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Abstract: Integrated circuit nanotechnology is gradually approaching the physical limit. Therefore, relying on heterogeneous in-
tegration technology to continue and expand Moore Law is becoming increasingly important. The vertical interconnection of signals
from various integrated chips is achieved through technologies such as through silicon via (TSV) or through glass via (TGV), while
high-density interconnection in the horizontal direction can be achieved through rewiring layer (RDL) technology. The article sum-
marizes the comparison between TGV technology and adapter boards, elaborates on the current application status in the field of pas-
sive systems and RF 3D integration, analyzes the TGV process capability and the current technical progress of domestic and foreign
manufacturers, and explores the existing technical difficulties and future development trends of the TGV.

Keywords: Through glass via; 3D Integration; Interposer; Advanced packaging

Citation: LIU Dexi, FU Xianhui, JING Cui. The Application and Challenges of Through Glass Via Technology in The Micro-

wave Field[J]. Journal of Telemetry, Tracking and Command, 2025, 46(4): 1-13.

0 3= TEREARE ., 2D REHHFGELBAGRRE, K
e 2 B 0 7 i s A R DL R B R . 5
PEREE SGHlfs . BRETHL. N TRREmEZ MRy, 3D akdb ke HoR BAT RS AE I 98 9 1Y 45
K&, %?Fmﬁ%%%%% BEER . ANRIME . sl HlTRAR, ETZME . TR
AR AR 1) 77 1) 2 JE ﬁ%“m%%ﬁfﬁﬂd BBy T B A PR . S T s IR A R A
GERUHL B R R, DURTHERUE , RS E S WXTPRER, BT 2D 3D Z A B 2.5D Fe 4 Ak
JEXOE@%%ﬁm%%Nﬁ,%ﬁﬁ%Lﬁ& BHOR S 2.5D EHARIEH 2R S AR BT
Wﬁ%ﬁ%ﬁﬁ%ﬁf AW TS R IPEREY. P Z(Interposer) I, LR, AL
W R R Y R R A AR R A BE BRI R I EKE 5 5 2 AR DA R i R . B
@¢,%ﬁ,ﬁﬂﬁ#ﬁ@H%EéZ@%%ﬁ FFATHE A R BORNE N 2.5D B L K 3D 24

I EE: 2025-05-07; 1E€EIHER: 2025-06-17



<2 XEESF, TGV RARTERMIKTUHAINF Sk

5 46 B4 4 ]

MR HAR, PRI SZ B2 G E . MRS B4R A
%, PAEALD AT NE . BTN Z
WA 2. Az, A, PN EEARM
XA SRR, RE W T A SR bt (HE,
TEE ST, 38 ik AR 3815 5 09 R
AR 2, A AT SRR AR . [R Ak b A JZE A
MARXT R, R T AT TR X S R,
T RS TR A JECT, B3 E £L(Through Glass Via,
TGV) 5 PP 3 Bl 1y B R B 0%E , SRk fL
(Through Silicon Via, TSV)AIXf R, EHA—Fhn] LA
BACRERAR AT R, BRI T — 403D B A%
OHEARY,

1 TGVHARHEE

SRR AU AE 2.5D B 3D B8 | 5 g 2
REQF L, ERE SRR . 4k B,
Jnpes ) e AR A PERE L AR Y A B R
HEEMET, Hr, 25D B T A
E E, A S R RGN S S E T SR
EATEREEK ., 3D HENE 2RISR S
E— RO =4 g5ty , R BER T 2R m B,
1R Ry =4 5 B S B 45

FEIAR

ERRE HERAE BB

Bl Z%FRERELELEHM

Three dimensional heterogeneous integration and

Fig. 1

interconnect structure

TE= e Zd, R )2 B R R 55k O Fil
RESEAIRE, BRI EEMRL, PR B, LIRA L
£ KE . L UL K 543 4 JZ (Re-Distribution Layer,
RDL)IE:[FAG 1 T A 24540 . d L2 A 2
By, HT MR A ZE M B ERef
B EBERERNY, SRR R ERER . M
Bl H Z& 4 (Micro Electro Mechanical System,
MEMS) 4 Al $7 K . JC J5 %5 1 (Integrated Passive
Device, IPD)%E i KR UL KA S5 W0 e B,
I J2 G5 A0 B W R W 5 S 1 B AR S5 R Y AR TR B
Z—my

A LG FE M 0 e b 3 D O 2 R R KA

B 1 B A AL i FBE S 2 4k 3 . 5 E AR
FALL, SRR AR A S AR K, T2 AR AR X
B BIE, BB HEAREEAEA XS 22, ih b
FIZB RN, X E— R R BRI T
TE i PERE = i AU e J 5 1 T

W) Y 2 Al ) 2 2 R e o ol B sl LB R
AIN Fl ALO, 55 P 8 AR 250 R 1 268 2% FN AL P
HE o AIN P & b A 1% #1Z ik £ £ (Coefficient of
Thermal Expansion, CTE). f& H BH & S #4019
SN, TEERTE AR SR, T
S e T B O R R, R A B SARAL, JEik
HEAT IR A 771

Wt TSVEEAR, e B pi S e i fl Al 2
(] Y 2 AR, B E R R A R AR EOR ¢
S5 22 E R, el RS E N,
REFE R — R kb kL, B e, 6 SiE
SR R R A G SRR S R LG RS .
FESCBR R, BB A 2 A T2 LA Ik
HL(E 5t s B AL . AEE B4 22, E Ik
eI N C AN YA e R G VAN (OEACEZ &/ % S D
T B AU S A ) R 5 I R
%L PR FIAR 22 6] B9 CTE 2k Bt 3 80T 25 il 4%
RINTY, RS EEME . X B AT RERE AR
P -5 & R e A w1 1 %) PR 5 22

Y B e U A AR R A ST A, AT AR SO
T, JGH AR . MEMS #8145 3D i 55 45 B fifi
Mo BEHRLEA LU RS Bk, B —
FPLE I Tk A8 v 5 1 o e 25 4 RG22 1Y
HM R, BHA RIFMIMGEEENE, SRR
Y s BEIEERIECTRE R, AT LAR B A Y
LAfE S L, HanT i ik 250, RIS
FE 77 LR AT BN R R R RE AU BB A RE s LR,
CHAMRR W EEERE. RMA%ERE, A%
BULRLZZE, 5 TSV AH HH 28 M 800 0 fiE ok 3%
e, ARG SR E RS, T2
HREES, MHBAEM ., & HEEM G
XTEINER 1 PR .

TXV & —FpgE Bl . A 2 AR IR AE A
Fp R B LT R S ORI B . TR
A0 S5 A IO T RS T 2 () SE B AE PR R, B W E
PEHET B3 A A2 SR/ NRLARESY, TXV B AR IR T
THs( 5158 £L)PCB(EN il F B AR il i FoAR , 3B
TERE . BEIE . B & ARG Y SRS AR 2 T



2025 47 H

E M E +3-

A1 AE A AT

Table 1  Performance comparison of commonly used packaging materials'
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Table 3 Progress of TGV technology from mainstream manufacturers at home and abroad

/G| HAR R
. %%ﬂﬁ%ﬁ%iﬁ?H@%%‘Uﬁu%ﬁﬁﬂﬂ%bo N TR R 3D IC FEMR A 7= H R TR R 2livdr et P30 HLR ST AR (10 B 38 34, k3
TGV fL4Z 20 ~ 100 pm, A 10 1
Samice iﬂ%ﬁﬁ%%‘rﬁ TGV &R R % a5 T2, H TGV HA SRl L AR B/ A 40, 3033 057 B R 5 um, SRR 25 1k
A715 pm
i z\ﬂﬁimﬂéﬁﬁsnjﬁﬁﬂw’iﬁ%ﬁigrgﬁ 0.5-30 pm, P14 FEC%, wLAR A HUBE RE T EAPE 2, e S Ak A L 38 T T2
SEAAAT Al A 15 R 2 5 5 K G LA ETTER Real View D248 55
. ONT I & ek i) TGV BOEZ AR, 0] RLAE 50~500 pm LB 38 I A ALAE 7w (935638538 L/ FL 38 LT LA s VR 58
AR i1 M ik 000, AT kT AL YKL i L
— Q&ﬁ]ﬁ%ﬁﬂk%ﬁ%ﬂ@fﬁfﬁﬁ% TGV e S5 ) (R 4 JBE W 38 7 um)wu&i%ﬂzﬂi%lgﬁﬁﬁc HEE L E R OR SGE AL (R LA T &
10 pm, S 50 pm , 28 G2 /N A 8 pm) 3 T4 H G AR S B8 R4 7 100 J7 07 Kot AR it B 48 b= e el 33
AR TGV3.0 2856 53l 1 o TR A% LIl LB AR MR (e / NEFL<7 pm, PR LE > 50:1), 3101 & T 38 FH FIRALIL S 09 f B R
R FICzs ElfJ‘Z%‘E‘L%DﬁE%&* SN FIFEARSEM LT AL . TGV %1‘&5 YRR A tiﬂiité)%‘,ﬁiﬁifﬁﬁié@ TI7 R AR AT
iK2~31470; EFEIR TGV T2 MR45 3D BB TGV Fr T 2% s PR &, B0 AR SC ik =4 RG0EPH 5 Q T/ THZ 48 4%
JEEE/FHR MEMS SRR S48, B 28 Sk o e B | 1 RS ARl RRHDGH S AR T S g
a—— BB TGV = fhdftt i s AT 58 1, FLple 3 ot [0 L B SO (w10 S LA 5 AL BT BE R FE HE LR T2 22 SEAL i
Z80 Bl — B0 Sy 1 A R
T /Aﬂhﬁ?ﬁTﬁ%—:%@W)ﬁﬁEﬁ’ﬁﬁ%ﬁ?L AT DA S (Y 3D 35248 R G0 AL 20 I 155 A5 i, 12 3D 7 1) 38 It ags 5, il
FFHME R /INA $E et R BE DA S AR D RE AR
T SN TGV T [ 7= Ak, 16 17 2 S = 2 255 59 0 £L 5 R (TG V)l 52 838 £L 8] #E 50~150 pm, e /LA 20 pm, fe K v

He10:1

22 TGVHEASLIEMES

HAT, #29 TGV £ ARz F 0% 0o ME s A2 T IR
LB T2 T 3A 56 U Bosch( T TH 2
FDRZI T 28R, HIRH TGV HARIR MR
TE B i R 0 Eb Y 3% 8 R AL 5 v AT H AT,
TGV B K e iy E B RME R & B hr . =300 TGV
HlPETT VL B . R TSV AR, K45
TGV B FLIIERZ AN LI 1, T A REDRES J Fnom
T TEZHEEEDMNXR, TGV HIHEFTH ARAT]
DIEEENMH TSV AR, Hil, TGV AW
VHE T A A s — A2 an ] i s 3B s fL AR K
B TGV 38 FL L4 U H 85 0 B 18] A KR AS 5 55 — b
AR S B IR TG L TGV B LB OB 7e . i
XFUL BXER, A Ja ml DLtk — 25 JF & 5 50 3 r B 4
A, KRBT TGV BRI H . [R5
FIAF I AR EE,  m LA BT 4 Ak 8 i 7] ok 38
FEER LA TGV, HiE, BIHF I, CTH
MR R B B A g AR D, DR e AR A [RD S
FVEFH D P, 2 — A FE B RIS 7 1]

SR, B RT3 A4 Y 3 ) U HAIG S A
PES B BANE2E . CHO %5 & 712830 B 15 i
FEAR P A 3 L 235 #) R 422 ] S5 45 A RE S AR (LA

RO RANE . Gl TR LA L S LA A
LK P OR AU 5| BEAR AT RE 0] LR RS T 35
FEHEAR A HCAMERE . W) AT LIk 2 2 4R 4 5 A
filt 75 8] A O S A B FAIOR, R e b A o DL 52
B o R 2RISR T A PCB H Al DL — 25 2
THICHCR A, REAE M DR 55 3 9 10 20 5 3R 0 M R
B T R R AROAR R A B T, I IET S o o
B2, BRI IR TGV 76 IS A v 7 3 4
JrHEA T, BB LT, HE
b g S R] T B AT R B SHLAR PR . Bl R
S SRR SRS AR, BRI T LLTEAR
RSB TR RE Y R T AR T T A A G
e

3 MRS

FURT, TGV AR 2 N T = 4E 4R IC IR
PR . SRS B R4 . MEMSS
PR 2 R B R S O 1 A U, AR
A VLR LA e,

@ H T P FER TC IR

@ HT B AL L R GRS

@ A BEG IR 5 R R REP R R 5L



“6- XITEEF, TGVRAERKTURAIN B S

copper traces g
RDL «— &=

copper traces 4

heat flux

1L evaporator

|t I vapor core - —

) I condenser
wick /1, Tl

(a) RHIRE I B8R PR PR B AR s
(a) Adopting copper structure and integrated steam chamber
heat dissipation plate for heat dissipation

chip 2 ___microbumps
- o TPVS

== bumps
-===  PCByvias

/5 S fope
55 46 4 4

= 8 —e- glass interposer

E 7r —=— silicon interposer

i 6L . copper traces

=z ~in RDL & PCB

Bus — Vapor

S5 41 ~* chamber

© 8L

L5 ;[

52 . TPV BN

Fg2[, + B

£ = | KCopper layer A

= . , )

1 2 3 4

case number

(b) FUETL. AR RPN PR AR AR E R A R

(b) The influence of copper through holes, copper wiring, and steam chambers

on the thermal resistance of glass and silicon transfer plates

F5 4R 45 M A BRANE 3 AR AT RO R 69 v

Fig. 5 The influence of copper structure and steam chamber heat dissipation plate on heat dissipation performance

BRI A ARFEAL, A R BT, AR
L gMERe iR, BB R &R 9
BEWEAE o DR G EL T R B A HE AR 1Y 2.5D EAREHOR
PV T A R R A A, T A A
2.5D BAHRM S T
3.1 AEXIE RSN A

2021 4F, m RS TRIT TR TGV
AR 3D AT, FLE KN K S0 um, FLERIRSE
27300 um, RDLALFEFZBCBA G ZM =248
L2, ERLN /NS R 20 pmo %W TR
T B R O L, SRR S11
S12 IS H 5 0 LA RIEA 5, —H A
WREJEHN, B, 1 TGV H AR A Jea 55 5L
Me it 7 3D E M, JFUEM] T 2~18 GHz T
B HL AU R S L5 R — B, e A IR
WS, JEE R B ML Pk, 458
7R : 1610 MHz ~ 40 GHz B #Bi% , 4 B o K JiF
1 mm AR A& S A A0 FE/NF-0.05 dB. WAl 6
JiE/RP, 7E 24 GHz MR T, 1 mm fE 4k
FE R FE R -0.02 dB, IR H A F ALK TGV
dab 2 R R R R AR R N T A
i1 TGV £ R 7 = 430 Fn &l i p B
2

2023 4%, JE TR T R HEZ W A BN E T
JE T 35 3538 FL(TG V) H R 1 3% 38 JL VR I r 25 48 T
2, I HE T Mg %- R
(MIM)HLZE 252 338 JE Al b 3 1) 5 Al 45 44 R
BOCTH W 2 B AR Hl 1, MIM A8 S 2K
R 2 DUR A2 SR DU Al . TR
B B0 H 28 ST 360 umx360 um, 7E/N
SPRACEE T 8.85 nF LA A . 10 pH A AF AR IR

(a) k)

(a) Physical of microstrip lines

[
——
wn o wn
3

=20 F

30 F
35k
40 F
-45

S parameter
S
wn

2 4 6 8 10 12 14 16 18
frequency/GHz
(bl)

S parameter

9 . . . . .
2 4 6 8 10 12 14 16 18

frequency/GHz
(b2)
ml m2
or—v u T -
-10

HABUE

S parameter

-30

—dB(8(2,1))
-40 —dB(S(3,3))

—dB(S(1.1))
~50 AT e | L B P g A

0 5 10 15 20 25 30 35 40 45
frequency/GHz
(b3)

(b) M4 R
(b) Test results

B 6 TGV A Fett iy 2,

Fig. 6 TGV packaging substrate and transmission line sample



2025 47 H

R s 4
Z= N OE -7
= \ SR ) o — N ey
JAB DL N 315 mQ AR IR BE A, Wi 70 SR
10%F 40 Simulation 10°
%, 35 " Measurement Planar cap
N 30} MIM’ay wl Sanacsaon —‘i
c 10t \ L\E 25 L C?k G"' ot
3 5 Planar caj 8 S Thench cap
N N NN e
>—E< I - b ench ca? 8 10 b The"d:lc_z_’?_ — 100 k
Simulation iy 5 Planar cap Simulation
1o Measurement | . 0 - ’ Measurelment ‘
10° 107 108 10° 101 104 10¢ 108 101 104 10¢ 108 101
frequency/Hz frequency/Hz frequency/Hz
(a) BHHL (b) L7 (o) ZERCHRTRLK
(a) Impedance (b) Capacitance (¢) Equivalent series inductor
B 7 KA A5 SR A

Fig. 7 Expansion and compensation structure of elliptical filter

20194, 5k FBRAE™ AR H TGV $ AR HIE T
— Ff R /N Y BPF(AHy il € % #%). iX ' BPF & T
TGV 1 3D [ 41) Hy, 75 25 F1 3D W2 i o Ji& g L K AH o7

M =N, SR TA TGV B BRR, 358
T BPFWHLHHEPERE, JFEdm 7 IHHUAEE . U

WA B R & 8 BT 7R o BPF A 0 A8 36 B2 0T
5 GHz, 1l A#FE R 2.25 dB, [lJ%HHi#E K 15.8 dB.
WAL, ALHEBEROALE N IS F S R FCA 0.91 mmx
0.58 mm.

2024 4F, B MR KRR T —Fh s
[ 08 % BRAR FNEE AR, 32 U8 I RS AS LR AR AT = 5
BEAF Ab #0475 20 T4 -, 9/ T A, 05
B R . IR AR A N 3.3~4.2 GHz; 1
#/hF 1.70 dB, A RS 1000 pumx500 pm. #fi
(B8 D g F DA AL 9 B

2018 4F,  H A2 5 5 37 1 1w A b FH AL Se 1)
FC-BGA (81205 7 R A% B 5] 35 256 ) B2 AR 4 L TE I
AE(IPD), X P 3 55 5L Al IPD 3 G A 38 78 3 2 v
i, HTF R sh N 1, X3 IPD JEA R

200 um

B8 A TGV Flarey = 4 @ik %
Fig. 8 Three dimensional bandpass filter with TGV shielding

ring

FHUR AR A 2 P 2, i B 3@ AL (TGV), i
B U7 ¥R AE TGV 3% 55 1 A (R SF 2 320 mmx
400 mm, JEFEE A 0.3 mm) FIERARLZE . BRSO IRLE
LR VB Bl R JC IR L B TR, X R B3 TPD
LM Y = 2 IR LR A R RS, F 1 GHz B} (i i A
BOME & T 70, B 6l T RA TGV AT 4%, {HH
T[] e TS o o e 114 39 3 0 MR 2 A Pl SRR A PR 2

500 pm
S parameter/dB

1000 um

(a) itk
(a) Graphical structure

ESE)

1 2 3 4 5 6 7 8 9
frequency/GHz
(b) fFAELR

(b) Simulation results

A9 MWE R BB EM AT AR
Fig. 9 Topology and simulation results of elliptical filter



“8- XEESF, TGV HRARERKITURAIN A Sk

5 46 B4 4 ]

o B0 NP AN T 20, -2k
PP E2UCRRAEB S L, SREIATHEM (13 pm). At
HL 2 (SIN) SR CVD (fb 2 AR DTR) 5 i DU R
T )2 (R A1 482 2R FH 2 88 5] T 20 (SAP) il 1
Ak, WRRMEAE 4 )22 MK . fEiZmE T,
ABF(F5 HIEARIF A T St i) GX-T3IR 75 H 55

EIEVE N %)Z, 30 UV-YAG(RE T B A
AT (Nd: YAG) i A B 2 AN O #8950 pum 119

Glass

AL AT B o 1 L e R AR S R . B
PRDE U, 7E4 SR LR IE OSP KAk B .
P10 S 35 bR T 20 i PR 7 2 DA R s T Al
SR, BEEE 2 8] ) A 2= MR R IR A A i AR
RFFTRE , WAEMTINZ o HEAR A F S22 1l
MR EL A 265 50 (1) FC-BGA H R il 1) . 744
5 R e B a AR AT G 9 ol B sl 5 0 X
BUE TSR B 1PD o i a1 A A 2T B

Solenoid Coil

MIM Capacitor

| —
! h
‘E—
Resin layer Cu
L}
(a) LZE
(a) Technological process

(3) Sectional view

(2) Device under test
(DUT) photo

(b) B HHIM I

(b) Glass panel appearance

B10 333 EBH T LAETES 320 mmx400 mm &) 3% 35 & A L L

Fig. 10 Schematic process flow of the devices on glass and appearance of 320 mmx400 mm glass panel

L5 LPTR, TGV TEA SR Lk . st
VRIS AS . UE UL A8 DR B B8 i AL ) TC VR AR 4
BCEE DT T RIS EEEVER, FE TR
T TGV HAM TR, # TR =4 niix 1t
BRI B e, IR Wi RV 7 1] 2 o
3.2 FEHTIR = 4 5 B ISR A

20174F, W E R A A EE
AT, BT — o AR (% 2 6 ) R A% i G
WSS, IS I TGV % 3 M 5 i 5 47 e %
TR T H R S B LA A i A RE 1 X
e BB ZE RN 1) i, Hodb 1 TGV #
Petl, 21 W5 —TALR)Z, 22 W ML )ZE,
23N AR, 3RS, 4 W TSV
BN, 5 oMIEFEMRL, 61 N4k, 62 A% —
HIEBR, BARBERCRAR LK 11(b) TR o il ot ik
THER, = FAALETI T TSV H 14 5 1 ek
Mt . B TPAEEABRBINER, TGV
S B S 00 i bR RE AR I Ik R B, KR
FEREAR T A H A

20194, IWALFELZHME T —FioR 2 23

WERB AR Z 0 HERED, WE 120w,
HARGIEN T 22BN 1o, 3
YES M AL TGV, M WOLTE S B AR A L
R 2 A AR, TERA )2 ok, SRR
BOE T2 RIEL I 5 Hik, SEAHOCTER IR
JRERE E AL, A AT 2 W ERRT; K5,
A RS S, IR S #RYE L SR
RN M T BE s fede, SR BRI 2 Rt A
VI L2t i 41k .

20204F, HITm RPEFUEBHEAFAFF KT
77 GHz {R B ikt o di i, A i A 2B 38 B 1
BR, WRIFRE T —Fh B m e i R el
HE (AP TT ALY, 7E 180 pum JE 1Y 3% 55 /7y [
H, B BOCTE S B A R BOR DL AR 2R
TR AR TR B I, SR 5K 175 pm &5 908
JCE AR, SR T T S5 R MR S R
WIS Z M2, A S AR, [RIa AT
PLRP O R BT . #E s i B3R, LUE K
B RDL, f)a 7 /e a4 ihilfE . BGA il ik L &
mlBEY R, SRS . Wi 13 PR,



2025 47 H

(a) 45
(a) Structure

EMHNEBILIETIN TOV HiFRE R NF—H Lt 7HH%
EHIfE, 12 TV #EREANE—H BB E—BHLE

RIBLESESABNESEENTER, BERANEREE—
BHRLEN TV HIERETEHR, SHERRTNESE—EL
EREE—BHLEN TGV %B‘iﬁ

| RBREEEARBESECA REE LA TOV #ERE |

|

REFSUWSH ENESEETER, B NRFNEE
%B&?‘JE’\] TSV B IERE F 7RI, SEMENRTH TSV #iF

|
BEEFESESAN R TOV BERME TSV #ERETH
A, TSV EIERAT TGV #iFRMMLL, BEREEZTZ
BHESEER . TOV #iEiR, TSV #ERIERE—NDERER

WFERE T 2R TSV BIFRMNAEEE, BTHA, &3
¥ L REFEE-BTLE EHREATREFEE=56%
=

EEBHLELREF—HRRIRE, EF=FOLAELR
S Mg

(b) TR
(b) Assembly process

Bl FHEsHs
Fig. 11 Package structure

T
) ( ¥ il a Glass-ST
. B §
gl s Y@ IL Sl
(a) HiFEHHZ (b) Efl
(a) Making copper layer (b) Print
FEREAR ~

Pt

No.8 | .No'9
»

0
§ ERTRCT Y S
CHe ) LLL ST T LT LT LT Bt}

(¢) BEMMIER (d) MEE A 100 m,
(¢) Stacking and hot pressing (d) Place the chip (e) ZHAUF

(e) Multi-chip components
B12 I LRBRABITIHIBEM SR W

Fig. 12 Technological process and multi-chip module based on glass substrate

100 nm



- 10 - XEESF, TGV HRARERKITURAIN A Sk

5 46 B4 4 ]

(a) HlfEzsE

(a) Create a cavity

(b) B EFAE
(b) The chip is placed in the cavity

(c) JEE

(¢ ) Lamination

(d) HEE—ZHEz

(d) Create the first passivation layer

(e) JeZIAIL G

(e) Lithography and electroplating

(f) PSS —RBE AL Z AR

(f) Create a second passivation layer and implant balls

(g) BHHFEEH
(g ) Encapsulating chips

A13 ITZERaEEHES

Fig. 13 Process flow and packaging chip

2021 4%, hEHE PR ESE Lt
FEITIFSE T B IS L B AR i T T2 DA R J F Bl 3
M 3D HEBFLAR, DLW ST S 4T 6] 3D f € (1)
TRk RS 200 pm, 500 pm . 200 pm fY =
JZB R SRR G, SEILRUZ B A
R 3D HEZE S, FRMNR T = 4 25 4 1 5 4
AECY . DAGCA LR, 783 B e M RN F A TR 1
1) 235 B e felt SRS i A, SEEETORUZ SRS
M B SHES, BT TAEM%E R 2 GHz ~
18 GHz Y5 T3 I () il AR W R 48, B Al LASE
PPFPIIRE : FEa AL RIS R S B R T
RELA SO R i i fie . 1 el s E AL, HEK
TIWHEEL TS, DASEIURE R RAE SR A Tad 2
SRIGTEE S AL O™ iS50, IR RS
FOR LI HAMR A HE B, [A] B e icoes o
e, SRR SR LA R T2 R i . N
T 8 MMIC(HL )2 (ol ip 2 5l i, 6 R S AR 4
4, AR R SEJE 10 mmx10 mmx0.9 mm, 8 i S
W T B S ARG I 2O A, W 14 s . H
W e 5 BOTBLAAR AT, RT3 T3
S 3D HES R T 2 AT

2024 4%, i [E LR R 2E I R — A
K H R 45 2 £ 2% (System In a Package, SiP)#i AR Al
TGV TR T MU B Y 50 TR R &, i
% 1) 22 )2 45 K 2 3 o M B 7S U2 O 3 3 AF32 o 52
A, Ho AF32 B9 U RO 5.1, R4 4
¥, FEHN T Z 430 Subl~ Sub6, H: Subl iy
JEEFE A 500 pm, Sub2~Sub6 [ 4EJZ 5 K 400 pm
PIAN IS 22 T E T, 62 Subl A TliiiE

Glassl Heliet Glass2
| e—

Cl:l:l‘:l:l] D u:l:ll'j:D WOty

c:::'::: [_:I l’.::é::} JEhlE AL

— )
o [ ] oo ERAR

————

et [ ([ A——
1 N
r B | W i
!—.;—l
TM TP
Dol rer o
=D
[ ]_H_[l &-fiE
(a) ViR

(a) Process diagram

(b) 5249
(b) Physical object

B 14 =Z43gAAR5 BT T EHRMEATY
Fig. 14

3D stacking procress and physical of glass based

broadband variable frenquency micro-module

7E Sub2 FHASEHEEIEL, SCHLE A BRI R,
AR HMNEEE R T T AL 9 BGA fRER, H
HR Y BGA KR BR 5 RS 10i%H:, I BGA
SRR 5 e 22 A FE G 4, BAARZE A AnIEl 15 s .



2025 47 H

E M E

<11 -

laVaVaWaWs

RF, {i#4E1, GND

i, +5V, +12V, GND

.

(a) W ZIZE

(‘a) Multilayer structure of printed circuit board

Ny

.
1} o oo
r
1

A=

(b) &5HRE

(b) Structure diagram

H15 T/R4AMHKE=ZE

Fig. 15 Schematic of TR component cross-section

Subl F1 Sub2 /15 1 A T Uik 18 LA Az 4 @ w4
fL, RiEAFREZWHHES%, BiGHAK
KB 2ok D LA 5 o o LA
Sub3 LM, KZHOWLH T A i, Hh—
SO R T T 2 A T ) R AR Ay o AR
R 2255 0 BE 25, (IS SPGB /N, 7RIS
ARGk, 4 s 2. Subd A, I}
WE TN Rl , WA TR asE, SR
T K A A b 7 55, DB IR B RETERE AN &%
FIANE PRS2, PRE R G BE i . PRI Subs %
Ao, HAMXT2EE%, ba—ssEmfES %
— BB RSS2 . Sub6 [ T2 75 ZRE BT AL 5 A
FEHME T 5 2ANL BGA SRR

VLT S T/R 33 2R G 1 RF R 73.5 mmx
73.5 mmx3.5 mm, T/RALH R HALHG KL IR
) — R A A, PRI OG . Ok, BRI
TV ARG . RS T AU B T A, PR
A Tl LATR~S AR, T v LA i D S AR ~C A
K, SRJE E XWR ) TEEL o AR M
LR, AR T /NELAE AT DL R e R
R TR SFAE T A 55

Zi LR, TGV 7R AR FE b 1 B¢ &R
Gt UL SR = AE S A A R Ge b R A A AR
YER, 3L TGV AR LA B 0 5 o S g 5 i 5
AR, L =AENEERG, /NS T
B RGARE T — A tERE L IRAR TR T &

4 HRIF

SCEEIE S 2R IE TGV BOR KA XS L, 1
IR T AR TC IR AR G L e S = 4 4R 1S A0 )
MBR, 238 1T TGV R T 2877 L H RiriE N /b

IR BB ARGERE , IR TE BT AR 25 S ARk
K e BRI MRRRE B a0 R AT A
o AR M AR RS AR R AL, AR R R R
KARE R, REWS F R BR B Hbii > CTE KL
SR BN ST, KA PR 5 T B A n] 5 A AT
KT 7. TGV AR BEMS S 5 i 5 8 (W fiE
SEANLARTRA DR E L, 8 S A L RS S
ff I U 2 L s i Besh, BRI R
FESE SR T AR S e, X0 T e N O
TS TR HRTAFAE R PR, AT LE i 5 | AR 4
Hy, SR TR R B RE il i — 22
i ANt R R LR, R4 T TGV HLBE AL
5 TR AE AT LT A 357 A A A 745 o 7910 ok 37 o 1% 5
A TGV, (HE, BIHFCA Lk, T8 iR s
FRE RO FEAR D, D TR A ) 5 T 50 4 P D
P ROk — A B RS T W £k B RTIA,
TGV 7ETCIR R 425 = HESFH ST A IR K A5
NAR A B AR KRB E T — A, X T
TGV HIRARIWITE T E LI R SRR

SE M
FEEAN, RV, TR, 5. RS 2.5D/3D B4,
FA T 98 e [J]. ML 582, 2021, 21(9): 32-42.
WANG Haojie, CUI Bifeng, WANG Qidong, et al. Re-
search progress of RF system 2.5D/3D package structure
[J]. Electronics and Packaging, 2021, 21(9): 32-42.
NIRRT TGV BRI 4R iU T 2 K P B2 8
P RLMFE[D]. MUAR: HLFRHE R, 2024,
SHOREY A B, LU R. Progress and application of
through glass via (TGV) technology[C]//2016 Pan Pacific
Microelectronics Symposium (Pan Pacific). New York:
IEEE, 2016: 1-6.
XU C, LIS, HU Z, et al. A New method of TGVs for fast
filling of metal paste[C]//2024 25th International Confer-

(1]

(3]

[4]



c 12 -

XEESF, TGV RARTERMIKTUHAINF Sk

5 46 B4 4 ]

[5]

(6]

(8]

[9]

[10]

[13]

[16]

[17]

[18]

ence on Electronic Packaging Technology (ICEPT). New
York: IEEE, 2024: 1-5.
KURAMOCHTI S, YUN H. 3D IPD on thru glass via sub-
strate using panel manufacturing technology for RF appli-
cations[C]//2017 Pan Pacific Microelectronics Sympo-
sium (Pan Pacific). New York: IEEE, 2017: 1-6.
GAO Yahao, PENG Simin, LIU Xiangming, et al. A
sensitivity-enhanced vertical-resonant MEMS electric
field sensor based on TGV technology[J]. Microma-
chines, 2024, 15(3): 356.
EWRAE . FET TGV BOR B SIW I8 I &5 19 /N RUALBIF 5T
[D]. BHR: HL TR R, 2024.
SUN X, SUN Y, ZHANG J, et al. Design of RF MEMS
phase shifter packaging based on through glass via
(TGV) interposer[C]//2012 13th International Conference
on Electronic Packaging Technology & High Density
Packaging. New York: IEEE, 2012: 808-810.
HU Z, ZHOU Q, MA H, et al. Development of low cost
glass based deep trench capacitor for 3D packaging[J].
IEEE Electron Device Letters, 2023, 44(9): 1535-1538.
ZHAO H, CHEN M, PENG Y, et al. TXV Technology:
The cornerstone of 3D system-inpackaging[J]. Science
China-Technological Sciences, 2022, 65(9): 2031-2050.
/N, sRARAE | PR L = AR A R U R
FORTHEREL)]. LT 5, 2024, 24(3): 101-102.
BN, BARER, 258, 45 . 3D e g 0 E AL AR
TS IE[T]. T F 2%, 2024, 54(2): 298-303.
HUANG Genxin, HUANG Chunyue, LI Peng, et al.
High-frequency characteristic analysis and optimization
of 3D-packaging through glass via[J]. Microelectronics,
2024, 54(2): 298-303.
PR, LN, ML, A5OSR SR EEROR K S TR
WAFTE R[], BTS2, 2023, 23(3): 14-24.
ZHONG Yi, JIANG Xiaofan, YU Tian, et al. Electronics
and Packaging, 2023, 23(3): 14-24.
X . DR R 2.5D B R T2 K nT S B Y
[D]. db5T: b Tolk K2, 2022,
UPNAL, SR, REEAK, A . B L 2 A A
BUTHAR R R IUIR[I]. AL, 2022, 28(6): 46-65.
JI Zhijing, LING Huiqin, WU Peilin, et al. Development
status of copper electroplating filling technology in
through glass via for 3D interconnections[J]. Electro-
chem, 2022, 28(6):46-65.
JUN O, FUSAO T, TAKASHI K. Development of the in-
tegrated passive device using through-glass-via sub-
strate [C]/ICEP-IAAC2018. The Japan Institute of Elec-
tronics Packaging. New York: IEEE, 2018: 19-22.
o L TR AR A A RIS DU . — b = LS
5 385 TGV 3 Mz T 5 8 % 4% 41: 202311038276.4[P].
2024-04-23.
TAKAHASHI S, HORIUCHI K, TATSUKOSHI K, et
al. Development of through glass via (TGV) formation
technology using electrical discharging for 2.5/3D
integrated packaging[C]//2013 IEEE 63rd Electronic

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[29]

[30]

[31]

Components and Technology Conference. New York:
IEEE, 2013: 348-352.

WEI T,WANG Q,CAI J,et al.Performance and reliabil-
ity study of TGV interposer in 3D integration[C] //Elec-
tronics Packaging Technology Conference(EPTC),IEEE
16th. New York: IEEE. 2014: 601-605.
SENTHILKUMAR T, AJIBOYE T K. Effect of heat
treatment processes on the mechanical properties of me-
dium carbon steel[J]. Journal of Minerals & Materials
Characterization & Engineering, 2012, 11(2): 143-152.
JE . HET TGV HOR R i I P # BT [D]. iR i
TRHER, 2022,

WRFE T . 22T TGV HOR AL H BB 5T [D]. AR :
TRHERE, 2022.

WHE, 250, £, 5B T TGV AN =448 ik
BFARBFFTI]. T 5E%E, 2021, 21(7): 20-25.

XIE Di, LI Hao, WANG Congxiang, et al. Study on tech-
nology of through glass via for 3D integration package
[J]. Electronics and Packaging, 2021, 21(7): 20-25.
B2, AR, ST, A O IAL0 R = R AR
R PH R A BOR D] BT 5 B3, 2023, 23
(10): 96.

FPE 5K B, TS, AE L B AR = LA R EORTE ST
WA BT[], F [ R R ST AR, 2021, 16(5):
434-437.

LU Qian,ZHANG Jian, WANG Wen-bo, et al. Applica-
tion of the glass based 3D lintegration technology in
broadband RF field[J]. Journal of CAEIT, 2021, 16(5):
434-437.

WRAE AR . H T B e 1 2 ) S AR e 4 1 1521 (D). B
A AU K2, 2023,

LIU Z, FU H, HUNEGNAW 8§, et al. Electroless and
electrolytic copper plating of glass interposer combined
with metal oxide adhesion layer for manufacturing 3D
RF devices[C]//2016 IEEE 66th Electronic Components
and Technology Conference (ECTC). New York: IEEE,
2016: 62-67.

IWAI T,SAKAI T,FUJISAKI H,et al. Multilayer glass
substrate with high density via structure for all inorganic
multi-chip module[C]//Proceedings of 69th Electronic
Components and Technology Conference(ECTC). New
York: IEEE, 2019: 1952-1957.

SR LR R & LI PN 5 i VANl S S
A B e A R R 7 T 151 201710758205,
X[P]. 2019-09-03.

WRJa, b, T R4 . Bl fLBORDF ST HE R,
FHEE, 2021, 21(4): 5-17.

CHEN Li,YANG Xiaofeng, YU Daquan.Development of
through glass via technology[J]. Electronics and Packag-
ing, 2021, 21(4): 5-17.

FRMECE, RE AR, £ BT TGV MSHIUCIRARF 1Y
SRR, B P TR, 2019, 27(18): 97-101.
GUO Yanhui, ZHANG Guohua, WANG Jianfen. 3D inte-
gration of RF passive components based on TGV[J].



2025 47 H E M

- 13 -

[36]

[37]

[41]

[42]

[44]

[45]

[46]

Electronic Design Engineering, 2019, 27(18): 97-101.
HUANGYY, TAO Z, CAI X, et al. Electroless silver plat-
ing on through-glass via (TGV) as an adhesive and con-
ducting layer[J]. Microelectronics Journal, 2024, 152:
106371.

Zfttrf . 3T TGV T 20R SiP B AR (19 545 T/R 20 443%
TS 07 E[D]. AR fL TR, 2024,

F T TGV SR B OIC IR F L2 H I (D).
T TR, 2019.

ARAB J, MISHRA D K, KANNOJIA H K, et al. Fabri-
cation of multiple through-holes in non-conductive mate-
rials by electrochemical discharge machining for RF
MEMS packaging[J]. Journal of Materials Processing
Technology, 2019, 271: 542-553.

BT B ZS I B BT ST E . B8 FL(TGV) B A R 57
KMLIB[I]. el 8h5 437, 2024(10): 6-9.

BAJPAI V K, MISHRA D K, DIXIT P. Fabrication of
Through-glass Vias (TGV) based 3D microstructures in
glass substrate by a lithography-free process for MEMS
applications[J]. Applied Surface Science, 2022, 584:
152494.

WU L, WANG L, WANG J. Fractures of low-k materi-
als in a RF package with integrated passive device based
on TGV[J].
11219s5.
MORAF . = 4B I FL(TGV) I T2 K TE IR 75 44
JEAFFE[D]. dbat: s ERLA B, 2016.

PARMAR R, ZHANG J, KEIMEL C. Glass packaging
for RF MEMSJ[C]//International Symposium on Micro-
electronics. Pittsburgh: International Microelectronics
Assembly and Packaging Society, 2018(1): 000680-
000684.

AT WO AL = A R E S (D). W i R R
2#,2023.

KIM C, YOON Y K. High frequency characterization
and analytical modeling of through glass via (TGV) for
3D thin-film interposer and MEMS packaging[C]//2013
IEEE 63rd Electronic Components and Technology Con-
ference. New York: IEEE, 2013: 1385-1391.

CHO S, SUNDARAM V, RAO T, et al. Multi-scale ther-
mal modeling of glass interposer for mobile electronics

Microelectronic  Engineering, 2024, 291:

application[J]. International Joumal of Numerical Meth-
ods for Heat & Fluid Flow, 2016, 26(3/4): 1157-1171.
ZHANG Z Y, DING Y T, CHEN Z M, et al. Design and
evaluation of a novel and ultra-compact fully-TGV-
based-self-shielding bandpass filter for 5G applications
[C]//International 3D Systems Integration Conference
(3DIC), 2019. New York: IEEE, 2019: 1-4.

XIANG J, CHEN H, WANG H, et al. Reliability study
of through glass vias under high current density[C]//
2023 24th International Conference on Electronic Pack-
aging Technology (ICEPT). New York: IEEE, 2023: 1-5.
LI W, WANG L, ZHANG J, et al. SIW bandpass filter
based on tgv technology for millimeter-wave wideband

[47]

(48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

communications[C]//2023 TEEE MTT-S International
Microwave Workshop Series on Advanced Materials
and Processes for RF and THz Applications (IMWS-
AMP). New York: IEEE, 2023: 01-03.

TAKAHASHI S, HORIUCHI K, TATSUKOSHI K, et
al. Development of through glass via (TGV) formation
technology using electrical discharging for 2.5/3D inte-
grated packaging[C]// Proceedings - Electronic Compo-
nents and Technology Conference. New York: IEEE,
2013: 348 - 352.

OKORO C, JAYARAMAN S, POLLARD S. Under-
standing and eliminating thermomechanically induced
radial cracks in fully metallized through-glass via
(TGV) substrates[J]. Microelectronics Reliability, 2021,
120: 114092.

LATY, PAN K, PARK S. Thermo-mechanical reliability
of glass substrate and Through Glass Vias (TGV): A
comprehensive review[J]. Microelectronics Reliability,
2024, 161: 115477.

SEOK B C, JUNG J P. Recent progress of TGV technol-
ogy for high performance semiconductor packaging[J].
Journal of Welding and Joining, 2024, 42(2): 156.
WANG M, LIU L, HU Y, et al. Research on high induc-
tance and quality factor embedded 3D inductors using
ultra-high aspect ratio TGV technology[J]. Materials Sci-
ence in Semiconductor Processing, 2025, 192: 109388.
WANG L, CHEN H, LI W, et al. A low-loss slow wave
SIW bandpass filter with blind via-holes using TGV
technology[J]. IEEE Microwave and Wireless Technol-
ogy Letters, 2024, 34(3): 271-274.

WANG L, CHEN H, LI W, et al. Slow-wave substrate in-
tegrated waveguide with low loss and miniaturized di-
mensions using TGV technology[J]. IEEE Electron De-
vice Letters, 2024, 45(4): 681-684.

SEON S H, CHEON S G, JUNG J P. Recent research
trends in TGV and Cu-filling for AI semiconductor pack-
aging[J]. Journal of the Microelectronics and Packaging
Society, 2024, 31(4): 37-46.

HU Z R, WANG H, LI S, et al. Wafer-level fabrication
of FAIMS chips based on TGV technology[J]. Journal of
Microelectromechanical Systems, 2025, 34(3): 252-259.
QIAN H L, CHEN L L, DAI H T, et al. Glass-based
micro-hotplate with low power consumption and TGV
structure through anodic bonding and glass thermal re-
flow[J]. Journal of Microelectromechanical Systems,
2024, 33(5): 610-619.

197344, M4, BFTHA .
19955 4, M+, LA,
19854, M+, BN,

(R Lth#t: & =3%)



