2N2156-2N2229

Numerical Index

2= MAXIMUM RATINGS ELECTRICAL CHARACTERISTICS
=E = = = =
Tvpe (S| S| REPLACE | PAGE | ygp | Po | B| Ty | Voo [Vero | he @lc | Veesan@lo Bl |B

12| MENT | NUMBER = 2 £ gl 138 218
E|a @25°C | 2| °C | (volts) | (voits) | 5 | (min) (max) S| (volts) z 2 £l

2N2156 (G| P 7-82 [ LPA| 170w [c {110 | 45 [ 45 [s| 80|160| 5.0 | 0.1 s5.04 2.0K |E

2N21564 | G| P 7-82 [ Lpa| 170w |cC [ 110 | 45 30 |o| 80]160f 5.0 0.1| 5.04 2.0K | E

2N2157 G| P 7-82 | LPA| 170w |c|110| 60 | 60 |s | 8o|160| 5.0a) o0.1] 5.0a 2.0K | B

221578 6| P 7-82 | LPa| 170w [c [110| 60 | 45 {o | 80|160] 5.0a | 0.1| 5.04 2.0K | E

2N2158 G| P 7-82 LPA 170w | € } 110 75 75 S 80 | 160 5.04 0.1 5.04 2.0K | E

2N2158A [ G| P 7-82 | LPA| 170w |C [110| 75 | 60 |0 | 80160 5.0A| 0.1| 5.0A 2.0K [E

2N2159 | G| P 7-82 | LPA| 170w [C [110| 90 { 90 tsS | 80|160 | 5.0A| 0.1| 5.0 2.0K |E

2N2159A | G | P 7-82 | LPA| 170w [C [110| 90 | 65 |0 | 80|160| 5.0a| 0.1] 5.04 2.0K |E

2N2160 Unijunction Transistor, see Table on Page 1-174

2N2161 | S| N BSS | 200M | A {150 | 55 35 |o | 60{160 1M | 1.5 oM | 75 |E

2N2162 | S|P CHP | 150M |A {140 | 30 30 |o 14M [T

2N2163 |S| P CHP | 150M | A |140 ] 15 15 jo 14M | T

2N2164 | S|P CHP | 150M [A [140 | 12 [8.0 |O 24M T

2N2165 {5 | P CHP | 150M [A [140 | 30 | 30 |0 10M [T

2N2166 |s| P CHP | 150M [A [140 | 15 15 |0 1I0M |T

2N2167 |s ] P CHP | 150M |A |140| 12 |8.0 |0 16M |T

2N2168 |G| P HSS 60M | A | 100 | 20 15 (0] s0 10M {0,125 10M

282169 |G| P HSS | 60M |A 100 | 15 15 (ol 40 oM | 0.151 oM

22170 |G| P HSS 60M | A {100 | 15 10 (0| 20 10M | 0.18 10M

2N2171 |G| P 6-10 | AFA | 0.2w |A |100 | 50 25 | R |110 | 250 20M 120 |E

2n2172 |e| P Mss | 200M |A | 85| 20 15 |0 | 30150 10M [ 0.2 10M 10.97 [B | 5.0M | B

2N2173 G|P HSS 240M 1A | 100 25 15 o} 30 200M 0.4 200M

2N2175 |S|P AFA | 0.1W A [175]6.0 [6.0 [0 | 30 20% 10M [T

2N2176 |s|P AFA | 0.1W [A |175]6.0 6.0 [0 | 30 20% 10M (T

2N2177 [s|P AFA | 0.1Ww |A |160 [6.0 |6.0 |0 | 15 5.0% 50 |[E | 8.0M |B

2N2178 [S 1P AFA | 0.1W |A |160 [6.0 ]6.0 [0 ] 15 5.0% 50 {E | 8.0M |B

2N2180 [¢ 1P HSS S0M | A [100 | 15 [6.0 fo {100 10M | 0.08 10M | 120 |E 60M | T

2N2181 [S | P CHP | 150M |A |140 | 25 25 (0§ 10 5.0M 6.0M [T

2N2182 S|P CHP | 150M |A J140 | 25 25 |0 | 10 5.0M 6.0M | T

2N2183 |§|P CHP | 150M {A |140 | 15 10 |0 | 10 5.0M 6.0M | T

22184 (S|P cHP | 150M {A {140 | 15 10 o | 10 5.0M 6.0M T

2N2185 S|P CHP 150M [A {140 30 30 0 6.5M | T

2N2186 S|P CHP | 150M [A |140 | 30 30 |0 6.5M |T

2N2187 S|P CHP 150M | A | 140 30 30 |0 6.5M [T

2N2188 |G | P |2N3323 9-71 {RFA{ 125M [A | 851 40 | 25 o | 40160 | 1.5M 40 |E | 60M |T

2N2189 |G | P |2N3323 9-71 | RFA | 125M |A | 85 | 40 25 10| 60180 1.5M 40 |E | 102M |T

2N2190 |G | P {2N3323 9-71 | Rra | 125M |a | 85| 60 25 |ot 40 {160 1.5 40 |E | 6oM (T

2N2191 |G | P [2N3323 9-71 | RPA | 125M |A | 85| 60 25 |o | 60 |180 | 1.5M 60 |E | 102m |T

2N2192 |S | N 8-106 [ HSA | 800M A [200 | 60 | 40 |0 [100 | 300 | 150M | 0.35 | 150M

2N2192A |5 [N 8-106 | HSA | 800M [A [200 | 60 | 40 |0 |100 {300 | 150M | 0.25 | 150M

2N2192B |S | N 8-106 | HSA | 80oM [A [200 | 60 | 40 |0 |100 |300 | 150M | 0.18 | 150M

2N2193 S (N 8-106 | HSA | 800M {A [200 | 80 50 |o | 40 |120 | 150M | 0.35 ] 150M

2N2193A |S [N 8-106 | HSA | 800M |A [200 | 80 50 {0 | 40 {120 | 150M | 0.25 | 150M

2N2193B |S | N 8-106 | HSA | 800M {a (200 1 80 50 {0 | 40 1120 | 150 | 0.18 | 150M

2N2194 | S [N 8-106 | HSA | 800M A {200 | 60 | 40 jo | 20} 60 | 150M | 0.35 | 150M

2N2194A |§ [N 8-106 | HSA | 800M A 1200 | 60 | 40 |0 | 20| 60 | 150M | 0.25 | 150M

2N2194B |S | N 8-106 | HSA 800M |A [200 60 40 |0 20 60 150M 0.18 150M

2N2195 SN 8-106 | HSA 800M | A | 200 45 25 0 20 150M 0.35 150M

2N21954 |5 [N 8-106 | HSA | 80OM [A [200 | 45 25 |0 {20 150M | 0.25 | 150M

2N2195B S { N 8-106 | HSA | s0oM A [200 | 45 25 |o 1 20 150M [ 0.18 | 150M

2N2196 S | N Lea | 2.0w |a |175] 80 | 60 |R | 30| 90| 0.2a | 2.0 0.2a | 30 |E

2N2197 |S | N LPA | 2.0W [A 175 | 80 | 60 |R | 75 (200 | 0.2a | 2.0 0.2A | 30 [E

2N2198 |5 [N RFA | 5.5M |A |200 | 80 80 [0 f 35| 55) 0.1a | 6.0 0.24 4.ooM T

2N2199 |G | P RFA | 75M {A {100 | 15 10 o [9.0 3.0M 20 |E | 120M |T

2N2200 |G | P RFA | 75M |A |100 | 15 10 |0 [9.0 3.0M 120M |T

2N2201 |S [N |2N3738 7-133 | AFA | 1.0w [c [175 {120 (100 {0 | 25| 90 f 200M | 1.7 | 200M 30 E

2N2202 | | N |2N3738 7-133 1 aFa | 1.ow {c 175 V120 {100 o | 25} 90l 200M | 1.7 | 20aM | 30 1E

2N2203 |S |N |2N3738 7-133 | AFA | 1.0W |C [175 [120 |100 |O | 25 { 90 | 200M | 1.7 | 200M [ 30 |E

2N2204 |5 [N |2N3738 7-133 | AFA | 1.0w |C [175 {120 {100 |O | 25| 90 | 200M | 1.7 | 200M | 30 |E

2N2205 |S | N |2N835 8-54 |HSs | 1.0W |c [175 | 25 12 _|o | 20 10M | 0.22 oM | 2.0 |E

2N2206 |S | N | 2N835 8-54 | HSS | 1.0W |C |175 | 25 12 [0 | 40 [120 | 1oM [ 0.22 TOM | 2.0 [E

2N2207 |G {P VID [0.26W {A | 75 [ 70 50 |R | 36 [370 10M 140M |B

2N2208 |G [P RFC.| 120M (A | 85 | 40 10 {o | 15 1,5M 30 {E

2N2209 |G | P MSS | 150M {A& | 85} 30 12 jo | 50 264 | 0.15 | 1M 6.0M | B

2N2210 |G | P |2N2075 7-75 | LPA 75w [c [100 [100 65 25| 50| 5.0 | 0.6 124 5.0K |E

2N2211 |G | P LpA | 90w [c |100 | 80 | 60 [s | 60 [140 | 1.0A | 0.8 | 2.0A 5.0K [E

2N2212 |G | P HPA | 100w [c [110 [120 [120 |R | 50 |120 | 5.04 | 1.0 | 5.0A | 30 |E 0.45M |T

2N2214  |S | N HSS ] 0.25W |C |150 | 25 15 |0 | 25 1M | 0.2 10M 200M T

2N2216 [S | P |2N3498 8-232 | HSA | 3.0W |C [200 {150 |100 |O | 25 |120 50M | 5.0 50M 50M | T

2N2217 |S | N |2N2218 8-108 | HSA | 0.8W |A 175} 60 | 30 |0 | 20 | 60 } 150M | 0.4 | 150M 250M |T

202218 [S N 8-108 | HSA | 0.8W |A |175 | 60 30 10 | 40 [120 | 150M | 0.4 | 150M 250M | T

2N2218A |S [N 8-114 | HSS 0.8W |A |175 75 40 |0 | 40 |120 |0.15A 0.3 [0.15A 30 |E 250M | T

2N2219 [S | N 8-108 | HsA | 0.8W [A [175 | 60 30 |0 {100 |300 | 150M | 0.4 | 150M 250M | T

2N2219A [S | N 8-114 | nss | o.8w |A |175 | 75 | 40 |0 {100 {200 |0.15A | 0.3 [0.15A | 50 [E | 300M [T

282220 {s | N [2N2222 8-108 |HSA | 0.5W |A {175 | 60 | 30 |0 [ 20 | 60 | 150M [ 9.4 | 150M 250M [T

2N2221 |S | N 8-108 | HSA | 0.5W |A |175 | 60 | 30 |O | 40 1120 | 150M [ 0.4 | 150M 250M | T

2N2221A S | N 8-114 {Bss | ©.5w |a [175 | 75 | 40 Jo | 40 ]120 f0.15A | 0.3 [0.15A | 30 |E | 250M |T

2N2222 |5 | N 8-108 | HSA [ 0.5W |{A [175 | 60 | 30 o [100 |300 | 150M | 0.4 | 150M 250M | T

2N2222A |S {N 8-114 | HSS 0.5W A (175 75 40 0 (100 (300 |0.15A 0.3 |0.15A 50 |E 300M |T

2N2223  [S N 11-6 | DFA | 500M A [200 [100 80 [R | 50 |200 oM | 1.2 s50M | 40 |E 50M | T

2N2223A [S | N 11-6 | DFA | 500M |A |200 }100 80 [R | 50 |200 oM | 1.2 50M | 40 |E 50M | T

2N2224  [s |N 8-118 | HSS | 0.8W {A 175 | 65 | 40 |0 | 35 [115 oM | 0.4 [ 150M 250M |T

2N2225 |G | P MsS | 200M |A |100 | 15 |4.0 |0 100 |300 | 100M | 0.2 50M 25M | B

2N2226 {S [N LPA | 150w [C [150 | 50 50 |v {100 [500 | 9.0A 3.5 | 9.0 | 50 |E | 7.0k |E

2N2227 (S [N LPA | 150w [c |150 [100 [100 |V |100 |500 | 9.0A | 3.5 | 9.0A | 530 |E | 7.0K |E

2N2228 SN LPA 150w [C [150 150 150 vV [100 {500 9.0A 3.5 9.0A 50 {E 7.0k |E

2N2229  [S |N LPA | 150w |c [150 {200 [200 {v |100 {500 | 9.0a | 3.5 | 9.0A | 50 |E | 7.0K |E
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Multiple Devices ——

2n2060, A

(JAN2N2060 AVAILABLE)

an2223, A
2N2489, A

mity.

MAXIMUM RATINGS (each side)

Vceo = 40-60 V
lc = 500 mA

NPN silicon annular Star dual transistors for differ-
ential amplifiers and other applications requiring a
matched pair with a high degree of parameter unifor-

2N2060
Rating Symbol | ZN29%9A | pn24g0 | 2n2soa | Unit
2N2223A
Collector-Emitter Voltage Vf‘EO 60 40 40 Vdc
Collector-Emitter Voltage vv"ER 80 - - Vde
Collector-Base Voltage v.CB 100 5 80 vde
Emitter-Base Voltage VEB 1.0 5.0 5.0 Vde
Collector Current IC 500 ————————®= mAdc
Operating Junction Temperature 'I‘J [t ———— 200 °c
NPN Storage Temperature Range ste -————— 85 10 +300 ——w  °C
. . . One Side Both Sides
Pin Connectl0n§ Bottom View Total Device Dissipation @ TA = 25°C (All Types) ]3D 0.5 0.6 Watt
All Leads Electrically Isolated | berate above 25°C 2.86 3.43 mw/°C
from Case Total Device Dissipation @TC =25°C (All Types) Py 1.6 3.0 Watts
Derate above 25°C 9.1 1.2 mw/°C
ELECTRICAL CHARACTERISTICS (each side) (Ta = 25°C unless otherwise noted)
Characteristic Symbol TMin | Max ’ Unit |
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage* BVCEO* Vde
(lc =20 mAdc, IB =0) 2N2480, 2N2480A 40 -
(IC = 30 mAdc, IB =0) 2N2060, 2N2060A, 2N2223, 2N2223A 60 -
Collector-Emitter Breakdown Voltage* BVCER* Vdc
(IC =100 mAdc, RBE < 10 ohms) 2N2060, 2N2060A, 2N2223, 2N2223A 80 -
Collector-Base Breakdown Voltage BVCBO Vdce
(IC =100 pAdc, IE =0) 2N2060, 2N2060A, 2N2223, 2N2223A 100 -
2N2480 5 -
2N2480A 80 -
Emitter-Base Breakdown Voltage BVEBO vdc
(IE =100 pAdc, IC =0) 2N2060, 2N2060A , 2N2223, 2N2223A 7.0 -
2N 2480, 2N2480A 5.0 -
Collector Cutoff Current ICBO nAde
(VCB = 30 Vdc, IE =0, TA = 150°C) 2N2480, 2N2480A - 15
(VCB =60 Vdc, IE =0) 2N2480 - 0. 050
2N2480A - 0.020
(VCB = 80 Vdc, IE =0) 2N2060, 2N2060A - 0. 002
2N2223, 2N2223A - 0.010
(VCB = 80 Vdc, IE =0, TA =150°C) 2N2060, 2N2060A - 10
2N2223,2N2223A - 15
Emitter Cutoff Current IEBO nAdc
(VBE = 5.0 Vdc, IC =0) 2N2060, 2N2060A - 2.0
2N2223,2N2223A - 10
2N2480 - 50
2N2480A - 20
«pulse Test: Pulse Width = 300 ps, Duty Cycle = 2. 0%.
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— Multiple Devices ——

2N2060, A, 2N2223, A, 2N2480, A (continued)

ELECTRICAL CHARACTERISTICS (continued)

L Characteristic Symbol, | Min l Maxl Unit ’
ON CHARACTERISTICS
DC Current Gain hFE -
(IC =10 pAde, VCE =5.0 Vde) 2N2060, 2N2060A 25 75
2N2223,2N2223A 15 -
(IC =100 pAdc, VCE = 5.0 Vdce) 2N2060, 2N2060A 30 90
2N2223,2N2223A 25 150
2N 2480 20 -
2N2480A 35 -
(IC = 1.0 mAdc, VCE =5.0 Vde) 2N2060, 2N2060A 40 120
2N2480 30 350
2N2480A 50 200
(IC =10 mAdc, VCE = 5.0 Vde)* 2N2060, 2N2060A 50 150
2N2223,2N2223A 50 200
Collector-Emitter Saturation Voltage VCE( 0 Vdc
(I = 50 mAdc, Iy = 5.0 mAde) 2N2060A sa - 0.6
2N2060,2N2223, 2N2223A, 2N2480A - 1.2
2N2480 - 1.3
Base-Emitter Saturation Voltage VBE 0 Vdc
(I = 50 mAde, Iy = 5.0 mAdc) 2N2060, 2N2060A, 2N2223, 2N2223A, (sa
2N2480A - 0.9
2N2480 - 1.0
SMALL-SIGNAL CHARACTERISTICS
Current-Gain-Bandwidth Product fT MHz
(IC =50 mAdc, VCE =10 Vdc, f = 20 MHz) 2N2223, 2N2223A, 2N2480,
2N2480A 50 -
2N2060, 2N2060A 60 -
Qutput Capacitance COb pF
(VCB =10 Vdc, IE =0, { =1.0 MHz) 2N2060, 2N2060A , 2N2223,
2N2223A - 15
2N2480A - 18
2N2480 - 20
Input Capacitance Cib pF
(VBE = 0.5 Vdg, IC =0, f = 1.0 MHz) 2N2060, 2N2060A , 2N2223, [
2N2223A, 2N2480A - 85
Input Impedance hie ohms
(IC = 1.0 mAdc, VCE =5.0Vde, f =1.0KkHz) 2N2060, 2N2060A 1000 | 4000
2N2480A 1000 | 5000
Input Impedance hib ohms
(Ic = 1.0 mAdec, VCB =5.0Vdce, f = 1.0kHz) 2N2060,2N2060A, 2N2223,
2N2223A 20 30
2N2480A 20 35
Voltage Feedback Ratio h, x1074
(IC = 1.0 mAdec, VCB =5.0 Vde, { = 1.0 kHz) 2N2223,2N2223A - 3.0
Small-Signal Current Gain hfe -
(IC = 1.0 mAdc, VCE =5.0 Vdc, f = 1.0 kHz) 2N2060, 2N2060A 50 150
2N2223, 2N2223A 40 120
2N2480A 50 300
Output Admittance hoe pmhos
(IC = 1.0 mAdec, VCE =5.0Vde, f = 1.0 kHz) 2N2060, 2N2060A, 2N2480A 4.0 16
Output Admittance hOb pmhos
(IC = 1.0 mAdc, VCB =5.0Vde, { = 1.0 kHz) 2N2223,2N2223A - 0.5
Noise Figure NF dB
(Ic = 0.3 mAdc, VCE =10 vde, RS = 510 ohms,
f=1.0kHz, BW = 1.0 Hz) 2N2480, 2N2480A - 8.0
(Ic = 0.3 mAdc, VCE =10 Vde, RS = 510 ohms,
f=1.0KkHz, BW = 200 Hz) 2N2060, 2N2060A - 8.0
(Ic = 0.3 mAdc, VCE =10 Vde, RS = 1.0k ohm,
f = 1.0 kHz, BW = 15.7 kHz+¥) - 8.0




Multiple Devices

2N2060, A, 2N2223, A, 2N2480, A (continued)

ELECTRICAL CHARACTERISTICS (continued)

Characteristic Symbol | Min I Max | Unit
MATCHING CHARACTERISTICS
DC Current Gain Ratio** hFEl/hFEZ** -

(ic = 100 pAde, Voo =5.0 Vdc) 2AN2060, 2N2060A , 2N2223A 0.9 | 1.0
2N2223, 2N2480, 2N2480A 0.8 1.0
(IC = 1.0 mAdec, VCE =5.0 Vde) 2N2060, 2N2060A 0.9 1.0
2N2480, 2N2480A 0.8 1.0

Base Voltage Differential VBEI'VBEZ mVdce
(IC =100 pAdc, VCE =5.0 Vdc) 2N2060A - 3.0
2N2060, 2N2223A, 2N2480A - 5.0
2N2480 - 10
2N2223 - 15
(IC = 1.0 mAdc, VCE = 5.0 Vdc) 2N2060, 2N2060A , 2N2480A - 5.0
2N2480 - 10

Base Voltage Differential Change X\ -V ) mVdc
(T = 100 jAde, Vp, = 5.0 Vde, T, = -55 to +25°C)  2N2060A BEl "BE2'| _ 0.4
2N2060 - 0.8
2N2223,2N2223A - 2.0
2N2480, 2N2480A - 1.2
(IC =100 pAdc, VCE = 5.0 Vde, TA = +25 to +125°C) 2N2060 - 1.0
2N2060A - 0.5
2N2223,2N2223A - 2.5
2N2480, 2N2480A - 1.5

**The lowest hFE reading is taken as hFEI for this ratio.

tAmplifier: 3.0 dB points at 25 Hz and 10 kHz with a roll-off of 6.0 dB per octave.
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