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(A Study on the Nonlinear and Linear Analysis of

Microwave Diode Mixer)
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Abstract

A technique is suggested which enables the large signal current and voltage waveforms to be
determined for a GaAs Schottky-Barrier diode mixer by extracting the algorithm for the nonlinear
circuit analysis from the Gauss-Jacobi relaxation and the application of the Harmonic Balance
Technique. Both the nonlinear and linear steps of the analysis are included.

This analysis permitts accurate determination of the conversion loss for microwave mixer and
the computer simulation provides an method applicable to MMIC design.

The validity of the nonlinear and linear analysis is confirmed by comparing the simulation
results with experimental data of the conversion loss.
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CENTER 1.250 00 GH VBW 3kH “SPAN 5.00MH
RES BW 100kHz 2" M2 cE'S0.0msce
@
RF IF
— —_
[H H_]
#p REF 0.0dBm ATTEN 10dB
10dB/
00
DC bias (j 1
LO < semtid
a2, #Fits dolex BG
Fig.12. Designed diode mixer.
START 11,550 GHz VBW 3MHz STOP 12.250GHz
ZEA U}_o'ﬁiég% 7] _rd_% bt%%%; o] 2.45, RES BW 3MHz SWP 20.0msec
FEE Ervﬂ 0.762mm, ##E 57 0.035mm<el HZE (b)

Z1gkolw], Fitsl Ea%He el 23l12e} FobfE
8BS sldld, RFF LOEHE 24 Hp 8620C =
A= BiRBE ol EW L, PIEL 8566B ~H e i
HERg AEshel stgch i d IFEW%e) wh B
W Rt 1133 gkl

BIE KEH 1. 25GHzol 4] 4. 6dB 2] 8 aE% o] o
ok BE 3. 78dBste} zole wlolmzAER &
BR ol Rt BE o BEABEE N3 embedding %
Al Wle] o IFYsedsg] o7kl Wile) 9
B Aoz RHEED, 2 EEZA FREKS enha-
ncementoll 7ho| Bzl B Aol

&
-]

I T & ulol 2 2k IS 98l
Gauss-Jacobi decomposition relaxation H#: 2 2 H-¥|
dneES Eiey, FEHE HRKERS EAskdA
Harmonic Balance Hithk-& #H Al 7]t}

o] J< Newton-Raphon 77&—‘4-"; el Y@
of ZHAlelo] global Yrgkol FTHEES At
TAREE &Rt K&t E@@ﬁla %

VI. #

=4 L
= X

X %H

Ea
FYdoz

(487)

I3 JiES Baft
(a) Af) PR
(b) FHIEE B
Fig.13. Measured mixing characteristics.
(a) Intermediate frequency.
(b) Frequency band characteristics.

WesokBE 5 mEA 2 5 A& Bk
ol BTHEL BA%d #niELk L B

hE O YEE HEBEEES] B BA%e
A BARIERE BB RES 4 od, MIC
2 MMICEH:Eto] BHE 4 UE Aok EBE= 3.78
dB 9] ###iH%k S 2+ Ku-lo Rl SnigH o
ojlex REBES Fitstel 4.6dB] #EL L 600
MHzIA k9] W& #miE-S 44 5+ Ao

A PHotol el HE:e HiFN e 43kl 2 AltH
WeEdE, BRe 4 Y Bak Fo FRE G
Bmirol = #A FIEEsialal We



K st

(2}

(3]

(4]

{5]

(6

[7]

(8]

{9]

2 E UM

Thomas W. Crowe, “Conversion loss in GaAs
schottky-barrier mixer diodes,”” IEEE Trans.,
MTT-34, no. 7, pp. 753-759, July 1986.
R.A. Pucel, ‘“Design considerations for
monolithic microwave circuits,”” IJIEEFE
Trans., MTT-29, pp. 513-534, June 1981.
Tri T. Ha, “Solid-state microwave amplifier
design,” John Wiley & Sons, Inc., 1981,
Jacob K. White, Alberto Sangiovanni.
Vincentelli, ‘‘Relaxation techniques for the
simulation of VLSI circuits,’”’ Kluwer Acade-
mic Publishers, 1987.

Robert Soares, “GaAs MESFET circuit
design,” Artech House, Inc., pp. 227-245,
1988.

Ulrich L. Rohde, “Harmonic ralance method
handles nonlinear microwave CAD pro-
blems,” Microwave Journal, Technical Fea-
ture, pp. 203-210, Oct. 1987.

W. Rudin, “Principles of mathematical
analysis,” McGraw-Hill, pp. 218-219, 1976.
A.R. Kerr, “A technique for determining the
local oscillator waveforms in a microwave
mixer,”” IEEE Trans., Microwave Theory
Tech., Short paper, pp. 828-831, Oct. 1975,
Stephen A. Maas, ‘Microwave mixers,”

T B ROEE®A)

19584 48 2P4. 19834 2H
Fotdistm A z-3atat 9. 1984
#£~1985%F 4 A Fairchild Semi-
conductor &5F. 1986 8H 1
st o3t "A=pg st 9.
T4 AL HE. 19864 9 A ~

19885 2 A /:}*éﬂz} Z2%d+4 A7+, 19865 9
A~dA zejdigta ded A da sy, F
BAl R ok Microwave, ooy o AspAd 4, 4%
Al 54

(488)

nfola 2 cthol = EARS KRE o #UMiT MY HR

[10}

[11]

[12]

(13]

(14]

[15]

[16]

[17]

£ 48 LEY
£ 20 @efdista w4 19704 3A~dA ¥
Hetw AR a4, FHAEolE Microwave,
atellvt B AASE, HAHFA 5.

15

Artech House, Inc., pp. 89-127, 1986.

H.C. Torry and C.A. Whitmer, “Crystal
rectifier,”” McGraw-Hill, Ch. 5, 1948,

Leon O. Chua, Pen-Min Lin, ‘‘Computer-
aided analysis of electronic circuits,”
Prentice-Hall, Inc., 1975.

Daniel N. Held, Anthony R. Kerr, “Con-
version loss and noise of microwave and
millimeter-wave mixers: partl-theory,” IEEE
Trans., MTT-26, pp. 49-55, Feb, 1978,
Anthony R. Kerr, “Short-noise in resistive
diode mixers and attenuator noise model,”
IEEE Trans., MTT-27, pp. 135-140, Feb.
1979.

William F. Ames,
partial differential equations,”
Press, Inc., pp. 144-177, 1977,
G. Mattaei, L. Young, EIM.T. Jones, “‘Mic-
rowave filters, impedance-matching net-
works, and coupling structures,” Artech
House Books, 1980.

T.C. Edwards, “Foundations for microstrip
circuit design,” John Wiley & Sons, Inc.,
1981.

K.C. Gupta, Ramesh Garg, ILJ.
“Microstrip lines and slotlines,”
House, Inc., 1979, *

“Numerical methods for
Academic

Bahl,
Artech

S 2 R (E®A)
19234 118 28R4, 1946% 7H
© AN e A7) Bt B9 73
CAbskS HE, 19674 48 AR
P o syt Zetubaleby HE
19574 3 ~19594F 108 A 24
o 234, 19594 108 ~1961
3ol et Y4, 19614 4 A ~1970



