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IMPROVED Y-BRIDGE FOR .
REVERSE-BIASED DIODE MEASUREMENTS

STANISLAV SYNEK,* PAVEL VASINA.** Broo

) YIYYMEHHBIA MOCT THIIA Y
I M3MEPEHMRN AMONOB C OTPUIATENLHBIM CMEIMEHUEM

B pa6ore nposopurcs aHATM3  MocTa  mepemensoro TOKa, B KOTOpOM

L INTRODUCTION

The region of the space charge (depletion layer) associated witha P— N junction .
or metal-semiconductor point contact can be regarded as a plate capacitor whose

the impurity distribution analysis.
Om_.n:_m:.oam of the capacitance of a reverse-biased P — N junction (the barrier
capacitance) have been carried out in [1,2, 3] for the case of the simple gap

structure. Generally, the barrier capacitance C may be approximated by the
following formula
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C- n\&ig - U, 1)

where S is the cross-sectional area of the junction, z is an exponent related to the

donor and acceptor distribution in the junction region (2<z=<3), U, is the contact

or barrier potential, — U is a negative voltage applied to the junction. The

parameter A depends on the concentration and distribution of the impurities.
If the junction is abrupt,

A =eeP,No/2(P,+ N,) , z=2,

where e is the elementary charge, ¢ is the semiconductor permittivity, P, and N,
are the acceptor and donor concentrations in the P and N regions, respectively.
If the junction is linearly graded

A=ecall2, z=3,

where a is the concentration gradient.

The capacitance vs. reverse voltage plotis also influenced by deep levels or bands
in the gap. This has recently led to the development of the capacitance spectrosco-
py, which is nowadays widely used for the study of large gap materials, such as
GaAs, GaP, and others, used in light emitting diodes.

Out of the possible methods for the capacitance measurements the most suitable
are the AC ones. At a given bias, the admittance Y, of the junction can be
represented as

Y;=G;+jwC;,

where G; and C; are an equivalent conductance and capacitance of the junction,
respectively, and « is the angular frequency. Unlike the usual network compo-
nents, G; and C, depend on the applied voltage. This makes our problem
non-linear and imposes some requirements on the measuring method.

The applied AC voltage must be small in comparison to the bias voltage.
Furthermore, it is very important that the amplitude of the AC voltage be known
and constant during the measuring process. It is the object of the present paper to
describe an apparatus that does meet all the mentioned requirements. Its design is
based on a thorough analysis of the equivalent circuit.

Il. METHOD

The described method is an audio-frequency modification of the method for
capacitance measurements quoted in [4]. For the equivalent circuit (Fig. 1) there
holds

w=(Sur) (3x)", )

i=
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where Y, and Y. denote the standard admittances, Y, is the input admittance of a
balance indicator and Y is the voltage dependent admittance of the junction,
Y;=Y.(U+ u,), where Uisa DCbias and u, isan AC voltage across the junction.
The voltages of the equivalent supplies are

u;= U, sin (wt—¢,),
where
?=@.=0, and @,=x

n.H_
k,
PSD 1
% {]n [}
clolc A A nll
Uy Uy oy 1 e . —1PSD2

Fig. 1. Equivalent circuit of

Fig. 2. Block diagram of the bridge
the bridge.

. From (2) we get an expression for the voltage u, across the balance indicator
input admittance : .

§:\°+K_+ Y.+ SAQ+E:n:.N+§S+SNAQ+§.

For simplicity we put A

Y,=G,, Y,=jwc
and expand Y, into a Taylor series:
4 Y, 13,
Y3(U+u,)= NASImQu $+m%~mi S

where the symbols 3™ Y,/8U™ mean the partial derivatives of Y, with respect to
(U + u;), where it is subsequently put as u,=0. The balance condition will be
derived, therefore, from the following equation:

Nsoﬁv\o+ Y+Y,+ M\“,AS.TQM\LH
=u,G,+ w;jwC, + u, G, + UsjwCs + u,d G, + ujoodC, .

.13<an that |Yo|>|Y,+ Y, + Y,|, the harmonic components of the balance
indicator current are :

5 &.oﬁev” q_in. QuQu'Aw\mvgnu.T va
234

+jwlU,C - U,G,— (3/18) U3CY]
((20) =~ (1/2) 3G} — jw(1/2) UG
i(3w) = (1/8)LAG + jw(1/8)U,C" ,

here G3, Gj, Ci, C denote the partial derivatives in the same sense as above.
The balance condition for the fundamental harmonic frequency is now

i(w)=0.

-
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Fig. 3. Simplified circuit diagram of the k, poten- Fig. 4. Simplified circuit diagram of the AC
tial divider. inverter.

—wim :nm_noaaaroanamAu\vamemza Au\mvgﬂéomroc_amm:gcm_m:nn
conditions v :

G(U)=(U/U)G,;  C(U)=(U/U)G,. 4)

As we can see from (1), in general this is hardly the case, particularly for U— U,
where the partjal derivatives C; and G exhibit rapid variations. For accurate
evaluations it is necessary to find the second partial derivatives from the last
equation of (3) and subsequently correct the values calculated from (4).

The block diagram of a Y-bridge that was built on the basis of the preceding
analysis is in Fig. 2. The voltage from an AF generator is led to a standard
conductance G, and a standard capacitance C, via the calibrated potential dividers
k, and k,, respectively. The internal resistance of each of the dividers is at most
about 4 X 10° Q, so that in the audio frequency range the parasitic capacitances and
the input capacitance of the following stage play no role. As may be seen from
Fig, 3, with respect to the strong negative feedback, the input admittance absolute
value is negligibly small in comparison with that of the divider.

The voltage u, is fed into the input of a current-voltage converter T. This
converter is made up of an operational amplifier with a parallel voltage negative
feedback into the inverting input terminal which also serves as the input of the
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Fig.5. The C-2vs. U plot for a GaP light emitting diode, sample No V/1.

converter. The input conductance of the converter is very high, so that the input of
" T makes a virtua] ground for the P side of the measured junction and the absolute
<m~=.m of the voltage across the junction equals u;. The converter output passes to-
the inputs of two phase sensitive voltmeters PSD, and PSD,. The reference signals
of PSD, and PSD, read G, and G, respectively, provided the balance is set and the
no:mmmoa for the non-linear terms is made. The standards G, and C, can be
stepwise adjusted within the ranges 100 uS—200puS and 10 pF—S5 nF
Tespectively, ,
.ﬂ_m. 3 shows a simplified circuit diagram of the potential divider £, adjusting the
ratio U,/ U,. The divider k; setting U,/ U, is analogous. With respect to the audio
?an.:o:@ measuring range no frequency compensation of the divider is used.
Fig. 4 shows a simplified circuit diagram of the inverter. While its AC gain is
oxmo:x — 1, for a DC voltage, tapped from a 20-turn potentiometer, the amplifier
has :.EQ gain. The N-side-to-earth capacitance effectively loads the output of the
m.SE_mnb the P-side-to-earth introduces a small imaginary component of Y,. In the
.m_Eu:mna circuit diagram of the bridge (Fig. 1.) neither of them, however
influences the balance condition. ,
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Fig. 6. Relative error w =8C,/C, in percents vs.
x=U,/(U, - U),forz=2.
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HI. MEASUREMENT EXAMPLE

As an example of measurement we bringa C2vs. U plot for a GaP red light
emitting diode (Fig. 5). It is seen that z =2, which indicates that the junction is
abrupt. The extrapolated value of the contact potential U, =2.5 V is in good

agreement with values reported by other authors.
The calculation of the correction term was carried out numerically. As the

measured sample obeys (1), we may write:
1+
G="2U.-U)"G,

so that
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The graphical representation of the last equation for z=2 is in Fig. 6. In the
region where the readings were taken the correction was less than 0.1 % and,
therefore, could be neglected.

IV. CONCLUSION

The Y-bridge described above exhibits many advantages. It can be easily fitted
together in a research laboratory. The bias and AC voltages across the sample are
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