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Abstract: With the rapid development of 5G communication and millimeter-wave technology, the performance requirements
for high-frequency passive interconnect structures in radio frequency (RF) microsystems have become increasingly critical. To ad-
dress the efficiency bottlenecks caused by fragmented process data and isolated models in traditional design workflows, this paper
proposed an independently developed 1~40 GHz silicon-based passive interconnect Process Design Kit (PDK). By integrating equiv-
alent circuit models with HFSS full-wave electromagnetic simulation data, parameterized models for core structures such as ground-
ed coplanar waveguide (GCPW) and micro-bump interconnects are established, and high-precision model matching is achieved
through gradient optimization algorithms. The PDK development is completed on the Keysight ADS platform, including symbol li-
braries, parameterized cells, design rules, and verification workflows. Experimental results demonstrate that the developed PDK
achieves a root mean square error (RMSE) of S-parameters below 10% across the 1~40 GHz frequency band. Based on this PDK,
the simulation design of an X-band RF micro system was completed. The microsystem meets the specified performance require-
ments, verities the validity of the PDK. This PDK provides for reliable support for efficient design-process co-optimization in high-
frequency RF systems.
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Table 1 Model error (RMSE)
FK/um  1GHziR2/(%) 10 GHzi#2/(%) 18 GHzR2E/(%) 30 GHzi#25/(%) 40 GHzIR2/(%) Spse/ (%)
200 9.537/9.429 4.615/8.035 5.005/2.591 0.853/1.660 4.055/7.213 5.765/5.815
400 7.762/9.104 6.885/9.104 5.993/3.627 3.240/0.135 0.431/3.798 5.682/4.986
600 8.191/6.172 2.458/5.142 2.545/0.516 1.949/3.964 1.522/5.653 5.931/5.404
800 8.926/8.961 2.086/6.565 0.183/0.158 3.534/2.077 7.394/1.002 4.336/3.923
1 000 5.397/6.235 2.251/2.463 0.446/8.132 5.836/8.500 5.950/1.230 7.299/7.621

T RAR PR S, 1822, /5 R S, R 2%

COR_R_NC

vvvvv

TermG CPWG_NC  COR_R_NC

"> | femG1  CPWG_NC_1 COR_RNC_1

Num=1  Type=l1T ~ Type=T
2-500hm W=70um  W=70um

= L=600um  G=85um

G=85um

COR_R_NC
COR R NC_3
Type=1T
W=70 um

:ss um

COR_R_NC
COR_R_NC_4

CPWG_NC
CPWG_NC_2

Type=HT Type=IT Num=2
W=70 um W=70 um 2=50 Ohm
G=85um L=600 um

G=85um

(a) fliJ PDK ITHF
(a) Using PDK components

(b)

(EEWIES

(b) Conventional scheme

B9 ADS-F& ¥y mAt REHA
Fig.9 Two schematics in ADS platform

—— Using PDK S,
I Conventional scheme HFSS S,

(10,-5.333 62) ™\

_6 -
m
=
(/5. "\
_8 - "\
/ “1\—9 B
-10 3
6 8 10 12
Frequency/GHz

B10 APy E S ARy AR
Fig. 10 Comparison of S-parameter simulation results

between two schemes

S 05 ELBCHE Rl Y RE BESHROC IR 4544 PDK, A%
UJSZEL T 1~40 GHz S5 B N 1 R AR R v 5 i R
BT E ., SR, SEBRi g T2 & 24tk 5w i

A SR 4 B 25 AT AR R A R 4R T Bk
Mo e 2 AT 4 I R X R B AT B 2 S
BB, b nT A5 P a7 > 531 0 5 2 A 2 0t
MEE Sy, PE— B RTHERAE N5 25 T
WP, [, AR PDK SRR SRR 5 =
AL T2, HEZhHAE SGHAE . Tolk A sh k%8
SR AR o AR SRBIETEORE 2R £ T PDK A fiE
kAN (A0 A& N SRR ) . B RS 2
WA A (REE-P-RLI RS ), S
AR GER s PEREAE LS (3t B A T A TR T 26

S 30k
(1] TRELE, TARMG, IRERBT . SR 58 5 s B AR 1 | T
JEEE[I]. ik 2F 4], 2023, 39(5): 70-78. DOI:10.14183/j.
cnki.1005-6122.202305008.
XU Ruimin, WANG Huanpeng, XU Yuechang. Progress



-+ 126 -

B FiMEE, 1~40 GHz REE SN RS TR B iE 4% # PDK T 5 56IE

546 B 3 1)

(2]

(3]

[5]

(6]

(7]

[10]

[11]

and prospects of key technologies in RF microsystems[J].
Journal of Microwaves, 2023, 39(5): 70-78. DOI:
10.14183/j.cnki.1005-6122.202305008.

XITEE, SRBEIR, &, 55 . SHIMCR GEHoR & SR s At
T[], MRS, 2021, 42(5): 17-27.

LIU Dexi, ZHANG Xiaoqing, SHI Lei, et al. Research on
development strategy of RF microsystem technology[J].
Journal of Telemetry, Tracking and Command, 2021, 42
(5): 17-27.

BITC 1, skutis, HmC, 4 SO R 5 = 4k R A 4R
EA ] R 72 5T S HERE, 2019, 39(3): 235.
DOI:10.19623/j.cnki.rpsse.2019.03.016.

YU Yuanwei, ZHANG Hongze, HUANG Min, et al. Sili-
con based RF microsystem using 3D hetergeneous inter-
gration technology[J]. Research & Progress of Solid State
Electronics, 2019, 39(3): 235. DOI: 10.19623/j. cnki.
rpsse.2019.03.016.

XIZE, w28, TERG 5, 45 ST M AR MR 5L 2 JR D)
D7 ELAE A5 PDK FOR R[], S 72 5 5L, 2024,
41(1): 11-25.DOI:10.19304/J.ISSN1000-7180.2023.0783.
LIU Jun, GAO Shuang, WANG Zengda, et al. A review
of RF heterogeneous integrated microsystems multi-level
co-simulation modeling and PDK technology[J]. Micro-
electronics & Computer, 2024, 41(1): 11-25.

SAMANTA K K. Cost-effective technologies for next-
generation system on package: Multilayer transmission
lines and interconnects for 5G and millimeter-wave[J].
IEEE Microwave Magazine, 2022, 23(8): 50-65. DOI:
10.1109/MMM.2022.3173467.

LAHIJI R R, LEE T T, SNAPP W P. 3D integration and
challenges for advanced RF and microwave systems:
EDA perspective[C]//2016 IEEE International 3D Sys-
tems Integration Conference (3DIC), San Francisco, CA,
USA, 2016: 1-3. DOI: 10.1109/3DIC.2016.7970035.
CIBRARIO G, HENRY D, CHANTRE C, et al. A 3D pro-
cess design kit generator based on customizable 3D lay-
out design environment[C]//2013 IEEE International 3D
Systems Integration Conference (3DIC), San Francisco,
CA, USA, 2013: 1-5. DOI: 10.1109/3DIC.2013.6702324.
HERRAULT F, WONG J, RAMOS 1, et al. Chiplets in
Wafers (CiW) - process design kit and demonstration of
high-frequency circuits with GaN chiplets in silicon inter-
posers[C]//2021 IEEE 71st Electronic Components and
Technology Conference (ECTC), San Diego, CA, USA,
2021: 178-184. DOI: 10.1109/ECTC32696.2021.00039.
MA H, HU Z, ZHOU Q, et al. Design and fabrication of
High-Q IPDS for process design kits on glass substrate
[C]//2022 China Semiconductor Technology International
Conference(CSTIC), Shanghai, China, 2022: 1-3. DOI:
10.1109/CSTIC55103.2022.9856753.

ZE R . BRI CMOS F A4 4E A InP HBT PDK #iff 53 [D].
BN AT L TR K 2%, 2023, DOI:10.27075/d.enki.
ghzdc.2023.001139.

BATHL, Weks, BRI K. E7 EDA -6 LAk ik
T2 PDK WY R W5 [I]. A F B R 2243 (A

[12]

[16]

[17]

[18]

[19]

(21]

[22]

[23]

SR B2 B, 2023, 43(5): 21-29. DOIL: 10.13954/j. cnki.
hdu.2023.05.004.

#H IR g, BRIE K, XE . —FELT GaAs f1FO-WLP T.
25 S F A i PDK[I]. AN B TR R 2 4R
(B SRPBI2ERR), 2023, 43(5): 21-29. DOI:10.13954/j.cnki.
hdu.2024.01.005.

SR . GaAs HBT 5 R4 1 Si B CMOS L2, PDK $ A
W 5E [D]. AT M- BT M A T B $2 K 2, 2024, DOL:
10.27075/d.cnki.ghzdc.2024.001162.

VKRB, 22300, 2200, A5 . PR 8 EDA B F
M . &5 5 AR 0], o E R O S, 2021, 30(4):
16-19, 80.

SRAERH, TR, RGEE, 5 | Rk = e MU TGRS
LR BEIIFFEHE L], 72 ST, 2023, 40(1): 11-17.
ZHU Zhangming, YIN Xiangkun, LIU Xiaoxian, et al.
Research progress of silicon-based 3D integrated RF
passive devices and circuits[J]. Microelectronics &
Computer, 2023, 40(1): 11-17.

BUA I . T Rk — 2 5 P ) S TR R G SR B A
ARWEFE[D]. LM - @I K A%, 2023. DOI:10.27461/d.
cnki.gzjdx.2023.000712.

BROLEE, THOC, MR, & . —FhILmk S5 — i
LR [D). B 7% TR, 2017, 25(8): 87-91. DOI:
10.14022/j.cnki.dzsjgc.2017.08.021.

POZAR D M. i TR [M]. =48, J8 Ak, S sy,
SRR ALt B Tl A, 2019.

GREENHOUSE H. Design of planar rectangular micro-
electronic inductors[J]. IEEE Transactions on Parts, Hy-
brids, and Packaging, 1974, 10(2): 101-109. DOI:
10.1109/TPHP.1974.1134841.

CHEN H, FANG J. Modeling of impedance of rectangu-
lar cross-section conductors[C]/IEEE 9th Topical Meet-
ing on Electrical Performance of Electronic Packaging
(Cat. No.00TH8524), Scottsdale, AZ, USA, 2000: 159-
162. DOI:10.1109/EPEP.2000.895518.

S, INENG, skIEAE, A5 SR TRh TSV Y ey 3t e, 27 A5
5 Hr[I]. 2 SRR, 2022, 47(11): 926-932. DOI:
10.13290/j.cnki.bdtjs.2022.11.012.

AHMADIANFAR I, BOZORG-HADDAD O, CHU X.
Gradient-based optimizer: A new metaheuristic optimiza-
tion algorithm[J]. Information Sciences, 2020, 540:
131-159.

WL, YT T 2583 T 540 PDK A R FH BT 4 [0].
HLF IR, 2006(2): 76-78.

[1E# B A]

F&

x| 1% &

YRRy e A
M, BFRR .
Mt, HB AR,
M, BRI
Wt FFRA
Mz, FFRR .

1998 4 4 |
1973 4 |
1986 4 &,
1979 4% |
1986 F 4,
1985 &,

mé&m
B

(KL %%. HEW)



