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10 GHZ GaAk FET ‘SC".I.ATOR i 1
A CoraTLy b

f"“"'xfﬂﬂ térms; ' Microwa dev!ces tmd caﬁlgﬂnmls, Fl‘eld-

" effect fransistors, Oscillators J5T i

_A'W-band GaAi FET osmllal\ hak ﬂpm detffonstrated for |
.+ the first time.. A 75 pm gate’ wigih device, with subhalf-
. miicrometre (0-2 pm) eIeclron-beam defined ‘gates. wisused” Bs |
" a ¢omimon-gate cscillator or operauorl in the 70 to 110 GHz'
». " ;frequency range. The hig]ml omllalion frequ nicy achlevcd
. ‘was‘lm GHz. ] . do
- : Y

i nt progress in, thz dcveloprnent ol‘ subsh mwrbmetre . ]
i G;U\s FETs has géncraled considerable intcrat injusing FET- * |- b 2 '-lon gate vmhos pms hlck metal ]
d ‘Solid-stage. millimetre-wave tomponents {for system. . | o :
- applications. “These -high-perfidiance ‘devices hive démon-; 'techn:quex Fig. 2 shows he ngative conduclance band of the
. r‘ useful gains as amplifiers up to 60 GHz'™ 1 Wheniu seg output, log_km into the dram termma[ with & 50 £ drain lo;
oscﬂlator, oscillatlon frcquency as high as 69 GHz a " It isseen thata ‘peak in negative resistance exists. This braa,
] n rcporled eS8 L ‘band. negalm conductance ‘allows for. the oscillator fo. be
, " tuned oyer a broad i‘:eque cy. range, ent‘her mechanically br| -
| electronically.| . Vol
The device w:th its assbeinted “focdidck bond w1rd whsl .
motrited in ?. ’gold-platcd v Fp,cr block - W|th the dram orltpu ‘

rmancs. of the first transistor oschl!at r. operaled
ond- 100 Hz. The maxlmum frequency of osmllatjon '

For Ihe osgitlator dwgn, ari FET having a. ¢

5| pirnand. ga;e length of 0-2 um was used. Fig: 1a shows an

: pﬁotograph of the devica, “The deyice features 'a single

- igate stripe with- three gate. feeding pads for minimtising’ the |

|'gate finger attenuation. Fig. 1b stiows the 02 phlong/gate _ |-
- -dc ned. by, the electron-bean machine, Details of the device '
I ra rication prdcess were rcﬂorled’elséwhcre."' To induce nega-»

R _rcsnstanoe {or- conducts}lpoe), a simple bond wire was|used
+ “from the gate to ground further, enliance the ‘oscillation,
citive [eedback from the sodree ty ground ‘was ysed. This

back capacftor can be redlised with the two doutce pads,’
JHich will have -a combined capamtdnce of approximately

» QD68 pF. A relatiVely long sourpe wire!was then g eqked to -
+ ground for the DC return. Thelgate feedback bq ‘wire was
- rs{fcted directly to pround, This schems is esst nUaﬂy the
is that uged for the Q-band osmllatms d 1 in’ Ref-

- conductance ,m5

r operatlon in the 90 to- M0 GHz frequericy‘range, To

5, except that the bond wire inductance {way reopti- . ey 90 ' I
{he ga!e mductance and source. cap%.mtanm ‘ uted ’

b




v

- w::ﬁ:eded o asq mwtostng ].me Flg. 3 shows the dev:ce
- mounting conﬁguraqon. mﬂl -lme micr
‘.wawgmdetmnsmonwasm w:th“the."»()nu4

S Fig. 3 Oxduu!or Wam o ,
line for fmgwncy power determmatwn This transrtmn is
1 frequency-scaled version of the type described in Rcferenoi‘
5. Since the purpose of this work is to demonstrate the potens.-
tial of the GaAs FET device operation aroutid 100 GHz, no

» cffort bas ibeen made to minimise the drouit losses. Fora
gwenguel‘eedbackmduaanoe,thcdmmnbemadeto
oscillate over the fmqucncy rangs of 70 to $10'GHz with -
tuning in the drain crcuit. The optimum drain biag was 4V
with 2 drain current of 15 to 20 mA. The nominal ottput

. to about (-1 mW ar the maximum observed - frequency of
. 110 GHz. With lurther improvements in the devics miounting
and circuit implemdntation tectmique, it is believed ‘that an -
output pbwer on the order 10 mW can be achieved ataround
100 GHe ..
In condusion, the operation of a three-termmal device
(GaAs FET) at a fmqucncy as_high as 110 GHz is demon.
strated for the fitst time, With further improvement in the
dovice and circuit implementation technique, *the output
power can be further improved. The device and circult designs
are such that it akso will be suitable for monolithic integration
for millimetre-wave EW and communication appllcahons at
around 100 GHz :

© Ackmowledgments: The authors wish to thank H.D. Shih for

the devioe development, and B. Bayraktaroplu for the help in
"iesting: Fof constant eacouragement, they thank W. R, Wisse-
man. For fechnical asdstance, they thank L. J, Duke, §. F.
Goodman, A.R Hemandez, J. M, Ramael and L, 1. Schoell..
man.

H. €. TSERNG . 22nd Jonuary 1985.

BKIM _

Texas Instroments Tncolboratad .

Contral Resesrch Laboratories '
. PO Bax 225936 M;S 134 :
Dabias, TX J}q’. US4 .

Refereants )

1 WATKING E T SCHELLENBERG, J. My, HACKETT, L H, YAMASAKL M.,
~asd FENG, W.: °A 60 GHz GaAs FET amplifier’. 1983 IEEE Inter-
ptmn! microwave symposium digest, pp. 145-147
Y FENG, M, KANBER, H, BU, V. K, WATKINS, E, and HACKETT, L. KR! ¢
““Ulirabigh froquescy opurlmn of ioa-implainted GaAs metal-
semmioonductor field-effect wransistors’, A;# Phys. Letr, 1984, 44,
pe. 232-233

3 m;,mm.u.q_mdwm.n.n ‘Millimeter-wave GaAs
FET: p-mmd by MBE', [EEE Elmron Device Lett, 1985,
EDL-4, pp. 1-2 R

Y]
N

'y and maw..‘nom

v FET Sscillatoi; 1981 lEEE’ln!émationd m
" digest pp.328-3 L
Sm:annq..and QMMM

| semicondu
- provide:

- DFB lasér with rc

power. tanges from 8 few milliwatts in the 70 to 80 GHz range *

: rcmovcd

supplying the GaAs mateial, D. N. Moquiddy for supposting

* grating, Hut this

. velues of & than t'ho_ obtam,ed'by“g

* ‘ence in threshold-gain efceed

ELECTHDNICSLETTERS 28m£obmw1985 Vbl,?f No.5 .

: 4 5 : I:l I. ‘l

G :u,rm

. oscillalor’, Elécrron,

Aavours

which will shift -=wit1i ton

ation is more cmnph ;
" modes db pends - on thi
grating (Tacet phase}..
order to ypass tZts problem;-

(1)usea has%gh t}nl & e
(11)| use struc{'hre wh

{uq empl by’ a :
@v) adjus lhe'l.hr lr.ncss

towing we therefore Ie it
with'clca ed faoets'
Is.

Ana!ysis nd resulr
- depends pn the proc
_ lengith of 1tha ggahng‘
ke~ 100 e _ s 8

values. can
h1gher valug of-'k”

nology. An, analys ! piib
.that the reporled firstvprder, gratin

ings, - Do AN s

order to imphfy the an ly
oo;!ur clo e to the Brn .

old gain for the two 1
calculatiop is perform
define the ‘yield’, as the

. An ang ysr!i along'ih 5
8, In Refe ence 8 the modé
“cleaved faket was giver in
the case of iwo cleaved Ia
lhrrslmld current l‘or t &




