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Digitally Controlled Delay Lines
Mr. S Vinayaka Babu

Abstract: In Digitally Controlled Delay Lines (DCDL) there are different ways to optimize the design of the
circuit. DCDLs are used in number of applications such as phase locked loops and delay locked loops. They are
used to mainly process the clock signals. These lines produce a programmable delay to the output with respect
to the input and also adjust the relative difference between the two signals to produce the reliable data transfer.
It is also finds its applications in digital- to-analog converter where time domain resolution is given more
importance than the voltage resolution. A digital delay line includes a plurality of delay elements, arranged in
sequence having an associated control input.
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Figure 1: Delay line block diagram

I.  Introduction
Basic delay circuit using NOR gates
The basic delay circuit has been constructed neither using NOR gates as shown in the figure below:
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Figure 2: DCDL with NOR gates

In this circuit the NOR gates marked with 'A" are fast gates and the gates marked with 'D' are dummy
gates used for load balancing. Here delay of the circuit is controlled by the control bit Si. When Si=0 the circuit
is in pass state. If Si=1 it is in turn state.

The drawbacks of this circuit are the output of the circuit has glitch which leads to loss of data. To
overcome the glitches the circuit has been modified to the circuit shown in figure 3.
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Figure 3: Modified DCDL circuit without glitches

In this figure “A” denotes the fast neither input of each NOR gate. Gates marked with “D” represents
dummy cells added for load balancing. When Si=0 and Ti=1 the NOR “3” output is equal to 1 and the NOR “4”
allows the signal propagation in the lower NOR gates chain. And if Si=1 and Ti=1, the state is turn state. In this
state the upper input of the DE is passed to the output of NOR “3”. If Si=1 and Ti=0 the state is post-turn state.
In this DE the output of the NOR “4” is stuck-at 1, by allowing the propagation, in the previous DE (which is in
turn-state), of the output of NOR “3” through NOR “4”. In this circuit the first DE is never in post-turn state,
therefore TO is always 1.

Power optimization of the circuit:
The power of the circuit can be optimized in 2 methods

1. Using an enable signal

In this method the input to the circuit is given through an AND gate whose inputs are the input to the
circuit and an enable signal. Whenever enable is high the input is given to the circuit or else the input is
disabled.

Figure 4: Optimization by clock gating for non-inverting NOR based DCDL

In this circuit the input to the first NOR gate is given with through an AND gate. Through this gate the
input can be given to the circuit only when necessary. This process helps in reducing the power consumption of
the circuit. In this method the leakage current can be reduced as there is no input when the clock is gated.
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2. Using multiplexers in place of NOR gates
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Figure 5 : Optimization by using Multiplexers

In this method all the each DE (delay element) in figure 3 are replaced by multiplexers as shown in
figure 5. When multiplexers are used instead of delay elements the number of gates used in the circuit reduces.
In any delay element used in a DCDL circuit without glitches there 6 NOR gates used whereas in a multiplexer
that gives inverted output there are only 4 gates used. This reduces the area consumed by the circuit as well as
the dynamic power consumed by the circuit.

Il.  Results
Simulation results for the DCDL circuit with glitches
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Figure 6: Simulation results for DCDL circuit with glitches

As seen in the above simulation due to glitches the high output runs for more time compared to the low
output. This leads to loss of data in the circuits. To get over the loss of data the circuit, the DCDL circuit has
been modified to the circuit shown in fig 3.

Power analysis for the DCDL circuit with glitches
The power analysis shows the dynamic power consumed by the circuit is 9mW.
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Figure 7: power analysis of DCDL circuit with glitches
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The figure below show the simulation results of the proposed DCDL circuit.
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Figure 8: Simulation waveform of proposed DCDL without glitches

This simulation results show the DCDL circuit without glitches. 'in' is the input to the circuit, 'out’ is
the output of the circuit and the control signals are 'ti' and 'si'. The signals in1-in3 represent the outputs to the
upper NOR gates and out1-out3 represent the outputs of the lower NOR gates '0' represents the input to the last
NOR gate in the lower row and 'in4' represents the second input to the upper NOR gates.

The power consumption of the circuit when checked on the FPGA is as shown below:
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Figure 9: Power consumption of the DCDL circuit without glitches

The figure below shows the simulation results of the DCDL circuit with the input given through an
'AND' gate.
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Figure 10: Simulation waveform of the DCDL circuit with input through AND gate
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As seen in the simulation waveform above the input to the circuit is given only when 'in' which is the
input to the AND gate is active. Thus the circuit is active only when the 'in" is high. The power consumption of

the circuit is as shown below:
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Figure 11: Power consumption of the DCDL circuit with input from AND gate

The figure below shows the simulation waveform of the DCDL circuit built using a multiplexer.

Figure 12: DCDL constructed using multiplexers

In this simulation results 'in' represents the input and ‘out' the output of the DCDL. 's1', 's2', 'sel1’, 'sel2’,

'sel3"' represent the select lines of the multiplexers used.
In the above simulation result the signals p1-p4 represent the inputs to the multiplexers and 01-08 represent the

outputs of the multiplexers.
The power consumption of the circuit is as shown in figure 11.
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Figure 13: Power consumption of the DCDL circuit built using multiplexers
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I11.  Conclusion

On observing the power consumption each of the circuits, for the DCDL circuit with glitches (fig 2) has
the maximum dynamic power (9mW) this is due to the glitches that are produced in the circuit. To overcome the
glitches the DCDL circuit has been modified as shown in figure 3, as seen in the power report of this circuit the
dynamic power consumption has reduced to 8mW which shows the reduction in the glitches.

On optimizing the power of the circuit by using an enable signal the power consumption in terms of
dynamic power remains same as the all the gates of the circuit work all the time.

On optimizing the power of the circuit using multiplexers, the dynamic power reduces to 4mW as only
half the gates in the circuit are active each time.
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