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A ’ This thesis 1s concerned with the theoretical and éxperimental ) . Yoo
. ' invé‘&clga“:q'ions concerning a new class ‘of actite polyph;"se networks for ° o ]
° -
. - K4
quadrature signal generatian. "The the/retjcal analysis is based oy the {
L ;
" ' tepnesentat.,ion of the ac;ual applied 1nput sj,gné’ls into their pOsitive& L ; 1
’ ~ . s
. and negative sequence equivalence. Three different types of active | ' .
< "polyphase networks are introduced: . ’ [ B B
s o T . =
» : Py . - . J - M T
S C. 1) Networks with no feedback - o . & . I
! . ! . ) =
: 11) Networks with feedback Ty . - 5 !
\ 111) Sampled data ewitch_ed capacitor network
vi‘ N . - . 3 A \
[ ¢
L e , + . ‘L J
: - - \e T , . \ !
¢ - % ‘ .The fifst two classes of qe\t‘works nake use of resistors and ) ‘ !
S i T ., <, . . 1
¢ capacitors as the passive components and the eperational amplifier as the t .
. .\ N ) " ’ . a I‘ . . R “‘—
] only active element. ‘e ¥
‘ n v LP ' ¢ v «':
3 ! . ‘, ,§ ]
l‘ " ' .A'new configuration of analog sampled data phase splitting - ° ;‘l\i‘ o 15 \
. ! ! . &
] sequence diseriminator 1s presented, which yields-a frequency response ) ? ¢
. , B i , 1 [
. - P - (K]
s, - comparab‘le to.that of its analog counterpart. The design technique makes - a0
o . . A
- - .use of theé equivalence between a resistor-and a cirCuit element ' 5 - %@ \,
: . N ' b
) : : . 2R ' 3
~ . . , 4 - ;
L . - ) %
-' o 77-—-—‘ N v !




consisting of a capacitor and two switchies. “The coefficients of thé'

filter transfer functdon being ratios of capacitors, can be made legs .

* achieved by applying feedback between the input and the output Eerminals;

*# From the experimental set-up using a sequence discriminator consisting of

~

v

a given bandwidth and component values, the network with positive ;

féedbégk between the input and the output terminals, shows the superior -

sensitivity performance.

sensitive to manufacturing processes. .
Theoretical analysis shows that sensitivity reduétion can be
two sections in cascade,

' ,achieved while in the tranmission:*band a ripré of less than.0.04 dB over °

the §pecif1ed;E§ndw1dth'of the realization is also achieved. _ However for

design limitations are discussed. _ ™

. . .

Feasibility of -the,proposed né%workg is evaluated through . 5
4 a—

Laboratory %xperiments. Special emphasis is placed on the generation -of

single~sideband signals,
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a minipum stopband attenuation of 25 dB is
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Experimental results are presented and the
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1.1 GENERAL i - . s

" - ) ) / . “ !

The t%ansmissiop .and processing of'an audio frequency information‘
often requird@ a 90-degree relative phase shift over a wide frequency
range. Continued interest' in the design and developgént of phase splitting

~

+  networks has generated an immense amount of research over the last few

decades [1-13]. These networks have been used in many applications that

t . Voo
. requité single-sideband modulation such as;
- -~ , ‘a o , Ay I . . » . -~
: 1), Carrier telephony _ : T .
' . N . . . ! i,
- ” ’ ‘ .‘
, ‘ %~
2) Polyphase radio system ‘ '

- Y

3) Eliminau%;;age frequency interference .In heterodyge °
modulators (3a as‘the'Suﬁérhetetodyne radio’ receiver.and

conventional wave analyzer).

R . , & -
L] .

Several basic contributions have beep reported for the generation and

»

% detection gf single-sideband signals [14=26]. .

-
- ~

' . ‘r . o " : It
The filter method [24], still one of the most popular methods .

" used for direct émplitude modulation, is shown in:Figure 1.1.

LY

‘ signal (e.g. a speech waveform) is applied to a balanced modulator .along

The input

» - "
with the first carrier frequency. The two hormal sidebands appear in the
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output of the balancedr modulator, while the carr}g&kfteguency is balanced -
Py s . Lo’ x4 N

4

out. A band-pass fllter 1s used to selectvone sideband andy reject the

' -

! other, Because of the étringent‘requiremeht imposed on the suppression

of the unwanted sideﬁand, the band-pass filter may bégome neconomical,

Y .
3

’

« The second method, known as the quadrature modulation nethod, 1s
. ¢ . -~ ¥ N
shown in Figure 1.2 [15,19]. The'anut signal is split in

'

to: two signalg

4

using a wideband 90-degree phase splitting network. These quadraturé

“~signals are applied to two balanced modulatorgzwith-carriers 90-degreae

. -

apart. When the output‘signals from fhe‘modulators are added, one set'of

sidebands will add in. phase, generating the desired éighal, while the

4

other sideband 1is canceled oﬁt. The quadrature modulation method requires’

the use of a 90-degree phase Hifference‘ﬁetwqu operating over a specified

frequency band and it 1s here that most of the difficulties arise.

3 L2

Orchard [9] suggested. the use of two.all;pass networks\as a solution for
_ 3 as a ¢

.

.

this problem. The quadratu;e.modulation has been-successfully used 1in

many applications 4n cammunications and instrumentation area. The method

has sensitivity problems in applications with stringent requirements,
lgadigg'to tight component tolerances, This is because the quadrature

signals are obtained from two independant all-pass paths.

. v
e ¢

w
Q
{

.

A third method was introduced By qFavqr (21] and others {[241].

This method, sometimes known as the N-path filter methad, is shown in

o

Figure 1.3. [t dependsson double modulation and filtering., This
" O -

&

+-approach 1s similar to the quadrature modulation method except that the
" b B il *

90~degree phase difference network is replaced’ by the first set of

.
-

modulators. However, 1f one uses this method for the implementation of a
high quality transmifsion system, considerable practical difficulties

o4

.
.
.
" \
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arise f3,l&]. This is because the modulators operate with céprier

) —— T\ '\\
frequencies in the center of the transmissio§/ﬂénd and any carrier leak

oy . ;
ﬂ@?-(e.g. due to modulator imbalante) appears as a steady tone at a

4 *Erequency where it is most objectionable. ) N
S N : ~
EAA N '
ey, @ \
A A . \
1.2 RECENT DEVECOPMENTS IN THE DESIGN OF PHASE~SPLITTING NETWORKS
L] < \
. Ceneration of single-éideband signals with the required channel

batldwidth, modulation frequency cut.off and unwanted sideband suppression
presents a problem in the‘design of phase splitt1n§ networks. Recent

developments in the design of these networks have introduced a new class’

of polyphase networks {3,14,27]. These polyphase networks can-

- s

digcriminate between different types of the applied polypHase input

signals. Some interesting studies were made on the applicabilg;y of the,

. \
polyphase -modulation as part of the frequency changing process. It was

" found that this approach can be used with great advantage to eliminate

the need for difficult or inconvenient filter designs. The adﬁangage of °
polyphase modulation i; that polyphase signals possess an identifying
property called sequence: By using+circuits which distinguish betwéen
signals of'identical f?equency but opposite sequgnce, i;'ié possible,
without a‘ny preliminary filteri;xg, to separgte'—'aft'etQmodu]..atian‘-
sighals‘which originally lie in the same frequency band. Such circuits
can be designed to transmit one sequence and re ject ché other within the
same frequency band, but it is.very difficult to r;alize that over ; )
widejﬁané of frequencies [20}. Before broceeding to discuss the
different design considerations of the polyphase networks, it 1s

worthwhile to define the different terms that will be used frequently in

the remainder of this thesis., ‘
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because the,phase order from | to 4 1s clockwise (L.e. V, =4V, =V, + jV).-

’ 2 . o w A e s i+ 7

-6~ -

]

1.2.1 Polyphase Siggals'and Symmetric Sequences '//

[«]

4

In general, an'alternating voltage, with respect ZL ground, of

/

!
magnitude V volts and frequency w radians/second is représented by

\ / .
- phasor rotating anti-clockwise with angular velocity w/and length V in
/

)

the manner shown in Figure 1.4. .

o ) o
“ ‘A polyphase signal is a set of two or mo:;/vectors (e.g.
voltages or 'currents) of the same frequency. This polyphase signal 1s

' . ' a . s
said to be symmetg; if the vectors are equal #n magnitude ard equally’

.

spaced in phase.’~Thé case of a symmetric pgi;;hase signal with 4 vectors
/ %7

"1s shown in Fiéure 1.5. [ .

-

7/

1.2.2 Positive and Negative Sequences '

*

The sequence of Figure 1.5(a) is defined as a'posiiive'seqpence

v

If the phase order is reversed.as shown in Figure l.5(b5 then the

-~

sequence 1s defined as a negative sequence. It is to be noted that the

4

poldrity of 2 ‘sequence is determined by the phase order of the sequence

. and not by the di;gdtion of rotation (which'is alwéys anticlockwise) since

- \

. thé sequence;/yﬁether it 1s positive or negative, is always composed of a

set of vectors rdt;ting anticlockwise with an angular velocity w rad/sec 7/’
. 1
[281. . o ° w

N .
e The,qetwofk in Figure 1.6 is a simple RC circuit for a quadrature

system, proposed in [14,23} as a8 sequence discriminator, Let the input

voltages Vl to‘Vé, forming the positive sequence, be appiied to the

k]

: ~
input terminals 1 to 4, respectively. It can be shown that the chainm

o
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«

matrix of one path, for,éxample,‘ 1 to ground as an input port and 3 to

o
- ground as an output port is.given by;

« "
-

v ’ . . s ) . ‘

\ 1 .‘ L G1 + jmcl 1 \ V5 oo
N e i » (1-1)
1) X 2QuCy G- G+ ey ] |-T5 .
o % i W N . )
The open—-circuit voltage transfer function TSlp (jw) 1is
v5 . : o l _.w/wl . &y 3
,T51p(jw) = "—"Vl = -—-————-——1 " ju.)/wl (1.2)’: .
17 =0 .
5 ’ . .
‘ where = 1/R¥ C E 7 ’
Q Py . u).,]: = .1 1 : o
v ' ‘If the negative sequence, shown in Evig\ire 1.5.(b), 1s now applied

N

. t0 the ifiput terminals of the network, then the chain matrix becomes

- - -

!

V1 . Gl + ngl 1 .a Y V5
S R o - g ° (1-3)
s G1 + mCl 1 ;
I, ‘ 12(JwC 6) G + JuCy -1, |
. - e
and the opep—cj.x:pu:t,t voltage transfer function T51n.e(jm) ig¢
) ' A : 1rw ) . "o (1=4
~ T (jlﬂ) - —5. = ._.—/(}).l— . . ( )
5in \' . 1+ jw/w p.
1 - 1
IS = 0 L '

. -

‘.

The frequency response for both the positive sequence (1-2) ‘and the
. ‘ . c ; - “ *
negative sequence (1-4) are shown in Figure 1.7. It can be 'seen from '

©

?{{:ﬁ _°(pl-2)- and (1-4) that the response 1is ideal only at one frequency,

o

fw o= l/Rlcl’ and approximates an ideal résponse over a narrow frequency

range around w = 1]‘Rlcl.. B '

{

’

: It is important" to point ‘out [25] that ‘the network response tg’ ’

.- positive and negative sequences can be interchanged gimply by~

*
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interchanging ‘the inputs to 1 and 3 or 2 and 4, or by interchanging .
3 -
o . ) i
resistors and capacitors in the network. This first. sequence

uence, while transmitting the same frequency in'thé other

t is more difficult to realize the rejection over a wide ’-

band of frequencies. Recently, Gingell {14 ] suggested a soiution to this

4 . . a
problem by cascading 'N' sections of different resonant frequencies

w, mZ"' s NN. Thus"fhe unwanted sequence is nulled completely
. N -

at those N notch frequencieéi This network 1s shown in Figure 1.8. 1

< ’ . ‘

<

A successful approach to improve the network performance and

achieve sensﬂf{vit# reduction at the same time was introduced by Miklael l
- &

[27). It was found that by applying feedback in the manner shown in

Figure 1.9 the coupling between adjacentfchanﬁels 1§fincreased and the

, N

nominal response exteeds the CCITT requirements [29], ‘ o - !

g

- .

0

fo

A

, In the present era of microelectronic systems, it {s very likely

to realize active networks in integrated form of one kind or another.

Linear active RC networks certainly represent one of the most practical

\

! o
and economical methods of-designing inductorless networks. Hybrid

integrated circuit (HIC) technology, i.e. the combination of film

fesistors and capacitors with silicon integrated active ericec, has been

i

* singled out as the: technology most suited to the design of integrated

! P

- h'llnear active networks [30]. The passive comppngnts may be thick or thin

film, although in general, performance will be sugerior with the latter

type, since it is difficult®to achieve good temperature éoefficients and

the tolerances are high for thick film. ‘The analytical siﬁpli{ication
' & P . ~ N LY
resulting from the condition of closely tracking resistor and capacitor

v

‘values is more accurate with thin film implementation. The maip

advant;gés of integrated circuit fabrication are [31,32].

o -

»

ot AR e . s = i
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1) Increasgg:system rgliability. N
2) Reduction of size and weight, and an increased equipment .

. . density obtained by reducing the packaging levels. ‘

3) Increased operating speed due to the absence of parasitics . . ;i 1
and decreased propagafion delay.

4) Reduction in power cohsumption.

i [ . {
’ .

L3

For the realizatfon with active RC networks to be suitable fér available

micro electronic'téchnology, attention should be givén to the total
resistance and, more significantly, to the total capacitance values . 5

required as well as the spread in the values of the resistors and 2

capacitors in the circuit. Ideally, for integrated circuit implementation,
these values should be as low as possible: failing which, minimizgtion of

,the total capacitance in the circuit assumes importance.

“As large scale integration (LSI) techniques are being used in ’ ' i
integrated systems, conventional active circuits using HIC's, wﬁilé being ‘
. . .

a signifi ant advance over discrete-component passive circuits, are
4 ) ’ -

becoming increasingly importanf to develop new techniques to efficiently
: ! . . 'implement such circuits. Since most apﬁlications require a large number . . )

of circuis,on a single integrated chip, it is desirable that lhese

circults be fully integratéd, require wo trimming and use{as little

g ) a

~  silicon area as possiblé. A new technique for analog sampled data . i
5 : — ’ J VT
; filtering had been introduced [33,34] which can be fully integrated using T k
K MOS technology. The. advantages of this approach are: s .
. ‘ ' . ‘. : ' ‘ .
LT 1) Reduced circuit complexity. o . ﬂ! . o
N 2) Low coefficient Vatiatfﬁg. . St ‘
; 3) Efficient utilization of silicon area. o 5 . ;l
; : . s . i
| ,' , J "
L « \ :
: R
L R

o= -y
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The sampled data technique makes use of switches, capacitors and [ |

- R A 3 ‘

operaéional amplifiers. It was-pointed out f32] that the.MOS technolggy

is particularly suited for implementing these filters. The filter

coefficients, being ratios of capacitor, could be made less sehsitiye to

the manufacturing process. a

s
« [

1.3 SCOPE.QF THE THESIS

‘a 5 - v

This thesis is mainly concerned with the structure, design and

°
+

h
properties of a new class of polyphase networks for quadrature signal

generation. These networks use resistors and capacitots as passive

elements and the pA 741 oﬁerational amplifier as the basic active devlce.
With a proper choice of feedback, these networks compare favorably with

the presently available quadrature modulation approach and ‘those in : .

[3,27], especially in terms.of simplicity and gain aqd phase sensitivity . : i

to comﬁdnent variations. Chapter 2 .fs mainly Concerned with the study\of 5
3 .

the general characteristics of a single stage sequence discriminator,

‘555D« The result obtained is then generalized by cascading N numbef“bf

such sections. The voltage transfer ratio (V,,¢/Viy), as well as the

gain and phase sensitivities to the RC product in each individual section .

are derived. . : . !

-

In Chapter 3, it is shown that by introducing coupling between 4

adjacent sections, and particularly between the input of the first

: 2 s * ;
section and the output-of -the second section a reduction in_both gain and

phase sensitivities té component variations 1s achieved and better

-
i S OB A

, I}
characteristics are obtained.

&
A new configuration of analog sampled data filters that makes use

~

of .capacitors, switches and operational amplifiers is introduqed'iq




4 r— A Cp———— <

Y

Chapter 4. The principle of ‘the switched capacitor "resistor” is adopted
in this thesis for the following reasons:
1) Resistors (and hence, the need for ‘trimming) .are  eliminated.

Iy -

H

2

= 4
AR

%

2) The filter's frequency response sensitivity to passive .. >

4

'component variatlions 1is very low. o . - .

[ S

3) Tur'xing can be easiiy achieved by controlling the Eapacitor

¢
I'd

ratios.

e e et

-
%

4) The circuit can be fully integrated using as little silicon

area as possible. . ° .
‘ ° 5) Filter. coefficlents ca.n‘be derived with a high preclsion and
- stability, using tfle' capacitor ratlos Ot.‘lly, and thus makes it )
well sulted for large sc.alei integration techniques. ) .o j
; ) v 1
One of the most useful areas of application for these networks is , ’ :

the generation of single~sideband (SSB) signals, which is considered in
" Chapter 5. fhe modulation scheme is proposed and the general pfoperties
of the modulator and demodulator (MCODEM) are also discussed in this

A
chapter. It 1s shown that either the upper-sideband (USB), or lower-

sidgband (LSB), can be produced by simply interchanging any two signals

(out of the four generated signals) that are lSO"ﬂa;‘agrt.

:
- o~

~

~.
Finally, Chapter 6 summarizes the results and the conclusions of

o

,
R

this thesis. Suggestions for further studies are also given in this

e

' chapter.

»
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CHAPTER IIX

o
.
-

DESIGN OF ACTIVE RC PHASE SPLITTING NETWORKS

. ,/
.74//
- /' ) /// ’ ' . N
2.1 INTRODUGTION ‘
. . . - %
N -«
w 1

,

The purpose of this chapter is to investigate the general

R = e .
properties of a new class of active phase splitting networks [14,27], and
to develop a design procedure for realizing such networks. The sequence

discriminator consists of two sections in cascade with difgerent resonant
'\

frequﬁicies. This class of networks 1s designed to provide, from the

polyphase input signals, two output signals Vo and V5 which are idéally"

.equal in magnitude and in phase quadrature over the frequency range of

’

interest. A single stage sequence discriminator, $SSD, is first analyzed

using the concept of sequence discrimination [IAK%g;ZS]“ The general:

~

principle of analysis outlined can be extended to cascaded secfions of

different RC product in each section.

-

" 2.2 SINGLE STAGE SEQUENCE DISCRIMINATOR - SSSD —_—

-/

The objective of this section is to study and formulsge the

- general characteristics of a single stage sequence discriminator, SSSD,

'

using vectorial notation. The(SSSD is shown in Figure 2.1. This network

’

*is designed to pass one type of sdquence and attenuate’the other over a

-

specified frequency range.

< \

Referring to Figure 2.1, let the RC product RyCy #wgici-.‘

- . «

[.

< 2 A SEle il
SRR

RSy
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g voll‘ts".f-oﬂt"' convenience,: is ’resolved to its positive and nzegat:ive sequences ' Lo

- as shown in Figure 2.2, where node 4 is hypothetical and the net signal

" applied to It is zero.

r
B

.- Bonsider first the positive sequence (V s =V, =V, +jV), then
/. . . o .
vV-v- S ' ' : o
. = {V - (-3jv C
. op { op (-3} 39‘1 . - (2=1)
. 1 ‘
and A v .
- - - 1 a v -
~ (Ch\'D) Voo = V' - (=)} juC! . ‘(2 2)
R' OP 1 .
. 1 . .
7
7
From (2-1) and (2-2) the two output sjignals Vop and V(',p can be T | R

written- as:

© 5

3

il SN ' -
op 1+ juu/u)l : _ ' (2-3)

and o ’ ’
» 1
. o 1+ w/wl

‘o . Vpp = m =3V : ‘ | (2~4)

where

W,

1 ° l/Rlc )

. . and ‘ C
! = ' ' i ' : .
oo T MRG : _ . ‘

For nominal component values ané‘l in the ideal }:ase where ml = m'

P

Z then S o
i N . .
o 1\+ w/uul 4 ' : -
. Vop 17 Julo. ) R (2-5)
R 1
and . '
1+ m/wl . ‘
|- 2 - . . - ,
op ~ 1+ juw/u; (=3v) : . . .(.2 6) ’
. '\:

N
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A. Actual Input ¢ B. Nagative Sequence _ C. Positive Sequence

~ [

N
1

Figure 2.2 Input Signals and their Positive andl Negative
. Seqquence Equivalence . ',
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4

S A e e

[} - . . " <
.V = JVO

e il T ST AU [

(2"7) .
P . ' )

op

1.e. The two output signals ‘V;p and V:_.,p as given by (2-5) and |,
(2-6) are equal in magnitude and are in phase quadrature, where Vop is

leading Vc;p'

.

o®

By applying the negatdve sequence (V, jV, -V, -jV)Lshown in

s g 2.
o

Figure 2.2.(b) to the input terminals of the 5SSD, then-the two ocutput

signals, denoted by V., and Vo,, can be derived in a similar way ~

~

to those 1in (2-3) and (2-4) as: - "i

J A
1l -~ w/wl ' i . ) .
Yon * T+ ufu; " N ) :
and ’ - ‘ ' .
.1 - m/wi .
v! o= —— (V) - (2-9)

on 1+ jm/mi - (

Again, in the ideal case where % = mi, .the two output signals

Von and Vg are related by

v o= v o 6\ . (2-10) }

on on \
Lo i

+

Here, too, Vo and Voo are equal in mgnitu&e and different in

- Y

phase from ong'another by 90 degrees, where, in this case Vr;n is

leading Vgpe - S ‘ -

. . S ;

’ El

From the previous analysis it 1s seen the;t the network haé the

special property of be?ag able t6‘discriminate between the positive and

v

4 .
negative input.sequence in the frequency domain. The frequency response |

of the SSSD is shown in Figure 2.3. It can be seen that the negdtive /‘"
. ) !

sequence has a null at w = Wy

B . S e K e E—————————— bt - s £ e oelia
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So far we have been able tc; obtaln the response due to msitive.
.and negative sequences. In practice there is no symmetric _sequénce' but
this 1is actually what we want to achieve in the ideal case, Since the
possible input signals are of asyt;nnetric nature, they can be 'formed only
by ad‘ding at -le_ast two. symmetric sequence of oppos}te Pol_‘arit:y. Applying

super position, the measurable outpyts, considering the ideal case, are

obtained as: . ‘ —~
V=V _+V , g (2-11)
) op o .
and
Vo= v o+ v . v ' (2'125
o . op on ' .

:b , ¢

Substituting (2-5), (2-6), (2-8) and (2-9) into (2-11) and (Z-12), the

'

actual Jdutput signals are:

v

[

_ ____L_.__ (" ' . 2-13
Vo 1+ jm/ml @, ) ; ( )
and ' 2
L\l/lﬂ 1 ' ’ ‘
o L (=25v) , . S m
v 1 t:jm/ml . oo . (2.14)

[

[t can be seen from-(2-13) gnd (2-14) that V, and Vg are obtained

in terms of the actual il{put signals (+2V). The two signals V, and

¢

V:, are 90.-degrees out of phase at all frequencles and -

i

\

Vol = Vel .-
1 A | "

(2-15)

A veécorial representation of ‘the output signals as given by (2-5),

(zﬂs), (2-8), (2-9), (2-13) and (2-14) {s shown in Figure 2.4, Using

‘(2-5), t2-6), (2-8) and (2-9), the output sequence is ideal at one’

Q
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-t N 1y . N
frequenc wy = 1/R1C_.L and approximates an 1deal sequente over
? " - @
a narrow frequency rangg. - ‘

©
-

-.2.3 PRACTICAL PQLYPHASE SEQUENSE DISCRIMINATORS

s % Lo J
, . . 4

243.1 ° Grounded Network . - ’ i .

' ' : . -
G [ ‘
dTo extend the bandwid-th of the realization more than one section
. ; ) .

- has to"l;’e considered.\ The two stage sequence, discriminator is shown in
Fiéure 2.50,.~ Let the resonant frequem:ies be wy and u.\i (1 =1, 2)

and comsider the non-idea] case’first wher s wy # wy. The two output

- signals f.rom the first sectign, denoted by Vy and Vy, due to both .
the positive “and negaative sequences can-be obtained from (2 -3), (2- 4),
(2-8) and (2-9) by interchanging Vop(Von) and Vop(Von) by Vy - . “
and Vy regpectivery. Following. the same ;:rocedure.as in SSSD,‘ the

actual-output signals’V, and Vo, as given in Appendix A, ‘are:

[t will b€ shown later in C‘hapter 5 .tbﬁat_ the quadrature-
NN

mbdulation process reSults in rotating Vo by 1/2(-7/2) with respect /

to V5 and summing the modulated outputs to produce the passband

(stopl{anr'i)‘. Thus the two equatiéns governing the passband and s‘t\opband
$ , ..
[ are: ; " o L~

-

- . . )
. w . .
.
. _r-\ e e e st e 4 e
' "

1 ClCZ o, L ) )
1+ 37, YT 2 ' - 2-163
- . . . . -16
Yo EETNE - (27269
7 2 '
3 d , v N - » o
a? . jCi § .']Cé 5 g .
@+ 3o A+ 35 \ . c ‘
| I - « - - (2
v, SRR < (-27) ’ (2-17)
, (1 .
i whgere' gy = w/u, and ‘ti =whyt A = 1, 2)
L0 : . ' . g

= (VS 4+ V) S o (2-18)

-d
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N and ‘ . .

= o oav! ) ~ ' 2-19
ys (V- V) — . . '( )
3 The explicit exbressions for “the. passband (Vp) and the stopband: (Vs)'are:
t
. 1 L [}
( 1 , 12 S )
. M+ jg) T+ e @+ 3z @+ 3zy) .
. ‘ v =[. 1 1 ‘ 1 1 1 W).,(2-20)
’ p v 1+ jcz) 0 (1 + jcé) N X ‘ o

ﬁ\ AI '., )

1 O U SR
L+ 3g) @+ dg) A+ 3g) 0 (O +3g,)
Ve = [ 1+ iz ST ae ity ?(V) ‘(2-21)

4 . , * .
/ - ;

Equations (2-20) and (2-21) will be used, in the next section, to derive

the sensitivity expressions of both the pas(s.band and stopband to the

component variations. ‘ g © ’ . ;
. ! '} ‘ { . - - 1
W ) . .
: o N Now, for nominal component values, i.e. wq = “"i then
¥ 3 -
ﬁ /, (2-16), (2-17), (2-20) and (2-21) are simplified to: .
poe : : Sty :
54
P § . 1+ Lu2/w1w2 : .
t WV =TT @, : (2-22) |
; N T (1 + jw/wi) o PR , “ . . “
§ L . ST
3 ’ -0 “
J(wlo, + w/yy) o . %
. } _ !
}o Vo = i.=2 . ( ZV) ’ R N (2 23)
‘, AL+ jm[wi') ) Lo . ‘
) = . ‘ N L
1=2° )
T (A + uu/wi) P .
i=1 . - . o . .
v, T 1T ‘ W) N ‘ (2-24)
1:1 1+ ,jw/wi) ' ) . .
, and £=2 , oo : .
C I ey - (2~25)
-~ ;vs = i,.': 2 ¢ r";" (V) ’ . - 7
‘ . e T, (1 + Jw/w,) "
-r ; i = l i . ’
P . o
. . e L ‘ ‘
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The quency response of the two stage sequence discrimipator is shown

in/Figure 23§, where .the stopband has mlls at w = wy, (i = 1, 2) and
a minimum attenuation of 25 dB has been achieved. From (2-22) and (2-23)

the voltage transfer ratios are:

2 d
) V s /wlwz X .
o STy G ey (2-26)
) ' * and éfJ ;
: e (s/w,|l+ s/w,) (2-27)
. v'/z = 1 2 5 g
) 1+ s/wf) A+ 5/‘”2) :

T sltage transfer ratios given.in (2-26) and (2-27) have real

e

jx/fransmiss ofi zeros at s = 0 and s = iﬂ/v@lwz , and, the poles are on the

-~
|

negative real ax}s at § = =Wy ({ =1, 2). ’

o

4

The general expressions of the passband and stopband for N

cascaded sections of different resonant frequencies wy Ci - 1, ‘eey

N) can be obtained by, generalizing (2-24) and (2-25).. Then ~
ST+ wYmi) ,
= i »
151 , , ,‘
YT e | oo
- ) 15 .+ Jw wy
— and / .
i=N .
iH=Tl 1- w/wi) - ' ’ (2-29)
v = - 3 . '
s 1=N ) , . ’
- gI1 {F Jefug ' - -4
: - As can be seen from (2-29) the stopband has null at N
j ; .
{ frequencies. Figure 2.7 shows the frequency response of a sequence
\ : discriminator consisting of 4 sections in cascade where a stopband
, rejection of 60 dB has been achieved. )
o
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' 2.3.2 Non-Grounded Network ! ' "

-

The nongrounded network is shown in Figure 2.8. This network is driven
. . ' o

from a single input connected to its terminals as shown. The first section of
¥

this network consists only of one RC product as shown, while the second
\

>

section 1is identical to that of the ;rounded.configuratiop of Figure 2.5.
By cons%deriné the first section acting as a voltage divider, then the )

output voltage, V., from this section is:

(- u)
LG e W GO . o (230)
where ‘ﬁ ' . ’ ' : : \
N wy =_1/R1Cl | . ’

.

Following the same approach dfscussed for the case of grounded

configuration, the two output signals, V, and V,, are:

(1 + sfu) + u(S/mz) 1 - s/a,)

Z 1 “
S - Vo Tl + s/wl) a -+ s/mz). : /)(ZV) ’ (2-31)
ani '
(1 - s/wy) = (s/ul) (1 + sha,) T .
Tt - 1 2 1 . 2-32
Yo " T+ slup @ ¥ slup) () - -
.- The t&o equations governing the passband, Vp, and the
stopband, Vg are obtained as;\x
. A Jolup) + Goluy) (1= fulu)) .
. -'p G—afy,) ' @+ ju/w,) - . '
.. = ) “ '
(1 - Ju/w)) - Ggleh) (1 + Ju/w) C T . L
T @+ fufa 1@ (2-33) |

and \

. TN B . ' b N et ot s vt et s
l'— L ‘ \ B <. . X g L
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v o= _(_l_%___/_) [+ Ju/u) + Qo/u) (L= fufe) )
s Jw/w) - T jw/mz)
L - delw) - Geled) (Lt je/e)
- 12 : 2 L1 @ (2-34)

.(; + jw/wé)

@

e above expressions for both the passband, (2-33), and stopband_f2-34),

111 be used in Appendix B to derive the sensitivity to the component

variations for this network.

For nominal component values and in the ideal case wﬁeretui - w&, :

the above expressions are simplified\to: -
1+ w/w)(l + w/w,) . .
- < 1 2 '(ZV),
T O D LTIy @ Telay (2-35)
and \[\\\\ ) fo.) ,
(1- w/w,) A - w/w .
el T _ 1 ~ 27 (2v) _

The passband and stopband expressions as given by (2-35) and (2-36) are
identical to those given by (2-24) andmgg-ZS) except for the

multiplication factor which represents the d¢ gain of the network. As

Al

can be seen fro7 (2-35) the stopband is nulled at the positions of the

two notch frequenciesw ; andw 3.

2.4 SENSITIVITY ANALYSIS ot

Y

In this section, the magnitude and phase sensitivities of the
grounded network*.to component variations are derived for both the pass'
and stopzbands. The sensitivity performance criteria to the variation,

caused either by perturbation effects (such as temperature) or by the .

5

"% The sensitivity analysis of the non-grounded network is given in

Appendix B.

- ar—————




i
!
:
‘
1S
:
[/

: - 32 -
'l’ "

Y

variation in parameter tolerances, can be considered to be a&equate

measure for the success or failure of any practical design. 1In the

— &

analysis to follow we congider the variation in the network response

caused by a small pérturbation in component values in any section of the

network which may cause an imbalance between the two resonant frequencies

-3

wy and w'i in such a section. For the sake of completeness, the -

magnitude and phase sensitivities of the actual outpuﬁ signals, V,

and V), from the two-sectidn sequence discriminator are also analyzed

-

using the circuit analysis p'rogram, MODNOD, (361].

:

o
Consider first the passband expression given in (2-20).
[ 4
Separating the effects of*the variations of the individual components,

assume first:

[ ’ ’ .

wy =rep & ey : ) (2-37) .

and 4 . v
w0y = w, -‘ ' " (2-38)

Substituting (2-37) and (2-38) into (2-20) and for first degree
apprc;ximat:ion with some manipulation, then:
Q: 4
. .
v rlt w/w )T F wle,) | (w/e)(A+ w/w) Aw '
LR 1 2 = 1 , “ 711 (2-39)
1+ jwlwl)(l + j’{\]wz) (1 + jm/wl) (1+ jm/mz) w

1 -
or

vy 3 Wep@se/u) -t Wy O (2-0)
PP W e Y Juluy) wy

‘ (5} LY
The relative variation in the passband'(A‘{)/Vp) due to varilation of

4w 1n m,,l is: .

' e | . (

" . % *
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' . w/w. T e !

1 . 1 ' .

WV = P A hup A+ wlap) o N )

. . =
. ‘
Ty

The sensitivity of the transfer function T(jw) of a network to an

element e in this network is defined as [29]:

sT(jw) _dlln T(Hw)] | . \

e " dlLn el . ¢ (2-43)
or_ ‘ T
TG | grl@) | b | _ | (2-44)
e e e ..

where a(w) andvﬂ(w) are the gain and phase'functions of T(juw), S:(m)'and

B (w)
Sx

passband sensitivity is given by:

v w/w

=tTe w/wl) 1+ ju/w,)

v

N s

phase sensitivities of the passband to W, are obtained, After

dropping the signs,'as:

" (w/w)) S
slVrl - | :

ml (1 + w/ml)'{l + (w/wl)‘} /) ' (2-46)
and | ‘ ' ' ! ’

2 ' ,(w/ml)2 fﬂ
1 1+ m[wl) {1+ (m/wl) }
- r 'i
‘ ]

.

.

S P _ =z 1 . i q' ‘ (2_45)

ij ,
Separating (2-45) inte its redl and imaginary parts, then the gain and

are the respective gain and phase sensdtivities. From (2-35) the

-
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W1, then the gain ‘and phase sensitivities to 4y are:

o e 5 e Hben, e, A e

Fhe above analysis was considered for a small’ var ation in the
. " ‘ i

RC- p;:oducté* of the first Cectiton with respect to one angther \while

~

4 . © *

By/ considering the opposite situation where the R

-

-products in
i

1

the second section are changed with respect to one another while those of - s
LS

the first section are kept at’ their nominal values, i.e.

W o=u o, : | (2-48)
and - ' .\

11 @ .
crL : ’ (2-49) o
Wy = W + A.wz . \ }

= e '

Following the same approach in driving the®passband se‘nsitivi&?i'es to
: i

/ s
2, .. - .
Slvp l : (m/mz) 1-w /wlmz) (2- 0) » '
w, (1 + m/g)lfj a+ w/w,) {1+ Fw/wz)zj T ; -
and ‘ ' v T
sbp N (m/mz) (w/m:L +\m/w2) ) T (2-51) .-

W, ; 2
2 Qv wfu) o+ whuy) A1+ (6/uy) ") |
Similar results for the s'topbandf gsensitivities to @; and Nz. can

be 6btained, by substituting (2-37), (2-38), (2-48) and (2-49) into

(2-21), as: : ' . );.

! .

~

’

* Since wy = 1/RyCy then dwj/wy = dRy/Ry and duwj/wg = dCy/Cy taRing

,
‘

into account the variation in either Ry or Cy ome at a timee duwy fuy was

given the value + 5% which corresponds fo ¥ 5% in dRy/R; or dCyACy
. ’ £

; ) AR \
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a

% ) . ¢

g

« ) a ' m/m ' 4 ~ ‘

& , ‘SVS = — . . N

i S wy a1 - m/m ) (1 + jw/w - (2-52)

i _\l !1 - - .

gv and >

s . (wfwy) (1 = juwfw)) o (2-53)
w, - w/ml).(l - m/w‘) (1 +’iq/w2) s

T g TV ERERR, - TN T T R
< i

The gain and phase sensitivities to wl and

mz aréxobtgined from

(2:52) aﬂ; (2-53) as: ) ‘ - ‘ e
. ' / ‘
w/wy
| Swlvsl ; 2os0)
1 (1 - w/w)) {1+ (m/m ) 2" .

°

v

(w/w,)) (1 - w /m

S A ) .
’ 2 s »
L, = £ 1 = (2255)
: 2 1 - w/w) fl - w/wy) {1+ (w/w,)"} ' . : ‘
* . y “ ! » <y
. 2 . ! t
f , & sﬂs _ (w/wl) N - . - ) . .
f “L el (s ap® (2-56)
" and
| »‘ , N ’ M » .
| s . ) (w/w,) (wiwy + w/w,) 4 L (2-57) q
4 20wl -l (L @)™y ‘ ~ .
. I; can be seen from the above analysis that the senﬁiﬁiv{&ies of the

section.

es e g

program:

variations.

v Y

s

minimum attenuation as well as’ the variation in the position of the gwo

notch frequeneies as a result of +5% mismatch inwy (1 = 1, 2). 'The

MODNOD

.. sensitivities of both the passband and stopband to the compénqnt

-ﬂ e apptoximate ‘ones, and are shown in Figure 2.10 for comparison.

\ response to the RC-product mismatch is higher -as we‘apgrdach the last
] .

Figure 2.9 and Table 2.1 show gﬁg variation in the positign/of

—

‘ ‘passband and stopband sensitiéi;y curves ‘are shown inh Figure 2.10. The

.

computer proiram of Appendix C together with the circuit anaiybis

- Ll

(36] are used to study the appréximate-ahd éxact

.~J\,._,_, -

’

The curves obtained are superimposed on their corresponding

MODNOD .,

z‘




e nominal response
o s cme 2% variation in both w1and w2

— e mwb% - “

o

| | ]
2 - 3 4
frequency, kHz

Figure 2.9 Variations of the Minimum Stopband Atteruation
with w; (i=1,2) - Grounded Network
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was also used to study the network pérfotmance to the variation in

component tolerances. The gain and phase sensitivities of the actual,
G /
output yoltages_yo and V5, as defined in (2-f6) and (2-17), to

the component variations in either section, are shown in Figure 2.11.
B . >

2.5 EXPERIMENTAL RESULTS . . } :
%
Ve .
The sequence discriminator consisting of 2 sections in cascade

is built using discrete resistors and capacitors (with tolerance < 10X)

as passive components and the Fairchild HA 741 operational amplifi;;g\qi\\
he active devices. The minimax algorithm [38], is used to‘cplculate‘
the, values of the resigstors and capacitors.” These values are chosen such

that \the RC-product in each section is.set to a previously specified

value

i.e. additional constraints in the minimax algorithms). The

bandwidth of the realization is determined by the difference between the -
RC-products in the individual sections (BW = Wy - wy). The

operational amplifiers are used either as buffers between the cascaded

o
.
‘
i
! . -~

The applied input sighal is swept over' the voice frequency range

sections or as inverters.

\

(4 KHz) aﬁd che'two output signals Vo and Vo are measured. It is

found that the two output signals are in phase quadrature over the specified
bandwidth, ;nd the magnitudes differ depending upon the operating
freﬁuipcy. At the positions of the resonant frequencies the two outpu;
signals, V, and V§, are 3dentically equal in magnitude, but 90-degrees

apart in phase, as shown in Figure 2.12.

-
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1

One of the main reasons for designing such networks is?%r

generation and detection of single-sideband signals. As will bé\,.shown in
Chapter 5, to gerllerate a single-ltdeband signal we should have four
modulated signals that are 90 degrees apart, in phase with respect to one
another. Hence, the two signals V, q&lé frog the sequence discriminator
are inverted, using operational amplifiers in the inverting mode, to generate
four signal‘s (Vo; Vc'n Vo ;V(')) that are in phase quad;:ature to one

. . another. Four symmetr'ical pulse trains are also generated with a clock

rate T. seconds, using CMOS switch and a simple RC networic' with D~type

.

f1ip-flop as shown in Figure 5.%; The carrier frequency £.(f, = 1/T¢)

o //

considered is 64 KHz.

The modulation proéess was performed In the same way as described

in Chapter’'5, where each of 'the four output signals from the-sequence >
discriminator is multiplied by its cbrresponding pulse modulated signal

using CMOS switch as multiplier. Finally, thé four modulated output “
signalls, from the multiplier} are summed' to praduce single—sidgbﬁnd

signal. . ¢

\ Either upper side-~band (USB) or lower~sideband (LSB) can be
produced by simply interchanging any two signals that are in anti-phase

(180° apart). Figure 2.13 shows the frequency response of the sequence !

discriminator of the two section sequence discriminator shown in

Figure 2.5. . ) , " ) ’
(o] . . k . ." /,\

Mini{mum stopband rejecti;m of 25 dB has been achieved‘, while',a

.04 dB ripple has been obtained in the paas‘band.
. i s . -
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2.6, CONCLUSTONS :

. .
> . ‘ .
- ) | S— - - ‘ - M -

" . -

) 4 "

‘2

«

. . ) .
Iwo general configurations, i.e. grounded structure and

’

k)

-

'non—jgrounded structure, are given together with the a'nalysi§ for the

\

o

It 'is shown that both struétures

iperform identically inspite of the varilation in the layo;n: of the first .

passbami and stopband performances.

« “gection. A careful study of\hese active networks réVeqls'the following

‘agttractive features:

)

. . ¥ . v Ta ' )
. E] ’ d‘.’ i : '
. -. 1) Simple structure using only R's, .CLs and OA's. .
. 1) The cascaded technique is attractive for most. post design ! '
, ‘ adjustments as each section .is :l.solat.ed from the ot;her. -
) '% - ¢ & N
) Tuning can simply be done by varying the RGC product ir\ .each . .
section separately (i.e. by trimming R's ‘only). (
. ‘ 4) LSB or.USB can be generated by interchanging any two signals
g . ; ( . k .
3 - .
Lot that are out of phase by 180°. v ~
. 5) Low sensitivity to component variations. ' . . o
" As it was pointed out in Chapter 1, integrated tecHnolégy.offerd many x . B
i'Etractik'zg advantages to the circuit manufacturers. One is the reduction

in cost if these circuits are manufactured in la_rgemq‘uaﬁ‘tities‘. This may

3

not be true in Some applications where specific transmission

'  characteristics. are needed.

This problgm\can be sqlved by \.Lsing geveral

e . . - B R s L4
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. CHAPTER [I[ |

~e

FEEDBACK IMPLEMENTATION IN THE DE‘SI(";& OF AdTIVE
L

, RC PHASE SPLITTING NETWORKS

o §
) 3.1 INTRODUCTION
; The main objective of this chapter is to introduce a new set of

active 'phase splitting networks with feedback. [t.was shown in the

- ‘

previous cha ter that the poles of the sequence discriminator discussed [‘

I /
the'ce are real and. on the negative real axis of the S-plane. 't is well

" . o . .

own that the generation of conﬂplex conjugate poles can be achieved by a

\

combination of passive RC networks with active devices and this in turn
leads to the feedback configura:ion [35] It will be shown that by »

(1

. applying feedback between the input and output terminals of the network
of Figure 2.5 ‘and by a proper chofce of the feedback path, both the gain '

an ‘hzrse\seniitivi\ties to component variations are improved and better ‘

e ,
—— v

-~ 1

performance is achieved. ‘ -~ ) : L

The general principle of -analysis outlined in the previous

chapter can be extended to this set of networks too. e is important to

L'

distinguish two kinds of networks with feedback:
h A

* A

L
1) ¥ Active design with positive feedback.,

' 2) Actlve design with negative feedback.

+

/

Teo "Both types of networks will be conside}}e,d/ here in detail. For

. ’ (
the sake of completeness the all-pass realizatlon approach [8,9] is also

.glven and compared with the proposed ones.q




3.2 ACTIVE DESIGN WLTH POSITIVE FEEDBACK

o

A straight forward approach for estimating both the passband and

5 [ .

. SCOpbéng{i' responses is outlined in this sbectiqn. The network is shown in
Figure 3.1, with 8= 1 in the feedba.'cl; path. This network is dri;ren from
a single input connected to its terminals‘as shown., ;[f the mput'signa-ls
+2V are z'lpplied, to the.network and the resultant output signals, denoted

. by V, and V‘;, are (fed back as indicated, then the actual ai:pIied signals

to the inp-ut terminals of the first section are:

s Vl = ZV +V° ] . T ) . (3"]-) -
.. Vz--ZV - Vo , (3-2)
and
t ~ <
Vg =V ‘ \ o 3-3)
where point G was originally grounded, but with the feedback

\

\

potential has been raised to Vc'v

Y

The main idea behind feedback _E’gtlart g,sgguence,,,.ismseiﬁcted
S :

e

"’Moutput signals, which more closely resemble an {deal wan&ed

sequence, and is fed back to the input terminals,

Consider the network shown in Figure 3,1, with the input signals

-

of the first section given by (3-1), (g-2) and (3-3). The two output

signals from the first section are oYtained as:

[éV+V + (Jufw)V'] - : N i
VT 2 ' : T (3-4)
x (1+ jw/wl) . . ; ) RS
and ' .
v = [Vo - (jw/ml) (2v +Vo)] . 1oy
y (1 + Jw/w)) °
Yy ] \
. . N . <
/ - - - N‘
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where wy = I/RlC and w, = i/R'C' are the RC product of the ‘

1 1 11
s components in the first sectionm. ,
: ) Now, 'Vyx and Vy together with (-Vy.) are applied to the input .
E ‘ » terminals of the second section to produce the overall ouput signals.
f /
The two output: signals V, and V;_from the two cascaded sections
are: '
e < -
o D ' T - ; LS L vt
. g 1+ 4 2 1+ 5 1+egy |
i \ —
| A 3 4 4 \
_ 1 2 1 2 -
\ Tt Tvo)) (TrgtTe o (3-6)
. 9 1 , 1 1 1
and 4 !
! ; B S
‘ -2V Z %)% Ly 3
Y. D [ 1 i 7, 1 1 i' ) ( 1 +1;' Y1 2 )
1 1 1 5
| s ! v‘ ) -
: p . 4 4 ' .
| . 1 2 1 5152
; + . - .
w?‘(li_;i 1+cl){.(l+‘2) T T 6D
where i . . ° l v i '
. ‘ )
3 > C c C C'
1 1°2 . 1 1°2
i D=[{Q+z) + v} (@ + ) - g }
2 1+ Cl 1+ ;1 N 2 1+ 51 1+ Cl ,
’ 5
: 1 ' \
) *(1»?1';122 )(1? *1?2'” : 8 - 2!
Cl Cl Cl ;l "(-) .
- i t .
I T TR : ,
' The general expressions for the two ouput signals V, and Vor
as given by (3-6) and (3-7), were derived considering wy ¥ wi (1 - 1, 2).’

-\ The expfessions will be used in later section to derive the netwqfk response -

‘

sensitivity to éoqppnent variations. ¢ L,



\

As it will be seen ir} Chapter 5, the quadrature modulation process
results in rotating V, B Y n/2(-7/2) with respect to V5 and summing

i them to produce the passband (stopband). Thus the ._passband and sto‘pband

expregsiaonsare given by: ‘
! V- . (3-9)
p = MV + 1V} .
and ’ o
= - ' ‘ ' -
) Vs %{Vo jvo} {3-10)

From (3-6) and (3-7) the explicit expréssions for the passband, Vp,

and the stopband, Vg, are: , ' '
., ' >
01, . : A
_ v 1 - 172 -5 1 1°2 1
v =~ [( - — ) {1+ g} - v o+ } j
p D 1+(;1 1+¢:1 2 1":C1 14-;1 ) ig(
1 ] ] ] [
."3(1:1'*1;;2 )}’(1!:1'*132‘)“151 *1:2')
; ' | R
: ) > | 1 1°2
P 6 B + } :
2 1+ ‘:l 1+ Ci A l(g_ll)
. A3 3. '
v 1 172 1 1°2
v == [( - ({1 +¢gl) - v+ )
s D 1+ 5 L+ 2 ’ lvgg 1ty o
‘ gl g, ¢! z)
1 2 1 . 2
+ j( v t 7 '( T+ )
1+ ;l 1+ cl 1 j Cl 1+ Cl
: . ., T 4
1 “2 S N i ‘
2 {( 1 + c + l + ‘:0 ) - j {(1 + cz) 1 + C + 1 + ;v )}}] (3"12) -
i _ 1 1 1 1
whe\?e D, &y qi are defined in (3-8), . . . /

s

Equations (3-11) and (3-12) give the general expressions for both the

passband and stopband. These expressions will also.be used to dtrive the
< . ‘ )

pral
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passband and stopband senditivities to compounent variatioens. For nominal

B . ' :
'component);;Lues and in the ideal case where wjy * wy, the passband

.

~and stopbénd expressions are simplified to:

Voo gL(f(l +wfw) (L + w/w23 {232/m1w2 t (s/uy +8/wy) - N,

P
and \ (3-13)

o L@ = w/u) (= ) (257w, + (sfuy + /u)) (L + NI

Vsp
P ' (3-14)

where

v

- '2 (2 2 2
D, ((28%/wjw,) " + (4s [wu,) (s/m1 t 8fw,) + 2(s/uy + s/wy) o '
) (3-15). ')

The frequency résponse is shown in Figure 3.2. It can be seen that the

netwrk transmits one type of sequence and attenuates the other over the

specified bandwidth. The aftenuated signal has nylls at- frequencies )

which ate determined by the' RC product in each sectidn. ’ ';

3.3 SENSITIVITY ANALYSIS (@ .
o

M v
. .
. . |

i 13

The fact that any small perturbatfon in the component:values in’
any sectlon will cause imbalance betwéen the two resonant frequencies

wy and w'% in such a section., Accordingly, the variation in the
i i

network response (equations (3-11) and (3-12)) has to be taken into
accouﬁt and this in turn leads to study the sensitivity of this response’
to any variation in the component gdleraqces. Starting’ first by driving

the passband and stopband sensitivities to the variation in the RC

/
v

pnoduét of the first section with that of the second section is kept at

its nomipal vakues. -

. \’\
\ A (3-16)

P
|
-
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- “'"”*S‘Ep“*TI'+ m/m )
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(3-17)

.

Subst ituti g (3-16) and (3-17) into' (3-11) and (3212) respectively, then

>

for first degree ag roximation with some simple manipulation, the

' passband and ‘stopband sensitivities to wy are:

v (m/w ) A\ Jw/yy)

- g ‘-"'”'“J

, and . \ ‘
_ v, o (u/w ) (l + jm/m ) .
s Sp = P
. Wy, (1- m/m ) . D '
, R A :
| ’/ ’ ' ‘

/ *
where / !
e K 2 1
Dpl = [(~ 2w /w ) + j2w(1‘w1 ¥ l/wz) tww, (l/m1 + 1/(:12) ]

- ' (3-20)

. The gain and phase sensitiivities to w] can be obtained from (3-18) \
and (3-19) by s'epar:'atfing hé‘ry to their real and imaginary parts: ‘

'

i

v W) 2 e, Qe e 1ep?
Sw pp == T 2 2 2 (3-21)
1 (T + w/o)l (2" ww )" + {mlwz(l/wl + w,)"H] . -

’ 2

S¢pp (w/wl)[(w/mz) (ml/wz) -~ /Mi{ {1+ Z(w/mz) 1] (3-20)
"L T s efe)l(2etfe wn? + € M+ 1,721 %c
| + W ml ) . mlmz mlmz \‘*‘ (f)z \

C(wlug) {2(m/m2)2 s mlmz(l/m . 1/5\)t§ N
(3-23)

SIVSPl -

wy - (- wu) C (2u 2wt {w oy (170, + l/w ) 2324

)
SQSP ) (w/wl)[(m/mz) (mllmz) - (m/m {1 +2(m/m2) }]

5 (3-~24)
U wley) Qe v Cagu, (e + 1/uy) % |
The sensitivity curves are shown in Figures (3.3) and (3.4) respectively.

|
0f more 1nteresr. for this type of’ this study is the network response

L

-
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i

sensikivity to the variation in the RC product in the second (last)
\

’ . “section. In this case let us assume that; .
- . S s .
Vs i s { -
t s \ !
' .
wy —/91 ‘ l- (3-25)
- {. / ‘
| //,1‘ and , .
E . : a

(3-26)

) and (3~26) into (3-11) and (3 12{/respectively, then o

B
// . !

(m/ml) (l + jw/m ) (L + jw/w ) ‘ ' / .
alowr m/m Y @+ m/mz) D , ' (3-27) - o
P

9 v

(m/ml) 1+ jm/m ) (1 + jw/mz) & - (3-28)(
(l - m/wl) a - w/w

2) pl -
- Similar ;o‘the gain and phase sensitivities to ml, the sensitivitiesr
of both the galn and the phase to Pz can be obtained from (3-27) and ™ .

" (3-28) by separating the real and imaginary parts of each expression,

The sensitivity curves are shown in Figures (3.5) and.(3.6) respectively:

[t 1s to be noted that the sensitivity expressions (3-18),

< (3-19), (3~27) and (3-28) were detrived for first Hegree of approximation.

e, : .
3 o (5 L e
"ulev e Exact sensitivity studies were done using the circuit analysis program,

..-F,w‘ > . .
Qgs: MODNOD. 'For compﬁrison the exact sensitivity curve for each piﬂézzzza:\case‘

is superimpased on the Eorresponding §ensitivit& curve obtalned by the -

" ’

first order”approximation. \ .

1 3.4 ACTIVE DESIGN WITH NEGATIVE FEEDBACK

The network with negative feedback.path between the Input and the

output terminals is also shown in Figure 3.1 with 8= -1 in the feedback

e \ . . S b i
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path between Vc', and point G. [n this case the applied input signals

to the first sectioy are:

o

ViFwsv o, ¢
R o}
V., = =2v<v |, (3-30)
2 o i
and ol }
- 2yt t -
Vo = -V} (3-31)

As previously mentioned in section 3.2, the twd voltages V1 and
an are applied to terminals 1 and 2 respectively. 'The previously

grounded point G is rajsed to the voltage Vg. Following the same

procedure as in the psitive feedback case, the derived expressions for
wd’

the two output signals V, and Vj are given by:

tx

v o= (4 ! y (@ + g, +—L 152 }
. = - T T - .
o D 1+cl 14-c:L 2 1+¢;1 1+c1 -
J‘ ' . .
*‘1? 152 )(LCI 1:2')] ’ (3-32)
3 3 oy 3 .
and v ’ ’ . . ,
i !
1 ] r o 1
V'=%[(1+lc'1f§')(1il 122 )+(1i1'*1':2 )
n 1 3 3 Sl &
34 .
1 152
{A+zy) -7 1;1+1 T M (3-33)
where ’
’ T . “! . ' ‘
Dﬁz(lf%\ 122c')(1ilc'+1:2c - '
_ tey 1 rh 1. /
- ’ z.z! ) 'g
1 1%2 : 1 1% i
[(1’“‘2)“1»::;{’1+:1][(1+"2)';1+;1+1+;':l (3'3“)

P}

The general principle of analyals outlined in the previous section, fot

¥
deriving the vusband and stopband expreuiona for the netvnrk with
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positive feedback, can be extended to obtain un explicit expression for

" both the passband and stopi:and of the negative feedback network. [n this

___case we have )

Ty g ' © gLl
1 172 1 1°2 B
Vo= = [( - 5 ) {({L+2z)+ T - }
pn Dy 1+c1‘1+c1 2‘1,+Cl l+a;1 .
B S z, z) A'c' 4 4
. 1. 1 2 1 2
\ + 3 ( v )+ ( T+ Y {( '+ )
1+<:1 11-;1 1+z:1 1+c1 1+Cl 1+cl
' 344 :
1 172 (3-35)
+j{(1+c2)~1+;1+1+ci}}] » . N .
and . -
' ' gle | 1 gz
v 1 1°2 1°2
v = = [(+ et v ) {{(1+ g,) + v o7 }
Sn D, 1+t;1 1+;1, s 2 1+¢1l 1+;1 ,
z! g, Cy z, 14 4
1 1 2 1. 2
-3 ( T P+ ( v+ Y{( + T )
L+  +g 1+¢ 1+ 1L+ l+c1’
. \ C'C Wt s
, 1 1°2 - . .
-3 {(1+C2)—1+_Cl+1+ci 11 o,(,'3-36) '
where Dy 1s defineg in (3-34) - o ST

; For no;ninal component values and in the ideal case where wI = wy,

,
&

Von apd Ven expressions are simplified to:

\

s '

¢
7/

Lot wfu) 1+ w/uy) (2 +fjm(1/m1 + 1w QDI (3-30)

vpn - D1
and ' ' he . . t ‘ s
v %1 [ - w/u) (1= /o) (2% Jotifuy + 1w) G- DI (3-38)
where L ‘ ‘ .
0y = L2t feju)) Loy + 1)) = Gulfujw) Z?w(l/wi NV % R
: - C(3-39)

IS

_ From (3-38) it can be seen that the signal is nulled at w anduw,

which corresponds to the resonant frequencles of' the two cascaded

- gections sequ'ence discriminator, The frequency response 'for both the \\
. . . . ) ~.
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passband and stopband is shown in Figur'e 3.7. Again, the bapdwidth of

the realization is determined by the two motch frequencies. e

]
3.5 SENSITLIVITY*ANALYSILS
. 7

3

The passband a.nd _stopband expressions as given in (3-32) and

%

(3 33) are used to derive the sensitivities to any percentage mismatch in

the RC product in one specific section. The analysis is‘-similar to those

= 8

of the original network and to that with positive feedback. Substituting
o
(3-16), (3~17), (3—25) and (3-26) into (3/-32) and (3-37), we get:

o,
© ENREEE]

Pasgband : o
. . P <
1 + jw wy) - B - P . v '
% ;f‘\:: ) . ! P b e %
: o S % 3.
w T8 RN, - ¢
and 1 * ’ :
s ‘ ' .“ Ty ) -
SVp _ (jm/mz) (X2 - 3y, ) R . R " (el
w, 2 . Dx . Np - . - "lz, - .
where | . ¢ - T
A -
X, = gyoh (o) + t2) + ta(hel s Sclcz + €2+ (6T,T5 + 3T -cr)
. . . .9‘ af" ¢ N E“f : o
+ (3 c~2 + C c - 2C2/) + (c . C ) : T . Py " N (4
: 2 F Bt T %y 2 "% o (3-~42a)

> . 1, M 13 v

= 2 2 : 2 o ) 2ﬁ 2 i
Xy = (205, + 57+ 42, fcl tLy) (<25,%, - 20,0, + S Tyt o ,:,’52 + 2)

®

af;

Y . :“ . R
+ 25,00+ g ) (¢ tz tleggl #2002y + BiHIE) T (3-42D) -




Frequency, kHz
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Flgurq 3. 7 Frequency Rosponse of the Negative’ Feedback
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2.2 3

2,2 .20 . o3 _ 4 3.2
Y, = clgg(cl-—zz) t (2072, + A5 L5 - 0185 TLy) + (5] *5g

172

2 .3 2 : 2 . )
+ 3;1;2 - cz) J+ (2cl + 3;152 + 1;2) s (3-42¢) \
Y =v(2c2c # c2 + 0.8+ G, + G )(ﬁ + g )(z;2 +'c2 +.c + 5, +1) "
2 172 | R 1 2’ 2°' 2 i 2 :
L.u » o
+ 2Dx (;lcz tgy t cz) R (?-AZd?
D #7%%, (c1 + 52) + 2c1c2 + (cl + ‘2) ’ (3-42e)

o

-~

N o= (1L+ @
. c: (

I (3-42€) ‘
g |
Stopband
i 7 {
Svs ._ (jw/,ml) (Xl /* le) " ’ + - (3 143) ) {l
= o -, . _ ‘ !
wy (l + Ju/u,) . Dx‘ - N . .
~ .and C
.SVS | (jm/m‘.z)‘(x2 * jYz) ‘ ‘
wpy | w2 Dy - Ny o C (3-46)
\ . , N { .
Ed - . LI
v ' ' o ) M P . [
where Xj, Y3, X3, Y2, Dy and N were defined in (3=42). .
.} . ' ' ’ -
The derived expressions for both the passband 'and stopband sensitivities

to fo] and wp as given in (3-40), (3-41), (3-43) and (3-44) may look . , + 3

ber some 1f Z:ompared to those in (3-21) through (3-28). But as far as
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respectively., Also the exact computed sensitivities from MODNOD are {

superimposed on their corresponding counterparts for comparison.

¥ 3,6 ALL-PASS REALIZATION -

.

.

The 90-degree ph-ase shift realization [8,9] employs two
independent a'll-pass networks to generaté two signals V5 and Vb
that are equal in magnitude at all frequencies< This realization has a

sensitivity problem in applications with stringent specifications leading

to tight component tolerances, I[n this section, two all-pass networks

<

. were designed using the- same” specifications as those in Figure 2,5, .
Figure 3.12 sl;ows how the two all-pass networks are used to 'éen;rate two

* signals Va‘and Vy that are in phase quadrature. The :uransfer functio:s‘
of the two all-pass networks are [7]: ) |

TNy )
- 1 - jw/w \
Vo= ——=2 ‘ . -
a 1+ jm/ma M ‘ - - (3-45) N
and . '
» 1 - jw/w - ’ ¢
LoV = —-——-E (V)s ’ . - ) .
' c b 1+ jm/wb i . . (3-46)
‘(. o - . , . ” ¢ } N
‘ - - - ’ ] 1
» . where mal and uubl are the RC-products in the two mdef:endant all-pass -
l ' . paths, ‘As it was given in the previous section, the passband and stopband
B ]
’_t " of these types of networks can be obtained from the _two output signals,
simply by adding V4 to j-_ij. For the all-pass case, the passband -
' . ;is given by: . o
© . . Lo . ' ) ’ . h fe . ’
v = . ' ‘ . ! .
‘ p oV, * 3% - o (3-478) . .
g ‘ ol s ' ! . Fosanin i -;..m.m«.wuww(n}m-'ﬂ"w.
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- 76 = [
._._——‘_\ N ’ - - .
- (

1 - (w/(;;a - w/mb) + mzlw w,

-— a b +
VT K D ey A Jeley) ) v (34Tb)
- N -

and the stopband is given by: | ’ N .

. . ":' . qlu
v, = BV, - v ) ‘ . , ¢ (3-48a) "

1 + (w/w - w/mb) + m'zlm wy !

v =l - ) a 22w

:(1 + jm/wa) Fl ‘+ jm/mb)

[t can be seen from (3-47) and (3-48) that .the passband and stopband

. expressions are valid only for w, > w,» To compare the performa‘m

) b

the different configurations, the two. all-pass networks are designed to

give a minimum of 25 dB rejection im the stopband as was obtained

P

originally from the active phase splitting networks introduced in the-
previous sectlons, ) ‘ L T . o

ad

o

. 3.7 SENSITIVITY ANALYSIS OF THE ALL-PAS§ (AP) REALIZATION j
« T

J

¢

JRRNESOTSTN

-

[n order to establish the importance of the different types of
" networks introduced in this thesls, it i{s.necessary to study the
sensitivity performdnce of both the passband and stopband of “the all-pass

realization. Consider first the passband as given by (3-47). The

{

* percentage variation AVP/,Vé in the passband due to a corresponding N
wvariation dwy in w, is: S e ’ T \ :
' = ' : ‘ *,\{
/ )
) . (W) ol + w/w ) 7 | ‘
/Ty = 1+ 3) — )7:‘1’ - e S T
, - + Jw/w, ) - 4 N Yy .
/ b | w/w, ; w/mb + w /mawb) , J\
. A‘ ' T » "y . ’/\ ' ! 1
and for the stopband similar relation- can be written as: / . ’
I £ . ~ 1 I
" ’ N ] *
v v, Lwle) 1+ Julu) e

| (3-50) .

\‘1 1+ jwlmﬁ? 1+ w/}w‘ - ‘u“)/a‘!‘\r + mzlml%) \

' +

@

Ioes
7
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It is noted that for the al:Zass realization. the passband "and

stopband sensitivities can be deriv/ with respect to the variation -ih’

i

the RC product in either.one of the two independant all-pass paths. The °
. ¢ .

sensitivity analysis of both the pagsband and stopband as given in (3-49)

and (3=50) is performéd to the variation'ih the RC product.of the second
!

all pass, with Wy 1/R2C2 as shown in Figure 03.1_2. Both the passband’

and stopband sensitivities to 5% variatidn in w, are shewn in Figures

a

(3-13) and (3-14). ‘Comparison between the approximate passband and stopband
sensitivities to wzofﬂ the AD, ADP and AP networks is shown in figures
3.15 and 3.16 respectively.

N

3,8 EXPERIMENTAL RESULTS

.F - N

- The e:{p'gtixtentaliset-up for bogh the pgsitive and negative

feedback networks is similar to that of Chapter 2." The two output

signals V,'and Vé, from the oq’iginal set-up are inverted using 74l

rd

OA in the invetting.mode. Vo and its inverse are fed back to the
i . ) | : . 1 S
input terminals 1 and 2 respectively. The potential of the originally

grounded peint G is now raised.to V{,(-Vé) for the positive (negative)*
feedBack/'/conf'iéuration. . L . . \

& 00
« Followtng'the same {apprn@’ as in the original network, the *
A ox X

modulation process is performed t(; generate single-sideband “signa-l‘.’ As
) ? . , . +

3

;ireviously explained, either upper sideband or lower sidebana can be S

N
&enerated simply by inverting any tv/o sign§ls that are out of phase by

180°%  The frequ,ency response for both configurations is shown in Figure )

3ri‘7| .

The attractive feature obtained from applying feedbeck to the

or}g’iual networ-k 1§ that’ the passband ‘of the feedback netwbtk is almosc

*flat,‘free from ripples within the de?ig d(’bandwidth. '
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v While the stopband has not\ changed from its previously obtained .
) L, value of 25 dB rejecw.on, the passba has(been slightly improved. A
. PR3 ’
T V : . / 4 “ . v . . \ "
. / ‘;’ ) b i . r’\ ﬁ‘ B ) . s . *a ) ; v ‘
. ‘ . 3.9 CONCLUSIONS ' . e 7 : N
- . N ‘ . .
] . . - -yr . 1 N \"
el M e ) - M } - - ‘. i

+ . - ) .’ - =
In this 'chapter three differeat types, namely, active design with
. . Y . [
o " positive feedback active dé-sign with negative feedback and the all péss
» N - \
L ’ realization, used to generate quadrature sigpalg are presented. Separate

-expressions are: derived for both the passband anhd stopband frequency § T \

responses of each configuration fbr the general non-ideal case where the

-
I

S - (H‘*C p!odudts in each of #e sectiogs are assumed to be not equal to, (i e.

wg “’:'L)' These expressions atre used.primarily to derive the passband . '
. A . ' . . A

and stopband sensitivities to variations in tljg component tolerances. . - :

+ * e

Explicit expressions a've obtained for both the passband and stopband
responses as a function of the nominal component va.lu‘es where wy =w1‘ was

- Il 4‘

substi;uted in the general expressions.

. “ - .
A -

] N * ! R - '

The networks with feedback and particularly the positive ‘feedbac}f
‘copfiguration retain the attractive feafures of the original design (with

H *
¢ ' . .

L “ - no feedback); while imperiqg the sensitivities both in thé passband and

' stopband. In addition_to the éimpl'i;;ity of both the structures (with and

1
v

. § ) Iw'ithout feedback), ‘the networks introduceg‘are relatively insensitive to
; . ; - .y ) .
b » the component variations when compared to the quadrature modu@ion Lt
+ o - 1]
1 method for producing SSB which implements the 90 degree phase difference
. ' ~ L . , v . . . [
‘ networks. by using two independent all pass paths. . T
v ' . - - g " .
- ‘ ' [ T ¥ v )
N, R ’ ‘. r/' '
. . , = ' . v '
: - o ' %
' ‘;' c v ) - ) 2 N
N - = ! ¢+ t Ty \
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' CHAPTER IV '~ .- e
el ) - A
- ) \' o . ’ - .\‘ ’
. SAMPLED DATA -SEQUENCE DISCRIMINATAQ USING °
. THE PRINCIPLE OF SWITCHED CAPACITOR ;=
v ) ‘ ‘ ! \ . , ‘ s r._ .:,//
ol INTRODUCTION .. -
: , A “ | ’,;

)

/

that active networks will be.realized'in,integrated'form of one kind
& A ' .

i\;/

In the present era of microelectronic'systems, it is very likeély

or

another. Lipear active RC networks, represent one of the most practical

4 ' v

and economical methods of designing inductorless networks. The hybrid .

v

integrated*circuit (HIC) fabrica:ion techniques' are used to integrate

"

conventional active networks. “These techniques can be considered as

siﬁgificant advance over discrete component networks. Howaver \; is °‘

a

” becoming increasingly important to develop new techniques to efficiennly

integrate such networks for Large Scale Integration (LSI) applications.

™~

~Since some applications require ‘a large number of circuits on a single

°integrated chip, it 1s desirable that these circuits be fully integratedf

-4

© .

require no.trimming and as little silicon area. as possibles

.
-

. :
. . N
g :
. -

Ty In this chapter a new technique to analog sampled data filtering

which applie;/the principle of the periodio switching of capacitors t

obtain the desired- analog characteristics is discussed. The basic

v

concept of this technique was introduced by Fried [33] . Other ‘'

-

contribytions to analog sampled data filtering, such ag MOS recursive

" filters [34, 39], and CCD transversal filters [40] have been recentl§

" introduced. McCreary and Gray [41, 42] make use of the sample data
- v \ . -

!

Vs . 1 . .
technique in designing.theiffanélog to digital converter (A/D). Oihe

. !
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1

5.

resistor which has been replaced by a capacitor and two MOS switches.

. ratios of capacitors, could be made-less sensi,tive to ma:\hfacturing

' 1 |
. v, * ;- .
. , . . - - .
. . R o >
. ‘
. 1y ’
' ‘ ‘ ' ‘ %‘
N hd . . . . “+ ~
- . . B h
! 3 " - 86 - ! [ . v .
. I . . . - © . C. ' ) :
. ' . , " ,
. v * '
S ¢ .

- . '
ey .

sampled data technique makes use of 'the equivalence Petween a resistor
| , N

and a combination of. two swi;ches and a capacitor. Throughout the

.
1 ]

present work the name switched capacitor wiil be ysed to refere to a

. 1
’ L
+

.
1
\‘ “ , - ‘., 5
. NN . . ‘ LT e
<

'

v

The sampled data filter introd‘gced in-this chéLter consists
N L,

primarly of capacitors, switches and operatiohal amplifiers which can be

v

fully integrated using MOS technology. 'I‘he filtét coefficients, being _‘,; .
o Q ’

procésses. , . o . : -

v N 4
B

. . . \
, ., .
. 1 . .
N N . o . -
. L » . ] . ]
v ’ N 3
i

T e e T R AN R b S

4.2 ANALOG SAMPLED DATA TECHNIQUE . . - D : Lo
Cot o ’ _:c‘ ’ - , J
" ‘ ) l - 4 ' ‘ . ] nr o“ '!‘ . ’ ,‘ ‘ 5% a
. . . * v . Lo v, o ', b e " ‘
4.2.1 Principle*df Switched Capacitor ‘ N ! - e i
; - ' L o | Lo -
s . : oo N ) . T )
. The maih idea behind the ,concept of switched capacitor is the ! . / ' 3.
4 ‘ { v-
transfer of a charge bétween two points in the neework ‘by means o ‘ " ?
1 hY %y
capacitors and switches. Consider the switched capacitor circuit: ‘ 5
y . f . . , . 3
, . L . A
.Figure 4.l (a), with the swit,ch alternating between the two positions qt\ ’ ‘
a switching rate of fg. Assume first that the switch is iy ‘
pos”i‘tion -shown, thed the capecitor is initially chérged to- he voltage Vi ,' i coL
By the switch is then removed from its original position and is connected o
o) } LY
to the’ other position then a net charge of Q = Cs(Vout“Vin) is ) B
D - ) -1'
transferred. 1f the swvitching period is Ty seconds, then the :average
current '{' flowing into Vgoyp will be - : : L . [
. / . * ) < . . oo H
h . - N LI s Lo ¢ ;jj
’i -9 . . .(4;1 - . c;
/ | =7 Lu o S
. / l ] - - - ‘_ﬁ,‘
‘ ' y . -3
l [ ' ' . ,Y"
' \ o . ] !
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*»If the sampling rate is

' . - -V ' o7
. oy i = ‘Cs(vo;lt in) A

e R < ‘ \T‘ T .

. N ) LR ¢ i ’ ! N W'S [ 4

-

<

2

Hence, 4f the switching rate fg is much'greater than the band of LT

f'requencie§ of interest*, then’ the' circuit of Figure 4.1 simulates a

resistor of value R = 1/£4C5 "

v..,
' 3

.

” v M .

'

. “ . 3 : N R .
In the circuit of Figure 4.1 (b) the ideal switches are replaced N

by MOS switches. These sw;tdl{es are operated by two phase non-overlapping

+ ~

tlocks @*and $** at a frequency fg as shown in Figure 4.2, It should

¢ 7

be pointed out that 1f the switching ratk is of the

as the signal frequencies, then it 1s ve y necessary to bandlimit the

¥

the equivalent resistance can'be written as

- 3

¢/

same order of magnitudd

>~

input signal to the i\lyquist freqixency in prder to avoid allasing [43]« ‘ '

= s ‘

5

-~

.

, ‘co'mponént then it is|practically possible fo ignor?

. A .
s

the signaf ’

** The two phases & and 5 are‘choéen to be 180° out of phase w.r.t.\e‘ach )

[ a !
.-
'

other. - ) ‘ ST

“»

ch greater thay the signal highest fre&uency . ‘

the time sampling of

>

a o ’
. .

pa by gy
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Figure 4.1(a) Bé‘sistor Simulatior"By, a Switched Capacitor
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"The .}nain advafitages of the switched capacitor approach is that __—
. L » " .. . P' . .

the sﬁabili'ty and linearity of the equivaleﬁt resistor are much better

’

than the integrated (diffused) resistors which have pdof temperature and

*

linearity characteristics (41, 42]. . "
4 . . '. . _ -
. 4 ¢ ' * .
4.3 SAMPLED DATA SEQUENCE DISCRIMINATOR USING SWITCHED CAPACITORS : 3 ‘
; p ' ) " !
. ‘ , ) ‘
In this section the pringiple of switched capacitor, discussed in - ‘g '
the'previous\section, 1s applied to the phase splitting sequence _ . .
. \ . -
d'hscriminato'r of chapter 2. New configuration of analog sampled data
\ . A ‘ 9 ’ s
\pk‘\ase splitting sequence.discriminator will be presented, which ylelds a " . .

frequercy response comparable to that of its analog counter part using Y -
>

discrete resistors and capacitors. Three cases will be considered for ) ’ ]
N * o v

analysis. We start first by anlaysing the case of a single stage R

sequence discriminator to 'q'btain explicit formula,,s\ for both the passband

and stopband using the.principle of transfer of charge between two

a ® .

points. liy applying z-transform tecl';nique to the difference equatioﬁ
13 B ’

L

pbtagned, both the passband and stopband expressions cap be derived. i
1

Two-stage sequer{ce discriminator is then considered. Finally, both the

=

passband and stopband expressions for the genesal N stagé* sequence

discriminator are considered. The design technique‘makes use of

capacitors, gwitches and operational -amplifiers as t‘hg only eircuit s : .
4 - ‘
elementg. -

| ' | S N

)

* Throughout this work, this term will refere to nggc.tions comected i

" cdicade. . ' ‘ .
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\ 4 N . .
Single Stage Sequence Discriminator (SSSD)

Lo

~
- P . a
> ~ 1

N

° Consider the circuit shown in Figure 4.3. "The $SSD shown is

o

~identical to that shown \:ln Figure Z.f with all its§ r%sj{stors being

replaced by switched capacliors. As previoasly mentioned each resistor
o]

is replaced by a combinat:ion of ,a capacitor and two MOS switches which [

are driven by two nonoverlapping phase clocks ) and $e Assume that the

. position,s of the awitches are ‘as shown. During’ the 'ON' period of the

)

switch Sl the eapacitor Cx is cha.rged to the voltage Vi,, and then
s ?uring tlhe JON! pe‘rio'd of S (Slis OFF), a charge of Cy (Vout~Vin) 1is

transfered to the capacitor Cl Charge ‘conservation equatiop yields:

-

O S e

. ' L - v {(#- 1) T} (6.5)

and . ) . © '“_ ¢

. C)'( [Vc" (n'l‘s)] -C' E{V (nT ‘) + V' (HTS)} -{Yi'ri[ (n-1) Ts}‘

+ Vo {(-1)T 1] (4.6)

P

)

? o
. .
+

w‘here Tg is the clock period.

L 4

Appiy{ng z-transform technique to the above\diff;areﬁce equations: yields

Vo(zs =
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As previously mentioned, the passband and stopband equatiops can be

I

obtained from the two output signals V, and Vg simply by adding

« . ®

Vo to +4Vg as;  * S
o ’ , R
v = ! '
P &{Vo + jvo} ’ (4.9) .
- ) . : ~ .
and . - \ .
= - ] .
Vs = %{Vo jvo} (4.10)
" where Vp\and Vg are the passband and stopband respeﬁfively. ‘The two : -
a . ..
. ' (
capacitors C, and~Ci are considered equal which implies that the B . ] \
’ . \J ) ! N
two switched capacitors Cy and Cx to be e€qual. \
. . ' S S
t i
) , { .
"Hence, for this practical case wg have; . .
oy . T, o Rt
(-~ . a =l =o - \ .
Then ] ) ) -
‘ ]
: Vo= =l . oz= Q=39
P Tm o T Vi (2 (4.113
l1 +a ¢ )
< . 0
and " ' ' : ‘. .
. B .(l .
= . oz-(Lr.da). - (4.12)
© Vs (2) l+a z - 1 —viﬁ(z? . ] -
1l + a . . ~
It should be pointed out here that the Value of the switched capacitor is

; i
- . .

debendent upon the gamplihg rate of the switching ‘waveforms. The above, H
expressipns concerning V,, v;, vy and'&s as given by (4.7), (4:8), (4.11)
and (4.12) respectively, can also be obtained using the principle of
sequence discriminationil These.dérivations are given in Appendix b. .

.
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One of the main advantages of the switched capacitor design approach is

the high accuracy of the RC time constant  that can be determined by a
ratio of capacitor values which can be designed to a higher degree of ) &

B , * N‘ '
accuracy and which makes it less sdnsitive .to most processing variations.

Hence, by eliminating the resistors from the active RC design, it now . ..: :

becomes possible to fﬁlly integrate active RC networks using MOQ

L] -

\.-\)

4,3.2  Two Stage Sequence Discriminator .

fl . )

" " v
The two stage sequencé discriminator of Figure 2.5 #s represented
here in its sampled data fform shown In Figure 4.4 where each resistor is

replaced by a combination éohsistlng of a capacitor and 2 MOS switches

.
aw

operated by the two clocks hown in Figure 4.2 7 In designing such type
B )

. of fillters, two -imporrant agpects are to be considered. First, all the

i

MOS switches are contrdlled by the same clock rate,. and the second aspect
is that using identical éapacitors”in the same section which, in turns,‘

- v . : .
leads to -the use of iderTEYﬁﬁ switched capacitors. The analysis is

similar to that of the SSSD.

2 ' 4 \

,
Recall V, and V, as given by {4.7) and (4.8) to be.Vyx and Vy
regpectively., Since the input to the second sec@n is’ comprised of Vy,
Vy and (-V4) as shown then; by applying t‘he charge conservatibn

. '
equation, the tw output signals V, and V,, for the general non-ideal

~/

case, are given by: . .

I
’

-2
A !

/ | a al
_vo(z) = S Y e W

Crop-tiaray T #ie .
1- £hHz :
! (____)__ _1] Vi (Z) .
1+ ai)- z n . ([0.13)

5.:!,3‘3,’.: e

i etnaE

LTI et S

e T ST

~

eee g

s
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AN ' ’ - 97 - <7
. J/ . :
1 & ‘ - . k
: . and -1 a z_l(l-z—lj -y z~1(1-z-l)
! W (2)= r L + _2 - 1 Vi (2 ¢4.14)
ir ) (I+al)-z 1 (l+a,) - I -1 i/“ . -
§ Lo 2 1 ‘(l+a11 -z '

—

. .
. [/
: i > A
.

.
{

From (4.13) and (4.14) and the expressions given in (4.9% and (4.10)¢The

general expressions for both the passband and stopband can be directly

obtained. ;

s

L S .
Va For most practical cages, the ratios o{}the capacitors in each i
7/ y
individual section are considered identically equal. . Hence, letting these

I T R P

r§tioé for the two individual sections to be aland azrespectively, then,

the passband and stopband expressiong are:
) : ' ’ ‘ /
\ v ) = -1 1z -1 -japd Mz - (1-ja2)} v @ { ' 153"
|2 (1+a1)(l+a2) z - Mz - 1 } in
: 1+ oy 1+ a,
. .

and.

" -1 {z -1 +j<xi)}{z - (1+ju2)} N
= ] 4,
Ys (2) (1+alf(1+a2)tz - 1 Hz - 1 ) (4.16)

; . . ‘1+ql . 1+0.

2 -

» ] The above results agree with the previously obtained. one using the

concept of symmetric sequences, where the two “‘Gutput signals are obtained

+

from each input éequence of either polarity. These two outputs are

* fdentically equal in magnitude and in phage quadrature‘aé shéwn in

]
>

(Agpeqﬂix ﬁ; The frequenc; response of the two stage sampled data

sequence discriminator is shown in Figure 4.5.

It is to be noted that

the position of the notch frequencies is dependent upon the value of the

switched capatitor which in turns depends upon the sampling (clock) rate

considered.

~
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Analysis wa g{;en in the previous Eection‘for both the passband
7 & .

’
M +

and stopband expressions, in both the general nen-ideal case and for the -

Ll

‘ case where nominal component values are considered, for single and two

stage sampled data‘eéquence discriminators. This analysis is generalized

' .. ) .
in this section for the N stage case. We start first by recalling V,

. e

dnd V}, as given in (4.13) and (4.14) for the two stage sequehce
’ ’ LY R -

discriminator, to be Vyx and Vy respectively. If Vy, Vy and-(—Vx) |

are applied to the next section and the output of this section is applied

_'to the subsequent section in the same manner, then, it pan easily be

proved that the general e?fressions for Vp and VS in this N %tage sequence

discriminator case are:

N
Y pay
Vo o=zl e K .
{ p 5 [ 5 — ] Vin(z) 4.17)
‘ T (l+a,) n{z- .1 1} . ;
; ~ 1=1 ¥ 4= 1+ta, \
w oo . i °,
é and e N : . . ‘
oo ' s lz= (I+jay)} oo ’ -
z et 1o o v, (z) o -
] vV o= N ] 'in ' .
s N X o (4.18) "
} It (1+ai) ~S_{z- 1 } : . ' * .
. - =1 - EY ’
x i=1 /I’l 1+ ay
i o ’ :
; It 1is to be pointed”out that in all the above cases, the-denominator .
. depends .upon a which is always positive'since it represents a ratio of
' two capacitors. Hence 1/(1 + a)'ils always less chan unity and hence .
- - L ) g ,
all the poles lie within the unit circle| zI < 1, thereby representing a
stable realization [43, 44].
N
LY &~ < .
“ —_— _
R -
- . ~ -
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4.3.4 ACTIVE RC SEQUENCE DISCRIMINATOR VS. SAMPLED DATA SEQUENC

b 4

DISCRIMINATOR THROUGH THE BILINEAR Z-TRANSFORMATION -

- N
L ‘
|
Y

To compare the active RC sequence discriminator with the sample

data active st;ched capacitor-sequence discriminator, the transfer
functions of both rgalizatigﬁs, for elfther type of sequences, are related
through the bilinear thfansformat}on.‘ 1t can be shown that' if the clock

4
.

(sampling) rate fg(l1/Tg) 1is much higherlthén the highest- frequency

of the signal {.e. fg.>> f, and since

- . " +
. *

b

. » X~ .
’
. . . R .

’

- z = exp (ijs) p ! (4.19) ,

' - +
~

<

hence, for first degFee of approximation z can be written as:

z 21+

<
S

’
L3

i

T, N (9 1)

Recall the transfer functioﬁ Hp(jw) = pr(jﬁ)/vin(juo as given by (5.4) and

" subistitute (4.20). Then - o

[

‘ 1+ Ju,T° )
. - 1's =) (4.21)
H (2) = 2
. R Dl | . ’ !
. w T .
Since wl - _;_
RlCl . .
- &
C
w, = g ’
1 Tg C
Then s P
‘ c % : h
. P s . o .
3 . . NlT's = Cl 0.1 ‘ ﬁ
and (4.21) becomes » ,
L] » & . X
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vaﬁ,ﬁ__.,_r

i ,
‘ VI; (.z),

z- (1 + a)

& ‘

‘("uj) z- (1- ja) vir;(z) o ) *

-

»

which 1s identical to that im'(4.1l). for .small value of a(l.e. a<1).

Same result can be-obtained for the'stopband expressions as givén in

,(2\./9) and (4.12). This cenclusion can be generalized for the N stage

discriminator case. St -

to —

'

4.4 SENSITIVITY ANALYSIS , !

L 4

[t has been shown that the transfer function of the sampled data -

network as given by (4.17) #nd (4.18) can be uniquely characterized by
the capacitors ratio ay whith is primgrly dependent upon the "sampling
rate'fs of the switches. 'To udy the sensftivity per formance of

this type of networks, one has to cdn'sider the variation in the passband

»

and stopband to an incremental variation in the.capacitors ratio ay in

¥

any sectign of;ne netwrk,

s

In this section we consider only the variation in the value of oy

that is caused by the non;(;gdqal operations of the switches which may

cause uito deviate from its nominal designed value. It can be seen, from

(4.17) and (4.18), that oy is thHe major deéign_ parameter for this class

. of netwrks.
fiss

-

[
'

e sensitivity analysis can be performed- in a similar fhﬂner to

.

“that of.the active RC realization, Recall V, and V4 as given by (4.13)

D) .

> ,

&

.

4

b i

A iasee e Bl T

.
-

m'.ﬁmld%;mf‘.s .
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and_ ('4.142, then the general expressions for both the passband and .
A . = -

g v /
stﬁi@and are given by:
' o 0. z-2 1,2
V (2)s [ —L 172 -z SN
Z) : P { T -1 - reee }
P (1+a2)- z 1 ¢(l+ul)-:-\z (1+a’1)- z
j alz-l(i-z-l)
- (N =1. { Pt £ i
(l+0-2) Z’ (1+al) -vz =1 \
";\},, ué z_l(l- z-.l)
. (1+a!) - = 1 -Vin(z) (4.22)
p { 1 . : ; o
and ‘ '
N ' ...l .
) v a0, 2 (1~ 2 1)2
vV (z)=1( + { 1~ —r— }
s (1+a2)-— z (1+ul)- zr ,(1+a1)- 1
e, 2 r(-2 ) -
¥ (13&)—?1 t (L yoFT Y
-7 oy Z .
. ' -1 -1
alz- "(l- 2z ) \ .
. 2 11 v, (2) .
(] - 71 1 in o 4.23)

/ ' ~

The sensitivity analysis can be performed in tw steps:

* , . ' $

1) By assuming - Gl' o
' - .
0.2 - GZ B ’ a v .

Then, the passband and stopband sensitivities to &, are given by

9 nd. 3V da res;iectively.

WV_ da, a
—F/ L _s;_1
’ Vp ey Vs &y
1 . . 2 ’ ’
2) By assuming @, = oy - '
v ,
@y = @yt Au2

|-

Then, the pasgband and stopband sensitivities to 05_ are .given by

avp/amz and BVS, aa2 . respe.ctively.
Vp a, Ve @, ,
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. [~} 4
The derivations of these expressibns are gtrgighiforward as was done for

“

the active RC structures of,chapters'(Z) and (3). .It can be seen that

o

the ratio of the capacitors plays a major roll in the design and |, —
| v T ~ , . X
pétformange of these networks. Since capacitors can be fabricated using-

-
'

metal gate technology, then careful £ohtrol of the capacitor ratios
- ! : L@

during the manufacturing précdess makes this filter less sensitive to most

~
o

processing variations. o . -

™,

. - . a e ' 1
, . . .
It is important .to point out that the frejuency response

character#stics of the two types of realizatioq‘gre close to each other

in the frequency band of interest as can be seen fram Figures (2.6) and

{(4.5). Since it has been proven that the/résponse of the activesRC

¢

réé&ization has low sensitivity along-the jw-axis, this prqperty can be’
[ I

preserved, for thé sampled data active switched capacitor realization

e i

along the unit circle [44]. Also, since-the former realization isa§taﬁle o 4.

<> ‘e

with all its poles in _the left-half of the S~plane, this stability

property is transformed into a stable sampled data active switched i

capacitor netwdrk,lwith all its poles inside the open unit circle.

~ . i

‘- , - ‘
So far, the discussion has peen under ideal conditions ﬁzd the

only deviation, from the ideal operations of the switches, has been the
. NG : 3 !
finite accuracy of the capaéitor ratio. However, MOS switches and . l
¥ lar 4

f - v

amplifier‘iim{tations introduce some secondary effects to the overall

Y
.

i St

performance of the network. These limitations can be ‘summarized as

: ~ oy =

follows\:=

R N . . » iy,
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‘switch will cause distortion of the:sigpaf\for'finite pulse width.

. - 104 -
1) Incomplete transfer-of charge: " During the process of charging
;> @ ’ °

the capacitor Cg, a total.chargé of CgVin 1s stored which has ’

to be transferred completely.during the finite pulse widtﬁ of the
clocks. Due to the finite ON resistance of -the switches,

complete transfer of gharge does not occur. At very high clock

rates the f£ime| constant of the switched capacitor will become

.impartant. Th constant. is determined by the ON resistance

. of the switches (typically several kilohms) and the values of‘thg

switched capacitor (typigally tens of picdﬁgrad%). - The maximum
switching rate of the switches sets a limit-on the ﬁaxiﬁum size

of the switched capacitpr, relq{fye to the ;ize of the switches,

.

aq‘ limits the prgcision (i.e. amplitude and frequency

N v
.n

distortion and noise), which will deteriorate with an increase in . A

sampling frequency. A ‘ b , * . i -
- \\ A )
\ .
‘It is important to point out Qpat because the ON resistance of —3
the charging switch 8§ {is dependéﬁt.on the signal (i.¢. The channel S B

charge is hodulated by the signal), any ﬂpn—linear'beh3viour of this

*Similarly, ghsrglgite pulgse width of the switch S may bé . i
approximated, for passive RC circhit,[@s [457; -
V (D) = V {(~1)T} + €y {1- exp A/xC )MV, (uT) - vV {(n-1) T}}
o o . — x in o
_ ) CgtC .
where s . '
A is the pulse widthy i
r is the average resistance of S ,
. Cx " is the equivalent capacitive value of C and C4 in series.
- ‘ ’ !




-

From this equation we can conclude that the effect of finite pulse width

i1s to increase the value of the switched capacitor Cg by the

proportion l/{L—expG-A/er)}.ActuaIIyz this source of error is not a

‘4

N 1
¢
el

fundamental limitation on accuracy since Tt is simply an offset error.

’
»-

.
’ h .
~1 » ¥ 2
- c ‘

Feedthrough: The non-linear capacitance, associated with the-

MOS transistor switch, includihg channel charging and discharging,.

results in a clock feedthrough htror voltage. Referring to the

o

cir;uit in Figure 4. 6.a after application of a pulse to che gate

3

~of the transistor,. the resulting capacitor voltages are [42].

. -
ks
“ e ;

a

V. =V, = 8v%0) + v, + v,

l - "
The magnitude of the-error voltage, Ve, is proportiongz to

the channel capacitance of the Mosaswitch Go» and inversely

. - \

o propdrtional to the sum of charge sharing capacitors, that is;

L

. 1 2 ' o
As discussed in [40] this error can be reduced by reading the

a

capacitot voltages only atxer the gate voltage has been returned

)

‘to zero. By this manoeuvre, the negative falltime feedthrgugh

. [

partially cancel the positive risetime feedthrough. Again, the

feedthrougﬁ error gan be minimized'by using a charge cadceling

4

device* [42] shown in Figure 4.6.b.
. ‘,

Tﬁnkngeacup:ent: Bé tween the sampling periods, the 1eakage

———e £f

-

'
L

current in the sw?fched capacitor will cause an offse: error.

kIt is a dumm§ device with the drain and source short circuited to

/

block'aﬁy flow of DC current,, . -

- . ‘<

o

()
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watched‘capacitor and operatignal amplifidrs areg/ the two

switched ¢ pagftor noise is mainly thermal* of value (KT/Cg) for each

switching dperation, where Cg is the switching capacitance and KT 1is
N »

' thetmal-voftage. This ngise can be minimized by increasing the

size of the .switched capacitor.

.

S) Comppnent matching: The attainable matching accuracy‘ié higher

“for capacitors than resistors because of the difference between
]

" the aspect ratios of diffused resistors of practical values

versus those of capacitors. A major source of component

-
mismatches in Iintegrated circuits is the uncertainties in

phbcolithog}aﬁpic edge defihitioQ [Z;]; Table 4,1 lists
published matching data on integratedofesistqrs [47] and measured
datg/on{MOS’capacitors as well as voltage and temperature -

coefficients on these comp;nents. The tabuliied.data suggest a

‘ standard deviation edge ‘uncertainty of approximately 0.1 um,

.
, B - '
- - N

"t

4.6 FXPERIMENTAL RESULTS

' -

4.

/

P
- N LY 7
it
Voo

The experimental .integrated, circuit®schematic is shown in Flgure 4.7.
» o ‘

This experiment was conducted using fixed and switched tapacitors as well

as HA 741 operational ampl%fiers. MOS txansiqtors were used as switches.
: . ISt

[y

-

* * Thermal noise is a phenonmenon associated with Brownian (random’

il

ﬂherﬁal) motion of electrons in a conductor. The mean squaré'velocity of
. . \ : ‘
the electrons is proportional .to the absolute temperature.

2 (- . .

or sourges of nPise in active switched capacitor netwprks., The o

et -
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The network was driven from a voltage source connected as shown, while

the switches were operated with a unified clock rate of 25 KHz (higher

’

clock rate was also considered). It was fgund experimentally that the 25

kHz rate is the optimum clock rate for simulating the resistive-
@

components. . v,
4 ’ Y

[

The two output signals, which are fn phase quadrature, were used =

4

to generate 4 phase sequence (either positive ot negative) as previously

d£§cussed. The four modulated waveforms shown in Figure 5.6);ére used
. for modulation purposes as in the RC active design.

¢

)
¢ i

The experimental result is shown in Figd¥&'Z 8. It was found o

that a slight modification of about 10% was required in the valugs of the

switched capacifbts in the second section‘fo obfain the designed value of ) f
» » . “ . N !
the second notch frequency witg relatively good depth of notch compared ‘ ) “y .

with that without modificatioq. This can be explained in terms of the

clock feedthrough which is c?used by the inherent capacitance of switches

PR °

as well as the channel charging and discharging capaciEance as previously

. ! .
explained. Also, this deviation from the designed values can be

explained in terms of the incomplete transfer of chaFge~due tol}he finite -, ) .
ON resistance of switches. l P
t . _ i ‘ .

The experimental ré%ult shown in Figure 4.8 confirm the . v

! . ! » - B
theoretical results as depicted in Figure 4.5. It should be pointed out
that the qetwork response was obtaineQ&for identical capacitor ratios in

each individual section of the two stage sequence discriminator.

’
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- 4.7 CONCLUSIONS

.directly applied, without significant change, 1ii many practléhl .
“«

- ' ' . 1: -

The sampled data active phase splitting sequence discriminator
discussed in this chapter has demonstrated the possibility of replacing

- .o
the active RC circuits, of chapters 2 and 3, by a new circuil

configyration with all its resistor elements rqplaéed by switched
capacitofs. The new configuration does not require any trimm&ng
,operation and can’ be fully iﬁtegf;ted with MQﬁ‘LS[’technology; The
characteristics.oé this filter such as 1ts‘resonant (oo tch) freguency and’
selectivity can be controlled by varying the capacitor rat;os in any
sectio; or by varying the operating clock rate or\bo;h.‘ This new
configuration can be’used°in many a;plicapions requiring 90 degree phaﬁe

a
' B

difference netwrks.

-

. The basic concept of the design, of this:class of network is the
simulation of a resistor element with a combination of a capacitor and
two, switches, The filter coefficients, being ratid of capacitors, can be

made less sensitive to manufacturing processes.

0
> .

The gonvencional active~RC fif{er theory and.aesign may be

situations, and canh also be used as a design procedure along with the

.exact analysis using z-transform techniques. o

@ , . N
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.a complete single sideband modulator/demodulator is suggested.

SINGLE-SIDEBAND SIGNAL GENERATION ANR DETECTION *’

’

5.1 INTRODUCTION

‘ Generating single-sideband signals having the requiréd amounts -of

unwanted siﬁeband suppression, and channel bandwidth presents a problem

in the design of single—sideband devices, The existing methodss of single

(sideﬁand signal generation may be classified into two types:

»

1. Successive modulation by performing modulations and filtering

for sevéral stages. ey

2. Cancellation method by applying the phase rotation.

T

Attention has recently been drawn to the 90 degree: phase shift networks
as a mean of éenérating single sideband signals'[7-11]. The phase shift

method permits simultaneous generation of a two-channel single-sideband

signal in which upper and lower sidebapds convey different intelligence

(7. . | . ' “ )

5

In this chapter the concept’ of frequency translation and single-

q ' .
sideband signal generation is first discussed. A brief analysis of the

]

N-path filter [5] is then given together‘with Gingell's sequence

ésymmeg}ic filter {4]. The generation and detection of single-sideband

‘signals using the proposed networks (discussed in the pr?vious chapters)

is given together with the difficplties that one may encounter. Fimally

[
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5.2 FREQUENCY TRANSLATION AND SINGLE-SIDEBAND SIGNAL GENERATION ' .-

&

*r ro
5.2.1 Frequency Translation ' ' '
L) -/ "

N | C N e . T

In communication engineering the signals are transmitted from
R v - v ‘
‘mo,rge pint to the other through a channel which may be in the form of a

pair of wires (such as telephone channel) or merely an open space in
. 7

which 'the signals bearing information are radiated (e.g. radio and ,

.t . f
' television broadcasting, satellite communication, etc). Each of these .

signals has a small finite bandwidth compared to that ofbth‘e channel

n

itself, [t is therefore wasteful to .transmit one signal at a time on a’

- channel since the channel will be operated very much below its capacity

to tragsmit information [47]. It is now possible to transmit a large

4 - -

number of signals at the same time on ‘one channel by usin'g modulation .
N * 1) }'
techniques, which in effect shifts the frequency spectrum of the desired

PR

' [}
signal to a higher frequency range, Modulation, therefore,not only allows

the simultaneous transmission of several signals without interference,

Y but it also makes it possible to transmit these signals effectively.

- . i

In many filtering ’applications the signals to be dealt with are

.

+ audio signals which are to be translated to/from higher frequencies
(frequency division multiplexing, hetrodyne receis _etc.). From the ¢
modulation théorem {47], the spectrum of any signal can be translated.by

+ u’uc in the frequency domain by multiplying such signal by a periodic

signal of frequency @, . For frequencies above a few tens of kilohertz,
L. s " §

filters reported so far in the “literature -fail to operate with ) ' e

{

i

|
B
§.

‘commer ically available operational amplifier of the 741 family,or

equivalent (37, 48], ‘Using quadrature modulation for filltering, the !

4

L4
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active 90 degree phase splitting networks can be used -to operate beyond
the audio f;:equency range since both éilte;ing and frequency translation
are achieved in .one step. The direct modulation scheme to place a group ) ’
of 12 voice channels into the prescri‘ged: fre.quency band of 60—-108 kHz 1s

shown in Figure 5.1.

.

e

5.2.2 N-Path Filters and Single-Sideband Signal Generation

. | . | )

)

In this section the N-path filter concept is discussed and

compared with the polyphase sequence discriminator [3,5] as used for

single-sideband signal generation. The N-path filter is shown in Figure
5.2, where there are N identical paths each of which.consists of: 'ﬁj
- * ' ) » . o
1) A modulator with V’(t) as an input signal and P(t) as the first
modulating function.

2) A bandpass filter with a transfer function h(t). /

3) A second modulator with q(t) as the second modulating function. \

' T
The band-limited* input signal is applied to the first set of modulators.
The outputs from the second set of modulators are summed and passed

through g@nother band-limiter as shown in Figure 5.2. It has been shown

\ N . .
[3] that, if the modulating signals to any set of modulators have the

same waveform but delayed in time with respect to each other by T/N (each

. by modulat“ibn, it 1s necessary to band-limit this sighal, to eliminate agll

- - M .
* In practice,'to minimize the effects of the unwanted products produced

/

the unnecesary products.

e i S SR B AR T
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path is delayed in time w.r.t. the previous one by T/N) where N is the

S

-

number of pathé, then the summed output V,(¥) can be written as [3]:

-1 b -
L=4o k=+4w . (
- . - . - - 5.1
Volw)=N I I k. H@=- Lw)).Vy(w = Loy ku,) ),
. L==o Kkso=o
where e
. N is the number pf- paths, *
K is a constant, /
H( ) is the filter transfer function,
k)= <% for L =+1 and k = *1, _ _J ' .

and

¥
ml and wz are the two carrier frequencies. .

In most cases the terms of interest are mainly those that correspond to

L =“§ 1 and K = + 1 while all other terms can be suppressed by suitable

@

choice of modul:;.ting waveform or by pre or post filtering.
®

For L = 1 and K'= 1, equation (5.1) is simplied to:

'
o

Vo(w) = N. kl H(w -wl) .JIV'{w -(w1+w2)} (3.2)

It ‘can be seeh from (5.2) that the lower sideband signals is produced

‘while the upper sideband is suppressed.{ The generated lower sidebar2d

!
signal 1is attenua}:edkby the factor NKjH(w - wl) as shown in (5.25.'

*
1
|

: ) |
| Gingle [3,4] had -implemented the idea of N-path filter in his

' design of the sequence asymmetric pdlj’phase filter. He has shown that

——— - |

»
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the N filters in the above design can be replaced by a single N-phase .

’

sequence asymmetric polyphase filter with transfer function H( ) as shown

in Figure 5.3. By summing the N-path-outputs and by assuming-.the two

carrier to be identical, then; )
. . ’ ) &‘

T L NI mu) e s w )W W) (5.3

- ' . ]
where We is the carrier frequency. v

o

By a proper design of the filter transfer function HGw) to paés only

neggtivé frequencies and attenuate positive frequencies, a lowpass filter
results which has a-transfer function of: VO/V1 = -I:-" H(w = wc) ) ’ ,

/

5.3 MODULATORS AND SINGLE-SIDEBAND SIGNAL GENERATION

The geneéral properties of thWodulator/demodulator (MODEM) used

in this thesis will be investigated in this section. " The characteristice ™

.

- .
of the analog multipliers impose restrictions on their sultability for

-
o

our a’pplicafion. CMOS. bilatet.'al swultch 1s found to be' the most

. sycceés’ful candidate. These switches were used to produce symmetrical

p)

- 3 . ¢
four-phase waveforms with a clock rate of T seconds. They are characterized

by low—power, low-cost, and are commercially available in different forms

o

as a set of matched quad bilateral switches, or as a differential four
N -

channel multiplexer/demqltipleier wit% fogic level conversion.. In additicn

" to their excellent' linearity, the switches possess the following features [48]:

124
.

¥ . ‘

l. ‘Extremely low off switch leakage résulting 1n very low offset

’,

. cu¥rent and high off-resistance.

Y
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ot

. 2. High on/off output voltage ratio (typigpally 65 dB, fig = 10 Kz,

R=10k@). * - ;

I

—

! A
3. Lo%'grosstalk between switches . I

b Exfremely high control input impedance (control circuit isolated

s

. * from signal circuit) . i

a

"5, Low ON resistance. o, v . S . -
L] o . P »
" Y

- . t

The modulation scheme is shown in Figure 5.4. The two output

signals V, and V; from the sequenceé discriminator are inverted to
- ce

generate four signals 90 degree bhase'apart which constitute a symmetric

sequenceé and are applied to the input of the modulators; The four

modulated signals (carrier signals) are generated using a dual D-type

.

flip-flop switch togetherxwith the simplé circuit shown in Figure 5.5. :
The ingut signal\to the switch is 4 f. cycle/second, where f. is the . ’

- required carrier Erequency, which is converted into the four switching

pulse trains each of\T clock rate as shown in Figure 5.6.

.
- \e . 4

1
\ v : i
. v

r -. l
Let P(t) be the modulated pulse which can be replaced by its - -
Fourier series,. . :?\ , l ‘ . ” ~
‘ S m=.+:a‘ ‘ ’ I4
. . P(t) = T P - exp (Jmw t)
: R S c (5.4)
“ e
_where, )
wo=2ME, = 20
‘ T " ~ - -
-~
s - ' ; P
3
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and
, ' T ‘
Po_1 .2 ' 2 (5.5)
m T fz P(t). e?p ¢ jmwct). dt
2l
For a pulse of width t, the above integration yields \lv
%
P = 1 S 1. Cos(mw_t) dt '
mT o c | (5.6)
I 'I ~\ )
P -k Sin(2Mmk) - .
m : 2Nimk (5.7) %

/)//// Sa(20mk) = Pm is the sampling ‘function defined by (5.7) ‘ -

p— s gl and - n e

v Aty - ave an

where t, = KT: Back substftution in (5.4) gives

m=to
P(t) =.k. L Sa(2Mmk) . Cos(mwct)

«  mE-w

(és‘shown in Figure 5.§, thé,go%;;aeed\signal in the rth path is ‘ . ’\\
delayed in time by an amount T/N seconds with respect to that in the

(r-1)th path, where N 1s the number of phases,
3 1

For a duty period (1/4), the four modulated functions take the

m= o
Pl(t) = I Sa (20mk). Cos(mwct) . . (5.9-a)
ms - .
' m= o ' . : . .
P.(t) = L S5a (20mk). Cos{mw (t-T)} ,° (5.9-b)
2 m=—w ¢ 7 ¥]
o w
- . ‘

' Tt

B S sl
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~ g
[

= S . - \ )
‘ P,(t) I @ (2H§k) Cos{mu, (¢ %?} , (5.9-¢)
m = ® / ’
P (t) =z Sa “(2Mmk) . Cos{mw_(t - 3T)} ©(5.9-d).
m =,=x@ 4 '

X

The four modulating’signals from the sequence discriminator for the
Al

negative sequence input. are: j

v,(t) =V, Cos(u,t + 0) : (5.10-a)

: " ' (5.10-b)

:A - > . "b
Vz(t) Vo Cos(wst %_+ Gs)

- - 5.10- '
V3(t) \A CosQnst m+6) ( c)

/ )

Va(,'-) = Vo’Cos(wst - _;_g +0e) o (5.-19-d)

' To perform the modulation process, each one of the modulating

functions in (5.10) 1s multiplied by its corresponding modulated function
in (5.9). The output signal Mj from the modulator i, after modulation
is given by, ' .

»

My = Vg Py ) ;

[
'

Applying the frequency shifting property [49], the Fourier spectrum of a

modulated signal f(t) COSmct ig given by = '

£(t). Cos w.t «r & [Flu- w) + Flu + ‘mc)]
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Ml(t:) «TkV [8(u-w ) +8(w +w )]+ N kv I Sa (2mk).
a 8] s S E [¢] m = 1

[8{w - (mmC + ws)} +6{w + (mmC + ws)}

+ &{w - (nmk - ws)} + d{w'+ (mmC - ms)} B © (5-11Db)
My (8) TV, [8Ga + w ) = 8= w)] + ] LW, L, Sa (21mk).
CexpJT m (6o~ (o = u))) - - (m&?} w )}
+ exp(j%_mmc)[d{m~+ (mmc + ms)} - 8{w + L mf)}]1? (5-11-b)
}43(:) o> -IKV (8= @) + 8 + 0 )]~ LW, g ﬂs;"(znmk); ,‘.
\ [exp(—j_’% w)C6lu- (g + 0} + 6lo ~ (- m‘s?}l

+ efp(j %_mwcj[Gim + (mmc;- ws)} + 8{w + (mhc + ms)}]], (5~ 11-c)

M (6) > -4kV [6(u + w ) - §(w - wg1- 112_.kv0 I _15a (2Mnk).

Cexp 33T mu ) Lelu - (o, = )} - 8w - (me + w)l]

+ exp(j_BZ?Auuuc)[G{m + (mwc ¥ ws)} - 6{w + (mu)c —ms)}]] (5-11-d)

/7

Table 5.1 gives the exponential values for m = 1, 2

L7)“

Sum;'ning up all the modulated functions as given in l(S—ll), the summed

4

output Mo is given by,

¢

i
Mo = }i:. Mi . (5‘.12)

The four modulated signals and the summed output are sketched in

i

Figure 5.7.
From Figure 5.7 and Table 5.2, it can be seen that for the negative
input sequence, the summed output:‘a.dds at w, - msand cancels at wgy W + w-
- : c s
and 2mc Tou. It also adds at the higher harmonics nmc_+_ W B x2,
Similar conclusions can be reached for the positive input sequence, ‘:zhere

i

in this case, "the summed output adds at wc+msand cancels atw ,w - w
; s ¢

S
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}nd Zu;ci w as also shown in Table 5.2. T ' .

+ Y . o

The summed output—¥, 1s given in terms of its Foqrier

spectrum as N

9

My o AV Sa 2 Bl - Gug mudd b 00+ Gy - )] gy

L . : , \

12 .
By taking the inverse Fourier transform of (5.13), the summgd output is:

»

. L \

M = 2KkV Sin 20k . Cos{(w = w )t} (5.14)\
0 T . c 8l '

. 5
t v
No,te that in the above ‘derivations we have a;sumed 0 = 0 for simplicity

only. As can be seen from (5.14) the lower sideband is produced whi&e
. »
the upper sideband is suppressed. For positive sequence input and \

frequency mc+ ws,-ic‘can be easily shown that the summed output is give

o a
Y

I
by-: . ‘e ’ - J
: . . f
- . i
- /
. * M = 2kV_ Sin 20k . Cos {(mc/rm )t} (5.15)
: ° 0 Thmk . 8

- . )

and the USB is produced, while the LSB is sixpptessed.‘ Figure 5.8 gives \

I 4 . .
.tw possible modulation™schemes together with summing circuit for two

e

different duty periods, i.e. k = + and k = } .

[N

Alternately, the LSB as given by (5.14) or the USB as given S}
. 3 . q

(5.15) can be produced by interchanging the input to the modulators Pl and P

Similar results can be obtained by interchéngiﬂg the input signalsvvl and

V3 or ¥ and V4. The above results concerning fﬁe generatioﬁ of single-~

sideband signals are summarized in Table 5.2. | ‘ ;>

,

3%
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5.4 DEMODULATORS AND SINGLE SIDEBAND SIGNAL DETECTION .

The speq&rum of the modulated waveforms as givéq by equations -
!

o

.

(5.11) can be conviently retranslated to obtain’the original sign&l by
3 mulfiplyiqg the modulated signal by the’garrier.signal at the receiving
% end. The four switching signalé used for demodulét%on are identically
the ;ame as tho;e in Figure 5;3. If the network is driven from a voltage

( -
source, another set of switchesowhich is driven by the complementary

*

logic signals in Figure 5.6, is used te shoré the input to the reference

°

in the absence of the signal to this input. !

[

\ .

) Since multiplication in time domain is equi#alent”to convolving
the spectrum'in the frequeﬁcy domain, 1t 1s evident that the spectrum of
é£e résultant signal will be obtained by conq%lvi é the spectrum of the
‘Treceived signal with thét of the carrier signal.

) \ The demodplation scheme is shown in Figuie 5.9. The incoming
signal (12 ,channels occupy the frequency range QO-lOé kHz) 1is mulciplied
by the four carrier gignal§ in figure 5.6. Assuming the input signal to-
the demodulator as Vg Sinw;c » then the four demodulated signals are:

Bt} ot

=+ ’ o J

-r D, = kVB mf_m Sa(2limk) . Cog (muct). Sinwst (5.16-a)
v . . 3
o = o
- & - ). . * (5.16=b)
] Dy = kVg I, Sa(oznmk) Cos {mw_(t -.I)}. Sinu_t ]

4 , ‘

]

oy ‘. . St g e o - i . T e—— Radaad

A —
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' 134 = T T
. ¢ ¢ '1': oy
/ o ) : ' L 4
m=o
Dy = kV_ i Sa(20mk). Cos{mmc‘(t-_';_)}. Sin w_t (5.16-c) .
. ’m:m DI .
D, = kV_ I Sa(2Mmk). Cos{mw (t=3T)}. Sim w_t . .~ _ (5.]6~d)
- ] [+ - 8 g /
n=-% 4 Nl
B \ « [
. . . R

' S
. » where:Sa(2mk)  {s the sampling functi nﬂd%fined in (5.7). The Fourler

' \\-.
spectrum of the four demodulated sﬁgyals is' shown in Appendix E. From

P

O this Appendix, the frequency components of ‘the four demodulated signals
- / )

‘up ro2w, + uw_ are given in Table 5.3.

i
¢

“ 2 (I . ” « 4

B

It can be shown that the four dequulated,‘out;puts form a
';symn;étric seq'uence which changes polarity és fq changes from above to
below the cai"'ier [25], as shown in Figure 5.10. Ther“efo;'e, the sequence
discriurinator,_ wt;ich is able to distinguish betweén sequences in the r
volce frequericy range can reject the adjacént channel on the other .sid'e

of the carrier. A low pass filter can be used. to reject. the remaining

3

channels, - /

. ‘ 4
5,5 SINGLE-SIDEBAND SIGNAL GENERATION USING THE SWITCHED CAPACITOR

[

SEQUENCE DISCRIMINATOR ) ) *
Similsr to the RC active design séquen’ce discriminatqr the
‘switched capacitor sequence discriminator netwrk was used to generatel
gy four phase symdetric sequente, of elther polarity, which was used as an
\ input to the four modulators as shown in Figure 5.4, These modulated

signals were multiplied by their correspond ing modulating ones of

- 777 TFigure 5.6 and the final ouéputs from these multipliers were summed out to
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F et g N . !
generate single-sideband signal.
4
£ / ,
The same mathematical approach discussed in section 5.3 dan be
applied here for this purpose. The main difference, in the case of the
switched capacitor filter design, is that:the outputs of this filter are
. .
‘ of discrete form which are functions of the switching rate. In such a
3 o ‘
‘ case the application of sampling theorem reduces the'problem of
transmitting a continuousl& varying waveform to one of transmitting a C p
discrete number of amplitude values. )
Consider a signal f(t) which is assumedi to be bandlimited*. This
signal can be represented exactly by samples spaced relatively far apart
such that;
f()_kzz*“.f(_g_)sm(zwv;-.kﬂ) - ‘ [
CHE s 2w (Zmwt - km) . .

this ‘expression relates the discrete time domain {k/2w} with sample
values f£(k/2¥) to the continuous time domain {t} of the function f£(t). . i
The process of sampling can be thought of as the product
modulation of the input signél and a set of impulses. Accordingly, the
<

two output signals from the switched capacitor filter cah be written as:

T
- - 9
Vo(t) = Vo(gTo) ;1= A Cos (wst + Ss) nTo S t< (2n +1) 2
T :
=0 L (2n+1)—29-5t<(n+1)'1‘o
. and '
'(¢) = V' (T ) =AC (:c T +0) nT sc<(2n+1)—T£
Vo(t) = V° o o = os ms -3 + s o . 2
r R T 1
. -9
- = 0 : . (20 + 1y 5 <t <(n+ 1)To 1

©

’ - % A gignal f(t) is said to be band limited in the interval (-2mw, 27w) if

its Fourier transform ®w) has the property.£(w) = 0 lw| > 2w

. 1 Lo} b

-

B - B T e
T f . 3 Y




.

'
{
1
!
'
)
!

;&.

. Yl(t) = Vl(nTo) = A Cos (mst + es) - nTo <t < €2n + 1) 2;_ :
) " %o
,vz(t) = Vz(nTo) = A Cos (wst -5 +es) s nr <t < (2n + 1) -5
L i ) T ‘
v,(t) = 03(nro) =ACos (wt=-m+0) , - nT_ st < (20 +1)
. ‘ I - To
V4 \t)\ = Va(nTo) = A“Cos (u)st -5t es) | nTo <£t<(2n+1) -5
and
, . | /
Vi@l ) = V,(nT ) = Vy(aT ) = V, (T ) = 0 (2n + 1) 7° St< (a+1T i

m=+ ' T
- . 9
) Ml = A Cos w t {x mf-m Sa(ZTrmk) Cos mmct} . nTo £t< (2n+1) )
m = 4o . | '

= AKX ¥ -

3 I S%l (27mk) [Cgs(mwc + w)t + Cos(my ws)t)] ,

-~
hd : P pm— - e - ’

-
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A
where

n is an infeger, n = O,Il, 2, ... /

and T, is the switching period.

For a negative sequence input, the four modulating signals from the

sequence discriminator can be written as:

For a duty period (k = 1), the four modulated functions take the form

given by (5-9). T ' \

Following the same mathematical procedure discussed in ‘section

)

5.3, the output modulated signal Mi from any.modulator i can be

expressed as;

M =Ry

For simplicity také 6 = 0, then;

et I
P U A
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Similarly A
T m =3 T
M, = A Cos (w_t - 7) K 2-_00 Sa(Zka) Cos {mwc(t -7 )1, T
7/ | m= nTost:<(2n+l)-22
m =+ T b T, Ty
Mz = % AK m:Z—m Sa(Zmnk) [.COS {mwc(t -‘-4-) tat - —2—} +' Cos {mmc(t - Z) -t fi}]
m =+ T T
113=ACos (wt-mIL b S (2mmk) Cos {mw (t - )}, T <t<(2n+ 1) ‘o
s - oo a c 2 ] o 5
m= e T T
= 3 AK I S (2rmk) [Cos {mw (t = =)+ w t - 7} +Cos {mw (t=-=) - w t +7}] .
n=—o @ c 2 8 c 2 s
_ 3n m T e 3T
M, = ACos (wt-) [K m_z ; S, (2wmk) Cos {mwc(t: - -4—)}] . - |
= - .- T ‘ )
nTOSt<(2n+1)—29- }
m = +® ? |
) 3t L3, B AV | SRR
=} AK‘m =Z_m Sa(ZTrmk) [Cos {mmc(t: -3+ w t 2}+Cos {mwc(t: ) - Wb+ }] |
and : , I
' C . . To T '
Ml(nTo>* = Mz(nTo) = M3(n'I‘0) z Ma(nTo) =0 , . (2n + 1) S-S t< Mm+ 1) _20_
The summed output is given by;
i=4 - ,
Mo =. I Mi . \
i=1 : /
=0 form = 0 {
and form =1 !
% = 2 AK Sa(Zwk) [Cos (wc - ws) t]
N

- From the above der\ivations, and for the negative input sequence, the final

- .

output M adds at w_ - w_while cancels at w_(m = 0), w_+ w_ and
o ! c s ] c )

« 2‘wc * W Similar conclusion can be reached for the positive input sequence,
. ‘ where the final output adds at w, * o and cancels at Wy W, = Wy and

'ch * w, as was explained previousiy in section 5.3.




. factors have to be taken into account in any design ¢onsideration:

5.6 PRACTICAL CONSIDERATIONS -~

It was clear from the foregoing analysis that the sequence . \
Ve : g .
discriminator networks can be used to generate single-sideband signals. 2 :
This stems from the fact that both upper and lower sidebands do exist and

the main operation of the sequence discriminator network is to suppress

one sideband with respect to the other.” In this respect, two main

1) performance of the network to the applied input sequence. )

’2) performance of the modulators,

Performance of the sequence discrimination type of netwbrks, to R
4 Q ’
the applied positive and negative sequence, is very critical since the

[
Y

sideband suppression is achieved by cancellation of modulation products v

PP

and hence any inaccuracies in the design of thest networks will cause

loss of sideband suppression. Fartunately the ngtworks presented in this

) thesis do not suffer from such a problem because of the simplicity in

design which requires that only the RC products in each section be kept

constant. This can easily be done by dnly trimming Ry's or Rg‘s {o the

nominal RC product in each individual section.  This represents an

ilmportant ‘achievement in the design of phase splitting network over fhe

quadrature modulation dedign method.

> . . One advantage of the quadrature modulation method, which employs

I

two all pass netwoerks, over the sequence discrimiation method can be

explained by referning‘to Figure 2.4. It can be seen that the two output

signals'Vo and Vé are frequency dependent and;

.
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—

The wanted sideband is proprotional to #{| V, + VZ, | }, and

The umganted sideband is proportional to ¥ |V, - :) [} -

14

Over the specified bandwidth of the realization both V, and V:., are

identically equal {in magnitude and in phase quadrature, and hence
. ] . " '
The wanted sideband (passband) = 20 log | V,(f) |Od~B,

The unwanted sideband (stopband) = -« dB
. : ¢

| A
Congidering the abave results, there is an obvious difference

i

/ .
compared with the conventional all pass realization. The two outputs from =
iy 4

the ,all-pass realization are identically equal in magnitude at all
frequencies, 1.e. Vo(f) = V5. Hence the wanted and unwanted sidebands
are proportional to V, COS § and V, Sin § respectively, where 25 1is the
phase er'rotcbetween the two outputs., For § = 0, then-
The wanted sideband = 0dB -
m:manted sidebam“I = ~odB

’
r

The performance of the modulators is very important since any
. *

‘errors in their gain or phase can pose severe problems. The modulators “

v

used in this thesis are of CMOS IC's type which are characterized by N
their excellent linearity and very low ON resistance as indicated in
sec. 5.3, However the.relative timing between these switches is very .

important,_and any carrier leak due to coupling stray capacitances should

cancel at f., As pointed out in (27) a relative error of At seconds,

.
v ’

in any path, from the exact switching time has a negligible effect in the

passband, while its effect is dominant 1’n the stopband.

e - . S e L e s g §
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Consider the switching waveforms given in (5.4), for a time
error of Lt seconds 1in the first path, it can be shown Ehat the

{
magnitude of the remaining components {s (2 fgaA t) V. Sin( kn ).
/

R

This may represent a problem particuldrly at high carrier frequency, bt
with the operating frequency and the available CMOS ICE no problems were

encountered. The switching scheme of Figure 5.11 was suggested in

*

[3, 25]) to reduce the effect 03 the imbalance in the modulators. A

switch which 1s operated at 4Mtimes the frequency of the input signal of
Figure 5.5 (i.e. 16 f;) {s employed to reduce the carrier leak
between the switches. It is arranged as shown in Figure 5.11 to chop out

the signal during the ON and OFF periods between two successive

‘switches.
' . -

Consider again the modulation process as previously described.
The four phase signalé which represent the inputs to the four multipliers
were assumed to be identically’equal in magnitude and :in perfect phase
quadrature. This ‘1*8 not practically the case and any gain or phase error
in one path can be considered as a modification of the signal in that !
p.ath. To study the effect of~ poss‘ible gain or phase error counsider, for
example, an error\of § has been encountered in the first—path, then the

four o tput signal to the modulators can be written as;




R A A —— —————

., ' : - 143 -

Uy - :
4 0—0/0—-—4- U3" . ; 1
U3’ { .

2 " B .
3 0—0 0—4 U4 ‘ 4 -
. U3’ r__o/o-.._—

|

« - .

Figure 6.11 A Switching Scheme to Reduce Unbelance Effects , .
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-~ where the + in V, and + V, are used to distinguish between negative

and positive sequences, respectivel‘y\
for V= 1, it can be shown that [3]: ;

}
The unwanted sideband ~ = §/4 ,
/ '

The wanted sideband =1 +8/4 ' Q

. 1 + 8/4
The sideband discrimination = 20 log (_%'/_4_/__) dB

[

>,
S

Similarly, for phase error’ ¢ 1in one of the paths (V, = exp(j¢), say, then,

The unwanted sideband = & [Cos¢ - 1+ j Sin ¢]

The wanted sideband = 4 [Cos¢ +3 + § Sin ¢]
[ , /
The sideband discrimination = 10 logp5 + 3 Cos¢p g * . .
: 1- COB¢ \

: o )
During Qemodulation, to recover the orig\;lnal transmitted signal
it is necessary to generate a local carrier at the ;'eceiver for the
purpose of synchronous d'etection [47]. Ideally, the frequiehcy of the h
olocal carrier must be 1d§ntic‘al to that of the carrier at the
transmitter. Similarly, the phase of the local carrier should be
fdentical to that of the reference carﬁer in the receiver signal. Aay N
discrepancy in the frequency and phase of the local—carrie;'fgives rise to
a distortion in the detector waveform. As an ‘example consider the case
of a local carrier with a frequency error of Au)c. The received signal i'.s 4
f‘”‘?“‘”ct‘ and the local carrier is Cos{ (mc,+ Amc)t}, then
£(t) .Cosmct.Cos(wc + Afnc)t = 4 £(t) [Cos(Amcg) + Cos(ch + Acuc)t:]

The second term of the above equation will be filtered out while Cos’ (M _.t)

represents an extra term. Thus instead of recovering the original sighal
. f . ‘. *

W
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£(t), the signal f(t) Cos(Aw.t) is obtained. In general,ch+ 0 and

f(t).Cos(Ath) represents the original signal f(t) multiplied by\a slowly

varying gain coﬁstanf which is rather an undesirable kind of distortion.

In the scheme suggested in the next section both the modulators and

demodulators waveform were driven from the same four phase carrier
-

;

.
generator and lrnce no such problems were encoun{\ered.

- ®

o

o

5.7 PRACTICAL POiYPHASE MODEM ’ |

-

¥

©

In this section a block diagram of a channel unit modulator/
demodulator (MODEM) 1s suggested using’the sequence discfiqinator
networks introduced in the p;e%ioﬁs chapters. This block diagram is .

)
shown in Figure 5.12 whefts‘QEwEEE/transmitter side, 12 voice channel
v g .

(each of 0-4 kHz) are mbduiated directly to 60-108 klz as shown in
Figure 5.1. At the receiver side these 12 modulated channels are

demodulated to generate the original transmittfd signals.

H

The amplifier-limiter‘and the audio low pass filter preceeding-
the :sequence discriminator network at the transmitter side are used to
band-limit the transmitted voice signals to the required upper band edge

" ( =3.4 kHz) to prevent any interference into adjacent channels. At the

receiver side an audio low pass filter and an amplifier can be used to

recover the original transmitted signal, reject the unﬁeceséary channels

and miﬂi@ize intermodulation and noise that may be encountered from the
L

—1nterference of the adjacent channels.

°

-

e The sequence discriminator networks are used in both the

transmitter and receiver sides as shown in.Figure 5,12, Both networks are
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80052 Audio ’ , . ] 60— 108kHz °
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i : —— a_ L ¢
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". Figure 5.12 Sequence Discriminator Channel Unit Block Diagram
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simiqar in their design but the one at the transmitter side is used to 2

between sequences in 'the voice frequenc"y range and reject ‘the acdjacent

section 5.3%. .

’ .large mnber of signals at che same time on one channel was lnvestigated

Pt
%
Al

L4 .
- 167 - . , . , LN *
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2 hd El - -
. o

* . - . € . N 'y

23

generate four signals in phacse quadx;anure” with -tespec”t to one another,

The sequence discrtmiﬁator network at the reéelver side distinguiéhes . .

-
2 <
© ‘ [2

channel on ‘ihe other side of the carrfer. . -

?
— e

=)

CMOS switches are best ‘éuited as .gwitches for mdulati'cn-denodulat}o_n
2 n
purposésg because of their excellent characteristics,as was indicated in .

e

k] o >

- o

- T 3t . ; - i

3 b . . ¢ h
° 'The four carrier signals, psed to .modulate (demodulate) the ‘
twelve. channel.s directly to ('from) 60- 108 kHz on the transmitted - ,
(receiver) side, are generated from thé same four phuse carr er generator 1‘

] . s
with its input frequency 4f., where f. is the required carrier. ' !
’ ' ' ' 1

Generating the modualting (demodulaiing) waveforms from the -same v
- , .
som:ce will enabl! us to have a local carrier at the receiver 1dentica11y

—

equal in frequency and phase, to that of the darrier at thé ttansmitter.c

N . °

'

5.8 CONCLUSIONS - &~ s

. . s o a o !
: .In this chapter we have demonstrated the practicality of the ° . :

propo sed s'eciuence discriminator netuorle:s whether in the active RC forms

~
W

or inh the fixed—~switched capaciéor configurations. : . b

"

’

- \ (h .

; The princlple of frequehcy tfanslntion and the transmission.of a
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using'the technique of frequency division multiplex (FDM).. A 'channel

bank consisting of 12 voice channel (each of 0-4 kHz) was proposed for

o

. transmission to/from 69-108 kHz by modulation/demodulation.

The principle of N-path filtér and its use in conjunction with

single-~sideband g}gnal generation is conside;ed for comparison with

# Gingel's polyphhse filter; where the.N filter in the former have been’

"\

repalced iﬁ the latéer'byﬁa single N-phase sequence asymmetric polyphf&e

filter.

i

k4 .

. 1

< ‘ -

I3

CMOS s%itches have béen found to be ‘the most successful

[}

" _,candidate, as multiplier, for their excellent charactéristics. The main

N

through M, a single-sideband signal was generated .

princiéle of generating and detecting dingle—sideband sighalb was given,

where four phase signals forming a symmetric sequence were‘genérated from

4

S

the two outputs of the sequenge discriminator network. The.signal were

ﬁultiplied by their corresponding catrieiq‘which also form a. symmetric

sequence of the same polarity.

By adding the four modulated signals M,

L P Y
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product in each section is set to previously specified value (i.e.
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. CHAPTER VI, e

CONCLUSIONS

6.1 SUMMARY

e 4

o

This thesis discusses two types of phase splitting networks:

F

(1) Active RC networks p

(11) Switched Capacitor network

"both, are primarily used for the purpose of generat

. 13
phase quadrature over a wide band bf frequency. \\

+f

« o

' \ -
A new class of active phase splitting networks has been
introduced in this thesis. Thése networks are characterized by their

abiltiy to discriminate between different types of applied polyphase

input signals in the freqﬁency domain. The tealizaﬁion of fhe active ‘ . o L
structures makes use of é;sistqrs‘and capacitors as the basic passive .
elements and the fairchild uA 741 operational amplifier,as‘the only 7
active’device. The minimax algorithm was used t; calculate the values of ‘ .;

the resistors and capacitors. These values were cﬁosen such that the RC

additional constrained in the minimax algorithm). The | bandwidth of the.

realization 1is det;rmined by the differéncq between thJ RC-products in

the individual sections. The operational ;mplifiers‘vere/used in

different mode of operations, either as buffers betwegh the,caécgded

”

sections or as inverters. . ‘ ' '%_\
) .
p
Studies of both éhe;gain and phase sensitivities to viria:&oﬁs in

the positions of the notch frequencieg have shown that these netwo;%s are

superior in their performance, to the all-péss realization. Further

~ \
o
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sensitivity improvement has been achieved by a proper use of feedback,

S
7

Comparison between the different types of polyphase active networks
; \ indicates that the nep#orks with- feedback and particularly the positive

feedback configuration ratain the attractive feaﬁures of the original

design, while improving the sensitivities both in the passband and

<

' stopband; , In addition to the simplicity of both structures (with and \

without’ feedback), the networks introduced are relatiyely less sensitive

to component variations when compared to the quadrature modulation method |

s for producing $SB which implements the 90 degree phase difference

networks by employing two independent all-pass paths. .

N

The proposed active phase splitting networks were evaluated

el S A R ey
‘ .
—

“experimentally, for the’particﬁLat application-of single-sideband signal _

generation, by measurements of the network response using four external

)
i

modulating signals in phase quadrature to each other. The modulation/

‘demodualtion schemes have been propased in chapter 5. 4 . /

\ H

ummary, the active RC structures introduced in chapters 2 and

3 have the following attractive features:

1]

1) Simplicity of design

2) The cascaded approach-is attractive for post-design

i : adjustmenté as each section is 1solated'f} m the other.

. ~

' * 3) Tuning can be done by varying the RC-product in each section |

\ ) separately (by simply trimming R's only). “
. 4) Low sensitivity to gompoﬁent vérﬁatfons.
* §) Either upper-sideb;nd (USB) or lower-sideband (LSB) signal can

; ) . be generated by interéhanging any two modulating or carrier
)

@

B ; éighal;-which are 180° out of phase.
& . 1

L
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As Large Scale Integration (LSI) techniques are betng’hng’bo
integrate systems, it is becoming increasingly important to develop new
techniques to efficiently implement active RC networks, It {s for this

reason that the sampled data active phase spliting sequence

. discriminator, introduced iQ(cH3§EEt34, was realized by replacing all.

-

resistors, in the active RC design, by switched capacitors. [t has been

shown that there is an apparent equivalence between a resistor and a

circuit element consisting of a capacitor and two switches if the clock

/ N .-
J rate of the switches is much higﬁér\than the higher frequency of the
input signal. '
R ’f The frequgncy response characteristics of the two realization are

image of egch other, I[n addition, a stable RC realization with all its
~ ' ' M

poles in the left half of the S~plane corresponds to a stable sampled
data switched capacitor realizatiagn with all its poles inside the .open

: Y
unit circle. The greatest assets of the switched capacitor technique
: A

are:

1) The equivalent resistor can be fully integrated using MOS

technolog& with an efficient utilization of silicon area.

2) Reduced circuit complexity.

> ' - 3) The temperéture stability and linearity of the equivalent -

resistor are much better than for é%e integrated (diffused)
s
resistot. - ) R

w

_4) The filter characteristics such as gain, resonant frequencies
?nd/or cut-off frequency can be modified by varyipé the
capacitor ratios or the clock rate of ‘the switched capacitor

4 *. ' . -

or both.




¢

The sampled dq}a active phaée'splitting netwrk was used for

v

,8ingle-sideband signal generation, and it has been found to have

comparable properties to the realization using resistors.

.

6.2 SUGGESTIO&S FOR FUTURE INVESTIGATION : : . "

This work has laid the basis for further studies in the area of
active switched capgpitor networks for more accurate measurements over a\
wider'frequency band. The author feels that it shouldlbe of interest to \\
examine the effects of.the stréf'capacitance of the MOS switches when /
employing different clogks for the different cascaded sectiong. Such an
effect is more imgort%nc to conside; when designing the amplifiér and the i
netwrk.elements on' a single chip. The networks behaviour should also be

invest{gated when considerfng carrier frequencies higher than the one

_considered in this thesis (i.e. 64 kHz). The effects of the finite

4

{mpedance levels of the operational amplifier'(such as differential input
impedance, output impedance, etc.) on the design presented in this thesis’ |

should also be investigated.

\J .
_In conclusion, the author hopes that with the potential cost
saving and size reduction possible with modern integrated circuit

te/c\llology, many areas in communicatfon and instrumentation will benefit

from the .application of the active phase splitting.networks presented in

this thesis. ) /
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DERIVATIONS OF THE ACTUAL OUTPUT VOLTAGES V. AND V'
AS FUNCTIONS OF THE POSITIVE AND NEGATIVE SEQUENCES
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AS A FUNCTION OF THE POSITIVE AND NEGATIVE SEQUENCES

For the network of Figure 2.5, the twp output signals Vx and Vy,

‘from the first section, due to both the positive and negative sequences

were given in (2.3), (2.4), (2.8) and (2.9) respectively. By

. interchanging Vop(Von) and v;p(v;n) by Vx and Vy regpectively, then for

the positive sequence only we get - .
v o= | W) . | (A: l-)
and * 1+ jcl
Vv = 1+ l;]'. =3V : 2
Y I+_j;1' (a-2)

Now, Vx . Vy and (-Vx) constitute the input to the second dection, then;

.Vx + jczv:y = vop(l + T:’11;2) (A-3)"
\
Substituting (A-1) and (A-2) into (A=3) gives V'op' for the non-ideal case

[

as;

oy ' i . . 1+ '
v =13 I7 \1 ;;1 vt ) (a-4)
op 2 + [ LI ,
' 1. 1+ flcl-

Sim:i:larly; .
- ' = ] \ag ! . ' s
Vo= JepVy = Ve (1 ety

‘ U \
cz(l + cl)]

i

then

]
yt = -3 ! N ] (V) (A-5)
,op 1+C'2 'l"‘j';’l‘ 1tjCl . .

1
cz(l + cl-L

For nominal component values and in the ideal case where W; = wi then

equations (A-&).and (A-5) can be simplified to; -
op (1 + jg;) 1+ j-cz) - :
SN -
N - -




4
v e emem s e e ‘ .

~a

_ -~ A3 -
‘\\ '/J
S )

CERALN Szij,,uup__..—“ S ey
4 - : ) a
2 .

. and

V' o=
op 1+ jcl) (1 +73

" o o — - -

For the negative sequence only, then;

\ ' 1-¢ : ) . " —
\ v s —1 W R (A~8)
\ x 143G . . .
and . . _ . }
. 1=~k : , v ’
.oV = L (v (4-9)
X o+ jC' -
l i
¢ Following the same procedure as in the case of the positive sequence, the §
. A
two output signals Vo; and V;n can be written as, N i
Prs ‘ . . * - ‘ %
¥ ) 1 " l-cl ; l-cl ’ E
2 e [ +72 1 ™ : -
Von (1+jg,) 1438y 1+ "1 (A 19) §
- and . L . :
. - - -~ . - . o !
a ¢ o ’ l_;i . 1_:1 . Y ) f
' . ' - - A .
Yoo WA C % T O Uiy
For nominal component values (A-10) and (A-11) or simplified to
U o . (-12) /
ing O D ATy
A :;:\‘75)'. ;’?:% ot V' - (l_ Cl) (l‘-CZ) (jV) - (A‘l3) ) !
q:'.n ,"ft't%' on (l"'jCl) (1+j ;2)
The actual outputs V, and V; can be obtained by‘adding the outputs due " ,

to both the positive and the negative sequences. From (A-4), (A-5),
(A-10) and (A-11), the two outputs 23 and V;ﬁfor the non-ideal case can
\ “be written as;
) g L

[
1 1 172
v = (2v
o 1+3z, [1+jc1+ l~+J:1' 1 o




¢ R .
R S 2 (-24V) T (A-1S
Vo= T LT T 1 (A-15]
¥ 2- 1 1, :

. , N : S/ ,
whe;e, as 1t can be seen from (A-14) and (A-15), the output signals/ Vs

. e ¢ I
and V; are functions of the actual input signals (+2V). B

.

. ‘

v ! ' .
P

For nominal component.yalues, the two .outfmt signals can be simplified

to; ] .
) @y,
T+ 7E ) (11T,

o

‘

1t epmt
(1+j§1)(1+jc2) : o

3
“

R, B
” \
As were'given in (2.22) and (2.23) respectively.

!
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- . N P
% — -
13
oo ° -
s -
. -
- R .
- . - .
-~ RN
. 7 -
. .
<
.
- .o - LN
~ e . .
bt - ~ - L -
, . - " - .
. - ~ 2 , - .
M 9 - -
f . - H -
. © . N - v -
N - b w: ¥
o v - A
. . S
-~ - - .
4 . I o
. . . . -,
. . A e ] e u e
. Y I . R
2
- ¥ B .. 3 . .
e . . - - v . -, -a A
t . (R
. ; R - N
* i - P -
-~ f - . <
z . ! B - ’ 5
z . . e, & :
P . & - F-
. !
s P S .
H ° - .
~ f
N v S A AN - - —
5 R Y T N

LTI




P ’

) - B2 - - -

SENSITIVITY ANALYSIS FOR THE NON-GROUNDED NETWORKS B

.. : i ~

‘Passband Sensitivity

L
| Se——

“Recall the passband expression as given by (2.33) and let';

o~ ' = ) : (B-l)
. - Wy T 0y thwy
. Substituting (B-1) into (2,.33) and for first degree of approximation
~then; ; i . S
' ' w w w .. Lo W
(1+7 ml)+ 3 wz(l-j wl) . 2 ™ A
v; = 1) W w ‘ ot w 2 :
(1+1 29 (143 =) , 1+ =) (143 D 2 !
Y% o Y = “1 Wy -
' , - (B-2)
) =V + AV ’ -
. T P _P ' * .
AV u, . T Aw . .
d S QO S EESILGR " | @
P (+ =) A+—) 1+ 92
. wz Wy w2 " @
. &
The passband sensitivity to Wyis;
+ t v " Al ) : . ";‘
g AV V. . .
’ “ B, /w ‘ N /
‘ e T A . SR o
. L S S~
/ . ~
o ,
Vp ) | -(;; ' ) . .
: =2 () w o w ’ (B-4)
2 (1+3 D)1+ =) Qe =)+ :
Stopband Sensitivity w2 L1 w2 Co

= Ly . L .. »
N »
4

— * .
| Tb- ‘gt‘opband axpression tn‘jlvgn by. (2.1&).. By substituting
 (B-1) into. (2.34) and for firs; degres of approximetion thed;
. - » ] . .
V! = v‘. + u'

S T




- :
I A — ~ . (B~5). CL

s (15 2 (144 w2 S
\ [ wy wy .

Then, the stopbahd sensitivity is given by;

Ly INIAY . o
8 8

.. LW A@zlwz : ’ ;

. \* : ., o, ) :
- S =) 22 N

") W W - :
R . - (1+3 B—) 1- u)__) (1- B"‘) ,
‘ : 2 1 2
By separating (B—ﬁ) and (B-6) into their 'real and imaginary parts both o .)
. ) - ' 'al . ' 4 - .
3 ) . the gain and phase sensitivities, to the variations in the’ RC-product of .5,
- i “ [ ] ‘“ (“’.
. N the second section, can be obtained ) . o ) .
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. ) iy
SHAGRAM SENS 13/17e 0obPT=l FTN R.0¢4%3%4% 18/70370 3

PROGRAM SENS(INPUTsOUTPUT)
DIMENSION X1({250)+sT(250) s XX(250) 9YY(250)¢Z(250)9TT(250) »
DIMENSION T1(250),72(250)+T73(250) .
-COMPLEX SFNySENLsSEN2+SENISENG s SENSyPySENBISFENT + SEN8y SENS
¥ COMPLEX A+Al1+42+A39A4,A5,A69AT+ABIA9

] COMPLEX B+B19B2+B3+B4485,4B6+R7+BH8yB9

. COMPLEX B614+B629AAsBAJAALIBAL
COMPLEX A12+A134A1'19A219A310A329A22¢A7Z+A4339A219AXeAYsAY]
COMPLEX Al49yA243A4469A150A259A359A550A66 .
COMPLEX SEN1O0+SEN11+SEN129SEN1IIvSENALYSENA

2

DEL1=,05 4
DEL2%,05 - ‘ . -~ §
PRINT 1 ' ’ h 9
PRINT 2 T ' T 3
PRINT 5,DFL1 , ‘ i
PRINT T,DEL2 ’ ‘ i

FORMAT (1nX s *PERCENTAGE VARIATION IN W1 IS =#,E12467)
FORMAT (10X +#PERCENTAGE VARIATION IN W2 IS =#9E12,6/)
FORMAT (1H1) R
FORMAT (20X 9 9PASS BAND S£N$TIVITIES*//) B ) :
PRINT 6 <

N 3N

6 FORMAT(SX.“FREQUENCY-KHZ'o6Xo“GAIN3*9llx"GAINh’ollxv'GAIN5°-12X-'
SGAING® 9 L 1 X e 8GAINT® s 11X+ *GAINIO®TXy*GAINLI2® //7/)
PI23,14154265364 . ; S
1=1 - . )
Freol e o . ..

. FIz,02 ., = , ‘ J
F2s4, . . . ‘ v —
NsF2/F1 - ‘ o N :
Rls=, 4 Rl i C ' AT T o
RZ'.S . . ¢ I
Cla,25 - 7 v R
. . C2=s,1 ’ : e - 5 N

WIi=1,7(RI%C1)
. ‘W2=Z) ./ (R20uC2)
3 FaFeFl _ . :
o NlZ ET-3 12 . o o . f o 3
P2 (] E=50,14) %W ° A '
XsW/w2 -

/ YaW/w]
N PASS BAND . SENS!TIVITIES WeR, x. Wl
C . GROUNDED VETWORK <o
“aav : N 'S .
> . © B3IE(les(P/WL)I®(1,0Y) . . {
SEN3Ix (A3/R3) *DELY -

~,

GATN3=ABS (REAL (SENJIT) T
- . PHI3=1BON*AIMAG(SENI)/PT . L 3
C - POSITIVE FEEDBACK CASE - o )
A6EY®R (1,0 (P/W2)) - - )
B&lz(l,eoY)"
asz..z.ax-Voz.o(:p/ul)ocp/uz))oc(t1.1u1)ox1./wz>)-na)oukiuz

BESBEI*Bé?
SENG= (A6/R6) *DEL )
GAINGSABS (QEAL (SENG)) . -
s PHIASIBO ., N®AIMAGISENGS) /PT ' :
( NELATIVE PEEDBACK CaSE

i ansgp/u2 PR (P/yl) )

B T PR
: .
R

D
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PRAGRAM SFNS 737172 nPT=al FTN 6060838

AlZ:AX“((1.-((?«#2)/xw1*w2)))’(é.O(PIWI)*(PIVZ))6((P/w1)
$e(P/w2) ) 462)
A13=AY“((fP““Z)/(wl“HE))¢2.“((P/N2)°“2)0(P/12)-(P/N1)-1 )

7870370 §

AY-(((F““?)/((WQ““Z)“NZ))0((P“°3)/(N1“(N2*°2)))*2-“(VP““2)
$/(N10H2))0(P/N1)‘(PIN2))

(o
All=Algerld
A21=AX°((!Q/Wl)’(PINZ))“(‘P““E)/(NI“NZ))OQP/UI)*(p/WZ)01 )
A31=AY“(((9“”2)/(HI*W?))*(P/Wl)*(P/NZ))

. ¢ A32=2A21~A%1
A22mAll=A31l®(P/W)
AZ’(I.OX)U(l-*Y)'(?n*lP/Hl)‘(lez)—X-Y)
' SENIO’(((D/HI)*AZZT/((1.¢(P/W1))“AY“AZ))“DELI

@ GAIN10=ABS (REAL (SEN10}))
PHI10=1B80,02ATMAG(SEN10O) /P!

C PASS BAND SENSTTIVITIES WeRaTe We

C ALL PASS VETWNORK

AAL=o 18158 («W®(1,¢,02R58W)éP4(]1,~,0285)) '
BAL=(1l.+,18158pP) 0 (1., 151*“*.0052“(#““2))
SENAL=(AAL/BAL)%DEL2 ’

GAINL =ABS (REAL (SENAL))

= PHTAL=IBU, U#ATMAG (SENAL) S
c GROUNDED NETWNRK
Abzx®(]l,=(P/W]1))
D OBAE([ae(PAH2) )0 (1 eX) (] SY)
" SEN6= (A4/R4) 8DEL2
GAIN4=ABS (REAL (SEN4) )

y PHI4=a]1B0,N®AIMAG(SEN4) /P] ;
c NON GROUNNED NETWORK
' ASEX= (P/W2)
85'(1-0(P/N2))*(I.QX)'(I.‘Y)
SENS=(AS/a5) #DEL2 ‘
GAINS=ABS (REAL (SEN5) )

N e e e g Wt e Sas

PRISEI80. 0" AIMAG (SENS) 7P
¢ POSITIVE FEEDBACK CASE
ATZY# (1,6 (P/W1))8(1,¢(P/W2))
VBTR(1eeX)n(1,0Y) B62
SENT=(AT/RT)#DEL2 i ) ' :
GAINT72ABS (REAL (SENT)) | R

. : PHIT=IB0.0%ATMAG(SENT) 7P
§ " C NEGATIVE FEEDBACK CASEqes,
! d AYl=2#AY
: Alkata.'(«pnuaw/((w1~~2)-w2))o(P/w1)~~zotP~~2/(w1~u2))t
$ (P/W1) & (P/WA))
A24m (2,4 (P/WL)+ (P/W2) ¢ (P/W]) B2+ (P/W2) #8202, % ((PW#3) /(

$ Wi (W2092) ) =2 ((PRu3)/ (W2% (Wluu2)))) "
v Adbx (Ale+a24) e (((P*R3) /7 (W2O(W1282)) )+ (P/W2)) *AY]

$+(P/wl)+ (P/7A2) )R (AYs(D/W))IABD 0 (P/u2) B42)
(A25mAY1®(((Pe#2)/(H1WW2) )+ (P/UWL) ¢ (P/W2))
A3SEA154A25

}
i
|
t/ s 4 AlS= (2,9 ( (P#83) /(W24 (W1%a2)) ) e (P/Wl)#u2e (Plu2) /(W]l0N2)
z
!
; AS58A44=(AI5T (P/W) ~

! < SEN12-¢cP/uzboASS/(AvloAz))OoELz -

§ GAIN12sABS {REAL (SEN12) ) : L
% , PHI1J8180,00ATNAG (SEN] 2) /P] ' .

¢ STOP BAND SENSTIVITIES w,R,T, wl

¢ GAOUNDED wE T40RK

o

o0 . x *
3 CONCORDIA UNIVERSITY .
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3ROGRAM SENS

737172 0oPT=l

AzY
Be(l.¢(P/Wl) )8 (1e=Y)
SEN={A/B)#DELL

FTN 4e64446

78/03/0 1

GATN=ABS (EAL (SEN) )
PHI=1B0,0%AIMAG(SEN)/PT
POSTITIVE FEEDBACK CASF.
AB=AG

BB=(1,=Y)8B62
SENB=(AB/aB) #DFLL

GAINB=ARS (REAL (SENBY)
PHIRzS1BO0.N*ATMAG(SENS) /P

NEGATIVE FEEDBACK CASFeae

A33zA21+A31% (P/W)
AZlz=(loemX)#{lemY) R (240 (P/W1) o (P/W2)sXoY)
SENTIS(((o/W1)#A33)/((1las(PrWl))nAY®AZ]})*DEL]

GAIN11=ABRS(REAL (SEN11))
PHI113180,0%ATMAG(SENYI1) /PI

STOP BAND SENSITIVITIES WeR,Te W2

ALL PASS NETWORK *
AA= 18150 (W#(],=,02850W) +P®[],4,02854W))

"BAZ(14¢41815#P) % ()40 1534We,0052% (We52))

SENA= (AA/BA) #DEL2
GAINA=ABS (REAL (SENA))
PHIA=1BO,02AIMAGISENA)
GROUNDED VETWORK

Alax®# (]l =(P/W]1})
Bls(lee (P/N2))a{l,,=X)8{],=Y)

SENT=(A}/S1) #DEL2
GAINI=ARS(REAL (SENI))
PHI1=180,0%AIMAG(SENL) /P]
NON GROUNDED NETWORK

A2BX+P /W2 <
BEE(1+(P/W2))?(le=X)®(],4=Y)

SEN2s (A2/32) #DEL2

GAINztABS(REAL(SENE)) R —~—— .
PHI2a21B80,0*AIMAG{SEN2) /P1

POSITIVE FEEDBACK CASE

A9=A7 ‘

B9 (l,~X)2({]l.~Y}#B62

SEN9a(AG/R9) *DEL2 '
GAINS=ABS (REAL {SEN9))
PHIOz180,N"AIMAG(SENT) /PT
AG6aAGG4e (435) ¢ (P/W)
SEN13=((P/W2) #A66/ (AY12AZ]1))wDEL2
GAIN13=ABS (REAL (SEN13))

PHI13=180,04AIMAG(SEN]13)/P]

PRINT 4¢F¢GAINI+GAIN® ¢ GAINSsGAINGIGAINTGAINLO»GAINLI2yGAINL

PRINT 4;F-9HI3oPHIGcPﬂIIOoPH14oPHISoPHI?oPHI12
FORMAT LIXs9(1XsE14eT)) .

x1(1) =¥ '

XxX(1)=PH]

WPHIAL

YY(1)3PHIR

2¢1)y=PHILY

T(1)=PHL)

IT(1)mRN]?

T1(1)mPHID ’ .
T2(1)®PH]I
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SROGRAM SFNS 37172 0OPT=l FTN 4.5¢840%

"1

T3(1)=PHIA
I1=1+1 '
IF(F,LT,F?2) Gn.TO0 3

PRINT 14
14 FORMAT(//) 4
PRINT 15
15 FORMAT(20xs#STOP BAND SENSITIVITIES®//) ,
PRINT 8
3 FORMAT(SX.“FREQUENCY-KHZ“o6X,“GAIN’.llXo.GAINl"1IXO'GAINZ“oBX,9

SGIINB“v12¥!“GAIN9“913XO”GAIN11“913XO”GAIN13'///)
D0 40 J=] N
. PRINT 509X1(J)oXX(J)'YY(J)QZ(J)OT(J)OTT(J)'TI(J)vrz(J)QT3(J)
S0 FORMAT(1X99(1XeEl4eT))

40 CONTINUE ’
sTOP
END
1ROLIC REFFRENCE MAP (Rw#l)
iTs
is S
SN Tvypg RELOCATION : ‘
COMPLEX 5651 AA COMBLEX
COMPLEX 5705 AX COMPLEX
COMPLEX 5711 Ayl : COMPLEX
COMPLEX 5703 A2zl COMPLEX
, COMPLEX 5665 All COMPLEX
o COMPLEX . 5663 Al3 COMPLEX
b COMPLEX \ 5721 A1lS COMPLEX
{ COMPLEX ‘5667 A2l COMPLEX
f‘ COMPLEX ) —S715 A%% COMPLEX
(k COMPLEX 5603 A3 ~ COMPLEX
g COMPLEX 5673 A32 COMPLEX
v COMPLEX 57%5 A35 COMPLEX
E COMPLEX - 6717 A4s4 COMPLEX
CIMPLEX 5727 A5S5 COMPLEX
COMPLEXy 5731 A66 COMPLEX
. COMPIEX : 5615 A8 COMPLEX
COMPLEX . 5621 B COMPLEX
3 - COMPLEX ‘ 5657 BRAL COMPLEX
; COMPLEX ‘ . 625 82 COMPLEX
i COMPLEX . N 5631 R4 COMPLEX
COWMPLEX B535 B6 COMPLEX
COMPLEX N 5647 , R62 COMPLEX
CIOMPLEX . " 5641 B8 . CODMPLEX
COMPLEX . 5761 .Cl REAL
REAL ~ §747 O0EL1 REAL
2 REAL’ : ) 5753 F REAL
REAL , 5155 Fe — REAL :
N . REAL - 6016 . 'GAINA REAL , ,
NL REAL i 6020 GAIN1 REAL '

N1O REAL - 6014 GAIN11 REAL

CONCORDIA UNIVERSITY
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, APPENDIX D '
.o - T -~
, DERIVATIONS OF THE 6UTPUT SEQUENCE SIGNALS P _
IN TER:MS OF THE POSITIVE AND NEGATIVE INPUT
. E, T
: - SEQUENCES FOR TME SWITCHED CAPACITOR NETWORK
v i ~
- £, ~
v ' AR e N
. a RS Cos
iy
¥ ‘.‘ .
. ; - . . .
I S
» . ' A . '
.,I - . I' ¢ . ;) \ \ ¥ * * . ‘ Ay n '
R N - i . - s
I d ‘. ‘ ~' N, ‘ PRI J \ “‘ '
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DERIVATIONS OF THE OUTPUT SEQUENCE SIGNALS

IN TERMS OF THE POSITIVE AND NEGATIVE INPUT

SEQUENCES FOR THE SWITCHED CAPACITOR NETWORK
{

-

Consider the network shown in Fig. 4.4, by applying the negative

*
sequence (V. , jV , -jV_ ) shown 1in Fig. 4.4¢:fthe charge conservation
in in in /

equation yeidls:

7

Cx[vxn(n) - V(-1 = —Cl[{V G (n—l)}

. ERVRCRERA (n-l)}] . (D-1) ‘
and l
ekt ' - - - .c! - -
Cx[Vxn(n) ij(n 1)] lefv;n(n) V;m(n 1} (0-2). )
- {Vin(n) - Vin(n-l)}] : 3 -
Z-transformation yields
1 . . - .
- (1+ja.) . e
I B Vv, (@ (D-3)
LA T N =
and _]-.:0-11
‘ ' el
z - . (1+jal)
- =1 .. 1” . v, (z2) .. (D-4)
Vyn(z) - Imy z- 1 in . -
l+a1' '
let o = o' then, i .
Vyn * Vi ‘ ‘ . (D=5) —

3 .

iy

Y
~

From (3), (4) and (5) the two output signals from the first section are

* equal in magnitude and in phase quadrature to each other.

Iy . -

. . "
Using the same énalyticaal approach, the outputs from the second.

" section can be written as: - /
g . .

2
b

MJhen mlyzing the input gignal td@lts pocitive and negative sequence

¥

; _. equivalencds the magnitude oj% sctual input is twice that of :hc e,

i Ll

' sequence. 1.8, Vg, (acml)p V4, (sequence).. ~ ,

»
. -

t ° .
Raahdl S R ™

o
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{z - (l+jal)}{z - -(l+jo.2)}

_ -1 v, (z). (D-6)
Yon®? ‘TGey - ot _1 '
l+a l+a
1 2
and.
0 {z - Qrja) Hz - (L+jay))

[ - -] . (D-%)
Von(z) '(l+a1) (1+a2) {(z- 1 Hz-~- 1 } vin(z)"
1~'l-ctl l+c12

"From (6). and (7) then . o ‘ ‘
V' o= 4V ’
on on

conservation equation yeilds:

Cl Vop (®) - Vin(n-—l)] = jclt{vxp(n) - pr(n-l)} - o8

+ ] {Vin(n) - Vin(n-l)}] \ . (D-8)
and - :

C,';[Vyp(‘” + jVn(n—l)] = -G [{vyp(n) - vyp(n-l)}

~ + {v, (n) = V(1) }] (D-9)
Z-transformation yeilds ' \
. - i
z - (1-3a,) *
v (2) =-rl . - - l.v (2) ’ (D-10)
Xp l+a . PR in
_and - lta, ’ . ’
) z -~ (1-§d). V. (2) ! ~ (p-11)
. ’Yyp(z)='l+a'1 Cz-_1
l+m;L oo

-Following the same procedure as in the negative sequence input case, the

. two outputs from the metwork of Fig. 4.4 are for the ideal case are;

v (@ - -1 . {z - (l-jal)}{z - (l—jaz)}.vin(z) oo
op (to))(Ttay) {z-_1Hz- _13% (D-12)
. l+a 1+
— 1 i 2
and . .
o . T {z- (l—jdl)}{z - (=ja)} ‘(z)
' ‘=z . — . . (D-13) -
Yop'® (Trag(rag (2- _LHz= 11 '
C s . 1+u1 ~ '1+cx\2
[ . ,
[N T . . .
[} ‘ ‘ _v/" ‘ l ;o

5.
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!

.

As can be seen from (10), (11) or (12) and (13), the two outputs from

each individual section are identically equal in magnitude and in phase

quadrature, where: o .
. ' ) ¢ V
Vo = 1V " (o = o))
and l ' ' ‘ ‘.’
Yop = Wop , ) (“1‘..' oy -

Thege results agree with the previously obtained “ones from the RC active

)

realizations. ~ -
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v ‘ ) FREQUENCY COMPONENTS OF THE FOUR DEMODULATED WAVEFORMS
< (Y

Consider the’ demodulated wavef\onns D, Iz, D3 and D4 as

given in (5-16). Applying the frequency shifting property, the Fourier ot

spectrum of the four demodulated signals are given by;

Mz
,\\Q Dl(t)<—> ijVsCG(cu + u.\s) -'Ggw - ws)] + ik 121_ v5,1)1:1=1' Sa(ZHmk)..
t\ - - - - : - N ' .,‘ .
; . . [[8{w (mmc ws)} S{w (m.mC + ws)}] - . )
| . : , + (8w + (mmc + ws)} -6 {w+ (mmc -wg Y11 . °  E=-1
- ] . - s
D, (£)+ JkIV Eé(m + w ) - 8(w ~w )] + ik I V Z Sa(ZHmk) . ° ‘
Lexp(-3T mo )[6{w - (mw - }}- é (m - (mw + w- )}} - SRR
T L
¥ ' © 4+ exp (+ijm )EG{m + (mm te )} -8{w + (mm - )}] CE-2 .t
%_ L ! 4 ) m:m w i : ’ [ Y '
¢ D(t)ij’fIV [6(m+w)-6(u.\-m)]+jk_ﬁv L ls.a(znmk). - -
2 Sos o : i
" o [‘exp(-j'[‘mm )EG{m - (mm -w)} -6{o- (mw +w )} = .
. 2 8- N s ~ sy,
, : "+ exp(+jTmw )[67[w + (o + ug b= 6o+ (mwc—ws)}]':? E-3 ‘ A I
: 2 mEe | K o
" : oy D, (t)+¥ jkIIV [G(w + w ) - §(w - )] + jk LV s L Sa(2Mmk). . . ,
1 2 o {
! ) [Lexp(-j 3Tmw )[5(w + (mw -~ w )} 6w - (w + w )} v
. el . c e, e .
: T v exp(ed TS+ (mw, tw)) -8+ (e +w )}I] B4 - .
. 'k . . ’ o ) . 4 N - \ - 3 ,J
‘.E, ‘ . . . ) . -
The exponencial values were given in table i,'*:l for m = /l 2. . o "‘
i '~ Summing up all the demodul@ functions, the " summed output D is o . ' T
given by . ' - e, - e e '
. , 4=4 ’ . i ", ( ',: . . ,
,r - A : . =7 . j o R .
. - ',,Do ;-lDi . L. I . S TP e
, ) s . , i /‘/;«-“‘V 3 . ot N . ,’,'* L a “
L . , D, < 4kv i [a(m +u) - 6{w—w)] 2
v T i . o ; " B '
: .. for -duty pq,riod of * 3, t:hen, S 5 o g oo
= .
\ . -_' D(t)<—+VjII[6(w+m)—6(w—m)J ;
.0 Inverse fouriér transform gives o ’ ";“'.‘ s o ,‘ L ‘\“l'
13 H , 4 . Lt ‘ . C ' s
| - : ‘D(f) VSian A \*/‘_ e
K whiqh is th.e origfinal transmitted signaJ. . ©or . L‘_‘ - ',‘ '\..m‘:‘l
7] < . }L ) ot X ' . . , /l»« R .
' / " —~, i £y e " - co .
= R :
“} o \ . | . . \ . [ < “ + END “ of:" F'N
¢ ¢ - v - ' .
! Y OA ~ \’ - ' "{ s ! "" - * . : . -

. . . fe T a | . s Y
!i' R ~ Lt 1 s ‘




