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Analysis and Design of CMOS Voltage Controlled Grounding Resistance Circuit:
(DC Characteristic)

vDD 1 0 DC5sV
vVSS 2 0 DC-5Vv
VIN 4 0 DC oV
VvC 5 0 DC3Vv
VG4 6 0 DC1V
M14 3 0 2 NMOS1W=20U L=10U
M24 5 0 2 NMOS1W=20U L=10U
M32 4 3 3 PMOS1 W=50U L=10U
M43 6 1 1 PMOS1W=50U L=10U

***************************0 2 5 u m**************************************

* 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  =20501048E-4 VMAX =8.287851E4 KAPPA =0.1686779
+RSH =4.062439E-3 NFS =1E12 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

+ CJSW =5.341337E-10 MISW =0.5)
.MODEL PMOS1 PMOS (LEVEL =3

+TOX =5.7E-9 NSUB =1E17 GAMMA =0.6348369
+PHI =07 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 =9.968346E-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

+ CJSW = 3.625544E-10 MJSW =05)

***************************0 2 5 u m**************************************

.DCVIN-1 1 01VC3 101
.PROBE

.OP

.END
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Analysis and Design of CMOS Voltage Controlled Grounding Resistance Circuit

* %k %k **

LEVEL
TPG

L

W

LD
WD
VTO
KP
GAMMA
PHI
LAMBDA
RSH

IS

JS

PB
PBSW
CJ
CISW
MJ
MJISW
CGSO
CGDO
CGBO
NSUB
NFS
TOX
XJ

uo
UCRIT
VMAX
DELTA
THETA
ETA
KAPPA
DIOMOD
VFB
LETA
WETA
uo
TEMP
VDD
XPART

NMOS1
NMOS

3

-1
100.000000E-06
100.000000E-06
31.622780E-12
12.328810E-09
423825
250.104800E-06

431731

g

0
4.062439E-03
10.000000E-15
0

5

5
1.812110E-03
534.133700E-12
.328255

5
620.000000E-12
620.000000E-12
100.000000E-12
100.000000E+15
1.000000E+12
5.700000E-09
300.000000E-09
425.6466
10.000000E+03
82.878510E+03
0

175405

0

.168678

[eNeoNoNelNolNoNoll

*  MOSFET MODEL PARAMETERS **##siasdakdrrx

PMOS1
PMOS
3

100.000000E-06
100.000000E-06
996.834600E-15
5.475113E-09
-.553608
51.941530E-06
.634837

T

0

30.0777
10.000000E-15
0

.990601
.990601
1.893569E-03
362.554400E-12
466429

5
666.000000E-12
666.000000E-12
100.000000E-12
100.000000E+15
1.000000E+12
5.700000E-09
200.000000E-09
250
10.000000E+03
229.532500E+03
0

15732

0

.744849

OO OO OOOPF
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Analysis and Design of CMOS Voltage Controlled Grounding Resistance Circuit

****x  SMALL SIGNAL BIAS SOLUTION  TEMPERATURE = 27.000 DEG C

B s L o S R e S 2 2 o 2 o 2 2 o o 2

NODE VOLTAGE NODE VOLTAGE NODE VOLTAGE NODE VOLTAGE

(1) 5.0000
(6) 1.0000

(2) -5.0000 (3) 3.5013  (4) 0.0000 (5) 3.0000

VOLTAGE SOURCE CURRENTS

NAME

VDD
VSS
VIN
VvC
VG4

TOTAL POWER DISSIPATION 6.39E-03 WATTS

****  OPERATING POINT INFORMATION

CURRENT

-6.391E-04
6.391E-04

-1.002E-11
0.000E+00
0.000E+00

*kk*k MOSFETS *Kkkk

NAME
MODEL
ID

VGS
VDS
VBS
VTH
VDSAT
Lin0/Satl
if

ir

TAU
GM
GDS
GMB
CBD
CBS
CGSoVv
CGDOV
CGBOV
CGS
CGD
CGB

M1

NMOS1
5.01E-12
3.50E+00
0.00E+00
-5.00E+00
1.11E+00
2.23E+00
-1.00E+00
-1.00E+00
-1.00E+00
-1.00E+00
0.00E+00
8.51E-04
0.00E+00
0.00E+00
0.00E+00
1.24E-14
1.24E-14
1.00E-15
6.05E-13
6.05E-13
0.00E+00

JOB CONCLUDED

*khkkhkhkhkhkhkhkhkhkhkhkikik

M2

NMOS1
5.01E-12
3.00E+00
0.00E+00
-5.00E+00
1.11E+00
1.78E+00
-1.00E+00
-1.00E+00
-1.00E+00
-1.00E+00
0.00E+00
7.20E-04
0.00E+00
0.00E+00
0.00E+00
1.24E-14
1.24E-14
1.00E-15
6.05E-13
6.05E-13
0.00E+00

CIRCUIT DESCRIPTION

M3

PMOS1
-6.39E-04
-3.50E+00
-8.50E+00
0.00E+00
-5.92E-01
-2.46E+00
-1.00E+00
-1.00E+00
-1.00E+00
-1.00E+00
3.62E-04
8.53E-08
8.94E-05
0.00E+00
0.00E+00
3.33E-14
3.33E-14
1.00E-15
2.02E-12
0.00E+00
0.00E+00

TEMPERATURE = 27.000 DEG C ****

M4

PMOS1
-6.39E-04
-4.00E+00
-1.50E+00
0.00E+00
-5.92E-01
-2.87E+00
-1.00E+00
-1.00E+00
-1.00E+00
-1.00E+00
1.85E-04
2.74E-04
6.82E-05
0.00E+00
0.00E+00
3.33E-14
3.33E-14
1.00E-15
1.55E-12
1.39E-12
0.00E+00

*khkkhkhkhkhkhkhkhkhkhkhhkik
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Channel)
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4 < 4 I H
MNANMIN 3.13) - 3.14) luuni 3 dreteuly v, = /ﬂ—l +Vip| Taovzdosds
P

1 [ Y 1 Y 4 a d 09.: A 1
Mvosau V, 1unnissdumss leadvoanoaniuddnosmiiuae V, >V, ua

awva A A 9 ] (A Y Al v AY ' 1 ) us.:}
°luvmﬂaumwamﬂwuu“lmmwammu VX UATPNNABDINIT LASAYADNITATUIUUY

v
1 a %

a 13 1% 09.:’ a J & o
pazauuAIRssianily V, = 2V aatiu nugaaes M, daiiaulugudud wag

[ E4 Y
danufiuundasie 1, szegnolditonludell (Vog, —Vip|) < Ve, Tunsdiiifiug ey
Brinn V, linasezinnnin Vg, +Vp|) ievzdensanmmisaiiiamlugaai nszue
auseg nieenszdoudon luldiiu (v, +V, )< Ve, +Vip|) Taoft Vg, sziflunsadiu

U y \ o =) d U y
ludanvunnerildinadlunszue 1, deaumsi (3.15)

¥ D

D
Ve o_{ M,
- 11_;

M;

Vo=VntVy

[

Vb':t'

d‘ A Y v Aq Y a d a a ua
MNN U 2 'Ni]iLﬁE]u5gﬂﬂlliﬂﬂuﬂi%luﬂ1§ﬁlﬂﬁ1$ﬂEJ'IHE]HT/!‘VI“]J;]“UGNHH
A U Y v
AINNINN U 2 FIWITDHINVDINTSLLE |4 hlﬂﬂ\?’(ffllf‘ﬂi
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1o Vo, =Vpp — Ve, aUMIh (v 1) agnanailu

/l
Ves =Vopp — ﬂ_A _[VTP| (V2)
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I
Vin <| Voo =2 _4_[\/TP| (V3)
\ 5

vsaloueaglugilves Vv, wiiduilu

kY =~
AMULINVL AT U

Vin < (VDD - 2Vx + [VTP |) (V4)

1 a Ia a wva 3 { a 4
daumsansznouynliaaumediuaniu 9100w v 2 nsugaaes M, 9
danlugonds  Feeglufouly Ve, —Vp|)<Ve,  nioamunsaiieuaunsudns

Roulumstau 1ddlu

(Vss _Vea _[VTP|)< (Vss _VDS) (V5)
Taef Vg, =V, 10z Vp, =V At
Vin > (Vss _[VTPD (v 6)
~ a 2 a a wa Y
NNFUNITN (Y 3) - (V 6) ﬁ’]ll”lﬁﬂ@‘ﬁ‘lnﬂﬂ\ifnu@uwm‘]JQ‘UGN']HEUB\TNiﬁUlﬂL‘]Ju

(Vss _[VTP|)<Vin < (VDD -V, + [VTP|) (v 7)
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V—Zz gm3+s(cgsl+CP) (U 15)
I (gm3 + SCP)(gml - SCP)+(gd1 +042 t SCP)(gm3 + S(Cgsl +CP))
VZ(S) ~ gm3 + S(Cgsl +CP) (5U 16)
I IN (S) gm3(gm1 + gdl + gd2)+ S(CPgml + (Cgsl +CPngl + gd2))+ 52CPCgsl
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Abstract

This paper utilizes the CMOS technology for
the design of voltage controlled grounding resistance
circuit using the nonlinearity terms cancellation
principle. The circuit proposed in this paper uses four
CMOS transistors where two transistors are used to
control bias voltages of the other two transistors which
are working as the voltage controlled grounding
resistances operating in non-saturation region. The
resistance circuit obtained from this research work gives
a good linearity applicable adequately for a high-pass
filter circuit. The test results are simulated by the PSpice
simulation program.
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