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Principal GaAs FET Parameter Which Most Influences the Transconductance gumax
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Analysis and comparison with the experimental results reported on doped
channel heterojunction(HJ) FETs indicate that the parameter which most in-

fluences the maximum transconductance g

is the gate-channel spacing

(thickness of the depletion or insulatingmfgﬁzr) rather than mobility. When
the gate-channel spacings are the same, doped channel FETs gave higher . m 's
than the HEMT structure FETs. Improvement of the mobility from 2000 to 8600

cm“/Vsec improves the g

by only about 207, but when the drain current is

il
small as so in low noiselﬁﬁ%s, the mobility can also influence the 8n*

1. Introduction
The HEMTs or 2DEGFETs are attracting a
lot of interest of the device researchers

since it wutilizes the two dimensional

electron gas (2DEG) with very high electron

mobility, and great efforts have been

devoted to develop high speed FETs. About
two years ago, the author gave a suspicion
of high

mobility, and claimed that the high g8y ©of

on contribution the electron

HEMTs can be mostly attributed to decrease

of the depletion (insulating) layer separat-

ing the gate and the flowing carriers 1’2).

Recently, several papers have been pub-

lished on high g, FETs, which have highly

doped channels, therefore, low electron

mobilities, but with thin depletion ( or in-

3-6)

sulating ) layers These results indi-

cate that thickness of the depletion layer
is more important than the mobility of the
carriers,

The purpose of this paper is to analyze
the parameters including the mobility, which
the and the

determine compare

gmmax !

analyzed results with the reported ex-

perimental results.
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2, Expressions of the Drain Saturation
Current and the Transconductance

Since the drain saturation current
Iisar of FETs can not be expressed exactly
by a simple analytical equation, some as-
sumptions must be made for the velocity-
field characteristics: mobility constant,
velocity constant, and combination of these

two. For each case, the drain saturation
current I ., and the transconductance En
can be expressed by the equations shown in
Table 1.

For the constant mobility case, car-
riers are assumed to flow din dinfinite
velocity at the pinch-off region. The g An=
creases proportionally to the mobility as
but it alsc increases with
decrease of the gate-channel spacing "d".
The of Eq.l,

K=fk8/dLg, was named K value and defined as

shown in Eq.2,

proportional constant
a figure of merit of FETs by Abe at a17).
This K value is now widely used, but it must
be noted that this K value depend not only

momn "d”

B but also on and is only valid for
the constant mobility case.



For constant mobility

€ 2

Tasat™ ary Ve ~ V) (1)
= 2pE
M0~ Jry VG (2)
For velocity constant

= &V
Idsat™ —3 Vg (3)

> v
gmo= —y (4)

For velocity saturation

~ _JE
Igsat™ —5r —V (/1 + 20, - 1 )2 (5)
g

Ve = p Ec
(VG_VT_IdsaERs)/Vc

{ dL d
A e Rm = RS+ gI— +
&m 2€:P 4s EVg

notes: all equations are per unit gate width

(6)

Table 1, Equations for Idsats and gs,
Y mobility, e; dielectric constant,
d; gate channel spacing, L_; gate length,
VG; gate voltage, Vr; thrgshold voltage,
Vg3 saturation velocity, Ec; threshold
field (3kV/cm), Rm=l/gm; transresistance,
RS; source resistance.

Equations 2 & 3 show L ., and g, for

an ideal FET whose carrier flows in a con-
stant velocity from the source to the drain.
The g, in this case does not depend on the
gate voltage Vo or I _ ..

In actual FETs the velocity saturation
inevitably occurs since the average field in
the channel is much higher than the
threshold field (3kV/cm).

FET is generally analyzed by dividing the

In that case, the

channel into two regions; a mobility limited
region and a velocity saturation region. The

v-E characteristics have been approximated

8)

by two straight lines or a curve which

gradually the saturation

9.

approaches
velocity They are essentially the same,
and give almost the same g . In this work,
9) In

Das et al's expressions were adopted.
P

their expressions, inverse of
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the g ( it can be called the transresis-
tance R ) is sum of the source series
resistance, the intrinsic resistance and the
resistance of the pinch-off region where the
carriers flow in the saturation velocity or
in peak velocity. The carrier mobility can .
mainly influence the intrinsic resistance.
Furthermore, the mobility can reduce the
intrinsic resistance in square root way, not
in a linear way as expected in the mobility

constant case.

3. Comparison of Analyzed Results with
Reported Experimental Results

In order to see which expression is
most appropriate one, analyzed results were
compared with reported experimental results.
Figure 1 shows transfer characteristics
replotted from the output characteristics of
2DEGFET reported by Baba et a1l0), The
broken lines show the curves calculated with
Eq.1 by normalizing at Vgp-Vp=0.3V. It is
clear that the I-V curve of 2DEGFET does not
follow Eq.l. Furthermore, the g, at 77K is
only twice of that of 300K, even though the
mobility at 77K (89000 cm?/V.s) is 10 times
larger than that at 300K. These results in-

dicate that the transfer characteristics of
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Fig.l, Transfer characteristics of 2DEGFETL0)
Broken lines represent Eq.l normalized at
VG—VT=0 . 3v .



2DEGFETs do not follow Eq.l, but rather fol-
low Eq.6, since 8y is doubled if the second
term is neglected as shown in Fig,2,

To see how much the each term of Eq.6
contributes the total Rm’ absolute values of
three terms were calculated by changing the
gate-channel spacing "d" for a FET with fol-
lowing device parameters:

Rs=0.4 mm, Lg=0,5 pm,

T4ar=200 mA/mm, v =2x107 cm/sec.

p=2000 or 8000 cm?/Vsec.
The calculated results are shown in Fig.2.
It should be noted that the calculated
values are the maximum transconductance
8mmax ( R
200 mA/mm, which is common for all reported
normally-off FETs,

— ) because the maximum Idsat of

was taken. The point of
R=0 (g,=%) is taken at the top line of the
figure, and the R, goes down linearly so
that the Eq.6 can be understood visually.
The first term is the source resistance
Ry, and is independent of "d". Reported Ry's
are scattered form 0.2 to 1.0 fimm, so RS=0.4
fimm was adopted here. The second term is al-
most the same as so called intrinsic resis-
y wof FET, which

resistance(VG/Idsat) of the channel whose

tance R is the
field is low and the carrier velocity is

limited by the mobility. Therefore, it

depends on the carrier concentration and the
mobility, but it also depend on "d" and
”d'll
maximum value is less than 2.0 Omm even
p=2000 cm?/V.s.

The third term is a resistance of the

in-

creases with increase of However, the

for

pinch-off region (Rp). Since the depletion
layer spread over whole channel and the
field is very high, carriers flow in the
saturation velocity v, so this term depend

on only "

vg" and "d". The Rp increases
linearly with increase of "d" as shown by
broken line, and reaches to 3 fimm for d=600A.

Sums of those three terms are shown by
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Fig.2, Dependence of the transresistance R
on the gate-channel spacing. R =0 (g,=0
is at the top line. Reported g es are

ma X
also plotted as a function of Wdﬁ.

solid lines. It should be noted that even
though the mobility increases from 2000 to
8000 cm2/V.s, the g, increases only about
20% (from 400 to 500 mS/mm for d=200A).
Furthermore, since depletion layers of HEMT
structure FETs are larger than those of
MESFETs, this improvement of 8n 1s canceled
by increase of "d". For example, "d" for a
HEMT with Np=2x10'® cm™3 is 2404 (point C),
whereas that of a GaAs MESFET with the same
Np is 170A (point A) due to absence of a
depletion layer at the hetero interface.
Therefore, the g, improves only from point A
to point C, not to point B in the figure.
Experimentally obtained 8y 8 reported
on GaAs MESFETs, HEMT structure FETs,

doped channel HJFETs are also plotted in

and

Fig.2. Solid triangles a4 are gys of OKI's
HEMT structure FETs with differently doped
different thickness "d") AlGaAs

layers with the same pattern and same

(therefore,



process.,

tentionally doped,

verted HEMT)

reason is not known well,

drain

maximum,

The channels are unintentionally
(due to diffusion from doped AlGaAs) and in-
therefore, the mobility
is higher for thicker "d". They follow the

simply analyzed curve of g very well. Solid

circles e (GaAs MESFETs from NTT), solid

square ® (NEC doped channel MISFET) and
solid inverted triangle ¥ (Honeywell in-
follow another curve with
vs=1.5x107 cm/s very well.

It is very interesting that the latter
(GaAs MESFET, NEC-DMT etc.) gives much
higher g s than HEMT structure FETs. The

but it seems that

when a doped AlGaAs layer is on the top of

the channel, the HJFET gives lower a g .

Above discussions are on the maximum
transconductance g .. for I . .=200 mA/mm.
They are valid for switching devices whose
current swings from =zero to the
but situation is different for low
noise FETs whose drain current at the opera-

tion is about 1/10 of the maximum ) EET

Figure 3 shows drain current dependence of

B (or Rm) for different mobilities. In-

sulator thickness "d" is assumed to be 200A.

Other parameters are R =0.4 imm, Lg=0.5 pm.
When Idsat is 20 mA/mm, g, sreatly depends
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Fig.3, Drain current dependence of g_ for
d=200A with different mobility.
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on the mobility. However, these results are
for Idsat=2OOA. It Idsat=350A, resistance of
the p doubled,

deterioration due to R; decreases very much.

pinch-off region R is

4, Summary

Comparison between simple analysis of
gy and reported experimental results indi-
cates that principal FET parameter which
influences is

most gate—channel

Emmax

spacing. However, the analysis also indi-
cates that mobility also greatly influence
the g, if the drain current is very small,

in such the case of low noise FET.
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