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Semiconductor Requirements for Smart Mobile Applications 

- Low power 

- High performance 

- Multi-function 

- Small size 

- Low cost 
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Mobile Application with Increasing I/O count and Bandwidth  

Bus width (IO count) 

Bandwidth 

LPDDR1 

ipad2 
iphone5 

Galaxy S3 
Galaxy S2 

3.2 GB/s 

4.3 GB/s 

6.4 GB/s 

12.8 GB/s 

iphone4 

LPDDR2 

ipadX 

LPDDR3 

Target on  
Mobile Applications! 

50 GB/s Ultra book Wide I/O 

Wide I/O 

iphoneX 

Bus width (IO count) 

발표자
프레젠테이션 노트
LPDDR, Wide IO DDR 을 그래프에 표시
표시 할 때 (GB/s, application 표시 (gallaxy, apple 등..)) 사진도 같이
특징도 같이 (termination, JEDEC standard 등등)

Rapid memory bandwidth increase by applications
50GB/s (for smart phone, tablet), 100GB.s (for ULT) will be introduced
LPDDR4, Wide IO (512 DQs) will lead the high-end mobile solution
Power efficiency (Low Vdd, signaling) + Cost
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Why Interposer in Mobile Application? 

▪ Large number of I/O count  10K 
▪ Low power consumption  reduced more than 50 % 
▪ Short interconnect length  hundreds of µm order 
▪ TSV availability 
▪ Dense routability 

Application processor Memory 

Silicon Interposer 

Memory 

Memory 

Memory 

Mobile application requires 
▪ Faster computing 
▪ Higher resolution display 
▪ Longer battery life 
▪ Compact size 

Package 
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Low Power TB/s Bandwidth 3D IC Structure 

Silicon 
Interposer 

Analog Chips 

Stacked 
Memories 

Antenna Chip 

TB/s Waveguide Interconnect 

Embedded Si-based Devices 

TB/s 
Coaxial TSV 

Package Substrate 

Wireless Power Transfer 
Receiver Chip 

Processor 

… 
… 
… 
… 

… 
… 
… 
… 

 Innovative new vertical & horizontal Interconnections for TB/s Bandwidth in 3D IC 

 Low Power system using WPT chip 

 Silicon Interposer Embedded Passive / Active Devices 

Embedded Passive& Filter 

TB/s Coaxial TSV 

MEMS & Bio 
Sensor 

Radioactivity 
Sensor RF Chip 
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Multi-level  
On-chip Interconnect 

Si-Substrate 

SiO2 

Under fill 

Under fill 

Dielectric 

Dielectric 

1st Chip 

2nd Chip 
(Thinned 

Substrate) 

3rd Chip 
(Thinned 

Substrate) 

• Short Interconnection 
 Reduced RC Delays 
 Low Impedance for Power Distribution Network 
 Low Power Consumption 
 Heat Dissipation Through Via 

• No Space Limitation for Interconnection 
 High Density Chip Wiring 
 No Limitation of I/O Number 
 No Limitation of I/O Pitch 
 Small Area Package 

Key Technology : TSV (Through Silicon Via) 

3D TSV Stacked IC 
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Frequency-dependent Loss of Through Silicon Via 
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Leakage current 

Frequency 
dependent term 

Loss term 

Cinsulator GSi sub 

발표자
프레젠테이션 노트
위 두 가지 특성은 다음과 같이 TSV를 통해 신호가 전송될 때 발생하는 삽입 손실로 확인할 수 있습니다.

손실을 발생시키는 요인으로는 크게 TSV를 채우는 메탈에 의해 생기는 손실과 실리콘 섭으로 leakage가 발생하는 손실이 있는데,

TSV의 길이가 짧고 두께가 비교적 두껍다는 조건에서는 TSV를 채우는 메탈에 의한 손실은 무시할만 합니다.

결국 tSV를 통해 신호를 전송할 때 발생하는 손실은 대부분이 실리콘 substrate를 통해 빠져나가는 leakage current에 의한 손실인데,

이 때 발생하는 손실은 insulator layer를 통과해야 생기므로, insulator cap의 임피던스에 의해 크게 영향을 받게 됩니다.

즉, 주파수가 증가함에 따라 insulator cap의 임피던스가 감소함으로써 leakage current가 발생하는 양이 점점 증가하여 결국 TSV의 삽입 손실은 주파수 의존적인 특성을 보입니다.

Due to these two main factors, there is a frequency dependent insertion loss as you can see this graph.

Insertion loss occurs by leakage current through silicon substrate and we can express this loss term as a conductance, G Silicon.(click)
But this leakage current through silicon can occur only if it passes through silicon dioxide layer.(click)
So that the impedance of this capacitance (click) determines the amount of leakage current through silicon substrate.
Additionally, capacitance of silicon dioxide surrounding TSV is relatively big compared to other parasitic capacitances,
this C via_ox dominantly determines the capacitive characteristic of a TSV under 1 GHz.

To sum up, due to the conductance of silicon carrier, TSV has loss, and due to capacitance of silicon dioxide, this loss is frequency dependent!





Terahertz Interconnection and Package Laboratory TERA 
Terahertz Interconnection and Package Laboratory 

9 

 Insulator thickness dominantly affects frequency dependent loss of a TSV channel 
in region [A]. 

Insulator thickness  of TSV ↓ 
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Equivalent circuit model ( t = 0.5um ) 

Equivalent circuit model ( t = 0.3um ) 
Equivalent circuit model ( t = 0.1um ) 

[A] 

Analysis of a TSV Channel with Insulator Thickness of TSV 

CInsulator/2 CInsulator/2 

CInsulator/2 CInsulator/2 

CInsulator=1.6 pF 

CInsulator=2.6 pF 

CInsulator=7.8 pF 

 Leakage through silicon substrate dominantly increases due to lowered impedance 
with increased Cinsulator in region [A]. 

Leakage current 

 Insulator thickness of TSV (t) 

Signal  
Top 

Ground  
Top 

Signal 
Bottom 

Ground 
Bottom 

발표자
프레젠테이션 노트
먼저 insulator의 두께에 따른 TSV channel의 특성을 분석해보도록 하겠습니다.

다음의 그래프를 보시면, (1*)
Insulation layer의 두께가 얇아질수록 저주파대역 즉 A영역에서 집중적으로 loss가 증가하는 것을 보실 수 있습니다.
이 Insulation layer의 두께가 얇아지게 되면 TSV channel의 모델에서 insulator cap값이 (2*) 바뀌게 되는데,
이 값을 제안된 수식에 따라 계산해보면 두께가 0,5/0.3/0.1um로 얇아짐에 따라 (3*)  0.8pF / 1.32pF / 3.93pF 로 그 값이 증가하게 됩니다.
결국  insulator의 두께가 얇아지게 되면 capacitance가 증가함에 따라 1/jwC에 의해 임피던스는 감소하여
Silicon substrate로의 leakage가 증가하여 손실이 증가하게 됩니다. (4*)
A영역에 집중적으로 영향을 미치는 이유를 분석해보면, 이 cap 값은 TSV channel의 parasitic cap들 중 가장 큰 cap이기 때문에,
낮은 주파수에서 그 영향이 일찍 보이게 되고, 1/jwC에서 주파수가 어느정도 커지게 되면 임피던스가 충분히 작아져서 어느 이상의 주파수에서는
Insulator cap의 영향이 묻히게 되어 B와 C영역에서는 그 영향이 보이지 않게 됩니다. (5*)
(6*) 결론적으로 insulator의 두께는 영역 A에서의 TSV channel 의 특성에 큰 영향을 미치는 파라미터로 분석할 수 있습니다.
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TSV Depletion Phenomenon Depending on DC Bias Voltage 

 TSV has MOS structure  depletion occurs depending on TSV bias 
voltage 
 

 TSV capacitance decreases if depletion region is generated 

LTSV 

RTSV Cox 

LTSV 

RTSV 

deplox

deplox
TSV CC

CC
C

+

⋅
=

SiO2 

Silicon 

Copper 

M O S 
contact 

Cox 

Depletion region 

Vbias  (VFB < Vbias < VTh) 

Cdepl 

TSV model  
without considering depletion 
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Hysteresis of Depletion Capacitance 

 Coupling capacitance increases as TSV dc bias decreases 
 

 Coupling capacitance shows hysteresis, which means that 
capacitance varies depending on the previous TSV dc bias voltage 
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Frequency Domain Measurement Result 
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 measurement at T=25ºC 
 measurement at T=50ºC 
 measurement at T=75ºC 
 measurement at T=100ºC 

Noise coupling increases 
(1.5dB increase at 
10MHz) 
as temperature increases Noise coupling 

decreases  
(3dB decrease at 1GHz) 
as temperature increases 

• Measurement shows trend reversion between high frequency and low 
frequency. 

 

• At very high frequency, noise coupling becomes similar although 
temperature varies 

발표자
프레젠테이션 노트
주파수 도메인 측정결과 입니다.

온도 영향을 보기 쉽게 하기 위하여 색깔별로 표시를 하였습니다.
파란색은 상온에서의 결과이며 초록색이50도, 노란색이 75도 빨간색이 100도에서의 결과입니다.

크게
두가지 현상을 볼 수 있었습니다.

수백 메가헤르츠 이상에서는 커플링이 감소하는 현상을 볼 수 있었고 그 이하의 저주파 영역에서는 반대로 커플링이 증가하는 현상을 볼 수 있었습니다.
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Eye Diagram of 4Gbps at 25°C and 100°C 

Pk-pk jitter : 11 ps 
=4.4% UI 

At 4Gb/s 25ºC At 4Gb/s  100ºC 
Eye-height : 344 mV 
=68.8% Vin (500mV) 

Eye-height : 354 mV 
=70.8% Vin (500mV) 

Time (ps) 
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• Eye height increases about 2% 

 

• At 4Gbps, trend is reversed compared with low frequency region 

 

• Jitter is almost same 

발표자
프레젠테이션 노트
4Gbps에서는 아이 하이트가 약 2프로 가량 증가합니다. 앞서 보신것과 다른 개형으로 온도 의존성을 보여줍니다.

지터의 경우는 거의 동일합니다.,
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Various Structures of TSV on Interposer 

Silicon  Silicon  

Silicon  Silicon  

< Normal TSV > 

< Through Organic Line Via (TOLV) > < Coaxial Organic Line Via (COLV) > 

< Through Silicon Line Via (TSLV) > 

Insulation 
layer 

ILD Organic 

Organic Organic 
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Measured Eye-diagrams at 30 Gbps (Coaxial TSV) 

< Eye-diagram of TSV channel > 
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< Eye-diagram of Coaxial TSV channel 
> 

Data rate = 30 Gbps 

181 mV 

8.3 ps 

245 mV 

• Eye-diagram of coaxial TSV channel is better than that of normal TSV channel  
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Glass Interposer and TGV 

Silicon  
substrate 

Glass  
substrate 

Physical parameters 
• TGV/TSV diameter: 10µm 
• TGV/TSV pitch: 40µm, 100µm 
• TSV oxide thickness: 0.5µm 

 

< Double-sided Glass Interposer > < Double-sided Silicon Interposer > 
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Equivalent Circuit Model of a Through Glass Via (TGV) 

Signal  
Top 

Ground  
Top 

Signal 
Bottom 

Ground 
Bottom 

GGlass  

CGlass  

Ctop,IMD 

Cbot,IMD 

RTSV 

LTSV 

RTSV 

LTSV 

Gbot,IMD 

Gtop,IMD 

dTSV  = 10 µm 
pTSV  = 100 µm 
hTSV  = 100 µm 
 

Physical parameters 

CGlass  = 9 fF 
GGlass  = 100 kOhm 
Cpolymer  = 0.1 fF 
Gpolymer  = 10 kOhm 
Ctop,IMD  = 7.5 fF 
Gtop.IMD  = 10 MOhm 
RTSV  = 3 mOhm 
LTSV  = 49 pH 

Extracted RLGC parameters 

Cpolymer 

Gpolymer 
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 Baseline structure of a differential signal TSV (GSSG type) with 

Bumps 

Differential Signal TSV 

Signal 
TSV 

Ground 
TSV 

IMD 
Underfill 

Underfill 

Silicon 
Substrate 

Bump 

Bump 

Bump 

Bump 

Ground 
TSV 

Signal 
TSV 

Bump 

Bump 

Bump 

Bump 

TSV 
diameter 
 

Pitch 

Insulator 
thickness 

Bump diameter 

TSV Height 

Bump height 

Bottom oxide 
thickness 

IMD height 

발표자
프레젠테이션 노트
다음은 single-ended signal TSV와 Bump를 모델링 한 것을 
differential signaling을 할 때의 모델로 확장시켜보고자 합니다.

앞에서 모델링한 single-ended signaling 의 경우, 구조적인 파라미터와 구조에 의해 결정되는 수식들로서 모델이 제안되었기 때문에
추가된 구조에 의한 mutual 성분만 추가함으로서 differential signaling의 경우로 모델을 확장시킬 수 있습니다.
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GSSG-type differential signaling 
GSG-type single-ended signaling 

0 

Measured Coupled Voltage of a TSV Channel depending on Signaling 

< Coupled Noise voltage > 
 

Single-ended (GSG-type) vs. Differential (GSSG-type) 

 Even with the larger insertion loss, GSSG-type 

differential signal TSV has better noise 

immunity than GSG-type single-ended signal 

TSV 

Injected signal : 1GHz clock signal 
Using pulse-pattern generator (PPG) 
Digital cscilloscope : TDS8000B 

<GSSG-type> 

<GSG-type> 

Clock  
(0.5Vpp) 

Clock 

Clock  
(1Vpp) 
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Various Structures of On-interposer Metal Lines 

< Baseline structures – Coplanar waveguide (Left), Microstrip (Center), and Strip (Right) lines  

Interposer Insulation 
layer 

ILD 

Interposer Insulation 
layer 

ILD 

Interposer Insulation 
layer 

ILD G S G 

Signal Ground 
S 

G 
S 
G 

G 

On-interposer lines for wide I/O 

Signal Ground 

On-interposer lines for X-talk reduction 

< Examples of on-interposer metal lines > 
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Fabricated TSV Channel for Modeling and Analysis 

< Side view > 

< Top view > 

150um 

Probing pads 

20um 

20um 

Length variation 

Silicon substrate 

Oxide layer 
Dielectric layer 

Silicon substrate 

Oxide layer 

50um 1um 

8um 
3um 

0.3um 

300um 

10um Under-fill layer 

0.3um 
Oxide layer 

44um 

Interposer Line 

0.3um 

TSV 

 2000 / 3000 / 4000 um 

TSV 

Metal 
line 

UBM 

< Top view – SEM picture > 

< Cross-sectional view  
– SEM picture > 
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Verification of Proposed Method by Time-domain Measurement 
– Test Vehicle A (Length = 500um) @ 10Gbps 

<Eye-diagram by using proposed method > 
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<Eye-diagram by time-domain measurement > 

0.3 V 

14.9 ps (14.9% UI ) 

• Error rate of the estimated eye-diagram using the proposed method 
- Eye-opening voltage : 5.2% Vp-p 

- Timing jitter : 8.8% UI 

- Input voltage = 1V 

발표자
프레젠테이션 노트
Detail한 계산은 생략
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Verification of Proposed Method by Time-domain Measurement 
– Test Vehicle B (Length = 4000um) @ 1Gbps  

<Eye-diagram by using proposed method > <Eye-diagram by time-domain measurement > 
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0.28 V 

149.3 ps (14.9% UI ) 

• Error rate of the estimated eye-diagram using the proposed method 
- Eye-opening voltage : 11.2% Vp-p 

- Timing jitter : 5.9% UI 

- Input voltage = 1V 

발표자
프레젠테이션 노트
Detail한 계산은 생략
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Passive Equalizer at Interposer 

M1 
M2 

< Top view > 

10um 

2um 
10um 

250um 

250um 
750um 
1250um 

10um 

4500um 

• Thicknesses of M1 / M2 = 0.7um / 0.7um 
• Total length of stub = 500um, 1000um, 1500um 
• Test pattern will be fabricated by MPW 104th M/H 0.35um 

- Die out : 2011. 12. 20 
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Measured Eye-diagrams at 30 Gbps (Passive Equalizer) 

< Eye-diagram without passive EQ. > 
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< Eye-diagram with passive EQ. > 

Eye-diagram is closed 

Data rate = 30 Gbps 

• By using the passive equalizer, the eye-diagram at the data rate of 30 Gbps is 
improved 
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S21 : Interposer Channel Loss: CPW 

Glass interposer (CPW, M1) 

Glass interposer (CPW, M2) 

Silicon interposer (CPW, M1) 

Silicon interposer (CPW, M2) 

<Simulated interconnect> 
- Type : Co-planar waveguide 

(CPW) 
- Length : 1 mm 
- width / space : 10 um / 10 um 
- Distance from M1 to Glass : 1 um 
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Insertion Loss Measurement of Glass Interposer 

 Type : CPW 

 Length : 6000um 

G G S 

25um/25um/25um 

170um / 600um/25um 
120um / 600um/20um 

< Signal/ground width/Space > 

< side view > 
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-1.5 

-1 

-0.5 

0 

Frequency (GHz) 

S
 21

  (d
B

) 

Z0: 59.6Ω 
(measurement) 

Z0: 57.5Ω 
(measurement) 

0.5dB loss at 20GHz, 6mm line Length 
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Eye-diagram of the Glass Channel (Via + Short line + Via) 

 Eye-diagram of glass channel (glass via + 200um line + glass via) is measured 
 

 Because glass channel has a little loss, eye-diagram shape is almost determined by the 
cable 

       ( 90cm high-frequency cable has -1.3dB insertion loss at 10GHz ) 

1Gbps 5Gbps 10Gbp
s 

< side view > 

Glass via 

Glass 

< Top view of glass channel 
> 

- Glass via diameter: 60um 

- Glass line: GSG coplanar waveguide 
    ( Width: 25um / space: 175um / length : 
200um ) 



Terahertz Interconnection and Package Laboratory TERA 
Terahertz Interconnection and Package Laboratory 

30 

Simultaneous Switching Noise (SSN) on Interposer and Problems caused 
by SSN 

WIO 
WIO 
WIO 

WIO 

                                 Silicon      
                                     Interposer 
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Package 
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I/O Drivers (512ea.) 

Switching  
current 

… 
… 

… 
… 

< lines on interposer > 

Sig(1:3) 

Sig(4:6) 

GND 

GND 

PWR 

PWR 

2. SSN coupling 

< AP > 

1. Driver performance 
degradation by SSN 

… 
… 

… 
… 

< Wide I/O > 

3. SSN transfer through 
interposer line 
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(1) (2) 

(3) 

(4-A) (4-B) 

SEM Photos for TSV Connection Test and Physical Dimension 
Confirmation (2/2) 

• We confirmed all TSV connections and physical dimensions of the fabricated 
sample by SEM photos. 
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Unit cell Unit cell Unit cell 

Unit cell Unit cell Unit cell 

Unit cell Unit cell Unit cell 

Segmentation 
Method : 

Modeling Method for Grid-type PDN based on a Segmentation Method 

• Once we have unit-cell models, we model the whole grid-type PDN by connecting 
all unit-cells that form the grid-type PDN based on a segmentation method. 

발표자
프레젠테이션 노트
이렇게 구성된 각 Section의 RLGC model을 current path 방향으로 연결함으로써 전체 Unit-cell model의 modeling을 하게 됩니다. 이 후 앞서 말씀드렸듯이 인접한 Unitcell을 서로 연결하는 방식으로 전체 On-chip PDN에 대한 Modeling을 하게 됩니다.
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Verification of TSV-based Stacked Grid-type PDN Model 

:  Proposed model 

:  Measurement 

:  3D EM simulation (CST MWS) 

Frequency (GHz) 

PD
N

 Im
pe

da
nc

e 
(Ω

) 

0.1 1 10 20 

103 

102 

101 

100 

10-1 

CPDN 

LPDN loop 

• PDN self impedance estimated from the proposed model is well-matched with the 
simulation result and measurement in the frequency range of 0.1 GHz to 20 GHz. 
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SEM Image of TSV-based DCSC  

TSV 

IMD  
(Metal: 10 

layer) 

Capacito
r 
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Comparison b/w measurement and simulation for PDN 
impedance (Z11) of the proposed TSV-based DCSC  

Mode 
Resonanc
e of Chip 

PDN 

1M 100M 1G 10G 
0.1 

1 

10 

100 

Frequency [Hz] 

PD
N

 Im
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1 
[o
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L_Decap ESL + TSV 
+ PDN loop L 

           : Simulation of TSV   
         based DCSC (0.47uF X 
4ea) 
           : Measurement of TSV  
         based DCSC (0.47uF X 
4ea) 10M 

- VNA measurement using agilent 
E5071B 
- Freq. Range of VNA: 1M ~ 8GHz 
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Noise Coupling Paths in Stacked Dies using TSV: Non-ideal RCP 

N-Well 
N+ P+ P+ P+ N+ N+ 

P-Substrate 

P+ N+ N+ P+ N+ 
N-Well 

N+ 
N-Well 

N-Well 
N+ P+ P+ P+ N+ N+ 

P-Substrate 

P+ N+ N+ P+ N+ 
N-Well 

N+ 
N-Well 

P-Substrate 

1st Chip 

2nd Chip 

3rd Chip 

TSV TSV 

Inductor 

Inductor 

2 

TSV to Active Circuit 
Coupling 

3 

Metal to Metal 
Coupling 

1 

TSV to TSV 
Coupling 

TSV TSV 

TSV TSV 

발표자
프레젠테이션 노트
이 그림은 Stacked IC를 측면에서 바라본 그림입니다. Stacked die에서 coupling issue는 크게 3가지로 나눌 수 있습니다. 

TSV와 TSV 사이의 coupling, TSV와 active circuit 사이의 coupling, 그리고 metal과 metal 사이의 coupling 입니다.

앞에서 TSV와 active circuit 사이의 coupling과 metal과 metal 사이의 coupling에 대해서 다른 학생들이 잘 설명해주었고 저희는 TSV와 TSV 사이의 coupling에 대해서 앞으로 약 20분 동안 말씀 드리겠습니다. 
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Analysis of Noise Coupling based on the 3D TLM Model 
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 Distance between contact and TSV : 
100 μm 
 Substrate height : 100 μm 
 TSV diameter : 30 μm 
 TSV SiO2 thickness : 0.5 μm 

CTSV 
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 Coupling can be divided into 3-regions 
 

 In region A, B, and C  TSV SiO2 capacitance , silicon resistance, silicon 
capacitance is the dominant factor to the coupling 
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The Shielding Effects of Active Circuit near TSVs 

G 

S 

dDNW 

DNW contact 

DNW 

G 

S 

Silicon substrate 

Depletion region 

dkeep 

Silicon  
substrate 

N
oi

se
 c

ou
pl

in
g 

co
ef

fic
ie

nt
 [d

B
] 

-90 

-80 

-70 

-60 

-50 

-40 

-30 

10M 100M 1G 10G 
Frequency [Hz] 

DNW (large contact) 
DNW (small contact) 
No DNW 

tjunction DNW 

• Active circuit is simply modeled as DNW with 
keep out area from TSV (dkeep) 
 

• Shielding effects of DNW is validated by 3D EM-
simulation and results are shown 

Coupling 
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Two cases assumption 

Deep N well n- (σ≈500 S/m) 

p- silicon substrate (σ≈10 S/m) 

Case 2 (with σ≈500 S/m  DNW) 

Case 1 (NMOS No DNW) 

n+ n+ p+ p+ 

p+ p+ n+ p+ 

p- silicon substrate (σ≈10 S/m) 

발표자
프레젠테이션 노트
In the paper, I wrote only case 2 which has deep N well, but I tried also case 1 which seems simpler.
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The effect of distance between TSV and ground tie1 
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Shielding TSV (bar, ring, fence) 

• Shielding TSVs can be formed in various way 
• It roles as an blocking structure between Signal and Signal, PWR and PWR TSVs, and even 

analog and digital block 

<Bar type> <Ring type> 

<Fence type> 

Shielding GND TSVs 
Signal TSVs 
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Conclusions (1) 

-2.5D architecture will be the most practical semiconductor integration 

solution for future low power and high-performance mobile 

platform 

- TSV and interconnections will be the critical interconnection structures 

in 2.5D IC. 

- Significant I/O power reduction and bandwidth increase can be 

achieved using the 2.5D architecture. 

- Special TSV structures, transmission line structures, and equalizers are 

needed to meet low power and high-speed data transmission 

requirements. 
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Conclusions (2) 

-I/O power noise suppression and hierarchical decoupling schemes are 

needed to suppress excessive I/O SSN noise 

- Noise coupling is becoming a crucial concern in 2.5D system, and 

appropriate shielding methods should be applied 

 


	Signal Integrity Modeling and Measurement of TSV in 3D IC
	슬라이드 번호 2
	슬라이드 번호 3
	Mobile Application with Increasing I/O count and Bandwidth 
	Why Interposer in Mobile Application?
	Low Power TB/s Bandwidth 3D IC Structure
	Key Technology : TSV (Through Silicon Via)
	슬라이드 번호 8
	슬라이드 번호 9
	TSV Depletion Phenomenon Depending on DC Bias Voltage
	Hysteresis of Depletion Capacitance
	Frequency Domain Measurement Result
	Eye Diagram of 4Gbps at 25°C and 100°C
	Various Structures of TSV on Interposer
	Measured Eye-diagrams at 30 Gbps (Coaxial TSV)
	Glass Interposer and TGV
	Equivalent Circuit Model of a Through Glass Via (TGV)
	슬라이드 번호 18
	슬라이드 번호 19
	슬라이드 번호 20
	Various Structures of On-interposer Metal Lines
	Fabricated TSV Channel for Modeling and Analysis
	Verification of Proposed Method by Time-domain Measurement�– Test Vehicle A (Length = 500um) @ 10Gbps
	Verification of Proposed Method by Time-domain Measurement�– Test Vehicle B (Length = 4000um) @ 1Gbps 
	Passive Equalizer at Interposer
	Measured Eye-diagrams at 30 Gbps (Passive Equalizer)
	S21 : Interposer Channel Loss: CPW
	Insertion Loss Measurement of Glass Interposer
	Eye-diagram of the Glass Channel (Via + Short line + Via)
	Simultaneous Switching Noise (SSN) on Interposer and Problems caused by SSN
	SEM Photos for TSV Connection Test and Physical Dimension Confirmation (2/2)
	Modeling Method for Grid-type PDN based on a Segmentation Method
	Verification of TSV-based Stacked Grid-type PDN Model
	슬라이드 번호 34
	슬라이드 번호 35
	Noise Coupling Paths in Stacked Dies using TSV: Non-ideal RCP
	Analysis of Noise Coupling based on the 3D TLM Model
	The Shielding Effects of Active Circuit near TSVs
	Two cases assumption
	The effect of distance between TSV and ground tie1
	Shielding TSV (bar, ring, fence)
	슬라이드 번호 42
	슬라이드 번호 43

