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TPS7H1101-SP 1.5-V to 7-V Input, 3-A, Radiation-Hardened
Ultra-Low Dropout (LDO) Regulator
1 Features 2 Applications

* 5962R13202:

— Radiation Hardness Assurance (RHA) up to
TID 100 krad (Si)

— Total lonizing Dose 100 krad (Si)

— ELDRS-Free 100 krad (Si)

— Dose Rate 10 mRAD (si)/s

— Single Event Latchup (SEL) Immune to
LET = 85 MeV-cm?/mg

— SEB and SEGR Immune to
LET = 85 MeV-cm?/mg

— SET/SEFI Onset Threshold > 40 MeV-cm?/mg,
See Radiation Report for Details

— Specifically Designed to Always Upset Low
to Avoid Damage to Critical Downstream
Component

— SET/SEFI Cross-Section Plot, See Radiation
Report for Details

» Ultra-Low V|y Range: 1.5V to 7 V
e 3-A Maximum Output Current

e Current Share/Parallel Operation to Provide up to
6-A Output Current

» Stable With Ceramic Output Capacitor
» 12% Accuracy Over Line, Load, and Temperature

* Programmable Soft-Start Through External
Capacitor

* Input Enable and Power-Good Output for Power
Sequencing

» Ultra-Low Dropout LDO Voltage:
62 mV at1 A (25°C), Vour = 1.8V

* Low Noise:
20.33 WRMS V\y=2V,Voyr=1.8Vat3A

 PSRR: Over 45 dB at 1 kHz

» Excellent Load/Line Transient Response

* Foldback Current Limit

* See the Tools & Software Tab

e Thermally-Enhanced CFP Package (0.6°C/W
Roac)

» Space Satellite Point of Load Supply for FPGAs,
Microcontrollers, ASICs, and Data Converters

» Space Satellite Payloads

» Radiation-Hardened Low-Noise Linear Regulator
Power Supply for RF, VCOs, Receivers, and
Amplifiers

e Clean Analog Supply Requirements

» Available in Military (-55°C to 125°C)
Temperature Range

» Engineering Evaluation (/EM) Samples are
Available®

3 Description

The TPS7H1101-SP is a radiation-hardened LDO
linear regulator that uses a PMOS pass element
configuration. This device operates over a wide range
of input voltage, from 1.5 V to 7 V while offering
excellent PSRR. The TPS7H1101-SP features a
precise and programmable foldback current limit
implementation with a very-wide adjustment range.
To support the complex power requirements of
FPGAs, DSPs, or microcontrollers, the TPS7H1101-
SP provides enable on and off functionality,
programmable SoftStart, current sharing capability,
and a PowerGood open-drain output.

Device Information®
PACKAGE BODY SIZE (NOM)
CFP (16) 11.00 mm x 9.60 mm

PART NUMBER
TPS7H1101-SP

(1) These units are intended for engineering evaluation only.
They are processed to a noncompliant flow (that is, no burn-
in, and so forth) and are tested to a temperature rating of
25°C only. 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.

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

Typical Application Circuit

TPS7H1101-SP

5V v Power
IN

Good

Cin Res COMP

= cs Vout

PCL
Rpcl Soft Feed
Start GND Back

An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.
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4 Revision History

Changes from Original (January 2016) to Revision A Page
« Changed accuracy over line, load, and temperature from £1.25% : to +2% in the Features section..............cccccceeviineeenn. 1
e Added I/O values in the Pin FUNCLONS tADIE ...........ooiiiiie et e e et e e et e e e e e sntbe e e e e e nneaeeeas 4
LI O F-TaTo [ To I OL@ 1Y, | = o1 Mo [=TST ot 41 o] 1 o] o PSP PPT PP 4
« Deleted peak output current spec in Absolute Maximum Ratings table..............oooii e 5
e Changed max output voltage from Vi 1 10 7.5 V..t ettt et e st nn e nee s 5
« Added rise time specification for EN signal in Recommended Operating Conditions table...............ccccooveeiiiiiiiec e, 5
« Added rise time specification for VIN signal in Recommended Operating Conditions table.............ccccoiiiiiiiiiiiiiieee 5
« Deleted unnecessary DC input line regulation data in the Electrical Characteristics table............cccccoeciiiiiii i 6
« Deleted worst case dropout voltage specifications Electrical Characteristics table

« Deleted redundant operating junction temperature in the Electrical Characteristics table............cccccooiiiiiiiiini e 6
e Changed output voltage range from Vi — 0.35 V 1 10 V iy ceeerrreeiiiieiiiie ittt e e nnne e e e s 6
¢ Changed min and typ CSR values from 47500 A/A and 47394 A/A : to 47394 A/A and 47500 A/A, respectively ............... 7
¢ Added PSRR curve to Typical CharaCteriStiCS SECHON.........oiuuiiiiiiiiiiie ettt et e e e e e e e anbeeeeeeeennnees 9
« Changed typo regarding capacitor from CS : to SS in the Soft Start SECON ........ccuveiiiiiiiii e 12
« Added clarification on PG functionality and removed reference to sequencing SS terminal in Power Good (PG) section. 12
« Deleted description for disable using SS terminal in the Enable/Disable SECioN ... 13
LI @1 g F=TgTo T=To IES] v= o 11421 o 1o IO OO PO PP P UPPRPPRRTIN 15
¢ Changed Equation 2 (group delay @QUALION)...........oiiiiiiiie it ee et e e e et e e e st e e e e s st e e e e e s stb e e e e e s stb e e e e e santbaeeeesnnraeeas 15
e Added resistor between V,y and EN in Figure 12 as reCOMMENAEM. ..........ccuuiiiiiiiiiiiie it e e e e 16
e Changed values in Table 2 with more accurate OULPUL VOIAGES........cccvviiriiiiiiiieiiie et 17
« Added clarity to current foldback feature in Current FOIADack SECHON.........c.ueviiiiiiiiiee e e 19
« Changed channel labels to match scope captures in Transient RESPONSE SECHION .....c..oiiuviiieiiiiiiiie et 20
e Added parallel operation block diagram to Current SNaring SECHON ..........cuviiiuiieiiiiie e 21
« Added compensation example feedback resistor value (Rygiom) 10 COmpensation SECHON..........ccveveeiviiiieeeesiciiiee e, 23
¢ Changed organization of information in CapaCItOrS SECHION ........ccciiiuiiiii ettt e et e e e sebe e e e e e aaeee

« Deleted redundant curves in the Application Curves section
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5 Description (continued)
The TPS7H1101-SP is available in a thermally-enhanced 16-pin ceramic flatpack package (CFP).

6 Pin Configuration and Functions

HKR Package
16-Pin CFP
Bottom View

ss. |« l16]_Jrs
en[]2 : |15:|COMP
vw[ s | 114 Jvour
vl 4 : Thermal Pad |13:|VOUT
v 15 | (Bottom Side) L2l vour
vn[_{e : 11 Vour
peL[ 7 | l1to[Jcs
oNo[__|8 l_ _______ r o _Jpcioc

Pin Functions

PIN
/0 DESCRIPTION
NAME NO.
ss 1 o Soft-start terminal. Connecting an external capacitor slows down the output voltage ramp rate after enable
event. The soft-start terminal can be used to disable the device as described in theSoft Start section.
Enable terminal. Driving this terminal to logic high enables the device; driving the terminal to logic low
EN 2 | disables the device. Vy voltage must be greater than 3.5 V when using the EN pin. For V| < 3.5 V, enable
terminal cannot be used to disable the device.
TI recommends to connect the enable terminal to V.
3
4 . ) I )
VN s | Unregulated supply voltage. Tl recommends to connect an input capacitor as a good analog circuit practice.
6
PCL 7 o Programmable current limit. A resistor to GND sets the overcurrent limit activation point.
The range of resistor that can be used on the PCL terminal to GND is 8.2 kQ to 160 kQ.
GND 8 — | Ground/thermal pad.®
Power Good terminal. PG is an open-drain output to indicate the output voltage reaches 90% of target. PG
PG/OC 9 (@) terminal is also used as indicator when an overcurrent condition is activated. PG pin should have a pull-up
resistor to the Vo pin.
Current sense terminal. Resistor connected from CS to V|y. CS terminal indicates voltage proportional to
output current.
cS 10 o CS terminal low: Foldback current limit disabled
CS terminal high: Foldback current limit enabled
11
12
Vout 13 (0] Regulated output.
14
COMP 15 | Internal compensation point for error amplifier.
FB 16 | The output voltage feedback input through voltage dividers. See Adjustable Output Voltage (Feedback

Circuit) section.

(1) Thermal pad must be connected to GND.
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7 Specifications

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

MIN MAX UNIT
Vin, PG -0.3 7.5 \Y
Input voltage
FB, COMP, PCL, CS, EN -0.3 Viy+0.3 \Y
Output voltage VouT, SS -0.3 7.5 \%
PG terminal sink current 0.001 5 mA
Maximum operating junction temperature, T, -55 150 °C
Storage temperature, Tgyg -55 150 °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.

7.2 ESD Ratings

VALUE UNIT
v Electrostatic | Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001, all pins® +2000 v
(ESD)  discharge Charged-device model (CDM), per JEDEC specification JESD22-C101, all pins® +1000
(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.
7.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)
MIN NOM MAX UNIT
T; Operating junction temperature -55 125 °C
tr EN Rise time (10% to 90%) for EN signal 100 us
tr VIN Rise time (10% to 90%) for VIN = EN 1 ms
7.4 Thermal Information
TPS7H1101-SP
THERMAL METRIC®®) HKR (CFP) UNIT
16 PINS
Roc(bot) Junction-to-case (bottom) thermal resistance 0.6 °C/IW
(1) Do not allow package body temperature to exceed 265°C at any time or permanent damage may result.
(2) Maximum power dissipation may be limited by overcurrent protection.
Copyright © 2016-2017, Texas Instruments Incorporated Submit Documentation Feedback 5
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7.5 Electrical Characteristics

15V <SVN<ST7V, Voutgargey = Vin — 0.35 V, loyr = 10 mA, Vgy = 1.1V, Coyr = 22 pF, PG terminal pulled up to V,y with 50 kQ,
over operating temperature range (T; = -55°C to 125°C), unless otherwise noted. Typical values are at T; = 25°C.

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Vin Input voltage range 1.5 7 \%
Vg Feedback terminal voltage® |0 A<Igur<3A, 15VSVysT7V 0.594 0.605 0.616 v
Vout Output voltage range 0.8 Vin \%
1) OAS'OUTS3A,1.5VSV|NS7V, _20, 0,
Output voltage accuracy Vour =08V, 1.2V, 1.8 V, 6.65 V 2% 2%
0,
Avour %/ Line regulation 15VSVpySTV -0.07 0.01 007| %NV
IN
0,
ﬁl\g%‘f % vad regulation 08V<Vour<6.65V,0<10q<3A 0.08 %IA
15VSVNS7V,Vour=0.8V, 1.2V, 18V, 05 3
lout = 10 MA, T = —-55°C® :
. . ) 15VSVNST7V,Vour=08V, 1.2V, 18V,
AVout DC input line regulation lour = 10 MA, T, = SE0C(2) 0.2 0.6 mV
15VSVNS7V,Vour=0.8V, 1.2V, 18V,
lout = 10 MA, T; = 125°Cc®@ 02 1.0

(1) The output voltage accuracy of condition at oyt = 2 A and gyt = 3 A is specified by characterization, but not production tested.
(2) Line and load regulations done under pulse condition for t < 10 ms.
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Electrical Characteristics (continued)

15V <=VN=ST7V, Vourgagey = Vin — 0.35 V, loyr = 10 mA, Vgy = 1.1V, Coyr = 22 YF, PG terminal pulled up to V,y with 50 kQ,
over operating temperature range (T; = -55°C to 125°C), unless otherwise noted. Typical values are at T; = 25°C.

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Vour =0.8V, 0=l gaqS 1A, Ty=-55C®@ 0.4 1.0
Vour=0.8V,0< 1 0ag< 1A, Ty=25C@ 0.6 11
Vour = 0.8V, 0=l gagS 1A, Ty=125°C@ 0.8 1.3
Vour = 0.8V, 0=l gaq S 2 A, Ty=-55°C@ 0.8 1.8
Vour=0.8V, 0=l 0ag <2 A, Ty=25°C@ 1.3 1.8
Vour = 0.8V, 0=l gaq S 2 A, Ty=125°C@ 1.6 2.4
Vour = 0.8V, 0=l gaq S 3 A, Ty=-55°C@ 11 1.9
Vour=0.8V, 0=l 0ag<3A, Ty=25°C@ 1.9 2.6
Vour = 0.8V, 0= lgaq S 3 A, Ty=125°C@ 25 3.4
Vour =12V, 0=l gaqS 1A Ty=-55C®@ 0.3 1.2
Vour=1.2V,0< 1 0ag < 1A Ty=25C@ 0.5 1.3
Vour =12V, 0= lgagS 1A Ty=125°C@ 0.6 1.3
Vour =12V, 0=l gaq S 2 A, Ty =-55°C@ 0.8 1.6
Vour=1.2V, 0=l 0ag 2 A, Ty=25°C@ 11 2.1
Vour =12V, 0= lgaq S 2 A, Ty = 125°C@ 15 2.1
Vour =12V, 0=l gaq S 3 A, Ty=-55°C@ 1.0 1.7
Vour=1.2V, 0=l 0ag <3 A, Ty=25°C@ 11 2.4
AVg DC output load regulation® Vour =12V, 05 lioag < 3A, Ty = 125°C% 22 35 v
Vour =18V, 0=l gaqS 1A, Ty=-55C®@ 0.1 0.9
Vour=1.8V,0< 1 0ag< 1A Ty=25C@ 0.3 0.9
Vour =18V, 0=l gagS 1A, Ty=125°C@ 0.4 1.2
Vour = 1.8V, 0=l gaq S 2 A, Ty =-55°C@ 1.4 2.4
Vour=1.8V, 0=l 0ag <2 A, Ty=25°C@ 0.7 1.4
Vour = 1.8V, 0=l gaq S 2 A, Ty = 125°C@ 0.6 1.9
Vour = 1.8V, 0=l gaq S 3 A, Ty=-55°C@ 25 3.9
Vour=1.8V, 0=l 0ag <3 A, Ty=25°C@ 1.2 2.1
Vour = 1.8V, 0=l gaq S 3 A, Ty=125°C@ 1.2 25
Vour=6.65V, 0=l gag< 1A, Ty=-55°C@ 15 2.9
Vour=6.65V, 0=l gag< 1A, Ty=25°C@ 0.4 2.6
Vour = 6.65V, 0=l gag< 1A, Ty=125°C@ 2.8 35
Vour = 6.65V, 0=l gag <2 A, Ty =-55°C@ 35 5.9
Vout =6.65V, 0=l gag <2 A, Ty=25°C@ 11 4.7
Vour = 6.65V, 0=l gag <2 A, Ty=125°C@ 5.8 8.0
Vout = 6.65V, 0 <l gag < 3 A, Ty =-55°C@ 5.6 9.3
Vout = 6.65V, 0 <l gaqg < 3 A, Ty=25°C@ 3.7 8.0
Vout = 6.65V, 0 <l gag < 3 A, Ty=125°C@ 13.0 25
Vbo Dropout voltage® loutr = 3 A, Vour = 1.3V, Viy = Vout + Voo 210 335| mv
21/|7Nk: 1.5V, Vour = 1.2V, PCL resistance = 500 750
- IIiDnrq()itg:grrggable output current ; _91 Ev TR mA
véNrie_s S5V, Vour=1. , PCL resistance 200 3500
Ves ggerating voltage range at 03 Vi v
CSR Current sense ratio lLoan / lcs, Vin= 2.3V, Vour = 1.9V 47394 47500 56000| AJ/A

(3) The parameter is specified to the limit in characterization, but not production tested.
(4) The maximum limit of the Ic_parameter is specified to the limit in characterization, but not production tested.

Copyright © 2016-2017, Texas Instruments Incorporated

Product Folder Links: TPS7H1101-SP

Submit Documentation Feedback



http://www.ti.com/product/tps7h1101-sp?qgpn=tps7h1101-sp
http://www.ti.com
http://www.ti.com/product/tps7h1101-sp?qgpn=tps7h1101-sp
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVSD81A&partnum=TPS7H1101-SP

13 TEXAS
INSTRUMENTS
TPS7H1101-SP

SLVSD81A —JANUARY 2016—REVISED FEBRUARY 2017 www.ti.com

Electrical Characteristics (continued)

15V <=VN=ST7V, Vourgagey = Vin — 0.35 V, loyr = 10 mA, Vgy = 1.1V, Coyr = 22 YF, PG terminal pulled up to V,y with 50 kQ,
over operating temperature range (T; = -55°C to 125°C), unless otherwise noted. Typical values are at T; = 25°C.

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
IeND GND terminal current Vin=15V,Vour =12V, lgyt=2A 10 16 mA
lo Quiescent current (no load) ViIN=Vour + 05V, gyt =0A 7 10 mA
15VsVys7V 26 230 MA
IsHDN Shutdown current 1.5V <V <7V, post 100 kRads (si), Ty =
25°C(5) IN p ( ) J 1400 HA
Isns, kB FB/SNS terminal current ViIN=7V,Vour=6.65V 1 5 nA
I EN terminal input current VIN=7V,Ven=7V,Vour =6.65V 20 150 nA
EN terminal input low
ViLEN (disable) P 35V<Vy<7V 0.30 x Vi v
EN terminal input high
Vinen (enable) put g 35V<Vy<7V 0.75 x Vi v
Eprop DIy EQIZS'E terminal propagation |y, '~ 5 5 v EN rise to Ioyrrise 650 1000| ps
. _ VIN =22 V, VOUT =1.8 V, ILOAD =1 A,
Ten Enable terminal turn-on delay Cour = 220 UF, Css = 2 NF 1.4 1.6 ms
VTHpG PG threshold No load, 0.8 V < Voutr £6.65V 86% 90%
VTHPGHYS PG hysteresis 1.5V< V|N <7V 2%
VoLpc PG terminal output low Ipg = -1 mA to 0 mA 120 300 mV
V >V ,Vpg =12V 0.2 15
I kePG PG terminal leakage current OUT ~ “THPG: PG A
VOUT > VTHPG! VPG =7V 0.5 2.5
Iss SS terminal charge current Vin=15Vto7V 25 3.5 HA
Issdisb SS terminal disable current Viy=15Vto7V 5 10 pA
SS terminal voltage (device _
Vss enabled)® VnN=15Vto7V 1.232 \Y
) SS terminal low-level input _
Vssdisb voltage to disable device Vin=15Vio7V 04 v
. - |ViN=25V,Vour=1.8V 1 kHz 48
PSRR Power-supply rejection ratio IN ' YOUT ' dB
PPy Tel Cour =220 uF 100 kHz 25
. BW =10 Hz to 100 kHz,
\YN Output noise voltage lour =3 A, Viy = 2V, Vour = 1.8 V 20.33 UVRrMs
Thermal shutdown o
TSD temperature 185 ¢

(5) This maximum limit applies to SMD 5962R13202 post 100 kRads (Si) test at 25°C.
(6) Any external pullup voltage should not exceed 1.188 V.
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7.6 Typical Characteristics
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Typical Characteristics (continued)
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Figure 7. Power Supply Ripple Rejection vs Frequency
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8 Detailed Description

8.1 Overview

The TPS7H1101-SP is 3-A, 1.5-V to 7-V LDO linear regulator that uses PMOS pass element configuration.

It uses TI's proprietary process to achieve low noise, high PSRR combined with high thermal performance in a
16-pin ceramic flatpack package (HKR).

A number of features are incorporated in the design to provide high reliability and system flexibility. Current
foldback, current limit, and thermal protection are incorporated in the design to make it viable for harsh
environments.

The device also has a current sense monitoring feature. A resistor connected from the current sense (CS)
terminal to VIN indicates voltage proportional to the output current. When CS is held high, foldback current limit
is enabled. Shorting CS low disables the foldback current limit.

A resistor connected from the programmable current limit (PCL) terminal to ground sets the over current limit
activation point. When overcurrent limit activation point is reached, it results in LDO going into current foldback
mode. Output current is reduced to approximately 50% of the current limit set point. PCL section provides a
detailed description of this feature.

TPS7H1101-SP incorporates thermal protection, which disables the output when the junction temperature rises
approximately 185°C, allowing the device to cool. Cycling limits the dissipation of the regulator, protecting it from
damage as a result of overheating.

A resistor connected from the CS terminal to VIN indicates voltage proportional to the output load current.

To provide system flexibility for demanding current needs, the LDO can be configured in parallel operation as
indicated in Figure 22. Current Sharing section provides detailed parallel operation information.

An enable feature is incorporated in the design allowing the user to enable or disable the LDO. Power Good, an
open-drain connection, indicates the status of the output voltage. These provide the customers system flexibility
in monitoring and controlling the LDO operation. When using the Enable function, V,y voltage must be > 3.5 V.
For V,y from 1.5 V to 7 V, TPS7H1101-SP can be disabled using the soft-start (SS) terminal as described in
Enable/Disable section.
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8.2 Functional Block Diagram
CS
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Vin i Vout
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§ Rb
Vref l|ss
Vrefl2_ |2 ;;

SS +
+

i

Thermal
Protection

Vfb

Comp

o-ssv_fb>
0.45 Vfb>

Figure 8. Block Diagram

Bt

8.3 Feature Description

8.3.1 Soft Start

Connecting a capacitor from the SS terminal to GND (Css) slows down the output voltage ramp rate. The soft-
start capacitor charges up to 1.2 V.

C, = tSSV. I
FB
where
et = Soft-start time
ls = 2.5 HA
¢ Vpg=Vger/2=0.605V (1)

8.3.2 Power Good (PG)

Power Good terminal (9) is an open-drain connection and can be used to sequence multiple LDOs. Figure 9
shows typical connection for V| > 3.5 V. The PG terminal will be pulled low until the output voltage reaches 90%
of its maximum level. At that point, the PG pin will be pulled up. Since the PG pin is open drain, it can be pulled
up to any voltage as long as it does not exceed the absolute max of 7.5 V listed in the Electrical Characteristics
table.
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Feature Description (continued)

TPS7H1101-SP TPS7H1101-SP
EN PG EN PG
VIN SS

VIN SS __|_
I

1
I

Figure 9. Sequencing LDOs with Power Good

NOTE
For PSpice models, WEBENCH, and mini-POL reference design, see the Tools &
Software tab.

1. PSpice average model (stability — bode plot)
2. PSpice transient model (switching waveforms)
3. WEBENCH design tool (www.ti.com/product/TPS7H1101-SP/toolssoftware)

8.4 Device Functional Modes

8.4.1 Enable/Disable

For V|y from 1.5 V to 7 V, TPS7H1101-SP can be disabled using the SS terminal. The minimum soft-start
pulldown current is 10 pA, with soft start to ground voltage of 400 mV or lower. External voltage applied to the
SS terminal must be limited to 1.2-V maximum. Removing the logic-low condition on soft start enables the device
allowing the soft-start capacitor to get charged by the internal current source. Alternatively, for V,y > 3.5V, the
device can be disabled by pulling the enable terminal to logic low. In all other cases, the enable terminal should
be connected to VIN.

T
| Vref=1.2 V :
Iy
| ¢ |
| |
| |
| |
| |
| |
| -
| |
| |
: Iss : External
| __Yl. cuit
| |
[ | 1 Qext
| |
| |
Iref
K7 4
: 8 : Css
| |
| |
| _ |
| | )
I
Figure 10. Enable/Disable
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Device Functional Modes (continued)

The circuit shown in Figure 10 highlights the SS terminal 1 along with block diagram of internal circuitry. Circuitry
in dashed outline is internal to the IC composed of PMOSFET current mirror. The PMOS current mirror sources
current from the positive supply and external circuitry composed of Qext is used to sink current from SS terminal
1. As highlighted in the Electrical Characteristics table, typical ISS = 2.5 pA and max ISS = 3.5 pA for
TPS7H1101-SP. If ISS current is exceeded, such as sinking higher current in excess of max ISS, this disables
the LDO. See the Electrical Characteristics table for the external sink current from SS terminal necessary to
disable the IC. Exceeding maximum external sink current does not damage the device.
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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 TPS7H1101-SP LDO linear regulator is targeted to harsh environment applications. This regulator has
various features such as low dropout, soft start, output current foldback, high-side current sensing (where
sensing voltage at CS pin provides voltage proportional to output current), and current sharing.

9.1.1 Stability

Conventional Bode plots are a standard approach in assessing stability as shown in Figure 11. This approach
requires that we have a single feedback path where an AC signal is injected across a resistor (typically 50 Q)
and measurements are taken on either side of the resistor. From this, loop gain and phase plots can be
generated. Crossover frequency, fc, is defined as the frequency where the magnitude of the loop gain is unity
and phase margin is evaluated at the crossover frequency fc.

+ =% 50 Q .
AC

RESR

Rt Ru Vo

Control
J RB

Figure 11. Conventional Bode Plot

However, there are conditions where the feedback loop is not accessible or there may be multiple feedback
paths, as with the TPS7H1101-SP. When there are multiple feedback loops the conventional bode plot approach
will not be representative of the device's true response. The TPS7H1101-SP uses a conventional feedback loop
in addition to an inner fast loop that injects current into the error amplifier, which in turn greatly improves the
transient response of the device. The Bode plot method can still be used to understand the behavior of the main
loop, but this will show a lower crossover frequency and thus imply a slower transient response than the actual
performance of the device. Fortunately, accurate and quantitative stability metrics can still be assessed from
output impedance measurements and simulations.

There are multiple ways output impedance can be measured. One approach is to inject a small current at the
output of the regulator and compare it to the resulting voltage response. The variation in the phase of the output
impedance across frequency can be related to the phase margin through the group delay.

Group delay, Tg, is the rate of change of phase with respect to frequency as shown in Equation 2. Most SPICE
simulation packages can plot this parameter and certain frequency analyzers boast software that supports a
direct measurement. Using this software, phase margin can be extracted from the group delay plot. The phase
margin and crossover frequency reported from these measurements will include the effects of both feedback
loops.

do
Ty= —
do 2)
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Application Information (continued)

The stability of the device can be qualitatively validated by applying a step load to the output and observing the
response. The SPICE models for the device can be found in Tools & Software on the product page. To simulate
impedance measurements, the transient model should be used. For a more detailed explanation of this approach
and how to use the model to simulate the output impedance and group delay, please see reference (1).

9.2 Typical Application

TPS7H1101-SP

Power
V
I Good
CIN Rcs COMP
R

= cs Vout

PCL
Rpcl Soft Feed
Start GND Back

Figure 12. Typical Application Circuit

9.2.1 Design Requirements
Table 1 shows the design parameters.

Table 1. Design Parameters

PARAMETER VALUE
Input voltage 15Vto7V
Output voltage User programmable
Output current 3-A max
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9.2.2 Detailed Design Procedure

9.2.2.1 Adjustable Output Voltage (Feedback Circuit)

The output voltage of the TPS7H1101-SP can be set to a user-programmable level between 0.8 V and 6.65 V.
Achieve this by using a resistor divider connected between Vgut, FB, and GND terminals. Rrgp connected

between Vgyr and Vg, and Rgotrom cOnnected between Vg and GND.

Use Equation 3 to determine Vgyr.

A (RTOP + RBOTTOM) ° VFB
our

RBOTT()M

where
¢ Vg =0.605V

Table 2. Resistor Values for Typical Voltages

Vour Standard 1% Resistors Standard 0.1% Resistors
Rrop ReotTom Rrop ReotToMm
0.8V 10.7 kQ 33.2kQ 10.7 kQ 33.2 kQ
1v 13.7 kQ 21 kQ 12.6 kQ 19.3 kQ
1.2V 11.3 kQ 11.5 kQ 11.8 kQ 12 kQ
15V 15.8 kQ 10.7 kQ 18.2 kQ 12.3 kQ
1.8V 23.2 kQ 11.8 kQ 32 kQ 16.2 kQ
25V 10.7 kQ 3.4 kQ 37.9 kQ 12.1 kQ
3.3V 51.1 kQ 11.5 kQ 10.2 kQ 2.29 kQ
4V 13.3 kQ 2.37 kQ 31.2 kQ 5.56 kQ
5V 11.5 kQ 1.58 kQ 16.2 kQ 2.23 kQ
55V 17.4 kQ 2.15 kQ 89.8 kQ 11.1 kQ
6V 90.9 kQ 10.2 kQ 10.7 kQ 1.2 kQ
6.5V 26.7 kQ 2.74 kQ 15.2 kQ 1.56 kQ
6.6 V 11.3 kQ 1.15 kQ 22.1 kQ 2.23 kQ
6.7V 39.2 kQ 3.92 kQ 13.8 kQ 1.37 kQ

9.2.2.2 PCL

PCL resistor, Ry, sets the overcurrent limit activation point and can be calculated per Equation 4.

Roat = (CSR X Vo)) / (Io — 0.0403)

where
¢ V,=0.605V

* leL = Programmable current limit (A)

e Current sense ratio (CSR) is the ratio of output load current to 5. The typical value of the CSR is 47394.

Figure 13 shows the output load current (Ioyt) versus PCL terminal current (I¢)

A suitable resistor R, must be chosen to ensure the CS terminal is within its operating range of 0.3 V to V.

®3)

(4)

The maximum PCL is 3.5 A. The range of resistor that can be used on the PCL terminal to GND is 8.2 kQ to 160

kQ.
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Figure 13. Igyt (A) VS lpc (HA)

9.2.2.3 High-Side Current Sense

Figure 14 shows the cascode NMOS current mirror. Vs must be in the range as specified in the Electrical
Characteristics table. The following example shows the typical calculation of R.s.

o I oap * offset
CST T oR (5)
R. = V/N B VCS
cs Ics
where
* |l onp is the output load current.
e CSR s the current sense ratio. (6)

When Vy = 2.3 V, select Ves = 2.05 V, loap = 3 A, CSR = 47394, and lyyeer = 0.1899 A, then Ics = 67.306 pA

and Res = 3.714 kQ.
Vin
lout Ics g Rcs

e-\cs

Y. 3
LY. i3

v

Figure 14. Cascode NMOS Current Mirror

For TPS7H1101-SP, Figure 15 shows the typical curve Vcg Vs lgyr for Viy = 2.28 V and Rcg = 3.65 kQ. A
resistor connected from the CS terminal to V| indicates voltage proportional to the output current.
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Monitoring current in the CS terminal (Ics VS loyt) indicates the current sense ratio between the main PMOSFET
and the current sense MOSFET as shown in Figure 16.

Figure 17 shows Igyt VS Ics when the voltage on CS terminal is varied from 0.3 Vto 7 V.

2.35 35
7
2.30 3 //
< 225 =< 25 /
2~ \ - /
® =
S c /
& 220 g 2
3 5 v
> (&} /]
£215 5195 v lcs (A)— 0.3 V
? g /] y = 48150x — 0.1926
2.10 1 e Ics (A) - 2.3 V
/ y = 47935x — 0.1865
2.05 05 7 Ics (V) — 5V
/| y = 48061x — 0.1899
2.00 0
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 0 10 20 30 40 50 60 70 80
Load Current (A) CS Pin Current (uA)
Vin=23V Vour = 1.8V y= —0.078x + 2.2853 Vin=23V Vour = 1.8V
Figure 15. Vs (V) vs oyt (A) Figure 16. loyt (A) vs Ics (A)
0.7
0.6
g 0.5
c
8 04
>
3 /
g 0.3 /
>
002 /
0.1 /
0

0.00E+00 5.00E-06 1.00E-05 1.50E-05 2.00E-05
CS Pin Current (A)
y =49917x — 0.2466

Figure 17. loyt (A) vs Ics (A)

9.2.2.4 Current Foldback

1. The TPS7H1101-SP has a current foldback feature which can be enabled when the CS terminal is held high.
Shorting CS low disables the foldback current limit. If the foldback current limit is disabled, then the LDO wiill
begin regulating again as soon as the current falls below the clamp threshold.

2. With foldback current limit enabled, when current limit trip point is activated,
(a) Output voltage drops low.
(b) Output current folds back to approximately 50% of the current limit trip point.

This results in minimizing the power loss under fault conditions. Monitoring the voltage at the CS terminal
indicates voltage proportional to the output current.
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9.2.2.5 Transient Response

Figure 18, Figure 19, and Figure 20 indicate the transient response behavior of the LDO for 50% step load
change.

Channel 1: Input Voltage

Channel 2: Output voltage overshoot/undershoot
Channel 3: Step load in current

Min=2.3v,vo=18Y, = ©  TPS7H1101 Translent step load 0.14 to 1.64 Min-2.3v,vo=18Y, = ©  TPS7TH1101 Trangient Step load 014 to 164 LEukor=g
Position i Curs1 Pos
Scale Curs2 Pos
Vin s T
B R | e s el as em vt o ion oy oam
Min({C1) 2.03v M H Min(C1) 219y
e —— 4 T '
WinGa) 136y Min(cd)  -36my
[ER——— Man(C4)*  18.0mv Mar(C4)*  18.8mY
+ o + tput Curr %
[ ] e N
t
ch1  500mY M200ps 125MS5s 8.0nsipt chl  so0my M 10.0ps 256546 400psiht
h3 0 2 Chd 200mY % Bw A Ch3 o 780maA Ch3 1.04 Q Ch4 200mY % Bw A ChE o~ 780maA
Figure 18. Load Transient Response: Step Load 0.1 A to Figure 19. Expanded View Overshoot
1.6A, V=23V, Vour=18V
Minez3v,vooiay, | ©  TPa7HI10 Transient Step 1o 0,14 10 1 64 o
Curs1 Pos
: Curs2 Pos
vini S
e "
e ,,,,,,,,,,,,, Minic1)  201v
ﬁ‘ Minca)  -z12m¥
I Maw(C4)* 2.8mYy
[
3 v P
m
Chl  S00MY M 10.0ps 25656 400psit
Ch3 1.04 Q Cha 200mY Y Bw A Chi s 780mM&
Figure 20. Expanded View Undershoot
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9.2.2.6 Current Sharing

For demanding load requirements, multiple LDOs can be paralleled as indicated in Figure 22. In parallel mode,
the CS terminal of LDO1 must be connected to the PCL terminal of LDOZ2 via a series resistor R, and CS
terminal of LDO2 must be connected to PCL terminal of LDO1 via series resistor R¢,. The typical value of R¢, in
parallel operation is 3.75 kQ for current limit > 6 A. In parallel configuration, R, (resistor from PCL to GND) and
Rcs (resistor from CS terminal to Vjy) must be left open (unpopulated). The R¢, value must be selected so that
the operating condition of the CS terminal is maintained, as specified in the Electrical Characteristics table. The
current from PCL through RCL of LDOL1 is determined by the output load current of LDO2 divided by the CSR.
Hence, the voltage at CS terminal of the LDO1 is 0.605 V — ((output load current of LDO2 + 0.2458) / CSR x

RCL)-

Alternately, it can also provide twice the output current to meet system needs. When using two LDOs in parallel
operation for higher output load current, use POL TPS50601-SP as an input source.

65.00

60.00 \

55.00

——LDO1
——LDO2

50.00

45.00 I

40.00

% of total Load

35.00 T T T T T )
0 1 2 3 4 5 6
Output Current

Figure 21. LDO Current Share
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Figure 22. Block Diagram (Parallel Operation)
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9.2.2.7 Compensation

Figure 23 shows a generic block diagram for TPS7H1101-SP LDO with external compensation components.
LDO incorporates nested loops, thus providing the high gain necessary to meet design performance.

Q1
iyl ‘
+ 1
Ccomp P o . +
Cinesr | i
|
|
Buffer . Resri }
. [ | |
|
vin E/A i } RL Vo
] Coll |
L |
—~CLin Vib=0.607 V Rbottom L | J
cx

Figure 23. TPS7H1101-SP Compensation

Resistor divider composed of Ry, and Ryqtom determine the output voltage set points as indicated by Equation 3.
Output capacitor Cqyt introduces a pole and a zero as shown in the following.

_ 1

ELC” - ZOTE.CU.RL (7)
_ 1

FZ*CO B 2.7-[. Co.Cf.vr (8)

The TPS7H1101-SP was designed so that the ESR of the output capacitor will not have a strong influence on the
response of the LDO. However, an optional capacitor, C,, can be added in parallel with the bottom feedback
resistor to introduce a pole to cancel F, .. Equation 9 shows how to calculate the location of the pole introduced
by Cy. To cancel the zero directly, F, should be equal to F, .

=1
FI’ o 2.7'C.Cr.Rbarmm (9)

C, is calculated to be 1000 pF for C, = 220 pF, Cgs = 45 mQ, and Rygtiom = 10 kQ.

Internal compensation in the LDO cancels the output capacitor pole introduced by Coyt and R,.
Cecomp introduces a dominant pole at low frequency. TI recommends that a Cgqp,p, Value of 10 nF.

9.2.2.8 Output Noise

Output noise is measured using an HP3495A. Figure 24, Figure 25, , and show noise of the TPS7H1101-SP in
uV/\Hz vs frequency.
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9.2.2.9 Capacitors

TPS7H1101-SP requires the use of a combination of tantalum and ceramic capacitors to achieve good volume to
capacitance ratio. Table 3 highlights some of the capacitors used in the device. TI recommends to follow proper
derating guidelines as recommended by the capacitor manufacturer based upon output voltage and operating
temperature.

Note that polymer-based tantalum capacitors must be derated to at least 60% of rated voltage, whereas
manganese oxide (MnO,) based tantalum capacitors should be derated to 33% of rated voltage depending upon
the operating temperature.

Tl recommends to use a tantalum capacitor along with a 0.1-uF ceramic capacitor. The device is stable for input
and output tantalum capacitor values of 10 to 220 pyF with the ESR range of 10 mQ to 2 Q. However, the
dynamic performance of the device varies based on load conditions and the capacitor values used.

Tl recommends a minimum output capacitor of 22 pF with ESR of 1 Q or less to prevent oscillations. X7R
dielectrics are preferred. See Table 3 for various capacitor recommendations.
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Table 3. TPS7H1101-SP Capacitors

CAPACITOR DETAILS

CAPACITOR PART NUMBER (CAPACITOR, VOLTAGE, ESR) TYPE VENDOR
T493X107K016CH612A M) 100 pF, 16 V, 100 mQ Tantalum - MnO2 Kemet
T493X226M025AH6x20 22 uF, 25V, 35 mQ Tantalum - MnO2 Kemet
T525D476M016ATE035) 47 uF, 10 V, 35 mQ Tantalum - Polymer Kemet
T540D476M016AH6520) 47 uF, 16 V, 20 mQ Tantalum - Polymer Kemet
T525D107M0O10ATE025 ) 100 pF, 10 V, 25 mQ Tantalum - Polymer Kemet
T541X337M010AH67201) 330 pF, 10 V, 6 mQ Tantalum - Polymer Kemet
T525D227M010ATE025 (1) 220 pF, 10 V, 25 mQ Tantalum - Polymer Kemet
T495X107K016ATE100) 100 pF, 16 V, 100 mQ Tantalum - MnO2 Kemet

CWR29FK227JTHC® 220 pF, 10 V, 180 mQ Tantalum - MnO2 AVX
THJE107K016AJH 100 pF, 16 V, 58 mQ Tantalum AVX
THJIE227K010AJH 220 pF, 10 V, 40 mQ Tantalum AVX

SMX33C336KAN360 33 uF, 25V Stacked ceramic AVX

SR2225X7R335K1P5#M123

3.3 pF, 25V, 10 mQ

Ceramic

Presidio Components Inc

(1) Operating temperature is —55°C to 125°C.

9.2.3 Application Curves
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Figure 26. VDO vs loyt
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10 Power Supply Recommendations

This device is designed to operate with an input voltage supply up to 7 V. The minimum input voltage should
provide adequate headroom greater than the dropout voltage for the device to have a regulated output. If the
input supply is noisy, additional input capacitors with low ESR can help improve the output noise performance.

11 Layout

11.1 Layout Guidelines

» For best performance, all traces should be as short as possible, and no longer than 5 cm.
» Use wide traces for IN, Out and GND to minimize the parasitic electrical effects.

» Place the output capacitors (COUT) as close as possible to the OUT pin of the device.

11.2 Layout Example

— -
| | _: |
css —— . |: :Th\;::al: :| Vout
A I B
— |l ] = _‘
! PCL L [ cs |
“ GND [pe/oq] L
Cout

GND PLANE

Figure 27. PCB Layout Example
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12 Device and Documentation Support

12.1 Device Support

12.1.1 Third-Party Products Disclaimer

TI'S PUBLICATION OF INFORMATION REGARDING THIRD-PARTY PRODUCTS OR SERVICES DOES NOT
CONSTITUTE AN ENDORSEMENT REGARDING THE SUITABILITY OF SUCH PRODUCTS OR SERVICES
OR A WARRANTY, REPRESENTATION OR ENDORSEMENT OF SUCH PRODUCTS OR SERVICES, EITHER
ALONE OR IN COMBINATION WITH ANY TI PRODUCT OR SERVICE.

12.2 Documentation Support

12.2.1 Related Documentation
(1) Stability Assessment of Fixed Regulators - Tom Boehler, Paul Ho, AEi Systems

12.3 Receiving Notification of Documentation Updates

To receive natification 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.

12.4 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 TI's Terms of
Use.

TI E2E™ Online Community TlI'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.

12.5 Trademarks

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

12.6 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
“: I\ during storage or handling to prevent electrostatic damage to the MOS gates.

12.7 Glossary

SLYZ022 — TI 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.

13.1 Device Nomenclature

KGD Known good die

RHA Radiation hardness assurance for space systems

5962R13202 Same device as TPS50601-SP, shown with standard microcircuit drawing (SMD)

TPS7H1101-SP Same device as 5962R10221, shown with Tl package drawing
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PACKAGING INFORMATION

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ ©)
5962-1320201VXC NRND Production CFP (HKR) | 16 25| TUBE ROHS Exempt NIAU N/A for Pkg Type -55to 125 5962-1320201VXC
TPS7H1101-SP
5962R1320201VXC NRND Production CFP (HKR) | 16 25 | TUBE ROHS Exempt NIAU N/A for Pkg Type -55t0 125 5962R1320201VXC

TPS7H1101-RHA

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

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

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

@ | ead finish/Ball material: Parts may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two lines if the finish value exceeds the maximum
column width.

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

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

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

Important Information and Disclaimer: The information provided on this page represents TI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information provided by third parties, and
makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and continues to take reasonable steps to provide representative
and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals. Tl and TI 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)
5962-1320201VXC HKR CFP 16 25 506.98 26.16 6220 NA
5962R1320201VXC HKR CFP 16 25 506.98 26.16 6220 NA
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PACKAGE OUTLINE

HKROO16A S CFP - 2.416 mm max height
CERAMIC DUAL FLATPACK
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———— — |
———— — | +
| e
8 . J 'S L
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[ |02@[c]A[8]
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! /|
2416 [ i 1
1.850 [ I
* - 59—
(6.59) | 0.177
0.097
1.04
0.84
‘ 25.142 ‘
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HEATSINK
8 9
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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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IMPORTANT NOTICE AND DISCLAIMER

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

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

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

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

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