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FEATURES 3 =2+ - DESCRIPTION AND APPLICATIONS i, Z
e HIGH fr: 8 GHz to ; i -~ - L The NE219 serles of NPN silicon bipolar transistors Is de- {
LOW NOISE: - L . - sligned for small signal amplifier and osclllator applications up -
¢ 1dBat0.5 GHz e to 6 GHz. The serles employs arsenic doped emitters and y
2.2 dB at 2 GHz . _NEC's hi-rel platinum-gold metaliization system which per- !
7 mitsreliable operation at high temperature operation (100°C) R
¢ HIGH COLLECTOR CURRENT: 80 mA . at rated dissipation. The series is available in either chip form :
e HIGH OSCILLATOR POWER OUTPUT: i (NE21900) or in a variety of packages. Low noise and high cur- t
100 mW at 6 GHz ) - " rentcapabllity provides wide dynamic range and economical :
o EXCELLENT GENERAL PURPOSE TRANSISTOR - -solutions to a wide varisty of microstrip thick and thin film ap-

“plications. Quality, performance, uniformity and reliability are P
assured by NEC’s:quality assurance program which Is pat-

- JANTXV ‘equivalent), Grade CX (JANTX equivalent), and
SYMBOLS . PARAMETERS UNITS| RATINGS (Grade D. 4 ) - . eq . )
Veeo Collector to Base Voltage \ 20 :
Vceo Collector to Emitter Voltage; V 10
Veso Emitter to Base Voltage \ 1.5 A
lc Collector Current mA 80 :
Ts Junction Temperature °C 2002
Tsta Storage Temperature °C '|-65to +200°
Notes: p

1. Typlcal Vcer = 20VforR = 10 Q.
2. Ty = 150°C for NE21936 and NE21937,
3, Tsta = -65 to +150°C for NE21936, NE21937 and NE21935

Grade D. )
NE21935 TYPICAL NOISE PARAMETERS e L
VCE = 8V,Ic = 5mA ' :
FREQUENCY (MHz) NFmin/(dB) ‘Ga/dB - =~ OPTSOURCE "RN/50 Q :
500 ' 13 .07 oo 1521000 15
1000 - 14 - 16.2 DL B31Z146° A2
1500 : -1 .. 135 . .494178° - 04 .
2000 - 23 . 118 48 Z -172° . 07 :
2500 X 27 - 98 T .- B3Z-185° 13
3000 ' 34 . 98 . 58 £ -133° .26 :
3500 36 80 66 £ -128° . 36 4
VCE = 8V, Ic = 20 mA ' i
500 16 220 : A42£132° a7 ]
1000 2.0 173 30 £ 176° 13 -
1500 - 26 149 C 4T L-e7° ... .08
2000 - 29. - 130 . ° : 53 £ -159° a2
2500 ) 32 _ 114 .. B8.£-150° 19
3000 . 39 - . 1.4 . T BB L1270 36

3500 , ; 43 - o822 68 £ -123° . .28

*Input tuned for minimum Noise Figure, output tuned for Maximum Galn.
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NE219 SERIES o (T=31-2) ...

) -~ . . ,.‘.;~ ° / , P »23
OUTLINE DIMENSIONS (units in mm) . ST oo e - S 3—' -
— . . B - 3z . .- - 7/
NE21900 (CHIP) - D - OUTLINE 03 IR N OUTLII_\IE 08
(Chip Thickness: 140 pm) ) : S . - ..
0.35£0.01 ————— "L - E _—
0.28
0.18 ﬁ .
] 0.034
X somn | -
] A
BASE EMITTER - ~
- | 45
oIosz 0.35£0.01
J —-|E|-— 0.6£0.05
T gl
ooOogoo | - ARl o
OUTLINE 12 OUTLINE 35 " OUTLINE 37 _ o OUTLINE 87
- "(T0-72) (MICRO-X) . (DISK-MOLD) .
5.84¢ MAX LT - E v : N ‘- - . R l E
405 MAX a8 MN L aomn LI 5OMN 50MIN
l 0.5£0.05 - | L] oM o 3603
5.33 MAX 7@\ , r =
0-15 l ! ¢ /ﬁs BI_.&"‘/ s - B N nl
F — ) I-———- T 20203 Eij : B
Jl 4 por: » 40MIN 40NN .
N 125 MIN D. 0.65-+ | ‘ I
T[ 1 . 2.5 MAX 06
. E ‘ 10 E P c .
2.55£0.2 yy— MARKIMG 1 ’ -
0.4 +0.08T—f- 2.1 1_' - . 4
. — b [ismax o7 40MAX & | 14403
_%/ S o ;—, 1
0566 . . . c 20MAX
TYPICAL DEVICE CHARACTERISTICS (s = 25°c)
POWER DERATING CURVES . ° ‘ 'DEVICE CAPACITANCE )
800 . 2
NE21ma I||l- Ly L3
I l ' RTH (J-C) = 70°c/W .. - EE \ t=1 MHzl
s NE21608 i Qs N
o 8 [ONG |
NE21935 g5 ca
€ |Rmun- NRME0 = gg AN \| NE21936/NE1937, :
= 80°C : .
'§_ a00 L3O n \\\ 8’6
o= N
'g N521935/\I \ §§ o7 Ces | {Ni
5 RTHE-A) = N ,§ o . N
2 380°CW [N\, \ \ 8 N
& \\ 29 % N
Z | neztosemezrear \\ ) % F)
i L1 -
0 . - 8% 4a - "
0 50 100 150 200 - o ) 06 1 2 3 65710 20 4o w
Ambient Temperature, Ta (°C) .- o p Collector to Base Voltage, Vce (V) .
. : Y., . Emitter to Base Voltage, Ves (V) -
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NE219 SERIES

TYPICAL PERFORMANCE CHARACTERISTICS (14 = 25°¢)

Gain (dB) Gain Bandwidth Product, fr (GHz)

Optimum Noise Figure, NF (dB)

GAIN BANDWIDTH PRODUCT
vs. COLLECTOR CURRENT

VcE = 8V |

)
7 -
8
oA
v

1
1 2 3 5 10 203 60 100
Collector Current, Ic (mA)

GAIN vs. FREQUENCY

30
Vee =8V |
fc = 20mA

26

N
A
20
N MAG
15
il N
Sa1E|=\ A
10
s
5 N\ \\
~
N
° N
-5

01 0203 05 1 2 3 8 10
Frequency, f (GHz)

OPTIMUM NOISE FIGURE
vs, FREQUENCY

VcE = 8V
lc = 85mA 1
4
"
3 Ve
P
"4
2 ,‘/.
L
L1
1
()
05 10 16 20 25 3.0

Frequency, f (GHz)

DC Forward Current Gain, hre

Insertion Gain, |Szie|2 (dB)

Optimum Noise Figure, NF (dB)

2-187

100

CT-31-2

FORWARD CURRENT GAIN _
- vs. COLLECTOR GURRENT

Vce = 8V

hre

1 2 3

57 10 20 30 5070 100
Collector Current, Ic (mA)

INSERTION.GAIN |S21E)2
vs. COLLEGTOR CURRENT

| Vog =8 V
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OPTIMUM NOISE FIGURE
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TYPICAL COMMON COLLECTOR SCATTERING PARAMETERS - - T-31- ""3‘7
. 150 - R

+900°

+180°

NE21900
Coordinates in Ohms
. Frequency In GHz

(Vce = 8V, Ic = 20 mA)

S-MAGN AND ANGLES:

o el g

5 ki
FE T e

VCE=8V,IC =10 mA

FREQUENCY (MHz) St1 Sa1 Si2 - . S22
2000 : .88 -56 157 =29 44 47 .64 143
2500 - 87 -67 1.50 -34 62 41 .60 139
3000 .83 =77 1.39 -42 58 31 54 128
3500 82 -85 1.26 -44 .60 27 46 131
4000 . .80 -93 1.18 -49; .64 21 43 124
4500 79 -98 112 -52 67 14 .38 125
6000 79 -103 1.02 -53 .68 1} 32 130
5500 J7 -109 1.00 -65 72 7 3 126
6000 .78 -113 .93 =57 72 4 25 142
VCE = 8V,IC = 20 mA h
2000 Ee) | -53 1.66 -29 .40 51 71 147
2500 ; .80 -64 1.59 -34 47 45 .68 143
3000 87 ~74 1.47 -42 .63 35 62 132
.86 -82 1.35 -43 .85 32 54 135
4000 .84 -90 1.26 -49 .60 26 52 128
4500 .84 -95 1.20 -52 .63 19 47 129
5000 - .83 -101 1.09 -54 .64 16 41 131
5500 .82 -107 1.07 -56 .64 12 40 127
6000 . .82 -111 89 -59 .69 9 34 138
VCE=8V,IC =30mA -
2000 91 -52 1.67 -29 39 52 74 148
2500 - 91 -64 1.61 -34 47 46 70 144
3000 87 ~74 1.49 -42 52 36 64 133
3500 . : .87 -82 1.36 ~-44 55 a3 57 136
4000 - .84 -80 1.28 -50 59 27 - .54 129
4500 .85 -95 122 -53 62 20 .50 129
5000 .84 -100 1.10 -55 64 17 43 131 )
6500 : .83 -107 1.08 -57 69 13 42 127 -
1.00 -69 13 .36 137

6000 ) 84 -1
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NE219 SERIES

125

10
6 GHz
0 10 25 59 00{ 150f 250 £180°
8 GHz So2
St 2GHz
2GHz
-j10 -j250
-150°
-|150
-j25 -j100 NE21900
Coordinates in Ohms
-150 Frequency in GHz
(Vce = 8V, lc = 20 mA)
S-MAGN AND ANGLES:
VCE =8V,iC = 10 mA
FREQUENCY (MHz) S S21 Stz S22
2000 70 -155 278 89 ,08 72 32 -44
2600 ~167 231 78 .09 72 27 -45
3000 72 -173 1.99 70 A 74 24 -42
3500 74 -174 1.77 67 12 77 20 -58
4000 70 176 1.57 85 .14 71 13 -80
4500 72 176 1.38 52 .15 .74 15 -101.
5000 76 172 1.26 46 A7 73 19 -128
6600 168 1.13 41 19 71 26 -143
6000 z3 168 .99 38 19 72 33 -148
VCE = 8V,IC = 20mA :
2000 69 =-1€9 3.03 88 07 81 26 -46
25800 67 -170 2561 78 .09 79 21 -44
3000 72 =178 2.1 70 A1 79 19 -39
00 74 =176 1.90 67 A3 8t 14 -58
4000 175 1.68 £6 16 74 .08 ~90
4500 73 174 1.46 63 .16 77 A1 -115
6000 76 172 1.34 47 .18 74 .16 -143
6500 72 167 1.21 42 19 73 23 -154
6000 73 167 1.07 40 .20 74 .30 -165
VCE = 8V, IC = 30 mA
2000 69 ~161 3.07 87 07 84 125 -45
2500 67 =171 253 7 .09 82 20 -42
3000 72 =176 2,16 70 1 82 18 -36
3500 74 =177 1,92 67 13 83 13 -55
4000 70 174 1.68 56 156 75 07 -86
4500 73 174 1.49 52 .16 78 .09 ~115
6000 7 17 1.36 47 .18 75 .15 -144
5500 z3 167 122 41 19 74 22 -154
6000 73 166 1.08 40 20 74 29 -155

,
R R g

o m— e
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TYPICAL COMMON EMITTER SCATTERING PARAMETERS

- +90°

- 0.1 GHz

NE21903
Coordinates In Chms
Frequency In GHz
(Vce = 8V, Ic = 20 mA)

S-MAGN AND ANGLES:
VCE=8V,IC = 10mA

FREQUENCY (MH2) Sn Sai S12 S22
100 79 -45 2262 152 01 77 -18
500 .63 -140 9.88 102 .04 39 47 -41
1000 .62 -173 5.30 81 05 40 .36 -44
1500 .62 169 3.59 67 .07 43 35 -49
2000 .62 156 268 57 .09 51 .35 -57
2500 .64 143 2.17 45 10 51 31 . -69
3000 67 134 1.88 35 43 51 32 -82
3500 .68 122 1.58 26 .14 44 .32 -94
000 .70 114 1.40 13 15 43 34 -106
4500 70 106 1.18 6 A7 39 36 -116
5000 71 98 1.10 -2 .19 38 38 -124
VCE =8V,IC = 20 mA
100 .69 -64 32.32 144 01 7 .84 =24
500 .60 -156 1117 96 .03 46 37 -42
1000 61 178 5.81 78 .04 53 .28 -44
1500 .61 164 3.92 .08 85 28 -50
2000 .62 151 293 &6 09 59 29 -59
2500 .64 140 2.38 46 11 55 25 -72
3000 .67 130 2,06 35 13 51 25 -85
3600 .68 120 1.73 26 N ) 48 26 -86
4000 .69 112 154 14 .16 44 28 -108
4500 .69 105 1.32 18 42 31 -115
5000 70 96 1.19 0 20 40 33 -126
VCE =8V, IC = 40 mA
100 62 -84 39.23 136 01 57 76 -29
500 .60 -166 11.61 92 .02 54 32 -39
1000 .61 173 6.94 76 .04 62 25
1500 62 160 3.99 .06 59 26 -47
2000 .62 149 2.98 85 .09 62 27 -56
2500 .65 138 243 45 R} 56 24 -70
3000 .66 129 2,11 34 13 85 24 -83
68 120 1.78 25 15 51 25 -94
4000 70 112 1.69 13 .16 46 27 -106
4500 J0 104 1.35 6 .18 43 30 -113
5000 71 97 1.26 -1 20 39 31 -124

2-190
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TYPICAL COMMON EMITTER SCATTERING PARAMETERS T e

. +90°

g

NE21908
Coordinates in Ohms
Frequency In GHz
(Vce = 8V, Ic = 20 mA)

S-MAGN AND ANGLES:
VCE =8V, IC = 5mA
FREQUENCY (MHz) S11 Sai S12 S22
100 91 -29 14.21 160 01 79 96 -13
500 73 -112 8.27 113 07 38 61 -40
1000 .68 -149 4.84 89 08 26 46 -563
1800 67 -169 3.34 73 08 22 44 -58
67 180 2.53 62 08 24 43 -66
2500 .67 168 2.01 50 09 24 42 -76
3000 .67 1568 1.73 40 09 27 44 -86
3500 .67 149 148 30 10 29 46 -94
4000 67 141 1.34 20 11 30 49 -103
4500 66 134 1.16 10 12 30 .52 -110
5000 .66 125 1.06 3 13 30 55 -118
VCE=8V,IC = 10 mA
100 84 -42 23.68 1563 01 78 91 -19
500 67 -132 10.89 105 05 37 45 -50
1000 85 ~163 5.90 05 as .32 -58
1500 .63 -178 4.00 " 07 37 31 -64
2000 64 173 3.02 62 08 42 32 =71
500 65 160 247 50 08 37 31 -82
3000 .65 162 213 41 09 40 33 -91
3500 .65 143 1.82 32 1 40 .35 -98
4000 .66 137 1.64 12 38 .38 -107
4500 .65 130 1.44 13 13 35 41 -113
6000 .65 121 1.31 14 32 44 -121
VCE=8V,IC = 20mA
100 75 -59 34.58 145 01 7 84 =27
500 .65 -148 12.63 99 .03 43 .34 -58
1000 .65 ~-171 6.56 81 04 43 24 -65
1600 .64 176 4.44 69 06 44 24 ~-69 .
2000 64 168 3.36 61 07 49 25 =77 .
2600 .65 156 273 51 .08 47 24 -87 !
3000 .65 149 237 42 10 47 27 -g5
3500 .65 141 2.02 32 11 46 30 -101
4000 .66 134 1.82 23 13 42 .33 -109
4500 .65 127 1.68 13 14 38 36 -115
.64 119 1.43 6 15 35 39 -123 F

' . 2-191 ) ¢
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" TYPICAL COMMON EMITTER SCATTERING PARAMETERS - . .- .. .&

180

1250

NE21912
Coordinates in Ohms
Frequency In GHz
-(Vce = 8V, Ic = 20 mA)

L pemen e e

~ S-MAGN AND ANGLES:
-VCE=8V,IC =5mA
FREQUENCY (MH2z) S S21 S12 Sz
100 .80 =27 12.30 149 .01 74 92 -13
200 67 -46 9.87 180 .03 66 83 -20
500 37 -78 5.45 97 07 62 68 -31
1000 19 -97 3.03 14! I 62 63 -43
1500 .16 -97 214 51 15 &7 66 -59
2000 20 -98 1.62 31 .16 46 71 _~78
VCE=8V,IC = 10mA
100 69 -31 17.67 140 01 74 .86 -16
200 53 -47 12.60 120 02 67 76 -22
500 29 -66 6.18 92 07 70 64 -29
1000 A7 -73 3.34 69 12 65 59 -41
1600 19 =76 233 51 A7 56 62 -8
2000 .26 -87 1.756 31 18 44 .69 =77
VCE =8V, IC = 20 mA
100 58 -34 22.03 131 01 70 .80 -17
200 43 -47 14.19 112 02 70 70 ~21
500 24 -60 6.53 88 07 4. .60 -29
1000 a7 -61 3.49 67 13 66 .58 -40
1500 20 67 2.42 50 a7 56 61 -57
29 -84 1.81 30 18 43 68 -7
VCE=8V,IC =30 mA
100 52 -36 23,65 126 01 70 a7 -17
200 .38 -46 14.52 109 02 71 .67 -20
500 22 -68 6.54 86 07 70 .59 -28
1000 16 -58 3.48 66 13 66 58 -40
1800 20 -65 241 49 A7 56 61 -88
2000 28 -83 1.80 29 18 42 .68 -78
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TYPICAL COMMON EMITTER SCATTERING PARAMETERS - . =~ - e T 2

150

NE21935
Coordinates in Ohms
Frequency in GHz
(Vce = 8V, Ic = 20 mA)

S-MAGN AND ANGLES: .
VCE=8V,IC = 5mA z
FREQUENCY (MHz) St1 Sa1 S12 Sz
100 .80 -30 13.74 160 01 80 .96 -12
500 .65 -117 8.05 112 - .0Z 40 .62 -40
1000 .62 -159 4.72 86 or 30 45 -50
1600 .62 178 3.24 69 .08 30 42 -66
2000 .62 162 2.44 56 .09 34 42 -64
.64 146 1.95 42 .10 28 39 -76
3000 .65 133 1.67 30 A1 33 40 -87
3500 66 120 1.39 20 13 33 42 ~97
4000 67 109 127 9 14 32 4 -108
4500 .68 99 1.11 -1 16 29 45 -117
5000 69 89 1.02 -10 .8 25 48 -127
VCE = 8V, IC = 10 mA
100 67 -44 22.00 153 01 76 92 -18
500 59 -139 10.21 104 04 42 48 -48
1000 =173 5.57 82 05 4 34 -55
1500 . 169 3.78 67 07 42 32 -61
2000 .60 155 2.86 56 45 .32 -68
2500 i .62 140 229 43 1" 43 .30 -80
3000 . .63 129 1.96 31 12 41 31 -91
3500 64 117 1.68 22 14 39 .32 -101
4000 .65 107 1.60 1" 16 35 34 -112
4500 .66 98 1.30 1 18 29 .36 -121
5000 87 87 1.20 -8 19 25 .38 -131
VCE=8V,IC = 20mA
100 55 -66 31.47 146 01 70 86 -25
500 57 -157 11.59 98 03 48 37 -52
1000 .59 177 6.10 79 .05 51 26 -58
1500 .59 162 4.13 65 07 63 25 -63 !
2000 59 150 3.09 85 .09 55 26 -7
2500 61 136 249 43 a1 46 24 -84
3000 62 125 2.13 32 a3 45 .26 ~94 .
3500 .63 114 1.78 15 42 27 ~104
4000 .65 105 1.62 12 a7 37 29 -115
4500 .66 95 1.41 2 19 31 31 -123
67 85 1.31 -7 .20 26 .33 -132

v
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EMITTER SCATTERING PARAMETERS
160 ‘

+90°

S-MAGN AND ANGLES:
VCE =8V,IC = 5mA

NE21937
Coordinates in Ohms
Frequency in GHz
(Vce = 8V, lc = 20 mA)

FREQUENCY (MHz) St Sa21 S12 S22
- 100 67 -36 12.58 154 .01 76 95 -13
200 .66 -69 10.71 135 .03 58 84 -21
500 43 -132 6.19 102 .08 50 .60 -31
1000 42 177 3.49 75 .09 51 A9 -40
1500 44 148 2.41 56 A2 51 46 -48
2000 49 125 1.84 42 16 52 44 -60
2500 54 105 1.50 26 19 45 37 =71
3000 59 96 1.29 16 24 42 .35 -g5
VCE =8V,IC = 10 mA
100 53 -52 19.87 146 .01 72 .89 -17
200 42 -91 14.71 125 .02 56 73 =27
500 .36 -153 7.39 95 .05 88 49 -32
1000 .38 165 3.98 72 09 60 41 -38
1500 41 140 2.71 56 13 57 39 -47
2000 45 122 2.07 42 17 54 .36 -60
2500 50 105 1.70 27 21 47 31 -73
3000 .65 93 1.44 14 26 40 .28 -95
VCE=8V,IC = 20 mA
100 39 -71 26.29 137 .0t 74 .81 -23
200 32 -118 17.89 116 - .01 60 .62 -30
500 32 -170 8.16 90 .06 66 42 -30
1000 36 156 4.28 70 09 .36 =37
1500 39 135 2.91 54 14 59 34 -48
2000 43 118 222 42 18 85 31 -60
2500 49 102 1.80 27 22 46 26 -7
3000 91 1.63 14 26 38 23 -96
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TYPICAL COMMON

COLLECTOR SCATTERING PARAMETERS -
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NE21987
Coordinates in Ohms
Frequency in GHz
(Vee = 8V, Ic = 20 mA)

[y

S-MAGN AND ANGLES:
VCE =8V, IC = 10 mA

FREQUENCY (MHz) S Sat S12 S22 . a
100 97 -4 1.81 -3 .03 85 .85 177
500 86 -20. 1.84 ~-15 .15 65 .86 163
1000 98 -42 1.82 =30 29 52 .83 147
1500 95 -62 1.76 =42 2 .40 38 .78 133
2000 91 -80 1.60 =66 .80 22 .70 118
2500 -86 1.51 -67 59 10 64 103
3000 85 ~-113 1.42 -78 .66 -4 57 89
3500 84 -129 1.32 =91 70 =17 49 75
4000 82 -144 121 -100 73 . =32 42 63 .
4500 79 -158 ‘1.1 -110 .76 T-42 .36 51
8000 77 -173 1.06 -120 79 -55 31 38
6500 . .76 176 1.02 -131 .80 -66 .26 24
6000 73 163 94 -140 81 -79 21 10
VCE = 8V, IC = 20 mA
100 98 -3 1.87 -3 03 48 91 177
5§00 97 -19 1.89 -15 143 64 - .91 165
1000 1.00 -39 1.88 -28 .24 54 .88 150
1500 99 ~-58 1.81 -40 34 42 .85 138
2000 94 -75 164 .. .-55 44 27 78 123 -
2500 91 -90 1.60 -66 b2 . 16 74 109
3000 91 -107 1.61 =77 . .59 2 .68 95
3500 90 -122 1.42 =90 .63 -1 60 82
4000 89 -137 1.31 -100 .69 -24 54 70
4500 87 -150 " 126 =111 71 -35 48 59
6000 85 -165 116 . -121 75 -48 . 43 46
5500 84 -176 1.11 -133 g7 -59 37 34
6000 82 171 1.02 -143 .78 -72 32 21
VCE =8V, IC = 40 mA .
100 97 -3 1.88 -3 -.03 141 94 178
500 97 -19 1.92 ~-14 .1 64 93 165
1000 1.00 -38 191 -28 22 85 -9 152
1500 99 -57 . 185 -39 32 44 .89 139 -
2000 95 =75 1.63 ~54 -4 29 82 125
2600 .93 -91 1.66 -66 49 19 79 11 - )
3000 93 ~-110 1.89 -78 57 5 73 98 st
3500 93 -127 1.51 -92 .62 =7 .65 85
4000 91 -143 1.39 ~102 .67 =21 - - .89 73
4500 90 -158 1.33 -114 71 -32 .53 62
§000 .88 -175 1.21 -125 75 -45 48 50
5500 .88 172 1.16 -138 J7 -67 42 . 36 .
6000 . .85 1568 1.04 -148 79 -70 35 24
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