
TPS7H1210-SEP –16.5-V, 1-A, Negative Linear Regulator in Space Enhanced Plastic

1 Features
• Vendor item drawing available, VID V62/21616
• Total ionizing dose (TID) characterized to 30 

krad(Si)
– TID RLAT (radiation lot acceptance testing) for 

every wafer lot to 20 krad(Si)
• Single-event effects (SEE) characterized

– Single-event latchup (SEL), single-event 
burnout (SEB), and single-event gate rupture 
(SEGR) immune to linear energy transfer (LET) 
= 43 MeV-cm2/mg

– Single-event functional interrupt (SEFI) and 
single-event transient (SET) characterized to 
LET = 43 MeV-cm2/mg

• Low noise: 13.7-μVRMS typical (10 Hz to 100 kHz)
• High power-supply rejection ration, PSRR (typical 

at VIN = –6 V, VOUT = –5 V, IOUT = 1 A):
– 61 dB at 100 Hz
– 61 dB at 100 kHz
– 41 dB at 1 MHz

• Input voltage range: –3 V to –16.5 V
• Adjustable output: –1.2 V to –15.5 V
• Up to 1-A output current
• Stable with ceramic capacitors ≥ 10 μF
• Built-in current-limit and thermal shutdown 

protection
• Space Enhanced Plastic (SEP)

– Controlled baseline
– Gold bondwire
– NiPdAu lead finish
– One assembly and test site
– One fabrication site
– Military (–55°C to 125°C) temperature range
– Extended product life cycle
– Extended product-change notification (PCN)
– Product traceability
– Enhanced mold compound for low outgassing

2 Applications
• Supports low Earth orbit (LEO) space applications
• Satellite electrical power system (EPS)
• Power for analog circuits

– Data converters: ADCs and DACs (analog-to-
digital and digital-to-analog converters)

– Op amps (operational amplifiers)
– Imaging sensors

• Post DC-DC converter regulation and ripple 
filtering

• Radiation-hardened ultra-clean analog supply for 
space constrained areas

3 Description
The TPS7H1210-SEP negative voltage linear 
regulator is a low noise, high PSRR regulator capable 
of sourcing a maximum load of 1 A.

The regulator include a CMOS logic-level-compatible 
enable pin (EN) to allow for user-customizable power 
management schemes. Other features include built-
in current limit and thermal shutdown to protect the 
device and system during fault conditions.

The TPS7H1210-SEP device is designed using 
bipolar technology primarily for high-accuracy, low-
noise applications, where clean voltage rails are 
critical to maximize system performance. Therefore, 
it ideal to power op amps, ADCs, DACs, and other 
high-performance analog circuitry.

Additionally, the TPS7H1210-SEP device is suitable 
for post DC-DC converter regulation. By filtering the 
output voltage ripple inherent to DC-DC switching 
conversion, maximum system performance is ensured 
in sensitive devices and RF applications.

Device Information
PART NUMBER(1) GRADE PACKAGE(2)

TPS7H1210MRGWSEP
20 krad(Si) 
RLAT, 30 krad(Si) 
characterized

VQFN (20)
5.00 mm × 5.00 mm
Mass = 83.6 mg

TPS7H1210EVM Evaluation board EVM

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

(2) Dimensions and mass are nominal values.
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5 Pin Configuration and Functions
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Figure 5-1. RGW Package, 20-Pin VQFN (Top View) 

Table 5-1. Pin Functions
PIN

I/O(1) DESCRIPTION
NAME NO.

EN 13 I Enable. This dual-polarity pin turns the regulator on when |VEN| ≥ 2 V. The EN pin can be 
connected to IN if not used. If VEN is negative polarity, then keep |VEN| ≤ |VIN|.

FB 3 I Feedback. This pin is the input to the control-loop error amplifier. It is used to set the output 
voltage of the device and is normally equal to VREF (–1.182 V, typical) during operation.

GND 7 — Ground.

IN 15, 16 I Input supply. It is recommended to connect a 10-µF capacitor from IN to GND (as close to the 
device as possible).

NC 2, 4–6, 8–12, 
17–19 —

No connect. This pin is not internally connected. It is recommended to connect these pins to 
GND to prevent charge buildup; however, these pins can also be left open or tied to any voltage 
between GND and VIN.

NR_SS 14 —

Noise reduction and soft start. A capacitor connected from this pin to GND controls the soft-start 
function and allows RMS noise to be reduced to very low levels. TI recommends connecting a 
100-nF capacitor from NR_SS to GND (as close to the device as possible) to filter the noise 
generated by the internal band gap and maximize AC performance.

OUT 1, 20 O
Output of the regulator. A capacitor greater than or equal to 10 µF must be tied from this pin to 
ground to ensure stability. TI recommends connecting a 47-µF ceramic capacitor from OUT to 
GND (as close to the device as possible) to maximize AC performance.

Thermal
Pad — — Connect the thermal pad to a large-area ground plane. The thermal pad is not internally 

grounded and it must be externally tied to GND for proper operation.

(1) I = Input, O = Output, — = Other
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6 Specifications
6.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted)(1)

MIN MAX UNIT

Input voltage 

IN to GND –35 0.3 V

FB to GND –2 0.3 V

FB to IN –0.3 35 V

EN to GND –35 10 V

NR_SS to IN –0.3 35 V

NR_SS to GND –2 0.3 V

Output voltage
OUT to GND –33 0.3 V

OUT to IN –0.3 35 V

Output current Peak output Internally limited

Operating virtual junction temperature TJ –55 150 °C

Storage temperature Tstg –65 150 °C

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

6.2 ESD Ratings
VALUE UNIT

V(ESD) Electrostatic discharge
Human body model (HBM), per ANSI/ESDA/JEDEC JS-001, all pins(1) ±1000

V
Charged device model (CDM), per JEDEC specification JESD22-C101, all pins(2) ±500

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

MIN NOM MAX UNIT

Input voltage
IN –16.5 –3

V
EN VIN 10

Output voltage OUT(1) –15.5 VREF V

Output current OUT(2) 0 1 A

RFB_BOT (3) RFB_BOT is the lower feedback 
resistor 240 kΩ

Input capacitance CIN 10 µF

Output capacitance COUT 10 47 µF

CNR_SS
Noise reduction and soft start 
capacitor 100 nF

Operating junction temperature TJ –55 125 °C

(1) The minimum dropout voltage must also be met.
(2) To ensure stability at no load conditions, a current from the feedback resistive network greater than or equal to 5 µA is required.
(3) This condition helps ensure stability at no load.

6.4 Thermal Information

THERMAL METRIC(1)

TPS7H1210-SEP
UNITRQW (VQFN)

20 PINS
RθJA Junction-to-ambient thermal resistance 32.7 °C/W

RθJC(top) Junction-to-case (top) thermal resistance 24 °C/W

RθJB Junction-to-board thermal resistance 11.8 °C/W

ΨJT Junction-to-top characterization parameter 0.3 °C/W

ΨJB Junction-to-board characterization parameter 11.7 °C/W

RθJC(bot) Junction-to-case (bottom) thermal resistance 3.6 °C/W

(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application 
report.
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6.5 Electrical Characteristics
Over |VIN| = 3 V, IOUT = 1 mA, CIN = 20 µF, COUT = 20 µF, CNR_SS = 0 nF, FB tied to OUT, EN tied to IN, over operating 
temperature range (TJ = –55°C to 125°C), unless otherwise noted.(1)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
POWER SUPPLIES AND CURRENTS
VUVLO Undervoltage lockout threshold –2 V

|VDO| Dropout voltage
VIN = –4.6 V, VOUT(set) = –5 V,
|VDO| = |VIN – VOUT(measured)|,
CIN = 30 µF

IOUT = 0.5 A 224 325

mVIOUT = 1 A 363 500

IOUT = 1 A, 
TJ = 25°C 363 450

ICL Current limit VIN = –6 V, VOUT(SET) = –5 V,
VOUT(forced) = –4.5 V 2.9 A

IQ Quiescent current VEN = 3 V, IOUT = 0 A 210 350 µA

IGND Ground current(2) VEN = 3 V, IOUT = 0.5 A 5 10 mA

|ISHDN| Shutdown current
VEN = 0.4 V 1 3

µA
VEN = –0.4 V 1 3

IFB(LKG) Feedback leakage current(3) 14 75 nA

ACCURACY
VREF Reference voltage VFB = VREF –1.199 –1.182 –1.164 V

VACC Output voltage accuracy

|VIN| = 3 V, 1 mA ≤ IOUT ≤ 1 A –2% ±1% 2%

|VIN| = 16.5 V, 1 mA ≤ IOUT ≤ 100 mA –2% ±1% 2%

|VIN| = 16.5 V, |VOUT| = 15.5 V,
IOUT = 1 A –2% ±1% 2%

ΔVOUT/ΔVIN Line regulation 3 V ≤ |VIN| ≤ 16.5 V –0.007% VOUT/V

ΔVOUT/ΔIOUT Load regulation 1 mA ≤ IOUT ≤ 1 A –0.5% VOUT/A

ENABLE
VEN(+HI) Enable turn-on (positive logic) 2 10

V
VEN(–HI) Enable turn-on (negative logic) VIN = –16.5 V VIN -2

VEN(+LO) Enable turn-off (positive logic) 0 0.4

VEN(–LO) Enable turn-off (negative logic) –0.4 0

|IEN| Enable current

VIN = VEN = –3 V 0.48 1

µAVIN = VEN = –16.5 V 0.51 1

VIN = –16.5 V, VEN = 10 V 0.5 1

TSD(enter) Thermal shutdown enter temperature 178
°C

TSD(exit) Thermal shutdown exit temperature 152

NOISE AND PSRR

PSRR Power-supply rejection ratio
VIN = –6 V, VOUT = –5 V,
COUT = 50.11 µF, IOUT = 1 A,
CNR_SS = 100 nF(4)

f = 100 Hz 61

dBf = 100 kHz 61

f = 1 MHz 41

VN
Output noise rms voltage (bandwidth 
from 10 Hz to 100 kHz)

VIN = –3 V, VOUT(nom) = VREF, CIN = 11.1 µF, 
COUT = 50.11 µF, CNR_SS = 100 nF, IOUT = 1 A 13.7 µVRMS

(1) At operating conditions, VIN ≤ 0 V, VOUT(nom) ≤ VREF ≤ 0 V; at regulation, VIN ≤ VOUT(nom) – |VDO|; IOUT > 0 flows from OUT to IN.
(2) IGND = IIN – IOUT
(3) IFB > 0 flows into the device.
(4) CIN is removed as part of PSRR testing. During normal operation, follow the recommended operating condition of CIN ≥ 10 µF.
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6.6 Typical Characteristics
Over |VIN| = 3 V, IOUT = 1 mA, CIN = 20 µF, COUT = 20 µF, CNR_SS = 0 nF, FB tied to OUT, EN tied to IN, TA = 25°C, unless 
otherwise noted.
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Figure 6-1. Reference Voltage vs Input Voltage
Across Temperature
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Figure 6-3. Ground Current vs Input Voltage
Across Output Current

IOUT = 500 mA

Figure 6-4. Ground Current vs Input Voltage
Across Temperature
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Figure 6-5. Ground Current vs Output Current
Across Temperature
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Across Temperature
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6.6 Typical Characteristics (continued)
Over |VIN| = 3 V, IOUT = 1 mA, CIN = 20 µF, COUT = 20 µF, CNR_SS = 0 nF, FB tied to OUT, EN tied to IN, TA = 25°C, unless 
otherwise noted.
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Figure 6-7. Quiescent Current vs Input Voltage
Across Temperature
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Figure 6-8. Shutdown Current vs Input Voltage
Across Temperature
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Figure 6-9. Dropout Voltage vs Input Voltage
Across Temperature
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Figure 6-10. Dropout Voltage vs Output Current
Across Temperature
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Figure 6-11. Dropout Voltage vs Temperature
Across Output Current
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Figure 6-12. Enable Threshold Voltage vs Temperature
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6.6 Typical Characteristics (continued)
Over |VIN| = 3 V, IOUT = 1 mA, CIN = 20 µF, COUT = 20 µF, CNR_SS = 0 nF, FB tied to OUT, EN tied to IN, TA = 25°C, unless 
otherwise noted.
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Figure 6-13. Line Regulation vs Input Voltage
Across Temperature
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Figure 6-14. Load Regulation vs Output Current
Across Temperature 
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Figure 6-15. Power-Supply Rejection Ratio vs Frequency 
Across COUT 
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Figure 6-16. Power-Supply Rejection Ratio vs Frequency 
Across CNR_SS 

Frequency (Hz)

PS
RR

 (d
B)

0

20

40

60

80

100

10 100 1k 10k 100k 1M 10M

IOUT = 10 mA
IOUT = 200 mA
IOUT = 500 mA
IOUT = 1000 mA

COUT = 50.11 μF CNR_SS = 100 nF CIN = 0 μF(A)

 

Figure 6-17. Power-Supply Rejection Ratio vs Frequency 
Across Output Current
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Figure 6-18. Power-Supply Rejection Ratio vs Frequency 
Across Output Voltage
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6.6 Typical Characteristics (continued)
Over |VIN| = 3 V, IOUT = 1 mA, CIN = 20 µF, COUT = 20 µF, CNR_SS = 0 nF, FB tied to OUT, EN tied to IN, TA = 25°C, unless 
otherwise noted.
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VDO = 800 mV
VDO = 1000 mV

COUT = 50.11 μF CNR_SS = 100 nF CIN = 0 μF(A)

IOUT = 1 A VOUT = –5 V
|VIN| = |VOUT + VDO|, 3-V minimum

Figure 6-19. Power-Supply Rejection Ratio vs Frequency 
Across Dropout Voltage
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COUT = 50.11 μF CNR_SS = 100 nF CIN = 11.1 μF
VN = output noise RMS voltage (10-Hz to 100-kHz bandwidth)
 

Figure 6-20. Output Noise vs Frequency Across Output Current
(Noise Spectral Density)
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Figure 6-21. Output Noise vs Frequency Across CNR_SS
(Noise Spectral Density)

COUT = 50.11 μF IOUT = 1 mA CIN = 11.1 μF
VN = output noise RMS voltage (10-Hz to 100-kHz bandwidth)

Figure 6-22. Output Noise vs Frequency Across CNR_SS
(Noise Spectral Density)
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COUT = 50.11 μF IOUT = 1 A CIN = 11.1 μF
|VIN| = |VOUT + VDO|, 3-V minimum
VN = output noise RMS voltage (10-Hz to 100-kHz bandwidth)

Figure 6-23. Output Noise vs Frequency Across Output Voltage
(Noise Spectral Density)
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VIN = –15 V VOUT = –12 V IOUT (slew) = 1 A / 10 μs
CIN = 11.1 μF COUT = 50 μF CNR_SS = 100 nF

Figure 6-24. Load Step: 1 mA to 500 mA
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6.6 Typical Characteristics (continued)
Over |VIN| = 3 V, IOUT = 1 mA, CIN = 20 µF, COUT = 20 µF, CNR_SS = 0 nF, FB tied to OUT, EN tied to IN, TA = 25°C, unless 
otherwise noted.

Time (100 µs/div)

VOUT (50 mV/div) (AC coupled)

IOUT (500 mA/div)

VIN = –15 V VOUT = –12 V IOUT (slew) = 1 A / 10 μs
CIN = 11.1 μF COUT = 50 μF CNR_SS = 100 nF

Figure 6-25. Load Step: 500 mA to 1 mA

Time (50 ms/div)

VIN (5 V/div)

VOUT (5 V/div)

VIN(SET) = –15 V VOUT(SET) = –12 V CIN = 11.1 μF
COUT = 50 μF CNR_SS = 100 nF

Figure 6-26. Start-up with Soft-Start

A. CIN is removed as part of PSRR testing. During normal operation, follow the recommended operating condition of CIN ≥ 10 μF.
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7 Detailed Description
7.1 Overview
The TPS7H1210-SEP negative voltage linear regulator uses a bipolar process to achieve very low noise and 
very high PSRR levels at a wide input voltage and current range. These features, plus its radiation tolerance, 
make this device ideal for high-performance analog applications in satellites.

7.2 Functional Block Diagram

IN

Current 

Limit

+

-

+

-

+

-

OUT

1.2V VREFNR_SS

Thermal 

Shutdown

OUT

EN FB
Control 

Logic

IN

GND

7.3 Feature Description
7.3.1 Internal Current Limit

The fixed internal current limit of the TPS7H1210-SEP device helps protect the regulator during fault conditions. 
The maximum amount of current the device can source is the current limit (2.9 A, typical), and it is largely 
independent of output voltage. For reliable operation, do not operate the device in current limit for extended 
periods of time.
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7.3.2 Enable Pin Operation

The TPS7H1210-SEP provides a dual-polarity enable pin (EN) that turns on the regulator when |VEN| > 2 V, 
whether the voltage is positive or negative, as shown in Figure 7-1. Specifically, if VEN ≥ VEN(+HI) or VEN ≤ 
VEN(–HI), the regulator is enabled. If VEN(+LO) ≥ VEN ≥ VEN(–LO), the regulator is disabled.

This functionality allows for different system power management topologies; for example:
• Connecting the EN pin directly to a negative voltage, such as VIN.
• Connecting the EN pin directly to a positive voltage, such as the output of digital logic circuitry.
• Connecting the EN pin to a resistor divider from VIN to GND to turn-on at a specific input voltage level 

(programmable turn-on voltage).

Time (20ms/div)

VIN

VEN

VOUT

Figure 7-1. Enable Pin Positive and Negative Threshold

7.3.3 Programmable Soft-Start

The NR_SS capacitor acts as a noise reduction capacitor and a soft-start capacitor to slow down the rise time of 
the output. The output rise time, when using an NR_SS capacitor, is approximated by Equation 1.

tSS (ms) = 1.2 × CNR_SS (nF) (1)

In Equation 1, tSS is the soft-start time in milliseconds and CNR_SS is the capacitance at the NR_SS pin in 
nanofarads.

Figure 7-2 shows the start-up voltage waveforms versus CNR_SS.
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Figure 7-2. Start-Up Waveforms vs CNR_SS 
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7.3.4 Thermal Protection

Thermal protection disables the output when the junction temperature rises to approximately 178°C, allowing 
the device to cool. When the junction temperature cools to approximately 152°C, the output circuitry is enabled. 
Depending on power dissipation, thermal resistance, and ambient temperature, the thermal protection circuit 
may cycle on and off. This cycling limits the dissipation of the regulator, mitigating damage as a result of 
overheating.

Any tendency to activate the thermal protection circuit indicates excessive power dissipation or an inadequate 
heat sink. For reliable operation, limit the junction temperature to a maximum of 125°C.

The internal protection circuitry of the TPS7H1210-SEP has been designed to protect against overload 
conditions. It was not intended to replace proper thermal management. Continuously running the TPS7H1210-
SEP into thermal shutdown degrades device reliability.

7.4 Device Functional Modes
7.4.1 Normal Operation

The device regulates to the nominal output voltage under all of the following conditions:

• The input voltage magnitude has previously exceeded the UVLO rising voltage magnitude and has not 
decreased below the UVLO falling threshold magnitude.

• The input voltage magnitude is greater than the nominal output voltage magnitude added to the dropout 
voltage magnitude.

• |VEN| > |V(HI)|
• The output current is less than the current limit.
• The device junction temperature is less than the maximum specified recommended operating conditions 

junction temperature.

7.4.2 Dropout Operation

If the input voltage magnitude is lower than the magnitude of the nominal output voltage plus the specified 
dropout voltage, but all other conditions are met for normal operation, the device operates in dropout mode. 
In this condition, the output voltage is the same as the input voltage minus the dropout voltage. The transient 
performance of the device is significantly degraded because the pass device (as a bipolar junction transistor, or 
BJT) is in saturation and no longer controls the current through the LDO. Line or load transients in dropout can 
result in large output voltage deviations.

7.4.3 Disabled

The device is disabled under any of the following conditions:

• |VEN| < |V(HI)|
• The device junction temperature is greater than the thermal shutdown temperature.

Table 7-1 shows the conditions that lead to the different modes of operation.

Table 7-1. Device Functional Mode Comparison

OPERATING MODE
PARAMETER

VIN VEN IOUT TJ

Normal mode |VIN| > { |VOUT(nom)| + |VDO|, |VIN(min)| } |VEN| > |V(HI)| IOUT < ICL TJ < 125°C

Dropout mode |VIN(min)| < |VIN| < |VOUT(nom)| + |VDO| |VEN| > |V(HI)| — TJ < 125°C

Disabled mode
(any true condition disables the 

device)
|VIN| ≤ |VUVLO| |VEN| < |V(HI)| — TJ > ~178°C
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8 Application and Implementation
Note

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

8.1 Application Information
8.1.1 Adjustable Operation

The TPS7H1210-SEP has an output voltage range of VREF to –15.5 V. The nominal output voltage of the device 
is set by two external resistors, as shown in Figure 8-2.

RFB_TOP and RFB_BOT can be calculated for any output voltage range using Equation 2. To ensure stability under 
no-load conditions at |VOUT| > |VREF|, this resistive network must provide a current equal to or greater than 5 μA.

RFB_TOP = RFB_BOT × VOUTVREF − 1 ,  where  VREFRFB_BOT > 5 µA (2)

Table 8-1 shows the resistor combinations to achieve a few of the most common rails using commercially 
available, 1%-tolerance resistors. If greater voltage accuracy is required, consider the output voltage offset 
contributions because of the feedback pin current and use 0.1%-tolerance resistors.

Table 8-1. Example 1% Tolerance Resistors for Common Voltage Rails
VOUT
(V)

RFB_TOP
(kΩ)

RFB_BOT
(kΩ)

RESISTOR NETWORK 
BIAS CURRENT (µA)

RESISTOR ERROR 
CONTRIBUTION(1)

–1.182 0 ∞ N/A N/A

–1.8 7.32 14 84.4 +0.001%

–2.5 11.3 10.2 115.9 +0.341%

–3.3 19.1 10.7 110.5 –0.245%

–5 34 10.5 112.6 –0.189%

–9 115 17.4 67.9 +0.066%

–10 445 15.4 76.8 –0.086%

–12 137 15 78.8 +0.187%

–15 133 11.3 104.6 –0.627%

(1) This is the error contribution due to the mismatch between the ideal resistor ratio and the actual resistor ratio (using the indicated 
resistor values). It does not include the error contribution due to the resistor tolerance itself. More accurate ratios are possible by using 
0.1% tolerance resistors.
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8.1.2 Capacitor Recommendations

It is recommended to use low equivalent series resistance (ESR) capacitors for the input, output, noise 
reduction, and bypass capacitors. Ceramic capacitors with an X7R dielectric is preferred. This dielectric offers 
stable characteristics over temperature.

Note
High-ESR capacitors may degrade PSRR and affect stability.

The TPS7H1210-SEP negative linear regulator achieves stability with a minimum input and output capacitance 
of 10 μF. TI recommends using a 10-μF capacitor at the input. A larger capacitor is recommended at the output. 
Specifically, TI recommends using a 47-μF capacitor (or multiple capacitors to reach ~47 μF) at the output to 
improve single event transient (SET) performance.

8.1.3 Noise Reduction and Feed-Forward Capacitor Requirements

Although the noise-reduction (CNR_SS) capacitor is not needed to achieve stability, TI highly recommends using 
a 100-nF noise-reduction capacitor to minimize noise and maximize AC performance. The noise-reduction 
capacitor is especially important at low currents as shown in Figure 6-22.

It is generally recommended to not use a feed-forward capacitor. While a feed-forward capacitor can provide 
some improvements in PSRR at certain frequencies, it also has additional risks. See Pros and Cons of Using a 
Feed-Forward Capacitor with a Low Dropout Regulator for additional information.

CAUTION
Using a feed-forward capacitor with the TPS7H1210-SEP can cause the FB pin to go too positive 
during shutdown, thus damaging the device.

Figure 8-1 shows the different PSRR performance of the device with and without a feed-forward capacitor with 
VIN = –13 V, VOUT = –12 V, IOUT = 1 A, CNR_SS = 100 nF, and COUT = 50 μF.
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CFF = 10 nF

Figure 8-1. Power-Supply Rejection Ratio vs Frequency Across CFF 

8.1.4 Power-Supply Rejection Ratio (PSRR)

Using a noise-reduction capacitor (CNR_SS) of at least 10-nF greatly improves TPS7H1210-SEP power-supply 
rejection ratio. If the CNR_SS capacitor is omitted, the PSRR can be 10 dB lower or worse across a wide range of 
frequencies. A 100-nF capacitor is generally recommended.
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Additionally, TI recommends using at least a 47-μF output capacitor for both single event transient (SET) and 
to achieve great AC performance. A 10-μF input capacitor is generally sufficient for good device performance; 
however, a 47-μF input capacitor or larger may be ideal if the input rail is extremely noisy.

The high power-supply rejection of the TPS7H1210-SEP makes it a good choice for powering high-performance 
analog circuitry.

8.1.5 Output Noise

The TPS7H1210-SEP provides low output noise when a noise-reduction capacitor (CNR_SS) is used.

The noise-reduction capacitor serves as a filter for the internal reference. By using at a 100-nF noise reduction 
capacitor (CNR_SS), the output noise can be reduced by approximately 80% (from 35.7 μVRMS to 7.1 μVRMS). See 
Figure 6-22 for additional information. The benefit is less pronounced at higher currents (see Figure 6-21).

The TPS7H1210-SEP low output voltage noise makes it an ideal solution for powering noise-sensitive circuitry.

8.1.6 Transient Response

As with any regulator, increasing the size of the output capacitor reduces overshoot and undershoot magnitude, 
but increases duration of the transient response.

8.1.7 Post DC-DC Converter Filtering

Most of the time, the voltage rails available in a system do not match the voltage specifications demanded by 
one or more of its circuits; these rails must be stepped up or down, depending on specific voltage requirements.

DC-DC converters are generally the preferred solution to stepping up or down a voltage rail when current 
consumption is not negligible. These devices offer high efficiency with minimum heat generation, but they have 
one primary disadvantage: they introduce a high-frequency component, and the associated harmonics, on top of 
the DC output signal.

If not filtered properly, this high-frequency component degrades analog circuitry performance, and reduces 
overall system accuracy and precision.

The TPS7H1210-SEP offers a wide-bandwidth, very-high power-supply rejection ratio (PSRR). This specification 
makes it ideal for post DC-DC converter filtering. TI recommends using a schematic like the one shown in 
Figure 8-2 for high performance. Also, verify that the TPS7H1210-SEP regulator PSRR is still high within the 
fundamental frequency (and its first harmonic, if possible) of the switching regulator.

8.1.8 Power for Precision Analog

One of the primary TPS7H1210-SEP applications is to provide very low noise voltage rails to high-performance 
analog circuitry in order to maximize system accuracy and precision. This includes powering operational 
amplifiers, ADCs, DACs, and RF amplifiers.

Because of the low noise levels at high voltages, the TPS7H1210-SP can directly power high performance 
analog circuitry with high-voltage input supply requriements.
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8.2 Typical Application

TPS7H1210-SEP

CIN

11.1 µF

CIN

11.1 µF

EN

NR_SS GND
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VIN

COUT

50.11 µF
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50.11 µF

VOUT = -5 V
IN OUT
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100 nF
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RFB_TOP

34 k��

RFB_TOP

34 k��

RFB_BOT

10.5 k��

RFB_BOT

10.5 k��

REN_TOP

102 k��

REN_TOP
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REN_BOT

68 k��

REN_BOT

68 k��

Figure 8-2. Adjustable Operation for Optimized AC and Radiation Performance

8.2.1 Design Requirements

The design goals for this example are VIN = –6 V, VOUT = –5 V, and IOUT = 1-A maximum. The design must 
optimize transient response, and the input supply comes from a supply on the same printed-circuit board (PCB).

8.2.2 Detailed Design Procedure

The design consists of CIN, COUT, CNR_SS, RFB_TOP, RFB_BOT, REN_TOP, REN_BOT, and the circuit shown in Figure 
8-2.

The first step when designing with a linear regulator is to examine the maximum load current along with the 
input and output voltage requirements to determine if the device thermal and dropout voltage requirements 
can be met. At 1 A, the input dropout voltage of the TPS7H1210-SEP device is a maximum of 500 mV over 
temperature; thus, the dropout headroom is sufficient for operation over both input and output voltage accuracy. 
Keep in mind that operating an LDO close to the dropout limit reduces AC performance, but has the benefit of 
reducing the power dissipation across the LDO.

The maximum power dissipated in the linear regulator is the maximum voltage drop across the pass element 
from the input to the output multiplied by the maximum load current (plus a small amount of quiescent power). In 
this example, the maximum voltage drop across in the pass element is (–6 V) – (–5 V), giving us a VDROP = 1 
V. The power dissipated in the pass element is calculated by taking this voltage drop multiplied by the maximum 
load current. For this example, the maximum power dissipated in the linear regulator is approximately 1 W.

To ensure an accurate output voltage, RFB_TOP and RFB_BOT must also be found, and the current through these 
resistors must be greater than 5 µA to ensure stability. For this design, RFB_TOP is set to 34 kΩ, to achieve 
reasonable leakage current leakage while continuing to hold it well above 5 µA. Then Equation 3 is used to 
calculate the proper value for RFB_BOT.

RFB_BOT = RFB_TOP × VREFVOUT − VREF = 10.5 kΩ and IDIVIDER = VREFRFB_BOT = 112.6 µA (3)

Next, for CIN a 10 µF, 1 µF, and 0.1-µF ceramic capacitor are selected. This provides margin over the 10-µF 
minimum input capacitance and reduces the impedance across a wider range of frequencies than a single 10-µF 
capacitor.

For COUT, 5 × 10-µF, 1 × 100-nF, and 1 × 10-nF ceramic capacitors are selected. The multiple ceramic 
capacitors reduce ESR (equivalent series resistance) and ESL (equivalent series inductance) to aid in good 
AC performance. Additionally, better SET (single-event-transient) performance is generally achieved by choosing 
a larger output capacitance than the minimum of 10 µF.
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Next, CNR_SS is set at 100 nF for optimal noise performance along with maximized AC performance while 
keeping reasonable soft-start times.

To have a configurable turn-on voltage, feed the EN pin by a resistor divider from VIN to GND. Since the 
TPS7H1210-SEP is commanded to turn-on when EN is less than –2 V (see VEN(-HI) in Section 6.5), Equation 4 
can be used to determine the resistors to select for a desired turn-on voltage, VIN(turn-on).

REN_BOT = REN_TOP × 2 VVIN turn−on − 2 V (4)

For this design REN_TOP = 102 kΩ and REN_BOT = 68 kΩ, which results in VIN(turn-on) = –5 V. This means that as 
VIN is ramping from 0 V to its final value of –6 V during start-up, the regulator will turn-on when VIN reaches –5 V.

8.2.3 Application Curves

Figure 8-3 and Figure 8-4 show a 1-mA to 500-mA load step and 500-mA to 1-mA load step respectively using 
the values described within this section.

Time (200 µs/div)

VOUT (50 mV/div) (AC coupled)

IOUT (500 mA/div)

VIN = –6 V VOUT = –5 V IOUT (slew) = 1 A / 10 μs
CIN = 11.1 μF COUT = 50.11 μF CNR_SS = 100 nF

Figure 8-3. Load Step: 1 mA to 500 mA

Time (200 µs/div)

VOUT (50 mV/div) (AC coupled)

IOUT (500 mA/div)

VIN = –6 V VOUT = –5 V IOUT (slew) = 1 A / 10 μs
CIN = 11.1 μF COUT = 50.11 μF CNR_SS = 100 nF

Figure 8-4. Load Step: 500 mA to 1 mA

8.3 Do's and Don’ts
Place at least one low ESR 10-µF capacitor as close as possible to both the IN and OUT terminals of the 
regulator to the GND pin.

Provide adequate thermal paths away from the device.

Do not place the input or output capacitor more than 10 mm away from the regulator.

Do not exceed the absolute maximum ratings.

Do not float the EN pin.

Do not resistively or inductively load the NR_SS pin.
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9 Power Supply Recommendations
The input supply for the LDO must be within its recommended operating conditions, of –16.5 V to –3 V. The input 
voltage must provide adequate headroom 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.

10 Layout
Layout is a critical part of good power-supply design. Several signal paths that conduct fast-changing currents 
or voltages can interact with stray inductance or parasitic capacitance to generate noise or degrade the power-
supply performance. To help eliminate these problems, bypass the IN pin to ground with a low ESR ceramic 
bypass capacitor with an X7R dielectric.

10.1 Layout Guidelines
10.1.1 Improve PSRR and Noise Performance

To improve AC performance such as PSRR, output noise, and transient response, TI recommends designing the 
board with separate planes for IN, OUT, and GND. The IN and OUT planes should be isolated from each other 
by a GND plane section. In addition, the ground connection for the output capacitor should connect directly to 
the GND pin of the device.

Equivalent series inductance (ESL) and equivalent series resistance (ESR) must be minimized in order to 
maximize performance and ensure stability. Every capacitor (CIN, COUT, CNR_SS, and CFF if used) must be placed 
as close as possible to the device and on the same side of the PCB as the regulator itself.

Do not place any of the capacitors on the opposite side of the PCB from where the regulator is installed. The use 
of vias and long traces is strongly discouraged because they may impact system performance negatively and 
even cause instability.
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10.2 Layout Example
It may be possible to obtain acceptable performance with alternative PCB layouts.
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Figure 10-1. TPS7H1210-SEP Layout Guideline

10.3 Thermal Performance
The high-current and high-voltage characteristics of the TPS7H1210-SEP means that, often enough, high 
power (heat) is dissipated from the device itself. This heat, if dissipated into the PCB, creates a temperature 
gradient in the surrounding area that causes nearby components to react to this temperature change (drift). In 
high-performance systems, such drift may degrade overall system accuracy and precision.

The heat generated by the device is a result of the power dissipation, which depends on input voltage and load 
conditions. Power dissipation (PD) can be approximated by calculating the product of the output current times the 
voltage drop across the output pass element, as shown in Equation 5:PD = VIN− VOUT × IOUT (5)

Be sure the PCB is able to effectively dissipate the heat resulting from the power dissipation.
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11 Device and Documentation Support
11.1 Device Support
11.1.1 Development Support
11.1.1.1 Spice Models

Computer simulation of circuit performance using SPICE is often useful when analyzing the performance of 
analog circuits and systems. A PSpice model for the TPS7H1210-SEP is available through the product folder 
under the Design & Development section.

11.2 Documentation Support
11.2.1 Related Documentation

For related documentation see the following:

• Texas Instrument, TPS7H1210-SEP Total Ionizing Dose (TID) radiation report
• Texas Instrument, TPS7H1210-SEP Single-Event Effects (SEE) radiation report
• Texas Instrument, TPS7H1210-SEP Evaluation Module (EVM) user's guide
• Texas Instrument, Pros and Cons of Using a Feedforward Capacitor with a Low-Dropout Regulator 

application report
• Vendor item drawing available, VID V62/21616

11.3 Receiving Notification of Documentation Updates
To receive notification of documentation updates, navigate to the device product folder on ti.com. Click on 
Subscribe to updates 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 TI specifications and do 
not necessarily reflect TI's views; see TI'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 
with appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.
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
TI Glossary This glossary lists and explains terms, acronyms, and definitions.

12 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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PACKAGE OPTION ADDENDUM
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PACKAGING INFORMATION

Orderable part number Status
(1)

Material type
(2)

Package | Pins Package qty | Carrier RoHS
(3)

Lead finish/
Ball material

(4)

MSL rating/
Peak reflow

(5)

Op temp (°C) Part marking
(6)

TPS7H1210MRGWSEP Active Production VQFN (RGW) | 20 70 | TUBE Yes NIPDAU Level-3-260C-168 HR -55 to 125 7H1210

TPS7H1210MRGWTSEP Active Production VQFN (RGW) | 20 250 | SMALL T&R Yes NIPDAU Level-3-260C-168 HR -55 to 125 7H1210

V62/21616-01XE Active Production VQFN (RGW) | 20 70 | TUBE Yes NIPDAU Level-3-260C-168 HR See
TPS7H1210MRGWSEP

7H1210

V62/21616-01XE-T Active Production VQFN (RGW) | 20 250 | SMALL T&R Yes NIPDAU Level-3-260C-168 HR See
TPS7H1210MRGWTSEP

7H1210

 
(1) Status:  For more details on status, see our product life cycle.

 
(2) 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.

 
(3) RoHS values:  Yes, No, RoHS Exempt. See the TI RoHS Statement for additional information and value definition.

 
(4) Lead 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.

 
(5) 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.

 
(6) 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. TI 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. TI 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. TI 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 TI part(s) at issue in this document sold by TI to Customer on an annual basis.
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PACKAGE MATERIALS INFORMATION
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TUBE
 
 

L - Tube length
T - Tube  
height

W - Tube  
width

B - Alignment groove width
 
 
*All dimensions are nominal

Device Package Name Package Type Pins SPQ L (mm) W (mm) T (µm) B (mm)

TPS7H1210MRGWSEP RGW VQFN 20 70 381.5 6.73 2286 0

V62/21616-01XE RGW VQFN 20 70 381.5 6.73 2286 0

Pack Materials-Page 1
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GENERIC PACKAGE VIEW

This image is a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.

VQFN - 1 mm max heightRGW 20
PLASTIC QUAD FLATPACK - NO LEAD5 x 5, 0.65 mm pitch

4227157/A



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. The package thermal pad must be soldered to the printed circuit board for optimal thermal and mechanical performance.

PACKAGE OUTLINE
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NOTES: (continued)

4. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature

number SLUA271 (www.ti.com/lit/slua271).
5. Vias are optional depending on application, refer to device data sheet. If any vias are implemented, refer to their locations shown

          on this view. It is recommended that vias under paste be filled, plugged or tented.

EXAMPLE BOARD LAYOUT
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NOTES: (continued)

6.  Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate

design recommendations.

EXAMPLE STENCIL DESIGN
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