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Abstract 
  

The major problem involved in Three-Dimensional Integrated circuit (3D IC) 

is having a power efficient routing. The number of layers and the TSVs play 

a vital role in this. In this paper, we propose a power efficient IC routing by 

analysing the thermal effect of TTSVs (Thermal Through Silicon Vias) using 

Genetic Algorithm with Hill Climbing algorithm. In this memetic algorithm 

of optimization, Genetic algorithm is applied for finding the global search 

solution while the Hill climbing algorithm for local search. The 

combinatiorial algorithm utilized the advantages of both algorithms to get the 

feasible solution with minimal temperature. The experimental result provided 

a power efficient routing for various ISPD98 benchmark suite circuits 

because of the lower thermal effects. 

Keywords: 3D IC, Thermal Through Silicon Via (TTSV), Thermal aware, 

IBM-route benchmark, Memetic Algorithm,Power. 
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1 Introduction 
 

In 3D IC (Three Dimensional Integration circuit) is fabricated by 

stacking silicon wafers and interconnecting them vertically using TSVs 

(Through Silicon Vias). With the advancement of 3D IC technology, the 

power consumption can be reduced, signal delay and speed of the circuit will 

be increased. 

In VLSI physical design, to find the shortest path between the 

interconnect blocks the Global routing is one of the best method. In this 

paper, the Global search implementation as well as Local search algorithm 

used to improve the quality of the solution and to reduce Thermal effect in 

between the layers. 

To address the thermal issues between the interconnections of the layer, 

the Global Routing is one of the best method for the following reasons: (1) 

Global routing is the essential colossal stage took after by cell situation, 

which in this way has data on substrate temperature profile, (2) it is a 

fundamental stroll to scatter the planning assets and meanwhile pick the earth 

of interconnect in the general space, and (3) it is a coarse coordinating stage 

which actually has the adaptability to discover reasonable compromise 

between warm ward dependability and other standard course of action 

targets, for example, routability, wire length and timing[1][2]. 

 

2 Related Works 
 

Mohit Pathak and Sung Kyu Lim[3] The 3D Steiner arranging issue, the 

pins are engineered in different contraption layers, which makes it more wide 

than its 2D embellishment. One of the genuine concerns of 3D ICs is thermal 

dispersal. Assembling of different contraption layers got together with the 

low thermal conductivity of the holding material may comprehend an in 

temperature proportion of high on-chip temperature. 

Y. Xu, Y. Zhang, and C. Chu [4], applied two TSV algorithms for 

finding the best positions for TSVs and logical gates in the placement and 

routing process. T.-H. Lee and T.-C. Wang [5] solved the global routing 

problem by considering the total and maximum overflow from a single layer 

routing. The final via cost is reduced using congestion constraints. Pandiaraj 

et., al[6] the minimization of the wirelenth is discussed for the 3D integrated 

circuit using differential evaluation algorithm for providing the better layer 

assignment solution. 

V. Pavlidis and E. Friedman [9] developed an approach for layer 

assignment by considering the propagation delay. P. Ghosal, S. Das, and A. 

Das[10] developed a unique algorithm for obstacle aware routing. J. Cong 

and Y. Zhang[11] has discussed about heat dissipation in 3D ICs. In this 

paper a novel algorithm has developed to reduce the heat by using the 

thermal vias. K. Athikulwongse, M. Ekpanyapong, and S. K. Lim[13]  
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reduced the thermal effect in 3D IC by considering die to die thermal 

coupling. D. H. Kim, K. Athikulwongse, and S. K. Lim[15] has developed an 

optimization algorithm for the better layer assignment problem using through 

silicon vias. 

Jeya Prakash, K., Sivakumar, P [16] , implemented the memtic algorithm 

approach for solving partitioning problem of 3D Integrated Circuits.The 

memetic algorithm which is consists of the global search Genetic algorithm 

and the local search Hill climbing approach. 

The goal is to restrict the silliest temperature on the chip while not 

hurting the arranging and planning asset limitations. we propose a high level 

issue definition which encourages us successfully beat the non-straight nature 

of this issue. Author proposed a ILP based approach for showing in which 

the proportion of entire number of parts are keep regardless. 

This proposed approach has been solved two new issues that are basic for 

3D stacked IC insurgency: Effect of layer Assignment and effect of thermal 

TSVs. 

1) Layer Assignment: To maximize the reliability of the 3D integrated 

circuit we used genetic algorithm and Hill climbing approach for the better 

assignment of Layers.  

2) Effect of thermal TSV: 3D ICs are assumed to suffer from stronger 

thermal issues when compared to equivalent implementations in traditional 

single-die integration technologies. Based on this statement, heat dissipation 

is frequently pointed as one of the remaining challenges in the promising 3D 

integration technology. To reduce this kind of thermal issue, in this paper we 

are going to use memtic algorithm ie., genetic algorithm and Hill climbing 

approach.  
 

3 Thermal Model 
 

There are two issues are addressed in this proposed approach. The issues 

are the effect of layer assignment and the effect of Thermal TSVs. 

 

3.1 Effect of Layer Assignment 

In this work the increment in thermal degree of vertically stacked ICs are 

caused by the usage of higher force. 

To improve the reliability of a 3D integrated circuit the layer 

assignment[7] issue is resolved by using the expression which is represented 

in the equation 1 . The expression which is represented in the equation 
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number 1 will be the fitness function for the genetic algorithm which is used 

in this propoed approach. 

 

∑   (∑      
 
   )

    
        (1) 

 

 here,  

Rj  - Layer j Thermal Resistance, 

Rb – The substrate thermal resistance, 

dl  - Layer l average power dissipation 

Lmax – maximum number of Layers      

 

3.2 Effect of Thermal TSVs  

Thermal performance of the 3D Integrated circuits is examined by the 

usage of thermal TSV. TTSVs are TSV which is used to pass the heat energy 

through the stacked layers. While using the TTSV the the heat energy will be 

reduced more than the normal TSVs.[8] In equation 2 it describes that the 

arrangement of layer tasks in 3d ic and the effect of thermal in heat sinks 

alongside the advancement of thermal within the sight of TTSVs [1][2] 

 

∑   (∑      
 
   )

    
      ttsv_num     (2) 

 

here, 

 δ -  temperature rise reduction amount 

 ttsv_num – Path for removing the heat energy. 

 

4 Heat Transfer Model  

To examine the thermal analysis of 3D integrated circuit we are 

introducing the the resistive thermal model for amusement. This thermal 

model resembles the traditional force coordinate. The thermal electrical 

comparability is fabricated through resistive thermal circuit and thermal 

resistors are related between centers language to spatially close by areas. To 

watch thermal dispersal with the skewed sign TSV, we complete the going 

with assessment. Figure:1 shows Heat Dissipation in 3D IC Packaging. 

A couple of thermal examination ought to be performed for the 

productive utilization of 3D ICs in things. Development of logical models for 

heat spread is needed to unequivocally dismember thermal administration of 

3D ICs. The Coherent model was created for temperature flow in multi bite 

the dust stack with various heat source. 

This model was used to make thermal opposition and thermal 

affectability structures for 3D ICs which is the enlargement of the single-

regarded convergence to-air thermal obstruction thought in an IC. Thermal  
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execution of bury bite the dust holding layer is gained with the help of 

mathematical entertainments performed. Due to the stacking of the layers,  

 

 

 
Figure:1 Heat Dissipation in 3D IC Packaging 

There will be decrement in the quantity of emphasess which prompts the 

expanded greatest temperature. 
 

5 Problem Description 

 Heat dissipation is the main factor in 3D integrated circuit. This is due 

the fact that all the layers are arranged in a vertical manner. So in this work 

the thermal analysis is taken as a main objective[7]. The design expression 

for the temperature calculation is expressed in equation (3) 
 

T=  ∑   (∑      
 
   )

    
    ttsv_num      (3) 

 
Minimize the amount of temperature rise by using the two effects.  

T represents the temperature rise of the chip 

Rj  - Thermal resistance of the layer j, 

Rb- Thermal resistance of the substrate, 

dl  - Average Power dissipation of the layer l 

Lmax - Number of layers    

δ - amount of temperature rise reduction 

ttsv_num - heat removal of paths   
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6 Memetic Algorithm 
 
The Memetic algorithms (MA) plays a major role in evolutionary 

computation to develop optimized result. The word MA is presently 

extensively utilized as a collaboration of any worldwide quest technique with 

neighborhood improvement methodology for issue search. 

 

 
 
 
 
 
 

 
             Figure:2 Combinatorial Optimization Algorithm 

 

The figure 2 represents a combinatorial algorithm approach which is 

used to reduce the thermal effect of 3D integrated circuit on a reasonable 

impediment. 
       

6.1 Genetic Algorithm 
 

We have used the best commonly used Genetic algothim to fix the 

solution space for our 3D IC routing, which is presented in the Figure 3. 

  

 
Figure:3 Genetic Algorithm Flowchart 

 

Global solution of optimal routing by 

Genetic Algorithm 

Local solution of optimal routing by 

Hill Climbing Algorithm 
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Encoding: We encoded the wirelength and temperature distribution as the 

Genetic Algorithm parameters. The chromosomes are built on this. 

Initialization: All the chromosomes are represented with different set of 

population with different age randomly. Here, the populace is the conditional 

answer for the issue. The Roulette wheel Selection or Tournament techniques 

are used by selecting the different population during the initialization period. 

Fitness Evaluation: The fitness function is used to evaluate the 

chromosomes fitting in the solution space.  

Selection: Two children from best parent are selected for crossover and 

mutation process.  

Crossover: With the crossover rate two parent characteristics are blended to 

get new youngsters so arrangement attributes get changed.  

Mutation: With mutation probability as user variable, the children are 

mutated to get new solutions. 

Termination: The process is repeated based on the fixed number of times or 

the solution is obtained whichever is earlier. 

 
 

Figure:4 Pseudo code for Genetic Algorithm 
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As described in the above pseudo code Figure 4, the encoding is the 

initial step which includes the initializing the starting solution of 3d IC 

routing. From the solution space, the best parents are selected which are 

applied the crossover and mutation process to produce the new offsprings out 

of which the best are considered as the global solution space. The calculation 

will end after predefined number of peoples are delivered or accomplished 

the ideal wellness work. 
 

6.2 Hill Climbing Algorithm 

 
The Author Lin and Zhu [12] expressed that sometime GAs are not 

producing the optimized results for the problems. But if the GS is joined with 

some local search algorithms like Simulated annealing, it has been shown 

that they produce the best results. We have considered the Hill Climbing 

algorithm which is already applied in IC partitioning by Jeya Prakash K and 

Sivakumar [16].  

They have shown that the Hill climbing algorithm is well suited as a 

local search algorithm in finding solution for 3D VLSI Physical design 

problems. The Hill climbing algotithm is found to produce an optimized 

solution in that work. The algorithm starts with a solution, moves in the 

correction solution direction (increasing peak) and terminates once when no 

more peaks with no neighbour has a higher value. Since the hill climbing 

algorithm is a local search algorithm, we considere the solution from GA is 

the arbitrary starting solution for it. 

 The populations are introduced in a heuristic way in this memtic 

algorithm approach. During the time of iterations every individual will try to 

produce good results. To prduce a best result another population will be 

selected from the general papulation. At the determination stage the chosen 

two peoples are going to deliver a new people. This atge is called as 

comparable stage. 

 

 
Figure:5 Hill climbing search algorithm Pseudo Code. 
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The later are helped using a local look for technique. The work is to 

calculate solution for the nearby best chromosome. The neighborhood search 

system for the hill climbing search algorithm is shoen in the figure 5. The 

quality is extended continuously with a circle manner. 

 

7 Experimental Result 
 
We executed the various sorts of circuits from ISPD2008 benchmark and 

the outcomes are given in table 1. Using this Genetic algorithm and Hill 

Climbing algorithm the thermal effect between the interconnecting layers has 

been decreased. The investigation result shows that the temperature ascends 

for different age of populace with various crossover and mutation rate. 
 

       Table 1: The ISPD2008 test problems[15] 

 

Test problem # of nets Grid size 

adaptec1 219,794 324×324 

adaptec2 260,159 424×424 

adaptec3 466,295 774×779 

adaptec4 515,304 465×468 

adaptec5 867,441 399×399 

newblue1 331,663 557×463 

 
Table 1 shows the size of grid and # of nets of the ISPD’98 benchmark 

test problems. 

 The temperature raises results for the ISPD’98 Benchmark test problems 

are shown in table 2 and Figure 6. The test circuits are used from adaptec1 

to adaptec5 and newblue1.  

Table 2 : Experiment Result 

Circuits Generation 
Population 

size 

Cross 

over 

Mutation 

rate 

Temperature 

rise 

adaptec1 70 20 0.8 0.05 0.0029% 

adaptec2 100 20 1.0 0.5 0.010% 

adaptec3 50 30 .05 1.0 0.002% 

adaptec4 500 50 1.0 1.0 0.026% 

adaptec5 100 50 0.5 0.8 0.0969% 

newblue1 150 60 0.5 0.9 0.065% 
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Figure:6 Temperature rise model for ISPD’98 Test Problems 

 
   

8 Conclusion 
 

The temperature rise results of the 3D Integrated circuit was 

calculated using genetic algorithm and Hill climbing algorithm for the 

ISPD’98 benchmark suite. The MATLAB code was written with CPU 

run season of 2.5 GHz and the 10% of thermal level is upgraded. From 

the results, the thermal effect between the routing layers in 3D IC has 

been decreased partially utilizing this algorithmic methodology. 
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