MOTOROLA
Semiconductor Products Inc.

AN-881

APPLICATION NOTE

DUAL-PORTED RAM FOR THE MC68000
MICROPROCESSOR

Prepared by
Trey West
Microprocessor Applications Engineer
Motorola Microprocessor Division
Austin, Texas

INTRODUCTION

Dual-ported RAM provides a means for multiprocessor
systems to exchange data without directly interfering with
each other. In most systems this data exchange involves a
master MPU passing information to a slave MPU. For
example, a host MPU may need to transfer information to a
graphic processing circuit to direct the display operation.
Redundant processing schemes may require a ‘‘checking pro-
cessor’’ to compare the results of several MPUs operating
simultaneously. Whatever the application, some form of
communication between processors is required.

A dual-ported RAM has, as it’s name implies, two in-
dependent ports or address/data/control buses. This scheme
simply allows two processors to access the same memory con-
tents without interfering with each other. Thus, depending
on the amount of dual-ported RAM that is available,
messages, instructions, data, etc. may be transfered from one
processor to the other.

Access to the dual-ported RAM is controlled by one or
more semaphore registers. A semaphore register is simply a
memory location set aside as a flag to indicate whether or not
a dual-ported RAM is currently in use. If the semaphore bit
is set, one of the two processors is currently using the dual-
ported RAM space and the other processor is not allowed ac-
cess. Other semaphore registers could be defined to indicate
messages available, contents changed, etc.

The MC68000 TAS (test and set) instruction supports this
semaphore register concept. The TAS instruction reads the
semaphore register and determines if the most significant bit
(MSB) of the semaphore register is set. If the MSB is clear the
TAS instruction sets it. If the MSB of the semaphore register
is already set, the TAS instruction simply reports (via the
condition code register) that the resource is allocated to
another processor at this time. Besides replacing several in-
structions with one, the TAS instruction executes the entire
read/modify/write cycle in one indivisible bus cycle. This
alleviates the possibility of both processors reading the

semaphore flag bit (MSB) as clear and both assuming they
have the resources after setting the semaphore flag bit
(MSB).

The cycle timing considerations for the dual-processor
system discussed in this application note were calculated us-
ing two MC68000L8 (8-MHz clock) microprocessors. In
addition, a separate 12.5 MHz arbitration clock was used to
clock the dual-ported RAM arbitration circuit. The same
system could be used with any other MC68000 micropro-
cessors and arbitration clock speeds. However, the arbitra-
tion clock speed should be sufficiently high to ensure that the
cycle timing is commensurate with the system speed.

HARDWARE CONSIDERATIONS

In a multiprocessor system, the operation of each pro-
cessor may be asynchronous with respect to the other MPUs
in the system. With asynchronous operation it is impossible
to predict when an MPU will request access to the contents
of the dual-ported RAM (hereafter referred to as DPR);
therefore, a DPR arbitration circuit is a necessity. As shown
in the circuit diagram of Figure 1, four D latches (U3A, U3B,
U4A, U4B) form the basis of the arbitration circuit. The first
two latches (U3A and U3B) are clocked on opposite phases
of a 12.5 MHz arbitration clock. Initially after reset, the state
of the four D latches is such that the U4A and U4B Q input
to OR gates U2A and U2B are low. If one of these two OR
gates receives a low chip select input (CS1, CS2) it will cause
a change in one set of the D latches (U3A, U3B). Since both
D latches of the first pair (U3A, U3B) are clocked on op-
posite phases of the 12.5 MHz arbitration clock, only one
will change state, even if the falling edge of both CS1 and
CS2 signals occur simultaneously. The second set of latches
(U4A, U4B) provides a debounce latch for the first set. The
debounce latch is required since, if a rising 12.5 MHz arbitra-
tion clock edge and the D input both change state at the same
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time, the corresponding Q output could become unstable for
up to 75 nanoseconds. The U4A-U4B pair of latches are
also clocked by the 12.5 MHz arbitration clock, and approxi-
mately 80 nanoseconds later the latched low chip select signal
appears at the Q output (CS1 at U4A, CS2 at U4B). The lat-
ched low chip select signal also presets the other D latch;
similarly, the high Q output is cross-coupled to the OR gate
input of the first D latch. This feedback holds off the access
of the other processor until the first processor has finished its
access and releases its chip select (CS1, CS2) signal.

Once the arbitration circuit has selected the processor
which is allowed access to the DPR, the other processor is
locked out and cannot gain access to the DPR until the first
processor has completed its bus cycle. Locking out the other
processor is accomplished by holding off its data transfer
acknowledge (DTACK) signal. Because holding off DTACK
locks out the other processor, the BERR timer signal of the
locked out processor should be longer than any DTACK
delay caused by DPR accesses.

NOTE

The longest BERR timeout required would result from
a lockout at the start of a TAS instruction. In the case
of an 8-MHz MC68000 running with this DPR hard-
ware, the worst case time would be approximately two
microseconds. The suggested BERR timeout in this
case is 10 microseconds.

The latched CSI or CS2 signal (referred to as CSx) is
presented to an SN74LS164 shift register provided that one
or both of the data strobes (LDS, UDS) is asserted. Once the
signal is present at the serial input of the shift register, it
begins propagating through on positive transitions of the
12.5 MHz clock. The shift register outputs become CSx
Delayed and DTACK for either processor. The delay before
DTACK can be adjusted by using a switch or jumper to tap
off the appropriate delayed output of the SN74LS164. The
cycle ends when the CSx signal or both data strobes are
negated, clearing the shift register.

The random logic gates attached to the SN74LS164s allow
the use of the TAS instruction. The TAS instruction
simplifies support of the dual port RAM semaphore
registers. This instruction is a special case because two bus
cycles take place during one AS asserted time (see Figure 2).

The first bus cycle starts in the same manner as all MC68000
cycles with AS and LDS or UDS asserted (TAS is a byte
operation only). At the end of this read cycle the only indica-
tion of a complete transfer is the negation of the data
strobes. Therefore, negated data strobes must clear the shift
register to remove CSx Delayed and DTACK. The next cycle
(write) starts by asserting the data strobes (LDS or UDS). An
asserted data strobe releases the shift register clear input (CSx
is also low) and allows application of the CSx Latched input
to the SN74L.S164 serial input. The cycle continues as a nor-
mal write.

The schematic diagram in Figure 3 shows the necessary
MC68B10 static RAMs and buffers required to allow two
processors to access the same devices. Octal bi-directional
buffers, U10, Ull, U16, U17 (SN74LS245s) provide buffer-
ing for the data bus. These devices are controlled by the CSx
Data input (CSx Data signals are the CSx Delayed outputs of
the SN74LS164 shift registers delayed again by passing
through an SN74L.S244). Only one set of data buffers is on at
any time as controlled by the arbitration circuitry. Data
direction is determined by the state of the corresponding
R/W line. The address lines are buffered in a similar manner
with the CSx Latched signal providing the enable input for
the two SN74LS244s. By using the CSx Latched signal (in-
stead of CSx Delayed), the address setup time (tas) required
by the MC68B10s is met prior to the CSx Delayed signal be-
ing presented to the chip select inputs of the MC68B10s (this
address setup time is not required by many other memories).
An SN74L8244 (U13) is used as a multiplexer for the R/W,
LDS, and UDS control signals from the two processors. The
CSx Latched signal from the arbitration circuit determines
which set of control signals are presented to the MC68B10
RAMs.

The above described scheme could allow expansion to 256
words of dual-ported RAM simply by using the available A8
line on the SN74L.S244s (U12 and U18 shown in Figure 3),
plus larger memories. Expansion to larger dual-ported RAM
memory space would also require additional address buffers
and larger memories.

TIMING CONSIDERATIONS

The timing signals related to the arbitration circuit are
shown in Figure 4. This diagram illustrates the special case of
chip select signals from two different processors requesting

SO S1 S2 S3 S4 S5 S6 S7 S8 S9S10S511S12513514515516S517518519

Indivisible Cycle :i

FIGURE 2 — Read-Modify-Write Cycle Timing Diagram
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simultaneous access. As will be described, when the simul-
taneous requests are made, only the CS signal of one pro-
cessor will be allowed to propagate through to form the CSx
(CSI, CS2) Latched signal. In the diagram of Figure 4, the
chip select requests are both already asserted before the fall-
ing edge of the 12.5 MHz arbitration clock. Since the CS2
signal is clocked on the falling edge in Figure 4, it will be
allowed to propagate through. Note that the Q output for
CS1 (point C) does fall but the signal is not allowed to be
clocked into the debounce latch (B1) because it is now held in
preset by the CS2 Latched signal. The complement of the
CS2 Latched signal is also o presented to the OR gate at the in-
put of the first latch for CSI causing the D input to go high,
and on the next positive edge clock, the waveform at C goes
high. When CS2 is removed, the input latch (waveform D)
and the debounce latch for CS2 are driven high on consecu-
tive negative clock edges. This action removes preset from Bl
and allows @ to propagate through on positive clock edges
to form the CSI Latched signal.

As shown in Figure 3, the CSI or CS2 Latched signal
enables the address buffer for one of the MCMS8BI10s. The
CSI or CS2 latched signal is also presented to the input of
one of the SN74L.S164 shift registers, and a clock period later
the CS1 or CS2 Delayed signal is  presented to the CS input of
both MCM68B10s. This delay (CST or CS2 Latched to CS1
or CS2 Delayed) is necessary to accommodate the address
setup time for the memories.

The read and write cycle timing is shown in Figure 5 (start-
ing with the CSx Latched signal). For a read cycle, data is
valid 250 nanoseconds after addresses are valid. The DTACK
signal for the processor (8-MHz MC68000) is asserted a clock

period after the CSx Delayed signal goes low. Data is then
valid approximately 50 nanoseconds later (this satisfies the
DTACK low to data setup time for the MC68000L8 specifi-
cation). For a write cycle, data is valid before CSx Delayed;
therefore, the only specifications that must be met are tcyc
for addresses and tcg for the CSx Delayed signal. Asserting
DTACK at the same time as a read cycle assures that both
these specifications are met. The last specification to be met
is the data hold time for the memories. This 10 nanosecond
hold time is met by passing the CSx Delayed signal through
control multiplexer U13 to form the CSx Data signal. The
CSx Data signal will negate approximately the same time as
the CS signal at the memories; however the buffer delays
(U10, Ul1, U16 and U17) will provide the required data hold
time.

TEST SOFTWARE

Once both processors are able to read and write to all DPR
(dual-ported RAM) locations, it is necessary to check the
arbitration circuitry during real time processing. Two test
programs are included. The first program (listing 1 in Figure
6) causes both processors to execute a loop in which they re-
quest access to the DPR. Once access is allowed, the pro-
cessor sets all DPR memory locations to a known value, and
then checks to see if all locations retained this value. Comple-
tion of the loop results in a message (error or successful com-
pletion) and the processor executes a short delay loop to
allow the other processor to complete a TAS instruction. The
other processor then executes the same routine with the
exception of writing a different value to the DPR locations.

80 ns

e
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Arbitration
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CSx Latched

JEREREEREREREn

l&—tzcc =250 ns —H
Addresses Valid >_
TSx Delayed I
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Read Data \ Valid:>—_
DTACK |
R
Write Data 4 Valid >—

FIGURE 5 — Read/Write Cycle Timing Diagram
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Two other programs (listing 2 and listing 3) provide
examples of messages passing from a master to a slave pro-
cessor and vice-versa. These listings are shown in Figure 7
(listing 2 for the master routine) and Figure 8 (listing 3 for the
slave routine). The master processor takes characters sent
from a terminal and stores them in a buffer until a carriage
return is input. The master MPU then sets the semaphore

flag and transfers the message from the buffer to the DPR.
Upon exiting the DPR, the master MPU sets a message flag
(in the low byte of the semaphore register) to indicate a
message is ready for the slave. The slave continually checks
this message flag to determine if a message is present, and if
so prints the message out on its terminal and resets the
message flag.

DUAL.
2
3
4
S
[
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
s
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49

MOTOROLA M&BO00 ASM VERSION

FORT RaM TEST

00000900

00000900 00000004

00000904

00000908

00000917 2E
0000007E

0D0OADANA

00000918 00000002

ooooo091A
0000091E
00000920
00000922

41F80900
22248
5449
30360918

00000926
00000928
00000924
0000092k
00000930
00000932

4AD0

SHEF(C

323C007E
2449

34C0

S1LCPFFFC
00000936 323C007E
0000093A 2449
0000093C BOS
0000093E
00000942
00000944
00000946
0000094C 2
00000952 1
00000956
00000
0000095A
00000950

SEHCHFFFC
6618
4250
267C00000904
cooooo917
00F3

000009¢
00000962
00000964 5
00000768

544153462043

1.306Y8

12, COLOR

SDFRTEST

«BA 06/702/82

1335231249

KKK K K KKK KK KK KR K K KK KK KKK KK K K KK I K KK K K IR I K K K KK K K IOK KK K KK K KK KK KK KK KK KK XK.

THE

% X X X X

THIS ROUTINE -
FROG
SHOULD EE

X3

X3

AM TS LOAL

TS THE DUAL.
INTO

FORT RAM AREXTRATION CIRCULT.
OTH E0ARDS o
INXITIALIZED AS WELL A8 THE UALUE USED FOR THE CHECH FLAG.

THE ADDRESS OF THE DFR

% X X X X

NI KK 00K K 0 I 00K I K 00K K K 00K 00K K 0 0K K KK K K 300 0 0 0K K 5K 0 35 0K 2K 0 K 0 K 50 K 3K 3K 00K 00K

b
Di*RBASE
x

x
x
x
STRSTART

STREND
RAMLEN
x

x

FLAG

x

x
x
START

x
x
x
ALLOC

WI..Q0F

CL.OOF

ORG

DS L

DC.E
DCLE
DCE
EQU

DS W

$900

1

$0Dy$0Ay$0ALS0A
'TASK COMPLETED. '

o
.

126

TAG IS EYTE ONLY3:
THE WORD SFACE

1

INLITIALIZATION

LEAL.
MOVE. L
ADD W
MOVE . R

DFRIEASE » AD
AdrAlL
*#2yA1
FLAGYDO

MAIN FROGRAM

TAS
BML.S
MOVE W
MOVE. L
MOVE W
DERA
MOVE W
MOVE.L
CMP oW
DENE
ENE o

MOVE . L.
MOVE.. L.

ERROR TRAF

X

x SUEROUTINE
X

DELAY MOVE W
DL.OOF

NOF
D
RTS

A

DEIL.

(AD)

ALLOC
#RAMLEN» D1
ALrAZ

DOy (A2)+
D1y WI_OOF
#RAMLEN,D1
ALrAZ
(AZ)+yDO
D1,CLOOP
ERROR

(AD)

#4 Y TART » AL
FETREND y AS
*243yD7
*14

DELAY
ALLOC

*0

AY

#5303

D3y DLOOF

© VALUE SHOULD EE DIFFE

ADDRESS OF THE! DUAL. FORT RAM. THIS VALUE SHOULD
EE INXTIALIZED BEFORE THE FROGRAM IS
STARTED .«

LOCATIONS IN RAM (-1 ONE WORD FOR SEMAFHORE)
THEREFORE » TWO FLAGS COULD BE USED IN
ALLOCATED FOR THE SEMAFHORE .

THIS LOCATION SHOULD BE SET TO THE CHECK VALUE.
ENT FOR EACH BOARD

ADDRESS OF DFR IN A0
MEMORY FOINTER

. FOR SEMAFHORE

FLAG

DFR
NO»
COUNTER

SET POINTER
WRITE A WORD

AVAILAELE?
TRY AGAIN

ALL DONE?
STORE COUNT

MESSAGE. FOR FRINTOUT/
S5AGE FOR FRINTOUY/
MONITOR (TM> I/0 CALL
MONITOR (TM) XI/0 CALL

*TABK
COMPLETED"

*TUTOR®
*TUTOR®
DELAY

SET COUNT

LOOF UNTIL TIME OUT

FIGURE 6 — Listing 1, Dual-Ported RAM Test Program
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FIGURE 7 — Listing 2, Dual-Ported RAM Test Program
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FIGURE 8 — Listing 3, Dual-Ported RAM Test Program

Motorola reserves the right to make changes to any products herein to improve reliability, function or design. Motorola does not assume any liability arising
out of the application or use of any product or circuit described herein; neither does it convey any license under its patent rights nor the rights of others.




@ MOTOROLA Semiconductor Products Inc.

3501 ED BLUESTEIN BLVD., AUSTIN, TEXAS 78721 @ A SUBSIDIARY OF MOTOROLA INC.

A16015-2 PRINTED IN USA 12-84 IMPERIAL LITHO C27122 10,000 AN-881





