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TPS1H100-Q1 40-V, 100-mQ Single-Channel Smart High-Side Power Switch

1 Features

Qualified for Automotive Applications
AEC-Q100 Qualified With the Following Results:

— Device Temperature Grade 1: —-40°C to 125°C

Ambient Operating Temperature Range
— Device HBM ESD Classification Level H3A
— Device CDM ESD Classification Level C4B

Single-Channel Smart High-Side Power Switch
With Full Diagnostics

— Version A: Open-Drain Status Output

— Version B: Current Sense Analog Output
Wide Operating Voltage 3.5 to 40 V

Very-Low Standby Current, <0.5 pA

Operating Junction Temperature, —40 to 150°C
Input Control, 3.3-V and 5-V Logic Compatible

High-Accuracy Current Sense, £+30 mA at 1 A,
4 mA at 5 mA

Programmable Current Limit With External
Resistor, £20% at 0.5 A

Diagnostic Enable Function for Multiplexing of
MCU Analog or Digital Interface

Tested According to AECQ100-12 Grade A,
1 Million Times Short to GND Test

Electrical Transient Disturbance Immunity
Certification of ISO7637-2 and 1SO16750-2

Protection

— Overload and Short-Circuit Protection

— Inductive Load Negative Voltage Clamp
— Undervoltage Lockout (UVLO) Protection

— Loss of GND, Loss of Supply Protection

— Reverse Battery Protection With External
Circuitry

Diagnostic

On/Off State Output Open/Short to Battery

Detection

Overload and Short to Ground Detection and

Current Limit

Thermal Shutdown/Swing Detection

* 14-Pin Thermally-Enhanced PWP Package

2 Applications

* High-Side Power Switch for Sub-Module
* Low-Wattage Lamp Power Switch
» High-Side Relay/Solenoids

» PLC Digital Output Power Switch

e General Resistive, Inductive, and Capacitive

Loads

3 Description

The TPS1H100-Q1 is a fully protected high-side
power switch, with integrated NMOS power FET and
charge pump, targeted for the intelligent control of the
variable kinds of resistive, inductive, and capacitive
loads. Accurate current sense and programmable
current limit features differentiate it from the market.

Device Information®

PART NUMBER

PACKAGE

BODY SIZE (NOM)

TPS1H100-Q1

HTSSOP (14)

4.40 mm x 5.00 mm

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

— Thermal Shutdown/Swing With Self Recovery

4 Typical Application Schematic

VBAT

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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6 Pin Configuration and Functions

PWP Package
14-Pin HTSSOP
Top View

NC [
GND [T
IN L
NC [
OUT [
OUT [
OUT [

N 14 13 ST
Ver A

13T CL
12 |73 DIAG_EN
Tab | 11 IO NC
10 I3 VS

9 [1TIVS

8 VS

NC[C] 1 / 14 ™M cs
Ver B
GND T 2 131 cL

INC 3 12 [[1T1 DIAG_EN

NC [T 4 Tab 11 [ NC

ouT/T— 5 10 ™M VS
ouT™] 6 9 [ VS
outT/T— 7 8 1 VS

Pin Functions

PIN I/0 DESCRIPTION
NAME NO.
1
NC 4 — No connect pin Floating
11
GND 2 — Ground pin
IN 3 | Input control for channel activation
5
ouT 6 (@) Output, connected to load (NMOS source)
7
8
VS 9 | Power supply; battery voltage
10
DIAG_EN 12 | E{:@gﬁgisame pin for diagnostic Connect to device GND if not used
CL 13 (0] Programmable current limit pin Connect to device GND if external current limit is not used
cs 140 O | Current sense output Floating if not used
ST 14@ (0] Open-drain diagnostic status output Floating if not used
Tab — — Thermal pad Connect to device GND or floating

(1) Version B
(2) Version A

Copyright © 2014-2015, Texas Instruments Incorporated
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Figure 1. Pin Current and Voltage Conventions

7 Specifications

7.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted) ¥@®

MIN MAX UNIT
Supply voltage ™, t < 400 ms 48 \Y;
Reverse polarity voltage ® -18 \%
Continuous drain current Internally limited A
Reverse current on GND -50 20 mA
Reverse current on GND, t <120 s -250 20 mA
Voltage on IN/DIAG_EN pin -0.3 7 \%
Current on IN /DIAG_EN pin -30 2 mA
Voltage on ST pin -0.3 \Y
Current on ST pin -30 10 mA
IN pin PWM frequency KHz
Voltage on CL pin -0.3 \%
Current on CL pin -2 30 mA
Voltage on CS pin 2.7 6.5 \%
Current on CS pin -2 30 mA
Inductive load switch-off energy dissipation single pulse(® 70 mJ
Operating ambient temperature -40 125 °C
Operating junction temperature -40 150 °C
Storage temperature, Tgyg -65 150 °C

@

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

All voltage values are with respect to GND.

Absolute negative voltage on these terminals is not to go below —0.3 V.

Absolute maximum voltage, withstand 48-V load dump voltage for 400 ms.

Reverse polarity condition: t < 60 s, reverse current < Irevl, GND pin 1-kQ resistor in parallel with diode.

Test condition: Vg = 13.5V, L=8 mH, R = 0 Q, T; = 150°C. FR4 2s2p board, 2- x 70-um Cu, 2- x 35-um Cu. 600-mm? thermal pad
copper area.
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7.2 ESD Ratings

VALUE UNIT
_ Human body model (HBM) AEC-Q100 Classification Level H3A® |VS, OUT, GND +5000
V(esp) 555;?%:“0 Human body model (HBM) AEC-Q100 Classification Level H2®) | Other pins +4000 Y%
Charged device model (CDM), per AEC Q100-011® +750

(1) The human-body model is a 107-pF capacitor discharged through a 1.5-kQ resistor into each terminal.
(2) The charged-device model is tested according to AEC_Q100-011C.

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

MIN MAX UNIT
Vs Operating voltage 5 40 \%
Voltage on IN/DIAG_EN pin 0 5 \%
Voltage on ST pin 0 5 \Y
lo,nom Nominal DC load current 0 4 A
T; Operating junction temperature range -40 150 °C

7.4 Thermal Information

TPS1H100-Q1
THERMAL METRIC® PWP (HTSSOP) UNIT
14 PINS
RoJa Junction-to-ambient thermal resistance ? 41 °C/W
Rojctop) Junction-to-case (top) thermal resistance 29.7 °C/W
Ross Junction-to-board thermal resistance 25.1 °C/W
T Junction-to-top characterization parameter 0.9 °C/W
ViR Junction-to-board characterization parameter 24.8 °C/W
Roc(bot) Junction-to-case (bottom) thermal resistance 2.7 °C/W

(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report, SPRA953.

(2) The thermal data is based on JEDEC standard high-K profile — JESD 51-7. The copper pad is soldered to the thermal land pattern. Also,
correct attachment procedure must be incorporated.

80
—— 4-layer PCB
\ —— 2-layer PCB
60 \
g‘ \\\\\
)
\\
30
20

0 100 200 300 400 500 600 700 800
Copper Area (mm?)

(1) 4-layer board: FR4 2s2p board, 2.8-mil copper (top/bottom), 1.4-mil copper (internal layers). 76.4- x 114.3- x 1.5-mm
board size.

(2) 2-layer board: FR4 2s0p board, 2.8-mil copper (top/bottom). 76.4- x 114.3- x 1.5-mm board size.
Figure 2. Ryja Value vs Copper Area
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7.5 Electrical Characteristics
5V < Vg <40 V;-40°C < T, < 150°C unless otherwise specified

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
OPERATING VOLTAGE
Vs nom Nominal operating voltage 5 40 Y
. Rps.on Vvalue increases maximum 20%,
Vs.op Extended operating voltage compared to 5 V, see Rps.oy parameter 3.5 5 \%
Vs.uvr Undervoltage restart Vs rises up, Vs > Vg yyr, device turn on 3.5 3.7 \%
Vs, uve Undervoltage shutdown Vs falls down, Vs < Vg yyr, device shuts off 3 3.2 35 \Y
Vv, hys Undervoltage shutdown, hysteresis 0.5 \Y
OPERATING CURRENT
. . Vin=5V, Vpiag en =0V, no load 5 mA
lhom Nominal operating current =
VlN =5V, VDlAG_EN =0V, 10-Q load 10 mA
Vs =135V, Viy=Vpjac N = Ves = VeL = 05| pA
Voutpur =0V, Ty =25°C '
loft Standby current
Vg =13.5V, Viy = Vpjag en = Ves = VoL = 5| pA
VOUTPUT =0 V, TJ =125°C
loff,diag Standby current with diagnostic enabled | Viy =0V, Vpjag N =5V 12| mA
. L) IN from high to low, if deglitch time > tyf geg,
toff,deg Standby mode deglitch time enters into standby mode. 2 ms
Vs =135V, V)=V =0, T;=25°C 0.5 A
lieak out Off-state output leakage current S . OUTPUT J "
Vg = 135V, VN = VouTtput = 0, T;= 125°C HA
POWER STAGE
Vs >5V, T;=25°C 80 100 mQ
Rps.-on On-state resistance Vs >5V, T;=150°C 166 | mQ
V=35V, Ty=25C 120 mQ
liim,nom Internal current limit 7 13 A
Internal current limit, thermal cycling condition 5 A
lim.tsd Current limit during thermal shutdown | External current limit, thermal cycling
' condition; Percentage of current limit set 50%
value
Clamp drain-to-source voltage internally
Vpbs clamped 50 70 \
OUTPUT DIODE CHARACTERISTICS
Ve Drain-to-source diode voltage ViN=0, loyt=-0.2 A 0.7 \Y
. t<60s, Vg =13.5V, GND pin 1-kQ resistor
Irevt f;?lr;t:;\gotéj;:tve(zr)se current when in parallel with diode. T; = 25°C. See I, test 4 A
P y condition (Figure 6).
| Continuous reverse current when t<60s, Vg =13.5V. T;=25°C. See liey 2 A
rev2 Vout > Vs + Vaioge @ test condition (Figure 7).
LOGIC INPUT (IN AND DIAG_EN)
Viogic,h Input/Diag_En high level voltage 2 Y
Viogic,| Input/Diag_En low level voltage 0.8 Y
Viogic,hys Input/Diag_En Hysteresis voltage 250 mV
Rpd,in Input pulldown resistor 500 kQ
Rpd,diag Diag pulldown resistor 150 kQ

(1) Value is specified by design, not subject to production test.
(2) Value are based on the minimum value of the 10 pcs/3 lots samples.
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Electrical Characteristics (continued)

5V <Vg<40V; -40°C < T, < 150°C unless otherwise specified

PARAMETER | TEST CONDITIONS MIN TYP MAX | UNIT
DIAGNOSTICS
lioss,gnd Loss of ground output leakage current 100| pA
v Open load detection threshold in off Vin =0V, When Vg — Voyt < Vi off, duration 1.4 18 26 vV
ol,off state longer than t, of. Open load detected. . : .
lovoft gz;jstate output sink current when open ViN=0V, Vs = Vour = 135V, Ty = 125°C. 50| pA
t Open load detection threshold deglitch | Viy =0V, When Vg — Voyt < V) off, duration 600 s
ol,off time in off state longer than t, oft. Open load detected. H
. . Vin =5V, when lgyt < lg| on, duration longer
loton Open load detection threshold in on than ty, o Open load detected. 5 6 10| mA
: state . O
Version A only
. . Vin =5V, when lgyt < lg|on, duration longer
foton C_)pen load detection threshold deglitch than ty, on. Open load detected. 700 us
: time in on state L O
Version A only
V Status low output voltage st =2 mA 04| V
sT Version A only :
Tsp Thermal shutdown threshold 175 °C
Tsprst Thermal shutdown status reset 155 °C
Tew Thermal swing shutdown threshold 60 °C
Thys Hysteresis for resetting the thermal 10 oc
shutdown and swing
CURRENT SENSE (VERSION B) AND CURRENT LIMIT
K Current sense current ratio 500
KeL Current limit current ratio 2000
lioad = 5 MA —80% 80%
lipad = 25 MA -10% 10%
dK/K Current sense accuracy lioad = 50 MA 7% 7%
lload = 0.1 A —5% 5%
load 21 A —-3% 3%
o limit 2 0.5 A —20% 20%
dKc /KcL  External current limit accuracy
limit 2 1.6 A —14% 14%
Vesiin Linear current sense voltage range!® | Vg25V 0 41 v
louT jin Linear output current range® Vs25V, Vegin <4V 0 41 A
Vg27V 4.3 4.75 4.9
VesH Current sense fault high voltage Min(Vs — \%
Vs25V 0.8, 4.3) 4.9
lcsH Current sense fault condition current Veg=43V,Vg>7V 10 mA
VeLh Current limit internal threshold voltage () 1.233 v
Vn=5V,R =10Q,V, =0V, T;=
| Current sense leakage current in 195G toad DIAG_EN ’ 11 pA
CS.leak disabled mode
Vin=0V, VDIAG_EN =0V, T;=125°C 1 HA
Copyright © 2014-2015, Texas Instruments Incorporated Submit Documentation Feedback 7
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7.6 Timing Requirements — Current Sense Characteristics®

MIN  NOM MAX| UNIT

t CS settling time VIN =5V, ligag 25 MA. Vpjag en from 5to 0 V. CS to 10% of sense 10 s
CSoffl from DIAG disabled | value. W
t CS settling time ViN =5V, ligag 25 MA. Vpjag_en from 0 to 5 V. CS to 90% of sense 10 s
CS.onl  from DIAG enabled | value. H

V =5V, lijpag 25 MA. IN from 5 to 0 V. CS to 10% of sense
‘ CS settling time valneEN toad 10| us
CS.0ff2 from IN falling edge —

Vpiac_EN = 5V, ligag 2 5 MA. IN from 5 to 0 V. Current limit triggered. 180 | ps
t CSs Settling time VS =135 V, VDlAG_EN =5 V, Iload =100 mA. VlN from0to5V.CSto 150 s
CS.on2  from IN rising edge | 90% of sense value. H

(1) Value specified by design, not subject to production test.

DiagEn | T
cs __| i
Tcs,on2  Tcs, offl Tcs,onl Tcs, off2

Figure 3. CS Delay Characteristics

u

il

ST

Tol,on

Figure 4. Open Load Blanking Time Characteristics
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7.7 Switching Characteristics
Vs = 13.5V, Rag = 10 Q, over operating free-air temperature range (unless otherwise noted)®

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
t4,0N Turn-on delay time IN rising edge to Vout = 10%, DIAG_EN high 20 50 ps
t4,0FF Turn-off delay time IN falling edge to Voyt = 90%, DIAG_EN high 20 50 ps
dV/dtoy  Slew rate on Vout = 10% to 90%, DIAG_EN high 0.1 0.5| Vlus
dV/dtopr  Slew rate off Vout = 90% to 10%, DIAG_EN high 0.1 0.5| Vlus

Slew rate on and off matching -0.15 0.15| Vlps

(1) Value specified by design, not subject to production test.

! | >
Td,ON dV/dtON Td,OFF dV/dtOFF

Figure 5. Switching Characteristics Diagram
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A Output BRNN
i >
x Clamp L
—h A
SOURCE
Load
GND

L

I

_VBAT
Rgnd < |pgnd |/
[
| —
Figure 6. I, Test Condition
0
Output BRAIN
X Clamp o L
:]- _VBAT
SOURCE Load
]
GND

Figure 7. Il Test Condition
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7.8 Typical Characteristics

All the below data are based on the mean value of the three lots samples, Vs = 13.5 V if not specified.

4 10
— Vs,uvr —— Inom(no load)
— Vs,uvf —— Inom(10-O load)
3.8 — 8
I —
e~ <
S 36 E 6
Q e
g 5
S 34 3 4
3.2 2
[ —
3 0
-40 -15 10 35 60 85 110 125 -40 -15 10 35 60 85 110 125
Temperature (T) Temperature (T)
Figure 8. Vg yyr and Vs uve Figure 9. l,om With No Load and 10-Q Load
0.3 1.2
— loff
— lleak,out
0.25 A 1
/ L
/ | |
02 .08
3 / z
§ 0.15 / E 0.6
3 / 3
0.1 / 0.4
0.05 0.2
0 0
-40 -15 10 35 60 85 110 125 -40 -15 10 35 60 85 110 125
Temperature (T) Temperature (T)
Figure 10. lost and lieak out Figure 11. Iyt diag
1.8 0.9
— Vilogic,h
— Vlogic,
1.6 \
\\
— 0.8
\\
1.4 — \
> >
S 12— > 07
8 —— 8
o o
> > \
1
0.6
0.8
0.6 0.5
-40 -15 10 35 60 85 110 125 -40 -15 10 35 60 85 110 125
Temperature (T) Temperature (T)
Figure 12. Viggic h and Viggic,| Figure 13. VF
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Typical Characteristics (continued)

All the below data are based on the mean value of the three lots samples, Vg5 = 13.5 V if not specified.
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Typical Characteristics (continued)

All the below data are based on the mean value of the three lots samples, Vg5 = 13.5 V if not specified.
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Typical Characteristics (continued)

All the below data are based on the mean value of the three lots samples, Vg5 = 13.5 V if not specified.
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Figure 26. Kcs = 1A, 135V
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8 Detailed Description

8.1 Overview

The TPS1H100-Q1 is a high-side power switch that is fully protected and single channel, with integrated NMOS
power FET and charge pump. Full diagnostics and high-accuracy current sense features enable intelligent
control of the load. Programmable current limit function greatly improves the whole system’s reliability. The
device diagnostic reporting has two versions to support both digital status and analog current sense output, both
of which can be set as high impedance when diagnostics are disabled, for multiplexing the MCU analog or digital
interface among devices.

For version A, the digital status report is implemented with an open-drain structure. When a fault condition
happens, it pulls down to GND. 3.3- or 5-V external pullup is required to match the microcontroller’'s supply level.
For version B, high-accuracy current sensing allows better real-time monitoring effect and more accurate
diagnostics without further calibration. A current mirror is used to source 1 / K of the load current, which is
reflected as voltage on the CS pin. K is a constant value across the temperature and supply voltage. Wide linear
region from 0 to 4 V is presented for normal operation current sensing function. The CS pin can also report a
fault with pulled up voltage of V¢g .

The external high-accuracy current limit allows setting the current limit value by application. It highly improves the
system'’s reliability by clamping the inrush current effectively under start-up or short-circuit conditions. Also, it can
save system costs by reducing PCB trace, connector size, and the preceding power stage capacity. Internal
current limit is also implemented in this device. The smaller value of the external or internal current limit value is
applied.

An active drain and source voltage clamp is built in to address switching off energy of inductive load, including
the relays, solenoids, pumps, motors, and so forth. During the inductive switching off cycle, both the energy of
the power supply (Egat) and the load (E oap) are dissipated on the high-side power switch itself. With the
benefits of process technology and excellent IC layout, TPS1H100-Q1 can achieve excellent power dissipation
capacity, which can help save the external free-wheeling circuitry in most cases. Refer to Inductive Load
Switching-Off Clamp for more details.

Short circuit reliability is critical for smart high-side power switch devices. The standard of AEC-Q100-012 is to
determine the reliability of the devices when operating in a continuous short-circuit condition. Different grade
levels are specified according to the pass cycles. This device is qualified with the highest level, Grade A, 1
million times short to GND certification.

TPS1H100-Q1 can be used as a high-side power switch a wide variety of resistive, inductive, and capacitive
loads, including the low-wattage bulbs, LEDs, relays, solenoids, and heaters.
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8.2 Functional Block Diagram

DRAIN (VS)
L L L
@
Internal LDO Charge Pump
Vbs Clamp
l
Internal
Reference _<.
IN
Gate Driver &
DIAG_EN
5T T Open Load [ l
Diagnostics Detection
and Protection
CL I Current Limit @
SOURCE(OUT
Thermal Current Sense L 4 ( )
Monitor
CSs

% GND

8.3 Feature Description

8.3.1 Accurate Current Sense

For version B, the high-accuracy current sense function is internally implemented, which allows a better realtime
monitoring effect and more accurate diagnostics without further calibration. A current mirror is used to source 1/

K of the load current, flowing out to the external resistor between the CS pin and GND, and reflected as voltage
on CS pin.

K is the ratio of the output current and the sense current. It is a constant value across the temperature and

supply voltage. Each device was internally calibrated while in production, so post-calibration by users is not
required in most cases.
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Feature Description (continued)

N

dK/K = £3%

0A

Figure 29. Current Sense Accuracy

Ensure the CS voltage is in the linear region (0 to 4 V) during normal operation. Calculate the Rcg with
Equation 1.
VCS VCS X K
RS e
CS out 1)

Also, when a fault condition happens, CS works as a diagnostics report pin. When open load/short to battery
happens in the on-state, Vg almost equals 0. When current limit, thermal shutdown/swing, open load/short to
battery in the off-state happens, the voltage is pulled up to Vcs ;. Figure 30 shows a typical current sense voltage
according to the operating conditions, including fault conditions.
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Feature Description (continued)
Current Sense 4
Voltage
Vcs,H
ADC Full Scale |
Range |
|
|
Max Normal | ___________________ e
Operating Current i !
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
.
Open Load Current | -/ _________ i:,,,,,;, 7777777777777 Operating
| ! } Range
On-state: Normal Over On-state: Current limit, thermal fault
open load/short to battery current Off-state: Open load/ short to battery

Figure 30. Current Sense Pin Voltage Indication

VBAT

VS

lout/K lout/Kel ‘ <4 A

CURRENT

CLAMP

FAULT |Ves H fPJ dout,
— cs cL ouT

Rcs
RcL

Figure 31. Current Sense and Current Limit Block Diagram

8.3.2 Programmable Current Limit

A high-accuracy current limit allows higher reliability, which protects the power supply during short circuit or
power-up. Also, it can save system costs, by reducing PCB traces, connector size, and the preceding stage
power capacity.

Current limit offers the protection to the load and integrated power FET from over stressing. It holds at the set

value, and pulls up the CS pin to Vcsy, as a diagnostic report. The two current limit thresholds are:

» External programmable current limit -- An external resistor is used to convert a proportional load current into a
voltage, which is compared with an internal reference voltage, Vg, . When the voltage on the CL pin exceeds
Vine, @ closed loop steps in immediately. Vg5 voltage regulates accordingly, leading to the Vg4 voltage
regulation. When the closed loop is set up, the current is clamped at the set value finally. The external
programmable current limit enhances the flexibility to set the current limit value by application.

e Internal current limit -- Internal current limit is fixed and typically 10 A. To use internal current limit for large

18 Submit Documentation Feedback Copyright © 2014-2015, Texas Instruments Incorporated
Product Folder Links: TPS1H100-Q1


http://www.ti.com/product/tps1h100-q1?qgpn=tps1h100-q1
http://www.ti.com
http://www.ti.com/product/tps1h100-q1?qgpn=tps1h100-q1
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVSCM2B&partnum=TPS1H100-Q1

13 TEXAS
INSTRUMENTS
TPS1H100-Q1

www.ti.com SLVSCM2B —OCTOBER 2014—REVISED JUNE 2015

Feature Description (continued)

current applications, the CL pin should be tied directly to the device GND.

Both internal current limit (lim nom) @and external programmable current limit are always active when Vg is powered
and IN is high level. The smaller one (of Iy, n,om and external programmable current limit) is applied as the actual
current limit.

Note that if a GND network is used (which leads to the level shift between the device GND and board GND), the
CL pin must be connected with device GND. Calculate the R, with Equation 2.

Veutn — lout Ve * Ker
Re, Ko TOLTT
CL CL out )

loL =

For better protection from the hard short to GND condition (when Vg and input are high and a short to GND
happens suddenly), an open loop fast-response behavior is set to turn off the channel, before the current limit
closed loop is set-up. The open loop response time is around 1 ps. With this fast response, the device can
achieve better inrush suppression performance.

8.3.3 Inductive Load Switching-Off Clamp

When inductive load is switching off, 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 demagnetization. To
protect the power FET in this situation, internally clamp the drain-to-source voltage, namely Vps ciamp, the clamp
diode between the drain and gate.

VDS,clamp = VBAT - VOUT ©)
During the duty of demagnetization (Tpecay), the power FET is turned on for inductance energy dissipation. Both
the energy of the power supply (Egat) and the load (E, oap) are dissipated on the high-side power switch itself,

which is called Eygp. If resistance is in series with inductance, some of the load energy will be dissipated on the
resistance.

Ensp = Esat + ELoap = Esat +EL —Eg (4)

From the high-side power switch’s view, E,5p equals the integration value during the demagnetization duty.

Toecay
Enso :_[ Vbs,clamp * lout (t)dt )
L R x| + |V,
Toccay = = x In[ OUT(MAX) | OUT]
R Vour| (6)
Veat + [Vour| R xloyrvax) + [Vour
Epsp =L x ———5—— x | Rxloyrmax) = [Vour|In (V ) | |
Vour| (7)
When R approximately equals 0, E,5p can be given simply as:
E IV VBat + ‘VOUT‘
HSD =% ouUT(MAX) — g2 ®)
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Feature Description (continued)

DRAIN

g\ ‘—425

SOURCE

| +
_l_ 1

Figure 32. Driving Inductive Load

INPUT

Y

VBAT

VOUT ?

Y

IOUT Enso

toecay

Figure 33. Inductive Load Switching Off Diagram

As discussed previously, when switching off, battery 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. Tl provides the upper limit of the maximum single pulse energy that devices can tolerant
under the test condition: Vg = 13.5 V, inductance from 0.1 to 400 mH, R = 0 Q, FR4 2s2p board, 2- x 70-um
copper, 2- x 35-um copper, thermal pad copper area 600 mm?.

For one dedicated inductance, users can refer to Figure 34. If the maximum switching off current is smaller than
the current value shown on the curve, the internal clamp function can be used for the demagnetization energy
dissipation. If not, the external free-wheeling circuitry is necessary for device protection.
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Feature Description (continued)

12
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Figure 34. Maximum Current vs Inductance Range

8.3.4 Full Protections and Diagnostics

Table 1 is when DIAG_EN enabled. When DIAG_EN is low, current sense or ST is disabled accordingly. The
output is in high-impedance mode. Refer to Table 2 for details.

Table 1. Fault Table

ST Cs . .
CONDITIONS IN ouT CRITERION (Version A) (Version B) Diagnostics Recovery
L L H 0
Normal : .
H H H In linear region
Short to GND H Current limit triggered. L Vesh AUTO
Open load@® Version A: Output current < lg| op .
Sh(?rt o battery H H Version B: Judged by users L (deglitch) Almost 0 AUTO
Reverse polarity L H Vs — Vour < Vol off L (deglitch) Ves h (deglitch) AUTO
. Recovery when
Thermal shutdown H TSD triggered L V
99 csh temp < Tsprst
Thermal swing H Tsw triggered L Vesh AUTO
(1) Need external pullup resistor during off-state
Table 2. DIAG_EN Logic Table
DIAG_EN | IN Condition Protections and Diagnostics
ON See Table 1
HIGH
OFF See Table 1
ON Diagnostics disabled, protection normal
CS or ST is high Impedance
LOW - - : :
OFF Diagnostics disabled, no protections
CS or ST is high impedance
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8.3.4.1 Short to GND/Overload Detection

In the on state, the short to GND fault is reported as the low status output or Vcs, on CS, when current limit is
triggered. The smaller one of the internal or external set value is applied for the actual current limit. It is in auto-
recovery when the fault condition is cleared. If not cleared, thermal shutdown triggers to protect the power FET.

8.3.4.2 Open Load Detection

In the on state, for version A, if the current flowing through the output is less than I o, the device recognizes an
open load fault. For version B, diagnostics are diagnosed by reading the voltage on the CS pin, it is judged by
the user. As a benefit from high accuracy current sense down to very-small current range, this device can
achieve very-low open load detection threshold, which respectively expands the normal operation region. TI
suggests 10 mA as the upper limit for the open-load detection threshold and 25 mA as the lower limit for the
normal operation current. In Figure 35, the recommended open load detection region is shown as the dark-
shaded region and the light-shaded region is for normal operation. As a guideline, do not overlap these two
regions.

Normal Operation
— Region

275 MA [
10% Tolerance
25 mA
22.5mA
18 mA \
el el R p- On State, Open Load/
10 mA Short to Battery
2mA A

Figure 35. On-State Open Load Detection and Normal Operation Diagram

In the off state, if a load is connected, the output voltage is pulled to 0 V. When open load, the output voltage is
close to the supply voltage, Vs — Vout < Vg ot FOr version A, the ST pin will go low to indicate the fault to MCU.
For version B, the CS pin will be pulled up to Vcsh. There is always a leakage current I, o present on the output,
due to internal logic control path or external humidity, corrosion, and so forth. Thus, TI recommends an external
pullup resistor to offset the leakage current. This pullup current should be less than output load current to avoid
misdetection in the normal operation mode. To reduce the standby current, TI recommends to always use a
switch for the pullup resistor. TI recommends R, < 15 kQ.
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Figure 36. Open Load Detection Circuit

8.3.4.3 Short to Battery Detection

Short to battery has the same detection mechanism and behavior as open load both in the on-state and off-state.
Refer to the fault truth table, Table 1, for more details. In the on-state, the reverse current flows through the FET
instead of the body diode, leading to less power dissipation. Thus, the worst case for off-state is when reverse
current occurs. In the off-state, if Voyr — Vs < VE, short to battery can be detected. (Vg is the body diode forward
voltage and typically 0.7 V.) However, the reverse current will not occur. If Voyr — Vg > Vg, short to battery can
be detected, and the reverse current should be smaller than l.,, to ensure the survival of the device. TI
recommends switching on the input for lower power dissipation or the reverse block circuitry for the supply. Refer
to Reverse Current Protection for more external protection circuitry information.

8.3.4.4 Reverse Polarity Detection

Reverse polarity has the same detection mechanism and behavior as open load both in the on-state and off-
state. Refer to the fault truth table, Table 1, for more details. In the on-state, the reverse current flows through
the FET instead of the body diode, leading to less power dissipation. Thus, the worst case off-state is when
reverse current occurs. In off-state, the reverse current should be smaller than |, to ensure the survival of the
device. Refer to Reverse Current Protection for more external protection circuitry information.

8.3.4.5 Thermal Protection Behavior

Both the absolute temperature thermal shutdown and the dynamic temperature thermal swing diagnostic and
protection are built in to the device to increase the max reliability of the power FET. Thermal swing is active
when the temperature of the power FET is increasing sharply, that is AT = Tpyos — Tiogic > Tsw» then the output is
shut down, and the ST pin goes low, or the CS pin is pulled up to Vcgp. It auto-recovers and clears the fault
signal until AT = Tpymos — Tiogic < Tsw — Thys: Thermal swing function improves the device’s reliability against
repetitive fast thermal variation, as shown in Figure 37. Multiple thermal swings are triggered before thermal
shutdown happens. Thermal shutdown is active when absolute temperature T > Tgp. When active, the output is
shut down, and the ST pin goes low, or the CS pin pulled up to Vcsy. The output is auto-recovered when T <
Tsp — Thys: the current limit is reduced to ljm sq, OF half of the programmable current limit value, to avoid repeated
thermal shutdown. However, the thermal shutdown fault signal and half current limit value are not cleared until
the junction temperature decreases to less than Tgp s

Copyright © 2014-2015, Texas Instruments Incorporated Submit Documentation Feedback 23
Product Folder Links: TPS1H100-Q1


http://www.ti.com/product/tps1h100-q1?qgpn=tps1h100-q1
http://www.ti.com
http://www.ti.com/product/tps1h100-q1?qgpn=tps1h100-q1
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVSCM2B&partnum=TPS1H100-Q1

13 TEXAS
INSTRUMENTS
TPS1H100-Q1

SLVSCM2B —OCTOBER 2014—REVISED JUNE 2015 www.ti.com

In

Tsp-
Thys -
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Vcs

-
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Figure 37. Thermal Behavior

8.3.4.6 UVLO Protection

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 yyr, the output stage is shut down automatically. When the
supply rises up to Vs yyr, the device turns on.
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8.3.4.7 Loss of GND Protection

When loss of GND happens, output is turned off regardless of whether the input signal is high or low.

Case 1 (loss of device GND): Loss of GND protection is active when the Tab, Ic_gnp, and current limit GND are
one trace connected to the board GND, as shown in Figure 38. Tab floating is also a choice.

VBAT
IN DRAIN
AMN {]
A % ST
W Version A 1
MCU AMA DIAG EN 5 C SOURCE
M _€S L
J_ Version B NC Load
o (Floating)
= CL
1 Tab =
1 :
= GND
{1
|
i
Figure 38. 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.

Figure 39. Loss of Module GND
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8.3.4.8 Loss of Power Supply Protection

When loss of supply happens, 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 I0s 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.

IN DRAIN
M\ ]
M ; ST
DIAG_EN
MCU A ] []SOURCE
T CSh /No E
- ! ]
NC
CL . I:](Floating) Z
\Vi
GND
T
J_ Rgnd %Dgndsz
Figure 40. Loss of Battery
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8.3.4.9 Reverse Current Protection

Method 1: Block diode connected with Vs. Both the IC and load are protected when in reverse polarity.

IN Output DRAIN
[ Gate drive & | Clamp

% and Clamp
STATUS | ) —h A\
Version A L1 Logic and

% Protection
DIAG_EN SOURCE

L

o
|

_ Cs 0] Current Sense/
Version B ii Current Limit Load
CURRENT LIMIT | E\'l:? ting)
oatin
[H| ’
N
{1
GND

Figure 41. Reverse Protection With Block Diode

28 Submit Documentation Feedback Copyright © 2014-2015, Texas Instruments Incorporated

Product Folder Links: TPS1H100-Q1


http://www.ti.com/product/tps1h100-q1?qgpn=tps1h100-q1
http://www.ti.com
http://www.ti.com/product/tps1h100-q1?qgpn=tps1h100-q1
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVSCM2B&partnum=TPS1H100-Q1

13 TEXAS
INSTRUMENTS
TPS1H100-Q1

www.ti.com SLVSCM2B —OCTOBER 2014—REVISED JUNE 2015

Method 2 (GND network protection): Only the high-side device is protected under this connection. The load
reverse loop is limited by the load itself. Note when reverse polarity happens, the continuous reverse current
through the power FET should be less than |, Of the three types of ground pin networks, Tl strongly
recommends type 3 (the resistor and diode in parallel). No matter what types of connection are between IC GND
and the board GND, if a GND voltage shift happens, ensure the following proper connections for the normal
operation:

» Leave the NC pin floating or connect to the IC GND. Tl recommends to leave floating.
» Connect the current limit programmable resistor to IC GND.

[ Gate drive AZS Clamp >
% and Clamp =
STATUS | ! —i A
Version A L1 Logic and
% Protection

DIAG_EN

SOURCE
.

-GS 5 Current Sense/
Version B Current Limit Load
NC
CURRENT LIMIT ] (Floating)
{1
N
{1
[ GND
VBAT
Rgnd < pgnd /
GND I
Network ' =

Figure 42. Reverse Protection With GND Network

 Type 1 (resistor): The higher resistor value contributes to a better current limit effect when the reverse
battery or negative 1ISO pulses. However, it leads to higher GND shift during normal operation mode. Also,
consider the resistor's power dissipation.
Renp < VGNDshift
Inom (9)

(-Vee)

R >
GND (_IGND)

where

*  Vgnposhiit IS the maximum value for the GND shift, determined by the HSD and microcontroller. Tl suggests a
value £ 0.6 V.

* lom IS the nominal operating current.
e V¢ is the maximum reverse voltage seen on the battery line.

e —lgnp is the maximum reverse current the ground pin can withstand, which is available in the Absolute
Maximum Ratings. (10)

If multiple high-side power switches are used, the resistor can be shared among devices.
« Type 2 (diode): A diode is needed to block the reverse voltage, which also brings a ground shift (= 600 mV).
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However, an inductive load is not acceptable to avoid an abnormal status when switching off.

 Type 3 (resistor and diode in parallel (recommended)): A peak negative spike may occur when the
inductive load is switching off, which may 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 1-kQ resistor in
parallel with an I > 100-mA diode. If multiple high-side switches are used, the resistor and diode can be
shared among devices.

8.3.4.10 MCU IOs Protection

In many conditions, such as the negative ISO pulse, or the loss of battery when inductive load, a negative
potential on the IC GND pin may damage the MCU'’s I/O pins. Therefore, the serial resistors between MCU and
HSD are required.

Also, for the proper protection of loss of GND, Tl recommends 4.7 kQ when using 3.3-V MCU 1/Os; 10 kQ is for
5-V applications.

VBAT
N Output DRAIN
A\ L Gate drive & | Clamp
5V % and Clamp
AMA STATUS L l ] ZS
Version A L Logic and
zE Protection
MCU A DIAG_EN []% - TSOURCE
AMA : CS i Current Se_ns_e/
J_ é Version B Current Limit Load
L |
J— CURRENT pa
— Floati
LIMIT [iFosind
1
L1
N

Py
«Q
>
=%
W)
Q
=
o
l
N

Figure 43. MCU IO Protections

8.3.5 Diagnostic Enable Function

The diagnostic enable pin, DIAG_EN, offers multiplexing of the microcontroller diagnostic input for current sense
or digital status, by sharing the same sense resistor and ADC line or I/O port among multiple devices.
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In addition, during the output off period, diagnostic disable function lowers the current consumption for the
standby condition. The three working modes in the device are normal mode, standby mode, and standby mode
with diagnostic. If an off-state power saving is required in the system, the standby current is <500 nA with
DIAG_EN low. If the off-state diagnostic is required in the system, the typical standby current is around 1 mA
with DIAG_EN high.

8.4 Device Functional Modes

8.4.1 Working Mode

The three working modes in the device are normal mode, standby mode, and standby mode with diagnostic. If an
off-state power saving is required in the system, the standby current is less than 500 nA with DIAG_EN low. If an
off-state diagnostic is required in the system, the typical standby current is around 1 mA with DIAG_EN high.
Note that to enter standby mode requires IN low and t > tyf geg. tofr,deg IS the standby mode deglitch time, which is
used to avoid false triggering. Figure 44 shows a work mode state machine block diagram.

Standby Mode
(IN low, DIAG low)

DIAG_EN low and
IN high to low and
t> toff,deg

DIAG_EN
high to low

IN low to high

DIAG_EN
low to high

IN high to low and
DIAG_EN high and

t> toff,deg

Standby mode
with diagnostic
(IN low, DIAG high)

Normal Mode
(IN high)

IN low to high

Figure 44. Work Mode State Machine
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9 Application and Implementation

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

9.1 Application Information

The following discussion notes how to implement the device such as distinguish the different fault modes and
transient pulse immunity test.

In some applications, open load, short to battery, and short to GND are required to distinguish from each other.
This requires two steps.

9.2 Typical Application
Figure 45 shows an example of how to design the external circuitry parameters.

VBAT
RSER -1
AN {1 Gate drive & | Clamp
SV ZE and Clamp
" STl l —4 AN
Version Al Logic and
ZE Protection
MCU AMA DIAG_EN[] _ et SOURCE
Rcs cs ZE
AN : [ Current Sense/
J_ é Version B Current Limit Load
—1— NC
- CL |:I(Floatlng)
1
§ L
N
Rew T GND
GND Network Rgnd < pgnd /
Figure 45. Typical Application Circuitry
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Typical Application (continued)

9.2.1 Design Requirements
 Vgrange from 9to 16 V

* Nominal current of 2 A

e Current sense for fault monitoring

e Expected current limit value of 5 A

e Full diagnostic with 5-V MCU

e Reverse protection with GND network

9.2.2 Detailed Design Procedure

The Rc¢s, Vcs linear region is from 0 to 4 V. To keep the 2-A nominal current in the 0- to 3-V range, calculate the
Rcs as in Equation 11. To achieve better current sense accuracy, 1% accuracy or an even higher resistor is
preferred.

lcs lout 2 (11)

RCS =

Recis Voo is the current limit internal threshold 1.233 V. To set the programmable current limit value at 5 A,
calculate the R as in Equation 12.

V, K
oith X ReL _ 1.233 x 2000 _ 49320

lout 5 (12)
TI recommends Rgeg = 10 kQ for 5-V MCU.
Tl recommends Rgyp = 1 kQ, 200 V /0.2 A Dgyp for the GND network.

ReL =

9.2.2.1 Distinguishing of Different Fault Modes

Some applications require that open load, short to battery, and short to GND can be distinguished from each
other. This requires two steps:

1. In the on state, for current sense version device (version B), on-state open load/ short to battery are
recognized as an extremely-low voltage level in current sense pin, while short to GND is reported as a
pulled-up voltage Vcs ;. Therefore, the user can find a short to GND (see Figure 46).

2. If reported as an on-state open load or short to battery fault in the first step, turn off the input signal. In the off
state, with an external pulldown resistor, open load and short to battery can be easily distinguished. When
the output pulls down, the short to battery is still reported as an off-state fault condition, while the open load
is ignored.
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Typical Application (continued)

Current Sense
Voltage

ADC Full Scale
Range

Max Normal
Operating Current

e Operating
|
| Range
On-state: Normal Over |On-state: Current limit, thermal fault |
open load/short to battery current Off-state: Open load/ short to battery

Openload Current | -/ __

Figure 46. Step 1: Distinguish Short to GND in On-State

VBAT

VS

OPEN LOAD

sT/Cs| | FAULT

ouT

Rpd

s

Figure 47. Step 2: Distinguish Short to Battery in Off-State

9.2.2.2 AEC Q100-012 Test Grade A Certification

Short-circuit reliability is critical for smart high-side power switch devices. The standard of AEC-Q100-012 is to
determine the reliability of the devices when operating in a continuous short-circuit condition. Different grade
levels are specified according to the pass cycles. This device is qualified with the highest level, Grade A, 1
million times short to GND certification.

Three test modes are defined in the AEC Q100-012. See Table 3 for cold repetitive SCT — long pulse, cold
repetitive SCT — short pulse, and hot repetitive SCT.
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Typical Application (continued)
Table 3. Tests

Test ltems Test Condition Test Cycles
Cold repetitive short circuit test — short pulse —40°C, 10-ms pulse, cool down 1M
Cold repetitive short circuit test — long pulse —40°C, 300-ms pulse, cool down 1M
Hot repetitive short circuit test 25°C, keeping short 1M

Different grade levels are specified according to the pass cycles. The TPS1H100 gets the certification of Grade A
level, 1 million times short to GND, which is the highest test standard in the market.

Table 4. Grade Levels

Grade Number of Cycles Lots/Samples Per Lot Number of Fails
A >1000000 3/10 0
B >300000 to 1000000 3/10 0
C >100000 to 300000 3/10 0
D >30000 to 100000 3/10 0
E >10000 to 30000 3/10 0
F >3000 to 10000 3/10 0
G >1000 to 3000 3/10 0
H 300 to 1000 3/10 0
(e} <300 3/10 0

9.2.2.3 EMC Transient Disturbances Test

Due to the severe electrical condition in the automotive, the immunity capacity against electrical transient
disturbances is required, especially for a high-side power switch, which is connected to the battery directly.
Detailed test requirements are in accordance with the 1ISO 7637-2:2011 and ISO 16750-2:2010. TPS1H100-Q1
part is tested and certificated by a third-party organization.

Table 5. ISO 7637-2:2011(E) in 12-V System @ E)®)

Test Pulse Severity Level Minimum Burst Cycle/Pulse Inout Function
Test and vs Accordingly Pulse Number of Repetition Time Resi P Performance
. esistance
Iltem Duration (tg) | Pulses or Test @ Status
Level VsV Time MIN MAX Classification
1 I -112 2ms 500 pulses 05s es 10 Status Il
2a 1] 55 50 ps 500 pulses 0.2s 5s 2 Status Il
2b v 10 0.2to2s 10 pulses 05s 5s 0 to 0.05 Status Il
3a \ -220 0.1ps 1h 90 ms 100 ms 50 Status Il
3b v 150 0.1 ps 1h 90 ms 100 ms 50 Status Il

(1) Tested both under input low condition and high condition.

(2) Considering the worst test condition, it is tested without any filter capacitors in Vg and Voyrt.

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

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

Table 6. 1ISO 16750-2:2010(E) Load Dump Test B in 12-V System M@ E®E)

Test Pulse Severity Level Minimum Burst Cycle/Pulse TR Function
Test and vs Accordingly Pulse Number of Repetition Time Resisptance Performance
Item Duration (tg) Pulses or Test Q Status
Level Vs/V Time MIN (s) MAX (s) Classification
TestB 45 40 to 400 ms 5 pulses 60 e 05t04 Status Il

(1) Tested both under input low condition and high condition.

(2) Considering the worst test condition, it is tested without any filter capacitors in Vg and Voyr.

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

(4) Status Il: The function does not perform as designed during the test, but returns automatically to normal operation after the test.
(5) Select 45-V external suppressor
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9.2.3 Application Curves

Figure 48 shows a test example of initial short circuit inrush current limit. Test condition: Vg = 13.5 V, input is
from low to high, load is short to GND or with 470-pF capacitive load, external current limit is 2 A. CH1 is the
output current. CH3 is the input step.

Figure 49 shows a test example of a hard short-circuit inrush current limit. Test condition: Vg= 13.5 V, input is
high, load is 5 pH + 100 mQ, external current limit is 1 A. A short to GND suddenly happens.

Tek Prevu f Tk Prev -

I¥a) [E) . T
be NE ar
oD

Input Step
o T, S R T v S
......................................... b i e S e e e Sk e o)
4 Fast loop response
""""""""" —as 1.8 A inrush
2 Afinrush o £
¥ 1 Closed loop response
IR T TSN SR b B S B R b P
& v 1 Ainrush
T{:a‘om 2.5065/3 o ]
SM points 360V @ Gioma 10008 TS G || @B 4 LIEA
o {18 points
21 Nov 2014
18 250K
Figure 48. Initial Short to GND Waveform Figure 49. Hard Short to GND Waveform
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10 Power Supply Recommendations

The device is qualified for both automotive and industrial applications. The normal power supply connection is a
12-V automotive system or 24-V industrial system. Detailed supply voltage should be within the range specified
in the Recommended Operating Conditions.

11 Layout

11.1 Layout Guidelines

To prevent thermal shutdown, T; must be less than 150°C. If the output current is very high, the power
dissipation may be large. 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.

* 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%.

11.2 Layout Example

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

0000 NC T 1 14 T ST/CS 0000
0000 0000
sewe GNDIC 2 [ cooo | |13FDICL swes
0000 0000
0000
0000 50000 0000
0000 INCEE 3 0000 12 |13 DIAG_EN 0000
0000 Thermal 0000
0000 T 11 1 0000
OO0 00 NC 4 Pad NC OO0 OO0
0000 0000 0000
0000 ouT ™ s ocoooo | |10 (I3 VS 0000
0000 0000 0000 0000 0000
0000 0000 T 0000 0000 0000
0000 0000 ouT 6 9 [MIVS 0000 0000
0000 0000 0000 0000
0000 outT— 7 8 VS 0000
Figure 50. Without a GND Network Layout
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Layout Example (continued)
11.2.2 With a GND Network
With a GND network, tie the thermal pad as one trace to the board GND copper after the GND network.

GND Network

0000 T ST/CS 9O ®®
0000 0000
0000
50600 GND L CL Rl
0000 0o ®®
OO0 0O IN T :DD|AG_EN 0000
0000 0o ®®
8888 NC [T [T 1 NC 0000
0000
0000 ®®®
0000 OUT [ [T1VS 0®®®
0000 9®®® 0000 ®®®
0000 9®®® - coo0o 0®®®
0000 9 ®® out 9 Vs 0000 ®®®
0000 cooo 0®®®
0000 [T VS o®®®

Figure 51. With a GND Network Layout

11.3 Thermal Considerations

This device possesses thermal shutdown (TSD) circuitry as a protection from overheating. For continuous normal
operation, the junction temperature should not exceed the thermal-shutdown trip point. If the junction temperature
exceeds the thermal-shutdown trip point, the output turns off. When the junction temperature falls below the
thermal-shutdown trip point, the output turns on again.

Calculate the power dissipated by the device according to Equation 13.
2
Pr =lout” X Rpson + Vs Xlom

where
* Py = Total power dissipation of the device (13)

After determining the power dissipated by the device, calculate the junction temperature from the ambient
temperature and the device thermal impedance.

Ty =Ta +Rgja xPr (14)
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12 Device and Documentation Support

12.1 Community Resources

The following links connect to TI community resources. Linked contents are 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.

TI E2E™ Online Community TI's Engineer-to-Engineer (E2E) Community. Created to foster collaboration
among engineers. At e2e.ti.com, you can ask questions, share knowledge, explore ideas and help
solve problems with fellow engineers.

Design Support TI's Design Support Quickly find helpful E2E forums along with design support tools and
contact information for technical support.

12.2 Trademarks

E2E is a trademark of Texas Instruments.
All other trademarks are the property of their respective owners.

12.3 Electrostatic Discharge Caution

A These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
‘Y '\ during storage or handling to prevent electrostatic damage to the MOS gates.

12.4 Glossary

SLYZ022 — TI Glossary.
This glossary lists and explains terms, acronyms, and definitions.

13 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

® The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check http://www.ti.com/productcontent for the latest availability
information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the requirement that
lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.
Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based die adhesive used between
the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.

Green (RoHS & no Sb/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight
in homogeneous material)

® MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
@ There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

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

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

Important Information and Disclaimer:The information provided on this page represents TlI'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.

Addendum-Page 1

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
I Drawing Qty @ (6) (3) (4/5)
TPS1H100AQPWPRQ1 ACTIVE HTSSOP PWP 14 2000  Green (RoHS CU NIPDAU Level-3-260C-168 HR ~ -40 to 125 1H100AQ
& no Sh/Br)
TPS1H100BQPWPRQ1 ACTIVE HTSSOP PWP 14 2000 Gg[eens('s/([)aH)S CU NIPDAU Level-3-260C-168 HR ~ -40 to 125 1H100BQ
no r



http://www.ti.com/product/TPS1H100-Q1?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TPS1H100-Q1?CMP=conv-poasamples#samplebuy
http://www.ti.com/productcontent
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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
i |
& go W
Reel ) l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O QfSprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 1 Q4 User Direction of Feed
[ 8
T
A
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
TPS1H100AQPWPRQ1 |[HTSSOP| PWP 14 2000 330.0 12.4 6.9 5.6 1.6 8.0 12.0 Q1
TPS1H100BQPWPRQ1 |[HTSSOP| PWP 14 2000 330.0 12.4 6.9 5.6 1.6 8.0 12.0 Q1

Pack Materials-Page 1
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TAPE AND REEL BOX DIMENSIONS
At
4
-
// S
/\g\ /)i\
. 7
\ /
. P -
e e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPS1H100AQPWPRQL1 HTSSOP PWP 14 2000 367.0 367.0 38.0
TPS1H100BQPWPRQ1 HTSSOP PWP 14 2000 367.0 367.0 38.0
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MECHANICAL DATA

PWP (R—PDSO—G14)

PowerPAD ™ PLASTIC SMALL QUTLINE

0,30
r ﬂrww@
14 8
J— J— ,/ 7\\\
[ TieruaL pap | i ™~
| | 450 6,60 015 NOM .
SIZE AND SHAPE A ( \
| SHOWMN ON 430 6,20 i / \\
| SEPARATE SHEET \
O |
Gauge Plane
THTHTIT ceoting pone_§ e Sy
1 7 \\\ 0,25, /
5,10 0_g T—l__ -
y 490 ’ 0,75
0,50
T
o ) A e—
| CANAARAD__ 4 seotng e | S e
y 5 Y,
L 1,20 MAX 0.15 —-
00 [~]o,10
4073225-2/1 05/11
NOTES:  A. All linear dimensions are in millimeters.
B. This drawing is subject to change without notice.
C. Body dimensions do not include mold flash or protrusions. Mold flash and protrusion shall not exceed 0.15 per side.
D. This package is designed to be soldered to a thermal pad on the board. Refer to Technical Brief, PowerPad
Thermally Enhanced Package, Texas Instruments Literature No. SLMAQO2 for information regarding
recommended board layout. This document is available at www.ti.com <http: //www.ti.com>.
E. See the additional figure in the Product Data Sheet for details regarding the exposed thermal pad features and dimensions.
E. Falls within JEDEC MO-153

PowerPAD is a trademark of Texas Instruments.
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THERMAL PAD MECHANICAL DATA

PWP (R—PDSO—-G14) PowerPAD™ SMALL PLASTIC OUTLINE
THERMAL INFORMATION

This PowerPAD™ package incorporates an exposed thermal pad that is designed to be attached to a printed
circuit board (PCB). The thermal pad must be soldered directly to the PCB. After soldering, the PCB can
be used as a heatsink. In addition, through the use of thermal vias, the thermal pad can be attached
directly to the appropriate copper plane shown in the electrical schematic for the device, or alternatively,
can be attached to a special heatsink structure designed into the PCB. This design optimizes the heat
transfer from the integrated circuit (IC).

For additional information on the PowerPAD package and how to take advantage of its heat dissipating
abilities, refer to Technical Brief, PowerPAD Thermally Enhanced Package, Texas Instruments Literature

No. SLMAOO2 and Application Brief, PowerPAD Made Easy, Texas Instruments Literature No. SLMAQQ4.

Both documents are available at www.ti.com.

The exposed thermal pad dimensions for this package are shown in the following illustration.

14 8
E d Th L Pad
lr___l__ _;l/ Xpose erma Q
| I
2,46
1,65 _l* *l—
| I
_l— L_ '|' 1]
1 7
2,31
1
Top View

Exposed Thermal Pad Dimensions

4206332-2/A0 01/16

NOTE: A. All linear dimensions are in millimeters

PowerPAD is a trademark of Texas Instruments
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LAND PATTERN DATA

PWP (R—PDS0O—G14) PowerPAD™ PLASTIC SMALL OUTLINE

Example Board Layout
Via pattern and copper pad size
may vary depending on layout constraints

Stencil Openings
Based on a stencil thickness

of .127mm (.005inch).
Reference table below for other

Increasing copper area wil solder stencil thicknesses

enhance thermal performance

(See Note D)
| [=—12x0,65 14%0,25 ——

H | _\—H[HHDA;SS
[ © %// + ’
y/ +%2,+4631456 562,4}6YX

2,31

Ll

4x1,5

Solder Mask
Over Copper

—

3x1,9

AL ll

Example Solder Mask

(See Note E)

|——

Il

— Defined Pad 12x0,65—>| |-
,,/ -~ 50 —= (See Note C, D)
/ : ’
/ xample
,/Non Soldermask Defined Pad
////// \\\\\ Example
‘&" » Solder Mask Opening Center Power Pad Solder Stencil Opening
.. (See Note F) - -

/ — [=—0,3 Stencil Thickness X Y
/ A \ 0.1mm 2.5 2.65
f | 0.127mm 2.31 2.46
| ! :\L 0.152mm 2.15 2.3
‘\\ 1,62 < / Pad Geometry 0.178mm 2.05 2.15

\ 0,07 /
N All Aroung/

.
S~ —

—————

4207609-2/W 09/15

NOTES:  A. All linear dimensions are in millimeters.

B. This drawing is subject to change without notice.

C. Customers should place a note on the circuit board fabrication drawing not to alter the center solder mask defined pad.

D. This package is designed to be soldered to a thermal pad on the board. Refer to Technical Brief, PowerPad
Thermally Enhanced Package, Texas Instruments Literature No. SLMA0O02, SLMAQO4, and also the Product Data Sheets
for specific thermal information, via requirements, and recommended board layout. These documents are available at
www.ti.com <http: //www.ti.com>. Publication IPC—7351 is recommended for alternate designs.

E. Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. Customers should
contact their board assembly site for stencil design recommendations. Example stencil design based on a 50% volumetric
metal load solder paste. Refer to IPC-7525 for other stencil recommendations.

F. Customers should contact their board fabrication site for solder mask tolerances between and around signal pads.
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IMPORTANT NOTICE

Texas Instruments Incorporated (TI) reserves the right to make corrections, enhancements, improvements and other changes to its
semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest issue. Buyers
should obtain the latest relevant information before placing orders and should verify that such information is current and complete.

TI's published terms of sale for semiconductor products (http://www.ti.com/sc/docs/stdterms.htm) apply to the sale of packaged integrated
circuit products that Tl has qualified and released to market. Additional terms may apply to the use or sale of other types of Tl products and
services.

Reproduction of significant portions of Tl information in Tl data sheets is permissible only if reproduction is without alteration and is
accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such reproduced
documentation. Information of third parties may be subject to additional restrictions. Resale of Tl products or services with statements
different from or beyond the parameters stated by Tl for that product or service voids all express and any implied warranties for the
associated TI product or service and is an unfair and deceptive business practice. Tl is not responsible or liable for any such statements.

Buyers and others who are developing systems that incorporate Tl products (collectively, “Designers”) understand and agree that Designers
remain responsible for using their independent analysis, evaluation and judgment in designing their applications and that Designers have
full and exclusive responsibility to assure the safety of Designers' applications and compliance of their applications (and of all Tl products
used in or for Designers’ applications) with all applicable regulations, laws and other applicable requirements. Designer represents that, with
respect to their applications, Designer has all the necessary expertise to create and implement safeguards that (1) anticipate dangerous
consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that might cause harm and
take appropriate actions. Designer agrees that prior to using or distributing any applications that include TI products, Designer will
thoroughly test such applications and the functionality of such Tl products as used in such applications.

TI's provision of technical, application or other design advice, quality characterization, reliability data or other services or information,
including, but not limited to, reference designs and materials relating to evaluation modules, (collectively, “TI Resources”) are intended to
assist designers who are developing applications that incorporate Tl products; by downloading, accessing or using Tl Resources in any
way, Designer (individually or, if Designer is acting on behalf of a company, Designer's company) agrees to use any particular TI Resource
solely for this purpose and subject to the terms of this Notice.

TI's provision of Tl Resources does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl
products, and no additional obligations or liabilities arise from TI providing such Tl Resources. Tl reserves the right to make corrections,
enhancements, improvements and other changes to its Tl Resources. Tl has not conducted any testing other than that specifically
described in the published documentation for a particular TI Resource.

Designer is authorized to use, copy and modify any individual Tl Resource only in connection with the development of applications that
include the TI product(s) identified in such TI Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE
TO ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY
RIGHT OF TI OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or
endorsement thereof. Use of TI Resources may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.

TI RESOURCES ARE PROVIDED “AS I1S” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS. TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY DESIGNER AGAINST ANY CLAIM,
INCLUDING BUT NOT LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF
PRODUCTS EVEN IF DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL Tl BE LIABLE FOR ANY ACTUAL,
DIRECT, SPECIAL, COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN
CONNECTION WITH OR ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER Tl HAS BEEN
ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

Unless Tl has explicitly designated an individual product as meeting the requirements of a particular industry standard (e.g., ISO/TS 16949
and ISO 26262), Tl is not responsible for any failure to meet such industry standard requirements.

Where TI specifically promotes products as facilitating functional safety or as compliant with industry functional safety standards, such
products are intended to help enable customers to design and create their own applications that meet applicable functional safety standards
and requirements. Using products in an application does not by itself establish any safety features in the application. Designers must
ensure compliance with safety-related requirements and standards applicable to their applications. Designer may not use any Tl products in
life-critical medical equipment unless authorized officers of the parties have executed a special contract specifically governing such use.
Life-critical medical equipment is medical equipment where failure of such equipment would cause serious bodily injury or death (e.qg., life
support, pacemakers, defibrillators, heart pumps, neurostimulators, and implantables). Such equipment includes, without limitation, all
medical devices identified by the U.S. Food and Drug Administration as Class Ill devices and equivalent classifications outside the U.S.

Tl may expressly designate certain products as completing a particular qualification (e.g., Q100, Military Grade, or Enhanced Product).
Designers agree that it has the necessary expertise to select the product with the appropriate qualification designation for their applications
and that proper product selection is at Designers’ own risk. Designers are solely responsible for compliance with all legal and regulatory
reguirements in connection with such selection.

Designer will fully indemnify Tl and its representatives against any damages, costs, losses, and/or liabilities arising out of Designer’s non-
compliance with the terms and provisions of this Notice.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2017, Texas Instruments Incorporated
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