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ifieed andfor Write} '

Artumulstor
Addimnn

Add:esring Modes
Arithmutic and Loyic
Unit (AL U)Y
Aschiachire

Assemblar

Auembiy Lingl:lige

Asynchranous Qperanion

Benchmark Problem

Binary Coded Decimal
i8col

at

GENERAL TERMS and DEFINTIONS

The Lime interval balween Lhe instant data s insested inle or requested from memory and the instant
that data wanster it compleled {may be the lungest path,)

A temporary storage register{s] that [stoies) sums and other arithmetic and logical aperations al an
arithmetic 1agic unit {ALL]

A charscler or group af hits that identifies a particular location in memory, or other locations ol g1+
suurces and destinations, '

The methods of specifying the location(s) of data or program segments in memary of cther locaians.

'
.

That part of a CPU that perfarms arithmetic, logica! and related cperabions. Alung with memory and
cantral, an essenlial microprocessor elum:nt

L]

The organizatianal struciure of & compuling system. Refers mainly to physical makeup of the micro-
computer [Section 2] or microprocessor (Section 10} pars i thin volume,

A CompuIeEr program used 1o Translale a symbalic Ianguage SHIEmEnt 13 a machine langsage statement
on a one for-one basts,

A pragramiming language utilizing symbolic representation, The symbolic representation, sumelimes
called mnemonics, suggests the instrucnon funcoion and is translatable by the assembler into machiae:

langu ags,

A switching network operation with no comman timing source. Circuit operation is such that the com-
plesion of one event initiates the next, ’

A measure of serial data transmission How in communications apptications. Baud rale generally delines
signal bits per secand transmilted, bul may alse include character framing bits,

A t!i.-quuntl'r used {sample] problem employed o compare and evaluate :nrnputéu ImicrenzonnonsLeFs. b
Permits comparison of the number ol insiruciions, memory words, and eperation cwcles requited 10
alew Lhe sarme prablem.

T i) w———

A number coding sysiem in which each decimal digit is represented by a 4-bit binary word., The decord
number 13 becomes the coded-number 0001 0011 in BCO using an B.4.2-1 inary code.

The abbreviation af "Binary digiL”™ and 1he single characters in 3 binary number [1 or Q).

LFEER|



GENERAL TERMS and DEFINITIONS

Data Aegister Anvy regater that holds data.

A coinpuler program designed to gid in detecting, wracing and eliminaliy e ort i mecrocompulers fon oiher
tomputer] programs while they are runming. Allows replacing, adding, of tevising inslfuctions into the
main Qperating prigram.

Lhebug IPr'ngum]

Getrement A progFam instruction that decreases the conlents of a 1lorage loCanion,
Oedicared Micipprocetsor A microprocessor that has been programmed loe 3 specific, single application.

A compuier program designed o chegk the opéraiion of vanious hardvare and 2oflwdré paris of 5 -
microcompuater syem, Typically writien tor eech lunctional area; e.g.. CPU diagnosiics for CPUhas,

Memary disgnostics for Memory checks, etc. . .

Qisgaostic Pragram
Duwect Addresiing An wfdiessing mode in whicn the adgeess ol the instruction ar operand scomplelely speciiigo in the i
struclion without refergnce to a base register o index register,

Diect Memory AcCeis A methed of inserling inpurfaulput dels into storage or obtaining iInpulfoutput daga Iroin S 1SToy Greltiy
(OmAl} without inyGlving he wiudl Mow 8 dats (irgugh the procession registers.

Edstar [Pragram) A computer program desighed 1@ llow manipalation ol source program text materiai,

To imitare gne syslem with anuiher, 1he latlef being microprograminabie and equipaed with 3 speninl o an

Emulane
pragram, so that the wmitdting syslem execures Lthe same programs and achieves the sarno reslls ay the
imilated system, {See Sonulale )

Esecution Tima The Ime, naimally expiessed in clock cycres, required 1o carry oML an instrocnon,

Feich The reading out of sninsiruction lrom main memgry énd the insertiun of the wsirucTion il werk o,
TIL PR

Firmeeas# Pi ey armiming instrug Hons Stored 1 o oed cnly memory (ROM )

Flay Bie An information bit that inditates 1he uCclrenCe of special CONITions suCh ay = Gvertlow, cary e o -

Flow Chart A graghiczl representation af a problern and 1he operations 10 be sccomplished Lo sohve the piobie,

1TRAN . A high level programming language wied to tacililate the gapression of cOMputeEr prograng in anthimais

tering 4nd formulae. Shonl for "Formuls Translalgr,” ’

Handshaking A cplloguial lefm thal deseribes 1he inethod wied by 4 mogem [or ather asynchiongus desices § (o

eslabhsh 2 commumication hink for eventual dala feansmission,



Jump

Loader [Program|

Loogk Ahead

Loop

Machine Language

Maching Cycle

Macra Insiructien

Memory Address
Hegister

KMicrocamputer

Micrainit;uctian

Microprocesser

Micreprogram

Mi:mpmqunuﬁahl:
Campuier

Jp—

ULENEBAL | EXKMS and DEFINTIONS s

An yncanditional depurture Tron the narmal yatroctiron sequence to 4 ddferen place in the

PG AL

A compuler program designed 10 read (enier] a progiam biom an inpul device il wWork g $101 &5,
{Random Agcess or Read MW niie Memory — HALL)

A centrai processing unit [CPU| {eatune 1than allows the computer 1o mask lignare | 80 intarn.e,
request until the following instruction has been executed.

*

Avequence of instrections in which wthe 1inal TasuuChon causss Tepefintan ol Lo bugdoice & Nt o
al times uniil a termination conditicen &5 detecied by @ breanth insTraction 45 wechad.

The numeric form ol specifying gvery Uit ot every instruction ina progran. fhe iingd Ginary wegoe.
code that a compuler uses directly,

The Lasic central pracessing vnit (TP cyete in which; an address may b sent 1o indmory gomd - -
wond {data or imsirectionl may be read or weitlen; of 10 which & feiched instruction may be Feecr-t o
QOne machine cycle is made up ol several clock cycles, -

A symbolic tource asiembly tanquage stalement that combines any group of Hreguenty ved Conenien
finsteuctions}), The macro instruction will be expanded by the assemblor rio sovedal maching fangud

DL uCtions,

Thu register in the centril processing umit |JCPUJ that containg the address ot the storage fmemarns |

lacaon being accessed.

. L .o
A computer sysiem whose central piocessing unit LCPUY} is a microprocessor. A basic micraedmpars,
inclugdes & migroprocessor, memary. and inputfoutput faciity.

An element in a miCroprogeam.

A single integrated circuil chip, or se1 of chips, capable of performing the functions w1 s Loyl
central processor,

The comnpuler instruchions siored v a readonly -mremory [ROM) that implement the Basc instisoi
sel gf the computer. '

A compuler In which the mictopragram imiciginsiruetions} in the read-only - memory [HOMN) v
be changed, the changing the compuiet’s waDioction set,




Fart (170 Part)

Pragram Counter

Pragrammaltda
Logit Array [PLAI

Prugrainmable Rea J-
{nty Memory [PHOM)

Push Down Srack

Random Accrys
Memory [RAM)

Read

Register

Relative Add l'l:l-l;l'lll

Read Gnly-Memary
IROM|

Scratgh Pad Memaory

Simolaly

Slica

Soltwara

Tt A

Teiminals 1hat provide electrical aooess between the [microlceraputer and the outside world,

A cegistar in the cential processing unil [CPLI) whose joh is to slep 1he [micfoleompuiern Wguy:
the [microlpiagram. This regitwr holds [saves] Ihe address o the instruction under gs ecutian in
the event of program inlerrupt of branching aciivicy.

An griay of logic elements whose Ntaconnections can be programimed |ususl |y mask progre;,. -
some figld programmable] 10 perionn g specific logical funciion,

A memory aray manufacrored with o consient logical pattern {att enes ar zecgs) god gt can De
wihitten inie [programened) by the wser. EARDOM™S [electrically alterable ROM 3 ) can b deocins
cally erased and reprogrammed. EFROMS can ba erased and reprogrammed vung wltravinief bos

and elegirical sig.r]als_

T

Ses “"Stack.”

A memory device that has read and write capabllity and that provides direct 2eceds LD $oowg
information, regardless of location. Read or wiite time is independent of data location

Ta acquire andfor tg inerpret data from a memory device.

Small seale memory capabie ot hotding a fixed amouny of data, such as 3 word  Lhed maind e
Enparary STorage, and sccessille 10 the central prdcgssing unit (CPU.) The number =Hggeis
in 3 microprocessor is directly related 1o the program el ficiency,

An addressing mode 10 which the address is dateemined by adding an offset addie}; 19 4 base
address s1ored in somesegister, Permils the compuier Lo relocate Blacks of data Ly changing oy

ong number, .

r

Anemory device generally vsed 10 store a compuler’s cabrol pragrams (firmowarel, and o
alierable by normal operating methods. Esceptions are PAOM's, EPROM's ang EARDM s,
which are ROM's whost contents may Le sliered i the Leld by special medns,

ReadfWrite (AAM] memory devices or registers that arerased 10 310re g aly m¥erie oo
results {dala), or memory addresses [pointers.}

Mo imitale ane system with snother wsing a program written in asaembly ar cigh levdd laogu e
$0 thai Ihe imitating sysiem accepts the same dala, executes the same progiams, wnel Ao b
The same results as the syslem bejg imitated. |See Emudate.|

+
.

A partivan of a microprocessor 1hdT enables severgs idenucal wmits g bBe parafidded el
and gugmented by control logic 10 ealize e CPLUL

A collection of compuier oy amd, procedures, rules and dOCLUMENIITI00 wied ar 23601
with the operatign of the compuler.
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CHAPTER 1 O¥ERVIEW

Althourh the first microprocesscr, the Intel 4004, apprared 5ix years afgo,
the microzrocessor field still seers new and exelting, The rapid advances in
microprocessor technolegy, the creativity of the software designers, and the ex-
plasion o' microprocessor applications have all contributed to this imase. In
the popular mind, the computer on a chip has been realizedl and the availability
ol° computing power to everyone is at hand. While this is not yet the case, it
is true that few of us will long escape the impact of microprocessors. HMi-
eroprocessors are scheduled for use in most automobiles in the late T0's and
early 1980°s, and the market for televizion.modules 1s just now developing. For
engineers and scientists, mieroprocessors will increasinely be employed in in-

struments, terminals, and a wide variety of militarxﬁnnd industrial control and

comounicat ion systens,
Cooponents - Hot Computers (A viewpoint}

‘There is 2 wide spectrum of views on nieroprocessors due in part to the
wide wvariety ot available micrnprncessors: The word "microcooputer” iz {re-
quertly used to emphasize that the basic operation of these devices and their
associated systems is nearly identical to that of conventional computers.* ! Ori
the other hand digital desipners often view microprocessors as convenlent re-
placenants for hardwired digital subsystems. One should note that microproces-

sors are preducts of the components industry and not of the computer industry.

1. In this text, "microprocessor® will be used when describing the cen-
tral processing unit of a "nicroarocessor system” {or "microcomputer™},



"rlicroprocessor rawily". Later, Intel developed its systens components for the
8080, The desifmer can expect a continuine growth in the lanily size {or rost

microprocessors since the capabilities of the systems can be increased without

moving te anocther processor and it concormitant software investrents.

father special memary components have also been developed (or microproces-
30rs. these chips rmay have rultiple chip selects that simplify the address
decoding and may be organized so that a minimum number of ch;pa ¢can be  used.
The wubiguitous 2702 is organized as a 1024 by 1 bit chip (1024 words, 1 bit
leng}, and a minimun remory for an B-bit processor would require eipht chips.
This memory would have ikbyte capacity and might be too larpe for many micropro-
cessor applications, Instead, one could use a Hotorola 6B810 which, in one chip,
has 128 bytes. (In most microprocessor applications, the program is stored in
read-only-menory and nof in read/write memory.)} Ultraviolet erasahle read-only-

memory (r0M) is also available for proto- type systems, : "

iinally, read/write and A0H remories h;ve been combined with input/output
circuits on the same chip., Obviocusly, the manufacturers are trylng to provide
chips that will simplify the deasign of microprocessor systems by minimizing the
number of chips, Lurther, tne load on the address and data huses is reduced and

the overall reliabilicty increasad.
Conputers are Snmarter than Programoers

Software reraing a costly feature of -Lile desien process tor a microproces-
50r system. There are two reasons for this. First, microprocessors have a lim-
ited instructions set and limited addressing modes. The procraryer simply must

work parder and more carefully. Second, in contrast to computer manutacturers,
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in exactly the same way}. Here the designer must exersize careful Jjudpement is
the selection of the processor, menory, programmble input/output, board design,
development system, ete. The large number of systems justifies considerable at-
tention to the minimization of coats ,to testing and reliability, and to docu-
mentation. Since the same software will be used, the desimner can try to optim-
ize the software 30 that hardware costs can be minimized (e.g. memory size)
through various tradeclfs in software, In this latter case, a designer should
campletely understand the components of the system a2nd be able to cope with the

goftuare.

In this tutorial, we will attempt to study some of the fundamental ideas
involved in microprocessor system design and to review the basie characteristics

of microprocessor syatem components.,

4
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ninicomputers are "tully decoced", nence if the procesaér references leecatlions
where @meinory does not exist, a "trap" to a speeial proprar for such errors usu-
ally takes Llace, vuvenerally, in microprocessor systems the processor may read
and write {n non-existent memory without impuhity or it may address the same
physical location through multiple addresses. Thus mieroprocessor programmers
nust. be more careful because no "hand shaking™ occurs between pricessor and
memory Lo assure the processor that the memory exista or thap the location is

uniquely cefined.
Hemory Happed ¥vs. Isolated Input/Output

In most microprocessor systems, the input and output repisters and their
associated control and status registers are seen as memury'iacations by the pro-
cessor. Thus the input and output registers and the ordinary memory locatlons
occupy tne same address space (i.e,, they fall within the 45,536 locati?na ad-
dressable by a éixteen bit address bhus of a typical processor). This scheme 1is
called remory mapped I/0 and is illustrated in Fig. 2-4. The advantanes of this
scheme 15 Lhat one can apply any of the memory reference instructions to the
Adnput/outpuat, Thus to ereate a pulse at an output bit, cne can simply use the |
IiC (increment) and DEC {decrement) commands which mrﬁin;rily increment and de-
crement emory locations. Some processors have separate I/0 instructions; the
£080 is a good example. The 9CE0 generates input and output signals separate
from the menory read and write signals. The lnput and output aignals gssential-
ly are read and write signals for the I/0 regpisters selected by eipht of the ad-
dress lines. 1he advantages of isolated I/0 are that less address decoding is
necessary and that Lhe (ull address space can be used for pemory. In isolated
I/0, special instructions such as Ii and OUT are used; these place the contents

of the accumlator at the output register or place the contents of the input



register in the accumulator. The H0BD is easily converted to memory mapped As
shown in Fig. 2-5 and as discussed in Intel “s “808G licrocomputer Systems User’s

Marnual,"™

Isclated I/0 is used in some of the newer processors such as Intel’s 8048
and B8085. The 8085 is a later verszion of .the B0BO chip which helps to minimize
the chip ecunt while keeping saftware compatibility. The B0BQ is really a three
chip processor beaéuse it requires a 8228 data bus chip to éapture the status
and a 8224 timing chip to generate the clock signals and synchronize control
signals. A Lypical BOB5 system is shown In Fig. 2-6, ; the 8085 will be used in
addition to the 8080 for illustratlons amd exarmples. The 8048, a true mierocon-
puter on a chip, is discussed later in Chp. 5 as one of the best, simpler pro-
cessors, All of the Intel BOXX processors can be made compatible with simple
logic eircuita, and even other, quite distinet processors such as the 6800 or

o
6505 can be interfaced with Intel-like circuits.

A simple microprocessor system based on tﬁe 03 Technology 6502 iz shown in
Fig. 2-7 to lllustrate address decoding and memory mapped 1/70. A simﬁle 8o8o
system is included in Appendix A along with other cperation details., These aim-
ple exanples show that the pumber of chips required to fabricate a working ays-
tem is guite small. Yet guite saphisticatgd cperations may be perﬂunnea by
these systems, In addition, these systems provide excellent I/0 capabilities,
typical of most microprocessor systems. In the 8085 system, the 8755 providea
2K bytes of AUl in addition to the I/0 ports ad the 8155 provides 256 bytes of
AAll. Both the ROM and RAM capacities are suitable for a large mimber of appli-
cations, Note that limited address decoding is provided by the 11th and 12tn

bits of the address bus. These systems require only a few resistors and capaci-
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tors in addition to the chips and crystal shown to fabricate a workine system,
The 650% systems uses a 1702 Auti with 256 bytes and a flotorola G810 with 128
bytes. Address decoding is provided by the TU45 decoder chip. Apain limited
address decoding 15 used. The 6505 hag only 12 address plns, and thus it can
address only HK bytes; but this capacity is very adeguate for rost systems, The
650X series from HOS Technolozy resembles the HE6800. In some cases, a consider-
able simplification of the interfacing requirements has been achieved, liote
that a very simple clock circuit is used and that the chip select of memory or
I/0 occurs with phase two of the clock. The system shown is p}obably the least
expenaive microprocessor system that can be assembled., It rits on wiring strips

such as the Super-Strip and ¢osts less than $30 is single quantities.

Reatart Locations

Upon a RESET signal, the program counter of a processer 13 set to a specif- ~
le state, In the 8080, the PC 1s cleared so that it points to location G, The
rirst instructkion of the program must be in.that_locatiﬂn. Since the program is
gtered in KU for nonvolatility (retains data w}thout power}, the ROt is usually
located in the lower memory locations. In the 6800, the PC is loaded with the
contents of location Frfr and location FFFY on RESET, thus the ROM in a 6800
system is usually located at the top of memory. In addition, the 6800 has ad-
dressing modes which makes special use of the lowest memory locations, and thus

read/write memory (RAM} usually starts a lecatlon 0, (Fie. 2-8).
The Data Bus'.

The data bus of most processors is elght bits wide; a few such as the 3P

1800 and the TI 9900 are. sixteen bits wide. Eight bits permit the
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representation of all of tne alphanumeric characters; a byte is a natural unit
for communication purposes. Most 8-bit processors have limited Instruction sets
because of the width limitation, the Z-80 perhaps 1s an exception, The B080
uses 244 of the possibtle 256 op ccdes:, the 6800 uses 195, and the BO48 uses 239
In contrast to the address bus, the data bus 1s bidirectional, hence data can

be read (rom orf written into memory via the same lines,

In a typical system, the outputs of several memory or Interface chips are
connected to the data bus; however, only one device can ﬁlace its contents on
the bus at any given time. Thus most microprocessor asystem chips have  "tri-
state" or high impedance outputs. Unless a chip is selected by the address
decoding process, its cutputs remalin in the off or floating state and do not af-

fect the cutput, lhen selected, the outputs are either the 1 or 0 state.

'I'Ir;e data and address buses can drive only a limited number of chips., A
rule of thumb is that ten family chips may be connected without bulfering. Each
memory or 1/0 device places a capacitance on thelbus a pemits a certain leakage
current to flow. The address and cata buses must be able to charre the parasi—
"tie capacitance ol the wires and of the devices and must provide the lealcape
current in order for the processor to work at {ts rated speed. Special chips
are available to bufter the buses.. Intel desipned the 8228 chip usually used
with the 8080 sp that {t would buffer the data tus in Addition to its other
tasks, The data bus is the more difficult because it is bidirectional,

1 - N T

Timing and Clocks

Hicroprocessor operation Is controlled by clock {oscillator} signals. In |

aome <¢ases, the oscillator is on the chip, and external components such a.’
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inatruction; the obvicusly save time and is calied *pipelining”. All of the
decoding of the op-code and execution of an instruction regquires operationa
between interna) registers in the processor, The nonoverlapping two phase clock
provides four ™edges" {(rising and falling tranzitions) that eclock or Loggle
these interpal registers in addition te other timing tazks, If only a slngle
phase clock is used, more cloek eyclea will be required to provide the “edges®™.,
An example 1= shown in Fig., 2-11 fb¢ the Intel 8085. Here, the data bqs and the
lower byte of the address bus share the same pins., The lower address bits are
"sent outbt rMrat ant:; rust by latched ysing the ALE as the enabling pulse on D-type
latches, later, the data (lows in or out of the prﬁcesaor* -1n the normal manner,
While this may seem cumbersome, the complete 8085 system is much aimpler than a

corresponding 8080 ayatem.

The 6800 and 650X microprocessors have the very simple two phase clocks
just discussed. The 8080 also has a two phase clock, but its uperatinn.r; are
very much more complicated. A more or less complete dizcussion fa included in

Appendix A,
Clock Rates

The clock rate alone is not an indleation of the speed of a processor. ' It
is frequently and [ncorrectly stated that the 8080 is twice as last as the 6800
becauge the former’s clock rate ls twice as fast as the latter’s. In fact, the
BOEO requires more ¢lock eycles to accomplish the same task, and the two proces-
acra mave very similar speeds, 3 (] § eﬂu.;rse, for a given processor,” a higher

clock rate ylields faster execution.

3. Clock rates are only one of many characteristics that are 1nc:::-r'rectly
compared even in the moat recent literature,
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The maximum clock rate is limited by propagation delays, access times, and
other factors within tﬁe processor. The slowest rate at which the processor
will aperate depends upon the type of storape in the intermal registers; viz.
static or dynamic. In dynamic storage, the information is stored on capacitora
which will eventually discharge unless the information is refreshed. Thus the
minimum clock rate depends vpon the rate of discharge. The slowest specified
clock rute for the 6800 is 100KHz. At room temperature where the leakage is not
particularly large, a 6505 can be operated at 5 KHZ before it ceases operation.

The 8080 also has dynamic storage, and its detalls are lncluded in App. A.

For static storage (the associated clock is sometimes called a “statlc
elock™) the clock my be slowed as much as desired, The RCA COSMAC {1802) has a
static clock and thus may be saingle atepped using a debounced switeh. Static
and dynamic storage in the internal registers is, of course, similar to tid

statie and dynamic memory discussed in Chp, 3.

Finally, some processcra provide aynchronizing or atate signals that ray be
used . for the control of peripherals or for interfacing. The 8080, for instance
uses a "s;;ch" aignial: the RCA DOSMAC state sigmals, and the 6800 haa a VHA
(valid memory address) asignal. #As discussed ealier, acme processors do not have
sixteen address pins, but time multiplex the address information or: share the
address bus with the data bus, In this case, the aixteen address bits are sent
out in two bytes, and one of the bytes will have to be latched or held by exter-
nal ecircuitry. A timing signal for the latch has to be provided such as the ALE

on the 8085,
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CYCLE = BY- CYCLE OPERATION

EXTENDED ADDRESSING:

ADD @000

ADDRESS BUS

Op code addrass
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" ADDRESS BUS
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Op code
Op code
Address
Address
Address
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addregs.|
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DATA EUS
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Address of operand (high hItﬂ}
Address of operand {lnl thﬂ}
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DATA BUS
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Current Operand data
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New Operand data.
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{Hotorola ‘s names for these modes are not standard names.) Conditicnal branches

uae the relative mode, These modes 'ar‘e summarized in the following,

Irmmediate mode: In the immedlate mode, the gperand is stored in the location

following the op-code, For example conaider the instruction which adds the

number 5 to accumtlator A:

ADD 25, ACCA
This would be assembled in the following form:

ADD #%, ACCA 89 {op-code}

05  (data}

Extended and Direct Modes: The modes are really absolute addressing modes,
j"E'T the absolute or mmerical address of the operand is given in the follow-
ing byte or bytea, In the extended mxde, the apecific addr :as of the memory lo-
cation or I/U register is given in the following two bytes (the fuil sixteen ad-
dress bits), the high order hyte f‘:ir'at. F'c:r'l mEmory locations with addresses
less than 256, the direct addressing mode may also be used. Here, only one
byte, specifying one of the First 256 locations Is used, This direct moxle per-
mits faster executing and, of course, saves memory locationa. 'An exanple is a

load the accumulator with the contents of a memory locatlon:

LDA 69 167A



‘rine exacuted,

-
- —
- -

rointer reglsters, or the condition code regiater.

Finally the relative mode is used for the branch commands and consists of adding
tne second byte of the instruction to toe programn counter to divert the program
ﬂxecuﬁion to another part of the prograc. The second byte is a 2°s complements
number, meaning that the contents of the program counter may be increased or de-
creased. An example ia a branch from the current location back to a previous
instruction, often in a loop. For instance, one may wish to best the state of a

process by testing a done bit, If the done bit i3 the most significant bit of a
register then the register’s contents are a negative numher when the deome bit is

set (=1). We suppose that the register is located at 8008 ({hex).

LOCP:  TST é#8008

BPL LOCP

Tnus unless the done hit i= =et, the loop test the contenta of 8008 and branches

back lor anobther test. Thia would he aszsembled: -

LOOP: 70D . {test}

80
08 {the addrass)
* 24 {BPL, brech of plus)

FB {2’s comlement of =5)

Yote the one branches back -5 because o= program counter will poeint to the lo-

cation  following the offset of the hrmch command while the branch command is

35
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bData Handling
Funetion
Clear

Lecremcnt

Increment

Hoepate
2's cooplement

Complement (17°s)

Data Handling
Function
Rutate left
hotate right

Arithmetic
zhift leflt

Aritimetice
shift right

Logle shift
right

- Agturilator A
Accuormalator B
Memory location
carry bit

- bit D

Lit ¥
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Insfructinns 11
Mnemonic
CLK,CLRA,CLRB

DEC,DECA ,DECS
INC, INCA,INCB

NEG, NECA ,NEGE

COM, COMA , COMB

Instruction III
Mnemonlie

ROL , ROLA  HOLE
ROR, RORA , RORB

ASL,AGLALASLE
ASR,ASRA, ASHB

LSR,LSRA,LSRB

38
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Operaticn

¢ =>b0, bT D¢

*hQ -d, £ =BT

b7 ->ec, 0=->b0

bT -»b?, bO->c

‘0 -¥b7, bl=>e
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Conditional Branch and Jump Instructions

Funetion

OGranch always
Branch If = zero
Hranch if = zero
Hifaneeh 10 plus

Hraneh if ecarry set

vranth Lo subroutkine
WL

ey aperation

Mnemonic
BRA
BEQ
BHE
BPL

BCS

BSR
JHP

HOP

Condition
none
2 =1
Z=0
H=0
C=1

5 a partial list ot the branch and jump commands; some deperxd upon

Bit no.

L FUR M

bits in the eondition code register which are summarized below:

Condition Code

carry - borrow

overflow

2ero

nepative
interrupt mask

half carry {for dec. arith,)

HO

the
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ldentical systems, mask programmed ROMs are avallable from a number of manufac-
Lurers which are pin for pin compatible with the erasable ROMs. Even larger
capaclty mask programmed ROMs are available; e.g. the Intel 83164 with 16K
bytes. Other Lypes of programmable HOMs include fusible link ROMs in which a
nichrom: or silicon link is burned operned to store a 1 or 0 In the corresponding
bit lncut.ién. Fusible link ROMs are usually blpolar hence much faster than the
MOS HOMs; but they are less practical since the faster speed is not necessary
they c<an be programmed only once, and the chip capaclties are smaller., Intel,
MOS Technulogy and others have combined ROMs and I/0 clr‘cuitslm the same chips.
This helps to minimlze the chip count for the system, Sooe of the ROMa are
reprogramnable. The ultimate chip is the 8748, a member of the the MCS-48 fami-
ly of Intel, which contains the processor, erasable ROM, read/write memory,
interval/event timer, and copiocus 1/Q,
L)

In addition to program storage, ROM can store tables of data, codes, moni-
tor programs, assemblers, editors, ete, In evaluation kits and development sys-
Ltems, munimr- programs assist the user in wr-it'ing, editing, and .executing pro=-

Eraﬂlﬂt
Aead/¥rite Memory: RAH '

Actually, ROMs are random access memory (RAM), but "RAM" {3 usually
reserved for read/write memory. Developments in RAM have proceeded as least as
faat a= mi-_::mpm_cessnr development., Ht':rrnr'}rl chips with 16 K by cne bit urgani%a-
tions are avallable; eight such chipa wuld provide 16k bytes. In mlcroproces-
30r aystems, HAM is usually uwsed for data storage, however the program my be
stored in and executed from HRAM, RAM 1= weolatile, and thus reguires bat.t.er'};r

backup 1 a power loss occurs, Many microprocessor systems require only a small
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Tne smaller capacity AAMs are static. Here the bit data iz stored on
flip-flopa and the data will remaln 30 long a=s power la applied, Power-down op-
Licnn are avallable which save power when the memory 1s not accessed by the pro-
cessor, Static memory is easler to use than dynamic and i3 the obvicus cholce

for tmal] RAM systema,
Accuas Tione and Cycle Time.

Recall that microprocessor timing 1s controlled by clock cyclea, When the
processor acceases memory, it send=s out addresa information for chip selection
and for byte location within a chip{s). At the end of phase two in our earlier
example 1in Chp. 2, the processor expects valid data. Thus the memory must be
fast enough to yield valid information, The time between the application of
valid address and the data valid state ia called the "access time" and must at
least match that of the the processor. Shown In Fig, 3-2 are the timing data
for a 2111, Note also that the chip seleet_ﬁay occur after the addreas is ap~
plied, Usually the address information is invelved in a chip select, but the
phase two clock may also be lnvolved in chip select. Thus a seéﬂnd time, the
Pchip enable to output” time is also important. Typical times are shown in the
Flgure and in the associated table, Other times are included for completeness,
Extremely fast memory, faster than 400 nsec would be a wasted expense for most

systema,

Simple Memory Systen

Shown in Fig. 3-3 is a simple system using one ROM and two 2111 RAMs. e

memory 13 connected to an 8080 bus and some addreas decoding is accomplished by

H6
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MULTIPLEXED DMA/MPU OPERATION
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Technique

Halt ¥Yrocezsor

Cycle Steal

Maltiplexed DHA

Saoftware (PIA)

Hotes:

-8

DMA TECHNIQUES

Maximum Data Hate

V' byte/microsec,

1 byte/2.5 microsec.

¥ byte/1,2 microsec,

1 bytef 14 microsee,

MPU program Hardware
Execution Complexlity
0 . Lowest

1eycle/S micrasec, Medium
leyele/ 1.2 microsec. Highest

Dedicated to Lowest

Aguisition

These examples hold for the 6800 processor and are described in

Motorala's Applications Manual,

15 limited by memory speed;

PROGERAMHABLE MICROPROCESSOR SYSTEM CHIPS - INPUT/O0UTPUT

When microprocessors flrat became available, the input and output

nas to be deisgned using 381 logie,

CHAPTER i

The DHMA rate for the Halt case

circuits

Not only was this task time consuming, but

the number of chips in the system increased a great deal. Motorela, and later
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Latched Inoputs and Handahaking -Another Hode

In some applications, 4t is necessary to latch input data since the data
may be valid only for a short time, Uaul'-llly some timing signal or Tatrobe™ is
&vajlable to Indicate when the data are valid. The processor  may be occupied
with some task which cannot be interrupted or the data valid dstate may be too
short for the processor to capture the data. The 8255 may be used Inmoge 1 as
ahown in Flg, 4-6 for these cases. (If the processor is not otherwise ocecupled
and if the dafa valld state exists for at least 3zeveral microaeconds, the pro-
ceasor can check the state of the strobe Input and capture the.data easlly in
mode O of the previous section.) In the latched lnput case of Fig. U4-6, the
strobe signal loads the data into the input lateh. Subaequently the 8255 iasue
the input bui:fer full (IBF} si'gnal. If the interrupt enable {3 szet using t.he_J
hit set of pin 4 of port C, an Interrupt request will be generated on pin 3 of
wort €, The strobe and the IBF constitute the handshaking; the IBF aignal 1ias
useful for indicating to the inputting device that the data has not beenr read by
Lhe propesser. When the contents of port A are read, the 1BF signal is reset.
Port A and.port B may both be operated in this mode. Another use of Mode 1 1is
strobed output. Here data are placed at the output of A or B and an output
burfer full (OBF} signal is ‘issued by the 8255, When the ocutput device connect-
ed to the 8255 accepts the data, it should issue an acknowledge signal that can
in turn generate an interrupt requeat. (Interrupts are discussed later in this

chapter. }

The 8255 can be operated 1n still another mode which can provide synchro-
nous inpul or output. Details can be found in the 8080 Microcomputer Systems

User's Manual. In summary, the 8255 provides 24 input or output lines and can
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e operated in a number of modesa,

There are & number of other chips from Intel and other manufacturers that
resemhle the 8255. With the new 8085, an 8155 has been made avallable which has
many of the 8255 features: two 8-bit A and B ports, b6-bit € port, basie and
atrobed input/output, In addition, it has a 1% bit bipary down counter, and 256

bytes of HAM, and may be interfaced with the 8084,
Data Directlion Begiaters

firy 3um; parallel I/0 chips, lndividual bits may be deslgnated as either an
input or ap output bit, One example is the Motorcla PIA (6820}, Here the chip
may be divided into two parts, A and B, Each side or part is very simllar as
shown in Fig. U-7, (The A ocutput bits are standard TIL compatible, but the B
output bits may source up to 1 milliampere, adeﬁuaté’fnr the base drive of a
transistor. The Intel B255 outputs also provide the 1ma, drive.) Although there
are slx internal registers, only four are a&dreasable at any time. The data
direction registers specify which blts are cutputs or inputs. A 1 in a bit of
the data direction register defines the corresponding external line as an out-
put; a 0 definés an input. The control registers define and enable the inter-
rupt states and with pina Hb and 1, the register select pirs;, select the I1/0
register or the data direction register, Specifircally, it the 2nd blt of the
control register is a zero, then (RO,R1) = {0,0) selects the data directlon re-
gister. If the 2nd bit is one, {0,0) selects the 1/0 register. The control re-
gisters are always selectable. The register select is indiecated in Fig. Hu-8,
While cunbersome, this scheme permits a pin that would ordinarily be used as
reglster select, to be used for some other useful task, MJIS Technology manufac-

tures an excellent variation of the PIA: the §530. It containa not only the

&5
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INTERIAL ADDRESSING OF THE PIA

k51 A& . Control Reglster Bit Location Selected

CRA-2 Crb-2

0 0 | X Peripheral Register A

D 0 0 X Data Direction Herister A
"o 1 . X X Control Register A

;I G - X 1 v Peripheral Register B

1 4] X 0 Data Direction Repister B

1 1 X X . Contrel Register 3

B30 and R51 are the roricter select pins normally connected Lo address

E)

pins A0 and Al. CRA-2 and CRB=-2 are bit 2 of the control repisters,
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DATA TRANSFER PROGRAM

This pregram segment is intended to indicate the maximum rate at which a
6800 may acquire data. Here, we are glven a control reglster [CNTHL) which in-
dicated thnt status: if bit 7 is high, the data word (DIWR) is ready lo be read.
The index register has been preloaded with the number of words to be acquired

andi is decremented until it is zerc in which case the acqulaition is done.

LOOP : LDAA CNTRL ;load control word 4 cycles
BPL LoOp jdata not ready i
LDAA  DTWD ;get data into accum A, 4
PSHA ;atore on stack Yy
DEX ;Index reg. has count 4
BHE LooP jreturn for next ward 4

FiE- 4-1 0

13
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CONTROL
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INPUT

CUTPUT

CONTROL REGISTER - WRITE ONLY

STATUS REGISTER — READ ONLY
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Figc #—1 'l
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TRANSMIT DATA REG.
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7 & 5 3 3 e [ 0
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cNTRRL 5
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sinilar), lowever the designer shoult consider the poasibility of using several”
processors rather than coping with complicated multitaak prograrming, Micropro-
gessor are less powerful than minicomputers, the software presents more diffi-
culties, and they coat much less. Of course, if the data or contrel rates are

veéry siow and simple, a microprocessor can handle many tasks.
TYpical Interrupt Procedures

Mout interrupts are maskable, that is, the microprocessor’s condition code
register contains a rlag bit which enables or disables {maska) interrupt re-
quests, Wnen the interrupt in not masked, am:l an interrupt request is made, the
processor (inishes its current instruction and inters the service routine. The
flow chart of a 6800 is shown in Fig. 4-15. Note that there are two Iinterrupt
requests: a mmmsk;ble interrupt {cne that cannot be disablé.'d by It.he proceasor)
and a regular interrupt req:;est. We will discuss only the latter. When the
processor finishes an instruction, it checks for a halt signal and then an in-
terrupt request. Il the interrupt request ls asserted, it then checks the mask,
If the mask is set, the processor continues with the next instruction. If the
request is not masked, the processor saves all of the-%nternal registers on the
stack (excluding of ecourse the contents of the stack pointer) and goes to loca-
tions FFFB and FFFY for the new program countar, If several devicas ars capable
of interrupting the processor, the service program must POLL the devices to
determine which device created the interrupt request. A "priority" of the re-
quests may be established through the order in which the gdevices a;*e checked,
In the 6800 ramily, the 1/0 cfevices have a status register or status/control re-
glster which contains a flag bit that s;gnala an interrupt request, Thusa when
an 1/0 device is programmed, interrupt enable bits In the control register may

be set to permit interrupts by that I/0 device,(Flg. &-16). The Motorola scheme
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sequential address locationa for the input or cutput amd uses the processor HOLD
feature dlacussed earlier, Priorities may be aet for each of the channels or a
rotating prierity may be established. Finally, a "terminal count® or the number
of UbLytes that are to be transferred in a single request may be programmed, A
disadvantape ::tf‘ using this chip {s that a maxirum transfer rate of 1 byte/lusec,
is possible. For many instrumentation tasks, this rate 1s ruch too slow, A
hardwired A unit as diacussed earller, can handle data as last aa. the memory
acceas Lime will allow, However, in this latter case, that hardware complexity

18 much preater than the complexity of a single chip.,

kX
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of the HAM. A Keyboard may be interfaced to the 8048 using the 8279
kKeyboard/display or a standard; encoded keyboard ray, be connected to one of the
quasi-bldirecticnal ports since the VIM already supplies the display, The seri-
nl 1/0 con be provided by using Lhe ather quasi-bldinactional port. To generate
Lo proper baud and handle the serial I/0, the processor may use itz internal

conter for timing.

The Wbyte ROM and 64 bytes of RAM are adequate for the necessary progran,
The proceszor oust spend most 1f its time mqn?tcring the serial input and cutpulk
and echoing that response on the VM. When a key is sf.ruck, an interrupt will
poecur  that results in a read of the keroara encaiing ¢hip and tranamisaion of
the character via the serial output. Since the in£ernaldtbner incrementa every
80 microsee., this scheme is éétisfhctory up to 600 baud, For higher baud, a
" serial interface eﬁ&p such, as the 6800 di;céssed in the previous chapter is re-

quired.
Intel s BOBS

The 8085 was mentioned in Chp.3 as an "extenaion or simplication of the
8080, In the 8080, status information must be placed on the bus and be captured
using an additional chip, the B228. The 8228 posuasses some additional features
that mke 1t very useful, but if one is trying to use the minimum number of com-
ponent=, the 8085 system Is better, The 8085 has nll ol th? instructlons of the
BOND and can be used in simiiar systems but is not bus compatible. One muat use

some logic ehips to connect the A0BS to ar 8080 buas,

The 8085 offers some simplication of system design, especinlly if the sys-

tem does not require many priority interrupt request lines. For ilnstance, the

ad
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a CHUS (complimentary 105 logle) protessor, and thus has some unique features,
First, the processor can be operated with a wide range of voltagesa: 3 = 15
volts, Second, the processor requires extremely low power— microwatts instead
of hundreds of milllwatis for more conventlonal processora. Thus the processor
and ity associated chips can be operated in applications requiring battery power

or very low power Input much more successfully than, say, the 80680,

Other special features of the COSMAC include a statie clock (no minimm
clock -frequancy); simple input/output either memory mapped, on-chip DMA, or 1/0

lines on Lhe chip; and 16 16~bit registers, any one of which may be the program

counter, index register, or DMA pointer. The processor 13 thus I/0 oriented, :

Each of these I1/0 featunes will be examined in the following.

The processor has four input flags which which may be tested and used for
conditional branches and it has 3 ocutput lines which: may be used for almplified
address decoding or device selection or for additional I/0 lines. Finally, a
one-bit 1/0 line I3 available for zarial 1nput.!lout.put.. Some detalls are shown in
Fig, 54,

The processor has a DMA request input that essentially provides T™eyele
stealing™ capabdilities, ff tha requeat is made frequently enough or if It 1a
continuousiy made, the processor will coontinue to provide DMA in or DMA out.
Thls feature is very useful 1I'nr loading oemory with the desired program and then
executing the program. RCA has mlde avallable a "Hicmt.ut.c:r'"l' t.mt._ uses this
scheme, The DMA feature is handled by Reglsater G; i.e. RD points to the memory
lecations that are loaded through the DMA requests and 13 automtlically stepped
te the next memory location. On RESET, RO also serves as the program counter,

but eny register may thereafter be designated the program counter,

\

45
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Any of the sixteen 16-bit register may be designated aa an index reglsater,
Basic input and cutput is handled through an IN or an OUT instruction which uses
an index register as 2 pointer to input or cutput a byte. The index register i3
automatically stepped in this procedure, Further a 3 bit code is specified on
the output bits for device selection. The byte ls placed on the data bus by the
processor in an output operation, or the processor reads the byte on the input
eperation. With additional extermal logic, the I/0 capabilities ay be greatly
expanded. RCA has also developed peripheral chips for £hia§ processor. The ad-
ditional I/0 lines are puaa_ible because only 8 pins are used for the address
bits. The 16 address bits are time multiplexed; an additional bit 1s provided
30 that the first (moat significant) addreas bits can be latched. This address

multiplexing is commen on many of the simpler processors.
The SC/MP: Hational’ = SCAMP

The original SC/MP was fabricated using a p-MOS technology, and thus it was
quite slow: 32 micoroseconds per inatruction. A pew n-40S version 1s now
available and is correspondingly faster. The SC/MP has 12 address bits on Lthe
chip but ean multiplex the additional four for a full 16-bit address using four
blits on the data bus. A t.j.riling or latching signal is issued by the processor
when the additienal four bits are wvalld. The intermal register organization is
illustrated in Fig. 5-5. The program counter ia hardwired as polnter register 0.
However, the contents of the PC can be exchanged with the contents of any
pointer register using a single instruction. This feature leada to an interest-
ing way t© handle subrountines: if the pointer registers are pointing to the
beginning of a subrountine, then by exchanging contents, the processor executes

the subroutine. The return from subroutine is accomplished by ancther exchange
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Evaluation Systems

Microprocessor manufacturers have developed inexpensive evaluation kits or
systems lor wusers whe wish to explore simple microprocessor aperation. The
ifotorela iEvaluation Kit II used in this tutorial is a good example. These 3ys-
tems interface with a terminal or with a xeyhoard on the system and 2)low the
user Lo deposit, run, debup, and perhaps store his program on a  cassette, The
aystem is controlled by a program, the monitor, stored in a ROM. These aystems
can be expanded to include more memory and more 1/0, however,.it iz  irmpractical
in most cases to add assemblers, disks, ste., These systems cost from $100 to
4300, and are often available conly as a kit. Qthar pnpular.evaluatiﬂn kits in-
clude the SDK-80 [rom Intel, and the KIM-1 from MOS Technolosy. While I have

heard of a {irm that used the SDK-80 in a product, I believe that evaulation

kits are really suitable for learning about microprocessor and especially in

educatlional prograns.

ilobby Systemns

This text is not directecd toward the design of hebby systems such as the
Altair by MITS or IMSAI's B0BD system. They are mentioned here because their
costs are modest, and because these systems are occasionally used [for inexpen-
sive development of software. In contrast to the evaluation systens, Lhe hobby
systems can be easlly expanded. WFany have assemblers and debupging alds that
greatly ease the programing process. Host of the systemns can be interfaced to
Iloppy disks where the software can be stored, edited, assembled, ete. High
level languages have also been developed for these systemg; BA3IC in some form

is the royst popular.

105
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L
!

operations 8 the MOS system. As in the Intel system, it accomodates a number
of* dliferent systems, and can be expanded to additional memory, RONM prorrammers,
disk interfaces ete. Both the Intel and the Motorela systems deal only with
their respective processors, Heeer?tly, Tektronix has developed iLs system, the
8002 system, which can accomodate a number of different processors: 6800, Bofo,
2-80,. and will be expanded te include four others. This system will be avail-
able at the tutorial and will he discussed below.

The BOGZ system consists of a dual-floppy disk, a terminal, and the 8002
mainlrame. The first two are standardé components and need no elaboratlon. The
mainframe containa the system processor, a 2-80, 16K bytes of system merory, an
assembler processor, and an ermlater processor. 16K bytes of RAM are available
for the users program and the Ram may be expanded to 64K bytes, The assembler
processor mun the Tektronix assembler while the system processor handles 311 of
the I/0 to the disks. The emixlator processor is a circuit board which uses the
particular coamercail processor of interest to the user. It runs the user pro-
grain while the system processor program detects program errors and runtime er-

rers.

As ahown in 6-1, one can start with the software design and produce 2
spurce program which in It,ur-n may be sdited by the 8002 editing program. The
source program my be assembled via the assembler processor and tested using the
emulator processor. In that testing, the emulator proceasor executes Lhe user

program [rom the emilator memory and alse provides the 1/0.

In the hardware desien process, one may start with a breadbcard or a proto-
Lype syatem. Using a special prototype probe, the hardware system may be

enecked using the ctwlator processor. The processor s remcved from the

o7
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breadtoard or prolotype System and the prototype probe 18 inserted in its place.
In this mode, the emulator processor runs the hardware while the system proces-
sor performs debupging and run time checks. Breakpoints may be inserted, new
instruction added or substituted, and timing check in loops eor rom one part of
the user program Lo another. The user program may be run from the emulator pro-
cessor, fran the prototype system, or both. A special mapping comrand exists to
select whinh part of the memory and I/0 space resides in the emulator memory and
whieh part in the prototype board. A ROM programmer is also available for pro-

grarming the rardware system s remory.

Finally, a 1legic analyzer facillty is available fTor system testing.
Software debugging 1s successful only when the hardware is working properly. To
check hardware, the analyzer displays the states of the address bus, the data
bus, the ecnﬁrul bus, and eight other user selected peints. The last 100 such
stateé are stored and displayed as & result of a pre-trigger, a post-trigger, 6r

a variable wenter trippger,

This development system was deseribed in some detail because it offers most
of the design aids available in a single system. The desirn aids are not neces-
sarily unique however; Intel offers an ICE system which is very similar Lo the
emulator processor and the ﬁrntutype probe. The high initial cost for this ays-
tem -about 318,000 - {s Justified if designs using several different processors
are necessary. The same system instructions and usage, prevails over all of the
processora, and 1s easier than using development systems [rom different manufac-

Lturers.

Time Sharing Systeos

' 04
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costly to optimlze in assembly language, Wormally, the apeed with which a pro-
gram will execute depends upan a very few portions of the program: a few loops
pernaps. 1f the compiler can be linked to an assembly language program, as inost
can, these few portions can be optimized and the rest of the program written us-

ing assembly language.

Intel nffers their compiler as a resident pmgr'am. in their Intellec system
(MDS) and clalms that this of fers considerable savings over tLimesharing ser-
vices, Tntel nlso states that the realiability of programs written in PL/M have

better saftware reliability.
Macros and other aids

Programming atill seems to be a barrler in the use of computer systems for
zany people.  While high level languages help; they are not always the answer.
aeros represent at least a partiil solution. A macro is essentially a string
of essembly language instructions which represents a single operation or task.
An example might be a micycprncessar controlled pin ball machine? in which the
designers (wha are not computer .exper-ts] wish to program a’ variety of games.
The manufacturer of the processors {if the quantity is very proolsing) or some
other organization might L.;r*ite a serles of Macroa, each of whici': performa some
task: check Lhe tilt, count the points, check for bonus points, ete.  The
designer of the game could then slmple combine the macros and a few conditional
branches to form a specific game, The macros can be named 1n obviocus ways.
Essentially, then, racros ean be used by non-expert programmers to deal with

programmable systems such as micfoprncessnr based systems.

9. Mentlioned at an IEEE Microprocessor Workshop by a National Semiconduc-
tor speaker
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APPENDII & THE 8080 HICROGPHOCESSOR

The BOSD is best appreciated and understood if it is remembered that it is
tie first of the "2nd generation™ processors. Its predessesors were the 4004
and the Eﬂoa,'quite limited processors by comparison. The prograrming model of
the 908C is shown in Fig, a-1, The program counter, the stack pointer, and the
accunulator are quite standard registers. The condition code register has the
usual bpils plus a parity bit that ia set when the modulo 2 sum of the bits in
the result of the operation is zero. [ have never used this feature, and thus 1
camiot give an example of the application of the parity bit. The regiater pair,
H&L, is frequently used to point to a memory location, but it {s pot an index
registep, Repisters D & Eand B & C, as palrs, also can point to memory and
ugsed {n some inatructiona. The registers may also be used for scratch pad pur-

poses,

The 8080 hasg a number of addressing modes: absolute (exact address),
register indirect (location pointed to by reglgter pair}, register (op-code
specifies one of the internai registers or register palrs), and
immediate(operand fellows gp-code). All conditicnal branches, called condition-
al jumps in the 8080, use absolute addressing. The register pair H L i= more
freguently used for memory-accumilator tranafers or ALU operations. The condi-
tivn codes are not modit'ied by Incrementing or decrement.ing register pairs and
there is no operation to compare H L to determine if a transfer a data is com-

plete. Thi=z is the prinecipal shortcoming of the instruction set.

The 5080°s clock cycles are more complex than mast other processors”, Each
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The complete processor 1s shown in Fig, A-3, The 8085

offers considerable ease in design, since it does not need any
epacial clock or status latches. 1t is alpost sertainly the processor
of choice for most future systems if one wishes to stay in the
BO50/3065 software (a considerable investment).

8080 176
—
PC — 16
— ADDRESS
SP =
H |
L Mg 8
B C
ACC A -
——— INT A
MEM R
{ CC TﬁEﬂﬂ W
' ' 70 W

I.‘j-go A""1



-119-

Y
, b

GND

5V
~5V

12V

CPU

SYSTEM DMA REQ-—{HOLD

SYSTEM INT REQ—» INT

INT ENABLE o —]INTE

1¢¢+¥r+t+++¢ £
N T

XTAL

— 01 HinA

| clock "% 5o

WAIT GENERAT gé
REQ. —HOR

' DRIVE T gﬁ’

_ HEADYD5

5YS. RESET pg

REEET'[ “——SYNC 07

STATUS STROBE

Fig, A-3

B! DIREC
TIONAL
BUS

vV
S
Q@

11E

i

ADDRESS
lBUS

CONTROL
BuUS




e\ DIVISION DE EDUCACION CONTINUA
$8¥ FACULTAD DE INGENIERIA U.N.A.M.

ENTRODUCCION A LOS MICROPROCESADORES (Z-80)

-

MODOS DE DIRECCIONAMIENTO

MARZD, 1987

Palsclo de Mineria  Calle de T '2a8 - o pisa  Miénica 1, D.F, Tek! 1-40-20  Apdo. Postal M-2285



1v. - MOX)IS DE DIRECCIONAMIENTO

ES5JU LLas DE DIRECCION AMIENTO.

.o unidad central de proseso (CPU) en las coniputadoras ddrbe

- - -

realizar las siguientes funciones:

- Obtener y traer de memoria primaria al CPU la siguiente
insiruccidn a ¢jecutar.

- LEmender los operandos, esto es, definir la localizacion de
los operandos necesarios para ejecutar la instruccibn y
iraerlos al CPU.

- Ejecutar la instruccién,

Para llevar a cabo las funciones anteriores el CPU debe con-~

tar con la siguiente informacion:
e . . .
- El cOdige de operacidon de la instruccién a ejecutar,
i
- las dirceciones de los operandos y la del resuliado,

- l.a direccidon de la siguiente instruccion a ejecutar.

Existen diferenies soluciones que salisfacen los requerimientos
anteriores, los cuales delerminan la arquitlecmra de los proce
sudores que las utilizan.
Se supondrin operaciones aritméticas en las que se tienen dos
apecrandos y un reseltado ya gue son las que proporcionan el
ca 50 mis general,
4} Maquinas de "3rl" direcciones

21 farmato de instruccidn en eslte esquema de direcciona--

mi¢emto contiene 1odos Jos elementos necesilados por el CPU
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donde T1 y "1I'2 represeman localidades temporales usadas para guardar

rosultados ariunélicas intermedios,

l.as conclusiones méds imporianies en esle esguema  Son.
l.0S prograrnas no necesitan estar almacenados en memoria en jforma
securncial ya que el campo de dirveccidon de la siguiente instruccibn per

mite conocer donde fueron almacenados.

Pebido a que cada instrucci®n contiene en forma explicita tres direc--

ciones, no es necesario teper en el CPU hardware para guardar los re

sultados de las operaciones.

by Mayuvinas de "3" direcciones
Considerando r;.ue los programas se escriben secuencialmente v gue
por consiguiente es rmuy 16gico aimacenarlos en este mismo orden,
se llega a un nuevo esquemsa de diveccionamiento en el cual se sus
tituyen todos los camipos de direccidn de la siguiente instruccion
POr un solo registro dentro del procesador que lleva en formm se-

cuencial y aviomditicamente la direccidon de la siguiente instruccitn

a gjecmar, Un posible formato de instruccidn se muestra en la

fig. 1v2 .
ihreccion| Regsiro Cbdigo [Direccion Direccidn [Direccion | Palabra
de la en el de primer segundo resultado n de
1g. inst.| procesador |operac. |operando |joperando memaoria

FIG. 1v.2
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kEn este esquema se usard la direccidn del segundo operando como la
dircecion del resuhado upa vez que la operacidn se haya cfectuado,
wr Jo gue €1 segundo operendo sera deeireido. Asi pugs la oxpresion

A=(B*C)-1D*E) en FORTRAN, quedaria:

MUL. B, C
MUL D, E
SUB  E,C
ADD C,:A

l.a eliminacioén del campo de direccién del resuliado permile reducir la
longirud de la palabra de memoria y los cosies de la misma, lo que

permile usar esle esquema en mdquinas medianas y chicas.

d) Maquinas de 1" diréccidn =
IZsle estuema de direccionamiemo, permite eliminar de todas las ins
trucciones el campo de dirveccidn de uno de los operando y sustitu--
irlo por un registre dentro del procesador, el cual contendrd a uno
de los operandos. A este registro se le conoce como acumulador. -
El farmato de instruccidn para la méigquina de 1 direccifn se mues-

tra en Ja fipura 1y 4

[ir. de la Reg. en el 0D, DIR.

sig, inst. a procesador _ P,

SR : OP. OPERANDO
hegundo Rep, en el

Dperando procesador

FI1G. 1V.4
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inemaoria sccesadus usando una disciplina UEPS {Gliimas entradas, pri-
meras salidas). e lo anterior se concluye que en cada momento se

tendrd Jdigponible &l elemento que 2e encusnire en el wops del stack.

El turmaie die inslruccion para esie esquema de direccicnamiento se

encuenlra en la figura 1v.5

inst, CPuU

puntador al | Reg. en el
ope del stac CPU

lDir. de la Reg. en el
sig.

CODIGO Palabra de
DE QP| memoria

FIG. Ty5

Es necesario contar con instrucciones que permitan meter elemnentos
" A
de memoria al stack (PUSH) y sacar elementos del srack & memnoria-

(POP).

l.a expresion As(B*C)-(D*E) cn IFORTRAN, podria expresarse como:

FI1G. . pyv-6
=T {Apuntador al iope
PUSH D I D | i del stack).
PUSH E T
E pd o~ - -———T
D B*C|"
MUL ol
PUSH B : T
* 13

PUSH C /T

MUL — T ' !_‘
i B*C-D*E |
SUB : D*E
T
POP A ]
- RGN




2.- METODOS DE DIRECCIONAMIENTO

En las ma«uinas de una sola direccitm el furmato de las instiuccio-
nes que hace referencia a meamoria consta de des campos: el campo
de cHdigo de operacién y el campo de direccion del operando. 5i su
ponemos que el campo de direccidon consta de n bits, enionces la
miaximn capacidad de memoria direccionable seré 2" 1ocalidades. Lo
anterior puede resultar hastante dréstico en el caso de las minicom-
puladoras ya que por lo general tienen palabras de 12 & 16 bits y si
s¢ asignan cuatro de elips al campo de codigo de operacién solo se
pueden direccionar 28= 256 localidades de memoria en el caso de pa
labras de 12 bits 6 212= 4096 loca]idades de memoria ¢n ¢} caso de
pa]ahr;u&“«c‘je 16 bits, lo cual resulia insufjciente para la gran mavo--
ria e las aplicaciones.

Lo anterior ha ocasionado diferentes modos de direccionamiento, ¢n
los cuales €l campo de direccidn s'ir'qe para calcular la direccion
efectiva del operando, logrande vna mayor capacidad de memoria di-

recejonable,

a} lnmediato
En este caso el operando puede estar contenide direciamente en
e) campb-de direccifin 6 en 1a localidad de mem'oria si.guien[e a
la instruccion.
Serf necesario dedicar un bit de la palabra para saber como se

debe inlerpretar la instruccion.
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Miging acteal,
La direccion del operande se determina sumando los bits
de orden superior del PC al campo e direccidén de la ing

Lruceidn.
Relativo al PC

En este modo de direccionamieni¢ el contenido del campo

.-de direccifn de la instrucecidn, interpretade como un ente-

"ro con signo, se suma al PC para obtener la direccién del

operando.

Relativo a un regisiro indice

él contemide del campe de direccitn de la instruccion, in-“
terpretado comg un entero con signo, se suma al conteni-
do de un registre indice para obtener la direccién del ope
rando. En caso de existir mas de un registro Indice es

preciso asignar los bits necesarios para su identificacidn,

Indirecto

En el direccionamiento indirecto el campo de direccion de la ins-

truccidn contiene un apuntader a la direccidn del operando &6 este

Lo

. . 1 .
campo combinado con algin registro & palabra de memoria penera

un apuntador a la direccidn del operando.

Mediante un bit en la instruccion se puede saher si el direcciona-

miento usado es directo 6 indirecio.
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3.- DIRECCIONAMIENTYO EN 2 . 80

El microprocesador Z2-80 es una mdcuina de una direccidén
err la que los diferentes acdos de direcciocnamiento son uséa-

ce ncr grupes de instrucciones y no se avlican d& una

5
9

o

H

za ceneTrl a tode el conlunto de instruccionas.

b1y

a) Imnlicito

¥n este modo de direccionamiento el operande no se defi-
ne en forma explicita ¥a que el formate de irnstrucciédnm
es fijﬂ ¥ en loa cédigos de operacidn se egpecifica im-
.plicitemente sobre que registros del procesador actian
las instrucciones, por lo gue el usuario no puede alte-
rarlo de mninguna manera.

Los grupos de insirucciones, gue utilizan este modo de
direccionamiento son: carga de 8 bitsg; carga de 16
bits; intercambic, transferencla de blogues y Wisgue-—
q&; aritméticas de propbsitoc general y control del CPU.

Ejemplos 1.

b)) Inmediato

El cperando se encuentra en la localidad de mémoril gi-
guiente a la instruccidén y se.considera que forma parte
de la misma, Los valores de los operandos inmediatos

en ningun caso pedrdn exceder 1la capacidad de represen-—
tacién de un byte, Esie modo de direccionamiento se yti-
liza cuando se deaean realizar operaciones con valores

constantes,

Los grupos de instruceclones gue utilizan este modo de
direeclonamiento aon: carga de B bits; aritméticas y
légicas de B hite y entrada/salida,

Ejemploa 2,
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f) Fxtendido

la direccién del operande estd ‘contenida dentro del
campo e operando de la instruccién, El caxmpo de direc-
ciédn tiens una lengitud de 1€ bits por lo que la maxi-

mz cupacidad de mexzoria Zireccionablz es de 64 K tytes,

Fste modo de direccicnamiento es utilizado por los gru-
ros de instrucciones de carga de € bits; carga de 16
tits; saltos, llamadas y regreso de subrutinas,

Ejenploa 6.

g) Modificado de pdgina cero

En este mode de direccicnamientc el campo de direccidn
del cperande =& refiere a una localjidad de memorims den-
tro de la pdgina cero, Este campo de direccién corata
de 3 hits ¥y paraz sn correctz interpretacidén se multi-
Flica por O8H, obteniéndose de Fsta forma la referen-~
ciz a las-localidedes desecadas,

Fate modoe de direccionamiento se uiiliza exclgsivamen-~
te por la instruccidn RST.

Ejemplos 7.

h} Relativo

k

La direccidn del operendo se.determina sumando al con-
tador del programa el contenido del byte siguienie al
cddigo de operacifén ce la instruccién,

El desplagzamientc anterior se interpretarsd come un nd-
zero en conplemente a doz, con lo gue se lopgra un ran-
g0 de direccicnamiento de -126 a +129 localidades rela-

tivas al contador del proErama.'

Fate modo de direccioramiento es usado por el £TUpo 4e
instrucciones de salto, llamada ¥y regresoc de subrutinas,

Ejewplos B,
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'
EJEMPLOS

Se asumird que todos loe ejemplos siguientes utilizan el siste-

ma de numeracidn hexadecimal,

Ejamplca 1.

; MEDOS  DE DIRECCIOMAMIENTO DEL  MICROPROCESADOR  Z2-5@
FROGPAMA  CHRGRGO EM  CRSSETE COW  EL HOMEFE DE - -.
*CEC™.

DIPECCIONAMIENTO  IMPLICITOC.

GfraR EDSF LDy A P

CREGA EN EL FEGISTRO A EL CONTENIDO -DEL PESISTRO
DE PEFRESCRMIENTD F.

s e R e

RO02 2F PL

FEALTZA EL COHPLEMENTO LDGIEG DEL. CONTENIDO DOEL
ACUMILADOR Y LO DEJA EN EL MISMD REGISTRO

Tms ma W wa omg,

Qonz? D22 THC IA
EL CONTENIDO DEL PEGISTED DE IHDICE IX SE  It--
CREMENTA EN  LINO

TEE mE ma WR ey

Ejemploes 2,

i DIFECCICHAMIENTO IHMEDIRTQ.

BoBES (634 ACD R: T4H

SUMA AL COHTENIDO DEL  REGISTRD RCUMLLADDR A, EL
g?;? f4H ¥ DEJA EL RESULTRDO EN EL MISMO RE--
R

T e e W Ry g,

R
L |
5

7 E€10 AN 10H

FEALIZA LA QPEFACION LOGICA &HD ENTRE EL CONTE—-
HIDD DEL PEGISTPO A Y EL DATG 416H, DEJARHDBO EL -..
FESLLTADD EN EL  MISMOQ FEGISTRO.

W ma s ma oy



Ejemplocs &,

il BR

aa1% T4

LELLE L

Ejemplos &,

0a17 AZR1Q

H0lA FD2za400

- 19 -
9

GIFECCIOMAMIENTO. DE  FEGISTRO  INDIFECTO

e an ma Rl e

Lh A (B
CARGA EL PEGISTRO A COH EL  COMTENIDD DE LA LO-
CALIDAD DE MEMOPTIR APLUNTADA POR EL  FEGISTRO PAR
EBC.

INC ¢HL)Y
INCPEMENTA EN UNQO EL COHTENIDO DE ' LA LOCALIDAD
DE MEMORIA APUNTADMA POR EL  PEGISTRO PAR ML

LD (OE>. R

DEFOSITA EL  EONTENIDD DEL  ACOMIMADOR EN LR LOCA-
LIAD DE MEMORIA APUNTROA POR  EL REGISTRD PRR DE.

(5

DIREECTONAMIENTO  EXTENDIDOD

Lo As C1026H )
CRRGA EL ACUMULADCR  COW  EL  CONTENIDO DE LA LOCAR-
LIDAD DE MEMORIR 1A2ZOH

LD CRREGHY, Ty '

» DEPOSITA EL  CONTENIOO DEL PEGISTRO DE  INDICE EN

L e

LRSS LOCARLIDRDES DE HMEMORIA o0Apad4d  (BYTE BAJDY ¢
aoasH  (BYTE  ALTOD,



N

Ejemplos 9,

; DIFECCTONAMIFWTO  IHDEXADO

OG22 FDI64313 ' LD CIW+dZHY. 1 IH o
; EL DESPLAZAMIENTO 43H SE SMA AL COMTEWIDO DEL PE-
i GISTRD IY PARA DETERMINAR_ LR DIRECCJON EFECTIVA A
; DOMDE SE DEPOSITARA EL DATO. 13H.

OR27 DDRE21 AP A: (IX+21H>
; EL DESPLAZAMIENTO 21H SE SUMA AL CONTENIDO DEL

REGISTRD I¥ FRFA DETERMINRR LA DIRECCIOGN DEL O- -

PEFANDG ~ OUE SEPR SUMADO AL REGISTRO A, EL  RESUL-
TARG QUEDA EN EL REGISTRO A '

-

[ LT

aazA DDI4EY? IRC CIR+E7H)

EL DESPLAZAMIENTO @7H 'SE SUMA AL CONTENIDD DEL
FESISTRO IX PPARA DETERMINAR LA DIRECCION DE LA
{OCALIDAD DE MEMORIA CUYG CONTEWIDO SE  IHCREMEN-
YA EH UNO.

e ma mi EE CmE mi b,

Ejemplou 10,
i DIFECCIDHAMIENTD DE BJIT.
aazly CelC? SET BROGH H

ERCIENDE EL BIT @ OEL FEGISTFO A

T wr oy

p2F CBAE FES BEIH. CHLY

: APAGA EL EIT % DE LA LOCALIDAD OE MEMORIA D1-
; PECCIGHADA FOR  EL  PEGISTPD ML

IRG, LUIS G. CORDERC BORBOA
AGOSTO-19



A5\ DIVISION DE _EDUCACION CONTINUA
@9}/ FACULTAD DE INGENIERIA__U.N.A.M.

"-l

s

INTRODUCCYON A LOS MICAROPROCESADORES (Z-80)

PROGRAMAS DE APLICACION

Marzo, 1981

Palaclo ¢ Minesta  Calle do Tacuba 5 primer pise Méalen 1, D F. Tel: 321-40.80  Apdo. Pastal M-2285



"ra-pumd navs contar fraguengia da ura refial evterna con 7€

.

Mortap nndne ap Canal 1 CI¥ /TR nap 1710 see, usandg canal 7
con 2 inteprunciomes, cada una Ap 105 26R/1,0NR81NB o N25 epr,
Pars probarlo, uesar cinal 7 salidq 77,

“ra~rama Tripgipal

—

e 2mong Ty, 76 Peloil/l%, no interrum,
N2 oy AITfand Taral) N
7T an TNy A0 129+1/ ciclos = Q7R 1'p
nF Qi B MR (P”\‘i
INS2 “ e T 9 .
2720 T 2N Tyvge mae micrifigativa
w47 TR A RPegjstro T
AT af TT‘!.P'“'DQ Ty+a manns of =i fﬁcqtivn
2n7n. N7 oS4 AT fonY 4 Se escribe en canal N
v o4 g TN 35 Pelodi/25%6, ner 1lir int,
nE a7 LU A I Capsl 2
A Ty M7 Constante “e Lia—mD=195
hz o ATIT Fany gy
7T 6§ T4 Eg "gdn comtadnr, ng int.
™% oL fal Ll rﬂq\‘ﬂ. Caral 1
w7 voRoa Torrar 4
" F e ~Tm (n;'ﬁ‘u_ f_‘ﬁﬂﬁfthﬂ Ap 1§
R A A i FE InTer B3 4 fern o en TR A, F
na Bl faryar merigtras A lapn,
[ e T_r,rﬂ‘l:nz_ fyenta iniecinl
LERAL LB Crrtro intem-unginree
- ™n oYY
" - wT  Paraitir vt et
G A TR NTRITR Fanitor Acenlane
anoew el B ls Maptnr de int, papal 3

Proarg~q de servicin de intermimciones

2790 0 IV AT A '
no WYY '
ns R el Cartar ‘nter-uncinres
2n n] L A
nE 04 TN Ny
T3 ag TM 4 f0gY Cinntg rprya
- Tn ™ ‘Q "__Uql._pﬂqr nn 'E‘l
Lo LA P fretar con M
" AATS I Y Tarrar 4 v TITESSN
72 vg 9% T fnTerme DY g
73 Fh DR LOMEE AL ST Ach A B
eatee 72 ™n D7 ThoOmTET T Y
'r"ﬂ 3 R b
I T T A, InTEtTTI AN
Ffa T o4
oA reog Moz o mavor”
74 Y R A-NN oo~ egmtivige
RN LA I B3 - haproap b

e iy LRI re r':-th'\x]-_-i--! FAY .
- s 7



ProTra-a npara Cortar True~mncianes

—

Trfaprane  anew

220N

2310

ﬂzﬂg

20

TAXN

cED

=N
I
A%
5
Tz
3

Tz

EA
™
™
=z

TE
mx

N
G
L

-
LI~

i e

o
T8
BT
Lpe
1£
[ ~%
2
’2
18
@+
=1
27
20

i

25
25
fal-
1)
AT
=n

s
nT

A4
RN =)

w
o*
™
(i

-n

4m

MM

na
i

23
&M

mileneg nmacia sam=ihn
rurprg 1=-77 gn los T Te,

TV 2
Tng —a
ATITOA0Y 4
TNy 4w
nﬂwrngj‘q
tﬁiiﬂﬂ
“"“f“?‘*ﬂ
qu‘ (a1
EHT*Q

=T -

TP nTemyn

B 2220

+

v ﬁv‘i!?l
vy

TRy (mTeren, )Y

AV AT
T~ 4
T4
I3 ¢, oot
YD &

er ATTOH,

Negnlerne

Byte meros eionificat vo
del vector fe inter,

"odog epntTacas

Tado A control

Se permiten interruncinarar

Tyka mae s5iori Sigativo

en reristro T
"PIT acenta 1-termimelarre
Retorno al ronitor

Yactor an 2077

Trtarea~hiar reclstror

TR By ffar Tn,k

M{pz 0 mag?
T D
i = ®avrar 4§

ANARTCEEIMES O e

Thy  fRTerTr, 4y

\vn e
T'l“l"llﬁ_ _l‘

Tneremerntar 10

TR mTerTraal 4

TID Nz

TR AYEEL Y 4

™h urqunn
hp:ﬁ ‘Er
e »z
AT
JT v Top
v iﬂ‘iivl
By

=T

uTT

Top

Pepppar deegomexian

Penaner varistros

Vapritipr interruncignars
Tatarno



Trpera=y Ada Talhi Tieifal

Palod fel ajekems = 1.20R9 g ' .
1,80R/R8 Mg J/IGE - 9NN Uy pponmbanda 277 ¢felns ner interrin-
citn v 2 {rtermuneiores nor re7undn nara ipcerevertar samndore.

Tuneraea

retnal

rlala’s! ™
R

LG
™I
L3
NG pr
na
ne
o
TR
f':]
CASCE T

Tri
(i
?ﬁ

9= nn
el

T2
Tﬂt!?ﬁ
TNT ok

™A, 1%
~ATTm (nu\iﬂ
ng‘an
LT rnc\|q
T ra

it ach
AT o g

L'
TN ﬁ1!0
Y

wT
JB mTemem

=

Yadg fde interiungifn 2
“wte rig ei~nifigatiyn
Deristrn T

Syta merogs si-nificetiva
farmql N Mo

Fermitir int., releoi/254
tanal 1 ~mr

Coretantas Ap tig 1na a 20N

Trmtercamhiar recistrns
Timarn da interrynpinres

R[e permiten inter-uneiorer

Yonithre Agsnlesue
Tegtor Aa in*e—nimeifn

wpaoraen fe rervigip fe inter-unsinrar

3110
2T
M7

g lat-Tot -
™7

5

=0

=

TR

LT

a7

N

T

ﬁﬁ;ﬁ LI
2 i
s

zr

D

at

pr =

A

70

TS R 1Y
F e

29

il

0

a7 o 9Tm
M R 27

TN 4 (2710Y

Ty g
TR
re Aan
T o~

-] R

LR Sela) BRI

T LRI

TI i.
A
~oonan
AT

'_I'I"1T> ".

T T L 4
. -

LA IE-Tob RoRY
TRT 'I.

Lt At
] II
Jr N~

Spound ne pp AN
"iputne apn oM
Tyrge an BOT

Tntrrgcarriar rexict»ns

Contar inrterminciornse
Crrntinmar

I0 jntersnnciones nor eo¢
Srminfos

VMiveste Aepival
6N cpmimAng?
1"',}

1 -~ hoarvar A

"{nmtae



2

TparreTa mard crrhar anenlos Meandg cnnvewtidor fncverental

- —

———

A
T ol AQR g
TEﬁET_ IR R
747800 Ty 7
747802 Z-%" oTr
»nR7? |

"nyina fe marvicin de interomreinnes

anna nn TV 47 40T Trterruncibn lado i
TR a3 TV A (a1 Teer 1adp B
1= 0= I3 AR _
rialal na ' TY 4P AR Tnterrurcibn ladg 7
nm an TR fand Teer 1ado 4
na =V Tuardar regictros
Ta on AT A Txa~jnar bits &7
ne o 2 T = yatar nrevio
TR 1420 JD ' 27u "a=gtiva”?
29 M0 a7 Tern”
EIan i 1= T, T finsgar analo +
17 nl I M
Bl I/ 1n LAk LHAdustar arenlo -
an LAY Tuapdar witg =7
CTY BX G0 20 THOINOAY mT fugrdar anolao
[ad=1 v ‘j.'?“;_"‘.’-"" Tni-{:.]unq_-ﬁ"-_uiq“ j"\qip‘p.js
na, VY
=N =T Capaitir intarooeredinene
Fnoab 2T atarno
Troer2ra Teinginal
e Rt 1o N T . TH 2
zo s TN 0 Twie renas gfnificativo
™I an nﬂmrcﬁ\1i Yaptnr 1100 4
YT I O
™ 9T A LA} Tectnr Jadp R
Toar TR AT “nAa fArtraAng
™ F c,“.} S Ll s T . ".|. T.q"ﬁ "L
™F 9d ﬁnvrcrhii Toadm M
IO i ag Dy 57 Tepwitivc frterrunrianee
™Z /D ~IERIO0N Tafm §
™2 g? ﬁnm{ﬂTﬁaq Toafm o
R0 TT L3N Tyte e gienificabiva
T n7 T % Tariectvny T
war wT . Tawrj{is {ntep - ~onciomes
nh 31 v 20 TSIV 3ALA TSN it fan
7L OM 2N TRMOA,MIAnNY Tgse wfe giopiTigatTyo
'1'"‘-‘!":! BRI A s T A 1|3 Te mneAn e v ey "'-
AP | T (1v+1\‘ﬂ
®eo %0 24 P T Talrie B



Proeramas para Salida &udin.;— PTO PN
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JR REP
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Canal A control
Registro A = O

Canal 4 Aatos

140 veces vor el bucle
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Cuenta: 1A*139 + 11 + 11 + 7 + 4 4 12 = 2250 ciclos.
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780-PIO
Z80A-P1O

The Zilog 2.¢0 product line is & complere set of mucro-
compuler components. development systems and support
software, Tlte Z-¥0 muerocom puler component set includes
all of rthe circuis necessary to build high-performance
Mizrocumpuicr syitems with wirtually no other loge and 2
minimum numbs: of tow cost standard memory elements.

The Z-80 Paralle] /O (PIO} Interface Concrotler is a
progrmmable, twao porr device which provides TTL com-
patidie terfacing between peripheral devices and the
L30<CPU. The ZEOCPY canfigures the 230-PIO to inter-
fage with standard perpheral deviees sich ax tape punches,
printers, keyboards. els.

Structure

N-Channel Silicon Gare Depletion Load technplogy

40 Pin DIP

Single § voli supply

Single phase 5 volr clock

Twa independent 8-bue bidirectional peripheral interface
ports with “handshake™ data rransfer control

Features

* [ncerrupt driven “handshake™ for fast responss
% Any ont of 1he followin g mod e3 of operation may be
selecied for either part:
Byte output
Byte input

[ IR B BN

£
Product Specification

Byie bidissctional bus favaslable on Pan A anly)
Hit Mode
& Programmable interrupts on peripheral siatus conditions.
¢ Daisy chan poonty incerrups legic ireluded 10 pronde
for automatis intermepl vecloring withour external logic.
® Eight owipugs are capable of driving Darlington
tranaistors.
* Al inputs and ourputs [ully TTL comparibls.

PIO Architecture

A bleck diagram of the Z30-PIO is shown in figure |
The internal structure of the Z8D-PLO conyus of
ZBO-CPLU! bus intertace, internad control lape, Fort A 170
logic, Port B {0 logic. and interrupr controd logic, A
typleal application might use Port A as the data transfer
chanpe! and Port B for the status and control monitoring.

The Port [0 logic is composed of & registars with
“handthake™ control logic as shown in figure 2. The
registars ifcluds! an B-bit input register, an §-bit culput
eegisrer, a 2-kit mode canczol regiarer, an 8-bit mask mgster,
an Bbir inputfoutput select regiarer, and 3 2-bit mask
contrel register, The last cthres registess are uaed only when
the port has been programmed 1o cperale in the bit mode,

.

K BATA
OR CONTROH,

} HANDSHAKE *

? PERDPHERAL
INTERFACE

IMTERRCUPT CONTROL. LINES

FIGURE
PO BLOCK DIAGRAM

* Mol sl kb Pasdn

Tt T g ey e v Dy Yy
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Z80-PIO Pin Description ~ 3

M Machine Cycle One Signal from CPU (input,
hpe :FJ"'ﬁ_: 1 active low)
. W e e ey o —
R s e | - Ty 10R{) taput/Qutput Rzquest from Z80-CPU {input.
~ s T active low)
ahen . :' RD Read Cycle Status fram the ZBO-CPU {inpus,
.u;':::-:n::—:— g l.._"_E'.'% active low)
[
Cahon 4 ERLE —E fathmny ) IE] Interrupr Enable In {inpue, acrve high)
il 1 T ——ay ——ﬂ-""'i
- | a—n_} T, [ED [nterrupt Enable Qut {ourput, active high), JE]
%:: — and IEC form a dasy chain conneciion for
;_.1‘1 2o - pRonly intemupt control,
e [ [ LI NT [nterrupr Request {ourpul, open drain, athive
By n | BT, g Lever
bl gl SO l-u..:: -
I e R AgAy  Port A Pus {bidirectional, Lristate)

A 5TB Part A Strobe Pulse from Penpheral Device
{input, active low)

A RDY  Register A Feady (output, aiive highl
BEI'B'T Port B Bus (bidirectional, tristate)
B 5TB  Port B Strobe Pulse from Peripheral Device

D40y ZROCPU Data Bug (bidirec Gomad, ristate)
BfA Sel  Port B or A Selecr {input, active ugh)
C/DSel  Control or Data Select {Input, active kigh)

CE Chip Enable {input, active low) (input, active low)
[ Syastem Clock {input) . B RDY  Register B Ready (output, aciive high)
Timing Waveforms

OuUTPUT MODE

An output cycte 15 always searted by the execurion of an .
output instruction by the CPU. The pulse from the -
CPU latches the daca from the CPU data bus inta the m AN
]

seiecied port's oulput regstar. The write pulie sets the i L — | >
ready fag after a low going edge of &, indicanung duta is i Jkl
available. Ready itays acuve enctl thepositive ¢dge of the .

strobe line 1t received indicating thar data was taken by the 1«:-4 _L._!\
Pe?ﬁl’?“l. The poutnive edge of the sirobe pulss generares wnr o | S—
an if the interrupt enable (i Aop has been ser LTON # KT s

and il thig devics hes the highest prioricy. wh= = B - - 878 - wima

iINFUT MODE

When STRODBE goes low data is loaded into the

selected inpul regster. The next rising edge of sizobe e
mllﬂtﬂ% if wtarruepy engble i 32t and this is the _\'-:n"""}\

o

Z /

L] e s —

highest priority requesting device. The following falling Wt t /

edge of  resets Ready 1o an mactiva srate, indicaling that o 4! -

the inpur registes 15 [ull and canpot acczpt any more dala P ———L \

until the CPU compleies 2 read, When a read is complete v lk
the pasitive edge of RD will sel Resdy at the next low - :

going trangtion pf P, AL this time new dats can be loaded AD*+AD-CH OB OKD  WORE ) MU TLANG

into the PIC, )
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P10 Programming

LOAD INTERRUFT VECTOR

The Z80-CPU requires an B-bit interrupt vector be supplied
by the interrupting device. The CPU formas the addrey for
the inrerrupt service rouline of Lhe port uting this vector.
During an mterrupl acknowledge cycls the yector is placed
on the Z-80 data bus by the high#st priosily device request-
tng service at thal ime. The desired interrupt vector is
loaded inte the PIO by wrting a contng] word 1o the
delired part of the P10 wilh 1he following format.

o} e DS M D) D! D OO

'k Y WE Va v} ¥ Vi -]

PSS (N i ol H IN T
LT

SELECTING AN OPERATING MODE

When szlecting an gperating mode, the 2-bit mode con-
tral regisicr t5 327 w one of fouy valuey. These two bits are
the most signifitant bits of the register, bits 7 and &; hits 5
and & are not used while bits 3 through O are all set to 1111
to indicate "ot mode ™

07 Da DY D& D} DT DI DG

T3 =] X X 1 H 1 I

———— —— . -
mesdy Wiy I;nfm-::hd! word

X ol bt

Mode My
Curput
Input
Bidirectional
Bit

—ﬂ-—-a}

-— = D2

v

MODE 0 active indicates that data {5 to be writtez frem
the CPU La the peripherai.

MODE 1 active wndicates that data is to be read {rom the
petipheral to tha CPY.

MCODE 2 alows data 10 be written to or read from the
petipherz] device,

MODE 1 is ini¢nded for statuy and control applications.
When selecied, Lthe next control word must 12t the [0
Register to indicare which lines are to be input and
which lines are to be cutput,

IFQ = ) sets bal 1o input.
[fO = 0 sets bit to outpur.

G Dv 05 D4 D} DX DI Do
Lun? m‘im’!m‘ L0y | 4O, | VO, | v,

INTERRUPT CONTROL

Bit 7 =1 interrupr enable is set—gllowing
interrupt 1o be genezaled,

BitT=0 indlentes the enabie Nag is reser and
interrupLs may not be generated.

Bits 6,54 are wsed in the bit mode interrupt
pperations; otherwise they e
dizregarded.

Bus 32,10 signify that this command word is an

intermupy control word.

L D 1 I 18] 0. [Fl) D

L] ANDY W ek
Illmnph L+l ﬁ- FaMery v L ! !
———— - ’
nipd 0% lonby boumly  ugeladars by e oo w il

[f the “mask follows™ bit is high (D4 = 1), the next
control word written ta the port must be the mask.

CT e OF D+ D) o m Do

Mby | MBg | MEg | MB, | WBy | M3y | ME, | M8y

Culy thoss pair Bicy whome Bk Wi oon O will be momunesd fod
e ralug B AL ETPVDHL

Tht interrupt eoable {lip-flop of & por may be set o1
reset without modifying the rest of the ntefrgpt conirol
word by the following command, .

D7 Da_ D3 D4 DI DX DI
o v |

gt L x| x| o

[+
1
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ALC. Timing Diagram
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A.C. Charucteristics

Z80A-PIO | g
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Z80-DMA
7Z80A-DMA

Zilay's Z80 microcomputes product line includes a third
generation L51 component set, developrnent fystems and
support ottware. The component set includes all the logic
circulls necesgary for the user w build high perflormance
mucraComputer Sy1ems with virteally no external logic and a
minimal sumber al s1andard low-cost memory components.
The ZBD-DMA {Dhreet Memory Accest) circuit i a program-
mable ungiecharnzl device which provides sll address, tim-
ing and conrroi signals to efect tha tnsfer of blocks of
dary beiween 1wo pons within 3 Z20-CPU based system.
These pores may e either tyiem main memory of LNy
system perpliaral I/Q device. The DMA can alzo szarch a
block o deia for a particular byce (bit maskabie), with or
without & umulianecus transler,

Structure

& N-chanpel Silicon Gare Deplerdon Load Technology
44 Pin DIP

Single 3 wolr wpply

Single phase 5 volt clock

Single channel, two port

Features

» Three claswes of operarion:

~Transfer Only

—Search Only

~Search-Transfer

Addrers and Block Length Registery fully buffered.
Valurs for next operation may be Inaded without dis-
turbing current values.

t

. Product Specification

QCTOBER 15977

PRELIMINARY

Programumable data pramfers and searches, ulocmac:-
ally inerementing or decrementing the port sddresses
Irom programmed suarting sddresses {they can also remain
fixed).

Four modes of aperation:

=Byte-at-a-time: One byle cansiesred per raquest
—Burst: Conilnues as long &3 peris are ready
—Continuous: Locks out CPU umil uperation complare
=Trnipareny: Steals refreth cycles

Timing may be progtamumed 10 match the speed of any
port. ’

terrupts an Maich Found, End of Block, or Ready,
may be programmed.

An eatre previows cperation may be repeated automar-
ically or on commuand. (Auto restart or Load)

Thé DMA cxn ignal when 1 specified pumber of bytes
hax been transferred, wichout haliing Leangle:.

Multipie DM A’ easily configured for rotating priorny.
The channel may be enabled, disabled or reset under
software control.

Cornpitte channel status upon program {CPU} requear.
Up 10 1.25 megabyte Search or Traosfer Rate.

Daisy cham priority interrupt and bus acknowledge in-
cluded to provide automatic {ncerrupt vectoring wwd bus
requedt conirgd, without need for additional external
logic.

TTL compatble loputs and outpury

The CPU can read current Port counters, Byis counter,
or Status Register. A mask byte can be set which definss

» Dual addrexses generated during 4 transfer (one for read which registers can be acessed durng read operations.
rt and Tor wnited. _ ;
po o ’“’“'-‘}.,“m & INT 1Bl g0 S0EAG Exi TER oY
| _BYTE_ BYTEMULSE INT FRICAITY
COUMNTER | COMPARATOR LGadIc FISPRIORITY
~BLOCK INT CONTREGL Lo
F - hs = PULSE INTEAVAL WY ECTOR
CONTRIL
TINTEANAL BT AHD
. STATUL
MEGIETEAS
POAT A STAAT | | FORT BETAAT | COMPARE DATA
ADCAESY ADDRETE COMPARE MATX aus fga" ROL
| _ _fORTA — - JORTE_ _ | COMPARATON '
COLNTER COLNTEN
SCURCE/DEST ADDHESS sy ]
i :
Lol peeel LV 1T T
A1 Al o oa RD  wh CEAvAlT

DMA Internal Block Diagram
Fig.l " -
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Addressing

The DMA"s addresung of ports is either fixed ot sequen-
tal, iscrementing o decrementing from a surting addrsss.
The length of the operation (number of bytea) iy specified by
the prograrmmed contenis of a block length register. The
DMA can address block lengths of up to 64K byter. During a
transier two separale port addresses am genersted, one dur-
ing the Read cycle and one during the Write cycle.

Z80-DMA Pin Description

Operating Sequence 13

Once the DMA hay been programmed it may be ~En-
abled™ (command byte 2d or 2a). ln the enabled condition

when Read 1 gctive the DMA will request the bus by
bringin low. The CPU will acknowledge this with
a which will normally be attached to BAL When

the DMA receives HAD it will start its progeammed opera-
tion releasing BUSK{ to a “high”™ state whea it is through.

- ay
i iy
f—— i
———t
S
———
b
T
it 2y
]
- iy
]
)

|

ETETdw
D
il

HEEYEHEYD

L L]
b D LY
Y]

ﬂ!iiJ FEPPIFT S
LN

it
;
- -

i
e

FEE R EA LB T R

i Ay }

o T [
—rrerr UL

Hﬂgﬂﬂ

L
Bi.
L (1]

L]
HmF et
S0 TR,

et N

e W1
] g
L1}

Ag—Ays  System Address Bus. All sixreen of theae pins are
used by the DMA 1o address system main mem-

ory or an }O port [output}

Dg~Dq  Sysiern Data Bus, Commands from the CPU,
DMA status and data from memery o periphes-
al; 2 transferred on these tristate pins (inpuotf
oulput)

+3¥ Power

GHD Ground

+ System clock (inpur)

DMA Timing Waveforms

Machine cycle One signal from CPU (inpur)

Inpur{Qutput R:qﬁm to and from the Svsiem
Bus (inputfouipur }

Memocy REQuest to the System 8us (input!
pLtput)

D EeaDy 10 and from the System Bus |inputicutpur)

R WEite to and from the System Bus (inputiouipu)

CEMWAIT Chip Enable; may alio be progmmmed to be
W during time wien BAT ix low tinput)

BUSRO  BUS ReQuest, Requests conatrol of the CPU
Address Bus, Data Bus and Sptny/Control Bus
(patfoutpur, open drain)

BAl Bus Acknpowledge In. Signals that the system
buses have been released for DMA control
{input)

BAD Bus Acknowledge Out. BAl and BAD form a
daiyy-chain conrection for systemewide peiority
bus control {cutput )

iNT | INTerrupt request {(output, open drain)

[EL Larerrupt Enable In (input)

[EQ Inrerrupt Enable Qut. EEY and 1ED lorm 2 daisy-
ﬂujn'mnn::ﬁun for syslem-wide priosity inter-
rupt conlrol (output)

ReaDY Iz monitored by the DMA 1o determine

when 2 peripherai device 3usociated with 2 DA
port is rexdy for 3 read or write operstion
(input, pregrammabie 23 active high or low}

DMA Command Write Cycle

[Musirated here i the timung associated with 3 command
byte or control byle being written to the DMA which is 1o
be loaded into internal registers, Z80 Output inguuetions
sz1afy rhis uming,

DMA Register Read Cycle

This timing 15 used when z read operation is performed on
the DMA to access the contents of the Statuy Register,
Address Counter or other readable regisiers. ZBQ [nput in-
structhons sauisfy this nming.

R
e T\ T

R e U s
SATa E ":I"-
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DMA Timing Waveforms (cosisen

3"

DMA Bus Request and Acceptance for
Byte-at-a-Time, Burst,
and Contlnuous Mode

"Ready I3 mpled on every rising edge of 4. When it
is found 1o he atlive, the following nsing edge of %
genarates BUSHT. After receiving the CPU will
grant 1 BUSAK which will be connected to BA] either
directly or through the Bus Acknowledge Daisy Chain.
When a low 15 detected on BAT (sampled on every nising
edpe nf B}, the next rising edge of & will start an scLiva
D%l cyele. '

DMA Bus Release at End of Block
far Burst or Coutinuous Mode

Timing lur End of Bluck and DMA not programmed
Fur Aulo-icatart,

DMA Bus Release with ‘ Ready’
for Burst and Continuous Mode

The DMA wil relinquish the bug sfter RDY has gone
lnactive {Burst mode} of afer an End of Block or 2
Match is found {Contingous mode), With RDY mactive,
the DMA in Confinuous mode is inactive hut Maintuins
tontrol of the bus. (BUSKD low} untdl the cycle is re-
sunmied when RDY goes active,

DMA Bus Release for Byte-at-a-Time Mode

in the Byte mode the DMA will relsase BUSRQ on
the rising #dge of ¢ pdor to the end of each Read cy-
cle in Search Only or each Wnte cycle In a Transler, re-
gardless of Lhe state of ROY. The next buy request will
come afisr bath BOSKG and BAT have retumed high.

DNA Bus Release with Mateh for
Burst or Continvous Modes
When a Maich is found and the DMA is programmed

10 stop on Compare, the DMA performs an operalion on
thie mext byte and then releases bus.

i

DA INACTIVE ~erpm— Dl &0 TIVE

ar
ARy bt
IMACT k- /

LT 0] " |
LAET BYTE :
IN aLDCx ! .
DaAA ACTIVIL ™4 Ok INALTIVE
.

Aoy

o W A

s 'g,.*f_”mm f

0N TIMUOUL
" O

CMA
£l M‘:"n"-rl—-l--mm"“ --!-—om ACTIVE

' lf‘l‘IH——-r
L]
SalpEplginigiigtinintint
noy =T g

I

i —
= e

Dhis ACTIVE —s——a= DMA INACTIVE

S uigfgipiginEninEulns

ART T Lt

- T *F

ROY et |
FITA | “,_/

J-.T.—I‘I"TI{: "‘-"—-'I'-!"'l- BYTE :"1.-.1

TCH AOUND N
Data, ACTIV E === Did A INACTIVE

Teig 47 TN
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Programming the DMA (Coauirum

13-

Command Byte 2B

?r Dy oy i & L Ay ]

WTTAbgr| AT L | MAT R
A | WA | yrEgR

1 WOREM, By | ey [akkners ] asanety L 1
Fudmb | pLLET | ML By
e — M —
Seecues Group Specifies By1e 1B
:!".!J..., My Mode
v 0 Byte
1] 1 Continuaks
i ¥ Burst
1 ! Transparent
Command Byte 2C
0 " . - 5 1 "
I e ol = e LD B '
—— — "l-—v-—l"

Specifies Group 2 Specifies Byie 2T

Deny Automatically repeals entire operation when end
pfblﬂck i5 reached.

Dg=0 No affect.
Dy=1 T and WATT muluplexed on tme pin.
D=0 CE only.
Dy=1 Beady active high. +
Dy=0 Ready active low.
Command Byte 2D
b ~ M . . | h L I

1 iy n h 4 " 1 1
e — “"—-5,..—1—" .
Specifies Croup 2 Specifics Byre 2D
Hex fa f3y f1 0 ¥fp
c3. 1 0 9 a 0 Pt
Lo B 0 0 0 1 Reser Port A Timing
CB 1 0 G | 0 Rezet Port B Timing
CE 1 9 0 1 I Load
D3 1 0 i o a Contnue
AR D | o | ] Enabie [nt
AF © | Q | | Dizzbie Int
Al 0 | Q o 0 Reset Int
57 ¢ o [ G 1 Enable OMaA
2 o 9 0 0 0 Dizabie DMA
EB © I 1 I # Read Byl: Follows
Al 0 | c 0 1 Rewe RD
BF @ ! 1 1 l 20 Staruy
Bl 0 i 1 i (H Force Ready
BY 0 I i )] 1 Enakle Aflter RETI
58 0 4] a | Q Resel Stxlus

Command Byte 2D Summary
Reser Resets all intermupt circuiery, disables
Reset Timing incerruprs and bus req. dogic.

Aor B: Resets timing for Port A or B o
standard ZEO-CPU timing.

MSE B-19

Load: Zeros Bywe Counter and loads Siarting
Address for both Parts.

Rewets byte counter only. Addresses
conrinue from present lecation.

Permils ini¢mup! to gecur.

Continye:

Enable Interrugt:
Disable larerrupt:  Inhibits interrupt ftom aceurTing.

Reser Intersupr: Rewers and dizables all interrupt cir-
cults {simiar te RETI.

Enakle DMA,

Disable DIMMA: Overall erable or disable lor ali opera-
tions except interrupis: does nog reset
any funcrigns.

Read Byre

Fallgws: Mext write to DMA will coniain 2 mask
o> program which readable registers
are 10 be read, '

Reszt RD: Next read will be from 18t repister o1
a5 readable by response mask.

- RD Starus; MNext read will be from status register.

Force Ready: Ready will be ¢onsidered active rexard-
less of the stte of externz! RDY pin.
Used for Mem-Mem operations where
no RDY signal is peeded,

Enable )

afier RETI: DM A will nol request bug until ater it

’ .. hmreceived 2 RETL
RST Starus: Resets Match and End of Block status
. birs.
Read Byte
By oy By , N L 1] By Oy
-y MATY | eyl ] AT A | AT | oy Liald

wwin | Lowad | owwis [ bl | opregn | AR OF oy
acsa | cowwr | VAT

A" in any kit position enables that register to be read,
Interrupt Control Byte

i By b} Ly L] L) Ll by
L] TR ] AT | e | PO wrrynauer | araae
R e N P2 e R

A 1" in a bil pogrion selectz the oprion,

Timing Control Byte

) by b o] bt by , .
LI LN I T I
Ty  Ta  Cycle Leagth
Q 0 4
o 1 3
1 a 2
1 i i

A "0" in Dh, Dy, Dg, or Dy will couse the camresponding
contral signal 1o end ¥ clock time beiore the end of the
cycla, Note: the toral operaticn (Read and Write in Trans-
fer or Read in Search) must be at leagt 2 cycies long.



Absolute Maximum Ratings

Temperatore Under Bias

Specified uperati:nag range.
Siorage Temperature

=65°C to #150°C

Voltage On Any Pin waih =03V 1o +7¥
Respect ta Ground
Power Disipguon * 15w

Nole: Al AC and DC characrerstics remain the same for

the muitary grade parts ¢xcept [-c.
oo = 200 maA.

Z80-DMA D.C. Characteristics

To = O s 0, W ® 3V 137 mmaeu wilieprmind e mshl

*Comment

Siresse zbove those listad under ™ Absclute
Maximum Rating” may cause perminent
damage 1o the device. This & 3 stress rating
only and functionsl operation of the device
at these ot any other condition above thoss
indicated in the operstional sections of this
specification is not implied. Exposure o
absolule maximum rating conditions for
extended perinds may affect devics reliabill
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ZB0A-DMA D.C. Characteristics .
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Taur Cutput Capacitancr n #F :___[ ___,-
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A.C. Characteristics

Z30-DMA

21

Z80.DMA 13 3 Peripheral Device (Inactive State).
T, = 0°C to 70°C, Vec = +§V+5%, Unless Otherwise Notad
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A.C. Characteristics Z80-DMVA 23

Z80-DMA as & Bus Controller (Agtive State)
T =0°C ta T0°C, Ve = +§V45%, Unless Otherwise Noted.
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A.C. Timing Diagrams

5

ZB0 and ZBOA as 2 Bus Controller (Active State}
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7.80-CTC
Z80A-CTC

The filog 280 product line is & complete set of micro-
sompuier components, development system and support
snftware. The Z20 mnicrocomputar componeni s8t includas
all of the circuits pecemary to buld high-performance
mitrocamputer Tysiess with virtually no other logic and
a runjmum pumber of Tow cost standard memory elements.

The 280-Counter Timer Clreuit {CTC) i3 0 programmable.
four channel device that provides countng spd timing
functions for the Z30-CPU. The ZRO-CPU confipures the
ZEMCTC's four independent channels ta gperatz under
v3ncus mades and conditions as cequired.

Structore

M-Chanpel Silicon Gate Depletion Load Teehnology
X8 Pin DIP

Siogle 5 volt supply

Single phate 5 volt dock '

Fous independenl programmable 8-bit counter/]16-bit
timer channels

& 8 0

Features

23

¢ *

Produgt §p.é,ciﬁcaﬁ0n :

APRIL 1978

* A tlme eordtant register automatically reloads the
down counter at terg and the cycle s repeated.

& Readable down counter indicates number of countsdo-go
uatil zero.

% Selegtable 16 or 256 clock prescaier for cach timer
channel.

& Selectable positive or negative trigger may initiate umer
operation.

o Three channels have rero countfrimegur put puts capable
of driving Darlington [rensistors.

» Duisy chain pnonty interrupt logic included 1o provide
for automatic interrupt vecioring without external logic.

» Al inputs and outputs fully TTL sompatible.

* Qutputs directly compatible with Z80-SI0.

CTC Architecture

A block diagram of the Z30-CTC is shown ln figuse 1.
The internad structure of the ZBO-CTC consists of 2 ZE0-CPU
bus interfaze, incermal control logle, four counter channels,
and Interrupt control logic. Each chapne] has an incerrupt
veglor for sutomatic interrupt vectoring, and inrermapt
priority is determined by channel nomber with channe! §
havirg the highest priority, :

The chanpel logic is chbmposed of 2 registers, 2 counten

.and control logic a1 shown in fgure 2, The registers include

‘an §-bit time constant register aad an §-bit chanpei control’

« FEach chaonel ray be selected Lo operace in elther a
tnupnisr mode o linker mide.
» Programmabie interrupts on counter or timer states,

regster. The counters inctude an 3.bit readable down
counter and an B-bit prescaler. The prescaler may be
programmed to divide the system clock by cither 16 ar 156,

e FE RO COUNTTINEDUT 4
“Iv GND /] CHANNEL &
S — 1 LOCE TRMGGER »
.
’ +
DATA sy '{‘ cru s ZERC COUNT/TIMECUT 1
* s INTERMAL BLS CHANMEL 1
CONTROL ‘ v v LCC A TRIGGER |
gt TERO COUNTTIMEOGT T
FTERRLPT
CONTROL
LGeac fesbe— kO LT RGGER
3
. b
1
2
INTERRUPT CONTROL
LIKES
FAGURE 1

£TC BLOCK DIAGRAM
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Z280-CTC Pin Description {continued)

2%

ZCITO, Chaanel | Zero Count or Timeaut RD
(output, active high)
ZCITO Channe! 2 Zero Count or Timeout . 1E]
foulput, acuve high) (EO
C5] -C533  Charne! Select finput, active high). These
form a 2-bit binary 1ddress of the channel
10 be acoessed. i
D7 ~Dp 280.CPU Data Bus (bidirectional, tristats)
CE Chip Enable (input, active low) RESET
) Sysiem Clock {inpul)
7Y Mactune Cycla One Signal from Z80-CPU
{input, active low)
IDRO Le.parfQutput Request from Z80-CPU (input,

active low}

Tir-ning Waveforms

Read Cycle Starps from the ZBO-CPU {inpu,
active low)

Interrupt Enable In (input, active high)

Interrupt Enabie Out {output, active high).
IEf and [EOQ form 4 daity chain connection
for priotity interrupt control

Jnterrupt Request {outpul, open drain,

acrive low)

RESET stops alf channels from counting and
resets channel inerrupt enabie bits in all
contral registers. Durning reset ime ZC/TOp.2
and INT g0 to the inactive stazes. [EO reflects
the state of 1EI, and Lhe data by output drivers:
£o to the high impedance stare (input, active

low)

CTC WRITE CYCLE

Mustrated here is the timing (or loading a ¢hannel cantrol
wiird , time constant and interrupt vector, No wait states sre
ilowed for writing to the CTC other than the auromatically

inuertzd (Tw*). Since the CTC does nor receive a specific >

viite ggnal, it intemally generztes Its own from the lack of

an RD signal, @
-
[ 10 ]

CTC READ CYCLE
* *
Cluscrated here is the dming for reading a channel's

Down Counter when yn Counter Mode, The value read
onto the data bus reflects the number of exiermal elock's
nsing edges prior to the rising edge of cycle (T1). No wait
stares are allowed for rrading the $TC ather than the xuto- o
maticzlly ioserted (T, *).

M CoasmaEl SOTNISE

INTERRUPT ACKNOWLEDGE CYCLE

Some tme ziter an interrupt is requesied by the CTC, the
CPU wil] send ut an interrupt acknowledge (M1 and IORG).
During this time the interrupt loge of the CTC will determine
the highest priorty channe| which s feQUESEing an interTupt.

Lt
a TN\

—

Ta insure that the daisy chain enable lines stabilize, channels

o
arz mhibited from changing vheir in1eTrupt request starus

e S

when M1 it active. [ the CTC Interrupt Enable Input {IED)
is actve, then the highest priority mlerrupung chennel

Places vhe contents of s interrupt vecior register onmo the "

o — s

Data Bus when IORQ goes active, Additional wait cycles

are 2llowed, HSE E—31 e
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CTC Programming

A

SELECTING AN OPERATING MODE

When selecling a channel's operecng mode, bit § is set to

! toindicate this word is to be stored in the channel ¢ontrol

register,

- L] L] L] L] L]

i T A
Euanl§

[T
[ 25 T gy | iERdAN L] mat 1

Bit 7=

Bit¥=1 -

Rits=g

Bita=1

Dits=g

Bit 5= 1

Bitd=¢

Bit3=1

Bit3=9

Bird=|

LT AT
— —

| kI [ESTIrLY
L LR TIMLE YN AP

Channel interrupts disabled.

Chanpel jntecrupts ensbled to occuy wvery
lime Down Counter reaches o count of zero.
Setting Bir 7 does no lar a preceding count
af zem czuse an ineoupt,

Timst Mode — Down counter is clocked by
the prescaler. The period of the counter i
e = P » TC
Iz = system clock period
P = prescale of 16 or 256
TC = 3 bit binury programmabls time
coastant {256 max}

Counter Mode — Down Counter i3 docked
by external clock. The presezlst i€ ot used.

Timer Mode Only-System clock @ i divided
by 16 in prescaler.

Timer Mode Only-System dock & it divided
by 156in prescales,

Timer Mode — negative edge 1rigger starty
timer operation.

Counter Mode — negative edge ducrum.enu
the down counser.

Timer Mode — positive edge trigger sty
timezr operation.

Counter Mode — positive edge decrements
the down counter.

Timer Mods Only — Timer begins operation
on the rising edgz of T3 of the machine
cyele following the one that lozds the lime
constant.

Timer Mode Only ~ External trigger iz valid
{of starting timer operation after rising edge
of Tz of the machine cycle following the
one thar lozds the vime conytant. The Pre-
scaler js decremented 2 clock cycles later if
Lthe setup time is met, ptherwise J clock
cycles.

No tme constant will follow the channel
contred word. One tme constant must be
written to the channel 1o initiale operation.

Rie2=9

The time constant for the Down Counter
will be the next wond wnoien 1o the selecied
channel. If & time copstanl i3 loaded while 3
channzl is counting, the prezent count will
be completed befare 1the néw Lime consiant
is loaded into the Down Counter.

Bit2=1

Bit1=9 Channel continues counting.

Stop operadon. [f Bit 2= | chanpel will
resume aperation afier loading a rime
coastant, otherwise a new control word
must ba lozded,

Bitl-[

LOADING A TIME CONSTANT

An B-bii time constanr is loaded into the Time Corycant
register following o channe control word with bir 2 sec. All
zeros Indicate 3 time constant of 256,

LOADING AN INTERRUPFT VECTOR

The ZED-CPU recuares that 2n B-bit internapt vector be
supplied by the interrupring channel. The CPU forms the
addreyy for the interrupt service routine of the chanpel
using this vector. During an intérrupt scknowledge cycle
the vector o placed on the 280 Data Bus by the highess
priocity channel requesting service at that time. The desired
interrupt vector is loaded inio the CTC by writing into
channel § with a zero in D@, Dy-D coantin the stored in-
terrupt vector, D aed Dy are norused in loading the vector,
When the CTC responds to an interropt acknowledge, thess
two bils contain the binary code of tha highest priority
chanpel which requesied the intermept and Dy conrains 3
e dnce the sddresy of the interrupt wMce routine stases
at un even byte, Channel @ is the higheit prionty channel,

]

L1 Ve | Ll bl " LY L]
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CTC Programming v

SELECTING AN OPERATING MODE

When selecting 2 channel's operating mode. bit @ is ser to
| toindjcate this word is g be stored in the chanpe] ¢ontrol
fegister.

- Oy ] | "o B - L
Lok
H‘:"W N LAL P WOy | TRmddE Ty LA 1
[ PN ] lﬂ'\'f’m
\w_f \"‘"H""“"
L | L] ol

Irmy g wopm ey I B W Y

BirT=g Chaane! intsrrupu disabled,

Hit ¥=1 -  Chanpel ingroupts enabled vo octur every
Lme Down Caunier reaches 3 count of Zoro.
Setzing Bit 7 does not L&t 2 preceding count
of zero cause 2n inlertupt,

Bit 6 =9 Timer Mode — Down counter is clocked by
Lhe presealer, The peried of the counter is:
e = P » '],:C
Iz ® system dock period
P = prescale of 16 or 256
TC = § bit binary pmsmm:uhle fime

¢onsiant (256 max}

Bira=i Counter Mode — Down Coualer is docked
by extemal clock. The prescaler i nol used.

Blt 5= Timer Mode Only-System clock @ s divided
by 16 in prescaler.

Bit 5= | Tl;m:r Mode Cniy—System clock & is divided
by 156 1n prescaler,

Bird =@ Timer Mode — negative edge trigzer starts
timer operation.
Counter Mode — negative edge decrements
the down counter.

Bid=1 Timer Mode — positive edge irigger sarn
imer operation,
Counter Mode ~— positive edge decrements
the down counter.

Blt 3= Timer Mode Only — Timet begins operation
on the rizing ¢dge of T; of the machine
cycle following the one that lozds the time
congiant.

Hi 3 =1 Timer Mode Ondy — External trigger i1 valid
for starting timer operation after rising edge
of Ty of the machine cycle following the
one that loads the thne conszant. The Pre.
scaler is decremented 2 clogk cycles later if
Lthe setup time is mer, otherwise 3 clock
cycles,

Bit2=9 No tine comytant will follow the channe]
control word, On# rime constant must ba
written 1o the channel to initiate operation.

Bit 2=l The dme constant for the Down Counter
will be the next ward written to Lthe selecred
channel. If & time constant i3 loaded while 2
channed iz counting, the present count will
bes completed belore the new time constant
is loaded into the Down Counier.

Bitl =g Channzl continues countng.

Brial Stop operation. Lf Bit 3 = | channel will
' resume operation after loading a time
constant, otherwise o ew canirol word
must be loaded,

LOADING A TIME CONSTANT

An B-blt time constant is loaded Into the Time Consrant
register following b channel control word with bit 7 sec. Al
zerns indicate a time contiant gf 256,

LOADING AN INTERRUPT VECTOR
The ZBO-CPU requnres char gn 3.bil intermupt vector be

supplied by the interrupting channel. The CPU forms the

addrexs for the inwerrupt tarvice routine of the channel
using lhis vector, Burng an interrupt acknowledge cycle
the vector ia placed on the Z80 Data Bus by the highext
priority channel requesting service at that time, The desired
interrupt vector is loaded into the CTC by writing inta
channel # with a rero in D, D7-D3 coatzin the stored in-
terrupt veelar, D7 and Dy are not used in loading the vector.
When the CTC responds to an interrupt acknowledge. thesa
two bits contain the binary cods of the highesr pnority
channel which requested the interrupt and Dy containg a
zero since the address of the interrupt service routine staoes
at an even byte, Channel B is che highest priority channel.
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Z80A-CTC

A.C. Characteristics 33
TA=0°C to 70" C, Viee = +§ V 1 5%, unlens otherwise noted
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Ty Any Hodd Tum for Specified Seup Time Q i
s, CF. o 15,4 T3] Control Signal Satup T o Rising Ecige of & Curing P £ "~
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Absolute Maximum Ranngf.

\ e
Temperaiure Lindei B 0"Cww TC Siray abuve chost lard under “Absakils Muumum
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780-SIO - Product Specification
'ZSOA-SIO | ' L AUALRF 1978

The ZEO-SIQ {Serial [nput/Curput) is a dual-channel N-channe] silicon-gate depietion-load technology
muiti-fuzctign peripheral component designed to satisfy &0-pin DEP

s wide variety of serial dara communications require-

ments in micrecomputer sysiems, [ta basic fupction s a Single 5 ¥ power supply °

jal-to-parallej, parallel-to-seriad convener/controiler, chase 3 V clock
but—within that role—it i3 configurable by systems Sing.lc phase )

software 30 its “personality’” can be optimized for a All inputs xnd outputs TTL compuatible
given serial data communications applicatica

The Z20-SI0 is capable of handling asynchrenous
formats, synchsonows byte-oriented protocola such as

e Bisyne, and synchronous hir.-ori:n_icd protocols Twa Indcpqnd:nt full-duplex channels
’“':hl t;";ﬁ LCand ?n"cl']m;mg' mﬁﬂ'ﬂﬁ”{x Data rates in synchronous or isosynchronows modes:
applications other than data communications {caasette s D-550K bits/second with 2.5 MHz system dock
or floppy disk interfaces, for example). ratc
. ' » -880K bits/second with 4.0 MHz tystem clock
The ZBJ-SIO can generate and check CRC codes in raic

any synchrongys mode and can be programmed to

i i ly bulfered;: tranms-
check dara integrity in various modes. The device alio Receiver data registers quadruply

bas facilities fer modem cootrols in bath channels. Tn mitter doubly buffered.
applications where thess controls are not nseded, the Asynchronous feziures:
modem centrols can be used for general-purposs 140, + §, 6,7 or § bits/character

r

——
e, BAta

Figure 1. Z30-513 Block Dingram

015TH by Tiiog s, AN ragleil Mbrvel
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AL

and IGRG a5 2n iMerrupt acknowledge if the Z80-510 is
the highest priozity device that has interropied the
ZR0-CPU.

1ORQ, faput/Owiput Request (input from CPU, active
Low), [ORQ is used in conjunction with A, /B, T8
and RL 1o transfer commands and daca between the CPU
and the Z80-51Q. When CE, AD and TORG are all active,
the channel selected by Br/a wansfers dats 1o the CPU (&
read operation). When CE and IGRG are active, but D is
inactive, the channel selected by B/A i3 writien to by the
£FU with sither data or ¢ontrol information a9 specified
by c/D. As mentioned previously, if iDRQ and My are ac.
tve simultanecusly, the Cpy is acknowledging an inter.
rupt and the Z80-5I0 sutomartically places its mierTupe
vector om the CPU data bus if it i3 the highest priority
device requiesting an interrupt.

RD, Regd Cyele Sianes. (ioput from cpu, active Low),
Il AD is active, 3 memory or O read operation is in
progpress, &5 is used with wra, CF and [ORG to transfer
dara from the ZE0-S10 1o the CFU,

BESET. Reset (itput, active Low). A Low RESET diy-
ablet both receivers and transmitters, forces TaDA and
TaDB marking, forced the modsm conrroly High and dis-
ables zll interrupts, The control registers must be e
written after the Z30-5[0 is rexet and before deea i
transmitted or received, |
IEY. Interrupt Enoble in (input, active High). This sig»
nzl is used with 4ED to form & pricwity daiyy chain when
there i3 more than one interrupt-driven device, A High

on this line indicates that no other device of higher prie
ority is being serviced by a CPU intermupt service routine.

[EO. Interrupt Enabie Oui [output, active High). 1EQ
is High only if 151 is High and the CPU is not servicing an
imermapt from this ZR0-S1O. Thus,. this signal blocks
lower priority devicss from interrupting while a higher
priority device is being serviced by its CPU interrupt ser-
vice routine, )

INT. Interrupt Request (ourput, oper drain, active
Low). When the ZBD-SIO |3 reguesting an interrupt, it
pulls TNT Low,

W/RDYA, W/RDYB. Wait/Reody A, Wait/Reody B
(outpuis, open drain when programmed for Wait fung-
tion, driven High and Low when programmed for
Ready funcrion). These deal-purpose outputs may be

progrummed ax Ready lines for 4 DMa controller or a5

Wail lines that synchronize the CPU to the Z80-5{0 dara
rate, The reset state is open drain.

CTSA, CTISB. Clarr To Sendf (imputy, active Low).
When programmed ax Auta Enables, 2 Low on thess
inputs enables the respective transmitter. IF ot peo-
gramumed ag Auto Enables, these inputs may be pro-
gammed as general-purpose inputs. Both inputs are
Schmitt-trigger buffered to accommodate slow-risctime
signals. The Z30-SIQ) detects pulses on these inputs and
interrupts the ¢PU of Both logic level transisg ,-;_‘}"bg
Schmin-trigger buffering docs not mﬁﬁf&'ﬁﬁd ed

noise-level margin.,

3¢

. S
T R
—— Tt
—— :%ﬁ ' E‘“
e [~ bt
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1: | oy
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TRi-EalSy r F ]
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- ]
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Figure 4. Z30-51072 Pin Conflguration -
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WRQ

Asgisier pointers. CRC initiallze, nitlallistion Som-
mands 'or ine various mades, slc,

WR?

TaasmitAseava inlmmupt #nd cata Hransfer mods
daflnition,

“WR2Z

Interrugl vector {Shasnel B gniy)

Pecaive parsmelery eng contrl

WR4

TranammiUAsceve miscHlaneous pammetess  and

moiag

WHRS

Tranamil paramelisra and coniraly

WRS

Sync characisr or SOLC sddrayy tled

WR7

Sync character or SOLC 1eg

Writn Regtaler Functbmm

Table 1. Fuocrions Assigaments of Resd wod Wit

Legisiers

The logic for both channely provides Formans, syn-
chronization and validation for data transferred to and
from the channe interface. The medem control IRputs
Clear to Send (CT5) and Datp Carrier Detect (DCD) are
monitored by the discrete control logic under program
control. All the modem control signals are general pur-
pose io nature and can be wsed (or functions other than
modem control.

For automaric iniesTups vectoring, the interrupt coo-
lrol logic determines which channel and which device
withia the channel has the highest priority. Priority is
fixed with Channel A assigned a higher prierity than
Channel B; Reccive, Transmit and External/Staus in-
termupes are prioritized in that order within each chan-
nel,

g

11

W0 0ata MNHNR _]
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Figure 5. Tranymit and Receive Dara Palh
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the accurale timing of the Break/Abort condition in ex-
rernal jogic.

CPrU/DMA Block Traosfer. The ZB0-SI0 provides a
Block Transfer mode 1 accommodage ¢FU block trans-
fer functions and pMa controllers [Z80-DMA or other
designtd. The Block Tramifer mode uses the WalTy
READY outpurf in conjunctian with the Wait/Ready bits
of Write Register 1. The WalT/READY outpul can be
defined under softwaze conrot as a WALT fioe ia the CMy
Hlock Transfer mods ar ax a READT line in the DMA
Elock Trensfer mode.

To & baa controller, the Z30-5I0 READY oulpul in-
dicates that the Z80-510 i ready to transfer data to or
from memory. To the CPU, the WaIT output indicates
that the Z80-5[0 is not rexdy 0 ranafer date, therehy
requesting the CPU 0 extend the o ¢ycle. The pro-
gramming of bi:s 3, 6 and 7 of Write Register 1 and the
logic stares of the WAIT/READY line are defined in the
Write Register | descriplion (Z80-S10 Programming
section). ’

In addition 10 the w0 capabilities previously discugsed,
the ZBO-5I0 provided two independent full-duplex
channels that can be programmed for wse in Asynchro-
nous, Synchronous and 30LC (HOLG modes, These dif-
ferent modes are provided to Fagilitate the implementa-
tion of commonly used data communicktions pro1ocols.
The fallowing is a short description of the data com-
munjeations protocols supporied by the ZE0-S10. A
more detailed explanation of thege modes can be found
in the Z80-5/0 Techmical Marual,

Asynchroaons Modes. The ZRO-SI0 offers transmission
and reception of five 1o eight bits per character, plus op-
_tonal even or odd parity. The transmittey can supply
cne, one and a hall or two stop bits per character and
can provide a break output at any time. The recsiver
break derection logic inmerrupts the CPU only at the start
and-end of a received break. Reception is protected
from spikes by a transiem spike rejection mechanism
that checks the signa! one-half a bit time aler a Low
level is detected on the Receive Data input. If the Low
does noL persist—as in the case of 2 rransient--the char-
acier assembly process is now sraned,

Framing errors and overrun ¢rror are detected and
buffered wwgether with the partia) characier on which
they octurred. Yectored. intermupes allow fast servicing
of error conditians using dedicarted routines. Further-
more, & buili-in chegking process avoids interpreting a
framing error as a new start bit: a framing error resuits
in the addition of one-half 2 bil time to the point at
which the seargh [ot the nex: start bir is begun,

The Z30-5[0 does not require symmetric Transmit
and Receive Clock signals--a feature that allows it (o be
used-with a ZE0-CTC or any gther clock source, The
ransenitier and receiver can handle dara at a rate of |,

1716, 1732 ar 1764 of the clock rate supplied (o the
Receive and Transmit Clock inputs.

[n Asynchronous modes, the SYMEC pin may be pro-
grammed for an input that can be used far functions
such as monitoring 4 ring indicator.

Syschronons Modes, The 230-S10 sapports beth byte.
ariented wnd bit-oriented synchronaus communication,
Synchrongus byte-oriented protocols can be handled in
several modes that allow character synchronization with
an 8-hit sync characier (Monosync}, aoy i6-bit syoc pat-
tern (Blyync), or with an external syne signal, Leading
1ync characters can be removed without interTupding che
CPU. CNC checking for synchronous byte-oriented
modes is delaved by one character time 30 the CPU may
disable CRC checking on specific characrers. This per-
mits implementation of protocols tuch &8 tBm Bisync,

Both crc-16 (XWX 4+ X2+1) and CCiTT
(X1 X1+ X2+ 1) error checking polynomials are sup.
ported. [n all noo-SDLC modes, the CRC generator is in-
itialized 1o 0°s; in SOLC modes, it is initialized to 3.
(This means that the Z30-310 cannot generate or check
G for 1Em-compatible sofi-seciored disks) The
ZB0-310 alsp provides a [eaturc that suiomaucally
ransmits Crc data when oo other data is available far
transmission. This allows very high-ipeed ransmissions
under DM contrel with oo need for CPU intervention at
the end of 1 metsage. When there is no data of CRC to
send in Synchronous modes, the transmilcer inseres $- o
16-bit sync characters regardless of the programmed
character length, Since the CPU can read status [aferma-
ton from the Z80-S5I0, ic can determine the type of
transtoission (data, CRC or ync characters) that is tak-
ing place ar any time,

The Z£0-510 supparms synchronous bit-oriented pro-
tocols such a3 SpLC and HOLC by performing automarcic
fag sending, zero intertion and CAC generation. A spe.
cial command can be used to abort & frame in trARsimix.
sion. The 280-S1C automatically tcansmits the CAC and
trailing flag when the transmit bulfer becomes empty,
An Interrupt wamns the CPU of chis starug change s0 an
abort may be isued if & transmine wnderrun has oc-
curred. One to eight bits per cheracrer can be sent,
which allows iransmission of a mesnsage exactly as
received with no prior informacion about the character
structure ia the information feld of a frame.

The receiver automatically synchronizea on the lead-
ing flag of a (rame and provides & syncheonization siy-
nal that can be programmed to inlerrupt. 1n addition,
an interrupt o the first received ¢haracter or on every
character ¢an be selected. The receiver automstically
deletes all zeroes insened by the transmitier during <hae-
acter assembly, {1 also calculares and automatcally
checks the Cac 1o validate frame wransmission. Al the
end of transmission, the stacus af 2 received frame iy
available in the status registers. The receiver can be pro-
grammed to search for {frames addressed to only 1 1pegi.
fied user.selectable address or (o a global broadezst aa-
dress. Iothis mode; frames that do not match the gser-
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High and an |EQ Low. [f the next opeode byte is 4D,
the inrerrupt-under-service larch is reset.

The ripple time of the interrupt daisy chain (both the
High-4o-Low and he Low-to-High transitigns) limiis
the number of devices that can be placed in the daisy
chain, Ripple time can be improved with carry-lock-
ahead, or by extending the interrupt acknowledge cycle,
For further intormation about techniques for inereasing
the pumber of daisy-chained devices, refer to Zilog
Application Note 03-004(-01 (The Z80 Family Program
Interrupi Sirucrure),

Figure 9 illustzates the daisy chain configuration of
interrupt circuis and their behavior with oested ineer-

rupts {an interrept that is interrupted by another with &
higher priority).

Each box in the illustration couid be a sepagaie exter-
nal 230 peripheral clrouit with 8 user-defined order of
inlerrupt priorities. However, & similar daisy chain
structure also exists inside the Z8O-510, which has six
interrupt levels with & fixed order of priorities.

The case illusirated occurs when the transmitter of
Channel B imerrupts and is granted service. While this
interrupt {1 being serviced, it Ia iterrupted by a higher
priority interrupd from Chanael A. The second interrupt
is serviced and—upon completion-—a RET1 instrustion is
executed ©f & XRETI command is written into the
Z80.510, reactting the interrupt-under-service latch of
the Channel A interrupt. At this time, the service coting
for Channel B is resumed. When it is completed,
another RET? instruction is execyted to complere tha in-
tErrupn service.

' CHAMMEL & . CrarnEL B
CrAanMEL A CHAMMEL A EXTERMAL CHaMHEL B ChHaMvEL B EXTERMAL
RECENVER TRANSINTTER §TATUS MECEIVER TAAKSLITTER STATUE
-
| G HH A MM Hallr MM G
e | 2] [F 4] EQ Ll | o] 3] [ 2wl €1 EQ 3] o l—
r
1. PRIORAITY INTERARUPT DAISY CHAIN BEFORE ANY INTERRUPT OCCURS,
- uNDER SERVCE
|r:iu MG HEGH HIGH HAH
IET IEQ Kl EQ 1] £ £l EQ Kl Q) ——] € 15D p——
LTy LOW
2 CHANNEL B TRAMSMITTER INTERRUPTS AND 15 ACKNOWLEDGED.
* LmDER SEFVICE T HEPVICE |USMEMCED
| HIGH HGH HGH .
HEI D IE1 L 1] 1] - 1a] IE [ Zw] 1E1 [ n] HE| o f—
= L LOwW LW
3. EXTERNAL/STATUS OF CHANNEL A INTEARUFPTS SUSPENDING SERAVICE CF CHANNEL B
TRANSMITTER.
+* SERVICE COMPLETED SERWVICE RAESIAWED
I G HMaH HIGH MHGH HIGH
- E! [ 1a] L] [ 2] [ 1 €0 | = ] HEl D Er WD —
LOW LW
4, CHANNEL & EXTERNAL/STATUS ROUTINE COMPLETE. RETI ISSUED, CHANNEL B
TRAAMNEMITTER SERVICE RESUNED.
+ - SEAMACE COMMLETED
PalGH HIGH GH HIgH G+ HIGM rGH
IEN L dn] #1 =] i IEQ 1E1 ED El EQ 4] IEQ —

5. CHANNEL 8 TRANSMITTER SEAVICE ROUTINE COMPLETE, SECOND RETI ISSUED.
Figure 9. Typical loterrupi Sequence -

MSE B-49

42



«5

M.

o™i

(WLT

i wi“ f—

X

I, T STRE g menst: b s Lt 8 ey remng vk of Sl dtdarywsl o sl oot € Clunt it Chor b o e
L

(R R

L Dex iegrwcher sy ey oo i ey Rovwivee Clark symly alior i but beis of e Srsg aheimerser b el
Dema a3
L ] | Py il Max  Im L] g

T} NT Cimtiny Tiumy =0 Ans) wigy o Ml * 1] 1 ] 13 & el
N dIT] TY Coptwy Tia 10 Fagominzt ol Kornd D Bt ' ' s PRy —

i PHY Mirmta HIGH Pubil WaTh r ke s = F -~
oA O g W) e S—_
et Yo | L} Mrruy LW Py Wi v PR il w0 ) ™
In Inch D gt Wl RN TR

)5 Syrs: Pyign Ootty Tt e vy saige of Tl i T . Y
R, T Ousens baceme

1] Sy Pusisr Owioy T bom Atareg i o8 iy e W o

Exunmal Sy ooy

el Trivwet Ciock, Sl w0 - " » w
== RE T Trarwwwsl Cioge Pubid Welin, tineh HEGH 18 - 1o - m

« TR Trarwwt Ciovs Pulss Waiih, cock LOW " - L = ™
T, Tallpr i Taly Tal) Clapis Dy inms bnting Eagw of Tal - m .

Int Ot irugipy

ol Ry Ao Ciack Parioy - = 400 * ™
&0, fulh iR Facanrs Cincic Pulve Wi, cloa, HROH ™ - .

(ML P o Punies Wiomh, tie LW u - " = m
] e it Sy Tora 13wy wiow of Pl 27 o ] e ™

Rl Ry ot Thirey frown ) s o FGT, 11 mode ) L] [P L

1l a1} et Tl oy wiom £lock (] ol mmet by a4 Loast L. cirmen Ut PUAK bmaem dats raie,

ELSET mum e sctivy & Sudnimym of spe complom & eyale

MSE 8-51



N oy 1 et @ |o———h
oy » jr—
'!-l—- 1 u M
B o 17 fa——y
i.t--- 1 .
B ] n jm—T
LR s M I )
e L) PR —4) |
T —— t h -] ..._ﬂ'
NI e iy W —
TS g 1 B i Wi
b Bl . ) -——m
[Tryu— '} 31 a— nm
m-—l- i ) -—m
T ey 13 n —a I
1| T ] 8 b—a il
“ﬁ b1 M —-.Im
| f —— T 8 e iTH
[[419 u Y P )
’ & Y —i

Hy —a] 1 haadl w |y
B a—] B |—f
| P H a— iy
o] 3 1? =B
=r-'ll—- 1 H -l—-—=
" J— n fe—
L | . w fa—
[ g— 0 je F
gy —>F ¥ n j—o
L1] rem—ny | | H —
e 0 T w
(1" T n e R
TR ey 12 1 T— ]
M P | T—
Tolbd o 1 13 M et Pl
m-— b | - —— | |
i~ P ) 3 e i
ﬂ'ﬂ'_... H .8 _-_.m
m-—-l- w -4 -—-m
e s Bl H -.-_.IIEI"

11 mpaged 1 hadl o f—y
1 ] 1 o pr—mbr
L JE PN N o p——y
B gt &, 17—
(] [ PP
| Qe H ..__E[
L I M -—lﬂ
W ey & n p— &
—] ) —
I e T It 1 f— il
| [+ —— 1n |y S—— ] ]
bl —eq 1T n a— il
B -
= ] " .._'I"Il-
TRRY et 1y L T— ]
T — n _.....ﬂl_l
| ro— T e PTG
ﬂﬁ—-— H n_—.m
L T n fo— T
§ — T n e T




7.80-CPU
Z80A-CPU

The Zidog Z2BG product line o a complesa set of micro-
computet components, development systems aod support
software. The Z20 mucrocompurer componant tet ineludes
all of the circuits necessary Lo build high-performanee
miczocompuler tystemns with virtually no other logic and &
minimum number of low cot standard memery slsments.

The Z80 and ZE0A CPU's are third gemeration single chip
microprocessarnt with unrivajed computational power. This
inerzqsed computational power Tesults in higher system
through-put and mors tificient memary utllization when
compared to second generation nricroprocenson, In
addition, the ZR0 and ZEOA CPUs are very exsy to imple-
ment into a system because of their single voltage require-
ment plus ali ourpur dgnals are fully decoded 2nd gmed to
controt standard memory or peripheral circuits. Tha eircuit
is implernented using an N-channel, fon umpla.nted slicon
gite MOS process. '

Figure | 15 2 block diagram of the CPU, Figure 2 details
the intetnal register configuration which contains 208 bity
of ReadfWnie memory that are 2ccexsible to the peogram-
me:, The registers include two set8 of six general pupase
repisters that may be wed individually as 3-bir regisiers or
a3 L &§-il register pars, There are also two ats of saceumu-
lxtor and ag regsters. The programmer has accers 1o either
sef of mawn or alternale registers through a group of ex-
change instructions. This altemate 3t allows foreground/
background mode of operation of may be reserved for very
fasy Interrupt responze, Ezch CPU also conteins 1 1é-bit
stack poiater which permits ampie implementation of
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multiple level interrupts, unlimited subroutine nesting and
stimpliflcation of many types af date handling.

The rwa |6-bit index registers allow rabular daca maripu-

" lation and eazy mplementation of relocatable code, The

Refrash register provides for sutomatic, totally transpareni
refresh of axternal dynamic memones. The [ register {5 waed
in & powerful iaterrupt response moda to form the upper 8
bits of a pointer to a interupt service zddress tabis, while
the interrupting device supplies the lower 8 bin of the
pointer. An indirect call is then made 19 this service address.

FEATURES

* Singie chip, N-channel Siicon Gate CPL.

® 153 instructions—includey all 78 of the BOB0A instruc-
ticng with total software conmpatibiity . New insirug-
tiops include 4-, 8- and | 6-4it opetations with more
use i addresting modes such 28 indexed, bit and relative,

# 17 intemal regisier.

# Three modes of fast intacrupt responss plus a pon-
maakable interrupt.

o Drirectly interfzces standard speed static or dynami¢
memories with virtually ng ¢xternal logie.

e |0 instruction execution fpeed.

* Single 5 VDO tpply and singiephate 5 volt Clock.

s Ourperfonns any other single chip microcomputer in
4=, B+, of 16-bit applications.

® All pina TTL Compatible

® Built-in dynamic FAM refreth Greuitry.

ZB0, I30A CPU BLOCK DIAGRAM
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ZBO, ZBAA CPU AEGISTEAS
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Timing Waveforms
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INSTRLICTION OF CODE FETCH

The progeam <ountes coulenl (PC) is placed oa the
address bus immediacely at the siart of the cycle. One half
clock timme larer M goes active, The falling edge of
MREQ) can be used directly a5 2 chip enable 1o dynamic
memories. K when achive indicates that the memory
data should be crabled antn the CPU data bur The CPU
wamples daia wath the cising edge of the clock srate Ty,
Clock states Ty and Ty of & fetch cyelo ure used 1o refresh
dynamjc memanes while the CPU i3 intemally decoding
and executing the instrucuon. The refresh conurol signal
BESIT indicates that a refrezh read of all dynamic memories
shouid be accomplished.

ky Iy Ll "

4= al 1 w -+ Wil By g Legen r -

n a1 | Ir II .

e TEITTTOLCIIIIITICIIIIIIIIIT
" =

=

MEMOAY REAL OR WRITE CYCLES

illustrated here ii the timing of memory read or write
cycles othe: than an OP epde ferch (M| cyele). The MREQ
and signais are used axactly ag in the ferch eycie. In
the case of 2 memory write cycle, the MREQ aso becomes
active when the address bus it stable 30 that i can be used
direcily a3 2 chip enable for dynamic memories. The W
lite i3 sctive when dara on the dats bus i stzhle 3o thel it
can be wed directly a3 ¢ R/W pulse to vimually any type of
wmiconducior memary.

INPUT OR OUTPUT CYCLES

Dtustrated here o the wrung for an (O read or [fO write
nperation. Motlce that during [/C operations 3 single waft
sate is suromatically inseried (Tw*yL The reason for Lhis it
that during [/0 operations this extry 5state aflows fufficient
time far an 1fQ port ta decode ity addresy and activate the
WAIT line if & wtit is required.

INTERAUPT REQUEST/AGCKNOWLEDGE CYCLE

The interupt Sgnal is sampled by the CPU with the
nsing edge of the last clock al the end of any inttrustion.
When &9 interzupt is accepled, a special My cycle iz
generzted . During thu M | cyele, the [ORQ signal becomes
active {instead of M ) to indicate that the interntpring
device can place an 8-bit vector on che data bus. Two wait
states {Tw*) are automatically added 1o this eycle sa thae
npple priorty intetrupt scheme, such as the one used in the
Z80 peripheral controllers, can be casly implemented.
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Mnemoric | Symbalic Operation Commenis Mremenic | Symbolic Cperation Conrnients
N
CPs A-s £ =5, n(HL) =) BIT b, r A Ziszeto flag
INC ¢ dmd et (Bee) {lee} | 21 5ETHs g et s 3¢, (HL)
d=r (HL) + | RES 5,4 w 0 {1X+e), (1Y +e}
IX+e), ([¥+e S
DEC d ded-I (IXte), ([Yre) INA (n) | A~{n) r- -t
y LI e N 1,{C) r~{C}) Set Nags
ADDHL.ss | HL=HL + s INE E"-} ~(C).HL ~HL +1
ADC HL.ss | HL = HL + s+ CY ::;':-DE H‘I:““
ADDIX, = IX — 1% + 55 tll;sﬂlf. DE, Repeat until B =0
ADD IY,ss | ¥ - 1Y + s s | IND (L) - ()AL —HL -
Iy,sp B
HL.SPIX,1y | 2 .
DEC dd dd «~dd - | dd = BC, DE g Bepear until B =Q
: » 5. <| OUTt). & | (R}~ A
HL, SP IX. 1¥
DAA Converts A contents into | Operands must | sloutonr | @~
O0nvEMS A conlents into rands mus z Cye [HL}. HL ~
packed BCD following add | be in packed outt IB E'_B(_lfl b HL=HL -
or subt ECD format
et OTIR {C)(HL). HL —HL + |
—_ B~B-1
cr
NE['E: :“‘;: . Bepeaz until B =0
-4 oUTD (€)= (HL), HL = HL - 1
CCF CY —-CY Bw~E-.l
5CF CY ~1 - -
o — - — OTDR {C)+~ (HL). HL ~HL - |
WOP No operation Bep-! .
HALT Halt CPU | Repeat unil B -0 —
DI Disable [nternipas iF na PC ~na NI PO
El Erable Interrups JP ¢c., an If condizion e is truz Z PE
IM D Set interrupt mode G BORGA mods : PC + on, ¢lsz continue ®YNC P oL
M | Set interrupe mode | Cail to 0038y | Re PC+~PC+e C M
[M 2 Set interrupt mode 2 Irdipect Call § JR Kk, & [f condition kk is 1rue w £ N2 N
- - s S ——— = PC —PC + &, ¢lse continue ZC
RLC s @.@ P (s3) PC e s = HL, IX.[¥
DINZ e B+~B-1,ifBu0 )
RLs Lﬁ‘—EEa continue. else PC < PC + ¢
" CALLan | (5P-D) —PC - '
- - H
RRC's le=la " (5P-2) - PC{ . PC = an 2o
! 2| CALL . an | IF condition ce is faise s §ne P
R 5 L'E—‘EJ u continue. ¢lte 13me a3 c M
5 CALL en
I ————— R . P
SLAs = 191, (HL) E[RsTL (SP-1) = PCy
z (DOehilyeey | £ {SP-2) - BC) . PCy ~ 0
SRA s ‘m m : A H:L “".L - -
: "| RET PC| —(5P),
SRL s T BCyy ~ (SP+1)
3 RET ¢ If condition oo i3 false ~Z PO
A
RLD [T e E conhinbe. else same as RET w 3 FE
A L | £| RET Retuem from interrupt, NP
- b tame 35 RET v
RRD I-h i RETN Retumn from aon-
maskable intermpt N
— — s - —
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A.C. Characteristics

&

T, =0°C tw 70°C. Vic = +5V & %, Unless Otherwise Noted.
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INTRODUCING THE

K

r -3 acfre
R

‘The MCES, 000 microprocessor ta housed tngfd-pin
package that gllews the uze of ieparcte (hon-

multiplexed) oddress and data buses. This large 3 -;::pl‘u;;-::&
packoge provides optimum fGexibility while at the fr=s e EN

same Ume maximiring bus theough-put.

PIN IDENTIFICATION & DEFINITIONS

Al-AZ1  Address Leads

DO-01% Cexia Laods
AS Addrwrs Strmdy
R AadWite

UCkE, (DS Daoma Shobes

CTACE Doma Tromsier
Askrgwiedge

ER Bus Request | °

el Bus Grant

dGACK  Bus Grumt
Arrrwiadge

LACK lntarma pt
Ackr.owheige

oy 1} [nterrum Poonty

F. Lavei

i I I

-kt oddremt bus: copable
of addresnng 15777218 byws
in sonjunchae with UDS ang
1Ds.

Bt Cheried b tromcaiaes B o
1B bty ot Informertisn,
[cihcrotipy vt address k pro-
vides 2 bha lock br mdivis-
ibla opetninng.

Delinay bus operoten o=
Heod or Wnte ad contmola
urtemoez bus buflers
dantbes the Inpeisl o e op-
wrwd on cooowmng W AW
and AS

Albows the by cyde 0 o
chronee with slow devices or
DTN L

Input g the Proosssr om <
device requssting the bus.
COutput from the processar
Fronkng bus orbton
Conlrmmoton sgna boe BG
incdicmoney g vald selechon
trom the griybtanon proceas,
Hennhey thar b bus o per-
Ormmng an Iatarrupl sevice
oyole.

Provicdes the sty el of
the mierrupnng functan o
the procewsar.

MSE C-3

e e

'i.:| -

Py e e Rt o
\ A T
o R R BT il

Hah
Pus Ermor

Enabiw
Vatid Penpheml

Vabd Memory

+5 Yoky
around {3 puts!

Provides sstermal derices
writh ipformonon about tha
curran bus cycle.

bervser TIL whgnst Sock 10 v
=T

Provciss reset [umtetlizgaon)
gl v the Eocewsor ond
panphend devices.

Stopa the processar aond
allowy onghe sepmng.
Provides emmunahon of @ bus
eycle J no response of om
invhd responss o reckvwd.
Enobie clock for M5800 wya-
tsms, denufies addresied
oreq o3 o BEQQ competibla
aTea.

lrebcmen o GM00 k2mily de-
vicen that o valid address s
on the bua .
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OATA
AEGISTERS

BREREAR

EGHT
ADORESS
REGISTERS

R . e e B R . R - S—— ———

PRCGAAM
COUNTER

S1aTUS

Flgurs 2: MLE2000 Prngrlmminq Mool

X

Flglre 3: MCEII00 Stmius Fagister

THE MC§8000 CPU

Advanesd ocrchitecturs proceszcrs must not only
atfar afficient solttions 1o lorge complex problsma but
must be able 19 handle the small, simple problems
with propartionci efficisncy. The CPU has been de-
dyned o offer the moamum in perfermance and
varsaullty to solve simple and complex problems
eticentty.

The MCE68000 otfers sixtesn 32-bit reristers in addi-
ton to the 24bit program courter and 16-kxt status
regriztar (Figrure 2). The first eight registers DO0-D7)
Ire used a5 doia registers for byte (8-bit), word (16-bit)

- aned long wond (32-bit} operations, The second sat of
eight registers (A0-~A7) muy be wsed o scitwore
Slack Pointers and Boaze Addreas Hegistart, [n addi-
tion, Lhe zecand sat of eight registars may be used br
word and long word dotg operations. All of the xix-
lean requsters may be used os Indax Registers,

The 24-bit Progiam Countar provnides a memory
2ddressing remge of mors than 16 mego-bytes (ootu-
aily. 16,777, 216 bytes). This large renge of cddmessing
copakslity, coupled with @ Memory Manogement
Unit, allows lorge, modular programs o be de-
veloped ond operated without resorting to cumber-
some and tima consuming software bockkseping
end paging technngues,

REGISTER DIRECT ADDRESSING
Oata Aagester Direct -
Ancrgny Ragdite [n ’
Stane Regisier Chroct )
* ° ABSOLUTE DATA ADURESSING. .
* A Abmokas Shorr . e '_{mm

B Abzocds Long i
pnmmmﬁmvﬁm :

Relative wxt Ofts e * EAm| -i-D
Rﬁam‘wmlrlduﬁﬂh!t ;- EA =]

Ty eat Fl

- = R - IR "-"".-..--_"'--i

Fra-cecramant Aegatsr incinsct
: i et Oritgat "_ X
E.a..-mmmmu;} - L

.__"'"
+{m+Dn.c-m:k|mmdm

The Status Ragristet (Figure 3} coniains the Inlerrapt
Laval Mazk (23 lavela avorilable] oy wall ax the Condi-
tion Code: Cverdlow (V), Zare (7), Negotive (N), Corry
(C), and Extand (0. Additional sionyy bty indicate
that the procesacr is in g THACE (T) mode or in a
SUPERVISORY (S) siate . Ample spore rematns in Lhe
Statuxs Register for future extensicns of the MESD00
bamily.

Six bosic dute types am supported. These data
types ara: .

- Bin * Bytas (8-bits)

« BCD digits » Words {16-bits)

"+ ASCT charoctem - Lang words (32-Eits)
[n ocdditan opercticns on cther dato types such o3
memory addresses, storus word daua, stc, are pro-
vided for in the nstruction set.

. Ehm(Ax). Aot N

A:--M--MEK-{MI
-“ EA - + D -

A [ﬁt} - D

- .
U e : a
_ ; -l
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The addrex=ing modes hove begn kapt mmpls
without sacTificing sibciency. Al lourteen addrassing
mocles operate consumently and are independent of
the instruction opercoon il Additonally, oll ad-
dress regisiers may be usad for the Direq, Reqister
Indirect and Indexed addressing modes. {Immadicis.
Progron Couniwr Relative and Abaclule oddressing
by defirution do not use coldiass registany), For n-
creaned Sexb:lity, any dota requster — az well as any
adriresa tegisier — mery be used o3 an index Regiater,
Adcirest requster consstency is maoititmned br stack-
ing cperchons sunce any of the sight address regis-
turs may be utilized as User Program Stock pointers
with the Hegisiar Indirec! Post-incrament/Pre-
dacrement addresang modss. Registar A7, howaver,
is ¢ specal reguster that, n addition to i oormal
addressing capabulity, lunctions ax the System Stack
Pointer when stackng the Program Counter and
Sterray Register tor subrouhne calls, trops and inter-
rupts; whils in the supernscory mode.

Stuctured Moduigr Progromming — The art of pro-

¢remnming mictoptocesscrs has evolved ropidly in
the paxt few years. Numarous cdvanced techniques
hews bean developed to allow eamer, mors conma-
tent cnd tellable genemton of scitware. In general,
these lechniques requure tho! the programmer be
mors disciplined n observing a defined pro-
gramming sTucture such ax moduler programming.

Modular programuming allowns a required function or
process o be broken down in short modules or sub-
reunpes hat are concisely dafined and easly pro-
grammed and 1ested. Such a technique s greatly
simplifed by the avgilability of advonced marre as-
samblers and block srucrured High Level Longuages
such ma FASCAL Such concepts are wirtual'

lets, howevet, unless pafcmelen are e ..,

terred betwesn and witun software modules that
operate ©n g resntrant and recursive bena, (To be
rentrant a revtine musl be usable by tnerrupt and
Don-interrupt driven programs without the less of
data. A recursive routine ty one that may ogll or use
itsall). The MCRAN0 mucoprocessor provides the
necezsary archilectural leghures to allowr afficient
resntrant modular programoming, The "LINE' and
"UNLINK™ instrucucons reduce subroutine «all over-
heod in two complementary nsiructiong by allewing
the manipulaton of hnked lists of dato creas on the
stack. The "STM" (Store Multipls Registers) and
“"LOM Locd Multiple Regisiers) instructions aso re-
dure subroutine call programming overhead, Thase
allow the bbading or stionng. via an elfsctive oddress,
muliple regislers that are spediied by the program-
mer, Slxtesn software rap vectors are provided with
the THAF" inatruction and are usefu] in opercting
system <all reutines or ussr gepergled mocro
rounnes.” Other insruchons that support medem
sructhrsd progromming 1echniques are FEA (Push
Lifective Address; LEA {Load EHecthve Address).

.. 34
HTR (Raturn to Restors) as well gs e normal JSH,
BSR and HIS.

O coursae, the powerful veciored prionty inlermapt
structure of the microprocsasor cllows sooight-
lorward genaration of resnotrant modular [aput/
Cutput routinea. Eight moaboble levels of priority
with 132 vecter locotions provide meotmum Sexkbility
br VO contrel, (A wktl of 256 veclor loootions are
available lor inlerrupts. hardwoare traps, ::nr.l
scitergre Tops.)

Improved Scitware Tesichility — Cne of the major
taxks the Fystem programmer encounters when Tt
ing software for microcomputers ia the delechon and
comection of smors, or “debugging.” The tune taken
10 “dabug” softwors nearly clways sxcesds the timas it
takes io write the scftwars. In practics, the old 20/B0
rule ciken applles: “The last 20% of the job requires
B0% of the eifort.” The mucroprocesscr incorporates
several leanires that reduce the chonee for emon.
Thess fectures. such s Orthogonality and the Struc-
rured Modular Progrommung copability, hove al-
ready besn

Of major lmpur’ac.mcl w the systems progrommer
e lagrures that hova been incarpomted specifically
1o detect the ccowrTence of progromming errors or
“buge=.” Several hardware trapa, provided (o indicate
ehnormal Intemal conditons of the MTGB000 proces-
sor, datect the Iollowing st condidons:

Word ocess with on odd addren

Megal instructions

Unimplemented instructions

Dlaged addiwtsing mode

Negal Memory acodss (bus error)

Ovarilow on divide (divide by zarc)

Orarflow condiben cods (e parme instrucnon

TRAFPV)

Additcnally, the sirteen softwors THAP Insructions
may ba utilized by the programmer to provids appli-
catlona arianied arror detection or correction
routres.

An additonal arror detection ool is the CHK
{Chect Register Agmnat Bounds) mstruction used br
array bound checking by veriying that 0 = (AEG! <
LIMIT A traap occurs i the tegistst contents are Degd-
tve or grectar than the limit

Finally. the MCE000 tncludes g iozlity then allows
natruction-by-instruction tracing of a program being
debugged. This TRACE MODE resula in g trop being
made 1o O kucing routns aher sach Instruction
execution. The TRACE MOCDE is avaulshbla to the
programmer whan the micToprocessor s in the
SUPERVISORY stute oz well a3 the USER siate. but
may only be entered while in the superviscry stats.
The SUFERVISORY/USER stutes prowvide an addi- .
Honal degree of srror protection for the micro-
processor by providing memory protaction of
selecied areas of memory when an external mamory
managenenl device is usec. -

MSE C-7



by permiting the programme: o generais as mahy
s g ht concarrent siacks or quayes. Ancther facrure
that allows the progremmer to manage the use of
memory i the THK {Chect Registar Aganst Bounds)
[nstruetion. This nstruction permits the soltware
implementonon of a basic memory protectionf
management Swuchile.

Stll cmsther sigrubicant {sature provided in the
MCEB000) mucToprocessor is the distincion betwean a
USER end o SUPERVISOR mode, The SUFERVISOR
toexle DeHY cenmn protecied operations within the
processar system. Of particular intarest s that an
enemz!l Memery Manogement Cantroller may be
uvasd when the processor i3 in the USER mods o
manage the louge address spoace for the mogram-
mer. The congollers memory monogemant opery-
ticns are Tansoxown! (o the programmer when o the
UEER mode cand con be changed or updated cnly in
the SUPERVISCR mode. The Mamory Mancgement
Controller provnidea bolh menogement of a varniahle
numbaer of vanahle 32 segmants {Mamory Segmen-
tation} cnd dynomic mgoagement of multi-task
memory relocotion and protection. The Memory
Mmogemen: Controller requlctes acceas to storage
segmanty that ame dedicated o recd only data,
recdfemie dota, progrem code and protected dety/
coda. .

REDUCED CODE DENSITY
AND IMPROVED SPEED

With the cdvent of low coar, very high densiry VLSI
RAMS and AOMS, it might incommectly be asumed
tha the numbar of bytes of code needed 10 sxecuts o
Fivan program i no lnger impanant. Code densiry,
howevar, 15 vary cribcal, sinoe microprocesast speed

is hughly dependant upon the number of exscuted

inzmucuon words, Dunng the ecxly developmant of
Motarala's MCEBIO0 micToprocessar, srtanzive
studias ware mode of the wie of nsmuctions and
ssquences of InsticHONS 1N mony DUCTORMOCREscT
applicotons. These stuches wentfied not coly stoti-
cally requent insruchans but also dynomacally re-
quent insructona {The dynomc bequency of n-
sructons is g megsune of how often an iasuucnon s
axecuted whils siote requancy 11 g measurs of how
citen it ocours 1n g prograrm lanng or i ewncountered
by ao estembler). The mmor congibuier to the in-

crecaad elficiency, cx O result of the studies, i I]‘.'ll?}
hughly regular or orthogonal siructure of tho archites-
ture. The consistency of the archulecturs., instruchon
tot, gnd addressing modes xigni! contly reduces Ltha
numbwet of insuctons ieeded to accomplish o green
k. Additenally, meny instuctions have been in.
cluded to specifically improve code dansity and
spwad. For axample, singls word Add «id Subtroet
instructions using Quick Immediate cddressing allow
iast, tmerl valus aithmetic operatens on dows regiy-

" tars and memory. A Load Quick Immedicte [LDO)

provides the akility to load o small (B-kath signed word
inie any register In o ungle werd operation. o order
o impiove the speed &f loop operanons. a single
word itnatraction, for Decrement Count by One and
Branch if noo-zero (DCNT? is tncluded. Of course, the
TRAFP Stors Multiple Fegisiers (STM), Load Multiple
Registera (LDM), Link Stack (LINKY Unlink Stack
UNLY and Check Limit {(CHX) inspuctions signifi-
contly reduce code fequirements ir subroutines,
ooerating system colls ond siocking operotions.

Other inatructons that help reduce coding re-
Quirements and Lmprove performance of arithmatic
operations are Signed and Unsigned Multpty (MULS
and MULL, Signed cnd Unsigned Divide (DIVS and
DIV, BCD Arithmetic [ABCD, SBCD. PACK and
UNPX) @ wwll @ the standand binary integer opera-
tions. o order 1 mprove the sificency of moving or
tronaieiting dotz, ¢ powerful MOVE data losmuction
haas been itumrporcted that allows tha tranafer of
bytas, worda and long words and operciss in all
dow gddresaing modes. Thus: register-to-registar,
register-lo-memory, memory-ta-register and
mesmoly-io-memary trorafers ore permitted.

In gdditicn to the powerful instructiona theat provids
a substantial improvesoent in processor through-put,
numercus crehitecture] Beghures significemthy reduce
tha eyscution timas by ol Instructions. The separcte
(non-multplexed) addreas and derta buses, instrue-
tion pre-fsich pipeline and 32-bit interna! registers
are maicr contributors ko the proceascr's unedqualed
perormanes. As on axompls of the percroance
capabulity of the MCER000 Table M and the acoom-
penying graphs n fgures 5 ond 6 summanzs the
arecution nmes fora number of commen insructions.
Far comparison purpoges, similar inkbrmatoen is pro-
wided bor Ziloy's 70000 microprocessar. It 8 intenest-
ing io note that the MCH3000 has sigrificantly oster
axsCution L.

MSE C-9
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Figure 7: Exampia of MCBR00Q Interface Conneciiona for MCEEN Periphersl bnieriace Adiprier

SOFTWARE SUPPOHT AND
MC6800 COMPATIBILITY

The system dasigners and progiammers waing tig
MCBRNN] in an opplicaton have avalable o com-
plete. compatble system of hardware and software.
The mictoprocesscr 15 supporied by ¢ Rl range of
software develcpment ocls including dise eperaing
syztaty, debug ods, cssamblers, and high level
lznguages. In addinen, a gunilaer will cdlow the
present MAAO) Formuly user 1o conver! existing pro-
groma © run on the MCEBOQ0) with o mirimum of
programmer Uitervantan

The coreful plomaing of thus new mucToprocesIor
provides a superset of the MCBES0] insmmuction sat en-
honead by the additen oi more and letger regnsters,
rowerul orthogonal struciure and many fexnbls cd-
dresming meces. This cllows stboent tronaloton of
exisling MCEBO0 programa, which can Lhen be
further spomized by aking full advaniage of the var-
sctile and powerfu! [eatures of the MCSE000,

This cooefu] plonning of sumlorines between tha

MCE8000 and the MCES00 doas not atop ot software
compatibility (by tonaignon) but giso extsnds o
peripheral controliar interfacing, Motorola's sxten-
sive line of intslligent MEB0D fomily perphercls
lincduding the MCE854 Advanced Datw Link Con-
troller and the MCEB4EE Gerneral Purpose Interfors
Adgpter} con be directly and easily mntericced to the
MCEE000. Three signal lines: Enahle {E, Valid Mem-
ory Address (WMA), and Volid Peripheral Addraza
{VPA!] are provided to simplify the interface
Motorola's standard MCE800 peripherals as shown in
Figura 7. [ntatface to the new MCESQE {Single Chip
Frogrammakble Cantroller) is alys poanble. alowing
usarimplementaton of specialized inputfoutput fune-
usns. In addinon, the MCEROD0 is supporied by
unique peripherdal controllens expected of on ad-
vanced carchitecturs oucroprocessor, induding &
DMA Controller and o Memaory Manogement Urit.

The MCEI000 is not fust g componant By ¢ unique
blend of VLS] datign, software enginesnng and care-
ful plenning, the MCGE000 it i Motorala's Advanced
Computer Systern on Silicon.

MSE C-11
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Z3001/Z8002 CPU °7
Central Processing
Unit

Product

Sophisticated intarrupt structure.
Rescurce-aharing capabilities for

Mulli-programming and compiler support.

Mamory mansgement and protection pro-
vided by 2830 Memory Managemant Unut.

32-bit operations, including nigned multiply

Zilog. - Brief
Auguat 1979

Feciures Beqular, sasy-to-use nn:iulictur-..

Inatruction st more poweriul than many

minicomputers. rmultiprocessing systems.

Directly addrexaes BM bytes.

Eight usar-selectable addreasing moxies.

Saven data hypes that range from bits to

32-but long words and werd sringa.

System and riormal operating modes; and divide.

teparate Code, data and stack spaces. Z-Bus compatibiw.
Deseription The ZBO0Q i3 an advanced high-and 16-bit

07| R

micraproceascr that spans a wids variety of
epplications ranging from simple stand-alons
camputers to complex parallsl-processing
systeou. Exsantially a monolithlc minicomputer
central processing unit, the 79000 CHFUJ i
characterized by an instruction set mom
power{uj than many minicomputers; reasurces
abundant in reqgisters, dats types, addressing
modes and addressing range; and a regular
architecture that anhances throughpat by
avouding critical botllanecks such an implind or
dedicated reqiaters.

CPU resources include sixtesn 16-bit
general-purpose registers, seven data bypes
that range from bits ta 32kt bong words and
word strings, and aight user-ssiectable
addressing mades, The 110 distinct {nstruction
types can ba combined with the various data
types and addressing modes to lorm & powerful
set of 414 inatruchona. Morsover, the instruc-
tion sal exhibits a high degres of requlanty:
mort ratructions can use any of the five main
addressing modes and can operate on byts,
waord and long-word data types.

The CPU can operate ln aither system or
normal modes. The distnction betwesn these
twa modes permuts privileged sperations,
thereby improving operating system organita-
tion and implementation, Multiprogramming 11

MSE C-13

supported by the “atomic” Test and Set
instruction;! enyltiprocessing by a combination
of instructlon and hardware fsatures; and com-
pllers by multiple stacka, special instructions
and addressing modwes.
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7

Zilog

Facrures

Descriptian

Dynamic seqmant relocation makes soltware
addresses indepandent of physical memory
addressas.

Sophisticated accesy validation protects
memcry arsas {rom vnautherized or unin-
tentional access.

MMU architecture supports multlprogram-
ming rystems,

Declining memory costs coupled with the
inereasing power of microproceisors has
accelorated the use of high-lavel languages,
sophisticated oparating systems, complex pro-
grams and large data bases in ‘micromputer
systema, The 300! mucrdprocessor CPU sup-
parts thesa trendy with an sight megabyts
direct address space ay wel] as 2 rich and
pawerful instruchicon set. Tha 28010 Memory
Management Unit (MMU} provides (lszible and
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CHOMB Q051 CaCkE-(1))

Z8010 MMU M

Memory
Management Unit

Product
Brief

Preliminary

August 1979

Sixty-lour variable-sized segments lrom 235
to 64K bytss can be managed within a rotal
physical address space of |6M bytes; all 64
segmenty are randomly accessibla.

Multipis MMUs can support sevaral transla-
tton tables for sach of the six ZB00] address
spaces.

aiflciant yupport for thin large address space
by alfering dynamic segment relocation as well
a3 RUMerous memory-protection featurms,

The primary mamory of a computer 3 one
of ita major resources, As sech, the manage-
ment of this rescurce becomes a major con-
carn as demands qp it increass. These
demands arise from multiple users {or multiple
tasks within a dedicated application], the need
lo incTeste systsm Intagrity by limiung accens

Figurs Z. Flo Asxigomeats



23034 UPC ¥l
Universal
Peripheral Controller

2/ |

//d Product

Zilog - Brief
Preliminary

August 1979

Features Complets slave microcompuier, oz Two programmable B-hit counter/limars with
distnbuted-procesang Z-bus use. 6-bit prascalers.
Unmatched powsr of 23 architecture. 256 byte register e, sccesnible by both
Instruchon set. mastar CPUJ and 2-UPC, as allocated by
Three programmable O ports, two with Z.UPC program.
2-wire handshaks, or any combnation of 2K bytes of on-chip program ROM for eifi-
data and control lines. clency, versatillty.

5:x levels of prionty Interrupts to Z-UPC.

Description The .-UPC Universal Peripheral Controller program control, ita thres 8-line 42 ports can
i1 a distributed microcomputer that performs ba tzilored to the nesds af its user. Parma-
thae three bailc intarfacing lusctions nesded 1o nantly confiqueed as a single-chip controller
inlerface & CPU with peripherals: device coa- with 2K bytes of internal ROM, the Z.-URPC

trol by ROM-residant intemnal scitware, data armcutes InEteyctions in 2.2 px average waing a

mampulaticn, such as reformatting or 4-MHz clock source, [is register file contains

anthmetic, and data butfering in lotarnal 2556 bytes, of which 234 are genaral-purposs

registers. registars, 19 are status and control registery,
The Z2-UPC 11 sumitar o the 28 mitrocom- and three are port registers.

puler and uses the I8 instruction yet, Under
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A

Zilog
Factures

Descripiion

Two independent 8-l double-bullered
ndirectiona] YO ports plus a special-
purposs 4-bit Y0 port.

Four handshake modes including [EEE. 488,

WaiHequest line Izr high spead dats
transfer,

The Z8036 C1O Counter/timer and Parallal
/O element 1s a general purpose peripheral
circuit that satisfies most counter/iumer and
parallel IO needs sncountered in system
designs. Thus versatiie davice contains thras
IO ports and thres counter/Hmery. Many pro-
gremmable eptions tailor its conbigquration to
specilic applicatiors. The use of the device Ls
nmplilied by making all Intarnal reqixiers
{comumand. status, and data) readable and
{except for status bita) writable, Aliwo, each
reqister 13 given i3 own unique address so il
can be acceayad directly—no special sequen-
tiy] operations are requized. The Z-CI0
directly Z-bus compatible,

Eithar 8-bu #Q port can be & handahake
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Z8036 CIO £

Counter/Timer and
Parallel /O Unit

Product
Brief

Preliminary

August 1979

Thres independent 16-bil counters.

All ragisiery read/write and directly
addressahle.

Flexible paitarn recognitlon legic, program-
mable as |6-1input interrupt controller.

byta port or a bit port. In the bit mode, dala
direction is programmable bit by bit. In the
handahake mode. the ports can be lnput, out-
put, or bidirectional, and thay may be linked
o form & L6-bit port. The four handshake
modes include [EEE.488, interlocked (for Inter-
facing 1@ & Z-UPC. Z-FIO or ancther Z-CIO),
sirobed and pulsed. The pulsad mods connects
one counter/tmner with the handshakw logic ior
Interfacing a mechanical device such ag a
printer. The 4-bit port provices handshakw
controls, 1pecial controln (Wait/Request] or
gunaral-purpose O,

The counter/timar section coniains thres
16-bit counters, two of which can ba software
confiqured ay a 32-bit counter/imer. Up to

T
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Ya

Zilog -

Faciures

Two :nlesendent, O to 1 Megabit-pe:-
second. ull-duplex channels, sach wuh 1a
own guartz oscallater, baud-rala genarator,

and digital phaye-locked loop for clock
recovery.

Multi-prolocsl cperation undar program
contral.

Asynchronous mode with 5 o8 kits and |,
I, or 2 stop buts par character; program-
mable clock factor: break detecticn and
Qaneralon: parily, overrun, and framing
srror Aeteclion.

. Local loopback and auts-echo modes.

¥y

Z8030 SCC Serial
Communications
Controller

Product
Brief

Preliminary

August 1975

Bisynchrenous mocda wilh 1nlernal or exter-
nal character synchronization on onm of two
sync characters and CRC generation and
checking with CRC-16 or CRC.CCITT
preset to sithar |y or Os.

SDLC/HDLC mode with comprshansive
itame-leval contrel, automatic zero tnseruon
and dalstion, [-{lsld residus hand]ing, abort
genaration and deiection, CTRC gensration
and checking, and loop mods cperation.

Programmable for NRZ, MRZ], or FM
coding.

Dascription

The Z-50C Sena! Communication Controller
11 a dual-channel. multl-protocol data com-
murucation penpheral for Z-bus use. [t s
software-confiqured io satisfy a wide vanety of
serial communication appiications. [ basic
huncuen 1s sanal-to-parallel and paralied-ro-
senal convarnon, Howaver, the 2-5CC also
contains & repertoire of new, sophisticaled
intarnal functions that nunimize the need for
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sxternal random logic on the ctrouit card.

The Z-8CC handles asyachroncus Jormata,
synchronous byte-oriented protocols such as
IBM Bisync, and synchronous bit-oriantad pro-
tocols such as HDLC and [BM SDLC. Thix ver-
satlle device also supports virtually any other
serial data transter application (cassetie or
ditketta intarace, ior sxample}.

Tha device can generate and check CRC
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1.0 INTRODUCTION .

The term “metoontipaler”” has heen nsed tor dewcribe vitiually every rype of small computing device
dcupud within the Last few vears. This term has heen applied 1o everything lrom simple “microprogram.
med" conprollers conshingred vut of TTL MSHup 1o low end minicemputers with a portion of the CPU
vonndructed eut of TTH LS Wi shees” Huwever, the majur snpact of the LSI 1echnology within the las
few 3 eary has heen with MOS 181 With this technnlogy, i is possible 1o fabricate complele and very power-
ful compunen sysionms with only o few MOS LS componens,

Thie Zilog 2.80 Lamily of compinenis is o sigmbicam sdyancement in the staie-al-the ari of micro-
compiners These companents can be configured with ans 1y pe al stundard semiconducior memuory 1o
peneiate wvmpaler syslems with an extrenety wide range of capabilities, For example. as few as 1wo LS!
covnnts and three sizandard TTL MEl packoages can he coutuned 1o form a simple contraller, With additiona)
meniory wrd 170 devices a compuier can be cunstructed with capabilities thal only @ minicompuier could
previowsly deliver, This wide range of compuiational power aliows standard modules to be cansirucied by 2
use: (hat can sabis(y the srequitements of an extremgly wide ronge of applications.

L

The major reason for MOS LSI dominatian of the micracomputer market is the low cost of -
these few LS| compenents. For example, MQS LS microcompuiers have dlready replaced TTL logic in
such applivanions as teeminal controlless, pr.nphtml device controllers, traffic signal controllers, point of
sote termunaly, intellipent terminals and 1e51 sysiems. In fagt the MOS LSI microcampulter Is finding its way
it almost esery product that now uses electronics and it is even replacing many mechanical sysrems such

a1 werght wodes and avivmabile conliols, Y
J

The 8MHOS LS] mcrocamputer market is dlicady well estabtished and new preducis using them are
being developed al an extraindmary rale. The Zijog Z-88 companent se1 has been desipned 1a il inla
this markel through the fodlnwing lactor:

I. The Z-50 is fully software compatible with (he popular 5080A CPU offered Mrom several sausees.
Exisling designs can be eatily converied 10 intluge the Z.%) 15 a superior aliernative,

2. The .80 compunent set i superior in both sofiware and hardware capubililies 1o any other micro-
camputer system an the markel, These capybilities provide the uses with significanily lower hardware
and scftware develupmeni costs while 3lso llowing him 10 offer additianal featutes in his suslem,

3. For ingreased (throughpul the ZB0A operating at a 4 MHZ clock rate ofTers the user significanl speed
advaniapges cver compelilive products,

4. A complete produet ling including [ull soltware support with strong e:nphasis on high level languages
and 2 Jusk-based devclopment system with advanced real-1ime debug capabilities is ofTred 1o enable
1he wser Lo casily develop now products,

Micrucsipuler systems are extre mely simple (o construct uiing Z-80 components. Any such sysiem
consists of thice paris

1, CPU {Central Miwcessing Lt}

2. Memury
3, Interface Cireuils to peyipheral devices

The CPU s the heart of the sysem. 1ts funclion is 10 oblain instructions from the memory and perform

the desieed speralions. The memory 15 used Lo contain insiructions and in most cases data thal is to be
pracessed. Fuoi esample, a typral instroclion sequence may be 1o read data from a specific poiipheral
devier, stare 11 ina hovalion in memory, check the parity ond write it 001 19 anather peripheral device, Note
that the 2ilug «omprbent et includes the CPU wnd varivus general purpose 1#0 device comirollers. while a
widt range of memory devices may be used from sny source, Thus, all requited compunenis can be
connecied tigether i a sery simple manner with virtoally ne other external logic. The wier’s eflort then
becames primarily one of 1oftware development. Thai is, the user can concentrate an describing his prob-
lemy and Irapstating it ino @ serics of instructions thar can be [oaded inle the microcmmpuler memery, Zilog
is dedicated 10 making this step of sofiw are generation as siuple as possible, A good example of this is our

4
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3. Two Index Registen (X & [¥) The twe independent index repisters hold & | 6-bit base address that
15 used in mdncql]qddumng modes. In this mode, an indexs register is used as a base 1o point 1o a
region in meémory ron which datais (e be stored or relrieved. An additional byle is included in
indened st ructions 1o specify o displacemen: from this base. This displacement is specified a5 a two's
complement signed inleger. This mode of addressing greatly simplifies many types of programs, -
especially where tables of data wre vsed.

4, Interrupl Page Address Register (). The 2-B0 CPU can ke operated in a mode where un indirect call
1 any memaery locatjon ean he achieved in response Lo an interrupt. The ) Regisier ja used for this
purpose Le2 sloie (he high order B-hilt of 1he indirecl addresy while the interrupling device pravides the
Jower Rbils of the address, This featuie allows inferrupl routines (o be dynamically lovated apywhere
in memery with zhsolule min_in:al acceys time {0 the rouline, |

5. Memory Refresh Register {(R). The Z-80 CPU cunrains a memory refre:h counter to enable dynamic
meriories 1o bre used with the same vase as static memories. Seven bits of 1his 8 bit register are auto-
malically inerewenied afier each instruction fetch, The gighth bit will remain as programmed as the
result of an LD R, A instruction. The data in the refresh counter is senl aui on the lewer portion of
the addiess buy alunp wilh a refresh conirel signal while the CPU is decoding and cxecuting the ferched |
instruction, Thiv mode of refresh is totally transparent to the programmer and does net slow dawn the
CPU operation, The programemer can foad the R register for 1e51ing purposes, bui this regisier iy normally
not used by Lhe programmer, Durlng refresh, the contents of the | egister are placed on the upper 8 bits of
the address bus, _ ,

Accumulator and Flag Regivers

The CPU inctudes (»u independent 8-bil accumulators and associated B-bit Nug registers, The accumu-
latar holds the resulis of ¥-bit aritlimetic or logical vpesations while the flag register indicales specific
canditinny fur 8 or 16-bin «perations, such as indicating whether of no) the result of an operalion is equal
10 2erg, The prougiammer selects the accumubatoe and flag pair thatl he wishes 1o w ork witl with a single
enchunge inslivction sa il he may easily work with eithe pait.

»



30 2-80 CPY PIN DESCRIPTION

The 250 CPU is packaged inan indusiry standard 3B pin Duad b Line Package. The 1D pins are shuwn
in figure 301 gnd the Tunction ol each is deseribed below,
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FIGURE 3.0-1 )
AU-A;I 5 Tri-slate oulput, aclive high, A,-A o constitute a 15-bit address bus. The
{Address Bus) wddresy bus provides the address for memory {up to 64K bytes) data
exchanges and for 1O device data exchanges, 1O addressing uses the B lower
address bilt Lo allow the vser 10 directly sefect up to 7356 input or 256 cutpul
ports. Ag is the least significant sddress bit, During relresh ume, 1he lower
7 bits conltain 2 valid relresh addres,
Dg'nj Tristale inputfouiput, active high, Dg-Dy constitule an 8-bit bidirectional
{Data Bus) data bus, The data bus is used for dawa exchanges with memury und 1f0
devices. . .
F’ Cuiput, ucrive 1ow.ﬂ'] indicares that the currgnt machine cyele is the OP

cade fetcl eyele of an instrugtion execution. Note thal during execution
of J-byle op-codes, M1 13 generated as each op code byle is feiched These
1we byle op-codes always begin with CBH, DD, EDH or FDH. M1 also
veeurs with TORG v indicate an interrupt scknowledge cycle

{Machine Cyclc unt)

MREQ Tri-stale outpul, active low. The memory request signal indicates hat the
(Memory Reguest) address bus holds a valid address for » memaory read or memuory write
operation, .
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Inpul, active low. RESET forces (he program counter Lo zero and initializes
the CPL. The CPU inltializallon inclodes:

1} Disable the interrupl enable flip-Nop
2) Sel Rtg:ilsl:l 1=00y
3) Set Register R = 00
4) Set Inierrupt Mode 0

During reset vime, the address bus and data bus go 10 & high impedance s1aie
and alt control oulpul sipnals po 1o 1he inaclive stals,
e

r e A"

Lnput, acirve low. The bus reguest tignal is wsed 10 1equest the CPU address
bus, data bys and iri-siate cuipul coniral ignals 10 g0 10 a high impedance
state 5o that other devices can control these buses. When BUSRA] is activated,
the CPLJ will se1 these buses Lo & high mp:d;n::e slale as soon a3 the current

CPU machine cycle is 1emminated.

O ]

Output, active low. Bus acknowledge is vied to indicale to the requesting
device thal 1he CPL address bus, data bus and wri-state conzol bus ognals
have been sei to 1heir high imped ance s1a1¢ Iml the exlemal device can now
conirol these signals,

Single phase TTL level clock which requires onty a 330 ghm pullup resisior
Lo + 5 volts Lo meet all clock requiremenis

A



INSTRUCTION FETCH

Freure 4.0-1 shows the timing dunng an M1 cycle (OP code fe1gh), Notice thal the PC is placed on the
address bus a1 the beginning of the M1 cycle. One half ctock 1ime later the MREQ signa) goes active. At this
time the sddiess 10 the memory has had 1ime 10 stabilize so that the lalling edpe of ¢an be used
directly as a chup enable clock Lo dynamic memories. The RD line also goes sctive to indicate that the
memon resd dats should be enabled onio the CPU daiz bus, The CPU samples the data from the memory on
the data hus with the rising edge af the clock of state T3 and this same edge is used by the CPU 1o turn oll
the RD and MKQ sugnals. Thus the data has ahready been sampled by 1the CPU before the KD signal becomes
inactive. Clock state T3 and T4 of & fetch ¢ycle are used so refresh dynamie memories. {The CPU uses 1his
time 10 Jrcode and execuie the feiched instruction so that no other operation could be performed at this
time). During T3 and T4 the lower 7 bits of the address bus contain 3 memory refieth addresy and the ®F SH
signal becomes active o indicate that s iefresh zead of all dynamic memories should be accomplished. Notice
1that 3 RD signal i no1 genersied during refresh 1ime 10 preven! datz from different memory segments from
being gated onto 1he data bus, The MREE} signa! during refresh time should be used 1o perform a refresh read
af 3l memory elemems, The refresh signal can not be used by ilsell since ltlli refresh address is only guaran-

1ted (o be stable during MEEQ time. ¥
T
e M1 Cycha M . X
T 15 Ty T T,
LSRN s W s S s WD e WA |
an- &t L P - B nnnu:l;nnﬁ ) i I |
wee T oD
R SN, ; . )
AR et 1 s e o s
W N T B A S o
Db - oY E}_
T 1 =

INSTRUCTICGN QF CODE FEYCH
FIGURE 4.0-1 -

Figure 4 0-1 A ilustrates how the feich cycle is delayed if the memory activales the WAIT line. Dur-
ing T2 and every subsequent Tw, the CPU samples the WAIT line with Lhe falling edge of ¢.1f the WAIT
line it active at thit time, another wait sisle will be entered during the following cycle. Using this technique
the resd cycle can be [engthened 1o malch the access lime of any type of memory device, !

12
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Figure 4 0.2 A illustrales how a WAIT request signal will lengthen any memory read or write opera.
1ion, This uperation is identical 1o thay previously describied for 3 fetch cyele. Notice in this Aigure that a
separate 1ead und a separate write cy<le ace shewn in the same figure :.lthou;h read pnd write ¢y cles can
néver oegur simullancously. .
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MEMORY READ OR WRITE CYCLES wwu WAIT STATEs
- FIGURE 4.0-28 ~* ™ ' .

a [P B ‘. \
INFUT OR QUTPUT CYCLES . N T .
' VI B T TR '

F|gur: 4.0-3 llusirates an 170 rexd or 1/Q write operation. Nelice that during 1;0 op:uhon.l 2 single
wait_stale is sutomalicatly inserted. The reason for this is that duting 1/O operations, the time from when
the LORQ signal goey active until the CPU must sample the WAIT line is very shorl and withoul 1his exim
sisle sufficient ume does nol exist for an 1/O port Lo decode its address and sctivate the WAIT line if a wait
i required, Alsg, without this wait state it is dilfieult 10 design MOS 1O devices that can operaiz at {ull
CPU speed. Duiing this wail stale tirne the WALT request gignal is sampled. Dusing a read 1/O operation,
the fgimt is used to enabile the addiessed pert onlo the data bus just a3 in the case of 2 memory resd. For
1/0 write uperations, Ihe WR line is used 13 2 clock (o the 1O port, again with sufficient overlap timing
automatically provided so thay the rising edge miy ke uaed asa data clock. : -

Figure 4.0-3 A 1llustrates how addilional wait stales may h: added with the WATT line. The operalion
is idenlical to that previously described, LT -

BUS REQUEST/ACKNOWLEDGE CYCLE . i

Figure 4.0-44 Ulustrates the timing for 2 Bus RequesifAcknowledge cycl: The BUSRQ si
urnpi:d by the CPU with the rising edge of the Jast clock period of any machine cycle. If the B
signal is active, the CPL will set its addiess, data wnd tri-state comrol signals Lo the hi igh impedance late
with the rising edge of the nexi clock pulse. At that time any extemal device can conirol the buses 1o
ransler data between memury and If O devices. (This is generally kpown as Ditect Memary Access [DMA]
uting cycle s1ealing). The manimurn time far the CPU to sespond 10 2 bus Tequest is the length of a machine
cycle and the exicrinal controller can maintain control of the bus for & many clock cyeles as is desired,
MNote, however, thal if very bong DM A cycles art vied, and dynamig memories are being used, the £xiemal
cuntroller must also perform Ihe refreth function, This situation only occuns If very lazge blocks of data are
transferred Jinder DMA control. Also nale that during @ bus uqum cyele, the C'.PU cannol be intermupled
by either 8 NMI ur an INT signal
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INTERRUPT REQUEST/ACKNOWLEDGE CYCLE

*
1

Figure 4 0 5 illusurates the timing associated with an internupt eycle. The interrupt signal (INT) is
sampled by the CPi with the riting edge of the lasi clock at the end of any infiruction. The sipnal will nut be
accepied if the internat CPU soliware controlled inverrupt enable flip-Mop is nol xet o7 il the BOSRG st
cycle is generated. During this special M{ cycle the !DR

is active. When the signal is sceepled a specia) M1
sigral becomes active {insiead of the normal MR
8-bit veclor on the daia bus. Notice that iwa wait states are automatically sdded 1o this cycle. These states
are added so thal & cipple priveity inlerrupt scheme can be easdly Implemenied. The two wilt siates allow
sufflelent 1ime for the ripple signals 16 stabilize and idemify which 1/O device must insert the response

vector, Reler 1o secuton 8.0 for detnils on how the interzupt response vector is utilized by thw CPU.
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)19 indicale that the interrupling device can place an

quhl{.‘rl; — Ml
vl Imiv g T k! r .
-y ;o Lo .
Lunt T Bri T, ‘T3 ' Tl - -t L
] — \ 1 \ \ L. R 1
A— AR Al Sl e — ——— e e o e e e e [ iy, . e — —— i ———— e —
At hwout W I i ey Iy ESY SO DS
- 1 aC i [ reerEsH
—— D— b !
M1 L |‘
MAED - . » L.—
! )
GAG -\* f—
(3
DATA #US LY
wor T _"'_______________F: —— T T
um
RO

INTERRLUPT HEUUESTIACKN{JWLED{;E CYCLE
FIGURE 4.0.5

16

LI I




NON MASKAHBLE INTERRUPT RESFONSE

Figuie 4.0.6 ustrates the 1equestfacknon ledge cyele for the non maskable intereupt. This signal it

18

wmpled af the same time as the imearpt ling, but 40 line has priurily over the normal inderrupt and it can

il be disahled viddes suftwoe contral, Dis wsual Tunction is w provide immediale respense 19 imponam
*iptiab vech as up unpepding paser ailure, The P icsponse 10 a mon maskable interrapt is similar o 8
roninal awomuory read operstion, The only dilference being tha the conlent of thie data bus is ignored white
the puanessin automatically sires the PC in the extemal stack and jumps 1o location Q066 . The service
tatine Tur the non maskable imerrapt must begin an this tocation if this inlertupl 1 used

HALT EXIT

Wheneser a software hall instneclion is execuied thie CPLU begins executing NOP's until anintermupt

recesved (either a non maskable or a mask able iwiesyupt while the interrup Mip fop is enabled). The two

imtereupl lines are sanpled with the rising clock rdge during each T4 s1ate as shown in figure 4 0-7_ 17 2 non

maskuble mterrupt has been received or a maskzble interrupl has been received and the inlerrupl enable
Mip-Nuzp 1y sen then the hall state will be exited vn the next rising clock #dge. The following cycle will then
be an smcrept achnowledpe cycle correspunding (o the Iype ol interrupt that was received. I both are
recerved gt s vime, then the non masksble one will be achnowledged since it has highest priority. The

purpuse of e xecuting NOF instrugtions while in 1 haly state is to keep the memory refiesh signals active, -

Each cycle in the halt staie is a neimal M1 (felch} cycle except thal the data received (rom the memory is
ipruied and & NOP mstruetion is forced internally te the CPL, The halt lcknowi:dg: signal I3 t:n'u- during
tlais time to indicate thal the processor s in the halt sinte, -
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The mputyulpul ginap ol ingsctions in the £ s0alkow Tor a wide zange af Lranslers between
external pemory locations or The gerorad purpose CPU epastens, and the extginal 1fG devices. In
each case, 1he porl pmuber is provided on the luwer 8 bats of 1he addsess bus dusing any 1O
transachion. (e imstruction allows this port number 1o be «pecified by the second byte of the instruction
while other £-30 mshinctiins allew it 1o be specified a3 e conlent of the C aepister. Qne major ad-
vantage uf usng the U repister as a pointer ta the O des e is thay i allows dufferent If0 paris 1o
share connpan soltware dover routipgs, This 35 nol posslile wlien the address is pat of the OP code
i ahe romtybes are stoed 0 KON, Anaulier Teatme of ese inpa instructions is 1hat they set the
flag tepaer antomatically so that additional aperations 16 2ol requied 1o delermine 1he state of
the inpul data (fon examplz its patny). The Z-80 CPU includes single instruc iuns that can mowe
blocks of davg (up o 2536 bytes) sunmatically toar Do any 110 porl direcily 10 any memory location.
I conjunction wath the dual set of peneral purpose regisiers, thiese instroctions provide Tor fast
O Bluch rransiee 1ates. The value of this 1f G instroction 521 is Jemonstrated by the fact that 1he
L0 CPL can proade all requiced Nappy disk fermaning {Le, the CPU provides the preamble, address,
data and enalibes the CRC «odes) on double density Nuppy disk d'rives on an inferrupl driven hasis.

Finglty, 1he baske UPW contial instructions atlow saricus oplions and mades. This group includes
IMIIUC T1ons such 23 3etling o1 resetling the inlerrupl ensble Nip Mop or setling the mode of intermupt
tesniimse, o ,

5.2 ADDRESSING MODES

Must ol the 280 instructinns operate un data stned in internal CPU registers, external memory
or it e 110 wets, Addiessing refers 1o how the addiess ol this daty is generaled in each insiruction
Thes secrion gives 3 boel sumimary of the types of addivsang used in the Z-BD while subseyueny sections

detail the 1y pe of addiessing available for each inslruction goup. . " ..

v .
a . v .

Immedinte,  In this made ol addiewing 1he byte fullowing the OP code in meﬁu;ry containg the
actval operand,

L F
-

B . .
L] * -

OF Cade }nm: or 2 byles sl '

-

Opzrand ; L T
dg dy - .

Esanples ol thrs (ype 0l instruction woukd br. 10 lead 1he a::umul;mr wllh a eonttant, wht:rc the contlanl
i e byte innnedistely falliwing the OP code,

Inmmedaie Extended.  This mode bs merely an exienswon of Imm:durt addressing in that 1he two
bytes lollowing The OF codey are the operand, .

.o . P

Ol'<vde | onewn 2 byies

Operand [uw wider

Optrand | high urder +

Pomoples ol thin dype of et o womtld Tie oo bad the T pepister aee (16-hi1 registur) with
16 bits {2 by ey ol daa,



LT

Ancevample of an idesed instruction would be 1o fond the contents af Lthe memary Incation
(ludes Repister + Psplacement ) into Lhe acy umulatur. The Jisplacement is a signed tw n's complement
nurmber, Indesed addiessing preaty sinphfies programs using tables ol dasz since the index register
can puint 1o the st of any 1able, Twa index registers are provided slnce very often operations require
1wo ui mote Lables, Indexed addressing alse allows for relocatsble code,
. b
The 1wo inde segisters in the Z-80 aze referred 10 a5 1X and 1Y, Te indicaie indexed addressing the
Aol aliom: ' - W

- (1X+d) or {IY +d)

is used. MHered i the displo.ement speeified alter the OF code, The parentheses indicate that 1his
vylue 5 used a2 poinier Lo ealernal memory.

Repister Addressing. Many of 1he 2-80 OF codes contain bils of informatien that specify which
€'PL repister i 1o be used foe #n operation. An caample of rtgisur addiessing wauld be 10 lead the
data in regisier B inle register C,

!
Tmplied Addiessing. Implied addressing 1efers 10 operations where the OP code automatically
implies one or more CPU 12gistels as contuining the operands. An example & the 3e1 of arithmetic
operatjons where the accumulator is always implied Lo be the destination of the resulis.

. .
Register Indirect Addiesing.  This type of addiessing specifies 8 1 6bit CPU registar pair {such as HL)
1o be used as a painter to any location in memory. This type of insiruction is very powerful and
it i3 used in a wide range ol applicitiony,

. OF Code }unt ot Iwo byies

An example of this type of instruction would be 1o Toad the accumulaiar with the data in the memary
lovation pointed to by the HL register contents. Indexed addressing iy aclually a form of register indirect
adiressing except thal a displacement is sdded with indexed addressing Repisier indirect addressing
allowt for very powerful bul simple 10 implement memary acgeases The block move and search commands
in the Z.80 are extensions of this type of addressing where avtomatic regisier incrementing, decrementing
and comparing hay been added. The notation for indicating register indirect addressing is 10 put
parentheses around (e name of Lhe regisier 1hat & 10 be used a3 the pointer. Fos example, the symbel

. e ¥ [ ] da r -

(HL) T . cee

s.peuﬁn that the contents of 1l HL register are tn be used axa pou-nu 10 2 memery Jocation. Ofen
repisier indirect addrewing is used Lo spec:[}r 1&bi operands, In this case, the repisler contents

pont to the lower order partion of the operand while the register mmenis arz avlomatically incremented
{0 ohiain Lhe upper porison of the operand, .

Bin Addressing.  The Z-80 contains a farge number of bit set, reset andd test instructions. These
instiuctions allow any memary localion ar CPU register to be specified for a bi1 operstion through

one of Lhige previous addiessing modes (1egisier, register inditect and indesed) white three bits in the OP
ende specily which of the cight hits is 1o be manipnlated.

ADDRESSING MODE COMBINATtONS

Mamy instroctions include more than one operand fsuch as arithmelic instructions or losds). In
Thest e, It Ly o sididicssing gy be emplos ed, For evample, load can use imnediate addrevsing
try apwcily the suvzoee and tegsted mdbect o indes ed addiessing 1o gpeaily the destination,

22



The wistim tiun scyuence for this in memory would be:

Yoo b

Addies A | DD SR :
OP Code * » @7 .
Atl|5E .
A+2| UB Miaplacement operand

The 1w o eviended addsesang inshinclions ure atso three byie instrugtions, Fur example the instruction lo
bgad the accumulator with the operand in memory location 6F312H would be wrilten:

LD A, (bF 37K} - :
anid its instruction sequence would be: . - -
Address A (34 UP Code
A+1 |32 | Jow irder address
A+ | 6F | high order address

Nolice thai the law mder portion of the address is abways the first operand.
T

R IATERY |

Fhe Inad immediale instrnchons foe the general punpase B-hil ri-gjﬂtrs are twobyte inslructions. The

st tion load regrster H wath the value J6H would be writien: Y
- LD H, 36H
and s sequence woukd be: e
Addresst A 26 | OF Code ' - ‘ . R .
' Atl| 36 | Operand . .o .

. r

Loading a memary Incation using indexed addressing [or the destination and |mm:dlll= addrening far the
source requises four bytes. For example:

Tt LD{|X:]5].:||:‘! - ] -
would appear as: - v "

at

Addresy A (B 0] '

OP Code i
v A+l 36
’ a+2| R drisp]:ccme‘nt i-15in . )
signed 1wo's complement)
Atd | 21 operand to load

Notice Uial with gty indesed addiessing e displacement always Follows directly alier the OF crde,

Table 5.3.2 speaifies the 16-hil losd operations. This 1able iy sery similar to 1he previous one. Notice
that the exiended wldressing cupabllity covers all register pais. Also nollr.t that register indirect vperations
g‘n:c:f\ ing 1he atack pomltr aie the PUISS and POP insizucrivny, The mnemamc for these insiructions is

“PUEH™ and PGP These differ from other 16-bit louds in that the stack pointer is sutomarically Jecre-
mented wrd Twocoavnted aocach Byse is pushed onto s pnp';h:d frowm the stack fuspectively. Fur example
the instrug b 1

Tl
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The POP insteuction is the exact reverse of 8 PUSH. Notice rhat alt PUSH and POT instroctions utilize a
16-bit operand and the high oider byle is always pushed [irst and popped last, That is w: .

PUSHBC isPUSH B then C . .
PUSH DE ' isPUSH D then E .
PUSH BL is PUSH U then L
POP HL isPOP LihemH
The insiruciion using exlended immedisie addzessing lor the murc: obvicusly ::qulru 2 byles of dana
following the OF code. For example: .
LD DE. 0459H .
will be: . e

Addiess A 11 | OF Code A .

A+l | 39| Low order operand toepisier E ) . .

At2| 06 | High order operand te register D

In all extended unmediale or txlcndﬁl sddressing modes, the Jow order by1e :.twl:.r: lppun Mizst afier the
OP code, .

Tuble §.3-3 lists the 16-bil £achange instructions implemented in the Z-20. OF code 08H allows (he
piogiammer to switch between the 1wo pairs of accumilalor Nag registers while D9 aliows the pro-
grammer 1o switch between the duplicate sel of sis general purpose regisiers. These OF codes ar¢ only one
byte in length Lo absolutely minitsze the time necessary 10 perform the exchange 50 thal the duplicate

banks can be wsed 10 effect very fast interrupt response times, '
n.--,"-.-n
i “Ji A e +
.

BLOCK TRANSFER AND SEARCH . | -

2 -

5 .

Table 5.34 lisis the extremely powerful block Liansfer instructions. Al uf}h:sc instruclions cperaie
wilh (hree registers. - oy

: N iFlarr.
r

"HL points 10 the source location

1.

T DE pointy 1a the destinaiion tocation,

-
L)

BC is 3 byie counier. .

Afier the programmer has initialized these three regisiers, any of these four instruciions may be used. The
LDl {Loud and Increment) instruction moves one byie from the location pointed 1o by HL 1o the Jacation
poinied toby 13E. Register pairs 1L and DE are then sutomanically incremented and are ready lo point 1o
the lollowing lucations, The byie counter {register puit BC) is also decremnented at this time. This instruc-
Lian is valuable when blncks of date must be moved but other 1ypes of processing are required belween esch
move, The LDIR {Load, increment and repeat) instruction is an sxiension of the LDI instructicn, The same
load and increment operation is repeated until the byte counter reaches the count of zero. Thus, thiz single
instruction can move any biock of data from one bucsiion 10 apy other,

Sore Lhat singe 16-hit repitlers are used, the size of the Block van be up 10 63K bytes (1K = 1074)
lung and 11 zan be noved Mrom any location inmanon 1woany mher location. Furthermaore 1he bloecks can
be onerlapping since theie are absululely no consirainiy on Lhe data that is used.in the three regisier pairs.

The LIMDY aivd LDDR instsuctinns are very similar to the LDl and LDIR. The only difference is that |
regise st jraits L aod BE are decomenied afler esery ine.e wvhal a black 1rans{er stasts from the highest
id::lrtuufi'bt desienaned block vathey than the Towes:,

i-1
iF.



QESTINATION

Table 5.3 % specifies the OP codes for the four block sesrch inslruclliuris.’Tlu first, CPI (compare and
nerementy compares the dats in the accumulator, with the contents of the ineraary location pointed to by
register HL. The result of the compare is stored in one of the Mag bits (see secilon 6.0 For a defalled expla.

nation of the flag operations} 2nd the HL regm:r Pair is then incremented and the hyu caunier (register
ve Yy

pair BCY s drcrtmtnlcd

The insiruction CPIR is merely an exiension of the CPlinstynetion in which the compare is repeated
until either a match is found or the byle counter {regisier pair BCY becomes zero, Thus, lhll single instruc.

SOURCE
[t |
INQIR,
(ML)
]
ED 'LOI' = Luad (DE b—LHL]
AD I HL I DE_ Qg AC
[ 'LOIA," = Load {DE|=—IHL}
[ 1] It HL & OF, Dot BE_ Rapept wnnd B = 0
REG. \BE o
MIHR. v
ED DD = Lasd LDE j-—tHL) . F
Al Dni HL & DE, Dyc BC
i '‘LOOR" = l.mnln{:—-—h-ll..l
BA Cer HL & DE, m;!&ﬂlﬂliunﬂﬂc‘ﬂ

BLOCK TRANSFER GRQUP
TABLE 6.3--4 | e
h . '

'
--.--—5.

' ro, DR
Fag HL | poinn i Wwercd
Aey DE f, Poani 1a ﬁsunlnm
Mey  BE ik by 1 countar ”
Foar

1

[

tion can search the entire memory lor any 8-bi chura:ict. .

The CPD {Compare and Degremeni} and CPDR {(Compare, Decrement and Repeat) are umﬂ:r
insizuctions, thesr only difference being that they deciement HL alier every COMPALE 30 that 1hey search
the memary in the oppaosite ditection. (The sun:h is started af the highes! locationin the memery bludt}

it should be tmphmud again thal these black transfer :nd‘tomplre instruclions are nir:mﬂ}f

pawerl'u] in siring Manipulstion apphcations.

ARITHMETIC AND LOGICAL

Tuble 5.3-6 lists all of the 8bil snithmetic eperativns thal can be performed with the accumulstar,
also listed are the ingrement {INC)Yand decrement (DEC) instructions. In all of thes¢ instructions, exgepl
INC and DEC, the specified Bl aperation is perfonned belween the dsla in the accumutalor and the
seurce daty spevified in the table. The resuly of the oparation is placed in the accumulator with the excep-
tion of campare {CP) that leaves the sccumulator unafTected. All of these operations affect the flag
register at u result of the specified operation, (Section 6.0 piovides all of the details on how the Nags are
affecied by any instruction type). INC and DEC instructions specify a regisler or a memory localion as
both source and Segtination of the sesult When the vource operand is addressed using the index regisien
the displacernent must lollow directly, With muu:dm: addressing the actual operand will follow directly,

Fur exanple the insiruction;

would appear ag:

ANL OTH

T

b
F . T )
Address A ' | E6 | OF Codp -
A1 U7 Dperand

'\1

28



SOURCE

: T
' REQ.
PMEGISTER ADDMESSING INDIR.| INDEXED  [iamag Oy
A [ ] < 1] E L MU |« Y edk]| w
. . o0 FO
A [+ - n wo| o [ - » :a ca
d ]
-~ [104] FD
ADD wCARRY ] wF - ] i T [T} [+ I BE 13 CE
WD d o "
oo kG-
SUNTRACT ” ] " L ] n | = " 26 D&
‘E . d 0 n
Do FC
SUR w CAARY 14 o -] A 3 s} ¥ 13 WE DE
1.1 v .. d d "
(11} FD
"AND" a7 LT al AZ A AS. ] AR B S ES
. ‘ d [
ob | Fo
wOR AF AR A AR AB AD ‘| AE AE AE EE
‘ . d ] »
. ' g oo | FR -
‘s 8 | mo B bi [ =] -85 | Bs B4 s .| "4
- ] d. =] n
L. . (e Fote s
COMPARE BF Bf [T} EA ED & | BE BE 8E .| . FE'
L= d gt .
4]1] FD
INCREMENT E [~ oG o 1< X |-a M M.
HMC” . i a d
L P co FD
OECAEMENT b o o 1" i o | e % »
SDEC B EE d L]
2 g :
8 BIT ARITHMETIC AND LOGIC !
1 T.ﬁBL_E 5 3—~6 r L
- s L |
+ )" gnat .

Diecimal Adjurt Acg, ‘DA ¥
Complrment Aee, "TPL" F
Mugain Ahoe, ‘NEG" ED
[2% cumplement b
Cuemplomant Caoy §leg, CCF" 3K
- Y . .
|~ — - -
o1 Cony Flng "5CF° an

GENERAL PURPOSE AF DPERATIONS

TAHLE 37
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—y— A iy = —

=T

g

H
LRI 1

e gg g

[ [ ] [ [ ] 1 L] L] Fehl) JUrdannr = aHy
JEN NNV R e
mtlajw|lal|loloajo| e|ja |84
(1} L] - L J a ] [ ] [ ] L &
wmg | LN o 4] ] 2 f‘I : l-': Ef- EE ,
u - | - .
[_1*{= el
.S R = ] L& ] 1] L4 ol o (1] !r, DE
1 [L.] n [H] 7] ™ M [ T' 1‘
- - EErs
L1] 2] i (1] o L] 11 im | tw E HH
o IR I RLERTI IS B B B0 DU I
LA TR — . Ir ——] - —Ef-.-—%
ik ik ] 1] ix | = L1 ty m | e o
o i n - n|loln Y nln - -
.. B T
IR
[ .
J— H
o | a ir
x| = 1,
)

i

ADTATES AND SHIFTS
TABLE 5,23-9

et {1 i

For example an unconditional Jump to mcmmy lotation 3E32H would be:

PR l * r . '

H N "_|.l...-|q‘1.. LI 1' .

4

¢

Addsess A | C3|OP Cade
A+l| 32 | Low arder addres
A+2| JE | High order sddsexs

N u! - [

The relative jump instraction uses only (wo bytes, the Second byte is n xigned two's complement dis- "’
placement from thie existing PC. This displacement can be in the range of +129 1o -126 and is measured
from the address of the instruclivn OF code. .

4

Thyee types of register indirect jumg are also inclu leid Uhiese instructions we implemented by luading
the ragister pair HL o ane of the index registers §X ur 1Y direclly inte the PC. This upabiht}' allows for
program jumps 1o be a funclion of previous calculations S e e |

A call is a special form of u jump where the addiess of the byte fellowing the call instruciion is
pushed onte the stack before the jump is made. A return instrugtion is Iht reverse of 2 call because the
daia un the 1op of the Hack is popped direetly into the PC 1o form a jump lddrﬂs. The call and return
instructions alow for simgle subioaline and inerrupt handling, Two special retdrk instructions have been
inctaded in the Z-50 famnily of componeats, Theretuen fron interrupt nstuction (RETI} and 1lie recurn
from non inaskable interrugl (RETN) are tcaled in the CPU as an unconditional retusn identical to the OP
gode CFH The difference s that (RETI)} can be used a1 the end of an interrupt routine and all Z-80 peripheral
chips will recognize the execution of thisinruetion for proper control of nested priorily interrupt Jundling,
Thiy instruction coupled with the Z-80 peripheral devices inple mentation snnphﬁn the normat return from
peest = erdegupt. Without this fealure the Iuﬂumn; sufty are seyuence wnu]d be twecessary to infonn the
it iing Jovice that Lise inleidupl foating is vansplened: .



Dasuble Interrupt
LDA R

! OUT n, A
Enable Inlerrupt

Return

~ prevenl intinupt belore
N Toutine it exiied,

= hutif}' peripheral that servics
. -Toutine is complele

This seven byte sequence can be replzced with the one byle El instruction and the two byte RETT instruction
in the Z80. This is unpnrtanl since Inlesrupt service time oflen muut 'I:H: mimmutd

To fciitate pm;um loop contral the instruction DINZ e can be used a&umagmu:!y This twe byle,

relative jump instruction decrements (he
mented i zerp, The relative displacemen
ample of ils use might be;

B regisiez and the jump u:cm:ﬂ' the B register has not been decre-
tis expressed a5 o signed two's mmp!:mml numbez, A simple ex-

Address Imstruclion Conunents i .
H N+1 LDBE, 7 :ﬂtBrezistutumumof'J
WN+2ioNtY {Perfvrm # sequence ) ‘
ol instructions) +Joop 1o be Perfmmed 7 times
"H+iD N+l DINZ - % mjumprrc-mNH!tuN+2
¥
N+|2 {MNexlt Instrociion) . .'
. CONEHTION ' :
» L] - i.
ci e ] e non [Pamiry [ramiry | man | wes | mia
[ L} {.‘Dlll} CARAY| CARAY] IERGC IR0 [ EVEN mﬂ” [ 1) Ol | L]
" o | oa | bz [ ca | c2 | A | Ex | FA | Fa2' ot
Jume W PWME D - [ n a n L] n (] -, (]
. ENT. » L3 n L] ] L] » - ]
JUmr YR’ RELATIVE | PC+ | 18 3a 20 o 20
%] % ] 2 wl vl LT
} ALMe Ll | Ea o :
gl - . t
' - 1 \ l ]
JukE RED X} b _h ,
INGHR, .1 E3 L1 i
s e | v | Fo 1 3
ER .
o [DC | b4 |cc ot |Ec |6 | P | ke
"CALL® IMMED. - 'Y n n n n " ] » -
EXT, " n " n n A L] - ]
Dk CAFMENT B,
JUTAF |F NON RELATIVE | FCHa H
ZLRD DT ' - w2
HETIIAM REGISTER | IXM) [~ ] [ o =) <o Ed £0 Fi Fo
RET INDIR, IEr+t] ! .
Ly
PETUAM FRAOM | REQ. 1] ED A
1T “AETI INDIR, . 1§F51] 4D -
[ ETURN FROM i - .
hOH MaSKaBLE | REG (381 £0 . .
INT RETH' INDIAL YL TR

HOTE—LCLATAIN
FLAGES HAVE WMOAE
THaN QHE PURPOSE.
HEFEA 1D SECTION
4 0rDRA DETAILE

JUMP, CALYL ard RETURN GROULP

TABLES 5.2-1

Fie



SOURCE
MORT ADLHESS

1 ' — .
. . INDIR.

o +

(m icl

A Dl ED
n

INH.ITI'IN‘

IWMLT f
LS INATIGM

DE=wvmipor aOm®
Qg
Zg8 | &

NI = INFUT R . 'l ED -
imc HL, D B . - A2

INIR = [N, Ina HIL, ' £0

. Dac B, REPEAT IF Bnd . 2
¢ : AEG, | (HL) |, BLOCK INPUT

. IKCHRA . : COMNDWLA NDE

N -INPUT R ED

Cec WL, Dei B . AR .

INOR—INPYT, Ove HL, £
Dac 8, REMEAT IF B0 oA

INFUT GROUP
TABLE 5.3-13

CPU CONTROL GROUP b
- The inal table, iable 5.3-15 ilhasiraies the six general purpose CPU control instructions, The NGP is o do-
nothing inslruction. The HALT instrugtion suspends CPU operation until o subsequent interrupt is received,
while the DI and El are used to lack out and enable interrupts The thiee interrupt mode commands st the
CPU into any of the three availsble imerrupt response modes as foYows I mode z=ro §s s21 the intemupting
device can insecl any inglructjon oa the data bus and slluw the CPU 10 execute it, Mode ! 13 & simplified
mode where the CPU automatically execules o restart {RST) 1o location 0038H $0 that no external hardware
is required. (The oid PC conient is pushed enta the stack). Mode 2 is the most powerful in that it allows for
an indirect call 10 any localion in memory, With this mode the CPU forms a 16-bil memory address where
the upper 8-bits are the content of register 1 and the lower 8-bits are supphrd by Lhe interrupting device.
Thit addzess poinis 1o the first of two sequential byles in a (able where lhe address of the ur\rlc: rouline i
located. The CPU :ulm‘lancaﬂy nhtam: the starting address and pcrfurrni n CAL Lo Thll addrus '

=3—— Painler Lo [ntermupt wable Reg
Iis upper address, .o
Peripheral supplies lower address

Address of interrupt
service rouling

A6



38

6.0 FLAGS

Each of the two 2-80 CPU Flag registers contains six bits of information which are se1 of sesel by
vatious CPU operations. Four of these bits are jestable; that i, they are used as cunditions for jump, call o
return instructions. For example a jump inay: be desired onty if a specific bit in the Nag regisier is se The

" 1 -

four 1estable Mag bits are: ' '

1} {,‘arr'y Flag (C) — This flag is the carry Trom the highest arder kit of the accumulalor, For example, the
carry flag will be set during an #dd instruclion where a carry from the highest bit of the accumutaor -
is generated This flag is also el if a borrow is generaled during a subiaction instruction The shift
and rotate insiructions also affeci this bil. )

2} Zero Flag (Z) — This Nag is se1 il the resull of the operation loaded a zero into the accumulator. Other-
wise il is reset, o -y e - . \

»
[

Tu -
3) Sign Flag (S) — This flag is iniendzd 1o be used with signed numbers and it is set if {he result
of Lhe operation was negalive. Since bit 7 (MSB) represents the sign of the number (A negative
. number hasa 1 in bit 7), this Nag stores the state of bil 7 in 1he accomulator,

4) Parliy{Overflaw Flag {P/¥] — This dual purpose flag indicates the parity of the reault in the accumulator
when lopical operalions are peripamed (such as AND A, B) and 1 represents overflow when signed
twa's complemnent arithmetic operations are performed. The Z-80 averfllow flag indicates that the
1wa’s complement number in Lhe accumulator is in error since it has exceeded the maximum pes-
sihle {+]127) ¢r is less than the minimum possible (-128) numbe: than ¢an be represented in iwe's
complemeni notaticsl For example consider 2dding:

+12] = o111 1000 -
+]05 = 0101001 .

‘C*0.11100001 = -95 (wrong) Yverflow has oocured

pis " reat

* Here the result is inzarrect. OverNow has occurred and yet 1here is no ¢arry 30 indicate an error,
Fer this case the overflow Mag would be sel. Also consider the addition of twa negaiive numbers:

5= 1131.101)
-iG" 1111 0DU0

C= 1 11101010 = -3} comresl

. " : . .
Nutice thal the answer is correed but the carey is sel 5o that this Nag can net be used 45 un over
flow indicater. In this caye the overflow would not be sel, ‘; Palew, T

- Lo
For lugical eperatigns { AND, OR, XOR) this Rag is set il lh:.! parily of the resull s even and _i1 L T

resef i is odd. ; N
. -

Thiere are also tww nia-restuble bits in the Mag register, Both ol 1hese are used for BCD arnhmetic, They are:

1) Hall carry (H) — This is the BCD carry or borrow result from the least significant four bits of operalion.
When using the DA A (Decimal Adjust Insiruction) this Tag is used 10 correct the result of &
previous packed decimal add o7 subirac, y |

2) Subtract Flag (N) - Since the algarithm for correcting BCD operations is different for addition or
subbiaciion, this Dap i uedd to specily what 1ype of jnstiruciion was exvecuted last so thar the
DAA upcrativa will be coteet fur either addition or subiraction., .

T

The Flap rexister can be aceessed by the prog:ainmer and its format is as follows:

Lsfefx]ifx[e]x[c] . >

X means flag is inderenininate.
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) i . , ,
Tnlruction i K=t H\’ 5 |MIH | Cumments
ADD A L AT As 1wt |o]1 | &b add or wdd with cusy
SUBL ShC AL CFy wEG ' tli]¥e |4 B ol subtract, subiract with carry, {ompaie and
. negale Kcumulatol
ANDs aolr|Plr]all hm;kllupﬂmm,
(IR 8 WOH 8 ot [PlHjo|e | Andurs different Nap
INC 5 wliyv(i]a]d | &b Incremem
DEC m e|1{VIE{I|¢ B decrement
WLDDE. flelelelD|X | 16Dl sdd
ADSHLm t1ev]io| X Vbl add whih carry
S HL. 1 tli|v]1]y|X 16Dt sublizagl with carry
RLA; RLCA, RRA RRCA tle]|a]elalo Rotste secumutator
RL m: RLC m: RR m; RRC m gliiP(1{a]0 | Revleand shilt Jucation m
LA m 5RAmM.5RL n B T o . ‘.
RLD,_ RRD a|IFjEI0]0 Roime digt Wl and nght
CaA A RLA LR Decund) adjust sccumul wtor
CPL a|lsio]o]l| 1 | Complement accummlaioe
sCF T{w|®|n|Q;0 | Seicarry
CCF t]#l=|={|X | Complement camy
IN () a«[Y|F|Y|O]0 | Inpuwi register indirest
INLIND; OUTLQUTD slyjx|xji]x '] Block input and output
IKIR; INPR: OTIR; OTDR w|v|X]x[1]X |)] Z=Di B A Botherwive Z =1
LD, LDD wlx|t|x|0|0 || Block wansie: instrucuons
LGLR, LDDR w|X|o|x|o}e || PV =1ilBC %0, qherwise P{VY =0
CP1,CPIR CPD, CPDR slt|3]2]1]|X ] Bock march mutructions
el if AwHL), otherwize 2 =0
. | Pfv = 11f BC + 0, oiherwise PV =0
LD A LLD AR . s|1JFE1| 0|0 | The tomient of the interrupt ensbke flip-flop (IFF)
. fa copied inlo Lhe PYY flag '
BITH,s . w1 X|X|0]Y | Thestale of bit bof locaiion 5 b copled into the 7 fing
NEG plalviziel 3 ] megate secumularoe - : .
The following notation is vsed in this Lable:
Symbaol Opeticn
C Carnyflink Mag C= 1 1 the cperanon produced s carry from.the MET of Ihe operand or remdl
i Zerw flag T+1 il Uv srvuh of b operaibon i 1m0 . )
5 Sign Mlag. Sa1 Jf the MSD of the rewlt b wne.
v Parily wr vrps ow flag Farity (Phand mverflow (V) chane ihe sume lag. Logi. 3! uperiions sifecl this N

with the parity af Qe rerult whiv withoelie ope ialnmy allect the Moy sk O overfios of e orvehl, I FY

edd panty, FAVe | he renult uf e operstom o eeoh, Y0 I rr it b odd. 3PV bobds cverfiow, PrVa)

If the pesull of the apaistivn prodwsed s ore flow. - oo
H Haifcarry Mag. H= | If the wdd of suhizact upristion producsd » cany into of bocrow from bate bit 4 of 1he RCrLENLItGE,
M Add B wet Mag Wv Y o the pasvhons operslios way 2 ubusct

"H und N Ny orc uwad I conjunclion 2k the decinal o8judl intpsvon (DAL 10 propedy oonecl the re
Wt i1 pusked BT Eommut fofowing sddilion o tublisition usng cperynds with pucied RCD formit

ﬂ-I‘ 1 unbanged by the optklion
The Oag by actel by W Gierauon
The [lag v wrl by the GReIadsn,
The flag v n "don’t care,”

Rallh pusler
BBl vl 1A range <, 235>

e bt value 10 range <00, 655342

2 B I WE ST WLuO -

The Myg it afte.ird aecwnding 1o B pesali of the apern bos,

BV flag affecicd scooidiag 10 tw oveaflan jemull of Lhe opernion.
P Dag affecied scrording % T panty rrosdl &0 the opri st

Any ane ul the CPUargisten A5, C. D E H, L
Any B.bid by atiogn for af ihe sddeersing moede s
ANY Lokl T ation N ol The sddrm oing feadet aliomad Tur Chel Snatpacean.
Anr o of doe tuw ey 22gpitet L o TF.

Buwed for the partpular inuireetion. .

Apy Bodwt bocstaen for 3l L odabrrmemy thodes dvw of Do the pasrular msinet 1.

SUYLL-SY OF FLAG USERATION
TASLE 6.0-1
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Ay ebustic Fug . 'ﬂ}‘-!‘.udu ﬂﬂ. :D-“ :.'i'
Wl i i [hpr ralpsm TPV EIR|J (Te 543 Y10 Byl Tyries | Crebim Coshime bis
T.D"I,.F’ t-r N sl«]=]+*T=100 r * F1 I 4 nr Jilr;._-
LD n r=n w(a|alwfo 0 ¢ QN0+ ] 2 1 7 [Lri) B
= n - o1 C
LIy s, IKL) 1+ [HL] L wrale dOgn r V¥ 1 T 7 (1] D
LD {IXvd) IRt 4 ]] L wowlw (11 Q1F iDN 1 L 1) 211 E
oL 1 11D 100 H
- - 101 L
LDyl 1= {1V d} wle]e)e]e 0l 121 100 3 ) 1" 131 A
o or M0
— 4 -
I Dk fHL), ¢ {HL) ~1 sflelwl=le Ul [ID 1 1 7 T
LOIX+d]. 0 LU Iy wimlafe e Y Qo101 3 ] L)
o e 9
= g =
LEFerw'agdy, 1 AR e, | REN] wliw[w|o =110 00D L) 1 L] ?
01 TG 1
- [~ —
LD IHLL & (KL =n alalolw|s JOO 150 11D 1 ] 10
- 5 .
LD ed)n | [IX+d)=n wlel o] eql) oy 100 | 4 i 144
on J10 110
- aw
- o -
LD (ITY+d), n r+d) =n Wl el w]lw bl I3 10 4 ] b ]
a} o ilg
PO
L - n -
LD A, (W1 A w100 #|elaln o ooo) Q1o | i 7
LD A, (B} A = (DE) ML o0 031 410 | 1 2 7
LD A, innd A = |aa) sl alm]e]e 300 11) Q10 | 2 L] 11
. - n -
L] n -
LT {RT), A By A wiala]e|= |00 00 DID 1 1 H
LD IDEL A | IDEI=- 4 sfa]e|s (DO mooin | ¥ ° ] )
LD {nnd, A [LTHEEY #lale]efe 00 1IDPQI0 T ] + 11
- -
- g 2=
Lba | A =1 tNFFs[ O] O]11 101 1@ b ] 2 v
a1 v 1l
LD A, Kk A~k tIFFEP &) G {15 107 10J 1 1 1
&oai i
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Figure B.0-1 15 2 slinamary uf the ellect of deflerent instuerions on the two enable Mip MNups.

Aclion IFF; IFF;

CPU Reset g 0

D ‘ 0 ¢

El ' ] |

LD Al . . IFF 5 — Parity Nag
LD AR s e - IFF 3~ Parity Nag
Accept NMI N, . .

RETN IFFy o IFFy—~IFF,

Mo

o idicutey o change

FIGURE .01
INTERRUPT LMABLE/QISARLE IFLIP FLOPS

L]
CHLU RESPONMSE
non Mlaskable

A ponanaskable interrupt will be apeepted at 41 ties Ly 1he CPU. When this vecurs, the CFU ignores
the next instrugtion that it fetches and instead does a resiart 10 Incation 0066H. Thus, il behaves exactly s
if it had received a restan instroction but, it is to 3 location that st nat vng pof (he § software reslart loca.
uns. A restart is merely 2 call to a specific address in page O of memory. !
i’

Mukshle

The CPU can be programmed 1o rﬁpunﬁ Lo the mashable interrupt in 2ny one of three pmslhlc
modus, ) .

Mode 0
, . b
This mode is identical 1o 1lie BOSOA inlerrupt response mude. With this inode, the inicirpiing Jeviee
van place any instruclion an the data but and the CPU will execute st Thus, (he intesrupling device pro-
vides the next instruclion 10 be executed instead of the' memory. Often 1has wilt be & restart instruction .
since the interrupling device only need supply a single byte instruction. Afternatively, any othar instruction
such as a 3 byte call 1o any location in memery could be execniad. )

The number of elock cycles necessary 10 execute this instruction is Y mare tin the notnal number for the
irstiuctjon, This occurs since the CPU avlamatically adds 2 wait slaies 1oan intdorupt rexponse cyile to
sllow sullicient lime 1@ implement an external dzisy chain for priorty cealrol. Section 5.0 illustiaies the
detailed timing for an inlerrupt response, Alter Lhe application of RESET the CPU will aulomatically cnter
inlerrupt Mode 0. =

Muode 1

When this mude hog been selected by he proetanner, e CPU willespund 1o an inerrupt by
cxecuting a restan o bogation O038H. Thus the response s idenical 1a 1hat Tor a non maskable interrupt
exi -pt that the call lucation is Q038H instzad of 0066H, Ancther dulTerznce is that 1he number of oy cles
requited 1o complele the restart insiruction is 2 more than normgl due 1o the two added wait states,



90 HARDWARE IMPLEMENTATION EXAMPLES
Thit chaprer is intended 10 serve as a basic infroduciion o implementing systems with the Z80-CPU,

MINIMUM SYSTEM

Firure 901 is a disgram ol a very sitnple Z-80 sy slem. Any Z-80 system
Nive vlements:

must include the Tollowing

1) Five voll power supply
2) Oscillarer

3) Memory devices '
43 {0 circuits
5 CpU
oac
*
L1 T
o .
ARESEY
1‘ " r—— Ay
COp—y
DATA DATA . s ,

FIGURE 8.0 1
MINIMLUM ZB0 COMPUTER SYSTEM

Since the ZBOCPU wnly requires asingle € wolt supply, mwst small sysiems can be implenc=nted vsing
vily 1his sjngle supply,

The escillalor can be very simple since the only requirement is that it be 3 5 volt square wave, For
syslems not running 21 full speed, a simple RC oscillalos can be used. When the CPUY is operated near the
kighzst pesable frequency, 3 crystat escillatar is generally rcquized because 1he syaiem liming will not
1olerale the diifi or jirter that an RC network will generate. A crystal eosifianor can be made fom inseliess
s fow disorete cumponents v monulithic circwils sre widely available.

The external memony can be any mixtuse of standurd KAM, ROM_or #ROM_ In this simplc < wsmple
we havz shown asingle 8K bit ROM (1K byles) being utilized a5 the cntire nemory ssstem. For this
example we hive wssumed that the Z.80 imernal register configniation coptaing suifivient Resd 'Write
s S hat Stetaal RAM naetory is nol seguined.,
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ADDING ONE WAIT STATE TO AN M1 CYCLE

- WAIT .
5y +5 7400 .
l l Ti TI‘ To®
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FIGURE 9.0-4
ADDING CNE WAIT STATE TO ANY MEMDRY CYCLE .

ISTERFACING DYNAMIC MEMORIES

This section is intended only to terve 11 2 brief iniroduction 10 interfacing dynamile memeries. Each
individual dvnamic RAM bas varying specificativns that will require minor medifications 1o the description
given here and po‘attempl will be made in this docwnent (o gve details for any purticular RAM. Seperaie
apsliv alion noles showing how the ZBO-CPU can be iniurfaced to most popular &y namic RAMs ane
availuble Troin Zilog, '

Figure 9.0-5 illustrates the Jagic necessary lo interface 5K byles of dynamic RAM using 18 pin 4K
dynamic meniories. This (ipure assumes that the RAM's are the only memory in the sysiem so that A4 is
used 10 select between the 1wa papes of memory . During refiesh time, 2!l memories in the syslem muost be
read. The CPU provides the proper refresh addsess on lines A through A ¢, To 2dd sdditiunal memaory 10
the sxalen it is necesdary to unly replace the {wo gates that optrale on A 4 with o Jecoder that Gperanes
un ull requireg address bits. For larger systens, buflering fur the addiess and data bus ie aho genrslly
required. ;
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10.0 SOFTWARE iMPLEMENYATION EXAMPLES
10.] METHODS OF SOFTWARE IMPLEMENTATION

Several different ¢pproaches ate possible in deseloping software Tur the Z-80 (Figure 10.1). First of
alh, Astembly Language or PLJZ may be used a5 the source lanpuage. These Janguapes may then be trans-
laled into maching language on a commercial time tharing facibly using a c1oss-assoonbler or cioss-compiler
of, it 1he case of assembly language, the translation can be acconiplished on 2 Z-80 Developmend Sysiem
using a 1esident assemblee, Finally, (he resulting machine cnde can be debugped eilhier an a time-thanng
facitity using a £-80 simulator or on & Z-80 Development System which uses a ZB0-CPU direcdy.

SDURCE
LANSUAGE THaMILAT N . OEMICCING
HEEITENT ALLEMULER ' .
ASLEMBLY ' . DEVELOPMENT
LANLUAGE E¥YETEM
] MACHING
A (%] R
T T LR o B ol
FLILOR OTHER
HGH LEVEL . EHMULATOR
- I AMGUSGE —Lo-[l:n{:ss COMPELE R —}
FIGURE 101

1n selecting & source language, the primary factors 1o be considered are clarity and ease of program-
ming vs. codde efMiciency. A high level language such as PL.I’Z with its machine independent construcis it
yypically better for fopnutating and maintaining a]gullﬂ!ms bul the resulting machine cade is usually
anewhal less efficieny than whal can be written direcily in assembly Janguage. These 1radenlls can often
be balanced by comYining PLY7 and ssermbly language reutines, identifying those portions of 3 Lask which
must be oplimized and writing them ai anenbly language subiodiines.

Deciding whether 10 use a resident or cross aisembler is o matter of availabillty and short-lenm vs,
lung-1erm expense. While the initial axpenditure for a developinent system is higher than that for a time-
Wharing lenninal, the cost of an individual assembly using a residenr assembler is negligible while the same
ppedalion on 2 timestin g sy stem is relatively expensive and ina shurt thne this cost can equizd the tolal
cast of a developinent spslem.

Debingging on a develupinent system v, » simulator is #ls0 2 matier of aveilability and ¢xpense com-
bined with opriational fdelity and Nextbility. As with the sssembly process, debugging is less expensive anp
# developmend ayftem than on a simulator available through time-sharing. In addition, the fidelity of the
vperating envirgnment is preserved through seal-lime execulion on 2 Z¥0-CPU and by connecling the 1O
asd maaory components which will aciually be used in the prodaciion sysiem, The only advantage 1o

the uge of 2 simulalar is the ronge of criteria uhuh may be pcl.dcd fun such deba:ging procedures as 1iag-
ing und selting Lreakpaints, This I]n::ulwlllj-r exisls becausz a soltware simulution cun wchieve any degree of
canplexity in ils inlerpretation of machine instructions while deveiopment sysiem procedures have hard-
ware limitalions such as the capacity of the real-lime siotage module, the number of break point registen
and the pin configuratian of the CPU, Despite such hardware limitaiions, debuypging on a developmend
syxiom i typucally more prodductive than on a simulator because of the divect interagiion that iy pwosible
briween the proglannng: and ihe suihentic exveqution of his program,

3



62

8. lot's 3sume that 2 stang mosemery Santing al location "DATA™ is to be moved info anowher wiea
af memory §Taiiing of lucation "RUFFER™ umil an ASCH S characier (used as siring delimiten} is
frand, Let's alsg assume that the resimun aiuing lengih is 132 charuciers. The operaticn can be
performed as (ol ows:

LD HL ,DATA tSTARIING ADORESS OF DATA 5TRING
LD DE ,BUFFER i STARTING ADDRESS OF TARGET BUFFER
LD 8C . 132 i MAXIMUM STRING LENGTH
LD ALE VSTRING DELIMITER CODE .
L OOP.CP (HL} i COMPARE MEMQOF. ) CONTENTS WITH L IMETER
iR Z,END~3§ GO TOEND IF CHARACTERS EQUAL
LDl iMOYE CHARACTER 1LY 10 (DE)
VINCREMENT HL AND DE, DECREMENT BC
JP FE , LOOP GO0TO "L.00P" IF MORE CHARACTERS
EHD: JOTHERWISE, Fal.L THROUGH

+NOTE: P{V FLLAG 1S USED
i TOINDICATE TINAT REGISTER BC WAS
i DECRLEMENTED TO LERQ,

11 by ey wie reqquued Tor this operslivn,

. Letus assunne that a | bedigit decimal number represented in packed BCD format (iwo BCD dighsf
Lyie) s 1o be shulied as shuwn i the Figure 10,2 in order 1o mechanize BCD multiphication or
division. The vperation can be accomplished ag follows:

(3] IIL .DATA s ADDHESS UF I'IRST BYTE
L1 5, COUNT . s SHIET COUNT
o XOR A : CLEAR ACCUMULATOR _
ROTAT:RL.D :ROTATE LEFT LOW ORDER DIGLT IN ACC
: +WITH DIGITS IN {HL)
INC HL L ADVANCE MEMORY POINTER
DINZ ROTAT - § {DECREMENT B AND GQ TQO ROTATIF

{B1S ROT 2ERQ, OTHERWISE FALL THRGUGH

31 bytes ate required fur this operalion.
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Wifl2f76 11:14:37 BEFERLE DISTING PAGE |
LOC 0B) CODE  STMT  SOURCE STATEMENT

Tt STANDAKD EXCHANGE (BUBBLE) SOR T KOUITINE =**
] -
3 . AT ENIRY: HL CONTAINS ADDRESS OF DATA
4 CCORTAING NUMBER OF FLEMESNTS TO BE SORTED
5 (1< Cs256)
6 ;
7 ; ATEXIT: DATA SURTED IN ASCENDING ORDER
B - . .
9 ; USEOFRECISTERS
10 ;
11, REGISTER CONTENTS
12
13 : A TEMPORARY STURACE FOR CALCULATIONS
14 ;B COUNTER FOR DATA ARRAY
Ii ; C LENGTH OF DATA ARRAY |
16 ;D FIRST ELEMENT M COMPARISON
17 ; E° SECOND ELEMENT IN COMPARISON
18 H FLAG TO INDICATE EXCHANGE
19 - L INUSED e .
20 X POINTER INTD DATA ARRAY
Y | 4 LUNUSED
2
D000 222600 23 SORT: LD {DATA), HL 1 8AVE DATA ARDRESS
uon3  CB34 24 LOOP: RES FLAG.H s INITIALIZE EXCHANGE FLAG
0005 41 25 LD B,C (INITIALIZE LENG MH COUKNTER
s 05 26 DEC B s ADIUST FOR TESTING
007 UDXAJE0D 27 LD IN, (ATAY . GINITIALIZE ARRAY POINTER
(OB DDIEDD 28 NEXT: LD A, 1Y) (FIRST ELEMENT IN COMPAR{SON
OO0E 57 » LD D, A i TEMPORARY STORAGE FOR ELEMENT
GoGgF  DDSED] n LD E.{Ix+1) (SECOND ELEVENT IN COMPARISON
onrz vl k]| 0B E OMPARISON FIRST TO SFCOND
B3 3A 3 JR NC, NOEX-Y G JF FIRST > SECOND, NO ILYP
(LRI DL 3K 33 LD {ix1, E TEXCHANGE ARRAY ELEMENTS
udrg DDA a4 LD (1%+}),D
0018 CRC4 k 1 SET FLAG. H {RECORD FXCHANGE QCCLURRED
maip DN 15 NOEXN:  INC 1% (POINT TO “EXT DATA ELFVENT
001F  TOEA 37 DINZ  NEXT-3 CCOUNT NUSMDER OF COMPARISONS
I8 cHEPEAT IF MORE DATA PAIRS
wix]  CHIG 39 mT FLAG.H s DETERMINE IF EXCHANMGE OUCURKED
0023 CODE a0 IR NZ, LOOP-% :CONTINUE IF DATA UNSORTED
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£80-CPU

Zilog INSTRUCYION SET

ADC HL, =
ALC Ay
ADD A n
ADD A, f
ADD A, {HL)
ADD A, HIX+d)
AND A (1Y +d]
ADDHL,
ADD i, pp
~00 Y, n
AMND x

EIT b, {HL}
BIT b, {tX+dl
BIT b {1Y+dl
gdiTh,r

CAkl cc, nn
CALL nn

CCF
Chs
CrD

CPDRA
il

CPIR

LAA

T

-

-y

Add i h Carry Reg pad -0 o HL
Add with tarty uprrang s 1o Seg,
Add value n 1o Ace.

skl Reg. r o Aee,

Add locarian [(HL) 1o Ace,

Add location {1 X+ dl 10 Acc,

Add location [1Y+d} 1a Ace.

£dd Reg. pair 53 to HL

Add Aey. pairppto IX

Add Rep, pair rr1a 1Y

Logical "AND" of operand ¢ and Acc,
Test 8IT L of locstion (HL)

Text BIT b of location (1X+d)
Tt BIT b of tocaticn [+ d}
Tust BIT b of Reg-r

Call ubrouting m location nn if
canditiun ¢ if true

Urcorditional eall mubroutine at
lacation nn

Complemont carry flag
Compate sperand 5 with Aee.

Sompiarg lecgtion (BLY 0d fee,
dizr.mgnt HY, 3ad 8C

:Compoare fozation {HL) and Ace.

decrement HL snd B, repant

“untii 3L =0

Coompme tazation [HLY uod Aee,
increanent ML and decrement BT

Campare location {HL) and Acc.
in_reintmg HL, deeiarrent BC
voand Bged

oERtMe i1 s
Presiiat Lt Ace,

' o ..1._,.1-:"-Ip] m

Py

CECIY
DEC
(]|

DJINZ ¢

El

EX {SP], HL
EX {SP), IX
EX i8P), 1Y

EX AF, AF'
EX DE, HL
EXX
HALT

Mo .

1M1

I 2 e

IN &, tn)

iNr, {C)

INC {HL)
INC £X

ING {132=d} .
INC 1y

INC (Y +a)
NCr
i"Cug

IND

LIDR

INE

Dactement 1Y . ?0 .

Diceeinen] Aag *ir u :
Diable inlecmipts

Dreevinent B and Jump
rilative || BA0

Crable lulerupts

Exchange thae location (5P} o= ) bIL
Erchange the location (5P & 2 X
Euchange tha location {SF .ty

Euchange the conients of AF
and AF"

Cashenge the contents of DE
and HL

Exchang: 1the contents of BE, OF,
HL with contants of BC', DE', HL’
rexpectively .

HALT {wait for interript of reswr)
Set intasTupt mode §
et intarrupt nade 1

Sat intm.;.:pt muode 2

. Losd the Acc. with inpu1 fro.
,davice n

Load the Reg. 1 wyith input rawm
devicn (C)

Incre.sent focation {HL}

Inzrenent (X
Therlunsnt fuzetian (14 d}

Ircrewent BY

Lnzrcmant tacstion (1Y+d)
Treredat oL
frur et &y ponll ug

Load tacation (HL] with input
from ron ACH A sement HL
“..dn

o i s
L P 2 S T N |

begtn et (T Y s aent L e g
dcreracar Boepr et wintil B0

o taration (HLY with g

M B B B ¥ T



TS 4
CIR Y
0P qq
PLISH IX
PUSH Y
PUSH qg
AESH, m

RET
RET ce

HETI
RETN

HL m

RLA

RLC IHL)
BLC {IX+d)
RLC (1Y +d)
ALCr
RLCA

RLD

¥ -1 with top of stack

I oad 1Y with top of stack

Liwd Reg. pair qq with4op of stack
Luad X onto slack

Lowsd I'¥ orto stack

Load Reg. pair gq onte stack

RAeset Bit b of operand m

Felutn from subroutine

Return from subroutioe if condition
cC i true '

Return from inlerrupt

Aeturn from non maskabls interupt
Rotaim left through carry operand m
Rotate left Acc. Thrgugh carvy
Rotate lacation THL) beft circular
Rotate tocation (1 X+d) lef1 circular
Rotate location (1Y+d) (el circular
Hotale Rog. r luft circular

Rotste lzft circular Ace,

Rotate digit left and right betwesn
Are. and locstion {HL)

RRA m
RRA

RRC m
RRCA
RAD .

RST p

SBC A»

SBC HL, 1

Foar

5CF

SET b, {HL}

SET b, L1X+d) ~
SET b, (1Y +d}

SET b, r
SLA m‘
SHAI';\ _
SALm
suBs

R

XOR s .

Aeate right throngh toey L flup

Rotate right Acc. thran_he sy
Ruotate operand m right gjroufur 7

Rotate right girzular Acc,

Rotate digit right aved left batween
Ace, and Sncation {(HL)

Restart 1o locstvan p

Subtract opgrand s from Acc. +..th
carry .

Subtract Reg. p2ir 55 from HL with
carry

Set carry Hlag {1C=1)

Set Bit b of location (HL}

Sut Bit b of location {1X+d]

Spt Bit b of location (1Y +d)

Set Bit kol Ragr

Shift opergnd m left asithmetic
ghif1 nper-:nd m right arithmatic
Shift gperand m right logical
Subtract npufnd s from Ace.
Englustve "QR" vpe-and 1 and Ace.
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1.0 INTRODUCTION

The L850 Tl 1O IPIO} Circud is 4 programmiable, two port device which provides a TTL
compatilile fnieitace hetween peripheral devices and the ZR0-CPU | The CPU cun vanligure the Z30-PIOD
i intes Fave willea wade range of peripheral devices witl no other external logiv required. Typical periphery
desices that are fully compatible with the Z80-P1Q inchude must Keyboards, paper tape readers and
punches, printers, PROM peogrammets, ete, The Z80-PIO uiilizes M channe! silicon gate depletion load
tecimediegy and 15 packaged in o 40 pin DIP, Majurc (eatures of the ZEO-PIC include:

& Twondependent 8 bit bidiectional peripheral intesface pures with ‘pandshake’ data transter
conlngl
# [nterrupl doven “handshake” foe fast respunse
# Any vie of four distinet modes of nperation may be selected for a port including:
Byie vulpyt
Byte input
By te bidirectiunal bus { Available on Purt A only)

Bit womnlraf gnoode R .
Atl wilh interrupt concrolted handshake "
* Dansy chain priority internupt togic included to provlde far sutomatic tntecrupl vectoring without
externa logic -

* Eight outpuly 3¢ capable uf driving Daclington transisiors
o Al wpuls and utputs fully TTL compatible
# Sungle 5 vglt supply and doghe phise clovk ate reguined

One of the unique freatures of the ZBC-PIO that separates it from other interfave controllers i that all
data tiJnsber belwedn the peripheral device and the CPU is accomplished under total interrupt conteol. The
interrupt logic of the PIO peemits full usage of the efficient inteerupt capabilities of the ZEG-CPY during I/0
transfars, All logic nevessury to implemént a fully nested interrupt structure is included in the PI1Q so that
additiona citewits 72 not required. Another unique feature of the PO is that it can be programmed Lo
interrupt the CPU on the oceurrence of specified status conditions in the peripheral device. For exampie,
the PiQ can be programmed to intecoupt il any specifled peripheral alarm conditions should occur. This
interrupt capability reduces the amount of time thal the processor muat spend in polling peripheral status,

»
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The 2-bat ide control repister is losded by the CPU 16 select the desired o erating mode {byte
ouipul, by ke mepal, by e bdiectional bus, of bil control made). Al data transfer beiween the pcnphr::t
device and the Ci*LVis achiered through the data inpul and data eutpurt cegitters, Dats may be writien into
1he ot put segsted by the CPU o 1gad back toibe CPU Trom the inpur register at any tine. The handsha ke
e vned swith eacl part are used 10 conlrod the dats tansfer between the P10 and the petipheral
duvice .

The Kbyt omask repister and 1the B-bit ingul 'vurput select regisie: are used wnly in the bil control
riede_ Doy thas moode any of 1he § peripberal datg oo contral bus pins can be programmed 1o be an iapual o
an vudpul as specidied by the seiect segister. The mask register is used in tliis mede ir canjunction with
special intermpl feavure, This feature allows an interrupt 10 be generaied when any or ail of the snmasked
pins teach a specified stae (either high or low! The 2-bit mask control register specifies the active staie
desired (high o1 low) and if the imersrupt should be gencrated when oW unmasked pins Wre active [AND
rendition b or when gy unmashed pin is active (OR condilion). This feature redieces the tequirement for
CPL status checking of the peripheral by allowing an interrupt 1o be automatically generated on specilic
peiipheral status conditivns, For example, in 2 sysiem with 3 alarm conditiens, an imerrupl may be
peneruted il dny pne socurs of 1!’ all three occur. , ..

The wtenpl control logie section handles afl CPU interrugd protocol for nesied prierity interrupl
shinclures, The priotity of any device is determined by its physical Jocation in 2 daisy ¢hain conliguration.
Two lines are pronided in esch PIO 10 form this daisy ¢chain. The device closest 10 the CPU has the highest
priveity, Within a P10 Part A interruptshave higher privrity than those of Port B, In the byte input_byte
vuipui or bidirectional modes. an micrrupl ¢2n be yenerated whenever 2 new byie transfer is requesied by
the pengliecal. In the bit control mode an interrupt can be generated when the peripheral siatus matches a
programmed value, The PO provides for complere conirol of nested ml:rrupl; Thal is. lower priority
devices may not inlerrupt higher priorily devices that have not had their interrupt sevice rouling com-
pleted by the CPUL Higher priority devices may interrupt the servicing of Yower priority devices,

When sn intermp is accepted by the CPU in mode 2, the interrupting device must provide yn 8-bit
interrupt vecion for the CPUL This vecior is used 10 form a poinigr to a location in the computer memory
where the address of the interrupt service routinie is locared. The 8-bit vecior from the inlerrupting device
fornes she least significani 8 bits af the indirect pointer while the 3 Register in the CPU provides the most
signifizant & bus of the pointer. Ezch port {A and B} has an independent interrupi vecior. The least
significant bit of the veetor is automatically set 1o a 0 within the PIO since the painter must puint 1o iwo
adjacent memory locations fer a complate 16-bin address, v )

The P10 decedes the RETI (Return from intesrupt} instruction directly from the CPU data bas sa
that ¢uch P10 im the systom knows at all times whether it i being I.emced by the {PU inicrrupl service
routing withour any ather communication with the CPL, .
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INT

ASIH

A RDY

H RINW

Interrupt Enabde In {input, active high)

‘Thit signal is vsed 1o form a pricuity interrupt daisy chain when mate than one imerrupi
driven dewvice is being used. A high level on this pin indicates thal no aiher devices of higher
pricrily aze being sezviced by a CPU inizrrupt service rowtine,

Inierrupt Enuble Qut {outpul, active high)

The 1EO signal is the othes signal required to form a daisy chaim pricity scheme, It s high
only 1if [ELws high and the CPU is not servicing an inlerrupt from this FIO. Thus this signal
blacks lower priority devices lrom inteirupting while a higher priordty device is being
seniced by s CPU inteniupl service rouning,

In!l.'ra‘lil_[l‘tTquucsl foutput, cpien drain, active haw)
When INT i achive the ZRO-PIO is requesting an nterrupt from the Z80-CPU,

Port & Bus {bidirectioual, tristate)
This 8 bit bus is used 1o ransier data andfor status or conlzol infennation between Porl A
el the Z80-FIO and a peripheral device. Ag is the Jeast significant bit of the Foni A data bus,

Porl A Stebe Polse hom Peripheral Device (inpul, active low)
The meaning of this signal depends on the mode uf up:ralmn selecied for Port A as [ollows:

1y Ouipul mode: The positive edge of this nruht is mued by the perlplurl.l 1o
achnowledge the receipt of data made available by the P10,

1) Input mode: The strobe is issued by the peripheral to load ds1a from Lhe periphera
into the Port A input register. Dala ixloaded in1o the PEQ when this signal is active.

3} Bidirectionsi meode: When this signal Is active; data from the Parl A output register
is gated onto Port A bidirectional data bus. The positive edge of the strabe
achnowledges Lhe receipt aof the daln. .

4} Control mode: The sirobe is inhibiled inltmﬂly.

Register A Ready (oulput, active Ligh) .
The meaning of this signal depends on the mode of operation selecied I'or Port A a5 follows:

1) Output mode: This signal gues active 16 indicaie thal the Port A outpul register has
been lvaded and the peripheral dlata I.rus is stable and ready for 1ransfer Lo the
peripheral device. ..

2} Input mode: This signal is active wien Ihe Puorl A input registar is empty and is
ready (0 accepl data from the peripheral device.

) Bidirectional mode: This signal is active when data is available in the Port A oulput
register far 1ransier to the peripheral device, In this mode daa is not Flaced on Lhe
Port A data bus unless A STH is active,

4} Conirol mode: This signal is disabled und Morced Lo o low state,

Port B Bus (badliectional, tristalz)

This B bit bus j3 vsed 1o 1:2nsfer data andfor siatus wr control information between Port B
of the PlO and a peripheral device. The Fort B data bus is capabie of supplying | .5ma &
1.5V 1 duve Datlington transistors, Hl'.'.'l is the least significant bit of the bus,

Pt U Sicbe Pulse Nom Peripheral Device (input, aclive low)

The meaning af this signal is similar 1o 1hat of A 5TB wilh 1he fudiowing exception:
lin the Pore A bidireglional mode this signal stivbes data frem the periphersl device
inio the Par1 A inpul register.

Registcr B Resdy {oulput, active Ligh)

The meaning of this signal is similar 10 that of A R:ad} with the following exceplion:
1n the Porl A bidirectional mode this signal is high when the Port A snput regisien is
empty and ready Lo accepl data [rom the peripheral device,

9
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40 PROGRAMMING THE PIO

4.1 RESER

The ZA0-PIQ sutoanatte alfy entees 3 reset stale when power is applied, The reset state performs the
follom ing Tutiy Hivng:
1y Bueh pust miask tegisters dre e3¢ 1o inhibat ail poit data hits.

Y Punt Jata bus lines 4re sel o 3 high impedance stale and the R::dy “handshake™ signals are
v tive flow) Mode 1is automatcally selected.

31 1he vector address regisiers 212 aui reset,
41 Bueth porvinterrugt enable fip Mags are reser,
51 Bl pud | ourpul reégistens ae resel.

In additien to the autgmatic power on igyet, Ihe PIO can be reset by applyin an M1 signal without
the presenvs of o R or TOR R signat. 1f no RD mm is deteciad dl.JringlﬁlE the will entar the rewel
srare irnewsdiitely after the M signal goes inactive. The purpose of this reset is 1o allow a single external
gaic Lo genenate a resel withoul 3 puwer down sequence. Thug appooach was required due to the 40 pin
pavkagtive hinnlatun.

Oz the FIQ has entered the interial resat state it is held there until the PIO recewves a control word
Itom the CPLU, '

42 LOVMNG THE INTERRUYT VECTOR

the PIO ltas been Jdesigned to operate with the Z80-CPU vsing the mode 2 interrupt respense, This
munde requres that an intereopl vector be supplled by the interrupling device. This vectar is used by the
CPU to form the address for the interrupt service routine of that port. This vecior is placed on the Z-80 duta
bus duiung 20 interiupl aokngwledge cycle by the highest privrity device requesting seevice 3l that time.
{Refer to the Z80-CPU Tachmical Manual for details pn how an interrupl is serviced by the CPU). The
desired nteriupd vector i loaded into the PIO by wriling a control w'n_rdltu the desired port of the PIO with

the follawing tunmal: e .
D7 Do [#5] o4 D3 D2 (1 Dg -

T

L) Ve ¥5 vd Y3 Y2 Ll g - -

signifies thls control word is an interrupt
vecior L

D is used un thi case as a flag bit which when low causes V7 thre VI o be luaded into the vector register.
Atinterrupt acknowledg: vime, the vegtar of the inlerrupting port will appear on the Z-80 data bus exactly
ai sterwn in the fonipal above, .
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If 3uy bat is sel to 3 ane, they the comresponding dava bus tine witl be uted as an input, Conversely, if the b
i5 resed, e Do wodl be used ay an onrpur,

During Mude ¥ opetation the slrobe signal o pnored 1od the Ready Tine is held low L may be
Weillyn o part s fead trom g puet by the 30 CPU acany tone during Mode 3 operalivn. Whe reading
a purl the data requrned to tie CFU wall be composed of inpul data lfom port data bus bres assigned as
Hipuls plus port cutpul register data from those lines assignzd as putpuots,

4.4 SETTING THE INTERHUFT CONIRUL WORD

The interiupt control waed Tor each port has the Tollowing formal:

DI Db DS D4 DI D DI DO

ST

' T # s d
used in Moy 3 only sighifies inlerrupt contral word

I gkl ANDY | Hight | Slasks
Interrngpn| OR Law Ipllows

If by [¥2= 1 the interrupt enable Aip Nop uf the poet is st and the pord may generate zn intercupt. T bit
11720 the enable flayg s reset and interrupts may not be genceated. IF an interrupt is pending when the
endbbe flog is set, 1o will then be enubled onto the CPU intenupt reguest line. Bits D6, D, and D4 are wied
only with Munle 1 upiation. However, settiag bit D4 ol the interrupt ¢onirol word duting any mode of
opetation will cause 20y pending interrupt 1o be reset. These threz bita are used to allow for interrupt
operation in Made 3 when any group of the 170 lines go tw certain defined states. Bit D6 (AND/OR) defines
the logical aperatiun to be performed in port mondtariag. 1 bit 06=1, an AND function i specified and if
D&=0, an OR function s specified. Forexample, If the AND function ls specified, all bits must go to s
specified slatevefore an interrupt will be generatad while the OR function will generate an inteerupt IFany
specified bil goes 1o the aciive state. - -

Bit D3 defings the avtive polaeity of the port data bus line to be monitored, 1f bit D3=| the port daty

lines are monitered for 2 high state while if D8=0 they will bz munitored for a low stale.
[

Il bit Dd=1 the nexl control woerd ent te the PIO jnust define 3 mask as follows:
7 Db b3 CH D3 D2 M ]| Do

MBy | M, | MBg | MB, | MBy | MB, | MB, | MB,

Only those purl lines whose mask bit is zera will be monitored for generating an intercupt.

I



Qo
L

53 RILHRECFIONAL MODE (MCDE 2)

This mode is merely 2 combination of Mode © and Mode | using all (four handshake bnes. Since it
requirea all Tour lines, it is available only on Port A. When this mode is used on Pent A, Purt B must be set
o the Bit Control Mode. The same interrupt vecion will be returned for » Mode 3 interrupt on Port 8 and
#n inpul transfer interrupt during Mode 1 upﬂﬂfun ol Port A. Ambiguity is avolded if Post B is operaled
in & pulled misde and the Port B inask register is set to inlubil 4l bits.

Fipuie 5 0 2 illusiraies the timing for this mode. 11 is slmost identictl 16 that previeusly deswribed for
Mode 0 and Mide | with the Part A handshake lines used for autput control and the Port B lings wsed for
iput conirel. The difference beiween the two modes is 1hat, in Mode 2, data 35 allowed vut unio the bus
only shen the A siobe is Tow, The rising edge of this strobe cap be used 10 Jaich the dais inie the peripheral
since the date will remain stable until afier this edge. The input portion of Mude 2 operates identhcatly 1o
Mode 1. Nule that both Port A and Pul B must bave theie intecrupts :n:bltd to achicve an inlerrupt driven
bidinectignal 1rpnsfer.

UYL AUUT 'lJ_LJU?J'LﬂJ'LI—lJ'lJ_L
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FIGURE 503
PORT A, MODE 2 lIBIIZ:IIIi-'-!El‘.:TI'f.'.ll\hlllﬂ'u.LI TIMING

The pmpheral musl nol gate dala onlo 3 pon dala bus while ASTB is aclive. Bus contention is avoided
il the peripheral uses BSTE to gate input da1a onto the bus: The PIO uses the B §TB Yow level 1o latch 1his
duta. The PIC has been designed with a 22re hold time requirement for the data when Jaiching inthis mode sa
that this simple galing suuclure ¢an be used by the peripheral. That is, Lhe dala can be ditabled from the bus
irimedintgly after the strobe rising edge.

5.4 CONTROL MODE (MODE 3) F. . .

The control mode does not utilize the handshake signals and & norms! Part write o porl read can be
execuled 41 uny time. When writing, the data will be latehed into culput registers with 1he same timing as
Mude 0. A RDY will be forced tow whenever Port A is operated in Mode 3. B RDY will be held low whenever
Purt Bis operated in Mode 3 unless Port A is in Mode 2, [n the latter case, the state of B RDY will nut be nlfected.

When reading the P10, the data ceturned u;; the CPU will be composed of cutput register dats from those |
port dats lines assigned as outpuis and input regitler data from those port data lines assigned as inputs. The
Input register will contain data which was present immediately prior 10 the f:llln'l]r edge of RD. See Figure 5.0-4.
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FIGUHE 5.0-4
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FIGURE §.0-2
RETURN FROM INTERAUPT CYCLE
1 - -
HIGHLST PRIGRITY PORT
‘ FORT 1A PORT 1B PORT 2A PORT 28
| [T 1 HI Hi H HI
IEl.  (EQ 1 IEC IEt IEQ ) JEQ
1. PRIQRITY INTERAUPT DAISY CHAIN BEFORE ANY INTERRUPT OCCURS
Lo
. UNDER SERVICE ,

HI Ht I LO : Lo
L= {a IEQ 1EL EQ - Ty IEQ e} IEQ }—
2, FORT 2A AEQUESTS AN INTERARUFT AND IS ACKNOWLEDGED.

. UNDER SERVICE SERVICE SUSPENDED . .

HI HI Lo LO ) LO
L— e (E0 T Bl (EQ ey 10—
1. PORT 1B INTERRUPTS, SUSPENDS SERVICING OF PORT 24,

- b3
Hy 'tk
SERVICE COMPLETE SERVICE RESUMED )
1 HI H) « HI o | ] Lo
(ERA PPY JEQ IEI JED IE |EQ IEI EOb—

4. PORT 18 SERVICE ROUTINE COMPLETE, “AETY{" ISSUED, PORT 24 SEAWVICE RESUMED,

SERVICE COMPLETE
Hi o H¥

Hi Hi

IEI tED LE) IEC

1IEQ

+ M}
. ser (EQ
——

E SECOND "RET' INSTHUCTION ISSVED ON COMPLETION OF FORT 2A SERVICE ROUTINE,

' FIGURE 6.0-3
DAISY CHAIN INTERRUPT SEAVICING
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EXAMPLE I/O INTERFACE

Heal, the pruper inierupt vector is loaded (refer to CPU Manual for details on the npl:rltian of the
jntgerruptj, .

UV D6 05 D4 DI D2 DI DO

I' ¥ Vé Vi V4 Vi V2 ¥ 0

. -
Inieiiupls are then enabled by the rising edge of the firss MT lfltr tht interrupt mude word js se1 unless
that M defines an interrupt lel’I(M'!l%g_: cycle, Il a mask Tollews the inlerrupl mode word, inlenupts are
enabled by the tising edge of 1he Tirst M) following 1he seiting of the mask.

Crata can now be 1ransferred belween the pcnph:rﬂ and the CPU. The timing {or this transier is as

desciibed in Section 5.0, ‘e . ot
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An interropt contrnl word 13 nexd sent 1 the port:

L7 Do (B} (b2 0l D2 (1] Do

| 0 | ! 0 | | ]
l:uhk— OR Ative Mak ™ — 4
Intcirupas Logie High Fallowy Inerrupt conugl

The nash woard Tollewing (he intgzrupl mode word is:

D3 D6 (113 D4 D3 L2 o Da

— i

T T

Selecis AS AT and ADQ 1w bre aunilered

Mo il sepson puts a high level on line A5, A3, or AD, ar imerrupt reguest will be generated. The mask
worrd iy seleCtany combination of inpuis of pulpuls 10 cause an interrupt. For example, il the mask
wirrd above had been:

D? Dé D3 b4 D3 D32 D D0

3

T o T T

theti an interrupl reguest would also ocewr if bit AT (Specia) Test) of the oulpul regisler wis sl

- k

Assume Lhat 1he fullawing porl assignmenis ore 10 be used:
EﬂH' ForL & Daa
Ely® Port B Dala
E2y" Part A Cuntal . -~
4 E3y™ Port B Control

All port numbers 2re in hexadecimal notation, This particular sssignmeni of por? numhcu is cunvenien!
since Ag of the address bus can be used a3 the Port B/A Select and A of the address bus can be used i3
the ControlfData Select. The Chip Enable weuld be the decede of CPU addresa bits A4 thru Az (1110 00).
Mote that of only a few peripheral devices are being used, » Chip Emhlt decodé snay nod be required since
a higher order address bil could be used dirscily,

M
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The ZRG-510 {Scrial Inpu/Quiput) is a dual-thannd
multi-funcrion peripheral vomponent desipned o satisfy
a wide varicly af serial dala communications require-
menls in micracomputer systems, Tis basic funelion is a
werial-1o-parallel, parallel-10-scrial conserier/cuniroller,
hul—within that role—il is configurable by Sysiems
saftware so iy ""personalily”™ can be oplimized for a
given serial dala communications applicatian.
[1

The ZA0-S10 is capable of Nandling acynchianoul
and s¥ichronous byle-prienred protocels such as 188
Bisyne, and synchronous bit-oricnied protocdls such as

"

HDLE and 1K1 SOLC. This versatile device can also be
used lo supporl virlvally any other serial protocol for
applicalions other than dara communicalions {cassefle
ar floppy disk inlerfaces, for cxample).

The Z80-510 can generate and check CRC codes in
any synchronous mode and can be programmed to
check dala inlegrity in varipus modes. The device alse
has lacilities for modem controls in both channeks. In
applications where these controds are nol needed, the
modem conirols ¢an be used for general-purpose 1.0

STRUCTURE

M-channel silicon-gare depletion-load 1echnology
m 40-pin O1F
B Single 8 ¥ puser supply
a Single.phase 5 V clocl

® Allinpuis and ourpuis TTL compatible

FEATLHES

® Twaindependent full-duples channeis
® Dara rares in synchranous or isosynchronous modes:

t 0-35K ha:sh&qml_wuh 7.5 MHz system clock!
rate
* 0-380K bits/second wlth 4.0 MHz system clnck
rale
W Receiver daia repisiers quadruply bulfered; trans-
mitier doubly boffered.
u 'I;u."t'fr'igh.ilrcnnus features: B
Ce S 6 Torf bits/characigs
¥ L. 1¥% or 2 stop biis
.+ Even, add or no parity
‘E(‘I:f.':)'g 16, %32 and x &4 clock mpdes
Break generation 3nd delcclion _
Parity, overrun and framing error delection

e — e - ———

INTERNAL
cONIAL
1.1

pall

COmTROL

.1
T't®
INTT A4 L=
LInTHM
LNl

CHunvwEL &
READ wWMITE

Bl TTTR 1LY
A T T CHARNEL CLDCES
i - —i Jril
= Rt NEATY
b
DMEcmEFE T
ChmTADE & == - MiOLM OR
LhaTl - o OEeEm CONTROLE
ICH &) = -

. DISCALTE = - agLIM O
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T DwanMEL CLDERE
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YO WAl AERRT
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the Whalinel sehmcted by 4 & 102 fors dala to Lh: C‘PU [a Low). Whenihe £50- SID is r:‘qurqlmg .m m[trrup

read operation), When TE and i[GKQ are a¢live, but D is putlls. iNT, Low.y e

inactive, the vhannel selected by B & fs writ'en 10 by the

¢rL with eaber daa o canrsl infarmation as speecilied W/RDYA, “’.’RD\"B WaitfReady A, Wairs/Reud

by €/D. As mentioned previously, il 1ORG and Mi are ac- {oalpqls opsn.drain when ppograntied Tor Wail I .

tive simullaneously, the ¢ru is acknowledging an inter- lon, d‘rwcn High and Low when programmed for

rupt and the Z280-51C aviomatically places its interrupl Ready function). These dual-purpose autputs may be

wegtor on the CPU dala bus if it is the highest priority programmed as Ready lines for a pvia controller or as

device requesting an inlgrrupt, . airdines-thal synchronize the el to the Z80.510 dorx
T «f2)e. The 1esel slale is open drain. : o

HD Read Cyele Stagus. {input lrom CPU, active Low). o

T3 Melive, a memory or 1v0 read f.:pr:ralmn is in pro- C18A, CTSB. Cleor To Send {inpyts, active. Lowy.

eress, KD is used with B/a, CE and 1ORG (0% ransfer dela g When programmed as Auto Enables, a Low ‘an these

frgm 1he Z80-310 1c the CPY. inpuls enables the respective transmitier. |7 pol pso-

o grammed as Auto Enables, these inputs may be pro-

HESET. Reser {input, active Low), A Low RESET dis- grammed as grngraLpurpmc inpuls. Bouh inpuls are

ables both receivers and fransinitiers, forces Tuia and Schmitt-trigees buffered 10 accommodaie slow-risetime

108 marking, forces the modemn controls High and dis- inputs. The Z80-SLO detecus pulses on these inputs and }

zbles all interrupls. The control regisiers oust b [ow tnTerrupts -4t EJ:FU tn borhlogic level iransitions: The

wrilten- aler-the. ZR0-510 is reset, and belore date jg, Schmit-Lrigger lnpuls do no! guarantec . specified -

transmitizd oF receiveds e noise-level mazgid.: |

AL, Jnterrupt Enable In (inpui, aclive High¥ This sig- DCDA, DCDB.. Data Carrier Detect (inputs, aciisve

1l veed with 1E0 1o form a priority daisy chain when l.ow), These signals are similar to the CTS inpuls, £avept

there 15 tngre than one interrupt-driven device, A ngl], lhey can be used as receiver enables. -

oa this line indjcates Lhat no other device, of higher pri-
arity is being <en H’.‘Ed b} a (.PL‘ mlerrupt service rouline s "‘("l-h[l..t - R:I:DB mer ‘Datd l’:nputs. acive High).

LEQ. larerrupt Enuble Qus {output: active High). IEO ;_me,zﬁnﬂ.;'ﬁ&h;m Daia (outpuls, active High).
it High enly il 1E1is High and 1he CPU s not servicing an ' T .
ntertupt from this Z83-S10. Thus, this signal blocks ¢RxCA, RxCB.* Recedver Clocks (inputs). See the fal-

lower priority devices from interrupling while a higher Inu.lng section on bonding options, The Receive Clos
priority deviee is being serviced by its CPU inlerrup! ser- Tmay be' 1] 16,32 or 64 dimeg the data rae oy asxcht..
vice rouline, ' Qous 1 modss. Receive darta is sampled on ihe fising edgr
— of FxC, : .
INT. farerrugt Reguest toutpulyr open drain, active *Sur [ooipolf B DFL1 PAgE- : .
L
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The device imernal stiructure includes a ZBG-CPL inter-
face, internal comrel and interrupt logic, and two full-
duplex channels. Assuciared with each channel are read
and write registers, and discrele controt and siatus logic
thal pravides the inietlace 10 modems or other external
devices.

The read and wrile regisier group includesfive §-bm
sontral regi 5tcrs ag syne-characier :rgm-.-n_ and Luo_,
Thates repisiers) The interrupt veciar is writien into an
sl dinonal §-bit register (Write Regisier 2] in Channcl B
thal may be read through Read Register 2in Channe! B,
The registers [or both channels are designaled in the (ext
as lollows:

| WRU-WRT — Wrile Registers § through 7
1, RED-RR2 - = Read Repisicrs O through 2

The bit assignment and lTuncticnal grouping'of each
seyister is cenfligured to simplify and organize the pro-
gramming process. Table 1 illustrates the lunctions
asiiened 1o cach read or wrile register.

) WRO " Qisle pommrs CAC initiahize, imlializallon' com n
mands lor Lhe various modes, elc. -l } 5
f e o m a —m ——— i
WRY Tz smyl'Receive intemupl and dala 1ranlfm‘ moge |

delinition. “t

1.' R2 In|euup1 veclor [Channel B onry} i

WWRH] Retewe paramealers angd cuntruls

Vaaw e .

-"l:--.-i—- e

by —— i . — — -

Tranamnmac.wa miscellanatus paramalers  and

Wh4 mades
-WFS }ﬂr:s"r'r:ll parlmﬂers and conlils — t .

. m. © = e '

WFIB S'.-nc: characier or SDLC addrass IIBII:I -

WFW_ 5+\-nc_ nGZrLEm ar SDLE flag o I:j

{a) Wrile Feglslas Funtlions

— - mrmm o ———— i — = —

RRO TtansmnuFIe.,ewe butler slatua. inlefigpl sialus and
auernll stalua

AR Spnmal Recelve Cnm:lllmn sialus

—_——— e s ———

e i FFAE -

o —— g — e

HH? Mochlied inlerrupl veciar (Charnel B Gnly)

—r — - —— - ————

(b} Read Aegisler Funclions

Table 1. Funclional Assignmenis ol Aead and Wrils Registers

The Togic Tor both channels provides Tormats, syn-
chronization and validation for dala transferred Lo and
ftom the channel inerface. The modem control inputs
Clear 10 Send (15 und Data Carrier Detect D) Bre
moenitored by the discrete vontrol logic under program

1.
centrol. All the modem <onisol «ignals are general p(lr-
pose in nature and can be used for funciions other Than
modem ¢canirol,

For auiomatic inierrupl vecloring, the interrupl con-
rod logic delermines which channel and which device
within the channel has the highest priorily. Prigrity is
fixed with Channel A astigned a higher priarity than
Channel B; Receive, Transmit and Exterpald S1alus in-
lerrupls are prioritized in thal order within cach chas.
nel,

Data Path

The transmit and receive dala path for cach channel is
shown in Figure 4. The receiver has three §-bin bulfer
regisiers in a FIFO arrangement (10 provide a 3-byie
delay} in addition 1o the 8-bit esceive shill regisier. This
arrangemenl creales additional time for the CPU 10 ser-
vige an interrupl 21 1the beginning aff 2 block ol high-
speed dara. The receive error FIFG slores parity and
{raining errors and other types of status information for
each of the three bytes in the receive data FLFQ.
[ (X

Incoming dala ¥ rouled through ane of several path
depending on the mode and charasier length. In the
Asynchronous mode, serial daia is entered in the 3.ba
bulfer if 1t has a charagter lenglh of seven ar cight hiss,
or is entered in 1he 8-bit receive shill register il it has a
lenglh of five or six bits.

In the Synchroaous mode, however, the dala path 15
desermined by the phase ol Lhe receive process curreiily
in gperation. A Synchranous Receive operation bepins
with the receiver in the Huni phase, during which the
receisver szarches the incoming data stream lor 2 bil pat-
tern thar maichey the preprogramined svnc characiers
{or Nags in the st £ mode). If the devicr is programncd
for Monosync Hunt, a maich is made with a single s¥n¢
characier stored in wR?. In Bisvne Hunt, a maich is
made with dual sync characiers stored in w®s and WK™,

In either case 1he incaming dala passes through The
receive syne registier, and is comnpared against the prao-
grammed sync character in wie or wR?, In ihe Mono-
ssne mode, a match between the syne character pro-
grammed imip wR? and the characier assembled in the
receive sync regisler establishes synchronizahen.

In the Bisvne mode, howeer, incoming Jata
shified 1o the receive shift register while the nest cighy
Bits of the message are avsembled in the revehve sync
register. The match between the assembled charagier in
the receive svne regisiers with the progranuned sanc
vharacier in wks and % R? es1ablishey svnchronization,
Once synchronizalion is esiablished, incoming data by-



Asynchionoygs data in the transmit shift register is
O ornolied with start and <lop bits and is shifted out o
the tansmil muliipfeser al the welecied clock rate. Syn-
chranows {Monosync or Bisyng) data is shilted out 10
the transmit muliipleser and also 10 the CRC generalor
at the x| clock rate.

<o C A ¢ data is shified oul throwgh the zero inser-
tign logic, which js disabled while the Nays are being
wwnl. For all ether Ticids {address, contro! and lrame
cheebl a0is insenied Mollowing five contiguows 1 'sin the

darzg stream, The orC gencrator reselt Tor spLc daca is

alsp routed 1hiough the zero inyertian fogic.

Functional Description

The Tunctional capabilities of the Z80-510 c¢an be
described from (wo dilferent points of view: as a data
cormunicalions device, il transmits and receives serial
dara, and meels the requiremenls of various data com-
munications protacals; as a Z80 family peripheral, it
imeracls with the 280-CFPU and other Z80 peripheral
circuils, and shares their dawa, address and cantrol
busies, as well as heing a part of the 280 interrupt siruc-
lure. As a peripheral 10 ether microprocessors, the
Z250-S10 offers valitable features such 4% non-veciored
inierropts, polling and simple handshake capabilities.

The first part of the following functional deseription
deworibes the interaction betwesn the €U and Z80-51Cx
the second part jnireduces its dala commurications
capabilities,

1/ CAPARILITIES

The Z80-510 oifers the ¢hoice of Polling, Interrupt

frecrored or pon-veclored) and Block Transfer modesto -

lransfer data, stawus and contrel information o and
from the CPU. The Block Translfer mode can be
implemented under CPU or DMA conurgl,

Palling, The Polled mode avoids inlerrupts. Status
repisiers RRO and RRI are updaled at appropriale Bmes
far each Tunciion being performed (for example, CRC
Error siatus valid al the end of the message). All the in-
lerrupl modes of the ZEG-S10 must be disabled to
operdle Lhe device in a polled enviranment,

While in its Polling sequence, Ihe CFU examines the
staius contained in R (or each channel: the RRO slaius
bis serse as an acknowledge 1o 1he Fol) inquiry. The
twd kRO stalus bits Dy and 07 indicale thal a receive of
transnil dala transfer is needed. The siatus alo in-
dicales Lrror or other special staius conditions {see
AR0-500 Programuning''). The Special Receive Condi-
tion valus contained in ®R1 does not have 1o be read 1n a
Pualling sequence becanse the stajus Bits in RR1 are ac-
counpanied by a Receive Character Available siatus in
Kh{L \

Inlerrupts, The ZF0-S10 offers mn elabotale interrupl
scheme 10 provide last interrupt response in real-lime

applications. As mentioned earlier, Chinnel B 1TEisttrs

% 42 and RR2 contain theinternpt Vector that, points 10

an lnlcr[upt s:nu,e m_u]jn: in-the memory. To sery

\up:rannnf in Both channels and 16 :hmmate the nece,
sity of wriling a status analysis routine, the 280-810 can
modify the tnlerrupt vector in RR2 so it paints directly 1o
one of cight .inerrupl service routines. . This is done
under program _control by sefting a program bit {WRl,
B) n Channel B called *S1aius Affects Vector.'” When
this bil is set, the jnterrupl vecior in WR2 s modified
according 1o the assigned priorily of the various inter-
rupting conditions. The table in the Write Register !
deseripticn (Z80-510 Programming secLion) shows Lthe
modification details,

Trapsmitinterrupts, Reeeive interrupts and Exlernal/
Status interrupts are the main sources of interrupts
(Figure 5). Each imterrupt source is enabled under pro-
gram control with Channel A having g higher priority
than Channe] B, and with Receciver, Transmil and Ex-
ternal/Siatus jnlerrupts prioritized in that order within
each channel. When the Transmit interrupt is enabled,
the CpU 35 interrupied by the transmit bulfer becoming
empty, {This implies that the transmitier must have had
a data character writlen inlo it 50 it can become empty.}
When enabled, the rcctwtr can inlerrupt the CPU in one
of three ways:

* Inferrupt on [frs1 receive character .
-« [nlerrupl on all ceceive characrers o
* Inlerrupt on a Special Receive condilion

Inierrupl On First Character is typically used with the
Block Transfer mode. interrupt On All Receive Charay
ters has the oplion of modilving 1he fnterrupl vector in
the event of a8 parily ¢rror. The Special Receive Conds
1ian interrupt can gecur on a character or message basis
{End Of Frame inlerrupt in spte, for example). The
Special Receive condilion can cause an interrupt enly if
the [niercupl On First Receive Characrer or Interrupt
On All Receive Characters mode is selecied. In Lnier-
rupt Op First Recejve Characier, an interrupl can pogi
from Special Receive conditions {excepl Parity Error)
after the Tirst receive character interrupt (example:
Recejve Overrun inteerepl).

The main function of Lthe Ext:rnnl!‘jlatus II'IILrII.IpI is
(o monilor the signal iransitions of the CTS, BUD and
SYNC pins: however, an External/Siatus jnterrupt is also
cauvsed by a Transmit Undéerrun condition or by the
delection of a Break {(Asynchronous made] aor Abori
{SDLC mode} sequence in the dala stream. The inltrl’l.lpl
caused by the BreaksAbor sequence has a specia’
fcature that allows the Z80-S10 10 imierrupt when the
Break/Abor rcquence is doecied ar rermuimited. This
leature faciTiiates the proper iermination of the curren(
messaee, correct initiglization of the nevt messape, and
the accurate Lming of 1the Break/Aborl condiion in
esvlernal legic,



Asynthrnnnus Operation

i em———— 4. Ao [——

Fooreceis e o trapssait o= - in the Asynchronons mods »
the Z80S1CE musi 2 daivialircd with the Tollpwing pa-

tansters; characier fength, clock rate, puasber of siop A
bits, even ur odd parity. intecrupt mode, and receiver or®
“iraa-miner enabde. The paramerers arg loaded inte the
appropriale write registers by the svstem program. Whi =
reraelers tust be issued beforz wRI, wR3 and wWhe
PR el 0r cammands.

1] 1:-.: dam i3 1ransnui¢d Qrer a_modem or RS"!IC

TTAL HFaln 1_'1; oulpuls must be sel along wuh [hu.p
Transmil Enzble bit. Tra[l_ull.lﬁsmn cannol begin until
the Trapsmit Enable bl is se). -

The .J'hum Erab'es feature allows the programmer. o=
tend the firsl data character of the message 1o-The*
ZaU-S10 withowr w aiting for €T5. {f the Aute Enables
hit is se1, the ZRO-SIO) will wait Tor the CT5 pm o go
Low before it begine daia transmissian. €15, BCD and
215C are general-purpose 140 lines thal may be um:l for
functions aitker than their labeled purposes. Ir; TS ixey
1sed for another purpose, the Aalg Enables Bitinusi be
programined to d,

Mgure & Musirales asynchronous message formats, ¢
Tuble 2 shows wrd, Wr4a and wRs with bits set to indi-|
cule the applicable modes, parameters and cnmmandsln\ o
acrnchronaus modes. wir2 (Channel B.only) siores they
iRterrupl veetor; wri delines the interrupt modes’ dﬂd}
dala transfer modes. W Re and WR7 are not used irf ayn-
chronous modes. Table 3 shows the Lypical program
steps that implement a full-duplex receive/Iransmit
operation in either channel, . -1

]

"r16th, 1/32nd or )./ C4ih of 1he clock-raté supplied 10
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Asynchronous Transmit

¢
¢

The Tranimit Data output (MaDj 7§ held marking (High)
when the transmitier has no data 1o send. Under pro-
gram conirol, the Send Break {WRS, by) command can
be issued to hold TD spacing (Low) until the comimand
is cleared. 4

. oy

The 280-51Q automarically adds .the siart bil, the
programmed parity bil {odd, even or no parity} and the
programmed number of 510D bits 1o the data characier
to be ransmitted. When 1he characier length is 5ix v

. Seven bits, the unused bils are automatically ignofed by

Lhe 280-S10° 1T the characier Sengih is five bits or less,
refer (o The 1able in the Wrire Register 5 description
(£80-510 Programming sectien) lor the dala fermal,

~Serial data is'shified from T=p a1 a'rate cqual (o 1,

-

:hc"l“rammu Clock mpﬁTtTnC} ‘Berial data is shified
out on the falling edge of { Tac).

—_ W

s 1F selothe ExternalsSrarus lnlcrrupt n"udc MORite,
“he staiug of DCD, CTS and SYNC throughoul the train-
+~missiop_of_ the mcsnﬂgef If These inputs change lor a
periad of lime greater (han Ihe minimum specified pulse
width, the interrupl is generated. In a 1ransmil opera-
lion, 1his feature is used 1o moniler the modem central
signal €15. T

LREYWLhAONOUE FORMAT

3
¢ T
MANEAT LInE 11111 0y by P FRAITY 70 MaALING | INE
3]
v . /
N-5810R
4L TRANSALNIDN S OCCUR v / 11U T RTE
ON L FNLLING EDGE
oF T2
T g T BA
n0T, I¥ia GA DO
MESSAGD Flow
-l - -

Figuie 6.

Asynchionous fresesge Formml
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FLHICTION TYPICAL PROGRAM STEPS - COMMENTS
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AR e L E A —EEE——— . e—— mwEmATE 1 8 EmmE e T

ReGlaIER NP CRMATION LOADELD:
WAL CHAMNNEL RESET Aesel 50
WAY  FOINTER 2
WRI  INTERRUPT ¥ECTOR Channel B only

WRO  POINTEA 4. RESET EXTEANAL'STATUS INTERRUPT
"
W4 ASTHNCHAONOUS MODE, PARITY INFORMATION. STOP BITS Issua paramelers
MNFDRLLATON, CLGCK AATE tFQRKATION ) '

INITIALIZE wRO PONTER3 . .

~
WRY  RECEIVE EWABLE. ALTD ENABLES. RECEIVE CHARACTER , !l .
LENGTH _ Lt L
U R
wAg  POINTER 5 Coa e
e

WAS  REQUEST TO SEMD, TRANSMIT ENABLE, TRANSWT .+ '3 v Feceive wnd Transmit both 1udly inc'al-

CHARACTER LENGTH, DATA TERMINAL READY - " Jzed. Autp Eraties wil snable Tiars-
“ muar WETh Il'.‘lme and W Recriver |
. woe e E0 U BES s aclive.
WRD  POINTER 1, AESET EXTERNALSTATUS INTERAUPT ., & : - .
‘.- . 1 * -

WRY  TRANSMIT INTERAUPT ENABLE, STATUS AFFECTS VECTOR, TransmikRecahe nlerupt mogde sa-
INTERRUPT OM ALL PECENVE CHARACTERS. DISARLE WAIT loctad. Exlarnal Inderruph monitors he
AEADY FUNCTION, EXTEANAL NTERPUFT EMASLE - -+~ sias of the CTR BED and EvNT npuns
S and detects the Bieah sequance Satus

Alects Vecior in Charnngl B only,

w1 L } . L
TRAMEFER FI%T DATA BYTE TO SH3 ' This clate byte MUy be tarlere. o
Iransmil wngrmaptd will oocur,

1ZLE MODOE EXECUTE HALT INSTRUCTION OR SOME OTHER PROGAAM Program & wailng lor an imamupt Tiom

Ihe S,
80 WTERRUPT ACKNOWLEDGE CYCLE TPANSFERS AR TO CPU When the intarrupl GCurs, The inteniept
weclor in modiled by: 1. Aecene Char
IF A CHARACTER {5 AECEIVED: atlar Availabhe; 2. Transmiy Bullsr Emp-
* TRANSFEA DATA CHARACTER TO CPU ty; 3 EarwmnalSigius change. ond 4,
+ UPDATE POINTERS AMD PARAMEIERS - Spacial Receive condition,
* ASTURN FROM WTERRUFT
IF TRANSMITTER BiiFFER IS EMFPTY: Program tonerol & transTensd lo one of
* TRAAWSFER DATA CHARACTER T6 S0 tha eighl inlalfupl Sorviie routines.
. * UPDATE POINTERS AMD PARAME TERS
DATATAANSFER AND *» RETURAN FAQM INTERAUPT
ERAQH MOHITORING
iF EXTERMAL STATUS CHANGES: K ursed wilh protessors ofhar Ihan She Jug,
= TRANSFER RAO TO CPU ! the medifiad inlerupl vedor (RR2) shuld
* PEAFCRM ERROR ADUTINES [MICLUDE BAEAK DETECTION) oo raburmpd to the TPU N Ui Inerupd Ac-

* RETURN FRCH IWTERMUPT 1 hrCwhodpl STjuence.

IF SRECIAL AECEIVE CONDITION OCCUARS
a TRAMSFER RA1 TQ CPU
= D0 SFECIAL £ RROR (E G FAAMMNG ERAORA) HOU‘I'INE
» AETURN FRDOM INTERRUPT

. AEDEFINE RECEIVETRANSMIT INTERAUFT MODES WhEn Iransmed &F reCnee dalk Nons™y 5
Comprle.
TEAKINATION DISABLE TRANSMIT.RECEIWE MDDE S
- ’
UFCATE WOOEW CONTROL OUTPUTS [E G ATS OFF) tn Trarsmu, the AN Sant slatus t

Cales transmisson i3 complole.

Takla A A:yncl:lmnuu: Mode

11



Synchronous Operation

112

Beloare describing synchronous transmission and recep-
tion, 1he three iypes of characier synchronization—
Monosyne, Bisyne and Exiernal Sync—require some ex-
planation. These modes wvse 1he x1 clock lor both
Tranwmit and Receive aperanans. Data is sampled on
1h» rising edge of the Receive Clock input (R<€). Trans-
inikler dala transitiens occur on the falling edge of the
Transmit Clock input (TaC).
i

The dilferences berween Manosyor, Bisync and Ex-
1ieral Syvaw ure in the manner in which initial characier
syachironization is achiesed. The mode of operation
musi be sclecied before svnge characiers are loaded,
because the repisiers are used difTerently in the varipus
modes, Figure 7 shows the Tormals for all three of these
ssnchronous modes,

Monwsyne. In a Receive operation, matching a single
eanc characier (8-bit sync mode) with 1he programmed
syir characier stared in WRY implies characles syachro-
nization and enables data transfer, .

Rissne, Mawching 1wo  conlipuous syne  characlers

t16-bit ssnc oded with the programmed sync charac-

1205 stored in w ke and WR3 itaplies characier synchroni-

yation. In bovh the Monosyne and Bisyne modes, 5YNC

is used as an oulpul, and is active for the parl of the
~receive clock that delects the syne character,

Fxternal Syne. 1n this mode, character i}nchmni:aﬁﬂn"
is established externaily; SYNC is an input that indicates
exiernal characler synchronizalion has been achisved,
Aflier the sync patiern is detected, the external logic
musf wail for two full Receive Clock cycles Lo activate
Ihe SYNC input. The sYNC inpul must be held Low until
character svnchronization is lost. Characler asscmbly
begins on the rising edge of ReC thal precedes 1he falling
edge of SYNC. .
In all cases afier a reset, the receiver is in the Hun
phase, during »hich the Z80-510C looks for characier
svnchropization. The hunt can begin only when 1he
receiver is enabled, and daim Iransfer can begin only
when characier synchronization has been achieved, 10
characizr synchronizalicn is lost, the Hunt phase can be
re<cniered by wriling a conirol word with the Enter
Hunt Phase bil seL (wRa, Dy). In the Transmit mode, the
Iransmitser always sends the programmed number of
sync bits (8 or 14). In the Mangsyne made, the rans-
milter transmils from Wke the rteceiver compares
against wR?. 1

In Ihe Monosync, Bisync and Exiernal Syne modes,
assembly of received dawe continues until the Z80-510 is
resel, or until the receiver is disabled {by comimand or
by BCD in the Aulg Enables mode), o1

the Enter Hont Pha;: hit.

until 1]1: cPU s

* e

MESSAGE FLOW

i vt 3y L]
LL
1Thp [T EM
L gL M gy uw:lml wn:ltlll
1Y T % L] (3L *
149 j
(A] MOKDSYNC MESSAGE FORMAT (INTERNAL STYHEC DETEET)
LT ny ng
. LL
14 1" L] Lt
e il hu:l:?rlt ALY ) ll:-w.nu“ l-um"
1 1R} 1 Ea L] ] [}
() B{SYML MESSAGE FRAMAT (INTERWAL EYMEC DETECT)
W 5 vl
144 R
o e
QA NLE Elll.:.l.tlll. u;.:.:;!u
1 b iyt *
L

{C) EXTERNAL SYNC DETECT FORMAT

Figure 7. Synchronous Formats
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Mara Treosfer Using wAITREADY, T the CcPU, the
actpvation of Warr indicales 1that the Z20-510 is oot
ready 10 accepd data and thar the CPU must exiend the
carptl cegle, To a DMa controller, REALY indicales thal
the transmit buffer is empiy and thal the ZBO-S10 is

ready 1o accept the neat data character. If the data

character is noi loaded in1o 1he Z80-5)0 by the lime (he
transmit shifl regisiee is empiy, the Z80-S10 enters the
Transmil Underrun condition,

4

iixsne Transmit Underrun. In Bisyne prolocel, Tifler
choraviers are inseried to maimain synchronization
when the transmitrer has no darz 1o send (Transmit
LUrderrun condition). The Z80-510 has twa program-
imable options for solving this situation: it can inser
sy characrers, or it ¢an send the CRC characiers gener-
aed so faf, followed by sync characiers,
i

These opliohs are under the contro) of the Reset

Transmil Underrun/ECM command in wRA, Following a

chip or channel resel, the Transmit Underruns/goM
s1atus bit (RAG, Dg) is in a sel condition and allows the

invertion af sync characters when there 5 po data 1o

send. CRC'is nor calculated on the automatically inseried

" svnc characters, When the PO detects the end of mes-

save, & Reset Transmit Underrun/EoM command can be
issued. This allows CRC 10 be senp when the Lransminer
has no data. In 1his case, the Z80-510 sends crC,
fallowed by sync characiers, (o terminale the message.

There is no restriction as to when in 1he message the
Transmil Underrun/EOM hit cap be reset. Jf Reser is
issued alter the first data characier has been loaded the
16-bit €rE i sent and (ollowed by syne charagiers Lthe
Nires 2ime the iransmitler has no data 1o send, Because of
the Transmit Updervun condilion, an External/Siaius
interropl is generaied whenever the Transmil Under-
tunsEQN bit becomes ser,

In the case of sync insertion, an interrupt is generared
only afier.the firs1 auiomatically inseried syne characier
has been foaded. The sialus indicales the Transmil
Underrun/EoM bil and the Transmiy Buffer Empty bit
arg sel.

In the ¢ase of CRC insertion, the Transmil Underrund
FM bit is se1 and the Transmil Buffer Empty bit is resel
while CRC.s being senl. When Cnc has been completely

* senl, the Transmit Buffer Empty status bit is set and an

imerrupl is generaled 1o indicate 10 the cPU that another
myessage ¢an begin (this -inlerrupl occurs because CREC
hzs bren sent and syn¢ has been |gaded). IF no more
messages are 10 be sent, the program can lerminate
lransmission by resetting RTS, and disabling the
Ir3RSIITiEr (WRa, Dy).

itad characiers may be sent by serting the Z80-S10 1o
8 bins/transmit characler and wriling FF 10 Lhe iranimil-
1t; while RO is being sent. Alicrnatively, the syncchar-
aclers van be redefined as pad characiers during this
time, The lollowing example is included 1o clarify this
Pl

F RN

The Z8O-SID inlerrupls with (he Tiaismi Buiter Emply bn
set. e

The crPu recognizes thal tha lasl character (£75 ol the
message has already been 9ani to the Z80- 510 by examining
Ihe inletnal program slatus,

Ta tgrce (he JE0-510 10 Send CRC, the cPu LBsuss Lhe Resel
Tranamil Undarrunfecsd Lalch command o3y and satishes
1he jnlerrupl with the Peset Transmil Inlerrupl Poadgding
command. {Tnis command prevenis Lhe JB0-SI0 ftom re- -
queshing mare dala)] Becaves ol Lha 13antTut underrun
raused by 1his command, 1the ZB-SI10 srars sending CAC
The Z80-51D alsp causes an Exlernal’Siatusy interrupl wilh
i Tranwmi Underron/iod Tatch sel,

The cPy satislies its inlerrupl by loading pad characlers in-
1 1he Iransmit buflar and issving thd Resel ExteinalSiaiug
Interrupl command. .
Wiih this saguence, coC is tollowed by a pag characier in-
staad o & Byna characler. Nole thal (he 280510 will inter.
rppl with 8 Transmil Buller Emply inlerfupl wheh CAZ a5
completely genl and thai the pac characier 13 loaded into
ihe ransmit shill regisler. . LT -_"'“'I""r:‘
- TS
From 1hia goint on the CFu can u-nd more Dad char&:tms ot
sync charactersy.

Bissnc CRC Generation. Sening the Transmit CRC
enable bit (WRS, Dp)} iniliates CRC accumulalion when
the program sends: the first data’charatter 1o the
280-S10. Although the Z80-S10 aulomaticaily-trans-
mits up 10 twa sync characiers (16-bit sync]. iris wise 1o
send a few more sync characiers ahead of Ihe message
(before enabling Transmil CRC) ENSUTE Sy’ nchrumra-
tion at the receising end.. .

The iransmit CRC Enabl:' bit c2n be changed on the
My any time in the message 1o include ot exclude a par-
ticular data character from CRC accumualation. The

‘Transmit CRC Enable bil should be in the desired s1ale

when the data characler is loaded from the Lrapsmi
data bulfer inlg the transmit shifl register. To ensure
this bit is in the proper sate, the Transmit CRC Enahie
bit mist be issued before sending the dala character to
the ZBO-510.

Transmit Trmspirmt Mode, Transparent mode |[Bi-
sync protocol) operation is made possible by the ability
Lo change Transmil ckC Enable on the fly and by the
addilianal capability of inserting 15-bit sync characters.
Exclusion of DLE churaclers from CRC calculation ¢un
be achieved by disabling CRC calculation immedialely
preceding the DLE chararier (ransfer to the Z83-SI0.

e ; y

In the case of & Tranimit Underron condition in the
Transparent mode, 2 pair ‘ol DLE-SyN characters are
sent. The Z80-SIQ can be programmed 10 send the DLE.
LSYN sequence b} Ioading a DLE character lnm wie and a
SYNEC chnra-:ler inlo WRM.

Transmid Ttrminzllon Mhe ZB0-S1O is cqulppcd w4
special terminarion feature that majntains dala i :m-.-gmy
and validity. If the transmitter is disabled while a daia
or sync character is being sent, 1har character is sent as
usnal, but is fellowed by a marking line rather than ke
of sync characlers, When the transmitier 15 disabled, a



-

haracier in the buffer remains in the buffer, 1 the

vractnifier is dicabled while W C i being send, the t-bit |

1racemisan s completed, hat syne is sent insiead of
Uk, '

A oprociatiainned bieak is effeciive as soOn a5 il 05 writ-
ten il The control vepister; characeers in the transmit
Duller and shify regisrer are 1osl,

In ali rnwdes, characiers are sent with the least signifi-
can? bits Mirst. This requires right-hand jusification of
teanvinitied data il the word lepgth is less than eight
bits. 1f the word lengih is Tive bits or less, the special
techrigque dexcribed in the Wrie Regisier 3 discussion
{Z50-510 Programming section} must be used for the
da1a format, The siates of any unused bits in a data
characier are irrelevant, except when in the Five Bils Or
Less made, )

If the External/Siatos !nterrupt Enable bil is ser,
trancmitter conditions such 25 "starling te send CRC
charadiers,” "'stariing (o send sync characiers,” and
1§ changing siale cause inlerrupts thal have s unigue
vecior i Staras Alfects Veclor is set, This interrupt
muode may be used during black transflers, |

All imerrupts may be disabled for operation in a
Polled mode, or 10 aveid interrupts al inappropriate
limes during the execution of 8 program.

-

Synchronous Receive

ENITEARLEATION

Fhe sysivin puodram initialtes the Synchronous Receive
operaticn with the following parameters: odd or even
parity, 8- or 16-bit sync characters, x1 clock mode,
CRC polynomial, receive characier lengih, eic, Sync
charaeters must be loaded into registers WRs and wWR2.
The receivers can be enabled only afrer all receive pa-
lamelers are sel. WR4A paramefers must be issued befor
WHI, WRY, wis, Wit and wa? paramelers ur’cnw::

Afier this is done, 1he receiver is in the Hunt phase.
remaing in this phase until character synchronization is
achieved. Note that, under program contro!, all Lhe
leading sync characters of the messape can be inhibiled
ftom loading the receive buffers by selling 1he Sync
Characier Load Lnhibit bit in wWei.

DATA TRANSFER AND STATUS MONITORING

Alier character synchronization is achieved, -the as-
seinbled characiers are 1ransferred 1a 1he receive daia
110, The follawing four interrupl modes are available
to transfer the data and ity associaled siatus 10 the Cou,

Mo Interrupls Enabled. This mode is uted Tor a purely
polled operation or for off-line condilions.

116

Inicirupt On First Characier Dnly, This mode is norm-
ally used to start a polling loop or a Block Transler in-
SIFUCTIDD USing WAIT/READY to synchronize the CPU or
Lhe Dva device Lo the incoming dala rale. In 1his Moy
the ZBO-S1C interrupts an the first character and then
alier inerrapts anly il Special Receive comlitions are
detecied. The mode is ieinitialized with (he Faable In-
rerrupl On Next Receive Charncler conumand 1o nllow
the next characier reccived to generale an Iniertupt.
Parity errors do not cause interrupts in this mode, but .
End f Frame (SpLC mode} and Receive Overrun do.

H ExternalsStatus interrupts are epabled, they may
inlerrupt any time BCD changes slale.

Intcrrupt On Every Character. Wheneser a characier
enters the teceive buffer, an interrupl is generaled.
Errar and Special Receive conditions pencraie a ypecial
vector if Siaus Affects Vector is selecied. Oprionally, a
Parity Frror may be direcied not 1a generaie the special
interruplt veclar. 1y

_ Special Receive Condiifen Interrupes. The Spcciall

Recoive Condition interrupt can occur only il either the
Receive Interrupt On First Character Only or lmigrrupt
On Every Receive Charatler modes is alse sel, The
Special Receive Condition imerrupl is caused by the
Receive Overrun error- condition. Since the Receive
Overrun and Parity error status bits are laiched, the
error status—when read—reflects an error in the curtem
ward in the receive buffer in addition to any Parity o
Crverrun errors received since the last Error Reset com.
mand. These status bils can only be reset by ihe Error
resel command, .

CRC Error Checking and Teemination. A CRC error
check on Lhe recrive message can be performed on a per
character basis under program tontrol. The Receive
cxuc Lrable bit (Wr3, bj3) must be sel/reset by the pro-
gram belore the next character is transferred fram the
receive shifl register into the receive bufler regisier, This
ensures proper inclusion oz exclusion of dala characters

. in the cRC check.

To allow the CPY ample 1ime to enable or disable the

~CRC check on a particular characier, the Z20-510 calcu-

lares CcrC ecight biy ttmes aler the characler has been
iransferred 10 the receive bulfer. 17 cre is enabled.
befare the next character is transferred, CrRC is calcu-
lated on (he transferred character. If CrC is disabled
before the time of Lhe next 1ransfer, czlculation pra-
ceeds on the ward in progress, bui the word just Irans-
Ferred 10 the buffer is not included. When these require-

* menis are satisfied, the 3-byre receive data buffer s, in

ellect, unusable in Bisync operation. CRC may be enabl-
¢d and disabied as many 1imes as necessary for a given

calculalion.
-,

In the Monosync, Bisyne and External S$ync modes,
the cre/Framing Error bit {RR1, Dy} contains the com-
parison result of the Cre checker 16 bl times {eight bits
delay and eight shifis for crc) afier the character has
been transfeited from the receive shifl regisier 1o the
buffer. The rewull should be zero, indicating an errge-
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FURCTION " TYPICAL PAOGRAM STEPS - COMMENTS
WRO  POINTER I €NABLE INTERAUFT ONNEXT RECEIVE CHARACTER  Faseiting 1hus wileinupl moda provedes
i TiIALIZE swnple program lpophack ey | E

i{CORTINUED)

i maxl U aneacton.

wHR1  FAECENVE ENABLE, SYNGC CHARACIER LOAD INFNEIT, ENTER WAY I8 reissued 1o #nable recewar. e

HUNT MODE, AUTO ENABLE, FE CEIVE WORD LENGTH caive CRC Enable must bha sel atier rg-
cefving SOH of STX characiar.

Recane mods s (ully inilGhzed gnd the

"

IILE WO0E EXECUTE AMALT INSTALCTHON OR SOME GTHER PRDGA AW SYSIeM I8 wailng ior intereupt Gne lers)
characler, '
WHEN WIERRUPT ON FIRST CHARACTER OCCURS, feE CPUOOES TiE  Dluring ihe Hurd mode, the S0 gesects
FOLLOWING- Twp conbguows chavacters o establsh
» TRANSFERS DATA BYTE TO CPY synchronezation. The CPU esiabishes (he
« DETECTS AND SCT5 APPROPAIATE FL &GS FOR CONTROL CHAR- Dtak moce and all subsequen dala char-
ACTERS [IN CPU) ) « T Bolerk are lranstened by ihe DRYA GO
w INCLUDES'EXCLUDOLE DATA BYTE N GRC CHECKER irolher, The conttolar is also [ Crgr aruTe
* UPDATES POINICHS AND DTHER PARMMETERS © * . 1 . . % caphwre spedpl cheractery [by ram.
= EHARLES WATREADY FOR DMA CPERATIN - - Do, wing only tha g that gpecly ASCh o
* EWNABLES Dikd CONTROLLER - v - E contngl chavacters) ond el
= RETURNS FROW BN TERALST . Tl CPU upon delsclon. In MMERONEE.
. 1he CPU vxamings the Stales Of conlrol
tharatigrs and lakes appropnald aoion
{# 5. CAC Enable Update).
CATATRAANSFER AND WHEN WaIT.READY BECOMES ACTIVE, THE DA CONTALLER DOES Tht T
STATUS MONITORING FOLLO WING-

TAAKSFERS DATA BYTE TO MEMORY

# INTLKAUPTS CPU JF 4 SPECIAL CHAR&GTEH I5 CAFTURED BY THE

DMA CONTROLLER !
IMTEHRUFTS THE CPU IF THE LAST GCHARAGTER OF THE NEERAGE

I£ DETECTED T .
FIOR MESFAGE TERMMATION. THE CPU DOES THE FOLLC W " The 610 Wlamupts the CPU [OF e
* TAANSFERS PR TO THE CPU - «: dihon, &nd the ertor rouing abors .«
» SETS ACK/NAK REPLY FLAG AASED QN CRC RESULT Y prasenl &, clears Lha 80ron cond
a UPDATES POINTERS AND PAﬁapE'[ms : « - - Tlion, and mpeats tha operaton.
- ] .

RETUAMS FROM INT EFIHIJET !

TERNWINATION

AEDEF INE INTERRUPT MODES AND SYNC MODE 5

UPDATE MOOEM CONTROLE ’ !

GISABLES RECETVE MODE

- . W Fuba

Teble k. Bisync Ancelve Mode {Conlinuad)
" A

%



Crvea Teoasndoy Ulsing lnr{*‘rrnpli.‘
o Tl bibis set, an inierrept iStencraled each time
o affer beod oo einpiy . The iacerrapl may be sacds-
findd Cither by wriling anather chatacter into the trans-
Jrizer o by rescliing the Transiit Inierrupl Pending
tatch with a Reset Transmitter Pending comunand (wRa,
Dy I the interrupt is satisfied with this command
a0 nothing mare is writien imo 1he ransmilter, there
atc na further 1ransmitier inlersupls. The rﬂuil it 2
Iransmil Underrun condition. When anoither character
is wrilien and sent oul, the Iransmitler ¢ap again
hwenme onply and imerrupl the CPU. Following 1he
flags in an s01€ operation, the 8-bit address Nield, con-
tral Nield and information field may be sem 1o the
SA0SED wsing the Transmit Inlerrupt mode, The
A50-510 1ransmils the Frame Check sequente using the
Transinit Underrun lfeature, ’

When the (ransmitter is firsi epabled, it 15 uireudy
empts and obyiowslv cannor thea become emply. There-
fore, no Transmit Buffer Einply interrupds ¢an ooour
until after 1he first dara characier is written,

When the ransminter is Mirst enabled, it 15 already
empry and cannal then become empry, Therefare, no
Transmit Buller Empty interrupis can occor eniil afler
the first daia character is wrilten. .

Data Tronsfer Using Wait/Ready., 1f the Wait/Ready
funciion has been selecied, WANT Indicates 19 the CPU
1hai the Z80.51C is nol ready 1o accept the data and the
CPU must exiend the 120 cyele. To a ova comroller,
ab DY indicares that the transmitier buffer is empty apd
thal 1he ZRE0-510 is ready to accept the next character, i
the ttara characier is not loaded into the ZBG-510 by the
limz the wansmit shilt cegisier is empty, the Z30-S10
enrers the Transmit Underrun condition. Address, con-
1ol and informanion fields may be ransferred 10 1he
ZBO-510 wuh 1his maode using the Wait/Ready func-
tien, The Z80-310 transmirs the Frame Check sequence
using the Transmrl Underrun fealure.

IT 1the TraAnsmit Lnres--

14U

SDLC Trensmil Liaderron/End OF Messapge, SDLC-ike
protocols do nol have provisions for fill characters with-
in a message. The Z80-510 therefore autmnatically Ici-
minaies an SDLC frame when the iraimmit dara bulfer
and oulpul shift register have no moie bils to send,
dees this by first wnding the two bytes of CRC unu
following these with ane or more Nags. This rechnique
allows very high speed tranymissions under Dva of CPY
block 140 conlrol without requinng the CPU 1o mp-ond
quickly {0 the end of message silwalion,

-
v

The action that the Z80-510 takes in the underrun sil-
uation, depends on the state of the Transmir (ndesrun/
eos command. Following a reset, the Transmit Under.
run/EC™ status bic is in the s#¢ state and prevents the in-
sertion of CRC characlers during the Lime there js ne
data 19 scod. Conscquently, Fflag characlers are sent.
The 280-510 begins 10 send the [rame as Jala i5 wrillen
into the transmit buffer. Between the time the first daia
byie iz writien and the end ol 1he mesrage, 1he Reset
Transmit Underrun/EOM command must be issued,
Thus the Transmit Underrun/Ens stalus it is in the
reset state a1 the end of the message (when underrun oc-
cursh, which nuwmatmally sends the CRC characters.
The sending of cre agam sty Ih: Transmit/Underrun/
EOM status bll. n

R RERT ]

o W
1 3 hedha dait

Fl
I

Although there is no resiriction as 10 when 1he Trans-
mit Underrun/gaM bit can be reset wilhin & message, i
is usually reset after the first data characier (secondary
address) is senn to the 280,510 . Reseiting this bil allows
ckC and Tags 10 be sent when there is no data (0 5end
which gives udditional time 10 1he CPU for recognizing
the faull and rﬂpondlng withren aborl command. B re-
setting jt ezrly in the message, the entire message | has the
maximum amaunl of CPU response time in an unm:tn-
nonal transmil underrun situation. S

BiIz 44 e T BIT 4 81T 3 BT 3 BIT 1 BT Y
|
00 - Fix 5 BITS CHAR E:EE;EH':;NT
w&a 10 w Ax § BIS CHAR ALUTO mowfwa Re CRC ADDRESS o * Ax
01 = Aa 7 BITSCRAR ENABLES BATA NOT ENABLE SEARCH " JrrBLE
11« Ry 8 BITSICHAR NEEDED) " MODE e
1 0
WR4 0 .0 SELECTS SOLG 0 o 0 0
: MCIDE
0O » Tx 5 BT (OF - - '
LESS; CHAR A
WRS oA 10« Tr & BITS CHAR o EM:.E‘LE EEsleL%TS ATS ,_:T:; EBLE
D1 = Tx 7 BITS CHAR phrig

110 Te 8BITS CHAR

Table 7. Conlents ol Writa Aegisters 3, 4 and 5 in SDLC Modes



122

780-CTC
7830A-CTC

‘lechnical Manual |



1.0 INTROQUCTION - 124

The ZERLoentes Timer Circuit {CTC) is 2 ptogammable companeat with foar independent channels
that provide countisg and timing fusctions for mictocumputer systzins based on the 280 CFU The CPU
=Zanconfiy e the CVC channels o operate under various mades and conditions as required e inteiface with J
1 wile tange ol devicss. fn most AppliZadons, "l of no external logic is required. The ZBO-CTC utilizes
‘Nechanne! silicon gate depletion load technalogy and is packagad in a 28 pin DIP. Tht ZBQ-ETC requirds
©nly 1 5iFgle 5 velt supply and a qq.:apl_n:lfali vt cluck  Major featuces of the ZEQ-CTE include:

* Allinputs and cutputs [ully TTL compatible,
* Fith channel may be selected ta nperate in either Countey Mode of Thner Mode. "3

gy g e et e e o TRAS TR ARITERE T e e

# LUsed in either mode, a CPU-readable Down Counter indicates number ufcuunu-tu-gn until zerg,

Tuner Mode,

& Sclectable pusitive o¢ negative trigger initiates 1ime gperation in Timer Mode. The same input i
nwsnitored for event counts in Counter Mode.

* Three channcls have Zero CountfTimeout culputs capable of driving Darlington transistors,

- l'ﬁlanupls may be pru;r:mmed {9 otgur an the 241U count cogdition in any channel. -

PESPEITEL Y - el S
w  Dnisy chain priority interrupt logic inc!uded to proﬂdc for automatic interrupt vccinring withuut
external logic, ot
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2.2 STRUCTURE OF CHANNEL LOGIC .

The steuctires of one of the four sets of Counter/Timer Channel Logic is shown in figure 2.0-2, This logiv
is cormpused of 2 registers, 2 counters and contral logic, The registers are an 8-bit Time Cunstant Rewister and
an Bbit Channe! Control Register, The cobnters are an §-bit CPU-readable Down Counter and an 3-bit &
Hresculer.

CHANNEL
CONTROL TIME
RECISTER COMSTANT
AND LD REGISTER
Ik MITSH (K BITS) )
e
'

IhTERNLL BUS

TERO COUMT,; TIMEQUT

DOwMN
CHMNTER
12 WITS)

FRESECALER
(4 9ITS}

ke

EXTERAL CLOUK TIWEN TRHALER

FIGURE 2.0-2
1 CHANNEL BLOCK DIAGRAM

2.2.1 THE CHANNEL CONTROL REGISTER ANG LOGIC

The Chunael Control Register (8-bit}and Logiv i3 wrltten 1o by the CPL 1w select the modes and
parameters of the channel, Within the entire CTC devige tiere are Four such registers, carespunding Lo the
four Counter ' Timer Channels, Which of the four i being written w depends on the encuding of two channe!
selectnput pins; 'C50 and CS1 (ustally atiached t AQ 3nd Al of tie CPL addres; bus). This is itlustrated in
the truth table below: )

—e
, cst Cs0 ,
1 eno 0
L NV S
L et 0 i
Ch 2 1 0
Ch3 l !




2.3 INTERRUPT CONTROL LOGIC

128

The teervapd Contrl Ui insares hat e CTC acts in accordance with 280 system terrugh protodd
foe mested priveiny intearupniing anad retaen Teoo i iropt The priveity of Jo0 s st desiee is datemined by
its phy sia! locarion ing daisy chuin configuration, Two smnal lnes (I aod A5G are provided in CTC dusices
o Foran this sy sbenn dabsy clizin, The device closcst o the CPU las the Dighest privritys withio the €U inte -
rupt privnity is predeterniined by clanned aumber, with cheamneel O haviog lighest prianry down to o 3
wlich hus the lowest privrity. The purpose of 2 CTC-generated interrupt, 33 with any other periplersl device,
is b Foroe the CPU o evecute an interiupt wrvive routine According [ 230 sysizmintertupt protocul, lower

priurity devicss or channels may not imterrupt higher privrity devices or chanoels that have already intervupred

and hase nut had their interrupt service rowlines completed. However, high priority devices or chanmels nay
interrupt the servicing of lower priority devices or chunnels.

& CTE chanael may b P;..,g,mmm:d b reguest mtequL \.'.el‘j Linte ity anu{. wiltker pey ol o W

s counk of gera. (To wtilise this leufure r:quir:s e e be progeanimed for inlemepe rode X pSoe fine
altr the interrupt request, the CPU will send out an inteerupt acknowledge. and the CTC's tnterrupt Conilrol

Logie wilt Jetarmine tie highest-prigrity chinael which is requesting 3n interrupt within the CTC device. Then

iF the C107s TES wput it wotive , indicating that it hax prioricy within v sysiein Jdaisy chaio, i will place an

B-bit Lnterrupt Yeclor on the system data bus. Toehight-prder § b+wlﬂchtu;.wulhnhbmx WL e
i CTC earlict"as vt ot the CIC initial pragramnting prow:

Tihie nesl two bits will be provided by the

CTLC s nictiugn Cuntryl L wgic 15 3 Baer enddecarresponding to dhe higheseprivrity clannel ieguesting an
inferrimi: gty the tow-oeder bir of die weckor will alway s be sero gecoerding (o convention Jeworibed

below,
—
INTERRUPT VECTOR
Gy Og (] C4 D3 - D2 (]} 2]4]
V7 Vg Vg, Vg Vi X X o
: I ST
a 0 CHAMNNEL O
0 1 CHANNEL 1
1 0 CHAMNEL 2
1 1 CHANMEL 2

This mttrrupt vectur i5 used tu'fumu poinier Lo a location i memory where tBe addmess of ll‘l.‘ LI T

wivicy routine is sivied in 1 table; _TbeYector represents the least signilicant B bits, while the CPU reads the
-sontents of the ! regisier 15 ‘provide the mest signilivant 8-bits of the 16-bit puinter. The midroast in viewuory |

paihied O Wil Enntain the luw-oeder hyte, md tHE ne xt “highest adi féis willcontuin tie h|g}| Jrdps bate of an
address which in turn contains the first opcode of the interrupt servige routine, Thus Tn ‘mode 2
vector stored in an interrupting CTC can result In an indirect call to any memory lagation.

280 16-BI1T POINTER [INTERRUPT STARTING ADDRESS}

It REG 7 BITS FROM b
CONTENTS PERIPHERAL

VECTOR

. & single B-bit

Thefs B3 70 1viiens N“Hrtntlnn that 1l adr23ses in thie intecrupt servick touting tible shoould huse
¢ e i low-order byte inan ewen Imal.un in mertury. and their high-orger ,bj'[: W, Le, next hughcsl qu.ntmr. in
mentory, which will stwaxs he oad 53 that the least signiTicant biCaf any inlerrupt Veotor le :l'h’-'a}s be 2vin.
Hence the least significant bit of any inlermugl vector will always be zero. .

]

i

- ki e BEG b Plupcr ool Ui r:-:su.*i priaeicy |"H--|u,|J.L h.l.mm The C T{_ LTI 1F|.., “s!un dula

£,
bus and Jdecodes this inslructidn when it accues. Thus ve CTC channet gontrul lisgie will knvaw when the CIU

has completed servicing un intercupt, withuut any further communication with the CPU being necessary.



3.0 CTCPIN DESCRIPTION ([CONT'D) I-JU

RN )
Read Cycle Status Irom the CPU (inpul, active low)

The RO signal is usad in conjunstivn with the TORD and £ signals to transier dats and Clhannel Control
Words between the 280 CPU aud the CTC, During a CTC Write Cyule, TDRD and TF must be true and RD 11lse
The CTC does nnt reweive 3 specific write signal, instead generuting its own internalty fron 1he inveise of 3
valid RD signal. In a C1C Reud Cycie, Wﬁa l'_'f ard RD must pe active 1o place Lh: ronLents of the Dewn
Counter on the ZBU {ura Bus, o

[EL
Interrupt Enable tn {input, acrive high)

This signal is used 1o help form a systemewide interrupt dafsy chain which establishes prigritics when
ruuee than one perlpheral device in the system has interrupting capability A fiigh Tevel on thit pin indicatey
- that no othier intetrupting devices of higher privcity.in the dnﬁg chaln ars being sﬂvn.ed by. Ih: 30 CrU.

L ermEn - - h“._...-.....--- . o

\ED .
Interrupt Enable Out (oulput, active high) 4

The 1EO signal, in conjunction with (EL |s used to form a system.wide interrupt priority daisy chain.
IEL) is high wely iF 1EDis high and the CPU is not secvicing a0 intetrupt from any OTC channel. Thus this sig-
nad Blocks lewer privrity devives I'mr'rl intarrupling while a highes pr:uril:y interrupting device is being servived
by the CPU - -,

—— ' r\ r
INT .
fvn” - B I
Interrupt Reguest (outpul, open drain, IEII.':-'I: low) . . '
4 lI
£This signal goes true whenany CTC_d'unncl which has been programmed ta enable mt:rrupl: has 2 e
count sondition i its Du'nn Countﬂj Al S LTI

e . £t

F

RESET ' N
Raset (input, active low} .

[ al
"T his 5igrat stops all chﬂnc.rfmm courting and regets channel iaterrupt enable Biiz 7 all control
cegisters, thereby disubling CTC.generated interrupts. The ZC/TC and INT outputs go 1o their inactive states,

[EQ refiects [EI, and the CTC's dats bus oulput drivers go to the high impedance state.

CLK/TRG} - CLK/TRGO
External Clock/Timer Trigger [mput u:.zr elecrable active h:gh ot low)

There ate Towr CLKSTRG pins, mrrcspundmg tothe I'uur indegendent CTC channels. In 1he Countet
Mude. every active edge on this pin decrements the Down Counter. In the Timee Mode, an active edge on Lhis
pin initiates the timing (unction. The vser moay select the active 2dgt o be either rising wr Falling.

ZC/TO2 - ACTO0
Zeco Count{Timewu! foutput, active high) "

There are theze ZEITO pins, cosespunding te CTC chanml: 2 thruugh 0. {Due v, pas Fkage ain liniitations
chunnel 3 has ne ZCITG pin.) [n ¢ither Couster Mode or Timer Made, wken the Duwn Cuunm (S [P LER AT
rety an active high going pulse appedcs at this pin. 4 f

*
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A0 CIEOP:BRATING MOAIFS

A ppa Gy FS0CTL state is undefined, Av.nving RESET puii tie C1C §n a Knvoap ol Bogiw="
aty el can begn ouniing o timning, 3 Chastie b Corneaod Woord and 2 viate coratait data wnd 1|u5l [T
wiie s b the Sopospean regisnres ab et channg), Fuitl s 26 saz channel Tus beon programesed st
e, 2 Yevenepn Veator word must be wrilien 13 the C1C's Intgrpuptl Contnd Lagic, (Far furthaer

Tderula, reron ty sectien & 00 CCTE Progoaiming.”™y When the CPU has written Jl of these words to the CTC

Al active sl wlll be prageanmed for imnediate operation in either the Counter Sede o Bre Time
Sl ! - i

4.1 CTC COUNTEHK MODE .

Incabi- et the CTC connts edaes of te LK TRG input. The Counter Mode is programmed for a
eleyn sl whca ity Chaipel Connal Wand is written with bit 6 521, The Chanuel’s Fxternal Clock (CLK/ TR
ML s e s d od g sl oF Irigaering edpes: atter guch, in syochronization with tie next rising <dge of
lpube Svatenn Chagk ), the Deown Connter (wluch way ioitiatized with U dine comstant dats wurd at the staet
Ot atiy dagrees of duwieaoilinting) is decrenented, Altlaaugl there is an set-up time requirement bebween 1l
ttiggering ed 2 i the Exiernal Clock and the rising edge of @, {Clock), the Duwn Countze will not be deere-
menbed bt e Sollowing P pulse. (5e2 the parameter 5{ICKY in section 8.3 AC. Characreristive™™y A
chunaiels’s £ 222nzi Chogk ingaal ispre-pragiamme] by bit 4 of the Channel Control Word te trigger the decre-
M nbing <o, soneg with 2ither o ligh or alow going edye. ; :

* -
In any af Chatnele @, 1, wr 2. when the Down Counter is successively decremanted fram the ariginal
time coustant unt! Finsy it feaches zero, the Zera Count {ZCITO) vutput pin fur that chianne! will be palsed
aclpve {Iu'gh]l. (Mloweosar, due to powkoge pin Umitations, channel 3 does nut huve Huis'pin and s mav unly be
wied in applicablonid alioe this auwipuy pulsr is not cequired.) Further, if the chanael has beci, so pre-progeamme!
by i1 7 0f the Clianna) Contral Word, an interrupt revjuest sequence wull bc generated. (For more details, see
sectinn 7.0: “CTC Inteupt Senvicing.™) \ .

]
\r

A the e Begquen L2 T proveeding, the Zera count Lundmun 2l Tesnlts in the automatic relua.!
the Dersy Covriter with the wrigingd tinee coastavt 930 word in the Time Canstant Register, Thers is ne mler-
ruptiont il segquen e af ontmec ] dowi-counting. | the Time Constant Heyisler is written tu witl 3 pew
i Janatast Jar word winle st Down Countar is decrementing, e present count will be congeted hetfoue
the new time Jonstant will e loaded into the Bown Counter, '

4

—— = = ALEE = 4 R B ——

CHANEL
CONTRAL

TIME

RELISTER T ST AN
[RTF R M1 RECISTER
LR TN 4] IN BTy

— e

' RN
CUL %1t
‘ mlill‘u R
I l e b |14 t

Pl sy P B THA
- - L R A P e U

FIGUIRF 4.1
CHANMEL COUNTER ALD. .-

- D i I L - voo- P - amE meeuom
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5.0 CTC PHOGEALIMING

Utz 2390 10 cloamnzt tan Meain couniing s timing operations, 2 Cox s 4 Ueetn DWaed ot o in
Ut dits wutu i be wiitiai an 2By the CHE These words il be storsd in the Chanoel Contnol

oo vorand =he Tie Cansiant Begister uf that claneel, In addition, if auy of the ew channeds fu,e been-
pro g it with bie 7 of cheis Clangel Coniod Weads to cuable inferniprs, an Inferript Veotor mest be  *
wean tn D dbpgdaie T sl s an e O C: Dete ta autematic features in the !nterrupt Conrral Logls, vne

pre-plorg enniend baleniupt Veotar aetfices Fer all four channels.

Tl

51 LOADING THE CHANNEL CONTROL. REGISTER >

Tor loud g Clhanirel Control Word, the CPU perfurms 2 normal I/Q Y nie sequenge to 1he port address 7 -
e b, e e deleed CUC chihel, Twe CTC input ping, namely C80 and CS1, are vsed 1o forma 2-bit
binary a:didesss b selet une uf four channgls within the device. [For a truth rable, see section 2.2.1; " The <
Charrsl Cantrud Register 2nd Lagic™.) la maay system archilectures, these “wu input pinisare onnscted '
Adrdress Bus linca AD aml AL, re.pectively, so that the four ehaanety in‘a CTt' dewiee will oteupy ©.riiguous™
UCI pult addrpases. A word writtan w 3 CTC chanael will be intecpreted as # Channel Control Word, aud loaded
“intu the Channel Conrol Rgister, its bit (} 1s 2 logic 1. The other seven bits of this word select aperaling
miudes and conditivns a4 indivatel i the diagram below. Following the diagram the meaning of 2ach bit will

be discusse) in Jetai! .

-y
CHAMNEL T
TIHE
Contat cotithar
AND LOGIC REGISTER
1IN EITS (LI I ET]
y o
I . A ! i
Lo
- — L .
IwTEREN L ALY
e e /]
! /IF tae gt - | = pows W TEAG O T, DMEL T
ol o Frbw e T omaTEd ORR. N
LL R : *EL A J.
e . .1...._..__/ \
Py gealdgimw Lk ¥ Il i,LH
1= Yo T e e N " -
- 5,
s L
FIGLIR . 2.1-0
CHAMNMNED BLOCK DIAGHAM
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51 LOAMES THE CHAMEL CORTHOL REGISTER (CONT'()

Fo - b el e o e e e e — e m——— e - e
L7 Cg Dg D4 D3
|";-—-‘.1|: i L [ T ] oas N
£‘h_£f Lo R INE SLOPE | ITHIGIGFH TimE ReSE
ARG S DU EP S CONSIANI L
N —
USED IN USED IN
TINMER MOUDE GNLV TIMER MODE ONLY
L vn e e s e — C - —_ e
Bit 4 = | - _
1
Tl 12 MO - pusitive adgye trigeer sbarls timer operation. " -
COURNTLRAONE - puositive edye decrements the Jowncounter, . 1
Bit4=0 2 .
TIMER MODE - negative edge trigger starts Limer operation. £
COUNTE R MODI e gative edge decremencs the down countes. v !
£

Bt 3=1

Time: Mode Only = External trigger is valld fis sraeting timet uperation after rising edye of Ta ol the
mivline eycle tulluwmg the ore dat loads the tine constant, 'TI'.E Prescaler i3 decreiiented 2 \,qu.k h‘hl'ulu.‘a.
later if the sooep time is met, niherwise 3 clock cycles.

 Brd=]

Timer Made Only  Timer beghng eperativa un the rising eude of Ty of the Riachine cycle following the
one that Inadt the tme constant. -

‘Bit 1= 4

+

The L eaongizgt Jacr +ard Fot the Ticne Cunitant Register will be the nest word writken e thls -
ekl It yoonpdated Ch a2l Contedd Word and tirne constant data word 2re written (o a chanael while it is
Aresdy in wpetaion , the Down Counter will continue decrementing to zerw before the new time constu is
loade ¥ it

Bit2=0

Ny e undtab duts wond for the Time Constunt Reghste: should be expecz2 L to Tolbuw. Tiy prugeaen
bit 2 caihiy e plis tlm' ch- Channe! Coner 1 Word is intented ta updaie the $120us of 2 chanp! .Il".J I
ipape o s s chaars A i speniis withenn 2 carrectly programeied 2 0a sordin ihe Time Canara-s
Begaier, i "1atih, Zin :hh '[‘h:l'lnel Comtred Ward peosides the oaly w iy of wrirllig (o the Tioee Cominlor -
Beyiaion, )

Biir=1

.E. Dova gl v el aps et i v T g This s a3 vi-ured u-n- Yitiom, Upon wiiting 1=t this
Bidape. g Jiorine coament the o DagmiatTon, huwever, ton of the B2l the channel soadeol o
Bl grecheny LN -t T e lanahc b P e Siarel wilret Lzt Lren loading e 2

s-!: il

Bitl=p,

Craiel oiidaes S ranl Lpd b,
.
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B3 LOAUMT THEAINTERRUPT VECTOHR REGISTEH

The 20 C10 has Boen Jebznad ter opesiis with the ZRO-CPU prigraremed Lot anade Jinieiiugi reapans:
Unde: the re. nbrgcaenty of dlds e nl-: shen a CTC chenpel requeits an intzeeupt 2ndd is 2 bnawlodzed o lﬁ bii
puinler gl be Torewd (o ubizin 3 colr. pondivg interrupd servive touting stacking rddres lion g able in |
J:I.N.'rnuﬁ Tl sz e B biti of thes poirtz; are peovidsd by che CPUE | register, and he awer 8 Bits of ipr N

Jeeinterure graidad by e CTC dn the Porm of an Imescunl Yeetar uniquz te the partignlar chany 2} sk

et [Fon further detsile e «ootfon 700 "CTC Interrup! Seivicing™.)

MODE 2 INTERRUPT QPERATION

-
DCesired starting address pointed to by:
INTERRUPT : -
SERVICE —
AOUTINE < LOW ORDER } | REG 78ITS FROM |
STARTING HIGH ORADER CONTENTS PERIPHERAL
. ADDKESS [

- TAGLE Y

L .

) Fhe gl dar 5 bits of this IntaruptVector must be wrftlen to the CTC in :dume 45 pacr of the,
Ashitial -m} sriing st To do so, the CPU must write to the 1/ potd address coriespunding to the Eﬁ:
“chunnel O, just gs it would if a Channel Control Wurd were being wrltten to that channel, eacezt thar bit § of)

e waerd belag written nst cantain 2 0. (As explained abuve in seciion 5.1, if bit 0 af 1%ord writter o u

channel we: : yet to b, the ward would be interpreted as o Channel Control Word, su a € in bit Q signaly the
CTC toloe ] the fncoming word inta the [nterrupt Vector Registern.} Bits | and 2, howeser, are not us2d when
loading this vecier, Al the time when the interrupting channel must placz the Interrupl Yector on the Z30
Dala Bus, the Inteniapt Cuntral Logic of the CTC autematically supplics a binzcy eude in bits | and 2 identi-
fying which of the fuut CTC chanacls is to be serviced. -

}
|
1

l
I
1
F

INTERRUPT VECTOR REGISTER®

L . ] 1
INTERHUPY VEC1OR REGISTER j |
' |
Dq D3 D2 | D1 Do
[V?‘VEJ Wl-*-fa X X uJ
T / I . o
5”"'&‘5"2’:{‘ BY D 0 CHANNELO (Hishest Friosity}
h 0 1 CHANNEL 1
1 0 CHANNEL 2 4
1 1 CHANNEL 3 {Lowei Pricrity)
S e e
™~ .
AUTOMATICALLY INSERTED
BY 280-CTC

—— — A = e TE—— - - LR S v — o —
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6.2 CICREANDGCYCLE

Frgeer 6 0.2 theerate, the timing atsucigted with the CTC Read Cvele. Thig seumned is used any it
the CIU resds the Surrent coniznts of the Down Counter, Dwiag clock v ode Ta, the Z50-CPLU intianea the
Kead Cy iz -vithoerie st b aninput piny RD {Read), HORG (1 O Raqueitp, and CF (Clnp Fuabies, Also at
thiy Luaie a Z-by bi.n:r;u <wrde appeats 1 CTE inputs 51 amd €SO 1Channel Selexy | and Oy, specitying which
wl thae Sour C10 Channels 1o being read o (ate. M1 must be Falie to distinguish the oy cle From an ioTe:-
ipl ek b Te o 1O the rsing edge ol the eycle T3 tie valid contencs of the Down Caunter as uf the rising
edg ol cyole 7o will be availzhle on the Z8U Dala Bu'i No additional woin ghates gre allowed

o — e ——r ———

C1C READ CYCLE

LI L .

IORG

. ‘_ .-_f
‘ N\ /O

@ . _

DATA - ye

*AUTOMATICALLY INSEAIEQ BY ZRGCPL -+ 1
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7.0 CIC INTERRUP) SERVICING

Foo de UTC chasm el gy b individually progiaeinsd vooregqueest aon tneirupt ey e its Doaon Conpres
teaudie s a conr b rerg Flie parpeie of 0 O -gererated intermpr. 31 foc any other periplico) desice. is o
foice the TPL to cvecute an bnterrapl stivive ronline. To utifize this featue e Z86-CPU st be prageammed
for qede 2 interupt respaiize, Under the reguirenients of this puade, when 2 CTC channel fequests zn indee-
rupt and B b noabadyed, 2 16:bit puinter inodt be toomed to obtain g corresponding interongan ses vy ronfine
stattimg ad Diesa deann g takls inanenn s, The lower 8 bids of e padenter aie prosdded by ihe CTC b the fonn
of an tnteriupi ¥estar unjne (o die puiticalar eliannel tat regoested 1he inteirupt. [For lucter detals, relys
o glopten B O o the 280.CHL Teahud-al Mangal)

The CTCs Tacerrupt Crndral Lirgiv inswees thet 1t acts in acoodance with 230 sy stem inlenupt protucol
fur nested priodty interrupt and praper retorn Stom interrupd, The powity of any syslem devied is delermined
by ity pley sival fcations in a daisy cluin configuration, T signmal Hees (1 Land TEQ) are pogvided in 1he CTC
and all 780 peiphecal devives o fornn the system daisy chain. The device closest to the CPU s the Righest
pricority, within e CTL, interrupl piondy is poedetenmiocd by claanel number, with channel 0 having highest
priveity. dweonding te Z30 spatem interiupt pretovsl, low priveity devices or chanmels may aad nteniupt bigle
priarity devices on channels that have adready wirerrupied 2ad oot had their Baterrupt semvice wonftoes canpleted,
Hiwewer, lugh priveity devives oc chanaels msy interrupt the seevicing of {uwer priusity devives an chisnels.
(Far Turther details, see sevtion 2.3: “Inlerrapt Contrul Logic™.} :

Secnan 700 and 7.2 bdow desribe the nuimingl tiunng relationslips of the cefevant CTC ping For tw
e aapet A kros ledae Cyole anad the Hetuon P fnterrupl Cyele, Seerion 7.3 beluw discasses o typical
exdinple 0 d iy whain interupt sersiviog.

7.1 INTERRUPT ACKNOWLEDGE CYCLE

Figrae 701 illustrates the timing assoclated with thie Interrupt Acknowledge Cycle, Sonpe fune slien un
intering'l in reguasied by ehe CTC, the CPU will send vut an interrupt scknowledge (M1 and TGRD). To
inseire that the daisy chuin enable lines stabiliee, chunnels are inhibited from changing their interrupt reguest
statug wher M i avtive, M1 is active uboul two clock cycles eardier than TRRG. and KD is false 1o distinguish
the Lyle trgm an instraction fetch. During this time the interrupt logic of the CTC will determine the highuat
poinnity <hoanned requesting anincerrupt. F the CTC Interrupt Enable fnput (1ED is active, then the livhest
privaity wtezupting danndd within the CTC places its Interrapt Vector unio the Data Bus when JORG goes
alive, Twos wail didics (T“.} are autematically inserted at this time to 2luw the daisy chain tu stabiize. °
Additondl s il akates may be added. . I

INTERRUPT ACKNOWL EDGE CYCLE

fn \ L ST

JORO T """—‘_'."‘"‘ B _\___ - -

KEI / 1
DATA  =—cmmmm—m s sy e — ot e s "__"""'<-VECTUH -—

*AUTORMATICALLY INSERTED BY JEO.CrL

it
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7.3 DAISY CHAIN INTERRUPT SERVICING /,"

Figetie T0:3 lagteees 0 bpice owsted ittemrupt seinense which ey oacur in the CLC L this example.
channet 2utcniept; ar ] i e ceed senvice . Whisiz thig channel is being wiviced, higher priadny Shannel |
inferrupls and Ty, ool sonvice The seivice ruatine Do the higher privdis choamne' iocosngdetad, and 4 RETI
inslouction §aee oottt Turthe Jetails] is executed Do signal the chasncl thar s rewtine is voinplete
At tli time, tie service routiang af abe Tower poberity chanmel 205 resame b ancl coewplened,

o — ) —— e = o ——

DAISY CHAIN INTERRUPT SERVICING

RIGHEST PRIORITY CHANNEL
\ ChafiyEE 8 CHANNEL | CHANNEL 2 CHANNE |
e B s TV Beaadae —— "
. 11 (€0 I€) IELT]—-—‘ PN L " .

e

L
=

§ PRIORITY L;Ji EEAUPT OR$SY CHAIN BEAUAT AN INTEARUPT QCCURS,
UNDER SEAVICE

e = —— T ] A

Hi Hl L0
L-"-"-'-- IE red p——14 ikl 1ED 13 tED 9 15t IE0 }— —

B T L e ——

1 CHAMALEL ] HEJL}EHS AN INTERAUPT AND 1S ACKNOWLEDGED.
UNOEA SEAVICE SERVICE SUSAENDED

L. --—r 0 i€ ea 42 ] 160 L2 e, rep 2.

1 EH.-,.'HH:L 1N [EHHU'PTS, SUSPENDS SERVICING OF CHANNEL 2, o
SERVICE COMPLETE  SERAVICE RESUMED

. Al e = HI e rr——— " . = e e LO
= |:EI IEﬂ_JF ,I 40 1€1 o L2y Eoy—----
4 CHANNEL } SEAVICE ROUTINE COMPLETE, “RE1I" 1SSIFE D, CHANNEL 7 SEAVICE RESUME D
SERYICE COMPLETE

| H — T Hi . Hi
=] T3 11} (F31] 13 1) LU IEI IE0
EE—— [ ] -

] SEI:U‘H.J CRETE INGTRULTION )SSUED NN COMPLETION OF CHANNEL ISEFI"-‘IEE ﬂﬂul'l!r‘-

r

LN}



8.3 AC. CHARACTERISTICS

ZBO-CTC
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Z80-MCB 5
Microcomputer Product Specification
B 0 al“d APRIL 191'?

The Z80-MCB Microcamputer Bogrd is a complete single board computer with its own self contained mem-
ary plus serial and paralle] 1/O ports, [t features the use of the Z8O-CPU, Z80-CTC, ZBO-P10, and Z-6116 de-
vices that have become standard components in the microcomputer industry.
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Z80-MCB Block Diagram
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Summary of Z80-CPU Instruction Set

ADD REGISTER/MEMCRY/VALUE TO AfWITH CARRY

ADD REGISTER PAIR TO HL/TX/TY

ADRD REGISTER PAIR TO HL WITH CARRY

SUBTRACT REGISTER/MEMORY/VALUE FROM A/
WITH BORROW .

SUBTRACT REGISTER PAIR FROM HL WITH BORROW

DECIMAL ADFUST

AND REGISTER/MEMORY/VALUE WITH A

OR REGISTER/MEMORY/VALUE WITH A

EXCLUSIVE OR REGISTER/MEMORY/VALUE WITH A

COMPARE REGISTER/MEMORY/VALUE WITH A

COMPARE/INCREMENT/DECREMENT/HL, DECRE-
MENT BC/REPEAT

INCREMENT/DECREMENT REGISTER/REGISTER PAIR
MEMORY

COMPLEMENT A/2°5/1'S/

LOAD RECISTER/REGISTER PAIR/MEMORY WITH
REGISTER/REGISTER PAIR/MEMORY/VALUE

LOAD (DE} WITH (HL), INC/DEC/HL AND DE, DEC
BCIREPEAT .

ROTATE RIGHT/LEFT, CIRCULAR/THRU CARRY!
REGISTER/MEMORY

ROTATE RIGHT/LEFT DIGIT

SHIFT REGISTER/MEMORY, LEFT ARITHMETIC

SHIFT REGISTER/MEMORY, RIGHT LOGICAL

SET/RESET/TEST BIT IN REGISTER/MEMORY

CALL SUBROUTINE [F CONDITION TRUE/UNCON-
DITIONAL CALL

TUMP 1S CONDITION TRUE/UNCORDITIONAL JUMP

TUMP RELATIVE IF CONDITION TRUE/UNCONDITION-
AL RELATIVE JUMP

. JUMPTO (HL), (IX), OR (TY}

RESTART CALL

EXCHANGE REGISTERS

EXCHANGE REGISTER PAIR AND STACK

RETURN FROM SUBROUTINE IF CONDITION TRUEf
UNCONTATIONAL RETURN

POP/PUSH REGISTER PAIR FROM/TO STACK

SET INTERRUPT MODE 0/1{2

ENAHLE[DISABLE INTERRUPTS

RETURN FROM INTEREUPT/NMI INTERRUFT

DECREMENT B, [UMP IF B=0

INPUT/OUTPUT REGISTER
INPUT/OUTPUT, (HL). INC (DEC) HL, DEC B/REPEAT

SET/COMPLEMENT CARRY FLAG -
NG OPERATION ..
HALT '
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MCB Performs Supervisory Control in Z80-Based Systems

ZEO-RMB

Ram Memory Board
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Z80-MCH
Microcomputer Board

— -
—
= W

A igrvota
AT — -.a:p.t‘-'"‘lﬁr_

!

)

A FNE DT et

|'i]i
b
]

EL__‘ .
gt

1|

f

155 JE oy

o

tﬁgg.. -_ |
s

E_f;a

I
P E

Lk

b,
1
14

Modem
— Cerisl Printer

':..' T
1)

Modem

ERRENYAY |
FILTIVIY

fot .*E
TIITBeE

.

e e — ey

ZB80-VDB

MSE D-7

Video Display Board * === = a't _ -

_____



ISBC 86/12™

ib

FUNCTIONAL DESCRIPTION

Central Processing Unit

The central processor lor tha ISBC 85112 s Intal™s BOGE,
a powertul 16-bit H-MOS device. The 225 sg mil chip
confaind 29,000 fransistors and has a clock rale of
SMHz The architacturs includes tour [4) 185l Dyte
aodressdbig data regQisters, two (@ 16-bil mamary bass
pointer registers anc two [ 16-Git indax registers, al
accesssd by a total ol 24 opsrand addressing modes
for complex daia handling and vary llexible mtmurv
addressing.

instruction Se1 = The 3088 instruction repertoin in-
cludea wariabla (sngth instruction format (including
doubls operand (natructions), §-bit and 18-bit signed
and unatgnad arithrnetic operatoea for binary, BCT and
unpachked ASCT] gdata, and iterative word and bryie
sinng manipulation functiony. The instruction set of
the BOSS i3 a sypersat of tha B0S0A/BOBSA family and
with availabla sotiware Logls, programs written for tha
BOB0A TB0854A can ba easlly convarted and run on ihe
H8E6 procaasor,

Architeciural Features — A B-byte instruction queus
pravigea pre-fetching of sequantizl Instructiona and
can reduce the 1.2 4 %ec minimum instructlon cycle to
400 naac by having the instroction almady in the Guecs.

The atack arlented archilecture facliltates neated 3ub-
routings and co-routinas, resntrant ¢odae and powertul
inlermipt handling. The memaory expansion capabilities
oifer 3 1 megabyls addressing range. The dynamic re
lpcation schame allowa aase in 3agmentation of pure
procedure and data for efficient memory ulliZalon,
Four segmant registers |[Code, stack. data exiral con-
12in program lcaded offset values which are used 1o
map 16-bit addressas to 20-bit addresses. Each regisier
maps G4K-Dytes at a time and activalion of a3 specific
register I8 controlied explicitly by program centrol and
iz alsp sslected implicitly by apacific functlona and
imatrucilans,

Bus Structure

Tha iSBC 88/12 has an intermnal bus for communicating
with or-board memory arvd HO gptions, a sysism bus
{ine MULTIBUS} {or referencing additicnal mamory and
170 optioas, and the dukl-port bus which allows access
to RAM from the on-board CPLU and the MULTIBUS,
Ltocal (on-board) accesses do not requira MLLTIBUS
communication, making the aystem bus available for
usa by other MULTIBUS masters [l.a. OMA devicas and
ciher single board computers trans!erring 10 agdditlonai
systemn memary). This featura allaws trus parailad
proceasing In & multiprocaasar snvironment, In addi-
fion, tha MULTIBUS imerface Can D usad ! system

oz ¥l e

' :::a{>£3haa :{>

' R -\n '.!."r'i:-:‘g
{e 1"

| -

| .

ey » ;[ :t
] i .

i:} l g ] J L B
i v

em || sl = CATEEE ] || oSSR RS
T O A O ¢

1 : I
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: I 1 >

Figura 1. ISBC B4/12 Single Board Computer Block Design
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iSBC 86/12™

dirgct Imerfaze 10 RS20 compatible 1erminets, cos-
selles, aAnd gsyncnronous and 3ynchrongds medsms,
The RS5232C command lnes, serial cats linas, and
signal ground line are brought out to & 28 pin sdga,
connecior thal mates with R53322C compatible flat or
round catls. The iSBC 530 Teistypewriper Adapter
provides an oplically isolated intariace for those
SYS18MA réduinng a 20 mA gurrant loop, The ISBC 520
may ba. used 1o interface the ISBC BEM2 to leletype-
wiiters oF Other 20 mA curmant 600 aquipment.

Programmabie Timars

The iSBC B5/17 providea thres Indgpsndant, fully
programmaide 18bit interval Umers/ewent counters
utilizing 1the Intal 8253 Programmabia intervat Timer.
Each counter ia capabla of aperating In aither BCD or
binary modes. Two of thess timars/countars are avedl-
anie {0 tha Systams designer to ganarate accurate time
intervals under anttware contrgl, Routlng for the out-
puts and gateltrigger inputa of two of thegs countars
is iumper saléctable. The ouiputs may ba ingependant|y
routed to the E255A Programmabis Intesmpt Controlier

Function

Intermugt on
tarminal count

Qparathan

Whan tarminat count 18 reached,
an Intermipt regquest S qeunerated,
Thiz dunciign |3 axtremety useful
tor geraration of real-iims cocks,

Programmabls | Quiput goss low upon recalpt of
one-shot n external trigger edge or saft-
ware command and mtums high
when lerminat Sount 1S resched.
Tris tunction ia retriggereble.
Rate Divide by N countes. The output
generaior will ga low for one input clock
cycia, and the pariod trom one low
going pulss 19 the next is N times
the input clock perad,
Squars-wave | Output will remain high gntit ones
rate generatos | hall the count has baen complated,
and Qo low for ihe ot hall of
i1he count.
Sottwara QOutput remaing  high uptll soft-
iriggered wirs loads count (N). N counts al-
sirmobe ter count |3 loaded, cuiput goas
law {or ong input ciock perod.
Hardware Cutput goes low for gne clock
tnggered pariod N ¢suma after rising edge
strobe counter trigger ingut. The counter

13 retriggarabie.

On & jumper salactable pasis, tha
clock Input becomes an input
from the aaiemal systsm. CPU
may read the nurnisr of avents
ocourring Atter the ¢ounting “win-
dow' has besn anabled or an
interrupt may be genersygd after N
avents occur In tha aysiam.

Event counter

Table 2 Programmakis Timer Funcilons

re

ard to tha 1/Q line dnivers assoclated with the 32554
Programmable Perpheral Interfacs. or may be routed
as inputd to tha B2%5A chip. The gate/trigger inpuls
may be routed to 1O 1erminators associated with tha
B255A of 33 output connectlons from the 82554, The
third Interval timer in the 8253 provides the program-
mable baud rate generator 1o the iSBC 8812 RS232C
USART sariat port. In utilizing the [SBC 8812, tha 3ys-
terns dedignar simply conflgures, wa scitware, sach
timer independently ta mael Sysism requirements.
Whenever 1 given time Jdalay or tount is needed, sott-
ware commands (o the programmabls timersfevens
counters saiact tha desired tunctlon. Seven funcitont
ara available, a9 ahown in Table 2. Tha contants of
edach counier may be read a1 any time during system
ocparation with simpie read operationd iof event count-
ing Bpglcations, and special commands are included
50 that tha contents can ba read “on the ity".

MULTIBUS and Multimaster Capabliities

The MLULTIEUS teatures asynchronous data iransfers
for 1he accommodatian of devicas with various transter
rates whila maistaining maximum throughput. Twanty
atdreay Unas and sixiesn separsts dats lings allminata
the need lor address/data mulllpiexing/ demultipiexing
logic used in othar sysiemas, and allow for data transfer
razes up to 5 megawords/aec. A faiisals timer is in-
clatded in the ISBC 86112 which can te ysed to gene-
ate sn interrupt 3 an xidresasd device does not
raapond within 6 maac.

Myltimazsisr Capablililes — The ISEC BEJ12 1s a full
computer on a single board with resources capabis of
supporting a gQramy variaty of OEM ayziem require-
ments. For thoss applications requinng additional
proceasing capacity amg tha benefits of muitiprocasalng
{La. saverai CPUa and/or controllers jogically sharing
system taska through communicatlon over the sysiem
bus), the ISBC 8561 12 provides full MULTIBUS arbitration
control logic. This control logic allows up to thres -
iSOG 88112's or othar bus masters, inclyding ISBC 80
lamily MULTIBLUS compatible B-bit single Doard com-
puters, tO share the aystam bus in sorta) |axisy chain)
priority fashicn, and up to 18 Mastars to share the
MULTIEUS with the addition of an extarmm prionty nat-
woric The MULTIBUS arbltration logic opearates syn.
chronously with 3 MULTIBUS clock {prowided by the
iSBC 88/12 or optlonally provided direcily from tha
MULTIBUS) while data |3 transtemed via a handshake
betwesn hs master and slave modujes, This allows
ditferent spesd controllers 1o share resources on the
same bul, and transiers via the bus proceed asyn-
chmnousaly, Thus, transfes apsed in depandeni on
iranamilting and receiving devices only. This design
presents sicw master modules frem bedng handicapped
in thair attgmpta to gain control of the bua, but doss
not restrict the apasd al which taster modules can
transier data vla the sam= bus. The moat abviows appli-
cations 1or tha maaier-slave capabilltles of the bus are
muitiprocaasor cantigurations, high spaed direct mem-
ory SCCR3S (DMA} operations, and high spesd pedipheral
contrel, But are by no means limited 1o ihase three.
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Intarface and Executlon Peckages ~ The ISBC $57
Interface and Execution Packaga aMows the Intellec
usgr to interface an [1S68C 86/12 systam to the deveinp-
meni system, Included with the package ars the neces-
sary fabies ard soitwarg to allow transfer of filas
Detwegn the lniellec systern and the ISBC BSHE
Additionalty, the Intellec user can accesd & aysiem
monitor program (Juppiied on AOMs) resident in the
iS8C 85/12 which alltws accaas to programa loadad
into tha iSBC 84112 The system menitor Includes com-
mands 1o examing and modily to memory, registers
ang V3 porty. Addiiionally, breakpoints, senrchas, and
oiher usetul cperations are ingluded to atmpilly soft-
ware debug. Used In conjunctlon with the I58C 957
Package, (SBC BAI12 execution packagas ar oflared

is8c sef12™

— Ll — s — —— v m s . "

which include additional hardwars such as tha ISBC
680 aystem chassin 10 mount and power the IGBC
86/12 for pragram devaiopment.

PLIM-88 — Intel's high level programming language,
PL/M-BB, 19 ®i30 available a3 an Intallec Microcomputer
developmant System option. PL/M-B8 provides the capa
bility to program in a naturad, algorithmic languags and
slimirates the need to manage register usage or alle-
cate meamory. PLIM-86 programs can ba whtten o a
much ahorner time ithan assembry languags programas
lor a given appiication. PL/M-38 Includes byts mnd
word, integer, pointer and floating point (32-bit) data
iypes and a3 inclugdses conditional compiiatian and
macro faatures,

SPECIFICATIONS

Word Size
Inatruction — §, 16, 24, or 32 Gita
Cata — 8; 15 bita

Cycle Time
Basle Inatructton Cycle — 1.2 usec
’ — 400 naec [aaaumen
Ingtruction In the gusus)
Nt

Baid Malfuchican CYCHE iN Sdfinesd ai the laxlayt ebifssteon b e,
v CHOCE CChid)

Memary Addressing

On Board ROMJ/EPROM — FRI00-FFFFFw (Ualng 2758
EPROM's); FEQOO-FFFFFy (using 2116E MOM's ov 2716
EPROM s); ang FCO00-FFFFFy {using ZX32 ROM's).
On-board RAM — 32k bytes of dual port RAM.CPU Ac-
caay! QO000-07FFFu. MULTIBUS Accass s jumper
saigctiable lor any BK-bryte boundary, but /ol Srassing a
128K byta boundary, Acceas for 8K, 16K, 24K, or 12K
bytas may be seisctad for CPU usa only,

Memory Capacity

On-8oasd Rand Only Memary — 18K bytes (3ockats only)
COn-Board RAM — 32K bytes

O1l-Board Expansian — Up to 1 megabyte In user
specilisd combinations of RAM, RQM, and EPRCM,.
LT

Aead ovily memory may te eaded In 2K, 4K, oF B-byty (NOraeman b

1/10 Addressing
On-Board Programmable 11O

Port BT55A USART
+ ]2 |1 Comral Caia Controd
Acdreas | CA | Ca|CE CE ol or O or
s+ DE
11O Capachty

Parallat — 24 prograrmmable lines using one 82554,
Seriat — 1 programmabig line using gne 82514,

Serial Communicatons Characteristics
Synchronous — 5—4 bit characters; intemal or extar
nal character synchronization; automatic ayns insartion.
Asynchronous — 5—8 bit characiery; brezk character
ganeration; 1, 1vE, or 2 stop bits: falas start bil
detection, : N

.

Baud Raten
[Sottvwary Bohrct1sble) Syncivrmiis Auryrchuiinsd
-~ 1B - b
1414 —_ B0 2400
T4 — g 1200
34 300 1aln an
192 10 1200 G
i #0500 [+ 150
il A0 o T3
L 400 -] -
L 1.TR 1780 1o -
Nole:

Fraguancy secied by 11D wite of aporoeetaty 1801 rvguancy factor
b D] rate HQIEIa 12253 Timar B

Interrupts
Addreasas lor A253A RAegicters (Hex notation O ad-
dreas space)
COoor C4  Wiite: Initialimmtion Command Word 1 (ICW1}
and Opaeration Contro) Words 2 and 3
{CCW2 and QCW3)
Read: Status and Poll Registers

Clor CE Write: 10W2, 1CW3, 10w, O5W1 (Mask
' Reglaten

Read: 00WT (Mask Regiaten)
Mot

Sarvaral rogisiary Ry thl BT DRrygicel addraad; HRoance of 2CCEsd
o g daia Bt O o weorth Oar ddYir Wi fimpatid Wikl resoond.

Inierrupt Leveis = 3088 CPU includes & non-maskatle
Interrupt (MM} and a maskable interrupt (INTR), NMI
intarrupt {8 provided for catasirophic #vents such as
powar fallure. NMI vector addreas s 00008, INTR- inter-

MSE D-14
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ISBC 86{12™

Electrical Characteristics
DT Power Requirermnts

Corrnml Minylramenty
Canfigy (Yoo = +3¥|Yon = ﬁiﬂi"l".--l'f'lunﬂiﬂ
rathon 2% puar)| 5% ) | 23% praxk]| =5 (M)

Wiihennt - a0 ik
EPROM! a2a 360 mA
AU O3 0 mA ) ma 1.4 ma -
with .

mh -_ T mi
ERE AXH 43 ALD
With &K
EFRCMA 3.8A 450 A -_ 140 ruk
using ITEN
With i
AW LI1A 450 mi -_ 140 ok,
fumng IN8E)
With B
EPACMY 5 4nd ma - 140 mA
ey IT1R
Wikn YK
P . ¥ 44 mA - 140 ma
uning T5ED
Metwa

t, Down NGt nChuce powes B optionel RO TEPAC, 110 drtvry, snd
(7O rermmruTry. '

T Does not inciyae power Meduiced tor optionsl RO EPROM, 151G
drivrs & 17O haeminalon.

1 FAM chipy Doewwissd vie BAUHAY ponwer BUs.

4. Dowy ant s foesr 3O ootianad RO EPRCM, 11D orivsrs. and
HO veminxtors Powss ki IEBC 230 i3 moppiied wW bersd port
STannpcion. '

4 includes powwr requred for lour ROMTEMAGOM ships, and (10
trmingnors inarladieg for T8 115 e, adl theminedor Inpus: Kow.

Pl

Environmenial Characteristics
Operating Tempsrature — 0°C [0 55°C
Ralailve Humldity — g 80% (without candensanon|

Rafarence Manrual
SO0004SA — ISBC B6/12 Single Board Computer Hard-
warea Refarance Manual (AT SUPPLIED)

Rsf prancs mancal s are Ahipped with sach product only
Il dasignated SUPPLIED (ses abovel, Manuaid may be
ordared trom any intel sales representative, distributor
affice or from Iatel Uteraiure Departmant, 3065 Bowars
Avanua, Santa Clara, Callfomia 95051,

ORDERING INFORMATION

Part Number Descriptian
SBC Bsi12 Single Board Computer
with 32K bylss RAM

Irrtid Torpeorations

1045 Bowary Aveniua

Santa Clary, Cutiormia #3041
Teb (8dP: = ' suraeas
TW3- 920-338-0000

TELEX: 14-83T2

u.s
REGIONAL SALES OFFICES

WESTERN MID-WESTERN
. CALLFD RMLE BLINGIS
Loy Com, ™ i Corp,_ ™
1831 Enyt ath Sl 900 Jerw Boulsvard
Euita 150 Burte 320

Sania Ana B2T
Tul: (714} B13-0842
Twk: 910-A50-1114

EASTERNM

QHIA

Ims Com. "

312 Horth ban Sioesd
Qavion 45415

Tl (511} B90-4350
TELEX: T08-004

""Nata Naw Telgphona Numbar

Dakhrook 20521
Tl (3121 2259310
TWX: 010-851-5441

ATLANTIC

MAESACHUSETTR
Iniat Corp. ™

187 Bllarica Road, Sulte 744

Chaimxiord Q1034
Tadl: [BiT) 2588557
Twa: T10-343-4233
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QOVERSEAS
MARKETING OFFICES

ORIENT

SLARAM

Inod Japen Comporabian ®
Flowear HU-Shinmachi Eam Bdg,
1-23-%. Shinmachi, Sktagaya-ky
Tokye 134

Tud: (03} 478-0201

TELEX: T21-284 28

EURDPE

AELGHEM

Intp Interationel”

Rum du Mowiin 4 PRDiar
5 1-Boite 1

$:1160 Broagaiy

Taf: 102) 850 33 10
TELEX: 2414

*Fleld Application Locatlon

Priried o LS A SPIIOTTSI 40K SGI AL
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> MODEL 240 7
INTELLEC® SERIES Ii
MICROCOMPUTER DEVELOPMENT SYSTEM

Complets microcomputer davelopment Integral 250K-byte tloppy disk plus
center for Intel MCS-80™, MCS-85™, 7.3 million bytes {expandable to 15.8M
MCS-86™, and MCS-48™ microprocessar biytes) of hard disk storaga

{amilies

64K bytes RAM memory Fowertul |515-1| Diskette Operating
| Systemn soitware with relocating
Seif-test dlagnostle capabllity macroassambier, linker, and locater

Built-in interfaces for high speed paper .
tape reader/punch, printer, and universal Supports PL/M, FORTRAN, BASIC and

Integrat CRT with detachable uppear/ :
lower casa typewriter-style fuill ASCIl Software compatible with previous
keyboard Inteilec systams

The Model 240 Intellec Saries il Microcomputer Development Systam 13 4 compiste canter for the development of
microcomputer-basad products, it Includes s CPU, 84K bytes of RAM, 4K bytes of ROM memory, a 2000-charactar
CRT, a datachable full ASCH keyboard, and 280K oyim Hlappy diskeite drive. & hard disk subsystém provides over 7
milfion byie3 af ondine data storage. Powerfut IS5 Disketts Operatlng Syslem softwars allows the Model 24010 be
used quickly and ailicient!y for assembling andior cempiling and debugging programs for intel's MC3-80, MCS-8S,
MCS5-86, or MCS-48 micraproceasar familles without the nead for handling papear lape. ISIS-1 parfarms 21l fits handling
coeratiang, laaving the uaer fras to concentraie on the datalls of his own appiication. Whean usasd in Conjunction with
an opilonal Incireyit smulator PCE™) modute, the Modet 240 provides all 1ha hargware and soitware develigpment
1008 necesaary for tha rapid development of a microcompuiarbaasd product.

The 12wing &td Vacemarhy O [NEE] Cofparalion and Wy G 399 Gnly (0 CRSCHILA INt8] DrooUcts: INE, [Aaiie, inikites, LiDrary Manager.

Megacnaasty, Micremap, Mulhbus, PROMPT, RMATAD, UIPY, Infalavid1on, «S5copa. Fromesre. MCS. ICE. 1SBG. BXP, 05, 400 INe comainaticn gf
WS, ICE «5BC or ([0S wiih & Pumencal suilin,

I Inisi Corporution, 1979 H-SE E'3
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MODEL 240

the CRT, keyboard, and standarg Iniellag peripharals
including prnter, high speed paper tape reader!punch,
and univarsal PACM programmar. The [OG confaing ita
own independant microprocisscr, §iao an B0B0A.2 The
CPU contrels ail VT gperitions as well a3 supervising
communicallons with 1he iPE. 8K pytes of ROM contain
all O conirol firmwars, BK bytay o RAM are used lor
AT screen ralresh storage. Thase do not QCEURY SPAce
in Intellac Series |l man memory since the 10C is a
totally ingdepandent MICIQCOMpBUter SUDSy ST,

Intagraf CRT

Digpfay — Tha CAT is a 124nch ragter scan type monilos
with a 50/8¢ Hz vertical scan rates and 15.5kHz horiron-
13| agan rate, Contraty are provided for brightneas and
contragt adjyatments. The interface to tha CAT ia
provided through an Intsi 8275 alngla-chip program-
mable CRT contrgiler, The masisr pracessor on the (FB
(ranziars a character for dlaplay to the |QC, whars it i
stored in RAM, Tha CRT controller reads & Jine at & 1ima
inta its lina butfar Lhrough an injel B25T DMA controller
and ther feads one Character at a time to 1he character
generator 1o proguce the video signal. Timing tor the
CRT cantrol is provided by 2n Intel B251 Interval timer,
The soreen digplayis formatted as 25 rowsy of 80 charac-
w3, The full set of ASCH characiess is glaplayed,
incloding lower case alphas.

Keyboard — Tha keyboard Interfaces directly to the 10C
proceasor via an B-bil cata bus. The keybaard contains
an Istel UPi41 Universal Peripharal Interface, which
sans the weybogard, ancodes the characters, and
buffera the characiers tg provide M-Key roligyer, The
keyboarg itsall i3 a high guality typewriier dhyle ey
board containing Lthe full ASCH character sat. An upper/
lower casa swilch aliows the system to be uzed for
document preparation. Cursor conirol keys are aiso
Rrovided. ’

Peripheral Intacface

A UPR-41 Univerdal Peripharal Intarface on the KOG
board providey interlace for other stancdard Intelles
ferpharals inciucing & printer, high apeed papar tapa
readar, high apeed paper lape punch, and universail
FAQKM grogzammer. Communicaticn batwenn the IPE
and I0C 1s maintained ovey & separals  S-bit
Cidirectional data bua. Connectara for the four devicea
named above, as well as the two serlal channela, are
mounted directly on the 10G [txald.

Canirol

User contro! ts maintained Ihrough a front panel, con-
s513ting of a power switch and indicator, resst/boot
switen, runthalt light. and aight interrupt switchas and
indicators. The front panel circuit board i5 atiached

diractiy to the IFB, aligwing the aight interrupt switches

10 connect Lo tha primary 8259, as wall as 10 the Inrglle;
Senes 1l bus.

Disk System

Tha [ntellac Sorias |1 Hard Disk Systern grovides direct
accesy bulk storage, intelligant conirpiler, and a disk
driva containing ons fixed platier and ond removadle
cartridge. Each providas 3.5 million bylas of siorage
with a data transfer raie of 2.5 Mbita/second. The
controllar i3 Implemenied with Intel's powerful Sarigs
3000 Bipotar Microgcompuier Sit. Tha conpoller
provides an interface 1o the Intellec Sarigd 1l syslam
bus, as wl! as aupporting up to 2 disk drives. Tha disk
systam records ali data in Doubis Frequency |[Fld)on 2
surfaces per plaiter. Each plabier ckn be wrlld protectad
by a front panel 3wlich, The disk systam is capable of
performing six diltersnt cperations: recalibrate, soek,
lormat track, write data, read gatd, and vanfy CRC.

Oisk Controfler Boards — Tha diak controller consista
of two boards, the channe! board and the intgrfaca
board. Thesa two PC hawrds reside in thae Inisllec Sarias
Il sy5tem chassis and consiute 1he disk controller. Tha
channel board recajves, decodss and respong? io
channal commands from the BIBOA-2 CPU A tha Model
240, The Intariace board provides the disk controtler
with a medna of communicallon with the disk drives
ang wilh the Intellec system bus. The inerface board
validates daia durlng reads using 3 cyclic redungancy
chack (CAC) polynomial ang ganarates CRC dala during
writa operatloas. When the dlak contmller raguires
access ID Intellat systsm memary, the channel board
requeats and maintaing DMA mastar control of the
system bus. and genarates tha spproprlate mamory
gommand. The channel board z(30 fckngwladges VO
commands a3 refulred Ry tha Intellec bus. In addition 1g
supporting & %scond drive, 1he diak conirollar may co-
rasida with tha Intel double-censity controlier to allow
ug to 17 milllon Eytes of on-dine storage,

Flopgy Disk Drive

Tha flopoy disk drive la controlled by an Inted 8271
singla chip, programmale Hoppy <lsk controllar. Bt
tranafard data via an Inlel 8257 DMA controlier betweasn
an |0C R&M bulfer and tha diskstie. The 8271 handles
reading and writlag of data, lormatting giaketies, and
reading staius, all ypan approprizate commands from
the 1QC micreprocessor,

MULTIBUS™ Capabllivy

All Intella; Series || modeis implement 1ha Indusiry
atandarg MULTIBUS. MULTIBUS snabigs saveral bus
masters, 3uch as CPU and DMA Qevices, |0 share the
bus and Mmemary by oparating at dilferent prionly levels,
Rasalution of bus gxchanges la ayachronized by 2 bua
clock signal derived indepandently from processor
clocks. Aeaciwrite tranalers may take place a1 rales up
t¢ SMHz. The bus structurs is suitabla for uss with any
Intaf microcomputer tamily. ) -
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 MODEL 240

QRDERING INFORMATION

Pary
Humbaer ODazcripilon

MOE-240* Intatec Serlas |l Modal 240 Microcomputer

| Develppmeni System {11080 Hz)

MOS-241°  Intellec Serins il Model 240 Microcompyter
Oavelgpmant Sysiam (22050 Hz)

"“MDET |5 an ordering code only, and 14 nol used &5 a progduet

fame o trademars. MDS* 1 3 reQiziered trademark Qf
Wonawh Datd Sciencas Carg.

4

INTEL CORAPORATION, J088 Rowwry Avanyy, Tante Clere. Ca JE5041 » L408) it?-lul}
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The 3001 Migraprocessgr LD i 4 toll hard-
wara delugging Syatem lor tha demgn of
MICrOprocaasor-cassd producis, A ey fed-
Iwig 5 iy Bddy 1 SURpROM many MEropoE-
ansor chipe. incluging |ha Inlai 30804,
rofsA, Molorpla G800, Texas Instrumenis
T455900, IG7G/ T2, FB and Zilag Z-B0A.
10 aadiuon o mullipne MICTOSrOCERILEF SUp-
port, the 8001 gffers |hy M BMEIIUGN Modes
frd softadrs deouggeng, parnal and full #Mu-
Ialian, &9 wall 43 A radl time profolypa
analyrer apiion with all 1he capabillties ol &
Mmicroorocesior Anakyrer.

Threa Emulation Modes
In & rypical des:ign saquence, sofwere s
pral devsloped independently using tHms-
sharing, & minicamputer. or some ather
maans. it W (hn downosdsd 13 the 3001,
Al this pewl Ihy v-pratorype emulalicn and
pGlwaref hargwara ntegrafion capabildies
@b tha BOO1 come o piay.

fm amulation moaa O, the software rung onky
on e emulsor orocessor. Thia gnablas tha
aregram o be debugped ON 3 MiCroArOCes-
&0r virtualiy [dantical 19 (he ona that wil gitl-
malely be ugad in 1he complelad produst in
smulation Modea 1 and 2, the prolotypa con-
ol proba i connacied 1o Ike emulator proc-
3G Al Gne and knd slygyed inlo e wmpty
micIoptoC RERGS 3OCKet Iin I protOtype cir+
cUItry ef Lhw olher.

Partal emylitlon {mode-1) lets e user -
lgazs corral i meihodical steps from tha
A001 o L promdyps. The developmantdl
saftwars rune using BOO1 mameory space and
prcrype I/ and clock, The 8001 memgry
mapping lealure allows mamary lo ba gradu-
wily mapped ower W the protoryps by d-
dreay blocks Throughout partial smytzhion.
the wixr has access o proiotype crcwiry
wia the pgoweriyl 801 debugging Iysiem,
which enablen um 12 Irech, 34t bresbpomis,
exdming ind change medry and fégater
CONANCS,

Furl #mulation {moda 2) el 1he USer axar-
€58 tha program On the now stand-asone
prototype whie 30l mainlaning csomplats
conrgi thraugh the Micrpprocassor Lab, AR
Q ang uming functions are divecied by tha

protatype; Al mamary hks besn mapped ”

oy k10 Ihe graiotype; and only tha prowg-
ry2E conkDi grods i sl n Place, emylaing
tha Larger mcroprocessor. Alihough the pro-
tyoe 1§ Bffegtively treesthnding, then, the
ysdr May stll direSt pragram activily, Rt the
projolypa #0d of the probe, fram the 8001,

Harcheate Trace Qption

The optional Aea-Time Protype Analyzer
endabias the uzer 19 dynamicslly monitar the
pelolypa agddrasy bux, gala bus, ang up o
uigit giher locatign® n the PrOrotype civcuit
rard, Projotypa ACUwity 1 mondored 47 il
-ReAD, withoul HORRAY of $lowing up the
microprooeasor (n maode 2, Thiz anablss (he
defigher Lo locarte crlical timng Froblems
and harcdware/ woitware ssquence problams.,
Fyll spesd smulation iz S0 posadie i
modd 1 with mozt of tha amulsiors. Rater 10
Lhe 1pacific amutafor daty shest for exect
perlarmance spacitications,

In summary, than, &ach ol e Lhree amulas
1 mModay 3upportd B specic phise of Ine
Producl gevelopment Cycle. Bapnnming wih
assembled Iourca fanguage. Ihe designer

T

Erbulaiwr Fracsieer Oothon

AypshTims Traps Dplinn
Fragrm vmary

SYEinm Pracobiir
Srenem Comemy o BsAn
TIyalnm Hamary
RO ..FQ’!I_! [
i,
—d

Duiray gl Frine-F sy LD

proteans from softwars débugging {mada
1. o the saquentidl integration of program
and gyl [code 1), 1o 10 gl inbegration
and teat of the Sland-alone proguct [mods
Z). The FAeul-Timé Promhyps AnlyIsr en-
hances modes 1 and 2 gy allowing the uger
[0 monilor &nd acc#as pralatypa Aciivily.

800 Characterintley

Tha D01 Micrepraceazor Lab i & moguier
syalam whoss malnfrare housss up to 20
plug-in gircuH baards. The yatemn includes
Sysiam PFrocessor, Deoug wnd Frone-Pansi
Q. Program Memary, Syslem Commuress-
tHone. ana Sysrem Memory modules, Emuta-
tar Pracqesor medula for [he seiecied
mcroproceazar i opuonal. ita jasociated
prolctype coniral proba, and § ROM-pased
softwara Moduie is inclyded. additional
wuladIne processor DACKaGES Afe Evailajie
a1 optiony fo¢ wmch MicropracAssar the pya-
tEM JUpROETS.

The ReakTime Prototyps ANRiyzer module,
sghonal 158 byle Progrem Mamory mod-
ylws, angd EPRQM Programmar modutas lor
the 17024 or 2704/ 2708 are availabia aa ap
lgne, Opsonel peripherals mctude:the TEX-
TRONIX cTA 100 Ot Termitd, CTH101 TTY
Tarminal, £0247 4025 Computar Display Tar-
monal, &nd the LPAZ00 Line Printar,

MSE E-10

Syatsm Procasacr Moduls

Tha System Frogeisar communicites drect-
by with the Sy¥lem Console and hinctions a3
Ihx contred lov e 3001, It pertorma anpuwlf
output funcilgns 9 all syatem patipharaty
through jls own 110 pgm and pafts located
on the System Cammumeanany madule: and
it directy all glhar moduies. auch a3 the De-
bug moduls and the Emulstor Procasacr
inreugh the gyatem bus, Al power require-
menis arg dupplidd Irom the sysiem power
svpply.

Cubug and Froni-Pane! /0 Moduls

The Dekug ang Front-Panel 110 modute per-
lorma thrae functigna; T) M COnfrols 1he anpdr-
action znd buy |IMA-ahanng of the Sysiem
Provessar ard Emulator Fracessor moduies .
2) 11 supperis all softward depud laatures
SUCh a3 bredk, IrgCe. Ang ®MuUlatgr program
sidrt AL any locabion, J) It provices nlerface
1o iha front panal,

Sysiem Mamory Moduls

Syslem Mamory contama 1he aperahing firm-
ware lor the BO01. The mogule consiats af
8K Dylas of Man program mamory FOM: 2K
bylas ol RAM: ang 1pace for adawonal AOM.
Sylitm Memary c2h be acCpsied onry by
Syslem Froceasgr. .
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ORDERING INFORMATION

4001 Mlcyoprocessar Lab. ... T[]

Fuur;- Feig Faul

Qmien Dasarpoen Frica Wumssr Frigs
Chirthon 07 MOBOA Mg ridres-
: Fw Suopar
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Custign 88 18K Frpgram
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Tha TEKTAQNIX ZBOA Emulaiar Proceasor
ang Progtyps Sontrgl Probe ag o 1he
Qavaiazmenl O proidiype Syatems bt
ampunc e Zilog IMD ara ZBOA micro-
¢rocessers T Coerdbie with ahar Ina
BODZ & or 8001 Microprecessar Lph, thesa
opuons (MOwas the  sIChitecIyral capa-
filtimd ARCERSACY {0 emuUlalE T JROA In &
protolype Sy STEmM,

Three progrestive readed of smuienon are
AR D PSRN e GERgtE UMY pro=
WOTYPe ouvsHIpTENt Emulaian o contralied &1
| 1eves By e Microprocsasor L'y poweriul
CASLCOING Bytem 30 rwre.,

Emulaticn moos 0 is used 3tclly for zoi1-
wark develpmEnt, Tha J88QNM sxsculés
tha 1eat DrOgremn on ihe JBOA emulsLr pro-
Caastr, which (1 i2antical (0 1he Crocasans
Iha1 wall B 390 L the COMDMING SY1IMTL
The designar in aols 1 sel DIREEDGALE, da-
amine and modify memory contante; and
Irac# through Ny program (S see Lhe con-
lariy of the regittery and the valuss of the
MAluS Wi, wOINUADALS Powids, ol pro-
BT CouRtar.

In 1hia smulation mode the Z33A sna b3
moDile PrOCRERG! S N D Ol ed sither
In the BMALST procassol Moduls o tha
Prolatype SONLML proba.

Emulation mods 1 m weed 1o begn soft
wANWDATWENE nisgratiof, T lagt Dm-
fram sxpcutes oo the IBOA smuimior Do
Caasdr, and M WD lunctions are parformed
by prototyps harhwars. The program [tsslf
may wAincuiy both foen BOGEAADGT prog ram
memory and [TOm proistype memory with
Ine MicroproSessar LAL memory maprpirg
capablitly.

In 1y mode Iha MODIE MCODOE eIy
card is iAelpied i the prOtOtyPe conuml
progs inlerface ayaemaly, whars It can now
pa vl 0 Eny of the R emulation
MO 1 probe’'s 40 pin pLog LS inpeeted in
1he GO MACOOCERET  A0CKeL
Thus confligurilion maves the sMulyior po-
cuaszor closw! o lhe prolotyps, thus
Allgualing oeiLy ad Qrogaga bon peoihems
1hal mighl oGCur af the JROA'S 4 MHZ man-
LT QpErating spead.

Emulation mode 2 ia used 10 Somplale
sy3iem gt The leal prograss sul
Sadculed GN 1he emuldtor procesasy, but all
programmagd functions ang 3 Iynctians
ik NOw pErtormad oy the protolyoe va the
contrél probd ynder the contrml of ine
Mieroprocessor Lab,

'IBO and ZBOA #re Iredemarks of Zliog for a
particuisr typs of mMicroprocesaar,
Tekironiz, NG, Oows nat Quaraniss Tnal
other vandre” varpend Gl the 260 Wil be
COMEatiple  wilh  Ihe TEKTRAONIX
Misroprocesaor Labs.

The Paak-Time Prolaiype &nalyzer, availabie
i3 2 Microprodesasr Lak ootian, lunstions
m gl emwlahon modes. Opedting as 4
MICMpOCNLa0r  anmiyIm, LRis  oplion
anablks 1he dlllﬂnll‘ 10 mantor 43 chan-
aolg of dela S lppnacualy, neluding the
PIOLOTYDe AOSTEAE Gk, SAkE QUYL cONLIOl
signaty such as R, WG, and Fetcn, and
up 1o 4 athar locations scquired via tThe op-
ton's paners-PUrposs (oQIc proba.

ZEOA EMULATOR SUPPOAT PACKAGE

CHARACTERLITICY
PHYRCAL CHAHACSTERHETICE
Lo B cape Boem T smulai -
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(program design)

8002A
Text
Editor
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NOL u Applkcations

1. MULTEPROGRAMMER SOFTWARE PROJECTS

MDL/ 1t
Compiler

MADCHILAS 3G Mware devaloRmans et sliows joca and global

rHarecce cootrol etween MDL 4 o Assembier

Mok,

2, MICROPROCESSOR STSTEMS PROGRAMUING

High v corria al Mamory 4nd HO with all rn tme oxde
ra-prera bor memupt deven Tyatema

2 ARG BASED PROCUCTS

AR run bme coos 13 AGM-abis with: atack and vanable sections
icTtbed and grouped 104 #ese n Link Timm Locatan,

4 LARGE APPLICATION PROGAALS

Pl by, WLy 10 (MUMCTLIN RN,

5 HIGH YOLUME PRODUCTS

Eficiens code generaton for rmunkmum mnnrywl’hud.
b HGHLY COMPETTTIVE PRODUCTS
Shortened threwkoperont Tme, mmmmmwmt

ol rew bERDNE JOCEBGN

FEATURES OF THE MODULAH DEVELOPMENT

LANGUAGE

1) A trus compller that genarytes dxmcxriabiy {Hon

Mlrprstattve) Cocr

—pvoducas bnkabie, reocatanhe, wid ROM-ghis cooa.

—COHMPHEe QUTDUL [AskamDly cod) may ba sdited, (1 desired, lor

cuCiy COBMEzabons or Cooe modtcationg

—cifhwnt 3achaory O the Uil mary b spacided far RGOM or

Aada.
—fL T SL0n ML heT:

a) prowice mple usa of B002A LD faciltes:

Bl Are ke wath pogram only I redenioced by program:
o) MduCh ¥k of obpc COc [There's Onfy Gl SN of

tuat Cods EedL ancE) ]

gl PO Coc winch 3 GCaly opRmized for elcent use

al apace;

&)  SOWOE (R-STIERAL D rOUTNe;
Nl elow obweGt GO0 TG DE Endec et OBCANE0R AT

or 5800 axsembly IWAGLAGE MOduled.
21 Compller, aasembler, and linkar form » modulsr

proghimming feciity:

mmhmunmmmjuﬂ

Ak,

—MoCules My hava Lhy MumDer of lunctions and profsdure.
—pocadures. funchony, dnd vanabies dalned N Ghe Madubes can

bar umad by armoder,

" —Mackue SNetacey are cOMpealy describeed.

~—moOUls &re saparaiaky compded, then Inked tOgamher,

=—nCremantal deveiopman] & POl wilh modute ap

TN

A Usardallred, mult-siaiement funchons and procedures.,

MSE E£-16

32
]

) Rea

——+ Assembier [

Asyermbly , Ql

Modules W

8002A Modular Development

4] High Lewal Langizage constructs for B BOO2A and

Migroprocessor VO

—gtirect GOl of VO porty and Mumary [accenssd R vanabias).
O 4 COPETLESLE KO kot IMbeeTUCLS A Mk NEracons:

5 Darte hoapwciiing Shpadiithn:
—indpger CADALEETY for ona byte (0 12 255) and wo byte
[—32. 788 10 +32,78T) varahies with anthmaess, logical
relational and Bit~muanipubaticon OpEFERONY — g (RS NUMGES or

foaung posnt

—=Siring capatiity with O 0 255 Gyt lengh vanabies with

CONCRINEEGN 3K UL CPaTAtiony.

w3ty and WO dahecmonal BTy of 4 Siin types. "

qvmmmmm“mmmm
one g alx EphnUmeke ChArsciers.

BEMEFITS
Tl of MOS0 G

=—reducs e OMegn tre K yoLr BpDRCRIoN
—sMQOwE (e GOCITHNTIERGN of YOUr Programs

—CTRAS0 tha reiabilly of your BOMwi
=dmpity and feducy the coyl of PROgEET Marenancy

MO/ KEYWORDS

LET As3igre 3 vaks ¥ 8 viciabla

REM ARCrorm ErogrET SRCUTHOLESON

ENABLE Enablea mterrupts

DISABLE [RERDMS LTt

MASK® Sats the inbemapt maak sate

Dud Specibes mze wnd or dmenmony &Nd FESerEL
acs ko gEing, STy, bk vanLLles

DEFFN Bagurs & U-datred funchon

DEFPR Bagrma & vier-defined procecuny

FNEND Ends a ugsr-tiedned fluncion

PREND Enchi 4 usar-dadrgd proceouns

MODULE Spacies § FOdse AN, SLAFRNG RICTREN 47
STIARCN O

AN Indicuige progrwn strang addragy 1§ ConTMNEd
in this rocule

URES Kartias Cfnapd UCIOnS, FOCEOUNES,

YanEbley porty, &nd intertucty avislabls jor

FEeTIE
PROVIDES iinralas viiemaly dafined lunchong. Brockdues

o] varablse svalabiy ior xiema LS
FUNCTION Soeciiien n haChon 1hat By used or v

iy & mocse

PADLS Specries & procachure el is wied oF prornded
by & module

VAR Specifies n vanable hal o ued of Irovnded

. by a mocule

PORTT . Defires a1 VO port thal 5 woed by 8 Moduls

CRIGIN Spec:ing B memory Iotston ior 4 PAM OF v

MODE Incticatay tha #Mdeton Mmode in whch Lhe
mochda rang

GoD 1o Transies corol B 2 spaciisd bna

ON.GD T Transters comoi I & HeCIed kg

GOSUE Trargines conmod 10-4 apsahied ine Lt
Bagina & subrpubrg

ON.GOSUB  Transhes contol K 8 sakecing dng thal
D a4 subrocahng
N - |lTH a0 ESA Thien



MINIMUM HARDWARE
REQUIAEMENTS

Texirorx BODZA MICIOpOCesSon
Lap with sysiem lerminal &ng 64K
Program Memary.

Emulator lor B0B0A, BORSA, Z80. or
6800 15 requirec to gabug and dxa-
Cule ooect coge

SOFTWARE PREREQLIISITE

ol80A BOASA. ZRY. or E00
TEKDOS Version 3.0 software
SURROIT 15 (eguifed.

280 GENERATED CODE
CHARACTERISTICS

—~=Generatad code doas nor usa
any of the ZBO axtansion capa.
Bilibes aver A0B0A instruction
ety

—Generalea cods doas not usa
any Index or altarnale registers
ot the ZB0

~Ganeraled code doas nat use
atlarnale iniarupt modes.

SOFTWARE SUPPORT SERVICES

Dunng (he minety (99) day periog
fgllgweng instaraton of this Soft-
ware Produst (SOFTWARE), (f

the Customer encouniers a
proplem with [he SOFTWARE
whicn mi§ diagnosis indicatas is
causad by a defect in \ha SOFT-
WARE, the customer may submil g
Software ParlorMmance Aepon
{SPAY 10 Taktronix. Tekironix will
respgng (o groblems rapdrted in
SPRs which are Caused by
celes!s in the current uneltarad
relwasa of 1he SOFTWARE wia the
Mainlenance Pencdical for this
SOFTWARE, which reponts SPAs
recarved. code ¢orrachons, tam-
porary correchons. genaralty use-
ha emergency bypasses analor
nohices of the availability of cor-
rected cagde, Software updzies, if
any. releaseq by Texiromx curing
(he ninery (90] gay pencd, waill be
provigdad 1o the customer on Tek-
Lrorx standarg distributtan madia
a5 specihad o this Sottware Dala
Shes!, Charges will be pased on
the prevaiding update pnce.
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The zso0o family is » new set of microprocessor
components (CPU, CPU support chips, peripherals,
and memuries] which supports the Z8000 archilec
turs. The account of how architectural goals were
sclected and achieved for two key tmembery of this
family —the Z8000 CPU and the memory manage
ment wnit—~illustrates how much of a challenge
microprocessor archilecture represents to the semi-
condurior industry. MOS technology shaws encr-
moas polential, Lot it is atill difficult Lo use becanse
of limitaLions on pin count, power dissipation, speed,
and coinplexipy.?

-Since thias discussion is restricted to technical
izsues, we will nat allude Lo the many additional fac-
tors {mnrkel:ng considerations, human considera-
tiona, sclf-imposcd restrictiona, ete.} which innke ar-
chitecture such a lascinating and difficult discipline.
Furiherimore, no sttempt heas been made Lo ex-
haustively describe the 24000 arehitecture end com-
ponenia. Interested readery should conault the
specilic manuals for & more complele description, !

The goais ol the ZBOOD architecture;
increased capabilities, archileclural
compalltility, increased clarily

The primary reason for intreducing & new system
architecture {9 e significanlly improve the control
and processing capabilities of microproceasors while
toaintaining Lheir price/perforinance edvantages.
Technical pdvuncus heve permitled the implementa-
tion of substantially increased processor power, but
the most gignificant molivalion lor a new component
family is generalivy. Only through such a family
could we pruvide for archilecturally compatible
growth over a wide range of processing power re
HUIFEmeqts.

LG REED Y DT Wi Th 193 R IEFE

"

Increased capabilities,
architectural compatibility, and
clearly defined interfaces were
the chief architectural goals of
Zilog's new ZBOOO microprocessor
family. Here is an account

of how those goals were met

for two members of that family—

the Z80OO CPU and the MM/

Our approach was a staged system architectire
which ettempts to provide new componenta, enhenc
ed fealures, and new functions, while prolecting Lhe
user's investment in hardware and soltwirse. The
Z8000 Tamily supports a single unified architeciure
for alt small, medinm, and high-end user appliczlions
which are implemented using a mix of componer.ts
within Lhe same family.

The goals of Lhe Z8000 architeclure can be groupad
intothreecategories: increased capabilities, architee-

tural compatibility over & wide range of processing

powers, and increased clarity. In all these cases the
resulting architectural festures apply either to the
basic archilecture [that seen by an spplications pro-
grammer) or to aystem archilectare (that acen by a
syslem designer or an vperating systero propram-
maer].

Inereased cepabilitics. All exisling B-bit micro-
processors and many 16-bit minicomputers suller
Trom having o sinsll eddsess apace. So, onu of aur

Eoals was to provide access Lo p large address - pee .

(&M byiey). A second goal was to provide roooe res
sources in terma of registers |18 generaluir s
16-bit registery), in terma of data types ([rom Loy Lo
32 bitg), and in Lerms of additionn! instructive. o
pared to exisling microprocessora Lnuttipry and
divide, multiple regisler saving izalrucliohs,
specialized inviructions for compiler support ete

Tofacilitale cornplex applications it was iinpaz | 0t
Lo support multiprogramining with gowd Lardwarg
support of Lask switching, Interrupls, traps, and two
exccution modes, (perating systems also required a
guod hardware prolection ayslein.

Finelly, we wanted 1o increase overall sy ﬂlem pes
formence, This resulted inthe choice of animplemen-
tation using a 16-bit-wide dala path te memory.

COMPUTEA



12

The 40 pin version is intended for sayalemas, olten
asid a3 dedicated systems, where the program and
data sprevs wee sinell. In Lhis case, relocation is not
vwaually impurienl, Using tha different address
apaces, one lins & siinple way Lo address in pructicoup
to 4 x 84K bytes with a ninximum of 6 x 64K byLea).
Some simple proteclion in schieved by separaling
these spaces in hardware,

Thc 48 pin version with one or mare MMUs i3 in-
Lended for the medium to large applicalions where
relocation and betler memary protection are impor-
tant.? In these coses, statvs information can alao Le
wsed Lo sepatale between address spaces by Wding
muliiple S50, Huritis alsgessential o achivve Lhe
detailed incwury protection required. (Tt ia possible
touse the 48 pin versiun without an MM ) Fur theae
bigh-cid upplications. the addregs speces are s lacge
thel une iz unhkely Lo exhaust them. Fapericace with
large cornputera shows Lhat 8M bytes is probably
adegquate. The current implementation of the Z5000
uses BRI Liyte uddress spaces, but the architecture
provides fur 31.bit sddress (21478 bytes).

in bolh versions, the ZBOO0D allowa direct sccuas
Lo euth adudress space- Direct access means that the
pddresses used in instructions or registers have aa
many bits #3 the address space size requires. In other
schemes the ¢flvctive address is & combipation of a
shorter field in the instruction apd other cxtension
bits often fuund in an implicd register, Lespite the
shorter siddress fields, we believe this “indireet ag
cesa” dues not save bytes, becavag extra instrug til;u':ta
must be used to load and save the mplied registers,
which ure Ly pically in short supply.

Registern. The Z8000 i primarily s ncimory-to-
regislir architecture, Thischarscleristicdiws not en-
tird y vaclud ¢ other arganizations, and mechanisma
exist in the Zu000 o support Lhem, For exuinple,

memory-to inemory operalions are supported for

stringy, wheress stack vperationa sre supparted lor
procudure and proceas changes, This chuice provides
upward carmnpalibility with the 280, A register ar-
chitecture ulso resulis in good perforninunce, sinco
register accesses are made at a greater speed than
memory heonsses [n the current implementation,

Expericace with regisiercoriented machines serma
toconfinin Lhat fuur general purpose registers dru not
encugh and thal & “proper” number iz betwien eight
aod 32.% ‘The 22000 supporis bytes, words (16-Lit,
and lonyg words [(32-bit), and a few Inslioctions cven
use gustdruple-word (64-bit) dats clements. M we
choose 16, 16 bil repisters allow eight 32-bit regisiers
a5 well w5 Tour 64-bit registers (Figre 1), Since ad-
dresses wie 02 bils, the pecessily of ot least cight
32-bit regislers wus gbvious, The impacl of the $-bit
register livhd oo the instruction forinat depends alse
on the nuniber of address modes and operands. Six-
teen registers ullowed & reasonable tradeoi!, wherezs
32 registers would have resoliad in too [Lw um.:—wurd
inslructions.

Wil une minor restriclion any register cun be used
l:¥ ony inslruction a3 an arcumulator, source
wires ond, ide s, wr mepwory painter, This cegularily of

¥

the struuture is so important Lhat it is worthwhile to
sncrifice any possible coceding improvements in o
structiph lurmat s which canld result ffom dedicaling
registers Lo special funcliona. Enading improve
menla bssed on instruction frequency, so that fre
guunt instructions vse one word, are more el fectivein
siaving spacy without having a negnliva effect my Lhe
urchitectura

e fw——

Why nat have specialized registers! The
difficulty lies in the fact that the
restrictions caused by dedicution ary
inconsgistent with une nnciher,

Muost applications dedicate the available regist: v
Lo specific funetigna. For examiple, most highleve
languagea require a stack pointer and a stack Qg
pointer, Then why not, one might argue, lLave
specialized registers? The Jilficulty lics in e £
Lhat the restrictions caused by dedication me ine.n-
sisienl with one anather, 1 che architecture supnlics
only general-purpose registers, the user is free (o
dedicate them Lo specific usages for kis applivation
without restrictions. This is impurtant in the cantuxt
of microprocessors where user applications we not
well known and whera highdeve! lanpruages are syl
used infrequently.

For example, the ZB000 allows suflware slacks Lo
be implemented with any register. There arealso twn
hardware supported stacks, bul the registers used
are still general-purpose snd can parlicipate in auy
vperaticn. There is ne allocated slack frame poinicr,
since any register can be used by means of Lhe proper
combinetion of addressing nwdes. The savings re iz
od by register gpecialization are unaltraclive whon
the piven funclion can still be performed simply. The
loss that would resull from restricting the spplic.t-
tions would be too great. In conlrast, significant s
ings result from excluding RO from ese as an indes wr
memary pointer. This exclusion allows ane ta disiin-
puish between Lhe indexed end direct addrensing
mendes which use the same combination of the in-
uiruction address mode field. The {ince is small, sinre
HO still czn be an scumulator or souree register anld
15 athers accumulsior, index, andfor memor,
pointers are available. In Lhis case the restricting
tnade sense, .

Anuiher decisiontobe made sbout registersistio o
size, Since the wrchjteclure hendleg muliipte Jacs
iypus we must have mulliple data repister sisew
which can hold cach data type. The sslution of Jhe
problem is implemented in the rchiteclure by pair-
ing registers, lwo lbyte registurs make a word
register, two ward registers make a long word
1opiater, eLe.

Dule types. Users would like Lo have B3 many
directly implemented data types us pessible. A dala
Lype is supported wher it hos a hardware repres nta-
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Lelivve Lhat any ane of the various instruction set
struclores--regisler griented, meingry oricnted,
stack orienled, symmelrical, or asymmetrical,
ele.—are always betler when used exclugively, Thus
thetesk of the architeet isto decide what his most im-
poriant goals kre, and for each of them adapl the best
featurea of the vnrious etruciures so that on the
average, and for his set of goals, an optimum solution
can be found. We do not believe that the optitnum will
be very sharp; it will be more ke o range of applica-
tions for which the resulting composite structure

.;warks well. We decided tousen register structure for

compatibility, multiple word instructions for speed,
memory-lo-memory instructions for strings, stack
structure fur process control ang procedure support,
“short" instruction for byte density improveinent,
ele, *

Instruction farmat cansideration The XA000 haa
ovier 110 distinet instryclion types; severnl instruc-
tiun formals are illustrated in Fipure 2, The opeade
field apecifica Lhe type of instruction ifur exumple,
ALD and LI The mode leld indicates the addreys-
ing modes ({for example, Ragister {R), Direct Address
(DA}, The dula clement type |W/B) and regisier
designator fields cumplete the basic instruction
fields. Long word instructions use a diffuront opeode
value froma Lheir by le or word counterpart. Freguent
instruclions wre encded inasingle word, and less fre
quent instructions which use more Lhan lwo
operunds use two words, There zre often additional
ficlds for special cloments such as immediate values
or condition code descriptors |CO). Instructions can
designate ane, Lwo, or three operands explicitly. The
instructiun TRAMSLATE ANDTEST isthe only une with
lour operands snd is also Lhe only one with an implicd
registuer operand, !

Several reslrainis can g'flid_e the proper choice of an
instruetion farmat. A large nember of ppovd et fused
or reserved] is very Important; having o given in
struclivn implemented in hardware saves by les and
improves speed. But one usually needs to concen-
Lrale mwre on the compleleness of Lhe pperalions
available on & purticulur dala Lype raLher than on ad-
ding more and more esotenc instiuclions wkich, ilus-
ed [requently, will nat significantly affect porfor-
mance, Great care must be glven to Lhe problom ol ex-
puanding the instruelion set 8o, for cxain i, new dala
typescan beadded, - . .

ARG _llelu'MU'EFtD' '
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Adhiressing meafes, The ZR00C hag eight address-
ing mudes: register {R), indireet regizter (1R}, direci
wilitress DAY indezed 1X], imazediale (1M, base od-
dress (BA) base indesved (BX), ond refotive oddress
(RAL Several oLher sddressing maios are implicd by
sprrifie instructions such os vulcinureroent or aute
ducrement. . .

Although a very large number of addressing modes
15 benelicial, usnge statistics dunonsirate Lhal not all
cembinationg of operends, addreca ey, umud
operatuts are meaningul.! The five basic aidicising
modesol B, IR, I}A, X, and 1M arethe mosl frere.o
ly-used und apply to most instructions with mora
than one addreas mode. For two-operand ingtruc
ticns, sLatistice show that mest of the lime thy
destination is a register. Other cases of addressiog
rande combinations and leas basic addresaing o4
are associated with special instructions. Thus, the
frequent combinetion of sutodecrement for th
destination operand witk the five basic adid:cas
modes lor the source gperand is provided by Ll P
instruction, The combination af autpinercment oo
dressing modes for botk source and detinetior
operands is one of the bleck move instructions. In
egsence, the address mode field space hasbeen traced
for epeode field space. Thiz atlows more instructicns
and combinations while staying within & ane-wzn!
format. L

The price for this tradeaff is the infrequent ocour-

* rence of pairs or Lriples of instructions simulating:

mivsing wddressing mode. Thiz situation ocvues i
mast instruction sets in any case.

Code density. Because current microprocessors arg
restricled to primilive pipeline struclures, thel
spwed islargely dependunt on the numbir of execuiad
instruclion worde, Therefore, code density is nat anly
imporLant becausa of progyumn size reduction bul nlso
because of specd improvement. One would like Lo on-
code inthe smallest number of bits Lhe most friquent
inatructions. 'The basic inslruction sizé increment
was chusen to be a word for runsons dealing with
alignment, speed penzliics, and hardware complexi-
ty. Thus Lhe most frequent one and two-operand in.
structions Leke one word in their register or register-
toregister forma, Less Irequent instyuctions or in-
structions which vse more than 1wo operands use ui
laast two wards, '

The Z3000 goes even lurlher by selecting sever-|
special inslructions a5 “shorl” instructions whnl,
take only upe word, when normafle chey voouobd 1ak
two wordd, These instructions, suzh a3 LA OYiC
KEGISTER IMMEDIATE and LOAL WURL bt
sMUwtATE (for small immediale values]l, a0l hida s
rIvE, and JUMP KELATIYE, are sp [reguenl s{aliniicas-
Iy Lhal they deserve such special reatiment.

A onewerd JUMP RELATIVE and DECREMENT AND
JUMPOX NON ZERQalso have a very sigmilicant impact
on speed. The short offset mechanism used by wd-
dresses (and deseribed below) §s alss designed Lo
al'ow oneword mddresses. Compared Lo previcus
iniiuprocessors, Lhe larges reductionin site end in-
cicase in speed results froin the Z3000°s consistent
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ROM. Users whase Latal memory nosds see emall are
alao unlikely to need relocation.

In summary, the thoice of o segmented addresa
space has provided—at low cost and with few prac-
tical imitations—a powerful solution to Lhe problem
of user growth, relecation, and protection as well 13
virtusl memary implenentlation, We believe that a
linear puddress space could have achieved these
results but st a considerably higher price.

The sysiem _an:hi!er:iura

Froleclion [eeililiea, The ZBON0 protection
lacilitiey can be divided into system proteclion
features snd memory protection fealurea. Ex-
perience with large computers has demonstrated Lhe
advuniages of having ol fenst two eavcution modes
with dilferent accesa rights to hardware facililies.
The 28000 provides Lhe system and normal modes for
this purpose. A simple proiuction system results
from the presence of thess two pwdes and Lher

P

associated slacks, A special class of “privileged” in-
giruclions is defined, which deals with 10, inter

“rupls, traps, and mode changes. Progroms in norinal

mmedec which alicinpt Lo ehecule a pivileged instrue
tion will cnuse a trap end a change Lo aystermn mode,
The switch from user Lu sysletn newit can alio Le
caused by the systein gsil instructics, These
miechanisms enflorce proteclion snd help inde-igsting
reliable and efficient operating systems with citan
user inlerfaces. Several other traps we ruguiiv-d W
achieve a 'consistent system: segineniatiod 1Tafh,
privileged nstruction trap, Hnd undelined inziv e
tion trag. ! - "

A desireble memory pmtentiun scheme I3 gna Iur
which protection information (read only, read writs,
execuls anly, system only, size of data or code, #1c.}ia
casily azsociated with the data nnd cade sinsgure o
a given application. It ig also one for whivk 1 forga
number of different types of prolection inforinativa
can Lo verificd

‘The relocation and memory prolectic:
muchanising described sbove are providea by an oo
ternal device: the mernacy INARAREmMent uat <o nrs-
vide relocation and protection features directly on
the Z3000 would huve demanded Loo inuck simiplifca-
tion. The external MM U hes the further pdvanisge of
providing for sasier growth by the eddition of o0,
ponents. The Z8000 40-pin package doea not hds: -,
carry the burden of the umised advunced rdocalion
and protection features, although sewe forng of e
tection can beachioved by hardware separsticift- o
differcnt address spaces. With mulople MU, 15,
4B-pin package user can control the iulocativn il
protection complesity desired in bis applicalion.

The memory managemnent usit. The MMU pur-

forma three Funetions: 1Y) cddress ranslation o

lugical address to physical address using dyasmic
relocation, {2) memary protection, and (3] refmune
managerent. The addresses man/pulated by thopa =
grummer, used by Lhe instructions, and surput by Lhe
ZRO0 mre called logical sddresacs, The MM wsnr
these logical uddresses, compused of o T-biL sy met
number and 16-hit clfset, and Leansformas them il
24-bit physical address (Figure 4). A 24-DLit oriy .n o2
Lase {8 logically sssociated with acch scgincnt. To
fortn w 24-bit physical address, Lhe 1E-Lit offset is ad-

ded to the base for the given segment. [n effect, witls )

the help of one memory managem-ni dovics, the
78000 can address BM bytes dircidy wichin o
16M-byLe phyvical memory spme. The 1osens Tor
the chuice of a large physical uddreas rpauce inunic an
expectation that large systems will want tovee exlis
bite for complex resource Inanagement fa jn, s24.
Fachsegment is given 8 numb of Litrilaies whis
it is initinlly entered into the MM Wheo a peleers
reference is made, the prolection inechanism cheela
these attributes against the status inlormalinn from
Lhe CPU. IF 8 mismalch ocours, & trajp ia sai.atad
which intzrrupta the CPU. The CPU can then theck
the MMU status registers Lo determine the cause ot
the trap. Segment attributes include sepment si
and Lype (read only, system only, execute only, i
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a memury bus, an 110 bus, an 1nu=m:pt bus, and Iwa-

resource request buses {(FigureT). . .

The Z-bus is called a **shared” bus because seveml
components cen use jit. A bus user ia a CPL) or'a pe
ripheral which can usually generate one or more bus
tranzactions auch as memory data requesl or an L0
request. [dentical bos transactions cannol take place
at Lthe same time, but serialization mechanisms allow
sequentinl use of the Z-bus. Architecturally, the
buses can ba grouped into lwa strugtures, The HO
structurouses the 0 bus and theinterrupt bus. The
memory stroclure uses the memory bua with or with-
out address extensions. Bolh atructures can vse the
rescurce request bus and the maalership request bua.

Ench bus consists of a set of signals and the pro-
tocols which preside gver Lhe various types of Lran-
saclions. Fart of each protocol is the timing relativn-
ship between relevant signals. The ZBO0Q CPU pro-
vides niost of these Liming relations. The advanta e
of such a choice is the significant reduclios in Lhe
number of components required to build such a
system. One conseguence is that bus tranusactions
cannot be sborted or delayed frevly slhce some
devices, especially memory, have specilie Lining con-
strainta. The most importent consideration for the
Z-busis the peed to interface to multipleaed sddress
and data lines of the Z8000 CPL which must fit in 40-
and 48-pln packeges. The Z-bus inaintaing these
multiplexed address and data lmea‘ Yery litthe speed
could be gained by demu]hjﬂuxmh these lnes fur
mermory references since memorics are themse]vies
mulliplexed, The most impartant af'vialage .7 &
multiplexed % -bLua is the dicve o s odressabibin, of
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periplieral inteznal registera. Thisg feature allows thic
constrection of complex peripherals which maint e
a Eimple program Int.erfar.e. . T,

The Z-bus is known as & transparunt or a:un-
throngus bus Z5000 cnmponcnt.s do nut augoire Lhat
their clock s be synchrenized with the CI2L Jock. Tlie
signals used by each transaction provide wull the
necessury timing. This concept is Iniprartout: it
alldws, for example, B0 ceferences to baindenendent
of the speed and clock frequenzies requited by el -
¥-Lus Lransactions,

20 bus versur memory bus- The 1O au-.l Y
buses are the most imporlant. The bl.‘.'H.":rJI TCELI L
vhitecture distinguishes batween memory and 0L
spuccs and thus requires specific 10 jnsbruclious.
This archileclural sepuaration allows belbur Lrolg
tiun and has a nicer polential Tor extension, ‘The Ly
ond memmory buses use & 16-bit address!dats pur
which alluws 16-bit 1/0 addresses god 8- o0 1610
duta elementa, Memory addresses wro 18 Lirs for the
40-pin pachuge or exlended to 23 b usinh the ne -

“inented version, Thus, the memuory bus is in iaed o

logical sddresy bus, The Jncressed speed re -
ments of luture microprocessorsis hkely tobe scnny-

“ed by tailociog mwinary end RO relerences w Lhelr
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[l 1
system urchitectura! possibilitiea, but wea slso believa
that ihe family will be mere effeciive bocause it will
grow with ily customer, .

The ZB00D0 lumily does not always atlempt to pro-

vide specific architectursl sslutions, often im- -~

plemented in hardware, to all eyslem nrchilecture
problems. Instead, it providea basic, genersl purpose
blocks gut of which n system solution Lo mast pro-
blems cun be implemented, The ultl-micraproces-
sor and distributed system capabilities of the ZH000
family illusiraLe the use of open-ended mechanisma
Lo solvu a variety of erchitectural peoblems, whilethe
memory management of address space illustrates a
specilic problem supported by o specific selu-
ton—the MMU. However, ¢ther solutions more sp-
propriats to a particular problem can be used and an
sdvanca inthe stateof the srt mighl be mapped intoa
new device for the family.

This vision of the lamily olten resulls in con-
pencnts more powerful and complex then an applics-
tion may require. The user should not tako Lhiv asa
cause for alarm, bul rather as the resson his applica-
tions growth will be easier. -

Basic CPU implementution decisions. ‘The L2000
currenlly uses s 16-bit dala bus (Fig ure B), anintot nal
repisle r array of 16-bil registors, anda 165l pareltel

5

ALU. These implementation Jdecisjuna, which were

puided by the Lechnological and praclicul considers-
Libng, have a strang inpact on peefurmancs.

To schiove good perioriance with the instruction
formal and dats Lype envisioned for i b2 Z800), only 5
16-hit bus seens adeguate; & 32-hit bus would heve

nucessilaled valng sn wnacceplable 58 pin or lurgor
.peckigy, Optima! performace ia ehlained with Lhis

cLusen bua width if Lhe size of the (requently uaud
registerLo-register operationy beCumea one wuid
The choice of ALU and internal regisics bl -5
Lradeolf Between speed of Lthe maat freguent vp.. 2
Lions and the chip area needed ts implement o niu:
ALY or data path juside the CPU,

None of thess implementation decisions shouid
limit Lhe archilecture. Instructions are from qua to
five wordalong, and data types aml addi ¢sses are nnt
Limited Lo 16 bits. For example, 32-blt worda 2:c oue
of themaln date types of tho machines, and addrensce
cccupy two worda, The udd:ess inechsnisn. H
lusirates Lhe strong distinctios Litwiic an uchiu o
ture and itx implemmentation. The proniteetucal =2
dresy represenlation uses & 32 -bit word of wlnw i
Lits ace reservod and 18 a shurt lormatflung v
deseriptor. Thaa, the 28000 architectin e provides up
to 31-bit saddresses, hut only 23 ma currently i
plemented and 23 pina of the currunt package s
allocatad to addresses. -,

MMU tzadealls. T]'u MMU and ita relation to the”
28000 CPY illustrate tradeci{athat w microprocessos
srchilect and desigoer Lean must inuhe Lo encuie
componest manvfacturakility.

T¢ achiova the goals of goud archlt.f_:.l.urnl o

_ palibility for high-ead sysLema, it was necceery toin-

clude the protection and relocation mechanicms
described abovae, But il all desirod features veru iin
pleinenied as a onechip CPU/MMU cumbination, ¥
would have been too large aad, thurefure,
vnecanomical. And if a reduced set of features wen
implemenled, it would have been archiloefurally far -
primitive. Thus, the choice was made Lo mainiain ol
{eatures and use two chips. This new argaricslivn
hea saveral significant advanlages, surl as »
capability fur multiple MM Us, and alluws L aceess
of 8 DMA device to the MMU.

Given the choice of an external MMU, the nexy s
of devisions concerns packege site znd circuit sps ed
Having eachreloraled segment slarluna weod baune
dary would haverequired a€4-pin pachageavidnviy
fast 24-bit wdder fin Mck, 8 16-bit eddur and 8 bita of
carry propegation), In cantrast, Uhe derisiin Lo die i
seginents on 256-byie boundaries alltow s the usc ol &
48-pin packnge, a fost §-bil addgr, snd Bbitaulcars
propagulion. The latler sclution is technicby
sueperior aud places praclically no restriclion on {10
archilectars, Segmenl granularity can be viewed 29
an implementation restriction and not as s orohite:-
tural restriction

Making the & luw-order bits of the oflset godiroctls
to memury also sipnificantly reduces menory z.ovess
time, Since dynamic meinuries usa thesa bits Ty,
musl of the MMU relecation time is hidden durbog i
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The Intel MCS-48 family of single-chip micrucom-
puterscontainsatlesst nine different microcomputer
chips having a common Instruction set bul different
amounta of gn-chip read-only memary, read!
writa mernory, and inputfoutput {see Table 1], Ac-

Table 1.
MC5.48 micracompulers.

ON-CHIP ON:CHIP

FalhAGE  PROGRAM DATA . .
PARRT #  Si2F MEMORY MEMORY 10
{pinz) jbyies) [bytes) (lines)
RO4S L] 1F ROM* a4t 4
BB 40 1K EPROM"  Ba** "
BO35 10 . nhgne® Bg*" 27
BQ4G 0 - -2K ROM* 128" ki
B39 i T 128 T
BOH 28 1K HOM B4 4
8072 - 40 2K RO 2] - 23 pius 2 B-Bit ASD conv.
B41 - 40 1K RO B4 18 plys Masier 1ys, intl.
g1 L1 1K EFROM B4 18 plrs master gys. imb,

* Expandable lo 4K wilh pxikind] chifs .
=* Pus 256 Gyles o more of &xizrngl dala Memory wilh exelnal chips

|
1_ 1
Table 2. - |

MCS-48 expandw chips.

QH-CHIp or-CHIP

PACKAGE PROGRAM  TATA
FART £ SIZE MEMDRY MEMOAY 170

[pins) . lbyles) {oyles)  (ines) _
8355 it 26 ROM nong 16 L
§755 i 2K EFAOM  vone 1] - !
Bi55/56 40 npeg Lo 22 pras tmerfrounies
243 e | noHe nre 18

2 X :

L} -i.r"
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A system designer and teacher,
who has made liberal use of
microcomputers in Als owm moph.
and whose students have desip.r...
B048 processors, reviews the
capabilities and limitations of the

MCS5-48 family of micrecomputer:.

cording to Intel, the MCS-48 family wee oriiin: '
nimed primarily st the “'4-bit market"—usera i & »
tel's 4040 and other low-cost microcontrollers. =
cent aptries inlo the family {Lthe BO2), 8022, B4 t, and
8741) are intreazingly spezialic o2 for low-tnd micric
caniroller applicationa. The M58 I'amlhr has miw

this market very well,

The MCS-48 family wasalso aimed at & second msr
ket—applications that require an expandably, singl:-
chip, general-purpose microcomputer. As shewn i,
Table 2, several expansion chipa are available Loy ra
vide an MCS5-48 computer with up to 4K bybus of priv
graro ROM, 255 or mare bytes pf external RWM, ane
as many O bits pea designer would everneed Tnad.
dition, the externul I/O bus of Lhe MC5-48 famit
allows casy interfacing of standard BOBO/BNRSrin-
patible paripheral chips. Nevertheless, the architee:
ture of the MCS 4B [amily mekes it difficult Lo eseis
meny genoral-purpose ;pphcntinn: whera & more
capable 8-bit architecture it required. -
A 4

f T P,

Basic architecture

Figure 1 shows the basic structore of a3 305k L
tfljﬂ_,rl;_ll..ﬂmputﬂ'l' chip. (Tuble 1 givey the bt -
evailable for 'each of the microcomputers in 1l
M348 family thet had been announcesd Lo ta
14748.) The {irst mamber of the family wesint aderd
inlate 1975—the BO48 with 1K bylesof on-rki R0,
64 hyLes of RYWM, timerfcounter, and 27 _l.hJ bite, *
deLailed description of the ontire Iamily enn e forae!
in the user's manual published by Tntel!

The MC5-48 is 8 singlesccninulator architectuss,
Progrun: smemory and dats menory ace logieails wnd
plirsicaily seperated jthus, Lhe B0 43 L

Dl b S aplids s 1o 75 1w 0 LK LS IRT= V] AT
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How 1o choose a micracompuler

Theie aie 3l leas! alz laglors 1o consiger in choos.
ng a inicrocompuled lor micrcegmpuater lamily) lor
a producr applicalion.

Copabillly, The 4C musi have =nough ROM, AWM,

VO capabllily, and speed 10 satisly Ihe requirements

ol the spphcalion, plus a design maigin. ROK,
HWH, and VO capakulily can be delermined lrom the
manptaciurer's lilgialura, while spead |5 best deler
mined hom beachmark prograims lailgred 19t the
given appilcation. )

Wilh somm pCs, the amounl of ROM, RWM, and
U can be Ingreassd by uvaing axira chips. This ex-
pandability helps if the job Is intislly snderesiimal-
ad or [t Ihe rmarketlng depariment changes the re-
yuiramaniz. H the applicallon pushas tha zbaolute
memory imns of 1ha 2C, It becomes moia dilicull
{and experis|va) Lo davelop The programa.

Exlenslbilily. The deslgnar musl considar wheiher
|mprovad versions of thepG willbe olfered. A pC-based
produ:l designed in 1373, for uarnpla might ba rede-
:Igned In 1941 lo teduce r.nat or lo add leatures. I
" would 1hen be desirabla 10 eliminates extra ROM, AWM,
" and WO ¢hips [or avoid having 1o add Ihem ot pick a dil-
1arend wC) by uslag andw versich ol the ariginal u with
the extra capabilily bulll in, QO course, many produ¢ls
do nol undergd this svotulion; but if product evoivlion
I8 expectiad, Iha archileciuial imils of the selecled WG

- should be examined in llghl of potenttal applicalion re-

quirements. One can #apecl Iower hardvears and solt-
ware developmenl coals and, probably, lower manu-
facturipg cosis il the enhanced product uses an up-
graded version ol Ihe original pC falhar than a
complietely new ona.

Cosl. In most arean of tha privala seclof, minimiz-
ing coal Is a goal, and mintmizing 4G cosl usually
means minmizing the aumber ol IC packages. Cost
Is whal prevents the designor Irom picking a Cray-1
in response to the tirsl factor above, or an IBM 370 in
reaponsa 10 tha second lactor.

I} 1ha job 15 wall defined and no produel enhance-
mend 8 andicipaled, it ia relatively easy 10 lind a
minimum-cost p 1hal will do the Job, Ciherw!se,
there are many more iradesils 10 be cansldared.
A simpler Wi archilaclure wsually implies & smaller
IC die and lower chip cost, but it thay alsd fequire
mafe chips o supporl it later, {(For example, a pC
wilhoul & WaIT/READY line may ba more dilficuil 1o
Intedace 19 some typaa ol panipherals or mernary.)
An expandable T will tacililale 1ater praduct evoly-
tion (il Ihe poduct is successiul], but may Increasa
inltfal preduci cosl because of inslruction elliciency,
memaory sl2e, WO ping, of speed Sacriliced by Lhe ghip
deglgness 10 make sapanston of cahancement
possible. -

' Availabilily. Many manuTaciuning crganizations re
Gulte 2 second sowice (of all componenis, kolh o en-
surk thal pasis will be available, evan il soma disasler
belalls ong source, and 10 enjay the normal benelils of
compelition ina lree markel,

The deslgner of a new product IS oiien 1empted Lo
selecl belween a oC wilh ona Or {wo somices and one
wilh na sources [yel--""Weg'll have samples o thiea
MOnLhy ™) N s rikky 10 €OmmMY 1@ any part unless your

purrhesing deparlmant can arder {and caceive) 109
prec s rem a distributce's shall. Banulasiaers hrave
pi-an kAgwn 1o ship achedules and even ¢ 1ocel parts.,

Cin the oiher hand, markading and cos; faclera can
molivele 1he selection of a nol-yak-availnble or yvory
new will, Thee oevw o can give Lhe prodoc] a gumgelilivo
elge o lgatores of parformance, Alhough the new LG
inay be in shorf supply and costly inlliatly, I{ may be
cheapar in 1he long run because I aliows a more elfl-
Sienl Geslgn whin fover 1IC packages.

Expacted product hilelima should alsa be compared
with Ihe expecied liletlme of the wC. Even il il v in-
capenslve currently, 8 #C lhal has been around far a
lew yests may be a bad choice: preduction guartilles
may Tall and prices rla® tn & faw rmcre yoxid 3 newcr
chaps are phased inlo naw designe. Of course, ths
doesn’l apply Wl your company glong ls ordering
100,LC0 pieces por year.

Suppsricols, Hudware and sSoMwar: suppo:iicols
are essential for timaly developmant of 3 wC-bused
product. The aupport 100ls ol & newly introtucod pt
cannot be xpecied 10 be a3 exienslve of reliable ax

thase al Bn astahllshaa HC family. This encoursges Lha

use glan esl:b!ishad wC il quick deveiupmenl is need-
wd, or an exlensibie wt family wiih 1cusable lWlI III

produst avulut[unis expeciod, - ' -

Masl single-chip 205 arn pmgmnmed In nssemb!r
languaga, and agood macrosasemblaris a musi, Mozl
tnanufaciurers supply mltwurn togls thet run an Lthat
awn davelapment syslﬂns However, il lhere ara moe
(han Gne of Lwo programmern on 1ha profect, the nepd
lor good Lex] odilars, simulalors, and gocumentalion
lacitities makes L idesirabie 10 run aly aoflware support

- Igols oa & 'large central computing facilty, The ap-

propiiats "crcss assembiers” and simulalors may o
may not be nllurad by the cmp manufaciulun

Curlng pmduci dnvelnpment it Ia cbyicukly
necessay tolesl and change programa running on tha
product hardware, "Slnee mast, slngle-chlp Ca
vilimalely use mask-programmable ADM to store thelr
[tugrams, anolhar means Is neecesd 1o slore and
chongd programs der|ng devolopmant withaul mzhing
ntw masks Some s have pin-compalitis verslons

Zat

with on-chip EPROM inslead of RGM Lhat allows revss ’

ol Ihe G ehip wilh dlftergn) peograims. Many have pre-
vlsions [or uslng exlernal EPACM chips instasd of Ihe
on-chip ROK. Il produclion quantilies ara law, or il
soilware Lhangus arsmepectad aller product lnllo-duc-
fion, EFROM versicns may be essentlal,

Hesidos ERRQM taciuties, the maln suppan Iunl:

provided by Lhe ehip manulsciurer is the |a-circuil

emulzlor, which slores lhe sofiware pfogram in the’

FwH of a devalopment ayalem and emelales the uG-

IRrGugh & cable and plug inseried i place of the G ln_'
Ihe product. Anemulator s avsefub leol lor debugging

Loth hardware and sollwa e, However, wllth new pCs Il
mm nal be avallable as 3000 A8 tha pG Chips die, and

dven if it s, it ray still have bugs. \

il
Epecitie lechaleal [aciors. Many specilic lechnical

{atlors can be cagmined in delermining whelher a . C-

ek

will do Lhe job al hand —power cunsumptmn Hpead, )

TIL commpatibifity, package size, Inatruclion'sel. How- ;

Syul, onca i s delermined Ihal tha 40 can do the jul:_i
the ather laciors above Lend La equal or oaiwegh the
technical “niceness™ ol the pG chia aichiiecivie,

'
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Figura 3. MCE 48 inlernal dala memory.

INTEMNAL KEGISTER INDRECT nllows either RO or
R1in the current register bank to beaused as an 8-bit
pointer Lo internal data memory. The addressed byt
may be loaded with an immediale value, moved Lo ar
from the sccumuolator, combined with Lhe accuma-
lator, or incremented (but for some obscure reason
not decremenled, even though Lhe necessary “hule”
exisis in the instruciion set).

Locations 8-23 of the internal deta memory are re
perved Jor a retuen addresa stack [§ entries, 2 byles
per entryl. These locations &ce written by interrupls
and subrouline calls and read by interrupl and sub-
rouling return instruclions. The stach is too simall,
making it hard to wrile procedural eode, which is im-
portant in larger programs { 2K-4K byLes). The pro-
grammer musl constantly worry about calling se
quences and generally erable injerrupla only ot the
Lop Jevel of Lhe program te avpid overnuwlng the
sLack. .

There are no instructions to direetly push o pop e
bhyte, Howwsver, Lhe stack can be rather incon-
veniendly writlen or read by extractiog the sthck-
painter Micld from the I'SW, hullding the appropriale
address, and using INTEHNAL REGISTER INIHRPCT

tnndle, .

5

"t'he architecture also supporis up o 256 byles of
ealerpal dala menory (which residis on a separste
chip], sccessed Ly EXTEHRNAL REGIETER INDIRECT
mode, Either RO or R1 in the current tegister bank
may Le used &8 an 8bit peinier Lo exiprnal date
memoery; the sddreased byte may be copind into the
pecumulslor of writlen [rom the accumalater., -

Sine: printers are contained in 8-bit reyistera, Lhe
maximum amount of direckly sccessible data moir
wry sopported by the MCS548 architecture iy 256
bytes internal plI.Il 258 bytes exlernal My e
bank gwitching via IO bita can be used Lo nddress
any dosired amount ni additional externa! datz’
memgry,

The modes for rudmg opergnds from proprem

slare are rather limiled. In IMMPDIATE moda an

. operand is contained in the byls icllowing the in-

struclion; immediate opersnds can either ba load=1
into or cambined with the seeumalator or ba loadzd
inLg inLernal data memory with RECISTER or INTF®
NAL REGISTER INDIAECT modes.

In ACCUMULATOR INDIRECT mode the sconmulslar
isnsed as ap G-bit pointer 10 an operand in either the
current payge or page 3 of prograim store; unly one e
of oporation uses thly mode, and it Joada the BCEUIRL-
lalor with the specified opr.rnnd .

A number of instructiona specify same spm'[al '
operands implicitly, such uz the program stalus
word, /0 porls, timerfcounter, carry bit, and two
L-Lit ﬂngs. Fband F1. .

The MCS-48 addressing modes aresimple, bt they
provide most of the facilities 2 prugram needs, Siil!,
there are some deficiencies. The mest serious prob-
lem is the way in which eperands in pragram store
are addressed. Sinca progeam sbuze auly in Lhe ruc
senl page and in page 3 can beread through s pointer,
vither lockup. tables must all be located in page 3 ur
the code that reads each table musl Lo in Lhe sgme
page as the table. This fa inconvenient il more than -
one 256-byta translation table is npecded. It also
mahes it difficult to do a8 ROM checksun =olfiiest
rouling—a checksum subroutine wounl bave Lo be
(lated inevery pege of program slore lund since vhere
isnoindirect subrouvting call, the inpin checksum pra
gram would have Lo contain & svparace call inslie-
tian Lo each paje's checkswn routine],

For mesL programs, the method of indirectly &d-
dressing data memory through RO and K1 is accept-
uble, Lot, for some dala-slructurg menipulations, one
wishes for one or two inore registers that could: e
used as pointers. '

“Ihe 256-byts limit on directly sddrezselile intern
data memory is too Jow, The 8049 alrendy contains
128 bytes of RWM, and Tnte! should soon be ehile io
pravide Lhe full 256 byles of AWM on one chip. The
architecture cunoot make straightforward uae of
Lechnology improvementa for mofe RWM once “liy
limit is reached.

* '

Inputiouiput and Interrupls-

Mol MCS.48 n‘:l.icrou:;:llnpu;urs heve three B-bit LG
{retts, s shown in Flgure 1L Twonfthe parts (] and 7}

M R R N
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Figure 5. Type | bus canliol signals,

@R

features a pearly designed synchronizer thay
solnTiines  misses inpul edges snd hence skips
Cint s, iy is Lhe gecond Lime in siz months thet ]
hsve seen an LB1 chip whose designers woere sp-
parently spawarcafproblems insy nchrooizer design
feh o ber was the Z80-510, which Zilog hag since fix-
vdr 1 wouldd wupggeat that chip desizners read some of
the papirs wn Lhe subject®® and {hol avademucs wurn
their gtudials of Lhe increasing liwelihomd of sy
chronication probleams in muder n sysiom Leaim

Ease of programming

Crunpared to some of Lhe older 4-bit and 8- it niro
processors, the MCS-481s8 2 nice machine Lo ps tgram,
bt it Jeaves much wo bo desired compared with en
LAUBG), a 28, or even an BOBS. The single secun.olssor
srchitgclure, the lack of index regisiera, and ke
ghsenca ol even g direct datz mwnory sddressing:
mode means thal the programmer must coastanCly,
be moving things back end forlk batween tha v
cumulator, the two ' pointer’ registers RO and Js

. und Lhe resi af Lhe data memory (and Neeping Lrav) o

theml), One may write mucros to eats the burden
sornéwhet, sl the expense of mare ineflicient code in
Lhe trumped address spuce. For exemple, onc can
wrile a nacro Lo simulole & dirgct dats-memuny
acdressing mode:
LDA MACHO MEMADDER

MOV HE, FMEMALDR

MOV A€ RO

ENDM

T i

A lale ol iwa busesg’ .
{ar, dilferent strobes {or differeni ‘phobas)

A mliclopibcesadr Mamaly ahd Y0 bus has Mmany
idantlfying characierislics—dala and adoiess word
lengih, mytlipiezed or nonmullplevsd agddress and
slatus, separate or memory-mapped 10, and etherg AN
Is inlmiesling 1o 160k a1 two popular readhwrite clock-
Ing arrangameania,

Letuscallihe flistlechnigue a Typal{or Vinlerlace,
uvsed by he intel BO8S, BOEE, and MCS 28 1amilies. &g
shown 10 Figure 5, thers ae 1w mMyluaily pxcluslvi
contiol puises, RO and WA, ihat indicale a rpad or wrile
cpecallon, )

We'llcalithe second technique Typa 2 {or 2), uvsed by

[ LheZilog 28 250, L3000, and alan by Lhe Molorols Lab0
Uarnily. {Perhaps i1 should ba Type M because 1he

WMEB00 came [lisi, Dul Z looks mane e 2] 1L s also

wsed i principte by MC S48 eapander poris. AS $hown

in Figure 6, Lhere is a singla ponivol pulse, AEQ, 2ra 2

lerel sigral T Lhat indlicales which Lype ol operation
istolake place. The limjng uf Rrw bs simpflario 1hal ol un

address signal,

Figuig 7 shovs how lousea TypeZ processdr witha
Trpe | periphural 'chlp_ The decoding shawn in the
tigure can be easily Jmplenienled with gne-hatf ol a 1TL
FALS139 dual 2104 decodet (ims evenleaves an@rlra

i conhislinpul M dislinguishing Delween Mmamosy gng
I : :

| ok B - e —

ot 2 o —my,

WO H desired). Asguming 1hal processor and [.riphs
eral speads are comparable, there showld be no prok-
lam lnosatistying the Liming requirament ol onher 1w
prece ssor @f 1ha penpharal chip.

Figuie @ snows an allampl 10 ugs a Type | processor
wilha Type Zperlpharal chlp, The legital &g o] B aned
WA (1om Lhe processor nlcely produces AEQ Lor Ihe
Typo Z pernpheial, AR hae the cotrect 1Dgic value 107
werve s AW, but ils timing Is 8 probteen The Type 7
peripheral expeciy Arwe liming 1o be slmiizr o
charatisr to an address aignal, that 18] L should Ly
valid long belore 1ha AEG pulse appears. The only way - -
we could ensura 1his would L& (0 actificlally delzy RED
long gnough lor AD Lo satialy the patup Lirma of Bay_Lin.
forlunplely; such & delay {unless rughly asymissing)
vwiould also daley the Laillng <dge ol PEG uq”l';gﬁg +
alter vy 1A hat GOne 2w ay— g4 & problem, P’-"ﬁ;*

Tre cleanesl way 1o vss & Type D pr-o5sor will
fype I peripheral Chips ia 1o ude an oJdr a3k lire «f

s, For esanple, Ihe easl signllicant bt o yhag 1D
perl aadrpss could be reserved as Ay, Handwaid
decoding ol actcal porl nuimbers would use The Lig -
witter ats; 1hen s8ftvare would have 0 e¢hisare 16t
villes always wsed odd pivt andresses, and (vads
vacd avan, i

Mhe concluslon [ thal Ut is simple o connett Ty
Lenpherals W Type I procassorns, Lul ARaT the avarie
vanbe o licull, 1S tHis pusl Lhe way if Tuined O Orwi b
wr@ igethod 1o this madnass?

L — e ey AL . B B B o e Sl
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fuinily have boeen anmaineed —AMD, NEC, Signe
Lics, Siesnena, Tntersil, HCA. Both lntersil und HCA
hawe annpunced plang for CMOS versions of MUS-48
chips.

The MC5-48 chips use a single + & volt aupply and
hawe lagic input and guiput Tevels that aee fully ‘101,
conphtible. As with all M{)3 micreprocessors, the
uatput drive ja limited —typicelly four or five low-
power Scholthy (LST'TLI unit loads,

MCS 48 chips contain an oscillator to gencrate Lhe
provessur clock fnuminaliy & MHaz) from an external
crystal or RC circuil. 14 is also possible to connect an
external clock directly to the oscillater input, "Fhe
output of Lhe uscillator feeds a divideby-Lhree
counter whose output {(nominally 2 MHz)¢ontrotathe
internzl slates of the processor, Since the divide by-
Lluwe counler cannct be synchronized externally, pro-
cessor 1MD cannol be relerenced very well to the
&-MHz cloek Ior Lricky interfaces, nor can proceasors
be run in lock-step frem & common clock io & i
plicaled microconpuier leuthor's pet project).

The MCS-48 family satisfied the usual
Entel siratepy of being the first in the
marketplace with an imperfect but useful

. product,

The MTB-48 chips hava an active-low reset input
pin coraecied to an interoal high-impedanee pullup
resistor and Schmitt trigger. Thus, power-on roset
canLe accomplished by an external | mF capacitor, 1t
iz afittle mure dilficulc Lo add a logic-controlled resel
ifor vxample, by a watchdog timer), since open-cal-
leclor or discrete Lransistor drive is required. And
unlesa the driver circuit is sophisticated, a logic-
cvommanded reset will disable the processor for alang
Lirme, due to the time constant of the power-on reset
circonit—shoot 200 myec. In any case, resel Jdestroys

"the slate of the processor. It would be nice to have a

nonmsskable inlerrupt (a3 in the 8085) thal could be
used fer applicalions such as walchdog Limers.

Devealopmant tools

Intel supports two major development tools for Lhe
MCS-48 family—a ¢ross assembler and an in-circuil
emulator, ICE, bath of which run en an Intel MDS
micegs ompuler development syalem. Unfortunately,
Intel dees not support any MOCS-48 assemblers or
simulalors Lhat run on a large compuling system, &
neccspily for any large devclopmenl project,
However, they can be shilained from independent
s50ftware houses wnd consullanis such 25 Microtac,

intel MIDS aofeware for the MCS5-48 Yacks Lhe con-
sislency one expects from a good set of software

togls. For cxample, Lthere ate ul least three very dif-

ferent synlaxes that all -Ll'lj_,IJIqu OF progainmer
miphitwse tochange the value of g icinory location in
the MDS, dr sendinpg enwlithierthe imonit o, 1GF, or

29

FROM programmer is lving used, The montior baya
nite ayntax Lhal allows vs Lo open a location, change
it, and coatimue Lo Lhe aext locatici: with a small
nutuler uf keystrokes, In ICE, to read and change
four leculions, we must type [imackinn L, e undu-
Linwedy;

+

*COYTE 14 T 147
Ol44012 010 3AH BEIT45H

* CBYTE L= {135 FF.64
*Po o the saine thing in the PROM pre eanoner, §le
M uprunmet Ly pes:

= DISPLAY FROM 144 TG 147

&30 01 34 HF 49

* CHANGE 144=11.72.FFBA
1o cither syntax, one wastes keystrokes, and it's easy
10 luse track of the address in along string. Thisisn't
o terfible until we discover that ICE hes inter ]
preted and printed addresses and data in hex, while
Lhe PROM programmer has azsumed inpois in des- |
mal and prioled oubputs in hex fexoopt farfnee: FW,
which the PROM programmer rejects becsuen &
locks ke an assenbler labell).

Anather conslant gnnoyance is that the M5 e~
cepls only the RUB charscter for deleting charncler s
{z=choing the deleled character); backspace iy not sup-
ported, It would have been easy enough to support
both erase characlers, making bnth Leleprincer and
CHT users happy.

Conclusion

Tha MCS-48 microccmputer family was a reasan..
aLlecontribution tothe stateof the art whenilwesor
troduced in 1978, in apite of its Nawa. 1F uchieved e
design goald and satisfied the usual Intel stratepy ol
Luing the first io {the marketplace wilh &n imp.afuct
bt eeeful poodoct.

The RCES-44 i35 an sceeplable choice fur appiica-
Live.s with initial estimated requirctnenis s than
1 K Lyles ol program store, 64 bytes of dala oy,
anu only one or twe dillerent progran Lo be deve.
e, Dheglpmiers whose applications veguire 1w
remury of differenl progrums in difleroat i
should seek & more gencral-purpose archii: . tu-e,
sl us the Z8 or GEOL. .

1 have speat much of this articly comnpbainiag L,
the M{5-48 i5 nol v general-purpaose 8-bit mictace.a-
putes, 'Uhis oy seem uniair, singe some pocple st I
el craire the MO5-48 was never inlended L8 e 1-ach
buyond Lhe old 4-bit market. S0 wny eritivies it on
that basis? First, Lo help desigoers who mrnt o
wise b Lompled touse it in e larger apjallcaLnuuin el
sales unpineers fraokly recommend their Liasoechiy
BUKS systemin such cuses), Seconsd, to hetpdesiprers
whohave alresdy seloeted the MCS-48foralargirop
plication. Third, Lecause discussion of general
systein requiremelts should benefit fuluie system
designers and chip designers slike. Finully, L.~ mae
Intel does not now offer a clean amchiteclure snitible
lur Lhe more gt.nernl putpuse, single-chip, expan-
dable microcompuler market, and 1 think tley
should. 2
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The first implementation of a neiw microprocessor architecture
promises to narrow the gap between the power
of very small and very lurge computers.

= o

A Mcropmcessmr Archltecmre : o
for a Changlng World The Motoro]a 680[}0

_‘||‘ll.-'. _,l

-l.-_'

Edward Sirittér |
Trm Gunier

Mpturuln Scmimhhutt.ut

Mic:rnprm:esmr Lechnclogy is enlering  new end
especially challenging era. While technology con-
straints have not complelely disappeared, we are
nearly Lo Lhe point whore Lhe limiting facLor in micro-
processor design is not-how much function can be in-
cluded, .but how imaginalive and creative Lhe
designer can be.! As & resull, several campanies have
introduced new-generation microprocessnrs, Wae
deseribe how one of Lhem, Lhe Maotorala 6800, re-
sponds to these unique canditions.

Motivations for a new microprocessor
architecture

Previoua jrenerations of imicroprocessors were
limmiled by the available technology. Brooks, in nn
overview article? giscusses how the technology con-
straints and the perceived microprocessor market
motivaied early microprocessor architecture.
Microprocessors were limited in number of registers,
dala-path widih, and inxtruction-set power primarily
boerause technology could nol support more featyres
an a single chip. Other limilations of micro-
processors, such as having Loo small an address
space? and awkwardness of address computation,!
may be aliribuled as much to prevailing pereeptions
uf the potential market ostotechnelogy constrajngs.®
Whalever the forpier sources of regtraint, howaver,
we are now in a period of Lul:hnlcal ipnovation and
spirited ecanpretition.

Technological advances. The basic microprocessor
technelegy, MOS, has been steadily advanced in Uhe
last few years. The mosL neticeable improvement has
been circuit density (Figure 11 wlhich translates
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directly into the smount of capebility that can beput
on a single-chip microprocessor. Whereas earlier
m:cmprm:scrs contained fromm S04 Lo 10,000 Lran-
sistora perchip, current processors have from 25,000
Lo 70,000 transislors, which is less Lhan an order of
maygnitude away from the number in many of (he
largest maxi-computers. Circuit density is not ibe
cnly Lechoology advance that has been made: cor-
responding improvenienls have been achieved in cir:
cuil speed and power diasipation. *
Advances in Lechnoloyy have been more evolu
tionary then revolulionary. The major advanee, in
creased ciredit density, is the resule of grldu.q[ m

© provements in rn-cuss’ing techniques Lhat permit

smallgr circuit dimensions. Density imprayemenls
sre papected Lo continus, since they depend not on
overcoming fundumental limitations bul only on fur-
ther evolutionary improvement of exisling pro-
cesson, New microprocessor architectures must be
devised to toke advanlage of th:s Tuture sdvance
ment.

Market demunde. The demand for microprocessors
in apnlications not fareseen just 8 fow yoars ago 8
praviding new oppertunities ler microprocessor

manufsclurers. JusL as Lhe original microprocessar

designers could net predict the many waes thal would
be found for their devices, today’s desipners cannot
hepe Lo epvision moere than a few of the eventual ap
plications ol new microprecessors. The implivation
fur the duesigner is that new designs must be Mexible
and promeral if they are to be vseful in a large number
ol porential applications,
|

Highsofinare cois. The problem ol soltwarecosts

iseven worse in microprocessos applications thanitis

wilh compulers gencrally, Decreasing memary costs, -

AR b1k THASR a0 ar 1h ¢ EwTe LEEE



E8000 inlesnal architecture

ltesources, The GEUGA design provides an address
space of 27 bytes imited 1o 27 byLesinthe initial im-
plementation). Memory ia byle addressable, with
individual-bil wddressing provided for bit-manip-
ulalion jnsbructions, Memary may be accessed in

uniisafl 1,8, 16, ur 32 hils, CI’U resources include six-

toen 32-bit regisiers, & 32-biL program counter 124
Litsintheinitial implementallon), and a 16-bil statos
regisler.

The registers [Figure 21 are divided into Lwo
classes, The eight dala registers are used primarily
Tor dala manipulalion; they may be operand sources
or destinationa lor all oporutions but are used in ad-
dressing only asindex registers. The cighl remaining
taddress) registers are used primarily for addressing,
The stack painler iz ane of the sddress reglaters. The
program counler and slalus word are separste
regislers,

Addrexsing. Memory Is logically sddrcased in 8.bit
bytes, 16-Lit words, or 82-bit Jong words. The carrant
unplementation requires that word and long-word

n -t 16 1% 87
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Tabin 2
MCSA00D addiessing modes.

REGISTER RECT ADDRESSING.

daly register dhet] EA = Dn
Fldreas register dieac EA = An
Shatus tegisler oiecy EA = 58 ’

" RFGISTLR DEFERRED ADDRESSING:

iegrsin oelerred EA = fAnt
regrslen Qoferied post-inciemenl EA = {dn); An<— AN + R
togester delevipd pre-deciemant, AR €— An-K; Lk = [An]

liase 1eklive . EA = (An] + 018

indered . EA = {An] +(Xn] + a3
PHUGHAK CEHUNTER RELATIVE: .

Iekalve mith pITsel EA = (PC] + aib

1eLalive andexed EA = (PFC| + (4n) + o&

sttt PC retalive Beanch Eh = [FC| + db

kar) PCooetiiten anch EA = [PC] + miB
ARSULUIE ADDRESSING:

a'riohule shar EA = [nexl iemlnuction wiwd)

sbsplute long EA = [mEx! twh S ucHon wivds)
IMMEDATE DATA A.DMESSIHE

inmedge . DATA = pExl meiruciion wind(s)

Quick immediale OATA = sublield of wisirschon (4 Lo}
DLFINITIONS:; N

FA  w ellective 2ddress

An = addiess iegisher

On = cata regisler

An = aderess of dala regisier vsad B3 inden register

SR w status regisier

FL = piogram counlss

a§ = §-bil displacemanl

d15 = 15-bh displacemen

N = i Dyle, 2 tor wind, ind-linlbnnwuwm

L ¥ = conlenly of

€= = replaces ] CE

+ -

duta be word aligned.. Bits are individuvally ad-
dressatile in the bit-manipulation instructiuns.

The archilecture specifies an optimal mcmory-
manggement acheme that implementa and enforces
variablelength segmentation of the address space
with aeccess rights specifiable for individusl
seyyments. The processor can be um:d with or without
memory management. :

Address calculaliona(Table 2)are specll" ied by G-hil
ficlds of Lhe instruction. The addressing specification
is orthogonal io Lthe operation specification of Lhe in-
struction; thal is, any eddressing mode con Lo ysed in
any iuslruction Lhat uses addressing.

Addresses are 32-bil quantities 124 bits io the cur
rent implementation). The architecture eificiently
supporls small sysiems {those with fewer than 24 ad.
dressabiv bytes by allowing 16-bit address yuan-
Lities to ba specified, moved, or caleulated in almost
every addressing situation. For example, an sbselute
address carried in an instruction can nse 15 or 52 bits,
or an index calculation can use 16 bits{sign extended
Lo 24 hitslor 32 bits ol aregisterasinpul. Thisfeature
alliwa Lhe archilecture to support very lurge ad-
drrsses withoul penalizing Lhe elfliciency of programsy
Lthat require only small addresses. The address wize
{16 ur 32 it 5] is indvidaslly specificd for each use, so
Lhat Jarpe and small addresges can be ipterinjaed ar-
Lilroafty ina program,



The GE000 date Uy jirs und the vperutions that sup-
part them are:

frteger. The uperations are ADD, SUBTRAET,
MULTIPLY, MI¥IDE, NEGATE, COMPARE, and
ARFFUMETIE SHFT. Inlogers may ba i, 2, or 4 byles.
Shilts are mulliple-Ysit shilis, either Teft or right, wilh
shilt count specilivd in the instruction or previously
colculated in a dati register, and indicate overfluw ay
appropriale

Muftiprecision integer. aldD WITH EXTERD, SUN-
THACT WITH EXTENL, NECATE WITH EXTEND, UNSIUN-
ED MULTIFLY, 8nd UNSIGNED DIVIDE are the
primitives supplied for easily Implementing
mulliprecisian integer arithmetic. Cperands may be

1, 2, or 4 bytes, exeepl for mulliply and divide, which

operate only on 2-byle quantities.

Loyical. The opiralions sre AND, GH.EXCLUSLIYE OR,
COMPLEMENT, COMPAKE, SHIFT, and ROTATE (which
allow multiple-positicn shifts sand rotales, lefy or
right, with or without extend bit). Lng:ca!s maybel,
2 or 4 byLes.

Boolean. AXD.GR, EXCLUSIVE OR. COMPLEMENT. IM-
PLICATION, and SET ACCORDING 7O CONDITION CODES
are providod. {SET ACCORDING TOCONDITION CODES is
used Lo retrieve the logical value of any of the condi-
Licnal testa that are avsitable Lo tha CONDITIONAL
BRANCH inalruction]) Boolean data are onebylte
quantme: .

Bit The cperations are SET, CLEAR CHANGE, snd
TesT. Bits are individually addressable,

Deciemal ADD, SUBTRACT, NEGATE, and COMPARE
ure decimal operations, The decimal {BCD} instruc-
tions work on optranda in memory {(memory-to-
mmemoryl Lwo digits fone byte) at a time. Cumbined
with a loeping instruction, the decimal instructicns
implement variable-length memory-to-memory
decimel operations.

Churacier. Character instructions, MOVE and
COMPARE, work on operands in memory [memory-to-
memory). :

Address. Address pperationy include INCREMENT
by 1, 2, 0rd), DECIIE‘.HENTI'!]}FI 2,05 4}, ADD INTEGER,
SUBTRACT INTEGER, COMPARE, and LOAD EFFECTIVE
ADDRESS,

Real Floating-point AbD, SUBTRACT, MULTIPLY, and
DIYVIEF are spocilied bot not imglemented in the first
version.

String. STHING MDYE, STRING SEARCH. and
TRANSLATE are specified but not implernented in Lhe
fir=t vyreion.

Program contral. Program-control instructicns jp-
clude CONDITIONAL BRANCH Iprogram counter
relative), JUMF, JUMP TO SUBROUTINE, RETURN FROM
SUBRGUTINE, and RETURN FROM INTERPUPT. all of
which nre traditiona! instrucitiona. Sixteen sepazale
operaling-system culls sre specifiable with the TRap
instructicn: Conditional iraps, loaping, and
subroutine control are discussed Lelow, The sTOF in:
struclion halts the proceasor, Lhe RESET instruction
reinitializes the system environment, and the MOVE
instruction can manipulate the proevessor slutus
wirid
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I'rivileye siutes. T'he 4000 processor can ojwrate
in nser or supervisor stale. [n superviacr stale, the
enilire Insiruction sol is available, Indicalion of Lhe
currealsialeis given tothe external world so thet, for
instanee, address translation can be inhilived when
the processar isin supervisor state. Tnuscr stale, cop-
tain inst ructions’ such as ST0r, HESET, and thase that
miedify the stalus word, are not allowed; Lhey cause g

Takie 2.
MCES00 inalruction sel.
MYEMONID RESCRIPTON
AECD Add declmal wilh exiend
Al Add
AEOR ' Add wilh exiend
-AND Legical and
ASL . Artibeme e shull Wit
AER Arithmmedic shill right
ace- . Branch conditionadky
BLHE & sl and change
BCLR Bit lest and claar
BRA . Branch abwiys
B5ET But o5l and 521
BEA | Branch Ig subrouling
UrsT Bl 131
CHK . Chack repister against bounds
CLA Cloar oparang
CWP E Aithmelic compare '
PCNT Dycizment and beanch non-reg
YS B Signed dlvioe
Ol Unsigned divide
ECA Exthuthoe of
Laf ) Exchange tegesiorg
EXT Signed exlena
P Jump
JSR Jump 1 subrocaling
LOM Load mudilple reglsiers
LD Load regisier quick
LEA Load eflective address
LINK Link s1ach
L5L . Logical shij kel .
L5A Logical shl right *
WUVE Move .
MULS Signed mutuply
WLy Unsignsd muHiply
KACT Hegale decimal wilh exiend
KEG Fwo's compieman(
HEGX Tws's complemen! with caland
HOP Ho operailon
NOT Onn’y complernent
]3] logical o
PLA . Fush Elleciive address
RESET Reiel extarnal gevices
ROTL Rglale leit withoy! ealznd
HOTA Aalale right without dclerd
AJTXL Agtaie letl with extend
AOTRR Rowale right with Exiend
HTR Relurn and 1esiore
U] Return Trom sutouilna
SBCD Subiracy decimal from emnd
SCC e eondilionaily :
5T Slade mudliple luf.-fstlri
- SHP - Siop o
sua Y Subiract .
SuRX Sublract whh exlend” ~ *
SwAP - Bwap dala register hatves -
TAS Tesl and 3ol npermd LI
_TBAE 5.-- Trap
CThARy Trap on overfiow
15T Tesl
UHLKE Unlink stack




ed by the vUXLITIDN o L DEASCH a5l Gons. Thege
insiructions help iinplement Boolesn-exressiug
evaluniion by avoiding vxira conditional branches,
espoiially in the cose fas with Pascal) where “shart-
circuited” evaluation inay be undesirable Lecause of
possibile side elleelLs.

Frowefure cafls, The GBOOD uses a stack —painted
Lo by one ol the sddress regisiers, called the stack
poinler Lo Luttd the nested environments of called
provedures, Three instructions iplus un addidional
wne Inr cach parameter) implemnent a high-level-
languege provedure call (Figure 45 The enlire call
mechanism uses only Lhe stack and is complecely
reenirant [Fijgure §). Theseinstructions are descrilaed
in mori delail beluw,

Prish purameter valiors or addresses gnto the stuck,
The MovE instruction pushes 8 valoe onlo Lhe sluck,
and the FUSIE EFFLCTIVE ADDRESS {Se€ LOAD EVFEC
TIVE aADULSS explained earlier) pushes the resull of
an ertilrury sddress caleulation ontothe stack forcall
by reference.

Call pricedure. The JUMP TO SUHROUTING insLrug-
tian pushes the return eddress on the slack and
jumps Lo the procidure entry point.

Establish newlucal environment. The LINK Instrue-
ticn does all of Lhe Jollowing: saves the ald conlents of
Lhe frame puinter (an arbitracy wddresy registert on
Lhe slack, points Lhe frame pointer to the new top of
stack, wnd subitracts the number of bytes of local
storage required by the procedurs from the stack
pointer. This establishes local storage for the called
procedure and & [rate painler faddress registert for
index sdd:ressing of local variables and parameLers.

Souve on orbitrary subser of rhe registers on the
stock. The mOVE MULTIPLE RECISTERS {nstruction
saves anarbitrary subset of the repistersonthe stack
{fur anywhers in incory) in a single instruclion, Tha
registere Lo be saviad are indicated by selling the cor-
responding bits i a 16-bit field of the instroclion.

A set ol st most Timr instructions reverses the pro-
ress for procedure neturn:

Retoad seved regisrers, The MOVE MULTIPLE
NEGISTERS inslraclion is used here also.

Reestublish previoes environment. The UNLINA in-
struction undues Lhe work of Lhe LIRK jostruction.

Return from procedure. The HETUKN instruction
popa Lhe relurnaddress froin the slack and returnsto
the calling procedure.

Pop poramiters from the stack. The anb im.
WEDIATE insbructiun used on the staek pointer pops
any numnber of valoes ofl the stack.

The GBOOO system archilecture

A computer architeetne specifies inted e tivng ba-
tween the processor and its voviterunent Ly defining
-uch Lhings as inlerrupt slyuclure, MEmMory sCEmen-
tation, bus interfaces, and inprabioutjul structure.
The GEUOD syslem architecture is desipned to be as
flexitle oy possitle Porinstunce, PO device registers
areaildiessed ws ooy Lenlions fvemoy-w e
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1.8, a5 on other Molorela mivroprocessore, Momory-
muitpiged 1O gives the programimer the flexibility and
power of Lhe entire instruction set far manipulating
deviceconirol and data registers, Since nooddilienal
inslruetions are required for [/0, the processar is
sitapler, and Lhe instruction st is easier Loremembor.,
The HO space i3 protected by Lhe sane momory
manugeawenl facilities that are used Lo protect
critical arias ol memory.

e 68000 bLus structure is also designed 1o
simlicity, spreed, and Nexibilty, The address and
ditir linws are sceparate; no nollipiexing is aveded,
T hia avoids Lhe need for wny soparete devices fur
demultiplexing, snsuring maximun perlossnunce for
systemis inwhich speed isimportant. The busisasyn
claonnus; Lransfers on the bus are cantrolled by zc
vosnpanying handshakoe signals. so thal no sesempr
tions need be made sbeul Liming or system syn-
cLruny. The use of handshake signals allows devices
and memories with large variaiions in responee Lims
to be used on the semo processer bus. T he processor
wauits an arbitrary amount of Lire until the scecssed
des ice or memory signals thll: the Lransler is oceur-
Ting.

A simple Lus requésit/grent prolocel i in-
plemented on-chip so that processors and direct-
momory-2c¢ess devices can cooperolively shars the
sysivm bus with no extra erbitration logic. Also, che
cliphas a bus-favltinput pin that causesinstruc.ivn
excvution Lo be terminated al auy pointand 2 urap (o
Le taken il anillegal or faclty mmemocry sccess isinade.
This fucilitates memory pralection,

The GEODO interrupt structure is like Lhal of most
minfcamputers.. Eight pricrity levels are im-
plemented, Tnlerrrupts sre veclored so thut setiwuw e
has full conlrol over the placement and execulion of
inti rrupt-handling reutines, The current prinrivy
level of the processer is kopt infts status worg, Jter
rupls at or below the current priocity &re inkihiled.
Interrupid at kigher levels may ceour, 5o interrupt
handling may be nested. Whes an enibled ot tupt
occurs, the processor sends an scknowledyge sipnal,
The inlerrupting devico respands with & veclor
number. The veclor number is used by the processor
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of elreuit ares and peninits Joigle goles Lo be dusigned
wilh & spuerd-lo-power product of ane picsjoule. An
advanced high-density a-channel silicon-guie MOS
Lochnology wns selucied for the design of the 68000,
This technalogy supporis three-micron device
geometrice and provides the designer with inultiple
MOS transistor threshold voltages. The technology

allowa Lhe circuit designer to develop high- |

perlormanee lupie gatos using mikimum gige divicea
and Lo develup internal buffer cireuits reguiring litUe
power.

"The exveobion unil is a dual-bus strocture thal pur-
forina bolh address and dals processing {Kigure 8]
The twa huses are 18 bits wide, and gach can Le
dynamically reconfigured inlo three independent sce-
tions as reguited by the micrecode, Thres (ndepen-
dent arithinetic wnits wre available tp perform Lhiese
caleulalions, alsg, special logic lunclicns are provid-
ed to exeente by shills, pricrily encoding, and kit
mankpulstion. Ench of these units i connected toiweo
internal buscs and reveives both input eperands
simultangously fromthe registers. Each buscontains
both the true and the complementlogic valuessg that
differential circuit design can be used for higher
spewd operation. ‘The cxecution unil directly inter-
facos to the exteenal bus logie and buffers, bul its
operslion 15 independent of Lhe external timing re-
quirements of tho bus.

Tha conlral of the 65000 is Linplemented by micro-
code, The aclual s¢ruclure of the microprogramined
contro} siructure is discussed In detail in enother
paper.? The microcontrol is implemenled as a two-
deve] wtrgeture, "The firsk level containg sequences of
micruminstructiony with shore “verlical” foerat and
complex hranching capabititics, Microinstruclions
contain Lthe adilresses of nunoinstructions, wido
“horizontal™ cuntrol words, stered in Lthe seeond
level The nunuinstructions directly control the ex-
geution unit, The gse of microcode ts maljvaled Ly
the high drsign vast of new V1LS] chips, The
mivrogirde s rogelirity of struetore comparmd lueoen-
LIrutoria! logie sipoilicantly decreases the design
complexity. Micrinude also permits sune engingir-
ing decisions - fur instanece, delsils of specific in-
structions o Lo Jdieloved, [n other words, vrwe Lhe
mmicromscking arclitveture is detesmined, Lonwio e

H
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implementation (circult deslgn) and firmware lror
plementalion {microprogramming| ¢an be done in
parallel,

Conclusion

The Moiorola BBGICG architecturs combines ad-
vanced techaology improvements with a Letier
understanding of the architectural peeds of micro
processcr users and microprocessar applicationd.
"The 68000 {9 & step into &n ares previously secupivd
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240 INSTRUCTION CODES *
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onl SOUNCE (o W] BURCK -
TODE STATEMENT [=elr] ] STATEMINT
. n ADC LR ER) EEM AMD R .2
DDMEOE  ,aBE  AlKeg) coad BT QML
) FOREDS  ~ aBC  &fIYeq) DOCOOEME MIT  poixea
. ADC A, .1 1. TT RS S l.'l:ll‘l'i-
B ARC . AW LE4T- alT oA - -
1) . ADC AL o 1] - T ae |
T ADC  AD crai AT . opE -
1] ] . ADC AL chd? aT q.D
[ 14 AbDC AM codl BIT a.e
10} AbDg AL [ TT] BIT OH -
— v .ADC A cbat nr 0.
ECHA s SR W | DU [PV I (T84 1.inL]
EQyA ACC WL.OE DOGEGEE ' AT 14100
ECka ADC HLHL FOURORE BT 1Y+l
EDTA ADE HLAP Ch4F oy T
B - ADD A WL £M3 - . BT 1A
(el 101 ADD LRIECE ) CBd% BT R Y
FOMDE 400 AlYH 4 LS BIT. 1o
+ BF ADD AR CE4B T 1.0
L] ACD  Ap Cuag .7 1M
L] ADD AL GE4D nT 1L
L} ADD A CA%4 CBIT. - 20RU
n ADS & F DOCROSSd BT F1, TV |
(¥ ARG AM FOCOOSB  BIT ' 2 1veq
13 ADD AL cEs? T, s T 1A
£Ez ADD  An CBED BT .21 )
- ADD  HLEC C casl mT o ome
15 ADD HL,OE cmpz L Li S X 1
] ADD  MLWL casy [ Tag 2. -
v ADD ML Sm Chsa - " T 2H
r DDOW ADG 1NN Cess mT 'Y
111 ADD  IEOE CAsE S 8T e
. hoe ADD X, DLCBEOSSE  © miT | FALE LT
bole ADD X LR FDCROBEE - mIT LNYep
Finm ADO X T CESF T . 1A
31T ADD  1¥,DE L LA 1
o . ARD Y cisg T 3£
DM ABD ISR cosa ST 3o
ae Ceemang ML LASE .- ST, CLE
T AHD (It £ . THT  am
FDARDS AND  [1¥ed] cesn ‘miT L,
a1 AMD A cocs ot Y oagwu
Al ANDO [} - [elala 1.0 1) nr ANE+0
LY AND = L 1o 10T Th 4 ALY
A2 A4D o T3] mr a \
L R AND 1 CIED wt 5B
Ad AND H cesl B T4 5 a0
A AND | CBE2 T mt an

608

% ._ .

———
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[+ ¥ SOURCE bt LOUNLE
cobi ETATEMENT tooE ETATEMENT
casl1 LmT LE 11} crA
[n 1] MT 4 £0AN =L
cess NT 4l IF crL
- CHeE BT EfHL - n P a
TOCEOME  NIT  BAIXed 2 DEC MWLl
FOCBOSA NT K livew DR35S o AiXed
FRISOS - "DEC - Y e
CME - uT  BA 10 DEC A
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Av. 531 No. 147 Ingenierc Bspeclalista Comunicaciones
Unidad Aragfn ' y/o Electrinica
México 14, D. F. ) Marina Nacional No. 328
Tel: 5-51-83-17 - Col. Andhuac

México 17, D, F,
Tel: 2-50-26-11

. MIGUEL ANGEL BRENA EECERRIL COLEGIO DE CIENCIAS Y HIMANIDADES
Calzadn de Tlalpan 1108-34 NAUCALPAN , UNAM
Col, Nativitas Profesor Area de Matcemiticas
México 13, D, F. Calz. de los Remedios No.
Tel: &-74-01-40 Naucalpan, Edo. de México
. RAMDN CERDA PONS EHZRETARIADEAEFUQILTURAYEEUJHHJS
Nipoles 84-22 * HIDRALLICOS
Col. Juiirez Reforma 69-50, Pisc
Mexicoe &, D. F,. Col. Tabacalera
Tel: 5-11-90-21. . México 1, D, F,
Tel: 5-46-17-55
. SALIL ARTURD CERVANTES TEMELO ELECTROWICA, S, A, de C.V,
Melero y Pifia 607-3 ] Ingeniero de Disefio
Toluca, Edo de México Km, 52.5 Carretera Méncn Toluca
) Tel: 6-13-00

. IVONNE A,CISHEK HERKEFRA. !
Paseo de la Reforma Morte No. 616 :
Apdo. 1806

Tlatelolco

México 3, D. F.

Tet: 5-29-90-80

. RENATO DESCHAMPS ESQUIVEL FAQULTAD DE INGENIERTA, UNAM
{alzada la Virgen No. 26-2 Subcoordinador Computadoras y Programocifin
© Col. Avante Ciudad Universitaria
México 21, D, F, . México, 20, D F
Tel: 5-44-52-69 . Tel: 5-50-52-15 Ext. 4606
. SALVADOR ENCISO DROZCOD INTERNATTIONAL ENTERPRISES ORGANIZATION,S.A.
San Bermardino No. 6 Analista
Col. del Valle Reforma 116~140. Piso
MExico 12, D, F, Col. Juirez
Tel: 5-23-01-87 México &, D. F,

Tel: 5-60-58-11
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DIRECTORIO DE ASISTENTES AL CQURSO INTRODUCCION A 1.0S MICROPROCESADORES Z-80

3,4 y 5 DE MARZO DE 1981

NOMERE Y DIRECCION

JUAN ALBERTQ MARQUEZ CAMPOS
Tolvaneras Ng., 2

INFOMHAVIT

Iztacalco

MExicao 8, D, F.

Tel: 6-50-08-39

ALETANDRO JESUS MILLAN MONGE
Av. Divisifn del Norte 2?69
Coyoacan

México 21, D. F,

Tel: 5-49-21-61

JESUS NUNEZ VALADEZ

Central Laboratorios No. 112
Col. BEmilio Carranza

México 2; D, F,

Tel: 5-28-36-58

FRANCIS(O RAMIREZ G(MEZ.

Axapusco Na. 65

Col. Cumbria

Cuautitlan, Izcalli Edo de México
Tel: 3-03-35

JUAN PABLO RODRIGUEZ BARRON
José Rodriguez Gonziilez No. 8
Constitucitn de 1917

México 13, D. F,

Tel: 6-81-08-48

SERGIO FRANCISCD RUIZ PALACTOS
Av. Nueve No, 37-3

Col. Independencia

México 13, D, F.

FELIPE TOLED} MIJANGOS

Benitoe Fernimndez Arrieta No, 67
Los Cipreses

México 21, D, F,

Tel: 6-17-49-47

FMPRESA Y DIRECCION

FAQULTAD DE ESTUDIOS SUPERIORES
CUAUTTTLAN

Profesor

Cumtitlan de Romere Rubio C.U.Norte
Edo de México

ACEROS ECATEPEC, S.A.

Jefe de Proyectos

Km, 19,5 Carr. México-Laredo
Tulpetlac, Bdo, de M&xico
Tel: 5-69-32-00 Ext. 172

1INAM ENEP-ARAGN

Jefe Laboratorio Aren Electrica
Av. Central y Rancho Seco s/n
México 14, D F

FACULTAD DE ESTUDIOS SUPERICRES-.
CUAUTTTLAN

Jefe de la Seccifn de ingenieria
Eléctrica

Cuautitlin de Romerc Rubio C.U.Norte
Edo de México

DIVISION DE ESTUDIOS DE POSGRADO
FACULTAD DE INGENIERIA, UNAM
Asesoria de Servicios de Cmputo
Ciudad Universitaria

México 20, D, F.

Tel: 5-50-52-15 Ext. 4486

DIVISION DE ESTUDIOS DE POSGRADOD
DE LA FACULTAD DE INGENIERIA,UNAM
Asesor de Sexvicios de Cohmputo
Ciudad Universitaria

México 20, D, F.

Tel: 5-50-52-15 Ext. 4486

SECRETARIA DE ASENTAMIENTOS HIMANQS ¥
OBRAS PUBLICAS

Jefe de Oficina

Xola y Universidad

Col. Marvarte

M&xico 12, D, F.

Tel: 5-30-30-00 Ext. 471



