TYPES 2N4004, 2N4005

N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTORS

FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS

e Maximum V ce(sat)

20 A Rated Collector Current
40 Watts at 100°C Case Temperature

of 1Vat20 A

e Maximum Vp, of 1.6 V at 20 A

o Maximum t,, of 1

*mechanical data

ps at 10 A

THE COLLECTOR IS IN ELECTRICAL CONTACT
couLecTon

NOTES: A,

WITH THE CASE

Macnured where lsads emerge from packoge.
Lead cross-saction and shaps ars optional in this

e uns"::: ISEE NOTE €) area of eoch lead. |
;L% ' sk notE B € Specified lead width ond thickness apply within S
3 LEADS oTIo A pia 0. :::-:‘:4‘;“::‘: opnml within this area. '
E. Dnm'nz‘ani ars n inches unless otherwise
TEMP MEASUREMENT POINT 3 LEADS 3 Leams
*absolute maximum ratings at 25°C case temperature (unless otherwise noted)
2N4004 2N4005
Collector-Base Voltage . . 100V 120V
Coliector-Emitter Voltage (See Note I) sov 100V
Emitter-Base Voltage . “— 8V —>
Continuous Collector Current . . “——20A—>
Peak Collector Current (See Note 2) . <“—30A—>
Continuous Base Current . <~—10A—>
Continuous Emitter Current . <“—20A—>
Safe Operating Region at (or below) 100°C Cuse Tempercnure See Figure 7
Continuous Device Dissipation at (or below) 100°C
<—A40W—>

Case Temperature (See Note 3) .
Continuous Device Dissipation at (or below) 25°C
Free-Air Temperature (See Note 4) .

Operating Collector Junction Temperature Range .
Storage Temperature Range .
Lead Temperature ¥s Inch from Case for ]0 Seconds

NOTES: 1. These volues apply when the base-emitter diode is open-circuited,
2. This value opplies for t, < 0.3 ms, duty cycle < 10%.
3. Derate linearly to 200°C case temperature at the rate of 0.4 W/deg.
4. Derate linearly to 200°C free-ir femperature ot the rate of 6.87 mW/deg.

*Indicates JEDEC registered daln.

< 12W—>
-65°C to 200°C
-65°C to 200°C

<— 230°C —»
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TYPES 2N4004, 2N4005
N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTORS

*electrical characteristics at 25°C case temperature (unless otherwise noted)

2N4004 2N4005
PARAMETER TEST CONDITIONS MIN MAX [MIN MAX UNIT
Vimyceo Collector-Emitter Breakdown Voltage| 1c = 30mA, 1, =0,  See Note § 80 100 v
Ve =40V, 1, =0 2
Iceo Collector Cutoff Current Ve =50V, ,=0 7 mA
vCE =90 V, Ve = 0 1
Vee = 110V, Ve = 0 1
lees Collector Cutoff Current Vo = 90V, Ve =0, To = 150°C 2 mA
Vee = 10V, Ve =0, Tc = 150°C 2
. Ve =35V, Ic=0 100 100 | uA
leso Emitter Cutoff Current Vo =8V, 1c=0 0 50 | mA
b Static Forward Current Voe =4V, 1c = 20A, SeeNotes 5ond 6 | 15 15
FE Transfer Ratio Vee =4V, ic = 104, SeeNotes5andé | 30 150 | 30 130
Vie Base-Emitter Voltage Yee =4V, lc = 20 A, See Notes Sand 6 1.6 1.6 )
Veraty  Collector-Emitter Sofuration Voltage | 15 = 3 A, Ic = 20 A, See Notes 5 and & 1 1 )
Small-Signal Common-Emitter - - —
hre Forward Current Transfer Ratio Yoe =4V, Ic=1A t=1kh % 30
Small-Signal Common-Emitter - - -
L Forward Current Transter Ratio Yee =10V, lc = 1A 1= 10 Mk 3 8
NOTES: 5. These must be d using pulse Yy = 300 ps, duty crele < 29.
&. These parameters are measured with voltage-sensing contacts. The voltage-sensing contacts are separate from current<carrying contacts.
*thermal characteristics
PARAMETER MAX UNIT
6sc  Jundion-to-Cose Thermal Resistance 2.5 deg/W
65.»  Junction-to-Free-Air Thermal Resistance 146 deg/W

*Indicates JEDEC registered data.
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TYPES 2N4004, 2N4005
N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTORS

*switching characteristics at 25°C case temperature

PARAMETER TESYT CONDITIONSYt MAX UNIT
Ttn_Tom-On Time e =10A  loy = 0B A Iz = —084, i
e Torn-OF Time Vocorn = =1V, R =30, See Figure 1 4 s

FVoltage and current vaiues shown are nominal, exact velues vary slightly with transistor parameters.

*PARAMETER MEASUREMENT INFORMATION

+10 v 2N4004 ‘? OuTPUT
or
10
uf s1e 2N4005 . 3q =
INPUT lB monitor ¢
Adjust L 1Q
amplitude 6 Q 1k ‘v‘v‘m Tut
of input ':I Q hd
pulse A b3 —30V
for Iy = 0.BA = = = I
=-1v Vae =
Adjust for ¥
lazy= Q.8AT ?PO!NT upe

0% =
POINT "A"

VOLTAGE WAVEFORMS

FIGURE 1

NOTES: a. The input waveform at point “A™" has the following characteristics: i < 100 s, " < 100 ns, |p = 20 ps, duty cycle < 0.2%.
b. Waveforms are monitored on an oscilloscope with the following choracteristics: 1, < 5 as, R, > ) MQ, (, < 5 pF.
. Rasistors must be noninductive types.
d. The d-c power supplies may require additional bypassing in order to minimize ringing.

*Indicates JEDEC registered dala.
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TYPES 2N4004, 2N4005
N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTORS

— Base-Emitter Voltage — V

Ve

TYPICAL CHARACTERISTICS

STATIC FORWARD CURRENT TRANSFER RATIO

vs
COLLECTOR CURRENT
200 T T TTTTT
Vee =4V
See Notes 5 and 6
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FIGURE 2
BASE-EMITTER VOLTAGE COLLECTOR-EMITTER SATURATION VOLTAGE
vs vs
CASE TEMPERATURE CASE TEMPERATURE
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See Notes 5 and 6 | ee Notes 5 and 6—
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TYPES 2N4004, 2N4005

N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTORS

TYPICAL CHARACTERISTICS

NORMALIZED COLLECTOR-EMITTER
BREAKDOWN VOLTAGE
vs
BASE-EMITTER RESISTANCE

=12 y

g Ic = 10mA

2 e = 25°C

[ Slee Note 5
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Rye — Base-Emitrer Resistance —
FIGURE 5

COMMON-BASE OPEN-CIRCUIT INPUT
AND QUTPUT CAPACITANCE

v$

REVERSE BIAS VOLTAGE
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NOTE 5: These parameters must be measured using pulse techniques. b = 300 ps, duty cyce < 2%.

Reverse Bios Voltage — v

FIGURE 6

MAXIMUM SAFE OPERATING REGION
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FIGURE 7

— Collector-Emitter Voltage — V
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TYPES 2N4004, 2N4005

N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTORS

THERMAL INFORMATION

CASE TEMPERATURE
DISSIPATION DERATING CURVE
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1y = Pulse width in ms
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d = Duty-cycle ratio i
T = Thermal time constant =13 ms
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FIGURE 8 FIGURE 9
SYMBOL DEFINITION Equation No. 1 — Appli d-c power dissipati
SYMBOL DEFINITION VALUE | uNIT heat sink used.
Priavg) | Average Powsr Dissipation w T
Priave) = Javg) ~ Ta for 100°¢ < T < 200°¢,
P"m“) Peak Pawer Dissipation w lavg) frc + Ocus + OHS-A as in Figure 8
0sa Junction-to-Fres-Air Thermal Resistance 146 deg/W
0J_c Junction-te-Case Thermal Resistance 25 deg/W Equation No. 2 — Appl d-¢ power dissip
no heat sink used.
Oc.a Case-to-Free-Air Thermal Resistance 1435 deg/W
Titavel —Ta
Bc.ps | Case-to-Heot-Sink Thermal Resistance deg/W Pravg) = (':%h" %0 <1, < M
J-A
Ops.a | Hear-Sink-lo-Free-Air Thermal Resistance deg/W
Ta Free-Air Temperature °c Equation No. 3 — Appli Peak power dissipati
heat sink used.
Te Case Temperature °c
Topmex) = Ta
T Average Junciion Temperature < 200 °c 2 = for 100°¢ < T, < 200°C
Jevs) ™ W lOems T Bus.a) + K O,c ¢
Timasp | Poak Junction Temperature < 20 °c
X Peak-Power Coefficient See Figure 9 Equation No. 4 — Applicatlon: Peak power dissi
W Pulse Width ms no heat sink used.
X Pulse Period ms Primed = T e/ S Ta < 20%¢
- dc.a + X e
d Duty Cycte Ratio (1P/',)
Example — Find anx) (design limi1) Salution:
OPERATING CONDITIONS: From Figure 9, Peak-Power (aefficient
Oc.Hs T Ous.a = 2.5 deg/W (From information supplied K = 0.1 and by use of equation Ko. 3
with heat sink.} ' I
N, . Jimary — TA
Ty (design limit) = 200°C 2 =
el ™ 4 (Beus + Ousa) + KBic
T, = 50°C
4 = 10% (0.1) P = 200~ 50 -
tp=01ms tma} = 008 + eizs)
PRINTED IN US A a7
T! connol assume ony responsibility for ony circuits shown
5-150 TEXAS lN ST RUM ENTS or represen] that they are free from patent infringement
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TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE C(HANGES AT ANY TIME
IN ORDER TO !MPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE.



