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A New Technique of Exploiting Forward Nonlinear Reactance of P+-N Junction

Jiang Guanhui

Nanjing Solid State Devices Research Institute

A new technique of exploiting the forward nonlinear reactance of p+-N
junqtlon has_been-presented- in lttif paper, A speeial model of impurity
Profile is offered which makes both vaiiatte afrplitude and speed- of tLejunction eapacitance at forward bias greater than an abrupt junction
model does. The new technique is used-for fabricating GaA; v6ractorswith M of 100-160 ("t !,.^=600-10o0GHzrl*=o.z-o.27) n6i-ng twice morethan those manufaetured"Uy-the abrupt P-- N junction at*same mobility.
Those varactors are applled in investigating- 4GHz un-cooled parametricamplifiers h.aving the noise temperature of 32X. The experimental resultscoineide with the optimum computation of CAD.

. Introduetion
carful analysis of the forward region
P+- N junction dernonstrates that the

influence of the diffusion capacitance
and forward current on devices is negll-
gible at eertain forward voltage for
higher barrier semiconductor materials,
such as GaAs(lable i); therefore, there
exists possitrility of exploiting the
forward nonl-inear reaetance. A new model
of impurity profile has been offered in
this paper, which is used for fabricat-
ing GaAs varaetors with higher change-
able speed and greater variable ampli-
tude of the ?+- N junction capacitance
at forward bias than those of the abrupt
junction, without decreasing cutoff fre-
quencylhenee the dynamlc figure of merit
M of P+- N junction is mueh enhanced.
TABT,E I Dlffusion Capaci-tance and tr'or-
ward Current of GaAs P+- N Junction V1a
Forward Bias
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lZ, A new teehnique model
1, A new modql of impurity profile

The new inpurity profile is shown in
I'ig 1, which is characterized by extending
the space charge at zero-bias to
polnt NZ, 
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Fig. 1
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The n.ew model of impurity profile

There exists a jumped irnpurity profile for
the space charge region of p+- N junetion
at forward bias to enhance variable ampli-
tude of the forward barrier capaeitance,
and hence the capacitance varlation factor
/ f. increased. .tsesides, because a larger

variation of barrier eapacitance is con-
centrated in a narrow region near zero
bias, the stope of the C-V curve is also
inereased, which implies appreciable
higher harmoni-c content. fhe region of
XZ-X, is lower at concentrati_on, but is
covered by the space chargre at zero bias.
It is well known that the epitaxial layer
covered by space char6re at zeto bias does
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not contrlbute series resistance. llean-
whi1e, the boundary of the space charge
region correlated with minimum capa.ci-
tance expands to point Xj in the new

model (See Figr 1 ), thus enabling the
transitional region, a burdensome in
normal abrupt junction model, also to be

partly used, Secause of the above two

reasons, the cutoff frequeney at zero
bias f"o does not decrease with increas-
fne" t , leading to an enhaneement of Ivl

( = )2,f"o). The essence of this design is
characterized by extending' the space

charge region at zera bias as far as to
the point NZ,
2. C-V relation

of merit I{
By solving

C-V relation of
deecribed "" 
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Fig. 2, The theoretical curves of I{ -Nr
N2 and experimental results

I'ig. 7. The relation of XM-N1rN2
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Where N, and XM in equation 1 and 2 are
two important variables. Dlfferent capaci-
tance Variation faetors and cutoff frequen
-cyies at zero bias respond to different
combinations of X* and N2, which decide
the exploiting degree of forward nonlinear
reactance. The numerical analyses of XM

and N2 by CAD are shown in Fig 2 and fi:)
Fig, 2 indicates that M of this model

1s a, function of NZ for each N.t an.d lvl has

an extreme value with the ehangeable of
N2. There is a corresponding XOU for every
N2, which guarantees the space charge
region at zero blas being extended to
point Xz (see Tig. 3).
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y 7. Experiments and

The epitaxial
profile is grown by

system. The typieal

Results
layer with the special
VPE of a Ga-AsCl fHZ
profile is shown 1n

Fig. 4.
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Fig. 4, The typical profile of an

epitaxial layer
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The P+- N junction is f,ormed by a
p-!..anar diffusion technique, with the
typical C-V curves of fabricated diodes
belng shown in Fig. 5. The relations of
M ^N1 ,N2 are shown in ?ig. 2. From the
definition of index n of P+- N junction
capacitance variati-on, n is the slope of
curve lg0-1g(Vl- V). In the new technlque
n of the forward region is expressed as

Nr Vo -VNz Vo-Vnt
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Fig. 6, The theoretical

curves of n -v

Xzx
and experlmentala1rl 2 r3r

tr'rom Fig. 5 and equation j, theore-
tical curves of ind.ex n. are obtained ( See
I'ig. 6). When n is equal to O.5, the
deviees have provided a secondary hamonic
content, Therfore, it can be seen from
Fig. 6 that the forward n.onlinear reac-
tance can provide appreciable hi"gher
harmonic content. This new teehnique ie
first used in fabrieating GaAs varactor
for 4GHz un-cooled parametric amplifiers
with the noise temperature (Te) of \ZK,
and exhibits a superiority over the normal
abrupt junction modle by which only 125t<

noise tempera.ture can be reached ( See Fig.
2)

normal_ abrupt
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4, ConClusion
A new teehnique of explolting the

forward nonlinear reactance for higher
barrier semiconduetor materials has been
achieved. It can raise M and provide a
appreciable higher harmonic content. It
has been used in fabricatin.g GaAs varac-
tors for the paramatric amplifiers with
significant improvement the noise tem-
perature, an.d probably can also be em_
ployed for increasing the output power of
a up-converter and offering an appreei_
able higher harmonic content of a harmo_
nic generator.
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Appendix
1. About lable I
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