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Intermodulation Nulling in HEMT Common Source
Amplifiers

Anthony E. ParkerSenior Member, IEEEgNnd Guoli Qu

Abstract—A new model of the second- and third-order inter- Il. LOAD DEPENDENCE ANDINTERMODULATION
modulation products from HEMT and MESFET small-signal am- CANCELLATION
plifiers, resulting from nonlinear drain-source current has been
proposed in our previous publications. Based on this model, inter-  If the inputwy, is assumed to be a low-level two-tone excita-
modulation nulling conditions in terms of the Taylor series coeffi- tion of the form
cients, hence in terms of bias, have been investigated. This paper
now examines the load dependence of the second- and third-order Vin = Vs(coswit + coswat). Q)
intermodulation products in HEMT small-signal common source
amplifiers. Intermodulation nulling conditions are proposed and  Then the output drain current is given by
validated. This is useful in designing a high performance ampli-
fier by calculation of optimum load for minimum distortion and Gds = GmUgs + GasVs
studying distortion generation as a function of circuit topology.

. . . . + % (g;nv‘?]s + Gilsrugls + 2777‘11rugsruds)
Index Terms—HEMTSs, intermodulation distortion, MODFETS,

1 "3 1,3 2 2
nonlinear distortion, volterra series. +3 (gmvgs + Gasvgs + 3miavy.vg, + 3m21vgsvds)
@
. INTRODUCTION where the coefficients,., ¢, andg’’, respectively are transcon-

N ORDER to analyze the dependence of intermodulatiéiyctance and its derivatives with respect jo; the coefficients
distortion on intrinsic and extrinsic elements and to desigds: Gu, andGy, respectively are the drain-source conductance

second- and third-order intermodulation products resulting Mt = g [ Ovas = OClay |00
from weakly nonlinear drain-source current for small-signal H ‘;]m d; df e
HEMT and MESFET amplifiers, based on the Volterra analysis ml2 = 9°gm [Ovy, = 0Gy, [ Dvgs
[2]. This model gives quantitative expressions for intermoduland

tion in terms of load and the coefficients of a two-dimensional Moy =g, /Ovas = 8* Gy |OV2,

(2-D) Taylor series expansion of nonlinear drain-source cur-

rent. The contribution of the second-order terms in the 2-@¢ Cross terms. _ _
Taylor series expansion to the third-order intermodulation asWith this model, the lineark;,.), second- £iy2) and third-
well as the contribution of cross-terms to overall intermodul@rder (Frys) IM output powers into aloa&, can be expressed,
tion products are included in the model. The inclusion of the§@ dBm, as [1]

Ferms is proven_to be .significa.nt, especiall_y when thg modefp,;, = 101log [% (gm + GdsAu)QVfRL] +30 (3)
is used to predict regions of intermodulation reduction that )

occurs at certain biases and loads [1], [3]. It should be notqﬁlIM2 —10log [ ¥ o (g;n FGLA% 1 2m11A,U)2V54} +30

that this analysis is applicable to weakly nonlinear applications 8RR,

with low-level signals. The contribution of the higher-order 4)
coefficients to the second and/or third order IM distortion R2

is therefore ignored. Based on the model proposed in [1f/m3 =1010g{128;?L [(gn+ Gl A2 43m12 A7 +3ma Ay)

intermodulation nulling conditions in terms of the Taylor series , ,
coefficients, hence in terms of bias, were reported in [3]. In — 3R (gm + G, Ay, + 2m11Av)
this paper the load dependence of IM products is examined and 1A 21,6
. . . o . - ” V. 30.
intermodulation nulling conditions are proposed and validated. (GasAw + mu)] s (T
®)
By substituting the amplifier voltage gainA, =
(—gmRp)/(1+ GusRr) = —gm R, into the above equations,
they can be expressed as
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R 2
P2 =10log [ (g + Gy.9m B2 — 2my1gmRe) v

S8R
+ 30 (7) Vg = 0.5V
9 [R.,,
Ppyz =10log _32Rr 5 (gm - dsng + 3m12ng€ E- v =sav
’ )
R2 ; .................. v, =-03V
-3 rnRe - = ? -
iy ) 2 g _— — V=02V
(gm + Gdsgm e 2mllnge) g
2 — vg~© 01V
) (mll - GiisgrnRe):| ‘/56 + 30
®) i
-120 sl et O
whereR, = Ry /(1 + Gy4:Ry) is the net load resistance, being 1 10 100 1000 10000

Ry in parallel with the HEMT output conductan¢g;,. Load [ohm]

In the saturation regiort{;; > 1V), it can be assumed that
G, andG”,_ are zero [4]. The cross terms are normally morgg- 1. SPICE simulated IM products as a functionfdf for an ATF-36 163
ds ds %)mmon source amplifier biasedat; = 2 V with —23 dBm input tones.
important than output conductance. However, they can also
ignored [5]. With these assumption, Equations (7) and (8) are

V,
reduced to ds
RL Ld
Pz =101 ' 2V +10log | ————— | +30 .
i = 10105 § 0,7V ) +1010g | oL
) input C i—— Prefilter 1 Analyser
1 RL Combiner +— attenuator—{ Cq
Pz =10log| —= ¢/ 2V} +10log| ———— | +30. L
™3 08<128 s )-i- Og[(GdsRLﬂ-l)Q}—i_ L
@0
As seen in (6), (9), and (1Y, Finve2, and Pz have the Vgs

sameR;, dependence, which followsg[R; /(Gus Rt + 1)?].
If Ry, is small,i.e.,, wher7,,R; < 1, thenP;,, Pne and
Prvs increase logarithmically with the increasing8f,. If Ry,
is large, theZ,, cannot be ignored ank;,,, Prvi» andPpys are  Verified to predict IM products accurately over a wide range of

Fig. 2. Intermodulation measurement setup.

proportional tdog[ Ry, /(Gy. Rz, + 1)?]. bias. Note that the results in Fig. 1 are really the intermodulation
From (7), IM2 cancellation occurs when behavior of the nonlinear equations used in this SPICE model.
However, they do provide a good representation of the intermod-
as9m BE = 2muigm Re + gy, = 0. (11) " ylation behavior of the fitted device and demonstrate the nulling
That is, IM2 cancellation occurs whenk., hence dependencies. Thatis, Fig. 1 shows that at low valuégothe
R, = R./(1 — Gy4sR.), satisfies the above equationpower levelsPy;,,, Pz and Prys increase at the expected log-
For clarity, (11) can be rewritten as arithmic rate withZz;, with IM cancellation occurring at certain
55 57 load values. Note thd®;,, drops for high values ok ;, because
Rp= 2119 /A8 G, — 4G s G o . Gy, is significant and the tefrtbg[RLg(GdsRL +1)?] in (6)

2GY,92,— Gas (2m119m+\/4m§193n— 4G&593ng§n) drops with increasindz .. The larger the value o®;,, the more
(12) significant is the effect of74;.

A Taylor series description fitted to each bias point gives
- f - more accurate low-signal results than a large-signal SPICE
coefficientsz;, andm;, should not be ignored. model. To show theR; dependency and IM cancellation

Similarly, IM3 cancellation occurs whefi., and henceir,  effects, the IM calculations from Taylor series coefficients
satisfies the following equation: with (7) and (8) were performed and compared with measure-

g -G g R® +3m129m}?€ 3ma1 G Re ments. The ATF-36 077 common-source amplifier biased at
— 3R, (g, + G, 6% R — 2m11gmR.) Vo = =05V, Vg = —03V andV,, = —0.1 V was _used

as the test device. Measurements were performed with TDFD

~(mu = GaugmBe) = 0. (13) technique [5] with the device under common-source amplifier

The cross terms and the coefficiedt§,, G/, should not be configuration. Measurement setup is shown in Fig. 2. In the
ignored when determining;, for IM3 cancellation. calculation, the nine Taylor series coefficients are extracted

Fig. 1 shows the dependence &1, of IM products for a from four groups of measured IM products with different loads
ATF-36 163 HEMT common-source amplifier simulated withi7]. This group of coefficients can well predict IM products at
SPICE. In the simulation, the model is the one proposed in [&]wide range of bias as shown in Fig. 3. The calculation with
with the model parameters used in [6, Figs. 1-3], which has be@h and (8) agrees well with measurements as shown in Fig. 4.

Note that the dependence &f, for IM2 cancellation on the
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lation occurs wher?;, from (12) is complex. For cancellation

of IM3, Ry, can be determined by a similar rearrangement of

(13) and exhibits a similar complexity. The importance of these

equations is that they allow prediction and assessment of this
aspect of device nonlinearity.

I1l. CONCLUSION

The dependence of intermodulation distortion on |dagd
is analyzed when the HEMT operates in the saturation region.
When R;, is small, the fundamental, second- and third-order
IM levels increase approximately at a logarithmic rate with in-
creasingRy,. For high values of?;, IM2 and IM3 cancella-
tions occur wheR. (henceR},) satisfies the conditions in (11)
and (13) respectively. It should be noted that IM cancellation ef-

Fig. 3. Fundamental (upper lines), second-(middle lines) and third-ord@Cts cannotbe predicted without considering the contribution of
(bottom lines) IM output levels of a ATF-36077 HEMT common-sourcghe second-order terms in Taylor series to the third-order inter-

amplifier biased al’;, = 2 V with input tones at-23 dBm and a 50 load.

Solid symbols: measurement; open symbols: calculations with the model usjn

the coefficients extracted from measured IM data of four other loads.
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modulation as well as the contribution of cross-terms to overall
infermodulation products. This work confirms the significance
of these contributions to the model, which was also discussed
in [3], [5]. In small-signal applications these are more signifi-
cant than the contribution of the higher-order coefficients to the
second and/or third order IM distortion, which can be ignored.
The IM cancellation conditions (11) and (13) are validated by
comparing measurements and calculations.

As long as the Taylor series coefficients are extracted cor-
rectly, the load required for minimum IM distortion can be pre-
dicted by using IM cancellation conditions (11) and (13). In
other words, once the device is characterized in terms of its
Taylor series coefficients, the load can be selected to maximize
IM performance. Although it is not practical to make the circuit
to operate exactly in the IM nulling condition due to the sen-
sitivity of nulling phenomena, these results provide guidelines
for circuit designers to select the bias and load to position op-
eration in regions of reduced distortion. Moreover, the model is
useful for exploring the generation of distortion in various ap-
plications.
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