= TOKO

TK111xxCS

VOLTAGE REGULATOR WITH ON/OFF SWITCH

FEATURES

B High Precision Output Voltage (+ 1.5% or = 50 mV)
Active High On/Off Control
Very Low Dropout Voltage (V.. = 103 mV at 100 mA)

Very Good Stability: CL =0.1 uF is Stable For Any Type
Capacitor with V= 1.8V (I, ;> 0.5 mA)

Excellent Ripple Rejection Ratio (80dB @ 1 kHz)

Very Low Quiescent Current (IQ =63uAatl,;, =0mA)
Peak Output Currentis 320mA

SOT23-5Package

Wide Operating Voltage Range (1.8V ~14V)
ReverseBiasand Overcurrent Protection

Built-in Thermal Shutdown

Short Circuit Protection

DESCRIPTION

The TK111xxCis alow dropoutlinear regulator with a built-
in electronic switch. The internal 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 logic high level. An
external capacitor can be connected to the noise bypass pin
to lower the output noise level to 30 uVy,,s-

An internal PNP pass transistor is used to achieve a low
dropout voltage of 80 mV (typ.) at 50 mA load current. The
TK111xxC has a very low quiescent current of 63 pA (typ.)
atnoload. The internal thermal shut down circuitry limits the
junctiontemperature to 150 °C. The load currentis internally
monitored and the device will shut down in the presence of
a short circuit or overcurrent condition at the output.

ORDERING INFORMATION

TK11100csOL

Tape/Reel Code
Voltage Code Temp. Code

Package Code

PACKAGE CODE:
S: SOT23-5

VOLTAGE CODE:
" Refer to Table 1

TAPE/REEL CODE:
L: Tape Left
Reel Size = 3000 pcs.

TEMP. CODE:
C:-30~80°C
1:-40~85°C

APPLICATIONS

Battery Powered Systems

Cellular Telephones

Pagers

Personal Communications Equipment
PortableInstrumentation

Portable Consumer Equipment

Radio Control Systems

Toys

The TK111xxC circuitfeatures very high stability. An output
capacitor of 0.1 uF provides stable operationforV ;. = 2.0
V. Any type of capacitor can be used; however, the larger
this capacitor is, the better the overall characteristics are.
The ripple rejection ratio is 84 dB at 400 Hz, and 80 dB at
1 kHz.

The TK111xxC is available in a SOT23-5 surface mount
package.
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TK111xxCS
ABSOLUTE MAXIMUM RATINGS TK111xxC (C RANK)

Supply Voltage ...ceevvevevieeieeeeeecis -0.4t016V Operating Temperature Range..................... -30to +80 °C
Noise Bypass Terminal Voltage ..........c........... -0.4to5V Operating Voltage Range ..........cccccooevvvvvennns 1.8to 14V
Power Dissipation (Note 1) .......cccccceevivveeeeeennne, 500 mW Control PinVoltage ........ccccveeveviiiiiieieieenn, -0.4to 16V
REVErse BIias ......ccccoceveiiiireiiie e -0.4to6V Short Circuit CUrrent ..........eeeveeviiiiieeeee e 360 mA
Storage TemperatureRange ..................... -55t0+150 °C

TK111xxCSC ELECTRICAL CHARACTERISTICS (C RANK)

Test conditions: V|, =V +1V,V > 1.8V, T,=25°C, unless otherwise specified.

OUT(TYP) CONT =
SYMBOL PARAMETER TEST CONDITIONS MIN | TYP | MAX | UNITS
Vour Output Voltage See Table 1
_ . . AV=5V (VY =Vmp t1Vi0
Line Reg Line Regulation Vourave T6V) 0.3 5 mv
losr =5 MA 10100 mA (Note 2) 11 28 mV
Load Reg Load Regulation
lo,r =5 mMAto 200 mA (Note 2) 27 64 mV
lour = 50 MA 80 140 mV
loor = 100 mA 120 | 210 mV
Vorop Dropout Voltage (Note 3)
loor =200 MA (V, = 2.4 V) 200 | 350 mvV
loor =180 MA 21V =V <24V) 230 | 350 mvV
V. .=V x0.9 240 320 mA
lourvax Maximum Output Current or o
18V =V, =21V Reference Value 250 mA
l Quiescent Current lour = 0 MA Excluding 1., 63 100 UA
lsray Standby Current V=8V, V,, = 0.15V (Note 4) 0.0 0.1 UA
lono Ground Pin Current lour = 50 MA 1.0 1.8 mA

CONTROL TERMINAL SPECIFICATIONS (Note 4)

lcont Control Current Veonr = 1.8V, Output ON 5 15
ON State 1.6 V
Veonr Control Voltage On
OFF State 0.6 V
Noise Bypass Terminal
Vaer Voltage 1.28 v
AV, I AT, | Temperature Coefficient 35 ppm/ °C
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TK111xxCS

TK111xxCSC ELECTRICAL CHARACTERISTICS - C RANK (CONT)

Test conditions: V=V

+1V,Vonr = 1.8V, T,=25°C, unless otherwise specified.

OUT(TYP)
SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
VOUTZSV, f=1kHz 0.20 ptV/\/HZ
Vio Output Noise
Vo,r =3V, at BW 400 Hz to 80 kHz 45 UV s
f=400 Hz, CL =1.0 uF, CN = 0.01 uF,
VNOISE = 200 mVRMS’ VIN = VOUT(TYP) + 15 84 dB
V, IOUT =10 mA
RR Ripple Rejection
f=1kHz, CL=1.0uF CN =0.01 uF
VNOISE = 200 mVRMS’ VIN = VOUT(TYP) + 15 80 dB
Vo = 10 mA
Note 1. Power dissipation is 150 mW in free air. Power dissipation is 500 mW when mounted as recommended. Derate at 4.0 mW / °C for
operation above 25 °C.
Note 2: This value depends on the output voltage. (This is a value for a V. = 3 V device.)
Note 3: The minimum operating Voltage for V can be 2.1 V. Also, the minimum voltage required for V, is V =V .. + V.. As a result,
operating at V,; < 2.0 V at the minimum operating voltage is not preferred.
Note 4: The input current decreases to the pA level by connecting the control terminal to GND (Off State). The internal pull-down resistor is 500 KQ.

General Note: Parameters with only typical values are just reference. (Not guaranteed)
General Note: Limits are guaranteed by production testing or correction techniques using Statistical Quality Control (SQC) methods. Unless

otherwise noted, V, = Vourave T 1V, lgyr =5 mMA (Tj = 25 °C). The operation of -30 °C to + 80 °C is guaranteed in the design by
a usual inspection.

General Note: Exceeding the “Absolute Maximum Rating” may damage the device.
General Note: Connecting a capacitor to the noise bypass pin can decrease the output noise voltage.

|
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TK111xxCS
ABSOLUTE MAXIMUM RATINGS TK111xxC

SupplyVoltage .........uueeveeeieeiiiiiiiiiiiieee, -0.4tol6V Operating Temperature Range...................... -40to +85 °C
Noise Bypass Terminal Voltage ...................... -0.4to5V Operating Voltage Range ...........ccccceeeiiinnee 21t014V
Power Dissipation (NOte 1) ...........eeveeeeeeeiininanann. 500 mW Control PINVoltage .........ccccceveeeeiiiiiiiiiiins -0.4t016 V
ReVErse Bias ......ccccovvviiiieiiiiiiiiieee e -0.4to6V Short CircUit CUIMeNt .......ooveveeeiie e 360 mA
Storage Temperature Range ...........ccce..... -55t0 +150 °C

TK111xxCSl ELECTRICAL CHARACTERISTICS (I RANK)
Test conditions: V= VOUT(TYP) +1V,ly,1=5mA, T,=25°C, Boldfaced type specifications apply over the full operating
temperature Rang (-40to +85 °C).

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX | UNITS
Vour Output Voltage See Table 1
. . . AV=5 v, (VVIN = VOUT(TYP) +1Vto 0.3 S)
Line Reg | Line Regulation Vouraye T 6 V) o mV
11 28
lour =5 MA 10100 mA (Note 2) a mV
Load Reg | Load Regulation
27 64
lour =5 MA to 200 mA (Note 2) mV
90
80 140
I~ =50 mA mV
ouT 180
120 210
lour = 100 mA 70 mV
Viorop Dropout Voltage (Note 3)
200 350 mV
lour =200 MA (V,; = 2.4 V) 290
230 350 mV
loor =180MA 21V =V <24V)
390
240 320 mA
louroax Maximum Output Current | V. =V ;1rvp X 0.9
220
63 100 HA
l Quiescent Current loor = 0 MA Excluding I,
120
_ 0.0 0.1 HA
V..=8V,V_,. <015V (OFF State)
cC CONT
ey Standby Current (Note 4) 05
lono Ground Pin Current loyr = 50 MA 1.0 18 mA

. _______________________________________________________________________________________________________________________________|]
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TK111xxCS

TK111xxCSIl ELECTRICAL CHARACTERISTICS - | RANK (CONT)

Testconditions: V= Vgyrypy + 1V, loyr =5 MA, T, = 25 °C, Boldfaced type specifications apply over the full operating
temperature Rang (-40to +85 °C).

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
CONTROL TERMINAL SPECIFICATIONS (Note 4)
lcont Control Current Veonr = 1.8V, Output ON 5 15 HA
ON State 1.6
\
1.9
Veonr Control Voltage
OFF State 0.6 V
0.35
Noise Bypass Terminal
VREF Voltage 1.28 V
AV, | AT, | Temperature Coefficient 25 ppm/ °C
V=3V, f=1kHz 0.20 uV I VHz
Vio Output Noise Voltage
V,,; =3V, at BW 400 Hz to 80 kHz 45 1V s
f=400 Hz, CL=1.0uF C,=0.01 uF,
VNOISE =200 mVRMS’ VIN = \yOUT(TYP) + 84 dB
15V, 1, =10 mA
RR Ripple Rejection
f=1kHz, CL=1.0uF C =0.01uF,
VNOISE =200 mVRMS’ VIN = VOUT(TYP) + 80 dB
15, IOUT =10 mA
Note 1: Power dissipation is 150 mW in free air. Power dissipation is 500 mW when mounted as recommended. Derate at 4.0 mW / °C for
operation above 25 °C.
Note 2: This value depends on the output voltage. (This is a value for a V. = 3 V device.)
Note 3: The minimum operating Voltage for V, can be 2.1 V. Also, the minimum voltage required for V, is V, =V .. + V.. As a result,
operating at V,; < 2.0 V at the minimum operating voltage is not preferred.
Note 4: The input current decreases to the pA level by connecting the control terminal to GND (Off State). The internal pull-down resistor is 500 K.

General Note: Parameters with only typical values are just reference. (Not guaranteed)

General Note:

General Note:
General Note:

Limits are guaranteed by production testing or correction techniques using Statistical Quality Control (SQC) methods. Unless
otherwise noted, V, =V, +1V, |y, =5mA (Tj =25 °C). The operation of -40 °C to + 85 °C is guaranteed in the design by
a usual inspection.

Exceeding the “Absolute Maximum Rating” may damage the device.

Connecting a capacitor to the noise bypass pin can decrease the output noise voltage.

OUT(TYP)

January 22, 2002 TOKO, Inc.

Page 5




TK111xxCS
TK111xxCSC ELECTRICAL CHARACTERISTICS TABLE 1

T,=25°C, Io; =5mMA, V, =V o+ 1V
Standard Temp. Range Spec. Extended Temp. Range. Spec.
Room Temp (T, = 25°C) Full Temp (T, = -40 to 85°C)
Availability \%‘f:ggé votage V,,, Min V,,, Max V,,, Min V,,, Max
* 15V 15 1.450 V 1.550 vV 1420V 1.580 V
16V 16 1.550 V 1.650 V 1520V 1.680 V
1.7V 17 1.650 V 1.750 V 1.620 V 1.780 V
* 18V 18 1.750 V 1.850 Vv 1720V 1.880V
* 19V 19 1.850 V 1.950 VvV 1820V 1.980V
* 20V 20 1.950 V 2.050 Vv 1920V 2.080 VvV
21V 21 2.050V 2.150 VvV 2.020V 2.180V
* 22V 22 2.150 VvV 2.250V 2120V 2.280V
23V 23 2250V 2.350 vV 2220V 2.380V
24V 24 2.350 VvV 2450V 2320V 2480V
* 25V 25 2450V 2.550 vV 2420V 2.580V
26V 26 2.550 Vv 2.650 V 2520V 2.680 Vv
* 27V 27 2.650 V 2.750 V 2.620V 2780V
* 28V 28 2750V 2.850 V 2720V 2.880V
* 29V 29 2.850V 2.950 vV 2.820V 2.980V
* 30V 30 2.950 V 3.050 V 2920V 3.080 V
* 31V 31 3.050 V 3.150 V 3.020 V 3.180V
* 3.2V 32 3.150 V 3.250V 3.120V 3.280V
* 33V 33 3.250V 3.350 V 3.217V 3.383V
34V 34 3.349V 3451V 3.315V 3.485V
* 35V 35 3447V 3.553V 3412V 3.588 V

. _______________________________________________________________________________________________________________________________|]
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TK111xxCS
TK111xxCSC ELECTRICAL CHARACTERISTICS TABLE 1 (CONT)

T,=25°C, I, =5mMA,V = Voumvp) +1V
Standard Temp. Range Spec. Extended Temp. Range. Spec.

Room Temp (T, = 25°C) Full Temp (T, = -40 to 85°C)

Availability \%‘f:g;; Vg'ct)zgee V., Min V. Max V. Min V. Max
* 36V 36 3.546 V 3.654 V 3.510 V 3.690 V
3.7V 37 3.644V 3.756 V 3.607 V 3.793V
* 38V 38 3.743V 3.857V 3.705V 3.895V
39V 39 3.841V 3.959V 3.802V 3.998 vV
* 40V 40 3.940 VvV 4.060 V 3.900 V 4,100 V
41V 41 4.038 V 4162V 3.997 VvV 4,203V
42V 42 4137V 4263V 4.095V 4.305V
43V 43 4235V 4.365V 4192V 4.408 V
4.4V 44 4334V 4.466 V 4.290 V 4510 V
* 45V 45 4432V 4.568 V 4387V 4613V
46V 46 4531V 4.669 V 4485V 4715V
* 4.7V 47 4.629 V 4771V 4582V 4818 V
48V 48 4728 V 4872V 4.680 V 4920 V
49V 49 4.826 V 4974V 4777V 5.023 V
* 50V 50 4925V 5.075V 4875V 5125V

Note: * Denotes voltage presently available.
Consult factory for availability of other voltages.
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TK111xxCS

TEST CIRCUIT

IIN VIN VouTt
) ° 5] [ R

J_ L +L

VIN

CIN=01uF CL=0.22 uF

=0Lu (CL = 0.1 uF) louT

/[ \ |
{A) 1 2 | 3 D

CONT I_I
IcCONT

I CN=0.01pF
GND

>

VCONT I

TYPICAL PERFORMANCE CHARACTERISTICS

T, =25 °C, unless otherwise specified.

OutputNoise

TK11130S NOISE vs. Cy NOISE vs VoyuT NOISE vs. IoyT
300 T | | | 70 ‘ ‘ ‘
riyer = cemamc [[[[[[] [[]I] !
250 <2 —+« —CL=022uF 70 |— 'ouT =30mA 65 ‘ ‘
= —m— — CL =047 uF Cn=0.01pF
L ..K N\ ||| —*—CL=10n" 60 C_=10pF 60 [— CL Tantalum —{— ¢ ~CL =0.22 uF |—
@200 M= Ny |~ & -CL=22uF m _ a —8 —CL=0474F
I —eo— - CL =10 pF I / £ 55 CL=10uF | |
> \ S 50 ~ S -#& -CL=22yF
ElSO 4= ] A \>§ /, = 50 —® CL=10uF
g [T - o
Q100 {1 S) P g N
N Z 30 PN e L L
50 4 *\m e Ry e B i
louT = 30 MA H WW 20 BPF = 400 Hz ~ 80 kHz 35
BPF = 400 Hz ~ 80 kHz
0 10 100 1000 10000 100000 1.0 1.5 2.0 25 3.0 35 4.0 45 5.0 0 25 50 75 100 125 150 175 200
CN (PF) VouT (V) louT (MA)

For better noise reduction, itis more effective to increase C, withoutincreasing CL. The recommended C capacitance is
6800 pF (682) or 0.01 uF (103). As the output voltage increases, the noise will also increase.

NOISE vs. loyT NOISE vs. FREQUENCY
70 o1 10 SEESEEEEEEEES
CN:OOlHF "I'K‘l‘l‘l‘:i‘()‘és”””””‘
65
| CiN = 10 uF
e CL = 0.22 uF (CERAMIC)

60 & - CL=0.22 uF |— — 0
@ iyl T uSTHTNARTITIEY
£ 55 A—CL=10yF |_| L 1
S - &— CL=22yF L On=001uF
= 50 —@— -CL=10uF N \
I \ T T T T =
D 45 18 CL = CERAMIC w N N
o % | 2 N L LN
= N | | O 0.1 Cn=0.10pF ==

40 PN\ = z

DO = o o E
35
30 0.01
0 25 50 75 100 125 150 175 200 0.01 0.1 1 10 100
louT (MA) FREQUENCY (kHz)
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TK111xxCS
TYPICAL PERFORMANCE CHARACTERISTICS (CONT.)

T, =25 °C, unless otherwise specified.

MLCC stands for Multi Layer Ceramic

Ripple Rejection
0

Capacitor. _
10 P

20 CL =0.22 uF (MLCC) ?nO;?uT\\/(I';;/F; Form

30 S =

40 _—

50 e

W GND

60 =

70 - CL = 1.0 yF (MLCC)

80 M X Vout

-T— TK111xxC j

90 XX

100 cL
0.1 1 10 100 1000 _I
FREQUENCY (kHz) Cnp 0.01 uF
VCoNT
V=50V, (VIN = VOUT(TYP) +2V), Vour =30V, 1,,,=10mA END
VR =500 mVp-p, f=100~ 1 MHz, C,=0.01uF, C =0uF
0 0

10 10

20 20

30 B: CL =10uF (MLCC) 30 Cp = 0.1 1F = 0.01 uF (MLCC)

40 40 —

- - T
50 R e - ’ 50 \ _F Y
Wl ’ ?."-'I # W
60 e . 60
L i
70 i d-ll'"‘...r.. 70 =
80 — 80 oy
b A: CL = 10 uF (MLCC) e

90 90

100 | [ ] 100
0.1 1 10 100 1000 0.1 1 10 100 1000

FREQUENCY (kHz) FREQUENCY (kHz)

The ripple rejection characteristic depends on the characteristic and the capacitance value of the capacitor connected to
the output side. The RR characterisic of 50 kHz or more varies greatly with the capacitor on the output side and the PCB
pattern. If necessary, please confirm stability while operating.

RIPPLE REJECTION vs. loyT RIPPLE REJECTION

0 =K
10 LT T o= W\ cN 00LWF I
"LV [T CN=0.01uF -10 N \ | Gt =0.22 uF (CERAMIC)
.20 | cL =0.224F (Ceramic) 20 |‘\ 1 louT: L, 50, 100, 150, 200 mA |
ViN=50V \ TR l‘ VRIPPLE = 100 mVp-p
-30 [— VRippLE =500 mVp-p -30 \ Vi v FREQ: 1kHz
~—~ - ~—~ - \ 0}
@ 40 @ 40 N
T .50 - T 50 AR B =
g 60 | Frea=1kHz aall g 60 \\\\- il I
.70 == -70 N ol
80 La21 —
- N~ Freq = 400 Hz -80
-90 -90
-100 -100
0 20 40 60 80 100 120 140 160 180 200 0.2 0.4 0.6 0.8 1

louT (MA)

VIN-VOouT - TYP (V)

|
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TK111xxCS

TYPICAL PERFORMANCE CHARACTERISTICS (CONT.)

T, =25 °C, unless otherwise specified.

ON/OFF TRANSIENT

Condition: V_,,,=0Vto 2V, f=100Hz, I ,,=30mA,C = 1.0uF

CL =VARIABLE Cp=0.001uF

T
ON
OFF| 2.0 Vidiv
VCONT 10 ps/div |—
L CL =0.22 yF —]
N L
/7CL =22uF
/}( ICL = 10 uF
)/ [ |
VouT 1.0 Vidiv |—
10 ps/div
CN=VARIABLE CL=22uF CN=VARIABLE CL=22uF
T T ]
ON ON 20 Vidiv | |
1 ms/div
OFH - OFF|
VCONT 2.0 Vidiv VCONT
100 ps/div
Cp = 100 pF Cp = 0.001 pF
Cn =0.001 uF =
y Gn=000tn |1 W /SN =001 uF
—T =
] CN=0.01pF L~
Cn=0.1uF 1.0 V/div
1.0v/idiv |— 1 ms/div [
100 ps/div
VouT Vourt

Page 10 January 22, 2002 TOKO, Inc.



TK111xxCS

TYPICAL PERFORMANCE CHARACTERISTICS (CONT.)

T, =25 °C, unless otherwise specified.

LOADTRANSIENT

LOAD TRANSIENT 1

T T 1
35t0 5 mA STEP
lout
VconT =20V,
CiN=1.0puF
CL=22yF, |
Cp = 0.001 yF,
VouTt /
50 mV/div
10 ps/div /
LOAD TRANSIENT 2 LOAD TRANSIENT 3
L
35t0 5 mA STEP 5to 35 mA STEP
louT : louT ‘
Cp = 0.001 pF CN = 0.001 uF
CL=0.22pF VouTt —
CL=22uF oL 10pF
- CL=22yF
Vout ' l\_>
CL=10uF 50 mv/div || _‘ ‘ 50 mv/div ||
| | | 5 ps/div CL=0.22F 5 us/div
I ‘
LOAD TRANSIENT 4 LOAD TRANSIENT 5
louT
louT
V
] out f,bUT = 0to 30 mA STEP
e
Vout =
louT = 30 to 0 mA STEP \ ’
N 100 mV/div
VouTt 1|0 us / div
louT =350 5MA STEP = T | loyT =5 to 35 mA STEP
m [\ S—
1.0 ms/div ouT j
1
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TK111xxCS
TYPICAL PERFORMANCE CHARACTERISTICS (CONT.))

T, =25 °C, unless otherwise specified.

LINETRANSIENT

LINE TRANSIENT 1 LINE TRANSIENT 2
1 1 T
50V 50V Cn =0.001 pF
VIN VIN
40V 40V
CL =0.22 uF y
Vout —~—
CL=22yF
Vout \ S Vout \ I
| CL=22pF VouT ~y N
Cn=0.001uF 10 mVidiv CL=10pF |lOmvidiv
100 us/div | 100 ps/div [
1 L[ 1

Conditions: 1,1 =30mA, V., =20V, C,=10uF

LINE TRANSIENT 3

v CL=22yF
VIN
40V
Cp = 0.001 uF
vour [~ v s
Cn = 0.01 uF
Vout v s
Vout ~ -
— 10 mV/div
EN=01uE 100 usidiv H
L] T
LINE REGULATION LOAD REGULATION
15 10
10
0
§ VouT =20V
. = ‘Q\ ouT
s s > 10 ~—
SR BT g T
~ - -V =15V|] ~ N \\
— -10 T ouT — -15 N N
5 — — — Vout=20V ) NG
O -15 HH V, =3.0 V] O -20 N
> out > Vour=50v  IN_ |\
20 U Vout=40VH -25 N
[ - = =Vour=50V
25 |4 : out 20 \‘
-30 HH -35
.35 LL1 -40
0 5 10 15 20 0 50 100 150 200
VINKY) louT (MA)
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TK111xxCS

TYPICAL PERFORMANCE CHARACTERISTICS (CONT.)

T, =25 °C, unless otherwise specified.

REGULATION POINT

28 loyT =0
N, }‘_‘—gf I
/ /

-40 /

; -60 / / ,/
SN VARTATS
5_100 / / / /
9 120 / / //(—lou-r =200 mA _|
< Y.V

e VAVATA4

:128 / /, louT =50 mA Steps |

yAVAVA N .
-100 0 100 200 300
AVIN(MV)

SHORT CIRCUIT CURRENT

5.0
4.0 \
< 30
'_ \
-}
9 20 \
1.0
0.0
0 100 200 300 400 500
louT (MA)
REVERSE BIAS CURRENT vs.
REVERSE BIAS VOLTAGE
7
0 /7
5 y A
Vour=2V| , /
4
— 40 /
< v
< 30 £
o ’ Wz
@ 20 ’/ / ,4/
/
,"// LT | vour=5v
10 ,/,
e
o k=
01 2 3 456 7 8 910
VREvV (V)
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DROPOUT VOLTAGE vs.
OUTPUT CURRENT
0
20
-40
~ 60 N\
Z 80 \\
a.-100 NG
2 AN
>D-120
-140 AN
-160 NS
-180
-200
40 80 120 160 200
louT (MA)
MAXIMUM OUTPUT CURRENT
DURING LOW VOLTAGE
OPERATION
350
300 -
< 250
£
< 200
<
150
'_
-]
O 100
50
0
1718 19 2 21 22 23 24
VIN (V)
STANDBY CURRENT vs.
INPUT VOLTAGE
1.0E-06
1.0E-07 J
1.0E-08
1.0E-09 /
1.0E-10
1.0E-11
1.0E-12
0 5 10 15 20
VIN (V)

Page 13



TK111xxCS

TYPICAL PERFORMANCE CHARACTERISTICS (CONT.)

T, =25 °C, unless otherwise specified.

CONTROL CURRENT vs. GROUND PIN CURRENT vs.
CONTROL VOLTAGE OUTPUT CURRENT
20.0 10
18.0 9
16.0 Vout 8 /
14.0 At e R © 7 /
—~ ) e
< 12.0 < /
= 1 / € 6
E 100 . a 5
(@} ' / Z
o 80 1 o 4 4
L 1 / lconT - /
6.0 Y 3 ve
1/ /
4.0 2
/ P4
2.0 1 /,
0.0 ] 0
00 10 20 3.0 4.0 5.0 0 50 100 150 200
VconT (V) louT (MA)
MAXIMUM OUTPUT CURRENT vs. GROUND PIN CURRENT vs.
TEMPERATURE TEMPERATURE
400 12.0
380 '~
10.0 SN — IoUT = 200 MA ]
. 360 — =~ —|= ]
é ‘\ 8.0
E 340 N =
X \ S ~L louT = 150 mA
<320 N o 6.0 ~+— -
§3oo AN 5 T17T1 7
8 \ - 4.0 louT = 100 mA
~ 280 A [ ) ey S
2.0 | 'out =60mA =T =
260 Vout =VouT(Typ) - 03V T o T T
louT = 30 MA==|
240 | | | 0.0 Y h
-50 -25 0 25 50 75 100 -50 -25 0 25 50 75 100
Ta (°C) Ta (°C)
DROPOUT VOLTAGE vs. CONTROL CURRENT vs.
TEMPERATURE TEMPERATURE
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250 14.0 ™~ y'd VconT =40V
- 150 mA ' T sl<
oyt =150 m ~
S 200 = F =] 2120 =< =]
-~ .- _ ~
%— T l.- Iloquio’oﬂA_ %10.0 ~T
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TYPICAL PERFORMANCE CHARACTERISTICS (CONT.)

T, =25 °C, unless otherwise specified.

ON / OFF KNEE VOLTAGE vs.

TEMPERATURE
N VconT (ON Point)
" N
N ~
AN
N
~
N~
»>
[~ VconT (OFF Point) SN
NN
N
N

50 25 0 25 50 75 100
Ta (°C)

TK11120 OUTPUT VOLTAGE vs.
TEMPERATURE
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Ta(°C)

TK11140 OUTPUT VOLTAGE vs.
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20
15
10

-5
-10
-15
-20
-25
-30

30
25
20
15
10

-5
-10
-15
-20
-25
-30
-35

TK11115 OUTPUT VOLTAGE vs.
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TK11130 OUTPUT VOLTAGE vs.

TEMPERATURE
\\
~
—— VouT =30V
| 3s3pPM/cC
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Ta (°C)

TK11150 OUTPUT VOLTAGE vs.

TEMPERATURE
-
/
)4
/
/
/
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TYPICAL PERFORMANCE CHARACTERISTICS (CONT.)

T, =25 °C, unless otherwise specified.

Low Output Voltage Device V -V . and |, -V, Characteristics

TK11115 VOUT VS. V|N TK11115 VOUT VS. |OUT

1.6 20
15 L8
’ / 1.6 VIN=220V T
| < B | 1.4 1\ . 1.3
LA ioyr=oma louT = 100 mA . /,\;-\-w\
2 / S 12 T
513 / 5 1.0 pvin=18V N
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l . A =
1.1 louT =200 mA | 0.4 V=19V } +
louT = n 0.2 ARIr
ouT = 50 mA . " LT
1.0 —— 0.0
12 14 16 18 20 20 0 100 200 300 400 500
VIN (V) loyT(MA)
19 TK11118 VOUT VS. V|N "0 TK11118 VOUT VS. IOUT
18 ol e
—— i~ N
. —
18 1.6 ‘\ ‘\\ i:v"\,:zz.ov-
1 1
17 ’, louT = 50 mA1 1.4 \ )/T.)ﬁ
Ei16 / IouT = 100 mA 10 Vvin=18V
8 : lour=0mA [/ 51 \ T
> / N | | | 008 ;
15 [ lout =150 mA s 06 \ L '
|1 ' )
2
- 1 L
14 louT =200 MA 0.4 FViN=19V Ol ||
|1 |
1
1.3 0.0 1,
13 15 17 1.9 2.1 2.3 0 100 200 300 400 500
VIN (V) loyT(MmA)
TK11120 Vot Vs. Vi TK11120 Vout vs- lout
2.1 2.00 T T
== "= = =g ~VN=221V
1.80 == T_ —
2.0 1,60 —— B ‘JK- D
1.40 N INY
= 1.9 A louT = 50 mA] : \I
> /% I S 120 T .
= 5 louT = 100 mA ViN=18V 0 s
518 loyur=oma / out " 5 100 |IN l L \ \'
S | | | O L —X1 \
= /A = 0.80 VIN=19V
17 / 7! loyT =150 mA 0.60 I I II . |\
AN (I ' L
16 ///,/ IouT = 200 MA 0.40 V=20V i \| 1
Z/ANNNn It
i
15 0.00
1.5 1.7 1.9 21 23 2.5 0 100 200 300 400
ViN (V) louT(MA)
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DEFINITION AND EXPLANATION OF TECHNICAL TERMS

OUTPUTVOLTAGE (V)

The outputvoltage is specified with V =VOUT(TYP) +1Vand

lour =5 MA.

MAXIMUMOUTPUT CURRENT (IOUT(MAX))

The rated output current is specified under the condition
where the output voltage drops 0.9 times the value specified
with I, =5mA. The inputvoltage is set to VOUT(TYP) +1V,
and the current is pulsed to minimize any temperature
effect. The output current decreases during low voltage
operation . Please refer to the graphs on the previous page
for 2.1V or less.

DROPOUT VOLTAGE (Vprop)

The dropout voltage is the difference between the input
voltage and the output voltage at which point the regulator
starts to fall out of regulation (this is the point when the
outputvoltage decreases by 100 mV). Below this value, the
output voltage will fall as the input voltage is reduced. Itis
dependentupontheload currentandthe junctiontemperature.

LINE REGULATION (Line Reg)

Line regulation is the ability of the regulator to maintain a
constant output voltage as the input voltage changes. The
line regulation is specified as the input voltage is changed
fromV =Vg,r +1VtoV =V, +6V.Itis apulsed
measurement to minimize temperature effects.

LOAD REGULATION (Load Reg)

Load regulation is the ability of the regulator to maintain a
constant output voltage as the load current changes. Itisa
pulsed measurementto minimize temperature effects with
the inputvoltage setto V| =V, +1V. The load regulation
is specified under two output current step conditions of 5 mA
to 100 mA and 5 mA to 200 mA.

QUIESCENT CURRENT (l,)

The quiescent currentis the current which flows through the
GND terminal under no load conditions (I, = 0 mA).

GROUND PIN CURRENT (I )

The ground pin currentis the current which flows through the
GND terminal according to load current. It is measured by
(input current-output current).

RIPPLE REJECTION RATIO (RR)

Ripple rejectionis the ability of the regulator to attenuate the
ripple content of the input voltage at the output. It is

specified with 200 mV,,s, 400 Hz and 1 kHz signal
superimposed on the input voltage, where V| =V ;+ 1.5V.
The output decoupling capacitor is set to 1.0 yF, the noise
bypass capacitor is set to 0.01 uF, and the load current is
setto 10 mA. Ripple rejectionisthe ratio of the ripple content
of the output vs. the input and is expressed in dB. Ripple
rejection can be improved by increasing the noise bypass
capacitor (however, the on/off response time willincrease).

STANDBY CURRENT (Iggy)

Standby current is the current into the regulator when the
output is turned off by the control function. It is measured
with an input voltage of 8 V.

OVER CURRENT SENSOR

The overcurrent sensor protects the device when there is
excessive output current. It also protects the device if the
output is accidentally shorted to ground.

THERMAL SENSOR

The thermal sensor protects the device if the junction
temperature exceeds the safe value (T, = 150 °C). This
temperature rise can be caused by extreme heat, excessive
power dissipation caused by large output voltage drops, or
excessive output current. The regulator will shut off when
the temperature exceeds the safe value. As the junction
temperature decreases, the regulator will begin to operate
again. Under sustained fault conditions, the regulator output
will oscillate as the device turns off then resets. Damage
may occur to the device under extreme fault conditions.

REVERSE VOLTAGE PROTECTION

Reverse voltage protection prevents damage due to the
outputvoltage being higher than the input voltage. This fault
condition can occur when the output capacitor remains
charged andtheinputisreducedto zero, orwhen an external
voltage higher than the input voltage is applied to the output
side. Toko’s regulators do not need an inherent diode
connected between the input and output. The maximum
reverse bias voltage is 6 V.

VIN Vout

T
GND

ESD MM 200pF 0Q 200 V Min
HBM 100 pF 1.5k 200V Min

January 22, 2002 TOKO, Inc.
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DEFINITION AND EXPLANATION OF TECHNICAL TERMS (CONT.)

PACKAGE POWERDISSIPATION (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. When the
junction temperature exceeds the monitor threshold of
150 °C, theICisshutdown. The junctiontemperature rises
asthe difference between the input power (V  x1,) andthe
output power (V1 X l5,7) increases. The rate of tempera-
turerise 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 large. When mounted on the recom-
mended mounting pad, the power dissipation ofthe SOT23-
5 is increased to 500 mW. For operation at ambient
temperatures over 25 °C, the power dissipation of the
SOT23-5 device should be derated at 4.0 mW/ °C. To
determine the power dissipation for shutdownwhen 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 dissipation 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 P, /(150 °C - T,) is the derating factor. The
PCB mounting pad should provide maximum thermal con-
ductivity in order to maintain low device temperatures. As
a general rule, the lower the temperature, the better the
reliability of the device. The thermal resistance when
mounted is expressed as follows:

TjZSjAX Po+ T,

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,=125°C/P,
8,,=125°C/ P, (°C/mw)

Py is the value when the thermal protection circuit is
activated. A simple way to determine P is to calculate V
x I,y whenthe outputside is shorted. Input currentgradually
falls as temperature rises. You should use the value when
thermal equilibrium is reached.

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

PD (mw)
PD 2
Ppp[€ === T—~~~~~~~
3
4
0 | | | | |
0 25 50 (75) 100 150
TA(C)
Procedure:
1) Find Py

2) P, istakento be P x (~0.8 - 0.9)

3) Plot Py, against 25 °C

4) ConnectP, tothe pointcorrespondingtothe 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, Dy,.

The maximum operating current is:

lout = (Dpp/ (VIN(MAX) -Vour)

Page 18
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APPLICATION INFORMATION (CONT.)
BOARDLAYOUT

— OO
| [ AR

ON/ OFF
SOT23-5BOARDLAYOUT
500
-4.0mW /°C
. MOUNTED
=
£
£ 150
FREE AIR
0 | | | |
0 25 50 100 150

(85)
TEMPERATURE(°C)

|
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APPLICATION INFORMATION (CONT.)

Application Hint \ /

On / Off Control N

It is recommended to turn the regulator Off when the circuit following the 4
regulator is not operating. A design with little electric power loss can be / \ 1
implemented. We recommend the use of the on/ off control of the regulator REG

without using a high side switch to provide an output from the regulator. A / \4 \
highly accurate output voltage with low voltage drop is obtained.

On / Off

Because the control currentis small, it is possible to control it directly by CMOS logic. The PULLDOWN resistance is built
into the control terminal (500 k). The noise and ripple rejection characteristics depend on the capacitance on the Noise
Bypass teminal. The ripple rejection characteristic of the low frequency region improves by increasing the capacitance of
C,- Astandardvalueis C;=0.0068uF. Increase C, in adesign with important output noise and ripple rejection requirements.
The IC will not be damaged if the capacitor value is increased. The switching speed of off / on changes depending on the
capacitance at the Noise Bypass terminal. The switching speed slows when the capacitance is large.

Parallel Connected ON/OFF Control

5V
Vi TK11150C _TL f
If there is an overheating concern because the power loss
of the low voltage output (TK11120) IC is large, it may be
TK11133C 33v necessary to decrease the electric power loss by using the
I resistor (R) as shown in the left figure.
R When the thermal protection circuit works, a decrease of
20V the output voltage, oscillation, etc. are observed.
TK11120C f
On / Off Control jv
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APPLICATION INFORMATION
INPUT-OUTPUT CAPACITORS

Linear regulators require input and output capacitors in order to maintain the regulator’s loop stability. The equivalent series
resistance (ESR) of the output capacitor must be in the stable operation area. However, itis recommended to use as large
avalue of capacitance as is practical. The output noise and the ripple noise decrease as the capacitance value increases.
The IC is never damaged by enlarging the capacitance.

ESR values vary widely between ceramic and tantalum capacitors. However, tantalum capacitors are assumed to provide
more ESR damping resistance, which provides greater circuit stability. This implies that a higher level of circuit stability
can be obtained by using tantalum capacitors when compared to ceramic capacitors with similar values. The IC provides
stable operation with an output side capacitor of 0.22 uF (V,; = 2.0 V). Ifthe capacitor is 0.1 uF or more over its full range
of temperature, either a ceramic capacitor or tantalum capacitor can be used without considering ESR (V1 = 2.0V).

For output voltage device = 2.0 V applications, the recommended value of CL = 0.10 uF.
For output voltage device = 1.5V applications, the recommended value of CL = 0.22 uF.
For load current < 0.5 mA, increase the output capacitor to 1 uF.

The input capacitor is necessary when the battery is Vin ° VouT
discharged, the power supply impedance increases, or the I —

TK111xxCS
line distance to the power supply is long. This capacitor = 0.22 uF |
mightbe necessary on eachindividual IC eveniftwo or more " ’
regulator ICs are used. It is not possible to determine this T
indiscriminately. Please confirm the stability while mounted.

Cn=0.01pF

STABLE OPERATION AREAVvs.VOLTAGE, CURRENTAND ESR

VouT=15Vv-19V VouT =20V VouTt=3.0V VouT =4.0V VouT=5.0V
100 100 100=T.‘r|l r‘rrl'_. 100 100 e
L S T - =
= | s I H ﬂr =1
- r\'“l"\-.—p-‘ -
10 10 10 10 10
STABLE AREA STABLEAREA || STABLE AREA LI T  stasLearea [T srasLearea
—_ CL=01uF — cL=0068uF _| | | ~ CL=0.068uF ~ [ | cL=0068uF ~ |l cL=o0068uF
= G S < <
x 1 x 1 o 1 x 1 x 1
7] 7] ) 7] n
w w w w i}
0.1 0.1 0.1 0.1 0.1
0.01 0.01 0.01 0.01 0.01
0 50 100 150 0 50 100 150 0 50 100 150 0 50 100 150 0 50 100 150
louT (MA) louT (MA) louT (MA) louT (MA) louT (MA)
All Stable All Stable
CL>022uF CL201pF

Please increase the output capacitor value when the load currentis 0.5 mA or less. The stability of the regulator improves
if a big output side capacitor is used (the stable operation area extends).

Forevaluation KYOCERA: CMO05B104K10AB, CM05B224K10AB, CM105B104K16A, CM105B224K16A, CM21B225K10A
MURATA: GRM36B104K10, GRM42B104K10, GRM39B104K25, GRM39B224K10, GRM39B105K6.3

|
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APPLICATION INFORMATION (CONT.)

Bias Voltageand Temperature Characteristics of Ceramic Capacitors

Generally, a ceramic capacitor has both a temperature characteristic and a voltage characteristic. Please consider
both characteristics when selecting the part. The B curves are the recommended characteristics.

CAPACITANCE vs. VOLTAGE

BIAS VOLTAGE (V)

$ 100 T=a=-
§ 90 \\ B CURVE |
|<£ 80 \\
O 70 F CURVE N
< ~N
o 60 \\
<
O 50
0 2 4 6 8 10

CAPACITANCE (%)

=
o
o

90
80
70
60

50
0

CAPACITANCE vs. TEMPERATURE

-

S

= ===~

B CURVE

F CURVE
AN

4 6 8 10
TA (°C)
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PACKAGE OUTLINE

Marking Information
S0T23-5
Product Code
o7 TK111xxCS R
Stamps
e | Voltage Code
© @ B} 7/7 - // - TK11115CS 15
= / /: TK11116CS 16
m % fﬂ Voltage TK11117CS 17
| | N TK11118CS 18
r/ ***** / | ‘ ! TK11119CS 19
; | | ‘ TK11120CS 20
R XX 7/ i ] L TK11121CS 21
L ) / TK11122CS 22
| | { ‘ TK11123CS 23
] 0 0 TK11124CS 24
| | 095 | 095 | TK11125CS 25
| TK11127CS 27
ONNO O 0 190 TK11128CS 28
. 0402 TK11129CS 29
D 0.5 D 0.95 Recommended Mount Pad TK11130CS 30
95 | 1095 TK11131CS 31
TK11132CS 32
TK11133CS 33
TK11134CS 34
TK11135CS 35
29 TK11136CS 36
| 16 TK11137CS 37
; ‘ TK11138CS 38
i X \ TK11139CS 39
; } ; < } . TK11140CS 40
| ! | - E ! 3 TK11141CS 41
} | ! = | g TK11142CS 42
N 3 Y 1 —t TK11143CS 43
! | ! T3 TK11144CS 44
2 | 3 TK11145CS 45
& ‘ ° TK11146CS 46
7] oa ] e emws TK11147CS 47
TK11148CS 48
TK11149CS 49
Dimensions are shown in millimeters TK11150CS 50
Tolerance: x.x = + 0.2 mm (unless otherwise specified)

Y . Toko America, Inc. Headquarters
1250 Feehanville Drive, Mount Prospect, lllinois 60056
[ Y Tel: (847) 297-0070 Fax: (847) 699-7864

TOKO AMERICA REGIONAL OFFICES

Midwest Regional Office Semiconductor Technical Support
Toko America, Inc. Toko Design Center

1250 Feehanville Drive 4755 Forge Road

Mount Prospect, IL 60056 Colorado Springs, CO 80907

Tel: (847)297-0070 Tel: (719) 528-2200

Fax: (847)699-7864 Fax: (719)528-2375

Visitour Internetsite at http:/Awvww.tokoam.com

Theinformation furnished by TOKO, Inc. is believed to be accurate and reliable. However, TOKO reserves the right to make changes orimprovements in 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
resultfromthe use of its products. No license is granted by implication or otherwise under any patentor patentrights of TOKO, Inc. TOKO's products are not authorized for use as critical componentsiin life support
devices or systems without the express written approval of the president of Toko, Incorporated.
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