overcurrent
occurs, the device improves system reliability by clamping the inrush current effectively. The device can also
save system cost by reducing the size of PCB traces and connectors, and the capacity of the preceding power
stage.

For inductive loads (relays, solenoids, valves), the device implements an active clamp between drain and source
to protect itself. During the inductive switching-off cycle, both the energy of the power supply and the load are
dissipated on the high-side switch. The device also optimizes the switching-off slew rate when the clamp is
active, which helps the system design by keeping the effects of transient power and EMI to a minimum.

When the current consumptions on all channels are small, along with other requirements described in Entry into
LPM, the device automatically enters the Low Power Mode. This state has ultra-low quiescent current
consumption, and is suitable for the loads that are active when the vehicle is OFF to preserve the battery. There
is a dedicated LPM pin that indicates the mode of the device, and can be used as an interrupt signal to wake up
the MCU.

The TPS4HC120-Q1 device is able to drive a wide variety of resistive, inductive, and capacitive loads, including
low-wattage bulbs, LEDs, relays, solenoids, heaters, and sub-modules.

7.2 Functional Block Diagram

TPS4HC120-Q1
E] VBB T ® ®
CVII:riTp Charge Pump A _PoTveﬁ:E_T [~ 1

L =]

h MV

Gate Driver / Reverse

Vbs Clamp |
I x4
I
AP I 4 7
I
I

FET Turnon I
// ENXx vouT
4 :I: | m Z
Y4 SELx | 7
72 %Eﬂ ILIM Diagnostics I 4
::E\l DIAG_EN and Protection Thermal Shutdown
L ? | |
Voltage |
Scaling | |
4 FLT P I Current Sense
:]:‘l SNS 1 Sensing l I
L] - |
| Fault Indication
L _ -
[] GND
14 BFHB T 57— N2 (ZE RSB EPE) #55 Copyright © 2025 Texas Instruments Incorporated

Product Folder Links: TPS4HC120-Q1
English Data Sheet: SLVSH18


https://www.ti.com/product/jp/tps4hc120-q1?qgpn=tps4hc120-q1
https://www.ti.com/jp/lit/pdf/JAJSS14
https://www.ti.com/jp
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSS14A&partnum=TPS4HC120-Q1
https://www.ti.com/product/jp/tps4hc120-q1?qgpn=tps4hc120-q1
https://www.ti.com/lit/pdf/SLVSH18

13 TEXAS
INSTRUMENTS TPS4HC120-Q1
www.ti.comlja-jp JAJSS14A — DECEMBER 2024 — REVISED JANUARY 2025

7.3 Feature Description
7.3.1 Pin Current and Voltage Conventions

For reference purposes throughout the data sheet, current directions on their respective pins are as shown by
the arrows in [X| 7-1. All voltages are measured relative to the ground plane.

VENx Ives

VBB <4“— Vs

louTx

OUTx Vourx

Vium

VsELx

Vsns

IbiAG_EN

VpIAG_EN
Vet

Viem

Ground Plane

GND
[
TIGND
Vaenp
E

7-1. Voltage and Current Conventions

7.3.2 Low Power Mode

Low power mode (LPM) is designed to be able to still provide small amounts of current to loads without
consuming much quiescent current. This type of feature is useful in power-at-all-time loads or to just generally
reduce the amount of power dissipation from the supply. The quiescent current draw during this mode is defined
in £Z7< a2 6.5 under Iq pm. The TPS4HC120-Q1 can automatically enter and exit this mode by detecting that
the load current is below I py enter ON all active channels, and then exits this mode when load current increases
above | py exit- This section describes the entry, exit and protections mechanisms in this mode.

Entry into LPM

When the load current going through the channel is below the | py enter threshold on all active channels and
diagnostics are turned off (DIAG_EN is low) for longer than tstgy, the device automatically enters into LPM. This
means that the digital core is turned off and the charge pump strength is reduced to reduce the quiescent current

to lq Lpm-
All the requirements below need to be met for the device to enter the LPM automatically:

« Ty<125°C

e Vgg26V

+ DIAG_ENis LOW

* At least one channel is ON

» All the ON channels have load currents < | py enter P€I channel
* No EN pin toggling

» All the above conditions are true for time longer than tstgy
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A

Vourx -

la

IQ,LPM

Quiescent Current—
tSTEY

ILPM‘enIry

All channels must be
] either lower than Iipw,entry
or OFF

ILOADX

LPM

ENx —

-t

Automatic entry into LPM Device waits after load
if load current decreases Device enters LPM, Digital

. current has decreased to
or enabled with | < . core shut off, | o |
LOAD gO into LPM QLPM LOAD
ILPM‘eniry

If all channels off (ENx
=0), device goes to
sleep

Eq 7-2. Entering LPM

During LPM

The quiescent current of the device during LPM, Iq pm, is @ function of how many channels are active and is
proportional to the load current meaning that the lower the load current during this time, the lower the quiescent
current is. Additionally, since the digital core is disabled, the diagnostics like current sensing or open load
detection are not available during this mode. If diagnostics are desired, the DIAG_EN pin can be enabled to exit
LPM and return the part back to normal operation. Once DIAG_EN is disabled the device goes back into LPM
after tstgy. Similarly, the current limit mechanism is not active in the same manner as by definition the minimum
current limit is higher than the entry point of LPM. However, the short-circuit protection will still be in place to
protect the device.

Below is the summary of the behavior of the device during LPM:

* lqreduces to Iq pm per channel

* Rps,on per channel increases to Rpson Lpm

* No clamped current limit for overload conditions as the device will exit the LPM first

» Short-circuit protection is in place to shut off the device if load current increases to Ipk pm exit during LPM
* No thermal shutdown protection

Exiting LPM

The device exits LPM if any of four conditions is met:
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» Load current increases slowly: If the load current increases beyond I py exit Slowly, the device wakes up and
pulls the LPM pin low to signal the device is no longer in low power mode. The output votlage droop is

minimal.
A

VOUTx -

la

I(f.!,LPM

Quiescent Current—{

Inom

ILPM,exit

ILPM,entry

lLOADx

LPM —

FIT

ENx —

\

Load
current
increases

Device in LPM Channel fully on

Bq 7-3. Exiting LPM With Load Current Slow Increase

* Load current increases rapidly (short-circuit): If the load current increases rapidly beyond || py exit, the device
shuts down to protect itself and come back on within the tyakge time in normal operation with full functionality.
As the part comes back on, LPM pin is pulled LOW to represent that the part has come out of LPM. The FLT
pin will also be pulled low is the fault is still present.
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Vourx -

la

la,Lpm

Quiescent Current—j
twake

- —————————— P
lover
ILim /
ILPM,exit
ILPM,entry
1LoADx —
LPM —
FLT —
ENXx —
-t
Short Channel protection Device
Device in LPM circuit kicks in, turns back | enables into
happens on in twake current limit

7-4. Exiting LPM With Rapid Load Current Increase (Short-Circuit)

* Any ENXx is toggled (from ON to OFF or OFF to ON): If any channel is turned ON or turned OFF during LPM,
the device wakes up and perform the desired action. After the device wakes up, if the LPM entry conditions
are still met, the part enters LPM again after tgtgy-.

* DIAG_EN is turned ON: if DIAG_EN goes high, the device goes into the DIAGNOSTIC mode which fully turns
on the part so that all of the functionality works as intended in the DIAGNOSTIC state. If DIAG_EN goes back
low, with all LPM entry conditions are met, the part goes back into LPM after tstgy.

Any time the device comes out of LPM to ACTIVE state, the LPM pin is pulled LOW. If the system needs to wake
up when the device comes out of LPM, the LPM pin can be used to send a wake up signal to the MCU.
Otherwise the LPM pin can be ignored.

7.3.3 Accurate Current Sense

The high-accuracy current-sense function is internally implemented, which allows a better real-time monitoring
effect and more-accurate diagnostics without further calibration. A current mirror is used to source 1 / Kgng of the
load current, flowing out to the external resistor between the SNS pin and GND, and reflected as voltage on the
SNS pin.

Ksns is the ratio of the output current and the sense current. The accuracy values of Kgys quoted in the
electrical characteristics do take into consideration temperature and supply voltage. Each device was internally
calibrated while in production, so post-calibration by users is not required in most cases.

The maximum voltage out on the SNS pin is clamped to VgnseH, Which is the fault voltage level. To make sure
that this voltage is not higher than the system can tolerate, the max voltage at the DIAG_EN pin has been limited
to the voltage at the SNS pin. If DIAG_EN is between V|y and 3.3V, the maximum output on the SNS pin is
approximately 3.3V. However, if the voltage at DIAG_EN is above 3.3V, then the fault SNS voltage, VsnsFh,
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tracks that voltage up to 5V. Tracking is done because the GPIO voltage output that is powering the diagnostics
through DIAG_EN is close to the maximum acceptable ADC voltage within the same microcontroller. Therefore,
the sense resistor value, Rgns, can be chosen to maximize the range of currents needed to be measured by the
system. The Rgns value must be chosen based on application need. The maximum usable Rgys value is
bounded by the ADC minimum acceptable voltage, Vapcmin, for the smallest load current needed to be
measured by the system, I oap min- The minimum acceptable Rgns value has to ensure the Vgys voltage is
below the Vgnsen value so that the system can correctly determine faults. This difference between the maximum
readable current through the SNS pin, I oap max X Rsns, and the Vgnsen is called the headroom voltage, Vyg.
The headroom voltage is determined by the system but is important so that there is a difference between the
maximum readable current and a fault condition. Therefore, the minimum Rgyng value has to be the Vgnsen
minus the Vyr times the sense current ratio, Kgnyg divided by the maximum load current the system must
measure, | oap max- Use the following equation to set the boundary equation.

Vapc,min * Ksns / ILoap,min < Rsns = (VsnsFH — VHR) * Ksns / ILoAD,max (1)
Current Sense

Voltage A
ADC Full Scale Range, Vapcmax oo —

Max Measurable Current|—"— "~~~ =~ | __

Max Nominal Current}m—m — — — — _  ___ J—
|
Normal Rsns |
|
|

Open Load Current, Vapc min |— - _|_ -

/

Load Current

B 7-5. Voltage Indication on the Current-Sense Pin

The maximum current the system wants to read, | oap max, Must be below the current-limit threshold because
after the current-limit threshold is tripped the Vgng value goes to Vgnsen-

VBAT

lout/K lout/Kium

CURRENT

VsnsrH
DIAG.EN Voltage
Scaling
SNS

RSNS

7-6. Current-Sense and Current-Limit Block Diagram

Because this scheme adapts based on the voltage coming in from the MCU, there is no need to have a Zener
diode on the SNS pin to protect from high voltages.
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7.3.4 Adjustable Current Limit

A high-accuracy adjustable current limit allows higher reliability, which protects the power supply and wires
during short circuit or power up by being programed to an acceptable level. Also, current limiting can save
system costs by reducing PCB traces, connector size, capacity of the preceding power stage and possibly
reducing wire gauge.

Current limit offers protection from over-stressing to the load and integrated power FET. the current limit
regulates the output current to the set value, asserts the FLT pin, and pulls up the SNS pin to Vgnsen if the
device is set up to output that channel on the SNS pin.

* The device can be programmed to different current limit values through an external resistor on the ILIM pin.
There are 10 current limit settings which can be set based on resistors values in % 7-1. <1% tolerance
resistors should be used for R resistor.

% 7-1. Current Limit Setting Through External

Resistor
ALLOV\\I’EEU':?)'STOR ILIM THRESHOLD
57.6kQ 250mA
43.2kQ 500mA
31.6kQ 750mA
23.2kQ 1A
16.5kQ 1.25A
9.76kQ 1.5A
4.87kQ 1.75A
2.49kQ 2A
Short to GND (<1.1kQ) 2.25A
Open (>60 kQ) 5A

g3
Any resistor settings that are not listed in this table can be interpreted as one of the adjacent levels,
which is not a recommended configuration.

To set a different inrush current limit and steady state current limit, the current limit resistor can be changed
dynamically when the device is ON. MOSFET based control scheme can be adopted for changing the current
limit on the fly. However, the components and the layout at ILIM pin need to be considered carefully to minimize
the capacitance at the pin. Any capacitance = 100pF at ILIM pin might affect the current limit functionality.
MOSFET with low input capacitance needs to be selected for dynamic current limit.

A current limit event occurs when lgytx reaches the regulation threshold level, Ic . When lgyt reaches the
current limit threshold, Ic, the device can remain enabled and limit Igytx to Ic.. When the device remains
enabled (and limits loyT), thermal shutdown may be triggered due to the high amount of power dissipation in the
FET. The regulation loop response when the device is enabled into a short circuit is shown in [¥] 7-7. The figure
is showing the scenario with the auto-retry version listed in =27 2> 4. The LATCH version will latch off after the
first thermal shutdown. Please note that the current may peak at a higher value (Ic. gnps) than the regulation
threshold (Ic, ). -

When an over-current event occurs, the current limit must respond quickly in order to limit the peak current seen
on short circuits (both hot and enabling into a short). The peak has to be limited to ensure that the supply does
not droop for a given amount of supply capacitance. This is especially important in applications where the device
is powered from a DC/DC instead of car battery.
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Current (A)
A

ICLENPS| — = — — = —

lelpbii- -

Current Limit tRETRY

A
v

\ / »  Time (s)
B 7-7. Enable Into Short Current Limit (auto-retry version)

However, a higher (I, | npk) output current than the current limit regulation loop threshold (Ic) may be available
from the switch during an overload condition before the current limitation is applied.

Current (A)
A

ICLENPS|— - = - - - —

leL_Linek

leL

INnom
Current Limit tRETRY
N

EJ 7-8. Linear Peak From Soft Short (auto-retry version)

The device applies a strong pulldown to limit the current during the short circuit event while the switch is
enabled. The current will then drop down to zero before the current limit regulation loop engages and the switch
turn-on and the behavior will be similar to the enable into a short circuit case.

Current (A)
A

lover

lcL_enps

leL

Current Limit tRETRY
INoM| <
< > | <

»Time (s)
Eq 7-9. Hot Short Event (auto-retry version)

7.3.5 Inductive-Load Switching-Off Clamp

When switching an inductive load off, the inductive reactance tends to pull the output voltage negative.
Excessive negative voltage could cause the power FET to break down. To protect the power FET, an internal

clamp between drain and source is implemented, namely Vpgciamp)-
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Vbs(clamp) = Yvs — Vourt (2)

During the period of demagnetization (tgecay), the power FET is turned on for inductance-energy dissipation. The
total energy is dissipated in the high-side switch. Total energy includes the energy of the power supply (Eys))
and the energy of the load (E(oaq)). If resistance is in series with inductance, some of the load energy is
dissipated on the resistance.

Enss)= E(vs) * Eqoad) = Evs) + E)~ Er) (3)
When an inductive load switches off, Ess) causes high thermal stressing on the device. The upper limit of the

power dissipation depends on the device intrinsic capacity, ambient temperature, and board dissipation
condition.

VBAT

l

VDS(c\amp)
IN
—L]
L

out

—
GNDI

+

7-10. Drain-to-Source Clamping Structure

A |
IN :
|
|

’ >
| |
| |
| |

VVS - _T ______ f '''''

|

Vour >

lVDS(CIamp)
Ehss)

lout { !
I
|

| |-
| !
t(decay) _H—H

B] 7-11. Inductive Load Switching-Off Diagram

From the perspective of the high-side switch, Ess) equals the integration value during the demagnetization
period.
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t(decay)
Enss) = Vs(clamp) *lour (t)dt
0

t(decay) R

L In[R *louT(max) +|Vout |J
Vour|

Vys + |V R AV
E(HSS)=LXMX|:RXIOUT(maX)_|VOUT| In{ ouTmax) *| 0UT|]]

R |VOUT| (4)
When R approximately equals 0, Esp) can be given simply as:
1 2 Vys +[Vour|
E(Hss)= 2 xLx lOUT(max) T NVa
IVour| (5)

Note that for PWM-controlled inductive loads, it is recommended to add the external freewheeling circuitry
shown in 7-12 to protect the device from repetitive power stressing. TVS is used to achieve the fast decay.
See [X| 7-12 for more details.

1

Output
Clamp

-

oUx | —— —

— T |
GND | o |
I | L
L‘J [ Tvs | }
I |
| |
JT_ ) —

B 7-12. Protection With External Circuitry

7.3.6 Fault Detection and Reporting
7.3.6.1 Diagnostic Enable Function

The DIAG_EN pin enables or disables the diagnostic functions. If multiple devices are used, but the ADC
resource is limited in the microcontroller, the MCU can use GPIOs to set DIAG_EN high to enable the
diagnostics of one device while disabling the diagnostics of the other devices by setting DIAG_EN low. In
addition, the device can keep the power consumption to a minimum by setting DIAG_EN and ENXx low.

7.3.6.2 Multiplexing of Current Sense

SELx pins are used to multiplex the shared current-sense function among the four channels within the same
device. Pulling each pin high or low sets the corresponding channel to be output on the SNS pin if DIAG_EN is
high. FLT still represents a global interrupt that goes low if a fault occurs on any channel.

If current sense information needs to be multiplexed across different devices, then it is not recommended to
directly tie the SNS pins together across multiple devices. When the DIAG_EN is LOW, there is an internal
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clamp at SNS pin that clamps the voltage to approximately 2V. One device SNS pin might affect the other
devices SNS readback if tied directly.

To use SNS pin across multiple devices, it is recommended to connect individual SNS pin to different analog
input pins of MCU, as illustrated in [X| 7-13. Alternatively, an external analog MUX can be used to connect to a
single MCU pin, as illustrated in [¥] 7-14.

Part 1 SNS Part 1 SNS

Microcontroller Microcontroller

7-13. SNS Sharing Across Multiple Devices 7-14. SNS Sharing Across Multiple Devices
Method 1 Method 2

R 7-2. Diagnosis Configuration Table

DIAG.EN| ENx | SEL0O | SEL1 | SNSACTIVATED SNS FLT | PROTECTIONS AND DIAGNOSTICS
CHANNEL
H 0V. Clamp to 2V See & SNS disabled, FLT reporting, full
L . . . internally if 7-3 protection
external voltage is
L applied to the pin. | High-Z Diagnostics disabled, no protection
0 0 Channel 1
0 1 Channel 2 .
H _ See # 7-3 See = See # 7-3
1 0 Channel 3 7-3
1 1 Channel 4

7.3.6.3 FAULT Reporting

The global FLT pin is used to monitor the global fault condition among all the channels. When a fault condition
occurs on any channel, the FLT pin is pulled down to GND. A 3.3-V or 5-V external pullup is required to match
the supply level of the microcontroller. The FLT pin reports faults on any channel as long as the device is not in
the SLEEP or LOW POWER MODE.

After the FAULT report, the microcontroller can check and identify the channel in fault status by multiplexed
current sensing. The SNS pin also works as a fault report with an internal pullup voltage, Vsnsen if DIAG_EN is
high.

7.3.6.4 Fault Table
R 7-3. Fault Table

SNS (s | FLT (with
CONDITIONS ENx OUTX | plAG_ENis | external pull- BEHAVIOR FAULT RECOVERY
high) up)

L L 0 H Normal —

Normal Ves -
H | lLoap * leono / H Normal —

R Ksns
ON
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£ 7-3. Fault Table (%i¥)

SNS FLT (with
CONDITIONS ENX | OUTX | piac_eNis | externalpul. | BEHAVIOR FAULT RECOVERY
high) up)

Holds the current
Vv at the current limit
BB - :
until thermal
Overcurrent H Ium X VsNSFH L shutdown or when Auto
Ron the overcurrent

event is removed.

Internal pull-up
resistor is active.
L H VsNSEH L Fault is asserted Auto
when Vys = Vourx
Open load, short to battery, reverse < Vol,off

polarity Normal behavior.
User can make
judgement based —
on SNS pin
output.

lLoap/
H H H
Ksns =0

Device will Auto-retry into current limit until
immediately thermal shutdown. Auto-retry version
Hot short H L VsNSFH L shutdown, and re- | will repeat until the fault goes away.
enable into current| Latch version will need toggle EN

limit. after first thermal shutdown.

. . Enable into current limit until thermal
Device will enable . .
into current limit shutdown. Auto-retry version will
Enable into permanent short L—H L VsNSFH L . repeat until the fault goes away.
until thermal . .
shutdown Latch version will need toggle EN
’ after first thermal shutdown.

Shuts down when | For auto-retry version, output auto-

Absolute thermal shutdown, Relative deviges hits retry after tretry. Fault recovers
thermal shutdown H L VsNSFH L relative or when T < Thys or when ENx
absolute thermal | toggles. Latch version can recover
shutdown. only when EN toggles.

Channel turns on to lower power
dissipation. Current into ground pin
needs to be limited by external
ground network.

Reverse polarity X X X X

7.3.7 Full Diagnostics
7.3.7.1 Short-to-GND and Overload Detection

When a channel is on, a short to GND or overload condition causes overcurrent. If the overcurrent triggers either
the internal or external current-limit threshold, the fault condition is reported out. The microcontroller can handle
the overcurrent by turning off the switch. The device will clamp the current to Ig. until thermal shutdown.
TPS4HC120A automatically recovers when the fault condition is removed.

In a hot short condition, when the short-circuit is applied when the EN is HIGH, the device will shutdown
immediately and auto-retry the same as enable into permanent short condition, as shown in [X] 7-9.

7.3.7.2 Open-Load Detection
7.3.7.2.1 Channel On

When a channel is ON, benefiting from the high-accuracy current sense in the small current range, if an open-
load event occurs, it can be detected as an ultra low Vgys and handled by the microcontroller. Note that the
detection is not reported on the FAULT pin or the fault registers. The microcontroller must multiplex the SEL and
SEH pins to output the correct channel out on the SNS pin.
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7.3.7.2.2 Channel Off

In the OFF state, when DIAG_EN is high, there is an internal pull-up resistor R, that pulls up a channel to Vgg.
The specific channel that gets pulled up is based on the selection of SELO and SEL1, and the other channels do
not have the pull-up resistor engaged.

If there is load present at the selected channel, then the output voltage is pulled to around 0V, as the load is
much stronger than the Rg,. In the case of an open load, the output voltage will be pulled close to the supply
voltage by the Ro. If Vgg - Vout < Vo off for the selected channel, the FLT pin goes low to indicate the fault to
the MCU, and the SNS pin is pulled up to IgnsFH-

_VBAT
-] VBB
: :lﬁ
TN | ENx DIAG_EN
OPEN LOAD —
SNS VOl,Off § R
pu SELO
_— FAULT —
FLT SEL1
| & St
OUTx
ENXx |
]
]
]

! GND

EJ 7-15. Open-Load Detection in Off-State

7.3.7.3 Short-to-Battery Detection

Short-to-battery has the same detection mechanism and behavior as open-load detection, in both the on-state
and off-state. See 7 7-3 for more details.

7.3.7.4 Reverse-Polarity and Battery Protection

Reverse-polarity, commonly referred to as reverse battery, occurs when the ground of the device goes to the
battery potential, Vgnp = Veat, @and the supply pin goes to ground, Vgg = OV. In this case, if the EN2 pin has a
path to the ground plane, then the FET turns on to lower the power dissipation through the main channel and
prevent current flow through the body diode. Note that the resistor/diode ground network (if there is not a central
blocking diode on the supply) must be present for the device to protect itself during a reverse battery event.
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e Smart High Side Switch VBB
J ReroT —<¢
| GPIO '\/V\’ EN Gate Driver
- |54
GND ‘}, RLoap
Reno

EJ 7-16. Reverse Battery Circuit

For more external protection circuitry information, see 73 2. 7.3.8.4. See the fault truth table in 733>
7.3.6.4 for more details.

7.3.7.5 Thermal Fault Detection

To protect the device in severe power stressing cases, the device implements two types of thermal fault
detection, absolute temperature protection (absolute thermal shutdown) and dynamic temperature protection
(relative thermal shutdown). Respective temperature sensors are integrated close to each power FET, so the
thermal fault is reported by each channel. This arrangement can help the device keep the cross-channel effect to
a minimum when some channels are in a thermal fault condition.

7.3.7.5.1 Thermal Protection Behavior

The thermal protection behavior can be split up into three categories of events that can happen. 7-17 shows
each of these categories.

1. Relative thermal shutdown: the device is enabled into an overcurrent event. The output current rises up to
the I, v level and the FLT goes low. With this large amount of current going through the junction temperature
of the FET increases rapidly with respect to the controller temperature. When the power FET temperature
rises TreL amount above the controller junction temperature AT = Teer — Tcon > Trew, the device shuts
down. For auto-retry version, after tgeTry, the part tries to restart itself. Latch version will require EN to be
toggled to re-enable the channel. The FLT is asserted until the fault condition is cleared.

2. Absolute thermal shutdown: the device is still enabled in an overcurrent event. However, in this case the
junction temperature rises up and hits an absolute reference temperature, Tags, and then shuts down. For
auto-retry version, the device does not recover until both T; < Tags — Thys and the tretry timer has expired.
For latch version, toggling EN is required to re-enable the channel.
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B 7-17. Thermal Behavior for Auto-retry Version
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7.3.8 Full Protections

7.3.8.1 UVLO Protection

The device monitors the supply voltage Vygg, to prevent unpredicted behaviors when Vygg is too low. When
Vygg falls down to Vv, of, the device shuts down. When Vygg rises up to Vyy_or, the device turns on.

7.3.8.2 Loss of GND Protection
When loss of GND occurs, output is turned off regardless of whether the input signal is high or low.

Case 1 (loss of device/lC GND): loss of GND protection is active when the thermal pad (Tab), IC GND, and
current limit ground are one trace connected to the system ground, as shown in [X] 7-18.

Smart High Side ——
Switch Vg
MCU —w—111/0s
<
i VOUT
J_ GND }
[}
\ Load
7-18. Loss of Device GND
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Case 2 (loss of module GND): when the whole ECU module GND is lost, protections are also active. At this
condition, the load GND remains connected.

i

MCU

Switch

1 1/0s

Smart High Side [ —

VBB

VOUT

GﬁD —C|3

Load

7-19. Loss of Module GND
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7.3.8.3 Loss of Power Supply Protection

When loss of supply occurs, output is turned off regardless of whether the input is high or low. For a resistive or
capacitive load, loss of supply protection is easy to achieve due to no more power. The worst case is a charged
inductive load. In this case, the current is driven from all of the 10s to maintain the inductance output loop. Tl
recommends either the MCU serial resistor plus the GND network (diode and resistor in parallel) or external free-
wheeling circuitry.

Fpu—
—— N\

Smart High Side &
Switch VBB

MCU —@—[J I/0s | L
VOUT

GﬁD —Er T
T D

L
RGND{} Deno > {

I—

B 7-20. Loss of Battery
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7.3.8.4 Reverse Polarity Protection

Method 1: block diode connected with Vgg. Both the device and load are protected when in reverse polarity. The
blocking diode does not allow any of the current to flow during reverse battery condition.

Smart High Side Switch }

EN VBB

LS ——ae —
-
PO~ JFLT
MCU >S—aww 1DIAG_EN —=VOUTx

T ] e Load

-[ <j: ILIM
! GND X
T X 7

7-21. Reverse Protection With Block Diode
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Method 2 (GND network protection): only the high-side device is protected under this connection. The load
reverse current is limited by the impedance of the load itself. Note when reverse polarity happens, the
continuous reverse current through the power FET must not make the heat build up be greater than the absolute
maximum junction temperature. This can be calculated using the Ron(rev) Value and the Rgya specification. In
the reverse battery condition it is important that the FET comes on to lower the power dissipation. This action is
achieved through the path from EN to system ground where the positive voltage is being applied. No matter what
types of connection are between the device GND and the board GND, if a GND voltage shift happens, ensure
the following proper connections for the normal operation:

Connect the current limit programmable resistor to the device GND.

Riomo

Smart High Side Switch
EN VBB
- AN {1
-
I B LFLT Reverse FET I
Turn On
VOUT -
MCU AV {1DIAG_EN
] SNS Load
—[ S ILIM

& 7-22. Reverse Protection With GND Network

Recommendation — resistor and diode in parallel: a peak negative spike can occur when the inductive
load is switching off, which can damage the HSD or the diode. So, Tl recommends a resistor in parallel with
the diode when driving an inductive load. The recommended selection are a 1kQ resistor in parallel with an I
> 100mA diode. If multiple high-side switches are used, the resistor and diode can be shared among devices.

If multiple high-side power switches are used, the resistor can be shared among devices.
Ground Resistor: The higher resistor value contributes to a better current limit effect when the reverse
battery or negative ISO pulses.

(~lenp) (6)

where

— —Vcc is the maximum reverse battery voltage (typically —16V).

— —lgnp is the maximum reverse current the ground pin can withstand, which is available in the Absolute
Maximum Ratings.

Ground Diode: A diode is needed to block the reverse voltage, which also brings a ground shift (=600mV).

Additionally, the diode must be =200V reverse voltage for the ISO 7637 pulse 1 testing so that it does not get

biased.
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7.3.8.5 Protection for MCU 1/Os

In many conditions, such as the negative ISO pulse, or the loss of battery with an inductive load, a negative
potential on the device GND pin can damage the MCU 1/O pins (more likely, the internal circuitry connected to
the pins). Therefore, the serial resistors between MCU and HSS are required.

Also, for proper protection against loss of GND, Tl recommends 10-kQ resistance for the RproT resistors.

Smart High Side Switch 0
Regor [ En VBB
| R I}OT: ; | — —
—AA 3 LIFLT Reverse FET
| Turn On
IR
MCU vyl {1DIAG_EN el
SNS Load
ILIM
GND

RGND DGND I

7-23. MCU /O Protections

7.4 Device Functional Modes
7.4.1 Working Mode

This device has several states to transition into based on the ENXx pins, DIAG_EN pin and load conditions.
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B 7-24. State Diagram

SLEEP

In the SLEEP state, everything inside the device is turned off and the quiscent current is the I ggp. The device
can only transition out of the SLEEP state if the ENx pins or DIAG_EN pin gets pulled high. From SLEEP, the
device can transfer into the ACTIVE state if any of the ENx pins are pulled high, or the DIAGNOSTIC state if the
DIAG_EN pin, without any of the ENx pins, goes high. Additionally, if the device is in any of the states and VBB
drops below Vv oF, the device transitions into SLEEP state.
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DIAGNOSTIC

The DIAGNOSTIC state is when the device is outputting diagnostics on the SNS and FLT pins. This can happen
when the device is in any previous state and the DIAG_EN pin goes high. The off-state diagnostics are
comprised of open load detection in off state and short to battery detection. The FLT pin asserts if there is a fault
on any of the channels, but the SNS pin only outputs a fault for the channel associated to the SELx pin values.
From the DIAGNOSTIC state, the device can transfer into the ACTIVE state if the DIAG_EN pin goes back low
and any channel is on or the STANDBY DELAY state if all channels are OFF.

ACTIVE

The ACTIVE state is when any of the channel outputs are on by the ENx pin associated. In the ACTIVE state,
the current limit value is set by the external resistor on the ILIM pin. If the DIAG_EN pin is pulled high while in the
ACTIVE state, the SNS pin outputs a proportional current to the load current of the channel associated to the
SELx pins configuration until a fault occurs on that channel. Additionally the FLT pin reports if there is a fault
occuring on any channel. The device can transition out of the ACTIVE state by turning off all of the channels
while DIAG_EN is high or low, or a fault occurring. If all of the channels turn off and DIAG_EN is high, the device
transitions into the DIAGNOSTIC state. If all of the channels turn off and the DIAG_EN pin is low, then the device
transfers into the STANDBY DELAY state.

STANDBY DELAY

The STANDBY DELAY state is when the ENXx pins are all low, outputs are all turned off and the DIAG_EN pin is
also low but there has not yet been tgtgy amount of time. This state is included so that the channel outputs can
be PWM'd without all of the internal rails being cut off and put to SLEEP mode. Once the device has waited
tstey, the device completely shuts down and transitions into SLEEP. However, if during tstgy, ENXx were to go
high, the device transitions into ACTIVE without shutting completely down. Similarly if the DIAG_EN goes high,
the device transitions into DIAGNOSTIC.

LOW POWER MODE

The LOW POWER MODE state is when the channels that are active are below the I py entry l€Vvel for longer than
tstey and the DIAG_EN is low. The device turns off all unnecessary internal blocks and reduces the quiescent
current from g to I pm. The device is still protected but no diagnostics or fault reporting is possible until device
comes out of this mode. For more information on Low Power Mode see &7/1a.- 7.3.2.
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8 Application and Implementation

.

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.

8.1 Application Information

The TPS4HC120-Q1 device is capable of driving a wide variety of resistive, inductive, and capacitive loads,
including the low-wattage bulbs, LEDs, relays, solenoids, heaters, and sub-modules. Full diagnostics and high-
accuracy current-sense features enable intelligent control of the load. An external adjustable current limit
improves the reliability of the whole system by clamping the inrush or overload current.

8.2 Typical Application

8-1 shows an example of the external circuitry connections for TPS4HC120.

TPS4HC120-Q1

[ ¥

LDO | I
(DC/DC) q—rL\ R AN, -

vce
* WAKE

E

Gate Driver / Reverse|
FET Turnon I

TiT
=l

VOUTx

I 4
SR s

I Cvour

o ‘Current Limit
and Protection Thermal Shutdown

-Current Sense

Sensing |

Fault Indication|

I
I
I
I
I
L
4— avol

Ed 8-1. Typical Application Diagram

# 8-1. Recommended Component Values

COMPONENT DESCRIPTION PURPOSE
TVS SMBJ39CA Filter voltage transients coming from battery (ISO7637-2)
CvBB 220nF Better EMI performance
Cic 100nF Minimal amount of capacitance on input for EMI mitigation
CguLk 10uF Help filter voltage transients on the supply rail
RproT 10kQ Protection resistor for microcontroller and device 1/O pins
Rim Discrete vz,gjiias listed in Set current limit threshold
Rsns 1kQ Translate the sense current into sense voltage
Criter 100nF Cquplgd with RPROT on the SNS line creates a low pass filter to filter out noise
going into the ADC of the MCU
Cvourt 22nF Improves EMI performance, filtering of voltage transients
RpuLLup 5kQ Pull up resistor for open-drain pins (FLT and LPM)
Renp 1kQ Stabilize GND potential during turn-off of inductive load
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# 8-1. Recommended Component Values (ftX)

COMPONENT

DESCRIPTION

PURPOSE

Danp

BAS21 Diode

Keeps GND close to system ground during normal operation

8.2.1 Design Requirements

# 8-2. Example Design Requirements

PARAMETER VALUE
VbiaG_EN 5V
ILoAD max 1A
ILoAD,min 10mA
Vapc,min Smv

Vur 1V

8.2.2 Detailed Design Procedure

To keep the 1A nominal current in the OV to 4V current-sense range, calculate the R(sns) resistor using A 7. To
achieve better current-sense accuracy, a 1% tolerance or better resistor is preferred.

Vapc,min * Ksns / ILoap,min < Rsns = (VsnsFH - VHR) * Ksns / ILoAD,max

(7)
The design requirement listed in 3% 8-2 yields 520Q < Rgng < 4160Q, and 1kQ Rgyg satisfies the requirements.

To set the adjustable current limit value, use the R ) recommended in the Current Limit Table. In this

application, to leave enough margin for the current transient and ripple, a 9.76kQ R, u resistor satisfies the
requirements.

8.2.3 Application Curves

8-2 shows a test example of soft-start when driving a big capacitive load. 8-3 shows the VDS clamp
engaging during inductive load discharge.

Tek Run — - | | Trig? Tek Run . [ 1 Trig?
e ~—~ [\ r\
B S e By A A
w A|IVER
4 M
E) I\/BBH——J L A
EporLT : : B . .
o soov 400ps 25.0M8/s 4 13 Mov 2024 5.00V 200ps 50.0M8/s e 13 Mov 2024
2.00 ¥ 2504 @ J[ 100k points 1.60 & ][ 11:38:36 J S00m¥ S00md ¢ J[ 100k points 7.40Y ][ 06:08:34 J
Vgg = 13.5V Rsns = 1kQ ILIM = OPEN Vpg = 13.5V Rsns = 1kQ ILIM = OPEN
ZOUT =10Q + 47HF TAMB =25°C ZOUT =5.5mH TAMB =25°C
B 8-2. Capacitive Load Driving 8-3. Inductive Load Discharge

8.3 EMC Transient Disturbances Test

Due to the severe electrical conditions in the automotive environment, immunity capacity against electrical
transient disturbances is required, especially for a high side power switch, which is connected directly to the
battery. Detailed test requirements are in accordance with the ISO 7637-2:2011 and ISO 16750-2:2010
standards.
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£ 8-3. 1SO 7637-2:2011(E) in 12V System "'

Test Pulse Severity Level Minimum Burst-Cycle Pulse- Inout Function
Test and vs Accordingly Pulse Number of Repetition Time P Performance
. Resistance
Item Duration (t4) | Pulses or Test o) Status
Level VsV Time MIN MAX Classification
1 Il -112 2ms 500 pulses 0.5s — 10 Status Il
2a 1} 55 50us 500 pulses 0.2s 5s 2 Status Il
2b \ 10 0.2sto 2s 10 pulses 0.5s 5s 0to 0.05 Status Il
3a I\ -220 0.1ps 1h 90ms 100ms 50 Status Il
3b v 150 0.1us 1h 90ms 100ms 50 Status Il

(1) Tested both under input low condition and high condition.
(2) GND pin network is a 1kQ resistor in parallel with a diode BAS21-7-F.
(3) Status II: The function does not perform as designed during the test, but returns automatically to normal operation after the test.

£ 8-4.1S0 16750-2:2010(E) Load Dump Test B in 12V System " @@ ©

Test Pulse Severity Level Minimum Inout Function
Test and vs Accordingly Pulse Number of Burst-Cycle Pulse- . P Performance
. o " Resistance
Item Duration (tg) Pulses or Test Repetition Time Q) Status
Level VsV Time Classification
Test B 35 40ms to 400ms 5 pulses 60s 0.5t04 Status Il

(1) Tested both under input low condition and high condition (DIAG_EN, ENx, and VBB are all classified as inputs).

(2) Considering the worst test condition, the device is tested without any filter capacitors on VBB and VOUTXx.

(3) The GND pin network is a 1kQ resistor in parallel with a diode BAS21-7-F.

(4) Status II: The function does not perform as designed during the test, but returns automatically to normal operation after the test.

8.4 Power Supply Recommendations

The device is qualified for both automotive and industrial applications. The normal power supply connection is a
12V automotive system. The supply voltage must be within the range specified in the Recommended Operating
Conditions.

# 8-5. Voltage Operating Ranges
VBB VOLTAGE RANGE NOTE
Extended lower 12V automotive battery operation such as cold crank and start-stop. Device

is fully functional and protected but some parametrics such as Rop, current sense accuracy,
current limit accuracy and timing parameters can deviate from specifications. Check the

3V to 6V

individual specifications in 733> 6.5 to confirm the voltage range it is applicable for.

Nominal 12V automotive battery voltage range. All parametric specifications apply and the

6V to 18V L .
device is fully functional and protected.

Extended upper 12V automotive battery operation such as double battery. Device is fully
18V to 24V functional and protected but some parametrics such as Ry, current sense accuracy, current
(o}
limit accuracy, and timing parameters can deviate from specifications. Check the individual

specifications in 7<=~ 6.5 to confirm the voltage range it is applicable for.

Load dump voltage. Device is operational and lets the pulse pass through without being

35V
damaged but does not protect against short circuits.

8.5 Layout
8.5.1 Layout Guidelines

To prevent thermal shutdown, T; must be less than 150°C. The HTSSOP 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.

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

» All thermal vias should either be plated shut or plugged and capped on both sides of the board to prevent
solder voids. To ensure reliability and performance, the solder coverage should be at least 85%.

8.5.2 Layout Examples
8.5.2.1 Without a GND Network

Without a GND network, tie the thermal pad directly to the board GND copper for better thermal performance.

OO0OO0O0OO0O0OO0O0
OO0OO0O0OO00O0O0
Board Ground PPO0®®®®
OO0OO0O0O000O0
NC (] 1 28 JVOUT1 ©00O
0000
EN1 (]2 |- 27 [] vouT1 [eXeXeXe)
EN2 (] 3 26 [ Jvout2 o©o0o0o0
0000 0000
EN3 (] 4 0000 25 JVOoUT2 0000
EN4 (] 5 00o? 24 [ NC
SEL1 (] 6 23 [ ] vBB 0000
0000
seLo (] 7 Thermal 22 [ vBB 60600
DIAG_EN (] & Pad 21 [ veB 02299
FoT (] 9 20 [] vBB 0000
O O O O
LPM (] 10 0000 19 _J NC
O 00O
SNS (] 11 0000 18 [ ] vouT3 gggg
LM (12 17[JvouTs3 0000
P> [ RN S — 16 [ ] VOUT4 ©00O0O
0000
NC (] 14 15[ JVOUT4 oo0o0o0
OO0OO0OO0OO0O0OO0O0
OO0OO0OO0OO0OO0OO0O0
OO0OO0OO0OO00O0O0
OO0OO0OO0OO00O0O0

B 8-4. Layout Example Without a GND Network
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8.5.2.2 With a GND Network

With a GND network, tie the thermal pad with a single trace through the GND network to the board GND copper.
Have more IC GND coverage to get better thermal performance of the part.

GND Network
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B 8-5. Layout Example With a GND Network
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9 Device and Documentation Support
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9.3 Trademarks

THRP R AL AV )AL E2E™ is a trademark of Texas Instruments.

TRCOBEE L, TN TR EE IIRELET,

0.4 BHESNEICHT 5 EEEIE

ZD IC 1%, ESD IZho THEH T A AREMENRHV E S, T R AL AV LAV T, IC BB L ISR B Ao 2 &

A EHERELET, ELORO OB LORE FIRICIED RO, 7 A2 AT BB Eh b0 ET,
A\ ESD ICLBMERIT, DT D7RtERENR F 57 AL AD SRR E TR TDIET, B/ IC DA, ATA—S N DT h
BT BT TARS TV SN SANS TR D BT IR RALLT < Ao TOET,
9.5 AR
TXRY A AL AV AY R ZOHEEEITIT, HEEPIKEEO —EB L OVERD FLHIN TWET,

10 Revision History
GRS RRBOFRFIIUGET 2R L COET, TOYGTBIRIZRGEMICEC T ET,

Changes from Revision * (December 2024) to Revision A (January 2025) Page
* Added the device compariSON tAbIE.............ooeiiiiiiii e e e e e e e e e 3
o Updated to ShOW LPM PIiN @dAEd........ooemiiiiiiiiieie et e e e e e e e e e e e e e e e e e e e e e eeeeaereseae b annans 15
* Added description for both auto-retry and latch versions...........cooo 20
e FLT now reports regardless of DIAG _EN.......oo ettt e e e e e e e e e e e e eeeeeas 23
e  FLT now reports regardless of DIAG _EN.......coo et e e e e e e e e e e e e 24
+ Updated the table to add description for auto-retry and latch versions..........c.cccooooiiii e 24

11 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most-
current data available for the designated device. This data is subject to change without notice and without
revision of this document. For browser-based versions of this data sheet, see the left-hand navigation pane.
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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 ©)
@ ©)
TPS4HC120AQDGQRQ1 Active Production HVSSOP (DGQ) | 28 2500 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 125 4HC120A
TPS4HC120AQDGQRQ1.A Active Production HVSSOP (DGQ) | 28 2500 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 125 4HC120A
TPS4HC120BQDGQRQ1 Active Production HVSSOP (DGQ) | 28 2500 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 125 4HC120B

@ 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.

@ | ead 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. 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—
LR ey R g T
o| |e e 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 OO 0O 0O 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)
TPS4HC120AQDGQRQ1 [HVSSOP| DGQ 28 2500 330.0 16.4 55 7.4 1.45 8.0 16.0 Q1
TPS4HC120BQDGQRQ1 [HVSSOP| DGQ 28 2500 330.0 16.4 55 7.4 145 | 8.0 16.0 Q1

Pack Materials-Page 1



PACKAGE MATERIALS INFORMATION

I} TEXAS
INSTRUMENTS
www.ti.com 20-Jul-2025
TAPE AND REEL BOX DIMENSIONS
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPS4HC120AQDGQRQL1 HVSSOP DGQ 28 2500 353.0 353.0 32.0
TPS4HC120BQDGQRQ1 HVSSOP DGQ 28 2500 353.0 353.0 32.0
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GENERIC PACKAGE VIEW
DGQ 28 HVSSOP - 1.1 mm max height

3x7.1,0.5 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.

4226530/A
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PACKAGE OUTLINE

™ .
DGQO028A PowerPAD™VSSOP - 1.1 mm max height
SMALL OUTLINE PACKAGE
PIN 1 INDEX
AREA
5.1
27 TYP
f 26X
o — —28
ﬁ :
— —
— —
— —
| — 1
7.2 — —
70— —
NOTE3 —— —
| — 1
— —
— —
— —
14— az:i
" g 15
0.275
5] 31 28X .165
2.9 [ [o.1®@ [c]A
SEE DETAIL A » c[a]s]
x" —_ \
, H [owT
\ |
L ‘,/ j
2X 0.45 MAX
NOTE 5
14— 15
— —
| E— — —1 I
— —
— —
GAGE PLANE .
— — 1.1 MAX
494 [ — T e e e +
430 [— 1 # F;
— " — o X’ 0.7 L 015
—] — 0°-8 0.4 0.05
—] % DETAIL A
— L TYPICAL
THERMAL
— —  pap
1I— —28
. 165 |
1.01
4226237/A 10/2020
NOTES: PowerPAD is a trademark of Texas Instruments.

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.

. No JEDEC registration as of September 2020.

. Features may differ or may not be present.

(G20 w N
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EXAMPLE BOARD LAYOUT
DGQO028A PowerPAD™VSSOP - 1.1 mm max height

SMALL OUTLINE PACKAGE

(2.2)
NOTE 9
e (1.65) —=]
28X (1.45) SYMM METAL COVERED
28X (0.3) (LL BY SOLDER MASK
L e SRR -

ol ([ Jes SEE DETAILS

(R0.05) TYP

26X (0.5)

(4.94) (7.1)
NOTE 9

SOLDER MASK
DEFINED PAD

i

©@0.2) TYP
VIA

‘ L e \

(4.4) i

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE: 12X

SOLDER MASK METAL METAL UNDER SOLDER MASK
OPENING\ SOLDER MASK‘\ /OPENING

=

|
0.05 MAX AL EXPOSED METAL oo i L EXPOSED METAL

ALL AROUND
NON-SOLDER MASK ALL AROUND SOLDER MASK
DEFINED DEFINED
(PREFERRED)

SOLDER MASK DETAILS
4226237/A _10/2020

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
DGQO028A PowerPAD™VSSOP - 1.1 mm max height

SMALL OUTLINE PACKAGE

~— (1.65) —~]
BASED ON
28X (1.45) 0.125 THICK METAL COVERED
28X (0.3) STENCIL BY SOLDER MASK
N SR SIS L[ o8
f i ! !
! L 1
R0.05) TYP/% N N S
26X (05) Li] O I s
! ! [ 1 |
== |0 | o
| | %
1 (4.94)
SYMNL,,‘ [;>7+‘7;>4,77777 BASED ON
T C I &
i ‘ STENCIL
3 T
% [ %
i |
I C ——
-
i |
L ) ‘ 15
| SYMM ! SEE TABLE FOR
‘ ¢ DIFFERENT OPENINGS
| | FOR OTHER STENCIL
| (4.4) 1 THICKNESSES

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL

SCALE: 12X
STENCIL SOLDER STENCIL
THICKNESS OPENING
0.1 1.84 X 5.52
0.125 1.65 X 4.94 (SHOWN)
0.15 1.51 X 4.51
0.175 1.39 X 4.18

4226237/A 10/2020

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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