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Effect of Diode Parameters on Reflection-Type Phase Shifters
PRADEEP WAHI, STUDENT MEMBER, IEEE, AND K. C. GUPTA

Abstract—This short paper describes effects of series inductance,
shunt capacitance, and resistances associated with p-i-n diodes on the
performance of reflection-type digital phase shifters using a shorted
transmission line behind a shunt-mounted diode. It is found that the shunt
‘capacitance is the most dominant reactance influencing the phase shift
and it increases the phase-shift value. The series inductance reduces the
phase-shift vaiue. Expressions for phase shift in various cases are
presented.

INTRODUCTION

One of the design configurations for a reﬂection-tybe phase
shifter consists of a p-i-n diode shunt mounted across a trans-
mission line at a distance / from the shorted end [1]. Phase of the
reflected wave at the diode plane changes when the bias on the
diode is changed from forward to reverse, as the later implies
inclusion of an additional line length /. Thus the phase shift
obtained is given approximately by 28: where g is the phase
constant of the line. This arrangement is converted into a
two-port phase shifter by using a circulator or a hybrid.

A simple procedure for designing such a phase shifter assumes
the p-i-n diode to be ideal, i.e., short circuit when forward
biased and open circuit when reverse biased. This method does
not yield accurate result at higher frequencies when parasitic
reactances and resistances associated with the diode become
significant. This short paper describes the effect of diode react-
ances and resistances on the phase-shift charactenstlcs of this
type of phase shlfter

DIODE PARAMETERS

The important parameters of a p-i-n diode are; series induc-
tance L (typlcally 0.4-2.0 nH), shunt capacitance C (0.1-2 pF),
forward-bias series resistance Ry (0.5-2.0 Q), and reverse-bias
shunt resistance R (~ 10 kQ). The effect of these parameters
may be considered analytically by taking them one by one in
association with an ideal switch. Phase-shift and insertion-loss
calculations are carried out by adding the diode admittance to
the admittance of the line behind the diode and finding out the
refiection coefficient caused by this combination.

EFFECT OF SERIES INDUCTANCE

When an inductance L is in series with the ideal switch (Fig. 1
inset) the phase-shift expression is obtained as

¢ = 2Bt + 2tan~! [cot fi + Zy/wl] — = @)
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Fig. 1. Effect of series inductance L on the phase shift
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Fig. 2. Effect of shunt capacitance C on the phase shift.

It may be noted that the phase shift ¢ varies with both the line
length behind the diode and the reciprocal of the normalized
reactance (Z,/wL). Differentiating (1) with respect to L one gets

o _ 2 a1 o
. 2 2
oL [1+(cotﬁz+—z°)]w' L '
oL |-

which shows that the phase shift decreases with an increase in L.
The percentage deviation of the phase shift from an ideal case
versus the normalized series reactance is plotted for three different
cases in Fig. 1. It is seen that the deviation from the ideal case
increases with the value of L. Also the deviation is higher for
smaller values of phase shift (B1).

EFFECT OF SHUNT CAPACITANCE

The expression for phase shift for the case when there is a
capacitance in parallel with ideal switch (Fig. 2) is found'tg be

¢ = 2tan™? [w?-c - cot ﬂz] -z 3)
o A

The phase shift varies with both ;he length and the no;malized
shunt susceptance. Differentiating (3) with respect to capacitance
c o -

99 _ = 1 (E’_) ' 4)
oc [1 + (95 — cot ﬁl)z] Yo
Y,

which is always positive. Hence the phase shift always increasés
with an increase in the capacitance value. The effect of increase
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Fig. 3. Values of wC/Y, and wL/Z, for zero phase error for four values

of phase shift.

in frequency on phase shift is similar to that of an increase in
capacitance. Values of the phase shift deviation from an ideal
case are plotted in Fig. 2 for three different cases. It is seen
that the nature of this variation depends heavily upon the line
length behind the diode. In general, the deviation decreases when
Bi is increased. .

COMBINED EFFECT OF SERIES INDUCTANCE AND
SHUNT CAPACITANCE

When both the series inductance and shunt capacitance are
present (Fig. 3), the phase-shift value in this case is given by

¢ = 2tan"? [coTC — cot ﬁz]

o]

~ 2tan"! [“’TC ~ cot pi — %‘1-] )

[o) [¢2)

Deviation from the ideal case reduces to zero for one value of

line length behind the diode. This can be obtained by putting

‘6, (5), equal to 281 The idea that inductance and capacitance
of the diode can be selected to obtain no phase error was also
mentioned in [1]. Fig. 3 presents a set of parameters, derived by
using (5), which give zero phase error.

EFFECT OF SERIES AND SHUNT RESISTANCES

The expressions for the phase shift and the loss when there is

a resistance 1n series with the ideal switch [Fig. 4(a)] are derived
to be

= -1 2 cot f1
f ot [1 ~ (G, Yo)* — cot? ﬂz] ©
and
loss = 10 log {(I + Gy/Y,)> + cot? fi}?
A {1 — (Gs/Yp)* — cot® fu1j* + 4 cot? i
@)

where G; = 1/R,.

Loss and percentage deviation (for fi = n/4) have been
plotted in Fig. 4(a) as a function of R,/Z,. Phase-shift values
do not deviate from the ideal case appreciably. '
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Fig. 4. (a) Variations of loss and phase shift with series resistance R;.
(b) Variation of loss with shunt resistance R.

For a shunt resistance R with an ideal switch [Fig. 4(b)], the
expressions for the phase shift and loss are found out to be

o tan-1 2 cot i1 3
¢ tan [1 ~ (G]Yy)? — cot? Bt] ®
and o
lloss = 20 log [1 + M] dB )
1 + cot? B
where G = 1/R.

The results for loss versus G/Y, for fi = n/4 are shown in
Fig. 4(b). As in the case of the series resistance, the loss is phase-
shift dependent in this case. also. The effect of G on phase shift
1s negligible (less than 0.01 percent).

Another important case is when both the series inductance
and series resistance are present. In this case the phase shift
is given by -

6 =21 + tan~? (wB'[Yy) + cot B
' 1 - G//Y,

+ tan~1 [(a)B'/YO) + cot ﬁl] (10)
-1+ Gs'/Yo)

where

R

G = — 5
s Rs2 + wz LZ

and

L

B’ _—
R2 + o?I?

Usually, ©*I? » R?, and therefofe B’ ~ 1/(w*L) and Gy =~ 0.
This reduces (11) to (1). Thus the phase-shift variation is similar

to that in the case of only series inductance present with an ideal
switch.

CONCLUDING REMARKS

The aforementioned results may be used to.evaluate the order
of error introduced by neglecting the reacfanees associated with
p-i-n diodes. Some interesting observations emergmg from this
discussion are as follows.
1) Effects of series inductance and shunt capa01tance depend .
upon normalized values of wL/Z, and wC/Y,, respectively.
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2) Series inductance decreases the value of phase shift, whereas
shunt capacitance increases this value.

3) Shunt capacitance seems to be the most dominating
reactance affecting the phase shift. This suggests that an ar-
rangement which can vary shunt capacitance across the diode
may be used for the adjustment of phase shift in the finally
fabricated circuits.

4) Effects of the forward-bias and the reverse-bias resistances
on phase shift are very small as compared to that of reactances.
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Effects of the Surroundings on Electromagnetic-Power
Absorption in Layered-Tissue Media

PAOLO BERNARDI, SENIOR MEMBER, IEEE,
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Abstract—The influence of the surroundings on the interaction between
electromagnetic (EM) waves and biological tissue is examined by sche-
matizing the environment by a perfectly conducting screen placed beyond
the irradiated tissue. The effects of standing waves, which are created
in this situation, are determined as a function of the electrical and
geometrical parameters of the structure. In particular, the hazard in-
crease due to the presence of the screen combined with a phase dis-
uniformity of the incident field—an elementary schematization of the
“near-field”—is pointed out.

1. INTRODUCTION
The use of equipment for industrial heating which uses electro-
magnetic (EM) energy has become more and more widespread
in recent years. This apparatus generally operates at frequencies
between 1 and 100 MHz with a power output of several hundreds
of kilowatts [1]. Consequently, for the purpose of specifying a
standard for protection against EM radiation, the interest in the

621

cannot exclude from consideration. The usual approach to such
complex problems consists in changing the aforementioned
assumptions one at a time in such a way as to evaluate the
influence of a single aspect of the phenomenon. In this way,
the dependence of the absorbed power distribution on the
curvature of the radiated surface and on the orientation of the
body with respect to the incident plane-wave vector has been
pointed out by adopting spherical and spheroidal models of the
human body [5]-[7]. On the other hand, the influence of the
anisotropy of the muscle on the absorbed-power distribution [8]
and of the disuniformity of the field radiated by particular types
of sources (e.g., the dipole with corner reflector [9] and the
rectangular aperture with a given field distribution [10]) has
been illustrated through the analysis of a single- or multiple-
layered plane model.

The aim of the present work is to bring out, by the adoption
of a plane model, the hitherto neglected influence of the sur-
roundings on the interaction phenomena. In fact, the use of
industrial heating equipment inside enclosed spaces in the pre-
sence of reflecting surfaces makes it impossible to consider the
interaction as taking place in free space. The adoption of a plane
model, besides making a substantial simplification of the analyt-
ical treatment, is justified since the phenomenon which can be
thus brought out, can be more or less remarkable but not absent
when one adopts a model more closely relevant to man or
experimental animals in complex fields.

II. THE MULTILAYERED MODEL

The simplest schematization of the interaction between the
EM field and biological tissue, in which account is taken of the
environment, is shown in Fig. 1. Beyond a layered model, con-
sisting of N biological tissues, and irradiated by a uniform plane-
wave incident at angle 6, a perfectly conducting screen is placed
at a distance d. Within each layer the field can be expressed as a
superposition of a forward and reflected wave. From homo-
geneous Maxwell equations one obtains

Y exp (Fhux — jBoy¥) M

. H,* ,
EF = 2L [—jBoyxo * kuvol + 2oE.*
JWE
+ Ezii . - bad
H= = - [iBoyXo F kxu¥ol + zoHy

Jolg

phenomena of the interaction between EM waves and biological
tissue has been extended also to this frequency range. In this
approach, it has been necessary to reexamine several of the
simplifying hypotheses generally valid at microwaves, but not
sufficiently verified at lower frequencies [2]-[4]. In the micro-
wave field, in fact, it is often possible to consider that the tissues
are isotropic, that the radiating field can be schematized by a
uniform plane wave, that the interaction takes place in free
space, and that the tissues can be represented by models infinite
in size. On the contrary, in the frequency range where the afore-~
mentioned equipment operates, the anisotropy of certain types
of tissue should be taken into account; the interaction with man
usually takes place in the radiative, or even reactive, “near-field”
of the radiating equipment; the EM generator is often instailed
in an enclosed environment, usually consisting of industrial
sheds; finally, the dimensions of the tissues play a part one
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where ¢,; is the complex permittivity of the / layer and k&,; the
complex propagation constant in the x direction; Sy, =
oV, Ho&o sin B is the phase constant in the y direction of the
incident wave. The upper signs refer to the forward field and the
lower signs to the reflected field, respectively. All the tissues are
assumed to have the vacuum permeability px,. Given proper
boundary conditions, it is possible to express the field in the
i layer in terms of that in the (/ + 1) layer

+1
E* = T [Efi+ i ka + kxas1))
xi
cexp (tky — kyasr))di + Exoyp(Eka — Kegin)
~exp (hky + keqy))di]
H,t = T & I:Hz'(FHl) (i ki _ kx(i+1))
2kyy Eet Ei+1)

: - +ky Kk
* €Xp (ik-“i - kx(i+1))di + Hz(i+1) ( xt 4 JC(H—l))

Eei Be(i+1)

cexp (L hyy + Ko n)di]



