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Overview

� Synchronousprotocols

– synchronousprotocolsusea clock

– asynchronousprotocolsdon’t havea clock
� typically, faster(nowaiting for theclock to strike)
� typically morecomplicated

� Timing considerations

� Arbitration
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BusSignals

Line/signal Establishedby

Start Initiator (Master)

Data Initiator/responder(Master/slave)

Address Initiator (Master)

R/W Initiator (Master)

Done Responder(Slave)

Clock Bus
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Timing for a Write Transaction
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Timing for a ReadTransaction
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Wait States

T
1

T
2

Clock

Done

R/W

Start

Data

Address Valid
Initiator

Responder

Initiator

Responder

Initiator

Valid

Wait

3



Slide6

Timing Considerations

1. Transaction access time: from whenresponderrecognizesstart signal

until responderassertsdonesignal

2. Transaction cycle time: interval betweenconsecutiverequests

3. Calculatingwait states

a accesstime

s busstabilizationtime

b busclock cycle time

w numberof wait states

a
�

1 � 5 � b � w � b � 3 � s

w � a � 1 � 5 � b � 3 � s
b
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Bus Timing
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Example 1

� Assumptions

– busclock 16.67MHz

– busstabilizationtime is 10 nanoseconds

– accesstime is 80 nanoseconds

� Buscycle time

1
16� 670� 000

sec
cycle

	 1 � 000� 000� 000
16� 670� 000

nanosec
cycle


 60
nanosec
cycle

� Numberof wait states

w � 80 � 1 
 5 � 60 � 30
60

	 20
60� w 	 1

Slide9

Example 2

� Assumptions

– busclock 12.5MHz (80 nanosecondcycle time)

– busstabilizationtime is 10 nanoseconds

– accesstime is 80 nanoseconds

� Numberof wait states

w � 80 � 1 
 5 � 80 � 30
80

	 � 10
80� w 	 0
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The Effect of Cycle Time

� Accesstime identifiestheminimum numberof wait states

� Assumptions

– busstabilizationtime,10 nanoseconds

– 25 MHz clock (40nanoseconds)

– accesstime(reador write) is 20 nanoseconds

– write cycle time is 160nanoseconds

w � 20 � 1 
 5 � 40 � 30
40

	 � 10
40

� Cycletime

– couldbeaslow as80 nanoseconds(two buscycles)

– needsto be160nanoseconds,whento addwait states?
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