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TPS7H1301-SP 3V to 6.3V Input, 400mA, -6V to -0.6V Radiation-Hardend Charge Pump
Voltage Inverter with Integrated Low Dropout Regulator

1 Features

» Total ionizing dose (TID) characterized
— Radiation hardness assurance (RHA)
availability of up to 100krad(Si)
» Single-event effects (SEE) characterized
— Single-event latchup (SEL), single-event
burnout (SEB), and single-event gate rupture
(SEGR) immune up to linear energy transfer
(LET) = 75MeV-cm? /mg
— Single-event functional interrupt (SEFI) and
single-event transient (SET) characterized up to
LET = 75MeV-cm? /mg
* Inverts a positive input voltage and regulates the
negative supply
* Up to 400mA output current
» 2.5Q (typical) inverter output impedance, V|y = 5V
»  11.5% regulation output accuracy
» 500kHz (typical) fixed-frequency, adjustable
negative output voltage operation (TPS7H1301)
* 1MHz (typical) fixed frequency, fixed -1.8V output
(TPS7H1302)
* 45dB (typical) LDO PSRR at 100kHz with 100mA
load current
» Plastic packages outgas tested per ASTM E595
* Available in military (-55°C to 125°C) temp range

2 Applications

» Satellite electrical power systems (EPS)
* Command and data handling (C&DH)
» Optical imaging payload
» Radar imaging payload
» Power for analog circuits
— Data converters: ADCs and DACs (analog-to-
digital and digital-to-analog converters)
— Op amps (operational amplifiers)
— Imaging sensors

3 Description

The TPS7H1301SP, -SEP (TPS7H1301) and
TPS7H1302SP, -SEP (TPS7H1302) are charge
pump positive-to-negative voltage inverters with an
integrated negative low-dropout regulator (LDO).
Both devices accept a positive input supply voltage
range of 3V to 6.3V and deliver up to 400mA of
output current, with integrated enable and power-good
functionality.

The TPS7H1301 features a 500kHz (typical) charge
pump switching frequency and provides adjustable
output voltage regulation. Its STAB pin enables direct
access to the negative LDO error amplifier for external
compensation, offering design flexibility for optimized
transient response.

The TPS7H1302 delivers a fixed -1.8V output
voltage with a 1MHz (typical) charge pump switching
frequency. By eliminating the need for external
feedback resistors, the TPS7H1302 reduces both
external component count and overall solution size.

Package Information
PART NUMBER () GRADE PACKAGE @
5962R2421501VXC 4
QMLV-RHA |, . .
5962R2421502VXC 3 -pin ceramic
8.03mm x 9.12mm
TPS7H1301HBL/EM ) Engineering | Mass = 1.22g
TPS7H1302HBL/EM ) Sample
5962R2421501PYE ) QMLP-RHA  |28-pin plastic
5962R2421502PYE @ 4.40mm x 9.70mm
Mass = 198mg
TPS7H1301MPWPTSEP ) | SEP
TPS7H1302MPWPTSEP

(1)  For additional information view the Device Options Table
(2) Dimension and mass values are nominal.

(3) Product preview.

(4) Advanced information

N TPS7H1301

CFLY+

CFLY-

PGND

AGND

Vour =-1.8V
I 0mA

vout -
Cour
Resgror)
Bean 224F
VFB
Resggon)
1kQ
STAB
vred | SReowe 3|
§
Crer | 2 !
470nF §!
|
|

CPOUT!
Copour

N

\\}—H—l"‘

Typical Application Circuit TPS7H1301

An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
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4 Device Options Table

Generic Part Number Radiation Rating " Grade Package Orderable Part Number
TPS7H1301SP TID characterization up to |QMLV-RHA 14-pin ceramic flat pack 5962R2421501VXC
100 krad(Si) and DSEE (CFP) HBL
free up to LET =75 QMLP-RHA 28-pin plastic HTSSOP | 5962R2421501PYE ©
MeV-cm< /mg
(PWP)
None Engineering Sample @ 14-pin ceramic flat pack TPS7H1301HBL/EM ¥
(CFP) HBL
TPS7H1302SP TID characterization up to |QMLV-RHA 14-pin ceramic flat pack 5962R2421502VXC @
100 krad(Si) and DSEE (CFP) HBL
free up to LET =75 QMLP-RHA 28-pin plastic HTSSOP | 5962R2421502PYE ©
MeV-cm? /mg
(PWP)
None Engineering Sample ? 14-pin ceramic flat pack | TPS7H1302HBL/EM ©

(CFP) HBL

TPS7H1301-SEP

TID of 50krad(Si)
RLAT, DSEE free to

Space Enhanced Plastic

28-pin plastic HTSSOP
(PWP)

TPS7H1301PWPTSEP ¥

43MeV-cm? /mg

TPS7H1302-SEP TID of 50krad(Si) Space Enhanced Plastic | 28-pin plastic HTSSOP TPS7H1302PWPTSEP ¥
RLAT, DSEE free to (PWP)
43MeV-cm? /mg

(1) TID is total ionizing dose and DSEE is destructive single event effects. Additional information is available in the associated TID reports
and SEE reports for each product.

(2) These units are intended for engineering evaluation only. The units are processed to a non-compliant flow (such as no burn-in and only
25°C testing). These units are not designed for qualification, production, radiation testing, or flight use. Parts are not warranted as to
performance over temperature or operating life.

(3) Product preview
(4) Advanced information
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5 Device Comparison Table

Generic Part Number

Charge Pump Fgyy

Output Voltage Range

External Compensation

TPS7H1301 500kHz -6V to -0.6V Yes
TPS7H1302 1000kHz -1.8V (fixed) No
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6 Pin Configuration and Functions

TPS7H1301
HBL Package PWP Package
14-pin CFP 28-pin HTSSOP
Top View Top View
I (e N — o
EN 2 13 AGND PG 2 27 VREF
VIN 3 12 PGND EN 3 26 AGND
I G ] [ ] ]
C+ 4 (CPOUT) 1 PGND VIN 4 25 PGND
CFP HBL
C- 5 10 STAB VIN 5 24 PGND
Thermal Pad

CPOUT 6 9 VOUT C+ 6 (CPOUT) 23 PGND
CPOUT 7 8 VFB C+ 7 22 PGND
C- 8 21 PGND
C- 9 20 PGND
CPOUT 10 19 STAB
CPOUT 1 18 VOUT
CPOUT 12 17 VOUT
CPOUT 13 16 VOUT

CPOUT 14 15 VFB

Table 6-1. Pin Functions
PIN
TYPE(") DESCRIPTION

NAME HBL (14) No. |[PWP (28) No.

PG 1 2 (6] Power good indicator. The PG pin is connected to the drain terminal of
an internal MOSFET that pulls the applied external voltage to GND when
criteria for power good indication is not satisfied. Use a pull-up resistor to
pull this pin up to VIN or the desired logic level. It is recommended to pull
down PG to ground; if unused the PG pin can be leaft floating.

EN 2 3 Enable. Driving this pin to logic high enables the device; driving the pin
to logic low disables the device. If enable functionality is not required,
connect this pin to VIN. Do not float this pin.

VIN 3 4,5 P Positive power supply input; connect a 10uF low-ESR ceramic capacitor to
VIN and PGND.

C+ 4 6,7 P Positive terminal for flying capacitor, connect a 1uF low-ESR ceramic
capacitor to C+ and C-. Capacitance values smaller than 1uF increase
charge pump output ripple; higher fly capacitor values cause excessive
inrush current.

C- 5 8,9 Negative terminal for flying capacitor.

CPOUT 6.7 10to 14 Negative unregulated charge pump output voltage. Connect a 10uF low-

’ ESR ceramic capacitor to CPOUT and PGND.

VREF 14 27 O Reference pin, outputs a nominal -0.6V. Connect a 470nF ceramic
capacitor between VREF and AGND.

AGND 13 26 P Analog ground (0V) connection.

PGND 11,12 211026 P Power ground (0V) connection for charge pump.

STAB 10 20 The STAB pin is directly connected to the output from the internal
OTA (operational transconductance) error amplifier to aid in measuring
or optimizing the control loop. Standard compensation networks can
be applied to the STAB (see Section 10.2.2.5); however, an output
capacitance of 22uF typically achieve high stability margins, without the
need for an external compensation network.
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Table 6-1. Pin Functions (continued)

PIN
TYPE(") DESCRIPTION

NAME HBL (14) No. |PWP (28) No.

VOUT 9 16 to 19 P Output power pin. The regulated output voltage. A single 22uF ceramic
capacitor is recommended. Capacitance values between 10uF and 100uF
are generally supported; depending on output capacitor, input voltage,
output voltage setting and load current, use of the STAB pin can further
improve stability performance.

VFB 8 15 The output voltage feedback input through voltage dividers. See Section
9.3.5 for guidance on how to adjust the output of the LDO.

NC N/A 1,28 — No connect. These pins are not internally connected. It is recommended
to connect these pins to PGND to prevent charge buildup; however, these
pins can also be left open or tied to any voltage between CPOUT and V|y

Thermal pad — — Low electrical impedance path to CPOUT. It is recommended to connect
this metal thermal pad to a large plane for effective heat dissipation. Note:
this pad is driven to the CPOUT voltage, not PGND.

Metal lid Lid N/A — The lid is internally connected to the thermal pad and CPOUT through the
seal ring.

(1) 1= Input, O = Output, I/O = Input or Output, - = Other
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TPS7H1302
HBL Package PWP Package
14-pin CFP 28-pin HTSSOP
Top View Top View

I W Jer N — o
EN 2 13 AGND PG 2 27 VREF
VIN 3 12 PGND EN 3 26 AGND

Thermal Pad
C+ 4 (CPOUT) 11 PGND VIN 4 25 PGND
CFP HBL
c- 5 10 PGND VIN 5 24 PGND
Thermal Pad
CPOUT 6 9 VOUT C+ 6 (CPOUT) 23 PGND
CPOUT 7 8 VOUT C+ 7 22 PGND
C- 8 21 PGND
C- 9 20 PGND
CPOUT 10 19 PGND
CPOUT 1 18 VOUT
CPOUT 12 17 VOUT
CPOUT 13 16 VOUT
CPOUT 14 15 VOUT
Table 6-2. Pin Functions
PIN
TYPE(") DESCRIPTION

NAME HBL (14) No. |[PWP (28) No.

PG 1 2 (6] Power good indicator. The PG pin is connected to the drain terminal of
an internal MOSFET that pulls the applied external voltage to GND when
criteria for power good indication is not satisfied. Use a pull-up resistor to
pull this pin up to VIN or the desired logic level. It is recommended to pull
down PG to ground; if unused the PG pin can be leaft floating.

EN 2 3 Enable. Driving this pin to logic high enables the device; driving the pin
to logic low disables the device. If enable functionality is not required,
connect this pin to VIN. Do not float this pin.

VIN 4,5 P Positive power supply input.

C+ 6,7 P Positive terminal for flying capacitor.

C- 8,9 P Negative terminal for flying capacitor.

CPOUT 6,7 10to 14 P Negative unregulated output voltage.

27 O Reference pin, outputs a nominal -0.6V. Connect a 470nF ceramic

VREF 14 :
capacitor.

AGND 13 26 P Analog ground (0V) connection.

PGND 10to 12 19to 25 P Power ground (0V) connection for charge pump.

VOUT 8,9 1510 18 P Output power pin. The regulated output voltage. A single 22uF ceramic
capacitor is recommended. Capacitance values between 10uF and 100uF
are generally supported.

NC N/A 1,28 — No connect. This pin is not internally connected. It is recommended to
connect these pins to PGND to prevent charge buildup; however, these
pins can also be left open or tied to any voltage between CPOUT and V |y

Thermal pad — — Internally connected to CPOUT. It is recommended to connect this metal
thermal pad to a large plane for effective heat dissipation. Note: this pad is
driven to the CPOUT voltage, not PGND.

Metal lid Lid N/A — The lid is internally connected to the thermal pad and CPOUT through the
seal ring.

Copyright © 2026 Texas Instruments Incorporated

Submit Document Feedback

Product Folder Links: TPS7H1301-SP

7

ADVANCE INFORMATION


https://www.ti.com
https://www.ti.com/product/TPS7H1301-SP
https://www.ti.com/lit/pdf/SNVSCS6
https://www.ti.com/feedbackform/techdocfeedback?litnum=SNVSCS6&partnum=TPS7H1301-SP
https://www.ti.com/product/tps7h1301-sp?qgpn=tps7h1301-sp

NOILVINYO4ANI 3ONVAQV

13 TEXAS
TPS7H1301-SP INSTRUMENTS
SNVSCS6 — MARCH 2026 www.ti.com

7 Specifications

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

\ MIN MAX UNIT
IN -0.3 7.5
Input Voltage EN -0.3 7.5 \Y
PG -0.3 7.5
VREF -3.6 0.3
FB (TPS7H1301 only) CPOUT 0.3
STAB (TPS7H1301 only) CPOUT CPOUT +7.5
Output Voltage |C1+ GND-0.3 VIN \Y
C1- CPOUT GND+0.3
CPOUT -6.8 0.3
ouT -6.8 0.3
Input Current IN 0 600 mA
Output Current |OUT 0 600 mA
Tste Storage temperature -65 150 °C
T, Junction temperature -55 150 °C

(1)  Operation outside the Absolute Maximum Ratings may cause permanent device damage. Absolute Maximum Ratings do not imply
functional operation of the device at these or any other conditions beyond those listed under Recommended Operating Conditions.
If used outside the Recommended Operating Conditions but within the Absolute Maximum Ratings, the device may not be fully
functional, and this may affect device reliability, functionality, performance, and shorten the device lifetime.

7.2 ESD Ratings

VALUE UNIT

Human body model (HBM), per ANSI/ESDA/

o di JEDEC JS-001 (M +1000
V(Esp) Electrostatic discharge : Vv
Charged-device model (CDM), per ANSI/ESDA/ +500

JEDEC JS-002 ()

(1) JEDEC document JEP155 states that 500V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250V CDM allows safe manufacturing with a standard ESD control process.
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7.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)

MIN NOM MAX UNIT
IN 3 6.3 \Y
Input Voltage EN 7 \%
PG 7 \Y
OUT (TPS7H1301) -6 -0.6 \
Output Voltage cpPouT -6.3 -2 \%
OUT (TPS7H1302) -1.8 \
lout Output Current 0 400 mA
T, Junction temperature -55 125 °C

(1)  Selection of capacitors for CFLY and CPOUT affect overall charge pump resistance, voltage droop, and overall voltage present on
CPOUT; see the Application Section for droop voltage calculation equation.

7.4 Thermal Information

TPS7H1301-SP
TPS7H1302-SP

TPS7H1301-SP, SEP
TPS7H1302-SP, SEP

THERMAL METRIC(") CEP HBL PWP (HTSSOP) UNIT
14 28

Rgua Junction-to-ambient thermal resistance 251 244 °C/W
Rauctop) Junction-to-case (top) thermal resistance 6.3 15.8 °C/W
Rays Junction-to-board thermal resistance 9.3 6.4 °C/W
Wr Junction-to-top characterization parameter 1.4 0.2 °C/W
Y5 Junction-to-board characterization parameter 9.1 6.4 °C/W
Reuc(bot) Junction-to-case (bottom) thermal resistance 0.5 0.7 °C/W

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

note.
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7.5 Electrical Characteristics

Over 3V = V<= 6.3V, Vout (set) = -1.8, lout = 10mA, Crer = 47nF, over operating temperature range (T = -55°C to 125°C),
typical values are at Tp = 25°C, unless otherwise noted; includes RLAT at Tp = 25°C if sub-group number is present for QML
RHA and SEP devices®).

PARAMETER TEST CONDITIONS S::gr MIN TYP MAX| UNIT
POWER SUPPLIES and CURRENTS
T{S7H1301
. IOUT = 0A, Ven = 7V 1,23 15 45
la Quiescent Current TPSTH1302 mA
IOUT = 0A, Ven = 7V 1,23 12 45
IsHDN Shutdown Current Ven = 0V, loyt = 0A 1,2,3 0.8 1.5 mA
Ik Feedback leakage current TPSZH1301 1,2,3 25 100 nA
Vg =-0.7V
ENABLE
Venising) Err]l)able rising threshold (turn- 1,2,3 0.57 06 0625 vV
Ven(aling) Efr;)able falling threshold (turn- 1,2,3 0.445 05 0555 vV
tEN(delay) EN propagation delay _E1N8r\1/|gh to PG high at VIN = 5V VIN = 1,2,3 14 18| ms
IEN(LKG) Enable leakage current Ven =7V 1,2,3 25 100 nA
Thermal shutdown enter o
Tsp(enter) temperature 160 c
Thermal shutdown exit o
Tsp(exit temperature 130 c
POWER GOOD
Power good rising threshold as _
Vpg(rise) a percent of Vour Slew rate Voyt = 10V/s 1,2,3 92% 95% 98%
Power good falling threshold as _
VPG(faII) a percent of VOUT Slew rate VOUT =10V/s 1,2,3 87% 90% 93%
Vpg(OL) Power good output low IPG(SINK) =2mA 1,2,3 90 190 mV
Minimum Vy for valid PG
VINMIN_PG) (Vpg = 0_5\/"; IpG(sink) = 0-5mMA 1,23 0.8 1V
TPS7H1301
lpG(Lka) Power good leakage Vpg = 7V, Veg = —0.7V 1,2,3 0.05 2| uA
CHARGE PUMP
RDISCHARGE CPOUT discharge resistance CCPOUT =10uF VCPOUT =-0.3V 75 Q
CPOUT discharge time _
tbiscHARGE (CPOUT =-0.3V) to GND Ccpout = 10pF 6.5 ms
Switching 9,10,
fsw frequency (TPS7H1301)(") 11 400 500 600| kHz
Switching frequency 9, 10,
fsw (TPS7H1302) 1" 800 1000 1200| kHz
Foldback frequency switching
fsw(rs) frequency (1301) 125 kHz
Foldback frequency switching
fsw(rs) frequency (1302) 250 kHz
Ta=125°C 2 355 385
Switch array MOSFET1 drain Irpson = 100mA e
Ros(on) source resistance Vi =5V Ta=25C ! 265 295 mQ
Ta =-55°C 3 235 265
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7.5 Electrical Characteristics (continued)

Over 3V = Vy = 6.3V, Vour (set) = -1.8, lout = 10mA, Crer = 47nF, over operating temperature range (T = -55°C to 125°C),
typical values are at T = 25°C, unless otherwise noted; includes RLAT at Tp = 25°C if sub-group number is present for QML
RHA and SEP devices.

PARAMETER TEST CONDITIONS s::gr MIN TYP MAX| UNIT
I = 150mA Vi = 3V 45
Output resistance to CPOUT _
Rerioum) (TPS7H1301)(") IL = 250mA Vin = SV 35 Q
Vin = 6.3V 3.1
IL = 150mA Vin = 3V 4.8
Output resistance to CPOUT _
Repou) (TPS7H1302) IL = 250mA Vin =5V 3.7 0
VIN =6.3V 3.3
| =10mA 135
Vi = 3V out
louT = 250mA 1260
Droop Voltage lout = 10mMA 105
Vbroor Vproop = VIN - [Vepourl Vi =5V mv
(TPS7H1301)(M louT = 400mA 1400
| =10mA 93
Vin=6.3V ouT
louT = 400mA 1240
| =10mA 144
Vi = 3V out
louT = 250mA 1344
Droop Voltage lout = 10MA 111
Vbroor Vproop = VIN - [Vepourl Vin =5V mv
(TPS7H1302)®@ louT = 400mA 1591
| =10mA 100
VN = 6.3V out
louT = 400mA 1420
DROPOUT
Viy = 3V 1,2,3 75 125
VN = 3.3V 1,2,3 100 150
VouTset) = —1.8V IN
IOUT(meaSA) =98% x VIN =4V 1,2,3 200 300
V
Dropout current (TPS7H1301)) OUT(NOM) Vin =8V 1,2,3 400
IDO VIN =6V 1; 2, 3 400 mA
VOUT(set) =-5V Vin = 5.5V 1,2,3 40 50
louT(meas.) = 98% x
Vourmom Vi = 6V 1,2,3 250 300
Vou(sey = —1.8V Vin = 5.5V 1,2,3 40 50
Dropout current (TPS7H1302)® | loyt(meas.) = 98% *
Vourmom Viy = 6V 1,2,3 250 300
ACCURACY
=5V < Vout < Vepou) - Voo 159 0
Vace Output voltage accuracy 1mA < Igur < 400mA 1,2,3 1.5% 1.5%
. . AV =3V
AVoyt/AVy Line regulation 3.3VVy£6.3V _ 1,2,3 100 1300| pVv/vV
IOUT =150mA
. 10mA < Iyt <400mA
Load regulation (1301) Vi = 5V, Vour = 1.8V 1,2,3 8 35| mV/A
AVOUT/AIOUT 10mA < IOUT
. 10mA =< IOUT <400mA <400mA
Load regulation (1302) Vi = 5V, Vour = -1.8V | Vpy = 5V, Vour 1,2,3 24 70| mV/A
=-1.8V
VREF Internal reference voltage 1,2,3 | —0.606 -0.6 -0.594 \%
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7.5 Electrical Characteristics (continued)

Over 3V = Vy = 6.3V, Vour (set) = -1.8, lout = 10mA, Crer = 47nF, over operating temperature range (T = -55°C to 125°C),
typical values are at T = 25°C, unless otherwise noted; includes RLAT at Tp = 25°C if sub-group number is present for QML
RHA and SEP devices.

PARAMETER TEST CONDITIONS sg:gr MIN TYP MAX| UNIT
RIPPLE, NOISE AND PSRR
fipple = 100Hz 60 dB
fiople = 1kHz 58 dB
LDO power-supply rejection Vepout = -5V, Vour = — | fripple = 10kHz 47 dB
PSRR.po f 1.8V, loyr = 250mA
ratio 8V, lout m fripple = 100kHz 45 dB
fipple = 500kHz 26 dB
fipple = IMHZ 26 dB
Voltage ripple at charge pump lour = 4(30mA
VRIP(CP) (BW < 2Mhz) Vepour = -5V 32 mVep
VOUT =-1.8V
Voltage ripple at device output lour = 4(_)0mA
VRip(oUT) (BW < 2Mhz) Vepout = -5V 3 mVep
VOUT =-1.8V
Output noise voltage _ - -
VN_out (bandwidth from 10Hz to \2/508%2_ 5V Vour =~1.8V. lour = 20 HVRus
100kHz)

M
(2
©)
4)

CrLy = 14F, Ccpout = 10pF, Cour = 22uF
CrLy = 0.47pF, Ccpout = 4.7uF, Cout = 22uF
See Parameter Measurement Information

See the 5962R2421501 SMD for additional information on the QML RHA devices and see the VID for additional information on the

SEP devices.
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7.6 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
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7.7 Typical Characteristics

VIN =5V, VOUT =-1.8V, TA= 25°C vCREF = 470nF, CFLY = 1}JF, CCPOUT = 10HF and COUT = 22}JF, no RCOMP: no CCOMP unless
otherwise noted.

45 1.5
N —_
40 Q . 1.35 | SHDN
—_ <
< 35 g 12
~ > 1.05
5 30 &
= o 09 ——
g & 075 ——
3 20 3 06 — T
% c
g 15 Z 045
2 el
= >
g 10 & 0.3
5 0.15
0 0

556 -35 -15 5 25 45 65 85 105 125

556 -35 -15 5 25 45 65 85 105 125 Temperature, Ta - (°C)

Temperature, Tp - (°C)

Figure 7-1. Quiescent Current vs. Temperature Figure 7-2. Shutdown Current vs. Temperature

~ 05 S
< G g 200
- | ; = Vpg(oL)
& 5
£ 04 )
5 4
a > 150
g &
g 03 / 8
© 2 100 —
()} o ’/
g 02 - [
E E‘ ’/’
3 / S s
S 0.1 °
o / 5]
. [e]
) ,/ O
5 ~ 5
o 0 2
n? 0

-85 -35 -15 5 25 45 65 85 105 125

Temperature, Ta - (°C) -6 -365 -15 5 25 45 65 85 105 125

Temperature, T - (°C)

Figure 7-3. Power Good Input Leakage Current vs. Temperature Figure 7-4. Power Good Output Low vs. Temperature

< 0.5 4.8
2 = lpg(LKkG) — V=3V »
P o 46| VNn=5V
€ 04 . — V=63V
E n? 4.4 /
- (0]
g 03 / g 42 A
g g 4 //
o 9] v L~
g a / |
8 0.2 A
= E 38 e
o 3 T A
9 Q36 —— //
o / 2 9 L~
8 o4 / = >
< ——
5] / O 34 - =
8 7
o 0 3.2
-55 -35 -15 5 25 45 65 85 105 125 -55 -35 -15 5 25 45 65 85 105 125
Temperature, Ta - (°C) Ambient temperature, Ta - °C
IRDSON= 100mA
Figure 7-5. Enable Leakage vs Current Figure 7-6. Charge pump resistance, Rcp vs Temperature
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7.7 Typical Characteristics (continued)

VIN =5V, VOUT =-1.8V, TA= 25°C vCREF = 470nF, CFLY = 1}JF, CCPOUT = 10HF and COUT = 22}JF, no RCOMP: no CCOMP unless
otherwise noted.

-1.5 0.5 -1.5 0.5
— Vour —_ IVOUT
— | —
R X S A O loa -1 T 104
= < | 2 =
'g 1.7 03 & ’é 2
i <
$ Vour (100mV/div) 3 < S
O _1 g iSRS T T T TS - o -
] 1.8 0.2 5 $ g
3 3 | 3 3
5 -1.9 01 o 5 o
o © o ©
3 S 3 3
2P 0
lLOAD (100mA/div)
2.1 0.1 2.1 0.1
Time (1ps/div) Time (800ns/div)
Slew Rate = 1A/us Slew Rate = 1A/us
Figure 7-7. Load Step Rising Figure 7-8. Load Step Falling
-1.76 -1.76
— VN ! — Vi
—V ‘ —V,
----------------------- adll RS 4 Tl 177
— S — ‘ s
= v > : <
L 178 5 B Vour (10mV/div) =~ =~ 17" " Tt e 178 5
= = = ‘ >
% W -1.79 % % -------- -1.79 %
] S S )
> > > >
5 18 3 T T e P 18 5
= 3 = Vin (1V/div) | a
A B 5 T < N il & & » » » aa i o A e -1.81
Vin (1V/diV)
-1.82 -1.82
Time (25ps/div) Time (25ps/div)
Slew Rate = ILoap=250mA Slew Rate = lLoap=250mA
10V/ims 10V/ms
Figure 7-9. Line Step Rising Figure 7-10. Line Step Falling
-1.76 -1.76
] —_— ¥IN —_— ¥IN
77777777777777 sl I sl I
- | s | = s
b : ; = '
B e, Vin(VAdiv) T T T T 178 5 L8 Tt R
> \ = > Vin(1V/div) Vout (10mV/div) 5
S5f- - - 179 S <3 g - T ‘ 179 S
£ £ £ £
S g S S
T oa4f - gl o TR Vour (10mV/div) |-1.8 5 R e | T 18 5
£ ‘ 5 £ 5
] o)
————————————————————————————— -1.81 -1.81
-1.82 -1.82
Time (25us/div) Time (25usdiv)
Slew Rate = lLoap=10mA Slew Rate = lLoap=10mA
10V/ms 10V/ms
Figure 7-11. Line Step Rising Figure 7-12. Line Step Falling
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7.7 Typical Characteristics (continued)

VIN =5V, VOUT =-1.8V, TA= 25°C vCREF = 470nF, CFLY = 1}JF, CCPOUT = 10HF and COUT = 22}JF, no RCOMP: no CCOMP unless
otherwise noted.
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60 : T 120 60 kg N il N 120
a0 S =R I : 80 40 b SSeieay T = r T 80
] TR - ! e ~ Fas,
& 20 etk — I 40 = & 20 TR ST 40 o
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e 0 0 ] P 0 i 0 @
‘© < ‘© ‘\ i <
O 20 40 o O 20 R 40 o
-40 SN L] 80 -40 y ====A 50
-60 Gain 25°C — - - Phase 25°C v -120 -60 Gain 25°C — -+ Phase 25°C -120
-80 Ga!n 125°C — - - Phase 125°C [ -160 80| — Ga!n 125°C — - Phase 125°C -160
Gain -55°C — - - Phase -55°C | —— Gain -55°C — -+ Phase -55°C
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1k 10k 100k 1™ 10M 1k 10k 100k 1™ 10M
Frequency (Hz) Frequency (Hz)
IOUT=1 OmA V|N=3V VOUT='0-6V IOUT=1 50mA V|N=3V VOUT='0-6V
Figure 7-13. Gain and Phase vs Frequency (Bode) Figure 7-14. Gain and Phase vs Frequency (Bode)
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Figure 7-15. Gain and Phase vs Frequency (Bode) Figure 7-16. Gain and Phase vs Frequency (Bode)
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Figure 7-17. PSRR vs Frequency
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8 Parameter Measurement Information

Vour
Vour(seT,
98% x Vourmom _ ____— =D
/]‘
Vourtnom)
Ipo = lLoap @ 98% X Voutnom)
ILOAD
)

ILoaD(initial)

A.  Vour(se) is the output voltage the regulator is configured using the feedback resistors, Voytnowm) is the measured output voltage. ljpaq
is the load current applied on Voyt. When Voyr falls to 98% of the nominal value (Voytnowm)), the dropout current is recorded.

Figure 8-1. Dropout Current Measurement

AV
VIN

vouT I AVour

A. Line regulation AVgyt / AV = 100pV/V (typ). For example a 1V change in V|y (AV)y = 1V), results in a 100V change in Voyt (AVout
= 100uV). Line regulation is a DC parameter; therefore this waveform can only be considered valid after transients die out or for a slow

V|n slew rate.
Figure 8-2. Line Regulation Measurement
Aloyr
loyr 7 o
AVour
Vour 1

A. Load regulation: AVgyt / Aloyt = 0.4mV/A (typ). For example a 100mA change in loyt (Aloyt = 100mA), results in a 0.4mV change in
Vout (AVouT = 0.4mV). Load regulation is a DC parameter; therefore this waveform can be considered valid after transients die out or
for a slow lgyt slew rate.

Figure 8-3. Load Regulation Measurement
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Ven o

ov

v

ov

A 4

| |
[——p ten(delay)
Vour 4 |

ov '

95%(typ) X [Vourl

Vpa(risepXVouTset)

Figure 8-4. Enable Power Good Timing Measurement
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9 Detailed Description

9.1 Overview

The TPS7H1301 (adjustable output) and TPS7H1302 (fixed output) generate a precision negative regulated
voltage by integrating a low-dropout (LDO) regulator with an inverting charge pump. This architecture enables
in situ negative voltage generation without requiring auxiliary negative supplies from the satellite bus or bulky
inverting buck-boost converters, making the TPS7H1301/2 suited for negative voltage applications requiring up
to 400mA of load current. LDO regulation of the charge pump output (Ccpoyt) €nables dropout-free operation
for loads up to 200mA while reducing output voltage ripple to less than 1,y

TPS7H1301 (Adjustable Output) The TPS7H1301 provides access to the error amplifier output via the STAB
pin for external compensation if needed. The device is internally compensated to typically achieve 6dB gain
margin and 50° phase margin without external components. The charge pump operates at 500kHz and is
optimized for use with a 1uF ceramic flying capacitor (Cg y) and a 10uF charge pump output capacitor (Ccpout)-
The output voltage is easily programmed from -6V to -0.6V with +1.5% accuracy using external feedback
resistors connected to the FB pin.

TPS7H1302 (Fixed Output) The TPS7H1302 provides a fixed -1.8V output, +1.5% accuracy using internal
feedback resistors; which eliminates external voltage-setting resistors and reducing component count. The
charge pump operates at 1MHz, enabling a more compact implementation with reduced capacitor values:
0.47uF for CgLy and 4.7uF for Ccpoyt. The higher switching frequency and integrated feedback network provide
a space-efficient implementation with robust stability.
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9.2 Functional Block Diagram

VIN

EN

PG

VREF

PGND

AGND

TPS7H1301
Int | 1
nternal . ]
P1
Current Limit Oscillator d2 _‘ >

—

,— Logic

Thermal
Shutdown

L

<

-0.6 V Vger

Vour

VFBiPG(lhresho\d)

S1

8
|
g

o2

’J@‘

Tal

Driver

§30k0

| 400pF

A

Figure 9-1. TPS7H1301 Functional Block Diagram
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VIN
Int | 1 :‘
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Current Limit Oscillator »2 (D_‘ S1
\—‘ F CFLY+
S2
,— Logic q;j 1-1
GND
EN | ]
(DT‘ S3
Thermal
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@A 1"34
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CPOUT
|_
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VREF 0.6 V Vrer M
Driver ouT
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GND
I p
GND §30k0 § Rsor
_iOOpF
—_— AV

Figure 9-2. TPS7H1302 Functional Block Diagram
9.3 Feature Description

9.3.1 Enable

When the enable pin is low, the device enters shutdown mode and does not regulate the output voltage.
Normally, an external resistor divider from V,y to GND is used to feed EN.

Connection of the Enable pin directly to V|y is possible; refer to Equation 1 for resistor sizing guidance at the
desired turn-on voltage.

Vingising) = VEN(rising) * (REN_Top + Ren_soT) / Ren_goT (1)

Similarly, a VIN(falling) voltage can also be calculated using Equation 2. The V|\ising) @nd V|ngfalling) Can be
thought of as configurable UVLO (undervoltage lockout) thresholds.

ViN(fatiing) = VEN(faliing) * (Ren_Top + Ren_soT) / Ren_oT (2)
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While the TPS7H1301 and TPS7H1302 commence turn on at a Vgy voltage of 0.6V (typ), TI recommends that
the final value be above 0.8V. A final turn on value in excess of 0.8V provides appropriate margin above the
enable threshold during normal operation to prevent SEFIs during exposure to heavy ions. This recommendation
is achieved by satisfying Equation 3.

Vinginal) * Ren_soT / (Ren_Top + Ren_BoT) = VEN(final) > 0.8V (3)

Alternatively, the EN pin can be driven directly from a microcontroller or FPGA. The low voltage threshold of the
enable pin aids in supporting 1.1V, 1.8V, 2.5V, and 3.3V logic levels. Similarly, a final Vgy above 0.8V for direct
logic level driving is recommended (achieved with standard logic levels).

9.3.2 Charge Pump

The charge pump is implemented as an inverting charge pump that converts V|y to a negative voltage
(referenced to PGND)

9.3.2.1 Charge Pump Operation

The voltage inverter portion of the TPS7H1301 and TPS7H1302 contains four large CMOS switches that are
switched in sequence to invert the input supply voltage. Energy transfer and storage are provided by external
capacitors. Figure 9-1 shows the voltage switches: S1 and S2 are in ®1, while S3 and S4 are in ®2. ®1 and
®2 are 180° out of phase. ®1 connects switch S1 to the positive terminal of Cgy to V|n, and S3 connects the
negative terminal of Cg v to PGND; switches S2 and S4 are open and isolate node Ccpoyt from CFLY. In the
second time interval, S1 and S3 are open, which isolates node V,y from Cfgy; at the same time, S2 and S4
are closed, and the charge from Cgy commences charging Ccpout, Which equals -V when there is no load
current and a sufficient number of initial cycles have deposited enough charge in Ccpoyt. When a load is added,
the output voltage drop (Vproop) is determined by the parasitic resistance (RDSON of the MOSFET switches
and equivalent series resistance (ESR) of the Cgy and Ccpoyt capacitor) and the charge transfer loss between
the capacitors (see Equation 4 to calculate Vproop, charge pump Rcp can be calculated using Equation 5,
typical charge pump values are shown in Charge Pump Resistance).

Vproop = I.oap X Rcp 4)
1
Rep= ————+8xR +4xR +R 5
P = Gemx Cry) DS(ON) ESR(cFLY) + RESR(cPOUT) ®)
VIN
‘I’T‘ S1
2 =180° Out of Phase ®1 CFLY}
Oscill z
scillator [ J S2
500kHz (nom) | ®2 ®2 LCFLV
—— PGND — PGND
& e
CFLY-
CCPOUT
s4
Vin CDJ 11
— Foldback -
cPouT ILQAD (from LDO)

Figure 9-3. Inverting Charge Pump
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9.3.2.2 Foldback Switching

When the voltage at CPOUT (V¢gpoyr) falls below 60% to 80% of the input voltage magnitude (V,y), the oscillator
switching frequency reduces to 25% of the nominal switching frequency. This frequency foldback typically occurs
during device start-up and short-circuit events where Vgpoyt drops below 70% of V| magnitude..

4 Foldback Switching Frequency , Nominal Switching Frequency
1 Fswrs) = 0.25"Fsw(nom) : Fsw(nom)
5 |
2 |60 to 80% -|Vin| :
5 D
|
|
|
|
| >
T >
N !
|
[Vinl |
5
>

A 4

Figure 9-4. Foldback Frequency

9.3.3 Startup

During startup, the TPS7H1301 and TPS7H1302 charge pump begins switching in Frequency Foldback mode.
Simultaneously, the negative LDO enters a quasi soft-start mode that limits load current until the Frequency
Foldback sequence exits (when |Vcpout| > 60 to 80% |Vn])-

During Frequency Foldback, Vcpoyt continues approaching the negative magnitude of V|y while the voltage at
Vout remains at the initial condition. After exiting Frequency Foldback, the OTA of the negative LDO activates,
load current begins flowing, and Power Good criteria evaluation commences.

9.3.4 Power Good

The Power Good terminal features an open-drain configuration and can be used to sequence multiple LDOs.
The PG terminal remains pulled low until the output voltage reaches 95% (typ) of the final regulation level. Once
this threshold is met, the PG pin releases and is pulled high through an external pull-up resistor.

Since the PG pin uses an open-drain architecture, the PG pin can be pulled up to any voltage within the
recommended maximum limit of 7V, providing flexible interfacing options for system-level power sequencing
applications.

9.3.5 Output Voltage

The TPS7H1301 output voltage is user-programmable within the range of -6V to -0.6V. Programming is
accomplished using an external resistor divider network with:

*  Ryop: Connected between Vgoyt and Veg
* RpotTtom: Connected between Vgg and GND

Use Equation 6 to determine V-

(RFB(TOP) + RFB(BOT)) X VgB

V —
ouT RFB(BOT) ©)
where
* Veg=0.6V (typ)
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The TPS7H1302 has a fixed output voltage of -1.8V and is not user configurable.
9.3.6 Dropout

For load currents below 150mA both the TPS7H1301 and TPS7H1302 does not enter dropout conditions due
the mininmum input voltage (V|y) and drop voltage (Vpoop) providing sufficient head room.

The TPS7H1301 and TPS7H1302 integration of a charge pump and LDO, presents unique considerations in
regards to LDO dropout. Firstly when Vgt is sufficiently lower than than the magnitude of V|y the output of
the charge pump is sufficiently large enough to provide enough input voltage headroom across load current.
Typically, an input voltage of 5V with an output voltage of -1.8V or higher satisfies this no dropout condition.

Secondly, when the magnitudes of VIN and VOUT are relatively close, the load current is determinent as to
when the LDO enters dropout.

Dropout current, Ipo, is defined as the load current when the output voltage falls to 98% of the initial value at the
configured output voltage. See Dropout Current Measurement for the test waveforms used to measure dropout.

During dropout conditions, the pass transistor operates in the ohmic (triode) region and functions as a
resistive switch. The dropout voltage specification defines the minimum input voltage margin above the nominal
programmed output voltage required to maintain output regulation. When the input voltage falls below this
minimum threshold (VIN < VOUT + VDO), the output voltage concurrently decreases proportionally, falling out of
regulation.

9.3.7 Output Voltage Accuracy
Voltage Reference and Output Accuracy

Both the TPS7H1301 and TPS7H1302 feature precise voltage references that are essential for minimizing the
intrinsic error of the LDO.

Output Voltage Accuracy Specification

Output voltage accuracy defines the minimum and maximum output voltage error relative to the expected
nominal output voltage. The accuracy specifications in the Section 7.5 table apply to the operating region where
3V <=<VIN <6.3V.

TPS7H1301 Accuracy:

+  *1.5% specification applies across:
— Complete temperature range: -55°C to 125°C
— Full input voltage range: 3V to 6.3V
— Output voltage range: -5V to -0.6V
— Full load range: 10mA < gyt < 400mA
*  *3% specification applies when VOUT is below -5V

TPS7H1302 Accuracy:

+  +1.5% specification applies across:
— Complete temperature range: -55°C to 125°C
— Full'load range: 10mA = lgyt < 400mA
— Full input voltage range: 3V to 6V

Important Measurement Details:
A few additional details to the measurement are noted:

» Comprehensive Testing: The V|, loyT, and temperature ranges verify the specification applies across all
load and temperature combinations through testing multiple bias conditions covering various corners.

*  Minimum Load Current: Test conditions specify a minimum of 10mA (not 0OmA) for robust accuracy
measurements. However, in normal applications, neither the TPS7H1301 nor TPS7H1302 requires a
minimum load current for stability.
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* Included Error Terms: Tl does not recommend adding the following error terms to the V¢ specification, as
the following characteristics are inherently covered by the Vg parameter:
— VEg accuracy
Feedback pin leakage (Irg(Lkg) ) With Rrop resistor applied
AVOUT/AVIN (Iine regulation)
- AVOUT/AIOUT (Ioad regulation)
— Vout temperature coefficient
» Additional Error Sources: Errors from feedback resistor tolerances can be added to the Vacc specification.

9.3.8 Output Noise

Output Noise

LDO output noise is defined as the internally-generated intrinsic noise produced by the semiconductor circuits
within the regulator. The TPS7H1301 and TPS7H1302 devices exhibit typical output noise of 20uVRMS
measured over a bandwidth of 10Hz to 100kHz.

Impact of External Compensation (TPS7H1301 only)

When an external compensation network is connected to the STAB pin, the applied network reduces the
control loop bandwidth. This reduction in loop bandwidth can diminish the ability of the internal circuitry to
suppress internally generated noise, potentially resulting in higher output noise levels compared to the standard
configuration.

9.3.9 Power Supply Rejection Ratio

The Power Supply Rejection Ratio (PSRR) of the TPS7H1301 and TPS7H1302 quantifies the ability of the

device to attenuate input noise present at Vepoyt from appearing at the regulated output Voyr. PSRR is

mathematically defined as the ratio of input voltage variation to the corresponding output voltage variation,
typically expressed in decibels (dB). PSRR is mathematically defined in Equation 7.

_ VCPOUT(AC))

PSRR = 20 X log10< VouTac)

(7)

Noise Source Characteristics

The primary source of input noise in these devices originates from the switching ripple generated by the
internal inverting charge pump circuit. This switching noise manifests at the fundamental switching frequency
and associated switching frequency harmonics:

* TPS7H1301: 500kHz (typ) switching frequency

* TPS7H1302: 1000kHz (typ) switching frequency

Impact of External Compensation (TPS7H1301 only)

When an external compensation network is implemented, the resulting reduction in control loop bandwidth
directly affects PSRR performance. A narrower loop bandwidth limits the ability of the regulator to reject input
disturbances, particularly at higher frequencies, leading to diminished overall PSRR performance compared to
the standard configuration.

9.3.10 Stability

9.3.10.1 Stability of the TPS7H1301
Stability Margins and Design Requirements

Traditional stability margins for space-rated integrated circuits typically impose more stringent requirements than
those for industrial and consumer electronics applications. Standard criteria include a minimum gain margin
of 6dB and phase margin of 50°. The TPS7H1301 incorporates internal compensation circuitry designed to
maintain conservative stability margins across most operating conditions, eliminating the need for external
compensation components. When applications require enhanced stability performance or when using specific
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output capacitor types, the optional STAB pin allows for external compensation network adjustment to optimize
loop stability.

Intrinsic Stability Performance

The TPS7H1301 features wide intrinsic stability margins, providing robust performance across varying load
conditions, temperature ranges, and input voltage variations. This inherent stability reduces design complexity
and component count while facilitating reliable operation in demanding space applications. Figure 9-5 illustrates
the internal compensation with Rcopmp and Ceomp these are specified by design to be 30kQ and 400pF.

External Compensation Capability

For applications requiring enhanced stability margins or operating under extreme conditions, the STAB pin
provides access to an external RC compensation network. This compensation architecture, illustrated in Figure
9-5, connects directly to the output stage of the error amplifier, positioning the external network strategically
before the buffer stage of the pass element.

lout(max) 400mA
Pass -

Vcpour: -2Vto -6V CPOUT = Element Vour r

. et TY [

Ccrout

Vour: -6V to -0.6V

i
+Z

STAB

Vref
FB

<ZResor L [ gR GND T % Cour
T COMP_INT I:} L
JT_ GND __CCOMP_INT J__ J__

— GND “— GND

Figure 9-5. Simplified Compensation Schematic

9.3.10.2 Stability of the TPS7H1302
Intrinsic Stability

The TPS7H1302 is designed with same wide intrinsic stability margins of the TPS7H1301, providing robust
performance across varying load conditions, temperature ranges, and input voltage variations. This inherent
stability reduces design complexity and component count is further reduced by incorporating the feedback
resistor nework while facilitating reliable operation in demanding space applications. Figure 9-6 illustrates the
internal compensation with Rcopmp and Ceomp these are specified by design to be 30kQ and 400pF.
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FB
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lout(max) 400mA
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Figure 9-6. TPS7H1302 Simplified Compensation Schematic

9.3.11 Thermal Shutdown

Upon exceeding the TPS7H1301 and TPS7H1302 thermal shutdown temperature limit, the integrated thermal
shutdown circuitry activates to turn-off the device when the die temperature exceeds Tsp(enter)- AS the die cools
below Tsp(exit), the device resumes regulation. The typical Tspentery Of 160°C and Tgpexity Of 130°C provides a
large hysteresis (30°C typical). The large hysteresis is intended to allow the device to sufficiently cool before

attempting to resume regulation.
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9.4 Device Functional Modes

9.4.1 Enable Disable
The table below shows the device functional modes:

Table 9-1. Device
Functional Modes

EN PIN DEVICE
STATUS
High Regulation
mode
Low Shutdown mode
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10 Application and Implementation

Note

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

10.1 Application Information

10.2 Typical Application

Vin =5V

on [

49.9kQ
Ren(rop)

10kQ
Rea
Power

Good

EN

PG

CFLY+

CFLY-

CPOUT

VOUT =-1.8V
TPS7H1301 VOUT ) lout = 250mA
Cour
Rrg(top
Reafron 20uF
VFB
Regsory
1k
STAB
| ===
I Rcomp a-l
PGND a
173
| 2
@
|1 z
| [Ccomr —
AGND I
VREF
Crer

CCF‘OUT
10pF

]

=

10.2.1 Design Requirements

:|: 470nF

Figure 10-1. Typical Application

This example highlights a desing using the TPS7H1301EVM evaluation moduel (EVM). For more details, please
refer to the EVM user's guide, TPS7H1301EVM-CVAL Evauation Module (EVM) User's Guide (SNVU944). A few
parameters must be known to start the design process. These parameters are typically determined at the system
level. For this example, we start with the following known parameters:

Table 10-1. Design Parameters

PARAMETER VALUE
Vi 5v
Vour 18V
lout 250mA
Ven 16V
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10.2.2 Detailed Design Procedure

10.2.2.1 Capacitor Selection

Capacitor selection is essential for the operation of the TPS7H130x and is dependent on the role the capacitor
functions for the THPS7H130X. Selected capacitors are 25V ceramic; capacitors for Cgy and Ccpoyt prioritize
low-ESR values, place all capacitors as close to the TPS7H130X as permissiable.

10.2.2.1.1 Input Capacitor (Cjy) Selection

Tl recommends placing a 10uF 25V (or higher) ceramic capacitor as close as possible to the input pin of the
TPS7H130x; additional capacitance and bypass capacitance are considered optional.

The input capacitor (Cjy) serves as a charge reservoir that facilitates rapid charge transfer from the supply to
the flying capacitors during the charge phase. This capacitor prevents input voltage sag at the beginning of each
charge phase when flying capacitors connect to the input. Additionally, the input capacitor filters input noise,
protecting sensitive internal analog circuitry that derives bias from the input line.

Effect on Input Ripple

Input capacitance has a direct and proportional relationship with input voltage ripple:
* Increasing input capacitance — Proportionally decreases input voltage ripple
» Decreasing input capacitance — Proportionally increases input voltage ripple

10.2.2.1.2 Crpy
CrLy is the charge pump capacitor that transfers charge from the input to the charge pump output (CPOUT pin).

For typical high-current applications, Tl recommends a nominally rated 1uF or two in parallel 0.680uF ceramic
output capacitors for stable operation. Polarized capacitors (tantalum, aluminum, electrolytic, and so forth) must
not be used for the flying capacitor, as polarized capacitors can become reverse-biased during operation.

If CgLy is sized too small, the charge pump is unable to support high current applications; conversely if Cgy is
too large, the charge pump can overwhelm Cjy and CcpoyTt Ccapacitors, resulting in increased input and output
voltage ripple.

Dropout Current is reliant on the charge pump resistance and voltage droop, which is directly affected by the
choice of CgLy; selecting a capacitor that is too small or too high ESR increases charge pump output resistance,
such that the resulting voltage droop lowers the available headroom for the integrated LDO.

Consideration of Cgy capacitor characteristics, such as DC bias, temperature coefficient are essential in
assessing the contribution of the capacitor to charge pump resistance; Equation 8 calculates the fly capacitors
contribution to the overall charge pump output resistance and Vproop- Note, that the min switching frequency
(fsw) from the Electrical Characteristics table is the more conservative esitimation parameter; as min fgyy results
in a higher charge pump resistance..

1

———————+4XR
fsw X CCFLY (min) ESR(CFLY) (8)

RepLy =
As Equation 8 shows, a typical reduction in output capacitance due to DC Bias and temperature typically
reduces overall Cgy capacitance by 15% to 25% and thus increases charge pump output resistance.

To calculate Crry(min) consult the capacitor manufacturer data and apply the overall tolerance, DC Bias, and
temperature derating: For example, a 25V 1uF X7R capacitor with the following parameters:

» Case Size: 0805

» Tolerance: -5%

+ DC Bias @ 5V: -4.56%

+ Temperature derating @ 125°C: -14.56%

* Rgsr @ 400kHz: 10mQ
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Table 10-2 is an example tradeoff for selecting either a solitary 1yF (nom.) capacitor or two 0.68uF (nom)
capacitors; the overall contribution of Cg|y to the resistance of the charge pump is compared against component
count (additional board area).

Table 10-2. Cg y Comparison

Attribute 1uF 2x 0.68uF
QTY 1 2 (parallel)
Case Size 0805 0805
Voltage Rating 25V 25V
Dielectric X7R X7R
Derating Parameters

Tolerance -5% -5%

DC Bias @ 5V -4.56% -2.6%
Tempco. @ 125°C -14.56% -13.47%
Results

Effective Capacitance 0.775uF 1.073uF
ESR 10mQ 6.9mQ (effective res.)
RecrLy 3.45Q 2.55Q

To calculate the minimum capacitance for Cg y use :

CrLY(min) = CFLY(nom) % (Tol.) X (DC Bias) x (Temp) 9)
Applying Equation 9 for the 1uF (nom.) capacitor:

CFLY(min) = 10F X (1 - 0.05) x (1 — 0.0456) x (1 — 0.1456) = 0.775yF (10)

The worst case contribution of Cgy is calculated by applying Equation 8 (1uF (nom.) example)

1

RCFLY = m + 4 x 10mf = 3.451 (11)

Table 10-2 shows that the additional component count of the two 0.68uF capacitors offers a significant
reduction in the contribution of Cg v to overall charge pump output resistance. Applications at higher operating
temperatures, operating currents, or lower V|y benefit from more from overall lower charge pump output
resistance. This design examples uses a V|y of 5V and a I pap Of 250mA is sufficiently served by the 1uF
CrLy capacitor.

10.2.2.1.3 CPOUT Capacitor

The Charge Pump Output Capacitor (CcpoyT) is recommended to be configured with a 10puF 16V (or greater)
ceramic capacitor with a low ESR value. The ESR of Ccpgyt does contribute the output resistance of the charge
pump and can be added to the contributions of the charge pump FET Rpson), Crry ESR, and trace resistance at
pins C+ and C-.

Sizing of Ccpoyt also affects the output ripple. When using values other than 10uF, TI recommends sizing Cgy
and Cy to further optimize performance.

10.2.2.1.4 Bypass Capacitors

Bypass capacitors are not required for use with the TPS7H130x; however, given the hard switching nature of the
charge pump voltage inverter section, 100nF or smaller bypass capacitors at CFLY, CPOUT, and VOUT offers
high frequency noise reduction.
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10.2.2.1.5 Output Capacitor

Tl recommends using a 22uF ceramic 25V capacitor with a low ESR (<50mQ) for VOUT; this capacitor serves
the output of the negative LDO. Output capacitors with excessively high ESR, impacts overall LDO stability.

10.2.2.2 Charge Pump Output Resistance

Restating Equation 5 from Section 9.3.2.1 gives the total charge pump output resistance and is referenced as
Equation 12 in this section for convenience; which accounts for Cg vy, the integrated FETs, and the ESR of
CcpouT contribution to the overall charge pump output resistance.

1
R = ———4+8XR X R R 12
CP= TewxCrp) T ps(oN) +4 X Resp(crLy) + REsr(cPouT) (12)

Using the maximum Rpg(on) values for the switches is a conservative approach to prevent underestimating
charge pump output resistance and the resultant voltage drop under load current (Vproop)-

10.2.2.3 Output Noise

Consider the following for performance in noise sensitive applications:

» Implement appropriate bypass capacitors and filtering components for high-frequency noise suppression

» Evaluate the trade-off between stability compensation and noise performance when using external STAB pin
networks

10.2.2.4 PSRR Design Implications

For applications requiring high PSRR performance:

« Consider the frequency-dependent nature of PSRR when evaluating system performance

» Account for the trade-off between stability margins (via external compensation) and PSRR capability

* Consider Coyrt influence (frequency response)

» Account for application load and resultant LDO headroom

« Pay particular attention to noise rejection at the switching frequencies and harmonics

» Refer to the PSRR vs. frequency graphs for detailed performance characteristics across the operational
bandwidth

32 Submit Document Feedback Copyright © 2026 Texas Instruments Incorporated
Product Folder Links: TPS7H1301-SP


https://www.ti.com/product/TPS7H1301-SP
https://www.ti.com/lit/pdf/SNVSCS6
https://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SNVSCS6&partnum=TPS7H1301-SP
https://www.ti.com/product/tps7h1301-sp?qgpn=tps7h1301-sp

13 TEXAS
INSTRUMENTS TPS7H1301-SP
www.ti.com SNVSCS6 — MARCH 2026

10.2.2.5 Stability Design Considerations
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Figure 10-2. Simplified Pole Zero Analysis

The stability of the LDO is influenced primarily by the dominant load pole and zero for the output capacitor
(Pcout, Zcout) and the internal compensation network (Pcomp iNT, Zcomp_inT)- Figure 10-2 illustrates where the
pole and zero of the output capacitor and the internal compensation pole and zero of the LDO are located.

The pole and zero of the output capacitor are calculated using Equation 13 and Equation 14:

B 1
Peour = mxrpgap % Cour (13)

_ 1
ZCOUT - ZTL'XESRCOUTXCOUT (14)

Applying Equation 13 and Equation 14 results in the following location of the respective pole and zero:

_ 1 _
Pcour = zpx720%2200F = 1003H2 (15)

1

Zeoyr = Zwxsmax 2zaF = 1A46MHz (16)

The internal compensation network pole and zero are calculated using Equation 17 and Equation 18:

p _ Ccomp_INT + CoTA (17)
COMP_INT = 2 X Rcomp X CCOMP_INT X COTA
ZcoMP_INT = 1 (18)
- 2 X Rcomp X CCOMP_INT
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Applying Equation 17 and Equation 18 results in the following location of the respective pole and zero:

p _ 400pF + 20pF
COMP_INT = 27 x 30kQ X 400pF x 20pF

= 253kHz (19)

1

ZCOMP_INT = 37 < 30kq x 400pF — 13-3kHz (20)

When applying an external compensation network utilizing the STAB pin utilize Equation 21 and Equation 22:

Peomp ExT = (Ccompr_INT\\Ccomp_ExT) + CoTa 1)
- 2nx (Rcomp_INT\\Rcomp_ExT) % (Ccomp_INT\\CcomP_EXT) % Cg
1
ZCOMP_EXT = (22)

2 x (Rcomp_INT\\Rcomp_ExT) * (Ccomp_INT\\CcoMP_EXT)

10.2.3 Application Curves

Position

. 10.0%

05 Mar 26 12:37:45 @
1 ch2 Position

q 1.0y

1 Ch2 Scale
bt 4 ) 20.0mY.
|

Scale

| 4.0ms

s e e -H‘-}H-H-}){--}{--H{-}H-}H-T

I
i
PER
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Figure 10-5. Shutdown

10.3 Power Supply Recommendations

The TPS7H1301 and TPS7H1302 are designed to operate from an input voltage supply range between 3V and
6.3V. This input supply must be well regulated and capable of supplying the required input current. If the input
supply is located far from the TPS7H1301/2, additional bulk capacitance can be required.
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10.4 Layout

10.4.1 Layout Guidelines
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Figure 10-6. Layout Example TPS7H1301
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10.4.2 Layout Example
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Figure 10-7. TPS7H1301 Layout Example
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11 Device and Documentation Support
11.1 Device Support

11.2 Documentation Support

11.2.1 Related Documentation

For related documentation see the following:
+ Texas, Instruments, TPS7H1301EVM-CVAL Evaluation Module (EVM)

11.3 Receiving Notification of Documentation Updates

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

11.4 Support Resources

TI E2E™ support forums are an engineer's go-to source for fast, verified answers and design help — straight
from the experts. Search existing answers or ask your own question to get the quick design help you need.

Linked content is provided "AS IS" by the respective contributors. They do not constitute Tl specifications and do
not necessarily reflect Tl's views; see TlI's Terms of Use.

11.5 Trademarks

TI E2E™ is a trademark of Texas Instruments.

All trademarks are the property of their respective owners.
11.6 Electrostatic Discharge Caution

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

‘Si. \ 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.

11.7 Glossary

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

12 Revision History

DATE REVISION NOTES
March 2026 * Initial Release

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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HBLO0014A

PACKAGE OUTLINE
CFP - 2.527 mm max height

CERAMIC DUAL FLATPACK
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NOTES:

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 and pin 6
4. The terminals are gold plated.

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
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EXAMPLE BOARD LAYOUT
HBLO0014A CFP - 2.527 mm max height

CERAMIC DUAL FLATPACK
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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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