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Electrical Characteristics Ta = 25°C unless otherwise noted

* Pulse Test: Pulse Width  300 s, Duty Cycle  2.0%

Ordering Information

Symbol Parameter Test Condition Min. Max. Units
OFF CHARACTERISTICS

V(BR)CEO Collector-Emitter Breakdown Voltage IC = 1.0mA, IB = 0 40 V
V(BR)CBO Collector-Base Breakdown Voltage IC = 10 A, IE = 0 60 V
V(BR)EBO Emitter-Base Breakdown Voltage IE = 10 A, IC = 0 6.0 V

IBL Base Cutoff Current VCE = 30V, VEB = 3V 50 nA
ICEX Collector Cutoff Current VCE = 30V, VEB = 3V 50 nA

ON CHARACTERISTICS*
hFE DC Current Gain IC = 0.1mA, VCE = 1.0V

IC = 1.0mA, VCE = 1.0V
IC = 10mA, VCE = 1.0V
IC = 50mA, VCE = 1.0V
IC = 100mA, VCE = 1.0V

40
70
100
60
30

300

VCE(sat) Collector-Emitter Saturation Voltage IC = 10mA, IB = 1.0mA
IC = 50mA, IB = 5.0mA

0.2
0.3

V
V

VBE(sat) Base-Emitter Saturation Voltage IC = 10mA, IB = 1.0mA
IC = 50mA, IB = 5.0mA

0.65 0.85
0.95

V
V

SMALL SIGNAL CHARACTERISTICS
fT Current Gain - Bandwidth Product IC = 10mA, VCE = 20V, 

f = 100MHz
300 MHz

Cobo Output Capacitance VCB = 5.0V, IE = 0, 
f = 1.0MHz

4.0 pF

Cibo Input Capacitance VEB = 0.5V, IC = 0, 
f = 1.0MHz

8.0 pF

NF Noise Figure IC = 100 A, VCE = 5.0V, 
RS = 1.0k ,
f = 10Hz to 15.7kHz

5.0 dB

SWITCHING CHARACTERISTICS
td Delay Time VCC = 3.0V, VBE = 0.5V

IC = 10mA, IB1 = 1.0mA
35 ns

tr Rise Time 35 ns
ts Storage Time VCC = 3.0V, IC = 10mA, 

IB1 = IB2 = 1.0mA
200 ns

tf Fall Time 50 ns

Part Number Marking Package Packing Method Pack Qty
2N3904BU 2N3904 TO-92 BULK 10000
2N3904TA 2N3904 TO-92 AMMO 2000

2N3904TAR 2N3904 TO-92 AMMO 2000
2N3904TF 2N3904 TO-92 TAPE REEL 2000

2N3904TFR 2N3904 TO-92 TAPE REEL 2000
MMBT3904 1A SOT-23 TAPE REEL 3000

MMBT3904_D87Z 1A SOT-23 TAPE REEL 10000
PZT3904 3904 SOT-223 TAPE REEL 2500
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Typical Performance Characteristics
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Electrical Characteristics TA = 25°C unless otherwise noted

Symbol Parameter Conditions Type Min Typ Max Units

OFF CHARACTERISTICS

BVDSS Drain-Source Breakdown Voltage VGS = 0 V, ID = 10 μA All 60 V

IDSS Zero Gate Voltage  Drain Current VDS = 48 V, VGS = 0 V 2N7000 1 μA

TJ=125°C 1 mA
VDS = 60 V, VGS = 0 V 2N7002

NDS7002A
1 μA

TJ=125°C 0.5 mA
IGSSF Gate - Body Leakage, Forward VGS = 15 V, VDS = 0 V 2N7000 10 nA

VGS = 20 V, VDS = 0 V 2N7002
NDS7002A

100 nA

IGSSR Gate - Body Leakage, Reverse VGS = -15 V, VDS = 0 V 2N7000 -10 nA
VGS = -20 V, VDS = 0 V 2N7002

NDS7002A
-100 nA

ON CHARACTERISTICS (Note 1)

VGS(th) Gate Threshold Voltage VDS = VGS, ID = 1 mA 2N7000 0.8 2.1 3 V

VDS = VGS, ID = 250 μA 2N7002
NDS7002A

1 2.1 2.5

RDS(ON) Static Drain-Source On-Resistance VGS = 10 V, ID = 500 mA 2N7000 1.2 5 
TJ =125°C 1.9 9

VGS = 4.5 V, ID = 75 mA 1.8 5.3
VGS = 10 V, ID = 500 mA 2N7002 1.2 7.5

TJ =100°C 1.7 13.5
VGS = 5.0 V, ID = 50 mA 1.7 7.5

TJ =100C 2.4 13.5
VGS = 10 V, ID = 500 mA NDS7002A 1.2 2

TJ =125°C 2 3.5
VGS = 5.0 V, ID = 50 mA 1.7 3

TJ =125°C 2.8 5
VDS(ON) Drain-Source  On-Voltage VGS = 10 V,  ID = 500 mA 2N7000 0.6 2.5 V

VGS = 4.5 V,  ID = 75 mA 0.14 0.4
VGS = 10 V,  ID = 500mA 2N7002 0.6 3.75
VGS = 5.0 V,  ID = 50 mA 0.09 1.5
VGS = 10 V,  ID = 500mA NDS7002A 0.6 1
VGS = 5.0 V,  ID = 50 mA 0.09 0.15

2N7000.SAM Rev. A1
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TIP110/D

TIP110, TIP111, TIP112
(NPN); TIP115, TIP116,
TIP117 (PNP)

Plastic Medium-Power
Complementary Silicon
Transistors

Designed for general purpose amplifier and low speed switching

applications.

Features

• High DC Current Gain 

hFE = 2500 (Typ) @ IC 

= 1.0 Adc

• Collector Emitter Sustaining Voltage  @ 30 mAdc 

VCEO(sus) = 60 Vdc (Min)  TIP110, TIP115

= 80 Vdc (Min)  TIP111, TIP116 

= 100 Vdc (Min)  TIP112, TIP117

• Low Collector Emitter Saturation Voltage 

VCE(sat) = 2.5 Vdc (Max) @ IC 

= 2.0 Adc

• Monolithic Construction with Built in Base Emitter Shunt Resistors

• Pb Free Packages are Available*

*For additional information on our Pb Free strategy and soldering details, please
download the ON Semiconductor Soldering and Mounting Techniques
Reference Manual, SOLDERRM/D.

TO 220AB

CASE 221A

STYLE 1

MARKING

DIAGRAM

DARLINGTON

2 AMPERE

COMPLEMENTARY SILICON

POWER TRANSISTORS

60 80 100 VOLTS, 50 WATTS

www.onsemi.com

1
2

3

4

TIP11x = Device Code

x = 0, 1, 2, 5, 6, or 7

A = Assembly Location

Y = Year

WW = Work Week

G = Pb Free Package

TIP11xG

AYWW

See detailed ordering and shipping information on page 3 of

this data sheet.

ORDERING INFORMATION

STYLE 1:
PIN 1. BASE

2. COLLECTOR

3. EMITTER

4. COLLECTOR
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MAXIMUM RATINGS

Rating Symbol

TIP110,

TIP115

TIP111,

TIP116

TIP112,

TIP117 Unit

Collector Emitter Voltage VCEO 60 80 100 Vdc

Collector Base Voltage VCB 60 80 100 Vdc

Emitter Base Voltage VEB 5.0 Vdc

Collector Current Continuous

Peak

IC 2.0

4.0

Adc

Base Current IB 50 mAdc

Total Power Dissipation @ TC = 25°C

Derate above 25°C

PD 50

0.4

W

W/°C

Total Power Dissipation @ TA = 25°C

Derate above 25°C

PD 2.0

0.016

W

W/°C

Unclamped Inductive Load Energy  Figure 13 E 25 mJ

Operating and Storage Junction TJ, Tstg –�65 to +�150 °C

THERMAL CHARACTERISTICS

Characteristics Symbol Max Unit

Thermal Resistance, Junction to Case R�JC 2.5 °C/W

Thermal Resistance, Junction to Ambient R�JA 62.5 °C/W

Stresses exceeding those listed in the Maximum Ratings table may damage the device. If any of these limits are exceeded, device functionality
should not be assumed, damage may occur and reliability may be affected.

ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted)

Characteristic Symbol Min Max Unit

OFF CHARACTERISTICS

Collector Emitter Sustaining Voltage (Note 1)

(IC = 30 mAdc, IB = 0) TIP110, TIP115

TIP111, TIP116

TIP112, TIP117

VCEO(sus)

60

80

100

Vdc

Collector Cutoff Current

(VCE = 30 Vdc, IB = 0) TIP110, TIP115

(VCE = 40 Vdc, IB = 0) TIP111, TIP116

(VCE = 50 Vdc, IB = 0) TIP112 ,TIP117

ICEO

2.0

2.0

2.0

mAdc

Collector Cutoff Current

(VCB = 60 Vdc, IE = 0) TIP110, TIP115

(VCB = 80 Vdc, IE = 0) TIP111, TIP116

(VCB = 100 Vdc, IE = 0) TIP112, TIP117

ICBO

1.0

1.0

1.0

mAdc

Emitter Cutoff Current

(VBE = 5.0 Vdc, IC = 0)

IEBO 2.0 mAdc

ON CHARACTERISTICS (Note 1)

DC Current Gain

(IC = 1.0 Adc, VCE = 4.0 Vdc)

(IC = 2.0 Adc, VCE = 4.0 Vdc)

hFE

1000

500

Collector Emitter Saturation Voltage (IC = 2.0 Adc, IB = 8.0 mAdc) VCE(sat) 2.5 Vdc

Base Emitter On Voltage (IC = 2.0 Adc, VCE = 4.0 Vdc) VBE(on) 2.8 Vdc

DYNAMIC CHARACTERISTICS

Small Signal Current Gain (IC = 0.75 Adc, VCE = 10 Vdc, f = 1.0 MHz) hfe 25

Output Capacitance

(VCB = 10 Vdc, IE = 0, f = 0.1 MHz) TIP115, TIP116, TIP117

TIP110, TIP111, TIP112

Cob

200

100

pF

Product parametric performance is indicated in the Electrical Characteristics for the listed test conditions, unless otherwise noted. Product
performance may not be indicated by the Electrical Characteristics if operated under different conditions.
1. Pulse Test: Pulse Width � 300 �s, Duty Cycle � 2%.
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TIP100/D

TIP100, TIP101, TIP102
(NPN); TIP105, TIP106,
TIP107 (PNP)

Plastic Medium-Power
Complementary Silicon
Transistors

Designed for general purpose amplifier and low speed switching

applications.

Features

• High DC Current Gain 

hFE = 2500 (Typ) @ IC 

= 4.0 Adc

• Collector Emitter Sustaining Voltage  @ 30 mAdc 

VCEO(sus) = 60 Vdc (Min)  TIP100, TIP105 

= 80 Vdc (Min)  TIP101, TIP106 

= 100 Vdc (Min)  TIP102, TIP107

• Low Collector Emitter Saturation Voltage 

VCE(sat) = 2.0 Vdc (Max) @ IC 

= 3.0 Adc 

= 2.5 Vdc (Max) @ IC = 8.0 Adc

• Monolithic Construction with Built in Base Emitter Shunt Resistors

• Pb Free Packages are Available*

*For additional information on our Pb Free strategy and soldering details, please
download the ON Semiconductor Soldering and Mounting Techniques
Reference Manual, SOLDERRM/D.

TO 220AB

CASE 221A

STYLE 1

MARKING

DIAGRAM

DARLINGTON 8 AMPERE

COMPLEMENTARY SILICON

POWER TRANSISTORS

60 80 100 VOLTS, 80 WATTS

www.onsemi.com

1
2

3

4

TIP10x = Device Code

x = 0, 1, 2, 5, 6, or 7

A = Assembly Location

Y = Year

WW = Work Week

G = Pb Free Package

TIP10xG

AYWW

See detailed ordering and shipping information on page 3 of

this data sheet.

ORDERING INFORMATION

STYLE 1:
PIN 1. BASE

2. COLLECTOR
3. EMITTER

4. COLLECTOR
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MAXIMUM RATINGS

Rating Symbol
TIP100,
TIP105

TIP101,
TIP106

TIP102,
TIP107 Unit

Collector  Emitter Voltage VCEO 60 80 100 Vdc

Collector  Base Voltage VCB 60 80 100 Vdc

Emitter  Base Voltage VEB 5.0 Vdc

Collector Current Continuous

Peak

IC 8.0

15 Adc

Base Current IB 1.0 Adc

Total Power Dissipation @ TC = 25°C
Derate above 25°C

PD 80
0.64

W
W/°C

Unclamped Inductive Load Energy (1) E 30 mJ

Total Power Dissipation @ TA = 25°C
Derate above 25°C

PD 2.0
0.016

W
W/°C

Operating and Storage Junction Temperature Range TJ, Tstg –65 to +150 °C

THERMAL CHARACTERISTICS

Characteristic Symbol Max Unit

Thermal Resistance, Junction to Case R�JC 1.56 °C/W

Thermal Resistance, Junction to Ambient R�JA 62.5 °C/W

Stresses exceeding those listed in the Maximum Ratings table may damage the device. If any of these limits are exceeded, device functionality
should not be assumed, damage may occur and reliability may be affected.
1. IC = 1.1 A, L = 50 mH, P.R.F. = 10 Hz, VCC = 20 V, RBE = 100 �

ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted)

Characteristic Symbol Min Max Unit

OFF CHARACTERISTICS

Collector Emitter Sustaining Voltage (1)

(IC = 30 mAdc, IB = 0) TIP100, TIP105

TIP101, TIP106

TIP102, TIP107

VCEO(sus)

60

80

100

Vdc

Collector Cutoff Current

(VCE = 30 Vdc, IB = 0) TIP100, TIP105

(VCE = 40 Vdc, IB = 0) TIP101, TIP106

(VCE = 50 Vdc, IB = 0) TIP102, TIP107

ICEO

50

50

50

�Adc

Collector Cutoff Current

(VCB = 60 Vdc, IE = 0) TIP100, TIP105

(VCB = 80 Vdc, IE = 0) TIP101, TIP106

(VCB = 100 Vdc, IE = 0) TIP102, TIP107

ICBO

50

50

50

�Adc

Emitter Cutoff Current (VBE = 5.0 Vdc, IC = 0) IEBO 8.0 mAdc

ON CHARACTERISTICS (1)

DC Current Gain

(IC = 3.0 Adc, VCE = 4.0 Vdc)

(IC = 8.0 Adc, VCE = 4.0 Vdc)

hFE

1000

200

20,000

Collector Emitter Saturation Voltage

(IC = 3.0 Adc, IB = 6.0 mAdc)

(IC = 8.0 Adc, IB = 80 mAdc)

VCE(sat)

2.0

2.5

Vdc

Base Emitter On Voltage (IC = 8.0 Adc, VCE = 4.0 Vdc) VBE(on) 2.8 Vdc

DYNAMIC CHARACTERISTICS

Small Signal Current Gain (IC = 3.0 Adc, VCE = 4.0 Vdc, f = 1.0 MHz) hfe 4.0

Output Capacitance (VCB = 10 Vdc, IE = 0, f = 0.1 MHz) TIP105, TIP106, TIP107

TIP100, TIP101, TIP102

Cob 300

200

pF

Product parametric performance is indicated in the Electrical Characteristics for the listed test conditions, unless otherwise noted. Product
performance may not be indicated by the Electrical Characteristics if operated under different conditions.
2. Pulse Test: Pulse Width � 300 �s, Duty Cycle � 2%.
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Power MOSFET

FEATURES

• Dynamic dV/dt rating

• Repetitive avalanche rated

• 175 °C operating temperature

• Fast switching

• Ease of paralleling

• Simple drive requirements

• Material categorization: for definitions of compliance 
please see www.vishay.com/doc?99912

Note
* This    datasheet    provides    information    about    parts    that    are

RoHS-compliant and / or parts that are non-RoHS-compliant.  For
example, parts with lead (Pb) terminations are not RoHS-compliant.
Please see the information / tables in this datasheet for details.

DESCRIPTION

Third generation power MOSFETs from Vishay provide the 
designer with the best combination of fast switching, 
ruggedized device design, low on-resistance and 
cost-effectiveness. 
The TO-220AB package is universally preferred for all 
commercial-industrial applications at power dissipation 
levels to approximately 50 W. The low thermal resistance 
and low package cost of the TO-220AB contribute to its 
wide acceptance throughout the industry.

Notes
a. Repetitive rating; pulse width limited by maximum junction temperature (see fig. 11).
b. VDD = 25 V, starting TJ = 25 °C, L = 4.8 mH, Rg = 25 , IAS = 5.6 A (see fig. 12).
c. ISD  5.6 A, dI/dt  75 A/µs, VDD  VDS, TJ  175 °C.
d. 1.6 mm from case.

PRODUCT SUMMARY

VDS (V) 100

RDS(on) ( ) VGS = 10 V 0.54

Qg max. (nC) 8.3

Qgs (nC) 2.3

Qgd (nC) 3.8

Configuration Single

N-Channel MOSFET

G

D

S

TO-220AB

G
D
S

Available

Available

ORDERING INFORMATION INFORMATION

Package TO-220AB

Lead (Pb)-free
IRF510PbF

SiHF510-E3 

SnPb
IRF510

SiHF510

ABSOLUTE MAXIMUM RATINGS (TC = 25 °C, unless otherwise noted)

PARAMETER SYMBOL LIMIT UNIT

Drain-Source Voltage VDS 100
V 

Gate-Source Voltage VGS ± 20 

Continuous Drain Current VGS at 10 V
TC = 25 °C 

ID
5.6

ATC = 100 °C 4.0

Pulsed Drain Current a IDM 20

Linear Derating Factor 0.29 W/°C 

Single Pulse Avalanche Energy b EAS 75 mJ 

Repetitive Avalanche Current a IAR 5.6 A 

Repetitive Avalanche Energy a EAR 4.3 mJ 

Maximum Power Dissipation TC = 25 °C PD 43 W 

Peak Diode Recovery dV/dt c dV/dt 5.5 V/ns 

Operating Junction and Storage Temperature Range TJ, Tstg -55 to +175 
°C 

Soldering Recommendations (Peak temperature) d for 10 s 300

Mounting Torque 6-32 or M3 screw
10 lbf · in

1.1 N · m
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Notes

a. Repetitive rating; pulse width limited by maximum junction temperature (see fig. 11).

b. Pulse width  300 µs; duty cycle  2 %.

THERMAL RESISTANCE RATINGS

PARAMETER SYMBOL TYP. MAX. UNIT

Maximum Junction-to-Ambient RthJA - 62

°C/WCase-to-Sink, Flat, Greased Surface RthCS 0.50 -

Maximum Junction-to-Case (Drain) RthJC - 3.5

SPECIFICATIONS (TJ = 25 °C, unless otherwise noted)

PARAMETER SYMBOL TEST CONDITIONS MIN. TYP. MAX. UNIT

Static

Drain-Source Breakdown Voltage VDS VGS = 0 V, ID = 250 µA 100 - - V 

VDS Temperature Coefficient VDS/TJ Reference to 25 °C, ID = 1 mA - 0.12 - V/°C 

Gate-Source Threshold Voltage VGS(th) VDS = VGS, ID = 250 µA 2.0 - 4.0 V 

Gate-Source Leakage IGSS VGS = ± 20 V - - ± 100 nA 

Zero Gate Voltage Drain Current IDSS 

VDS = 100 V, VGS = 0 V - - 25
µA 

VDS = 80 V, VGS = 0 V, TJ = 150 °C - - 250

Drain-Source On-State Resistance RDS(on) VGS = 10 V ID =3.4 A b - - 0.54

Forward Transconductance gfs VDS = 50 V, ID = 3.4 A b 1.3 - - S 

Dynamic

Input Capacitance Ciss VGS = 0 V,

VDS = 25 V,

f = 1.0 MHz, see fig. 5 

- 180 -

pFOutput Capacitance Coss - 81 -

Reverse Transfer Capacitance Crss - 15 -

Total Gate Charge Qg 

VGS = 10 V 

ID = 5.6 A, VDS = 80 V 

VDS = 10 V, 

see fig. 6 and fig. 13 b

- - 8.3

nC Gate-Source Charge Qgs - - 2.3

Gate-Drain Charge Qgd - - 3.8

Turn-On Delay Time td(on) 

VDD = 50 V, ID = 5.6 A 
Rg = 24 , RD = 8.4 , see fig. 10 b

- 6.9 -

ns
Rise Time tr - 16 -

Turn-Off Delay Time td(off) - 15 -

Fall Time tf - 9.4 -

Internal Drain Inductance LD 
Between lead,

6 mm (0.25") from 

package and center of 

die contact 

- 4.5 -

nH 

Internal Source Inductance LS - 7.5 -

Drain-Source Body Diode Characteristics

Continuous Source-Drain Diode Current IS
MOSFET symbol
showing the 
integral reverse
p - n junction diode

- - 5.6

A

Pulsed Diode Forward Currenta ISM - - 20

Body Diode Voltage VSD TJ = 25 °C, IS = 5.6 A, VGS = 0 V b - - 2.5 V

Body Diode Reverse Recovery Time trr
TJ = 25 °C, IF = 5.6 A, dI/dt = 100 A/µs b

- 100 200 ns

Body Diode Reverse Recovery Charge Qrr - 0.44 0.88 µC

Forward Turn-On Time ton Intrinsic turn-on time is negligible (turn-on is dominated by LS and LD)
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