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A High Power 60 GHz Push-Push Oscillator Using Metamorphic
HEMT Technology
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Abstract

This paper reports a high power 60 GHz push-push oscillator fabricated using 0.12 zm metamorphic high electron-
mobility transistors(mHEMTs). The devices with a 0.12 zm gate-length exhibited good DC and RF characteristics such
as a maximum drain current of 700 mA/mm, a peak gm of 660 mS/mm, an fr of 170 GHz, and an fiux of more
than 300 GHz. By combining two sub-oscillators having 6x50 pm periphery mHEMT, the push-push oscillator
achieved a 6.3 dBm of output power at 59.5 GHz with more than —35 dBc fundamental suppression. The phase noise
of -8L5 dBc/Hz at 1 MHz offset was measured. This is one of the highest output power obtained using mHEMT
technology without buffer amplifier, and demonstrates the potential of mHEMT technology for cost effective
millimeter-wave commercial applications.
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38 1. Metamorphic HEMTS] o v]& 2
Fig. 1. Schematic of metamorphic HEMT epitaxial
layer.
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28 2. 60 GHz push-push 2317] 3|2
Fig. 2. Circuit schematic of the 60 GHz push-push
oscillator.

38 3. Az 60 GHz push-push 2317] A}
Fig. 3. Photograph of the fabricated 60 GHz push-
push oscillator(chip size: 2x1.4 mm’).

£ ful2 FIFA A 6x50 pm mHEMT Y 4 A5 &
98 o83t B AT MAsA AE
T Y a9 TR aRA Y AdS A3l
A =l 2% BAS o] &at At 4AE push-
push 221719 JEEE T9 20 Yehlith
AR B S AT 2HRY Ha 2o
el F 79 &g E7)E 180°9] fdAE 7HA
E& 7} (enforce) DT}, 2, 714 BZ(odd mode)
o Fa} 7oA wxlo] YoluhZ, ¢ K E(even
mode)s) R3 ZrAGAE WAl Yol P
AA AT Agilent ADSO| of 1% stRY HF
(harmonic balance) Al &&olA-E o] &3t F 7]

g A7) 7he) 180° YAkRE 1B Y BRl Fakp
=) Zé} 2}016}93\5}. T3k 27l F544 60 GHzol
M IS A 7 UEE AYIEE A5

t}. xﬂﬂlﬂ 60 GHz push-push 22171¢] A

_,d
(4
o
[
o

39 YehlQith 227 vloloix IR E U As)
7 gon, A7E 2.0x14 mmPolth F A9 AoE
nlo]oj Ae ZA 9] HeA} 3 Zoxut VM f
ATE AZAFG o) AARE A 2P e o
g 72 gon, T g 3¢ #:ve =Y
59 Hal 270 Y3lA A HAHES 4
A = A

[e2

IV. Push-Push &XI7| EF & A1}

19 49 push-push ¥A7] AL A% V-4
24 A29e e, Bzl 2 @
ZF 3+ GSG(Ground-Signal-Ground) RF probe 2 on-
wafer A A 243817, DC vleo] o] 2= multi-contact
DC probeE Ab&-8te] T3

RF probeo] A Y2 &8 50~75 GHz tfg 9]
WR-15 V-1 &= 5} PH(waveguide)ol]l 457, 10 dB
WR-15 7 &2(coupler)& o] &3t Azl Fapgo}
EEREERRLIES EFERESES Fy
gl ¢=2(conversion loss)o] 20~30 dBSl 50~75 GHz
Agilent 11,970 V 3}2Y 9 x(harmonic mixer)E &
& stk Fuh wWake AT E Agilent E4448A 2%
EY EAVIE ol &8 FHnh 27y &8
2o V8486A AH = AA(50~75 GHz)$t
HP 438A ¥ 23 7|(power meter)ia— o]l &35}5ith

a9 5ol 29EY 2472 298 wAslY 5
Ae UERIAT mholoj & 24 Vps=1.9 V, Vgs=
-045 VY o] 4 FoE 59464 GHz A —45
dBm¢] £8& Yepl A

WR-15 WR-15
waveguide 10-d8 coupler

V-band Pawer moter
power sensor

J8 4. Push-push 227] 2 S & V-band &3
Al

Fig. 4. V-band microwave test setup to used to mea-
sured the push-push oscillator performance.
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Fig. 5. Measured output spectrum of the push-push
oscillator. Vps=1.9 V, Ves=—-045 V.
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Fig. 6. Tuning characteristics of the push-push oscilla-
tor as a function of Vgs, Vps=1.9 V.

AA push-push H77)9) 28& A G
ACE A W& T2 U Fag &
o @A 19 69 JeRH At RF probe, =33, 1
27 AZHY V-band Y £42 ¢k 35 dBE, A
& 4 7|(power meter)oll #&3 FH3 AHPL o]
£48 BAgsd Yepligdh AlolE A, Ves7t
-043o1A ~048 V74A WE @ £82 6.8 dBmo]
X 58 dBBmo 2 7+4s 7 3 Fu4E 587 GHz
AA 599 GHz7tA] Wisgtste F34 7¢d H4Y
(tuning range)= 2.0 %E LAk ADSoA Y o) Al
3 8tEY ¥ &(harmonic balance) A]E-#| o] A=

662

1.00008 MHz
-81.32 dBc/Hz

Carrier Power -46.53 dBm Atten 10.06 dB  Mkr4
Ref ~40.90dBc/H:
18.00 I

dB/

i
4

I L
18 Hz Frequency Offset 19 MHz

38 7. Push-push ¥A719] phase noise EA). Vps=
19V, Ves=-045 V

Fig. 7. Phase noise characteristic of the push-push os-
cillator. Vps=1.9 V, Vgs=-045 V.
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