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5 Pin Configuration and Functions

G \
M E 5
ano [ | 2

| Jour

EN 3 4 NC EN 4 : FB
\ J \ y,
Not to scale Not to scale
Eq 5-1. DBV Package (Fixed), 5-Pin SOT-23, B 5-2. DBV Package (Adjustable), 5-Pin SOT-23,
Top View Top View
out|i} L8 out| i} L8|
NC[2}i Themal {7 ]EN FBI211 Thermal {7 |EN
Pad Pad
NC |3} {6 INC NC|[3 | {6 |NC
NC |4} {5 |aND NG| 4] {5 |aND

N[
anp [

| Jour

5-4. DRB Package (Adjustable), 8-Pin VSON,

Top View

ouT | 1] K3 our |7} 5]

NG 37 2 —
------ d Thermal I FB | 2 i i 71 NC
______ Pad Thermal

NC [ 3 felen e , Pad 1 peeeey
------ ' NC [ 3 i i 6| EN

NC [ 4} ‘sleno b ]
""" NC | 4 i 5| GND
Not to scale

5-5. DRB Package (Fixed) B Version, 8-Pin Not to scale

VSON, Top View 5-6. DRB Package (Adjustable) B Version, 8-Pin

VSON, Top View

Copyright © 2022 Texas Instruments Incorporated Submit Document Feedback 3

Product Folder Links: TPS784-Q1


https://www.tij.co.jp
https://www.tij.co.jp/product/jp/tps784-q1?qgpn=tps784-q1
https://www.tij.co.jp/jp/lit/pdf/JAJSIL0
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSIL0C&partnum=TPS784-Q1
https://www.tij.co.jp/product/jp/tps784-q1?qgpn=tps784-q1

13 TEXAS
TPS784-Q1 INSTRUMENTS

JAJSILOC — FEBRUARY 2020 — REVISED JANUARY 2022 www.tij.co.jp

# 5-1. Pin Functions

PIN
B DRB
DBV DBV DRB DRB h (Fixed) | VO DESCRIPTION
NAME . i . ) (Adjustable)
(Adjustable) | (Fixed) | (Adjustable) | (Fixed) ) B
B Version Version

Enable pin. Driving this pin to logic high enables the device; driving
EN 3 3 7 7 6 6 Input | this pin to logic low disables the device. Do not float this pin. If not
used, connect EN to IN.

Feedback pin. Input to the control-loop error amplifier. This pin is
used to set the output voltage of the device with the use of

FB 4 - 2 - 2 - Input external resistors. Do not float this pin. For adjustable-voltage
version devices only.
GND 2 2 5 5 5 5 — Ground pin. This pin must be connected to ground on the board.

Input pin. For best transient response and to minimize input
impedance, use the recommended value or larger ceramic

IN 1 1 8 8 8 8 Input | capacitor from IN to ground; see the Recommended Operating
Conditions table. Place the input capacitor as close to the input of
the device as possible.

347 2,3, 4, _ No connect pin. This pin is not internally connected. Connect to

NC - 4 3,46 7 ground for best thermal performance or leave floating.

A 0.47-puF or greater effective capacitance is required from OUT to
ground for stability. For best transient response, use a 1-pF or
ouT 5 5 1 1 1 1 Output |larger ceramic capacitor from OUT to ground. Place the output
capacitor as close to output of the device as possible; see the
Recommended Operating Conditions table.

The thermal pad is electrically connected to the GND pin. Connect
N/A N/A Pad Pad Pad Pad — the thermal pad to a large-area GND plane for improved thermal
performance.

Thermal
Pad
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6 Specifications
6.1 Absolute Maximum Ratings

over operating free-air temperature range (unless otherwise noted)(")

MIN MAX UNIT

Supply, VN -0.3 6.5 \%

Enable, Vey -0.3 6.5 \%
Voltage

Output, Vout -0.3 Vin + 0.3@ \%

Feedback, Vgg -0.3 2 \
Current Output, loyt Internally limited

Operating junction, T —40 150 °C
Temperature

Storage, Tstg -65 150 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings

only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under

Recommended Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device
reliability.
(2) The absolute maximum rating is V|y + 0.3 V or 6.5 V, whichever is smaller.

6.2 ESD Ratings

VALUE UNIT
e Human-body model (HBM), per AEC Q100-002(") +2000
V(Esp) Electrostatic discharge - \%
Charged-device model (CDM), per AEC Q100-011 +500

(1) AEC Q100-002 indicates that HBM stressing shall be in accordance with the ANSI/ESDA/JEDEC JS-001 specification.
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6.3 Recommended Operating Conditions

over operating free-air temperature range (unless otherwise noted)

MIN NOM MAX UNIT
VN Input voltage 1.65 6.0 \%
Vour Output voltage Adjustable output 1.2 55 v
Fixed output 0.65 5.0
CiN Input capacitor 0.1 1 uF
Cout Output capacitor 1M 200 uF
Crr Feed-forward capacitor(2) 0 10 100 nF
lout Output current 0 300 mA
CoutEesr Output capacitor ESR 0.001 1 Q
VEN Enable voltage 0 6 \%
Fen Enable toggle frequency 10 kHz
T, Junction temperature —40 150 °C
(1)  The minimum effective capacitance is 0.47 pF.
(2) Feed-forward capacitor is optional and not required for stability.
6.4 Thermal Information
TPS784-Q1
THERMAL METRIC(") DRB (VSON) DBV (SOT-23) UNIT
8 PINS 5 PINS

RoJa Junction-to-ambient thermal resistance 61.8@ 170.8() °C/W
Reauc(top) Junction-to-case (top) thermal resistance 741 93.1 °C/IW
Ress Junction-to-board thermal resistance 343 10.2 °C/W
(N Junction-to-top characterization parameter 6.2 17.5 °C/IW
Wis Junction-to-board characterization parameter 34.1 40 °C/IW
ReJcbot) Junction-to-case (bottom) thermal resistance 18.1 n/a °C/W

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

(2) The 1s0p Rgya value (based on JEDEC 51-3) is 226.5 °C/W for the DRB package.

(3) The 1s0p Rgya value (based on JEDEC 51-3) is 277.3 °C/W for the DBV package.
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6.5 Electrical Characteristics

at operating temperature range (T; = —40°C to +150°C), V|y = Vout(nom) + 0.5 V or 1.65 V (whichever is greater), loyt =
1 mA, Ven = Vins and Ciy = Coyt = 1 WF, unless otherwise noted. All typical values at T; = 25°C.

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Vin Input voltage 1.65 6.0 \Y
Adjustable output 1.2 5.5
Vout Output voltage \%
Fixed output 0.65 5.0
1 mA < loyt £ 300 mA, T,=25°C -0.5 0.5
V +0.5Vor165V
(1) OUT(nom) o o _ o
Vout Output accuracy! (whichever is greater) < Vjy < —-40°C<T, <85°C 1 1 %o
6.0V -40°C < T, <150°C -1.7 1.7
Vour Line regulation X%U\T/(nom) +0.5Vor 1.65V (whichever is greater) < V|y < 0.3 mv
-40°C < T, <85°C -5 5
Vout Load regulation 0.1 mA < lpyt €300 mA mV
-40°C < T, £150°C -5 10
Load transient response _
settling time(@ ©) Cour =10 F 10 ws
lout = 90 mA to 90,
AV 210 mA 2%
out
Load transient response e _ lout =210 mA to o | o
overshoot, undershoot (3) ) R=1tr="1us, Cour =10WF gy 10 10% | %Vour
loutr =0 mA to o
300 mA —10%
loutr =0 mA T,=25°C 15 25 30
VOUT(nom) +05Vor1.65V o o
(whichever is greater) < Vj\ < —40°C =T, <85°C 33
6.0V -40°C < T, £150°C 40
loND Ground current uA
lout = 500 pA T,=25°C 33 43
VOUT(nom) +05Vor1.65V 5 >
(whichever is greater) < Vy < —40°C<T, <85°C 45
6.0V —40°C < T, £150°C 48
Vens0.3V T,=25°C 0.01 0.05
VOUT(nom) +05Vor1.65V ° °
ISHDN Shutdown current (whichever is greater) < Vjy < —40°C<T,; <£85°C 0.25 UA
6.0V -40°C < T, <150°C 3
Veg Feedback voltage Adjustable output only 1.182 1.2 1.218 \%
leg Feedback pin current Adjustable output only —-0.05 0.01 0.05 uA
-~ Vin = VouT(nom) * 1V,
leL Output current limit Vour = 0.9 X Vourom) @) 320 420 mA
Isc Short-circuit current limit Vour=0V 162.5 mA
0.65V<Voyr<08V 900
08V<sVgoyr<12V 775
1.2V<Voyur<15V 300
Voo Dropout voltage I\?UT =_3(§)gSmA\,/ 1.5V<Voyur<1.8V 175 my
out = &-99 X VouT(nom) 1.8V <Vour <25V 140
25V <sVours5.0V 115
1.2V<sVour<15YV, 320
DRB Package only
f=1kHz 60
PSRR Power-supply rejection ratio lour = 300 A, Viy = =100 kHz 45 dB
Vour +1V
f=1MHz 30
Vn Output noise voltage BW =10 Hz to 100 kHz, Voyr=1.2V 30 UVRMS
VN rising 1.32 1.42 1.6
Vuvio UVLO threshold \Y
V\ falling 1.17 1.29 1.42
VUvLOHYST) UVLO hysteresis V| hysteresis 130 mV
tstr Start-up time From EN low-to-high transition to Vout = VouT(nom) X 95% 280 500 780 us
VEN(HI) EN pin logic high voltage 0.85 v
VENLOW) EN pin logic low voltage 0.425
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6.5 Electrical Characteristics (continued)

at operating temperature range (T; = —40°C to +150°C), V|n = VouT(nom) * 0.5 V or 1.65 V (whichever is greater), loyt =
1 mA, Ve = Vins and Cy = Coyt = 1 WF, unless otherwise noted. All typical values at T; = 25°C.

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
len Enable pin current VIN=Ven=6.0V 10 nA
RpuLLDOWN Pulldown resistance ViN=33V 120 Q
TsD(shutdown) ;ﬁ;:gj?:tdown Shutdown, temperature increasing 170

°C
TsD(reset) ;I;r::‘r)rgitﬁr::tdown reset Reset, temperature decreasing 155
(1) Resistor tolerance is not included in overall accuracy in the adjustable version.
(2) The settling time is measured from when Iyt is stepped from 90 mA to 210 mA to when the output voltage recovers to Voyt =
VouT(nom) - 5 mV.
(3) This specification is verified by design.
(4) The output is being forced to 90% of the nominal Vgyr value.
(5)  This specification is in relation to the change from the nominal output voltage (Vout(nom))-
8 Submit Document Feedback Copyright © 2022 Texas Instruments Incorporated

Product Folder Links: TPS784-Q1


https://www.tij.co.jp/product/jp/tps784-q1?qgpn=tps784-q1
https://www.tij.co.jp/jp/lit/pdf/JAJSIL0
https://www.tij.co.jp
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSIL0C&partnum=TPS784-Q1
https://www.tij.co.jp/product/jp/tps784-q1?qgpn=tps784-q1

13 TEXAS
INSTRUMENTS TPS784-Q1

www.tij.co.jp JAJSILOC — FEBRUARY 2020 — REVISED JANUARY 2022

6.6 Typical Characteristics

at operating temperature T; = 25°C, loyt = 1 mA, Vey = 1.0V, Ciy = 1.0 pF, Coyr = 1.0 pF, and V|y = Voytnowmy + 0.5 V or
1.65 V (whichever is greater), unless otherwise noted; typical values are at T; = 25°C
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6.6 Typical Characteristics (continued)

at operating temperature T; = 25°C, loyt = 1 mA, Vey = 1.0V, Ciy = 1.0 pF, Coyr = 1.0 pF, and V|y = Voyutnowmy + 0.5 V or
1.65 V (whichever is greater), unless otherwise noted; typical values are at T; = 25°C
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6-7. 50-mA Line Regulation 6-8. Accuracy vs Temperature
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6-9. Accuracy vs Temperature 6-10. Accuracy vs Temperature
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6-11. Dropout Voltage vs loyt 6-12. Dropout Voltage vs loyt
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6.6 Typical Characteristics (continued)

at operating temperature T; = 25°C, loyt = 1 mA, Vey = 1.0V, Ciy = 1.0 pF, Coyr = 1.0 pF, and V|y = Voyutnowmy + 0.5 V or
1.65 V (whichever is greater), unless otherwise noted; typical values are at T; = 25°C
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6-13. Dropout Voltage vs loyt 6-14. Ignp Vs lout
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B 6-15. lonp Vs Vi 6-16. 500-pA Ground Current vs Temperature
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6-17. 50-mA Ground Current vs Temperature 6-18. Isupn Vs Vin
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6.6 Typical Characteristics (continued)

at operating temperature T; = 25°C, loyt = 1 mA, Vey = 1.0V, Ciy = 1.0 pF, Coyr = 1.0 pF, and V|y = Voyutnowmy + 0.5 V or
1.65 V (whichever is greater), unless otherwise noted; typical values are at T; = 25°C
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6-23. Foldback Current Limit vs loyt and Temperature

Vout =3.3V, loyt =1 mA, slew rate = 1 V/us

6-24. Line Transient
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6.6 Typical Characteristics (continued)

at operating temperature T; = 25°C, loyt = 1 mA, Vey = 1.0V, Ciy = 1.0 pF, Coyr = 1.0 pF, and V|y = Voyutnowmy + 0.5 V or
1.65 V (whichever is greater), unless otherwise noted; typical values are at T; = 25°C
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6-29. Line Transient 6-30. Line Transient
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6.6 Typical Characteristics (continued)

at operating temperature T; = 25°C, loyt = 1 mA, Vey = 1.0V, Ciy = 1.0 pF, Coyr = 1.0 pF, and V|y = Voyutnowmy + 0.5 V or
1.65 V (whichever is greater), unless otherwise noted; typical values are at T; = 25°C
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Vout = 1.2V, loyt = 100 mA, slew rate = 1 V/us, T; = 150°C
6-31. Line Transient
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Vout = 1.2V, loyt = 300 mA, slew rate = 1 V/ps, T; = 25°C
6-32. Line Transient

AC-Coupled Output Voltage (mV)
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VOUT =12 V, IOUT =300 mA, slew rate = 1 V/HS, TJ =-40°C
6-33. Line Transient

AC-Coupled Output Voltage (mV)
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VOUT =12 V, IOUT =300 mA, slew rate = 1 V/US, TJ =150°C
6-34. Line Transient

AC-Coupled Output Voltage (mV)
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Vout =3.3V, loyt =50 mA, slew rate = 1 V/ps, T; = 25°C
6-35. Line Transient

AC-Coupled Output Voltage (mV)
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Vout =3.3V, loytr =50 mA, slew rate = 1 V/ps, T; =-40°C
6-36. Line Transient
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6.6 Typical Characteristics (continued)

at operating temperature T; = 25°C, loyt = 1 mA, Vey = 1.0V, Ciy = 1.0 pF, Coyr = 1.0 pF, and V|y = Voyutnowmy + 0.5 V or
1.65 V (whichever is greater), unless otherwise noted; typical values are at T; = 25°C

AC-Coupled Output Voltage (mV)
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Vout = 3.3V, lout = 50 mA, slew rate = 1 V/ps, T, = 150°C
6-37. Line Transient

AC-Coupled Output Voltage (mV)
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Vout = 3.3V, loyt = 100 mA, slew rate = 1 V/ps, T; = 25°C
6-38. Line Transient

AC-Coupled Output Voltage (mV)
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VOUT =3.3 V, IOUT =100 mA, slew rate = 1 V/HS, TJ =-40°C
6-39. Line Transient

AC-Coupled Output Voltage (mV)

35 5.4
— Vour = Vin
30 4.8
25 4.2
20 3.6
S
15 3 3
&
10 24 £
>
5 1.8
0 7~ 12
-5 0.6
-10 0
0 100 200 300 400 500
Time (us)

Vout = 3.3V, loyt = 100 mA, slew rate = 1 V/ps, T; = 150°C
6-40. Line Transient

AC-Coupled Output Voltage (mV)
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6-41. loyt Transient From 1 mA to 300 mA

AC-Coupled Output Voltage (mV)
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ViN=5.5YV, VOUT =50V, IOUT slew rate = 1 A/HS
6-42. loyt Transient From 1 mA to 300 mA
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6.

6 Typical Characteristics (continued)

at operating temperature T; = 25°C, loyt = 1 mA, Vey = 1.0V, Ciy = 1.0 pF, Coyr = 1.0 pF, and V|y = Voyutnowmy + 0.5 V or
1.65 V (whichever is greater), unless otherwise noted; typical values are at T; = 25°C
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VIN =55 V, VOUT =50 V, IOUT slew rate =1 A/IJS VlN =3.8 V, VOUT =33 V, IOUT slew rate =1 A/HS
6-43. loyt Transient From 300 mA to 1 mA 6-44. loyt Transient From 1 mA to 300 mA
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ViN=3.8V, Voyt =3.3V, IgyT slew rate = 1 Alus
6-45. loyT Transient From 1-mA to 300-mA Rising Edge

6-46. loyT Transient From 1-mA to 300-mA Falling Edge

ViN=3.8V, Vout = 3.3V, Igyt slew rate = 0.5 Alus
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Voutr =12V, loyt =0 mA to 100 mA , Ioyt slew rate = 1 A/ps,
T,=25C
6-47. Load Transient

AC-Coupled Output Voltage (mV)
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Vour =12V, loyr = 0mA to 100 mA , Igyt slew rate = 1 Alps,
T,=-40°C

6-48. Load Transient
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6.6 Typical Characteristics (continued)

at operating temperature T; = 25°C, loyt = 1 mA, Vey = 1.0V, Ciy = 1.0 pF, Coyr = 1.0 pF, and V|y = Voyutnowmy + 0.5 V or
1.65 V (whichever is greater), unless otherwise noted; typical values are at T; = 25°C
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T,=150°C
6-49. Load Transient
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6-51. Load Transient
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6-52. Load Transient

Vour = 1.2V, lout = 90 mA to 200 mA,
louT slew rate = 1 Alus, T, =25°C

6-53. Load Transient
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6-54. Load Transient
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6.6 Typical Characteristics (continued)

at operating temperature T; = 25°C, loyt = 1 mA, Vey = 1.0V, Ciy = 1.0 pF, Coyr = 1.0 pF, and V|y = Voyutnowmy + 0.5 V or
1.65 V (whichever is greater), unless otherwise noted; typical values are at T; = 25°C

Vout = 3.3V, loyr = 0 mA to 100 mA, loyt slew rate = 1 Alps,

10 600 30 800
— Voutr = lout — Voutr = lout
< < 20 700
Z 5 500 Z
g _ g 10 600 _
<< <<
£ o & v w1400 £ 2 £
2 = 2 0 [pmeer 500 =
> bt =1 -
2 5 300 5 2 10 / 400 5
S S | 3 / 3
3 3 o 20 300 3
2 10 200 % a / %
é © é 30 200 ©
(@) Q
A 100 < 40 100
-20 0 -50 0
0 40 80 120 160 200 0 100 200 300 400 500
Time (us) Time (us)
Vour = 1.2V, lout = 90 mA to 200 mA, Vout = 3.3V, lout = 0 mA to 100 mA,
louT slew rate = 1 Alus, T; = 150°C lout slew rate = 1 Alus, T; =25°C
6-55. Load Transient 6-56. Load Transient
30 800 30 1000
— Vour = lout — Vour = loutr Jal
s 20 700 s 2 900
E E 10 800
o 10 600 __ [ .
g < g o 700 %
= = > prevasr i =
g 0 500 = g 10 /"" 600 =
=3 = 3 =
g 10 / 400 5 g 20 / 500 £
o
S 20 / 300 3 S 30 400 3
3 g 3 / g
3 3 S -40 300 3
3 30 200 3 / ,
&;’ ‘2 -50 00
-40 100 80 100
-50 0 -70 0
0 100 200 300 400 500 0 100 200 300 400 500
Time (us) Time (us)

Vout =3.3V, loytr =0 mA to 100 mA, loyt slew rate = 1 Alus,

T,=-40°C T,=150°C
6-57. Load Transient 6-58. Load Transient
50 1400 50 1400
Vour lour — Voutr = lour
S 30 1200 S 30 1200
£ £
Q [0
g 10 1000 z g 1 1000 z
S = S =
Z 10 800 & Z -10 7 800 %
g g = 7 g
>
8 30 / 600 < S -30 600 <
3 / 3 3 =
> >

S 50 400 & 3 50 400 &
8 3
2 70 200 g 70 200

-90 0 -90 0

0 100 200 300 400 500 0 100 200 300 400 500
Time (us) Time (ps)

Vout = 3.3V, loyt = 0 mA to 300 mA, IgyT slew rate = 1 A/ps,
T,=25C
6-59. Load Transient

Vout = 3.3V, loyt = 0 mA to 300 mA, lgyT slew rate = 1 A/ps,
T,=-40°C

6-60. Load Transient
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6.6 Typical Characteristics (continued)

at operating temperature T; = 25°C, loyt = 1 mA, Vey = 1.0V, Ciy = 1.0 pF, Coyr = 1.0 pF, and V|y = Voyutnowmy + 0.5 V or
1.65 V (whichever is greater), unless otherwise noted; typical values are at T; = 25°C

50 1600 15 800
— Voutr = lour I — Vour = lour
< 30 1400 < 10 700
z 2 N
g 10 1200 = g 5 \d 600 =
S 10 1000 £ S 0 " stremend 500 £
2 )l € > prons e z
=] / o =1 / 3
g 30 800 5 g 5 400 5
= I o = o
(@] I = (@] =
B8 -50 i 600 3 g -10 300 3
s 3 3 3
=] (o] =] o
§ —V 400 S 15 200
Q Q
< .90 200 < 20 100
-110 0 -25 0
0 100 200 300 400 500 0 100 200 300 400 500
Time (us) Time (us)
Vout = 3.3V, loyt = 0 mA to 300 mA, loyT slew rate = 1 Alus, Vout = 3.3V, loyt = 90 mA to 200 mA,
T,=150°C lout slew rate = 1 Alus, T; =25°C
6-61. Load Transient 6-62. Load Transient
15 800 15 800
— Vour = lour — Vour = lout
< 10 700 < 10 700
E E
g 5 \ 600 = g 5 \ 600 =
S ol it e 500 £ S o W wte 500 £
> v Lo RIRT M S > st b S
5 /] 5 5 /1 8
g 5 400 5 g 5 400 5§
o o o) / 6
g -10 300 3 g -10 300 3
o pml o p=l
é 45 200 © § 15 200 ©
(@) Q
< 20 100 < 20 100
25 0 -25 0
0 100 200 300 400 500 0 100 200 300 400 500
Time (us) Time (ps)
VOUT =33V, IOUT =90 mA to 200 mA, VOUT =33V, IOUT =90 mA to 200 mA,
lout slew rate = 1 Alus, T; =-40°C lout slew rate = 1 Alus, T; = 150°C
6-63. Load Transient 6-64. Load Transient
90 90
lout
o 80 o 80 1 — 1mA — 100 mA
z \ =k /f" i 10 mA 200 mA
o 70f - £ 70 50 mA —— 300 mA
5 eyl ’ s ™ /
T 60 e ‘ T 60 h i f <
c I L RN Lt
2 [T \S /\ N | ‘M\N 3 s il \HM
8 50 N P S 50 N i i
g AT AL T N |
T 40 P L ‘ T 40 N AN
> \ \ > \\ j
[} S N
2 30 N ‘ g 30
® 20 lout b @ 20
2 — 1mA 50 mA 200 mA 2
& 1ol 10 mMA — 100 mA — 300 mA & 10
o L LU [T TOO IO | o
10 100 1k 10k 100k 1M 10M 10 100 1k 10k 100k M 10M
Frequency (Hz) Frequency (Hz)
VIN =1.65 V, CIN =0 HF, VOUT =065V VIN =22 V, CIN =0 [JF, VOUT =12V
6-65. PSRR vs Frequency and loyt 6-66. PSRR vs Frequency and loyt
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6.6 Typical Characteristics (continued)

at operating temperature T; = 25°C, loyt = 1 mA, Vey = 1.0V, Ciy = 1.0 pF, Coyr = 1.0 pF, and V|y = Voyutnowmy + 0.5 V or
1.65 V (whichever is greater), unless otherwise noted; typical values are at T; = 25°C

90 i 90
‘ N Cour
o= 80 N o 80p N — 1.0 pF 4.7 pF 10 uF
s N )
o 70 |- o 70
i) ; V4 o
- A 3
g o N N T £
% M AR : A
5 b 5 I~ i
g 50 4 L\T g 50 i - HH
€ 40 i £ 40 AEA
g 30 hy & g 30 i
@ lout @
3 20— 1mA 50 mA 200 mA 3 20
2 10 mA —— 100 mA —— 300 mA 2
o 10 T 10
B A1 A .
10 100 1k 10k 100k 1M 10M 10 100 1k 10k 100k 1M 10M
Frequency (Hz) Frequency (Hz)
VIN =43 V, ClN =0 HF, VOUT =33V VlN =43 V, CIN =0 HF, VOUT =3.3 V, IOUT =300 mA
6-67. PSRR vs Frequency and loyt 6-68. PSRR vs Frequency and Coyt
110 90
100 Vpo (mV)
& —— 200 mV —— 400 mV 600 mV — 1V o 80
S 9 — 300 mV — 500 mV 700 mV = Y n f
2 N T g 70 7'1‘\'. y
5 80 ! I 1N /|
T 7o feA il T 60 \\ i
=] \-'V\f\.\\ ,‘ o \\ /\ manill
S 60 INSS B 50 4
s O SIIINGE N S e Al
o 50 B S s * 40 e N yH
- NI oA > NIy
S 40 N N d N ) hi;
=3 N N | L \\\\\ J 2 30 |
@ 30 — 3 » lout
5 N il NIHEZ 5 20 — 1mA 50 mA 200 mA
2 20 my 2 10 mA — 100 mA —— 300 mA
T o NH a 10
. o LU [T o 1
10 100 1k 10k 100k 1M 10M 10 100 1k 10k 100k 1Y 10M
Frequency (Hz) Frequency (Hz)
C|N =0 HF, VOUT =33V, IOUT =300 mA V|N =6V, CIN =0 }JF, VOUT =50V
6-69. PSRR vs Frequency and Vpg 6-70. PSRR vs Frequency and loyt
90 5 LTI LTI
I Cour 3 Pl L (Vour), (WVrus)
@ 80 1 ) — 1.0 yF 4.7 uF 10 uF . 2 P _— §(1)§5\O) ((249(566))
| M N — (0. , (40.
s 015 < 1 1\ — (3.3V), (75.8)
< g \ 3 = — (5.0V), (110.4)
p .
2 s V) 2 03 i
o ‘ \ 2 02
o) ) N\
T 40 . S o4
= ™N s )
8 s
s 30 = 005
§ oz
> . R
& 10 ° 0.01
0 0.005 =
10 100 1k 10k 100k ™ 10M 0 100 K 10k 100k ™ 10M

Frequency (Hz) Frequency (Hz)

ViN = Vout(nom) + 1V, lout = 300 mA,
Vius BW = 10 Hz to 100 kHz

ViN=6V, C|N =0 pF, VOUT =50V, IOUT =300 mA

6-71. PSRR vs Frequency and Coyt

6-72. Output Noise vs Frequency and Voyr
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6.6 Typical Characteristics (continued)

at operating temperature T; = 25°C, loyt = 1 mA, Vey = 1.0V, Ciy = 1.0 pF, Coyr = 1.0 pF, and V|y = Voyutnowmy + 0.5 V or
1.65 V (whichever is greater), unless otherwise noted; typical values are at T; = 25°C

5 10
3 [ (Cer (NF), (uVrus) s (Crr (0F)), (V)
2 I —— (Open), (75.8) _ —— (Open), (110.4)
3 — (1), (62.3) q 5 — (1), (91.1)
= 1 w (4.7), (54.7) = N (4.7), (79.2)
Z 0s : — (10), (49.7) z 1 — (10, (70.7)
2 oa i — (100), (37.6) 3 o5 & — (100), (42.1)
<] T ° i
z 0.2 il 2
g 0 1 g O . 2 R T T1TT T 1111
£ : £ o1
S 005 Z 005
3 003 2
8 0.02 BB C:) 0.02 L
0.01 0.01
0.005 = 0.005 LI
10 100 1k 10k 100k 1M 10M 10 100 1k 10k 100k 1M 10M
Frequency (Hz) Frequency (Hz)
VIN =43 V, VOUT =33 V, IOUT =300 mA, VlN =6 V, VOUT =50 V, IOUT =300 mA,
Vims BW = 10 Hz to 100 kHz Virus BW = 10 Hz to 100 kHz
6-73. Output Noise vs Frequency and Cgf 6-74. Output Noise vs Frequency and Cg¢
8 40 8 40
7 \ 20 7 20
6 P 0 6 N 0
5 L 20 < 5 20 <
s / g’ S / ‘E’
S 4 v4 40 E S 4 4 40 E
g / ViN = Vour s g / Vin = Vour s
s 3 — Ven — I 60 o s 3 — Ven — In 60 O
> / 5 > / 5
2 i/ 80 2 2 % 80 2
1 / -100 1 // -100
0 / -120 0 -120
1 -140 -1 -140
0 01 02 03 04 05 06 07 08 09 1 0 01 02 03 04 05 06 07 08 09 1
Time (ms) Time (ms)
ViN=5.5V,Cn=0pF, Coyr=1pF Vour=5.0V, ViN=Ven=5.5V, Cy =0 uF, Coyr =1 pF, Vour = 5.0V,
IOUT =0mA IOUT =0mA
6-75. Start-Up Inrush Current With 6-76. Start-Up Inrush Current With
Cour =14F Cour =1uF
8 160 7 280
Input Voltage Output Voltage
7 —I 80 6 —— Enable Voltage —— Output Current | 240
6 - 0 _ 5 200 _
5 80 <
z / = s 4 160 £
3 ¢ / -160 § z 5
% 3 7 Vin — Vour [240 3 § s 120 3
> ) // — Ven — In 320 é‘ > o 80 é_
1 Vi -400 1 - 40 ©
o
0 -480 0 0
-1 -560
0 01 02 03 04 05 06 07 08 09 1 -1 -40
Time (ms) 0 200 400 600 800 1000 1200 1400 1600 1800 2000
Time (us)
VIN =55 V, CIN =0 HF, COUT =47 HF, VOUT =50 V, VIN =5 V, CIN =1 “Fs COUT =10 qu VOUT =12 V,
loyr =0 mA louT = 500 mA
6-77. Start-Up I_nrush Current With 6-78. Start Up at ~40°C
COUT =4.7 pyF
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6.6 Typical Characteristics (continued)

at operating temperature T; = 25°C, loyt = 1 mA, Vey = 1.0V, Ciy = 1.0 pF, Coyr = 1.0 pF, and V|y = Voyutnowmy + 0.5 V or
1.65 V (whichever is greater), unless otherwise noted; typical values are at T; = 25°C

7 280 7 280
Input Voltage Output Voltage Input Voltage Output Voltage
6 —— Enable Voltage —— Output Current | 240 6 —— Enable Voltage —— Output Current | 240
5 200 __ 5 200 __
< <
£ E
2 4 160 g g 4 160 g,
;f: 3 120 § ;‘:} 3 120 §
S 5 S 5
> o 80 3 > 2 80 3
3 3
1 / 40 1 — — 40
por
0 0 0 o 0
-1 -40 -1 -40
0 200 400 600 800 1000 1200 1400 1600 1800 2000 0 200 400 600 800 1000 1200 1400 1600 1800 2000
Time (ps) Time (us)
VIN =5 V, ClN =1 HF, COUT =10 HF, VOUT =12 V, VIN =5 V, ClN =1 HF, COUT =10 HF, VOUT =12 V,
IOUT =500 mA IOUT =500 mA
6-79. Start Up at 25°C 6-80. Start Up at 150°C
5
2
OFF > 1
* 05
0.2
@ 0.1
& 0.05 Stable region
Y002
: 0.01
ON 0.005
0.002
0.001 == IESS===E=E==
0.0005 R AR S AR
50 25 0 25 50 75 100 125 150 175 200 05 1 2 34567 10 2030 5070100 200 500
Temperature (°C) Cour (kF)
ViN=5V, Cn=1uF, Coyr = 10 pF, Vour = 1.2V, Court denotes nominal capacitor size
louT = 500 mA (not effective capacitance)
6-81. Thermal Shutdown Activation 6-82. ESR vs Coyr
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7 Detailed Description
7.1 Overview

The TPS784-Q1 is an ultra low-dropout, high PSRR, high-accuracy linear voltage regulator that is optimized for
excellent transient performance. These characteristics make the device ideal for most automotive applications.

This regulator offers foldback current limit, output enable, active discharge, undervoltage lockout (UVLO), and
thermal protection.

7.2 Functional Block Diagrams

Current
N —i Limit Tal - out
1.2-V
Bandgap
7y A\
120 Q
uvLO I_ AL §
i FB
Internal Thermal
Controller Shutdown
- GND
|4
EN —i —
Eq 7-1. Adjustable Version Block Diagram
Current
IN—Ji . - out
o Limit J_ iJ_
Bandgap
A
2.18 MQ
I
2’ § 120 Q
uvLO AL
2.42 MQ
— — isso kQ
Internal —
Controller Thermal
Shutdown = GND
| | &
EN —i —
EJ 7-2. Fixed Version Block Diagram
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7.3 Feature Description
7.3.1 Foldback Current Limit

The device has an internal current limit circuit that protects the regulator during transient high-load current faults
or shorting events. The current limit is a hybrid brickwall-foldback scheme. The current limit transitions from a
brickwall scheme to a foldback scheme at the foldback voltage (Veopeack)- In @ high-load current fault with the
output voltage above VegLpeack. the brickwall scheme limits the output current to the current limit (Ic.). When
the voltage drops below Vegpeack. a foldback current limit activates that scales back the current as the output
voltage approaches GND. When the output is shorted, the device supplies a typical current called the short-
circuit current limit (Isc). Ic. and Isc are listed in the Electrical Characteristics table.

For this device, VroLpeack = 0.4 x VOUT(NOM)-

The output voltage is not regulated when the device is in current limit. When a current limit event occurs, the
device begins to heat up because of the increase in power dissipation. When the device is in brickwall current
limit, the pass transistor dissipates power [(V\Ny — VouT) X IcL]- When the device output is shorted and the output
is below VroLpeack, the pass transistor dissipates power [(V\Ny — Vout) * Isc]- If thermal shutdown is triggered,
the device turns off. After the device cools down, the internal thermal shutdown circuit turns the device back on.
If the output current fault condition continues, the device cycles between current limit and thermal shutdown. For
more information on current limits, see the Know Your Limits application report.

7-3 shows a diagram of the foldback current limit.

Vour

Brickwall

Vournom) /

e e e e o  — — —  Vrowosacx

<+—  Foldback

oV | | | > lout

0mA Isc IraTED loL

7-3. Foldback Current Limit

7.3.2 Output Enable

The enable pin (EN) is active high. Enable the device by forcing the voltage of the enable pin to exceed the
minimum EN pin high-level input voltage (see the Electrical Characteristics table). Turn off the device by forcing
the voltage of the enable pin to drop below the maximum EN pin low-level input voltage (see the Electrical
Characteristics table). If shutdown capability is not required, connect EN to IN.

This device has an internal pulldown circuit that activates when the device is disabled to actively discharge the
output voltage.
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7.3.3 Active Discharge

The device has an internal pulldown MOSFET that connects an Rpy | pown resistor to ground when the device is
disabled to actively discharge the output voltage. The active discharge circuit is activated by the enable pin.

Do not rely on the active discharge circuit to discharge the output voltage after the input supply has collapsed
because reverse current can possibly flow from the output to the input. This reverse current flow can cause
damage to the device, especially when a large output capacitor is used. Limit reverse current to no more than
5% of the device rated current for a short period of time.

7.3.4 Undervoltage Lockout (UVLO) Operation

The UVLO circuit ensures that the device stays disabled before its input supply reaches the minimum
operational voltage range, and ensures that the device shuts down when the input supply collapses. 7-4
shows the UVLO circuit response to various input voltage events. The diagram can be separated into the
following parts:

» Region A: The device does not start until the input reaches the UVLO rising threshold.

* Region B: Normal operation, regulating device.

» Region C: Brownout event above the UVLO falling threshold (UVLO rising threshold — UVLO hysteresis). The
output may fall out of regulation but the device remains enabled.

* Region D: Normal operation, regulating device.

* Region E: Brownout event below the UVLO falling threshold. The device is disabled in most cases and the
output falls because of the load and active discharge circuit. The device is reenabled when the UVLO rising
threshold is reached by the input voltage and a normal start-up follows.

» Region F: Normal operation followed by the input falling to the UVLO falling threshold.

* Region G: The device is disabled when the input voltage falls below the UVLO falling threshold to 0 V. The
output falls because of the load and active discharge circuit.

! |
| |
| |
N_A

N

A

N/

|

|

|

UVLO Rising Threshold -
/

UVLO Hysteresis 7 \V4
VIN
. \/
VOUT4/ C—»

—  A— M4 B—» Db E—PeF—Pe—G——
I I I

7-4. Typical UVLO Operation

7.3.5 Dropout Voltage

Dropout voltage (Vpo) is defined as the input voltage minus the output voltage (V\y — VouT) at the rated output
current (Iratep), Where the pass transistor is fully on. Ixatep is the maximum Igyt listed in the Recommended
Operating Conditions table. The pass transistor is in the ohmic or triode region of operation, and acts as a
switch. The dropout voltage indirectly specifies a minimum input voltage greater than the nominal programmed
output voltage at which the output voltage is expected to stay in regulation. If the input voltage falls to less than
the nominal output regulation, then the output voltage falls as well.

For a CMOS regulator, the dropout voltage is determined by the drain-source on-state resistance (Rps(on)) of the
pass transistor. Therefore, if the linear regulator operates at less than the rated current, the dropout voltage for
that current scales accordingly. The following equation calculates the Rpg(on) of the device.

R - VDO
DS(ON) |
RATED 1)
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7.3.6 Thermal Shutdown

The device contains a thermal shutdown protection circuit to disable the device when the junction temperature
(T,) of the pass transistor rises to Tspshutdown) (typical). Thermal shutdown hysteresis assures that the device
resets (turns on) when the temperature falls to Tspreset) (typical).

The thermal time-constant of the semiconductor die is fairly short, thus the device may cycle on and off when
thermal shutdown is reached until power dissipation is reduced. Power dissipation during startup can be high
from large VN — Vout voltage drops across the device or from high inrush currents charging large output
capacitors. Under some conditions, the thermal shutdown protection disables the device before startup
completes.

For reliable operation, limit the junction temperature to the maximum listed in the Recommended Operating
Conditions table. Operation above this maximum temperature causes the device to exceed its operational
specifications. Although the internal protection circuitry of the device is designed to protect against thermal
overall conditions, this circuitry is not intended to replace proper heat sinking. Continuously running the device
into thermal shutdown or above the maximum recommended junction temperature reduces long-term reliability.
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7.4 Device Functional Modes
7.4.1 Device Functional Mode Comparison

The Device Functional Mode Comparison table shows the conditions that lead to the different modes of
operation. See the Electrical Characteristics table for parameter values.

#F 7-1. Device Functional Mode Comparison

PARAMETER

OPERATING MODE

Vin Ven lout T
Normal operation VIN > VouTnom) * Vpo and ViN > Vin(min) VEN > VENHI) lout < louT(max) Ty < Tsp(shutdown)
Dropout operation ViNmin) < VIN < VouTom) * Vbo VEN > VENHI) lout < louT(max) Ty < Tsp(shutdown)
Disabled
(any true condition Vin < Vuvio VEN < VENLOW) Not applicable Ty > Tsp(shutdown)
disables the device)

7.4.2 Normal Operation
The device regulates to the nominal output voltage when the following conditions are met:

+ The input voltage is greater than the nominal output voltage plus the dropout voltage (VouTnom) + Vbo)
* The output current is less than the current limit (Ioyt < IgL)
* The device junction temperature is less than the thermal shutdown temperature (T, < Tgp)

* The enable voltage has previously exceeded the enable rising threshold voltage and has not yet decreased
to less than the enable falling threshold

7.4.3 Dropout Operation

If the input voltage is lower than the nominal output voltage plus the specified dropout voltage, but all other
conditions are met for normal operation, the device operates in dropout mode. In this mode, the output voltage
tracks the input voltage. During this mode, the transient performance of the device becomes significantly
degraded because the pass transistor is in the ohmic or triode region, and acts as a switch. Line or load
transients in dropout can result in large output-voltage deviations.

When the device is in a steady dropout state (defined as when the device is in dropout, V|y < Voyt(nowm) *+ Vo,
directly after being in a normal regulation state, but not during start up), the pass transistor is driven into the
ohmic or triode region. When the input voltage returns to a value greater than or equal to the nominal output
voltage plus the dropout voltage (Vout(nom) + Vpo), the output voltage can overshoot for a short period of time
while the device pulls the pass transistor back into the linear region.

7.4.4 Disabled

The output of the device can be shutdown by forcing the voltage of the enable pin to less than the maximum EN
pin low-level input voltage (see the Electrical Characteristics table). When disabled, the pass transistor is turned
off, internal circuits are shutdown, and the output voltage is actively discharged to ground by an internal
discharge circuit from the output to ground.
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8 Application and Implementation

Note

LIFo7 7V r—vaAFiid, T o EARRICE EN56 O TIERL, Tl TIEEOIEMIEE 37w etz
PRAEVZLE A, fll 2 O BB 2 - OBEAVEIC DN TR, BERROEETHMTL TV e72<Zeic
MFET, BERITIAF ORI RIELHFEL T AN DL T, VAT AOKREEZHERR T DM BERHY ET,

8.1 Application Information
8.1.1 Recommended Capacitor Types

The device is designed to be stable using low equivalent series resistance (ESR) ceramic capacitors at the input
and output. Multilayer ceramic capacitors have become the industry standard for these types of applications and
are recommended, but must be used with good judgment. Ceramic capacitors that employ X7R-, X5R-, and
COG-rated dielectric materials provide relatively good capacitive stability across temperature, whereas the use of
Y5V-rated capacitors is discouraged because of large variations in capacitance.

Regardless of the ceramic capacitor type selected, the effective capacitance varies with operating voltage and
temperature. As a rule of thumb, expect the effective capacitance to decrease by as much as 50%. The input
and output capacitors recommended in the Recommended Operating Conditions table account for an effective
capacitance of approximately 50% of the nominal value.

8.1.2 Input and Output Capacitor Requirements

The device requires an input capacitor of 1.0 yF or larger as specified in the Recommended Operating
Conditions table for stability. A higher value capacitor may be necessary if large, fast rise-time load or line
transients are anticipated or if the device is located several inches from the input power source.

The device also requires an output capacitor of 1.0 yF or larger as specified in the Recommended Operating
Conditions table for stability. Dynamic performance of the device is improved by using a higher capacitor than
the minimum output capacitor.

8.1.3 Adjustable Device Feedback Resistors

The device requires external feedback divider resistors to set the output voltage. [X| 8-1 shows how the output
voltage of an adjustable device can be configured from 1.2 V to 5.5 V by using a resistor divider network.

Feed-Forward capacitor CFF is not required for stability (Optional)

VIN IN ouT

CIN

TPS784-Q1 FB
GND
EN GND

8-1. Adjustable Operation

VEN

3 2 calculates the values of the Ry and R, resistors to set the output voltage:

Vout = Vre ¥ (1 +R1/R2) + kg X Ry (2)
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To disregard the effect of the FB pin current error term in 3\ 2 and to achieve best accuracy, choose R, to be
equal to or smaller than 550 kQ so that the current flowing through R4 and R; is at least 100 times larger than
the Igg current listed in the Electrical Characteristics table. Lowering the value of R, increases the immunity
against noise injection. Increasing the value of R, reduces the quiescent current for achieving higher efficiency
at low load currents. =\ 3 calculates the setting that provides the maximum feedback divider series resistance.

(R1+R2) = Vour/ (Ieg x 100) (3)

8.1.4 Load Transient Response

The load-step transient response is the output voltage response by the LDO to a step in load current, whereby
output voltage regulation is maintained. There are two key transitions during a load transient response: the
transition from a light to a heavy load and the transition from a heavy to a light load. The regions shown in [X] 8-2
are broken down as follows. Regions A, E, and H are where the output voltage is in steady-state.

+—A—>» «CPre¢D-Pe¢—E—P «Grae—H—p
|

8-2. Load Transient Waveform

During transitions from a light load to a heavy load, the:

« Initial voltage dip is a result of the depletion of the output capacitor charge and parasitic impedance to the
output capacitor (region B)

* Recovery from the dip results from the LDO increasing its sourcing current, and leads to output voltage
regulation (region C)

« Initial voltage rise results from the LDO sourcing a large current, and leads to the output capacitor charge to
increase (region F)

* Recovery from the rise results from the LDO decreasing its sourcing current in combination with the load
discharging the output capacitor (region G)

A larger output capacitance reduces the peaks during a load transient but slows down the response time of the
device. A larger DC load also reduces the peaks because the amplitude of the transition is lowered and a higher
current discharge path is provided for the output capacitor.
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8.1.5 Exiting Dropout

Some applications have transients that place the LDO into dropout, such as slower ramps on V|y during start-up.
As with other LDOs, the output can overshoot on recovery from these conditions. A ramping input supply causes
an LDO to overshoot on start-up, as shown in 8-3, when the slew rate and voltage levels are in the correct
range. Use an enable signal to avoid this condition.

A

Input Voltage

Response time for
LDO to get back into

regulation. Load current discharges

output voltage.

Vin=Voutpom+ Voo f-—————=——==———==—)f -/~

Dropout
Vout = Vin - Vbo

Voltage

Output Voltage in
normal regulation.

) R > S0 AN

t
|
|
|
|
|
|
|
|

4
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
L

v

Time

8-3. Start-Up Into Dropout

Line transients out of dropout can also cause overshoot on the output of the regulator. These overshoots are
caused by the error amplifier having to drive the gate capacitance of the pass element and bring the gate back to
the correct voltage for proper regulation. [%| 8-4 illustrates what is happening internally with the gate voltage and
how overshoot can be caused during operation. When the LDO is placed in dropout, the gate voltage (Vgs) is
pulled all the way down to ground to give the pass device the lowest on-resistance as possible. However, if a line
transient occurs when the device is in dropout, the loop is not in regulation and can cause the output to
overshoot until the loop responds and the output current pulls the output voltage back down into regulation. If
these transients are not acceptable, then continue to add input capacitance in the system until the transient is
slow enough to reduce the overshoot.
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8-4. Line Transients From Dropout

8.1.6 Dropout Voltage

The device uses a PMOS pass transistor to achieve low dropout. When (V|y — Vour) is less than the dropout
voltage (Vpo), the PMOS pass device is in the linear region of operation and the input-to-output resistance is the
Rps(on) of the PMOS pass element. Vpo scales approximately with output current because the PMOS device
behaves like a resistor in dropout mode. As with any linear regulator, PSRR and transient response degrade as
(Vin — Vour) approaches dropout operation.

8.1.7 Reverse Current
As with most LDOs, excessive reverse current can damage this device.

Reverse current flows through the body diode on the pass element instead of the normal conducting channel. At
high magnitudes, this current flow degrades the long-term reliability of the device as a result of one of the
following conditions:

» Degradation caused by electromigration

» Excessive heat dissipation

» Potential for a latch-up condition
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Conditions where reverse current can occur are outlined in this section, all of which can exceed the absolute
maximum rating of Voyt > Viy + 0.3 V:

» If the device has a large Coyt and the input supply collapses with little or no load current
» The output is biased when the input supply is not established
* The output is biased above the input supply

If reverse current flow is expected in the application, external protection must be used to protect the device. [X|
8-5 shows one approach of protecting the device.

Schottky Diode

«

Internal Body Diode

o . IN K OUI o
J— Cn Device J—
I I

COUT

GND
L
B4 8-5. Example Circuit for Reverse Current Protection Using a Schottky Diode

8.1.8 Feed-Forward Capacitor (Cgf)

For the adjustable-voltage version device, a feed-forward capacitor (Cgg) can be connected from the OUT pin to
the FB pin. Cgr improves transient, noise, and PSRR performance, but is not required for regulator stability.
Recommended Cgg values are listed in the Recommended Operating Conditions table. A higher capacitance
Ckr can be used; however, the startup time increases. For a detailed description of Cgg tradeoffs, see the Pros
and Cons of Using a Feedforward Capacitor with a Low-Dropout Regulator application report.

8.1.9 Power Dissipation (Pp)

Circuit reliability demands that proper consideration be given to device power dissipation, location of the circuit
on the printed circuit board (PCB), and correct sizing of the thermal plane. The PCB area around the regulator
must be as free as possible of other heat-generating devices that cause added thermal stresses.

As a first-order approximation, power dissipation in the regulator depends on the input-to-output voltage
difference and load conditions. Use =\ 4 to approximate Pp:

Po = (Vin = Vour) % lout 4)

Power dissipation can be minimized, and thus greater efficiency achieved, by proper selection of the system
voltage rails. Proper selection allows the minimum input-to-output voltage differential to be obtained. The low
dropout of the TPS784-Q1 allows for maximum efficiency across a wide range of output voltages.

The main heat conduction path for the device is through the thermal pad on the package. As such, the thermal
pad must be soldered to a copper pad area under the device. This pad area contains an array of plated vias that
conduct heat to any inner plane areas or to a bottom-side copper plane.

The maximum power dissipation determines the maximum allowable junction temperature (T,) for the device.
According to #\ 5, power dissipation and junction temperature are most often related by the junction-to-ambient
thermal resistance (Rgja) of the combined PCB and device package and the temperature of the ambient air (T,).
=\ 6 rearranges = 5 for output current.

Ty=Ta+ (Roya x Pp) (5)
lout = (Ty = Ta) / [Reya * (ViNn — Vour)] (6)
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Unfortunately, this thermal resistance (Rgya) is highly dependent on the heat-spreading capability built into the
particular PCB design, and therefore varies according to the total copper area, copper weight, and location of the
planes. The Rgya recorded in the Recommended Operating Conditions table is determined by the JEDEC
standard, PCB, and copper-spreading area, and is only used as a relative measure of package thermal
performance. For a well-designed thermal layout, Rg s is actually the sum of the VSON package junction-to-case
(bottom) thermal resistance (Rgycot)) plus the thermal resistance contribution by the PCB copper.

8.1.9.1 Estimating Junction Temperature

The JEDEC standard now recommends the use of psi (W) thermal metrics to estimate the junction temperatures
of the LDO when in-circuit on a typical PCB board application. These metrics are not strictly speaking thermal
resistances, but rather offer practical and relative means of estimating junction temperatures. These psi metrics
are determined to be significantly independent of the copper-spreading area. The key thermal metrics (W 1 and
W,g) are used in accordance with =\ 7 and are given in the Recommended Operating Conditions table.

Wor:Ty=Tr+WyrxPpandWg: T, =Tg+ W x Pp "

where:

» Ppis the power dissipated as explained in = 4

» Tqis the temperature at the center-top of the device package, and

» Tgis the PCB surface temperature measured 1 mm from the device package and centered on the package
edge

8.1.9.2 Recommended Area for Continuous Operation

The operational area of an LDO is limited by the dropout voltage, output current, junction temperature, and input
voltage. The recommended area for continuous operation for a linear regulator is given in 8-6 and can be
separated into the following parts:

» Dropout voltage limits the minimum differential voltage between the input and the output (V,y — VouT) at a
given output current level. See the Dropout Voltage section for more details.

* The rated output currents limits the maximum recommended output current level. Exceeding this rating
causes the device to fall out of specification.

» The rated junction temperature limits the maximum junction temperature of the device. Exceeding this rating
causes the device to fall out of specification and reduces long-term reliability.

— The shape of the slope is given by = 6. The slope is nonlinear because the maximum rated junction
temperature of the LDO is controlled by the power dissipation across the LDO; thus when V|y — Vourt
increases the output current must decrease.

» The rated input voltage range governs both the minimum and maximum of V,y — Vour-
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8-6 shows the recommended area of operation for this device on a JEDEC-standard high-K board with a Rgya
as given in the Recommended Operating Conditions table.

A

Output current limited Rated output

Output current limited by thermals

< by dropout current
€
e
5
o
5
o
5
(]
| Limited by Limited by

| minimum Vi maximum Vi

VIN - VOUT (V)
B4 8-6. Region Description of Continuous Operation Regime

8.1.9.3 Power Dissipation versus Ambient Temperature

8-7 is based off of a JESD51-7 four-layer high-K board. The allowable power dissipation was estimated using
the following equation. As disscussed in the An empirical analysis of the impact of board layout on LDO thermal
performance application report, thermal dissipation can be improved in the JEDEC high-K layout by adding top
layer copper and increasing the number of thermal vias. If a good thermal layout is used, the allowable thermal
dissipation can be improved by up to 50%.

TA + R@]AXPD < 150 °C (8)

1.6
—— DRB Package
— 1.4 —— DBV Package
= \
c
5§ 1.2
s N
g 1
2
s 0.8
g 06 ~
E N
£ 04 A
&
= 02 L
0
-40 -20 0 20 40 60 80 100 120 140
Ambient Temerature (°C)
8-7. Allowable Power Dissipation
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8.2 Typical Application

Lm VIN VouTt
IN ouT ’ ’ IN ouT —O
CouT CIN couTt
GND

DC/DC
Converter TPS784-Q1

GND GND
EN GND ]

VEN W GND
l GND

Eq 8-8. Operation From a DC/DC Converter
8.2.1 Design Requirements
7% 8-1 summarizes the design requirement for this application.

£ 8-1. Design Parameters

PARAMETER DESIGN REQUIREMENT
Input voltage 3.8V
Output voltage 3.3V, £1.5%
Output load 100 mA
Output capacitor 10 yF
Maximum ambient temperature 85°C

8.2.2 Detailed Design Procedure

For this design example, the 3.3-V, fixed-version device is selected. The device is powered of a DC/DC
converter connected to a battery. A 500-mV headroom between V,y and VgoyT is used to keep the device within
the dropout voltage specification and to ensure the device stays in regulation under all load and temperature
conditions for this design.
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8.2.3 Application Curves

A 10-pF capacitor is used to reduce overshoot and undershoot of output voltage during load transients with
ramps rates greater than 0.5 A/us. 8-9 and 8-10 show captures of load transient behavior for this
application.

50 1000 50 1000
— Vour — Vour

< %0 — iour | 900 < %0 — 1oy | 900
E 30 800 E 30 800
[0 [}
g 20 700 < g 20 700 <
= £ = £
2 10 ’[ 600 = 2 10 l 600 =
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2 o0 500 5 s o e N 500 5
3 (@) 3 74 o
g -0 / 400 5 © 0 /] N w00 o
2 / =3 ko] / =
5 20 / 300 3 g 20 300 3
(@] (@]
3 -30 200 3 -30 200

-40 l 100 -40 100

-50 0 -50 0

0 50 100 150 200 250 300 350 400 450 500 0 100 200 300 400 500 600 700 800 900 1000
Time (us) Time (ps)
VlN =3.8 V, VOUT =3.3 V, COUT =10 HF, VlN =3.8 V, VOUT =3.3 V, COUT =10 HF,
lout slew rate = 1 Alus louT slew rate = 1 Alus

8-9. loyt Transient From 0 mA to 100 mA %] 8-10. loyT Transient From 1 mA to 100 mA

9 Power Supply Recommendations

This device is designed to operate from an input supply voltage range of 1.65 V to 6.0 V. The input supply must
be well regulated and free of spurious noise. To ensure that the output voltage is well regulated and dynamic
performance is optimum, the input supply must be at least Voyrnom) + 0.5 V. Tl requires using a 1-yF or greater
input capacitor to reduce the impedance of the input supply, especially during transients.
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10 Layout
10.1 Layout Guidelines

» Place input and output capacitors as close to the device as possible.

» Use copper planes for device connections in order to optimize thermal performance.

* Place thermal vias around the device to distribute the heat.

* Only place tented thermal vias directly beneath the thermal pad of the DRB package. An untented via can
wick solder or solder paste away from the thermal pad joint during the soldering process, leading to a

compromised solder joint on the thermal pad.

10.1.1 Additional Layout Considerations

The high impedance of the FB pin makes the regulator sensitive to parasitic capacitances that may couple
undesirable signals from nearby components (especially from logic and digital devices, such as microcontrollers
and microprocessors); these capacitively-coupled signals may produce undesirable output voltage transients. In
these cases, Tl recommends using a fixed-voltage version of the device, or isolating the FB node by placing a
copper ground plane on the layer directly underneath the LDO circuitry and FB pin to minimize any undesirable

signal coupling.
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10.2 Layout Examples

_T_COUT

(e $RI1$OUT| 1 |

GND PLANE

@ Represents a thermal via

Ed 10-5. Layout Example for the DRB Package
Adjustable Version

i

Cin @) —— Cour
IN 1 5 $0UT |
GND 2 R13Cre :!r -
EN 3 4 ¢FB ¢
R23
GND PLANE T

10-7. Layout Example for the DBV Package
Adjustable Version

_TEOUT Cin
oT[1] @ @8 INI
|
" (M1
NC[2! ® | EN
,,,,, | [
NC[3T 1 176 |NC

|
NC| 4] 1@ @![5|GND

Coocoood

GND PLANE

@ Represents a thermal via

B 10-6. Layout Example for the DRB Package
Fixed Version

GND PLANE

10-8. Layout Example for the DBV Package
Fixed Version
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11 Device and Documentation Support
11.1 Device Support
11.1.1 Device Nomenclature

# 11-1. Device Nomenclature
PRODUCT() 2 Vout

xx(x) is the nominal output voltage. For output voltages with a resolution of 100 mV, two digits are used
in the ordering number; otherwise, three digits are used (for example, 285 = 2.85 V).

Z indicates the pinout of the device. If no letter is present, the EN pin is pin 7, if the B version is used,
EN is now pin 6.

yyy is the package designator.

W is used to denote a wettable flank package.

TPS784xx(x)ZQ(W)yyyRQ1

(1)  For the most current package and ordering information see the Package Option Addendum at the end of this document, or visit the
device product folder on www.ti.com.
(2) Output voltages from 0.65 V to 5.5 V in 50-mV increments are available. Contact the factory for details and availability.

11.2 Documentation Support
11.2.1 Related Documentation

For related documentation see the following:

« Texas Instruments, Universal Low-Dropout (LDO) Linear Voltage Regulator MultiPkgLDOEVM-823 Evaluation
Module user's guide

« Texas Instruments, Pros and Cons of Using a Feedforward Capacitor with a Low-Dropout Regulator
application report

» Texas Instruments, An empirical analysis of the impact of board layout on LDO thermal performance
application report

11.3 Receiving Notification of Documentation Updates

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

MA4aYgR-—pF-VY—-2R
TIE2E™ HAR—bF « 7 —FAF, V=T BRRGEER O RIE LR FHIBE T b M =% 2 —MpHitul 7D B #
1FHZLMTELHEFT T, BEFORIZE LR LD B OEMA L2V T 528 T, it TRER IR A IWEHICR/HZ
ENTEET,
Vo 7E8NTWLar TV Y T 5HEEE ISR, BUROEFFRESNLDEDOTT, 2L TI OHARERER T 5
DT, HT LY Tl O RfRE KM OTIEHV EE A, TI O HSRMEZSRLTIEEN,
11.5 Trademarks
TI E2E™ is a trademark of Texas Instruments.
T RTOMEEIL, TNENOHEEIZRBLET,
11.6 Electrostatic Discharge Caution
This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled

‘ with appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.
“ \ ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may
- be more susceptible to damage because very small parametric changes could cause the device not to meet its published
specifications.
11.7 Glossary
Tl Glossary This glossary lists and explains terms, acronyms, and definitions.
Copyright © 2022 Texas Instruments Incorporated Submit Document Feedback 39

Product Folder Links: TPS784-Q1


https://www.ti.com
https://www.ti.com/tool/MULTIPKGLDOEVM-823
https://www.ti.com/tool/MULTIPKGLDOEVM-823
https://www.ti.com/lit/an/sbva042/sbva042.pdf
https://www.ti.com/lit/an/sbva042/sbva042.pdf
https://www.ti.com/lit/an/slvae85/slvae85.pdf
https://www.ti.com/lit/an/slvae85/slvae85.pdf
https://www.ti.com
https://e2e.ti.com
https://www.ti.com/corp/docs/legal/termsofuse.shtml
https://www.ti.com/lit/pdf/SLYZ022
https://www.tij.co.jp
https://www.tij.co.jp/product/jp/tps784-q1?qgpn=tps784-q1
https://www.tij.co.jp/jp/lit/pdf/JAJSIL0
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSIL0C&partnum=TPS784-Q1
https://www.tij.co.jp/product/jp/tps784-q1?qgpn=tps784-q1

13 TEXAS
INSTRUMENTS

TPS784-Q1
www.tij.co.jp

JAJSILOC — FEBRUARY 2020 — REVISED JANUARY 2022

12 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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PACKAGE OPTION ADDENDUM

16-Mar-2026

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 ©)
@ ©)

TPS78401BQWDRBRQ1 Active Production SON (DRB) | 8 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 150 8401BQ
TPS78401BQWDRBRQ1.A Active Production SON (DRB) | 8 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 150 8401BQ
TPS78401QDBVRQ1 Active Production SOT-23 (DBV) | 5 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 150 23JF
TPS78401QDBVRQ1.A Active Production SOT-23 (DBV) | 5 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 150 23JF

TPS78401QWDRBRQ1 Active Production SON (DRB) | 8 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 150 8401WQ
TPS78401QWDRBRQ1.A Active Production SON (DRB) | 8 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 150 8401WQ
TPS784075QWDRBRQ1 Active Production SON (DRB) | 8 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 150 84075W

TPS784075QWDRBRQ1.A Active Production SON (DRB) | 8 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 150 84075W
TPS784085BQWDRBRQ1 Active Production SON (DRB) | 8 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 150 4085BQ
TPS784085BQWDRBRQ1.A Active Production SON (DRB) | 8 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 150 4085BQ
TPS78408BQWDRBRQ1 Active Production SON (DRB) | 8 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 150 8408BQ
TPS78408BQWDRBRQ1.A Active Production SON (DRB) | 8 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 150 8408BQ
TPS78408QDBVRQ1 Active Production SOT-23 (DBV) | 5 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 150 2BGF

TPS78408QDBVRQ1.A Active Production SOT-23 (DBV) | 5 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 150 2BGF

TPS784105QWDRBRQ1 Active Production SON (DRB) | 8 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 150 84105W
TPS784105QWDRBRQ1.A Active Production SON (DRB) | 8 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 150 84105W

TPS78410QWDRBRQ1 Active Production SON (DRB) | 8 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 150 8410WQ
TPS78410QWDRBRQ1.A Active Production SON (DRB) | 8 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 150 8410WQ

TPS78411QWDRBRQ1 Active Production SON (DRB) | 8 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 150 8411WQ
TPS78411QWDRBRQ1.A Active Production SON (DRB) | 8 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 150 8411WQ
TPS78412BQWDRBRQ1 Active Production SON (DRB) | 8 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 150 8412BQ

TPS78412BQWDRBRQ1.A Active Production SON (DRB) | 8 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 150 8412BQ
TPS78412QDBVRQ1 Active Production SOT-23 (DBV) | 5 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 150 23KF

TPS78412QDBVRQ1.A Active Production SOT-23 (DBV) | 5 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 150 23KF

TPS78412QWDRBRQ1 Active Production SON (DRB) | 8 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 150 8412WQ
TPS78412QWDRBRQ1.A Active Production SON (DRB) | 8 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 150 8412WQ

TPS78415QDBVRQ1 Active Production SOT-23 (DBV) | 5 3000 | LARGE T&R Yes NIPDAU | SN Level-1-260C-UNLIM -40 to 150 23LF
TPS78415QDBVRQ1.A Active Production SOT-23 (DBV) | 5 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 150 23LF
TPS78415QWDRBRQ1 Active Production SON (DRB) | 8 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 150 8415WQ
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Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
(1) %) @3) Ball material Peak reflow (6)
@ ©)
TPS78415QWDRBRQ1.A Active Production SON (DRB) | 8 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 150 8415WQ
TPS78417QDBVRQ1 Active Production SOT-23 (DBV) | 5 3000 | LARGE T&R Yes NIPDAU | SN Level-1-260C-UNLIM -40 to 150 2BHF
TPS78417QDBVRQ1.A Active Production SOT-23 (DBV) | 5 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 150 2BHF
TPS78418BQWDRBRQ1 Active Production SON (DRB) | 8 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 150 8418BQ
TPS78418BQWDRBRQ1.A Active Production SON (DRB) | 8 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 150 8418BQ
TPS78418QDBVRQ1 Active Production SOT-23 (DBV) | 5 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 150 23MF
TPS78418QDBVRQ1.A Active Production SOT-23 (DBV) | 5 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 150 23MF
TPS78418QWDRBRQ1 Active Production SON (DRB) | 8 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 150 8418WQ
TPS78418QWDRBRQ1.A Active Production SON (DRB) | 8 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 150 8418WQ
TPS78425BQWDRBRQ1 Active Production SON (DRB) | 8 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 150 8425BQ
TPS78425BQWDRBRQ1.A Active Production SON (DRB) | 8 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 150 8425BQ
TPS78425QDBVRQ1 Active Production SOT-23 (DBV) | 5 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 150 23NF
TPS78425QDBVRQ1.A Active Production SOT-23 (DBV) | 5 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 150 23NF
TPS78425QWDRBRQ1 Active Production SON (DRB) | 8 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 150 8425WQ
TPS78425QWDRBRQ1.A Active Production SON (DRB) | 8 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 150 8425WQ
TPS78428QDBVRQ1 Active Production SOT-23 (DBV) | 5 3000 | LARGE T&R Yes NIPDAU | SN Level-1-260C-UNLIM -40 to 150 230F
TPS78428QDBVRQ1.A Active Production SOT-23 (DBV) | 5 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 150 230F
TPS78429QDBVRQ1 Active Production SOT-23 (DBV) | 5 3000 | LARGE T&R Yes NIPDAU | SN Level-1-260C-UNLIM -40 to 150 23PF
TPS78429QDBVRQ1.A Active Production SOT-23 (DBV) | 5 3000 | LARGE T&R Yes SN Level-1-260C-UNLIM -40 to 150 23PF
TPS78430QDBVRQ1 Active Production SOT-23 (DBV) | 5 3000 | LARGE T&R Yes NIPDAU | SN Level-1-260C-UNLIM -40 to 150 23QF
TPS78430QDBVRQ1.A Active Production SOT-23 (DBV) | 5 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 150 23QF
TPS78430QWDRBRQ1 Active Production SON (DRB) | 8 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 150 8430WQ
TPS78430QWDRBRQ1.A Active Production SON (DRB) | 8 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 150 8430WQ
TPS78433BQWDRBRQ1 Active Production SON (DRB) | 8 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 150 8433BQ
TPS78433BQWDRBRQ1.A Active Production SON (DRB) | 8 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 150 8433BQ
TPS78433QDBVRQ1 Active Production SOT-23 (DBV) | 5 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 150 23RF
TPS78433QDBVRQ1.A Active Production SOT-23 (DBV) | 5 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 150 23RF
TPS78433QWDRBRQ1 Active Production SON (DRB) | 8 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 150 8433WQ
TPS78433QWDRBRQ1.A Active Production SON (DRB) | 8 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 150 8433WQ
TPS78450QDBVRQ1 Active Production SOT-23 (DBV) | 5 3000 | LARGE T&R Yes NIPDAU | SN Level-1-260C-UNLIM -40 to 150 2BIF
TPS78450QDBVRQ1.A Active Production SOT-23 (DBV) | 5 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 150 2BIF
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Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
(1) %) @3) Ball material Peak reflow (6)
4 (©)]
TPS78450QWDRBRQ1 Active Production SON (DRB) | 8 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 150 8450WQ
TPS78450QWDRBRQ1.A Active Production SON (DRB) | 8 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 150 8450WQ

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

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

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

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

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

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

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

Important Information and Disclaimer:The information provided on this page represents Tl'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 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.
OTHER QUALIFIED VERSIONS OF TPS784-Q1 :

o Catalog : TPS784

NOTE: Qualified Version Definitions:
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o Catalog - Tl's standard catalog product
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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
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*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)
TPS78401BQWDRBRQ1| SON DRB 8 3000 330.0 12.4 3.3 3.3 1.1 8.0 12.0 Q3
TPS78401QDBVRQ1 | SOT-23 | DBV 5 3000 180.0 8.4 3.2 3.2 14 4.0 8.0 Q3
TPS78401QWDRBRQ1 SON DRB 8 3000 330.0 12.4 3.3 3.3 1.1 8.0 12.0 Q3
TPS784075QWDRBRQ1 SON DRB 8 3000 330.0 12.4 3.3 3.3 1.1 8.0 12.0 Q3
TPS784085BQWDRBRQ1| SON DRB 8 3000 330.0 12.4 3.3 3.3 1.1 8.0 12.0 Q3
TPS78408BQWDRBRQ1| SON DRB 8 3000 330.0 12.4 33 3.3 11 8.0 12.0 Q3
TPS78408QDBVRQ1 SOT-23 DBV 5 3000 180.0 8.4 3.2 3.2 1.4 4.0 8.0 Q3
TPS78408QDBVRQ1 SOT-23 DBV 5 3000 180.0 8.4 3.2 3.2 1.4 4.0 8.0 Q3
TPS784105QWDRBRQ1 SON DRB 8 3000 330.0 12.4 3.3 3.3 1.1 8.0 12.0 Q3
TPS78410QWDRBRQ1 SON DRB 8 3000 330.0 12.4 33 3.3 11 8.0 12.0 Q3
TPS78411QWDRBRQ1 SON DRB 8 3000 330.0 12.4 3.3 3.3 1.1 8.0 12.0 Q3
TPS78412BQWDRBRQ1| SON DRB 8 3000 330.0 12.4 3.3 3.3 1.1 8.0 12.0 Q3
TPS78412QDBVRQ1 SOT-23 DBV 5 3000 180.0 8.4 3.2 3.2 1.4 4.0 8.0 Q3
TPS78412QDBVRQ1 | SOT-23 | DBV 5 3000 180.0 8.4 3.2 3.2 14 4.0 8.0 Q3
TPS78412QWDRBRQ1 SON DRB 8 3000 330.0 12.4 3.3 3.3 1.1 8.0 12.0 Q3
TPS78415QDBVRQ1 SOT-23 DBV 5 3000 180.0 8.4 3.2 3.2 1.4 4.0 8.0 Q3
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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)
TPS78415QWDRBRQ1 SON DRB 8 3000 330.0 12.4 3.3 3.3 1.1 8.0 12.0 Q3
TPS78417QDBVRQ1 | SOT-23 | DBV 5 3000 180.0 8.4 3.2 3.2 14 4.0 8.0 Q3
TPS78417QDBVRQ1 SOT-23 DBV 5 3000 180.0 8.4 3.2 3.2 1.4 4.0 8.0 Q3
TPS78418BQWDRBRQ1| SON DRB 8 3000 330.0 12.4 3.3 3.3 1.1 8.0 12.0 Q3
TPS78418QDBVRQ1 SOT-23 DBV 5 3000 180.0 8.4 3.2 3.2 1.4 4.0 8.0 Q3
TPS78418QDBVRQ1 | SOT-23 | DBV 5 3000 180.0 8.4 3.2 3.2 14 4.0 8.0 Q3
TPS78418QWDRBRQ1 SON DRB 8 3000 330.0 12.4 3.3 3.3 1.1 8.0 12.0 Q3
TPS78425BQWDRBRQ1| SON DRB 8 3000 330.0 12.4 3.3 3.3 1.1 8.0 12.0 Q3
TPS78425QDBVRQ1 SOT-23 DBV 5 3000 180.0 8.4 3.2 3.2 1.4 4.0 8.0 Q3
TPS78425QDBVRQ1 | SOT-23 | DBV 5 3000 180.0 8.4 3.2 3.2 14 4.0 8.0 Q3
TPS78425QWDRBRQ1 SON DRB 8 3000 330.0 12.4 3.3 3.3 1.1 8.0 12.0 Q3
TPS78428QDBVRQ1 SOT-23 DBV 5 3000 180.0 8.4 3.2 3.2 1.4 4.0 8.0 Q3
TPS78429QDBVRQ1 SOT-23 DBV 5 3000 180.0 8.4 3.2 3.2 1.4 4.0 8.0 Q3
TPS78430QDBVRQ1 | SOT-23 | DBV 5 3000 180.0 8.4 3.2 3.2 14 4.0 8.0 Q3
TPS78430QWDRBRQ1 SON DRB 8 3000 330.0 12.4 3.3 3.3 1.1 8.0 12.0 Q3
TPS78433BQWDRBRQ1| SON DRB 8 3000 330.0 12.4 3.3 3.3 1.1 8.0 12.0 Q3
TPS78433QDBVRQ1 SOT-23 DBV 5 3000 180.0 8.4 3.2 3.2 1.4 4.0 8.0 Q3
TPS78433QDBVRQ1 | SOT-23 | DBV 5 3000 180.0 8.4 3.2 3.2 14 4.0 8.0 Q3
TPS78433QWDRBRQ1 SON DRB 8 3000 330.0 12.4 3.3 3.3 1.1 8.0 12.0 Q3
TPS78450QDBVRQ1 SOT-23 DBV 5 3000 180.0 8.4 3.2 3.2 1.4 4.0 8.0 Q3
TPS78450QWDRBRQ1 SON DRB 8 3000 330.0 12.4 3.3 3.3 1.1 8.0 12.0 Q3
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*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPS78401BQWDRBRQ1 SON DRB 8 3000 367.0 367.0 35.0
TPS78401QDBVRQ1 SOT-23 DBV 5 3000 210.0 185.0 35.0
TPS78401QWDRBRQ1 SON DRB 8 3000 367.0 367.0 35.0
TPS784075QWDRBRQ1 SON DRB 8 3000 367.0 367.0 35.0
TPS784085BQWDRBRQ1 SON DRB 8 3000 367.0 367.0 35.0
TPS78408BQWDRBRQ1 SON DRB 8 3000 367.0 367.0 35.0
TPS78408QDBVRQ1 SOT-23 DBV 5 3000 210.0 185.0 35.0
TPS78408QDBVRQ1 SOT-23 DBV 5 3000 210.0 185.0 35.0
TPS784105QWDRBRQ1 SON DRB 8 3000 367.0 367.0 35.0
TPS78410QWDRBRQ1 SON DRB 8 3000 367.0 367.0 35.0
TPS78411QWDRBRQ1 SON DRB 8 3000 367.0 367.0 35.0
TPS78412BQWDRBRQ1 SON DRB 8 3000 367.0 367.0 35.0
TPS78412QDBVRQ1 SOT-23 DBV 5 3000 210.0 185.0 35.0
TPS78412QDBVRQ1 SOT-23 DBV 5 3000 210.0 185.0 35.0
TPS78412QWDRBRQ1 SON DRB 8 3000 367.0 367.0 35.0
TPS78415QDBVRQ1 SOT-23 DBV 5 3000 210.0 185.0 35.0
TPS78415QWDRBRQ1 SON DRB 8 3000 367.0 367.0 35.0
TPS78417QDBVRQ1 SOT-23 DBV 5 3000 210.0 185.0 35.0
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Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPS78417QDBVRQ1 SOT-23 DBV 5 3000 210.0 185.0 35.0
TPS78418BQWDRBRQ1 SON DRB 8 3000 367.0 367.0 35.0
TPS78418QDBVRQ1 SOT-23 DBV 5 3000 210.0 185.0 35.0
TPS78418QDBVRQ1 SOT-23 DBV 5 3000 210.0 185.0 35.0
TPS78418QWDRBRQ1 SON DRB 8 3000 367.0 367.0 35.0
TPS78425BQWDRBRQ1 SON DRB 8 3000 367.0 367.0 35.0
TPS78425QDBVRQ1 SOT-23 DBV 5 3000 210.0 185.0 35.0
TPS78425QDBVRQ1 SOT-23 DBV 5 3000 210.0 185.0 35.0
TPS78425QWDRBRQ1 SON DRB 8 3000 367.0 367.0 35.0
TPS78428QDBVRQ1 SOT-23 DBV 5 3000 210.0 185.0 35.0
TPS78429QDBVRQ1 SOT-23 DBV 5 3000 210.0 185.0 35.0
TPS78430QDBVRQ1 SOT-23 DBV 5 3000 210.0 185.0 35.0
TPS78430QWDRBRQ1 SON DRB 8 3000 367.0 367.0 35.0
TPS78433BQWDRBRQ1 SON DRB 8 3000 367.0 367.0 35.0
TPS78433QDBVRQ1 SOT-23 DBV 5 3000 210.0 185.0 35.0
TPS78433QDBVRQ1 SOT-23 DBV 5 3000 210.0 185.0 35.0
TPS78433QWDRBRQ1 SON DRB 8 3000 367.0 367.0 35.0
TPS78450QDBVRQ1 SOT-23 DBV 5 3000 210.0 185.0 35.0
TPS78450QWDRBRQ1 SON DRB 8 3000 367.0 367.0 35.0
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PACKAGE OUTLINE
DBVOOO5A SOT-23 - 1.45 mm max height

SMALL OUTLINE TRANSISTOR

PIN 1—]
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4214839/K 08/2024

NOTES:

[N

. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.

. This drawing is subject to change without notice.

. Refernce JEDEC MO-178.

. Body dimensions do not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not
exceed 0.25 mm per side.

. Support pin may differ or may not be present.

AOWN

)]

INSTRUMENTS
www.ti.com



EXAMPLE BOARD LAYOUT
DBVOOO5A SOT-23 - 1.45 mm max height

SMALL OUTLINE TRANSISTOR
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SOLDER MASK DETAILS

4214839/K 08/2024

NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.
7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.

INSTRUMENTS
www.ti.com




EXAMPLE STENCIL DESIGN
DBVOOO5A SOT-23 - 1.45 mm max height

SMALL OUTLINE TRANSISTOR

PKG
—= BX(L1) = ¢

1 1l % | |
5
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SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL
SCALE:15X

(RO.05) TYP

4214839/K 08/2024

NOTES: (continued)

8. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
9. Board assembly site may have different recommendations for stencil design.
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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.

4203482/L
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PACKAGE OUTLINE
DRB0008J VSON - 1 mm max height
PLASTIC QUAD FLAT PACK- NO LEAD
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NOTES:

1. Alllinear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.

2. This drawing is subject to change without notice.

3. The package thermal pad must be soldered to the printed circuit board for optimal thermal and mechanical performance.
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EXAMPLE BOARD LAYOUT
DRB0008J VSON - 1 mm max height
PLASTIC QUAD FLAT PACK- NO LEAD
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DEFINED DEFINED
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SOLDER MASK DETAILS 4225036/A. 06/2019

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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DRBO0008J

EXAMPLE STENCIL DESIGN

VSON - 1 mm max height

PLASTIC QUAD FLAT PACK- NO LEAD
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NOTES: (continued)

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