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Abstract: A curcuit which is capable to produce a constant but adjustable phase shift
irrespective of frequency of the input signal is proposed. The operation of the circulf
s based mainly on a 90° phase shifting network which is propesed here. The constant
phase shift of 90° is achieved by a voliage dependent resistor (VDR put in the feedback
path of a differentiator. The dynamic resistance of this nonlinear element is controlled
by feedbackh action so that the gain remains conslant tn spite of frequency variation.
The circuit can give flat frequency response over a band of onc and a half decade but
has a slow time response to « step frequency change, as it contarns filiering netiworks with
large time costants.

1. PRINCIPLE OF THE CIRGUIT

The principle of the circuit is explained by the block diagram of fig.
1. If the input voltage is v; = Asinot and constants K, and K, are chosen
to be

K, = cosp
e (4)
K,y = sing
then the output v, from the adder will be
vy = Acospsinwt -+ Asingcoset = Asin{el 4 ¢) {2)

The 90° phase shifter 2,3,5 which is needed for the produetion of the coswt
term is a constant gain differentiator shown in fig. 1 in dotted lines. The
frequency transfer function of a differentiator constructed hy an opera-
tional amplifier is

WYneiakni BiBAI0Brkn ©edppacTog - TuAua MewAoyiag. A.l.0.



-

G(jw) = —jRCw (3)

where C is the value of input capacitor, R is the value of feedback resi-
stance and o is the input signal frequency. This linear differentiator
produces a constant phase of — 90° in all frequencies, while its gain is
proportional to frequency w. However, as a constant gain differentiator,
which is needed for this cireuit, is not feasible with linear means, it is
proposed here the use of a voltage depended resistor (VDR) put in the
feedback path of the operational amplifier, Thus, the VDR acts a3 a
variable resistance which can be controlled by feedback action and can
compensate the variation of gain with respect to frequency. Hence, the
overall gain of the differentiator remains constant. With a large enough
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Fig. 1. Block diagram explaining the principle of the contstani phase shifting cireuit,

value of gain K, the input and output signal amplitudes of the cirenit
is nearly equal and therefore the overall gain is

oCr >~ 1 {4)

The above relation means that the dynamic resistance r is inversely
proporticnal to frequency w.

2. 8TATIC GAIN CHARACTERISTIC OF THE DIFFERENTIATOR

In fig. 2 (a) the used differentiator with a VDR in the feedback
path is shown. The extra voltage V, s needed to bias the circuit and
brink the operating point to the desired place on the static curve. The
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measured voltage gain characteristic V, = I(V;} of the circuit is shown
in fig. 2 (b).
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Fig. 2. The nonlinear differentiator () and it’s static characteristic (&),

The volt-ampere relation of a VDR, as it is known 1,4, can be
approximately described by equation

b= pve« (5)

where § and « are parameters characterizing each resistor. Coeflicient
B iz nearly constant, while the nonlinearily index « increases with in-
creasing voltage V. For the particular VDR used in Che experiment, «
is equal to unity for low voltages. For the circuit of fig. 2 (a) one has

F=81Vef*, Vi>0 (6}

Since I = V, /R, the static input-output characteristic is

Vi=pBR V[, V>0 (7
where it is sign V; = —signV,. For V; = 0 il follows that
2
Vi )
Vo= (51c) ®

From eqns (6) and (8) one takes for V, > 0

dI .
v =B Vol = b ) ©
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Hence, the dynamic resistance of the circuit, as a function of input bias
voltage V,, is

1-
13

- ()

For small bias voltage V,, where « = 1, the above eqﬁation becomes

r = iﬁ =T, (11)
Thus eq. (10) can be written as
1-u

3. FREQUENCY LIMITATION OF THE CIRCUIT

Essentially, the performance of the overall phase shifting circuit
is determined by the differentiator. Therefore, the frequency range where
the differentiator has constant gain is the useful frequency range. In this
range the whole network gives a constant phase shift.

The incremental small signal gain of the differentiator is

1-a
o

A= oCr = mCro( g’;‘{ ) (13)

The above relation shows the dependence of incremental gain on the
external bias voltage V,. For small bias voltage (x = 1), eq. (13) becomes

‘A‘ = O‘)C'rl) = Amax (14)

and gives the expression of the maximum gain for a constant frequency
signal. The gain A of the differentiator, for large values of V; (say V..,

is given by eq. (13). Therefore, the ratio of maximum to minimum gaing
of the circuit from eqns (13) and (14), for a constant frequency signal, is
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Fig. 8. The constant phase shifting circuit. Phase shift can be adjusted by potensio-
meters Ky, K,.

A-mmc . Vimax -
Amin N ( BR ) (15)
The values of V,

imax AD0d o correspond to a limiting point on the characle-
ristic curve which may originate from the saturating vollage of the opera-
tional amplifier which is used in the circuit.

The frequency band of the constant phase circuit is determined by
the lower and upper gain limits of the static curve of fig. 2 (b). Thus,
if @ i, and o g, are the two limiting frequencies which cause the differen-
tiator Lo work respectively in the high and low gain portions of its static
characteristic, and since for the closed loop circuit the gain remains
constant, from eqns (13) and (14} it must be

1-«o
[+4

.
0ty = 0 On( g2 (16)
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Hence

min Amin

émax — Amax — (Vimﬂx) (,17)

for V, > 0.

imax

4. THE CIRCUIT IN DETAIL.

The constant phase shifting circuit in detail 1s presented in fig.
3. Tt consists of, the differentiator described above, the cutput of which
is passed through a capacitor for DC voltage rejection, two precision
amplitude voltage rectifiers with filters, and a double input amplifier
which provides the DC bias voltage V; through a Darlington voltage
follower. Also, it has two potentiometers for adjusting constants K,
and K, from which the amount of the phase shift is determined and a
linear substructor giving the output signal v, The frequency responce
of the constant gain differentiator is shown in fig. 4.
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Fig. & Frequency response of constant gain differentiator.

It is seen that the useful frequency range of the differentiator is extended
from f; = 50Hz up to f, = 1KHz, i.e. the frequency ratio is f, /f; = 20.
Because the wvoltage rectifier circuits contains large time constants,
the above constant phase shifting network has a slow time response to
a step frequency change.
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Hence

@ max — Amax _ (Vlmax) (17)

& min min

for Vi ..> 0.

4, THE CIRCUIT IN DETAIL.

The constant phase shifting circuit in detail is presented in fig.
3. It consists of, the differentiator described above, the output of which
is passed through a capacitor for DC voltage rejection, two precision
amplitude voltage rectifiers with filters, and a double input amplifier
which provides the DC bias voltage V; through a Darlington voltage
follower. Alsec, it has two potentiometers for adjusting constants K,
and K, from which the amount of the phase shift is determined and a
linear substructor giving the output signal vy The frequency responce
of the constant gain differentiator is shown in fig. 4.
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Fig. & Frequency response of constant gain differenitator.

It is seen that the useful frequency range of the differentiator is extended
from f, = 50Hz up to {, = 1K Hz, i.e. the frequency ratio is £, /f; =~ 20.
Because the voltage rectifier circuits contains large time constants,
the above constant phase shifting network has a slow time response to
a step frequency change.
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IIEFPTAHYH

ENA AIEKTTQMA IIOY ITPOKAAEL ZTAGEPH AAAA PYOGMIZO-
MENH KAT ANEZAPTHTH THZ ZYXNOTHTAZ AAAATH DAXEQY

Trd
K. A KAPTMITAKA

' Eoyastiigio " Hiexrgorimijc Duowefc Haveruornuion Oeooalovixng

v dpyacie adtn mpoteivetan fva Suethopa wob mpoxaisl wle orabepd
drre puBpaldpevy nol dvebdoTnrn g ouyvdmiTag dhhayy @hozog oTd ofipa
eloddou. ‘H hewrovpyie Tol xuxhdpurog xuplag Bastlerar & Evar pf) yoxppxd
®ihope Stepoploty, wol weoxakel Stpopd phoswg 900 *H ovalesd xal a-
vebdpmnTy Thg ouyvbTTae Blopopd Pdoswg Tol Tpoxahsl & StxpoptoThs dmt-
wuyydveton pt ple dvriorasy VDR mod tomolztziton otdv dpbus dvatpopo-
Sorhoews. “H Buvaguxd évilotacyn adrol 1oh py yeauuixod orovyziou Eréyye-
Ton pd dvaodleuy frol dote 10 xépdog va Swwtrpsitan oTabepd mapd T pa-
zafory e ovyvébtyrag. T whrhwue umopel va Stost wehd) ouyvomwd dréb-
wplony of Lavy padilomg denddug dird Siver Beudsla ypoviey ambuplon of
Brporiyy adhayy The ouyvbéThtes xoléte mepédyst Suudpeta vk pUTod-
ptopa pd peydizg atabspis ypbvou,
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