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Abstract 
 

In recent trends, through silicon via (TSV) is essential Technologies for 3-D IC integration because of its short interconnects length and 

high interconnect density. Beyond the existing structure of TSV, this paper provides a novel structure to investigate the crosstalk effect 

and same is simulated by using a SPICE simulator and 3-D field solver. The structure of the TSV comprises of copper surrounding by 

insulating liner, and silicon substrate. In existing structures, silicon dioxide (Sio2) is used as insulating liner because of its material com-

patibility with silicon substrate. Several researches provide the problem of using Sio2 is due to its high dielectric constant; as a conse-

quence delay will increase. Therefore, Sio2 is not appropriate for high performance applications. In this work, a novel TSV structure is 

reported to improve the TSV performance which uses poly-propylene polymer liner instead of oxide liner. Signal TSV is enclosed by 

using a poly-propylene liner and amid the analysis with doping region is created around the ground TSV. For comparison purposes, con-

ventional and proposed TSV structures are simulated. The proposed TSV’s structure simulation results in 30% decrease in crosstalk over 

existing TSV structures. 
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1. Introduction 

In recent days, through silicon via (TSV) interconnects are playing 

a major role in 3-D IC integration. The advantages of TSV inter-

connects are low power consumption, smaller form factor, better 

performance, and higher functional density. TSVs are the vertical 

interconnects used to enable the vertical stacking of Integrated 

circuit (IC) chips. The structure of the TSV [1] composed of Cu 

surrounded with insulating liner and silicon substrate. The usage 

of insulating liner is to avoid the signal leakage from the metal 

(Cu) to silicon substrate. In the traditional TSV structures, silicon 

di- oxide (Sio2) is used as insulating liner [2] because of its mate-

rial compatibility with the silicon substrate. Sio2 liner has small 

thickness which is roughly equivalent to 0.01µm and it has large 

dielectric constant which is approximately equal to 3.9. Because 

of high dielectric constant, Sio2 liner develops a large insulating 

capacitance which impacts on degradation of TSV performance 

[3]. Hence, Sio2 liner is not appropriate for high performance ap-

plications. In addition to that few authors were provided the prob-

lems of Sio2 liner. They accounted the problem of deposition of 

uniform thin layer on the sidewalls of deep reactive ion etching 

(DRIE) etched vias. Because of the inherent scallops on the side-

walls of TSVs, stress concentration at the scallop edges brings 

about failure of ultra-thin barrier layers, current spillage and dete-

rioration of electrical performance. To enhance the TSV perfor-

mance and mitigate the insulating capacitance, low dielectric con-

stant liners are used instead of Sio2 liners. 

In general, polymer liner has low dielectric constant, elastic modu-

lus and large thickness. Due to the low dielectric constant of pol-

ymer, it develops a less insulating capacitance between metal and 

silicon substrate that results in decreasing of delay. Hence, poly-

mer liners are well appropriate for high performance applications. 

Additionally, Current spillage is avoided by eliminating the dis-

continuity of barriers using a large and uniform thickness of pol-

ymer liners. Moreover, due to low elastic modulus, polymer liner 

can also act as a barrier layer in between the silicon substrate and 

metal to avoid the thermal stresses. In the proposed model, a novel 

TSV structure is constructed with polypropylene polymer liner as 

insulating liner. 

The TSVs with polymer liners to be fabricated with a completely 

different method [4] which is contrasting to TSVs with silicon 

dioxide layers deposited by plasma-enhanced chemical vapor 

deposition (PECVD). It is possible to fill polymer into a narrow 

trench using spin-coating or dispensing techniques. Instead of 

using circular vias hollow-cylinder polymer is completely filled by 

using annular trenches and coated thin polymer layers. The large 

and uniform thickness polymer liners surrounding to Cu metal is 

possible with the annular trench based fabrication.  

The rest of the paper is organized as follows: The electrical mod-

eling of TSV with analytical equations is reported in section 2. 

The results and discussions based on the parameter variations of 

TSV is reported in section 3. Finally, section 4 concludes the 

work. 

http://creativecommons.org/licenses/by/3.0/
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2. Electrical modeling of TSV with analytic 

equations 

The proposed TSV structure comprises of three cylindrical signal-

ground-signal pattern with height 100 µm and radius 10 µm as 

shown in Fig. 1. The first and third cylinder is designed with cop-

per surrounded by polypropylene liner thickness 0.1 µm and heav-

ily doped silicon MOS depletion layer width 0.68 µm. The middle 

cylinder is designed with copper and surrounded by doping layer 

thickness 0.1 µm. The dielectric constant (Ɛr) of poly-propylene 

liner, Sio2, silicon, copper is 2.3, 3.9, 11.9 and 1.0, respectively.  

 

 
Fig. 1: Signal-Ground-Signal Pattern for the Proposed TSV Structure. 

 

In this section, analytic RLGC components of the proposed equiv-

alent circuit model of a TSV are proposed and electrically mod-

eled with analytic equations which are functions of material prop-

erties, structural parameters, frequency, and etc. The proposed 

equivalent circuit model Fig. 2 is acquired based on the physical 

structure of a TSV. Among various TSV parasitic, the capacitance 

of a TSV is the most vital component which governs the overall 

electrical behavior of a TSV.  
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Fig. 2: Electrical Equivalent Model for the Novel TSV Structure. 
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Fig. 3: (A) Top View of the Conventional TSV Structure that Uses Oxide 
Liner (B) Top View of Proposed Signal TSV Structure that Uses Polymer 

Liner (C) Top View of the Proposed Ground TSV Structure. 

 

Each of the RLGC components corresponds to a structure of a 

TSV. The analytic RLGC equations are derived from the physical 

structure with the design parameters [5], [6]. Therefore, each 

RLGC equation is a function of the variables from the design pa-

rameters. The resistance and inductance of the TSV is analytically 

modeled as in (1) and (2), respectively. 
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Where hTSV, dTSV, rTSV are the length, diameter, radius of the 

TSV.  

The TSV is surrounded by insulating liner to separate it from the 

conductive silicon substrate. Due to this insulation layer, there is 

an insulator capacitance represented by Cpolymer. The depletion 

capacitance is also considered in series to the polymer capacitance 

because the substrate is fully biased to the ground [7], [8]. The 

polymer capacitance and depletion capacitance can be calculated 

as 
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The metal-silicon contact depends on the metal used for the TSV 

and silicon substrate dopant density. An ohmic contact and 

Schottky contact can be formed depends on the doping concentra-

tion of silicon. The ohmic contact is a less resistance junction and 

it can be formed for highly doped silicon. Preferably, the metal-

silicon contact resistance must be low. The metal-silicon contact 

resistance increases, when lower doping concentrations are used. 

Therefore, the contact resistance needs to be taken into account. 

The contact resistance and doping region resistance both contrib-

ute to give the total resistance. 
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Since the doping region contains dielectric, it is needed to consid-

er the doping capacitance. It is calculated as  
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We considered the ground TSV as the reference ground, the unit-

length and mutual-inductances of signal TSV can be evaluated as 
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The coupled capacitance and inductance, C12 and G12 between 

signal TSVs can be obtained from the following 2×2 C and G 

matrix as 
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Where ƐSi and σSi are the dielectric constant and conductivity of 

silicon substrate and hT is the TSV height. There is a capacitance 

and conductance between the signal and ground TSVs because 

silicon is a semiconductor [9]. CSi-Sub is expressed as a function of 

dTSV, pTSV, and hT. The hT term indicates the height where the 

electric fields are formed between the signal and ground TSVs in 

the silicon substrate. The relative permittivity of the silicon sub-

strate, er,si is additionally a variable of CSi-sub. 
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The physical origin of the GSiSub is the silicon conductivity, σSi, 

which is determined by the majority carrier concentration. There-

fore, GSiSub is expressed as  
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3.  Results and discussion 

In this section, it is considered that TSV radius, length, and the 

thickness of the polymer liner are 10 µm, 100 µm, and 0.1 µm. 

The pitch between TSVs is 50 µm. The silicon conductivity (σSi) 

is 10 S/m, and ground doping conductivity is 0.1 S/m. For com-

parison purposes, the conventional TSV structure is also simulated 

which uses silicon dioxide liner. The calculated MOS depletion 

region is 0.68 µm for the signal TSV with signal excitation of 0-1 

V. The depletion region around the ground TSV in conventional 

structure is 0.28 µm. 

The performance of a novel TSV structure is analyzed by varying 

different parameters like TSV radius, height, and thickness of the 

polymer liner. For comparison purposes, conventional TSV struc-

ture is simulated using SPICE software. The proposed TSV struc-

ture simulation results reduce the crosstalk dramatically compared 

to the conventional TSV structure. 

Among various parameters like rTSV, hTSV, and tpoly the thickness 

of the polymer liner is changed and rest of the parameters kept 

constant. For comparison purposes, the conventional TSV struc-

ture is also simulated, shown in Fig. 4. The proposed TSV struc-

ture reduces the crosstalk because the polymer capacitance is less 

compared to oxide capacitance. 
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Fig. 4: Comparison of Proposed TSV Structure Simulation with the Con-
ventional TSV Structure with Thickness Variation. (A) Tox, Tpoly = 0.1 µm 

(B) Tox, Tpoly = 0.2 µm. 

 

The thickness for both oxide liner and poly-propylene insulating 

liner is changed, impact of changing the thickness will result in 

varying of insulating capacitance. The oxide capacitance is more 

compared to polymer capacitance because of its high dielectric 
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constant. Due to the reduction in polymer capacitance it leads to 

decrease in the crosstalk effect. Therefore, the crosstalk in pro-

posed TSV structure is decreased nearly 25% compared to con-

ventional TSV structure.  

Similarly, the conventional and proposed TSV structure is validat-

ed with rTSV variation as shown in Fig. 5. 
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Fig. 5: Comparison of Proposed TSV Structure Simulation with the Con-

ventional TSV Structure with Rtsv Variation. (A) Rtsv = 10 µm (B) Rtsv = 5 
µm (C) Rtsv = 20 µm. 

 

Impact of changing the radius of TSV (rTSV) will result in varying 

of insulating capacitance. Changing of rTSV will also effect in the 

depletion capacitance, doping capacitance of signal and ground 

TSV. In conventional TSV structure, there is depletion capaci-

tance also for ground TSV. On the other hand, doping capacitance 

for the ground TSV is considered in proposed TSV structure. 

Compared to depletion capacitance, doping capacitance for ground 

TSV is negligibly small. Therefore, the crosstalk is reduced in 

proposed TSV structure. The proposed and conventional TSV 

structure with hT variation is also validated as shown in Fig. 6. 
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Fig. 6: Comparison of Proposed TSV Structure Simulation with the Con-

ventional TSV Structure with Htsv Variation (A) Htsv= 100 µm (B) Htsv = 50 

µm (C) Htsv = 150 µm. 

 

Further, it is observed that the TSV parasitic like resistance, in-

ductance, and capacitance are changing with respect to design 

parameters of TSV like hTSV and rTSV. For comparison purposes 

conventional TSV structure is also simulated. For both conven-

tional and proposed TSV structures, variation in resistance and 

inductance is same. The only varying parameter is capacitance 

because of difference in dielectric constant of oxide and poly-

propylene polymer liners.  

The capacitance value is gradually decreasing in proposed TSV 

structure compared to conventional TSV structure is shown in Fig. 

7.  
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Fig. 7: Variation In R, L, C Parasitic with Respect to Design Parameters of 

TSV (A) Resistance and Inductance with Respect to Htsv for Both Conven-

tional and Proposed TSV Structure (B) Capacitance with Respect to Htsv 

for Conventional and Proposed TSV Structure (C) Resistance and Induct-

ance with Respect to Rtsv for Both Conventional and Proposed TSV Struc-

ture (D) Capacitance with Respect to Rtsv for Conventional  and Pro-

posed TSV Structure. 

In addition to that the proposed TSV structure is simulated with 3-

D field solver, HFSS of a soft. Among many design parameters 

rTSV, hTSV and 𝜌TSV are swept to validate the proposed TSV struc-

ture up to 20 GHz. The results obtained with this a soft HFSS 

simulation tool are shown in Fig. 7.  
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Fig. 8: Simulation Results of Proposed TSV Structure Using 3-D Field 

Solver. 

 

From Fig. 8, the crosstalk, return loss, and insertion loss in the 

proposed TSV structure is presented. Fig. 8(a) & 8(b) shows the 

crosstalk comparison for both conventional and proposed TSV 

structure. The crosstalk could be decreased in proposed TSV 

structure because of poly-propylene polymer liner is used. In the 

proposed TSV structure, reduction in crosstalk was observed 

which is nearly equal to 15%. Fig. 8(c) & 8(d) shows the return 

loss in proposed and conventional TSV structure. The results ded-

icates that return loss will be less in proposed TSV structure com-

pared to traditional TSV structure. Fig. 8(e) & 8(f) shows the in-

sertion loss in proposed and conventional TSV structures. 

4. Conclusion 

A novel TSV structure is proposed to investigate crosstalk effect 

induced in TSVs. The proposed TSV structure that uses poly-

propylene polymer liner as insulating liner because of its low die-

lectric constant. This work contribute to analyze the impact of 

insulating capacitance on crosstalk noise. Impact of changing the 

parameters like TSV radius, height and oxide liner thickness on 

crosstalk is studied. By changing the design parameters how the 

crossatlk will be decreased in proposed TSV structure was ob-

served. For comparson purposes, the conventional TSV structure 

is also simulated. The proposed TSV modelling results shows 

nearly 30% decrease in crosstalk compared to conventional TSV 

structures. The proposed TSV structure was also simulated by 

using 3-D field solver and compared with conventional TSV struc-

tures. From these simulation results, crosstalk in proposed TSV 

structure could be decreased nearly equal to 15% and leading to 

better perforrmance. 
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