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68000 1P on
the S-100 Bus?

YES, AVAILABLE NOW
FROM DUAL SYSTEMS!

O 8 mHz 68000 microprocessor.
O 16-megabyte direct addressing.
O 32-bit internal arithmetic.

O Minicomputer type instructions
including MULTIPLY.

O FULL IEEE-696 S-100 compliance.
Runs with all 4 mHz S-100 boards
and automatically runs faster
when accessing Dual Systems
memory boards, for FULL SPEED
OPERATION OF THE 68000.

O Powerful vectored interrupts.
7 Vectored interrupts, including
NM], as well as alternate mode
having up to 256 interrupts.

O On board monitor ROM for
immediate use.

O Connector for future addition
of memory management unit for
multi-user operating systems.

O Built to the highest industrial
standards with 200 hour burn-in.

CPU/68000 CPU board..... 51195
32K-byte 8/16-bit NONVOLATILE
RAM board, for secure storage of
programs you are developing.
Allows FULL SPEED CPU operation.
CMEM-32K, per 32K-bytes .. 5895
32K-byte 8/16-bit EPROM board,
EPROM-32K ........... ... $245

Serial /0 board, SIO-2...... $285

All of the above with cabinet, power
supply and backplane..... 53685

“DUAL SYSTEMS CONTROL CORPORATION

RELIABILL |

The =
Ultimate 1EEE
S-100 Memory
Would...

0 BE NONVOLATILE holding data
for up to eight years with the
power off.

CI RUN AT 6 MHZ
without wait states.

CORUNIN 8 OR 16-BIT
systems with 8 or 16-bit
wide data paths.

O HAVE EXTENDED 24-BIT
ADDRESSING and bank select.

O HAVE DYNAMICALLY
MOVABLE WRITE
PROTECT AREAS to prevent
accidental erasure of programs
and critical data.

0O GENERATE POWER-FAIL
interrupts for orderly system
shutdown & power failure
recovery.

...Available Now
from Dual Systems

The Dual Systems CMEM
memory boards combine high-
speed CMOS memories with new
5-10 year lithium batteries to give
ou the nonvolatility of an EPROM
oard while retaining the instant
writability of a high-speed
read/write RAM. These industrial
grade boards are ruggedly built
and are burned-in for 200 hours.
0 CMEM-32K, 32K-bytes ... $895
O CMEM-T6K, 16K-bytes.... 5795

OCMEM-8K, sX-bytes...... 5695

Sales representatives in
most metropolitan areas.

OEM and Dealer pricing
is available.

Toughest Boards
in Town...

IEEE 696/S-100

SUPER RELIABLE
NON-STOP CLOCK

Keeps time with power off. Our
industrial clock utilizes a new
lithium battery for 3-9 years use.
Easiest clock to program you'll ever
see. Runs in all S-100 systems.

O Year, date, hrs, mins, secs, msecs.

O Uses new LSI CMOS chip.

O Vectored interrupts.

OCLK-24 ..., $250

A/D CONVERTER

IEEE696/5-100 AIM-12 industrial
standard module designed for
industrial analog-to-digital use.:

O Runs in all S-100 systems.

O 32-channel, 16-differential O 12-bit
resolution/accuracy. O 25-microsecond
conversions.

O Instrumentation ampilifier.

O BASIC program provided. O AIM-12,
$695 or $785 w/1-1000 gain transducer’
amplifier.

D/A CONVERTER

AOM-12 IEEE696/5-100 industrial
level digital-to-analog (D/A)
converter.

0O 12-bit + 1/2 L.5.B. accuracy over
full 0-70°C temperature range.

O Outputs 0-10, = 5, or =10 volts.

0 Short circuit protection, all outputs.
O Switch-programmable for multiple
boards.

0 AOM-12, 8575

VIC 4-20

Standard output for industrial
control 4-20 mA D/A converter.
Used in conjunction with the
D/A board.

VIC4-20, $445.

DUAL 77 Data Acquisition

and Control System-

Built to industrial standards; designed
for severe environments. BASIC
language makes programming easy.
Access to hundreds of sensors.
Expandability to meet your increased
needs. Nonvolatile memory. Power
interruption recovery with automatic
restart. DUAL 77 is economical;
$5985 & up.

system reliability/system integrity

720 Channing Way ® Berkeley ® CA 94710 ¢ (415) 549-3854 or (415) 549-3890. * TWX 910366 2035
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A Digital Signal Generator

Tracy S. Kinsel and John H. Wuorinen
Implemented on a single-chip microcomputer, this digital signal generator can provide
low-distortion waveforms of precise frequency in the low-frequency audio spectrum.

An Improved Model for a Microcomputer Component—The 6520 PIA
Donald F. Hanson

A student’s or. designer’s ability to predict the outcome of a process is only

as good as the model for that process.

Intel Local Network Architecture v ,
Robert Ryan, George D. Marshall, Robert Beach, and Steven R. Kerman

Networks using Intel’s Local Network Architecture promise significant benefits

in resource sharing, communications multiplexing, and distributed computing.

Micro-Cobol: A Data Processing Language for Microprocessor Systems
Yaohan Chu and Paul Schapiro

New constructs and the essentials of Cobol are combined to. create Micro- Cobol

a new, simple language for small business systems.

The MC6809 in DMA Mode on the IEEE-488 Bus

Mike Newman and David Smith
DMA data transfer makes this system faster than ones that are interrupt-driven-or
based on polling. DMA on the 6809 suits it to applications demanding high data rates.
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A student’s or designer’s ability to predict the outcome of a process

_is only as good as the model for that process.

An Improved Model for a
Microcomputer Component—
The 6520 PIA

Donald F. Hanson
University of Mississippi

Digital integrated circuits have dramatically increased
in capability over the last ten years. More and more uses
are found for IC chips every year. Every new part is usual-
ly accompanied by a data sheet and a manual. The de-
tailed operation of the part, however, is usually not in-

‘cluded in either, so few people other than the original

designers know how the part actually works or is im-
plemented in silicon. This often keeps users from finding
novel applications for the part. New approaches to the
delivery of product information—ones which let users
learn the details of operation and implementation that the
designers know—are required. Here, using the 6520 pe-
ripheral interface adaptor, we present an example of such
an approach. We hope this model will help users under-
stand how the 6520 is made. (A similar model for the 6820
PIA has already been presented by Jordan and Smith.1)

Models

In engineering, a leader (or professor) often com-
municates new material to a student by describing models
for the student to use. Models give the student a mental
image of the process being carried out. If the student has
an adequate model at hand, then he can analyze it to
determine a new state of the process. If the student does
not have an adequate model, then he will have trouble
determining the correct final state of the process. The stu-
dent’s ability to predict the outcome of a process is only as
good as the model for that process.

The situation is even more critical for the digital
engineer—he will come in contact with many different
types of digital equipment and will probably not have
time to read the manuals for every system he has to use or
repair. Some standard, easily understood method is
needed for the description of the operation of individual
digital microcomputer components (a microcomputer
component is either amicroprocessor or arelated part like
a PIA).

November 1981

Modeling levels. Microcomputer component models
should express the structure of hardware algorithms. Bell
and Newell? identify five levels at which any digital system
may be modeled:

¢ the PMS—processor memory switch—level, which
describes the system in terms of processing units,
memory components, -peripherals, and switching
networks;

¢ the instructional (programming) level, where instruc-
tions and their interpretation rules are specified;

¢ the RT—register-transfer—Ilevel, where registers are
system elements and where the data transfer among
them is specified according to some rule;

¢ the switching circuit level, where the system structure
consists of an interconnection of gates and flip-flops
and where the behavior of the system is described by
a set of boolean equations; and

¢ the circuit level, where gates and flip-flops are re-
placed by circuit elements such as transistors, diodes,
and resistors.

Asixthlevel?isthe device level, which deals with p, n, and
n_1etal areas.
The RT level has been divided? into three sublevels:

¢ the RT structural level, where timing information is
intact and the system is described in terms of actual
components and their interconnections;

¢ the RT functional level, where timing may or may
not remain intact and where the system is described
in terms of the actual components and their func-
tional relationships; and

¢ the RT. behavioral level, where timing is not given
and where the properties of the system are specified
in terms of the input/output relationships among
variables.

If the exact timing relationships of the system are to be
studied, then a model at the RT structural level should be

.0272-1732/81/1100-0017$00.75 © 1981 IEEE
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used. If exact timing of events is not important, then a
functional- or behavioral-level model will suffice.
Models for digital systems are usually either graphical
models or register-transfer language models. A graphical
model is the Petri-net.5 An RT language model is a list of
statements describing the register transfers and the logical
conditionsthat initiate them. RT languages are either pro-
cedural or nonprocedural*—a procedural language re-
quires an explicit sequential ordering of the statements in
the language; a nonprocedural language attaches no
meaning to the ordering of statements. A statement is
associated with a ‘‘label’’ that specifies the condition

‘under which the operation specified by the statement is

activated. Hence, a nonprocedural language is best for
modeling hardware which has concurrent operations.
The user of microcomputer components often has trou-
ble understanding the operation of a component because
circuit level, switching circuit level, and register-transfer
level models of the component are not available. The user
must have enough information so that he can analyze any
interface design for proper operation. Many users are
forced to experiment with the part to learn how it works.
Models for microcomputer components are usually
specified at the programming level or the RT behavioral
level. Data that the user can useto do an analysis of his in-
terfacing approach are generally not given in RT form.
Consider, for example, the 6520 PIA—the data sheets
and instruction manual use words, tables, charts, timing
diagrams, a pin-out, and a block diagram to ‘‘model’’ the
device. First-time users and students often have difficulty

‘understanding the words and memorizing the tables and

diagrams. Unfortunately, the details they want are often

O oo ~N oUW NN =

Figure 1. 6520 pin-out.

buried in such words or diagrams. Textbook writers
usually repeat (or even say less than) what is in the
manuals. o

By employing a nonprocedural RT structural-level
model (similar to those used by Chu® and Mano”) along
with the manufacturer’s timing diagram, our approach
gives users easy access to operational detail. The circuit-
level and switching-circuit-level blocks used in the design
of the 6520 are given along with their RT structural-level
equivalents.

A new model for the 6520 PIA

The 6520 was designed by Synertek, Inc., of Santa
Clara, California. Figure 1 is the manufacturer’s pin-out
for the 6520. Figure 2 is a new block diagram. The control
logic block shows many inputs and outputs; twelve con-
trolinput pins and two output pins (IRQA and IRQB) ap-
pear at the left. The control inputs and eight timing con-
trol flip-flops provide select signals for reading or writing .
the internal registers. The data I/O bus is on the top and
two 1/0 ports, A and B, are on the right. External I/O
pins are R/W (read/write control); CS0, CS1, CS2 (chip
selects); RESET ; DBn (databuspinnforn=0,1,2,3,4,
5,6,7); PAn (port A pin n); PBn (port B pin n); RS1 and
RSO (register selects); IRQA and IRQB (interrupt request
output pins for ports A and B); CA1, CB1, CA2, and CB2
(interrupt input and handshaking); and ENABLE
(= E)—the 92 clock pin when hooked up in the usual way.

There are seven internal registers and two internal
buses. The first register is the DIR—data input register,
which is loaded with the external data bus (DB0-DB7)
whenever ENABLE (92) is asserted (high). The DIR then
outputs this data onto the internal input bus to the re-
maining six registers—the A control register AC, the B
control register BC, the A data direction register AD, the
B data direction register BD, the A output register AO,
and the B output register BO. Each register has an internal
load, clear, and bus enable line associated with it.
Whenever a register’s load control is asserted (high), the
register is loaded with whatever is on the internal input
bus. Whenever the RESET (clear) line is asserted (low), all
registers are reset to zero. Whenever a bus enable line is
asserted (high), data from the selected register is placed on
the internal output bus. This data is put on the external
data bus (DB0-DB7) only if the tristate enable associated
with the tristate buffers of the data bus becomes true
(high).

Circuit level. At the circuit level, the registers consist of
latches made from enhancement-mode MOSFETs with
depletion-mode load devices (Figure 3a). More load or
reset inputs can be added by simply paralleling more
MOSFETs. Figure 3b represents the equivalent of Figure
3a at the switching circuit level.

Figure 4 shows the switching-circuit-level model of the
circuit used for bit 7 of ACand BC. RESET is the comple-
ment of the reset signal coming into the 6520. The output
of AC7 can be shown to be

AC7 = AC7 - L + R + RESET.
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Figure 3. Circuit-level latch (a); switching-circuit-level latch (b).

Figure 4. Circuit for AC7 (and BC7?).

Figure 5. DIRn and ADn switching-circuit-level circuitry.

20

If R = 1 or RESET = 1, then AC7 = 0. If R = 0 and
RESET = 0, then

ACT7 = AC7 + L.

This says that if L = 0, then AC7 is held at its previous
value. Otherwise, if AC7 = 0 and L becomes 1, then AC7
goes to 1. This can be summarized by the nonprocedural
RT structural-level statement:

R''RESET'‘L: AC7 « 1
R+RESET: AC7 < 0.

Here, primes represent the complement of a variable.
This simply says that aslongasR = 0, RESET = 0,and L
= 0, then AC7 will be held at its previous value. If L goes
to 1, then AC7 goesto 1 and is held there aslongasR = 0
and RESET = 0. If either R or RESET becomes 1, then
AC7 goes to 0 and remains there as long as
R’-RESET''L = 0.

Figure 5 shows the circuit used for bit z in the DIR and
for the same bit of AD. This is simply a type of master-
slave flip-flop, with selective loading of the slaves. The
control input L selects which slave (if any) is to receive the
datain the DIR. The RT statements for this hardware are

E: DIRn<DBn
RESET''L-E’: ADn «<DIRn
RESET: ADn <0

The first statement says that bit n» of DIR will be loaded
with DBn aslong as E is high. When E goes low, DIR#z is
held until E goes high again. The second statement says
thataslongas RESET = Oand L = 1, bit nof DIR will be
loadedinto ADn whenever Egoeslow. If L = 0, however,
ADn will be held at its current value. The last statement
says that as long as RESET = 1, ADn is held at zero.

RT description. A complete RT description for the
6520 appears in Table 1, which lists five statement
groups—one for port operation (PA and PB), one for
register-read operation, one for register-write operation,
one for interrupt flag operation, and one for handshaking
operation.

IEEE MICRO



Table 1.
6520 operation.

6520 PORT OPERATION (PA, PB)

ADn: " . PAn = AOn
BDn: PBn = BOn

ADn’ : PA output driver (n) — high Z

BDn’ : PB tristate (n) — high Z

n =01234,5,6,7

6520 REGISTER-READ OPERATION

R/W-CS0-CS1-(CS2)” - RESET-E: DBn = RS1‘-RSO’-AC2’-ADn v RS1’-RSQ’-AC2-(AOn’-ADn)’

(R/W-CS0-CS1-(CS2)’ - RESET-E)’

-PAn* v RS1”-RSO - ACn v. RS1-RS0”-BC2’-BDn v RS1-RS0’-BC2

-(PBn-BDn’ v BOn-BDn) v RS1-RSO-BCn
DB tristate (n) — high Z

6520 REGISTER-WRITE OPERATION

E:

(R/W)’ - RESET- CS0- CS1-(CS2)’ -
. [CS0-CS1:(CS2)]" -E

rmmm

+ (RESET)":

RS1D’-RSOD’ - AC2’ -RESET-W-E’:

; RS1D’ - RSOD’ - AC2- RESET-W-E':
‘ RS1D’ - RSOD-RESET-W-E’:
RS1D-RSOD’ - BC2 -RESET W-E':

! RS1D-RSOD’ - BC2- RESET-W-E’:
‘ ' RS1D-RSQD- RESET-W-E’:
(RESET)’:

DIRn < DBn

RSOD « RSO

RS1D « RSt

W< 1

W< 0

AD < DIR

AO < DIR

AC(0-5) < DIR(0-5)
BD < DR

BO < DIR )
BC(0-5) < DIR(0-5)
AD,AQ,AC,BD,B0,BC +~ 0

n =01.23458,7

!
; ; 6520 INTERRUPT FLAG OPERATION

ACO-AC7 + AC3-ACE:
BCO-BC7 + BC3-BC6:
(ACO-AC7 + AC3-AC6)":
(BCO-BC7 + BC3-BC6)":

CS0-CS1-(CS2)” -RS1 -RSO’ - AC2- R/W-RESET - E:
[CS0-CS1; (CS2)' " -E:

©S0-CS1-(CS2)’ -RS1- RSO’ - BC2- R/W- RESET- E:
[CS0-CS1-(CS2)' ]’ -E:

RA’-RESET-(AC1”-CATd + AC1-CA11):

RA + (RESET):

AC5’-RA’ -RESET- (AC4’ - CA24 + AC4-CA21):
RA + AC5 + (RESET)’:

RB’ -RESET-(BC1’-CB14 + BC1-CBIt):

RB + (RESET)’:
BC5’-RB’ -RESET- (BC4” - CB2¢ + BC4-CB2t):
RB + BC5 + (RESET)":

IRGA =0

IRAB = 0

IRQA output driver = high Z -
1R@B output driver = high Z

RA < 1

RA < 0

RB < 1

RB < 0

AC7
AC7
AC6
AC6
BC7
BC7
BC6 <
BC6 «

tt 1t

1
0
1
0
1
0
1
0

6520 HANDSHAKING OPERATION (CA2, CB2)

ACS5:

BCS:

AC5" :

BC5” :

W-RS1D-RS0OD’ -BC2-E’ :

W E:

AC4’-AC3’-AC7 + AC4’-AC3-RA’-E’ + AC4-AC3 + ACH:

CA2 = HA

CB2 = HB

CA2 output driver — high Z
CB2 tristate — high Z

WB « 1

WB < 0

HA < 1

AC5-(AC4’-AC3"-AC7’-RA-E” + AC4”-AC3-RA-E’ + AC4-AC3'): HA < 0
BC4’-BC3"-BC7 + BC4’-BC3-WB’-E + BC4-BC3 + BC5": HB < 1
BC5-(BC4’-BC3”-BC7’-WB-E + BC4’-BC3-WB-E + BC4-BC3’): HB < 0

*PAn (PBn) is the logic level of the external voitage applied to port A(B) pin *'n."" When PAn is
configured as an output, a read operation samples the data on PAn. No multiplexer is used, unlike the
set-up for port B in Figure 2. Should input data be placed on an output pin, a low on PAn will override
the reading of AOn. For normal output operation (when input data is not placed on an output pin), one
should let PAn = 1 in this equation.
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Port operation. The first group describes the effect that
the data-direction-register bits AD» and BD» have on bit
nofport A’s output drivers and bit » of port B’s tristates.
If ADn = 1, then the port A output driver (open drain
with pull-up) is active, and the logic level of AOn (Figure
2)is placed on the output pin PAn. If ADn = 0, then the
port A output driver is disabled and PArn functions as an
input. A similar result holds for port B. Thus, the in-
dividual bits of the data-direction-registers AD and BD
can be used to program the individual lines of PA and PB
to be either inputs or outputs.

Register-read operation, The second group is com-
posed of two RT statements. The first says that if the con-
trol expression before the colon is true, then the expres-
sion to theright of the equal sign is output to the data bus.
The control expression is the DBOE signal (see legend for
Figure 2) shown hooked to the tristate enables on the data
bus tristate buffers (Figure 2). Data are always present on
the input to these buffers (even if the chip is not selected)
and are transferred to the data bus only if DBOE becomes
true and enables the tristate buffer outputs. The output
bus in Figure 2 is made up of eight 6 X 1 multiplexers with
special select codes; the logical expressions for these codes
are labeled ADS, AS, ACS, BDS, BS, and BCS in the

legend. Only one of these selects can be logical 1 at any"

onetime, as the ANDing of any select expression with any
other select expression demonstrates. Zero is always the
result. That all possible cases are covered by these six
selects can be shown by ORing them:

ADSVASVACSVBDSV BSVBCS =1

In Figure 2, one can see that if ADS = 1, then AD is put
on the output bus, and if DBOE is also logical 1, then AD
is put on the data bus. Similarly, ACS, BDS, and BCS put
AC, BD, and BC, respectively, on the output bus. Ports A
and B are not identical, since there are eight 2 X 1 multi-
plexers in port B which are not in port A. When bit n of
port A is configured as an output by ADn, AOn will be
read from the logic state of the voltage on PAn and not
from AOn directly (as is the case for port B). Thus, if AS
= 1, then (AOn’ - ADn)’ - PAn will be placed on bit n of
the output bus. Similarly, if BS = 1, then (PBn-BDn’ v
BOr ' BDn) will be put on the output bus.

Register-write operation. This group of statements
describes how data are written into registers. The first
statement says that as long as ENABLE (=E) s high, the

Figure 6. Circuit diagram for IRQA.
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data input register DIR samples the data on the data bus.
The falling edge of E latches the signal on the databusinto
DIR. The next two statements provide delayed signals for
register select 0 and 1. RSO and RS1 are usually attached
tothe AOand Al—address 0and 1 —signals from the 6502
microprocessor. E is usually interfaced to the system ¢2
clock. A0 and Al exist from the beginning of one ¢1 to
the beginning of the next ¢1, and RSOD and RS1D exist
from the beginning (0 to 1 transition) of one ®2 to the
beginning of the next ®2 (This is why we call them delayed
signals.) The next two statements show the conditions for
setting and clearing the internal W' flip-flop. Whenever
the chip is selected with R/W low, W is set to 1 when E
goes high. If the chip is not selected, then W is cleared
when E goes high. Hence, W is also a $2-to-®2 signal.
The last seven statements show how data in DIR are trans-
ferred to one of the other six internal registers when W is
high and E goes low. The action of DIR is like that of the
master in a master-slave flip-flop arrangement; the other
six registers behave like selectively addressed slaves. The
last six equations in the legend for Figure 2 describe the
relationships of the control conditions to the load con-
trols shown in Figure 2. Note that AC6, AC7, BC6, and
BC7 cannot be altered by writing through the data bus.

Interrupt flag operation. This statement group gives
the conditions under which the interrupt flags AC6, AC7,
BC6, and BC7 can be set or cleared. The output drivers
for pins 38 and 37—IRQA and IRQB, respectively—are
two open-drain MOSFETs. The first two statements show
the conditions under which these MOSFETs are in low-
impedance output conditions and the next two statements
show the conditions under which IRQA and IRQB are
in high-impedance states. The circuit diagram for IRQA is
shown in Figure 6. The next four statements show the con-
ditions under which the RA and RB—read port A and
read port B—internal flip-flops are set or cleared. Thelast
eight statements show the conditions under which AC7,
ACS6, BC7, and BC6 are set or cleared—for example,
when AC1 = 0 and input CAl falls from 1 to 0, or when
ACI1 = 1andinput CAl rises from 0 to 1, then AC7is set
to 1. AC7 can be cleared only if data are read out of port A
or if RESET is brought low. The conditions for
AC6, BC7, and BC6 are similar.

Handshaking operation. The final group of statements
describes the operation of the handshaking lines CA2 and
CB2. Bit 5 of each control register controls the direction
of signal flow on CA2 and CB2. The first four statements
say that if AC5(BCS) = 1, then CA2(CB2) takes on the
value of the internal flip-flop HA(HB). Otherwise, if
AC3(BCS) = 0, then CA2(CB2) is programmed as an in-
terrupt input. The next two statements show the condi-
tions under which the internal flip-flop WB (write port B)
is set or cleared. WBis a ®1-to-®l1 signal that is one clock
period behind the R/W signal. The last four statements
show the conditions for setting and clearing the internal
flip-flops HA and HB. (Tables 2 and 3 show the operation
of these flip-flops.) The first case presented in Table 2
gives a handshake on reading port A, and the first case in
Table 3 gives a handshake on writing port B. The second
case in Table 2 outputs a short negative pulse upon
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Table 2.
Operation of HA.

Table 3.
Operation of HB.

AC4 AC3 ACTION BC4 BC3 ACTION

0 0 AC7-RA-E: HA « 0; ACT:HA < 1 0 0 BC7’-WB-E: HB < 0; BC7: HB <« 1
1 RA‘E’: HA < 0; RA"-E’: HA <~ 1 0 1 WB-E: HB < 0; WB’-E: HB « 1

1 0 HA <O 1 0 HB <O

1 1 HA <1 1 1 HB < 1

o
: %‘*ﬁgmm@gp
L

e

-
.

e
s

Figure 7. A control-register programming form.

reading port A, and the second case in Table 3 outputs a
short negative pulse upon writing port B. The last two
cases in each table are manual low and high outputs.
(Figure 7 shows a useful control-register programming
form.) . .
The RT-level model presented in Table 1, when used
with the manufacturer’s timing data, enables the designer
to analyze his hardware and software schemes for errors.
Tracey® points out that an RT structural-level descrip-
tion, such as that in Table 1, can be tedious. We assume,
however, that the designer would use the table as a refer-
ence tool only, to help him analyze a particular operation

~or hook-up. Such a model should also be helpful to

anyone needing to test a 6520.

Use of the model for analysis of
interfacing schemes

The RT statements in Table 1 can serve as a tool for
analyzing interfacing designs—here, we will discuss inter-
facing between a 6502 and a 6520, and between a 6520 and
an external A/D converter. ‘

6502-t0-6520 interface. Consider, for example, the in-

terfacing situation shown in Figure 8. The 6520 operation
for this case can be obtained simply by substituting the
6502 outputs into the corresponding 6520 RT statements.
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Doing this for the register-read operation, one obtains
R/W-A13-Al4-A15"-RESET 2:

DBn = Al’- A0’-AC2’-ADn

v Al’-A0’-AC2-(AOn’-ADn)’ - PAn

vV Al’-A0-ACn

v Al-A0’-BC2’-BDn

V Al-A0’-BC2-(PBn-BDn’v BOn-BDn)

v Al-A0:BCn.

n = 01,234,567

In this case, data will appear on the 6520’s data bus out-
puts whenever R/W =1, A13 = 1, Al4 = 1, Al5 = 0,
RESET = 1,and 2 = 1. The actual data that will appear
depends on Al, AQ, AC2, and BC2. The user can analyze
the DBOE (control statement before the colons) to see
that for hexadecimal addresses $6XXX or $7XXX (X =
don’tcare), data from the 6520 will appear on the data bus
during a read operation. The user can also make sure that
the DBOE signal for the 6520 does not interfere with that
from another chip—the rule is that DBOE ANDed with
any other DBOE must be 0.

Control of an ADC. The 6520’s port A handshaking
lines can be used to automatically control an A/D con-
verter?10 (Figure 9). The A/D end-of-conversion signal is
normally high. When A/D start conversion goes low,
A/D end of conversion also goes low and remains low un-
til conversion is completed. If CAl is programmed to set
AC7to 1 on a positive edge (AC1 = 1), then AC7 can be
polled to determine when conversion is complete. A sim-
ple AIM-65 program was used to run the A/D converter:

LDA #26 ;Handshake on read port A
;:and '

STA 9801 ;positive edge - triggering on
CAl .

LDA 9800 ;sets CA2 to 0 to trigger one-

DATA BUS
R/W

A15

6502 A14
MICRO-  A13
PROCESSOR

6520
1/0 PORT

AD
42

.
Raaaang

-

Figure 8. An interface hook-up.

;shot and start conversion.

LOOP: BIT 9801 ;Through converting?
BPL LOOP  ;No, LOOP again.
LDA 9800 ;Yes, reset AC7 and start
;conversion again.
JMP LOOP

;Go to LOOP.

The first two lines in the above program put AC5 = 1 (for
CA2 output), AC4 = 0, AC3 = 0 (for handshaking on
read), AC2 = 1 (for port A access), AC1 = 1(for positive
edge triggering on CAl), and ACO0 = 0 (for disabling
IRQA). The programmed operation of AC7 is now

CAI:  ACT < 1.

The register-transfer statements (from Table 2) for hand-
shake on read port A are

AC7: HA < 1
AC7'-‘RA-E’: HA <« 0.
As long as ACS = 0, then HA = 1. When the first two
statements are executed, ACS changes to 1, and HA re-
mains at logical 1 until the third statement is executed.
The third statement sets AC7 to 0 and then sets CA2 =
HA to 0, since the RT statement says

AC7'-RA-E’: HA < 0.
The negative edge on CA2 triggers the one-shot which in
turn starts the A/D converter. Lines 4 and 5 of the pro-

gram poll AC7 until it becomes 1. When AC7 becomes 1,
it makes CA2 = HA return to a logical one, since

AC7: HA <« 1.

S

CONVERSION
o '«q«

6520-98 1/0
($9800-$9803)

BEaTp

Sl

e

Figure 9. A/ID converter connections.
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Line 6 resets AC7 to 0 and sets CA2 = HA to 0, which
starts the converter going again. Thus, the program runs
the A/D converter automatically.

A nonprocedural RT structural-level model provides a
unified approach to understanding 6520 hardware, inter-
facing, and software. By having available a model at this
level of detail, the new user or student needs less ‘‘con-
sultant-level’® assistance—he has more confidence in the
interfaces he designs. i
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