
[ 8 ]     
 

140 

 

2.  

IC AC
 

 
 

2.1  

 

2.1.1  

ON OFF 2.1.1  
R  

 

F
FIN

I
V VR −=  

 
 

 2.1.1 

 
IF = 10 mA VF (max) = 1.35 V  

VIN = 5 V R  

Ω=−=  365 
mA 10

 V1.35) (5R  

R = 360 Ω VF VF = 0.9 V IF ∼ − 11.4 
mA  

 

2.1.2  

2.1.2 Si  
( 1S1588 ) 

 
 

 2.1.2 

 
 

 

R 

Si 
Diode 

VF VIN 

VF 

IF

R

VIN   

IF 

R 

VF VIN 

IF 

Datasheet.Live
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2.1.3  

 (RS) 
( 2.1.3)  

 

 2.1.3 

 
VT VIN (OFF)  

VIN (OFF) ∼ − T
SS

TT V
R

 R1
R

 V R  V 





+=⋅+  

 
IIN (OFF)  

IIN (OFF) ∼ −
S
T

R
 V  

 
VT ∼ − 0.5 V 

 

2.1.4 IC  

2.1.4 IC  
 

 2.1.4 

 

2.1.5  

2.1.5  
 

 2.1.5 

RS VIN 

R 

R 

VCC 

IF 

F

(sat) CEFCC

I

 V V V
 R

−−
=

R 

VCC 

IF 

F

OLFCC
I

 V V V
 R

−−
=

R 
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2.2  

 

2.2.1  

LED

 
(1)  

2.2.1

ICBO
RBE
2.2.2 ID–RBE ( )  

 
 

 2.2.1 

 

 2.2.2 

 

 
  RBE  (Ω) 

 
ID – RBE 

 
  

  
  

I D
  

(µ
A

) 

VCE = 24 V 
Ta = 100°C 

10

0.01
100 k 

1

0.1

1 M 10 M 

R × ICEO 

VCC 
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(2)  
IF IC 2.2.3

RBE 2.2.4 IPB RBE VBE ON
RBE = 0.2 MΩ IF = 1 mA

IC < 0.1 mA RBE = ∞ 1
RBE

 
 

 2.2.3 

 
 
 
 
 

 2.2.4 

 
(3)  

IPB hFE
hFE IPB VCE

 

 
2.2.5

 
  2.2.5 

 

      IF  (mA) 

 
IC – IF at RBE ( ) 

   
I C

  
(m

A
) 

20

0.01

0.1 1 10 20 30 40 

0.1

1

10

VCE = 5 V 
Ta = 25°C 

RBE = ∞ 

RBE = 0.2 MΩ 

RBE = 0.5 MΩ 

RBE 

IPB 
B 

C 

E 

VBE 
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2.2.2  

 
CBE

CBE
 ( 2.2.6 )  

 

 2.2.6 

 

2.3  

 ( ) 

 
CPU I/O

 

 

1 ms
 

ON/OFF TTL
LED

 

 
 

 

VOUT 

(1) 

C
B

E
 

(2) 
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2.3.1  

1 IG
 

2
GaAs LED (

9400Å ) 
LED  

LED 2.3.1 (1) J2 J2
2.3.1 (2) IPλ

 
 

 2.3.1   

 
2.3.1 (2) IA  

( )
NPN)PNP(1

NPN iIII
 I j2COPG

A α+α−
α++λ+

= .................................................................. (1) 

 
αPNP αNPN :  
ICO : J2  
IPλ : J2  
ij2 : - dv/dt J2  

IPλ PNP NPN 2
IA IA αPNP αNPN α = 

αPNP + αNPN > = 1 IA  
3 ICO ICO 8°C

2 αPNP + αNPN → 1 -
VBO

 
 

J3 

G 

J2 

J1 

K 

N
+
 

P 

N 
P

+
 

 

 

A 

(1) 

ICO ij2 

RGK 

CGK 

IPλ

Cj2 

hν 

αNPN 

αPNP 

A 

K 

G 

(2) 



[ 8 ]     
 

146 

dv/dt -
 (dv/dt) VBO

LED  

2.3.1 (1) J2 2.3.1
Cj2 Cj2 ij2 ij2

J1 J2 IPλ (IF) 
 

dv/dtVC i K
1

j2j2 ××=  

K = 2~3 
V:  

dv/dt dv/dt
V/µs 

Tj 2
dv/dt 2.3.2

 
 

 

 2.3.2 dv/dt  

 (TLP546G) 

  Tj  (°C) 

   
dv

/d
t 

 (
V

/µ
s)

 

100

1
0 

RGK = 15 kΩ 
VD = 400 V 

CGK = 0.01 µF  

80
60

40

20

10
8

6

4

2

20 40 60 80 100 120 

CGK  

 
 dv/dt – Tj ( ) 
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2.3.2  

dv/dt
2.3.3 2.3.4  

1/2

 
 

 2.3.3  1  

 

 2.3.4  1  

 
2.3.5 SPT-1

SPT-2
dv/dt Cj2 VBO

 
 

 2.3.5   

 

 

2  
 

 = 2VS − PK 

VS − PK 
VS

VP
ON 

VS VP 

LOAD

C L 

 

 
VP

 
 

iM 

2  
 

VS 

OFF 
 

ON

VS VP 

LOAD

C L 

+ −

iM 

+
−+

−

R 
TLP546G 

10
0 

Ω
 

C
1 

A
C

 
10

0 
V

 

L 

R
1 

0.
1 

µF
 

RGK 

CGK 

 IT = 0.5 Arms 

SPT-1 

SPT-2

RL 

L

(sat)CEFCC
F R

VV2V
I

−×−
=∗   

IF* = 20 mA min

12 V

RGK 

CGK 

dt
di

L  

IF 

IT 

VT 

AC 

t 

dv/dt

t 

t 

t 

dv/dt
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 2.3.6   

 
SPT-2  

(dv/dt ON ) C1
 (L) 

 (di/dt) 
R1

R1 = 100 Ω C1 = 0.1 µF
dv/dt 1~1.5 V/µs

dv/dt
2.3.1  

dv/dt Ta = 
100°C 2 V/µs

2.3.2 CGK = 0.01 
µF RGK = 15 kΩ dv/dt-Tj

 
2.3.6 A- 10 A

 (IT = 0.1~0.2 Arms)  
CGK dv/dt

2.3.1 (2) dv/dt Cj2 ij2 CGK
 

CGK dv/dt 2.3.7
CGK = 0.001~0.01 µF CGK

tON CGK = 0.01 µF IF/IFT = 
1.5 tON ∼ − 20~30 µs  

IPλ  (IGT 
= 5~30 µA) ICO 2.3.6

RGK ICO  
 

 

 2.3.1 R1 ==== 100 ΩΩΩΩ C1 ==== 0.1 µµµµF

dv/dt  

R 
TLP511GA 

10
0 

Ω
 

0.
1 

µF
 

L 

RGK 

C
G

K

 

120 Ω 
+5 V

IF = 20 mA MIN RGK 

C
G

K

CS

 
dv/dt up 

100 Ω

1 kΩ 

 

dv/dt  
 

CS  
 

 

AC 
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 2.3.7  dv/dt CGK   2.3.8 IFT RGK  

(TLP511GA TLP541G) 

 
RGK dv/dt ij2 dv/dt  

LED IPλ

IFT ( LED ) 
RGK LED IFT–RGK 2.3.8

 

1 2.3.9
 

 (IH ∼ − 0.2 mA) 
 

 

 2.3.9   

 

 
  CGK  (µF) 

 
 

 
dv

/d
t 

 
  

(V
/µ

s)
 

30

1
0.001 

VD = 400 V 
Tj = 100°C 
RGK = 27 kΩ 
TLP511GA 
TLP541G 

20

10

8

6

4

2

2 4 6 8 0.01 

 

  RGK  (kΩ) 

 
IFT – RGK 

 
LE

D
  

I F
T
  

(m
A

) 

10 4 
1
0.1 

Ta = 25°C 

2

4
6

10

20

40
60

100

200

400

2 4 6 1 2 6 100 4 2 6 

 

 

 

dv/dt 

TLP541G 

10
0

Ω
 

0.
1 

µF
 

A
C

 1
00

 V
 

R
G

K

 RL 100 Ω

50 Ω 

IF 

VCC
5~24 V

DATA
GND

20
 k

Ω

C
G

K
 0

.0
1 

µF
 

R
1

C
1

1G1B41 SM6G41 

D
3

D
1

D
2

D
4
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2.4 TTL  

2.4.1 TTL DIP4 TTL ON/OFF
RC IIL IOL LED IF  

 
 

 
TLP521-1

2.4.1  
 

 

 2.4.1   

         (Ta = 25°C)     

 VF IF = 10 mA 1.0 1.15 1.3 V 

 V (BR) CEO IC = 0.5 mA 55   V 

 V (BR) ECO IE = 0.1 mA 7   V 

IF = 0, VCE = 24 V  10 100 nA 
 ICEO 

IF = 0, VCE = 24 V, Ta = 85°C  2 50 µA 

 50  600 

GB  100  600 

GR  100  300 
 CTR (IC/IF) 

IF = 5 mA 

VCE = 5 V 

BL  200  600 

% 

 VCE (sat) IF = 5 mA, IC = 1 mA  0.1 0.4 V 

 
 

 

 2.4.1 4  

TTL  

Topr : 0~70°C 
 : 5 kbit/s 

 : VCC = 5 V ± 5% 
 : 20  (17 ) 

 : 50% 

RC TLP521-1 
RD 

IF 

VCC VCC

II 

IC IIL 

IC > I1 + IIL 
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2.4.1 RC (max)  

RC (max) 
ICEO (max) 

RL (
) RC  

5 kbit/s
 

T = tr + td + tf + ts < = 200 µs 
 

RL T < = 200 µs
T = 100 µs 2.4.2

 ( ) 
RL < = 4.7 kΩ

RL TTL RIN RC
( 2.4.3)  

RL = RC//RIN 
 

RL = 4.7 kΩ > RIN = 4 kΩ 
RC = ∞

ICEO (max) RC (max) 
 

ICEO (max) RC (max) 
RC (max)  

CEO
IHCC(min)

C(max) I
VVR −

=  

 
Ta = 70°C ICEO (max) 

2.4.4 VCE = 5 V/10 V/24 V
ICEO (typ.)  

 

 

 2.4.2 –  

( )  

 

 2.4.3  RL RIN RC  

  RL  (kΩ) 
 

  
(µ

s)
 

1000

1
0 1 2 4 6 8 10 20 40 60 80 100 

2

4

6
8

10

20

40

60
80

100

200

400

600
800 tf 

ts 

tr 

td 

 

VOUT
5 V
0 V
td
tr

ts 
tf 

90%
10% 

RLIF = 5 mA 

VOUT 

VCC = 5 V 

 
 

 

VCC

RC 

TTL 

RIN 

+5 V 

4 
kΩ
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TLP521-1 Ta = 85°C VCE = 24 V ICEO 

(max) = 50 µA 2.4.4 VCE
Ta Ta = 70°C VE = 5 V ICEO 

(max)  
VCE  : VCE = 24 V → 5 V 
ICEO (typ.) 1/4  

Ta  : Ta = 85°C → 70°C 
ICEO (typ.) 1/4 Ta = 

70°C VCE = 5 V ICEO (max)  

A3.1
4
1

4
1A50ICEO µ=××µ=  

 

Ω=
µ+µ

−= k 64
A40A3.1

V24.75VRC(max)  

 
 

2.4.2 IF  

IF IF < = IOL IF < = 16 mA IF 2.4.5 IF < = 50 mA
CTR IF 2.4.6 CTR

10 IF = 10 mA ± 50%  
 

 2.4.5  –  (TLP521-1)  2.4.6   

 

 

 2.4.4 VCE  

–  ( ) 

 

  Ta  (°C) 

 
 

   
I F

  
(m

A
) 

100

0
−20 

80

60

40

20

0 40 60 80 100 20 

 

  (h) 

 
 

I C
 (

t)
/I C

 (
t =

 0
) 

(V
C

E
 =

 5
 V

, I
F
 =

 5
 m

A
, T

a 
= 

25
°C

) 

0.4

0 

0.6

0.8

1.0

10
2

 10
3

 10
4

 

IF = 70 mA, PC = 150 mW, Ta = 25°C 

  Ta  (°C) 

 
 
 

 
 

  
I D

  
(µ

A
)  

10 µ

10
−4

0 

VCE = 24 V 

10
5 

1 µ

10
−1

10
−2

10
−3

20 40 60 80 100 120 
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2.4.3 IF RD  

IF (typ.)  

 D(typ.)
OL F(typ.)CC

F(typ.) R
 V V V

  I
−−

=  

 
VF (typ.)  

VF (typ.) = 1.15 V (IF = 10 mA) 
 

10mA
 0.4V1.15V5VRD

−−=  

 = 345 Ω 
RD = 330 Ω ± 5%  

IF (min) IF (max) 
 

 D(max)
OL F(max)CC(min)

F(min) R
 V V V  I −−

=  

 
Ω

−−
=

314
 0.4V1.3V4.75V  

 = 9.7 mA 

 D(min)
OL F(min)CC(max)

F(max) R
 V V V  I −−

=  

 
347

 0.4V1.0V5.25V −−
=  

 = 11.1 mA 
 
 

 

 2.4.7 IC/IF  

–  

( ) 

 

 2.4.8  IC/IF–VCE  

      IF  (mA) 

   
I C

  
(m

A
) 

40

0.04

0.4 

Ta = 25°C 
VCE = 5 V 

600% 
370% 
280% 
185% 
125% 

6 8 1 4 6 20 10 2 40 

0.06

0.1

0.2

0.4

0.6

1

2

4

6

10

20

IC/IF = 80% 

 
 

VCE  (V) 

 
I C

/I F
 

1.2

0
0.1 

2 mA

IF = 10 mA 

5 mA

0.2

0.4

0.6

0.8

1.0

0.2 0.4 0.6 0.8 1 2 4 6 8 
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2.4.4 RC  

IC minIC  

RC > =
ILC

OLCC(max)
IminI
VV

−
−  

minIC = IC (min) × DIF × Dt × DVCE × DTa 
 

 Dt : IC  
 DIF : IF

IC  
 DVCE : VCE (sat) IC  
 DTa : Topr IC  

TLP521-1  
 2.4.6  Dt = 0.5 (t = 17 × 104 h 50%

) 
 2.4.7  DIF = 2.5 (IF = 10 mA) 
 2.4.8  DVCE = 0.80 (VCE = 0.4 V) 
 2.4.9  DTa = 0.75 (Ta = 70°C) 

IC (min) = 2.5 mA [(IF = 5 mA) × (IC/IF (min) = 50%)]  
minIC = 2.5 mA × 2.5 × 0.5 × 0.80 × 0.75 = 1.8 mA 

 

C(min)
OLCC(max)

ILC R
VVIminI −

>−  

RC kΩ CTR
TLP521-1 (GB) IC (min) = 5 mA minIC = 3.6 mA  

1.63.6
0.45.24RC(min) −

−= ∼ − 2.4 kΩ 

RC = 2.4 kΩ~64 kΩ

ON/OFF RC
RC (min) ON/OFF  (

) RC (max) Dt = 0.5
RC = 4.7 kΩ  

 

 

 2.4.9   

  Ta  (°C) 

 
  

I C
 

1.4

0.6
−20 

IF = 5 mA 

5 V VCE = 0.4 V 

0 20 40 80 60 100 

0.8

1.0

1.2

2 V 
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2.5 AC  

 (SSR) 2.3.9 RGK CGK
 ( IF)  

 

2.5.1  

 : Topr = 0~70°C 
 : VCC = 5 V ± 5% 

 : ±5% 
 : 17  ( 20 ) 

 : 50% 
 

2.5.2  

2.3.9 TLP541G  
1GB41  

100 V 2 A SM6G14
R = 100 Ω C = 0.1 µF G-T2 R = 50 Ω

 
 

2.5.3 RGK CGK  

dv/dt SM6G14
TLP541G Tj

LED
LED IF IF < = 30 mA
Tj (SCR) 80°C  

dv/dt dv/dt = 2~3 V/µs Tj (SCR) = 80°C 2
VDRM = 280 V  

dv/dt 2.3.7 RGK = 27 kΩ CGK = 0.01 µF
CGK

 
 

2.5.4  

IF LED IF
 

IF = IFT (max) × DTa × DRGK × Dt × DtON 
 

IFT (max) : IFT 
DTa : IFT 1.1~1.2  
DRGK : IFT RGK RGK = 27 kΩ

 
Dt : IFT 2.5.1  
DtON : DtON = 1.2  
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IFT (max) = 7 mA 
@Ta = 25°C RGK = 27 kΩ 
DRGK = 1 @RGK = 27 kΩ 
Dt = 1.3 @8.5 × 104 h 
DTa = 1.2 
DtON = 1.2 

IF  
IF (min) ∼ − 13 mA 

 
 

2.6  

 (RFI)  
RFI

 
2.6.1 TLP541G

T1-T2 ON
 

T1-T2 R1 R2 Tr1
IPλ Tr1

VIN ON  
 

 2.6.1  SSR  

 

 

 2.5.1 LED IFT  

(TLP541G) 

R2 

R
1

VIN = 4.5~6 V 

390 Ω 

10
0 

Ω
 

0.
1 

µF A
C

 1
00

 V
 

 100 Ω

50 Ω 

27
 k

Ω

R
1

C
1

1G1B41 

10
0 

kΩ
 

15 kΩ

0.01 µF

TLP541G 

Tr1 

T
1 

T
2 

 

+ 

− 

  (h) 

 
 

I F
T

 (
t)

/I F
T

 (
t =

 0
) @

R
G

K
 =

 2
7 

kΩ
, 

Ta
 =

 2
5°

C
, V

D
 =

 6
 V

, R
L 

= 
10

0 
Ω

 

0.9

1 

IF = 50 mA, IF = 150 mArms, Ta = 25°C 

10
2

 10
3

 10
4

 

1.0

1.1

1.2
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2.7  

 

2.7.1  

2.7.1 LED IF
IC  

(1) IF = 0  (OFF ) 
ID  (IC = ID)

VOUT (OFF) High VH  

VCC − ID × RL = VOUT (OFF) > VH 

(VCC = ) 
ID 2.7.2 ID

RL  

D
IHCCL I

VVR −<  

 

(2) IF = Iin  (ON ) 
IC Low

VL VOUT (ON)  
VCC − IC (ON) × RL = VOUT (ON) < VL 

 

C(ON)
LCCL I

VVR −>  

 
RL

 
 

 2.7.1    2.7.2  ID–Ta 

 

 2.7.3  IC–IF 

 

IF IC 

RL 
VOUT 

VCC 

 
Ta 

og
  

I D
 

IC min

IF1 

IC (ON)

IC

IF2 IF 

 

 

A   
IC–IF  

B  CTR min  
IC–IF  
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(3) ON Iin  
2.7.3 2.7.4 IC IF

2.7.3  ( 2.7.3 ) CTR
 

( -1) A  ( IC–IF )  
CTRmin IC–IF B A  

IC min = CTRmin × IF1  
( ) IC = IC (ON) B IF2  

IF2 Ta = 25°C t = 0 CTR  ( 2.7.5)

CTR  ( 2.7.4) Iin  

 α×××>
tTa

F2in D
1

D
1II  

 

 Dt : CTR  

 DTa : CTR  
 α :  

 

 2.7.4  CTR–Ta  2.7.5  CTR–t 

 

Ta 

C
T

R
 

t 

C
T

R
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2.7.2  

Iin ( ) IFT LED
ON 0 IH

ON IT ON OFF
ON  

(1) IF  
2.7.7 IFT–Ta 2.7.8 IFT

Iin  
Iin > IFT × DTa × Dt × α IFT : IFT max  

 DTa : IFT  
 Dt : IFT  
 α :  

 

 2.7.6    2.7.7  IFT–Ta  2.7.8  IFT–t 

 
RS CS 47 Ω + 0.033 µF

 
 

Ta 

I F
T
 

t 

I F
T
 

Load 

RS 

CS Iin IT 
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2.7.3  

2.7.9 MOS FET

MOS FET 1
MOS FET

IF
 

IF 2.7.12 2.7.14 VOC ISC VOC ISC
Iin  

α×××>
tTa

Fin D
1

D
1II  

DTa : VOC (ISC)  
Dt : VOC (ISC)  
α :  

 

3:  (ON) MOS FET

 

4: MOS FET  
 

  

 2.7.10  ISC–IF  2.7.11  VOC–IF 

  

 2.7.12  VOC–Ta  2.7.13  ISC–Ta 

  

 

 2.7.9   

 2.7.14  VOC–t ISC–t 

IF 

I S
C

 

IF 

V
O

C
 

 

 

Ta 

I S
C

 

Ta 

V
O

C
 

t 

V
O

C
 

t 

I S
C

 

TLP597G 

1

3

2

4 

6 

5 

RING

TLP591B 

RING LINE 2 

 LINE 1 

TLP590B 

Tip 

TLP597G 

1

3

2

4 

6 

5 

Tip 
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2.7.4 IC  

(1)  
(1.1) TLP550 : TLP112, TLP112A, TLP114A, TLP512, TLP550, TLP551, TLP553, TLP559, 

TLP759, TLP2530, TLP2531 
IO LED IF IO = CTR × IF  ( 2.7.15)

 
TLP550 TTL/TTL

2.7.16  
  

IO (min) = IF  × CTR (min) 

 F

OL1FCC1
IN I

 V V V
  R

−−
=  

 ILO(min)

OLCO2
L(min) II

 V V
  R

+α×
−=  

 (α: ) 

 2.7.15  IO–IF 

 2.7.16  TTL/TTL  

 

og  IF 

og
 I O

 

IO = CTR × IF 

( : TLP550) 

IR 
RIN 8

7

6

5

1

2

3

4

IF 

VCC1 

VF 

VCC2 

VOL1 

RL 

IO 

VOL1 

IIL 
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(1.2) TLP552 : TLP113, TLP115, TLP115A, TLP250, TLP251, TLP513, TLP552, TLP554, 
TLP555, TLP557, TLP558, TLP2630, TLP2631 

LED IF IFH ( IFL) 
 ( 2.7.17) IFH ( IFL) LED IF

 
2.7.1 IFH ( IFL) max  

 

 2.7.1 

 IFH ( IFL) max   ( 5) 

TLP113, TLP115,  
TLP115A, TLP513,  
TLP552, TLP554,  
TLP2630, TLP2631 

5 mA 0~70°C 

TLP582 5 mA −25~85°C 

TLP557 5 mA −30~70°C 

TLP250, TLP251 5 mA −20~70°C 

TLP555, TLP558 1.6 mA −25~85°C 

5:  

  

α×
−−

=
](max)I[I

 V V V
R

FL FH

OL1FCC1
IN(max)  

(α: ) 

 2.7.17  VO–IF 

 2.7.18  TTL/TTL  

 
 

: TLP558 

IF 

V
O

 

IOL = 6.4 mA 

IOH = −2.6 mA

IFL 

RL 

RIN 8

7

6

5

1

2

3

4

IF 

VCC1 

VF 
VCC2 

VOL1 

0.
1 

µF
 VCC 

GND 
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(2)  
(2.1)  

IC IC VCC
GND VCC

VCC GND 0.1 µF 1 cm
 

0.1 µF : TLP113 TLP115 TLP115A  
 TLP250 
 TLP251 TLP513 TLP552 
 TLP554 TLP555 TLP557 
 TLP558 TLP2630 TLP2631 

IC 0.1 µF
 

 

 2.7.19 

 
(2.2)  

TLP552 TLP554 TLP555 TLP558
 

 

 2.7.20 
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