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Synchronous Timing

CLK I 1

In R, Combinational |___ R, b—s

Cin Logic Cout Out

+ OAa Ta oToixeia aTo oUOThUA evneEpWYoOVTal
TAUTOXPOVA HE £Eva KEVTPIKO POAOI

*  2.ThvV TTPAYHATIKOTNTA
- Clock skew
- Clock jitter
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Plesiochronous and
Asynchronous Timing

* Plesiochronous Timing
- Ta blocks éxouv aveldpTnTta poAdyia amo
¢ eEXwpPIOTOUC TAAAVTWTEC
- KUkAwpa avaktnong poAoyiou
- 2uxpoVviouoc petalu diapopeTikwy clock domains
- FIFO

* Asynchronous timing
- Autoxpovilopeva (self-timed) ouoThuara
- Aev uTtdpx el avdykn yid KEVTPIKO poAd!
- Ymdpxel extra «k6oT106» ota KukAwparta (handshaking)
- AuCnuévn ToAuTtAoKOTNTA
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Synchronous Timing Basics
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* 2TIC TPAYHATIKEC OUVONKEG

- Clock skew

- Clock jitter

clogm
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Clock Skew and Jitter

+ Clock skew

- XwpIkh petapAntoTnTa (spatial variation) otoug xpdvoug dgigng
TWv peTaPdoswy Tou poAoyioU oe OIAPoPETIKA onpeia evog
KUKAWWATOC

Clock jitter

- Xpovikh petapAntotnta (femporal variation) Tng mepiédou Tou
poAoyioU oc éva O0cdopéEVo ONPEio TOU KUKAWHATOC

- Ao KUKAo og KUKMo (cycle-to-cycle) t, : short-term

- Long term t
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Positive and Negative Skew

R1
In Combinational
>1D Q Logic
JAN
CLK t
4 oLkt
delay

(a) Positive skew
PoAd1 kai dedopéva mpog Tnv idia kaTteUBuvon

R2
D Qr—

JAN
1 loiko

delay CLK

(b) Negative skew
PoAd1 kai 6edopéva po¢ avTiOeTeC KATeUBUVOEIC
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Positive Skew
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H akpn ekkivhong ¢Tavel piv Thv akph deicng
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Negative Skew
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Clock Jitter

To jitter mpokaAei
geTaPpAnToTNTA OTHV
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Combined Impact of
Skew and Jitter

R1 R2
In—p Q Com:acl)gfctlonal D a—
A Ja

Clock skew: T, (3) ik Loz
Clock jitter: T — -
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+ Tgy + Tge + 2T;; (w.C. negative skew)
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+ Tetogm = Tsk - 2T (w.c. positive skew)
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Sources of Clock Skew and Jitter

@ power supply
@ terconnect A\ [
interconnec
clock @ capacitive load
generation
_I_ "
| PLL @ capacitive
I—I I—I — @ clock drivers coupling
N
_AMA

1

@ temperature

0 Clock generation (1): PLL —jitter
0 Manufacturing vanations on clk driver (2): --skew

0 Interconnect varlatlons 3): inter-layer dielectric (ILD) thickness affects
interconnect R and C ew

0 Temperature and power supply (4 &5)Vanations: --skew and Jitter
e Parameters depend on temperature
e Delay through buffers is a strong funciton of the power supply

0 Capacitive coupleing(6 &7) --jitter
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Clock Distribution Networks

0O Clock skew and jitter can ultimately limit the performance
of a digital system, so designing a clock network that
minimizes both is important

¢ In many high-speed processors, a majority of the dynamic power
is dissipated in the clock network.

e To reduce dynamic power, the clock network must support clock
gating (shutting down (disabling the clock) units)

0O Clock distribution techniques
e Balanced paths (H-tree network, matched RC trees)

- In the ideal case, can eliminate skew

- Could take multiple cycles for the clock signal to propagate to
the leaves of the tree
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H-Tree Clock Network

2 If the paths are perfectly balanced, clock skew is zero

‘

1

— 3

’,

1

Clock

‘,

Can insert clock gating at
multiple levels in clock tree
Can shut off entire subtree
if all gating conditions are
satisfied

Idle
condition

Clock
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More realistic H-tree
I - ‘}:
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