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Introduction 

The first integrated circuit was made in 1958 [1], 
since from then there is an increasing pressure to 
manufacture many transistors onto a die. In 1965, 
Gordon Moore of Intel predicted that the number of 
transistors that could be manufactured on a die 
would double every 18 months [2], which became 
Moore’s law and from the decades this law is driving 
the development of integrated circuits. And currently 
the increase in device density got increased the 
functionality and performance by decreasing power 
consumption. This benefit of a 3D IC results in 
decreased delay and power dissipation from long 
interconnect wires. A design is partitioned and 
manufactured on two or more dies which are then 
stacked vertically and bonded to make a 3D IC. 
Because of this stacking, the distance global signals 
travelling are greatly reduced when compared to a 
2D design. Due to decrease in interconnect distance 
there will be a reduction in delay which allows for a 
faster clock speed and by reducing the wire 
capacitance high performance is obtained which 
lowers the power dissipation.    An additional 
dimension of freedom for processor design is 
enabled by 3D integration. It shortens the length of 
global interconnect and enhances the device 
packaging density. And hence the benefits such as 

functionality, performance and low power can obtain 
by using this 3D integration. In this paper two 
aspects are mainly focused:(a) To obtain low-power 
and reliable clock network design using TSV based 
3D MMM algorithm [3], (b) Comparison between 2D 
and 3D clock tree network are made to obtain low 
power, propagation delay and clock skew. 

 
Design and Implementation of Clock Distribution 
Network for 2D IC and 3D IC 

The low-power 3D clock network design demands a 
thorough investigation on how the TSV count and 
TSV parasitic affect the clock performance. Existing 
work has demonstrated that the total wire length of 
a 3D clock network decreases significantly if more 
TSVs are used. According to the observations made 
in [3], the die that contains the clock source includes 
a complete tree, while other dies can have sub trees, 
as illustrated in figure 1.  
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Fig 1 Four-die stack 3D clock networks with two different TSV 
counts. (a) Single TSV between adjacent dies. (b) Ten TSVs 
between adjacent dies. [3] 

A 3D clock tree that utilizes multiple TSVs tends to 
reduce the overall wire length as more and more 
TSVs are used and the partition can be made based 
on 3D MMM algorithm as shown below. 

A. 3D MMM algorithm 

3D-MMM stands for 3D Method of Means and 
Medians. The 3D-MMM algorithm basically 
determines which pair of nodes to connect together 
and how many TSVs are needed to build a binary 
tree [3]. 3D-MMM algorithm works in such a way 
that there is always one die that contains a single 
tree which connects all sinks in the die, whereas the 
sinks in other dies are connected with multiple trees. 
In this case, the clock source is located in the die that 
contains the single tree.  

B. Clock distribution in a 2D IC 

This paper considers the clock distribution between 
10 sinks in a 2D IC as shown in Figure 2. The 
distribution is done in accordance with the MMM 
algorithm [3]. The electrical behavior of the IC is 
modeled and the behavior of the clock is analyzed. 
The results of the analysis are shared in the section 
III. 

 
Fig 2 2D Clock distribution network 

The layout and the circuit conditions have been 
selected in such a way that there maximum similarity 
between the 2D IC and the 3D IC is required for the 
sake of comparison. If the circuit designs of both 2D 

and 3D are different that it would render the 
comparison invalid. 

C. Clock distribution in a 3D IC 

This paper considers the clock distribution between 
10 sinks in a 3D IC as shown in figure 3. The 
distribution is done in accordance with the 3D-MMM 
algorithm [3]. The electrical behavior of the IC is 
modeled and the behavior of the clock is analyzed. 
The results of the analyses are shared in the section 
III.  The behavior of the clock at the sinks 1&2, 3&4, 
5&6 and 8&10 are identical. Hence there are 
effectively 6 distinct waveforms. 

 
Fig 3 3D Clock distribution network 

This equivalent 2D and 3D electrical model is 
designed in SIMetrix tool, from which we are going 
to measure the power obtained from the circuit, 
propagation delay (both best and worst case) and 
also the clock skew (both best and worst case).   

Experimental Setup and Result Analysis  

In this experimental setup, Seven D-flip flops are 
consider in each die and these D- flip flops are 
implemented and simulated using HSPICE 2007. 
Where the 2D and 3D equivalent schematic with and 
without buffer has been implemented and simulated 
using SIMetrix-7.2 SPICE tool. In order to implement 
and simulate the schematic of both 2D IC and 3D IC 
design some of the key specifications needs to be 
consider as frequency = 1GHZ, supply voltage Vdd = 
5V, length of wire or (track) = 2.55*50um =127.5 um, 
TSV (length) = 150um, Area (die) =1mm*1mm and 
results such as power, propagation delay and clock 
skew are obtained from SPICE simulator.   
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Fig.4 Simulation output for Die-1 to Die-4 

Figure-4 shows the simulation output obtained 
between Die-1 to Die-4 in HSPICE. Here ‘din1’ is 
provided as an input along with the clock signal (clk). 
dout1-dout28 represents individual node outputs. 
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Fig 5 The power dissipated in the 2D clock source over 2 clock 
cycles 

The total power delivered per clock cycle into the 
circuit by all the clock sources and buffers is the sum 
of the above three values which come to ~1510.27 
mW as shown in figure 5.  
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Fig 6 The power dissipated in the 3D clock source over 2 clock 
cycles 

The average power dissipated by clock source per 
clock cycle is approximately ~277.772 mW as 
shown in figure 6. 
Table 1 Propogation delay, Clock skew and Power for 2D and 3D 
without buffer 

 

 

 

 

 

 

 

 
Table 2 Propogation delay, Clock skew and Power for 2D and 3D 
with buffer 

 

  

 

 

 

 

 

CONCLUSION 

In this paper, 3D low-power clock network for 10 
sinks is built using 3D MMM algorithm and 3D clock 
tree is compared in terms of power, propagation 
delay and clock skew with 2D clock tree. From the 
results it is evident that the 3D clock tree achieves 
reduction of 81.61%, 6.86% and 30.10% in power, 
propagation delay and clock skew respectively over 
the 2D clock tree network. .   

FUTURE WORK 

The lack of access to 3D fabrication by circuit 
designers has been an impediment for 3D design 
and has limited full exploration on 3D opportunities. 
The following observations can be made to optimize 
this paper in future: 

1. By increasing the number of Dies and TSVs along 
with the number of nodes/sinks we can optimize this 
paper to obtain much better reduction with respect 
to power and delay.  

2. Optimization can be made by the inserting 
number of buffers to the design and also by 
increasing the clock frequency above 2GHZ. 
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