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Symbolic Analysis of Power Spectrum of CMOS
Cross Couple Oscillator

Kittipong Tripetch

Abstract—This paper proposes for the first time symbolic
formula of the power spectrum of CMOS Cross Couple Oscillator
and its modified circuit. Many principles existed to derived power
spectrum in microwave textbook such as impedance, admittance
parameters, ABCD, H parameters, etc. It can be compared by graph
of power spectrum which methodology is the best from the point of
view of practical measurement setup such as condition of impedance
parameter which used superposition of current to derived (its current
injection at the other port of the circuit is zero, which is impossible in
reality). Four graphs of impedance parameters of cross couple
oscillator are proposed. After that four graphs of scattering
parameters of CMOS cross coupled oscillator will be shown.
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[. INTRODUCTION

HE power spectrum can be plotted with four types of

scattering parameters, namely, S;; which is called input
reflection coefficient, S;, which is called reverse power gain,
S, which is called forward power gain and S,, which is called
output reflection coefficient. The scattering parameter was
introduced to engineering communities before 1954 [1].
Scattering parameters can be derived based on two port circuit
theory. It can be written as a ratio of voltage wave incident at

port n. (V") and voltage wave reflected at port n (V, ). The

conversion formulas from impedance parameters, admittance
parameters and ABCD parameters to scattering parameters can
be seen in textbook which is published since 1998 [2], [3].

1I.CMOS Cross COUPLE EQUIVALENT CIRCUIT FOR
IMPEDANCE PARAMETER DERIVATION

It is well known that the simplest circuit, which can
implement sinusoidal oscillator is the circuit called CMOS
cross-coupled oscillator [4], [S]. Its circuit can be described as
a common source amplifier with parallel resonance circuit in
cascading with another common source amplifier with parallel
resonance circuit. The output of the second common source
amplifier which is cascaded with the first common source
amplifier at drain node is fed back to the gate terminal of the
first common source amplifier without any additional bias
circuit except two passive resistors which connects with
positive supply voltage to drain terminal of both two cross
coupled transistors.
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The small signal high frequency equivalent circuit is the
most well-known methodology to derived small signal transfer
function of any circuit. Its CMOS version has three to five
parasitic capacitances per transistor and four terminal called
drain, gate, source and bulk. So small signal parasitic
capacitances can be reprinted here Cy , Cyq , Cap , Cps,and Cgy
Usually, many textbooks in analog integrated circuit design
have been use only three parasitic capacitances to derive
symbolic formulas for any circuits but compared with
Cadence Spectre, which have strange parasitic capacitances
which are unknown in textbook. As a result, simulation results
will not be the same.

The circuit in Fig. 1 is used to analyze symbolic formulas
for power spectrum of the CMOS cross-coupled oscillator
circuit.

The proposed figure included passive resistances, which can
be seen as a probe for measurement. Another way to draw
figure is using differential probe and differential signal
generator. This circuit has four nodes but from the point of
view of circuit analysis, its node needs Kirchoff’s current law
only two times at the drain nodes of MOSFET M, and M,.

The two equations can be listed here for reference below.
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Q)
1 1
=(V, SCysn + +—+—+58C, +s(Cy, +C +—
(GZ)( gs2 T 9ast R s, 1 (gdl gdz) Rsnj

1
(VZ)[?] +Ve2 [chdl + chdz - gmz}
S2

(2)
1 1 1
:(VGI)[SCQSl +0gsa +R—52+5ng2 +R—2+£+ s(C2 +ng1)J

The other two equation which do not used KCL but it use
Ohm’s law can be written as following

V, -V,
lini :% = -V +Vg, =-IlinRg; 3
S
V, =V,
liny = ZR—GI =V, +Vg =-linaRs, “4)
s2

The next step is to derive the impedance parameter is to
write original matrix of the problem. We found that we need
to write with the size matrix of 4 by 4. It can be written as
following:

1158



International Journal of Electrical, Electronic and Communication Sciences
ISSN: 2517-9438
Vol:9, No:10, 2015

Fig. 1 Equivalent circuit of CMOS Cross couple oscillator

a,, a a 0 ||V 0 383
e e ] 77y ay;  —S(Coar +Coa2) +5m:
0 ay, @ ay||Va 0 by, = 1 _ 83 9 g m
= (%) : 218 ay 2 1
-1 0 1 0 || Vs —limRs; A= s Cb+SGh+r
11 2
o 1 0 -1]V, —linaRs) . a8, )
. . . . boo— % _%a_ $
The symbolic coefficients from matrix of equation (5) can 13 a8, a
. : - a, -2 A p 0 LG+
be compared with (1) and (2) and it can be rewritten here for 2 a, 2 b b

convenience.

where, bj,,b; are intermediate coefficients which are used to

Rg, make equation Ver = (Vo2 V2) more compact so that it should
be easy to visualize the whole equation which look shorter to
represent within one line.

1 1 1 (6)
a3 =— S(Cgsz +ng, +ng2 +C,)+ Og) + —+—+—

R Rg sk by Vs +by3V, = Xl (10a)

1
3 = _{Sca +Ga +sl_} bsoVia +033V5 = Yliny (10b)
1

1 Complexity of the intermediate coefficients can be reduced
ay, = S(Cgsl +Cq42 +C, +ng1)+ Ogr +—+—+— by comparing (5) with (8). It can be seen that there are six

Rs; Ry sby coefficients, which have value equal with zero so that the
1 intermediate coefficients can be reduced as following.
ay, =8C, +G, +—
sL, (7
ay,a, a, aja; bpaya
ap = *S(ngl +ngz)+ m2 by, :[333 —72”13 +hy, (332 - 3;”12 jj =1- 2“13 - Zajll 12

1

a, =—— a,,d,

24 _ 31814

Rs, by =| a5 - a +hy3
1

a,, — 28182 :_b13a31a12
2 a, a, an

equivalent circuit. The author derived from 4 by 4 matrix the a
symbolic formulas of impedance parameters with full
coefficients (16 coefficients) because of direct impedance
analysis method from the circuit is not different from drive car
along the road without map and label. where, b,,,0,,,bs,,by; are intermediate coefficients which

were used to make (11) more compact so that it should be easy

in comparison with direct analysis from the small signal by, = [a s — 841853 +by, [a42 ,MD =bpa, =h,

a,a

41812 || _ _

3| A — ] =b;a, =bj;
a

A A Ay Ay Vi 0 to visualize the whole equation which is longer to represent
ay Ay a3 Ay | Vel |_ 0 ®) within one line. From 2 port parameter definition in [3]
8 8 A3 Ay |Ve ~liniRs;

Vini = linZi + linaZia
3 An Ay Ayl V, —linaRs " " " (12)
Vinz = liniZa1 + lina 222
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From (10a), we can write Vg, = f(Ilin; , Vina) , after that
substitute it into (10b), we get;

Vin2 — 222 — y (]3)
lin2 by; - B350

b22
Viny _ z —xbs)

22

el o

e
b22 (b33 _#

from two equation in the third row and fourth row of (8). That
equation can be rewritten as;

a3,V + a3V + @33V, +aV, =Xl (15)

AV + Ve, +343Vo, +auVs = Ylin,

Then, someone can eliminate two variables so that we can
write the next equation as

ag\V) + Y3Vs = %1
31V Y3V = X ling (16)

ag Vi + X3l + YoVa = Yo

Coefficients which appearing in (16) can be written as;

b b
Y32 =y +aph; —[bAJ(am +aph, )= _bA
22 22

by

Va2 = 44 +aby5 —
b,

Xz_x[l(a33+a32blz)J_x[l1]
b22 bZZ

X (a3 +ayb;) Xb,

b22 b22

](a43+a42b12):71+b13+d32b12 (17)

Then, substituting (14) V;,, = Z,,1;,; into (16) and grouping
the same variable I, the other two impedance parameters can
be derived as;

Vini _ % =032y,

— ==
I a
inl 31 (18)
Vini _ Z, = yZy,
lin2 X3+ YarZs

The next step is to substitute small signal parameters from
(6) and (7) into all intermediate coefficients in (9), (1) and
(17), respectively.

Equation (11) can be written in polynomial form as;

_ —s'a, +s’a, +s%a, +5a, + 4,
22 —

s°L,C, +5°L,G, + S[Llj
LZ

2
a, =R, L,C,C, + LiRg, (ngl +ng2)

a; = LGy + LRy (ngl +ngz)(gmz *gml)

(19)
_(LICaGb + LlGle)RSl
=L,G,-LR S C, +L,G,G
=46 —LRs10m20m1 — Rsy L +0p + LG5
2
L LG
ae{fnulea)
__Rst
Q= L
A _(—sZLZ(ngl+ng2)+s(L2gm1)) 20
23 —
(87 (LoCy)+5(L,Gy ) +1)
b, _*52(ng1|-2+ngz|-2)+5|-2(gm2) @1
: s*(L,Cy ) +5(L,Gy ) +1
—sL
bys = i 22)
s*(CyRs, L, ) +5(Rs2GpLy ) + R

From (13), an impedance parameter (Z,,) can be written as;

—s¢,, +5°c5, +5%cy,

SOR,| ) ("L, +5L,C, +1)
5 +87Cy; +5°Cy; +5C;; +Cy (23)
n=
s’ (crn=Cy3)+ s® (Cor =C3)+ s’ (55 =Cs3)
+s? (Car —Ca3)+ s’ (63 —C33)+ s’ (Cy2)+sCp
Cor = LGy

Cs; =a;L,Cp —ay L,Gy

¢y =3L,Gy —a, +a,L,Cy 24)
Cy; =33 +a,L,G, +a,L,C,

Cy =a, +a,L,G, +4)L,C,

¢ =a +3yL,G, +a,

Co1 =8

¢, = L3Chay

Cor = Lhay LGy — Lhas LGy
¢, = Lya, ~LasG, ~ L33, Gy
R R LI ECH R Yo

Cp =—La, - L%aIGb - L%aOCb

(25)

2
¢ =—La - 158,G,
¢ =-Lya

1160



International Journal of Electrical, Electronic and Communication Sciences

2
¢ =13 (ngl +ng2)

¢, =213 (ngl +ng2)(29m2)
¢ =0gmbs

C3 = G LCpRs,

Ces = C3LiGpRsy —C, LiCyRs,

LR
Cs3 =C3 [ IL = ]_Cz LiGyRs, +¢,LCyRs,
2

LR
Cy3 = —(Clesz] +¢ LGy Rs,

_ ¢ LiRsy

L,

Cs3

$%%g; +57 %7, +5%Xg, +5°Xs,
ORsa| 3 2
+5H X1 + 57 %; + 87Xy, 5%, + X

2= "Xy +5%Xgy + 57 Xsy + 57Xy +5 X5y + 57Xy, + SX
72 62 52 42 32 22 12

Xg; = —C61 LGy

X71 = C5;1LhCp — €5 LGy

Xg1 = C1LoCp + €51 L,Gp — Cgy

Xs1 = C31 LGy + ¢4 LGy + €y

X4 =Cy L,Cp + €5, L,Gp + €y

X31 =1 L,Cy + 651 LGy + ¢G5

Xp1 = Cp LGy + €1 LG, + ¢

X1 =Cpp +Co1 LGy

Xo1 = Coy

X720 =Czp —Cy3

X62 = Ce2 ~Ce3

Xsy =Csp = Cs3

Xgp =Cgp —Cy3

X33 =C3 = C33

Xy =Cp

X2 =Cpp

From (14), an impedance parameter (Z,,) can be written as

s%cgy +57Cyy

6 s
5 Co4 +57Csy s*LCy +52L,Gy

50Rs,
_ssz(ng, +ng2) +stcy, +5%cy, +s[ Llj
2y - +S%,“2L2 . _ . +52024 +8Ci4 +Coy L,
—s'a, +s%a; +5°2, |(s7(cpy—Cp3)+5°(Cr —Ce3) [SZLZCb ]
+5a +8 +5% (€5, —Cs3) +5* (€ —C3) 5L,y 41

+87 (C3y = C3 ) +57Cyy +5C

ISSN: 2517-9438
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Css = —Co1 oG

Cr4 = C51L,Cp —C6 LGy

Coa = C51L,Gp —Cy +C41 LGy
Cs4 =Cs1 +C4y LG, +€5,L,C,

(30)
Caq =Cyy +C31 LGy + 65 LGy
C3g = C3y +C1 L, Gy + 0, L,
(26) Coy =Co + €11 LGy +€, LGy
Ciq =Cpy +C LGy
Cos =Coy
s'ey 15+ 51705+ 57Cos
+8%g5 +57Cy5 + 5545
2 5 4 3
-s2L, (ngl +ng2) +5°css +5%c,5 + 5%
2
+sg L2 +57Cy5 +SC;5
Z,, =-50Rg, m2 ; 31
—sta, +s’a, s’(cy —C3)
+s%a, +sa, +a, +5%(Cg —Cg3)
27) 5
+87 (G5, —Cs3) [Sszcb ]
+5* (€4 —Cyy) |\ +5L2Gp +1
3
+57 (€5, = C33)
+5%Cy, +5C),
Ciis = Cas LGy
Cios = Cga LGy +Cy LGy
L
Cos = Cg4 N +C3 LGy +Ces LGy
2
32
) (32)
Cgs =Cr4 Tt CoaliGp +Cs54 L4 Cy
(28) 2
Ll
Cr5 = Co4 N +C5 LGy + 44 LGy
2
Ll
Cos =Csq| T | +CasliGp +C34 LGy
2
Ll
Css =Cusg N +C3 LGy + 03, LGy
2
L
C45 =Cs4 N +Cy4 LGy + 0,41, Cy
2
(33)
Ll
C35 =Cy N +64L4Gy +C04 LGy
2
LI
Cys =Cig {r] +Coa LGy
2
Ll
29) Cis =Coa| T
2
s'¢ 15 + 57105 +57Cos
8 7 6
+8%Cgs +57Cos +5°Cqs
2 5 4 3
—s2L, (ngl +ng2) +5°Cg5 + 5%, + 5%y
2
4501 +5%Cys + SC,
Z,, = —50Rs, Imo Lo 25 +5Cis (34)

—s*a, +s%a, + %,
+5a, +a,

$°dy, +s8dg, +57d;, +5%d,,
+8°dy, +s*d,, +5°d;,

+s%d,, +sd;,

1161



International Journal of Electrical, Electronic and Communication Sciences
ISSN: 2517-9438
Vol:9, No:10, 2015

do; =(Cr = €73) LuCy

dg; = (C62 _063) L,Cy (072 c73) LG,

dy = (C72 —Cy3)+(Cso — C63)L Gy +(C55 — Csz)'— Cy
de1 = (Csz - C63) + (Csz - 053)Lsz (042 - C43) L,C,
ds; =(Csz = Cs3) +(Can = C43) LGy +(C32 — C33)

dap =(Ca2 = Ca3) +(C32 —C33) LuGp + € L,Cy

d3; =(C32 = €33) +(C2 ) LuGp + e LGy

dy; =Cy + ¢, L,Gy
dj=¢p,

The polynomial form of (14) can be written as;

75, + 5%y, +5'1dy
+5%,, +5°dy, +s°d,
+87d,, + %y, +5°ds,
+s*d,, +s°d;, +5%d,,

Z,, =-50Rg,
3 B 11
§7djz3+57d s+ dy3

+5',; +87dy; + 5%dg,

+87d,; + 5%, +5°ds,

+8%d,; + 8°d;; + 5%d,; + 5,
di, =Ly (ng] +ng2)cns

din = Imabotis — Ly (ngl +ng2)C105
di12 = ImalaCios — L2(C9d1 + ngz)c95
digz = ImalaCos — L, (ngl +Cy )Css
oy = OmalaCys — Lz( gd1 +ng2)c75
dsy = ImaloCrs — Ly (Cg gdz)css
d75 = OmalaCes — Ly (Cg gdZ)CSS
62 = UmabaCss — Ly (Cg gdz)c45
52 = OmabaCys — 2(cgd1 +cgd2)c35
dyy = GmalaCys — Ly (Cg gdZ)CZS
A3y = OmalaCas — Lz( )

Ay = 9maLCis

gdt ¥ Cgaz JCis

di33 =—a,dg

dp; = a3dy; —aydy,

dy3 = ay0g; —a,d;; +a,d,

do3 = —aydg; + 8305 + 8ydg; +8ydy,

doy =—a,ds; +a3dg; +a,d;; +adg; +8gdy
dgy =—a,d4 + 305, + a,dg; +ayd;; +ayd,
dyy =—a,dy; +a3dy, + ayds; +a,dg; +3,d5,
dgs = —a,dy, +aydy; +a,dy; +ayds; +8ydg
ds3 =—a,d;; + 830, +a,d;; +ady; +a,ds,
dy3 =a30;; + 8,0y, +ayd;; +aydy,

dy3 =ayd;; +a,dy; +8yd;,

dyy =a,d;; +aydy,

d; =ady,

The polynomial form of (17) can be written as;

(35)

(36)

(37

(38%)

(_SZLZ (ngl JrngZ)JrS(I-ngl))
by (8% (LoCy) +5(L,Gy ) +1)

—s*a, +5%a, +s%a, +sa, + 4

s’L,Cp +82 LG, + s(ij
L2

(55 fg +stf, +5°1;, +52f21)

Y3 =
(s +8 g + 5" iy + 87y .87 iy 5615 + fiy )

fs =-LLGC, (ngl +ng2)
fa = LL9mCy - LL (ngl +ngz)Gb

3 =LLgmG, - L (ngl +ngz)

£y = L0

for = —auL,Cy

f; =a;L,Cy -3, L,Gy

f =a,L,C, +a;L,Gy —a,

fy, =a; +a,L,G, +a,L,C,

f,, =a, +a,L,G, +a,L,Cy

fi, =, +a,L,G,

fo=29

Yag =—1+by3 + ypbp, =—1- >
Rs{

s’C, + Gy, + S
LZ

(55f51 +stf, +8° 6, +? le) =57 (Cyg1 +Cya ) + SUms

1

2

s°C, +5SG, +—
b b L

[56 foo+8° 5y +5%f, +5° f32]
2

+8% 4y +8f)y + oy
[ss foy +5 fpp +80fgy +5° fyy +8° f43}R
- s2

482 + 57 +5fp3 + T3

7 6 5 4 3 2
—(s fru+8 fga+5fg +5 f +57 15, +5 f24+sf14)

7 6 ] 4 3
7(5 fos+5 fes+5 fss+5 s+ f35)

y =
“ S8 gy +87 fy + 80 fy + 87 sy +545
+8% 55 + 57y +5Fp3 + s
5 =(feCols)
( fe2Goly + f5,Cp Ly )
3 =(fe + f5Gply + f4,Cul
(fsz + G L + f3,G,L
(

2)
2)
fi + TG Ly + Gy Ly )
2)
)

f =(f3 + G, + f,CpL
foy =(fy + 115Gy, + T0,CyLy
fi3=(fo + fuGLs +)

f03 =fp

f74 = L feaRsa, fou = Ly foRss, fsy = Ly 45Rs
fa = L TpRes, f3y = L fRsn, foy = Ly fioRs,
fls =L fRs,

(39)

(40)

(41)

(42)

(43)

(44

(45)

(46)
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f75=_fSI(ngl+ng2)L2R52

( fs1Omols - f41 gd1 +ng2)|-2)Rsz
( fOmb — f5 ng] +ngz)L2)Rsz
(

f310mals - f21 gd1 +ngz)l-z)Rsz
219m2L2)R52
$%f3Rgs +57 (T73Rgy + T + T5)

+56( fe3Rgy + foq + fos
5

fs3Rgo + fs4 + fss

)

)

! f4Rsp + fuy + f45)
)

—| +s

+

+s2

f3Rss + f24)
+5( fi3Rs2 + fia) + fosRs»

Yo =
¥ gy +87 oy +5% fy + 875y +5° f43}

(
(
53( f33Rsy + f3y + fi5
(
f

487 iy + 57 Fps +5f 5 + fs

fgs = fg3Rs,

fr6 = f3Rep + fru + fo5

fos = foaRon + fou + fes

fs6 = fs3Rsy + fsq + f55

fa6 = TasRoa + g + fus

fi6 = f33Rsy + f3y + f55

fos = f3Rep + fyy

fig=fisRsy + fiy

fos = fosRs2
Equation can be written in compact form as
[sg foo + 5 Tog +5° g +5° fsg }

0 FPRECRR FURNIE ST ST 8

0=
[58 foy +5 f5 +80fgy +8° fyy +8° f43]

+8% 45 + 57y +5F15 + fo

—s*a, +s’a, +s%a,

+sa, +a, q

s’L,C, +5°L,G, +5 L
LZ

—s*a, +5’a, +s%a,
+sa, +a,

s°LCp +5° LGy, + s[iJ
LZ

Multiply both sides of (49) with

s’LC, +5°L,G, +s[i]
L2

4 3 2
SHFSTAFSE ~| $’L,Cy +5 LGb+s[L‘]
so| LS+ 2 L

X == 1 3 2
—s*a, +s’a; +s%a, +s8, +4,

(47)

(48.2)

(48.b)

(48.c)

(49)

(50)

-s*a, +5(a; - 4Cp)

+sz(a2—L,Gb)+s[al—%]+a0 (51)
X, ==50 2
? —s*a, +s’a, +s%a, +sa, +a,
2
-s (ngl +ng2)+ng2
1
2
§°Cy +5G, +—
by, bTIT (52)
X3 =-50 ' =-50| —; 3 3
» —s*a, +s’a, +s°a, +sa, +a,

S LICb+s LG, +S[L ]
LZ

Multiply both sides of (52) with

s°C, +5G, L S’L,C, +5°L,G, +5 L}
LZ L2

L
S

X3 ==50
(—s“a4 +5a, +s%a, +sa, + ao)[sz(:IU +5G, + Li]
2
« —50(55951 +5'gy +5°g5, +32921) (54)
L=
(569(72 +5°05, + 504 + 5705, +570 +50;, + 902)
951 = _(ngl + ngZ)LICb
941 = (ImaLiCo )~ (Coar + ngz) LGy
L,
951 =(LGoOm2) —(Cgar +ngz)(l_lj (55)
2
9:=9 L
21 m2 L2
92 = —4Cy
95, = 33Cp — G,
8y
94 =3Gp — +3,G
L,
O3 = (3j +a,G, +a,C,
& (56)

After substitute polynomial form from (40), (36) and (51)
into (18), it can be written as;
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104 = feadiss

Zy = y32221 — X (57) G154 = Fsodiz3 + fadys
G174 = Taplizs + f5dip5 + fodys
5189183 + S179173 +3169163 + 5159153 +Sl49143 _'_3139133 O16s = T3oia3 + Flins + f5od) 15

Oisa = Toalizs + F3p0p5 + fi0d 3 + fiplio3 + oy

SORs, | +5'0123 +5" 0115 + 59103 + 5703 +5°043 +5955
O1aa = fioliz3 + oo + o015 + Fipligz + f5pdos + fepdgs

6 5 4 60
Z, = 99505+ 5 O (58) 934 = Foabias + fiabios + Fapdy 5+ f350105 + Fipdos + Fidgs + fpdys (60)
5199194 + 5189184 +57g,5, + 5169164 +5,54 +5' 9149 G124 = foalios + fiodyis + ooz + fiplos + fipds + fipdys + feodes
459,30 + 520100 + 510114 + 5104 + 57 Tos + 55044 9114 = :023113 + :123103 +ff22dd93 +ff32dd83 *ff4zdd73 +ffsi‘d63 +ff62dd53
= + + + + + +
+s7g74 +56964 N s5954 N 54944 +S3934 4 s2gz4 50,4 G104 = Toolio3 + Tialos + Tpolgy + T35075 + Typles + Ts55053 + TgyUys
oq = Toolos + iy + frolss + Fipdey + fipss + fipdys + ferdss
Osq = fopss + Fiotys + fodgs + fiodsy + fipdys + f5pdss + fedys
Ois3 = f51dl32 74 = foolys + fiodes + Fopdss + Fipdys + fup0a3 + fipdys + fodys
O3 = f51d122 + f41d132 o4 = Tooles + fiolss + Foolyg + Fp0s3 + fipdys + fiyd;s

Oi63 = F310i30 + Fyydioy + f5,0 10 sy = fopds; + fip0y5 + Fipdss + Fipdys + f1pd5

Qa5 = foolys + fpd33 + oy + f55d5
Ois3 = Fo1ipp + f510100 + Fydip + F516y

O34 = foodys + fiadps + fr0dy5
Ois3 = To1dimp + f5,0, 15 + F4ydigp + F510p 024 = footys + fiody5
0133 = Fo i + f5,0100 + f4op + f5dgy 91 = Toaths

9123 = Tz + Fyylp + Fyllyp + 1y After substitute polynomial form from (36), (44) and (54)

913 = fodoy + fiydgy + f4,dgy + f5,dy (59) and (58) into (18), it can be written as;

Gios = gy + F31d7, + f4ydg + f5dsy v . sz

Uo3 = F210yp + Fydg, + f4dsp + f5dyy Sl 7. = You P4 (61)
lin2 X3+ YZy X3+ Yy

g3 = F1dgy + F310sy + Fydyp + f5,03,
973 = Fdsy + f3,d + f4ydy, + f5,0y
Og3 = Fydyp + f3,05 + f4ydy,

053 = fyydy + 5,05,

g3 = f50p

= d132 f83

P =dipy fgs + disa 13

hyor =dy1p fgs +dinp 73 + i3y 3

hygy =di3; fs3 + iy fz + dypp f73 + dygp figs

hy7y =3 a3 + diy fs3 + dyy5 Feg + dign 73 + Aoy s

Pygr =0y3p f33 +dipg Fug + dyyp fs3 + dygp fs + doy Fr3 + dgy fi

hysy =3 Fo3 + 0oy fi3 + iy Tz + ygp Fsg + dop Tz + dgy T3+ dop i

Pygr = fi3p fiz +dign Fo3 + dyyp fi3 +dygp Fug + Aoy Fsg + dyy Fg +dop iy +dgp Ty

hy3p =dy; fo3 +dinp fiz +dyyp Fos + gy Fig + dop fi3 + Ay Fs3 +dyy g + dgy F3 + dsy i
hyoy =g fo3 +dyip fiz + digp foz + doy i3 + dgy Fug + oy fs3 + dey Fig + sy 13 +dyp g
hypy =dy1p fos +dygy Fis +doy fo3 +dgy F33 + dyy fu3 +dgy fs3 +dsy Ty +dyy B3+ ds; g
hyop =dyop fo3 + dop Fis + gy Fo5 + gy F35 + dgy fu + dsy fs3 + Ay g +d5y F3 + Aoy s (62)
hoy =doy fo3 + dgy fi3 + dy T3 + Ay T3 + Ay Ty + Ay T3 + Ay Fgy + dyy 25

hgy =dg; fo3 + 7y fi3 +dgy Foz +dsy f33 + dyp fus + A3y 3 +dy

hyy =dpp o3 + dea iz +dsy fos +dyy fi3 +dyy fus +dyy g

her =dg; fo3 + dsy fi3 +dyp fr3 +dyp i3 +dyy

hs; =ds; fos +dyy fiz +d55 fp3 +dn f3

hy =dyy foz +dsp fi3 +dp fyg

hyy =ds; fos +dpy fi5

hy =dy, s
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M7 =019
Mygr =115 + oy 96
Pasy = 111942 + Pag1952 + g1 G
Mygs =1y11035 + Py Gan + Mgy U5y + Nig U6
Pa3a =118 + Pag1 935 + Mg Gap + Mg G55 + 71 Gy
Moy =1y11015 + 59192 + Do U3p + Mg 9an + 171955 + Dy O
Pa12 = 111802 + Pao1G12 + o1 + Mgt + 719z + M1 9sz + 51962
Mooz = ho01902 + Mot Gi2 + g1 82z + M71 032 + Ny 9az + N5 95y + iy G
Moz = Nio1902 + g1 912 + N7 902 + Mg 1932 + MisiQaz + Ny 95y + sy F
Pigs = MigiGo2 + M71912 + M Gas +Mis1G30 + Mg Gas + M3y Gsy + 0oy Gy
72 =hi71902 + 61912 + D519 + MaiGs0 + Mi3194p + NG5y + Dy 9o
ez = Ni61902 + 51912 + a9 + 3193 + M2i sz + D1y sz + Do 96
hisy =hisi902 + MarGia + M3y Gos + M3 + 011G + Py sy + hy G
Mgz = 01902 + 31900 + 0 9 + 0y 93p + Mgy G4 + 195, + 11962
P32 = M31902 + D211 + D1iG2n + Mor8sa +hoyGa; + 1,95, + 7196
P2 =190z + 11912 + P 922 + o193, + hgi 94y + 0745, + Wy G,
P12 = 1190 + Moi9i2 + hor@2s + hgy 835 + 07194y + 0y s, + 519,
Moz = hio1902 + Nor i + 192z + 171935 + Mg 9 + 15195 + Ny 9
Ny = hoi 9oz + 1912 + 7185 + N 932 + 051 9p + 1405, + D319
hey =190z + 11915 + N6y 00y + N5y 055 + 0y Qay + 05195, + 05196,
o =019 + N61 912 + 051005 + 41855 + D31 Gs; + 1515,
gy =N61902 +hs; 915 + Ny 9o + 01935 + 15,042 (63)
N5, = hs1 90z + 41912 + 151925 + 1,05,
Ny =Ny 80, + 131815 + 1,9,
hay =13190, + 119,
hy =180,
Mes = 0s51ha13
P54 = 9sihogs + Gaihas
Poas = 95103 + 941 + 51his
Poss = Osihigs + Gaihios + U31Maes + Ua1hy5
P24 = 9siPizs + Gaihiss + 931M103 + 921hoo3
Po1s = 05163 + 97z + O31Mhgs + 9103
Poos = 95153 + Gz + O31Mi73 + 9oiMyss
Pios = Us1Maz + aihis3 + 93163 + 9oiMi73
Pigs = 95133 + aihias + O31hy53 + 9oiMigs
Pi7s = 951003 + Gaihizs + O3z + 9oy
Pigs = 951013 + Gaihios + O31h33 + 9o4Migs
Pisa = 9siPios + Gaihiiz + Gaihios + 921Mi33
Pias = 9513 + Gaihios + 93113 + b
P34 = 051hg3 + Q413 + 931003 + 921113
Pi2s = 951073 + Guihgs + 931003 + 9oyhyps
P14 = 95103 + Gaihys + G31hes + Ga1 b3
Phos = 951053 + Gyl + 931ha3 + 913
hos = 951Nz + 9aiNs3 + 931N + Gn1 13
Py = 9s1h33 + Ga1hys + 931N + 921Ng3
P74 = Os1hos + 9aihss + O31Mu3 + 03 b3
Pes = 9s1hi3 + Gaihoz + 931ha3 + 91Mu3
hsy = Gz + 931hos + 5103
fuy = g31hy3 + 9210
hy = ga1hy3

hois = fg3dis;

hoos = fgdins + fr3d;s;

hios = fg3di3 + fr30103 + fe3diss

higs = fgsdios + 130113 + fealins + fs30i55

hi7s = fosdos + f73d)03 + fe3dyys + Fszdins + Fosdiss

hies = fgsdgs + F73do3 + fedigy + fs3dyys + fuzding + f33d;5

hiss = fgsdys + fradgs + fe3dos + Fszdios + figdyys + fi3dips + fr3dis;

higs = fesdes + fr3ds3 + foades + fs3doq + Fysdios + f330 55 + fo3dyp5 + fi3dy3:

=

33 = fgalss + F3es + fo3dos + Fszdgs + fazdos + f33d 05 + fr3d; 5 + Fiadpps
hios = fgsdas + fr3dsy + feadgy + fs3d55 + figds + Fi3dog + Fo5dg + Fidyys -
hiis = foslss + fr3dys + foadss + fs3des + Fugdys + Fi5dgs + Fosdos + fi3de5 +
hios = fgatys + Fr3dss + foadys + fi3dss + figds + f33075 + Fpdgs + fi3dg; +
hoy = fgays + fr3dys + feaday + fi3dys + fuzdsy + fidy + fp3dys + fiadgs +
hes = f730;5 + fe3tys + fs3dss + fusdys + fi3dss + fosdgs + fizdys + fosdss
hys = fe3dis + Fszlos + fosdas + fi3dys + fradsy + f3des + 30

hes = szl + fustys + Fagdys + Fdys + fi3ds; + fzdg

hss = fu3dy5 + f530p5 + fo5d35 + fi3du3 + fo3dss

hys = f330)5 + o503 + fi3dss + f3dys

hyz = fp30;5 + fi3dps + fi3ds;

hos = fi3dj5 + fo3das

his = fosdis

64)

(65)
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hoys = fgediz

hogs = fgeliny + fr6013;

hios = fgeliiz + Fr6dina + feeliaz

Pygs = fgelioy + Fr60110 + Feeling + fs6lis,

hy7s = fgedoy + fr60100 + feelinn + fsgdiny + fuediz

hygs = fgelsa + Fr6oy + feedioy + fselinn + fasdina + fr60is2

hyss = fgelys + Frelgy + Fogdoy + Fsgdigy + faglipy + f36din + Fr6di5;

hiss = fgelea + 16872 + foolsy + fsetoy + faslioy + F36di1n + freliny + fiedis;

hyss = fgelsy + fraley + fogdyy + fsolsy + faedoy + f36digy + T + fiodin + foedis;
hios = fgelyy + Fr60sy + foeUer + Fspn + fuglsy + F3gdor + fogligr + fiyyy + fogdi,
hyps = fgelsn + Fraay + foolsy + fseley + faglp + Fralyy + Fr6oy + figbigy + fosdinn
hios = fselan + Fr60sp + foeUan + sy + fugley + F36d7, + Fredgy + figdoy + foediog (66)
hos = f7602; + feel + fsglay + Faedsy + F36dey + fo607n + figds; + foedo,

hes = ooty + fsslsy + fugly; + F36ds; + Fredey + figdy; + foeds,

hos = fsgdy + fuelay + F36dy; + Fr6sy + figdg, + foedoy

Ps = f4600 + Fy65; + Fedyy + figls; + fode,

hss = T340 + fyedyy + figday + foeds,

hys = fo6d0; + fiedsy + foslar

has = figdy, + fogdsz

hzs = f06d22

haz6 =Rs2hy15962

haes = Rs2ha159s2 + Rsahoosden

hose = RsaMa1594s + ReaMhgsOsz + Rszhios e

ho46 =Rs2M15932 + Rs2haos Gz + Reahios sy + ReoMissUe,

hoss = Rsaha1592 + Rsahhos 035 + ReohiosGan + Reofigs 9sy + Reafi7s9e:

P26 =Rs2M1s 912 + RsaMos 922 + Rs2Nios 93 + RsahissGa + Rsahi7s9s + Rsahyi7s9sn

ho16 = RsaMi5902 + ReaMoosGia + ReaMiosGn + Reafigs Os2 + ReoMizs Gus + Reaigs9s2 + ReohyssGgn
haos =Rs2ha05902 + RsaMiosG1a + RsaNigs 82y + Reohizs 035 + ReahiesGan + ReoMissOsy + Reohiys G
hios =Rs2Nios902 + Rs2igsOia + ReaMizs 9 + ReaMigs O30 + ReoMissGan + ReoMius9s2 + Rsohizs9en
hiss =Rs2Niss9oz + Rs2Mi7sOia + Reafigs 9on + ReaMiss 930 + ReoMiusGun + ReoMizsGs: + ReahiasGen
hi76 = RsaM75902 + RsaMies G1a + ReaMiss8as + Reahiass + ReaMias8an + Reohinsdsy + Reahyis8,
hies = Rs2Nies 90z + Rs2issOia + ReaMias 9oa + RsaMizs O3 + ReoMins Gun + Reoiis9sz + Rsahios e
hise =Rs2Niss902 + Rs2hiasGia + Reafiss 9 + ReaMias O30 + ReohyisGun + Reahios9sz + Rsohos e,
hias = Rs2Nias 9oz + Rs2MissOia + ReaMiasn + Reol1593 + ReoMiosGun + RsoMosds, + RsolksGgn
his6 = RsaMi3s 902 + RsaMasOis + Reahiis9as + Rsahios s + RsahosGan + Rsals sy + Rsahis9gn
hi26 =Rs2Ni25902 + Rs2hii5912 + Reafos 9on + ReofosO3p + Rsahes Gus + Rsos9s, + Rsohgs 9y
hite =Rs2Mi15902 + RsahiosOia + Rsafos Uy + Reahes G + ReoMys0un + Rsohes s, + RsohssGgn
hios = Rs2Mos 902 + RsaMos8iz + Rsalks 8oy + Reohis8ss + Reahgs Guz + Rsohss0sy + Reohys e,

ho = Rs2Ms902 + Rs2hes8in + Rs2his8as + Rsolgs O3 + Rsahss0ap + Rsohys8s; + Rsohis O

hgs = RsaMks 90z + Rs2hrs81n + RsaNes82p + Rsohss O3z + ReahysGap + Reohss8sy + ReohsGen

h6 =Rs2Mr5902 + Rs2Nes 012 + Rsahss02s + ReaMasUs; + RahasGan + Rsohyss,

ha6 = Rsalys 902 + ReaMes 012 + Rsalss02p + Rezhus8s; + RsoMssGun + Rsphos s,

hes = Rsalgs oo + ReaNssGin + ReoNys0ar + Rphss8s, + RyohysGun

hss = RsaNs590z + Rs2hisGia + ReoMas 0oy + Rsyhp503,

ha = Rs2Nus8or + Rsahss 915 + Reahos8s,

hss = Rs2M5902 + Rs2hus01n (67)
ho = Rs2hy580,
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D77 = Dag65Maer = Mags — Mgy

Pos7 = Mose = Mosas Nz = Mygs —Nogy
hos7 = Nosg = Msgs Doy = hypg —hoyy
ho17 =16 = 145007 = Mygs — gy
hio7 = hio6 = o4, Mgz = higs = higy
hi77 = P12 =74 i = Pres — Mgy (68)
his7 =Mis6 = Disas g =Miae —hiag
Pi37 =136 = Di3as Moy = Do =Dy
hi17 = M6 = Diias hior = Mhos — Do
hy; = hgs — oy, hgy = gs — by

hy7 = hyg —hy4.g; = heg —hgy

hs; = hss = s, hyy =hyg —hy,

hy7 =g = by, hyy =g

777 + 5%y + 57 s + 57y, + 57, + 57y,

4521, 15 + 57Ny, + 5" Ny + 5"y, +5'7hyy +5'0Ny,
50Rg, | +5" sy + 8"y + 5"y 35 + 525, + 5y + 5"y

+5°hy, +s°hg, +57h,, +5°hg, +s°hs, +sh,,

+s°h,, +s%h,,

Zp= (69)

27 2 25 2 23 2
§7 N7y +57hygr + 57 Mysy + 57Ny + 57y + 57Ny,

+5%'hy 5 + 8%y + 5o, +8"hg, +5'7hy; +5'°hy
+5"h5; +5"hy, +5h5; + 5%, +5'h, +5'%hy,
+8°hy; +s%hy, +s7h,, +sh, +57hy, +5%h,,

+s°hy; +%hy,

This is the last equation of impedance parameter in
polynomial.

It can be seen from Fig. 2 that graph of Z,; is the strangest
graph because it should be equal with Z, but it is not equal. It
can also be seen that graph of Z,, is not equal with graph of
le.

III. CONCLUSION

It can be conclude that scattering parameter graph can be
plotted from impedance parameters from reference textbook in
microwave engineering but everyone might wonder that there
are something wrong in derivation or not because cross couple
oscillator is symmetrical network but the graph result is not
symmetrical. Author apologizes for something wrong of these
graph and formulas but try very hard for this paper.

Bode Diagram
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Fig. 2 Magnitude and Phase response of Impedance parameter
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