= TOKO

TK112xx

VOLTAGE REGULATOR WITH ON/OFF SWITCH

FEATURES

m Low Dropout Voltage

m CMOS/TTL Compatible ON/OFF Switch

m  Very Low Standby Current 180 UA (ON, No Load)
m Internal Thermal Shutdown

m  Short Circuit Protection

m Very Low (0.1 PA) Current in OFF Mode

m  Low Noise with External Bypass Capacitor

DESCRIPTION

The TK112XX is a low power, linear regulator with a built-
in electronic switch. The internal electronic switch can be
controlled by TTL or CMOS logic levels. The device is in
the ON state when the control pin is pulled to a high logic
level. A pin for a bypass capacitor is provided, which
connects to the internal circuitry, to lower the overall output
noise level.

Aninternal PNP pass-transistor is used in order to achieve
low dropout voltage (typically 100 mV at 30 mA load
current). The device has very low quiescent current (180
HA) in the ON mode with no load and 1 mA with 30 mA load.
The quiescent current is typically 2.5 mA at 60 mA load.
When the device is in standby mode (Vo7 = 0), the
quiescent current is typically 100 nA. An internal thermal
shutdown circuit limits the junction temperature to below
150 °C. The load current is internally monitored and the
device will shutdown in the presence of a short circuit at the
output.

ORDERING INFORMATION

Tk112 00m OO

Tape/Reel Code

Voltage Code

VOLTAGE CODE TAPE/REEL CODE

27=275V 40=4.0V BX: Bulk/Bag
30=3.0V 45=45V TL : Tape Left
32=325V 47 =475V
35=35V 50=5.0V
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APPLICATIONS

Battery Powered Systems

Cellular Telephones

Pagers

Personal Communications Equipment
Portable Instrumentation

Portable Consumer Equipment

Radio Control Systems

Toys

Low Voltage Systems

TK112XXM

CONTROL

%\l GND

BYPASS Vo

BLOCK DIAGRAM

/e H“] Vo

Vin |6
CONTROL | 1

THERMAL
PROTECTION
El > 7 'j

+ _

BANDGAP =
REFERENCE 3
[2.5] ono
1

7

AMA
Yyy

AMA

Yyy
A,
Yyy

TK112xx

130 Page 1



TK112xx

ABSOLUTE MAXIMUM RATINGS

Supply Voltage ........oeveeeieiiiiiiiiieee e 16 V  Operating Temperature Range .................. -30 to +80 °C
OUtpUL CUIMENT ..t 220 mA  Lead Soldering Temp. (10 SEC.) .eevveveeeeeiiiiiiiinnee. 240 °C
Power Dissipation (Note 1) .........ccccvivieieeeeeeennn. 400 mW  Junction Temperature ...........cccueeeeeeeeeeeeinnnciineneen 150 °C
Storage Temperature Range ................... -55to +150 °C
TK11227 ELECTRICAL CHARACTERISTICS
Test conditions: T, = 25 °C, V| = 3.8 V, unless otherwise specified.
SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
VN Supply Voltage Range 1.8 15 \%
N Supply Current lo =0 mA, Except loonT 170 350 HA
Iins Standby Current V iy =8V, Output off 0.1 MA
Vo Output Voltage lo=30mA 2.66 2.75 2.84 \%
Vbrop Dropout Voltage Io =60 mA 0.18 0.3 \%
lo Output Current Note 3 150 170 mA
lor Recommended Output Current 130 mA
Line Reg Line Regulation Viy =325 - 825V 3.0 20 mV
Load Reg | Load Regulation lo=5mA - 60 mA 30 60 mVv
lo=5mA - 100 mA 80 150 mV
RR Ripple Rejection 100 mV(rms), f = 400 Hz, 60 dB
lo =10 mA
AV/AT, Temperature Coefficient lo =10 mA 0.15 mV/°C
25°C<sTps+75°C
Vo Output Noise Voltage 10 Hz < f < 100 kHz, 30 puV(rms)
lo=30mA, Cp=0.01 uF
Vrer Noise Bypass Terminal Voltage 1.25 \%
Control Terminal Specification
lconT Control Current Outputon, Voonr =24V 14 40 HA
VeoNnT Control Voltage Output on 2.4 v
Output off 0.6 \%
t, Output Rise Time Off - On lo=30mA, Vo =0 - 24V 0.3 ms
Note 1: Power dissipation must be derated at rate of 1.6 mW/°C for operation above 25 °C . Maximum power dissipation = 400 mW

(When mounted as recommended), and 200 mW in free air.

Note 2:
Note 3:
Note 4:

Output side capacitor should have low ESR at low temperatures if used below 0 °C.
Io (Output Current) is the measured current when the output voltage drops 0.3 V with respect to Vg at I5 = 30 mA.
This measurement (pulse measurement) is with a constant T ;. The output change due to temperature change is notincluded.

January, 1996 TOKO, Inc.

Page 2

1-3-96



TK112xx

TK11230 ELECTRICAL CHARACTERISTICS

Test conditions: T, = 25 °C, V|y =4V, unless otherwise specified.

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
VN Supply Voltage Range 1.8 15 \%
N Supply Current lo =0 mA, Except lconT 170 350 HA
Iins Standby Current V|y = 8V, Output off 0.1 VAN
Vo Output Voltage lo =30 mA 2.90 3.00 3.10 Vv
Vbrop Dropout Voltage lo =60 mA 0.18 0.3 \
lo Output Current Note 3 150 170 mA
lor Recommended Output Current 130.0 mA
Line Reg Line Regulation Viy =35 -85V 3.0 20 mV
Load Reg | Load Regulation lo =5mA -~ 60 mA 30 60 mv
lo =5mA - 100 mA 80 150 mV
RR Ripple Rejection 100 mV(rms), f = 400 Hz, 60.0 dB
lo =10
AVG/AT Temperature Coefficient lo =10 mA 0.15 mV/ °C
25°C<sTps+75°C
Vvo Output Noise Voltage 10 Hz < f < 100 kHz, 30 pV(rms)
lo =30 mA, Cp=0.01 pF
VRer Noise Bypass Terminal Voltage 1.25 Vv
Control Terminal Specification
lconT Control Current Output on, Veont = 2.4V 14 40 HA
VeonT Control Voltage Output on 2.4 v
Output off 0.6 \
t Output Rise Time Off — On lo=30mMA, Vot =0 - 24V 0.3 ms
Note 1: Power dissipation must be derated at rate of 1.6 mW/°C for operation above 25 °C . Maximum power dissipation = 400 mW
(When mounted as recommended), and 200 mW in free air.
Note 2: Output side capacitor should have low ESR at low temperatures if used below 0 °C.
Note 3: |5 (Output Current) is the measured current when the output voltage drops 0.3 V with respect to V5 at 15 = 30 mA.
Note 4:  This measurement (pulse measurement) is with a constant T;. The output change due to temperature change is notincluded.
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TK112xx

TK11232 ELECTRICAL CHARACTERISTICS

Test conditions: T, = 25 °C, V|y = 4.3 V, unless otherwise specified.

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNITS

VN Supply Voltage Range 1.8 15 \%

N Supply Current lo =0 mA, Except loonT 170 350 HA

Iins Standby Current V|y =8V, Output off 0.1 A

Vo Output Voltage lo =30 mA 3.15 3.25 3.35 \

Vbrop Dropout Voltage lo =60 mA 0.18 0.3 \%

lo Output Current Note 3 150 170 mA

lor Recommended Output Current 130 mA

Line Reg Line Regulation Viy =3.75 - 875V 3.0 20 mV

Load Reg | Load Regulation lo =5mA —~ 60 mA 30 60 mV
lo =5 mA - 100 mA 80 150 mV

RR Ripple Rejection 100 mV(rms), f = 400 Hz, 60.0 dB
lo = 10 mA

AVG/AT Temperature Coefficient lo =10 mA 0.15 mV/ °C
-25°C<Tps+75°C

Vo Output Noise Voltage 10 Hz < f < 100 kHz, 30 pV(rms)
lo =30 mA, Cp=0.01pF

VRer Noise Bypass Terminal Voltage 1.25 Vv

Control Terminal Specification

lconT Control Current Output on, Voot =24V 14 40 MA

VeonT Control Voltage Output on 2.4 v
Output off 0.6 \%

t, Output Rise Time Off — On lo=30mMA,Veont=0 - 24V 0.3 ms

Note 1: Power dissipation must be derated at rate of 1.6 mW/°C for operation above 25 °C . Maximum power dissipation = 400 mW
(When mounted as recommended), and 200 mW in free air.

Note 2: Output side capacitor should have low ESR at low temperatures if used below 0 °C.

Note 3: I, (Output Current) is the measured current when the output voltage drops 0.3 V with respect to V5 at 15 = 30 mA.

Note 4: This measurement (pulse measurement) is with a constant T;. The output change due to temperature change is notincluded.

. __________________________________________________________________________________________________________________________________________________|]
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TK112xx

TK11235 ELECTRICAL CHARACTERISTICS

Test conditions: T, = 25 °C, V|y = 4.5V, unless otherwise specified.

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNITS

VN Supply Voltage Range 1.8 15 \%

™ Supply Current lo =0 mA, Except loonT 170 350 HA

Iins Standby Current V iy =8V, Output off 0.1 A

Vo Output Voltage o =30 mA 3.39 35 3.61 Y

Vbrop Dropout Voltage lo =60 mA 0.18 0.3 \%

lo Output Current Note 3 150 170 mA

lor Recommended Output Current 130 mA

Line Reg Line Regulation Viy =4 -9V 3.0 20 mV

Load Reg | Load Regulation lo=5mA - 60 mA 30 60 mV
lo=5mA - 100 mA 80 150 mV

RR Ripple Rejection 100 mV(rms), f = 400 Hz, 60.0 dB
lo =10 mA

AV/AT, Temperature Coefficient lo =10 mA 0.15 mV/°C
25°C<Tpy<+75°C

Vo Output Noise Voltage 10 Hz < f < 100 kHz, 35 puV(rms)
lo=30mA, Cp=0.01 pF

Vree Noise Bypass Terminal Voltage 1.25 \%

Control Terminal Specification

lconT Control Current Outputon, Vooyr =24V 14 40 HA

Veont Control Voltage Output on 2.4 \
Output off 0.6 \%

t, Output Rise Time Off — On lo=30mMA, Vot =0 - 24V 0.3 ms

Note 1: Power dissipation must be derated at rate of 1.6 mW/°C for operation above 25 °C. Maximum power dissipation = 400 mW

(When mounted as recommended), and 200 mW in free air.

Note 2:
Note 3:
Note 4:

January, 1996 TOKO, Inc.
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Output side capacitor should have low ESR at low temperatures if used below 0 °C.
Io (Output Current) is the measured current when the output voltage drops 0.3 V with respect to Vg at 15 = 30 mA.
This measurement (pulse measurement) is with a constant T ;. The output change due to temperature change is notincluded.
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TK112xx

TK11240 ELECTRICAL CHARACTERISTICS

Test conditions: T, = 25 °C, V|y = 5V, unless otherwise specified.

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNITS

Vin Supply Voltage Range 1.8 15 \%

N Supply Current lo =0 mA, Except lconT 170 350 HA

NS Standby Current VN =8V, Output off 0.1 MA

Vo Output Voltage lo=30mA 3.88 4.0 412 \%

Vprop Dropout Voltage o =60 mA 0.18 0.3 \

lo Output Current Note 3 150 170 mA

lor Recommended Output Current 130 mA

Line Reg Line Regulation Viy =45- 95V 3.0 20 mV

Load Reg | Load Regulation lo=5mA - 60 mA 30 60 mV
lo=5mA - 100 mA 80 150 mV

RR Ripple Rejection 100 mV(rms), f = 400 Hz, 60 dB
lo=10 mA

AV /AT, Temperature Coefficient lo =10 mA 0.2 mV/ °C
-25°C<T,<+75°C

Vo Output Noise Voltage 10 Hz < f < 100 kHz, 40 puV(rms)
lo=30mA, Cp=0.01 uF

VRer Noise Bypass Terminal Voltage 1.25 Vv

Control Terminal Specification

lconT Control Current Outputon, Vegyr =24V 14 40 HA

VconT Control Voltage Output on 2.4 Vv
Output off 0.6 \%

t, Output Rise Time Off - On lo=30mMA, Vot =0 - 24V 0.3 ms

Note 1: Power dissipation must be derated at rate of 1.6 mW/°C for operation above 25 °C . Maximum power dissipation = 400 mW

(When mounted as recommended), and 200 mW in free air.

Note 2:
Note 3:
Note 4:

Output side capacitor should have low ESR at low temperatures if used below 0 °C.
I (Output Current) is the measured current when the output voltage drops 0.3 V with respect to V5 at |5 = 30 mA.
This measurement (pulse measurement) is with a constant T ;. The output change due to temperature change is notincluded.
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TK112xx

TK11245 ELECTRICAL CHARACTERISTICS

Test conditions: T, = 25 °C, V|y = 5.5V, unless otherwise specified.

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNITS

VN Supply Voltage Range 1.8 15 \%

N Supply Current lo =0 mA, Except loonT 170 350 HA

lins Standby Current V|y =8V, Output off 0.1 A

Vo Output Voltage lo=30 mA 4.37 4.5 4.63 \

Vbrop Dropout Voltage l5=60 mA 0.18 0.3 \%

lo Output Current Note 3 150 170 mA

lor Recommended Output Current 130 mA

Line Reg Line Regulation Viy =5 - 10V 3.0 20 mV

Load Reg | Load Regulation lo=5mA - 60 mA 30 60 mV
lo=5mA - 100 mA 80 150 mV

RR Ripple Rejection 100 mV(rms), f = 400 Hz, 60 dB
lo =10 mA

AV /AT, Temperature Coefficient o =10 mA 0.25 mV/ °C
-25°C<Tps+75°C

Vo Output Noise Voltage 10 Hz < f < 100 kHz, 45 pV(rms)
lo=30mA, Cp=0.01 yF

VRer Noise Bypass Terminal Voltage 1.25 Vv

Control Terminal Specification

lconT Control Current Output on, Vgn =24V 14 40 MA

VeonT Control Voltage Output on 24 \Y
Output off 0.6 Vv

t, Output Rise Time Off — On lo=30mA,Veont=0 - 24V 0.3 ms

Note 1: Power dissipation must be derated at rate of 1.6 mW/°C for operation above 25 °C . Maximum power dissipation = 400 mW

(When mounted as recommended), and 200 mW in free air.

Note 2:
Note 3:
Note 4:
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Output side capacitor should have low ESR at low temperatures if used below 0 °C.
I (Output Current) is the measured current when the output voltage drops 0.3 V with respect to V at 15 = 30 mA.
This measurement (pulse measurement) is with a constant T ;. The output change due to temperature change is notincluded.
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TK112xx

TK11247 ELECTRICAL CHARACTERISTICS

Test conditions: T, = 25 °C, V|y = 5.7 V, unless otherwise specified.

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNITS

VN Supply Voltage Range 1.8 15 \%

Iin Supply Current o =0 mA, Except IoonT 170 350 HA

Iins Standby Current V |y =8V, Output off 0.1 HA

Vo Output Voltage o =30 mA 4.61 4.75 4.89 \%

VbRrop Dropout Voltage lo =60 mA 0.18 0.3 \%

lo Output Current Note 3 150 170 mA

lor Recommended Output Current 130 mA

Line Reg Line Regulation Viy =525 - 10.25V 3.0 20 mV

Load Reg | Load Regulation lo=5mA - 60 mA 30 60 mv
lo=5mA - 100 mA 80 150 mV

RR Ripple Rejection 100 mV(rms), f = 400 Hz, 60 dB
lg =10 mA

AV/AT Temperature Coefficient lo =10 mA 0.4 mvV/ °C
-25°C<Tp<+75°C

Vo Output Noise Voltage 10 Hz < f < 100 kHz, 45 pV(rms)
lo=30mA, Cp=0.01 uF

VRer Noise Bypass Terminal Voltage 1.25 \%

Control Terminal Specification

lconT Control Current Outputon, Voo =24V 14 40 WA

VconT Control Voltage Output on 2.4 \Y;
Output off 0.6 \Y

t, Output Rise Time Off - On lo=30MA, Vot =0 - 24V 0.3 ms

Note 1: Power dissipation must be derated at rate of 1.6 mW/°C for operation above 25 °C. Maximum power dissipation = 400 mW

(When mounted as recommended), and 200 mW in free air.

Note 2:
Note 3:
Note 4.

Output side capacitor should have low ESR at low temperatures if used below 0 °C.
Io (Output Current) is the measured current when the output voltage drops 0.3 V with respect to V at |5 = 30 mA.
This measurement (pulse measurement) is with a constant T ;. The output change due to temperature change is notincluded.
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TK112xx

TK11250 ELECTRICAL CHARACTERISTICS

Test conditions: T, = 25 °C, V|y = 6 V, unless otherwise specified.

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
Vin Supply Voltage Range 1.8 15 \%
N Supply Current lo =0 mA, Except ooyt 160 350 HA
Iins Standby Current VN = 8V, Output off 0.1 HA
Vo Output Voltage lo =30 mA 4.85 5.0 515 \%
Vbrop Dropout Voltage lo =60 mA 0.18 0.3 \%
lo Output Current Note 3 150 170 mA
lor Recommended Output Current 130 mA
Line Reg Line Regulation Viy =55 - 105V 3.0 20 mv
Load Reg | Load Regulation lo =5mA - 60 mA 30 60 mVv
lo =5 mA - 100 mA 80 150 mV
RR Ripple Rejection 100 mV(rms), f = 400 Hz, 60 dB
lo =10 mA
AVIAT 5 Temperature Coefficient lo =10 mA 0.4 mV/ °C
25°C<Tp<+75°C
Vvo Output Noise Voltage 10 Hz < f < 100 kHz, 50 puV(rms)
lo =30 mA, Cp =0.01 puF
Vrer Noise Bypass Terminal Voltage 1.25 \%
Control Terminal Specification
lconT Control Current Output on, Voot =24V 14 40 HA
VeonT Control Voltage Output on 2.4 v
Output off 0.6 \%
t, Output Rise Time Off — On lo=30mA, Voo =0 - 24V 0.3 ms
Note 1: Power dissipation must be derated at rate of 1.6 mW/°C for operation above 25 °C. Maximum power dissipation = 400 mW
(When mounted as recommended), and 200 mW in free air.
Note 2: Output side capacitor should have low ESR at low temperatures if used below 0 °C.
Note 3: |5 (Output Current) is the measured current when the output voltage drops 0.3 V with respect to V5 at |5 = 30 mA.
Note 4. This measurement (pulse measurement) is with a constant T ;. The output change due to temperature change is notincluded.
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TK112xx

TEST CIRCUIT
I T D T ?
CONTLl—I I % OTS:FBypass

GND FOR MAXIMUM HEAT CONDUCTION.

CONT
+ | e CONT
Z | NOTE: CONNECT PINS 2 AND 5 TO

TYPICAL PERFORMANCE CHARACTERISTICS

T, = 25 °C unless otherwise specified.

DROPOUT VOLTAGE vs. OUTPUT VOLTAGE vs. CONTROL TERMINAL CIRCUIT CURRENT vs.
LOAD CURRENT SHORT CIRCUIT CURRENT CONTROL TERMINAL VOLTAGE
Th=25°C Th=25°C | Vin=Vo*! Ta=25°C | |
05 ° TK11250 % ReonT =0
50 \\ CONT ™"
X
0.4 4 w1288
\ - L “ Vo
— < £
< 03 £ 3 ) ,/
e Ke TK11230 \ g / 75K
a © /
> | | | \ /
0.2 2 y 20 v
TK11250 TK11220 \ / 150K
“ "
300 K
0 0 \ 0 ‘ I
0 50 100 0 100 200 0 1 2 3 4 5
lo (MA) TKLLZXKe TRCOL lo (mA) TK112XX « TPCO2 Veont V) TKL12XX  TPCO3
QUIESCENT CURRENT vs. RIPPLE REJECTION LINE TRANSIENT RESPONSE
INPUT VOLTAGE
Tp=25°C Ty =25°C T, =25°C
200 2 0 A A
DV=1V
\
_ =y Vee
S r
il f}
g 100 )
— 4/ A V £
/, 7 0 —
— | 10 mvVIDIV
P
0 -100
0 10 20 100 1k 10k 100k 50 ps/DIV
Ve V) TK112XX » TPCO4 Hz

TK112XX « TPC05 TK112XX » TPC06
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TK112xx

TYPICAL PERFORMANCE CHARACTERISTICS (CONT.)

T, = 25 °C unless otherwise specified.

LOAD TRANSIENT RESPONSE SHUTDOWN CONTROL (OFF-ON) NOISE LEVEL vs.
BYPASS CAPACITOR (pF)
Ig =60 mA Ty=25°C TAZ25°C T =55
Iy = 60 mA
SD 0
o Ig=0mA \ 200 ™ 11250
v C.=3.3 uF] C=10 uF
0 [Cp=.001 [ 7 7 = 150
- Cp=01 | AN/ / 2 |
3 Cp=1 +— | r %} TK11220
Vo 2 A 2 10
= 4 pes Cp=.001 7]
p=.!
/] > N Cp=01 _| 50
A Ce=1 N
u 0 =
50 ps/DIV 50 us/DIV 1pF  10pF 100pF .001uF OLpF 1pF
¢
TK12XX « TPCO7 TK112XX « TPC08 p TK112XX « TPC09
QUIESCENT CURRENT vs. DROPOUT VOLTAGE vs. CONTROL PIN CURRENT vs.
TEMPERATURE TEMPERATURE TEMPERATURE
5 ViN = Vg t1V 500 50 | | |
~ VoonT =5V
[ —
T S 400 =) ——
E I = 60 MA E 2
0, v =
= w
& r— Q &
g 5 300 g
=2 o
° 25 c =
= 2 a
@ o 200 320
@ o o = 60 mA )
W | Lip=30mA Q £ .
2 N S —— 2 1 VeonT =24V
IO = 30 rInA
0 0 | | 0
-50 0 50 100 -50 0 50 100 -50 0 50 100
Ta°C) TKLL2XX + TPCL0 TA(°0) TK112XK + TPC1L TA(°0) TKL12XK + TPC12
CONTROL PIN VOLTAGE vs. OUTPUT CURRENT vs.
TEMPERATURE TEMPERATURE
20 200
= < 180
. :
= N 5 '
3 2 160 [
= )
=z 10 '<;>
o
3 N 2 140
'Q_C =)
= o
3 120
0
-50 0 50 100 -50 0 50 100
Ta Q) TK112XX « TPC13 Ta (°C) TK112XX » TPC14

e
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TK112xx

TYPICAL PERFORMANCE CHARACTERISTICS (CONT.)

T, = 25 °C unless otherwise specified.

TK11227
QUIESCENT CURRENT vs. OUTPUT VOLTAGE vs.
LOAD REGULATION OUTPUT CURRENT INPUT VOLTAGE
10 2.85
2.95
275
= 5 A = 265
O 275 o 5 /// L
T —— // 2.55
%
,,/ 2.45
P
2.55 —
0= 235
0 50 100 0 50 100 0 10 20
o (MA) 271 Ig (mA) 2972 ViN V) 213
INPUT CURRENT (NO LOAD) vs. OUTPUT VOLTAGE vs. OUTPUT VOLTAGE vs
INPUT VOLTAGE INPUT VOLTAGE 20 TEMPERATURE
2 275 ||
lo=0mA_ S
B 7
NNy77
T 30 mA ’,/A, (60 ma lo =30 mA
£ > X s
z o V774 < 2n
= > 2051 2/ 2 — |
;/// N__190 mA _— 60 mA
74
/
2.70
0 175
0 10 20 2.25 2.75 3.25 50 0 50 100
Vi (V 2274 v, .,
N (V) INM 2215 TACO) 276
TK11230
OUTPUT VOLTAGE vs. QUIESCENT CURRENT vs. OUTPUT VOLTAGE vs.
OUTPUT CURRENT LOAD CURRENT INPUT VOLTAGE
T,= 25°C T,=25°C T, =25 °C
A = 10 AT 31 A
Vi =31V Vi =40V lo=0mA
32
3.0 ]
\\
s z s 29
L 30 o 5 L
28
.
= d 21
2.8 -
o = 26
0 50 100 0 50 100 0 10 20
lo (mA) TK112XX » TPC27 lo (mA) TK112XX « TPC28 Viy(V) TK112XXs TPC29
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TK112xx

TYPICAL PERFORMANCE CHARACTERISTICS (CONT.)

TK11230 (CONT.)

INPUT CURRENT vs.
INPUT VOLTAGE
) Ty =25°C
lg =0mA
E1
= 1
0 |
0 10 20
ViN V) TK112XK + TPC30
TK11232
LOAD REGULATION
3.45
=
< 325
o —
3.0
0 50 100
g (mA) 2321
INPUT CURRENT (NO LOAD) vs.
INPUT VOLTAGE
2
<
E
=
= 1
ﬂ
0
0 10 20
ViN (V) 2324
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T, = 25 °C unless otherwise specified.

Vo (V)

OUTPUT VOLTAGE vs.
INPUT VOLTAGE
Tp=25°C
30 -
/// Wz
lp=0ma Y /7_4/
/ /, g =30 mA
, T T
/ / I = 60 mA
’s 7/ 1o=90ma
///
/|
20
25 30 35
ViNv) TK112XX » TPC31
QUIESCENT CURRENT vs.
OUTPUT CURRENT
10
5 /]
7
//
_—
o="]
0 50 100
|O (mA) 232-2
OUTPUT VOLTAGE vs.
SUPPLY VOLTAGE
32LI~A=0mA .4 ZE?
0 77/
Y/ /4
50 /S Leom
: ,,
o/
28 /,//W’\_ 90 mA
v/ 0mA
/
/
26/
2.4
238 3.2 37
Vin (V) 2325
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OUTPUT VOLTAGE vs.
TEMPERATURE
V| =40V
3.05
|O =30mA
| |
| |
I~ =60 mA
30 o
2.95
-50 0 50 80
Tp(°C) TK112XX » TPC32
OUTPUT VOLTAGE vs.
INPUT VOLTAGE
3.3
3.2
3.1
3.0
2.9
10 20
ViN (V) 3
OUTPUT VOLTAGE vs.
TEMPERATURE
3.30
|o =30m,
3.25
-~
] 60 mA
3.20
-50 0 50 100
TA(°C)

232-6
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TK112xx

TYPICAL PERFORMANCE CHARACTERISTICS (CONT.)

T, = 25 °C unless otherwise specified.

TK11235
QUIESCENT CURRENT vs.
LOAD REGULATION OUTPUT CURRENT
10
3.7
s z /|
L 35 € 5 /
< /
T — y.
//
LA
33 ,//
0 ]
0 50 100 0 50 100
lo (MA) 251 lo (MA) 2352
INPUT CURRENT (NO LOAD vs. OUTPUT VOLTAGE vs.
SUPPLY VOLTAGE INPUT VOLTAGE
1
2 35| lo=0mA
/ 7
30 mA / /)
'/ {__ |60 mA
z s ,////
‘E“Z 1 > 30 /z;/ /
- - //,/ &_ 90 mA
/
0 2.5
0 10 20 3.0 35 4.0
Vin (V) 2354 VINV) 2355
TK11240
QUIESCENT CURRENT vs.
LOAD REGULATION OUTPUT CURRENT
10
42
s g
> 40 o 5
I
.
rd
38
0=
0 50 100 0 50 100
lo (MA) 240-1 Io (MA) 2403

Vo (V)

OUTPUT VOLTAGE vs.

INPUT VOLTAGE
3.6
35
3.4
3.3
3.2
3.1
0 10 20
VIN V) 235-3
OUTPUT VOLTAGE vs.
TEMPERATURE
3.55
Pl
,//,/// 60 mA
3.45
-50 0 50 100
TA(°C) 2356
OUTPUT VOLTAGE vs.
INPUT VOLTAGE
4.1
4.0
3.9
3.8
3.7
3.6
0 10 20
ViN (V) 2403
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TK112xx

TYPICAL PERFORMANCE CHARACTERISTICS (CONT.)

TK11240 (CONT.) T, = 25 °C unless otherwise specified.

SUPPLY VOLTAGE vs.

SUPPLY VOLTAGE vs. TEMPERATURE vs,
INPUT CURRENT (NO LOAD) OUTPUT VOLTAGE 405 OUTPUT VOLTAGE
1] '
2 40—y =0mA
\O \{ ,/ //
*3(J / ’///
- "™ N o o
£ = N/ / — ln=30m
= = //A// I 0
L > 35/ A// 4\ | A L Pl | ‘
77 90 mA 7
// // 60 mA
74
Y/
3.95
0 3.0
0 10 20 35 4.0 45 -50 0 50 100
Vee V) 204 Vee V) 2105 TAC) 2406
TK11245 QUIESCENT CURRENT vs,
LOAD REGULATION INPUT VOLTAGE
4.7 10 46
45
S 45 z = 44
/,/ 43
43 S 4.2
7
/'4/
o=—r" 41
0 50 100 0 50 100 0 10 20
Ig (MA) sis Ig (MA) o5 ViNM) 253
NPUT ?ﬁESTE %ﬂ%ﬁ AD)vs. OUTPUT VOLTAGE vs. OUTPUT VOLTAGE vs.
INPUT VOLTAGE TEMPERATURE
1 4,55
45 In=0mA
2 0 \_|
/| %
30 mat— /A5
R ,/ 77/N_L 60ma o = 30 mA
g z /)//'// S 45 ——
(@] ~ i
= = 40l ’/ 90 mA L S omA
v/ e
7 bV la
7/ 7/
\ 4
\ 4.45
0 35
0 10 20 4.0 45 5.0 -50 0 50 100
ViN (V) 2454 ViN V) 245-5 TA(C) s
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TK112xx

TYPICAL PERFORMANCE CHARACTERISTICS (CONT.)

T, = 25 °C unless otherwise specified.

TK11247
QUIESCENT CURRENT vs. OUTPUT VOLTAGEvs.
LOAD REGULATION OUTPUT CURRENT SUPPLY VOLTAGE
4.95 10 4.85
4.75 —
= < =
= 475 < / S 465
>(3 §§\\ e 5 // >O
// 4.55
pd
7
4.55 4.45
]
o= 435
0 50 100 0 50 100 0 10 20
lo (MA) 2471 Ig (MA) - ViN (V) 2473
INPUT CURRENT (NO LOAD) vs. OUTPUT VOLTAGE vs. OUTPUT VOLTAGE vs.
INPUT VOLTAGE INPUT VOLTAGE 450 TEMPERATURE
2 ars| ||
lo=0mA~ | /7
- '4
| V77
30m/-\/'/ | 60 mA Io:30m.‘-\
< 7/ S '
< s ,) /4 O 4T5 . —
=, =425/ 7/ = /'C/ 60 mA
/,'// 90 mA 7
'/
/ Z
4.70
0 3.75
0 10 20 74,25 4.75 5.25 -50 0 50 100
ViN(V) 2474 VNWY) 247-5 Tp(°C) 216
TK11250
OUTPUT VOLTAGE vs. QUIESCENT CURRENT vs. OUTPUT VOLTAGE vs.
OUTPUT CURRENT LOAD CURRENT INPUT VOLTAGE
Tp=25°C " TA.: ZS.OC 51 TAI:25I°C
V=60V Vi =6.0V ' Io=0mA
5.2
5.0 N
= = S 49
£ 50 [~ o5 /,/ =
— 48
/
~ 47
4.8
o = 46
0 50 100 0 50 100 0 10 20
lo (MA) TK112XX + TPC33 lg (MA) TKL12XX + TPC34 Viy V) TK112XXs TPC35
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TK112xx

TYPICAL PERFORMANCE CHARACTERISTICS (CONT.)

TK11250 (CONT.)

T, = 25 °C unless otherwise specified.

INPUT CURRENT vs. OUTPUT VOLTAGE vs. OUTPUT VOLTAGE vs.
INPUT VOLTAGE INPUT VOLTAGE TEMPERATURE
Tp=25°C T, =25°C Viy=6.0V
2 A . 5.0 A 5.05 '
|o =0mA / /, /]
o=0m Y LA/
/o= mA Io=30mA
7 r—
= - /) lg=60mA - L
2 < /] 15=90ma < [T
=1 = 45 > 50 ~
B pa ,/ In =60 mA ™~
,
/|
0 4.0 4.95
0 10 2 45 50 55 -50 0 5 80
M\ TKIL2XX » TPC36 Vi (V) TK112XX + TPC37 TA(°C) TKL12XX « TPC38

DEFINITION AND EXPLANATION OF TECHNICAL TERMS

LINE REGULATION (LINE REG)

Line regulation is the relationship between change in
output voltage due to a change in input voltage.

LOAD REGULATION (LOAD REG)

Load regulation is the relationship between change in
output voltage due to a change in load current.

DROP OUT VOLTAGE (V pgop)

This is ameasure of how well the regulator performs as the
input voltage decreases. The smaller the number, the
further the input voltage can decrease before regulation
problems occur. Nominal output voltage is first measured
when V| = V5 + 1 at a chosen load current. When the
output voltage has dropped 100 mV from the nominal, V,y
-V is the dropout voltage. This voltage is affected by load
current and junction temperature.

OUTPUT NOISE VOLTAGE

This is the effective AC voltage that occurs on the output
voltage under the condition where the input noise is low and
with a given load, filter capacitor, and frequency range.

THERMAL PROTECTION

Thisis aninternal feature which turns the regulator off when
the junction temperature rises above 150 °C. After the
regulator turns off, the temperature drops and the regulator

January, 1996 TOKO, Inc.
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output turns back on. Under certain conditions, the output
waveform may appear to be an oscillation as the output
turns off and on and back again in succession.

PACKAGE POWER DISSIPATION (P )

This is the power dissipation level at which the thermal
sensor is activated. The IC contains an internal thermal
sensor which monitors the junction temperature. Whenthe
junction temperature exceeds the monitor threshold of
150 °C, the IC is shutdown. The junctiontemperature rises
as the difference between the input power (V,\ X ;) and
the output power (V4 X 15) increases. The rate of tempera-
ture rise is greatly affected by the mounting pad configura-
tion on the PCB, the board material, and the ambient
temperature. When the IC mounting has good thermal
conductivity, the junction temperature will be low evenifthe
power dissipation is great. When mounted onthe recom-
mended mounting pad, the power dissipation of the SOT-
23L is increased to 400 mW. For operation at ambient
temperatures over 25 °C, the power dissipation of the SOT-
23L device should be derated at 3.2 mW/°C. To determine
the power dissipation for shutdown when mounted, attach
the device on the actual PCB and deliberately increase the
output current (or raise the input voltage) until the thermal
protection circuit is activated. Calculate the power dissipa-
tion of the device by subtracting the output power from the
input power. These measurements should allow for the
ambient temperature of the PCB. The value obtained from
PD/(150°C - T ) is the derating factor. The PCB mounting
pad should provide maximum thermal conductivity in order
to maintain low device temperatures. As ageneralrule, the
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TK112xx

DEFINITION AND EXPLANATION OF TECHNICAL TERMS (CONT.)

lower the temperature, the better the reliability of the
device. The Thermal resistance when mounted is ex-
pressed as follows:

T;=8ja XPp+ Ty

For Toko ICs, the internal limit for junction temperature is
150 °C. If the ambient temperature, T, is 25 °C, then:

150 °C =8, X P + 25 °C
8,0 X Py =125 °C
8,, = 125°C/ Py

Pp is the value when the thermal sensor is activated. A
simple way to determine PD is to calculate V| X I, when
the output side is shorted. Input current gradually falls as
temperature rises. You should use the value when thermal
equilibrium is reached.

The range of currents usable can also be found from the
graph below.

AN

I T Oy |
25 50 75 150
T(°C)

Procedure:

1) Find P
2.) Pp is taken to be P X (=0.8 ~ 0.9)
3) Plot P, against 25 °C

4.) Connect P, to the point corresponding to the
150 °C with a straight line.

5) In design, take a vertical line from the maximum
operating temperature (e.g. 75 °C) to the derating
curve.

6.) Read off the value of P, against the point at which

the vertical line intersects the derating curve. This
is taken as the maximum power dissipation, Dp.

The maximum operating current is |5 X (DPD/(VlN(MAX) -
Vq).
o)

INPUT/OUTPUT DECOUPLING CAPACITOR CONSIDER-
ATIONS

Voltage regulators require input and output decoupling
capacitors. The required value of these capacitors vary
with application. Capacitors made by different manufactur-
ers can have different characteristics, particularly with
regardto high frequencies and equivalentresistance (ESR)
over temperature. The type of capacitor is also important.
For example, a 5.6 pF aluminum electrolytic may be re-
quired for a certain application. If a tantalum capacitor is
used, a lower value of 3.3 puF would be adequate. It is
importantto consider the temperature characteristics of the
decoupling capacitors. While Toko regulators are de-
signed to operate as low as -30 °C, many capacitors will not
operate properly at this temperature. The capacitance of
aluminum electrolytic capacitors may decrease to O at low
temperatures. This may cause oscillation on the output of
the regulator since some capacitance is required to guar-
antee stability. Thus, itis important to consider the charac-
teristics of the capacitor over temperature when selection
decoupling capacitors. The ESR is another important
parameter. The ESR willincrease with temperature but low
ESR capacitors are often larger and more costly. In
general, Tantalum capacitors offer lower ESR than alumi-
num electrolytic, but new low ESR aluminum electrolytic
capacitors are now available from several manufacturers.
Usually a bench test is sufficient to determine the minimum
capacitance required for a particular application. After
taking thermal characteristics and tolerance into account,
the minimum capacitance value should be approximately
two times this value. The recommended minimum capaci-
tance for the TK112xx is 3.3 pF. Please note that linear
regulators with a low dropout voltage have high internal
loop gains which requires care in guarding against oscilla-
tion caused by insufficient decoupling capacitance. The
use of high quality decoupling capacitors suited for your
application will guarantee proper operation of the circuit.

NOISE BYPASS CAPACITOR SECTION

The noise bypass capacitor (Cp) should be connected as
close as possible to pin 3 and ground. The recommended
value for Cp is 0.01 pyF. The noise bypass terminal has a
high impedance and care should be taken if the noise
bypass capacitor is not used. This terminal is susceptible
to external noise and oscillation can occur when C, is not
used and the solder pad for this pin is made too large.
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TK112xx

APPLICATION INFORMATION

1.) Disabling the control pin

Connect control terminal to V| through a resistor (R).
Higher resistance values are good for reducing quiescent
current but this can cause the regulator to shut down at
lower input voltages. See Figure A.

1uF

MA,

z
o
N
A
Yy
Py
B -
[&)]
|
N
.
o
o
=
m
o]

0 Q <R <300 kQ
Figure A
2.) Using the control function
Turn on the regulator by setting the control pin voltage to
2.4V or higher. Turn off the regulator by pulling the control

pin below 0.6 V. The regulator can also be controlled
directly from a TTL or CMOS device. See Figure B.

Figure B

3.) Microprocessor/Logic Control

V,
VIN (0]
o

Microprocessor 112XX I
Cont GND i
+ +

The Input and Control current in the off mode are less than

200 pA.

January, 1996 TOKO, Inc.

4.) Parallel connection for ON/OFF control

ViN Vo
Vin 11250 L 5V
.
Cont GND I
ViN Vo
11230 ' 3V
+ +
0.1 uF T =Rs Cont GND T
Vin Vo
L 11220 L ° 2V
+ +
0.1 pF T Cont GND T
on/Off o~ = =

To reduce IC power dissipation, connect a resistor, Rg, in
series with V  for the lower output voltage devices. This
will prevent thermal shutdown due to excessive power
dissipation.

5.) Constant current load

VIN Vo

Py

L
=

=
=

1 112XX

Cont GND .
ON/OFF T

When there is a large ouput current, the quiescent current
also increases, and the difference becomes larger. When
using the ON/OFF control, the terminal voltage should be
set 2.4V higher than the GND terminal of the IC. When the
ON/OFF control is not being used, connect it to V.

-3
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TK112xx

APPLICATION INFORMATION (CONT.)
6.) Heat dissipation

Make the copper pattern as large as possible to provide
good heat dissipation (pin 5 is the heatsink).

Maximum power dissipation =400 mW (When mounted as
recommended) See Figure C.

| |

S | s

T [

—EmE|
’ GND ’ HH ‘

Figure C
7.) Handling molded resin packages

All plastic molded packages absorb some moisture from
the air. If moisture absorption occurs prior to soldering the
devise into the printed circuit board, increased separation
of the lead from the plastic molding may occur, degrading
the moisture barrier characteristics of the device. This
property of plastic molding compounds should not be
overlooked, particularly in the case of very small packages,
where the plastic is very thin. In order to preserve the
original moisture barrier properties of the package, devices
are stored and shipped in moisture proof bags, filled with
dry air. The bags should not be opened or damaged prior
to the actual use of the devices. If this is unavoidable, the
devices should be stored in a low relative humidity environ-
ment (40 to 65%) or in an enclosed environment with
desiccant.
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PACKAGE OUTLINE

Orientation Mark

SOT23L

0.6

N
3}

e

1.0
I

Marking
Information

(Pin 2 and pin 5 should be
grounded for heat dissipation)

01 |@)
[90.95/@0.95

Recommended Mount Pad

2

03

+0.15

1.25 -°
1

2102

22%°
|
|
|
T
|
|

+ 005
401

+ 03

3.3

0.05
0.15 -005

Unit:mm

015
0.4

30° g

Marking Information

11227
11230
11232
11235
11240
11245
11247
11250

P2
P3
P3
P3
P4
P2

P4
P5

Theinformation furnished by TOKO, Inc. is believed to be accurate and reliable. However, TOKO reserves the right to make changes orimprovementsin the design, specification or manufacture of its products without further notice. TOKO
does notassume any liability arising from the application or use of any product or circuit described herein, nor for any infringements of patents or other rights of third parties which may result from the use of its products. Nolicense s granted

byimplication or otherwise underany patentor patentrights of TOKO, Inc.
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