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A Method of Calculating Ratios That are Taken Between
Two Harmonically Related Complex Signals

LIN Mao- liu, SUN Hong jian, JJIANG Jing, WU Qu
(Dept . of Electronics & Communication , HIT, Harbin, Heilon gjiang 150001, China)

Abstract: We present a method for preserving time invariant phase relationships, through introduce
a third signal as a reference, when ratios are taken between two complex signals that are harmonically re-
lated. We prove that the theory taking fundamental signal as a reference to be able to eliminate the phase
ambiguity is effective. After that we provide a simple example to illustrate this conclusion and show how to
apply this technique when calculating nonlinear large-signal scattering function. In the practical application
this algorithm manifests to have a bro ad application prospect.

Key words calculating ratios; harmonically related; phase ambiguity; nonlinear large-signal scattering function

1 2
92
[2]
R= s a) (1
’ X .
y Ixlza |ylzq ; ) 2
(1) . ,
, n ®,, 0.(t) o,
( ) , ,
( 0(1) = ot + e,,zf" dt+ Q,n= 1,2,3. (2
/ ) @, n , 0, n
\ ., 0 <O,< 360,t,
m Jt
: 2005 05 10; : 2006 0F21
( No. 60372501) ; ( No. 51417050304HT0136) ; ( No.

51487011504H.T0101)



6 1131
, . b, j=1,2,3.. ch,m=0,1,2,3 ... ( 10)
= no,  n= 12,3 (3) (10) i/
(2 . i j . 366/ . .
e;(t): ('Qt+ ei:i®1t+ 9; n 7y
Jinj= 1,23, e (4
Oi(t)= wt+ O=jont+ 6 (6),
(4) ’ TS T S £ LT N I L UM S I S S
Y; tonoon J bonoo
’ 7 . i,j,n=1,23...... (11)
’ (1 , i/n j/n
’ . i/n j/n . (10)
. il]j n=1 i/n  j/n
1 J
x oy, : . ’ '
i . 1 .
xi= |xi |20, y= ly;| 29, (5 Ry= Ty 400 =0, msor= 5=(0 = 0., ) o]
]
s | ' iz 1,2, 30 (12)
PP . o
> , 360
R,= X
(0 <0< 360°) i= Ty,
i > ([0t + 6 Tmoases = 1[ @rt+ 01T mod366) mod %0°
j 1 Z 1 . . ,
0 - j_([J")lt+ 0i 1 moazr = JL At + 01] mod 360° ) mod 368
i/j , K ij= 1,23 (13)

’ ! , ,Oxi
e’j ! J
: 4 () 6() .
360° s
O, = [0:(t) ] mat o= [1@1t + 0; Juoaseo
, i,j=1,2,3......
0y, = [6;(t) Tmatzsr= [ @1t + 60 Jmoasar
(7
(7 (6).
Rij: _Ixi IZ[[iﬁ)lt*’ei]mmlgﬁg— {_[jmlt'*'ej]mml]ﬁ(f] ,
Yj ]
i,j=1,2,3...... (8
) , t

s

R;= -i;—;i—é([iw.w 0;— h x360°] - jl—[jle 0;- m x
360P]) , i.j= 1,2,3 onen ch,m=0,1,2, 3 ... (9)
(9 h m [10t+ 0 Jnaer  [jOrt +
0; Tmodzer , (9)
Ry= o0 2([0,- 0,1~ [(h- +m) x 3607)
Yi ) )
= PR 210 ilei]+(ji—m)x360°)

([iot+ 8 - ax 360]- i[@t+ 0= bx360]) ma s
/ .
[_ j‘—([jm,uej— ex 360 - jlot+0,— dx 360’]%«13«)"]
(0i= 10— (a= i xb)x 360) neasar
X / .
v, [_ jl_(ei_ j0i— (c- jx d)x 360) ,,md3é(f:|

= :: 4[(9,— iel)mm”(,(y— ;_(e]— jel)mod}()()“] )
i,j=1,2,3.....5a,b,c,d (14)
100 <0, < 3607, 0= 0, (14)
R,= {;—:}z[ei_ —ej],l,J_ 1,2,3 00 (15)
(15) ,
, ( ) 0.,
( 0u(1)) . (7)
0,,= [0 (1) Jmoaswr = [ At + 01] moaer (16)
(12) , ( ) 0.,



2006

136°= 430°= 70° y;= 0.8 £70% . 2
x2= 1.2.290° y;= 0.8210°.

l

i=2,j=3, (6) (12)
(17) (18)
R.= ||sz4[@“_;@] (17)
y 3
Ri= %4[(9“— 2,) - %(9,.‘— 3&)] (18)
R:; )
1t 2t
(17) (18), R» Rx
1 )
1 1t 2t
1t 2t
71 z1= 1£0 z 1= 1£100° z1= 1£200
X2 xo= 1.2£50 xo=1.22£250° xo= 1.2£90
y3 y3= 0.8£130 y3= 0.8£70° y3= 0.8£10
Ry 1.54£323.3% 1.5£203.3% 1.5£83.3%
R% 1.54£323.3% 1.54£323.3% 1.54£323.3%
1, (17) R
; (18) R,

1132
5 ) S
6*; e)j , 0,=0 to 0 ¢ 5 )
) ) S- )
0= 0 to; 03 , 2
(12),
. , 1
3 fi (
) 2
) ) [4]
z,= 1Z£0 0.5Mm  MESFET
s Z1 5
x,= 1. 225, ys= 0 8 Z13(F,
0= 50° 0= 13CF; t, 2G Hz, 20GHz.
It z1 100°, B.= B(t)=2xa+ )
B=2xa+ 5= 250°0,=0(t)=3x @+ 0;=3x @+ an _ L5V 3V

216 T —— 136.2
B 14F \ et T 1136
% \ ."-.
FSP) 3d13s0
S Sy 0 ; i
1 & ’ : \
) ﬁ- 10} - \§1356
2. 1 -
S §_ 939 -1‘ﬁo 5 a 5 10354
|a | _ j a,/dBm
11 - -
20dB 15 Bl ZFI1RORAZMES 2HORY
m : EUESRATRBESE L.
6dB VBSR4
lay = 10dBm
8. 5dB; < o : N
g ; -
36 . ’% et
|8.11 | = - 20dBm Lﬁ,
- 46548 g 8055 150 5 o T 7040
|3. 11 | = 10dBm @ ay/dBm
- 5.9dB, F2 Z IMORAESES 2RO%
o HERBEE SRR TRBENS
- 37 ¥ Lo HYMELBE S AR
- 120°
( ) AM/PM



1133

[1] Jeffrey Jargon, et al. Calculating ratios of harmonically
related, complex signals with application to nonlinear
large signal scattering parameters| A |. 60th ARFTG
Conference Digest| C]. US: IEEE MTT,2002. 113- 122.

[2] Jan Verspecht, et al. Linearization of Large signal scat-
tering functions[ J]. IEEE Transactions on Microwave
Theory and Techniques, 2005, 53( 4) : 1369- 1376.

[3] J A Jargon, et al. A method of developing frequencydo-
main models for nonlinear circuits based on Large signal
measurements[ A]. 58th ARFTG Conference Digest[ C].
US: IEEE MTT,2001. 35— 48.

[4] , .

[J]. ,2003,31(9) : 1320- 1323.

LIN Mao-liu, YU Hai~yan. A novel Large signal model-
ing method for RF power components[J]. Acta Electron-
ica Sinica, 2003, 31(9) : 1320~ 1323.( in Chinese)

[5] A Cidronali, et al. Millimeterrwave FET modeling using
orwafer measurements and EM simulation [ J]. IEEE
Transactions on Microwave Theory and Techniques,

2002,50( 2) : 425- 432.

© 1994-2010 China Academic Journal Electronic Publishing House. All rights reserved.

[6] Jan Verspecht, et al. Accurate on wafer measurement of
phase and am plitude of the spectral components of inci-
dent and scattered voltage waves at the signal ports of a

nonlinear microwave device[ A].IEEE MTT-S Interna-

tional Microwave Symposium Digest [ C]. US: IEEE
MTT, 1995.1029- 1032.
, 1943 10 s
1967 s
, IEEE s s
NOSE TO-NOSE S

. E mail: mllin@ hope.

hit. edu. cn

,1979 12 s

- E mail: shj1. 1@ 163. com

,1983 3 s

il

.Email: jjshj@ 163. com

http://www.cnki.net



