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ABSTRACT

This thesis presents CMOS-based voltage-controlled floating resistance circuit (VCFR)
independent from threshold voltage. The new approach for non-linearity terms cancellation using
transistor ohmic region are exploited. The designs of sub-circuit are operated in saturation region
and ohmic region. It consists of the voltage inverting circuits, voltage attenuator circuits and
voltage subtraction circuits. These circuits for performed as a voltage dependent source that bias to
an ohmic transistor. The non-linearity terms and threshold voltage are cancelled in order to
minimize a linearity and temperature effect. The characteristics of achieved (VCFR) circuit are
including a high linearity and the temperature compensation suitable for the telecommunication
and electronic. The PSpice simulation results are obtained according with the theoretical,
additionally with the compactness of the circuit components, the circuit is suitable for IC

realization.
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2.5.1.6 NIVUNUNINDY (Breakdown Region)
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The CMOS Voltage Floating Controlled Resistor: (DC Characteristic)

GAMMA = 04317311

vDD 1 0 DC 5V

VSS 10 0 DC -5V

VDS 100 0 DC 0V

EVIN+ 3 0 1000 05V

EVIN- 2 0 1000 -0.5V

vC 12 0 DC 4V

VB 13 0 DC28V

M1 3 14 2 10 NMOSI W=10U L=10U
M2 I 1 4 4 NMOSIW=IU L=1U
M3 4 2 10 10 NMOSI W=1U L=1U
M4 1 4 5 5 NMOSIW=3U L=I1U
M5 5 4 10 10 NMOSI W=1U L=IU
M6 I 1 6 6 NMOSIW=IU L=IU
M7 6 5 10 10 NMOS1I W=1U L=1U
M8 1 1 7 7 NMOSIW=IU L=IU
M9 7 3 10 10 NMOSI W=1U L=1U
MI10 1 7 8 8 NMOSIW=3U L=IU
M1l 8 7 10 10 NMOSI W=IU L=I1U
MI2 9 6 I 1 PMOSI W=IU L=1U
MI13 10 8 9 9 PMOSI W=IU L=IU
MI14 112 11 11 NMOS1 W=IU L=IU
MI15 1T 9 10 10 NMOS1 W=IU L=1U
M16 14 13 1 1 PMOSI W=1U L=1U
M17 10 11 14 14 PMOSI W=1U L=1U
*t*#****‘*********#********0-25um***$************tt**t*#*‘t*i*#***t*t**
*LOT: T14Y MOSIS WAF: 03

* DIE: N_Area Fring DEV: N3740/10

* Temp= 27

.MODEL NMOSI| NMOS (LEVEL =3
+TOX =5.7E-9 NSUB = 1E17
+PHI =0.7 VTO = 0.4238252

+UO =425.6466519

+ KP =2.501048E-4

+ RSH = 4.062439E-3

+ XJ] =3E-7

+ CGDO = 6.2E-10
+CJ=1.81211E-3

+ CJSW = 5.341337E-10
.MODEL PMOS1 PMOS
+ TOX =5.7E-9

+PHI =0.7

+UO =250

+ KP=5.194153E-5

+ RSH = 30.0776952

+ XJ =2E-7

+ CGDO = 6.66E-10
+CJ = 1.893569E-3

+ CJSW = 3.625544E-10

ETA=0

VMAX = 8.287851E4

NFS = 1E12

LD =3.162278E-11

CGSO = 6.2E-10

PB=0.5

MISW =0.5)
(LEVEL =3

NSUB = 1E17

VTO = -0.5536085

ETA=0

VMAX = 2.295325E5

NFS = 1E12

LD = 9.968346E-13

CGSO = 6.66E-10

PB = 0.9906013

MISW = 0.5)

DELTA=0
THETA = 0.1754054
KAPPA =0.1686779

TPG =1
WD = 1.232881E-8
CGBO = |E-10

MJ = 0.3282553

GAMMA = 0.6348369
DELTA =0

THETA = 0.1573195
KAPPA =0.7448494

TPG = -1
WD =5475113E-9
CGBO = 1E-10

MIJ = 0.4664287

ko ok o K KKK KKK KR R K KKK S KK () D) Gy R R R K KRR R R KRR SR R o K K oK R o o K K o o o o K K K K

DCVDS-1 1 0.1
.PROBE
.END

vC4 7 05
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THE CMOS VOLTAGE FLOATING CONTROLLED RESISTOR

3k 3k ok ok ok K oK Ok K R K

LEVEL
TPG

Is

w

LD

WD
VTO
KP
GAMMA
PHI
LAMBDA
RSH

IS

IS

PB
PBSW
8]
CISW
MIJ
MISW
CGSO
CGDO
CGBO
NSUB
NFS
TOX
XJ

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

NMOSI

NMOS

3

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

431731

7

0

4.062439E-03
10.000000E-15
0

8

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

C OO O OO O —

MOSFET MODEL PARAMETERS ** % %% %% %%k hstokokodoken

PMOSI
PMOS

2

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

ad

0

30.0777
10.000000E-15
0

990601

990601
1.893569E-03
362.554400E-12
466429

P
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

N i

0

744849

S C OO 0O O —
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THE CMOS VOLTAGE FLOATING CONTROLLED RESISTOR
*¥¥*  SMALL SIGNAL BIAS SOLUTION TEMPERATURE = 27.000 DEG C

**#*t**#**#***********tt****l't**************************************t********

NODE VOLTAGE NODE VOLTAGE NODE VOLTAGE NODE VOLTAGE
(1) 5.0000  (2) 0.0000  (3) -8.069E-09 (4) 0.0000

(5) 22989  (6) 2.1957  (7) 7.262E-09 (8) -2.2989

(9) 4919 (10) -5.0000  (11) 1.3267  (12) 7.0000

(13) 2.8000 (14) 3.4683  (200) 0.0000

VOLTAGE SOURCE CURRENTS

NAME CURRENT
VDD -3.757E-03
VSS 3.757E-03

VGround -8.406E-12
vC 0.000E+00
VB 0.000E+00
Vin -1.614E-12

TOTAL POWER DISSIPATION 3.76E-02 WATTS

****  OPERATING POINT INFORMATION  TEMPERATURE = 27.000 DEG C ****
k%% NMOSFETS ****

NAME MI M2 M3 M4 M5
MODEL NMOSI NMOS|I NMOSI NMOSI NMOSI
ID 1.61E-12 6.65E-04 6.65E-04 6.34E-04 6.34E-04
VGS 3.47E+00 5.00E+00 5.00E+00 2.30E+00 5.00E+00
VDS -8.07E-09 5.00E+00 5.00E+00 7.30E+00 2.70E+00
VBS -5.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
VTH 1.11E+00 4.29E-01 4.29E-01 4.29E-01 4.29E-01
VDSAT 2.20E+00 2.22E+00 2.22E+00 1.20E+00 2.22E+00
Lin0/Satl -1.00E+00 -1.00E+00 -1.00E+00 -1.00E+00 -1.00E+00
if -1.00E+00 -1.00E+00 -1.00E+00 -1.00E+00 -1.00E+00
ir -1.00E+00 -1.00E+00 -1.00E+00 -1.00E+00 -1.00E+00
TAU -1.00E+00 -1.00E+00 -1.00E+00 -1.00E+00 -1.00E+00
GM 9.98E-13 1.79E-04 1.79E-04 4.87E-04 1.67E-04
GDS 4.21E-04 9.92E-06 9.92E-06 6.69E-06 2.10E-05
GMB 1.24E-13 2.77E-05 2.77E-05 9.13E-05 2.65E-05
CBD 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
CBS 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
CGSoVv 6.18E-15 6.05E-16 6.05E-16 1.84E-15 6.05E-16
CGDOV 6.18E-15 6.05E-16 6.05E-16 1.84E-15 6.05E-16
CGBOV 1.00E-15 1.00E-16 1.00E-16 1.00E-16 1.00E-16
CGS 3.02E-13 3.94E-15 3.94E-15 1.20E-14 3.13E-15
CGD 3.02E-13 0.00E+00 0.00E+00 0.00E+00 2.43E-15

CGB 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00



NAME
MODEL
1D

VGS
VDS
VBS
VTH
VDSAT
Lin0/Satl
it

ir

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

NAME
MODEL
ID

VGS
VDS
VBS
VTH
VDSAT
Lin0/Sat1
if

ir

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

NAME
MODEL
ID

VGS
VDS
VBS
VTH
VDSAT

M6
NMOSI
2.74E-04
2.80E+00
2.80E+00
0.00E+00
4.29E-01
1.42E+00
-1.00E+00
-1.00E+00
-1.00E+00
-1.00E+00
1.58E-04
5.62E-06
2.88E-05
0.00E+00
0.00E+00
6.05E-16
6.05E-16
1.00E-16
3.94E-15
0.00E+00
0.00E+00

Ml
NMOSI1
6.34E-04
5.00E+00
2.70E+00
0.00E+00
4.29E-01
2.22E+00
-1.00E+00
-1.00E+00
-1.00E+00
-1.00E+00
1.67E-04
2.10E-05
2.65E-05
0.00E+00
0.00E+00
6.05E-16
6.05E-16
1.00E-16
3.13E-15
243E-15
0.00E+00

M16

PMOSI

-4 42E-05
-2.20E+00
-1.53E+00
0.00E+00
-5.51E-01
-1.35E+00

M7
NMOSI
2.74E-04
2.70E+00
7.20E+00
0.00E+00
4.29E-01
1.37E+00
-1.00E+00
-1.00E+00
-1.00E+00
-1.00E+00
1.67E-04
2.95E-06
3.06E-05
0.00E+00
0.00E+00
6.05E-16
6.05E-16
1.00E-16
3.94E-15
0.00E+00
0.00E+00

MIi2
PMOSI
-7.56E-05
-2.80E+00
-4.51E+00
0.00E+00
-5.51E-01
-1.80E+00
-1.00E+00
-1.00E+00
-1.00E+00

-1.00E+00
5.38E-05
7.42E-07
1.27E-05
0.00E+00
0.00E+00
6.59E-16
6.59E-16
1.00E-16
3.99E-15
0.00E+00
0.00E+00

M17

PMOSI
-4.42E-05

-2.14E+00

-8.47E+00
0.00E+00
-5.51E-01

-1.31E+00

M8
NMOSI
6.65E-04
5.00E+00
5.00E+00
0.00E+00
4.29E-01
2.22E+00
-1.00E+00
-1.00E+00
-1.00E+00
-1.00E+00
1.79E-04
9.92E-06
2.77E-05
0.00E+00
0.00E+00
6.05E-16
6.05E-16
1.00E-16
3.94E-15
0.00E+00
0.00E+00

M13
PMOSI
-7.56E-05
-2.79E+00
-5.49E+00
0.00E+00
-5.51E-01
-1.79E+00
-1.00E+00
-1.00E+00
-1.00E+00
-1.00E+00
5.42E-05
7.34E-07
1.28E-05
0.00E+00
0.00E+00
6.59E-16
6.59E-16
1.00E-16
3.99E-15
0.00E+00
0.00E+00

M9
NMOSI
6.65E-04
5.00E+00
5.00E+00
0.00E+00
4.29E-01
2.22E+00
-1.00E+00
-1.00E+00
-1.00E+00
-1.00E+00
1.79E-04
9.92E-06
2.77E-05
0.00E+00
0.00E+00
6.05E-16
6.05E-16
1.00E-16
3.94E-15
0.00E+00
0.00E+00

M14
NMOS|1
7.67E-04
5.67E+00
3.67E+00
0.00E+00
4.29E-01
2.44E+00

-1.00E+00
-1.00E+00
-1.00E+00
-1.00E+00
1.74E-04
1.65E-05
2.57E-05
0.00E+00
0.00E+00
6.05E-16
6.05E-16
1.00E-16
3.24E-15
2.10E-15
0.00E+00
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MI10
NMOSI
6.34E-04
2.30E+00
7.30E+00
0.00E+00
4.29E-01
1.20E+00
-1.00E+00
-1.00E+00
-1.00E+00
-1.00E+00
4.87E-04
6.69E-06
9.13E-05
0.00E+00
0.00E+00
I.84E-15
1.84E-15
1.00E-16
1.20E-14
0.00E+00
0.00E+00

MI5
NMOSI
7.67E-04
5.49E+00
6.33E+00
0.00E+00
4.29E-01
2.39E+00
-1.00E+00
-1.00E+00
-1.00E+00
-1.00E+00
1.83E-04
9.77E-06
2.71E-05
0.00E+00
0.00E+00
6.05E-16
6.05E-16
1.00E-16
3.94E-15
0.00E+00
0.00E+00
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Lin0/Satl -1.00E+00 -1.00E+00
if -1.00E+00 -1.00E+00
ir -1.00E+00 -1.00E+00
TAU -1.00E+00 -1.00E+00
GM 4.43E-05 4.68E-05
GDS 3.95E-07 3.73E-07
GMB I.17E-05 1.22E-05
CBD 0.00E+00 0.00E+00
CBS 0.00E+00 0.00E+00
CGSOV 6.59E-16 6.59E-16
CGDOV 6.59E-16 6.59E-16
CGBOV 1.00E-16 1.00E-16
CGS 3.75E-15 3.99E-15
CGD 7.44E-16 0.00E+00
CGB 0.00E+00 0.00E+00
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A Temperature Compensation CMOS Voltage-Controlled

Floating Resistance Circuit
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Abstract

A temperature compensation Voltage-Controlled Floating Resistance (VCFR) with a new
approach for non-linearity terms cancellation using CMOS technology is presented. The achieved circuit
uses 17 MOS transistors that operated 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 biases 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 realisic VCFR. The
characteristics are including a high linearity and the temperature compensation. The results are carried out
by PSpice.
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