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& CMOS ) =7—&RBRiE ~Jary £/UvvY
>
TCR5RG ¥ 1)—X

Ultra high Ripple rejection ratio, 500 mA CMOS Low Dropout Regulator in ultra small package

1. BIE

TCR5RG vV —X 3@ v 7V EMEE, IKkaey 77 o b, a2 be
—ViEFAFE . CMOS “ut 20WHT w7 A/ LDO L X a2 L—&—
<7,

HAEEIZEREEZ A 7 T09VNH 50V EFTEIRAEETHY . A
L 500 mA £ THJATRETT, MEIIREMKEE, IWEVREKEE, 4 —
T4 AF ¥ —UREREA BRI L TR 97,

F72. N r—T1E WCSPAF (0.645 mm x 0.645 mm(FE¥%£); t 0.33 mm
(& R) BN r—D A L2035, 100dB (f=1kHz, 2.8V H

MEFBNY v INVEMEEZER L CBY 4, Al - Hhiarsorv—ix WCSP4F
N2 1.0 pF /NI T I v 7 2 A THMERARETH LT, ERHELSRO BE:0.26 mg ({Z#)

KO BRMBEEIENRROOND T 7V r— a SRETY,

2.7V 5r—ay
HERHEOS  SFTE L —. WA T P OER®

3. B

o MRy s — T4 WCSP4F (0.645 mm x 0.645 mm (FE¥%£); t 0.33 mm (Fx X)).
o &V v I IVEMETY

100 dB (i=#£) @1 kHz, 2.8V /)

93 dB (f=%%) @10 kHz , 2.8 V 1 /)

67 dB (f=%%) @100 kHz, 2.8 V | /)

59 dB (1=#£) @1 MHz, 2.8 V /)

o &K/ A XBETT (VNO =5 1nVims FE%E) @10 Hz = f = 100 kHz)
o (K47 AEKTT IB="7pA (%) @louT = 0 mA)
o IBFEFIRFERIFE AN T
o IBMEMRERIFENE TT
o F—hrT 4 AF¥—VHNETT
o (KRN Y 7 U NELETT
VDO = 150 mV (%) @2.8 V H 77, IouT = 500 mA
o WRIEWENEBETA 7 v7TF (Vour=0.9~5.0V)
o IV I —LIRFILTNE T T
e EIIvrarrFr—afMMHETYT (CIN = 1.0 pF, Cout = 1.0 nF)

R EERIBRHY
2020-12
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4. xR AER (F) (Ta=25°C)

1ZE B i 5 E B B
A N 2 £ VIN -0.3~6.0 v
a vy + B — L B E VeT -0.3~VIN+0.356.0 \Y;
H 7 ES £ VouTt -0.3~VIN+0.356.0 \%
H | B in lout 500 mA
# b 18 % Pp 800 GED| mw
S vy v U Y oa v R E Tj 150 °C
7 = i} | Tsg -55 ~ 150 °C

e AR O (AR BB ) D3R RER/EEREUN TOMHIcBW TS, @Ak (Siks
K OKREREELEEN, ZRZMELETE) CHfe L THEA SN SHEE, FERENELET I 28200 d
@ \i—g’_‘O
WA R EEME AN R T v 7 VRN LD ZHEREE BBV LIOT 4 L—T 4 7 OB 2T L HE) BROHE
BUEREMEE R (EREMERER LA — b HEEMEERTE) 2 TR O L, WU MGt 2 BBV LET,

1L FEMR SR
ME 7 228 % (FR4)
FFE : 40 mm x 40 mm x 1.6 mm (7 i FAR)
BoARER © KIRIKI 50 %, SEHFK 50 %

5. i FiE#EE (Top view)

1 2
Al 1 2
- - A VIN VOUT
B | U
et B CONTROL GND
6. BN{EEEER
IH B i 5 E B BAr
A A ) E VIN 1.8 ~ 55 Gx2)| v
a vy + o — L & E Vet 0~VIN \Y
H i g £ VouTt 0.9~50 Y
H Vil = bid louTt DC 500 mA
) G B Bl Topr -40 ~ 85 °C
HoA vy 7T v B = Cout 1.0 yF LA E —
A A > T v ¥ = CIN 1.0 yF ULt —_

A2 6X—VOHNEEN ey T U NEEERE ZTBRO L, HSRRKERDOY v 7 v a VIRER X OEERE D
FEHANTIHERAIZE N,
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7. %, HHERE, BRERRFER

m A HABE (V) B@mER
TCR5RGO9A 0.9 A
TCR5RG095A 0.95 B
TCR5RG10A 1.0 C
TCR5RG105A 1.05 D
TCR5RG11A K E
TCR5RG115A 115 F
TCR5RG12A 1.2 IN
TCR5RG1225A 1225 A
TCR5RG125A 1.25 B
TCR5RG13A 13 H
TCR5RG135A 1.35 J
TCR5RG14A 14 ic
TCR5RG15A 15 K
TCR5RG16A 16 ID
TCR5RG17A 17 L
TCR5RG175A 1.75 M
TCR5RG18A 18 N
TCR5RG1825A 1.825 P
TCR5RG185A 1.85 P
TCR5RG19A 1.9 R
TCR5RG20A 2.0 s
TCR5RG25A 25 T
TCR5RG255A 255 I
TCR5RG27A 2.7 v
TCR5RG28A 2.8 W
TCR5RG285A 2.85 X
TCR5RG29A 2.9 Y
TCR5RG2925A 2.925 M
TCR5RG295A 2.95 IR
TCR5RG30A 3.0 0
TCR5RG31A 3.1 1
TCR5RG32A 32 2
TCR5RG33A 33 3
TCR5RG34A 3.4 IE
TCR5RG35A 35 4
TCR5RG36A 36 5
TCR5RG40A 4.0 IF
TCR5RG41A 4.1 E
TCR5RG42A 4.2 6
TCR5RG43A 43 H
TCR5RG45A 45 7
TCR5RG46A 46 8
TCR5RG47A 47 E
TCR5RG48A 4.8 K
TCR5RG50A 5.0 9

ZOMOEET 7 & ZHLOH T, BAEELE TEBVEDESIZS N,

HMERT (Top view)

fil: TCR5RG28A (2.8 V Hi /)

O
|=
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Jov I K

VIN LJ]

|=E;

CONTROL [

g] VouT

1
171
o]

Current
Limit
Thermal
Shut Down
Band Gap Low-Pass -
Reference Filter
+
7
Control
Logic
Pull Down

@
Z[Ij
o
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8. BERAIFHE

(HFICEBEMNFIMES. VIN =2.0 VESIE Vour + 0.5V (LWFhMHKELVA), Cin=Cour =1 uF)

T,=-40 ~85°C
. ) T,=25°C e N
IE H 2 5 B OE & # ! (X 6) B
BN EE | BR[| &N | BK
VOUT <18V — — — -36 +36 mV
| =1 mA ~ 500 mA
W oh B OE % E| Vour (?IUT3) m ™18V =Vor=28V — | = | = | 45 | +15
- %
2.8V <Vour —_ —_ —_ -1.8 +1.8
A A & T [E| Reg-line [lout=1mA (£ 3) — 0.5 — — — mvV
a8 =7 E % | Reg-load [1 mA = louT = 500 mA — 3 — — — mV
N A4 7 AR E H®| Ion) [louT=0mA GE 5) — 7 — — 13 pA
A &2 v N 4 F R| IBOFF) |[VcT=0V — | 008 | — — 0.2 pA
avrao—LINEYUER| ot — — |oo8 | — — 0.2 A
\ VouT=1.8V — | 235 | — | — | 290 | mv
FRy 779 rEE (GE7)] Vbo louT = 500 mA
Vout=28V — 150 — — 210 mV
louT =10 MA
10 Hz = f = 100 kHz GE 4) B 5 - B 15
# h # ¥ & HE| VN MVrms
louT =250 mA 5 15
10 Hz = f = 100 kHz (X 4) - B -
f=1kHz — 100 — — — dB
louT = 10 mA,
VIN = Vi +1V f=10kHz — 93 — — — dB
Yoy F oL E #& E| rRrRO|NTOUT
VRipple =200 MVp-p, | = 100 kHz — | &7 | — — — dB
GE 4)
f=1MHz — 59 — — — dB
louT =1 mA > 500 mA — -40 — — — mV
& ® A& E K& %| avourt
louT=500mA 2> 1 mA — +40 — — — mV
HAEERIL— L — k| VouTsrR — — 30 — — — mV/us
H h & R OB R lcL — — 700 — 600 850 mA
) TSDH Ty rising — 160 — — — °C
BRREEEL = VE
TspL Ty falling — 140 _ _ _ °c
arvhka—JLLEE (ON)| Ver(oN) — — — — 0.9 VIN \Y;
arvka—LERE (OFF)|VcT (OFF) — — — — 0 0.5 \%
TARFYy—F VER Rsb GE 4) — 30 — — — Q
E 3 IourZEEL. HOICHIERNEE LT-IREECOMEM T
(VouT+0.5 VEIZ2VOREWH) <VINS55V
7+ 4 Vour=2.8V
I 5 avta—nA Iy B Qen) FEENEHA
6 ZDORT A= — [ FEFIRIES A HE T
E 70 Vpo=Vint - (Vour: x 0.97)
Vourt i N BIEDAFMETT
VINUIZAABEER R LA ICTITCE, HABEN Vourt @ 97%IZ4ET L~ S TOASNEBEME T
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HAOBERFAY T70 FEER
(Cin = 1.0 pF, Cout = 1.0 pF)

louT = 500 mA
oh EE _ B g
8/ g |
GE 8)
0.9V S Vour<1.35V — Gxo) | ¢xo mv
14V - (5;2%) (5416%) mv
1.5V — 310 400 mV
16V — 260 350 mv
1.7V — 250 320 mV
1.75V — 240 300 mV
1.8V — 235 290 mV
1.825V — 235 285 mV
185V — 230 280 mV
19V — 225 270 mV
20V — 215 255 mV
25V,255V — 170 230 mV
2.7V — 160 215 mV
2.8V, 285V — 150 210 mV
29V,2925V, 295V — 150 205 mV
30V,31V — 145 205 mV
3.2V — 140 195 mV
3.3V, 34V — 135 190 mV
35V,36V — 130 185 mV
40V, 41V — 115 175 mV
42V, 43V — 115 170 mV
45V — 115 165 mV
46V, 47V, 48V — 110 165 mV
50V — 108 160 mv

W8 Tj=-40~85°C(Z DT A —4 — I FHHICRFES N A THE TY)
9 EEANEEVINIGZ 18 VU ETHMAL T ZEWN
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9. 77 Hr—a>v/—F

9.1. #E 52 [E1 BRI
VIN o o Vout
1 T
uF T T 1HF
VCONTROL GND
I

ERICE R ey 7T 7 b L X a L= —OHERBIEG 28 LE . Vour B L O Vindi 1213, #hfE
LBENDEDIZa T o —%28 LT EEW (BT v 7 arF o —nHANARETY),

9.2. fBIREK

TCR5RG o U — AOFFAIBIIT, SR FEER 2 AE i i R ER THRE L TRV £7,

U TICEEER O Z R L LT,

[EAR 5]
ME : BT AR *%(FRY)
A : 40 mm x 40 mm x 1.6 mm (7 i £
BofRE « R 50 %, HEHEK 50 %

1000
800 <
’;“ N
£ 600 AN
£ \\
K N
o 400
&
o
200
0
—40 0 40 80 120
FABERE Ta (°C)
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9.3. CHERALDIEE

® iz FoHY—izonT
AT T I v I ar T o= MERARETH D £T28, FEEIC K - TUIIEFITKRE IR R £F
O%Q%%Diﬁ AT Y —OREICHTZ > TL, EHREA+SICEREL, BEL TSN, £
o, FNEEN 06 uF LU Eo® I I v 7 arsoh—offHEHRLET,

@ AT REFEEZHONT
TCR5RG v U — XD 31 7 A& IBONIZH J1&ERE IouT IZ X » THIE S v E 3, TouT DMEWEGE.
TCR5RG >V — Xiﬁmmw?@¢Li¢ﬁ\:@ﬁ%fﬁuyf»E%Eﬁi@ﬁﬁ@ﬁﬁ%%ﬁﬁ
BEEFELOVHY i*f IouT X2 IBONDUI D 21X, B 2T U R ICHIE SN E9, TouT 238N L &
IBONIZR 72555, BAF7e Y » FVEMEE B L VAN EREZ R UE 3, AT, Tour 2MET
LAK IB(ON) @Dﬁbéifﬁ%éﬂiﬁ

@ LT HoNT
ICEAT) - 12T —DlEHNRENE, ZORBHRILO A B —F 0 A0 Ll X 0 A A
BB % K iﬁ‘T EMERH Y T, LVELELEERICTSA72D, AJj-Hharysoy—i3gcEsis
W IC DA< IZFE L VIN & GND XY —NITE L7 KRE LTEHBA v E—F L A& /S LT
<&,

@ FrEfEK _ob\f
FEEFRETIITHENDIHRKERELICH LT, TEEHEITRMER o Bty — Uit 2 L <<
7ZEW, it %%@ ORI EFEIRE, AJIEE, HIEREDO/RT A—X—%ZED ., &K
PRI LT, W4T 4 L—T 4 7 (—RBTII I RIED 70 ~ 80 %) & BB L=kt & BHEV L
ESc I

@ EFEIIRERIE, BBV DN T

AL T A= KR 7 X A T OiRETIRERIE, BEVRERRAENEL TEY £T08, T34 2D
%@%% W RERPICIN 2 DB A RGET 2 b D TIE TSN ER A, THASMIC L - T mRe
%@ﬁﬁ%m:%@%ﬁzéT EMERH D 3, F-. KT AL 2O ST L GND SR 58470
va— hE— RIZM- 725 KT NA APIEIZEDLBENANH Y £,

ﬁfﬂ42® i I %ﬁofi R KON DREERERENE NN R Ty 7 ) SR ORx ik
ERIIKT DT A V=T 4 VT E2ZED L, w@ﬁéﬁAakwf%ﬁﬁwkmﬁ%ﬁiﬁwiiiﬁﬁ
XV, 2B, By MIBWT 72—t — 7%+l e i = L 2 HR V- LET,

@ &V v IVEMERMER XS DS BERMEICOWT
TCR5RG vV —RFn— R 7 4 N H —ZE# L CRBY ., &Y v 7 VEMERE &R M B
MERILTCRBY £9, K7 4 /L¥—1X Vour WAFMEFUTIZE L7-FFICEE L9,
ZDD, KT 4 H—EEEIT5I12H7- > T, CONTROL BEEOEELAFMIREILNEIZEE S Vour
ORI ZHEELTZE N,
K2 VIN—VOUT BIEBFEZEN/ NS W E X TFEICHE L B2 FTOTITEEL SN,
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10. RREEH ()

10.1. EHEE—H HERIHE

(Vin=2.0 V E£7=[& Vour + 0.5 V (WThh K ELVA))

\Y/ =12V \Y/ =18V
1.25 ouTt 1.85 ouT
124 222 184 2:2
1.23 40°C ~ 183 40°C
=122 2 182
= =
31.21 31.81
>
—_— e h
H 1.2 e — — H 1.8
i 1.19 E 1.79
R
3118 7178
1.17 1.77
1.16 1.76
1.15 1.75
0 100 200 300 400 500 100 200 300 400 500
HAEF Iour (MA) HAEF Ioyr (MA)
- Vour = 2.8V
2.84 85°C
5 83 —25°C
<Bh e -40°C
2282
(-
32.81
Ez.m —
7278
277
2.76
275
0 100 200 300 400 500
HAER loyr (MA)
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10.2. ROy 779 FEE—HAERSEHE

200 Vour = 1.8V 200 Vour = 2.8V
/>E\ — 8 5°C
S250  emoBe
2 25°C
> ——-40°C
iy 200
e
£ 150
D
TP: 100
a
o 50
"
0
0 100 200 300 400 500 0 100 200 300 400 500
HAETR loyr (MA) HAET loyr (MA)
V =33V \Y/ =50V
300 OuT 300 out
S —385°C < —385°C
éo 250 | 500 E2s0  —o5c
o
. ——_40°C o ——40°C
200 200
H H
m )
=~ 150 2 150
D D
™ 100 M 100
™ ™
a P
o 50 g 50
7 v
0 0
0 100 200 300 400 500 0 100 200 300 400 500
HAETR loyr (MA) HAER loyr (MA)
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10.3. N\f FRAER—ANEBEEHME (lour =0 mA)

Vour =12V Vour =18V
10 ouTt 10 ouT
— m— — -
3 8 —] f% 8 —
3 =z t
56 56| ——
13 b
[ )
X 4 E( 4
P — 85°C N —85°C
X 2 —25°C S 2 —25°C
~ ~
—_40°C e -40°C
0 0
2 2.5 3 3.5 4 4.5 5 5.5 2 2.5 3 3.5 4 4.5 5 5.5
ANEBEV, (V) ANEE VN (V)
Vour =2.8V
10 out
<3 - -
3
~ ——
z —
o
&6 —
X 4
P —385°C
V
"z 2 —25°C
——-40°C
0
3 3.5 4 4.5 5 55
ARNEE V, (V)
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10.4. /A 7 ABR—HHERFHE
(Vin=2.0 V E7=[E Vour + 0.5 V (WFIHKZELVA), lour = 0 A300 pA, T = 25°C)

Vour=12V Vour =18V
300 out 300 out
= 250 —~ 250
El <
— \: IOUT falllng
§200 lour falling z 200
o & I
#2150 2 150
i i
ﬁ 100 E 100
Y N
< 50 — < 50
J lour rising lour rising
0 0
0 100 200 300 0 100 200 300
300 Vour =2.8V
2 250
=2 lour falling
3200
@
#3150
[
X
N 100
Y
‘T 50
IOUT rising
0
0 100 200 300
HAER lour (LA)
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10.5. i QR ERAFHE
(Vin=2.0 V E7=[E Vour + 0.5 V (WFhh K EVA), Ta= 25°C)

15 Vour =12V ) Vour=1.8V
2 21 5
- .
0 o)
> > 1
H H
e i
R0.5 R
H Hos
0 0
0 200 400 600 800 1000 200 400 600 800 1000
HAER loyr (MA) HAER loyr (MA)
5 Vour = 2.8V
S
,52
)
>
IH
e
R1
H
0
0 200 4OQ 600 800 1000
HHEF lour (MA)
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10.6. ') v FILIEME — BRI

(Cin=none, Cour=1.0 yF, Vin=2.0 V E£7/=[& Vour + 0.5V (L\fnb\jc%l,\ji), VIN Ripple = 200 mV_p,
lour =10 mA, T.= 25°C)

20 Vour = 0.9V 20 Vour = 1.8V
100 100
) )
) )
1 80 ~ 80
& &
H 60 H 60
= =
™ ™
D 40 DN 40
20 20
V|N= 20V V|N= 23V
0 0
100 1k 10k ] 100k ™ 10M 100 1k 10k 100k ™ 10M
BiR % f (Hz) iR f (Hz)
20 Vour = 2.8V 20 Vour = 5.0V
100 100
) )
% 80 Z 80
i
H 60 i 60
= =
N N
a 40 N 40
o o
20 20
Vin=33V Vin=5.5V
0 0
100 1k 10k 100k ™ 10M 100 1k 10k 100k ™ 10M
B %Kk f (Hz) FEiR% f (Hz)
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10.7. H Hh#FEE
(Cin=1.0 uF, Coutr = 1.0 uF, Vin = 2.0 V E1=[& Vour + 0.5 V (LWF A K ZLVA), lour = 10 mA, T = 25°C)

1 Vour =09V 1 Vour = 1.8V
N N
3 3
w0 = 01
Rt o
3‘4 ol
= 4
7 e
gﬂ 0.01 Ho 0.01
% #
R R
H =e|
0.001 0.001
10 100 1K 10K 100K 1M 10 100 1K 10K 100K 1M
BREf (Hz) BB f (Hz)
N —~
T N
Z <
E! 2
g 01 = 0.1
i o
H_% |
gﬂi 0.01 #m 0.01
4*5 #
A R
H
0.001 0.001
10 100 1K 10K 100K 1M 10 100 1K 10K 100K 1M
EiK# f (Hz) JBR# f (Hz)
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10.8. ton / torr IG5

(Cn=1.0 yF, Vin=2.0 V F7=[& Vour + 0.5 V (VT MK ELVA), VcontroL = 0 V1.0 V, T, = 25°C)

® Cour=1.0yF, lout=10 mA

Vour=1.2V

VCONTROL: 1 V/div

VCONTROL: 1 V/div

VOUTZ 2 V/div
VOUTZ 2 V/div
Jt—f\ bn: 50 mA/alv I: 50 mA/div
IN-
50 ps/div 20 ps/div
Vour =28V
VcontroL: 1 V/div VCONTRQL: 1 V/div
; AN
VOUTZ 2 V/div \ .
\ Vourt: 2 V/div
- 190 mavdiv Ini: 100 mA/div
100 ps/div 20 ps/div
©2021-2026 16 2026-08-25
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® Cour=4.7 pF, lout=10 mA

Vour=1.2V

| Veontrod: 1 V/div Veontrol: 1 V/div
| Vour: 2 V/div A
/ \ Vour: 2 V/div
ﬂ»v._.\ hn: 200 mA/div Iin: 200 mA/div
50 ps/div 100 ps/div

Vour =28V

w_‘_“,: VcontroL: 1 V/div VCONTR@LZ 1 V/div
\
Vout: 2 V/div i
Vour: 2 V/div
———JH = IIN200 mA/dIV " IIN: 200 mA/dIV
100 ps/div 20 ps/div
© 2021-2026
Toshiba Electronic Devices & Storage Corporation 17 202%2\? -828



TOSHIBA

® Cour=1.0 yF, loutr=500 mA

TCR5RG ¥ 1) —X

Vour=1.2V

A Py e e B R A SR A= = = # = n e

VCONTROL: 1 V/div : VCONTROL3 1 V/div

VOUTZ 2 V/div

\ Vour: 2 V/div

]
/ Iin: 500 mA/div \ ’ Iin: 500 mA/div
. A :

- : )
50 ps/div f 20 ps/di\)

Vour =28V

VCONTROL: 1 V/div

e )

; Vout: 2 V/div  '~..‘\ et : — o
: ' A\ - Vour: 2 V/div
S | I'N: 5,0'0 v L : In: 500 mA/div

f

100 ps/div | 20 ps/div
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® Cour=4.7 pF, lour= 500 mA

Vour=1.2V

e

| VCONTROL: 1 V/div

VOUTZ 2 V/div

b il

-

50 ps/div

Iin: 500 mA/div

VCQNTRQLZ 1 V/div

Vour: 2 V/div

||NZ 500 mA/div

20 us/div

Vour =28V

VcontroL: 1 V/div

 Vour: 2 Vidiv

100 ps/div

liv: 500 mA/div l
1

VcontroL: 1 V/div

Vou*r: 2 V/div

Iin: 500 mA/div

20 ps/di !
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10.9. BHAEL R
(Cn=1.0 uF,Cour=1.0 uF, Vin=3.3 V, Vour = 2.8 V, t, = 1.0 ps, t;= 1.0 ps, T, = 25°C)

lout =1 mA & 500 mA

_________ VU T TR T SR SR \ Y/ LoX /1

lout=0mA & 100 mA

Vourt: 200 mV/div

lout: 100 mA/div

50 s/div

B RREOT—ZIERBHETT,
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M. Ryr—I0BE
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