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Abstract— The CMOS aging, transient effects, and TSV 

thermomechanical stress degrade the resilience of 3D-ICs. The 

transients effects lead to soft errors and aggravated with the 

CMOS Bias temperature instability (BTI). In this paper, we 

analyze detrimental transient and BTI effect on soft error rate 

(SER) in 3D-ICs. However, TSV thermomechanical stress presents 

a considerable benefit by enhancing the critical charge (Qc) and 

reduce the SER due to decrease in the threshold voltage and 

increase in mobility of carriers in transistor present out of keep-

out-zone and useful range. Therefore we propose a framework to 

evaluate the effect of transient, BTI, and TSV thermomechanical 

stress on critical charge and SER in 3D-ICs. Subsequently, 

through HSPICE simulation we show that for a lifetime of ten 

years and on the topmost layer of stacked 3D-IC, the reduction in 

SER of NAND gate by 5.12% – 9.05% and in 6T SRAM 2.51% – 

4.76% and 3.77% – 5.64% decrease for storing 0 and 1 

respectively. 

Index Terms—3D-IC, Through-silicon via (TSV), Resilience, 

BTI, and SER. 

I. INTRODUCTION 

he Through-Silicon-Via [1] based stacked 3D integrated 

circuits facilitate heterogeneous computing systems. 

However, the decrease in the foot-area and increase in power 

density leads to thermal and resilience issues, which are 

hindrances in the bulk production of 3D-ICs. Designing 

resilient systems in accordance with intended functionality with 

aging and radiation effects is a daunting task for the system 

designers. In 3D-ICs TSV thermo-mechanical stress and 

CMOS temporal unreliability effects the resilience of 3D-IC. 

The temporal unreliability of CMOS transistors present in 3D-

ICs is due to aging and transient effects, as shown in Fig. 1. The 

bias temperature instability (BTI) is caused by charge trapping 

and interface–state generation [3]. The threshold voltage of 

PMOS transistor increases by 50mV over ten years due to NBTI 

and resulting in deprivation of the circuit performance by 20% 

[4]. The other temporal unreliability factor is single event 

transients. It affects the data-paths of high-performance 

computing system by changing the values stored in the flip-

flops. This leads to an improper sampled value and gives rise to 

soft errors (SE). The integrated circuit susceptibility to single 

events transients is aggravated further by BTI [5].  BTI effect 

results in the increase in the threshold voltage of the transistor 

and which in turn decreases the critical charge (Qc) at the nodes 

[5]. The decrease in the Qc at the sensitive nodes results in 

increases of SE and a decrease in the noise margin, thus giving 

rise to more SE [6, 7]. On the other hand, TSV undergoes 

thermo-mechanical stress during its fabrication process,  

 

Fig. 1.  Various factors affecting stacked 3D-IC Resilience 

 

 as well as in the post-fabrication due to the discrepancy in 

coefficients of thermal expansion (CTE) between copper and 

silicon dioxide. The fabrication process of TSV is done with 

copper filling, and thereafter TSV passes through layers of 

silicon after thermal cycling and final annealing process. 

Subsequently, after annealing and cooling the TSV undergoes 

thermal variation from 250oC to the room temperature, leading 

to residual stress surrounding the TSV. This residual thermal 

stress in silicon leads to the variation in the threshold voltage 

and affects the mobility of carriers in the transistors [2]. This, 

in turn, affects the Qc critical charge and subsequently leads to 

soft error in 3D-ICs. The only work that addresses resilience in 

3D-IC due to the soft error at the micro-architecture level of 

3D-IC is presented in [8], however it did not consider the effect 

of circuit level technology vulnerable factors in terms of aging 

and TSV thermo-mechanical effect. Therefore this necessitates 

a comprehensive analysis of CMOS temporal unreliability and 

TSV thermo-mechanical stress effect on SER in stacked 3D-IC 

for designing resilient 3D-IC systems.  

    To the best of our knowledge, this is the first study to 

evaluate the CMOS aging and TSV thermo-mechanical stress 

effect on soft error susceptibility of 3D-IC. Initially, CMOS 

aging effect in stacked 3D-IC is analyzed for the critical charge 

at various lifetime. It is observed that critical charge decreases 

with aging due to an increase in the threshold voltage. SER 

evaluated for the respective critical charge on different stacked 

3D-IC layers increases SER and thus affected the resilience of 

3D-IC.  Subsequently, the combined effect of CMOS aging and 

TSV thermo-mechanical stress is analyzed for the critical 

charge at various lifetime, which leads to enhanced critical 

charge compared to only aging effect into consideration. The 

increase of the threshold voltage of the transistor due to the BTI 
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effect is compensated by an increase in mobility and a decrease 

in threshold voltage due to TSV thermo-mechanical stress. 

Hence, the increased critical charge leads to the reduction in the 

SER of 3D-IC on various stacked layers of 3D-ICs in contrast 

to only aging effect into consideration. For a lifetime of 10 

years, we evaluated the critical charge and SER for two input 

NAND gate and 6T SRAM nodes for storing 1 and 0. It is 

observed that for two input NAND gate 5.12% – 9.05% 

decrease in SER with aging and TSV stress effect consideration 

in comparison to aging alone. Similarly, for 6T SRAM for 

storing 1 resulted in 3.77% – 5.64% decrease in SER, and for 

storing 0 resulted in 2.51% – 4.76% decrease in SER is 

observed. Therefore, the proposed framework and analysis can 

be applied to any node to evaluate the soft error susceptibilities 

and design heterogeneous resilient 3D-ICs. 

     The rest of the paper is organized as follows. Section II 

discusses the motivational background and provides the details 

of the bias temperature instability. In Section III, we present the 

proposed framework, the effect of TSV thermo-mechanical 

stress on the threshold voltage and mobility variation of carriers 

in transistors, critical charge, and soft error rate evaluation.  In 

Section III, simulation results are presented for soft error rate of 

NAND and 6T SRAM. Finally, Section IV concludes the paper. 

II. MOTIVATIONAL BACKGROUND   

 

Fig. 2.  Resilience effects at different abstraction levels [25] 

 

    Fig. 2 shows different abstraction levels in system design.  

The resilience of a system at various levels can be effected due 

to aging, hard errors, and soft error. The error at any one of the 

abstraction level results in system error and adversely affect the 

complete resilience of the system. The only work that addresses 

resilience in 3D-IC due to the soft error susceptibility at the 

micro-architecture level of 3D-IC is presented in [8] but did not 

consider the effect of circuit level technology vulnerable factors 

in terms of aging and TSV thermomechanical effect. Whereas 

at the micro-architecture level the overall soft error rate depends 

on the architecture vulnerability factor (AVF) and circuit soft 

error rate (SERRAW) as presented in [11] and shown in equation 

(1). Hence, this motivates us to develop a proper framework to 

evaluate the aging and TSV thermo-mechanical effect on circuit 

SERRAW of 3D-ICs, such that it gives proper insights to the 

resilient 3D-IC micro-architecture design.  

                              SER = SERRAW X AVF                            (1) 

    At the technology level (Fig. 2) of 3D-IC, the defects in the 

TSV are the source of hard errors. The defects in TSV arises 

during the copper filling or in the dielectric layer around the 

TSV during the fabrication, and these defects are permanent 

once manifested. For example, short circuit and open circuit in 

the TSVs due to improper metallization during fabrication. The 

state-of-the-art solution for hard errors is fault-tolerant 

architectures [9, 10], which can tolerate the defects in TSVs by 

re-routing through defect-free regular or redundant TSV. 

    The circuit level abstraction (Fig. 2) is effected by the 

transient effects and which gets aggravated with the aging of 

transistors. The aging effect in CMOS is due to bias temperature 

instability (BTI). BTI increases the threshold voltage of 

transistors during the stress phase (On state). In the recovery 

phase, the BTI induced degradation is recovered when the MOS 

transistor is partially polarized. In accordance with the reaction-

diffusion model [3], the origination of BTI due to the creation 

of charges trapped at the dielectric and silicon interface during 

the On state. The traps present at the dielectric and silicon 

interface shield the gate voltage applied and increases the 

threshold voltage of the transistors. The traps generated are 

partially annealed [3] during the recovery phase. In pMOS 

transistors, negative BTI (NBTI) is observed, and it dominates 

over nMOS transistor positive BTI (PBTI) [11, 3]. To find the 

threshold voltage shift, an analytical model is presented in [11, 

12] and shown in (2). Where Cox is oxide capacitance parameter,  

t is operating time, α is the fraction of the operating time during 

the stress phase of the MOS transistor, Boltzmann constant k, 

device temperature is T and fitting parameter Ea ≈ 0.08 [5]. The 

environment parameter and technology-specific K ≈ 2.7 V1/2 F-

1/2 S-1/6 [13]. The NBTI (χ = 1) dominates over PBTI (χ = 0.5) 

[11] based on the coefficient χ.        

          ∆Vth = χ K (Cox (Vdd - Vth))1/2 e ( - Ea 
EM

 / kT) (αt)1/6            (2) 

  In the view of above, it can be concluded that error at any one 

of the abstraction levels propagates and result in system error 

as shown in Fig. 2. However, there is no work to address the 

circuit level SER. Hence, in this paper, we study the impact of 

aging and TSV thermo-mechanical effect on SER of 3D-IC. 

III. PROPOSED FRAMEWORK  

     Fig. 3 shows the overall flow of the proposed framework. 

Initially a spice circuit is designed with all the configuration 

parameters like for voltage, temperature and the input stored at 

the sensitive nodes. The alpha particle strike is modeled as a 

pulse cell input. The transistor aging effect due to BTI 

degradation is based on the analytical model [3] and CMOS 

predictive technology model [24]. Whereas, the TSV 

thermomechanical effect on the threshold voltage and mobility 

variation is based on the analytical model [2] and stored in the 

lookup table. The circuit configuration parameters, aging 

effects and TSV thermomechanical effects are given as input to 

the SPICE simulator. Subsequently, critical charge at the 

sensitive nodes is obtained from the simulator. Finally, we 

evaluate the soft error rate (SER) at the various sensitive nodes 

in the circuit and on the different layers of stacked 3D-IC. 
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Fig. 3.  Simulation flow of the proposed framework 

A. Threshold Voltage and Mobility variation due to TSV 

Thermomechanical stress  

    The mechanical strain generated from the TSV changes the 

structures of the band in the semiconductors [14] and leads to 

the changes in the electrical parameters like threshold voltage 

and mobility of the carriers in the transistor. In this section, we 

present the state-of-the-art analytical models for threshold 

voltage and mobility variations due to TSV induced stress.  

    According to the many valley theory in the unstrained 

silicon, there exists six degenerate conduction band valley, and 

the valence band contains two degenerate electronic bands. 

Thus, the TSV induced strain lift the degeneracies of valance 

and conduction bands valleys and leads to the shift in the band 

potentials. Thus, mobility change is attributed to intervalley 

scattering, and strain induced effective carrier change [14]. The 

threshold change is related to the strain induced shifts in 

valence and conduction band potentials [14, 15]. In silicon, 

band potentials are defined along the direction of <100> miller 

notation [14]. The orientation of the transistor channel with the 

crystallographic axes determine the properties of carrier 

transportation in transistors and thus the magnitude of mobility 

variations. The mobility variations depend on the effective mass 

of the carriers and the scattering mechanism as per the Drude’s 

model [14] and shown in equation (3).  

                                         μ = e τ / m*                                    (3) 

    The above equation gives the mobility in terms of mean free 

time between relaxation or scattering τ, a charge of the carrier e 

and effective mass of the charge carrier m*. In the PMOS and 

NMOS transistor, the charge carriers are holes and the electrons 

respectively. The band splitting leads to the scattering 

mechanism and results in the increase of τ and consequently the 

mobility. The decrease in the effective mass also increases 

mobility. In our analysis, we use the analytical model presented 

in [2] with mobility variations in the PMOS and NMOS 

transistor at room temperature (25oC), transistor oriented along 

the [110] axis and shown in the equation (4). The 

piezoresistivity coefficients (Π’) [2] and the stress components 

(σ) [2] change with the channel orientation, this indicates that 

transistor channel orientation is directly related to mobility 

variation, as well as directly related to temperature, as the stress 

directly related to temperature. 

                    Δμ / μ = Π’11 σ x’x’ + Π’12 σ y’y’ = Π’44 σ x’x’        (4) 

    Similarly, TSV thermomechanical strain affects the 

transistor channel by splitting and lifting the degeneracy in the 

conduction band and the valence band potentials in accordance 

with the deformation potential theory [14-16]. This results in 

the corresponding shift in the transistor threshold voltage. The 

variation in the threshold voltage can be expressed as the 

function of bandgap potentials. Thus, presented as the function 

of conduction and valence band for PMOS and NMOS 

transistors in the following equations: 

                         ΔVTh p = (mΔEC – (m-1)ΔEV) / q                     (5)         

                         ΔVTh n = (mΔEV – (m-1)ΔEC) / q                       (6) 

  

    Where ΔVTh p and ΔVTh n are the threshold voltage of PMOS 

and NMOS transistor, respectively. The electron charge 

q=1.6x10-19 coulomb and the body effect coefficient m in the 

range of 1.1-1.4.  ΔEC is the change in the conduction band 

potential and it is lowered under the TSV induced stress and it 

results in the negative value. ΔEV is the maximum change in the 

valance band potential and positive valued. Thus, TSV related- 

thermo-mechanical stress is leading to a decrease in band 

potentials in accordance with [17, 18], and it affects threshold 

voltage. The state-of-the-art analytical model, the variation in 

the threshold voltage of PMOS and NMOS transistor at room 

temperature (25oC), decreases [2]. The positive shift in the 

PMOS and negative shift in NMOS mobility is observed in [2].  

B. Aging and TSV Thermomechanical stress effect on Qc 

    We jointly find the CMOS aging effects and TSV 

thermomechanical stress effects on the critical charge at the 

sensitive nodes. The threshold voltage shift ∆Vth of 

pMOS/nMOS transistor is caused by NBTI/PBTI degradation 

is shown in equation (2) and presented in section II. The 

alternating stress (ON) and the recovery phase(OFF) are 

considered in the simulation phase with an input switching 

activity of 50% and a lifetime of 2, 5, and 10 years. The voltage 

shift estimated ∆Vth for various lifetimes has been included in 

the SPICE simulation by 45nm predictive technology model 

(PTM) [24]. In the analysis, we assume that transistor always 

work in the velocity saturation condition [19] at time t=0 is  

 

             Io 
Dn = Io 

Dp = > Weq n Cox [ VGS n – Vo
Th n] vsat n           

                                = Weq p Cox [ VGS p – |Vo
Th p| ] vsat p          (7) 

 

Where VGS p and vsat p (VGS n , vsat n ) is the voltage difference 

between gate-source and velocity saturation of the pMOS 

(nMOS) transistor respectively. Vo
Th p (Vo

Th n) is the threshold 

voltage of the pMOS (nMOS) transistor at time t = 0. Cox is the 

oxide capacitance per unit area. Weq is the equivalent channel 

width of the transistor. Specifying Keq = Weq n Cox vsat, the above 

equation can be written as follows: 

 

   Keq n [VGS n – Vo
Th n] = Keq p [ VGS p – |Vo

Th p| ] = Io 
D             (8) 

  The drain current of the pMOS and nMOS transistor with the 

aging of transistor caused by BTI degradation at time instant t 

are shown in equation (9, 10). The variation in the transistor 

threshold voltage is obtained from equation (2). 

 

ID p (t) =Keq p[VGS p – (|Vo
Th p - VTh p (t)|]= Io 

D - Keq p VTh p (t)  (9) 
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ID n (t) =Keq n[VGS n – ( Vo
Th n - VTh n (t) ]= Io 

D - Keq n VTh n (t)  (10) 

Finally, we evaluate critical charge by considering BTI 

degradation and TSV thermo-mechanical stress as shown in the 

below equation. 

                 Qcrtical =  ∫ .
𝑇

0
 I’ D (t) dt                                        

                           = ∫ .
𝑇

0
 I D (t) [1+ ( Δu/u)h] dt                    (11) 

Where ID (t) and change in mobility in equation (11) are 

obtained from equation (12) and (4) respectively. 

 

       ID (t) = Keq p [VGS – (|VTh  – ΔVTh BTI + ΔVTh Stress|)] 

                = Io
D  - Keq  [|VTh  – ΔVTh BTI + ΔVTh Stress|]            (12) 

In the above equation, change in threshold voltage due to BTI 

is obtained from (2) and change in threshold voltage due to 

stress is obtained from equations (6 and 5). 

C. Soft Error Rate Evaluation  

 

    Radiation-induced failures result in soft errors and thus affect 

the resilience of the system. The source of radiation-induced 

failures are alpha particles from the atmosphere. The strike of 

the alpha particles leads to soft errors that have a high impact 

on the reliability of the circuit and thus effecting the resilience 

of the 3D-ICs.  

    The alpha particle strike of an electronic system produce an 

electrical charge of a certain amount. The minimum charge 

required to produce the glitch in the output or switch On or Off 

transistor or losing the stored data leads to the malfunction of 

the system is called the critical charge Qcrit. The alpha particle 

strike is modeled by injecting the current pulse at the sensitive 

nodes of an element to malfunction the circuit and subsequently 

Qcrit is estimated. In [20], a model is proposed to evaluate the 

soft error rate of a circuit as follows: 

 

 SERRAW = Constant X Flux X Area X e (- Qcrit / Qcoll)              (13) 
 

    Constant is a process technology dependent parameter; Flux 

is an alpha particles flux at a given location, Area is the area of 

the sensitive nodes, Qcoll is the efficiency of charge collection 

and depend on the doping and operating voltages and obtained 

empirically from device physics models or accelerated alpha 

particles test. Qcrit is obtained from the circuit simulators. 

    The alpha particle strike losses energy while passing through 

different layers of the stacked 3D-IC. The distance traveled by 

the particle depends on the initial kinetic energy and the number 

of layers. Hence, in the stacked 3D-IC particle flux decreases in 

the inner layers, and flux is the major factor in the evaluation of 

SER. Hence, leading to the heterogeneous soft error rate in 

stacked 3D-ICs. The aggregate flux and SER for various layers 

of 3D-IC are given in equation (14 and 15) [11].  

        Flayer-1 = 62.6 % F   ---- >   SERlayer-1 = SERRAW      (14) 

       Flayer-2 = 6.27 % F   ---- >   SERlayer-2 = 0.1SERRAW   (15) 

IV. SIMULATION RESULTS  

    The SPICE simulations are performed using HSPICE for the 

proposed framework. Alpha particles strike is modeled by 

double exponential pulse as it is the most commonly used 

method in SER evaluation. The drain area of the transistor is 

defined as the sensitive region to the alpha particle strikes and 

specified in the netlist of the spice circuit. The 3D-IC package 

dimensions and angle of strike of the particle are taken 

according to section-III [8]. The constant parameter used in 

equation (13) is a technology dependent parameter has a value 

of 2.2*10-5 [20]. The exponential part of the equation is a 

technology vulnerability factor [20]. The presence of various 

sensitive nodes in circuit or element results in the sum of SER 

at all the nodes [23].  

    The alpha particle causes a malfunction and minimal charge 

required for each element is called the critical charge Qcrit. The 

Qcrit strongly depends on the shape of the current pulse. We take 

the pulse width as start of the pulse and decrease up to 80% of 

its maximum value, which indicates the spike of the pulse. The 

parameter typically taken are 1V, 50oC and 2psec pulse. 

Subsequently, Qcrit is computed by integral of the current pulse 

in that range. After obtaining the Qcrit, SER is evaluated and 

expressed in terms of FITS (Failure in time), that is number of 

failure in one billion device hours of operation. The raw SER is 

obtained using the model in [20] for each Qcrit.  

    The variations in the mobility and threshold voltage are 

observed in the useful range and out of keep-out-zone of TSV. 

We define the KoZ of 1μm from the edge of TSV or 3.5μm with 

respect to center of the TSV. The useful range considered as 

transistor present in range of 3.5μm – 6.5μm from center of 

TSV. In our analysis we consider 15% mobility variation and 

10 mV threshold voltage variation in the useful range [2]. The 

TSV height and diameter are 30μm and 5μm respectively.  

    The NAND gate SER analysis is done by incorporating the 

current pulses in the sensitive nodes, which in turn depend on 

the input combinations. The overall SER is the average of the 

different SER input combinations. The alpha particle strike 

triggers an OFF transistor, from this we can analyze which 

nodes are sensitive and incorporate current pulses in these 

nodes. For a two input NAND gate shown in Fig. 4 and Table 

II shows nodes sensitive for each input combination. The SER 

of two input NAND gate is evaluated for each input 

combination by adding the SER of all sensitive nodes.  

 

Fig. 4.  Two input NAND Gate  
 

TABLE II 

SENSITIVITY ANALYSIS OF NANG GATE 

Input 

(AB) 

Output 

(O) 

Two input NAND nodes 

sensitivity to strikes 

‘O’ Node ‘S’ Node 

00 1 No No 

01 1 Yes No 

10 1 No Yes 

11 0 Yes No 
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Fig. 5.  Critical charge analysis of two input NAND gate 

 

 
TABLE III 

SOFT ERROR RATE ANALYSIS OF NAND GATE  

Time 
Period 

Aging effect 
without TSV 

Thermo-

mechanical stress 

Aging effect 
with TSV 

Thermo-

mechanical 
stress 

Percentage 
decrease after 

TSV Thermo-

mechanical stress 
and Aging 

SER 

3D-1 

(%) 

SER 

3D-2 

(%) 

SER 

3D-1 

(%) 

SER 

3D-2 

(%) 

SER 

3D-1 

(%) 

SER 3D-2 

(%) 

0Yrs 22.09 2.20 16.97 1.69 5.12 0.51 

2Yrs 23.86 2.38 17.78 1.77 6.08 0.60 

5Yrs 25.98 2.59 18.12 1.81 7.42 0.74 

10Yrs 27.17 2.71 18.56 1.85 9.05 0.90 

 

    Fig. 5 presents the critical charge evaluation of two input 

NAND gate for various lifetimes. It is observed that critical 

charge decreases with aging. In the case of aging and TSV 

thermo-mechanical stress, the critical charge is more compared 

to the aging alone factor, but even in the presence of TSV stress, 

the critical charge decreases with aging. For the above obtained 

critical charge we evaluate the SER on layer1 and layer2 with 

several lifetimes. Table III shows with aging the SER increases 

irrespective of the layer. As well as 5.12 – 9.05 % and 0.51 – 

0.90% decrease in SER observed on layer 1 and 2 respectively, 

due to the TSV thermo-mechanical stress and aging in 

comparison to aging alone.   

    We evaluate the SER of 6T SRAM by including the current 

pulse at the sensitive node. The current pulses are inserted in 

the storage node Q and other symmetric node QB. The SRAM 

cell is evaluated for stored values of 0 and 1 as shown in Fig. 6 

and Fig. 7 respectively.  

 

 
Fig. 6. 6T SRAM storing 0 effected by alpha strike at Q and QB   

 
Fig. 7. 6T SRAM storing 1 effected by alpha strike at Q and QB 

 

    Fig. 8 shows the critical charge evaluation of 6T SRAM 

storing 0. It is observed that critical charge decreases with 

aging. In the case of aging and TSV thermo-mechanical stress, 

the critical charge is more compared to the aging alone, but even 

in the presence of TSV stress, the critical charge decreases with 

aging. For the critical charge we evaluate the SER on layer1 and 

layer2 with various lifetime. From Table IV it observed that 

with aging the SER increases irrespective of the layer. As well 

as 4.75 – 2.51% and 0.47–0.26% decrease in SER observed on 

layer 1 and 2 respectively, due to the TSV thermo-mechanical 

stress and aging in comparison to aging alone. 

 

 
Fig. 8.  Critical charge analysis of 6T SRAM storing 0 

 

    Fig. 9 shows the critical charge evaluation 6T SRAM storing 

1. It is observed that critical charge decreases with aging. In the 

case of aging and TSV thermo-mechanical stress, the critical 

charge is more compared to the aging alone, but even in the 

presence of TSV stress, the critical charge decreases with aging. 

For the above obtained critical charge we evaluate the SER on 

layer1 and layer2 with various lifetime. From Table IV it 

observed that with aging the SER increases irrespective of the 

layer. As well as 3.77 – 5.64 % and 0.38 – 0.56% decrease in 

SER observed on layer 1 and 2 respectively, due to the TSV 

thermo-mechanical stress and aging in comparison to aging 

alone. 

 

 
Fig. 9.  Critical charge analysis of 6T SRAM storing 1
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TABLE IV 

SOFT ERROR RATE ANALYSIS OF 6T SRAM 
 

 
 

 

 

 

 

 

IV. CONCLUSION 

  In this paper, we contributed to the effect of aging and TSV 

thermo-mechanical stress effect on the resilience of 3D-ICs. It 

was observed that the soft error rate increased with aging on 

different layers of 3D-IC. Whereas, the combined effect of 

aging and TSV thermo-mechanical stress resulted in a decrease 

of soft error rate in contrast to aging only and the different soft 

error rate is produced on the various stacked layers of 3D-IC. 

Hence, the proposed framework and analysis can be used as a 

baseline for 3D-IC micro-architecture design, as this is the only 

work that considers aging and TSV thermo-mechanical stress 

in the analysis of soft error rate. 
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Aging effect on 6T SRAM 
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SER 
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0Yrs 26.98 2.69 13.26 1.32 24.47 2.24 9.49 0.94 2.51 0.45 3.77 0.38 

2Yrs 28.56 2.85 14.53 1.45 25.91 2.59 10.12 1.01 2.65 0.26 4.41 0.44 

5Yrs 29.68 2.96 15.09 1.50 26.18 2.61 10.86 1.08 3.50 0.35 4.23 0.42 

10Yrs 32.98 3.29 17.56 1.75 28.23 2.82 11.92 1.19 4.75 0.47 5.64 0.56 
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