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4 Pin Configuration and Functions
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PG [9)! E@NC 112[T3[T4[ 5] 67
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B 4-1. RGW Package, 20-Pin VQFN (Top View) 4-2. KTW Package (Legacy Chip), 7-Pin DDPAK/
TO-263 (Top View)

INITI - THgjouT
N[z 15| out
PG 3 |ThermalI gl
=-'| Pad | o
BIAS [4] | [ i7]ss
ENI5I1_ _ _ _i6|GND

EJ 4-3. DRC Package, 10-Pin VSON With Thermal Pad (Top View)

R 4-1. Pin Functions

PIN
NAME DDPAK/TO-263 | VQFN VSON

TYPE DESCRIPTION

Bias input voltage for error amplifier, reference, and internal control

BIAS 6 10 4 L
circuits.
Enable pin. Driving this pin high enables the regulator. Driving this pin
EN 7 11 5 low puts the regulator into shutdown mode. This pin must not be left
floating.
This pin is the feedback connection to the center tap of an external
FB 2 16 8 resistor divider network that sets the output voltage. This pin must not
be left floating.
GND 4 12 6 — Ground
IN 5 56,7,8 1,2 Unregulated input to the device.
NG . 2,3,4,13, . . No connection. This pin can be left floating or connected to GND to
14,17 allow better thermal contact to the top-side plane.
ouT 3 1,18, 19, 9 10 o Regulated output voltage. A small capacitor (total typical capacitance
20 ’ = 2.2pF, ceramic) is needed from this pin to ground to assure stability.

Power-good (PG) is an open-drain, active-high output that indicates the
status of Voyt. When Vot exceeds the PG trip threshold, the PG pin
goes into a high-impedance state. When Vg is below this threshold
PG — 9 3 O the pin is driven to a low-impedance state. A pullup resistor from 10kQ
to 1MQ must be connected from this pin to a supply up to 5.5V. The
supply can be higher than the input voltage. Alternatively, the PG pin
can be left floating if output monitoring is not necessary.

Soft-start pin. A capacitor connected on this pin to ground sets the start-
SS 1 15 7 — up time. If this pin is left floating, the regulator output soft-start ramp
time is typically 100us.

Thermal Pad — Solder to the ground plane for increased thermal performance.
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5 Specifications

5.1 Absolute Maximum Ratings
over operating temperature range (unless otherwise noted)(")

MIN MAX UNIT

VIN» VBIAS Input voItage -0.3 6 Vv
VEN Enable voltage -0.3 6 V
Vpg Power-good voltage -0.3 6 Vv
lpg PG sink current 0 1.5 mA
Vss Soft-start voltage -0.3 6 \%
Veg Feedback voltage 03 6 \Y
Vour Output voltage -0.3 ViN+0.3 \Y
lout Maximum output current Internally limited

Output short-circuit duration Indefinite
Ppiss Continuous total power dissipation See Thermal Information
T, Junction Temperature -40 150 e
Tstg Storage Temperature -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.

5.2 ESD Ratings

VALUE UNIT
Human body model (HBM), per ANSI/ESDA/JEDEC JS-001, all pins(!) +2000
V(esp) Electrostatic 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.

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

MIN NOM MAX UNIT
Vin Input supply voltage Vout * Voo 55 Y
(Vin)
VEN Enable supply voltage 5.5 \%
Veias M | BIAS supply voltage Vour * VE(’g) 5.5 \Y
(Vaias)

Vout Output voltage 0.8 3.6 \%
lout Output current 0 A
Cout Output capacitor 2.2 uF
Cin Input capacitor(® 1 uF
Cgias Bias capacitor 0.1 1 uF
T, Operating junction temperature —40 125 °C

(1)  BIAS supply is required when Vy is below Vgoyt + 1.62 V.

(2) Vpgas has a minimum voltage of 2.7 V or Voyt + Vpo (Vgias), Whichever is higher.

(3) If Viy and Vgjas are connected to the same supply, the recommended minimum capacitor for the supply is 4.7 pF.

4 BEICET BTN (DERRBE Sb) EHE
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5.4 Thermal Information

TPS749
THERMAL METRIC() (\?S::l) RGW (VQFN) (ng’gm DRC (vson) | PRE(YSON) |y
20 PINS 20 PINS 7 PINS 10 PINS 10 PINS
Resa Junction-to-ambient thermal resistance 38.1 34.7 33.8 481 47.2 °C/IW
RaJctop) |Junction-to-case (top) thermal resistance 36.3 31 35.9 60.3 63.7 °C/W
Rgys Junction-to-board thermal resistance 17.5 13.5 25 224 19.5 °C/W
Wyt Junction-to-top characterization parameter 0.7 1.4 6 1.0 4.2 °C/W
Wi Junction-to-board characterization parameter 17.6 13.5 23.6 22.6 19.4 °C/W
ReJc(bot) |Junction-to-case (bottom) thermal resistance 6.2 3.6 N/A 43 3.3 °C/W

M
@

report.

New Chip.

5.5 Electrical Characteristics

at VEN =11 V, VlN = VOUT +0.3 V, CBlAS =0.1 |JF, ClN = COUT =10 UF, CNR =1 nF, IOUT =50 mA, VBlAS =50 V, and TJ = -
40°C to 125°C, (unless otherwise noted); typical values are at T; = 25°C

For more information about traditional and new thermal metrics, see the Semiconductor and IC package thermal metrics application

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
VRer Internal reference (Adj.) Tp=+25°C 0.798 0.802 0.806 \%
Vout Output voltage range ViN =5V, oyt = 3A VREr 3.6 \%
Vour + 2.2V < Vgas <5.5 V,
50mA < lgyt < 3A (Legacy -2 +0.5 2
Accuracy (RGW and SON Chip)
packages)()
v Vout + 2.2V € Vgias < 5.5V, P 03 1 %
out 50mA < loyt < 3A (New Chip) =
Vout + 2.4V € Vgias < 5.5V,
Accuracy (KTW package)(" |50mA < gyt < 3A (Legacy -2 +0.5 2
Chip Only)
VOUT(nom) +0.3< VIN <55V 0.03
. . (Legacy Chip) ’
AVoyutavin Line regulation %IV
( )
VOUT(nom) +0.3< VIN <55V 0.001
(New Chip) '
AVOUT(AIOUT) Load regulation 50mA < gyt < 3A 0.09 %IA
lout = 3A, VBias — VouT(nom) 2
3.25V() (Legacy Chip) 120 280
V|n dropout voltage® mV
lout = 3A, Vias — VouT(nom) 2 120 200
v 3.25V() (New Chip)
DO
lout = 3A, VN = Vias 1.31 1.75
(Legacy Chip) ’ '
Vgias dropout voltage(® \%
lout = 3A, V|N = Vgjas (New 145 16
Chip) : :
Vout = 80% % Vout(nom),
3.9 4.6 5.5
RGW Package
leL Current limit v 0% 9 v A
ouT = 0 X VouT(nom)
KTW Package 38 4.6 55
Legacy Chip 1 2
Igias BIAS pin current mA
New Chip 1 1.2
ISHDN VgN £ 0.4V (Legacy Chip) 1 50
Shutdown supply current A
ISHDN (smart | (Ignp) Ven = 0.4V, Viy = Vijas = 0.85 275 H
enable ) 5.5V (New Chip)
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5.5 Electrical Characteristics (¥tX)
at VEN =1.1 V, VIN = VOUT +0.3 V, CBIAS =0.1 UF, CIN = COUT =10 IJF, CNR =1 nF, lOUT =50 mA, VBIAS =50 V, and TJ =-—

40°C to 125°C, (unless otherwise noted); typical values are at T; = 25°C

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Legacy Chi -1 0.15 1 A
Ik Feedback pin current gacy ~hip H
New Chip -30 0.15 30 nA
1 kHZ, IOUT = 15A, VIN =18
_— - 60
Power-supply rejection (Vyy to | V» Vour = 1.5V 4B
VOUT) 300 kHZ, IOUT = 15A, VIN = 30
18V, VOUT =15V
1kHZ, IOUT = 15A, VIN = 18V, 50
VOUT =1.5V (Legacy Chlp)
PSRR 1kHz, louT = 1.5A, VN = 1.8V, 57
X X Vour = 1.5V (New Chlp)
Power-supply rejection (Vgjas dB
to VOUT) 300kHz, IOUT =15A, V=
1.8V, Vout = 1.5V (Legacy 30
Chip)
300kHz, IOUT =15A, V= 49
1.8V, Vout = 1.5V (New Chip)
BW = 100Hz to 100kHz, loyt
= 3A, Cgs = 1nF (Legacy 25
) Chip)
Vi Output noise voltage puVrms x Vout
BW = 100 Hz to 100 kHz,
lout = 3A, Css = 1nF (New 20
Chip)
Rioap for lout = 1A, Css = 200
open (Legacy Chip)
tsTrR Minimum start-up time us
Rioap for lout = 1A, Css = 250
open (New Chip)
Vgs = 0.4V (Legacy Chi 440
Iss Soft-start charging current SS (Legacy - P) nA
Vss = 0.4V (New Chip) 530
VEN(hi) Enable input high level 1.1 55 \%
VEN(l0) Enable input low level 0 0.4 \%
VEN(hys) Enable pin hysteresis 50 mV
VEN(dg) Enable pin deglitch time 20 us
Ven = 5V (Legacy Chi 0.1 1
len Enable pin current EN (Legacy Chip) HA
Ven = 5V (New Chip) 0.1 0.25
Vit PG trip threshold Vout decreasing 85 90 94
- - %Vour
Vhys PG trip hysteresis 3
Ipg = 1mMA (sinking), Vour < 0.3
V1 (Legacy Chip) '
) PG output low voltage — \Y
Ipg = 1mA (sinking), Vour < 0.12
V|1 (New Chip) '
Vpg = 5.25V, Vout > Vit 0.1 1
(Legacy Chip) '
IpG(ikg) PG leakage current HA
VPG = 525V, VOUT > VIT (New
; 0.001 0.05
Chip)
Operating junction o
T temperature —40 125 ¢
Shutdown, temperature 165
Thermal shutdown increasing 0
temperature Reset, temperature 140
decreasing

6 BRHCT BT — RS2 (DA RBE bt B
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5.5 Electrical Characteristics (¥tX)

at VEN =11V, VIN = VOUT +0.3YV, CBIAS =01 UF, CIN = COUT =10 IJF, CNR =1 nF, lOUT =50 mA, VBIAS =50V, and TJ =-
40°C to 125°C, (unless otherwise noted); typical values are at T; = 25°C
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

ReuLLbown ‘ Vgias =5V, Ven =0V 0.83 kQ

(1) Adjustable devices tested at 0.8 V; resistor tolerance is not taken into account.
(2) Dropout is defined as the voltage from V |\ to Voyt when Vgyr is 3% below nominal.
(3) 3.25Vis a test condition of this device and can be adjusted by referring to Figure 5-11.
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5.6 Typical Characteristics: loyt = 50mA

at Ty =25°C, ViN = Voutnomy + 0.3V, Vijas = 5V, loyt = 50mA, Ven = VN, Cin = 1WF, Cgias = 4.7uF, and Coyt = 10pF
(unless otherwise noted)

0.20
0.01
0.15
0.0075
— 010
g -40°C __ 0005
5 0.05 ¥ g
D T — £ 0.0025
£ 0 4 T = 0 ]
o +25°C +125°C £
2 -0.05 o
& £ -0.0025
© oot 5
-0.005
-0.15 Temperature
-0.0075 [ — -s5°C o°c 85°C —— 150°C
-0.20 — -40°C 25°C — 125°C
-0.01
5 10 15 20 2. : 5 40 4. X
0 05 10 15 20 25 30 35 40 45 50 0 05 1 15 2 25 3 35 4 45 5 55
Vin = Vour (V) Vin - Vour (V)
Legacy chip New chip
5-1. Vjy Line Regulation 5-2. V|y Line Regulation
0.5
0.025
0.4
0.02
0.3
E o2 0.015
x .
9’5 04 —40°C g ool
S 5 0.005
c 0 s
) ? c 0f——-
2 -0.1 N w 9
5 [ +i2s°C +25°C S 0.005
5 -0.2 [}
(@] . <
5 001
-0.3
0.015
04 — 55°C — 0°C 85°C —— 150°C
-0.02 -
-05 — -40°C 25°C — 125°C
-0.025
. 1. 1. 2. 2. : . X
05 0 ° 0 5 80 85 40 15 2 25 3 35 4 45 5 55
Veias — Vour (V) Veias - Vour (V)
Legacy chip New chip
5-3. Vgjas Line Regulation 5-4. Vgjas Line Regulation
1.0
0.01
08 0.005
9
< 06 A 0
5 \\_40°c g
> 5
c 04 / 3 -0.005
5 W +2/5°c +12/5°C ;, oot
s 02 2
ey
o / «
\\\L / S 0015
° \ V/ 0.02
V02— s50C 0°C 85°C —— 150°C
-0.2 — -40°C 25°C — 125°C
-0.025
1 2 4
0 0 0 %0 0 %0 0 10 20 30 40 50
lour (MA) Output Current (mA)
Legacy chip New chip
5-5. Load Regulation at Light Load 5-6. Load Regulation at Light Load
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5.6 Typical Characteristics: loyT = 50mA (continued)

at Ty =25°C, ViN = Voutnomy + 0.3V, Vijas = 5V, loyt = 50mA, Ven = VN, Cin = 1WF, Cgias = 4.7uF, and Coyt = 10pF
(unless otherwise noted)

05
0.01
0.4 -
03 -40°C 0.005
< 02 +25°C
L 0.
= [ 3 0 — —
3 o1 —""_A‘: g
: [
Z — T 3 -0.005
£ L >
o | _——T | £
g 01— g -001
5 -0.2 5
© +125°C 5 _0.015
-0.3
04 0.02) __ s5c o°c 85°C —— 150°C
05 — -40°C 25°C — 125°C
-0.025
. 1. 1. 2. 2. X
0 05 0 ° 0 ° 30 02 04 06 08 1 12 1415
lout (A) Output Current (A)
Legacy chip New chip
5-7. Load Regulation 5-8. Load Regulation
180
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E 120 2 7 .
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5.6 Typical Characteristics: loyT = 50mA (continued)

at Ty =25°C, ViN = Voutnomy + 0.3V, Vijas = 5V, loyt = 50mA, Ven = VN, Cin = 1WF, Cgias = 4.7uF, and Coyt = 10pF
(unless otherwise noted)

20
2200 - LTI
— 55°C o°Cc 85°C —— 150°C @ 80
2,000 | — -40°C — 25°C — 125°C 2 lour =01A| | loyr =1.5A
-% 70
1,800 € ~ ERVIA
= s T % A
8 1,600 3 50 \re
o] Q2 \*|
s : | N&
S 1,400 o 40
3 [I— z lour = 0.5A
2 1,200 e — S 30
8 ////’/ @ Vi = 1.8V
1,000 /.Z a; 20 Vour = 1.2V
S 10 | Veias =5V
800 . Cgs = 1nF
600 0
o 025 05 Py ] 125 15 10 100 1k 10k 100k 1™ 10M
Output Current (A) Frequency (Hz)
New chip Legacy chip
5-13. Vgjas Dropout Voltage vs loyt and Temperature (T,) 5-14. Vgas PSRR vs Frequency
90
) .
@ 80
o 80 T
S Idut 5 001 Al H 2 70
2 70 er W s BT T lour = 100mA
2 6o lour 305 A - g 60 ‘
S TN w / 5 50 N | loyr = 500mA
3 50 i S N (
¢ 40 \-‘& R \‘\ A /ﬁ\\
> ‘ 2 4 AN N\
& =H =] Q\ A ‘\
2 30 . 3 J \ {
0 v 20 _ v g N
2 2 uneter LA
H £ 10 out = - ‘\/ N N -
a 10 Vin=1.8V,Vour=12V,Vegas=5V,Css=1nF Cgg = 1nF loyr = 1500mA I = 300mMAT]
— lour=0.1A lour=05A — loyr=1.5A 0 R N QUL
0
10 0 ” Tox 100K " oM 10 100 1k 10k 100k ™M 10M
Frequency (Hz) Frequency (Hz)
New chip Legacy chip
5-15. Vgjas PSRR vs Frequency 5-16. V\y PSRR vs Frequency
90
100 _ Vour = 1.2V
oo | LHilour=0 _ lodr=0.5 A @ 80 [ lour=15A
@ 7|/ lour F|0:8/A o 70 Css = 1nF
e 80 ezt T T 1kHz
] p: =g et o —
& 7ol T -‘H.R ] \,\ s
§ 60| N i S 50 10kHz
3 50 T Hil|lourr 7 @" RN g / ‘
T M= A 40 i
o out N N >
. 500kHz
g w0 i & a0 —
] :OUT=8';2 g 20 / / — 100ktz
[} out = U.
g 20 lour = 0.5A gg_ 10 /’/ /|
o 4ol lour=1A
— lour = 1.5A 0
0
25 0. 75 1.00 1.25 150 1.75 2. .
10 100 1k 10k 100k M 10M 0 025 050 075100 125 150 1.75 200 225
Frequency (Hz) Vin - Vour (V)
New chip Legacy chip
5-17. VlN PSRR vs Frequency 5-18. VIN PSRR vs (VIN - VOUT)
10 BHEHZBTT 57— RN 2 (ZE R RRB G PY) &35 Copyright © 2024 Texas Instruments Incorporated

Product Folder Links: TPS74901
English Data Sheet: SBVS082


https://www.ti.com/product/jp/tps74901?qgpn=tps74901
https://www.ti.com/jp/lit/pdf/JAJS247
https://www.ti.com/jp
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJS247K&partnum=TPS74901
https://www.ti.com/product/jp/tps74901?qgpn=tps74901
https://www.ti.com/lit/pdf/SBVS082

13 TEXAS
INSTRUMENTS

www.ti.com/ja-jp

TPS74901
JAJS247K — JUNE 2007 — REVISED JUNE 2024

5.6 Typical Characteristics: loyT = 50mA (continued)

at Ty =25°C, ViN = Voutnomy + 0.3V, Vijas = 5V, loyt = 50mA, Ven = VN, Cin = 1WF, Cgias = 4.7uF, and Coyt = 10pF

(unless otherwise noted)
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5.6 Typical Characteristics: loyT = 50mA (continued)
at T, = 25°C, V|y = Vout(nom) * 0.3V, Vpias = 5V, loyt = 50mA, Ve = VN, Cin = 1UF, Cgias = 4.7uF, and Coyt = 10pF

(unless otherwise noted)

500
1.2
475
1.1
. 450
< = = 425 I
[
E 09 z
< < 400
2 o8 2
3 -_
(8} 375
2 07
@ 350
0.6
325
0.5| — -55°C 0°C 85°C —— 150°C
— -40°C 25°C — 125°C 300
0.4 _ _
5 a5 3 35 . 5 55 50 25 0 25 50 75 100 125
Vaias (V) Junction Temperature (°C)
New chip Legacy chip
5-25. BIAS Pin Current vs Vgjas and Temperature (T,) 5-26. Soft-Start Charging Current (Iss) vs Temperature (T})
1.0
550
0.9
540 s 08
T——
\ o .
530 s g o7
520 S
= 06
510 ol
—_ o
< - 05
< 500 2
3 g 04
= 490 L
& 03
480 >6, 02
470 04
460 0
450 0 2 4 6 8 10 12
50 25 0 25 50 75 100 125 150
Temperature (°C) PG Current (mA)
New chip Legacy chip
5-27. Soft-Start Charging Current (Iss) vs Temperature (T}) 5-28. Low-Level PG Voltage vs Current
5.0 ‘
05 -40°C
0.45 45 \
S o4 40
() i —
g < / /‘——+125°c
£ 035 = 35
s E IN
-
e 2 20 [
o s 1050
g 025 £ 25
] (@]
z 0.2 20 / Drive capability of output FET limits |
4 ’ lout When Vigag - Vour is under 2.0V.
3 015
= 1.5 : i i ‘ |
Il [T Do
1.0 ‘
0.05
1. 1. 2. 2. . . 4, 4, X
1 15 2 25 3 35 4 45 5 0 ° 0 5 3035 0 > 50
PG Current (mA) Veias = Vour (V)
New chip Legacy chip
5-29. Low-Level PG Voltage vs Current 5-30. Current Limit vs (Vgjas — Vour)

12

BHEHZBTT 57— o2 (DB R B BPE) 315

Product Folder Links: TPS74901

Copyright © 2024 Texas Instruments Incorporated

English Data Sheet: SBVS082


https://www.ti.com/product/jp/tps74901?qgpn=tps74901
https://www.ti.com/jp/lit/pdf/JAJS247
https://www.ti.com/jp
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJS247K&partnum=TPS74901
https://www.ti.com/product/jp/tps74901?qgpn=tps74901
https://www.ti.com/lit/pdf/SBVS082

13 TEXAS
INSTRUMENTS TPS74901

www.ti.com/ja-jp JAJS247K — JUNE 2007 — REVISED JUNE 2024

5.6 Typical Characteristics: loyT = 50mA (continued)

at T, = 25°C, V|y = Vout(nom) * 0.3V, Vpias = 5V, loyt = 50mA, Ve = VN, Cin = 1UF, Cgias = 4.7uF, and Coyt = 10pF
(unless otherwise noted)
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5-31. Current Limit vs (Vgjas — Vour)
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5.7 Typical Characteristics: loyt1=1A

at TJ =25°C, VIN = VOUT(NOM) + 0.3V, VBIAS =5V, lOUT =1A, VEN = VIN =1.8V, VOUT =1.5Yy, CIN = 1HF, CBIAS = 47|JF, and

Cout = 10pF (unless otherwise noted)
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5.7 Typical Characteristics: loyt = 1 A (continued)

at TJ =25°C, VIN = VOUT(NOM) + 0.3V, VBIAS =5V, lOUT =1A, VEN = VIN =1.8V, VOUT =1.5Yy, CIN = 1HF, CBIAS = 47|JF, and
Cout = 10pF (unless otherwise noted)
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5-40. Power-Up and Power-Down 5-41. Power-Up, Power-Down
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6 Detailed Description
6.1 Overview

The TPS74901 is a low-dropout (LDO) regulator that features soft-start capabilities. This regulator uses a low-
current bias input to power all internal control circuitry, allowing the NMOS pass transistor to regulate very-low
input and output voltages.

Using an NMOS pass transistor offers several critical advantages for many applications. Unlike a p-channel
metal-oxide-semiconductor field effect transistor (PMOS) topology device, the output capacitor has little effect on
loop stability. This architecture allows the TPS74901 to be stable with any capacitor with a value of 2.2uF or
greater. Transient response is also superior to PMOS topologies, particularly for low V,y applications.

The TPS74901 features a programmable voltage-controlled soft-start circuit that provides a smooth, monotonic
start-up and limits start-up inrush currents that can be caused by large capacitive loads. A power-good (PG)
output is available to allow supply monitoring and sequencing of other supplies. An enable (EN) pin with
hysteresis and deglitch allows slow-ramping signals to be used for sequencing the device. The low V |y and Voyt
capability allows for inexpensive, easy-to-design, and efficient linear regulation between the multiple supply
voltages often present in processor-intensive systems.

6.2 Functional Block Diagrams

Current . ouT
IN O Limit li]_ O Vour
T 830
BIAS O [ uvLO I §
I |
Thermal
+ 0.44 pA Limit % R

ss RN —
s + &

C —

ss +
I Soft-Start - >
= A 0.8-V / —_
Discharge Reference = FB
- '
= — —O PG
Hysteresis J
EN O and Deglitch i % R,
+ — —_—
0.9 X Vger - -
GND
6-1. Legacy Chip Functional Block Diagram
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EJ 6-2. New Chip Functional Block Diagram

6.3 Feature Description
6.3.1 Enable and Shutdown

The enable (EN) pin is active high and is compatible with standard digital-signaling levels. Vgy below 0.4V turns
the regulator off and Vgy above 1.1V turns the regulator on. Unlike many regulators, the enable circuitry has
hysteresis and deglitching for use with relatively slowly ramping analog signals. This configuration allows the
TPS74901 to be enabled by connecting the output of another supply to the EN pin. The enable circuitry typically
has 50mV of hysteresis and a deglitch circuit to help avoid ON-OFF cycling because of small glitches in the Vgy
signal.

The enable threshold is typically 0.8V and varies with temperature and process variations. Temperature variation
is approximately —1mV/°C; process variation accounts for most of the rest of the variation to the 0.4V and 1.1V
limits. If precise turn-on timing is required, a fast rise-time signal must be used to enable the TPS74901.

If not used, EN can be connected to either IN or BIAS. If EN is connected to IN, then connect EN as close as
possible to the largest capacitance on the input to prevent voltage droops on that line from triggering the enable
circuit.

The TPS749 has an internal active pulldown circuit that connects the output to GND through an 833Q resistor
when the device is disabled. This resistor discharges the output with a time constant of:

833 x Ry,
T—(833+ RL)XCOUT

Copyright © 2024 Texas Instruments Incorporated BN BT T2 71— N2 (D E kO Ad) 225 17

Product Folder Links: TPS74901
English Data Sheet: SBVS082


https://www.ti.com/jp
https://www.ti.com/product/jp/tps74901?qgpn=tps74901
https://www.ti.com/jp/lit/pdf/JAJS247
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJS247K&partnum=TPS74901
https://www.ti.com/product/jp/tps74901?qgpn=tps74901
https://www.ti.com/lit/pdf/SBVS082

13 TEXAS

TPS74901 INSTRUMENTS
JAJS247K — JUNE 2007 — REVISED JUNE 2024 www.ti.comlja-jp
6.3.2 Power-Good

The power-good (PG) pin is an open-drain output and can be connected to any 5.5V or lower rail through an
external pullup resistor. This pin requires at least 1.1V on Vgag to have a valid output. The PG output is high-
impedance when Vgt is greater than V,r + Vyys. If Vourt drops below V1 or if Vgas drops below 1.9V, the
open-drain output turns on and pulls the PG output low. The PG pin also asserts when the device is disabled.
The recommended operating condition of PG pin sink current is up to 1mA, so the pullup resistor for PG must be
in the range of 10kQ to 1MQ. PG is only provided on the VQFN package. If output voltage monitoring is not
needed, the PG pin can be left floating.

6.3.3 Internal Current Limit

The TPS74901 features a factory-trimmed, accurate current limit that is flat over temperature and supply voltage.
The current limit allows the device to supply surges of up to 4A and maintain regulation. The current limit
responds in approximately 10us to reduce the current during a short-circuit fault.

The internal current-limit protection circuitry of the TPS74901 is designed to protect against overload conditions.
This circuitry is not intended to allow operation above the rated current of the device. Continuously running the
TPS74901 above the rated current degrades device reliability.

6.3.4 Thermal Protection

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 enabled.
Depending on power dissipation, thermal resistance, and ambient temperature the thermal protection circuit can
cycle on and off. This cycling limits the dissipation of the regulator, protecting the regulator from damage as a
result of overheating.

Activation of the thermal protection circuit indicates excessive power dissipation or inadequate heat sinking. For
reliable operation, junction temperature must be limited to 125°C maximum. To estimate the margin of safety in a
complete design (including heat sink), increase the ambient temperature until thermal protection is triggered; use
worst-case loads and signal conditions. For good reliability, thermal protection must trigger at least 40°C above
the maximum expected ambient condition of the application. This condition 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 TPS74901 is designed to protect against overload conditions. This circuitry
is not intended to replace proper heat sinking. Continuously running the TPS74901 into thermal shutdown
degrades device reliability.
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6.4 Device Functional Modes

% 6-1 lists the conditions that lead to the different modes of operation.

# 6-1. Device Functional Mode Comparison

PARAMETER
OPERATING MODE
Vin VEN VBias lout T,
V =V + o

Normal mode ViN > VouT(nom) + Vbo (ViIN) | VEN > VEN(high) B\l/AS v out lout < loL Ty<125°C

po(Veias)
Dropout mod Vin < V. +Vpo (Vin) | Ven > Vengi Vaias < Vour * — T,<125°C

ropout mode IN < VouT(nom) * Vpo (ViN) EN > VEN(high) Ve (V. J

po(Veias)
Disabled mode
(any true condition disables VEN < VEN(IOW) Vgias < VBIAS(UVLO) — T,>165°C
the device)

6.4.1 Normal Operation

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

» The input voltage and bias voltage are both at least at the respective minimum specifications
* The enable voltage has previously exceeded the enable rising threshold voltage and has not decreased

below the enable falling threshold

* The output current is less than the current limit
» The device junction temperature is less than the maximum specified junction temperature

6.4.2 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 condition, the output
voltage is the same as the input voltage minus the dropout voltage. The transient performance of the device is
significantly degraded because the pass transistor is in a triode state and no longer controls the current through

the LDO. Line or load transients in dropout can result in large output voltage deviations.

6.4.3 Disabled

The device is disabled under the following conditions:

» The input or bias voltages are below the respective minimum specifications

* The enable voltage is less than the enable falling threshold voltage or has not yet exceeded the enable rising

threshold

* The device junction temperature is greater than the thermal shutdown temperature

Copyright © 2024 Texas Instruments Incorporated

BHEHZBT T 57— o2 (DB R CHB O &) 55

Product Folder Links: TPS74901

19

English Data Sheet: SBVS082


https://www.ti.com/jp
https://www.ti.com/product/jp/tps74901?qgpn=tps74901
https://www.ti.com/jp/lit/pdf/JAJS247
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJS247K&partnum=TPS74901
https://www.ti.com/product/jp/tps74901?qgpn=tps74901
https://www.ti.com/lit/pdf/SBVS082

13 TEXAS
TPS74901 INSTRUMENTS
JAJS247K — JUNE 2007 — REVISED JUNE 2024 www.ti.comlja-jp

7 Application and Implementation

-
AT o7 7V r—variFliz, TI O®-EAERICE N0 TIEeL, Tl TEFO EMEFIdzets
PFEWZLER A, H 2 O B AR 28 OB AEPEIC OV T, BERO B THIKIL T 72Kz
R0FET, BEREITE ORI BEAZMIEL T ANTHZL T, VAT AOEREEZ R T OMLERHVET,

7.1 Application Information
7.1.1 Input, Output, and BIAS Capacitor Requirements

The device is designed to be stable for all available types of and values of output capacitors = 2.2uF. The device
is also stable with multiple capacitors in parallel, which can be of any type or value.

The capacitance required on the IN and BIAS pin strongly depends on the input supply source impedance. To
counteract any inductance in the input, the minimum recommended capacitor for V|5 and Vgjag is 1uF. If V |y and
Vpias are connected to the same supply, the recommended minimum capacitor for Vg\ag is 4.7uF. Good quality,
low-ESR capacitors must be used on the input; ceramic X5R and X7R capacitors are preferred. These
capacitors must be placed as close as possible to the pins for optimum performance.

7.1.2 Transient Response

The TPS74901 is designed to have excellent transient response for most applications with a small amount of
output capacitance. In some cases, the transient response can be limited by the transient response of the input
supply. This limitation is especially true in applications where the difference between the input and output is less
than 300mV. In this case, adding additional input capacitance improves the transient response much more than
just adding additional output capacitance otherwise does. With a solid input supply, adding additional output
capacitance reduces undershoot and overshoot during a transient event; see [X| 5-36 in the Typical
Characteristics section. Because the TPS74901 is stable with output capacitors as low as 2.2uF, many
applications can need very little capacitance at the LDO output. For these applications, local bypass capacitance
for the powered device can be sufficient to meet the transient requirements of the application. This design
reduces the total solution cost by avoiding the need to use expensive high-value capacitors at the LDO output.

7.1.3 Dropout Voltage

The TPS74901 offers very low dropout performance, making the device designed for high-current low V,y and
low Voyt applications. The low dropout of the TPS74901 allows the device to be used in place of a DC/DC
converter and still achieve good efficiencies. This capability provides designers with the power architecture for
applications to achieve the smallest, simplest, and lowest-cost solution.

There are two different specifications for dropout voltage with the TPS74901. The first specification (see [X| 7-1)
is referred to as V)y dropout and is used when an external bias voltage is applied to achieve low dropout. This
specification assumes that Vgpas is at least 3.25V above Vgyt, which is the case for Vgias when powered by a
5V rail with 5% tolerance and with Vot = 1.5V (3.25V is a test condition of this device and can be adjusted by
referring to [X] 5-11). If Vg|as is higher than Vot + 3.25V, V| dropout is less than specified.
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Vg = 5V £5%

lour = 1.5A
Efficiency = 83%
ouT

Reference +

IN
7 V= 1.8V
1 J Vour = 1.5V

VOUT

COUT
w] L

Simplified Block Diagram % )

Ed 7-1. Typical Application of the TPS74901 Using an Auxiliary Bias Rail

The second specification (shown in [X] 7-2) is referred to as Vgjas dropout and is applied to applications where IN
and BIAS are tied together. This option allows the device to be used in applications where an auxiliary bias
voltage is not available or low dropout is not required. Dropout is limited by BIAS in these applications because
Vgias provides the gate drive to the pass transistor; therefore, Vgag must be 1.75V above Vgyt1. Because of this
usage, IN and BIAS tied together easily consume a huge amount of power. Pay attention not to exceed the
power rating of the device package.

VIN
V =3.3V 5%
BIAS IN BIAS
Vi = 3.3V =5V
1 Vour = 1.5V
lour = 1.5A
Reference + Efficiency = 45%

—
ouT
_ FI:L Vour
— Cour
o] L

B
Simplified Block Diagram % )

7-2. Typical Application of the TPS74901 Without an Auxiliary Bias

7.1.4 Output Noise

The TPS74901 provides low-output noise when a soft-start capacitor is used. When the device reaches the end
of the soft-start cycle, the soft-start capacitor serves as a filter for the internal reference. By using a 0.001puF soft-
start capacitor, the output noise is reduced by half and is typically 30uVrus for a 1.2V output (10Hz to 100kHz).
Further increasing Cgg has little effect on noise. Because most of the output noise is generated by the internal
reference, the noise is a function of the set output voltage. The RMS noise with a 0.001uF soft-start capacitor is
given in = 1.

Y,
Vy(uVeys) = 25 <%> x Vour(V) "

The low-output noise of the TPS74901 makes the device a good choice for powering transceivers, PLLs, or
other noise-sensitive circuitry.
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7.1.5 Programmable Soft-Start

The TPS74901 features a programmable, monotonic, voltage-controlled soft-start that is set with an external
capacitor (Cgg). This feature is important for many applications because power-up initialization problems are
eliminated when powering FPGAs, DSPs, or other processors. The controlled voltage ramp of the output also
reduces peak inrush current during start-up, minimizing start-up transient events to the input power bus.

To achieve a linear and monotonic soft-start, the TPS74901 error amplifier tracks the voltage ramp of the
external soft-start capacitor until the voltage exceeds the internal reference. The soft-start ramp time is
dependent on the soft-start charging current (Isg), soft-start capacitance (Cgs), and the internal reference voltage
(Vrer), and can be calculated using = 2.

(VRer X Cgs)

tss =
lss 2)
If large output capacitors are used, the device current limit (Ic ) and the output capacitor can set the start-up
time. In this case, the start-up time is given by = 3:

" B (Vourmom X Cout)
sscL= ——
|
CL(MIN) (3)

where:

*  Voutnowm is the nominal set output voltage
*  Cour is the output capacitance
* lcioviny is the minimum current limit for the device

In applications where monotonic start-up is required, the soft-start time given by =\ 2 must be set to be greater
than = 3.

The maximum recommended soft-start capacitor is 0.015uF. Larger soft-start capacitors can be used and do not
damage the device; however, the soft-start capacitor discharge circuit can possibly be unable to fully discharge
the soft-start capacitor when enabled. Soft-start capacitors larger than 0.015uF can be a problem in applications
where the enable pin must be rapidly pulsed while still requiring the device to soft-start from ground. Cgg must
be low-leakage; X7R, X5R, or COG dielectric materials are preferred. See #* 7-1 for suggested soft-start
capacitor values.

# 7-1. Standard Capacitor Values for Programming the Soft-Start Time

Css (! SOFT-START TIME (Legacy Chip) SOFT-START TIME (New Chip)
Open 0.1ms 0.25ms
270pF 0.5ms 0.4ms
560pF 1ms 0.8ms
2.7nF 5ms 4.1ms
5.6nF 10ms 8.5ms
0.01uF 18ms 15ms

(1) tss(s) =0.8 x Cgg(F) / Iss, where tss(s) = soft-start time in seconds.

Another option for setting the start-up rate is to use a feedforward capacitor. See the Pros and Cons of Using a
Feedforward Capacitor with a Low-Dropout Regulator application note for more information.
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7.1.6 Sequencing Requirements

V\ns Veias, and Ve can be sequenced in any order without causing damage to the device. However, for the soft-
start function to work as intended, certain sequencing rules must be applied. Connecting EN to IN is acceptable
for most applications as long as V| is greater than 1.1V, and the ramp rate of V|5 and Vp|as is faster than the set
soft-start ramp rate. If the ramp rate of the input sources is slower than the set soft-start time, the output tracks
the slower supply minus the dropout voltage until the set output voltage is reached. If EN is connected to BIAS,
the device soft-starts as programmed, provided that V| is present before Vgjas. If Vgias and Vey are present
before V| is applied and the set soft-start time has expired, then Voyt tracks V. If the soft-start time has not
expired, the output tracks V| until Vot reaches the value set by the charging soft-start capacitor. [X] 7-3 shows
the use of an RC delay circuit to hold off Vgy until Vgas has ramped. This technique can also be used to drive
EN from Vy. An external control signal can also be used to enable the device after V|y and Vgag are present.

When Vg|as and Vgy are present and V) is not supplied, this device outputs approximately 50uA of
current from OUT. Although this condition does not cause any damage to the device, the output

current can charge up the OUT node if total resistance between OUT and GND (including external
feedback resistors) is greater than 10kQ.

Vin Oﬁ IN ouT

BIAS tps74901 FB

EN GND 88 —
C Css
T — 1

7-3. Soft-Start Delay Using an RC Circuit on Enable

:L CBIAS
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7.2 Typical Application
7-4 shows the typical application circuit for the TPS74901 adjustable output device.

R4 and R, can be calculated for any output voltage using the formula shown in [X] 7-4. & 7-2 lists sample
resistor values of common output voltages. To achieve the maximum accuracy specifications, R, must be <
4.99kQ.

Vino _L IN PG
%NF BIAS Rs
l EN TPS74901 OUT ’ 0 Vour
Vaias Or ss Ry l Cour
I?B'I?S GND FB 10uF
u
— —— Css J_ R, —

R
Vour =0.8 x( 1+ é)
Eq 7-4. Typical Application Circuit for the TPS74901 (Adjustable)

£ 7-2. Standard 1% Resistor Values for Programming the Output Voltage!(")

Rq (kQ) R (kQ) Vour (V)
Short Open 0.8
0.619 4.99 0.9

1.13 4.53 1
1.37 4.42 1.05
1.87 4.99 1.1
2.49 4.99 1.2
4.12 4.75 1.5
3.57 2.87 1.8
3.57 1.69 2.5
3.57 1.15 3.3

(1) Vour=0.8x(1+Ry/Ry).

7.2.1 Design Requirements

The goal of this design is to create a 1.2V rail at 3A with minimal external components from a 1.5V rail.
7.2.2 Detailed Design Procedure

First choose the bias, which must be at least 1.75V above the output voltage. A 3.3V rail is used to achieve this
minimum voltage. For a minimal external component count and size, select the minimum capacitor sizes. Ciy =
1uF, Cgias = 1uF, and a Coyt = 10uF. The Coyt value was chosen to improve transient response. Using 7% 7-2,
R4 is set to 2.49kQ and R, is set to 4.99kQ) to create a 1.2V rail. The pullup resistor for PG is set to 10kQ.
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7.2.3 Application Curves

100 1,000 === .

% 500 [t | — Vour=12V, lour = 100 mA
g 80 10 kHz ¥ 200
2 AL 44— < 100
& c
5 o U /] ~ 100 kHz > 50
2 Y/ -] 2 20 W\
E’? 50 p— 8 10
= 40 / / ] % 5
Q.
S / 500 K Z 2 \
g 20 // / g ! .’
z Vour=12V, lour= 1.5 A 2 os
g 4 — 1kHz 100kHz

_ _ 0.2
10kHz 500kHz
0 0.1
0 025 05 075 1 125 15 175 2 225 10 100 1k 10k 100k ™ 10M
Vin = Vour (V) Frequency (Hz)
B 7-5. Viy PSRR vs (Viy - V. 7-6. Noise Spectral Densit
IN IN OouT

7.3 Power Supply Recommendations

The TPS74901 is designed to operate from an input voltage from 1.1V to 5.5V, provided the bias rail is at least
1.75V higher than the input supply. The bias rail and the input supply must both provide adequate headroom and
current for the device to operate normally.

Connect a low-output impedance power supply directly to the IN pin of the TPS74901. This supply must have at
least 1uF of capacitance near the IN pin for stability. A supply with similar requirements must also be connected
directly to the bias rail with a separate 1uF or larger capacitor.

If the IN pin is tied to the bias pin, a minimum 4.7uF of capacitance is needed for stability.

To increase the overall PSRR of the solution at higher frequencies, use a Pl-filter or ferrite bead before the input
capacitor.

7.4 Layout
7.4.1 Layout Guidelines

An optimal layout can greatly improve transient performance, PSRR, and noise. To minimize the voltage droop
on the input of the device during load transients, connect the capacitance on IN and BIAS as close as possible
to the device. This capacitance also minimizes the effects of parasitic inductance and resistance of the input
source and can therefore improve stability. To achieve optimal transient performance and accuracy, connect the
top side of R4 in [X| 7-4 as close as possible to the load. If BIAS is connected to IN, connect BIAS as close to the
sense point of the input supply as possible. This connection minimizes the voltage droop on BIAS during
transient conditions and can improve the turn-on response.

7.4.1.1 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 =\ 4:
Pp = (Vin = Vourt) *lour 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 VQFN (RGW) package, the primary conduction path for heat is through the exposed pad to the PCB. The
pad can be connected to ground or left floating; however, the pad must be attached to an appropriate amount of
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copper PCB area to ensure the device does not overheat. On the DDPAK (KTW) package, the primary
conduction path for heat is through the tab to the PCB. Connect that tab to ground. The maximum junction-to-
ambient thermal resistance depends on the maximum ambient temperature, maximum device junction
temperature, and power dissipation of the device and can be estimated using =\ 5:

(+125°C—T,)
Roua = —p
D

®)

Knowing the maximum Rg s, the minimum amount of PCB copper area needed for appropriate heat sinking can
be estimated using [X| 7-7.

120
100
\
\
80 |
g \
€ 60 A\N
S \\\
40 ‘\‘\ 0,4 (RGW)
\\\\ TTA
S———
20 =
| | A
0,5 (KTW)
0 | |
0 1 2 3 4 5 6 7 8 9 10

Board Copper Area (inz)

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

7-7. Rgya versus Board Size

7-7 shows the variation of Rgja as a function of ground plane copper area in the board. [X] 7-7 is intended only
as a guideline to demonstrate the affects of heat spreading in the ground plane; do not use [X| 7-7 to estimate
actual thermal performance in real application environments.

e

When the device is mounted on an application PCB, Tl strongly recommends using W1 and Wz, as
explained in the Thermal Considerations section.

7.4.1.2 Thermal Considerations

A better method of estimating the thermal measure comes from using the thermal metrics W ;1 and W g, as
shown in = 6. These metrics are a more accurate representation of the heat transfer characteristics of the die
and the package than Rgja. The junction temperature can be estimated with the corresponding formulas given in
. 6.

Wit Ty=Tr+¥rePp
Yo T,=Tg+¥°Pp (6)

where:

» Ppis the power dissipation shown by = 4
» Tqis the temperature at the center-top of the device package
* Tgis the PCB temperature measured 1Tmm away from the device package on the PCB surface (see [X| 7-8)
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Both Tt and Tg can be measured on actual application boards using a thermo-gun (an infrared

thermometer).

For more information about measuring Tt and Tg, see the Using New Thermal Metrics application note,
available for download at www.ti.com.

Tg on PCB
)

2
surface'

(a) Example RGW (VQFN) Package Measurement (b) Example KTW (DDPAK) Package Measurement

A. Tqis measured at the center of both the X- and Y-dimensional axes.
B. Tgis measured below the package lead on the PCB surface.

B 7-8. Measuring Points for Ty and Tg
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Compared with Rgja, the thermal metrics Wt and W g are less independent of board size but do have a small

dependency on board size and layout. 7-9 shows characteristic performance of W, and W g versus board
size.

Referring to [X| 7-9, the RGW package thermal performance has negligible dependency on board size. The KTW
package, however, does have a measurable dependency on board size. This dependency exists because the
package shape is not point symmetric to the center of a device. In the KTW package, for example (see [%| 7-8),
silicon is not beneath the measuring point of Tt that is the center of the X and Y dimension, so that Wt has a
dependency. Also, because of that non-point symmetry, device heat distribution on the PCB is not point
symmetric either, so that W g has a greater dependency on board size and layout.

12

10 H >
_ \\ W5 (RGW)
I |
g 5 (KTW)
2 N
5 6
N
5 4
- W (KTW)
2 w (RG\lN)
JT | \
0 I
0 2 4 6 8 10

Board Copper Area (inz)
B 7-9. W, and W, versus Board Size

For a more detailed discussion of why Tl does not recommend using Rgycop) to determine thermal
characteristics, see the Using New Thermal Metrics application note, available for download at www.ti.com. Also,
see the IC Package Thermal Metrics application note (also available on the Tl website) for further information.
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7.4.2 Layout Example

Input GND Plane

'_
)
Vin Plane ©
1 Vout Plane
L— | 20 |OUT
] 19 JOUT
<
R(pull-up) | = IN 18 |OUT
< =T
[O 17 | NC Cout » >
FB/
‘O 2 SNS - R1 & R2 should be
‘ pbias 15 connected close to the load,
] » Cout should be as near to
(95} = the LDO as possible
~
1 ~
‘ Css =
L
Keep the ground planes on
the same side of the PCB if
possible to improve thermal Output GND Plane
disappation
B 7-10. Layout Schematic (RGW Package)
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8 Device and Documentation Support
8.1 Device Support
8.1.1 Device Nomenclature

& 8-1. Device Nomenclature
PRODUCT(") Vour

yyy is the package designator.

z is the package quantity.

M3 is a suffix designator for devices that only use the latest manufacturing flow (CSO: RFB).
Devices without this suffix ship with the legacy chip (CSO: DLN) or the new chip (CSO: RFB).
The reel packaging label provides CSO information to distinguish which chip is used. The
device performance for new and legacy chips is denoted throughout the document.

TPS74901yyyzM3

(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.

8.1.2 Development Support

8.1.2.1 Evaluation Modules

An evaluation module (EVM) is available to assist in the initial circuit performance evaluation using the
TPS74901. The TPS74901EVM-210 evaluation module and related user's guide (SLVU190) can be requested at
the Texas Instruments website through the product folders or purchased directly from the Tl eStore.

8.1.2.2 Spice Models

Computer simulation of circuit performance using SPICE is often useful when analyzing the performance of
analog circuits and systems. A SPICE model for the TPS74901 is available through the product folders under
Tools & Software.

8.2 Documentation Support
8.2.1 Related Documentation

For related documentation, see the following:

» Texas Instruments, Using New Thermal Metrics applicatin note

» Texas Instruments, Semiconductor and IC Package Thermal Metrics application note

» Texas Instruments, Ultimate Regulation with Fixed Output Version of TPS742xx/TPS743xx/TPS744xx
application note

* Texas Instruments, Pros and Cons of Using a Feed-Forward Capacitor with a Low Dropout Regulator
application note

» Texas Instruments, TPS74901EVM-210 user's guide

83 FFa A hOEHBHMERITMSHE

R A MDD EFHZDOWTOIBRENZ 32T LD IZIE ., www.tij.co.jp DT /3o RBLEL 7 4 V7 2 BINTLIZE W, [@H] 27
Uo7 U TR Db, BRINIZT X TORBFERICEAT XA AN HRZ TIADZENTEET, ZHOFEMIC
DNTE, BETSNIZRF 2 A MG EFN TV DG B EZ Z B <TE3 0,
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8.5 Trademarks

THRY R AL AV A Y E2E™ is a trademark of Texas Instruments.
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9 Revision History
EERE S RRBORFIIUGET 2R L COET, TOYGTBIRIZRGEMICEC T ET,

Changes from Revision J (April 2023) to Revision K (June 2024) Page
o M3 ~DOBREFLUNF VA \EE W | v Nl AT, Aff, HB/EICET38E: 1% (FrF 7)1 860 .1
* Added (Legacy Chip) to KTW PaCKage. .........uuiiiiiiiiiiiiiiieie ettt e e 3
» Changed Typical Characteristics: loyr = 50mA section and added new chip Curves............ccccoceeieeeeeeeenieeeees 8

» Changed Typical Characteristics: loyr = 1 A section, added new chip curves side by side to legacy curves..14
* Changed Legacy Chip Functional Block Diagram to include pulldown resistor for legacy chip and added New

Chip FUNCtional BIOCK DIGQIAIM ............ooiiuueiiiiiee ettt ettt ettt e e et e e e et e e e e enneeas 16
» Added active pulldown circuit discussion and equation to Enable and Shutdown section...............ccccceeuennnnn. 17
* Added SOFT-START TIME (New Chip) column and changed footnote in Standard Capacitor Values for

Programming the Soft-Start Time 1abIe........ .o e a e e e e e 22
+ Added feed-forward capacitor discussion to Programmable Soft-Start section..............ccccccviiiiiiiniiin e 22
» Changed Application Curves section to only Show new Chip CUIVES..........cooiiiiiiiiiiiiiiieeeee e 25
» Changed last sentence of Layout Recommendations and Power Dissipation section; added [X]| 7-7 ............. 25
» Deleted (previously numbered) Figure 35 through Figure 39..........cooiiiiiii e 26
o Added Device NOMENCIQtUIe SECHON...........eeiiiiiee ettt e e e e e e e e e s e e e e e e aaaeeeesaannnseneeees 30
Changes from Revision | (May 2016) to Revision J (April 2023) Page
o N F2XAPBIRIZDE0 THE, K, W2 BHEDERZELTVEE TEHT oottt 1
I N S g Nl VK B N O 1 1| ISR 1
o [T TV —2al B U aATY T TBI ittt 1

10 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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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 ©)
@ ©)

TPS74901DRCR Active Production VSON (DRC) | 10 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 11S
TPS74901DRCR.A Active Production VSON (DRC) | 10 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 11S
TPS74901DRCRG4 Active Production VSON (DRC) | 10 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 11S

TPS74901DRCRG4.A Active Production VSON (DRC) | 10 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 11S
TPS74901DRCRM3 Active Production VSON (DRC) | 10 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 11S
TPS74901DRCRM3.A Active Production VSON (DRC) | 10 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 11S

TPS74901DRCT Active Production VSON (DRC) | 10 250 | SMALL T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 11S
TPS74901DRCT.A Active Production VSON (DRC) | 10 250 | SMALL T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 11S

TPS74901KTWR Active Production DDPAK/TO-263 500 | LARGE T&R Yes SN Level-2-260C-1 YEAR -40 to 125 TPS74901

(KTW) | 7
TPS74901KTWR.A Active Production DDPAK/TO-263 500 | LARGE T&R Yes SN Level-2-260C-1 YEAR -40 to 125 TPS74901
(KTW) | 7
TPS74901RGWR Active Production VQFN (RGW) | 20 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 TPS
74901
TPS74901RGWR.A Active Production VQFN (RGW) | 20 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 TPS
74901
TPS74901RGWRM3 Active Production VQFN (RGW) | 20 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 TPS
74901
TPS74901RGWRM3.A Active Production VQFN (RGW) | 20 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 TPS
74901
TPS74901RGWT Active Production VQFN (RGW) | 20 250 | SMALL T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 TPS
74901
TPS74901RGWT.A Active Production VQFN (RGW) | 20 250 | SMALL T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 TPS
74901
TPS74901RGWTG4 Active Production VQFN (RGW) | 20 250 | SMALL T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 TPS
74901

@ 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
e| |@ ol Bo W
el |
. 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)

TPS74901DRCR VSON DRC 10 3000 330.0 12.4 3.3 3.3 1.1 8.0 12.0 Q2
TPS74901DRCRG4 VSON DRC 10 3000 330.0 12.4 33 3.3 11 8.0 12.0 Q2
TPS74901DRCRM3 VSON DRC 10 3000 330.0 12.4 3.3 3.3 1.1 8.0 12.0 Q2

TPS74901DRCT VSON DRC 10 250 180.0 12.4 3.3 3.3 1.1 8.0 12.0 Q2

TPS74901KTWR DDPAK/ KTW 7 500 330.0 24.4 10.6 | 15.8 4.9 16.0 | 24.0 Q2

TO-263

TPS74901RGWR VQFN RGW 20 3000 330.0 12.4 53 53 1.1 8.0 12.0 Q2
TPS74901RGWRM3 VQFN RGW 20 3000 330.0 12.4 5.3 5.3 11 8.0 12.0 Q2

TPS74901RGWT VQFN RGW 20 250 180.0 12.4 5.3 53 1.1 8.0 12.0 Q2
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PACKAGE MATERIALS INFORMATION
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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)
TPS74901DRCR VSON DRC 10 3000 367.0 367.0 35.0
TPS74901DRCRG4 VSON DRC 10 3000 367.0 367.0 35.0
TPS74901DRCRM3 VSON DRC 10 3000 367.0 367.0 35.0
TPS74901DRCT VSON DRC 10 250 210.0 185.0 35.0
TPS74901KTWR DDPAK/TO-263 KTW 7 500 356.0 356.0 45.0
TPS74901RGWR VQFN RGW 20 3000 367.0 367.0 35.0
TPS74901RGWRM3 VQFN RGW 20 3000 367.0 367.0 35.0
TPS74901RGWT VQFN RGW 20 250 210.0 185.0 35.0
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GENERIC PACKAGE VIEW
RGW 20 VQFN - 1 mm max height

5x 5, 0.65 mm pitch PLASTIC QUAD FLATPACK - NO LEAD

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

4227157/A
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RGW0020A

PACKAGE OUTLINE
VQFN - 1 mm max height

PLASTIC QUAD FLATPACK-NO LEAD

T
Ao
[ R=S

PIN 1 INDEX AREA —

1 MAX

0.05
0.00

16X[0.65 |

Sk sy S et p—— |

[13.15£0.1 ——

PIN1 ID
(OPTIONAL)

|- NTYP

|

11

C
C
,,,,, #?L,i,A,G+
C

4219039/A 06/2018

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 optimal thermal and mechanical performance.
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EXAMPLE BOARD LAYOUT

RGWO0020A VQFN - 1 mm max height
PLASTIC QUAD FLATPACK-NO LEAD

(4.65) (2.

(R0.05) TYP —|

11
[ 20X (0.31)

20X (0.75)

TYP L (1.325) —{10

SYMM
¢

LAND PATTERN EXAMPLE
SCALE: 15X

0.07 MAX 0.07 MIN
SOLDER MASK
ALL AROUND ‘* ALL AROUND t OPENING
| | —/7
|
|l

)
EXPOSED METAL —_|| [+— METAL
|

/— EXPOSED METAL
|
SOLDER MASK / ("N METAL UNDER

OPENING SOLDER MASK
NON SOLDER MASK SOLDER MASK
DEFINED DEFINED
(PREFERRED)
SOLDER MASK DETAILS 4219039/A 06/2018

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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RGW0020A

EXAMPLE STENCIL DESIGN

VQFN - 1 mm max height

PLASTIC QUAD FLATPACK-NO LEAD

(R0.05) TYP —

| 2X (0.785)

# SYMM
[ S
)

et

-

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL

EXPOSED PAD

SCALE: 15X

I
t 20X (0.31)
20X (0.75)

75% PRINTED COVERAGE BY AREA

4219039/A 06/2018

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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PACKAGE OUTLINE
TO-263 - 5 mm max height

KTWOO0O0/7A

TRANSISTOR OUTLINE

595-605 ——————]
[15.12-15.36]
NOTE 7
330-.370 —_—
[8 39-9.39]
|
T
T
| [
! 297-.303
‘ [7.55-7.69]
—_— - — - — - 385-.410
‘ [9.78-10.41]
- |
1 — —t
1 |
.022-.034 |
[0.57-0.86] PKG
NOTES 3 & 6 ¢ 0585-.0625
[ ].01[0.31@ [B] AW [c@ | [1.486-1.587]
NOTE 7
R.017-.019
[0.44-0.48]
.014-.026 ﬁ
[0.36-0.66]
NOTE 3 170-.183
[4.31-4.63]
5 g b Sloebms] L oss oss
[0.0-0.3] [1.15-1.39]
— 096-.104
[2.44-2.64]
NOTE 7
| .179-.187 .056-.064
[4.55-4.74] [1.43-1.62]
T T | ?
252-.300
LT (6.41.7.62]
LT T | 8 296-.304
[ — 752172
T AN

EXPOSED METAL

4232469/A 11/2025

NOTES:

OURWN B

~

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

. This drawing is subject to change without notice.

. Lead width and height dimensions apply to the plated lead.

. Leads are not allowed above the Datum B.

Stand—off height is measured from lead tip with reference to Datum B.

. Lead width dimension does not include dambar protrusion. Allowable dambar protrusion shall not cause the lead width to exceed the
maximum bdimension by more than 0.003".

. Falls within JEDEC MO-169 with the exception of the dimensions indicated.
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EXAMPLE BOARD LAYOUT
KTWOOO7A TO-263 - 5 mm max height

TRANSISTOR OUTLINE

(.331)
[8.4]
(.051) TYP —'——— @ '[802?) TYP VIA
7X (037 ) 7X (136 ) na :
[0.94] [3.45] | |
= St T bt
_ |
6X (.050 ) X J o ) o ° °
[1.27] I
+-+-+ § o o o o o (oanve
| [1.2]
L] IR S ¢J
SYMM
(.300 ) o - [ PN SR N 'y (413 )
[7.62] —e= T e
(R.002 ) TYP “ l o o l o o o
[0.05] | ‘
1) oo b o
| |
A o o o o o
7 1 ?
(% o] o] + (o] o] o]
| |
PKG
¢
(250 ) 1 (152 )
[6.35] [3.85]

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE: 5X

oor 003 MIN METAL UNDER
[0.07] METAL EDGE [0.07]
ALL AROUND / ALL AROUND SOLDER MASK

! |
! |
/ ’ | j |
L S
EXPOSED—/ \SOLDER MASK EXPOSED \SOLDER MASK

METAL OPENING METAL OPENING
NON SOLDER MASK SOLDER MASK
DEFINED DEFINED
(PREFERRED)

SOLDER MASK DETAILS

4232469/A 11/2025

NOTES: (continued)

8. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature numbers
SLMA002(www.ti.com/lit/sim002) and SLMAO004 (www.ti.com/lit/sima004).
9. Vias are optional depending on application, refer to device data sheet. It is recommended that vias under paste be filled, plugged or tented.
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EXAMPLE STENCIL DESIGN
KTWOOO7A TO-263 - 5 mm max height

TRANSISTOR OUTLINE
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e ‘Hﬁ_uj‘L

[1]

PKG

(250 )44&(152 ) ~— 48X (t(l’f‘fi)

[6.35] [3.85]

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL
SCALE: 5X

PRINTED SOLDER COVERAGE BY AREA UNDER PACKAGE
PAD 8: 60%

4232469/A 11/2025

NOTES: (continued)

10. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
11. Board assembly site may have different recommendations for stencil design.
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GENERIC PACKAGE VIEW
DRC 10 VSON - 1 mm max height

3 x 3, 0.5 mm pitch PLASTIC SMALL OUTLINE - NO LEAD

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

4226193/A
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DRC0010J

PACKAGE OUTLINE
VSON - 1 mm max height

PLASTIC SMALL OUTLINE - NO LEAD

PIN 1 INDEX AREA— |-

f

1.0
0.8

.

|

0.05J‘

SEATING PLANE

0.00
la— 1.65+0.1 —»]
2X (0.5) 02)
— 0.2) TYP
EXPOSED |
THERMAL PAD | ﬂ | 4% (0.25) r
T |
; [
TAS N |
D) i ]
2X 11 SYMM
=T - — 13- 2.4+0.1
— > ‘ ]
. = | et
8X HE 0.30
- { — 10X g
PIN1ID YMM
(OPTIONAL) ¢ 05 & —H—Lrug';% CCA B
10X o3 :

4218878/B 07/2018

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 optimal thermal and mechanical performance.
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EXAMPLE BOARD LAYOUT
DRCO0010J VSON - 1 mm max height

PLASTIC SMALL OUTLINE - NO LEAD
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SOLDER MASK DETAILS

4218878/B 07/2018

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
DRCO0010J VSON - 1 mm max height

PLASTIC SMALL OUTLINE - NO LEAD
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SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL

EXPOSED PAD 11:
80% PRINTED SOLDER COVERAGE BY AREA
SCALE:25X
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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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