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:g Frequency synthesizexs are devices used to gensrats signals whose
%ﬁ frequsncy caon be set as desired. The prsaent fraquancy synthesizer,

%ﬁ intendad to generate sevaral local oscillator signals required for the
%% 256 channsl narrow band filter receiver under construction st the Reman

Research Institute, Bangalore. The receiver is intended for the study of

&

24

nolecular lines emitted by several molecules in osur Galaxy at millimetre

X o X bR s S = e

b=

wavelengths. For example, Carbon Monoxide has an emission line centred
around 115,271 GHz and it is widely distributed in ocur Galaxy. The study g%

of such phenomena is celled molecular spectrosceopy,; in which two parameters /E

mainly determine the quality of observations. First is the resolution and

2

2
S0}

second is the total spectrum studied with such a resclution.

Essopacesg
RE= A=

- An ddeel filter receiver should have the widest possible spectrum width

NG

and the narrowest possible spectral resvlution., The required spectral resoe

¥/

(>

lutinn depends upon the width of the spectral line which we wish to study.

g =res

X
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At millimetre wavelengths for normasl molecular lines, a3 spectral resclution

of 250 KHz is considered sufficient. We need however a number of such

FFENPEENS

P
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g

narrowband channels to achieve a wide spectrum, In the present filter
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receiver we cover a 64 MH, wide spectrum with s resslution of 250 KHz per

p S

T

channael,

]
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The mmewave spectrum is first converted tc an interwmediate frequency

P
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spectrum, say 10-400 MHz, by mixing it with a local oscillator signal at
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the required frequency. This 1.F. Spectrum is then amplified. In this I.F/

”
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molecular spectral information is centred in the range 118 MHz by proper

adjustment of the frequency of the first local oscillator., It is diffioult

A 3@*

to construct passive or active filters with 250 KHz wandwidth in this range

Fgres,
9
SRR

SENSE SRS

of frequencies, because the loaded { requirement of the filter will be very

@5
&

large. So the entire range is brought down in Treguancy te whers passive

Bos

PR

filtees may be used without sny difficulty. The original spectral &nfuxnat#cuﬁ@

o)

can then be studied by either of the following methodss By arranging several’.i

G
<3

filters such that their centre frequencies differ by one bandwidth, or by

e P

Y:\\ﬁ@/
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N

S

using several filters of the seme centre fraquency and using several local
escillators to gst the required range of frequencies. The receiver is optie

mized by using both of these two methods,

The range of frequencies from 118 MHz to 182 MHz is brought down to
two identical bands of 32 MHz bandwidth extending from 50 MHE to 82 MHz by
beating with local oscillater frequencies of 200 MHz and 232 MHz. Again,

i e X He e e

\&f@ %

each of these bands of frequenciss iv divided into four identical bands

rSEREGEEE RS

of 8 MMz bandwidth extending from 26 «34 MHz by mixing with frequencies of

76

T : i
5 108 MHz, 100 MMz, 92 MHz and 64 MHz, Further mixing with local oscillator %ﬁ
{ s
%)" frequencies of 17.5 MHz, 18,5 MHz, 19.5 MHz, 20,5 MHz, 21.5 MHz, 22.5 MHz, gofg
o Se2
1) , /

@5 24,5 MHz results in eight 1 MHz wide signals. These are then separated 1»%0?“3

o @
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four 250 MMz bends by passing through four bandpass filters ahénc centre
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frequencies are separated by 250 KHz.

R )

Z%L AP

QB

The aim of the present Frequency Synthesizer is to produce the above
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local oscillator signale with sideband noise levels well below 40 dB. Haxed
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monic levels should bs also bslow 40 dB. [t is impertant that the sesond
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Harmonics of the generated frequencies do not fall into the I.F bands of

PR=— b

the receiver. The output levels of the synthesizer should be at a level

7

of +7 dBm,
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Chapter 2 introduces the design philosephy of the synthesizer and @?

gives the block diagram ofthe system.

ﬁ@@@@%%ﬁ@@é
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Chapter 3 is devoted toc the design of the components used.
Chapter 4 describes the Mixers and digital techniques used for fre-
quency division, Component values and the performance of each unit are

also discussed.

Chapter 5 gives the system Assembly, constructional details and

=

performance of the system.
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In the design of the Frequency synthesijer, it is seen that the number

g

of mixers used is a minimum and the mixer outputs are such that the loaded

—

\/’é
S
=
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BT eres ) 6

g@ Q requirement of the filters used to separate its output frequencies does
DX o B
§? not exceed 10, It is important that frequencies are generated nowhere = éy

.00

whose second hazuoni§ falls into the l.F.bsnd of the receiver. It is pre-

e

(RS

ferred to obtain the final frequencies by frequency translation.

S D

The synthesizer has as input a 5 MHz standard source with a stability

m,f{
=iy

% or

==
¢

of 1 in 1Bs. Frequencies from 17.5 MHz to 24.5 MHz should be cbtained in

steps of 1 MHz., The scheme is shown in Fig.2 and the operation is explained

=t

&

(s

belowe

Using & transistor frequency multiplier (x 4), 20 MHz is generated

from the 5 MHz standard. {1 MHz is obtained by dividing 5 MHz by digital

techniques. This 1 MHz is multiplied by a transistor multiplier (x 2) te

I
N

EBoSENSEEBIEBES

get a 2 MHz signal. Further multiplication (x 2} of the 2 Wiz signal yislds

(}\'\';,i"/’”—gt,
s S
> @|é

s 4 Mz signal. 2.5 Wiz is sbiained by dividing (2 2) the 5 NNz signal.

28)/. &
X
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The final frequencies are now produced by frequency translation.

&
)

[©)

20 MHz when mixed with 2,5 MHz gives us 22,5 MHz and 17.5 MHz. 17.5 MHz when

and 21-S M.

mized with 4 MHz gives us 21.5 MHz. Mixing 22.5 MHz with 2 MHz signals

2P &

=

Xa)
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B

b=
P

%i gives us 20.5 MHz, 24.5 MHz, 19.5 MHz and 23.5 MHz respectively. 18.5 MHz ! g%
g& is obtained from 20.5 MHz by a separate mixer. We find that to obtain all Ei
i% these frequencies we require 5 Mixers. g%
o i
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%
)

)

AASSOP NSZeS051 | | 29 R 22y SN\ /P 31875 8 G 0 7 oty o PR — —
bf%@“%%@@ﬁ«ey@@ PSS S



¥
Rl
L v : > 2.
§ ....... - e e P 3 ST
5 FL .. . ’
t 4. WHz : ’ g > 24.5 et
P ~ ;
Gohmith | o ’ . - E
Ygiggat . , Powe : :
: | Rivider » 0.5 My,
I - ' | ‘
j ) ’ o
. : o Fxéquawzy ' ) ' ’;
T Co Bivider B Pt 4
"'i s i et IE. .'i‘%viv?’"WA‘“'_“—"“w-i) 13.5 mw.
K [ R Frequancy | - !
g e | Buliiplies . : » ;
- X &0 -
; : ; : " P L7085 Min.

Splittes

I - 1 . . 8. P, F. | | Power - LT
- Powes Lt 21.% ) jSplittes : 218 P
fmplifies . . , .
- i' o K Powss 1 oFiltes ‘ '
B ertinine Lo P23, § Pare .
Frwlig o} Fraquéency |- BoffoF o Spiiziaz I —— 23,5
Bplitter L. |Buliiplier et & Btz . » )
1 . 1 w2 i . . . 7 - .. ) .
> . E . L T . H N Filter v IR
o st 19, Tz b P18 My,

o e R S vF,?,E..:» Svnieé'zéf, block. d'l’kﬁr\.m"’l :



R S

e

=

-
%

&5
o

=

263

Mrwr
=
e

“ﬁ

PES B

3

3

>

B2

e

. (O 6)
&$\<u

S

"It was found axperinentally that a transister fregqusncy multiplier tuned te

o

Powey dividers are used in place whears it is necessaxy that pewer %2

| %

should be fed into ssparate branches. The power splitters ensurss good %g
4

isolation betwaen the divided porta, 9Split Tee Power dividers, made by ﬁ;

sinulating transwission lines using lumped slamants, are ussd in the .

¢

synthesisesr. T.
Transistor frequency multipliexrs are nothing but Pewer amplifiers

where the output is tuned to soms hammonic of #is input « It is ocparated
biasi
with b;:n£;% under class £ eonditions because this mode has a good effi-

ciency. As a rule of thumb the efficiency of a second harmmonic multiplier

NS

<P

G

is 42 pesroent, third harmenic 28 percent and fourth hazmenisc 21 percent.

ite fourth harmoni¢ produced enough output to work the R.F port of the
Mixer SN 76514, Hence 20 MMz is directly obtained from 5 MHz through a
single frequency multiplier. Two other transistor multipliers are tuned

te their secand harmenié to got 2 Miz snd 4 MHz signals.

S S

frequengy division is dome by digital techniques. Divide by 5 and

B¢

divide by 2 opsration can be sccompkished by using a single IC Chip SN T490, g@
Since such divisions are possible only with square waves, we require two
scheitt triggers for the divide by 2 and divide by S operstions. The SN 741
thip contains dusl NANDED Schmitt triggers., By shotting the inputs of e |

NAND gates conversion to square waves becomes possible. The divided square

wave contains the required fundamental end its higher hazwonics. A lew pass %ﬁ

filter is used to extract the sine wave from the sguare wave.

Bandpass filters must be capable of rejecting unwanted harmonics to a

eed

TGS SIS
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level of at least 40 dB. Modexrn filter design techniques provide Nomegrsphs':

N
=3

and tables to pzedstermine tha nature ef the responae and ths attsnuation ?
levels st the reguired \'fu'qmucy'.' The polynemial typs of filters with cous /'
pied resonators are used. The complexity of the filter depends on the chae

270

=

racteristios required aad the Butterwerth typs pf zasponse has baen fnbnm

oz i
enES x
j@ &
N

s

to charsstesiss the passband.

——

The Mixer cireuit used is the SN 76514 whieh is available in intagrated |{j

form., The 5N 76514 is a double balanced mixer which utilises two crosse

coupled, differential transistor pairs driven by a third balanced pair. The g{g
circuit futuxci a flat response over a wide band of frequencies (typically ?@?

100 MHz). Most of the circuitry is built into the chip. The only external g@

cemponsnts sxe the bypass sspssitors to ba chosen for optimum parformence. I

When assembling the components together &t is desirsble to ensure that @é

&

the connected terminals are matched, This reduces reflections and minimizes %ﬁ

power losses, @\g
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o In section M, the types of filters used smd their design is

IS

=

dascribed. In sastion 3,2, ths svolution of the eplit-tes powsr

SN

divider from a transmission ling fomm is given with design equations
for simulbing s tranomission line using inductors and capassitoxs,

Section 3.3, gives the design zequiremsnt of the transistor freguancy

=

=2\

multiplier.

L

In designing filtars, it is convenient to normaliss the slsment

RESLNEE

%

valuss, We begin by deaigning for a 1 ahm Sermination and for & cut
of? at4! radisn per second. This helps us to svoid desling with numbexrs

containing powers of 10 and 2. Once the design is completed on this

basis, ths elsment values San ba scaled in iwmpedancs and frequsncy te

get practical component values.

The bshaviour of an ideal low pass filter is shown in figure 3.%

This ideal response shows no attenuation at all from zere frequency to

BiSsirs

w=1 but infinite attenuation at cut off. Practical filters can be

SENTS

constructed to approximate this ideal in any of several different ways,

Figure 3.2 shows the Butterworth type of approximation. Here

=S
AN

the passband is sesn to b sxcesdingly flet near zere fraquency snd &
very high attenuation is experienced at high frequency, but the appro-
ximation for both pass and stop bands ie welatively poor neix the sut

" off xegion,
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Fig.3.1., The ideal low pass filte:r,
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r’.ge §§ 3.3

Tchehyehaff soproximation,

[
I8l
TR

Fig,3.2. Butterworth approxi-
mation to ideal raespones,

i

Fig.3.4. Elliptic-function response,
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In tigure 3.3 the Tchebycheff spproxisstion has caztain smount of

==

zipple in the passbend. Beth the Butterwszth types and the Tohebycheff

s§pes  have zeres of their response only sk infinite frequensy. Eiven

%;
€
o

e S
<
Rie=x

4 r.\&

this condition it can be shown that the Tchebycheff type gives these steepe

est possible descent into the stopband other things being equal.

3
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The performance can be improved with response zeros positioned neax

R,
<3P

<3 ;@ 00

&

Cr==d
>

the passband. Figure 3.4 shows the elliptic function type of response,

(0}

YR R
QLS

P

’«_,w)\
b=

which is charactexrised by having equal ripples in the passband. This

O

«&_;.4 -

%g happens to be convenient, because the commonest stopband requirement, from §§
S%A )

A . - il N ?)I/\g
@L the usexs pofnt of visw; is that he shall bs guasrantesd atleast se much ﬁ,@‘

S

attenuation threughout the stupband: Ths elliptic function typs mests

this specification and is probably the most commonly used.

§;cs
¥

The elliptic and Tebebycheff types of filters, have a performance

better than the Butterworth type as predicted theoretically. But the 5@

@
RS2

Butterworth type is less critical and can meet most of our requirements

@é 9

with fewer components than the other types.

-
R@7mt
PR

9 A
7

In the simplification of the modern design approach, it is desirasble

&\J; =

that the element values be precalculated and normalised in a convenient

&Y
%

manney 3"“f§£§§2? to the deasired filter characteristics. It is also

s

dssirsble that these relationships be in gatalog form, atleast for the

T
S

s
PN

types of filters most commenly useds Such tables are available in books on

!
Filter Synthesis (please sece xeference No.1) =

== =



The fallnuiég effective paramsters determine the propezties of a
filters=
The order of the transmission function which sets the numbex
of resctive slemants nacessary for realisations

2, Minimum attenuation inthe stopband sbove a certain limiting

timate of ter Comple ¢ith Nomogr

Figure 3.5 shows the nomograph published by Kawakami far‘a Butterworth
type of response. This is usofél in determining the reguired degree of
transmission function in order to satisfy a given condition. They avoid
direct reference to any elliptic function parameter. The maximum value of
ripple in the passband (A max.) is given at the right side of t#e monograph.
A straight line is drawn from the value of A max permitted though the
desired velue of attenuation in the stopband (A min.). The line runs upto
the third vertical line and is then rotated to run parallel td the scale.
The desired amount of attenuation at a given frequency will be guaranteed
if the filtering function is of the order found at the intersection of the

vertical line erected from the L scale value and the line which runs parae

llel to the N scales If the crossing appears bstween two curves, the order

that must be chosen is the largest integer written above the curve,

A majority of modern high frequency filters can be designed with the

aid of tables of normalised parameters. Normalised values included in the
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gg tables are dimensionless anid deaigned as fellowsse
ﬁﬁ 1o Noxmalised frequency - &

g@ 2+ Normalised resistance -.R_

E§ 3. Nermalised inductence .'- g%;

@ 4, Normalised capacitence /. ., =&,

Where Rr and Wr are the refarencs impasdance levsl and refersncs

fraquency respsctivaly.

The nermalissd cut of f frequangy is .=t for all low pass filters,
Table 3.1 pressnts the nazn-lil-d ciomant values for polynomial fildses for
the Buttazworth type of response: Tha slemant velues listed in the tables

cerrespond te the componsnts of the besin lew pass model shown shove end

belaw A%. The filtex shown balow the tasble is the dual of the filtar shove,

ALl valuss have besn calculated to give a unity 3 db bandwidth.

Eas

tables ast tha load; or sutput resistance as equsl te unity end
sllow the input ox soures resistanes (Re) to vary from ons te infinity.
In tho aaa. of n sven; Rs increases from uéityuénd for a odd, Rs deczeases,
When using the tables, 4t should be noted that the schematic at the top ef
ths pegs serresponds Yo the tep selumn hsadings, This echamatic alvays hes
is;ypt {nput aad cen bs used if desired, with cpen gizeuit input :cst:taanu
csrraspending t0 an ideel current source. On the othexr hand, £f tht &un-:

schimatic is used, ‘the eoluwn headings at the baottum of the tables ars 4»

|
g
i
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a
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u
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%
%
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be uspd. in thiﬁ{titc; the input is always of the T typs and it should be
noted that for this type of schemstis it ia pqmniltqiit to set MuRce 0, '
#c:zuupend&ng'tn th short eireuit eperating sondition of -ﬁ ideal éoitqcc

s0Urce.
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LOW PASS ELEMENT VALUES

R

T
r

Table 3.1

BUTTERWORTH RESPONSE ! s —}—— W . mte S
n EVEN n 000
R c, L, C, L, C, Lg c7
1,0000 | 0.6180 | 1,6180 | 2,0000 |1,6180 | 0,6180
0.92000 Oateblts 1.0265 1.9095 1.,7562 1.3887
0. 8000 0.%698 0.8660 2. 0605 1.5443 1.7380
0. 7000 N.5173 0.7T313 2.2849 1.3326 2.108%
Q. 6030 0.9860 0.6094 2.5998 1.1255 2.5524
8.5000 0.,6857 Ne4955 3.0519 0.9237 3.1331
00,4000 0.8378 00,3877 3.1357 0,7274 "3.9648
2.3000 1.09037 0.2848 4.883% 00,5347 5.3073
0.2000 1.6077 00,1861 T.1849 0.3518 Ta9345
0.1000 3.1522 06,0912 14,0945 3.1727 {15.7103
INF, 1.5451 1.694% 13820 D, 8944 8. 3090
1,0000 | 0,5176 | 1. kMilk2 [1,9319 j1.,9319 | 1.41k2 | 0.5176
11111 0.2890 1.04603 13217 2.0939 1.7463 1.3347
1.2509 02445 1.1163 11257 22389, 1.5498 1.6881
1.4286 0.2072 1.2363 09567 2:49%% 1.34864 2.0618
16667 D«1732 1.071 0.R8011 728580 lelé3l 2.5092
2.00600 Del4i?2 1.6531 N,6542 3.35687 09425 3.0938
2.5000°1 06,1109 2.0275 0.5139 %o 14608 Ce 1650 3.2308
3.3333 C.08L6 2.659%9 0.37313 5.4%25 | 8.5%17 5.2804%
5.0000 0.0634% 3,9170 0.2484 R,0201 | 0.3628 Te2216
10,0000 C.0263 7.7053 0.1222 15,7855 0.1788 15,7375
INF. 1.5529 1.7593 15629 1.2016 0.7579 0«2588
1,0000 | 04450 | 21,2470 | 1.7 Iz,0000 | 1,8019 | 1,2870 | 0,B4s0
0.9000 0.298% 0.71E1 [ l.an63 Foa%91Y 2.1249 1.7268 1.2961.
N.8700 0.3215 0.6057 | 1.5175 L.27717 2.3338 le5461 1.6520
0. 70Q0 0.3571 NaS18% 1 1.4%33 18910 26177 1.3%98 2.0277
0, 6000 G.507% Dut322 | 1.925% Q.9170 3.00%50 1.1503 25771
00,5030 DedT99 %:35%6 72724 DeTH12 3.5532 0.9513 3.0640
0.40130 05899 N2782 2.7950 0.5917 46,3799 0. 7542 3.5037
0D.3000 0.774% 0,205 | 3,67048 N.4373 S5.7612 05600 52583
Ne 2000 1.1444 00,1380 54267 0.2R74% 852463 03692 7.9079
N.1000 7«57} D.0665 [1G.7004 O 1817 16,8222 N.1823 15,7480
INF, I .5574 1.79498 I .6588 13972 1.0550 0656 D.2225
1/11s L, c, L, c, Ly Cq L,
n
1.0
n ODOD
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The synthesizer designed raquires a low pass f4ltez Wigh cut off st
2.5 MHze Let us chooss the Butterwexth typs of zesponss and let the ter-
winating impedance be 50 ohma. The filter must pass fraquencies from 0 te
2.5 MHz, the maximum attenuation at 2.5 MHz being 3 db., Not less than 30db

attenuation is to be provided at 5 MHz and above.

From the Nomogram by Kawakami (figure 3.5), it can be determined that
the filter must be between fourth and fifth order. The fifth order is
chosens. The desired infarmation is givea in ths tables.. We ars ueing the
schematic et the tep of the page, having a T input aince this sghematie

contains 2 inductors and 3 capacitors.

The table gives only the normalised alement values. It should be
noted that the element values are symmetrical about the centre of the file
ter, constituting a psculiarity of equally terminated butterwoxrth and
Tchebycheff filtqts. This factor makes the equally terminasted case cert-

ainly, the easiest and most popular for mest practical applications.

The filter may be denormalized by the usual impedance and frequency

gcaling. A reference inductur is defined as

Rz
Lr = We

Likewise & reference capacitor is defined as

Cx 'faiu-
" We
Since Rr = 30 ohms and Wep = 2 x 2.5:186 reéd/sec
ﬁ: « 3,183 /PH

Cr = 1273.24 pf.
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Multiplying the refersnce values by the normalised element values @

g
?@f denormalises the filter and gives the actual element values, The actual

1@_‘ element values are given in chapter 4.
63
9 3.4 Bandpase Filter Design

7 A bandpass filter can be cbtained from its low pass prototype which
g@; will have a geometric symmetry independent of bandwidth. This although
e theexetically corsect, is not always justified practically. Ths slement

E values may be too small ex too largs.

”ﬁ Let us assume that we have to adopt a transformation for a third

@ azxder low pass filter % a bandpass filter by conventianal $achalques.
w2
53

This requires thres coils and three capacitors. Almeat the amme kind of
Q performance can be sxpected from three parallel resonators coupled to- |
‘%é? gether by ﬁutunl inductance by capaﬁ.tmen by inductance or by a come

;@ bination of these.

& Naithex image parsmeter theory nor syntheals theory recuires a spe-
b eifle concept of goupling in ozder to design or explain the physical

L@E eperation of filtexs. Half section and full ssctions cen bs gonnsctad
% if thesy have appropriate sharactezistic impedance. Filtar design ia

\
E@l tsxms of coupling has becoms very populer with elastrenic snginesrs

K t

gﬁé where narrow bandpssa fillers sxs concerneds
AS

4 Seupdad zascnstoxe.

Thare ars two types of coupling whisch sre genszally ussd in soupled

@ . zusenator 'n‘x‘tsmys ‘fhn fizeat consists of zsactive pazalilsl slsmenis whieh [

:
g’@ aze souplsd by single lumped ar distributed reactance. The sesond conal sis
e o7

R A e N e e |
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of caupling by mutusl 354cSEances. Eash stage may have & different typs

of coupling mechaniem, This eassndi is then tezminated at one ar both

\
%

ends in a pure resistance.

n——p,
<=

f nt o o

from transfosmer thsozy, the magnstic coupling coesfficient is
given as x_,*JL_. By analogy with this we can define a co-efficient of

&

S
o

&

S R R R e R R R

~coupling to tho bandpass filter also., The normalised coupling K, is

defined as K = j%%:i" Y is the coupling admitance and g1 and g2 are the

fnput and output short eircuit sdmitances af ths filter at resonance.
We roxmalise the quelity fastor Q as g where q is given a8 9= 2% g

m

where f _ is the centre frequency and 24 is the bandwidth,

oupli
When filter design is performed in terms of coupling co-cfficient
K and normalised q of the circuit llll’;tta cftik setting the tﬁta& nodal
capacitance of each nade, 1€ is neacussazy to degids what kind eof aﬂuﬁiius
mechanism can be used between adjacent nedes. The coupling can be sither
cepacitive, inductive, mutual magnetic ox » combinstion of these. HNe ~

figm rules soxist dictating which type of coupling to chocse,

Ueing the design deta, we design the network inm steps. The tables
give the coupling co~efficient K and a simple calculation transforms them

into capacitances or inductances necsassxy to produce the required soupling

co-efficientse.

The proxinity of ground planes can spprecisbly affect ths velus of

the true capacitance of & capacitor and will also strongly affect the

Sh e b L b D Do bt et I %@%ﬂ

PSS @@é ‘
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value of self-inductance of an inductor. Therefore, particularly when

L
2

5
small element values are called for, the actual value of coupling o-pncitaraA%ﬁ

ahd inductors to bs ussd in the filter cennot always be determined, since )

\
&

the actual values of these components could change because of proximity é%

=
effects, Because of this, adjustable elements are used as coupling olanontn@%

\
<

&

- ng
205,
X4

P
o

The minisus number af rescnatora required to shtisfy a certain reghie

SR
LS

&

rement may be ebtained from conventional nomographs or curves. After the

number of resonators and the coupling mechanism is determined the component

)
I
{

=

)

\

can be found. To obtain the first sonator, the Q factor of the first node ::

G

B4

is salectad. This nsans ghut the scuses xesistence has determisiad the !

g

first node inductance and cepacitance. For a very small rslative bandwidth <

=

the retie of coupling to shunt slements is spproximately resipzrocal to the
galative bandwidth end is very small. Physicslly, this mdans that capacitexce

B

coupling is not always realisable and one must sometimes employ a mutual

=
=

PR

inductiva‘eoupling. The remainder of the circuit element are determined

P T

by a step by step design procsduzre with known values of loaded q and k. Te

I QET

obtain the results predicted by the theory, the unloaded q of each element

must be greater than a certain minimum.

The choice of impedance level can be based on the desire to obtain ﬁf

maximum unloaded ] and some mechanical and economical considerations.

@
N

P AN
oy

When each of the filter elements has the same finite {Q, then the real

5_}‘.’

2

B

part of each root can be pre-~distorted an amount equal to the normalised

=
=

unloaded decrement of esach element.

S

b/

eed



3-db DOWN k AND q VALUES

BUTTERWORTH RESPONSE

nt o9 | LI 4 9 X2 %3 Kaq ks
INF. 0.000 | 1.4162 | 1.4162 | 07011
14167 | 0.915 | 1.6142 | 1,4142 | 0.7071
7.07 1,938 | 1.4142 | 1.6142 | 0.TOTH
2 4,714 3,09% 1.4142 1.4142 G.7071
3,536 &b 7 1.6142 f.9t47 0.7071
2.228 6,021 1162 1.,4142 n,7071
2,357 7.959 | 1.4142 | l.e142 | 0,7071
2.620 104458 1.4142 1.6142 N,7071%
ANF. 0.000 | 1.0000 | 1.0000 | 0.7071 | 0.7071
20,000 0,958 00,8041 1.%4156 0.7687 N.6582
10,000 | 2.852 | o.a007 | 1.5359 | 0.7388 | 0.6716
5,667 3.300 { 0.8087 | 1.6301 | 0.7005 | 0.6879
3 5,000 | 4,742 | 0.8226 | 1.7115 | 0.6567 | 0.7060
4,000 Hete3 08406 1.7845 C.6NT7T 00,7256
3.333 | 8.512 | 0.862% | 1.8497 | n0.8524 | 0,7470
2.857 | 11,157 | 0.8884 | 1,9068 | 0,4883 | 0.7706
INF. 0,000 0.765% 0.7654% G.8409 05412 00,8400
26.131 1.002 | 0.5376 | 1.4782 | 1.0927 | 0.5668 | 0,6670
13.066 2el162 7.53%5 | 1.56875 1.,0745 N.5%46 0.6808
4 B.710.] 3.6R9 | 0.5417 | 1,.8605 | 1.06411 | 0.5373 | 0.4992
6.533 | 5,020 | 0.5521 | 2.0170 | 1.0004 | 0.5161° | 0.7207
5.226 | 6.822 | 0.5656 | 2.1621 | 0,9567 | 0.4906 | 0.T7646
] 4.355 | 9,003 | 0.5819 | 2.2981 | 0,9051 | 6.4592 | 0.7706
3.733 | 11.772 | 0.6012 | 2.4159 | 0.8518 | 0.4192 | 0.7998
INF. 0,000 | 0.6180 | 0,6180 | 1,0000 | 0,5559 | 0,5559 | 1,0000
32,261 1.065 | 0,4001 | 1.5527 | 1.4542 | 0.6946 | 0,5285 | 0.6750
‘ 32,361 1,045 | 0.5662 | 0.7261 | 1.0947 | 0.5636 | 0.580¢ | 0.8106
16.180 | 2.263 | 0.7990 | 1.8372 | 1.4414& | 0.6886 | 0.5200 | 0,6874
16.180 | 2,263 | 0.STTT | 0.7577 | 1.0711 | 0.5408 | 0.6160 | 0.7#52
= 10.787 | 3.657 | 0.4036 | 2.0825 | 1.4088 | 0.6750 | 0.5080 | 0.7086
5 | 10,787 | 3.857 | 0.5927 | 0.7869 | 1.0408 | D.514¢ | 0.6520 | 0.68560
8,000 | 5,265 | 0.4111 | 2.3118 | 1.3670 | 0.6576 | 0.4927 | 0.72%90
8.090 | 5.265 | 0.6100 | 0.8157 | 1.0075 | 0.4844% | D.6887 | 0.5278
6.472 | T.1SL | 0.4206 | 2.5307 | 1.3195 | 0.6374 | 0.4732 | 0.7542
6,472 | 7.151 | 0.6293 | 0.8445 | 0.9722 | 0.4501 | 0.7247 | 0.5681
5.393 | 9,426 | 0.4321 | 2,7375 | 1.2675 | 0.6148 | 0.4479 | 0.7821
5.393 | 9,625 | 0.6508 | 0.B74B | 0.9355 | 0,4103 | 0.7663 | 0.5048

st
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It is a difficult problem to synthesise the pre-distorted network
if all the reactive elements, do not have the same Q. Hence the excellent

Q of the capacitance must be degraded with the parallel resistance in

B

P>l

,/,

order to make their ( the same as that of the last inductances. In case
where agccurscy is not our congern, we can use s value of Q which twice

as high as that of {nductances sand then in the final netwark ths capacite

4

ancen axe left as they are thst s their Q is not reduced ertificially. §§
Table 3.2 presents in tabular form k and q values for polynomial

filters. The filters, foxr sach type and order of filtez given, tsbulates

B

tha k snd q values for variocus values of g starting from % squal o

o)

infinity (the lossless cass) and then decressing to a certein finite valus. @

e
g

Ths lossless case, in prastice is used u&oéu-tha quality facter of the

‘compansnts of the filtexr is high snough so that an inssrtion loss eof 1db

or less is expsctad. In many casss of filter design, howaver, the avais @y
lable slements will not have high enough gquality and the tabulated valusse ﬁ
of presdistorted k and q veluss ﬁi&lvhexa bs sxtramely useful., Nots that gz

for each case of finite q, the expected insertion loss of the filter is

given. Linear interpolation between values of 9% is usually accurate

enough for most practical design problems.

e}

\

it

=

2

In some cases, two or more solutions are given for a particular requi-

P

rement., The choice of which solution to pick is wsuwally decided by the

&SN

comparative values of q to q and to the range of R values within each

solutione.
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Fig,3.6. Threea-pole bandpasa filter.

[ g
N
=
®
it
F
3
]
LVAVAV,S
b - ]
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Let us design & particular filter uasd in the synthesizer (ssy
filter at 20.5 MHz.

F= BTG S
e :

t¢ Input and output impedance = 50
2. W1 db = ¢

D

>

3. BW 40 db « 8 MHz

4. Centre fresquency = 20,5 MMz
Solution

1« Response form factor 0
bwidhb

N

2. Form the nomograph for Buttexworth filters, using A max « 1 db,
Awmin » 30 db and t0 ot 2w 8 the taquiaad nuib-: of resonsters falle
betwssh two and threm: Thersfore wée must shocse n = 3,

3+ With bandwidth 1 db §§aun and by using ths cuxve af ths atte«
nuation gharscteristics for Buttexrworth filters the valus of bwldb gen
be sasily obtained.

b, g,04

fidnze bwidb » § Miix then Buwldb » 1,25 Miz. From this same curve,the
stopband rejection can he chatked,
At buADdb/buddb w—de. o6.4 for & o 3 the ettenuetion wlll be appre~
@ xinstely 30 db.

de The k end q valuss are found in the table for the Buttarwerth
respense table {table 3.2). The infinite q case cen be used if it {e
pessible to ebtain siewents with a high snough Q factox sush thet the o

e

insexticn loss of the filter will be § db or Jsss. In srder %o obtein » ;

eoll
S e SRy SBvsESETESBt aENaR s IEEs
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4.7 db insertion loss, the value of q must be 5, as read from the tnblt;
This value of Qo 1:-¢heaon because the inductors available had a Q of

only 75, The minimum unloaded Q of the intermnal resonators must bes

qd win » qof. 5x20.5

bw3db  1.25

« 82

The following parameters are read from the table.

q} = 0.8226 K12 = 0,6567
Q3 = 1.7118 K23 « 0.7060
Q@ qgﬁq o w1349

a ..E v, &3 = 26,07

S. Ws now make the choice of eoupling betwesn resonatoxs. Lat us
choose a capacitive type of cnupling. The required { of the first reso-
nator may be obtained by choosing the nodal inductance and capacitance
(in the case of capacitive coupling) of such a value that the generator
resistance produces the required Ql. The alternate method is to use a
transfoiming cixcuit to coupls & non-xesynant generstor to the fized node.
For most spplicationes this tachnique is pdvisabld begauss it sllows
to chooas valuss of;hviaé C that axe realisad in practice. The inductey
valus is chosen so that the value of coupling cspasitor is around 3 ta_apf.
This mekes it sanide to align. - An induetor value of D.6 /ph gives a nodal
capagitor value of 101.3 pf. Ths same valus will be ussd for all the coils
which by the linc,tek-i. will require a andil capacity of 101.3 pf 4n all

cases. Tha capacitive soupling uinnnhtu and the shunt capaciters can be
calculated in the following steps.
S ¥
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e T Tl

C12 = K12 Aﬁ;gb.«fc;g

JC: =ity Cpm 101.3 pf

C12 = .6567 x 1,25 x 101.3 pf = 4.1 pf @
20,5 N

The first nodal capacitor was set as 101.3 pf. So ﬁg
Ca=C,_- C12 = 97.3 pf @é
@*

Similarly €23 « k23 “BR. T T Lol pr d

e o Cb = 101,32 = C12 - €23 = 92,9 pf
fe » ,70§ pfe

The coupling capacitors ars howsves chosen as variable ones in the

practical circuits for reassons already discussed.

The required load and source resistances are found from Qi, Q3 and

35 &

b

0 D8
Vo

Qo. First the total resistance, including the parasitic loss resistance

is founds

o=y
RS
(=

I
i];"‘[

(oS

Rt = wm LQ1 = 1033.. ohms

R3 = wm qu = 2150.9 ohms.

S

The parasitiec resistance due ¢o finite Qo is

HDES LN
¢ T G

Rp = wm LQo = S747 ohms

Hence the locad and source resistances are

TESep

Ry %‘p:—gf- 1260.4 ohms

s
£

=51

RL = 3437.4 ohms.

)
&

The circuit for the above calculated filter is shown in figure 3.6

/3
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T« As the final step of our design, the generator impedance must be

)

ﬁ: transformed to produce the required quality factor in the first resonator.
Y,

W
NS

%

The same transformation must be performed with the last resonator also.

X4

ESRE
=X

’ﬁ' The nost practical transfommation for the abuve cass ia shown in figurs

=

fa (3.7), because the shunt capacitor may be used to absorb the distributed

[ - ‘

ﬁf capacitance, usually associated with the input and output circuits. The
3 ¢ )

$2  transforming circuit can be calculated in the following fashion

=2

b Co Fre i bl

@R. =1

Where Rx is the transformed value of Rl required to produce the
specified Q. The account of incidental coil dissipation (neglecting

capacitive losses) can be estimated in the following way

: -!n-- L % i.
g@;g R Rx @ Xl
o Using the above equations we get

P
&

Cl = 488,32 pf (2 = 121,45 pf

<

B

The set of slemant valuss obtained for a band pass filter togesther

with response of typical filters are included in chapter 4.

3.6 Design of Power Splitters

In the frequency synthesizer unit it is necessary 8% various points

= =@\-‘f@i«:u

e

<=2

t® split the powsr from o singls poxt into two ax moxs ports. A largs

% i}'},‘;@?/a

2

SR IS
4 @gu—v,a\.@u

2

/

&

(&

numbey of different types of powesr dividers with and witheut iselation

t
!

(&5

\
GICX
<

2

2

_splitetos powsy dividers {(pleass eows ref No.5) which givs hoth pewer
«sléd :
?”ﬁéi?@%i%égéﬁéiéﬁggiﬁ§§§§§§§@§§§§§§§?%%éﬁgiﬁﬁ§§§§§§§§§§§§§§§%§%§ﬁ§§§¥%%éi

batwaen cntpuf.pértn. sxe used for vayious applicetions. VWs have veed %ﬁ

Lm
i
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diviaion as well es isclation bstussn the ouiput/pa:t-. A good isolation

=

bstwesn the two output pexts is zequired sc that reflections, if any, in

sither of the twn paxte will causs ne problem to the othsr pert.

Q2

T

0
=2

The 'duign aof thease power splittsrs stems Tzom the thasoxy ef tranme~

nission iines et radis frequsnciss. Transmission lines in speciasl foxm

as quarter wavs trensformers can be simulated by luspad inductences and

s

¢apasitors at UHF frsquencies. Such & form of the power splitter is shown
in figure 3.9 ' |
Te sde matech at part 1, 4t follows that

2213 _ 4
212+ 213 ~ %in

Wheze 212 and 213 are the input impedances looking with azms 2 and 3

.

from part 1.

' If the output impedance are chosen, then 212 = 213 = 22,

i
The sxpression for the {mput impedencs of a dissipationless lins 5@
i

nay bs wzitten as
4 = R %R /!:an (zms/>) + &R ] K@
in L Ro/ean(amersn) * 43R : . : L,

iIf the line is made & guarter wava long or § - % > 252 [z zg ﬁz\ﬁ

s
w&:: s

Once the charscteristic impedance of the line is caloulated, the }@

35 "
&
b ees ]

equivalent form of the line as shown in fig.3.9 can be obtained using the

b scegs iz

¢ following equations for the values of L and C, X
3 WC & b6l [ eand WM. & Z 5.6 , - @s;
, Vi
%@3 @ being 99", the requized Waluss sen be salsulated. g@%
\\ {@i

With this design, the voltages at port 2 and port 3 are equal. Hence, %@
¥
He

o2 a resistor may be placed between two ports without causing any power di,gi* :
SRS | A o T P ASTZ0 OS2k e O NN S 22 o2 & o




Fig.3.9» Power Splitter.
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pation. If the power divider is fed from port 2 or port 3 energy will be

dissipated in the reasister. Isolation betwasn cutput portes and s gosd

‘mateh seen looking in st any pert ia obtainable because of this redistorx.
Although thes propet value of the isolation resistor has not bssn derived,
gg it is obesxved that a valus of R = 2 ztu yislds infinite {isolation snd @

e o

e,
>

A
L =

7

i§ perfact matoh at the cantre frequency.

o

As an exampls lat us assums it i required to aplit power at §

ST

inte two channels with 50 ohms impedance,.

Since ths ports of the power aplittax‘atu to be watched te 50 ohws,

beth the axme ~° the power divider should provide a 211 and Z12 of 100

ohme. Therefore 50 ohms should ba transformed to 100 ohms Rsing the

quastez wave line. Therefore, it is Pequired that the line should be

having a characteristic impedance of Zg . [50x100 = 70.7 chme

Since O « 950°

B

—en i T I

C=_1
wZn « 450,2 pft.

g
PR

L 15. 2.25 /uM

=

jn the synthesizex a thres way power divider is required a2t 5 MHzx,

%

Thaxefors Zi1 » 21l » 713 » 150 ohma provids & z‘” @ 50 ohms, The chara-

o DS
b

cteristie impedance of the transmission line 10 uiﬁfﬂ:iin = 86,6 ohms. In
this case the salculdted valuest aze £ » 367.5 pf and L = 2.7 /ul,

In the practical set up we raquire s typical isolation of sbout
40 db betwsen ths output ports when the input is texwinated 59 a 50 ohms

|95 termination. Tunable coils may be provided for the power splitter to
S e ST e e i e it

S

U SIS g,
B
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snsure such s condition. ' Insextion loss at the powsr divider is naglie

gible. The only loss is a 3 db one owing to the splitting of power in

each arm.

B

SRRy

Alternately, it is aslse pussible to build power dividers using
rasistive elements, This provides opsration over a wide frequency range

unliks the abaove powsr splitter where apsration is constrained to a

B S

narzow frsguenty renge, But resistive ol ements dissipets pewer snd cone

tzibute ta insertion loss, Hencs such powexr dividers were not used.

l;-thniinitiqi stages of frequency synthesis, frequencies ars
iftpp-d up using f:iqu-aey nultiplisrs. Transistoer frcdﬁnﬁ&y'uﬂlt@p&&&:.
are ussd which when oparsted in the class B meds produce hammonics aleng
with the fundamental at the output. The desired frequency can be tuned

out using s tank ¢izduit. The synthesissy makes use of thrse suech mullie

iy

pliers one of them produecing the fourth harmonic of the input while the

&

other twp are tuned ¢o the sscond hamonie.

S

Transister Traquency mulsiplieve operate on thes sams principle as

2 &\%_‘."".“7, §~—~ N\gl,/,:

powez smplifiers. Howsver, in a multiplier circuit,; the output must be

3

= IS

tuned to s multiple of the output. A multiplier way b2 may not provide

=

swplification (Please sse refersnce Nod end 4)

,»-
X
P

=200

2

A typical eircuit of the frequency multiplier Ls shown in fig.3.10(
The Sransistor remains gut of f until a signel is epplied. Tharsfars, the

= e

g
o

transistor is never conducting for more than 180° (half cycle) of the

S ShSBNSSeEhEBlESENaBT S TSEITEE G

N7

9
©
e

g

g
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.

"

ata’ input signal syels. In practice, the tzansistors gondust for abowt @
140° ef the input eyele, sithex on the positive half or nagative Malf, ?@
depanding on the transistor type. No biss, e» suech, is raquized fox this @

class of op .:mm.,

g
iz uhould hu notsd thai -uttiu h dincuy g:oumhd. In high fmqum @
ey munu-u it is slways dulnhlo 40 have such s direct cunnsction, If @
the smitter wexs connsctad to Qauuud through a resistencs, an inductive -n:' ' @
aspagitive resctance could devslop st high frequensissy remulting in
desired shanges in the natwoxk.

f§§§%§§§§§§§§§§§§ = =

An RF ghoks (RFC) is used to provide RF signal isslation hetween

base and smittex. This also provides a dee yeturn for the bass. The .
collectoy {s connacted %@ the supply valiage Shyough am RFC. Ne aurzrant
l1imiting resistors axe used and it should bae noted that the supply veoltags
8 well within the collsctor breakdewn voltage of the transistox. The RFC
provides DC returm, but RF signal {solation between gollsctor and pewer

supply.

i
g
i
u
i
)

The RF chokes should have as small a DC resietance as pessibls. The
currant capability of the goil .t low pewer applications is not of num
concexn, The -iatm gurrent ecpaeity should bs greatsy hy atlsant 10
parcent than the maximum anticipated dirset current. Ths inductence 4%

should present depends on the eperating frequengcy. An inductance which will

pseduce & resstence of sbout 2000 ohms st the cperating frequency is

%ﬁ ferred.
i

Z§§@%§E§s‘§%“3\,§§§%§%E§§§§%%§§§§§§§%%@%EE%@%§;i§§§@ SEvSs
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The pewes supply Bircuit must be bypasesd. A bypass capacitey of

S,

7

5
ﬁ
)
if

n.i /pf ssxves the purpesas. 1€ RF signals are present an the gmt
supply Jline, the bypass capssituhce ox the RFE in not sufficient. Semstines:
the pressnce of ‘RF signals may bs due to inadeguats thtolds.n'g To ssduge
the RF on the iuppxy side, ths eiéueitié vdui and inmtm‘ value of |
the AFC should be increased. o |

Typically, the effisiency of a second harmonis multiplier is sbout
40 paxesnt, The sfficioncies of third and fourth harmonics aye sxound

28 psxcent and 21 percsnt rempsciivaly, Hence, Tor oxampls if on ampii~ |
tuned ko e Second havmorue 15 Eo *Pmd-lnuiﬁ a SmW ge sukput | 'the.

ﬁ.n:(do input required is approximately §5/4 » 12,35 mws
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EHAPTER 43
..In this Chapter the Mixer and the integrated circuits used for frnqumcyg@

division are discussed. Component values snd the perfommance of sach block [Zﬁ

are alseo included. ' g

4.1 Mixers:

As uolt'fk.quuncy multipliexrs produce a certain amount of excess Phase %;%

Fom—rr,
hie=Xd
n— '@\j‘a/{z

o

noise, the design of the final stage of frequency, synthesis incorporates

e S
'rg w\,\

frequency translation using balanced mixers.

The frequencies fad into the Nixer should be chosen in such a manner
?53 that the resulting frequsngies could be sasily ssperstsd hy weing passive
gg band pass filters with a loaded Q that dose net exased 10. Hencs in the

%ﬁ design it is sesn Shat the sum end differense of frequanciss differ by st

0 least by & MMz in the 17.5 Mz to 24.5 MMz rangs and by 8 Mz in the 100 MAz

%\é zange, It in alse ssen thegt the secend hazmonis of the genexated fresquedcies
@ do net fall in t:ha Sntezmediate Trequency hends of the gegeivez, The design

R X e T B

%\é is such that the nushax of mixer ehips unsd is also e sinimim,

2
R~

N

= ]

g& Two mixer units were contemplated for use, ones being available in inte- ;@}
2 gated cizcuit fomm consisting of diffezentisl amplifiers é¥¥32§q s dual dtff(§
%% erential emplifier and the other being the Mini circuit Laboratoriss' mixerx F:;g\
:é%% consisting of transformers and diodes. The SN 76514 1.C. mixer was chosen 1@
%é for the synthesizer, becsuse of its compactness, conversion gain, and flat g

=

s BEaiar )
Y
&

s
b

@ response over the operating frequency.
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In sddition to Lts flat responas to 100 MMz it had good iselstien
betwasn the local essillater, R.F and the I.F. perts.

=

=S e

S

As stated ahﬁn the SN 76514 bslanced Mixer consists of a differential =
mmplifise duviuq a duax diffarantial upufm. m— addision, the entize
bissing eizcuit and the eireuits fox providing & constant current souyse fux

78

the lewex diffarsatial smplifier aze provided in m ehip, Ths enly sxieznal

s

eunamts sequised fn ths S8 764514 axs the bypsss sapasiters shown in !‘iwt

which arxe tn bs ghossn fox eptinum performanee.

The aperstien of tm SN T68)4 mixez 4» bassd an the ability of the
device t8 deliver mn outpus which is pXopoztionsl to the produot u-f the
veltages V_and g&. This holds toue whan the segnitudes of V, end V ave
maintained within the linits of linear sperstion of the three diffezentisd

amplifisxs in the device. Expressed mathamstically, the a&bit
{estually eutput cuszent, which is convertsd to sm output veltage by an
extornal lead zesistanss), v, is given by

S T b gé@e@

whazxe the con-tmt K may bs adjusted by a ehatu of extoznsl components. A
detailed desaxiption of hew the mixer wireuit cenfiguzstisn pezforms the hut%
funstion of multiplicetion as expreased by the sbove squation is availehle _sg -
the litexature, ' ‘ |

vee 3
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The most commonly used mode of opsrstion of the §.C. mixex is that ef
applying M.gh hv-l input aignal to the dual 'diffucntinx smplifisxs
{carziex taput puthnd s low level input signal to the lowey differential
sepiifiey (madulating signel input poxt). This xesults 4in saturated n&tch-
ing opexation of the carzies dual diffexential smplifier.

Ths zesulting autput signal contains snly the sus snd Fifference
frequency compensats and the smplitude information of She sedulating aignel.
This is the desirsd conditien for the ujuuy of applicstions of the SN 765

Saturated operation of the carrier-input dual differentiasl amplifiers
alsa gensyates hammonice {which mey be predicted by Fougier Anslysis): Redus ﬁ
ting ths sarziex input nnutudl to its linsar range gzsatly zeduess thoes @
hazmonice in the output signal¢ Howsvar, it hes the disadvantages of xl«ttnﬁ

the gain and sausing the output signal %o gontain caxxier efgnal ssplitude
vaziations,

The carzier Input differentiol snplifiszs have no emitter degensration.

& Therefogxs, the ux:in iuput lsvels fex iinsex snd sstursted opsvations axe

@3 1insax »-uti.n balaw this level and utuzut-d oparation sbovs it

@

?@% Singe the SN 7654 generates -n gulput signal censisting of the sum and
@d&ﬂ’u«n fraquensies of only the 4we 4nput signals, ¢an be used as & double
balansed mixes. Figure 4,) shows the cengs of apsratien of the SN 763514 and

a

)

i

, /|
;’L-j" eslculated. The grous over pq!.et is in the wicinity of 30 wV, z.m.s. with %
E

%

g |
l
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and the dapendence of its conversipn gein an fraguensy. UWith aptimum lsvels

of the fnput signals, the convexsion gain san b a3 high 14 dB. Greatsz
convezsion gains can be achisved hy using tunmd circuits with impsidence
natehing on the ‘“q‘ml dnput poxts. The cathut .Mtan of ths mixex. lum A
600 olme, melching notwrks have to bs provided for uss in the 50 ‘:hn‘nya_tan;

Nt
(Nt

St =

azs given in figure 4., Typically, the SN 76514 has the following

characteristics:

Flst zesponss to 1060 Mix
Losal Oscillator JF doelatisn ve 30 dB
Lecal Oscillator RF isolation « &0 dB

R,F - I.F LsnlitSBH o (X ] 36 dB
Convexsion gain s 14 dB
4.7 [Fzeguency division.

To abtain tha finsl frequencies by frsquency tzanslation, ws hwse to -

AN

4

@ genszate 2 MHxz, 2.5 MNz and 4 Mz, Sinse the standaxd source available has

=
==

% fzequency of § MNz, thess fzequencies can bs ebtained only by fysquency divie
sion, Digitsl tschniques szn usad far this puxpese.

5 Whsn a sguaze wave is applisd to a Tlip flop the eutput of the fiip flop
|

@ changes atate snly when the input makes a trensition fxom - positive.stets

%% 4@ 8 negative stote wa get & squars wave output divicged by tws in frmquensy. %
&
@ Ueing two or nors flip flops in sascede, diviesion by 4 o weze is pesaible. @

= 5
?7 N _ o ) M g{
e e T )
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By propez fsadback from the cutput to any one of the {nputs, divisien of

squars waves by any intagez is possible.

Te obtain 2.5 Wiz fzom S Mz we ryequirxe e flip flop fox a divide by 2

eperation. To cbtain 2 MHz we fizst divide 3 MHz by 5 to get 1 MMz and by
using trensistox fRecquensy multiplisrs we can obtain 2 MNz. Fusther fre -
quancy multipligation by 2 given us 4 MNz.

7

Division by 2 end by S can be caxxded sut weing @ singles 1.C. chip,
the SN 7490.

i

The SN 7490 4is a high-speed, momelithic degsde caunter consisting
fouz mastexr slave flip-flops internally intercenneegted to provids a divide«

by~-two countsr and a divide-by-five counter, Since the SN 7490 pesponds

far Shis.purpase. The SN 7413 hes & dual nltﬂ Schnits triggex deaigned
prisazily for logic opu-uona um- hyataxuia, but if the input ef the NAND 7«
gatss ars shorxted, the SN 7413 pzevtdn o -xenlhut means Tor sins wave to @

square wave conversion.

Having sbtsined the divided<by~two squers wave, ws requirs & low pesss

=

filter to extrect the fundmmental fraquency (2.5 MHz) &n it and to zejest the
harmonias (§ MNz and higher)., We do not require an sdditionsl low pass filte
to sxtzast the 1 MHz sine weve from the 1 NNz square wave obtaindd by the

Eabhemnas

§ divideeby~five mnthn. This is bscauss we raquizs only the 2 MHx signal ﬁ

L]

as @ sine wave, which can be obtained after the transistor frequency -ulnﬂrr@
LR 2}

? f-tc;'
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Cantro ¢t e |t c L ¢ c L ¢ |e°
EengAnEY 1 2 1 12 | %2 b 23 | 3 |2 i
MHz pf pf uH pf HH pf pf uH pf pf
17.8 428 | 148 |.718 | 8.4 |.728 | 104 | 5.8 |.718 | 181 | 420
19.5 491 | 127 |.63 | 4.4 .63 |96.3| 4.7 |.63 | 118 | 796
o EEN

20, 5 543 | 118 |.6 4,06/ .59 |93 4.3 | .89 123 594"’
21.5 482 | 112 | .6 3,5 | .6 84 3.7 | o6 112 | 482
22.5 s20 | 86 |.78 | 3 |.01 |67.8| 3.2 |.81 | 82 | 847
23.8 460 | 110 |18 3.2 | .8 | o8 2.4 ].8 | 110 | 460
24,8 476 | 102 |48 | 2.9 | .48 | e2.8| 3.15) .48 | 202 | 476

Teble 4.1 'Band pasa filter siement veluss.
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4.3 Pexformance of the Band Pass filter.

The component values of the Band pass filtexs are given in Table 4.1.
Typical response curves are given in figure 4.3. It is seen that the Band-

\
A\
&)

pass filter provides more than 30 dB attenuation at 4 MHz bandwidth and more

than 40 dB attenuation at 8 MHz bandwidth. JInsertion less is not more than

3 dB. The filters are matched to 50 ohms providing & return loss of not less

>

‘than 22 dB at the inputbénd output port. This corresponds to a stending wave
ratio of 1.17.

Poxfoxmance of the low pass filtsx.
The slensnt values of the law pass filter azs given below:
C1 = 787 Pe L2 = 5.2 uH C3 = 2547 Pe L4 = 5.2 ul C4 = 787 Pge

The performance of the low pass filter is plotted in figure (4.4). It

\/\/’6
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Introduces an insertion loss of 4 dB at 2.5 MHz. The attenuation at MHz is
31 dB. This value is acceptable as the 5 MHz frequency, being the second

harmonic content of the square wave, will be already well below the 2.5 MHz

level,
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ﬁ CHAPTER §
Vi SSEMELY OF THE SYSTEM & PERFORMANCE TEST 32
In this chapter, we discuss briefly, the assembly af the system and %ﬁ

its performance. The performance of the system is analysed by feeding 4

%5

the synthesized frdquengy signal to a spesttzum shalyssr and nating the ij
9

levels of spurious signals and the phase noiee nsay the serzier. ‘té
sep

AL

5.1 Assembly pf ’m““‘e Freguency Dividers end Multipliers b

4
| 9
The frequency dividing circuits which are dual in line integrated @

circuit packages and the frequency multiplier sections were assembled i

on a printed circuit board, :

5 SERER 6
>/‘

Additional circuitry had te be incorporated becasuse the power

gt
i

&

levels st the input of the dividers and multipliers ahould be made

&

compatible, For example, the power that should be fed ta the input of

@

the (x 4) frequency multiplier for optimum ocutput isébout +5dBme. Schmitt §§
trigger operation also requires critical adjustment of the voltage and
impedance levels as its input, and a matching circuit was provided so %ﬁ

that both the schmitt trigger and the transistor multiplier functioned %?

=
S

*7‘;

S oo

well with the same inﬁut powexdevel. &

7N

f@)&i The low pass filter was constructed on & printed boaxrd using Siee J@j

£ o

é\/ men's pat cores. Theas pot corxes, sven though they are not tunable, s@

i A provide a good Q if Litz wire is used, (0
.s A Rz

o
( ﬁﬁ boxes, The Module boxes wers made of brass sheets and provided good il

RS
@,
LY

{

The bandpass filters on the other hand, were constructed in Module

isolation from external R.F.

S

Tunable coils were used in these filterse

74
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- because of stray reactances. The tunable coils help in obtaining the

bﬂlta.

ol
5%
)

Matching the input and the ocutput of Band pass filters is rather critical

exact centre frequency and also to provide good matching.

p=s

The £IL 932 transistozs which has & high trensition frequency(typicald
value of 500 MNz) wes used in the frequsncy multiplier sircuite. Toreidsl
gerss wers used te funstion as RFC. Tunable soils were used to tuns to
the riquirué‘huzloﬁie; - : - - |

The balanced Mixers weres sssembled on a separate printed circuit

One of the Frequensies, 22.5 Mz abtained from the Friquency Synthe~

sizer wen anslysed on a Tektzonix spectzum Anslysez. Fig. 5.1 shows the

spectrogram with a rzesolution of 300 Hzx and & sweep width af | KHz pex
divieion, The vertical scsle is 10 dB pexr divieion. It is scen that the

spuctrun with reduced resolution im sxdex to study the lavels of the
hazmonis wpuzious signals. Tha zesplution is 3 KMz snd ths swespwidth is

2 Wiz paz division. JI% is sesn from the cpcétngrm that the spurious

Phase noiece is down by 30 dB from the serzier. Figure 3.2 shows the sems @

hasmonic at 17.5 Wiz L{s down by atleast 50 db. Ne trace of the 20 Mz

cempensnts gan be sasily identified,

In this zeport we have pressnted ths design, sonstruction and

§

snerate )

el

Ly
=

B
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several local oscillator signals for use in a filter bank spectral
line receiver. The frequencies gatnai.'atad - range from 17,5 MHz to 24,5 MHz:

in steps of 1 MHz, Tests performed on the system showed that the phase

. 0
u@ noise near the carrier frequency is atleast down by 30 dB and the :puueu?g;
E\/fil; WY

2e9 harmonics are well below 50 dB, ‘ Zow
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