60 V, 300 mA N-channel Trench MOSFET
Rev. 7 — 8 September 2011 Product data sheet

@ |2N7002

1. Product profile

1.1 General description

N-channel enhancement mode Field-Effect Transistor (FET) in a plastic package using
Trench MOSFET technology.

1.2 Features and benefits

B Suitable for logic level gate drive B Surface-mounted package

sources B Trench MOSFET technology
B Very fast switching

1.3 Applications

B Logic level translators B High-speed line drivers

1.4 Quick reference data

Table 1. Quick reference data

Symbol Parameter Conditions Min Typ Max Unit

Vpbs drain-source voltage 25°C=<T;=150°C - - 60 \%

Io drain current Ves =10V, Tgp = 25 °C; see Figure 1; - - 300 mA

see Figure 3

Piot total power dissipation  Tsp = 25 °C; see Figure 2 - - 083 W

Static characteristics

Rpson drain-source on-state  Vgs =10 V; Ip =500 mA; T; = 25 °C; - 2.8 5 Q
resistance see Figure 6; see Figure 8

2. Pinning information

Table 2. Pinning information

Pin Symbol Description Simplified outline Graphic symbol
1 G gate
2 S source 3 D
3 D drain
e ©
SOT23 (TO-236AB) mbb076 S
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Nexperia

2N7002

60 V, 300 mA N-channel Trench MOSFET

3. Ordering information

Table 3.  Ordering information

Type number Package
Name Description Version
2N7002 TO-236AB plastic surface-mounted package; 3 leads SOT23
4. Marking
Table 4.  Marking codes
Type number Marking codelll
2N7002 12%
[1] % = placeholder for manufacturing site code
5. Limiting values
Table 5. Limiting values
In accordance with the Absolute Maximum Rating System (IEC 60134).
Symbol Parameter Conditions Min Max Unit
Vpbs drain-source voltage 25°C=T;=150°C - 60 \%
Vber drain-gate voltage 25°C =Tj=<150 °C; Rgs = 20 kQ - 60 \%
Vs gate-source voltage -30 30 \%
Vasm peak gate-source voltage pulsed; t, <50 ps; 6 = 0.25 -40 40 \%
Ip drain current Ves =10V, Tgp = 25 °C; see Figure 1; - 300 mA
see Figure 3
Ves =10V, Tsp = 100 °C; see Figure 1 - 190 mA
Iom peak drain current pulsed; t, < 10 ps; Tsp = 25 °C; see - 12 A
Figure 3
Piot total power dissipation Tsp = 25 °C; see Figure 2 - 083 W
T junction temperature -65 150 °C
Tstg storage temperature -65 150 °C
Source-drain diode
Is source current Tep=25°C - 300 mA
Ism peak source current pulsed; t, < 10 ps; Tsp, =25 °C - 1.2 A
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Nexperia
60 V, 300 mA N-channel Trench MOSFET
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Fig 1. Normalized continuous drain current as a Fig 2. Normalized total power dissipation as a
function of solder point temperature function of solder point temperature
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Nexperia 2N7002

60 V, 300 mA N-channel Trench MOSFET

6. Thermal characteristics

Table 6. Thermal characteristics

Symbol Parameter Conditions Min Typ Max Unit
Rin(-a) thermal resistance Mounted on a printed-circuit board,; - - 350 KIW
from junction to minimum footprint ; vertical in still air
ambient
Ritn-sp) thermal resistance see Figure 4 - - 150 KW
from junction to solder
point
10° 003aab351
Zingsp)
(K/w)
102 E s
=0=0.5==
— 5 ==
L0.2 mmug BEeess
_///;/
FO.1l———T
/,/”'/7/ P 5= i
10 E£0.05 T B
£0.02 |_ —| i
/// single pulse $Ltp7¢ |
T —
1/ H‘H TTT -
10° 10" 10° 102 10" 10
t ()
Fig 4. Transient thermal impedance from junction to solder point as a function of pulse duration
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Nexperia

2N7002

7. Characteristics

60 V, 300 mA N-channel Trench MOSFET

Table 7. Characteristics
Symbol Parameter Conditions Min Typ Max Unit
Static characteristics
V(BR)DSS drain-source Ip=10 UA; Vgs=0V; Tj=25°C 60 - - \%
breakdown voltage Ip = 10 pA; Ves = 0 V; T = -55 °C 55 ) ) v
VGsth gate-source threshold  Ip = 0.25 mA; Vps = Vgs; T; = 25 °C; 1 2 25 \Y
voltage see Figure 9; see Figure 10
Ip =0.25 mA; Vps = Vgs; Tj = 150 °C; 0.6 - - \%
see Figure 9; see Figure 10
Ip =0.25 mA; Vps = Vgs; Tj=-55 °C; - - 275 V
see Figure 9; see Figure 10
Ibss drain leakage current  Vps =48V, Vgs=0V; Tj=25°C - 001 1 HA
Vps =48V, Vgs=0V; Tj=150°C - - 10 HA
lgss gate leakage current Ves =15V, Vps=0V; Tj=25°C - 10 100 nA
Ves=-15V; Vps =0V, Tj=25°C - 10 100 nA
Rpson drain-source on-state  Vgs =10V, Ip = 500 mA; T; = 25 °C; - 2.8 5 Q
resistance see Figure 6; see Figure 8
Vs =10V, Ip = 500 mA; T; = 150 °C; - - 925 Q
see Figure 6; see Figure 8
Ves=4.5V,lp =75 mA; T;= 25 °C; see - 3.8 5.3 Q
Figure 6; see Figure 8
Dynamic characteristics
Ciss input capacitance Vps=10V;f=1MHz;Vgs=0V; - 31 50 pF
Coss output capacitance Tj=25°C - 6.8 30 pF
Crss reverse transfer - 3.5 10 pF
capacitance
ton turn-on time Ves=10V; Vps =50 V; R =250 Q; - 25 10 ns
toff turn-off time Re(exy = 50 Q; Res = 50 Q - 11 15 ns
Source-drain diode
Vsp source-drain voltage Is =300 mA; Vgs =0 V; Tj= 25 °C; see - 0.85 1.5 \
Figure 11
Qr recovered charge Ves =0V, Is =300 mA; - 30 - nC
ter reverse recovery time dis/dt = -100 A/us - 30 - ns
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Nexperia 2N7002

60 V, 300 mA N-channel Trench MOSFET
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Fig 5. Output characteristics: drain current as a Fig 6. Drain-source on-state resistance as a function
function of drain-source voltage; typical values of drain current; typical values
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Fig 7. Transfer characteristics: drain current as a Fig 8. Normalized drain-source on-state resistance
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60 V, 300 mA N-channel Trench MOSFET
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Nexperia 2N7002

60 V, 300 mA N-channel Trench MOSFET

8. Package outline

Plastic surface-mounted package; 3 leads SOT23
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Fig 13. Package outline SOT23 (TO-236AB)
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Nexperia 2N7002

60 V, 300 mA N-channel Trench MOSFET

9. Soldering
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Fig 14. Reflow soldering footprint for SOT23 (TO-236AB)
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Fig 15. Wave soldering footprint for SOT23 (TO-236AB)
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FAIRCHILD.

Features

High Density Cell Design for Low Rps(on)
Voltage Controlled Small Signal Switch
Rugged and Reliable

High Saturation Current Capability

2N7000 / 2N7002 / NDS7002A
N-Channel Enhancement Mode Field Effect Transistor

Description

These N-channel enhancement mode field effect transis-
tors are produced using Fairchild's proprietary, high cell
density, DMOS technology. These products have been
designed to minimize on-state resistance while providing
rugged, reliable, and fast switching performance. They
can be used in most applications requiring up to 400 mA
DC and can deliver pulsed currents up to 2 A. These
products are particularly suited for low-voltage, low-cur-
rent applications, such as small servo motor control,
power MOSFET gate drivers, and other switching appli-

August 2016

cations.
49 2
D
, »
I G
G
1 TO-92 SOT-23
1. Source 2. Gate 3. Drain (TO-236AB) S
2N7002/NDS7002A
Ordering Information
Min Order Qty /
Part Number Marking Package Packing Method Immediate Pack
Qty
2N7000 2N7000 TO-92 3L Bulk 10000/ 1000
2N7000_D74Z 2N7000 TO-92 3L Ammo 2000 /2000
2N7000_D75Z 2N7000 TO-92 3L Tape and Reel 2000 /2000
2N7000_D26Z 2N7000 TO-92 3L Tape and Reel 2000 /2000
2N7002 702 SOT-23 3L Tape and Reel 3000 / 3000
NDS7002A 712 SOT-23 3L Tape and Reel 3000 / 3000

© 1998 Fairchild Semiconductor Corporation
2N7000 / 2N7002 / NDS7002A Rev. 2.10

www.fairchildsemi.com
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Absolute Maximum Ratings

Stresses exceeding the absolute maximum ratings may damage the device. The device may not function or be opera-
ble above the recommended operating conditions and stressing the parts to these levels is not recommended. In addi-
tion, extended exposure to stresses above the recommended operating conditions may affect device reliability. The
absolute maximum ratings are stress ratings only. Values are at T¢ = 25°C unless otherwise noted.

Value
Symbol Parameter Unit
2N7000 2N7002 | NDS7002A
Vpss Drain-to-Source Voltage 60 \
VDGR Drain-Gate Voltage (RGS <1 MQ ) 60 \Y
Vgss | Gate-Source Voltage - Continuous +20 \Y,
Gate-Source Voltage - Non Repetitive (tp < 50 uS) 140
Ip Maximum Drain Current - Continuous 200 115 280 mA
Maximum Drain Current - Pulsed 500 800 1500
Pp Maximum Power Dissipation Derated above 25°C 400 200 300 mwW
3.2 1.6 24 mW/°C
Ty Tste | Operating and Storage Temperature Range -55t0 150 -65 to 150 °C
T Maximum Lead Temperature for Soldering Purposes, 300 °C
1/16-inch from Case for 10 Seconds
Thermal Characteristics
Values are at T = 25°C unless otherwise noted.
Value )
Symbol Parameter Unit
2N7000 2N7002 | NDS7002A
Roya | Thermal Resistance, Junction to Ambient 312.5 625 417 °C/W
Electrical Characteristics
Values are at T¢ = 25°C unless otherwise noted.
Symbol ‘ Parameter Conditions Type ‘ Min. | Typ. ‘ Max. | Unit
Off Characteristics
Drain-Source Breakdown _ _
BVpss Voltage Vgs=0V,Ip=10pA |Al 60 \
Ipss | Zero Gate Voltage Drain Vps=48V,Vgg=0V |2N7000 1 pA
Current Vps =48V, Vgs=0V, 1 A
Tc=125°C
Vps=60V,Vgg=0V |2N7002 1 pA
Vps =60V, Vgg=0V, NDS7002A 05 oy,
Tc=125°C
Igssp | Gate - Body Leakage, Vgs=15V,Vpg=0V [2N7000
10 nA
Forward
Vgs=20V,Vps=0V |2N7002
NDS7002A 100 | nA
Igssr | Gate - Body Leakage, Vgs=-15V, Vpg=0V [2N7000 10 nA
Reverse
Vgs=-20V, Vpg =0V | 2N7002 i
NDS7002A 100 | nA

© 1998 Fairchild Semiconductor Corporation
2N7000 / 2N7002 / NDS7002A Rev. 2.10
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Electrical Characteristics (Continued)
Symbol ‘ Parameter Conditions Type ‘ Min. | Typ. ‘ Max. ‘ Unit
On Characteristics
Vgs(th) | Gate Threshold Voltage | Vps =Vgs, Ip =1 mA 2N7000 0.8 2.1 3 \
_ _ 2N7002
VDS = VGSv lD =250 }LA NDS7002A 1 21 2.5
Rps(on) | Static Drain-Source Vgs =10V, 2N7000 12 5 Q
On-Resistance Ip =500 mA ’
VGS =10 V,
Ip =500 mA, T¢ =125°C 19 9
Vgs=4.5V,Ip=75mA 1.8 5.3
Vgs =10V, 2N7002
Ip = 500 MA 1.2 7.5
VGS =10 V,
Ip =500 mA, T¢ =100°C 17 135
VGS =5 V,
Ip = 50 mA 1.7 7.5
VGS =5 V,
Ip =50 mA, Tc = 100°C 2.4 135
Vgs =10V, NDS7002A 12 2
Ip =500 mA |
VGS =10 V,
Ip =500 mA, Tc = 125°C 2 35
VGS =5 V,
Ip =50 mA e e
VGS =5 V,
Ip = 50 mA, Tg = 125°C = 5
Vbs(on) |Drain-Source On-Voltage |Vgg =10V, 2N7000 06 25 \Y
Ip =500 mA ' ’
VGS =45 V,
Ip = 75 mA 0.14 0.4
Ves =10V, 2N7002
Ip = 500 mA 0.6 3.75
VGS =50 V,
Ip = 50 MA 0.09 1.5
Ves =10V, NDS7002A 06 1
Ip =500 mA :
VGS =50 V,
Ip = 50 mA 0.09 0.15
Ipony | On-State Drain Current Vgs=4.5V, 2N7000 75 600 mA
VDS =10V
Vgs =10V, 2N7002
500 2700
Vps 22 Vpgon)
Vgs =10V, NDS7002A 500 2700
Vbs =2 Vpg(on)
OFs Forward Vps =10V, 2N7000 100 320 mS
Transconductance Ip =200 mA
Vps= 2VDS(ON)! 2N7002
Ip =200 mA 80 320
VDSZ 2VDS(ON)! NDS7002A
Ip =200 mA 80 320

© 1998 Fairchild Semiconductor Corporation
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Electrical Characteristics (Continued)

Symbol ‘ Parameter ‘ Conditions Type ‘ Min. ‘ Typ. ‘ Max. | Unit
Dynamic Characteristics
Ciss | Input Capacitance Vps=25V,Vgs=0V, |Al 20 50 pF
Coss | Output Capacitance f=1.0 MHz All 11 25
Crss Reversg Transfer Al 4 5
Capacitance
ton Turn-On Time Vpp =15V, R =250, |2N7000 ns
Ip =500 mA, 10

VGS= 10 V, RGEN =25Q
Vpp =30V, R =150 Q, | 2N7002

Ip =200 mA, Vgg= 10V, | NDS7002A 20
RGEN =25Q
tos Turn-Off Time Vpp =15V, R =25Q, |2N7000 ns
Ip =500 mA, Vgg= 10V, 10
RGEN =25Q
Vpp =30V, R =150 Q, |2N7002
Ip =200 mA, Vgg= 10V, | NDS7002A 20
RGEN =25Q
Drain-Source Diode Characteristics and Maximum Ratings
Is Maximum Continuous Drain-Source Diode Forward 2N7002 115 mA
Current NDS7002A 280
Ism Maximum Pulsed Drain-Source Diode Forward 2N7002 0.8 A
Current NDS7002A 1.5
v Drain-Source Diode Vas =0V, 2N7002 Vv
sP Forward Voltage |SG=S 115 mA(" 0.88 1.5
Vgs =0V, NDS7002A
Is = 400 mA() 088 | 1.2
Note:

1. Pulse test : Pulse Width < 300 pus, Duty Cycel <2 %.

© 1998 Fairchild Semiconductor Corporation www.fairchildsemi.com
2N7000 / 2N7002 / NDS7002A Rev. 2.10 4
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Ros(on) » NORMALIZED
DRAIN-SOURCE ON-RESISTANCE

Ip, DRAIN CURRENT (A)

Typical Performance Characteristics

2N7000 / 2N7002 / NDS7002A
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Figure 1. On-Region Characteristics
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Figure 9. Capacitance Characteristics

Figure 11. Switching Test Circuit

Typical Performance Characteristics (Continued)
2N7000 / 2N7002 / NDS7002A
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Typical Performance Characteristics (Continued)
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Figure 17. SOT-23, 2N7002 / NDS7002A Transient Thermal Response Curve
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