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July 1995 Uitra High Frequency Transistor Array
Features Description
* NPNTransistor(fy). ................oooonnt. 8GHz The HFA3046, HFA3096, HFA3127 and the HFA3128 are

Ultra High Frequency Transistor Arrays that are fabricated

* NPN Current Gain (hpg). . oooovevneneneeennnn 70 from Harris Semiconductor's complementary bipotar UHF-1
e NPNEarly Voltage (Va) .................. ..o 50V process. Each array consists of five dielectrically isolated
transistors on a common monolithic substrate. The NPN
* PNP Transistor{fy). ..........ooooeninenn 5.5GHz transistors exhibit a fy of BGHz while the PNP transistors
o PNP Current Galn (Rgg) . .- oovvnvennenenenennns 40 provide a fy of 5.5GHz. Both types exhibit low noise (3.5dB),
making them ideal for high frequency amplifier and mixer
* PNPEarlyVoltage (Va) ...........c.coiiivnn, 25V applications.
* Nolse Figure (50() at 1.0GHz ................ 3.5dB  The HFA3046 and HFA3127 are al-NPN arrays while the
« Collector-to-Collector Leakage. .. ............. <1pA HFA3128 has ail PNP transistors. The HFA3096 is a NPN-
PNP combination. Access is provided to each of the termi-
« Complete Isclation Between Transistors nals for the individual transistors for maximum application

Pin Compatible with Industry Standard 3XXX Serles flexibility. Monolithic construction of these transistor arrays
provides close electrical and thermal matching of the five

Arrays )
transistors.
Applicati For PSPICE models, piease request AnswerFAX document
pplications number 663046. Harris also provides an Application Note

 VHF/UHF Amplifiers ilustrating the use of these devices as RF amplifiers

(request AnswerFAX document 89315).
* VHF/UHF Mixers

« IF Converters Ordering Information
¢ Synchronous Detectors PART NUMBER PACKAGE
HFA30468 14 Lead Plastic SOIC (N}

HFA3096B, HFA31278B, HFA3128B | 16 Lead Plastic SOIC (N)

HFA3046Y, HFA3096Y Die
HFA3127Y, HFA3128Y Die
Pinouts
HFA3046 HFA30396 HFA3127 MFA3128
TOP VIEW TOP VIEW TOP VIEW TOP VIEW
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CAUTION: These devices are sensitive to elecirostatic discharge. Users should follow proper (C Handling Procedures File Number 3076.6
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Specifications HFA3046, HFA3096, HFA3127, HFA3128

Absolute Maximum Ratings

Collector to Emitter Voltage (OpenBase). ............. ...B.0V
Collector to Base Voltage (Shonted Base) 12.0V
Emitter to Base Voltage {(Reverse Bias). .. .. .. ....... b5V
Collector Current ... ...... ... ... ... ...... .. .. 15.5mA

-65°C to +150°C
....-55°C to +125°C

Storage Temperature Range .
Operating Temperature Range. .. ... ..

Junction Temperature (Die} ... ... ... . +175°C
Junction Temperature (Plastic Package) +150°C
Lead Temperature (Soldering 10s) (Lead Tips Only . +300°C

Thermal Information

Thermal Resistance CATY

N
Plastic 14 Lead SOIC Package . 120°C/W
Plastic 16 Lead SOIC Package . . . . .............. 115°C/W

Maximum Package Power Dissipation at +75°C
Plastic 14 Lead SOIC Package . ..................... 0.63W
Plastic 16 Lead SOIC Package . .. ................... 0.66W
Any One Transistor .. ... ... .................. 0.15W

Derating Factor Above +75°C
Plastic 14 Lead SOIC Package . ... ............... 8.4mW/°C
Plastic 16 Lead SOIC Package . S .8.7mW/PC

CAUTION. Stresses above those isted in "Abso'ute Maximum Ratings™ may cause permanent damage lo the device. This 1s a stress only rating and operation
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

Static NPN Characteristics at T, = +25°C

DIE soIC

PARAMETERS TEST CONDITIONS MIN TYP MAX MIN TYP MAX | UNITS
Collector-to-Base Breakdown le = 100uA, Ig =0 12 18 - 12 18 - v
Voltage, Vigriceon
Collector-o-Emitter Break- lc = 100uA, [g= 0 8 12 8 12 - \
down Voltage, Vipaiceo
Collector-to-Emitter Break- lc = 100pA, Base Shorted to 10 20 - 10 20 v
down Voltage, Vigaices Emitter
Emitter-to-Base Breakdown lg=10uA =0 55 6 - 55 6 - \
Voltage, V(gr)eao
Collector-Cutof-Current, g | Veg =6V, [g=0 2 100 - 2 100 nA
Collector-Cutoff-Current, lcgo | Veg=8V. lg=0 - 0.1 10 0.1 10 nA
Collector-to-Emitter Saturation | Iz = 10mA, Ig = 1mA - 03 0.5 0.3 05 Vv
Voltage, Vegsar
Base-to-Emitter Voltage, Vg Ic = 10mA 0.85 0.95 - 0.85 0.95 \%
DC Forward-Current Transfer g = 10mA 40 70 - 40 70 -
Ratio, heg Veg = 2V
Early Voltage, Va lc = 1MA Ve = 3.5V 20 50 - 20 50 - )
Base-to-Emitter Voltage Drift tc = 10mA - -1.5 - - -1.5 - mv/eC
Collector-to-Collector Leakage 1 - 1 - pA

Dynamic NPN Characteristics at T, = +25°C
DIE SOIC

PARAMETERS TEST CONDITIONS MIN TYP MAX MIN TYP MAX | UNITS

Noise Figure f = 1.0GHz, Vg = 5V, 3.5 - 3.5 - aB
I = 5MA, Zg = 500
ty Current Gain-Bandwidth lc = 1mA Vg = 5V - 55 - - 55 - GHz
Product
lg = 10MA, Vg = 5V - 8 - - 8 - GHz

Power Gain-Bandwidth le = 10mMA, Ve = 5V - 6 - - 25 - GHz
Product. fiyax
Base-to-Emitter Capacilance Vgg = -3V - 200 - - 500 - fF
Collector-to-Base Capacitance | Veg = 3V - 200 - 500 - tF
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Specifications HFA3046, HFA3096, HFA3127, HFA3128

Static PNP Characteristics at T, = +25°C

DIE SOIC
PARAMETERS TEST CONDITIONS MIN TYP MAX MIN TYP MAX ]| UNITS
Collector-10-Base Breakdown lg=-100pA, g =0 10 15 - 10 15 - "
Voltage, Viar,ceo
Collector-to-Emitter Break- Ic=-100uA, Ig =0 8 15 8 15 Vv
down Voltage, Viag)ceo
Collector-to-Emitter Break- Ig = -100pA, Base Shorted to 10 15 - 10 15 \
down Voltage, Vigrjces Emitter
Emitter-to-Base Breakdown lg=-10pA Ic=0 45 5 - 45 5 v
Voltage, Vgrepo
Collector-Cutotf-Current, lcgg | Veg= -6V, lg=0 2 100 - 2 100 nA
Collector-Cutoff-Current, logo | Vep=-8V. Ig =0 0.1 10 0.1 10 nA
Collector-to-Emitter Saturation | Ic =-10mA, Ig = -1mA - 03 0.5 03 0.5 \
Voltage, Vegsan
Base-to-Emitter Voltage, Vge lc =-10mA 0.85 0.95 - 085 0.95 v
DC Forward-Current Transfar | | = -10mA, Ve = -2V 25 40 25 40
Ratio, hgp
Early Voltage, Vp g =-1mA, Vg = -3.5V 10 25 - 10 25 \
Base-to-Emitter Voltage Drift lc = -10mA - -1.5 - -1.5 mv/°C
Collector-to-Collector Leakage 1 - 1 - pA
Dynamic PNP Characteristics at T, = +25°C
DIE soic
PARAMETERS TEST CONDITIONS MIN TYP MAX MIN TYP MAX | UNITS
Noise Figure f=1.0GHz Vg = -5V, - 35 - 35 dB
Il =-5mA, Zg = 5041
fr Current Gain-Bandwidth g =-1mA Vg = -5V - 2 2 GHz
Product
Ig = -10mA, Vg = -5V - 55 - 55 - GHz
Power Gain-Bandwidth lg=-10mA, Vg = -5V - 3 - 2 - Ghz
Product
Base-to-Emitter Capacitance Vge =3V 200 - 500 fF
Collector-to-Base Capacitance | Vqg=-3V 300 - 600 1F
Differential Pair Matching Characteristics for the HFA3046
DIE SoIC
PARAMETERS TEST CONDITIONS MIN TYP MAX MIN TYP MaXx | UNITS
Input Offset Voltage lc = 10mA, Vg = BV - 15 50 15 50 mv
Input Offset Current lg = 10mA, Vg = 5V - 5 25 5 25 WA
input Offset Voltage TC g =10mA, Vg = 5V 05 - 05 pv/eC

S-Parameter and PSPICE model data is available from Harris Sales Offices.
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HFA3046, HFA3096, HFA3127, HFA3128

Common Emitter S-Parameters of NPN 3um x 50um Transistor

FREQ. (Hzi 1S111 tnnss(sn) ] 1812 lPHASE(S12)T IS211 | PHASE(S21) I 1522 l PHASE(S22)
Ve = 5V and Ig = 5mA
1 0E+08 0.83 -11.78 1 41E-02 78.88 11.07 168 57 097 -11.05
2.0E+08 0.79 -22.82 2.69€-02 68.63 10.51 157 89 0.93 -21.35
3.0E+08 073 -32.64 3.75E-02 59.58 9.75 148.44 0.86 -30.44
4.0E+08 0.67 -41.08 4.57E-02 51.90 891 140.36 0.79 -38.16
5.0E+08 061 -48.23 5 19E-02 4550 8.10 133.56 073 -44 59
6.0E+08 055 -54.27 5 65E-02 4021 735 127.88 0.67 -49.93
7.0E+08 0.50 -59.41 6.00E-02 3582 6.69 123.10 0.62 -54.37
8 0E+08 0.46 -63.81 6.27E-02 32.15 6.11 119.04 057 -58.10
9.0E+08 0.42 -67.63 6.47E-02 29.07 561 115.57 053 -61.25
1.0E+09 039 -70.98 6.63E-02 26.45 517 112,55 0.50 -63.96
1.1E+09 0.36 -73.95 6.75E-02 24.19 479 109.91 0.47 -66.31
1.2E+09 034 -76.62 6.85E-02 2224 445 107.57 045 -68.37
1.3€+09 032 -79.04 6 93E-02 2053 4.15 105 47 043 -70.19
1.4E+09 0.30 -8125 7.00E-02 19.02 3.89 103.57 0.41 -71.83
1.5E+09 028 -83.28 7.05E-02 17.69 366 101.84 0.40 -73.31
1.6E+09 0.27 -85.17 7 10E-02 16.49 345 100.26 0.39 -74.66
1.7€+09 0.25 -86.92 7.13E-02 15.41 327 98.79 0.38 -75.90
1.8E+09 0.24 -BB.57 717€-02 14.43 310 97.43 0.37 -77.05
1.9E+09 023 -90.12 7.19E-02 13.54 2.94 96.15 036 -78.12
2.0E+09 022 -91.59 7.21€-02 12.73 280 94.95 0.35 -79.13
21E+09 0.21 -92.98 7.23E-02 11.98 2.68 93.81 035 -80.09
2.2E+09 0.20 -94.30 7.25E-02 11.29 256 92.73 0.34 -80.99
2.3€+09 0.20 -95.57 7.27E-02 10.64 245 91.70 0.34 -81.85
2.4E+09 0.19 -96.78 7.2BE-02 10.05 2.35 90.72 0.33 -82.68
2 5E+09 0.18 -97.93 7.29E-02 9.49 226 89.78 033 -83.47
2 6E+09 0.18 -99.05 7.30E-02 8.96 218 88.87 0.33 -84.23
2.7E+09 0.17 -100.12 7.31E-02 8.47 210 88.00 033 -84.97
286409 017 -101.15 7 31E-02 8.01 2.02 87.15 0.33 -85 68
2.9E+09 016 -102.15 7 32€-02 757 196 86.33 033 -86.37
3.0E+09 016 -103.11 7 32€-02 7.16 189 85.54 033 -87.05
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HFA3046, HFA3096, HFA3127, HFA3128

Common Emitter S-Parameters of NPN 3um x 50um Transistor (Continued)

FREQ.(HZ)| 15111 I?HASE(SH)_[ IS921 ‘PHASE(SQ)I 15211 IPHASE(S21)| 15221

‘ PHASE(S22)

Veg = 5V and I = 10mA

1.0E408 072 -16.43 1.27E-02 75.41 1512 165.22 0.95 -14.26
2.0E+08 0.67 -31.26 2.34E-02 62.89 13.90 152.04 0.88 -26.95
3.0E+08 0.60 -43.76 3.13E-02 52.58 12.39 141.18 0.79 -37.31%
4.0E+08 053 -54.00 3.68E-02 4450 10.92 132.57 070 -45.45
5.0E+08 0.47 -62.38 4.05E-02 38.23 9.62 12578 0.63 -51.77
6.0E+08 042 -69.35 4.31E-02 33.34 8.53 120.37 0.57 -56.72
7.0E+08 0.37 -75.26 4.49E-02 29.47 7.62 116.00 051 -60.65
8.0E+08 034 -80.36 4.63E-02 26.37 6.86 112.39 0.47 -63.85
9.0E+08 0.31 -84.84 4.72€-02 23.84 6.22 109.36 0.44 -66.49
1.0E+09 029 -88.83 4 80E-02 2175 569 106.77 041 -68.71
1.1E+09 027 -92.44 4.86E-02 20.00 523 104.51 0.39 -70.62
1.2E409 025 -95.73 4.90E-02 18.52 483 10253 037 -72.28
1.3E+09 0.24 -98.75 4.94E-02 17.25 4.49 100.75 0.35 -73.76
1.4E+09 022 -101.55 4.97E-02 16.15 419 99.16 0.34 -75.08
1.5E+09 0.21 -104.15 4.99E-02 15.19 393 97.70 .33 -76.28
1.6E+09 0.20 -106.57 5.01E-02 14.34 3.70 96.36 032 -77.38
1.7E+09 0.20 -108.85 5.03E-02 13.60 349 95.12 0.31 -78.41
1.8E+09 0.19 -110.98 5.05E-02 12.94 3.30 93.96 031 -79.37
1.9E+09 0.18 -113.00 5.06E-02 12.34 3.13 92.87 0.30 -80.27
2.0E+09 0.18 -114.90 5.07E-02 11.81 298 91.85 0.30 -81.13
2.1E+09 0.17 -116.69 5.08E-02 11.33 284 90.87 0.30 -81.95
2.2E+09 017 -118.39 5.09E-02 10.89 272 89.94 0.29 -82.74
2.3E+09 0.16 -120.01 5.10E-02 10.50 260 89.06 0.29 -83.50
2.4E+09 0.16 -121.54 5.11E-02 10.13 2.49 88.21 0.29 -84.24
2.5E+09 0.16 -122.99 5.12E-02 9.80 239 87.39 0.29 -84.95
2.6E+09 015 -124.37 5.12€E-02 9.49 2.30 86.60 0.29 -85.64
2.7€+09 0.15 -125.69 5.13E-02 9.21 222 85.83 0.29 -86.32
2.8E+09 0.15 -126.94 5.13€-02 895 2.14 85.09 0.29 -86.98
29E+09 0.15 -128.14 5.14E-02 8.71 2.06 84.36 0.29 -87.62
3.0E+09 0.14 -129.27 5.15E-02 8.49 1.99 83.66 029 -88.25
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HFA3046, HFA3096, HFA3127, HFA3128

Common Emitter S-Parameters of PNP 3mm? x 50mm? Transistor
FREQ. (Hzi (S111 kﬂASE(SH) l 15211 \I PHAss(sm)r 18121 1PHASE(S12)[ 18221 LPHASE(szz)
Ve = -5V and Ig = -5mA

1.0E+08 0.72 16.65 10.11 166.77 1.66E-02 77.18 0.96 1076

2.0E+08 0.68 3212 9.44 184.69 3.10€-02 65.94 0.90 20,38

3.0E+08 0.62 -45.73 857 144.40 4.236-02 56.39 082 28.25

4.0E+08 0.57 57.39 7.68 135.95 5 05E-02 48.66 0.74 3431

5.0E+08 0.52 6732 6.86 129.11 5.64E-02 4252 0.67 -38.81

6.0E+08 0.47 75.83 6.14 123.55 6.076-02 3766 0.61 42.10

7.0E+08 0.43 -83.18 553 118.98 6.37E-02 33.79 0.55 -44 47

8.0E+08 0.40 89,60 501 115.17 6.60E-02 3067 0.51 4615

9.0E+08 0.38 9526 4.56 111.94 6.77E-02 28.14 0.47 -47.33

1.0E+09 0.36 -100.29 4.18 109.17 6.91E-02 26.06 0.44 4B.15

1.1€+00 0.34 -104.80 3.86 106.76 7.01E-02 24.33 0.41 .48.69

12E+09 0.33 -108.86 3.58 104.63 7.00E-02 2289 0.39 -49.05

13E+09 0.32 11253 333 102.72 7.16E-02 2167 0.37 49.26

1.4E+09 0.30 115.86 312 101,01 7.226-02 20.64 0.36 .49.38

156409 0.30 118.90 292 99.44 7.27E-02 19.76 0.34 -49.43

166409 0.29 -121.69 275 98.01 7.326-02 19.00 0.33 -49.44

17E+09 0.28 12424 2,60 96.68 7.35E-02 18.35 032 -49.43 o
1.8E+09 0.28 12659 247 95.44 7.39E-02 17.79 0.31 .49.40 % o
19E+09 0.27 128,76 234 94.29 7 42E-02 17.30 0.30 .49.38 % 3
2.0E409 0.27 130.77 2.23 93.19 7.45€-02 16.88 0.30 .48.36 3 g
2.1E+09 0.26 -132.63 213 92.16 7.476-02 16.52 0.29 -49.35 Lé
2.2E+09 0.26 -134.35 2.04 91.18 7.50E-02 16.20 0.28 4935

2.3E409 0.26 -135.96 195 90,24 7.526-02 15.92 0.28 -49.38

2 4E409 0.25 137.46 187 89.34 7.55E-02 15.68 0.28 -49.42

2.5E+09 0.25 138,86 1.80 88.48 7.57€-02 15.48 0.27 -49.49

26E409 0.25 140.17 173 87.65 7 59E-02 15.30 0.27 4956

2.7E+09 0.25 -141.39 167 86.85 7.61E-02 15.15 0.26 -49.67

2.8E+09 0.25 14254 161 86.07 7 63E-02 15.01 0.26 -49.81

2.9E+09 0.24 -143.62 156 8531 7.65€-02 14.90 0.26 -49.96

3.0E+09 0.24 144,64 151 84.58 7 67E-02 14.81 0.26 50.13
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HFA3046, HFA3096, HFA3127, HFA3128

Common Emitter S-Parameters of PNP 3mm? x 50mm? Transistor (Continued)

FREQ.(Hz)l 15111 IPHASE(SH)I 1S211 IPHASE(S21)I 1S121 IPHASE(S12)| 15221 IPHASE(S22)

Ve = -5V, Ig = - 10mA

1.0E+08 058 -23.24 13.03 163.45 1.43E-02 7338 0.93 -13.46
2.0E+08 0.53 -44.07 11.75 149.11 2.58E-02 60.43 0.85 -24.76
3.0E+08 0.48 -61.50 10.25 137.78 3.38E-02 50.16 074 -33.10
4.0E+08 0.43 -75.73 8.88 129.12 3.90€-02 42.49 0.65 -38.83
5.0E+08 0.40 -87.36 7.72 122.49 4.25E-02 36.81 0.58 -42.63
6.0E+08 037 -96.94 6.78 117.33 4 48E-02 32.59 0.51 -45.07
7.0E+08 0.35 -104.92 6.01 113.22 4 64E-02 29.39 0.47 -46.60
8.0E+08 033 -111.64 5.39 109.85 4.76E-02 26.94 0.43 -47.49
9.0E+08 032 -117.36 487 107.05 4 85E-02 25.04 0.40 -47 .97
1.0E+09 0.31 -122.27 4.44 104.66 4.92E-02 23.55 0.37 -48.18
1.1E+409 0.30 -126.51 407 102.59 4.97E-02 22.37 0.35 -48.20
1.2E+08 0.30 -130.21 3.76 100.76 5.02E-02 21.44 0.33 -48.11
1.3E+09 0.29 -133.46 349 99.14 5.06E-02 20.70 0.32 -47.95
1.4E+409 0.29 -136.33 325 97.67 5.09E-02 20.11 0.31 -47.77
1.5E+09 0.28 -138.89 3.05 96.33 5.12E-02 19.65 0.30 -47.58
1.6E+09 0.28 -141.17 2.87 95.10 5.15E-02 19.29 0.29 -47.39
1.7E+09 0.28 -143.24 270 93.96 5.18E-02 19.01 0.28 -47.23
1.BE+09 0.28 -145.06 256 92.90 5.21E-02 18.80 0.27 -47.09
1.9E+09 0.27 -146.73 243 91.90 5.23€E-02 1B.65 0.27 -46.98
2.0E+09 0.27 -148.26 2.31 90.95 5.26E-02 18.55 026 -46.91
21E+09 0.27 -149.65 220 90.05 528E-02 18.49 0.26 -46.87
2.2E+09 027 -150.92 210 89.20 5.30E-02 18.46 0.25 -46.87
2 3E+09 0.27 -152.10 2.01 88.37 5.33€-02 18.47 0.25 -46.90
2.4E+09 0.27 -1563.18 1.93 87.59 5.35E-02 18.50 025 -46.97
2.5E+09 027 -154.17 1.86 86.82 5.38E-02 18.55 0.24 -47.07
2.6E+09 0.26 -155.10 1.79 86.09 540E-02 18.62 024 -47.18
2.7E409 0.26 -155.96 1.72 85.38 5.42E-02 1B.71 0.24 -47.34
2.8E+09 0.26 -156.76 1.66 84.68 5.45E-02 18.80 0.24 -47.55
2.9E+09 Q.26 -157.51 1.60 84.01 5.47E-02 18.91 024 -47.76
3.0E+09 026 -158.21 1.55 B3.36 5.50E-02 19.03 023 -48.00
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HFA3046, HFA3096, HFA3127, HFA3128

Die Characteristics

PROCESS:
UHF-1

DIE DIMENSIONS:
53 x 52 x 19 £ 1mils
1340um x 1320um + 25.4um

METALLIZATION:
Type: Metal 1: AICu(2%)/TiW

Type: Metal 2: AlCu(2%),

Thickness: Metal 1: 8kA + 0.4kA  Thickness: Metal 2: 16kA £ 0.8kA

GLASSIVATION:
Type: Nitride
Thickness: 4kA + 0.5kA

DIE ATTACH:
Material: Epoxy

WORST CASE CURRENT DENSITY:

1.39 x 105 A/cm?

Metallization Mask Layout

HFA3096, HFA3127, HFA3128

(1 G0 Ge] ]

I EE
EE EE]

1340um
(53mils)
(2] [e] (] el
l 1320pm ‘
(52mils)
HFA3046
(2] (21 [ (]
1340um
(53mils)

(=1
EEOE

101 O G

L 1320um |
I (52mits) |

Pad numbers correspond to package part pin out.
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HFA3046, HFA3096, HFA3127, HFA3128

Typical Performance Curves
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HFA3046, HFA3096, HFA3127, HFA3128

Typical Performance Curves (Continued)
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