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ABSTRACT

A CMOS Voltage-Controlled Floating Resistance (VCFR) with a new approach for non-
Iinearity terms cancellation and temperature compensated technique is presented in ohmic region
and saturation region. It consists of the voltage attenuator, voltage subtraction and voltage
inverting circuits. These circuits performed as a voltage dependent source that bias to an ohmic
transistor. The non-linearity terms and threshold voltage are cancelled in order to a linearity and
temperature effect minimization. A first-order low-pass filter with tunable a cut-off frequency is
proposed as an application for confirmed a realistic VCFR. The Characteristics are including a

high lincarity and the temperature compensation. The results are carried out by PSpice.
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(Vf;x -V, - ;\ JVDS;V(JS >V (2.4)

Iﬂﬂﬁ K' = ﬁ]ﬂ‘ﬂuﬁﬂfmﬁmmwf(Transconductance) Hauminy B, Cos
4, - MANuAaoalon 50 BIAAATOU (Surface Mobility of Carrier)

Cox = ﬂ"wnmqﬁiﬂﬁuﬁmadmman%ﬁ (Capacitance per unit area of the gate Oxide)
W = 27110990 U¥UINA (Channel width)

L = 2Muuud3yuiua (Channel Length)

Vo - HTIAUITEHNIVUAN A S0 d

V= LLNﬁWTJﬂLéM (Threshold Voltage)

Vs = HTAUIEHINUVNATY N FOH

[, = NIznmaTu

2.5.1.6 NIMEIUTINAWY (Breakdown Region)
] w o A Y ' ' P=} J =] [
wiosninusaau Tudanliunsosao f-ou sgn1e wsu-1uses whi'luda

v o @A o 4 o ¥ 3 ' A oA o W
ga‘1iﬂﬂ1J ﬂ31”1.[ﬁ'ﬂtlﬁﬂﬂuﬂlﬂ‘i1!21]?113]17'1‘{!]91«111,03@@‘{1}145&?1] 1 HHANEIUNIT LIIAUWINAIY
° ' = @ o o

(Breakdown Voltage: Vi) ﬂ11ﬁ'3num)mﬂmiwmmwmummum (Avalanche Breakdown)
~ I " A o a rg ' =4 1 ¥y o 3 Y 1
naznaATLEiogluo A RzinIueiIaE waziannsonwauld sildveandg

annzmmianae a1 29 n) war v FeunsdivewommiitinniluTavzias Inddanou
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2.5.2 aumsnsznaluyiaaa q vesnemvn
" " ¥V
MNManuvoIeamnamnarnluvennauniy 15EITINLEIv0a
matinseuavoaomnld 3 93 Ao ¥aluiinszua (Cutoff Region) ¥3a1inizia’ly
9UA7 (Triode Region) 1AZy 1911 IN32UT0UAT (Saturation Region) 1AULAAZTIINITHINUIE

¥
= (Y i 3
VUDYAUM V-V, HATNIUDI V,

2.5.2.1 ¥23 15z (Cut-off Region)
81 V-V, iuguansaluaiay iureivemn i bifisoemadu
voanszuavziihdumioutsta Jeih Idueamn liaunsmbhnszumasu (1) 14 vomvin

U ' N e .
v00 119 lininszue (Cut-off Region) Muans
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Iy =05 Vg - [V, <0 (2.5)

2.5:2.2 inﬁmszua‘lﬁéuﬁ’a (Triode Region %30 Ohmic Region)

T (Vo - [V, > 0 1aE 0< [V, | < Vo - 1V, uda i ugaiius s ludaian
INMUAZVIFDATAMINN IS IRUTASY V., > V, uazusaduszniasiasuiunsod Ve 3
afeondt Vv, udwommnazaglugawosmsiinszualidud (Triode Region W30

Ohmic Region) dsamInszumasy (1) Taawauns

2
V DS J (26)
2

W
]n =K T((Vm - Vr')Vn}; -

ATy lunstinnssanss v Iasuaz Yo vV, Ianfaoinn meuved

2
DS r‘l ~ R Qy vly mdw . ﬂ a v bl :%’ LY
-T UAUNIITN 2.6 TIWITNAANI IR NTEUTATU [, WEUANHUI UMY UTY AvYUBYNY

HTIAUTTHINVUATULAZYNIBDE Vo nIdiT womnaziszngAdnaiioudidiuniulaoiian

A R, Idamauns

V; A 1

R _= = (2.7)
ey W
!“ KJI(V{.‘.\' _V.r)

2.5.2.3 129110 5201@0NA (Saturation Region)
TR [Vl - [V, > 0 mag [V > [V - [V, uad iludsiusadunvinnias

MFOALAWINNIMIIAUAIAGTY Vi, > V,  HAZUSIAUTZNINVUATULAZF0E V, Im
MINNIMTOININD V-V, uad wommneziaeglusininszuadudd (Saturation Region)
ANNINIMINIZHAATY (1) lanuannis

Iy =—— =V (14 AV,5) (2.8)

_Ig’_W
2 L

A

lagn A = ufrfu!,uamu{ua@mﬂt?u (Channel Length Modulation) ; (VAl)
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(M) ¥1@A N - Channel
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Viesa>Vasa>Ves2>Ves1>Vr
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Wi e e Nima ™ [
/S
1/
%f’ o - -Ves2
— s Ny

(V) 1A D-MOSFET
sun 2.12 (Ao)
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o
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— o o v o g Ao Ao
ﬂ'ﬁn?ﬂ]'ﬂ 2.13 LlﬁﬂQLL'U'Uﬂ'\ﬂﬂ@i}'f]ﬂllG'C'I'L'Vi'ﬂﬁ"l'}iﬁUﬁﬂluilju'mHJU1ﬂlﬂﬂﬂ1jﬂ31uﬂﬂ1 (Low
Frequency Small Signal Equivalent Circuit Model) ﬂ1ﬂ§ﬂlﬂﬁﬂ1‘jlm'uflJE)f’fM“Vlﬁ')UN%ﬁIl'V‘f“WW

4 9 a o " @ e d
o ldlumsimagiraveimsanuauoIRedy M ATULIAEN (Small Signal Analysis)
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+
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;i'ijﬁ 2.13 H.'lllJ‘tﬂﬁﬂ&ﬁ!ﬂ{lljﬂﬁﬂ‘]ﬂﬁﬂﬁﬁ WYIHVHIAUDNNUAITHDA

e wa = ! 3 =
voaunugUnsainflquauialumsuasunssduiinm v (v,) Tilunszuad

t:{ = Lé - ' = '
TN oA (g.v.) AnudumunvuImimgann dalunugauad (deal) dodiiiauilu

w - A - e @ A w 2 Aq wo
DU (c0) AMUAIMUAVIATY (1) TiAoudiegs winineindwydnaavilan lgluns
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ol W
En ZELVJ'L:k T(K,s )(l+’1Vm) (2.9)

OGS

nssiAnearniinulurahnszuadud sveansugaoudnuaud (g ) sz

MmNy
W
(qm = k -(V(f.‘( fl/r) = Zk'TIH (210)

o o g dny v v v o Aoy o1y Yva
HUDITAD mm]ﬂ!m1i1ﬂlanﬂqﬂﬂﬁﬁnu]uajiu‘ﬂ‘lﬂﬂu Lﬂulluu%1ﬁaqmﬂa hJ lﬂllﬂ1i
a = d& = tg A‘l :: ] Y 1 e rA‘!
Wi]']'im']ﬂqrr‘laﬁ.lﬂig']uiﬂq (BOdy Effect) cUQlﬂﬂ‘UlHu@g1u5@THuquqﬂﬁﬂﬂgﬂuchﬁaﬁluﬂiju

o q ¥ ¥ ° o 8w i
paveagsoni i Taunudnesdyanuvinaman Aagui 2.14

(, o——mm— o - > a
+
— B
vxs KV, P Yo Ems¥hs X
Vi
- -

Ui 214 oo woanindmiudyymunadniigmaos hildaeedsuv e

P s 3 A a ¥ ¥ @ o 0 a ¥
1NN 2.14 dyaruvinadninaiuszningusoanuvmed (v,) i liinaa,

= 1w - ' o o P
YDINFLUAATUTANNINY (g, v,) 1A0NMIDI (g, ) NOAMIIUTNDIANUAUENFIUTOQ (Body

Trans conductance) VoI AN mmmm"léfﬂmaw ARF]

or, W av,
&n :aIT‘r:_k T(Vm :)( ’“/f)\) (2.11)

BS BS

dmsunssivoanomniiiau lurninsuadudd ason Iaauanms

mh r]gm (2 12)
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Ly

= ° o L. 4 A ]
nngN 2,15 uaawuuiasvosemvadimsudyyiuvuaanninunga

& @ Y o o o . ‘:L" Vow
CIN‘S'J‘JJWﬂ“UﬂQC"’I']!ﬂ‘U‘l]'i:‘QMFJQ Taun Cooey ng. Cm,, C, Cy mm"uﬂix‘g C, uag C, 1una

=4 = ' 3 ' o o
Lﬂuﬂ‘szi}ummnmsanma (Junction Capacitance) TEHINTIUTINULDTUALTIUIDINUIATY

Aaey ason Tanaunis

o

C,=—F—b (2.13)

AC
C‘Jh = d " dbo (2 14)

. 1+ th
¥,

¥
~ (== @ L -
n=2nNTUT0000N DU l"ﬁmnmmmu 191 (Step Junction)

= 1

- o g
n=3NiwNiounan touy rf]uuuumﬂ (Graded Junction)

' = 1 o o
C,lng C, nﬂummmi;"lﬂ'ﬁmim (v,) uag (vdh):ﬁﬂnﬂuqm GRIVIRICHY
o o =] o w 4 s ;
W, WU IAUNTOOADN 101 *um:ml,‘zammmmmfluﬂuﬂ (Built-in Potential)
¥ v b '
A naz A, Aufiuivosreduaziasy 500 uNA LI (Side-Wall)

v, uazV, ilunsadusgnineanseafugiuaoauazyiasunug i
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3UM 2.15 nvdaersvsauyaveswamuninNun g
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maunulszy llthsznhennuazgmses (¢, Wumdniulszy ldihurdaves

J L . . o (R | - 1Y -~ - =
80N %A (Parasitic Oxide Capacitance) FunAYUIENINTU@IIMIAIUIN (TanznioIngd
Fanou) NMUFIMITes vaziveamvininueglumainszua iduduazyinhnszuadud
(= a1 o et ' o " 1 o
avuiudszy v (c,) eslidnlszinagud vauzhvoann ivhaunieeglusisdneo

" v g v

mnsamimdunuysey I ) ansonldameaunis

c,=C, WL+2C

gb T ~OX

ol (2.15)
"W a | o 1 ' o A =)
adunulszy i ) Tuvaginemninueglurinihnszua liduds wiim

pnue o ldamannis
1
=il sl (2.16)

Tuvazhuomniinuegluginiinszuadudl FoImuAuYINTZIAIZHALAYAY
o A = ~ g ¥ ' 1 = = o Y1 w o
uisAunYIATUIEIHamvaaMiosaesevmMuAunNIzumazlIzanv I M lnmvosduny
) = 1w 1w =1 e:; o @ a [ 3 Y] a a i
Uszacc,) dawmdumdunulszadiiioonlya duianndvoanngouiuiuiuaIu
2 £ 1 = ' o = 9
VDAATU (Overlap Capacitance) 1aun (CEd) uﬂnhzummgflu‘imu 19310 L?‘ITU'IGW\I'I‘M
Avesnunulszyszninvunmuaznged (C,) Tugahnizuadud annsom1a

MIBTUNIT

z%(_' WL (2.17)
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Wluanuiidnsversvesemmniidoaglujliuuveisrsnouueouvaa(Common  Source
) é a/ d‘ o =

Configuration) Yuzlnl193 (Short Circuit) nm!.‘f]uﬁmmgﬂﬂ 2.16 LkﬁﬂGLLUUﬁl"IﬂEN'lE‘USﬂ-
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= ' = ° 3 o ¢ — -
nninaudludiedu ) danfesnn Mldwaigamolumnmsi 218 daudlnd

4 n ¥ o = '
i‘j’lJU T lﬂﬁ:umwaammﬁwmmﬂn‘lﬂuummmu
iu = gmv):.\ (2]9)

| 85 —[' (-»3‘1 gmvg_‘. ra

sl 2.16 MsmdasIMIveronIzuaymzNUAI95

Nyl 2.16 uaas (V) Tuwadveanszuavud () aunsom Idamaums

i
T E— (2.20)
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PINAUNGTN 2.19 1A 2.20 A1ITDMIOAT VBN ZHaVM=1IA1905 1Aty

i
c TR | S (2.21)
i s((m +C‘grj)
Pe ad 0 0 @ o &
VINAUMTN 2.21 Ansamanudni lieasveonszuaianiuniia 1aty
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&£, = Permittivity of silicon
k = Boltzmann’s constant
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THE CMOS VOLTAGE FLOATING CONTROLLED RESISTOR

VDD 10 DC 5
VSS 10 0 DC -5

VDS 100 0 DC 0

EVIN+ 301000 .5

EVIN-20 1000 -.5

VC120DC 5

VB 130dc 2.8

M1 3 14 2 10 NMOS1 W=10U L=10U
M2 1144NMOS1 W=1UL=1U

M3 4210 10 NMOS1 W=1UL-1U
M4 1455NMOS1 W=3U L=1U

M5 5410 10 NMOSI W=1U L=1U
M6 1166 NMOSI W=1U L=1U

M7 6510 10 NMOS1 W=1U L=1U
M8 1177NMOSI W=1U L=1U

M9 7310 10 NMOS1 W=1U L=1U
MI10 178 8 NMOS1 W=3U L=1U
M11 871010 NMOS1 W=1U L=1U
M12961 1 PMOS1 W=1U L=1U
M13 1089 9 PMOS1 W=1U L=1U
MI141121111 NMOSI W=1U L=1U
MI15119 1010 NMOSI W=1UL=1U
M16 14 13 1 1 PMOSI W=1U L=1U

M17 1011 14 14 PMOS1 W=1U L=1U

, Ve =DC 5 Vrrx

HRE Vk =28 V *rx

X W/L = (10/10, 10/100, 1/10 )***
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*LOT: T14Y MOSIS WAF: 03

* DIE: N_Arca_Fring DEV: N3740/10

* Temp= 27

.MODEL NMOS1 NMOS ( LEVEL =3

+TOX =5.7E-9 NSUB = 1E17 GAMMA =0.4317311
+PHI =0.7 VTO =0.4238252 DELTA =0

+UO  =425.6466519 ETA =0 THETA = 0.1754054

+KP  =2.501048E-4 VMAX =8.287851E4 KAPPA =10.1686779
+RSH =4.062439E-3 NFS =1EI12 TPG =1

+XJ =3E-7 LD =3.162278E-11 WD =1.232881E-8
+CGDO = 6.2E-10 CGSO =6.2E-10 CGBO = 1E-10

+CJ =18I1211E-3 PB =05 MJ  =0.3282553

+ CISW =5.341337E-10 MISW =0.5 )

.MODEL PMOS1 PMOS ( LEVEL =3

+TOX =5.7E-9 NSUB =1E17 GAMMA =0.6348369
+PHI =0.7 VTO =-0.5536085 DELTA =0

+UO =250 ETA =0 THETA =0.1573195

+KP  =5194153E-5 VMAX =2295325E5 KAPPA = 0.7448494
+RSH =30.0776952 NFS =1EI2 TPG =-1

+XJ =2E-7 LD =9968346E-13 WD =5475113E-9
+CGDO = 6.66E-10 CGSO = 6.66E-10 CGBO =1E-10

+CJ] =1.893569E-3 PB =0.9906013 MJ = 0.4664287

+ CISW =3.625544E-10 MISW =0.5 )

sk sk R ok Sk SRk kR KRR R KRR kR R () D G R R R R ks ks ko ok ko ok ok sk ok Rk ok kR ok ok %

*tran .0In 5u 0 2n

.op
* TEMP 20 30 40 50 60 70 80 90 100 *** delete * for see the temp result ***
DCVDS-11.01VC47.5 *** verify from 4 to 7 volt, step 0.5 ***
.PROBE

.END
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n.2.2 1959 uea M1 A bilinsvaevesgumgii
Vo Y ' v 4 0 =Y 1 A 9
asonaaans sunsuldaatnans lsemainszua WasaauTady A
gy sazienlSvumonsursa U urtiaaous 1l ua 1 1da00s 3y NHMswase

VDIYUUNH

THE CMOS VOLTAGE FLOATING CONTROLLED RESISTOR
VDD 10DC 5

VSS 100 DC -5

VDS 100 0 DC 0

EVIN+301000.5

EVIN-201000 -5

VC 14 0 DC 1.9308 *** V. same as V; at VCFR***
*VB 13 0dc 2.8

M1 3 14 2 10 NMOS1 W=10U L=10U
*M21144NMOS] W=1U L=1U
*M3 421010 NMOS1 W=1U L=1U
*M41455NMOS1 W=3U L=1U
*M5 5410 10 NMOS1 W=1U L=1U
*M61166NMOS] W=1UL=1U
*M7 6510 10 NMOS1 W=1U L=1U
*ME1177NMOS1 W=1U L=1U
*M9 7310 10 NMOS1 W=1U L=1U
*M10 17 8 8 NMOS1 W=3U L=1U
*M11 871010 NMOS1 W=1UL=1U
*M129611PMOS1 W=1U L=1U
*M13 10 8 99 PMOS1 W=1U L=1U
*M14 1121111 NMOS1 W=1U L=1U
*MI15119 10 10 NMOS1 W=1U L=1U
*M16 14 131 1 PMOS1 W=1U L=1U

*M17 10 11 14 14 PMOS1 W=1U L=1U

sk sk ok sk o o R KKK R R R EOE KK Sk K KR 3 () ) G % R KK R K Kok ok kK ok ok ks ok sk sk sk ok koK ok ok Ok sk ok ok ok s kok ok



*LOT: T14Y MOSIS WAF: 03

* DIE: N Arca Fring DEV: N3740/10

* Temp= 27

.MODEL NMOS!1 NMOS ( LEVEL =3

+TOX =35.7E-9 NSUB =1E17 GAMMA =0.4317311
+PHI =0.7 VTO =0.4238252 DELTA =0

+UO  =4256466519 ETA =0 THETA = 0.1754054

+KP  =2501048E-4 VMAX =8.287851E4 KAPPA =0.1686779
+RSH =4.062439E-3 NFS =1EI2 PG =1

+XJ  =3E-7 LD =3.162278E-11 WD =1.232881E-8
+CGDO = 6.2E-10 CGSO =6.2E-10 CGBO = 1E-10

+CJ  =181211E-3 PB =05 MJ  =0.3282553

+ CISW =5341337E-10 MISW =0.5 )

.MODEL PMOS]1 PMOS ( LEVEL =3

+TOX =5.7E-9 NSUB = 1E17 GAMMA = 0.6348369
+PHI =0.7 VTO =-0.5536085 DELTA =0

+UOQ =250 ETA =0 THETA =0.1573195

+KP  =5.194153E-5 VMAX =2.295325E5 KAPPA =0.7448494
+RSH =30.0776952 NFS =1EI12 PG =-1

+XI =2E-7 LD =9.968346E-13 WD =5475113E-9

+ CGDO = 6.66E-10 CGSO = 6.66E-10 CGBO =1E-10

+CJ  =1.893569E-3 PB  =10.9906013 MJ  =0.4664287
+CISW =3.625544E-10 MISW =0.5 )

***************************0 Zsunl**************************************

*tran .0ln 5u 0 2n
.op

*TEMP 0

.DC VDS -11 .01
.PROBE

.END
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3 a
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wazmonlSouMeunuaIn1ud N 1annsAININ
OPWIEN.CIR - OPAMP WIEN-BRIDGE OSCILLATOR

.subckt VCFR 3 2

VDD 10DCS5

VSS 100 DC -5

VC120DCo6

VB 130dc2.8

M1 3 14 2 10 NMOS1 W=10U L=10U
M2 1144NMOS1 W=1UL=1U

M3 421010 NMOS1 W=1U L=1U
M41455NMOS1 W=3U L=1U
M554 1010 NMOS1 W=1U L=1U
M6 1166 NMOS1 W=1U L=1U
M76 51010 NMOS1 W=1U L=1U
M8 1177NMOS1 W=1UL=1U

M9 7310 10 NMOS1 W=1U L=1U
M10 17 8 8 NMOS1 W=3U L=1U
M11 8710 10 NMOSI W=1U L=1U
M129611PMOSI W=1U L=1U
M13 10 8 9 9 PMOS1 W=1U L=1U
MI411211 11 NMOS1 W=1U L=1U
M15 11910 10 NMOS1 W=1U L=1U
MI16 14 13 1 1 PMOS1 W=1U L=1U
M17 1011 14 14 PMOS1 W=1U L=1U

***************************0 25111—“**************************************

*LOT: T14Y MOSIS WAF: 03
*DIE: N _Area Fring DEV: N3740/10
* Temp= 27

MODEL NMOS1 NMOS ( LEVEL =3



+TOX =5.7E-9 NSUB = 1E17 GAMMA =0.4317311
+PHI =07 VTO =0.4238252 DELTA =0
+UO  =425.6466519 ETA =0 THETA =0.1754054

+KP  =2.501048E-4 VMAX =8287851E4 KAPPA =0.1686779
+RSH =4.062439E-3 NFS =1EI12 TPG =1
+XJ  =3E-7 LD =3.162278E-11 WD =1.232881E-8

+CGDO =6.2E-10 CGSO =6.2E-10 CGBO =1E-10

+CJ] =181211E-3 PB =05 MJ  =0.3282553

+ CISW =5341337E-10 MISW =0.5 )

.MODEL PMOS1 PMOS ( LEVEL =3

+TOX =5.7E-9 NSUB =1E17 GAMMA =0.6348369
+PHI =0.7 VTO =-0.5536085 DELTA =0

+UO =250 ETA =0 THETA =0.1573195

+KP =35.194153E-5 VMAX =2295325E5 KAPPA =0.7448494
+RSH =30.0776952 NFS =1EI2 TPG =-1

+X] =2E-7 LD =9968346E-13 WD =5475113E-9

+ CGDO = 6.66E-10 CGSO = 6.66E-10 CGBO =1E-10

+CJ  =1.893569E-3 PB =0.9906013 MJ  =0.4664287

+ CISW  =3.625544E-10 MISW =0.5 )

***************************0 Zsum**************************************

.ends vetfr

*xEEOscillator ****

xa 4 6 vefr

*IsR2 4 6 18.411k
Cc2 6 3 INF

xb 3 0 vefr

*IsR1 3 018.411k

Cl 3 100 INF

* NON-INVERTING OPAMP
R10 0 2 10K
R11 2 4 20.1K

XOorP 32 4 OPAMPI

sk ok 3k 3k ok ok oK 3k ok 3k ok ok sk ok sk ok ok 3k 3k ok oK sk 3k 3k ok sk sk sk o ok ok ok ok ok sk ok ok ok skok sk ok
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* OPAMP MACRO MODEL, SINGLE-POLE
* connections:  non-inverting input

N | inverting input

* | | output

* |1

SUBCKT OPAMPI 1 2 6

* INPUT IMPEDANCE

RIN 1 2 10MEG

* DC GAIN (100K) AND POLE 1 (100HZ)

EGAIN 30 12 100K
RP1 3 4 1K
CP1 4 0 1.5915UF

* OUTPUT BUFFER AND RESISTANCE
EBUFFER 50 40 1

ROUT 5 6 10

.ENDS OPAMP1

s e s ok sk ok sk sk Kok oK ok 3K K K 3k sk ok ok ok ok ok ok 3 ok sk sk ok ok ok ok ok ok ok ok ok Kok K K

* ANALYSIS

TRAN Iu 9m 0 .1u

¥.i¢ v(3)=5

VIN 100 0 PULSE(.1 000 .01P)
.PROBE

.END
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1.2.4 2993 VCFR Nymiamgaauaanmannud
ausanaaIns Isunsuldaatnaas Inemiainun wazswenlssumouiy

AR N 1d9nmIaIuIn

THE CMOS VOLTAGE FLOATING CONTROLLED RESISTOR
VDD 10DC 5

VSS 100 DC -5

VDS 33 0ac 1

R133 3 5k

VC120DC6

VB 13 0dc 2.8

M1 3 140 10 NMOS1 W=10U L=10U
M21144NMOSI1 W=1UL=1U

M3 4310 10 NMOS1 W=1U L=1U

M4 1455NMOSI W=3U L=1U

M5 541010 NMOS1 W=1UL=1U
M61166NMOS1 W=1U L=1U

M7 6510 10 NMOS1 W=1U L=1U

M8 1177 NMOSI W=1U L=1U

M9 7010 10 NMOS1 W=1U L=1U

MI10 17 8 8§ NMOSI W=3U L=1U

MI1187 1010 NMOSI W=1UL=1U
M129611PMOS]1 W=1U L=1U

MI13 108 99 PMOS]I W=1U L=1U

M14 11211 11 NMOS1 W=1U L=1U
MI1511910 10 NMOS]1 W=1U L=1U
MI16 14 13 1 1 PMOS1 W=]1U L=1U

M17 10 11 14 14 PMOS1 W=1U L=1U

S o K KK K Kok KK KRR KKK () ) § 1y Rk ko ko kR kR R K K R kR
*LOT: T14Y MOSIS WAF: 03

* DIE: N_Area Fring DEV: N3740/10
* Temp= 27

MODEL NMOS1 NMOS ( LEVEL =3



+TOX =5.7E-9 NSUB =1E17 GAMMA =0.4317311
FPHI =0.7 VTO =0.4238252 DELTA =0
+UO  =425.6466519 ETA =0 THETA =0.1754054

+KP  =2501048E-4 VMAX =8287851E4 KAPPA =0.1686779
+RSH =4.062439E-3 NFS =1EI2 PG =1
+XJ =3E:7 LD =3.162278E-11 WD =1.232881E-8

+CGDO =6.2E-10 CGSO =6.2E-10 CGBO =1E-10

+CJ =181211E-3 PB =05 MJ  =0.3282553

+ CISW = 5.341337E-10 MISW =0.5 )

.MODEL PMOS1 PMOS ( LEVEL =3

+TOX =5.7E-9 NSUB = 1E17 GAMMA = 0.6348369
+PH]I =0.7 VTO =-0.5536085 DELTA =0

+UO =250 ETA =0 THETA =0.1573195

+KP  =5194153E-5 VMAX =2295325E5 KAPPA =0.7448494
+RSH =30.0776952 NFS =1E12 TPG =-1

+XJ =2E-7 LD =9968346E-13 WD =5475113E-9

+ CGDO = 6.66E-10 CGSO = 6.66E-10 CGBO =1E-10

+CJ] = 1.893569E-3 PB =0.9906013 MJ  =0.4664287

+ CISW  =3.625544E-10 MISW =0.5 )

s sk o kot sk ok Sk KR KR SRR kR R () Gy R R R ko ok ko sk ks ok sk ok sk sk ok ks o o S K R SR oK

*tran .01n 5u 0 2n

.op

.ac dec 10 1000 10000Meg
* TEMP 20 30 40 50 60 70
*DCVDS-11.01vVC77
.PROBE

.END
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A CMOS Voltage-Controlled Floating Resistance
Circuit with Temperature Compensated

Pipat Prommee’ Montri Somdunyakanok® Khachen Khaw-ngam' and Kobchai Dejhan'
'Faculty of Engincering and Research Center for Communication and Information Technology
King Mongkut's Institute of Technology Ladkrabang, Bangkok 10520, Thailand
Tel: 66-2326-4238, 66-2326-4242, Fax:66-2326-4554,
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Tel: +66-2457-0068 ext.123, Fax: +66-2457-3892
Email: {pipat, kobchai}@telecom. kmitl ac.th, monsom@siamu.com

Absiraci-A CMOS Voltage-Controlled Floating Resistance
(YCFR) with a new approach for non-linearity terms
cancellation and temperature compensated technique is
presented. The achieved circuil uses 17 MOS transistors that
operated in ohmic region and saturation region. It consists of
the voltage attenualor, voltage subtraction and voltage
inverting circuits. These circuits performed as a voltage
dependent source that bias to an ohmic transistor. The non-
linearity terms and threshold voltage are cancelled in order
to a linearity and temperalure elfect minimizalion. A first-
order low-pass filter with tunable @ cut-off [requency is
proposed as an application for confirmed a realistic VCFR.
The characteristics are including 2 high linearity and the
temperature compensation. The results are carried out by
PSpice.

Keywords—CMOS  Analog  Circuit, Voltage-Controlled,
Resistance Circuit

1. INTRODUCTION

A Voltage-Controlled Floating Resistance (VCFR)
Circuit is a widely used in analog signal processing arca
and ICs technologies. The applications are found in
telecemmunications, electronics such as a analog filter,
oscillators ete. This paper proposes a new approach for
nen-linearity cancellstion and temperature compensation
of an ohmic MOS transistor. The temperature effect in
threshold voliage term is cancelled. The proposed VCFR is
quite stable along the varied temperature. The CMOS
technology is realized for implementation

11, PRINCIPLES

The VCFRs were presented with different ideas [1-8].
The saturation transistor transconductance element 2] and
ohmic transistor [4] have been used. The temperature
compensated was also proposed in a grounded form [1],
However, the grounded form is restricted to use in some
applications. This paper, therefore propesed a floating
form of voltage-comrolled resistance circuit with the
temperature compensation. The complete circuit uses an
ohmic transistor and other 16 transistors for bias circuit.

0-7803-9538-7/05/320.0082005 IEEE

The bias circuit contains with different sub-circuit such as
active-attenuator,  voltage-subtraction  and  voltage-
inverting circuits that will further discussed in next
paragraphs

A Floating Ohmic transistor

The principle of chmic MOS transistor is shown in
Fig.1 and described in (1.1) and (1.2} as follows:

7 K
1, :kh.(l/f,. -V -V —TD+-;—]VM (L)

or
V, ¥ o
b =k\[r¢, Vo —TD——S}VN (1.2)
W
where ky = p‘\.(,'ox(—!—)

VG
|

——lp

¥ M, %

Fig.1 Floating Ohmic transistor

The transistor M1 is operated in ohmic region under
the condition, (v -¥,,)>V,, . From (1), A floating

GS N

resistor can be realized by applied the gate voltage is
V
Vo=V, +=2

;V’ +Vy The drain current from (1) can be

EXPIess as:
by & bWl 2.1

The resistance equation can be realized by
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1
kyVe

(22)

14

R, = B
Iy

The linear resistance is shown in (2.2) by linearity

cancellation and temperature in MOS threshold voltage is

compensated. This technique can be realized by several
sub-circuits.

B. Volrage-Anenuator Circuit

The Voltage-Attenuator was published in 1987[8] as
shownin Fig. 2.

Fig.2. NMOS Voltage-Attenuator Circuit

From Fig.2, M, and M; are operated in saturation and
ohmic region, respectively. The voltage output can be
written as

- Wi, | 3
e e I

Suppose that, the output voltage required is half input
voltage therefore we can set the aspect ratio of M, and M,
as (W/L)=3(W/L);. The Eq. (3) will become

V.=V, +V.
VO*[-—'—-{S——-&;—) (4)

. Volwge-Inverter Circuit

(a) (b)

Fig.3. Veltage-lnverter circuit

The Voltage-Inverter circuit consists of 2 NMOS or
PMOS transistors that operated in saturation region as
shown in Fig.3. The both types of inverter are suited for

97

specific input and output. The both of output voltage can

be described
=-V (5)

o i

D. Voltage-Subtraction Circuit

The Voltage-Subtraction circuit is used in this paper
for maintain the controlling voltage of proposed circuit.
There are 2 types of NMOS and PMOS transistors as
described in Fig4(a) and (b), respectively. The output
voltage of N-type can be realized to

Vo=V, ~V, +Vs (6a)

Likewise, output voltage of P-type also realized to

V :VJ,‘VB-FVDD (6b)
Yip Voo
V.do_i M, 7 VBO_{ M, v
L 0
Vs°'_{ M, ¥ 40—4 M,
Vs J
(a) (b)

Fig4. Vollage-[Dnfferential Circunt

111, VOLTAGE-CONTROLLED FLOATING RESISTANCE
Crcult

The VCFR can be constructed using the principle of
their particular sub-circuits above. The completed circuit is
used 12 NMOS, 4 PMOS transistors and 2 NMOS for the
resistance transistor. The proposed circuit has been
showing in Fip. 5.

Lo

O Ld vk
i E:;u i MrJIlT;' v
C

¢
] }H ke .
M, hi
VD A!J q 1o

¥,

Fig.5. The completed of proposed VCTR

Regarding to Fig. 5, the transistor M, is biased for
ohmic operation. The bias voltage is acquired from the



different sub-circuits that contains with attenuator,
differential, inverter.

The drain input voltage (¥p) is applied to M, and M,
that performed as an inverter. The output of inverter is
applied to the attenuator by M, and M;. The output of
attenuator is re-inverting by Mg and M.

Likewise, the source input voltage (¥;) is applied to M,
and M, that performed as an inverter. The output of
inverter is applied to the attenuator by M, and M),

The output signal from inverter My, M; and signal from
attenuator My, M), are subtracted by M), and M,;. The
controlling voltage (¥¢) is applied to another voltage
subtraction M,,, M,y then shift-up for bias to an ohmic
transistor M, using M,s, M;; and V. The gate voltage of
M, can be realized to

V. +V
VGI=—”;—£+VC+VW—V, M

Suppose that, we set the biased voltage ¥,=2.8V and
Vow =042V, Consider M,, the gate voltage must be biased

_under the ohmic condition(VGS -V > Vns)~ The gate-
source voltage must be larger than drain-source voltage (1
Volts) that equals 1.42 Volts. The controlling voltage

should be larger than 3.8 Volts. The drain current can be
written as:

74
Ip = #NCOX[T](VC ™ 3-8)Vam (8

Considered Eq.(8) and Eq.(1) that can be realized the
resistance with the linearity and controllable without
temperature effect in term of the threshold voltage as

Eq.(9).

-

g =Vos . L 9

W
ﬂyCo.v(‘[‘}(V ¢ ‘3'8)

1V. TEMPERATURE PERFORMANCE

Although the temperature effect in term of the
threshold voltage is cancelled. There is another
temperature effect in term of surface mobility (}1) that
dominant parameter of the proposed resistance [9]. The
temperature effect in this parameter can not be cancelled
directly. The effect can be cancelled by interconnected
with the operational transconductance amplifier (V-1)
which also has the temperature effect in the same term of
surface mobility [9]. The parameter (j.l) can be described
inEq.(10) as
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ky
(1) - p(r,][g 10)

r
Where T = absolute temperatuwre, 7 = room
temperature (kelvin), and &, is constant between 1.5 to 2
e.g. the room temperature is varied around 10 degree while
k, is 1.5, the drain current would be varied about 4.79 to
6.34%

il -

/’
Z
7“-"{”7 T e ™ »se m
» ) o
Fig.6. DC-Chanactenstic of proposed VCGR
1 aun 3 L L LT L T T T —
P
o i LAresrity Errg
A
o’
/// i
- !
comad S s s i
L1 Lm

-1.- =05 -
[T o totm) (7] » (VOSe8.30-3) 19(M1)
”ws

Fig.7. Lineanty emror of proposed VCFR
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Fig.8. Plots of resistance while different temperature

V. SIMULATION RESULTS



The results of proposed circuits have been confirmed
by PSpice Level 3 model T14Y MOSIS 0.25um with

Vie =042V, ¥y, =055V, p1,C,p =250.1048p4/V°
and f1,C,, =51.94153 pd/V* with the + 5 volts power

supply. The assuming aspect ratio of transistors are
equaled to (W/L) = (1um/lpm) except transistor M4 and
MI10 equal to (W/L) = (3um/lum), The linearity of
resistance can be increased by channel-length modulation
avoidance that using L>5um [10]. The aspect ratio of M1
is equal to (W/L) = (10um/10pm). The DC-Characteristic
of proposed circuit is shown in Fig. 6. The linearity error
and the temperature effect results are shown in Fig.7 and 8,
respectively. From Fig8, the resistance without the
temperature compensated has been changed about 30%
while temperature varied from 20-100 degree Celsius.
After used the proposed compensated technique that can
be reduce to 23%.

VI, APPLICATIONS

The analog signal processing circuits can be applied by
proposed YCFR. The voltage controlled first order low-
pass filter has been used to confirm for the realistic
application. The configuration of LPF is shown in Fig.9.
The frequency response of Fig.9 is shown in Fig.10.

—0 VO
e
I).UJMF

Fig 9. Voltage controlled LPF using proposed VCFR

10° 10* 4 )
Frequerey ()

Fig.10. The frequency response of Fig 9

10 10 10

VII. CONCLUSION

This proposed VCFR uses the new approach for
cancelled the non-linearity terms and the temperature
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effect reduction in term of threshold voltage. The CMOS
technology is realized with 17 transistors. However, the
temperature effect is still contaminated in term of surface
mobility. The temperature effect of surface mobility
could be eliminated by interconnect with the operational
transconductance amplifier (V-1) which also has the
temperature effect in the same term of surface mobility
[9]. The simulation results by PSpice have been
confirmed the high linearity and low-effect of the
temperature. The application, voltage controlled LPF is
also provided tg confirm for the realistic application.
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