E R KB =E5BFERFR Vol.22, No.7
2024 47 H Journal of Terahertz Science and Electronic Information Technology Jul., 2024

XEHE . 2095-4980(2024)07-0758-06

XiKE=%%M R X% SiP ERiZ it
Fnsk, ¥ E, mHa, 8 F, ¥ER
CPEEFREE AR FE+ =05, Wdt fERE 050051)

W OE. XAEE-SRHMERER, ERANERK, B2 A ERFE RS EMMIC)F
TR WE R ER, TRT —FAXEEIAF R RNRR RS R ESIP), ZSiP W2 A RE
B HE(PoP)T &, T RHAZXALKMEFBCA) T R E %, BREHZNH NI EELTESER
MH, HENBRXRAEALLARTSV)ZIAEEEHE, SiPRFTH 14 mmx 14 mmx 3.2 mm, K
%R KW, 7£8~12 GHz W, SIP 4/l 3 By & 440 A0 5 ) 7 % >30.5 dBm, # ) ¥ 75 >24.5 dB,
% EAH<3dAB, HRBM AP >-26dBm, AHELZ6REEH MM K LR RIE, EEH
lg, ) ZRATHERRZA.

KW ZERMER; EERE; BEA; FR; RARHE

FESZES . TN838; TNSSI XHERARER: A doi: 10.11805/TKYDA2023396

Design of 3D heterogeneous film—based transceiver SiP module in X-band

LI Xiaolin, LIU Xing, GAO Yanhong, ZHAO Yu, XU Chunliang
(The 13th Research Institute, China Electronics Technology Group Corporation, Shijiazhuang Hebei 050051, China)

Abstract: A four—channel X-band chip transceiver System in a Package(SiP) module was realized
by integrating multiple Monolithic Microwave Integrated Circuits(MMICs) and passive power division
network into a very compact volume using silicon-based 3D heterogeneous integration technology. The
module is Package on Package(PoP) stacked by two silicon—based packages, and the different packages
are interconnected through the Ball Grid Array(BGA) mode. Chips are installed on the upper and lower
surfaces of the inner cavity of a single package. The internal package is vertically interconnected using
Through Silicon Via(TSV) and the module dimensions are 14 mm x 14 mm x 3.2 mm. The test results
show that within 8~12 GHz, the transmission saturation output power of the module is 230.5 dBm, the
receiving gain is 224.5 dB, the noise figure is <3 dB, the receiving input P_, is =26 dBm, and it also
features 6-bit digital phase shifting and 6-bit digital attenuation capabilities, weighs approximately 1 g.
It can be widely used in microwave transceiver system.
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Fig.1 Schematic diagram of the film-based transceiver SiP circuit
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Fig.4 Simulation results and measurement results of
Fig.3 Simulation results of the TSV structure the TSV structure
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Fig.5 Simulation model of the internal interconnection

transmission structure
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Fig. 6 Simulation and measurement results of the internal
interconnection transmission structure
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Fig.7 Simulation model of the power divider Fig.8 Simulation results of the power divider
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Tablel Test results of the T/R module
parameter value parameter value
frequency/GHz 8~12 phase shift amplitude fluctuation/dB +0.5
saturation output power/dBm >30.5 attenuation accuracy RMS/dB 1
receive channel gain/dB >24.5 attenuation additional phase shift/(°) +8
noise figure/dB <3.0 voltage standing wave ratio <2
phase shift accuracy RMS/(°) 4.5

Fig.11 Photograph of the T/R module
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Fig.13 Simulation and measurement results of the
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Fig.12 Simulation and measurement results of the
saturated transmitting power
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receiving return loss transmitting return loss
P15 Helb il A5 AE Oy FLAE AR 25 SR 116 K5 ImT ik BFE N B AR 2
3 #ig

BT R aE =4 LR T, K235 80 WA M it . AS [R]85 A 4 A 14 mm> 14 mmx3.2 mm () SiP P
B R P A 4 B AL TSV B8 B R BlE Sk f0 T B, S2al 1 HH R 2 S R8T 4% 1) 1 4 1) W 6 5 e R s ol o
P H ST R R)ZE A AR RE . SRR . eSS RS 05 BT A R -, AR
Wi, AR SiP B AR AT LR S Rk SR T A8 T, —Sobkbr, 0 A 2 e Ko oo R 4 78 & R B R
AT, MR E T AR08, AR T A=A . ReE =48 S8 R SiP T I s, a7
SRR, B S ERE . IRAAS . R fl . ANEUR RS A P B P AR R ) TR R AN .

S5 ik

[1] MRS RENR. REREIMNAT . SRR S A R EADTFEI].  E R #, 2021,30(4):20-35. (TIAN
Dewen, SUN Yuzu, SONG Qinglin. Research on SiP applications, key technologies and industry development trend[J]. China
Integrated Circuit, 2021,30(4):20-35.)

[2] Z#0,5K0 5. JHA0 SiP 7E & L0 v i) o FAF S [1]. B4R TR 35, 2023,45(6):109-113. (QIN Ying,ZHANG Yabing. Application
research of RF SiP in T/R system[J]. Modern Radar, 2023,45(6):109-113.) doi:10.16592/j.cnki.1004-7859.2023.06.017.

[3] E#.Bra RS EEEEARTIRI]. B TFHEARSHAM TR, 2021(13):76-77. (XIA Jing, CHEN Yunfei. Research on
semiconductor packaging technology[J]. Electronic Technology & Software Engineering, 2021(13):76-77.)

(4] W& SR M55 . 2 )2 B R P& TH2 i B T 450 A9 S 7R D], B i 750K, 2020,57(4):328-332. (YANG Zhi,
DONG Chunhui,BAI Hang,et al. Fabrication of a THz silicon micro—waveguide structure with multilayer wafer—level stack[J].
Micronanoelectronic Technology, 2020,57(4):328-332.) doi:10.13250/j.cnki.wndz.2020.04.012.

(5] JEIUL SR L Ak, A5 fek o ot (B 20 ) 2 g — 2 2 1l X gl B 8l i A8 SRS B[], A F~A 5 15 HE R, 2018,38(2):157.
(ZHOU Ming,ZHANG Junzhi,WANG Jicai,et al. 3D integration of X band 8 channel down conversion module with silicon wafer
level package[J]. Research & Progress of Solid State Electronics, 2018,38(2):157.) doi:10.19623/j.cnki.rpsse.2018.02.009.

[6]1 i, 255 5145 . XUBOM i U T/R ALPFRGBEH Ik 0], e T Z$0R, 2021,42(3):131-133,186. (JIE Hai, WANG
Anlao,LU Ziyan,et al. Design method of X—band micro—tiled T/R module[]J]. Electronics Process Technology, 2021,42(3):131-
133,186.) d0i:10.14176/j.issn.1001-3474.2021.03.003.

[7] LIU Enda, WU Hongjiang, ZHAO Yongzhi. Design of phased array T/R component microsystem based on heterogeneous
integration technology[J]. Journal of Physics:Conference Series, 2019(1325):012010. doi:10.1088/1742-6596/1325/1/012010.

[8] EWFIE BV T4 . —FhEET MEMS (% T 200 = 4i 42 i T/R B[], 2B PIRH R, 2021,46(4):300-304,336. (WANG
Qingyuan, WU Hongjiang,ZHAO Yu,et al. A 3D integrated T/R module with bulk silicon MEMS technology[J]. Semiconductor
Technology, 2021,46(4):300-304,336.) doi:10.13290/j.cnki.bdtjs.2021.04.008.

(9] iR, 5k BERR.A5 . Ka MUBL/\ BRI M BB 5 92 B0, A 2% )24 5 i 715 B 223l 2019,17(2):252-257. (SHI
Hairan, ZHANG Tao, XUE Xin, et al. Design of a Ka band 8 beams receiver module[J]. Journal of Terahertz Science and
Electronic Information Technology, 2019,17(2):252-257.) doi:10.11805/TKYDA201902.0252.

(FE5 767 1)



