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The MC68EC030 is a-powerful embedded microprocessor that requires few support
system. A complete 40 MHz minimal system requires only 10 ICs, a 20 MHz oscilla
oscillator and assorted passive components. This minimal system provides an R
64K bytes of SRAM, and 32K bytes of ROM.

.6864 MHz crystal
mmunication port,

space, etc.), a power-on-reset driver and a clock driver. The ¢!
serial communication port for a standard communication in
of the minimal system in detail. Figure 1 shows a block di

al system shown includes an RS-232
is application note discusses each part
f the minimal system.

. This minimal system is expandable. Expansion clude a MC68882 or MC68881 floating point
coprocessor, additional RAM, additional ROM, or ad | R8-232 communication ports. Parallel interfaces
are available with the MC68230 Parallel Ini rﬁaceﬁ' imer (PIT). Direct Memory Access (DMA) is available
with the MC68440. The MC68901 is a mult ion peripheral ideally suited for handling multiple interrupt
sources. Motorola also provides a widedrange of network communication devices. Any or all of these
features can be added to this mln ‘ m, though their implementation is beyond the scope of this
application note. '

TH

The core of this minimal ;
combines a high perf
an access. control

NTRAL PROCESSING UNIT

s the MC6BECO30RP40, a high performance embedded microproceésor. It
integer processing unit, an instruction cache, a write-through data cache and
o provide software control of caching. Figure 2 shows the MC68EC030 with

the minimal system, the ROM and DUART. The other PAL, a 16L8-10, provides controls for
The specific control signals and their equations are discussed below.

6 important element of high speed embedded microprocessor design is decoupling capacitors. These,
along 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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should be around 0.01 pF or 0.1 uF for the small capacitors and 33 to 100 uF for the bulk capacitor.

* Some of the MC6BEC030 control signals require pull-up resistors. The‘pull-up resistor ensures a high signal
when the MC68ECO030 is not the bus master. If a pull-up resistor is not used, then the control logic may

interpret the three-s)téted signal incorrectly.
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Figure 1. 40 MHz MC68EC030 Minimal System
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Figure 2. MC68EC030 with Supporting Logic
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THE READ ONLY MEMORY

The mlnlmal system shown uses a byte wide ROM for MC68ECOSO 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
- 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 ableto access the |nstruct|ons stored in the ROM. The MC68EC030 fetches instructions

- access,

in_long words. If the response is a byte wide port (DSACKO = 0, DSACK1 = 1), the MC68EC030 requires
~ four accesses to complete the instruction fetch. The instruction access time is halved by going from a
-.(8'bits) wide ROM to. a word (16 bits) wide ROM(s) ‘The instruction access time is minimized with tt
-word (32 bits) wide ROM( ). If the:'ROM width is changed, then change the control logic to. gen
~ correct Data transfer and Size ACKnowIedge (DSACKx) The DSACKO indicates the end

; 68681 DUART respons
; ROM response
; hold dsacko asse

_DTACK‘&E & A3T & A30
. AS&A3T &Aso&ss&sz&s1 &S0
: 'DSACKO &AS '

'D'SACKO-

R R

~Another way. of gammg mcreased speed is to transfer the data in the ROM |
provides 32-bit wide ROM speed without the increased board space required by multiple ROMs. In this
mlnlmal system, the SRAM responds with no-wait- states, further increa istruction throughput.

The control logic asserts bus request during a ROM access to e
state before the MC6BEC030 drives the data bus. The minimal sy
every ROM' and DUART access. This increases’ the effecti
MCB8EC030 accesses instructions a long word at a tim
-MC74F244 buffer eliminates the increased access time
buffer. When determlnmg the ROM access tlme |ncI

at the ROM will have time to three-
m control logic asserts bus request with
nstruction access time because the
tigh the ROM responds a byte at a time. An
to bus arbitration. Data Strobe (DS) enables the
e added delay through the buffer.

BR AS & A3T & A30" ; 68681 DUART access -
- AS&A3T&AT0
. BR&DTACK

" BR'& SCNT

; hold for DUART -
.'vhol_d bus request -

H ok HE i

v sufficient time has passed
“when Bus Request (BR)
followed by writes. Th
S2 is the high ord
machine should

10OM-data to be valld on the data bus. The state machlne also calculates
_ een asserted long enough to avoid bus contention on MC68EC030 reads
its of the state machine, using a 20 MHz clock;- provides up to 350 ns of timing.
0 is the low order bit. The State machine CouNT (SCNT) indicates the state
counting. The use of SCNT adds one. addltlonal count to the start of state machine.

~ SMO =000 %, "§| 1=‘oo1 SM2= 011 SM3 =010
SM4 =119 SM5 =111 SM6 =101 - SM7.=100
528451450 & RESET & SCNT ; state 4
S2 & S1 & RESET & SCNT | ; state 5, 6
S2&5T&S0&RESET&SCNT  ;state 7
St = = S2&ST&SO&RESET&SCNT ;state?
' # . B2&S1&RESET&SCNT ; state 3, 4
| # S2& 51450 & RESET&ASCNT  ;state 5
S0 = S2&5Ta&RESET&SCNT  state 1, 2
S2 & S1 & RESET & SONT . state 5, 6
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AS & ABT&A30&SMZ . : ROM count states 0,1,2,3

SCNT =
# AS &BR &SM2 &SMT&SMO. ; Bus arbitration on DUART
# AS & BR&SM2 & SM1 & SMO  ; Bus arbitration on ROM
CS_ROM
-
A14-A0
D31-D24  ee——
i 0.1 uF
DECOUPLING CAPACITOR
27256 - 200
Figure 3 ROM
The access tin the ROM further affects the instruction throughput time. A 200.ns ROM results in an 10

75 ns ROM would result in-a 5 clock access time. The constraining factor is Address
| lid to data valid. The PAL combines the AS with the address to generate the Chip Select for
the ROM:{{CS_ROM). Memory access timing is discussed in the MC68EC030 User's Manual, section 12.6.

ative-to minimize ROM access timing is to connect A31 to the Chip Enable (CE) of the ROM. The
S_ROM connects to the Output ENable (OE) of the ROM. This changes the constraining factor to
dress valid to data valid. The tradeoff for the speed enhancement is higher power consumption. The ROM
uses more power in the new conflguratlon because it will be active whenever A31 is low.

S_ROM = A31 & A30 & AS & R/W & FCO & FCt1 : 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 0v to 5v +/- 5%, 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 clock/reset driver.

The MC88916 as reset button debouncer takes the signal from the reset button and asserts reset w
button is pushed. The debouncing is needed because the button "rings" when initially pressed.
transition from high to low (ringing) can violate the MC68EC030 RESET input specifications. T
changes this incoherent input into a steady RESET signal.

The MC88916 provides low power detection, but its threshold is below the MC68E
threshold. If low-power detect is desired, then the MC34064 is a 3 pin device that provide.
MC34064 open collector output connects to the RESET signal and asserts when \

low power
his feature. The
Is below 4.5 volts.

The MC88916 provides a 6 clock outputs. One oufput is at four times the
outputs are at twice the input frequency (Q0, Q1, Q2). One output is at
inverted (Q3). One output is at the input frequency (Q/2).

quency (2xQ). Three
he input frequency and

One of the 40 MHz outputs is used to drive the clock input on the M
both PALs. The state machine PAL uses the Q/2 at 20 MHz to d

clock for the state machine may increase the ROM access time
access starts relative to the 20 MHz clock rising edge. It
number of states needed.

030 and combinatorial inputs on
state machine. Using the 20 MHz
y one clock, depending on when the
implifies the state machine by reducing the

RESET SWITCH
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: Figure 4. Clock/Reset Driver
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' THE RANDOM ACCESS MEMORY :

The MC68EC030 needs random access memory for stack space, data space and instruction space. There
are many ways to implement this memory. The simplest memoty is a single byte wide SRAM. If 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. Figure 5 shows the

RAM. ‘ ‘ o
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Figure 5. SRAM
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- 'lihe MCM62995 enables. connected to A31 and A16 prowdes the fastest SRAM Chlp enables possmle The
RAM access response to the MC68EC030 is a 32 bit- Synchronous TERMination (STERM). The PAL

o generates STERM with: the addresses and. not the AS. There is. at least 115 ns from address valid to
 STERM'valid. There is as fittle as' 1.5 ns from. AS: asserted to STERM valid. The 10-hs PAL leaves 1.5 ns

. margin for wire delay on’ STEHM assertion. No current technology can.combine the AS with the address and -
e still assert STERM in time for no-walt-state operatlon lf STERM is asselted when there isn't an access, then

*‘ ‘theMC68ECO3O ignores the assertlon S . E

A31.& A30 Assert STEFlM

‘STEFlM =

The DS connects. to the' SRAM output enable Thls provrdes 9 ns from DS assertlon to data valid on .a ré&a
. access. The MCM62995-20 requires 8 ns from output enable (G) to data valid. This leaves 1 ns for’
- delay, requiring that the data path to the MC6B8EC030 be no more than 9 inches. If this is not po
. MCM62995-17 drives data valid in 6 ns. The MC68EC030 no-wait-state address valid to data vali

s, The MCM62995 20 supplres valrd data in 20 ns, whrch provides 3.5 ns. of margin.. -

] The MCGBEGOSO does not assert DS onha wrlte To perform no- walt-state writes, the S
- data. This reduces the data valid trme to 1 ns setup and 3 ns hold. The Data Latch (DL)
* the; MCM62995. The ReaDY (RDY): signal dlstmgulshes between the first and secont
'_’.,‘access This’ enables the data latch to be asserted when data is valid. The M
. latched unt|I the wrlte is completed The data latch has no effect on reads

k of the SRAM
35 holdsthedata :

'BC f? | AS 8 A3t &AT0 & RDY & CLK & AW . L

# ~ DL&UUWE -~ =
# DL & UMWE -
# - DL&IMWE N
© o .o#. . DL&TIWE.
RDY ' = AS &A31 &A30&CLK
s o FtDY&CLK Hold Ready
# . AS &A3T & A30 & CLK : DUART CSready .

he MCGBECO30 RAW drives the MCM62995 Wirite
ngh (BWH) indicates which of the two bytes in the
riven by Upper Upper Write Enable (UUWE; D31 - D24),
vLower Middle Write Enable (LMWE; D15 - D8), and Lower

The write is SIgnaled to the MCM62995 by three
enable (W) The Byte Write Low’ (BWL) and B:
MCM62995 should be written. BWH and BWL
. ;;Upper Middle Write Enable (UMWE; | D:
['Lower Wrrte Enable (LLWE D7 DO)

wnte access
; hold wh|le write enabled

; write access word or long word o
; write access word or 3 byte -
; write access byte 2.

"+ hold while:write enabled =

‘AS&R/W&SIZ1&SIZO&A1
AS&H/W&SIZO&At&AO
AS&H/W&A‘!&AO ‘
‘LMWE&FWV

,‘AS&R/W&SIZ1&SIZO '
AS & RW& Siz1 &SIZO&AO
- AS&RW&SIZ1 &A1
_ AS&R/W&M&AO
’ LLWE&FtNV

L

ok o Al

7S & R/ & STZT & STZ0 & AT

; write. access longword - -

; write-access 3 byte

: write access word or long word

; write access byte 3

' hold whlle write enable:d : :

¢ write access long word:
.y write aceess 3 byte

; write 'access word or 3 byte

; write access byte 4. -
; hold while write enabled

CANt128
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- THE SERIAL COMMUNICATION -

- The serial communication interface consists of a MC68681 Dual Universal Asysnchronous
Receiver/Transmitter (DUART) and a MC145407 5-Volt-Only Driver/Receiver. Figure 6 shows the serial
‘communication interface. : '
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‘Figure 6. Serial Communication Interface
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