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Abstract: Fabrication and characteristies of cascade connected AlGaN/GaN HEMTs grown on sapphire substrates

are reported. T he circuit employs a common source device, which has a gate length of 0. 8um cascode connected to a

lum common gate device. The second gate bias will not only remarkably affect saturated current and transconduc—

tance, but also realize power gain control. Cascode device exhibits a slight lower of fr. a less feedback, a largely

greater of maximum available gain and a higher impedance compare to that of common source device.
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1 Introduction

RF system, now in development, requires am—
plifiers operating over a decade GHz bandwidth
while providing tens to hundreds of watts with
high power added efficiency. AlGaN/GaN high
electron-mobility transistor ( HEMT ) technology
has established itself as a strong contender for such
applications because of its large electron velocity
(3X10°cm/s) . wide bandgap (3.4eV), high break—
down voltage ( 50V for GHz), and sheet carrier
AlGaN/GaN
to 6 ~

concentration. The state-of-the-art
HEMT has
9W/mm both grown on sapphire and SiC sub-

increased power densities
[1-13] . .

strales . Most reported devices are single-gate

common source(CS) HFET demonstrating excel-

lent microwave performance with lower noise and

higher cutoff frequency. Cascode device, compared

with traditional CS device, has advantage of high
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output impedances, high power gain, much reduced
feedback parasitic, and will find its wide applica—
tions in microwave circuits such as broadband pow -
er amplifier'”, phase shifter'”, and pre-dis—
torters'”. Thus GaN based cascode device has po-
tential applications for extreme high power, high
temperature, broadband block and system. Previ-
ously, GaN-based cascode HEMTs and flip-chip
bonded broadband amplifier have been report-
ed"*. In this paper, a cascode HEMT with gate
length 0.8um, total gate width 320um is designed
and fabricated, its DC and microwave performance
are analyzed and compared with singal-gate com-
mon source device. Its good characteristics will be
very useful and helpful in design of our high power

broadband amplifier.

2 Cascode connected HEMT design
and fabrication

The design of 4 fingers cascode connected
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HEMT with unit finger width 80um is schematical-
ly shown in Fig. 1 of which the CS stage employs a
short gate(L.= 0.8um) common source device op-
timized for frequency performance, the CG stage
compactly cascode connected to CS stage with a
longer gate length(Le= 1.0um) optimized for high
breakdown voltage. T he source-drain spacing of CS
and CG devices are 4 and 4.2um, respectively.

MIM capacitors between the gate of CG device and
ground is employed to provide good AC grounding.

Unlike some conventional cascode FETs, the CS
and CG devices are separated by a 4uym wide strip
of ohmic contact metallization. This metallization
could provide a low-resistance cascode connection
of the devices meanw hile allow the devices to oper—
ate as two cascade—connected transistors with no
interaction between the depletion region of the de-

vices.

L,,,=0.8pm L:=1.0pm
—e
Wiy @— L1
L=
Hocrne—
—— MIM

Fig. 1
photo of fabricated 320um cascode connected HEMT

Schematic diagram, device cross section, and die

The epitaxial material was grown by metal or—
ganic chemical vapor deposition (MOCVD) on sap-
phire substrate. The structure consisted of 3. 5um

GaN buffer layer. 110nm high transconductance

GaN layer, 23nm undoped AlGaN layer. T he sheet
electron concentration and electron Hall mobility at
1.3 X 10%/em® and

1120em*/(V * s), respectively.

room temperature were

Devices fabrication started with mesa etching
for good device isolation, Ti/Al/Ti/Au ohmic con-
tacts were then evaporated and annealed at 730C
for 50s. Metal gate and top plate of MIM ground-
ing capacitor were formed by Pt/Ti /Au triple-day-
er, after that the wafer was passivated with 200nm
SisN4. A new type airbridges fabricated by electric
plating was used to interconnection of source and
drain area in order to diminish parasitic capacitor.
The interconnection metal was finally thickened to
2.5yum to minimize parasitic transmission resis—

tance and inductor.

3 DC characteristics

IV characteristics of the 0. 8um X 320um cas—
code AlGaN/GaN HEMT are shown in Fig. 2. The
gate voltage of CG stage V.2 was biased at + 2.0V
and — 0.5V, while the gate voltage of CS stage Vu

ranged from — 5 to 1V, the maximum Vu voltage
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Fig. 2 IV characteristics of cascode HEMT with

variable V.2

was 10V. When the second gate was biased at
2.0V, about 370mA/mm saturated current density
was obtained. The relative low saturated current
may result in connecting metal resistance between

CS and CG devices which were largely increased af-
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ter rapid annealing, so can not provides low resis—
tance connection. With the second gate went down
to a lower voltage(— 0.5V), drain current was re-
markably suppressed to 207TmA /mm.

In Fig. 3, the dependence of the transconduc—
tance gw on Ve and Ve of CG device with drain bi-
ased at 10V is illustrated and also compared with a
singlegate A1GaN/GaN device, every envelop of
gw curve corresponds to gm versus Vg under a fixed
Ve voltage. gm of cascode connected device increas—

160

801

£,/(mS -mm™")

VIV

Fig. 3 Dependence of DC transconductance on Ve and

Ve with Va= 10V

es as the bias of the second gate becomes more pos—
itive, and achieves its peak value 138.33mS/mm at
Ve= 2.0V, while traditional single-gate device can
achieves a gw value 149.5mS/mm. The relative
lower gw value of cascode connected device can be
explained and approximated as'”
plained and approximated as

1
g“""-'lf‘f"'fll' - g'“l( l B l + gmles? + R(Isi/RJﬁ?) ( 1)

where gmi, gw2, Rua, Ra2 are the transconductance

and output resistance of CS and CG devices.

4 Microwave performance

I5GHz was
measured with HP 8510C network analyzer and
Agilent ICCAP with device biased at Va.= 10V, V2
= 2.0V, Va = -

transconductance, both CS and CG devices were

Frequency performance within

2.0V where attained peak

kept in saturation region. A singlegate AlGaN/

GaN HEMT was fabricated on the same wafer and
measured for comparison.

Two port S-parameter of cascode and CS de-
vice has been plotted in Fig. 4. The cascode device
Sizis

about 10dB lower than that of CS device, such re-

achieves largely reduced signal feedback

sult can be explained theoretically as insertion of
CG stage provides well shielding effect between in-
put and output port by diminishing of Miller ef-
fect'"”. Slightly decrease of S» on cascode device
hints that cascode device can maintain high output
impedance, even though the cascade device has
wider gate width than CS device. But the most at-
tractive merit is that more than 10dB extra forward
gain (S21) can be obtained from cascode configura-
tion device in a wide frequency range.

Forward current eain H 21 of the two kinds of
device was plotted in Fig. 5. A decrease was seen in
Srfrom 13.4GHz to 9GHz for the cascode configu-
ration compared to the common source device. T his
decrease in fr can be understood by noting the ad-
ditional pole in the simplified expression for the
current gain of the cascode configuration given
}]y| 1]

1
f L @

(1- jf'l‘.(::;) X jf’r.l:s

where fr.cc and fr.cs refer to the cutoff frequencies

H El,{'u»-s'ndn-(f] ~=

of the common gate and common source device, re—
spectively.

Cascode connected device has the advantage of
higher power gain. Its maximum stable gain M SG
of the cascode configuration is higher than that of
the singlegate FET and can be analytically stated

as:

~ v eascode _ L~ (S 106 o Bl Zm2
MSG™™ = MSG® X MSG wg—w“ x& (3)

where ga is straightforward drain transconduc-
tance of CG device and the factor gw2/gi2 can be in
excess of 10. The maximum gain available of cas-
code HEMT is also can given by

MAG™™ = MSG™""[k- (k= 1)'*] (4)
M AG is close related to MSG: the higher the MSG
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Fig.4 S-parameter of cascode AlGaN/GaN HEMT
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Fig. 5

Comparisons of Ha for cascode device and

common source device

is, the higher the MAG is. The equation also means
stability factor & may play an important role in
power gain whereas k factor of cascode device can

be approximately calculated by

ki'.'l:-nul(' — k:-inglr + 2 X _f_
fre
where f12= gu2/2mCe2, and stable factor k is large—

(5)

ly affected by reverse gain. We have mentioned
above that cascode device has relative smaller re—
verse gain, so k increased faster than that of com-
mon source device, and it can be much higher than

unit in a relative low frequency.

So because of the effect of high k& and high
gmw2/ga ratio, it is very possible to obtain a high
MAG in a wide frequency range as shown in Fig.
6. The cascode connected device exhibits more than
IGHz and 5dB below

10GHz than single—gate device. T hat makes cascode

10dB power gain below

device look more attractive for use at such frequen-
cy below 10GHz, while single-gate device is appar—

ently superior in and above X-band.
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Fig. 6 Maximum available gain of CS and cascode
device
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Power gain control can also be realized by
changing gate voltage of second device, for cascode
configuration, V. varied from 2V to — 0.5V only
lead to an output reflection moves from 0. 803 2 -
18.23 to 0.88 2— 23.57 at 4GHz, while the power
gain changes from 19.6dB to 5. 87dB. If we try to
control the power gain by varying the gate bias of
CS device, the phase angle of S22 and S will rotate
too much to maintain matching. Therefore, cascode
configuration device is particularly suitable for

building a broadband amplifier with gain control.

5 Conclusion

cascode connected device has

AlGaN/GaN

been fabricated and studied. DC measurement
shows, changing of the second CG device gate volt-
age will remarkably affect saturation current and
transconductance. Compared to traditional single—
gate device, cascode configuration display some-
what decrease of current cutoff frequency fr, but
high output impedance, small feedback between in-
put and output and more than 10dB extra forward
power gain in a wideband can be obtained, little
impedance rotation in wide band and easy power
gain control can also be realized. Such feature of
merits will facilitate matching network design and
made AlGaN/GaN cascode device itself a good can-
didate for high power, broadband, gain control

block operate below 10GHz.
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