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Speed upYour M68040 with
an Interleaved Bursting

EPROM Interface

Looking to improve
the performance of
your latest MC68040
or MC68060 design
without locking

yourself into a sole
source of specialized
memory devices?
Explore one
alternative that uses
standard EPROMs.
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n interleaved
EPROM memory
interface provides an
impressive price/
performance ratio for computer
systems that require high-perfor-
mance, EPROM-based program
storage. During this article, I will
explore the details of implementing an
interleaved EPROM memory for
systems based on the M68040 family
of devices and the MC68060 processor.
Since the MC68040, MC68LC040, and
MC68EC040 are each pin, bus, and
integer unit compatible, my discussion
will apply to each of these devices.
These processors will be referred to as
an M68040 integer unit or as an
M68040 processor.

In a design based ona 25MHz
M68040 integer unit, utilization of the
bursting capabilities causes a signifi-
cant improvement in performance
without more than an incremental
increase in the overall system cost.
Recently, I completed an evaluation of
various memory systems capable of
supporting the burst mode of the
M68040 processors. Currently, some
ROM manufacturers are focusing
development efforts toward creating
and marketing bursting EPROM
technology. The cost for these devices
is often prohibitive, while the memory
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Figure fa--At the core of the sampfe design isa Motorola MCE8040 processor. Performance can be Improved” by using an interleaved ~bursting EPROM interface.

size is limited when compared with
other EPROM devices. Costs are also
high because second sources for
bursting EPROMs are not typically
available. In this article, I will address
other methods that can be used to
create burst-enabled memory and
provide data to support the perfor-
mance improvements you may expect
from an interleaved-based design.

CONSIDERING THE
ALTERNATIVES

Several types of memory inter-
faces can be used to interface proces-
sors with today’s memory devices.
Most of these techniques are well
known since EPROM technology has
not changed much in the past few
years. Notable changes in this arena
have primarily focused on increasing
memory size and decreasing the access
time. Recently, several EPROM
manufacturers have begun releasing
bursting EPROMs. Designers should
be careful about specifying the current
offering of bursting EPROMs into their
products due to the lack of second
sources, limited memory size, and
higher costs of these devices.

Instead of using bursting
EPROMs, I have designed a two-way
interleaved EPROM system which

provides a burst-enabled memory
system. This system can be expanded
to create a four-way interleaved
EPROM interface, which requires four
banks of EPROMs. The more tradi-
tional linear pattern uses a single bank
and does not allow for bursting. A
third nonbursting alternative worthy
of consideration is to use a single
EPROM and an MC68 150 dynamic bus
sizer to build the 32-bit word.

Bursting refers to a method used
for memory accesses and also to a
microprocessor’s ability to make
multiple accesses quickly. A burst
begins with a read request to a single
address that is referred to as the initial
seed address. A memory system
capable of bursting should provide a
significant improvement in the access
time of subsequent accesses after the
initial seed has been accessed. Bursting
may not be able to provide a signifi-
cant improvement in performance if
the information, data, or instructions
are highly fragmented or if a zero-wait-
state memory system is available.
Bursting will have the greatest positive
impact when all memory references
are linear and then where the access
penalty is large for the initial access
and minimal for each subsequent burst
access.
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Typically, all data and instruc-
tions benefit from bursting. However,
when data or instructions are highly
fragmented, bursting can have a
negative effect. For example, if a
pointer is generated to read a single
value from a memory location, then
the other three accesses may never be
used. In this situation, the unused
cycles can stall the integer unit while
the bus could have been used for other
required memory accesses. When a
zero-wait-state memory system is
used, the M68040 integer unit will
perform as well as, or better than,
when the bursting function is used.

BURSTING THE M68040

The M68040 integer unit has a
Harvard-style architecture that allows
the six-stage pipeline and two inte-
grated on-chip caches to operate
independently. The M68040 processor
has an integrated on-chip 4K-byte
instruction cache and a 4K-byte data
cache. Both caches are four-way-set-
associative caches composed of four
32-bit words per cache line.

The relatively large instruction
and data caches can each sustain
approximately 90% hit rates. The hit
rate varies depending on the instruc-
tion and data mixes. With a bursting
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Figure 1 b--The MC88916 clock driver is used to skew the main clock for the various subsystems on fhe board. The TL7705A generates a clean reset for the board.
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EPROM interface, the penalty for an
instruction or data cache miss is
minimized. This is due to the signifi-
cant reduction in total bus traffic.
With the reduction, the instructions or
data that are required to keep the
M68040 busy can be fetched from
memory in a minimal amount of time.
The M68040 integer unit will
access four 32-bit words for each single
burst sequence. The internal caches
are organized to store four 32-bit words
on a single cache line. The M68040
integer unit will always begin

1gurela— WU DdiiKs 01 OIT-INe-sneit 9 1 ZK-pyie EFHUMS ol me core or me memory Seclion.

the processor will supply the seed
address $0000 1008. External hardware
will be required to generate and supply
the “artificial addresses” $100C,
$1000, and $1004.

The M68040 has a nonmulti-
plexed address and data bus, reducing
the difficulty and improving the
efficiency of the interleaved design.
For example, a 25MHz bursting
interface with a 5: 1:3: 1 (five-clock
initial, one-clock second access, three-
clock third access, and one-clock final

access) profile can be done by using
eight 120-ns EPROMs and eight
multiplexers. The schematic in Figure
1 demonstrates how to implement this
kind of memory system. No additional
address latches are required.

Due to the relatively high-speed
bus on the M68040 integer unit and
the slow turn-off time of EPROMs, bus
contention is highly possible. As a
reminder, recall that bus contention
occurs when two devices are attempt-
ing to drive the bus at the same time.
Bus contention can produce

with the access that will contain
the data or instruction for which
the integer unit is waiting. A
bursting sequence will always
begin on a hex address ending
with any of the following values:
$0, $4, $8, or SC. Hardware is
required to increment address
bits A2 and A3 to obtain the
additional three addresses. For

Memory Total Number M68040
Access of Clocks Performance
2:2:2:2 No Burst 8 clocks 100.0%
4:1:1:1 7 clocks 99.7%
4:1:2:1 8 clocks 97.9%
5:1:1:1 8 clocks 96.7%
4:2:2:2 10 clocks 93.4%
5:1:3:1 9 clocks 92.9%
5:2:2:2 11 clocks 90.1%
3:3:3:3 No Burst 12 clocks 89.8 %
5:3:3:3 14 clocks 83.4%
4:4:4:4 No Burst 16 clocks 80.2%

three problems: increased
system noise, an increase in the
total system power, and system
failure when the bus drivers
blow out.

PERFORMANCE
CONSIDERATIONS

The 5:1:3:1 bursting access
will yield about 93% of the

example, if hex address $0000
1008 is the initial seed address,
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Table 1—Awhole range of bursling access arrangements is pessible.
Which you cheese depends en your design.

maximum sustained perfor-
mance available from the
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Figure 2-A 2222 with no burst yields the best performance while the performances of other ratios and numbers

of clocks fall off slightly.

M68040 integer unit. See Table 1 for

the memory interface derating chart. A

graphic representation of the informa-
tion contained in columns two and
three of the table is shown in Figure 2.
Three points should be considered
in making the entire burst access as
efficient as possible. The most impor-
tant part of the bursting sequence is
the first access. Insertion of an addi-

tional clock cycle will typically incur a

3% degradation in performance.

The next most critical point is the

second access. Often the M68040

integer unit will be starving for the
first access. Once that has been
accomplished, the M68040 integer
unit will typically accept the second
access into the first stages of the
instruction pipe. When the second

access is delayed by too many clocks, a

bubble can occur in the instruction
pipe. This will degrade the possible
performance of the machine.

The third point to be considered is

the total number of clocks for the
complete burst transfer. The third and
fourth transfers can degrade the

possible performance by

Table 2—The inferleaved EPROM inlerface accesses lwo banks of
memory: an even bank and an odd bank. Depending on address bit A3 from
the processor, the inlerface will access the even or odd bank first, folowed

by the opposite bamk.

one or two percent for
M86040 Address Even Bank Odd Bank Multiplexer every additional clock
% % %2' AOZ Evfﬁ—lg?nk cycle that is added.
1 i 0dd Bank Typically, this is caused
0 0 Even Bank by stalls in data or
W ! 0Odd Bank nonsequential instruc-
0 1 | 0 0dd Bank tion fetches or data
0 1 Even Bank writes that have filled
1 0 0dd Bank the write-back buffer.
0 W Even Bank The M68040 integer
1 0 W W 0dd Bank unit is less susceptible
0 0 Even Bank to memory degradation
1 1 0dd Bank than many other
0 0 Even Bank processors available
1 1 0 W Even Bank today. This is due to
1 0 0dd Bank three factors: the
0 f Even Bank M68000 processors have
W 0 Odd Bank a relatively high code
density; M68000 code is

a RISC processor; and a

RISC processor is a load-
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Figure 3-Precise timing of the interleaved EPROM
interface is critical for successful operation. The siafe
machine in the PAL handles allthe tricky iming
sequences.

store based architecture, which does
not have the ability to modify memory
directly.

On a RISC processor, all instruc-
tions are a fixed length, resulting in
wasted bits in the instruction fields.
M68000 instructions can be 16 bits or
larger, depending on the addressing
mode or immediate data fields that are
included in the instruction. This
results in very dense instruction
fetches and more efficient utilization
of the instruction cache. The second
factor is the relatively large instruction
and data caches integrated on-chip.
The third factor is the bursting
interface coupled to the six-stage
integer instruction pipe.

When a burst is initiated, a
potential data write is delayed while
the instruction(s) are fetched. Because
data writes can be delayed, the
M68040 can fetch instructions or data
that are needed to keep the instruction
pipeline full. The M68040 integer unit
requests the required instruction first
and bursts in the remaining three
fetches. Typically, the M68040 integer
unit will need the next instruction
within one to four clocks after fetching
the first instruction.

After bursting, the M68040 integer
unit has four or more clock cycles
when the integer unit will not require
the data bus for instruction fetches.
This allows the processor to update
memory or fetch new data. The
M68040 integer unit will use 50-90%
of the total available bus bandwidth.
The lower bus utilization allows other
devices such as DRAM refresh, DMA,
or slow peripherals to take advantage
of the available bandwidth without
impacting performance.

The interleaved EPROM interface
accesses two banks of memory-an
even bank and an odd bank. Depending
on address bit A3 from the M68040
processor, the interleaved EPROM
interface will access the even or odd
bank first, followed by the opposite
bank. See Table 2 for the incremental
burst-sequence decode. The interleave
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control PAL decodes the state of the
M68040 integer unit’s address bits A3
and A2 to decode which bank of
memory (the even or odd bank]

should be selected for the M68040
integer unit’s data bus. During a
bursting sequence, both banks of
memory are each accessed twice. The
four 32-bit words fill a cache line. The
interleaved control PAL increments
the even A2 and the odd A2 signals to
provide the two accesses with different
addresses for each EPROM bank. The
computation of the timing required for
the interleaved EPROM memory
system is greatly simplified by the
synchronous bus on the M68040
integer unit.

TIMING CONSIDERATIONS

The first access begins at the
rising edge of the BCLK. The signal
TS* is asserted for 10 ns or more. This
condition causes the state machine in
the interleaved control PAL to go to
state ES1. Assertion of the EVEN_A2
and ODD_A2 to the correct logic
levels occurs between 2 ns and 15 ns
after the rising edge of the BCLK when
a 15 ns PAL is used.

The Computer Applications Journal

tavar= (N = 1) x t

ERq = Loara * Yeproma T Yramasre
VALID ~ tavam T th = toxew = tprup
where:

t, ;. = fotal time available

tg, = time required by interface logic
and memory

t ap = time available remaining

N = number of clock cycles

t, = time period of the bus clock

tpa, = PAL logic access time to
valid outputs (15 ns)

teproms = EPROM access time to
data valid (120 ns)
t45257, = Maximum propagation

delay for 74F257 (7 ns)
tekpw - maximum clock skew
trup = Maximum setup time on
M68040 (5 ns)
Computation of equation t,  is 160
ns when a 25-MHz M68040 integer
unit with a five-clock initial access is
used. Computation of equation teg 18
142 nsandt,,,  is 18 ns (specification
16 of the M68040). The hold time
requires that data be held valid for a
minimum of 4 ns after the rising edge
of BCLK.
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t t t

EPROMh +

t

HOLD = ‘74F257h + PALh — USKEW

where:
t = PAL logic minimum propaga-
tion time (2 ns)

= EPROM hold time (0.0 ns)

= minimum propagation
delay for 74F257 (2 ns)

PALh

t
t

EPROMh
74F257h

Calculation of equation t.,  is 0.0
ns for all four accesses. Refer to the
hold time timing diagram, shown in
Figure 3 for additional information.
The 0.0 ns of margin on the hold time
does not cause a problem when the
following considerations are taken into
account.

First, the EPROM manufacturers
specify 0.0 ns hold time from chip
select negation to data invalid. This is
not very realistic and some EPROM
vendors are beginning to specify 4 ns
(or more) hold time. Second, the clock
driver should be placed near the
M68040 integer unit to reduce trans-
mission line effects and EMI noise.
This results in the BCLK trace to the
M68040 integer unit being signifi-
cantly shorter than the trace to the
interleaved control PAL which adds to
the total data hold time.

The clock driver chosen can make
a significant difference in the clock
skew time. When using a MC889 15 or
MC88916 clock driver, the output
chosen can further reduce the skew
between the BCLK and the clock pin of
the interleaved control PAL. For
example, the MC88915 clock driver’s
Q4 clocks 34 picoseconds or more (up
to 275 ps) before QO. When the Q4
output from the MC88915 is used to
drive the M68040 BCLK pin and the
QO is used to drive the interleaved
control PAL, the BCLK will always
lead the PAL logic output. When using
the MC88915 to drive the system
clock, the clock skew becomes 0.034
ns positive. If the M68040 integer unit
cannot be used with the MC88915 or
MC88916 in this configuration, a delay
can be introduced into the interleaved
control PAL clock. A typical delay
device might be a MC74F(08, where the
low-to-high specification is 3.0 ns
minimum and 6.6 ns maximum. The
interleaved control PAL clock should
not exceed an 8.7-ns delay because the
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no BURSTRQ
no BURSTRQ

Figure 4—Interleaved EPROM State Machine Di agram
for the M68D040/LCO40/ECO40

interleaved control PAL could miss the
TS . signal from the M68040 integer
unit.

Finally, the trace length and
capacitance of the control signals and
data bus need to be at a minimum to
require any calculations to be per-
formed on the trace or wire delay.
Furthermore, the trace and device
capacitance contribute to the total
hold time. The hold time of 0.0 ns
should not be a problem when a high-
resolution clock driver is used. The
maximum clock skew should never
exceed 1 ns or BCLK will lead the
interleaved control PAL clock.

The second access has one
additional clock period to access the
EPROM. The second access setup time
(t- vay) i 240 ns and the t,  is 63 ns.
An additional quick check should be
performed on t,_.  when the multi-
plexer is changed from one input to
the other. The minimum multiplexer
select time is 3 ns. The interleaved
control PAL clock-to-state change is 2
ns. When using the MC88915 or
MC88915 clock driver described
above, the clock skew is negligible and
the thorp time is 1 ns.

The third access has timing that is
similar to the first and second ac-
cesses. The g for the third access is

142 ns, so t,,, ., is 18 ns. A similar
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argument can be made for the fourth
and final access.

THE PROCESSOR'S PAL

The PAL equations to control the
interleaved EPROM interface fit into a
single 22VIO device. The code used to
program this device is shown in
Listing 1. The inputs to the PAL are a
25-MHz system clock, TS*, R/W* and
address signals from the M68040
processor. The last input is a combina-
tion of several signals to create the
BURSTRQ’ signal. The BURSTRQ .
signal is asserted low when the
M68040 processor attempts to burst,
indicated by the assertion of SIZE1
and SIZEO signals to a high logic level.
BURSTRQ"* can be derived inside the
22V10 with an equation, or a 74F00
can be used to conserve input pins.

The outputs of the interleaved
EPROM PAL are in two groups. The
first group is the non-state machine
outputs and the second group contains
the state machine outputs. The signals
in the non-state machine group are the
EPROM chip select (EPROM_CS*) and
the even and odd address bit 2
(EVEN_A2 and ODD_A2}. The signal
EPROM_CS * will assert when the
address is valid and the TS* signal is
asserted. The EPROM_CS™ signal
remains asserted until the state
machine returns to the ESO or the
starting state. The chip select signal
will assert only during a read opera-
tion. A write causes the EPROM_CS’
signal to negate and the state machine
to go to ESO.

The EVEN_A2 and ODD_A2
signals begin the toggling process
based on the original value of the A3
and A2 address bits from the M68040
processor. For this discussion, an
address will be considered “even”
when the address from the M68040
processor decodes to the even bank
first. An “odd” address will decode to
the odd bank first. All first accesses
beginning with a $0 or SC will begin
with the even bank. All first accesses
beginning with a $4 or $8 will begin in
the odd bank of EPROM. For example,
the address $0000 0004 causes the first
access to occur in the odd bank. If the
first access were memory location
$0000 OOO0C, the access would be even.



Listing I--The 22V10 PAL handles both state machine and non-stale machine signals. I coniains fhe main
control logic for the inferface.

MODULE INTERLEAVED- EPROM:
flag '-r3’

TITLE ' Interleaved EPROM PAL Eq.
Ron Stence Motorola Inc.'

inter device 'p22v10’;

"DEFINE INPUT PINS "

clk pin 1; "25MHz system clock

~ts pin 2: "68EC040 transfer start
read pin 3; "68E(C040 read-write
~burstrg pin 4; "68EC040 wants to burst
az,ald pin 5,6; "address bus

Address pin 7,8,9,10,11; "address bus

"DEFINE OUTPUT PINS "

~eprom_cs pin 16; "EPROM Chip Select

e_az pin 19; "even EPROM A2

odd_a2 pin 18; "odd EPROM A2

ql,q0 pin 17,20; "state machine outputs
~eprom_ta pin 21: "EPROM Transfer Acknowl edge
~Mux_oe pin 22; "EPROM data MUX output enable
mux_sel pin 23; "mux sel =1:Even EPROM

"mux sel =0:0dd EPROM

"DEFINE CONSTANTS "

"DEFINE INTERNAL NODES
RESET node 25: "A Write to EPROM will Reset this state machine!

"DEFINE VECTORS "

eprom_s = [~eprom_ta,~mux_oe,mux_sel, ql,q0];

ESO = [1, 1, 1, 1, 11:" ~hlF

ES1 =1, 1, 1, 1, 0]1;" ~hlE

ES2 =1, 1. 1, 0, 0];" *hliC

ES3 =[C 1, 1, 1, 0, 11:;" ~hlD

E_ES4 = L 0,0,1,0, 11:;" ~h05, assert TA to even EPROM
E_ESS = [0,0,0,0, 01:" ~h00, assert TA to odd EPROM
EES6 =1, 0, 0, 0, 0]:" ~hl0

EES7 =1, o0, 1, 1, 0O1;" ~hlé

EES8 =[ o0, O, 1, 1, 01;" ~h06, assert TA to even EPROM
E_ESS = [0,0,0, 1, 11:;" *h03, assert TA to odd EPROM
E_0S4 = [ 0,0,0,0C, 11;" ~h0l, assert TA to odd EPROM
£ 0S5 = [0,0, 1, 0, O1;" ~h04, assert TA to even EPROM
F0S6e =1, 0 1, 0, O01;" ~hl4

EOS7 =[1

, 0, 0, 1, O01;" *hl?
E0S8 =L o, 0, O, 1, 01;" *h02, assert TA to odd EPROM
(continued)
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The PAL equation for EVEN_A2
begins with the signal asserted to a
low logic level when the address is
“even.” The basis of the PAL equation
for the signal EVEN_AZ2 is an exclu-
sive-OR. The signal EVEN_A2. is used
for the first and third accesses when
the address is “even.” Therefore,
EVEN_A2 will be toggled immediately
following the first access to allow the
even EPROM bank to begin the next
access. Once the third access has been
terminated, the signal EVEN-A2
becomes a “don’t care.” When an
“odd” access is initiated, the signal
EVEN_A2 will begin with a high logic
level and the toggling will begin at the
end of the second access.

The signal ODD_A2 follows the
initial value of the signal A3 from the
M68040 processor for both “even” and
“odd” addresses. When the address is
“odd,” the first access will be to the
odd bank. At the end of the first and
third accesses, ODD_A2 will toggle.
When the address is “even,” the first
access will be to the even bank and the
signal ODD_A2 will toggle at the end
of the second access.

The EPROM state machine is
composed of five bits. Two bits were
used to create unique or distinctive
state machine outputs (Q1 and QO) so
a Grey code type of count could be
used. However, not all state changes
are true Grey code. This does not
cause a problem since all signals using
the state machine outputs are regis-
tered. The next bit is the multiplexer
select bit (MUX_SEL). When this bit is
a logic high, the multiplexer selects
the even bank. When the MUX_SEL
bit is a logic low, the multiplexer
selects the odd bank. The fourth bit is
the multiplexer output enable bit
(MUX_OE* |. When this bit is asserted
to a logic low, the multiplexer drives
the data bus of the M68040 processor.
When the MUX_OE* bit is negated to
a logic high, the multiplexer becomes
a high-impedance output. The final
output of the EPROM state machine is
the acknowledge signal to the M68040
processor (EPROM_TA*).

The output pin EPROM_TA’ uses
an open-collector-type output. This
will reduce the number of inputs to
the acknowledge PAL equation and
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allows other devices to be connected
together to drive EPROM_TA* to a
low logic level. Other signals that can
be connected to the EPROM_TA*
signal net are the acknowledge from
the interrupt PAL or from other
peripherals PALs. A pull-up resistor is
required when this configuration is
used.

STATE MACHINE CAVEATS

The state machine (refer to Figure
4) can be modified easily to increase or
decrease the number of wait states. To
increase the number of wait states, an
additional state should be added before
states ES3, E_ES7, and E_OS7. To
decrease the number of wait states,
remove states ES3, E_ES7, and E_OS7.

When changing the state machine,
two points must be considered. The
Grey code may need modification to
minimize state changes. The Q1 and
QO outputs can be modified to mini-
mize the number of state changes
without impacting the operation of the
PAL equation. Second, the state
machine is running ahead of the
M68040 processor. For example, the
EPROM_TA'’ is asserted during state
E_ES4. However, the M68040 proces-
sor will actually accept the data and
TA* signal on the rising edge of the
BCLK. The state machine will exit the
E-ES4 state at the same time. There-
fore, the modification to the state
machine should take place when the
state machine is going through wait
states.

USING THIS NEW TOOL

Several types of applications are
well suited to an interleaved-EPROM-
based design, such as laptop comput-
ers, low-power computers, embedded
controllers, and laser printers. A laser-
printer-based application can benefit
greatly from an interleaved EPROM
interface due to the cost sensitivity of
the laser printer market while being
driven to provide higher performance
for the same system cost. Laser
printers typically will not copy
instructions and fonts into DRAM.
The interleaved EPROM interface will
provide DRAM equivalent perfor-
mance without a significant increase
in the cost of the system.
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Listing 1- confinued

E0S9 =0 o0, 1, 1, 11;" ~h(Q7, assert TA to even EPROM

addr = [Address];

state-diagram eprom_s

state ESO:
if (!~ts & (addr == Address)) then ESI;
else ESO:

state £ES1:
goto ESZ;

state ESZ:
goto E3;

state ES3:
if (!a?2) then E_ES4;
else £ _054;

state £E_ES4: "Assert TA, MIX sel =1
if (!~burstrg) then E_ES5H
else ESO; "no burst

state £ _ESH: "Assert TA, MUX sel =0
goto E_ES6;

state £_ES6:
goto E_ES7/;

state E_ES7: "Assert TA, MUX sel =1
goto E_ES8B;

state £_ES8: "Assert TA, MUX sel =0
goto E_ES9;

state £_ES9:
goto ESO;

state E_054: "Assert TA, MUX sel =0
if (I~burstrg) then E_0S5
else ESO: "no burst

state £_055; "Assert TA, MUX sel =1
got0 £_0S6;

state E_056:
goto E_QS7

state E_0S7: "Assert TA, MUX sel =0
goto E_0S8;

state E_0S8: "Assert TA, MIUX sel =1
goto £_0S9;

state E_0S9:
goto ESO;

"PAL EQUATIONS"

equations
RESET = !read;
e_a? = (({a3 § a2)

& (I~ts # (eprom_s

odd_a2

n

ESO) # (eprom_s ES1)
# (eprom_s ES?) # (eprom_s == ES3))
# (e_a2 & ((eprom_s == L ES6) # (eprom_s == E_ES7)

## (eprom_s == E_ES8) # (eprom_s == E_0S6)

# (eprom_s == E_0S7) # (eprom_s == F_0$8)

# (eprom_s == E_0S9))) # (!a3 & ((eprom_s == E_ES4)

# (eprom_s == E 0S4))) # ((a3 !$ a2) & ((eprom_s == E_ESH)
# (eprom_s == E_0S5))) };

:= (((a3 % az2) & ((eprom_s
# (eprom_s == E_0S4)))
# (a3 & (!~ts # (eprom_s
# (eprom_s == ES2) # (eprom_s
# (la3 & ((eprom_s

E_ES4)

ESO) # (eprom_s == ES1)
ES3)))
E_ES5) # (eprom_s

E_ESE)

(continued)
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Listing 1- continued

# (eprom_s ==
# (eprom_s ==

I~eprom_cs =

end INTERLEAVED- EPROM

The interleaved EPROM interface
has several positive points to be
considered. The most significant is a
dramatic increase in system perfor-
mance while reducing bus utilization
and memory latency on the M68040
integer unit. Second, the total system
power can be reduced when the
EPROMSs do not have to be copied to a
higher-speed memory system. When
the EPROMs are not copied, power and
money can be saved while not support-
ing a second memory system. Third,
there will be a reduction of bus
contention between the EPROMs and

# (eprom_s == E_ES7) # (eprom_s == F_ESB)
E_ES9) # (eprom_s ==
E_0S6) # (eprom_s ==
# (eprom_s == E_0S8) # (eprom_s == E_059))))

read & ((!~ts & (addr
# ((eprom_s != £ESO) & (addr == Address)));
enable ~eprom_ta = (!~eprom_ta);

E_055)
E_0S7)

== Address) )

the M68040 integer unit. Finally,
when data bus buffers are required, the
change to multiplexers will have little
or no effect to the cost of the system.
An interleaved EPROM interface
does have several negative attributes
which should be considered before
using it in a design. First, there is an
increased number of EPROMs in-
cluded in the design. This technique
should not be considered when the
design will be using eight or more
EPROMSs. Second, there is an increased
number of support devices such as
multiplexers. Third, the increased

complexity in the control logic could
result in an increase in the board size.
Finally, the potential increase in total
system cost should be considered.

The change to an interleaved
EPROM interface can be done with a
small increase in complexity and
system logic. The positive and nega-
tive attributes, such as total system
size, cost, and performance levels,
should be considered before changing
to an interleaved interface. A require-
ment to make a dramatic improve-
ment in the system performance could
make an interleaved-EPROM-based
design a wise solution. [&]

Ron Stence holds a B.S. in Computer
Science from the Department of
Engineering at Texas Ae’VM Univer-
sity. He is currently a senior systems
applications designer in Motorola’s
68000 marketing applications group.
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