
1959 IRE TRANSACTIONS ON MICROWAVE THEORY AND TECHNIQUES

Delay Distortion in Crystal Mixers*

T. KAWAHASHI~ AND T. UCHIDA~

Summary-Delay distortion is one of the most important charac-

teristics in the frequency-modulated supermultichannel microwave
repeater. With regard to receiving crystal mixers, the cause, shape,

vanishing condition, etc., of delay distortion are analyzed, and the

experiments show good agreement with the results of this analysis.

To eliminate this delay distortion, the electrical length between
the crystal and the image suppression filter must be determined so

that the image frequency impedance may not be infinite in a desired

frequency band, or the intermediate frequency load impedance must

be fixed at a certain defilte value.

1. INTRODUCTION

A group-delay-time characteristic with small irregu-

lar indentations is frequently observed in a crys-

tal mixer which is used conventionally in a micro-

wave repeater. Extremely important problems in the

frequency-modulated supermultichannel microwave sys-

tems are the reduction and the stabilization of the delay

distortion.

Such indentations of delay distortion in mixers are

generally very sharp, unlike those encountered in ordi-

nary passive circuits, and vary at each adjustment of

the matching circuit. For these reasons, this distortion

is practically impossible to equalize, and becomes a

serious cause of deterioration for the quality of relay

systems.

A number of studies [1 ]– [9 ] have been made so far on

the equivalent circuit, conversion loss, and noise figure,

etc., of crystal mixers. Detailed studies [3 ]– [7 ] relating

to the effects of the image frequency component on the

above characteristics are also available. On delay dis-

tortion in mixers, however, there is no literature within

the knowledge of the authors. With respect to broad-

band receiving mixers, the authors first investigated

general performance; second, analyzed the cause, shape,

and magnitude of delay distortion; and third, made

clear the condition under which the distortion would

vanish, and proved this experimentally. The following is

the result of these analyses and experiments.

II. EQUIVALENT CIRCUIT OF MIXER

There are a number of studies [1 ]– [3], [5 ]– [7 ] on the

equivalent circuit of a mixer. Since the same symbols

are not always used in these works they are defined as

follows in this report:

fL = w~/27r Local Oscillator Frequency,

f. = w,/27r Input Signal Frequency,
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Fig. l—Equivalent circuit of mixer (normalized by go)
when fs >fL

fif = ouf/2~ IF Signal Frequenqy,

fi~ = wiJ27r Image Frequency;

v., 1,: Vector indication off. voltage and

Vif, .Iif: Vector indication of jif voltage and

(1)

current,

current,

Vi~, li~: Vector indication of fim voltage and current; (2)

P1 = gl/go Conversion constant,

1.L2 = g2/gO Conversion constant; (3)

where go, gl, and gj are given by the following equation

[1], [3], [5], [6] when the crystal characteristic k ex-

pressed as i =f(v) :

d;
~ = f’(v) = g, + g 2gm Cos Wzw.1. (4)

m= 1

The relationship of voltages and currents of the sig-

nal frequency, intermediate frequency, and in age fre-

quency is given by (5) when j. >f L, while the equivalent

circuit is denoted by the 3-terminal-pair network lmade

up of terminal pairs 1–1’, 2–2’, and 3–3’, as in Fig. 1.

Eil=g0KI!i17“)
where* denotes a conjugate value.

Although (5) and Fig. 1 are usually expressed in terms

of go, gl, and gz, since go, PI, and P2 are of the utmost im-

portance [9], they are normalized by and. expressed in

go. NOW, let a crystal detector characteristic be

i = KV’ when V > 0,

~=() when V < 0, (6)

and dc bias voltage = O. Then, conversion constants I.L1,

and p, are determinable by n alone as in Fig. 2, [5 ], [9 ].
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Fig. 2—Variation of pI and pa with n.
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Fig. 3—Variation of gO with dc rectified current
(1 mw 2 ma crystal).

In a type 11’-J23B, which we used, the dc rectified cur-

rent ~d~ was assumed to be about 2 ma for a local oscil-

lator power of 1 milliwatt, and so gO is given by Fig. 3.

In the case where f, <fL, the intermediate frequency

component has to take its conj ugate value. But since the

result is the same with regard to delay distortion in

either case, analysis in this report has been made in the

case where f, >fL.

II 1. GENERAL PERFORMANCE OF MIXER

1. When Barrier Capacitance of Crystal is Ignored

The receiving mixer consists of the image suppression

filter, impedance matching circuit, crystal detector, and

intermediate frequency preamplifier. These elements de-

termine synthetically the over-all characteristics of the

mixer. Therefore, the admittances connected, respec-

tively, to terminal pairs l–l’, 2–2’, and 3–3’ of the equiv-

alent circuit in Fig. 1 may be assumed as follows: 1) In-

termediate frequency terminal pair 2–2’ is connected to

an input circuit of the intermediate frequency preampli-

fier, and this admittance is regarded as an almost con-

stant conductance Gif within the desired band. 2) Since

input signal terminal pair l–l’ is well matched to reduce

echo distortion of the feeder line, this side can be con-

sidered to be connected to constant current source I,f

and constant source conductance G,, G, being almost

equal to the input admittance of the crystal mixer. 3) On

the contrary, image terminal pair 3–3’ can be considered

to be connected to a shorted line, since the image fre-

quency component generated at the crystal mixer is per-

fectly reflected by the image suppression filter. If 1 be

the electrical equivalent length of the shorted line for

image frequency, Gi~ be the equivalent characteristic

admittance, ~ be the propagation constant, then the

arrangement at this side becomes equivalent to the case

where image terminal pair 3–3’ is connected to a sus-

ceptance, –jGi~ cot @l.

By normalizing all these quantities to go, we have

g,= G./go normalized source conductance,

gif=Gif/go normalized intermediate frequency

conductance,

gim = Gim/go normalized equivalent characteristic

admittance,

Yi~ = sjgi~ cot @l normalized image frequency ad- (7)

mittance;

and letting

0 = /?1 electrical angle for image frequency,

we obtain a 3-terminal-pair network made up of termi-

nal pairs a–a’, b–b’, and c–c’ in Fig. 1. From (5) we have

also

I.’

[1[

l+gr p, jJ2 v.
O=y, 1+ gif /.L~

1[ 1
Vif . (8)

o /.42 PI 1 + l’i~” Vi~*

Calculating the transfer admittance G~ from (8),

I,’ 1 + jKl cot 9
GT=C=GTIO

l+jK2coto’
(9)

1

where

A.
G,. = – gO

PI(1 — P2) ‘

I+g ~~
AS3 =

l+gif’
(lo)

PI

GTO is the transfer admittance in the case where the

image frequency impedance is infinite, that is, cot O= O,
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Fig. 4—Vector of transfer admittance.
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are the transfer frequency response of a nnixer.) The in-

put admittance of a mixer is given by (15), similar to (9):

1 + jK1’ cot 6
Gin = gin o

1 +jK2’ cot e ‘

where

(15)

204?0} /G7/

KS–KI=A
KIK2 =B

K,/K, = C

Fig. 5—Variation of transfer admittance G~, when
barrier capacitance is ignored.

and the transfer admittance GTs, when the image fre-

quency impedance is short, i.e., cot O= ~, is given by

With (11), (9) is expressed as follows,

{

Kz cot 0
GT=GTE+(GTO-GTS) ~+K~ cot,O–~

1+KZ2 cot2 O}

=Gm+(GTo-G~s)(Re. -j Imag.) (12)

The second term of (12) is interesting in comparison

to ordinary resonance circuits, and the transfer admit-

tance of a mixer can be obtained schematically from

GT8, GTO, and Imag./Re. = tan O’ =Kz cot 0, as shown in

Fig. 4.

Moreover, the amplitude and the phase character-

istics of transfer admittance are easily derived from (9) :

1 + “2 cot’ e (13)2010g ] GTI = 2010g I GTOI + lologl + K,2cot28,

{

(K, – K,) cot O
@ = Arg GT = – tan-~ —

)
+ T,

1 + KIK2 cot’ o
(14)

which are shown in Fig. 5; and the sharpness of shape

depends on K1. KZ alone. (The inversions of these curves

{

/.412(1 ‘- /J2)

)
gin o = go(l – /.42) I + /42 – —–—– , (16)

1 + gif ‘ P12

and

1 + gif

K2’ =
1 + gif – P12

(17)

(18)

Fig. 6 shows the normalized input admittance in the

case where image frequency impedance is short or open.

Assuming that the source admittance g, is nearly

equal to the input admittance gi. = Gi./go for the pur-

pose of reducing echo distortion, that is, of impedance

matching, the output admittance of a mixer is described

as follows:

1 + jK<’ cot O
Gout = gout. o

1 + jKz” cot e ‘

where

(1 – /J2)(l + /-42 – 2/J12) + (1 ‘- w%, ~20)
gout. o = go

l–#22+gr

IJ _
K1 –

and

K2° =

gim(l – /J12 + g,)
——

(1 – P2)(1 + P2

(21)
– 2p12) + (1 – pl’)gr ‘

gim(l + g.)
(22)

l–@+gr

The normalized output admittance is shown in Fig. 7.

Under the same condition as the output admittance,

i.e., g,= gi., the conversion loss of a mixer is obtained as

follows:

‘= (1’2”&)/(v’f2”g’fug”)

1 (G~/go) 2
=— . ?

4 gr$ gi~
(23)

the value of which is indicated in Fig. 8, in the case

where the image frequency impedance is open or short.

2. Whew Bawiev Capacitate of Crystal is Considered

Let C be the barrier capacitance. Then, C’ is connected

in parallel to terminal pairs l–l’, 2–2’, and 3–3’ of Fig. 1.

At terminal pairs l–l’ and 2–2’, however, capacitance C

is tuned out by the impedance matching circulit and in-

termediate frequency tuning circuit, respectively, and
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~ = ❑ when image frequency impedance is short.

tz = O when image frequency impedance is open.

Fig. 6—Variation of input admittance with IF admittance.
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n = ❑ when image frequency impedance is short.
n = O when image frequency impedance is open.

Fig. 7—Variation of output admittance with IF admittance.

it may be considered that capacitance C is connected

only to terminal pair 3–31. Since the bandwidth under

consideration is 20 mc and ji~ is about 4000 mc, sus-

ceptance u~~C may be considered also to be constant

within the band. Therefore, by substituting (cot O– a)

for cot 6 in the above equations, the various impedances

of a mixer, in the case where barrier capacitance is con-

sidered, can be easily calculated. Where

a = ~i~C/Gi~, (24)

for example, the transfer admittance becomes unsym-

metric, as shown in Fig. 9, and unlike the one encoun-

tered in Fig. 5.

IV. THE CONDITION THAT MAKES IMAGE

FREQUENCY VOLTAGE ZERO

When the intermediate frequency conductance is a

special value of gif.j no image frequency component is

generated. In (8), the condition that makes Vim*= O is
the following:

/.J1 1 + gift o

A13 = . ; (25)
P2 &l

that is,

2

gift = E- – 1. (26)
IJ2

co.,.,
L db

15

/25

10

>5

5

25 ~,
05 m 5 ro f+

n = ❑ when image frequency impedance is short.
~ = 0 when image frequency impedance is open.

Fig. 8—Variation of conversion loss with IF admittance.

t
m-t+

e

K2–K1=A
KIK2 = B

KI/K, = C

Fig. 9—Variation of transfer admittance G~ when barrier
capacitance is considered.

Eq. (26) is the condition where amplitude and delay

distortion always vanish independently of the image fre-

quency impedance, meaning, physically, that no ap-

preciable image frequency component is generated under

this condition.

This is due to the following reason: an image fre-

quency component generated at terminal pair 3–3’,

which is derived from signal component coming through

arm P2 from terminal pair l–l’ on the one hand, and a

similar component generated at terminal pair 3–3’

through terminal pair 2–2’ from terminal pair l–l’ on

the other hand, neutralize each other, resulting in no

image frequency component present at terminal pair

3–3’. Of the above two image frequency components,

the one through arm pa is the difference of the input

signal and a second harmonic of the local oscillator fre-

quency, while the other through 2–2’ is the difference of

the local oscillator frequency and the intermediate fre-

quency component derived from the input signal.
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Fig. 10—Variation of A with IF admittance
(delay time, when o= 900).
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Fig. 1l—Variation of B with IF admittance.

The condition in (26) is very interesting theoretically:

~ifo is determinable by PI and IJZ, that is to say, detector

characteristic n alone.

From PI and P2 in Fig. 2, gift is seen in Table I.

TABLE I

n 1 2 3 4
—

gift cc 0.85 0.43 0.31

Hence, the characteristics of a mixer, i.e., input ad-

mittance Gi., transfer admittance GT, and conversion

loss L, can be said to be independent of image frequency

impedance in the case of gif =gife, and this gi~c is the

cross point in Figs. 6 and 8, that is, the zero point in

Figs. 10, 12, and 14.

V. DELAY DISTORTION OF lMIXIZR

1. When Barrier Capacitance of Crystal is Igno~ed

The phase delay @ of Vif relative to 1’s is given from

(14) as follows:

@ = – tan-’

where

{A cot 0/(1+ B cot’ 0)} + T, (27)

,+68 I I I I I 11111 I I I I llr~l T——rT—mmri

o

-02

+ ,

Fig. 12—Variation of A/B with IF admittance
(delay time, when O=0).

Differentiating (27) with respect to u,, we obtain the

group-delay-time T. But since there is a relation that

tii~ ‘W.–zwif ‘ZWL–W87 we have

d(!)
.——

d~im

~ (1 – B cot’ 6)(1 + cot’ O)
—.— -. TO,

(1 + Bcot’ e)’+ A’cot’e
(29)

where

d/3

= 1dwim “
(30)

To is the time required by the image frequency com-

ponent to propagate over line 1 at its own group velocity.

It is clear from (29) that delay time characteristic in this

case is symmetric with respect to O= O, and is given by

T, = [A/B]. To,

T,=– A. To, (31)

where

T1 = delay time when O = O (i.e. short)

TJ = delay time when 19 = 90° (i.e. open).

Also, we have

fll = + tan–l ~Z (32)

where 01 is an electric angle when delay time is zero, i.e.,

T=O. Then, A/gi~, B/gi~27 and [A/B ]gin can be ex-

pressed respectively as in Figs. 10–12. l?rom these

graphs, we can easily calculate T1 and T2, if ~im k given.

gim {1+ gif)/J2- P1’j’ {(1 - /J2)+ gr}
A= K2– Kl=—

1 – ~2”(1 +gif ‘PI’) {(1 ‘&2) +g.} + (1 ‘!J2) {(1 +gif)P2 ‘Plq’

anti
gim’ (1 + gif)(l + g.) – IJ12

‘= ‘1– ‘2= 1 ‘#7, ”(l+gif -Pl’){(1-K2)+gr] +(l– K2){(~+ ~if)P2–#~21) “

(28)
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Fig. 14—Variation of delay distortion due to IF admittance.

(c)

(d)

(e)

Fig. 13—Shape of delay distortion in mixers
(when barrier capacitance is ignored).

In the case of gif =gif., i.e., A = O, delay time is always

zero, delay distortion is entirely absent, and A changes

its sign with this gift as the critical value.

From what has been described, delay time character-

istic is now fairly apparent. Further detailed study by

dT/dO (see Appendix II) shows that, when A >0, this

delay distortion assumes various shapes as shown in

Fig. 13. Fig. 13(a) is the case when B > [3+ <9+4A2]/2.
A sharp hump of delay distortion occurs when O= 90°,

that is, when image impedance is infinite. As B grows

smaller and smaller in comparison with A, the delay

time characteristic assumes the shapes shown in (b) and

(c), and approaches the sinusoidal shape, like an ordi-

nary echo distortion. Further decrease in B relative to A

makes the shape like that in (d). When B <(1 — A 2, /3, a

hump presents such a shape as in (e) at 6 = O, that is,

when the image impedance is zero. In practice, however,

delay distortion in mixers hardly takes the shape as in

(e). Also, in the case of echo distortion on the feeder

line, the conditions that lead to the formation of shapes

as in (a) and (e) do not exist.

When A <O, the curves in Fig. 13 are only upside-

down, and the conditions for (a), (b), (c), (d), and (e) are

entirely the same as when A >0. Thus the shape of de-

lay distortion in mixers assumes in general the shape

shown in Fig. 14, except the case when n =1. At the

value of gif. which satisfies (26), delay distortion van-

ishes entirely, and changes its polarity with this value

T
T,’

-x -%

-r;

e;

f

e;

T,

o

&n-’(a> cot -f(a)

Fig. 15—Shape of delay distortion in mixers (when
barrier capacitance is considered),

as the critical condition. The manner of this variation

can be anticipated easily from curves in Figs, 10 and 12,

2. When Barrier Capacitance oj Crystal is Considered

In this case, taking account of the fact described in

Section III-2, delay time T is given from (8) and (29).

[1 – B(cot o – a)’] ~(1 + cot’ O)

T = – A [1+ I?(cot@ – a)’]’+ il’(cot~ – a)2” T0’ ’33)

where a is expressed in (24).

The shape and magnitude of delay distortion can be

estimated by comparing (33) with (29), as shown in

Fig. 15. Namely, when O= O,

T, = [A/13] To;

when

6 = cot–l a,

Tz’ = – A(I + a2)TO;

when

6 = – tan–l a,

{1 - B(a-1 + a)’] (1 + a-’)

‘{= – A {l+ B(a-’+ a)’)’+ A’(a-’+ a) ’” TO’

when
e = 900

(1 – a2B)
TZ=– A

(1 + a2B)’ + azA,” To.

(34)
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Hence, the condition that makes T= O when 8 is in the

range of —90° to +90°, is

fll’ = cot–l (a + B–1/2);

when

~ < B–112 9

!%’ = cot–l (a

when

~ > B–1/j )

similarly,

93’ = cot–l (a

B–112
);

&l/2). (35)

Since, in general, it suffices to consider T2’ as delay dis-

tortion, we may say that the magnitude of delay dis-

tortion in this case is (1 +az) times larger, hence, a great

deal sharper, compared with that when the barrier ca-

pacitance is ignored.

VI. EXAMPLE OF NUMERICAL VALUE CALCULATION

Numerical values were calculated, expressing the

crystal characteristic as in (6) ; namely, i = Kv” for the

positive direction, and i = O for the negative direction,

assuming the dc bias voltage is zero. Since one of the

most easily measurable physical quantities in the micro-

wave band is dc rectified current rdo against the local

oscillator power, and in a type 1N23B, which we used,

~do ~ 2 ma at 1 milliwatt, we regarded as ~d. = 2 ma for

the local oscillator power of 1 milliwatt. Under this con-

dition, we can find the value for gO in Fig. 3, and then

values for pl and WZ from Fig. 2. The equivalent circuit

of Fig. 1 was determined in this way. We took~.=3810

mc and ~~ = 3880 mc, and, for the purpose of exaggerat-

ing the result, made 1=6 m; i.e., TO=26.4 reps.

In the calculations and graphs to follow, the abscissa

indicates the deviation from the center value of inter-

mediate frequencyfif. In practice, because 1 in the mixer

is in the range from 0.6 m to 0.3 m, the actual magnitude

of delay distortion would be about 1/1 O to 1/20 the cal-

culated example, and the pitch of delay distortion

would be from 10–20 times the actual value.

Fig. 16 is the result of calculation showing variation

of delay time characteristic with n, when the crystal, of

which dc rectified current is 2 ma for the local oscillator

power of 1 milliwatt, is used at ~de’ = 1 ma, and

Gif= 1/85 !2 and Gi~= 1/75 Q.

Fig. 17 shows variation of delay distortion with

equivalent characteristic admittance Gin for the image

frequency, when I~J = 1 ma, Gif = 1/85 fl, and n =2.

Fig. 18 is the result of calculation showing variation of

delay distortion with variation of barrier capacitance C

when Gif= 1/85 Q, G~u= 1/75 Q, and n=2.

It is evident from the above graphs that delay dis-

tortion generally increases with increase in Gim and C.

VII. EXPERIMENTAL RESULT

Experiments were made with the circuit shown in

Fig. 19, which uses an L-type branching circuit [12],

The intermediate frequency preamplifier of this experi-

ment was an inverted type amplifier employing a type

6J4 tube and having an input impedance of about 85

ohms, while the crystal detector was the type IN23B

crystal diode. The delay time characteristic of the meas-

uring system was about 12 mpsec within the 20 mc

band; but since it had a single peaked and smooth char-

acteristic, and was not considered to disturb the meas-

urement of a sharply humped delay distortion in the

mixer, the system delay time characteristic was not

equalized. Accordingly, the base curve of the measured

result is almost the delay time characteristic of the

measuring system.

Fig. 20 shows two delay distortion curves when

l/Gif ~85 ohms, f,=3810 mc, and ~~=,3880 mc. Curve

1 corresponds to the case when length 1 between the

image suppression filter and the crystal detector was

about 6 meters; while curve 2 is the case when 1~ 3.8

meters. NTote that the magnitude of the humped distor-

tion is proportional to 1 and the pitch is inversely pro-

portional to 1.

Fig. 21 shows variation of delay distortion as the in-

termediate frequency impedance Zif was varied from

22 ohms to 2 kilo-ohms when Z~ 5.3 m, ~d.’ ~ 1 ma,

f,= 3930mc, fL = 4000 mc; and Fig. 22 indicates varia-

tion of amplitude frequency response in the same case.

Zif is the load of the crystal detector and corresponds to

l/Gif. When the magnitudes of the above humped dis-

tortions were arranged as functions of Zif,l Fig. 23 was

obtained. (In the graph, either of amplitude and delay

distortion is zero when Zif ~ 200 ohms, and changes its

sign with this load as the critical value.) The tendency

of this variation agrees with that of Figs. 10 and 14. The

theoretical value Zif calculated from both gif. = 0.85 in

Table I and go= 6.1 millimho of the crystal detector in

Fig. 3 is about 194 ohms (n is always regardled as 2), and

shows good agreement with the experimental value

Zif ~ 200 ohms.

Fig. 24(a) to Fig. 24(c) shows change in delay

distortion due to crystal current ~dC’ as Zif is taken

85 ohms, 205 ohms, and 785 ohms, respectively, when

f. ‘3,930 mc, fL ‘4000 mc, and 1~.5.3 m, Since go in-

creases as rd~’ increases, and go decrease:~ as ~dO’ de-

creases, the condition is opposite in (a) ancl (c) whether

gif appmadm or leaves the critical values gif. which

satisfies (26). This fact is clearly shown in these graphs.

In practice, since 1 is shorter, and delay distortion is

about 1/10 to 1/20 of the above results, it can be said

from Fig. 24(b) that delay distortion hardly occurs in

the actually operated range of 0.75 ma–1.5 ma, when

Zif = 200 ohms. Since this distortionless condition, i.e.

gif., is independent of equivalent characteristic admit-

tance Gi~ for image frequency component and barrier

capacitance C, the value of gif. is almost cc,nstant. Con-



234 IRE TRANSACTIONS ON MICROWAVE

~d~= 1 ma (l-row a-ma crystal).
Gif = 1/85 Q

(l)n=l
(2) %=2

G,~~~/~5 ~ (3) n=3
(4) n=4

Fig. 16—Variation of delay distortion with n,

~&’ = 1 ma (n=2, l-row 2-ma crystal). (1) Gi~=4.8 millimbo=
Gin m

Gii= 1/85 Q (2) Gti=13.3 millimbo
l=6m (3) Gti = 20.0 millimbo

Fig. 17—Variation of delay distortion with equivalent charac-
teristic admittance Gi~ for image frequency.

sequently, in practice, hardly any difference of gif. value
was observed when several crystal detectors were re-

placed during the measurements.

It will be noticed that the delay distortion curves in

Figs. 20, 21, and 24 are somewhat different from one

another in magnitude and shape.

Fig.
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~dc’ = 1 ma (n= 2, l-lnw a-ma crystal). (1) C=O pF
Gif = 1/85 Q (2) c=O.1 pF

Gim= 1,/75 Q (3) C=O.5 pF
1%6 m (4) C=l.O pF

18—Delay distortion when barrier capacitance is considered.

L. 0. i.pu t a ‘
A

syn.[ +ut ,

A = Variable attenuator L =L-type branching circuit
Fs = Image suppression filter F,L = Local oscillator filter

@= Phase shifter M= Impedance matching circuit
X= Crystal detector PIF = Intermediate frequency

preamplifier

Fig. 19—Measuring system.

These differences are attributed to the variation of

each element in the matching circuit, which is adjusted

to retain a good matching condition for the input signal.

In other words, this implies the variation of the equiva-

lent characteristic admittance Girn for image frequency

components due to the adjustment of the matching cir-

cuit.

Gi~ also varies with the frequency response of the

matching circuit as well as its relative distance from the

image suppression filter.

Graph (b) of Fig. 25 shows the variation of noise

figure with Zif under the circuit arrangement shown in

(a), and indicates that noise figure is best when Zif ~ 200

ohms. The use of an inverted type amplifier with 6J4

tube for the intermediate frequency preamplifier there-

fore makes the distortionless condition and optimum

noise figure condition approximately coincide with each

other. The above experimental results agree in tenden-

cies with the preceding analyses and the examples of

numerical value calculations.
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Fig. 20—Experimental result of delay distortion vs equivalent
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Fig. 22—Variation of amplitude frequency
response with IF impedance.

VIII. CONCLUSION

From the above analysis, calculations, and experi-

ments, delay distortion in mixers has been illustrated.

The results may be summarized as follows:

Characteristics of Delay Distortion

1) The magnitude of delay distortion in mixers is, like

echo distortion in a feeder, directly proportional

Disforfion in Crysfal Mixers 255

0,1.,

Fig. 23—Variations of amplitude and delay
distortion with IF impedance.

m f.y 7;?”<

(a) Zif=85 Q (b) Zi~=205 Q (c) Z,~=785 Q

Fig. 24—Variation of delay distortion with crystal current.

z ;f
—

2)

3)

4)

N. F.

1

(b]

Z if

1N23B ~dc’ = 1 ma

Fig. 25—Variation of noise figure with IF irnpedauce.

to the length of the transmission line for the image

frequency component. The pitch is inversely pro-

portional to the length.

In many cases, delay distortion in mixers is differ-

ent from echo distortion, in that it is sharply

humped.

This delay distortion takes the maxi mum value at

the frequency where image frequency impedance

becomes infinite.

This delay distortion increases abruptly with in-

crease in the barrier capacitance of the mixer.



256 IRE TRANSACTIONS ON MICROWAVE THEORY AND TECHNIQUES April

Conditions That Reduce Delay Distortion [14 ]

1)

2)

3)

One of the conditions is to avoid the image fre-

quency impedance reaching infinity within the de-

sired band.

Another is to select the load conductance of the

mixer, i.e., intermediate frequency conductance

gif> as gift= (p12/pz) – 1.

Still another is to terminate the image frequency

impedance in an appropriate resistance load;

namely, to provide a branching circuit which ab-

sorbs the image frequency component.

Of these three conditions, 2) cannot be expected to

coincide always with the condition that makes noise

figure a minimum, while 3) calls for a complicated

waveguide circuit. Condition 1), therefore, is most de-

sirable from the practical viewpoint. It may be said,

therefore, without such special consideration paid to the

mixer design, that a sharply humped distortion may ap-

pear with a pitch of 200–400 mc with the magnitude of a

few millimicroseconds in an ordinary mixer. Such distor-

tion will be observed with a probability of about 1/10–

1/20 in the 20-mc band of a repeater.

Spreading resistance of crystal detector has been

omitted from consideration, since it involves very com-

plicated problems. This, of course, mitigates delay dis-

tortion, and so in practice seems to put the delay distor-

tion about intermediate between the two conditions;

that is, the condition when the barrier capacitance is

ignored and the condition when it is considered. Qualita-

tively, the above conclusions are applicable equally to

mixers other than the receiving crystal mixers.

APPENDIX I

The normalized input admittance of a mixer, when

the image frequency impedance is short or open, is given

by

1 + gif – ~12
g,. , = ?

1 + gif
(36)

and

(1 + lJ2)(l + gif) – ZJ12 . (37)

gin O = (1 – P2)
1 + gif – #~2

When both input signal and image frequency termi-

nals are connected and matched to identical imped-

ances, the input admittance is

gin m = V’gin s gin O (38)

The numerical calculation was made by substituting

gi. n for g, in (28). Substitution of either gi. , or gin o in-

stead of girl ~, does not vary the values in Figs. 10–12 by

more than 5 per cent in the given gif range.

APPENDIX II

Shape of Delay Time Characteristic

When (29) is differentiated,

dT 2AT0 cot 0(1 + cot2 0)

d9 = - {(1 + Bcot2 e)’ + A2cot20}2

“[B{A2 + B(3 – B)] Cot’o + 2B(1 + B) Cotae

+ (3B + A’ – l)]. (39)

The conditions that make (39) zero except when 6= O

and O= 90°, exist in the following cases:

B > [3 + ~9 + 4A2]/2, (40)

B < [1 – A2]/3. (41)

Under the condition that satisfies (40), and when it is

assumed that B>>3 and A 2<<1, &, and Ti in Fig. 13(a)

become

‘3=* cO’-’[:(a2+2+ *cot”’/:’42)

T3 :: To. (43)

and 62 in Fig. 13; i.e., the width of hump may be ex-

pressed by
e, = 2 cOt-1 @. (44)
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