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INTRODUCTION

This application note describes the design of a 32-bit
High Performance Minimum System based on Motorola’s
32-bit MC68030 microprocessor. It makes use of the new
fast synchronous interface available on this device to access
RAM memory with a two clock cycle read and write bus
cycle. The system is designed to operate at 20MHz using
available Fast Static RAM memories with future upgrades
to 26MHz and 30MHz using faster memory devices.

An MC68681 DUART (Dual-channel Universal
Asynchronous Receiver Transmitter) and associated
circuitry provides two serial RS232 ports for connection to
terminals or host computer links. An MC68230 PI/T (Parallel
Interface/Timer) is also included to provide a Centronics-
type parallel portorto be used asgeneral /0. The MC68681
also includes a 16-bit timer and the MC68230 has a 24-bit
timer which are available for timing functions.

The memory system is implemented by a bank of 8
MCM6164 64k bit fast static RAMs and two 27512 512k bi
EPROMs used to contain debug monitor firmware or
system software The RAM memory is implement:

making use of the dynamic bus sizing ¢
MC68030 microprocessor.

DESCRIPTION OF OPERATION
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cycle time of 50nS which yields an address decode and
handshake generation time of 50 - min60 -max6 = 50-4-25
=21nS.

1N

mat

mat = worst case memory access time

Figure 1.

This document contains information on a new product. Specifications and information herein are subject to change without notice.

@MOTOROLA INC., 1989

MC68030 Synchronous Read Cycle Timing Diagram

@ MOTOROLA Im

ANE426



In this application the decode is achieved by three
74F521 and two 74F138, U14, U15, U16, U12 and U13.
Addresslines A31-A24 are used to produce a decode signal
called BOARD-SEL which allocates the bottom 1MBytes of
the MC68030’s address space to this application board.
Therefore, this board could be interfaced to other boards to
add extra memory, etc. in the address space above the
bottom megabyte. U15and U 16 produce two select signals
based on the state of address lines A23-A19. These being
I/0.ROM_SEL for the bottom 500KBytes of the memory
map and RAM-SEL for the next 500KBytes. These two
selects are further decoded by U12 and U13 to produce
individual selects for 4 x 128K RAM banks, 2 separate 128K
Byte ROM selects and 2 separate 128K Byte I/O selects used
for the MC68681 and MC68230. The memory map for the
board is shown in Figure 2.

00000000

00020000

00040000¢

Megabyte 00080000

000A0000

000C0000

000E0000

00100000

OFF BOARD
ADDRESSES

| | FFFFFFFF

Figure 2. Address Map of MC68030 System
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The Synchronous Termination signal STERM is
generated by ORing BOARD-SEL and RAM-SEL in US8c.
Jumper J6 allows the output of this gate to be fed directly
to the processor or to allow a system STERM signal to
come from some other off board source via U7b.

A wait state generator is implemented by U35 and
allows for O-4 wait states to be selected by jumper J1.
This decode and handshake generation logic m
timing constraints discussed above since f
states the signal path consists of a 74F521
74F32 which induces a maximum delay of
is within the 21ns constraint. :

PROGRAM Rif
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) select signals ROM1CS and ROM2CS from the

decode section are used to select the appropriate

ce."Since the interface port is 8-bits wide the required

dshake to the processor is DSACKO = 0 and DSACK1 =

ost ‘benchmarkcode will be run from RAM on the board

% therefore the ROM accesstime is not critical and no attempt
has been made to minimise the number of wait states for
each ROM access. The two rom chip selects are ANDed by
U7¢ and then this combined signal is ORed with a delay
signal to produce the required DSACKO signal to the
processor. The delay signal comes from a second wait
state generator implemented by U4. This induces a delay
oftwo cycles of a clock which is one eighth ofthe processor
clock. This guarantees enough access time to the EPROMs
even if the clock frequency of the processor is increased
beyond the design speed of 20MHz.

The wait state generator implemented by U4 is also
used to implement a bus errortime-out for faulty accesses.
If the processor does not receive either a STERM or the
DSACKx handshake within 4 clock cycles of the slowest
clock available on the board then U4 will generate a BERR
signal to the MC68030 and force exception processing.

READ/WRITE MEMORY

As discussed previously the address decode logic
produces four separate RAM chip select signals each
covering a 128KByte address range. Due to the capacitive
loading of the RAM chips only two banks have been
incorporated on the board. These two RAM banks are
currently implemented with MCM6164 45nS type devices
but these will be replaced with 32K x 8 type devices once
faster versions become available. ‘The decode and access
time to these RAMs are part of the critical timing path in the
design and as such this has been optimised to operate with
zero wait-states. The RAM is organised as a 32-bit wide port
and uses the new synchronous interface on the MC68030
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which yields a two clock cycle read and write bus cycle. To
improvetheaccesstime,theRAMchipsusedhaveseparate
chip enable and output enable inputs. The chip enable
inputs are tied to a “logiczero” to enable them permanently
and the output enables are connected to the chip select
signals generated by the address decode logic. On aread
operation all four chips of one bank are always enabled
which drives the full 32 bits of the data bus. The processor
will then latch the appropriate sections of the data bus
depending on the size of the access. A processor write
operation is more complex since only the relevant sections
of the data bus contain valid data. The PAL U38 uses the
AO, Al, SIZ0 and SIZ1lines from the MC68030 to generate
four separate byte select signals, UUD*,UMD*,LMD* and
LLD*. These signals are gated with the RAM1 write select
and RAM2 write select signals and address strobe in U39,
U40, U41 and U42 to produce the individual RAM chipwrite
enable signals. The equations use to code the PAL of U38
arethose given in the “Applications” section ofthe MC68030
User’s Manual. There is no data bus buffering between the
RAM chips andthe processorso noextradelayisintroduced
into the system. The address decode section generates
additional RAM selects for banks three and four and these
can be used to select additional RAM which could be added
to the board using buffered address and data buses.

SERIAL COMMUNICATIONS

The MC68681 DUART U28 provides two independent
serial communication ports. They are normally connected
to local terminals orto provide links to host computers.Th
driverchips U36 and U37 provide the TTL-t0-RS232 volt:
level conversions between the DUART and the seria
These ports are bhrought out to standard
connectors J4 and J5. The MC68681 DUART als
a 16 -bit timer which can be used by the syst
counting or timing applications.
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which may be 3
generate perigdi

BUS BUFFERING

Th e critical paths to the RAM are unbuffered to
allow full zero wait state operation. Two 74F244 devices
U30 and U3l are used to buffer address lines AO-A15.
These buffered address lines are then connected to the
EPROMS and I/0O devices in the system and could also be
used for additional RAM banks. The basic system contains
no data bus buffers due to need for high performance zero
wait state operation. Four 74F245 bidirectional buffers
could be added to the data bus if extra RAM is required.
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This application note has described a design of a high
performance 32-bit system using the fast synchronous bus
interface of the MC68030 Advanced 32 bit Microprocessor.
The system was initially designed and built to operate at
20MHz with a future upgrade to 25MHz with faster
memories. The stability of the design has been tested by
operating the board at 30MHz using one wait state in the
RAM interface with the existing 45ns memory device.
has also demonstrated the use ofthe synchronousi
while still using commericially available memory de
and standard FAST TTL interface logic fo
decode section on the design.
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MOTOROLA ANE426
4



5

DATA DATA DATA
ADDRESS ADDRESS D B R ADDRESS R N
SYSTEM CONTROL SYSTEM CONTROL A A SYSTEM CONTROL
1/0 CONTROL 1/0 CONTROL 1/0 CONTROL
AS* | CUN® e
MEMORY CONTROL MEMORY CONTROL ~ MEMORY CONTROL N \
N 3
kA
Aid
9 NA2 10 [0 O D719 D31 Az_10 [ T o7 D23/ NAZ 10 = O D7119_D15 A2 0 [T 0 o igD74 16
R B Rt B N o B
o At 8 o5 [17_D29 AL B, s |17_D21 a2 05 [17 D1 CH os [T D2
AS 6 O 377] 12 DUARTCS SYS_CIIN® NAE__ 7| a3 0a |[16_D28 25 7| a3 pa [16 gzn/ N :2 _;_ n2 D 1 gﬁ \22 A s os 6 D4 A
€3 - 12 DUARTES) A6 6| a4 p3[15 D27 A6 & [1s D194 N p3 03 A
g 40 OZ.LP'EES'C;W"/CS AT 5] a5 (yq7 D212 0% A7 5 j:g uls gg [ERIILY \AT__ & 2; urg 0220 AT 5 2; uzo D2 [3_D2
2 01+[14 2657 A8 2 1 4 12 D17 A8 4 1209 A8 4 1201
A 13 oo ROM1ICS* 4241 A8 cwsies D Hr—pas 28 A8 mcMgTes D 2] e a5 mcmetes 2F H—p o3 A6 mcwmstes D1 ﬁ——ﬁ(;/
s 0 did 9 3 Do [11_D24 A9 3, 00 y N 31 n Do A hag 3 | po {1100
A2 74F138 9 10 NA0 25| aq a10 25 | 4o NAT0 25| 0 NATG 25 ] o |
NA 24 | pq we [27_RAMIUYD® ATl 24 4 wr [27_RAMIUMDY KA1 24 o w [27_RAM1LMDY A1l 24 a8 27 wr |RAMILLDA
U7e NAT2 21| A% G- |22 RAMTOE" a2 21| o & [2ZRAMI0EY A1z 21| 0 G+ [22 RAMIOE* a1z 21| 23, 22 Gv | RAMIOEY
E1* €2+ NAT3 23 [ 54q NA13 23| o) A13 23 N \:12 zi A 2
’ : . KNAT4 22 A2 £2[20 NA14 2: A2 £2120 N A4 zg A12 E2[ 20 \—zs A2 E2
A13 — A13 i A3 A3
» 1 u
ROMSEL A6 '] A a1s [T, 37, a6 iy A16 e ;L7 U3t 15W\
L A A48 Y
12
74F244 A38_ Y
HIYREN
- gAY
18 g7 ADB Y
a1 9] %7 3 [
A6
gy -
ok 1 e g AOB - AT5B y
&
A22 ﬂ%—f— B4 ] ' \_
ol 2 oarl 18| T h.
A23 @] B3 ~
7 A3 -
B2 N
2 a0 A A
2 b 2 - ~
1
< b i1 10 a0 D B7119_ D3t A2 100 .0 O p7|39_D23 Naz o | o Q 07 o7 12 g; N
2 4 9| A pe [18_D30 A3 9] Ay D6 |18 D221 Nas_ 9| % D6 s [18
& B0 8| a2 Ds [17_D29 A4 8], ps[ 17 D21 LY s D5 ps 17__D5
:’_'I o NAS 7 13 Da [16 D28 A5 7 a3 D416 D20 NAS 7 |3 D4 D4 12 o
74F521 Hme ol i oM Uz PhE o A s B U2s oo 552
L7__5 a5 02 AS D2 Al D2
la U212 oo A8 4| ho MCME16s oy [12 D17 hAs s 4% mcmsise mcmeias D1 12 D1 4
JE - hae _3|a, MEME164 T Do A3 3| po[ it D16/ Nae 31 po [11_Do/ NDp31_3 57 0] 4 18]-P0O D31 19 30 1 14| TxDA
NAIO 25| ag N.A10 25 NA10 25 EIF e 5 15| FDT D30 27 29 10 7
J NALL 2 | ag we |21 RAM2UUD?, Al 1] ho we |27 Ramaumpy  Naa1 2a zg 27 yy» | RAMZLLD® NETE b 5 12 P02 D75 18 2 2 oA
NA12 21 a1p &+ [22_RAM20E* A 212 21] 10 G- [22 RAMZ0E" "/ A1z 21 22 G+ | RAMZOE* / D28 48], 7 U292 | PR3 Y ND28_23 7 9 U368 1P0
[A13 23§ Ay AI8 281 pqq [NA13 23 |y ATl D27 47 | 3 8 7415244 9| ED4 [No22 1, MAX232 | Z2uF
NAT4 g A12 E2[20 Ald 2; A12 £2|20 NA14 2: 12 NAT4 2 | o0y E2 [20 N g;: :: b2 51;0 3 7 sgz N D;: f; ,_., 4___]
I 5 \ N 1 L
rrn A s 140 A ezt 1 3oy oz | B PR e
| u28 2 &
N_AB 25|y uz27 N_A3B__ 6 L Lo
N_A38 26]qe, MCE8230 NoAzB s MC68681 b
N_A2B 7)oy ACK* h_AB___ 3 "I——Im,p
_AlB_ 28|pcs DS* \_A0B 1] 77
\_A0B__ 20| ey FAULT®
6 IfP PRIME* 1 1 14 | TXDB
N ' P SELY RW* g 12 0 ,[om
Y N N A 39 pEsETe 18 PAPER OUT N_RESET* 34 10 12 13 [PxDB Y
7 \_PITDTACK* 42| pracke 19 BUSY’ DSACKO* 9 4 9 U37g| PT_ Y
L4 PITCS* 41| cgw 20 PB3 Y DUARTCS* 35 MAX232
HE TACKE® 37 %SACK, 21 PBEY J5or 32 - 42“‘:
33 AS*T 19 D3t 4 (___IACKS® 36 PIACK* 22 —eoY _,_—_t_ 20F —— ==
484 18 D30 IRQ6* 35| pncs 23 PE6™ . T, -
. T
RAMIUUD® [17 D28 4 IRO6" 33 1T 24 PB7 Y L 2 6
16 D28 A | Y 33 37 | JACKe®
D27 150F = 224F
26 P 384 T
_.__/025 MHZ L af
RAM2UUD* T 777
22 ROM1CS* 22 ROM2CS*® AN
20
[ RAM1UMD*
RAM2UMD* Y
{all even pins plus 3, 7,
41, 45, 49 are ground)
J/ J
. 3_RAM1LMD* (
.
g
RAMZLMD® -
LMD 5 £ ls
of ] |& 2(Rle
ks c| [~ |- oo |2
P D T o 2 Y Y P P P
J3|REER|RR | s SR Z[BIRR (R IR R [
o
T L 3 RAMILLD® (SLEELEEEEELEE85888048 ) . FLE58% -
v 91 11112254 1422233333 1732568 2 172325
%, i 357913 7 357913579 0 o
8 § RAMZLLD* Y,
[
ANE426 ' MOTOROLA




B

L |
MOTOROLA ANE426
6



U1 MC68030 32 bit CPU

u2 40 MHz xtal osc. mod.

u3-u4 741593 4 bit Counter

us 7415148 8 - 3 bit priority Encoder

ué 7415138 3 - 8 Decoder

u7 74F08 Quad 2 input AND gate

us 74F32 Quad 2 input OR gate

U9 74F04 Hex Inverter

u1o T4AFII Triple 3 input AND gate

U1 74F20 Dual 4 input NAND ga

ul2 - ul3 74F138 3 - 8 Decoder

Ul4 - Ul6 74F521 8 bit Identity Com o]
Ul7 - U24 MCM6164 8K x 8 Static R 1S

U25 - U26 27512 64K x 8 EPROM

u27 MC68230 imer (PI/T)
u28 MC68681 ~

u29 74LS244

U30 - u31 74F244

u32 NES555

u33 74LS00

u34s 74LS05 ex Inverter (Open Collector)
u3s 74F175 Quad D type Flip Flop

uU36 - U37 MAX232 +56v powered Dual RS232 Trans./Rec.
u3s PAL1 6L8 Programmable Logic Array
U39 - U42 74F32 Quad 2 input OR gate

J1 5 way jumper

J2 2 way jumper

J3 50 pin IDC connector
J4a-Js DB - 25 connectors
J6 - J9 2 way jumper
S1-82 SPST Pushbutton

Figure 4. Device List
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