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NEC

ULTRA LOW NOISE | NE202
' K-BAND HETERO JUNCTION FET

SERIES

FEATURES

e LOW NOISE FIGURE:
1dBTYP atf = 12 GHz (NE202XX)
1.2dB TYP atf = 12 GHz (NE202XX-1.4)
1.8dBTYP atf = 18 GHz (NE20248)

e HIGH ASSOCIATED GAIN:
12dB TYP atf = 12 GHz (NE20283A)
9dBTYPatf = 18 GHz (NE20248)

® n+ AlGaAs/UNDOPED GaAs HETERO-JUNCTION
STRUCTURE

e GATE LENGTH: Lg = 0.3 microns
o GATE WIDTH: Wg = 200 microns
e PASSIVATION ON CHIP FOR HIGH RELIABILITY

DESCRIPTION

The NE202 is a Hetero Junction FET that utilizes the hetero-
Junction between Si-doped AlGaAs and undoped GaAs to
create high mobillity electrons. Its excellent low noise and high
assoclated gain makae it suitable for satellite communications
and commerclal systems. The NE202 is available in two ver-
slons, NE202XX for high performance low noise applications
and the NE202XX-1.4 for gain stage applications. The device
is avallable in chip and two Hermetic Packages.

ABSOLUTE MAXIMUM RATINGS (1a = 25°)
SYMBOLS PARAMETERS UNITS| RATINGS
Vos Drain to Source Voltage \Y 4
Vas Gate to Source Voltage \ -3
los Drain Current mA 60
Pr Total Power Dissipation mw 200
TeH Channel Temperature °C 175
Tsra Storage Temperature °C | -65to +175
la Gate Current MA 10
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OUTLINE DIMENSIONS

NE20200 (CHIP)
(Units in pm)
400
52, 48, 52

D D 52

88 40 58
Chip Thickness: 140+10 ym

OUTLINE 48
{(Units in mm)

e

062005 (ALftgASDS)
459 1/I/ l I
éi\\ﬁ . _r
j\ [ 13
1
PIN 0.320.05 —L
CONNECTIONS /I/‘, ’ '
7 Cate [ 0162005
2. Source
3. Drain 4
4. Source o 1.8 —= -I oi
0.05
o1 00500 08
#5&%&%—'-
OUTLINE 83A

(Units in mm)
-, 1.88%03

L‘
» 0.5£0.1

1.88£0.3 g/ﬂ /b‘z__’t

PIN 4.0 MIN (ALL LEADS)
CONNECTIONS s _L

1. Source

2. Drain 1.020.1

3. Source —

4, Gate 1.25 MA.X .

e — L oor
g +0.
0.1 _g03
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10 samples.

“go-no-go” screening test with the fixture tuned for the “generic” type but not for each specimen.

RtH (channel to case) for chip mounted on copper heat sink.

NE20200 TYPICAL NOISE PARAMETERS*

FREQ. | NFort Ga Lopras Rn/50
(GHz) | (dB) (dB) | (MAG) | (ANG)
1 0.30 23.7 0.82 8 0.75
2 0.30 205 0.80 15 0.60
4 0.37 17.2 0.74 31 0.55
6 0.52 15.3 0.70 44 0.50
8 0.68 139 0.66 68 0.45
10 0.84 129 0.62 72 0.42
12 1.00 12,0 0.58 86 0.40
14 1.16 113 0.54 98 0.38
16 1.31 107 0.51 110 0.36
18 1.47 10.1 0.48 122 0.34
20 1.63 9.6 0.46 132 0.32
22 1.82 9.1 0.44 141 0.30
24 2.03 8.6 0.42 148 0.27
26 222 8.0 0.42 156 0.25
28 243 75 0.42 161 0.22
30 2,70 6.9 0.41 167 0.20

NE20283A TYPICAL NOISE PARAMETERS*

N E C/ CALIFORNIA L5E D EE L427414 0001591 7 mm T -ZI-25
NE202 SERIES
ELECTRICAL CHARACTERISTICS (14 = 25°C)
PART NUMBER NE202001 NE20200-1.41 NE20248 NE20283A NE20283A-1.4
. PACKAGE OUTLINE 00 (CHIP) 00 (CHIP) 48 83A 83A
PARAMETERS
SYMBOLS AND CONDITIONS UNITS| MIN| TYP| MAX] MIN I TYP |[MAX | MIN | TYP | MAX] MIN|TYP|MAX] MIN I TYP | MAX
losx Drain to Source Leakage
CurrentatVos = 4V,Vas = -3V | pA 100 100 100 100 100
loss Saturated Drain Current at
Vos =2V,Vas = 0 mA | 12130 |60 {12 | 30|60 {12 | 30 | 60 [12 |30 |60 | 12 |30 | 60
laso Gate to Source Leakage Current
atVas = -3V, los = 0 A 1 110 1110 1|10 1|10 1110
Vas (oFF) |Gate to Source Cutoff Voltage at
Vos = 2V, Ibs = 100 pA v |-0.3|-08|-~2 |-03}|-08| -2 |-0.3|-0.8] -2 |-0.3]|-0.8{ -2 |~0.3]-0.8| -2
gm Transconductance at
Vos = 2V, Ips = 10 mA mS | 30|45 |70 |30 | 45170 |30 [ 45|70 |30 [45{70 |30 |45] 70
NF Noise Figure?2 at
Vos = 2V, los = 10 mA,
f = 12 GHz dB 1 }1.2 12114 1112 12114
f = 18 GHz dB 1618
Ga Associated Gain at
Vos = 2V, Ibs = 10 mA,
f = 12 GHz dB 11§12 10 1 11|12 10 | 11
f =18 GHz ds 751 9
P1as Power Output at 1 dB Gain
Compression, Vbs = 2V,
los = 10mA, f = 12 GHz dBm 9 9 9 9 9
RTH Thermal Resistance
{Channel-to-Ambient) °C/W 260° 260° 700 700
Notes:

RF performance is determined by packaging and testing 10 chips per wafer; wafer rejection criteria for standard devices is 2 rejects for

Typical values of noise figures are those obtalned when 50% of the devices from a large number of lots were individually measured in a
circuit with the input individually tuned to obtain the minimum value. Maximum values ate ctriteria established on the production line as a

FREQ. | NFoet Ga Topt Rn/50

(GHz) | (dB) (dB) | (MAG) | (ANG)
2 0.35 205 0.76 29 0.77
4 0.40 17.2 0.76 57 0.60
6 0.0 156.3 0.70 82 0.41
8 0.70 13.9 0.61 110 0.28
10 0.90 12.9 0.55 141 0.14
12 1_.10 12 0.50 168 0.10
14 1.20 11 0.46 -161 0.09
16 1.35 10 0.44 -137 0.07
18 1.50 8.5 043 -113 0.08

*Vos =2V, Ips = 10 mA

** T"opT includes bond wires.
Bond wires used during testing:

G
D

Source:

3-74

ate:
rain:

2 wires total, 1 per bond pad, 0.013" long each wire.
2 wires total, 1 per bond pad, 0.015" long each wire.

4 wires total, 2 per side, 0.007" long each wire,
Noise parameters from 1 to 18 GHz are measured.
Noise parameters from 20 to 30 GHz are interpolated.
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N E C/ CALIFORNIA L5 D WM L4274ly 0001592 9 m -2 /- 25
, : NE202 SERIES

TYPICAL PERFORMANCE CHARACTERISTICS (1a = 25°c)

* TOTAL POWER DISSIPATION vs. DRAIN CURRENT vs.
AMBIENT TEMPERATURE DRAIN TO SOURCE VOLTAGE
250 50
g ~
= 20 E Vas = 0V ]
& 2
o \ - o
o - o
2 o 5 P 02V
8 E
a ° L1/ —1 1 1
100 E / -0.4 v
g § H =
: ST e T
50 1 -
N I/ P o - LI
\ o= -0.8V 7
0 [
) 50 100 150 200 0 16 30
Ambient Temperature, Ta (°C) Drain to Source Voltage, Vos (V)

NOISE FIGURE, ASSOCIATED GAIN vs.

DRAIN CURRENT vs. RATIO OF DRAIN CURRENT
GATE TO SOURCE VOLTAGE AND ZERO-GATE VOLTAGE
4 20
o '
Vos = 2V Vos =2V
R _ f = 12GHz &
g g o2
£ . %
Q = <
g 20 g Ga 1 g
o 2 A\ 10
=1
3 . \ E
g / £ /) g
2 0
(ST 1) 1 l‘F /” 5 <
o 0
-1.0 0 10 20 4 60 100
Gate to Source Voltage, Vas (V) Drain Current/Zero-Gate Voitage
Current, In/lpss (%)
NOISE FIGURE, ASSOCIATED GAIN MAXIMUM AVAILABLE GAIN*, FORWARD
vs. FREQUENCY INSERTION GAIN vs. FREQUENCY
24
Vos = 2V, Ip= 10 mA / oY) Vos = 2V
3.0 24 KeACA Ip = 10 mA
X - NG
— \ ' ] (<D % 20 N
g \ / 2 S5 N
= 25 AN 20 é c_g \‘\ -
= Ga [N / o 35 N MSG
g 20 T 16 '3 Pgc] ‘~\
5 N\ / i O 22
2 N, // NFoer T |5 S
15 S A 12 2 TE 12 Q N
3 —— NE20200 S z3 1S218l12 MAG \
S — —— NE20283A [| AN 8 < -- \
Z 10 7 N 8 2 g 'g -
/f \ g S 8 N S
05 - N 4 S5 n NE20200 DN
— — — NE20283A
] [
1 2 4 6 810 20 40 o 2 4 6 8 10 20
Frequency, f (GHz) Frequency, f (GHz)

*Gain Calculations: MAG = %}- (K— vKe - 1). When K< 1, MAG = MSG

2 . 2. |S22]2
msg = 1821l ¢ = TH 1Al - ISulE- 1821 | 6180~ saiste
S12] 2|S12| |Sa1}
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N E C/ CALIFORNIA 15E D W L4274l4 0001593 0 W [-3F)-25

NE202 SERIES

NE20200 EQUIVALENT CIRCUIT

0.1 nH 2Q 0.016 pF 40 0.09 nH
Le Ra Cap Ro LD
I A
o__rWY'\__.WV 11 VWV\—LYYY \—( )
GATE _I_ _I_ DRAIN
Cas Coa oM
0.20 pF 6.7 fF 45mS
> Gps
l $5ms _L Cos
T 7.2fF
Ri
40 T
2.5 psec
>
Ios = 10 MA
el S Rs350
La = 0.3um
Wa = 200 um
Note: Inductance of bonding wires are included Ls 0.03 nH
20 pum Dia. Au wire (Length: 320 pm) :
n: Number of wires
Gaten =2

Drainn = 2
Sourcen = 6 (o)
SOURCE

RECOMMENDED DIE ATTACHING AND BONDING CONDITIONS FOR THE NE20200 AND
NE20200-1.4

1) Die Attaching: 2) Bonding:
Solder : AuSn Wire : 20pum diameter gold
Temperature $ 300 +10°C Method : Thermocompression Bonding
Atmosphere : N2 Temperature 1 260 £10°C
Within 10 seconds Atmosphere : N2

Within 5 minutes

3-76
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NE202 SERIES

TYPICAL COMMON SOURCE SCATTERING PARAMETERS

NE20200

REY Coordinates in OChms
Frequency in GHz
(Vos = 2V, lbs = 10 mA)

S-MAGN AND PHASE:
VDS = 2V, IDS = 10 mA

FREQUENCY (GHz) Si1 Szt S12 S22
2.00 .89 -19 347 164 .03 77 67 -11
3.00 97 -28 3.40 156 .04 73 .66 -16
4.00 .96 -37 3.33 148 .05 67 .65 =21
5.00 .94 -46 3.23 140 .06 60 .63 -26
6.00 92 ~-63 3.1 133 .06 61 63 -30
7.00 91 ~61 3.02 126 .07 53 .62 -35
8.00 .89 -69 2.96 119 .08 49 .60 -40
9.00 .86 ~76 284 113 .08 47 .59 -45
10.00 .85 -83 2.79 107 .09 44 .68 ~-50
11.00 .83 -90 2.73 100 10 38 .68 -56
12.00 .81 ~97 2,67 94 10 34 87 -61
13.00 .80 -103 2.60 88 R ] 30 .57 -66
14.00 .78 -110 2.52 82 1 25 56 -70
15.00 77 -115 245 76 1M 23 .55 -74
16.00 .76 -120 2.38 7 11 20 .55 -76
17.00 74 -125 2.31 66 .10 18 .64 -79
18.00 .73 -129 2.24 61 A1 17 .63 -80
19.00 .70 -133 213 &8 .10 17 52 -82
20.00 .70 =135 2.08 54 10 17 53 -84
21.00 69 -138 2.04 52 10 16 .63 -85
22.00 .69 ~140 2.01 46 10 16 .53 -87
23.00 .69 ~145 1.80 42 .09 18 52 -90
24.00 .67 -149 1.85 39 .10 16 52 -96
25.00 .64 -154 1.84 36 .10 15 .50 -104
26.00 .62 -160 1.77 33 .10 15 51 -107
Note: Bond wires are not de-embedded.
Gate! 2 wires total, 1 per bond pad, 0.013" long each wire.
Drain: 2 wires total, 1 per bond pad, 0.015” long each wire.
Source: 4 wires total, 2 per side, 0.007” long each wire.
Wire: 0.0008": diameter, gold.
3-77
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N E C/ CALIFORNIA 15E D WM b427414 0001595 4 mm T 3/ 25
- NE202 SERIES

TYPICAL COMMON SOURCE SCATTERING PARAMETERS

»

NE20200
Coordinates in Ohms
Freqzuency In GHz
(Vbs = 2V, los = 20 mA)

S§-MAGN AND PHASE:

VDS = 2V, IDS = 20 mA

FREQUENCY (GH2) S Sa1 S12 S22
2.00 98 -21 4.10 163 .02 76 .65 -11
3.00 97 -30 3.99 155 .03 72 .64 -16
4.00 .95 -40 3.90 146 .04 67 .63 -21
. 6.00 93 -49 3.76 138 .06 60 61 -26
a 6.00 91 ~86 3.89 131 .06 62 .61 -29
: 7.00 .89 -65 3.47 125 .07 54 60 -34
8.00 .87 -73 3.37 118 07 50 88 -40
9.00 84 -80 3.23 111 07 47 56 -44
10.00 .83 -87 3.16 105 .08 45 .56 -49
11.00 81 ~-94 3.07 98 .09 39 .56 -55
12.00 79 -101 2.99 g2 .09 35 .55 ~60
13.00 .78 -108 2.89 86 .09 31 .54 -65
14,00 .76 -114 279 80 .10 28 .53 -69
15,00 75 -120 270 75 .09 25 .53 ~-73
16.00 73 -125 2.62 70 .10 24 .63 -75
17.00 73 -129 254 66 .09 23 53 -78
18.00 .70 -134 2.46 61 .09 21 .51 -78
19,00 68 -137 233 87 .09 21 51 -80
20.00 .68 -139 227 54 .09 24 51 -82
21.00 .67 ~142 222 51 .09 22 52 -83
22.00 .67 -144 219 46 .09 23 .62 -85
23.00 67 -149 2,06 42 .09 24 .51 -88
24.00 .64 -153 2,03 39 .09 22 51 -94
25.00 .63 -158 2.00 36 .10 22 49 -102
26.00 .61 -164 1.92 33 .10 23 .80 -105

Note: Bond wires are not de-embedded.

Gate: 2 wires total, 1 per bond pad, 0.013” long each wire.
Drain: 2 wires total, 1 per bond pad, 0.015” long each wire.
Source: 4 wires total, 2 per side, 0.007" long each wire.
Wire: 0.0008": diameter, gold.
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NE202 SERIES

TYPICAL COMMON SOURCE SCATTERING PARAMETERS

+90°

NE20248 T00° 22 GHz
Coordinates in Ohms
Frequency in GHz
(Vos = 2V, lps= 10 mA)
S-MAGN AND PHASE:
Vbs = 2V,IDS = 10 mA
FREQUENCY (GHz) St1 S21 S12 S22
.50 1.00 -8 4.16 173 007 85 71 -10
1.00 1.00 -15 4.16 164 .013 76 74 -17
1.50 .99 ~-23 4.01 156 019 71 .68 -19
2.00 .98 -30 3.95 150 .026 69 .64 -23
2.50 97 -37 3.95 143 .031 60 .63 -31
3.00 .96 -45 3.86 135 .036 54 .63 -38
3.50 .95 -52 3.77 128 .040 50 .63 -41
4.00 94 -59 3.73 122 .045 46 .60 -45
4.50 92 -67 3.68 116 .050 40 .58 -52
5.00 .80 ~74 3.59 108 054 35 .68 -60
5.50 .89 -80 3.51 101 .058 30 .58 -65
6.00 .87 -87 3.43 Qa5 .061 28 .57 -69
6.50 .85 -94 3.35 88 .064 20 .65 -76
7.00 .84 -100 3.25 81 .066 16 .65 -83
7.50 .83 -105 3.18 76 .067 11 .55 -88
8.00 .81 -1 3.08 70 .069 8 55 -91
8.50 .80 -116 3.01 64 .070 4 .53 -97
9.00 79 -121 283 68 .072 1 52 -103
9.50 .78 -126 2.86 63 074 -3 .53 -109
10.00 77 -131 2.81 47 .075 -6 53 -114
10.50 75 -136 275 41 077 -10 .52 -120
11.00 74 ~141 2.68 36 078 -14 .52 -127
11.50 72 -145 261 30 .078 -18 .63 -133
12.00 71 -150 2.56 24 .079 ~-21 .54 -138
12.50 .70 -154 2.50 19 .079 -25 .54 -143
13.00 .68 -159 244 13 079 -28 .54 -148
13.50 .67 -163 2.38 8 079 -3 .54 -154
14.00 .66 ~-167 233 3 .079 -34 .66 -159
14.50 .65 -171 2.28 -2 .080 -37 .56 -163
15.00 64 ~175 224 -7 .080 ~39 .56 -169
16.50 .63 -179 2.21 -13 .081 ~-42 .67 ~174
16.00 .61 177 217 -18 .083 ~-45 .58 -179
16.50 .60 173 213 -23 .083 -49 .60 176
17.00 .58 169 2.09 -28 .084 -52 .61 172
17.50 57 164 2.06 -34 .085 -55 62 167
18.00 65 160 2,02 -39 .085 -59 62 164
18.50 .64 167 1.96 -44 .084 -62 62 161
19.00 52 152 1.92 -50 .086 -64 .63 158 *
19.60 51 149 1.88 ~54 .088 -68 .63 154
20.00 .48 144 1.85 -60 .087 -72 .62 150
20.50 46 141 1.82 -65 .087 -74 .62 147
21.00 .45 137 1.78 -70 .088 -76 .61 143
21.50 44 134 1.72 ~74 .087 =79 63 144
22,00 .38 118 1.72 -81 101 -83 .68 127
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‘ NE202 SERIES

TYPICAL COMMON SOURCE SCATTERING PARAMETERS

NE20283A
Coordinates in Ohms
Frequency in GHz
(Vos = 2V, los= 10 mA)

S-MAGN AND PHASE:
VDS =2V, IDS = 10 mA

FREQUENCY (GHz) Sin S21 S12 S22
2.00 98 -34 3.55 148 .03 68 65 -25
3.00 .94 -50 3.39 131 .04 55 64 -37
4.00 91 -65 3.22 116 .05 45 63 -48
- 5.00 .88 -81 3.09 102 .06 34 62 -60
. 6.00 84 -95 2.91 87 .06 25 61 -7
i 7.00 82 -109 2.83 75 07 18 61 -81
: 8.00 78 -120 2.63 62 .07 1 60 -91
9.00 .76 -132 2,52 50 07 5 61 -100
10.00 73 -144 2.36 40 07 1 61 -109
11.00 7 -153 222 29 07 -3 61 -116
12.00 69 -164 222 18 07 -7 62 -124
13.00 66 -174 2.24 6 .08 -12 62 -131
14.00 62 176 2.09 -6 07 -16 61 -138
15.00 60 166 2.01 -18 .08 -18 61 -146
16.00 58 156 2.00 -24 .08 -24 62 -154
17.00 55 145 2.00 -37 .08 -37 63 -162
18.00 51 133 2.00 -49 .09 -49 .63 -170
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' NE202 SERIES

.

TYPICAL COMMON SOURCE SCATTERING PARAMETERS

»

NE20283A
Coordinates in Ohms
Frequency in GHz
(Vos = 2V, los = 20 mA)

S-MAGN AND PHASE:
VDS = 2V, IDS = 20 mA

FREQUENCY (GHz) S S21 S12 S22
2.00 .95 -40 4.31 140 .04 62 .61 -32
3.00 .80 -67 3.97 124 .06 80 .59 -46
4.00 86 -75 3.77 106 07 38 .57 -60
5.00 .79 -91 3.43 N .08 27 .54 ~-74
6.00 75 -105 3.21 75 .09 18 .52 -86
7.00 71 -119 2.98 62 .09 10 .52 -97
8.00 .68 ~-130 2.77 50 .08 4 .51 -106
9.00 .65 -141 2.59 37 .09 -3 52 -115
10.00 .63 -1562 243 26 .09 -6 52 -125
11.00 61 -161 2.28 15 .09 -12 .52 -133
12.00 57 -172 222 2 .10 -19 .52 -141
13.00 .54 180 212 -8 .10 -22 .62 -148
14.00 .50 171 2.03 -19 .10 27 .51 -155
15.00 .48 161 2.00 -32 .11 -33 51 -163
16.00 .45 150 1.98 -40 12 -36 .51 -172
17.00 43 139 1.95 ~54 a2 -45 51 179
18.00 39 127 1.95 -66 13 -58 .61 169
3-81
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