CPE/EE 421
Microcomputers

WEEK #10

Interpreting the Timing Diagram

The 68000 Read Cycle



Timing Diagram of a Simple Flip-Flop
Idealized form of the timing diagram
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An alternative form of the timing diagram
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The Clock

» A microprocessor requires a clock that
provides a stream of timing pulsesto
control itsinternal operations

» A 68000 memory access takes a minimum
of eight clock states numbered from clock
state SO to clock state S7
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Clock

|so|s1]|s2|s3]|sa[s5]s6[s7]so

A memory access beginsin clock
state SO and ends in state S7
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Clock

| so| s1] s2|s3|sa|s5]s6[s7]so]
D e
Clock cycle

teve

The most important parameter
of the clock isthe duration of acycle,

tCYC'
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Clock

| so|s1]|s2|s3]|sa[s5]s6[s7]sof

Address bus

At the start of a memory access
the CPU sends the address of the location
it wishesto read to the memory

Alan Clements 8



Address Timing

» We areinterested in when the 68000
generates a new address for use in the
current memory access

» The next slide shows the relationship
between the new address and the state of the
68000’ s clock
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Clock

1] s2| s3|sa [ s5[se6|s7]sof

—
(2]
S
w

Address bus

’ Address valid %
N

B ) In state S1 anew
Initially, in state address becomes
SOtheaddress i for the remainder

bus contains the of the memory access
old address
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Clock

w

1]s2| s3|s4 [ s5[se6|s7]sof

Pl‘ddress bus

Address valid —

/The time at which the contents
of the address bus change can be
related to the edges of the clock.
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Address Timing

o Let'slook at the sequence of events that
govern the timing of the address bus

 The“old” addressisremoved in state SO

» The address bus isfloated for a short time,
and the CPU puts out a new address in state
S1
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Clock

S

o

| s1] s2| s3|sa |s5]se|s7]so|

| Address valid —

\

The old addressis removed
in clock state SO and the
address bus floated
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Clock

S

—_

| s2| s3[s4 | s5] s6|s7so]

Address valid %

<>
tCLAV

The designer isinterested in the point at
which the address first becomes valid. This
point istq 4y Seconds after the falling edge
of 0.
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Clock

|so |s1 ]| s2|s3]|s4 [s5]s6[s7]so0]|

Address bus

Address strobe

\ The memory needs to know when
the address from the CPU isvalid.
An address strobe, AS*, is asserted
to indicate that the addressis valid.

Alan Clements 15

Address and Address Strobe

» We areinterested in the relationship
between the time at which the addressis
valid and the time at which the address
strobe, AS*, is asserted

 When AS* isactive-low it indicates that the
addressisvalid

* We now look at the timing of the clock, the
address, and the address strobe
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Clock

|so [s1 ]| s2| s3|s4 |ss5]s6|s7]sof

| Address valid —
AS* \ /

AS*active low indicates
address valid

AS* goes active low after

goesinactive
the address has become Vaﬁg; before the address

changes
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Clock

|so [s1 | s2| s3|s4|s5]s6|s7]sof

’ Address valid %
Ast |\ [

AS* goeslow in clock
State S2
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The Data Strobes

» The 68000 has two data strobes LDS* and
UDS*. These select the lower byte or the
upper byte of aword during a memory
access

» To keep things ssimple, we will useasingle
data strobe, DS*

» Thetiming of DS* in aread cycleisthe
same as the address strobe, AS*
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Clock

|so [s1 | s2| s3|s4|s5]s6|s7]sof
’ Address valid %
AS* 1\ /
DS* \ T\ /

The data strobe, is asserted
at the sametime as AS*
inaread cycle
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The Data Bus

» During aread cycle the memory provides
the CPU with data

* The next dlide shows the data bus and the
timing of the data signal

» Note that valid data does not appear on the
data bus until near the end of the read cycle
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Data from the memory
appears near the end of
the read cycle

Clock

| so[s1|s2|s3]|s4|s5]se|s7]sof

’ Address valid %
A\ \ [
s\ —

Data bus

D ( Data'valid H—
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Analyzing the Timing Diagram

* We are going to redraw the timing diagram
to remove clutter

 We aren't interested in the signal paths
themselves, only in the relationship between
the signals
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68000 Memory
CPU device

| so|st]|s2|s3]|sa[s5]s6[s7]solf

| Address valid —
— —

We are interested in the relationship
between the clock, AS*/DS* and
the datain aread cycle
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68000 Memory
CPU device

|so[st|s2|s3]|sa[s5]s6[s7]so]f

’ Address valid %
D Gatavaid)—

tacc

The earliest time at which the memory can
begin to access data is measured from the point
at which the addressisfirst valid
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68000 Memory
CPU device

|so[st|s2|s3]|sa[s5]s6[s7]so]f

| Address valid —
— —

D Data vaia)—
P e

Addres§he time between address V%ﬁgmes valid
becomenddiida valid is the memory’s
accesstime, t,.
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Calculating the Access Time

» We need to calculate the memory’ s access
time

* By knowing the access time, we can use the
appropriate memory component

* Equally, if we select a given memory
component, we can calculate whether its
access time is adequate for a particular
system
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68000 Memory
CPU device
|so [s1 ]| s2|s3]|s4 [s5](s6 N7 | so |

/
’ Address valiq/ %
) / [
D / Data|valid >—

Data from the memory is latched into
the 68000 by the falling edge of the
clock in state S6.
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68000 Memory
CPU device

|so [s1 | s2|s3|s4 |s5]s6|s7]sof

id >7
—\ /7

) Datajvald  y—
EP
tDlCL

Data must be valid
ty,c. Seconds before
the falling edge of S6
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’ Address val

68000 Memory
CPU device

|so [s1]| s2|s3|s4 |s5]s6|s7] sof

id >7

’ Address val

D Data|valid )—

oo toicL

We know that the time between the
addressvalid and datavalid ist,.
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68000 Memory
CPU device

| 'so/| st ]\sz|ss|s4|35|ss s7 | so |

&AA\V Address v4lid /:

) / Datalvalid  )—

é{j k¢ acc "‘EEHQL_’
d

The address becomes
valid t, , Seconds after
the falling edge of SO
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68000 Memory
CPU device

|so |s

—

| s2| s3[s4 | s3] s6|s7] so]

’ ! Address valid %
N telay
\ /
D Data|valid )—
tace t
) M¢-DicL )

Fromthefaling  sthe address becomesvalid
edge of SOtothe  °thedatais accessed
falling edge of S6: the datais captured

Alan Clements 32




68000 Memory

CPU lq 3 X toye ;l device
[sof st [s2] ss[sa]ss5][s6]|ls7[so]
’ Address valid %
\ /
|:C'-Avm tace ’I‘tDICL N
) | Datavalid )—
The falling edge of SO to the falling
edge of S6 isthree clock cycles
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68000 Memory
CPU device

3 X teye

| 'sof|s1 | s2|s3[s4|s5]s6]|ls7]so]

’ Address valid %
foiay tace toicL
M
D Data valid >—
3teye = torav +tae T toicL
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Timing Example

68000 clock 8MHz ~ teye=125ns

68000 CPU to oy = 70 NS
68000 CPU toc. = 15ns
What isthe minimumt__.?

3tcye = toav t lae T toicL
375=70+1t_ + 15

e t..=290ns
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