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ABSTRACT

IM3 distortion in relation to a bypass
capacitor of a GaAs MMIC has been
investigated. Through non-linear simulation
and the measurement of a 1-stage MMIC
amplifier, it was shown that only IM3
performance depended on the bypass capacitor.
A new analytical model of IF amplitude
modulation for the 2-tone RF carrier outputs is
proposed. Based upon this model, the RF
carrier outputs were distorted from the
amplitude modulation by IF of the 2-tone
carriers when the output matching circuit was
of high impedance at the IF.
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Fig. 1 Schematic of 1-stage MMIC amplifier

As mobile personal communication systems
such as GSM, PCN, PCS, DECT’,PDC and PHS
have bcmme conspicuous, the GaAs MMIC’S are
indispensable from the viewpoints of its
performance and advantage in size compared with
hybrid integration of discrete devices. One of the
important performance of a GaAs MMIC amplifier
is distortion as well as gain, input/output return
loss, efficiency and power dissipation. For the
quantitative analysis of the MMIC distortion, third
order inter modulation distortion(IM3) is generally
adopted. When 2-tone earner signals(frequencics
off 1, f2 (f1<f2)) with a small frequency separation
(AO arc applied to the MMIC, the IM3 is generally
defined as an output power of the distortion
spectrum(dBm as unit) emerging at fl-A f and
fl+ A f or as an output power speclrum ratio(dBc as
unit) between the earner signals and the distortion
(cf. Fig.8). Through non-linear simulation and the
measurement of the MMIC arnplificr, it was shown
that only IM3 performance depended on the bypass
capacitor(cvdd in Fig. 1) and the IM3 changed as
much as about 15dB even al the small signal
analysis while the other performance were same.[1]

In this paper, we investigate the cause of Lhc
IM3 change against Cvdd by mcars of the non-

Fig.2 Microphotographof 1-stage MMICamplifier

linear simulation and the original analysis with the
measurement of the MMIC amplifier, This
investigation gives an important insight for the
improvement of the IM3 performance of MMIC
amplifiers.

INVESTIGATION AND SIMULATION
RESULTS FOR AN MMIC AMPLIFIER

A l-stage MMIC ampliticr shown in Fig. ] is
used as the simplest example for [hc investigation.
The 1-stage amplifier normally consists of an input
matching circuil, a FET and an ou(put matching
circuit, The input/oulpul ma[ching plays lhc roles
of transforming an extcmal inpu[/outpul impcdancc
10 an optimum sourccfload impcdancc of the FET
as WC1las biasing power supply 10 lhc FET, and
normally consists of ihc passive clcmcnts such as
induclors and capacitors. A GaAs JFET which has
a p-n junction in its gale is adop[cd for the FET in
this case. A microphotograph of Lhc MMIC is
shown in Fig.2.

Fig.3 shows the simulation results of power
characteristics of the 2-tone carrier outpu[ signals
and [hc IM3 with Cvdd as a parameter. f-lcrc, COUL
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in Fig. 1 is set at the constant value of 1.4pF. Also,
Fig.4 shows the simulation results of frequency
dependence of ZL which is defined as an
impedance seen from the FET toward the RF
output terrninal(RFout) in Fig. 1. In this case, ZL of
earner frequency( 1.44GHz) is determined to obtain
the maximum output third order intercept point
(OIP3) from the load-pull mcasurcmcnt of lhc
FET. In microwave IC’S, Cvdd of several icntb
pico-farad is usually chosen in order to obloin
sufficiently low impcdancc of the bias terminal
while being consistent with a small chip size;
however, the IM3 changes as much as aboul 15dB
even at the input powcr(Pin) of -30dBm as Cvdd is
changed, while the carrier output powcr(Pout) is
almost indcpcndcnt of Cvdd. It is commonly
recogrtizcd that gain and distortion would change
when ZL varies with the change of Cvdd.
However, as shown in Fig.3 and 4, there is about
10dB difference in the IM3 bctwccn Cvdd of
100pF and that of lpF, even though ZL is the Sii]]]c

in both cases. When ZL is adopted for cacb Cvdd

as the hypothetical load condition, assuming that
ZL is given numerically in the simulation and that
ZL is independent of frequency, the IM3 change
such as in Fig.3 doesn’t occur, Further, in the case
of the load-pull measurement of the FET which
uses the impedance tuners for the input/output
matching, there are little changes of bolh Pout and
IM3 when the impedance of the outpul tuner is
slightly varied corresponding to ZL in Fig.4.
Therefore, ZL variation with the change of Cvdd is
not the root of the problem.

The influence of harmonics of the carrier signal
might be an another cause of the problem.
However, as shown in Flg.4 for the second order
harmonic frequency, the impedance at the node
Vdd becomes low with the increase of frequency so
that Cvdd doesn’t affect the ZL al harmonics.
Moreover, ZL at harmonics of the hypothetical load
condition is different from that of the output tuner
of the load-pull measurement, since the former ZL
is frequency independent and the laller ZL is
different over the order of harmonics. However,
tie IM3 change isn’t shown in both cases.

Therefore, it can be said that the difference of
the ZL at harmonics isn’t the dominant cause of the
problem and that an anolher cause besides the RF
load impedance should be considered.

IF AMPLITUDE MODULATION FOR RF
CARRIERS AND ITS ANALYTICAL MODEL

It is generally accepted that A f of 2-tone carriers
can be voluntarily chosen and docsn’1 affect the
IM3 when it is sufficiently small compared with
the 2-tone carriers’ frequencies. However, it wtis
shown by the simulation that lhc IM3 was changed
significantly by the variation of A f at dlc condition
of Cvdd= 10pF as shown in Fig.5. With the change
of Af, the IM3 changed more than 10dBm, while
POULdid nol change Significantly. This suggests
that IF frequency corresponding 10 A f migh[
possibly affect the operation of the MMIC
amplifier. In order to invcstigalc this phenomenon
in dctai], lime domain waveforms of drain vol[agc

(Vdrain in Fig,]) with lbc cl~angc of A f orc

simulated and the result is shown in Fig.6. These
waveforms were derived from lhc spcclra of
Vdrain considered up [o third order harmonics by
invcllcd Fourier transform. It is seen clcar]y thal
Vdrain is modulalcd by A f and l]lc IllOd Ul:lli On is

conspicuous al relatively small A f’. On lhc olhcr

band, such phenomena shown in Fig.5 and 6 were
not observed at Cvdd= 1pF. Furdlcr, ill [bc case of
no Cou[ ill Fig, 1, dlc IM3 was indcpclldcllt of bo[h
Cvdd and A f. Fig.7 shows lhc measured I“CSUILSof
lhc 1-s[agc MMIC amplifier wilh or wilhoul Cout.
In Fig.7, A~ain and A IM3 arc dclil~cd as ltlc
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differences of measured Gain and IM3 data from
those at Cvdd= 10PF, respectively. The measured
results support the simulation results described
above.

From these results, it is cofilrrned that, when
Cvdd is relatively small and Cout exists, the IF
waveform generated from the mixing of the 2-tone
carriers leads to reflection of high impedance in the
output matching circuit, and consequent y this
reflected IF waveform expands enough to modulate
Vdrain. It should be noted that, if the bias point of
the FET is varied by merely changing Vdd, Pout
wotid change in several dBm while the IM3(dBm
as unit) remains almost the same. This means that
the RF carrier signals are modulated in the
amplitude by the IF signal, when Vdrain is
fluctuated by the IF signal as shown in Fig.6.

Here, we consider the reason of no IM3 change
at the condition of no Cout. When Cvdd is set at
10pF, ZL of the IF is almost equal to the
characteristic impedance and the IF waveform
is absorbed into the external output terminal. On
the one hand when Cvdd is set at lpF, ZL of the IF
comes close to the impedance zero and the IF
voltage becomes almost zero in the output
matching. Therefore, in the case of no Cout, such
fluctuation of Vdrain by the IF signal doesn’t occur
and no IM3 change is shown.

Next, we will investigate this amplitude
modulation quantitatively and propose the
model. First of all, we investigate a single tone
carrier. Total voltage of RFout is written as

Vout(to~al) = AOCOS@t , @ = 2rcf0 (1)
where AO is amplilude of Vout(total) and fO is a
carrier frequency. Assuming that this Vout(total)
is modulated in the amplitude, Voul(total) is
rewritten as

Vout(total) = Ao(l+kcos (o,ltt)cos@t , OIK= 2nAf

= A@os (oot+ ?( cos (w-(or]~)[~~s ((oo+(oIP)t } (z)

where k is the cocfficicnL used for [hc mngniludc
of AM. It is seen from (2) that the distortion
spectra which arc apart by A f bolh sides from fo
gcncratc. It is rccoxnizcd tha[

()
2-

()

H2174

‘“”[(fo) = # ‘z” ‘ ‘“”l(fO-Ao = 2ti (3)

arc the oulpul power of carrier and dis[orlion,
rcspcclivcly.

For 2-tone carrier inpu[s, as shown
schematically in Fig.8 which is an ou[puc
spectrum al 2-lone RF inputs, [hc dislorliorl
spectra arc gCllCrillCd on cilhcr side of lhc each
carrier ou[put. The ou[pu[ power of onc of the
carriers and Lhc d is[or[ions arc wril[cn as

I’OLlt(r,) = PoLll(f”)+P()(t [( fo-Af)

POL)t(f[-Af) = POLli(f”-Af) (4)
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Thcrcforc, from (3) iitl(l (4), [hc IM3 which
corresponds 10 lhc ralio of lhc carrier and lhc
distortion is given by

IM3[(IBc] = lolog” Polll(rl-Af) = ~{)l,,g ~~

Pollt( f,) 4+k2 (5)

In order [o derive k, ~hc sinlu]alion of ii single
lone carrier wilh the variation of Vdd are
invoked iil thc condi[ion of CVdd=l OpF ilnd
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A f=2MH~. AS SIIOWII in Fig.9, Lhc ~i][i~ of cacll

carrier oulpul power (Poul(Vdd H), Poul(VticiL)),
corresponding rcspcc[ivciy 10 lhc peak or the
bottom value of V(iCi(VfitiH, V(iciL) of [ilc
modulated Vdrain, is dcfinc(i as z(d B as uni[) in
the form

Poul(v(ldl{) = ~o,osVotl[(vd(ltl)
ZICIB] = 1OIog

I)otI~(V(i(lL) VOLII(V(I(IL) (())

VOtI((VddIi) = A,,( 1+k )fi , V()(It(VdCl L) = A(,( I -k )fi (7)

and is obtained through [he simulation The IM3
can be calculated by substituting k into (5)

obtained from (6) and (7).
Fig. 10 shows the comparison of the power

characteristics of the IM3 calculated by this model
with the non-linear simulation results shown in
Fig.3. It is seen that the calculated results agree
well with the simulation at relatively low Pin. On
the other hand, since the nonlinearity of
transconductance and gate capacitance of the FET
becomes dominant at relatively high Pin[2], the
IM3 originated from this nonlinearity cannot be
neglected compared with the distortion due to the
AM. This is why the calculation results are smaller
than the simulation resul~ at high Pin in Fig. 10.

CONCLUSION

IM3 in relation to a bypass capacitor of a GaAs
MMIC was investigated with a new analytical
model of IF amplitude modulation for 2-tone RF
carrier outputs. Through non-linear simulation and
the measurement of a 1-stage GaAs MMIC, it was
shown that only IM3 performance changed
significantly even at the low inpuL power, as Lhe
bypass capacitor or frequency separation of the
2-lone carriers were changed. This IM3 change
was shown only when the MMIC involved a small
capacitor in s~ries in the RF line of Lhe ou~put
matching circuit. A new analytical model of IF
amplitude modulation for ti~c 2-tone RF carrier
outputs is proposed. Based upon this modci, [he
RF carrier outputs were distorted from the
amplitude modulation by the IF of Ihc 2-tone
carriers when the output matching circuit was of
iligh impedance at the IF. It is suspcclcd that, as
well as tile case of the circuit configuration of
Fig.1, other circuit configuration which inciudcs a
high impedance node at the IF is also possible 10
affccl the distortion characteristics of lhc MMIC,
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