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The MC68EC030 is a powerful embedded microprocessor that requires few suppo~ ~~~~ for a minimal
system. A complete 40 MHz minimal system requires only 10 ICS, a 20 MHz oscillat~~$, 3.6864 MHz crystal
oscillator and assorted passive components. This minimal system provides an ~$~~~$ tiommunication POR,
64K bytes of SRAM, and 32K bytes of ROM. iii,li*.*$~~,,i.,-..:.,.,,.,~1..>,V%m$.$~

‘3>P2T\.
SYSTEM COMPONENTS REQU~ED., \,a*..~a~,/+*.,,L,,:<\.::i.;l~s=fl’:+~,,,

The MC68EC030 external hardware requirements are few; A R~@{~~’’boot-up), SRAM (for stacks, data
space, etc.), a power-on reset driver and a clock driver. The @~@51 system shown includes an RS-232
serial communication pod for a standard communication int~@ce. ‘Yhis application note discusses each pati
of the minimal system in detail. Figure 1 shows a block di~g~~$of the minimal system.

,:, ‘$;:k.
This minimal system is expandable. Expansion ~:y~{clude a MC68882 or MC68881 floating point
coprocessor, additional RAM, additional ROM, or addltknal RS-232 communication pofls. Parallel interfaces
are available with the MC68230 Parallel lnte@ce#imer (PIT). Direct Memory Access (DMA) is available
with the MC68440. The MC68901 is a mult@~~jon peripheral ideally suited for handling multiple interrupt
sources. Motorola also provides a widt~:#ge of network communication devices. Any or all of these
features can be added to this minirn~~~~%m, though their implementation is beyond the scope of this
application note. %>\.+.?~?’l~t,},~. ,,,:!{+.,..,.&.,,.>..,,. .:,,‘,.?*,k\”\:~,

THEs&~TRAL PROCESSING UNIT~t>?<i.,<a},,b..,/i..k,.?>..~Y.
The core of this minimal j~~$@?s the MC68EC030RP40, a high performance embedded microprocessor. It
combines a high peti~~~e integer processing unit, an instruction cache, a write-through data cache and
an access control ~t$%o provide software control of caching. Figure 2 shows the MC68EC030 with.*.;*.,$~.~
supporting contr.dl~gld:

/,$,:,.,:.~\ji+.*i,\ ,.;,:]’

The central.~~~$$ng also contains two PALs for control of the interface between the MC68EC030 and the
other e~~~$~is of the minimal system. One 16R4-12 PAL provides controls for access to the slow

perip.kf~,,ofthe minimal system, the ROM and DUART. The other PAL, a 16L8-1 O, provides controls for
th,~w~~ The specific control signals and their equations are discussed below.,.,.~..,.,~,i,,

‘~i.~:\\s.,,~i!, .!: .J,..

%~~~ imPoflant element of high speed embddded microprocessor design is decoupling capacitors. These,
‘$long with a power and ground plane, help to reduce EMI and increase reliability of the design. Place the
decoupling capacitors near the embedded microprocessor. A good rule of thumb is one decoupling
capacitor per ground pin. Place an additional bulk capacitor near the MC68EC030. The capacitor values
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THE READ ONLY MEMORY

The minimal system shown uses a byte wide ROM for MC68EC030 initialization and program storage. —
Figure 3 shows the ROM for the minimal system, The byte wide ROM is expandable in depth (64K x 8, 256K –
x 8, etc.), width (one 16-bit wide ROM, four 8-bit wide ROMs, etc.), or both. The wider the ROM, the faster
the MC68EC030 is able to access the instructions stored in the ROM. The MC68EC030 fetches instructions
in long words. If the response is a byte wide port (DSACKO = O, DSACK1 = 1), the MC68EC030 requires,’
four accesses to complete the instruction fetch. The instruction access time is halved by going from a Q$%
(8 bits) wide ROMtoaword(16 bits) wide ROM(s). The instruction access time is minimized with t{~}w
word (32 bits) wide ROM(s). If the ROM width is changed, then change the control logic to ge~~,fat~~he
correct Data transfer and Size Acknowledge (DSACKX). The DSACKO indicates the end ~:$:~{~~RT
access. ,, ..,> ;{

+$,s,<,.,,k:~%~
~+,~~:..:..y,

DSACKO =

,+:\,.

DTACK&~ &A37 &A30 ,-
.“*\.\i+t]..

; 68681 DUART response $~”<~ <
——

# AS& A31&A30& S3&S2&Sl&S0
‘ ;.,.,.s.

; ROM response ~, -*’:’<.!..
#

..,:,,..~.y
DSACKO & ~ ; hold dsackO ass$m~~’

..$.$’,:,..,,- 1,It,., ,,.. ,..
Another way of gaining increased speed is to transfer the data in the ROM iotb~~~$~2-bit wide SRAM. This
provides 32-bit wide ROM speed without the increased board space req~~~~y multiple ROMs. In this
minimal system, the SRAM responds with no-wait-states, further increa%~~;~~,structionthroughput.

‘-k.
~l!i,.?~J”J}\t>..*>

The control logic asserts bus request during a ROM access to e~$u% l~btthe ROM will have time to three-
state before the MC68EC030 drives the data bus. The minimals~~~$rncontrol logic asserts bus request with
every ROM and DUART access. This increases the e~fg~tive’’’instruction access time because the
MC68EC030 accesses instructions a long word at a tim~~o’~h the ROM responds a byte at a time. An
MC74F244 buffer eliminates the increased access time Q~{J# bus arbitration, Data Strobe (DS) enables the
buffer. When determining the ROM access time, incl@@.% added delay through the buffer.

“:.}),
BR .- = & A31 & A30

—
.— ,Cf;6@kl DUART access

#
——

= & A31 & A30 “%~OM access
.$..~}~,.k

.?..$,
—

# BR & DTACK .“kf~f$?; hold for DUART..\.:$,
# BR & SCNT ~$i~i$ ; hold bus request

.$..,.*.,,~,\..J
:.,$..>J>t,1..,

The state machine PAL calculate~~~~~#OM access time. This state machine is a gray code counter (i.e.,
only one bit of the state ‘ma~~~$hanges at a time). The state machine counts clocks to know when
sufficient time has passed fo~thq ROM data to be valid on the data bus. The state machine also calculates~AQ,%<F’
when Bus Request (~)$~:$ been asserted long enough to avoid bus contention on MC68EC030 reads
followed by writes. Th@~~~@ of the state machine, using a 20 MHz clock, provides up to 35o ns of timing.
S2 is the high ord,ert$tJ@O is the low order bit. The State machine COUNT (SCNT) indicates the state
machine should ~~.@cofinting. The use of SCNT adds one additional count to the stati of state machine.

!>:\~,,,~:,$~y:~
~$:,:i~y

SMO = 000 >fi$>~bl = 001 SM2=OII SM3=OI0

SM4=1l@,,,;>~$SM5=111 SM6 = 101 SM7= 100
?*y).-:*$

s2a.v$+$8~,$ = & S1 & ~ & RESET& SCNT ; state 4
.,.,$~-:*$i,r,~,
~~i::!.l... # S2 & S1 & RESET& SCNT ; state 5, 6,*

d:*i,>:4,.:\. .,:\.b ~&*Ae~$;,,$,. # S2 & ~ & SO & RESET& SCNT ; state 7
:.:{

S1 := = & ~ &SO& RESET& SCNT ; state2

# ~ & S1 & RESET& SCNT ; state 3, 4

# S2 & S1 &~& RESET& SCNT ; state 5

so := %&q& RESET& SCNT ; state 1, 2

# S2 &Sl & RESET& SCNT ; state 5, 6
—

—
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SCNT =
——

AS &A31 &A30&SM2 ; ROM count states 0,1,2,3

— # AS&~& SM2&SMl &SMO ; Bus arbitrationon DUART

# AS & BR &SM2 &SMl & SMO ; Bus arbitration on ROM
—
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The access ti~~~~,$he ROM further affects the instruction throughput time. A 200 ns ROM results in an 10
clock acce~~-ti*~e’~A 75 ns ROM would result in a 5 clock access time. The constraining factor is Address
Strobe m:~’~~ to data valid. The PAL combines the AS with the address to generate the Chip Select for
the ~Q~:@_ROM). Memo~ access timing is discussed in the MC68EC030 User’s Manual, section 12.6.

:;- ~\i$‘!i.. ,$:
~~~a~?~native to minimize ROM access timing is to connect A31 to the Chip Enable (CE) of the ROM. The

~Ql~:fi_~ connects to the Output ENable (OE) of the ROM. This changes the constraining factor to
‘~$ddress valid to data valid. The tradeoff for the speed enhancement is higher power consumption. The ROM
‘uses more power in the new configuration because it will be active whenever A31 is low.

——
CS_ROM =

——
A31 & A30 & AS & RW & FCO & FC1 ; ROM access

—
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THE CLOCK DRIVER AND RESET DRIVER

The MC88916 provides a power-on reset driver, reset button debouncer and a clock driver in one
convenient package. While the power ramps from Ov to 5V +/- 570, the MC88916 will assert the open
collector reset signal low. Then, 1024 clocks after the clock becomes valid, the MC88916 releases the reset
signal and the external pull-up resistor pulls the reset signal high. The MC88916 meets the MC68EC030
reset specifications. Figure 4 shows the cloc~reset driver.

*{iv
.\.,,.

The MC88916 as reset button debouncer takes the signal from the reset button and asserts reset wk~~

button is pushed. The denouncing is needed because the button “rings” when initially pressed. ~fi~~~~id
transition from high to low (ringing) can violate the MC68EC030 ~ input specifications. T~~@S8916
changes this incoherent input into a steady RESET signal. ,,~:,:+,”-,::;!.-\,*

.+- ., .:,!4’”~.},,:,.**\,,..~
The MC88916 provides low power detection, but its threshold is below the MC68%C~~0 low power

.*:,$>\,*L,>~$’:’

threshold. If low-power detect is desired, then the MC34064 is a 3 pin device that pro~es%tis feature. The
MC34064 open collector output connects to the RESET signal and assetis when V&{@& below 4.5 volts.

,$! ‘ ts.~:$
The MC88916 provides a 6 clock outputs. One output is at four times the i&$~#equency (2xQ). Three
outputs are at twice the input frequency (QO, QI, Q2). One output is at ~& the input frequency and
inverted (Q3). One output is at the input frequency (Q/2). .,,):J.,* ,,>.~. ,,.,

~:,.t,~...“l.,\..$,....
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THE RANDOM ACCESS MEMORY

The MC68EC030 needs random access memory for stack spatie, data space and instruction space. There
are many ways to implement this memory. The simplest memory is a single byte wide SRAM. [f high
performance on memory access is not required, this single byte wide SRAM works likes the ROM, but is
also writeable. The minimal system balances system cost, board space and system speed by using two
MC62995-20. This provides no-wait-state, 32-bit-wide memory with only two chips. Rgure 5 shows the
RAM. *,\*~\:..

\’:J%*..)i.l.Y.~..,,i,+xi,.\..
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Fe High (BWH) indicates which of the two bytes in the
nd .%~#~$dfiven byUpper Upper Write Enable (m D31 - D24),

UMWE; D2~K4R~@}, Lower Middle Write Enable (LMWE; D15 - D8), and Lower
77. nnl *xF.’”4Y

#..



THE SERIAL COMMUNICATION
The serial communication interface consists of a MC68681 Dual Universal Asynchronous
Receiverflransmitter (D UART) and a MC1 45407 5-Volt-Only Driver/Receiver. Figure 6 shows the serial
‘communication interface.
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