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ABSTRACT

The Median Filter has an importance roles in the signal pocessing areas. For the analog real-
time signal processing is very interested. This thesis proposes a CMOS Median Filter circuit to
improve speed and bandwidth on the analog processing system. The non-complicated structure
circuit consist of 3-input median filter circuit based on CMOS 0.8 Llm technology. Its structure
consists of two main parts. First part is differential amplifier circuit, second part is median value
selective circuit, and operated at +5 volts single supply. The results of this circuit are shown by
using the PSpice simulation program to demonstrate the performances of this circuit. The

frequency response approaches 100 MHz for signal and image processing.
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=
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ID_K (VGS_VT)XVDS_
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i v, finmieondn 1 w3eludald 0 < v, << (V.- ¥,) wwansadamon

TAuazansolszumauns 1ailu
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3. womrariaulus198uA7 (Saturation Region) nanfe ludaliussduszninue
FUNAZYON (V) WINATMTOIMAY (V- V)
VGSE Vs (Induce Channel)

11N Pinched Off
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GD TO
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zmu"lﬂ’n fmmiﬂsxumﬂsu‘luﬁmﬂumﬂ‘lﬁn:umﬂaﬂ"lmuﬂuusaﬂu‘nmmsuua:m

WOA (V) Lwiiwi‘fuag:ﬁudnmﬁu Vs~ Vi) %aﬁﬂﬁﬁumssﬂu"lﬂﬂmqmﬁﬂymmmﬂgﬁu
MIMNAITDY  (Square Law  Equation) lasinauaasnuauiianiinio Tou(Transfer
Characteristic) fauandluglfi 2,12 fiveuwaszniedmnsloadudndudazgnimua
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W
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v . Y
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2
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¥
=

»
Modulation) tiuvzannsaimnaduiiuaumsuaasanuduiussunszue 7, 146
w
ot 2 )
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Tauh A = Channel Length Modulation Factor
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vous s ludadounduszn ooz uod V, 14 End-Channel 92iiHaann1sHiauuns

voma W51 NMOS Aigiusesslmuuaudiomounuseaussiu ludadeunduvziiu



19

y_ v

o v 1 &4 o q ¥ Q ' a
ﬁ'ltﬂﬂ_ﬂ11ﬂ!”llﬂ1]ﬂﬂﬂﬂ'l1’l$ﬂ'ﬂ~1‘lm °b'~1‘i]$1"lﬂﬂﬂ’l'lllﬁf’l‘l]B\‘i‘]ﬁ)Jﬂ?ﬂlﬂuﬂﬁxllﬁﬁﬂﬂﬂﬂ'lﬂﬂQfﬂ‘i
o Y ’cj A [V a 9 a [ & ° 9 e a
winldnduilumiloudnuaziay szdeunuussau ¥, Sz ldnaves v, hilnomaay

= e‘ A‘ J o YV a
nszuaanusonsuniumsdounlawes v, Tasmsiviuves v, aeild v, miuaw

11éw

V,:Vm+y[1/[zqofl+rfsﬁ—m] (2.13)

Taon

J2aN K €
}/2—*‘” (2.14)
&

ox
4 ' v oA A =
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Symbol SPICE LEVEL Parameter name Default Typical Units
Keyword value value
Voo VTO 1-3 Zero-bias threshold 1.0 1.0 Vv
voltage
K' KP 1-3 | Transconductance 2x10” 2x10” AV
parameter
I GAMMA 1-3 Ody-effect parameter 0.0 0.35 v'"?
20, PHI 1-3 | Suface inversion potential | 0.6 0.65 v
A LAMBDA 1-2 | Channel-length 0.0 0.02 v
modulation
. TOX 1-3 | Thin oxide thickness 1x10” 1x10” M
N, NSUB 1-3 | Substrate doping 0.0 1x10" cm’




a '
1951490 2.2 (AD)

wv

Symbol SPICE LEVEL Parameter name Default Typical Units
Keyword value value
” NSS 1-3 | Suface state density 0.0 1x10" em”
N NFS 23 Suface-fast state density 0.0 1x10" em”
N NEFF 2 Total channel charge 1 5
coefficient
X; XJ 23 Metallurgical junction 0.0 1x10° m
depth
. LD 1-3 | Lateral diffusion 0.0 0.8x10° m
- TPG 1-3 Type of gate material 1 1
L, uo 1-3 Surface mobility 600 700 cm
NV s)
U, UCRIT 2 | Critical electric field for 1x10™ 1x10° Viem
mobility
U, UEXP 2 Exponential coefficient 0.0 0.1
for mobility
U, UTRA 2 Transverse field mobility 0.0 0.5
L VMAX 23 | Maximum drift velocity of | 0.0 5x10° m/s
carriers
Xoc XQC 23 Coefficient of channel 0.0 0.4
charge share
6 DELTA 23 Width effect on threshold 0.0 1.0
voltage
KAPPA 3 Saturation field factor 0.2 1.0
n ETA 3 Static feedback on 0.0 1.0
threshold voltage
0 THETA 3 | Mobility modulation 0.0 0.05 v
[ AF 1-3 Flicker-noise exponent 1.0 1.2
K, KF 1-3 | Flicker-noise coefficient 0.0 1x107
I IS 1-3 Bulk junction saturation current Ixto™ 1x10™ A
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resistance

Symbol SPICE LEVEL Parameter name Default Typical Units
Keyword value value
Jg IS 1-3 Bulk junction saturation 0.0 1x10" A
current per square meter
W, PB 1-3 Bulk junction potential 0.80 0.75 A%
C, CJ 1-3 | Zero-bias bulk 0.0 2x10™ F/m®
capacitance per square
meter
I/n MIJ 1-3 Bulk junction grading 0.5 0.5
coefficient
Cisw CISwW 1-3 Zero-bias perimeter 0.0 1x10” F/m
capacitance per meter
Mw MIJSW 1-3 Perimeter capacitance 0.33 0.33
grading coefticient
FC FC 1-3 Forward-bias depletion 0.5 0.5
capacitance coefficient
B CGBO 1-3 | Gate-bulk overlap 0.0 2x10™" F/m
capacitance per meter
Cones CGDO 1-3 Gate-drain overlap 0.0 4x10™" F/m
capacitance per meter
iy CGSO 1=3 Gate source overlap 0.0 4x10™" F/m
capacitance per meter
R, RD 1-3 Drain ohmic resistance 0.0 10.0 Q
R, RS 1-3 | Source ohmic resistance 0.0 10.0 Q
R, RSH 1-3 Source and drain sheet 0.0 30.0 Q
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{D :JL[OXCOX :Ii(VGS _VT)_(?J}VDS(l*_AVDS) (2'15)

A = W1315R03 YO IMTUBYPAFUMUAIINIIIFDIMUAUN T (Channel Length
Modulation Parameter) vl (volt")

{ ' ar a a v o
Tauh v, AoAmussdudasuiianuduiuimuauns (2.16)

v,=v, [\/|z¢j|+yﬂ —\/[2¢[] (2.16)
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Si NSUB

v :VFB+2‘¢I|+

4 =V SB=(

10 T

COX

V quSfNSU,B
}/ =
C

ox

=Y 1A A w = ] -
Y =W15uao MU uuedUn (Bulk Threshold Parameter) wu'wﬁ‘lu (volt Ir',)

KT N
(ﬁF:fln

q n,

SUB

[
¢F — AMUANANGNHUAINT UMY (Strong Inversion Surface Potential)

v, = AITIAUUOVTIV (Flat Band Voltage) vt (volt)

¢GE — ¢F (substrate) — ¢f (gate)

KT n,
¢ ’ (substrate) = —1In
q N

SUB

KT
¢ (gate)=—1In
[
q n,

gate

4
Q = Nyq=Uizyoen lua (Oxide charge)

=Y 1 a a s
Y =MWN9UHRDIMUYALITUYDIUA (Bulk Thershold Parameter)
| o da 3 ida o ' "
dr = ANUANANINNUNNAINGUBY 1MUY (Strong Inversion Surface Potential)
Ve = AMISIAULUUI (Flat Band Voltage)

K =amnanveelusuuu (Boltzmann's Constant) 181 1.38 x 10-23 J/°K.

(2.17)

(2.18)

(2.19)

(2.20)

(2.21)

(2.22)

(2.23)

(2.24)



26

T =mMguuqil

n = ANUMULLUYINIMEN101U (Intrinsic Carrier Concentration) 1A 1.45x10-10 cm-3
£s = ANTWUDUVDIFANDU (Permitivity of Silicon) 31 1.0359 x 10-12 F/cm

oy = ammuanyeadanoulaeen 4@ (Permittivity of $i02) 381 3.45 x 10-13 Flem

TumseenuusesinezeenuuuieassaumMsve LS aaniiniinesoglu

mouma Ihnnniuneumaiand

£ :ﬁ[(VGs —Vr)_(igi]:l”as“’"’l Vo) (2.25)

2

-
B=u,c, — imiwiu (Amp/olt) (2.26)
L

,8 = Device Transconductance Parameter

ifioannueaaiimsihaumaisin annsoudaiasanoeniiu
1. 0uARDON (Cutoff Region)
ip=0, V-V, S0
Foamaaunsziaszinganssudumaidais

2. 61'1n310A (Triode Region)

.
i,=p [(VGS—VT)—(—Z—S):lvDS(w/lvm) , 0SS v SV,

3. ©1UDUAI (Saturation Region)
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2
iy =Pos =V —y\/2|¢f|+vﬂ +}/\/2'¢f| (1+Av,) (2.27)
’Iﬂﬂﬁ Visg = Vi TV
VDS = vD - vS
Ai
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@ o
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a o o & = 4 v Y
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o @ o & . = = o A [ 9 as a
YDINDUIADI U UDOUAVNTA (Frist-order Tallor Approximation) laviilienglndnugeluda
o & ad v v o Vo
nszuaasui navzifluflsfuivuegiuussdusumianig vosweaa

0 0

iy = f(Vas:VasVsy) (2.28)

ar 0’: A - a =] Y y o a d
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Oi i Oi
d At =l a'” Av,, + gﬂ Av, + a"’ Av,, (2.29)
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Aib = gmA"os T gdAvDS + gmAvss (2.29)
Taui
a 0
g =| =2 (2.30a)
O,
a 0
g, =| =2 (2.30b)
Ov,
a 0
g = - (2.30c)
v,

] o == ” cicl A ; ! at ' Q
gy Li‘lummmummsu (Drain Conductance) NUMTIWNIU @IU g AT g , L'flummmmm
1 { o ' ' d‘ o a&
WU (Transconductance) ﬁ-iJ:mmsamu@’f'smmmfuwﬂmm‘ngnmaﬂu (VCCS) a1
= [ o a:’ A ° n; o
wumﬂmmmmawmﬁumﬁ"lﬁ’ﬁﬂumgﬂw 2.15 ms'ﬂmm‘umaawmnamﬂﬂnﬁqum
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mmﬂmniummﬁm WTU g, IﬂUﬂ'lﬁUﬂﬂlJﬁ'lJWUﬁ‘UﬂﬂﬁlJﬂ'lS (2.30a) NUaUNT (2.25)

Oip, 4 0 9 0
g, = =28 vas—ro— 7\ 2, [+ vss + 7440 | [ 14 Av0s | @3

a"cs

l:' e 1 ﬁ' " J ar @ Y
Taofansadazdaums 231 MWeglugidnla1dieiu Tasldanuduiusivaums

(2.25)

0
g, =2y fa+dv, )i (2.32)

n3di luAnwavea Ay

8, = H,Cop %(vcs - l/r) (2.33)
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(2.34)
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