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5 Pin Configuration and Functions

DRB Package
8-Pin VSON
Top View

ouT |
ouT |
FB/SNS |
GND |

Pin Functions

PIN
I/0 DESCRIPTION
NAME NO.
Driving the enable pin (EN) high turns on the regulator. Driving this pin low puts the regulator into
EN 5 | shutdown mode. Refer to Shutdown in the Application and Implementation section for more details. EN
must not be left floating and can be connected to IN if not used.
FB (adjustable version only): This pin is the input to the control loop error amplifier and is used to set the
FB/SNS 3 | output voltage of the device.
SNS (fixed versions only): Output voltage sense pin.(l)
GND 4, pad — Ground.
IN 7,8 | Unregulated input supply.
ouT 1,2 (0] Regulator output. A 4.7-uF or larger capacitor of any type is required for stability.
NR 6 . Connect an external capacitor between this pin and ground to reduce output noise to very low levels.
Also, the capacitor slows down the Voyt ramp (RC softstart).

(1) In order to minimize the trace resistive drop, connect the SNS pin close to the load, and make sure that the trace inductance to the load

is also minimized.
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6 Specifications
6.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted)®
MIN MAX UNIT
IN -0.3 7
Voltage FB, NR -0.3 3.6 v
EN -0.3 Vi +0.3@
ouT -0.3 7
Current ouT Internally Limited A
Operating virtual junction, T, -55 150
Temperature Operating free air temperature, T -40 125 °C
Storage, Tsyg -55 150

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

(2) Vgp absolute maximum rating is Viy + 0.3 V or 7 V, whichever is smaller.

6.2 ESD Ratings

VALUE UNIT
v Electrostatic Human body model (HBM), per ANSI/ESDA/JEDEC JS-001, all pins® +2000 v
(ESD) discharge Charged device model (CDM), per JEDEC specification JESD22-C101, all pins®@ |  +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.
6.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)
MIN MAX UNIT
Vin Input voltage® 2.2 6.5 \Y
lout Output current 0 1 A
T, Operating junction temperature -40 125 °C
Ta Operating free air temperature -40 125 °C
(1) Minimum V|y = Vout + Vpo or 2.2 V, whichever is greater.
6.4 Thermal Information
TPS7A80
THERMAL METRIC®W®) DRB (VSON)® UNIT
8 PINS
Rgia Junction-to-ambient thermal resistance 47.8 °C/W
Rojctop) Junction-to-case (top) thermal resistance 53.9 °C/W
Rgis Junction-to-board thermal resistance 23.4 °C/W
WIT Junction-to-top characterization parameter 1 °C/W
viB Junction-to-board characterization parameter 23.5 °C/W
Roc(bot) Junction-to-case (bottom) thermal resistance 7.4 °C/W

(1) Forinformation about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application report.
(2) For thermal estimates of this device based on PCB copper area, see the TI PCB Thermal Calculator.
(3) Thermal data for the DRB package are derived by thermal simulations based on JEDEC-standard methodology as specified in the
JESD51 series. The following assumptions are used in the simulations:
(a) The exposed pad is connected to the PCB ground layer through a 2 x 2 thermal via array.
(b) The top and bottom copper layers are assumed to have a 5% thermal conductivity of copper representing a 20% copper coverage.
(c) This data were generated with only a single device at the center of a JEDEC high-K (2s2p) board with 3 inches x 3 inches copper
area. To understand the effects of the copper area on thermal performance, refer to the Power Dissipation and Estimating Junction
Temperature sections.

Copyright © 2010-2018, Texas Instruments Incorporated 5


http://www.ti.com/product/tps7a80?qgpn=tps7a80
http://www.ti.com
http://www.ti.com/lit/pdf/spra953
http://www.ti.com/pcbthermalcalc

13 TEXAS
INSTRUMENTS
TPS7A80

JAJS499J —JUNE 2010—REVISED JANUARY 2018 www.ti.com

6.5 Electrical Characteristics

At T; = -40°C to +125°C, Vi = Vouraye + 0.5 V or 2.2 V (whichever is greater), loyr = 1 mA, Vgy = 2.2V, Coyr = 4.7 pF, and
Cnr = 0.01 uF (unless otherwise noted). TPS7A8001 tested at Voyr = 0.8 V and Vgyr = 6 V. Typical values are at T; = 25°C.

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Adjustable and Fixed Voyr=1.2V 0.79 0.8 0.81 \%

VNR Internal reference -

Fixed Vour 2 1.8 V 1.23 1.243 1.26 Y
Adjustable version only (TPS7A8001) 0.8 6 \%
Vout Output voltage - -
Fixed versions only 1.2 5 \%
Vout + o<.5 Y, s<v|N 6V, Viy z<2.5 2/ . o0 20
) 100 MA < loyT < 500 mA, 0°C < T < 85°C
Output accuracy v 0BV SV <65V V322V
ouT t 0OV sVINSBOV, Viy22.2V, _q0 0 0
100 MA < lour S 1 A 3% *0.3% 3%
AVour/AVy  Line regulation Vourpnom + 05V <Vin<6.5V, Vin222V, 150 WV
IOUT =100 mA
AVout/Aloyt Load regulation 100 MA<Igyt<1A 2 uVimA
Vour +0.5VSViyS65V, Viy222V, 250l mv
lout = 500 MA, Vg = GND or Vgns = GND
3) VOUT + 05 V< V|N < 65 V, V|N 2 25 V,
Vpo Dropout voltage lour = 750 MA, Veg = GND or Vens = GND 350 mV
Vour +0.5V<SVNS65V, V| 225V,
lour = 1 A, Veg = GND or Veys = GND 500) mv
. Vout = 0.85 x V, Adjustable 1100 1400 2000
| Output current limit ouT OUT(NOM): mA
cL P Vin23.3V Fixed 1100 2000
lout = 1 MA, adjustable version only 60 100 pA
lonD Ground pin current lout = 1 MA, fixed versions only 120 pA
IOUT =1A 350 ]J.A
lsHDN Shutdown current (Ignp) \S/SEL\‘CS 04V,VN222V,R =1kQ,0°C<T;< 2 pA
Feedback pin current _ _

Ieg (TPS7A8001) ViN=6.5V, Vg = 0.8V 0.02 1 pA
f=100 Hz 48 dB
f=1kHz 63 dB

Power-supply rejection ViNn=4.3V,Voyr =33V, _

PSRR ratio lour = 750 MA f=10 kHz 63 dB
f=100 kHz 57 dB
f=1MHz 38 dB

BW = 100 Hz to 100 kHz, | CnR = 0.001 pF 14.6 x Vour HVRus
VN Output noise voltage Vin=4.3V,Vour=3.3V, Cnr =0.01 uF 14.3 x Vout UVRms
lour = 100 mA Cnr = 0.1pF 13.9 x Vour HVRMs
] 22VEVys36V, R =1kQ 1.2 Y
VENHI) Enable high (enabled)
36V<VNy<65V, R =1kQ 1.35 Y,
VEN(LO) Enable low (shutdown) R =1kQ 0 0.4 \%
lEN(HI) Enable pin current, enabled | V|y = Vgny =65V 0.02 pA
VOUT(NOM) =33V, Cnr=1nF 0.1 ms
tSTR Start-up time VOUT = 0%-90% VOUT(NOM)i
R, = 3.3kQ, Cour = 4.7 uF Cnr =10 nF 1.6 ms
UVvVLO Undervoltage lockout VN rising, R =1 kQ 1.86 2 2.10 \%
UVLO hysteresis V\n falling, R = 1 kQ 75 mV

- Thermal shutdown Shutdown, temperature increasing 160 °C

sb temperature Reset, temperature decreasing 140 °C

(1) The TPS7A8001 (adjustable) does not include external resistor tolerances and is not tested at these conditions: Vout = 0.8V, 45V <
VN £6.5V, and 750 mA < gyt £ 1 A because power dissipation is higher than maximum rating of the package.
(2) The TPS7A8012, TPS7A8018, and TPS7A8033 are not tested at these conditions: 4.5V <Vy<6.5V,and 750 mA<Igyt<1A
because power dissipation is higher than maximum rating of the package.
(3) Vpo is not measured for fixed output voltage devices with VOUT < 1.7 V because minimum V|y = 2.2 V.
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6.6 Typical Characteristics
At VOUT(TYP) =33V,Vn= VOUT(TYP) +05Vor22Vv (Whichever is greater), lout =100 MA, Ven =V, Cn =1 uF,
Cout = 4.7 uF, and Cyr = 0.01 pF, all temperature values refer to T; (unless otherwise noted).
3.399 T T 3.399 T
— +125°C — +125°C
3.366 — +85°C | 3.366 — +85°C |
—— +25°C — +25°C
—0°C —0°C
3.333 — _40°C ] 3.333 —_a0°C |
s S N—
5 33 5 33 )/
O O
> >
3.267 3.267
3.234 3.234
NOTE: Y axis shows 1% V1 per division NOTE: Y axis shows 1% Vqr per division
3201 | | | | | | | 3201 | | |
0 100 200 300 400 500 600 700 800 900 1000 0 5 10 15 20 25
lout (MA) lour (MA)
Figure 1. Load Regulation Figure 2. Load Regulation Under Light Loads
0.824 : : 0.824 : :
Vour = 0.8V 195 Vour = 0.8V 195
| =750mA ° | =5mA °
0.816 |-ouT — +85°C || 0.816 |-ouT — +85°C
—— +25°C — +25°C
— 0°C —0°C
0.818 —— _40°C N 0.808 —— —40°C ||
S S
5 08 5 08
>o e >O
0.792 T — 0.792
T —
0.784 0.784
NOTE: Y axis shows 1% V per division NOTE: Y axis shows 1% V per division
0.776 l l l l l l l 0.776 l l l l l l l
22 26 3 34 38 42 46 5 54 58 62 6.6 22 26 3 34 38 42 46 5 54 58 62 6.6
Vin V) Vin V)
Figure 3. Line Regulation Figure 4. Line Regulation Under Light Loads
500 I 1A 500 I 750mA
out = — +125°C out = 7oUM — +125°C
450 — +85°C 450 — +85°C
400 N — +25°C 400 — +25°C
\, —o0°C —o0°C
350 350
\\ — _40°C — _40°C
300 300
g 250 — — g 250
> 200 — [— £ 00 NI
— ~N [T
a —
150 150 E—— ]
100 100
50 50
0 0
2 25 3 35 4 45 5 55 6 65 2 25 3 35 4 45 5 55 6 65
VIN (V) VIN (V)
Figure 5. Dropout Voltage vs Input Voltage Figure 6. Dropout Voltage vs Input Voltage
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Typical Characteristics (continued)

At VOUT(TYP) =3.3 V, V|N = VOUT(TYP) +05Vor22V (Wh|CheVer is greater), IOUT =100 mA, VEN = V|N1 C|N =1 HF,

Couyr=4.7 uF, and Cys = 0.01 pF, all temperature values refer to T, (unless otherwise noted)

500 | SOOMA 500 V 3.6V
out = 20UM — +125°C IN = 9 — +125°C
450 — 185°C 450 — +85°C
400 — +25°C 400 — +25°C
350 —0°C 350 —0°C
— -40°C — —40°C
— 300 —~ 300
2 2
o 250 o 250
> > 200
200
150 N 150 e
100 — 100
/
50 50 %
0 0
2 25 3 3.5 4 4.5 5 55 6 6.5 0 100 200 300 400 500 600 700 800 900 1000
Vin V) lout (MA)
Figure 7. Dropout Voltage vs Input Voltage Figure 8. Dropout Voltage vs Load Current
500 300
450 Vi = 3.6V — :OUT = 1000mA
— loyr = 750mA 250
400 — loyr = 5MA
350 ‘/
200
s 900 = /
- =,
o 250 — — < 150
> 200 — | 5
[ E— 100 — +125°C|]
150 - — — +85°C
100 --=-+25°C
50 ‘ I
50 Vour = 0.8V —o0C
lour = 750mA — -40°C
0 0 I
-40 -25 -10 5 20 35 50 65 80 95 110 125 22 26 3 34 38 42 46 5 54 58 62 66
Temperature (°C) Viy (V)
Figure 9. Dropout Voltage vs Temperature Figure 10. Ground Pin Current vs Input Voltage
300 2 : — —
18 H— Un=22v — V=5V
250 — — V=25V — V=55V /
16 H— V=3V = — V=6V
=] 14 || — vin=33v Vi = 6.6V /4
200 '
4 T 12 /
3 =
= 150 z 1 »
5 308 | . — 7
100 — +125°C |} | T
— +85°C 0.6 }—1p— — =
— +25°C 0.4 /
50 —oc | 02 =
— -40°C ' = Vey = 0.4V
0 . . 0
0 100 200 300 400 500 600 700 800 900 1000 -40 -25 <10 5 20 35 50 65 80 95 110 125
loyr (MA) Temperature (°C)
Figure 11. Ground Pin Current vs Load Current Figure 12. Shutdown Current vs Temperature
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Typical Characteristics (continued)

At VOUT(TYP) =3.3 V, V|N = VOUT(TYP) +05Vor22V (Wh|CheVer is greater), IOUT =100 mA, VEN = V|N1 C|N =1 HF,

Couyr=4.7 uF, and Cys = 0.01 pF, all temperature values refer to T, (unless otherwise noted)

~ 1800 20
— Vpg = 1.0V
1600 80 ] . VDO = 0.5V
— Vpo = 0.3V
1400 — 70 DO
1200 60 ey
g 1000 ) N
= g 50
3 800 &
600 40 y
— V=22V 30 Y
400 — V=38V ||
200 — V|y=5.5V || 20 | lour = 100mA
Vour = Vi - 0.5V — Vjy=6.5V No Cyy
0 10
-40 -25 -10 5 20 35 50 65 80 95 110 125 10 100 1k 10k 100k 1M 10M
Temperature (°C) Frequency (Hz)
Figure 13. Current Limit vs Temperature Figure 14. Power-Supply Ripple Rejection vs Frequency
90 90
| Vpo = 0.5V
80 1 80 |l No Cpy
70 A\ 70 ~ A
—~ 60 A = 60
g NI g 7N \
o« 50 b\ ‘ o 50 AN A
o SN j o xf
& \ D AN
a 40 Q40
| N W
30 ||— lour =10mA 30 l|— lour = 10mA
— loyr = 100mA — loyr = 100mA y/
20 H— lout = 750mA Vpo = 1.0V 20 H— lout = 750mA
— lour = 1A No C,y — lour=1A
10 10
10 100 1k 10k 100k 1M 10M 10 100 1k 10k 100k 1M 10M
Frequency (Hz) Frequency (Hz)
Figure 15. Power-Supply Ripple Rejection vs Frequency Figure 16. Power-Supply Ripple Rejection vs Frequency
90 90
80 [ % 80
™~
70 1] / \'\—/ AN 70 [N a / hey
\ R[4 d
@ 60 ¢ AR = 60 A/ AHENTRN
g N V'\ N g 1" | Cf: Y N
c 50 k c 50 ™ AWAIN
.
o NN o V \\
) NN % N
o 40 [ \F a 40 N
30 ||— lour = 10mA 30 || lour = 10mA N
— lgyr = 100mA Vpo = 1.0V — loyr = 100mA Vpo = 0.5V
20 H— lout = 750mA Cour = 100uF 20 || — lour = 750mA Cout = 100uF-
— loyr = 1A No C,y — loyr = 1A No C,y
10 10
10 100 1k 10k 100k 1M 10M 10 100 1k 10k 100k 1M 10M
Frequency (Hz) Frequency (Hz)
Figure 17. Power-Supply Ripple Rejection vs Frequency Figure 18. Power-Supply Ripple Rejection vs Frequency
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Typical Characteristics (continued)

At VOUT(TYP) =3.3 V, V|N = VOUT(TYP) +05Vor22V (Wh|CheVer is greater), IOUT =100 mA, VEN = V|N1 C|N =1 HF,

Couyr=4.7 uF, and Cys = 0.01 pF, all temperature values refer to T, (unless otherwise noted)

90 90
lout = 100MA lout = 750MA
80 No Cyy 80 No Cyy
70 70
@ 60 @ 60 7
T 50 T 50 7
o o /
[%2] [%2]
o 40 o 40 /
30 ] — = 1KHz 30 / — = 1KHz
— f=10kHz / — f=10kHz
20 — f = 100kHz 20 — f = 100kHz
— f=1MHz — f=1MHz
10 10
0 0.5 1 15 2 25 3 35 0 0.5 1 15 2 25 3 35
Voo (V) Voo (V)
Figure 19. Power-Supply Ripple Rejection Figure 20. Power-Supply Ripple Rejection
vs Dropout Voltage vs Dropout Voltage
_ 100 —. 100 -
|£ RMS Noise (100Hz to 100kHz) |E RMS Noise (100Hz to 100kHz)
; 47.95uVpys (Coyr = 4.7uF) ; 48.14uVpys (Cyg = 10F)
= 47.33uVpys (Cour = 22uF) = 47.33uVgys (Cyg = 10nF)
z 10 47.420V s (Cour = 47uF) z 0 45.90uVpys (Cyr = 100nF)
§ Vpo = 0.5V § e Vpo = 0.5V
> lour = 100mA - N lour = 100mA
2 A 2 A ! |
2 o 2
@ — - @ — o
3 B
@ I @ [
& OV T =coyr=a7uF e & O =1k =
F — Coyr = 22uF F — Cyg = 10nF
= — Cour = 47uF 5 — Cyg = 100nF
© 0.01 © 0.01
10 100 1k 10k 100k 10 100 1k 10k 100k
Frequency (Hz) Frequency (Hz)
Figure 21. Output Spectral Noise Density Figure 22. Output Spectral Noise Density
vs Frequency vs Frequency
. 100 1000
T RMS Noise (100Hz to 100kHz) Rioap = 1kQ
2 92.07uVgys (loyr = 10MA) =
= 47.95uVgus (lour = 100mA)
10 <« 100
% 46.87uVgus (|OLJTV = 7500m5A\j é E
s o~ ‘ oo = 0- 5 /’
[0) T >
-
§ 1 2 10 /
—_ ()
g e 2 i
S fon] z rd
2 P o ol
& O i, = 1omA = !
3 — loyt = 100MA
‘os — lour = 750mA
0.01 0.1
10 100 1k 10k 100k 1 10 100 1000
Frequency (Hz) Cur (NF)

Figure 23. Output Spectral Noise Density

vs Frequency

Figure 24. Start-Up Time
vs Noise Reduction Capacitance

10
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Typical Characteristics (continued)
At VOUT(TYP) =3.3 V, V|N = VOUT(TYP) +05Vor22V (Wh|CheVer is greater), IOUT =100 I’TIA, VEN = V|N1 C|N =1 HF,
Couyr=4.7 uF, and Cys = 0.01 pF, all temperature values refer to T, (unless otherwise noted)
7 3.333 3.85
| as | O
6.5 Vour 3.32475 ) V) (for reference)
<| 3.75
6 ~ 33165 & !
> = 3.7
S 55 3.30825 |
0 Vi = 3.8V — 4.8V — 3.8V (1V/div) 2 x <
s 5 3.3 I V,
S > 335 o - 25
- Z
= 45 3.29175 o 33 5
4 32835 5 325 lour = 100MA — 1A — 100mA (1A/ns) 15 ¢
< —_
35 3.27525 32 L.
loyt = 500mA 3.15 0.5
’ 50us/div e 3.15 0
" 50us/div
Figure 25. Line Transient Response Figure 26. Load Transient Response
o R 33 !
=33Q R =33Q
4 LOAD 6 /\ LOAD
83 EN 5 /
J
. 3 & . / Vin = Ven
2 / S 4 v
=~ 25 = ouT
5 /lout 5
o 2 >o 3
> / : AN
& 15 Z 2
> / \ > /
1

| \ 1 N\
0.5 f \ / k

0
0
-1
-0.5 . 1ms/div
1ms/div . . .
The internal reference requires approximately 2 ms of rampup
time (see Start-Up); therefore, Vgyt fully reaches the target output
voltage of 3.3 V in 2 ms from start-up.
Figure 27. Enable Pulse Response Figure 28. Power-Up and Power-Down Response
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7 Detailed Description

7.1 Overview

The TPS7A80 devices belong to a family of new-generation LDO regulators that uses innovative circuitry to
achieve wide bandwidth and high loop gain, resulting in extremely high PSRR (over a 1-MHz range), even with
very low headroom (V,y — Vout). A noise-reduction capacitor (Cyg) at the NR pin and a bypass capacitor
(Ceypass) decrease noise generated by the band-gap reference to improve PSRR, while a quick-start circuit
fastcharges the noise-reduction capacitor. This family of regulators offers sub-band-gap output voltages, current
limit, and thermal protection, and is fully specified from —40°C to +125°C.

7.2 Functional Block Diagram

Current
Limit
EN Thermal
Shutdown
- +
UVLO FB
33kQ ick-
120V Quick-Start
Bandgap JJ 0—[
33kQ —/\/\/— NR
225kQ
_—1
0.8V " SpF
Adjustable —
58.7kQ
—- TPS7A8001
GND

Figure 29. Adjustable Voltage Version
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Functional Block Diagram (continued)

IN ® ouT
Current SNS
Limit
EN Thermal %
,_ Shutdown
-+ L2.5pA
UVLO

Vour> 18V quick-Start %

1.20V =
Bandgap C>_|
33kQ A NR
08y 225kQ == 15pF
58.7kQ N

- TPS7A80xx

GND

Figure 30. Fixed Voltage Versions

7.3 Feature Description

7.3.1 Internal Current Limit

The TPS7A80 internal current limit helps protect the regulator during fault conditions. During current limit, the
output sources a fixed amount of current that is largely independent of output voltage. For reliable operation, do
not operate these devices in a current limit state for extended periods of time.

The PMOS pass element in the TPS7A80 has a built-in body diode that conducts current when the voltage at
OUT exceeds the voltage at IN. This current is not limited, so if extended reverse voltage operation is
anticipated, external limiting is required.

7.3.2 Shutdown

The enable pin (EN) is active high and is compatible with standard and low voltage, TTL-CMOS levels. When
shutdown capability is not required, EN can be connected to IN.
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Feature Description (continued)
7.3.3 Start-Up

Through a lower resistance, the band-gap reference can quickly charge the noise reduction capacitor (Cyg). The
TPS7A80 have a quick-start circuit to quickly charge Cyg, if present; see the Functional Block Diagram. At start-
up, this quick-start switch is closed, with only 33 kQ of resistance between the band-gap reference and the NR
pin. The quick-start switch opens approximately 2ms after any device enabling event, and the resistance
between the band-gap reference and the NR pin becomes higher in value (approximately 250 kQ) to form a very
good low-pass (RC) filter. This low-pass filter achieves very good noise reduction for the reference voltage.

Inrush current can be a problem in many applications. The 33-kQ resistance during the start-up period is
intentionally put there to slow down the reference voltage ramp up, thus reducing the inrush current. For
example, the capacitance of connecting the recommended Cy value of 0.01 pF along with the 33-kQ resistance
causes approximately 1-ms RC delay. Start-up time with the other Cyg values can be calculated as Equation 1:

tsrr (8) = 76,000 X Cyg (F) (€))
Equation 1 is valid up to tstg = 2 ms or Cyg = 26 nF, whichever is smaller.

Although the noise reduction effect is nearly saturated at 0.01 pF, connecting a Cyg value greater than 0.01 pF
can help reduce noise slightly more; however, start-up time will be extremely long because the quick-start switch
opens after approximately 2 ms. That is, if Cyg is not fully charged during this 2 ms period, Cyg finishes charging
through a higher resistance of 250 kQ, and takes much longer to fully charge.

A low leakage Cyg should be used; most ceramic capacitors are suitable.

7.3.4 Undervoltage Lockout (UVLO)

The TPS7A80 use an undervoltage lockout circuit to keep the output shut off until the internal circuitry is
operating properly. The UVLO circuit has a deglitch feature so that it typically ignores undershoot transients on
the input if they are less than 50-us duration.

7.4 Device Functional Modes

Driving the EN pin over 1.2 V for V| from 2.2 V to 3.6 V or 1.35 V for V,y from 3.6 V to 6.5 V turns on the
regulator. Driving the EN pin below 0.4 V causes the regulator to enter shutdown mode.

In shutdown, the current consumption of the device is reduced to 0.02 YA, typically.

14 Copyright © 2010-2018, Texas Instruments Incorporated
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8 Application and Implementation

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

8.1 Application Information

The TPS7A80 devices belong to a family of new generation LDO regulators that use innovative circuitry to
achieve wide bandwidth and high loop gain, resulting in extremely high PSRR (over a 1-MHz range) at very low
headroom (V|5 — Vout)- A noise reduction capacitor (Cyg) at the NR pin bypasses noise generated by the band-
gap reference to improve PSRR, while a quick-start circuit fast-charges this capacitor. This family of regulators
offers sub-band-gap output voltages, current limit, and thermal protection, and is fully specified from —40°C to
125°C.

Figure 31 gives the connections for the adjustable-output version (TPS7A8001). Figure 32 shows the
connections for the fixed-voltage versions.

8.2 Typical Application

Optional 1.0uF input capacitor.
May improve source impedance,
noise, or PSRR.

Vin O—% IN ouT Vour
i TPS7A8001 Ry T é‘mF .
1 EN FB 1 eramic
ND  NR
G — R,
-

Ven
To avoid inrush current,
it is recommended to
always connect a
1nF to 10nF capacitor

Figure 31. Typical Application Circuit:
Adjustable-Voltage Version

Optional 1.0uF input capacitor.
May improve source impedance,
noise, or PSRR.

Vin Q—% IN ouT Vour
- TPS7A80XX SNS

4.7uF
l: EN GND NR [ 1 :l:Ceramic
1 ;\\ L

Ven T L
0 avoid inrush current,
it is recommended to

always connect a
1nF to 10nF capacitor

Figure 32. Typical Application Circuit:
Fixed-Voltage Versions
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Typical Application (continued)

8.2.1 Design Requirements

8.2.1.1 Dropout Voltage

The TPS7A80 use a PMOS pass transistor to achieve low dropout. When (Vy — Vour) is less than the dropout
voltage (Vpo), the PMOS pass device is in its linear region of operation and the input-to-output resistance is the
Rps(ony of the PMOS pass element. Vo scales approximately with output current because the PMOS device in
dropout behaves the same way as a resistor.

As with any linear regulator, PSRR and transient response are degraded as (V\y — Vout) approaches dropout.
This effect is shown in Figure 19 and Figure 20 in the Typical Characteristics section.

8.2.1.2 Minimum Load

The TPS7A80 are stable and well-behaved with no output load. Traditional PMOS LDO regulators suffer from
lower loop gain at very light output loads. The TPS7A80 employ an innovative low-current mode circuit to
increase loop gain under very light or no-load conditions, resulting in improved output voltage regulation
performance down to zero output current.

8.2.1.3 Input and Output Capacitor Requirements

Although an input capacitor is not required for stability, it is good analog design practice to connect a 0.1-uF to 1-
uF low equivalent series resistance (ESR) capacitor across the input supply near the regulator. This capacitor
counteracts reactive input sources and improves transient response, noise rejection, and ripple rejection. A
higher-value capacitor may be necessary if large, fast rise-time load transients are anticipated or if the device is
located several inches from the power source. If source impedance is not sufficiently low, a 0.1-uF input
capacitor may be necessary to provide stability.

The TPS7A80 are designed to be stable with standard ceramic capacitors of capacitance values 4.7 uF or larger.
These devices is evaluated using a 4.7-uF ceramic capacitor of 10-V rating, 10% tolerance, X5R type, and 0805
size (2 mm x 1.25 mm).

X5R- and X7R-type capacitors are highly recommended because they have minimal variation in value and ESR
over temperature. Maximum ESR should be < 1 Q.

The TPS7A80 implement an innovative internal compensation circuit that does not require a feedback capacitor
across R, for stability. Do not use a feedback capacitor for this device.

8.2.1.4 Transient Response

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

16 Copyright © 2010-2018, Texas Instruments Incorporated


http://www.ti.com/product/tps7a80?qgpn=tps7a80
http://www.ti.com

13 TEXAS
INSTRUMENTS
TPS7A80

www.ti.com JAJS499J —JUNE 2010—REVISED JANUARY 2018

Typical Application (continued)
8.2.2 Detailed Design Procedure

The voltage on the FB pin sets the output voltage and is determined by the values of R, and R,. The values of
R; and R, can be calculated for any voltage using the formula given in Equation 2:
R, +R
Vour = 1t Re)y 6 800
R, )

Sample resistor values for common output voltages are shown in Table 1. In Table 1, E96 series resistors are
used, and all values meet 1% of the target Vo1, assuming resistors with zero error. For the actual design, pay
attention to any resistor error factors. Using lower values for R; and R, reduces the noise injected from the FB
pin.

Table 1. Sample 1% Resistor Values for Common Output Voltages

Vout Ry R,
08V 0 Q (Short) Do not populate
1V 2.49 kQ 10 kQ
1.2V 4.99 kQ 10 kQ
15V 8.87 kQ 10 kQ
1.8V 12.5 kQ 10 kQ
25V 21 kQ 10 kQ
33V 30.9 kQ 10 kQ
5V 52.3 kQ 10 kQ

8.2.2.1 Output Noise

In most LDOs, the band gap is the dominant noise source. If a noise reduction capacitor (Cyg) is used with the
TPS7A80, the band gap does not contribute significantly to noise. Instead, noise is dominated by the output
resistor divider and the error amplifier input. To minimize noise in a given application, use a 0.01-yF (minimum)
noise-reduction capacitor.

Equation 3 approximates the total noise when Cyg = 0.01 pF:
V= 14.6 x Voyr + (UVrus) (3)

8.2.3 Application Curve

6 A Rionp = 33Q

VOUT

VlN VOUT (V)
w S
1™

1ms/div

Figure 33. Power-Up and Power-Down Response
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9 Power Supply Recommendations

These devices are designed to operate with an input voltage supply range from 2.2 V to 6.5 V. The input voltage
range should provide adequate headroom for the device to have a regulated output. Use a well-regulated input
supply. If the input supply is noisy, additional input capacitors with low ESR can help improve the output noise
performance.

10 Layout

10.1 Layout Guidelines

10.1.1 Board Layout Recommendations to Improve PSRR and Noise Performance

To improve ac performance such as PSRR, output noise, and transient response, Tl recommends designing the
board with separate ground planes for V,y and Voyt, With each ground plane connected only at the GND pin of
the device. In addition, the ground connection for the bypass capacitor should connect directly to the GND pin of
the device.

10.1.2 Thermal Considerations

Thermal protection 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 again 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, protecting it from damage because 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 TPS7A80 has been designed to protect against overload conditions. It was
not intended to replace proper heatsinking. Continuously running the TPS7A80 into thermal shutdown degrades
device reliability.

10.1.3 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 4:

Po = (VIN - VOUT)X|OUT (4)

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 VSON (DRB) package, the primary conduction path for heat is through the exposed pad to the printed-
circuit-board (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 make sure 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 is calculated using Equation 5:

(+125°C-T,)
Po ®)

Knowing the maximum Ry;a, the minimum amount of PCB copper area needed for appropriate heatsinking is
estimated using Figure 34.

0JA =
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Layout Guidelines (continued)

160

140

120 \\
100

80

6,4 (CCIW)

60 —

40

20

0

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

NOTE: 6,4 value at board size of 9 in? (that is, 3 inches x 3 inches) is a JEDEC standard.

Figure 34. Rgy;a VS Board Size

Figure 34 shows the variation of 6;, 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
¥;r and ¥ g, as explained in the section.

10.1.4 Estimating Junction Temperature

Using the thermal metrics ¥;r and ¥, as shown in the Thermal Information table, the junction temperature can
be estimated with corresponding formulas (given in Equation 6). For backwards compatibility, an older 0;c,Top
parameter is listed as well.

Vit Ty=Tr+ ¥ Py
II’JBZ TJ=TB+“IJJB.PD (6)

Where Pp is the power dissipation shown by Equation 5, Ty is the temperature at the center-top of the IC
package, and Ty is the PCB temperature measured 1 mm away from the IC package on the PCB surface (as
Figure 36 shows).

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

For more information about measuring Tt and Tg, see Using New Thermal Metrics.

By looking at Figure 35, the new thermal metrics (¥;r and ¥;g) have very little dependency onboard size. That is,
using ¥;r or ¥,z with Equation 6 is a good way to estimate T; by simply measuring T+ or Tg, regardless of the
application board size.
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Layout Guidelines (continued)
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Board Copper Area (in%)

Figure 35. ¥;7 and ¥;z vs Board Size

For a more detailed discussion of why Tl does not recommend using 60;cp) to determine thermal characteristics,
see Using New Thermal Metrics. For further information, see Semiconductor and IC Package Thermal Metrics.

1 T+ ontop
1 of IC surface
Tz on PCB W W /////;
1mm |

Figure 36. Measuring Points for Tt and Tg
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10.2 Layout Example

- 4 |_|iE

T [l S

Vo

Figure 37. Layout Example
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PACKAGING INFORMATION

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ )

TPS7A8001DRBR Active Production SON (DRB) | 8 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 OFU
TPS7A8001DRBR.A Active Production SON (DRB) | 8 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 OFU
TPS7A8001DRBT Active Production SON (DRB) | 8 250 | SMALL T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 OFU
TPS7A8001DRBT.A Active Production SON (DRB) | 8 250 | SMALL T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 OFU
TPS7A8001DRBTG4 Active Production SON (DRB) | 8 250 | SMALL T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 OFU
TPS7A8001DRBTG4.A Active Production SON (DRB) | 8 250 | SMALL T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 OFU
TPS7A8012DRBR Active Production SON (DRB) | 8 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 1G1H
TPS7A8012DRBR.A Active Production SON (DRB) | 8 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 1G1H
TPS7A8012DRBT Active Production SON (DRB) | 8 250 | SMALL T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 1G1H
TPS7A8012DRBT.A Active Production SON (DRB) | 8 250 | SMALL T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 1G1H
TPS7A8018DRBR Active Production SON (DRB) | 8 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 1G2H
TPS7A8018DRBR.A Active Production SON (DRB) | 8 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 1G2H
TPS7A8018DRBT Active Production SON (DRB) | 8 250 | SMALL T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 1G2H
TPS7A8018DRBT.A Active Production SON (DRB) | 8 250 | SMALL T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 1G2H
TPS7A8033DRBR Active Production SON (DRB) | 8 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 1G3H
TPS7A8033DRBR.A Active Production SON (DRB) | 8 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 1G3H
TPS7A8033DRBT Active Production SON (DRB) | 8 250 | SMALL T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 1G3H
TPS7A8033DRBT.A Active Production SON (DRB) | 8 250 | SMALL T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 1G3H
TPS7A8050DRBR Active Production SON (DRB) | 8 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 1G4H
TPS7A8050DRBR.A Active Production SON (DRB) | 8 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 1G4H
TPS7A8050DRBRG4 Active Production SON (DRB) | 8 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 1G4H
TPS7A8050DRBRG4.A Active Production SON (DRB) | 8 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 1G4H
TPS7A8050DRBT Active Production SON (DRB) | 8 250 | SMALL T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 1G4H
TPS7A8050DRBT.A Active Production SON (DRB) | 8 250 | SMALL T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 1G4H

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

@ Material type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.
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® RoHS values: Yes, No, RoHS Exempt. See the TI RoHS Statement for additional information and value definition.

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

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

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

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

Important Information and Disclaimer: The information provided on this page represents TI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information provided by third parties, and
makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. 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. Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers
and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
A |<— KO 4 P1—p|
IR T
& © o|( Bo W
el |
L & Diameter ' '
Cavity +| A0 |+
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ ]
T Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O O O O O O 0 0 Sprocket Holes
| |
T T
Nt I )
A-—q-—4 t-—T--1
Q3 1 Q4 Q3 | User Direction of Feed
% A |
T T
=
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
TPS7A8001DRBR SON DRB 8 3000 330.0 12.4 3.3 3.3 1.1 8.0 12.0 Q2
TPS7A8001DRBT SON DRB 8 250 180.0 12.4 33 3.3 11 8.0 12.0 Q2
TPS7A8001DRBT SON DRB 8 250 180.0 12.4 3.3 3.3 1.1 8.0 12.0 Q2
TPS7A8001DRBTG4 SON DRB 8 250 180.0 12.4 3.3 3.3 1.1 8.0 12.0 Q2
TPS7A8012DRBR SON DRB 8 3000 330.0 12.4 3.3 3.3 1.1 8.0 12.0 Q2
TPS7A8012DRBT SON DRB 8 250 180.0 12.4 33 3.3 11 8.0 12.0 Q2
TPS7A8018DRBR SON DRB 8 3000 330.0 12.4 3.3 3.3 1.1 8.0 12.0 Q2
TPS7A8018DRBT SON DRB 8 250 180.0 12.4 3.3 3.3 1.1 8.0 12.0 Q2
TPS7A8033DRBR SON DRB 8 3000 330.0 12.4 3.3 3.3 1.1 8.0 12.0 Q2
TPS7A8033DRBT SON DRB 8 250 180.0 12.4 33 3.3 11 8.0 12.0 Q2
TPS7A8050DRBR SON DRB 8 3000 330.0 12.4 3.3 3.3 1.1 8.0 12.0 Q2
TPS7A8050DRBRG4 SON DRB 8 3000 330.0 12.4 3.3 3.3 11 8.0 12.0 Q2
TPS7A8050DRBT SON DRB 8 250 180.0 12.4 3.3 3.3 1.1 8.0 12.0 Q2
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TAPE AND REEL BOX DIMENSIONS
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPS7A8001DRBR SON DRB 8 3000 346.0 346.0 33.0
TPS7A8001DRBT SON DRB 8 250 213.0 191.0 35.0
TPS7A8001DRBT SON DRB 8 250 210.0 185.0 35.0
TPS7A8001DRBTG4 SON DRB 8 250 210.0 185.0 35.0
TPS7A8012DRBR SON DRB 8 3000 367.0 367.0 35.0
TPS7A8012DRBT SON DRB 8 250 210.0 185.0 35.0
TPS7A8018DRBR SON DRB 8 3000 367.0 367.0 35.0
TPS7A8018DRBT SON DRB 8 250 210.0 185.0 35.0
TPS7A8033DRBR SON DRB 8 3000 367.0 367.0 35.0
TPS7A8033DRBT SON DRB 8 250 210.0 185.0 35.0
TPS7A8050DRBR SON DRB 8 3000 367.0 367.0 35.0
TPS7A8050DRBRG4 SON DRB 8 3000 367.0 367.0 35.0
TPS7A8050DRBT SON DRB 8 250 210.0 185.0 35.0
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GENERIC PACKAGE VIEW
DRB 8 VSON - 1 mm max height

PLASTIC SMALL OUTLINE - NO LEAD

Images above are just a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.
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N PACKAGE OUTLINE
VSON - 1 mm max height

PLASTIC SMALL OUTLINE - NO LEAD

DRBOO0OSA

PIN 1 INDEX AREA— |-

1 MAX
T O SO o N
8-83 j DIM A
' OPT1 | OPT2
- 4X (0.23)
EXPOSED ﬂ ﬁ (DIM A) TYP
THERMAL PAD
ak
-+—-—  175%01
Innl GE
| |
| | 0.37
| | 8X0.25
PIN 11D | | 010 [C|AlB
OPTIONAL —L’—Lru
( ) (0.65) ] & 0.05 |C
0.5
8X 3

4218875/A 01/2018

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 thermal and mechanical performance.
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EXAMPLE BOARD LAYOUT
DRBOOO0SA VSON - 1 mm max height

PLASTIC SMALL OUTLINE - NO LEAD

(1.5)
—= (0.65) |=—
SYMM

8X (0.6) ‘
! (0.825)
o 1| || | L mmr

e

6X (0.65)
v
(R0.05) TYP
(0.2) VIA
TYP
LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE:20X
0.07 MAX 0.07 MIN
ALL AROUND ALL AROUND
EXPOSED e < EXPOSED
METAL | 7 METAL
|
\ /
SOLDERMASKAJ// METAL METALUNDER—J/Ir )\¥ASOLDERMASK
OPENING SOLDER MASK OPENING
NON SOLDER MASK
DEFINED SOLDER MASK
(PREFERRED)

SOLDER MASK DETAILS

4218875/A 01/2018

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.
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EXAMPLE STENCIL DESIGN
DRBOOO0SA VSON - 1 mm max height

PLASTIC SMALL OUTLINE - NO LEAD

= (0.65) —=|

4X(0.23) — | = |

SYMM
¢
SR METAL
4X |
0.728) 4~
1 1
w |
8X(0.31) 1 ‘ | I 8
{ |
} { N \
I . ) I
Qj T Qj e
|
SYMM |
t—-—r—-—{-— s — - - — -+ -— @5
=1 I =S
6X (0.65) ‘ L) !
L U ! B,
5
(R0.05) TYP L 1

(1.34)

(2.8)

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL

EXPOSED PAD

84% PRINTED SOLDER COVERAGE BY AREA
SCALE:25X

4218875/A 01/2018

NOTES: (continued)

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