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Design of a W-band sub-harmonic mixer
by employing microstrip technology
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Abstract: A W-band sub-harmonic mixer was presented employing microstrip hybrid microwave integrated circuit. The
parasitic parameter introduced by package structure of the diode was analyzed. Then a method is proposed to reduce the
parasitic capacitance of the diode. In order to avoid grounding with via-hole and usage of edge-coupled band-pass filter in
the W-band which are commonly encountered in traditional sub-harmonic mixers, a modified configuration of sub-har-
monic mixer was proposed. The measured minimum single side conversion loss is 8 dB at a LO of 45 GHz and an IF of
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2.4 GHz. The conversion loss is less than 10.5 dB in the range of 90 ~ 100 GHz.
Key words: microstrip; W-band; sub-harmonic mixer; parasitic parameter
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Table 1 Parameters of DMK2308

Cp Cpp I R, n D fe
(pF) (pF) (4) (Q) V) (GHz)
0.05 0.02 0.5E-12 7 1.05 0.82 455

A. C. Finger

n GaAs

4 0.C. Pad

(b)

E1 (a) DMK2308 %/~ &R, (b) DMK2308 iE &l
Fig.1 (a) Cross sectional view of DMK2308, (b) Top view
of DMK2308
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Fig. 2 (a) Traditional diode mounting structure, (b)
Dielectric- loaded microstrip gap
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Fig.3 Equivalent circuit of the dielectric-loaded microstrip
gap
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Fig. 5 Top-side-up mounting structure
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Fig. 6 Configuration of the traditional sub-harmonic
mixer
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Fig.7 Proposed configuration of the sub-harmonic mixer

BAEFAT A, (5 B45 RN A 9 Fs.

W IR CRERNFES YW R E, I
HixseFES IR 5 ZRENZR T AKX FIL,
FPHRANTESHARRBIENRITSE. XEXRA
Hesler'® 25 Hi i Rl 35 4T 733 , 7 Ansoft HFSS H it
TREXN B REWHEST TR, B A S
BN AR E B A SRS B D 1 R 4%,
FetE il HEFSS {5 545210 S SHERIE.

— =

L]

B8 [rERBHILH 8 IR A

Fig.8 Step-resonator band-pass filter
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Fig. 9 Simulation results of the Step-resonator band-
pass filter
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Fig. 10 Photograph of the designed sub-harmonic mixer
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Fig. 11 Measurement diagram of sub-harmonic mixer
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Fig. 12 Conversion loss of the sub-harmonic mixer, (a) IF
frequency f;; = 3 GHz (upside-band) , P,, =13 dBm;(b) LO
frequency f,, =45 GHz,P,, =13 dBm
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Table 2 Comparison of published sub-harmonic mixers

RF freq. IF Freq. Conversion Loss

Cut off frequency of

(GHz) (GHz) (dB) Diode type the diode (GHz) Technology Ref.
78 ~114 DC~18 10 ~14 HEMT diode pair 350 Microstrip MMIC [3]
75 ~90 DC~11.5 11~15 Schottky diode pair N/A CPW MMIC [4]
83 ~97 2~4 7~10 Schottky diode pair 1500 CPW MLMS [9]

81 ~86 11~16 12~15 Schottky diode pair 2000 Microstrip MLMS # [10]
90 ~95 DC~2.6 11.3~15 Schottky diode pair 500 Microstrip Hybrid MIC [11]
90 ~100 DC~4 8~11 Schottky diode pair 455 Microstrip Hybrid MIC This work
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Fig. 13  Relationship between conversion loss and LO
power (f;, =45 GHz,f,- =3 GHz,up-side band)
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Fig. 14 Measured conversion loss as a function of RF
input power (f,, =45 GHz,P,, =13 dBm,f, =3 GHz,
up-side band)
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