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Clock Jitter — Clock Skew

Clock lJitter

Clock jitter is a temporal variation (uncertainty) of the clock period at a given

point in the chip. The clock period can reduce or expand on a cycle-by-cycle

basis. Clock jitter is the inherent inaccuracy of the clock generation circuitry
(e.g. PLLs).

Clock Skew

Clock skew is a variation on the arrival time of a clock signal transition due to
static mismatches and process variations in the clock paths and differences in
the clock load. Clock skew is the clock inaccuracy introduced by the clock
distribution network.

Clock skew is constant from cycle to cycle.
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Throughput — Latency

Metrics for the performance evaluation of circuits / systems.

Throughput

Throughput (mapaywyikotnta) is defined as the processing rate of the input
data by the circuit / system.
Equivalently, it is the data transfer rate inside the circuit.
Throughput is related to the clock frequency (clock cycle).

Latency

Latency (AavOavwyv ypovoc) is defined as the time required by the circuit /
system to complete a computation.
In case that the required computation time is available inside a clock cycle,
then latency and throughput are conversely proportional between each
other.
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Pipeline Structures
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Single-Phase Master-Slave Clocking Il
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Overhead Impact in Pipelines
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Single-Phase Double Edge Clocking

Concurrent Register and Subsequent Logic Activation
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Single-Phase Two-Level Clocking
Concurrent Logic and Subsequent Register Activation
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Single-Phase Two-Level Clocking

Concurrent Register and Subsequent Logic Activation
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Multi-Phase Clocking
Two-Phase Clocking
In two-phase clocking systems two discrete clock phases are utilized, which
are generated by the main clock signal at the last level of the clock
distribution network.

Overlapping clock signals can be used or not. In the first case higher speeds
can be achieved at the risk of increased signal integrity problems due to skew
related issues in the clock distribution.

Four-Phase Clocking
Four-phase clocking systems utilize four discrete clock phases. In general,
design techniques with more than two phases are not very common in
system development.
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Skew Tolerant Static Circuits
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Skew Tolerant Domino Circuits |

Standard Design
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Skew Tolerant Domino Circuits I

Wave-Pipeline Design
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Slack Borrowing

In the slack borrowing technique, a logic partition utilizes time left over
(slack) by the previous partition.
By definition this additional time is automatically (voluntarily) surrendered
without circuitry and/or clock arrival time adjustments.

This technique is suitable for use in static logic with two phase, two-level
clocking (latch-based) designs.
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e Cycle slack borrowing: permits logic to use more than one cycle time and still fit
within a single clock cycle boundary while maintaining the overall machine cycle
time. The time used for logic evaluation exceeds one cycle and the machine still
works at speed. The slack time is borrowed from preceding cycle(s).

* Phase slack borrowing: permits logic to use more than one phase time and still
maintain the overall machine cycle time. The time used for logic evaluation in a
clock phase exceeds the clock phase time and the machine still works at speed.
The slack time is borrowed from preceding phase(s).
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Typical Operation
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Slack Borrowing
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Slack Borrowing: Clocking Issues (I)

Cycle Slack Borrowing

The logic propagation delay within a clock cycle latch boundary is:

tacycle = Tsaa Tlsop THp HHgya sy, 110

The clock cycle time is:

t =top +t +tsn T sy T Flgaann

cycle

The time difference between the clock cycle latch boundary and the clock cycle time, is:

tdcycle - tcycle =tso0 —tyjackit tszamay =05 tye =

tdcvde(maxi =15 tcyc\e
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Slack Borrowing: Clocking Issues (Il)

Phase Slack Borrowing

The logic propagation delay within an L2 phase latch boundary is:

taLophase = ts2a T tsop 110

The L2 phase cycle time is:
tor =t Tt + a1,

The time difference between the L2 phase latch boundary and the L2 phase cycle time, is:

tSla(max) :O'S'tcvc\e

tdL2phz-1513 _tpLZ = tSZa _t51a tsaamay —05-t -

cycle

tdLthasetmaxi =1.0- tcvc\e
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Dead Time and Latch Relaunch Penalty
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Time Stealing

In the time stealing technique, a logic partition gains evaluation time by taking
(stealing) it from the next clock cycle.

It is suitable for use in dynamic logic with two-phase clocking or in static logic with
single phase master-slave clocking.

The additional time is involuntarily surrendered and it is obtained by adjusting the

clock edges arrival times.
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A\

 Cycle time stealing: permits logic to use more than one cycle time and still fit
within a single clock cycle boundary while maintaining the overall machine cycle
time. The time used for logic evaluation exceeds one cycle and the machine still
works at speed. The time is stolen from the subsequent cycle.

*Phase time stealing: permits logic to use more than one phase time and still
maintain the overall machine cycle time. The time used for logic evaluation in a
clock phase exceeds the clock phase time and the machine still works at speed.

The time is stolen from the subsequent phase.

o

Clocking Schemes 25

Two-Phase Typical Dynamic Logic
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Time Stealing — Dynamic Logic |

Latch memory @ low!
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Time Stealing — Dynamic Logic Il
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Time Stealing — Master-Slave Flip-Flops
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