
ELEC 464 : MICROCOMPUTER SYSTEM DESIGN

1996/97 WINTER SESSION TERM 1

Assignment 4
Due October 14, 1996

The first question in this assignment asks you to select the appropriate PLD for various tasks. The other two questions
ask you to verify the timing requirements of two combinations of microprocessors and memory/peripheral chips.

Question 1

Select the type of PLD (PAL, CPLD or FPGA) that
you would most likely use for each of the following
purposes and briefly explain your choice.

1. A device to implement the following on the
same chip: a keypad scanning circuit (a com-
binational circuit requiring 12 i/o pins), a mul-
tiplexed 4-digit LED display driver (a sequen-
tial circuit using a 40 kHz clock, 4-bit counter,
16 bits of display memory and 11 i/o pins), and
a 100 kHz 24-bit timer with a 16-bit CPU bus
interface and internal configuration registers (a
sequential circuit with two state machines for
control and 56 bits of state for registers).

2. A wait-state generator requiring two enable sig-
nals and a 3-bit counter.

3. A mailbox circuit that allows a 16-bit value to
be exchanged between two independent CPUs.
This requires one 16-bit register and a simple
(4 i/o pin) combinational circuit to coordinate
accesses to the register.

4. An address decoder with 8 address inputs, 2
chip select outputs and a requirement for a 10
ns maximum propagation delay

Question 2

The following diagram shows the schematic of the
interface between a Motorola MC68HC11 micropro-
cessor and a Motorola MCM6290-45 16kB 4 static
RAM.
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The RAM has an enable (E*) which is driven by
an address decoder whose details are not relevant.

The 68HC11’s address and data buses are multi-
plexed and a latch is used to demultiplex the address
and data. The exact details are not relevant.

The RAM has write enable (W*) and output en-
able (G*) inputs. The two enables are driven by OR
gates that ensure that W* is only enabled during a
write cycle and G* is only enabled during a read cy-
cle. The OR gates are also driven by the 68HC11’s
inverted E signal. This ensures these two enables are
only active during the second half of a memory cycle
– when E is high.

The timing diagram and timing specifications for
the 68HC11 and are given in Figures ?? and ??.

The timing diagram and timing specifications for
the MCM6290-45 RAM are given below.

Assume that all the external logic devices (address
decoder, latch, inverters and gates) have zero propa-
gation delay. You should also assume that the rise
and fall time (parameter 4 ) is zero.

The table below shows nine timing requirements
that need to be met for the system to operate properly.
Obtain expressions for these requirements in terms of
the symbols for the timing specifications given in the
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Figure 1: 68HC11 Timing Diagram.

No. Characteristic Symbol Min Max Unit

1 Cycle Time cyc 500 500 ns

3 Pulse Width, E high 222 — ns

18 Read Data Hold Time DHR 10 83 ns

19 Write Data Delay Time DDW — 128 ns

21 Write Data Hold Time DHW 33 — ns

22 Muxed Address Valid Time to E Rise AVM 84 — ns

29 MPU Address Access Time ACCA — 296 ns

35 MPU Access Time ACCE — 192 ns

Figure 2: 68HC11 Timing Specifications.

data sheets. Obtain values for these expressions in
nanoseconds. Find the amount by which the require-
ment is exceeded (in nanoseconds) and state whether
the requirement is met or not (Y[es] or N[o]). Give
your answer in the form of a table as shown below.

Iportant: Note that the first two requirements are
maximum allowable access times and have been de-
rived from the data setup time specification. All
other requirements are minimums (setup times, pulse
widths, hold times, etc).

Some specifications have been removed from the
timing diagrams and tables.

Read Cycle

Requirement Guaranteed Margin Met
Symbol Value Expression Value (Y/N)
MC68HC11 (2MHz) Requirements

ACCE ( 35 ) 192

ACCA ( 29 ) 296

DHR ( 18 ) 10
6290-45 Requirements

AVAV 45
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Write Cycle

Requirement Guaranteed Margin Met
Symbol Value Expression Value (Y/N)
MCM6290-45 Requirements

AVWL 0

AVWH 35

WLWH 35

DVWH 20

WHDX 0

Question 3

Attached are the timing diagrams and timing speci-
fications for a a National 16550 serial interface chip
and the timing specifications for an Oki 8088 CPU
in minimum mode. The timing diagram for the 8088
was provided in the lecture on the 8088 processor
bus. All times are in nanoseconds. The devices are
connected as follows:

8088

ALE

16550

RD*
WR*

RD*
WR*

Address
Latch

Address
Decoder

ADS*

As in the previous question, you must determine
if the above circuit will operate reliably by comput-
ing the margins for the timing requirements of both
devices during both read and write cycles.

Prepare tables similar to those in the previous
question that show the relevant timing requirements,
the equations for each requirement in terms of the
other device’s guaranteed responses, the margin for
each requirement and whether that requirement is
met or not.

In this case you must decide which of the speci-
fications are requirements and also which ones are
relevant for read or write cycles.

You may assume that:

the CPU is a 5 MHz device and the CPU clock
frequency is exactly 5 MHz

the propagation delay through the address de-
coder, is a maximum of 15 ns

there is no propagation delay through the ad-
dress latch and you need not verify that its setup
and hold time requirements will be met

wait states are not inserted (the READY lines
are always asserted) and the CPU bus is never
requested (HOLD is always false).

You will probably find it useful draw new timing
diagrams that include only the relevant signals ap-
pearing at the two devices and at the address decoder.
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