


-, vy e

N - Filtering

"y o
. .' SN ' :

"* Design of Polyphase Networks 9

For High Silectiwﬁty, High Frequéncy
S ) '

. -

’
—

- ] 'jf

N
\ K . -

Mumtaz B. Gawargy

A Tholi{
in
. . The Dopartpent
Cof - , SN

Eltcéricnl'ﬁn;inn;ring

.

r " ' &
-
Presented in Partial Fulfillment of the Requirements
for the Degree of Doctor of Philasophy at
Concordia University, )
Montreal, Qu‘bcp. Canada
September 1986
. . .
(:) Mumtaz B. Gawargy, 1986 ° . o
« ' ’x
4 vE



~

“ .
A s Y I L S

.
3

" Permission has been granted

‘to the National Library of
Canada to microfilm this
thesis and to lend or sell

) copxes of the film.

The author (copyright owner)
has Treserved other
publication' rights, and

neither the 'thesis nor .~

extensive extracts from it
may be printed or otherwise
reproduced’. without’ hls/her
written permission,

- ISBN 8-315-32258-¢ . -

L'autorisation a #t8 ‘accordée
a la Biblioth&qgue nationale
du Canada de microfilmer
cette thd@se et de préter ou
de vendre des exemplalres du
fllm. \
L'auteur (titulaire du dr01t!
d'auteur) se r8&serve- les
autres droits. de publication;
ni la th3se ni de 1longs-
extraits de celle~ci  ne
doivent @&tre 'imprim&s ou
autrement reproduits sans son

autorisation &crite.

K

B



Rt
{ .

e BRI

LT gl

'

B T Tt o SRy SV IO

= vers invented. The circuits use capacitors of the s

A : \‘ ' ’ ‘ '
. ABSTRACT \
Design of Polyphase Networks ' '

. For High ‘Selectivity, High Frequency
Filtering . .

Mumtaz B. Gawargy, Ph.D’ )
‘Concordia University, 1986 ot

‘

A novel design approach in high leicctivity single sideband modulation

and demodulation using a poiybhasu network seguence discriminator is

#

proiontcd. The special case of a four phase network _ sequerice

discriminator is required for 90° phase shift circuits.

i, -

The tolnrancq requirements on capacitors. to -lnufacturu the circgitl
hgvn'bocn relaxed to a practical value of %11 #:9- the existing state of
the art of :0.2% through the invention of a new trimming procedure. The
now‘idoll in trimming étn S. used for other circuit designs.’
New circuiél using §Q£!irnd, polyphase network sequencp discrminators
= e a-‘/’noningi value

1

hhicﬂ simplifies- the manufscture of the filter. These circuits allow
-t \. ’ N ’ .

high image band rejection to be achieved.

‘The £ilters wers msnufsctured on a 1" ; 2.5" substrate using thick film
technology. ~ The overall yield of the Ianqﬁléturoa network is close to .

100%.
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CHAPTER 1 .

" INTRODUCT 10N

\ ey

L -
~

For ,more than fifty yeasrs, s;ﬁgle—uidchand (§SB) modulation  hat
prevailed over other ™ iodul;tion schemes in anlloi nultiplex

communication lysti-c. The applications are quite large in number. Tq

"
B

quote  a faw, they sare wireless do-nﬁnicitionllyltol: like HF radio for

military telephony, Radio ?nﬂ:. Carrier Communications etc. ~ Particular
pention has to be made of the Carrier Communication system. In this

"system, SSB is dominant. The public telephone which /ﬁalicnlly employs .
the SSB is expanding at s global rate of about one million SSB channels
per year. There is no furthog“n;od to emphasize the advantage gained by.

o 1

employing SSB for such systems. In fact, consistent and continuous

efforts are being made all over the world irn order to furthor'iiprqén‘ﬂ

N

the state of the art and the economics of . SSB technology in“‘
IL, A . ,
frequency-division wmultiplex (FDM) communication asystems. FDM systems’

are uiually built in the form of a hierarchy of modulation steps. . .Each

»

modulation iﬁcpy<c01binig .3 number of channels from the hrovious

3

modulation steps. For example, the basic ;rouP'conliltl of 60 - 108 KHz

cohlihging of twelve voice channels, each having a bandwidth of "4 KHz.

\ . B .
. In the next modulation step, five such basic groups are modulated into

the next basic nupor-gfoub‘Bli -. 552 EKHz. This system is ctommon

_1.. o
. )

b
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irrespective of the transmission i;diu-. uh-tyor it' is a radio, or a
cable or a aagolliﬁ. link. In fact, modern FDX systems carry gseveral
thousands of SSB channels over one link. This dense packing of channals ’
into the available spectrum of- a tr;n’!ilsion medium rcquirci'shnrﬁ'
filtering in or&b; fo separate the indfvidﬁll channgl‘ and fo} &he'
suppression of unwanted modulation products in each 5§B -odu{ition step.

The channel bandpass Eilters (CBF) shall be designed to meet the

required spocifiéliions. &ﬂilo keeping in mind the éost factor.

1 4

4

v
»

1 1 State of the Art of Channel Bank Filters lCBF"s/

v . ~

The following tyé‘s of filters sre generally employéd in order to,

achieve the required high selectivity:

, N
(a) Inductor-Capacitor (LC) filters

-

“(b) Crystsl Filters . L . S
(c) Mechanical Filters . .
(d) chi;tot-pgp;qitor Active Filters .

(e) Recently proposed Polyphase Filters (1) .

v

]

AIn 8ll the above filters, it is to be noted: that the higher the

" frequency blnd‘tho more complex the filter will be..



¥

v

LC filters dre bulky, require large space and have to be manuslly tuned.

v s

'In addition, each frequency band of interest requires a different filter

design. These factors limit the use of .LC filters.

-

Crystal filters have the advantage of exhibiting selective

characteristics, but suffer from the following disadvantages, namely:
- N . ]
i) The filter characteristics vary considerably with temperature,

unless expensive crystals are .used.
’ 4

il) The filter requires manusl adjustment sfter manufacturing which

P P

! " adds to the cost, unless complex monolithic approaches are used.

)

iii) Each frequency band of interest requires a different filter

design, ‘ , \ -

Mechanical Eilters can be used. However, they also suffer from certain

= qQ

dilndv;ntagic. which are:

1

»

i) Manufacturing fscilities are difficult to set up and require

3

1lr;.‘cipitq1 investment.
ii) They require tuning as,a pari‘of fabrication.
iii) Esch £requency band requires a different filter design.
s ActiQo RC-filters have been used during the last twenty years to design
. | - .
! ) CBFs (2,3,4,5). The best contribution in this direction 1is due to

Saraga in 1978 (3). He was able to design two of the twelve Eilters

required for the 60-108 KHz channel bank.. He developed a trimming

algorithm and a very accurate lknulation of the filters which allowed

?

N
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"the use of :10% tolerance capacitors in order to achieve the required

performance. However Saraga's design has the following disa&vanta;o::

i) The filters wers not’ doli;nod to meet lyltc- roquxrononts
wlth out:ot'blnd s;.nlllxng !lcxlitxos, where fruquoncill
up to about 3850 Hz in esach chnnnal nay have to be tranl-xttod,
ii) The filters entail extremely tight resistor tolerance
requirements (20.11), which are very difficult to achieve
unless very slow ana expensive trimming proc;durcl are
followed, ‘
iii) The two filgors that were designed di@ not mest a .
temperature varistion of i0-40 degrees centigrade.

N ( Normal tempersture requirements in North America are

0-70 degrees centigrade ).

‘e

iv) A different design is required for each of the twelve
channels. |

4

In all the sbove CBF's, it is seen that a different design is required

vhenever different channels iro used. This disadvantsge alone could be

the dctot-iniﬁ;‘ factor, even if all other problems could somshow be

resolved with new technologies or techniques.

During ¢4he past decade, different attempts have been made to introduce

the :polyphsse technique to single sideband modems (1,6,7). None of the

sttempts could be used in manufacturing. One of the discouraging factors

was the tight tolerances required for the capacitars, which is of the

v
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ord;r‘ of 0.2 1 . ‘However, thers are io;o important IdVintliOI of the

polyphase technique which can be susmarized as follows: —

1. Th"lin;ldilidoband modem can be operated at different frequency
bands by changing the system cloci. , ' .

2. The phase shift network can be miniaturized using.thick or thin film
toc?nolbgy. (}z o

In addiéion ’to th.'dilldVlnttg. of tight tolerance of the cnp;citbrs,

-]

the other dissdvantages are:

a

S Sonsifivity is s ﬁi; factor, because of very low component

tolerances required.

2.  Even with expensive components, the highclt‘iln;o rejection achieved

was only 57 dB.
3, The existing .design by E. Dsoud ( 6 ) does not meet the power ‘
consumption requirements and it was not designed for wideband ///

aPplicaEions. Lo ' o ’ & : 7//(

4, Timing is a problem.in both -odhl;gion and demodulation.

§

1.2 Scope of the thesis: | Lo 4. ' / L

o 7 v

From the previous discussion, it is essily seen that thy polyphase
concept is very promising £or.doli;niﬁg CBF's. This thesis advances the e

state of the art of the above concept 80 as to produce highly gelective

'
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sensitivity analysis. Because of tho’co'-pl_oxity of the network uhdo;
investigstion , a closed form analysis is extremely \diff'icult‘, and the
way - to handle more than sixty R,C components and other stray components

was overcome through computer simulation., Chapter, four ox.;;_;nixu the
, ’ , o
trimming procedurs for the single stage polyphsse networks and extends

the concepts to the wideband polyphase network. Chapter five describes

the factors which should be éongidc:rod in the design of SSB aodem , with

emphasis on  the effect of the on-resistance of the switches and the

* ’

tiping errors on the performance of the polyphase network. Chapter six’

shows the temperature and humidity effects. Chapter seven describes the

"ditforont statistical simulations from the quick simplified component

tolerancs simulation, to the exact statistical simulation which includes
the trininlg procedure. Chapter eight gives ssmple test results while
Cl;aptcr nine w.-urizu the conclusions sand discusses pbui'blo".futuu
developments related to the polyphase network design concept. The reader
.is encouraged to read chapters in the order he wishes to, except for tl‘\lp.
The infroduction il important, as is tho second

first two chapters.

chapter which irlnclu'du basic i.':gfonution on the polyphase concept.
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- CHAPTER 2 ‘ .

" DESIGN OF POLYPHASE NETWORKS

f

{

2.1 Definition of Positive and Negative Symmetric Sequences

o

more ‘fhln‘ﬁwo vectors that are equal in magnitude and equally spaced in
. A / - N . . 3
phass. For pregent applications we will consider only the uﬁecigl case

of four vectors. Each vector represents an alternating voltage and can
. /( ’ v o ‘ =

bhe represented by VWt | q. tho'nignitudo of the vector (= V) and' its

v

v

We will definie the positive sequence as the sequence of vectors 1,2,374

ey
g

© Lot us define a ly-,t}ic sequence (1) as-a set of vectors contc;ring

(Figure la) in the clockwise direction .ﬁa the negative naquonéc as the .

l.dqoncn of vectors 1,2,3,4 (Fi;u}g 1b) in the anticlockwise direction.

" In Figure 1, S1 is the positive sequencs, Szﬂis the negative soqﬁnnco;"

RN ’

and S3 = S1 & S2 is their vector sum. -

’

-« r=

It is to be noted that the sequence whether positive 9r.ho;ntivo is’

s .

composed of vectors rotating anticlockwise with angular velocity = w

rad/sec. ‘ ‘ . ‘ \
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2.1.1  Design Objecti u‘s for Singla-Sidsband Applications

1
-

In practice wa do not have a symmetric sequencs of four signals but this

ig7r-sctually what we want to achieve in the ideal case as an output

'soquc;;:c‘ To find a suitable input, the opponlhto procedure is

"~ performed. Si:;co the possible input si;nuls/ar’o of unsymmetric form,

they can be forpod only by adding at lesst two symmetric sequences of

" different polarity like §3 in Figure 1C. Figure 1D shows a c‘irlcuit to

!J-{a" e - . .
j!nﬂ\;‘:&,’;l sequence like 53, which is composed of both the positive and .

L

, , .
the “'ii‘i‘utivo sequences Sl, S2. It is desired that only one sequence

survive over the wanted frequency band such that our dvuirod\ signals

' from the network are equal in amplitude and 90° spart in p‘l';au.'

2.2 Single-Frequency Notch Ssquence Discriwinators

"

Consider the uqucnco\ discriminstor shown in Figure 2a. ' It is easy to

lho;( that the chain matrix for one_psth, for example 1 to ;round a8

input and 5 to ground as an output is as follows:

-,

a) for the positive sequence: _ _ e
. C 4 ) '

i
t

vy 1 1 +jwCR . R ] [VS]‘
[’I,] ) 1 =wCR 2!wc LAewCR] . {-ls



I

(S

.
A

PR P

The open-circuit transfer function is:

T VS ' - ——-.-——-‘ _.',"
s‘, V‘ |’5 -0 . ' 1*""1 .
' 1
where f' -
2x RC \

b)g for the negative sequence:
3
o : - - Y
vy 1 14jwCR R Vs]
1+wCh Mwc 1 #jwCR ~lg

and

51~ * — ”
' Vi As=g 1+jihy

.

Figure 2b shows both the positive and nogitiv. sequence frequency

1

according to the equstion: c
' i . .
Lows = zom;o’ V1w —_m,)i-“ ‘

Fijure 3 shows the 30 dB“b:ndvridthA Of ‘where - A€ can be derived from the

.

apove chltion to be;

A¥ = 0108933 5 £ L

where f, is the centre frequency.

Lo .

.

" responses. The loss in dB‘for a positive sequence varies with frequency ' %

0

-
¢
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Input

2
b
-1 - > 1 -
+
‘ A
b's: (elS, *32
"
’ : RC3
- Ra
o . < : ‘
‘ . , RC4
)
.Figure 1. (a) Positive lSequenco .
{b) Negative Sequence .

{c) Sum of Positive and Negative Soquences
(d) Gcmrallon of S1 + S2

- 12 -




(a)

Negative |

-

o

Sequence
Response

Figure 2 (a) Four Phase Sequence Discr
(b}. Frequency Response

-13—

iminator
‘ »

Pasitive’

Sequence

Response

4

(b} -




'2.3 Wide-Band Ssquence Discriminstors = | \

' N

'To design wide-band sequence discrimirators, /Gingell (5) suggested .
casciding 8 number of sections whose notch‘ friquonciil are well : :

. distributed in the band of interest. .

N . =

»2

; ‘ Although.different to:hniqu.i can be used to get the optimum response, '

done of these solutions leads to an"acceptable in-band ripple. Figure 4

P

shows a solution to the ripple problem suggested by Mikhael (1,3).  The c

addition of the four- resistors to ground will result in a modified chain

* o
. :
u ) .. \
¢

. : matrix such that: . ‘ I
1+ R’ + wCR T
v 1 RG R Vg :
s .7 R 1 i .
Wi 13wCR | ; 14 = b —— 1+ jwCR -t
’ ' wC { 2RG ' RG 5

. ' 4

The modification can be shown to improve the "in-band ripple wi thout ‘

noticeable ch;ngéhfn the i-ago-band. T e
. . 1 .

It .is to be notog that these resistors ﬁo ground need not necessarily be

¢ . Co .
added to all the stages, it may be only necespary to add them to a few
o o 3 - L

stages. s
% :
i -
. .
ﬂ" N
;
< 2
ot "
\ : . Do
—— 4 >
3 2
. - 14 -
s ‘ :
y
%,
" ‘.
* /
g \
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Flgura 3 The 30 dB Bandwidth for the Smgle Frequency Notch
Sequonoo Dncﬂmmator 'ﬁ
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At %0.08933 f,

. .
—
Fa
d
\
¥
3
.
- A
.
.
A ‘

cen Figure 4. Aaditioml Resistors to Ground

to Minimize in—Band Ripple
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.number of stages, but these .attempts did not show improvement.

The position of these added resistors can be found through a number of

optimization runs. In these runs it is recommended to start with the

addition of these resistors in one stage and find out which stage will

give the optisum results. If the result is not acceptable, more than

one stage phouiﬁ be tried to get the optimum 1lpocation of these two

o

Mikhael's design (1) used six stages with resistors to ground in some

stages. Using £0.2% capacitors, 57 dB image rnejection could ‘'be

achieved.

-
1

éffonpts' were unade to incresse the image rejection by increasing the

The

theoretical improvement in image rejection was taken away Sy component
i ;

. tolerances added to the network. It was concluded that six stages is

opéinun for the passive design. The active design by Daoud et Al [6]

wal‘fér nofch frequency applications; it was not designed to fit into

wido-band applications. -

4
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2.4 _The New Design

It was found through ‘si-ulntibn that the novel idea of designing two

separate sequence discriminator networks with a unity gain buffer in

between is the best solution to achieve higher out-of-band rejection.

-

TPQ thuzfoticll explanation is simple; losses are added for buffered

networks, while in a cascade of networks, the chain .-atrix of the

resulting network equals the product of the chain matrices of the

individual networks, vhich is not equivalent to. the addition of the
individual lolzggmupocgun- of the interaction of the other chain matrix

parameters.

In our approach of buffered polyphase networks we start with the design
of n stages, then we optimize the location of the buffer (buffers) and
finally we optimize the location of the stage (stages) where we need to

add grounded resistors.

The netwvork- r.quxro-ontn could be achieved with a lovon—;tugo polyphane

\

filter, a buffer tq;uf/’/lxxth stage ;1v1n; optxnul rosult: in the

transmit direction<” The additional rolxctors to ground wers needed only

st the fourth stage, which resulted in a big saving in the substrate .

L 4
area.
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Diffo;;nt strategies were involved in the  design and different é%gvi

opti-izition tachniéuo: were used to determine the number of sections

required, the location of buffer/buffers ang the value and location of

- . - 5 *

the gdditional‘rosistors to ground.

7 n

3

One of the important strategies was the use of the same étpacitor value

in all the stages which ensures high yield in the assembly of the

sequence discriminator and ‘a lower parts cost. In this way, the

resistor ratio of the sequence dilcriniﬁ;tor vas reduced from 24.8 (i)

‘to 11.3 wvhich reduces the number of different inkl for thici-filn

design.

The compromise design has close to 1007 yield in the transmit path and

iﬁﬁro;i-atoly 60% 9101d in the receive path, which means that the

A

" overall yield is 100%. ‘ ‘ :

o

The sequence discriminator was first built using discrete components in
* 1

" the development stage. Now it is in production using thick~film
~tochnolo;(y' on a 1" x 2.5" subatrate, v
Figure 7 shows the discrete SD as well as the thick-film SD. v
* o
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Consider a sequenagp discriminator (SD) used as a transmit phase shift

network, where the modulator is connected to the output of the $D .

Disturbance signals occurring at "the input of the SD will be highly

sttenuated, since they pass through all the sections of the SD.

. Disturbance signals ogcurini at later stages will have less attenuation
* since thiylphin‘through fewer sections of the SD. If the tolerances in

'thc components were treated as disturbance signals, we can conclude that

the response is more lonpiti?o to the components, which are close to the

4

output,

-
’

If two buffered sequence discriminator sections were u;od a8 3 transmit
pbasi nﬂiqt network, the sensitivity of the last two stages of’thé first
SD section may iffo; from the rule in some frequency bands. Figures 8
and 9 show thfx}\gigi of thlgvarxation in the resistors and capacitorl

Eor tho seven-stage buffered doifin. in vwhich only components for stages

7, 6, and 4 are shown, while components for stages 3, 2 and 1 are not

o

shown because, thoy.did not show signffi;ant varjation from the nominal

response.

o -
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o CHAPTER 4-

" TRINNING PROCEDURE

In the thic‘x-(fih design, capacitors with certain tolerances are 6 :d
~and the rufistor: are . trimmed to’co-p.nnta for the effect of these
c;paci'tor télo;an;:u. ~Tho ,ilr;;r the nliowablc tolerances in the
clpaciiorl. the more a.ccur.nto the trimming procedure must be. The
opposite is also true, {.e., if an accurate triming procedure is
developed, it will allow wider tolerance capacitors to be used.

In any poiyplnu degign; eacK’ stage consists of a ‘nunb"ir of capacitors
and a nu$or of resistors (in our case four capacitors  and 'four
resistors). The known method ‘:Eetrining such an arrangement (1) is to
measure the cnpﬁci{tors; find their average lvaluo, calculate ’tho
corresponding resistor value from tho‘ resomant frequency of the sta;o\.
and then trim all the resistors in t};at stage to the calculated value.

This is repeated in all the stages.
This method of trimming can be applied where the rejection required is

not very high, it will limit the capacitor tolerances to £0.2% (1) for a

57 dB out-of-band rejection. -

- 29 -
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4.1 Trimming Single-Stage Polyphase Iletw‘orks

14 .

The invented method of trgnning is based on the chain matrix, alse known
. . .

as the ABCD matrix of a single—stage polyphase noéwork“ The derivation

of the ABCD matrix for both the positiyo and the negative sequence in

terms of resistor and capacitor values -is carried out. *

.S
¢
All caplcit;rs'of the single-stage polyph;:o network have the same
nominal value. ‘Houovcr, the ABCD matrix is derived alsunI;: non-equ;
values fqr both the capacitors and the resistors. This will help us to
Qndorltnn; the interaction of each component and it will simulate the
real world, since components are always associated with tolerances. In
our case of four phases, assume that the resistors are Rl, R2, R3 and R4
and tie capacitors are Cl, C2, C3 and C4 as shown in Figure 12. Appendix
3 shows the derivation of the ABCD matrix for both the positive and the
negative sequences with input node 1 and odtpu:thdu 5, as ;A example,
Other matrices can be derived in a similar manner. If nodes 1, 2, 3 and
4 are the input nodes, while nodes 5, 6, 7 and 8 are the output nodes,

four ABCD matrices for the positive sequence and four ABCD matrices for

the negative sequence can be written as fol}ow::

o



B s

-

a

Positive Sequence : R Negative Sequence

3

Figure 12: Derivation of the ABCD Matrices For the Single Stage Four-Phase s.D.
e - K

'
.
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3

P4

snd C4 = C3 = C2 =Cl

)
r

If R4 = R3 =~ R2 = RL.

¢

[y

we hn\(. N

oA N Ak E e R

T

o

- for both the positive and nqavtivo sequences whers

!

A B . 1 1 +jwcyRy Ry w10
C Dlpy (1 =wCyRy) 2%wCy T 1+iwCRy | . - ) ,

and . oot
A B : - 1 14‘}*C1R' ) R' ! L 4 =113
C Djineg (1+wCiRy) 2jwCy 1+jwCyRy .

* 4

~ Equations (4-10) and (4-11) sgree with those derived for the sguaf.

conponont‘l case (1), Equations (4-1) to (4-8) show that the best way to
control {l‘u pole lo_cntiox; is i.:o fix the products Rl C4, R2 Cl, R3 C2 and
R4 C3 i.e., if-R1, R2, R3, R4 and Cl, C2, C3, ¢4 ar.‘ as shown in
Figure 12 which is clockwise n;mbcrin;. then according to~thinuruul‘t
.thq trisming nhou‘la be in a ‘coul’lto‘rclockwiu direction. If ,the‘
nu-b‘oring goes fré- top to bottom as in Figure 5, the trimming should be .

N

carried out from bettom to top.

- 33 -



The previous statement does not in any way restrict the soﬁuence of

trimming (which rasistor to be t;i,ned first), but it does restrict each

resistor to ah associated capacitor such that the RC product is fixed.

The foregoing method of trimming resulted in widening the capaéitor

tolerances to *1%, from the state of the ‘art of *0.2%.

4.2 Trimmwing Wide-Band Polyphase Networks _

{

The previous section shows the method of trimming singlo-ltaée polypﬁase

3
networks. In wide-band polyphase networks, each stage is trimmed in a

similar manner to the single-stage case. To optimize the trimming '

i t t
procedure the following steps should be carried out.

\ v

a) Sensitivity analysis to find out which stages need to be trismed and

4

which stages can be left without trisming. °
From our previous discussion on sensitivity analysis we can
conclude that if the filter is used in the transmit mode, stages 4,
5, 6 and 7 .need to be trimmed; if it is used in .the .receive mode,
stages }, 2,3 and 4 need to be trimmed; however, i§ it is used for

2

both transmit and receive modes, all the stages must be trimmed.

L

-3[‘-

e
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b) Few runs have. to be psrformed using the laser trieming pf&ccss to

v determine the optimums value of the grounded resistors, so that the

in-b;nd' ripple il‘-ininizod. The modified value can be slightly

d;fforoht from the design value due to parasitic Oféectl not
included in the linulati;p. |

- \ C pade

‘) The sequence in which the stages are trimmed can be optimized.ﬁqgoﬂ

P

on their sensitivity as well as .thcfr‘ relative position ‘on  the
”
[ . !
layout, It is important to trim the resistors on'a stage by stage

g oo

bnsis; row by row @rituihg may result in an intolerable drift in

VTR

some of the stages.

d) One possible way to partially offset trimming inaccuracies in each
ltng; is to trim the first resistor, measure ii and find out the
pcrcontigo deviation from its calculated value, 'then use this

~ ' o "4
pefcentage to modify the c&}culatod value of the other resistors in

the stage and trim these resistors to their modified value.

a
v

3
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SINGLE SIDE-BAND NODEN DESIGN .

The sequence discriminator technique in image rejection modulation and
S ot ' o

demodulation depends on the existence of a precise four-phase modem.

Fi;u;o 14 shows the circuit dingrkﬂ of the whole-scheme, At the input

of the transmit SD, an inverted signal is derived from the input signal

. : P . L
 snd both the input “signal and the derived signal are fed to the transait

SD, the output of which is connected to the noduiator tHrough a buffer

arrangement.

. -
Ny

In the receive direction, the doisdulntqr is connected to the receive SD

either directly or ‘through a buffering arrangement, tuo'of the receive .

1

SD outputs are fed to the output through another buffer arrangement.
. ) v

¢ 0 ‘v
o - .

Q ' , , L
In our design a four phase modem was implemented in a 16 pin

dual-in-line ceramic pucka;o\using s metal gate NC-Series gate ,array,

this package includes the four phase carrier ;cncrtto}, the four phase

switched modulator and the four phase switched demodulator.
4 ' *
. ) : .

..38.-
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Figure 15 shows the G39 Modem Circuit diagram.

modenm:

Figure 16 shows. the
.Block diagram snd Pin configuration. Table 1 shows the pin description.
Two important factors have been taken into account in the design of the

a) ,The Switch On resistance. e ’
b) The timing of the pulses.

4

§.1 Effect of On Resistance of the Switches

.
.

D . I

The .On resistance of the soriofﬂ’switchos ;s not éfitié;l for the
transmit side ;incc the SD is buffered from the modulator.
. S ' '
In the receive direction the main concern is to present the roécivo ﬁp
with four cqgal ;ilﬂlll which are squally spaced in phasé, if the On
r-gistthcc tolerance causes these folir signals to be diltufbnd, it will

cause the out—of-band rejection of the receive SD to

drop. These
< resistors are in series with holding capacitors CR1l to CR4, Figure l4.

3

The existence of resistors at the input of the receive 5D is another

reason for concern because in the receive direction, the first stages
are the most sensitive.

.

- 3§4_
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Voo VRer VssT Vssr

RO A A

Four Phase
NCAR - Carrier . - J
Generator . '
1 Nne. Ot
" : ) VDD d 2
: : ™
T‘ 4 S d 3 ~
T2 Four T2 m ]
Ph.u - THMT .
T3 Modulator 3 (s )
T4 - ,
T4 (]6
vrer §7
R - TRMT (8
RZ - Four i
: Phase - RCV
R3 - Demodulator .
R4 -

o

. N

‘Figure 16 The G309 Moadein Block Diagram and Pin Configuration
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Table 1 Pin Description of G39 Modem

Number Symbol Type Function
1 n.c. na No connection
vDD i Positive supply (reference to VSSR or VSST) -

3 Tt i Transmit sudio input (limited to = 3.4 KHz)
Other transmit inputs have phase referred to T1.

4 T2 | Transmit sudio input. Amplitude same as T1.

’ Phase legds T1 by 90°. -
' ¢

5 T3 | Transmit audio input. Amplitude same as T1:
Phase leads Tv 180°,

8 T4 T4 Transmit sudio inlr.mt‘ Amplitude same as T1.
Phase laads T1 by 270°.

7 VREF 1 Anaslog ground for analog inputs and outputs.

' When used with a single supply, this pin must
. be connected externally to (VSS-VDD)/2. -
8 TRMT 0 Transmit modulated output. This s tha
3 §88--SC signal.

9 . NCAR | Four timaes carrier frequency input. This signal -
is divided by four internslly to produce the sctual
carrier frequency about which TRMT is modulated.

‘10 | wssT % Transmit channel negative supply. |t is separated
from VSSR externaily only to provide additionsl
transmyt to recetve channel solation and decoupling.

" . " R4 0 Recsive audio output. This signal is derived by’ ’
. “sampling"’ the RCV input at thie carrier frequency
and for a duration approximately squal to 1/8 of
the carrier psriod. Phase leads R1 by 270°.
12 R3 0 - Receive audio output. Derived same as R4, Phase
. leads R1 by 180°.
13 R2 0 Recsive audio output. Derived same as R4. Phase
. leads R1 by 90°. -
14 R1 0 Receive audio output. Derived samae as R4, Phase
’ , of other receive outputs referred to R1.
15 RCV 1 Recaive SSB--SC input signal. s?gml is demodulated
. to producs the four receive audio outputs.
16 V$S'R 1 * Receive channel negative supply. See VSST signal
: description.

- 43 -
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Not; that absolute tolerances are not as critical as ‘r¢lativ0

tolerances.

x

To reduce the effect of the on resisstance of the series switches, 2 Kohm

-

resistors (RC Figure 14) were sdded.

5.2 Effact of Nodem Timing Error

The high sslectivity in the sequence discriminator approsch is based on

image cancellatior. In the ideal modulator where all the modulator

inputs are squal in magnitude and equally spaced in phase, the '

out-of-band rejection will be infinite. In practice there will be &
magnitude error and a phase error in thos; outputs, in sddition to phase
error resulting from the modulation timing error. All these errors will

result in a finite. image band rejection,

In the region of high image rejection, the imsge response can be

considered as a small residue vector resulting from the cancellation of

two vectors.

Let us examine the relstionship of magnitude error § , and total

"phase_ error A¢ to the cancellation factor D; note that image

‘rejection ' =20 logygD. The cancellation factor D iq the difference

~ 44 -
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between the error-fres unit vector and the vector (1 + 6).‘5’ and is

given by J) »
D= l1+85)dd¢_y \ | | v
2 . 2 ‘ : , /,
02.[(|+G)CoaA¢-1] +[(1+‘6)szn'A¢] ) ‘ | BN
From which we can derive 4&¢ to be
o 252,05
A¢'2Am$n&5Gl—JL) !
1+6

Note that A¢ is the total phase error due to both modulatoer and SD.

The maximum allowable time error ATmax , which is the total time -
error including the time error resulting from the SD phase errors, can

be found fiom the equation

where fc is the carrier frequency.

If the filter is to be used for different carriar frequencies, fc lhoulcg

- '

correspond to the highest carrier, since the results should b‘o as good,

if not better, for lower carrier fraquencies. ‘ .-

R M
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In our case the filter will be used in any of the 12 channels with

carrier frequencies 64, 68, ..., 108 kHz respectively.

Use 5-5, 5-6 and fc = 108 kHz to yield:

. . 2 24,058 .
© " BTmax = (29473€ - 6) [Arc Sin 0.5 (D -5 ) ] )
. , 1 ‘ (56

+§

»

In the special case vhere § = O equations 5—~4&, 56 will reduce to

A¢=2 ArcSn 0502 D o C (617
5 —8)

ATmax = (14737€-681 0

.

Equation 5-7 shows that the csncellation is mainly determined from the
phase error.” .
Equation 5-8 shows that the maximum allovable time error is ~ 1,47
/nanoseconds to achieve 60 dB of cancellation.
ﬁti that AT derived here includes only the palyphase newtwork
phase errors, and must be further reduced to allow for magnitude srrors
and SD phase errors. If the modem is designed with lower value for
AT max , the performance of the whole system will be improved.

v

Fi;uroA 17 shows the relation between the cancellation facter D and the

saximum allowsble time error ATex for three values of wmagnitude’

-1‘6_.
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Table 2: Magnitude and. Phase Error for
Sevén Stage Polyphase Neétwork
Freq. |Nominal| Nominal|Actual Actqaf‘ Mag |Phase
Hz Nag Phase | Mag Phase |Error |Error

dB Degree | dB Degree | dB Dagree

~1004. |-2.386 33.507(-2.359| 33.745|0.0258(0.2380

0.} 0.0 0.0 0.0 0.0 |0.0 0.0

.160.1-1.787 | 138.270|-1.781| 138.100{0.0061]|-.1700
175.1-1.887 | '146,360{-1.880| 146.170{0.0062}-.1900
200.{-2.013 | 158.640{-2.007| 158.140}/0.0060]-.2300
"l -400.1-2.272 [-134.300{-2.262(~-134.670}0,0097|-.3700
600.|-2,303 | -91.809|-2.284| -92.184(0.0185|-.3750

- 800.1-2.348 | -59.756|-2.323}| -60.073/0.0249]-.3170
1000,1-2.385 | -33.974(-2.359| -34.213|0.0268{-.2390
1200.|-2.404 | -12.523/-2.379] -12.6860.0249]-.1630
1400, {~2.403 5.7281-2.383 5.63310.0203[-.0947
1600.|-2.389 21.514(-2.374] 21.476]0.0143|-.0380
1800. (-2.365 | 35.344{-2.358( 35.348(0.0072|-.0040:
2000. |-2.336 47.584]-2.337| 47.621{-.0001]0.0370
2200. {-2.307 58.512(-2.314| 58.572|-,00740.0600
2400, |-2.278 68.3431-2.292] 68.418{-.0144]0.0750
2600. |-2.251 77.246|-2.272] 77.330{-.0209{0.0840
2800.{-2.227 | 85.359(-2.254{ 85.445|-.0271/0.0860
3000. }-2.207 92.791|-2.2401 92.877|-.0327[0.0860
3200.}-2.190 99.636|-2.228| 99.718|~.0378]0.0820
3400.{-2.177 | 105.970{-2.219| 106.040|-.0425{0.0700
3600.(-2.166 | 111.850(~2.213| 111.920|-.0467}0.0700
3800.{-2.158 | 117.350({-2.209{ 117.400(~.05050.050Q|-
4000.|-2.153 | 122.490|-2.207| 122.540{~.0538|0.0500

o
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R  CHTER 6 S
TENPERATURE AND WUNIDITY EFFECTS’
1 b ) .o
v , )
. . ) . 7o :, . .
6.1 Tempersture Effscts )

.

The' oxutmg dou;n of thﬁ polyphu& network should meet 60 dB uuo

band rejection lt any tupontun between zero and 50°C..

1
. a

" . l - .

. v

The effect of ‘temperature has been simulated based on the following

assumptions: T . ‘ - \ ‘ L
o v L'( ) /

a) Capacitors of the ti'po coG-NFo Chip Cersmic which have a temperature
coefficient of +30- ppm/°C.

b) Thick film fesisfori using the DuPont 1600 series type ink with

. - \
temperature cosfficient of t50 ppm/°C. . B .

s

« J N B
.¢) "The malysin is buod on the Eact thnt tho circutt is tnllod
& accordin; to the proper tnﬁmg al;orzthu to ‘coapcnlate for the

-

component tolormcu and part of the manufacturing measuring and

o ‘
trimming inaccuracies. £

€
- 50 -

&
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The results of the simulation were allfollous:

1) If all the capacitors ' change ih one diredtion, or -if all the

resistors ¢change in one direction, the effeck . is insignificant both

in the in-band and in the image band of the/network.

2) If the capacitors in each stage change/in one direction or if gbe"

still be insignifi ’ , pass~band and in the image band

of the network. .

-

" 3) If the capacitors and tho‘tc:iltors’vaty in a rahdom fashion within

-

the given tempsrature coofticiint; s degradation of approxi-ntolf
.1 dB will result in ‘the image band.

4) " If, in addition to the effect of tnnéurlturo vnri!tion, ; drift
componsnt is added to the c;ngcitor: and the resistors with a-
relative value of £0.1%, the do;rtdatisn in the ii‘go band will be

°q§proxi-atoly 2 dB; | |
)

/

The above results suggest 'a manufacturing specification of 62 dB to
accommodate the temperature and drift effects, and meet 60 dB image
[} N . ! '

rejection specification.
A %3
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Table 3 Effect of Humidity on the In—Band of the Poly Phase Network

f He Mo::Jn RC=1M{l| 2MQ2 M i oM 1oMS]
~1.0000+00 | -7.41068 | —8.63812 | —8.02515 | —7.82042 | —7.71801 | 761867 | _7.53381
~100000. |-10.3426 | -11.5682 | -10.9551 | ~10.7510 | —10.6489 | _105468 | _1g 4850
—4000.00 | -.127430 | -1.11397 | ~621502 | -466922 | —.374881 | _ 202214 | _ 228306
-3850.00 |-9.317D02 | —1.06685 | -580879 | —418382 | —.337111 | _ 2785814 _'2‘2”7‘”63
"~3800.00 | -8.226002 | —1.05140 | —.567642 | —.408061 | —.325062 | 244150 | _ 179401
' ~3850.00 ~5.121002 | —1.00588 | -.529359 | —.370090 | —.290402 | 210889 | - 146903
-3600.00 |—4.145002 | —990992 | -517038 | -.358623 | -.279362 | 200076 | —.136831
—-3800.00 | -5.842003 | —.932092 | ~470142 | ~315426 | —.238014- | _ 160575 | -9.8610-02
~3200.00 2.448002 | —.877582 | —427385 | -276883 | -.201578 | ..126248 | —6.596002
~3000.00 4833002 | —824821 | -.389131 | —.243484 | -.170575 | .9.7860-02 | -3.931D02
—2800.00 6.5010.02 | —. 774857 | -.385614 | ~.216529 | —.145437 | _756300-02 | -1.9190.02
—2600.00 7.431002 | —.726301; | -.326830 | -.193238 | —.126387 | —5951D-02 | -5.986003
~2400.00 7591002 | —.679045 | —302392 | -.176412° | —.113388 | _50300-02 | 1.8000-04
~2200.00 6.9960-02 | ~631004 | ~281318 | -.164336 | ~ 106793 | _4.7220-02 | -3.496D04
~2000.00 5733002 | —.579249 | ~261722 | -.155483 | -.102314 | —49120-02 | -6.5460-03
1800.00 3971002 | —519199 | ~240642 | -.147159 | —.100472 | -5.376D-02 | -1.638D-02
160000 | 2011002 | —443928 | —212510 | -135085 | —9.6290.02 5750002 | -2.8460.02
—1400. 3009003 | —.343236 | -.170874 | -.112775 | -8.3850-02] —~5.4900-02 | ~3.1740-02
-:%gg _5725003 | —.202360 | ~.104310 | -7.1480-02 —so.soso-oz -%wo-oz -,zdsaeooz
1000, y ) . . )
~1000.00 0 0 0 .
—800 205843 | 159708 | .114069 9.123D02| 6.838D-02 | 5.0090-02
—600% : igzg.‘gg :742133 398932 .283492 225670 ’ .167809 - 121508
—400.000 5924002 | 149306 | .785802 [ 545048 424025 .02666 206387,
T300000 | 6714002 | 21a117 [.'112988 | 779655 | 803138 | .4Z8350 | 282046
" ~250.000 0980002 | 261221 | 1398sg [ 973584 | 757 : 3
) 192006 1.2%000 1.79400 1.27481 1.00848 740574 523035 .
e ‘284222 185775 | 208592 | 149168 | 1.19688 | 897211 | 654122
::m'ooo 307857 3.74819 2.12821 1.54233 1.24125 .193::3? gg:gz
* ) 361807 1.93903 2.26198 1.68223 1.33820 0183 .
~160.000 ‘974419 543037 | 3.40877 | 264539 2.24589 1.83430 149623 |
-1oom.ooo 1.35539 809473 | 397177 | 3.15888 2.73082 2.28780 1.92236
.ao'oooo 300761 824425 | 596645 | 5.06659 4.58606 | 4.08359 3.66497
-:zo. 4.66498 992747 | 766405 | 6.75847 6.27251 5.76265 5.33654
Referance '5.06204 6.28955 | 567656 | 547182 5.36940 526696 | 5.78500
RC = Resistance across each capacitor inthe SD -
L Y
3
- A

RERNY
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CHAPTER 7 . TN
. {

@

STATISTICAL SINJLATION

-

s

. )
l

An in-house computer program "SCAMPER" (a) is used in the analysis of
the polyphase network, SCAMPER can be used to do statistical ni-ulngiOn
o; the circuits if the nolinll coipon.nt values and tﬁ; tolerances were-
dofiﬂod. Our problems in ‘the case pf‘polyphlln networks will not Ailoﬁ
us to use SCAMPER ;n it is, since the trimming simulation requires us to
randomly generate Capacitor values and use trimming squations to darive:
the trimmed resistor values, add messuring and trimming in-ccurlcio;,
and finally simulate 'Eht circuit. Similarly, the simulation results
from SCAMPER has to be COnéilod. this can be done manually if the number
of circqitl are small. In our case we increase the number of circuits .
until the statistical yield is ~stable. To do sll this work within
SCAHPER, the author has to develop custom Fortran programs and the
l:saciatod interfaces, shown in Apéondgx 1. ‘
Because of the largs a-;unt of work that is involved in the design and
optimization, the ltg{i:ticnl analyiis is done at three levels depending
on the importance. At the early design stages, the anslysis is carried

out around the nominal component values until 3 reasonable design is

obtained. In the intermediate stage of the design, trimming simulation.

-~ =55~



\ .
is added, and when the design is finalized, the most accuraste

statistical simulation is used.. . .

7.1 Statistical Analysis Around Nominal Component Values

This is the quickest :tpiilticil analysis, mainly used for broad
comparisons between different designs, or for chcckiq;c;hg effect of

varying some components on the response.

The SCAMPER Program is used to vary the components randomly within
specified tolerances, analyze the generated circuits and then perform
statistical analysis to calculate the wminimum, maximum, average .Qd
standard dovi:tion of the response. _The statistical analysis can be
done on 8 specified number ‘of circuitl; SCAMPER will show the su;nnry of

the results, the detailed response of each circuit is lost.

!

b

A sample data file "SD7K9 Data File" is shown in Appendix’ 2. Table 5

shows s sample SCAMPER output file.

To get the detailed responses from each circuit, we can use SD7J4, SD7R9
dats files shown in Appendix 2. These files use the subroutine XTOL
which returns a random value of the element, given its nominal value and

its tolerance.

;~56 -
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i 7.2 Statistical Analysis Including Humidity and Temperature Effects

A
v

As shown.in Chapter 6, the effect of humidity'is simulated by adding a

‘resistor across each capacitor (these resistors can vary widely), we

J . . N
will assume in our analysis a $t50% tolerance on these resistors.

Table 6 summarizes the statistical simulation including the effect of

' moisture for difforoﬁt‘vuluos of moisture resistances RC, from which as

indicated in Cﬁnptot 6 tho[vnluo of RC has to be grester than 8 Mohms,

4

which was found to be possible.

prt
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Table 6 Statistical

+

Simulation Including Effect of Moisture

RC = Moisture Nesistance Across Each Capacitor
sused to Vary Within * 50% of its Nominal Value

D rea,

- 60 -

£, Minisum Losses dB
Hz Mo -'RC RC RC | 'RC
Moisture | = Zﬂt - 6H§ = M | -« 8M¢
In-Band 300 0.08 1.43 | .76.| .54 | .41
3000 .| .0.03. -] -.50 | -.23| -.14| -.10
Ripple |  0.08 1.93| .99 | .67 | .5
Image-Band 175 20.3 | 21094 | 22.85 | 23.31 | 23.57
300 53.9 | 33.83 | 38.24 | 40.94 | 42.82 |
400 49.8 | 36.05 | 40.45 | 42.74 | 4415
600 59.5 | 40.16 | 45.63 | 48.74 [ 50.84 |
3400 57.4 | 52.61 /:Z//u/ 57.27 | 57.33
3700 57.4 | 53.62° | 57.18 | 57.29 | 57.33
/
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-
The effect of temperature can be studied using the same data file SD7K9

shown in Apgcndix 2 after deleting the STERM line on’ tﬁg third page.

' Note. that the specifications following that line are 2 dB lover; as

explained before, the 2 dB margin is wused for manufacturing

3

specification. Different temperature runs can be gensrated, normally

for the lowsst and highest temperatures.

1

7.3 Statistical Anagyéis Including Trimming Simulation ;

i

A subroutine F51 shown in Appendix 1 iz used to simulate the trimming of

the gesistors in a polyphase network given the notch frequency and tho.

_capacitor values, this routine is called from the SCAMPER data file, and
1 .

it ‘has to ,be in specific format compatible with the SCAMPER program.

(Y

A uapl.o Data file SD7J is shown in Appendix 2; it can be used to study

the trimming procedure and the effect of’ diﬁfcé-n’t tolerances on  the

. performance of the polyphase network.

o *
>
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o

o
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" RSD7E cafﬁulatol the power average of the rssponse. between 600 to ‘5300
estimated for a given specification of power averaging. . L

* .Table 7 ’hogl a sample output for 200 data files 5qnoratod from POLTX

7'.4' Genarali 2ed Statis_tical Sinuhlation . . \)

" This is the most powerful de most accurate simulation, but it is cust."&

¥ T

made for 8 finalized dol{gn. i.e., any change in the design requires a

modified package to be written.

1
e

Two Fortran programs, POLTX, POLRX developed by the author are shown in
kppondix 1. POLTX is. used to generate SCAMPER data files for the
transmit polyphase network; POLRX is used to generate SCAMPER data files

for the receive polyphase network. \\\ /’ ‘ , ,

|

These programs allow the generation of a specified number of SCAMPER
data files, in which the elements vary rlndoniy and in which the o

trinuin;‘:lgorithn is simulated. Tolsrances for operational auplifi&r

‘ gain-bandwidth products are also included in the simulation. The

resulting SCAMPER output is processed using a series of . programs shown’

in Appendix 1 (RSD7, RSD7B, RSD7C, RSD7E); the most important is RSD7E.

)
4 2 »

Hz and arranges the results in descending order so that the yield can be ‘

- . . - o

o

Fortran; the. outpytsis’ generated by the program RSDJE. L ‘\
o m . ' . i ' ! -

1}
4
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The following assumptions were used in the.analysis: .

«

. f +

Capacitors of 1% tolerance and trimming, and measuring inaccuracies
. , \

L}

of $0.25%, « ° - ” \

2 - Trimming and measgrini.inaccuracics for th( resistors = +.25%. "

[

., 3 - Gain-bandwidth tolerance of the operational amplifiers = +20%.

&
t

- Only resistors for Sections 5, 7 sre trimmed. -

\

From Table 7 it is clear that the yield corrosaﬁnding to 60 dB is. 95%
‘s . . v - v ¢

K ' ‘ ' ) N o .
vhile the yield corresponding to 62 dB is 88%Z. Note that in this sample

run only ltlg;l 5, 7 are trimmed. In our cT-pronild design, the yield

. , . ! . {
is higher . because we trim all the stagescsince the same design

is used
*« for both the transmit and receive directions. ,
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Table 7 S‘NC Output for 200 Data Files Generated from POLTX FORTRAN

AVERAGE LO ETWEEN 600 , 3300 HZ
65.67 1 68.29 1 62.60 | 66.:50 | 77.39 | 62.55 | 58.48
67.3277.81163.94|71.89}|65.15]62.05 | 73.54
66.96 | 61.06 { 75.80 | 76.60 | 64.03 | 73.29 | 65.80
65.35 1 60.78 | 73.27 | 73.51 | 69.02 | 68.16 | 64.72
65.35 | 58.62 | 76.49 | 67.09 | 65.53 |1 57.67 | 69.00
65.05| 73.28 | 66.87 | 69.95| 71.30 | 66.50 | 63.67
58.30 [ 58.99 | 77.70165.48'| €64.78 | 64.70 | 70.87
68.27 | 64.75 | 76.74 | 73.67 | 66.62 | 62.18 | 68.85
80.11 | 71.93 | 75.75| 59.04 | 64.31 | 62.80 | 65.26
75.82 | 68.90 | 62.65 | 59.81 | 62 42 69.33 | 68.94
75.31 1 67.41 | 73.94 | 60.69 | 67.66-| 63.86 | 66.43
60.02 { 69.77 | 71.54 | 69.32 | 68.98 | 72.18 | 63.45
. 63.33|70.35165.37 | 66.82 | 77.91 |72.03 | 68.73
. 64.23 | 76.61 | 61.54 | 69.59{ 64.60 | 73.38 | 68.16
. . . 71.12 | 71.48 [ 59.04'| 72.66 | 73.43 | 65.85 | 66.27
64.74 | 59.35 | 69.27 | 63.88 | 64.47 | 67.14 | 60.56 | 63.10 | 67.73 | 70.24
69.18 | 62.42 | 75.95 | 77.32 | 63.67 | 79.58 | 66.70 | 71.07 | 69.30 | 72.00
6€.42 | 72.80 72.93 | 68.95167.29 | 69.88 ( 59.29 | 79.93 | 61.00 | 71.21
69.91 | 63.89170.17 | 68.55|71.40 | 71.82|66.14 | 69.21 | 63.44 | 66.37
64.30 | 68.60.| 66.16 | 68.63 | 73.58 | 63.24 | 73.59]69.35({65.93 { 65.15
AVERAGE = 7.95 SIG =  $,11%59
80.25 | 80.11 | 79.93 [ 79.58 | 78.04 | 77.91 | 77.81 | 77.70 { 77.39 | 77.32
76.90 | 76.74 | 76.61 | 76.60 | 76.49 | 76.36 | 76.31 | 75.95 | 75.82 | 75.80
75.75 | 75.31 | 74.79 | 73.94 | 73.90 | 73.67 | 73.59 |'73.58 | 73.54 | 73.51
73.43 | 73.38 | 73.29 | 73.28 | 723.27 | 73.24 | 72.93 | 72.80 | 72.66 | 72.44
e | 7202 72.06 | 7203 | 72.00 | 71.93 | 71.92 | 71.89 | 71.82 | 71.54 | 71.48
71.40 | 71.30 | 71.21 | 71.12 | 71.07 | 70.99 | 70.87 | 70.64 | 70.5§ | 70.46
70.35{ 70.24 | 70.17 | 69.95}69.92 | 69.91 | 69.88 | 69.84 | 69.77 | 69.65
69.59 | 69.43 | 69.35 [69.33 |69.32 [69.30 |69.27°| 69.26 | 69.2 .18
69.02 | 69.00 | 68.98 | 68.95 | 68.94 | 68.90 | 68..90 | 68.85 sa.pgr-ee.63
68.60 | 68.55 | 68.40 [ 68.37 |-68.29 | 68.29 | 68.27 |.68.16 | 68.16 | 67.7
67.66 | 67.41 | 67.32 }67.29,167.21 | 67.14 {67.09 | 66.96 | 66:87 | 66.82
66.76 | 66.70 | 66'.62 [ 66.50 | 66.5C | 66.43 | 66.37 | 66.34 | 66.29 | 66.27 1
66.16 | 66.14 | 65.93 | 65.85 | 65.80 | 65.67 | 65.54 | 65.53 | 65.48 | 65.46,
65.42 | 65.37 | 65.35 | 65.35 | 65.35 [ 65.26 | 65.15 | 65.15 | 65.09 | 65.05
64.78 | 64.75 | 64.74 | 64.72 | 64.70 | 64.60 | 64.47 | 64.31 | 64.30 | 64.23.
€4.03 | 63.94 | 63.89 ¥3.88 63.86 [63.82 | 63.67 |63.67 | 63.46 | 63.45
63.44 [ 63.33 | 63.24 | p3.10 {62.80 | 6R2.67 | 62.65|62.60 |62.55 | 62.52
62.48 | 62.42 | 62.42 | 62.38 [ 62.18 |62.05 | 61.80 |61.75 [[€1.75 | 61.54
61.30 | 61.06 | 61.00 | 60.78 |60.69 |60.64., 60.56 | 6C.56 | 60.08 | 60.02
59.81 { 59.35 | 59.29 | 59.04 {59.04 | 58.99 {58.62 | 58.48 [58.30 | 57.67
& ,
! A
) 4






. can onliiy‘dogrado the performance of the polyphase filter and cause the

;‘.'IMFT ER 8
) 3
f TESTING POLYPHASE NETHORKS
5 ¢

. 4 ! M “

Testing polyphase  networks should be done with care because of the

.

interference that may be c;unod from the test environment, test-

equipment or from the modem. The contribution of any of these factors

ta

fll;. roj;ction of the good samples. The test environment should have
‘the lowest polskbla noise, the common power ;upply should have a clcgn
ground with no curr;nts flowing through the neutral. phase, the test
equipment should be of high dynamic “ange, ;tharwiso it ;ould be
impractical to use it for high }ojoction measurements. F{nnlly, the
modenm used ;hogld be a2 master pisce that wvas prqviounly'bo:ted with a
standard polyphase filter to ensure that the modem introduces the
sinimum degradation on tﬂo performance of the polyphase filter. Appendix
% shows the test jig .schematic and the block diagram of the test
oquipuont.l\uhon placing the thick-film filter (hybrid) into tgn’ test
jig, the zero insertion force tonnector can bo;usgd to ensure that the
pins of the hybrid are well connected to the external togt circuitry:"‘“ﬁ
iho hfbrid must be lupbortcd so that it sits at least hl}f an inch from

the unprinted substrate side to any surrounding notillic surface. th

L - ,
? b . L]
¢ .
'



A s .

R T T PRI NN

P

,
Lo . - i

oA

B Tl

REEE

i}
. test jig has a'switch to allow the filter to be tested in the transait

»

or in the receive modes.

8.7 Tast Rasults

A large number of hybrids have been tested 'in the transmit and roc‘ivo
modes. In the .transait n;do all the samples passed the test, while in '
the receive mode appféxilatcly 602 of the samples passed thoitontﬂ §inc!(
tﬁcso"sanplcn f;ilin; in.tho receive modes can be used in the tt,ﬁs-it
nodo; the overall ;iold of the filter is ﬁory close ﬁo 100%.

\ ' ’ : o
" Table 8 shows a sample test r;iult for aﬂtranl-it\polyphns; filter;

Table 9 lhbél.a sample test result for a receive polyphase filter. { )

i -
-
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Table 8 - A Sample Tast Result for.s f&ansnit Polyphase Filter

REF. LEVEL dB

.TX SUBSTRATE NO. .2

- = ~7.656

PASS—-BAND MEASUREMENT

1/p

FREQ
Hz

" 300 -

400
3000

3400

STOP-BAND MEASUREMENT
POWER SERIES CALCULATION IN dB =

66.032

1/p
FREQ
Hz

175
-300
600
900
1200
1500
1800
2100
2400
2700
3000
3300

o/p
FREQ
kHz

63.70 -

63.60
61.00
60.60

‘

o/P
FREQ
hHz

64,175
64.300

- 64.600

64.900
65.200

65.500-

65.800
66.100
66.400
66.700
67.000
67.300

NORMALIZED
LOSS
dB

. 244
.163
.155
.182

- NORMALIZED
LOSS
dB

24.79
51.98
82.09
69.83
70.98
67:59
' 65.52"
64.67
64.03
1 63.34
61.95

»

<k

67 -
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Table & - A S(iplc dest Result.for a Receiver Polyphase Filter

TX SUBSTRATE NO, IS :

REF. LEVEL IN dB S -fz'.}u
REF. LEVEL CORRECTION IN dB =111.297
CORRECTED REFERENCE IN dB = 13.54

u

PASS-BAND MEASUREMENT .

1/p o/p NORMALIZED

FREQ FREQ LOSS
Hz = kHz dB
63.70 300 .165.
63.60 400 . 120
61,00 3000 . b
60.60 3400 211

STOP~BAND MEASUREMENT

1/p o/p NORMALIZED

FREQ  FREQ Loss V :
Hz kHz dB e

64,175 175 24,01

64.300 300 49.77

"64,600 600 77.99

64.900 900 67.92

65.200 1200 73,01

65.500 -1500 67.80 . ;

65.800 1800 65.16 ‘ R

66.100 2100 64.82 .

66.400 2400 . 64,98 . C
66.700 2700 64.43

67.000 3000 63.21 ‘.

67.300 3300 62.36

POWER SERIES CALCULATION IN dB = 67.043

i

G5 r -
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Thc.;apqcitorl of the polyphase network stages can be chosen to be of
different value; in the existing design 'all the stages use the same
capacitor value, which simplifies the manufacturing of the network. The
regsultant resistor ratio of the network (ratio of maximum resistor value
to minimum resistor value) was fnr‘ smaller than in previous Idosi;n:
whgch ‘ule unequal .capacitor values. This rasglted in a further’
simplification in manufacturing since all th; reristors were printed on

3

the substrate using one ink only.

The tolerance requirements on capacitors to msnufacture the circuits
have been relaxed to a practical value of 211, from the existing state
of the art of iO.iZ. through the invention of & new trimming procedure.

The new ideas in the.trimming can be used for other circuit'denignn.

Sensitivity analysis was cprried out with the result of further
sinpiif%éation of trimming polyphase sections. It was concluded that if
the polyphase network is Ul‘d. in tAc transmit direction, the last
sections of the polyph;no network need to be t;in-.d, while if it is
used in the receiwe direction, only t;o' first sections need to be

* trimmed.,
s

The timing requirements for the modem circuits hdve been derived. The

relationship between the maximum sllowable time error and the

achieveable out-pf-band rejection is shown in graph form to help Ffuture

designs.
z



The filters are Scing manufactured on a 1" x 2.5" substrate using

" thick-film technology. The overall yioid of the manufactured ﬂctwork,ii

close to 100%. Future implementation could result in a. smaller
substrate, or ‘the incorporation of both the transmit and receive filters

on one substrate.

The successful approaéhos used in the dqsfgp have resulted in nev routes
y

to be investigated 'which may result in more opginizod strategies for

specific applications and/or external circuitry. These are:

I
.

'a. Development of a stand-alone test procedure, i.e., to test the

polyphase network without sny modems. The existing test procedure
involves the toiting of the polyphase network with a standard moden.

If the modem wers not extremely good, there could be good polyphase

L)

, -
networks which fail the test. The stand-alone test procedure will

remove the uncertainty of failing good nstworks,

& .
b, Development of a functional trimming procodure,‘uhich will eliminate
the measurements of all the cnpacitérl and will reduce the number

of resistors to be trimmed.
¢. If the functional trimming procedure in (b) is combined with the
o .

stand-alone test procedure in (a), we may be able té,,o;ilinate the

Lo;d For testing the polyphase network completely.

=71 -



.. - . : N 5 L.
- - . . . - . -
- - A ~
- .- PN - . . A R
- . . h . . - . . - .
- B - N . - ) . .-
. . " . . B -, L g
. A . - - . -t Lo .
. N - . ’ . .

: - ' N N m\
s - R R . - R - - - . - .
i : B ° - ¢ - . B .
. e P ) ) . . R
. B . - . ‘
B - . - P B - .
. - . - A N o .
- - - N - - .- N
. - - . . . . RS .
. . R i . v . )
i ) * - . < E ..
- ) . ” - - - - Te L~
o N - N ~ . . . . - .
- - . - ~ - - N . .
=, ~ - - - 14 - -
) . : . - - - B
- . . . . - . - & -
- - . - . - N * - - - RN - - -
) - - v . - -
y N * .. c , . . .. - P
i ’ o E ) ’ M i - ' . .
- . - - . - - - - . L. K
- - P I . - ...
4 A R ) ) ° - N T ' - o
- - . (T .. - - - . : L
’ ) T ~ - - ' . - - - - < .
- “ E .. - ’ R . N . -
- h ) - : i : . L. ’ - ot
- F ° T . e R
) . . E , ) ) . ’ \v ) " ' - R el R
: -7 * - - .o . - - - . “ - -
° - - R . R . 3 . - . _o-
- - - " ] R i .
. ) - - - 1 . et
. N . . - - - B - - ..
N - - = . . 3 N . -
* - “ -7 - . - - - T v
: - . N . - » - . -
. - , . 3 - - - . ) o - ros
a - - . - - L L -
¢ - . - ~ 8
- - . - - s - 4 h -
- N - - - - - - T
. . ) ] . . o ) :
: ) - - ] - DU S . N .
. . . _ ; o - SR : .
R - . ‘ . ) ) ) . . ‘
B ) N N N - s : ) \ﬂ. - )
. . s v . . . ) ) .
. . . . . ] B
i - < .- € - -
- - - - B M - * 4 - . b N ’ ’ .
- : - o . . .
N X . . . , R N : T L
ke - A - Tesr et lomrtio e Rvat e A3 e ¢ . . s G
- - Awaren v Aswfr s % s ees e zL...r« KIS 2 . R S - B - - s e ,.»ﬁfx 25T W -~ o P R A 7
o e i B - ° . - - N - - d A .l . - P -
* M - * - -
- . € . L N ° - . L -




r

° k)

REFERENCES

1. W.B, Mikhael, "Sequence Discriminators and Their Use in Frequency
Division Multiplex-Communication Systems", IEEE Transactions on

\féitcuitl and Systems, Vol-CAS-26, No. 2, February 1979.

2, J.T. Lim, J. Valihora and L.T. Bruton, "The Fessibility of Active

Filter in Er;quoncy Dlvinionlﬁultipfo: Systems'", in Proc. 1974 Int.

¢

Symp. Circuits, Syst., San Francisco, CA.

o

]

3. W. Saragas, D.G. Haigh and R.G. Barker, Microlelectronic Active-RC
Channel Band Pass Filters in the Fraquency Range 60-108 KHZ For FDM

SSB .Tnlcphono Systems, IEEE Trgp:actions.on Circuits and Systems,

.
-

" Vol CAS 25 nq,fl2, February 1978. .

I s
)

¢

4. R.A. Priedenson et AL, RC Active Filters For D3 Channel bank, BSTJ,

" March 1975. - ’ /

5. R. Schaumann, Modern Active Filter Design.

<

6. E. Daoud, M.N.S. Swamy and W.B. Mikhael, "Simple ‘Low Sensitivity -
Active RC Networks for Quadrature Signal Generation", Proc. IEEE ™

% f Int. Symp. Circuits and Systems, pp. 254-256, 1978.

N



'S

N o

N

7. M.J. Gingell, "Single Sideband Modulation Using Sequence Asymmetric

. Polyphase Networks", Elec. Communications, Vol. 48, No.'s 1 and 2}

]

‘pp. 21-25, 1973,

8. W.B. Mikhael, “Symsetrical-Polyphase Networks", U.S. Patent No.'

§ 4,123,712, October 31, 1978. - .

-

9. Dave Agnew, "SCAMPER Manual”, Verzioﬁ'Z.O,QBoll-Northern Regearch,

T

2

Canada, U.S5.A. and "England, February, April and December 1984.

- ‘, s ‘ Canadian patent granted on May 6, 1986. Patent No. 1,;204,176.
o

11. M.B. Gawargy, '"Trimming Risi;tancol in  Symmetrical . Polyﬁhnse

a

April and December 1984. Canadian patent granted on May 6, 1986.
Patent, No. 1,204,177,
?‘., R ’ . ' . - N " ‘R},’

n '

\ . L
No. 3,599,0421, January 1971. . '

[ . ' . .
. . -
-~ . . '

-~ 1

13, M.J. Gingell, "Symetyrical Polyphase Networks Utilizing Constant

Rb;cg;ncqg“, b.s, Patent No. 3,618,133, NoQombi&.l9?1.

¢

. e
! y A i
1 v N ‘“4‘ ¢
R o
? ‘ l ‘ % ;
kN v ' : PR N
- . v
v
- . R - \
: t-73 - 3
e [ -«
' i . ‘ .
) 4 \ v .
. ; < o o
> s . =
N i . : : v
e . . N -~
N 3 ¢ .-
‘ . - 1 ‘
- . . -
v n 3
¢ F —

L. [ - - . ‘ H

é Internal Manusl, January 1980.. Lot ( )

'E‘« ) . ) ® , . : . \D ,,' ! v
g‘ ‘ , ’ : . R . uee
s 10. M.B. Gawargy, "Symmetrical Polyphase Networks", Patent filed in

Networks", Patent “filed in Cansda, U.S.A. and England, February, '

12, M.J. Gingell, '"Polyphase Synnotrigal‘x,Noqurk“, U.S, Patent

S



N : o

21. S.’Darliﬁ;ton, "Some Circuits, for Sing)o-Sidobaud Ho&u}ntioﬁ", in
» Ay .

- Proc. ‘3rd Princoton& Conf. ‘on Informgtion Sciences and Systems,

1969. ’ , , -

'

22. D.K. Weaver, Jr., "Design of RC Wide-Band .90-degree Phase-Difference
{ . ) » A
. Network" Prac. IRE, Vol. 42, No. 4,1pp. 671-676, April 1954.

23, W.J. Albersheim and F.R. Shirlcy. ";o-ﬁutltion Methods for Broadband N
90-Degres Phase Difference Networks”, IEEE Trans. Circuit Theory,
Vol. CT-16, pp. 189-196, May 1969.

24, S8.D. fodronian; "ﬂor-nlizod Donigd o£V90-Dogroo Ehl;e-Difference ;

Natworks", IRE Trans. Circuit Theory, Vol. CT-7; pp. 128-136, June

1960.

N '

© 25. W. Saraga, "The Design of Wide~Band Phase Splitting Networks", Proc.
. , . A

IRE, Vol. 38, No. 7, July 1950. . .

- .

. o ‘ .
26. H.J, Orchard, "Synthesis of Wideband Two-Phase Networks'", Wireless

*  Eng., Vol. 27, pp..72-81, March 1950,

27. R.K.P. Gaplin, P.L. Hawkes and ‘H. Saraga, "A Practical Tantalum
P2

Thin~Film Single-Sideband D.-édulatoi\ Using RC-Time-Varying .and

Active Networks", IEEE J. Solid-State Circuits, March 1967. -

.

~

- 75 -




+

‘28. G.G. Madella, "Single-Phase and Polyphaie Filtering Devices Using
R R [

Y

' ' j) Modulation", Wireless Eng., Vol. 24, No. 10, pp. 310;3r1, October

1947.
r

[} -

29, N.F. Barber, "Ngrgow Band-Pass Filter Using Modulation', Wireless

[y

R . Eng., Vol. 24,!No. 5, pp. 132-134, May 1947,

30. A.B; Galser, C.C. Halkias and H.E. H.adoJk, "A  Tunable

. Bandwidth=Adjustable Solid-State Filter", I. Franklin Inst., Vol.

L4

288, No.yZ, August 1969. . . B

)
LA B 'p‘ -
’ M ’

. /"

\_3l. E.W. Pappenfus, W.B. Bruene and E!0. Schoenké, "Single Sideband .

Principles’and Circuits", New York, Mc-Graw Hill, 1964.

” 4
J [

32. C.F. Rurth, "Analysis of Diode Modulators NHaving Frequency Selective

Terminations", Elec. Commun., Vol. 39, pp. 3§9-378. 1964,

/

= i
1

33, s. Darlington, "On Digitsl Single Sideband Modulation", IEEE Trani.

L Circuit Theory, Vol. CT-17, pp. 409-414, August 1970.

-

\

'34. §.L. Freeny, R.B. Kieburtz, K.V. Hin; and S.K. Tcwlbury. "Design of
NN : ' . *
Digital Filters for an All Digitsl Frequency Division

[

,Hultiplox—tint Division Multiplex Trapslater”, IEEE Trans. Circuit
: -

". Theory, "Vol. CT-18, pp. 702-711, November 1971..

‘.
o
. ; \
B
o
’ P
* |

H . : Y
N A}




]
»~

35. C.F. Kurth, "Analog aq& Digital Filtering inlﬂultiplix Communication

¢

Systems", IEEE Trans. Circuit Theory, Vol. CT-20, pp. 408-415, July
\ v M . . .
1973.

\

4

2

36. S. Darlington, "Some Circuits fog.Singlo Sideband Modulation", in

a

Proc. 3rd Annual Princeton Conf. Sciences angd Systcnl, pp. 66-70,
1969,

37w, Sarags, thncra}izod Quadrature Modulation Circuits”,

Advanced étudy‘lnlt. on Network and Signkl Theory, Bournemouth,

Hants, England, September 1972.  London, Engladd, P. Peregrinus,

pp. 221-229,

' v
38. G.C. Temes and S.K. Mitra, ?nod.ranilter Tﬁtory

and Disign"a New
York: Wiley, 1973; "

W

39.,D.F. Sheshan and R.A. - Johnson, "Crystal snd Mechanical Filtsers",
IEEE Trans. Circuit Syst., Vol, CAS-ZZ,'pp. 69~89, February lb?S.

4

40.. W.B. Mikhael and S. Tu, "Multi-Phase Oscillators", in Proc.  IEEE

~

Int. Symp. Citcuits and Systems, pp: 295-298, 1981.

-

NATO,



— T
_ I e ———————— T — >
H i - . '
¥ - ’ : .

- \ ‘ ' N
- - [l
C Appendix 1 s
’ ! .
. A ,
v
! . BN . 4 , )
: + ’ . ) .
'~ FORTRAN PROGRAM LISTINGS
. » (N
¥ . - T . - ~
; g ]
»
. ] - . -
. , )
2 ' ’ N
. * l . ' ."’:‘
. . ' R .t ) ‘ .
. . Pt . Y ‘ R .
. Lo \ N . -
f ) ' b 4 ¢
- Ly ’ : ’ -
. . .
. 2 ' )
. R B o
of -' - 1 .
v . N N -
: R P4 : .
. * '
, v, . ' Ly ' . ‘ :
. , . . ' . . !
’ . Vo . : o i
Ay
< A - N N B ’
‘ \_/u . R - ' .
\ ) ) » . .
» . B
] - . o c
cu . , .
. ' B ’ 1 N . ‘
. ¢
' . . P
. ‘ . ’
L3 l‘ .
. . . .



Sropees 3BT

of

APPENDIX 1 - -
. FORTRAN PROGRANS MD ASSOCIATED SUBROUTINES

POLTX Program

Generates any specified number of data files to analyze the
polyphase network in the transmit direction, by the analylis
package "SCAMPER". The data files are gensrated at random using
the nominal values ind component tolerances.

3

v

POLRX Progtam

Generates any ‘lpeéificd number of dats files to analyze the
polyphase network in the receive direction, by the qnalysil package

"SCAMPER"”. The data files are genrated at random unxng the nolxnal ‘

values and component tolerances.

Function XT02 x

Used for both POLTX, POLRX programs to return s random value for a
/component, given its nominal «value and the percentags tolerance.

Subroutine F51 L o : .

Formatted to be calléd from a SCAMPER data file to return -the
trimmed resistor value given the notch frequency and the capacitor
" value.

Functiod F51B

Used for both POLTX, POLRX programs to culcualto'thc trinmed value
of & 'resistor, given the associated cspacitor value, tho nn;ultr
froqucncy and the trx-in; inaccuracy. .

Subroutino XTOL

Same as function XT02, but formatted to be called from a SCAMPER
data filae,
L

Subroutine C10

'

"Formatted to be called from a SCAMPER datas file to cause s given
voltage to be phase shifted with a specified angle, in radians.

Sub;outino Ccl2 .

Same as C10, but the phase shift have a random value for a given
tolerance. .






© 17°-  AB4X Program

Ssme s ABX3 progrim, but used to iy
that the pass-band ripple is linintzod.

imize the value of RG such -

4

18 - Subroutines "A.llo, MS, ABS "AB6 Puo" .

M \

A ]

. -
Used with pro;ruo ABIX, ABGX to cvoluotc the ABCD ntrix for the
poutivo and negstive sequence analysis. ‘

19 - RRI Exec

5

To procou .the SCANPER output file with any of the Fortran pro;uu
. RSD7, RSD7B, RSD7C or RSD7E.

Ak

Y



C-===<-= .  POLTX PORTRAN ——————
L. . ,
‘ % INPLICIT REAL*B(A-H,0-2) f
ot PI=4.DO*DATAN2(1.D0, 1 DO)- ﬁ
_F1=633.34573D0 !
. F2=920.73961D0 - - Do
F3-2922.0927D0 ;
F4=1960.9299D0 _ .
F5=3597,4707D0 i
F6=319.55187D0 ~
F7=1706.1400D0 [
RGNOM=35.50351D3
: CNOM=2, 2D-9.-

s Wl=2,DO*PI¥ 1
W2=2.DO*PI¥ : '

. W3=2.DO*PI*F3 . >
W4=2 . DO*PI*F4 '
W5=2.DO*PI*PS
W6=2.DO*PI*F6

. W7=2,DO*PI*F7 -

RINOM=F51B(W1,CNOX,0.)
" . R2NOM=F'51B (W2,CNON,0.)

. o . R3NOM=F51B(W3,CNON,0.)

N ' 0.)

0.)

)

& mtae—a s

R4NON=FS51B (W4, CNON, 0.
) © RS5NOM=F51B (W5,CNOX,0.
Y : RENOM=F518 (W6 ,CNOM, 0.
R7NOM=F51B (W7,CNON,0.)
+ , WRITE(5,3)
. 3 FORMAT (' ENTER NO. OF CIRCUITS ')

T READ (5, *,END=500) NCKT

' WRITE (5,6) ¢

] _FORMAT (' ENTER TOLERANCES TCC, TC, TR TRS, TEE TG

T "READ (5, * ,END=500) TCC,TC,TR, TRS,TEE, TG
) ‘DO 200 J=1,NCKT
WRITE(2,5) J

5 FORMAT('$H -  POLYPHASE. TX NO. ' ,I5,'( CASE XD6247 ) ')

. RS1=XT02(15.E3,TR)
~ RS2*XTO2(15.E3,TR)
- RS3=XT02(15.E3,TR)
RS4=XT02(15.E3,TR)
Cl11=XT02 (CNOM, TCC) -
C12=XT02 (CNOM, TCC) -
C13=XT02 (CNOM, TCC) - s
C14=XTO2 (CNOM, TCC) 1
© - " R11=XTO2 (RINOM, TR) I
R12=XTO2 (R1NOM, TR) Lo
- R13=XTO2 (RINOM, TR) P
: . , R14=XTO2 (RINOM, TR) *
- “ C21=XT02 (CNOM, TCC) |
‘ » C22=XT02 (CNOM, TCC)
: (. C23=XT02 (CNOM, TCC) |
4 G24=XTO2 (CNOM, TCC) k

-
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R21=XTO2(R2NOM, TR)
R22=XTO2 (RZNOM, TR) -
R23=XTO2 (R2NOK, TR)
R24=XT02 (R2ZNOM, TR)
C31=XT02 (CNOM, TCC)

, C32=XT02 (CNOM, TCC)
C33=XT02 (ENOM, TCC) -

C34=XT02 (CNOM, TCC)
R31=XT02 (RINOM, TR)

. R32=XT0O2 (RINOM, TR)

R33=XTO2 (R3INOM, TR)
R34=XT02 (RINOM, TR) .
C41=XT02 (CNOM, TCC)
C42=XT02 (CNOM, TCC)
C43=XT02 (CNOM, TCC)
C44=XT02 (CNOM, TCC)
R41=XTO2 (R4NOM, TR)
R42=XTO2 (R4NOM, TR)
R43=XTO2 (R4NOM, TR)
R44=XTO2 (R4NOM, TR)
C51=XT02 (CNOM, TCC)

. C52=XTO +TCC)

C53=XT02 (CNOM, TCC)
C54=XxT02 {CNOM, TCC)
R51=P51B (W5,C54, TR)
R52=F51B (W5,C51,TR)
R53=F51B(W5,C52,TR)
R54=F51B (W5,C53, TR)
C51=XT02 (C51,TC)

" C52=X102(C52,TC)

C53=XT02(C53,TC)
C54=XT02 (C54,TC)
C61=XT02 (CNOM, TCC)

" C62=XT02 (CNOM, TCC)
* C63=XT02 (CNOM, TCC)

€64=XTO2 (CNOM, TCC)
R61=XT02 (R6NOM, TR)
R62=XT02 (R6NOM, TR)
R63=XT02 (R6NOM, TR)
R64=XTO2 (R6NOM, TR)
C61=XT02(C61,TC)

C62=XT02(C62,TC) - °
C63=XT02 (C63,TC)

.C64=XT02 (C64,TC)

C71=XT02 (CNOM, TCC)

", . C72=XT02 (CNOM, TCC) .

. C73=XTO2 (CNON, TCCY

C74=XT02 (CNOM, TCC)
R71=F51B (W7,C74,1R)
R72=F51B (W7,C71,TR)
R73=F51B (W7,C72,TR)

R74=F51B (W7,C73,TR)
. b

O

151
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r 2

3

C71=XT02(C71,TC) -
C72=x102(C72,TC) . . ' - .
C73=XT02(C73,TC) \ , - s
C74=XT02(C74,TC) . ‘ .
RG1=XT0Z (RGNOM, TR) . ' ©
RG2=XT02 (RGNOM, TR) N
RG3=XT02 (RGNOM, TR)
RG4=XT02 (RGNOX, TR)
GG1=XT02(1.E6,TG)
GG2=XT02(1.E6,TG) ’ ’
GG3=XT02(1.E6,TG) -
GG4=XT02 (1. E6, TG) ~
An-xroz(-l.,rzz) )
IF(J.NE.1) GO TO 100 .
WRITL(2,8) TCC,TC,TR,TG -
FORMAT('$* - CAPACITOR TOLERANGES = ' F7 3,/

+ '$* 1C= ' F7.3,' 1',9X,'TR= ',P7. 3,/ x',9%, rc- ',F7.3) "
WRITE(2,9)

FORMAT('SP C11,C12,C13,C14,C21,C22,C23,C24",
',C31,C32,C33,C34' /'SP cal.caz,caa,caa.CSL,csz.css.csa'/
',C61,C62,C63,C64'/'SP C71,C72,C73,C74"/

‘sr Rll R12,R12,R14,R21,R22,R23,R24,R31,R32,R33,R34"/
'SP R41,R427R43,R44,R51,R52,R53,R54,R61,R62 R63,R64’ /
'SP R71,R72,R73,R74'/ -

'sp RS1,RS2,RS3,RS4,RG1,RG2,RG3,RG4 ")

WRITE(2,10) RS1,RS2, nss RSG

FORMAT('RS1 ,1 5 ',F7.0/' nsz/ 2 6 ',F7.0/'RS3 3 71,

+ ‘F7.0/'RS4 4 8 ' r7a0) "
WRITE(2,11) Cl11, c12 Ci3,cl4 .
FORMAT('C11 5 10 ‘,E12.6/'Cl2 6 11 ',E12.6/' c13 712",

+ EI2.6/'Cl4 8 9 ',E12.6) >
WRITE(2,12) R11,R12,R13,R14 ° . ) )

. FORMAT('R1l 5 9 ',F7.0/'R12 6 10 ',F7.0/'R13 7 11 ',

+ F7.0/'R14 8 12 ' r7 0)
WRITE(13) c21, czz €23,C24 - ' )
FORMAT('C21 9 14 ',E12.6/'C22 10 15 ',E12.6/'C23 11.16 ',
+ E12.6/'C24 12 13 ',E12.4) .
WRITE(2,14) R2],R22,R23,R24
FORMAT('R21 9 13 ',F7 0/'R22 10 14 ',F7.0/"R23 11 15 ',
"+ F7.0/'R24 12 16 ' ,F7.0) - .
WRITE(2,15) C€31,C32,C33,C34 _
T('C31 13 18 ',8§12.6/'C32 14 19 ', E12.6/'C33 15 20 ',
+ EI12.6/'C34 16 17 ',E12.6) ‘
WRITE(2,16) R31;R32,R33;R34
FORMAT('R31 13 17 ',F7.0/'R32 14 18 ',F7.0/'R33 15 19 ',

+ F7.0/'R34 16 20 ',F7.0) . L

" WRITE(2,17) C41,C42,C43,C44 ‘ .

FORMAT('C41 17 22 ',E12.6/'C42 18 23 '"JE12,6/'C43 19 24 °,

+ E12.6/'C44 20 21 ',E12.6) . .

WRITE(2,18) R41,R42,R43,R44 ¢
FORMAT('R41 17 21 ',F7.0/'R42 18 22 ',F7. 01 R43 19 .23 ',
+  F7,0/'R&4 20 24 ',F7.0)

+ + + + + +
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20
21
22
23

24

25
26
27

28

100
3l

+ + +

+ 4+ F o+t

+ + + + + +

wnm:(z 19) ¢51,C52 c;a C54

FORMAT('C51 21 26 ',512.6/ €52 22 27 ',El2. 6/ C53 23 28 N

E12,6/'C54 26\25 ',E12.6).
WRITE(2,20) ‘RS1,R52,R53,R54

™

PORMAT('R51.21 25 ',F7. 0/ R52 22 26 ',F7.0/' R53 23 27 ',

F7.0/'R54 24 28 '.F7.0)
WRITE(2,21) €61,C62,C63,C64

PORMAT('C61 25 80 ',E12,.6/'C62 _26~81 ',E12. 6/ cé3 27 82 ',

E12.6/'C64 28 79 ' ,B12.6)
WRITE(2,22) R61,R62, n63 R64

FORMAT('R61 25 79 ',F7. 0/ R62 26 80 ',F7.0/'R63 27 81 'y

'R64 28 82 ',F7.0)
2,23) GG1,GG2,6G63,GG4

T('SP RR,GA,GG1,GG2,GG3,GG4' /' *RR=1 .E10'/ ' *GA=2 . E4"'/
'*cc1- ', E12, 6/‘*GGZ- ',E12.6/'*GG3= ' El2. 6/'*664- ',E12.5)

WRITE(2, 24)

FORMAT( - ] . § X
"M1 OPAMP 79 29 29 GND / RIN=*RR , GAIN=*GA
‘M2 OPAMP 80 30 30 GND / RIN=*RR , GAIN=*GA
'M3 OPAMP, 81 31 31 GND / RIN=*RR , GAIN=*GA
‘M4 OPAMP 82 32 32 GND / RIN=*RR , GAIN=*GA

WRITE(2,25) C71,C72,C73,C74 '

’
’
’
’

GBW=*GG1'/.
GBW=*GG2'/
GBW=*GG3'/
GBW=*GG4')

FORMAT('C71 29 34 ',E12.6/'C72 30 35 ',E12.6/'C73 31 36 ',

. E12.6/'C74 32 33 ',E12.6)
WRITE(2,26) R71,R72,R73, R74

FORMAT('R71 29 33 ',F7. 0/ R72 30 34 F7 0/ R73 31 35 ',

P7.0/'R74 32 36 ',F7.0)
WRITE(2,27) RG1,RG2,RG3, nca

FORMAT('RG1 21 GND ',F7.0/'RG2 22 GND ',F7.0/'RG3 23 GND '

r70/nclozacrm' F7.0)
wnrrz(z 28) AB,AB :

FORHAT('BI N1 GND_O'/'VL 1 GND V(E1) 1.'/'V1 3 GND v(vL) ',

'F9.4/'V2 2 GND V(VL) 1.'/'V4 & GND V(VL) ',F9.4/
,"V§1 A33 GND v(01) C10(0.)'/'VV2 A34 GND V(02) c10('.
'1.5707963) ' /'Y¥3 A35 GND v{(03) C10(3.1415927)'/
'V¥4 A36 GND V(04) C10(4,712389)'/
'VYv5 100 GND v(05) v(06) 1. 1.'/'VV6. 200 GND V(07) v(08)',
*'1. 1.'/'vv7 300 GND V(09) v(010) 1. 1.'/'01 33 GND '/
'02 34 GND'/'03 35 GND'/'04 36 GND'/'05 A33 GND'/
'06 A34 GND '/'07 A35 GND'/!' 08 A36 GND'/'09 100 GND'/
'010 200 GND')
WRITE(2,29)

FORMAT (' $PORT *OUT = NV(300)/E1 DBL AREF (- 1004

,-1004.) s'/

"S$DELAY *DEL = NV (33)/E1 DBL DREF(2200.,2200.)'/
'SFREQ SP 175. 300. 600. 9Q0. 1200. 1500. 1800. 2100.'/

‘SFREQ SP 2400. 2700. 3000. 3300. 3700.'/ - .

"'SFREQ SP -300. -400. -2000. -3000. -3200. -3300. -3400.'/

"SFREQ SP -1004. 2200.'/'SANAL')
'SFREQ SP ~1004."'/'SANAL') -
-GO TO 200

WRITE(2,31) RSI, RSZ RS3,R84

N

FORMAT (' *RS1= ', F7. 0/ *RSZ- '4F7.0/'*RS3= ',F7.0/'*RS4= ',

<
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36
37
38

-39,

40

41
“42

43

44 |

45
-46

47

-

, 48
~ 200

=

+

et

+

" FORMAT('*R61~

v ot , N it

F7.0 ) '
WRITE(2,32) C11,€12,C13 cla
FORHAT('*CII- ',E12. 6/'*C12- " E12. 6/'*c13d ' E12.6/
'*Cl4=- ' 'E12.6)

WRITE(2, 33) R11,R12,R13,R14
FORMAT (" *R1i= *,F7. 0/ *R12- 'LF7, 0/'*&13-

F7.0 )
WRITE(2,34) C21,C22,C23,C24

-

ﬂ, 0/'*R14= *

FORMAT (' *C21= '
‘,E12.6)

F12. 6/'*C22- ',E12.6/'*C23= ' 512 6/

'XC24=
WRITE(2,35) R%1.R22.R23,R24
FORMAT (' *R21= ',F7.0/'*R22= ', F7.0/'*R23= ',F7.0/'*R24=
F7.0)
WRITE(2,36) C31,€32,C33,C34
FORMAT (" *C31= ',E12. 6/'*C32- ', E12.6/'%C33= ' E12.6/
'kC34= ' E12.6) )
wnlrs(z 37) R31,R32,R38,R34 - -
PORHAT( *R31= ',F7. O/ *R32= ',F7.0/'*R33= ' ,¥7.0/'*R34~
F7.0 )
WRITE(2,38) C41,C42,C43,C v
FORMAT (' *C4l= ' E12.6/'*C42= ',E12,6/'*C43= "
'®Ch4m ' E12.6) - '
WRITE(2,39) R4],R42,R43,R44
PORMAT (' *R4l= ', F7. 0/ *Raz- ‘,F7.0/'*R43= ' ,F7.0/'*R4b=
F70) Tt Looe

LE12.6/

.WRITE(2,40) C51,C52,C53,C54 .

FORMAT ("*CS1= .' ,E12.6/'*C52= ’,E12. 6/‘*C53- ~,E12.6/ _
{ VRC54= ',512 6) .
WRITE(2,41) R51,R52,R53,RS54
FORMAT (' *R51= ' F7. 0/ *nsz- i o 0/'*R53- L,F7.0/ ' %R54=
“F7.0)
WRITE(2,42) C61,C62, €63,C64 .
FORHAT('*C&IP ' El2. 6/'*C62- ' E12 6/'*C63- ! 512 6/
'*%C64= ',E12.6)
WRITE(2,43) R61,R62,R63,R64™ ‘
F7.0 )
WRITE(2,44) C71, c72 C73,C74
Foanar('*c71- ' E12, 6/'*c72- ',E12.6/'*C73= ',E12.6/
'%C74= ', E12,6) \
WRITE(2,45) R71,R72, n73 R74

FORMAT(*R71= ',F7.0/'*R72= ',F7.0/'*R73= ',F7.0/'*R74=

F7.0 )
WRITE(2,46) RG1, ncz Rca RG4

© FORMAT (' *RG1=-' 7.0/ *RG2= ',r7.0/'*ncs- ' 7.0/ *RG4=

F7.0 )

_ WRITE(2,47) GG1,GG2,G6G3,G64

FORMAT (' *GGl= ',E12.6/'*GG2= ' 812 6/' *GG3- ' E12. 6/
' *GGh= ! ,E12.6) .
WRITE(2,48)"
PORMAT (' SANAL')
CONTINUE
. h

u l T és -

,F7 0/'*R62= ',F7.0/'*R63=.',F7. 0/ *R64-
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. s C12=XT02(C12,7TC)
C13=XT02(C13,TC)
C14=XT02(C14,TC)
€21=XT02 (CNOM, TCC)
C22=XT02 (CNON, TCC)
. . €23=XxT02(CNOM,TCC) *

N C24=XT02 (CNOM, TCC)

: . R21=F51B(W2,C24,TR)
R22=F51B(W2,C21,TR)
R23=F51B(W2,C22,TR)’
R24=F51B8 (W2,C23,TR)
C21=xT102(C21,1C)
€22=X102(C22,1C) ‘

' C23=X702(C23,1C) 9 -
C24=XT02(C24,1C) ‘ ‘
C31=XT02 (CNOM, TCC)
€32=xT02 (CNOM, TCC)

C33=XT02 (CNOM, TCC)

C34=XT02 (CNON, TCC)

R31=F518(W3,C34,TR)

R32=FS51B(W3,C31,TR)

R33=F51B(W3,C32,TR) o

R34=F51B (W3,C33,TR) 3

‘C31=xT02(C31,TC) ‘

. €32=X1T02(C32,TC)

€33~xT02(C33, TC) oy
C34=XT02(C34,TC) :
C41=XT02 (CNOM, TCC)

C42=XT02 (CNOM, TCC)
®  C43=XTO2 (CNOM, TCC)
Ch4=XT02 (CNOM, TCC)
R41=F51B(W4,C44,TR) . - .
R42=F518 (W4,C41,TR) o -
R43=F51B (W4,C42,TR) ‘
R44=F51B (W4, C43, TR)
C41=XT02(C41,TC)
C42=XT02(C42,TC)
‘C43=XT02(C43,TC)
C44=XT02(Cl4, TC) C
C51=XT02 (CNOM, TCC) v
" €52=XT02 (CNOM, TCC) '
C53=XT02 (CNOM, TCC)
C54=XT02 (CNOM, TCC) :
R51=F51B(W5,C54,TR) .
"R52=F51B(W5,C51,TR) : '
' R53=F51B(W5,C52,TR)
. » R54=F51B (W5,C53,TR)
- C51=xT02(C51, TC)
' C52=x102(C52, TC)
C53=XT02(C53, TC)
C54=XT02(C5%,TC)
€61=XT0O2 (CNOM, TCC)




Te—

C62=XT02 (CNOM, TCG)
C63=XT02 (CNOM, TCC)
C64=XT02 (CNOM, TCC)
R61=F51B (W6,C64,TR)
R62=F51B (W6,C81,TR)
R63=FS51B (W6,C62,TR)
nsa-rsxn(ua,csa;rn)
C61=XT02(C61,TC)
C62=XT02(C62,TC)
C63=XT02(C63,1C)
C64=XT02 (C64,TC)
C71=xT02 (CNOM,TCC) .
C72=XT02 (CNOM, TCC)
C73=XT02 (CNOM, TCC)
C74=XT02 (CNONM, TCC)
R71=F51B(W7,C74,TR)
R72=F51B(W7,C71,TR)
R73=FS1B(W7,C72,TR) .
R74=F51B(W7,C73,TR)
C71=XT02(C71,TC) ~
C72=X102(C72,1C)
'C73=XT02(C73,1C)
C74=XT02(C74,TC)
RG1=XTO2 (RGNON, TR)
RG2=XT02 (RGNON,TR)
RG3=XT02 (RGNOM, TR)
RG4=XT02 (RGNOM, TR) -
GG1=XT02(1.E6,TG)
GG2=XT02 (1.E6,TG)
GG3=XT02 (1.E6,TG)
GG4=XT02(1.E6,TG)

. . GG5=XT02(1.E6,TG)"

" GG6=xT02(1.E6,TG)

<+

+ + + +

FORMAT ('$*

GG7=XT02(2.E6,TG)
RA=XTO2 (RA1, TRA)
RB=XTO2(RB1, TRB)
RC=XTO2 (RC1, TRC)
RD=XTOZ (RD1, TRD)
RYY1=XT02(100.D3,TR1)
RYY2=XT02 (100.D3,TR1)
RX3=XT02(100.D3,TR1)
RX4=XT02(100.D3,TR1)
IF(J.NE.1) GO TO 100
WRITE(2,8) TCC,TC$TR,TG
CAPACITOR TOLERANCES = ',F7.3,' %1 '/'$* TC= ',
F7.3,' %',8%,' TR= ',F7.3,' z',ax.' TG= ',F7. 3 'Y ')
WRITE(2,9)
FORMAT (
'SP C11,C12,C13,C14,C21,C22, c23,C24,C31,€32,C33,C34'/
'$P. C41,C42, cas caa c51,€52,C53,C54, C61 C62 €63, csa /.

'$P C71,C72,C73,C74'/

'$P R11,R12,R13,R14,R21,R22, R23,R24 R31 R32,R33, R34 /

o~
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L ; 12

15

18
19
20
. ?1
22

23

24

16

wa

+ 'SP R41,R42,R41,R44, 351 R52,R53,R54, R61 R62,R63,R64 "/
+ 'SP R71,R72,R73,R74'/ _
+ 'SP RA,RB,RC,RD,RYY1,RYY2,RX3,RX4'/
+ 'SP n51,nsz.nss.nsa,ncl,Rcz,acs,nca')
WRITE(2,10) RS1,RS2,RS3,RS&
FORMAT('RSL 1 -5 ',F7.0/'RS2 2 6 ',F7.0/'RS3 3 7',
+ F7.0/'RS& &4 8°' 77 1))
‘WRITE(2,11) Cii, c12 C13,Cl4
FORMAT('CI1. 5 10 ',E12.6/'Cl2 6 11 '.512 6/ c13 7 12°',
+ E12.6/'Cl4 8 9 ',E12.6)
WRITE(2,12) R11,R12,R13,R14
FORMAT('RI1 5 9 ',F7. 0/ R12 6 10 ',F7. 0/ R13 47 11 ',
+ F7.0/'Rl14 8 12 ',F7.0) ~
WRITE(2,13) czl.czz,czs,cza, .
FORMAT('C21 9 14 ',E12.6/'C22 10 15 ',E12.6/'C23 11 16 ',

N

+ E12.6/'C24 12 13 ',E12.4)

WRITE(2,14) R21,R22,R23,R24

FORMAT('R21 9 13 *,F7,0/'R2¥ 10 14 ',F7.0/'R23 11 15 ',
+ F7.0/'R24 12 16 ',F7.0)

WRITE(2,15) C31,C32,C33,C34
" PORMAT('C31 13 18 ',E12.6/'C32 14 19 ',E12.6/'C33 15 20 ',
+ E12.6/'C34 16 17 ',E12.6) o

WRITE(2,16) R31,R32,R33,R34

FORMAT('R31 13 17 ,F7. 0/ R32 14 18 ',F7.0/'R33 15 19 ',
+ F7.0/'R34 16 20 ',F7.0) o

WRITE(2,17) C41,C42,C43,Ch4 - <
~ FORMAT('C41 17 22 ',E12.6/'C42 18 23 ' ,El12. 6/ C43 19 $24 ' /
+ E12.6/!C44,20 21 ' ,E12.6)

WRITE(2,18) R41,R42, nas R&44

FORMAT('R41 17 21 ',r7.0/'naz 18 22 ',F7.0/'R43 19 23 ',
+ F7.0/'R44 20 24 " ,F7.0)

WRITE(2,19) C51,C52,C53,C54

FORMAT('C51 21 26 JE12.6/'C52 22 27 ',E12.6/'C53 23 28 ',
+ E12.6/°'C54 24 25 '.512 6)

WRITE(2,20) R51,RS2,R53,R54

FORMAT('RS1 21 25 ',F7. 0/ R52 22 26 ',F7.0/'RS3 23 27 ',
+ F7.0/'R54 24 28 ',F7.0) . o

WRITE(2,21) C61,C62,C63,C64 <,

FORMAT('C61 25 80 ',E12.6/'C62 26 81 ',E12.6/°'C63 27 82 ',
+ E12.6/'C64 28 79 ',E12.6)

WRITE(2,22) R61,R62, néa R64

FORMAT('R61 25 79 ',F7.0/'R62 26 80 ',F7.0/'R63 27 81 ',
+ F7.0/'R64 28 82 ',F7 0)

WRITE (2, 23) GGl, GG2,GG3,GG4,GG5,GG6,GG7 .

FORMAT("$P RR,GA,GG1,GG2,GG3,GGA4, ccs GG6,GG7'/'*RR=1,E10'/
+  '*GA=2.E4'/'*GGl= ' ,E12. 6/'*662- E12.6/'*GG3~ ',E12.6/
+  'kGG4= ' E12. 6/'*ccs- ' ,E12. 6/’* = ' E12.6/

"+ '*GG7= ',E12.6)

WRITE (2, 24)
FORMAT(
+ 'M1 OPAMP 79

29 29 GND / RIN=*RR , GAIN=*GA - GBW=*GGl'/
# 'M2 OPAMP 80 30 3

0 GND / RIN=*RR , GAIN=*GA , GBW=*GG2"/
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'M3 OPAMP 81 31 31 GND / RIN=*RR , GAIN=*GA , GBW=*GG1l'/
'M4 OPAMP B2 32. 32 GND / RIN=*RR , GAIN=*GA , GBW=*GG4')
WRITE(2,25) C71,€72,C73,C74
25 FORMAT('C7Y 29 34 ',E12.6/'C72 30 35 ',E12.6/'C73 3; 36 ',
+ E12.6/'C74 32 33 ',E12.6) .
WRITE(2,26) R71,R72,R73, n7a
26 FORMAT('R71 29 33 '.F7 0/ R72 30 34 ',F7.0/'R73 31 35 ',
+ F7.0/'R74 32 36 ',F7.0) ’
WRITE(2,27) RG1,RG2,RG3, RG4
27 FORMAT('RG1 21 GND ',F7. 0/ RGZ 22 GND ' r7 0/ RG3 23 GND ',
+ F7.0/'RG4 24 GND JF7.0)
WRITE(2,28) RA,RB,RC,RD,RYY1,RYY2,RX3,RX4
28 FORMAT('El N1 GND otl'oxl N1 GND'/
'YVl 4 GND V(OX1) C10(0.)'/
'Vv2 3 GND V(0X1) C10(1.5707963)'/
'Yv3 2 GND V(0X1) C10(3.1415927)'/
'YV4 1 GND v(0X1) C10(4.712389) '/
'01 33 GND',/'02 34 GND'/'03 35 GND'/'04 36 GND'/
'RA 33 57 ',F7.0/'RB 34 57 ',F7.0/
'RC 35 59 ',r7.0/'nn 36 59 ',F7.0/
'MXX1 OPAMP 57 B200 B200 GND / RIN=*RR , GAIN=*GA , GBW=*GGS5'/
'MXX2 OPAMP 59 B100 B100 GND / RIN=*RR , GAIN=*GA., GBW=*GG6'/
'RYY1 B200 200 ',F7.0/ '
'RYY2 B100 100 ',F7.0/ ‘ R
'RX3 100 GND ',F7.0/
'RX4 200 300 ',F7.0/ '
'MXX3 OPAMP 200 100 300 GND / RIN=*RR . GAIN-*GA GBW=*GG7"')
WRITE(2,29)
29 © FORMAT('SPORT “OUT = NV(300)/El DBL AREF(-1004.,-1004.) §'/°
'$DELAY *DEL = NV(33) /E1 DBL DREF(2200.,2200.)'/
'SFREQ SP 175, 300. 600. 900, 1200. 1500. 1800.. 2100 v/
, 2700. 3000. 3300. _3700.'/
. -400. -2000. -3000. -3200. -3300. -3400.'/

+ +

e R R

BE IR I

"SFREQ SP -1004.'/'SANAL')
GO TO 200
100 WRITE(2,31) RS1,RS2,RS3,RS4
31 PORMAT('*RS1= ' ,F7.0/'*RS2= ',F7.0/'*RS3= ', F7. 0/'*RS4m ',
+ F7.0) .
. WRITE(2,32) C11,C12,C13,Cl4 .
32 FORHAT('*CII' '.512 6/'*c12- ' 512 6/'*c13- ', E12.6/
+ '%Cl4= ' E12,6) '
WRITE(2, 33) R11,R12,R13,R14 :
33 FORMAT('*R11= ' F7. 0/'*312- ' F7 0/'*R13= ' ,F7.0/'*Rl4= ',
+ F7.0) )
WRITE(2,34) C21,C22,C23,C24
34 FORMAT('*C21= ' E12.6/'*C22= ',E12.6/'*C23= ',E12.6/
+ '%C24= ' F12.6) .
WRITE(2,35) R21,R22,R23,R24 .
35 FORMAT (' *R21= ',F7, 0/ *nzz- ' F7.0/'*R23= ', F7. 0/'*n24- L
+ F7.0) ‘
WRITE(2,36) €31,C32,€33,C34

! A , - \‘\ r
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36 FORMAT('*C31~ ',E12,6/'*C32=""' 512 6/'*C33= ',E12.6/
¥ 'kC34='"' E12.6) -
WRITE(2,37) R31,R32,R33,R34 :
37 FORMAT('*R31= ' ,F7.0/'*R32= ',F7.0/'*R33= ',F7.0/'*R34= ',
+  P7.0) '
WRITE(2,38) C41,C42,C43,Ch4 :
kY FORMAT (' *C41~ ° wE12. 6/'*042- ',E12.6/'*C43= ',E12, 6/
+ VRO 44 " ,E12.6)
WRITE(2,39) R&41,R42,R43,R44 . :
39 FonuAr('*nal- ',r7.0/'*naz- " F7.0/'*R&3= ' F7.0/'*R&4= ',
C e F7.0)
WRITE(2,40) c51 c52,C53,C54
40 FORMAT ('*C51= ',E12.:6/'*C52= ',E12. 6/'*c53- ' E12.6/
+ "*CS4= ! 5\2\§) .
WRITE (2,41) ‘R51,R52,R53,R54 J ' .
41 FORMAT (' *RS1= '.r7;ol *R52= ‘' F7. 0/'*n53- ' F7.0/ ' *R54= ',
+ F7.0 )
WRITE(2,42) C61,C62,C63,C64
42 FORMAT (' *C61= ', E12. 6/'*C62- ',E12. 6/'*C63- ' E12.6/
+ tRCE4m ',512 6)
WRITE (2,43) R61,R62,K63,R64
43 PORMAT('*R61= ' ,F7.0/'*R62= ' JF7. 0/'*R63- ' F7. 0/'*R64- ',
+ F7.0 ) .
WRITE (2, 44) c71 c72, c73 C74
44 "FORHAT('*C71- ,E12. 6/'*q72- ',E12.6/'*C73= ',E12.6/
+ "*C74= ' E12.6) .
. WRITE (2,45) n71,n72,n73,n74

. 45

',F7.0/'*R73= ' ,F7.0/'*R74=

FORMAT('*R71= ' F7.0/'*R72=
F7.0 )
WRITE (2,46) RG1,RG2,RG3,RG4 o
46 FORMAT (' *RGl= ' ,F7.0/'*RG2~ ' ,F7.0/'*RG3= ' F7.0/'*RG4=
F7.0 )
WRITE (2,47) GGl,GG2, ccs GG4, GG5,GG6 ,GG7
47 FORHAT('*GGI- ' El12. 6/'*662- ', E12. 6/'*GG3- ', E12.6/
'%GG4= ' ,E12, 6/'*665- ',EI2. 6/'*GG6- ', E12. 6/'*GG7- ',
E12.6 )
WRITE (2,48) RA,RB,RC, RD RYY1,RYY2,RX3,R(4
48 FORMAT (' *RA= ', F7.0/' *nn- ' r7 0/’ *nc- " ,F7.0/
' **RD= ', F7. 0/ *YYl= ' F7.0/'*RYY2= ' P7 0/
t*RX3= ' F7.0/'*RX4= ',F7.0 )
. WRITE(2, a9)
49 FORHAT('SANAL') /
200 CONTINUE~ K
500 STOP £
END
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100

200

SUBROUTINE F51(N,X,Y)

"IMPLICIT REAL*8(A-H,0-2)
. DIMENSION X(3) ,Y(2)

LOGICAL FRSTW/.TRUE./
IF(FRSTW) CALL RAND(-700)

" FRSTW=.FALSE.

IF(N.NE.0) GO TO 10 '

. AAA=X (1) *X(2)

TOLP=X(3) /100.D0 .
IF(AAA.LE.1.D-20) AAA=1.D-20 . .
Y(1)=(1.DO+TOLP* (RAND(2) -1. DO))/AAA
Y(2)=0.D0

RETURN |

AAA=X (1) *X(2)

IF(AAA.LE.1.D~20), AAA=1.D-20
Y(1)=(1. DO+§OLP*(RAND(2) 1.D0)) /AAA
Y(2)=0.D0 .

IF(N.EQ.-1) GO TO 100
IF(N.EQ.~2) GO.TO 200

RETURN

Y()=-Y(1) /X)) .

Y(2)=0.D0 .

RETURN

Y(1)=-Y(1)/X(2)

Y(2)=0.D0_

RETURN

END
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3 v .
FUNCTION F51B(X1,X2,X3) :
IMPLICIT REAL*8(A-H,0-Z) -
LOGICAL FRSTW/.TRUE./
IF(FRSTW) CALL RAND(-700) |
FRSTW=.FALSE.
AAA=X]1%*X2
TOLP=X3/100.D0 N
IF(AAA.LE.1.D-20) m-l.v@ .
° FS51B={1,DO+TOLP* (RAND(2)~-1.D0))/AAA
| RETURN _
! END . v
. ; \\
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111

"XX=RAND (2)

SUBROUTINE XTOL(N,X,Y)
IMPLICIT REAL*8(A-H,0-2)
DIMENSION X(2),Y(2) =
LOGICAL FRSTW/.TRUE./

IF( ) CALL RAND(-200)

IF (R WRITE(5,111)

IF(FRS™) WRITE(8,111) . )
FORMAT (' —-=—- num.quan,'s«.
FRSTW=.FALSE. P
ANON=X(1) ,

TOL=X(2)

WRITE(S,11)xx

FORMAT(' XX = ',F13h.4)
XA=TOL/100.D0 .
XB=1,D0+XA* (XX~1.D0)

Y (1) =ANOM*XB

Y(2)=0.D0

RETURN .

END
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20

'n(‘in.n.o) Go TO 111

. SUBROUTINE C1O0(N,X,Y)

IMPLICIT REAL*8(A-H,0-2)
DIMENSION 'Y (2)

Y®)=DCOS (X)
Y(Z)=DSIN(X)
WRITE(5,20) N,X,Y
N=2 b

RETURN -

Y (1) =DCOS (X)
Y(2)=DSIN(X)
WRITE(5,20) N,X,Y .

3

b
‘
{

FORMAT(2X,15,2X,F12.4,2X,2(F12.4,2X))
RETURN
END
LR a4 el ' '
X
' ¢
w

¢

o

)T - 97 -
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SUBROUTINE C12(N,X,Y)
IMPLICIT REAL*8(A-H,0-Z)
DIMENSION X(2),Y(2) .
LOGICAL FRSTW/.TRUE./
IF(FRSTW) CALL RAND(-200)
' FRSTW=.FALSE.
ANOM=X (1)
TOL=X(2)
' XX=RAND(2)
XA=TOL/100.D0 oo
XB=1,DO+XA* (XX-1.D0)
® Y11=ANOM*XB
IF(N.NE.O) GO TO 111
LY(1)=DCos(Y11)
Y(2)=DSIN(Y11)
c WRITE(5,20) N,Y11,X,Y
N=2 |
¢ 4 RETURN
111- IP(N.EQ.-1) 112
Y (1)=DCOS (Y11),
. Y (2)=DSIN(Y11)
. - C WRITE(5,20) N,Y11,X,Y
: 20 romr(zx 15,1X,F9.4,4(1X, F9 !«))
: : . RETURN
. . 112 Y(1)=-DSIN(Y11)
~ ‘ ‘ Y(2)=DCOS (Y11)
: RETURN

A
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. 117

60
30

~21
999

120

50

4 : C 102
"‘ 118
. 500

103
. WRITE(5,50) FA(K1)

Q -
RSD7B  FORTRAN FILE

—— o o . e

IMPLICIT REAL*8 (A-H,0-2)
DIMENSION ALOS1(999),AL0S2(999),AL0S (999)
DIMENSION FA(99),CCC(999,99)

REAL*4 TEXT (3),A(20)

LOGICAL FLAG .
DATA X/'X'/, BLANK/' '/

DATA TEXT(D)/' * '/

DATA TEXT(2)/' HZ'/

DATA TEXT(3)/' '/

WRITE(5,117)

FORMAT (' ENTER NO. OF RUNS., NO.
READ(S,* ,END=500) NMAX,NF

DO 999 KKK=1,NMAX
DO 30 K-1,1000

or%m. POINTS ')

READ(1,12,END=500) . (A(I),I=1,20)

FORMAT (20A4)
FLAG=. TRUE.
DO 60 I=1,3°

CONTINUE

IF(FLAG) GOTO 20 .
CONTINUE

DO 21 Kl1=1,NF

-

v Lo

- IF(A(I) .NE. TEXT(I)) FLAG=. FALSE.

READ(1,%*) FA(KI) ccc(m K1)

CONTINUE
CONTINUE
DO 118 Kl=1,NF

J0 120 KKK=1,NMAX
ALOS (KKK) =CCC (KKK, K1)
CONTINUE"
FORMAT ('

-

LOSS AT '

,F9.1,' HZ'/)

IF (DABS (FA(K1)+1004.) .LE.1. ) GO TO 118

WRITE(2,103) .
somm(ml/'

WRITE(2,50) FA(K1)

POLY-PHASE FILTER '//)

WRETE(5,102) (ALOS(I),I=1,NMAX) |
WRITE(2,102) (ALOS(I),I=1,NMAX)
CALL STATI(NMAX,ALOS,AVER,SIG,ALOS1,ALOS2)

WRITE(5,101) AVER,SIG
WRITE(2,101) ‘AVER,SIG
FORMAT(/'  AVERAGE =

", F6.2,' 'SIG = ',F8.4//)

WRITE(5,102) (ALOS1(I),I=1,NMAX)
_ #RITE(2,102) (ALOS1(I),I=l,NMAX)

FORMA (10(1x F6.2))
CONT ‘
STOP

END

-
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C-----—="  RSD7C FORTRAN FILE  -——-——- ) "

IMPLICIT REAL*8 (A-H,0-2Z) .
DIMENSION ALOS1(999),AL0S2(999) ALOS(999)
DIMENSION FA(99),CCC (999 99)

REAL*4 rzxr(s).A(zo) T

LOGICAL FLAG

DATA X/'X'/, BLANKY/' '/

DATA TEXT(1)/! '/ .

DATA TEXT(2)/' HZ'/

DATA TEXT(3)/' 4 X
WRITE(5,117) ;

117 FORMAT(' ENTER NO. OF RUNS , NO. OF FREQ. POINTS ')
« READ(5,%* END=500) ‘NMAX,NF
NF1=NF~1 -
NF2=(NF-2) /10+1 . - L
NF3=50/NF2 . : -
- DO 999 KKK=1,NMAX . , . N
DO 30 K=1,1000 S ’ -
READ(1,12,END=500) (A(I),I=l, 20) oo -
.12 mmm(zma) ' .
FLAG=. TRUE.
DO 60 1=1,3
‘ IF(A(I) .NE.TEXT(I)) FLAG=.FALSE. '
60 CONTINUE
JIF(FLAG) GOTO 20
30 CONTINUE
20 DO 21 Kl=1,NF1
777 READ(1,*) FA(K1),CCC(KRK,K1)
IF(DABS(FA(K})‘*IOO" ).LE.1.) GO TO 777
21 CONTINUE
999  CONTINUE
105 ~FORMAT(' CKT',10(1X,F6.0),(/7X,1001%,F6.0)))
DO 120 KKK"I NMAX '
IF(HOD(KKK.NF3) EQ.1) WRITE(2,103) ‘
" - IF(MOD(KKK,NF3).EQ.1) WRITE(5,103) : . ‘
IF (MOD (RKK,NF3) .EQ.1) WRITE(2,10§) (FA(Il1),Il=1,NF1) N <

. IF (MOD(KKK,NF3) .EQ.1) WRITE(5,105) (FA(I1),Il=1,NF1) , ‘ '
IF (MOD (KKK, NF3) .EQ. 1.AND.NF3.NE.50) WRITE(2,106) ‘ L

\

IF (MOD (KKK,NF3) .EQ.1.AND.NF3.NE.50) WRITE(S, 106)
/106 FORMAT( .)
IF(NF3.EQ.50) WRITE(2,151) KKK, (CCC(RKK,K2),K2=1,NFl)
IF(NF3.EQ.50) WRITE(5,151) KKK, (CCC(KKK,K2),K2=1,NF1)
IF(NF3.NE.50) WRITE(5,150) KKK, (CCC(KKK,K2),K2=1,NF1)
- IF(NF3.NE.50) WRITE(2,150) KKK, (CCC(KRK,K2),K2=1,NF1)
150 PORMAT(1X,15,10(1Xx,F6.2),(/6X,10(1X,F6.2)))
151 FORMAT(1X,15,10(1X,P6. 2))
120 CONTINUE
103 PORMAT('l .+ POLY-PHASE FILTER '/)

118 CONTINUE. ’ ' .
500 STOP ‘ 2
END ’
. R . ~ &
s ALY
\ ) - 101 -



--—--—-.  RSDJE FORTRAN FILE ——————e

1

N INPLICIT REAL*8.\ (A-H,0-Z)
DIMENSION A1(999);81(999), AL081(999) ALOS2(999) ALOS(999)
REAL*4 TEXT(3) A(ZO) N
LOGICAL FLAG
DATA X/'X'/, BLANK/' '/

DATA TEXT(1)/'-100'/ -
DATA TEXT(2)/'4.00'/
DATA mr(a)/' -~/ ‘
- WRITE(S5,117) - 1 v
117 romr(' ENTER NO. o)r RUNS
READ(5,*
Do 999

12 FORMAT (20A%)
FLAG=. TRUE.,
DO 60 I=1,3
* IF(A(I).NE. TEKT(I)) FLAG=. m.sa
60 CONTINUE - .
- . TF(FLAG) GOTO 20
30 CONTINUE
20 DO 21 K=1,12 - :
, . READ(1,%) Al(K), BI(K) ' .
B1(K)=DEXP (-. 2302585 1D0*B1 (x))
21 ' CONTINGE -
SUM=DABS (B1(3))
DO 40 K=4,12
SUM=SUM+DABS (B1(K))
40  CONTINUE
. v AVER1=SUM/10.DO
ALOS (KKK) =-10. Do*m,ocm(Avsnl) . -
50 FORMAT (' AVERAGE LOSS nzm-:an 600 , 3300 HZ '/ )
999  CONTINUE ' ) ‘ oo
WRITE(2,103) . ' ' " Yo
103 FORHAT(' POLY~PHASE FILTER *//)
" WRITE(5,50) ~ ‘ ‘ . .
WRITE(2,50) :
* WRITE(5,102), (ALOS(I)’, I=1,NMAX) . ;
WRITE(2,102) (ALOS(I)’ Ial,NMAX) ‘
CALL STATI(NMAX,ALOS,AVER, SIG ALOS1 ALosz)
WRITE(5,101) AVER,SIG
) WRITE(2,101) AVER,SIG
161  FORMAT(/' AVERAGE = ',F6.2,' SIG -.',F8.4//)
WRITE(5,102) (ALOS1(I),I=1,NMAX) -
SRITE(2,102) (ALOS1(I),I=1,NMAX) R
102 PORMAT(10(1X,P6.2)) . -
500 STOP o,
END ) ' R

;
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Cr==-m-= POWER FORTRAN m—————— )

IMPLICIT REAL*8(A-H,0~7)
DIMENSION A(IO).B(IO)
1 WRITE(5,10) / Co . '
10  FORMAT('.ENTER LOSSES AT 600 TO 3300 HZ ') ' - : )
READ(5,*,END=500) ( A(I),I~1,10) : :
$UM=0.D0 , | S
. DO 20 X=1,10 ‘ ' ¢
A(K)=DEXP (~.23025851D0*A (K) ) .o ’
SUM=SUM*A (K) - ; :
‘20  CONTINUE - - -
ALOSS=-10. po*m.ocm(suu/lo DO)
. wnm:(% ,30) “ALOSS
30- FORMAT(’ LOSS BASED ON AVERAGE POWER = !',F12.2)

x
el

GO TO0 1
500 STOP -
END ,
4
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1
10

cce 2

-c--—=~  ABIX FORTRAN FILE  -------

IMPLICIT REAL*8 (A-H,0-2)

JEXTERNAL AB3

COMPLEX*16 AA,BB,CC,DD

PI=4,DO*DATAN(1.DO)

WRITE(5,10)

FORMAT (' ENTER R,C, HIT RETURN TO sror .

READ(S,* .Erm-soO) R.C

FF1=,0000001+1.D0/ (2 no*n*n*c)
WRITE(5,17)

CCC 17~ FORMAT(' ENTER F , TO CHANGE R,C ENTER 0')

ccC
cce

-

c
cC

© CC

cc
cC

- €C

40

cee
500

READ(5,*,END=500) F. x ,
IF(F.EQ.0) GO 10 1 .
DO 20 I=1,165
» P=-810@.+(I-1) *100.D0 o .
IF(1,£Q.1) F=-1.D8 , .
.EQ.163), F=FF1
IF(I1.EQ.164) F=-FF1
<, IF(1.EQ.165) F=1.D8
_ DO 20 I=1,37
F=-8000. + (I-5) *500. D0
TF(I.EQ.1) 'F=-1.D8
. IF(1.EQ.2) F=FFl
IF(I.EQ.3) F=-FfFl
IF(1.EQ.4) FP=1.D8
‘IF(F.LT.0.) CALL AB1(R,C,F,AA,BB,CC,DD)
_IF(F.GE.O.) cu.x.m(ncrmsnccoo)
. ALOS=20,DO*DLOG 10 (CDABS (AA))
APHASE=180.DO*DATANZ (DIMAG (AA) , DREAL (AA) )/p1
BB1=DREAL (BB)
BB2=DIMAG (BB)
CC1=DREAL (CC)
CC2=DIMAG(CC)
WRITE(5,40) F,ALOS,APHASE
« WRITE(8,40) F,ALOS,APHASE,CC1,CC2

FORMAT (1X,F14. z,3x F8.2, 2(3x 510 3),3%,E10.3, lx 510 3)

CONTINUE,
G0 TO 2

STOP

END







sunnounms AB3 (n C,F,AA,BB,CC,DD)
IMPLICIT REAL*8 (A-H o—z)
COMPLEX*16 AA;BB,CC,DD

IF(F.LT.0.) CALL AB1(R,C,F,AA,BB,CC,DD)
I1F(F.GE.0.) CALL AB2(R,C,F,AA,BB,CC,DD)

ALQS=20, DO*DLOG10 (CDABS (AA) )
RETURN
END .
SUBROUTINE AB1(R,C,F,Al,B1,C1,D1)
IMPLICIT REAL*8(A-H,0-2)
COMPLEX*16 Al,B1,C1,D1
PI=4.DO*DATAN (1.D0)
W=2.DO*PI*F
Gl=1.DO/R"
DEN1=G1-W*C .
A1=DCMPLX (G1,W*C) /DEN]1
B1=DCMPLX (1.D0,0.D0) /DEN]
C1=DCMPLX(0.DO, 2.DO*W*C*G1) /DEN1
D1=DCMPLX (G1,W*C) /DEN1
RETURN
END
SUBROUTINE AB2(R,C,F,A2,B2,C2,D2)
IMPLICIT REAL*8(A-H,0-2)
COMPLEX*16 A2,B2,C2,D2
PI=4, DO*DATAN(I Do)
W=2,DO*PI*F
Gl=1.DO/R
DEN2=G1-W*C
A2=DCMPLX (G1,W*C) /DENZ
BZ=DCMPLX (1.D0, 0.D0) /DEN2
C2=DCMPLX (0.DO, 2. DO*W*C*G1) /DEN2
z-mx.x(cl u*c) /DENZ ‘ .
RETURN
END -

g ' ; C - 106 -
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Commm- - AB3X FORTRAN FILE = ====--- ‘
C , .
Cc ",
IMPLICIT REAL*8 (A-H;0~2)
EXTERNAL AB6
COMPLEX*16 AA1,AA2,AA, sn cc,bb
DIMENSION AM(ZM)
o " PI=4,DO*DATAN(1.D0)
—_— 1 WRITE(5, 10) :
10 romm(' ENTER R,RG,C,FR , un RETUIN TO STOP ')
- READ(§,* END-SOO) R,RG,C,FR v ¢
FFI-.0000001+1 DO/ (z DO*PI*R*C) -
CALL AB4 (R,RG,C,FR,AA,BB,CC,DD)
IF(FR.GT.0) CALL AB5(R,RG,C,FR,AA,BB,CC,DD)
ALOSI=20.DO*DLOG10(CDABS (AA))
" WRITE(8,17) R,RG,C,FR,ALOS1
‘17 FORMAT('1',' R = ',E12.4,5X,' RG = ',E12.4,5X,' C = ',E12.4//
' + 3X,' REF. FREQUENCY = ',F12.4,7X,' LOSS.='',F12.4,' D.B.'//,
+ 8X,' FRQ. HZ',9X, 'L0SS DB',BX, 'DEGREES' /) .
DO 20 1=1,37
F=~3400. +(I—3)*1oo.
IF(1.EQ.1) F=-FFl ]
. IF(1.EQ.2) F=~250. ¢ <
CALL AB4(R,RG,C,F,AA,BB,CC,DD)
* ALOS=20.D0*DLOG10O (cm.ns {AA) ) -ALOSI,
‘IF(I.LE.34) AAA(I)=ALOS - -
APHASE=180.DO*DATAN2 (DIHAG (AA) ,DREAL(AA)) /PI
© BB1=DREAL (BB) ‘ .
. BB2=DIMAG (BB) .
. CC1=DREAL (CC)
CC2=DIMAG (CC)
IF (MOD(I, 4) .EQ.0.AND.F.GE.~3400. . AND.F.LE.0.) uxm:(s 40) F,ALO.
WRITE(8,40) F,ALOS,APRASE
40 FORMAT(2X,F14.2, 2(3x nz 2))
20  CONTINUE .
CALL MAX(34,AAA,AMAX)
CALL MIN(34,AAA, AMIN)
DIFP=ANMAX~AMIN
WRITE(5,18) AMAX,AMIN,DIFF
- WRITE(8,18) AMAX,AMIN,DIFF .o
18 FORMAT(2X, ' AMAX ',F12.3,3X,' AMIN ',F12.3, 3x.' DIFF. = ',F12.3
GO TO 1 i
500 STOP . . .
END . ,
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500

B it ety AB4X FORTRAN FILE =~ -———-~--

IMPLICIT REAL*8(A-H,0-2)

EXTERNAL AB6

COMPLEX*16 AAl,AA2,AA,BB,CC, DD

PI=4. no*mun(l DO)

"RITE(J’IO) .
_ FORMAT (* ENTER R,RG,C,FR , HIT RETURN TO STOP ')
READ(5,* ,END=500) R,RG,C,FR ‘

© FF1=.0000001+1.D0/ (2.DO*PI*R*C) .

CALL AB4(R,RG,C,FR,AA,BB,CC,Db)- Q
IF(FR.GT.0) CALL ABS5 (R,RG,C,FR,AA,BB,CC, DD)
ALOS1=20, DO*DLOGIO(CDABS(M))

. WRITE(8,17) R,RG,C,FR,ALOS1
- FORMAMN('1',' R-'E1245X RG"EIZ‘&SX'C"EIZ%//

3x,' REF. FREQUENCY = ',F12.4,7X,' LOSS = ',FI12.4,' D.B.'//,
8X,' FRQ. HZ',9X,'LOSS DB' ,8X, 'DEGREES' /)

DO 20 I=1,43

F-(I-l)*loo. ~ ‘o o

IF(I1.EQ.42) F=FFl L -
IF(I.EQ.43) F=1.D8 '

CALL AB5(R;RG,C,F,AA,BB,CC,DD)

ALOS=20.DO*DLOG10 (CDABS (AA) ) ~ALOS1

APHASE=180.DO*DATAN2 (DIMAG (AA) ,DREAL (AA)) /P1

BB1=DREAL ‘

=DIMAG(CC) -
WRITE(8,40) F,ALOS,APHASE
FORMAT (2X £14,2),2(3X,F12.2))
CONTINUE

GO 10 1
STOP.
END

- 108 -
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SUBROUTINE AB6 (R,R7,C,F,AA,BB,CC,DD)
AMPLICIT REAL*8(A-H,0-Z)

COMPLEX*16 AA,BB,CC,DD

IF(F.LT.0.) CALL AB4(R,R7,C,F,AA,BB,CC,DD)
IF(F.GE.O.) CALL AB5(R,R7,C,F,AA,BB,CC,DD)
AL0OS=20.D0*DLOG10(CDABS (AA)) ‘

RETURN

END ) :
SUBROUTINE AB4(R,R7,C,F,Al,B1,C1,D1)
IMPLICIT REAL*8(A-H,0-2)

COMPLEX*16 Al,B1,C1,Dl
PI=4.DO*DATAN (1.D0) (

W=2,DO*PI*F

G1=1.D0/R

© G67=1.DO/R7

nsm-cx-u*c ' '
Al=DCMPLX ((G1+G7) u*c) /DEN1
B1=DCMPLX(1.D0,0.D0) /DEN1 .
C1=DCMPLX (GI*G7 2.DO*W*C* (G1+G7)) /m-:m
D1=DCMPLX (G1, H*C)/DI-:NI

RETURN

. END

SUBROUTINE AB5(R,R7,C,F,A2,B2,C2,D2):
IMPLICIT REAL*8(A-H,0-2)

COMPLEX*16 A2,B2,C2,D2
PI=4.DO*DATAN(1.D0)

W=2.DO*PI*F °

G1=1.DO/R

G7=1.DO/R7 . , : -
DEN2=G1-W*C
A2=DCMPLX ((G1+G}) ,w*C) /DEN2
B2=DCMPLX (1.D0Z0.D0) /DEN2 ‘
C2=DCMPLX (G1*G7,2,DO*W*C*(G1+G7)) /DEN2
D2=DCMPLX (G1,W*C) /nsuz *

RETURN

END
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M e ~ RRLLEXEC  =======

**

&CONTROL' OFF

COPY&1 OUT A (LRECL 130 RECFH F
**PI 1 CLEAR

FI 1 DISK &l OUT A (LRECL 130 Rscx-*n F BLKSIZE 130
LOAD &2

START .
SEXIT . . T L‘
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A SCAMPER data file to simulate the trimming of the seven—stage
buffered polyphase network in the transmit direction.
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§rmmmm e SD7KM DATA FILE (- TRANSMIT SIDE ) = -—--- -

o %

SH  POLYPHASE FILTER"TX ( CASE XD6247 ) '
$P R11,R12,R13,R14,R21,R22,R23,R24,R31,R32,R33,R34,R41,R42,R03,RS4 o
$P R51,R52 R53. 4,R61,R62,R63,R64,R71,R72,R73,R74 L.
SP Cll,ClZ C14,C21,Cc22,C23,C24,C31,€32,C33,C34,C41,C42,C43, Clolo
$P C51,C52,C53, 054 c61,c62,C63,C64,C71,C72,C73,C74
$P RG1,RG2,RG3,RG4,RS1,RS2,RS3,RS4
RS ‘1 5 15.E3

RS2 2 6 15.E3

RS3 3 7 15.E3 .

RS4 4 8 15.E3

Cl1. 5 10, 2.2E-9

C12 6 11 2.2E-9 \ v
C13 7 12°2.2E-9

.Cl4 8 9 2.2E-9 h

RI1 5 9 114.2238E3

RI2Z 6 10 114.2238E3

R13 7 11 114.2238E3

R14 8 12 114.2238E3

ss1 9 13 E . -
$s2 10 14 g : , .
$s3 11 15 o

S84 12 16 - -

€21 13 18 2.2E-9
€22, 14 1972,2E-9
€23 15 20 2.2E-9
€24 16 17 2.2E-9
R21 13 17 78.5707E3
. R23,14 18 78.5707E3 ° . - -
R23 15 19 78.5707E3 . :

- R24.16'20 78.5707E3

sS5 17 21 .. ' .

SS6 18 22 ; \

§57 19 23 - L

S8 20 24 -

‘31 21 26 2.2E-9 ‘ .

C32° 22 27 2.2E-9 _— ’

€33 23 28 2.26-9 ‘

C34 24 25 2,2E-9

R31 21 25 24.7573E3 .

R32,22 26 24.7573E3

R33 23 27 24,7573E3

R34 24 28 24.7573E3

'§S9 25 29

$510 26 30 ,

SS11 27.31 | B ‘ -

Ss12 28 32 o

C41 29 34 -2.2E-9

C42 30 35 2.2E-9 A

C43 31 36 2.2E-9 .
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 C44 32 33°2.2E-9
R41 29 33 36.8923E3
R42 30 34 36.8923E3 .. -
- R43 31 35 36.8923E3 e
‘ R&4 32 36 36.8923E3
5SI13 38 37
5814 34 38 T
$S15 35 39
$516 36 40_ .
C51 37 42 2.7F%, _
C52 38 43 2.2E-9
€53 39 44 2.2E-9
C54 40 41 2.2E-9 .
R51 37 41 20,1095E3
R52 38 42 20.1095E3
"R53 39 43 20.1095E3
R54 40 44 20,1095E3 .
§817 41 45 : ‘ . N
SS18 42 46
$S19 43 47
$520 44 48 )
C61 45 50 2.2E-9
C62 46 51 2.2E-9 o
C63 47 52 2.2E-9 ’
C64 48 49 2.2E-9 .
R61 45 49 226.3894E3 "
o _R62 46 50 226.3894E3
R63 47 51 226.3894E3
R64 48 52 226,3894E3
. C71 53 §58 2.2E-9
€72 54 S59 2.2E-9°
C73 55 S60 2.2E-9
T C74 56 $57 2.2E-9
R71 53 S§57 42,4017E3" o o
R72 54 $58 42.4017E3 v
R73 55 §59 42.4017E3 '
R74 56 S60 42,4017E3
RA §57 57 0.
RB S58 58 0.
RC S39 59 0.
RD S60 60 0. - -
$P RA,RB,RC,RD
MX1 OPAMP 49 53
MX2 OPAMP 50 54

/"\’

3

3 GND / RIN=*RR , .GAIN=*GA , GBW~*GGl
4 GND / RIN=*RR , GAIN=*GA , GBW=%GGZ
MX3 OPAMP-51 55 55 GND / RIN=*RR , GAIN=*GA , GBW=*GG3
MX4 OPAMP 52 56 56 GND / RINS*RR ,” GAIN=*GA , GBW=*GG4 |
SP RR,GA,GG1,GG2,GG3,GG4
*RR=1,E12
- *GA=2.E4-
*GG1=1,E6
*GG2=1.E6
*GG3=1.E6 -

5
5
5
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*GG4=1.E6" ‘ ,
‘RG1 23 GND 35.5035E3 » : ~ ‘
RG2 34 GND 35.5035E3 , . ‘
- RG3 35 GND 35.5035E3 . ‘ ’
RG4 36 GND 35.5035E3
, EINIGNDO -

VL 1 GND V(E1) 1.

v1'3 GND V(VL) -1.

V2 2 GND V(VL) 1, -

V4 4 GND V(VL) -1.

VvVl A57 GND V(01)'C10(0.)

. YV2 A58 GND V(02) C10(1.5707963)

VV3 AS59 GND v(03) C10(3.1415927)

VV4 A60 GND V(04) C10(4.712389) .

vv5 100 GND v(05) v(o6) 1. 1. ,

VYv6 200 GND v{(07) v(08) 1. 1.

Vv? 300 GND V(09) v(010) 1. 1. -

01 57 GND : L]

02 58 GND

03 59 GND .

04 60 GND ., .

05 A57.GND . .

06 AS8 GND

07 A59 GND 4

08 A60 GND ‘ -

09 100 GND :

010 200 GND

SPORT *ONE=NV (57) /E1 DBL AREF (-1004.,-1004.)

$*DELAY *DEL1=Nv(57)/E1 DBL DREF(2200.,2200.)

$*DELAY *DEL2+NV(58) /E1 DBL DREF(2200:,2200.)

SPORT *TWO=NV (58) /E1 DBL AREF (-loolo., 1004,)

SPORT *OUT=NV (300) /E1 DBL' AREF(-1004.,-1004.) [

$FREQ SP -1004. 175. 300. 600. 900. 1200. 1500. 1800. 2100. 2200. 2400 -

¢ $FREQ SP 2700. 3000, 3300. 3600, 3700. ‘ .
SFREQ SP -250. -300 -400, -2000. -3000. -3100. -3200. -3300. ~-3400.
$SPEC(9)=-1 v o,
. SANAL ~ ‘ L
STERM
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e ' SD7RM DATA FILE ( RECEIVE SIDE ) ——————

‘- $H POLYPHASE FILTER RX ( CAE XD6247') .
$P C11,CI2,c13,C14,C21,C22,C23,C24,C31,C32,C33,C34
SP £41,C42,C43,C44,C51,€52,C53,C54,C61,C62,C63,C64,C71,C72,C73,C74
$P R11,R12,R13,R14,R21,R22,R23,R24,R31,R32,R33,R34
, $P R41,R42,R43,R44,R51,R52,R53,R54,R61,R62,R63,R64,R71,R72,R73,R74
, $P RG1,RG2;RG3,RG4 . L .
- $P RX1,RX2,RX3,RX4
$P RZ1,RZ2,RZ3,RZ4 -
$P RS1,RS2,RS3,RS4 : T

. RS1 1 5 15.E3 , .
. RS2 2 6 15.E3 ‘
, RS3 .3 7 15.E3
RS4 4 8 15.E3
Ccll1 5 10 2.2D-9 )
C12 6 11 2.2D-9 -
C13. 7 12 2,209 !
Cl4 8 9 2.2D-9 ‘
) R11 5 9 114.2238D3 ,
R12° 6 10 114.2238D3 .
R13 7 11 114.2238D3
R14 8 12 114,2238D3
ss1 913
$S2 10 14
"8S3 11 15
sS4 12 16 . X ,
€21 13 18 2.2D0~9 ! ) RN

C22 14 19 2.2D~9
€23 15 20 2.2D-9
C24 16 17 2.20~9
R21 13 17 78.5707D3
R22 14 18 78.5707D3 ‘
. R23 15 19 78.5707D3 ' \

R24 16 20 78.5707D3 ‘ ¢ .
sss 17 21 , S,
$S6 18 22
557 19 23
Ss8 20 24 : :
C31 21 26 2.2D-9 : : e
C32 22 27 2.2D-9 ‘
€33 23 28 2.2D~9
C34 24 25 2.2D~9 :
R31 21 25 24.7573D3 : Co
R32 22 26 24.7573D3 , .
R33 23 27 24.7573D3

% R34 24 28 24.7573D3 -
SS9 25 29 ‘
SS10 26 30 -
ssi1 27 31
Ss12 28 32

. W 6l
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M3 OPAMP 51 55 55 GND / RIN=*RR , GAIN=*GA ,.GBW=*GG2
M4 OPAMP 52 56 56 GND / Rm-*nn » GAIN=*GA , csw-*ccz
RG1 33 GND 35.5035D3

RG2 34 GND 35.5035D3

RG3 35 GND 35.5035D3 .

RG4 36 GND 35.5035D3 ,

E1 N1GND O C ‘

0X1 N1 GND ’
VV1 4 GND V(0X1) c1o(o ) - ' -
Vv2 3 GND V(0X1) C10(1.5707963)

VYv3 2 GND v(0X1) c10(3.1415927)

VV4 1 GND Vv(0X1) C10(4.712389)

01 57 GND

02 58 GND

‘03 59 GND

04 60 GND ’ ' _
MXX1 OPAMP 61 63 63 GND / RIN**RR ., GAIN=*GA , GBW=*GG2
MXX2 OPAMP 62 64 64 GND / RIN=*RR , GAIN=*GA , GBW=*GG2

.RX1 63 100 50.E3

RX2 64 200 50.E3 .
RX3 200 GND 100.E3 -

RX4 100 300 100.E3

MXX340PAMP 100 200 300 GND / RIN=*RR , GAIN-*GA cnw-*ccl l
SPORT *ONE=NV (57) /E1 DBL AREF (-1004., 1004.)

SPORT *TWO=NV (58)/E1 DBL AREF (-1004.,-1004.)

S*PORT *THREE=NV(59) /E1 mu. AREF (-1004.,-1004,)

S*PORT *FOUR=NV (60) /E1 DBL AREF (-1004,,-1004.)

SPORT *OUT=NV(300)/El DBL AREF(-1004.,~1004.) - 5

., $*DELAY *DELA=NV (300)/E1 DBL ?nzr(-zzoo..-zzoo.) s
-SFREQ.SP  175. 300. 600. 900.

1200. 1500. 1800. 2100. 2400, 2700,
$FREQ SP 3000. 3300. 3700. ) '
SFREQ'SP  -300. -1004. -2200. -2800.,-3000. =-3400.
S$SSPEC(9)=-1 ’ .

"SANAL .

FS

STERM

-
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POLYPHASE TX NO.
CAPACITOR TOLERANCES =

IC= 0.250 % TR=

‘SD7KN DATA FILE
GENERATED FrOM POLTX FORTRAN

1  ( CASE XD6247 )
1.000 %
0.250 %

c11,c12,C13,C14,C21,€22,C23,C24,C31,€32,C33,C34
C41,C42,C43,C44,C51,C52,C53,C54,C61,C62,C63,C64
€71,c72,C73,C74
R11,R12,R13,R14,R21,R22,R23,R24,R31,R32,R33,R34
R41,R42,R43,R44,R51,R52,R53,R54,R61,R62,R63,R64
R71,R72,R73,R74

RS1,RS2,k§3,K54,RG1,RG2,RG3,RG4

6
7
8
10
11

—— -
OOV SO dO D WN -
A -]

5

14972,
15006.
14986.
15011. .

0.218445D-08

0.217855D-08
0.221131D-08
0.219684D-08

114373,

114342,

114162,

114497,

0.219344D-08

0.219092D-08

0.220457D-08

0.2221D%08
78553,
78724,

. 78474,
78577.

0.221368D-08

0.218755D-08
0.217814D-08
0.218091D-08
24741,
24771,
24741,
24779. \
0.221108D-08
0.219812p-08
0.222104D~08
0.221111D-08
36931,
36893.
36910,
36813.
0.218348D~08

0.220163p-08

-

-.119 -

- -

TG= 20.000

o

£

L



C53 23 28 0.219311D-08 *© ,
C54 24 25 0.219898D-08 - B
R51 21 25 20161. ‘ ~
"R52 22 26 20285. .
R53°23 27 20059. » .
R54 24 28 ‘20150. ' g
C61 25 80 0.221646D-08 .- ’
. €62 26 81 0.219219D-08
C63 27 82 0.218097D-08
C64.78 79 0.220013D-08
R61 25 79 226288. -
R62 26 80 226886.
R63 27 81 226880.
R64 .28 82.225997.
SP RR,GA,GG1,GG2,GG3,GG4
*RR=1.E10 .
' *GA=2.E4 .
*GGl= 0.117726D+07
*GG2= 0.103838D+07
*GG3= 0.834918D+06
*GG4= 0.864079D+06 ‘
M1 OPAMP 79 29 29 GND / RIN=*RR‘, GAIN=*GA , GBW=*GGl °
M2 OPAMP 80 30 30 GND / RIN=*RR , GAIN=*GA , GBW=*GG2
M3 OPAMP 81 31 31 GND / RIN=*RR , GAIN=*GA , GBW=*GG3
M4 OPAMP 82 32 32 GND / RIN=*RR , GAIN=*GA , GBW=*GG4® w
C71 29 34 0.220228D-08 ' -
€72 30 35 0.220968D-08
. €73 31 36 0.221558D-08
: C74 32 33 0.221723D-08
- 71 29 33  42079.
: R72 30 34 42374,

R73 31 35 42139.
. R74° 32 36 42130.
RG1 21 GND 35546.
RG2 22 GND - 35528.
RG3 23 GND 35443. L .
W RG4 24 GND 35455,
- El K1 GND O
, vL 1 GND V(E1) 1.
l ~ Vvl 3 GND V(VL) -0.9984
. V2 2 GND V(VL) 1: . . . T
V4 4 GND V(VL) -0.9984
Vvl A33 GND Y(01) Cl10(0.) .
VV2 A34 GND V(02) €10(1.5707963)
VV3 A35 GND -v(03) C10(3.1415927) - ’
VV4 A36 GND V(04) C10(4.712389) : o
yv5 100, GND v(05) v(06) 1. 1.
Vv6 200 GND Vv(07) v(08) 1. 1.
vv7 300 GND V(09) v(010) 1, 1. ‘ ‘
- 01 33 GND o -
: 02 34/GND
o ~ *. 03 35 GND




2
TN et e LT e 1

04 36 GND
05 A33 GND
06 A34 GND
07 A35 GND
08 A36 GND
09 100 GND
010 200 GND

SPORT *OUT = NV(300)/E1 DBL AREF(-1004.,~1004.) §
$FREQ SP. 175, 300. 600. 900. 1200. 1500. 1800. 2100
SFREQ SP 2400..2700. 3000. 3300.

S$FREQ SP -1004.
SANAL

3700.

o - 121 -



§*-——---=  SDJRN DATA FILE  —-=-=m-

§hmm e " GENERATED FROM POLRX FORTRAN ——————
SH  POLYPHASE RX NO. 1 ( CASE XD6247 )
§*  CAPACITOR TOLERANCES = 1,000 % s
$* TC= 0.250 % TR= 0.250 % .. TG= 20.000 %

$P C11,C12,C13,C14,C21,C22,C23,C24,C31,€32,C33,C34

$P C41,C42,C43,C44,C51,C52,C53,C54,C61,C62,C63,C64

$P C71,C72,C73,C74 :

$P R11,R12,R13,R14,R21,R22,R23,R24,R3],R32,R33,R34 hE
$P R41,R42,R43,R44,R51,R52,R53,R54,R61,R62,R63,R64

$P R71,R72,R73,R74

$P RA,RB,RC,RD,RYYL,RYY2,RX3,RX4

RI12Z 6 10 115157,
RI3 7 11 115286,

R4 8 12 113912,

€21 9 14 0.219652D-08

€22 10 15 0.221841D-08.

€23 11 16 0.2187710-08 - :
€24 12 13 0.2203D-08 .~
R2L 9 13 78667, : :
R22 10 14 78532,

R23 11 15 77769,

R24 12 16 78788:°

' €31 13 18 0.220596D-08
€32 14 19 0.2199280-08 - : o
€33 15 20 0.221881D-08 | -,
€34 16 17 0.2209500-08 : :

R31 13 17 24659.

R32 14 18 24633.

‘R33 15 19 24790,

R34 16 20 24470.

cél 17,22 0.220092D-08

.C42 18 23 0.219266D-08

C43 19 24 0.219157D-08

‘Ch4 20 21 0.218245D-08

R41 17 21 37256,

R42 18 22 36896.

R43 19 23 37015,

R44 20 26 37045,

€51 21 26 0.219726D-08 . .

$P RS1 ,'RSZ.RS3.RS‘&,RGI,‘{RGZ,RG3,RG4 o
RS1 1 5 14972 S
RSZ. 2 6 15006.
RS3 3 7 14986,
RS4 4 8 15011.
c1fy, 5 10 0.2182820-08
¢12° 6 11 0.2176300-08
C13 7 12 0.221246D-08
Cl4 8 9 0.220217D-08
RI1 -5 9 114536.
6
7
8

--122 - '



S SD7J4 DATA FILE ( TRANSMIT SIDE ) = ---—-—-

SH  POLYPHASE NETWORK ( CASE XD6247 ) ‘
$P C11,C12,C13,C14,C21,C22,C23,C24,€31,C32,C33,C34,C41,C42,C43,Ch4
$P C51,€52,C53,C54,C61,C62,C63,C64,C71,C72,C73,C74

STOL (0,1.) TEMP(0,30.) *C11,*C12,*C13,*Cl4,*C21,*C22,*C23,*C24
STOL (0,1.) TEMP(0,30.) *C31,*C32,*C33,*C34,*C41,*C42,*C43 T*Ch4
$TOL (0,1.) TEMP(0,30.) *C51,*C52,*C53,%€54,%C61,*C62,*C63,*C64
$TOL (0,1.) TEMP(0,30.) *C71,*C72,*C73,*C74

R11 1 5 XTOL(15.E3,.250D0)

R12 2 6 XTOL(15.E3,.250D0)

R13° 3 7 XTOL(15.E3,.250D0)

R14 4 8 XTOL(15.E3,.250D0) . -

$P R11,R12,R13,R14

STOL (0,.25) *R11,*R12,*R13,*R14 s

C11 3 10 xTOL(2.2E-9,.250D0)

€12 6 11 XTOL(2.2E-~9,.250D0)

Cl13 7 12 xTOL(2.2E-9,.250D0) '

9 XTOL(2.2E-9,.250D0) .

cl4 8
R21 5 9 XTOL(114.2238E3 ,.250D0)
R22 6 10 XTOL(114.2238E3 ,.250D0) .
R23 7 11 XTOL(114.2238E3 ,.250D0) , -
R24 8 12 XTOL(114.2238E3 ,.250D0) ‘
€21 9 14 XTOL(2.2E-9,.2500) :
€22 10 15 XTOL(2.2E-9,,2500) : .
€23 11 16 XTOL(2.2E-9,.2500) .
€24 12 13 XTOL(2.2E-9,.2500)
R31 9 13 XTOL(78.5707E3 ,.250D0)
R32° 10 14 XTOL(78.5707E3 ,.250D0)
R33 11 15 XTOL(78.5707E3 ,.250D0)
R34 12 16 XTOL(78.5707E3 ,.250D0) ‘
C31 13 18 XTOL(2.2E-9,1.0D) . , ' f
C32 14 19 XTOL(2.2E-9,1.00) ‘o
€33 15 20 XTOL(2.2E~9,1.00) &
€34 16 17 XTOL(2.2E-9,1.00) , oo
R41 13 17 XTOL(24.7573E3 ,.250D0) . .
R42 14 18 XTOL(24.7573E3 ,.250D0) C .
R43 15 19 XTOL(24.7573E3 ,.250D0)" .
R44 16 20 XTOL(24.7573E3 ,.250D0)
C41 17 22 XTOL(2.2E-9,1.00) & & .
C42 18 23 XTOL(2.2E-9,1.00) ' :
©43 19 24 XTOL(2.2E-9,1.00)
C44 20 21 XTOL(2.2E-9,1.00)
R51 17 21 XTOL(36.8923E3 ,.250D0) .
R52 18 22 XTOL(36.8923E3 ,.250D0)
© R53 19 23 XTOL(36,8923E3 ,.250D0)
R54 20 24 XTOL (36.8923E3 ,.250D0)

C51 21 26 XT10L(2.2E-9,1.00)
C52 22 27 XTOL(2.2£-9,1.00)
C53 23 28 XTOL(2.2E-9,1.00)
‘'C54 24 25 XTOL(2.2E-9,1,00)
R61 21 25 XTOL(¢20.1095E3 ,.250D0)
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R62 22 26 XTOL(20.1095E3 ,.250D0)
R63 23 27 XTOL(20.1095E3 ,.250D0)
R64 24 28 XTOL(20.1095E3 ,.250D0)
C61 25 80 XTOL(2.2E-9,.500)

€62 26 81 XTOL(2,2E-9,.500)

C63 27 82 XTOL(2.2E-9,.500) , )
C64 28 79 XTOL(2.2E-9,.500)

KAl 25 79 XTOL(226.3894E3 ,.250D0)
- R72 26 80 XTOL(226.3894E3 ,.250D0)
R73 27 B1 XTOL(226.3894E3 ,.250D0)
R74 28 82 XTOL(226.3894E3 ,.250D0)

o

1 QPAHP 79 29 29, GND / RIN=*RR , GAIN=*GA , GBW=*GG1
M2 OPAMP 80 30 30 GND / RIN=*RR , GAIN=*GA , GBW=*GG2 .
M3 OPAMP 81 -31 31 GND / RIN=*RR , GAIN=*GA , GBW=*GG3
M4 OPANP 82 32 32 GND / RIN=*RR , GAIN=*GA , GBW=*GG4
SP RR, GA GG1,66G2,GG3, GG4 ,
*RR=1. 510 ‘ _ o
*GA=2 . .E4
*GGl=1,0E6 . .

*GG2=1,0E6 . i o "
*GG3=1.0E6 ’
*GG4=1,0E6

$TOL (0.,20.) *GG1,*GG2,*GG3,*GG4

C71 29 34 XTOL(2.2E-9,.250)

C72 30 35 XTOL(2.2E-9,.250) "
€73 31 36 XTOL(2.2E-9,.250)

C74'32 33 XTOL(2.2E-9,.250)

R81 .29 33 XTOL(42.4017E3 ,.250D0) -
R82 30 34 XTOL(42.4017E3 ,.250D0)

R83 31 35 XTOL(42.4017E3 ,.250D0) ~
R84 32 36 XTOL(42.4017E3 ,.250D0) )
$*R91 21 GND F60(*C74,51.5249E3,.2)
R91 21 GND XTOL(35.5035E3,.25)

R92 22 GND XTOL(35.5035E3,.25)
R93,23 GND XTOL(35.5035E3,.25)

RO4 24 GND XTOL(35.5035E3,.25)

SP R91,R92,R93,R94

$TOL (o. .25) *R91 » ¥R92,*R93, *R94
E1.N1 GND O

VL 1 GND V(E1) 1.
vl 3 GND V(VL) -1.
$*SS1 2 GND

$%582 4 GND

v¥2 2 GND V(VL) 1.
V4 4 GND V(VL) -1. , : \ ' )
vyl A33 6D v(01) C10(0.) ‘ : s
VV2.A34 GND Vv(02) C10(1.5707963)

vv3 A35 GND v(03) C10(3.1415927)

V¥4 A36 GND V(04) C10(4.712389) .

Vv5 100, GND Vv(05) v(06) 1. I, ¢

VV6 200 GND v(07)..v(08) 1. 1, .

vv? 300 GND v(o9)“v{mo) 1. 1. . .

) “b




01 33 GND *
02 34 GND . . '
03 35 GND ) T

04 36 GID . ' :

05 A33 GND ' . @

06 A34 GND .

* 07 A35 GND .

08 436 GND

09 100 GND

010 200 GND

$*PORT  *ONE=NV(33) /E1 DB} AREF (~1004.,,-1004.)

SPORT *OUT~NV(300)/E1 DBL AREF(-1004.,-1004.) s

S*FREQSP -1004. 175. 300. 600. 900. 1200. 1500. 1800. 2100. 2400.
S*FREQ SP 2700. 3000. 3300. 3700. »
SFREQ SP -1004. -250. -300. -400. -2000. -3000. -3200. -3300. -3400.*
$SPFN. *oUT (-3000.,-300.) (-.15,.15) 10 T

SSPFN *0UT (-3400,,-3000.) (-.2,.2) 10
$SPFN ™0UT (-300.,~250.) (-.2,.2) 10 ‘

L SSPEN *OUT .(300.,600.) (43.,PINF) .
SSPFN *pUT\ (600.,2000.) (70.,PINF)
$SPFN *0UT'.(2000.,3700.) (77. ,PINF)
$SPFN *OUT (175.,175.) © (24, ,PINF)

S*SPFN *ouT ((.,0.) (5.,PINF)

SSPEC(9)=-1 ’

SANAL o ‘

SANAL '

SANAL

SANAL -

SANAL , :

SANAL | o . ! )
s* SANAL CAN BE REPEATED A @

~



. ‘586 18 22
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e SD7R9 DATA 'FILE ( RECEIVE SIDE ) = =—~-———

‘SH POLYPHASE NETWORK ( CASE XD6247 )

RS1 1 5 XTOL(15.E3,.25) —

RS2 2+ 6 XTOL(15.E3,.25) ’ X

RS3 3 7 X10L(15.E3,.25) . :

RS4 & 8 XTOL(15.E3,.25). S X

" Cl1 5 10 XTOL(2.20-9, .25D00) ~
C12 6 11 XTOL(2.2D-9,.25D00)
€13 7 12 XTOL(2.2D-9,.25D00)
Cl4 8 .9 XTOL(2.2D-9,.25D00)
R11 5 9 XTOL(114,2238D3,.250D0) ,
'R12 6 10 XTOL(114.2238D3,.250D0) _ -
R13 7 17 XTQL(114.2238D3,.250D0)
8

R14
ss1 9
$s2 10 14

ss3 11 15

ss4 12 1%

€21 13 18 XTOL(2.2D-9, .25D00) - X
€22 14 19 XTOL(2.2D-9,.25D00) ‘ ‘ ///

12 XYOL(IIﬂ .2238D3, . 250D0)

C23 15 20 XTOL(2.2D-9,.25D00)

C24 16 17 XTOL(2.2D-9,.25D00)

R21 13 17°XTOL(78.5707D3, .250D0) 0

- R22 14 18 XTOL(78.5707D3,.250D0) '

R23 15 19 XTOL(78.5707D3, .250D0)

R24 16 20 XTOL(78.5707D3, .250D0) ’

8§85 17 21 ‘ .

SS7 19 23 . )

SS8 20 24 : ‘ ' :

c31 21 26 XTOL(2.2D-9,1. 000) » o
C32 22 27-XTOL(2.2D-9,1.D00)° ” : ..
€33 23 28 XTOL(2.2D-9,1.D00) . ‘ o
C34 24 25 XTOL(2.2D-9,1.D00) «

R31 21 25 XTOL(24. 7573n3,.250n0)
R32 22 26 XTOL(24.7573D3,.250D0) .
R33 23 27 XTOL(24.7573D3,.250D0) - I

R34 24 28 XTOL(24.7573D3,.250D0) - -

§s9 25 29

$S10 26 30 ; ' - .
ssi1 27 31 . ) S ' .
5512 28 32 i C ) o ’ -
C41 29 34 XTOL(2.2D-9,1. 000) . :

€42 30 35 XTOL(2.2D-9,1.D00) . ~ . .

C43 31 36 XTOL(2.2D-9,1.D00) ‘ . e e -

C44 32 33 XTOL(2.2D-9,1.D00) 4 o ) )

R41 29 33 XTOL (36. 8923D3,.250D0) : ‘ '

R42 30 34 XTOL (36.8923D3,.250D0) ' S .

R43 31 35 XTOL (36.8923D3,.250D0) : -

R44 32 36 XTOL(36.8923D3, zsono) ‘ ‘

- 5813 33 37
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SS14 34 38

§515-35 39

SSI?f36 40

C51%737 42 Xx10L(2.2D-9,1.D00)

C52 38 43 XTOL(2.2D-9,1.D00)

C53 39 44 XT0L(2.2D-9,1.D00)

C54 40 41 XTOL(2.2D-9,1.D00) - o
R51 37 41 XTOL(20.1095D3,.250D0)

RS2 38 42 XTOL(20.1095D3,.250D0)

R53 39 43 XTOL(20.1095D3,.250D0)

R54 40 44 XTOL(20.1095D3,.250D0)
SS17 41 45

SS18 42 46

SS19 43 47

$820 44 48 .
C61 45 50 XTOL(2. zn—9..25n00)

C62 46 51 xTOL(2.2D-9,.25D00)

€63 47 52 XTOL(2.2D~9, .25D00) :
C64 48 49 XTOL(2.2D-9,.25D00) .
R61 45 49 XTOL(226.3894D3,.250D0)
R62 46 50 XTOL(226.3894D3,.250D0)
R63 47 51 XTOL(226.3894D3,.250DC)
R64 48 52 XTOL(226.3894D3,.250D0)
C71 53 58 XTOL(2.2D-9,.25D00) .

-C72 54 59 XTOL(2.2D-9,.25D00)

C73 55 60 XTOL(2.2D-9, .25D00) Y g
C74 56 57 XTOL(2.2D-9,.25D00) - . ' .
R71 53 57 XTOL(42.4017D3,.250D0) =0
R72 54 58 XTOL(42.4017D3,.250D0) :

_ R73 55 59 XTOL(42.4017D3,.250D0)
R74 56 60 XTOL (42.4017D3, 250n0)

SP GG1,GG2,GA,RR

_ *RR=1,E]2

- %GA=2.E4 :
*GG1=2.E6 ; /
*GG2~1.D6

M1 OPAMP 49 53 53 GND / RIN=*RR , GAIN=*GA , GBW=*GG2
M2 OPAMP 50 54 54 GND / RIN=*RR , GAIN=*GA , GBW~*GG2
M3 OPAMP 51 55 55 GND / RIN=*RR , GAIN=%*GA , GBW=*GGC2
M4 OPAMP 52 56 56 GND / RIN=*RR , GAIN=*GA , GBW=*GG2
"RG1 33 GND XTOL(35.5035D3,.250D0) ' '
. RG2 34 GND XTOL (35.5035D3, .250D0)
RG3 35 GND XTOL (35.5035D3, .250D0)
RG4 36 GND XTOL (35.5035D3, .250D0)
El N1 GND O ‘
_0X1 N1 GND

vv1l 4 GND V(0X1) C12(0.,*DD)

Vv2 3 GND V(0OX1) C12(1.5707 *DD)
VV3 2 GND V(0X1) .C12(3.1415927,*DD)
. V¥4 1 GND V(0X1) C12(4.712389,*DD)
_*WOO .

01 57 GND
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*$TOL (0,.2) TENP (

Ghammamnn ' SD7K9, DATA FILE ( TRANSMIT SIDE )  =—=—=-=- a

$H POLYPHASE NETWORK ( CASE XD6247 )

$P Cl1,C12,€13,C14,C21,€22,€23,C24,C31,C32,C33,C34

S$P C41,C42,C43,C44,C51,C52,C53,C54,C61,C62,C63,C64,C71, c72 c73 C74

S$P R11,R12,R13,R14,R21,R22,R23,R24,R31,R32,R33,R34

SP R41,R42,R43,R44,R51,R52,R53,R54,R61,R62,R63,R64,R71,R72, n73 R74.
SP RG!,RG2,RG3,RG4

STOL (0..2) TEMP (0,
SToL (0,.2) TEMP (

3 *C11,*C12,*C13,*C14,*C21,%C22,%*C23,*C24
0,30
$TOL' (0,.2) TENP (0,30
0,3
0,

.)
0.) *C31,*C32,%C33,*C34,*C41,*C42,*Ch3, *Ch4
-) *C51,*C52,*C53,*C54,*C61,*C62,*C63, *C64
) *C71,*C72,*C73,*C74

sToL (0,.250) TEMP (0,50.) *R11,*R12, *R13, *R14,*R21,*R22,*R23, *R24
$TOL (0,.250) TEMP (0,50.) *R31,*R32,*R33,*R34,*R41,*R42,*R43, *R44
STOL (0,4250) ‘TEMP (0,50.) *R51,*R52,*R53,*R54,*R61,*R62,*R63, *R64
$TOL (0,.250) TEMP (0,50.) *RG1,*RG2,*RG3,*RG4H

STOL (0,.25) TEMP (0,50.) *R71, *R72 *R73 *R74

STOL (0,20.) *GG2 -

$P RZ1,RZ2,RZ3,RZ4

RI1 1 5 15.E3

0
0.

. RI2'Z 6 15.E3 ° .

RI3 3 7 15.EY
RI4 4 8 15.E3
S$P RI},RI2,RI3,RI4

.STOL (0..5) *R11, *RI2,*RI3, *Rxa

Cl1
ci2

510 2.20~9

6 11 2,209
€13 712 2.20~9'
Cl4 8 9 2.20-9
RI1 5 9 114,2238D3
R12 6 10 114.2238D3
R13 7 11 114.2238D3

R14 8 12 114.2238D3

ss1 .9 13

$s2 10 14 : -
$S3 .11 15 . . b
SS4 12 16 : \
c21 1318 2.20-9 - : L :

€22 14 19 2.2D-9 —

. €23 15 20 2.2D-9 A R

€24 16 17 2.2D-9 : .
R21 13 17 78,5707D3 . e b .
R22 14 18 78,5707D3 o .
R23 15 19 78.5707D3 : )
R24 16 20 78,5707D3 RN
§s5 17 21 . )

5S6 18 22

§s7 19 23

5S8 20 24

€31 21 26 2.2D-9
C32.22 27 2.2D-9

C -3 -
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3

€33 23 28 2.2D-9 .

| €34 24 25 2.20-9 , o
R31 21 25 24.7573p3 - .

R32 22 26 24.7573D3 S

R33' 23 27 24.7573D3 @

R34 24 28 24.7573D3

s§9 2529 .,

$S10 26 30

. S511 27 31

s512 28 32 o :

c4l 29 34 2.2D~9 o

Cc42 30 35 2.2D-9

c43 31 36 2.2D-9

C44 32 33 2.2D-9

R41 29 33 36.8923D3 L

R42 30 34 36.8923D3 \ &

© R43 31 35 36.8923D3 N\

R44 32 36 36.892303 _ :

$513 33 37 ‘ -

SS14 34 38 e 7

$S15 35 39 -

516 36 40

C51 37 42 2.2D-9

C52 38 43 2.2D-9

C53 39 44 2.2D~9

C54 %0 41 2.2D-9

R§1* 37 41 20.109503 .

R52 38 42 20.1095D3

RS53 39 43 20.1095D3

RS54 40 44 20,1095D3

SS17 41 45 '

SS18 42 46 _

SS19 43 47 - .

SS20 44 48

.,
C6l 45 § 71046” .

. €62 46 51 R./2D-9
. C 2.20-9 -

* C64°48 49 2.2D~9

" R61 &5 49 226.3894D3 N 3

R62 46 50 226.3894D3 o L
R63 47 51 226.3894D3 ;o ‘ .

_ R64 48 52 226.3894D3

C71 53 58 2.2p~9 "

C72 54 59 2.2D-9 .

‘€73 55 60 2.2D-9

C7 56 57 2.2D~9. ,

. R71 53 57.42.4017D3 .

. R72 54 58 42.4017D3 . ‘

R73 55 59 42.4017D3

R74.56 60 42.4017D3

$P GG2,GA,RR

*RR=1.E12

\ »




T e
kN

*GA=2.E4

*GG2=1.D6 '
KI' OPAMP 49 53 53 GND / RIN=*RR , GAIN=*GA , GBW=*GG2

M2 OPAMP 50 54 54 GND / RIN=*RR , GAIN=*GA , GBW=*GG2

M3 OPAMP 51 55 55 GND / RIN=*RR , GAIN=*GA , GBW=*GG2

M4 OPAMP 52 56 56 GND / nm-*nn » GAIN=*GA , GBW=*GG2

RG1 33 GND 35.5035D3

RG2 34 GND .35.5035D3 v .

RG3 35 GND 35.5035D3 ° C,

RG4 36 GND 35.5035D3 o

E1 Nl GND 0 . .

VL 1 GND V(E1) 1, , . . '
vl 3 GND v(vL) -1, : l .
SSS1 2 GND X . ' [,

=y

$SS2 4 GND

Vvl A57 GND V(O1) €12(0.,*DD)

Vv2 A58 GND v(02) C12(1.5707963,*DD)

Vv3 AS9 GND V(03) C12(3.1415927,*DD)

YV4 A60 GND V(04) C12(4.712389,*DD)

*DO=(0), )

vvS 100 GND V(0OS) v(o6) 1. 1. . o

vvé6 200 GND V(07) v(08) 1. 1. ——
yv7 300 GND v(09) v(010) 1, 1 ) s :
01 57 GND . R

02 58 GN\ND 0 .

03 59 GND . ‘

04 60 GND ‘ - . ,
05 A57 GND ) .

06 A58 GND . C o
07 AS9 GND ' . c : o
08 A60 GND .
09 100 GND

010 200 GND

"$PORT  *ONE=NV(57)/E1 DBL AREF (~1004. ,-1004.)

S*PORT *TWO=NV (58) /E1 DBL AREF (-1004.,-1004.) - .
S*PORT *THREE=NV(59)/El DBL AREF (-1004.,-1004.)

$*PORT *FOUR=NV (60) /E1 DBL AREF (-1004.,-1004.) ‘.
$*PORT ,*vv1=NV(100)/E1 DBL AREF(-3400.,-250.)

SPORT *OUT=NV(300)/E1 DBL AREF(-1004.,-1004.) S

$*DELAY *DELA=NV (300) /E1 DBL DHEF(-2200.,-2200.) S

SFREQ LIN 4 5.E3 8.E3

SFREQ LIN 5 8.E3 12.E3

$FREQ LIN 40 100. 4000. : ‘ '

SFREQ SP ~-1004. <2200. 1. 100, 175. 300. 500. 700. 3300. 3700.
$FREQ SP -30. ~80. ~100. -175. -160. ~170. -250. -300..-3650. -3800.
SPREQ SP' 19.D3 20.D3 30.D3 40.D3 50.D3 60.D3 63. D3 )

SFREQ LIN 21 -4000. O.

$FREQ SP -1.E6 -5.E5 —1000. -1.E5-1.E5 5.E5 1.E6
$SPFN *our (-3000.,-300.) (-.15,.15) 10

SSPFN *OUT (-3400.,-3000.) (-.2,.2) 10

$SPFN *out (-300.,-250.) -.2,,2 10 - ‘
S*SPFN” *ouT (0.,0.) (5.,PINF)

<133 -



STEST
“$TEST
STEST
STEST
STEST

E

$SPFN *0UT (300.,600.) , (43.,PINF)
$SPFN *0UT (600.,2000.) -  (70.,PINF)
$SPFN *OUT (2000.,3700.) (83.,PINF)
$SPFN *0UT (175.,175.) (24.,PINF)
"$SPEC(9)=-1

SANAL - °

$STATS 100 .

STEST *OUT (-3400.,-3000.) (-.3,.3)

*ouT (~3000.,-300.) (-.2,.3)
*OUT (-300- ,—3000)‘ (--2' '3)
*ouT (-250.,-250.) (-.2,.7)
*OUT (175.,175.)  (22.,PINF)
*oUuT (300.,600.) (42.,PINF)

STEST *OUT (600.,3700.). (60.,PINF)
SFIN 20
STERM \

$STATS 100,-25

STEST
STEST
S$TEST

*0UT (-3400.,-3000.) (-.3,.3)
*OUT (-30000 ,-3000) (-02, 03)
*QuT (-300.,-250.) (-.2,.7)

$TEST *OUT (175.,175.)  (20.,PINF)
STEST *outr (300.,600.) (40, ,PINF)
STEST *OUT (600.,3700.)  (60.,PINF)
S$FIN 20

$STATS 100,25 :

$TEST
STEST

*OUT (-3400.,-3000%) (-.3,.3)
*0UT (-3000.,-300.) (-.2,.3)

STEST *OUT (-300.,-250.) (-.2,.7)

$TEST *OUT (175.,175.) (20.,PINF)
STEST *OUT (300.,600.) (40.,PINF) °
$TEST *QUT (600.,3700.)  (60.,PINF)
SFIN 20 '

STERM

4
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L — SD7J DATA FILE ( TRANSMIT SIDE )

S$H  POLYPHASE NETWORK ( CASE XD6247 )  CLOCKWISE TRIMMING
$P C11,C12,C13,C14,C21,€22,C23,C24,C31,€32,€33,C34,C41,C42,C43, Ckﬁ

SP C51,C52,C53,C54,C61,C62,C63,C64,C71,€72,C73,C74

»
STOL (0 1.) TEHP(O 30.) *Cl1, *c12 *c13 *c14 *C21,*C22,%*C23,*C24 -
STOL (0.1.) TEMP(0,30.) *C31,*C32,*C33,*C34,*C41,*C42,*C43,*C4
sToL (0,1.) TEMP(0,30.) *c51‘*c52 *C53,*%C54,%C61,*C62,*C63, *c

$TOL (0,1.) TEMP(0,30.) *C71,*C72,*C73,*C74
RI1 1 5 15.E3 .
R12Z 2 615.E3
R13 3 7 I5\E3
.Rl4 & 8 15.E3
$P R11,R12,R13,R14&
$TOL (0 25) *n11 *R12,*R13, *R14
Cll 5 10 2.2E-9 .
c12 6 11 2.2E-9
. C13 7 12 2.2E-9

‘Cl4 8 9 2.2E-9 X
R21 5 9 F51(*Wl,*Cl4,.350D0)
R22 6 10 F51(*Wl,*Cl1,.350D0)
R23 7 11 F51(*Wl,*C12,.350D0)
R24 8 12 F51 (*Wl,*C13,.350D0)
C21 9 14 2.2E-9 :
c22 10° 15 2.2E-9
C23 11 16 2.2E-9
C24 12 13 2.2E-9
R31 9 13 P51 (*wW2,*C24,.350D0)
R32 10 14 F51(*W2,*C21,.350D0)
R33 11 15 F51(*W2,*C22,.350D0)
R34 12 16 F51(*W2,*C23, 35000)
C31 13 18 2.2E-9
C32 14 19 2.2E-9
€33 15 20 2.2E-9
€34 16 17 2.2E-9
R41 13 17 F51(*W3,*C34,.350D0)
R42 14 18 P51 (*W3,*C31,.350D0)
R43 15 19 P51 (*W3,*C32,.350D0)
R44 16 20 F51(*W3,*C33,.350D0)
c4l 17 22 2.2E-9
'C42 18 23 2.2E-9
C43 19 24 2.2E-9
C44 20 21 2.2E-9

_ RS51 17 21 P51(*w4, *caa,.350n0)
R52 18 22 F51 (*W4,*C4l, .350D0)
R53 19 23 P51 (*W4,*C42,.350D0)

" R54 20 24 751 (*w4,*C43,.350D0)

@

. TC51 21 26 2.2E-9
C52 22 27 2,2E-9
C53 23 28 2.2E-9
C54 24 25 2.2E-9
R61 21 25 FS1{*WS,*CS4, .350D0)
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R62 22 26 F51(*W5,*C51,.350D0)
R63 23 27 F51(*w5,*C52,.350D0)
R64 24 28 F51(*W5,*C53,.350D0)
C61 25 80 2.2E-9 '
C62 26 81 2.2E-9

C63 27 82 2.2E-9

C64 28 79 2.2E-9

R71 25 79 F51(*W6,*C64,.3.0D0)
R72 26 80 F51(*W6,*C61,.350D0)
R73 27 81 F51(*W6,*C62,.350D0)
R74 28 82 F51(*W6,*C63,.350D0) .-
0S1 79 GND o
0S2 80 GND°

0S3 81 GND

0S4 82 GND o
VSl 29 GND V(0S1) 1.
vs2 30 GND V(0S2) 1.
VS3 31 GND v(0S3) 1.
VsS4 32 GND v(0S4) 1.
C71 29 34 2.2E-9
C72 30 35 2.2E-9°
€73 31 36 2.2E-
C74 32 33 2,2E-9

R81 29 33 F51(*w7, *c74,.350n0)

R82 30 34 F51(*W7,*C71,.350D0)

R83 31 35 F51(*wW7, *c7z,.3son0)

R84 32 36 F51(*W7,*C73,.350D0)
$*R91 21 GND F60(*C74,51.5249E3,.2)
R91 21 GND 35.50351E3

R92 22 GND 35.50351E3 .
-R93 723 GND 35.50351E3

R94 24 GND 35.50351E3 N

$P R91,R92,R93,R94

$TOL (o,.zs) *R91 *R92 *n93 *Ro4
*W1=3.9794286E3

. *§2=5,7851776E3

*W3=18.36005E3 -

*W4=12,320886E3

1 ¥y5=22, 603575E3

*W6=2.0078036E3 b

*WER10. 719994E3

El N1 GND 0

VL 1 GND V(E1) 1.

vl 3 GND V(VL) -1,

$*SS1 2 GND

$*SS2 4 GND )

V2 2 GND V(VL) 1. ,

V4 4 GND v(VL) -1,

Vvl A33 GND V(01) C10(0.)

Vv2 A34 GND v(02) C10(1,5707963)
Vv3 A35 GND V(03) C10(3.1415927)
VV4 A36 GND V(04) C10(4.712389)
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STEST *OUT (600.,2000.)  (60.,PINF)
$TEST *0UT (2000.,3700.) (60.,PINF)
SFIN 20 . ‘.

SSTATS 100,25

$TEST *0UT (-3400.,-3000.) (-.2,.7).-
STEST *ouT (-3000.,-300,) (-.2,.2)
STEST *0UT (-300.,-250.) (~.2.1.)
$TEST -*ouT (175.,175.) °  (20.,PINF)
.STEST *ouT (300.,600.) (40, ,PINF)
$TEST *OUT (600.,2000.) (60.,PINF)
STEST *OUT (2000.,3700.) (60.,PINF)-
SFIN 20 . .
- $END .

STERN



Appendix 3:
. THE ABCD MATRIX FOR
 THE SINGLE STAGE
" 'POLYPHASE NETWORK
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\ Appendix 3 |
The ABCD Matrix for the Siggle Stage Four Phase S.D.

{1} The A Paramete; ’

4

Wy !
. ’ , ff
Positive Sequence
(Vg = V1) Gy # (jVy = Vg jwCq

Vg (Gy +jwCy) = V41Gyq - wCy) ’

vy, oreweg
Vs’ Gy -wCq . .
‘l4-iwC4ﬁ1'
LAggy ® m————
1—-wCsaRy .

., For equal R's, C's

1+ iwCR

5“’: P ’“\
( oy

-iVT

A5

.

=iVs

:Ncgnin Sequence .
(Vg —- V1) Gy = {iVy —- Vg) jwCq
Vg (Gy +jwCy) = vy (Gy+wCy!
.!L) o Gy *+iwCy .

Vg 2 W -

-
- 1 ""WC‘R1

A5
15 1 §WC&R1

Far equal R’s, C's

- o V+iwCR
1 +wCR

-

P



ey A o

«

R Y A

{(2) The B Paramater

¢ . .’
R K

. B1S+ = LI

1 —~WC4R]
For equal R's, C's * .

‘ /
gis+ R

1 ~wCR
- /
t .
e
3 ra

'Appoqdi; 3

The ABCD Matrix for the Single Stage Four Phase S.0.

.B15+ »

Negative Sequence

i

is = Vq(Gq +wCy4)

Vyq R

i) Grewcy

v ¢

R
815 = 1

1+WC4R,

Fos equal R’s, C's

R
1+ wCR
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' Appendix 3 ®
The ABCD Matrix fqr the Single Stage Four Phase S.D. -
{3) The C Plu‘mcu' ) ;
W ' vy "2

WVq

Pontive Sequence ) .
iy = V3 = Vg) Gy +(Vy +jVg) jwCy

A
—] O = 1 H——j)SCy
Vs). (Vs \Vs

' Substitute

'V‘ 1+iwCqRy
Vs 1-weahy

S %Calit 1) 2 wCyli= 1)

.. C15e, -
1~ WC4R’ '

For hqc;al Ry, Cs

. 2wC

CISe » ——
1 - wCR

-1Vy

Negetive Saqu_m

ig = WV ~Vg) Gy +IVy +jVg)iwCy "

WY /vy (V4 ]
gl vadl ) L B et | N
Vs)_\Vs Vs

wCali = 1), + wCylj+1)
1+ ch,,K,

For equal R°s, C's

cr5— == 2%C_
1 +wCR

.
~ e
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Appendix 3

The ABCD Matrix for the Single Stage Four Phase S.D.

(S} Thcqﬂholc Matrix

4

»

Potitive Sequence

'

AST 8s1| 1 Al a1
st 051, (1 —wCRY |CY D1

Where

oy

. -

, A 81 {1+ Ry
ct 03] | wCalis ewCyli =11
L

For equal R’s, C's

CS1 05V (1 - wCR) | 2jwe

-

AS1 551] . 1 [1 - jwCh

a

]

Ry,

1o wCyR

+

J

' Negative Sequence

[ast 88t . 1
cs1 051

Whe're

)

b

For equal‘ R':, C's

as1 1], _ 1
CS1 051} (1 +wCR)

e

A2 82}
(TewCqRy) {C2 02

Ry -

(a2 827 1+ weR, . .
Jez 02| {wCeli-1ewCitie 17 10 wGyR,

R
] "|nC;R

‘

]
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- TESTING: OF
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B APPENDIX 4

t

~

" TESTING THE POLYPHASE NETWORK IN THE TRANSNIT NODE

¥

(A)  Testing the Polyphase Network in the Transmit Mods

s

1 - Install the hybrid in the test jig.

2,;'Turn the power supply on.

3 - Obtain a reference level reading ”
,. Generator Efrequency = 1004 Hz

Output level = 5.0 dBm

14

Selective voltmeter Erequency = 62.996 (20 Hz bandwidth)

«\m“u"\"hrcncu leval = AR dBm.

\\ ‘

—

‘4 - Repest measurements forffﬁi\ingg} frequencies

—

—

Pass-band 300, 400, 3000 and 3400 .

Stop-band 175, 300, 600, 900, 1200, 1500, 1800; 2100, 2400,

~

" 2700, 3000 and 3300.

i

Ensure thlt'fho.solcctivo voltmeter frequency is 64000‘-‘f in

the pass-band and 64000 + £ in the stop-band.

J
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Y

illuuo the readings in dBm nt\tﬁ.;o ffﬁqu;nci': to be Al, A2, .
y cee = .,Al6. . |
5 - Calculate the referenced loss at each éroqﬂoncy from the

J

squation

!

LIRR LR
6 - The followin;°lpocifiéaﬁion| have to be met.

¢i) -0.25L150.5

A

(ii) =-0.2 s L2 < 0.3° . _ . -
(if1) -0.2 § L3 < 0.3

(iv) - -0.2 5 L4 £ 0.3

All hybrids falling outside the specified range fail in the o
puil-bnnd.

.
-

7 - Calculate the power average between 600 and 3300 Hz in the

stop-band from the equation . . ’ ' T
: ' : © =18
- - Power Average = -10logyq (0.1} Z <1°('-°'".Li
: i=? :

8 ~ The following specifications have to be checked.

() 152 22

Y]

(i) L6 2 42 L : - | Co-
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\

(iif) Any value of L7, LB,‘... , . L16 250
(iv)  Power "nv.ra;o'?. 61.9 '

All hybrids falling outside the specified range fail in the

- stop~band.

~ The foregoing proéoduri was programmed using an HP85 minicomputer

to sllow fast automatic toliiq; of hybrids.

S

o
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11 -

°fn dbm to be Al, A2, ... ,Al6.

L]

Repesat the measurements as in Step 4. Assume the readings

.
'

Calculate the referenced losses L1, L2, ... yL16 from the

equation

L o=y -"A, - (BR - R)

L

Ya

The following -specifications have to be met.

’

(i) -0.2 $Ll 0.5 et \

(ii) -0.2 512 < 0.3
(iii) -0.2 <13 £.0.3 ‘ '

(ivy -0.2 sL4 203 -

All hybrids falling outside the lpccifigd~ran;p £ail in the

1
1

pass-band.

Calculate the powsr averags in the stoﬁ—bﬁig&fro- the

cgultion
‘ . . ‘ ie16 -
Power Average = -10l0g,q 0.1) Z 108001k
i in?

#

The. following lpocifiéationl have to be checked.

.

(i) 152 22

A0 6 2 42

S -8 -
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Ly

i,

-

(iii) Any value of L7, 18, ...  ,L16 2'50

(iv) " Power average 2 61.9 . . ‘

All hybrids falling outside the specifisd range fail in the . .

stop~band. - '

The procedure was programsmed using an HP85 ainicomputer to allow

. - ‘ . ‘
fast automatic testing of hybrids.. o C

=
e >
LS
H , ~
- A > .
. /_\
il \\
. ~
[ .L 1 §
y ' 3
. >
* . -
0 . . . ]
‘e ‘ .
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(C) _Test Jig 'Schematic’

;-
T 1
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(D) _Block Diagram of the Polyphase Test Equipment
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