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CBY 3D cb6opka Ha MOJMUMHUIHOM IIeH (e I CHCTEM B KOPITyCe
B.I1. Tumormenkos, /[.B. Pomuonos, A.W. Xnei6os, A.C. MycatkuH, /[.B. Beptsinos

denepanbHOE rOCYIAPCTBEHHOE 00Pa30BaTEIbHOE YUPEKICHUE BHICIIETO MPO(HECCHOHATEHOTO
oOpa3oBanus HarmoHanbHbIN recnienoBarenbckuil yausepeurer MUDT, valeriO4@hotmail.com

Annomayun — B pabore mcciaenoBaaucs ocodennoctu 3D
coopkn CBY TpakTOB BBICOKOYACTOTHBIX HHTErpajbHbIX
MHKpPOCXeM U ycTpoiicTB. PaccMoTpensl pacyeTbl BOJIHOBOIO
CONPOTHUBJIEHUS MHMKPONOJOCKOBOIO M  KOIUIAHAPHOIO
TpakToB. IIpoBegeHbl 3KCNepPUMEHTANIbHbIE HCCJIEA0BAHUSA
CBY napaMeTpoB H CPaBHEHHE € TEOPETHYECKHM PacyeToM.

Kniouegvie cnosa — 3D CBU coopka, uHTerpajbHas
MHKpOCXeMa, S - mapamMeTpbl, OJUUMH], TUOKasi pa3BoKa.

|.  BBEJEHUE

OCHOBHBIC TCHACHIUU B MHKPODJICKTPOHUKE CBS3aHBI
CO  CHI)KEHMEM  MaccorabapuTHBIX  IapaMeTpoB,
MOBBIIICHHEM OBICTpOICHCTBUS u CHIDKEHHEM
moTpebisieMoit MorHoCcTH. TexHomorus TpexmepHoii (3D)
MHTETpalid UrpaeT CyLIECTBEHHYIO POJIb B YIyUIICHUH
napaMeTpoB U3AEIHUM 3JEKTPOHHON TeXHUKU. KiroueBbiMu
npuemMamu 3D  uWHTerpauuu SBISIETCS UCIOJIBb30BaHHUE
ynpTpaToHKUX (20-35 MKM) KpHCTaJUIOB, COOpDaHHBIX B
naker (CTeK) C TNPUMEHEHHEM KOMMYTaI[HOHHBIX 6
MOAKPUCTAIBHEIX IUIaT-HHTEpIo3epoB  (interposer)  co
CKBO3HBIMH METaJUTM3UPOBAHHBIMHU MEePEXOIHBIMH
otBepctusiMu [1]. JlaHHas TEXHOJIOTHS XOpOIIO padoTaeT
JUI OTHOCHUTENIFHO HHM3KOYAaCTOTHBIX CHTHaJoB. B cimywae
curHanos CBY nunama3oHa CyIECTBYIOT OrpaHHUYEHMS,
CBSI3aHHbIE C W3rOTOBJICHHEM TPAaKTOB IEpeiiaud Ha
MIPOBOASAIIEM KPEMHHEBOM OCHOBAaHHMH (UMIT KpHCTAIIA,
HHTEPIIO3ep). DTy MpobiIeMy MOXKHO YCIHEIIHO Pa3pelInTh
UCTIOJB3YsI THOKHMH MOJUUMHUIHBIN IUIeH], BKIIOUAOIIMI
CBY TpakThl, a TakXe HHU3KOYAaCTOTHBIE CUTHAJIBHBIC
JUHUY, MUHB THTaHud U 3emiad (puc. 1.). Ilpuuewm,
MIPUMEHEHNE TTOJIMMMHUIHOTO HuIel(a BOZMOXKHO KaK JUIs
COE/IMHEHHS HMHTETPAIbHBIX CXeM, TaK M Ul IMEYaTHBIX
m1at, cooupaembix B 3D maker.

B cBi3u ¢ 9JTUM aKTyalbHOW 3ajadeil sBiseTCs
pa3pabotka CBY TpakToB Ha MOJUMMHUIHOMN IOMJIOXKKE, a
TaKKe H3MEPEHHE U HCCIIEIOBAaHWE HX MapaMmMeTpoB B
IIMPOKOM YacTOTHOM JHara3oHe.

Il.  PA3PABOTKA KOHCTPYKLIMM CBY TPAKTOB HA
TMOJIMUMIIOM OCHOBAHUI

Ha momuumumHO#N miieHKe BO3MOXHO (opMHpOBaHHE
kaK 50 - OMHBIX, TaK U 75 - OMHBIX MHUKpPOIOJOCKOBBIX U
KOIUTAaHAPHBIX TPakToOB (puc. 2.), mpuMmensembix B CBY
TexHuKe. [Ipu pacdeTe BOJHOBOTO COMPOTHBICHHS TAKUX
KOHCTPYKIIMH MCTIONIB3YIOTCS AKCTIPECCHBIN (MH)KEHEPHBIIT)
nim  Ooinee TOYHBI  TeOpeTHYeCKWH (HaydHBIH C

MIpUMEHEHUEM BBIYHCIUTEIbHOU TCXHI/IKI/I) IO AXOObI. Puc. 1. Ucnonb30BaHue NOJHHUMHUTHOTO mﬂeifuba B 3D CBU:
a, 0 - 1)1 MeYaTHBIX IJIAT, B - A5 HHTErpajdbHbIX

MHKPOCXEM
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Puc. 2. CBY TpaKTbhl: a-MHKPOIOJI0COK, §-KOMJIaHAD

Jns  WHKEHepHBIX  PacueToB  MHKPOTIOJIOCKOBBIX
JIMHHH, 00€eCTIeunBarOIINX TOYHOCTh 15-20%,
1enecoo0pa3HoO MCTIONB30BaTh COOTHOIICHHE [2]:

870 5.98h "
0,MILT —
(g, +1.41)"% | 0.8w+t

JIOCTOMHCTBOM MHKPOIIOJIOCKA SBJISIETCS €ro MpocToTa
pacdera n peanmsanuu. K HemocTaTKaMm ClieyeT OTHECTH
JIOTIOJTHUTENIbHYIO HHAYKTUBHOCTD B IENIH HYJIEBOM IIHHBI.
Ora "mapazuTHas"  HMHAYKTUBHOCTb  MOSIBISIETCS B
pe3yibTaTe COEIMHEHHsI COOTBETCTBYIOMIMX IUIOHIAJ0K Ha
WHTETPAIHOH CXeMe ¥ HyIeBOW IIMHB Ha OOpaTHOH
CTOPOHE MUKPOIIOJIOCKOBOH KOHCTPYKIIUH.

KormaHapHaﬂ KOHCTPYKIHUA JIMIICHAa TaKHuX
HCOCTATKOB, TaK KaK HYJIEBasgd W CUTHAJIbHBIC IIHWHBI
PpacloJIOKCHBI B OZ[HOI71 IIOCKOCTH. HH)KeHGpHBIﬁ pacueT

BOJIHOBOTO  COTPOTUBICHHSI  KOIUIAHAPHOW  JIMHUH
OCYIIECTBIISIETCS [0 COOTHOLIEHUSIM [3]:
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Ha  monmmmmaHoM — HocuTene — menecooOpasHo
(hopMHUpOBaHHE KOILIaHAPHON KOHCTPYKLHMH C BEPXHHM H
HIDKHAM ~ PacIlOJIO)KEHHEM HYJIEBOW IIMHBI, KOTOpBIC
COCIMHEHBl MEXAy co0oi  mocpeacTBoM — Habopa
METAJUIM3UPOBAHHBIX IIEPEXOJHBIX OKOH. Bknaa OOKOBBIX
HyJICBBIX [IMH B BOJHOBOE CONPOTHBIICHHE TPaKTa
3HAUUTENHFHO MEHbIIE, YeM HIKHUX, TaK KakK TOJI[MHA
maekTpuka (h) 0OBIMHO MHOTO MEHBIIE, YeM PACCTOSHIE
OT LECHTPAIBHOTO MOJOCKa 10 OOKOBOM HYJEBOH ILIMHBI.
[IpoBeneHO MOAENMPOBAHHE BOJHOBOTO CONPOTHBICHUS
CBY KOHCTpyKIMM B 3aBUCHMOCTH OT LIMPUHBI
LEHTPAIBFHOIO TI0JIOCKAa M AWIJICKTPHYCCKOH KOHCTAaHTHI
marepuana (puc. 3.).

Cnenyer OTMETUTb, 4YTO BeauuuHe S50-OMHOTO
CTaHAaPTHOTO BOJHOBOTO COIIPOTUBJICHHUS COOTBETCTBYET
mmpuHa mnojocka (W) ot 90 mkm g0 117 MkM. YuutsiBas
TEXHOJOTMYECKUE  OTpaHUYCHHSs Ha  MHUHHMAaJbHBIN
TOTIOJIOTHYECKUIA 3a30p, KOTOPBI COCTaBISACT MOPSIKa
100 MKM, BaXHYIO pOJIb WIpaeT H3MEpPEHHE peasbHOW

BCIIMYHHBI HHBHGKT’pH‘IeCKOﬁ IPOHUIIACMOCTH
IOoJIMUMHUaA. HpHMBIe U3MEPCHHUA CMKOCTH Ha OJOTUX
gacTorax MPaKTUICCKU HCBO3MOXXHBI, TIO3TOMY
OIIPCACIICHUC Z[PIBJ'IGKTPPI‘I@CKOFI MIPOHUIIACMOCTHU B
YKa3aHHOM  Jyala3oHe€ 4YacTOT TMPOBOJAUIIOCH ITIYTEM
HU3MEPECHHUA  CKOPOCTH  PACIpPOCTpAaHCHHSA CHUT'Halla B

TMOJIOCKOBO# JIMHUU peICKTOMETPUIECKIM METOI0M [4].

B MHKpPOMNOJIOCKOBBIX JIMHUSX OCHOBHBIMU THIIAMH
BOJH  sABisAOTCS  BonHbl  TEM-Tuna. CkopocThb
PacnpOCTpAHEHHs  BONHEI  OMPENIENATCS  CIEAIOMITM
o0pazom: v c/(83¢q,) rae (& + 1)2 <gpp <& (& -
JIMRJIEKTUYECKasi NPOHUIIAEMOCTh MaTepualia IOAJIOXKKH,
Ha KOTOpPOW BBITMIOJIHEHA MHKPOTIOIOCKOBAs JIMHUA, C -
CKOPOCTh CBETA).

B MHKpOIIOJIOCKOBBIX JIMHUSIX C  OTHOCHUTEIBHO
HIUPOKON CHUrHANBHOM mmHOW (W>>h) Bcs 3Heprus
ANIEKTPUYECKOr0 MOJs KOHLIEHTPUPYETCS B AMIIEKTPUKE
HOJl TOJNOCKOM, HO3TOMY  Eypp=E, TaKMM 00pa3oM
8,=(c/1))2 (v -CKOpPOCTh ~ PacIpOCTPaHEHUS BOJHBI B
marepuaie). M3mepss Bpems (T) mpoxoxiaeHust curHana
gepe3 MOJIOCKOBYIO JINHUIO M3BECTHOM AnuHEI (L), MOXHO
OIPEeNIeNINTh CKOPOCTh PACIPOCTPAHEHHs BOJHBI (puc. 4.).
JIs OTpaskeHHOTO CHTHAla CKOPOCTh PACHpOCTPaHEHUS
orpezesseTcs IBOWHBIM Ipoderom curaana v=2L/T.

Crnenyer OTMETHTB, YTO TPHU TMPOXOKIACHUW CHUTHAIA
yepes CBY KoHCTpyKuMio (POHT  30HIUPYIOIIETO
nepermaga (10 mc) yxymmmwcs ao 33,5 mc. Ucmombsys
u3BecTHOE BeIpaxkeHue f=0,35/t;, rme t, - JIUTETBHOCTH
(poHTa TPOXOJHOTO CHTHANA, IONydaeM  3HadeHHe
nostocs! nponyckanus 10,4 ' [5].

Ha  puc. 5. IIPUBEIECHBI
UCCIIEI0BAHUS 3aBHCUMOCTH
OPOHULAEMOCTH OT  4YacTOTBl AN
KOIUTAaHAPHOTO Iueida.

JKCIEpPUMEHTAJIbHbIE
JURJIEKTPUUECKON
CBY rubkoro
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Puc. 3. Biausinue reoMeTpH4ecKHX pa3MepoB NMOJI0CKA Ha BOJHOBOe conpotuBieHie CBY koniaHapHoii KOHCTPYKIMH
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Puc. 4. IIpoxo:kneHne NpsAMoOro 1 oTpa:keHHOro curuayios B CBY nmommuMuaHoi KonIaHAPHOH KOHCTPYKIMH (AJTHHA JIMHUH
3,6 cM, mmpuHa noaocka 100 Mxm)




3aBHCHMOCTD L[I-IBJIEKTPI-I‘-IECKOfI IMPOHNIIACMOCTIH OT
JaCTOThI
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Puc. 6. 3aBucumocthb S mapaMeTpoB NOJIMUMHIHOIO TPAKTA: a -U3MepPeHHUs BXOAHOro coriacoBanus (S11), 6 - usmepenue
noreps (S21)

Cnemyer  OTMETHTh  3HAYUTENHBHOE CHIDKEHHE
JURJIEKTPUUECKON  NPOHHULIAEMOCTH TMpPU  YBEJTUYEHUHU
YJaCTOTHI oT 3,4 o 2,25. HwuskouactoTHbIE
JKCIIEPUMEHTAIbHBIE U3MEPEHHSI JIUDIIEKTPUYECKOM
KOHCTaHTBI EMKOCTHBIM METOJOM JaroT 3HayeHus 3,6-3,7,
YTO COOTBETCTBYET yaenbHOH emkocTu 0,43 n®/Mm? s
NOJUUMUIA TOJIIIMHOK 50 MKM. Pesynbratsl,
MPUBEACHHBIC Ha PUCYHKaX 4,5, MOJydYeHB C MOMOIIBIO
crpobockormueckoro ocumiorpaga Keysight DCA-X
86100D c 6mokom pedaexkromerpa N1055A.

IIpoBeneHo wuccnenoBaHue S MapaMeTPOB  KBa3U-
KOIUIaHAapHOH KOHCTPYKLIUHU JUISL OnpeeICHUs
cornacoBaHuss ¢ 50 - OMHBIM TPaKkTOM, a TaKKe JUIs
M3MEpPEeHHs MOJI0CH IPOITyCKaHUs TPaKTa Mo ypoBHIO 3 ab.

Pesynpratel m3MepeHHs S-apaMeTpoB, IMOIYYEHHBIE C
ucronb30BaHMeM aHanmmzaropa nemei Keysight PNA
Network  Analyzer N5227A, [MOKA3bIBAIOT, YTO
cornacoBanue 1o Bxoay munyc 11,3 b (puc. 6a), momoca
npomyckanusi cocrasisier 10,7 T (puc. 66). U3 storo
CleIyeT,  YTO  OJKCIIEPUMEHTAIbHBIE  Pe3yJbTaTHI,
NOMy4YEeHHBIE €  IOMOINBI0  aHaJIM3aTopa  LEemei,
COOTBETCTBYIOT pe(PIECKTOMETPHIECKIM U3MEPEHHUSM.

I1l.  TEXHOJOTrUS M3rOTOBJIEHUS ITOJIUUMUIHOTO

LUIEA®A
B OCHOBY TIOJTMMMHUAHOTO nuerda B3T
(donerupoBanHblii Matepuan Mapku DuPont Pyralux LF
9121R c TOJIIINHOMN METaJTA3aUN 18 MKM.



MeTtanmuaeckoe  HOKPBITHE  MOMUMMHAA  OyAeT
YBEJIMYUBATHCS B XOJI€ BBIMIOJHEHHUS] TEXHOJIOTHYECKHUX

omepanuii, YTO YYUTHIBAIOCE TPH MOJACITHPOBAHHUU
CTPYKTYPBHIL.
OcHOBHBIE TEXHOJIOTHYECKIE TIPOIIECCHI

(hopMHUpOBaHUS MOTUUMHUTHOTO TIIeH(pa:

- (hopmupoBaHue oTBepcTHil B MaTtepuaie 9300 Mkm;
- MEXaHMYECKasi U XUMHUYECKask OINCTKA CTPYKTYPBHI,

- METaJUTM3aIHs OTBepCTHiA B 2 3Tana (1 —
XUMHUUECKas, 2 - raJlbBaHU4ecKas);

- (hopMUpPOBAHUE PUCYHKA MECTAILIH3AIUU
MOJIMAMHUTHOTO TITet(a;

- TaTbBAaHWYECKOE HapaIuBaHue Meau (~15 Mkm);

- HUKeNIUpoBaHue (~3-5 MKM);

- IMMEPCHOHHOE 305I09eHHe (~1 MKM).

TexHonmorndecknit OUKI OOECIIEYMBACT CIEAYIOIINE
MUHHMAJIbHBIC HOPMBI:

- orBepcrue \koHTakTHas omaaka — 300600 MxMm;

- npoBoaHuK\3a30p — 120\150 MkM;

- TOJIIIMHA MeTautn3anuu — 40 MKM.

IV. BBIBObI

Pa3zpaGoranbl THOKHE BOJHOBOJIHBIE TPAaKThl Ha
MOJIMIMHUTHON OCHOBE, 00ECTICUNBAIOINE COCTMHCHNE KaK
CBUY kpucraioB MMC, Ttak u mewyatHelx mmat B 3D
HCTIOJTHEHHH. ITpoBenenst TEOPETHIECKHE u

SKCIEPUMEHTAIIbHBIE UCCIIEIOBAHUS YCTPOMCTBA,
MOATBEPXKJAIONIME PabOTOCIIOCOOHOCTh KOHCTPYKLMH B
muanazone a0 12 ITu. Tlpu sTomM mpsiMble TIOTEpH Ha
MIPOXO’KIECHUE, BKIIIOYasi pa3beMsbl, B AuamnasoHe a0 12IT1g
He npesbimaroT 0,0833 nb/MM. BxomgHoe cormacoBanue He
xyxe wmuHyc 11,3 nb. Bxoanwsle coriacoBaHue U
MIPOXOJHBIE  IOTEPH  CYIIECTBEHHO  3aBHCAT  OT
BXO/IHBIX/BBIXO/IHBIX pa3beMoB. lcnonb3oBanue Ooee
BBICOKOYACTOTHBIX Pa3beMOB MO3BOJIUT MOBBICUTH MOJOCY
MIpoIycKaHusa KoHCTpykuuu 1o 15 I'T'm.
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3D Flexible Microwave Polyimide T-line Assembly for System in
Package

V. Timoshenkov, D. Rodionov, A. Khlybov, A. Musatkin, D. Vertianov
National Research University of Electronic Technology, valerio4@hotmail.com

Keywords — Three dimension (3D) assembly; integrated
circuit; S — parameters; polyimide, flexible transmission line.

ABSTRACT

Major trends of microelectronics are associated with a
reduction in weight and size parameters, increasing
frequency response and decreasing power consumption.
The three-dimensional (3D) technology integration is
important in improving the manufacturing parameters of
the electronic equipment. The key techniques of 3D
integration are the usage of ultra-thin (20-35 micron)
crystals stacked (stack) with Si interposer boards using
through-silicon vias (TSV). This technique works well for
relatively low frequency signals. In the case of microwave
signals, there are limitations associated with the
manufacturing of transmission lines (T-lines) on
conductive silicon base (crystal chip, interposer). It is
possible to resolve this issue successfully by using a
flexible flat polyimide T-lines, including microwave paths,
as well as the low-frequency signal lines, power bus and
ground plate. Moreover, the use of polyimide with RF T-

lines may for compound both 1Cs and PCBs combining in
3D package.

50-ohm and 75-ohm microstrip or coplanar lines are
used in the microwave technology may be formed on the
polyimide film base. Microstrip advantage is in its
simplicity of calculation and implementation. The
disadvantage is an additional inductance in the ground
plane. This "parasitic" inductance appears as a result of
connecting the respective pads on the integrated circuit and
a ground bus on the back side of the microstrip structure.

Coplanar structure has not these disadvantages, since
ground and signal lines are arranged in one plane. It is
expedient to design coplanar structures with coplanar
upper and lower location of ground plane which are
interconnected by sets of metallic through plate windows
on the polyimide carrier. Contribution of lateral side
ground to impedance is considerably smaller than the
lower ones, since the dielectric thickness is usually much
smaller than the distance from the central strip of the line
to the ground side.
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The simulation of the impedance of the microwave
structure, depending on the width of the central strip and
the dielectric constant of the material, was done. The
magnitude of the standard 50-ohm impedance corresponds
to the width of 90 to 117 microns of the strip. It plays the
important role measuring the actual value of the
permittivity of polyimide. Direct measurements of the
capacity at microwave frequencies are almost impossible,
so the determination of the dielectric constant in the
specified frequency range was done by measuring the
propagation speed of the strip line by Time-Domain
Reflectometry (TDR) method.

Measurements show significant reduction of the
dielectric constant from 3.4 to 2.25 with increasing
frequency. Low-frequency experimental measurements of
the dielectric constant capacitive method give values of
3.6-3.7, which corresponds to the specific capacitance of
0.43 pF/mm for 50 micron thick polyimide.

A research of S parameters of quasi-coplanar structure
was done to determine the coherence with the 50-ohm
impedance as well as to measure the frequency bandwidth.
The results of S-parameter measurements show that the
S1;=-11.3 dB, bandwidth is10.7 GHz.

Three dimension (3D) assembly of microwave polyimide
transmission line (T-line) for system in package was
investigated. Flexible T-lines may be used for 3D RF
connection of integrated circuits or RF PCBs.

Transmission lines were created using polyimide film with
metallic lines deposited on it. Thickness of metal and
polyimide film are 39 u and 50 p. Theoretical calculations
and computer simulations of impedance for microstrip and
coplanar lines were done. Wave impedance versus
geometric dimensions and dielectric constant for
transmission line were presented. Experimental research
of flexible T-lines were done for the frequency range up to
12 GHz. The direct transmission losses, including RF
connectors, do not exceed 0.0833 dB / mm.
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