ELEC 464 : MICROCOMPUTER SY STEM DESIGN
1996/97 WINTER SESSION TERM 1

Assignment 4

Due October 14, 1996

Thefirst question in this assignment asks you to select the appropriate PLD for varioustasks. 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
accessesto 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 aMotorolaM C68HC11 micropro-
cessor and a Motorola MCM 6290-45 16kB x 4 static
RAM.

MC68HC11 MCM6290-45
(2 MHz)
A13-A15 —D— E*
A8-A12 AB-A12
ADO-AD7 1% DQO-DQ3
AS
RIW* W
*
. G

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 alatch 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 aread 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 amemory cycle
—when E ishigh.

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

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

Assumethat 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 expressionsfor these requirementsin terms of
the symbolsfor the timing specifications given in the
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Figure 1: 68HC11 Timing Diagram.

No. | Characteristic Symbol | Min | Max | Unit
1| | CycleTime teyc 500 | 500 ns
3 Pulse Width, E high PWgg | 222 — ns
18| | Read DataHold Time {DHR 10 83 ns
'19] | WriteData Delay Time tDDW — | 128 ns
[21] | Write DataHold Time tDHW 33 — ns
22| | Muxed Address Valid Timeto E Rise tAVM 84 — ns
29| | MPU Address Access Time tACCA — | 296 ns
35| | MPU Access Time tacce | — | 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[0]). Give
your answer in the form of a table as shown below.

Iportant: Note that the first two requirements are
maximum allowabl e access times and have been de-
rived from the data setup time specification. All
other requirementsare 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/IN)
MC68HC11 (2MHz) Requirements
192
296
10
6290-45 Reguirements
tavav | 45 ] | |




Write Cycle

Requirement Guaranteed Margin | Met
Symbol | Value | Expression | Value (YIN)
MCM6290-45 Requirements
tAvwL 0
tAVWH 35
EWLWH 35
tDVWH 20
twWHDX 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 16550
Address "
A8-A15 Decoder CS0-CSs2
Address
ADO-7 Latch AQ-A2
ALE —T—>I>O—> ADS*
WR* WR*
RD* RD*

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
guestion 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:

e the CPU isa5 MHz device and the CPU clock
frequency is exactly 5 MHz

e the propagation delay through the address de-
coder, Tpp isamaximum of 15 ns

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

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

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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PIN NAMES 4
ADATI . .., Addrews | . &
200G, | Dot o | KLy ;
T (MCM90) o:hﬂ VG - +5V Powar Supoly 7
8 .. Ground 8
9
11
WRITE CYCLE 1 (W Controlled, See Nates 1 and 6)
Symbeol MCMBZR8-25 | MCME280.30 | MCMEZE8-36 | MC MEZBE-45
Parsmeter MCMIEZ90-25 | MCME290-30 | MCME280-35 | MCMB290-46 | Unit | Notes
Standard| Ahamate | Min | Max | Min | Max | Min | Max | Min | Max
Write Cycle Time TAVAV BWE o) - 0 - 35 - 465 - ns 2
Address Setup Time TAYWL tAS 0 — 0 - ] — 0 - N
Address Valid to End of Write LAVWH taw 20 - 25 - 3 - 35 -+~ ns
Write Pulss Width BWLWH WP 20 - 25 — a — 35 — n
Data Valid to End of Write DVYWH oW 10 - 12 - 15 — 20 — ne
Data Hold Time WHODX PDH 4 -~ 0 — 0 — 0 — na
‘Write Low to Output High-2 twLQz Wz G 10 0 12 0 15 0 15 ns (3,456
Write High to Output Active BAHX oW 5 — 5 — 5 — 5 — ns | 345
Write Recovery Time BWHAX R 0 — 0 — 0 - 0 — na

NOTES: 1.

FOEwN

f.

A write occurs during the overlap of E low anc W low.
. AH write cycle timing is referencad from the |ast valid sddress to the first transitioning sddress.
Transition is messured + 500 mV from steedy-state voltage with Ioad in Figure 1B.
Paramater is samplad and not 1005% tested_

. At any given voltage and temperature, Ty 0z max is less than tyox min both for # given device and from device to davica.
MCMEZH0, if T goes low coincident with or after W gows kow, the output will remain in 8 high impedanca stats.
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OPERATING CONDITIONS AND CHARACTERISTICS

Voo = 6V £10%, TA=010 +70°C, Unless Otharwise Noted)

Input Taming Messursment Referonce Level . . . . ... ... 1.5V Outpart Timing Maasurement Reference Level . . ... . ... 1
Input Pulse Levels . . . .. ... .. .ot e w30V Outputboad. . ... ... .. .. Figure TA Unioss Othensdee N
Input Ries/Falt THme . . . .. ... ... vuuavnonans Ens
READ CYCLE [See Note 1)
MCMENS-25 | MCWVE2ES-30 [ MCMSZSS-35 | MCMEE-15
Parameter Symbol MCME200-75 | MCAMZI0-20 | MCME90-36 | MCHE29048 | Uit | e
Standard| Aiternate | Min | Max | Min | Max | Min | Max | Min | Max
Read Cycle Time LAVAY RC % - 30 — » - 46 — |
Address Access Time Ay taA - 25 — n - % — 4& | m
Enable Accesa Time tELAV tACS - 25 - 0 - % - 4 na
Qutput Hold from Address Chanpe TAXOX tOH L] — 5 - & — 5 — na
Output Enable Access Time MCMEZS0| toL0v e - 12 - 15 — 15 — 20 [ m»
Cutput Enable Low 10 MCMEZ0| tgLax 0wz 0 - 0 - o - o - ns | 4,
Cutput Active
Gutput Enable High to MCME290| 1GHGZ Wz o [ 0] o 12| 0o | 18] 0 | 158 |na|4
Qutput High-Z )
Enable Low to Output Active tELOX 1z 5§ | - | 6 | — | 5 —{8 ] - ]m]a
Enable High to Dutput High-Z EHOZ 2 0 w ]| o |1z] o 15 [ o [ 15 [ w4
Powal Up Timea tELICCH Py L] — +] - 0 - [4] — ns
Fower Down Time EHICCL tpD — -] — 30 — ] — o |

NOTES: 1. W is high for mad cycle.

. All read cycle timing I8 referenced from the lest vaiid addrass to the first transitioning acddress.

1
2
3. Addresses valid prior to o coincident with E golng low.
"

. At any given voltage and tempersture, tEHQZ Mex i less than tpp QX Min, and WGHQZ Max e lees than 1GLOx min, both for

given davice and from devics 10 device.

<

6. Transition i measured + 500 mV from steady-stata voitsge with load of Figure 1B.
&. Thie parametsr is sampled and not 100% tested.
7. Device i3 continuously seiected {E =YV ) and G = Vi (MCME290 only).

READ CYCLE 1 {See Note 7 Above)

Uy e
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f wav »
READ CYCLE 2 (See Note 3 Above)
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3.0 AC Electrical Characteristics Ta = (PCto +70°C, Vpp = +5V £ 10%
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Symbol Parameter Conditions Min Max Units
tADs Address Strobe Width 80 ns
tan Addrass Hold Time [¢] ns
tan AD, RD Dalay from Address {Nota 1) 30 ns
tas Address Setup Time 60 ns
taw WH, WR Delay from Addrass (Note 1) 30 ns
tcH Chip Select Hold Time 0 ns
teg Chip Select Setup Time 60 ns
icsh FD, RD Delay from Ghip Select (Mote 1) 30 ns
tosw WH, WR Delay from Selact (Note 1} 30 ns
toH Data Hold Tima 30 ns
tps Data Setup Time 30 ns
tsz RD.RD 10 Floating Data Delay @100 pF loading (Note 3} 0 100 ns
MR Master Reset Pulse Width 5000 ns
A Address Hold Time from BD, RD (Note 1) 20 ns
tRC Read Cycle Delay 125 ns
tacs Chip Select Hold Time from D, RD {Note 1) 20 ns
1RO RE, RD Strobe Width 125 ns
RDD R, RD to Driver Enable/Disable @100 pF lvading {Note 3) 60 ns
wvo Delay from FD, RD to Data @100 pF loading 60 ns
wa Address Hold Time from WIT, WH {Note 1) 20 ns
twe Write Cycle Delay 150 ns
twos Chip Select Hold Time from WH, WR (Note 1) 20 ns
wr W, Wi Strobe Width 100 ns
IxH Duration of Clock High Pulse External Clock (8, Max.} 55 ns
Ty Duration of Clock Low Pulse External Clock (8, Max.) 58 ns
RC Aead Cycle = 14 + tgp + tac 280 ns
wC Write Gycle = taw + tyg + twi 280 ns
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OKI1I Semiconductor
MSMSB8OCS88A-10RS/GS/JS

Timing Responses

Minimum Mode System
Timing Requirements $ MHz Bpec,
.m___ o!o-una.muvﬂwo ey Parameter Symbol “”nuuh.”“ﬁmw.mm
Parameter Symbol 3 . Min. | Max.
'_.“.m..”a E%me!.nf Address Valid Delay torav 0 110
CLK Cycle Period | tge {20 | o Address Hold Time o | 10| —
CLK Low Time Teten 118 | Address Float Delay o1 az o ax a0
CLK High Time Tono, | 89 | — ALE Wisth e logw20 | —
CLK Rise Time - ALE Active Delay e | = 80
(From 1.6V to 3.5 V) C|Tewenz | = | 10 AlEinactiveDely |t | — | 85
CLK Fall Time T Address Hold Time ta ALE inactive e | toen10 | —
(From 3.5 V10 1.0 V) e | — | W Data Valid Delay Jowv | 10 |10
Data in Setup Time f Tover j_30 | — Data Hold Time e lewox |10 ) — ©
DatainHold Time Telox | 10 — Data Hold Time mﬂﬁn.ﬂﬂ . | tweox_ | toew-30 ) —
RDY Setup Time into ;:__.ﬁ s | — Conirol Active Detayt | toyey | 10 _ | 1oy
MSM 82CB4A-2 (See Nates 1, 2) e ConrolActive Detay2 [ lwery 10 10"
RDY Hold Tim into MSM 82c84A-2 | 7 | _ Control Inactive Delay loverx |10 | 110 |
(See Notes 1, 2) >n..._aum fioat to RD Active tazRL 0 —_
READY Setup Time into Tavic | 118 _ 1] >n._<m.cm_m._< teLAL 10 165 |
MSMB0CaaA-10 D Inactive Delay tcLRH 10 150
READY Hold Time into MSMBOC8BA10] Tourvw | 30 | — RD Inactive to Next Address Active | touwy_| taomd5 | —
READY inactive to CLK Traol | -8 _ HLDA Valid Delay toLmay 10 160
A3ee Note 3) - RO Width T taen_ | 2o 79| —
HOLD Setup Time L Theen | 38 0 — |Im‘§&: R e .& b7
INTR, NI, TEST Setup Time T 0 | — woe gt felqoeBd ]
(See Note 2) INVEH Address Valid 3 Zrm r.as_ ) o) taya .ﬁlpn.::m@. 4=
R R P e T R
Input Fall Time (Except CLK) q_:_r — 15 Notes: 1. Signals at MSMB2CB4A-2 shown for reference only.
(From 2.0V 10.0.5 V) , 2. Setup requirement for asynchronous signal only to mc»amﬂ..,mm recognition at next C

3. Applies only to T state. (8 ns into Ty)



