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TPS7H2201-SP Radiation Hardened 1.5-V to 7-V, 6-A Load Switch
1 Features 3 Description

Radiation performance:

— Radiation hardness assurance (RHA) up to

TID 100 krad(Si)
— Single event latchup (SEL), single event

burnout (SEB), and single event gate rupture
(SEGR) immune to LET = 75 MeV-cm?/mg

— SEFI/SET characterized to
LET = 75 MeV-cm?/mg

Integrated single channel load switch
Input voltage range: 1.5V to 7 V

Low on-resistance (Rgy) of 35-mQ maximum at

25°Cand VIN =5V

6-A maximum continuous switch current
Low control input threshold enables use of
1.2-, 1.8-, 2.5-, and 3.3-V logic
Configurable rise time (soft start)

Reverse current protection

Programmable and internal current limiting
(fast-trip)

Programmable fault timer (current limit and
retry modes)

Thermal shutdown
Ceramic package with thermal pad

Applications
Space satellite power management and
distribution

Radiation hardened and tolerant power tree
applications

Available in military (-55°C to 125°C) temperature

range

The TPS7H2201-SP is a single channel load switch
that provides configurable rise time to minimize inrush
current and reverse current protection. The device
contains a P-channel MOSFET that can operate over
an input voltage range of 1.5 V to 7 V and can
support a maximum continuous current of 6 A. The
switch is controlled by an on and off input (EN), which
is capable of interfacing directly with low-voltage
control signals.

The TPS7H2201-SP is available in a ceramic
package with integrated thermal pad allowing for high
power dissipation. The device is characterized for
operation over the free-air temperature range of
-55°C to 125°C.

Device Information®

PART NUMBER GRADE PACKAGE
5962R1722001VXC Eg%h;rg’éagf RHA
(SN 16-Pin CDFP

Flight Grade 11.00 x 9.60 mm
5062-172200VXC | i\ 100

Engineering 1.56 g®
TPS7H2201HKR/EM in

Samples
TPS7H2201EVM-CVAL | Ceramic EVM

Evaluation Board

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

(2) These units are intended for engineering evaluation only.
They are processed to a noncompliant flow. These units are
not suitable for qualification, production, radiation testing or
flight use. Parts are not warranted for performance over the
full MIL specified temperature range of —55°C to 125°C or
operating life.

(3) Weight is accurate to +10%.
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5 Pin Configuration and Functions

HKR Package
16-Pin CFP With Thermal Pad

Top View
4 )
VIN K 16 i vouT
VO e i e— s 7 vour
VIN _:__IE 3 14 E VOUT
VIN [ 4 13 4| vouT
[~ Thermal -
cs [ i 5 pad 12 4 ss
EN _:__IE 6 11 E ILTIMER
o [ Th7 G L I
GND _:__IE 8 9 E RTIMER
L J
Not to scale
Pin Functions
PIN
110 DESCRIPTION
NO. NAME
1
3 VIN | Switch input. Input bypass capacitor recommended for minimizing Vy dip.
4
5 CS (@) Current sense pin proportional to output current. Connect a resistor to GND.
6 EN | Active high switch control input. Do not leave floating.
7 ovP | Overvoltage protection. Programmable using an external resistor divider. If no OVP is
desired, this pin should be connected to GND.
8 GND — Device ground.®
Capacitor programmed fault timer control during disabled and retry mode. Connecting this
9 RTIMER 110 pin to GND holds the switch disabled until the EN pin is cycled. Do not float this pin or
connect it to VIN.
10 IL 110 Current limiter control. Programmable using an external resistor to GND. Do not float this pin.

Capacitor programmed fault timer control during current limiting mode. Connecting this pin to
VIN uses the internal current limit timer and connecting this pin to GND disables the internal

11 ILTIMER | timer functionality for the ILTIMER as well as retry mode. In this case, the device will remain

at programmed current limit indefinitely in the event of a short without going intro retry mode.
Do not float this pin.

12 SS 110 Switch slew rate control. See the Adjustable Rise Time section for more information.
13

14 . . N

15 VOUT (@) Switch output. A minimum 10-pF output capacitor is recommended.

16

Thermal pad (exposed center pad) for heat dissipation purposes. Thermal pad is internally

o Thermal Pad o connected to seal ring and GND.

(1) Thermal pad is internally connected to the seal ring and GND.

Copyright © 2018-2019, Texas Instruments Incorporated Submit Documentation Feedback 3
Product Folder Links: TPS7H2201-SP


http://www.ti.com/product/tps7h2201-sp?qgpn=tps7h2201-sp
http://www.ti.com
http://www.ti.com/product/tps7h2201-sp?qgpn=tps7h2201-sp
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVSDO0B&partnum=TPS7H2201-SP

TPS7H2201-SP
SLVSDOOB —SEPTEMBER 2018—REVISED MAY 2019

13 TEXAS
INSTRUMENTS

www.ti.com

Table 1. Bare Die Information

BACKSIDE BOND PAD METALLIZATION
DIE THICKNESS BACKSIDE FINISH POTENTIAL COMPOSITION BOND PAD THICKNESS
15 mils Silicon with backgrind Ground ALCU 1050 nm
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Table 2. Bond Pad Coordinates in Microns

DESCRIPTION PAD NUMBER X MIN Y MIN X MAX Y MAX
VIN 679.75 5529 835.25 5684.5
VIN 2 286.85 5529 442.35 5684.5
VIN 3 286.85 5343.5 442.35 5499
VIN 4 679.75 5343.5 835.25 5499
VIN 5 286.85 5157.1 442.35 5312.6
VIN 6 679.75 5157.1 835.25 5312.6
VIN 7 286.85 4970.65 442.35 5126.15
VIN 8 679.75 4970.65 835.25 5126.15
VIN 9 286.85 4053 442.35 4208.5
VIN 10 679.75 4053 835.25 4208.5
VIN 11 286.85 3867.5 442.35 4023
VIN 12 679.75 3867.5 835.25 4023
VIN 13 286.85 3681.1 442.35 3836.6
VIN 14 679.75 3681.1 835.25 3836.6
VIN 15 286.85 3494.65 442.35 3650.15
VIN 16 679.75 3494.65 835.25 3650.15
VIN 17 286.85 2572.85 442.35 2728.35
VIN 18 679.75 2572.85 835.25 2728.35
VIN 19 286.85 2384.85 442.35 2540.35
VIN 20 679.75 2384.85 835.25 2540.35

AVDD 21 61.1 2046.7 216.6 2202.2
AVDD 22 61.1 1857.2 216.6 2012.7
CsS 23 61.1 1645.3 216.6 1800.8
EN 24 61.1 1080.75 216.6 1236.25
OVP 25 61.1 451.4 216.6 606.9
GND 26 452.45 61.1 607.95 216.6
GND 27 641.95 61.1 797.45 216.6
RTIMER 28 3103.2 61.1 3258.7 216.6
IL 29 3683.4 652.7 3838.9 808.2
ILTIMER 30 3683.4 1221.4 3838.9 1376.9
SS 31 3683.4 1715.65 3838.9 1871.15
VOUT 32 3457.4 2384.85 3612.9 2540.35
VOUT 33 3064.5 2384.85 3220 2540.35
VOUT 34 3457.4 2572.85 3612.9 2728.35
VOUT 35 3064.5 2572.85 3220 2728.35
VOUT 36 3457.4 3494.65 3612.9 3650.15
VOUT 37 3064.5 3494.65 3220 3650.15
VOUT 38 3457.4 3681.1 3612.9 3836.6
VOUT 39 3064.5 3681.1 3220 3836.6
VOUT 40 3457.4 3867.5 3612.9 4023
VOUT 41 3064.5 3867.5 3220 4023
VOUT 42 3457.4 4053 3612.9 4208.5
VOUT 43 3064.5 4053 3220 4208.5
VOUT 44 3457.4 4970.65 3612.9 5126.15
VOUT 45 3064.5 4970.65 3220 5126.15
VOUT 46 3457.4 5157.1 3612.9 5312.6
VOUT 47 3064.5 5157.1 3220 5312.6
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Table 2. Bond Pad Coordinates in Microns (continued)
DESCRIPTION PAD NUMBER X MIN Y MIN X MAX Y MAX
VOUT 48 3457.4 5343.5 3612.9 5499
VOUT 49 3064.5 5343.5 3220 5499
VOUT 50 3457.4 5529 3612.9 5684.5
VOUT 51 3064.5 5529 3220 5684.5
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6 Specifications

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

MIN MAX | UNIT
VIN Input voltage -0.3 7.5 \%
VOUT Output voltage -0.3 7.5 \%
EN, OVP Enable and over voltage protection pins -0.3 7.5 \%
CS, ILTIMER, RTIMER, IL, SS | Current sense, current limit timer, retry timer, current limit and soft start pins -0.3 VIN + 0.3 \Y
Imax Maximum continuous switch current 9 A
lpLs Maximum pulsed switch current (t<5us) 45 A
T, Maximum junction temperature -55 150 °C
Tsig Storage temperature -65 150 °C

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

(2) All voltage values are with respect to network ground pin.

6.2 ESD Ratings

VALUE UNIT
o Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001® +4000
V(esp) Electrostatic discharge - — \%
Charged-device model (CDM), per JEDEC specification JESD22-C101®? +750

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process. Manufacturing with
less than 500-V HBM is possible with the necessary precautions.

(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process. Manufacturing with
less than 250-V CDM is possible with the necessary precautions.

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

MIN MAX UNIT
VIN Input voltage 15 7 \%
SRyin Input voltage slew rate 0.01 V/us
VOUT Output voltage 0 VIN \%
Imax Maximum continuous switch current 6 A
T, Operating junction temperature® -55 125 °C

(1) In applications where high power dissipation and/or poor package thermal resistance is present, the maximum ambient temperature may
have to be derated. Maximum ambient temperature [Tamax)] iS dependent on the maximum operating junction temperature [T jmax)], the
maximum power dissipation of the device in the application [Ppmay)], and the junction-to-ambient thermal resistance of the part/package
in the application (0;4), as given by the equation: Tamax) = Tymax) — (83a X Ppmax))-
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6.4 Thermal Information

TPS7H2201-SP

THERMAL METRIC HKR (CFP) UNIT
16 PINS
Roscpot) ’ Junction-to-case (bottom) thermal resistance 0.6 °CIW
6.5 Electrical Characteristics
over operating free-air temperature range (unless otherwise noted)
PARAMETER ‘ TEST CONDITIONS SUBGROUP® MIN TYP MAX | UNIT
POWER SUPPLIES AND CURRENTS
VINjuvio | Internal VIN UVLO voltage, rising 1.32 \%
Internal VIN UVLO voltage,
VINuvio falling 1.23 v
HYSTvN- | |nternal VIN UVLO hysteresis 92 mv
uvLO
. lout = 0 MA,
lo Quiescent current Vi = EN = 5V, CS resistor of 20 kQ to GND L23 2.4 651 mA
Ie VIN to VOUT forward leakage | g\ = vouT = GND, measured VOUT current |1, 2, 3 3 ma
VIN=5V 1,2,3 0.4
VIN=33V 1,2,3 0.3
EN = GND,
Isp VIN VIN off-state supply current lout = 0 MA, measured VIN VIN=18V 1,23 0.2 mA
current After TID = 100
krad, VIN=1.38, |1 3.1
3.3,and5V
EN=0V,VIN=0to 7V,
i VOUT =0to 7 V for VOUT > VIN
Incp Reverse current protection 1,23 045 25 mA
leakage current EN=7V,VIN=0V,
VOUT=0to 7V
SOFT START
Iss Soft start charge current 1VonSS pin 1,2,3 65 83 HA
SRss Soft start slew rate SS pin floating, COUT = 10 pF 295 mV/us
ENABLE AND UNDERVOLTAGE LOCKOUT (EN/UVLO) INPUT
Vien EN/UVLO threshold voltage, 123 0.56 0.61 0.65 v
rising
Viten EN/UVLO threshold voltage, 123 0.47 0.51 0.55 v
falling
HYSTgy EN/UVLO hysteresis voltage 1,2,3 93 124 mV
tLow EN signal low time during cycling | RTIMER = GND, IL=1 A, lyout =2 A 9, 10,11 20 us
VINgy VIN percentage for enable 4,5,6 75%
len EN pin input leakage current EN=VIN=5V 1,2,3 12 nA
OVERVOLTAGE PROTECTION (OVP)
Vover OVPR thresold voltage, rising 1,2,3 0.52 0.57 0.63 \%
Vover OVPF threshold voltage, falling 1,2,3 0.5 0.55 0.59 \%
HYSTowe | OVP hysteresis voltage 16 V<VIN<7V 1,2,3 20 55 mv
lovp OVP pin input leakage current 1,2,3 15 nA
CURRENT LIMIT AND CURRENT SENSE
Time for valid CS output after
lesen enable P Css =120 nF 9,10, 11 5/ ms
Minimum VOUT current for valid CS output 1,2,3 750 mA
?i/n?eUT current change to CS change delay | 5 a yiing step, 100 mA/us, 1.5 VSVINS 7V |9, 10, 11 16 74| ps
:i’g:T current change to CS change delay | 5 a fajling step, 100 mA/s, L5 VSVINS7V |9, 10, 11 16 73| us
CS pin accuracy 0.75A<Ilyour£75A 4,5,6 -10% 10%
CS pin voltage 0.75 A < lyour £ 7.5 A, no OCP 1,2,3 V”B‘Z v

(1) For subgroup definitions, see Quality Conformance Inspection table.
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Electrical Characteristics (continued)

over operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS SUBGROUP® MIN TYP MAX | UNIT
vour S 1 A 1,23 'VOU(T)_E
Current limit setting, I,_ 1IA<Ilyout£3A 1,2,3 lvour +1 A
lvour > 3 A 1,23 vour
Programmable current limit accuracy 15V<VINS7V 4,5, 6 —20% 20%
Fast trip off current limit VIN =5V, 10-mQ short in 10 ps 22 A
Fast trip off off-time VIN=5V, Css = 2.7 nF 9,10, 11 61 158 us
llir:;:iatr)nal current limit timer (fast trip off current Y(;'j‘moss\rﬁblr\{?ﬂo 3SA, IL=6 A, ILTIMER = VIN, 9,10, 11 15 35 us
TIMERS
liLTIMER ILTIMER charge current 1,2,3 0.7 1 1.38 HA
PDyrimer 'rt;'gfaEan;”tema' pull-down 40 mV on ILTIMER pin 1,2,3 38 153| Q
IRTIMER RTIMER charge current 1,2,3 0.7 1 1.38 HA
PDrriver f;g;iémema' pull-down 40 mV on RTIMER pin 1,2,3 38 153| Q
THERMAL SHUTDOWN
Thermal shutdown VIN=5V 175 °C
Thermal shutdown hysteresis VIN=5V 20 °C
RESISTANCE CHARACTERISTICS
-55°C 24
—40°C 26
VIN=7V, . =75A 25°C 1,2,3 31 34
85°C 37 40
125°C 41 45
-55°C 26
—40°C 27
VIN=5V, | =75A 25°C 1,2,3 32 35
85°C 39 42
125°C 43 47
-55°C 28
—40°C 30
Ron S';;tfntﬁ] resistance, lead length |\, _ 33y, |, =75A 25°C 1,2,3 35 38| mQ
85°C 42 46
125°C 47 52
-55°C 36
—-40°C 39
VIN=18V, | =75A 25°C 1,2,3 45 51
85°C 55 62
125°C 61 70
-55°C 44
—-40°C 48
VIN=15V, |, =75A 25°C 1,2,3 52 63
85°C 63 77
125°C 70 87
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6.6 Switching Characteristics
over operating free-air temperature range (unless otherwise noted)
PARAMETER | TEST CONDITIONS MIN TYP MAX UNIT
VIN =EN =5V, Tp = 25°C (unless otherwise noted)
ton Turn-on time R . =10Q, C =10 pF, Cgs = 1000 pF 208 us
tore Turn-off time R, =10Q, C, = 10 pF, Cgg = 1000 pF 60 us
te VOUT fall time R =10 Q, C, = 10 pF, Cgg = 1000 pF 90 us
tASSERT OVP assert time R, =10Q, C, = 10 pF, Css = 1000 pF 45 us
toeassert | OVP deassert time R, =10Q, C, = 10 pF, Css = 1000 pF 9.6 us
VIN =EN =15V, T5 = 25°C (unless otherwise noted)
ton Turn-on time R =10Q, C =10 pF, Cgs = 1000 pF 173 us
tore Turn-off time R, =10 Q, C, = 10 pF, Cgg = 1000 pF 64 us
te VOUT fall time R =10 Q, C, = 10 pF, Cgg = 1000 pF 70 us
tASSERT OVP assert time R, =10Q, C, = 10 pF, Cgs = 1000 pF 2.65 us
toeassert | OVP deassert time R, =10Q, C, = 10 pF, Css = 1000 pF 6.56 us
6.7 Quality Conformance Inspection
MIL-STD-883, Method 5005 - Group A
SUBGROUP DESCRIPTION TEMP (°C)
1 Static tests at 25
2 Static tests at 125
3 Static tests at -55
4 Dynamic tests at 25
5 Dynamic tests at 125
6 Dynamic tests at -55
7 Functional tests at 25
8A Functional tests at 125
8B Functional tests at -55
9 Switching tests at 25
10 Switching tests at 125
11 Switching tests at -55
10 Submit Documentation Feedback Copyright © 2018-2019, Texas Instruments Incorporated
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6.8 Typical Characteristics
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Typical Characteristics (continued)
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Typical Characteristics (continued)
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Figure 16. Voypr Vs Temperature Across VIN
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7 Parameter Measurement Information
i i t tF 1 '
E | OFF | : EQ—
Figure 19. ton/togr Waveforms
0.63V 06TV
050y _OVP 052V N\
tasserT
VOUT \ 90% VOUT tpeasserT
10% VOUT

Figure 20. tassert/toeassert Waveforms
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Figure 21. tcgey Waveforms

14 Submit Documentation Feedback Copyright © 2018-2019, Texas Instruments Incorporated

Product Folder Links: TPS7H2201-SP


http://www.ti.com/product/tps7h2201-sp?qgpn=tps7h2201-sp
http://www.ti.com
http://www.ti.com/product/tps7h2201-sp?qgpn=tps7h2201-sp
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVSDO0B&partnum=TPS7H2201-SP

13 TEXAS
INSTRUMENTS

www.ti.com

TPS7H2201-SP
SLVSDOOB —SEPTEMBER 2018—REVISED MAY 2019

Internal ILTIMER

I0UT
0.5V
RTIMER
Figure 22. Internal ILTIMER Waveforms
- 0.8%0.5A+I10UT
05A 100 mA/us 100 mA/us
IOUT ouTtecs XC 0.2*0.5 A + 10UT
change rising
/--(0.8*0.5 A + 10UT) / 41500
I0UT to CS
h falli
cs changeTaling N (0.2*0.5 A + I0UT) / 41500
Figure 23. VOUT Current to CS Change Delay Time
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8 Detailed Description

8.1 Overview

The TPS7H2201-SP device is a single channel, 6-A load switch with a programmable slew rate for applications
that require specific rise-time as well as programmable current limit for protection purposes. In addition, the
TPS7H2201-SP features a reverse current protection capability for power distribution applications.

8.2 Functional Block Diagram

VIN|:

L

IL |:_I p| Overcurrent
- Protection
VREF :| ()
4
|: 0.65V A >—>
047V
+ STARTUP
CONTROL {
LOGIC
ovP ]7 +
[ 0.63vA >—>
0.50 V + 3
— —{ Jvour
Thermal
Shutdown
ILTIMER [] P RAMP CONTROL [] s
-
. [ ]RTIMER
]
L]
GND
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8.3 Feature Description

8.3.1 Enable, Undervoltage, and Overvoltage Protection

Figure 24 shows how resistor dividers from VIN connected to the EN and OVP pins can be used to set the UVLO
and OVP trip voltages. The EN pin controls the ON and OFF state of the internal FET. A voltage at this pin
greater than Ve turns on the FET and a voltage less than V, gy turns it off. The addition of an external resistor
divider from VIN allows the EN pin to configure a different enable rising voltage or an undervoltage monitor
(UVLO) based on the V\yey and V, gy specifications respectively. Typically, applications are optimized to either
configure the enable rising voltage or the UVLO threshold. As an example, Equation 1 can be used to calculate
the UVLO trip point fixing Rtop gy = 100 kQ.

In a similar way to the EN pin, the overvoltage protection (OVP) feature of the device can be configured using a
resistor divider from VIN connected to the OVP pin. The trip voltage for the OVP has to be less than the absolute
maximum VIN voltage. A voltage at the OVP pin greater than Vqypr Will trip the OVP feature and will turn off the
FET and a voltage less than Vqoypr Will keep the FET on. If this feature is not desired, the OVP pin should be
grounded. Equation 2 can be used to calculated the rising OVP trip point fixing Rrop ovp = 100 k<.

TPS7H2201-SP
VIN
» ' L
Rrop_en l £ Rrop_ovp

EN ] EN
ON{
orr— - o6svA | f_F
0.47 v+
OVP > ovp
L 063 vh | T
0.50 Vyy

Reor en § é Reot_ove

GND[;

Figure 24. UVLO and OVP Thresholds Set by Resistor Dividers

47
R kQ) <
poTEN Vuvio _trip (V) — 0.47 1)
R kQ) > 63
poT-ovP ~ Vovp_trip (V) — 0.63 @)

8.3.2 Adjustable Rise Time

An external capacitor, Cgg, connected between the VOUT and SS pins sets the slew rate. The desired slew rate
VOUTqp is determined by t,, the rise time in seconds, and AV, the change in VOUT voltage in Volts as shown in
Equation 3.

AVoyr (V)
t.(s) 3

In order to avoid false trips due to the programmable current limit, the desired slew rate must be less than
VOUTsgr wax as shown in Equation 4, where I, is the programmed current limit, lyoyr is the normal operation
current flowing through the switch, and Cqyt is the output capacitor.

0.8 X I (A) — 0.95 X Iyour (A)
Cour (F) @)

VOUTSR (V/S) =

VOUTsg max (V/s) <
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Feature Description (continued)

Once the slew rate has been calculated and meeting the constraint in Equation 4, the Cgg capacitor is then
calculated using Equation 5 for VIN < 3-V and IOUT = 3-A applications. For all other applications, use
Equation 6.

Css (UF) =

45
VOUTSR (V/S)
for VIN<3Vand IOUT 23 A

(5)
Cos (uF) = 65
s = YV OUTe (V/s)
for all other conditions (6)

8.3.3 Programmable Current Limiting

A current limit can be programmed using an external resistor connected from the IL pin to GND. This
programmed current limit (x20% accurate) refers to the continuous current through the device and therefore,
when operated at its maximum current rating (6 A), the programmed current limit needs to be set 20% higher. As
shown in Figure 25, a current limit event of this nature is defined as a soft short. The resistor value R,, can be
calculated using Equation 7 for VIN < 3 V, and Equation 8 for VIN > 3 V, where |, is the programmed current limit
value in amperes. This programmable current limiting feature is different from the internal current limiting
activated during fast trip mode as shown in Figure 26. A current limit event in this case is defined as a hard short
and this current limit (typical of 22 A) cannot be programmed.

Ry, () = 45500
1.(A)
for VINS 3V
(7
Ry, (Q) = 49000
I.(A)
for VIN > 3V (8)

8.3.4 Programmable Fault Timer

A capacitor connected from the ILTIMER pin to GND determines the programmable current limit fault time
duration. The ILTIMER pin will charge the capacitor to 0.5 V during an overload condition and will discharge it
otherwise through an internal pull down resistance. The time that the device will be in current limit before turning
off is configured by C, tyver @nd the time can be calculated using Equation 9. Connecting this pin to VIN will
cause the device to be disabled once the internal current limit timer expires as shown in Figure 22. However,
connecting it to GND will disable the internal timer functionality completely and therefore, in the case of a short,
the device will remain at the programmed current limit indefinitely. When using the internal timer, only the fast trip
off current limit is active.
C(pF)
t(us) > ©
The time that the device remains disabled after the current limit timer expires is configurable through a capacitor
connected from the RTIMER pin to GND. The RTIMER pin will charge the capacitor to 0.5 V after the switch is
turned off and will discharge it otherwise. The time can be calculated using Equation 9. Connecting this pin to
GND will keep the device disabled and it will require the device to be enabled by cycling the EN pin. The
behavior of the ILTIMER and RTIMER pins for a soft short, hard short and internal timer conditions are shown in
Figure 25, Figure 26, and Figure 27, respectively. Please notice that Figure 25 and Figure 26 assume the fault is
not present after the switch has been disabled and enabled again (retry mode). If the fault is present after the
retry mode, the device will go into current limit mode and this cycle will repeat until the fault is no longer present.

18 Submit Documentation Feedback Copyright © 2018-2019, Texas Instruments Incorporated
Product Folder Links: TPS7H2201-SP


http://www.ti.com/product/tps7h2201-sp?qgpn=tps7h2201-sp
http://www.ti.com
http://www.ti.com/product/tps7h2201-sp?qgpn=tps7h2201-sp
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVSDO0B&partnum=TPS7H2201-SP

13 TEXAS
INSTRUMENTS
TPS7H2201-SP

www.ti.com SLVSDOOB —SEPTEMBER 2018—REVISED MAY 2019

Feature Description (continued)

= et —>
Programmablel, ILTIMER ! tss Fault is not present anymore
| —i
1 tRTIMERT
! !
» TIME
Normal operation | Current Disable and retry mode
limit mode
— E‘_ timiver _’i _’E E‘_ tss
5 ! .
@)
>
: : tRTIMER
» TIME
Normal operation Current Disable and retry mode
limit mode
o o
L g
SSoLosvo
=
2 cx
» TIME

Current

Disable and retry mode
limit mode

Normal operation

Figure 25. Soft Short Programmable Fault Timer Operation Connecting Capacitors to ILTIMER and
RTIMER Pins
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Feature Description (continued)

Internal I.— 22 A (typ)

= tss—M  M— tyrmen —N Fault is not
o 1 Programmable I, present anymore
e
Fast trip . ]
mode : . TrriMer
» TIME
Normal operation | | Current Disable and retry mode
limit mode
—h — i
— D
)
@) P |
= tss—’: — tinver —
Fast trip ,
mode : : TrTiMER
» TIME
Normal operation | | _ Current Disable and retry mode
limit mode

o o
Ly
S S 08N e
Sk

» TIME

Current

Normal operation o
limit mode

| Fast trip
mode

Disable and retry mode

Figure 26. Hard Short Programmable Fault Timer Operation Connecting Capacitors to ILTIMER and

RTIMER Pins
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Feature Description (continued)

Internal I,.— 22 A (typ)

= Internal timer
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Programmablel || = Current limit behavior is gone and switch returned to
! normal operation before internal current limit expired
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Fast trip i L . o .
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i
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VIN
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=>
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Zx
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» TIME
Normal operation Fast trip | | Disabled mode
mode
Current
limit mode
Figure 27. Programmable Fault Timer Operation Using the Internal Current Limit Timer and Disabling the
Retry Mode
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Feature Description (continued)

The programmable fault timers, ILTIMER and RTIMER, should be set in such a way that the capacitor for one
timer is discharged before the other timer expires to ensure proper operation. In the specific case of using the
internal ILTIMER, the RTIMER capacitor should be sized such that it is discharged before the internal ILTIMER
expires, assuming the fault is still present. Figure 28 shows a situation where this constraint is not met as the
RTIMER is much larger than the ILTIMER and therefore, the Crrmer IS not discharged before the C) 1imer
reaches 0.5 V, which is when the ILTIMER will expire. In order to avoid this situation, the constraint shown in
Equation 10 must be met. Using this equation, once a capacitor for a timer has been selected (C; in
Equation 10), the maximum value for the capacitor of the second timer can be determined. The internal pull-
down resistance for each of the timers can be found in the Electrical Characteristics table. For the situation
shown in Figure 28, C; and Rpp; in Equation 10 correspond to the RTIMER.

Fault is still present

I,
ot
=
<
m
=

o

=

o

o

=

Q

3

3

[«3]

=

(0]

—

Disable and retry mode

tRTIMER

» TIME

Normal operation |

L

Current limit mode

|47 Retry timer 4*

ILTIMER
RTIMER
o
<

Timer capacitor must be discharged
before other timer expires

» TIME
Normal operation | | | |
Current limit timer -/
Figure 28. Programmable Fault Timer Capacitors Constraint
C2(pF)
Ci(WF) < g0~
8 X Rpp1(€) (10)
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Feature Description (continued)
8.3.5 Current Sense

This pin will output a current proportional to the output current of the switch for current sensing applications. A
resistor to GND will convert this current to voltage for current sensing purposes. The output current will be the
switch current divided by 41,500. The CS pin will have a valid output 5 ms after the device has been enabled.

8.3.6 Parallel Operation

The TPS7H2201-SP can be configured in parallel operation either to increase the current capability, up to 12 A,
or to reduce the on-state resistance. In this case, all pins are shared as shown in Figure 29, except the current
limit resistor (R, ) for proper operation of the internal current limit loop. The current limiting resistors must be
sized as described in the Programmable Current Limiting section.
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Feature Description (continued)
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Figure 29. Parallel Configuration to Reduce Resistance or Increase Current Capability
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8.4 Device Functional Modes
Table 3 lists the VOUT pin states as determined by the EN pin.

Table 3. VOUT Connection

EN PIN TPS7H2201-SP
< ViLen Open
> ViHEN VIN
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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 TPS7H2201-SP device is a single channel, 6-A load switch with multiple programmable features such as
current limit, undervoltage and overvoltage, current limit and retry timers, and soft start. In addition, the
TPS7H2201-SP features a reverse current protection capability for power distribution applications and current
sensing for load monitoring purpose. The TPS7H2201-SP user's guide is available on the Tl website,
TPS7H2201EVM-CVAL Evaluation Module (EVM) User's Guide. The guide highlights standard EVM
configurations, test results, schematic, and BOM for reference.

9.2 Typical Applications

In addition to the standard power management applications where a power switch can be used, there are 2 main
applications in which the TPS7H2201-SP can be used in space power applications:

* Redundancy for primary and secondary voltage rails common in satellite applications

» Protection for critical or SEL sensitive loads

9.2.1 Redundancy

In applications where primary and secondary (redundant) power rails are present, the TPS7H2201-SP is ideal to
implement redundancy because of its reverse current blocking capability. In this case, since the load switch is
placed at the input of the point of load regulator, the on-resistance of the switch is not as critical.
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Typical Applications (continued)
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9.2.2 Protection
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Figure 30. Redundancy Example Using the TPS7H2201-SP

The protection features of the TPS7H2201-SP can also be used for SEL sensitive loads. In such case, the on-
resistance of the switch might be more relevant as it is placed after the point of load regulator but in such case,
two load switches can be placed in parallel to reduce the on-resistance if needed. The main advantages of using

the load switch at this location is faster response to SEL events and automatic recovery due to the retry mode of
the programmable fault timer.
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Typical Applications (continued)
5V|::| |:

— ‘A] e e B] ﬁjv'”
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Current sense flag [] cs s [] DEVICE
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L
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Figure 31. Protection Example Using the TPS7H2201-SP

9.2.3 Design Requirements

Figure 32 shows a typical application schematic that is applicable to both the redundancy and the protection
applications previously discussed.

VIN=5V B] [ T B 1 ’J_‘

i VIN L A1 vour i i
340 uF Cos 340 uF
I Ren_top § Rovp_mp§ () SS []J I
= . =
| EN TPSTH220LSP iR [ ]
R >
e 3 Crriver_|

CILTIMER

[ S OVP ILTIMER
ROVPBOT%
. GND IL

! I

Figure 32. Typical Application Schematic

Table 4 shows the design parameters.
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Table 4. Design Parameters

DESIGN PARAMETER EXAMPLE VALUE
VIN 5V
Undervoltage lockout set point 35V
Overvoltage protection set point 6.5V
Output current 6 A
Current limit 75A
Current limit timer 1ms
Retry timer 1ms
Soft start time 9ms
Input and output capacitors 340 pF

9.2.4 Detailed Design Procedure

9.2.4.1 Undervoltage Lockout

The undervoltage lockout set point is configured using the resistor divider, Rgy 1op @nd Rgy got CONNnected to the
EN pin. Set the Rgy 1op = 100 kQ and, using Equation 1, calculate the value for Rgy gor. FOr an UVLO = 3.5V,
Ren sot = 15.5 kQ. When choosing the UVLO set point, the resistor divider must ensure that the device will still
get enabled for the VIN used in the application. This is achieved by making sure that the V gy requirement is still
met with the chosen resistor divider and that the VIN needed to meet the requirement is smaller than the VIN
used in the application. Equation 11 shows this VIN and V,ygy requirement to set the UVLO point. For this
particular application, the requirement is met as the result is 4.84 V.
Ve X Ren_top + RN Bor < VIN
Rgn_Bot (11)

9.2.4.2 Overvoltage Protection

In a similar way to the UVLO set point, the overvoltage protection set point is configured using the resistor
divider, Royp 1op @nd Royp got cOnnected to the OVP pin. Set the Royp 1op = 100 kQ and, using Equation 2,
calculate the value for Royp gor. For an OVP = 6.5 V, Royp gor = 10.7 kQ. When choosmg the OVP set pomt
the resistor divider must ensure that the device will still get enabled for the VIN used in the application. This is
achieved by making sure that the Vqypg requirement is still met with the chosen resistor divider and that the VIN
needed to meet the requirement is larger than the VIN used in the application. Equation 12 shows this VIN and
Vovpr requirement to set the OVP point. For this particular application, the requirement is met as the result is
5.16 V.
Voups X Rovp top + Rove Bor > VIN
Rovp _Bor (12)

9.2.4.3 Current Limit

The current limit is configured using R, . Based on the output current for this design, the minimum current limit
that can be programmed is IOUT + 1.5 A for a total of 7.5 A. As a result, using Equation 8, the resistor value is
6.53 kQ.

9.2.4.4 Programmable Fault Timers

The programmable fault timers are configured using the C, tjuer and the Cryver Capacitors. For this particular
design, both timers are set to 1 ms. Therefore, using Equation 9, the value for each capacitor is 2000 pF. These
capacitor values meet the requirement in Equation 10.
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9.2.4.5 Soft Start Time

The soft start time is configured using the Cgg capacitor. In order to calculate the value of the capacitor, the
VOUT slew rate needs to be calculated using Equation 3 to make sure the maximum VOUT slew rate
requirement shown in Equation 4 is satisfied. This requirement is particularly important for space applications
where large output capacitance is typically used, which translates to a lower maximum allowable VOUT slew
rate. For this particular design, the VOUT slew rate is 555 V/s which is less than the maximum VOUT slew rate
of 882 V/s, meeting the requirement from Equation 4. Now, the soft start capacitor value can be calculated as
117 nF using Equation 6, since VIN = 5 V for this application.

9.2.5 Application Curves

The power-up behavior of this design example is shown in Figure 33 and the current limit behavior is shown in
Figure 34.

ILTIMER . RTIMER

100ns/pt 100nsipt
eq
RL:100K

mber 04, 2018 11:59:47

ons September 11,2018 17:49:10

Figure 33. Power-up Behavior of the TPS7H2201-SP Figure 34. ILTIMER and RTIMER Waveforms When IL is
Setto 7.5 A
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10 Power Supply Recommendations

The TPS7H2201-SP is designed to operate from an input voltage supply range between 1.5 V to 7 V. This
supply voltage must be well regulated and proper local bypass capacitors should be used for proper electrical
performance from VIN to GND. Due to stringent requirements for space applications, typically numerous input
bypass capacitors are used and the total capacitance is much larger than for commercial applications. The
TPS7H2201-SP Evaluation Module uses one 330-uF tantalum capacitor in parallel with one 10-uF and one 0.1-
WUF ceramic capacitor.

11 Layout

11.1 Layout Guidelines

For best performance, all traces should be as short as possible. To be most effective, the input and output
capacitors should be placed close to the device to minimize the effects that parasitic trace inductances may have
on normal operation. Using wide traces for VIN, VOUT, and GND helps minimize the parasitic electrical effects.
In general, the components should be placed close to the device such that traces remain as short as possible to
avoid parasitic capacitance. In addition, due to the possibility of large power dissipation in fault conditions (short
at VOUT), thermal vias should be placed in the PCB for the thermal pad.

11.2 Layout Example

VIN 1o i 16 vouT
1 1
! © 0
VIN 2 115 vouT
1 1
! @ 0
VIN 3 P14 vouT
As close to the ! '
device as possible J_ ) (@) o | J—
T VIN 4 113 vouT
i TPS7H2201-SP !
1 1
(& 5 ! Y12 SS
e o o -
1 1
1 1
EN 6 ! 11 ILTIMER
T le o ol B[
1 1
i i 1.
OVP 7 110 " Short
i ® o 0 i S traces
1 1
GND g i /‘ 9 RTIMER
Thermal
vias
Figure 35. Layout Recommendation
Copyright © 2018-2019, Texas Instruments Incorporated Submit Documentation Feedback 31

Product Folder Links: TPS7H2201-SP


http://www.ti.com/product/tps7h2201-sp?qgpn=tps7h2201-sp
http://www.ti.com
http://www.ti.com/product/tps7h2201-sp?qgpn=tps7h2201-sp
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVSDO0B&partnum=TPS7H2201-SP

13 TEXAS
INSTRUMENTS
TPS7H2201-SP

SLVSDOOB —SEPTEMBER 2018—-REVISED MAY 2019 www.ti.com

12 Device and Documentation Support

12.1 Documentation Support

12.1.1 Related Documentation

For related documentation see the following:
» Texas Instruments, TPS7H2201EVM-CVAL Evaluation Module (EVM) User's Guide

12.2 Receiving Notification of Documentation Updates

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

12.3 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 TI's views; see Tl'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 TlI's Design Support Quickly find helpful E2E forums along with design support tools and
contact information for technical support.

12.4 Trademarks

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

12.5 Electrostatic Discharge Caution

This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled with
‘ appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.

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

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

ples

Orderable Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @ Ball material ®3) (4/5)
(6)
5962-1722001VXC ACTIVE CFP HKR 16 1 RoHS-Exempt NIAU N/ A for Pkg Type -55to 125 5962-1722001VXC
& Green TPS7H2201MHKRV
5962R1722001V9A ACTIVE XCEPT KGD 0 25 ROHS & Green Call Tl N / A for Pkg Type -55 to 125
5962R1722001VXC ACTIVE CFP HKR 16 1 RoHS-Exempt NIAU N/ A for Pkg Type -55to 125 5962R1722001VXC
& Green TPS7H2201MHKRV
TPS7H2201HKR/EM ACTIVE CFP HKR 16 1 RoHS-Exempt NIAU N/ A for Pkg Type 25to0 25 TPS7H2201HKREM
& Green
TPS7H2201Y/EM ACTIVE XCEPT KGD 0 5 RoHS & Green Call Tl N/ A for Pkg Type 25to0 25

® 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.

@ RoHS: Tl defines "RoHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. Tl may
reference these types of products as "Pb-Free".

RoHS Exempt: Tl defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.

Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.

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

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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TUBE
T - Tube
height L - Tubelength
*
> w-Tube| I U U L
> width
v
— B - Alignment groove width
*All dimensions are nominal
Device Package Name |Package Type Pins SPQ L (mm) W (mm) T (um) B (mm)
5962-1722001VXC HKR CFP 16 1 506.98 26.16 6220 NA
5962R1722001VXC HKR CFP 16 1 506.98 26.16 6220 NA
TPS7H2201HKR/EM HKR CFP 16 1 506.98 26.16 6220 NA
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TRAY
L - Outer tray length without tabs KO -
< > Outer
| tray
+++++++F A+ A+ height
s N
++++++++++++++ +
| W -
1 e e e e e e i e e i e i o [ PO
— tra
[+ +++++++++++++ +[{0
++++++++++++++ 4+
> | |
{F+++++4F+++++++
i ‘— [ i
|
P1 - Tray unit pocket pitch
CW - Measurement for tray edge (Y direction) to corner pocket center
— CL - Measurement for tray edge (X direction) to corner pocket center
Chamfer on Tray corner indicates Pin 1 orientation of packed units.
*All dimensions are nominal
Device Package | Package | Pins | SPQ |Unit array Max L (mm)] W KO P1 CL Ccw
Name Type matrix [temperature (mm) | (um) [ (mm) | (mm) [ (mm)
(69
TPS7H2201Y/EM KGD XCEPT 0 5 5x5 70 6.35 | 3.81 610 1.3 8.89 | 8.13
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PACKAGE OUTLINE

HKROO16A S CFP - 2.416 mm max height
CERAMIC DUAL FLATPACK
9.88
2] 9.38 ,—METAL LID
PIN1I
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1i‘|( - / 3—¢]L
 —— — -
———— — | T
1076 (1042) 2x[8.89]
———— — |
———— — | +
| e
8 . J 'S L
0.482
(9.14) 16X 5382
[ |02@[c]A[8]
METAL LID
! /|
2416 [ i 1
1.850 [ I
* - 59—
(6.59) | 0.177
0.097
1.04
0.84
‘ 25.142 ‘
24.642
HEATSINK
8 9
7
8.95
8.65
1 LT 16 ’
6.74
PIN 1 1D ~—aqq

4226020/C 08/2022

NOTES:

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

per ASME Y14.5M.
2. This drawing is subject to change without notice.
3. This package is hermetically sealed with a metal lid. Lid is connected to Heatsink.
4. The terminals are gold plated.
5. Falls within MIL-STD-1835 CDFP-F11A.
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EXAMPLE BOARD LAYOUT
HKROO16A CFP - 2.416 mm max height
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TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATA SHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

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

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

TI's products are provided subject to TI's Terms of Sale or other applicable terms available either on ti.com or provided in conjunction with
such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable warranties or warranty disclaimers for
TI products.
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