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Symbolic Analysis of Input Impedance of CMOS
Floating Active Inductors with Application in Fully
Differential Bandpass Amplifier

Kittipong Tripetch

Abstract—This paper proposes a study of input impedance of 2
types of CMOS active inductors. It derives 2 input impedance
formulas. The first formula is the input impedance of the grounded
active inductor. The second formula is the input impedance of the
floating active inductor. After that, these formulas can be used to
simulate magnitude and phase response of input impedance as a
function of current consumption with MATLAB. Common mode
rejection ratio (CMRR) of the fully differential bandpass amplifier is
derived based on superposition principle. CMRR as a function of
input frequency is plotted as a function of current consumption.

Keywords—Grounded active inductor, floating active inductor,
Fully differential bandpass amplifier.

|. INTRODUCTION

CTIVE inductor implemented by CMOS technology was

proposed since 1996 [1]. Usually, its inductance value is
a function of current consumption and load capacitance. The
more current consumption, the lower the inductance value.
After that, there is considerable interest in quality factor (Q)
enhancing technique of a grounded active inductor which was
proposed since 2000 [2], because of low Q value and large
silicon area of spiral inductor. By utilizing higher gain in the
amplifier stage of the gyrator loop, the quality factor of a
grounded active inductor can be improved to 12,000.

Another 2 papers on improving quality factor of a grounded
active inductor was proposed in [3], [4]. The first circuit was
based on the amplifier stage of the NMOS cascade
transconductor cascade with feedback stage common source
transconductor. It has an additional feedback resistor between
the output of amplifier stage of cascade transconductor and
input of feedback stage of common source transconductor.
This circuit consumed less than 8 mW at 5.7nH at 1.55 GHz
and it has Q of 70. The second circuit was based on amplifier
stage of NMOS common source transconductor cascade with
feedback stage of NMOS common source transconductor. It
has an additional feedback resistor between the output of
amplifier stage of NMOS common source transconductor and
input of feedback stage of common source transconductor. It
also has additional capacitance at the output node of the
amplifier stage of NMOS common source transconductor as a
design variable.
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Floating active inductor implemented in CMOS technology
was first proposed since 2000 [5]. They designed differential
oscillator at 1.2 GHz by consuming current approximately 220
microamperes. Another floating active inductor implemented
in CMOS technology was proposed since 2006 [6]. They
designed VCO with wide tuning range (143%) with 6-28 mW
of power consumption at 0.5-3 GHz tuning range.

This paper organized as follows. Section Il describes the
first proposed circuit topology and derives the formula of the
input impedance of the proposed circuit and its simulation
results. Section Il describes the second proposed circuit
topology and derives the formula of the input impedance of
the proposed circuit and its simulation results. The conclusion
is given in Section IV.

1. THE PROPOSED GROUNDED ACTIVE INDUCTOR

The first proposed circuit is grounded active inductor based
on amplifier stage of PMOS common source transconductor
with feedback stage of PMOS common source transconductor.
It has an additional feedback resistor between the output of
amplifier stage of PMOS common source transconductor and
input of feedback stage of PMOS common source
transconductor. It also has additional capacitance at the output
node of amplifier stage of PMOS common source
transconductor. The complete schematic is shown in Fig. 1.
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Fig. 1 proposed grounded active inductor (a) transistor level (b) small
signal equivalent of 1a
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Fig. 2 Typical magnitude and phase response of input impedance of Fig. 1 (b) (drain source conductances are not included)

Th(_a input impedance of Fig. 1 is derived as follows ¢ :((Cgm +Coonn +CL)RF (ng,Pz +cgm))
equations
) (Cgopr +Coont +C )
(5202 +5C, +C, ) o (+(1+ (~Gmpr+ s + eswr + G ) Re ) (Coap2 + Cier )
N STE, 480, 4 82, +sf 4 1, Co =(~Gmps + I + Guser + Juna) ©
f, =a,c,—d,b, d, =(CyepiRe )(Cyapz + Coep2 )
f, = (2, +¢,3, )~ (d,b; +b,d, ) (1) %=(Cirz +Coora~(Coapz + Coppz ) (GreiRe )
f, = (a,C, +C,a, +a,6,)—(d,by +b,dy +d;b,) 0o = ~Gne:
f, =(ac, +ca,)—(db, +bd,) All coefficients in (1)-(3) are a function of parasitic

capacitances, transconductances and drain to source
conductances of the transistors and feedback resistor.
Subscripts of the parameters indicate the name of the

fo =4a,C, _dObO

3, =(Cyep1Re )Cyy o transistors.

The parameters used in the simulation with MATLAB are
_[Coorz *Cosp+ Caapr + Coanz as follows. I1dP1=1dN1=IdP2=IdN2=20uA, Rf=lkohm The
& = c,, +(Cgs,P1RF ) Urps — Ot ReCo p levell 0.5um CMOS process parameters which appeared in [8]
are listed following lambda=0.1, lambda=0.2, VtoN=0.7,

8 = _(gmvPlRF ) Omp2 + Yosnz T Guse2 VtoP=-0.8, UON=460, UOP=115, Tox=9.5e-9.
b, =(Cyeps +Coona +Co ) ReCo 2 (2) _ Typical magnitude and phase response of grounded active
inductor without drain to source conductance in Fig. 1 is
b =Cy ez (l+(_ng1 + Oy + Gspr + Gaen) RF) shown in Fig. 2. It can be seen that phase response is not 90 or

minus 270 degrees at all input frequencies. Thus, it can be
seen that we use drain current only 20uA because it is the
b, =(1+(—ng1+ Ornt + Jgepr + gdsm)RF)gsz minimum current which aspect ratio of Mpl can be designed
to be larger than 1. And if we increased capacitive load from
0.5pF to 5pF, the resonance frequency of the input impedance
of this circuit can be decreased from 330 MHz, 238MHz,
168MHz and 106 MHz, respectively.

+(Cgs,P1 + Cgs,Nl + CL ) RF ngZ + Cgs,Pl
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Fig. 3 Typical magnitude and phase response of the input impedance of Fig. 1 (b) (drain to source conductances are included)

Phase response can be seen from Fig. 2 as follows, for
Capacitive load of 0.5pF, phase response reaches minus 270
degrees. For capacitive load of 1pF, phase response could not
reach minus 270 degrees. For capacitive load of 2pF, phase
response could not reach minus 270 degrees. For capacitive
load of 5pF, phase response could not reach minus 270
degrees. It can be concluded from this graph that at current of
20uA, input impedance of the circuit behaves like inductance
as we increase the capacitive load. After input frequencies
pass resonance frequency its impedance can become more
capacitive.

The design parameters of circuit in Fig. 1 (b) which drain
sourced conductances are not included which are listed as
following.

R. = feedback resistor = 1kohm

Cgspl = gate to source capacitance of a transistor Mpl=
1.97x10™ Farad
Cgsp2 = gate to source capacitance of transistor Mp2 =
1.43x10™ Farad
Cgsnl= gate to source capacitance of transistor Mn1 =
2.28x10™ Farad
Cgdpl = gate to drain capacitance of transistor Mpl =
5.37x10* Farad
Cgdp2 = gate to drain capacitance of transistor Mp2 =
3.91x10™ Farad
Aspect ratio of Mn1 = 3.80
Aspect ratio of Mpl = 3.29
Aspect ratio of Mp2 = 23.95
Gate voltage of Mpl = 2.5 Volt, Gate voltage of Mp2 = 4 Volt
The gate voltage of Mn1 =5 Volt, Supply voltage = 5 Volt
Vsbpl = source bulk voltage of Mpl = -1 Volt
Vshp2 = source bulk voltage of Mp2 =0 Volt
Vsbnl = source bulk voltage of Mn1 =4 Volt

International Scholarly and Scientific Research & Innovation 7(12) 2013

Typical magnitude and phase response of a grounded active
inductor which includes drain to source conductance in Fig. 1
is shown in Fig. 3. It can be seen that phase response is 90
degrees only at one point of frequency. This observation can
be seen in Fig. 3 as follows. At drain current of 20uA and
capacitive load varies from 0.5pF to 5pF, the resonance
frequency of the input impedance of this circuit can be
decreased from 313 MHz, 217MHz, 154MHz and 98 MHz,
respectively.

Phase response can be seen from Fig. 3 as follows, for
capacitive load of 0.5pF, phase response reaches 90 degrees at
261 MHz. For capacitive load of 1pF, phase response reaches
90 degrees at 121 MHz. For capacitive load of 2pF, phase
response reaches 90 degrees at 58.6 MHz. For capacitive load
of 5pF, phase response reaches 90 degrees at 23.2 MHz.

The second circuit is floating active inductor based on 2
stages of the transconductor cascade with 2 stages of
transconductor. The 2 stage transconductor composed of
common gate transconductor as the first stage and common
drain transconductor as the second stage. The complete
schematic is shown in Fig. 4.

THE PROPOSED FLOATING ACTIVE INDUCTOR

1614 1SN1:0000000091950263
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Fig. 4 Proposed floating active inductors (FAI) (a) PMOS cross
coupled oscillator FAI (b) small signal equivalent circuit of FAI ( (gma + gml) (Cgs3 + Cgsl))
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Fig. 5 Proposed floating active inductor (a) fully differential bandpass fo = (0do +id; +byd; ), ;= (b, +,6,). fo =bydl

amplifier (b) small signal equivalent circuit of a fully differential 9s =2,0;,9, =(ad; +a,d,),9, =(d;a, + d,a, + da, )

bandpass ampllfler 9,= (azdo + a1d1 + aodz)i 9,= (a1d0 + aﬂdl)' 0o = aodo

The input impedance of a floating active inductor in Fig. 4 hy =b,dy.h, =(b,d + ;). b, = (b,d, +bd, +bydy) ®)
(b) can be derived as follows equations. h, =(b,d, +byd, +byd, ), hy = (byd, +byd,; ), by =byd,
is = b, 1, =(C b, + 6,0, )iy = (b, + ¢, +¢b,)
I, = (Czbo + C1b1)v iy = (C1bo + Cob1)rio )

3,C,~b,(C,, +Cu )

gs2

&=
:( az Yase T 9us1 +81C) (( )(gml_gd51)+bl(cg52+C954)))
(

(

8 (Gass + 9 )+ o) = (B0 (Coez + Cona )+ (90— ) )

€ = (@0 (Gss + ) =00 (Grs ~ G )) (6)
d, =b,(Cyyy +Cyyy )

d, = (zgm1+bl(cgd1+cgd2))

d, (blgm1+b(ng1+ng2))

dy =by G

G
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Fig. 6 Typical Magnitude and phase response of input impedance of Fig. 4 (b)

a, = [(Cgsa + Cgsl)(cgdl + ngz)i(cgsz + CgsA)Cl}
(Cgse + Cgsl) O +(ng1 +ngz )(gmz - gdsz) :|

a =
I:(Cgsz +CgsA)(gdsZ + gd55)+cl(gm1 - 9«1)}
[ Oz — gdsz O — gmligdsl)(gdsz + gdsS):l
z [ gd2 +ng1 ngl+cgd2)_CZCl:|

bl{[(cgmcm)gm (ng1+ng2)gm2W @)

*I:Cz (gdsz + gd55)+cl(gd56 + gdsl)]

b, = [gngml _(gdss + gdsl)(gdsz + guss):l
C, = Cgse +C,
Cz :nga
9y =03+ Ot _(gdss + gdsl)

gsl + ngz + ngl + ngs + ths + ng3

+Cus +ng4 +Cgsz +Cgs4 +ng1+C

All coefficients in (4)-(7) are a function of parasitic
capacitances, transconductances and drain to source
conductances of the transistors and feedback resistor.
Subscript of the parameters indicates the name of the
transistors.

The parameters used in the simulation with MATLAB are
as follows. ldpl=ldpl=Idp3=Ildp4=1uA,10uA,20uA,30uA.

ldn5=ldn6=1uA,10uA,20uA,30uA, respectively. The levell
0.5um CMOS process parameters which appeared in [8] are as
follows lambdaN=0.1, lambdaP=0.2, VtoN=0.7, VtoP=-0.8,
UON=460, UOP=115, Tox=9.5e-9. For graph in Fig. 6, we
used a minimum length to be 1 micron.

Typical magnitude and phase response of the floating active
inductor is shown in Fig. 6. Fig. 6 can be described as follows.
For sys4, which is shown in black dashed dotted line, the
current is designed to be 1 microampere. The magnitude
response arises from minus 166 dB at 1MHz until it reaches
resonance frequency 9.13 GHz at 85.2 dB. The phase response
for this current consumption starts from O degree. It rises
slowly at 100 MHz until it reaches 69.5 degrees at 7.4 GHz.

International Scholarly and Scientific Research & Innovation 7(12) 2013

After that, it falls dramatically to minus 90.6 degrees at 11.8
GHz.

For sys, which is shown in blue solid line, the current is
designed to be 10 microamperes. The magnitude response
arises from minus 126 dB at 1MHz until it reaches resonance
frequency 10.2 GHz at 67.6 dB. The phase response for this
current consumption starts from 0 degree. It rises slowly at
100 MHz until it reaches 73.1 degrees at 7.65 GHz. After that,
it falls tremendously to minus 90.6 degrees at 12.8 GHz.

For sys2, which is shown in red dotted line, the current is
designed to be 20 microamperes. The magnitude response
arises from minus 114 dB at 1 MHz until it reaches resonance
frequency 9.23 GHz at 60.9dB. The phase response for this
current consumption starts from 0 degree. It rises slowly at
100 MHz until it reaches 71.5 degrees at 7.74 GHz. After that,
it falls dramatically to minus 90.5 degrees at 11.5 GHz.

For sys3, which is shown in cyan dashed line, the current is
designed to be 30 microamperes. The magnitude response
arises from minus 107 dB at 1 MHz until it reaches resonance
frequency 8.93 GHz at 61.7 dB. The phase response for this
current consumption starts from 0 degree. It rises slowly at
100 MHz until it reaches 69.7 degrees at 7.24 GHz. After that,
it falls sharply to minus 90.5 degrees at 10.4 GHz.
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L
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2f
My = 2C, f, +Ko, M, = 2C f, + =4k

L
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M, =2C, f, + 212 tkyum, = 2C, £, + 20 4 km, = 200 4k,
R, R, R,
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Ny =2f,045 +2C45 , + My

N, =2f,045 +2C, 4 f, +m,

N =2%0ue +2C 45 fo +my

b = 2048 fo + My

gy =0aso T Y57 + Ygss — Im7 — Oms

C; =(Cyyo +Cyer +Cyeg )
0; =NC;, 05 =nsC; + N5,
05 = n4C3 +ng, _ngss (gdSB ng) f5

4 :n3C3+n4gy_2gd58(gd58 8)f4
0, = nzcs +Nn,0, _29d58 (gdSB s) fs

) :n1C3+nzgy_2gdss(gdss s)fz
0 = nocs +ng, _ngss( ds8 ng) f1
0y =Ny0; — 204 (gdSB - ng) f

p;, = m6C3, Ps = mscs +Mgg,

ps; =m,C,+m 50, +29d58(gdss gmB) fy
P, :m3C3+m4gy+29dsa(gdsa s) f,
p; =m,C; + m,g, + 204 (gdss 8) fy
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2

f
fl

=(20,f,+20,f,+20,f, +20,1.)
=(20, f, + 20, f, + 20, f, + 20, f, + 20, f, + 20, f; )
=(20,f, +20,f, +20,f, + 20, , + 20, f, + 20, f,)

§5= (06 (Mg +1g) + G (M +1,) + 0 (M, +1 )+ G (M +1 ) + G (M, +1,) 6 (M +1) + G (Mg +1))

m, )+ Gy (Mg +1g))

,+0,))

55:(c|5(rr\,+nu)éfq,(m,an‘)drq;(m,+nz)+q,(m3Jrn:)drq1
54:((14(rn,3+n,J)+q3(m‘+n,)+q2(mz+r|1)+q](m3+n3)+qn
Sy =0y (M, +1ny )+ 0, (M, +1n,)+q, (M, +n, )+, (my +n,)
S, =Gy (My 4Ny )+ (M, +0n, )+, (M, +1,)
s, =(0, (M, + 1)+ (M, +1)), 55 = G (Mg +1, )

5 =((1s+mg)o;),

tm (15 +my)o,

(
(m,

(

+ (15 +mg)og + (1, +m, )0 + (I, +my)o, )ty
=((1s+m;) 02+(I +mg )0, + (1, +m, )0, +(1;+m, ) oy + (I, +m, )0, + (I, +m, 0)
=((lg +my )0, + (I +my )0, + (1, +m, ) 0y + (I +my) 0, + (1, +m, ) 0 + (I, +m,
((t+m,) )
(1 +mg) oy + (1, +m, )0, + (I + My )0, + (1, +m, )0+ (I, +m, )0, + (I, + My )05)
ty=((1+m, )0y +(ls +m3)o,+(l +m, )0, + (I +m; )0, +(l, +my)o, )
=((ls+my )0y + (1, +m, )o,+ (L +m,)o, + (I, +mg)o,)
( ) + (I +my )0 )

(

)o,
03+ (I +my)o,)

Ma)) stz = ( Py (M 1) + Py (Mg +1g))
n,)+ Py (Mg + 1)+ pg(m +n,))
7 (M +13) + Py (M, +1,) + Py (Mg +1) + Py (Mg + 1))

M 1% )+ g (Mg 1) + P (M, N, )+ P (Mg + ) + P (M + 1

+
+

M +0,)+ Py (M, +1,)+ P (M +0,)+ Py (M, 41, ) 4 Py (M +1,) +p, (Mg 41, )
My + My )+ Pg (M, +1,)+ Py (M, + 1, )+ Py (My 41y )+ Py (M, 41, )+ py (Mg +15)
(

) )+ pa(
)+ pe( )+ e
m,+n,)+ P, (M, +n,)+ p,(m, +n)
)+ )+ Po(mg+1;)
( )

)

)
)

(

My + 1) + Py (M +1,) + P, (M, +1, )+ psg
(
(

(

(

(my+1n,)+ p, (M, +n,)+ p, (M +1ng)+ py (M, +1n,
Mg+ g )+ Py (M +1,) + Py (M, +1, )+ Py (M, +1))

(

(m

)
)
)
m, 1)+ P, (M, +1,)+ py (M, +0, )+ p, (M, +n,)+ py (M, +n,
)
)
)

)

)
m,+ny)+ Py

)

)

(
My 0,)+ py (M, 4 1,) 4 Py (M, +1,))

My +0,)-+ Py (M, 1)), Uy = Py (M, +1,)

1SN1:0000000091950263

te = ({1 mg)0g + (I +ms); ).ty = (I +my )y + (I +my oy + (1, +m, )o,)

=((1s+mg) oy + (I + my) 0, + (I, +m, )0, + (I, +my) o, + (I, +m, )o, )

05 + (I + M )oy)

Jo,+(ls
Jos+( )
Iy +m;)o, +(l;+mg)o, + ( mn)n,+(l +my) 0, + (I, +m, )0, + (I, +m, o, + (I, +my)og )
Jo+ (I, )
Jo.+(k

+py(mg+n;))
+ Py (M, + 1))

(11)

(12)
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v, =(2p; 5)

v, =(2p, f,+2ps fy)

vy, =(2p, f,+2p; f, +2p, f)
=(2p, f,+2p,f, +2p, f, +2p, )
=(2p,f,+2p,f,+2p,f, +2p, f, +2p,f;)
=(2p, fy+2p,f,+2p,f,+2p, f,+2p,f, +2p,f;)

2pyfo+2psf+2p,f, +2p,fy +2p, f, + 2, )

2p, fo+2p,fi+2p,f,+2p,f,+2p, 1)

2p,fo+2p, fi+2pf, +2p, f;)
2p,fo+2p.fi+2p,f,)

2pfo+2p, Ty)
—2p,1,

(
(
=(
(
(2p5f0+2p‘,f1+2p3fz+2p2f3+2p1f4+2p0f5)
(
(
(
(

=(96)(Is +mg)
(q )+ (g +m;))
0 =(

0o (1 +m, ) + 05 (I +ms )+, (I +mg )

wg:(qe(l +my)+ g (I, +m, )+, (I, +mg ) + g, (I +m))

Wy = (g (1, +m, )+ g (I +my) +q, (I, +m, )+ 0 (I + Mg+, (I +my )

w, = (qs(l +my )+, (1, +m2)+q4(lz+m3)+q3(l,,+m4)+qz(I5+m5)+q1(la+mﬁ))

Wy = (05 (I +mg )+ 0 (I +my )+, (I +m, )+ 0y (I +my )+, (1, +m, )+ 0 (I +mg )+ 0y (I +mg ))
w, = (qs(O )+q4(ll+m1)+q3(lz+mz)+q2(la+m3)+ql(l4+mA)+qO(I5+m5))

W, = (0 (I +mg )+ g (1, +m, )+ 0, (1, +m, )+ ¢, (I +my )+ (I, +m, ))

Wy = (0 (I +my )+ (1, +m, )+ (I, +m, )+ (I +my))

W, = (q2(0+m0)+ql(ll m,)+ qo(lz+mz))

w, = ( (I +my)+ 0, (1, +m,))

Wo :qu(lu+mu)

Xis = (VioCoa ) X0 = (Vio Gz +VisCogy +Wop ) Xay = (Ves Oy +VioCor + Wiy )

Xy *( VioUm7 +VY5Cq47 + W, ) X 7(vggm7 +V4Cyy7 -*-wg),xs :(vagm7 +V,Cyr +WE)
( 20m7 +VsCoar + Wy ) Xs = (vsgm7 +V5Cr +W5),X5 :(vsgm7 +V,Coq7 +w5)
4 = (Va7 +ViCoar + W, )X = (VG +V,Coar +Ws ), %, = (V, Gy +ViCoy + W5 )
(vigmv0 gw\M) % = (Vo Gy +W5)
5 =(0 (I, +my))
2= (0, (I, +my)+0g (I +m, ))

(1, +m,)+0g (I +mg)+0, (I +my ))

2= (0r(
o = (07 (I +my)+0g (1, +m, ) +0g (I +mg)+0, (I, +m, ))

yQ:(07( +,)+ 04 (I +my ) +0, (I, +m, ) +0, (I +mg )+ 0, (I +m, ))
o = (0, (4 +my)+0g (1, +m, )+ 05 (I +my ) +0, (I, +m, ) +0, (I +mg ) +0, (I +m, ))
:(07(I +1my)+ 0 (I +m ) +0g (I, +m, ) + 0, (I +my)+ 0 (I, +my )+ 0, (I +my ) + 0, (Ig + My ))
Yo = (0 (I + Mg )+ 05 (I +my )+ 0, (1, +m, )+ 0, (I +mg ) +0, (1, +m, ) +0, (I + My ) +0, (I +mg))
Yo = (05 (I +mg ) +0, (I +m; ) +05 (I, +m,)+0, (I +my)+0, (I, +m, ) +0, (I +m)))
Ya = (0, (I + M)+ 0y (I +m;) +0, (I, +m, ) +0, (I +my) +0, (I, +m, ))
y3:(03(D My )+0, (b +my)+0, (1, +m, )+ 0, (I +m, ))
5 =(0, (I +my ) +0, (I, +m;) +0, (I, +m, )
= (0, (I +my)+0g (1, +m, ))

Yo 700(I0+m0)

—(p7(m5+n5))

2 =(p (mg+n;)+ ps (mg +1;))

(7 (M, +n,)+ Ps (Mg +15) + pg (Mg +15))
0=(

p7(ma+n3 +ps(m4+n4)+ps(m5+n5 *pa(mﬁns )

=

:(p7(m2+n )+ Pe (My +1y)+ s (M, +10,)+ p, (Mg +ng )+ p; (Mg +1,) )

2y =(ps (M, +1,)+ P (M, +0y)+ p, (M, +1,)+ Py (Mg +15) + p, (Mg +15))

2, = (g (M, + 1)+ pg (M, +1, )+ P, (Mg +1ny)+ pg (m, +1,)+ p, (Mg +1g)+ py (Mg +ng )

2o = (s (Mg +1g) + Ps (M, +1, )+ p, (M, +1,)+ py (Mg +15)+ p, (M, +0, )+ py (Mg +ng) + g (m
=5° ps(m0+n0)+p,(ml+n1)+p3(m2+n2)+pz(m3+n3)+pl(m,+n4)+pc(m5+n5))

2, = (P, (Mg +15) + Py (M, +1, )+ p, (M, +1,)+ py (M + 1)+ py (M, +n,))

:(pa(mo M)+ Py (Mg 1)+ p (M, +n,)+ pD(m3+n3))

:(pz(m0+n Y+ py(my+n)+ pg(m2+n2))

1:(p1 m, +n, +p0(ml+nl))

= Po("\)*”o)

(13)

+n;))

(14)
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L3 = Y13~ Zigs Ly y1z Zi20 21 = Y~ 2 Ly Ym Zig1Zi09 = Yo~ Zg
Ziog =Ys " ZgiZir = Y7 " L33 Lioe = Yo ~ZorZios = Ys T ZsiZioa = Ya T Lo Lig = Y3~ L3
Zip =Y =2y = Y1 — Z1v Zio = Yo~ %

Yi1s :( gd?) Yo = (rncgrn +120mr +512)v Yin :( g7 T hilmr + S11)

Yio = (I’g gd7+rmgm7+310) Y109 :<I’8 gu7+ragm7+59)

Yios = (ngd7+rgm7+s) Yior = (ngd7+rgm7+S )

Yios = (I’ d7+rﬁgm7+ss)’y105 (I’ gd7+rsgm7+55)

Y104 = (ngd7+l’gm7 S4)vy103 (ngd7+rgm7+s )

Yio2 :<rcgd7+r2gm7+52) Yin = ( gd7+rlgm7+sl)

Yioo = (1697 + o)

by = (tiz _ulz)vtnz ( Ulz) ty = (tn _Un)vtim = (tlb _um)vtmg :(tg _Ug)

)vtme :(ta _Ue)vtms :(ts us)vth :(tA_UA)
)’t'lDl :(t1_u1)vtwo :(to_uo)

tog = (ta - ua)!tm (t
b = (ta us)vth (
(15)

[smx13 +5%x, + 8%, 5%, + %%, +5°x, +s7x7}
6 5 4 3 2
v,, +8°%, + %X, +5*X, + 8%, + 57X, +5X + X,

A, = =A== 13 12 11 10 9 8 7
VI2 V |:s z113 +S z112 +S zlll +$S zllD +$S 2109 +S 2108 +S 2107}
6 5 4 3 2
T8 Zyg6 +8 2105 +S Zygy + 572193 + 57215 + Sy + 2y

(16)

13 12 11 10 9 8 7
{S Yz 5 Vi1 +57 V113 + 5 Vi +5 Yie 5 Yies TS Yier
6 5 4 3 2
A,= Voo _ 5 Yios +5 Yios TS Y104 TS Vi3 + 5" Yaoo + SYio1 + Yino
2 - 13 12 1 10. 9 8 7
Ve [s iy + 57, + 7y, + 8% + 8%ty + 5% +5 tm}

6. 5, 4. 3, 2.
+s thG +S t105 +3 t104 +Ss t103 +S thZ +St101+t100

} (17

{SHYm + 52y + 8y + Y + 8% + S Yy + 57ym7:H:S‘qua 4802, 4872, 480210 + 82,00 48720, + 57%}

+8 Y05+ Yigs + 5" Yigu + 875 +5 Yz + Y0 + Yo +8% 205 + 82105 + %210, + 872,05 + 8721 + 21y + Zig
545, + 870 + 80 87K + 8% + 57 [[18515 + 8% 487, + 5y + g + 5"l + 5ty

A, - +8°Xg +8°Xg + %X, +8°%; + 57X, + 5%, + X, +8%t 5 + S°tgg + S g, + S g + Sty + Sty +tygg

" 87ty + 8™t + 57y, + 8y + Sgg + 'Ly + STy || 872105 + 5724, + 82, + 872+ 872,05 + 82105 + 572
Lsﬁ‘me + 805 + 8o, + 805 + 87 + Sty +e }Lsslm + 525+ 8"2104 + 872105 + 872105 + S + 2y }

{Sﬂ Yisa 5 Yasz 8™y 5 Yasg + 5 Vg0 + 870 + 57ym7:||:5132113 4872, 4872, + 802, 4+ 82,00 + 820 + 571107}
5 Yios + " Yios +5"Yiou *5"Vioo 5 Viaz + o + Yoo
+[S]3Xﬁ + 5%, 87, + 5% + 8% + 57 + 57X7}[5ﬁ‘m + 8%, + 8+ + gy + S + 57'1‘77}
| % + 5% 8 + 5%+ 8T+ 5X + X, 5% 06 + St + 8o, + Sy + S, + Sty + g,
Ao 85t + 5y + 87y, + 87+ 8% + S"tog + STty || 52015 + 872 + 8210y + 8021+ 82100 + 82105 + 827
+5%t05 + g5 + 504 + g5 + 57t + St + g +8° 2105 + 5205 + 8240, + §72105 + 5721y + 57100 + Ty

6 s 4 3 2
+s Zios + s Zyos + s Zios + s Lo+ s Zip + SZ]G\ + i

(18)

For fully differential bandpass amplifier in Fig. 5, it can be
designed by a substitute drain current equation in the
saturation  region. After that all aspect ratios,
transconductances, drain source conductances, parasitic
capacitances can be designed and written as a function of
current consumption in MATLAB. The theory which is used
to analyze differential mode gain and common mode gain can
be seen in a well known textbook [7]. All formulas from the
(4) through (18) can be written in MATLAB with 536 lines as
an input file. In typical simulation results, it can be shown in
Figs. 8 and 9 that differential mode gain and common mode
gain are approximately equal which is very strange results. It
means that common mode rejection ratio of this circuit is
approximately zero which is plotted in Fig. 7.
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Fig. 9 Typical Magnitude and phase response of common mode gain (Acm) of fully differential bandpass amplifier as a function of drain
current R_=10kQ

V. CONCLUSION Kittipong Tripetch (M’02) was born since 15 September 1972 in Bangkok,

i . i . Thailand. He received his master degree in electrical engineering with a major

From a simulation with MATLAB, it can be concluded that  in Microelectronic engineering from Mahanakorn University of Technology
center frequency and the voltage gain of a fully differential since 2002. He received his bachelor degree in electrical engineering with a

= st major in Telecommunication engineering from Mahanakorn University of
bandpass ampllfler can be tuned by adjustlng values of Technology since 1996. He received status member of IEEE since 2002.

capacitive load, resistive load C,,R and minimum length of  After graduation, he has been employed by division of electronic and

; e ; ; telecommunication engineering, faculty of engineering and architecture,
transistors in Fig. 4 (a). The higher is the current, the lower the Rajamangala University of Technology Suvarnabhumi, Nonthaburi Campus

center frequency. It can be seen from the graph of differential  gince August 2004. He published conference paper about 8 papers in IEEE
mode gain in Fig. 7 that differential mode gain can be  Explore since 2007. He has been lecturing 3 subjects in undergraduate degree

designed to be 5 dB at center frequency of 1.16 GHz at current  courses of telecommunication engineering about engineering electronic,

. f b hat f electronic communication and feedback control system.
consumption of 8 mA. It can be seen that for current He received second place in first national integrated circuit design contest

consumption of 4mA, Adm can be designed to be minus 3.86  about buffered operational amplifier in Thailand exhibited by the National
dB at center frequency of 1.46 GHz. It can be concluded that electronic and computer technology center (NECTEC) since 2000. He has a
this circuit consumed very high current if voltage gain is a plan to pursue PhD degree in Japan or Taiwan.

stringent requirement.
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