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LTspice Model

Automotive, 500-mA LDO With Power-Good in
Small Wettable Flank

TEXAS INSTRUMENTS
TPS74501PQWDRBRQ1

Model Information
Model A macro model
Call Name MDC_TPS74501PQWDRBRQ1_LT

Pin Assign 1:0UT 2:NC 3:FB 4:GND 5:EN 6:PG 7:NC 8:IN 9:ThermalPad
File List Model Library MDC_TPS74501PQWDRBRQ1_LT.lib
Model Report MDC_TPS74501PQWDRBRQ1_LT.pdf(this file)

Verified Simulator Version LTspice
Note
References
The information which was used for modeling is as follow:
[Data Sheet]
@Date/Version
@®Product name TPS74501PQWDRBRQ1
@Company name TEXAS INSTRUMENTS

[Characteristics listed]
@ Characteristics Output Voltage vs Input Voltage

Start-Up With EN
Line regulation
Load regulation
Active output discharge
Low-Dropout Voltage
PG Delay Time
Current limit

Simulation Condition
This table shows the range of evaluated simulation range that was not occurs any convergence problems in this area.

ltem Condition Unit
Temperature 25 deg C
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O :Implemented
X :Not Implemented

Model Functions Table —:Not applicable

Functions Implemented

Input voltage range: 1.5V to 6.0 V

®)

Output voltage range: Adjustable option: 0.55 Vto 5.5V

Power-good output options: Open-drain

Output accuracy: £0.85% (25%C)

Active output discharge

Under voltage lockout (UVLO)

Enable Operation

Ultra-low dropout: 160 mV (max) at 500 mA (3.3 VOUT)

|l =]~

Current limit

Line regulation

Load regulation

Line transient

O|O|O[O|O|[O|O|O|O|O|0O|O

NN = | =

Load transient
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Output Voltage vs Input Voltage (Input=0V~6V Output=3.3V IOUT=1mA)

Simulation results are following.

Explanatory notes

VIN .
c1
1p

i
0
L L

" .param Vo=3.3 Io=1m vin=6 r_bottom=6.96k

OPTION TNOM=25
.TEMP 25

.dc V106 0.01

Output Voltage vs Input Voltage (Input=0V~6V Output=3.3V IOUT=1mA)

— : simulated

X1

—— AGND
*—— ThermalPad

Simulation results are following.

Explanatory notes

— : simulated

ouT 1 T
| . ca
NC1° ~R1 - _~R3
NC2¢ 34,8k 1p 10k
FB T8 * ‘
pc PS ‘
R2 RS
~ {r_bottom} ~10m

VouT

‘Rload
{Vo/Io}

[ The output voltage does not change even if the input voltage changes

VOUT=3.295V |—
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Start-Up With EN

Simulation results are following.
Explanatory notes  — : simulated

it

ILGH MDC_TPS74501PQWDRBRQ1 LT

X1
VIN . pova : . . vout
c1 NC1¢ “R1 |c4 - R3 .
- EN Nc2p 34.8k 1p 10k - Rload
e FB FB {Vo/lo}
——|AGND PG
®—— ThermalPad PG
| w1 | v2 ' ‘
( ‘R2 -~ RS
[ {vin} l PULSE(O {vin} 300u 10u 10u 1) {r_bottom} < 10m
<4
.param Vo=3.3 Io=1m vin=3.8 r_bottom=6.98k .meas TRAN tSTR TRIG V(EN)=1.9 RISE=1 TARG V(VOUT)=3.292*0.95 RISE=1
.OPTION TNOM=25
.TEMP 25

.step param r_bottom list 54.9k 15.4k 6.98k 4.32k

.tran 0 1.2m 0 10n

Start-Up With EN

Simulation results are following.
Explanatory notes  — : simulated

Sim resu |t [t Startup time From EN low-to-high transion 16 Yoy = Vourpow * 0.95 200 500 EIEE

Wwout) Wivin} Vien)

1
i tSTART=500us

VYOouT=3.3V

Veltage (V)

] 200 400 (] 800 1,000
Timo (us)

Vi =3BV, Vgyr = 33V, Iy =1mA
[ 6-36. Start.Lp With EN
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Line regulation (Input=0V~6V Output=3.3V IOUT=1mA)

Simulation results are following.

Explanatory notes  — : simulated
Testbench
X1
VIN . IN ouT . vout
1 NC1: R1 :Cd R3 |
: NC2+ '34.8k ip 10k _Rload
1p |EN s FB {Vo/Io}
— AGND PG
| ThermalPad PG |
vl : '
‘R2 ‘RS
0 {r_bottom} ‘10m
3 - - - l

” .param Vo=3.3 Io=1m vin=3.8 r_bottom=6.96k

.OPTION TNOM=25
.TEMP 25

dcV1060.01

.meas accuracy PARAM (V(VOUT)/Vo-1)*100

Line regulation (Input=0V~6V Output=3.3V IOUT=1mA)

Simulation results are following.
Explanatory notes  — : simulated

Viwout)

[[vour ] 5 0
i 7 ot f—— —
B o 4o o —
2

g ° ———
5 s b v BV 4BV v oaoy R

8 as) ] — soc — 2’ a5c — w2

S — b p—

38 4 42 44 45 48 5 52 54 BB 58 &

Input Vcitage (V)
Vour =33V loyr = TmA
[ 6-8. 3.3-V Line Regulation vs Vy,
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Load regulation (Input=3.8V Output=3.3V IOUT=0.1A~0.5A)

Simulation results are following.

Explanatory notes  — : simulated
Testbench
X1
VIN IN ouT . T . vouT
a NC1¢ R1 | C4 R3
; wCar 34.8k 1p 10k Rload
1p EN cs FB ~ {Vo/1o}
F ]
— AGND PG
- | ThermalPad PG
I v1 :
R2 ‘R5
{vin} ~ {r_bottom} < 10m
) /.param Vo=3.3 Io={iio} vin=3.8 r_bottom=6.96k .step param jio list 0.1 0.2 0.3 0.4 0.5
.OPTION TNOM=25 -op
.TEMP 25 .meas VO100m FIND V(VOUT) AT 100m
.meas VO200m FIND V(VOUT) AT 200m
.meas VO300m FIND V(VOUT) AT 300m
.meas VO400m FIND V(VOUT) AT 400m
.meas VO500m FIND V(VOUT) AT 500m
Load regulation (Input=3.8V Output=3.3V IOUT=0.1A~0.5A)
Simulation results are following.
Explanatory notes  — : simulated
Load ulation
s —vo i
0.100A 3.205v] -0.140%
0.200A 3.205v] -0.140%
e
" 0.5004 3.205v] -0.142%
_ o ‘ I—.sn:c:.mg’—_m—m‘c
3 ’ "._‘_‘-_‘f—_zt.:‘—\_-\_—
e -..h&m:;:::: } ] 1 i .
-‘0 o008 01 Olsm;;‘t%ﬁw:‘.:l‘_“?u 04 045 08
H 6-16. a.a:r-r.;au ﬁo:::u;en ¥8 lour Thoad A,
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Active output discharge

Simulation results are following.
Explanatory notes  — : simulated

Testbench 7= ( Rpywoown * RU) / (Reuwoown + RY) * Cour

. X1 :
VIN in ouT vouT

NC1: ~“R1 jc4 ~“R3

c1 ! .
L EN Nc2 -~ 34.8k p 10k ~Rioad

1p EN rp FB k ‘ -~ {Vo/Io}
| AGND
ThermalPad PG P
[ v1 | vz ' ; ‘ |

. ~R2 RS
T PULSE(0 {vin} 200u 10u 10u 1) 1 PULSE(O {vin} 300u 10u 10u 700u) < {r_bottom} < 10m

l

~
.param Vo=3.3 Io=1m vin=3.8 r_bottom=6.96k .meas TRAN tdis TRIG V(EN)=1.9 TD=0.3m FALL=1 TARG V(VOUT)=3.3*0.37 TD=0.3m FALL=1

.OPTION TNOM=25
.TEMP 25

.tran 0.1.5m .0 10n

Active output discharge

Simulation results are following.
Explanatory notes  — : simulated

Sim result 7= ( RpyrLoown X RU / (Rpytioown *+ Ry x Cour

Wiwin)

E T=94us
Wien) !‘ . I

Wvout)
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Low-Dropout Voltage (Input=0V~4.9V IOUT=0.5A)
Simulation results are following.

Explanatory notes  — : simulated
Testbench
. X1 .
VIN . IN ouT . : vout
o NC1» R1 c4 R3
| EN Ney 34.8K 1p 10k Rioad
. |
H EB FB {VO! IO}
| AGND PG
&= ThermalPad PG
Vi ' ‘
R2 RS
0 {r_bottom} 10m

- .param Vo=4.4 Io=500m vin=4.9 r_bottom=4.971k

.OPTION TNOM=25
.TEMP 25

.de V1 0 {vin} 0,01

Low-Dropout Voltage (Input=0V~4.9V IOUT=0.5A)
Simulation results are following.

Explanatory notes

— : simulated

.meas V95 FIND V(VIN) WHEN V(VOUT)=Vo0*0.95

m Ds Sim

" 0.73v [ o72v | o.esy
Sim result 090V | 059V | D.58v
Vivin) Vivout) 110V | odav | 04w
1.35v | 020v | o.3av
165v | oasv | p.asy
215v [ oaav | oy
290v [ oawv [ oawv
440v | oaov | oaov
i = .
“’-‘-‘—~|— B — N — 25T — 126°C ’%
. m A I——lﬂC—O'C —— BEC m—150°C B
) \
g \\
s o
s 4 VILC
3 gm_\ 0 5
& W . =0 Sm
j S
|
05 1 15 2 25 3 35 4 45 & .
Cutput Voltage (V) 1,00
oyt = SO0 MA
B 612 Vg v8 Vigur
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PG Delay Time

Simulation results are following.
Explanatory notes  — : simulated

Parametor MIN e MAX UNIT
PG delay e fitang. Bme fram 92% Vo 6 20% 135 165 178 [
teaon ol PG B verasonl 45 5 55 o
TeStbenCh [ PG detay time faling, tma from 50% Veur 1o 80% of PG 5 7 0 ™
X1 )
L] ! 'IN ouT | . 1 M vout
NC1p "Rl [C4 ~“R3
<1 NC2+ - :
i EN ey < 34.8k 1y ~ 10k ~Rload
iy FB {Vo/Io}
FBE————
 AGND PG
: ThermalPad PG| 1
L vi 7] - |
] (o0 ‘R2 RS
| PULSE(D {v'In} 200u 10u 10u 1) ) l PULSE(0 {vin} 200u 10u 10u 1.2m) {r_bottom} < 10m
|
- -

Ve
.param Vo=3.3 Io=1m vin=3.8 r_bottom=6.98k

.OPTION TNOM=25
.TEMP 25

.tran 0.2m 0 10n
.meas TRAN tPGDH TRIG V(VOUT)=VOAVG*0.92 TD=0.3m RISE=1 TARG V(PG)=PGAVG*0.2 TD=0.3m RISE=1

.meas TRAN tPGDL TRIG V(VOUT)=VOAVG*0.90 TD=1m FALL=1 TARG V(PG)=PGAVG*0.8 TD=1m FALL=1

.meas TRAN VOAVG AVG V(VOUT) FROM 0.9m TO 1m
.meas TRAN PGAVG AVG V(PG) FROM 0.9m TO 1m

PG Delay Time

Simulation results are following.

Explanatory notes  — : simulated

[vin ] 8 | tPGDH | tPGDL
DS 165us 7us
Sim 162us 7.3us

L ] Vipgl Ll

I i 11

1 1 [

4 I . II

4 1 1

1 1

“M : I I

. 1 1

1 1

1 I I

v 1 ] :

- Cvour | I !

1 1 1

1 i t I

. I )
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Current limit
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Simulation results are following.
Explanatory notes  — : simulated

X1 i
VIN m ouT - . vouT |
Ll NC1+ >Ra |c2 Rl L Vmeas
: o NC2p 34.8k 1y 10k {
] ' B ‘ 0
HER| LA
{AGND | va
AL {ThermalPad pG|-FE sw o (]
[ PULSE(0 {vin} 200u 1u 1u 1) 12  >R3 st | PWL(00 180m 0 200m 5)
{r_bottom} “10m
L
e & .MODEL SW SW VON=2.5 VOFF=0 RON=1u ROFF=100Meg
.~ . .param vin=3.8 r_bottom=6.98k
.OPTION TNOM=25 ran 0 500m 0
TEMP 25
Current limit
Simulation results are following.
Explanatory notes  — : simulated
- : T,
Sim result I ] e St
Wivout) }; 15
o i i |
—)
Oﬂ (o] 200 (ﬂﬂ 400 500 600 0O
' Cutput Gurrent (mA) '
B 6-29. 3.3V Voyr vs loyr
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DISCLAIMER

1. This SPICE (Simulation Program with Integrated Circuit Emphasis) model and its content (the
“Contents”) are copyright of MoDeCH Inc. All rights reserved. Any redistribution or reproduction of
any or all part of the Contents in any form is prohibited without express written permission made by
MoDeCH Inc.

2. MoDeCH Inc. as licensor (the” Licensor”) hereby grants to you, as licensee (the “Licensee”), a non-
exclusive, non-transferable license to use the Contents as long as you abide by the terms and
conditions of this DISCLAIMER.

3. The Licensee is not authorized to sell, loan, rent and redistribute or license the Contents in whole or
in part, or in modified form, to anyone.

4, The Licensor shall in no way be liable to the Licensee or any third party for any loss or damage
(including ,but not limited to, lost profits, or other incidental, consequential, or punitive damages),
however caused (including through negligence) which may be directly or indirectly suffered from,
arising out of, or in connection with, any use of the Contents .

5. Notwithstanding anything contained in this DISCLAIMER, in no event shall Licensor be liable for any
claims, damages or loss which may arise from the modification, combination, operation or use of the
Contents with the Licensee’s computer programs.

6. The Licensor does not warrant that the Contents will function in any environment.

7. The Contents may be changed or updated without notice. MoDeCH Inc. may also make
improvements and/or changes in the products, pricing and/or the programs related to the Contents
at any time without notice.

deling Design Technology

MoDeCH Inc.

Head Office

Location: 5-15 Yokoyama-cho, Hachioji-Shi, Tokyo 192-0081, Japan
Tel:+81-42-656-3360

E-Mail:model-on-support@modech.co.jp
URL:http://www.modech.com/en/
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