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Abstract: Thin-film resistors have more accurate resistance values and can be used in fixed atten-
uator designs. However, with the increase of the operating {requency, the parasitic parameters of the
thin film resistor increase, which affects the attenuation accuracy and return performance of the fixed
attenuators. Based on the traditional microwave band thin-film resistor equivalent circuit model
(ECM), a fourteen-element ECM was proposed in this paper. Ansys HFSS software was used to sim-
ulate the three-dimensional electromagnetic field of the thin-film resistor and extract its S-parameters,

and the parameters of each element were finally determined by S-parameter curve fitting. The simulat-
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ed results show that the ECM can effectively characterize the electrical properties of the film resistor
among 0.1-180.0 GHz. On this basis, three D-band (110-170 GHz) fixed attenuators with different at-

tenuation are developed using quartz thin-film process, and the influence of the parasitic parameters of

the bonding wires and thin-film resistors was compensated by the on-chip matching circuit. Additional-

ly, a waveguide/microstrip transition circuit was designed for converting microstrip mode to standard

waveguide mode for attenuator performance measurement. The measured results show that in the 110-
170 GHz operating band, the typical attenuation of the 3-dB, 6-dB and 9-dB attenuator are 4 dB,
5.5 dB and 8 dB, and the return loss are greater than 13.3 dB, 11.4 dB and 11.4 dB, respectively,

which are in good agreement with simulated results. The developed fixed attenuators can extend the

operating frequency of existing ones to above 110 GHz, suitable for signal power adjustment and inter-

device return loss effects improvement.
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Fig.1 Structure diagrams of thin-film resistor: (a) Overhead

view; (b) Side view
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Fig.3 Equivalent circuit model of thin-film resistor
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Tab.1 Parameters extracted from thin-film resistor

Parm.  R,/Q L,/pH L,/pH C/fF
Value 50.2 19.1 61.9 35.4
Parm. C,/fF C,/fF R./Q L,/pH
Value 13.0 9.0 6.4 35.8
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Fig.4 Comparison of equivalent circuit and simulated results

2 [ E F R

1] R il i 308 Ay R L ZH R, s o oy A L
BEL A e A o 2 A U0 8 D 190 0% 11 B A o 25 g 32
o309 T B o Y Fifr o 22 8 e A [R] I, T R0 454
Hh f e BELBELEL FE e Y S5 A R A /0 DRI o A i A
ZIN RS SR i R e >R T Y S Uk 45 4

2.1 ZERHEKIZIT

B 2 2 0 R 36,9 dB AY [ 22 I A,
Uk A ) A SE R R T A B AR R AL R Y
Sy HTHE Y, E AR ] A 7 AR R AR F B R e
1% 0 P T /0N LA R SE AT A A AR AT i R T
2o I AR SCH A% G T Y 3 il Fi 5 o A1 9 106 422 i
P, BEL % 46 >y A BELAF AH 45 79 I 166 /R BEL, 43 S0
=A% H 2 1 A, JE e ELAE 2 A G R BELE Y A
Zoab B, RO AR T Y AR R H B RO R R B
b HL BH R, Y WIE 1035 2 TR .

x2 FEHEMEEME

Tab.2 Attenuation resistance

g 57 = B E B RS D I BE(110~170 GHz)
SRR ) A LR R R B, R A A A B
T AN O i TR AR 22 A AL . X E B
R L B A A AR A O AR B, Ik, R
FHULTR 5 et/ N 28 A 5w« H— 02 ok H 42 8 Ak AL 3
M, 7E T2 A 3 R N R AT RE /N FL )R DL R AL
5 4 T A5 A 00 T B DA i b s R s R R A
BEL R 3 (149 LW RO U /I b AR i) 2 24 b 228 6 5 D 4
PE e 1Y 52 M 5 =2 00 1k B e BEL Y RS, DR e
R sEHy . BS54 I T 3 dB I A% i i s = A
HERRSF S 8% 3FR.

1 I
=

=~

Fes
@
@
@

PS5 T e TS R A

Fig.5 Schematic of fixed attenuator
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Tab.3 Parameters of 3-dB attenuator

Parm. w,/mm //mm w,/mm /,/mm  w,/mm
Value 0.28 0.05 0.05 0.278 0.26
Parm. w,/mm w,/mm  //mm /,/mm d/mm
Value 0.29 0.9 0.06 0.3 0.1

Attenuation/dB R./Q Rr,/Q
3 8.5 283.8
6 16.6 133.8
9 23.6 81.2
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Fig.6 Simulated results of the attenuators: (a) 3-dB;

(b) 6-dB; (c) 9-dB
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