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2-A, Fast-Transient, Low-Dropout Voltage Regulator

FEATURES

» Low Dropout Voltage: 180 mV at 2 A
e ViyRange:15Vto 65V

e Configurable Fixed Vgyt Range: 0.9 Vto 3.5V
Adjustable Vot Range: 0.9 Vto 5.0V

» Very Good Load and Line Transient Response
» Stable with Ceramic Output Capacitor

e 1.5% Accuracy over Line, Load, and
Temperature

 Programmable Softstart

» Power Good (PG) Output

e 3-mm x 3-mm QFN-16 and 5-mm x 5-mm QFN-
20 Packages

APPLICATIONS
* Wireless Infrastructure: SerDes, FPGA, DSP™
* RF Components: VCO, ADC, DAC, LVDS

» Set-Top Boxes: Amplifier, ADC, DAC, FPGA,
DSP

e Wireless LAN, Bluetooth®
e PCs and Printers
* Audio and Visual
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DESCRIPTION

The TPS7A7200 low-dropout (LDO) voltage regulator
is designed for applications seeking very-low dropout
capability (180 mV at 2 A) with an input voltage from
1.5V to 6.5 V. The TPS7A7200 offers an innovative,
user-configurable, output-voltage setting from 0.9 V to
3.5 V, eliminating external resistors and any
associated error.

The TPS7A7200 has very fast load-transient
response, is stable with ceramic output capacitors,
and supports a better than 2% accuracy over line,
load, and temperature. A soft-start pin allows for an
application to reduce inrush into the load.
Additionally, an open-drain, power-good signal allows
for sequencing power rails.

The TPS7A7200 is available in a 3-mm x 3-mm,
16-pin QFN and a 5-mm x 5-mm, 20-pin QFN
packages.
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Load Transient Response with
Seven Different Results:
1.5V|yto 1.0 Vout, 1.5 Viyto 1.2 Vgyr,
1.8 Viy to 1.5 Vour, 2.5 Viy to 1.8 Vour,
3.0 VIN to 2.5 VOUTa 3.3 VIN to 3.0 VOUTa
and 5.5 V|yto 5.0 Vout

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

DSP is a trademark of Texas Instruments.
Bluetooth is a registered trademark of Bluetooth SIG, Inc.
All other trademarks are the property of their respective owners.

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of the Texas
Instruments standard warranty. Production processing does not
necessarily include testing of all parameters.
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This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled with
appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.

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

ORDERING INFORMATION®
PRODUCT Description

TPS7A7200yyyz YYY is package designator.
Z is package quantity.

(1) For the most current package and ordering information see the Package Option Addendum at the end of this document, or see the
device product folder at www.ti.com.

ABSOLUTE MAXIMUM RATINGS®
Over operating free-air temperature range (unless otherwise noted).

VALUE
MIN MAX UNIT
IN, PG, EN -0.3 +7.0 \%
Voltage SS, FB, SNS, OUT -0.3 Vi +0.3@ Y
50mV, 100mV, 200mV, 400mV, 800mV, 1.6V -0.3 Vout *+ 0.3 \Y
ouT Internally limited A
Current - -
PG (sink current into IC) 5 mA
Operating virtual junction, T, -55 +150 °C
Temperature
Storage, Tsyg -55 +150 °C
o 3 |Human body model (HBM, JESD22-A114A) 2 kv
Electrostatic Discharge Rating® _
Charged device model (CDM, JESD22-C101B.01) 500 \%

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

(2) The absolute maximum rating is Viy + 0.3 V or +7.0 V, whichever is smaller.

(3) ESD testing is performed according to the respective JESD22 JEDEC standard.
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THERMAL INFORMATION

TPS7A7200¢)
THERMAL METRIC®M®) RGW (QFN) RGT (QFN) UNITS
20 PINS 16 PINS
B3 Junction-to-ambient thermal resistance ) 35.7 44.6
B3ctop Junction-to-case (top) thermal resistance ) 33.6 54.3
B8 Junction-to-board thermal resistance ® 15.2 17.2 oW
Wit Junction-to-top characterization parameterm 0.4 1.1
Wis Junction-to-board characterization parameter(s) 15.4 17.2
B3chot Junction-to-case (bottom) thermal resistance ©) 3.8 3.8
(1) For more information about traditional and new thermal metrics, see the IC Package Thermal Metrics application report, SPRA953A.
(2) For thermal estimates of this device based on printed circuit board (PCB) copper area, see the TI PCB Thermal Calculator.
(3) Thermal data for the RGW package is derived by thermal simulations based on JEDEC-standard methodology as specified in the
JESD51 series. The following assumptions are used in the simulations:
(@ i. RGW: The exposed pad is connected to the PCB ground layer through a 4 x 4 thermal via array.
ii. RGT: The exposed pad is connected to the PCB ground layer through a 2 x 2 thermal via array.
(b)i. RGW: Both the top and bottom copper layers have a dedicated pattern for 4% copper coverage.
ii .RGT: Both the top and bottom copper layers have a dedicated pattern for 5% copper coverage.
(c) These data were generated with only a single device at the center of a JEDEC high-K (2s2p) board with 3-inch x 3-inch copper area.
To understand the effects of the copper area on thermal performance, refer to the Power Dissipation and Estimating Junction
Temperature sections.
(4) The junction-to-ambient thermal resistance under natural convection is obtained in a simulation on a JEDEC-standard, high-K board, as
specified in JESD51-7, in an environment described in JESD51-2a.
(5) The junction-to-case (top) thermal resistance is obtained by simulating a cold plate test on the top of the package. No specific JEDEC-
standard test exists, but a close description can be found in the ANSI SEMI standard G30-88.
(6) The junction-to-board thermal resistance is obtained by simulating in an environment with a ring cold plate fixture to control the PCB
temperature, as described in JESD51-8.
(7) The junction-to-top characterization parameter, Y7, estimates the junction temperature of a device in a real system and is extracted
from the simulation data to obtain 63, using a procedure described in JESD51-2a (sections 6 and 7).
(8) The junction-to-board characterization parameter, y;g, estimates the junction temperature of a device in a real system and is extracted
from the simulation data to obtain ;5 using a procedure described in JESD51-2a (sections 6 and 7).
(9) The junction-to-case (bottom) thermal resistance is obtained by simulating a cold plate test on the exposed (power) pad. No specific

JEDEC standard test exists, but a close description can be found in the ANSI SEMI standard G30-88.
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ELECTRICAL CHARACTERISTICS

Over operating temperature range (T; = —40°C to +125°C), 1.425V < V|y < 6.5V, Vy 2 Voyrrarcen + 0.3 V or

Vin 2 Vourrareen) + 0.5 V@@, OUT connected to 50 Q to GND®,Vgy = 1.1V, Coyr = 10 pF, Cgg = 10 nF, and PG pin pulled
up to V,y with 100 kQ, 27 kQ < R2 < 33 kQ for adjustable configuration®, unless otherwise noted.

Typical values are at T; = +25°C.

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Vin Input voltage range 1.425 6.5 \%
V(ss) SS pin voltage 0.5 \%
Output voltage range Adjustable with external feedback resistors 0.9 5.0 v
Fixed with voltage setting pins 0.9 35
RGT package only, adjustable, —40°C < T, < +85°C, 15 +15
v 25mA<ioyrS2A : ’
out
RGT package only, fixed, —40°C < T, < +85°C,
Output voltage accuracy ®)® 25MAS lour <2 A -2.0 +2.0 %
Adjustable, 25 mA<Igyt <2 A -2.0 +2.0
Fixed, 25 mA <oyt <2 A -3.0 +3.0
AVoaviy Line regulation lour =25 MA 0.01 %IV
AVoaio) Load regulation 25mA<Ioyr£2A 0.1 %IA
V, <33V, I =2A, Vg = GND 180 mvV
Vo) Dropout voltage ouT ouT 8
3.3V < Vour lour = 2 A, Vigg) = GND 470 mv
iy Output current limit Vour forced at 0.9 x Vouyrrareer), Vin =33 V., 2.4 3.1 3.7 A
Vourrareer) = 0.9 V
Full load, loyt=2 A 2.6 mA
Minimum load, 4 mA
leND) GND pin current Vin = 6.5V, Vourrareer) = 0.9V, loyr = 25 mA
Shutdown, PG = (open), 0.1 5 MA
Vin = 6.5V, Vourrareen = 0.9V, Ven) <05V
lEn) EN pin current ViN=6.5V,Vgy=0Vand 65V +0.1 MA
EN pin low-level input voltage
Vien (disable device) 0 05 v
EN pin high-level input voltage
Vinen) (enable device) 11 65 v
Viree) PG pin threshold For the direction PG| with decreasing Vout 0.85Vour 0.9Vour 0.96Vour \%
Viys(Pa) PG pin hysteresis For PG? 0.02Voyr \%
VoLre) PG pin low-level output voltage | Vour < Virpa), Ipe = —1 MA (current into device) 0.4 \%
likg(PG) PG pin leakage current Vout > Virpa) Vipg) = 6.5V 1 WA
I(ss) SS pin charging current V(ss)= GND, Viy=3.3V 35 51 7.2 MA
. BW = 100 Hz to 100 kHz,
V, Output noise voltage ViN=15V,Vour =12V, lgyr=2 A 40.65 TV
Shutdown, temperature increasing +160 °C
Tsq Thermal shutdown temperature -
Reset, temperature decreasing +140 °C
T, Operating junction temperature -40 +125 °C

(1) When Voyr<3.5V, V|y 2 (Vour + 0.3 V) or 1.425 V, whichever is greater; when Vgoyr > 3.5V, Viy 2 (Vout + 0.5 V).

(2) Vout(rarceT) is the calculated target Voyr value from the output voltage setting pins: 50mV, 100mV, 200mV, 400mV, 800mV, and 1.6V
in fixed configuration, or the expected Vot value set by external feedback resistors in adjustable configuration.

(3) This 50-Q load is disconnected when the test conditions specify an loyt value.

(4) R2 is the bottom-side of the feedback resistor between the FB pin and GND. See Figure 40 for details.

(5) When the TPS7A7200 is connected to external feedback resistors at the FB pin, external resistor tolerances are not included.

(6) The TPS7A7200 is not tested at Voyt = 0.9V, 2.7 V< V|y £6.5V, and 500 mA < gyt < 2 A because the power dissipation is higher
than the maximum rating of the package. Also, this accuracy specification does not apply on any application condition that exceeds the
power dissipation limit of the package.

(7) V(o) is not defined for output voltage settings below 1.2 V.
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FUNCTIONAL BLOCK DIAGRAM

) Current
IN O L Limit __lil O OUT
Charge
Pump Thermal
Protection
0 PG

S8 0.5-V Reference
[
i Cssi 1.2-V Reference
| |
I~
“ Optional

—O SNS
32R
EN O Hysteresis OFB
320R 160R 80R 40R 20R %10!?
I Lo bbbl
GND 50mV  100mV 200mV 400mV 800mV 1.6V
NOTE: 320R = 1.024 MQ (that is, 1R = 3.2 kQ).
Figure 1. Functional Block Diagram
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PIN CONFIGURATIONS
RGT PACKAGE
3-mm x 3-mm QFN-16 RGW PACKAGE
(TOP VIEW)
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PIN DESCRIPTIONS
NAME RGW RGT DESCRIPTION
50mv,
100mvV, Output voltage setting pins. These pins should be connected to ground or left floating. Connecting these
200mvV, 5,6,7, | 4,5, 6, | pins to ground increases the output voltage by the value of the pin name; multiple pins can be
400mv, | 9, 10, 11 | 8, 9, 10 | simultaneously connected to GND to select the desired output voltage. Leave these pins floating (open)
800mv, when not in use. See the USER-CONFIGURABLE OUTPUT VOLTAGE section for more details.
1.6V
EN 14 12 Enable pin. Driving this pin to logic high enables the device; driving the pin to logic low disables the device.
See the ENABLE AND SHUTDOWN THE DEVICE section for more details.
FB 3 2 Output voltage feedback pin. Connected to the error amplifier. See the USER-CONFIGURABLE OUTPUT
VOLTAGE and TRADITIONAL ADJUSTABLE CONFIGURATION sections for more details.
GND 8,18 7 Ground pin.
IN 15, 16, 13 14 Unregulated supply voltage pin. It is recommended to connect an input capacitor to this pin. See INPUT
17 ! CAPACITOR REQUIREMENTS for more details.
Not internally connected. The NC pin is not connected to any electrical node. It is strongly recommended to
NC 12 — connect this pin and the thermal pad to a large-area ground plane. See the Power Dissipation section for
more details.
ouT 1.19.20 | 15 16 Regulated output pin. A 4.7-uF or larger capacitance is required for stability. See OUTPUT CAPACITOR
e ' REQUIREMENTS for more details.
PG 4 3 Active-high power good pin. An open-drain output that indicates when the output voltage reaches 90% of
the target. See POWER GOOD for more details.
SNS 2 1 Output voltage sense input pin. See the USER-CONFIGURABLE OUTPUT VOLTAGE and TRADITIONAL
ADJUSTABLE CONFIGURATION sections for more details.
Soft-start pin. Leaving this pin open provides soft-start of the default setting.
sS 13 11 Connecting an external capacitor between this pin and the ground enables the soft-start function by
forming an RC-delay circuit in combination with the integrated resistance on the silicon. See the SOFT-
START section for more details.
It is strongly recommended to connect the thermal pad to a large-area ground plane. If available, connect
Thermal Pad . - .
an electrically-floating, dedicated thermal plane to the thermal pad as well.
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LOAD REGULATION
(0.9 V, Adjustable)

TYPICAL CHARACTERISTICS

At TJ = +25°C, VlN = VOUT(TARGET) + 03 V, |OUT = 25 mA, V(EN) = VlN‘ ClN = 10 pF, COUT = 10 pF, C(SS) = 10 nF, and the PG pln
pulled up to V,y with 100-kQ pull-up resistor, unless otherwise noted.

LOAD REGULATION
(5.0 V, Adjustable)

0.927 5.15
— -40°C Y-axis scale is 1%Vout/div Y-axis scale is 1%Vout/div
— 0°C
0918 | __ 25°C 51
S — 85°C S
; 0.909 | — 105°C B' 5.05
o — 125°C o
% % — |
S 0.9 S 5
= 2 — -40°C
S 0.891 =] 495 | — 0°C
© © — 25°C
— 85°C
0.882 Viy = 1425V 49 — 105°¢ V=53V
Ry = 24.1 kQ, Ry = 30.1 kQ — 125°C Ry = 271kQ, R, = 30.1 kQ
0.873 4.85
0 0.5 1 1.5 2 0 0.5 1 1.5 2
Output Current (A) oot Output Current (A) co0s
Figure 2. Figure 3.
LOAD REGULATION LOAD REGULATION
(0.9 V, Fixed by Setting Pins) (3.5 V, Fixed by Setting Pins)
0.927 3.605
Y-axis scale is 1%Vout/div — -40°C Vin=38V
— 0°C Vout(tarceT) = 3.5V
0.918 857 25°C 200mV, 400mV, 800mV, 1.6V pins
< — —— 85°C to GND; 50mV, 100mV pins open
% 0.909 % 3535 | — 105°C [
E 5 — 125°C
S 0.9 S 35 ‘ —
g — -40°C E‘
> 0891 | — 0°C > 3.465
© — 25°C Vi = 1425 V o
—— 85°C Vout(tarceT) = 0.9 V
08821 ___ j050c 400mV pin to GND; 50mV, 100mV 343
— 125°C 200mV, 800mV, 1.6V pins open Y-axis scale is 1%Vout/div
0.873 3.395
0 0.5 1 1.5 2 0 0.5 1 1.5 2
Output Current (A) o0 Output Current (A) G20
Figure 4. Figure 5.
DROPOUT VOLTAGE vs OUTPUT CURRENT DROPOUT VOLTAGE vs TEMPERATURE
300 300
— -40°C Vin=15V — -40°C
— 0°C FB = GND — 0°C
250 25 B0 2sc )
S —— 85°C S ;
E 200 --- 105°¢ E 200
g | e 125°C S
8 8
;0 150 E 150
3 3
g— 100 8 100
a a
» %/ 50 lour=2A
| == FB = GND and plot Vi~ Vour
0 0
0 0.5 1 1.5 2 1 2 3 4 5 55
Output Current (A) cot1 Input Voltage (V) cota
Figure 6. Figure 7.
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TYPICAL CHARACTERISTICS (continued)

At TJ = +25°C, V|N = VOUT(TARGET) + 03 V, IOUT = 25 mA, V(EN) = VINv ClN = 10 }JF, COUT = 10 HF, C(SS) = 10 nF, and the PG pln
pulled up to Vy with 100-kQ pull-up resistor, unless otherwise noted.

LINE REGULATION LINE REGULATION
(0.9 V, Adjustable) (5.0 V, Adjustable)
0.927 5.15
— -40°C Y-axis scale is 1%Vout/div Y-axis scale is 1%Vout/div
0°C
0.918 255G 5.1
S — 85°C S
< 0.909 | — 105°C < 5.05
= — 125°C =
S 09 S 5
3 3 — -40°C
5 0.891 5 4.95 0°C
o o — 25°C
— 85°C
0.882 lour = 25 MA 491 105°c lour = 25 MA
R; =24.1kQ, R, =30.1kQ — 125°C Ry = 271 kQ, R, = 30.1 kQ
0.873 4.85
1 15 2 25 3 35 4 45 5 55 6 65 5 55 6 6.5
Input Voltage (V) 5006 Input Voltage (V) 007
Figure 8. Figure 9.
LINE REGULATION LINE REGULATION
(0.9 V, Fixed by Setting Pins) (3.5 V, Fixed by Setting Pins)
0.927 3.605
Y-axis scale is 1%Vout/div — -40°C loutr =25 MA
0°C Vout(tarGeT) = 3.5V
0.918 857 25°C 200mV, 400mV, 800mV, 1.6V pins
< — —— 85°C to GND; 50mV, 100mV pins open
< 0.909 2 3535 [ — 105°C
> > — 125°C
3 3 ——
g 0.9 g 35 -
E — -40°C E
5 0.891 0°C f— S 3.465
© — 25°C lour = 25 MA o
— 85°C || Vout(tarceTr) = 0.9 V
08821 ___ j050c 400mV pin to GND; 50mV, 100mV 3.43
— 125°C 200mV, 800mV, 1.6V pins open Y-axis scale is 1%Vout/div
0.873 3.395
1 15 2 25 3 35 4 45 5 55 6 65 5 55 6 6.5
Input Voltage (V) 6206 Input Voltage (V) G207
Figure 10. Figure 11.
OUTPUT VOLTAGE: OUTPUT VOLTAGE:
ACTUAL vs PIN-SETTING ACTUAL (Normalized) vs PIN-SETTING
3.6 1
22 :\c? 0.8
g % 0.6
% 2.8 § 0.4
: R AV
5 3 0 V
s 2 3 oz NAAM A
° 2 : NIV
g 16 i’ -0.4
< S -06
1.2 V=4V 5 os Vin=4V
lout = 50 MA : lout = 50 MA
0.8 1
0.8 1.2 1.6 2 2.4 2.8 3.2 3.6 0.8 1.2 1.6 2 2.4 2.8 3.2 3.6
Vour(rarcet) (V) G020 Vour(rarcer) (V) ozt
Figure 12. Figure 13.
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pulled up to Vy with 100-kQ pull-up resistor, unless otherwise noted.

TYPICAL CHARACTERISTICS (continued)
At TJ = +25°C, VIN = VOUT(TARGET) + 03 V, IOUT = 25 mA, V(EN) = V|N, CIN = 10 UF, COUT = 10 HF, C(SS) = 10 nF, and the PG pln

GND PIN CURRENT vs OUTPUT CURRENT

GND PIN CURRENT vs INPUT VOLTAGE

5 5
— -40°C ViN=1.8V — -40°C lour = 25 MA
0°C Vout(tareeT) = 1.5V 0°C Vout(tareeT) = 0.9V
4| — 25°C |——— 200mV, 800mV pinsto GND 4| — 25°C [—— 400mV pin to GND; 50mV, 100mV
< —— 85°C 50mV, 100mV, 200mV, 400m < — — 85°C 200mV, 800mV, 1.6V pins open
é === 105°C pins open é -=-=- 105°C
= 3| e 125°C —— £ 3| e 125°C
g g
i 2 / 2 2
> >
<] <
(O] O] fs v ar i s ot
1 1 . s i iyl
0 0
0 0.5 1 1.5 2 1 15 2 25 3 35 4 45 5 55 6 65
Output Current (A) co%0 Input Voltage (V) coss
Figure 14. Figure 15.
GND PIN CURRENT IN SHUTDOWN CURRENT LIMIT
vs TEMPERATURE vs OUTPUT VOLTAGE (Foldback)
5 4
— -40°C EN = GND
< 0°C 50-Q resistor between OUT and GND
2 4| — 25°C f—
£ —— 85°C N 3
= --- 105°C <
o 3| e 125°C £
=] =
S = 2
E s
(O] 2 g
S| g 3
8 1 Vin=4V
E 1 B e Vout(tarcet) = 3.5V
® ’ ] 200mY, 400mV, 800mV, 1.6V pins to GND
TTTT T T T 50mV, 100mV pins open
0 0
1 15 2 25 3 35 4 45 5 55 6 65 0 0.5 1 1.5 2 25 3 35
Input Voltage (V) G032 Forced Output Voltage (V) coat
Figure 16. Figure 17.
POWER-GOOD THRESHOLD VOLTAGE
vs TEMPERATURE POWER-GOOD PIN DRIVE CAPABILITY
96 1
95 | — V=15V | Vout(tarcen = 1.2V — Vpn=15V,-40°C Vour(rarger) = 1.2V
s 04 Viy=6.5V | 100mV, 200mV, 400mV pins to GND Vin=15V,25°C 100mV, 200mV, 400mV
5 50mV, 800mV, 1.6V pins open 08| — ViN=15V,125°C |+—  pinsto GND
s 93 50-Q resistor between OUT and GND s —= Viy=6.5V,-40°C 50mV, 800mV, 1.6V
= 92 < Viy=15V,25°C pins open
S 91 2 06| —— Vin=15V,125°C [-— 50-Q resistor
£ _— = from OUT to GND
S 90 ———— = S \
% 89 .E 0.4 | Spec limit defined at 1-mA.
o 88 (O]
<
SR v¢ .
o é
84 0 —
-50 -25 0 25 50 75 100 125 0 0.5 1 1.5 2
Temperature (°C) cos0 Forced PG Pin Current (mA) cost
Figure 18. Figure 19.
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Output Spectral Noise Density (WAHz)

NOISE SPECTRAL DENSITY BY OUTPUT VOLTAGE

10

0.1

0.01

TYPICAL CHARACTERISTICS (continued)

At TJ = +25°C, V|N = VOUT(TARGET) + 03 V, IOUT = 25 mA, V(EN) = VINv ClN = 10 }JF, COUT = 10 HF, C(SS) = 10 nF, and the PG pln
pulled up to Vy with 100-kQ pull-up resistor, unless otherwise noted.

NOISE SPECTRAL DENSITY BY EXTERNAL CAPACITORS

100k

G063

— 10
—— Vout(tarceT) = 0.9V r Vin=18V,lpyt=1A
Vout(tareeT) = 1.2V < Vour(tarcer) = 1.5V
ey —— Vour(rarcen) = 3.3V 3 200mV, 800mV pins to GND
"w..“ 2 50mV, 100mV, 400mV, 1.6V pins open
== = g 1 == e
8 "
o TS
TS N R%) TN
T TTTTTT \\ M~ g LT
Vin = Vour(tarcer) + 0.3 V TN e = —— Css = 100nF, Coyr = 100pF iy
lour =2 A et £ o1 Ces = 100nF, Cour = 10uF ,,,,,JL"‘%E‘S!:,,,
100 Hz to 100 kHz RMS Noise 2 —— Cgs =10nF, Cgyr = 100pF
0.9 V: 37.43 iVrys 2 —— Cgs=10nF, Cour = 10pF
1.2 V: 40.65 WVgyis 3 Css = InF, Cour = 100pF
3.3 V: 82.59 iVrus g —— Cgs=1nF, Cour=10pF
0.01
10 100 1k 10k 100k 10 100 1k 10k
Frequency (Hz) cos Frequency (Hz)
Figure 20. Figure 21.
POWER-SUPPLY RIPPLE REJECTION
vs FREQUENCY
100
%0 Vout(tarcer) = 3.3V
400mV, 800mV, 1.6V pins to GND
80 50mV, 100mV, 200mV pins open
70
o N
o 60 N
Z \\ N
g 50 e
0 40 | N / \
o /
‘ \ o/ \ \\m
30| —— V=36V, lour=0.1A il AR
20 Vin=3.6V, lour=2A  fI 1
10| = Vn=38V.lour=01A ~N
—— Vpn=3.8V, lour=2A
0
10 100 1k 10k 100k iM 10M
Frequency (Hz) con
Figure 22.
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TYPICAL CHARACTERISTICS (continued)
At TJ = +25°C, V|N = VOUT(TARGET) + 03 V, IOUT = 25 mA, V(EN) = VINv ClN = 10 }JF, COUT = 10 HF, C(SS) = 10 nF, and the PG pln
pulled up to Vy with 100-kQ pull-up resistor, unless otherwise noted.

LOAD TRANSIENT RESPONSE LOAD TRANSIENT RESPONSE

(Vour=1.2V) (Vour=3.3V)
1.4 8 35 8
Output Current Slew Rate: 1A/us Output Current Slew Rate: 1A/us
VOUT(TARGET)=1-2V VOUT(TARGET):3-3V
100mV, 200mV, 400mV pins to GND 400mYV, 800mV, 1.6V pins to GND
s 13 50mV, 800mV, 1.6V pins open 6 = s 34 \ 50mV, 100mV, 200mV pins open | 6 =
S 12 " 4 3 S 33| 4 3
5 '\ 5 5 N 3
= = g g
3 \ 3 3 \ Output Voltage 3
1.1 Output Voltage | 2 3.2 - y 2
Output Output
“  current = Current
1 — 0 31 ‘ 0
Time (100ps/div) G314 Time (100ps/div) G317
Figure 23. Figure 24.
LINE TRANSIENT RESPONSE POWER-UP/POWER-DOWN (IN = EN)
4.6 T 7
lout=1A, 6.5 | 50-Q resistor between 1 Vout(tareeT)=3.3V
4.4 i\ Vout(tarceT)=3.3V 6 OUT and GND 400mV, 800mV,
\ 400mV, 800mV, 1.6V 55 | _ | 1.6V pins to GND
4.2 pins to GND 5 | 50mV, 100mV,
. \ Vin 50mV, 100mV, 200mV . 45 /o [\, 200mV pins open
> pins open > ™ vy
° 4 o 4 IN
g g 3.5
S 38 3 3 IN
> > 25 // \\
3.6 [ B e L 2 /i Vour \
Vourt 1.5 / N\
3.4 / 1 \
0.5
3.2 0
Time (20 ps/div) 300 Time (2 ms/div) caot
Figure 25. Figure 26.
TURN-ON RESPONSE (IN = EN) TURN-OFF RESPONSE (IN = EN)
5 ‘ 5
IN=EN
45 vV 45 v 50-Q resistor from OUT to GND
4 — IN 4 N - Vour(rarcer) = 3.3V
35 | 35 400mV, 800mV, 1.6V pins to GND
' ’ 50mV, 100mV, 200mV pins open
S 3 P KN 2 3 [
5 yd 5
g 25 Vour g 25
S 2 / I S Vour
15 / IN=EN 15
/ 50-Q resistor from OUT to GND :
1 Vout(tarceT) = 3.3V 1
05 / 400mV, 800mV, 1.6V pins to GND 05
: J 50mV, 100mV, 200mV pins open :
0 0

Time (1 ms/div) 302 Time (1 ms/div) a3

Figure 27. Figure 28.
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TYPICAL CHARACTERISTICS (continued)
At TJ = +25°C, VIN = VOUT(TARGET) + 03 V, IOUT = 25 mA, V(EN) = V|N, CIN = 10 UF, COUT = 10 HF, C(SS) = 10 nF, and the PG pln

pulled up to Vy with 100-kQ pull-up resistor, unless otherwise noted.

4.5

35

25

Voltage (V)

15

0.5

4.5

35

25

Voltage (V)

15

0.5

EN PULSE ON RESPONSE
(Over Stable V)

EN PULSE OFF RESPONSE

(Over Stable V)

G305

| | : |
4.5
Vi Vour 4 Vin
v | |
‘ rv: 35 ‘
! <
Ven // e 3 «— Vour
/ g 25— ‘
/ E 2 — Ven - | 50-Q resistor from OUT to GND |
/ Vout(tarcet) = 3.3V
/ 50-Q resistor from OUT to GND 15 \ 400mv, 800mV, 1.6V pins to GND
Vour(tarceT) = 3.3V 1 50mV, 100mV, 200mV pins open |
/ 400mV, 800mV, 1.6V pins to GND 05 |
50mV, 100mV, 200mV pins open )
l 0 ~_-L
Time (1 ms/div) G304 Time (1 ms/div)
Figure 29. Figure 30.
SOFT-START DELAY vs Cgg (Enlarged View) SOFT-START DELAY vs Cgg (Reduced View)
T T 5
—, Vour (GesT0P) \S/SEgT;Rs?sEtgr:friri\(/DUT to GND 45 | |
Vin / 4 / Vi Vour (Css=0F)
——F% 35 %
Ven ’ f\ E— et Vour (Ces=10nF) ] S 25| Ven ] ="t Vour(Css=10nF) __
[ A ‘ ] s, k‘ﬂ‘ Vour (Css=100nF)
l — Vout (Css=100nF) | 15 v ' © ' 1 Fj |
| | ’ ourt (Lss=11
— [ L e
/ Vour (Css=1pF) __| 05 Vout(tareer) = 3.3V
’ 50-Q resistor from OUT to GND
- | | 0
Time (5 ms/div) 306 Time (50 ms/div)
Figure 31. Figure 32.
SOFT-START DELAY vs Cgsg
1000
0%Vout to 90%Vour
50-Q resistor from OUT to GND
Vour(tarceT) = 3.3 V P2
- 100 | 400mV, 800mV, 1.6V pins to GND
3 50mV, 100mV, 200mV pins open
>
T
_ //
& 10 o
S
8
0
=4 L
8 —
0.1
10 100 1000
) Css (nF) G308
Figure 33.
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APPLICATION INFORMATION

OVERVIEW

The TPS7A7200 belongs to a family of new-generation LDO regulators that uses innovative circuitry to offer
very-low dropout voltage along with the flexibility of a programmable output voltage.

The dropout voltage for this LDO regulator family is 0.18 V at 2 A. This voltage is ideal for making the
TPS7A7200 into a point-of-load (POL) regulator because 0.18 V at 2 A is lower than any voltage gap among the
most common voltage rails: 1.2 V, 1.5V, 1.8 V, 25V, 3.0 V, and 3.3 V. This device offers a fully user-
configurable output voltage setting method. The TPS7A7200 output voltage can be programmed to any target
value from 0.9 V to 3.5 V in 50-mV steps.

Another big advantage of using the TPS7A7200 is the wide range of available operating input voltages: from 1.5
V to 6.5 V. The TPS7A7200 also has very good line and load transient response. All these features allow the
TPS7A7200 to meet most voltage-regulator needs for under-6-V applications, using only one device so that less
time is spent on inventory control.

Texas Instruments also offers different output current ratings with other family devices: the TPS7A7100 (1 A) and
TPS7A7300 (3 A).

USER-CONFIGURABLE OUTPUT VOLTAGE

Unlike traditional LDO devices, the TPS7A7200 comes with only one orderable part number; there is no
adjustable or fixed output voltage option. The output voltage of the TPS7A7200 is selectable in accordance with
the names given to the output voltage setting pins: 50mV, 100mV, 200mV, 400mV, 800mV, and 1.6V. For each
pin connected to the ground, the output voltage setting increases by the value associated with that pin name,
starting from the value of the reference voltage of 0.5 V; floating the pin(s) has no effect on the output voltage.
Figure 34 through Figure 39 show examples how to program the output voltages.

1 [ ] ] 1 L [ L] ] 1
L _FWWT
) Cal— I ETD) Cal— I
Ei Thermal Pad i e : /j; : Ei Thermal Pad i e /j;
T e ETTSITRCA

> > > - Optional
el ol |E| |E
S AREINEE
S z 3
S D = =]

3

T DY
FB J FB J
ouT ouT
+ +
SNS SNS
- 05V - 05V
3.2R 3.2R
———O FB ———O FB
2R %WR 32R 16R 1R
50mV 100mVv 200mV 400mv 800mV 1.6V 50mV 100mV 200mV 400mv 800mV 1.6V
Vour =0.9V = 0.5V + 400 mV Vour = 1.2V = 0.5V + 100 mV + 200 mV + 400 mV
0.5Vis Vg 05Vis Vg
Vour = 0.5V x (1 + 3.2R/M4R) Vour =0.5V x (1+3.2R/2.29R)  2.29R is parallel resistance of 16R, 8R, and 4R.
Figure 34. 0.9-V Configuration Figure 35. 1.2-V Configuration
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1 T
* | [H

% e !
)

777 Vi
FB J
ouT
N
SNS

+—O FB

% 4R 2R % 1R
200mV 400mV 800mV 1.6V

Vour =18V =05V +100 mV + 400 mV + 800 mV
05VisV,

ref

Vour=0.5V x (1+3.2R/1.23R)  1.23Ris parallel resistance of 16R, 4R, and 2R.

Figure 36. 1.8-V Configuration

| ] ] 1

Hi—
Covr|—
|
|

O

H

% EX)
Fs !

Optional

FB

ouTt

SNS

+—— FB

32R 4R 2R % 1R

50mV 100mv 200mV 400mV 800mV 1.6V
/7L7 777

L

Vour =33V =05V + 400 mV +800 mV +1.6 V
05Vis Vyy
Vour =05V x (1+32RI0.571R)  0.571R s parallel resistance of 4R, 2R, and 1R,

Figure 38. 3.3-V Configuration

[1—T1%

=7 O

002
Can—— I

§@ﬁ*

Optional

+—O FB
32R % 1R
50mV 100mV 200mV 400mV 800mV 1.6V

/7L7 777

Vour =25V =05V + 400 mV + 1.6V
Vour=0.5V x (1 +3.2R/0.8R) 0.8R is parallel resistance of 4R and 1R
Figure 37. 2.5-V Configuration

1 |

2| [P

=
=

ref

0
%J pA

Optional

out
&
SNS
T osv
3.2R
+——O FB
32R 16R 8R 4R 2R %m

50mV 100mV 200mV 400mV 800mV 1.6V
/ 7; 7 / 7L 7 777

Voyr=3.5V =05V + 200 mV +400 mV + 800 mV + 1.6 V
05Vis Vg
Vour =0.5V x (1 +3.2R/0.533R)  0.533R is parallel resistance of 8R, 4R, 2R, and 1R.

Figure 39. 3.5-V Configuration
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See Table 1 for a full list of target output voltages and corresponding pin settings. The voltage setting pins have
a binary weight; therefore, the output voltage can be programmed to any value from 0.9 V to 3.5 V in 50-mV

steps.

Figure 12 and Figure 13 shows this output voltage programming performance.

configuration (see the TRADITIONAL ADJUSTABLE CONFIGURATION section).

NOTE
Any output voltage setting that is not listed in Table 1 is not covered in the Electrical
Characteristics. For output voltages greater than 3.5 V, use a traditional adjustable

Table 1. User Configurable Output Voltage Setting

VOUTE(/A)RGET) 50mV | 100mV | 200mV | 400mV | 800mV | 1.6V VOUT(({/A)RGEU 50mV | 100mV | 200mV | 400mV | 800mV | 1.6V
0.90 open open open GND open open 2.25 GND | GND open open open | GND
0.95 GND open open GND open open 2.30 open | open GND open open | GND
1.00 open GND open GND open open 2.35 GND | open GND open open | GND
1.05 GND GND open GND open open 2.40 open | GND GND open open | GND
1.10 open open GND GND open open 2.45 GND | GND GND open open | GND
1.15 GND open GND GND open open 2.50 open | open open GND open | GND
1.20 open GND GND GND open open 2.55 GND | open open GND open | GND
1.25 GND GND GND GND open open 2.60 open | GND open GND open | GND
1.30 open open open open GND open 2.65 GND | GND open GND open | GND
1.35 GND open open open GND open 2.70 open | open GND GND open | GND
1.40 open GND open open GND open 2.75 GND | open GND GND open | GND
1.45 GND GND open open GND open 2.80 open | GND GND GND open | GND
1.50 open open GND open GND open 2.85 GND | GND GND GND open | GND
1.55 GND open GND open GND open 2.90 open | open open open GND | GND
1.60 open GND GND open GND open 2.95 GND | open open open GND | GND
1.65 GND GND GND open GND open 3.00 open | GND open open GND | GND
1.70 open open open GND GND open 3.05 GND | GND open open GND | GND
1.75 GND open open GND GND open 3.10 open | open GND open GND | GND
1.80 open GND open GND GND open 3.15 GND | open GND open GND | GND
1.85 GND GND open GND GND open 3.20 open | GND GND open GND | GND
1.90 open open GND GND GND open 3.25 GND | GND GND open GND | GND
1.95 GND open GND GND GND open 3.30 open | open open GND GND | GND
2.00 open GND GND GND GND open 3.35 GND | open open GND GND | GND
2.05 GND | GND | GND | GND | GND | open 3.40 open | GND | open GND | GND | GND
2.10 open open open open open GND 3.45 GND | GND open GND GND | GND
2.15 GND open open open open GND 3.50 open | open GND GND GND | GND
2.20 open GND open open open GND
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TRADITIONAL ADJUSTABLE CONFIGURATION

For any output voltage target that is not supported in the USER-CONFIGURABLE OUTPUT VOLTAGE section,
a traditional adjustable configuration with external-feedback resistors can be used with the TPS7A7200.
Figure 40 shows how to configure the TPS7A7200 as an adjustable regulator with an equation and Table 2 lists

recommended pairs of feedback resist

or values.

NOTE

The bottom side of feedback resistor R2 in Figure 40 should be in the range of 27 kQ to

33 kQ in order to maintain the specified regulation accuracy.

il

Sl

V\N
T
FB J

32R % 16R % 8R

-

50mV/ 100mV/ 200mV

400mV 800mV

1.6V

T e

Figure 40. Traditional Adjustable Configuration with External Resistors

-

ouT

SNS

%

ST7

Table 2. Recommended Feedback-Resistor Values

VOUT(TARGET) E96 SERIES R40 SERIES
(V) R1 (kQ) R2 (kQ) R1 (kQ) R2 (kQ)
1.00 30.1 30.1 30.0 30.0
1.20 39.2 28.0 43.7 31.5
1.50 61.9 30.9 60.0 30.0
1.80 80.6 30.9 80.0 30.7
1.90 86.6 30.9 87.5 31.5
2.50 115 28.7 112 28.0
3.00 147 29.4 150 30.0
3.30 165 29.4 175 31.5
5.00 280 30.9 243 27.2
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DROPOUT VOLTAGE

The TPS7A7200 maintains its output voltage regulation with a dropout voltage (V\y — Vout) greater than 0.18 V
under the test conditions specified in the Electrical Characteristics. In most power distribution tree (system)
designs, the TPS7A7200 can be used with a 0.3-V difference in the common voltage rails (for example, from 3.3
V| to 3.0 Vgyr, from 1.8 V| to 1.5 Vgyr, or from 1.5 V| to 1.2 V).

INPUT CAPACITOR REQUIREMENTS

As a result of its very fast transient response and low-dropout operation support, it is necessary to reduce the
line impedance at the input pin of the TPS7A7200. The line impedance depends heavily on various factors, such
as wire (PCB trace) resistance, wire inductance, and/or output impedance of the upstream voltage supply (power
supply to the TPS7A7200). Therefore, a specific value for the input capacitance cannot be recommended until
the previously listed factors are finalized.

In addition, simple usage of large input capacitance is known to form unwanted LC resonance in combination
with input wire inductance. For example, a 5-nH inductor and a 10-pF input capacitor form an LC filter that has a
resonance at 712 kHz. This value of 712 kHz is well inside the bandwidth of the TPS7A7200 control loop.

The best guideline is to use a capacitor of up to 1 uF with well-designed wire connections (PCB layout) to the
upstream supply. In case it is difficult to optimize the input line, use a large tantalum capacitor in combination
with a good-quality, low-ESR, 1-uF ceramic capacitor.

OUTPUT CAPACITOR REQUIREMENTS

The TPS7A7200 is designed to be stable with standard ceramic capacitors with capacitance values greater than
or equal to 4.7 yF. The TPS7A7200 is evaluated using an X5R-type, 10-uF ceramic capacitor. X5R- and X7R-
type capacitors are highly recommended because they have minimal variation in value and ESR over
temperature. Maximum ESR should be below 1.0 Q.

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

UNDERVOLTAGE LOCK-OUT (UVLO)

The TPS7A7200 uses an undervoltage lock-out circuit to keep the output shut off until the internal circuitry is
operating properly. The UVLO circuit has a deglitch feature that typically ignores undershoot of the input voltage
upon the event of device start-up. Still, a poor input line impedance may cause a severe input voltage drop when
the device powers on. As explained in the INPUT CAPACITOR REQUIREMENTS section, the input line
impedance should be well-designed.

SOFT-START
The TPS7A7200 has a SS pin that provides a soft-start (slow start) function.

By leaving the SS pin open, the TPS7A7200 performes a soft-start by its default setting.

As shown in Figure 1, by connecting a capacitor between the SS pin and the ground, the Cgg capacitor forms an
RC pair together with the integrated 50-kQ resistor. The RC pair operates as an RC-delay circuit for the soft-start
together with the internal 700-us delay circuit.

The relationship between Cgg and the soft-start time is shown in Figure 31 through Figure 33.

CURRENT LIMIT

The TPS7A7200 internal current limit circuitry protects the regulator during fault conditions. During a current limit
event, the output sources a fixed amount of current that is mostly independent of the output voltage. The current
limit function is provided as a fail-safe mechanism and is not intended to be used regularly. Do not design any
applications to use this current limit function as a part of expected normal operation. Extended periods of current
limit operation degrade device reliability.
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ENABLE AND SHUTDOWN THE DEVICE

The EN pin switches the enable and disable (shutdown) states of the TPS7A7200. A logic high input at the EN
pin enables the device; a logic low input disables the device. When disabled, the device consumption current is
reduced.

POWER GOOD

The TPS7A7200 has a power good function that works with the PG output pin. When the output voltage
undershoots the threshold voltage V|rppg) during normal operation, the PG open-drain output turns from a high-
impedance state to a low-impedance state. When the output voltage exceeds the Vrpg) threshold by an amount
greater than the PG hysteresis, Vi spc) the PG open-drain output turns from a low-impedance state to high-
impedance state. By connecting a pull-up resistor (usually between OUT and PG), any downstream device can
receive an active-high enable logic signal.

When setting the output voltage to less than 1.8 V and using a pull-up resistor between OUT and PG, depending
on the downstream device specifications, the downstream device may not accept the PG output as a valid high-
level logic voltage. In such cases, put a pull-up resistor between IN and PG, not between OUT and PG.

Figure 19 shows the open-drain output drive capability. The on-resistance of the open-drain transistor is
calculated using Figure 19, and is approximately 200 Q. Any pull-up resistor greater than 10 kQ works fine for
this purpose.

THERMAL INFORMATION

Thermal Protection

The thermal protection feature disables the output when the junction temperature rises to approximately +160°C,
allowing the device to cool. When the junction temperature cools to approximately +140°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 thermal limit protects the device from damage as a result of overheating.

Any tendency to activate the thermal protection circuit indicates excessive power dissipation or an inadequate
heatsink. For reliable operation, junction temperature should be limited to +125°C maximum. To estimate the
margin of safety in a complete design (including heatsink), increase the ambient temperature until the thermal
protection is triggered; use worst-case loads and signal conditions. For good reliability, thermal protection should
trigger at least +35°C above the maximum expected ambient condition of your particular application. This
configuration produces a worst-case junction temperature of +125°C at the highest expected ambient
temperature and worst-case load.

The internal protection circuitry of the TPS7A7200 has been designed to protect against overload conditions. It
was not intended to replace proper heatsinking. Continuously running the TPS7A7200 into thermal shutdown
degrades device reliability.

Power Dissipation

Knowing the device power dissipation and proper sizing of the thermal plane that is connected to the tab or pad
is critical to avoiding thermal shutdown and ensuring reliable operation.

Power dissipation of the device depends on input voltage and load conditions and can be calculated using
Equation 1:

Pp = (VIN - VOUT) X lour 1)

Power dissipation can be minimized and greater efficiency can be achieved by using the lowest possible input
voltage necessary to achieve the required output voltage regulation.

On the QFN (RGW or RGT) package, the primary conduction path for heat is through the exposed pad to the
PCB. The pad can be connected to ground or be left floating; however, it should be attached to an appropriate
amount of copper PCB area to ensure the device does not overheat. The maximum junction-to-ambient thermal
resistance depends on the maximum ambient temperature, maximum device junction temperature, and power
dissipation of the device and can be calculated using Equation 2:

+125°C - T
R(—)JA = (P A)
D

(2)
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Knowing the maximum Rg;,, the minimum amount of PCB copper area needed for appropriate heatsinking can
be estimated using Figure 41 .

120

— 0;0(RGW)
— = 0;a(RGT)

100

\

\
80 \\
60 Q e

NC=-F-Lo L

40

854 (°CIW)

20

0

0 1 2 3 4 5 6 7 8 9 10
Board Copper Area (inchz) G800

Figure 41. 0;, vs Board Size

shows the variation of 8;, as a function of ground plane copper area in the board. It is intended only as a
guideline to demonstrate the effects of heat spreading in the ground plane and should not be used to estimate
actual thermal performance in real application environments.

NOTE: When the device is mounted on an application PCB, it is strongly recommended to use W and W,5, as
explained in the Estimating Junction Temperature section.

Estimating Junction Temperature

Using the thermal metrics W1 and W5, as shown in the Thermal Information table, the junction temperature can
be estimated with corresponding formulas (given in Equation 3). For backwards compatibility, an older 6,¢,Top
parameter is listed as well.

W Ty =T+ W, e P,
W T,=Te+ WPy

Where:
Pp is the power dissipation shown by Equation 2.
T+ is the temperature at the center-top of the IC package.
Tg is the PCB temperature measured 1mm away from the IC package on the PCB surface (see
Figure 42). 3)

NOTE: Both Ty and Tg can be measured on actual application boards using a thermo-gun (an infrared
thermometer).

For more information about measuring T+ and Tg, see Application Report SBVA025, Using New Thermal Metrics,
available for download at www.ti.com.
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(a) Example RGW (QFN) Package Measurement
Figure 42. Measuring Points for Ty and Tg

By looking at Figure 43, the new thermal metrics (W;r and W;5) have very little dependency on board size. That

is, using W;7 or W5 with Equation 3 is a good way to estimate T; by simply measuring T or Tg, regardless of the
application board size.

; T ]
20 \\ Y;8(RGT)
g S e L]
8 15
E Yya(RGW)
o ped
€ 10
£
S wnRGT) [ wn(RGW)
N Y A .

0 1 2 3 4 5 6 7 8 9 10
Board Copper Area (inchz)

G801

Figure 43. W;; and W,5 vs Board Size

For a more detailed discussion of why Tl does not recommend using 6;¢p) to determine thermal characteristics,
refer to Application Report SBVA025, Using New Thermal Metrics, available for download at www.ti.com. For

further information, refer to Application Report SPRA953, IC Package Thermal Metrics, also available on the TI
website.
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PACKAGE OPTION ADDENDUM

PACKAGING INFORMATION

Orderable Device status (¥ Package Type Package Pins Package Qty Eco Plan @ Lead/ MSL Peak Temp (3) Samples
Drawing Ball Finish (Requires Login)
TPS7A7200RGTR PREVIEW QFN RGT 16 3000 TBD Call TI Call TI
TPS7A7200RGTT PREVIEW QFN RGT 16 250 TBD Call TI Call TI
TPS7A7200RGWR ACTIVE VQFN RGW 20 3000 Green (RoHS CU NIPDAUAGLevel-2-260C-1 YEAR
& no Sh/Br)
TPS7A7200RGWT ACTIVE VQFN RGW 20 250 Green (RoHS CU NIPDAUAGLevel-2-260C-1 YEAR
& no Sh/Br)

® The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

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

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

OBSOLETE: Tl has discontinued the production of the device.

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

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

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

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

® MSL, Peak Temp. -- The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.

Important Information and Disclaimer: The information provided on this page represents TI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall Tl's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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MECHANICAL DATA

RGT (S—PVQFN—N16) PLASTIC QUAD FLATPACK NO—LEAD
-
| B8]
|
35,15
V7 1 2,85
PIN 1 INDEX AREA 4//
TOP AND BOTTOM
1,00
0,80 1
JO,ZO REF.
y | O

T i T SEATING PLANE
s |
00

0,

0,50

16X 07501

~JUUU

16 D THERMAL PAD C5
D SIZE AND SHAPE C
SHOWN ON [SEPARATE
) SHEET (

13 ) | ( 8

alali

010 @[c[alB]

0,06 ®

(@]

4203495 /H 10/11

NOTES:  A. Al linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5M-1994.

B. This drawing is subject to change without notice.

C. Quad Flatpack, No—leads (QFN) package configuration.

D. The package thermal pad must be soldered to the board for thermal and mechanical performance.

E. See the additional figure in the Product Data Sheet for details regarding the exposed thermal pad features and dimensions.
F

Falls within JEDEC M0-220.
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MECHANICAL DATA

RGW (S—PVQFN—=N20)

PLASTIC QUAD FLATPACK NO—-LEAD
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NOTES:

All linear dimensions are in millimeters.

Dimension

This drawing is subject to change without notice.

ing and tolerancing per ASME Y14.5-1994.

The package thermal pad must be soldered to the board for thermal and mechanical performance.
See the additional figure in the Product Data Sheet for details regarding the exposed thermal pad features and dimensions.

Falls within JEDEC M0-220.

A
B.
C. Quad Flat pack, No—leads (QFN) package configuration
D
E
F
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THERMAL PAD MECHANICAL DATA

RGW (S—PVQFN—N20) PLASTIC QUAD FLATPACK NO—-LEAD

THERMAL INFORMATION

This package incorporates an exposed thermal pad that is designed to be attached directly to an external
heatsink. The thermal pad must be soldered directly to the printed circuit board (PCB). After soldering, the

PCB can be used as a heatsink. In addition, through the use of thermal vias, the thermal pad can be attached
directly to the appropriate copper plane shown in the electrical schematic for the device, or alternatively, can be
attached to a special heatsink structure designed into the PCB. This design optimizes the heat transfer from the

integrated circuit (IC).

For information on the Quad Flatpack No—Lead (QFN) package and its advantages, refer to Application Report,
QFN/SON PCB Attachment, Texas Instruments Literature No. SLUA271. This document is available at www.ti.com.

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

1 5
U U U U U | —— Exposed Thermal Pad
20D | ‘66
= -
3,1540,10 | — — |
D) -
i 16D \ J1o
ARAR(NANR
15 11

€ 3,150,170 —»

Bottom View

Exposed Thermal Pad Dimensions

4206352-2/J 07/11

NOTE: All linear dimensions are in millimeters
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LAND PATTERN DATA

RGW (S—PVQFN—N20) PLASTIC QUAD FLATPACK NO—LEAD

Example Stencil Design

Example Board Layout
0,125mm Stencil Thickness

(Note E)
[=—16x0,65 2040,3 —— |=— \«wsxo 65
Note D —— U U U U 20><O 95
) RO,WSJ A—V_foyg )
D o o O ] DO (
5 1 DR T
D O O O (] 38 58 \ D g ( | 385 575
D) o5 o o (: > 4Xt,3 o3 —
] $
noor
‘ /\ = 38 N 555
! o \ 5,75

687% Printed Solder Coverage

Center Pad Layout

Example (Note D)

Solder Mask Opening
(Note F)

9x80,3

O O 1O
1,0

!
?¢wyoj) 0 3,15

o O O

Pad Geometry
(Note C)

\ ™ ‘ﬁ\ %r%an /

3,15 1

4207623/E  07/11

NOTES: A. All linear dimensions are in millimeters.
B. This drawing is subject to change without notice.
C. Publication IPC-7351 is recommended for alternate designs.
D. This package is designed to be soldered to a thermal pad on the board. Refer to Application Note, QFN
Packages, Texas Instruments Literature No. SLUA27], and also the Product Data Sheets
for specific thermal information, via requirements, and recommended board layout. These documents are available at
www.ti.com <http: //www.ti.com>.
E. Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. Customers should
contact their board assembly site for stencil design recommendations. Refer to IPC 7525 for stencil design considerations.

F.  Customers should contact their board fabrication site for solder mask tolerances.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI's standard
warranty. Testing and other quality control techniques are used to the extent Tl deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for their products and
applications using TI components. To minimize the risks associated with customer products and applications, customers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any Tl patent right, copyright, mask work right,
or other Tl intellectual property right relating to any combination, machine, or process in which Tl products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from Tl to use such products or services or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration and is accompanied
by all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is an unfair and deceptive
business practice. Tl is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.

Resale of Tl products or services with statements different from or beyond the parameters stated by TI for that product or service voids all
express and any implied warranties for the associated Tl product or service and is an unfair and deceptive business practice. Tl is not
responsible or liable for any such statements.

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of Tl products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the TI products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by Tl as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are
designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:

Products Applications
Audio www.ti.com/audio Automotive and Transportation www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom www.ti.com/communications
Data Converters dataconverter.ti.com Computers and Peripherals www.ti.com/computers
DLP® Products www.dlp.com Consumer Electronics www.ti.com/consumer-apps
DSP dsp.ti.com Energy and Lighting www.ti.com/energy
Clocks and Timers www.ti.com/clocks Industrial www.ti.com/industrial
Interface interface.ti.com Medical www.ti.com/medical
Logic logic.ti.com Security www.ti.com/security
Power Mgmt power.ti.com Space, Avionics and Defense  www.ti.com/space-avionics-defense
Microcontrollers microcontroller.ti.com Video and Imaging www.ti.com/video
RFID www.ti-rfid.com
OMAP Mobile Processors www.ti.com/omap
Wireless Connectivity www.ti.com/wirelessconnectivity

TI E2E Community Home Page e2e.ti.com

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2012, Texas Instruments Incorporated
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