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Abstract—Clocks distribution networks are important part of synchronous circuits to ensure the availability of the clock signal at each flip flops across the integrated circuit. There are several design methodologies proposed to design effective clock distribution networks. However, the exponential reduction in feature size of the transistors that necessitates high speed clock signals only create more difficulties in practically designing an efficient clock distribution network. This report discusses the various clock distribution used in conventional sequential circuits and some of the emerging designs. 
Index Terms—Clock distribution networks, clock skew, De-skew buffers, H-trees, wireless clock distribution. 
I. INTRODUCTION
Clock signals are important in synchronous circuits to synchronize different data signals arriving from different parts of the integrated circuit, such that the correct data is available for computation. Due to impedances present in interconnects there are mismatches in the clock arrival time due to spatial distances between two clocks. These mismatches in time are known as clock skews. Due noises caused by other interconnect lines running in parallel with the clock signals, clock signals arriving at two different registers with the same clock input experience a phase noise, commonly known as clock jitter [1]. 
Clock distribution networks ensure that these constraints regarding clock skew and jitters are minimized. Design of clock distribution network is however a cumbersome task and a designer must decide the clock distribution before the circuit is designed because the difficulty in designing an efficient clock distribution network increases in the latter stages of design [1]. Different techniques such as H-tree, buffered clock trees and meshed clock network are used in the design of the clock networks. Since the interconnects do not scale proportionally to the rapidly scaling transistor feature sizes that operate at high clock frequencies, sets a difficulty in designing an efficient clock distribution networks. The paper is organized as follows. Section II discusses the clock constraints and the various clock distribution techniques used. Section III discusses about the various researches for future clock distribution networks. 
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Figure 1 Clock Skews [2]
II. Clock Requirements and types of Clock distribution networks
A. Clock Requirements
Due to various delay mismatches due to clock interconnect resistances and delay in the combinational circuits between sequential elements; it is important to set a definite clock transition period to ensure proper latching of the data at the flip flops. Problems arising due to incorrect clock period include race conditions that produce incorrect output at the combinational circuit and glitches at the output that causes unwanted power loss in the chip. 
Clock signals, as explained briefly in the previous section, experiences skews and jitters while travelling across the circuit. There are two types of clock skews, as shown in Figure 1, based in the flip flops experiencing it [2]. The first type is the positive clock skew and the other is the negative clock skew. Positive clock skew occurs when the first register gets latched prior to the second register that is connected to the output of the first register with/without a combination circuit between them. Negative clock skew occurs when the second register gets latched before the first register. Design of a proper clock signal that takes care of all the conditions and ensures the proper latching of the data, must follow the following requirements.

If the delay in the combinational path is represented by tLogic, the internal delay of the transistors as tC-Q, setup time and hold time requirements as tSETUP and  tHOLD respectively, and tSKEW as the arrival time difference of the clock edges at two different registers, then the total clock period TCLK must be 
TCLK ≥ tLogic + tC-Q + tSETUP  + tHOLD + tSKEW
This requirement ensures that the register latches the right data to the output. 

To minimize positive clock skew the time tSKEW must be [3]
tSKEW ≤  TCLK  - TPD(MAX)

where TPD(MAX) = tLogic(MAX) + tC-Q + tINT 


Similarly to minimize negative clock skew,

tSKEW ≤  TCLK  - TPD(MIN) 

where TPD(MIN) = tLogic(MIN) + tC-Q + tINT
B. Clock Distribution Networks
Different methods are employed to satify the clock conditions given above. Such techniques involve a tree like structure that has a main “trunk” supplying the global clock which branches at various points in the circuit based on the loads. Such clock distribution networks include buffered clock distribution network, H-tree distribution network, X-tree distribution network, and mesh type clock distribution network. To ensure that clock load is balanced at each branch of the clock tree in an H-tree or X-tree network, interconnect that carries these clock signal are scaled by 1/3 at each branch [2]. 
1) Buffered Clock Distribution Networks
Buffered clock distribution networks consist of a global clock signal that is buffered at several points at interconnects to boost the clock signal.  The main disadvantage of this distribution network is that the buffers can cause additional delays in the path that has to be accounted for, and that the clock transition at the buffers inputs and outputs cause additional dynamic power loss. Due to high switching speeds of the conventional clock, these power losses are more significant and have effect on the overall performance of the chip. 
2) Mesh Clock Distribution Network
Mesh clock distribution networks are similar to buffered clock distribution networks. In meshed clock distribution network additional buffers are used along the interconnect path to reduce interconnect resistances [2]. These buffers serve a dual purpose to minimize the path resistance while also amplifying the clock signal along the path so as to maintain the potential of the clock. The main drawback with this type is the same as in buffered clock distribution, i.e, the buffers cause addition delays and power losses. 
3) H-Tree and X-Tree Clock Distribution Networks
H-tree and X-tree clock distribution network consists of a global clock interconnect which branches out in symmetrical H or X type topology. This branching continues until the registers are reached. Each branch interconnect is scaled 1/3 [2] to balance the load at those branches. This type of clock distribution network resolves the issue of buffer delay but produces power loss in the clock interconnect. It is shown in [1] that the thermal power loss in distribution networks as these are more in the global clock network than on the branches. This may cause over heating in the nearby circuits thereby affecting their performance if not failing permanently. Figure 2 shows a H-tree Distribution network given in [2].

[image: image2.png]



Figure 2 H-Tree Clock Distribution Network [2]
III. Other clock distribution methods
The rapidly decreasing feature size and the increase in switching speed of the devices necessitate more efficient designs for clock distribution networks. Some of the interesting techniques currently under researches include  wireless clock distribution using RF/ microwave technologies[4] and clock distribution networks using De-Skew buffers[5][6], and 3-D ICs[7].  
A. Wireless Clock Distribution Networks
Wireless clock distribution network is analyzed in [4] and is shown to be more promising than the other potential distribution networks. These networks employ local transmission of microwave or RF signals through antennas place at several points across the chip. These signals are received and amplified locally using receivers and low noise amplifiers. In this type of clock network, the global clock generates a clock frequency 8 times the local clock frequency which is down-converted using frequency dividers[8]. A major drawback as put forth in[4] is the signal to noise ratio of the signal. This is of great concern because these devices operate among the digital devices which are usually noisy. 
B. De-Skew Buffers
Clock skew can also be reduced/adjusted locally using delay locked loops (DLL) or phase locked loops(PLL). Such approaches are described in [5] and [6] employing ring tuning architecture with DLL and phase detectors, respectively. The DLL with ring tuning architecture described in [5] uses an UP/DOWN detector to measure the skew between the two clocks and use tunable buffers with temperature-coded delays to vary the delay of the clock period according to the skew measured. These type of de-skew buffers are shown to be used with H-tree clock distribution networks in [5]. Method proposed in [6] uses a single phase detector to adjust the clock skew in the H-tree network. In this work the de-skewing of the clock signal is achieved by detecting the phase difference in the two clock signals and using tunable capacitors to match the delay in the signals. These methods however are used in the final stages of processing to fine tune the local clock signals. 
IV. Conclusion

A brief case study of the clock distribution networks was performed. Clock distribution networks are an important part of designing large scale integrated circuits employing sequential elements, to ensure the correct operation of the device. The rapid decrease in feature size and the increase in clock rate pose a serious concern in clock delays. Proper design of clock distribution could reduce these delays. 
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