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2N5038, 2N5039, 2N6496

High-Current, High-Power High-Speed
Silicon N-P-N Planar Transistors

Devices for Switching and Amplifier Circuits in Industrial and
Commercial Applications

Features:

» Maximum operating area curves for dc and pulse operation
» Isp-limit line beginning at 28 V

w High collector current rating

w High-dissipation capabllity

RCA-2N5038, 2N5039 and 2N6496 are epitaxial silicon n-p-n
planar transistors. They differ in breakdown-voltage ratings,
leakage-current, and dc-beta values.

The high current-handling capability of these transistors in
conjunction with fast switching speeds make these devices
especially suited for switching-control amplifiers, power
gates, switching reguiators, converters, and inverters. Other
recommended applications include dc-rf amplifiers and
power oscillators. These transistors are supplied in the
JEDEC TO-204AA package.

MAXIMUM RATINGS, Absolute-Maximum Values:

*COLLECTOR-TO-BASEVOLTAGE .......cvvrincnrnnnnnrees Veeo 150 120 150 Vv
COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE:

With — 1.6 voits (Vgg) of reverse bias and

external base-to-emitter resistance (Rgg) = 100 (9 Vcexlsus) 150 120 - v

With RGE B0 wvvnnvrmnanienin i eeeeeees VceRf{sus) 110 95 130 \ 5

With Base OPEN « .« evvnrvarreoenssnerananenssnssnesensenses Vceolsus) 90 75 110 \Y
SEMITTER-TO-BASE VOLTAGE . ... .cvviiiiiiianceenes VEBO 7 7 7 \Y
*CONTINUOUS COLLECTOR CURRENT ........cvenenanennnnes Ic 20 20 15 A
*PEAK COLLECTOR CURRENT ......vnuniimneinnnenrans 30 30 - A
*CONTINUOUS BASE CURRENT .. iviniiiiiiaciiaanees g 5 5 5 A
*TRANSISTOR DISSIPATION: PT

At case temperatures up to 25°C'and VgE up to 28V i 140 140 140 w

At case temperature of 100°Cand Vegof 20 V..o vvvnvenciennnne 80 80 80 w

At case temperatures up to 25°C and Vg above 28V e
At case temperatures above 25°C and Vg above 28V e
*TEMPERATURE RANGE:
Storage & Operating (Junction) ........vviniinraenirnemeenns
PIN TEMPERATURE (During Soldering)
At distances > 1/32 in. {0.8 mm) from seating plane for 10 s max. ...

*|n accordance with JEDEC registration data format (45-6, RDF-1)
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High Speed Power Transistors

2N5038, 2N5039, 2N6496

ELECTRICAL CHARACTERISTICS, At Case Temperature (T} = 26°C Unless Otherwise Specified

TEST CONDITIONS LIMITS
VOLTAGE CURRENT
CHARACTERISTIC SYMBOL V do A de 2N5038 2N5039 2N©6496 UNITS
Vee |Vee| Ver| Vee| ic 113 g Min.| Max.| Min.| Max.| Min.| Max.
Collector Cutoff Current: Iceo 55 o - - - 20 - -
With base open 70 [1] - 20 - - - -
With base-emitte 1o -15 B - -1 % - -
0 r
I 140 -16 - 50 - - - -
i i CEV
junction reverse-biased 130 P _ _ _ _ _ 20 mA
AtTg=150°C 85 -15 -1 =~ o] -] -
100 -15 - 10 — - - -
130 0 - e - - - 25
Emitter Cutoff Current teBo 5 Q - 5 - 15 - - mA
7 [ — 50 -~ 50 - 50
DC Forward-Current hege 5 22 50| 200| 30} 150 | - -
Transfer Ratio 5 10% - - 201100} - -
5 122 20| w00} - - e
2 gd ~ | -] =] = | 12} 100
Magnitude of Small-Signal
Forward-Current Transfer Ine| 10 2 12 - 12| - 12| -
Ratio (At f = 5 MHz)
Collector-to-Emitter
Sustaining Voltage:
With base open Veeoleus)? 0.2 o 9| - [ 7| - |10} - v
With base-emitter
junction reverse bia?ed and| Vcsx““"b _15] 02 o lwiso| - [120] - _ _
external base-to-emitter
resistance (Rggl = 100 2
With Rgg <50 R Veggfsusi® 0.2 o|1of - | esf - {130 -
Emitter-to-Base Voitage VEBO‘ 0 |0.05 7 - 7 - 7 - v
v 5 102 - - - |18 - -
Base-to-Emitter Volitage BE 5 122 ~]18 — — - v
2 g - - - - - |16
Collector-to-Emitter 102 10 - - - 10 - -
Saturation Voltage 122 12§ -}10| - - - -
V, 1! A
cghet 202 s | - |25 -J2s] -] -
g2 08 | - - — — - {10
Base-to-Enitter 20 5 | - |33 -~ (33| -] -
V. 1} v
Saturation Voltage gl g3 o8| - -t -} | -1]20
Output Capacitance Cop | 10 [ - |400] - {400 | - | 400 pF
Second-Breakdown
Collector Current® 1spY 28 50| - [s0| - |80 | - A
{With base forward biased) 45 0.9 — 09 - |09 -
Second-Breakdown Energy
{With base reverse biased, Esmf -4 12 13| - 13 - - mJ
Rg=20Q, L =180aH} -4 8 -1 -=-]-=s7} -
Sat. Switching Rise Time Vec= 10 1.0 — - - |05 - -
t 30v 12 122 - Jos | - | - | - | -
8 08| — — - - — |05
Sat. Switching Storage Time Vee= 10 101 — - - |15 - -
tg 30v 12 122 - s - -1 - - us
8 og¢f — [ -1 -} -1 118
8at. Switching Fall Time Vec= 10 10| — - - |05 - -
tg 3oV 12 122 —los [ - [ -] - -
8 08¢ | - - - - — |08
Thermat Resistance
(unction-to-Case) Rgic 10 10 ~ |1as| ~ |128] - 125 ‘ciw
3 pylsed; pulse duration <350 s, duty factor = 2%, d Ig/h s defined as the current at which second breakdown occurs at a
b CAUTION: The sustaining voltages VGEQ(sus), VCERIsus), and specified collector voitage with the emitter-base junction forward-
VcEx(suss MUST NOT be measured on a curve tracer. biased for transistor operation in the active region.
: Pulsed; 1-s non-repetitive pulse.

¢ 18y= 182" value shown,

*in sccordance with JEDEC registration data format {J5-6, RDF-1}

Eg/b is defined as the energy at which second breakdown occurs
under specified reverse-bias conditions. Eg/p = %LI2 where L is a
series load or leakage Inductance and | is the pesk collector current.
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High-Speed Power Transistors

2N5038, 2N5039, 2N6496
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Fig. 1 — Maximum operating areas for all typss.
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Fig. 2 — Dissipation derating curves for all types.
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High Speed Power Transistors

2N5038, 2N5039, 2N6496
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Fig. 3 - Maximum operating areas for all types. Fig. 4 - Typical gain-bandwidth product for all types.
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High-Speed Power Transistors

2N5038, 2N5039, 2N6496
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Fig. 9 - Typical transfer characteristics for 2N5038.
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Fig. 11 - Typical transfer characteristics for 2N5039.
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Fig. 13 - Typical transfer characteristics for 2N6496.
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Fig. 10 - Typical dc beta characteristics for 2N5038.
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Fig. 12 -Typical dc beta characteristics for 2N5039.
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Fig. 14 - Typical dc beta characteristics for 2N6496.
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Fig. 15 - Typical output characteristics for 2N5038.
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Fig. 17 - Typical output characteristics for 2N5039.

CASE TEMPERATURE (T¢ 1=25°C

L B T T +
]

o

T
)
&
i)
O:
. R

T
ol
3L

3
vl
W)

5]

100 mA
t i s
i HH 50 ma

COLLECTOR CURRENT (Ig)-—A

1

1 8ASE CURRENT (Ig)=20 mA ]
H Ty gararipzayinrjaill

14 15 20 25 30 35 40
COLLECTOR-TO-EMITTER VOLTAGE (Vegl—V

92¢S -22802

-

5

Fig. 19 - Typical output characteristics for 2N6496.

High-Speed Power Transistors

2N5038, 2N5039, 2N6496

H CASE TEMPERATURE (T¢) = 25° C
2z
H O LT I T 11
o> H
> ' |
m,:? | \ 20,
@312 996 :
ES i ‘[\N ! Ny
cu Vegg (#98) | o TSN VcEo tsust
519 — +—t
N4 P
2o N 2Hs,. | i
T L 5034’ H
Ei Vegr () i H
r TN
§>3 o0 - ' - . S~ Veeotsust
oy T T
B % |
e
F44 Veeofsus)
= 79
2 4 6 8
10 00 K 10K
EXTERNAL BASE-TO-EMITTER RESISTANCE (Rggl—ft
9205-22804
Fig. 16 - C: to-emitter ining voltage chi istic
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Fig. 18 - Typical input characteristics for 2N5038 and 2N5039.
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Fig. 20 - Typical input charscteristics for 2N6496.
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High Speed Power Transistors
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2N5038, 2N5039, 2N6496

CLARE
MERCURY-RELAY
MODEL No. HGP-1004, CHANNEL A
OR EQUIVALENT DEVICE
UNDER
TEST T0
HEWLETT-PACKARD
L OSCILLOSCOPE
MODEL No 130B.
- OR EQUIVALENT
0.5 W, —0
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{sus) Olélw
\/ SUS|
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4 cEX! 5
on 6v
w 0TO50V
500 mA
L = 16mH for Vg gpfsus) and
VCEF}(SUS) measurements 92LS-146BR3
L =2mH for VCEX(sus) measurements
Fig. 21 - Circuit used to nm inii Itages Vopglsus

Veerlsus), and Vegxfsush.
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Flg. 23 - Typical rise-time and fall-time characteristics for all types.
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Fig. 25 - Circuit used to measure switching times for all types.
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COLLECTOR CURRENT (X¢)-mA

COLLECTOR-TO-EMITTER VOLTAGE (Vegl—V

9255-3636RI

The sustaining voltages (VCEO(sus), VCER(sus), and
VCEX(S“" are acceptable when the treces fall to the
right of point ““A” for type 2N5039, paint “B" for
type 2N5038 and point G for type 2N6496.
{NOTE: 2N6496 is not tested for Veex(sush)

Fig. 22 - Oscilloscope display for measurement of sustaining voltages
(Test circuit shown in Fig. 22).
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Fig. 24 - Typical storege time characteristic for all types.
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Fig. 26 — Phase rela tionship between input and output currents

showing reference points for specification of switching
times. (Test circuit shown in Fig. 26).




