32-bit Parallel Load Register with Clock Gating
Prardiva Mangilipally
Abstract – This project aims at lowering the power consumption of a 32-bit parallel load register, implemented with 180nm technology, by using a clock gating circuit. This is done by deactivating the clock signal to the Flip Flop when the output signal is same as the input signal. The power consumption of the new parallel load register is reduced due to the reduced switching of Flip Flops. To verify this, the average power of the two parallel load registers (with and without clock gating) is compared. Power reduction of about 89% is achieved using this technique.
I. INTRODUCTION
A CPU consists of registers. Registers in modern CPUs usually store 32 bit or 64 bits. Registers are made from flip flops. 
 A parallel-load register has two basic operations, which are summarized by the following table. 
	  c   
	Operation 

	0 
	Hold 

	1 
	Parallel Load (z31-0 = x31-0) 


Here's a black box diagram for a parallel load register. 
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Fig:1

A 32 bit register has 32 bits of data input, x31-0 and 32 bits of data output, which are labeled as z31-0. There's also a clock input. The register can only be updated at positive clock edges.If c = 0 (at the positive clock edge), then the output of the register is unchanged. If c = 1 (at the positive clock edge), x31-0, is loaded in parallel, and those 32 bits output as z31-0. 
II. MOTIVATION
In recent years the desire for portable computing has steadily grown; the reduction of power dissipation is a crucial factor in IC design . In many applications, the power consumption of the IC clock system is one of the main sources of chip power dissipation. This is due to the high switching activity and the heavy capacitive loading of the clock network. Consequently many techniques have been recently proposed to reduce clock system power dissipation. In particular, flip-flop designs were presented in which the power consumption is reduced due to the clock signal being deactivated (clock gating) when there are no transitions on the D input. For a low level of input data switching activity, the power dissipation of our circuit is much lower than that of the standard one with a 89% power saving when the D input is idle.

III.        TOOLS USED
Tools that were used for the completion of this project were ModelSim, Leonardo Spectrum, Design Architect and Eldo. 
The VHDL behavioral model was initially simulated in   ModelSim for the verification of functionality. Next, the Leonardo Spectrum tool was used to generate a verilog gate level netlist corresponding to the 180nm technology. This netlist is imported to design architect to generate a schematic which is then used to do the power analysis using Eldo. Vectors required to simulate the circuit were provided during the simulation. These vectors along with the 180nm technology file were given as inputs to Eldo which gave the average power consumed by the circuit with and without the clock gating.

IV. POWER DISSIPATION:

The power dissipation in CMOS circuits is mainly due to two components of power, namely static and dynamic power. The static power dissipation of a circuit is due to the leakage current in transistors which can be reduced by scaling the threshold voltage of transistors. The static power dissipation in a circuit is negligible when compared to the dynamic power dissipation. The dynamic component of power is due to short-circuit current and switching activity in circuits. Short-circuit current flows through the circuit when a path exists between the power supply and ground i.e. when both PMOS and NMOS transistors of a gate are simultaneously ON.  
This power is very small as compared to the power                    dissipation due to logic activity.
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The dynamic power dissipation in a circuit is given by

Where α is the activity factor, C is the total switching capacitance, VDD is the supply voltage and fck is the operating frequency.
Thus, it is evident that the dynamic power dissipation in a circuit depends on the clock frequency. By using clock gating circuit that will not clock the flip-flop when the data input is same as the data output we reduce this transition power to zero. This is the idea used in this project.

V. CLOCK GATING TECHNIQUE
Clock gating is one of the power-saving techniques used on many synchronous circuits. To save power, clock gating support adds additional logic to a circuit to prune the clock tree, thus disabling portions of the circuitry so that its flip-flops do not change state, their switching power consumption goes to zero, and only leakage currents are incurred.
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Fig 2: clock gating circuit implemented for a single flip-flop
The operation of the clock gating circuit can be explained as follows:

Set is used to initialize the flip-flop.
Data in and data out are compared using an ex-nor gate. This gate will output a ‘1’ when the data_in is same as data_out and will output a ‘0’ when they are different. The output of the  ex-nor gate is used to decide whether the flip-flop has to be clocked or not. If the output of exnor is ‘1’, then the nor gate stops the clock from passing through and hence there is no switching activity in the flip-flop for that clock cycle. However the clock  continues to run even when the flip-flop is not clocked. When the output of ex-nor is a ‘0’ then the flip-flop will be clocked as usual. Using this circuit we try to reduce the power consumption of 32 bit parallel load register.
A part of the schematic of 32 bit parallel load register with clock gating is as shown:
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Fig3: 32 bit parallel load register with clock gating



VI.    EXPECTED POWER
For a single bit load register with and without clock gating the  average power is calculated using ELDO for 50 clock cycles and for different input vectors. This power obtained for a single load register without clock gating is multiplied by 32     to get the expected power for a 32 bit parallel load register without clock gating .Similarly the power obtained for a single bit load register with clock gating is multiplied by 32 to get the expected power for 32bit parallel load register with clock gating.
          VII.   SIMULATIONS
For the following results each of the 32 bits in the parallel load register are given the same input. The number of transitions are varied from one vector to another vector.50 such vectors are given as inputs to each of the 32bits in the load register. 

The following specifications are included:

Technology:   180nm
Operating voltage: 1.8V

Transient analysis: 0ns-1000ns

Clock:                               Set:                   data_input: 

Initial: 0                            0ns: 1.8V          low value: 0V
Pulsed: 1.8V                      20ns:1.8V         high value: 1.8V
Rise time: 1ns                  20.1ns:0V         rise time: 1ns
Fall time: 1ns                 1000ns:0V          fall time: 1ns
Pulse width: 10ns.                                 Pattern: 00000
Period: 20ns                                      pattern duration: 20ns
All 32bits are given the same data_inp. The above specifications hold good for all the results explained here except that the data_inp pattern will change for every result. 

Logic 1(1.8V
Logic 0(0V
1.Inputvector: 00000000000000000000000000000000(1
                        00000000000000000000000000000000(2
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Fig 4: Without clock gating
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Fig5: with clock gating
Set is used to initialize all the flip-flops to 1 in the first clock cycle. data_outp will be 1 as soon as the set is 1 irrespective of the clock edge. 
These results can be best explained using event driven simulation.

This simulation is explained for the first 2 clock cycles. The logic holds good for the other clock cycles as well.
Y:gated clock


TABLE1:
	Time(ns)
	Set
	Data_inp
	Data_outp
	Clk
	Y

	0
	1
	0
	1
	0
	0

	1
	1
	0
	1
	1
	1

	20.1
	0
	0
	1
	0
	0

	21
	0
	0
	0
	1
	1

	21.1
	0
	0
	0
	1
	0

	31
	0
	0
	0
	0
	0

	41
	0
	0
	0
	1
	0


As explained in the above table(TABLE1) up to 21ns the gated clock signal (Y) resembles the actual clock signal. But at 21.1ns when the data_outp is same as data_inp the clock is prematurely truncated. Thats why the gated clock appears as a spike at 21ns which is not a glitch but the prematurely truncated clock. This happens because the ‘ex-nor’ and the ‘nor’ are combinational and hence their values change as soon as the data_outp or the data_inp change. Here up to 21.1ns data_outp is different from data_inp. When this data_outp changed its value to the data_inp at the rising edge of the gated clock signal then the exnor and nor also change their values, hence the clock is truncated.
Without clockgating: 242,6818uW (average power)
With clock gating: 42.8374uW (average power)

Here there is a saving of about 83%.remaining 17% of the power is lost in the transitions in the first two clock cycles and also to generate the clock pulse.
2. Input vector: (transitions in every clock cycle)
11111111111111111111111111111111(1

 0000000000000000000000000000000(2
11111111111111111111111111111111(3

00000000000000000000000000000000(4

Clock pulse width is 10ns, and the clock period is 20ns.
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Fig6: without clock gating
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Fig7: with clock gating

TABLE2:
	Time(ns)
	set
	Data_inp
	Data_outp
	Clk
	Y

	0
	1
	1
	1
	1
	0

	20.1
	0
	0
	1
	0
	0

	21
	0
	0
	0
	1
	1

	21.1
	0
	0
	0
	1
	0

	31
	0
	0
	0
	0
	0

	40
	0
	1
	0
	0
	0

	41
	0
	1
	1
	1
	1

	41.1
	0
	1
	1
	1
	0


Table 2 explains the simulation for the second type of input vectors.Here, 20.1ns through 21ns is a rising edge of the clock. Hence the clock changes from 0 to 1 and the gated clock signal(Y) resembles the actual clock. When the gated clock signal is a rising edge the data output will change from 1 to 0.i.e., the data_outp=data_inp at the rising edge of the clock.
At 21.1ns when data_outp=data_inp the exnor and nor undergo a change correspondingly and hence the clock is gated here. Thats why Y=0(clock truncation) and  the gated clock appears as a spike at 21ns.This happens in every clock cycle.
Without clock gating:

Average power: 457.2622uW
With clock gating:

Average power: 628.8430uW

In this case there are transitions in every clock cycle and therefore the clock gating does not occur in any clock cycle. So the circuit with less switching activity will consume less power than the one with higher switching activity.32 bit parallel load register without clock gating has less activity than  the one with clock gating because the hardware in 32 bit parallel load register with clock gating is 58% more than the one without clock gating. Hence 37%increase in average power.
3. when there are random transitions:
0000001010000001010100000000000000000000000000000(input to a single bit in 50 clock cycles.
The same input is given to 32 bits in the parallel load register.

In fig8, the time scale is displayed in nanosecs,in  fig9 the time scale is displayed in micro secs.

0.1u is 100ns, 0.2u is 200ns..

Clock pulse width is 10ns, Clock period is 20ns

The simulation below(TABLE3) is explained for the first 6 clock cycles
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Fig8: Without clock gating:
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Fig9: With clock gating:



TABLE 3:

	Time(ns)
	Set
	Data_inp
	Data_outp
	Clk
	Y

	0
	1
	0
	1
	0
	0

	1
	1
	0
	1
	1
	1

	11
	1
	0
	1
	0
	0

	20.1
	0
	0
	1
	0
	0

	21
	0
	0
	0
	1
	1

	21.1
	0
	0
	0
	1
	0

	41
	0
	0
	0
	1
	0

	120
	0
	1
	0
	0
	0

	121
	0
	1
	1
	1
	1

	121.1
	0
	1
	1
	1
	0


VIII.
 RESULTS



                                   TABLE 4:

	 
	Without clock gating
	 
	With clock gating
	 
	 

	TRANSITION DENSITY
	EXPECTED POWER

(UW)
	OBSERVED POWER

(UW)
	EXPECTED POWER

(UW)
	OBSERVED POWER

(UW)
	POWER REDUCTION

(%)

	0.0000
	244.0512
	244.0567
	68.7008
	27.4138
	88.77

	0.0004
	242.6944
	242.6818
	70.1134
	42.8374
	82.35

	0.1000
	262.4961
	289.1212
	182.0272
	146.8568
	49.21

	0.1024
	289.1168
	288.4402
	170.3126
	165.1852
	42.73

	0.2500
	357.7568
	357.8213
	340.1931
	337.1065
	5.51

	0.5000
	457.1456
	457.2622
	655.6832
	628.840
	-37.5


The bar graph(Fig 10) below compares the average powers of 32 bit parallel load register with and without clock gating for 3 specific cases.
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The next chart shows the variation in power savings with respect to the transition density.
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Fig:11
IX. CONCLUSIONS

Clock gating technique effectively reduces dynamic power in most of the cases. However, it increases power when there are transitions in every clock cycle. This increase is due to the extra power consumed by the ex-nor and nor gates in the clock gating circuit which account to about 58% increase in total hardware. If this increase in hardware could be reduced then the power savings could be increased even in the worst case which calls for the implementation of a different clock gating circuit or the usage of low power ex-or’s discussed in the class. New designs in Low power flip flops can be implemented  to reduce the power further. To avoid premature truncation of the clock a latch may be used to hold the signal.
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