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Abstract

This thesis presents an integrated circuit technique for implementing tweo input high-
speed Max/Min circuit for analog signal processing based on CMOS technology. All transistors
in the circuit are operated in their saturation region. The proposed circuit can be selected
maximum or minimum operation by an external control voltage. The most distinguishing feature
of this approach is that the operation is performed in current domain, to cause the proposed circuit
has a wide dynamic range, high frequency and can be operated with low power supply voltage.
The proposed method is suitable for fabrication using CMOS technology. The PSICE simulation
results confirm that the performance of the proposed circuit, i.e. dynamic range, accuracy and

frequency response, are in agreement with the proposed principle.
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K = o Cox
Lo PO MANUAGBIRITAI (surface mobility) yBaW e TugoIMaRUNIZLLE
(cmzl volt.seconds)
C, =€y lt, 7B d1m1uq‘lvlﬁwiam‘fm1huffu?; (capacitance per unit area)
yoannoon lad
fin Anunszaninaveauyuuua (effective channel width)

fin ANuolsEanSHaveasuIUD (effective channel length)

W

L

A fio channel length modulation parameter (volts )
V

=V ty I\/21¢F[+ Ves - \/2 |¢FIJ 2.3)
2ge N g5 2 ¢FI
Vio =Vl = 0) =V + 2|p| + V: - | (2.6)
ox
2gs N p
y = —qnu'g— fD bulk threshold parameter (volts'™) (2.7
COX
kT - / , :
O = ? ln n 719 strong inversion surface potential (volts) (2.8)
{
Ve =0 = —gﬁ fi9 flatband voltage (volts) (2.9)
ox
bes = 95 (substrate)- ¢, (gate)
o, (substrate) = ——in( J dmisunsdl NMOS g mseuiuf
g \(Ngs
N o o <1 q’d -

¢, (gate) = --—!n . A5 unssl NMOS Atanitu n” polysilicon
Qe 1B mﬂ:xqaan%a (oxide charge)
k  fie AInefl Boltzmann’s = 1.381X 10 VK = 8.62X10° €V/K
T o gungii (K)
n, fiB ANVHUUUVYRINIHLFTIA intrinsic = 1.45X10" em”

A a % ' A w o a 4y
Wioaumsvesuoansudmans e hivuda aunsadouludagihiie @i (5)

I, =FW,V.)-F(WVs,V.) (2.10)
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© L 9 : o Al A\
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A
e Lo R AN
: ; ~ w0l
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\\\
VGS \
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3UN 2.5 ueaIn T INANUFUNHBITNIN L7V, AWaUMs (24) yaizn A=0
ag ¥ o a = o " '
nnaums .4) muudld A =otandeunsmiidaugii 2.5 dwmium Vv, m

L} ' =t ’ Q‘ o - ' ' ﬁ‘ - lg é
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i .
AI38N21 ANAIDUAT (saturation voltage)

V,s(sat) =V -V, 2.12)

Vo(sa) fusiiniweumanaian  Taem v, toonin Vi(sa) udwed

= o o T e @ - 4 J
nusmaesezvhau lugiahiduda mwaums 2.4) naziideu lvn
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0 <V <V -V5) (2.13)

4 : 3
11D Vg IAMINAT Vi (sat) 3231150031 $29090A7 (saturation region) FIUNTIUA

lJ o - L @ 'I” o @
1, hituiy v, fauuadthifiesansaves A Fatuse ldanuduiusawaums (2.14)

I =W Y0 aV) - O<ls -Vl @10

N

1 wa . s = =
ﬂ"lﬂiﬂﬁ 2.6 llﬁmﬁQf}ﬁlﬂnuﬂﬁﬂ‘Nﬂﬂﬂ (output characteristics) Y8IUDANITUBNIADT

2 8naums 2.4, @.11), @.13) ez @2.14) | lasiduivlugdii 2.6 hifissantwa

wo3 A (\=0) daurdu)szazdumsnasannaves A (A #0)

Non-saturation
region
Vis<Ves~ You

— e

Effect

———
s S | ———

wo N Cutoff

<=NF
VGS \ TH

{ oo g Y = o
31 2.6 narnnuAAINIION (output characteristics) YBIUDANFIUHIADS

2.2.3 CMOS [6]
" [~ e = aAg - e’u,: =)

CMOS to1191n Complementary MOS Huma TuTaoi IFuoamiugmmoinayia
=1 o o
DUITHIUALAE R UL e eauuINIeNAEITY 1iaes CMOS szaiieldon
A11 NMOS udsiveanoauns o lfeaniuuases Idedeilszaniam  Tuilegiiu cMos
= o o =t i’: -
flumumddgunluma TuTatiwsumwuneaazansa ¥ 1dnaluws gl

= - ng 1 < ar
(analog) HazFuay (digital) malulad cMos ldift TavuediasiaE Aasinesnuuy
&

2995 W8 awaula lumsesnuuines lagld cMos nag lainismlasaaes

Vszgnd (application) 11ama TuTad TuTwars liiluma TuTadiu cMOS iy
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sl 2.7 W Tassadrauuy CMOS uAze1NEHINT AT 1 PMOS 1Az NMOS UULAY
= L s A d’ J
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; q TR e 5
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(

p-type body

1 2.7 Taseadreves CMOS
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1 Fnnuzlarindistuguems udmaesipuisviiouiunundu s i

dszms
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Tifluguiiaw  Tassdhvauves v ihlMusumiamelihiunfedussduiacy
(threshold voltage) YD INBAHNILLANAYU VAT UITMLILA

gt 2.9 WWicasdanuanid 1V veuemminFmaosuuuandduysiiaou
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v v ¥
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Saturation region
_____________ i
== Increasing. |~ Enhancement

Mode
Channel modulation
effects \‘

V. Mode
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—————————————————— Decreasing l Depletion
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A
I
D
p-channel p-channel n-channel n-channel
enhancement depletion depletion enhancement
0 Ve

31/ 2.10 uAAAUANTR 1,-V s VOWOMANYIMUA

2.4 2395aNyavRINRAIYIN
o
2995eu3@ (Small-signal equivalent circuit models) voswoamniumsunuglniel
ypaingawnges i el lumstinssinane AN oNgANg SHYBIT YR I
o = o a s ¥ &2 a d -
wnadn TneRnsaueniunsIns adyamvie g FanasaudulTnamali
. A ' @
A34 (dc quantities) e 1dnan Tludahiiade 2.2.2
woainiinganssudhuussiununuivasnulianssun  (voltage-controlled current
source) Tnoiiums Wdganu v, wasiliianszia gy, Tlmodnasy ALY
= v . i A a vad ad e w o
MufAnady (input resistance) umgqmn“lumaﬂgumﬂumqqmﬂmnmmmrﬂumnm
¥ = Y < ) = ¥ - y
AN muinwesn @nusminead lundaedwmsy) Imgeadu Tuns

fvsanadisitearauailmeiuaag i 2.11 ()

(v)
g1l 211 wwuireesdyguninadnvesueanin (n) Lifinsankaves A vzl

' a'. s -y a 9 a
PFAOUAD (V) WITUIHWAVDY }. TaomuanumuNUNNII0N

3 o o o g P - -

Joidvvoauuinosdyanannadnluglil 211 (1) AevzilumsmuuAdnssu
Ll [ u; ar IJ o o A ar 4 1 ' e

msuszeylugasudanaz lidufuussdumsy - Fanniadeiindrndudunuinumnia

’ a a n’: -a ; L o = o
voawpaninlugrsdudniusiuduegi v, ludnyazisuduauauns (2.11) Ml
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uuudaes ldnfaou ludhugila 2.11 () Taslidadmmu () NABDYIEHINIATHIRS
A = "
apaaalinlszing
= |—-—| (2.15)
o I

1 o " " ' o o
vaurdi v, = VA Taoaluan r, edlusae 10 Ba 1000 Alaleviy
A Aﬂ o3 o Ci o ' ‘;’ o A »
i, wwmsmﬁ’haﬁ’mﬁumswmsmmamrmucuﬁmaé’wmqm“&ummnmm‘lﬁm
Anudmuimeeeniiaiunn wuilicasenniniussniNvemIazIATY)  vaizTived

H 3 > H = v
mEmaes At s ldudn um NG ImuRmeenvziia iy (4]

o T S 1 2.16)

‘R TaN-817) ﬁ(vc;s ~V; ““Vos)

1379 'Wi]'I‘.iﬂﬂﬂ”lﬂillﬂ‘ﬂfﬂfﬁﬂigﬂﬂﬁ']ﬂuﬂuﬂ'l‘i’ll.ﬂi'luﬁﬁmfg‘iﬂﬁlu']ﬂmﬂ fl9 A1

NIUABUARNALT g_ Fafimmaasnuaumsi (2.17)

al,

o= 217
avgs

ot o g g v A w
Gluﬂsm*nmﬁmmmamasmamclmf’smummnﬁums (2.14) il'é‘,klél’

N 1/2"" 1]+ AV ) = 2KW|1| (2.18)

£ 3 & o a < a o vo
NAUNT (2.18) WUNMIVOI g cmzﬂumsmmammmgtymwmmﬂﬁuagﬂum
é 4 o s 1 dl:i
nszuaasy I suiludoulumsiiamvesdyaivinaluy naglunsdinued

= o o T - w ~ %
nsmFmaesiiau Iy lududmneaunisn (2.4) uaz 2.17) 2 1d

KW

Kw
gm L DS(1+A' )E

L

Ve (2.19)

puusaesdyanuvuadni ldnannesduihunniaedid i uwaves
e 4
3743043 (body effect) mmﬁwwﬂmuiaa"ln'lﬂﬂaﬂﬂnuﬂawﬂmmsuua zmlvina v, Yu

werasnmgaii 2.2
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a o = ' @ 7
Foygnu v, s ldidenszumasu g, v, Tao g, dludmauneudniausigiu

594 (body transconductance) [6]

oI, |v, =constant

= (2.20)
Gew oV, |v, = constant
nItiupams T mlug9aud Mnaums (2.14), 2.5) uaz (2.7) w14
- — @2.21)
gmbs = gm 1 25 ?79 m -
2(2’¢FI + Vg )2
nsdlusansudmaes e lusashisudn mnaums (2.4), 2.5) uaz 2.7 %14
V
I s = Pr¥os (2.22)

all 74t
| G o———o ¢———o B
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A ¥ 1 €t |

o1
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¥ g/ v @ W o <9 =1 v o ar - s 9
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B _ﬁgﬂl_ (2.23)

Haz

& > = _A_ﬂ'c;‘&i. (2.24)
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C,, uae Cpy Wity TRl v, waw v, Srulluguéamdidy
o ' ad - [ A e &
v, fhunssduiieorefiduvuziussdumononiiugud Guiltis potential
¥ v » .

A, ttae A, ufiufiveenuazias s IWDINLAA NI (sidewal)

' ' v (4 =

srnang Mfhsewhannuazgses ¢, Whismmauquiweseenlsd (parasitic

. - 4 a ‘: ' : - A s o
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aras o a ¥ = o« ' ar 15 ' e
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oon laduaziimetrude 0.04 81 0.5 i Tavhiademsa lunseuvessesroiiondiiu

mnwd I c, woz €, Ranninniusauazaniviasuawdaulagh C,

v [ & i A = = o 9 1 o 3

fusnnuqeen ladreniienunnnanduruma silisauyldfinimade

1 1 o T 3 3 < °
inniiawidy c wL diidumTaomfefwesmsmauveaeamnuazdugiinm
ms 1 lunsauau idensi i iusume vazilurdseamimialugadhi

0 ¥
sushnaug Itfhiisziiseeniuasadnhadussnieremazinsuez 14

1

=Coy = 5Calll (225)
P o ST = &

'umznuamﬂnnN1u1ummnmu‘nu1sumzﬂmmuawumaaan‘nﬂawﬁmamum

o 3/ a =t =4 o " q’: P a o’: ) & '
m‘l‘uuseﬂuamunnammmnﬁaaﬁamtwuuummzﬂszgﬂmﬂ AIUUTIUHUIVDIN ng



20

o a o U ° A aw et U £ a ' a
Tao ludasimtugudlusramsinudui YuzNBNAIUFUAANAIN MUY
oonladidasnnuiedanveunndeuiuinndiuveanasu Taom C,, fimegluszdy 1 fe

o & a - s 1 9 A ¥ a ¢
10 plulavhia  woziiipwwinluinniinusiijuiuiisseenuuiees lueaniugaiaos
o U A o o X a a a e’d’ ar i
FremilusssusahuesauyaiesFlunsimseilinninuiiioziiuldagln 213
(@ femanuy ih c, s higminniivisenlusseiauya

. ¥ '
TumsAinum C, Tushedudusdesimnums wanlszynaa Q, Megluuyu

uuaz 14
4
QT s '§WLCax (VGS i VT) (2.26)
“atfu
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P\ oV 3 a bt
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Io=g W, ~SC ol 2.28)
nnfinandiedu c, infennniinalinnigahoveaduns (2.28) fianinlndgud

udree ldaunis vsfe
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(2.30)

(2.31)

(2.32)

(2.33)
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. ﬂ' ' d l; LB ' A 1
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oMos 5 lumsey)  unsiifmmeainzing (GHz) dmiumaTuladaanniage (high-

speed technologies) #1113 31 (19U e TuTadnszuaumsnan CMOS 0.8 lunsen)

ar = d
2 6 nRufsudeauastedusznaeainivlulnarinsndmans (71 - (s)

261 Yeaveweaindlomouiyluinarinsndmaei
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Shudnyazveasadluiiiozueionit Max Cell 1Ay 1 19Aa93359931 1 BUNNIAZUARE
a s a ] = o
wadvzlsznoudiomsudame; 2@ fio M, uaz M,  nszud L Wivarunsudanes
& J ar 9 # -9 a dy -
M, Fwioegludnyaizyoslalonzgnldumuunaenonszuaninyeadsesy auuAlim

0 > y ¥
younszuaBumiinnnnfigaiossidoinnsuymians luiit i 1,
Lo=moll,,, dicner bip) G.1)

FIMANATONVUATU-TOT V,, V., ..., Ve YDINTMUFAADT M, , My, ... M,
siRadwiiieanen Ly o Lyson ol AMIANAY diefinsandnmanaionviasu-sed Vv,
fuRadusinnsuadumn 1, %muuﬁ"lﬁﬁthaqﬁﬁ'nfu v, filudnmiiiimigaga
TIMINV,, Vig oV UAU EUMTIMINBARDST M,, M, ..M, 92500 1A 003

YNEANWAN  HBANIANANYIFNAT (V) 3HAN V, 1ag V,, 109

7 W 6
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ﬁ o A a o ¥ o v Y g @ A 'i‘_l o
Augud (HOIMNVUANYDINI TUFAADI(M,) VOADLITAAYNABIVIANUBIIUHAN
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o - ' = o 4 e o o
ANANANATONYANN-VOAVDINTTUYADIT M, vnitou lulinsuFaaes M, uaz M,
' A = 1 L - 4
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nrzuBUNNgIgALaTzImeIWN T, suthideunish (3.3)
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Iy=1,=1=1,~= max(Lyy s Lyyeeevs dox) (3.6)
YN (3.6) nszuaeniym I, Aedimnhfunszduyngega sznin, Sl

3.3 2993 IMEIGA(Min)
331, 29esMAEgANIH 1

mn;ﬂi‘;. 3.3 1EIA97995 Min ¥HA 2 BUWN[11] Tﬁuﬂ%ﬁﬁfummwwﬂwmmﬁm?a
Tofito (Operational transconductance amplifier : OTA) mmdnnsvesusarivesisule
1lo$15%1(Bounded-difference operation) - 1ng1113951/szneudas OTA, lalen 2 @1 tazA)
Sumiidunsesfiulas OTA melu OTA gﬂﬁ%’ﬂ%ummmfiq‘iwﬂszuﬂatiwéw :
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YAUNUAIY [Ov,1v] Feretivzgnifinlyelfieiled ota s lushennudhudadu

wanmsvsswialiesisuiignlflumsdimaziszgnimuadagmunsi (3.7)
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9172993 Min lugilii 3.3 mmmﬁmuagj“lu;ﬂmmﬁnﬁuﬁmuﬁumiﬁ (3.8) N9
dudhogaveanissmnounniavivesisuuuduyniiovesaunts (3.8) ansafiesmy
Tnorad e eR¥AGA (algebraic difference)  GjpR9sAITH1ATen D, amnsofiszioroon’ld
uenidonn V,, ﬂzgnﬁmua‘lﬁlﬂuﬂﬁmntﬁufu TuamuilusSsdnareonidm (Offset

Voltage) V,, tiag V YBINABUNNUAZAINBIINNYDY OTA AWMAY  AITIZYAUTIN
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¥ v

fvsandiomsizasiiuaunsi (3.8) wgRIMUAIY
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Vo == [(V +Vps "sz) e {Vm@ (me + Vo )}] 3.9

in2
m

andli v, = Vo, i v, +v, v, tumsi G.9) sramnsodionnildily

(sz + Vos - Vm) (3.10)

s All ar b= w‘v
waswio v +vgo<v, Haw 2v v, WIA

D

Vo= E”L(Vm + 2V _VBM') (3.11)

ﬁ; - o 4 ot A
PNAVMIN (3.10) tag (3.11) siianufiawaiasuiisaninfnateaviandalu
% =1 1 ﬁ' o : L] = =% .3
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fio M
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& <1 3 4 s 1 - o . ;
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FIMNNY09Ies
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v, 1E v, Vs {l__.. l Im
M M :

31t 342995 IgauLTMEENY
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a’: o ' [ = o u’: o
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A High-speed Max/Min circuit

V. Riewruja , T. Chimpalee , A. Chaikla,
S. Supaph

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

(Tel: 66-2-739-1362; Fax: 66-2-326-9989; E-mail: vanchai@cs.eng.kmitl.ac.th)

Abstract

An integrable circuit technique for implementing high-
speed analog two-input Max/Min circuit is described. The
realization method is suitable for fabrication using CMOS
technology. The proposed circuit comprises a. current
mirror and electronic switch connected with-a absolute
value circuit. The maximum or minimum operation of the
proposed circuit can be selected by an extemal control
voltage. The proposed analog Max/Min circuit has a very
sharp transfer characteristic and is suitable for real-time
systems. Simulation results verified the
performances are agreed with the expected values.

circuit

1. Introduction

A maximum (Max) and minimum (Min) operations are
most frequently used in the fuzzy inference systems.
Recently, the applications of the fuzzy inference in
industry, robotics, image processing and home electronics
are receiving much attention [1]. Usually, the approach of
the fuzzy inference systems is implemented in the form of
software on digital computers. The processing speed of a
digital computer is inefficient for the real-time application.
An analog circuit technique can provide the advantage of
high-speed operation. ‘The realizations of Max/Min
operations in analog cireuit form so far have been
implemented by using either a second generation current
conveyor (CCII) [2] or an operational transconductance
amplifier (OTA) [3] as a basic active cireuit element.
These approaches require diode function as an electronic
switch to eliminate undesirable signal to provide Max/Min
operations. However, the high-speed performance of these
approaches is limited by the delay caused by the transition
between "on™ and "off" state of diodes. The dynamic range
of the Max/Min circuits using OTA are also limited by the
input stage of an OTA. Another approach is based on the
use of CMOS circuit technique to provide Max/Min circuit
[4). The disadvantage of this approach is some of MOS
transistors change the operation regions, saturation and
nonsaturation region, that causes the distortion on the
output signal and limits the operating speed.

The most reported realizations of Max/Min circuits so far
have been implemented either maximum or minimum
circuits. If both Max and Min circuits can integrate into
same circuit scheme, then there are advantages to be
gained. The purpose of this article is to propose a CMOS
circuit technique for realization of the selectable Max/Min
circuit. The proposed circuit consists of a current mirror
and ‘electronic switch connected with an absolute value
circuit. The realization method can result in high accuracy
and high-speed. The maximum or minimum operations can
be selected by using an external voltage control.

2. Circuit description

The block diagram of the proposed principle is- shown i
figure 1. The input current liy and I is taken to find
average value, Ly = (liny + La2)/2. The output current of
fuilwave rectifier [8] resulted from the difference value of
lg and Jim, Al The output current Iy, produced by this
circuit has two condition, the first condition is the
maximum value of the summation of I,,; and |Al| and the
second condition is the minimum value of the difference
between I, and |Al].

nl | on
c -
Average Al Fullwave IAI' /
L Curewit o Rectifier
in2 I
B " T |
i

Fig. 1. The block diagram of the proposed circuit

Figure 2 shows the circuit that follows by the proposed
principle in figure 1. An average value circuit [5-6]
comprised two unity current mirrors of the transistors Ms
M; and My = Mj that provide the summation of T and [;ny
through node A. Denote that the transistor M, — M4 form
as a current mirror with current gain equal to 0.5 and the
transistors are all matched and operated in their saturation
region. The drain current of the transistors M; and M, can
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Fig. 2. The proposed circuit

be stated as

lys = Iddzlm'g e (1)

where I is the drain current of the transistors M;. The
transistors Mo — My, form as an electronic switch thai is
used to select a Max or Min operation. The input current
of an electronic switch provides only positive current
flow through it. Then the transistors Mo — Mig function
as a fullwave rectifier {8] to provide an absolute value of
the current Al for the input of the electronic switch. The
transistors My and Mg are operated in class B that
function as an inverter. For the positive control voltage
V. the transistors Mg and M, are turned “on™ and the
transistor M, and Mo are turned “off’. Therefore the
current [Al] flows through the transistor Mao and is
mirrored to node D by the current mirrors Mas — Maq and
M,s — My Similarly, the negative control voltage Vg
causes the transistors M,; and M,q to turn. “on™, and the
current |Al} flows through the transistors M, and mifrors
1o node D by the current mirror My, —Mp,. Considering
at node D the output current of this circuit is given by

ium :ldlﬁ + ta\g 2 Id}] (2,]
The drain current of the transistor M., and M, can be
written as
0 when Vy =V, i
by = | £2.1)
]AIl when Vn e Ve
IA[| when Vg = V5
laze = {3.2)
0 when 'V, 1= Vi

From the equation (2), (3.1) and (3.2) then the result can
be written as

fo * |41

!ws ‘lAII

when Vg = Voo

= )

\ when Vg = Vs

Due 10 I, is the middle value between maximum input
current, i, qmay, @and minimum input current, Lin (miny» for
the current |Al} is the difference value between the
average current I, and the input current I, then the
equation (4) can be rewritten.as

_J XL when V, =Vpp

lo\n . (5)
l Iir\ {imin)

when Vg =V

It should be noted that the proposed circuit in figure 2
has a characteristic as two input current domain
Max/Min circuit and can be controlled by external
control voltage.

3. Simulation results

The performance of the proposed circuit were observec
using the PSPICE analogue simulation program. The
supply voltage Vi, = -V = 3V, The current source |
and 1, are set to 30uA. The sinusoidal input signal
peak and 1,5 is 200u?
7/2 radius. The CMO¢

0.5um process parameters were used for the circui

current 1, is 200pA  peak-to
peak-to-peak with phase shift

simulation. The ratio of channel widths and length:
(W/L) of devices are shown in Table 1. The simulatec
transient response for two input frequencies, 1 MHz anc
10MHz, are shown in figure 3. It is evident that th
performance of the proposed circuit is almost consisten
with ideal case.
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s Transistor W/L(um)
2.0%; M- My 2.9/1.7
! M;- My 23/1.7

0-; Mio- Mis 2.5/0.7

'u}l M;- Mas 1/1
Table 1 The ratio of channel widths and lengths

40 AT A e T
200 4. Conclusion

4 PN
100] \ \/ / / A high speed Max/Min circuit is presented. The

Max or Min operation can be selected by an external
control voltage. PSPICE analogue simulation program

tin2 confirmed the circuit performance is high accuracy and
w—/\/ high speed operation.
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Abstract

A High-speed Max/Min circuit, using CMOS technology, is
proposed in this article. The proposed circuit comprises current mirror
and switch electronic circuit connected with current minimum circuit.
The circuit can be select maximum or minimum value. This circuit
achieves wide dynamic range that is frequency response ¢an be up to
10 MHz and uses to low vbitage supply 3 Volts. The performance of

circuit have been demonstrated by PSPICE simulation.
Keywords : A Max/Min circuit , Mos Transistor
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