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ABSTRACT

A new design of the differential transresistance amplifier that suitable for implemented to
be an integrated circuit is present in this thesis. The low input and output impedance are the good
characteristics of the normal transresistance amplifier which this new transresistance amplifier
circuit has. And this new design circuit also has the wide dynamic voltage and frequency range.
The new differential transresistance amplifier is consisting of the input circuit terminals, the
output voltage driver circuit and the negative feedback network. The positive input impedance of
the circuit is also equal to the negative input impedance. The output voltage driver circuit makes
the very low input and output impedance. This circuit not only has very low input and output
impedance but also extremely low input and output impedance by using the proper negative
feedback network. The frequency response of the circuit is high, and its bandwidth is constant
which obtain as normal transresistance amplifier. In the other word, the bandwidth of this new
design circuit is independent of the outer feedback configuration. This design is useful for the
circuit designer who works with the current to voltage amplifier. So this new design of the
differential transresistance amplifier can be usable and can implement to be the integrated circuit

in a future.
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imlndifissdunanismaasanniiga deldinaly

dydnual | SPICE | suéu Foi3un ey | Al | i

(Symbol) (Level) wdimed (Default) (Units)

Wi VTO 1-3 | Zero-bias threshold 1.0 1.0 Vv
voltage

K KP 1-3 | Transconductance | 2x10° | 3x10° | AN
parameter

Y GAMMA | 1-3 | Body-effect parameter | 0.0 0.35 "

2¢F PHI 1-3 Surface inversion 0.6 0.65 \%
potenial

A LAMDA 12 |Channel-length| 00 0.02 V!
modulation

t,, TOX 1-3 | Thin oxide thickness | 1x 10" 1x107 m

N, NSUB 1-3 | Substrate doping 0.0 1x10" cm’

N NSS 1-3 | Surface state density 0.0 1x10" cm”

- NFS 2,3 | Surface-fast state 0.0 1x10" em”

density

N, NEFF 2 Total channel charge 1 5
coefficient

X, XJ 2,3 | Metallurgical junction 0.0 1x10° m
depth

. LD 1-3 | Lateral diffusion 0.0 0.8x10° m
Lo TPG 1-3 Type of gate material 1 1
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3

saturation current per

square meter

dydnual | SPICE | seéu Foisun mdadu | Aty | v
(Symbol) (Level) URFRPTS Elg (Default) (Typical) Units
K, uo 1-3 | Surface mobility 600 700 cm’/
(V.s)
i UCRIT 2 | Critical electric field | 1x 10° 1x10° Viem
for mobility
U, UEXP 2 Exponential 0.0 0.1
coefficient for
mobility
U, UTRA 2 Transverse ficld 0.0 0.5
coefficient
Vo VMAX 23 | Maximum drift| 00 5x10° m/s
velocity of carriers
Xoe XQcC 2:3 Coefficient of channel 0.0 0.4
charge share
S DELTA 23 | Width effect on| 00 1.0
threshold voltage
KAPPA 3 Saturation field factor 0.2 1.0
ETA 3 Static feedback on 0.0 1.0
threshold voltage
THETA 3| Mobility modulation 0.0 0.05 W
OLp AF 1<3 Flicker-noise exponent 1.0 1.2
k, KF 13 |Flicker-noise| 00 1x10%
coefficient
I, IS 1-3 |Bulk junction| 1x10™ | 1x10™ A
saturation current
] 1S 133 |Bulk junction| 0.0 1x 10" A
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dwdnuel | SPICE | széu Foi3un g | Al | i

(Symbol) (Level) W19 1ﬁ1@‘|€]‘; (Default) (Typical) Units

0} PB 1-33 |Bulk junction| 0.80 0.75 \%
potential

& ¢l 13 | Zero-bias bulk| 0.0 2x 10" F/m’
capacitance per square
meter

Mj MJ 1-3 Bulk junction grading 0.5 0.5
coefficient

- CISW 1-3 | Zero-bias perimeter 0.0 1x10” F/m

capacitance per meter

M, MJISW 1-3 | Perimeter capacitance 0.33 0.33
grading coefficient

FC F& 1-3 Forward-bias 0.5 0.5
depletion capacitance
coefficient

ol CGBO 1-3 | Gate-bulk overlap 0.0 2x10"° F/m
capacitance per meter

s CGDO 1-3 | Gate-drain overlap | 0.0 4x10" F/m
capacitance per meter

s CGSO 1-3 | Gate-source overlap |~ 0.0 4% 10" F/m
capacitance per meter

r RD -3 |Drain ohmic| 00 10.0 Q
resistance

I RS 1-3 Source ohmic 0.0 10.0 Q
resistance

R, RSH 1-3 Source and drain sheet 0.0 30.0 Q
resistance
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'YI'511«!Wﬁkﬂﬂi"]ﬁu@]ﬂﬁﬂlﬂGﬂu'liJulﬂﬁ']llﬂJUME]ﬁl.'ﬂﬁ] DUITUYNUN BUHA n-channel

.model NMBT7  nmos
tnom =27

nch =2el7

k1l =0.6369321
k3b =-0.68

dvtd  =5.7749986
vbm  =-10

ub = 1.3273 1ol
a0 = 1.280555
bl =2.337947¢-6
a2 =0.8

prwb  =-0.0827266
lint =1.353614e-8
voff  =-0.1245595
cdsc  =-le4

etab  =-0.054

pdiblel =0.0132091

drout =0.1532732
pvag =0.20417
beta0 =30

rsh =2.30

prt =-57.2389305
ktll =-3.172847e-8
ubl =-2.95611e-18
capmod = 1

xpart =0

WW =0

level =7
tox = le-8
nsub  =4el6
k2 = 1.469165¢-4
w0 = 8.809842¢-6
dvtl  =0.4474586
u0 =588.4312781
uc =9.324184e-11
ags = 0.2404422
keta  =-8.625844e-4
rdsw = 283.6186958
wr =i
dwg =0

nfactor = 0.8425275

cdscd -le-4

dsub  =0.4957726
pdible2 = 1.27332e¢-3

pscbel =4.52617c8

delta =0.01

pb =0.75560

js =7.05e-04

ute =-1.6096023
kt2 =-0.0657457
ucl =1.69219%4e-11
Xt =1.55e~7

wl =0

wwn =1

Xj = 2.35e-7
vth0  =0.6097457
k3 =29.501

nlx = 1.884526¢-7
dvt2  =-0.0251598
ua =2.15518%-%
vsat = 1.128844e5
b0 = 3.63606e-7
al =0

prwg =0.5

wint  =-5.230179¢-8
dwb  =1.11e-8

cit =0

etal =0.07

pclm = 0.8804854

pdibleb = 0.090022

pscbe2 = 5e-5

alpha0 =0

pbsw = 0.68638
mobmod =1

kt1 =-0.3010319
ual =1.737957e-9
at =2.497153e4
ngsmod = 0

win =]

wwl - =-2.99¢-20



wmin =0

lln =1

lwl =0

cgsl =0

cle =0.le-6
cgso  =1.38e-10
mj =0.35297
cjswg = 1.370e-10
kf =3.67¢-28
lis =2

wmax =1

lw =0

Imin =0

ckappa =0.6

cle =0.6

cgbo  =3.45e-10
cjsw = 3.4485¢-10
pbswg =0.6

af =0.91

diolev =2
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11 =0

lwn =1

Imax =1

cf =0

cgdo =1.38e-10
cj =7.7587e-4
mjsw = 0.26477
mjswg =0.220
tlevi =0

a d a a o I'd o
niugmnesyianavasany Wi wusemla Susrudium 4iia p-channel

.model PMBT7 pmos level =7

thom =27
nch =2el7

kl  =0.6851333

kib  =-0.065
dvt0 =5.4145011
vbm =-10

ub  =3.571409e-20
a0 =1.2571212

bl  =1.377612e-7
a2 =038

prwb =-0.0928952

lint =1.711979¢-8
voff =-0.1156803
cdsc =-le4

etab =-0.0998531

pdiblcl = 2.489418e-4
drout =1

pvag =-0.1894078

tox = le-8
nsub  =4el6

k2  =8.465407e-5
w0 =43le-6
dvtl =0.4773587

u0  =148.6428164

uc Sum"h\134336° 11
ags =0.1706772
keta =-0.0187078
rdsw = 874.4420611
wr =]

dwg =0

nfactor = 0.7335277
dscd =-le-4

dsub =0.547

pdiblc2 = 7.383994e-4
pscbel = 6e8

delta =0.01

Xj =3e-7
vth0 =-0.6103469
k3  =21.94

nlx  =1.01913e-7
dvt2 =-0.0102858
ua  =2.266657¢-9
vsat = 6.666424c5

b0  =1.059729¢-7

al="=0

prwg =0.5

wint =-9.27e-8
dwb =9.339¢-9
cit =0

eta0 =0.2218665
pclm =1.5332371
pdiblcb = -0.9
pscbe2 = 5e-5
alpha0 =0
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beta0 =30 pb  =0.78469 pbsw  =0.69350
rsh =210 js  =28.0e4 mobmod = 1

prt  =190.1524511 ute  =-1.045139 ktl =-0.2522072
ktll =-1.867722e-8 kt2 =-9.047095¢-3 ual =1.511701e-9
ubl =-505882e-18 ucl =-5.56733e-11 at =1e5

capmod = | xt  =1.55e7 ngsmod =0

xpart =04 wl =0 win =1

ww =0 wwn =1 wwl  =-5¢-21
wmin =0 wmax =1 Il =0

IIn =1 lw =0 lwn =1

lwl =0 Imin =0 Imax =1

ckappa = 0.6 cffy -} cle =le-7

cle =06 cgdo =1.38e-10 cgso =1.38e-10
cgbo =3.45e-10 ¢j . =8.1577e-4 mj =0.36667
cjsw  =3.5456e-10 | mjsw = 0,27422 cjswg = 1.10e-10
pbswg = 0.6 mjswg = 0.220 kf = 1.20e-28

af | =1l lis=2 diolev=2 tlevi=0
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N uSmnesvianavesaa v PMOS

.MODEL PLA PMOS LEVEL =7

+TNOM =27

+NCH =1.7E17

+K1  =0.5763327
+K3B =-2.0178793
+DVTOW =0

+DVTO =1.4221187
+VBM =-10

+UB  =8.554621E-19
+A0  =0.4590784
+Bl = 1.407805E-9
+A2 =1

+PRWB = 3.030043E-5
+LINT =6.71605E-8
+RSH =82

+VOFF =-0.1203129
+CDSC =2.4E-+4
+ETA0 =9.999059E-4
+PCLM  =2.6025265
+PDIBLCB =0
+PSCBE2 = 5E-5
+MOBMOD =1

+KT1 =-0.4521998
+UA1  =3.100822E-9
+AT =3.289E4
+WLN =1

+WWL  =-3.26045E-20
LW =0

TOX =1.60E-8
NSUB =4El6

K2 =-7.618274E-5
W0 =1E-6

DVTIW =0

DVT] =0.19076

U0 =240.0573045
UC  =-8.15437E-11
AGS =0

KETA =-0.047
RDSW =3.175369E3
WR =1

DWG) | =-2.015732E-8
ALPHAO =0
NFACTOR = 0.4291071

CDSCD =0
ETAB =-1.999936E-4
PDIBLCI =1

DROUT = 0.3837047
PVAG =3.8222424
PRT =216.4347715
KTIL =-2.091783E-8
UBl =-1E-17
NQSMOD =0

WW =0

X] =3E-7

VTHO =-0.62

K3 =125198711
NLX =2.8637E-7
DVT2W =-0.032
DVT2 =-0.05

UA  =3.136845E-9

VSAT =1.1E5
20 Y=90
Al =0
PRWG =-1E-3

WINT = 0.561493E-7
DWB =1.475983E-8

BETAO =30
CIT =0
CDSCB =0

DSUB =0.998946
PDIBLC2 = 2.853174E-4
PSCBEI =4.,249266E8
DELTA =0.01

UTE =-1.2989809
KT2 =-0.040013

UCl =-8.35439E-11

WL =0
WWN =1
LLN =1

LWL =0



+CAPMOD =1
+CGBO =3.35E-10

+MJ  =0.51
+AF =1
+LIS =2

+HDIF=1.25¢-6

CGDO =8.0E-11
Cl =5.1E4
CISW =27E-10
KF =5.0E-30
DIOLEV =2
ACM=2

.MODEL NA NMOS LEVEL =7

+TNOM =27
+NCH =1.7E17
+K1  =0.8219166
+K3B =-1.9786631
+DVTOW =0
+DVTO =15.2254747
+VBM =-5

+UB =1E-21l

+A0 =09381g53
+Bl =0

+A2 =1

+PRWB =-1E-3
+LINT =8.57042E-8
+VOFF =-0.15
+CDSC =-1E-4
+ETA0 =0.08
+PCLM  =1.0175962
+PDIBLCB = -1E-6
+PSCBE2 = 5E-5
+ALPHAQ = 5E-7
+MOBMOD =1
+KT1 =-0.4126334

TOX =1.6E-8

NSUB =4El6

K2 =-8.54312E-3
W0 =1E-6

DVTIW =0

DVT1l =0.590721

U0 =635.6142994
UC  =4.667652E-11
AGS =0.1339124
KETA =-2.746786E-5
RDSW =1.573286E3
WR =1

DWG =-1.268839E-8
NFACTOR = 0.6887273
CDSCD =0

ETAB =-0.07
PDIBLCI =0.032818
DROUT =0.6067512
PVAG =0.0168906
BETAO0 =26

PRT =159.2464225
KTIL =7.244799E-9

CGSO =8.0E-11

PB =0.9
MISW =0.35
JS =1E-3

a d
NITUBALIA Biﬁﬁﬂﬂﬂﬂlﬂﬁﬁu1ﬂ‘1ﬂ“x1 NMOS

X, = 2.5B-7

VTHO =0.64

K3  =11.1089581
NLX =3.751355E-8
DVT2W =-0.032
DVT2 =-0.05

UA  =1.983902E-9

VSAT =9.5E4
B0 =0
Al &0

PRWG =6.719929E-6
WINT =-24E-8
DWB =1.654199E-8

CIT =0
CDSCB =2E-3
DSUB =0.56

PDIBLC2 = 2.506552E-3

PSCBE1 =3.356583E8
DELTA =0.01

RSH =60

UTE =-1.9522848
KT2 =2.671323E-3
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+UA1l =8.353648E-11
+AT =3.3E4

+WLN =1

+WWL  =-530182E-20
+LW =0

+AF =1

+CGDO =3E-10

+CJ]  =4.25E-4

+CJSW =2.1E-10

+I§ =1E-3

+HDIF=1.25¢-6

UBl =-2.12098E-19

NQSMOD =0
wWWwW =0

LL =0

LWN =1

KF =3E-28
CGSO =3E-10
PB =0.73
PBSW =0.8
LIS =2

ACM=2

UCl =-5.6E-11
WL =0

WWN =1

LLN =1

LWL =0
CAPMOD =1

CGBO =3.35E-10
MJ]  =0.35
MISW =0.21
DIOLEV =2
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.MODEL CMOSP PMOS (

+VERSION = 3.1

+XJ  =3E-7

+K1  =0.4349707
+K3B =-2.0159241
+DVTOW =0

+DVTO0 =0.8641974
+U0  =267.1892393
+UC  =-8.94822E-11
+AGS =0.1514878
+KETA = 3.644966E-3
+RDSW = 1.66657E3
+WR =1

+XL =0

+DWB  =2.745739E-8
+CIT =0

+CDSCB =3.91718/%-5
+DSUB =10.0125851
+PDIBLC2 = 1.43959E-3
+PSCBE! =2.751073E10

+DELTA =0.01
+UTE =-1.5
+KT2 =0.022

+UCl =-5.6E-11

+WLN =1
+WWL =0
+HLW =0
+CAPMOD =2

LEVEL. =7
TNOM =27
NCH =24E16
K2  =-1.664947E-6

W0  =7.437757E-7
DVTIW =0

DVT1 =0.3417142
UA  =4.825883E-9
VSAT = 1.281286ES
B0 =4.87416E-6
Al =0

PRWG =0.0109581
WINT = 7.733708E-7
XW =0

VOFF =-0.0844961
CDSC, =0

ETAO0 =0.0110881

PCLM = 14.2292554

PDIBLCB = 4.381676E-4
PSCBE2 =7.513178E-9

MOBMOD =1
KTl =-0.11
UAl =431E9
AT =33E4
wWw =0

LL =0

LWN =1

XPART =04

TOX =2.92E-8
VTHO =-0.7950835
K3 =12.3630753
NLX =5.312796E-7
DVT2ZW =0

DVT2 =-0.1204689
UB =1.020281E-20
A0 =0.3146602

Bl Yy =5k

A2 C21

PRWB =-0.2096118
LINT = 5.420006E-8
DWG =-3.06519E-8
NFACTOR =0
CDSCD =0

ETAB  =1.11372E-3
PDIBLC1 = 0.0943275
DROUT =0.5221659
PVAG =1.6449348
PRT =0

KTIL =0

UBlI =-7.61E-18

WL =0
WWN =1
LLN =1
LWL =0

CGDO =1.91E-10



+CGSO =1.91E-10

+PB  =0.7677824
+PBSW =0.99

+PRDSW =-474.3188713
+LKETA =-0.0372854 )

*

CGBO =0

MJ]  =0.4479427
MISW =0.1047647
PK2 =4.910728E-3
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Cl  =3.015962E-4
CJSW =1.878535E-10
PVTHO =0.0342026
WKETA =4.01125E-3

niuFanesyianavesanylvih NMos

.MODEL CMOSN NMOS (
+VERSION = 3.1

+XJ  =3E-7

+K1  =0.8662582

+K3B =-1.3051065
+DVTOW =0

+DVTO0 =0.995227

+U0  =695.8949435
+UC  =4.949532E-11
+AGS =0.1259048
+KETA =-7.01395E-3

+RDSW  =2.697196E3

+WR =1

+XL =0

+DWB =3.258557E-8
+CIT =0

+CDSCB =0

+DSUB = 0.8988941
+PDIBLC2 = 0.0167339
+PSCBEI = 6.433222E8
+DELTA =0.01

+UTE =-1.5

+KT2 =0.022

LEVEL==7

TNOM =27
NCH =7.5E16
K2 =-0.0579305
W0  =2.290297E-7
DVTIW =0
DVTl =0.3182465
UA  =2497209E-9
VSAT =1.123985E5
BO  =1.284662E-6
ARL=0

PRWG =-0.0448255
WINT =7.071274E-7
XW =0

VOFF =-3.7552E-3
CDSC =0

ETAO0 =0.212761
PCLM =0.694365
PDIBLCB =-9.979106E-4
PSCBE2 =2.831254E-9
MOBMOD =1

KTl =-0.11

UAl =431E-9

TOX =2092E-8
VTHO =0.5575127
K3 =3.161667

NLKswz 1ERS
DVT2W =0
B2~ = -0,15

UB  =5.873701E-21
A0 =0.6756406

Bl =35E-6

A2 =1

PRWB  =-0.0221557
LINT =2.315724E-7
DWG =-2.559821E-8
NFACTOR = 0.9925052
CDSCD =0

ETAB =-0.1249715
PDIBLC1 = 0.0563943
DROUT =0.4215252
PVAG =0.0217659
PRT =0

KTIL =0

UB1 =-7.61E-18



+UCl  =-5.6E-11
+WLN =1
+WWL =0
+LW =0
+CAPMOD =2

+CGSO = 1.91E-10
+PB  =0.9833772
+PBSW  =0.99
+PRDSW = -216.757313
+LKETA = -0.0144263

*

)

AT =33E4
wWWwW =0
LL =0
LWN =1
XPART =0.4
CGBO =0

MJ  =0.5298922
MISW =0.1
PK2 =-8.503019E-3
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WL =0
WWN =1
LLN =1
LWL =0

CGDO =191E-10
C]  =2.844595E-4
CISW = 1.420794E-10
PVTHO =-0.013178
WKETA = 1.586088E-3
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CMOS Tunable Transresistance Amplifier

Jirawath PARNKLANG
Dept. of Electronics
Faculty of Engineering,
King Mongkut's Institute of
Technology Ladkrabang
Bangkok, Thailand, 10520
e-mail : kpjirawa @kmitl.ac.th

Abstract: A tunable wideband linear CMOS
transresistance (Rm) amplifier is proposed and
analyzed. The proposed circuit is consisted of the
positive current mirror cascode with negative current
mirror. The input and output impedance of the circuit
are not so good to be the Rm amplifier. So, the output
driver circuits with low output impedance and the
negative feedback circuits are used for reduce the
input and output impedance, increase bandwidth and
enhance the linearity of the Rm circuit. The gain of
the circuit can be also tuned by this shunt — shunt
negative feedback.

I. INTRODUCTION

The transresistance amplifier (Rm) is one of
the most important circuit building blocks of the
analog circuit systems. But the transconductance
amplifier (Gm), which is widely used as the basic
VLSI circuit block [1]-[5], can substitute this circuit.
The transresistance amplifier transfer characteristic is
form by V,./l, which is opposite to the
transconductance amplifier. The transresistance
amplifier can be applied in many circuit systems such
as the analog divider/multipliers and continuous time
filters as shown in fig. 1.

c
Vin '—3?» Vout

Fig. 1. The transresistance-capacitor (Rm-C) based
differentiator

The basic transresistance-capacitor-building
block realizing a differentiation function by
cascading a floating capacitor before the Rm
amplifier. Transresistance amplifier can application
as same as the transconductance amplifier with more
electrical efficiency. By their characteristic, low
input and output impedance, make the amplifier
operation frequency higher than the circuit, which is
used Gm amplifier

Vanchai RIEWRUJA
Dept. of Control Engineering
Faculty of Engineering
King Mongkut’s Institute of
Technology Ladkrabang,
Bangkok, Thailand, 10520
e-mail: vanchai @cs.eng.kmitl.ac.th

I-174

138

Attaya JULPRAPA
Dept. of Control Engineering
Faculty of Engineering
King Mongkut’s Institute of
Technology Ladkrabang,
Bangkok, Thailand, 10520
e-mail : attaya@cs.eng.kmitl.ac.th

II. PRINCIPAL OF OPERATION

Fig. 2 shows the proposed transresistance (Rm)
amplifier cell.

DD
MP2 d:W ‘ Fbml
+— Voutl
MN2 J= MN1
WOF
MP4 =l J— mp3
> vour2
MN4 [ET IF] MN3
VSS

Fig. 2 The Rm amplifier cell

The MP1 and MP2 is connect to be the
simple current mirror.[7] This current mirror is
cascode with the MN1 connect with MN2, which is
the modified current mirror, as the Wilson current
source. The MP3, MP4 and MN3, MN4 are
connected the same as mention before too. In the
same connecting between of MP1, MP2, MN1, MN2
and MP3, MP4, MN3, MN4, then we would like to
describe this circuit only one part. The output voltage
(Vous and V,,2) of this circuit is described by
following equation.

Vour = Vop - Vasmer (1
And Vo = Vss+ Vs (2)

The Ve and Vgagns is the output voltage
of the simple current mirror given by Vuysay 2 Vs —



V. The Vd.vMPl is equal to the Vyupa, which is
controlled by the current that flow to the MN2. And
also the current Iy and the current of the MNI
control the current of the MN2. The operating of the
Vasnns i the same as the Vypp so the input current
controls the V,,» too. The transfer function
simulation result of the V,,; and V,,. of the Rm
amplifier circuit in fig.2. is shown in fig.3.

AN~
|

2

» (Uont2) + U(Woutt)

Fig.3 The simulation result of the V,,; and V,,,»

The input impedance of this circuit is form
by following equation
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1 1
( + rdsmp1 ]( + ’dsMNJ] &)
_ \&mnl Emp3

in~=
1 1
( * fdmm] +( + ’dsMNS]
Emnl Emp3

And the output impedance of the Rm cell is

1 1
(rdsMPl{ el "dsmvs) )
Emn1  &mp3

Tourl =

+
Emnl gmp3

(rasppr) + (

G2 "dsMNJ]

The input and output impedance from (3)
and (4) of the Rm circuit cell are high. The low
output impedance output driver circuit is essential to
be used. And also from fig. 3, the output voltage of
the Rm is not linear to the input current. The output
voltage of the circuit is saturate at the supply voltage
(the gain (rm) of the circuit is high). This non-linear
and input/output impedance problems can be solved
by shunt — shunt feedback network. The feedback
network is used for reduce the input and output
impedance, increase bandwidth and enhance the
linearity of the Rm circuit. The gain of the circuit can
be also tuned by this shunt — shunt negative
feedback. (8] [9] The complete circuit of Rm
amplifier with common source feedback network and
output push-pull driver circuit is shown in fig. 4. The
bias current (Iy,) can tune the gain of the feedback
network (f3). The Iy, is the current to control the
resistant of the MPF2

II |
| DD :
d:‘ i ;J] | i
| |
MP2 r MP1 : 1
| i
| 1 }2] MPDI
i |
|
MN2 e B MmN | MPFI Ez? F] MPF2
| |
lin 1 |
] |
L | +—e VYoutl
: |
MP4 =i b Mpy | MNEI [;'I !
| . |
i Ibiass D 1
: |l F] MNDI
1 I
| |
MN4 E:-i F]MNz | !
| |
| 1
| |
| :
L Vs A
Rm Cell : Feedback Network . D‘:'l::r

Fig. 4 The Rm amplifier with tunable rm by adjusting the feedback gain
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The input and output impedance of the Rm
amplifier are reduced by the factor (1+AB). For this
Rm amplifier, the gain rm can, therefore, be express
as:

1

E MNFI (rdsMNFl 11 rd.rMPFI)

ms=

)

The SPICE simulation result of the transfer
function (V,,, /;,)) of the Rm amplifier in fig. 4. is
shown in fig.5.

W oo oww d o s

:
SI™H
:

2w

Y u
Bl L L] S 1
= V(Vout)

Fig.5. The transfer function of the propose Rm
amplifier

The SPICE simulation result of the

frequency response (db(V,ou/Ti) & frequency) of the
proposed Rm amplifier is shown in fig.6.

I e
i
i

4

i
'
204
H

L e ]
1.z 1.0y Ll 18CHz

Frequency

Fig.6. The frequency response of the Rm amplifier
III. CONCLUSION

A tunable wideband linear CMOS
transresistance (Rm) amplifier is presented. The
proposed circuit is consisted of the positive current
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mirror cascode with negative current mirror, the push
- pull output driver and the common source feedback
network. The input and output impedance of the
circuit are low because the output driver circuits with
low output impedance and the negative feedback
circuits are used. It also increases bandwidth and
enhances the linearity of the Rm circuit. The Ibias that
control the gain of the shunt — shunt negative
feedback can also tune the gain of the Rm amplifier
circuit.
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ABSTRACT

A new signal power amplifier is presented in
this paper. The proposed circuit is consisted of the new
design of transresistance amplifier cell connecting with
the common source negative feedback and the output
driver circuit. The input and output impedance of the
circuit is low because the negative feedback and output
driver circuit are used. The voltage buffer is use for the
output driver circuit. The new transresistance amplifier is
found to have a constant bandwidth independent of gain
in most close-loop configurations. The feedback network
particular increased bandwidth and enhances the linearity
of the transresistance amplifier. The biasing current of
this shunt-shunt common source negative feedback can
also tune the gain of the close-loop circuit configuration.
In this work has shown an experimental result of the
fundamental transresistance amplifier by used the
commercial integrated circuits compared to the
simulation result. And this confirms that the new design
of transresistance amplifier is useable.

1.INTRODUCTION

In recent years, the signal processing extends to
the higher frequency, the circuit designers are finding that
the traditional design methods which bases on the voltage
operational amplify are no longer adequate. It is well
known that a voltage mode traditional operational
amplifier has a bandwidth, which is depends on the close-
loop voltage gain. The attempt to overcome this problem
has led to a renewed interest in circuits, which operated in
current mode [1]. A current amplifier, a transconductance
amplifier and a transresistance amplifier, mostly known
works in a current mode. A related device (the current
feedback op-amp) has recently become commercially
available. The widely used transconductance amplifier is
the one that appropriates to drive a capacitive load only.
And in this paper we proposed the transresistance
amplifier that suit for amplify signal from the devices that
have a characteristic as a current source such as inductor
and capacitor. Transresistance amplifiers working from
capacitive sources such as photodiodes are difficult to
implement with conventional voltage feedback op-amps.
Because of their input impedance are high. And
transresistance amplifiers employ current processing
techniques to improve dynamic speed capability and
particular feature of these designs is their ability to
provide a constant bandwidth virtually independent of

0-7803-7090-2 01 $10.00© 2001 [1EL.

closed-loop gain. Normally, the differential inpyt
transresistance amplifier is more useful circuit building
block. The basic block diagram of the operationa]
transresistance amplifier (OTRA) can show in follow
figure. ' ’

Fig. 1 Equivalent circuit of an operational transresistance
amplifier (OTRA)

The operational transresistance amplifier
(OTRA) is one of the most important circuit building
blocks of the analog circuit systems. In practice, the
operational transconductance amplifier (OTA), which is
widely used as the basic VLSI circuit block [2]-[4], can
substitute by the operational transresistance amplifier.
The operational transresistance amplifier transfer
characteristic is form by ¥,,/I;», which is opposite to the
operational transconductance amplifier (OT4). The
operational transresistance amplifier as shown in Fig. 1.
can be applied in many circuit systems such as the analog
divider/multipliers and continuous time filters. [6] - [8].
By their characteristic, low input and output impedance,
make the amplifier frequency operation higher than the
circuit, which is used the transconductance amplifier.

2. CIRCUIT DESCRIPTION AND SIMULATION
RESULTS

2.1 The operational transresistance amplifier

The operational transresistance amplifier
(OTRA) can be described by followed.
Vo(+) = R, (+)I(+) o

Vo(-) = R, (-)I(-)

Obviously, from the above equation, both .
negative and positive input terminals are virtually
grounded, and the output voltage is the different of tl?c
two input currents multiplied by transresistance 82!
(Rm). From these relation. We proposed the new

ISIE 2001, Pusan, KOREA



erational transresistance circuit configuration in figure

4.
.

Voo
MP1 & Ftl MP2
MP3 -MP4
i F:; ;:j
+———> Voutl
i MP5 l—_'q o F:l MPé
" — 4 )
;‘; -lin = - +lin
- [:1 M2
+— Vout2
MN3 [2} ; MN4
MNS : Ei:] MN6

Fig. 2 The circuivgf an OTRA cell

] From the above circuit in figure2, we used 6

OS transistors cascode by 6 NMOS transistors which
fymmetry connection. The above parts of circuit have 4
BMOS transistors, MP1, MP2, MP3 and MP4 connected

s a2 Wilson current source [6]. This current mirror is
ieonnected to the drains of transistors MP5 and MP6 that
awork as input terminals of the operational transresistance
gmplifier. For the NMOS part, MN1, MN2, MN3, MN4,
BMS5 and NM6 are connected the same as mention before
&00. In the same connecting between of PMOS part and
ENMOS part, then only one part of the circuit is described.
%o terminal output voltages of the circuit are at the
frain of both transistors MP4 and MN4. And have

YRE =K'-}[(Vcs-Vr)2(1+ﬂVa)] —l

** And this current is mirrored from the input
[ 3 t. From the figure2, a sum of V4 of MP2 and MP4

Wbtracted from the positive supply voltage (Vpp) is the
Oltage output at nodel. The voltage output at node2 is
gual to negative supply voltage (Vss) adding by the sum
8- Ve of MN4 and MN6. And both ¥, of MP2 and MP4
“Pend on /;, of MP2 and MP4 that mirrored by MP1 and
: 3- We can express by following equation.

1329

W X 143
Tvuizror = k'T(VGs N Vr) (] * ’T-Vour) ©)

A is the channel length modulation factor

In this situation [yrzor is equal to the current
that flow through the transistor MP2 (J4up:) and equal to
the current of MP4 (Izp4) too. So the R, of this circuit
can be found as

1 (4
Rm = \ )
220 oppy

When the value of channel length modulation
factor of the transistor is small, the gain R,, value will be
considered large and nearly infinity if we considered the
channel length modulation factor is not significant. The
positive input and negative input impedance of the Rm
amplifier can express by

rl'n(+)=[ + Paoppa T 1 J//
m g
. MP6 MP2 5)
; <)
5 trhwmi N —
& mmn2 Emmne
And
' 1
rl’n(_)=( + +rd:MPl]//
Emmes  Emmps 6
( 1 1 ]
+ +rdsms
Emmn  Emiva

If considered that all transistor is complementary,
the Ri(+) and Ry (-) can approximately equal. For the
output impedance from looking into node Vg we found
that equal to

rourl = [rdsMPi 1 ___1_____} ”
& mrip2
[ 1 1 1 )
4 * Tasaava T
Emmrs  Emunz & i

The transfer characteristic simulation results of
the V4 and V,,; of the operational transresistance
amplifier or the OTRA amplifier circuit in fig.2. By used
model parameter of MC4007UB commercially integrated
circuit. Simulated both positive and negative input
terminals. The results had shown in fig.3.

@)
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Fig.3 The simulation result of the V,.; and V,.;;
a) Noninverting input
b) Inverting input

For the simulation of the circuit in figure 2 by
used level2 model parameter of CMOS technology, the
voltage supply (Fpp and Fgs) is 10V and -10V. And the
input current is varied from —=10mA to 10mA. The Rm
amplifier is connected as a noninverting amplifier and an
inverting amplifier, which is shown in figure 4.

Vin+ v
Rin — Vout

(a) Noninverting amplifier

Rin =/ Lolit

Rf

(b) Inverting amplifier
Fig. 4 Basic application of the Rm amplifier
For the experimentation of the noninverting

transresistance circuit in figure 2 we used MC14007UB
CMOS integrated circuit to implement. The circuit has

10V to —10V-supply voltage. And the1ﬂ::)ut current {g
varied from -10mA to 10mA as the simulation conditiong
of Pspice. Figure 5 is shown the result of the outpy
signal compared to input signal measuring by
oscilloscope.

Output Signa|

8 | InputSignal

Fig. 5 Output voltage of the transresistance amplifier

The result shows voltage output of the Rm
amplifier in figure2 that has characteristic like the
simulation result from Pspice in figure3.

The voltage gain of the inverting amplifier in
basic configuration in figure 4 can be obtain by the basic
POPI NFB (Parallel Output Parallel Input Negative
Feedback) as

1

R b ) @®
Vo Ky
l+Rme

If Rm_l_is greater than 1, the ideal voltage gain

equal to R . And also the voltage gain of the

Rin
noninverting amplifier can be obtain as

Vou _ R o)
Rin e '

From the simulation results, it is found to havea
large transresistance gain, about 80000 for noninverting
input operation and about 70000 for inverting input
operation. So we can use these feedback theory to find
the close-loop gain and improve its characteristic. And
the hand analysis of input and output impedance Sl"IOWﬂ
that the Rm amplifier have the input impedance is higher
than the output impedance. To solve this problem wé
used a negative feedback to reduce the input impedance
and enhance the linearity. To reduce the outpu}
impedance, the unity gain voltage buffers is usec
Connecting of negative feedback network has shown i
f ol l ow ing f i g ur &

2.2 A closed-loop operationll‘

amp]ifler

transresistamnce »
'-

B
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Fig.6 The complete OTRA

" the feedback network part, it connect to the output
tage from the output driver circuit and injected the
rent output of the feedback network part at the current
ut node of the fundamental Rm amplifier cell.
viously, the gain of the fundamental OTRA is
remely high then we can evaluate that the gain of the
sed-loop OTRA circuit is proportional to the gain of
dback part (Ag=1/F). So the gain of the completed
RA in the figure 6 can be express in following
lation,

=1 Zn (10)
Tasmpry  Vygpiprs )/ / (r asMNEL T Tgepanra )"?n

. Tiis input impedance of the feedback section

From (10) equation, when the current bias has
N adjusted, it also adjusted the gain of the completed
RA. The nearly unity gain voltage buffer is connected
educe the output impedance. So the output impedance
he completed OTRA is equal to the next equation.

;: Tour = Tassgoon 1 Typanpy (1)
Y The transfer characteristic of the completed

Tational transresistance amplifier has shown in the
Ire 6,

a

1331

1w

Output Voltage

-1y T
-2ma -10ma ] 1w C 2w
o U(uouT) . ‘
Input Carrent

Fig.6 Transfer characteristic of the completed OTRA

In order to verify the constant bandwidth
performance and the current tunable gain of the
completed OTRA, the noninverting amplifier is select to
be simulated. We plotted a relative of frequency and gain
in dB of the three different biasing currents (20 mA,
30mA and 40 mA.) at the feedback network. The below
graph has shown that the high frequency cutoffs of the
circuit are always at the same frequency. So the
bandwidth of this circuit is a constant (does not depend
on the close loop gain). The simulation result is shown in
figure7.
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Fig. 7 The simulation result of the bandwidth

In process of simulation, we swept input current
(/in) and varied the biasing current (/bias) in three values.
The simulation result is shown that the bandwidth of
noninverting amplifier is constant in every value of Ibias.
Its means that frequency response of this circuit is not
depends on the gain of the circuit. And the gain of the
circuit can tune easily by adjusting the biasing current. It
is a good characteristic of this operational transresistance
amplifier, which different from general operational
amplifier.

3. CONCLUSION

In this work, the new CMOS operational
transresistance amplifier has been presented. The
simulation results have shown that this new circuit has
the good electrical performances. The gain of the CMOS
OTRA can be tunable by adjusts the Iy, of the negative
feedback network. The bandwidth of this circuit is
achieved high frequency. The signal processing circuits
derived from this OTRA usually have a constant
bandwidth by using the POPI negative feedback
configurations. The simulation results, which confirm
theoretical analysis, have been obtained. And the result of
experimentation is the same as the simulation results.
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