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TYPES 2N2987 THRU 2N2994
N-P-N TRIPLE-DIFFUSED PLANAR SILICON POWER TRANSISTORS

HIGH-FREQUENCY INTERMEDIATE-POWER TRANSISTORS

e 15 Watts at 100°C Case Temperature
o Typ Veeean of 0.2 V at 200 mA

o Typ Vieof 0.8 V at 200 mA
e Typ f; of 50 MHz ot 10 V, 100 mA
= mechanical data
2N2987 010 et s 0100
THRU o010 rmrsumu |73 couscror
2N2990 T = M '°"" i THE COLLECTOR IS I¥ ELECTRICAL
0970 4334 TN CONTACT WITH THE CASE
ons n”s DIA| T N /%;‘g 1:",7:
p Ao g0 ALL JEDEC TO-5 DIMENSIONS
0100 MIN _lr“ "’ 3 16ADS - Caase, N oo AND NOTES ARE APPLICABLE
DETAILS OF OUTLINE IN aoie Ve
THIS ZONE OPTIONAL seaTng 0018 D14 T EmITTER AU QIMENSIONS ARt
PLANE IN INCHES

UNLESS QTHERWISE
SPECIFIED

CASE TEMPERATURE 1S MEASURED 0.144 INCH == 0.010 INCH DOWN FROM TOP OF (AN

2N2991

THE COLLECTOR S IN ELECTRICAL
THRU CONTACT WITH THE CASE
2N2994
caer POSITION OF THE LEADS IN RELATION
©.407 | 0 333 ;“”‘
m:] - TG THE HEX {S NOT CONTROLLED
- ) 89 o

MAXIMUM RECOMMENDED MOUNTING
TORQUE: 15 IN.-LB.
AL DIMENSIONS ARE

IN INCHES
UNLESS OTHERWISE
CIFED

absolute maximum ratings at 25°C case temperature (unless otherwise noted)

2N2987 2N2988 2N2991 2N2992
2N2989 2N2990 2N2993 2N2994

* Collector-Base Voltage . . e . . e . ... .95V 155V 95V 155V
* Collector-Emitter Voltage (See Note 'I) .« « +« .+ . . . . . 8OV 100V 8V 100V
* Emitter-Base Voltage . C e e L. € 7V >
+ Continvous Collector Current . . 1A

Peak Collector Current (See Note 2) . . < 1.5A >
* Continuous Base Current . ) 0.2 A

Safe Operating Region at (or below) 'IOO°C Case Temperature P See Figure 10
+ Continvous Device Dissipation at {or below) 100°C Case Temperature

(See Note 3} < 15w >

*+ Continuous Device Dlsﬂpahon ut (or below) 25°C Free Alr Tempereture

(See Note 4) . . . e e e e s s s s i 4—TW s 2W

* Operating Case Temperature Ronge
* Storage Temperature Range .

* Lead Temperature % Inch from Case for 10 Seconds .

NOTES: 1. This value opplies between 1mA and 30 mA collector current when the bose-emitter diode is open-circuited.
2. This value applies for 1, < 0.3 ms, duty cycle < 10%.
3. Derats linearly to 200°C case femperature at the rate of 150 mW/deg.

.<—— —65°C 10 200°C — -
.4——— —65°C10200°C —
———— 230°C —

4. Derate linearly te 200°C free-qir temperature ot the rate of 5.7 mW/deg for the 2N2987 through 2N2990 and 11.4 mW/deg for the 2N2991 through 2N2994.

*Indicates JEDEC registersd data
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TYPES 2N2987 THRU 2N2994
N-P-N TRIPLE-DIFFUSED PLANAR SILICON POWER TRANSISTORS

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

2N2987 | 2N2988 | 2N2989 [ 2N2990
PARAMETER TEST CONDITIONS 2N2991 | 2N2992 | 2N2993 | 2N2994 UNiT
MIN MAXIMIN MAX|MIN MAX(MIN MAX
v Collector-Emitter le =30mA, 1g =0,
(RICEO Breakdown Voltage See Note 5 80 100 80 100 v
lceo  Colledtor Cutoff Current Yor = 30V, 1,=0 01 0 - pA
Yee =90V, ;=10 0.1 0.1
Vee = 90V, Ve =15V 25 | 25 nA
Vee = 150V, Vge = =15V N 25 25
lcey  Collector Cutoff Current Vee = 90V, Vg =-L5Y,
Te = l75°( 15 15 A
Vee = 150V, Voe = 15V, #
Te = 175°%¢ 15 15
leso  Emitter Cutoff Current Vo =7V, =0 25 25 25 25| nA
Yee =5V, Ic=1mA 20 | 20 40 40
vCE =} v, |c = 200 ml,
See Notes 5 and 6 25 751 25 75] 60 120] 60 120
" Ve =5V, Ic = 500 mA,
h Static Forward Current
Fe Transter Rafio See Notes 5 and 6 20 20 40 40
Vee = 10V, Ic = 100 mA,
See Notes 5 and & 25 25 50 50
Yee =5V, Ic=200mA,
Te = —55°(,
See Notes 5 and & 10 10 20 20
Vee =5V, Ic=200 mA,
See Notes § and 6 0.9 0.9 0.9 09
. Ig = 20mA, Ic = 200 mA,
Vie  Bose-Emitter Voltage See Notes 5 and 6 1 1 1 i v
ls = 50 mA, Ic = 500 mA,
See Notes 5 and 6 1.4 14 1.4 1.4
Iy = 20mA, Ic = 200 mA,
Collector-Emitter See Notes 5 and 6 0.8 0.8 0.8 0.8 v
Verat) Sturation Yoltage Iy = 50 mA, lc = S00mA,
See Notes 5 and & 3 k] 3 3
h Small-Signal Common-Emitter | Ver = 10V, Ic = 100 mA,
fe Forward Current Transfer Ratio | § = 1 kHz 25 85] 25 85| 50 176 50 70
h Small-Signal Common-Emitter | ¥oe == 10Y, Ic = 100 mA,
L Forward Cusrent Transfer Ratio | f = 30 MHz 1 1 1 1 ]
Common-Base Open-Circuit Ves = 10V, =0,
G Output Capatitance f= 1Mz 50 50 50 50| pf
NOTES: 5. These p mus! be d using pulss techniques. 1, = 300 us, duly cycle < 2%.
6. These p are d with voltng ing contacts separale fram the current-carrying condocts.
*Indicates JEDEC ragistered date
thermal characteristics
2Nl3987 2;{:991
PARAMETER 2;2';30 2N2§g4 UNIT
MAX MAX
0,.c Junction-to-Case Thermal Resistance 6.67 6.67 dea/W
0,.. Junction-to-Free-Air Thermal Resistance 175 87.5 Y
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TYPES 2N2987 THRU 2N2994
N-P-N TRIPLE-DIFFUSED PLANAR SILICON POWER TRANSISTORS

switching characteristics at 25°C case temperature

PARAMETER " JEST CONDITIONS} TYP UNIT
t Turn-On Time Ic = 200mh, lgy = 20 mA, gy = —20 mA, 0.14
torr Tum-Off Time Vagorn = —34 ¥, R, = 150 0, See Figure | % B

TValtage and current values shown are nominal; exact vaiues vary slightly with transistar parameters

PARAMETER MEASUREMENT INFORMATION

QUTPUT

INPUT 0—1

>
51 ni,

-0.1V 10%
! \
! 10%
90% QUTPUT

VOLTAGE WAVEFORMS

FIGURE 1

NOTES: o. The input waveform is supplied by o generator with the following characteristics: t, < 15 ns, te < 8ms, 2y = S0 Q, e = 10 s, duly cycle < 2%.
< 150, Ry 2> 10 M2, (< VLS pF.

b. Waveforms are monifored on an oscilloscops with the following characteristics: t

¢. Resistors must be noninduclive types.

d. The d-¢ powsr supplies may require additional bypassing in order fo minimize ringing.

971

TEXASl INSTRUMENTS

NCORPORATED
POST OFFICE 80X 5012 » DALLAS, TEXAS 75222



TYPES 2N2987 THRU 2N2994
N-P-N TRIPLE-DIFFUSED PLANAR SILICON POWER TRANSISTORS

STATIC FORWARD CURRENT TRANSFER RATIO

TYPICAL CHARACTERISTICS

2N2987, 2N2988
2N2991, 2N2992

vs

COLLECTOR CURRENT

2N2989, 2N2990
2N2993, 2N2994

vi

COLLECTOR CURRENT

STATIC FORWARD CURRENT TRANSFER RATIO

; T —r 180
‘ ’ Vee -5V T T T TTTT
Veg =5
See Notes 5 and 6 CE
° Te = 150°C 160 Te = 150°C See Notes 5 ond 6
] 11 i 2 et
of + -~
. O Te = 100°C ~ < 140 1= hoor >
‘% "1 ] ';E <
= g 120
. R
@ x °
£ § 100 Tc =25°C
o 5
3 % 0
v
g g N
£ 5 \
2 \ N & s0 N
5 Y Tc = -55°C
3 ~\ \ 2w c \
] @< N
w NN 3
P N < 20 S
hi
0 0
0.01 0.02 0.04 0.1 0.2 0.7 1 0.01 0.02 0.04 0.y 0.2 04 071
I¢ — Collector Current — A l¢ — Collector Current — A
FIGURE 2 FIGURE 3
BASE-EMITTER VOLTAGE COLLECTOR-EMITTER SATURATION VOLTAGE
Vs vs
CASE TEMPERATURE CASE TEMPERATURE
1. x —r
° ] 1y =50 mA, 1= 500 mA l I > 4 T T 1
0.9 - 1 See Notes 5 and 6
* —) ee Notes 5 and 6 §, 2
0.8 [~ ~ s 1y = 50 mA, 1 = 500 mA L
> i [~ S —t —_—
i nn — §
0.7 ~] & o7
§ \\ K
% 0.8 2 0.4
. o
> 1y= TmA, I =10 mAS @ 1, =20 mA, |_ =200 mA
il c . B e —
o $ 1 f L s " S~ oo
£ 0.5 T T ™ T \ £ 0.2
E I =20 mA, | =200 mA ‘E
5oL C N~ w | ma
g . - % 0.1 =|B- m,lc=10mA_
.07
] 0.3 = 0.0
H] Y o0.04
> 0.2 !
0.1 §°'°2
(¥}
>
0 0.01
75 =50 -25 0 25 50 75 100 125 150 275 -50 -25 0 25 50 75 100 125 150

TC — Case Temperature — °C Tc — Case Temperature — °C
FIGURE 4 FIGURE 5
NOTES: 5. These parameters must be measured using pulsa techniques. o = 300 ps, duty cycle < 2%.
4. These parameters are measured with voltage-sensing contacts separate from the curreni-carrying contacts.
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TYPES 2N2987 THRU 2N2994
N-P-N TRIPLE-DIFFUSED PLANAR SILICON POWER TRANSISTORS

TYPICAL CHARACTERISTICS

NORMALIZED COLLECTOR-EMITTER BREAKDOWN VOLTAGE

vs
BASE-EMITTER RESISTANCE

COMMON-BASE OPEN-CIRCUIT
INPUT AND OUTPUT CAPACITANCE

vs

REVERSE BIAS VOLTAGE

f=1MHz +—
=950
\ To=25°C
N =
C"m (IC 0)
\\
-
\
\\ Cobo “E = 0)
]
1 2 4 7 10 20 40
Reverse Bios Voltoge — V
FIGURE 7
2N2989, 2N2990
2N2993, 2N2994
SMALL-5IGNAL COMMON-EMITTER
FORWARD CURRENT TRANSFER RATIO
vs
FREQUENCY
h LU
N
V__ =10V
N CE
\ Tc = 100 mA
=25°C
\\ Te
N
N
Q.1 0.4 1 4 10 40 100

17 >
i !
| Ic = 10mA 180
Te = 25°C H
1.0 ¢
§’ \ See Note 5 160
K3 N 140
§ 0.8 W
3 \ } 120
g N 8
& 0.6 ”| g § 100
S | =
£ WA
i L I r g 80
T 0.4 [ Vemcer o Rpe = 100kQ = Viga)ceol
3 &0
3
3 40
U 0.2
h-l
& N 20
£ o
z | 10 100 Tk 10k 100 k
Rge — Base-Emitter Resistonce —Q
FIGURE &
2N2987, 2N2988
2IN2991, 2N2992
SMALL-SIGNAL COMMON-EMITTER -
3 FORWARD CURRENT TRANSFER RATIO -
| v !
o =
5 FREQUENCY s
@& 40 « 40
$ i £
2 £ 2
B3 N Veg= 10V K
£ ™ Ic= 100 mA §
£ o ™ g £
3 N Te=25°C 3
©
g 25 \ ; 25
h: N 8
in o
; \
§ 15 £ 15
; E
§ 5
[VIRT] \ v
® 2
-] K
@A 5 &5
: ;
g o o0
1 o 0.4 1 4 0 40 100 1
K K]
= f—frequency— MHz <
FIGURE 8
NOTE 5: This p must be using pulse techniques, 1, = 300 us, duty cycle < 2%.

f—Frequency — MHz

FIGURE %
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TYPES 2N2987 THRU 2N2994
N-P-N TRIPLE-DIFFUSED PLANAR SILICON POWER TRANSISTORS

MAXIMUM SAFE OPERATING REGION

2 ]
P ot ol s e o Y
.~ . s
0.7
< I/ N
i 0.4 |-D-C OPERATION —~ A .
< | to =1 ms; d = 0.5 (50%) " ?
5 A N
3 0.2 | t=0.3ms;d=0.1{10%) 3
5 Tc s 100°C [
& o0
S 0.07
f
Y 0.04 [ MAX Vg 2N2987, 2N2989
F— 2N2991, 2N2993
0.02 —MAX Vepq 2N2988, 2N2990
2N2992, 2N2994
0.01 L1 i (i 1
1 2 4 7 10 20 40 70 100 200
VCE — Collector-Emitter Voltage — V
FIGURE 10

0.8

0.6

0.4

P; — Maximum Total Device Dissipation — W

THERMAL INFORMATION

2N2987 THRU 2N2990
FREE-AIR TEMPERATURE
DISSIPATION DERATING CURVE

2N2991 THRU 2N2994
FREE-AIR TEMPERATURE
DISSIPATION DERATING CURVE

N

AN

\\

N\

N

P; — Maximum Total Device Dissipation — W
" :

N

25

50 75 100 125 150 175 200
T. — Free-Air Temperature —°C

FIGURE 11

0 25 50 75
T, — Free-Air Temperature — °C

100 125 150 175

FIGURE 12

200
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TYPES 2N2987 THRU 2N2994

N-P-N TRIPLE-DIFFUSED PLANAR SILICON POWER TRANSISTORS

THERMAL INFORMATION

CASE TEMPERATURE
DISSIPATION DERATING CURVE

PEAK-POWER COEFFICIENT CURVE

16 et 55" —
3 0.7 |HEHIT— 1
| 14 [-0.50 {50%) Duty Cycle -
§ [ 7
2 0.4
: \ 023 25y i
€ —0. !
] 12 \ S 2 Sl -
b ‘o
= 0.2 v
_g 10 F ’,ﬂ
2 \ Y 0,10 {10%) L1/
= g f 0.l -
3 N 3 [o.07 |
g % 0.07 feemb I
£ % —0.05_ /T
5 L} & K = V-e P/
$ fo.04 —1,/dt
E : / 1-e
E 4 N * /
= i tp = Pulse width in ms
§ 0.02 [ i ; .
b3 : » d = Duty cycle ratio
| 2 0.0L4
1 = Thermal time constant =5 ms
o 0.0t e Lo ranl
0.5 00 125 150 75 200 0.020.04 01 0204 | 2 4 710 20
tp — P i —
To — Case Temperature — °C P ulse Width — ms
C
FIGURE 13 FIGURE 14
SYMBOL DEFINITION
' VYALUE Equotion No. 1 — Application: d dissipati
I~ quotion No. 1 — Application: d-t power dissipation,
N2987
SYMBOL DEFINITION 2""“, 2-;‘:::‘ UNIT heat sink used.
2N2990 | 2N2994 ' ' for 100%C < T < 2009C
Priav] Average Power Dissipation w P = o el A o 100° cs
Tlav) ™ 7] + 6 + 8, as in figure 13
Primax) | Peak Power Dissipalion w 4-c C-Hs HS-A
[ XWN Junction-to-Free-Air Therma! Resistance 175 87.5 deg/W Equation No. 2 — Apgplication: d- power dissipation,
fic Junction-to-Case Thermal Resistance 6.67 667 | deg/W no heat sink used.
Be. Lase-to-Free-Air Thermal Resistance 168 81 deg/W
o : : Prg = L TIA f 500 < 1, < amec
Bc.Hs | Cose-to-Heat-Sink Thermal Resistance deg/W A
Heat-Sink-to-Free-Air Th | Resist deg/W
Oris-a Sol-Sink-lo-tree My Therma Tedistonce !2/ Equation No. 3 — Applicotion: Peak power dissipation,
Ta Free-Air Temperature C heat sink used.
Tc Case Temperature °c
" T
Tjtav) Average Junction Temperature < 200 °c Primay) = ; (0 -:(";x) 7,74_"(0 for 100°¢ < T < 200°¢C
TJ(m“) Peak Sunction Temperature < 200 °c C-Hs HS-A J-C
4 Peak-Power Coefficient See Figure 14 Equation No. 4 — Applicalion: Peak power dissipation,
t Pulse Width ms na heat sink used.
P
t, Pulse Period ms T —-T
— J{max) A ° °
" P =_ " 2  jr 25°C < 1, < 200°C
d Daty-Cycle Ratio (1,/1,) Tlmax) df0c., + KO, A
Solution

Example — Find an“) {design fimil)
OPERATING CONDITIONS:
Bc.us + Ous.a = 7 deg/W{from information supplied
with heat sink )
TJM {design limit} = 200°¢

T, = 50°C
d == 10% (0.1)
ty = 01ms

From Figure 14, Peok-Power {oefficient
K == D.11 and by use of aguation Na. 3

Prian = Tapmas) —
T S Bes + Ousal T KOic
200 — 50
Primay = = 05w

0.1 {7) -+ 0.11 {4.67)

PRINTED IN US A

Tt connot assume eny responsibility for any circuits shown

or represent that they are free from patent infringemen?.

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME
IN ORDER TO IMPROVE DESIGN AND TGO SUPPLY THE BEST PRODUCT POSSIBLE.
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