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Motivation

Forwarding a clock through an inverter chain

F. DO long wire DO long wire DO D Fo

@ jitter accumulates along the chain

® inter-symbol interference is jitter amplifying
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Motivation

Forwarding a clock through an inverter chain

F DQ long wire DQ long wire DQ D Fo
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—~~
)
~—~
=]
e
-
]
Q.

¢ static inverter, with supply noise

ASYNC 2007 — 12 March 2007 — A Jitter Attenuating Timing Chain — p.3/20



i \ / \

s Sy =T

= _ RO

. Ly Il = |

e - o
l fast=0 fast / fast=0

@ Logic events “surf” on the rising edge of the timing signal.

@ The maximum delay of a logic element with fast = 1

< the delay of a delay element
< which is less than the minimum delay of a logic element with fast = O.

@ Sur ng bounds max/min delay spread regardless of the depth o f the logic.
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Theory of Sur ng
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of logic events

[t1;ta], capture interval: signal timings in this region will surf and converge to [t2;t 3].
[t2; t 3], steady-state sur ng interval: signal timings in this inter val stay here.

[ta; t 5], metastability interval: signal timings here can exit to surf with either the
preceding or the following wave.
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Sur ng Inverter
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Sur ng Inverter
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Textbook DLL

adjustable delay

output clock

phase loop
detector filter

input clock |
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Sur ng DLL

in BO _out
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delay element

(delay = D)
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Sur ng DLL
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Jitter Propagation
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Jitter Propagation
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Jitter Propagation
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Multiphase Designs

F 1,in F 1,out

5

I:2,in |:2,ou1
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® for k-phase: range = k (dmin + tsmax  dmax  ts:min )
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Advantage of Sur ng DLL

® The sur ng inverter combines the function of the variable de lay
element and phase detector. It is very simple.

® The sur ng design makes use of the fact that for a clock signal , 1s
and os are interleaved to accurately estimate when the next event
should happen.

@® It avoids jitter peaking by event-time averaging.
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Pipelined Clock Forwarding

a single phase sur ng pipeline timing chain
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Pipelined Clock Forwarding

a multi-phase sur ng pipeline timing chain
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Robustness to Power Supply Noise

200-stage Simple inverter chain

with supply noise
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Robustness to Power Supply Noise
200-stage Sur ng clock chain
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Robustness to Input Disturbance

The Relative Jitter with Single Event Disturbance
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Robustness to Input Disturbance

The Maximum Absolute Jitter with One Single Event
Disturbance(l)
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Robustness to Input Disturbance

The Maximum Absolute Error with One Single Event
Disturbance(ll)
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Robustness to Input Disturbance

Attenuation of a Clock Jitter
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Sur ng Handshakes

Asynchronous Handshaking

Producer consume
data_out = data_In
req_out = reg_in

ack _In (= ack_out
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Sur ng Handshakes
Credit-Based Sur ng

Producer Consume

data_out e _ data_in
req_out co reg_in

reg_in reg_out
ack_in ack _out ack in

Shadow FIFO

ack out
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Aperiodic Handshaking
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Bursty Handshaking

Consumer stops
sending acknowl-
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Bursty Handshaking
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Bursty Handshaking
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Conclusion

We used a sur ng inverter to build a simple DLL.
The sur ng effect cancels the drafting effect and preserves pulses.

We have shown a jitter attenuating timing chain with sur ng D LLS
which is robust to input noise and power supply noise.

For clocked interfaces, sur ng timing chains attenuate jit ter and
preserve timing pulses.

For asynchronous interfaces, the sur ng chain preserves
handshake events and enables the use of wave-pipelining and
credit-based handshaking.
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Conclusion

We used a sur ng inverter to build a simple DLL.
The sur ng effect cancels the drafting effect and preserves pulses.

We have shown a jitter attenuating timing chain with sur ng D LLS
which is robust to input noise and power supply noise.

For clocked interfaces, sur ng timing chains attenuate jit ter and
preserve timing pulses.

For asynchronous interfaces, the sur ng chain preserves
handshake events and enables the use of wave-pipelining and
credit-based handshaking.

Thanks!
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Sur ng Technique

® Preswitching Sur ng

@® Use a voltage divider circuit to modulate the delay

® Power consumption increases tremendously because of the short circuit
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Sur ng Technique

® Preswitching Sur ng
® Charge Sharing Sur ng

® Robustness caused by the oating node
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Sur ng Technique

® Preswitching Sur ng
® Charge Sharing Sur ng
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® Static Sur ng
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