o

ON Semiconductor™
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Amplifier Transistors NPN
MPS6521*
COLLECTOR 3 COLLECTOR 3 P N P
2 2
BASE BASE
Voltage and current are negative
1 EMITTER 1 EMITTER for PNP transistors
MAXIMUM RATINGS ) )
*ON Semiconductor Preferred Device
Rating Symbol NPN PNP Unit
Collector—Emitter Voltage VCEO Vdc
MPS6521 25 —
MPS6523 — 25
Collector—Base Voltage VcBO Vdc
MPS6521 40 —
MPS6523 — 25
Emitter—Base Voltage VEBO 4.0 Vdc
1
Collector Current — Continuous Ic 100 mAdc 2,
Total Device Dissipation @ Ta = 25°C PD 625 mw
Derate above 25°C 5.0 mw/°C CASE 29-11, STYLE 1
Total Device Dissipation @ Tc = 25°C Pp 1.5 Watts T0-92 (TO-226AA)
Derate above 25°C 12 mw/°C
Operating and Storage Junction T3, Tstg -55to +150 °C
Temperature Range
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Ambient ReJA 200 °C/W
(Printed Circuit Board Mounting)
Thermal Resistance, Junction to Case Rgac 83.3 °C/IW
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted)
Characteristic Symbol | Min | Max | Unit
OFF CHARACTERISTICS
Collector—Emitter Breakdown Voltage V(BR)CEO 25 — Vdc
(Ic =0.5mAdc, Ig =0)
Emitter—Base Breakdown Voltage V(BR)EBO 4.0 — Vdc
(Ilg = 10 uAdc, Ic = 0)
Collector Cutoff Current IlcBoO uAdc
(Vcg =30 Vdc, I =0) MPS6521 — 0.05
(Vce =20 Vdc, Ig = 0) MPS6523 — 0.05

Preferred devices are ON Semiconductor recommended choices for future use and best overall value.

O Semiconductor Components Industries, LLC, 2001

November, 2001 — Rev. 2

Publication Order Number:
MPS6521/D




NPN MPS6521 PNP MPS6523

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) (Continued)

Characteristic

| Symbol |

Max

Unit

ON CHARACTERISTICS

DC Current Gain
(Ic =100 pAdc, Vg = 10 Vdc)

(Ic = 2.0 mAdc, Vg = 10 Vdc)
(Ic =100 pnAdc, Vg = 10 Vdc)

(Ic = 2.0 mAdc, VcE = 10 Vdc)

MPS6521

MPS6521

MPS6523

MPS6523

hrE

150

300

150

300

600

600

Collector—Emitter Saturation Voltage
(Ic =50 mAdc, Ig = 5.0 mAdc)

VCE(sat)

0.5

Vdc

SMALL-SIGNAL CHARACTERISTICS

Output Capacitance
(Ve =10 Vde, Ig =0, f= 1.0 MHz2)

Cobo

3.5

pF

Noise Figure
(Ic =10 pAdc, Vcg =5.0 Vdc, Rg =10k Q,

Power Bandwidth = 15.7 kHz, 3.0 dB points @ 10 Hz and 10 kHz)

NF

3.0

dB

http://onsemi.com

2




en, NOISE VOLTAGE (nV)

20

7.0

5.0

3.0

2.0

NPN MPS6521 PNP MPS6523

NPN

MPS6521
EQUIVALENT SWITCHING TIME TEST CIRCUITS
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DUTY CYCLE = 2%

-91V—
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+10.9V

1N916

*Total shunt capacitance of test jig and connectors

Figure 2. Turn—Off Time

TYPICAL NOISE CHARACTERISTICS
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Figure 1. Turn—On Time
(VCE =5.0 Vdc, Ta = 25°C)
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Figure 3. Noise Voltage
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f, FREQUENCY (Hz)

Figure 4. Noise Current
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NPN MPS6521 PNP MPS6523

NPN
MPS6521
NOISE FIGURE CONTOURS
(Vcg =5.0 Vdc, Tp = 25°C)
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Ic, COLLECTOR CURRENT (pA) Ic, COLLECTOR CURRENT (LIA)
Figure 5. Narrow Band, 100 Hz Figure 6. Narrow Band, 1.0 kHz
500 k .
200k S~ ~ ~ 10|Hz to 15.7 kHz -H
2 100k = '
5 50 k &‘— SES . . . )
o ~_ Noise Figure is defined as:
S 20k ~ n
= N
= N - en2 + 4KTRg + I 2Rg2\1/2
510k i S —  NF =20 Ioglo( n 4KTS§ n_7=S )
@ 5k 10dB} — S
E 2k = en = Noise Voltage of the Transistor referred to the input. (Figure 3)
Q 1k —— 2.0dB N 0 In = Noise Current of the Transistor referred to the input. (Figure 4)
3 =305 K = Boltzman's Constant (1.38 x 1023 j/°K)
@ 500 — 50 dBI———— T = Temperature of the Source Resistance (°K)
& 200 — = p———T T Rg = Source Resistance (Ohms)
— 8.0dB
100 == — ==:|
50 = — =4
10 20 30 50 70 100 200 300 500 700 1k

Ic, COLLECTOR CURRENT (pA)
Figure 7. Wideband
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hg, DC CURRENT GAIN

Vicg, COLLECTOR-EMITTER VOLTAGE (VOLTS)

V, VOLTAGE (VOLTS)

400
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0.8
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0

NPN MPS6521 PNP MPS6523

NPN
MPS6521
TYPICAL STATIC CHARACTERISTICS

Ic, COLLECTOR CURRENT (mA)

Figure 8. DC Current Gain
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Figure 9. Collector Saturation Region

— Ty=25°C

N\

e
VBE(sat) @Ic/Ig =10 | __HHT——T

VBE(on) @ VCE=1.0V.

NI

L VCE(sat) @ Ic/lg=10

6y, TEMPERATURE COEFFICIENTS (mV/°C)
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Figure 11. “On” Voltages
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60 /L — /,//
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—
0
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Figure 10. Collector Characteristics
1.6
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’!
0.8
125°Ct0125°C L ¢/
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Figure 12. Temperature Coefficients
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f1, CURRENT-GAIN BANDWIDTH PRODUCT (MHz) t, TIME (ns)

hije, INPUT IMPEDANCE (kQ)

NPN MPS6521 PNP MPS6523

NPN
MPS6521
TYPICAL DYNAMIC CHARACTERISTICS
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Figure 13. Turn—-On Time Figure 14. Turn—-Off Time
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Figure 15. Current—-Gain — Bandwidth Product Figure 16. Capacitance
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SUl R
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Figure 17. Input Impedance

Ig, COLLECTOR CURRENT (mA) Ig, COLLECTOR CURRENT (mA)

Figure 18. Output Admittance
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NPN MPS6521 PNP MPS6523

NPN
MPS6521
I —H 5 T mEaRE
S D=05
2 o5 -
= [] -
2 3 ' ——
@ 0.2 =
o — - gl
Z:IE 0.2 T E—— L f
=N 0.1 L — [ [
EZ 01 - —T T
%E - " & — | FIGURE 20 DUTY CYCLE, D = tyft
,':O 0.07 0.05 D CURVES APPLY FOR POWER
=Z0.05 = 1] - = P(Fﬂ | | | | PULSE TRAIN SHOWN
w "1 1] READ TIME AT t1 (SEE AN-569)
g |$0—2—"" -l %ﬂJT)—zTr(t):'PRﬂf e
é gg’z /——ﬁ panee / ty l‘_ Ipk) — Ta = Poky Zoaa
s LA [ SINGLE FULSE L to
= v
0.01 4/’ |||||||| I S I e B AN
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t, TIME (ms)
Figure 19. Thermal Response
104 ——= T 7 DESIGN NOTE: USE OF THERMAL RESPONSE DATA
[— Voc=30Vde yd . Lo
= 103 — 7 A train of periodical power pulses can be represented by
< — the model as shown in Figure 20. Using the model and the de-
& 102 lceoZ vice thermal response the normalized effective transient ther-
% 7 ~ mal resistance of Figure 19 was calculated for various duty
S 1ot , cycles.
g /,’ - 7 To find Zgga(t), multiply the value obtained from Figure 19
=T 7 7 T IcBo by the steady state valugjn.
O 7 = AND J Example:
< ~T _ Icex @V =3.0 Vdc - i« diccinafi
S0t _ CEX © VBE(off) = °- The MPS6521 is dissipating 2.0 watts peak under the follow-
— — ing conditions:
10-2 1 =1.0ms,2=5.0ms. (D=0.2)
-40 -20 0 +20 +40 +60 +80 +100 +120 +140 +160 Using Figure 19 at a pulse width of 1.0 ms and D = 0.2, the
Ty, JUNCTION TEMPERATURE (°C) reading of r(t) is 0.22.
Figure 21 The peak rise in junction temperature is therefore
' AT =1(t) X Rpk) X Raga = 0.22 x 2.0 x 200 = 8&.
For more information, see ON Semiconductor Application
Note AN569/D, available from the Literature Distribution
Center or on our website wtvw.onsemi.com
400 - e e
00 10 ,Nﬁ?\\ The safe operating area curves indicgteMcg limits of
< \\\ R TS \\\‘ the transistor that must be observed for reliable operation.
E 100 ~4 TC:25°? K105 Collector load lines for specific circuits must fall below the
§ $‘.u‘ P — limits indicated by the applicable curve.
3 ® Ta=25°C o~ ] S u— The data of Figure 22 is based upgqpk)= 150C; Tc or
z 40 i de ™ "N Ta is variable depending upon conditions. Pulse curves are
o ) iy I"C TN valid for duty cycles to 10% providedjfpk)< 150°C. Tj(pk)
g 0 Y7 50, ~~N may be calculated from the data in Figure 19. At high case or
© R ambient temperatures, thermal limitations will reduce the
& 10| ——-—— CURRENT LIMIT T
= - — — — — THERMAL LIMIT power that can be handled to values less than the limitations
60 SECOND BREAKDOWN LIMIT imposed by second breakdown.
40 l l l l L1 1 1 l
2.0 40 60 80 10 20 40

Ve, COLLECTOR-EMITTER VOLTAGE (VOLTS)

Figure 22.
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ep, NOISE VOLTAGE (nV)

Rg, SOURCE RESISTANCE (OHMS)

Rg, SOURCE RESISTANCE (OHMS)

NPN MPS6521 PNP MPS6523

PNP
MPS6523
TYPICAL NOISE CHARACTERISTICS
(Vcg =-5.0 Vdc, Tp = 25°C)

10 TTTT T T IIII__ 105\ ::: : : : ::::
BANDWIDTH =1.0Hz L 1O BANDWIDTH = 1.0 Hz
70 Rg=0 i 50 —1N Rg = o 1
— N - T] T]
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=
I é 20 N N | | (T
30 NG - o = naE
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oo~ 300 pA S 05 —
20 10mA e = EEd = A TS~ T
£ 03]\ e 30 pA
0.2
T L 10pA
1.0 0.1 I
10 20 50 100 200 500 1.0k 20k 5.0k 10k 10 20 50 100 200 500 1.0k 20k 5.0k 10k
f, FREQUENCY (Hz) f, FREQUENCY (Hz)
Figure 23. Noise Voltage Figure 24. Noise Current
NOISE FIGURE CONTOURS
(Vcg =-5.0 Vdc, Tp = 25°C)
1.0M = OM = ————=—-=
500 k RS BANDWIDTH=1.0Hz H 500k == BANDWIDTH = 1.0 Hz
& .
200 k \\\ S = 200k P~ = S~
. s s = N
20k NN E a0k S~ ~J 0
10k SO-SdB E'? — = @ 10k iﬁs 05d?5I \%ﬁ\‘
3 ~ o — U > -
2.0k P~~eTt— e N S 20k — 1.0dB
10k 2048 3 10k ——
500 n0dpi] o 500 —
~—_ - 3.0dB7 —~—— ~ 3.0dB
200 5.0 dB 200 = e
100 100 — 5.0 dB
10 20 30 50 70 100 200 300 500 700 1.0k 10 20 30 50 70 100 200 300 500 700 1.0k
Ic, COLLECTOR CURRENT (pA) I, COLLECTOR CURRENT (uA)
Figure 25. Narrow Band, 100 Hz Figure 26. Narrow Band, 1.0 kHz
1OM = — ===t
500 k ~ 10 Hzto 15.7 kHz 5
200 k —T .
~ Noise Figure is Defined as:
100 k s = — = o 910
50k = ~—— = NF = 20 Ioglo[enZ + 4KTRs + In °Rs ] /
20k i SN ‘\\ - N 4KTRg
10k \ gs ‘EEE en = Noise Voltage of the Transistor referred to the input. (Figure 3)
5.0 k B—m 9548 T~ In = Noise Current of the Transistor referred to the input. (Figure 4)
T NG K = Boltzman's Constant (1.38 x 1023 j/°K)
20k == 1_‘1‘3, T = Temperature of the Source Resistance (°K)
10k === : 5048 Rg = Source Resistance (Ohms)
500 ~_ - =
200 ——— =204
5.0dB =
100 =
10 20 30 50 70 100 200 300 500 700 1.0k

Ic, COLLECTOR CURRENT (uA)
Figure 27. Wideband
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Vicg, COLLECTOR-EMITTER VOLTAGE (VOLTS)

V, VOLTAGE (VOLTS)

NPN MPS6521 PNP MPS6523

PNP
MPS6523
TYPICAL STATIC CHARACTERISTICS

400

hg, DC CURRENT GAIN

Ty=125°C
— R et R e e e s 1 R N Y —
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P i gy pN
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40
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Ic, COLLECTOR CURRENT (mA)

Figure 28. DC Current Gain

1.0 T 100
Tp = 25°C Ta = 25°C | I = 400 A
7 PULSE WIDTH = 300 ps L
— 350
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I~
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= - ;:/ //, 150 pA |
o "1
04 \ 5 ol z——— _—
= s el L 100 pA
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N N ™~ = /
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IB, BASE CURRENT (mA) VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS)
Figure 29. Collector Saturation Region Figure 30. Collector Characteristics
14 T 61'6 T T T TTTTT T
- Ty=25°C < | *APPLIES for Ig/lg < hpg/2
1.2 =
o 08
|_
1.0 p” Lﬁ) — *0yG for VCE (sat 25°C 10 125°C 147
A | L oy 0
08 - o : <
| VBE(sa) @ Ic/lg = 10 e 8 ~55:C1025°C
- (&)
06 T 08
VBE(on) @ VCE=1.0V. 2 e
= 25°C t0 125°C_Lr"1
04 E il
% 1.6 -
0.2 > A W Oyg for VB —"T"] -55°C to 25°C
— VCE(sa) @lc/B = 10 = & | | | | |||
0 1 T [ TIII] 24
01 02 05 10 20 50 10 20 50 100 01 02 05 1.0 20 50 10 20 50 100
Ig, COLLECTOR CURRENT (mA) Ic, COLLECTOR CURRENT (mA)
Figure 31. “On” Voltages Figure 32. Temperature Coefficients
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t, TIME (ns)

f1, CURRENT-GAIN — BANDWIDTH PRODUCT (MHz)

hije, INPUT IMPEDANCE (kQ)

NPN MPS6521 PNP MPS6523

PNP
MPS6523
TYPICAL DYNAMIC CHARACTERISTICS
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200

Ty=25C T

100
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tq @ VBE
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Figure 33. Turn—-On Time
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Figure 35. Current—-Gain — Bandwidth Product
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Figure 37. Input Impedance

10 20
Ic, COLLECTOR CURRENT (mA)

50 10

50 100

t, TIME (ns)
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hoe, OUTPUT ADMITTANCE (1 mhos)

1000

700
500

300
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200

Ty=25°C

100
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Figure 34. Turn—-Off Time
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Figure 36. Capacitance
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VCE = 10 Vdc
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Figure 38. Output Admittance
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NPN MPS6521 PNP MPS6523

PNP
MPS6523
10 —H H HIHE asi
w07 D-05
g 05 -
. ] =
2 03 —
2 0.2 & L
2‘8 | | "1 |t
=N 0.1 L [T
Tz 0.1 et
b= - = as FIGURE 40 )
= 0.07 0.05 | DUTY CYCLE, D = ty/tp
- o L D CURVES APPLY FOR POWER
== 0.05 = L[] - ol P(pk PULSE TRAIN SHOWN
w —— ] (p ) READ TIME AT t; (SEE AN-569)
D 0.02’___. g Zooay =100 * Rosa
<Z: 0.03 - L=t t |<_ Tapk) — Ta = P(pk) Zoaa(y)
E o[ 00 T | g
s A | SINGLE PULSE tp >
= v
0.01 4/’ |||||||| | L1111l L1 I I | L 11111
001 002 005 01 02 05 10 20 50 10 20 50 100 200 500 1.0k 2.0k 50k 10k 20k 50k 100k
t, TIME (ms)
Figure 39. Thermal Response
104 —= T 7 DESIGN NOTE: USE OF THERMAL RESPONSE DATA
[— Vo =30Vde 7 . o
= 103 — A train of periodical power pulses can be represented by
< — the model as shown in Figure 40. Using the model and the de-
& 102 Iceo vice thermal response the normalized effective transient ther-
% 7 mal resistance of Figure 39 was calculated for various duty
S 4o D cycles.
8 //’ - —— To find Zgga(t), multiply the value obtained from Figure 39
S 100 J/ 7 | IcBo by the steady state valugjn.
3 = — AND J Example:
S -1 ~ IcEX @ VBE(off) =30Vde 1 The MPSB523 is dissipating 2.0 watts peak under the follow-
— ing conditions:
10-2 1 =1.0ms,2=5.0ms. (D=0.2)
-40 -20 0 +20 +40 +60 +80 +100 +120 +140 +160 Using Figure 39 at a pulse width of 1.0 ms and D = 0.2, the
T,, JUNCTION TEMPERATURE (°C) reading of r(t) is 0.22.
Figure 41 The peak rise in junction temperature is therefore
' AT =r(t) x Rpk) X Rega = 0.22 x 2.0 x 200 = 8€.
For more information, see ON Semiconductor Application
Note AN569/D, available from the Literature Distribution
Center or on our website @tvw.onsemi.com
400 - T TN
200 10 Nﬁ?‘\\ The safe operating area curves indicgteMcg limits of
< ‘\\ N oS 1ops—— \‘ the transistor that must be observed for reliable operation.
E 100 NS4 TC=25°? \\\1.03 Collector load lines for specific circuits must fall below the
‘;'I.EJ i P — limits indicated by the applicable curve.
3 ® Ta=25°C [~ SN The data of Figure 42 is based upgpgk)= 150C; Tc or
x 40 | de ™= N Ta is variable depending upon conditions. Pulse curves are
§ 2 . 150'00 TN valid for duty cycles to 10% providedjfpk)< 150°C. Tj(pk)
g‘ i J_i i N may be calculated from the data in Figure 39. At high case or
g : o2 .
% 10l —— - —— GURRENT LIMIT ambient temperatures, thermal limitations will red_uc_e t_he
= - — — — — THERMAL LIMIT power that can be handled to values less than the limitations
601 SECOND BREAKDOWN LIMIT imposed by second breakdown.
40 l l l l L1 1 1 l
2.0 40 60 80 10 20 40

VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS)

Figure 42.
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NPN MPS6521 PNP MPS6523
PACKAGE DIMENSIONS

CASE 029-11
(TO-226AA)
ISSUE AD

— A ~— NOTES:
1. DIMENSIONING AND TOLERANCING PER ANSI

Y14.5M, 1982.

CONTROLLING DIMENSION: INCH.

. CONTOUR OF PACKAGE BEYOND DIMENSION R

IS UNCONTROLLED.

SEATING . DIMENSION F APPLIES BETWEEN P AND L.

PLANE DIMENSIONS D AND J APPLY BETWEEN L AND K
MIMIMUM. LEAD DIMENSION IS UNCONTROLLED
IN P AND BEYOND DIMENSION K MINIMUM.

N

@

~

e —
X —— >« —>

INCHES MILLIMETERS
M| MIN MAX MIN | MAX

DI
A | 0175 | 0205 [ 444 | 521
B | 0290 | 0310 | 7.37 | 7.87
¥ C [ 0125 | 0165 [ 318 [ 419
D D [ 0018 | 0.021 | 0.457 | 0533
— G F | 0016 | 0.019 | 0.407 | 0.482
H f— G | 0045 [ 0055 | 115 | 1.39
J H | 0095 [ 0105 | 242 | 266
} J | 0018 [ 0024 | 046 | 061
» R = l K [ 0500 | — [1270 [ ——
L o250 [ ] 635 [ -——-
133 N C SECTION X-X N [ 0080 | 0105 [ 204 [ 266
P| —[ot00| —— ] 254
N T f R[0135 | —[ 343[ ——

STYLE 1:
PIN1. EMITTER
2. BASE

3. COLLECTOR
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