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This chapter introduces the current line of
Motorola microprocessors. It is important
o learn the operation and interfacing of ei-
ther the MCB6800 or MCG808 microproces-
sor first, since the remainder of this text em-
phasizes these microprocessors. Once they
are learned, transition to the MCB8000 or
any other microprocessor manufactured by
any of the IC houses is easy. For example,
the BOB5A is also covered in some detail.

Whichever microprocessor you choose
to study, you will find subsequent chapters
interesting and useful.
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PINOUTS

Figure 4—1 illustrates the MOARM0D, MOGEOY, and MOBEMDD microprocessors’
pinouls. The MCARD0 and MC6R0Y are both packaged in 40-pin dual in-line
packages. while the MC&BDDD 15 integrated into a 64-pin dual in-line package.
All three devices operate from a single 5V power supply with power dissipa-
tons of less than 15 W

Output Loading
The MCABH and MCUBEDY nmucroprocessors are capable of providing 1.6 mA of
sink current and 400 p A of source current at any of the outpul pins. This cur-
rent will drive one 74XXX TTL unit load, four T4LSXXX TTL. unit loads. or
about ten NMOS or CMOS unit loads. Only ten NMOS or CMOS unit loads
may be connected because each MOS input places a tairly large amount of ca-
pacitance on an output connection. Too much bus capacitance will degrade
the iming signals issued by the microprocessor, causing performance prob-
lems. To prevent this, MOS loads are limited to ten or less. Refer to table 3-1
in chapter 3 for a detatled look al wunit loading

The MCAEDDOD is capable of sinking 1.6 mA on the HALT pin, 3.2 mA on the
address pins. and abouat 5.0 mA on the data bos connections. With this de-
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FIGURFE 4-1 Pin diagrams or pinouts of the Moetorels MCa800. MCUAE0%, and MOUARMN micro-
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SOURCE: Coumesy of Moterola, Inc

CLOCK CIRCUITRY

vice, more T'TL components can be dnven directly from the outputl pins of
the microprocessor. This means that a larger svstem mav be connected di-
rectly 1o the MCAB000 without the addition of external bus buffers. Since the
source current at these outputs remains at 400 pA, the maximum number of
MOS loads remains at ten or less.

It is interesting to note that the MUAROD and MOGRUY microprocessors will
not drive a 745XXX series TTL load. This limitation can be overcome by
using a T4ASXNXX series gate or a FAST gate from Fairchald.

Input Loading

Input connections on all three microprocessors sink and source 4 maximum of
2.5 pA of current and present about 10 pF of capacitance. In addition to low
loading, they are also compatible with the standard TTL voliage levels.

Noise Immunity

The system noise immunity in any of the Motorola processors 1s about 40 mV
and 1s directly compatible with standard TTL noise immumities. In systems
that contain heavy capacitive loads. long bus connections, or excessive cur-
rent loads, bus buffers at the output connections are recommended. With
additional buffering. it 15 possible (o connect up 1o 100 MOS or TALSXXX
TTL. umt loads to an output connection. Maost buffers contain an enhanced
pullup network that has been designed to drive capacitive loads.

CLOCK CIRCUITRY

P

The MC680% contains an imternal clock generator thal. in most cases, gener-
ates the basic uming for the microprocessor. 'The MUGRIM and the MUARHR)
both require the addition of an external clock gencrator to provide their ba-
sic timing.

MC&809 Clock Circuitry

Under normal operation, a crystal with o frequency of 8 MHz would be al-
tached between the EXTAL and XTAL mput pins of the MOARW {as pic-
tured in figure 4-23. The crystal is internally divided by a factor of four to pro-
duce the 2 MHz basic operating frequency. The range of allowable ¢rystal
frequencies is between 8.0 MHz and about 46} kH7z for reliable operaton. If

FIGURE 42  The MOaR0Y
clock gencration cirgiry,
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an operating frequency outside this range is chosen, Motorola will not guaran-
le¢ the proper operation of the MCGE0E

In addition 10 a ¢rvstal, the MC680Y may be dniven from an external TTL
source. This is accomplished by grounding the XTAL pin and connecting the
external TTL clock signal to the EXTAL connection. This method of opera-
ton 15 used in multiple processor systems, where one timing source drives all
of the processors,

MCBB00 and MCBBO00 Clock Circuitry

Uhe MOABH) and MOUGRDIN require an external clock generator for proper op-
cration, The MC6875 clock generator, as illustrated in figure 4-3, ¢an generate
the required multiphase clock inputs tor the MC6R00. The MO6R00 requires
a TTL compatible clock imput of up to 8.0 MHz for proper operation. A circuit
that can be used 1o generate this clock s illustrated in figure 4.
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FIGURE 4-3  The MOGETS clock generator connected to the MOBEN) microprocessor.
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The Address Bus

Both the MCa800 and the MC680%Y contain 16 pins that have been dedicated
to addressing the memory and I'O. This feature allows either of these micro-
processors 1o address 64K bytes of memory and DO} space directly.

The MCa&EODD conmtains 23 address connections, which allow 1t 1o access an
astounding 16M byvtes of memory and 'O directly, Thas 1s equal to eight mul-
lion 16-hit words of memory informanon. In addition 10 the number of ad-
dress connections present, the amount of drive current available is triple that
of the MC6800 or MCoE09,

The Data Bus

The data bus of the MCa8(H and MCa8( microprocessors 15 8 hits in width:
whereas the MCo6B000 uses a 16-bit data bus, This bus, in all throe cases, 15 a
bidirectional, three-state bus that passes informaton out of, or into, the mi-
CTOProcessor.

As with the address bus, the data bus on the MUGMNN) possesses an en-
hanced drive capability. This capability allows the microprocessor 1o be
structured into a larger system before bus butlering 1s reguired.

MCB8000 Bus Buffering

Figure 4-5 illustrates the inclusion of a set of data and address bus buffers for
the MC65000 microprocessor. The AS, or address strobe. output 1s con-
nected to the enable () mput on the address buffers, The AS signal be-
comes a logic zero whenever the address bus contains a valid memory ad-
dress. In this circuit, AS switches the three-state buffers to their enabled, or
on, condition.

The bidirectional bus transceivers, which are connected (o the data bus,
are controlled hy the R/W control signal. Since the R/'W signal selects the di-
rection of data flow on the data bus, 1t 1s usable as a directional control input
to the transceivers. During a memory or IO read, R'W 1s high and causes the
data to flow in from the data hus: during a memaory or 10 write, this line 15
low and causes the data to flow out 1o the memory and IO

CONTROL BUS CONNECTIONS

4-4

The control bus structures of the MO0, MCARDD, and the MC&EM) are al-
most 1dentical when only the major control signals are examined. If the
MC6800) and MCGB09 are compared, they differ only in the way that direct
memory access 'O is controlled. Comparing all three demonstrates many
more differences. Table 41 contrasts these differences.

The Basic Memory and !0 Control Signals

All three microprocessors use the R'W signal to command the memory or IO
te read or write data. In the MCARODD this signal also works in conjunction
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CONTROL BUS CONNECTIONS

TABLE 4=1 Comparative control signals.

Ay
284
3 G, Ga

MCeso00 S G i

Aa r A | Byffered
a4 = dala
A G, G Aos bus
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AS , R,
A5 P
[y a4 Dy,
B A
"r:-- 3 DR 11 Buffered
L% . i - address
R I fb——— = bus

4
VDS ——— i i

FIGURE 4-5 A fully buffered MOSERID mucroprocessor.

with the LDS and UDS data strobes, which indicate how the microproces-
sor will react with the data bus during the current bus cvele. Table 4-2
Hlustrates how the MCHS00 interprets the data bus for each combination of
the R'W. ﬁh and [_EI_"1 signals.

In addition 1o these three control signals. the VMA and E signals are also
present on all three microprocessors, The VMA signal indicates that the ad-
dress bus contains a “*valid memory address'’; the E signal. or enable. is
used 1o enable the memory or 'O devace, The E signal 1s actually not present
on the MCOaEM). but it 15 the phase two TTL output of the clock generator
1Ty

Additional MC&808 Control Signals
The MCAROY has a few other control signals that are not present on the
MOGEDD, These include BS, FIRQ. MRDY. and DMA'BREQ. The BA and
BS sgnals indicate the present state of the MCHEOY, as illustrated in table
3

The MRIYY signal extends the access time provided for the memory by
extending the current read or write cycle, The extension may be anything

MOGRMNN AT 65309 MO aRi00 Fumnction
RW W Controls reading or Writing 1o Memary or
Ly
VMA ASVMA Valid memory address present on the ad-
dress bus
hl.E DS LDSE Enahles data bus so that no contentien
Lalll EMCCUr
NMI LEVEL 7 MNonmaskable interrupt
TRQ.FIRD LEVEL (-6 Maskable interrupts
TRAPS
MREDY DIACK Slow memory control
DMABRE(Q.BA BE.BG A contrel and bus arbitration
BE.DBETSC BOACK

TABLE 4=2 MO&EOOD kus control strobes,

L TDS LD% RW Function
il 0 0 Walid diata bus
0 i I Walid dara bus
i 1 0 Bits 8=1% appear on hoth halves of bus
i 1 1 Bits B-15 appear on upper half of bus Lower half

contams unknown mformation

I 0 0 Bits -7 appecar on both halves of bus

I 0 I Bits =7 appear on lower kall of bus, Upper hall con-
Laans unknown informealion

I 1 X Drara bus contains unknown infornvation

from one clocking penod up to 1 ps in duration. This is most useful §f a
slower external device 15 (o be interfaced to the MCRRUY. An example is an
analog-to-digital converter, as tllustrated for the 80834 in chapler 6.

The DMA'BREQ input is used for a direct memory access or bus arhitra-
tion: it is covered, along with the FIRD input. later in this chapter.

Additional MCB8000 Control Signals

The advanced architecture of the I".-l_{'.'ﬁHiHHi n&itrﬂj}_l:_’fiﬁm' im;lude_s. some
additional control pins, such as BOGACK, VPA, DTACK. BERE. BR. BG.

TABLE 43 BA and HS
BA BS Processor State Processor stare signals,
i i Mormal
0 | Interrupt or resel acknowledge
| 0 Svnc acknowledpe
[ 1 I Haltbus grant acknowledge
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IPLO. IPL1. TFL2. FCO. FC1. and FC2. These pins control such features as
interrupts and direct memory access or bus arbitration.

The FCO, FC1. and FC2 signals indicate the status of the MC68000 as de-
picted 1n table 44

TABLE 4= MCARDOD bius -
funciion contrel signals. Fi'2 Fi'1 FCD Cyele Type |
{1 0 i Undefined
il o I User data
il | 0 User program
1l I I Undefined
i i i LU'ndefined
I 0 I Supervisor dala
I | (i SUpErvISDr program
I | I Interrupt acknowledge

FCO, FCL, and FC2 are basically used 10 indicate the mode of operation, ei-
ther supervisor or user, In the supervisor state, the MOBRID can control an
external memory management device and system software. This capacity pro-
vides security. since the memory management unit and svstem software can-
not be accessed by the normal user. The access requires a shift to the super-
visor state. which 1s a privileged state.

The BERR input signal informs the processor of a bus error and is pro-
vided bv the external hardware, The tvpe of hardware most ikely to gener-
ate this signal is a memory parity checking circuit. If a parity error is detected,
this signal becomes active, and the processor executes an exceplion seqguence
or an interrupt. This sequence reads the address of the user supplied bus er-
ror handling subroutine from memory address $00008, Control 15 then trans-
terred to this error-handling subroutine for a possihle repeat of the bus cvcle.

The BR. BG. and BGACK signals arc used when more than one MCES8000
ora DMA controdler is connected in a system. BR is an input that reguests the
use of the bus. BG is an output that indicates that the MC&8000 will release
bus control at the end of the current cvele. The BOACK inpw indicates that
some other device has become the bus master. These signals are discussed
in greater detadl in the section on bus arbitmation,

The WPA input 15 activated whenever an external MC6B0 peripheral de-
vige 1s addressed. This is provided so that the wealth of MOGE0) B-bit pe-
ripheral devices can function with the MCARO00. It also signals the processor
to usc automatic vectonng for an interrupt. as descnbed i the interrupt sec-
tion of this chapter.

RESET OR RESTART

[T the MC6800 or MCAB0% microprocessors are reset. they look at memory lo-
cation SFFFE for the restart vector. The restart vector holds the starting ad-
dress of the system program.

BUS TIMING

Reselling or restarting the MC&E000 15 completely different because two
vectors apply 1o this function. When the MOGRODO 1= first powered up, loca-
tions zero through three must contain the supervisor stack pointer (55P1. Lo-
ciations four through seven must contain the location of the first instruction Lo
be executed after a reser, These vectors are used only during a power up se-
quence.

The RESET instruction in the MCAHRMM will not cause the reset vectors 1o
be called. This instruction will only cause the RESET output pin 1o become
active for 124 clocking periods after i has been executed. This instruction
and the resulting signal on the RESET pin are only used for reinitializing the
external peripheral components in the svstem, It has absolutely no effect on
the internal registers of the MOS0,

If repowering the processor is desirable, 11 can be accomplished by using
the reset vectors stored in the vector table.

BUS TIMING
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4-6

The standard operating frequency for the MOARIN and the MCOaR0Y 1< 1 MHz,
At this rate they arc capable of transterning | byie of information per clocking
period or 1 byile every microsecond. The MOARDOD works with an internal
clock frequency of 8 MHz and can transfer 1 byte of data every 50 ps since
the internal timing is et up <o that four external clock pulses are required for a
bus transfer,

MCEBO0 Head and Write Timing

Figure 4-6 illustrates the basic read and wete timing deagrams of the MOAROO
microprocessor and its AC characteristics. In the MCOCA80D timing diagrams.,
the address 1s preseénted to memory and 'O durning the logic zero portion of
the phase two clock. When the phase two clock becomes a logic one, data is
transferred into the processor or sent out from it.

The ume allowed for 4 memory access (Tacc) 1s cqual 1o 530 ns worsl casc.
In other words, the memaory. plus the tme delay introduced by bulfers,
should have an access time of no longer than 540 ns. In addition to thes time
constraint, it is also importan! (o note that data must be held for 0 ns mini-
mum after the phase two clock returns to the logic zero level, It the phase two
clock 1s used as an enable (or E) signal. the amount of time reguired to enable
the memory device must not exceed 350 ns, Since the output boffers in a
memory device typically take 1200 ns 1o enable. this is generally ample time.

MCB800 Memory Read and Write Signals
The circunt depicted in Oegure 4-7 allows the MCAEOO or MCARE0Y 1o be wsed
with most of this text. It also allows i1 1o be used, without effort, with most of
the industrywide standard memory components, such as the 2114 RAM,
2716 EPROM, and others.

By combining the phasc two TTL sipnal or E signal with the VMA output
and the R/W signal, we obtain the MEMR or RD and MEMW or WR con-
trol signals that are used throughout this book. These pulses are approxi-
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The read and wrte omuing diagrams and charctenstics of the MOUGSM micro-
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FIGURE 47 Using the MCAE00 to generate the MEMR and MEMW control signals,

mately 500 ns in width and are compatible with many standard memory com-
ponents. Since the 680X X series microprocessors do not support isolated [0,
no attempt has been made to develop the 'O control signal [OR and [OW.
For 'O control and its application, refer to the section in chapter & on memaory
mapped 1O

MCE8000 Read and Write Timing

Figure 4-8 illustrates the tming diagrams for the MC68000 microprocessor.
The MCHEDD will transtfer one word. or 16 bits, of information every 300 ns,
since it operates at a basic clock frequency of 8 MHz, The amount of time al-
lowed to the memory component attached to the MCGEODD is approximately
300 ns. This means that higher-speed memory components must he selected
for use with this processor.
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FIGURE 48 Basic read and wnite timing for the MOCSEM0 microprocessor
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The AS. or address strobe, signal activates a memory component. It is nor-
mal to use this signal to supply the MC6B000 with its DTACK signal in sys-
tems that contain meémory that ¢an access data withan 350 ns.

The MC&80% MRDY and the MCE8000 DTACK

The MRDY connection on the MC68U9 prolongs the processor bus cycle for
low-speed memory or I'O devices, This input can be held at a logic zero level
for up to 10 ws lor these slower devices. If held longer than 10 ps, Motorola
will not guarantee the validity of the data stored in the MC6E(# internal regis-
ter array.

The DTACK inpul, or data acknowledge, of the MCGROD0 can serve about
the same purpose as the MRDY input of the MC6809, The difference is that
the MRDY input is an optional feature that can be ignored by connecting it to
a logic one. while the DTACK input must be used.

During a read operation. for example, the MC6BON sends out the con-
trol signals and wats for the external device (usually memory) to send the
DTACK signal back to the microprocessor. In fact, if the DTACK signal does
not oceur, the system waits just as it does with MRDY. Once the processor
accepts the information, the DTACK signal must be returned 1o its inactive
state before another bus cycle can occur. Without this timing, the MC88000
will not function.

MCE809 AND MC68000 BUS ARBITRATION (DMA)

MCEB08 Bus Arbitration
The MCEXW microprocessor has an input labeled DMA/BREQ) that requests
access 0 the MOABDY system bus. When this pin 15 active, the microproces-
sor releases control of the svstem bus by three-stating the address, data,
and control buses, This allows an external device to access the memory and
['C connected to the MCARO9 directly,

The BA and BS signals grant or acknowledge the bus request when they
are both at logic one levels. This same level also indicates that the microproc-
essor may be halted.

MCBB000 Bus Arbitration

If more than ene microprocessor or sumlar device 1s 1o function on the same
bus svstem, a need for bus arbitration arises. The set of connections de-
seribed in this segment determines which device will control the bus so that
no conflict can occur. Bus conflicts will almost always result in a loss of data if
thev are allowed Lo occur

The BR, or bus request signal. is an mput to the MC68000 that asks for or
reguests the svstem bus, If the MC&8000 is at the end of its current bus cycle,
it will grant the bus reguest by sending out the BG, or bus grant signal. Once
the regquesting device notices the BG signal. of returns a BOGACK, or bus
grant acknowledpe signal, back to the MC6B000 to indicate that it has taken
over the system buses.

INTERRUPT STAUCTLURES

This arbitration dialog 15 normally carried out between the MU&RO00 and
an external DMA controller. During the bus grant. the MOa8000 relinguishes
control of the svstem by floating the address, data, and control bus. This of
course will allow the external device to gain complete control over the system
buses. The tvpical three wire handshake is illustrated in the timing diagram
of figure 4-9.

Strobes ,p‘ S

and RW ~ o
BR  \ /
BGACK A !

BG \ b X

FIGURE 4-9 MCA2000 bus arbitration timing.
SOURCE: Caonprtesy of Motorola, Ine.

MCE800 Interrupt Structure

The MC6E800 microprocessor has two hardware and one software interrupt
that are vectored through the top part of the memory. Tahle 4-5 illustrates
the interrupt vectors for the MCB800 microprocessor. These vectors contain
the location of the software that will be exccuted in response to these mput
signals.

TABLE 4=5 MUAHEM inter-
Yector rupl vectors.
Location Signal

SFFFE, SFFFF Reset
SFFFC, SFFFD  NMI
$FFFA, 3FFFB 5wl
$FFF8, SFFF9 IR0

MCEB09 Interrupt Structure

The MC6809 microprocessor has three hardware interrupts and three soft-
ware interrupts that are vectored through the top portion of the memory. A
new hardware interrupt. labeled FIR(Q). has been added to the IR and
NMI inputs of the MCBRINY., The only difference between the new interrupt
and the two old interrupts 1s that the FIRQ input will only store the program
counter and the status register on the stack. The IR} and NMI inputs place
all of the internal registers, except the hardware stack pointer. on the stack.

91
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Tahle 46 illustrates the vector locations for the interrupt inputs to the
MCaR0Y

MCB8000 Interrupt Structure

The mterrupt structure for the MOGRID 15 guite different from the structure
for the MCOCARM and MCA809. A complete listing of the many different inter-
rupts appears in table 4-7

TABLE 46 MOC&E09 inter-

TUPT VeCTirs. Vector
Loscation Signal

iIITFE, SFFFF Resel
SEFFFC, SFFFD NMI
IFFFA. SFFFB  SWI
iFFF8. SFFF9 TRO
iFFFh, SFFFT  FIRQ
SFFF4, SFFFS  SWI2
SFFF2, SFFFY  SWI3
LFFF. SFFF1 Reserved

TABLE 47 MOGEMME interrupt vectors.

Yeolor
Mumber Address Assignment
0 (W0 Reser initial S5F
LLATEES Reser initial PC
) (W0 Bus ercor
1 [0 Address error
4 ELAREE [egal mstruciwon
5 L Divide by zero
£ (W1 [ R CHE instruction
T AR TREAPY instruction
S (W20 Privilege violation
9 24 Trace
L0 (MI02R Ling 100 emulator
I n2c Line 1111 emulator
12-23 A5 Reserved by Motorola
4 THI0EAD Spurious imierrupt
23 (IR Lewvel I interrupt
26 (HI6R Level 2 interrupt
27 e Lavel 3 interrupt
i TR Level 4 mterrupt
ity (074 Lewvel 5 interrupt
n (7R Lewvel & interrupt
3l (T Lewvel 7 interrupt
3247 BOOE-000B E [EAPF instruction veclors
4863 COOCO-000F F Reserved by Motorola
64255 0100003 FF

LISER interrupt veclors |

THE MCBRI0 AND THE LOGIC ANALYZER

This vector table occupies the first 1024 bytes of memory or first 512 words
of memory. Seven of these vectors are used for external interrupts: the re-
maining vectors are used for resel, lor vanous Motorola system functions, and
for TRAPS.

TRAPS are used by the system program 1o call up error handling routines;
they may also be used as short form subroutine jumps if so desired. The trap
number references a vector in the vector table that indicates the address of
the TRAP subroutine.

External interrupts are caused by applying the interrupt device number,
one through seven binary. on the three mierrupt mputs [PLO. [PL1. and
IPL.2. Level seven has the highest priority, while level one has the lowest. A
zero binary on these 3 pins indicates that noonterrupt is being requested.

These interrupls reference the seven vectors listed in table 47 1f the VPA
input is asserted. Notice that these vectors are only 1 bhyte in length. One-
byte vector locations are normally used for interrupts and conliwin memory ad-
dress 0000 0000 0000 O0XX XXNXX XXM, where XXXX XXXX is the
vector stored at autovector locations one through seven,

If desired, the external hardwure may apply the interruptl vector location
by not asserting the VPA input. If an external interrupt vector is supplied
through the least sigmificant 8 bits of the data bus. a vector 1o any of the 256
possible tahle entries can occur. This 1s useful if muluple interrupt processed
1'O devices exist at each interrupt priority level,

Masking vanous interrupt levels 1s accomplished through the status regis-
ter and the 3 bits assigned to perform this function. Interrupts are prohihited
if the masks are the same priority level or greater than the currently reguested
interrupt level. The level seven interrupl cannot be mmhibited or masked by
the mask bits, It is equivalent to the NMI interrupt input on the MC&800 and
S [

INSTRUCTION TIMING

a3

This section includes a list of the instructions and the number of clock cveles
reguired to execute them. Only the MCA800 mstructions are provided in this
chapter. They are given to allow the student o calculate some of the time de-
lays required for homework problems or outside development. The complete
instruction set for the MCAB00 is listed in table 4-8, To calculate the amount of
time required to execute an instruction, multiply the number of instruction cy-
cles by 1 ps. This is. of course, for the standard | MHz version of the
MOCBRO0,

4-10

THE MC6800 AND THE LOGIC ANALYZER

The logic analyzer 1s an extremely useful device in microprocessor testing. In
fact, it is the only device that can be used 1o view the timing of a4 nucroprog-
essor while 1t 1s functioning in a system. It is even possible to view the pro-
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gram execution path or track with the logic analvzer, which can be extremely

TABLE 48 MUAB0D instruct
skt useful in debugging complicated software.

Instruction Tracking with the Logic Analyzer

E E The op-codes of an instruction can be stored with the memory addresses in
7] = - ':':;| u - the memory of the logic .unai:..".r.er for |.4'15F?t' viewing s he:‘.:idr_:-.:imu] n.p--;:'ﬁdm-
=N - - ~§ T 3 i S _:,3: - B In some of the newer logic analyzers, it is even possible to view this informa-
B W B o 8 & T 7 Z L g 3 8 § = tion 1in mnemonic form as a hsung on the screen of the analyzer. This, ol
& =z E & & E E & 2 ¥ E 8 5 E E course, is not a listing of the program; it 1s a dynamic listing of the instructions
as they are actually executed in the system.
ABA *« & » & & 1 @# |NC 2 & & 5 7 @ To track the program in an operating svstem with a logic analyzer, three sig-
ADC: x @ 2§ 43 m e NG LA S nal components must be connected to the analyzer. The data input connec-
AL X B ;. : 2 : i v . e R 4 tions for the analyzer are connectled to the MC6300 data bus, allowing the in-
::;3'1[} ; ; '_ : %2 : : j;if : : : ; ; : atru_c'_m:nm and data to E::f-: displayed as they appr:-:m- on the d_::nt:: hu_&. _ In
ASR T & w & T a m IDA. & @ F 3. 48 & @ addition to the data, a logic analyzer needs a clock signal to acguire the infor-
RCC e & & & ® & 4 LDS e 1 4 5 5 @ mation from the data bus. This signal is obtained by logically combining the
RS s & 8 ® ®» @® d LDX e 3 4 5 5 = VMA signal wiath phase two ol the clock. It s important thatl the analyzer
BE A s ® = @® ® # LSRR > e & £ T 0w clock is set on the negative edge of the output of the circuit in figure 3-10.
BGE « s & & @+ & I NEC 2o & & T @ In addition to the data and clock inputs. the analvzer must also he trnig-
BGT * * e = @ ® 4 MOP « ¢ & = @» gered at the proper point by using the beginning address of the software un-
RHI * & = & & & 4 ORA x ® 1 3 4 35 =& der test as a trigger. Many analyzers have a l6-channel trigger producing cir-
BIT x ® I 3 4 5 @& & PSH > a8 A a2 8 4 cuit for this purpose,
BLE 22w RN W FUI ': L D : 4 Once the analyzer 1s tngegered. it stores the mlormation {rom the data bus
E::;" : : : : : : j :EIF'. 5 : : :: '3' : n '115: internal memory 1lqti| it is full. At this time the listing of the program can
Bl T & ow e W ow o RTI . R % & A0 | be viewed and checked for errors.
b 't rrE - j ES e 2 : 3 Displaying the Timing Diagram of the MCE800
gf{[:l N BHS x ® 1 3 4 8 ; To test the entire system, it is a good idea to view the timing of the microproc-
BSE s o & » ® ®» R SEC s & s s 8 7 essor on the loge analvezer. To display the complete uming diagram. vou néed
BV a & & ® ® # J SEI = & ® % ® 7 an analyzer capable of displaving more than 24 signals at one time. In many
BVS « & o # & # 4 SEV =+« s 8 8 cases the analyzer that vou use may have only 8 or 16 channels. If this 1s the
CRA s & & @& » ] @ STA x & ® 4 5 6 = case, you have to be more selective with the signals viewed on the analyzer.
CLC « & & & & 1 8 575 « & 5 £ 7 = To display the timing diagram for the MCBEM), vou may want to use the in-
[ CLI *» & e o & I ® 51X » ® 5 6 7 @ ternal clock set to sample the information at the rate of every 20-50 ns. This
'rf-R_' 2 & & R e *":*L'_B x ® I 3 4 3 = procedure generates a fairly accurate timing diagram. The data inputs may
'::['1‘ " : ik : 2. ®. SWl i . if consist of the VMA, R'W, and the clock signal plus a few data bus hits and a
' E:';:] x 2 ; : : s : : HE : : : : : : few address bus bits, This will not display a complete timing diagram, but af
| CPX ; ¥ A 5 & e om .J:H.""i s & & @& & 73 least you can determune if the memory or I'O is functioning properly.
DAA T & & @» & 7 » TEA "« = = = e g
DEC 2 e e 6 T @ ® 5] > e & 6 T @ VMA —— FIGLRE 4-10  Uircuitry re-
DES *« @ @# & & 1 ® ISX a & & & & 4 i CLOLK qulru.:d_ to generate a clock
DEX s & & ® 8 4 ® [S% s & & @ ®» 4 . F pulse for the logic analyzer.
EOR x @« 2 3 4 §F wm = Wal . & = & # Y
NOTE: Interrupt time is 12 cveles from the end of the instruction being executed, Summary
except following a WAL instruction, Then 1t is 4 cycles — —=—————+
SOURCE:  Crnriesy of Misthnaka  Tne This chapter provides a working knowledge of the hardware signals and

major timing of the microprocessor, The MCAR, MCAR09, and MCAROH)
Motorola microprocessors were covered in fair detail, but less comprehen-
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sively than im the data sheets from the manufacturer. If more detail 15 re-
quired on any of these or other microprocessors manufactured by Motorola,
please refer to The Complete Motorola Microcomputer Data Library pub-
hshed by Motorola.

This chapter, of course, does supply enough detail so that you can explore
the wonders of these fantastic devices, This book also allows a ghmpse of an-
other microprocessor, if you happen to be studyving the Intel 3085A micro-
processor discussed in chapter 3. In fact, I would strongly urge the student to
make a comparatuve analvsis of both Intel and Motorola microprocessors by
perusing both chapters.

Access time The amount of ime regured BY a Memory component 10 access
or retneve information.

Bus arbitration An access lechnigque used when more than one bus control-
ler or microprocessor exists on the same memory and 1'0 bus structure.

Bus cyvele Whenever information 1s moved out of or into the microprocessor
through its bus,

Direct memory access (DMA) A computer's ability to store or retneve mnlor-
mation directly from the memory without the intervention of the micro-
Processor

Instruction cyvele Egqual to one clocking peried in the MCa800, MC6R09, and
AMOCARO00,

Interrupt An ['O techmgue that allows a slower ¢xternal [0 device to inter-
rupt the instruction flow of the microprocessor. This is accomplished
through a hardware subroutine jump.

Memory management A technigue whereby availlable memory space can be
increased W an unlimited amount

Parity A technique used to check for the valdity of data.

Pinout The pictorial view of an integrated circuit defining cach pin
conneclion

Read cycle Whenever the mucroprocessor reads data from the memory or an
L'0) device.

Sink current The amount of current availlable at an output whenever that
output 15 a logic zero.

Source current The amount of current available at an output whenever that
output 15 a logic one.

Transceiver A digital device that can either drive a bus linc or receive data
from a bus line.

Vector A number stored in the memory that is used to point o another loga-
tion in the memory.

Write cycle Whenever the microprocessor writes informalion 10 4 memory or
an 1/} device

QUESTIONS AND PROBLEMS
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10
11
12
13
14

15
16

17

15

19

Questions and Problems

List the number of pin connections on each of the following micro-
processors: MC6R00, MCaR09, and MCa3000,

How many TTL unit loads can the MC&R00 or MCARQ microprocessor
directly drive?

How many TTL unit loads can the MCA3000 microprocessor directly
drive? Explain your answer.

What 1s the noise immunity for the MC&800, MC&E02, and MCARD00?

Which crystal frequency would be selected to operate the MCBE00 at
1 MHz?

Which crystal frequency would be selected to operate the MCAE0Y at
| MH:z?

How many memory locations can the MC6800 or MCARIK directly ad-
dress?

How many memory locations can the MO6S000 directly address?
How many data bus connections are available on the MO&RMIO micro-
processor’?

Which MCAR00 bus is a bidirectional bus”

What is the purpose of the A5 pin on the MOABOO0?

What is the purpose of the LDS and UDS strobes on the MCGR0007
The BERR signal on the MOASM0 indicates which condition”

Which three signals control a DMA action on the MCAR000 macroproc-
essor?

Which signals control the DMA action of the MOGEDY microprocessor?
Where must the RESET vector be stored in the MCGBRH) or MOGRDD
microprocessor?

Where must the RESET vector he stared in the MUGRNN microproc-
essor?

How much tuime s allowed for memory access in a MOAB00 based sys-
tem?

How much time 1s allowed for memory access ina MOGROM hascd
system”

Explain the operation of the circuit in figure 4-7.

What is the purpose of the DTACK signal in the MC68000 microproc-
essor’

List the types of interrupts avalable for the MC6BO0 microprocessaor.
List the types of interrupts availahle for the MUABO9 microprocessaor.
List the types of interrupts available for the MCOR0D microprocessor.

Whal is the difference between the FIR() and the IRQ mputs on the
MCaE097

Which MCGRHI0 interrupt input level has the highest prionty?

How long does i take the MC&RO0 to execute the LDAA mmstruction if
a clock frequency of 1 MHz has been selected?
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Caven the following MCB800 program. determine how long it takes to
execute if a 1 MHz clock is used.

LORA =310
LOOF [DELCHA
BME LOOP

The logic analyzer can monitor the instruction flow in a subroutine or a
program, Wrte a short program to test 'O location SC000,

If you were to use the internal ¢lock on the logic analyzer and you set
it fora | ps sample rate. what would vou view on the screen if the
data bus were connected to the analyvzer's data imputs?
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DATA
CONCENTRATOR

TRAFFIC LIGHT
CONTROLLER

MC6800
Application
Examples

This chapter collects all of the separate
techniques that were learned throughout
this textbook, Example problems that in-
clude memory interface, various forms of
VO interface, and digital communications
have been illustrated. It is very important
that the student go through each of the ex-
ample problems for ideas on hardware and
software implementation.

For more examples, see the end of this
chapter, which contains a series of projects
that illustrate many of the techniques dis-
cussed in this text.
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DATA CONCENTRATOR

12-1

Pata concentrators are used in data communications environments to pack
many slow channels of digital data onto one high-speed channel. For exam-
ple, a department store may have 20 pont of sales terminals that must be con-
nected to a computer in another city. Instead of leasing 20 telephone lines for
the fairly intermittent data from these in-store lerminals, a data concentrator
can be connected between the POS termunals and the computer in the other
¢y, This connection docs not reduce the speed of the system as far as the
user 15 concerned; it only reduces the total system cost by replacing the 20
lcased limes with 1.

6800 Data Concentrator Example

In this example two low-speed channels are concentrated onto one higher-
speed channel for transmission 1o another system. The data on the low-speed
channels is serial asynchronous data transmatted at 300 baud, and the data
on the high-speed channel 15 asvnchronous data transmitted at 4800 baud.
For this example, we will only consider one way commumcations between the
two terminals and the remote svstem.

Figure [2-1 allustrates the protocol between the concentrator and the
larger computer system. The data is preceded by an ID byte that indicates
which terminal 1s transmitting the data, The ID byte is always followed by 15
bytes of information. allowing for a fairly efficient means of data transmission
between cach terminal and the remotle computer system

6800 Data Concentrator Hardware

The hardware for this application 15 pictured in the schematic of hgure 12-2.
The 6R00 15 surrounded by three 6850 ACLAs that receive serial data from
the terminals and transmit scrial data to the remole computer svstem. In ad-
dition 10 the ACIAs, a 128-byte RAM for data storage and a 1K-byte EPROM
for program storage exist.

I'he decoder selects the EPROM for memory locations $FXXX, the RAM
for locations SOXXX, and the ACIAs for locations SBXXX, SOUXXX, and
SDXXX. Data channel one uses 3BXXX: data channel two uses SCXXX;
DX XX i1s used as the link between the remote computer and the data con-
centraror

Data Concentrator Initialization Dialog

In this svstem the three ACLAs must be initialized 1o start the communica-
tions hetween the terminals and the remote svstem. This dialog resides at
the location pointed to by the restart vector in locations $FFFE and $FFFFE.

FIGURE 12-1 The protocol e Hyte
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1 #DATA CONCENTRATOR INITIALIZATION DIALODG ;ﬁhﬁlﬁh,&g?ﬂpm_
2 » - gram for the MCGRD based
3 START LCD& #%09 SETUP ACIA COMMAND WORD data concentrator.

4 STAA $EO00 PROGRAM THREE ACIAS Check ACIA

= STAA $CO0O0 1

= CLR  $0000 SETUP COMMAND FOR ACIA THREE

7 LDS =%007F SETUP STACK AREA

8 LDX COUNT POINT TO BUFFERS: PDINTER AND FLAGS

S LOODPF CLR ¥ CLEAR BUFFERS, POINTERS AND FLAGS

10 DEX

£3 BNE LOOP

17 CLR % Check ACTA

13 LDAA #32 SETUP QUEUE TWO POINTERS =

14 STAA IPNTZ+1

15 STAR DOPNTZ+1

v LBy etem saftware bedging here)

[he terminal ACIAs are programmed to divide the external clock source
by 16, to transmit 7 data bits with even panty, and 1o send 1 stop bit. The
high-speed ACIA is programmed with the same data format. except that its
internal divider 15 setup to divide by 1. The resulting transmission speed is
SR Baud.

Check ACLA
#3

SENTs

Data Storage for the Data Concentrator

The data storage consists of two separate butfer areas in the memory. These
hold data as 1 comes from the two fermimal devices and function as FITFOs,
OT QUCUS Memories.

26 #STATUS SCANNING SOFTWARE

1E *RAEM STORAGE 27

17 = £8 BYST LODE =1 SET ACIA MUMBER

18 BUF1 RME 3z TERMIWAL OME BUFFER 29 LDAA $BOO0O GET STATUS OME

19 BUF2 RME 22 TERMIMAL TWO BUFFER 30 JER LCHKI GO CHECK ACIA STATUS
70 IPHTI1 FME ©2Z WQUELUE ONE FOINTERS <41 IMNCE SET ACIA MUMEER

71 OPHTL FRMB 07 az LDAA $CO00 GET STATUS TWO

77 IPHTZ FRFHMB OF QUELE TWO FOINTERS 3.3 JERF  LCHEKI =0 CHECE ACI4 STATUS
23 DPMTZ RHMBE 0Z =4 LOAA $OO00 GET STATUS THREE

28 FLAG FCB 00 TRANSMIT FLAG as JSR CHKO GO CHECK ACIA STATUS
20 COUMT FCB 0o BYTE COUNTER 36 BR& SYST KEEP CHECKIMNG

The quewe pointers are all imtalized for the empty condition; that is, both
the input and output pointers are equal in value. A full condition 15 indicated
when the IPNT 15 one less than the OPNT.

ACIA Status Scanning Software

The purpose of this software 15 o determine when un ACIA has received in-
formation or when it 1s ready o wansmit informaton. This software immedi-
ately follows the system intiabization dialog presented earher. Fygure 12-3
tustrates the flowchart of this software. which s the main program for the
dala concentrator.

The software 15 looped through continually until a ready condition on any
receiver 15 detected or a readyv condition in the transmitter is detected. Once
detected,. data is transmifted or received by subroutines presented later in
this text.

d7 #SUBRDUTINE TO CHECK ACIA RECEIVER STATUS
JB =

d8 CHKI RARA RORF INTO CARRY
g BCS READ
dil ETS IF NO DATA IN THE RECEIVER
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The subroutine illustrated above checks the receiver of the selected
ACIA to determane if it 15 ready with data. If it is not ready, a return from the
subroutine occurs. If it 15 ready, the subroutine continues at location READ.

Reception Scftware

As the data 15 read from each terminal, it 15 stored in the terminal’s queue,
where 11 15 held for later transmussion by the high-speed ACIA. No attempt is
made to detect a queue full condition, since this can never happen because of
the speeds involved. Refer to figure 12—4 for a complete flowchart of this sub-
routine.

42 +5UBROUTINE TO READ DATA FROM AN ACIA
43 =#AND SAVE IT IN THE APPROPRIATE QUEUE
44 =

43 READ CHPB =2 CHECK FOR ACIA Z
di BEW READZ

q47 LDX IPNTI POINT TO QUEUE ONE
d8 LDAG SBOOO GET DATA

49 ERA READ3

50 READZ LDX IPNT2Z2 FOINT TO QUEUE TWOD
ol LDAA ®COO00 GET DATA

52 READZ STAA X SAVE DATA

23 Jd8R  UPDAT INCREMENT AND WRAP POINTER
od STKX IPNTE SAVE IPNTZ

55 RTS

FIGURE 124 The

flowcharm of the READ sub-
Touline.
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Transmission Software

SE #SUBROUTINE TO CHECK TRANSMITTER STATUS

a7 #

5B CHKD BITA #=%02 TEST TDRE
29 ENE SEND

6O RTS

This short subroutine determines if the transmitter in the high-speed
ACITA 15 ready for another byte of information. If 10 15 not, a return from the
subroutine occurs so0 that the remaming ACTLAs can be tested,

The SENID subroutine transmits data to the remote system through the
high-speed ACIA. The Nowchart for this routine is pictured in figure 12-5,
and the program itself tollows,

61 #S5EMD SUBROUTIMNE FOR TRANSMITTING DATA THROUGH
62 #THE HIGH SFEED ACIA

63 #

54 SEND LDDA FLAG GET TRANSMITTER BUSY FLAG
55 BNE BUSY IF BUSY

B6 LOAA IFPNTI GET IPNT1

67 CMP& OFNTI COMPARE WITH OFPNTI

58 BNE ST1 IF FIFO ONE IS NOT EMPTY
54 LODAA IFENTZ GET IPNTZ

70 CMP& OPNTZ COMPARE LWITH OFNMTZ

71 BNE STZ2 IF FIFO TWO IS5 NOT EMFTY
72 RTS IF BEOTH FIFOS5 ARE EHPTY

This portion of the SEND subroutine checks whether the transmitier is
currently sending data; of 1t 15 pol, it continues on 1o check whether data s
availlable to transmit. If no data is present to transmit and the transmitter is
not busy. 1t returns to scanning for imput data through the two low-speed data
channels.

73 #COMTIMUATIOM OF SEMD WHEM FIFOS ARKE MOT EMPTY
T #

73 .5T1 LDAA =0] LOAD TERMIMAL 1L NUMEBER

76 BRA ST GO SEND IT

47 BT2 LOAA =0z LDOAD TERMINAL ID NUMBER

8 8T 8TAA %0001 SEMD TERMIMAL ID NUMBER

78 STAA FLAG SAVE TERMIMNAL NUMBER IMN FLAG
=R1 LCAA =15 SETUP BYTE COUNTER

81 STAA COUNT SAVE IN COUNT

82 RTS CONTIMUE SCANMING

If the transmitter 15 not busy but data is available to transmit, this portion
of the software sends the terminal number through the high-speed ACIA
and also sets a hyte counter to 13. The hyte counter contains the numhber of
bytes that must follow the ID number. After transmitting the ID number, 4 re-
turn to scanning occurs 50 that additional data may be receved.
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Ciert ilata Cert olaatai Iritn=mii
trum FILFL = from FLFD #2 ierminal
update poinici vpdate poasiien T3 rurmber
1 |
L
el o 5
RERS il ':'-l: -L.IUU:'IlmI.':“lI.
: . *% rans mutier
to ACLA #3 -~
ex ¥ AL}
g |
I |
i
ier remenl
DT
cisnl
Ten
| N[5
Iraimarmil Ber
TR
RETLURMN

FIGURE 12-5 The flowchart of the SEND subroutine
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B3 #CONTINUATION DOF SEND

Bad #

BS BUSY LDA&A FLAG CHECk TERMINAL NUMBEFR
BE TSTR =472 CHECK FOR TERMIMAL THD
87 BEME T1 GO TO TERMINAL ONE

8H LDAA IPNTZ2+1 GET IPNTZ

=1 CHMPAR OPMTZ2+1 COMPARE WITH OPNTZ

S BEME SEMZ 0 SEMD & BYTE FROM TWO
a1 RTS CONTIMUE SCAMMIMNG

3 el o | LDAA IPNTI+1 GET IPNTI

a3 CMPA OPMT1+1 COMPARE LITH OPFNTI

a4 BME SEMNI1 GO0 SEWMD A& BYTE FROM ONE
85 FTS COMTIMUE SCAMMING

If the transmitter has been sending data, it arrives at this section of the
software to determine whether any data has been recerved. IF ol has, a truns-
fer occurs to either SEN1 or SEN2 {0 send the information. If it has not, con-
trol is returned, and i1 continues to search for more input data.

95 #*0DATA TRANSMISSION PORTION OF GEND

57 «

98 S5EN1 LDK OPNTI1 GET OPMTI

2fiz] LOAaA o GET &4 BYTE OF DATA

1040 ETAA sDOD] SEMD THE DATHA

101 J5R  UPDAT INCREMENT AND WRAP POINTER
102 ETH  OPHMTI1 BAUE OPMTI1

193 SEMX DEC COUNT DECFEMEMT EBYTE COUNT

104 BEME RETS RETURNM FROM SUBROUTINE

148 CLR FLAG CLEAR BUSY FLAG

108 RETS RTS COMTINMUE SCANMIMNG

107 SENZ LDX OPNTZ GET OPMTZ

108 LOAG H GET DATA

108 5Taa #0001 SEND DATA

110 JS5RF  UPDAT INCREMEMNT AND WRA&F POINTER
111 BTH OPNTZ SAVE POINTER

112 BEFA SENX FIMNISH UP

This software sends information through the high-speed ACLA and then
decrements the byte counter. If the byte counter reaches zero, which indi-
cates that all 15 bytes have been transterred, the FLAG 15 clearcd so that
the transmitter can start trunsmitting the next 15 byvies of data.

113 =#INCREMENT A POINTER AND WRAP IT IF NEEDED
114 =

115 UPDAT S5TKX CDUNT+1 S5AVE TEMFP
116 LDAA COUNT+2 GET POIMTER
117 ANDA ®SEOQ STRIP MOST SIGNIFICANT

11B PSHA SAVE IT
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5 srEse: 0] ] B
119 LDAA COUNT+2 GCET POINTER ' = SRR R REL AL -
1210 INCA INCREMENT IT - ] ' ' ' -
)2 AMDA 28%1F M&SK MOST SIGNIFICANT ae—
127 STAA COUNT+Z SAVE IT |
123 PLULA RESTORE 1T . | O I U
174 ORAA COUNT+Z COMEBINE | | | St
125 ETAA COUNT+Z2 . ' Y
128 1 DX COUNT+1 LODAC INDEX REGISTER ' e
127 RTS ! ,
This subroutime merements the index register and stores the result back | ‘ I | ’:f:f-.
into the index register. It 15 a simple task, except that in this case the number L I [ | | AP —]
must be a4 5-bil cyelic number, which reguires all of the special codimg histed | ] | |
i the ahove subroutine. Only the least significant 5 bits are incremented in = E ;:1 __=j E_f E’ = E E £z :_F :rj % i _I
this subroutinc. - Al
E -
E.':.rs1err1-L|m'[a1|D.r15. _ - | | T rr e i- = i -
I'his system has one mmportant limitation that should be noted. The low- i
specd data must continue in increments of 15 bytes. [f this does not happen, ! J,‘Fi-hl'h - vfu

the system hangs up with no outpul ever for one of the two channels. If this
result 1s not acceptable, the system can be modified o send a byle al a time, |
preceded with the terminal number. The only problem with this is that the
system's efficiency suffers.

T
h— g
Y
{1t
]

%55

\

DD Ay-Ay
270
(FPROM)

FIGURE 126 The schematic diagram of the MCGR based traffic hght controller.

12-2 TRAFFIC LIGHT CONTROLLER

DM

Traffic hight control by microprocessors 15 becoming commoenplace m many

large cities hecause these units are easily adjusted tor different timing se- f ol
guences dnd can be controlled by an external computer system. External r’?x”.ﬁfj : -3
. Fa =T,
computer comtrol has ancreased traftic flow dunng peak hours and reduced ﬁﬂWf == .
. - S— - [ = b __'f T
the number of accidents in the cities where 1t has been tested. ﬁgﬁ & f;:_ ]
The svstem illustrated in this 1ext receives s iming seguence through a E 5 1 I T 1A =1
kevboard located at the controlled intersection. The kevboard also enters z | | | s e o
f=1

the time of day amd other imformation. such as the times the trathc hght
should flash. This svstem also includes a sct of trip plates to trnip the hght for
one dirccuon

- —
1
- |

Traflic Light Controlier Hardware ] =
The hardware for this controller includes an MC6821, which scans the key- g A g B a2 | =
Poard and controls the traffic lamps. In addiion to the MO6R21, an oscillator N i '

15 Included 1o provide the MCH800 with its clock and 1o act as a liming source - % = -
for the nonmaskable interrupt mput (INMI1. Also included is a trip plate sen- = o _ o =
s0r that cavses an interrupt o occur whenever a vehicle is in proximity with - .n'; |§

the trip plate. The trip plate itself 15 a loop of wire located just below the sur- ] |z

face of the roadbed. When a vehicle sits over it, the metal im the vehicle T
changes the mductance of the loop. which can be sensed by the interface. :-—-w'u-—-—"—|||
Figurc 12-6 illustrates the MCaBW controller hardware, including the b % E

memory regured and the appropriate device selection logic. The oulputs of

35
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the decoder select the 1K-byvie EPROM at address 3FXXX, the [28-byte <0 AR e SELERT PERLPHEROL WhHTa REEISIEES
RAM at address SOXXX. and the MOU6821 at address SEXXX. <1 STAA $EOD]L SEND TO FIA
27 STAA $E003 SEND TO FIA

RAM Storage Assignment

¥

i :Rﬁﬂ STRRAGLE ASSIGNMENT s tContinues at the SETUF Frrogram)
d CLOCK RMD 7 CLOCKE STORAGE i
Traffic Controlier Setu

d TIME RHMB 1 TIMER STORAGE } st g :

5 NSRED RME 1 NORTH-SOUTH RED [he controller must be programmed to function after a restart. Programming
E MSGRE BMBE NDE":H—SD:_ITH CREEN is accomplished through the kevbourd and consists of entering the time of
7 NSYEL RMB 1 NORTH-SOUTH YELLOMW day, the duration of each light, tnp times, and flash times,

8 EWRED BMBE 1 EAST-WEST RED Each one of these pieces of information must be entered without visual
9 EWCRE RMB 1 EAST-WEST GREEN feedback, since this unil contains no display. A display 15 unnecessary be-
O EWYEL RMB 1 EAST-WEST YELLOW cause the sequence is relatively short and can be entered again if an error is
11 MAXTR RMB 1 MAXIMUM NUMBER OF TRIPS Grlested, _ - . .

{2 MINTR BMB | MINIMUM TRIE TIME An example programming sequence is lustrated in Ggure 12-7.
13 FLSTR RME [ FLASH START TIME

4 FLEND RME B FLASH ENMD TIME

-

The basic clock nmer s allocated 7 byies of memory: 6 1o keep track of the

time (in hours, minates. and seconds) and 1 to divide the 10 Hz input signal i
it [-second pulses. The time 15 kept 10 unpacked BCD form for ase in soft- “ZB SETUP LDX CLOCK+1 POINT TD TIME OF DaY
ware development. 27 JSR INTIM GET TIME OF DAY
Memory location TIME 15 used as a down coeunter that is decremented 28 CLR CLOCHK CLEAR CLOCK
once per second, TIME is used by the software to time a particular light and 28 LDX NESRED FOINT TO NSRED
15 10 standard binary form. a0 JSR INSEC GET SECONDS COUNT FOR NSRED
The six locations for hight tming, NSRED, NSGRE, and so on, are each a1 JER INESEC GET SECONDS COUNT FOR NEGRE
programmable for times of up to 255 seconds. which should be more than 32 JSR INSEC GET SECONDS COUNT FOR NEYEL
enough time for a lump in any direction 23 LOAA MNEYEL GET WNSYEL
Minimum trip time and maximum number of trips indicate how long a light 34 ETaa EWYEL SET EMWYEL
may remain tnpped and the minimum amount of time reqguired 1o cause a rp. a5 ADDA MNSCRE CEVELOP EWRED
A tvpical mimmum time may be 20 seconds, and a typical maximum number a5 STAaS EWRED SaUE EWRED
of trips may be five. This. of course. depends on the tratfic flow pattern at the 37 LDas MSRED GET WNSRELD
INCErsecTion, 38 SUBA NSYEL DEVELOP EWGRE
In many cases it 1§ normal to remove a light from service in the wee hours of a9 ETALS EWCRE SAUVE EMWGRE
the morning by programming the start and end tlash times into the [2 bytes 40 LDKx MAXTR FOINT TO MAXTR
of memory allocated for this purpose. 41 JSR INSEC GET COUNT FOR MAXTR
Initialization Dialog 42 JEF  INEELC GET SECOMDE COUMT FOR MINMNTR
: _ _ _ : 43 LD¥ FLSTR FOINT TO FLSTR
Since this is a programmable device, it must be initialized whenever power 15 a4 JSF INTIM GET FLASH START TIME
flpp]it‘d or whenever a change in the scquence of the hights 15 10 be cffected. 45 ISR INTIM CET FLASH END TIME
Ihe dalog r_ha..t_ ’ru,:rlh‘n.'.'. S s executed whenever the mucroprocessor is re- 4B LDAA MAXTR CHECK FOR & TRIP PLATE
staried. The initialization dialog programs the PLA and branches to the key- a7 BEEQ GSY¥ST IF NO TRIF FLATE
board entry portion of the software.
15 =IN ITIARLIZATION DIRLDG Marth Sorth Mith Maximim Secorsls Ton = A @
16 = Tu'n_ﬁ' af day a0t south squith Irip LT \::1':: i) I'I:ul:i e
17 RESET LDS =$007F SET STACK AREA e e peliep | ) g HH MM S | EE s
18 LOAL =%FC SETUF PORT B

19 STAR SEOOZ CONFIGURE PORT B

23 #PORTION OF THE SYSTEM PROGKRAM THAT SETS ALL OF
£d +THE PROGRAMMABLE FEATURES

FIGURE 12-7

The sctup sequence that programs the traffic light contrelles.




362

CHAFTER 12: MCEE00 APPLICATION EXAMPLES

47 SET1 | By EMABLE TRIP PLATE INTERRUPT

i (Continuwes at S5YS5T Pprograml)

4

This sottware accepts all of the programming data from the Kevboard and
slores 1L in the appropriate memaory locations, Sce figure 12-¥ for a flowchart,
It also calculates the duration of each of the trathe lamps facing east-west and
detcrmines whether or not a trip plate is connected to the svstem. If MAXTR
15 a Zerg. 1l s assumed by the software thal no tnp plate 15 connected in the
system. and the trip plate interrupt is left disabled.

INTIM Subroutine
The INTIM subrouting reads the time through the kevboard for the nime of

dav, flash starting time. and flash ending time. It stores the time in the format
HH/MM/55. HH is a two digit number for hours, MM 1s for mimutes, and 58

:

FIGURE 128 The
Mowchart of the SETUP por-
tion of the traffic lght con-

troller system progran. Ciel el
ture 0f slar flash
il T
1 '
Cicl Ciel
markh-snpih end 1Tiash
IS 1imed Lmc

el
[[ERL{ EETRTTLE

1

Ligl L bl

rai-sath irip plate

vellow ™ lome mlCrrsp
| -—
|

sl =T gl
Ry
Corarl

TS Imum &
i |'! ;|'|'\u

/ o /
O

TRAFFIC LIGHT CONTRCLLER

for seconds. This six digit number 1s stored 1n six contiguous memory loca-
tions, which are indexed by the X register in unpacked BCD form,

d8 #*SUBRODUTINE TO SAVWE THE TIME IN UNPACKED GCD FORM
45 =

50 INTIM LDAB =205 SETUP COUNTER

21 INTIS JSR INKEY GET A DIGIT

2 STas o SAUVE IT

°d IMK FPOINT TO MEXT LOCATION
=4 DECB DECREMEMNT COUNT

25 BME INTIS REPEAT UNTIL S5IX DIGITS
26 RTS RETURN FROM SUBROUTINE

INSEC Subroutine

The INSEC subroutine, illustrated in the flowchart of figure 12-9, accepts a
three digit number from the kevbourd and converts 11 from BCD to binary. Tt
is then stored in the memory location that is indexed by the X regisler
INSEC s used to get and save data for the tming on the lights and the rip
times. if required.
@ FIGURE ]2.—9 Th-:.. i

owchart of the INSEC suh-

L routing,

lemp - key

Ny

LA

e
cills W CF

eyl

KETUR

d
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o7 *INFUTS DATA
58 #CONVERTS IT
>3 #
60 INSEC LDAE
1 CLR
BZ INTI1 LDAR
3 Aol A
=4 =TAA
E5 ASLA
GG ASLA
7 ADDA
GE STAA
ES JSR
70 AOLA
71 STAA
72 DECH
13 BNE
7d LOAA
10 SETAA
706 I M3
7 RTS

CHAPTER 12: MCGB0) APELICATION EXAMPLES

IN BCOD FROM THE KEYBOARD THEN

TO EINARY

#5073
FLEND+B
FLEND+E

FLEMD+G

FLEND+E
FLEND+E
INKEY

FLEND+E
FLEND+G

INTII
FLEND+E
i

AND SAVES IT

SETUP COUNTER
CLEAR TEMP
MULTIFLY BY 10
DOUEBLE ACC

GET DIGIT
CREATE BINMARY NUMBER

DECREMENT LCOUNT

REPEAT FOR THREE DIGITS
LET BINARY WERSION

SAVE IT

FOINT TO NEXT

RETURN FROM SUBROUTINE

'his subrounine converts from BOIY 1o binary by multiplyving the previous
binary number by ten and then adding in the new BCD digit. This will pen-
erate a bipary number for 4 BCD number of up to 255, In example 12-1, a 103
15 converted to binary asing this algorithm.

EXAMPLE 12-1

First

Second

Third

INKEY Subroutine
The INKEY subroutine is used to retrieve information from the len key nu-
mernc keypad interfaced to the MCA800 through a MO6821 PLA. This proce-
dure is accomplished by using the basic INKEY subroutine that was dis-
cussed in chapter 7. A flowshart for this subroutine 1s depicted in figure

[2-11h

7B *SUBROUTINE

79

BO IMKEY JSR

B1

BMNE

£
by
A

Tih
I
L1
0
L1
3

RESULT

TRAFFIC LIGHT CONTROLLER

INKEY

Debounce

FLEND+6

(HHND (WM CO00 1010
CHOOC (M) OO0 000|
Q000 (W (000 1010
Q000 1010 D00 D000
Q000 1010 (LU E LI R R
arta oo D000 D01
o11o arrl

T0 READ A CHARACTER FROM THE KEYBOARD

CHECHK
INKEY

CHECK FOR A KREYSTROKE
IF & KEYSTROKE

B2
B3
Bd
BS
BE
B7
EB
B3
a0
a1
92
93
24
95
ab
97

Debounce

No

e

Compuie
Ciile

RETLURM

J5R
JSR
EME
INKEY1 CALL
BEQ
JSR
JSR
BEQ
PSHE
LDAB
LOAA
INCA
BEME
LOAE
LOAA
INKEY3 IMCEBE

CELAY
CHECK
IMNKEY
CHECHK
IMKEY 1
DELAY
CHECHK
INKEY 1

#$FF
SEQOD

INKEY3
w07
EEQOD

FIGURE 12-100 The
floachart of the INEEY suh-
rogtime,

DEBOUNCE

CHECK FOR A KEYSTROKE
IF A KEYSTROKE

CHECK FOR & KEYSTROKE
IF NO KEYSTROKE
DEEOUNCE

CHECK FDOR A KEYSTROKE
IF NOISE

sTACk ACC B

sETUP GCL CUDE

GET 0 TO 7

CHECK FOR ANY

IF @ THROLGH 7

IF 8 OR 3

GET 8 AND 5

365
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aE

23
10
PR
102
103
10
105
106
107
108
LOE
1140
I11

f 2
-

113
L1d
113
11
117
118

ouT

)
I
M
L
A

CHK1
DELAY

DEL1

RORA
BCS
TEA
PULEG
RTS
LOAA
INCA
BNE
LOAR
ORASL
INCA
1=
PSHE
LOAB
CLEA
DECA
BNE
DECH
ENE
PULB
RTS

INKEYZ

SEQOQOQ
CHE L

FEQOZ
#%5FC

#9514

BEL1

LEL]

CHAPTER 12 MCE200 APPLICATION EXAMPLES

IF NOT FOUND

GET BCD CODE

RESTORE ACC B

RETURN FROM SUBROUTIME
GET & 70O 7

GET & ¢ TOD 7
GET B AND 3

RETURN FROM SUBROUTINE
SAVE ACC B
CAUSE 10 M3EC: DELAY

RESTORE ACC B
RETURN FROM SUBROUTINE

Nonmaskable Interrupt Service Subroutine

This subroutine 1s used for keeping the correct tme by moditving CLOCK; it
also, once per second, decrements whichever number happens to be in |loca-
tom TIME. This feature provides the traffic light controller with & real-time
clock that not only contans the iime of dayv bur can also time events. Location
TIME 15 used as a timer and can ume events in [ second intervals. See figure
[2=11 tor a Qowchart of the mterrupt service subrouting,

BN

",y
120
e
-l

22
1Z3
14

175
L.

126
27
148
129
130
131
132
133
134
135
136

#NOMMASKABLE INTERRUFT SERVICE SUEROUTINE FODR

#*THE REAL TIME CLOCE

*
MMl

INC
LOAE
CMFE
BNE
CLR
LDX
CEC
DEX
JSR
BWE
LORB
Jd5F
ENE
LORBE
JSR

CLOCHK
g#EOH
CLOCH
NHIZ
CLGCHK
TIME
“

IMCR
MHMIZ
#5005
IMCR
MMI3
BEOA
TMER

GET DIVIDE BY TEN
CHECK FOR A& TEM

EXIT

CLEAR COUNT

POINT TO TIKME

DECREMENT TIME

POINT TO SECONDS

GO INCREMENT SECONDS

FETURN FROM IMTERRUPT

SET WRAF

GO INCREMENT TENS OF SECONDS

SET WRAF
GO IMCREMENT MINUTES

THAFFIC LIGHT CONMTROLLER

Increment
clock

Clear clock
decrement
time
Increment
s ned s

Incrensenr
Ly secimdly

Invrement
minutes

Yes

Increment
lens minuies

137 BNE
138 LOAB
138 JOR
140 BNE
141 DEX
142 LDAR
143 LOAB
144 INK
145 CHMP4

NMIZ
4306
INCR
MM I3

2E04

#07

367

FIGURE 12-11 The

O flowchart of the

p nonmaskable mlerrupl serv-
[ncremeni ice subrogline.
howrs

SET HRAF
GO INCREMEMT TENME OF MINUTES

GET TENWNS OF HOURS
SET WRAP

CHECK FOR 20 HOURS
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14EB EME MMIZ IF NOT 20 TO 23 HOURS

147 LORE =%04d SET WRAF

148 NMIZ JUSKF IMCR GO INCREMENT HOURS

14 BENE MNMIZ3

150 LOAE =%03

151 JSKH  IMCR GD INCREMENT TENS OF HOURS

152 NMI3 RTI FRETURN FROM INTERRUFT

133 INCR INLC X ZET COUMTER

154 CHMPE X CHECK FOR & HWRAP

155 BEME IMCR1 IF NO WRAP AROUND

156 CLR X

127 INCR1 DEX

=8 TST X

159 TS RETURN FROM SUEROUTINE

The subroutine INCE has been developed 1o increment the count in the
memory location indexed by the X repister. If the count eguals the number in
ACC B, or wrap, the count is clecarcd. Number wrap indicates the modulus of
the counter 1o the subroutme. A return with the CCR indicating an equal con-
dition means that the next higher order digit of time must be incremented. If
areturn with the CCR indicating & not equal condition occurs, it means that
no further counters need be updated.

Traffic Light System Software

The purpose of this scgment of the software 15 10 change the traffic lights.
The software scans through the fimes programmed into the controller and
changes the indicator lamps 4t the appropriate time. You might call this the
system software, since most of the controller’s time is spent here, Figure 12-12
tllustrates the flowchart for the system software.

1B #=5Y5TEM SOFTWARE

161 #

1E2 5YST LDAA =% SYNCHRONIZE WITH CLOCK
1E3 5Tan TIME

164 S¥ST1 TST TIME

165 ENE SYSTI WAIT FOR SYNC

1B SVSTZ LDARA =%84 SET RS-GREEN. EW-RED
167 STAA $EOOZ CHANGE LIGHTS

168 LDAA NSGRE

168 ASR TIMO GO TIME OUT LIGHT

170 | DAR =344 SET NS-YELLOW: EM-RED
171 STAL $EQOZ CHANGE LIGHTS

172 LDAR NSYEL

173 JBR  TIMO GO TIME DUT LIGHT

174 LOAA #$30 SET NS-FED: EW-GREEN
175 STAR $EQGZ CHANGE LIGHTS

176 LDAA EWGRE

177 JSR  TIMO GO TIME OUT LIGHT

178 LDaRs #%Z28 SET MS5-RED+ EW-YELLDOWK

TRAFFIC LIGHT CONTROLLER

178
1840
181
18
183
184
1B5
186
187
188
183
190
191
192
193

SYAT

Svnchropize
with clock

—|-+-|- e

mel M-5 green
E-%W red

T

Turme ous
lighs

1

M —vellow
EW —red

:

Time
||5|'|r

i

M S—rend
EW—green

v

leme ol
iighi

1

MES—red
EYW—yzliow

1

[iene el

ltirhi

STAA
LOAA

J5Rk
LOK
JSR
BCS

3¥5T3 LDAA

STHA
LOAA
JSR
LD#
J5R
BCC
CLR
LOAA

FIGURE 12-12 The

flowchart of the main teaflic
light system program.

Flazh
lighrs

l Yex

._{:)

FEOO2
EWYEL
TIMO
FLSTR
ComMP
BETST?
#E57E
SEGZ
#5501
TIMO
FLEND
CoMP
SYET2
SEQQZ
#EC]

(0

CHANGE LIGHTS

GO TIME DUT LIGHT
POINT TO FLASH START TIME

COMPARE FLASH START WITH CLOCK

CONTINUE SEQUENCE

S5ET MNS-RED+ EW-YELLOMW
CHANGE LIGHTS

SET COUNT TO ONE SECOND
TIME IT OUT

PUJINT TO FLASH END

CHECk END FLASH TIME
COMTIMUE NORMAL SEQUENCE
CHANGE LIGHTS

9T COUNT TO CGNE SECOND

368
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1394 JSR TTIMO TIME IT OUT
19% LOX FLEND POINT TDO FLASH END
196 J5k COMP COMFARRE FLASH END WITH CLOCK
187 BCC B¥ET2 CONTINUE NORMAL SEQUENCE
1398 BRA BYST3 CHECKk FOR FLASH EMND
129 TIMO TAA TIME SAVE TIMEQUT TIME
200 TIMOA TST TIME TEST TIME
Zui ENE TIKMOA CHECE FOR TIMED OQUT
0 FTS RETURN FROM SUBROUTINE
03 COMF LDAA CLOCK+1 GET CLOCK
2 CMPA X CHECk TIME (SECONDS)
3 BME COMPI IF NOT THE SAME ENC IT
E LEARA CLOCK+Z CHECHK TIME (TENS SECONDS)

L2 L.

CHMPA 1.5

)

208 BNE COMP1 IF NOT THE -SAME END IT
209 LOAA CLOCK+3 CHECk TIME (MIMUTES)
217 CHPA 2.

gzl ENE COMFI iF NUT THE SAME END 17T
212 COMPx LCAA CLOCR+4 CHECK TIME (TENS MIMUTES)
213 CMFA 3%

214 BME COMP1 [F NOT THE SAME END IT
215 LbAaA CLOCK+3 CHECK TIME f{({HOURS!

1B CHFPR 4.5

el?d BENE COMP1 IF NOT THE SAME END IT
Z18 | DAR CLOCK+E CHECK TIME (TENS HOURG)
218 CHMPA S5+K

220 COMPI RTS EwD IT

The only feature of the above software that may be a hittle difficull to un-
derstand is the very furst portion. Line numbers 162 to 165 are wsed to syn-
chronize the interna] interrupt processed clock with the software hsted. If
this 15 not accomplished, uming may be inaccurate by | second occasionally.

Trip Plate Software

The trip plate interrupt scrvice subroutine only takes effect if a maximum num-
ber of trips s programmed oo the controller. I the maximum number s
zerar. the interrupt remains disabled, and the sequence illustrated in SYST
takes complete comrol, The plate selt produces a pulse on the IRQ pin of the
MCHRO0 every time that a vehicle rests on or crosses the plate.

This interrupt service subrouting must be able to determine iF the east-
west light 1s i the red condition: if 1t is. 1 must then determine how much
time remains before the hight changes 1o green. IF this ume 15 egual 10 or less
than the minimum time for tripping. no action is taken.

(ice tnipped, the software must contimue to trip the light for up to the
maxtmum amount of time before changing back o red. This 1s accomplished
by counting how many times the light has heen tripped during the on cycle.
A Nowchart for this interrupt service subroutine 15 ilustrated in Hgure 12-13.

SUMMARY
FIGURE 12<13 'The
Mevwchart of the trip plate n-
lerrupt service subroutine,
Yios
Paik
Clear
Lrip
Lime
| B
[N EF
i Incremen:
Nt trip coumt

SCLrp Time

G

221 #TRIP PLATE INTERRUPT

ceL *®

=23 TRIP LDAA sEunZ READ LIGHT FOSITIONS
224 BITA =404 TEST EW-REL

Led BNE TRIF1 IF LIGHT I35 RED

=aB BITA =#%10 TEST EW-GREEN

227 BEQ TRIRZ IF LIGHT IS5 YELLOM

228 LCCA FLENC+E

228 CHEA MAXTR CHECk FOR MAXIMUM TRIPS
230 BEEQ TRIPZ I[F COME

i INC FLEND+B

232 LOAA MINTR GET TRIP TIME

234 STAA TIME MODIFY TIME

234 RTI

235 TRIPL BITA =%40 TEST NE-YELLOMW

236 BNE TRIPEZ IF YELLOMW

237 CLR TIME END GREEM FOR NORTH-SOUTH

£38 TRIRPZ CLR FLEND+E CLEAR TRIF COUNT
2319 RTI

- Summary

This chapter applies the Motorola MUK series microprocessor in two fairly
typical examples. a data concentrator and a traflic hight controller. Both apph-
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cations are important, since they use some of the tundamental hardware and
software techniques presented earlier in this text,

The data concentrator illustrates the wse of ACIAS in an actual example
problem mcliuding programming and a hardware interface. The traffic light
controller uses a PIA with a kevboard and some traffic lamps. This second
example emplovs a real-time clock through the nonmaskable interrupt pin on
the MCHEOD and a trip plate attached 1o the maskable interrupt input.

The problems at the end of this chapter include several more examples to
be worked on as homework or laboratory projects. Whatever their results,
the student will learn a great deal about both hardware and software by at-
tempting them

Sugges_ted Projects

1 Develop the MCBEDD hardware and software 1o implement a coin
changer mechanism. It must be able to accept coins in any denomina-
tion from 1 cent to 30 cents and dispense change in the fewest number
of pennies, nickels, and dimes.

The amount of money to be accepted 15 programmed through a set
of swiltches located inside the vending machine. The programmable
amount can be anvthing from 1 cent to $1.99,

Your software must accept coins until the amoent indicated on the
internal switches has been either reached or exceeded. If the amount
has been cxcecded, dispense the [ewest number of coins as change
and send an active low pulse out the VEND pin for 20 ms.

As coins are inserted. a mechanical assembly serts them and sig-
nals the microprocessor with a pulse imdicating the denomination of
the coin. Once your program has detected and remembered the coin,
it must drop it into the mternal coin box by pulsing the DROP line for
100 ms, There is also a “bent coin’ signal in case a defective coin is
inserted into the machine. If a bent coin is detected, you must pulse
the EJECT hne for 120 ms o ¢lear the coin slot.

To dispense change. the appropriate CH control line is activated for
100 ms, dropping & coin oul of the change <lot of the vendimg ma-
chine. You must onlv return one coin at a time with a pause of at least
50 ms between comns [or the mechanical ejection mechanism to func-
tion properly. Tahle 12-1 illustrates all of the TTL input and TTL out-
put connectlions that are to be interfaceéd o the MUGSN.

2 Develop an 1C test fixture that will automatically test the 7490 TTL
decade counter. The pineut of this decade counter 15 pictured in fig-
ure 12-14 with a briet description of its operating characteristics,

Your system must completely test this device. If it 1s found Laulty,
the red LED must be lit; if good, the green LED must be lit. The test
sequence must test the clear to zero. clear to nine, and counl sequence
of the counter at least 20 tumes without failure for a good indication.
The test socket and rwo TLED indicators are picturced in lgure 12-15,

SUGGESTED PROJECTS

TABLE 12-1 Signal lines for the comn changer.

Signal Function

YVEND Used to vend merchandise from the machine attached to this changer
DREOP Lised to accept a coin that has been placed into the mechanism
EJECT Used 1o return a bent or defective coin

I Onc cent program input switch

2C Two cents program input switch

b Five cenls program inpul swilch

[ Ten cents program input switch

R Twenly cents program imputl switch

M Fiftv cents program input switch

[0 One dollar program mput switch

CHI Returns a penany as change it pulsed for [ ms

CH3 Returns a mickel as change if pulsed for 10 ms

CHIU Keturns a dime as change if pulsed for 100 my

CH25 Eeturns a quarter as change if pulsed for 100 ms
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FIGURE 12-14 The block
diagram. pinout, and truth
table for the 7290 decade
counter,

EOURCE: Courlesy of Tesas Insino-

ienls, Inc.
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FIGURE 12-15 The centrol
panel of Lthe microprocessor
based TTL integrated circuit
[esler,
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Start FIGURE 12<17 The ramp

SEMEAS

for the pine wood derby.

FIGLURE 12-16

5.4 54
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[T
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Cronmd Bl

The conrrol

If the above svstem s W0 be able 10 1est any [4-pin integrated TTL ¢ir-
cutl, which changes would have 1o be made to the hardware’!

Create a darkroom timer that will control the length of time that the
enlarger caposcs the paper. The tumer must be capable of exposing the
paper in increments of (.1 second up to 10 min.

Time settings are dialed im on a senes of rotary switches that are la-
beled in one-tenth seconds, seconds, and minutes {as illustrated in
figurc 12-16). The push button starts the timing sequence thal applies
AC power to the lamp i the enlarger for the preset amount of time.

Your neighbor’s son is 4 cub scout and wants vou to build a umer for
the annual pinewood derby. This box must be able 1o determine who
wins cach heat and to display the winning time on a set of LED nu-
mere readouts.

Figure 12=17 pictures the ramp. which accommodates two cars at
one time, and the location of the beginning and ending irip points

Your software should start timing when either of the first trip points
15 tripped and continue timing until either of the second trip points 18
tripped. The hardware should indicate who has won the race and
should light up the elapsed time on a set of displays.

FIGURE 1218 The display
panel on the Microprocessor
based ping wood derby.

Sevunils

Figure 12-18 pictures the layout of the displays and the winner in-
dicator light.

6 Modify the system developed i guestion 5 so that 11 can accommodate

a four lane ramp.
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KEYBOARDS

Kevboards are interfaced in two different ways in most microprocessor
based svstems, The lirst method oseés a Kevboard encoder that detects
kevetrokes, converts the kevstrokes into ASCIL code, and signals the micro-
processor that information 1s avallable. The second method requires an imput
port and an putput port, which are used with some software 1o multiplex the
keys in a kevboard matrix.
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The pineut and block diagram of the AY-3-2376 kevboard encoder.

SOURCE: Cowmesy of General [nsiraments, s

KEYBOARDS

Keyboard Encoder

The AY-3-2376, a tyvpical kevboard cocoder, 1s illustrated i Nigure 7-1, The
kevs are attached to the encoder through an eleven by eight kevboard ma-
trix. which allows 88 kevs 1o be connected to the encoder.

The encoder, under normal operation. scans the kevhoard matrix for a key
closure, Once the closure 15 detected. the intermal circuitry addresscs a
ROM, which provides the ASCII address of the key at the data outpul con-
nections. This information is not considered valid untl the AY-5-2176 gener-
ates the ourput strobe signal after time is allowed for the key switch to stop
bouncing.

In addition to the 88 key switches connected in the Kevboard matnx, 2
additional switch connections accomplish the shift and the control func-
tions. These additional inputs select different ASCII codes for the kev
switches. The internal ROM 15 a 264 word read only memory, which pro-
vides three sets of ASCII codes, depending upon the conditions of shift and
control,

Keyboard Encoder to 8155 Interface

Figure 7-2 pictures the AY-3-2376 connected o an 8135 penipheral interface
adapter. The strobe output, which becomes active after a vald keystroke.
strpbes the kevboard data into the I'O port for use by the microprocessor.
Once the software detects this event, data 1s mput 10 the microprocessor and

A p AY 52176
—“— A
Y
—W—| B Y,
100K
W b L g |
8155 Py ATUK bs
— 19 Yo
_I ¥
ns ¥y
Py
— I .
o v |
P.-'|q| H| 1l:.u 1
PA, B- Xy -+
P-'\._' HI }':l —-r 3 JI-- —_—
Pas | S ) ' -
PA, B. X,
PA H. Xy
PA, B- b [
F"!'-" — ”r: K!.
ro, 218 STROBE OUT X, | - D
i
SIIFT ONTR Control l
| ; -
_'__.'-I'"
Shift =

FIGURE 7=2 An AY-3-2376 interfuce o the 8155 through Port A using the strobed in-
put mode of operation.
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the I'0D port 1s again ready for another byte of information from the key-
board.

Pins A. B, and C on the AY-3-2376 are used as uming inputs for an internal
oscillator. This oscillator times the basic kevboard scanning rate, The SC pin
connection develops a time delav internally, which debounces the keys on
the kevboard.

The subroutine that is used to test the AY-5-2376 for data follows:

1 ¥THIS SUBROUTINME CHECKS FOR KEYBOARD DATA

Z +IF DATA IS FOUND IT RETURNS WITH IT IN THE ACC
2 +1F NO DATA IS FOUND IT WAITS FOR THE DATA

dog

3 #THE ACC AND FLAGS ARE DESTROYED

B §

7 INKEY: IN STATUS +GET THE BUFFER FULL FLAG
B ANI OZH i ISOLATE ABF

g i INKEY iLOOP IF THERE IS NO DATA
L IN PORTA iINPUT THE ASCII DATA
11 RET iRETURN FROM THE SUBROUTINE

Hexadecimal Keypad Interface
The kevboard encoder 1s only used when a full kevboard 18 connected to the
microprocessor. Most applications do not require a complete keyboard, so
this circuit s not found. In its place vou would probably find the circuit of
figure 7-3 with a small kevboard matnix of 16 keys.

For this interface to fit many different tvpes of parallel interface adapters,
the diggram dentifics only port A and port B

This keyboard 15 organized as a 2-by-B-bit matnx. Port A must be pro-
grammed as an input port, while the 2 bits used in port B must be pro-
grammed as outputs. This 15 accomplished with the imitialization dialog dis-
cussed in the last chapter and with the subroutines for thas circuit.

FIGURE 7-3 A
hexadecimal keyvpad con- 1 o 0+
nected to Port A of a PLA. FA S . T V' V' WS
PAy L S L SPYYR
PA. AL il . ST V|
FA ] k! = \—*Vﬂr "
P gy e IR Bl sna—o
Ia PA- = Iy L L TP
PA, IB-— ;LE—ANV—q
Fa, L S LEPPYY
LK
FH, — ¥
PR, -

KEYBOARDS

The subroutines that will scan the kevboard must be capable of selecting
a column of eight kevs, detecting if any of the cight keys 15 depressed,
debouncing the keystroke, and providing a code to identify the kev's loca-
tion. The flowchart provided in figure 74 illustrates this sequence of events.

B085A Keypad Software

When developing the software for this application, bhinary bit patterns
0000 0010 and 0000 0001 are chosen as codes to select the columns, and hi-
nary bit patterns 0000 0000 and 0000 [000 are chosen as an indicator for the
first key in the selected column,

The time regquired for debouncing the keys depends upon the tvpe of push
button switches selected for the kevboard. In general, push button switches
will stop bouncing after 10-20 ms,

The 8155 15 imtialhized by programming the command register so that port
A s an input port and port B is an output port. The initialization dialog 15
placed at the start of the system software at the reset location.

yINITIALIZATION DIALDG FOR THE B1S5S5 KEYEDARD INTERFACE

|
Z i
d RESET: MVI Ay00000010B $5ET PORT A
g auT COMMaMD s5ET FPORT B

INPUT
OUTPUT

n

L]

l: INKEY I

i

Sean
Ry oard

b ] Yes [rebounce Sian ¥
keyhonrd | keviand released?

.

Acan
kevboard

sean 13 bounce

et
kevEoard keyhi virid

Calenlale
key
posiLIONn

L

Eeturn

FIGURE 74 The flowchart for scanning the keyboard illustrated in figure 7-3,
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After the B155 1s imitialized. it can be controlled 10 scan the keyboard. The
INKEY subroutine that scans this kevboard follows:

I sBOBSA ASSEMEBLY LANGUAGE VERSION

2 +5UBROUTINE TO DETECT A KEYSTROKE AND RETURN
2 ‘WITH THE KEY CODE IN THE C-REGISTER.

g4 3

¢ 7ALL REGISTERS EACEPT HL ARE DESTROYED

& JUSES THE SCANM AND CELAY SUBROUTINES

71

B SCHECKR FOR KEY RELEASE

9 INKEY: CALL SCAN iCHECK ALL KEY
10 JNZ  IMNKEY iIF KREY IS5 DEPRESSED
11 CALL DELAY 'DEBOUNCE

2 CALL SCAN iLHECK ALL KEYS
13 JNZ IMKEY ilF KEY IS DEPRESEED
14 sCHECK FOR A KEY
15 LOOP: LCALL SCAN yCHECK -ALL KEYS
16 S LOOF ilF NO KREY IS DEPRESSED
17 CaLL DELAY 1DEEDUNCE
1E CALL SCAN sCHECK ALL KEYS
13 o LOOr iIF IT WAS NOISE

20 iDETERMINE MWHICH EKEEY WAS DEPRESSED
21 LOOPL: RRC iLOCATE ROW

W RNC iRETURN IF FODUND
24 INR LC +MODIFY KEY CODE
24 JHMP LODP1 sCONTINUE TO LOOK

Lines 9 through 13 in the S083A version of the keyboard software check
whether the previous key has been released. This check s pecessary be-
cause the software that uses this subroutine may call it before the person
nsing the keyvboard has had tume to remove a finger from the button. If the
kew 15 released. lines 15 through [9 scan. or scarch. for another key closure.
(Once a key closure 15 detected. the subroutine searches the hinary hit
pattern for the closed contact: as 1t does. 11 modifies the kev code in the
C-register. When the code of the kevstroke has finally been calculated. a re-
lurn occurs with C equal to the key's code number.

20 MSEC. TIME DELAY SUBROUTINE
sCLOCK CYCLE TIME = 333 NSEC.
iACC+ F+» D AND E ARE DESTROYEL

=

i R TR S I N

=] [H]

1
DELAY: LK iLOAD COUNT

b12680

]

?89. DELAY1: DCY¥ D iCECREMENT COUNT

30 MOU  A.+D iTEST DE FOR A ZERO
31 drAa  E

32 JNZ DELAY!1 sCOUNT = ZERO®

33 RET

—a

KEYBOARDS

The amount of time used for the contact debounce delay is left up to the
user, since il varies with different switches. The count 1568 1o the DELAY
subroutine is chosen for a 20 ms time delay for this example.

Jd FKREYBDARD SCANNING SUBROUTINE

35 YMODIFIES B AND C. DESTROYS ALCC AND F
d6 FRETURN ZERD = ND KEYSTROKE

37 FRETURN NDT ZERO = REYSTROKE

dB &

38 SCAN: MUI A.0ZH iSELECT A COLLUMN

40 Myl C,00H +SET ROW SETARTING KEY COCE
a1 DUT PORTEH

42 I[N PORTA 1CHECK ROMWS

43 CPI OFFH

44 RMNZ tRETURN ON KEY

45 MJUI A.01H +SELECT NEXT COLUMN

4B guT PORTB

47 Myl C.,0BH +SET ROW STARTING KEY CODE
48 IM FORTA iCHECK ROWS

48 CPI OFFH

20 RET

The kevboard scanming subroutine sclects & column by modifving the
data at port B, Once a column of eight keyvs is selected, port A s mmput and
checked for a keystroke. It 1 or more bits are logic zeros at this time, it indi-
cates that a key is depressed and the subroutine returns with the accumula-
tor containing the row bit pattern. If no Kev i1s depressed. the column selec-
tion hit pattern and the row beginning key code are modified and the next
column of 2ight kevs 1s checked,

6800 Keypad Software

To implement the hex keypad with the MOUAB0D and MCU6E21 PIA, the PIA
must first be programmed or mmitialized at the reset location for the system
program. The dialog that follows programs port A as an inputl port and port B
4s 4n outpul port.

1 #5821 HEX KEYPFAD INITIALIZATION DIALOG

Z

2 REGET CLR CRA SELECT PORT A CDR

d CLR PORTA PORT A = INPUT

= CLR CRE SELECT PORT B DOR

E LDAR #®#%FF FORT O = OGUTFUT

7 5TaAA FORTE

B LDad =%04

= STAA CRA SELECT PORT A DATA REGISTER
10 STAA CKEB SELECT FORT B DATA REGISTER
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The kevpad scanning subroutine. which follows, checks to see whether a
kev is released. This s done because the software jumping to this subroutine
may execute in 4 very short period of time_ If it jumps 10 the subroutine be-
fore the operator releases the kev. multiple kevstrokes are entered into the
system. Once the key 15 released. the INKEY subroutine detects which key
hias been pressed and returns with the code of the key in accumulator B,

l #EED ASSEMBLY LANGUAGE WERSION
i #SUEBROUTINE TOD DETECT A KEYSTROKE ANMD RETURN
= #L/ITH THE KEY CODE IW ACCUMULATOR B.
| *
o #WAIT FOR KEY RELERSE
B INKEY ASR ECAN CHECK aALL KEYS
7 B NE IMEEY IF REY IS5 DEPRESSED
8 A5R DELAY DEBOUNCE
9 JER SCanN CHECK &4LL KEYS
10 BENE IMKEY IF KEY IS DEPRESSED
11 #WALT FOR & NEW KEYSTROKE
ki LDOR ISR SCAN CHECK ALL KEY
13 BEQ LoOP IF NO KEY DEPRESSION
14 J5R DELAY DEBOUNCE
15 AS5R SCAN CHECK ALL KEY
15 BEDQ LOOFP IF MO KEY DEFRESSION
17 #*0ETERMINE KEY CODE
1B LODP1 LSKA& LOCATE KEYSTROKE
19 BCC RET RETURM WHEN FOUND
20 INCE MODIFY KEY CODE
71 AMP LODP1 KEEP CHECKING

The time delay subroutine vses nested loops to achieve a time delay of 20
ms. This time delay s required to debounce the mechanical key switches in
the Kevhoard matrnx

s +Z20 MS5EC, TIME DELAY SUBROUTINE

2d *

& CELAY LDAA #%1d O0AD COUNT

£3 DELAY1 LOAG BEAS

26 DELAYZ DECE DECREMENT B COUNT
o BMNE DELAYZ COUNT B = ZERO?
=8 CECA CECREMENT A COUNT
29 BME DELAY1 COUNT A = ZEROY
d0 RTS FETURN FrROM DELAY

The SCAN subrounne selects a column of eight kevs and determines
whether or not a key is depressed. If a key is detected, a return equal occurs;
if no key is detected. a return not egual occurs

31 #+CHELCK FOR ANY KEY SUBRDOUTIME

3z #FETURM EQUAL = KEYSTROKE DETECTED

33 #FETURN NOT EQUAL = NDO KEYSTROKE DETECTED
2 -

33 SCAN LOARA #§02 SELECT COLUMN

MULTIPLEXED DISPLAYS

36 STAA PORTE

J7 CLKB SET KEY CODE
28 LDAA PORTA CHECK KEYS

319 CMPA sEFF CHECK FOR RKEY
g1 BNE RET RETURMN DM KEY
d1 LOAA #3501 SELECT COLUMN
i aTARA PORTE

q43 LDAEB #§0H SET KEY CODE
dd LDAA PORTA CHECK KEYS

a3 CMFA 2EFF CHECK FOR KEY

dE RET RTS FETURN FROM SUBROUTINE

MULTIPLEXED DISPLAYS
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Display devices are normally muluplexed to reduce the component count inoa
microprocessor based svstem. In microprocessors, the seven segment code 1s
developed with software to further reduce the amount of external hardware
reguired in the system.

BCD to Seven Segment Code Conversion

Code conversion from binary coded decimal to seven segment code 1s usually
done via 4 table lookup subroutine. The BCD coded number forms the ad-
dress of the seven segment coded character stored in a table in the memory.
This method of code conversion s widely used because of 1ts speed and rel-
atively low cost. Table 7-1 illustrates the tvpical lookup table for a common
anode seven segment display. The display and driver circuitry 1s pictured in
figure 7=5. When a logic one is applied to the base of the segment driver, it
becomes forward biased. This sinks current for the cathode of the display.
which then lights.

|5 W FIGURE 7-5 A scven scp-
) Anikie | ment LED display illustrating
the segment drivers,
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TABLE 7-1 Common anode seven segment lookup table,

I¥isplayed
Address [Data ata
: X a b e d e I g
TABLE o 111 11 1 0 0
TABLE + | o 0O 1 ¢ 0 0 0 |
TABLE+2 5 NN SO | N N R | A 2
TABLE+3 nt 1 o o i 3
TABLE +4 oot a0 11 4
TABLE+35 S T Y Y A | A 5
TABLE + 6 | S I ¢ PO N R T N | £
TABLE +7 p1 1 1+ 0 00 0 T
TABRLE+~R | S I Y S [ E N g
TABLE +9 | T [ T R I G

BO85A Table Lookup Software
Software to convert the unpuacked or single BCD digit 1n the accumulator of an
BOESA into a seven segment coded number follows;

| 1208548 ASSEMBLY LANCGUAEE PROCKRAM

z ySUBROUTIMNE TO COMWERT THE ACCUMULATOR FROM

o iBCD TD SEVYEN SECGMENT CODE

il sHL IS DESTROYED

5 {REFEREMNCES TAEBLE 7-1

= i

7 COWVERT: ANT OFH tHASKE LEFT WNIBBLE

B Lyl H:TABLE sPOINT TO LOEORKUFP TABLE
9 aco L tACD BCD TO ADDRESS (HL
10 HOL L+&

11 HOW Ao H

12 AL L adH

13 Fav Him

14 ML AaM iGET SEVEN SEGMENT CODE
15 FET

6800 Table Lookup Sofiware
Software 1o convert the contents of accumulator B in the MCA800 from a single
unpacked BCD digat into seven segment code follows:

1 #CEQD ASSEMELY LAMCGUACGE PROGRAM

z #SUBROUTINE TO COMVERT ACCUMULATDR B FRDOM BCD
A #INTD SEVEN SEGMENT CODE.

4 #x IS5 DESTROYED

= #FEFERENCES TABLE 7-1

= #*

o CONYVERT: ANDE #H0F MASK LEFT NIBELE

= LiDx #TAGBLE GET TABLE ADDRESS

MULTIPLEXED DISPLAYS

g STH TEMP SAVE TABLE ADDRESS
10 apoe TEMP+1 DEVELOP ADDRESS

11 STAE TEMP+]

12 BCC CONV1

13 INC TEMP

14 CONV1 LDK TEMP GET TAELE ADDRESS

13 LOAB 1 LET ¥V SEGMENT CODE
16 RTS

Location TEMP in the above software is 2 byies of memory somewhere in
the base page. This reduces the length of this subroutine. The extra work al-
lows this subroutine to be stored in a ROM, If a ROM will not be used. the
subroutine can be shortened considerably.

Multiple Digit Display

The table lookup technique for code conversion, along with other sofiware,
multiplexes the two digit display illustrated in higure 7-6. Port A supphics
both displays with seven segment code through a set of drivers. and port B
selects either digit zero or digit one. Agamn the tvpe ol penipheral imterlace
adapter is not specified, so that any can be utilized.

Port A provides seven segment data for both displavs through a set of
gurrent amplifiers, These amplifiers are required to provide enough drive cur-
rent for the displavs, which typically require 10 mA per segment. Since this is
a two digit muluplexed display, each display segment regquires twice this
amount of current to remain luminated at normal intensity. A three digit
display requires three imes the current, and so forth.
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FIGURE 7-6 A two digit multiplexed seven segment LED display,
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The software developed to dnive the displays will make one pass only; that
15, 1t will display each digit only one time. It is the responsibility of the soft-
ware using this subroutine to call it continually to mamntain a constantly dis-
plaved number. If vou wish 1o do quite a bil of processing between calls, it is
important to blank the displays to prevent damage. The displays may be
blanked by wrning off both displays,

Figure 7=7 illustrates the flowchart for the DISP subroutine. Port B selects
the digit that displays the information at port A. The two “digit"” selection

I', DisP l

FIGURE 7-7 A flowchart of
the subroutine reguired to
multiplex the two LED

displays mictured in figure r

6. Cuonvert
from BCD
fa Tesgp

Fosrtien
sizpnd

gl

L
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from BOD

=
] - L)
I F-sep

MULTIPLEXED DISPLAYS

pins at port B are connected to transistor switches that select a digit. These
switches must be capable of passing the current from all seven segments in
the selected display. In this circuit that amounts to 140 mA peak for each
seven segment display, with an average current of 70 mA.

The subroutine that causes the 1 ms time delay is not illustrated but can
be developed in the same manner as the DELAY subrouting in the section on
keyboards., The DELAY subroutine 1s included to reduce the swilching time
to the displavs, Without 11, RF is generated and propagated from the dis-
plays, causing a problem with the Federal Communications Commission

(FCC).

8085 Version of the Display Software
Before the display can be used, the 8155 must be programmed. In this appli-

cation, ports A and B must be programmed as output ports tor the displayv. As
with the prior software, the imtiahzation dialog 15 found at the reset location.

#
RESET: MVI  A.00000011B
OUT COMMAND

i P

18155 INITIALIZATION DIALDG

PROGRAM PORT A B B
AS OUTPUT PORTS

Once the 8155 is programmed, the DISP subroutine can be used whenever
data is to be displayed on the two digit display.

1 18085 AGSEMBELY LANGUAGE PROGRAM

2 ASUBROUTINE TO DISPLAY THE PACKED BCD NUMBER
4 HIMN THE ACCUMULATOR ON THE TWOD DIGIT DISPLAY.
4 3

2 DISP: PUSH PEW iSAME BCD

B CALL CONWVERT 1CONVERT TD S5EVEN SEG.
7 auT FORTA iSEND DATA

g MUT ADZH iSELECT DIGIT 0

g guT PORTE

1o CALL DELAY iWAIT 1 MSEC,

11 FOF PSK iGET BCD

12 RRC iPOSITION NEST DIGIT
13 RRC

id REC

15 RRC

16 CALL CONVERT iCONVERT TO SEVEN SEG.
17 OuT PORTA iSEND DATA

i8 MUT A:01H 'SELECT DIGIT 1

19 guT PORTEH
20 CaLL DELAY sWAIT 1 MEEC.
21 RET iRETURN FROM DISP
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6800 Version of the Display Scftware

Before the display can be used. the MUCBE2]1 must be programmed. In this
apphcation ports A and B must be programmed as output ports for the dis-
playv. As with the pnor software, the imtiahzation dialog s found at the reset
location. Steps 3 and 4 are only required if the MC6AB21 1s not reset. This may
be the case in some syvstems: so it may be better 1o include these steps as a
matler of practice.

1 #6821 INITIALIZATION DIALOG

g

d RESET CLR CRA SELECT DDR FORT A

d CLR CRE SELECT DDk PORT B

> LDAR #%FF SET ALL BITS TD OUTPUT
& STAA DDRA PROGRAM PORT A

7 STAA DORE PROGRAM PORT B

=] LOAR w304 SELECT DATA FOR PORT A
g STAR CRA

10 STAR CRB SELECT DATA FOR PORT B

After the MU6E21 is programmed, the DISP subroutine ¢an be used when-
ever data 1s 1o be displayed on the twao digit display.

#GBO0 ASSEMELY LANGUAGE PROGRAM

1
£ #5UBROUTINE THAT TAKES THE PACKRED BCOD FROM
4 #ACC B AND DISPLAYS IT ONWN THE DISFLAYS.
£l #*
3 DISP FSHE SAVE BCD DATA
5] JSR CONYERT CDNYERT TO SEVEN SEG.
7 GTAE PORTA SEMD DATA
E LORE ®0Z2 SELECT DIGIT ©
) ETRE FORTH
10 JSE DELAY WAIT FOR 1 MSEC.
11 PULE RESTORE BCD
12 LSRE FPOSITION NEXT DIGIT
13 LSRE
14 LSRB
12 LERE
16 J5SH CONVERT CONVERT TO SEVEN SEG.
17 STAB PORTA SEND DATA
18 LOAE =01 SELECT DIGIT 1
13 STAE PORTE
20 J5R DELAY HAIT FOR 1 MSEC.
21 RTE RETURMN FROM DISP
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tive for any application requiring this type of sensitivity. The RST 6.5, RST
5.5, and INTR inputs are level sensitive: they must be held at their active lev-
els until they are recognized at the end of the current instruction. The time re-
guired to recognize these three inputs varies with different instructions and
clock speeds of the B0¥5A. It is also important to note that the HOLD input
causes an inteérrupt to be delayed until after the HOLD condition has ended.

The INTR Input and INTA Qutput

The INTR input does not call an interrupt service subroutine directly, Instead
the BOBSA issues an INTA pulse when this input is acknowledged, as illus-
trated in figure 83, It is the designer’s responsibility to add hardware that
will force an instruction onto the data bus in response to the INTA output of
the B085A, For most applications, 4 RST 1 through RST 7 is forced onto the
data bus; on occasion, a CALL instruction 1s. (Note that the RST 0 instruc-
tion is normally used for a software and hardware RESET.) Figure B4 pic-
tures the application of @ RST 5 in response to an INTR interrupt request. The
R5T 5 instruction, an EFH, 15 hardwired to the inputs of the eight three-state
buffers. Whenever the INTR input is placed at the logic one level requesting
an interrupt, the microprocessor responds with an INTA pulse. This proce-
dure enables the buffers and applies the EFH or R5T 5 op-code on the data
bus. The microprocessor responds by executing the RST 5 or it calls the sub-
routine that begins at memory location 28H.

MCB800 AND MC6809 INTERRUPT STRUCTURE

The MCA309 has three interrupt inputs: one is a nonmaskable interrupt input,
NMI. and the others are maskable |n_t_E|'rLlp‘.:'-.__m and FIRQ). The MCaEM)
has all the same inputs except the FIR(). The NMI input causes the MC6R09
to look to memory locations SFFFC and SFFFD for the address of the inter-
rupt service subroutine, The IRD input uses $FFF8 and $FFF9, and the
FIR(Q) input uses SFFFG and 53FFF7 for their service subrouting vectors

When the interrupt input is accepted by the MC6R09 or MC6800, it auto-
matically saves the contents of all internal registers on the stack and looks to
the appropriate interrupl vector for the starting location of the interrupt serv-
ice subroutine. The exception to this rule 15 the FIRQ). or fast interrupl re-
guest inpul, which only saves the contents of the program counter and condi-
lion code register.

At the end of the interrupt service subroutine, 4 special return mstruction
(RTI) reloads the registers saved on the stack and returns 1o the program that
was interrupted. This return instruction is different from RTS. which does
not restore any register but the program counter. An extra flag bit in the status
register indicates whether the interrupt is a FIRQ or normal interrupt for the
MOAR09, This 1s looked at by RTI to determine which registers must be un-
loaded from the stack.

In the MC&EN the TR(Q interrupt input is enabled by the CL1 instruction
and disahled by the SEI instruction. These mstructions control the interrupt
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FIGURE 84 A cirewnt that

will cause a BST * instruction AN
(0 be gated onto the BOESA
data bus in response to an |5 Tal.52a4
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enable bit (I} in the condition code register. which in turn controls whether
or not the interrupt is accepted by the microprocessor,

In the MC6809, the (I and (F) interrupt masks are controlled by the
ORCC instruction. which sets or disables them. and the ANDCC instruc-
tion, which clears or enables these bits. The (F) condition code bit controls
the FIROQ) mput, and the (1) condition code bit controls the IRQ input.
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