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integrators can be locked to an externally supplied preci-
sion clock frequency using a phase-locked-loop system as
shown in Figure 4.4 [29),{36]. The three main elements of
this block diagram are the phase comparator, the voltage-
controlled-oscillator (VCO) and the voltage-controlled-

filter (VCF).

The oscillating frequency of the VCO is precisely
defined by the gain constants of the two integrators (cf.

section 5.5), and is given by

upse = Y, “-7

where w, , w, are the gain-constants. As described ear-
lier, the gain-constant of the integrator can be con-
trolled through <o. Hence by controlling <a. we can con-
trol the frequency of oscillation. The voltage-
controlled-filter is designed using the same type of
integrators as those of the VCO. The bandwidth of the
filter -is designed to be exactly proportional to the fre-
quency of oscillator. By varying V., both the frequency
of the oscillator and the bandwidth of the filter are
varied, and the bandwidth of the filter tracks the fre-
quency of the oscillator. The phase comparator compares

the external precisfon clock frequency, £ to the fre-

mw
quency of the VCO, and generates an error voltage which is

then fed back to the controlling node. In the steady
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VOLTAGE
CONTROLLED
OSCILLATOR

N

YOLTAGE CONTROLLED FILTER

Block diagram of the filter system.

Figure 4.4
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state, V. forces the gain-constants of the integrators to
have the desired values, such that the frequency of the
oscillator is exactly equal to the external precision
clock frequency. Since the bandwidth of the filter is
exactly proportional to the frequency of the oscillator,
hence the bandwidth of the filter is exactly proportional

to the external precision clock frequency, and is indepen-

dent of process and temperature variations.

The approach described above has several advantages.
First, monolithic integrators with long time constants can
be realized in small silicon area. Second, the ratio-
matching of the gain-constants of integrators depends only
on the ratio-matching of current sources and the ratio-
matching of monolithic capacitors. These can be accu-
rately realized ([2],{13]. Finally, the absolute magni-
tudes of the gain-constants, and thus the bandwidth of the
meRMn. can be precisely controlled by reference to an
mxnmuaww precision clock frequency, and is insensitive to

process and temperature variations.

8k

CHAPTER 5

PRACTICAL CONSIDERATIONS FOR MONOLITHIC REALIZATION

OF HIGH-ORDER ANALOG FILTERS

S.1. Introduction

A new approach for realizing high-order monolithic
filters has been described. This technique can be applied
to a special class of filters which uses integrators as

basic building blocks.

In this chapter, we will consider the wnn:ww imple-
mentation of this filter technique in detail. First,
practical considerations for the implementation of an
active-ladder lowpass filter will be discussed. Then we
will describe the actual design of a monolithic integra-
tor. Also, we will discuss the nonidealities associated
with the monolithic integrator and show how to minimize
these errors. Finally the design of a voltage-
controlled-oscillator and a phase detector will be

presented.

5.2. Practical Considerations for a Fifth-Order Lowpass

Filter

Integrators can be used in a variety of circuit con-~-

figurations to realize different filtering functions.

85



L8

? >§ $qe

*I93TTF3 a10d-TT® 19ppeI-2ATIOC 19pI0-YIITJ V

1°6 2an8yg

98

jo asuodsal spnjjubew TRUTWOU dY3l S3A3BITPUT SULT pITos ayl
t21nby13 SIY3 ul °g°G aInByd ul UMOYs aie SITNSIL PIITT
-nuwis ayl °saojeibajuy jo sjuejsuod-uieh ayjl [re uo suoil
-erieA $g+ ® 103 polelnuis uadq sey 1°§ sanbyg 3o 123113
1appe{-2AT13Ide 19pJrOo-y3ljTI Ayl ‘39T AUl 30 asuodsai
Aouanbaij aya uo asey s1011d juejsuoo-uteb ayy s3vajyis a3yl
aa1asqo 03 19p10 ul  “sdsuodsal 193713 B3IeInddE aaatyoe
o3 peiinbai aie siojeabajur jo (syapimpueq uyeb-A3yun

10) sjuejsuoco-ujeb ayi jFo buiydlew-ojlel UOISIDIIId

Si0114 juejsucoy-utesH.jo sioejzyd  "1°Z°S

1°6 21qel Ul umoys se ZHY L ©F 2HYA
v woi3j buybue1l saniea aaey s1o03eabajur ayiz 3Jo syipimpueq
uteb-A3tun paiinbai ay3j ‘3IIN2I1d SIYI Ul *1*c 9inb13
uT umoys ST 193[IJ JIappel-aaride ayy 3o weibeip 3ITNDITD

ayl, -ap T1°# st ayddia pueqssed t(eulwou ay3 pue ‘ZHY 8

aq 03 psubisap ST 193[TF SIU3 JO Aouanbaij 3joand aylL

*3103001315
iopper-oA13oe ay3 bBuisn pazyiedl Sy yoium 183113 ssedmotl
AsysAqayd 319pi0-y33jrjy e jJo ubysap ayz I9prsSuUod TTIA oM
s3ernor3aed ul *1337113 € 3O ssuodsaix ay3l uo aaey ‘3asjjo
pue astou ‘10113 aseyd ‘iozrizs ureb D@ ‘10113 3Juejsuod
~uteb se.yons ‘sayITrEIPIUOU  3SIYI  3eul §329339 9yl
aqriosap [TIM am ‘uor1d3s SIY3I ul °SI3T1F 30 aoueuwiojiad

ayy 309933e ued siojeibajur Yjym paIjerdosse S213T[eapPTUON



68

*393TF3 I9ppUT-PAT3IOE 12pI0-Y33T3 °U3 jo asuodesa
Kouanbaay 9Y3 UO UOTIVFIBA JUBISUOI-UTES JO 830333J2 POIBTNWES YL Z°S oandyra

Kauanbaiy

0. dB

Magnitude

1}
]
[]
[}
1
)
/7
[ x 3 ’
§E£5 3 ‘
g a 2 !
S5
L0 S
94 n g fz
< 0w 2 \
e o ©
] (] A
-
a.-.....wnv
8888
g fs
a
gb o
@

65679 sI

WY £9€8°S Y1

n.ﬁ 9050°% €1

ZHY £9€8°S 1

2@l 65L6°9 1
R NIVO-ALINA WOLVETAINT

37dd1a pueqssed gp {'0 U3IFA 2931F1] 688dMOT AdYSAQIY) 2HY 8

I9pi0-U331J ¢ SUFZII69a 310J 8yiprApueq UTed-AJFun paxynbax ayy

T°S 474Vl

88



16

*sasuodsax
oseyd pue Ipn3julem oyl :lojcadJuf [EIPF-uOR Y (@)

gasuodsox
aseyd pue apnajufiew ay3 :iojexdejur telpr wy (B) €°6 aan811

06-

A

A

-

ol S~ A

ka\‘P________q__

——— e | @ o o - - o o - -

bV

(C)

uyes oq s3ruiz VY

A

4\

(®)

06

oYy ‘@@pt st ureb i1ojzeibajuy ayz uaym °gp Ns.n Ky1ajeu
-t1xoadde jo dooip pueqssed e Y3fm ‘Dg 3Ie gp T1°@ FO 10113
uteb e sey 123713 ay3l ‘gez sy ureb ay3z uaym °peBY pue
ggz 3o suyeb D@ aojzeabajug :uwz 193113 2ays jJo sasuodsaa
apnjtubew ayzy m»moﬂvcﬂ SOUTT vmwuoc om3 a9yl 2TTym ‘183113
ay3 3jo osuodsai apnijubew TeUTWOU Byl ST SUIT PITOS Y3
‘panby3 SIY3z ul °IIJTARd PaqIIOSap III[IJ IIppel-3Aarioe
iapi0-y33jr3y 343 3o ssuodsai Aouanbaiajy ay3z uo asry suoyl
—eyiea ugeb DQ IRY3I SIDL3JID PIILTNWIS Y3 smoys p°§ sInblg
*193713 9y3 jo asuodsax Louanbaiy ayjy WOomum Kew uteb oa
231Ul SIYL °(q)€°S 2anbIg uy umoys se ‘ureb pa s3tury B
sey 103e1bajuy [eapi-uou e ‘aduelsur Jog “sSdtistaajoelreyd
[eopy 9Say3 Wol13l sajerasp i1ojeabajuy ofyijroUOW [EN3OE
ue ‘Aysaeunjiojun *23JULUT ST O 3Ie uyeb syy pue saa1bap
g6 Araoexs sy aseyd oyl *(e)yg*s aanbig uyr umoys se

asuodsaa Aouenbai3l 3/ 2y3 sey iojzeabajuy ue ‘Ajreapl

S10113 Ujeo o4 Jojeibajul JO S$30933d °T°T°S

*s101198
juejsuoo-uteb 03 3ariysuasuy A19a ST 133173 19ppeI-2AT3IOE
ay3s snyyg *gp T°@ ueyl SSa[ ST S10113 3Juejlsuod-ured
$2+ 03 onp osuodsai pueqssed 9yl U] SUOTILIASP WNW]xew
ay3l 3eyl usas S} 3} ‘sI[nsSa1 asayy woid ‘*siojerbajuy syl
Jo sylprmpueq ujeb-A3jun 8yl U] sSuolIeTIEA §Z+ JO SUOIY
—eurquwod Aue JO SUOIIRIASP 9SED 3ISIOM 39yl JO spunoq a3yl

23e57pUl SSUJT Pa3IOPp YL °*193113 ssedmol 12p1o-yijzij oyl



€6

912 133113 2I3pper-9AI30E 23yl 3Jo Sadanos dsiou Iyl

SUO[3e1apISUO) AS[ON °*#°Z°S

“g*g uor3
-09s U] paqyidsap 10jeabajur OIY3yTOoUOW Byl Buysn paaatyde
Atryses aq ued oj3el SIyL °@s ueyl iajeaib aq o3 sey su
o3 au 3o oj3e1 ay3 ‘993bsp [°P ueyl sSsSaT jo 10119 Iseyd e
anatyae o3 ‘ArteoidAL ‘esuodsaa apnjjubew 3yl jo pueqssed
oy3 uy bBuyyead gp 1°'@ e.Arajeurxordde sasneo 1011s aseyd
Jo 931bup T°g ® ‘IInsea pele[nuIs SIY3 ul °G°g ainbig
u} umoys se ‘19371J ssedmol IapI0-yaJiy 9y 3o asuodsai
spnitubew ay3z uy bupyead ybiys e asned [[im aseyd ssaoIxd
STYlL °so31bap g6 A13oexa jou S| au e aseyd. ay3s ~ﬁu 30
aouasaid ayy jo asneoag -1o3jeibajup Teapy-uou ay3 jo ayod
puodsas ay3 o3 spuodsaiiod T3 pue .zunazucmnx uieb-A3jun
ayy o3 spuodsaiiod ew ‘aanbt3y syyz ur °*(q)e°s ainbya uy
umoys se ’‘afod puooas jo adsuasaid ay3 o3 3np sy 1o3jeibajug

ofyjzr{oucw ayjz Jo OrjIspiajoereyd [eapr-uou Iayjouy

aseyd SSooxd 3JO S309333d °£°T°S

*sasuodsax @jeianooe Al1aA Y3IIM J93[§J Iappel-dATioe dzyledl
03 pasn aq ue> gggl ueyz ia33eaib jo uyeb Dq yim siol
-pabajuy 3jeY3l papniouod aq ued I} ‘sI[NsSsl pajeINUIS ISayl
woljg °*gp GTZ°@ ueyl SSa JO uoyjzerasp pueqssed e yaim ‘ap

Gz@°'p ueyy ssay JO 1011d ureb Da e smoys asuodsalr 193113

[43

asuodgaa Lsusnbaxy 9yl uwo uyed D jo 8IVVFJI PIIVINWIS

XONHObTEA

_zEI0T

*2I23TFJ 13PPUI-2AT32% 3yl jo

9°g 2anfyg

9@ NI "AZQ °OVH



-uoyasimaseades 26Tou 20381893u7 POTFFIdUFS Vv L°¢ oIndTL -uoF3v3uIgazdex B0Fou 103aBelNF 3IDTWOD Y 9§ JANSTL

/ | / %.. z
+ R— +

? £

26 96



11

+Ameﬂs+vaﬁa+vamav~m+eama~a

+~qamemaaa+mavamamavvm+ﬁmsvama~e~avmm = ()9

7,.C
z H 1+ ("L+%L)s

s+75€1%0Ts s SUa

€ 4 r4
+NRH+mam+aam+ma~a~m+ma~aaammvww>
Towaly 1 gu T,o, 24, TU, _
+N~ﬂ+ LS+°1"L,S) ~>+Nﬁa+ 18) "ot LA = (s)a 2a9ym
. . (s)9(s)p _ Ino‘u
(1°3) OF z A

Kq uaarh sy 193713 243 jJo asiou and3no aya uayly ‘pea3leg
-aliooun aie S3dInos JsIou ayl eyl burunssy +103e1bajuy

yat ay3 jo abeayoa asyou 3nduy ucmam>usma ayy st .Mc> abey

-[oa asiou ayil ‘uweibeyp SIYl ul  °8°S @anbyg utr umoys Sf§
pPo13JT3USpPT §921IN0S asSTOU S3I] TI@ YIIM 333113 Iapper-3Al3oe
ayy Jo weibeyp 3IINDIFO ¥ °PIATIIP @G TTIM 133113 ssedmot

13pio-y33ij ayy jo abejroa asyou anduy juatearnba ayxy

+£°§ 2InBIJ UT umoys wiog
ayy o3 perjrrdurs aq ued 103eibajur dyylfrouUOY BY3 3O uoiy
—ejussaidal asyou ayiy snyl °pajdarbau aq ued 4103e1b93UY
ay3 jo 3ud1ind sejq andur ayi o3 feuoiiizodoid ST YyoTum
fqua1in> astou 3nduy juateainbs sya ‘iojeibajup dryiyroucu
jo ubysap ay3l ul sadjasp Induy se pasn 3q TIIM si1o03sIsuelly
1340 9ouls °saojeiauab jusiando asyou anduy juafeainbs om3
ay3 pue abejfoa ssyou 3ndug quafeainba ayy 3Jo S3ISISUCO 3II
“9*Gg aanbya uy umoys St 1j0je1Bojuy ay3 jo uorjejudsaidaiz
ssjou @93ardwod ¥

-gz0je1bajul oIyl T[ouUOW AYy Wolij.

*193TTJ IOPPBI-IATIO® 3yl 3o ssuodsax Louomboiy

ZHAOT

ay3 uo 2gvyd 8839X3 JO 8309330 PIITVINWES L G°§ 21n813

_
/
(|
\
_ 8
Y\
v ! 2
v/ g
vl =
\ ! Te9p1
v/
aseyd
8590%9 110
oI'0




ues 193TI3 2yl jo a3beitoa 33s3jjo anduy juageagnba ayl

z no’so
(eg°G) = A
(SSON+VS 0450, T80, T80y,

*28e370A 98F0U Induf

03 pay3yrduts 1ayqang Juagwaznbo Uv YirA I0ITFF IIPPET-IATIOR Uy 6°G 2In31d

aq ued (p°Ss) uoyjenba aaozaiayly 41sabe3ITOA DQ 31 sabey

~-foa 3@s3jo 9douls - (1°G) uoyienba uy pauy3zap sY (s)9 pue

[1+7as+tas
+(Culaebalaabety) Nm+vama~anm+vamauaasqm.._ S8y -
r(refuseluse€ale sefalale 517

iH+m._.m+n._.~._.wm,mmo>iH+~._.$Nmo>+~mo> = (s)% o19um

(r°5) (s)o _ 3fWo’so, .

:suoyssaidxa Buymorios 3yl Kq uaarh \\ \\
st ‘103eabaijul ay3 jJo sabej[oa 33szjo 03 amp I3ITYI ay3 4

jo and3no ay3z ujy abueyds a3yl *103e1bajuy :»m ay3y Jo abe3

—roa 395330 Y3 sy ‘¥5% obeiroa 3asyyo oyl ‘weaberp sTY3I

ur °gr°s 3inbrg uy umoys st ‘pay3riuapy sedoanos abejtroa

T >§°'l|'
[

395330 S3] TT2 U3ITM ‘3102110 19311F I3PPe(-2AF3d° 33Ul

*393113 iapper-aAr3ioe ay3l
jo oaouewioyiad ayiz uo aaey sio3jeabajuy jo sabearoa 3asj3zo

ay3 S309330 9yl IIPISUOD T[IM B9M ‘UOIIDAS STYI Ul

Suoj3ei1apIsSuU0d 319sS3IO0 2d °*s°z°S

10T oot



66

- paujwiajap aq ued abejyoa asiou anduy juateainba

ayyl sayL *(r*g) uogyzenba up pauijep ST (s)a aaaya

. _ ba
(€°s) Amvm\r = s

:m019q uMoys S} pue
“paure3qo S} 193[13J 12ppe[~2AI3OR I2PIO-U3IFT] ay3 3o abe
-1oA sstou anduj juateainba a8yl ‘(z°S) 03 (1°s) suoyaenbs
pujienba Xg *(r*g) uoyjenba uy paurzap S| (s)o @aaya

. (s)o(s)9 _ 3no‘u
(z°9) i3 = T A

~>

Aq
uanib sy pue paariap A{ises aq ued 3INJIFD SIWI jo asyou
andino a8yl °6°S 2inbig uy umoys se 4 303e19uab abeitoa
andur juateajnba arhurs e yiim 193113 1appe(-92A130R 3yl
jo asiou 3ndino 9y3l 2UTWIIIAD TTIM 24 3ISITI 4193113 @243

jo abejroa asyou andut 3juareainba ay3 SUTWIIIIP OL

*s103)

—eibajuy 9yl JO S3uLISUOD BWFI Ay 3ie ma.va.ma.nk~ab pue

2+ 54V €4l aela)s
CTLATL L AU AT S AT LA RS AT T

T PRSPPI T PR AR PR AAD LS A

86

-5391n08 98TOU YITA I93ITFj I9pPRI-9AFIoE U¥y  8°C 2an81a




€0T

*Teob ino se 3I3S sem NAﬂs PPAT ueyl ssa Ul arqeziTeaa 103
-—eabajuy OTYITTOUOW ¥ °EIIR UODITIS {{ews B ug 103e1bBa3UT
ay3 @zjleax o3 juejiodut ST 3% tmaysks 193113 38pio-ybiy

e juowayduy 03 papalu e si103ei1bajuy (el1sAas aouis (q)

*ztT s
u0j308s Uy passnIsSIp se sgasuodsaz Aouenboij asyodad Ki12a
aapy 03 13pi0 Uy papadu ST STUL 96T ueyy i93wa1b aq

pinoys (da 21e) i03evabajuy 943 Jo uyeh dooy uado ayl (e)

T 4
-{o3 se 39S a1am S193T13 19pio-ybiy Jo uofIeZI[EI1 BYI U¥

pasn siojeabajuy otyijrouow ayl 103 s3juawaiynbai a2yl

Sanj3oalqo 1°€°S

Jojeabajul DIY3II[OUOW °€°S

5103
—pibajuy jo sobej[oa 32s330 dY3 3Jo uns aya o3 tenba sunyl
st 193113 @ul jo abeatoa 39s3jo andug juateajnba 3yl

ui’so

Ammo>+vmo>+mmo>+mmo>+,_”mo>v - A

(qas*s)
sT 193713 8yl Jo abejfoa 135330
anduy 3juafeaynbs 8yl snylr °s°@ S¥ 5g 3e 193113 ssedmot

ay3 3o uyed 3u3 tkireardAy *1e3TT3I U3 3IO uteb ay3z 4Aq
193113 2u3 3° abejton andano 3yl BuypIAIP Kq pajernoied 9q

01

-gapanos 08e3T0A 3963J0 WITA

203773 19PPRI-9ATIOU WY 0T'G 210814

1 >§°“'




SOT

AZ 4 w
(8°6) : A2 dg .Y
CE
sny3l ucm
ur, Zpz a °
(L°9) A F50 = I
1

suoyssaidxe Buimoirod ayi Aq pajewyxoiadde aq

ues (9°G) uoyjenba uayz ‘rreus sy reubys nduy 8yl JI

*901nos 3juaiind buyserq ay3l

&L

ST mmu v:w abejToa Tewaaysz 9yl syt “A ‘ioasisueay Jerodiq

ay3 jJo ujeh JuaIIND piemioj aseq uowmod Y3 S| vaouozs
Laz agd,, ., ©
(9°9) ( gy ued™rip = 1
A

tuojssaadxa buimor

-103 ay3y Aq uosaybh ST IINDITOD SIY3l 3O ©

I ‘3uaiind 3ndino
ayl, ‘*speol aaj3oe ayj aie ’p pue €3 sioysysueay pue ajed
pofdnodo-1233TWwa 2ayiy oaaie %5 pue Ip sioysysueay ‘3mnoagd
SJy3 Ul *Tr°S 2Inbrd uy umoys se ‘13jJr{dwe sdURIINPUODS

~ue13 3nduy ierodyq afdwis e IIPISUOD 3ISITI SN 397

*yoeoiadde aetodiq
ay3 1aA0 sobejueape [e1243s aAey 03 uMoys 9q TTIM yoeoadde
13340 @Yl °Sad51Adp anduj se siojsisuell JIJC SIS 13y3o 3y3
oTiym ‘sio3sisue1y 1etrodiq sasn yoeoadde aup .Ew TIRUWS

yitm sisrzrrduwe aouejzonpuodsue1l buyzyresi 103 sayoeoadde

%01

JUd1833IP OM3 0uﬂ0~um0>c« TIIM @M ‘uol3ldas SIY3y ul

sjuejsuod~-uieb Jo anyea [[eWS B dA3TYOE 03 13pi0
uyp peonpai aq o3 sey Uy 30 antea ayy usyy ‘ad gg ST 103D
-edeo Bupjzeibajuy oYyl JO Sn[eA wnuyxew ay3z JT SNUL 25 03
%y 3o orzexr ay3z Kq paupjzep sy Jojwabajuy ojyzjoucw e 3o’
juejsuoo-ugeb ayy ‘y aeadeyd Uy paqrids’p SV *gbuea zHY
g aya uj @ae siojeabajuy a3y 3o sjuejsuod-ujed poaiynbax
ay3 ‘193773 sSsedsmol zHY 8 ue dzyIed1 03 ‘3oue3lsur 103
-papoau aie sijuejsuod-ujeh [rews ATdAj3le(ax 3O sio3eabajug
‘Ktteo1diy

Kouanbaij Mol e 2JzyiEd1 03

4123113

LdJC Snsi9A 1ejodig °T°E€°S

*I°Z°G UOTIDIS Ul PaIsSSNISIP
se ‘sasuodsal 19311J ©3eIndOR 3AdIYde 03 PpIPIdU ST SIUL
-3z ueyl 19338q 2q pAOYs siojeibojuy jJo (s3uejsuodo-ujeb

10) Ssyapimpueq ujeb-A3yun ayi 3jo purysjew-oriel ayr (a)

*3d g¢
ueyy ssa1 aq pInoys iojzydeded buyjzeabajur ayz jo azis uwnuy

-xew ay3 ‘eaie dIydo [TeI2A0 Y3 SZJuUIuUlw 03 13pio ul (p)

*( Mu
ST > A11eo1dA3) abeyoed *D°I 3ISCD MOT B JO JTWIT wWnurxew
ay3 posoxa 30U TTIM we3sAs 193113 aepio-ybiy ajatdwod e 3o
uogaedjssip 1amod ayi eyl 2insud 03 ST SIYL "MW PT ueyl

ssay #q ptnoys iojeibajur ue jo uopayedissyp 13mod ayl (9)

»



0T

<soo1nos jusiino Buyserq ayy aie 99y pue 331 s10ym
ad dgd. 0
- u
(6°) Ty g sler—Lt{ut®a = Y
199 1/°1 + 1

:uoyaenba Tejuapuddsuelyl bugMorioz a8yl

Kq uaaib sy .=u> *tabeyroa 3nduy 8yl pue ©

I ‘3uaiind 3nd
-ano ay3 uaami3aq diysuorieaxr ayl ‘IINDALD SIYI Ul °E€I°S
2anbjd utr umoys se ‘3IINdDID poaeojrdmoo aiow ® jO asn a3yl

Aq peonpax A13eaih aq ued SaITNOIIIIP osay’ * 1o A9mOH

*2313Yy paap
—uny maj e ATuo S} “3uaiind MO B Yyons e pajerado ‘3Ind
11> SIY3 3O yapupueq 1amod JYL “UOIILITWIT d3IRI MITS

Lp

woiy S1333jns Os[e 3I[NDa1§d sIuL (M, @0E Ie AW 92 =
:aj0u) Ip maJ e Afuo jo obuel iedur[ e sey 3IAd1Id SIYI

431nb73 STyl wWoiy uaads sy °ZI°S 2anbyd uy umoys st ‘(9°S)

,ut o

uoyjenbs bHuisn A ‘abeiyoa 3nduy Jo uoriouny e se ‘I
s3uazano 3ndino jo 3o01d ¥ “Jeaupr-uou ATybry sy 3Indo1yd
syy3 ’‘sepysag “‘Araasdoad ajexado jou TIIM ITNDITD 3yl sSnyl
+[1e] asrzrrduwe oy3 3yuwyrpueq Agaraass TIIM ‘II°S 3In
-btgy uy pajedrpug se ssatod ,T1e3, pue ,I011IW, 3yl ‘T3A3]
Ju313Ind SIY3 3I¥ -Teo3doead 3ou Sy 3IUSIIND MOT ATawa13IXd
siyi, °papadu sy due-odyd 3FO SUd3 MdJ B JO 3JUILIND
puyserq e ‘oyu-oiotw M3y e jo EU e 3Z][Ed1 03 ‘dduejsuy

2

103 °3uU81ind MO[ e je pasefq 29 03 SBY IINDAId> B3yl ‘' H 3o

snTea Trews e 9zjreax o3 ‘(g'g) uoyienba woiy uass sy

*3973¥7dm ©OUEIINPUOITUTAI anduy-1870dyq 3T¢TES V T1-¢ 2anByi

901



+a88370A INdU} TRFIN2IAIITP 3JO

"IN wop3omny  se juaiand Inding  ZI'S 2an8Ti

u0731018F7pead B Y3ITA I9FFFTdE2 3duPIONPUOITVBIL E£1°6 2203y

NI

o] | 1=

0
T

60T , 80T



.2zHY 2T Ateaewpxoxdde sy yipimapueq 1amod Byl

(zt°s)

(ze) £q uaayb
St .oH squa1ins 3ndino ay3z ‘3InNoayd SIYl ur  °SI°S 2inbyg
uy umoys sy saojasp Indul se LIIL [duULyd-d ® puysn abeas
aouejonpuossuell Yy  ‘juejsuod-uteb [reus yim 203e1bajuy

sjyayrouow bBuyzyresxr 103 2[qeiyssp Isow ST LI4C JFO

souejonpuoosuel} Mol siy3l ‘I9samoH  *3ied-133uUnod serodiq
ay3 se uyeb abejfoa awes 3yl dAdIYSR 03 13plo UL TIAIT
jquaiina iaybyy yonw e 3@ pIserq 2q O3 SeY 3ITNDI1O LIAC
ay3 asnesdaq ‘j)yoeqmelp B se pIAIPISUOD Ayremaou sy Kjaad
-0xd STyl "3ULIIND seyq adwes aYyj 13e pajeiado 103sisuei)y
iefodyq e 3JO 23eY3 ueyl I8MOf Yonuw sy lIIL e 3Jo adduel
-onpuodsuell ay3l eyl umouy [ram ST 3I *1213717dUwe aduel

—onpuodsue1l 3ndut 1L3Jr ayl 23ebyisaauy [TIM a4 ‘3IXaN

+(afoa § 3o [eubys 3ndino ue sunsse)
*pPIITWIT-MITS
136uof ou ST 3IINDITD Byl ‘osT¥Y " (SIToA § = mzxmmm.o.ﬂv
siton me3 e o3 (PA me3 e v3°1)  SITOAIIIIU
3o suaj MaJ e wWO1j pasealduy uaeq sey sbuex abejtoa andug

“p1°s oanbrg uy umoys st (6°S)
o

wnwiXew ay3 3Ieyis 93IOoN

uoj3enba bujisn :H> snsiaa I 3o 3o0fd v *Aem ieaugrr-iesu
e uj seaaeyaq 3IINDI[D Y3 YdIys 1340 YTA 3o abuel apim

e sey 31 3@yl ST 3I[NOITD STyl Jo abejueape ujew aylL

*abaey oq Aew 3ino11d sIY3l 3uawardur

(291

03 paiinbai eaie diyo ayz snylL *$907A3p 3FO I3qunu
abier Aroaraetaa e saainbar 31 eyl sy IINDIID SIYI 3O
obejueapesyp iayjouy ° (juaiand buyserq °*a°¥) uoyjedissip
iamod pue (8z]s 103sisalq *a°}) eaie diyos uaamiaq jjo-apeil
e ST aaayiy snyi ‘%5 30 entea paiysep ayi aadjyoe 03
se oS ‘pesealduy ag 03 Sy 103SIS3a1 JO aniea IYI .vcw:uwu.
aq o3 s} 3uaiind buyseyq a8yl 3II °g310A ZT+ 3Jo sar1d
-dns uwzon puysn ‘i1ssod jo mu gy Aro3murxoiadde 3jedyssip
[T} suole yn pgp SIY3l 3Jo 3uaiind buyserq aylL °popaau
st wn gey 30 331 usy3z /( paajurT-maTs pue paIfuIipueq 39
Aew a1ar3yyidue 3yl ‘y{ieus mou st mmH J§ s@30u ) ¥Yn p = mmH
a4
33

-

sunsse 19y3zany 9 3T °@PT ©3 Tenba sy o12eX 3U3IIND

ay3 ‘oyw-o1dTW 1 3O Y5 e aAayyoe 03 uaylz ‘uyo-oliy 4T 3O

103S1S21 pasn3i3Ip aseq e st 3

4 3eyy bupunssy cabiey aq 03
ag a @
aaey MMH oy3el JULIIND ay3z pue "y ay3z yioq ‘"o jo antea
I

[tews e azyreai o3 ‘(11°G) uoifjenbs woi3y usas sy

4,349

(t1°6) 471 _ Uy
88,

sy 3ey3
3,33
u

(81°5) AL -9

CE

suoyssaidxa Buimoirol ay3y Aq pajeuy

-xoidde aq ueo (g°g) uorjenba ‘greubys anduy [rews o4



E€TT

*g20TA9D Indul

" ge jgir Supsn 1oTyTIdmm 95UBIONPUODSURII ¥ GT°S anBTL

.. -eBu3roA quduy

TBTAUSISIITP JO UOTIOWNI B §B juaLImd ndIno 4T°S aam3TI

A

............. g,

o1

et



Furthermore, the power dissipation of the oa stage is less

than @.1 mW, using power supplies of +12 volts.

For the above reasons, the JFET input transconduc-
tance amplifier is preferred over the bipolar circuits,

and will thus be used to realize monolithic integrator.

5.3.3. Transconductance Reduction Techniques

In this section, we will describe some circuit tech-
niques which can be used to reduce the transconductance of

a na stage.

The basic approach to G reduction is shown in Figure
5.17 {31]. 1In this circuit, a multiple drain structure of
JFET, which can be easily realized in integrated circuit
form, is used to split the drain current in such a way
that part of the output current is diverted to the ground.
As a nmwcwn. the os of the circuit is reduced by a factor
of umm . However, care should be taken to ensure that
the circuit is not bandlimited by the ‘*mirror' pole. This

will occur if the biasing current through Ow is too small.

one variation of this basic technique is shown in
Figure 5.18. In this circuit, one of the JFET drain
current is fed into transistor Qg instead of the ground.
In this way, the 'mirror' pole will be broadbanded. How-

ever, the emitter areas of Q3 and Oa have to be ratioed

116

Figura 5.17 Basic na reduction tachnique uoing mmleiple drain JFETs.
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Figure 5.31 Fhase response of the monolithic integrator with

Figure 5.30 Magnitude response of the monolithic integrator with

parasitic capacitances (computer simulation).

parasitic capacitances (computer simulation).
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