DESIGN OF ACCH

'ROOT

-

A

105 -BASED SQUAR?

ATE &

Z

EXTRACTOR

fSrmans

&

o
i
R

IREIuY

2

24




e ® ; ”» a
Ininomyana_WITeOUINA TR0

1 A z
msaammmmﬁnaﬁ‘s1ﬂﬁﬂmammﬁmmwuwu§m

= a d =
‘Uf’)Q!ﬂﬂiuiﬂﬂ‘l'li"lH‘]iﬁTLﬂi’)‘ill‘lJ‘U"UNE}ﬁ

DESIGN OF ACCURATE CMOS - BASED SQUARE RGOT

EXTRACTOR

BUTY UMY

ANUCHA « KAEWPOONSUK

a a o 1 = = as a wr &
mntnusiiuaunisveamsanmmunangasiygnIainssumansumiuma
au3y3mnssulvivh
o o o ar
VamaIngay
aoumalulagnszoeundiigammsaiansyiis
W.H1. 2544

ISBN 974-648-148-7

(awny =
mqm;ﬁuu_m'g_g_?é_@_ ¢ R SR i

-ﬁ,]' l;ﬂﬂ,.{l&.l..ﬁw ‘ Lkt lailsals




DESIGN OF ACCURATE CMOS - BASED SQUARE ROOT
EXTRACTOR

ANUCHA KAEWPOONSUK

A THESIS SUBMITTED IN PARTIAL FULFILLMENT
OF THE REQUIREMENT FOR THE DEGREE OF
MASTER OF ENGINEERING IN ELECTRICAL ENGINEERING
SCHOOL OF GRADUATE STUDIES
KING MONGKUT 'S INSTITUTE OF TECHNOLOGY LADKRABANG
2001

ISBN 974-648-148-7



COPY RIGHT 2001
SCHOOL OF GRADUATE STUDIES

KING MONGKUT'S INSTITUTE OF TECHNOLOGY LADKRABANG



annInegnay

O = v v o
El'ﬂ’l'!.l‘Nmﬂiﬂiﬁﬂﬂ‘izﬂﬂu!ﬂiﬂﬁl1ﬂmﬂﬂ15ﬂ19ﬂ‘53ﬂ~1

ar d
TuFusesinensinus

1 ’ b4
adeinendinus N1509NUYVII00ATINNABIVVNBIATI VURUF Ve una TuTad
nIuFaaoiuuuFuen
DESIGN OF ACCURATE CMOS-BASED SQUARE ROOT
EXTRACTOR
A o e v
¥oUnNANY WY uAINAGY
sHaszdm 41061156
Wigan INITUAAATUA T HUNA
M1 Iranssu Il
: ¥
e sERAIURIANNTINLE  SAATIud 59
o = d a A
AMZNIITNMITOUINYIHNUS Melevo
¥ e
ﬂd aa 1 /
57.03. 30D §Ajus0q 7
=1 aw = @ s/
weLasiRgsAfne - Audwy na I
a e A &\’ V
FA.INN NNOYITIUNT s :
- 4 2 -~ — 2 e
we1lszang yara5 A 2 TpoteS T Soff
¥
I7.A3. TUYY 393N S S

o M ey A
Junaeud nasy 10 WL 2544

1381 12.00-—13.00 WU.

] ¥ ¥
gouN@ey @ 91A15 12 FU FU 4 (ﬁ'i)»‘l E12-404)

'F g 1 3
Ve S ¥
lgﬂiuiﬂi\ll 13

EVAN




o 9

a = L4 P = 4
HIVDINUTUNUT ﬂ'l‘iEJﬂﬂl.l‘lJ']J'NﬁiﬂE]ﬂ5'Iﬂﬂﬂf)s’luﬁumﬂﬂﬂiﬂﬂu‘ﬁuﬁ'lu

ypama lulaonsuFames i uduea

infny u1w 0y uAIWAgY
sHmlszdag 41061156

Yian Aranssumansuniuda
1139 Feanssu i

W.f1. 2544

E 4
PMNTIAIANINNTINUT  sAAs. Iudy T30

r A
UNAALD
¥ [
Ingrtinus atuidyaymuelunisduanendnmsesniuulnsoonsInfians
o [ ) 9/ ! = L8 £ ' 9/
dmiudyiuewiaen lagldma lu lagns wdmaesuvuueaiin FIezyaniunsopniuy
2995 Tawofionannisueensessauiiimsiiamedlulnuanszua  Tassadevesisesooa
sINNaeIN IninaueszlsznouAIu 2NTAWIUATTUTFUNAB 2VTALNBUNIZUN LAY
i o o W 1 A o @
2993005 ANTId i udyamnssuddioady  dansesanuuezerfondnnisuedaes
o'a o o o 1 ' a o
nswdadloiisnyeamnidnsihnueglusidudaiiundn - lumsnareuaussauy
{n 9o & &
¥9329957 1WAy 921dTalsunsy PSPICE @oununsfiinmyedisns namsnaaoy
annsedudufmnuming $1fianmaving uaskaseuausmuaIinhe du

Tamumdamsnlfinaue



Thesis Title Design of Accurate CMOS - Based Square Root Extractor

Student Mr. Anucha Keawpoonsuk

Student L.D. 41061156

Degree Master of Engineering

Programme Electrical Engineering

Year 2001

Thesis Advisor Assoc.Prof.Dr.Vanchai Riewruja
ABSTARCT

The goal of this thesis is to propose the design of square root extractor for analog signal
processing, which are attractive features for integrated circuit of current mode function circuits by
using MOS transistor technology. The proposed circuit consists of the second-generation current
conveyor (CCII), the current mirror and the basic current-mode square root extractor. The
realization method makes use of the characteristic of MOS translinear principle PSPICE
simulation results confirm that the performance of the propose circuits, i.e. accuracy, dynamic

range and frequency response, are in agreement with the theoretical results.
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= o = = o - ar " 9 o
NIUFAIADT MTONTIUTHADS UVVUNRE 1A UNITWaILINInoun1sas1ely Inals
N3MFMALS (Bipolar Transistor) [17] Tudumenssuit 1930 14iindngnuansdisnisendng
Y ° s o @ aa o [ ' J an 5.
nmﬁmsuqﬂnsmwgnf’a’wnu%neuuamﬂniuﬂm;'uu ud 1l dedravunnganou udiiios
v v
nnasioriuma Tuladuagnszuaumsadneniivzniugusosduianiesooreussnulaumy
A o o - o
@1303AU1 (Insulator-semiconductor Interface) tazdavian1ud lalunszuiunmsvemuiuy
A o o o “ ar ‘l‘l ] o -
uazasnadani irldgunsalfindroueaminlumiodiy liaunsori 1 1Fameseld
..l - J St = ar ' "
NIZYNMIINAYUYDINTTUIUMS Silicon planar tazina Tulatmivlmiansonlugusesde
' o aa et o 3 = o o v Y a
gvineen lwauazdanouldd Mldaunseadueansudaaefiazinldon 1S

A e ﬂ' ¥ n’il 1 Adl ar
FuiluInuwsnareaadaenmssud 1970 ﬁmﬁqﬂwuu[i’l]-[%]



N-Substrate ; S S

(V) HUUFOIMAAUNISUABLAN(P-channel)

31N 2.1 wornuuuuuIRMANTU THUA (Depletion-mode)

voanidunsuFamei i Taonavosenm Td asnsoudaiiulszinndian
W J 1 ar u‘d' ] 1 9 " Y c:; 9/ o
Tdwasuuy Yuegiunaeinldlumsuls wu dunismusiiaveswmzaldlumsihnszua
' = ' = = d
wawsoutsldiduaseia Ao wemmnuuuyesmuAunszuariiady (N-channel
4 P> = o ° '
MOSFET) dailuneamnnlddidnasouilunmezlunmsinizug uasuoamniyuseamia
- = = ‘é lﬂ‘ L]
IAUNTZUAYIAN (P-channel MOSFET) duiluweaminiilélea (hole) uwmzlumsih
nszud duniweaninmudnyay Inssaduazmafausauualuvasiding ludmilugud
¥ - o - = o <
wannsouieenldilludesdnuuzie veamnuuudwanduTnun (Depletion-mode) 1Ay
o o o 8§ = o ek
HUVIDUBWFUUN IMUA  (Enhancement-mode) dmiuneammnuuvAmandu Inuasiady
o ﬂ'ﬂ ﬂ‘: Al 1 o A
Inssafraezdszneuldinlawdian Insamsunazveaiiilaonaesdredoagivaisis

o o = o & o 4w a 4 ' =
muW'umﬁmﬂumtﬂu‘uﬁmaumaq ﬁﬂﬂﬂuiuaﬂymzﬂﬂ\uﬁfﬂlluﬂ "H‘I"J'NBQUUN??‘H?']'UEN
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(V) HUVFOIMNUAUNIEUATTIAN(P-channel)

! o
314 2.2 woemminuuunu B REEU IHA(Enhancement-mode)

] : - 4 1 =
U504 (Substrate) ¥HaR  vININIIBAN InsannGutlu larnzmiloduvosrauyayina

d <& q!: 3 - i % L AT g/ A
IDUBINUAWRAUIUD I YDIFANDUDDN 1HA (Si0,) TaoiimnnanNuA UMY (Resistivity)
Yszina 10° Teviy (0 gungiiies) (17), (32)-33) vusadvaruduaou 1195 msesi
- -1 4 ' a o e = = ﬂyl
Wuriiadunariuyauuaineeguuiimheesguseatiueiai 151500 weawin wilaiih
WhuvemmnuuuAmandu Tnuasiiafiusauua dwaasluglii 2.1 lumsiauvemeanin

" b "

suvamanyuIvuail mwnsoniouluiuamandudlnludadoundunazdaiiaulud
BugmFuideludaase Tasiussdulusmnnaeav )naugums Inavesnszumasy

a a J o ar o o o a o a oA 9
(ID) ninAvu fn'niunamﬂmm‘umusnwmnu*nTuumuﬂmuuawuﬂwn'umumiﬁ's‘|mu

woanumsadraweamnuuuAmandu nuasiaduuazsiiafimudrdunnlsznisudesd



1 ar 1 [ q‘: 4 o o d
ANUUANA AR NIZ TUAIUYDINTES UMY Fauo W NUU LS U e U U
q’ =] ad n’: 9 1 " ar 4 w o | o/
Tnuaiisziidmdarwdian Insawsunazyeaniaesdiamsagiumsnsdniwsiamoadulu
s A L] =Y 1 o 1 P ar 4
ANUAIZYDIFALUUAFIINOYUUAIMIIUBITINTDY  LAuvauuadana e TuAsdeiu Tauni
TYUTNINTOADINYIIVOIUYAUUA(Channel Length) 1Aavwidy L uaziinnuniavewumsa
o § ° d o o
(U (Channel Width) i W @331l 2.2 Tumisviauvessomvin upudussiuuy Tnua
° ' o @ 1 n’; ' o ] =
mnsamhauldnmzinduauduuidiludansanmiv - Tawisovauludiuves
mansude ludadounduld
P o o I's aa 3 as ] " 1
ieannuedmnuuueueugLun Ivua Wuwuuiteuldiuedaunsnaounnd
- - d‘. 9 a Y n’:!y s o’a‘ o Y P i a1 ﬁ’
uuuAnasu e uazdunuunldnslinedinusi Sniuideisznasede iy
a A a =< = ° a d o o a
FWazReAYIT WA IMgERM I NuveweanstiaR LTI vy TavezRoisan
Aveminludrmadunszuasimbuilundn dmduridaneziindinen v, uazfirmaves

nszuaasuih i lufirnsesd i wasmonunszdulumsnaagas #1731 "weamn” ne

- =y =7 4 = B & ¢ o
1u3ViU1HWUﬁu THUUDY "Hﬂﬁlﬂﬂﬁu AlDUaIUsIIUn"

Qe 3
2.2.1 ARUAUUANININY

Tumsesuegamuiimshianseweaminsinduansofitres uismsvhau'd
am Tnsaadralugili 23 Farasfmsihanlusisdisg vos Vo 02 Vo, 10511 23 ()
¥OU (ATU LAZFIUIDIADAINIIIG 'lu-ﬂsﬁﬁﬁmaH‘nﬁu%mﬂafv‘imuﬂé’wﬁuﬁmﬁuﬂizq
Taoinnuaziwesdanouldnuaugano lasen ladvimiiiaiiouusus sy (plate) VD3
Fuflszy Failganoulaoen lsavmihiunausussuinnme &1 Ve Tinuiluay
Uszywmewiiauannie lanazgnasgetimaranuinmerauua Snaldunausanua
nmwiu p” uaziFoni nyauuaTAN (Accumulated” Channel) U3LBBOMIEUASHTEIY '
rueniudouyauua p' ouslufuazases auyaduda sewuhiidnuazveslaToados
AaRo UM ISR (back-to-back diodes) FartudazidansziaIna’ld ussdufiveauazinsy
sxdoaiiinnng denszuaiinsusziunssuadana (Leakage Current) M30n38ITIIINY
wsugaaian N s wdmaesiusaning [29]

Tunsdifiussdunniisuiuuanliinn Uszydaldinnezgandnoon’ly  virlduwa-
wnanlaou i p uazidluuSnaasanime (Depletion region) lufiq@ tiious sfufimmiit
WIni UszqaunSediinasouszgnasgaduniivTnsusauna  uosuwauunszilsanin
{Wuviom n muzﬂﬁ 23(v) Fudeudouinuremuazasuiidiot wazdonhuyaua

o as a e Y [ a o 9 R [
Ny (Inverted Channel) us3aunNNNN AN niuvedianasouldinnilaisunny



wi-nivvesleausnuguses  Huilonveausd U uvemIuTames  (Transistor

@ o (4 o a 1 o " - =
Threshold Voltage) 1¥daydnual v,,, dmfvaussdunnaemnnni v, sxilurauvasiia

= - J a o 4 ¥
IDUINATY 1£f‘|3ﬁ1ﬂﬁmﬂﬁﬂ’l‘iu11ﬂﬁ15$ﬁ31ﬂ!ﬂiullﬂ$‘ﬂﬂﬁ1ﬂ

P-Substrate

\

Accumulation layer Depletion region

VGS<0

23 (n).

P-Substrate \
P \

Inversion layer Depletion region
VGS > VT|-|

VDs < VGS 2 VTH

2.3 ().
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B
Vi

P-Substrate

AN \

Pinched off channel Voo™ Vi, widened depletion region
Vos > Ves =V
2.3 (3).
= o g ¢ I a d
E’Jﬂ 2.3 ﬂ157|1a1u‘l!ﬂ<1uilﬁlﬂmm‘umu ﬂ1u°511]u1'1‘i"”ﬂ‘foQlﬂulH’ﬁ“ua
a ar o 1 ar d' L ' A
dmivnsdifussauinm-semisond v, sehifinszualvassnivgenuaziasy Fazde

' a 1o - ‘o a a d v P
'nﬂi"u‘”ﬁlﬂﬂﬂuﬂ-N‘lu"ﬁﬂ'luu1ﬂ5311ﬂ(ﬂ']Uﬂ'.nnlﬂuﬂ5\"151331"]53llﬁvlﬂalﬂﬂu0fu”ﬂ

Anaunn-yeadiaudingd v,,)
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y o - 1 o e -ﬁg o ﬂl)‘ 4 Ql J
(HIOUTIAAN-TDA Vg DAWINAT V,, T urouuafiediu dndudie v, udiy
] a o a J LI 1
AunuIiuvesdianaseu luuranvuadsziiuiudte uazagl1dhmnnumuuninees
ar & e ar =] 3 4
Uszgmmzazulsiuny vy - vy, Seliennihu ussdunn-aemlsz@niua’ (Effective Gate-

¥
@ o o o 1 ] ad
Soure Voltage) 19dydnusi v, duiusmnnumuninvesszydidnasou uanaldlae [30]
chux(vGS_vTH)=Coxveff (21)
H 1 d. L] A 1 y H
Tawd c, (usinaug ihiianaenilamissiun

y v o a4 ' " o o o ° a ' o g
WeussunasulA NN Igud aamnies - ildinasnumadndnaeeauazasy

tinaldifanszud Inavinesulyes aowduiusssnin v, uaznssig 1, wwmiloury

¥
oo

AsfiveIn MUY Taodanudunuse s
W
Ip =|"nQ'E'VDS (2.2)

o U 1 [ < d ia aa ' '
VUEN [, lﬂuﬂ'lﬂ']'u]ﬂflﬂ\!ﬂ']ﬂﬁ]#ﬂlﬁﬂﬂ?ﬂﬂﬁﬂ'l‘ﬁﬁﬂﬂu unz Q Li‘.lummmwumuu

A é ] ¥ 1
yoslszy lunrauuadentaniiaeuf vinaums .1 uaz (2.2) w184
w
Ip=n,Cy + VYes ~ Vi) Vos (2.3)

3 [l
aums (2.3) ddusnudiusnanse 1 dineensdiuswumsu-geaiaudlng
-
AUl
-
o oy - =1 A 4
mahuvemsugdined udalnsadees e ldmugai 2.3 () Tasdle v, wn
¥ & d‘.‘ = o Y o J 4 T d'
N2 V,, Uaz Vo, = 0V davaistiuyaunagnmiioni inavuua hilinszua Tva dieaninus
o 1 1 ¥ o " 1 J o |
Ausznireauaziasuiinuiugud 1ad uazdielusadu v, Antesq dmilseziliifad
1 4 o - ] -d’ o
Aszua naruurauua’ld Famsmauvesweansudames lusaeil wilowiugiduniy
Hanuduiusid lmuaums 2.3)
4 ar Q‘ J ) 4
HIOUTIAUIATU-FOMANINYY  ANUHUNNINYDNsE N IMERUTaIUIZaRAIAIY
- o o
wuyauuannyea liwsu mwgn 2.3 (a). msaansveslszynme luusauuaiiinaly
nausAuAnNAs ouurauuand iy limidu nande AUYANUIIAUNATUTIAAN

i ar ‘I‘. A. J @ 1 1 ¥
AIMTIAUNYD  9ZUMSINUYUVDIUS mumnmaﬁ'lﬂmmammmﬁaamu'lmwauuaﬁﬂa



12

THussduanasoussn hunmuazirauuasimgeganiiy vy, Adumisduaeauasise
dunmuvanuadmimgaiidumislaed e uazussdunnin Wifaurauade v, -
VoV, (il Vo<v,, nszaez il Inauas hifluiyauuaiady) iefieeiiurauuassdos
fdndiihuan Snehidifeusann Taoluvaziinrudanefiamuazegluziehisud
NIZUMATY I, sxfimiuumum B s Iy Vs 8010 liifhudadunmnsmlugy 2.3
(@) MsmuvemsuFameilugwi (Vps<Vos-Vry) 130071 92912iBu&7 (Nonsaturation
Region) til0 V, fismnntu sunsziadin Vps = Voe Vi Miudimesizudhganiosdud
unzdnuae Tnsaadrnvomsndaneslusasiiuans1ddesui 2.3 ()

uazifieA oy v, iy lenounsialian Vs> Vs Viy Tunsdifius s
mnﬂs'aumrmsuaﬁﬂmué’mmuﬁﬁwqw*ﬁ Vi Vo, Faiuasin Thian 1z fiudoon (Pinch
off) nanfe uauuaduusormudunizumzIAeen GuNNLTHAGWIATTIIDY
vin it I dezimiieni i Snsarauvealssay o iduusauua §
fugemmaudunszuaianineeniniy uaRsRagUi 2.3 (9) uazeziinszuauns. (Diffusion
Current) 90T AUYDI0 lildansy FoamudunssuaszuanIgumuian UM UN LGS uaz
adwduiduumdstionszuansit (Constant Curent Source) Mizuatasy N1 HI A

' a1 A J o { a (]
Wi vy aziannuduiniaaslunsauglil 23 @) mahauvemswdames i

v v
HIF8N219%2901H(Saturation Region)

ly
P Non-saturation
region
Vps < Vs = Viy

/" Channel Modulation T Ves

leat -

: Effect
o e L e B e e
]
I e idea
|
0 £ : T VDS
0 VDS(B!t) \ Cutoff
Ves <= Vpy

3N 2.4 nampuaniEmsihauveweamnuusBuB LU Tnua
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2.2.2 aumsnansnnudiusdmSudenaunalns) (1), (21, (26]-38]

e & ood o . 9/ P ] o
il'lﬂﬂmﬁﬂﬁﬂﬂﬂ%ﬂaﬁtﬂﬂﬁfﬂmﬂuﬂ'lﬂﬂﬂ'l’JlJHlﬁ‘]’ﬁ"ll!'liﬂﬂﬂtﬁiﬂiﬂﬂllﬂﬁﬂﬁﬂ’lﬂu
. ) 1 1 é
oanldiu 3 aalaviinsannnd1 v v, uaze Vs FRZAMNIAUIUTUMTUARIANY

v o do

4
duusdmivdyauvualng (Large-Signal Model) Tdaase 117

L. ¥3anueainn lirhnszud (Cutoff Region) 9214

Ip = 0 We Vi SV, (2.4)

2. sz v mIovaududy (Non-saturation Region or. Triode Region) 9

#aC W V3 :
Ip = _%'"[(VGS =Viy )VDS _.-_ZQSE} io Vs V= Vps (2.5)

3. 92N TLUIADONA (Saturation Region) v 16

— —OX__(VGS - VTH )2 tﬁﬂ VGS- TH S VDS (2.6)

Tavh 1, fi® AINsu@AIH (Drain Current)

Ve a0 Fi'lﬁﬂﬂ'lﬂﬂﬂfﬂﬂﬂ'llﬂﬂ—%ﬂﬁ (Gate-Source Voltage)

Vys D ANAIANATONY A Y-8 T (Drain-Source Voltage)

w, 9 MamWANNAdeRIveslaanToBiannsou (Surface Mobility of
Carrier)

Cox A0 MRy IfhdoR VR UAMBEN ldt (Capacitance Per Unit Area of
the Gate Oxide)

w Ao aAnunhelsedninaveswauun (Effective Channel Width)

L Ao Anueseaniruavousauua (Effective Channel Length)

Vo 710 A1ena1 1305y (Threshold Voltage)
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2.2.3 manuglvihluseandn (1, (2], 131, [32]

4 1 l:’l ~ J
311 2.5 mawg llihiifavuenTassainveweavn

o s " { = J =
dmiudnang ihinatuen Inssadenoluveweanin  annsofnsanld

] t 4
a1 Taseadelugii 2.5 Tasiinasdo ui

A 1 - v A oa o o
1. Cue o Manug W5 mszue innuazsea dsfiawiny

Taon

uag

Cos L% +C85 (2.7)

“ i . . . 4
Cgs N0 gate-oxide capacitance associated with the source region of the
intrinsic transistot strure

Coe fio parasitic capacitance resulting from the overlap of the gate and source

CoxW l—[ Vs ~Vm — Vos ] Non — saturation region
2(Vas ~ Vi ) Vos

cl. = (2.8)

%Cox WL Saturation region




1 ' 4& = 1 1 as
2. Cgp Ao Mg Iihsausennunnuaziasy Faiinuniny

1 0
Cop =Cop +Cop

15

(2.10)
(iio Céo fn gate-oxide capacitance associated with the drain region of the
intrinsic transistot strure
ch fio parasitic capacitance resulting from the overlap of the gate and drain
( v v 2
Cox WL | —{ SO Non - saturation region
2(Vos = Vo)~ Vs
Taon Clhy =/ (2.11)
=0 Saturation region
OO Ch WX, (2.12)
a aa 4 ' v o das ve
3. Cg A0 MAug Iihinalusznveaduduaian dadiduviiy
Ceg (0
CSB(VSB)=—"“__‘53 ) (2.13)
L, 5B
( ¢°)
(e Cgp(0) A0 the zero-bias capacitance of the source-body pn junctions
b, fio the barrier potential
' = ' v d 2w
4. C,, Ao MmNy ihiifeiusenhuasududuaean Faliauidy
Cpg(0
Cps(Vps) = s @) (2.14)

Ja+Ves

1o Cpp(0) fi0 the zero-bias capacitance of the drain-body pn junctions
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o o dao [ 7 o
2.24 'Nﬂﬁﬂﬂyﬁfjlmzﬂ'Nﬂ]illﬁﬂﬁﬂ?]ﬂﬁuwuﬁﬁTﬂiUﬂﬂJﬂJ'IﬂJ‘ll“]ﬂlﬁﬂ[Z],[ZG]-BZ]

ng
Go l | — l oD
¢ gmvgs rds Cdb

31 2.6 2 sauyaddmiudaapavinadnvesuemmin

= o @ o ad o 1
Tugii 2.6 wrasssauyaidmivdyauvnadneamemniguiem lugas

"
- ot

duduaz liduda Tavatimueaduiudszguansdnsdinuiiulamaums @.7)- @.14)
UazAA NN Transconductance)¥0 1995 s laninaunish (2.5) uaz

4 A
AUMIN (2.6) Fa9z 1a

HaCox WVps

7 Non —saturation region

dl
8 ="

i

(2.15)
£ lvgs=0 1aCox W

3 (Vgs —Vrg)  Saturation region

NNAUNITN (2.15) dmFumsmaulugeduia manuhvensaunsodoy

anwduius feglugivesnszualdiiiy

(28 Cox WI
gm=\}—————~““ ‘i" 9 (2.16)

v
dmiusnnuAumuiigasenyevesansai mamm ldmuanuduiusaed

HaCox (Vs = Vi = Vps)
i
= (2.17)

et " o T Saturation region

Non - saturation region

I di

-

1o A A9 channel length moduration parameter (volts ')
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{ o o o o & & "
nmaslugdi 2.6 Tdswdadnnuiszgdmon 4 dafe C, C,, C, taz C, Ferou-dhage
o 9 o w = o9 = Y 9 o w = d g/ o
onuazFugFoudmMiIuMIAnzHasieuazingnlddmivlumsimsz lavldnissans
o - 1 u’: 4 a ) c'dy
msinudelsunsuneuiumesmniy [27], (28], [31] isannluineiwusidlums
ponuuLIIITneANNTesdmiudyaueuaen lasldueamnniimsinueglugs-dy
a o & “ = - 4 4
andunandssziunalfifiaanniiugoon(Pinch off) nadAvuYaUMA (Channel) Fuilu
FoamaAunIziaUInulawd ATUNIADEANTOLALNIN  LATANAITIYIATLIZTUAIULA
- 4‘ 1 & i | 1 o 1

uyanuanselszyiivunniioon Fmunsonan ldhmanugsznhunniuasuc,) fim
Wouun daumAnuYssniereaiuduman (C,) naziasuiuduman (C,) Wi dediim

d’ 4 1 ar 4 - 1 1
vouun lasmmiziloroagniFounanugnses Faesiirsanmmeannugsznianm-

A = 1 a ar ' . .
¥oe (C,) ¥vziialszanm 2/3C, WL uagdmsumnnudunmuiiesnnivunnyeaues
nll o g J ﬂ. =) 3 T ar o
wingnAudsnuIu aniumn A uiita s v AuYed (R,) uazvianiy
E ¥
93U (R eliAgunn welimmzmanudiumusznnawnasuiusea (R,) iy dniy
- ) ) = 7y e o = c’ﬂy g o
enNuazaNdmMIuMIlRTEidviio muluinginusiezldisesauyadysuemvin
d;o 1 1 o é {

Taondmualvi €, ¢, oz c, fawhivgud Fuihowsampdieielas Gray unz

Meyer [31]

22.5 Wavesguniilwaeaivin(27], [32), [33]

o

WTeNauNIA (2.6) olimsn/dounaswesgungiiveiinaiimnszumasy
- o = B A - del o w o & o~ 4 o
voaemnimsnlasunlaufaiusuiewnninmniliweindiny 2 @1 Felinavudy

a 4 W
gamgil ¥4 ldun

1 ' @ -é
L. MENINANIAADIAIVDIUTEIWINE (Surface Mobility of Carrier) W30 p_ 9

ﬂ:@ o ar e o 4 ' A 1
annsauaaluaumsiduiusivguugdlddeaumsn .18) Taefisn T Fuiluswes

QM iisoud19 (Room Absolute Temperature) 11A% k, iHummaniimogszning 1.5 i1 2.0

B ()= p(Tr)(%r)-k’ (2.18)

e T Ao mguugivazAnsm (k)

Tr Ao AWMl o guugiivies 1Ay 300k

é 1 1 = 1 4 = ¥ A‘ J
vInaunsh (2.18) vziiu 18w w(n) sxiiannaiiogungiifiaunuiy

39749
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ST 4 <
2. MANAIAAGY (Threshold Voltage) 130 V., Faaunsouaauduaumsndunusiv

gaunil lAdsaunsi (2.19)

Vo (T) = Vo (Tr) =k, (T = Tr) (2.19)

1o Ik, (uAneinginIegszni1e 0.5 mV/k 834 mvi

- d { a1 4 a a J
MINTUNITN 2.26 22U 18911 V., vziintanauiiogungiiuiu

wennmsiumnszianns Ifaunemmnezitisesnily 3 Yasmnmsfinsana
VoV, 02 Vg #a0e ¢ lémnazimasumitugudiie VGSSVTH uazaziiauilulauaw-
3Tl (2.5) 1Az (26) 1o V>V, unanmnuiueida dor v, fnndnlnd v, aums
UAAINUANHUE zw’inﬁms:ummuﬁuéﬁ'nmmnﬂs'amnm-wnﬂmhaf?vzeé“lugﬂu'aa
Bnd Tmuaidon Expronaltial) Tavmwestuiloy, <v,. FeziSonmsianilugisin
"§INDUIDT YU’ (Weak Inversion Region) 3D "81151msA 1oa" (Subthreshold) [2], [32]-
[37] =’§~1msﬁmu~umnamﬂw1uiaaﬁe:ﬁi&ﬁoéﬁmmmﬁmu'lé‘ﬁ'lﬂtﬁvuw‘%nmznﬁ‘l%’
wasodunn uen liduidosmindesnnisialfiamsmevinaiunuuinuenini

HalHAABRUAUBINHAITUD AR A

r d
2.2.6 WSpumeavdeauaz deidoszynausamnivluinarinsnudmaed 36)-37]
n. 408 voarmmndion)SsumeuiuluInasnsmdanes
9 l’: “a d‘l = ar o
® AoamsvuaduMIHARYsEIIN 25% damsudunsstumsadiely Inais
a ¢ d A ' 3 = ¥
NIUFAADT MUDININIINITOBNUUUATIL MOSFET 1 lnseaduas
nazuaumMInde MlAlFaunulunisnandi (Low Cost)
a a - ' ' R ! By
o dulszAuggnadreiuldmnnimazannsoussgniegnla i luiuiindda
18 ulSinannn uazilagiumingaufagviniuoses vis
g o - o &
® AU (Drain) HAZYIWDE (Source) YOI MOS ausoaauununsu'ld a4
mennutens lundewnlasnmin msiziiesnindl MOS danuauuIng
& 1 ar - d. L]
(Bilaterally Symmetric) @auana19nuluTnasniusanein lansoe

o i aa d ar
AAVIENINVI0UAKDT (Emitter) ﬂumﬂamaﬂma{ (Collector) 1Aiws1e
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o YSinams Tadmsnsinhidiinmesfuneamamesas linhiy Taomisis-
dnhiisdamesaciviumslaliiqant Fudnihnsaduvisiliens
MUY (Gain) AAAIDHIININ

o Jurtanmzlumainszua Tasweamneg ¥ lumsninszuaiosyiia
A7 fle Toa (hole) 11 PMOS n30818nA30Y (clectron) 11 NMOS #atiiie

- o

= a & v s = qyl a e :
GondalszAvgmsnednityiiaiidn gl Inarsnsudanes (unipolar
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A _ o ar ~ o o I
(majority carrier) Failudianasoudmsuniti apn tavilulea dmiunsdl
4 v i = . < o o
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< ¢ o 3 ar =
® My weanuFawesi iy lasldus iy lniuguasziaiimaoen
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aa [ 1 as e o, o Vet o =t
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Maedunn wazansmi lYuveamnddug dsmnvinn vash 1o Tn-
a d
arsnsuFamesion Tavlénssuamaudiniuqunssuanesn nazny
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MaauInnM
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o e\ o e Le £ \G
uaglignngaydoidwpuyniifayuiinidunn
®  HANTZNVYDIYUUYIABNILUT (Thermal Runaway) mwly MOSFET iif
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viovwn vude digungiilisadidunszudh lnaru Mos axiimAeudh

— = s = d. 3/ U o
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nImFmaeisauioguugiinuiussi Idiinszualvamiuiu  waduiliosss
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d‘ o '3 = 4
v, Yoo yewoamndonSsumeudy lu Inarinudawmes
o ligwisamnlaonsldnszuaniugyld
=1 =1 o dlg' 1 o = o A'l - 1 =
e anuiElumsinundini luinasniugames e niiawesnng
¢ ~ a & o g e ] ) a '
uAUN MR IUBUNNAgY mﬁ‘lu-uaﬂmﬂmshqmmqmummnqa e
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Vet o d c;‘
IimMImaus @y
® AN MAADUARLAUI (Transconductance) H3D g_ HAIN
o aumslFinsizimsiian MOSFET finnugannuinniaunisveslyln
¥
I NIUTMADS  BNNIMTAIITUINIMUYE: MOSFET §aiivatnsedy
(LEVEL) 80 dugy luldsunsuduSez)) SPICE 26.6 tsmsiiauwes

MOSEET 11/u 3 5281 fio LEVEL 1, LEVEL2 (ias LEVEL3

2.3 29sNIuaais[1]; 121, [38]

=1 1 = ' wa g 1 a -: 4 a '
Tudl A 1975 Barsie Gilbert 1ATtyejaf131 * memdanios « Yuieldasinonguas-
o5 lidhuFaduiiion 1l o1 2a9sguMultiplien), 2995915 (Divider) tazagasen
o _ o o w Lai o 1w v ok o
fdades(Squarer) (udu Tasldvse Tominnamuduiusig seasmsadaiuanui
d ) e = 1 a 3 4 o
(Transconductance) 404 11y Ina1snsimusmaniveiinnlaomalasotashuFadiu(Lineansiy
o ' o i ; : d oo
nszua IvakIneannes 39iIuMNYBI¥e “Trans-linear” UBANIATIWINLATIUI905
Wudunaroriialdun 2995vei0nara AB lunnvieenvesesrthiouilaauivgl, 29esee
wWunszud nieulinsznslusssynedyanamuuiloundudonszun Agsauesngluzil

da - Yt 9
voInsdanios laonaay
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o o o

L 4
dmdunsivsandganaiduidnznesnvonmadaiioniiu - weyly
¥y ¥ v L4 ]
vesnszumumunisdy ifiosinamsosdeR-Buvemsmdmaoivniuiigninnfieisan
' 3 PR i fada & A& a o
Jwdw  dumgldneudiszlidimsudaiiesisifedonesuuiiinges Tnuanssug
2 2 - e
(Current-mode Circuits) 2951 5zianiivzAvsadatiudroma luTaduearsessauminiu e
=y o = a wa 3 e b 4 o
v lndifvsiuvosgunglivasfiams  anudhiuvesTnssadregunsel uazan
Wuduvesmsieliamudwaiiusdumnndemsavesies mlduheiinsfandnns
ot . 4 o 2 =
vornesuuvi lAdwddunmssui 60 uad hitunsoatinin1édoma Tuladuesgunsel
b ¥
UUVUOAFY ( discrete devices) Tuumziiy
ar =) = o o J ¥ L © ar
luilegiiumsdimnzimemswdadios 185 umswanniuesiasaag uaz hildsda

v o ) | a’: o = [ ar
ogiiivams 1y Inarinsdamesiviniu msrzmsludaueansudmaoflugndumsa-
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o o o s o a o =3
Taa(subthreshold)faunsa I anudusiusuuu@erdy 1y Tnanins G aaes S3919M9150
- o '3 da o g 1 a c:'w 1 o
voanswdmaosiuginsainsmdadios Idiwuduy (1] wonsnidawudiaunsoting
oq 3 o Y ot o [ a o A w Y 1 " ely
szgna l¥duneansudmaos niimsnianuluyedumdaideneznaae T dseiuns
NAINANMTVBIINI T aies A s unsmdmaesuuu 1y Twasuazuuuye swni
° 1 a o A o e o a9 9 o [
msinulugaedud dissnndundnmsiiinni lilszgnd 1Faudmiunseen wuns
viodszuanadygnuedeniieune  sauiimsesnuuulesneasniiasenioluine

Y n‘:l’
UNUTHAY

s o v a d
2.3.1 nanmsveddwsnamdamsidvivluTnarsnsmGanes (1], [2]

N da A o o o - ['4 o
NanNMIVoINIdLos iU ly Inasnrusaaes Wunisedenliy
o o &t = 9/ 1 ' o o o o i =1 & A o o
ﬁuwuﬁmi‘lummuizmwﬂmﬂuﬁﬂﬂuﬂmmwﬂﬂuﬂ1ﬂsxuaﬂaammﬂanwam"iﬂﬁszqnﬂ
9 oo ° o a o Vo & a Veoomt, o '
12995 nimaia luIna s nausmeesunonuidulesdeiisood of-i5 use 31910
o @ 1 = o ﬂ & = a dy 1 e = o
uaznoalanAos assoanuluala mﬂmummﬂuanum:uTmimn‘nuamuﬂsqﬂ
(Translinear Loop) ﬁaﬁmduﬁuﬁﬂﬂugﬂﬁ .. 1
1N Tugdit 2.7 sziu lhmusefivsuseen 18 2 wandosude seudedi-

d 4

o N lasunms ludaeuiifneinnnsonluiamemudinuainiClockwise: CW) s ovdoi-

d a

muw”lé’f%’ums‘lvé'ﬁﬂuﬁﬁﬁﬂmﬂﬂﬂs'an’luﬁﬁmamuﬁumﬁm(Coumcrclockwise; CCW)

B

9 o ] aa o« 1 o
Hevz ldnnsmaesdnmanasomue-aiamesneluguiihuiiuaud
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30 27 pluvuiuguve s daiiosql Taold lu Twarinsudmnod
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3V =0 (2.20)
j=l
EL)
cw CcCcw
Hag
1z
Vi =V ln[l—’] (2.22)
sj

[ 1

= aa 4 a ﬂ'
laoh v, Ao famannseunia-dilanosvednsmudanes iy (V)
1 L4 = o A
I, 78 AnsznanealdnAps YoM IuFAARIAIN § (A)
V, Ao AFNANTQUNNI (Thermal Voltage) (V)
-
f

I, 0 AINTZUDNAT (Saturation Current) YDINIIUFMADI 771 j(A)

si

UNUAENNISA (2.22) adluaunsn @.21) 91d

¥ Vs ln(LiJ =5V, ln(—i—-"'-J (2.23)
cw

sj cCw 1]

a = a = (4 as o w
WM (2.23) suualinsugmaesyndalinmauwainunalsznms A

Yuaunsn (2.23) sremnsodon v Iaily
[Ty =T10) (2.24)
cw CCW

VMNAUNIN (2.24) aunsaagUnanmsvenssniudadios laoldlyTwars
nuFmanih * waguuesnszuaneaidnines luiimmuidinniim selisuihiunaguves

1 o o' a o )
fAnIzianoalana ai‘lunﬁmuwumwm" [2]
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2.3.2 NANMIVOIRVINIIUAAHEI N HTUNemMInNIMaMnul 199367 (1], [21, [38]

o da A oo o { o T a w Y]
MANNITYVINT N AT SvSvua T s luyedud aunmserds

o o g = 1 1 [ 4 s o ar 1
ANUAURU SN LT UFUIZHINA M IUTABUANUAUS  (Transconductance) HUMANAIAN-
AsouAN-soavRINRMMN  uazmathvemnudazd eI N-Te aRDS N

Muihuaeila dededefineasluzii 28

31 2.8 Puvyiuguvensemadaniosgy Taslfueavin

= P 3 c;d o ' a ar
#nsengdlandszaoudrvdann-veaue wsamniimaninu lugedudinnia
- @ = o o o a c‘n‘z’ - e " g/
v lugii 2.8 Twihwesdmduiululnasnsmsmaesuufoaunsonezutseonddiy 2
A @b = ¥ o o o a
wan Aewinnsaduvemniifiduan-voads 1 sunis lydalufinaruiduuiin
1 ] Ed
(Clockwise;CW) tazwanfiaouiluvesmnifivann-ven 185unts lufaluiiamiudy
= - & s 1 q’j 1
UMM (Countclockwise; CCW) ¥a9% lAnasuvafnnIanasousiny-ao e mulugdiam

a o
fugud

SV =0 (2.25)

¥l

EVu= 2V (2.26)
cwW

ccw
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&
HAaZIHDI91n

i
V.=V + 2 (2.27)
iR L J 1, Cox (W/2L)j

unumaumsn (2.27) asluaunsn 2.26) 121d

I I
Vi + g = Vo + g (2.28
c%[ i \/pncox(W/zL)]j cczw{ L \/pncox(wmu]j :

RANTAUANTA (2.28) auud Wnnudmmoiyadalinnuauwasiy  nanfeiim

¥ H .
Vo, 10z L Cpy Vouamnunnsanmny dauiuaunish (2.28) sunsonvzdoulnild

(il

LU I
c%[\ﬂ(wm) ] ) 'cczw[d(w'}u } : o

1995 Ty 2.8 wozaunish (2.29) @asend 14N "KawInvesssIniaes
YDINTTUAATUMITAWOATIAIUAINN T 1A oA vo Iy auun Tufisa Sy fnnufis
o = - 1 e
MIUVUIWAIIZ LA UMY [2]
o Rl Sl wlamey o) (5 - a Yo w
NANANMITBIININT AR Idna a8l nsanzih lihlsyyaa 19dmiy
& o Qs - 1 ad a '
msvenuuITeR IR IEHanFumandiamansaieg  Tussuusiaonsennd laiguo-
398U (Multiplier Circuits), 9393M13(Divider Circuits) Llﬁz‘lwiﬁiﬁﬁﬁm(ﬁ‘.quamr Circuits)
9/ 4 = =Y d'd’ as a da s o o Aa
Wudu Fanmeludnoiinus it ldoendnmsvesasesnsiudiiiod Taoldueamniiiings
of Qr A

o ' Ql @ o o/ = o 1
1 luaeoua AHUITUMTOONUUUMNITNOATINNAIT NI UAYUYIUDUIADN HILNA

gl luuni 4

2.4 aq

¥ [
Twunitldnanfmguimehaunazaunsdidyqvesweamnlaseziufivon

=] o o et ° 1 a o o n‘: ' = @
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a o A o o o o o
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msuarmidszianadyaaluszuudiannselind vinedansilegiiu 1dinswanuagi
a [ 1 1 4' A. Yy ¥ n:; A ey
1IUBNIBBNILINITNBATINAADINLBENADITIDY el 1A 993 00aT IniaesiilguauiA
A wulnfiansmarareraneuauemn Enn e Wudtud 2993iva
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aeasInfiaone ldasnuazinnudledideduasdeidvvosndnnisoenuuyi 185
maiuaue 13 luefia luimilszitlunisnafidiea1sudnniseonulu9s0eas INRiae g

3 r ol ﬂ. o o QF 1 d‘ (-] é 1
dwmsudyginewaeniiidys) 5 e Alaumaiuaue 13 ldun msideeuoui
(Operational Amplifier; Op-Amp) ADIIMAVAIMINNINLALZIIVIHU(Multiplier Circuits) N3
T or ‘o = a
1deedueuilaos s umnlsequazouiaonaind(Analog  Switch) nisvoniuy lageidy
s L. i o =Y a 3/ & =
nanmsvesnvIn wdamosgunuy lylwarinswsaaes aseonuuylasldueamnd.d
M lugnAanunesfu(Weak Inversion) stagmiseenuuy aoldusmmniisinis i
19929 11iBuA2 (Nonsaturation  Region)As aufiueeyiontiag 23938 emunszia(Current

- = ¥ o I d:l’
Cocveyor Circuits) laglis1vaziduaveudasnannisasas lali

3.2 2svsneanniiaslagliesruenildesufudidiumumiazisesga (12]-13]

d' Ai 3 . U a o ar
mseenuuuIIIneaTINNresilFooruenildesmfulsesgu umserdendn
M3Faa0n(Logarithmic) 1AZUOUANDN(Antilogarithmic) (WeduRTZiThuaesgm My
o . @ A o 4 o o a
Wumsinesguindesuiuestuoui eidlumsdunseiflaiFunoasniaes
29331071 3.1(n) war 3.1 Wuiedvesynudasnuazdn Inuuadea A

o b4 o w o O

0 4 o o o
a1y ‘INil%;’1ﬂﬂTlllﬁllwuﬁ‘UUi'lﬂﬂﬂ'mﬂﬂﬂﬂﬂ'ﬂﬂﬁﬂﬂﬁﬂd'.ldﬁﬁﬂﬂu
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Vee 1
Rarge) $ Rz
AN I
-VEee Q1 Q 2

" o = -
3UN 3.1(9) 29959en InuuaiFvans oueufiaen

(Exponential Amplifier or Antilogarithmic Amplifier)

Unity gain noninverting summer

" ¥
317 3.1(m) 2909590 Taveronannisifeasnuazieufaen

X Vo = K VaiViz
K
Y
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Rs Y
Vo

Vin Rs
Vout

30 3.1(9) 2v3neaninesiildoouonddeswiudadumminazaesga

: [ =V R
uag W e ﬁvg ex €3 (3.2)
R, Vi R3+R,

(iio Vv, fie finAuFIQuunil (Thermal Voltage)

W = - =t o T s i ar
VINUANMITYDIN i]5'umunwaammzmniwuuamnm ﬂﬁ'l']lﬁﬂu MWIADITINUNYIT

VN gy 10i(Unity gain non-inverseting summer) AdiiarAsluzi 3.1(m) sz 1 ldaesqu

o é = 1 e P s ;
AYVIVUFIUAIANATNIADDNAIU

R 2NV
\ Yo ¥Vp =R_IVR exPl:m(E;_X“%i]:l (3.3)
2 1 R

&
a0z 18

VO = K VS] V52 (3.4)

R,

IVR

K = fnsivesmsnga = (3.5)
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SR b SR (3.6)
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Vou :'\ R_:LK_| (3.7)

' 3 '
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3.3 2avsneaniniaesnlyesiueniaesunuduiulszquasewnenaind14]

215lugli 3.2(n) waansavduanusiiaonii leeetuouildes s uny

Uszquazewiaenadngl ] e ¢ uez ¢ Wudggunsuguainanimaasaduiy e1d

o o o o 1
ANUTUALTYDIANAINYABBNAD

& €
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DInauNsii (3.8) fmuald C,= 20,= 2¢, fafuay 1§
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o
g
VA “31_61_

gﬂﬁ 3.2() 29I VAYYIUDUIADN
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7
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nNnanMsveNsaudyanalugii 3.2(n) WerimAesawnulesmsda NG

o d = Ve @
filnssadamoludiududulszyoodueniluazenasnaindmudoaiuie) oz 1diduases

¥
o ar ar o -

= o e & v o
aeasInNaesdmiudyg nemnenauaadlugiii 3.2(4) Feee ldanuduriuseal

Vi =Vou (3.10)

Vs NV (3.11)
unumEuNIsH (3.10) tazaumsi (.11) asluaumsi (3.9) 018

' PR Vi _Vou (3.12)

2V, 2

out
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dagilaunsii (3.12) Insiez14
Vo =4/ == (3.13)

C: 1 1 ar o d
M3voNUUYNITADATINTITes Ias]Feouenildes wAudufmlszquazouaen-
a d o a ol = o A o a1 5/
aindiilumsorfiondnmsvearesaindanhdines[14] edunsriannudiumuumy

o - y s o« w 1
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udiioaniimsdsnanisudussdesadhadyananiimaaungy ¢,) desmdoiiliag
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3.4 299500A51PNaeeNeIRBHANMSYe I INTINT ATy U T Na NS 11 -
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.
o o las
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ar a o' o @ a - ar ar
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uaraslugln 33
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nneslugilin 33 dunalddsesdefi-Bussnhava-siamesvomsudmany
L .
Q-Q, Anfesiuihiila Anfuilonfondnmsvesresmswdaioquez 1dnuduiug

ar

v
]
JU



32

Viet * Voez = Vipes + Vies (3.15)

I
Vbei = VT ]n(]_mJ (316)

s

unumEuMsh (3.16) aaluaunisn (3.15) w28
Gl =1l {3:17)

I ¥
VINANMIAG.17) A I, =1, 1, = L uag 1, =1, = 1, Aaiues 18

Iom =‘\fIinIB (318)

= o 1 ar as dala &AL o a
9112995 1ug U 3.3 szmuladhnmserfondnniseeaisninsudaiiosne g uns 1o

e a =1 - d | @ o {
00ATINNNDIID3 N 1AINITOBAULLILHVIAENAIIEMTAMHANNMS I ATef 3.2.1 uas

o o e

adoi 3.22 wauauniseenuuuieldaudmivdya unizua  eg1elsAawmn
¥ ¥ =] °

assmsin ¥ nududyapaduyeiidudnainsdosinminsmlasdyaasz i

AIZUALALADANTINIADT 21

3.5 vsneaniniaeslaslvuemminiifimanendudninduaes ¥ 15]

Tugifii 3.4 uamamsvenuUvITNRRT IR TRId M IFyananszua Taolduommn
aa o oA A dan A o ¢ S v @ o
M-Myniimshauluinidndunesdy edunsizriissesionznsdas ldnnuduius

sgndemnszua I AU 1, 1 uaz [ Asaunisi (3.19)

sl b (3.19)

P = < o P 1 1
1NN UGN 3.4 nswFanes M, imhiiveeanuuandiesening L o I

L4
wazdounduhhilusi 1, uag 1, Tavasesaeiounszua MM, uazh i, =1 =1 fufune
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Tdmnszumeninavesesie

oi =Y (3.20)
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A’ ai & b 1 1 (Y
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Funusezld
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out

CCll+ Z
2 2

A
o

||}—’

317 3.5(n) 299500a5 1N aes Tasldueaindes udy

@ o
W UWHOS Az T AW IURTELE

= R
Vout“—b—ﬂ_vout = Vou : Vo

317 3.5() 29v5iniesuundue

in W Vzu
Iy = l +1,Cox L_]Ii(v(} _VTH)Vout o ; r:' (3.21)
1

Lag

W
]z = _"‘ucox L_z[(v(} i VTH )vout __;_ul] (3'22)
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a = o w \"% 4
VINAUMIA (3.17) uazaumsi (3.18) Amuald . c,, L—l=unC0x L—Z TLERTLR:
1 g

£ 4 3 ]
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fign a 0214

gm'(v)’ _vb)+gd| (Va —Vb)+gm3va =0 (429}
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=y > S
20 50, (1 [
= 19 - 1/g,, o
b x
y
Vy 19, g
e

Eo1Ve tBai (Vb _Va)+gdz ("b 'Vc)“guﬂ (Vy _Vb)_gmz(vx “Vb)=0‘

(4.30)
fiya c 9218
8inaVa #8asVe +Ema (Vi =¥y )+ 2V, ~vy)=0 (4.31)
nga d ozl
EmeVa +8ms (Ve — Vi )+ 8as(va —v, ) =0 (4.32)

nyaudh x az'ld

£02Vx "i'gds(vx _Vd)—ng(vc —Vx)=0 (4.33)
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NNANMIN (4.29) B3 (433) aunsamiat v /v, eliauilu

Vx Em2 & x
e ~1 Wog,=g UALg ,>>g. +g (4.34)
vy (ng TEa2 +gd4) : : 4 = te

a g1 a wa
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nimeslugiit 48 vwdud M, uas M, derusgludnuaisgvcanuuandg
(Differential Pair) 4312993 Ay founseiier M.-M, Kwri il sve  Wnseuaias i (Drain Current)
VoM, ( 1,,,) 1aE My, i Taell M, fwdivsien nuaandievesnssiaiaaos
uazfloundy lildiwummues Myardh )il unlsauazwidudnaivunmees M, 49
éh v) diedmuald v, une V., POAIFNABUNAIRALDLA AN NS IR UF 0T aR
annsovhen Idedugndos swwudwifinefivinues M, sziimgega 14 lsidusiivi 1y
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Vy max = V[)D = VgsG (435)
&
HB991n
Igy +1;,
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Lo
HpCox W
M6 :[p—zl_’_ (437)
M6

unumauMsn (4.36) asluaumsn @.3s) 1218

Ig; +1;
Vymax = VDD hg VTH B2~ i/ ) (438)
Bue
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ua~Lf]ummﬂﬂmﬂiwuﬁﬂmﬂmy'lﬂam"lﬁmqﬂn’h X datunsadgl184 o- Vo RS,
wagdnidoulunilede V-, mmmnmmﬂm'lﬁnmwﬂﬂammmuni.,u.ﬁﬂm I,, Ganadins
Mamegluasduds uenvniidefinsandanihiimsiveses Aoumsdunsied
laiduneasiniiaesvesdygadunn qm'lummsfm1ﬂwmf7rgfgmﬁﬁfhlﬂuau"lﬁ’uﬁz
dudeiiandnuesaaes Fafuee1dh
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NATUMIN (4.40) a3l Insiog 14
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NNAUNTN (4.41) 1199910 Voo W0 Vo, szganasanidludinen aetiunin
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(4.45)

(4.46)
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yabezla
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4.49
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842 +84s +5Cs Ve ~842vh ~5CsVy =82 (Vy = Vp )+ 8maVa (4.50)
1 9@ d uazya x Wo1sanlasldngues KVL souiu KCL 9214

e +l—'+v‘ =0 (4.51)
e +5(C6 +C7) g4s

uag L=, (v —v, )+ (4.52)

unumEums (4.52) asluaunsn (@.51) 1214

x [ Emsle +{l+g“‘5 va =0 (4.53)
Emé + 245 +5(Cs +C7) 8as Eds

A
LAz 1N
V, =Ri, (4.54)

VINTUAITN (4.48) §14.44.54) MWITOANIUMIAMIMTAOUANUAU(G.) V92995 14

Hanil
i 1
haal I TAY (4.55)
Vy i [l— (842 +8a1) }Tzs“
(gmz +842 +gd4)
&
e
- Cz(gdz +Ed4)+csgm2 (4.56)
Em28ms
T, = (C2+Cs)gur +844)+CsBuma (4.57)
Em28ms

§ " = o
iio C, oA C, voaNs LT aunes M,
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fi g0 d 9214

Vg pmb— (4.58)
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i ga z 9214
(2.5 + Bt T P S(ELH T, +C,0))vZ AT (4.59)

fi g0 c 9218
EmoVz (845 +8mi +5(Cyi+Cis +Ciy )y, =0 (4.60)

i 90 g 9214
Bmi2Ve +8412Vy t(Bmia TSC 1N, — V) +5Ci (v, =V, ) =0 (4.61)

figa roz18
BmioVz (8410 + 804 +8mis +5Ci5)Ve +(8mig +5C 4 )(ve —v,) =0 (4.62)

(8m17 +5C17)Vi +5C16(Va = V) +8a16(Va = Vorp) = 8mis (Vg = V4) (4.63)
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lom =gm16(vg il )+gdl6(vm'p _vh)+gml3vc +(gd!3 —8os )vo."p (464)
P = o Vv
MINAUNITN 4.58 D19 4.64 MMUAIN g,1= 2170 Zo™ Eror Btr™ By 10E C,=C=C, =
C,, WAWIARNIUMIAIOIBATIAIM i /i ¥892395 1RITIu

k’i = —Em7 1 A (465)

iy i EmsEmi18ms (T35+ IXT45+ less"” l) B

A 2 2 2
1o A= 52(2gml6gmlocl4(clI+CI2+C13)+48 w10C AV 1083 5728108m16(8misCrs™

2 2
gml4(cll+clz+cll)))+(g m108misBmia” 8 mlOg'mngmlG) (4.66)
B= 452C2l4+3scl4gm15+gm!4gml5 (4.67)
T3 =&’.+_C7 (4.68)
Eme
T Cu+Ciy +Ci3 (4.69)
Emit
Ts = CS +C9 +C|o (470)
Ems
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Lamie (uumim. |0)
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n. 2 Yeyainlaains Extract Ialisunsu L-Edit

* Circuit Extracted by Tanner Research's L-Edit V8.03 / Extract
Vv8.03;

0

* TDB File: C:\Fabricate\Rooting\layout\rooting4.tdb

W]

*Cell: CORE1 Version 1.87

g

* Extract Definition File:
C:\Fabricate\Lab\mosis20\edit\mosis20.ext

.include ..\mod\mosis20.md

M1 Ib2 Ib2 Vdd 17 EP L=2u W=20u
M2 2 Ib2 Vdd 17 EP L=2u W=20u
M3 Out I1b2 Vdd 17 EP L=2u W=5u
M4 5 13 Vdd 17 EP L=2u W=20u
M5 13 13 Vdd 17 EP L=2u W=20u
M6 Qut 4 VVdd 17 EP L=2u W=5u

M7 3 4\/dd 17 EP L=2u W=20u

M8 4 4 Vdd 17 EP L=2u W=20u

M9 14 14 VVdd 17 EP L=2u W=20u
M10 15 14 Vdd 17 EP L=2u W=20u
M11 12 3 Out Vss EN L=2u W=10u
M12 2 3 3 Vss EN L=2u W=10u

M13 Vss 12 12 Vss EN L=2u W=10u
M14 Vss 2 2 Vss EN L=2u W=10u
M15 Vss 5 2 Vss EN L=2u W=20u
M16 Vss 5 4 Vss EN L=2u W=20u
M17 Vss 5 5 Vss EN L=2u W=20u
M18 X 15 13 Vss EN L=2u W=100u
M19 Vss Ib1 X Vss EN L=2u W=5u
M20 Vss Ib1 16 Vss EN L=2u W=20u
M21 Vss Ib1 5 Vss EN L=2u W=5u
M22 Vss Ib1 Ib1 Vss EN L=2u W=20u
M23 16 X 15 Vss EN L=2u W=20u
M24 16 Y 14 Vss EN L=2u W=20u

* Total Nodes: 17

* Total Elements: 24

* Extract Elapsed Time: 0 seconds
.END
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n. 3 lanaa (Model) vaaxeani ¥ RsuuuUMsIOUIaZ SN

* These SCN-2.0um parameters taken from MOSIS

* . MODEL CMOSN NMOS LEVEL=2 LD=0.250000U TOX=408.000001E-10

.MODEL NMI NMOS LEVEL=2 LD=0.250000U TOX=408.000001E-10

+ NSUB=6.264661E+15 VT0=0,77527 KP=5.518000E-05 GAMMA=0.5388

+ PHI=0.6 UO=652 UEXP=0.100942 UCRIT=93790.5

+ DELTA=1.000000E-06 VMAX=100000 XJ=0.250000U LAMBDA=2.752568E-03

+ NFS=2.06E+11 NEFF=1 NSS=1.000000E+10 TPG=1.000000

+ RSH=31.020000 CGDO=3.173845E-10 CGS0O=3.173845E-10 CGB0=4.260832E-10
+ CJ=1.038500E-04 MJ=0.649379 CISW=4.743300E-10 MISW=0.326991 PB=0.800000

* MODEL CMOSP PMOS LEVEL=2 LD=0.213695U TOX=408.000001E-10

.MODEL PMI PMOS LEVEL=2 LD=0.213695U TOX=408.000001E-10

+ NSUB=5.574486E+15 VT0=-0.77048 KP=2.226000E-05 GAMMA=0.5083

+ PHI=0.6 UO=263.253 UEXP=0.169026 UCRIT=23491.2

+ DELTA=7.31456 VMAX=17079.4 XJ=0.250000U LAMBDA=1.427309E-02

+ NFS=2.77E+11 NEFF=1.001 NSS=1,000000E+10 TPG=-1.000000

+ RSH=88.940000 CGDO=2.712940E-10 CGS0=2.712940E-10 CGBO=3.651103E-10
+ CJ=2.375000E-04 MJ=0.532556 CJSW=2.707600E-10 MJSW=0.252466 PB=0.800000
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Abstract

In this article, an integrable circuit ~technigue. for
implementing  square root extractor for analog signal
processing is described. The realization method makes use
of the characteristic of MOS translinear principle. The
proposed scheme achieves a wide dynamic- range, wide-
band capability and high accuracy. Simulation results
demonstrating the performance of the proposed scheme are
also presented.

1. Introduction

A square rool extractor is.a useful circuit building block
used in analog measurement and instrumentation. For
example, it can be used to linearize a signal from a
differential pressure flow meter or to calculate the RMS
value of an arbitrary waveform [1]). In the past, one
fundamental approach to realize a square-root- function is
based on the use of an operational amplifier’ (op-amp)
together with a bipolar transistor to form a log and anti-log
amplifier [2]. This approach provides the logarithmic
principle to realize a square root' function. Another
approach is bascd on the use of op-amps, analog switches
and resistor-capacitor time constant.  However, «the
frequency performance achieved by these approaches is
limited by the narrow bandwidth of an op-amp topology:
Alternatively, an approach based on the characteristic of
the translinear configuration of bipolar junction transistors,
whick is suitable for implementing in monelithic integrated
circuit form, has been shown to realize a square root
function [3]. The advantage of this technique is a wide
bandwidth due to the circuit operating in current mode. in
addition, two approachkes have been reported on the
realization of a square root function using MOS transisiors.
The first approach is based cn the use of weak inverted
MOS transistors [4]. This approach obtains low power
consumption and low vcltage operation. In contrast, the
accuracy and the frequency performance are limited by the
small transconductance value of the weak inverted MOS
transistors restriction [5]. The second approach is based cn

the use of the second generation current conveyor (CCl1)
connected with non-saturated MOS transistors and op-amp
|6])- The high~frequency limitation of this approach is due
to the finite gain bandwidth product of the op-amp and
parasitic - capacitances of the non-saturated MOS
transistors. The purpose of ‘this article is to propose a
CMOS integrated cireuit technique for the realization of an
accurate square root extractor. The resulting performances
of the square root extractor have wide bandwidth and high
accuracy. g

2; Circuit des¢ription

The proposed CMOS-based square root extractor is shown
in figure 1. Assuming that all transistors are well matched
and operate in their saturation regions. The operation of the
circutt can be explained as follow. The unity gain current
mirror formed by Mj and M, forces equal current in the
transistors M, and M;. This operation drives the gate-
source voltages of the transisiors M, and M, to equal, Vgs,
= Vgsy, and consequently, forces the voltage at node A to
follow the input voltage v;, with the voltage gain equal |
[7). Then the signal current i, can be stated as

: Vin = Vg$1 +Vis2 _ Vin 1
o ey e it 3 (

Where R is a given resistance connected at node A. The
resistor R converts the input signal voltage to the signal
current i, and the transistor Mg formed as a current
follower transfers the signal current i:5 to unity gair current
merror M, - My, The currant mirror My - M, provides only
pesitive current to flow through it to lirait the negative
current. The unity gain current mirrors M; - Mo and M, -
M, force the signal current iy, to the transistor M, and the
current source I, provides the bias current of transistor M.
When the signal current i, is epplied to the transistor M.
ihen the relationship of the drain current of the transistors
My, and My, Ipis and lpy, respectively, and the signal
current i,,, can be expressed as
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Figure 1. The proposed circuit

(2)

I3 = —
D16 4

'itn +JE‘/‘;+L4_
2 4

Where lp; is the drain current of the transistor M, The
current mirror formed by M,, and M3, which has current
gain equal to 1/4, forces the current i,/4 into an eutput
node, and the curmrent source Is = {,/4 pravides an
climination of the output current offset. Then the output
current i, becomes

(3

where K = (I/4R)"?. Frem Eq. (3), it is evident that the
output current i, is a square root of the input signal
voltage v;,, with the transconductance gain equal to (I, /
aR)"?

3. Simulation results

The performance of the proposed circuit in figure 1 was
observed using the PSPICE analogue simulation program.
The MOSIS 2.0pm CMOS process parameters were used
for the circuit simulation. The ratio of channel widths and
lengths (W/L) of the devices used are shown in table 1I.
The bias currents iy = 1, = I;, 1, and Is are set to 300pA,
100uA and 25uA, respectively, Vps= Vss= 5V, and R =
100kQ. Figure 2 shows the simulated DC transfer

characteristic. for the input signal voltage v, which is
varied from OV to 10V, Figure 3 shows the transient
response of the output current waveform for 10kHz
triangular wave input waveform of peak amplitude 10V.
The high frequency performance of the proposed scheme is
shown in figure 4. It should be noted that the bandwidth
about 100MHz is observed.

A Transistors WL
g M1-M4, M6-M12 20um/2um
M5 100um 2um
Mi13 Spm R2um
MIl4-M17 10pm 2pum !

Table | the ratio of channel widths and lengths of the MOS transistors

lo (uA)

Vad¥)

Figure 2. DC transfer characleristic
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Figure 3. Simulated transient response for |0kHz triangular wave input
waveform
101
08 |
08
&}
i)
204
021
P ) T~ =4 W) | Y & ;
100K M 10M 100M 16
Frequency , (Hz)

Figure 4 Frequengy response of the proposed scheme

4. Conelusion

In this article, an alternative scheme suitable for fabrication
using CMOS technology for the realization cf a square root
extractor has been presented. The simulation results have
shown that the circuit performance is highly accurate and
has wide-band capability.
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A Current-mode peak detector circuit
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Abstract

In this article, a current mode peak detector circuit is
presented. The simple circuit configuration comprises four
MQOS transistors and one external capacitor. The realization
method is suitable for fabrication using CMOS technology
and all transistors are operated in their saturation region.
The proposed circuit exhibits a very low drop-rate and
provides high accuracy, high-speed and wide dynamic
range. The proposed circuit has very low power dissipation
and operates using a single 2.5V supply. Simulation results
confirmed the characteristic of the proposed circuit are also
included.

1. Introduction

A peak detector is a useful circuit building block used in
electronic analog measurement -and  instru-
mentation. For example, it can be used in AC voltmeter fo
measure non-sinusoidal waveform [1], [2], an automatic
voltage regulation loop of an uninterruptible power supply
[3], a nuclear pulse spectroscopy [4], an automatic voltage
gain control in radio receiver 5] and a floppy and hard
disk drives [6]. Classical approach that can usually be
employed to realize peak detector is through the use of
diode and capacitor. The limitation of this approach is the
detecting signal amplitude must greater than the diode "on"
voltage to avoid an inaccuracy. Usually, the application of
peak detector requires the signal amplitude in the order of
millivolts or microampere. The use of diode “in_the
feedback loop of an operational amplifier (op-amp) has
been used to improve an accuracy of the classical

systems,

approach. However, in practice it is not economical for
integrated circuit design, particularly for the case of op-
amp type, since each op-amp requires a substantial chip
area in itself. Recently, the high frequency peak detector
realizable in monolithic form is introduced [5]. The
realization technique is based on bipolar technology and
provides a differential output to eliminate the output offset
voltage. In CMOS technology, the further references on the
realization of a peak detector can be found in [6] - [8]. The
MOS precision current peak detector is proposed in [6].
The advantage of this approach is a simple circuit
configuration anda low voltage operation. However, the

use of MOS transistors operate in class B and MOS diode
are effected the speed of the peak detector. The purpose of
this article is to propose a CMOS circuit technique for the
realization of a current peak detector. The realization
method can result in fully integrated peak detector. The
resulting performances of the circuit have high accuracy,
high speed and wide dynamie range.

2. Circuit deseription

The proposed current-mode CMOS peak detector is shown
in figure 1. Assuming that the transistors M, and M, are
well matched and all transistors operate in their saturation
regions. The operation of the circuit-can be explained as
follows. The transistors M, - "M, ‘form as a unity gain
current mirror- The-transistors M. ands M, function as o
current follower 110 | provided 7a -charge current to the
capacitor. C; and a path of the negative current Iine
respectively. If the positive input signal current I,, > 0, the
current L, flows through the input of the current mirror
M, — M, that cause the voltage at node A to increase and
the gate-source voltage of the transistor M, to decrease
effecting the transistor M, to ‘cutoff. ‘The gate-source
voltage of the transistor M,, V., is risen and held by the
capacitor C; with the charge current from the transistor M;.
The voltage V. can be writien as

2""

VC =

+Vy (1)

where B, and V; are the transconductance
(K'pW/L) and the threshold voliage, respecuvely, of the
transistor M,. The gate-source of the transistor M; is
connected to the capacitor C, then the drain current of the

transistor M, I, can be stated as

parameter

W
Tow =lar =Kp 5= (Ve =Vy)? (2)

where 1y, is the drain current of the transistor M,. When the
capacitor voltage rises to the steady voltage V. that causes
the transistor M; to cutoff. The voltage V¢ still forces the
transistors M, and M, to operatc equal drain current. If the



input signal current is less than the previous input signal
current causes the voltage at node A to decrease. Therefore
the transistor M; still turns "off" and the voltage V¢ is
unchanged. The drain current of the transister M, and the
output current I, are equal to the previous input signal
current. If the input signal current exceeds the output
current I, than the voltage at node A is increased and the
transistor M is active. The voltage V- is risen to force the
drain current of the transistors M, and M, equal to the
input signal current and held.

:
—E

Figure I. The proposed circuit

%

DD

For the negative input signal current I;;<0, the voltage at
node A is decreased causes the transistor -M; to cutoff, The
negative input signal current flows through the transistor
M, and uneffects to the voltage Vi-. Therefore the drain
current of the transistor M, and the current I, are equal to
the previous hold current: Tt should be neted that the
current I, is the peak of the-input signal current. “The
equivalent parallel resistance of the capacitor C; causes the
decay of the voltage V. The droprate of the voltage V.,
AVl At, can be expressed as

ﬂ(_‘= llcakugc (3)
At C,

where Iy is the leakage current of the capacitor C,. The

drop rate can be minimized by using a large value of the

capacitor C,. However, the response time of the peak

detector is increased with the increasing capacitance.

3. Simulation Results

The performance of the proposed circuit in figure 1 was
observed using the PSPICE analogue simulation program.
The BSIM MOS model of the 0.5um double-poly CMOS
process were used for circuit simulation. The ratio of
channel widths and lengths (W/L) of the devices used are
shown in table 1. The power supply, Vpp, were set to 2.5V
and Rye, = 1kQ. Figure 2 shows the transient response of
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the circuit for the input current I, which is varied from OpA
to 400uA and C, = 0.InF. The result shows that the
transfer characteristic of the circuit is linear over a entire
dynamic range. Figure 3 shows the transient response for
amplitude variable triangle waveform input current I,,. The
capacitor C; was set to 0.InF. The simulated transient
response for sinusoidal waveform input current I, for the
frequencies 1kHz, 100kHz and IMHz are shown in figure
4. Itis evident that the performance of the proposed circuit
is a very low drop rate and provide high accuracy and high-

speed.
Transistors (W/L)
M, -Ms 472 pmvum
M, 0.5/0.5 pum/um
My S50/2  pum/um
Table 1. The ratio of channel widths and lengths
of the MOS transistors
Juﬂp,\:
?
IMu-\-'
200|.|.-\:
|
100 A~
s 200 ity s By LTS

lme

Figure 2. Transient response of the proposed circuit for the input
current 1, which is varied from OpA to 400pA

lﬂwal -

i
T A4

s Sts 100us 1504 200p5 250us Wgas
Fune

Figure 3. Transient response of the proposed circuit for amplitude
variable triangle waveform input current I,
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4.Conclusion

A new current-mode peak detector circuit has been
introduced. The circuit comprises four NMOS transistors
and one external capacitor, The realization method is
suitable for fabrication using CMOS technology. The
simulation results have shown that the circuit performance
is very low drop rate and provides high accuracy, high-
speed and wide dynamic range.
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High frequency CMOS precision full-wave rectifier circuit

Rojanakomn Guntapong, Vanchai Riewruja,
Chalermpan Fongsamut and Anucha Kaewpoonsuk

Faculty of Engineering, King Mongkut’s Institute of Technology Ladkrabang,
Ladkrabang, Bangkok 10520, Thailand.

Abstract : A CMOS integrable ciretit technique for the realization of full-wave precision rectifier circuit, which operates
throughout in the current'domain, is presented. The circuit achieyes a.wide dynamicirange and a wide-band capability.
The rectifying characteristic of the-circuit_exhibits a Jow distortion-in the output.signal at low level input signal,
Simulation results demonstrating the circuit performance are included.

I. INTRODUCTION

A precision rectifier of low-level signal is one of
important ¢ircuit building block used in analogue signal
processing  systems. The traditional approaches to
realize a precision rectifier are based on the use of
operational amplifiers (op-amp) and - diodes [1] or
bipolar transistors operating in class B [2,3]). These
approaches exhibit the output distortion evident during
the zero-crossing of the low-level input signal due to the
delay caused by the switching between “on” and “off’
state of diodes or bipolar ransistors; Alternatively, an
approach based on the use of operational-amplifier
supply-current sensing technique has been shown (o
realize a precision rectifier [4]. This approach requires
the signal current much greater than the op-amp bias
current to avoid nonlinearity error dué to the op-amp
characteristic [5). In addition, “two approacheS to
improve the nonideal precision rectifier performance
based on mode technique, which is
demonstrated the use of current conveyors and diodes
as the active elements, have been reported in literature
[6.7). These approaches used the diodes biased to the
edge of conduction to reduce the delay and improve
high frequency performance. In CMOS technology, the
diodes can replace by a drain-gate-connected MOS
transistor 8]. However, the MOS diodes exhibit the
nonideal V-1 characteristic. The realization of a CMOS
full-wave rectifier can be implemented by the use of op-
amp and MOS transistors operating in class B [10]. The
high frequency limitation of this scheme is due to the
finite gain bandwidth product of the op-amp and the
delay caused by switching of MOS transistors. Another
based . on a CMOS class < AB

current

approaches arc

configuration [11,12], These approaches require the
signal current greater than four times of the bias current
to-avoid square law error of MOS transistors., The aim
of this article is to propose a method for realizing a
CMOS  precision | full-wave. . rectifier circuit. The
resulting performances of the circuit have high accuracy
and wide-band capability.

2. CIRCUIT DESCRIPTION

The proposed circuit diagram is shown in figure 1. The
current sources I, [, and transistor M; provide the bias
voltage Vg for the transistors M, and M, and bring the
transistors M; and M, to the edge of conduction. The
voltage Vg is approximately equal to Vi +Vq, where
Vi1 and 'V, is the threshold voltage of the MOS
transistors M, and 'M,, respectively. The advantage of
this_biasing ‘technique is to reduce second order
harmenic distortion [11] and the circuit can operate at
high frequency. The operation of the proposed circuit is
as follows. During the positive input current 1,,>0, the
current [, that flow through the transistor M, and the
current mirror Mg - M,, causes the voltage Vgs: to
increase and the voltage Vgs, to decrease driving M,
into cutoff, therefore Ip2=li, and Ip,=0. During the
negative input current [,,<0, the current flow through
the transistor M, and the current mirror M, - Ms. The
voltage Vg, is increased and causes the voltage Vgs, to
decrease driving the transistor M, into cutoff, thus
Ipi1=1, and 1p;=0. This means that

Ipy=liyand Ipy, =0 for l,<0 (la)

and



Ip1 =0 and Ip, =1,

Voo

Vss

Fig. 1. The proposed circuit

Group of transistor Mg~ My and M; - M; function as
unity current mirror. Owing to the fact that the current
mirror M and‘M; reflecis'the current Ip, In order to add
to the current I,. Thus the current lpy, the sum of in)
and Ip,, is full-wave rectified. The current mirror M,
and M; reflects the current lI.-..i to the output node,
then the drain current of the wansistor Mg, I,,., becomes

[ou! = lDl ¢ ID? :!“{m; (2)
3. SIMULATION RESULTS

The performance of the proposed circuit were observed
using the PSPICE analogue simulation program. The
current sources I, and I, are set o 20pA, Vpp = -Vss =
5V. The sinusoidal input signal current lin 15 200pA
peak-to-peak. The MOSIS 2.0um CMOS process
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Fi2, 2| DC transfer characteristic of the proposed circuit
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Jor I, >0 (16)
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parameters were used for the circuit simulation. The
ratio of channel widths and lengths (W/L) of the devices
used are as Sum/2um. The simulation result for DC
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Fig. 3. Transient response of the proposed circuit

(a)  for frequency 10MHz
(b)  for frequency S0MHz
(¢) for frequency 100MHz



transfer characteristic of the proposed circuit is shown
in figure 2. The result shows that the transfer
characteristic of the circuit is linear and wide dynamic
range. The simulated transient response for input
frequency 10MHz, SOMHz and 106MHz are shown in
figure 3. Figure 4 shows the transient response for 20
MA peak-to-peak, 100MHz input signal. It is evident
that the performance of the proposed circuit is almost
consistent with the ideal case,
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Fig. 4. Simulated transicnt response for 20pA peak-to-peak,
[00MHz input signal

4. CONCLUSION

Integrable high frequency precision full-wave rectifier
is presented. The rectifier has a simple configuration
and suitable for implementing in CMOS integrated
circuit form as a versatile building block. The basic
performances of the circuit are confirmed by PSPICE
analogue simulation program.
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Abstract

An integrable circuit technigie for implementing
square-rooting circuit is described: The realization method is
suitable for fabricating in'CMOS technology. The  circuit
achieves a wide dynamic range and.a wide-band capability.
The accuracy of the circuit is also high-over the entire
demonstrating  the

dyvnamic Simulation results

characteristic of the proposed circuit are alsoincluded.

range.

1. Introduction

A square-rooling circuit is a useful ciccuit building
block used in analogue measurement and instrumentation.
Many applications can be found in [1). In the- past, one
fundamental approach-to realize a square-root function is
based on the use of an operational amplifier (op-amp)
together with a bipolar transistor to form a log and antilog
amplifier [2]. This approach provides tiie logarithmic
principle to realize a square-root function. However, the
frequency performance achigved by this circuit is limited by
the narrow bandwidth ofan op<amp topology: Alternatively,
an approach based on the characeristic of the translinear
configuration of bipolar. junction “transistors, which: is
suitabie for implementing in monolithic iatecrated circuit
form, has been shown to realize a square-root function (3).
The advantage of this technique is a wide bandwidth due (o
the circuil operating in current mode. In“addition; two
approaches have been reported on the realization of a
square-root function using MOS transistors. The first
approach is based on the use of weak inverted MOS
transistors [4]. This approach obtains low power
consumption and low wvoltage operation. In contrast, the
accuracy and the frequency performance are limited by the
small transconductance value of the weak inverted MOS
transistors restriction (5]. The second approach is based on
the use of the second generation current conveyor (CCIID
connected with non-saturated MOS transistors and op-amp

[6]. The high-frequency limitation of this approach is due to

the finite gain bandwidth product of the op-amp and
parasitic capacitances of the non-saturated MOS transistors.
The purpose of this paper is to propose a CMOS integrated

circuit technique for the realization of an accurate square-
rooting circuit.

2. Circuit Description

Fig. t-showsa MOS translinear configuration for
realize square-rooting cell formed by transistors M; - M,
The constant current source | g provides the bias current for
the circuit. [deally, it is required that the transistors M, - M,
are closely maiched and all the transistors operate in their
saturation region. 1f the input signal current [,n is applied to
the cireuit, then the relationship of the-current [p,, lo: and I,
since the current [y and Ip, have the same magnitude, can
be expressed as

! %,ﬂ '\l'lﬁ
Ipz =lps= 54‘ et O]

where lg; and [, are the drain currents of the transistors M,
and My, respectively. From Eq (1), if the currents /4 and
Igld | are ‘compensated, then the result is a square root
function of the input current [,,.

| 1oz
v
ey
|
\
|

B

M
M

=

4

Fig. I Square-rooting cell

The proposed square-rooting circuit is shown in
Fig. 2. The transistors M; functions as a current follower to
transfer an input current I, to the unity gain current mirror
Mg - M. The drain current of the transistor My, ips = L
flows through the unity gain current mirror M, - Mz Since
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Fig. 2 The proposed eircuit

the current mirror: My - M, allows only the negative input
current to flow through it.to limit the positive input current,
The transistors My, My and the current source’{, provide the
bias for the transistor M;. Groups 'of ‘mansistors M, — M;
form as a square-rooting cell. 1f the negative input current [,
is applied to the circupt, the opergtion of the circuit can be
explained as follows,The cumrent miror Mg— My reflects the
nput current |, to the current mirror Mg~ Myyand M= Mg
The current source (§i provides the bias current for the
transistor M;. The unity, gain/current mimors Mg+ M|, and
My; = My, reflect the input current [, into the transistor M,
The current mirror M, and M, reflects the current fpy to the
output noce and the current lg,s can be writien as

!y

/ = ——
Di6 4

(2)

e

The current mirror M,; and M,s, which-have current gain
zqual to 1/4, force the current [,,/4 into an'eutput-node, and
the current source Is = /4 provided and elimination of the
output current offset. Then the outpui current [, becomes

]
o =~—‘/;—i Ji, =GJ1,, &)

which means that the output current I, is 2 square-root of
the input signal current I, with the current gain equal to G

of JIy 12,

3. Simulation results
The transfer characteristic and high-frequency
response of the proposed circuit were observed using the
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PSPICE analogue simulation program. The current sources
L=s5"=1; = diand Ty arewset to 100pA and - 25pA,
respectively, and Vpp = 7V, The MOSIS 2.0pm CMOS
process parametecs were used for the circuit simulation. The
ratio of channel widths and lengths (W/L) of the devices
used are &5 follows : Wy/lg = Wo/Lg = 20umi2um, W,o/L,s =
Sum/2um and the other devices are-set to 2um/2um. The
DC sransfer charactenstic'of the proposed circuit is shown in
Fig. 3. Fig. 4 _shows the transient response for |MHz
triangular wave input current signal with the peak amplitude
100pA. The simulated frequency response of the proposed
circuit -is shown (in Fig. 5. It should be note that the
bandwidth about 80 MHz is abserved.

100 ?...u.................._-------.-‘.........................................

Fou s (1A)

3

100

£ |

150
Ly (1A)

200

Fig. 3 DC wansfer characteristic



Time , (us)

Fig. 4 Simulated transient response

100K

Frequency , (Hz)

Fig. 5 Frequency response of the proposed circuit

4. Conclusion

A current-controlled square-rooting circuit has been
introduced. The realization method is based on the principle
of MOS translincar configuration and is suitable for
implementation in CMOS integrated circuit form. The
simulation results have shown that the circuit performance is
highly accurate and has wide-band capability.
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Abstract
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accuracy, wide dynamic range and small crosssover delay
time. Experimental results and PSPICE simulation results
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Temperature compensation of CMOS OTA
and it’s application
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Department of Control Engineering. Faculty of Engineering. King Mongkut's Institute of Technology Landkrabang

In this article. a simple integrable cireuit for implementing a temperature compensation circuit for
CMOS OTA is introduced. The proposed circuit makes use of a CMOS translinear principle to provide a
bias current for OTA, which is inversely proportional to the absolute temperature. As applied with CMOS
OTA. the temperature sensitivity of the OTA is compensated and the transconductance gain can also be
changed linearly with the bias current, Performance of the scheme is confirmed through PSPICE simula-
tion results.
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ABSTRACT
In this article, a simple integrable circuit for implementing a temperature compensation circuit
for CMOS OTA is introduced. The proposed circuit makes use of a CMOS translinear principle to
provide a bias current for OTA, which is inversely proportional to the absolute temperature. As
applied with CMOS OTA, the temperature sensitivity of the OTA is compensated and the
transconductance gain can also be changed linearly with the bias current. Performance of the

scheme is confirmed through PSPICE simulation results.
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ABSTRACT
In this article, an analog current signal transceiver using two wires connection for remote
control and telemetering is proposed. The proposed {ransceiver can transmit and recieve the
current signal at the same lime. The design consists of two dual output negalive current
conveyors (CCHl-) and two resislors, Simulation results demonstrating the circuit performance are

confirmed by using PSPICE analogue simulation program.
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