1

L AP shall 2 i ,::.g_l.f_” ! LJl__.l.._J decls iha

PREWARPING TECHNIQUES FOR SWITCHED
CAPACITOR FILTER DESIGN
BASED ON OPTIMIZATION

Yahia Al Lalta Laith A, FI1-gnzy
Al Rufa Universioe, Collewe of Electronic Ene., Technical Collee-
Fsineering Mussaiah

Abstract

Tohe warping effect due to $—7 transformation represents a o significiant
hetation in the desion of switehed capacitor filter, s weially at high frequeney. One
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reted tooreduee the warping effect is the nse of high sampling to sipnal frequency
rutin, this method results
alilter strecture with hieh capacitance spread that require laree faheication aren. 't his
paper proseats o new design technigoe based on Smpson S-7 transtormation
meonjuction with oplimization to obiain the optimum trmsformation coctlicicnts,
This techmigque eliminates the warpimg elfect in the filter response at Jow samnline
lrequenes that preserves the Jow capacitanee spred.

Introduction

Computer-aided civeuit desien (CACD)Y has plaved o significant role in the design
ot conventional filters, This method. which is an alternative to the clussical synthesis
approache provides s with a powerlul ool that enables the destener to deal with very
complicated filters and s also capable of meorporating into the design ol pritclical
constrnnts with which straightforward synthesis cannot cope |11 oplmization s one
althese ol

Wil the aid of existine generat-purpose cirenit ans!vais procrams such as PRI
atter simulating e cirenit, one can adjust certain pacimeter variable by simulating
these variahles, or sinlating the parameters that alfeel these variables, il o
required pecformance is obtained. This nanual process ts not efficient. particulorly
WD U necessary o manipulire the larper numbers of variable that eecur i most
design probltems {20 Therefore, an automatic desivn technique  (numerical
vptinuzation) cian be used to avoid mefliciency. Optimization in S-7 teanstornmation is
ed o determine the optinum parameter valves of o oiven transtormation which is
required to satisty woset of specifications, possibly including practical constraints: in
vlier words an dterative optimization technique s used 10 minmmize o £1ven orror
criterion by manipulating the cocfficient of some S-7 transtformations like Simpson,
A lrd- and Fourth- order translormation| 3},

Fhe optimization of the coelticients of 8-7 transformation will he used to eliminate
the discrepancy between the i'ter frequency response and the realized counterpart
catsed by the optimization S-Z transformations. This technique eliminating the need
for prewarping the S-domain transfers function. The optimization of the coefiicients
of the 8-7 ranstormation is carried out by matching the realization frequency
response of prewarped formal of this transformation with the ideal counter part.
Another advantage of using optimization S-7 transformations is that it deals with the
problem of capacitance spread; minimization of the capacitance spread will therelore
reduce the total on-chip capacitanée [4].

The general relationship between S and Z domain is aiven by:
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Where ag=a; for1=0,12,....... n

b is the order of transtormation, and a; are the coeflicient: O tram e

And the prewarping rufe is given by
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po S lor 0 whent imis cven,
b For el when nos odd,
1

The weight of samples ay o the ceneral S-7 trslornsion wiieh iy he i
aceordoy,
a destzed prewarping relationship, or (o provide adesivad component valhoe
|+
Stpson S-7 transformation which does not appear to bave been ol s
i Nler design. it s derived Tron the parabolic mtcgration method |31
and prewarping rules for s transfonmation are grven by
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Where i

The diciuzovo o0 O e
bansfornmation b el e s s
the sample wy, and thees v 0 )
m order to examine e i
these coefficients con b oo J0 -
S-Z transforniation, coch pols o oes . o

tea poles (zeros) in the Z-p
ciier outside; naturaliy, the o

Morceover, each root on
roots on the unit clrele in (e 7 el
son of the Z-plane poles and zer s roo0 oo
transier function H(z), Whilst the alrermas
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amplitude frequency response with a sealing along the physical frequency axis and a
significart enhancement of the attenuation in the stop-band. It should he mentioned
that the Simpson napping procedure satisfies the above relationships between the S
and 7. planes, and henee the frequency characterislics and stability propertics of the
continuous-time N-plere filter are preserved [8). The prewarping effect for Simpson
8-/ transformation for different weight of coefficient (ag.ay.as) is presented in fiufl).
A general S-70 transformation has been presented which enables sampling weirht (o
he chosen o achiove JiMereni relationships between the physical frequency variable
of the S-plane and e counterpart in the Z-plane. In order o ilustrate the adve mtages
C oy {.‘."-_\L\]'.‘ . the Tollowing third and fourth-order S-70 transfornution
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And for Jourth arder S-7 tanstormation mappine rule is:
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[ 1\"L‘(1‘IL'I]L'\ prevwarping - celtect depend on dabeled  thoby b and

D2 The weights of the sample o, by were chiosen to pm\mk dovurivty
S L|| p_L\\tn]ul’ curves moonder to exanine the characteristies of various S-7,
rarslarntiion as shown in fip (1) for different weight of coeflicients of third-nand
hoerth-order S-7 transformations.

2. Simpson Tr:msl'orm‘ltion hzmetl on optimization:

Ta d:{crm]m‘. the aptimal value of these covflicients, the opimization routine is
applicd. The error function is constructed from (he ideul prewarping relationship that
i.‘-“‘t_l\u] as{7):

L=

o=l 9)

And the Simpson prewarping relationship will be:
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Woherer Kis the tndex ol sampics of error function and disercte frec
Fhe application of Hooke and Jeeves method [§] by optimivaior -
crror functon minimization. The optimum values of St
ohtained (ag. ). 42).

The mitial base pomt of this variable is (<10-10-10) ol
(L 2 Ll.;]),

Fable (1) presents the tabulation of oplimum coctiicic
optumization usig differcnt step length Reducing the siep vl
HICTUISCS the GUCUracy.

Table (1): The nulmlum values of Simpson transfornaz: o
\‘[L_ 1 length (Jplmmm values for the coer™ o

l—]-]——---- iy N ;'.__-
| 2 7 >
0.1 IR 11
005 [ 155 5.5 133
| 0.025 1.025 | 3825 1023
| 0.01 f2.060 46 20

There 1s a good Hnearity between the continues o -0
physical Trequeney vartables (w, €2 that are an wolion o
coclTicients, espectally or coetticionts thal were
feneth,

P (2) shows the warping clteet usbie oplimal ~o
CH)and arandom value Tor these cocthicients and oo
Ioas elear that aostenilicent nuprovenwent is abtain, o
Fig (3) shows the Frequency response of 3 Chels 0
ke wd pass bund ppple 1-0.5 db using S
vitllues of cocllicients l]l'l WOTL SHOWIL 1T Uy
frequency responses of these coelficients have oo
freguency Fs=15 Kz Bty elear that, the appiiva

Sinipson ransforniation nnproves the frequenes roas
plane frequeney response for thie st step sise
trunstormation formula s now as follow | 7]

Zu 7

R

r T
Ithe values of Sunmiation substitule i eguatiag =
1 1.z

ST 2a7ZV e

The substitutions of cquation {12) in i >

sensturm it into Z-plane transfer function. then

i frequency response of Z-plane transfer f;;‘."_;
fregueney about 34751z is obtained for the discre:
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error Is less than 0.7%, and when the cocfficients of smallest step size h=0.01, (1.06,
. 06, 1.00), the cutof? frequency was been about 3497Hz, and that means, the error is

less than 0.08%4, and this crror can be reduced by increasing sampling frequency. Fig
(3) achicves all that. and from this figure there s

a certain similarity between the simulated frequency response of discrete transter
function for all optimal values of Simpson transformation, and the frequency resnonse
ol contmuous fransfor function.
2. Third and Fourth Order S-To-Z Transformations based on
optimization:

Ax mentioned m Jast section, we need to find the crror {unction UThe same
procedore wsed i Simpson transformation will be used heres therefore, the crror
lenetion 14 civen by

o T
My a0 {131
= Lo ’

G o I |
v BRIIRSTN i
R | I

v X ‘o

Where iy ap and pyae,
3 to
minimization the error function. The point of the optintunt coelicients (i) are
therefore be Tound

The mitial base point of these coctlicients s (-10,-10-10.-10), and we are used a

The procedure ol Hooke and Jeeves mcthod s applied to cquation (!

frved step dength b Tor all coefficients. the procedure i applicd using different step
lenoth as presented i able (2,

Table (2): The optimum values of third-order transformation coefficients

step lenoth ()p[in__)_;t_l_ values of I]IL‘_E{!L‘H'IL‘]'.L_.'H;‘{__. ;
B i R T T
N N (0 TR 'S8 3.0 |
o5 323 ‘ 9.55 955 1325
0.025 P 2325 | 6.925 6925 ©2.325

Pro (4 shows o comparison between the warpig clfects for usice thisd order
s formation with optimized coelficionts (23256923, 6925, 2375 and a rendom
vithie of these coelTicients (16, 60 1) It is clear that the optimized warping effect has
cood - hoearity ne the interval (0-1T) when compare them with standard - S-7,
Sansformation (2= cerve. This interval is the important one from the ranue (0-
2111 because of (T1) here represents the hall” samipling frequeney used, and this
lrequeney represents the highest frequeney that one can be desivned diserete filter.
hecaise of the sampling theorem constrained.

A 3rd order Chebyshev LPE. with same spectfieation was considered in
previous section. Third order transformation with optimized coefficients will be used
uorder to obtain Z-plane transfer function, in same procedure that carries out in
Simpson trapsformation The frequency response of diserete tansfer function was
presented in lig (3), and for all optimized coefticients shown in table (2). §i s clear
from this figure; there is a significant improvement in discrete frequency responses.
There is a very small error between any of optimized responses and continuous
response, i.e. for optimized coefficients (1,3,3,1), the cutoft frequency for discrete
frequency response was about “3512Hz with error about 0.3%, and for the hest
optimized coeflicients, (1.06,4.06,4.06,1.06), the cutofl frequency is about 3499 3117,
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with crror about 0.014%, All these cutolf frequencies for sampling 1+ -
about (4.28) [7]. Increasing this ratio can eliminate this error.

The prowarping rules of fourth order transformation wee o .
(1), 1t is required to find the error function. that will be minimi-o
procedure of Hooke and Teoves method [9]. The error tunction of 7
transformation is given by:

N

E,=0L -8, W

Where ws g and a; o).

The itial base point of cocllicients of fourth order trans
H-10) and also used a Hixed step leneth h for all coeflicierts, o
fength as shown in table (3.

Table (3): The optimum values of fourth-order transformatic - |

Step S Optimal values of covticients
Jeneth il ny i by
§ | _ B N
R T A T :
05 P15 |58 13 S5 s
025 225|975 |4 s N
loa_ 220 88 39 oy o,

Fig (0} shows a comparison between the warping o
transtorimation optimized cocllicients, Ty2.2, 98, 39, 9.8 =

ol these coelticients, Iy (1.5,5.3.1), and compure these e, o
ranslormation  (lncar curve Q--w) The optimise]

sipnuicant lincarity i interval (0-11), ~o as the standa: .
due o warping effeetwill be minimum, wd Tess Gian o7
~ il 4 - - . -
A 57 order Chebyshey LI, with same speciito.

achieved In previous two sections s presented here, Lhe
will be applicd o transform the continuous transiey o
funciion with swne procedure wsed in Shmpson
esponse of diserete transter function will be caleulaed &
af tuble (3). These responses have been clarified in Ji2 0~
that responses have a significant improvemant, v,
optinized coetiicients with smallest step length, s 1.
response The eutol? frequency of discrete rexponse wii
(2, 7:07.2) 15 about 3493 My, with crror about .29, %« ]
coellicients, the cotol! frequency is 3500 Hz, and the o -
4. Cases study:

The procedure presented in the previous seotio
realization two type of SC filters at different vy E
4-1  SCLPI:

[n this section, a LPE of 8" order, Chebyshev tipe i -
and 0.5db passband ripple, which is designed usina 1
with approximated Simpson tansformation in this ¢
order are needed to realize this filter. After factorizin
and numerator to four scetions of 2™ order types, to

—’\ Y lY’
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factor ¢, are caleulated for each section, and then transform each section transfer
function to discrete one. The caleulated coeflicient of each sections that are presented
m [7]. after using approximation to term that can't realized in SC, after this
approximation, the cascade sections are realized by SC technique, the frequency
response of this cascade filter is caleulated for different sampling frequencics as
shown in fig (8). The [requency response in passhand and stopband is tllustrated in fig
(8a). Passband frequency response 1s shown i fig (8b) that shows the freguency
response in passhand-enlarged view. From {1z (8b) the cutoff frequency when
Ps=2 200MI7 s about (3.535M17) and for samie sampling frequency, it 1s about
(325MIz) for bilincar transtormation and about (3.AMIIZ} for using prewarped
bilincar transformation. The program can calculate the capacitor vatue for cach
sectton and for each sampling frequency.
420 SC B

A CBPE of 4™ onder, chebvshev type, with center frequeney 3 IMIT2, and
passband ripple 0.5 db which, presented o illustrate the interdependent procedure o
desien SO Glter with approximate Simpson transformation. In this case, two second
arder sections ike that presented in [7.10], are neceded o the realizztion of this 11l
FPhe procedure is similar to that one for TPV, except the step that frequeney
transforoition for normalized LPF 1o BPE, and the order BPEF will e doubled the
order of TP Then after frequency transformation step. the step of fictorizing the
palynomiats of denominator and numerator, to the two sections of 2™ arder Glters, the
pole (zero) frequency €20 (Q0) and quality fctor ¢ (g Yare caleulated Tor cach
section, ther translorm the transfer function of the two sections, (o diserete one uing
approximate Simpson  transformation with optimal  coefficients, with using of
cauations that shown in {73, after cocfficients of two sections of the tilter are
colonlited after using upproximation to term 7 7 and 7 7 with best
approximation, the frequency response of diserete filier would be caleudated. and
plotted, as shown in g (9) for dilferent samipling frequencies from this loore, the
bandwidth s about TMELz for continuous respanse, the frequency response ol S€
flter with Fso 20MIz is shown i response Nod D) and the BW: 0.93MI2. and
when imereasmyg s 0MIz, but with o response similar to that of continuous one,
with o difference about 02db only, and when increase s SOMIT/. the DWW
OOSMELr with acdilterence Tess than 0.0dbe And when increastne s 160 ML the
dilTerence was very simall (less 0.03db),

Fromy all these examples, 1t s clear that approximate Simpson translormation with
eptmal value of coefficient is better than ali niethods presented in this work, in
Lregquencey response when sume sampling frequencies are used Therelore, one can use
Sivipson transformation with  approximation 777 :(1 A :),.f2 with  optimal
cocthicients in Jow sampling frequency, and get sanie performance or betier, then cost
will be reduced beeause in using low sampling frequency, small chip area is needed.
5. Conclusion

Anoptimization method alternative o prewarping technique was presented in
this paper o determine the parameter values of o certain transformation such as
Simpson, Third-and TFourth-order transformations. The optimal values have been
determined using Hooke and Jeeves methods; this technique minimizes a given error
between ideal prewarping and the prewarping relationship response. When these
ontimized coefficients are used ,the resultant Z-domain transfer function will have a
minimum error between the continuous transfer function and discrete transfer
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[unction. Fhis is true for all transformation (Simpson, Third-and Fourh—order S-7
transtormations). These transformations can_be vsed i very low sumpling, freauency
until the Nyquist rate,

The problem in these transformations is that it can't be taplentented in HU-Tor:
therefore, an approximation wethod tor Simpson transformation was prosented that
approximate the 727 term 1o a realizable teem. The totul capacitor area in SO {ter i-
direetly proportional to the sipling frequencey, and also the non-ideal effoets of the
MOS clements beeome sieniticant [or high sampling frequency. Theretore, e Lowest:
sampling [requeney (Fs) has o be chosen in order estly to satshy the Nvgiis
condition and secondly with regard to the noise and leakuage cirrent gencrated e
MOS deviee.
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