II‘{[](E%(::)[H] LOW NOISE 150mA LDO REGULATOR

R1 1 1 1 N SERI Es NO. EA-057-0204

OUTLINE

The R1111N Series are CMOS-based voltage regulator ICs with high output voltage accuracy, extremely low sup-
ply current, low ON-resistance, and high Ripple Rejection. Each of these voltage regulator ICs consists of a voltage
reference unit, an error amplifier, resistors, a current limit circuit, and a chip enable circuit.

These ICs perform with low dropout voltage and a chip enable function. The line transient response and load tran-
sient response of the R1111N Series are excellent, thus these ICs are very suitable for the power supply for hand-held
communication equipment.

The output voltage of these ICs is fixed with high accuracy. Since the package for these ICs is SOT-23-5 (Mini-
mold) package , high density mounting of the ICs on boards is possible.

FEATURES

o Ultra-Low Supply Current........cceeeeveerevereneerereneereseneenenns Typ. 35uA

® Standby MOdE .....coeereeereeceeiectenteseeeeeeeeeestestessessesseeeeneas Typ. 0.1uA

o Low Dropout VOItage .......cceevevverreneenerenrerrerneenreneessensenensens Typ. 0.2V(Iour=100mA)

o High Ripple REJECHION ..vouerveveirieteerietrereeeeseee e Typ. 70dB(f=1kHz)

o Low Temperature-Drift Coefficient of Output Voltage...... Typ. +100ppm/°C

o Excellent Line Regulation.........ccceveveevrvereceeenenesveneesennenns Typ. 0.05%/V

e High Output Voltage ACCUTACY ...cevevveerrrereenereneenereneeenaenns +2.0%

o Excellent Line Transient Response and Load Transient Response

® SMall PACKAZE ...vevvvereireeteereceetsecteeseste et sae e vens SOT-23-5(Mini-mold)

® OULPUL VOILAZE ...veveueeeriereeeerete ettt se e Stepwise setting with a step of 0.1V in the range of 1.5V to
5.0V is possible

o Built-in chip enable circuit ( 2 types; A: active “L’, B: active “H”)

® PN OUL ettt ettt sttt sae e sseseene Similar to the LP2980

APPLICATIONS

e Power source for cellular phones such as GSM,CDMA and various kind of PCSs.
e Power source for electrical appliances such as cameras, VCRs and camcorders.

e Power source for battery-powered equipment.
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BLOCK DIAGRAM

R1111Nxx1A R1111Nxx1B

VoD ‘é

Vref

CE Current Limit
3 ®

SELECTION GUIDE

The output voltage, the active type, the packing type, and the taping type for the ICs can be selected at the

Vourt VbD l é Vourt

Vref

GND CE GND
[i] 3 >

user's request. The selection can be made by designating the part number as shown below :

R1111xxx1x-xX «Part Number

™TTT
ab cd

Code Contents

Designation of Package Type :
N:SOT-23-5 (Mini-mold)

Setting Output Voltage (Vour) :
Stepwise setting with a step of 0.1V in the range of 1.5V to 5.0V is possible.

Designation of Active Type :
c A :“I” active type
B :“H” active type

Designation of Taping Type :
Ex. TR, TL (refer to Taping Specifications ;TR type is the standard direction.)
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PIN CONFIGURATION

SOT-23-5
5 4
[ [
Vout NC
(mark side)
VoD GND CE
O O O
1 2 3
PIN DESCRIPTION
Pin No. Symbol Description
1 Vob Input Pin
2 GND Ground Pin
3 CE or CE Chip Enable Pin
4 NC No Connection
5 Vour Output pin
ABSOLUTE MAXIMUM RATINGS
Item Symbol Rating Unit
Input Voltage Vin 9 \%
Input Voltage(CE or CE Pin) VcE -0.3 ~ Vin+0.3 A%
Output Voltage Vour -0.3 ~ Viv+0.3 \Y%
Output Current Tour 200 mA
Power Dissipation Po 250 mW
g::ritmg Temperature Topt 40 ~ 85 oC
Storage Temperature Range Tstg -55 ~ 125 °C

RIGOR
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ELECTRICAL CHARACTERISTICS

e R1111Nxx1A Topt=25°C
Symbol Item Conditions Min. Typ. | Max. Unit
Vv = Set Vour+1V Vour Vour
Vour Output Voltage \%
1mA < Iour £ 30mA %x0.98 x1.02
Refer to the ELECTRICAL CHARACTERISTICS by OUTPUT
Tour Output Current
VOLTAGE
) Vi = Set Vour+1V
AVour/Alour | Load Regulation 12 40 mV
1ImA < Iour £ 80mA
Refer to the ELECTRICAL CHARACTERISTICS by OUTPUT
Voir Dropout Voltage
VOLTAGE
Iss Supply Current Viv = Set Vour+1V 35 70 UA
Istandby Supply Current (Standby) Vv = Vce = Set Vour+1V 0.1 1.0 uA
. . Set Vour+0.5V < Vin < 8V
AVour/AViN | Line Regulation 0.05 0.20 %/NV
Iour = 30mA
f = 1kHz, Ripple 0.5Vp-
RR Ripple Rejection ppie Bovpp 70 dB
Vv = Set Vour+1V
Vi Input Voltage 2 8 A%
Output Voltage Tour = 30mA m
AVout/AT P & o o +100 PP
Temperature Coefficient -40°C < Topt < 85°C /°C
Ilim Short Current Limit Vour = 0V 50 mA
Rru 'CE Pull-up Resistance 2.5 5.0 10.0 MQ
Vcen CE Input Voltage “H” 1.5 Viv v
VceL 'CE Input Voltage “I” 0.00 0.25 A%
en Output Noise BW = 10Hz ~ 100kHz 30 uVrms
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e R1111Nxx1B Topt=25°C
Symbol Item Conditions Min. Typ. | Max. Unit
Viv = Set Vour+1V Vour Vour
Vour Output Voltage \%
1mA < Iour < 30mA %x0.98 x1.02
Refer to the ELECTRICAL CHARACTERISTICS by OUTPUT
Tour Output Current
VOLTAGE
) Vi = Set Vour+1V
AVour/Alour | Load Regulation 12 40 mV
1mA < Iour £ 80mA
Refer to the ELECTRICAL CHARACTERISTICS by OUTPUT
Voir Dropout Voltage
VOLTAGE
Iss Supply Current Vv = Set Vour+1V 35 70 uA
Istandby | Supply Current (Standby) Viv = Set Vour+1V 01 | 10 A
stan u urrent (Stan . .
y pply y Vee=GND u
) ) Set Vour+0.5V < Vin < 8V
AVour/AViN | Line Regulation 0.05 0.20 %/NV
Iour = 30mA
) o f = 1KHz, Ripple 0.5Vp-p
RR Ripple Rejection 70 dB
Vv = Set Vour+1V
Vi Input Voltage 2 8 A%
Output Voltage Tour = 30mA ppm
AVout/AT . +100
Temperature Coefficient -40°C < Topt £ 85°C /°C
[lim Short Current Limit Vour = 0V 50 mA
Rep CE Pull-down Resistance 2.5 5.0 10.0 MQ
Vcen CE Input Voltage “H” 1.5 Vin \%
Veer CE Input Voltage “I” 0.00 0.25 A%
en Output Noise BW = 10Hz ~ 100kHz 30 uVrms
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e ELECTRICAL CHARACTERISTICS by OUTPUT VOLTAGE

Topt = 25°C
Output Current
Output Voltage lour (MA)
Condition Min.
1.5<Vour<1.7 100
Viv- Vour = 1.0V
1.8 <Vour<5.0 150
Topt = 25°C
o Vol Dropout Voltage
utput Voltage
Vour (V) Vorr (V)
Condition Min. Typ. Max.
1.5 0.50
1.6 0.40
1.7 0.30
1.8<Vour<1.9 0.60 1.40
Tour = 100mA
20<Vour<24 0.35 0.70
25<Vour<£2.7 0.24 0.35
2.8<Vour<3.3 0.20 0.30
3.4 <Vour<5.0 0.17 0.26
OPERATION
R1111Nxx1A R1111Nxx1B
1 o
[1 | 5 1 5
VbDp ¢ Vout \V/s)) i Vout
§ + R1 g R1
Z& Vref Vref
3 ® 2 3 2

In these ICs, fluctuation of the output voltage, Vour is detected by feed-back registers R1, R2, and the result is

compared with a reference voltage by the error amplifier, so that a constant voltage is output. A current limit circuit

for protection at short mode and a chip enable circuit, are included.
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TEST CIRCUITS

"
131

IN VDD] | Vout ouT
o—o—|1 R1111Nxx1B Series 0
lout
L o
2l
[2]
NENA
0.1uF GND
Fig.1 Standard test Circuit
CE
L3
IN VoD | Vout ouT
R1111Nxx1B Series | 5 _»o
lout
Ir
Py
Ml |
GND
TIT

Fig.3 Ripple Rejection, Line Transient Response

Test Circuit

IN

E

Elry

IN \s)) . Vout ouT
o_—»o—E:I R1111Nxx1B Series | 5
Iss
Irr
|?| 2.2uF
7T Ml |
0.1uF GND
TIT
Fig.2 Supply Current Test Circuit
CE
I'3'I
Ml
\V/s)) Vout ouT
1] R1111Nxx1B Series
IJr
2
T v
1uF GND il 12
TIT

Fig.4 Load Transient Response Test Circuit
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TYPICAL CHARACTERISTICS

1) Output Voltage vs. Output Current
R1111N181B R1111N301B
Topt = 25°C Topt = 25°C
2.0 3.5
1.8 5.0V
| 3.0 f—
1.6 —3.8V=— ; S 4.0V
S 2.8V S N\
14 / AN S =25 / \\
212 N 2.0 ] s\“
) » 2.
g0 rj‘ £ —/—/_ 3.5V
Sos L 215
5 7 5
206 2.0 VIN = 3.3V
3 / ViN = 2.1V at
0.4
/ 05
0.2 I
0.0 0.0L—
0 100 200 300 400 500 0 100 200 300 400 500
Output Current louT (mA) Output Current louT (mA)
R1111N401B R1111N501B
Topt = 25°C Topt = 25°C
5.0 6.0
4.5
5.0
~4.0 < 7.0V
> 6.0V ~ D
c 35 240
3 N\ 5.0v 5+ 6.0V
>30 e ' S
o % | £ z
% 25 A|1.5V— g 3.0 55V
220 . a2
a VIN = 4.3V 320
1.5 o
VIN =5.3V
o]
1.0 ,/ 10
o/ //
0.0 / 0.0
0 100 200 300 400 500 0 100 200 300 400 500
Output Current louT (mA) Output Current louT (mA)
2) Output Voltage vs. Input Voltage
R1111N181B R1111N301B
Topt = 25°C Topt = 25°C
2.0 3.1
lout=1mA
1.9
. lout = TmA . 3.0
=>1.8 >
5
~ 1.7 2
(0] (0]
g16 g28
) o
15 z
2 327
S 14 3 30mA
1.3
I" 50mA 50mA
1.2 25 L
1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0

Input Voltage VIN (V)
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R1111N401B
Topt = 25°C
4.5
lout = TmA
S 40
5
o
>
S
s 3.5
2
3 30mA
3 3.0
50mA
25
2.0 3.0 4.0 5.0 6.0 7.0 8.0
Intput Voltage VIN (V)

3) Dropout Voltage vs. Output Current

R1111N181B
1.20
1.00 /
% Topt = 85°C /
g 0.80 /
8 /
2060 #~—25°C
> //
§0.4o >
a -40°C
0.20 %
0.00
0 50 100 150
Output Current lout (mA)
R1111N401B
0.40
0.35
20.30 //
é 02 Topt = 85°C A A
25
X e
£0.20 ~ // —
(e}
% 0.15 ’///,/
s 0.10 4// / -40°C
S =
0.05 yz
0.00

0 50 100
Output Current lout (mA)

150

R1111N501B
Topt = 25°C

55

5.0
2 lout = 1TmA
3 45
>
5
s 4.0
S
533- 3.5
3 30mA

3.0 i

50mA
25 |
2.0 3.0 4.0 5.0 6.0 7.0 8.0
Intput Voltage VIN (V)
R1111N301B
0.40
0.35
Topt = 85°C

o
w
S

NN

/
>
]

s
w
S 0.25 %
o / /
(@]
& /
£0.20 »
S / 400
5015 // /’ 40°C
al / [~

0.05 ]

0.00

0 50 100 150
Output Current lout (mA)
R1111N501B

0.40

0.35
20.30
g Topt = 85°C /
> 0.25
g, A =
L
>
5015 % ]
s A~ -40°C
£0.10 =

0.05 =

0.00

0 50 100 150

Output Current lout (mA)
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Output Voltage vs. Temperature

R1111N181B
VIN =2.8V
lout = 30mA
1.90
1.88
—1.86 N
2 2
lé 1.84 5
2182 2
(9] (]
§ 1.80 — —— g
S 178 s
3 >
£1.76 g
=) >
O 174 ©
1.72
1.70
-50 25 0 25 50 75 100
Temperature Topt (°C)
R1111N401B
VIN = 5.0V
louT = 30mA
4.10
4.08
~4.06 —
= >
= 4.04 =
3 3
S 4.02 >
[0 (0]
g4.00 — g
2 3.98—=— 2
> =}
8396 =2
=) >
C394 ©
3.92
3.90
-50 25 0 25 50 75 100
Temperature Topt (°C)
Supply Current vs. Input Voltage
R1111N181B
Topt = 25°C
60
50 =
el El
8 40 3
§ 30 o
5 5
s |/ 3
2 20 2
Q. Q.
> >
n w
10
0
10 20 30 40 50 60 70 80

Input Voltage VIN (V)
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R1111N301B

VIN = 4.0V
lout = 30mA

3.10
3.08
3.06
3.04
3.02
3.00
2.98
2.96
2.94

2.92

2.90
-50 -25 0 25 50 75 100

Temperature Topt (°C)

R1111N501B

VIN = 6.0V
lout = 30mA

5.10
5.08
5.06
5.04
5.02
5.00 e
4.98 ——=
4.96
4.94

4.92

4.90
-50 -25 0 25 50 75 100

Temperature Topt (°C)

R1111N301B
Topt = 25°C
60

50

40

30

20

10

10 20 30 40 50 60 70 80
Input Voltage VIn (V)
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R1111N401B R1111N501B
Topt = 25°C Topt = 25°C
60 60
50 50
: 3
ﬁ 40 2 40
- - —
c c
2 30 — 2 30
jum} >
(6] (6]
> =
[ 20 S 20
> >
%) »
10 10
0 0
1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0
Intput Voltage VIN (V) Intput Voltage VIN (V)
Supply Current vs. Temperature
R1111N181B R1111N301B
VIN =2.8V VIN = 4.0V
50 50
45 45
< <
> 40 3 40
%) 9] T
% — .% i
c c
2 35 £ 35
> >
(&] (&]
= =
2 30 2 30
] >
(7] »
25 25
20 20
-50 0 50 100 -50 0 50 100
Temperature Topt (°C) Temperature Topt (°C)
R1111N401B R1111N501B
VIN = 5.0V VIN = 6.0V
50 50
45 45 ——
% 40 — % 40
«£ / @
£ - =
£ 3 g 35
> >
(&] (6]
= >
2 30 2 30
> >
» (7}
25 25
20 20
-50 0 50 100 -50 0 50 100
Temperature Topt (°C) Temperature Topt (°C)
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7) Dropout Voltage vs. Set Output Voltage

R1111Nxx1B
Topt=25TC
1.0
0.9
<08 lout = 150mA
T \ lout = 100mA
E 0.7 \ louT = 50mA
© 0.6 louT = 30mA
I \\ louT = 10mA
505
S \
304 N A
03 \\\\
[a)] [ —
0.2 F—
~N
0.0
1.0 2.0 3.0 4.0 5.0
Set Output Voltage Vreg (V)
8) Ripple Rejection vs. Frequency
R1111N181B R1111N181B
VIN = 2.8VDC + 0.5Vp-p XIONU: f'gft); ; 2'5;”""
Cout = tantal 1.0uF B <t
80 80
70 J 870 R
D 60 N S 60 C
< & 50
c 50 =
-é 40 — lout = 1mA o u% 40 — lour= 1mA
ol L 030 T - = -
€30 [T— — — —our = 30mA % 20 |— lout = 30mA
220 — g -
S louT = 50mA 10 —————— lour = 50mA
o 10
0 0
0.1 1 10 100 0.1 ! 10 100
Frequuency f (kHz) Frequuency f (kHz)
R1121N301B R1121N301B
VIN = 4VDc + 0.5Vp-p
VIN = 4VDC + 0.5Vp-p = tantal 2.2uF
Court = tantal 1.0uF Cour = tantal 2.2y
80
80
70 =
70 L‘ —— & I
o N 60
3 60 \ < N
o N 50 =
o 50 \ p \
= ~ S 40 — lout = TmA
_g 40 H— lout = TmA ~ “g
[&] .
o | 030 e — = = -
@30 — — — —jour=30mA < lour = 30mA
220 (— adl
5 g | mmm—— ouT = 50mA
B = T 10
£ 10 ouT = 50mA
0
0 0.1 1 10 100
0.1 1 10 100
Frequuency f (kHz) Frequuency f (kHz)
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R1111N401B
VIN = 5.0VbC + 0.5Vp-p
Cour = tantal 1.0uF

o]
o

~
o

9]
o

(6]
o

lout= 1TmMA

&
|

w
o

= = 7 T lout=30mA

3
|

Ripple Rejection RR (dB)

—————— ouT = 50mA

-
o

o

0.1 1 10 100
Frequeney f (kHz)

9) Ripple Rejection vs. Input Voltage (DC bias)

R1111N301B
lout = 1TmA
Cout =2.2uF

80

70 ft
8 60 = =s=—=——F====12

L4
& 50
: ﬁ
5 40 , ————— - 400Hz
g 30 P I
0 90 |—mzm — — — —f=1kHz __
s ==
e L f=10kHz — |
0 | 1
3.1 3.2 3.3 3.4 3.5
Input Voltage VIN (V)
R1111N301B
lout = 50mA
Cout = 2.2uF
80 T
f = 400Hz

70 [ /r:-'—
@60 b= =— = {=1kHz Z4 ==
~ -
an - 2
B Sl I f=1okiz | /7
S 40 7
[ %) 7’
230 B
2 20 =
g }:/
T 10 ===

0

3.1 3.2 3.3 3.4 3.5

Input Voltage VIN (V)

R1111N401B
VIN = 5.0VDC + 0.5Vp-p
Cour = tantal 2.2uF

80
70 T
% 60 \.\
£ 50 \\-:.-
_5 40 — loutT = 1mA
k3]
2 -
& 30 = =— =— = out = 30mA
220 [—
Q| o ——— —_
£ 10 — lout = 50mA
0
0.1 1 10 100
Frequeney f (kHz)
R1111N301B
lout = 10mA
Cout = 2.2uF
80
70 7
oy /
T 60 = -
o /I T
@ 50 // 7
S ’
2 40 /-
g /j/ f = 400Hz
£ 30 V4 —
2 5 —_ = = f=1kHz ___|
a7 | =
o N
L I f=10kHz
0 | ]
3.1 3.2 3.3 34 35
Input Voltage VIN (V)
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10) Line Transient Response

Output Voltage Vourt (V)

Output Voltage Vourt (V)

Output Voltage Vout (V)

3.4

3.3

3.2

3.1

3.0

2.9

2.8

n W w W W W
© O = N W H

n
e

MW w o w W
© o =4 M w »

n
o

R1111N301B
lout=30mA
tr=tf=5 us
Cout=Tantalum 1.0uF
5
Input Voltage
4
3
Output Voltage
2
1
0
0 20 40 60 80 100 120
Time t (us)
R1111N301B
louT=30mA
tr=tf=5 us
Cout=Tantalum 2.2uF
5
Input Voltage
4
3
Output Voltage
2
1
0
0 20 40 60 80 100 120
Time t (us)
R1111N301B
louT=30mA
tr=tf=5 us
Cout=Tantalum 4.7uF
6
5
Input Voltage
4
3
Output Voltage 5
1
0
0 20 40 60 80 100 120
Time t (us)

RIGOX

Input Voltage VIN (V)

Input Voltage VIN (V)

Input Voltage VIN (V)



R1111N

11) Load Transient Response

Output Voltage Vour (V) Output Voltage Vout (V)

Output Voltage Vourt (V)

3.4

3.3

3.2

3.1

3.0

2.9

2.8

3.4

3.3
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3.1

3.0
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2.8

3.4
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3.2

3.1

3.0

2.9
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R1111N301B
VIN=4V
Cin=Tantalum 1uF
Cout=Tantalum 1.0pF

Output Current
Output Voltage
S
8 10 12 14 16 18 20
Time t (us)
R1111N301B
VIN=4V
CIN=Tantalum 1uF
Cout=Tantalum 2.2uF
Output Current
Output Voltage
8 10 12 14 16 18 20
Time t (us)
R1111N301B
VIN=4V
Cin=Tantalum 1uF
Cout=Tantalum 4.7uF
Output Current
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8 10 12 14 16 18 20
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TECHNICAL NOTES

When using these ICs, consider the following points:
In these ICs, phase compensation is made for securing stable operation even if the load current is varied. For

this purpose, be sure to use a capacitor Cour with good frequency characteristics and ESR (Equivalent Series Re-

sistance) of which is in the range described as follows:

Ceramic l

Capacitor

=z |

lout

Spectrum
Analyzer

&

Vin |

Ceramic Capacitor 1TUF

TIT

Measuring Circuit for white noise;R1111N301B

The relationship between Iour (output current) and ESR of output capacitor is shown in the graphs below. The
conditions when the white noise level is under 40uV (Avg.) are indicated by the hatched area in the graph.
(note: When the additional ceramic capacitors are connected to the output pin with output capacitor for phase com-

pensation, the operation might be unstable. Because of this, test these ICs with as the same external components as

the ones to be used on the PCB.)

<measuring conditions>
(1) Vw=4V
(2) Frequency band: 10Hz to 1MHz
(3) Temperature: 25°C

R1111N301B R1111N301B
Ceramic 1.0pF Ceramic 2.2uF
100.0 7 100.0 —
_. 100 10.0
g —_
5 ©)
()]
W &
L
1.0 1.0
“e 50 100 150 0.1
0 50 100 150

Output Current lout (mA) Output Current louTt (mA)
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e Make Vop and GND lines sufficient. If their impedance is high, noise pick up or incorrect operation may result.

¢ Connect the capacitor with a capacitance of 1uF or more between Vop and GND as close as possible.

e Set external components, especially the output capacitor, as close as possible to the ICs and make wiring as short as

possible.

TYPICAL APPLICATION

1

CE

IN—o Vobo R1111Nxx1A Vourt » OUT
+ +
Irr T
Cap. GND Cap.
TIT T

IN —»

+
r
Cap.

\/s))

CE

R1111Nxx1B Vourt

GND

» OUT
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