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Abstract— The polynomial form of the input impedance
of a CMOS cross-coupled amplifier with NMOS only
active inductor are proposed. The formula of polynomial
form and novel coefficients are programmed in Scilab and
MATLAB so that the pole position of the fourth order
polynomial can be found. From experience of a simple
cross coupled oscillator design, the proposed circuit
diagram may not oscillate as a triangular wave signal
because the two poles are complex (underdamped case) but
its real part could not be minimized to 0.001 so that it has a
stable amplitude and additional two poles are real poles.
The impulse sensitivity function (ISF) of the proposed
circuit is derived for the first time so that it may be used to
derive phase noise in the future.
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1. INTRODUCTION

Simple cross-coupled oscillator and a regulated cross-

coupled oscillator are proposed and designed long time
ago [1]-[4]. A simple cross coupled oscillator input impedance
was derived to have a fourth order polynomial form. But the
proposed circuit has six transistors compared with two
transistors of a simple cross-coupled oscillator with passive
resonance circuit. The proposed circuit do not use passive
resonance circuit compared with a simple cross coupled
oscillator and a regulated cascode cross coupled oscillator. As
a result, it may have a higher order polynomial form of input
impedance because it use more transistors. The advantage of a
simple cross coupled oscillator is that it is derived to oscillate
as a triangular waveform which is plotted with MATLAB but
the disadvantage is that its triangular wave signal fluctuate
between dc supple voltage. This paper is used to describe how
to analyze and design a common source cross-coupled
amplifier with NMOS only active inductor with the hope that it
may be used as a higher frequency oscillator compared with a
simple cross coupled oscillator.
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Section II describes the description of the circuit and a
derivation of the input impedance of the proposed circuit

Section III describes how does the phase noise analysis of
the proposed circuit diagram by impulse sensitivity function
(ISF) could be derived.

Section IV describes how to design and simulate with
MATLAB the pole position and how it is moved in the
complex plane plot by varying the small signal parameters as a
function of drain current and passive capacitor.

.The active inductor may be published for the first time by
Hara [5]-[6]. They do not use the concept of ground inductor
and floating active inductor which used a single transistor as a
transconductance amplifier connect output as an input of
another transconductance amplifier. In addition, the active
inductor which use this concept have some advantage. It can
have an input impedance as a resonance bandpass filter.

The negative impedance converter (NIC) can be used as a
gyrator for a video frequency filter [7]. But this type of gyrator
can be seen as a ground inductor. The floating positive and
negative inductor can be designed with a large inductance
values greater than 2 nH which was published since 1995 [8]

The quality factor of the bandpass filter can be enhanced by
Q enhanced technique which can tune quality factor from 10-
490. This technique was published since 1997 [9]. The gyrator
can be implemented by transmission line which can be used in
power processing circuits [10]. The additional Q enhanced
technique was proposed by Yodprasit [11]. It is called double
feedback and cascode double feedback where there are two
feedback loops from the input to the point of feedback which
look like common-gate for the drain input terminal. For the
first loop, the signal propagates by common-source and
common-drain connection. For the second loop, the signal
propagates by common-gate, common-gate and common-drain
connection. This technique can boost quality factor to 12,000.

The common-gate cascade with common-source was
proposed as an active inductor core circuit for bandpass
amplifier since 2001[12]. The two transistor of active inductor
was proposed 8 circuit diagrams as the core of bandpass
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II. THE DESCRIPTION OF THE CIRCUIT AND A DERIVATION OF
INPUT IMPEDANCE OF THE PROPOSED CIRCUIT

A. The description of the circuit

The proposed circuit is called “A common-source cross
coupled amplifier with NMOS only active inductor. It is
shown in figurel. The circuit composed of 6 NMOS
transistors. The transistors M1, M2 are formed by a well
known gyrator loop which composed of two transconductance
amplifier which connected output of the transconductance
amplifier with the input of other transconductance amplifier. It
have a capacitive load at the output of the first
transconductance amplifier. The transistor M4, MS5 are
connected as a second gyrator loop similar with the first
gyrator loop. The passive circuit and bias circuit composed of
two capacitors (C1,C2) and two resistors (R1,R2). It must have
the capacitors for a degree of freedom in designing the active
inductors. It must have a resistors to bias the transistor M2 and
M5 so that it will be operating in a saturation region. The
dashed line are drawn outside an active inductor to indicate the
resonance circuit block diagram which can be replace with
various types of active inductors as a sub-circuit of the
common-source cross-coupled amplifier.
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Figure 1. The Circuit diagram of “The common-source
cross-coupled amplifier with NMOS only active inductor”

B. The derivation of the input impedance of the common-
source cross-coupled amplifier with active inductor

The derivation of the input impedance of the proposed
amplifier can be separated into three parts. Partl is used to
illustrate how to derive the input impedance of the active
inductor which is connected as the load of the first stage
amplifier which is shown in figure2. Part2 is used to illustrate
how to derive the input impedance of the active inductor which
is connected as the load of the second stage amplifier which is
shown in figure3.Part3 is the used to illustrate the whole
circuit which is shown in figure4.
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The active inductor input impedance calculation
methodology diagram is shown in the left hand side of figure2.
The high frequency equivalent circuit of the NMOS only
active inductor is shown in the right hand side of figure2.

Figure 2. The input impedance of the NMOS only active
inductor and its high frequency equivalent circuit of the first
stage resonance circuit
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sa, +as

a = Cgsz + ngl
Q= Cgsz +Cypa + ngl + Cgsl

a; = (gmz + Omp2 + gdsz)

ay = (Cdbl +C; +Cys +Cyy Jrngl)

1
a = +| —
5 = Qg1 [le

a5 = ngl + Cgsz
a; = (a2, —(a62))
ag = (a2a5 + a3, —(a69m2 - gmlal))

a = (3335 + 9m19m2)

(M
Z;, 18 the input impedance of the transistor M1 and M2 which
form the gyrator loop in figure3. The novel coefficients
a,,8,,8;,8,,3s5,84,8;,85,8, are defined with parasitic
capacitances of the transistor M1 and M2 and passive elements
such as C1 and R1.

It is useful to design the circuit to oscillate, its input
impedance denominator polynomial should be designed to
have a characteristic similar with undamped polynomial so that
its roots will have imaginary pole frequency. It can be written
as follows
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Figure 3.. The input impedance of the NMOS only active
inductor and its high frequency equivalent circuit of the
second stage resonance circuit
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2
Z;,, 1s the input impedance of the transistor M4 and M5 which
forms the gyrator loop in figure 4. The novel coefficients
10,8y1>12,33, 4,5, 4,3y7,8g are defined with parasitic
capacitances of the transistor M4, M5 and passive elements
such as C2 and R2. The equations of input impedance of active
inductor with NMOS only can be used to substitute as an
impedance load of the common-source cross-coupled amplifier
with NMOS only active inductor so that the derivation may be
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easier for analysis compared with directly analyze the high
frequency equivalent circuit in figure 4 which is shown below.
Equation (1b) may not be designed to have equal value both
sides of the equation easily. It is possible to add some passive
capacitors in parallel with parasitic capacitances of the
transistors so that an equality of equation (1b) is true.

active _inductor

active _inductor

Figure 4. The high frequency equivalent circuit of the common-
source cross-coupled amplifier with NMOS only active inductor.

By =Cgq6 + Cgas + Cgs3 + Capne
b, =Cyq6 + Cyas
b3 =ng3 +ng6
b, =Cg43 +Caps + Cgss + Cyas

bs =(bsa, +a;)

Ogses +25)

b3a4),b12 =(b3a5 - 9m3a4),b13 = (gm3a5)
by 1B, ),by5 = (By20, = by 96 )

B12Gmes + 01305 ).017 = (B30 me)

0=
by, =
by
by =

(
(
(
(
3)

(53 (ay3bs )+ (a3 +ay4bs ) +5(ay3b, +aybg )+ (a4, ))
s* (bsbs —(ay3byy ))+ s’ (bsbs +bobs — (35 +ayby, ))
+s’ (b8b7 + byl +bygbs —(14by5 —ay3by6 ))
+5(b9b7 +byobs —(ay3by7 —aybyg ))*(b10b7 ~(aby ))

in —

@)

1634




INTERNATIONAL JOURNAL OF CIRCUITS, SYSTEMS AND SIGNAL PROCESSING

DOI: 10.46300/9106.2021.15.176

Z,, is an input impedance of the whole cross-couple amplifier
with NMOS only active inductor. It is a polynomial form
which can be used to design the amplifier and oscillator. The
function inside numerator and denominator polynomial are
defined with the novel coefficients in equation (1), (2) and (3).

The graph will be programmed with levell transistor
model. The script can be written as a simple text file. The first
section of program must define levell drain current model
according to transistor model examples [4]. Drain current
model are the function of electron mobility, oxide thickness,
aspect ratio which are the width and length of the transistor
MOSFET, threshold voltage, terminal voltage such as drain,
gate, source terminal. Threshold voltage can be written as a
function of initial threshold voltage, fermi potential and a
source bulk voltage. The second section should define
parasitic capacitances calculation. Parasitic capacitances of a

high frequency equivalent circuit (C c

gs-Coa-Cap) 1 @ function of

Figure 5. Input impedance of Magnitude and phase response
as a function of current consumption

Figure 6. Magnitude and Phase response of the voltage transfer
function without input current

In comparison with the reference [19], the coefficients of
the polynomial which are listed in equation (3), (4) can be
grouped and define with the novel coefficients name so that it
is not duplicated with the coefficients in the equation (3),(4). It
can be shown as following
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From simulation results from reference [19]. The passive
resonance circuit have some value which can make the circuit
oscillate in MATLAB as a triangular waveform. From root
locus as a function of current consumption. The polynomial
form in equation (6) has some numerical coefficients which is
borrowed from successful iterative simulation of MATLAB.
These coefficients can be compared with the coefficients from
equation (5). From this situation, someone may ask whether
the coefficients b,,,b,5,0,4,0,5,0, can be designed to be

equal with b,, =d,,b,; =d;,b,, =d,,b,5 =d;,by =1

SB(LILZCXI)+52[LIL2[gdsz +RLJJ+S(LI)
Z _ 2

ne s'd, +5°d, +5°d, +sd, +1

d,=LC,LC, -LC, (ngl +ngz)

1
d3:Lle2L [gdsz j+LL2C [ Jrgclsl]JFZLl—zgmz(cglengdz)
2

1 1
dz =LC,, +LC, +LL, [gds] +E}[gdsz +*J_ Ligr%‘z
1

R2
1
d = L (Rl +gdle+L2[R72+gdszj
(6)

The fourth order general form partial fraction and the
solution of inverse Laplace’s transform can be written as
following

A A A A

s+f s+f 5+f s+f

oy Ae oy Ae

Zin(s) =

f f f .t

2, () = Ae- e
(7
From simulation results of the solutions which are related
with levell transistor model and small signal parameters of the
MOSFET. The four poles system has two couple of complex
conjugate poles. The pole relationships can be written as
following. The first pole and second pole are complex
conjugate pole. The third pole and fourth pole are complex
conjugate pole. It can be written as following.

fpl = 1:plA + jfplB’ fp2 = 1:plA - jfplB

®)
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fp3 = fpzA+ jfpzsa fp4 = prA_ jprB
)
The fourth order unknown determination derivation solution is
reference with [18]. It is derived to have a symbolic complex

number.
A=A A,
A=Ay + JAy
A=A+ A,
A=Ay + Ay

(10)
The complex conjugate poles in equation (8) and (9) and
symbolic unknown in equation (10) can be replace with
equation (7) as following

ft —f,t —f;t —f.t

M =Ae " +Ae T +AE " HAE
R L ) e o T
+(Ay + Ay e b it +(Ay + jA, e U

(11)
Zin(t):(Ail
+(Ay + iA, )
+(Ay + A, ) e ““t[cos
+(A4l+jA42 e pZAt[cos

JA12 plAt[cos plBt jsin(fplBt)}

plAt[cos f + jsin plBt)]

- jsm( pZBt):|
+ jsm( szt)

(12)

i, (1) = (A”cos( p,Bt)+A1251n( plBt))e_(f"”‘)t-#j(Alzcos(fp]Bt)—AHsin(fp]Bt))e_(f”“‘)l
( 1cos( plBt) A2251n( plBt)) (fmA)t+j(AQZCOS(prBt)‘FAzlSin(fplBt))ei(f
(A”COS( p26t) + Ayysin (£ szt)) (fpz,.)t”(ASzcos( at)— Ay sin f ZBt))ef:faﬂ)be integrated as following
(A4lcos( zat) A42sm( 2Bt))e (f“‘)t+j(A4zcos(fPZBt)+A4lsin(fszt))e

13)
The input impedance can be grouped with real parts which are
composed of 8 terms and imaginary parts which are composed
of additional 8 terms.

2nit)= A“cos(fp,Bt)+ A, sin(fplBt) e’(f““‘)[+j A, cos(fpmt)—Aﬂsin(fp]Bt) . ()t
+A,; cos( fplBt) -A, sin( fplBt) +A,, cos( fp]Bt)+ Ay, sin( fplBt)
]e(f”)‘ . _[Asz cos( prBt) - Ay sin( fszt)

. A3lcos(fp25t)+ Ay, Si“(fszt) i (o)t
+A,, cos( prBt)+ A, Si“(fpzst)

+A4,cos( pZBt) A425m( pZBt)

(14)
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III. PHASE NOISE DERIVATION OF THE COMMON-SOURCE
CROSS-COUPLED OSCILLATOR WITH ACTIVE INDUCTOR

Since the impulse sensitivity function (ISF) is used to
derived phase noise of some type of oscillator. The ISF may
be used to derived from the Fourier series which is
borrowed from the principle in reference [20]

T(wy7)=C¢y+ 5 C, cos(Newyz +6,)
n=1

(15)
The time domain function of the common-source cross-
coupled oscillator with active inductor can be derived from
inverse Laplace’s transform of the partial fraction expansion
general form which are composed of two steps for a
derivation. The first step is unknown determination which can
be derived from factorization form cross multiplication of
problem to general form of partial fraction. The Fourier series

and Fourier coefficient are borrowed from reference [21]

f(t)=a,+ s (ay cos(neyt) +hy sin (neyt))
n=1

(16)
1T
8 = ﬂ f(t)dt =
(A, + Ay e (et o)
( pIA prm)
aO :l} +(A21 JA22)e i
To +(A31 JA32)E ( + a0 )t
_+(A41 + J'A42)e7( n:rlfm)t_
17)

PIA t . . .
)The complex amplitude and complex trigonometry function

7( fn“)t

I (A +JA,) (pmﬂfpm) T
(fplA+prlB)
+ (Ay + JAzz) (mA e )t
. _ 1 (fplA prIB)
T (At A (e
(fp2A+przB)
N (A41 JA42) (m ifoos )t
i (prA prza) 1o

(18)

After take integration limit in equation (18), it has a result as

follows
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e nat +e” t
2

in,
}dt

(20)

The Fourier coefficient can be performing integration easily

by separation of the exponential of positive and negative
imaginary part as following.

(Ar i) (ot g
(DlA prlB) Jn(uO
an:i} +(A21 JAzz) e it
U0y + g g
e
(A e ot
( pIA prla) —jnat
W2 (Ay+ Ay )e e "
2T 0L (g + g et
(A41 ]A42)e ( p2A pr E)te*mw0 |
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The Fourier coefficient can be performing integration easily

by grouping

of the positive and negative exponential of

imaginary frequency as follows

— |
S e—

( JAlz) (plA (fpm—nwo))t

JA22) ( ma—i(f p,B+nco“))t

dt
+i( fpzs—nwo))t

jAsz)e_( "
jA42) ( b2 j(prB+n(x)0))t

A+
(A +
+(A31 +

(A + ]

_( iA, ) ( st (fp,B+n@,))t
i e )
1A32)e ( paat (fp23+nwn))t

]A42)e ( p2A j(f na)ﬂ))t

dt

A+
(Ao +
A+
(Au+ |

(20¢)

The integration of exponential of complex frequency can be
performed with equation (20c). Then, the limit of integration
(which are the period and zero) can be seen at the right hand
side of the bracket.

(A1 +iA)
_( foia+ j<fplB —Na, ))
n (A + jAn) e
_( foia— j(fplB +nw0))
+ (A +iA,) e
_( foaa+ j(prB _na’o))
(A +JAs)
—< foaa— j(fsz +Nay ))

(An + inz)

e_( fP|A+j( fplB_an))t

_( fplA_j( prB+na)ﬂ))t

—( fornt i fpw—nwn))t

. e—(prA—j(fPZB+nw0)>t

ef( foat i fp,5+nw0))t

d

fora+ i fpis +ney )

(A21+jA22)

ei( foia— J( foie—ne, ))t

+

_( foia— j(prB —na)o))

(A31 + JA32)

e—( foanti( fpze+nw0))t

+

~(foan+ (oo +n )

(A41+jA42)

e_( flJZA_ J( fDZB_nw" ))t

The minus

_(prA_j(prB_nwO)) 0

(20d)
sign is the result of integration of exponential of

complex frequency as a function of time. This minus sign can

be move out

of the bracket. Then, the limit of integration can

be substitute into the time variable as follows
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It is necessary to multiply each denominator with its complex . . . . .
. . . . . The Fourier coefficient can be performing integration easily
conjugation to each term in equation (20f). As a result, it can . . o .
; by separation of the exponential of positive and negative
be written as follow imaginary part as following
(Ar+iAs) [fmri('ms*"%)Jgw(v.w—m«.)iw (Ar+ i) {fw’J‘('wﬁ*"‘“U)Je*('mtl(u.wwW
(%m*l(fpm’n%)) foia= i (o —ne) (fmA*J(fpls"“wu)) fora— i ( fpim +ney)
(Pt ian) [ Tonti(fpe+nan) ], (ot 1) [ ot i =00b) | (1,0ci(0,0mmm ) n
Lt (Forn— (oo +nep)) { forati(f uva”‘(”o} . (o= i (fpie —nen)) { [ nwu} (A11 JA12) ( st mB) eJ at
T (A1 + iAs) { p2a= 3 (fp28 =120) | (t,000i(t0-00 )T (A +iAn) |:'nA i( ps”‘“n)] )T B n .
(foa §(Fpas—nay)) | fp2a=i DZB’"' %) ) (1 nA*J( nza*”%) fon—§(Tpon +nen) 2 T +( 1 + JAZZ)e (fplA prlB)tejnwﬂt
(Au+ iA) { o2t 3 (Fo2e +100) | (1,1i(1om)r { paati(fpe )} o Dy = —I dt
(fpu*j(fpm*”ﬂ’u)) faat §(Fpas +ney) ( p2A~ J( pza*"”n)) [ "1“\)) ZJ)T 0 ( | JA32) ( p2a™t p’B) e]nwo
(AL +iAs) )X 'D‘A’JE ulB’"“’n; (A +iA2) foin— i ( Tpis + Nt ( )
(Fora* i (fos—ne)) | fora=3(fpe—ney (Fora+ 3 (Fpa+nen)) | fora—i(fors +nep) . ~(foaa—ifoae )t inaat
(Ao + iA,) { wiat i uva*”“’u} (A +JA) { p\A*J piB ~ ’l’u)} ( 1 + JA42)e € ’ a
1 (foa=i(Tpa+nen)) | foia+i(fos +nep) fon—i( pm—nwﬂ) foiat 1 (foe—ney) r ( ) -
T (A iAs) {fu (fy20 -1y )} (A + iAy) {'m i pzww)} (A + jAlz) it e g inat
(Foan+i(fps—nay)) | fpan=i(f pzrnzuu) (Fpan+i(fy s+nwn) w22~ ( fpos + Ny ( )
(A +iAn) paati(f pzs*”"’o)} (A +JAn) { p2a+ §(fyn = “%)} T pia=Ifois —jnat
(fo2a=i(fpaa+ny)) { foant §(fpon +nep) (Fpan=(Fpae—ny)) | fpan+ {fpoe —nen) _ 2 J‘ +( 1 JA2 )e € dt
(2] T 0 ( | JA32)e ( paat pZB) e Jﬂa)‘,t
(202) (it ) jrent
(A + iag)e (ot
(21b)

The Fourier coefficient can be performing integration easily
by grouping of the positive and negative exponential of
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imaginary frequency as follows

(All JA12) A et (Fors e
T R
To (A + A e (fyant i( o)t
(A41 JA42) ( P2A J(fnzs+n600))t
_(A” JAIZ) (DIA (f013+n&)0))t _
jT (AZI JAZz)e ( pIA J(f,,mfnwo))t
T dt
! ’ +(A31 JA32)G ( p2at (fnzs"'nﬁ)ﬂ))t
(A4l JA42)E ( p2A J(fpza_na)o))t_
(21¢)

The integration of exponential of complex frequency can be
performed with equation (21c). Then, the limit of integration
(which are the period and zero) can be seen at the right hand
side of the bracket.

(AL +IA) e—(fmA+j(fp]B_n%))t T
_( foiat j( fo— na)o))
. (A + iA,) o Tn (s 510,
b - _( foia— j(fplB +na)0))
T . (A +JA,) o fonti(Trza—nan )
‘( fooat+ j( foop — na’o))
.\ (A + jAp) o (Fami(fa o )
_(fpzA— i(fpae +na)0)) ,
(At iA2)  (triltienalr |
—(fp1A+ i(foe +na)0))
(Aot 1) {fami(fyemna)
j _( foia— j( fois — na)o))
T N (A +JA,) o franti(Tgna )t
~(foan+ i( Fpos +ny )
N (A +Ap) e—(f,,“—](f.,zs—nwo))t
_(prA_j(prB_nwO)) 1o
21d)

The minus sign is the result of integration of exponential of
complex frequency as a function of time. This minus sign can
be move out of the bracket. Then, the limit of integration can
be substitute into the time variable as follows
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(AitiAa)  {tsi(famna)T (AL +iA2)
(fmA*j(fplB*”wo)) (fmAJrj(fplB—nwO))
(A +iAy) (T i(fpesna)T . (A +iAn)
b d (fplA_j(fplB+n(ut))) B (fplA_j(fplB+nwD))
DT (AatiAy) (i || (A A
(prA+j(prB_n(UO)) (prA+j(prB_nw0))
4 (A +JAn) efl'"wjl'"wn@,)ﬁ N (A +JAn)
L (prA*j(fpzs +nw0)) L (prAij(prB*’nwO))’i
(AL +iA,) o (fonti(fuornar )T (A1 +JAs)
(Toia+ i fore +nay)) (Fpia+ i(fore +1ay )
o (AriA) (i) ||, (AutiAR)
j (fplA’j(fpla*”%)) (fmAfj(fp,B—nwo))
T (A +A) e*(fuml(fﬁﬁ"wn))'r B N (A + An)
(fp2A+j(fp25+nmu)) (fp2A+j(prB+nw0))
. (Ay +JA,) et | ] (A, +JA,)
L (prA*j(prB’nwo)) | (prAfj(fpﬁBinwo))i_
Qle)
(A1 +3A2) il (A1 +iMa)  Atri(fuerna)T
(foia+ i(Foio ~n)) (Fpiat §(Form +ney))
. (Ao +JAn) o foni(fostnar)T . (A +iAy) o (o=t )JT
- (fora = (T +nap ) | (fon=i(faie —ner))
T (A +A,) e*('vmi(f,;fﬂwﬂ )T (A +A,) e*('nmi(f,mﬂ%)ﬁ
(Foanti(fpoe —ney)) (Foaa+i(Fra0 +1))
o (AatiAg) i) ||, (AutiAe) (i)
Il (foon—i(fpoe +ney ) 11l (Fraa=i(Fpoe —ney ))
(A1 +iAn) nr (A1 +iAn) 1
(Fpia+ J(fop +ne)) (Fora+ 3( foip —nen))
4 (Ao + A ) N (A +JA,)
i (fplA—j(fpls‘nwo)) (fplA—i(fpla+n‘Uo))
T aarime) (] (A A
(o +i(fpos +13)) (Fozat i(fpos —ney))
4 (A +iAn) (A + iAn)
L (prA *j(fpza *nf"u))_i | (prA - j(prB + n“’o))_

(219

It is necessary to multiply each denominator with its complex
conjugation to each term in equation (21f). As a result, it can

be written as follow

(A1 +JAL) . foia—i(foie =Ny o (st (a7
(ot (fae—n@y)) [ Fora=i(fors —ney)
(Ao + §A) fplA*J pm*nlb\y ol
(foa- J( p\sﬂw«;)) fouat J(fore +n@y)
foaa— J fo— "‘) PR (Y
92A+J pa’"wn fpaa— J fos— "%)
Au iAn) Fpan+ 1 (Fpom 100 (1,
b d foan— 1 (Tpae +100)) | Fpant J(fpoe +ny)
foia l ple*“"’u e(f +i(
plA*J po*nlb\) fora= lfpm""”n
(A +iAy) foiat i ( fors =Ny ) it n,
(fmA’j('mB’"%) forat 3 (foe =)
(A + JAn) foon =i (Fpas + 1) ol
(fpz,u-j(fpl,ﬂ-nmﬁ fooa—J( fpop +Ne)
(Au+ An) pzm( 20 =100 | (1,11
L L (fuzA*j(fpzs’nﬂ'\) A*J( pa’"(’u)
(At iAs) Foin= i (fpie *+net) S )
(Fon+ i (foie+ney)) [ fora—i(fors +nar) (fora* 3(Foie=nen)) | Fora= i (Fore —ney)
(A + iAy) foiat i (fpie =) (A + iAys) fouat J(fore + @)
il (foa=i(foe—ny)) | fora+i(fpe—ner) (fp,rJ(fp\wn%)l foat i (fon+ney)
T (A + i) f2a=d(fpop +n0n) (A ity) [ fonmi(fps—nar)
('nZA*j(fpzs‘f““'n)) foon=(fp20 + 1) (fpzﬂi(fp:rnw)) fpoa=i(Tps —n)
(A + iAo) foon t §( T2 —00) (Au+ iA) Front §(fpao +100)
(fp:A’j(fpza’”%) pA*J( 028~ nwu) | (fpz,.\fj(fmdrnwﬂ)) pZA+]( pB+n{UO)

(21g)
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A,lfpmﬁ-j(l\zfplA—A‘,(fp,E—n(oo))-v-A{Z(fms—nwo)l-e T ”T-l]
fpz,,ﬁ(fp,a—nwu)2 L
AzlfDIA+j(Azzfp]AJrA:,(fplB+nw0))—Azz(fp]B+nu)0) (torei(tyasnn)

f,f,A+(fp,E+nm0)2 Le 71}
R NSy RIT
2+ (T ~ 1))’ L
Aﬂfpz,\Jrj(Aufp:AJrA,,(prBJrncu‘,))—A“(fpmJrnz,)(,)ref T ))T,l}
i f,fZA+-(fpz,;+-na)(,)2 L
T A“fp,A+j(A,meA—/-\“(fp,B+nw0))+/-\ﬂ(fpm+nwu)[e ot i( ))T,l}
f;,A+(fp,E+nmn)z L
Aoifoat j(Azzfp,AJrAg,(fp,B -nwﬂ))-An(fp,E —n(un)(e - 71}
20+ (Tpis Ny )’ L
_ vAslfp2A+j(AnfpzA—A”(fpw+n100))+A32(fp23+nw0)(e ot sn )T 71}
f§2A+(fPZB+nw0)2 L
‘AﬂfplA*j(AﬂprA*Aﬂ(prB'”"’0)) Aot pZB_”"’O)(e i(f,, nq))T7]:|
2+ (T ~1y )’ L |
(21h)
Cip1 +C,+C

1
(Cgsz +Capa +ng1 JrCgsl)[gdsl +(EIJJ:7(gm2 +Omb2 + gds2)£+c 12 +Coq
g g

1
(Cgsz JrCdbz Jrngl +Cgsl )(gdsl +[EJ]
1

(gmz + Ompa + gdsz)

(Cdbl +C;+Cysp +Cyq +ngl):_

a,a.
Cl = _[%J_(Cdbl +Cg32 +ng2 +ngl)
3

(1d)

IV. A DESIGN BY SIMULATION WITH MATLAB

A design by simulation with MATLAB is performing by
declare the levell drain current formula with 0.5 micron
process parameters from textbook [4]. The small signal
parameters such as transconductance, drain-source
conductance and parasitic capacitances can be computed by
MATLAB. Six Aspact ratio (width and length) of the
transistors can be designed by assuming drain to source
voltage and gate to source for each transistors. Usually,
drain to source and gate to source voltage drop of the input
transistor M3 and M6 have a half supply voltage drop.
After all the physical constants are defined in MATLAB,
the small signal parameters are computed. As a
consequence, the coefficients in equation (5) can be
determined as a numeric. For example, input impedance can
be determined as

Volume 15, 2021

($°big +57byg + sby +Dy. )

("0 + 87y + 57y + Sy + )

in =

by =1.188x107* b,y =2.73x107>*
b,y = 2.605x107%*,b,, =7.026x107"
by, =2.166x107°,b,; =1.052x107° b, =1.634x107°
bys =1.44x107% by, = 5.679x107"
Ky = 2£,Cox = 1.6698x107*
C, =C, =1x10""F,R = R, =11.66kQ
(22)
Drain current of transistor M1, M3, M4 and M6 are
designed to have the same current with 60 microampere. So
that aspect ratio of these transistors will be above 1 (1.122).
Drain current of transistor M2 and M5 are designed to have

the same current with 220 microampere. As a result, aspect
ratio of these transistors will be above 1 (1.029).

gszJ
1

(°big +57byg + by +by, )

o o 1) (57 fa )5+ fp)(5+ 1a)
fo =—4.8550x10%

fp =—1.7541x10’

fo3 =8.7705x10° +1.5195x107i

foe =8.7705x10° —1.5195x10’i
(23)
(%1 +7yg + by + by, )

(5*bas + %55 + 5By + Sbys + by )

in

big =3.2151x107*" b,y =5.286x 107

by, =1.2681x1072!,b,, = 7.0258x107"2

by, =6.0495x107°%,b,; = 2.0205x107%,b,, = 2.1085x 10~
bys =6.3840x 1072 b, = 5.679x 107"

K, = 14,Cox =1.6698x107*

C,=C,=10x10""F,R =R, = 11.66kQ

(22b)
(8°big +57byg + by +by, )
Zin =
(s for )(s+ oo )(5+ Fos ) (5 + oa)
for ==3.3399x10%
fpy =—6.5488x10°
fos =3.2744x10° +5.6742x10%
foq =3.2744x10° —5.6742x10°
(23b)
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(%1 +57yg + by + by )

in —

b =2.5903x107 b,y =3

(5"bas + %55 + 5By + Sbys + by )

.8563x107%°

by, =1.1197x107'%,b,, = 7.0258x 10"
by, =4.9104x1072,b,, =1.4865x107,b,y, =1.26187x107%°

bys = 5.49448x 10722 b, =
K, = 14,Cox =1.6698x107*
C,=C,=10x10"2F,R, =

5.679x107"

R, =11.66kQ

(”big +57byg + by +by, )

o o 1) (57 T2 )5+ )5+ 1a)
for ==3.027x10%

foy ==7.2390x10"

fo3 =3.6194x10% +6.2985x10%

foq =3.6194x10* —6.2985x10%i

(s3b18 +5%0;y +

byg + b))

in—

(5*bas + 5%y5 + 57Dy + Sy + by

by =2.5897x107" b,y =3.8550x107%°
by, =1.1196x107"% b, =7.0258x 107"
by, =4.9093x107*,b,, =1.4861x1072,b,, =1.2611x10™%
bys =5.49359x107"% by, =5.6791x107"

Ky = 14,Cox = 1.6698x107*
C,=C,=10x10"F,R =

z

R, =11.66kQ

(5% +57big + by +by,)

in =

for =—3.027x10%

(s Fou )(s+ Fpa ) (5+ Fos ) (s+ Fpa)

, fhy ==7.0898x107

fo3 =3.5406x10° +6.4316x10%

f4 =3.5406x10° —6.4316x10%i

V. CONCLUSION

(22¢)

(23¢)

(22d)

(23d)

From simulation with MATLAB, the proposed circuit may
not oscillate because real part of the pole could not minimize
to zero by varying capacitor or drain current. The Fourier
coefficient of the proposed circuit can be derived to have a
complex amplitude and a complex form of trigonometric
function. The impulse sensitivity function could be plotted
from the derived equation. The future work may try to derive
the input impedance of other type of active inductor with the
hope that it may oscillate in the structure of common-source
cross coupled with active inductor.
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