nn"

18 SRRl I 5 m mmwmwm B LY R "
“LaW%Bj“ uumﬂlﬂewm Fidigaas !,u,:m-n.lmm |

MUILW INPUT. MAX/MIN. CIRGUIT DESIGN BASED ON,|
(ﬁmm“ TRANSISTOR TECHNOLOGY . )

&ﬁW%ﬁ“ﬁ.W{ﬁ} W u,m;*‘
a1 wv ATPONG . K ff\ws,um Al

J

11| g
A - ‘

B R Y "\' BRI G
1 kel iﬂr'LTﬂW h1 ‘lllililwu‘.'ﬂﬁ"i]‘immlw‘l‘hﬁ' Sy tP‘leUP ]l’ﬁ]llarllmiﬂtﬂﬂﬁﬂl JJI J%é]ﬁ:ﬂﬂ’l‘ VARHTER TR TN,

@i inm s sung 'Jl%.f'ﬂ"ulr L A |

1li RN It ‘EJI

L2 27

£ ) .
AEATA mmhuh AW SNBALNRI G 1lﬂl 052 lﬁ Jlfﬂl Mlliiﬂ 12 ﬁN

M Ih] ).-}mb
Klf\i'llﬂ e’@()ﬂ ’! BN M- 0(50 0@‘[



ﬂﬁnﬂasnymmu Nisvoinmaanssly

P50ONUULIIHIAMGAgAIazMgAY AN B UNA

A = a d =
TV Y N N R LT (T LR B IE TE

MULTIPLE INPUT MAX/MIN CIRCUIT DESIGN BASED ON

CMOS TRANSISTOR TECHNOLOGY

o d o
qeninay uvnewiny

SUPATPONG KEAWCONTHAI

L R—— .
AUNZ UM / 982
Jushon, ... l HL&UZ.ES.‘

%mﬁwuﬁﬁnﬂuﬁmﬂdwmmiﬁﬂmmunﬁnqmﬂ?fytyﬁmnﬁumamumﬁmfﬁﬂ
MVIFIAINTINMIIANY
DunaIngay
aounaluladnszoounANNRUNMITNANTZTI
N.fl. 2551

KMITL-2008-EN-M-060-027


CLP10
Textbox

CLP10
Textbox

CLP10
Textbox


MULTIPLE INPUT MAX/MIN CIRCUIT DESIGN BASED ON

CMOS TRANSISTOR TECHNOLOGY

SUPATPONG KEAWCONTHAI

A THESIS SUBMITTED IN PARTIAL FULFILLMENT
OF THE REQUIREMENTS FOR THE DEGREE OF
MASTER OF ENGINEERING IN INSTRUMENTATION ENGINEERING
SCHOOL OF GRADUATE STUDIES
KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG
2008

KMITL-2008-EN-M-060-027



COPYRIGHT 2008
SCHOOL OF GRADUATE STUDIES

KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG



v Y oa )

Wt Ineniinug NSEONIUUNITMIMIGAUAZAYABLAN AU UNALY

.; =l a o =
Wugma Tulagniudmaosuuaue

nAn wiwgWaninag uineulny
sHaInAnY 47060611

Jiuan AFINTSUANAATUHITUANA
MY IAINTIUMIIANY

N.A. 2551

o3 Inniinus salszdng qaiadaad

dc; a =Y L o Y — o
910N AEINENHNUETIN  HAAT.OUWIU I3
UNAALD

Snoriinug Euniumen1senuLT MM gIgAlazMIgaTTanaBuna
uuf'i’ugmmﬂiﬂaﬁm1u=?ﬁma§uuu=?u0ﬁ 'Wqﬁ‘x?umw1fi1qqqﬂua:fiw°§1qmmﬁmm”1m
nszuadunagnswiiegnislurnsdviiulasmsUszmananuuyuiu ludiuvesms
oonuuu1g1933ms luneauemafivouvosmstinszua uwalianuiafoues
ﬁ'rgtymmwfum’ﬁuﬂxﬂﬂm%’ﬂumsﬁnmqq Jesiniueuedafinnumuizauiivei
Uszgnal¥lumsdszinanadygamueuzasnld nisdunsizriesmmigaga Anan
nazidigaviiamudunanazaesSransznmuudunauiudiosiinsdszgnd 1o
2037 IdRanna . rams@ounuumsiaudaeTsunsy PSPICE anunsoduduldda

AUsSOUEMININUYe eI NinTeandouiiu lamndnnismivaue



Thesis Title Multiple Input Max/Min Circuit Design Based on CMOS

Transistor Technology

Student Mr. Supatpong Keawconthai

Student ID. 47060611

Degree Master of Engineering

Program Instrumentation Engineering

Year 2008

Thesis Advisor Assoc.Prof. Prasit Julsereewong

Thesis Co - Advisor Assist.Prof. Dr. Amphawan Julsereewong
ABSTRACT
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AFEUAAIAIOATIVIUININUTDA (i, = 2i,)
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1 . . . . & o ¥
VBIRMTZUAATU i, , s Fpp - » i FUTVGUIT NS 1A

D32

I, =iy Pl Filg Foo gy (3.8)
A = - ¥ 7 : -
lllE)Wi)'liﬂl‘lTlT‘uﬂ B %31ﬂﬂ1ﬂi:llﬁi0’lﬂﬂﬂq4fjﬂ i Ao
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= . . . o Y a q' - = 1 q' -;

M3 1MAv0INSZUABUNA i), iy, ... , i, v IR WS RUNTUABUNA v,, v, ... , v TAURNTY
NTLNWBAHA M), M,,, ..., M,, 08 TUanIngzue INANSZUAATY iy, | iy, - » ipry

d‘l ) =i d.:l' " -:; " 8 -
Wonsand lua v lunsaifinnszuanadl 1 midy 7 oz ldsinszua i Ao

ly =ity teetiy ) + =L =l +ipgy +o 4y (3-13)
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wionszua i, Tnarunema M, sz ldniussiu v, TAunuundu yunseiwemva M,
» ¥ '
winszuadawmny i, oannvunavoawema M, M, uag M, aoidiaonuy Aauh
anmninszuadug uemna M, M, uaz M, szdoalininszumasuming Tao@ouiy

aums e
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i a 1 a ' a 4 U @ °
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NAUNSN (3.13) 1AL (3.14) 9218
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INAUNSN (3.15) awrsaouInylan

Ly =% =l shsbisensi, ) (3.16)
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i =1 ] =i (3.17)

Iy =0, 20y = hae —1asipss = e ~80 o005 Ipn3 T hnax ~ha
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o P A 1 - . & a 1 o 1
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- a ° ¥ 1
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i, =lIp; tipy Tt
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Aoy Antuiignnninszuadud veamla M, M, , ..., M,, M, M,, liaz M, azilm
o =1 v
nszuaasumiy Taswouduaumslan

iDIl:iDZIZ”':iDnI:iazimax =1, =1 (4.5)

-5 =) -:; = v U . ﬁ- d’ 1 [

dewnssnuemna M, My, ..., M, (NTSUaBunmioundl i) MIMNIUYDIAMIIAY v,
° ¥ ' ' e . w g

winlivemnla M, M, ..., M,, agluannz hivhnszug dniurnszuaasu iy, = i, =

=iy, =0 9NAUNMIN (4.4) uaz (4.5) v 1aN
=i =i=i=i, (4.6)
VINAUMIN (4.6) ansamoulntldn

fae =6 =max (iy,iy,...,1,) (4.7)
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ORI TUABUNA v, v,, ... , v, 3 TAMINTEUABUNALAZAD Al
b =Ipyy ~ipiashy =ipgy ~lpggseeesly =ipy ~ipa (4.8)

NAUMIN (4.5) 1ag (4.8) 92 1dAINszumaTUYD LD AN M, IIARZA) HURan1TENI1m

¥
o

NITUADUNAGAGANUAINTZUADUNA § A3t
Ipie = 0,ipy =1 —byipy = b —hyeensip,, =4 —1, (4.9)
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mga 013 Inavesnszumasy i, s liAussiureda-asu v, Sauituuiniu sunsita
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& a d. ¥
iafnsailua v, ez 1d

Ip =g +ipys Hipys+...tip (4.11)
ounumInauMsh 4.10) aalu 4.11) = 1a

Ip =lps =l (4.12)

INAUNITN (4.9) 1Az (4.12) 32 1A
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W1C.1  P0495

A Real Application of Extended Particle Swarm
Optimizer

J Xu, X Yue, Z Xin

Beijing University of Posts and Telecommunications, CHINA

TCFA problem is a traditionally hard problem in the
optimization of toll telecommunication network.
Practically we utilize simulated annealing (SA) algorithm
to indirectly solve a simplified version of TCFA problem.
In this paper, particle swarm optimization (PSQO) and
extended particle swarm optimizer(EPSO) are
introduced briefly associated with some other significant
alterations. Simulation based on a real
telecommunication benchmark shows that EPSO can
achieve better solutions compared with SA and the basic
PSO.

W1C.2 P0375

Data Link Antenna Control System Design using an
Adaptive Fuzzy Controller

S Park, *J Kim

Dongseo University, KOREA

*ShinDong Digitec, KOREA

The data link antenna system must be always pointed to
a moving target for communication. Especially, for an
antenna mounted on a moving vehicle, it needs the
stabilized the antenna system. So, software and
hardware, signal processing of motion delection sensors,
reaklime processing of vehicle dynamics, trajectory
estimation of satellite, antenna servo mechanism, and
tracking algorithm are unified in the antenna system. The
purpose of this paper is to design a fuzzy controller for
dala link tracking antenna control system. The fuzzy rule
based stabilization and tracking algorithm was
implemented and the performance of the designed fuzzy
controller was verified by the simulations.

W1IC.3 P0698

A CMOS-based Multiple-Input Max/Min Circuit

S Keawconthai, C Wangwiwaltana, A Chaikla, V
Riewruja, P Jul

King Mongkut's Institute of Technology Ladkrabang, THAILAND

This paper presents a CMOS circuit technique for
realization of the current-mode multiple-input Max/Min
circuit. The maximum and minimum functions are
incorporated into the same scheme with parallel
processing. The design stralegy is based on the use of

Date: 7 December 2005, Wednesday
Time: 1100-1220

Venue: Plimarmmek Room C
Chair(s): Kim Hui YAP, Huadong MA

MOS transistor operating at the edge of conduction. The
proposed circuit performs a low-distortion in the transfer
characteristic and is useful building block for the real-
time systems. The performances of the proposed circuit
were studied using the PSPICE analog simulation
program. The simulation results verified the circuit
performances are agreed with the expected values.

Wi1C.4 P0609
Quantitative Analysis of MIMO-OFDM System in CMOS
Technology

T Tsang
The Hong Kong Potytechnic University, HONG KONG S AR.

Coupled with a robust and efficient OFDM air interface,
MIMO technologies lead to a very compelling high speed
data link solution for future wireless multimedia systems.
This article presents MIMO-OFDM concept prolotype of
signal processing operations and simulate performance
results. The prototype is based on the |IEEE 802.11a/g
standards at physical layer, supporting multiple antenna,
adaptive modulation and coding, with peak rates up to
54 Mb/s. The proposed prototype architecture is
modelled using VHDL-AMS-RTS, and synthesized using
0.35um CMOS slandard cell library with a SYNOPSYS
TM tool, as well as doing a timing simulation. It enables
high throughput, high energy efficiency and small area,
and can be readily sent for fabrication in a CMOS
process.
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W1C.3

A CMOS-based Multiple-Input Max/Min Circuit

Supatpong Keawconthai, Chaleompun Wangwiwattana, Amphawan Chaikla,

Vanchai Riewruja, and Prasit Julsereewong
Faculty of Engineering, King Mongkut's Institute of Technology Ladkrabang,

Ladkrabang, Bangkok, Thailand

Abstract—This paper presents a CMOS circuit technique for
realization of the current-mode multiple-input Max/Min circuit.
The maximum and minimum functions are incorporated into the
same scheme with parallel processing. The design strategy is
based on the use of MOS transistor operating at the edge of
conduction. The proposed circuit performs a low-distortion in the
transfer characteristic and is useful building block for the real-
time systems. The performances of the proposed circuit were
studied using the PSPICE analog simulation program. The
simulation results verified the circuit performances are agreed
with the expected values.

Keywords—current-mode circuit, maximum and minimum
operations, CMOS-based circuit

I INTRODUCTION

Since fuzzy mathematics was established, it has found many
applications in the area of expert system, pattern recognition,
robotics, and industry control, etc [1]. Fuzzy systems were
implemented using software or hardware. The conventional
software approach is large in size and its operation speed is low
particularly in real-time applications. It always needs ADC and
DAC interface for input and output to deal with real-time
problems. This interface slows down the whole system and
makes its accuracy dependent on this ADC and DAC. For this
reason, the hardware implementation of fuzzy systems with
high speed and high efficiency will be need for real-time use
such as image and speech recognition.

The most significant fuzzy logic functions for realizing
fuzzy systems are the maximum and minimum functions.
Fuzzy systems employing these two functions are used in many
applications [2)-[3]. The realizations of maximum and
minimum functions in analog circuit form so far have been
implemented using either a second generation current conveyor
(CCII) [2] or an operational transconductance amplifier (OTA)
[3] as a basic active circuit element. These approaches require
diode function as an electronic switch to eliminate undesirable
signal to provide maximum and minimum 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 ranges of the Max and Min
circuits using OTA are also limited by the input stage of an
OTA. Other approaches are based on the use of CMOS circuit
technique to perform the maximum and minimum function [4]-

[9].

For implementing a fuzzy logic controller or fuzzy processor
by employing maximum and minimum functions, the multiple-
input Max and Min circuits are needed. The problems of using

0-7803-9282-5/05/$20.00 ©2005 IEEE
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the binary tree structure based on the two-input Max and Min
circuits to implement the multiple-input circuits are
accumulated errors and low operation speed. To minimize
these disadvantages the one-stage multiple-input Max and Min
circuits have been proposed in literature [4]-[6]. The most
reported realization of Max and Min circuits so far have been
implemented either maximum or minimum operation. When
incorporating the maximum and minimum operations into the
same circuit, the advantages will be gained [7]-[8]. However,
these approaches generate accumulated error as a result of
using these proposed circuits to implement the multiple-input
Max/Min circuit.

This paper aims to present a current-mode multiple-input
Max/Min circuit based on the same principle as in [9).
However, we develop this idea in a difference way to increase
the operating speed. The proposed Max/Min circuit can be
operated using a single 3.5V supply and provides the good
performances. The simulation results supporting the
characteristics of the proposed circuit are also included.

II.  CRcuIt DESCRIPTION

A.  Multiple-input Max scheme

Fig. 1 shows the circuit diagram of the current-mode
multiple-input Max scheme. Assume that the transistors are all
matched. Each maximum cell for one input signal is composed
of three NMOS transistors, M;;, Mj, and M;,. The transistor M,
is used to convert the current i, to the voltage v,. The transistor
M, and the bias current I, generate a bias voltage v,
approximately equal to 2vgs, where vgs is the gate-source
voltage of the transistor. Therefore the transistors M;,-M;; are
forced to the edge of conduction to minimize the crossover
distortion. The bias current sources [;-I; and the transistor M,
are employed to increase the operating speed. The voltage v, is
always higher than the voltage v. Its difference voltage is
approximated as vps, where vps is the drain-source voltage of
the transistor. The transistor My is connected to capture the
maximum input current to output node. The maximum
operation of the circuit as shown in Fig. |, based on the shared
gate-to-source voltage corresponding to the saturation value
imposed by the maximum input current, can be discussed as
follows.

Suppose that all input currents are positive and there is only

one maximum input current. If the current i; is the maximum
input signal, which can be stated as

iy = max (iy,is,..., (n

in)
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The drain-source voltages vy, vs,..., v, of the transistors M,,,
May,..., My are established by the input currents iy, b,..., ip
respectively. The voltages vy, w,,..., v, effect the transistors
Mz, Mn,..., Mq; to conduct. Considering at node v,, the drain
current J, can be expressed as

0= ipptippt...tipntlh-1 2
Based on (2), if we design I; = I;, The drain current i, can be
rewritten as ’

&)

The current i, flows through the transistor M, increasing the
gate-source voltage v,, that causes the drain current ip,;; equal
to the maximum input current i;. The gates of transistor M,,
Mzy,..., My, M,, and M, are connected together, thus the
transistors M;;, My,..., M,,, M,, and M, will have the same
drain current in saturation as

= ipztipn* ... *ipa

“

Based on (4), the drain currents of the transistors M,;, Mu, ...,
M, can be stated as

ipn =ipnt = ... = ipa) = iy = e =

ipy=0,ipzy =iy — i3y ..., ipyy = i) — iy (5)
The current ipy flows through the transistor My, increasing the
gate-source voltage of the transistor M;,, which effects the
transistor My, to cutoff. Similarly, The flow of ip;, through the
transistor M;; causes the transistor M;; to cutoff. Therefore the
drain current i, can be given by

(6)

0= ) = e =iz

Based on (6), the maximum output current im, can be
rewritten as

@)

imax = Iy = max (i),iz,.- .,iy)

Multiple-input Max scheme

The above discussion supports the maximum operation of the
multiple current signals.

B. Proposed Max/Min circuit

Fig. 2 shows the proposed Max/Min circuit for the
multiple-input currents, which based on the use of the
maximum operation as shown in Fig. 1. For one input signal,
the cell consists of three NMOS transistors, M;;-M;,, and two
PMOS transistors, My-M;s. The transistor M, is connected to
capture the maximum input current to minimum output node.
The transistors M, and M, function as the unity-gain negative
current mirror. The maximum operation of the proposed
circuit can be discussed as section A, the minimum operation
can be explained as foliows.

Suppose that all input currents are positive and the
maximum and minimum currents are /; and #, respectively,
which can be stated as

iy = max (iniz..ia) and i =min (i ai)  (8)
The drain-source voltage v, is established by the maximum
input current i, thus the voltage v, is the maximum drain-
source voltage among v, vi,..., v,. The matched NMOS
transistors M,,, My),..., Ma;, M,, My, and M, have the same
gate-source voltage v,, so, in saturation, they should also have
the same drain current as
ipn = ipa1 = ... = ipat = iy = ax = £ = (&)
Considering at each input node v, the input current j; can be
wrilten as
==t (10)
Based on (9)-(10), the drain current ip, of transistor M, can
be given by
A1)

ipra =0, ipza = iy = in, ip3a = iy = iy, ipna = fy — Iy

55


CLP10
Textbox


72

M, M,, ! Voo M.,
i s W s
"Dll : i fone 4 ) i : ' L 1 i
lT'{ lm: lT{ l'mi @I, L | l Vst

i_.._ ............. P O i, = 3 [ oo=s | P ",y g—
| M, ipiz M, o M,
I } : f:}{ ‘ v, \ . —{L—' a2
i i M, 3 My ﬁ M, i M, ¢
! J i =- i
iyl [ b Sl
TG ik

Figure 2. Proposed Max/Min circuit

Based on the shared gate-source voltage corresponding to the
saturation value imposed by the maximum current. The
source-drain voltage v'; is established by the maximum
differential current i, — iy, thus the voltage v, is the maximum
voltage effecting the transistors M5 and Mys,..., Mgs to cutoff,
Therefore, the drain currents ipys and ipys,..., ip.s can be given
by

ip1s=ipys= ... = ipas =10 (12)
At node vy, the drain current i can be written as
it= ;s +ippstipys+ ...+ ipes (13)

Substituting (12) into (13) and based on (11), the drain current
ircan be rewritten as

ir= ipys = ippa =i — Iy (14)
The unity-gain current mirror My and M, reflects the drain
current i¢ to minimum output node. Thus the minimum output
current i, can be stated as

frnin = g = g = g — iy (15)
Substituting (9) and (14) into (15), we obtain
imin = By = (i) — £2) = iy = Min (iy,2s. sl (16)

It is clearly seen that the maximum and minimum operations
for the multiple-input currents are incorporated into the same
scheme with parallel processing.

56

III.  SIMULATION RESULTS

The performances of the proposed circuit were observed
through the use of PSPICE analog simulation program. The
BSIM MOS model of the 0.5pm CMOS process was used for
the circuit simulation. From the circuit in Fig. 2, the
dimensions W/L of the devices used are shown in Table 1. The
supply voltage Vpp, is equal to 3.5V. The bias currents I,-1; are

set to SOpA.

TABLEL DOMENSION OF THE MOS TRANSISTOR
Transistor Dimension of the devices
W (pun) L (um)
M, Mo, My, M, L] 2
Mg, My 2 1
M, Mgs, M, M, ] 1
M. 4 1
My 6 1

Fig. 3 shows the simulated transient-responses of the
proposed three-input circuit. Where the input currents iy, i, and
iy are 100kHz sinusoidal wave with 30pA peak amplitude,
30pA offset value, and 0° 240° and 120° phase shift,
respectively. The simulated transient-responses of the proposed
two-input circuit are shown in Fig. 4. Where the input current i,
is fixed at 10pA, the current input i; is the triangular wave with
30pA amplitude and 10ps time period. [t confirms high-speed
operation and very small distortion on the output signals.
Referring Fig. 3, the errors for maximum and minimum
operations are about 0.01% and 0.03% of full-scale value
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Figure 3. Simulated transient-responses of the proposed three-input circuit
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Figure 4. Simulated transient-responses of the proposed two-input circuit
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