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S The 121m m:..m._umpulcr “lias heen nsvd to describe virtually every type of small cnmpultng device
dmsnfd within the Lyt Tew vears, This 1zrm has been Jpphtd to everything Irom smple “microprogram-
med” commrnters constneeted our of TTL MSHup Inlow end minicompttiers wilh a porien of the CPU
vomstiucicd out of TTL, £S1 "hit dices™ Huwever, the major snpact of the LS1 technology within the Tast
few rears has beer wigh MOS LS Wih this technology, il is possible 1o fabnicaie complete and very power-
[l compuier systems with only a fow 5‘:“:'5 Lsl stmponents. :

The Zilog Z-80 family ol com ponents is asigndreanl adsvancanent in be state-of-the arl of micro-
compuiers, These compuntnis 220 be conligured wilh any type ol standard semiconductar memoery 1o
yenclale compuler systems with an exlremely wide yange of capabiliries. For example, as few as two LS
circuits and three siandard TTL 351 packages can be conbined to fonm a simple coniroller. With additional
memarny and /0 devices a computer can be construcied with capabilitgs that onky a minicomputer could
pireviausly deliver. Thiy wide range of computaional powes aflows slandard modules 1o be constrocied by a
user that can salisfy the requirements of an exiremply, wide range of applications.

The major reason for MOS L5 dominatien of the micracomputer market is the low vost of -
thest {ew LS] componenis. For example, MOS LSI mitrocampulers have 2lready replaged TTL logic in
such applications as terminal contrellers, ptnphtril device conlrollers, iraffic signial conlrallers. point of
wie 1erminals, inlelligent 1erminals and lesl Systems, In fact the MOS 151 micrecomputer is Nnding s way
into almost every product that now usewlmmmrs and it is even replacing many mechanicsl sysiems such
a5 weight scales and :ummobllr contzols. : _":_n .

The "-105 LS] microcemputer markel is :Iucad} wtﬂ established and new prnducis ugng them an.'
heing deseloped al an extracrdinary rate. The Zikog I 20 companeni sel has been dm[tncd 1o fitinto
this maiket through the follnwing f'a-:turs . . , . %

t. The Z-80 is fully soflware cumpalible wlth the pﬂpular S080A CPU oifered frmn srvcrﬂ snurces. %
Emslmg ﬂe;ngn: can be easily converied 10 inc]ude the Z-%) 25 2 superior aliernati ive.

.2 The Z40) :mnponen: sl is superior in both softiare and hardware capabilities 10 any other micro-
! computer system on the market, These ::p‘!hﬂﬂ]t! pravide the uter with mgmﬁcantly lower hardware
nnd sul'tw:rc development costs while alio iﬂowin; him 1o offer Iddlllnnnl feslures in his svsltm

L a = . .

. a T . + A 0= { [ - - N -
Y3 Far 1m:rr.-ntd lhroughpul tht ZEDA npculmg xl a 4 MHI :lm:k rllr. uﬂns the user sngmfcanl :p-:ed
idumlgcs ave[ oompcl.l'lwt producty. .0 e, ) o -

- . ' e
R - H ol

4. A :omplcte product line inc!uding full sofi 'p;lr:_ suppurl wilth strang emphasis on high level langusges
and a disk-based develapment system with advanced real-time debug capabilitics is of(=red to enable
. 1he user to casily devclnp new products, oy '

P ’

Microcomputer sysrems are :;Ir:mnly slmph‘. (1] conslruct using - 80 compuonenis, Any su:h syslem
* ronsisls of three purty.
1. CPU (Central Pigcessing Unin) . .

i

2. Memory
3. Inierface Circuils to pe:fph:r:l devices .

The CPU is the heart of the sysiem, [is Munciion is 10 oblain instructions from the memory and perform

the desired operations, The memory is used 1o contain instructions and in most cases data thalis 1o be
processed, For example, a 1ypical insiree lion sequence may be 1o read data [rom a specific peripheral
device_ store 11 in a Jucaion in memory, cheek the parity and wrile it oul Lo another peripheral device, Noge
that \he Zilug component st includes the CPU and varivws peneral purpnse {0 device comirolless, while a
wide renge of memory devices may be used from and' source. Thus! all reguired components can be
connecied 1ogether in a very simple manner with virtually ne ather external logic. The user’s efforl thea
becomes primarily one of sofiware development. That i, (he user can cuncentrate on describing his prob-
lerm and trandaling il into # serics af insiructions that can be lpaded into the microcomputer memory. Zilog
is dedicated to making thit slep of sofiware generalion as simple as posiiblc, A gomd example of thisis ous
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“

A Block diagram af the imerngt archbtecture of the 2.0 CPU s shown in figure 1 O-1. The diagram
shaws all of the majar eltments in the CPU and it shnuld he ielerred to lhmughuul the r0]]0w|ng

deseniption, - + N .
1 AMT - '
i . DATA BUS
. - |- DATR prL
- N M . CONTROL 14
B o TaE . {}
- e :\;lg INTE RS AL DT & BUS ALU
' INETRUCTICON | |
OF EODE
miing-
n (= J1} - o
coONTROL 1| ) cry
CFU AND v RECITTERE
AT (=)
EONT RO CONTROM
SIGNALE
o TS R Lema '
4 ..f N '
aDDAESL
) CONTRDL -
. - . ) e Y GND # . WMT o e e T
0 e \ ) P, o .r T h ™ ADQRELY BUE . . I
. T : Z-80 CPU BLOCK DIAGRAM SR
L] - £ ¥ . . . - r"‘ -t
. FIGURE 2.0-1 . ’ '
Cere T Joor s
. A ~ il . * - no nl
. : d :

2. CPUREGISTERS -, "' | S .

The Z-80 CPU contains 208 bits of RAW memory that are :cécs;i';}lz 1o the progumlmer. Figure 2.0-2
illustrates how this memory is configured into eighteen B-hit registers and four 16-bit repsters. All 280
regisiers are implemented using static RAM, The registers include twa se1s of six general purpose reglsters
thal may be used mdmdu:lly zy B-bit registers o7 in pairs 2 lﬁ—bﬂ rrgnsttu Tlmt are 3o 1wa el of
accurnulator and Mag registers. -

- T - *

Speoial Purpose Registers . .

I. Prugram Counter (PC). The piogram counter holds the 16:bil address of the currem instruction being
feiched flom memory. The PC s sulomatically incremented afier ity contents have heen transferred
to the address lines, When » program jump otcors the new value is aclomatizally placed in the PC,
cveinding the incrementet,

-l

. Stack Painter (SP). The stack pointer holds the $6-bil address of the current top of » stack located
anywhere in external system RAM memory, The external stack memorny is organized as 3 Yastin frst
out (LIFO}) Nife. Data can be pushed unto the stack Nrom apecific CPU registers ot popped off of the
stack imo specific CPU repisters through the eaecution of PUSH and FOP instructians The data
ropped frum the staek iy always Lhe Jast data pushed onto il The stach abinws wmple wmplementation
of multiple level inlerrupia, unlimited subrouting nesting and sm‘ph!’r;hdn of many types of dara
maniputation.
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Z-B0 CPU REGISTER CONFIGURATION

: FIGURE 202 T

} 1 ] - r -

i
- - -

e b
3. Two Index Regitiers {D( . I‘I'} The Iwe independent ingex repisters hold & 1 6-bil base addiess that
i used in indeaed addressing modes. [n this mede. an index register 13 used as 3 base 1o point 102
region in memory from which dala is to be stored or teirieved. An additional byle is included in
indexed instruclions (o specify a1 displacemeni lrom this base. This displacement is specified a3 a wo's
complement signed integer. This mesde of addressing gpreatly simplifies many 1y pes of programs,”
especially where 1ables of dala are used,

4. Imerrupl Page Address Register {1). The Z.-B0 CPU can be operaied in 2 mode where an inditect aall
toany memury location ¢an be ackieved in response 1o an interrupt. The 1 Repister is used lor this
purpose 1 store the high erder b-bils of the indirecl addiess while the interrupling device pinvides the |
luwer Bdits of the address. This Teature allows inierrupt roslines (o B¢ dynamically locared any where
in menory with absslute minimal access time 1o the routine.

5. Memory Refresh Register (R}, The Z-B0 CFU conlains 3 memary refrech counter 10 enable dynamic
memotics 1o be used wilh 1he same case a5 static memoties. Seven bits of this 8 bit register are auto-
matically moremnenied afier zach imstivetion fetch. The exghih b will remain s programmed o3 the
result of an LI R, A instruction, The data in the reflresh counter is sent out un the lower purtion of
the address bus along with a reltesh conual signal while the £PU is decoding and executing the letched
instruction. This mode of relicsh is tetally transparent to the programmer and does not slow down the
CPU opeiation, The programmer can Joad the R register Tor testing purposes, bul this register is normally
not used by the programmer. During refresh, the contenls of the 1 regisier are placed on the upper 8 bits of

the address bus,

Actumulates and Flag Regiders

The CPU includes 1w o independent Bobit accumulatogs and associated 850 ag regisiers. The accumu-
lator holds the results of K-bii writhmetic ar legical operations while the flag regstes indizales speaifie
enndivions fur & or ] é-bit operatims such as indicating whether or net the resull of an vperation is equal
v rero, The programmer selecis the aecumulatng and flag pein that he wibhes 1o wark with with a single
exchunge instruction s it he mas easily work witk enties pais,
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Creneral Purpose Registers LIJ'.T"hH". L B T DR RS .C o~ L'l

v . Theie are lwo m:l-:;htd sels of general purpnse regisiers, each set conlaining 3ix 8 bit regisiers thal

may he used individually as B-bif registers or as 16-bit wegisier pairs by the programmer. One sel is called o

BC, 1) and H1 while:Ihe complementary s¢l is called BC', DE' and HL'. Alany one time (he programmer ©

can select either set of repisters 10 wark with through a single exchange command lor the enlire sel. In

sysiems where Tast inlerrupt tesponse is required, one set of general purpose registers and an accemulatorf

Mag 1egsier may be rntrwd for handling this very fust 1outine. Only a simple exchange commands need be

execuled 10 go between the muunu This greally reduces interrup? service time by eliminating the require- Y
ment (or saving and relrieving regisier contents in the exiemal stack during interrupt or subroutine process. S
ing. These peneral purpose registers are used lor 2 wide range of applications by the pragrammer. They also

simplily programming, especially in ROM based sysiems where little extemnal rtad,hwnle memory s

availabie. - .
22 ARITHMETIC & LOGIC UNIT (ALU) L oo

The 8-bit arithmetic and logical instructions af the CPU are excented in the ALY, Internally the ALY
communicales with the registers and the exiermi duta buson 1ht internal dsta bus, The 1ype of functions

performed by the ALU include: - v
Add - Lel or righl shrfu or rutitu [anlhmttlr: and ]ng:ul]
Subiract ' . ' inerement - ! LT -
_ Logical AND ; . Decrement . ’ )
Logical OR : Set bil b e
Logical Exclusive OR™ = Retet bit o g .
r - iy 1 i e
) Compate N " Test bit ’ _ TR
W e m .:* ‘._l . . L o L . .‘q:;
. R ) PRI .- - .
2.3 INSTHUCTIDN HEGISTEH AND CFU CDNT ROL f T
4 " 1 K rl

As each instruction is ftlchcd from mcmonr, it is phcrd in 1he instruction reglsier and decoded. The
_controd sections perfemms this function and then generates and supplies all of ihe contral signals necessary
to read o7 write dals fmrn of 1o the registers, mnlrnl the ALU snd pm\r:dt all required external control | .,
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3.0 Z.80 CPU PIN DESCRIPTION ‘ CaT e 4w

’

The Z-80 CPU is packaged i in an ll."lduslr'l. ;1..:1d.|rd 40 pin Dug! In-l..me Pachgt The |,I'U' pint are :huwn
in Nigure 30 1 Jl'ld the [uncLion uf:arh is described below, * > 0t
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. - FIGURE }.0-1 - ! ST
*D“""IS Tri-state output, active high, A -A; 5 constitute 3 1&-bit uddress bus. The
(Address Bus) address bus provides the addrexs for memory (up 10 4K byies) dana

exchanges and for MO device data eachanges. 1fO addressing uses the 8 lower
address bits to altow the user to directly seleci up 10 256 input or 256 cutput
pests. Ay is the lexsi significani address bit, During relresh time, the lower

- 7 bits contaim a valid refresh address.,

DD DT Tri-siate inputfoulpet, active high, Dp-Dy constitute an B-bit bidirectional

(Data Bus} data bus. The data bus is used for data exchanges with memory and 170
devices, .

'1;1_1 Ouoiput, active Iow, F, indicates thal the current machine evele is the OP .

code feich cyele of an insiruction execution. Nate that duling execution \
of 2:-byle op-codes, M1 is generated as each op code bivie iy feiched These
1w byte opcodes always begin with CBH, DDH, EDH or FDH. 8] also
occurs with IQRQ 1o indicate an inlerrupt acknuw]tdgf Cycle.

{Machine Cycle one)

MREQ Tri-siale ouiput, active low. The memory request signal indicates that the
(Memory Request) address bus holds a valid address Tor a memory read or memury wrie
aperalion,



TORQ
{Jupun Ot pal Reguesn)

RD

{Memory Read)

WE '
{(Memory Write)

RF5H
(Refizsh)

HALT
{Halt s1ate)

WAIT
(Wail)

INT
{[nierrupl Request)

NMI
{™on Maskable
Inletrupt)

Tristate auipul, wctive Iow, The IQRQ signal indicates that the lower halfl of
Ihe addiess bus holds & valid 1fO address fo5 2 1/0 12ad or write operation. An
IORQ) signal is also generated with an M1 tignal when an interrupt is being
uchnowledged 1o indicate that an interrupt response veclor can be placed on
the datz bus Interrupt Acknowledge operations occur during M, time while
1fQ operations never occur during M Lime,.

Tri-state putpul, active low. R} indicates that the CPU wants to rezd data
lrom1 memary or an 1/0 device, The addiessed 1O device of memory should
use this signal Lo gate dala anla the CPU daila bus.

at
Tri-stale guiput, active low. WR indicates thal the CPU data bus holds valid

data to e stored in the addressed memery or 1} 0 dewice.
& ) .

Output, sctive Jow. RF5H indicates that the lower 7 bits of the addren
bius contain a relresh address Mor dynamic memaories and the currem MREQ
dgnial should be used to do a relresh read 1o all dynamic memories

r

Ouipur, active low HLALT indicates that the CPU has evecuted a HALT soft
ware instruction and is awaiting either 2 non maskable or a maskable inter-*
rupt (with the mask enabled) belore operation can resume. While halted, the
CPU execures NOP's 1o maintzin memaory refresh acuivity,

Input, active low. WAIT indizaies 10 the Z-80 CPU that the sddressed
memaory or 10 devices are not ready for a data rrangfese The CPU cominues
to enter wail slates for aslong as this signal is active. This signal allows
memory of [fO devices of any speed 10 be synchronized to the CPU.

inpul, sctive low. The Interrupl Request signal is penerated by )fO devices. A
request will be honosed at the end of the curcent instruction if the internal
software controlled interrupl epable Mip-Nop (IFF) is ¢nabled and if the
BUSR( signal is not sctive, When the CPU accepts the interrupt, an acknow)-
edge signal [IORQ during M time]) is sent au) at the beginning of the next
instiuction cyche. The CPLI can tespond to an interrupt in three different |
mades that are described in derzilin #ction 5.4 (CEFL Coniral 1natruciions),

*

Inpul, negative edpe triggered, The non mtask able imeiaupl regquest hne has o
higher priority than INT and is always recognired o1 the end of the curfent
insisuction, independent of the status of the interropt enable Mip-flop. NMI
automatically forces the Z-50 CPU 10 restant Lo location O06byy. The program
counter is avtomatically saved in the external stack so that the user can refum

_ 10 the program that was intetrupled. Note thal continuous WAIT cycles can

prevent the cunienl instroction from ending. and 1hat 2 BUSRQ will overiide
I T

-

o e —



RESET

BUSRO
{Bux Request)

BUSAK
(Bus Acknowledge)

~ the CPU. The CPU initialization includes:

1
Input. active low. RESET lorces the program counter Lo zero and initializes

1 Disable the imetrupl enable Mip-Nop - : .
2) St Register 1 = 00y :

) Set Register R =00,

4] Set Interrupt Mode 0

During reset time, the addiess bus and data bus go 10 2 high impedance stale
and all control eulput signals go 10 the inactive state,

laput, active low, The bus request signal is used 10 request 1he CPL address
bus, dara bus and 1ri-state outpul contro] signalt 1o go to 2 high impedance
state yx that other devices can control these buses. When BUSRG 15 activaled,
the CPLU will set thest buges 1o 2 high impedance siaie ag soon as the curlent

CPLY machine cycle is lepminaled, -

*

Outpul, active low. Bus acknowledge is used 10 indicate to the reguesiing
device that the CPU addzess bus, data bus and tri-stare control bus signals
have been sel to their high impedance staie and the extzrnal device can now
coniral these signals,

Single phase TTL level clock which requires anly 3 330 chm pull-up resistor
10 4 5 volts Lo meel 21l clock requiremenis

-






40 CPUTIMING

oo | S

The Z-80 CPU executes instructions by stepping through a very precise set of a few basic operations.

These include:

+ - - ! - . e LIRS |
- . 3
wil Memaory read or write _— P - L
" 110 device read or wrile

. Interrupt acknowledge

o F e,

All nstructions are merely & s¢ries of these basic operations. Fach of these hasic ope rations can take from \
three 1o six clock periods to complele or they can be lengthened 1o synchronize the CPU 10 1he spzed of
external devices, The basic ¢lock periods are reftsred 1o as T eyeles and the basic operations are 1eferred 10
a3 M (for maching) cycles. Fipure 4 G-0 glustizies how 2 typical instruction will be merely asengsof
specificM and T cycles, Notice that-this instruction consists of three machine cycles (M1, M2 and M3). The
first rnachine cycle of any instruction 1s & felch cycle which is [our, five or six T cycles long (unless length-
ened by the wail signal which will be fully described in the next secijon). The fetch cycle (M1) is used 10
ferch the OP code of the pexi instrsclion Lo be execuled. Subsequent machine cycles move dala between .
the CPU and memory ar 1fQ devices and they may have anywhere from three 1o five T cycles {again they |

_may ke lengthitned by wail stales 10 synchronize the exiernal devices Lo the CPU). The [ollowing pars-

graphs describe the timing which occuns within any of the basic machine cycies. In section 7, the exact
timing for each instruciion is specified.

Mpstiina i
B L, "z e . !
{1 Codla Faith] 1o oy MLradd] Iernry Wil
EENFESY R, - —r A e = - " EY ————— -
1 r - 4 1a
L P It Dy T T
-a I \ - - :._ — T P - N o= , -
i - o - A [ ! r. —— - - .
. = - BASIC CPU TIMING EXAMPLE i - ’
T FIGURE 4.0-0 -
et oy mm - - - .‘__.' ', e a e - s - by L

All CPU timing can be broken down into a few very simple timing diagrams as shown in figure 4.0-]
through 4.0-7. These diagrams show the lollowing basic operations with end withoul wait stales (wait staies
are added to synchronize the CPLUI to slow memory or 1JO devices),

401,
402
4 0-3.
4 14,
405,
(406,
407,

Insiruction OF code Teich (M1 oycle)
Memory data read or write cycles

- 1H0 rcad of write cycles

Bus Requestf Atknowledge Cyele
Inlerrupt quucslfﬁcknuwkdgc Cyele
Nun mzskablc Initrrupl R:qutslfﬁrk_rmwltdg: 'l"ydc ;

f il I'mm 3 IIALT mslru:hun .: e - - J,I ‘ "

L L L B N I - e
Tak 4:' L L T
R I T P

. e & v . FRVRRT A T LR LR TH |

"
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INSTRUCTION FETCH AL Y s l.

" - - ~r

=t ~, 5 ] ' ra - ]

Figure 4 0+ shows the timing during ar M1 cycle {OP code Tetch). Notice that the PC is placed on the
address bus a1 the beginning af the M1 cycle. One halfl cinck time later the MREQ signal poes active. Al this
time 1he address to the memory has had lime 1o stabilize so 1hat the lalling edge of MREL can be used
directly a5 a chip enable doch 10 dynamic memeries, The RD line also goes aciive 10 indicate thal the
memory read dala shoold be enabled onto the CPU data bus. The CPU samples the data lrom the memory on
the data bus with the rising edpe of the clock of state T3 and 1his sume edge s uved by the CPU 10 tarn off
the BT} and MR signals. Thus the dats has already been sampled by the CPU before the RD signal becomes
inactive. Clock state T2 and T4 of a fetch oyl are used 10 1¢Mresh dynamic memories. (The CPU waes this
1ime to Jecode and execute the fetched instruction so 1hat no ather operation could be pesformed al this
time}. During T3 and T4 the lower 7 bits of the address bus conwain a memory refiesh address and the RFSH
signat becomes nctive Lo indicate that a refresh read of all dynamic memories shouid be sccomplished. Notice
that a RD signal is not generated during refredh time to prevent data from differem memary segments [rom
being pated onta the data bus. The MREG signal during refresh 1ime should be used to perform a 1efresh read
ol all memory elements. The t¢tesh signal can nol be used by melfsmc: the urrcsh iddrcn is only guaran-

teed Lo be stable during MREQ) 11rn: : .ot '
wa " s L] DN LT LI AT =
- - . PR e e TR oo
) ConT S e i A
w1 Cyrr .
T o LY Ta T
- v - - - L o e . 1
eon — ! : : o " A
- b - - _.J 1'- . "l : ! "l b .'l" e {
- o - | i . it T .
ag- a1 -] 2y 1 REF AL 1M ACOR ||
i
WRED 1 ) s . e - ,'___L_

- i i
- - r - 'f"'.l-.i'-':l- - | SRS ==
DEQ ~ DAY - E}
ATEA Y —
. h . - R INSTRUCTION QP CODE FETCH g T T
ot g . T Tl e e - F1$URE41}1 j C oy . VR
A4 v L T, I Cade v

) i AT I I R | farh
"5 b e T A
. ) v e, He B} S
nL...}:___, N a4k ".,.}.' e ) n

Figure 4 01 A (Uustrates how the feich cyclc is delayed if the memory activaics the WAIT Yne. Duar-
ing T and every subsequent Tw, the CPU samples the WAIT line with the falling edge of & If the WAIT
linc is active at this ume, lnmhet wait stale will be entered during the follawing cycle. Using this ttd‘umqut
the read l:_'rclc tan be lengthened 1o match the access lime of any type of memory deviee. =+ -

-
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M:Eur.}mf READ OR WRITE

Figure 4.0-2 iITu?l rates the iiming of memory read or write cycles other than an O code feich (M)
cycle). These cycles are generally thiet clock periads long unkess wait stales are requesied by the memory
via the WAIT signal. The MEEG signul and the RE%ignal are used the same as in the feich eycle. In the case
of a memory wrile cycle, Ihe—hﬁEEﬁ also becomes active when the address bus is stable so thal jt can be
used directly 2z a chip engble fur dynamic memories. The WR line 3 aclive when dai1a on the daja bus is
stable 3o that it £an be used direcily as a Ry/W pulse 1o virually any 1ype of seniiconductor memory.
Furthermare the WR signal goes inactive ane half T, stale before ilie add ress and data bus contentis are .,

“changed so that the averlap requiremenis for virtually any 1ype of unncondm.im memary lype mll be mel.
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Figure 4.0-2A illustrates how » WAIT request signa? will lengthen any memory read or write opera-

~ tion, This uperation is identical 1o thal previously described for a fetch cyele. Notice in this figure that a
separate read and a separste write l:yclt are :h:rwn in the same figore lllhuu;;h rcad and write cycles can

nEVED SCCUr sunult:nmu:.':y . . ; :

~ —n . — - Toeas we” - o

— . K f H ¥ .. ' "
- n - __71‘ * L '1- T N "I':" ! :'1'_ a
. - _;] IH : I ‘ ‘ '1 'l__..,l . L:...,—I . .
Al - ATE 1 - W MCRY ADDN R T -
YREG 1 r
E i L - - I " }HE‘D
T 1 ) y
DaTA BUE ol . L. - CYCLE
10t~ 67 . . \ : N .
LI ' + ! " .

1 H B . I WRITE
DATA BUS el CYCLE
D0~ &7 -1 OATa OUT —

T wmiants o WA s VA )Y B s S
r ol LI |
o . . MEMORY READ OR WFIITE CYCLEEWITH 'HAIT STATES )
- . ) FIGURE 4.0.2a , %" -t
) " LT EO Tuor A
- . ta =TT H . |"., L I T R . .- v +,.|- ., T f T
WUTDRDU'I'PUTCYCLES o LY R L - . I T
[ VI 1, I i .'. - e Rt " ] e -..-'-.I-__- oar L b ¥

Figure 4.0-3 iltustrates an 10 read or 170 write operation. Notice that dunn; 1/O operations & single
wail gtaie js aulum:t!ully inserted. The resson for this is thal during /O operations, the time from when -
« - . e lORQ signgl goes sclive unidl the CPU must sample the WAIT Line is wery short and without Lhis exirs
state sufficient time does not exist for an 1fO pert 10 decode its 3ddress and activate the WAIT line ifl a wait
is required, Also, without this wail stale it 15 difficult 1o design MOS 1O devices that can operate a2 full
CPUEB'“d During this wail state 1ime the WAIT request signat is sampled. During a read {0 operation,
line is used to enable the addtessed port onla the data bus just a3 in the case of » memory read. For
[fO wrile operalions, the WR, line is used as 1 Jock to the )/ port, again with sulficient overlap hmm;

automatically provided o that th: riting edge may be used 15 a data clock, ¢ o7 i
- —_ .- p—— s — —_ -
F:Iurt 4034 |Ilustr:l:s how additiona! wait states may h-c added with the WAIT line. The upeﬂhun
is identical te ﬂl:t previously dcscnbcd P e L rowt-sbe S . -
-BUS REQUEST/ACKNOWLEDGE CYCLE — - r . e -

F:gurz 404 illustrates the 1iming for » Bus thut:lfﬁcknuwl:dg: cycle, The BUSRQ sipnal ix
satnpled by the CPU with the rising edge of the last clock period of any machine cycle. If the BUSRG
signal is active, the CPU will set its address, data and Irisiste conirol signals 1c the high impedance state
with the rising edge of the next clock pulse, At that time any external device can contral the buses 1o
transfer data between memory and HO devices. {This is generally known as THrect Memory Access [DMA)
using cycle siealing). The maximum time for the CPU 10 respond Lo 2 bus request is the length of a machine
cycle and the external controlle: can maintain control of 1the bus lor as many clock cyeles as is desired,
Nole, however, that if very long DM A cycles are used, and dynamic memories are being used, the external
cuniralier must also perfurm 1he refesh function. This situalion only occurs if very large blocks of data are

transferred under DMA contrel Also nole that dunng a hus request cyele, the TPU cannol be mlc:mptcd
'l.'rjr either a ~A0 o1 an II\.T tgnal . . Vo ©LE
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Figure 4 0-5 illostiates the 1iming associzied wilk an interrup ¢ycle. The interrupl sipnat {ﬁf} is
sampled by the CPU with the rising edge of the last clock at the #nd of any instruction, The signal will not be
accepled if the interngl CPU softw zre controlled imterrupt enable flip-flop is not set or if the BLISRQ signal
is aciive, When the signal is accepted a special M1 cycle is genetated, During this special M) evele the JUR

tignal becomes active (insead of the pormal ME

) 1o indicate that the interrupting device can place an

8-bit vectoy on the daia bus. Notice (hat two wali states are automatically added 1o this eycle. These states
are added 5o that a ripple privrity inteirupt scheme can be easily implemented, The 1we wail states allow
sulficient time for the ripple signals to ktabllize and identify which 1/Q device must ingent ihe response

v

L1 ™ Croid

veclor. Refer 10 section 8.0 for denndls an how the interupt response vector iy utilized by the CPU.
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Fipures 4.0-5A and 4.0-5B illusirate how  progranunable counter can be used to extend intemupt,
Icknunltdgt nrne [f'nnf'gmed a3 shown 1o add vne wail state)
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Figure 4.0-f iHustrates ihe 1equestfacknmm ledpe cycle ot the non maskable interrupt. This signal is

umpled a1 the «ame time as The interrupl line bot thes Tine has priority over 1he porzal interrupt and i1 can
i be disahled undes sofiwane controd. s usual function is to provide immediate response 1o imponant
signalt such as an impending prower failure. The CPU response to 2 non maskable interrupt is similar to a
nitmal memory read operation. The enly difference being that the cuntent of the data bus is ignored while
the processon avlomatically steres the PO in the exiernal SI?E}.- and jumps to location 0066y The service -
rouling for the non maskable interrupl must begin at this lacation if 1his inlerrupn is used.

o

- - - - o

FATY

Whenever a software hah ms:ructlm is executed the CPU begins executing WOP's untl an intermupt &
received (either a non mask yble or 2 maskable interrupt while the imerrupl Nip Nop i enabled). The two
interrupt lines are saunpled with the rising dock edge during each T4 state as shown in Tiguse 4.0-7. 1 1 non
mashable interropl has been received ar 2 maskable inlerrupt has been received and 1the inlerupt enable
Nip-Nop is set, then the halt state wili be €xited op the next rmng clock edpe. The foliowing cyele will then
be am interrupl acknowledee cycle corresponding to the 1ype of interrupt that was received. 1M bath are
received ai this lime, then the non maskable ane will be achnowledged since it has highest priority. The
purpost of executing NOP instroctions while in 1the halu state js 1o keep the memory refesh signals active, -
Each cycle in the halt staie is 2 normat M1 [feich) cycle except that the data received from the memory is
ignered and a NOP instruction is foreed internally to the CPU. The hall :cknnw]edge signal is acLive dunn; .

this 1ime o indicate thatl the processor is in the halt state: = 35 991 LateliET s N ot
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50 Z-80CPU INSTRUCTION SET

The Z-8B0 CPU can execute 158 different instruclion 15 pes inctuding al] 78 of the EQROA CPLI.
The instructions can be brohen down into Lhe following majot groups:

Load and Bxclange

Blvd% Transfer and Search
Arithmetic and Logical

Rotate and Shill

Brt Manipulation (seL, reset, 1250}
Jump, Call and Returp

Inpul{ Chitpul

Basx CPU Cantrol

tn
—

INTRODUCTION TO INSTRUCTION TYPES

The load instruclions move da1a iniemally bevween CPU zegisters or beiween CPU registers and exter-
nal memoery, All of these insiyuclions must specify a source location fegm which the 4213 is 1o be moved
and 3 defl malion jocation The source location 1s not altered by a laad instruction. Examples of
lnad group instructians include moves between any of 1he peneral purpose regisiers such 23 move the data
to Register B from Register C. This group also includes load immediaie 16 any CPU regisies a7 1o any
external memory localion. Chher Ly pes of load instructions allow transfer between CPU regsiers and
memory locations. The exchanpe instructions can (rade the contents of two registers.

A unigue sel of block transfer instructions is provided in the 280, Witk a single instruction @
block of memory of any size can be moved 10 any other Incation in memory, This sel of hlock moves
is extremely valuable when laige strings of da1a must be processed. The Z-80 block seaich instructions
are also valuable for this type of processing. With a single inttruction, a black af external memory
of any desired length can be searched for any 8-bit characier, Once the character is found or the end of the
block is reached, the instruction aviomatically terminates. Both the block transfer and the block search
instructions can be interrupted during their execution so as 1o nor occupy' the CPU for long periads of time.

The arithmetjc and lopical instructions operale on data stored 1n 1he accumulstor and other
general purpose CPU registers or external memory docations. The results of the operations are placed
in the accurmulaior and the appropriate ags are s2t according 10 the result of the operation. An
example of an arithmelic eperalion is adding the accumutaior 1o the contents of an external memory
location, The results of the addition are placed in the sccumulalor, This group also includes 16-bil
additicn and sublraciion between 16-bit CPU repisters

The rolate and shift group allows any register or any memory location 1o be rolaled right or lefi
wlth ur withoul carry ¢ither atithmetic or logical. Alse, a digit in the accumulator can be rotated righ

or lefl with two digits in any memory location.

The bil manipolation inttructions allow any bt in the accemulaior, any general purpose fegister
o1 any exleinal memoty location to be seL, resel or tesied with a single instruetion. For example,
the mos significant bit of register H can be resel, This group is especially useful in conhiol applications
and lar contralling soliware flags in g#neral purpose programming,

The jump, call and reruin instrociions are weed 1o Legpeder betaeen various bogations in the wser's
program, This group uses seveaal different 1echniques for obtaning the new program counter address
from specific exlermal memary locations A unigue 1ype of call b the restart mstruciion. This insttuction
actually confains the new address as a part of 1he B.bit OP ¢code. This ia postible singe unly 8 weparate
sddiessey Iocaned in page zrro of the external imemory may be specified, Progiam jumps may also
be achivved by loading regoier L IX or 1Y dinecthe ime the PO thus ol wing the jump addresns o
be 3 womplen fuiction of 1he 1outing being exeguted.
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The input{eutput gioup af instsctions in the £-50 allow Tor 2 wide rapge of transfers between
external memorny Jocations o1 the geraal parpose U registers, asd the external 1O devices. In
each case, the poil numher 3 provided on the lower B bits of the address bus during any 130
transaction, One jusiruction aliow s this potl number to be specilied by Lhe stcond byie of the instruction
while other Z-80 insiructions sllow it 16 be specified a3 e conient of the € rezister. One major ad-
vantzpe of using the € repisier a3 a pointer to the JiG device is that it allows different 1fO ports 1o
shate common wuflware drivet toutines. This is nest possible when the address is part of 1the OF code
i e 1ou s a3e stored i ROM, Anotle {eatwie of these imput instractjons is 1 hat they st the
flag repister aulemaugally wo that additional eperativns ae uel requited to determine the state of
the inpui dsta (Tey example its parity). The Z-60 CPL includes single instruetions that can move
biocks of dana {up 10 256 byres) sulematically 10 oz [rom any IfQ port dieclly to any memory localion
In conjinction w il the duz! se of general purpose 1egislers, these instruciions provide for (a5
;O bhezb tranafer raves The salue of 1his 17O instruction sot s demoenstrated by the fact that the
Z-B0 CPU can provide all requited Noppy disk foimanting {i.e., the CPU provides 1he preamble, address,
da1a and enzbles the TR cedes) on double density floppy disk drives on an interrupt driven basis

Fipally. the basic CPU control insiructions allow various oplions and modes This group includes *
instruclions such as selling o1 reseling the inierrupt emable flip flop or sellmg the made of mlnrrupl
I'ESPDI'ISI

2 ADDRESSING MODES :

Most of the Z-80 insnuctions opergte on data stened ininfernzt CTU 1egisters, external memaory
o an the )10 puits, Addyessing refess 1o how the sddiess of this data is generated in each instruction
This sedtion prves 3 bried suninmary of the Ly pes 0f addieswing uzed in the Z-50 w \le sutssequcm secliong

detail he 1y pe of addressing ssuilabile for coch instructivm group. -

. 1 " 2 a L

Immedisre.  En ihis mode of addiessing the by e Tollowing the OP code in memory comains the
aciual operend,

r

k
»

RIE. &

Or Corde } ome or 2 byles : .

Operand

s % ,

Enaroples of Ui Ly pe of instruclion would be to Joad the sccumplator with 3 constant, wheze the constant
i3 1he bivle inned ol ely follow g the OF crde, .

Immediaie Extended.  This ionde is merely an extension of itnmediate addiessing il:l that the Iwa
byies following the OF codes are the operand. ’

O code | one m 2 byles

Operand | Low oider

Operand | -hiph order

v 4

P ganples v thin 1y pe of instou e it e e bead the HL pezister pan (16-bi0 regited with
|6 ity (2 h}h:sl al dara,

2



» . i " . T
* . -
e e F " ~:.J-I:§~-"‘L : .
; . -y Kb . . 21
E- LT 1t€1|.t‘. _'..-,_,} - " , i
-t Pty - or - [
1 " ' . -

Wedified Page Zero Addressing. The Z-BO has 1 special singls byle CALL instruction 10 may of & Jocations -

in page 2e10 of memory. This instructjon (which is referred 1o a3 a sestart) sely the PC 1o an effecrive T
- address in page zero. The value of this instruciion isthat it allows a single byie to sp:clfy a cmnpltle .t P
16-bit addiess where mmmmﬂy called subioutines are located, thus saving memory space.i- dery -
.h 1 .:-I*l' . J: ." - s r: -11.. l.l. : ._1T "-! :H‘ ;I..l.‘-a‘,. . . :'.‘ g L
» . QP Code | onebyte ' o - o
- ) J .Il'.- . ‘e b? bD - 1. I P Ty e Do
LS . EHE‘EII\'L‘ address is (bg by by U{’U}w Wit b
H i =AY,

Relative Addressing.  Relative addressing uses une byt of data following the OF code (o specify a
displacement from the existing program 10 which a program jump can occur. This displacement s
a signed two's complement number 1hat is added to the addiess of the QP code of Lhe following instructian,

1. . 2

" LW - R . 1: . . . B

T ul T . A __'-.-._.-'_.
T ~ | OF Code Jump relative [gne byte OF ende) . R = . .
Operand | ﬁ,‘bil two's comiplement displacenient added te Addresi (A+42)
P - - - rl " ;

The -.ra}u: of relative addrtmng is that xt nlluv-a;,umps o n:arby locations while anly requiring twa
bvies of memory space. For most pregrams, relative jumps are by far the mosi prevalent type of -
jump due W0 the proximity of 1elated program segments.” Thuy, 1hest insirucijons can significamly - ™
redoce memory space requirements. The signed displacement can range beiween +127 and -128
"from A + 2. This aDows for a 1013l displacement of #129 10 -126 from 1he jump relative OP codde addrm
Another majer advantage is that it allows for relocalable code . | | coby - o L ..

-
L BT T Y.

Ex'lcndnd Addlﬂs:m Extended Addressing provides for two bytes {16 bitx) of address 10 be mcl'-ld?-ﬂ

in the insiruction. This d:la tan be ar add::nlo which 3 pmgum c:njump aril cap be an address . -

where an npmnﬂ it Jocated. . : L_* ., - .
. . - L . O .

‘J'L.II'F'“!: ‘-"T Hl . ._‘ ._‘J‘ n r v l I o

B A L TR A N R TRIT L M P .
u«u;,n..,u,fh P s gp Cud: IS h }nne o1 Ewo by]:’_'! .ﬂ-‘

1e ML U ERPRR HRTI niel, TRV o
Elin ot ..-'ihb} . 1""?' : R - " . . f e
Low Order’Address or Low order operagd | eN . AT I .'ﬂn.!"i‘f-’ -
TR .Id.fl-.tsq IR I-2 o It = - :

grut * .f i - - . I j-h&;- NE =pr 1-.-\._'_;_- .-"1
et *atiataf pssasigi i | High Order Address or high oider operardl Pttt o n an t‘ o
- JT ! JT‘IM?]"*}' """ st '““ﬂ'—f--l EFT T - -||.LI. [T p‘ul . ':"'.'-n{ it '[-"l " ui vl ..u
hﬂ““'fr""ﬁ'n'{.l'ﬂll LN .-,,‘ AL -T;--I-,", e
Extended addressing is required for 2 Pmﬁ'm to jump I‘mrn any location in memory 10 any nthn Tacation,
or load and siore dala in any mem;.ry Incation, EJ-J}

1

.
1
-k

] .

"'”'I . . When exl:ndnd atdressing is used Lo sp::lfy 1hc SOUICE O dcsllmllhl‘l ad:!'ren of an npcrand
the notatien (nn) will be used (o indicate thecontent of memary a1 nn, where T is the ) 6-hit sddress
K. npecified in the instiuction. This incans tha1 the 1wo bytes of address nn are used as a Pl.'l'll'lll:l' 1¢ a memory -
; lieatian, The use of 1he parentheses always ineans that the vahie enclosed within them Is useli asa "
pointer 10 8 memory location, Faor eaample, (12003 refers Lo the conlcnls of m:mnry a Im.atmn 1200.

ey L Lot et hee ) ' Lot a

o P 5
Indexed ""dd"-‘ﬁmﬂ- ,. In s lypc OI' ﬂdd!tsmng, Lhe byi: of data I‘nlluv. mg 1the DF code’ mnt:ms T O
4o a displagement which is added 16 one of Lthe twp index rcglsms{lhc OF. cude spcc:!'m which |ndgx e .- ._5_.'*.'
rcgnsm it used} 1o form a pointer Lo memory, The conlents of the indes” r:p:tn are not altered by this T
¥ operation. . i . o ,..m_* T dm T, i
. ;. OP Code - mGn it AIERON SO0 Ok S
T ', two byte OF code ‘11 =leld " dI! pors p.-.:.,. d
[ T . | OPCode | ) ' . £ + .
*e .1.;... ._: L IR LI B - L N TR T TN TIPSO T R . .
geoerabb 3Tt | PigpLicement | T0pciaud sdded 10 ikden repistes 160 [izm 3 painter 10 mensary. T
N R S tarrerrer e FEECE N N rO ESIIRE LI e o S
- LI K v . . . ) - I
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An u"npile u[ an md:\cd instruction would be ln Toud Iht comtents of the mcnmry location © ¢ ¢
{Index Regaster + Displacement  inlo the ace urnulalw, The Jhplacoment isa slplcd two's :nmpl:m:m
number, Indexed addressing greatly simphfies prograniz using tables of datn tince the index registes *

can point 16 the sfart of any 1able. Two index registers are provided since very ofian opetalions require
tw o ar more Tables. Indeaed eddressing also allows for relocnable vede. .

' f
A T e L)
The two mdm regislens in th: ? RO are relerred 10 23 1X and [Y, To indicale inde wd :ddrrmn; the
notalion: l. Pt Wk - T,
- f1X4d) or {1¥+d)

15 used. Hered 1s the djsp]aLcmenl specifed after the OP code” The parentheses indicale that this
valne is tised as 2 pointer 10 external memory,

ig "

]

Register Addressing.  * Many of the 7-80 OP codes contain bils of infotination that speci{y which
PU rtgl-:lcr is 10 be used for an aperation, An cxample of cegister zddr:ssmg wollid be 1o Ioad the

data in regmcrﬂmmltglsttrﬂ .. L =Ty

[mplied Addressing Implied addi essing tefers to operations where the OF code automalically
tmiplies one o1 mote CPU registers as containing the operands. An example 15 1he st of arithmetic

opcratlnns“her: Lhe accumulalor is always implied 10 be the destinution of :h: results, 7
- . . L.

- e - . £ 1 L -

’ Regisier tndirect Addresing Tlus type uf :ddnesnng :p-rc:ﬁu i ]bhn CPU egister PIII [sut‘.h as HL)
Lo be used as a pointer Lo any lecalion in memory, This type of i stz ucijon 15 very powerful and

il is used in a wide range of applicationg, -
L A R . T -, - i ~ . . -
; L ' e " 'y Stimeien g ,mr: o d :J"Hfr LI CNTEEIELEE
- - e " % LI | |
- 1GF Cade }nnt of 1wo bytes * AL I L Lo
N LR N JETR

An example of this type of instruction would be (o load the accumulator with the dala in the memuory
incation pointed 10 by the HL register contenls. Indexed addressing is actually a form of register indirect
addressing except Lhat a displacement is sdded with indexed addrewsing 'Register indirect addresging -
allows (o7 very powerflul but simple 16 ymplement memory lcii!mL,The block move and search commands
an the Z.80 are exienzons of this Lype of addressing where automatic register inciementing, decrementing
and comparing has been added. The anatjon for indicating regisler inditect addressing it 10 put
-, parentheses aound the mame uf Lhe regisier th:t u to bc us-:d 85 the pointes. Fos example, the symbol

_ L T L R I SR . -I&.!r“..,-nl"i

- {HL} o g et e g et 23920 £ bard u

specifies lhat 'lhc sonlenls uf 1he HL regisler are (o bc wsed 252 p-umm 103 rn:rrbn:ry luc:lmni Dﬂen "

1episies indirecy addressing is used 10 specily 1&bil operands. In Lhis case, Lhe register cnntcnu '

point Lo the Jower arder partion of the operand while the register mnl:nts are :umrmmc:lly incremenied
. 1o obldin the upper portion of lh: operand. LT I I L R L S

[ —

an e wnarl LT (e AT Y.

Bit Addressing. The Z-80 contains a large number of bil set, reser and Lest instructions. These -
instructjons allow any memory lncation ar CPU iegister 1o be specified for a bit operation through =

;. et of three previous addressing modes (tegister, regisier indirect and indexed } while three bits i in the OF
cde specify which'of 1he cwhl hits it 1 he manipulaed. BRI R RIS  RAUTY PIY SR R RPN e

- o Rar,t
- FRTITE T - _:..- '
" \ 1 . "+ B
ADDRESSING MODE COMBINATIONS . ‘v _»nhaey 7 ~
, ;
i UL I=[I'|. ! "t

veisey ar = damy instructions include muiwe thay ane operand {such as arith metic instructions or loads). In
) hése ¢ 2ags, TWOTY res ol wddiessing iy he employ ed, For example, boud can use iminediate sddressing
12 apeify the wouree and “’1—““' indiveck o intdeved Alldln;lng 1n 5pu|1'y ‘the destination,

v . e . o

11 . . *

! as
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5.3 INSTRUCTION QP CODES : . .
This sectivn describes carh of the Z-%0 iustructions and provides tables listing 1he OF codes (o1 every

instruction, In each of these tables the OF rodes in shaded areas ate jdentical 10 those offered in the 20804

CPU. Also shown is the assemby lanpuage minemnenic that is vsed loz each instructlion. AN instruction OP

codes are listed in heaadecimal nosation. Single byle OF codes require 1w Hex characien while dauble

by1e OP codes require four hex clharacters, The conversion f1om hea 1o binany is repeated here f‘m

cons ENWTICE.

Her Binary Decimal He Binary Decimal

0 = Qo0 = 0 § = 1000 = 8

io=  pool = . 9 = 3001 = 9

T o= om0 = 2 A = 100 = 1D .
3 0= ogIr = 3. B = 1011 = 1

4 = D00 = 4 SC R 110 = 12

s = ol = 5 b = 11 = 13

& = 0110 = 6 ,, E = 1mo = 14

T o= o o= 7 F =" 1111 = IS

Z-B0 instruction mnemonics cansist of an OF code and rero, one or twa operands. nstrociions in
which the operand is implied have no pperand. Instructions which have only one logical uperand or thost in
which one operand is invariant (such as the Logical OR instructlion) are tepiesenmied by a ont npeand
mnemenic, Instructions which may have two varying opetrands are repiesenied by tw o operand mnemonics.

LOAD AND EXCHANGE

Tahle 53-1 defines the OF cade for all of the 8-bit load instructions implemented in the Z-80 CPU.
Alsa shown in this table is the 1ype of addressing vsed for each insiruction. The rource of the data is Tound
on the top horizonta} row while the destination is specilied by the left hand column, For exaingle, load
register C from segister B uses the OP code 48H. In all of the 1abies the OP code is speeified in hexsdecima
notatien and the 48H (=0100 1000 binary) code is feiched by the CPU from the exiernal memory during
M1 lime, decoded and then 'lhtJltg'.!sI:r transfes 13 automatically performed by;the CPU..

L]
+

The assembly lapguage mnemonic for this entite group it LD, followed by the dex ination followed
by the source (LD DEST., SOURCE). Nate thal s¢veral combinations of addrewinig modes are possible, For
esample, the source may use register addiexsing and the destination may be register indireet; such asload
the memory location pointed 1o by 1egister HL with the contents of regisier D The QP code for his
operation would be 72 The mnempnic far this Foad instruction would be as follaws:

LD {HL), D

The patenthescs around the HE means that the confents of HL aie uscd us a puomied 1o a memury Incsian,
In all Z-£4 lead instrociion mnemonics the destination is 2lways histed first, with the souce fullowing, The
280 asseimbly Janguage has been defined for ease of programming, Every instruction is sl ducumenting
and programs wrtlen in Z-80 language are easy (0 mainiain,

NeTe in table 5.3.1 that some koad OP codes Ihat aie ssailable in the 2.80 use two byes. Thisis an
effcient method of memory winidation since 8, 16, 24 or 37 bt instructions are implemented in the 2.80,
Thus wfien uiilized instructions such as anthretic or Legical vperations ae ondy By whach eesults in

herter memory utilization than is achicved with fxed fustroction sizes such as [obaty,

' : .

All Yoad inslructlions using indexed addressing (or either the wource or destinatiun Jocalion
actizally use thiee byies of memory with the third byt heing the displacement d. For example a load
i=pitter E with the opezand patnied 1n by 1Y withan offeet of 4R wnuld he wrmen:

I IX + 5
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The insteaction wegueinee Tor this in memuory would be: St o
)
Addres A [ DD '
- - - OP Code v
At]|SET ' ' o
. A+ DR Dizplacement operand I

The oo extended addresing instructings ste 215t thiee bste instroctions, For example she inshruction 10
load 1the sczemulator with the operand in memony locaton 6F32H would be wrilien:

4 - 4

LD A, (6F 12H) .
and its instruction sequence would be:

Addiess A 3A | OP Code . ‘ .
A+l | 37 | low order addreg : “":.'-‘
. e .
A+2 | 6F | high order address . .

Notice that the low ovdez portion of the addoesy is abwayvs 1the Tirst operand.

Thf Inad immediale insrnc ions for the general putpuw B-bil tepisters gre rwo by te instructions. The
srcrrnction kad remister Hwnh $he valioe 384 wonld be wrilien:

LD H, 36H )
and 115 sequease would be: hel
) B -k (] a 1 +*
Address A | 26 | OP Code . .o ; 4 -
" - . ] 1 - =
A+l | 36| Operand N .

»

Liading a memory lacation wsing indexed add resting [or the desi| mlllun and |mm:d.ult :dlj'rtmng for the
sewiree requises four byles. For evampie:
- . LD[D’:-IS],.‘IH N

would appear as:

Address A B
i (P Code

At]] 36 '

At/ dr:isplaccmt'.nl +15in
sipned two's complement)

A3l N operend Lo Joad

x

Netice that with any imdesrd addiessing e displagenient alvavs follows directls alies e OF code,

Table 5.3.2 specifiey the 16-bit Joad uprf.lliuns:. iy 1able i very sinnban to the previous ane, Notice
that the entended addressing capability coners all repisier pains. Also notice thal egister inditgel uperations
spezifving the atack pointer are the PLISH and POP issttoctions, The mpemonic for 1hese instructions is
SPUSHY and TPOPT T'hrw dilfet finoy ether 16 bit Toads in thar the stach poinier 1s automativally Jecre-
menned vl fLzsontented s cadh bt o padied ontoeoor poprped Teoim the u,a:'-. tuspestiedb, Fag cxvaple
the talractiom '

e
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PUSH AF - - N R S R ER L A X Y

L . =, F boar
* s & single byle instruction with the OP code of FSH. When this instruction is e xeculed the following *

sequence 15 generaled: \ S
) ML, A
. Decremen) 5P
ofr
. LD(5P). A
H - .
Decrement &F
L * 4
LD (5P). F
Thus the exiernal stack now appeats as Moflows: - . ; PRSI
{(5°y | _F ["— Topolstack SRR
1
.- (5P+1) .
. r il 4
. i
. .
- uy
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The POP irdruction is the exact reverse of a PLUS. Ronee that all PUSH and POP inureetions wtidize 3
Po-bat operand and the high coder byle is abwavs pushied frd and popped fasi, That is a:

PUSH RC s PL*SH Bihen €
PUSHDE s IM'SH D then E .
PUSHHL i+ FUSH H1hen.L
POP HL »wTOP LihenH
The instruction using evtended inmediate addressng for the source obviously regmres 2 hywes of daty
following the OP code. For asampls:

LD DE. 0639H ’
will be:

Address A 11| OF Code

A+] | 39 1 Lowwida uperand 1o 1e2sster E

A+2 | 0a | Hhgh order vperend 1o regster D

in all cxtended anmediale or exiended addrasmng maodes. the low order byte always appears fiest afier the
OF code.

Table £.3.3 bl dlie [ Abu enchonpe e oo ivplemented fn the 2500 OF coade D81 alioae the
progiannnes fo switch oetween the tee paus of accuzsnlatar Dag ressaees wiide Do atiows the rmo.
grammer o oich between the Guphogie sel of sin cenera] purpose repisiers, Thew OF Lol v vy 3ae
byte in Tength to zbsolulely mitseze the ime neceasary 1o perflurm the exchanpe so that 1he daplicale
banns con be used Lo effect very Lastinferrupt response 1imes.

BLOCK TRANSFLER ANDY SEARCH

Table 2.3 lists the extremely powealul Blogh viansfer instructions, All of these instructions operale
with three iegstens, -

Sy
HL poomns o the seirce Lo alion,

DE pawmis 1o the destboatia bwaban, el
BC s a by e gownier, i

After the progranimes has initaiized these three e givies, any of these foun instractions may b used, The
LT (anad oond bacroment] issirnd i mowes anve bore o e dowatiess ponnned 1o b T o the Tagslion
Ponted 1oy DL Register pais L and D e e astemaically aggimesied and sie reads Wo paint 10
the Tolluwing Yocations The bvie conoer (e eder poor BUF s 0o degremented o0 158 1ane, Thes nistruc.
ton 35 valeabsle when blocts of Jama most be maosed S oiher oypes off proceaing 212 1equired betu et gach
mase, The LDIR {Load, incremesnt and wepeatlist ootz i anextenaon of the LOT instiuetion, The same
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Thc Add mstrucuon {ADD} pcrl'urms a hma:_y udd between the dala in the source quhnn and the
d#a in the uccumulator. The subtract (SUB) does 2 binary subtraction, When the sdd with carry is sptmﬂrl:l
{ADC) or the subtract wilk carry (SBC), :hrn the carry flag is also added ur subiracied respectively. The .-

- flags and derimal aﬂjl.lsl :nstrucunn [DM} in l',hc Z-80 {fu]l;,r described in section 6.0) alloy I.n'lh.mﬂ:c
operations for: - ) ) ) '
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Thcrt are five general purpﬂse arithmetic ms'lru:t:uns Lhat upemh: ‘un the accumulator or carry Tlag,
These [ive are listed in tabie 5.3.7, The decimal adjust instruciion can adjust.for subtraction as well 2s add-
ition, thus making BCD anithmelic cperations simple, Noie that 10 allow for this operztion the fag N is used.
This fug is sed il the lust arithmetic operation was a subiract, The negate accumulator (NEG} instruction
forms the 1w s complement of the number in e accumulaiur, Firalls netnee that @ resel carmy instrocizum
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A major eapability of the Z-80 i jis ability to ro1aie or shilt data in the 2ccumuolator, any genéral pur-
pase regivier, 02 any memory Igsation All of the rotate and shift OP codes are shown in Labie 5 3.9, Also
included in the 2-80 az¢ arithmetic and logical shifl operalions. These operations are useful in an extremely
wide range of applications including ine ger multiplication and division, Two BCD digit rolate instructions
(RRD and RLD} allow » digil in the sccumulator 1o be rolated with the 1wo digits in a memory tocstion
pointed 10 by register pair HL (See figure 5. 3~9]L These milmchons allow for efficient BCD anithmetic
i T Yy - .
. BITMANIPULATION © * W ’;_m[ ~
b . syaibia wan, Ha o s 34 .
. The ability 10 set, reset and 1231 individua) bits in 2 regisier Or memory lncmon is needed in almost
cvery program. These bits may be flags in s general purpose software Joutine, indications of extemal con-
tral conditions m daa Plﬂitﬂ mlo ma:mmy [nc:uom 10 muke memaory u::h.f.atlnn meae efficient.
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Fas The 280 hu th: Ibﬂuy io sel Tesel or 1::1 any bil in ihe mcurnulz'lm my g,tntrl'l ]:rurpon: rcgm:r
ot any memory bocalion wilh s single instruction. Table 5.3-10 lis1s the 240 instructions that aie available
foy this purpose. Register addressing can specify the accumulator of any general puipose register on which

A the operation is 1o be perflormed Regivier indivecl and jndexed addressing aze available 10 operale on
externat memory locations.” Bit 1evt cperations set the zero flag (Z) 16 the 1ened bil it a ze10. (Refer 10

seclion 6.0 fur furlhe: explanation of flag operalion}. . e 4 reiraia el Jloqeaimegey
]um ml"‘ AHD REI'—UR'N P Y ' b o b T AR B L T B T 0 L ia-hd o
sy’ oty oLt e $an 0 M1 .

g F"r;uu 5.3-11 lists.all of the j jl-l-l'l'.lp, call znd rtl'urn mstru::suns lmpitn.::tnled in the Z-8D CPIL Ajump
B abranchin 2 progem whee the program ceunies is loaded with Lhe | &-bit value as specified by one of Lhe
theee avaitable addressing modcs {Immediae Extended, Relative ur Regsier Indirect). Notice thai 1€ jump
. :qup » s several different mndllmn: 1hat can be ;pcc:rud 10 be met before the jump will be inade. " s
,* o *lh:u mn-dlhnn: lu nm med, 1he ptogram inerely continbes with the next - sequential mslrur.::run. The
mnd:tmn: are alf d:pend:nl or the data in the Nag registet, {Refer 16'section 6.0 for details on the flag \
T It[:'riltl']. The immediate extended addressing 35 used 10 jump 10 any locatien in the memary. Thisine .3
sliuclion Feyuires thice bytes (w0 10 specdy lhc 1&-bit Jddrtss} with the low order address byie first
followed by 1he high order dddlfh byle, Gio M oaed 2l iT,u om ot
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the tegisier pair HL 01 one of the index registers [X o 1Y di:cc:ly into the PC. This cxpability allows For,
program jumps 10 be 2 function of previous calculations. vis. 229t to usiitmalqas 10t VS wntos
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A call is a special form of & jump where the addeers of the byte following the call istruction Ty 241
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Disable Imenupt
LA n

QUT n, A
Enable Inlerrupt

Return

b

— pievenl interrupt before
rouline is exjrer

- notify peuphersl that service
. routine is complete

This seven byte sequence can be replaced with the one byte El insvruction and the two byte RETL instruction
in the Z&0, This is irnportant since interrup sefvice time often must be minimized.

To facilitate program Joop conwrol the instruction DINZ & can be used advantageousy. This1wo byte,
1elalive jump instzuction decaemens the B regivter and the jump occuns if the B register has not been decre
menied (o 2era. The relative displacement is expressed as 5 signed 1wo's complement number. A simple ex-

ample of 15 use might be: .

Address Instuciion Coammenis
N, N+ 1 LDE, 7 ;3et Blegintes 1o count of 7
. " 1 1
N+Z2wmiaN+9 (Ferlom a sequence o
of insttuctions) ;loop to be performed 7 1imes
"N+10,N+1]1  DINZ . & Jlojump fromN+ 1210 N + 2
N+1|?2 {Next Instruction) ’ \
CONDITION !
[N O O JFRmITY [ FamuTyY | BN OGN mld
coup_ Jcanny| canmy] FERG | IEAO iwin | oD wiG Lo ] i
ey |oa | o2l ca [ e [ea |67 | 52 | 2 b
e IMpaE T nn ] ] ] L] n n - 'R -
. EXT. [ " [ " n A h " '
Jumr  JHC PFELATIVE | PCts a =) 0 ) rat)
- L i (% vl »2 »2
KTV RET S HLI | EN
JUwE N REG Xl i a)
INTHR, E#
| I
Hiwe [kt L1+]
E9
=1 DG i cC Ca 114 [ ] H &
ChRLLT 1ML D nn - [ n - n n " » n
EXT, h n n » - ' - 'S -
Dt CREMEMT A, '
JUGF IF WOW RELATIVE | Mo 10
ALY GWNE Lo ]
HETURN RAEGISTER | [FF] = ] % [+.-] - = - [ 1 ] [ 5] Fl 4]
RET 1NOIR, 15P+1] ’ E .
AR
FETURN FROM [ PEG. 15F1 o
15T RETE EOIR. wrel| an
& i TURK FROM | r -
wON praskanLe | REG el ED
WNT HETH INBHA araay gy

WOTE_CIRTAIN

FLAGL MawE mORE =
THAN O4WE FUAPCRE

RUELH FORICTION

60 +0ADETAILS JLASE, CAL L ard RETUREN GRAOLA

TABLE 53-11



Table 5,312 Lista the eight OF codes Tor the restart instruction. This instruetion iz a :mgle byte call io uy

12 T
TRV fE

of the 2ight addresses listed. The imple mnemonic Tor these vight calls i3 4130 thown. The vatue of this in-

struction is that frequently used youlines can be called with this mmuclnn 10 Minimize menoFy WSIgE.
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Uiput instractions as shown §n table 5.3- 13 and table
_ 5_"'- 14 The wddressing of the input of oulput device can be either absolute or register indirect, using the C
e .upﬂer. Notice that in the register indirect sddressing mode dala can be transferred between ﬂw 1f0 devices
¢, And any af the intemal registers. In addition eight block transfer instrociinns have been impiemented. Thes
5 - Instnsctions are similar to the semory block transfers ¢x cept that they use regsster pair HL for a potater 1o
“the i nmnmy source (output cnnumn-uh} of deslination {inpul communds) while repicter B is used ny u byle
:nunttr. Register C holds the address of 1he port for which the tnput or oulpul command ks desired. Since

- rcgmu 3 ks eight bits in length, the i;Q block transfer command h:mdlts up 1o 256 bytes.

o

¥
H

- Inthe I.nsuuctmnl IN A.‘n and DLIT n A the 1/0 dewcc address n xppuu in the lower hall of the :dd+
ress bu: {Ag-A5) while the accumulstor conient is transferred in the upper half of the address bus, In all rep-
ister indirect input ouiput instructions, including bleck 1/0 translees the cantent of segister C is tantferrad

" 1o the lower Ball uf the add ress bus {(device lddl‘tﬂ.} u-l:u]c the content nf repsm His tran:ferrtd to the
uppes hail uf Ihl addresy bul. . .
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CPU CONTROL GROUP : S . .
_ The final table, table §_3.15 illusizates the six general pérpose CPY control instructions, The NOPisa do-
: . nothing instruction. The HALT instruction tuspends CPU operation until a subsequent mterrupt is tecejved,
while the DI and E] are used to lock out apd enable interrupts The three intecrept mode commands sel the
. CPUinto any of the thyee yvailable interrupl response modes as follows. If mode zero is se1 the interrupting
device can insert any instruction o the data bus znd allow the CPLI laexecute it. Mode 1 isa :.imp]lred
t'mode where 1the CPU sulomatically execules s T5tart {RST) 16 Jocatjan 'II}E-.EH S0 thal o ut:rnll hardware
i requied, (The old PC content is pushed onto the stack). Mode 2 js thc mu;l pow:rfui in 1hat it allows (ar
#*%°2 ay jndirect call (0'any location in memory. With this mode the CPU féiims ') 6.bii memary zddresi Where
*-2+T the upper 8-bits are the contenl of 1egister | and the low es B-bits aré stipplied by the m“"“l-"'hi_"i:fﬁc'
it 2 This addsess points to the first of 1wo sequential bytes in 4 1able where lhc address nf:hc service routine is
* v lgcated. The CPU autommically oblaing the starting address znd p:rfnnns 1 CALL 16 thiy sddress. "}
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BLOCK
Y OUTPUT
COMYANDE

SOUALE
. - - . AEG.
REGISTER 1ND,
- Y B c o E H L ML
imwER.| (n) oy
. n }
ouT
REG. (] ED ED ED ED ED £D ED
INTT, ] 4 42 il 1 81 ah
QUTI = QUTPUT REG. [[] EC
Ing WL, Cec b IND, . a A
QTR = OUTPUT, Inc WL, | REG. | @ . - ] ED
Dec B, FEPEAT IF Bud o LR . i BY
OUTE = QUTPUT REG. | 151 i ' - . ED
Cue HLA R - §. | WD | - ' . AR
OTOR —ouTruT, DecMl | Rec | o | - ‘] * €D
& B, REFLAT IF BaG NG, as
| —
FORT
DESTINATIDNN
ADDHA ESS
OUTPUT GROUP
TABLE 53-14
WOF oo a
HALT TE
DISABLE INT DIV F3 !
1
EMABLE INTEN ER -
. T
L° ]
' ’"'fﬂw“” . E.E —
1 .
=T .:Lr £l :.5“ CALL TO LOCATION 0OIN,,
LET (WT MOLE 2 to INODIAECT CaLL vlinG REGISTER
Mr SE 1 AND N BLTE FROW IMTERRUFTING

EwviCE AL A MNTLAL

L

WMUSCELLAREQUS CFU CONTROL
TABLE 5.3-15
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6.0 FLAGS : ' (

Each of Lhe two Z-80 CPL} Flag registers contains six bits of information which are sel of reset by .
various CPU operations, Four of these bits are 1estabie; that is, they are used a5 conditions for jump, call o
return instruclions For example a jump may be dtsued only if a specific bit in Lhe Nag register is seL The
four Lestable Nag bits ae:

1) Carry Flag {C) — This flag is the carry f1iom the highes) order bit of the accumulaler. For ¢xample, the
carry Nag will be set duzing an add instruction where a Catry from the highett bit of the 3 cumulator
s g:ncral:ﬂ. This flag i also se1 il a berrow is generated diring a subizaction instzuction, The shilt
and rolale instructions also affect this bil.

2) Zcro Flag {Z) — Thas flag is se1 lf ihe rtsu]l of thr aperation Joaded 2 2210 into the accumulator. Other

wize il is resst. ) . e ey e e - -
. . .

3) Sign Flag {5) — This flag is intended 1o be used with :lgned numbers and it is 521 il the zesub
-of 1the uperzlmn was negalive, Since bit 7 (MSE] re pleseniy the sign of 1he numbe: (A negative
pumber has a ) in bit 7), this Mag stozes the state of bit 7 in the accumulator. .

e m -

£y Parity fQOverflow Flag (PfY) — This dual purp-nse flag indicates the parity uflhc resull in the accemulater
when logical operations are performed (such as AND A, B) and il represents overflow when signed
iwo's complement atithmelic operations are perfermed. The Z-80 averflow flag indicates thal the
1wa's complement number in the accumulalor is in error since it has exceeded the manimum pos
sible (+127} r is less than Lhe minimum possible {-228) numbe: Lhan can be represenied in lwo's
complement notation. For example copsider adding:

+120= 0111 1000
+105 = 0101001 {

C= 0 11100001 = -85 (wrong) tverNow has occured .

Here the yesnl? is incorrect. Overflow has occurred and y&1 there is no carry to indicate an error,
For 1his case the overllow Nag would be sel. Also consider the addition of 1 wo negalive numbers:

5= 1111 K1) .
-lh = 1111 0000 .

C= 1 11101011 = 21 canest .

Nutice that the answer is correct but 1he curry it set so thal this Mag can not be used as an over-
Row indicator, In this care the overflew would not be sel.

For logical operations (AND, OR, XOR) this Mag is set il the parity of the resalt is eves and it is
reset il is odd. ;

There are alvp 1wy pon-testable bivs inthe Nag egisaer. Both of thewe are uved Tor BCD srithmetic. They are:

1) Half carry (M) = This is the BCD carry or borrow 1esult lrom the least significant four bits of aperation
When using the DAA (Decimal Adjust Instruction) this flag is used 10 conect the resull of &
previous pached decimal add or subiract. -

2) Subtract Flag (N) = Since 1he algorithm (o correcting BCD vperations is different Ter addivion or
sitirdraction, s Nag s veed to specily what (3 pe o Rastruciion was execured last so thot the
DAA opeation will be caneet Tur enther addition o subirachon,

“

The Flap regiaes can be wvcessed by the proprammer and 115 Tonmai iy as fallows:

(s [ [x =] .

X means Mag is indzienninate.

£



Tuble 6.0-1 Lists how each flag bil is affected by various CPU instructions. Ln this table a *#” indicates
_that 1he instruction does not change the Nag an "X’ Meuns that the flag goes 16 an indelerminate stale, 3 o
Tmitans thad it is reset, a *1” meant Lhat it is sel and the symbul 3 indicales Lhat it is s&1 or reseq according Lo
the previous discusdon Nut: that iny inslruclion ot appeanng in this 1able does pot affect any of the Nags.

e o= - ) '

Table 6.0-1 i.m:lud:s afew sPec'n] cases that mugt be described for clanty. Notice that the block search
inslTuction sels the Z Mag if the last compate operation indicated 3 maich belwesn the source and the
accumulator data. Also, the parity flap i set if the byte counter (regisler pair BC) is not equal 1o zero. This
same yse of the parity Nag is made with 1he block move instructions. Andther special case b duwring block
input or oulput indtructions, here Uhe Z fag 05 vsed to indscate the state of register B whichis used as a byte
counter. Notice 1hat when the 1O block transTer is complete, the zero flag will be reset 10 a zero {iLe. B=0)
while in the case of a block move command the parity flag is resel when the opesation is complete, A final
case is when the refiesh oy Lregster is Joaded into the accumulator, the interrept enable I'Ilp flop is loaded
into the parity (g so that the complele state of the CPU can be saved s any time. X
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f1 e By, o = Instruction ' clz[VisIN|H | Comments = **- - 7L 3 oA
PO T ADD A L AT AL S HLrIvE|O]E | BB add m_lddwilh calry  *OY Fald 1
R L T o W o U S ARLLUN Y P £T1 FR N P  B-bil subiract, subirag] with carry_ compare and -
. ) pegale yreumulator
Lats . Y PR N L RN 1 ER LA S ]iﬂ Logical pperations.._ » . - ;¢
) T ET omsaDRsery 2 lon Ll o]t |P[2|0f0 § Andveds ddferent fag - L. .
L TTEE O NGy v, 8t oter s ma- sy |v|E]|D]f B-kif increment . . |
o TDew - sl1]¥|2|1]t | Ebit deczement .
CElst ee ADDDOs L., coa | afefalefo]x | 1560 ssd f
o.nr LaDCHLSE R HEIV[3]0]X § 16-bit add with carry -
. SBCHL s L. || v]|]1]|x | 16bit mbiract with carry T
e RLA:RLCA RRA RRCA J1]=i=]a|0|0 Rptatr sccurmul Mo oot
RLm.RLEm:ARm:RRCe . ] #|:{P[7]0|0 i Rotate andchift locationm = "= ' - -
SLaA o SRA m:SRLm T TR e T ST L
RLD, RRD w|t|P|210]0 | Rotate digi Jefs and righ
DAa ) E|F )it Decimal adjusl sccumualalgr
CPL olejajar]]]) | Comploment scoumulslon
SCF 1w = Jo3 |0 [ St carcy
CF s|*|#*|+I0]|X | Comploment camry
IN . (C} . St IF{I[0| 0 | Input regier indirect
IN1; IND; GUTI: OUTD ot |xix]1]x ']Btotlr. rput and outpyl ]
INIR; INOR; OTIR; OTDR Y IXXNY | X Z=D0ifB=* 0otherwise T =)
) LDI, 1 DD aix|tix|o|o ] Block tramsfer inst ructions
) 1DIR, L DDR o X|0X|D|D PV =1ifBC 4 0, ptherwine PV = D
CPIL.CHR.CFD CPDR o111 1]X | Bock wach instiuctions
Z=1ilA={HL), o‘l.l'lcmuz 1]
P_J’V'IIIBC#D olherwise Pf¥ =0
< 1DA LD AR o| $JFE$| Q]G | The cortent of the interrupl enable flipflop [lFF]-
. . is copied inie the PPV Nag
BITb.2 - Al 3X]X|OLL | The state of kil baflm:lmnl.umpud into the Z Nag
KEG ] 1iilvitlal } Negate sccumulator . - .
+ +=The following nolstion is used in this table: N
- % . ' o -
- Symbol . e el ; . Dpestion W .
€ ° 7 Carnfiink ag. C=1 if the operatiom pradered & carry from the M5B of b operand of rrmdl. T
r - Tero Pag 21 the sorult of the ope1ation it zero T -
5 - Sign flag. S=1if the M5B of e recyll i one. A -
M Parily o7 overflow Magp Pazsity [F) and moegfiow (V] share the tame Gag Logial wperntions nffect this g B
with the parif: of the kol whik withment operplens 37001 tha flag with the overfos of the el IF PV -
4 hobds panty, FAV=] if the remall of e opetinont o even, PAV=0 1 ol b ndd. MV ol presfiow, l'ﬁ'-l
* il tne temult of the sperulivm producd e overfllow.
0 Half-corry Mag. A1 if the 50d or subtrect uperation producsd 5 cxry inluwhnrl:rw Tromm tnto bt d of the srcamulvtor.
M - AddSubiract eg. K=1 if Ihe previous operi o was a ubwct
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7.0 SUMMARY OF OP CODES AND EXECUTION TIMES

The following sectivn gves 2 summary of 1he Z-B0 instruchons sel. The instructings are fogically arfanged
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8.0 INTERRUPT RESPONSE - cEe e

The putpuse of an interrupt is 1o allise peripheral devices 1o suspend CI'Uoperation i an viderly
manner and force the CPU 1o slart o peripheral serviee rouine. Usually this service routine is involved with
the exchoange of data, or stalus and control inlormation, between 1he CPU and the peripheral, Gnee the
service routing is completed, the CPU retutns 1o the uperation from which it was interrupted.

INYERRUPT ENABLE — DISABLE v
The Z80 CPU has 1wo interrupl inpuis, 2 software mashable inverrupt and a pon muskable interrupt,

The non maskable interrupl (NM1) can #arf be disabled by the programmer and it will be aecepted when

ever a peripheral deviee requests it. This interrupt iy peneraliy reserved for very important functions thal

must be serviced whenever they occur, such axan impending power fadure, The maskable imemupt {INT}

cun be selectively enabled or disabled by the programmer. This allows the programmer 10 disable the inter-

rupt during periods where his program has liming canstraints that do not allow it 1o be intesrupied. In the

ZE0 CPU there is an ensble Tip flop (called IFF) that jx set or reset by the progranener vsing the Enable -

Interrapt {EI) znd Disable Imerrupt {D1) instrottions. When the IFF is reset, an interrupl can not be

accepred by the CPU.

[

T g M
w e a
LR AW a, 1 T

Actually. for purpoaes 1h;|l will be subsequenily nphmrd 1here are two enable flip fiops, calied IFF,
and lFF-,

T e

IFFy IFF: ‘_ \
Actually disablet interrupls Temposary storage lecation -
ftum being accepred. " for IFF|. N

The state of IFF) is used 10 actually inhibil intesrupts while 1FF5 is used as a lemporary siorage location
fur }FFy. The purpose of storing the JFFp will be subsequently explained.

A reset 10 the CPU will Torce both SEF ) 3nd IFF 2 10 1he reset state 5o that interrupts sre disabled.
Thev can then be emabled by an E1 in¥iruction st any time by the prograzumez, When an Ef insiruction 5
executed, any pending interrupt request will not be sccepled unail afier the instruction lfollowing EL has
been sxeculed, This single instrugtivn delay is necersary for cases when the following insiruciion i # return
instruction and intesrupts must net be allowed until the return has Been complered. The El instriction w21y
both IFF ) and IFF 3 o the enable statz. When sn interrept is accepied by the CPU. both IFF | ond IFF3
are anleunatically reset, inhibiting further interrupts until the progremmer wishes 10 ixene a new El instruc-
ticn. Note that for all of the previous cases, IFF and IFF » are always equal, . -

The purpose of IFFy is to save the s1atus of IFF when o pon mashable tnterrupt oceurs. When a non
miaakable interrupl is accepted, IFF | is reast 10 prevent further interrupts umil reerabled by the pro-
pratumes. Thus, after a non maskable interrupt has been sccepied, mexbable intetrupis e divabled but the
pievious stale of IFF ) hus been aved 10 that the cumplete siate of the CPU just paier to the nun mashuble
inteqiupl can be restored 3t any time, When 2 Load Register A with Regisiar ) (LD A, I} instruction ar a
Load Register A with Register R (LD A, R) instrucuion is nt..m:d the atate of IFF: is copled into the
parily flag whete it cen be Lesied or :mred

A seeond method af restaring the status of 1F F! is thru the evecution of g Retuin Fiom 2XNon
Masbzhle Interrupt (HETNY bistiuction. Sinee 1his insimuction iedicstes 1t 152 pmon 03 JBie interiapl
saivioe tting is coprplete, the contemns of 17 l-w Attt cun gupied barloinie 1) rl* s bt the stanis wf 3 Fy
just pior {0 the acceplance of the un ashable iticrrupt will be pestned anrrmaically,

Fl

55



Ficure 8.0-1 is 2 summary of ihe effect of different instruclions on the two enable flip flops. !

Action . IFF; IFFy T v R
CPUReset - A . _;
- - bt . DD S T
) El 1 | ] . T
LD Al , . . 1FF3 = Panity Nag .
" LDAR’ _'._ L IFFq = Parity fi:;
' . Aceept XMI L e -
* RETN o IFFy \FFy—~IEF)- ..

7 : N N 1 -
§ougn

indu:m es no change .
' . ' i

LT

FIGUAE .01
INTERRUPT ENABLE/OIEATLE FLIP FLOPS

L]

.

CPU RESPONSE .

Mom Makable

A rvionmaskable interrupt will be accepied at all times by the CPU. When this vecurs, the CPU ignores
the next instrection that it ferches and instead does u restart to location OJ66H. Thus, it behaves exactly ;
if it had received a restart instruction but, it is to a Jocation that is not ung pf the & sofiware restarl loca-
lions, A restant is merely o call to a specific address in page 0 of memory.

- . ¥
Ma-dable )
The CPLI can be proglammtd 10 tespond Lo the mxskablc mttrrupi in any ome uf thiee pnmbl:
maodes, _ - " t
Mode O

" This mde it identical 1o 1he B050A intersrupt respomer node. Wilh this mede, the inteirepiing Jevice
can place any instiuclion on Lhe daiz bus and the CFU will execute it, Thag, the intesrepling device pro-
vides 1he next instruction 10 be execuled inniead of the memory, Ofien vhis will be a restart instruction -
since the interrupting device anly need supply 2 single byle insirection, Alternatively, any other m:.trucimn
such as o 3 byte call lcl any Incation in memary could be execuled,

a4

The nwinber of clock cycles necessary to execute this instruction is 2 mure Wian e normal number for the

istrucdion. This oocurs since Lthe CPU aulamatically adds 2 wait stales Loan inderrupl te:ponss e cle 1o
allow sufficient lime to implement an external daisy chain for priotity contral, Section 5.0 illustrates the
detuiled timing for an inlesrupt response. After the application of RESET the CPLU will automatizally enter
interrupr Mode 0. L

4

Liode 1 . .

When this moede has been selectcd by the progeanener, the CPU woll oypond 1o a0 lnierrupl by
execuling « restart 10 location GO3&H. Thus the response s identical to 1that fur @ non mashable interrupt
excopt that the call leeatiun is DO3EH invcad of 006&H. Ancthier difference is tha the number of cycles
requited 1o complele the restart instruction iv 2 mose (han nurmal due 1o 1the two 3dded wait stales.
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Mode 2 2GR T AOHTATME MG AfANONLE O
This mode s the most powerful inlerrups rfspunbt mode W:lh ] mnblr 8 hit byl:'l'rum the user an
sindireci ¢zl can b: mude 1o any memory Jocation, 4 #TuE T rr T b st
T N PR T L { TR
Wilh 1his mude ihe progranmer mainiaing 2 table of 16 hn starting addresses for EVE Iy inl£rrupl

service routine This table mdyhtlocmed anywhere in memory, When an interruplt is aceepted, a 16 bit
pointer musl be furmed 10 obtain the desired interrupt service routine starting address from the Lable,

The upper 8 bits of this pointer is formed from the contents of the [ register, The 1 registes must have been
previously Joaded with the desiced value by Lhe programmer, ie, LD 1, A. Noie that 2 CPU reset tlears the

register so that it it initizlized (o zero, The lower eight bits of the poinler must be supplied by the interrupt- .

ing device, Actually, only 7 bits are requited (rom the inlerrupting device as the leasn signihicant bit must be

a zero, This is required since the poinler is nsed to pet 1wo adjacent bytes 10 (orm a complete 1§ bit service
routine sizrling address and the addresses must always start in even Jocations,

. akd “\.. :
F ] j'i -
desired starting address .
Intemupt -~ pointed Lo by: I ?
Service - e @
Rowutine ¢ low ender‘f3 | 1 REG TBITS FROM [4| == = *
Starling ‘Thigh order CONTENTS | PERIPRERAL || +!
Address ; L . — L
Tuble - — - 1
‘ et =TT B
'\n_.—-_o-—_' ¥ ;‘. !I t LY
L -
r * v !

e . - -

The first byte in the tah}e is the least 5;gnlﬁcam {low order) pertion of 1he dﬂdrt“ The programmer must
obviously ﬁll this 1able in with the desired dddrzsses bcfnr: any mltrru;ﬂs are 1o b I:crplﬂi <

L - -

SCRTL I S 4
Nole that thls takle can br. changed at any time by the pmgrammcr (il is tTun:d in R:ad."wl'ﬂ!
Memaory] to allow dnl‘l‘:rcm pcnphe:a]s 10 b: serviced by d:ITnem service rnutmcs

I P T T 1- !

Unce - mltrruptmg dn-u:es supphes the Tml-cr puktion of 1he pumln e LFU aulomnatically pushes
the program counler onto the stack, obiaing the stariing address from the 1able and does & jump to this + -
sddrexs. This mode of response requires §9 cdock pcnnds 1o complete (7 ta fetch the Jower 8 bits from (ke
interrupling device, & 10 save the prngram counter; and 6 L3 nbtam the junp oddress.)

Y :

Note that the ZED pcnphcml dcvncn all include a dujsy ch.nm priorily imerrapl gtracture Lthar aulo-
malicglly supplies the programmed vecior o the CPLY during interrupt acknowledge, Reler to the Z80-P10,
Z80-510 and ZBO-LTC manuats for details,
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9.0 HARDWARE IMPLEMENTATION EXAMPLES

Y
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c inlroduclion 10 hnplementing sysiems wn.’n the ZEOCPU.
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FIGURE 501
MINIMUM 280 COMPUTER SYSTEM

Since the ZBO-CPU valy requires a :lngh: < volt supply, mast small systems van be rmplcm-nltd 15ing
anly 1his single supply.

The oscillalor can be very simple since the only requirement is that it be a 5 volt square wave, For
systems not ruoming a1 full speed, 2 simple RC pscillator can be used. When the CPU is aperated nesr the
highest possible frequency, a crystal oscillzlor s generally required because the system timing will not

olerate the diift of Jitter that an RC network will garcrale. A crystal c«zillator can be made lrem inverten
s 3 few diserele cumponents or monulithic circuils are widely availahle.

The exlermal ruemury can be 2ny misiure of standard RAM, ROM, or FPROM, In this simple csample
we have shown » single 8K bit ROM (1K bytes) being utilived as the cntire memary sysiem. For this

example we have yesumed that the Z-80 inleinal regisier ennfigin itiun contairs s Meient Read 'Wrire
sl 2 sothal exterat RAM memory is ol ieguired,

v

-

-



Erery mn}pulu syslem requires D circuite 1o abow it 1o interface 10 the “real warld.™ In this simple
example it iz assumed that the cuiput i an B bil cunirol vector and the input s in 8 bil status word. The
input data could be galed onlo the data bus vsing any slandurd tri-state driver while the cuiput data could
be latched with any 1ype of standard I'TL latch. For this caanple we have vsed o Z80-MOQ for the 1O
circuit. This single circuitl aitaches 10 the data bus as shown and provides (he requied 16 bits of TTL
cumpatible {0, (Reler 1o the ZEO-FIG manual for dedails on the operation of this cirewil.) Notice in this
example that with only three L3I circuits, a simple uscillatar and a single § volt pow et supply, 2
puwerful computer has been implemented. -

-_— - r

ADDING RAM 7

+

- - | S——

Mpst computer systems require some amouni of extarnal Read/Write memory for data starage and to
implement a “stack.” Figure 9 0.2 illustrates how 256 bytes of stzlic memory cap be added to the previous
exvgmple. In this exumpie the memory space is aumed (o be organized as follows:

P AT A  Address | ., v
.| 0000H
1K bytes

) . ROM

3FFH

TG byles | HO0H

| RAM ¢ .
——) o4FFH

-
—

- ADDRESS BUS <

'Uﬁu-# U*a'%*; S U“u"‘r

=R B0 foo ¢ty
N LI T . Thud

ROM . RAM
"’—cn::2 RO ] A CE,

3
|
n
[=]

K
|5
n
3
T
>
E
-
L]
»

10

dg- oy gty dy-dy

OATA BUS

- FIGURE 9.0-2 .
AOME AAM IMPLEMENTATION EXAMPLE " '

In this iagrame the address space is deseribed in hexidecimal niotation. For thivexample, addiess bit A4
separates the ROM space Trom the RAM space so that it cun be used Tur the cbip select function. For
larger amounty of exiernal ROM or RAM, a2 simple TTL decoder will be required Lo funin the chip selects,

M T [T L

MEMORY SPEED CONTROL e e

For wrany applicativng, it may be desitadle fo use ~lea cremeades oot ne desly, The WALT line wn
the CFL allows the 2-80 1o uperate with any peed iwemony . By refuring bech o soctivg 2 vee will notice
that the memory acces 1ime 1equiremenis are medl seveye during the M) ¢xcle inntrociion fech, All ather
mmemary #oesses ke an additional one hall of 3 clock oy eie 10 he compleicd. Foa thes reason iU may be
devizsble in some applicutions 10 sdd vne wait siare to the M1 cvzle so1hat siawe) mymaories cen be veed.
Frooz 05 byun ovnplz of 2 ofeple cirein that will sezenzsstish this 14 Thi clenit cen he chat o d 1o
phl b ai i by ey e o e nin e 004,

¢

o
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P, - ) . i
. - FIGURE 903 .
seer 2 - ADDMNG ONE WAIT STATE TQO AN M1 CYCLE
: - WAIT -
- a5y . + Ay ' 7400
Ja ‘Jn i I ’ i T Tz | Ta
WREQ 5 5 *
[+ V] o o
Tard TaTd
MAED ';
hd L [*] pu c [+] - -

L
P A T . ¥ i - - ¢ ¥
) - . FIGURED.OA, = ° [ .-
-, LA ADDING ONE WAIT STATE TO ANY MEMORY CYCLE -
- ' . "', .
. ‘ ¥ ' ook

INTERFACING DYNAMIC MEMORIES ) -

This section is intended only toserveas brief introduction to interfacing dynamic memories. Each
individual dynamic RAM has varying specifizatiuns thal will require minor modifications to the deseription
gntn here 2nd no‘atiempl will be made in this drcumment 1o give details for any particular RAM. Sepuraie
application notes showing how Iht AEOLCPU can be innrfaced 10 most puptﬂar d3 rumic RAMs are

availshle from ZHog. LT T -
. . .. - ar ¥

Figure 9.0-5 illustrates the logic necessary 10 interface BX bytes of dynamic R AM using 18 pin 4K
dynamic memories. This fipure assumes that the RAM ™y are the only memary in the system so that Al is
--used 1o select between (he two pages of memory. During relresh time . all memeries in the system must be
1ead. The CPL provides the proper relresh address on lines A through Ag To =4d addiliunal memory to
the sy B1gin if is necessary (o only reploce the 1wo gates that operate on A g with g decuder thai wperales
on o] arquircd address bits. For Larger sysiems, buffering fur the «ddress and r]:s- 2 huedr gl g rally
wequired, . 1
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10.0 SDFTWAHE IMPLEMENTATION EXAMPLES g
; R Ee b o

10.1 METHODS GF SUFT’H-ARE II'n!IFLEMENTATl(}N fm——t \
Nt e N YU S A

~ Several dlfftlcni approaches are pm;iblt in dn:lnp:ng sofiware for the 280 (Figure 10.1). First of
all, Assembly Language or PL{Z may be used as the sousce fanguage. Thesse Janguuges may then he 1rans-
laled into machine language on a tommercial time sharing lacility using & cross-asscrbler o1 crass-compiker
- orf, in the case of assembly binguage, the Lranslation can be accomplished on a 2.50 Development Sysiem
usting a resident assembler. Finally, the resulling machine code can be debupged either on 2 time-shanng
facility using a Z-80 sunuhlur or on a Z-80 Development System which uges 2 ZBO-CPU direcdy.

)
: FAR caTTl R D -"-.,“_ . m mmma- —ia — -
|

r_____
:

~ ¥,
1

» '“-‘:'4-1 .r"‘,‘

SQURCE k .
LAMGUAGE q4%: r_. "1+ TRANSLATION _ - ) e e, DEBUGGING
RESIDENT ASSEMBLER kL * f .
ASSEMBLY ~ : DEvELBPMENT
LANGUAGE v me . — ey ETSTEM
1 MACHINE
: ie-{ CROSS ASSEMBLER - | LANGLIAGE .
- FLIZ DR OTHER L P -
HIGH LEVEL F— . HMULATOR .
- LANCUAGE - CROES COMPMILER
[E Rl T

1 i ﬂ;} F'GUHE 1“..'

R T Y Rt AL

Tk

o

[n seleciing a souvrce lanéu:p, the primary lactors to be considered are clasity and ease of program-
ming v&_code eiTiciency. A high Jevel langbage such as FL{Z with jis machine inde pend ent sonstructs is.
1y pically betrer for formulating and maintaining alporitiing, but the resutting machine code is usually -
sornewhat less ¢lMicient than what car be writien directly in assembly language. These tradeofis can often ©
be balznced by combining PL/Z. and assembly language routines, idenlifying thase portions of 2 task which
musi be opilmized and wriring them as assembly lanpuage subrootines.
=~ Deciding whether to use a resident or cross sysembler s a‘malll.‘l_\uf availzhility and short-tenn vi.
long-1emm expense. While the iniial expenditure for a development sysiem is higher than that for a rime-
sharing lerminal, the cest of an individua) assembly using a resident zssembler is negligible while the same
. operaiion on a time-sharing 8y stemn is relatively expensive and in a shorl tine Lhis cost can cquz] the total
tost of a development nyslem, ) .

*

~ " Debuggingong dn:loymtm syslem vs. 2 simulator is also a matier of availability and expense com-
. bined with cperational fidelity and flexibility . As with the sssembly process, debugging 15 less expensive on

» development system than on a simulator available through time-sharing. In addition, the fidelity of 1he
upetating environment is preserved through real-time execuotion on 8 ZEQLPU and by connecling the 170
avd minory componants which will actuzlly be used in the produclion sysiem. The enly advaniage to
th* uee of ¢ senulator is the range of criteria which may be sefzcted Mot sueh Jebe;ging provedures s Lrac-
inp und setting breskpoinig. Thig ﬂcmhlljt:r exists because a software simulolion can achieve any degree of
cuinplexity in its interpreration of machine instructipns while developnient sysiem procedures have hard-
wire [imitations such as the capacity of the real-lime slorage module, the number of breakpoint regivters
and the pin conliguration of the CPU. Despite such hardware timitations, debugging on a development .
system is typically more productive than on a simulator because of the diredd interagtion that is pesible

- brrween the progranume: and the suthentic exzcutivn of his program. :

L .o - - .
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102 SOFTWARE FEATURES QFFERED BY THE Zx0.CPU

The Z-80 instructicn et provides the nser with a Lirge and Nexible repetoite of operations with which
to formulate control of the ZRO-CPU.

The primmary, ausiliary and index regislers can be used 10 hold the aigwments of anthmelic and logical
gperations, @r 10 fonn memory addresses, of as fast-access storage for Nieguentby uscd dana,

Infurmation ¢an be moved direcily from regisier to register; fiom memen to memary; flom memory
to repisters; of from repistens to menary. 10 addition, regisier comienit and registerfmemery tonlents «an
be exchanged withoul using tzmperary s1oragze. In panicular. the contents of primany and ausalary registers
can be completely exclianzzd by evecuting only Iwa insiruciiony, EN and EXM, This ropster exchange
srocedwye <an be vsed to separaie Lthe sel of working regisiers helween differznt Jogical provedures ur 1o
expand the set of available regesters inoa single procedure.

Storage and retaieval of data between paics ol rezisters and memory cun Se comrolled on g last-in
first-out basts through PUSH and POP instructions whizh atilize a speoral stack pownter regisier, SP, This
stack register i3 availzble bath 1o manipplate €uta 208 to st mancdlls aere amd teriiove addresces for
subroutire linkage. Whea a sutrostine 15 called, for enamnple the addiess Tollaaing iz CALL imsizuition
is plazed on the 10p of the push-down sk pointed to by 5P Whan g subhrostine resurns ta the calisng
routine, the address on the tep of the statk s 0seC 1o w1 the proegram counder for the address of the next
irstruztign. The stack pointe: is adjnsted aulomaticihy 1o refiect the currEnt 1ap™ staza poltinn Junng
PLUEH, POP. CALL and RET instructions. This stack mechenism atlaws pushdown dats stacks and sub-
rontpre ¢alls fo be nested {0 any pracucot depth becaus: the s1ach ared cas potentiaibye be ay age as
MMEnur. space,

The segquence ol instrection execubion can be cantzolie 2 by sin diffezent Lo (carny, 2210, sige,
patity foverfiow, add subiran, halfcarry) which sefizzt ihe reselis of arithemetic, logizal, shill and compats
instructions. Afier the execution af an instruition which sats a flag, that lag can be wed 10 coniral 2
condivenal julng ar retura instfuction. These instrections prosvide logreal conral Tolivsing the maripvla-
tiom of sl bit, eight-bot by 1e {ord sintecnody data guantilies,

& full set of logical cperations, includirg AND, OR_ XOR (exclusive = OR) UPL (SOR)und MEG
(two's complement) are avuilable for Boclvan operations betwesn the accumulaior and ) ol other eight-bit
egisters, 70 memory locaticas or 3) immeding oprrands,

Imwddition, & full s2¢ of seivdonetie and bogisd shifes i bath direstieas sie aveiiable which eperate
on the contents of all eighi-bit primary recistans or Jizoctly on ooy nninony facation, The casy 0.8 von be
included or sinply sel by these shify insreuctions 1o pronide bath the testing of shed rosuity and 1o link
registerfragisier o1 tegisier memony shill oparaiions.

10.3 EXAMPLES OF USE OF SPECTAL Z50 INSTRUCTIONS
A, Lxtus assupie that o string of dats in memary startioe at foeation "IATA i b mgved nto

ane il sty of monany siarting at lecation "BLEFFER ™ and that the string [z gthis 737 byaes. This
operdtion cun be azcomplished us follows:

LD HL ,DATA VSTART ADDRESS OF DATA STRING

LD DE . RUFFER DSTART ADDRESS OF TARCGET HUFFER

LD BRC 737 (LEXNGIIOF DATA SIRING

LEBIR PMUVE SITRING  TRaNSO MEMORY MM TER TO

CHY MLIS O SUMORY TOCATION POINTED 1O By DE
CINCKHESMENT HE asl DE DLCREMENT B
CPROCESS UNTUL HC =0

I Eates are agsquined Qor L vperatien and eoch Svte of oo is pwes oo 28 2oed Laedes,



Lei'e assume that a stning an snerery starling at lecation “DATA™ is 10 be moved inle angther area
of memorny Starting at lucation "HUFFER™ until un ASCH § characrer fused as string deliminer) is
found. Ler’s also attume that the maximuem sieing length iz 137 cheructers. The operalion can be
puiformed as Tollows:

1D
LD
LD
L
LOQP.CP
JR
Lol

JF
ExD:

HL, , DATA
DE , BUFFER
BC , 132
ALY

(HL}
Z,END -

PE ,LOGCP

(STARTING ADDRESS OF DATA STRING
VETARTING ADDRESS OF TARGET BLFFER
P MAXIMUM STRING LENGTH

JSTRING DELIMITER CQOLE

JCOMPARE MEMORY CUNTEN TS WEIH DELIMITER
GO TOEND |F CHARACTERS ERQUAL
‘MOVE CHARACTER ¢l 1o (DE}
VINCREMENT HL AND DE, DECREMENT BC
yGOTOLOOYP” IF MORE CHARACTERS
JOTHERWISE, FALL THROUGH

NOTE: BV FLAG |5 USED

iTOINDICATE THAT REGISTER BC WAS

T DECREMENTED TO ZERO.

19 brtes ure required Tor Unis operation.

Let us assume that a Ta-digie dJeciinal number represenied in packed RCD furmat (raa BUD digits’
bvie) has to be shined as shownin the Fipere 102 a0 order 1o mechanize BCD meierrheation of
divinian, The vperation ¢an be accaimplished x5 Nollows:

1.D

LD
., XOR
ROTAT:RLD

INC
DINZ

HL .Drara
B . COUNT
A

HL
ROTAT -- §

CADNDRESS UF FIKSI BY TE

CBHIFT COULNT

‘CLEARK ACCLAMULATOR

ROTATE LEFT LOW ORDER INGIT IS ACC
(WITH DEGITS [N (ML)

CADVASCE MEVIORY POINTER

CDECKEMENT B AND GO TOQ ROTATIF
(BISANOT ZERD, OTHERWISE FALL TIIROUGH

11 bytes are reguired fur this operation,

=1 .

Th;JrE N2



D.  Lei us assume thal oné number is o be subiracizd from arvather and a) thal they are both in pasked
. 1,0 BCD furmat, &) that they are of equal but vy g kength, and 23 that the relt s ta be stared in the
location of the minuvend. The vperation can be acos apliched as follows:

LD Hi. . ARG} 1 ADDRESS OF MINLEND
LD DE , ARG2 - ABDRI'SS OF SUNTRAHEND
LD B.LENGTH *LENGTH OF I'WOQ ARGUMENTS
AMD A CLEAR CARRY FLAG
SUBDEC:LD A {DE) <SUBTRAMIFAD TD ACC
SBL A ,{HL) {SUBTRACT tHLY FROM ACC
DAA sADIUS [ RESUL T TO DECIMAL CODED VALUE
LD {HL) , A :STORFE RLSLILT
iNC HL cADY ASCE MEMORY I'OINTERS
INC DE
DINZ SUBDEC - § CDECREMENT B AND GO TO -SURDECT [F B

TNOT ZEROD, OGTHERWISE FalL i ItROUGH

17 hwtes aee required for this operaticn,
104 EXAMPLES OF PROGRAMMING TASKS

A, The Molowine pregtam sorts an artay of mambers each in the range 0 2850 e 2scend g i=r 2ang
z »tand ard exclop e saeting JSyenthm, ’

6



OLf22776 [3:14:37
LOC  OBICODE  STMT
HE
S
3
F)
$
3
T
8
9
o
(B
12
12 ; A
14 -+ B
5 C
16 D
17 E
18 H
19 L
20 I
21 Y
22 .
OROG 212600 23 SORT:
W3 CR34 24 LOOP:
0005 41 25
006 05 )
0067 DDIATRD0 27
Ou0B  DDTEDD 2B OSEXT:
DOGE 37 p
O0F  DDSEDI 30
outr 93 31
LY TR IR N L 32
uils  pDTA00 33
UOtE  DDIOI 34
0018 CBRC3 35
0D bD23 %  NOCN:
O21F  I0EA ‘37
35
Wl CeH 39
02 CDE 40
0015 9 41
42
0026 431 F)adGe
N2 43 Dyra:
48

AU
SOURCE STATEMENT

i AT EKTRY:

EBLE VISTING FAGE 1

ot STANDARD EXCHANGE (BUBBLE ) SQRT ROLIKE =+

HLCONFAINS ADDRESS OF DATA
CCONTAINE NUMBER OF FLEMENTS TO BE SORTED
(i< Cx256)

v AT EXIT: DATA SORTED IN ASCENDING ORDER

LSE OF RECISTERS

REGISTER CONTENTS

TEMPORARY STORAGE FOR CALCULATIONS
COU'STER FOR DATA ARRAY

LESGTH OF AT ARRAY

FIRST FIEMENT IN COMPARISON

SECOND ELEMENT IN COMPARISON

FLAG TO INDICATE BEXCILANGE

L'NLUSED
FOINTERINTOLATA ARRAY
UXLUSED

LD {ATA) HL (EAVEDALA ANNAERS

RES  FLAG,H CIRITIALIZAE £5CHANGE FLAG

LD B.C SINITIAIIZE LENGTH COUSTER

DEC B “ADILAT FOR TESTING

LD IN.(DaTA) DINITIALILE ARRAY POINTER

LB A X)) SFIMST ELEMIENT IN COMPARISON

LD DA (TEMPORARY STORACE FOR FLEMENT

LD E.{TN+]} SECOND ELEMENT [N COVPARISON

B E SCONDARISAY FrnsT TOQSFCnND

iR N MOENSS UEFIRST w slond, NO N E

Lo (X1 E CENCHANGE AHPAY ELEMENTS

LD {1X+1), D

SET  FLAG,H CRECURD EXNCHANGE OUCURRED

[NC X POIST G NERT DATA B FLNT

DiNZ  NEXT-3 TUGLNT XU URR UF OO0 L RISONS
CHEPEATE SORE DAL atis

HIrI FLAG, H PDETERVINE T FAMUHANGE Lo CUREED

JR N7, LOOP-% LCUONTINUE IF DATA LNSURIED

RET (OTHERWISE ENIT

(AT CDESIGNANGN OF VLAG BT

hrs 2 CRTORAGE ;6P [T Ay

END

"y



B, The fallawing program muliplics 1w umsigned 16 bit integers and leases the resultin the HL register
pair.

01f22{16 11:32:15 MULTIPLY LISTING PAGE |
LOC  OBICODE  5TMT  SOURCE STATEMENT

0000 1 MULT:; UNSIGNED SINTEEN HIT INTEGER MULTIPLY.

2 OX EXTRANCE: MULTIPLIER IM DE,

kI MULTIPLICANDHIN HL

4 3

5 DN EXIT: RESULT Ix HL.

&

7 REGISTER USES:

)

9

12 H HICH QRIER PARTINL RESLLT

11 L LOW ORDER PARTEAL RESULT

17 D HIGH GROER SLILTIPLIC AN

i3 E LOW GROER WULTIPLICAND

4 B {OUNTRR FOM SUMBER OF SHIFTS

] C HIGH ORDER BITS {1F W14 1ML IER

16 & LOWORDER BITS OF ML L LI LIRR

17 :
onat OsI0 18 LD B, 18, NURBE R OF B A2 INETTALIFE
N . 19 LD C D MOVE MULTI TER
s B ) LD 4 E:
ILCAL ] En 21 Ex PE.HL: MOWVE S0 T I sl
LR 21000 iz L HL. Q: CLOAR IPARTIAL RIS
GO CRYG 23 MLOOP: SEL L SHIFT MULTIF kit BVGHT
000A  JF 24 RRA LE AST SIGAIICANT BIT IS

25 INTARRY,
B 300 26 i]:4 NC.NO0ADRD-S: IFAOCUARKY.SKIP THE ADD.
WD |8 Ly} APEB HIL.DE: ELSE ALy ML I w5310

2B PAkTIAL RESUE T,
AIE  EB M NO0aADD: EX DE_ ML SHIFT SV LIRS IC AN L ERT
RMF o 30 -ADD HL,HL- BY MUELCDIPLY ISGIT BY Tw{
Ho  Em 3] EX DE. HL:
SV 1OF5 a2 DINE  MLOOP-%: REPEAT U'NTIL 0O MORE BITS.
o1y C9 T33 RET:

33 EsD;

%
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£30-CPU

Zilog INSTRUCTIONSET -

ADC HL,
ADC A s
ADD A n
ADD A, T

ADD A, (HL]

ADD A {1X+d)

ADD A 1Y ~d)

ADBD HL, =
ADDIX pp
ADDIY rr
AND 5

BIT b, {HLI
BIT b, {1X-dl
EIT & {1Y-dl
GITH, r

CsiLlcc, nn

CALL an

CCF
CPs

cvp

CPDA

£el

CFIR

Aid with Carry Areg. pair ¢ o HE
Add wilh carry operand s 12 Arc,
Add valus nto Ace.

£-id Reg. r 10 Ace.

Add lacation {HL} 10 Ace.

Add Iocation [1X-d) 1o Ace.

Add Inzation [1Y+d) 10 Ace.

Add Reg. pair 55 1o HL

Add Aeg. pair op to 1X

Add Rrg. pairrrta 1Y

. Logizal "AND" of operand s and Seg,

Test BIT b of lacation {HL)
Test BIT b ol dozaticn [1X-d}
Test1 SIT b of locaticn {1Y < g0
Tugt 30T Lol Reg. ¢

Call mataputing pt lpcatien nn if
conditmn cc if troe

Uprzoaditional call subroutine at
kxcatan an

Complement carry flag
Crampate 2 perand 5 vith Ace.

Comeare Weiiiion (HUY L =) 2ee,
dzr.mint HL a2 BC

Camp:zie lozation (HL} and Acc.
dor:ament HL ind P, reoest

“ungil 3C+0

Coovare kzation [PIL) 5 o Ane,
ircesanant HL and drerenient 50

Cormpare location {HLY and Ace.

insremminnd HL, decizioent BEC
skl R0

L I 1L AT

Phmsial Lefine b Ave,

ST PR TR oot=lpn e

DECIY
DEC u
(4]

DJNZ &

Et

£X (5P, I-IIL
EX [SP), IX
EX ISP}, 1Y

EX AF, AF’
EX OFE, HL

EX¥

BALT
Mo
I 1
2

IN A, {nl
IN¢, ICH

INC {HL]
INC X
PR LS |

INC 1Y

INE Y = d)
INCr

LT

thL}

Cecenmeny 1Y o 70
Cecrament Reg = oir 15
Digakte interruyts -
Drcrirreat B and Jummp ?.)
rel-Aive il B0

Enalile i derrupts

cachanye the Incation (571 -0 1)
Erchaige the focation [SP] ;. 7
Exchang: the location 158 L ¥

Eachange the contants of AF
and AF

Exnchange the contents of DE
ang HL

Excharo: the conients af 202 05,
HL with rantenis of BC', DE' -
rovpectively

HALT levail for imterrupt procos s
Setinterrup mad2 0
Set ialairuplonzde
Ser mton cpl e 2

Laad the Scc. with imput frp.
davice n

-

rzdthe Regor with iy " am

device (C)

Incro.=ent lecztion |[HL)
Incresiant 14

tpr e to s tan (ER- )
Irorg vy 1Y

Locm . oagot Tocation (1Y =g

RERERE I LAy

[ FRWIRRPTIY S B |

Lew ff Fwcation (HLY with in-oox
from w1 IC), 2 v memt HL
Lad B

bt et ey
LT YL B AP TR T TL
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I"IR

JP IHL)
JP 1)
P (1Y}

JP ee, nn

JP nn

JFC ¢

e

JPNC, «

JANZ «

JA £
LD A (BC)
LD A&, [DE}
1
LD A, inn)
Lo A, R
Lo ecl, A
LOIDE), A
LD IHL), n
LO N, oin
LD HL, Innl
LD (HL), r
LD, A
LF X rn
LD §X, {an)
LO {ixtdl, n
SR I
LD IY nfn
!, Lo

T
2N g

I rrd tncation i HL! with input
froam poat {C}, ir=er;neat HL
And desrgiment B, re;aeat until
B0

Uneondition:l Jump to {HL}
Unzanditkaral Jorp to (11X
Uncondilzoal Jump ta (1Y}

Jump 1o lecstiaa on if
condition cc ks true

Ungonditi -r 4l jump to location
nn

Jump refative to PCe il carryal

Uncanditional Jurmp reflative
1a PC+e

Jump retative 1o PCe if carry=0

suinp relatise to PO+ if non
sero | Z=01

Jump ralative ta PCee il zero {Z=1)
Load Arc. with loeation (BC)
Lasd Acc. witit Incation (DE)
Load Ace. woith |

Load Ace, with location nn

Loed Acc. viith Ee R

Loed locaticn {53} vith Ace.
Load location {DE] with Ace.
Luad Ineation {HLY with valus n

Lend Reg, poir Ed wifh vt 12 pn

Load HL with axcation [nn) ’

Losd location (HL] with Reg r
Le.d )owiih Aec

Yerd P wath s olus in

Load £X with lgtation (nn)

Losd fozation (1 irl] vLith ualue n
Poedlc-wrion il 2 il Begor
Levadd 4% wishvizliz tin

Laad 1Y with 'eiotinn hal

LD (nn}, A
LD fnal, dd
LD {nond, HL
LD l.'nn'l:lx
LD [nnl, 1Y
1LDA A

LD r, (HL]
LO r, {IX 4¢3}
10, {1¥+4d)
LDr n
LD, ¢

LD 5P, HL
LD 5P, I1X
LD 3P, IV

LDD

LOOR

L

LDiA

NEG
nOP

OR 3
OTOR

OTIR

CUTICH r

LIFF il A
oulD

|

Load location {nn) with Acc,
Load Incatian (nn] with Reg. p:l—i:hdd
Load location tnnl with HL
Load location {ank with 1X
Load locatian {ne} with 1Y
Load A with Acc.

Losd Reg. r with lucation LML)
Load Reg r with location (13X d)
Load Reg. r with location (Y +4)
Load Reg r with value n

Load Reg, r with Reg r’

Load SP with HL

Load SP voith IX

Lead SP with 1Y

Load lucation (BEY with locatian
IHL}, thoeremment GE, ML and BC

Lead locatnn [DE] with Maatiun
tHL), devrement DE, HL ang 30
repoal untill BC=0

Load locatinn LDE) with focaton
[HLY, incroment GE_ ML
desre:zen: BC

Locd laciiion {DE] with 1. <%ian
{HL], inzietnent DE, HL,
degrement B and repeat ualil
BC=0

Koy e, e L]
fia o iatinn

Lagizal "OR" er apzrard « wd Acp,
Load ooptput port (2] with oo 1tion
(HEY 2 - omes HL and By ot
w200

Laad o atpat purt {C) i "0 s Hiun
(HL), ingremorn HL, dvoriomond B,
repedt uatil B=0

Lovpd 6 et ozt 12 L0 T oy

Len lvgt vy mdbal o “le

Low) natpst port {CH etk tus 2 2an
CHILY, decriecont HL a5d B
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FoTaX L1 with tp el track AR m Rotate right throwgh worey . g

4

LY fozd 1Y ith top of stack RRA © Hotate ight Ace, thie Y oy
PO qq Load Reg. pair gg with 1o0p of stack RRC m Rotate operand i right girealor ? :_':
FUSH 1X Load IX onio wtack RRCA Rolate right cirzular Acc. ‘)
PUEH 1Y Load 1Y onla stach RAD Rotate digin sigh ond 11 betegen

) Ace. and loeation (ML)
PUSH qq Load Req. pair qq onto slack
R5T p Restart to locatinn g
RES b m Rescl Bit b of operand m
RET Fiziurn froimn subroutine SBC A, s Subtract opzrand § from Acc. .« Th
- carry
RET ec Remrn from wbeoutine if condition i
’ £c is true SAC HL, =z Subtract Reg. pait 1y frem HL with
Caf Y
RETI Betum [rom inlerrupt
SCF et carry flag {C=1]
RETHN Return from non maskable iterrupt
SET b, (HL] et Bt bof location [HLY
RL m Retate left through carry operand m
. SET b, [1X+dl  Se: Bit b af locytion {I1X -2l
RLA Rotate Jeft Ace. throush carry
SET b, NY+dl  Set Bitb ot location LY +d]
PLC (HL]) Aotate location (HL) left cirzular .
SETh, 1 Set Eit b ot Reo. r
RLC {1X+d) Rotate location {1 X +d) left circular
SLA m Shift operend m lelt arithmetic
ALC (1Y +d) Aotate lotation (VY +d) {eft circolar
SRA M Shit operand moight atithnas
RLCr Ho!alg P31 left cirenlar
AL m Stait guerend gt izacd
RLCA Ratate loft eircutar Acc,
. EUB s . Subtract operund 5 fram Ao, 'j
RLD Raotae @rgit left and right bebween ' . .
Are, aad lucation KL} XOHR s Enzlusive "OR 1) = a l 5 ad 522,

Z80PIO
L80APIO
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1.0 INTRODUCTION

The 7-30 Faralicl O (P10) Corvuil i3 3 programmable, 1wo poet device which provides 2 TTL
coripatitbly intelace hdtween penphenal davies and the Z50-CPU. The CPL can vonlivure the 720210
trinterface wrtlva wide covge of periphezal devices with mo orhe: exteonal logre requirzd. Ty pical penaplienl
devices thal are fully companble wuin the Z80-PI0 mclide most keyboands, paper tape itad2ns and
punches. pranen, PROM progiamimern, ¢tc. The Z50PIO undizes N channe ! alivon gate deplenen load
technolegy and s packaged in g 40 pon DUE, Mager tedinres of the ZED P ing Jonta:

® Twoindepeadent B bir hidirectiunul penplieral interface parts with "handshake’ data transter
conisul

o Interrupt driven ‘handslake’ fur fast response
o Any ane of four distinct modes of operation mav be selested for 2 pert including:
By L= vutput
8y le input
By te bidirecimnal bus fAvailakle on Parl A onlyd
Bit vuncrol minde
All with interrupt vontralied hadshake
o [y chan priocty Lr::-:rrup—t Logic ingludsd T provids far automativ inerrupt sectaring = sheul
externat lugic
o Eight aulps:s gie¢ capabie of drising Darlingron ransisiars
o Allieputs aud sutpuls foily TTL compatiitie

* Sargle 3 sl supply and smgle phae o dre segueired

cOne af the umque Fegtures of the Z30PI0 it sepazares 1 from ather inteefave controilers o that alt
dany tranater berwewn the peripiteeel device and the CPU 15 accomplished under toral ntereupt coneral, The
inteccapr iowic af che P10 peerning full wsage of the eflicient tnt#rrupt capabiities o the Z20-LPU dunng [0
tramsfers, All bogic Avceswry 1o inplement a fully nested intercup seruenare 1 invled 52 inoie FIOD a0 thae
additivnal cirenits ate not required. dnother unigue feature of the PRO &5 that o van b2 pragoammed to
iateciupt the CPU on the wecunrenos of specitied Slatus cunditions in the periphera] devicz. For example,
the PO can be prugrammed taanterrupt if any specified peripheral alarm conditions should occwre. This
intercupt capability reduges the amount of time that the processar must sped in polling peopheral status.



2.0 PIO ARCHITECTURE

A blowk diggram of che Z80.PIC s shown in Figare 2.0-1. The inrernat structure of the Z30.PIQ
gunsiati oF 3 Zn0 CPL bus interface, internal contea! logic, Port A 17O togc, Port B 170 logic, and wmterrupt
contenl Yogic. The CPU bus intecfzoe logiz alluws the PICH Lo tnterface diractly to the 750-CPU with no
other estenal logie, Howewer, address decoders andfar line buffers may be required for large systems. The
internal contral ogic synehronizes the CPU dany bus to rhe peripheral deviee inteefaces (Poct A 1nd Puet B)

+ The 1wo [{Q parts (A and B} are virtually identical and are used to interface ditectly 1o peripheral devices,

¥ OhD &

Ll

. -
IMTEHM AL PORT ! DATA QR CONTRTL
COMTHOL A a Ly
[1
hasied i ; }HAHDSH!KE
L
o o - L RIFHENLL
cru QaTa Aus s INTEMM AL BLIE IP:“I;:‘“
INTERF ALK __,._' -p B
MO CONTAG,
LINES .
poar f—F 044 QR CONTROL
INTEARUST —-> g
CORTAGL L —

wa e
HAMDSMd s |

e

{
).

IMTERALFT LMWK 2L LINMES

EGURE 201
FIO BLOCK DI AGRAM

Tae Port IO Wgie is coraposed of & registers with “handshake™ controd logic as shown inFigere 202
The registert include: an 8 bic daty input register, an 3 bil dita output regster, 3 2 bt mode voatia!
register, an 8 bit mask tegister, an 3 kit inpufoutput select cegister, Ind 2 2 bit mask control regster.

IRELT 'QUTFY -
SELECT AR
L LAt

ok

CowmTRdL

RES

EFd THr

P TEamas dwl

T
T ST E Y

oafaad
$ sl Ay, wwd

- et ] DaTa

e Py e ol s
= Y TSN . S — LA g
L7 &eTh- e (AT BT O]

anafT
| TR RALRT u:?:"" S manChranE
" avoueann T EE,.{“‘ RO R
FIGURE 202

POKIT /O BLOCK DIAGRAM



The 2-hin mede control regsster is Jouded By the CPU 16 seleet the desired operaling mode (b te
output, bare input. by te bdnesinnal bus. or bit comrol mode 1, A0 E0ta transfer betacen the periphezal
device and the TPV s achoesed thravgh the data inpot aond data cuzput registers. Dara imay be wrilien ity
the ottt regasies by the CPL or ead back toovhe CPU Trom the Snput cegisier 3t any tme, The randshale
=y v igied woth each port are uwed to contiel the data transier beineen the PIO and the peripheral
device,

The §-bit msk repister and the E-hit input vurpot selezl tegisier arz eed only in the bit centrol
made. In s inede any of the S perrpheral daty o oepirol bus pins can be prosrammed te be an s o1
an vuiput as specifiod by the <zlect regiaer, The mask regisier is ased 10 ki miade in comunetion wih a
special interrnpi fexture, This featuee aliows an interrupt 1o be generaled when yny ur all of the unimisked
pins reach a specified siare (either high or [ew i The 2B mask control register specifies e dctive sage
desited (hagh or Tow pand T ihe imterrups should he gemorined whien il unmashed ps are active (AND
cordilign) or whenamr umnashed parivactive 1OR condiiion), Thus feazure redoces the reguiremen for
CPU status checking af the peripherz] by alloswitg anmierrupt 1o be auiomalically 2enetnted o specaic
periphery] staius conditions, Por esample. in o sysiem wath 3 alarm conditaens, an inigfiupl may be
renerared if any pne oecurs orl all three acour,

The intenupt conirel logic section handles o) CPLY interrupt protoce! for aested priveity interrupl
strtstures. The privesty of =oy device is determned by it phasicad locanien inoa daisy chain confligusanen.
Twao lines are peorided in eoch PIO 1o Toom this daiss chain, The devsce closest o the CPU has the tughest
priotity. Witlon 3 PIO Poit A mrerrapts Rane highet prioniy than those of Porl B. 12 ke byte input_ 5z
vuipul of bidirestivost maedes, 2 intertupt can be penerated whenever o mew buee promsler iy regquosizd by
the periphiezad, Inthe bir cuntrol mode an imeerupl can be venerated when the periphesal siatus warzhes a
progratnmed valie, The PIO peovides for complete eontrdd of nesred inkerrupis. Thav s, was prionn
devices mas nwd imerrupl higher prionity devices 1that have v kad hein noosnipl serice foabine dorn
pleted by the CPU. Higher preorisy devices may wirerrup) the seracing of Tawer pricrits Jevices,

When anomierrapl is accepted by the CPU insnede 2, she inierrupling device naust previde an S-bon
e upt sedion for e CPL Tlhussedtar s used e loren o pognier to p loganon o 1he compuigr me ey
whert 1the address of the inierrupl service rontine i+ focated, The B-bit socior from e mrtertupling desaes
foems the beast sipnificant & bits of the indirest pomter wiule the | Regictes in the CPL prondes 16 orusst
sgdtilicam & bats of the pointer, Each port {A and B has an wdependeni inte: rup! vector, The feast
significam bit of the secior is aviematically set w2 O withen the PIO uacs the pomier must puirs 1 tna
adjacen memery locations for a complete 1o-ut address. -

The PIO decodes the RETH iReiwen froen ionerraptj instructzon directh Mrom e CPU data b ao
that euzh FIQ in the sysiem knows at all temes w hether 3t i being seisviced by the CPL imteniupt service
rodling withoul any other corunenication with the CPL.
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3.0 PN DESCRIPTION

A digg i of the 249 T pin configueanion is shown in Figure 3041, This secnon desuribes the
Fungiion of wacbrpgi,

D0y ZEO.CPU Daty Bus (hidirestional, iriatate}
This bug is used to tranafer all darg god conviands between the Z80.CPU and the Z20.FIQ,
Ly is the least significant bitaf the bus,

B/A Sel Part B ur A Seiect linput, active highy
This pindefines whicl port will e socessed during 2 dava transler bet wean the 230.CPU 1nd
the ZBILPIG. A low fevel on 1his piu seledts Purt A while 3 high leve] selects Purt B Gfren
Address bit Ay Fram the CPL will be used For this seleciien funetion.”

CiD 5 Cantrgl or Data Selesn (inpur, 3onnve high)
This pin defines the tvpe 0F dita 1ramsier 1o ke perfurmed betwern sk CPU and the PIO. A
high lesel wn thes pin during 3 CPL write to the PLO cavses the Z-50 €103 bus 19 be 10ivi-
preted ag 3 e 135 the port selfesied by the BYA Sefect hime. A low level an the gin
mieans that he Z.80 dara bus is being used to ransfer ditd between the CPU 2nd the PLO
Orren Address bit & from the CFL wilt be wied Fur this luectivn.

CE Chip Engile finpu; aerene luw)
A low level wum this proeaables the PIO to avczpt command e daes i|‘_.3-.-'li Py the CPL
during +weite cvole or t iranuna daty v the CPU Jurieg o read cvcles This arpna s
generally g desnds of Four IO pant numbes thit encampae punt A 2ad Bodaty ped avirdd

th Systen Clowh Ginpur}
- The Za0 PIO wazs che srandard 280 wstem qu_k tg sy nehsonize certaun sirialy meeenally,

This iz u sngle phase ciods.

M Machine Cvele One Signad from CPU (input . anve law )
Thuy si s_i_.al Froun the CPL s used a5 3 syne pulse to qoningl seserdi tnizrnal PIO operatiens.
When MT is active and the RY LD signat is avhice. the Z50 CPU s ferching aninstruction fiow
memory, Conversely, whea MUY i avpive 2nd iDRQ 15 zebing, the CPL i acinow eyt f 30
intereupt. In addition, the MU ugial has two other funcupns wishay the Z80-PI10.

1. Ml synchronizas the PIO ingacoupt lugiy,

2. When M oveurs without gy getve RD or LORE stgend] the PLO Logiv guters & reswat
st
[_C_IT'-'.{_}- InputChiput Requast fooen 250 CPU finput. 3cine tow)

The TORGQ sigial is use 05 coiguncuun with the BFA Selet, C/D Select, CE, 1nd ‘rsri- L
to transiet comnaads 10 J101 between the Z30CPU and the Z50-P1O. When TE. RD and
10RQ iee activa, the purt addressed by BYA wll transter duta b the CPU (2 read aperstae “’.I
Converaely, \'-hq.n CE sod TORTD dre goive but BID 15 0ol aotine, then the port ad breswed B
B A wall he seitten into from the CPI withither da13 we contral infarcation s ~I:"-‘-inuJ
by the CF0Y Sedeen aignal. Alsaf [DI{[‘J and M7 are actve stttaligneousty, the CILis
achagw ledying tnowatecropl and the poerrepring pare will aurentatically place itv interrupt
weutor on the UFU data bus 1005 the bughest privnity device requasuiied Jn inderiupl,

RD Read Cycle Status from the Zx0-CPU {1aput. acuve tow)
ITRIY 15 actse o MIEMORY READ ot O READ uperationis in progress. The RD wgnal 14
used with B'A Sulect, €D Seteet, CE, and IORQ signals to Lrausier data from the Z8-PIO
ta the Z800HLL
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IEC

INT

A RDY

B RDY

Tnterrupt Ensbie In {input, a2five hugh)

This sigsal is u~ed to form a pricreity intcirapt dzisy hain when mute than one inierrupl
driven device is being used. A hiph level un this pin indicates that ne ather devices ol higher
priorily are beinp serviced by a CPLanlerrupt service rouline,

Interrupt Enabhle Qut {ouveput, active high)

The IEO sienal is the oiher signal required 10 Torm a daisy chain privoty scheme. 1 is logh
only if {EL1s high and the CPU iy not servicing an imerrupn fram s FID, Thus this signat
blocks lowe: priority devices fromn interrupiing while a hagher progdity device is being
serviced by is CPU interzupl senise routine.

]'mern:gTquuesl (output, cpen drain, active low)
When INT is azine the 250-PI0) s requesting an interrept [rom Lhe 720-CPU.

Port A Buw (bidireciional, 1ristared
This & bit bus is used eo transfer datg endlor staius o coniral infonmalion between Fart A
af the Z30-I'Q und 2 peripheral device. Agis the least significant bic of the Past A datd bus,

Part A Strobe Pele from Periphers! Device {input. azine low)
The meaning of this signal depends an the mode of epetavon selectzd for Port A as follyws:

1Y Osipur musde: The positive edee of this sirobe v issued by 1ke peripherel to
achunwledge the receipt of dara nade availsble by the PO

23y lsput micde: The strehe is eseed by the pedpheral 1o Inad data Goin the perphesd
Hado Elie Part A inpul regaster, Data iz loaded inta e FIO when th sigeal wactive

3 Bidireenonal mode: When this sipnal s active, data liom 1] e Part A curput egivgt
is gated onto Port A bidisestionat data bus. The posiise cdge ri the sirube
achnowledees the receipi of the dars.

4)  Control mode: The strohe 15 inhabited inlenaliy

Repivier A Ready [ouwiput, active high)
The meaning of dis signal depends un 1z mode of pperation yelected for Pact & a5 Tollows:

1D Quiput mode: This signal goes active to indicaie that the Port A autput registen has
heen loaded and 1he peripheral data bus is stuble and ready for tramsler 1o The
peripheial dovice.

2} lopat miode: This signal is active when the Pone & input register is oiupty and is
ready 10 sccepl data froun the periphezal device.

1} Budirectignal mode: This signal is acuve when dara is asailable in the Part A pulput
register far tramsfer 1o the pcrlph:ra‘r Jevize. In this mode data is not placed on the
Port A data hus unfess A STE is active,

4). Contrgl mode: This signal is disabled and foreed 10 4 low swate,

Port B Bus (hidirectional, 11istare}

Thiz 8 tul bus is used Lo transier data andfor status v control information boiween Port B
of the PIO and a peripheral device. The Port B data bus is capable of supplving 1.5ma
1.3V 1o dpne Dactingion transisters Bﬂ is the Jeast sipmilicam B of the bus.

Purlt B Sirehe Palse feorm Penphierat Device (input, active law )

The mesning of this siznal s sirmibar 10 that of A 511 wath the followne evception:
In the Port A bidirectiona] inode this wenal strobes duta froim the peripherd] device
o the Port A input register,

Regisler B Resdy foutpur, aatise igh)

The meauing of tas sipnal s sinnlar o that of A Ready witl the following excoption:
In the Poic A bidaecrianal imade this sizmal e Ligh when the Port A b cege 6 G
empty and reads toaecept dats froan the peddpheral devige,
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4.0 PROGRAMMING THE PIO

4.1 RESE]

The ZAO PIO sotmoonsally enters a reset state when pawer is applied. The seset state performs the
Folluw ing fundtivny:

Uy Baoth port vk regisless are reset to inhitkn all port data Bits.

23 Port Jata bus lines are set 1o 2 high impedance state and the Beady “handshake” signals are

inactive (low) Mode 1 is autpnativally selecred.

3y The vector 2ddress registers are reor 124el,

41 Bath port inzerrupt enable Mip ops 2re et

51 Buth purt ourpod registern are resdt.

Ln addinban to the yutsiatic puswer an reset,_the PO Gun be reset by applyine a0 M1 sigoal withoul
the presence of o BD or TORD siynal. 1 no RO 1I0RG s devected during MU the IO will ertes the reses
state inme Jrately after the ML sgnsl goey i cteve, The purpuse of fns reaet st allew 2 sinzle externgl
Bafe bu RSt ane & resel wathnt 3 powat down sequene, This appivach was regquired due 1o tie 20 pin
packremy hanation.

Onve the PIO has antesed the interial resan s2ate o6 iy held thers gand the PO receives a canioal ward
from the TP

4.2 LCGADNG THE INTERRLPT YECTOR

T

" The PIO has bzen Javizned [0 operate with the ZEQLCPU vning the mode 7 imiertuep sesponse. This
mipde requires that an irtorrupt vectar be supplied by the interruptiog d2vize, This sectuor is used by tha
CPL to Funt the address for the interrupt servics raotine of that poet. This weatee is pla.ed an the 290 Juer
bus during aoainterrupt sebnow lodue evele by the highest priority devics raquesting service 10 thal kre,
{Betes ty the ZBOCPU Techniwal Munwal tor details un hiow an intércug s serviced by the CRLY The
desired interrupt vector is lpadet into the PTO by wiiting a control word to the Jesired port of the PLO with

the following furmuat:
o7 Do Oz L§ D3 b D1 (L]

L Va L] W4 Vi V2 ¥ a 1

Fa sgnifies this cantrol word 15 310 interrupt
veciar

D s wsed in this case 15 0 fag bal w lich whan law causes VT ithra ¥ to be loadead inta the sector regisler,
Atintertupt ackowledzz tinte, the vegtor of the interrupting port witl appear on the Z-80 data bus zxadtly
ay slevwn in the format apase. )

81
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43 SELECTING AN OIERATING WODE

Port A of the PIO may be operared inany of four distingl modes™ Mode O fouipul mode), Mode )
{input mode ), Mode 2 (bidbetonal mode ), and Mode 3 Tecontrol modef. Nole 1hat the mode nunthers have
Been selecied for mpemonic sigmficance:i e, 0=0un, §=in, 2=Ridirectivnal. Port B zan operate in any of
these modes esvept Made 2,

The mode of operation musl be established by wnting 7 contrel word 10 the PIO in the follesing
fonmat: :

D7 Da 3 D4 D3 Dz () o0

M1 | Mo | X X 1 1 j | X=unused bit
\____v__.( %, —~ ,
mode word signifies mode word
1o be et

Bits D7 and D6 from the binary cude far the desired imode accarding ta the follawing wable:

7 De . Mode

D a £ (ourpul)

0 ! I finput)

1 A] 2 (hidirectionall
I ] 3 {vontrol)

fats D5 and D9 are ignored. Bus D3-DO must be set o 1111 1o mdieate “Se Made™,

Seltliing Mode 0 enables any data waiten [0 the pore output register by the CPL 1o b enabled grta
the port data bus The contents of the outpar regisier :uay be changed a1 any 1ume by the CPL simply £y
wiiling a new dyta wuad 10 the purl, Also the cuirent contents of the outpat registes may oe 12ad bafidn
the Z50-CPL a1 any time through the #xecotion of aninput ingirection.

With Mode § a:tve. 3 €312 wrnile from 1he CPLU canses the Ready handshale lipe of 1har porn 1o go
high 1o natify the periplicral thal duta is avaituble. This signal remains high vatil a sirobe i3 seceived from
the perphezal. The rising edee of the sirobe generates an interrupt 0f 10 has been enabled) and causes the
Ready Kne 1o po naagtyee, This sery simple handshake 15 similar to that wsed in many propheral devices,

Selecting Mode 1 prts the portinto the inpui mode, To <ar handshaks wperstion, the CPU meseiy
perfacms an input read cpzration frum the part. This asinstes the Ready line 10 1he perrphanal tosignedy
that dats should be loaded in10 the empty inplt regisier. The peripheral device then sirobes data into the
part input register using the strabe line, A gan, the nsing edye of the strebe catses 1 inereapo veguest (1F
it bas been enabled) ynd deactivates the Ready signal, Data may be Meabed o the input registes regardless
of the stute of the Ready signal il care is 1anen [o present o data pvecsun condition,

Siade 2 is a bidiractional dna teznsfer mode which vses all four hind<hake tines. Therefure only Port
A ay be used Tor Mode 2 operadion, Mode 2 vperaton uses the Part A hundshale signals for qutput
cinliol and the Pure B handshabe wenals formpur coatrol. Thus, both A BT and B KDY may be acine
sitnullanenusly, The only cperational difference bebween Mode U and the corpat pornon of Mede 2y tiat
¢ata froum the Pont A putpat register s sflowed on 1o the pony data pus anly whern A STB s active 1o vder
1 3chivie 4 Midirecoonal capabilicy.

Mode 3 operation b intended fur statas uad controd applivations and doees not uiibice the handshakhe
sivnaly, When Mude 3 s welected. the next control word sent 10 the PIO must define which of the port data
bus hines wre re be inputs snd which are ooipads. The foomat of the control ward i sheaen Below

D7 Lin [ 4 3 Ly2 D1 Do

0
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If any bit is %et b a aae, then the curresponding duta bus ling witl be used asan irput. Converscly, if the bit
is resel, the Une wall be used 4 a0 outpur.

Duiring Mode } operation the sirobe dynal b enored and the Ready line s held lnw, Dana may be
writfen ty o3 port or tead from 3 poet by the ZS0.CPL ar any tiae during Mode 3 oparaton, When reading
aport, the daty returned tu the TPU will be eompased of inpul data from port deta bus iines assmed as
inputs plus port output register data Mrom thuse lines assigned as outputs,

-

44 SETTING THE INTERRUPT CONTROL WORD
The intecpupe conirol word for each punt has the lollowing formal:
D} D6 D5 D& D} DT DI DO

Enahble ANDE ] Highd | Muss; a " I
Inwerrupt] QR Low (]| O !

LY
' o o —F

used 1 Maode Jonty  signufies intecupn cantpo | wiond

If bit DF=1 the iatermert enable fip Hop of the puit iy set and the ot My generate anintesrupt, [T
[37=0 the crahic fag s et and wsterrupts may 0ol be generated, It anointerrup! is pending when the
enabls Nagis sel, it will ihen be chied wnto the CPLintesrupt request line, B Db, D&, and D2 2oz uted
only with Mwle 3 operation. Hlowaver, setting bit D9 of the interrupt control word during ang snods of
gpesativin wtll Caww any peaidinz inierrupt b be reset. Thess three bits ars used e 2how Por e
operaticn in dhinde 3 when ony group b the [FO bty 50 o certain deflned states, Bir D (AND/OR pdzrine
the logical gperaticn to be perfarmed a port monitonng. [Fhit D&al, an ANE funciion 18 sguuifeed and
D6=3, an OR Junction is specified. Forexample, if the AND function is specifisd, 11V bies niwsi gu roa
specified statsefore an raroupt will be generated while the OR functivn wilf generate an intecrupe if any

specified bit goes 1o the getive stare,
L]

Bit DF defines the active soluity of the purt Jata bas Bne 1o be monitored. {7 bit il the poit J20:
lines are munitored for a high statz while iF D3=0 they will b2 monitared (o1 a low 5505,

If it D=1 rhe nest control word wob o the PIO must define 4 mask as foltows:
D7 D D3 [} D) 02 (0] Dn .

M Bd

Oaly those poct liney whose munsd bt iy 2ero wull be monitored for generating an unterrupt,

MB, | MB, | MB

MB; | MBy Mﬂj)mm




50 TIMING
5.t CLIIUT MODE (MORE 0

Fignre $.0-1 illustrates the riming sssociatzd with Mode G aptranur! An gulput 1...}-{.‘]" is alwoys siaried
by the ¢xccution of an output instruction by the CPU. A WR* pulse is gznerated by the PIO duting a CPL
[fO write pperation gnd i5 wael w bich the data (rom the CPU duta bus into the 3ddressed port’s (A ur By
vutpit regisier. The rlsing edge of the WR™ pulsc then raises the Ready flag sfter the next flling edye uf %
to indicate that data s 3ailible for the peripheral device, In most systenis the msing edge of the Keads signal
an he used as I:Lh.hi:lgr sizaal in the penpheral devize il desired, The Ready signal wall remarn active wntil:
(1) 2 pusitise edge s receined from the sirobe line indicating that the periphesal has taken the dara, oo (2}
if aleeady active, Ready will be forced low 10 @ evcles altes the leading edze of I{]RQ if the port’s ouipa:
register 18 written inte, Ready wall return high on the first falling edge of ® after the trailing 2dis of IDRQ
This guarznieas that Ready is law when port data i changing. The Ready signal will not go inaZtive uncl 2
Falling #d=e vocurs wn the clock (Pline. The putpuse of delaving the negatise tranuitiyn of the Beidv sigrzl
until after 3 negative clock transition is that it allesws Tor o very siniple generation solieme for the strobe
pulse. By merely connecting the Ready line to the Sirube line, 1 strabe with 2 Juration of one clovk perio!
will be generated with no other lugic requicred. The positive edes of the strobe pulye automatically generaizs
an INT request if the intercupe enable 1hp flop has been set and this Jevice i5 the highest priarnity deice
reguesting an intercupe.

[F the PIO s not ina reaed state. the onutput cegister may be Tuaded hefore made 0 selected, This allows
the port oulpal lines Lo be zosoe active in 2 user detfined state.
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FIGURE 501
MODE 0 (DUTPUT) TIMING

£2 [NPUT MODE (MODE 1)

Figure 5.0-2 illustrates the timing of an inpub cvele. The peripheral inftiztes this vycle wsing the strebe
line after the CPU has perfonined 2 dats read. Alaw level on this line loads Jar2 into the om! inpal reeisier
and the risiny edye of the strobe line sctivaees the interrupt regquest line {INTY AL the inzeozopt enalle ooset
and this is tha highest privtrity tequeiting devive. The next falling ed 22 of the cluzk tine (P} wil then rexx:
the Reddy line to an inactive state signifving that the tnput register is Bl and feeher oading muse be
inhibited until the CPU reads the data. The CPL willin the course af s interrapt sessies courine, read the
data from the interrupung rort. When this occurs, the positive edge from the CPU R signal will rase the
Reads line with the resi bow zoing transitian of @, indicitinez 1hat new daza ¢an be lggded inta the £10.

IF alre sty aceive, Ready will be forced low cre and ane Ralf b oedods following the .e-drweuc ol IDRQ
during 4 read of a PO port. 17 the wser sirobes datd inte the PIQ only whan Regdy s hizh. the Porsed state
of Ready will present inpui rézisier data frum v:h.m-glr'g white the CPUG 1 readitng the PLD, Ready will go
high again siter the trating 2dge of the IGRQ 15 previousiy dosenbe ),
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$3  BRIDIRECTIONAL MODE (MODE 2)

This mode is merely a cambination of Made 0 and Mode 1 using 2!l four handshahe lines. Since it
requires 2l four lines, 1t ic avaitable only ar Port A, When this mode 15 uted on Port &, Pon B must be s
to the Bit Convol Mode, The sume inte rupt vector will be setarned for a Mude 3 inteniupt on Port B and
an input Iransfer interrupt during Mode 2 operation of Part A, Ambiguity is aveided if Part B iy operated
in a polled made and the Part’B mask remster is set to inlubic all bis.

Figure 5.0-3 illuniraies the timing for this made. 1 is alimost identical ta that previously detrited for
Mode 0 2nd Mode | with the Port A handshak ¢ tines uted for outpen conirol and the Port B lines veed for
inpul conirol, The difference between the twao modes is (hat, in Mode 2, data a5 allowed wut unto the bus
only when the A strobe is low, The tising edge of this strohe can be veed do Loveh the data inwe the pesipheral
since the dara will remain stable untid after this edge. The input portion of Mode 2 operares identicallv 1o
Mode |. Nate that both Port A and Port B must have 1heir inlerrupts enabled tq achieve an intetrupt driven
bidirectivnal nansfer.
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FIGURE 507
PORT A, MODE 2 [RMDIRECTIONAL) TILWNG -

The peripheral wiust rot gate data wnte a pont Jata bus while A STH 5 ecine. Bus comiention is avoided
il the perigheral uses B STB to gate jput dta anto the bus, Fhe PIO uses the B STE Lo leves te 131k s
datz. The PIO hus been designed with @ vero hold time requirerent Tor Lhe data when kiching inths mede so
that this stmple pating structare can be wwed by the peripheral, That is, the dats can be disabled from the bus
immediziely afler the strobe rising edge.

54 CONTROL MODE {MODE 3)

The contral made does not utilize the hand-hake sigrals and a normal pant write of puet redd can be
eaccuied a1 any time. Wheno swriting, e dota widl be latched into pdlpul 1e@ste:s with the same Gnng as
Mode 0. A RDY will be furced fow wheneser Port A is operated in Made 30 B RI3Y wiil be held low wnenever
Port Bis operated in Mode 3 waless Pont Ais in Mode 20 In the laszer case, the stzie of B RDY wall nut be affected,

When reading the PIO. the daig retuned 1o the CPL will be compered of outpul reghier data frem these
port data lines assigned as outpuls and input register data Mrom those port data lines assgned as inzis, The
input register will comain data which was preseni immadiately priar o the faflling «dge of RD. SerFigure 5.04,
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Anintertdpt will be goneested ifintereupts from the port are enshled and the S3t2 on the port Jdats lines
gatisfic- thy togical equation detined by the S-Bit inash and 2-bit mask contral registers, Anather interrupt will
ot by gelecated wnnil v cheope wecurs in the status of the logical equation. A Mode 3 arerrupt will ke goner
ated pnly if the resale of 1 Yode Jlogizal operation chunges from fals2 to true, Forexample, assume thar the
Mode 3 brgical equation is an "OR” tundtiva. An unmashed port Jats line becomes active and aninterrupt is

= requesied. I a second wanieked part Jata line becomes active cencuriently with e firsi, 2 new interrupt wall

oot be requested sinee a chings in the cesult ol the Made 3 logizal operation has not occuzeed.

IF the result of a logical uperativn becomes trug immediazely prior b or duning TAT, antinterpupt will be
requesteJ after the trailing eJd g¢ of M1,

6.0 INTERRUPT SERVICING

Some time afizs ninternuptis requested By the PIO. the CPL will send out am interrupt acknawl-
edge (M1 and 1ORS)). Duning thiy Iime the inezropt hogic of the PIO will deterune the highest prionty
potl which is requesting an interrupt. (This i3 simply the Jevicz with its Imerrupt Enable fnput high and
its Interrupt Enable Quepur low ), Toinsure that the duisy chain enable lines stabilize, devices are inbupite
fronn chariging their interrups reguest statss when M1 is active. The higheat privrity device places the fon.

ten by ol is interrupt vec lod regited antw che 289 da bus Juring interrupt scknowledes.

Figire & 0-1 iluiirates the trhing meacisted with interrupt regquests, During M1 time, 0o new
intereuns teginrsis 2an be gendrgted. This zives S tur the Iny Ensbie sigrais to ripple throuzh up 1o four
PIO circuits The PIO wiit IET fugh and 160 low durisg INTA will place the S-bit witerrupt setor of the
SPPIIPIate puit on the LA By a0 this Lo

LAST T T
STATE | T1|T2|Tw[ »

o

b
iNT
1GAG TBAC AND M1 INDICATE .
INTERAUPT 4CKNOWV LEDGE {iINT A
wr
1EQ
1E}

FIGURE 501
INTERAUPT ACKMNOW LEDGE TIMING

I an intzcrupt reguested by the PLO s 22 nowledged. the requesting port is *under servive’. [EO of
this port wisl sezsin low until 3 retwa from int2reapt insias tion (RETU s evecnied while TEDwf the jont
is high. If anintecrupt reseres: 15 nut acknowledgsd, IFO will be forced hugh for one MT cycle after the PIO
decudes the wpende “ETY. Thus activn guarancess that the twyg byte BET] instructiou is Jecodzd by the proper
PEO port, See Figure 6.0-2,

»

Figure 6.0-3 illustratas a typical neated interrupt seyuence that conld eccur with fout pails cennectied
in 1he daisy chuin, In this sequence Port 24 requests and is granded an imerrupe, While this poat is being
servived, a2 higher prionty port (1 B) requests and s grante 2 anintermpt, The service routing Far the highe:
priveity part is corpleted and 3 RETI instructicn iy ¢xacuted toindivate 1o che port thzn its routine is
complzie, At this me the service routine of the lowar prigoty post is sompleted.

15
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FIGURE 6.2
RETUWRN FROM INTEARUPT CYCLE

HIGHEST PRIGRITY FORT
(PDHT 14

PORT 18 PORT 2A PORT 28
.

HI Hl HI H1 HI
L] IEQ (E} IEQ IES IEQ IEI EO
1. BRIORITY INTERBUPT DAISY CHAIN BEFORE aNY INTERRUPT OCCURS
R UNDER SERVICE

HI MHi Hi LO LD
IR Y IED IEI IED I 1EQ 13 VEQ |
2 FORT 2A HEQUESTS AN INTERRUPT ‘AND 1S ACKNOWLEDGED,

UNDER S5ERVICE SCRVICE SUSPENDED

+

HI Hi LO Lo LO
—1p IED 1EI ED 1E T3s} 1EI IEQ |——

VN .

3. PORT 18 (NTERRUPTS, SUSPENDS SERVICING OF PORT 2A,
. SERVICE COMPLETE SERVICE RESUMED

HI HI Hi o [ LO
L= 1. ECH IEI 1ED IEI VEQ 1EI TEQ

4, PORT 1B SERVICE AROUTINE COMPLETE, “RETI" (55UED, FORT

SERVICE CUMPLETE
Hi Hi

-

]HI

Hi

1E1 {EQ f——— IE! IED 1Ed FeEQ

24 SERVICE RESUMED,

M}

1EI lED

& SECOND “RETI” {NSTRUCTION ISSUED ON COMPLE NON OF PORT 24 SERVICE ROUTINE,

FIGURE 6.90.3
DAISY CHAIN INTERAUPT SERVICING

1§






7.0 APPLICATIONS
.0 EXTEMNUHNG THE IN\TERRUPT DAISY CHAINM

Witheut gny eateonal loge. 2 maomum of four ZE0-PIO devices may be daisy chained ima a prionily
interrup? sticoture. Thi hmuation is required su that the int2irupt enable statas (IEQ) npples through the
entire chain betwen the beginning of M1, 3nd the beginaing Eme'durmg anintesrupt acknowledye
cycle. Sinve the interrupt enable status cannot chaege during ML, the vevtor address returned w the CPU

+is assured to be from the highest prinrity device which requested an interrupt,

It erore than four PAO devices miust be aveammaodated, 3 “look-ahead™ structure may be used a3
shuwn in Figere 7.0-[. With this technique mute than thirty PIO's may be chaned ogether using standard
T1L logic.

N HD_-
|/

H >
Hoed Lt L i Ll‘ s
J

_ﬁ_ﬂ_[ﬁ #KLJ

OAT4 By%

—

f10-Cry

FIGURE 7.01 ~
A METHOO OF EXTENGING THE INTERBUPT PRIOAITY DAISY CHAIN

7.1 KO DEVICE INTERTACE
[n this examiple, the FE0-PI0 s connected to an O temming) device which communicates oaer an

8 bit pacallel Sidicectional dats bus as Jlustrated in Figure 7.0-2. Mode 2 operation (bidizecwonal) is selested
by sending the Tatluning control ward o Part A

L& D3 (32} ) ‘D3 (] )

D7
rl o X hi 1 H ! |

~
Mude Controf

L7



.

B hDY
AiTH
t 1y Y|
oD B
Ik (s A g oa
= 1) 1A 0 10 Tar v
— i B (%)
M k7 #QAT DATE BUS H
T o
A'acon CF TEHWIN RL
l_ 'j l
ADORESY
PROOACS B gy
[u] Nulifu) . ]
FIGURE 7.0 2

EXAMPLE 1/O INTERFACE

Next, the propet inderrupl vector is loaded (refer 10 CPU Manual for delaids on the - peration of the
interrupl].

D? D5 (IR (3 O3 n: 1 Da

+

’7"»-'? Vé V3 V4 L W2 Wl o

Intarrupis ate then enabled by the rising edge of the first M7 after the interuptimeds ward 19 sel nicss
that M1 deflines annterropt schonowledge cxcle. T a mash follows the mieitipn mude werd, aalenpis are
enabled by the rising edge of the first M1 Telivwing the setting of 1he mash,

Data can now be transferred betw cen the peripheral and the CPU. The tiemaeig Tor this iansfer 15 23
described in Section 50, -






7.0 CONTROL INTERFACE

Ju

A i pical eontrgl nmde application isillustrated in Figure 7.0-3. Suppuose snndusirial provess 15 to be
munitered, The occurrgnee of any abnemmal eperating cordition is 10 be ie2ported 109 1 ZR0DCPU based
eontrul svsiem, The process controb and status waord has the lollowing fam i

£FEC TEST ’

INDLSTRIAL
PROCEST S
il

b7 [ b5 (BX] k) 2 (B3] D
. Turn Power | Hale Turm Pregaur-
%‘“':“I On Fatlute | Proctsse lm"p‘ Heaters | 1e P”"::'f
£ Fower | Alirm |inye ™ O Svrlem Alarr
POAT &
_L
"il' Dﬂ
IWLErL b 19 0T+ ag D" TN ON FAH
— > o e '
Ay FHE FAIL ALM
y {>¢ Hag T
K 0r e ::’ My FTEWP AW
g —
.l.J, D} HIAL O
-]
Ay {; PRESE S5
e
An FRESS ALnw
Ak SO EE
I
_Au._nﬁ:_} aDOAES i
DECUCER
FIGURE 7.0:3

CONTROQL MODE APPLICATION

The PIO may be used as follows, First Port A it set Tor Mode 3 operanion by weiling the [eligwing coniel

word (o Port A

D7

H

D% D4

D3

D

Dl

Do

X X

L

1

l

[

Whenever Mode 3 s selected, the next conieol word sent ta che poet must be an 10 select word . In this
eaaniple we wish to select pore data lines AS, A and A0 as inpuls and 19 the {ollowing contral word s

wrillen:
D?

D

D2

ol

0o

0

0

o

0

Nend the deswad intereupt vector most be loded {refer to the CPU masiwal for details),

D7

(]

D:

Okt

DQ

¥T

Y&

V5

e

0







Aninterrupt cuntral word s next sent 10 the pore:

D7 D& (V3] D4 D3 Dz (o ]) Oy

i 0 1 l 0 1 l |
Erable  OR  A.uve Mask ™ ~ 4
latesruper Logie Hiph Follows Interrupt conual

The imask wurd following tie intermupn mode word is:

Bz Dt D3 B D3 0o 1 DD

| 1 Q | 0 ] 1 0

Belecis A3, A and A0 tobe munitored

Nowoaf 0 wensor puts a high Dvel on e A5, A3, or AQ, animerrupl sequeat will be peneraied. The imash
word may select any combinaticn of inputs or outpuls 10 cawse an intermpt, Fur evample, if the mask
wurd above had been:

ik} Dt s [ pa [ [ 20

0 I 4] 1 ] 1 | 0

.
then an interrupk reguest would also accur if bit A7 {Specral Test) of the ouiput register was i,

Assume Laan the Dtlowing post assgnments are 10 be used:
EQy= Port A Daia
Ely= Port B Data
E2y® Parr A Conural
E3y® Port B Coniral

All port numbers arc in hesadecimal notation, This particulur assignment of pont numbers is canveniend
since Ag of the address bus can be used as the Poir B4 Select and Ay of the addiess bus can be wsed a3
the Control{Data Select, The Chip Enable would be the decode of CPU address bits As thro A= {11i000)
Note thatif only a few peripheral devices are being used. 2 Chip Enable decode may not be reguued since
ahigher order address b could be used diresly, )

20

31






B.0 PROGRAMMING SUMMARY

B.] LOAD INTERRUPT VECTOH

V7 Vi V5 Vi V3 V2 Vi 0

82 SET MOQUE

M1 MO X X | | 1 1
Moy e
0 0 Ourput
0 1 Input
1 0 Bidirectivnal
| | Bit Control

Wheo selecting Mode 3. the nest ward muat set the 10 Bagister

yoq | 1o, | 1o, |,r::;-4lh~::-j 1i0 no,[uoni

o
. ' - 11 = 1 Sets bl o input
(/O = 0 Sets but 1o Quiput
8.3 SET INTERRUPT CONTHOL
Int ANDT| Hig'! | Mask
Ensble | OR | Low lrnuou, 0 ' L ! —!
" — r
Used in Moude 3 only
1E the “mask rollows” bit is ligh, the next contral word writien to the porr must be the mask:
LHB; MB, ."lIBj MB, .‘hlﬂ:} MB, MB, | MB,
MB = 0, Monitur bit
ME = |, Madk bt frem being monitored
Also, the interrapt enable Mip tlop of 1 port nuay Be scl or teset withuut modifying the sest of the mecupt
control wurd by wsing the Tublowing comimand;
It
Enable] X X X 0 0 L !
s

="'|‘






AmMMvﬁhﬂmmnRMm;- - . 33

*Cwmm end
Berg kb s o e S o e Abarlale My varbiarh
Termgar *vnte Lonte: Ko Speaificd operug 1an4e “-Iltl"-' Mar L ded (T aren ] Jatags e lvmr )
Sderags Tomoperytues LWLy s Theom gsiren raiing coly gl Baflati 0 o abient wf
LT Fla 4o Pip W A thae Jevmd ol thene cor gy athg: . W Joon Jhong Thure
B -peot Ta Lo f RTINS . wd-caved sh the cpetaterial s B T EIAAEE hos
Powg- Disudale o L e bkt b Enpunarg b Rl 14 lasifrun:
k . ran g cammalin my due e lgnde Fopranly e a1
e Jitvm e vl sBaleis

I
Nagrr AR AC ind O Jharacternins rehan Che =4 far

ZHU'PIO and ?.ﬂnr‘\_ r—'lo the mulitary grade parsevceat |
DC (hdf"t {oer ]‘w'[l[‘*, b = LEmiy

T3 #D"C 1a ™07 6" Yoo 2 8 2 3 D ki s tlis e e s el

Srmbul Parameies Wil Wi, Linnt T& Candulivn
"l"!u- Chew Tnpnt Lovw %odi e Al b 1% v
f | Wl Dogoe Tl Wi gge e b veur § W
- TO ok | ¥
0 L W
Do Waillaqgr ia ¥ Iepp » 200miA
Ouigat H et Woliage ra ¥ loy) * -2idad
Fow \n-“;ltl—lllr 1 i A
Lo # Leza g Faren 1 FL VII\-‘DI;- Voo
— . i — - — ,
Tor Sraivdbagin Lees _1.rl'|r'|.‘|rlIIH|ul | rLy '!'GLT‘I-I-IU e
T|| "_'~.|J g Lagh s ; Lgrrgnn s Fligl i A uﬂL'T 34w
D;.u Run Le g Clprrgtn e lpun Monds L L I_'I{'v'"‘ LA
-Ij.an‘l-m Divvee O arient -1 I ma Yo S
Rk\l’ LRI Y]
Furt B farda
L e —
Ll
Package Outline
Pickage &
Cunﬁ”urumm
'-.—-—---—- — T AR AT L o ——
Ih.0dn M. b
n'_" I A [ - : [ o Bl i il ol S S S ettt Al Bl
b, ==t} i 3, . T
L W [ \ -
Do Dty = =8 L TN [—— - ' iu'.l_ﬁ;::
Cp=n e fhata (o — ] g e Ry |-
[ T mp—-1m P H
i ol D oy £ g ey svpre § il i
e o, res
T Flaz . wan "
A ommel L My -
h, =]l o .
G =1 D H el
-t.--—- 1} kel -t 'l —_— '-1_1-' '{ : H‘I
L R ’r:_._.. | || i L | IE q l.|r II.
L ”L'_--'.“ B} -u.n. i ] I - 1
Lt I o —— iy -i---:"."— i L A
ay AN — iy Bp——F L AL ‘__"_. - s L Ll "l |l'|-'| — A ey
AN -- —wmqr M pm—— sl L] |ﬂ -1 I-Iulllfll [ TR L
[ - LR P b LT TP
I.-l—- Ty o Wr ek T
S Rt £ ol pamiild NOTE: Dvmeralont in paranthesas are far metric wypdlem loml,
_—— - R aan s o —— immL— - — .-




cALC. Characteristics

+ =

ZEO-P10

CTA U O T LNl eR Y t £ 5, unless ' liezwine noted

Sy P T ——
TvhapblL FARLMA|ILE 1L ] MAK Uy T COMWMESTY
o E oy ———— e e —
.
Y Cladh Fronsy a 1] et
+ Iy 1 - Corgie Chain gk e pptv) e
i kLY Thmn Py v otem, Cran Lo 1 e mr
[ Cuak Mrae umal Fuf Tist x s
— —— ——— — [PPR——
w dy AT Tom p e T g Pl T L T a e
s CE 15 1Tk Cowttr! %oge b %01 Lip Toma tp By ag Drige g0 00 Do ng Aaadd M0 e
[ R . o= wmine Cacr
e g Tt Qatpul Drtan -uem Fyoooop B gr i—ﬁ 44 e :2
5 13 Bare et L Tomr tu Mg Fogr o/ Durng Wodroe M L) -
DOy (=Y ] [
[Fi T 2T Cats Qaipur Dy o B o ting Ditge nlmn.‘.n.m'll ol o 1]
CweH
'E 40 Dwtay P@ F ifaimg Bt 00100t Bgften Bosdgly Tomet 150 LI
1EI HER 1E0 S g Tomm i Faclong Frog et LT | Dt ing Fh Tl Gy gin valy L
St {11 1O Drtay Time e Moy rg Teige v 1B FRI| Py 11
" =L gy 1L Drlay Ty bgm bglany Enn:nl 1kt 1% P N G, ¢ 5GoF
RTRT W Dby fepm | wloag Edge 30 W HIngrs ) Do rang Juil 0 e 151
- Buge 1@ WA EY Sor Spia A .
— - —
e I5b (IR IOAP S p Time 15 B onp Eage o 4 Druning Fed o foete i) FinkE
Ty
—— - ! —
w1 TR W1 e Up T (e Mo Catgr 018 Bodiag INT T I ]
Cotor Fea e
—— 7 — e —ak —
1=} | g A0 B Tt i T 10 ™ g baqu ' 4 Dhlln;ﬂ."qym Tag ey
Crelr
R R — o p—
5 PO Foa® Pyie S g Toene 1p #ap g fape el EYEEEE e 1) i ] rupd
e g A0 Poou Date et T o foare bathing Tage gr [T T b3 1] g &
£z oy ey 31
LT % PO Cir'er 12 Figenng Foen Do fps frmen Mong £ age ol . [
ETERAE Woe T
VTR &+ ] Pt Cota Tlazie baor Mun, Fopr of IGED Bung il H0 v 15§
L Cartr iv ' 7y (W
;S'-i T 1ETH Fuior o gnn_ 5T RGAE V50 vt
HiIN 14] i
T 0TI Py Phrtay Tami Viger Ry Evgr o im L] Peimi
G aTh Tl Corar Tum b tegem Ba a Wareh B dy St 3 Qg d1een L] A
ARDY, o vy | ety Brpr Ty thor Sy Foge g IR0 I- —— A
ARy 30 L=
o iny] | Memt Meomnan T g Raong Bag miTAGE el -t | 1M .
L]
NOTES:

A PRI uos " tee gon * S gt TTL RN Coley, o g
B M e B gt o g mancmm ot 7 EhK e ot 1 ra e e PO

+

Culput load virega,

FH O DAFTRLT

LWOER TEST

1857 FONNT Veg

T Ry+Trafl

il _{I }—1—-—-—4
J_ - o
[ Y it
I A
= = J___

Capucitance \

I =ty

LTS R B

34

e

Bl 18 bt opgy oy == 1 ~wrt *30 st B0 2F Frarpm o gty 2 T ET

LE L L NPT
[af For soge }

T htd
T (5T. 25 1P3]

o orger Igr pack B BF e i o paSm2 ws 'L ade 2P =

IS I raur e cabur B 3 faed foe ragt 10 2T o pur o g TG ol e Gk o

C, ~50,FOND, - D
- SOpF OM AL QTHERS

CR, -CR,INIT4 OF EOUMNDLENT

A=25"C 0 =1MH;

Trbel | Frimae Sor [ vt ] e Condaion
Ce T Chb Capacnanir B B pF Liine eed i
-(‘l:_‘\_ Fpin Car o iiana e * ot Rempiee v Goond

r(}l'! fJulp-l.II C_.rhnlm'r 1] ;‘l"

24




"A.C. Tinzing Divgram

Tt g Tttt ot Ty e L e peachy BT THe Dol gen e g vol beger, wod iig athd rwese s il - -
T N CLOCK L A5V
. e T ' t CUTRUT  20v oy
” - | ) - ’ Uyt ov o
. . + FLOAT av . s

1 i n t7 Tt T ry r

""'“.I- t,---IF.- - I-nr'

- - l.r_—-l [ = T, -] M I.-_

LI

- T
\ /
=] by, d0n J"" - : ]--—r 1100, ey .ll}ll

Dg-Dp -<'__#_—TL

S

l
| - ——_—
l

-— |m|n.+

nuuml —
oD \f /f

b g U ey

;'““dl—-.: | -

EN ] 4

et b
Ag-ay

- ,

L)

WEQ

|

L LEY L)
{& MOT Ok
| BLI-LJ)

STROEL
tI3Taon §¥T

rlll‘ﬂm n

.
.“-l" IMDDE 11
-k

wWooF 3

r I-—u,lv'l'.'lr----

o | ;
b ———

‘ {

- - |'||h_-..._



TTECHNICAL M

7-80'SIO

97

ANUAL

. 4 P
' - b
¥ . i - 9 8
AL Characteristics Z80A IO
e e - .
TA=0"Cw20° C Voo =15 % £ 5%, unlew atherwise noted
SIGNAL fvmenL -l FruiMETER MM Max WUNIT COMMENTS
—— - — e r——— w — % f o
Yy Chach Prept » 5D 1l g
. e gd Ciuxn Fub B ahy Cooaw Hagh 0 o et
LTS Coch Fppr Awgem Chaes L ] sl i
L.y Tk By by Ty 0 .
b - ad ———— —
n Aay Fpig Timg Ipe Si=g Loet" 2 Lip Torkg a [TeTS
cs Ot oy e, Comie Sgna S Le Tomr o€ Lag Fap af 4 Deing 148 L
ETL Rn it By Wi tF Togtr
-
on e Qg Be g Fram ¥ g, 2o o0 WD e = 1T
"5 Digly w1 U, Teme 12 ® wnp bt gt 4 Drng Wor o 'H] ——
ap By W . Gy ‘e
LT Duta Bt foy er Mg Fallog Rage ot IGA0 Duag 19t R FIT,) - \i
Cre
"o my Doy o B mp S dQ00un Burte Dispe e Tumed g bt
Ei % WS G T ac Fa % g 01 IS RY Do 5T 8 otk LY Farr
L=l 16 O ey Tummg Wpm Rup g Eope or IED g - iy
o gy | 0EG Oeter T drgem Fatong Eage ar o M rure | 150 £ - BaK
1EQ W TS Dalpr bom T plng Eagr of w1 [lreecrape Seoureeng bt " rapt &
From fg & F Sey i A
-
a1 T ] ‘op LA TORT St Lap Tomp 10 Mon g Foige pr b Drsirng Brag or 1% mC
Weuc e Cwdla
W " a1 Wl SeLpTorein #yag Eog or # Dareg {8 TR or W oy e
Cycla St hone B
s
#h F— 5 Bri-utp Tora vt Moporog Eorgr B0 4 Dop oy Mepd o WL "y -
Cror
- - -
15 5| Foes Dute 5ot Lip Tomi 10 Ponng Edpe ar £TAQRE (Mpda 11 FEL e
ns rog Far Cole Quront Coroay irgm Fallioy knge ml STRCHE 1w es 1Y}
Ay Ay 1l guiy 7]
ap By LT Corviy 10 Fitttrrog Byl Cuce B ligem Wy ay Eage o STAORE 8 ot | O "W
B Wl T1 L
- TN Fur Duta S1abn b Minng Erigy of iSRG Duong WA 0 IV Y
Cagld Lvigna O] 1
i5TH o £TL Fulvt ¥ STACEE .0 L3
5T 14 .
. - —
IMT DT iNT De ar e g l:w[d;rpls‘riﬁli; LI el
WaTtn THT Drtas Tirmg 1ogn Datg b yich Dlutvngy Whewt 3 Choavarisn G .t
— -
ARGy - T"RT T3 Frady Mecaru T mp lom Furg Edge ot OAG [P rarc -1
HROT 0 G-
BT Mz saty Mrgorar 7oty £ By Foge o $TRCRE (™ e | 'SI
A
— - — e Y T e —
NOTES:

A TR N IDL posc tow 00 BER * TTL Bite Daee, f ey
LB F'I'Mlhm-—rlnra—dh-hu-*-l}ﬂuumﬂmlmlluﬂd

+

I 't"'ﬁﬁill"ﬁ [TRRERAE L™

13 b iny LR R L PRI LV PR T - 1Y
T3] b wen o gy Be 00 Pt Yo cach S0 o i ate o ledim), o o 2080 pP ke

141 Fou Mode 2. 1, T8 RO
TR] v il AP vttt Dy 3 oennd A0 Daih WD BF oact awe ot edirig o 10 130 pF maa



78

Z-80 510

© v TECHNICAL MANUAL

a. I

230-S10 T

o aE Em e o m— . - em—. .

o

cciiical Manual 77

- Contents

Geacral Information oo .0 L. !
Tl i T T T < P
Archilecture oo h
Thelhna Path L e e e !
Fancnonal Dreseripion - o 0o e e T
Asrovhrenous Operalion .o oL, o ... 5
Axaycheanous Transmit ... .. ... b 9
Avnchronous Recene . e e, i
Syochrenoes Opernion L, ba e 1%
Synchromons [oarsmil Lo o e e e 14
Syachranous Ruceive L. Lol b7
SO CIHIN O Operalion oL e M|
SO Tranmsmin, Lo o e 21
SOLCRetehve o oou oo, e raa e 5
FRD-S10 Progwramming _ . ... e .. Che e ol
Writr Registers, .2 ... _ ... b e v rmaemma by
Read Reginzers ..o oo s, re e i
Applivations L e, 59
Timing....oooovives. e al

Comena gbl 1975 M Fileg ing  dl gy rerrell

&.



— E R E e ——

104

-

Cuvneral Information ~

he ZRO-SIO (Serial lapu/Cuipw) s a d-_;:l—:h.ihna
muiti-function penpheral component dedgned to<anisfy
a wide varicly of serial data communicaiians reguire-
menis in Miccocompuier systems. s basic function 1= a
serigl-1o-parallel, parallel-1o-serial conserterfconteoller,
but—within thar role—it is configurable by <vecms
saftware 50 11s “personality”’ can be optimired {or a
given serial data communications applicalion.

The 2F0-SIO is carahle of havdiinz asynelionod
and svnchronous byvie.griented proicoods such as 1M
. . - .. L
Bisvne, 2nd synchronous bit-orivnied prorocols such as

P

HDLC and 188 S01.C. This versaule device can alsg by
used 1o support wirtvally anv other serial protecol o
applications oher than data communicalions {C3swert
or floppy disk interfaces, for exvample).

The ZA0-510 can generaie and chech CrRC codes ir
any synchronous wnode and can be programmed e
check dana inlegrity in sarious modes. The device al
has faclities for modemn contrels in both channels. Ir
applications where these controls are nar needed, 1he
modern controls can be used far gencral-purpose 1.0,

STRLICFLU'RE

H N-channel silicon-gare depletion-load technology
® 40.pin DiF

@ Sipele 3V power supply

B Single-phase 5 ¥ clock

# Allinpuls and oulpuls TTE compalible

<" “ATURES

# Two mdependemt Tull-duples channels

B Daiaraies in svnchronous or isosynchronous modes:

£ 0-350K birs/sécond with 2.5 MHz Sysiem clook
rale .

s 0-BR0K bits/sccond with 4.8 MHz svsiem cloch
rawe

W Receiver data regisiers guadruply bulfered: trans.
mitter doubly buelfcred.
® Advnchronnus foatires: 3
* 5.6, 7 or ¥ bz charecigr
# I 1L or 2 siap bits
= Even, odd of no pasity
) g{l';’.xlﬁ;'y‘_li and =53 ok modes
Break gencration and deteclion
= Parily, overrun and lraming errar delection
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” h v Teat during a dara wansfer hetween the Cew oand she

in: A ' : ! 1

R Hinary synchrenout Teallres o Z50-510. Address bit Ay from the ¢oy is often v “nr,
« Imiernal ar estgrral characier svachigmzalion u“: \lef'[!l:ln tenclions - "

= One or WO 3 DE Charagcicrs in sunarare registers

-

& Automatic synd characler insertion

’ o . . - C/D. Cantrol Or Data Select {inpor, Migh elicls Cone
“® ¢ rC generation and checking . ¢ wolyy This input defines the 1vpe of information i ans-

B HOLC and iase 501 C Teaiures: Er p:rformtd betnween the €FL and the 280:510). A

* Aborl sequienee pereration znd detection igh™ai this inpol during 3 CPC wrire {0 the Z30-510

causes The informanicn on the daa bus 1a be interpreted

* Aulomalic /Ta insertion and deletion ~
: as< a command far the channel t:Trclr.'d byBaa A Lowal -

« Aujomatic Tag inwertion beiween mieasages €/ means thal 1he infepmation on the 22t bus bs 45 e
* Address Mield tecognition . Address bil 4 i q_f;gn_nscd_]’o: thiy- Tum.mn_J
v -[-field residue handling

‘ali arl t m Overren ”— . .
» Valid recpive messapes protecied fro €E. Chip Enable finpul, active Low). A Low lcuel al

* ¢kC generation und checking this inglt enahles the Z80-S10 1o actept con.riznd ur s,
B Separale medem control inputs and ourputs For both  <=..data inputs frem the Cry during 2 wrile ¢ycle, or to
channels ) transmit data 1o the CPY during a read oxele,
B CRC-16 or CRC.CCITT block check 4’ Systern Clock {inpat), The ZR0-510 uses the vand-
m_Daisv-chain priority inierrdpt logic "T[!Hdi." aulg. ard Z504 System Clock to svnchronize internal signals,
'." motic imerrupl secloring without external logi This is a single.phase cloek,

| Modem malus can be monitored

LY} Aachine Tyclé Ore (’umr‘r Trom 2¥0.CPL. adtine
Low). When %11 i% 3ctive and kD is also acrive, ibe
ZBO-CPU is fclchtng an instruction from memors; whzn
M1 is active while 108Q {5 active, the F30-510 sogemis 1)

Pin Dﬂﬁfripliml and 10Rg a5 aninterfupt acknow ledpe il the A505T0
the highest prioridy device thar has ingerropied rhe
FRO-CPL.
D,-D. Svyem Patg Bul (bidireclional, 1.s1are), The
o tern data bus transfers data and commands beiween
CPit and the 780510, Dy is the feast significant bit, -1URQ_ .rl,::.::fo...r;u.f Regqupst (inpot frem CPLS Tas l'-c
Low). IORQ is ubed in canjunchion with B A, U0, CE
B/, Clurnel 4 Or B Selecr{irput, High selects Ch.:nvz and 20 to wransler vornmands and data belwe=en 1he ¢ PL
ngl B}. This input defines which channel is accessed and the Z§0-310. When CE, @D and 10%q arc ali avihie,-
] J—t— =2 ma ™
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the s hanni l-ired By e d e fips data iy ;h:'r}-c {a
read apcintion). When £ F and inkG aie aclive, bul D s
inactive, the channel sefecied by B A is wril'vn to by The
CPu with either dara of controliafarmaiion as specified
by ¢.D. As inentioned presiously, if 1ORQ and 57 are ac-
ive dmulianeous]y, the CFY s achnow fedeing an inter-
cupt and the 250-5]10 aulounatically places its inlerrupl
vector on the CPU dal2 bus il it is the highest prioriy
device requuesting an inlerrupl.

Ll Rowd Cyofe Siarus, {apu Trom cPU, active Low ).,
It KD |t aclive, a memory or | Oread Upl’.‘]’"liﬂn I8 in pro-

Tar

gress, K0 is ueed with B-&, (E and 10RG 10°transler data m

rgm ihe Z52-510 10 the CF.

RESET. Reset finput, 2ctive Low), A Low RESET dis-
ables Both recetners and tranamitters, farces r«pa and
I0A marking, forzes the modem conirols High and dis-
ables all interrupus. The conirol regislers must, bg Igs

written-afier-the ZaQ- SID s Jreser _and belore. da.a‘{;—

transmill=d or reseiveds

KL, fnterript Enable In (hpas, aciive Highk This sig-
nal’ 1 veed with tEQ 1o Torm a priorisy daisy chain when
there 18 more than gne inlecrupt-driven ¢avice, A Hllh.'],.-
on (his Iine indicates that no other devize of ‘higher pn-
ority 15 being "n-.ec: by agru mlcrrml rervice routine,’

FEQ, Jmtersunr Eroble Out {outhutl activé High), o
is High onls iT 1€V is High and the ©p4 iy nd servicing an
niecept from this ZR0.510, Fhus, this stgnal Blocks
lower privorily devices Troun interrupling while a higher

siority device is breing serviced by (18 CPLI inlerrupl see-
'ﬂ: routineg,

L DICBRA,

T8 T TIH,

RO,

102
Low). Whenihe Z:0. EID is r.:qun.,m_. .m irutm.ph "
1"'1"”1 |\T L{lh i LR L |

WoRDYA, WOHDYB. Woit/Resdy A, Wair/Reud =1y
n:ulputs apen dram wlich PLogranoyed fur Wan [

Mon, diven High and Low when programmed tor
Reads funciion}, These dual-purpose oulpuls mas be
programmed as Ready linet for a osta contreller or as
Wairdines1hdl sxnchronize The CPU g rhe ZI0-SI0 darg

afdje. The re<en stale is open drain.

CISA, CISB. Clear To Send [loputs. active T,
When programmed 25 Auto Enaoles, a 1.aw on thew
inputs enables the respective transminer. IF not pro-
grammed 45 Aute Enables, these inputs may be pro-
grammed a5 grneral-pucpese inpuis, Bath inputs are
Schmitt-trigeer huffered 10 accommodais :sbow-fiseiime
inpuls, Thy Z8Q-510 derezis palses wn these inputs and
tRTCTIL TS ! the £PU on batk logic level transiians. The
Schmiu-nigeer inpuis do Nl puaraniee @ spelined
noite-lovel margin,

[MODB, Petg Caerfer ftecr (IAPULIS, doiivg
Laow), These signals ure similar 1o e CTS IOPULS, ghgept
they can be used as receiver vnalbiles,

[ L)

TETRAD. AL RDB.. Pereive Daia (inpuzs, active Highd

Trunmaniy Dafe (o0 als, active Highs,

AL,
!oumu wl..ncln on hunding vptions,

Roveloer Clacks {inputsh. 5o the Noh
The Rec@ive ia.

-ma» be l. 16 32 or 64 1jmas the data rate i atuus .1 .

qious nods, Reveive osia is sampled on the rising et
of K,

INT. faferrupt Reguest (Outtul,- open drain, active TS (POIMOUE O Brsl Fede
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IAO A, aUHY Foaemdfer ks Brpash 7w e keep Bt Low umil s ot LB e e s
e on monding n;'ﬂinlu LRI F T 1 T v * logie thal sye Sroniration has hoer bead or i aow o e
LT LIt £ S TR I PO IR R R -El‘ ia sape is ahoml te start, Characier swea bl P oeins on the
rate, The 1.-uluphcr for Lue transsiiig ..nj e rising rdee of F+C 1hat imried ately pie oades the Tathing
w1 he snme, Both tbe Tl and KAE inpuie are edge of STRC in the External Sy nc mody,
dittiriceer hulfered Tor oclased fises woud fallime
o Ironents (na noise margin is specificd). WO changes
on the falling cdpe of T.C.
RTS\ RI'*-H qu‘fu'sf To t:cflffrﬁ'll"llln.ﬁ .lL11‘-cID‘.h]l I'n the Tnigrnal Ssnchrunization mode {Morawonc
When the RT5 bit is set, the RTS ouiplt g pons Low. Wiiens and Bisyncy, these pins act as cnipuls Lhat are active
the RTS |.. is Tewel in the Asyachrenoss monde, the oul- during the part of the receive clack (R crcle in which
7 put woss Tiigh afier the Udmamicer i angy. 1n Syn.? “wnc characiers are iccognized. The sine conliiizg
LhmncmL maodes. the RTs pin strictly (oliows the siate of nat fatched, so these 00INUls are AClve Sa LM % =318
the K15 bir. Bath pins can be used as general-purpese patiern is recogmized, repardiess af charsster D0 i tae
OUIuls, fies.
LHrt\ DTRB. Data Terminot Feody {oeipily, a..me*
I.gwl. See note an bonding options. Thesd oulguls fal-
low the state programmed inlo the 0FR hit, They can _ _ _
. :
also by~ rarmimed as general-purpose ouipels, BONDING OFTIONS
=y~ 7 NC 8. Syachrunmizaiion rn'mtﬁfnut"*lllil The constrains of a 42.pin pachage piake il impos Sibie
acii- Thete pins can et <ither as inputs ar out- ' bring oul the Receive Clock, Transmit Clock, 241
— Asynchronous Resvive miode, they 2re JhLs Terminal Ready and Senc signals for hoth chanaels,
ETTI YO seive mode, thes ! _ i L .
e e to CF5 and OcD, In thit mode, ihe (ransi- Therefore, Channel B mus) sacrifice a sigrial or have
tions on . se lines affect the siate of the Syne/Hunt Iww signals bonded together. Since user sequircments
<izius hils in ke, fhthe External 5ync mode, these lings vary, three bondings options are offered:
also act as_inpats. When external synchronization is » £80-S10/0 kas all font signals, hut Tick wosd &30
ohips ¢d, SYSC st be drinern Law nn.l_hc second riing are bonded toeether (Fig. [
edge of Bo alier that rising edee of W€ on which the . A ] cems e x
| £ . . 280 actifi. ad i B, Kok
= hil ol the ssne charagrer was receised. In other f‘g E?ﬂ FF?' fl-: v Ofeb 2od Leeps T, Ru k
e ., afrer tbe «vac paitern iy detecied, the exiernal and SYMB IHE- -
cmusl wait for 1wo full Receive Clock ovcles 1o acti- * ZRO-S10/2 sacrifizes Sy w08 and boups Tir B, hed'R
vate the Y~ inputl, Once SYNC is Torced L ow, il s wise and oreB {(Fig. 3.
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Architecture \

he devize interpal siruciure inclode=s a Z20-CPU inter-
.ace, inerial comrol and imierrupt logic, and two fyll-
dupley channels. Associated with vach channel are read
and write registers, and di~crete control and status logic
that provides the interface 10 modems af other exlernal
devices.

The read and write regisier proup includes -ﬁ'-t B-bm
u:-nunl re-.siﬁrs 'l.xr:r ssnc-charavier rrut'«lfn and mu:
status-regisiers! The inferrupl vector is weillen into an
fddumr.al S-bin register (Write Repister 2) in Channel B
thkal mas be read shrough Read Register 2in Channel B.
The regisiees for borh channels are desiprared in the jext
as lollows:

L wko-wRT T— Wriiz Registers  through 7
» KKeRE? © = Read Regisiers @ through 2

The bil assignment and {unciional groupinge of cach
rexister 35 confligured 10 simphis and organize the pro-
gramming process. Table [ illusirates the Functions
assivned Lo cach read or wrice regiver,

Ly B e T T P —

Fogetel puimiers, CRC inmahge, int iy ahon com-
""-'Iﬂl'-‘l!- I (e vafDus Modes. ¢1c.

L3
s e ;!

~
WAy

A1 -ru"smll Aecewe itierrupt and cata trans‘er modas |
delum[ron ;

I . ey —

.n,.:zz In.erru,,.l vegior [Channel E onlr]n

e mamE. Eae. s AEE ey . o mES A =4 romr e wms maa b

“WH1 Recmve SefgTRiecs and conrgls

- " o TEEEEE L o W EmLAR . A -

TransmillAgceive Miscellanapus pal3mMerers iind:.‘].

— i r—

WAl 1
thades '

- - - = rm =i _—— - —_——— i —armib
was  Transmi Daramerers and controls e
WF‘E -.:;-nc charncrt_r ar 30LC addives Leld |
WHT Srnc :hara::er ot SOLC flag L

—ha em e m e e e G —

(s Wnte Register Funclians

REO T*a 5:1'||:'Ftecmve buller status, inlarfupt S131us ang
Gxiernal atatus

————— e i -

B i T L 1L T Ry —

HR'I Sr..eclal Recpive Cunc‘moﬂ 51l1l*5

'FlFIE M-:IGLT #J mterrcpt veCIcr iCP‘.‘lﬂﬂel Eoﬁh-l

Ae 4amd e rr— Fe I L i ——

(b) Reaad Rrgisler Functipns

Table 1. Functional Assighimen!s ol Pead and Wieile Regislers

The lagic Tor both channels prosides foemats, syn-
chranization and «afidation for Jata 1ranslerred 1o and
from the ch wnngl imerface. The snodem vomirol inpuns
Clear 10 Send (0193 and Dara Cursier Detect qpeDy are
monilared by the discrete wontrol logic under program

control. All the modem conleol sienale are ceneral 7{"-
posc in nature and can be used Tor functions other than
madem contral,

For puternatic fnfetrupl vecioting, the indelfupt Con-
trol lagic determines which channel and whivh Jdevice
within the channel has the bichest prioricy. Priorins o
fived with Channel A astigned a hicher pricviny shan
Channel B, Receive, Tranumit and Exvrerpal? Siaies in-
lerrupls are prioriized in that order within veoh chan-
nel.

Data Path

Thre trunsinit and revejve data paih for cach chennel Js
shown jn Figure 4, The receiver has thier S-ban bulfer
regisiers in 2 FIEE ar;angement (1o proside a I-bage
delay) in addinion 10 1hie &b ru::in: shill regasier, This
arrangement creates addinional siine for ihe CPU Lo o
vige ap inlerrupt ar ke beginmiee of 2 Cloch of Bk
speed daia. The decvive error BIFF sigres patiis o
Iraming errars and orher ivpes of stajes infarniar-on
cach of the three byies in the recoiwe daig HIFG.

4
wl

R
it
for

b
Incoming duata is rooied Ihruul hovime of ezl poine
depending on the mode and charazier 'cngth, in ihe
Asynchromoas mode, serial daia 1t epterad 10 the -2t
buffer il it has a eharacier length of weven o7 eight Tk,
or is entgied inthe B-bic receive ohifl| rogister i it has a
lenpih of five or siv bins.,

In the Synchranons mode, however, the data path s
derermined by the phose of the reeeive process currenily
tn operation. A Synchronows Receive oraration bocios
with the receiver in the Hunl phacwe, during which the
receiver sparches the ingcomine daa wiream for a b pat-
lern that mnctes the peeproyramned «unc Jharaclers
{or Mavs inthe ~10 ¢ maode). [P 1the devige i programned
for Manesyne Hont, a aeaieh is made with a single oiong
characier siored in wry, In Bicvng Hunt, a manch i
made with dual syoe characters stored 1o w e wnd w<”

tnoeither case the incuming Jara passes threogh s
foceive sy ievisier, and is compaied srsind the pro
vrammed syne charagier in wRe o wko in the AMono.
syne monde, a muitch beltween the syne charagler pooe
gramored wmre wr* and the haracier asembted 0 he
feccive s retister establishes synctuunizanen,

In 1he Rbane mede, loweser, jocemoing Jtais
whifted to the recgive <l recister while the new ciehe
bits of the mevage are assenbled in the fvvcive g
teviyter, The mateh between the aseenbled characie: in
the recoive 5ane revisiers with the proepated g
charagier in whe and wk? cstablivhes oaplinenization,
Crce ssachiesization iy established, ipcoming data by .
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Figuwe 4. Transmit and Receive Dalz Palh

passes the roveive syne register and directly enters the
3-bit beffer.

In the 501 C mode, incoming dara first passes through
the reccive syne register, which eominupusly moniiors
the receive dala siream and porforms zero deletion when
indicared. Upon receiving five contiguous 1's, the sixth
bit is inspected. I the sivah bit is 2 0, it 15 deleted [som
the data stream. 1 the sisth biris a §, the s2venih bit 15
inspected, If that bit iy a 0, a Flag sequence has been
received; if it is @ §, an Abon sequence has been re.
ceived. ’ '

The reformatied data eniers the Lbil bulfer and i

aslerrcd 1o the recejse shift repister, Note thal the
0L redein g operation alvgo Deging in the Hunl phase,
during which 1he A%0-510 tries to maich the 2esembled
characrer in the receive shilt regisier with the flze pat-
terain wkr Once (he Nirst flae characier is recopnised,
all subseguent diats is rowied through the Sime path,
regardless of vharucier length,

Although the vaume CRe checher ts waed Tor bath s ¢
and svnchronaus data, the dala path 1aken Tor vach
mode is different. In Bisvne protovel, a byie-orienied
aperalion requires thal the ceu decide to inclods the
data character in ¢Re. To allow the ©70 apple time 10
make Lhis Jecision, (he Z30-510 prosides an B
delay Far syachronous data, T the S0 ¢ mode, no delus
is provided since 1he ZEO-S10 ¢camain. logic 1hal deler-
mines ithe byies gp which CRC is caloubaged,

The (ransmitier has an Xt transmie data resivier
that is boaded from the internal data bus ang o 20-bit
transmit shift register thai can be loaded Tom wis, Wit
and the Iransimit Jduta register. WK6 and w7 contnkn
syn¢ characiers in the Aonosyne of Bivwne inodes, of
address Nield fone charadier hone) and ag respeciively
in the soLe mode, Daring Ssnchinonoes moodes, infors
mation contaiacd in W ke aed WRT s lowled into it
transimnit shifi register al the bopinnineg of the messae
and, 25 a time filler, in the anddle of the message il 2
Teanwmit Dndorrun condition occuts. la the soi¢
mode, the Nags aic loaded 3010 Lhe trananit shift resis-
ter at the beginning and cnd of message,
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Asynchronous data in the tranwmit shift register is
fortnotied with <1ar and stop bils and is <hifted oul (p
the ttansmit mullipioser an the wlecred clock raie, Syn-
chronrus {Mandsyne or Bisync) data is shifted ol to
the Iranunit muliipleser and alsg 1o thie CRC generaior
at the x 1 cloch rare,

$DLCHDL ¢ data s shified owl through the rerotnsers
tion logic, which 15 dizabled while the Mags are being
wenl, For all other ficlds {address, coniral 2znd rame
check)a Qg iperied following five vcontiguous 1'sinthe
data siream, The ¢ke wenerator resall Tor sbLe dala is
alse routed through the zero inseruion logic.

Functional Description

The functional capabilities of the 230510 can be
described from two different points of vitw: as a dara
commenizanigns device, it fransmeits and recen s serial
data, and meets the requirements of various data com-
municalicns proetocals: as a Z80 family peripheral, 1
interacty with the Z%0.CPU and giper £8Q peripheral
ccircuits, and shures rtheir daia, address and cuntrol
busses, as well 2y being a part of the Z80 interrupl sirue-
e, As 3 periphieral 10 other microprocessprs, the
ZE0-510 offcrs valuable features such as non-veciored
~interrupts, polling and simple handshale capabilities,

The first part of the foliowing funciional description
describes the interaciion belwesn the CPL and ZE0-510;
the szcond part introdutes its data communications
capabilities,

[+O CATARILITIES

The £30-510 offers the choice of Polling, Interrupt
{reclored or noneciored) and Block Transfer modes 1o
teansfer data, siatus and conuol nloermation o and
from the ¢pU. The Block Transfer mode can be
implemenied under CPU or DMa cantrol.

Polling. The Polled mode avoids interrupts. Starus
registers AR and Rul are updaled ap appropriate fimes
far cach funclion being performed (for example, CRC
Error starus valid at the end of the mevsage). All the jn-
tesrpt modes of the ZED-5I0 must be diszbled 10
operale the device in a polled ensironinent.

While in its Polling requence, the CPU eramines the
siales contained Tn RRD for cach channel; the RRO al3lus
bils s¢rve a5 an acknouedee 1o the Foll inguiry. The
two KRo sialus bits Dy and O3 indicate that 3 receive or
anemit dina Wwunsfer 15 ooeeded, The status alw) in-

es Dirpor or ofligr special stztus conditians {see

SHROS10 Progranmming' ™), The Spesid Reveive Cundie
tion yaryy contained in kR does par hasema be read in a
Palling weguence berause the s1atus bus in ®ur are ace-
companied by a4 Receive Character Asailable s1aluy in
* KO,

L]

Interrupls. The Z80.510 offers an elabosaie infetrup
scheme 1o provide fasl interrupt response in real-lime
applicaiions. As mentioned carfier,Chkanael B 185 fers
w1 and RR2 contain the intersupt vawdr 1hat poinls i
an jnterrunt service rougine in:the memory. To ser:”

peratians in bath channels and 10 eliminale the nev. . -
sity of writing a status analvsis routineg, the Z80-5S10 can
modify Lhe inlerrupt v2c107 in BR2 S0 L paints direcily 1o
ane of eight interrup service routines. This is dane
wnder program_connrol by setting @ pragram bit (WR1,
D) in Chaoncl B called *"Siaius AlTects Vectar." When
this bir.is set, the jnierup veclor i a1t s Modificd
according to the assicned priority of the various inter-
rupting conditions, The table in the Wrire Register |
description (Z£30-510 Programming secrign) shows the
modificalion details.

Transmilintesrums, Heceive interrupts and External/
S1arus imerropts are the main sources of inferrapis
{Figure 5). Each imterrupr sourge v enabled under pro.
gram conlred with Channel A havirg a higher priotiy
tkan Channel B, and with Reseiver, Transms and Ex-
ternal/Status interrupts priontized in that grder within
each charnel. When the Transmit interrupn is enablec,
Ihe CPuis interrupred by the transmil buffer becomisp
enpty. (This implics that the transmitter musl hase had
a dala characler wrizren into il w0 it cin begome smpiy ]
When enabled, rhe receiver can inteirupr the UG iR Do
of three aavs:

* Inierrapl on €5t receive characier .
* Interrupt on all receive characiers
* Interrupl on a Special Receive condition

Interrupt On First Characier is ispically ueed with the
Block Transfer mode. Imereupt On All Receive Cheraz-
1ers has the oplion of modifying the inlerrupl secior in
the event of a parits error. The Special Receive Condi
tion interrupt can accUr an a chafdcier or message hasis
(End OF Frame inferrupt in s <, Tor example), The
Speeial Recerve condition eun cnulse un inmterrupt only if
the Fnlerrupl On First Receive Characier or interrupt
Om All Receive Characters inegde is selecied. In Intee-
rupd On First Receive Character, an inlerrupt van nevur
from Spectal Receive conditions (except Panty Erron
afler the frst reeeive charactler interrupt (esample:
Receive OQverrun inefrupth

The main lunction of the FEaeenal s Starus inivesopd s
to monitor the signal Uransitions of the OS5, DD and
5% N0 pins; however an ExvternalsSatusinierrupt i alo
caused by 2 Tranimit Underrun condition o7 by the
deiection of a Breal {(Aswvnchropous mode) or Abort
(501 C mode) sequence tn the dara streaun, The inlerru
caused by the TreakZAbart sequeie has 2 spoediat
foaiure that allows the SRRSO fo tgarop when the
Break /Abon sequence v detedped or termimated. This
fearnre Tavilitaley 1he proper dopmination of the cuiren
Message, Coftect inilalization al thie mest pessaye, and
the aveurate timing of the Break/Aboit condilivn in
outernal fogic,




“
UL DMA Blngk Transfee, The ZEQ-SIHY proviedes 2
Mok Transier mode 1o acrommodate < #0 Block trans.
fer [nebions and psia contrellers (AMEDDMA or n*hrr
devipne). The Blowk Transfer miwde uses the walTs
= ADY vuipul tn cenjunction wilh the Wails Ready bits
Write Repisier 1. The WaIT/READY outpul ¢an be
Jhmed under sofiware control a5 2 WalT line in the cPU
Black Transfer immode or as a READY ling in 1he DMA
Block Transler mode,

To a Dus coniroller, the 280-510 kEADY oupul
indicaies that the AR0-510 is ready 10 ransler data o gr
from memary. To the CRPLU, the w 41T ouipul indicates
thar the A80-5/0 s not reads 1o iramfer daia, thereby
requesting the ¢pU o eviend 1the 1.0 ¢vele. The pro-
gramming of ke 5,6 and 5 of Weite Register | und the
lowic states of the WaiT kEapy line are defined in the

107

Write Register | description {ZAU-SIC Progisinmaig
section. )

DATA COMMUNICATIONS CAPARILITIES

In gdditipn 10 1the 1L.O capabilities previouly diccussed,
the Z30.510 prosides two independent full-duples
channels as well as Asynehronous, Ssnchronous aud
SoLC cHOL S apcrational modes. These modes Tacibin e
the implementanion of commonly used data cominumi-
calions pratocols. )

The speciflic fratures af these modes are descriqed in
the following -eztions. Ta preweive the independence
and vompleieness of rach weetion, some infarmaticn
common 1o all modes is repeared,

RECEMT CHARMCTER

FAYITY ENRORA e

- RECENE DWERAUN ERHOR —-——o= SPECISL REGEIVE /
FRL?RG ERROR ————————="% [AN3IION INIERAUPT
. EW3 OF FRAME 15DLE}—-—~F""’""F

W

\IHTEHHUP] OH ALL

AECEIVE CHAHALTERS

afChivE
FLRET DATA CHARACTER INTERAUPT ON / INTERALPT
FIRST WOK-SYNC CHARACTER |SYNE) FIRST CHARACTER =,
VALY ADORESS BfTE (SDLE) el
0co TAANSITION [
cTs mwsnm\% ELTERWAL STATYS HERE
STMC TRAKLITION R —— iMTEAAUPT - - IN1ERAUPT
11 UNDEARY S ECM e e ———
SREAR #BORT DETECTION ——— S R A e T T LT T e o

BUFFER BECOMMG EMPTY ~ ——— =0

P
r SR )

TRAKSIAIT INTEARUPT

- amm

RIS i il

Figuig 5. Inlerupt Siructure
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Asynchronous Operation

Tnopeceit e oF Tracsinit Jod s i the Asapchronmire mode, AS}'I‘IC]IFUI‘I ous Transmil —
¢ 250510 muost he priadiced with the Iollowiog pa- - - —imam——— .

rameiers: characier lenzth, clock rate, pumber of aop A

bite, even o wdd patity, interrnpt mode, at d soveiver or™

ranamitter enatle, The pardmeiers are loaded imo the The Tranimit Data outpul (TWOH 05 Lold marking (tigh)

approptale write registers by the sycem prodram, wed = when the IFAnsmitter hay na Jdata fg wend, Uader proo.

pataineicra iust be issued befors wrl, WA and wis gram control, the Send Break (wus, 0.} command van

Pafamcterswr commands. be IISHH‘I:’ 10 hold 1o spacing (Lew) umil the conunand
is cleared,

If the Jata is fransmitied over a _modem or R§2I2C

IBICTface, 'ie REQLEST TU st~D jRT5) and GATA TFR.-~=

SITTSL RE WY (D7) cuipals must be e along with theas The Z30-510 auramarically adds the siarr bir, :he
Trapsnnt Enable bic. Tran:-_muuL rannnl begin Y until programmed parity bit fodd, even or no pariivl and the
the Transmil Enable bilis e, .2~ —— programmed number aof stop bits 1o the data char-Jier
- o to be iransmitled. When the characier jength is v o
The ,-".um Frablesfeature allaws the programmer 1orz , S€60 bits, the uouscd bils afe aujumaiivelly irnored by
wnd 1he lissi Jdma characier of the messaee (0" the ahT Z80- SID I the character leagih is Dive bits ar o,
ARLSIC withou: waiting Tor ST8. {1 the Auto Enables refer 10 the 12ble in the Write Register & Jescripgion
hil is set, the Z30.510 will wait for the <Ts pin 10 go {Z80-510 Programming section) far the €ata forman:

Low before it hegins Jdaia tran-missipn. ¢T5, 6B and
SI~C are cencral-purpose Lot lines thar may be used for

funcliens ather than their labcled porposes. I Cls iz <Scrial dia s shificd feem 10 28 2 Taie ectal o,
used [or another purpese. the Adlo Exabees Bin II'ILLI be. THI6th, 12220¢ or L S2ih of the cioed cate sappiicd o
prowraonid 1o 0, the Transmit Ciock input 1033, Serfzl Jata s shitnd

out an the faliing cddss of ( 1€,
Figure & illustrates asynchronaus message formats; [
Table ¥ shows w3, wka and wre with bils set 1o indi
=atg the apphcable modes, parameters and coinmands inil A sel, the Exzer: mlr'i"r"ﬁ et 2de nonn

nchropous modes, w 2 (Channel B anly) stores the; “the slatug of DAD, TT% wzad 370 throlghout the G
e@Trupt vestorn wry defines the inlerrupt modes and 1 Cmission_ol the meyiape, 11 these inputs Shanze Inr g
data iransfer medes. w6 and Wa? are nol usad in asvn-, J period of Hme preates 1han the minimum speciticd puisc
chrupous mivdes, Table 3 shows the 1vpical srogram width, the imerrupl )3 geresaied. Inoa rransmil npe-z.
steps ihat implement a Tull-duplex receiveswransmil lion, this feature is ute 10 monitor the modem contoo

aperation in either channel. signal TT5.
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Asynchronous Receive,

- -

_An Aag-i.‘hmnnus Rescive vperaiign begise when the
*ive Erable bipis set. 1F the duto T vles” qplmn is
Civd, m,u musl be_Low :15 "-H.'" A Low :urlacmg}

condilion on the Reccive Data inpul (R0 indicates a
start L. 17 this Low perssts far ai leaa one-half of a bil
tirne, the start bil s ascsmed (o be valid and the daia in-
put s then sampled a1 mid-bit time uanl 1he entire
characier is assembled. This method of Jeiecting a siart
bit impros es erear rejection when noise spikes €4is on
an otherwise marking hne.

* When Ejlr_!!\- B.ooabled, fie Pasity Error bif{kk1,
[}; b sel whenewgr the-parity bt of the characier
foes nint match™sith the programmed parity. Once
this bil s e, i rﬂnmng;ct urti] the hmr Rcm

Command1#ko is given. 4

* The Framing Errar kit {RR1, Dy) s sei if the char-
acler i assonalad '.uthnul: any siop bite fthal is. a
Low lesel detecied fofa stap by, Crlike the Parity
Errar bit, this bit is set {and aql laiched) only for
the chatadier on which 1t oceurred. Detection uf
framing error odds an zdditional ore-Ralf of a bit
time 1o the characier time 50 the [raming error is
nol inlerpreted as a new start bit.

01« Te 7RITS CHAR
11 « Tu A AITE SHAR

o ze T
IF tlie X T ofock mode is selecied, bir sxnchranization*
mausl be ascomplished csiernally, Receive data is sam- * Ilthe crlt Fanis 1o read a daia chagacter while mure
'Pled on the rising edpe of kT, The receiver inserts 1's J}Iﬂn lhice characiers Bidve beencrecerved, dhe Ri-
when a character fength of other than vigh bits is used. feive Uverron bit {R&, D) s set. When this oc-
11 parity is enabied, the parity bit is ngt vsipped from curs, the fourth character ascembled replaces the
the assembled character for character lengihs other than third characier in ihe receive buffers. With this ar-
eight bits, For lengihs other than eight bits, 1he receiver rangement, onfy Ihr_ch:rac:er 1%al has baen writ-
arsembles a charagier length of the requited number of ten over 18 Magged with the Receive Qverrun Crron
faia hilsl Flu; a purit}' t”'t and l‘s "ﬂr any unu“_-d bi‘ls‘ hi'[.. LikE Par"} F_FFUT. lh'i'ﬁ hﬂ can (JI‘I]:-' hf fesgt b"r'
Fuor esample, the receiver assembles a 5.bit characier the Error Reset command fram the iy, Both g -
with rhe loilowing format: 11 P oy 0y B1 Dy Dy Framing Error and Reveive Orerrun E”HT cabSe-.
an inferrupt with the inderrupt vectof indicating 3~
Since 1hie receiver 15 bulfered by three 2-bi registerds _§pft‘|1al Rd:-:cn*-:un...:mn {if Status Aflects Vecior
in,utdinion 10 ihe reoeive shift regisier, the ¢PU has 1s selected).
viioueh time 1o service an interrupt dnd lo acoept the Since the Parny Error and Regebve Merrun Errar
data chiaragter aoembled by the Z30.510. The receiver Mags are laiched, the ertor tuatus what i< rged refleis an
als0 kas thies bulfers that siore error flags for cach data errar in the current word in the roceive bulfer plos am
& cter in the receive bufler, Theswe error flags are Parity or Overrun Errors received since the las Eirar
1 a1 the same time as the data characiers, Resel command. To keep ceniexpondence btu——n the
) ) stafe of the error buliers and the conents OF 1he faoele’
Afler a character 35 received, it is cheched for the rdafa bulférs, the’ eriar slafus_fzgister muast be redd
following errar conditicns: Before the data. This is easily ac:ump,tshed if »ectarec
T 7 T BT § BT 4 T3 AT 2 BIT 1 1T 8
00 = Rz § BITS ChaR
10 = A1 EBITE CraR aUTO By
wh3 O = Ra 7 BiTS CHAR ENABLES ¢ © © ENADLE
11 = Qo § BITS CHAR
00 « =1 CLOGCK #3DE 00 = NOT USED .
WA 01 = =18 CLOCK MACE o = 1STOPBITCHAA  EVEN QDD PARTY
10 » 32 CLOCK MIDE 10w 1 STOPETS AR PARITY ENABLE
11 = s B QLOCK MOOE 11 = ZETOFBITS CHAR
00~ T. 5 BTG (OR
LE 55| CHAR SEND T= o
wRS LTA 10 = Te b BITS CHAR BREAK o

EMABLE RIS

Table 2, Conienis ol Winile Reglsiarsy X, 4 and 5 In Asynchrenous Modes
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SUNCTION

ReGralER Iwr DAL TAON L OADE D

TYPICAL PROCRAN: STEPS

COMMENTS

whRO  CHALNEL AESET

wRI POMMTER 2

WRZ INTERRUPT VECTOR

WAD  POISNTER 4 AESET EATEANAL STATUS INTERALPT

¥iAL ASYNCHRAONOUS MODE, PARITY tNFORMATION 5TOP BITS
INFORTATION, CLOHTE AATE INFORMA TIOM

D

Rasn! SI0
Channei B prty

lase DAFaMelEry

INITIALIZE WRO  POINTER ]
WR3  RECEIVE ENABLE, AUTO ENABLES. RECEIVE CHARACTER
. LEWGTH
WwWRD  PONTER S
WRS  REOUEST TQ SE~J, TRANSIT EMABLE, TRASSMIT Reievve shd Tranymy! both by - -
CHABACTER LEMGTH DATA TERM.NAL READY ized . AulD Enzbles cdl ecalde Tonot
' mnar d CT& 15 aciwe ad Aeio.is
DtO 3 aclive,
¥viRD  POINTER 1. ALEET EATER AL STATUS tNTERSUPT
WRAT  TRANSMITIRTERRUPT E4NalE, STATUS afreECTS VECTDA TIADSTA, Pl I gt 70T s
INTEAGJET ON At RECEIVE CRARACTERS DIEAl £ vmT lecieg. Setonal dTrast e Ty M
AREADY FUMNCTUON EXTERANAL ITERRUFT ENABLE ales of e 0T 20 4G 5¥hl T v
And defects the Sruls SEI 0 T
. AMerrs Vettor v Chareer E onk
TRANSFER FIG5T DATA BYTE 10 SIO Tres Cata bytp =S e ransierrs, .}.‘.:
Iranarmul rerrup's wil GoCw,
IDLE MQDE EXECUTE mALT INSTRUCTIIN DR SOME OTHER PROGS AM Program is wating 106 an ntedr.pl b

the S0,

DATA TRANSFER AND
ERRDA MOMHITORING

280 \NTERRAUFT ACKMOWLEDOGE CYCLE TRANSFERS RAZ TO CRY

IFACRARACTER IS RECEIVED
a TRAMSFER DATA CHARACTER TO OPU
& POATE POINTERS A% PFARAMETERS
s RETURN FASH INTERALPT

IF TRANSHNTTER BLFFEA 11X LMPTY.
# TRANSFER OATA CHARAETER TQ 510
« LUPDATE PO'MTERS AND PARAWE TERS
 RETURH FACM WTEARUPT

IF EXTEANAL 5TATUS CHAMGES
s TRAAMSFEA ARD TS SR
« PERFOF& ERRQORA ROUTINES NCLUDE BHREAK DETECTION,
#+ RETURM FROM MTERALUPT

iF SPECIAL RECEIVE CONCHTION QCLURS
& TRANSFER RAY TG CPU
# DD SPERECIAL ERACRE G FRAMING ERHCA) RADWUTINE
¢ BETURN FRCOM INTEMRLPT

When tha infarry Pl GECurs, the ity
yal0r is oo hed By 1, Aacone 2'as
acrar Availabie, . Trarsmut Buller S0
ty; 3 Ewle-naiSlalul chastyge, ang 2
Spacial Recane condilion.

Progeam Contrdi (8 Iransiesred 12 cre of
the wight AtEAURl SO CE TGJTINES

R used with processors of-er than ihe m=0
the mondilend Irderrupt wedsr (A2 5504 2
b raturned [0 e CPUIA IR In1eiru ot Tl
Whowladge sequence.

ﬁ‘.".lﬂ ATION

RFOEFINE RECEIVE TRANSWT INTERRUKNT MODES

DaSABLE TRANGMIT.ALCEIVE ROOE 5

UFDATE MODEM CONTROL OUTPUTS (E G PTS OFF)

When branzmul o resen: 131a Fam st s
complets.

o~
b

o Tiavsdmp, e &1 Senl slaiks 4 j
catps lansmession o5 coaeplee Rt

L
Tatile A, Asypchionous Mode



inte: rupts afe wned, because & spedial indesrupl vector i
genciited Tor these conditions., .

Wil the EavgrpalsZtatos inderrupr s cnabled, break
detvslinn cases an inlerrupl and the Break Derecied
satus bit (K ko, B3 is <et. The RBreah Deteciod intgrrupt
should be haradlvd by 1tsuing 1he Resct EaternalyStatus
Inicrrupt command o the A30.510 in response 10 the
firet Rreal Drorected iniereupt that has a Break slatus of
I (rRA, B:). The A50-510 monitors the Regeive Daia in-
pat and waits lor ihe Breal wyuence io 1erminate, al
which poinl the Z250-510 inlerrups 1he CpU wirh the
Breab vtarus ser ro 0. The CPL must again issue the Reser
Evlernal Sratus [nierrum cominand in s inlerrupt ser-
Vice 1ouline 1o reinittalize the breal deiection logic.

The Exrernal#Siatus jnterrupt also monitors the
tatus of DUD. If the BCD pin hecomes inactive for a
perind greater than the minimom specilied pulse width,
an interrupt is generated with the 120D s1zrus bit (RR®,
D3) et 10 |. Note that the DCB input is inverted in the
b0 Slatus Te2isler.

Il the vatus iv read afier ihe daia, the error data for -
‘he mexl word i abve Tnelieded aF it Las been stacked in.

he buffer. 11 opzrations are pafonred rapidly éﬁnughf
W the nen cheracter is nedsel reccived. the <anus regis-r

Lter reinaimy aalid,

Lid

n esvceplion ogcury when the Juer-
rupt On First Characier Only miode i welegied, A spevial
interrupt in 1his mode halds ihe crror Lra and the vhare
acter i1sell {even if read from the Bulfer) catil 1he Fres
Rewet command is istued. This presenis furiher ot
from becoming available in the receiver until the Bywst
command is isswed, and allows CPU nlaiteniion v the
characier wirth the error evep if DMaA or Blogk transfer
technigques are being vsed.

IF Intersupr O n Every Character is «elecied, the un:-
rupt vector 1 different 0 there 16 ap eiror slagus in wwe,
I a Reveiver Overrun ocours, the mosl tecent chaiaser
teceived is loaded imo the bulfers the charscier pre-
ceding it iy lost, When the characier thar Sas becn writ-
1en over the ather characiers is sead, the B=ceive Over-
rup bit is sel and 1he Special Receive Condition »ector i
retrned if Sratus Affects YWesior s enabied,

Fom o e T T mem - .
q7 a7 polled cnvironmfar, the” Reovcive Char-oer

CoAvalialle b [RRE, Ug);musi- be moptored s>

[ 34

ZBOACHPU ¢an know when 1o 5oad a vharasicr. Thisha o
awiomatically rever when the receive huflers are soon
Ta presemt oserwriting duta i polled vperanons,: ine
trainsmit bufler status must be checked hefare wheing
inta the transmitter. The Transmit Bulfe: Empis Bit i
set 1o T wheneser the transmut Suelfer is empuy.

[






~ Synchronous Operation

112

r

fore deseribing synchronpus transmission and recep-

on, the three pes of characier synchranizration—
Monosyng, Bissac and External Sync —require «ome ex-
planalion. These modes use the x 1 ¢lock [or both
Tranwnit and Beceive eperations. Data it «ampled on
the rising ¢dee of the Recoive Clock input (K€ Trans-
tniiter ¢a1a Liansitions occur on the falling edge of the
Transmit Cloch inpul ¢(TCh.

The gdiflferences between Manosyne, Bisyne and Ex-
lernal Syne are in the manner in which initial character
ssnchironication is achieved. The mode of operation
must be sclecied before sync characters are loaded,
because the regisiers are used differently in the various
moedes, Figure 7 shows the formarts lor all three af these
synchrongu: modes.

Manane. In a Recelse aperation, maiching a single
sanc characier (3-bit ssnc mode) with the programmed
syne chatacter slored in w a7 implies chatadier synchro-
nizalion ;nd enables data wransler,

Bisanc., Muatching fwo  contiguous  sync characters

{16031 syoc moede) with the programmed sync charag-

ters stored i W R and it iinplies characier sanchroni-

sathoan, In beh the Monosyne aad Bisyne modes, sYNC

is used av an quiput, and js z2tive for Lhe parn of the
ceive clock thar deiects the syns characler.,

™
Extcrnzl Svne. In this mode, chazacter 5}nchroni:.’nionJ
is established cxternally; SY5C is an inpun ihar indicaies
exiernal character ssnchronization has been achieved.
Afier the ssnc patizrn is detecied, 1the eviernal lozic
must waii for 1wo full Recenne Clock cveles Lo activaie
ithe Sync input, The Syac inpul must be held Low uniil
character svachronization is lost. Characier assanols
begins an the rising edee af 5.C Lthal precedes the f2ling
edee of SYNC.

In all cases afler a reser, the receiser s in the Hunt
phase, during »hich the A80-510 locks for characier
ovinchronization. The hunt can begin only when ihe
receiver is cnabled, and data iransfer can brgin onh
when characier svnchronization has been achicved, 1M
characier syochranizanion is lost, the Huar phase can be
re-entered by owriling 2 conrol word with the Tnter
Hunt Phase Bit set (wry, (g0 10 the Transmit mode, Lhe
iransmitier alwavs wends the programmed nuinber of
svac birs (8 or 1&), In the dMaonosyn: mode, 1he (rans.
mitler rransmits from wae; the receiver campaies
against wRY.

In the Monossne, Bisvne and Cwrernal Svay mondys,
assiembiy of received data continues uniil ihe AL 51T
resei, or until the receiver is disabled (hy cominand 2
by DCD in the Auio Enables mode}, or unnl the CPt -
the Enler Hunt Phase bap. ’

MESSAGE FLOW

b

[ L] 19 . rap
1L
LFRC g mt
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Figure 7. Synthronous Formals
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After inmial vvichronizaticon has been achieved, the
apetatiion of (he Moaoane, Bisyne and Fuerpal Syne
wmades is gune vimilar, Any differonees are specified in

- the following rext. .

Table 4 chows how wiY, s ka apd % RS are gsed in

whronows receive and transmil opuerzlions, W RO
proints 10 ozher registers and issues various commands,
wry defines (he inlerrupt modes, wr? siores the inler-
pt veclor, and wre and WRY storg ssnc characlers.
Tahle § tHusrrares the 1y mical program sieps thar imple-
tment a half-duplen Bisyne transoi operalion.

Synchronous Transmit

INITIALIZATION

The sysiemn program must iritialize the transmitter with
the following parameters: odd or even parnity, > 1 clock
mode, & or i&-bit svnc characierfy), CHC polinomial,
Transmitter Enables, Request Mo Send. Mara Terminal
Ready, interran! modes and transmil character length.
WR4 parameters mMust be ivaued belore WHI, WRi, %RS,
wre and ook parameters of COMMands.

One of two pelynomials—CRC s (X %+ X x5+ 1)
vor SLC (X% + X174 X% 4 1J—may be used with syn-
chronous modes. In enher case (530LC mode nol
" elecied), the CRC penerator and checter are reser 10 all

In the ransmit Inittalitation process, the CrRC

’:amr is initialized hy sening the Roeser Transmir

" Generatar command bits (wrey, Both the jrans-
miller and the receiver use the same polynomial.

Transmit Joterrupt Enable or Wail/Ready Enable

113

ean be seleeted 1o transler the data, The Fxternal/Status
interrupl made is usted to monilor the status of the
CLEAR TO EXD inpol 23 well as the Tramwmil Under-
run/roM laich., QOpiignally, the Aure Frahles leature
can be used focnable the ransmilter when © 15 15 afiive,
The first data 1ransfer 10 the Z30-510 zan heein when
the Faternal/Sizius imerrupd occurs (CTS statws bit sen)
or immediately lollowing the Transmir Erable com.
mand [if the Auto Enables modes 15 seth

Transmil data 15 held marking afrer resei or if the
Lransminier 15 nal ¢nabled. Bicak mas be frogrammed
10 generate a ¢pacine line that beging as soon as the Send
Break bit is set. With (he transmitter fully inialized and
enabled, the defautt condilion s continuous ransmis-
ston of Lhe §- or 16-bit syne character.

DATA TRANSFER AND STATUS MONITORING

in this phase, there are veveral cumhlnano = of inter-
rupts and Wail/Ready.

Data Transfer Using Inferrupls. ! the Transmin Inmer:
rupt Erzble bit {wri, 12)) B sct, aninterrupt iy penerated
cach time the lransanl buffer becomes emmy . The inter-
rupl can be satisfied either by writing anather chiaracre:
inla 1he transmitter &1 2y rosetling the Dronsanider 1n-
terrap Pending larch with a Reset Tianaminer Pendine
command (Wke. UsOg. [T Lhe interrngd iy sz fed wat
this command and nothing more 1 wiitien ino the
Irarsmiiter, there czn be 0o funiher Trapsann Hufier
Empry incerrupls, because i1 is the provess of the bulfer
Becoming empy that calises the imierruply and the baf.

. Ter cannot hecome empty when in s alfgady empiv. This
shiuxtion does cause & Tiansmit Underrun condition,
which is explained in the "*Bisyre Transmit Linderrun®™
seclion.

mrTr BITE BITE BIT 4 aiTa BIT 2 BT a7 o
G0 = Ax S BITS CHAR ENTER SvNI
WRI 10 = Rx 6 BITS CHAR AUTCY . HUST Rx CHE a CHAR Ax
01 a Ax 7 Bit5 CHAR ENABLES m‘DE ENABLE LOAD ExcBLE
= FAa RBITS THAH INAIET
&0 = B-BIT 5YNG CraR -
WAL o 5 0 = 168IT SYNT CHAR o o EvEN 00D FARLTY
10 = S0LC WEDE SELECTS SYNC PAHITY EnNaBLE
11 = ExT SYNC AOGE MODES
0o - Ta SEITS OA
LEST) CHAR 1 ar
WRS OTR 10 = Tu & BITS CHAR ::;5( ENI’ g SELFCIS HTS g:_,f&E
01 « Ta ? BITSCHAR hage CRC6
11 = Ta B BITS CHaRA
r Tebia 4. Conlenly ol Write Reglsters 3. 4 and § in Synchionous Modes

ad






Dais Transfur Using W AL READY, To the CPU, the
aziivation of WaiT indicates that the Z80.510 is nol
ready 1o aveept data and that the CPC musl extend the
output evcle. Toa Dy controller, RCAbY indicares that

¢ tranmit bulfer is 2mpty and 1hat the ZB0.510 is
sudy 1o aceept the nont Jdaias character. 11 the data
character 15 not loaded into the 250-510 by the time Lhe
transmit shalt register s empiy, the ZB0-510 enters Lhe
Tran.mit Underrun conditien,

Blssne Transmit Underrun, In Rissnc provocol, iller
characters are inscried [0 maimzin synchroniration
when the transmiter has no data to send {Transmit
U'nderrun condition). The Z30.510 has two _program-
mable options for selving this siruation: it can insert
wne yharagters, oc il can +end the CRC characiers gener-
aled so far, followed by syne characiers.

T

Mese oplions are under the control of the Resel
Transmit Underrun/Eo™ command in wro. Followine 2
chip ar channel reser, the Transmit Underrunsgowm
slatus bit (RRO, Dy is in @ 5¢1 condiion and allows the
insertion of svnc characiers when there is no data Lo
send, CRC is not calculated on the zutomatically insericd
svnc characiers. When the CPuU detects the end ol mes-
sage, a Resel Tranamit Underrun/E0N commmand can be
issyed. This zllows CrRC 10 be sent when the framminer
hzs po data. In this case, the ZRO-510 sends CRC,
followed by sane characiers, 10 (ermirate the message.

There is no resiriction s o when in the message 1the
Tramsmit Underrun/eos bit zan be fesen, |1 Resel 13
issued after the first data ¢haracler has been loaded the
16.biL CHC 15 senl and Tollowed by syno characiers the
Farst Lime the tran<miller bas ng data 1o send. Becavse of
the Transmit Underrun condition. an Exlernal/Siatus
interrupt is generated whenever the Transmit Unde:-
run/EOY bt becomes set.

bn the case of syne insertion, an interrupt is generated
only afier the firs; automanically inseried sync character
has becn foaded., The stalus indicales the Transmit
Underrun/Ea™ bit and the Trapsmit Builer Emply bi
are wel,

In the case of cre insertion, the Transmit Underrun/
EON bil is set and the Transmit Bulfer Tmpty bil is reser
while CRC.is being sent. When CRC has been completely
sent, the Transmit Buffer Empis status bib is set and an
inferrupt is generated to indicate (o the CPL 1hat anather
message ¢2n begin (this interrupt ocours hecause CRC
has been sent and syne has been loaded). 1f ne more
messages are 10 be sent, the program can terminate
lrapsmission by reseiting ®rs, and disabling the
lransmitter {(WRE, D).

FPad charagters may bie senl by witing the ZEQ-S10 to
B bits/tranamil character and wreiting FF 1o Lhe transmil-
ler while CRC is being sent. Aleraatis ely, the sync char-
aclers van be rodefined as pad chataciers during this
time. The loltowing example is included 1o Jlanly 1his
paint,

'
F

1%

ALy . ‘
The Ia.f:- SID inlertupls wilh the Tranzmu 'éu.f!tf Emply tul
Set.

The Cmy recogriZes 1hal tha lpal characler &7 of 1he
MascAge has alleady been senl by the JAQ S0 Dy gammn
Ihe INlzinal program s1atus. ' U)
To forey the 282 310 to send Cng, the cPu iS5, 2% The Aeet
Tranymad Undamrunfedu Lateh COmMmMand -5 210 satrshes
the intarrupt wilth Mg Resel Transmul Laterrupst Fending

» command, {This command prerenis the FEISIO Sigm e
queshing mofe dald| Because ¢l the PrantTut unggr-yn
cavsed by thes commgnd, 1be JARSBID sians secdng Cal
The ZA0-510 #lso Cadses an Exlemnairs givt iniarrugl sath
the Transm Underruniiou latch set,

The Cinp sAlishies 1ReS inferrupl by 103ding pad Sharacters e
1o the Lransrat buller ang issuing Ine Reset €xlenal’ Siotus
Inlertum eommand,

With ths saguence, Cacas [ollo~ed Gy 2 poad chardacisrm
siwvad of & synG chatacter. Mole 1Ral b JEFS0 ool e
rapl widh o2 Transmat Buller Emply anferrgsl alen 220 s
compleiely aanl and thap the Sad ETaraster 5 Gaded nIg
Ihe tranamat shill tegiatier

From this gemnl on the gy can send Mg ne™ Chadac|es pr
SYNC Chafactera.

Hissnc CRC Ceneratign, Setting the Transmit ¢We
enable bit (RS, Dy} initiates CRC aocumuolation when
the program sends the first Jdata characier 1o the
£50-510. Alhough the Z2520-510 amemancally yans.
mils up o [wo svac chararters LD wans) i s wihg
send @ few more syAC characiers ahead of the Mesarge
(before cnabling Tramsmil CRCY L0 ensure ~yachronise.
tior at the receising end, ' }

The transmit CRC Enable bit can be changed an the
¥ any lime in the micsage 1o include or ovolude 3 pac-
Licular dara character fram CHC pgewnialation. The

‘Transmit crC Enable Bt should be in the desired wrate

when the dara characier is loaded from the uansmi
data buffer inio the transmit shift register. To encure
this bit is in the proper aate, the Transmit CRE Enabie
bl rmust be yssued before sending the data character 1o
1the ZBO-S10.

Transmit Transpzrent Mode, Transparent mode (Bi-
sync proloenl) operation is made possible by the abitin
10 change Transmit Cuc Enable on the fiv and by the
additional vapability of inscriing 16.bit sync charagiers.
Exclusion of DLE tharacters from CkC calculation can
be achieved by disabling CrREC calculation immediangh
preceding (he DLE chartacter transfer 1o 1he Z80-S10.

In th# case of a2 Transmil Underrun condition in thy
Transparent moude, 3 sair of DUE v characlers Jare
senil. The A20-510 can be programmed 10 ~end the Pl
ST sequence by loading a oLE characier imo % Réand a
syoc characier into Wz,

Y

Transmit Terminuation, The A8 S 5 eguipped « s

Cepedial termisation feature that maintins Qata itiee iy

and validity. If the transimitter is disabled while o data
or syn¢ characier is beipg went, that characier s ~em as
usual, but v fellowed by a marking line 1ather than owe
or syaw ¢haraciers. When the izansmitter is disabied, 2
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TYPICAL PROGAAM STEPS

FUNCTION . COMMENTS
: = AEGISTER 1N DRMANON LOADED
L. o ! |- [
Lo ' " WhAg  CPARSEL BESET. RESET TRANSMIT CAC GEAERATOR Resel S0, Will1e C5C gereraler.
sy o WAL  POWTER 2
) WAz  WTLERJPT VECTOR Channel 8 only
WRi POINTEA DY
’ WR3  AUTO ENMBLES Transmission begns only atar CT5 15
dalacted,
WRO POINTER 4
Wha  PAATY INFORMATION. EYNC MOOES INFORMATION =1 I3aue 1rAnImt pararetams,
CLOCK MODE
WAZ PCRNIER B
YAS  SYMD CHARACTER
wRG  POINTER 7, AESET ExTERNAL STATUS MTERALFTS
INITIALIZE WRT SY¥NC CHARACTER 2
WRQ  POMNTER 1, MESET EXTERNAL STATUS INTERRUPTS
W1 STATUS AFFECTS WECTOR EXTERMAL NTEARWPT ENARLE, Externa' Im#erupl moze —29i0% Pe
TRASSMIT INTERALPT ENASLE O3 WaT, AEADY MOTE Enab_E status ol @% ang OCT wrom 2~ A% agd
as the status of Ta UnseTun 2w
Tracsmal et Ernat e
when [Re Tramsms T.vs-
Emary; R WWas Rearn, moge m
) 1o transtar Cala Laap T ot L7, T o0
Transfar,
L)
WRg  POINTER & Status A'lecty Vetter (Chanre’ S oy
WAS  AEQUEST TO SEND, TAANSMIT E~ABLE. BuSYMC CAC, Transmit CAC Enalie shoold mw g37 aen
TRAMERT CHARACTER LEMGTH first non-gynec data is sem o 2ol B
FIRST SYNC BYTE TQ 510 MNeed seyeral Sync £ 373 liers o (TE SO
gnvung of message. Transi~oar 5 '01
iralized,
IDLE M0O0GE EXECUTE HALT INSTALCTHON O SOME OTHER PROGAAM Wading for inlertupl oe WAL = Cady Dulhs
) I ransiar dala,
WHEN INTERRURT rwalT READY) OCCUAS Inarrupd otowry Va1 Feady Betimes
o (NCLUDE EXECLURE DATA BYTE FADK CAE acive) whan hrsl dala byle s bans vl
ACCUMULATION |4 SHO). Wailt mode allzwe CP Rk lfa_"ﬂ"ﬂ"
# TRAMSFER DATA BYTE FROMWM CPU |OA MEMOAY) TO SI0 from rrpmory |0 8IS, SR oIR8 IAE
o OETECT AND SET AFPROPRIATE FLAGS FOR CONTRACHL CMA Bloch Lanstgs fiem ime—on 12 3 0
CHARACTERS (N CPUY. The 00 & th: Ean Ba provs e e 210 530
DATA TRAANSFER AND » RESET Tz UNDERAUN ECM LATCE (WA IF LAST CHARACTER e Spacal coMrl £ha'alides LTy gk
STATUS MONTORING OF MESSAGE IS DETECTED. A only the tis al spenly 23T
+ UFDATE POINTERS AND PARAMETERS (CPLY. EBCOWC control ePdracte sy, £ aT LIl
+ RETURH FRCW INTERRLUPT, oAy
W ERRDA COMDTIEN CA STATUS CHANGE DCCURS Ta Undeirufy b O e andaciter w2t 8”1 375
= TRAMSFEA ARD TO CoU Ml WNGETUN (5yNe Chargfigs oo g #2m
. * EXECUTE ERRDA AOUTINE, ar end ©f modSate (CAC1G 10
= AETUAN FROW IMTCRRUPT. sant).
REDEFIME iNTERAUPT MODES
'IMATICHN UPDATE MODEM CONTRO, QUTPUTS (8 G . TURAN OFF ATS Program . should  grace!uly ferm e

DiSARLE TAANEMIT MDOE

massage

Table 5. Bisync Transmd Mode
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tharacior in the huffer rumnins in the buffer, IT the
rransraitted is disahled while cRC i heing sent, the 16-bil
Izaamivsaon (5 completed, bul syne is sent insicad of
LR,

_;L’:-""- prowranned bieak i< efTeciive as «0an as i is wril-
= én inia the control recisder chasnacts in the Iransmiat
buflfer and ~hilll 1egivier are lost,

fmall inades, characiers are <ent wich the teast sienifi-
ven! bits first, This tequires righe-hand jostification of
transimitied data if the word lengih is lexs than cight
bigs. I the word feneth is five hits or less, the specizl
technigue described in the Write Regisier & discussion
(Z830-810 Programming section) must be used for the
Jala formai. The siates of any unused bits in a dara
characier are irrelevany, except when in the Five Bils Or
Less mede,

Il the Extermal/Siaias Inierrupt Enable bit is ser,
transmitter ¢condivions sweh as "“staring 10 send CRC
characiers,” “siarling to send sync characters,” and
CT5 changing sfate cause inteirupts that hdsve a unigue
veetor if Siarus Affects Yector s act. This inierropt
mode ray be used during block jransiers.

All inierrupls may be cisabled for Gperation in a
Polled mode, or 10 avoid interrupls al inappropriate
times during the svecution of a program.

Synchronous Receive

INITIALIZATION

The sy~om prograin initjales the Sypchronous Receive
operation with the following paramerers: odd or even
parity, 8- or 16-bil svnc characiers, =1 clock mode,
CRC polinomial, receive characier lenglh, e, Syne
characiers must be loaded into regisiers wrs and wR7,
The receivers can be enabled only afier all receive pa-
ramielers dre sel, WRE parameters must be issued belore
Whi, WK, WRE, WReand wRT paramlers or commands,

Aler this is done, the receiser isin the Hunl phase. It
remains in this phase vanil character ssnchrgnization is
achicved., Note that, under pragram contral, all the
leading syne characiers of the niessage can be inhibited
from loading the recenc buffers by sciling the Sync
Characier Load nhibir bir in w R,

DATA THANSFER AND STATLS MONITORING

.r charagrer sanchronization ts achieved, 1he as-
inbled charactors are 1ransferred to the receive data
11IFO. The (gllowing four interrop! modes are available

Lo tramsler the dala and its associeied $fatus o the P

No Inerrupis Frahled. This mode is used for a purehy
pofled eperation or for off-line conditivns,

116 - .

Interrupt €n First Character Qaly, This mode is norm-
ally wsed o s1ar a polling loop ar o Bloch TransTer in.
SIrUCIOn USINg W a1T-READY o avnchronize the CPU qr
the DM4 device to (he incoming data raic, Ia this mod —°
the Z8R-SIO interrupis on the Nest characier sod the,
afier intersupts only of Special Receive vonditions are
derected, The mode s reinitighzed with ithe Fnable In-
terrupl On Mot Receive Character conapand 1o ailow
the next characier. received 10 generale an iflerupt,
Parity errors do not cause imerrupts 1 this mode, bu
End Of Frame (501 ¢ mode) and Receive Overrun oo,

If ExternalsSiaius inteerupts are enabled, they may
inlerrupl any lime DTG changes siate.

Interrupe On Evers Character, Whepever a2 character
enters the recene bBufler, an interrupt iv cencrated.
Errar and Special Receive condinans genvrate a ~pecial
vegior if Slatus Affects Veotor is selected. Optionally, a
Patity Error may be directed nor 16 generate the special
interrupt vesior,

. Sprcial Rreceive Cundition Inierrupts. The Special

Receive Condilian interrupt can ofcur only i enher the

Reveive Interrup On First Characier Only ar Intzrrup:

On Every Receive Chasazier modes is 2o sel. The
Special Recehve Condiidn interrunt iv Janed 71 othz

Receive Overrun errar condiion. Sihee the Socrens

Orverrun and Parity grror siatgs Biis e lalchied the

erro status—when read —refiects ah corar in Lhe fesren;

word in the recebve buffer in addition o amy Pariny o

Ouerrun errors receiv=d sipce 1he 1ast Error Resel com-
mand. These slatus bits can umy be resel by the Ertor

reset command.

CRC Error Checking and Terminalisr, A CkC orrar
chechk on the receive inessape cap be performed on a per
characier basis under proeram coniral. The Reoceive
CRC Enable bit w3, D3} must be selsreser by the pro-
gram belore the nes characier js transferred {ram 1he
receive shifl register into the reecive bulfer regisier. This
ensures praner inclusion or exclusion of data characters
in the ¢re check,

To allow the Cpu ample time 1o enahle or dtsable the
CRC check ua o particular character, the 230-%10 calcu-
lates CRC #ight b timzs alier the charucier has Been
fransferred 10 the receive buflfer. If rrC it enabled
befare the next character is mranslerred, Cke b calew-
lated on the fransferred character. 1T CrC s disabled
before the vime of the neai transfer, calculation pro.
cecds on the word In progress, but the ward just irans-
Ferred 1o ahe bufler is not included. W o these roguire-
ments are salislied, the 3-byte receive Join buffer bs, in
effect, unusuble in Bissne operation. e anay be enabl-
ed amd disabled as many times as necessary for a given
calcularion.

-

In the Monesyne, Bistne and BEueinal Sone Maoaies,
the CRC/Framing Ereror bit (R RE, Dp) vontains the coan-
parisan resull af the o k¢ checher 16 bi times (eighd birs
defay and erghi ~hifts for vac) after the characier hay.
been tramsfeired from the recrive shift qogisier 1o the
buffer. The result should be sero, indicaling an creor-
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fres iranamicann. {(Noie thar the reselr is vahid only at
the vnd of cuc caleylanion. IF 1the eosult iy evamined
helore this hine, 1t cesally andicates an errar.) The com.-
parisgn iv made with sach trandder and s valid only ag
1fong as the character remains in the recenne HIFQ,

Faollowing is an esample of the Cre cheching opera-
lion when four chacaciers (A, B, C and D) are received
in that order. .

Cha-agiar A lGagded in1e bufler
Charatter B 'oaded G butler

If cec i3 disabled before C is in 1the buffer, Cre is not
catenlaled on B. ’

Characier Cloaded into bulfer

Alter Cis lpaded, the cRC/Framing Err:}lr bit s+hows the
result of the comparison through characier A,

11%

Character O lnaded into bullar

After D is in the buffer, the CRe Errar hit shows the
re<ull of the camparicon through characier B whether or
nal B was included in the ¢RE cal culations.

Due to the serfal nature of cac calculaiion, the
Recetve Clock (BT must excle 16 rimes (8. kil delay plus
B-bit cre shif) afier the second CrC character has heen
loaded into the receire buffer, or 20 times (the presious
16 plus 3-bit buffer delay and 1.bit inpur defay) afrer the
1asl biris at the R input, before Cke calculation is
complele. A Tasier ¢viernal clock ¢an be cated imo the
Restive Clock inpul to supply the required 16 crcles.
The Transmil and Receive Brata Path diagram (Figure 4)
illestrates the various points of delay in the CAC path.

The ypical program sreps that impicmem a haki-
duplex Bisvne Receive mode are illusiraied in Tabfr 6.
The complete se1 of command and Stalus b definigons
are explained under " Z50-510 Programming.”

FUNCTION TYPICAL FROGAAM STEPS COMMENTS
REGISTER HFORMATION LCADED

YmRo CHANSEL RESET, RESET PECEIVE CRC CHECHKER He3e! SKT wwt wie Jecy w0 CAZ o7el-00
WRG AOINTER 2

v WRZ  INTERAUPT VECTOR Crannal B onty )
WRO  PLONTER 4
wWHa PARITY INFORMATIOMN Sy C WMODES (NMEQRMATION, =1 Igsue refgyd paramears,

O, 0L WODE )

WRO  POINTER 5 RESET EXTER' AL STATUS INTERRUPT
WRS  BISYNC CAC18, DATA TERMMNAL READY
WRE  POINTER 3

INITIALIZE WB3  SYNC CHARACTER LOAD MHIBIT, AT CEVE CRE £E%GKELE, SyNE Charagle: »Dad il sivps ali lne

ENTER HuUNT WGDE. ALTC ENARLES, RECEIVE CHAAACTER
LENGTH

POINTER 1. RESET ExTERNAL STATUS ST ARWET

L e POINTER &

WHE SYHNC ChARACTER 1
WRO POINTER 7

WRA?  STHC CHARACTER 2
WiRd

whi

ETATUS AFFECTS vEQTOR, EaTEGMAL NIERARUPET EnNBILE,

AECEIVE IMTERRUPT ON FIRST CAARaCTER CNLY

krgding sync tharaliers &l ibe LEg g
ol e message Aan Sracles erases
the (RCEIcE- 13 A0t ER! SR DYy ATET e
S0 wpat o5 aclee

In Wrs amgrrupt mate, ok e hrey Aone
wy K data chardcher «f frarsfareed 13 e
cPy AM subseauen] ©1%3 a5 Danslerren
gn 3 Oma bass howeoer Sppcal Re
cand  Conduon arterrdt's will 1Ima2re . or
the CRY Stalus AMec's Vestor weesd
Crmril B Oy

Table &. Aisync Recwive Mode
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FUNCTION

" TYPICAL PAOGRAM STEPS

COMMENTS

- L TIALIZE
TINLEL)

WAL  POINTIRI ENABLEWTERAYUPT ON KEXT RECEIVE CHARACTER

"WRAY PRECEWE ENAHLE, SYME CHARACTER LOAD INABT, ERTER

HUNT MIDE, AUTO EMNABLE, FECEIVE WORD LENGTH

Aesening. this nierupl MOSe proace:
smple program logptath entry 1
naxl fransacison. .
WRA 1% Iessuad 1o eratle recever, He
ceivd CAC Enable must be se! a'ter re
cering SOk or 5Tx characer.

{BLE MGDE

EXECUTE HALT WSTAUCTION OR SCME OTHER PROIGH AM

Receive mode 18 " Uty npsioed ang 1
sysiem is waibing for nterupt oo R
charaller, '

CATA TRASSFER aMD
STATUS MCHITORING

L

WhHEN \WTEARLAT ON FIAST CHARACTLA QCCUAS, THE CPLU OOES THE
FOLLC Wi ’
» TRAMSFCPS DATA BYTE TO CPL
n DETECTS AnD SETS APPRAQPPCATE FLAGS FOR CONTROL CHAR-
ACVEAS | N CFLY
INCLUJESENCLUDES OATA BrTE IN CAC CHECKER
UEBATES PONTERS AND OTHER PARANETERS
EMAPLES wa T READY FOA Dma SPEALTION
ENABLES DMA CONTADLLER
RETUSKS FPGM INTERALAT

# * = Fr &

WHEN T REaDY BECOMES ACTIVE, THE DMA DChTAGQLLER DQES TuE
FOLLO G
s TAALSFERS DATA BYTE TO MEwWCAY
Cn A TLAADPTS CPUIF ASPECIAL CHARACTEA 1S CAFTURED 8Y THE
OV CONTROLLER
= INTERRUETS THE CPIIF THE LAST CHARMCTER OF THE MESSAGE
'S DETECTED

FOR MEESAGE TERWRATON FHE CPU DODES THE FOLLOWING:
* THLKSFERS RAI TO THE LY
& EE1E ACK Waw REPLY FLAG BASED 0N CRC RESHT
& UPDATES POSTERS AND PARLMETEAS
« RETLAKS FACM WwTERRLPT

Curing ithe Houml moda. 1he S0 ceen
b CONLQuDLS characiers 1o esiab’ sl
syrchromeion The CPu cstabhshes ik
Chas mode ang ali sgbesgueni Sald oha
aciers dia Lamslerred by 0 s Ion
irpfler. The comtrole g2 pena™ e
IO CAplure SLema CNs a5iBrs 10y cra™
imng onby 1h2 o g soelly s 0
ERCDIC conirel eqarariars] atd e
tha CPU Loon dsyec on. N fEapnss
the CPL examincs -e SLalLs Q1 fonlig
charalwers aAnd jakes aZpIoprate &1L
{®g CHAC Enable Lipzate).

The St Interrons e SPU e erin.
ot and e error (OuE 30I0E L
[NWSEM MEtE2ge Cea™s P el I272
36}, AN FesCats the oy SfAGT

TEAMINATION

REDEF WE INTERAUFT MODES AND 5YNE tADDES
UPDATE wmODE M COMNTROLS

DISABLES RECEIVE MODE

Tablw . Bisync Aeceiva Mode [Continued)






g | SNIL.C (HDL.C) Operation - 11y

The ZHU-5I0 i« capable of kandling hoth High-level
Synchronous Daia Link Control (sD1 €y and 1BA! Sya-
chranouws Data Link Conirol (<DLCy protesols. [n the
follgwing leas, only sDLC 05 referred 1 because of the
high degree of sunilarity betncen sSpLC and HDLE.

The si C mode is considerably dilferent than Sya-
vhronows Bisang provoecol because it i bit orienied
rather than character oricnted and, therelore, can natu-
rally handle trancparent operzlion, Bil orient2iion
mabes s C 2 Mevible profrocol in 1erms of meossage
lengrth and bit panierns, The 250-510 has several beili-in
features 10 handhe variuble message length, Derajted in-
farmation concerning sond protocgl can be found in
tierature published on 1this subject, such as IBM docu-
ment GA2T-3093.

The soLC message, called the frame (Figure 8), is
apcened and cloved by NMags thar are similar 10 the sype
characters in Bisync protoeol, The Z80-510 handbes the
tranymission and recoenition of the flag churacters that
mark the beginning and vnd of the frume, Note that the
ZR0-S10 can reveie shared-avro Mass, bt canron Irans-
min them. The &-bir address Nedt of an spU< frame con-
13ins the woondary s;ation address. The 250-510 has an
Addrest Search mode thar recocnizes the setondary sia-
tion address &9 i1 can ageepl or reject the frame,

.Sim: the vanired field of 1he sbic frame is transpar-
W0 the Z80-510, it is simply iransferred 1o the CPU.
The Z80.510 handies the Frame Check seguence in a
manner that sunplilies 1the progiam by incorparating
leatures wch a¢ inutializing the CRC generaior 1o alf 1's,
resering the ko cheeher when the opening flag s
detecled 0 ihe Receive made, and sending the Frame
Check “Flap seguence in 1the Transmit mode, Cantreller
hardware is simvalified by wuromarnic zero inserfion and
delsion logic contained in the ZE0-510

Table 7 chows the contemis of WR3, wRiand wR: dur-
ing $DLC Recvive and Transmit modes. wRo poins 1o
other repisiers and issues sarious commands. WRI
defines the imorrupn modes: wa? siores the inferrupt
vector. wR?Y sores the flag characier and wWia rhe sec-
onduary address,

SDLC Transmit

INITEALIZATION

Like Synchronous operation, the sBL e Traraodi mode
musi be initialized with the follawine paramzgerss: <op ¢
mode, soLC polynomial, Reguest To Send, Data Ter.
minal Ready, transmit character lengih, irznaait inier-
rupl modes (or Waite Ready lunction), Tran-mi Fna-
able, Ao Enables and Eviernal/Staius indzrrogpt,

Selecting rhe 01 € mode and the *DLC polyaptial
enables the Z80.810 o initialize the Ovd Genesator 10
all I's. This i utcomplished by issuing (he Kewer
Transmil CrRC Gencralor command (W&o Befer 1o the
Svachronous Operation vection for more detaily on the
inlerrupt modes,

Afler raser, or ahen the ransuniter 15 nog caabled,
the Transmit Data output is held marking, Bread ma
be programmed 1o generate 2 spacing line, "~k the
transminer fuily ingializad and enabled. coninuogs
Mags are trapsmilted on the Transmil Nala ouityul.

An abarl sequence inay be semn by isspine the Send
Abort command W Ko, MR-, This cauves al Jeast eichl,
hut less than Tourleen, 1's o he sent difore the line
reverts 10 continuous flags, bois possible 1has ohe A5ep
sequence {cight 1 's) could foijlow up lo five cantineoue
hits (allowed by the sero Insertion logw) and 154y rause
up 1o thirteen 1% o be weni, Any data beine ;racomnied
and any dara in the transmit buffer islos; when az zhast
is isiued,

When reguired, an catra O 0 awlomaricatly ac-erted
when there are Mive contfguous 1's in the dara sizzam.
This does now apply 1o Mags or aborns.

DATA TRANSFER AND STATLS MONIORING S

There are several combinations of tniesrupts and the
Wail/Ready function ip the sLDE moede,
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when the FuaerraldStous interraps s set and while
. wa is boing senl, the Transimit Underran/ EOM bit s ser
and 1he Yrammil Bouffor Empry bit is resel to indicate
thaat The Dunsnit regisier 15 full of CRT daia, When cre

wx heen connpliiely sent, the Transmil Buffer Empiy
S3tuys RiL sl and an inlerrupl is generated 1o indicale
10 the ¢ PL thal anather mesiage can begin. This inlez-
repl pocurs hecause CRC hag been senn and the Mag has
heen foaded, IT no more messzeas are 10 be sept, the
prograif can lerminale leansmission by ressiting RT3,
and di~abliny the transmifier.

In lh‘c S0 ¢ odnde, it 15 rood praciice 1o resel the
Trans=mil Linderrundi o8 slatus bit immediztely afer
the first characier is sent (0 the Z0-510. When 1the
Trapsmit Underran i detected, whis ensures jhat the
wrnsimissien tme s fifed by CRC ¢naradiers, giving the
CPU enough iime 10 jysue Lhe Send Abort command,
This 2Iso stops the flags from poing on the line prema.
Lurels and eliminates the possibiliny of the receiver ac.
copling the lrame as valid data. The siieaiton can hap-
pen because it is possible that—at the receiving end—1he
dara pattern immedialely preceding the auiomatic fag
insertion could mawch the CrC chegker, giving a false
cre check tosull, The ExdernalyStatus inleriupt is gen-
erated whetgver the Tranemit Underrun/roM bBit is seg
becayse of the Transmil Undermin condition,

The transmit underren fogie provides additional pro.
lecrion aedinst preamarure flag inseriion if the proper
response is given to the Z80-510 by the CPL inteorrupi

‘ice routing, The following cxample i5 given to clat-
Jhis paint; '

Tee JBC S0 tauvyes an o nlercupt with the Transmil Buller
Empaty Status bu] s,

The ¢MJ does nol reapond in time and causes a Trassout
Underfun condihon.

Tre DBO-510 313018 dendiPg CAC Characters (two Gyteal

Tha cPu eveniually gansles Ihe Transmut Bufler Emply e
Tecfull with & Cala characier thal lchews 1he CRC character
baing Iranamriteg,

The 00510 sety the ExternanStaiys inferrupl with (he
Transrmal Ungerrondow 21alus Dl 56[.

, Thy ™ fecegrizes Lhe Tranom) Undprrpn/FoM %1 a1us and
delarmines Irdm ala inlefrnal program siates aft 1he wmlern
rupt 18 ngd for Vend af message’,

The cPUvmmediately iss0e5 & Send Aborl Cornmand {wRo) 1o
the 780 510

The 200 510 sends 1he Abarfl seguence by Heslroying what
evEr JALE |CAC, data or {aQ) 5 being sant.

This sequence ilusirates thal the cpPy has a protec-
of 22 minimum and 30 mavimum ramamil clock
5.

SDIL.C CRC Grneratinn, The CRC eenerator musy be
reset 10 3ll 17s at the beginnine of each frame befoie CRE
accumulalion van begin, Actual accumulation” hecins

when the program «ends the address (ield {eight bits) 1o -

the Z80-510. Alithough -the Z50.510 awmomatically

21 -

transmils ene flag character following the Tran.un
Enable, it may be wive 1o send a few mare flag charac-
1ers ahcad of the mewags 10 ensure chazasier wnchooni-
zation ar 1he receining end. This can be dane by eaier-
nally 1iming out afler enabling the rransminer and
before lnading the frsi characier.

The Transmit CRC Enable {wRrs, byl should he en-
abled prior 1o sending the address Fiekd, In the s
mode all the charagiers between the opening and crosing
flags are included in cre accumulation, and the cRe
‘generated in the Z80.S10Q transminier is inverted hefore
it is sent on the line,

Transmit Fermination, If the transmitter is disabied
while a characier is bring sent, that characier (Jata eor
flag) is sent in the normal fashion., bt is followed By a
marking Yine rather ihan ¢rC or flag characiess,

A tharacter in the buffer when the mansminter i dis-
abled remains in the buffer; howeser, a programmed
Abort sequence is elfeoiive @ to0n as 36 s willien (870
the canirol regiver, Chazaclers being frai-ivned, o
any, are lost. In the cave of CRC, the (6-hit 1ranni-3on
is complered 7 the wansmitier B disasled, however,
Mags are sent in place of cRe.

[

Inall medes, characiers are senl wilh the l%:élﬂ*ﬁi;ﬂiflr
canl kits first. This reguires right-hand juenfication af
data to be tramsmuted i the word Tengih 15 lesy than
eight bits, Il the word length is five bits or leas, The
special technique described in the Wrile Regrsler 5 ces-
tian {"*Z80-510 Programming'’ chapier; ""Write Regis.
1ers™ section) most be used.

Since tht number of bits/characier can be¢ changed
wn the My, the daa Mield can be fiiled witk any nuinber
of kits. When weed in conjunction with the Receiner
Ruesidue codes, the ZE0.510 can receive 2 messaee (131
has 3 variable |-field and retrarsmis 00 esdtly ds re-
veived with no presous iniorination abme the characier
structure of the 1-Tiedd (if an¥). A change in the number
of bits does nor allect the characier in the provess of
being shified out, Charac1ors are seol with 1he pueber
of bils programmed ar ihe time 1hat the character i
louded from the transmit buffer 1o the transmitter,

IT the Extermal 'Status Interropl Enabie 15 set, frans.
milter condiltons tuch as “starting to sesd CHEC gharae.
rers,” stantisig 1o send fag charasiers,” ard s

- changing e cause interrapis thar hawe 2 Eonue veg-

tor il Swatus Affese Veoror is set. Al inerrupts can be
dizabled for operation in a polled node.

Table § shows the rypical progean steps that imole-
ment the half-duples spLe Transmit mode,
1
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1.0

. '}
INTRODUCTION - 124

The 720 Couater Tinser Clreuit (CTC) i 1 progammable component with [our independent channels

that provids ..,nun!.r rand timing functiveg far microcomputer systens hased on the 7580 CFU The CPU 2
e oanlivare e © 10 channels toperte under yaiows mades and comditicns 35 requized Yo lnterfacs with

a wide targe of S2aic . o must Spplications, Wl of no exteraal legce is required, The Z30-CTC utilizes

h-chanue! 51i|.Lnn gite depletion hoad technelogy and is packag=d in 3 28-pin DIP. The ZE0-ETC Teqiires

Ty a

siegle 5 wolt supply and 2 onz-phase 5 woit clock gMajor [eatures ot the Z30-CTC include:

All inputs and pulputs fully TTL compatible.

Eith r:h.mn-:l may, be se.c-.ted lo Gperale in cnh:r CGL.qttr Mode or Timec ‘«.'[mlc,_

ca A il el -

Lizad in either mode, 2 CPU-readable Dawn Coupnter indicates number of counls-to.go unty rezo,

A Time Condtant Register can 2utomaticatty reload the Down Counter at Lount’ Zero inFount2; and
Tumer Maode,

Seleclable presitive OF negalive triggser inlates Ume operation in Times Mode, The same input is
menitored for ¢vent counts in Counter Made,

Thee2 channels have Zara Count/Timeoul outputs capable of driving Deelington transistors,
ﬂ*terrnp § Moy be progiinimed to eccur on the Zerd count cundﬂmn inary ..iu.ﬂr.el it

amF

Daisy chain priocity nterrupt bagic mnludej o pm‘ndc forr :-ummau'. mterrupl veceonng withiout
external logic,

Lh
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2.0 CTC ARCHITECTURE
2.1 OVERVIEW

v 125

A bluch disgram ol the Z80-CTC is shown in figuie 2.0-1, The internal structure of the ZEO-CTC cop.
sisty of 2 Z50-CPU businterlace, Internal Control Lugic, four sett of Counter!Timer Channel Logic. and
Inter:upt Continl Logic. The four independent counlertimer channels a1e identified by sequential numbers
from Q1o 3. The CTC lias the capability af ganerating a unique interrupl vector for each separale channet
(Tor suiomslic vecloring 1o an intdsrupt seovice rogtine), The 3 channels can be connegied inio fowr con-
ticuous siors in the standard Z50 priodty chain with channel v iaber O having 1he hizhest prionty, The CPU
bus interface lugic alluws the CTC device 1o inlerface direatly v the CPL with no nifier external hogic,
However, port 2ddress dezoders andfor fine bullers 1may be reuired for latee sysiems.
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2.2 STRBUCTURE OF CHANMEL LOGIC

The sttuctuee of one of the Tour sets af Coumer/Tiner Channe! Logic w shown in figues 2020 This begic
is composed of 2 regiatenr, 2 countees and eonirel logic, The cegisters are an S50 Tune Comslant B aimd

an Bin Clunne! Contrul Register. Tie counters are 20 9-bit CPU-readabte Dhown Courtter and an 3-but

Preveater.

CHaw-FL

ComFRIN Timt
HECISTER CORST ANy
A Rl REbNEs
16 BTw s TS5
r . [ FL ] PR TR TIA PR AL TR0 )
i e e e T PRESC WLER ey \ [OUSTFR
tm BT “a WA RITSI

ExTER™up ¢ LOCK {1MIFR THIGETH

el

FIGURE 2.0-2
CHANNEL BLOCK DIAGHAM

221 THE CHANNEL CONTROL REGISTER AND LOGIC

The Chansel Conizel Register (3-0it)and Legos oowrition (o by the CPLF ros seleut the mades and
parameizty OF the shanmed, Within the entirz CTC Jevice tiees 1re funtr such registers, corrosponding 1 ghie
four Countzs 'Tl.m;'r Chiennely, Which of the Sonr is beig wiitten widesenly oo the vncuding nl owr elorsed
select inpat pana. C53and C1 (s a1y arrached by 32 and AL o) e TPV 28 dreda b Thas s sbluairaisd i
the truth 1157e belaw: )

P t—y

Csl

f e e ————

u_“f-

b h o
S DU SR S S
“Chl 0 1
ch 3 ' o
Ch 3 L r
N W SR
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2.2.1 CONTHRUED

In the contal word witien to program each Clannel Cantrol Register, bit (is gtwavs set, and ibe onl e:
T hite s prosiaattad e sicrnatives onothe chaonels uperaiing modss and paraneiss, us shiewnn the
divgean befoa (P o e conugdlete disgussion see section 4.00 “CTC Qperating Modes™ and section 3 0;

M TC Pragramnnng.”)

: CHANNEL CONTROL REGISTER
D7 Dg Ds Da Da D2 01 Co
. ) L0AD :
ERRUE | MODE | RANGE | SLOPE [TRIGGER] TIME | RESET 1
E COTSTANT
USED IN
TIME R MODE ONLY

222 THE PRESCALER

Uved im thie Tumier Mude unly | .Iua’rf‘hu-u. ir af B-bn device wlniul gan be nr""‘amrur. h«- g L % vin F
e Chanirl Contrel Repsier 1o didde iz faput, the System Clock Phor, by i i e The ouspui of il Tre-
n.ﬂer 15 hen Trd as 2n imout o Slach The Down Fnan:cr which 15 Wil Tand enciime hlu..ksqu 0
serdis reloaded antvnaneally 'n:.h the contents of the Tine Constunt Regisier. in eifart 1his weain Jisadur
the Sysienn Clock by an addidor ZHasetor of the thine consant., E"ﬂf un'-' 1he Down Colriar Jouns S0 1o

§ <270, u_f. ouLpat, Zerr ft.'Llhi- Tinsout tdf}TD} 1" pu‘sed ligh. -
_ el ST g

+

223 THE TiME CONSTANT REGISTER

The Time Cunstant Regisier is un S-bit segister, used ia both Countgr Mile 2d Timer Mode, frosmen med”
by ihie CPLY just atier the Channel Contrgl Word with as milezer time oocsmant sdur a7 T ilirmuah 226 This
regivier luade the programmed walue intg 1ive Down Counier wlhon ohe CTC is first minnaieed and delosds 1he
sante s Hie o the Down Ceunter awtemnaically whenaver it counts down 1heraafter to sore, 11 g new Lie
cobstanl 8 hogded inbe the Tune Constynt Begisier while 3 ehawmel is counteng o sing. the prosent Jdewn
cownt will be completed beforg the new thme constant s Loade 2 into tlee Doven Comnger. (Foo detzils of Tiow
1 bz cortatant s wilen to e CTC channel. see section 5 00 CTC Prgranmuning.”)

2,24 THE DOWN CCGUNTER

The D n Coarter 15 an §:-bit degister, wsed in botl Connter Made amd Tsres Mode, Toad o el
aid Lale: sl it cennis down qw cero, by tlie TI!I'Il" Constant Regieer, M Dosn Counia b deaiemess 8
e by zreir sueneal Soohoedze in the Counter Mode, (030 the Tine: Medé Dy the chich outpar ot (he Pre-
c scalvn. Alany dime, BY prrionming 3 umple 10 Read a1 the pott address asvened 1o e wlectod CTC l111|||.'n.‘|,
The TP carr alcess the contents of this regision and obtaim the nosber of counletoeeera, &ny 10 cbao-ed
gy be programened te gonerate an intelrupl reguest seglcige gach e the Sene coount i reached,

Trachiansels B and 20 wlien e garo count cordinivn i reaglned, o siatd] polse appeans a1 the gornies
potding £C 1O pin. Due te pachorge po liniadions, howeser, chanmel 3 Jdues ot Loase 1his pin and seoanay
be wsed ouly in 2pphisdtions whore this vanpit pubse is ol required.,
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2.3 INTERRUPT CONTROL LOGIC

The Tnreriapy Comi 0 Do insueey that the CTC acts in serondanee witle 750 sy s intdinpl protognd
Fist migated prinedts it uphing o) o o inbennapt, The privnty of a0y sestein desice is dete,onamed by
tts plas i el liscation '|1|| Jdaisy chiin configarabiom, Two signal Tt (L and 103020 peonided 0 CTC Jus e
to Foein this aysiocn s chuin. The device closest ta 1he CPU s 1he Wbl et prooaits Lwatbun the C107 wnilen
rapt priveity i predeterimited by channel mumber, with chawnel O hasiteg bigheest prissiry dows to 2ol 3
which tas the bowear priveits, The purpuse of 3 CTC asnerated intenept, a5 with any wther pesipherad desiee,
16 Lo For g2 the CPU o esecute an inberrupt semvice rontinge Acoriding Lo 3 sstemmanupt protocal, lower
priority Jev ey o shunnels may et itecrupt igher priveity desvives or charicls tha lase alreads inremgped

" and hase agt had ificic intetrupt service toutines compleled, Howesver fuigh prasnd dovios ae chamesis ness

wterrupr the servicing af lower prionty devices or chanmels,

e & CTC chanpel mar be progranimed wa re. et an wiiettupl goery i b Doower Coutiter -r.uth . W
s count of e, (10 untiss ths egie requisos Hoatnlie CPpe poageonined fon iniarrups rovde 2 LS fune
arter the interrurs fogquest, the CPL wall send gut arinteroupt acknosledue, and the OO ntenogpe Comtenk
Logio will derecinine the il’.:rl,._-..l;.pril_'lril:y clomnged wlhich v, rc.{ueﬂins rantenup!t werthiip the 00 device Thest
il the CTUS 1E Duepal B active, indicatime that e hos pn'un'h wig i the wa stdpnboss chaan, 1t will plo 2 an
g.bit hlt.. upt "-"ntur car e gy stonn daty B, T gl wr !.:r 3 bIHMU ERE VTR I S ESRAC CICLPRRE L N S
Ahe OTC stz s ot of the O il peogramming prnL ”i e Test 1war bats will oe provided he e
CTIC = 1;; LR Cont teark 1 gr 25 3 Bildes e carrzsponding e the highestpeonits <l squesioesz 1
Mmigeclsy, :um‘.:. the o wender it af e certitl will alway s e serg gotording B 3 colieentiom U ] |

Bulu .
- —
INTERRUPT VECTIOR
07 Dg Osg D4 03 0z 0 Do
V7 Ve Vg Vi V3 x b 0
| T -
] 0 CHAMNIEL D
1] 1 CHAMNNEL
1 D CHAMNMEL 2
1 1 CHAMMEL 3

This intestopt weltor i used tsﬂ“'urn.i DuLEar WL G bl T e re wbere 100 i eas ar tee gt
ﬂr_:._h} poubine 12 \.u“.i Hia [EINT Tne Lesinr feptisdnid e least signericant 4 vus, winde the CIL EL.JJN thee
"\ume.h; of the Treghis [0 prasLte the anest 5 guhhmt $-baes ol Lhe 16 Il ponter. T_‘h- wbdfows o iy
puimied fix wilf Thatain the luwirde "~th..m. "hd e Tighest sddress willoeon e h---h SRR D e 0T
address wlicluin puer voniaing the frst oposde o the imterrupt sersive noutin, Thus tn rnudr_ 2o sngle & bu
vectaf stared im anontz i CTC can relt o ar idicect call o any metwry location,

—.

Z2BO1G.BITPOINTER (INTERRUPT STARTING ADDRESS)

| REG TEBI1S Fr10OM
COMTENTS PLr P E AL

VECTOH

Thet: B3 73t sya=n, sAvention that ol -2deosns fnthe interrag sorvice fouline takte shendd ha-w
"E' "‘lnw ardar By te iy an ey Y niJk.-.L-.JII. 0 ey ool ol Lugh. lll'\,l..' "'} ir te el wtiesg logatem in
Mei nr} il abib ataast e 023 W e e fes i nablii it bt el e ierrg: recre witl :I.Th'h;f‘n.‘ 2.

Hence the teast signilicant bit uf any interrupt vectar i alwavs he rote

{-

Ib; BT LU h. s g the |_|111 f e i apl e ol Lu 4r|1|ulrz¢ e Janes Jhane
eaprags handind The CTC aomones lw v sionadats

encnle Yo HEGT lul. progel R TTE TR THE M TR i Lol P
s anmd Jecode s this anslruetiog w ey (F ey nu.:n. e CTC Channie condral Limens wll = nll-h the 715
has completed servioing aoontecoupt, without gy furtlied oo witl the 1T being negessa s,






| S PX
I0 CICril OESCRIFTION

A diggrern of the AR 10 pin cenfiguzation js shown in Diglire 3.0-1, This weztion des.ribes the Tt
ul vaalipin.

DT -
ZR0-CT Dotz Bes fhidirccuiomal. trivvate )

v+ This bus is veed o traeefer all dota 2nd commung wieds between the FA0CPL and tie 280-CTC, Tle:e
afc ¥ buts on this bes of wineh D006 the least sigrificam,

C51-050
Clannel Select [input, active Tugh)

Thease prins Forer: 3 22500 Binary wddress code Tor selecting ane of the four independent CTC channels Jar
an 1 O Wrjte or Read. (522 1pnth table below.)

f - ===
B MLl cse |
Cho 0 0
Ch 1 o | .|_j
Ch 2 |. H“_! 0
HELLEIN N B
CE

CLip Enable finpat, active lyw)

Aboew Jesel on s pin gnables tie CTC W0 aveept contio] wards, Diteretst Vedtart or time cpentend i)
words Do the 250 Tt Bus duning an O Wnte oy ele, of to diansmit e comtznes of 1he Dewn Ceantir 12
the CPU during an 1/0 Reud cyele. In most applications this signal is decouded from the & lesst vignifican: bus
of the address bus for any of the four 1/O port addresses that ate mapped 1010 four Counte: 'Tl.'m:r Cliannels,

Clock (4
Sasrem Ulock finputl .

This single-pliase clock is nsed by the CTC 10 syneenice certain siznals intorsally,

M1
Machine Cy e One Signal Tiogn CPU {Gnpal, sctise Jow)

When MI s sctine and (he AD gigna! is active, the CPL s Toiehing an ipstosstion fiom memony. Wien
M1 is active and e 10RG sigral is ae e, the CTL s acknewledging an intersupt, slening the CTC (e place a6

Iterrupt Vectur on the Z50 Dara Bl il has dabsy ehiain prenity and one of e Cgganels has reguoested an
inettupl

IGRD
tnput, Dwipm Regquest from CPL! Gnpat, aotive low)

The WORE <gal is uaed in .ml}umi:u“l with the UF apd R[5 e nezmnfer dang and Claened Conizol
Wondy bt wewn the 7 50U BL ud e O TC Duming 3 O T Wanie Ca e 1000 and CF st e e o & KT
Lalse, The UTC does mol 1ecg ey 1030 vl wiile stgnal. jis ;.1.1 goi g s ew e lernail et e i"l'- e
af o vahd 00 sizsal Inw U0 Readt Cavie, UHQ CF o #0 muar be aciive oo prace e conmlents of 1" 0 Do
Counter o the 750 Dara Bay_ 1 IUH(} and MT arc both frue, fhe UL s 2o by e cdmimg an oL gl
ad e Lighestpraity intonupnieg elanmel will place ity Inserrpt Yoslor on the 280 Daa Bus

6






3.0 CTC PIN DESCRIPTION {CONT'D) - . 13U

RD
Reud Cycle Sianis from the CPU (input, wctive Tow)

The RD sigiad is wsed in conjunction witli the TOEOD and E E siznals to Lrans: or data and Clutmrl Control
Words bebween the 250 CI'L and |I1c CTC. Dusing a OTC Wale ('\._Ie TORDY and TF ot be troe and B 1alse.
The CTC dowi not reaeive 4 speafic wiite signdl, dnstead geneeating it own intemally thars the mseisd o' s
valid RD sigral, in o 1€ Reud Cyote, (O E_RU CE and R must be actise Lo place the cuntents of the Down
Counter on e Z30 Data B

1EL
Inteccupt Erahle In fiognt, 10tive high)
This signal i3 used hdp fotin J sWSTE-wide interrept daisy chamm wlnzh eatablishes pruditics ahes

muare than eie pesiphenil desive in the s steqa by intesrupting capitlity A Bigh levat on this s indizares
Sthat nowilior cnrerinptng Lol ol hl"hﬂf Pfldrli} i rhe -.1115\ L‘ atn e b-_nlg wrvived b,‘f ""- -""U CEL

[FO
[rrercupt Viatone Chat Tonrpe, atinve ikl

The LEQ iz, i genjusiion with TEL 15 used to Porm 2 sy stemewide intes gt prneiiy Jaisy dine
TEC s kighoopty 18D s high and the CPU s not seruicing an interropr Tom any £T0 ;h.mn-'. Towws g a12-

nal Blin ks irver poosity desices from it rrupling ululc a highe! prionty wieirepiing Jeovize a Dring 2orere,
by the CHL,

INT
Inteirupt Raguest (outpur, upen Jdrain, active low)

CThis $dnal gres troe when any CTL channel which has been prugrammed to cmable inferrepis g g e

coun’ coadition in s Dewn Cuun!t}

RESET
Rese: finput. aotize o]

L a - - " a -
“This sigrm ol stony all channels fipm counting and resors channel iaierrugt @aahi= Bits i 0l contoo

registers, thereby disaling C1C e ne; pted 1r'hrrl.|p1.= The ZC T and INT outputs 2o 10 their ingcive yiates,
IEG cetlects IEL, and the CTC's data bus vutput drivers go ta the high impedance stise,

CLM TR - CLKTRON
Evizrnal Clovt Timer Tedgger Ginput, userazlectable active high ur low)
There ure four CE R TRG pung, corresponding to the faur mdezendenr CTC chymuels In the Qo

Mude ewvery actine edye on Lhis pipg Jecrements the Do Conntes i ele Times Mods, g actine cAge an gl
pin initiates the tmn'ng funcilin. The user may select the actise edar o be wither ristng o lathayg,

ZCITOY AC 100
Tero Count{Tien ot fouiput, 1otive high)

Thete are tlire JUPVO pans, eoniesponediang to CT0 chanmels 2 thiough O 11%ue e b pen lpas e

channel 3 s no 70 TO ponad Do edtlier Curidor Mode ar Timer Made, whoen 1he Do, G 1021 Jodrdnaiite Lo
rero a0y active high gaing pulse sppedrs atikis pin,

bt |
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3.0 CTC PIN DESCRIPTION

2 23
- Do ™ =8 === CLT/TRG,

Dy --12.5- —?I- 2CiT0g

Oy -2-?1--

chU Da-iz—aa- ilz—CLK.n"TRG‘
1 B

DATA BUS DOy ™~ —* 20Ty CHANNEL

D5**-2"* _ 1 SIGNALS

3 21
Dg =" =—— CLK/TRG,

4 a
“ Oy (= == 22/T0,

18 20
L Esn—- — el ——= LK /T HGJ

C5y— - .=

i
| 280.CTC
ZBOACTC

cTC ENABLE
CONTROL i e .
0

Ty

14 —1—‘-—

inT -t
INTLRRLAT | T FrraBgLE 13
CONTROL Ih

INT ENANRLE 15,
ourt

-

FIGURE 3.0
CrC 7IN CONFIGURATION
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4.0 CIUOPFRATING 2107FS

Al P e shi FADCN0 st s un efired A Vird ?{*‘F.—T Pulitie U0 i knesm orvip Wy ora”
atev Monovel o Bt Leenziag o rlmieg s Qe Contind ‘L‘u' irad amd 1 time Leralant data u---l.l ".u.:~' b
wedtiey e e 2t Sgabd tegnaiies or el -.Iulu.-! Fosthoer, W any choanned hey heom prowizpene Lig 00 0
SIHEHCT R TE lrl'n rest Worianr o must e witlien 10 the CULCs lnteriupt Conte Ervprdo7r furhe-
“der -11~.. fefop to st 2O COTU Prandrargniond ) Monen iy CFU bas wontttern sib ot thes wornds 1 gle T
sl active chaetsow e prog cvned foc wmediate vpeidtioo i githes the Counter Mols o the Tam s
Mol :

4.1 CTC COUNTER "I0E

o thiv aneede she CTC gunnis edees of the CLE TRU pnput, The Cournter Made is progizanned fora
eloaae sl whion i Chanr 2! Conrpod Ward v written wiil bt 6 501, The Clhaeeet’s Fatenal Clogk (CLY TRG
ML oy e el o d sy e g e ing edgest arree cach, in senchouni? ot with the nest nsing o
el Svagem Dlaghy, e [1oar Conntes ("-'rl'.l.Lh wors taliidlisad witl the Lirse wvmssaint Jdbiy wornd 2p the st
al g adgiesds o dustedonaeiingy dadadieentad, Al ieagh there i nosetup e segaricenient Belweea b
Iergaesing <t oo of The Tatermal Choct and the rising edge ol s (W), the Dosst Conniter woll not he Jecee.
nl.u“"-::! At Setboenan g o putse (5es the patamietsr iKY in weotion L3 A CoCharactensins 1 A
A Cloct dpat ks precprogrammez D il S of the Channet Comtrol Waed foe g 2oz b 2o e

sty i ae a bow going el

cHarmich'™s * Wi
[ BT 40, hd
Inary o Eloada D0 ae Iowhen the Down Coweater is sucepsduels dectenesied Trom the arigima
Datrie codssland unt! t'in.r"'x threa -ty pera, the Zera Courd GZCTTO N awtpat g for thetslrmeet w il e 04t o
setivg (haghy (oo, s bo packaee pin Reitations, channel 3 doees mot have s pog 2o baonnas el B2
wivil i appliciteng, ad - 'I1|i ars palse Dy perquaired ) P lhes, ag the chamaet bas Dee, s oee oeege s g
By aik T ob e Cup o Loneval Woar Jam indesrapt pe pees! segqueiive \HH be zenerate LT or i s detyehs
section: 7.0 O Ente oo pt Secnling 7Y

A the b aagque o D pooveedeng, the 2ot ozad cumdiDnme abso Bl v ghe bt ool
the [rhowt Cauwnter with sl ariginad s constant Jargward in the Tine Conaiame Rogacer, Therz
gupt it m e joguer e of ._--m“n bod diaoe oo, S IF ke Time Camsidat Rzl i wiilhen ool
ez comatant dats war 2w Mle S Donedt Conntor by Georementing =he plesent coati sl 5o aopeed
the aaw Uy quniiang waill B I-_:u.tl_'lfd intu the Down Conntes.

THywal]

ey LI Tiwe
REGEnCEd RIRAL

FRET NN M- N RELSTEH
I Rif e LN ANAY

- r———

|+ "RITEN TEsrng iH ~* fIukia |
(AL NI R gref s T
ool 1Y HEEY
i e — e — -
FaRe N e a6 ML -
— - a r o» - Lr A e o™
-
FLQeRT AT -

CHAaNE Y CIHIMT LW N o
o~
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(AN LT I LA el mewpmeergzasrxter rkevonen L sl The
| FERTRILY ST o Ao L‘l-l Bl whef s a T Comi- i Wlad ow L el L G £l Mhe liane
e oo b arere menals el i bawcd rn e Sastom Chond priod, Thie S l". whos fad
T T L SO T I LIS thc Provcler and the Doan Conmter, T pendng weile 0 poogms uned i—,u :
i e e Coandi ‘i'n..ld thy Piesaale: 'Hmirs ihe Sueen Clock Proa favvar o f vbar tAns S9n The o .
bl o1, 7 e b e =3 nn e b L doptemert the D qvl_"nuﬁ'l:;';"'-l SRTIRT Lol g S _::.':'.:":ﬂ

e e tir L Lematart srr el loaml f‘:‘*{'._ Mo the Coanper Mudes the tiine omemnnl rosur e myrinlle.

el rde oo Dows Louinds @ esch o eunl cundilin, and oetrtin g continues S G st oy e

drorn VL T O 20 TC) waiput T mdiinds e oujrut ol e Pow ﬂ-un.::ji; T R R L TR e

HTIGE ' - ] wl I Vi }-:uu..: _l'.in.iﬂ b_:_l s "'Lild.Lil.I:l1
' - ..
u: -
vhore i s the Sysrem Qladh poond, T the Fiescalor facur ol 15 of 256 30d TC s the prepeogramrs tior
VR I, ta m Toeas
: | i o
SR 3 af ke Channe! Conliol Woid 1s procamarermeed seoseleant chnhor daing e TP TR U

LT WITIRVH “';I',"F-r:r i owil! b hlaed il ickgre g eds . ai Ui 2lannel’s J TrivrTr L LEG T RG oD B
Hore 5w the dhmet agtonianiilly Segme eperzinan ot s 87 e 0 0 L Sllumdng e 1.0 "-'fril*
reac iz el that Todds the B v s dJ-c wird 1ot chanpel, [l .I"'..JI. V5 et the Limer Toons el

an 1e we,ond st sediee pisine edee oi Irafter the Timer i '_Ef' edye tey Tamr&-_ he o ding of Ve time

o tanl g word. Honeoime Junstant data word s 1o follow then the ey fegs cpetation anche s, ong
shooued g piang el ot ‘1‘Jrlf-‘f the Tinmer Trecper cdze Toblowing the contiol weord wotie onldosin 20750

el Comernnd Word gy pecepeseg-gtinnad e sefret whieth er dlie Timey Thigued wili U7 scnizishz 0k :'..;'._: ar

ey el Al Loere vt stiap e JLLITE RERE T hélwéer the welive edge oi b Tomet Joiega crlsle - ony
viving edge nf di 39 the Timoer Toipger v2ge aczers cluser than 3 specified smpun.m si-up 1ag e the ey eige
of B4 the Down Connter will net begm gewrementing untd the foltowing tisirg edge vf B rSee by parareie:

TR feoton 530 74 CLClaragleristics' )

o Tamrhe Chonng 2! Controd Word sy set, thp sero-coumt oondition im the Dews Couniern, Totides
stsintg o Pl ot the Qiatsed’s Twoe Out i, 'Ml. DE uszd Do mediate an Sleriupt oot st segnee rL 1w
e detarls, see secnon 70 CTC Inteerupt Senviang,™ )

—_——- - -
s E
i EL LiME

LS PR

R LISTER AT asT

ERLLN AL KFadsTER
Ik HITS) tk HITSI

2 - ' v E RSal HLs o

- [LYCRY ] SERINLOL s 1 I
_— % m - rh-u WtR ek SR i TR NP R
‘ 1Y L ‘_w___[ on RIS

Pnipe~un dm e DIMR TR &

M wrd cragwd # I R . 1 .

FIGURE A2 0
CHANNEL--TIME R (MIDE

LR —mE re——— f R b b e —— T AT . —— A 1 | ¢ | a e - -
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B0 CICPROGRANMING

U fenz 70 S1C chomnsl e S fanniing aF Himing operarions. a Cos L o D hand < nl e
LI i N A N I B e R T LI T IR LB Il 4 Tl Y Tu These words sl be 570 :J im e Clhaape:! Cunitna!
By oorand =he Tone Conseanr Fegistet uf that chanesl, Jooad ditioo, iF e wl b 2 L'ii..ﬂlfh:i};‘h. brer s
Prose i R BT of (sl Clgnnes Cundodl Wands to 2iaple inTermier an Infarmins YWaior mos 4 3
W e sl At TS s e e 0 OF ot aeniati fealures in the lnierrupt Conrrl Lﬂgh.,nrl:
poe-proags vind Inntriupt Yeohar anffices foe 2 four chame os,

51_LOADING THT CHANNEL CONTROL REGISTER »

- o ST RN A T 'f*.: ..' ~.1'Luu wh. Two CT"-" mput pl':i n:]r't-‘h CS[! and fSI are us:'_' tn bt a 2kt
Bivary 4 Mess te seloct gne of qur chantieis withiin the device. (Fuor a truth tahle. see section 2702 " Tie _
Char-1 Contrel Begister and Logic ") I many syscem 2echiteciurey, thew ww ingut oy e connried o7’
Adrireys Dus fiies A0 an ! 21 Jepooiinely, s that the four chamnets 1772 T8 deace witt veoume e ntiganus’
L purtad drgases, A ortweitian o w T chanoel will by ineerpoeted 4% 2 Channel Contioi Word, aod bezded
“intu the Chanme! Control Regision, its bit 0is a logic 1. The otdier seven bits of this word selezopsiatieg
mikd4a and vornditions s intioate Lo the digoume beluw, Foilowing the Jiageeni the mezning of each 2it .l

be discuaied in desai!

Ehe ]

CHaw~EL

COMTRAL U
REGISIER CONSTANT

I RIERN M1 RiGISTER
NRITS 'TLRTLEY

é Jwipawy iy i
..... Eea v o m — e ———

- 4 m— ma -

1
1 . . - f
| (LI -] JERI T ST Dot
. ~_ Pat [
L et FIL LY CORL - [
R I LL_ AT

1% ;o hy el [ ¥ L B
" b e Y LT UL I,

FIGLIA 210
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5.1 LOADIMNG TI4E CHAMWNEL CONTROL REGISTER {CONT'D])

D7 Dg Gs Da O3 () D9 Do
INTERRUPT N | - l—[l_ﬁﬂ'_ | . '

. MODE RANGE SLOPE ITRMGGER THGE RLSET |

ENABLE - s 1L ASTANT
. - - - T
+ \ / J 4
USED IN ! LUSED IN
TIMER MODE ONLY TIMER MDDE ONLY .
——
. [ .
Hit 7=1

The lannel is enabled o generate an inlerrupt ieguest sequence every Lime the Down Counier reacles a
cervecennt condition. Te sei this bit ta | in any of the four Channel Conttol Registers necessitaies that an
fnternept Vector 2lae be writien 10 the CTC belore operation begins. Channel im=rrupt: may be progr-nmed
in cither Connter Modde ur Timer Mude, M an updated Channel Conirol Wiurd is written 1o a channe] 2licady in
apwration, with b 5 ser. the intervapt enable sleclion will non be retrpactive tooa preceding corv-onunt
virneditinom, .

L] k
ikt T=0 . - T.
Tlanne! Tiderruprs Jiabled.” . R
. N . - T
[l b=1]

Cunriter Made seleeted. The Down Counder is decrciented by each ttigeering cdge of the Fxleiral Clack
(K, TRG Y input. The Prescaler is nel psed.

Lité=0- .«

Timar Munle welmined, e Preseder is cdoched by o System Clock 9% sud the sitput of (b Prescaler in
G ok s 1 Dhwen £ aimter. The wtpuet of 1he Bown Counter (e chsone!s £C;10 vutput)is 2 wesform o
potse tn b pegiod given by Hie paodaest T

Pl tPrTCN

wlutr e |‘: is 1h |1|_'_Iind KT) 5.'\,1.1("" Uhoch do P i the Pr.oseshier f-li‘h.Jl nf 146 uir 286, a0d TC i 2 e cusrslant
g wond,

Pan5=1 »

1L o] L Tiner Sesdean o Pee 2l 7o 00 256,

.u-.li F-I]F ‘ - .

) . ) 4
Lo 22 o Troer Modz cnle v brewmaler 2ogior s VA,






5.1 LOADING THE CHAMNMEL CORTHOL REGISTER (CONT'D) .

Oy D3

SLOPE |TRIGGER

07 Dg Dg
- ik .. .
foslE | B OOE | RENGE

D2 D1 Dy
“was | |

TImz RESEY |
CONSTANT . _

v

USED IN
‘TIMER “MODE OMLY

[ e mma  — - —_—a

\_v_/

USED IN

TIMER MODE OMLY

Bird=1 - - - )
TIMER MODE -- positive zdgy trigger starls timer operalion. ! _.;.
COUNTER SO . positive edge decroments the dowa counter, 2 :

Bit 4=0 o3
TIMER A{GDE - neilive edge trigger starts timer operation, o -
COUNTE R MUONE - negalive edge decremoents the down counter. i

' . O

Bit =1

Tinmes Mede Only — Exterral trigger is valid fos starting timer aperation after rising edge of T3 of the
machine cycle lullm\m,‘, the ore that loads the e cldstant, Thc Prescaler is decremented * cuek ovoles
later IF the serup Hme is met, otherwise 3 clock eyeles,

« Bl: }=2 “

L1 I

* L]

Timer Mode Oniy - Timer begins cperativn on the rising edyge of T> of the miuchine cyele Tuilvwiig the

one that loadx the ume canstant.

CRitIml 4

M v

v

1]
The time consiznt Jaty word For the Time Constart Register will be the next wotd mrillen Ly this
channei ¥ an npdarad Cheans Condiol Word and time constant dara word are written 1o a channel wlile it is
already in vperation, tihe Dawn Counter will cuntinue decrenienting Lo zeru before the new Lime crgtanr is

lsadde ! P10 i,

RBit 2=0

-’

No timz consiaan deia ward Ton o= Time Coanstant R‘gislc. shuuld be expecrt ! s folfow. Ta |~ ey
bit 2 toibis e dppFaa thae this Channed Congr I"-lmn. i intented to update the siztus ol 1 chunne! 122 Iy

in gper e, Sl d JManret a e o Speotr it 1

e Ny progeanriesd Lora word inothe Tuma Cagaatyne

Begsizr, 20 2 as2 b, Do this ('h::‘ll'itl Comtens Wor) provil=sthe only way of writing wthe Tirr:s Cong e

Hegrarer,

B:l=1 +

.R. Torm ol waltops Laar
Bibare. p e dionne s Junnent ’1.: -
v ate g 0 Y e e gk
L B LR

B =G,

Cnanel Doldhaes ZFront Cptations

voundng Thisisner a
Vo gt howegver, Ruane wf e borcin the stanuel ezl

| IR E e

-
IR LR

wored wonition, Upon wiinieg oova Tins

g
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' 53 LOADINT Tr':E INTERRURT VECTOR BEGISTER 7
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7.3 DAISY CHAIN INTERRUrT S21ICING
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780-MCB . |
Microcomputer Product Specification
BO 3.“1 : APRIL 1975..

The Z8CG-MCB Microcomputer Board is 2 complets single bozrd computer with its own-self-contamed mem-

ory plus serial and parzllel [fO ports. [t features the use of the Z30-CPU. Z80-CTC, Z8G-P1(, and Z-6116 de-
vices thzt have become standard components in the microcompuler industry. '

16K RAM

AND

4K PROM
—ny

Faal ‘. TTL BUS
CPU ADDRESS/DATA BLUIS CRIVERS

1
— <

FROGH AN LISA -
MABLE STRIAL

PARALLEL

1o ol '

CONTROL
' BLUUFFER

p INTEARUPT AND CONTROL




Description

The ZEO0-Microcomputet Board (MCH) i 2 modular,
single-botrd computer. 1t is designed around the Ziog
ZEO0LPU and employ: an en-beard DC converter to allow
cperation from a single +5 voit power supply. This beard
i highly flexible, and ¢an be customized by the user for
specific applications. ’ v

The basic configuration consists of the ZBO-CPU. 16K
tyies of dynamic RAM, provision for up ta 4K bytes of
PROM, ROM, o EPROM, both parallel and serial IO
pors, [/O port decoders, and 1 crystal controlled clock
The parallel port is implemented with the Z80-PIO with

wrea reserved for wier-epplied driver apdfor receiver lope.
Onie of the four timerns in the ZBO-CTC is used as 2 baud
rate gener3tor for the serind interface implemented with an
8251 USART. Strapping optiont are gvzilable for selecting
several memory and [JO port configuraions, terminal inter-
face schemes, and ppersting modes. Expansion of the carg
s made possible by (eeding 2!l buffered 3ddress, data, and
centrol lines to a 1232-pin edge connector. Two versions of
monitar software (1K and 3K bytes) are available in bipolar
PROMs for insertion into the four 24-pin PROM sockeis.
allowing software debugging and terminal interface {TTY,
CRT, or disk].

Features

& ZERO-CPU single<hip nthinnel processor with 158 in-
structions (including sl of the 8080A% T8 insuructions
with total software compatibility ). New instructiong

Lt s include memory-te-memory block transfers, [0 block

transfers, 16-bit arithmetic, § types of rotares and shift,
bi1 manipularion and many new addressing mode
{See ZBO-CPU Product Specification for specific details,)

16K or 4K bytes of high-speed, low-power dynzmic RAM,

w MOS EPROM, Fuveable Bipalar PROM of masked ROM
Tor user's program storage. Zilog monitor software bs
svailable in 13 and JK byte verions,

s Twp memory page decoders which select 16K dynamic
RAM or 4K bytes of ROM. Stapping opticns <an relo-
cate these memones inlo ny sepment of the G1K addness
ace.

s Programmable full duplex seral IfQ port with RS-232
of current-loop interface. Can be programmed to opes-
Ate at 14 ezparate baud mies from 50 baud to I8 4K

baud. Can operate using any arynchronous of tynchro-
nous proatocal.

= Modem contrel siprals includiag Request To Send and
Clear To Send are provided with the R5-232 interface.

¥ A stparats reader contral line i avadable for telerype
terminaly not equipped with aulomatic reader control,

Universal parallel 1f0 can be programmed to define any
direction and data-transTer characeristics for two B-bit
ports. Full fexibility io buffering end Lerminating the
paradle! pore is provided by uncomemitted driverfrer-
mination device locations. Data Lransfer ean be accome-
plizhed unider Full intermept control. (See Z83-FIO
Product Specificarion for 1pecific details)

& ZE0-CTC includes four programmablt counterilimer
circuit channeis. It is used as the programmable baud  +
rle generator; additional channels can be used as reals
time clocks. (See 2Z80CTC Producr Specification for
mpecific details.}

® Swilches on the board can be read by the CPU for var
lous options. The software provided in the standard 1K
byte monitor can mad these switches and w2t the cum-
munication frequency 1o zny of 14 sommon rates by
programming the CTC. Switches can also be used {or
other fimdar functions

& Board contains [/0 port address decoders which can
decnde 12 unique sontiguous port addresses, Several
of these are used 10 select the channels of the USART,
P10 ang CTC. Addinonal decoded pon select signals
are aviilable for various peripherply attached to the
TyMem.

u 19.6608MHz cry st oscillator divided to 2.457MHx
far ZEO-CPU operstion and dimdable by Z80-CTC 1o
provide the seriaf 1/D baud rates or any other desined
syswermn Trequencies.

= Bus drivers are provided for memory ao0d [JO expan-
gdon 10 other boards that aze a part of the series.

w K byle monitor sofware has terminal handler, load
and punch routines as well as set and display memory
commands. A Go eommand beging execution of user
programs. Thert are debug aids guch 23 %t 3nd display
repsiers and brezipoints. The 3K byie vemion includes
a Noppy disk controller and even more debug capacity.

8 Tnestate buffers on all data, addrens and contrel lines.

- -

» One otrunasiable and three maskable interrupta

MSE D-4



Z80-MCB Block Diagram
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Summary of Z30-CPU Instruction Set

ADD REGISTER/MEMORY/VALUE TO A/WTTH CARRY

ADD RECISTER PAIR. TO HL/X/TY

ADD REGISTER PAIR TO HL, WITH CARRY

SUBTRACT RECISTER/MEMORY/VALUE FROM Af
WITH BORROW )

SWREGIFFERPMRFRDHHL“TH BORB.DW .

DECIMAL ADJUST

AND REGISTER/MEMORY /VALUE WITH A

OR REGISTER/MEMORY/VALUE WITH A

EXCLUSIVE OR REGISTER/MEMCORY/VALUE WITH A

COMPARE REGISTERfMEMORY/VALUE WITH A

COMPARE/INCREMENT/DECREMENT/HL, DECRE-
MENT BL/REPEAT

INCREMENT/DECREMENT REGISTER/REGISTER PAIR
MEMORY

COMPLEMENT A/2'S/1'S}

LOAD REGISTER/REGISTER PAIR/MEMORY WITH
"REGISTER/REGISTER FPAIRMMEMORY [V ALUE

LOAD (DE} WITH (HL), INC/DEC/HL AND DE, DEC
BC/REPEAT

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 IF CONDITION TRUE/UNCON-
DITIONAL CALL

JUMP 15 CONDITIDON TRUE/UNCONDITICNAL JUMP

JUMP RELATIVE IF CONDITION TRUESUNCONDITION-
AL RELATIVE IUMP

JP TO (HL), (IX), OR {IY)

RESTART CALL

EXCHANGE REGISTERS

EXCHANGE REGISTER PAIR AND STACK

RETURN FROM SUBROUTIME IF CONDITION TRUES
UNCONTATIONAL RETURN

POP/PUSH REGISTER PAIR FROM/TO STACK

SET INTERRUFT MODE 0/1/2

. ENABLE/DISABLE INTERRUPTS

RETURN FROM INTERRUPT/NMI INTERRUPT
DECREMENT B, JUMFP{F B=0

INPUT{OUTPUT REGISTER
INPUT/OUTPUT, (EL), INC (DPEC) HL, DEC BfREPEAT

SET/COMPLEMENT CARRY FLAG -
MO OPERATION
HALT

- MSE-D-5



MCB Applications

Specifications

[4

The ZEO-MCH can be used i many applizations tra-
ditionally not svailable (o dngle microcomputar boarids.
Many of the functions previously performed by extemal
_ hardware are pow implemented in the ZBO-LCPU and peri-
pheraly. The psrformance per unit board area has betn
greatly optimized, thus siminating the need for extra
cards, card cages, back planes, and connecions for many
applications: The ZBO-MCB can be used for machine con-
trofle s, customized tnall butivess compulerz, automated
tes srands, customized dzta acquisition FyStems, process
contrel systems, ¢ommunicationt or display controlers,
mulhproceor 3yilems, and wotd procesting gystems, just
to pzme & few. The disgram below thowt the ZAGMCH
used with the Zilog ¥ideo Display Board o configure an

ineflipent terminal.

PCWER SUPPLY:

CONNECTOR:

SIZE:

ENVIRONMENTAL:

MEMORY CAPACITY:

"WG CHANNELS:

+5Y DC £5%, current: 2 ampy
rmax Jwith 3 PAOME)

122-pin vdge 1100 mil spacing|
Augst PN 14005-19p4

Length, 1.7

Cepth, 7.5

Soacing. 0L5" centers

0" — 50°C remperature range. Lip
to 90% humidity without con-
denzation.

4K, or 16K bytes dynamic RAM
plus up to 4K bytes PROM, ROM
or EPAQM, Eapandable by use
of ZB0-RMEBE 16K RAM board to
GAK bytes of main memory.
Serisi V/Q port with R5-Z32 or

+ 20 mA current 1008 intarface;

Twe 12] sgivware configurabie
bidirectional &bit parallel If0
ports.

Pin Assignments

MCH — PIN OUT (COMPONENT SIDE)

—
O -t Al g -

BheguEHdgEgdltgsetonrnns

+5

+5

+5

IoRQ- -
DATA GUS S

20 ma DATA
RECEIVE DATA
DATA BUS 3
MASTER RESET
MASTER RESET -
CLEAR TO SEND
OATABUS &
CATA BUS &
HEQ TO SEND
XMITED DATA
MEM SEL IN
DIsk T

Tl

A mA DATA RET
TTY TAPE CNTL REY

"MEMORY 5EL OUIT

INTE IN CTC
WR—
\SERSTRE D
DISK §TRB
ADDRESS BUS 7
ADDRAESSBUS @
1R -
ADDRESSBUS §
AQDRAESSBUS B
RESET-
ADDRESS BUS 15
170 SUA GROUF 2~

34 /0O SUB GROUPD-
35  RFSH-—

38 ADDRESS BUS 13
I7  ADDRESS BUS 11
3@ OPEN |Z 21] (PULL UP)
39 OPEN {z 20/

40 OPEN{Z 19)

A1  DOPEN |Z18)

42 OPEN (Z17)

41 OPEN(Z 16)

44 OPEN (2 15}

A5 OPEN (Z w4

48 OPENIZ13)

47 OPEN 1211}
43 OPFEN (2 11)
43 OPEN{(Z10)

50 OPENI(Z %)
51 CQPEN{Z 8
52 OPENIZTI
53 OPENIZE}
B4 COPER (Z 5]
E6 OPEN [Z 4)
55 OPEN (23}
57 OPEN(Z D
58 QOPEN{Z)
53 +5

&0 +5 .
B1 +5

NOTE: Open pins are definable
by wier. One is pulled up for use
& 3 3ourcd for interript enabie

daity chail,
MSE

MCB — PIN OUT (SOLDER 5IDE)

GND
GND
GND -

TTY TAPE ONT

62
[
&4
65
66
&7
58
69
70
Fi!
72
73
T
75
18

=5V EXTERAMNAL
-6 EXTERNAL

a -

84 ADDRESS BUS 14
&5 LD5U8 GROUP 3-
98 WOSUB GACUF 1=
897 ADDRESS BUS 12
SE ADDRESSBUS 4

DATABUS A 99  $-

+12v EXTERNMNAL 100 ADDRESSRUS 3
+12V EXTERMNAL 101 ADDRESS BUS 2
DATA BUS 2 107  ADDRESS BUS 1
—12¥ EXTERNAL 193 ADDRESS BUSSE
CATA BUS T i 1/ GROUMP—

- 'DATA SET READRY 105  1/Q GROUP 1- -
DATABUS 1™ 108 - /) GRAOUP 2—
DATA TERAM. RDY/ 107 /O GROUP 3-
XMIT CLK 108 VO GROUR 4—

77 2emA RECY.RETH.S 08 BULS RO-
RECV. CLK 110 HMI-

7B SYNC DETECT 117 PIOINTE QUT

B INT- 112 SERIAL CLK IN

80 LINE SIGNAL DET, {2X}

B1 20maA RECVY. 113 HALT-

8 USERCTH 114 INTE INPID

Bl ROMSELQUT 115 M-

BA USEARTCC/T 116 RD-—

&5 MRO- 117 INTE INSER

B CTCINTE OUT 18 %P

g7 2x SERIAL CLK 118 WAIT-

B8  BUSAK- 120 GHND '

B9 ADDRESSBUSST 121° GHND

5 IQAD- -+ 122 GND

51 ADDRESSBUS1O ~ - -

92 ROM SEL IN-

D-6



MCB Performs Supewisdrf Control in Z80-Based S fétems

= et |
Z80-RMB e il
Ram Memory Board !
o~
1
Z80-AI0

Board

Z80-MCE
Microcomputer Board

Z50-[08

-

o Modem

o N —

L gy — = = Seris} Printer

O o — - Mod
g‘___ - £ T [ = ra ]

=y =1}

- . e Floppy Disk Drives
Line Frintu—) 2T (Upto &)
Memory/Disk s L
Controller Board
L _'IE"‘:! E: -=: ————— TV Monjtor
Z80-VDB = e
? Video Display Board ' ==S 58 _
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. iISBC 86/12™
SINGLE BOARD COMPUTER

8086 16 bit H-MOS microprocessor
central processor unit

32K bytes of dual-port read/write memory
with on-boar refresh

Sockets for up to 16K-bytes of raad only
memary

Systemy memory expandabie to
1 megabyta

24 programmable paralle] }/Q lines with
sockets for interchangeable line drivers
and terminators

Programmabhie synchronaous/
asynchronous RS232C campatible serial
interface with software selectable baud
rates ' '

Two programmable 16-bit BCD or binary
counters

9 levels of vectored Intarrupt control,
expandable to 65 layels

Auxiliary power bus, memory protect and
power fail interrupt control logic for
read/write memory battery backup

MULTIBUS interface for multimaster
configurations and system expansion™

Compatible with iSBC 80 family single
board computers, memory, digital and
analog 110, and peripheral controller
hoards

The ISEC B8/12 Single Board Computer |a 8 mamber of Intal’s complete line of OEM microcompuler Syatams which
take full wdvantage of Intel's' [S? technology lo provide economical self-contained computer based salulions for
a= M applications. The ISBC 86112 is & complets computer system on a single 8.75 x 1200-inch printed circul! cang,

CPU, sysiem clock, read/write memaory, nanvolatile read only memory, 1/Q pons and drivers, serial communl-
catiany interaca, priorty intermupt logic end programmabie timers, all reside oo the board. Fult MULTIEUS interfacs
logic |y inciugeg to clfer compallbillty with the OEM Microcomputer Systems famlly of Single Board Compulers.,
axpanalon memory optioas, digital and analog O axpansion boards and peripherad controliery.

Wi, g, SCRITE Ly Sharagar ) WEGALAAELIE STV E, RO R WL NI AT LV b el B Wi ar ko e ot

& Intel Corprson, 1978

MSE D-9
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ISBC 86/ 12™

1o

FUNCTIONAL DESCRIPTION

Central Processing Unit

The central processes jor the ISBC B8/ 12 i3 Intel's BOBE,
a poweriul 16-bit H-MOS device. The 225 =q. mil ¢hip
contains 29,000 transistors and hes a clock rate of
5MHz The architecturs inctudes four {41 16-hit byla
addressabig dat@ registers, two () 16-bit memory baae
pointar registers and two {2 15-bit index regisiers, all
accessed by a total of 24 cperand addreasing modes
for complex cata handling and very flexibie memory
acdiaasing. ’

Instruction Set ~— The 3DBE inatruction repertoire -
cludes variable length Instruction format (Inciuding
double operand inatructions), &bl ang 16-bit signed
and unsigned arithmetic cperatora for binary, BCD and
unpacked ASCI] cdata and itesrativa word ang byts
string manipulation functions. The Instruction set of
the BOBA iz 3 auprrast Of tha B050ASBOASA family and
with available soltware tools, programsg written for 1ha
B0A0ABOBSA can ba easily convertad and run gon the
8083 processar.

Architectural Featums — A Gbyle instruction queus
provides predstching of sequential Instructions and
can reduce the 1.24 sec minimum instruction cytle to
400 naac by haying the (Nstructlan aresdy in the quaus,

The stack ariented architacture lacilitates neatad sub-
routines and ¢o-routlnes, resntrani code and powerfyl
interrupl handling. The Mamory expansion capabilities
ofier a ¥ megabyle angreasing fange. The dynemic re-
locatlon schems aliows enss in segmentallon of pure
procedure and 2ata for aticiant meamory utllization,
Four sagment regisiera (Code, stack, data. exira) con-
tain program lcaded offset values which are uvaed 1o
map 16-bit agdresses to 20-bit addresses. Each register
maps B4K-Dytes at a time and activation of a specilic
regiatyr is controtled sxplicitly by program controd and
s alzo selected implicitly Dy specific funclions and
inatrucilons.

Bus Struciure

The (SBG 86112 has an internal bus for communicating
with on-Doard memexy and 110 options, & syalem bus
{the MULTIBUS) For rejerancing additional memory and
I3 pptions, and the dual-port bus which allows access
to RAM from the onboarnd CPU and tha MULTIBUS,
Local lon-board) accesses do not reguire MULTIBUS
communication, making the systemn bus available for
usa by othar MULTIBUS masiers {ie. OMA devicas and
octher singte boam computers transferring 1o additional
system memoryl. This fesature allows true paraliel
processing in 3 multiproceassy envircnment, (0 addi-
tion, tha MULTIBUS interfaca can be used for system

[ S rrer]
p f}
a
7

AT
T Btk T
-y

-
TR aA e e l-.‘ -

Figurs 1. 158C 8112 Single Board Computer Block Design
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ISBC 8s/12™

i

axpansion through 1he use of oihar B and 16-kit 1SRG
computars, mamory and O axpansion boargs,

RAM Capabilities

_Tha iSRC 85112 contains 32K-bytas of dynamic read/
wrila memory wling Inte® 2117 RAMa. Power for tha
ogn-board RAM and refresh circultly may be opitonally
provided on an auxlliary power bus, and memeory pro-
tect logic is includad for RAM battary backup requirg-
ments. The ISEC B6/12 contains & dual part controller
which aillows access io the on-boand Ra irom ths
iISBC BE/Zs CPY and from any other MULTIBUS
master via the 3ystem bus. The dual port controliee
allows 8 and 161t accesses from The MULTIBUS snd
Ihe or-board CPU transfers data 1o RAM ovar a 18-til

data path. Fricrilisas have besn esiabllished such that

memory refreah I3 guarantessd by the an-boarg refraah
logic and that.ihe om-board CPU has priordty over
MULTIBUS requasts for accesa to RAN, The duskport
controlier in¢iydes indegpendent addressing logie 1ar
AAM accesa trom the on-board CPU angd from the
MULTIBUS. Tha on-board CPU wiil always acceas RAM

starting at location 00000, Addrass jumpers ailow on-°

board RAM to be located starting on any 8K-byte
boundary within 8 1 megabyte addreas ranga for ec-
ces3es from the MULTIBUS. In conjunciion with this
isuture, Ihe JSEC BE/12 has the ability ta protect on
board memery from MULTIBUS acceas to any gan
tiguous 8K-byta segments. These faatures aliow multl-
proceasos aystema 10 establish local memeory {0r sach
procesacr and shared system {MULTIBUS} memary
configurations whers the total sysiem memory slze
{inciuding local on-board memeory) Can !xl:u-ad 1 mega
byte withou! sggressing contlicts. .

EPROMIROM Capabilitlus

Four sockety gre nrnvlda-d far up tn 16X -Dytes af nom- .

volailile read only memory on 1the ISBC 88/12. ROM
may b added in 2K-Byte incraments up 1a & masmum
ot 4K-bytes by uding Intel 2758 slectrically program-
mable ROMs (EFAOMSY, in 4K.byte Incremanta up to
AK-bytax Ly usind Intal Z716 EPROMS or Intsl Z1EE
mushed ROMA or In BK-byle increments up 1o 16K

“bytes by vsing Intel 2332 ROMsa. On-board ROM s

accesyed wia 16 Dit data paths. System memory siza Is
easily expanded by the addition of MULTIELS compat.
iie memory boards avallable in ihe ISBC 80/86
tamily.

Parallel 1{Q Interfaca

The iSBC 86/12 containa 24 programmable paratiel 170
lines implemented using the ntel 82554 Programmabla
Periphera) Interface. The sysiem softwa’e is used to
configure e 17O lines in sny combinatlon of unidi-
rectional input/outpul and Mdirectional pors Indicated
in Taktile 1. Therefore, the 11O inlerface may be tustom-
lzed o meet $pacilic peripheral requirements. In arder
to tazke fuli advantage of the large number of possible
HQ configurations, sockets are provided for inter-
charigeabls /O line drivara and terminaiors. Hencs,
the Nexibllity of the O intertace is further enhanced
by the capahtilty of selecting the appropriale combin-
ation of optlondl fine drivera andg terminators 10 provids
the required sink currenti, polanty, and drivaeltermin-
atlon characteristics for sach application. The 24 pro-
grammabla #Q lines ard sighal ground lines are
brought oui 1o & 50-pin adge connectar that mates with
fat, woven, ar round cabie,

Serial 1O

& progmmmabia communicationy interface using the
Intel 8251A Universal Synchronous!Aaynchroncus Pe-
ceiver! Transmitier {USART) is contained on the ISBC
85/12. A softwara seleciable baud raie ganeator
provides the USART with all common commupicatlan
frequenciss. The USART czn be programmed by ihe
sysiam softwirs to select the desired axynchronous or
synchronous seral datsa transmission {echnique (In-
cluding iBM Bi-S5ync). The mode of operation {i.e., ayn-
chroncus or asynchronous), data format, control char
acter format, party, and baud rate ara all Lnder program
control. The B251A provides 1ull Juplex, doubls buliered
tranamit and receive capability. Party, ovemun, and
framing emor detection ark alt Incorporatid in the
USART. Tha ASXI2C compatible interface. on-each -
board,_in . conjunction _ with - thae . USART, - provides - a -

Moce of Qperation
Unidirectional
Port L[Jql:;i' Input Qutput Bldirectional | Conlrol
Latched L;'tf:&" Laithed L;:::::

a X X X X
s X X X X |

| X x | x|
4 X x | x

Mok

1 mﬂmﬂJrl'lfl.l'l-tHMI!iconll‘ﬂml'lHfﬂ.ﬂ-llth'lf‘nloﬂ1ﬂm:“ulldlllll1:mlmﬂ!mmplﬂﬂlllimlﬂ'ﬂ'ﬂl’ﬂbﬂw‘tm I

Bort O 2or| 1 ik waeied B3 & DI FRChicnal PO,

Tabie 1. lapytiGuiput Port Modes ol Qperatjion
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direct Interface to AS232C compatible terminals, cas-
seties, angd asynchroncus and synchironous modama,
The ASZ2C command Hnes, serial data lines, and
signal ground line ara brought cut to a 28 pin edge
tonnecior {hat mates with RSZ32C compatible flat or
mund cable. The iSBC 530 TVelatypewriter Adapter
provides an optically isolaied intecface for thosas
sysiems requiring 3 20 mA current loop. The 1SBC 530
may ba usad I interface the ISBC BGI1Z to 1ebetyps-
writers or othe: 20 MA curmant loop egui pment.

Programmable Timers

The iSBC 85712 providas threa [ndepangent, fully
programmable 16Dl interval tmers/avant couniers
utillzing the Intel 8253 Programmable Interval Timer.
Each counter |1 cxpabis of operating in elther BCD or
binary modes. Two of theas (Imers/countars ara avall-

able o the systams designer 1o generata accurate tima -

intarvals under software contrel, Routlng for the out-
puts angd gatel trigder inpusts of two of theas counters
i3 jumper salecrapie. Tha outputs may be ingependently
routed bo the A253A Programmable Intarrupr Contrater

Functlon Cparation

When termina! count ia reached,
an intesrup! request is gensrated,
This hunction is extremaly wsetui
lor generathon of reak-time clocks.,

Programmatla | OQuiput goas low upon receipt of
ang-shol an extermnal 10gger sJgw or soft-
ware command arvd miuma high
when terminal count s reached
Thiz function ia retriggerable.

Divide by N countsr. The output
will ga low for one Input clock
cycle, and the period from one low
going pulse k2 the next i3 N times
1ha input ¢inck pariod.

Qutput will memain high untll one-
hail the count has been completed,
and go low tor the other half of
1the count.

Interrupt on
tarmminal caunt

Axta
generator

Square-wave
raie genarator

Saltware Cutput remaina high enll soft-
triggared ware joada cqumt {N). N counis af-
atroba ter courn i3 loadsd, cutput Qoes
low for ons Input clock perod.
Ha.rdwqrn Outpul goes low far one clock
triggerad period N counts after rising edgs
strobe counter trigger inpul. The counter

i2 retriggerable,

Cn a jumper salectahle basis, the
clzck input becomes an Input
from the external sysiem. CPU
May rexd the pumber of events
pccurming alier the counting " win-
dow”™ has been enabied or an
interrupt may be generaled attar N

Event ¢counter’

avents oCour in the System.

Table 2 Programmable Timar Functions

2.

and 1o the 11O line drivers aasociated wilh the E2554
Programmabie Peripheral lmterlace, or may be routad
a3 inpuis to tha B255A chip. The gate/trigger {nputs
may ba routed 13 VO 1serminaiors associated with the
8255A or a3 quiput conneciions from the B255A. The
third Interval timer in the 8253 providas the program-
mabia baud raté generator for the ISBEC 86112 RS232C
USAFAT serwl port. n utlllzing the ISBEC 86712, tha sys-
tema designer simply contigures, wvia apftwirs, each
timer indepandently to meal sy3ytem requirgments.
Whensaver a given time delay or count is needed, soft-
ware commands o the programmable timersievent
countars aalast tha desired function. Seven functlons
are avallabie, 31 3hown in Table 2 The contenta of
sech countar May be read ai any time guring System
operation with slmpie read oparations for event count-
ing applications, and zpeclal commands are included
8o that the contents can ba read “on the {¥".

MULTIBUS and Muitimaster Capabilities

Tha MULTIBUS tgatures asynchronous data transfers
for the accommodgation of devices with various (ransfar
ratea while maintaining maxtmum throughput, Twenty
address lines and sixtesn saparate data linea aliminate
the need lor address/data multiplexing/demultipiexing
logic used in other systama, and ailow lor data transter
rates wp 1o 5 megawonls/aec. A failsafe limer is in-
tludedq in the 1SBC B6/12 which can ba ysed {o genasn
ate an interrupt I an sddressed device dues not
respond within & maec,

Mu!tlmuur Capabiilties = The iSRG BEHE Iz a tull
camputer on & 3ingis board with resgurces capabie of
supparting 4 great vanaty of OEM sysiem requine-
manta. For 1hoas applications reguidng sdltional
processing capacity and 1he benefita of multlorocesaing
{l.e, sevarai CPUs and/or controllers 1pgically sharing
system 1aska through communication over the system
bus), the ISBC 86712 provides il MULTIBUS arbitration
contred logic. This contral logic atlows up 1o thres .
ISBC 86/12'y or other bus masters, including ISBG 80
family MULTIBUS compaiibie 8-bit singte board conm-
puters, to ahare the systemn bus in sertal (dalsy chain}
prigrity fashion, ard up 19 18 mastiers 10 share the
MULTIBUS with tha agidition of an external priority nat-
work. Tha MULTIBUS arbitration logic operatea syn-
chronously with & MULTIBUS clock (provided by tha
ISBC 86112 or opticnaily provided direcily from the
MULTIBLIS} whils data |a transterred via & handshaka
between the Master and siave modules. This allows
different apeed controllars 10 ahare resources on 1he
sama bus, and 1ransfers via the bus procesd asyn-
chronousty, Thus, tranater speed iz depsndent on
transmitting and receiving davices onty. Thid design
prevents siow master moduies from being handlcapped
in their attempts to gain conirgd of 1the bus, bul doas
nol restrict tha speed gt which tasier modules can
fransier data vla 1he same# bus. The most obvious appli-
cations tor tha masier-slave capabillties of the bus are
muitiprocesats configurations, high spesd direct mem-
ory access {DMA) operationa, and high speed peripheral
contred, but are by no means limied to ihese 1hraa,
F

MSE D-12



ISBC BG/12™

interrupt Capabillty

The ISBC B&/12 provides § vectored inlerrupt levels.
The highast [evel is the NMI {Non-Maskatle |nterrupt)
lina which |a directly tied 1o the BOBE CPU. This inter-
rupt cannot be inhibited by sofiware and is typlcally
vaed for signalling catastrophic events (l.e., powar fail
urel. On ssrvicing 1his Interrupt, program cantrol will
be implic/tly tranafarred through iocation 00008, The
intal 8259A Programmable Interrupt Controlier {PIC)
provides vecioring tor the next eight Inlerrupt levels,
As shown in Table 3, & selection ot four prionty prog-
essing modes is availeble to the aystems designer for
uaa in designing requast procexsing configuralions
tc match systern requiraments. Cperating mode and
prionty assignments may be recantigured dynamically
via software al any me duning system operation, The
PIC accapls Intermupt requasts iroem the programmable
pargilel and seria) 1O Interfaces, the-programmabie
timera, the system bus, or Jirectly from pariphaml
equipment, The PIC then datermines which of the
incoming reguests i3 of the highest priority, cetar
mines whaiher ihis reques: |3 of higher priority than
the leval currently belng sarviced, and, If appropriate,
issuea an interrupt to the CPU. Any combination of
inlarrupt lavals may be masked, via solftware, by storing
a single byta {n the [nterrupt mask register of the PIC,
Tha PIC genaraies a unique mamory address for each
iniarrupt lavel. Thasas addressea ara equally spaced at
d byte intervals, Thia A2-byte block may begin at any
32-byte boundary in ihe lowest 1K-bytes of memory,”
and containg unigue inatruction pointers and code
segment oifsat values {for expanded memory opar-
ation) Tor ezxch inlerrupt level. After acknowledging an
IntTept and obaining. & device identifisr byte . from
the 32594 PMC, the CPU will store its statyy flags on
the ftack and execui® an indirect CALL instrection
hrsugh the wectar 1ocatlon {gerived from the device
Mjentllier) to the intermupt servica routine. in sysiems
rayifing additlonal Inferrupt levels, siave 82594 PIC'y
rriy be interfaced vla the MULTIBUS, to generate
-wifitigrl vector sgdressas, yialding & iotal of ES
trnighd iNbermupt levald.

nterrupt  Regquest Genesation.— . Interrupt_requests -

may onginate from 15 scurces. Two jumper seiactabin
intemupl requests can ba automatically generaisd by
tha programmable pearipheral Inlerface when a byle of
informtion |s resdy 10 be translerrad to Lha CPU (e,
input butlar ia tyll} or a byle of information has Been
translerred to a paripheral device (L.a, ocutpul buller (3
amptyl. Two |[umper selectable intervgpt requests can
be automaiicaily generated by the USART when a char
ACiwr i3 ready 1o be tranatered to the GPU (L. recaive
channel buller Is fuill, or & characier I3 ready 10 bDe
transmitted {i.e., tranymit channel data butfer is empty}.
A Jumper salectabie request can also e penersied by
eich of the programmable timers. Eight additosal

“Notez  The firs1 32 vector Jocations are reserved by
Intel for dedicaieg veciors. Useras who widh to main-
tain compatibility with present and future Intel prog
ucla should not usa thass locations for userCefined
reolor addrasses.

Cperatlon

Interrupt requeat line pricritles
fxed at 0 as higheat, 7 as lowast,

Equal priorty. Each lovel, after
recaiving service, Decomes |he
lowest priofity level unill next In-
terrupt ocours.

. Moce |
Fulty nested

Auto-rotating

Spacific System software sasigna (Owwst

pricrty pricrity level. Prorty of wi clher
levels based in seguence numan.
cally on this assignment,

Polled System softwang examines priari-

ty-ancoded Fystem intemupt 3fALUS
Wa intermunt Atatus register.

Table 1. Programmable Intemmrup Modes

Interrupt request linas are avallable to Lhe user igr
direet interface 1o user designated peripheral davices
vlg the system bus, and two intermupt requast linesy
may be jumper routed directly from paripharals via the
paraliet 1/ O driveriterminator sm.::tiun.

Power-Fall Cantrol

. Contral logls s also inclygded 1o accepl a powerfall

intarrupt in gonjunction with the AC-low signal from 1he
1SBC B35 Powar Supply or aquivalent.

Expansion Capabilities

‘Mamary and 11O capacity may ba expanded #nd addi
tiona functions acdded vsing Intal MULTIEUS compatk
bis sxpangion boards, High spead integer and Noaiing
polnt arthrmetic capabilitiss . may be aodad by uaing
the ISBGC 110 High Spesd Mathemstica Unit. Memory
may be expanded to 1 Megahyie Dy soding user apechk
lNed combinations of RAM boams, EPROM boards, ar
combinatipn bGards. tnpul/ouiput Capacity may ba in-
creased by adding dlgital 1O and samieg HO expan-
sion boarda. Maas storage capabillty may be achiaved
by adding sing!s or double genaity diskatts controllars,
Modular sxpandahla backplangd and cardcagal “are-
avallable 1o Support multiboard sys1emas.

Note: Cartain ayatgm restrictions may be Incurred by
the inciysion of some of the ISBC 80 family optlona in
an iSBC 66112 sysiem. Consuit the Intel OEM Micrs-
computer System Configuration Guide for apeclic
data

Syslem Development Capabilities

The development cycle of iISBC 88117 producis can be
signiflcanily reduced by using the fongpy dish based
Intaliec® geries microcompuler development sysiema,
Tha Asasmoler, Locating Linker, Lbrary Mansger, Text
Ecitor and sy>lem monitor arw ail aupponed by tha 1515
II disk based operating system. A minimum of 64K-
bryles of AAM i3 nesded in the Intellec system 10 sup-
port program development for the iSBC 86112, Ta
vagilliate conversion of BOSOASBOESA aszembly lan-
guage programs 1o rus on the iSBC 86112, CONV.B5 i
avatlable under the 1SIS-IT operating uy atem,
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meriace and Eascution Pschkage — The iSBC 957
nterface and Execution Package ailows the tmsilec
+9@r 10 interface an iSRC B6/12 sysiem to the develop-
nent systam. Included with the package are the necps-
aary cables and apttware {o allow tranater of iiies
wiwean tha Intailes system and the I1SBC 85/12
sgditionally, ltha Intellec uzer can acces’s a system
moniod program (3upplied on AQMa} resident in 1ha
S58C BEHZ which allows access ta programs lcaded
nto the iSBC 86712 The system monitor includes com-
nanti3 to examine and modily to Memory, registers
and 11O parts, Additlonaily, breakpeints, aearches, and
ithar usaful operatlons arg included to simplify aof-
wars debug. Used In conjunction with the ISBC 957
Pagkage, (SBC B6/12 execution packages are offered

U & |

which Inciude additional hardware such as lhe I5BC
660 systery chassis fo mount and power the [EBC
B5A12 tor program development,

PL!M-B8 —~ Intal'm high level programming language.
PLIM-B5, ia giso available as an Inisllec microcompulber
development System option, PLIM-86 provides the caos-
bility to program in a natural, 2igorithmic languags and
sliminatea the naad 10 Manage register usage or alle-
cate memory. PL/M-BS progrars can be whilien in a
much shortar time 1han assembly [ANQUAgQE programs
for a given applicatlon, PLIM-E6 tnciudes Gyte ang
word, integer, polntar znd floating point (32-bit) data
types and also indiudes condifional ¢ompilation and
macro featyres,

SPECIFICATIONS

Ward Size
nstruction — B, 168, 24, or 32 bifa
Data — 8,16 bits

Cycla Time

Baale Instrucilon Cycle — 1.2 isec
— 400 nzec (asumes
instruction in tha quaue)

mmmmhm:lmhhﬂmm&-_
Pargy i Sy

Mesmory Addreasing

On Board ROM/EPROM — FFO0D-FFFFFR {1sing 2758
EPADM*s); FEDDO-FFFFFy {using Z316E ROM's or 2716
EPROM" s}, and FCO00-FFFFF ) (using 2332 ROM 5L
On-board ARAM — 32k bytes of Jual port RAM. CPU Ac-
Ca3a COQCO-O07FFFW. MULTIBUS Actess is jumper
prlectanle for any 8K-byle boundary, bul not croasing a
128K byte bGundary, Access for K, 18K, 24K or 32K
bytes may be aelacted for TPU use only.

Mumory Capacity

Gn-Boad Resd Qnly Mamary — 16K bytes (sockets onty)
On-Bomrd RAM — 32X bytea

Off-Board Exparalon — Up to 1 megabyis in user
spyciliec Combinatlens of RAM, ROM, and EPROM.
Mt

Paped BAly ey My e acded In 200 40 of B-tyls incremama.

110 Addressing
On-Board Programmabde 11O

Fort i oy T USART
11212 | Comru Dain Fontrad
AdIrmay OB | Qs | TS CE D8 o O of
DG 1]]

11O Capacity
Parallei — 24 programmabie liney vsing one 82554,
Serial — 1 programmatie line using one 82514

Serial Communieations Characteristics
Synchrmonous — 5—8 bit Characters: intemal or exter-
naj character Synchionization; auiomatic Syne insarton.
Asynchronoys «— 5—a bit characters; Dreak character

genaratlon: 1, 1w, or 2 stap, bity; false stan bit
detection. ' -

Baud Ratuy Yo
Fracpesncy ftn Ko Rate fHa -
Flottwary Sarecrabiet Aynchiorours. Ay Ty
- 18 -~ B
1314 —_— 00 400
mA — a0 1200
L ana0a 2400 L
193 19200 1A Xa
4 W00 i) 1%
in non oo 5
4 2800 1550 -
1.7 ' 178G 110 —
Mot

Fragquancy sHected by 170 wiats ol Apiwoiale 18D Irequency (echor
10 Bausd bty fegl ke @257 Thmae 2,

Interrupts

Addresses for 32504 Fegisters |Hex notation 11O ag-

dreas Apace)

CO or C4  Write: Initlalimtion Command Womd 1 (ICW1}
and Cperation Controd Words 2 and 3
2CW2 and OCWY)

Read: Status and Poll Registers

C! or C6 Write: 10W2, 1CW3, 1CW4, 0CW1 |Mask
Rugisien
Head: DCW {Mask Register)
How:

Suveral registery have Ihe Liihe phyaicsl agaress; ssquance of Zccer
Arw] ove daty Bt oF Conbrgt wort Oelerming which regiated will resbona.

Inlerrupt Levels — 8088 CPU includes a non-maskable
Interrupt {NMI} and 2 maskable inlerrupl (INTR). NM|
interrupt is provided Yor calastrophic events such as
power [aifure. NMI veciod addresx s DODOR. INTR-inter-
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rupt I8 driven by on-board 825594 PIC, which providas
B-bit identifler of intamupling devics to CPU. CPU muk
tiplias idenufisr by Jour to derive vector addresa.
Jumpers safect interrupts lrom 18 sources without
necessity of external hardware. PIC may be programmed
1o accommooate sdge-sensitive Or leval-sansitive ine
puts.

Timers . )

Regisisr Addrasses (Mex notaten, 1O address Space)
D& Control regiatar

D TimerQ

D2 Timer

D4  Timer 2

Nt
Timet Courtl aged 43 TWwo J0uental ouTpat opevaing 10 ST
BOOIEES &3 Qrven,

Inpe:t Fraquencies

Asimrence: 246 MHZ = 0.1% {0,041 us period, nominal);
1.2 MHz =0.1% (081 us period, narmnnj] ocr 153.80
kHz = 0.1% {6.51 ;8 period nomingl).

LT

Abvd IrBGUBSTCHEE BE U 3Sieciane A e g - -

Event Rate: 2 4§ MHZ max - -

Output Frequencias!/Timing Intervals

! [T Ty —
| - Tingie Tmer { Conmron {Two Thrers Cascaded:
[ Min Maz Min Mgz
Paai-limg 153 dIT1 ma 128 & A 50 mibe
Iy e
Programamsiie 15 - E2Tame T 1m . 488 50 rmin
O )
Pare gueaermior | 232k | 6105 wee | ooooo ke [ Joa ey
Souuht iy 137 Hz §T35 kHy | 000N He | J0B 8 EMr
rale geheriion
Sofiwary 18 pup HTtme | 380 3 | 48630 min
nggersd - LA EERE R R LR
"nrobs
Hy T iy 1.41 v AT 1w a A58 50 iy
g
LIt .
Ewvent : - 24 Mz - -
Sounter
Interfaces

MULTIBUS == Ajl signais TTL compatible

Parslisl 11Q = All signats TTL compatible

Interrupt Raguests — Al TTL compatibla

Timer = AIl signals TTL compatible

Sarlal IID — REOXC compatible, data sal canflgumlnn

System Clock (8086 CPU)
500 MHz = 0.1%

Yuxfliary Power
A auziliary power bus . is provided (o allow separate

«POwer to RAM lor syslems reguiring b.lltun_.r backup of.

readiwrite memory. Saleclion of this auxillary RAM
Power bus is mads vb jumgers on tha board.

ISBC ag/12™

) 5
Conneclors
Pimn Caniery

) Inlarisge iy ) Mating Conneciomn

Bus Ba 0128 COC YPBIE4La00A
I 2y 5000 o

Parallgl LD 50 [N ] T M
I 2402000 or

Senal LI 3 'R By

Memaory Protect

An gctive jow TTL compatlble memory protect signal is
brought out on tha auxillary coanecior which, when
asserted, disables rezd!wnte acceas (o RAM memary
on the board. This input s provided for the groisction
of RAM contanta during sysilem power down sequences,

Line Drivers and Terminators
HO Drivars — .The following line drivers fre all com-
patitie with 1he O driver aockels on the i(SEC 85712,

Drivar Charscherlsthe Siris Curreed (maj)
TaXA 1,00 4
T43IT 1 4
T2 Ml 1]
T4 LG L[]
T409 - HILOC . b1 ]
T || . 1]
41 TLOG 1%
T4 1 18

Noiw,

I m !n-mlnq: N = -I'Iﬂﬂriﬂ\m"llng;ﬂc A OCn COllRCtoN .

Port 1 of the BI55A has 20 mA totm-poln bigirectional
drivers and 1 k2 mminalom.

IO Terminaiprs — 2209/1300 dlvider or 1 kg pullup

o]
- 5y g .
-
[ ] j. A, o I 0 TETION —
L 1]
TR g+ ity 2 BEG W] OFTION
- »
Bus Drivers
Fomctign * | = Charscisdiato Sink Currpni imA)
Dy Tr-atmin o3
AL LR Treatna -
GOt Tratals k=

Physlcal Characieristics

Width — 1200 in. {3048 ¢m)

Height — 6.75in. {37.15 cmy) ) -

Depth. — 0.70n. {1.76 emy

Wwight — 19 oz {539 g} - - .
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Electrical Characteristics
DT Powsr Asguirarmnia

r Curem Arquiremanis t
Confige | W¥ez = -s'-rlvnn. LRI TN T L P b |
TR 3% maal| =45 Imacy | =5% imanif = 5% ymen
W Hrn
e s | mema | = om
RaM Qriwd | IXIma | wWwmA ) 1ama | — 1
with i
S2A 450 mA [ — | 140 ik |
wotm -
EFmC Y LT} 453 mi - 1401 Mk
g I750 B
warm i
L=t TE] (A FY 4G mA - 1) b
fugang SHEEY
wyln BK
EPOC Y SAh 5] maA - 140 mA
Iunng 1% .
Wity 18K
1 k] 44 L Rt — T4 A
iving 231k
Myt

Domn rvat srgripn® DOt ‘of agbienal AGMIEPRCM, 11O gnvers. and
I3 earminarars.

1 Doey mgl ocia0d Sower requeed e apiigeed ADWERROM. 11D

Areary wnd 100 \ermmencry.

1 BAM cRips Odwrnred Sl fy sk §Y D0 e By Y.

. Comy A1 neheae pawer et gnhona ACQKIERAGHM. |10 dnvees. dm0
WO pemuraigrs. Pawar lar (5BC S30 13 suppned wa denal cort
dannecior,

o Includes powed raduirsd for 1our RCMIEPRDM ¢hrcs. and /O
T A el s alAeT e 1R 0D inea; Aok LeATunainr QU Low.

Fe
Environmental Characteristics
Uparating Tamperalure — O'C 1o 55°C
Asiativa Humidity — to 30% iwiihout condénsation)

Reference Manuai
93006454 — 1SBC B6/12 Singte Board Camputer Hard-
ware Raierence “anval (KOT SUPPLIER

Relerence manuals are sfmicoed wilh e3ch aroguct only
il cesignates SUPPLIED (see angve) Manyals may te
ardered irom any Infal sales fapresanative, Cusinouiar
aifice or ‘rom Ioiel Litergiurs Dapanmeant, 065 Bowers
Avenue, Sanza Clara, Calllarma 95051,

ORDERING INFORMATION

Part Number
SBC BE/12

Description
Shngie Board Computer
with 32K Dyres FHam

vl Coupornlion

083 Bower AviAus

Aanis Crark, Caifam e 35051
Tot (041 ESTNTE vyt
T 101380006 )
TELEL 34872

.5,
REGIOMAL SALES QFFICES

OVERSEAS
MARKETING OFFICES

WESTERN MID-WESTERN
CALIFORNIL ILLINGEY
intH Comp, ™ Inal Cara,”
31 Easl 4th Sirwal K0 Jone dou evyrd
Buite 150 Suile 220

Lanrs Arg 327N
Tok {7141 R15-0542
TwX: 10-505 1114

EASTERH |

QHIQ

Intel Coarp.”

8312 Nanh Maun Sireel
Cayiom 45415

Tai; (5131 AG0-5350
TELEX: J88-004

Canproon 80531
Taiz (25 2) 3053510
TWX: 10-631-ZAM

ATLANTIC

MASSACHUSETTS

sl Corp.

187 Bihencs Apad. Suae 144
Creimalarg 91824

Ted: 1613 JEEAEET

TWX F10-343-5311

ORIENT

JAPAMN

Inigl Juoan Corporaner”

Flgwer Hul-Shermach Eant Bog.
T-Z3-%, Shiemach.. Selagayl—=u
Tokyd T84

Tal: (0d) 4283351

TELEX: T81-i54708

EUROFE

BELLGIIM

Iral Imemational’

Ruw du Mouiin & & a0y
31-Bote 1

B-1168 Bruss=is

Tal: [02) 650 30 10
TELEX: Jaa14

"THole Haw Tlllphonl Mumber
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MODEL 240
INTELLEC® SERIES I
MICROCOMPUTER DEVELOPMENT SYSTEM
Complete microcomputer development Integral 250K-byte floppy disk plus
center for Intel MCS-30™, MCS-85™, 7.3 million bytes {expandable o 15.6M
MCS-36™, and MCS5-48™ microprocessor bytes) of hard disk storage
families
G4 K bytes RAM memary Powerful 151311 Diskette Dperating
Systemn software with relocating

Self-test diagnastic capability macroassembler, linker, and locater
Buiit-in interfaces ior high speed paper )
tape readec/punch, printer, and universal Supports PUM, FORTRAN, BASIC and
Integral CRT with detachable upper!
lower case typewriter-style fuil ASCIl Software compatihle with orevious
keyboard Intellec systems

The Mode| 240 intellee Series |1l Microcomeuter Cevatgpment SyStem s a Comoiets center for ine Jevelcoment ot
THCrOCOMAuter-nased progucts_ it includes a CPU, B4K byies ol AAM, &K bytes of RCK memeory, 3 2000 cnaras:s
CAT, a gerachasie full ASCH Faypaard, ang 250K byla Moopy diskelle dnve. A Nard sk SUDSYSIET BiOviced owar 7
mitlign byles of an-ine data starage, Powertul 1S54 Oizkette Qperating Svestem saftwdre ailQws the Moace 22510 oe
used quickly and sfficiently Igr assembiing angior camoling and detuqeing arggrams o Ime!’s MOS-A0, MC3-E5.
MCS868. or MCS4B micraprocesser families withowl Ine need ior hanchng pdper tace. 1SI1S.l ceriarms ail flie narghng
Qperalions, leaving the uler ffee tn concenifalae Sn 1he detals ol s own abplication. When used 1o SOnUNSTIcGn with
an optional incircuit smulater (ICE™) mocuie. the Model 240 provides a1 INe cardwaie and sctiware ceveldCrnan
toole necessary for the rapid deveigpment of a migracomoutar-Dasec grogUet,

Tha Toligwwng are iracamarhd Gl [ATee CorgGransn dnd May D8 gasd 300y (0 GgacriDe (n1fF JrO3UCta; (nfed (nadd Infedes, LiRrgey Manager,
Mggachasny, Micromao, MuMibud. PROMPT, AMEAQ, UPL intewysioh, «5c008, Promeare MC5 ICE S85 AP TS ano the camemaatan af
M5 ICE, (SHE af OS5 widh & numenc el agMae, HSE E 3

L]
¥ irte | Corparansn, 1973

Ayziaan 1970



MODEL 240

FUNCTIONAL DESCRIPTION

Hardwara Componanis

The Inteiler Senes || Mode! 240 is a pachagad, highly
ifﬂnﬁratad mICIoCompuler davelopmeant 8y9lem consis-
tting of a CRT chass.s wilh 4 &30t cardsagn. power
supply, tana, cabies, singte flgppy ciskg!le drive, and
five printed circuit cargs. A geparate, ull ASCH
keyboard is connecied with a cadie. & Iremsianging
pedestal houses ihe hard disk drive alang with a
separats power 3UCDlY, lans, ana caties lor coonesson
2 tha main chassis, & block diagram af the Mode| 240
13 shown in Figore 1.

CPU Cardas — The maater CPU card contlains 115 own
micrgpragessar, memery, U0, interropg) and Sus inter-
face circuitry 'asmioned from Intal's high lechnology
LSl componants, Known as (he inlegrajed Srocessor
board {(IPB), il accunees the fiest s1Q) in the cardgage. A
segond siave GPU card iz reaponsible tor all remauning
YO contral «ncluding Ihe CAT ang »eyhpard intetface.
This card, mounied on fhe rear panel, 350 COGLAINS its
own TUETQRracessor, A4l ang AQ0M memary, and Y0
inmarlace logic, 1hus, ineftect, creating 3 gual processar
ervironment, Anown as the VD conroilee QG the
stave CTPU carc cammun:zates with the |PS aver an 8-
Gigirectignal data bus.

Mamory ana Control Cards — In agaition, J2K bytes ol
RAM (oninging the tatal to S4K oytes) s located on a
separate carc 0 (ke main- caracage. Fabicaieg from
Intel's 16K RAMS, [he bear? also contains all negessary
acqgress Cecoding ang retresh logic. Two azaitronal
Doards in the cardeage are usad 1a ¢ontrod 1Re hard disk
drivas.

Expansion — Two remaining slats in the cardcage ara
available lor system expansion. ACcitional expansion

of 4 sicts can be achisved through the acdilion gt 20
Intelleg Sernies |l azpansion chassis,

Systam Camponents

Tha haart of the IPBis an intel NMCS B-but migrzoraces.
sor, the BOSDA.2, runming at 2.6 Mz, 32K Syles al Ram
MEmMory ar proviced on IRe docard uSog intel 18K
RAMa. 4K gf ROM is provided, aredrecrammed with
system bBodtsirap “sell-test” ciagnostics ang he
intellec  Serniex |l Sysiem  Monulce. Thg eigntdevel
vecigred Prigrity wnterruct system alows inierruats 1o
De indwvidually massed. Using Iniel's versatde 27553
interrupt controlier, 1he INTErrUEL SysTAM May De user
cragrammed o resQond 10 NCvidual needs, & segdrate
beard prowvides an acoilional 32K oytes of FAR.

inguUCutput

IPB Serlal Channeis — The /0 sutsysiemn the Model
240 consisls of twe Dartst tne VOO cans ang tws senal
channels oo ihe IPR fsell, Each senal thannel s BSI22
Comzallale ang i caganle ¢l running ASVnENronously
from 10 10 9600 nawd ar $ynchronousky from 150 15 56K
baud, Both may beconnasies 1o 3 Lser TRfiNRD T2 ter
of  terrnal, Dne chAnne  Sontans
adapiers. Botn chanrels are imaremetes usng el
8251 USAAT. The; can ze frasrarmaliCeily Smesipn®
perform a variety ol ki fungligns, baud fate seeciion s
dccomalishned srogrammaiizaily Mrough an lmel 2252
intarval pmer, Tha BIS3 150 sarwas 38 d ical L siacs
lar the antire Syster. §O activity (miSugn Toit getral
channels i5 SiGnaled 1o the Syelem (GCLET 3 533300
8253 imterrupt Sonterer, operaticg 1A 3 oHles mede
nestad lo the primary 5259

[ LR P i

1! b k3

IGC intarface — The ramainzer of system NQ activity
takes place i the IQC. The IOC praviges wnjerracs for

A AT
ST ARy v
. AOM P
) 0 ;
| L] I " k
1 wLECEL ] [EVE LN
LN TENLL ~ ~,
Ax grepn ram) et - CRa | AAEDE | -
haniaall B - N Ry Rarre e S Lk TRl ELITVE RTE=wv-lt i ey
I ura 1 e |
N ] ] . f h
Pl e TYERTT P
1] .
"
AL i ]
& COAMROL Muicyn, T
= i
- oLk duy 'O md
i ry I
o + 1 wrly
ritew [ . e ) Eva, —
mnull I i TiWEa o
]p Y al. L") I
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il L=y M1 § -
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I Y 1 1
y ,
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Ten T )y ! el | Bl

Flgure 1. Inteilwe Sarley It Model 240 Microgompuie: Qaveloprment System Sloch Qlsgram - =
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MGDEL 240

the CRT, keyboard, and stantard Intalleg porigherals
including prenter, Mg 30eed paper tapa reagerfounch,

‘and uruversal PAQK pragrammer. The [DC contamns iis

own indapendent micrdorocessor, 4154 an 408042, Tha
CPU controds all 11D aperationd as well a3 synervisng
cammuynications with the [PR_EK oytes of RGM contain
all U controd Hervware, BK sytes of RAM are used lor
CHAT screen reiresh slatage. These do NGl gooURyY S0ace
tn Intellec Senes 1l main memary since tha 106G 3 a
totally indepengen) MICiGCompurer SudSyytem,

Integral CRT

Display — The CAT 5 a 12nchrasier scan type monilor
with a SQ/60 hEe vartricad scan rate and 15.8«Hz horzon-
tal scan rate, Cantrols ard proviced 1or Jrighiness ang
cantrast adiusimen!d. The intedtace Io the CRT is
proviged through an Inlel 8273 singlechip program:-
maole CRT controlier. The madier processar on tha |PB
tranafers a characier for Qisdpiay 10 the 1QC, where s
storeg in RAM, The CRT controllar reads atina at a hme
inlg its ling butler through an Intel 8257 DMA conligller
and then faeds gne clasacier at & HiMe to Lhe character
genaraiol 10 proguce the wigea Signal, Timing lor tha
CAT contral is oroviced By an Intel 8251 intervat himer.
The sgreen display is ‘ormalted 25 25r0ws of 80¢harac:
ters, The fufl sa of ASCH cnaraciers 15 Cisplayed,
inciuding lower case 3lchas.,

Kaybgard — The weyboard «nteriaces directly 10 ine 10C
processdr via an Bt Cata bus, The saygoart contauns
an Intel UP-41 Univerzal Penpheral [nierface, which
scans 1he keypoar®, enczces he characiers., ang
buylfers the charagiers [0 prowos: N-kay rollovar, The
keyboard 1aell is a fugh Suality fypawriber Styla key.
board containing the full ASGCH character se1.an uooer!
lower case iwitch Allows the syslem to oe used lor
document prepararion. Cursor control keys are atsg
provided.

Pariphatal Infarfacs

A UFPI-41 Univarsal Panpheral Inlacface gn the 1JC
boargd provides intetface for other standard Inralles
penpharala ingluding a nter, Mg spesd pacar afe
resder, hign Speed PADAr [aps pUNCh, ang unmniversal
PROM programmes. SCMMuemcalion Golwesn the IPE
and Q@ is maniained gwar 3 separala A-hit
bidirectional caia buY. Connacit!s 1Or the four davices
named above, as well a3 1IN two seral channdals, are
maurted dlrectty on tne 1QC (sl

Controi

User contred is maintained thrgugh a tront ganel, con-
Sisling of a power Swilch and indlcator, 1eset/boot
awilch, runfhalt ight. and gghl intefrugl swiiches and
indigators. The 1:ont panel circusl board 8 altached
directly tg the IPR. allowing 1he aight interryol switcnas
to connecl 1o the prmary 3253, as well a3 1o 1ha Intellec
Series |l bus,

Bisk System

The Inteiles Series I Haro Disk System prondes direct
access hulk storage. injelligent contratler, and a cish
arnve conlaimng one fixed plattar angd one removable
carngge. Each provides 3.5 million bytes of storage
willl a gata transfar rate of 2.3 Mbs/second. The
contrplier is implemanted weth IMel’s powerful Senes
0 Bipatar Migrocamouter Set. The  controller
provides an inferface to tme Inteles Senes |l sysiem
bus, as well a5 supporting uE to 2 disk drrvas. The gisk
system recards all data in Counle Fregquency (FMicn 2
surtaces per platter. E3Cn Afatler Can o8 witle Drarectec
by a trenl panel switéh. The d:ek SvSlEm 15 caoagle o
pertarming sz different ooeralions: facaliprdte, Seeqd,
'prmat track, wiile gala. reag Jatd. and venly TRLE,

Olsk Contrallar Baards — The cisk Zontroliar cons.&0s
c! two boaros. the channel pzard and the inierface
boarg, These twg = ooas resice 10 tne Imedec Series
Il system chass:s and CoRSsUTCTe the Gisx controtier. Tha
channel boarc recerves, Cecooas ang JesSOnRds 0
channel commangs fiom tne 20E0A-2 TEU in 1he Macel
230, Thae interface boarc Zrowvices the cise conirzlise
Wil 3 means af SEMUnICaust A1l tre 2iae Theas
and with the lotelles IV¥SISM SuS. TS an|arrase DoArs
valigdates Sata conrg "eE828 using 2 Tyshio rRouninngy
check [CRC) polynormial anc gereriies CAC zata cuong
whlg operalions. When the sk coniioiler resuires
acgess 0 kielleg gveiem memory, N2 ShAnh® Iarg
reguesls angd mantawns DAMA SMEsier gonaral oI tne
syste bus, and SETRrales tne atioofal® LTIV
zgmmanc. vNe znanse! toard alzd acsnocwIRIgas WO
Commands as recuires oy the Inrehec Sus. .0 aSLan 1o
SuQogriing & secsng Crive, tNe gl canwoller may gg-
reside wilh the Injer double-censily caniraller Lo 3llgw
up to 17 mullion byies of andine storage,

Fleppy Disk Drive

The Hopoy disk crive is cantrolled by an latel B2T7
singis chip, programmaiste flgopy drsk cantrader, I
transfaers gata via gn intel 8257 OMA confraller Selweer,
an 3G Ram pytfer and the disket'e. The 28271 handles
faadig ang wahing of data, termatting disketfes, and
reading Stalus, all woon aporcofidle commands [Tom
the D micraprocessor.

MULTIBUS™ Capabillty

Adl Intaflec Serigs M models imolement the industiry
standard MULTIBUS. MULTIBUS #nanles several Hus
masters. 3UEh as CPU ana DMA dewvices, to share the
bus and Memary Ly coerating at cifferent pncnty levers,
Resoiution of bus exshanges 15 SYNChronizec Oy a bus
clock signal denved independenily frem orocessor
clocks. Readiwrite (ransfoers may [ake plaga a1 rares un
ta SMHz. The bus structure is seitabie for use wilh any
Intel miCzocormouter family, ook

MSE £-5



MODEL 240

2%

SPECIFICATIONS

Mozt Processor {IPA)

AAM — Bd¥ [gystem mortor CCCupies 62K thraggh 64K)
AGK — 4K 2K in monutos, 2K in boot/diagnoshic)

Disk Drive

Type — Sil toD loacing carticge and ona lixed platter
Tracks per lnch — 200

Mechanical Sectorsy par Track — 12

Recaording Technigue — doutle trequency (FM)
Tracks par Surlace — 400

Qensity — 2.2C0 titainch

Blta par Track — 62,500

Racording Surfacas per Plajter — 2

Disk System Capacity

Per Surlzce — 15M Dts

Far Platter — 25M IS

Pur Orive — £5 biry

Pur Drive — 7.0M oytes (farmatteal

Cisk Parformance -

Disk Transier Rata — 2.5M fitsissc
Disk Syslem Aczess Tima —

Track ta Trage: 13 ms max

Full Sirgma: 100 ms

Aglational Saeed; 2,400 rom

Diskatle

Disketles Sysiem Capacity — 250K bytes {lormatted) .
Dlizhetta Syatam Transter Rate — 160K milsises
Clakatie Sysrem Access Time —

Track to Tragk: 10 ms max

Avarage Rancom Positioning: 260 ms
* Ratational Speed; 360 rpm

Average Rotational Latency: 82 ma

Recorging Moce: FM

Physical Characteristics

Width — 737 . (4312 emi
Haight — 15871 in, (4016 cmi)
Capth — 19134, (48,53 am}
Waight — T3 8. (32 kg)
Kayboard

Width — 17,37 in, (44,12 cm}
Height — 3.0in. [F.62 cm)
Depth — 3.0in. {22 45 cm)
Weigh! — 618, (3 kg)

Diak Qrive an Podasial

Widih — 18.5in_{<7.0 ¢m)
Helght — 32010, (86.4 cm)
Depth — 29,75 in {75.6 cmj)
Welght — 202 1D, {92 hy) :

Electrical Characieristics

OC Powsr Supply

Tyoucal
Yails Ampy Syytem
Supplind Subplied Requiremeniy
+ 5=5% 0 70
122 5% 2.5 1.1
-12 5% 0.1 aa
-10 = 5% 10 gpa
15 = 5%" 15 1.8
24 = 5% 1.} 1.}

"Hgl avanabie =0 Dua,

AC HRaguiremants 'or Mainframe and 2 Otives —
110V, G0Hz — 154 |Mainirame — £9, S0 wach corve
220V, 50Hz — 86 A Maintfama — 1.1, 3.0 each oriva)

Environmental Characteristics

Operallng Temperature — 16T 19 22 "C (S0 "F)
Humidity — 20% 2 30%

Eguipment Supniiad

Mached 220 Chassis

Inagiatec P-ogcessor Ipara (179

MG Conirallegr Boarc NQGH

12% RAM Boarg

CRHT and Kayogarg

Qe Hare-Digk Dnive, Pegesizt Mounied

Hard Qisk Cantrpdler (bwo Board 5) with Canles

AOM-Fesident Sysiemn Momtar

15151l Systemn Diseeie wilh MCS20IMOS.55
Macroassempler

CHak Canridge iblank 5440 type)

Raferance Manuais
9ALDSS8 — A Guide 19 Micrécomputer Devalgoment
Syslems (SURPPLIED)

_ 9800559 — Infellec Saries 11 installation ang Service
Guige (SUPPLIED )
98300306 — [515.1 System User = Guae ISUPPLIED:
BE00558 — Injpllec Sanas || Hardwaie Reference Man-
val (SUPPLIED
980031 — EOBIVECAS Assemtly Language Pregram-
ming Manual (SUFPLIED)
4800292 — I1SIS.11 ACAL/BLAS Assambler Operaioe’'s Man-
ual (SUFPLIEDY
FB00605 — Infellec Sartea Il Sysiamy MMomlar Scurce
Listing [SUPPLIED
9800554 — Inteiles Senes [ Schemane Drawimngs 1SUP.
PLIED)
9800943 — Mard Oizk Sunhsystem Operabon ang
Checeouyl (SUPPRLIED)

Agditional manuals mav be ardared from any Intel sales
representativa O gistnibotor alhice, or lrom  Intel
Literaiure Departrment, 3065 Howerd Avenup, Sania
Clara, Callfornia 35031,

MSE E-6



MODEL 240

ORDERING INFORMATION
Part
Mumkbar Cescriplion
MDS-240° inteflec Senes Il Maoel 240 Miciocampylar
Develoomenl Syslem (110VEDHZ|
MOS-241"  Intenec Senes 1l Mocel 220 Microcamoputer
Develooment Sysiem (Z20WETHz)

"MOST s an rgening cooe ondy, ang P ROl wasd 14 3 orOdUC)
Aame ar tracemars, MOST oz a4 regislered ragemalx of
uanawn Data Sciences Corp.

il

INTEL CORFDRAATION, 308% Bowart 4 uvenur Santa Class CA gagsy 4 4031 957 d083

Pronisd o U8 & pHESCATE A0 BL

MSE E-8
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ERANCES

8001-Microprocessor Lab

Data Sheet

B
o g
il

Mulllpla Microproceiaor Suoport
In=-Protolyps Tesl and Emulation
Rawk-Time Prolotype Ansiy2ar Colicn

Tha B0GT Microprocsssor Deveiopment Las conxdly of e B00T Marctrame witn 188 of Pro.
CrAM AMTIONY. MiCroorocessar Suogo-i Facea)as ars Ivacdlacis At dotany, A Mergarocessss
Suzoort Pacrage raciuoet An amuralor ROV A amulalor Srocersor. 400 2 frotalyos conirs!

armunal, STEICY TTY Termungl, LP3ICD Lae Proppge, ar 02472005

proos. The CTa100 Cof 7
Compurer Dispiay Termraas &ta recpmmenced CRUONRI Darraneraiz,

MSE E-9



Tha BOO1 Micraproce140r Lar 12 § (ola) Rard-
wark CHDUCOING Tritem tor tha Jenign sf
MiCrOPIOCRE5aT-Dasad producis. A say fea
ture 13 113 A0y D SLDDDM MaANY MICroproc.
e3ynd Ghipy, inclucing the tnial 80404,
BO033A, Motoralz GACO. Tesas Inztruments
TMER0Q, 87072 Fl ang Titeg X-80A.

In mgehion 1o Multisie MCioDGEesser 1Us-
port, the 8001 oifers IMtes amulanan mooes
o saitwise debugs ing, parval ang 1ul emu-
lation, a3y wail 33 2 rea) bme aratatsod
Analyzer ghuon with gl e casamiybes of a
MUCIDODIOCETAOF Ingtyzar.

Thres Emulation Mooes

I @ fypical design desuence, soiware ig
first Qevaioped inceperaemly uding me-
$haring, @ minicampyiern, —r $ome atnser
maznd. It 5 ren SCawnkpaces o (e ACOT
Al thus péant the m-gratzivoe eulalon and
apftware/Paraware miegration czaabilibies
al the BOOY carme imio play.

I emulatian mogwe 0, (Ae 33 ware furs 200y
on tht aMUIAITE SrOCASEar. Tk sradies tme
Jrogram 10 be CepugIed 10 3 mICroproces-.
anr wrtudlly 1IGEADE) o dhe cne LAt waill -
mately D8 L83 1n the campleted pregect. In
smulalian Mgces 1 ana 2, (he sroiatyoe con-
el Srole 13 Cannestas ' e amylatar aree-
#3530 A1 CAE ENT aNo DI TEY IMTY e ey
MHSFORrOLes3ar sccwel i1 (ha Sroicivpe oS-
Cuilry at.the ather,

Partial amulaton imoge 1) '&'s she usar re-
lease conugl 10 mathgg.sal 2ot em one
01 1 e prcizivpe. The Souplopmenra)
3cihware rups uing 8058 —emper sodce Ro
pramtypa [/C ana cigex, The 3071 memory
mappng Malure glows Memary 53 B qradu-
Wy Mmapped over B3 i CFSISSege Dy ad-
Sréss blocwa. Througnaut partias emulanes,
the user NI3 aciess 0 Droiciyce coguary
via he poweriul 50D dezugning wyEiem,
which anabies lum (g iFAce, sEf Sreakpoints
#xamine and Change memory arg registes
canlents.,

Full amulslwon [mode 2 'e1s e yser sxer-
Li3e D4 Srogram DR IRe Row Slang-3ione
PIOoTY el whine Si0l mamemig camplate
comred through the Micropracesser Lan Al
MO and hrming functions are dirscted oy e
Rromype. il memory Mat Soer manped
Over [ [k SIS, ANG DRIy TN DDA
TYRE CONIFRI Droae 15 550 i g e, FMuUiALrg
tha largel microprocesspor, AlLTDUGH the arg.
10lype 9 aMfachively tréesianc 1. hen (g
uier may IIlk 2Uec ar0gram 2etvity, 3t e
ooy pe ang gl (he orode. fram ke 8001,

Hurdware Trace QOphion

The oauenw Rea-Tima Prototype Analyier
anablas the user 10 Cypamically marder e
proalype adgreas buy, data gus, and up ta
arght SLher IDCatgns an the ZroisiyDe CHCE
»aard, Proloryce aclivily +5 TCriloreg gt i)
-Peed, wIlRGU Liopaing & Slowing up e
MICTAPIOCASAST 1N Made 2, Thus enathey Ihg
desicnar 1o facate crbical tuming pragsems
And Pardware! soitn are SRGLENCE pigalems,
Full soeed emitanon -5 aiso Coazibie n
modd 1 wilh mos! of the #mMulaioes, Rerer Ig
e speoihc mmuolatar gata shewr foc eaact
perfarmange scecilicaton.

N Summary, then, &3cn af the 'Nree gmylz-
RN mMoSes sufports 4 specihis akase af tra
Produc! Jevefooment Cycie. Seginming with
assembled Mpurce language. [ne desgrar

1

Emuimiar Fracetid denmn

MAadd-Tiena Fraga Dpnag
Frogrem Wgmucy
Owired amd Fram-®ony: I/ O
raam Froren e
Syulum Commuamcsnang
Evninm Mampry
e rm—"——— \

Otoceeds from Lotware aEouggins {mode
Ub 10 t"@ sequéntial megraten of Srogram
and Sirewt dmpas 1], 1o tha LA riegration
ang tegt £f CPe diang-alonm progus: imoce
2} The Feal-Time Promryoe AnglvIar gn-
hances maces 1 and 2 Sv allgwing e ager
0 TOMIIr gng ACORSS Crolgiype 3Tty

3001 Cheractermica

Tre BI01 Microprocesssy LD 1% @ modular
IR whose manbame Roused ua g 20

Pleges Szl DOASE. Thd SrsTen ecluaed

Syster Feacestor, Tepug ang FremePane
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The ZB000 family is & new set of microprocessor
componenis {CPU, CFU support chips, peripherels,
antl memories] which supports Lhe Z8000 archilec-
Lure. The eccount of how architeciural goals were
selecled and achieved lor two key mmembetra of this
family —the Z8000 CPU gnd the memory manage
ment unit—ilustrales how mwch of & challenge
mitroprocessor architecture represents Lo the semi-
conductor indostry. MOS technology thows enor
mous polential, but it is suill difficult Lo use becruse
of limilations on pin count, power dissipation, specd,
end complexity.t

Since this discussion is restricted to technical
issues, we will ngt allude Lo the many edditional fac-
Lors (marketing considerations, humen considera-
tions, sell-imposed restrictions, ete.} whicth make sr-
chiteclure such a fascineting end difficult discipline,
Furthermore, no etlempt has been made 1o ex-
houstively describe the ZB0O00 architeciure and com-
poncnts, Interested readera should consult the
specific monuals for w more complete description.?

" The goais of the ZBOOE architecture:
- inczeased capabilities, archilectural
nompailbllilr. increasedclarity
The primary reason for introducing 8 new system
architecture is to signilfcantly improve the contrel
and processing capabilities of micopricessors while
meintaining their pricefperformance wdvantages.
Technical advances have permitied the implementa
tion of sulistantially increased processor power, bul
Lhe mosL significanL motivalion for & new component
fumily is generalily. Only throuph suech & family
could we provide for architeciorslly compatible
growth over & wide range of processing power re
Quirements.

v
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Increased capabilities,
architectural compatibifity, and

. clearly defined interfaces were

the chief architectural goals of
Zilog's new Z8000 microprocessor
family. Here I's an account

of how those goals were met

for two members of that family—

the 28000 CPU and the MMU.

Qur approach was e slaged system archilecture
which ettempts {0 provide new components, enhane-
ed leatures, and new functigns, while protecting the
user's inyvesiment in hardware and softwere, The
Z5000 lamily supports & single unified architeciure
for all small, mediem, and high-end user applicalinns
which ere implemented using 8 mix of componerts
wilhin the same family.

The goals of the 28000 archilecture can be prouvped
into three categories: incredsed capabiliLies, exchilec-
tural compatibilily over & wide rangp of processing
pawers, and increased clarity, In all these ceses the
resulting mrchiteciural festures apply either Lo the
basic archilecture {that seen by en spplications pro-
grammer] or Lo s¥stem architeclure fLhat sees by »
system designer or nn gperating sysiero programe
mEr).

Tncreased copabilitien. All exisling Ebit micro
processors and meny 16-bit minicomputers suffer
{ram having a small address space. So, one o aur
posld was Lo provide acees? 1o & large sildrews . nie
o451 bytes) A secand poal was to provide oo oree
pourcry in terms of registers (16 peneral prrjue
16-bit regristers), in terms of date typey {rem Ly to
3% bits), and in terms of additionn] insiructios cone
pared to enisting mitroprocessers [inuiti)'y and
divide, mulliple register azving imstetuctions,
rpecializid instructions for compiler support <t

To facilitat e counplex spplicnlions it was inpwriant
Lo support multipropremining with pood harduaie

supporl of ok switching, interrupty, treps, and two |

eacculion modes. Uperating systems also require-d »
m_-d bardware proteetion syslem
Finally, we wanted tolneresse overall sy lIi:r|:1 Fes
formance, This resulled inthe cheice of animplemern:
tution using & 16-bit-wide dats path Lo memary.
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Architectuenl ceanpatibitity, One of (he imporiant
lessans learned from previous cimneter syzlem
designsisthat the designal a new family architeciuee
izatareoceurnnre. One way toapply thislessonis Lo
design a unificd architecture compatible over a wide
renge of processing powers. 1f we anticipale user
rrowlh from small Le large systems withip & femily
erchitectute, then suchonappreach can siguificantly
increpse 118 Life,

The two versions of the 75800 {a 40-pin
ansennenied and B 48-pin s gunented vorsion) sre
designed to echieve this geal, bur many other
foatures caniribute indirectly to the lamily com-
vatibility. For small aplicetions en unsegmenled
Zactg with oneor moia G4 H-bylonddresa spaces cun
be used, For medinm applicetions, & segmented
AR000 2ag ob® memery manapemint unil allows
Gircet acsors Lo AM bytrs of sddress spave. For large
e rhicalions a segmenicd ZEJ00 and multiple paics of
Atatl)a allow the use of severzl &0I-byte address
1ach,

*ince the sepmented Zr200 can run in 80 Wnseg:
mmomred mede, both sy steme are eomputille, Flually,
to azhieve even larper rrocessivgr power throogh
Yardware piplicetion, Lhe srchileclure provides basic
mechanfzms for Goth meltipresessing sod dis.
tratbed proressing.

Oty Clardy In anomehiteslure is & s 2120of

how wel ey irterfaces are defined and specified.

an eivzive hut imponient geal in a8 family

v b eow ang unforoeten sonrpanents will b added
duorir s ine Ele ol its arckilaciurs,

Thir g

Wa felt bus protocols waere so importent
that we developed an independent
enccifivation fur the 2-bus wlong with the
individual device mnnnats,

iy in terms of Lhe Sasic anchileolun ineans
e alarity and oalendalility of theinstrigticn sel, as
welt mg Ll gooneral and dinple’ handling of the
o7 =raling system inlurfaier Claiity in terms ol the
arcrenn prehilerture rnesns i owel oo fined mothed of
copenstication belweet, The waipae conponents,
ek oy lirk bitween there omnenints Dn the Yohus,
ol s asknral srsioa by Inthe section oncom-
mmerateatie s wilh oth o doeviers, v deszsilee 1eme ol
the wouigus frpwes of bue protoegls, AU Fils s we felt
thi-s marpbmpetiant 1oy vedeiereped &b iaccwn.
due enceihralon for tie Zhos slonp with the in.
dividual evicvininu, e

" Comparison wilh other cyriem srehitectures

We are penvinced that tbhe 1 pprnro s betuten
MICTOpILCEsaSl LFELEM architeciaey 1ad Lri 2oim-
rer ryslen erchile=ture Bre st sifncieat fooTo

Fo_zpary 14pe

auire s different desipn epproach, allhough they cer-
tainly inflyence the detnils of design compromises.
‘The last sietion of Lhis paer deals with implements-
tion tradeoffs and illusirates some particular com: -
promises. (In a few places we mix implementation
considerations with descriptions of srchilectural
tradenils, Despitethe importanceof separating anar-
chiteeture from its implementation, we found that
this separation is often absent during the actual crea-
tian of a new Architectiyra)

Two differences between conventional computer
systems sod microprocessor sysieins have the
pTealest Impacl: price structare and coampenent
Lboundary differences. Fer high-cnd LST sy stema, it
makes sense Lo have one unified wrehilecture, but
ualike thelr compuier femily counterparts IBM
J6waT0, PDP-11) different implementations cannot
be justified on & price’performance basis. Speed and
perfurmence are mainly dependent an the siate of
lechnelapy, end therefore, for a given epplication, o
user will waste the speed willingly sinte another -
slawer Implemeniation would eost the same. This
does not exclude dilferent versions of one implemen-
tatica, which rellect enly diffurent 1est and produe-
tion criteria such as package type, funciionnl tom-
perature range, and even specd range.

Klost computer E¥stema have beth externel and in-
ternai interfaces. External interfzges which define
sy stem boundarics sre often standardized {e.g , Lhe
1% M channelinterfoee or the DECunibus) ‘The inter-
nalinterfazes of most miniorJarge compuier sysiems
are essentially hidden. In contrast, the componsnt
Losndories of 2 microprocessor-beerd system repre-
sent pelual interfaces, and most users must be famil-
isr witk them as well 85 with exiernal interfsces,
Recause the compenent inlerfacee gre more visible
pnd altcn must L mote genert:], the micrejrocessor
vricnted system bus emerges 85 B key standardiza.
Lion link to ellaw a wider mix cf compontnts and
desiions,

The basle architeclure Sl

Addriss spoce cuneideralions. 1L s adezite recas
to Lave mpre than one pddress spoce, wilh cach ad-
dress rpece e large as possitle. In the 25000,
meetanry s oferences and L0 relerences gre viewed as
refercnetn ta different eddress spaces. The 170 £ nce
is disgnseed in Lhe section Lelnw on pammunicalion
with atlor dewiced. Memory nlinoncer s be ine
straciinnaor Cutppnd stach pooesss, witlh cazh pe
ol aecees porsible inefther system or norimel mexles,
The 7eb3% distinpuishes betwien wach of Lhese
it ferenee possihiites by veing diffirant combing-
tiwns ef e Ltstus lnes. Septrating the variouy ad-
tress eppzercon bruzad toinerease the torz] nusnber
of addrossctio Lates 2nd (o echiew o protoction, The
sizeafrart wdnoae spen depoende nn the v ersinny of
e Bound used. The $0 040 packege version cllues
tih sddyesr zhoee to b st ezt LK Evles, Lbe
if pingpeskopeviniin alliwavath addopsr spece to
Lo et el 800K Ly tes,



The 40 pin version is intended for systema, often
used na dedicaled sysiems, where Lthe program and
dnta sprces are small, In Lthis case, relecation ia not
vaually important. Using the different address
apaces, one has a simple way to address in pructice up
to 4 x 64K byles (with a maximum of & x 64K bytes).
Some simple prolection is achivved by scparaling
these spaces in hardware.

The 4§ pin version with one or more M MUs is in-
tendid for Lhe medium to large applicationy where
relocation and better memory prolection are impaor-
tant.? In Lhese cascs, slatus information can also be
used to scparate belwern addresa spaces by using
raultiple MMUa. Butit is also essential to achieve Lhe
detailed memory protection roguired. (1L is possible
tause Lthe 48-pin version withoul an MMU.) Far these
high-end applications, the sddress speres are solarge
thal oneis unlikely Loexhzaust them. Experience with
large computers showa that &M bytes is probably
adequale. The current implemeniation of the Z6000
uses 8M byte address spaces, but the architecture
providea lor 31-bit address (214TM bytes).

1o bolh versiona, the Z8000 allows direct access
Lo each address space, Direct access means that the
addresses used in instruetions or regislers have gs
many bits #3the address spaca size requires, In other
schemes the effective address is & combination of a
shorter field I the Instruction and other extension
bits often found in an implied register. Despite the
shorter address fields, we believe this “indirect ac-
cess” docs nob save byles, becausuextra instructions
rnust be used to load and save the implied registers,
which wre Lypically in short supply. '

Regisiers. The Z8000 ia primarily a memory-to-
register architecture, This characleristic does nol en-
tirely eaclude other organizations, and mechanisms
exist in the ZA2000 to support 1them. For example,

memory-Lo-memory operations are supporled for

glrings, whereas stack operations are supported for
procedure and process changes. Thia choice provides
upward compalibility with tha Z80. A register ar
chitecture also resulls in good performance, since
register accesses are rmade at a greater speed than
memaory uccesses in the current implementalion.
Experience with register-oriented machines seems
toconfirm that four general-purpose registers are not
enough and that a “proper” number is between eight
and 32} The ZR0O00 supports Lytes, worda (16-hit),
and long words {32-bit), and a few instruclions even
use quadruple-werd 164-hit) data elements, If we
choose 16, 16-bit registers allow vight 32 bit registers
&5 well us four 64-hit repisters |Figure 1), Since ad-
dresses are 32 bils, the necessity of at leust eight
AZ-hit registers was abvious. The impact of the 4-bit
register field on the instruction forinat depends also
on the number of address modes ang operands. Six-

teen repisters allowed areasonable tradeoll, whereas

32 reyislers would have resulted in too few one word
instructions.

With one minor restriclicn sny register can beused
by any instruclion as an accumulelgr, source
opvrand,index, or memory pointer, This reprularity of

Fid
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Lhe struclure is 50 imporlant that it is worthwhile to
sacrifice ony passible encoding improvements in in
siruction furmaels which could result from dedicaling
registers Lo apecial functions. Encoding improve
menls besed on instruction Irequency, so Lhat re
qui:nt instructions use one word, are more elfeclivein
vaving space withoul heving a negalive effect on the
archileclure.

Why not heve specialized regisiers? The
difficulty lies in the fact that the
restrictions caused by dedication are
inconsisient with one ancther,

Most epplications dedicate the available regisies
te specific functions. For example, most highleve:
languages require & slack pointer and & stack franwe
pointer. Then why not, one might argue, have
specialized registers? The difficulty lies in the fart
that the restrictions caused by dedication are incen-
sislent with one another, 1 the architecture supplies
only genersl purpase registers, the user is free Lo
dedicate them to specific usages for his epplivatioa
wiLhoul reaLrictions, This is important in the contoxt
of microprocessars where user applications nre not
well known and where high-level languages arn still
weed infrequently. -

For example, the Z80G0 allows software stacks to
be implemented with any register. There ire slsoiwo
hardware supporled stacks, but the registers used
pre sLill general-purpose snd can participate in any
cperation. ‘T'here is no allocated sLack frame pointer,
since any register can Le used by meanscfthe proper
combination of addressing modea. The savingsrealiz-
ed by register specialization are unattractive when
the given function can 5Lil! be performed sirply. The
loss Lhat wanld resull from restricting Lhe applica-
Liona would b+ too great. In conlrast, significant sav-
ings result from excluding RO from use a5 an index or
memary pointer. This exclusion allows one to distin-
guish between Lhe indexed snd direct addressing
modes. which nse the same combination of the in-
struction address mode field. The price is small, since
RO still can be an acumulater or scurce register and
15 others accummulator, index, andfor mrmery
pointers are availeble. In Lhis case the restriclion
made sense. .

Anolher decision tobe made aboot repisters istheir
size. Since the architecture handles multiple daa
Lypes we must have multiple date register sises,
which can hold each data Lype. The solution of Lhe
problem is implemented in the erchilecture by puir-
ing regislers, two 1-byte registers make a word
register, iwo word registers make n long word
register, elc,

Dala (ypes. Users would like to have 25 meny
directly implemented data types us possible. A dats
typeis supported when it has 8 hardwarereprescnta.
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tion andd Instructiony which directly apply toit. New
daie types can slways be simulated in Llerme of basic
data Lypes, but hardware support provides faster and
mesd convenient pperations. AL the same time, a pro-
liferation of fully supported duta {ypes complicates
the srehiteclure and the implementations.
The ZBRO0 supporls several primitive types in the

architecture and provides expansion mechanizma. -

The Basic dats Lypes are shvigusly the nnes vapected
i reised ot frequently, The extended datalypes
are beily using existing data types and manipulated
H'L]"]H' t‘xntlng tﬂﬂ[mfllﬁﬂﬂq
L} v besic daih type is the b;,-.c which ic 2lso 1he

Dusiz addressable elenent, All other dots Lypes are

reivsrneed uzsipy Lheir first byte address and thelr
Jengih in bytos, The archil ctore alsu supports the
Following dala (ypes: bytes '8 bits), words (16 bits),
long words {32 bits|, hiytes, and word siring= Insddi-
tien, hits are fully supparted and eddressed by

nimber within a byte or word, BCD digits are sup-,

poried and represented as two 4-bic dipits in 1 byte.
flne consequence of this data Lype organization i
thal byte, word. and long uord ripisierd are ne o ed
Ftul'{..u:_lr 14974
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to suppaofl thern, The Z8000 even provides quadruple

regisier—anothet exlensipn—used in long-word

P T L Ll e i L it et}

_manipuiation.

Other date types are supported by using one of the
preceding data types; for eaaimple, addresscs arm
manipulated a5 long words, and cach element {seg-
ment number or ofiset) can be manipolated as's byts
or 2 word, Instructions are one Lo five-word stringa,
the program status is four words, ete

As Lhe iamily grows, support for new data Lypes
will be ndded. The architecture will need to support
them in its registers or in memery if they donot ficin
segisters (as sirings are implemented lodayl. But
mast important, the architecture will heve to sapport
the addntmw af new lnstructmns Lo |1Ls repcrmlre

CEb P gt e

Iostructicns. In designing an instniction farmat
Lhe architect must decide how to allocate a Limited
number of bits tothe opcode field, address mode field,
and olher operand subficida, Tnstruction usage
slatistics are the best source of data to influcnce deci-
siuns abicut instruction set format? %7 Behind their
usage lies 2 strong technical position: we do not
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Figure 2. Exgmples ol inslruction formats [nonsegmenled version).

belivee that any ene of Lhe various instruction set
structurcs--register oriented, meinory orivnted,
stach oriented, symmetrical, or asymmetrical,
elc.—are always betler when veed exclusively. Thus
the 1ask of the architect is to decide what his most im-
portant goals are, and Jor cach of them adapl the best
features of the various siructures so ihel on the
average, ahd for his set of goals, an oplimum solution
can befound. We do not believe that the optimum will
be very sharp; it will be more like a range of applica
tions for which the resnlting composite struciure

~works well. We decided Lo usea register structupe for
compatibility, multiple word instructions lor speed,
memory-lo-memoery instructions for strings, stack
strocture Tur process controland procedare suppart,
“ehort” instruction Tor byte density {mproveent,
elc, '

Instruction format cansideration The 28000 haa
over 110 distinet instruction types; several instrog-
tiwt furmata are ilustrated in Figure 2. The upeotle

- ficld spetifies the type of instruction (for cxainple,
ALY ongd 1.D}. The mods ficld indicples the eddress-
ing modes (fur exemple, Register (R, Direct Address
(DAL The data elernent type (WYB) and register
designalor {iclds complele the basic insiruction
fields. Long word instruciions ure a different opeode
value from Lheir byte or ward counterpart, Freguent
instructions sre encoded ina single word, and less fee-
guenl instroctions “which —use more lhan-1wo -~
operunds use Lwo words, There are often ndditional
ficlds Tor special elements such as immediate values
or condition code descriptors (CC). Tnstructions can
designate una, two, of Lhree operands explicitly, The
instruclicn THANSLATE ANDTEST is the only one with
four operands andis 2lye Lhe only one with aninpdicd
register operund. !

Scveral restraints can puide the proper chaoice of an
instruclion farmat. A lerge number of cpesdes fesed
or resefved) is very imporlant: having & given in-
struclion implemented in hurdware sgves by tes pnd
improves speed, Bul one usually rieds 1o congen-
trate more on the compleleness of the pperatiens
available on & particular dals Lype ratker then un ad-
ding mure snd more esoleric instructinns whick, il us-
ed frequently, will not significantly alfeel juwefor-
mance. Great caremust be piventothepraldomaol eae
pandingthe instruction set so, for o vang o, new gata
typesien be added,

14
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Addressing mudcs, The 78000 has eighl wddress-
Mag murdes: rogfarer IR, indirect repister (1R), direct
vdilriss IDA) indvaed (X), immediote {IML base ad-
dress IBAL Lase indeacd (X)), ond relutive address
tHA)L Several other addressing modes sre inplivd by
stetilic instruclipns such as auloinerencnl or sULoe
decrement,

Allhoughave ry]argr.Imrl'l'r_f'rnf&ddﬂ:smn},mc:dc's-
is benelicial, usage stetistics denonateai v Lhat nat all
combipations of operande, address mades, pao
virtrators are meaningful® The five basnc sudicisiog
miles of B, IR, DA, X, s0d YM aretheinnsl fregient
ly used and sppiy Lo most instructions with ms
than une address mede. Fl:r_ Lwo-tpetand insirace
tions, sLaristics show that jpost of the time 1h2
destination s & register. Other casor of addressisg
mode combinations arnd less basic sdd-essing 1’ -3
are associated with special instructions, Thes, the
Mrequent combinxtion of putedecrement for 1he’
destinntion operand with the five basic addpss
modes [or the spurce aperand is provided by tha 13
instruction. The combination of sutvinergment 03
dressing modes [or both source and desling!lioe
eperands is one of the block move insiruciions. In
essence, the address mode Sivld space has been traded
for oprede Migld space. This olluwa more instractivns
and combinationa while staying within & cnpy #2d
formar,

The price for this tradeol! is the iLfrequont ooour-
rente of paire or Lriples of instractions simulsting =
missing addressing mode, This situptien oooues i
most inslruclion gels in ANy cace.

Codedensity. Because curfent micToprocesso s ato
restricled Lo primdtive piptline structyres, i
spucd is largely dependent on the numberof s xecula il
instrgelion words, Therefore, code Poreity s nnl only
imporiant berausa of prograrg sire reductipnhut ol
recausge of spied itnprovement, One would ilke Lo vn
code in the smallest nuinber of bits the mosd frequent
instructions, ‘The bosic instructivn size jngrement
was chosen Lo be a word Tor reasons desling with
slignmnt, spred peﬁu]tms ond hardwire ﬂrlllp]ku
tv. Thus the most frequent ‘e ppd Twer g ool -
siruetions Lahe ope word in Eheir reszister oo reyrister-
terregister formms, Tess [ll’:‘qUF‘lt instruciion; o ine
structions which use mire Lhen 1w o operinds use m
least two words,

The ZS000 gocs even furlhor by soloellzpp 2ev el
spicial instructions =g Maliorl” lnsirostipns <k
take gnly one word, when normalie Uk v opald Lok
two words. These instructions, Jur o5 LUAD DV L
BE Gk IMEEDIATE pnd LOAL WORL HNerin UL 1M
urvtate Uar emall immedicle wvaiuce), Tt RS0
TIVL, grd JUAMEP BULATIVE, a1 @ a0 freguent stnint, -
Iy thist Lhey dezerve such spuegiel treztmerne

A ot word JUMP EEIATIE o DECPELTERT A0
JUMEFEY 08 PEED a0 have s very simificartim gl
or t peed, The slort ofiset nueehaefsm cesd b
griroes famd deroribed Leluw) is also t'c\rbm.. 1
pUow roword eidresses. Conpsied Lo previnas
i e sors, the darpesi pdettion in siie peding

ferpmt

ticase Bnoepeed resulis ir--:n the 20X s conicker
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and rerular structure of the Brchilecture wnd from its

mnre pawerfuol instiuction sel—which allows fewer !

instructions to accomplish a given task,

Highlevel languoge support. For microprocessor
users, thetransition frum assembly lanuageto high-
level langusges will allow grealer frecdom from ar-
chite¢tural dependency and will improve ease of pro-
pamming.t1 is casy and Lempting to adupt & com-
puter architeclure Lo execuls 8 particular high-level
. languege eificicntly.” Most pragramming lenpuages
et ax # filer and can be supperied by 8 subset of
availsble hardware with greatereificiency.'? But effi-
ciengy for one particular high-level languusge is likely
ta lead to inefliciency for unrelaled langulgu The
200 will be used in m wide vericty of applicationa,
&nd we hnow Lhat 8 larps nnmber of usere will spil) ba
using Assembly languages. Since the ZEQ00 is a
generalPurpese microproctssol, language support
Lis Leen provided only through the inclusion of
Jfeatures designed to mininize typical compilation
ang cmle-generation problems. Among these is the
regularity of the Z6000 sddressing modes ond deta
t¥pes, The nddressing strueture provided by segmen-
talion Fhould support procedurea thae result from
struciured programuming, Access 1o parameters god
focal variztlozenthe procedure slack is supporied by
index with short offsct address mode as wol] ps hase
arfldruess and base indixed pddres: modes, 1n eddi-
tinn, aderess aritkrictic is eided by the INCREMESNT

LY I TG and DECEEMESTBY 1 TD 16 instrictions,
Teatieg of data, logical evalualion, initiplization,
and commparisut of data mre made possible by the in-
suructivns TLST, TEST CONDITION CODES, LOAD IM-
MEDIATE INTO MEMORY, and COMI'ARE IMMEDIATE
WITH MEMURY. Compilers and sssemblors
maniptiuie charscler strings frequently, snd the in-
atructions TRANSLATE, THANSLATE AKD TEST, HLOCK
couMPaRE and OMPARE STRING ell result in drumatic
spoed loproveinents over soflware simulations of
thesi jmportant tasks, ezpecielly for certain types of
languagres. 1n addition, any register can be used as &
stack peinter by the PUSIt and POPinstroctions. -2

Scpmentalion. In arder Lo provide for convenient
code pentrationand dela accers, add resses mest also
Lt eery 10 manipulsie Arclilcelores with direct ac-
tros tormemory typically use 8 lincar address space,
catlat nlddiess arithmetic may be used on the entire
atdread. Inibis cese, addresses are menipulated a3
ang of the dote Lypes of the same size” This removea

thenmetd todistinguish an adidrezs esa new data type.
Tncoassast, the ZL000 Las a non- hmlrﬁddre::*pace
Adlrenrs 3 mnade of two perts; s T-bit sepment
number and 6 16 WL offset. Qoly the offsct par-
ticipatesineddicts arithewtie. The segment number
is eszenlially o peinler Lo's j-art of the Lole] sddress
space, whichean vary insize lromn Dt 64K bytes, The
heidwart representelion of s segmented address js a
lunig word or & regisier pair (Fimure 3), which allows
the casy manipulation of cach pert of the sddrens.

Tre srpmenird sddrespes s7e sne of the hey
michanitt to used 1o suppart both lurge end anal

.k

Ferrory 1875

1%
O L

§ 07
[ ]_ steminTmo. [

0
.

o

|

158
wy |, . offFsEY < ]!
& g7 [
!Ll_lSELGM.EH;“Nnu-| I el L I_I
15 i]
e L, ., OfFSET T ]
B ) o7 f

(@ [p]_SEGMERTED. T

SHDAT OFFSET ]

L ]

PEGISTER PAIR
OR 1 ONG WORD

Figure 3. Hordwaie representalion of segmented addressen. Any non-
segmenied address s one word, whelher it is In & regisier, memory,
of an inslruction (Figure 3a). Sagmented addresses are always Iwo
wards In a regisier or memary [Figure 1b); however, Inslrucllaons can
have one of lwp lorms. The usuzl case (iong olfset} sequiras twa
words (Figure 3ok hewever, 1here Is also 8 short effsel 1arm thal uses

only gpne word {Flgum 3d.

memoary s¥stem? elficiently, The two versions of the
Z3000 implerrentation, the 40-pin unsegmented and
the 4B.pin segmented, allow the maintenance of the
architcctural compatibility and ease the grawth be
Lwern Lhess 1wo application groups. The sepmenled
sddress spece gunranlees that each 64 H-byte ad-
dress space of the 40-pin version becomes one of the
scyments of the 48 pin version. Each 40-pin version's
1G-kil address becames an of[set within Lhe segment,
and 8 mode exists in the 48-pin package version in
which 40 pin version code can be vawcuted. Further-
more, compatibility with kny current A-hit micro-
processar such &4 the 280 is c&sy, and & new micro-
computer such as the Z8 can sddress aaterral dau in
8 shared segment with the 28000.

The hardwere performance of the 28000 is also im-
proved by address segmentation. Since & segent
~number does nol participate in nr:thm!.hi: itcan ke’
put on the bus before the result of an address come
putation is available. This feature allows the vse of

"MMUSs with essentially no impact on Memory scress

time by sllowing it Lo function in parslle! with the
CPU. Indexing vperations are slso fasler because on-
iy & 16 hi1 sddition must be perfonmed. Betsuse of
the distinclion betwieen the sepment sumber snd ity
offset, ene can wee shorter nddressey without scfts
wire condtraines. Short addreyses canuse s shiort oft
att ewer than 256 byles) and 1ht1 eby reduee pree
gram size [Figure 3}

Finally, it is very sasy Lo essociate with vachof Lhe
128 seproents ol the nddress space the protection and
dynemic relocation fuatures desirable forlarger sy o
terms. Belpestion alluws p user to write hisspplication
using lojacal addresses independent of any pliysical
add-esr ey, Helocation is essential, for txemple, o a
disk: Lesed peneral data processing sysiem with
svveral users, HAelocelion js ot cvasentinl for
dedicats A enghcativns with oode ty picatly resigic g dn
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Flgure 4, Loglcal 16 physical address iranslation, o

ROM. Users whose total memory needs are small are
#lso unlikely Lo need relocation.

In summary, the choice of 3 segmented address
apace haa provided—at low cost and with ew prac-
tical imitations—n powerful solution to the problem
of user growth, relocation, and protection aa well us
virtual memory implementation. We believe that a
linear address zpace could hava schieved these
resulls but at & considerably higher price,

The system archileclure

Protection facilities. The ZB0OD proteclion
facilities can be divided into sysiem proteclion
features and memory protection features. Ex-
perience with large computers has demonstrated Lhe
advanlages of having al least two execution modes
with dillerent sccess righta Lo hardware lacililies,
The 28000 provides Lhe system and normal modes for
this purpese. A simple protiction sysiem results
from the presence of these two modes and their

assoCialed stuvks, A speeial class of “privileged™ in-
siructions is delined, which deals with If0, inler

“rupts, Lrups, snd mode changes. Programs in normal

mode which atlympt Lo execule o privileged instruc-
tion will cause B trap and a change Lo systein mode.
The swilch rom uxer Lo sysiem naxde can also be
cuused by the sysiem call inslructicn, 'These
mechanisms enforce protection and helpin dnigning
reliable and efficient operating systems with clean
user interfaces. Several other traps are nguined 0
achieve & 'consistent AYSLEM: Seginentzligl. 1TEJ,
privileged mst.rur.tmn Lrap, nnd undelined insisue:
tign trap. -

A dEmrable memory p:otecuun scheme is one for
which protecton informalion (reed only, read wTike,
execule only, system only, size of data or code, elciis
easily assoeiated with thedata and code sonu; Lares 2t
a given application. It is also one Jor whick a lorza
number of dillerent types of protection informnation
can be verilied,

The relocation and memoty proloctien
mechanisms deseribed sbove sre provided by &5 2x-
ternel device: the imemory management enit 3 Inore
vide relecalion and protection lealwres directly o5
the 25000 would havedunanded toomuck simplif-za-
tion. Theexternal M Ubas the further sdvaniegsof
providing for easier growth by the additien of cous-
ponents. The Z8000 40-pin package does not hasvt 1.
carry the burden of the unused advanced relocation
and protection leaturcs, alilough soine form of pore-
tecLion can be achieved by hardware scparatianaflbe
different address spaces. With multiple MMUs, the
48-pin package user can control the relocation end
pratection complexity desired in hisapplicstion. *

The memory management unit. The MM per-
forms three functions: [1] address trensletion m '
logical sddress to physicel address using dypsmic
relocation, (2) memory protectipn, and (3] segment
managetnent, The addresses manipalated by Lthepre
grammer, used by the inslructions, and cutput by the
2E000 wre called logical addresses. The MAI) ses
thess Jogicel addresses, composed of 2 T-hil segment
number and 16-bit offset, and transforms themintu s
24-bit physical nddress (Figure 4. A 24-bit oripln o
Lase is logically essociatad with ench sepment. To
forin & 24-bit physice! mddress, the 16 4it of fzeL is od-
ded to the base for the given segment. Ineflest, with
the help of one memory management device, the
Zaopl can sddresa BM bytes directly withic ~
160 -hyte physical memory spaie, The Teazpas far
thechoiceof alarge physical addresspace infudren
expuettalion that large sy sterns will want Lo exfin
bita for complex resource INENAEeMEnL purThSEs.

Fach sepment is givena pumber of sitributes whes
it is initially entered inlotlhe MM U, Whea aipetnuz>
refervnce is made, the prolection mechanism checkia
these stiributey agrinst the statug informatins from
the CPU. If a mismatch cccurs, a trap iz enorated
which interrupis the CP1L The CPU can then chesi
the MM U status registers Lo determine the cause of
the Lrep. Segment attribules include segment sice
and type lread only, system only, execute onlr, Wo-

- 1

. COMRUTER



-

N



wolid DMA, invalid CPU, elef Ciher segment protec
tinn features include & wrile warning tone useful for
stack eprrations.

Whoen a memory proteclion vislation fs detected, a
wrileinhibit line guarantrees that memory will not be
incorrectly chanped The invalid GMA and CPU bits
indiceLe that the entry cannot be used by the DMA or
CPU respectively, because either the aegment
mamnber iz illezal or the segment entry ia not losded,
This {ast feature, in conjunction with the sepment
history information {segment “changed” and seg-
ment "referenced” bits) and the segmentation trap
mechenism, allows the implementation of a virtpal
segmented memory aysiem.

The MMU comes in a 4B-pin package (Figure 5).
T chip inpuls are the seginent number, the upper 8

" hiey of the ofiset, and stgtus information fraom the

CFU. The gutputs from the segment chip are theup
per 16 bils of the 24 bit physical address and tha
segmentation trap line. Since the memory manage-
ment device processes only the upper 8 hits of the off-
sct, the lower B bits go directly to mernory. This is
vouiviolent Lo having zeros in the 8 lower bits of the
24-bit arigin. Thus, the memory menagement device
onlv needs to store the upper 16 bits of each base ad-
dress. Segment Lmit protection is done in the
memery mandgement device, and thes segments can
be protected inineremente of 256 bytes, -

Each MMU slores 64 sepment entrics that consist
of the segmuont biase address, its attribuLes, size, and
status, A palr of MMUs support the 128 segments

vailable in an address space. Additional MM Ua can
2e vsed Lo soeommodate mulliple Lranslation tables.
Using the status information provided with each ref-
erence, pairs of MMUs can be enabled dynamically.

The mepwry management device functions con-
stunily while memory references are mede, but its
Lranslation and protection tebles are loaded and un-
loaded ax &n 1D peripheral. To achieve this, the
remory management device has chip select, addresa
strohe, data strobe, and reedMwrite lines, The ZEOGD
spicial bye 1D inslructions that vse Lhe npper hyte
of the data bus can load or unload the memory
tnanszement devies,

Mode gwiiching: isterrupt mpd irap hapdliog.
Frotn small users in dedicaled procesa control ap-
plicativas 10 large nsers in general puipose data proe
cursimpapplivations, asynchronous events such asin

werupts antd synchronous events like traps must be
beratllnd, When these cvents oconr, the state of any
sutrenthy exeruting program must be saved during
~L:at s geneeally called a Lesk switch or process
*witth, The users benefit Irom the availability of

mant o Boderrwss end traps. They also benefit from e
fast, easy, and uniform haudling of process switch-
ing.

Peripherals using inlerrupts hwe widely varying

-~anstrainty on inlerrupt processing time. To solve

s preblemn, peripherals with the same charac-
-cristics are often xssocinted with one of several inter-
tupts. A priorily enlorced among the several nter
rupte sllgws the regoired procetsing time Lo be
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Flgurg 5 Memory management deylce wilh ZB000 CPL,

gununteeri Engbling or disabling the various mter-
rupts is the mbchnmsm used to enforce this process-
ing priority.

in Lhe 73000, we fEIT. that three levels of interupts

were sufficient, A non-maskable interript representa
& catustrophic svent which requires special handling
to preserve system jntegrity. In addition there ara
two maskable interrupts: npon.uectored interrupts
end vectared interrupis, which correspond to n fixed
mapping of interrupt processing routined and to m

vuriable mepping of interrupt processing routines

depending on the vector presented by the penpherﬂl
to Lhe 23004, .

Both InLErrupLa and traps result in similar process

switches, Information related Lo the old proceas {its

program statns} is saved on & special system stack °

with a code describing the reason for the switch,, Thia
allows recursive task awitches to occur while lepving
the normel stack undistorbed by system [nforma-
tion. The state of the new process (its new program
slatus}is Joaded from & sperial ares in memory —the
program atatus uu—d:nignat.ed by a pointer resi-
dint in the CPU (see Figure 6).

The use af Lhe stack and of a painlertpthe pmgru.m
atatus ares are specific choices made to ellow ar-
chilectural compatibility if new intemropts or traps

" are added to the architecture. The choice of the two

modes of execution has u strong impact anthe design
ofclesnuserinterfaces, Eaperience hes shown thatin
large systema the normal mode inBlruction se1 abd
the user interfaces together constitute the mast im-

portant elément m achieving archiléciural eom-

patibilicy.

E

Communicatiog with other devices: 1the Z-bus. The
Z-bus is the shared bus which links all the com-

1L""—'__'_".

.;

R

ponents of the Z8000 family.* The vardety and perfor:’

mance requirements of the components are sp dif-
ferent that infact the Z-bus is cemposed of five boses:
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& memory bus, an 140 bus, en :nu.-:rupt. bius, and Iwn
:rsourcerequul‘.buges[I-lgure ) I
The Fbus is celled & “shared™ bus Leca use several .
camponents can use it. A bus ureris a CPJ orape 1 !
ripherel which can usually generale one or more bas
transactions such as memory drtu request or an IO
tequest. Identical bus Lransa¢Llions cannol Lake place
at the seme time, but serialization mechanisms allow
sequential use of Lhe Z-bua. Architeciurally, Lhe
buses can be grouped into two slructures. The 110
structure uses Lhe 110 bus and the interrupt bus, The
memory Ebruclure uses the memory bus wilth or wilh-
out address extensions. Bulh struelures can use the

.
LT L T .

=
=

Flguta 7. Z.bus slgnllt
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peripheral internel reg}sh‘:rl Thl!. feat.rerllounti e
construction of complex pmph:rals which maisramn
8 simple program inlerface.

The Zbus is know n'n's a Lranspannt or ooy
chionpus bus, ZEU00 compunents do mol veiint dhat

nn.

resource request bus mnd the mostership request bus, _their clocks be synchronized with the C1 U tinck, The

Eusch bus consists of a set of signals and tle pro-
tocols which preside over the varicus (ypes of Lran-
suetions. Part of cach proloco! is Lhe Hming relation-
ship betwern relevant sigaals. The 28006 CPU pro-
vides most of these timing relations. The adventape
of such & choice ix L)ie significant reduction in the
number of components requited to Lild suck a
system. One consequence is that bus transacticns
cannat be sborled or deleyed frocly since some
devices, especially memory, have specific tiining con-
straints, The most importanl consideration for the
Z bus is the need Lo interface to raoltipleaed uddsess
wnd data lines of the ZEOD0 CPL) w hich sy fil in 40
and 48-pin packapes. The Z-bus 1nainlaine Lthese
nalliplesed address and dats lines. Very little )wed
could be pained hy demultiplexing there lines fur
memery references since memerics ere Lthenseles
multipliaed! The most importent #0 intage (T a
multiplezed Lhus s thy dined L ndrosezlility of

Zeligs transagtions.

L

[FHIN S
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1O Lus vosus memory bus M L0 A
buses are the mast imporlant, The Bl‘“_" TR LY.
chitioture distinguishes belween e, aivi EIL'
spuces gnd thus requires specifie L el li me,
TLis architveliral sopadativn ullew: Luiter joop-
tions and has a niecr podentiol for o Leasiun.
erd memnory Laees use & 16-Lit sciress'data by
whith alluws 16 it O eddrozse: ond -
dota elemmests, Momory sddeeises tre 16 Lits fom 2l
b pingackagewrastrnded Lo 22 10 anir 1 e vy

“minied varsin, Thus, the fmemoty hos I In fagr
lopical address Luos The inereasced speed rigulice
mwnts e foture muctepred csnor S sk oy ta b Be s

£ tarizry end LMY seforein s

51[':1&1.'! used by each Lrgnsaction provide ull the
necessary timing. This concept ir impartunts i
pllows, for cxample, IO references tobe iadepeadyag
of the spied 2nd clock frequengios reguired Ly wita-
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susprclive charueteristie reference patlerns and by
using gimnltuneoua 110 and memery 1elerencing.
These future possililitics roquire an srchilectural
sepatulion today. Momory-mapped DO s st posgi-
ble, but we feel thidoss of protection and potential ex-
panduhility are Looscvere Lo justify memory mapped
1O by itself. .
Both e 11D and memery buses need address, doin,
and cantrol signals. One important implementation
dicision wus Lo overlap the sipnnls used by the
moinory and 10 Luses on the saine 75000 CPU pins,
with the ebvious exceplion of Lhe stalus signnls used
lodisgtinguish between the lwotypes of hus requesta,
For the current Z5000 implementation the resulling
reduglion in number of pinsis significant, Incontrast
the Impossibility of doing concurrent memory and

of exclusion and serialization mechanisma needed for
wdltiple distribuled systema with critical rosuurce
shuring.

Multiproscssiog, Tn the context of today's large
mainlrame systems characterized by muliiple pre-
cessea sharing one processor, one is Lempted to
desipgn distriboled processing syslems wilth many
low-rosl microprocessors running dedicaled pro-
vessies, Such an approach distributes fntelligence
Lowars the peripherals, results in modulmizalion,
and permits casier development and growth, Unlars
tunately, in the past, the preblem with such an ap
proach las been saftwere and not hardware, Thusone
cannot be expected to provide detailed solulions in
hardware to & software problemn that hes ot been

HG referencing is oot very significant since thetr »solved yet. However, somo basic mechenisme have

tpiuds are essentially Lhe same, |

Inpdditinn, memoriet and peripherals bolh benefit
{tom the availability aof enrly stetus information
defining the bus trepsaction typs (MD versus
momnery, read versus write) ahexd of the actual tran-
sartien so that hidireclional drivars and ethier bard-
ware elements can be enabled bzfere the refercnce.
The slatus lines of the Z5000 CFU provide Lhis Lype
of catly steius,

The 37} structure. Since many peripherals wre con-
nericd with une CPU, the 11O bus ix shared wvnd
s riniboatinm roust be provided, One selation invulves
uring a master/slave protocol. The CPLU i a master
whitk can initisle sn U0 (ransation a1 snv time, The
peripherzls are sleves which participate ina uransac-
tlun anly when requestod by 1he maester. 1o arder to
Medeon if s peripheral needs 1o be serviced theinaster
cadi pwbl eachiin turn. The &-bus also provides a (aster
wuv ol petting the atlention of @ master: aninlerrupt
trus, In contrast, with the [/0 wransaclion data buos,
tach peripheral sharing the interrept bus may “Lry*
touwteil simullaneonsty. Theinterrupt bususesan in-
tercupt line, interrept acknowledge ling, and two
mei ¢ lines used Lo Torm s daisy chain. The deisy ehain
15 an dmplementation of a disiributed arbitrotion
praidy b bween the requests, Pricrity of processing is
dorcemined by the position in the daisy chain, and
peeiphirals can be preainpted Tnteinipl vectors are
usid to dulermine the identity of the periphercds re
gurLlilgg service via aninterrupt.

{3:her firses. The two rrsonrce reguest bases are
e progaest thecontrel ol the 2-bes fromihe 2141

sdtave -t centegl of any genealioad resource.

Dre 2200 Ol or eny Z-bus conupatible CPU does
it ol torequest the bus Lo accces it as 2 master,
=, theicfore, the defaull e oo Othed devices
rrowest bus mastershin, bar Lthey must go
f. o arnen-preemptive divirdbuied arbitralion s
ing «rnother daisy chain, The CPU always rdlin
gu:sles the bas st the eand of its current bus trang ae-
Lie,

The resource request chaiu is 8 pencralization of
that corcept in which each resounsce requestor haa
raual imporlance and ven use Lhe rescurce in e Lo
frreiiplive manner, This ivecliacicm in (ke 28500
CPU it one to et oient in sl ware the Rind

et Ll 1578

been provided to ellow the sharing of address spacea:
large segmented address spaces and the external
MU make this possible, and & resource request bua
is provided which in confunction with sofiware pro-
vides the exclusion and serialization control of shared
critical respurees. These mechanisms snd new
peripherals like the Z-F10 have been designed to
sllow easy asynchronous commenicetion belween
different C1'Us. )

Implemenlation tradealfs |

The Ley lamily decision: preducibility. Confranted
wilh the problem of desimming & new LSI-Lasad
system arthileclure, we could have ignored package
size considerations by accepting peckaprs with 64 ar
more pins, or we could have ignored mass production
technology constraints by using die siveslarper then
260 mils square. Such splutlons ere often ivetified in
the implementation of an existing corouter system.
The camponent bovndaries, packagelimitations, and
tuchnolngical limitations are secandary Lo achicving
the popl ol exnet membership in thecampater (emily,
But if one were Lo design o new syttem erchilrziure
wilh the same latk of constraints, the individual s pm- -

- ponent-would not be pricecompetitive ~only the

total system would be. A new system wrchiloriute
based on this appreach could only be used 1o eaipn
yet angther traditional computer,

The Z8000 fainily provides basic, general-
purpuse blocks oul of which 6 system

solutien 1o most probleins can be b

i nplemented.

The 25000 Tamily market is intended 1o Le mruch
Lruader, snd raeh componnt of the feriile st L
erwnonucatly viable, The stoped intruductivn of eum.
potwentswhicharecocpomically vistic b thernstlvey
allcw s us to serve Lhe market from verv =roall cone
fipreraticry e very large confisurstisns Ly wsirng
e CLpEnents, in any corrbonltion. et only do
we iwlieve that Rl apnraath dies rushiice

e
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v

aystemarchilectural possibilities, bot we also belivve
that the family will be more effective becausa iL will
grow wilh ita customer, .

* _ The ZB000 family dees not alwayns atiempt Lo pro-

vide speciflic srchiteclural solutions, often im-
plemented in hardware, to sll system archilectiure
problerna, Instead, it provides basic, general-purpose
blocks out of which a system zolutian to most pro-
blems can be implemented. The multi-microproces-
sor and distriboled system capabilities of the 28000
family illostrale the uee of openended mechanisms
Lo solve a variety of architectural problems, while the
memory management of address spaco illustraies a
specific problem supported by a specific aslu
tion—the MMU, However, other solutions mare ap-
propriate to a particolar problern can be used and &n
ndvancein the stateof the art might be mapped intoa
new device for the family. _

This vizion of the family often resulls in com-
panents more powerful and complex than an applica-
tion may require, The user should not lake thizasa
vause for alyrm, but rather as the reason his applica-
Lions growth will ba casier,

Bosic CPU implementution decicivns, The ZA0DOG
surrently usesa 16 bit dsta bus [Figure 8), an inkernal
registerarray of 16-bit regristers, anda 16-bil paralle!

LR

-

F
AL, These implementation decisiona, which were
guided by the technolopical and praclice] considers-
Linns, have s slrﬂﬁg impact on performonce.

To achieve good performance with Lhe instruction
format and data Lype envisioned {or (ke ZB000, only &
16-hit bos seens adequale; & 32-bit hus would have

- necesyilaled veing an vnacceplable 5§-pin or larger

package. Optimal perlormace is ohlajned with this
chosen bus width if the size of the frequently veod
regzisler-lo register operations becomes one word,
The choice of ALU and internal regiricr widiige . =
tradeofl belween speed of the must freguent op. -
Ltiong and the clip area needed to implement a widas
AL or date path inside the CPLU.

None af these implimentation decisions shouid
limit the architecture. Instructions areé from cuc L2
fivewords long, and data iypes amd addiesses ure nod

linited Lo 16 bite. For example, 32-bit werds zccomn |

cf themaindata typesofthe machines, and addresrces
occupy two words, The address mwechaniso,

n-.
i

. lustratos the strong distinctios Tetween an srchine

1

ture and its implementation. The arelilectua! 2
dress representation uses & 32-bit word of which o

- bits are reserved and 1 ks a short lormatlong Dy me

descriptor, Thus, the 28000 architecture provides ur
to 31-bit addresses, but only 23 are currently oin
plemented and 23 ping of the corrent pachage ar:
allocated Lo addresses.-

MMU trudecils, The MMU and its 1 clation to th”
24000 CPU illustrate tradeotis thal & microproresss:
architert and designer Leam must moke Lo engue
component manufacturabiliLy,

To achicve the poals of good n.rr.hiLeu.uraI com
patibility for high-end sysiems, il was neecz=ry Lo in-
clode the protection and relocalion mechsnicme:

described ubove. But if all desired fenlures viers i -

plemented s 8 one-chip CPIMMMU combination #
would have been too large and, cherelme,
uneconomical And if a reduced sel of fealures wen.

Timplemented, it would have been mchiluburaliy fuo

primitive, Thuas, the choice was made Lo mainiaan Al
[eatores and use two chips. This new organizrtion
has saveral signilicaot sdvanlages, such ‘as »
capabilily for multiple MM Us, and allgws th: a0
af 8 DMA device Lo the MMUL

Given the choice of 2n exlernal MMU, the nex =vt

of decivions concerns packege size and circuit gpod.

Naving enrhrelocaled segmenl storlon s woeed bon
dary would heveregoired a Sd-pin packageanitn ver y
lust 24 bit adder fin fact, o 16 Wi #dder and 7 iy ol
carry propagationl. In contrast, the decivion baotan
sepmments on 856-byte boundaries sl the wee af &
45-pin package, a fast B-bil adder, and B bits ol |
propagation. The latler solution 75 technicale
suprrior and pluces practically nu reslriction st w
architeetere, Segment gravularily can be vicwed e
an implementation restriction and nol a8 i arhiie.
turel restriction.

Making the & low-ordet bits ol U offsel godirectly
to memory also signilcently reduces niemwory alress
time. Since dynamic memuries use these hits [o=l,
misl of the MMU relocation thine is hidden durinz 2

COMPUTLL



normal memary accesy. The availsbilily of scgment
nuttibera carlier then the sssocisled offsel bits rein.
forces this advantage and sllows the MM to reault
in essentially no merpory accesd speed reduction,
Esch MMU cnlry alsa requires 8 bits less for basa
and sepment size vealue. Thia i» finportant: jt is
desirable to pack as many entries as possible per
MM U, With 64 entries 8 2K-bit memery is necded,
which je lechoologically diffieylt in view ol the
erxount of logic surrounding thid memory and the
complexily of ils crganization

The fact than an MMU iz enly connected Lo the up-
per byteof thedats bus requiresthe nae of special 11D
instructions for its loading and obliges us toreplace
the possible use of an sutormstic demand loading of
entries by explicit instruction leading. Te compen-
aate for the time penalty aasocialed with the loading
of potentielly unused entries, multiple MMUs are
used. They not only aliow the implementation of 128
enlries, bul paira of MMUs can be antomalically
enabled by the system and normal mode pins effec
ting a full environment switch at e¢lestronic speed.

We feel thia example illustrales one important
dusign epprosch: Lo compromise as litle 23 possible
sm sdvanced architectural featutes but to accept
campromises which result in implementation ease in
order Lo achieve econamical components,

Conclusion

The archilecturs! sephiztication of Lhe new 16-bit
micrzprueeasors i rapidly epproaching the level of
the ninicompuler and targe computer. Problems
suzh os component Tamilies, large address spaces,
by standards, VO struckores, soflware invesimenta,
and architectural compatibility are betng directiy ad-
* dressed. Some of the solutions to these problems are
known, & od therefore the transition from 8-bit micro-
processors waa relatively easy. Bul the challengea
shesd— netwarks, distributed processing, new ap-
plicaliona—are much harder. The impact of mitro-

proczssors iz already enormoss, bul we feel they will

wukieve thie oflen-predicled compuler revalutiononly
alier these new problems are splved. W
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A system designer and teacher,
who has made liberal use of
microcompulters in his oum vk
and whose students have desip -
8048 processors, reviews the
capabilities and limiiations of the
ACS-48 family o,fmr-:rccama e

u‘

The Intel MC35-48 family of single-chip micrucom-
pulers contains ktleast nine different microcompuler
chips having a comamon instruction set but different
smounis of oo-chip read-only memory, read!
wrile memory, and inputloutpul {see Table 1). Ac-

Tahle 1.
MCE 48 milcrocompulels,

ON-CHIF Cl-CHIF

FsCraGE  PROGRAM DATA . -
FART # SHE W ERORY MEMORY 140

Ipins) (byles) [Tyres) [ines| __
Boal ) ik ROM* (¥ R &
BT4l a0 1K EFROM™  §d4** 2w
BOA% 40 nane " -2 Rl 27
B9 40 - 2¥ ROM" 188" v
k] 0. nong” 128 k4
apn ik 1r RGM (¥ ] n
anl2 10 2K ROMW B4 - 33plus 2 B3 AD conv.

.1 a0 18 ROM Ed 18 pius Catle sy, wtl

ar ) 1K EPROM [¥] 18 Plus master sys . intl.
* Expancable 1o 4% with exleinal thins

"= Plgs 255 Dyles or more o ealernal Sila memay wilh enlbingl chips

f
| 1
|

Tabie 2.
WS 48 expander chips,

ON CHIP ON-CHIP

FALKAGE PROCRAM DATA
FART #  BIE MELOAY KELDRY 17D

imngl  (brles) {opies) {lines) . ~
[ XL a0 7 ROM naxe 11 !
B1as L1 ir EFREM nafe H - 1
FI1EL/NG 4D Fone i S N ARET I R
Rikd e ] none e 16

22 H.-.l-dhl' PRrLYTAN TR Iy ¥

—
.

cording Lo Tntel, the MCS5-48 family wot otigind e
aimed primarily at the "4-bil market”—usirs €7 13
tel's 4040 nad other Jow-cost microconirollers, Fr
cent entriesinto the fanily (the S021, 8022, 2042 ord
BT41) are incremsingly specinlis o for Towend eier -
controller applications. The MC5-48 frn Iy L2 o,
this market very well.

The MC5 48 Taomily was slso aimed at # second iar
ket—ppplications thal require en eapandable, siuyie. -
vhip, generel purposs microtomputer. As shewn v,
Table 2, several expansion chips uee ayailableto) ra
vitde an MCS-48 computer withup to 4K bytes b pees
gram ROM, 256 nr naore bytesof external HWAM, sne
asmany 10 bits aa s desigrer wouldever naed 1onsd
dition, the external 1/O bus of the MUOE-4e farmilv
allows casy inlerfacing of standard ROROANS S-int
patible peripheral chips, Hevertheless thie i hitee-
ture of the MCS 46 tamily makes it difficult touss i
many peperal purpese applications, where o 1 -
capably b-Lit archifecture i% required.

Basic archileclure

.”
e

Figure 1 shiowse the Lasio sfruclere of o B0 -
microcornputer ehip. (Talile 1opivns fie Gasbirie 4
avallable Tor eath af the micrecanpetazs in
MOS8 family that had bein aeocuseed by
FOTE pFhe Tiest romdier of Lhe fandly wisingoodineg -E
inlale 1978 =the FO48 hitth'h_',lt alen rhip HOL,
64 biyies of HWA, Limebowminier, wad 27 lu_l ! 11-.
detailid dus:r:plm'l ofthecntin f SRTHE R RRE T
in Lhe uses's maneal pablztad by Tarel!

T MCS-42 i a slnplonctvmulelnr archilecter
Presinto e mory a"ld dita nwonpry preleyirei!s ond
Elavically soparate d frhare, the JIC5 S0 e nal o w g

Pl e

LI N TP
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MNewnann muchinel], The umajioun frogram wd-
dress spave inelading eaternal HOM) sepported by
thesrclhiivetuic is 4K bytes, There sten moximor of
.G byles of un chiplinternal) dals memory, of whick
JZ8 Lyics are impleminted in the current family
Yeudor, the B4 Y. 1n uddition f.l)iﬂl.(‘rllﬂ!dﬂllnlemory‘
the MOS-558 direetly suppoile 256 biyles of exlernal
dube murary.

Must MOCSAE fanidly snenibwers have 27 100 pins, are
rerped nn throed Bit ports, Lwe Lest Inputs, and an in-
trtvopt inpuet, Additional pins are provided for such
Tunctivny 83 poweron reset, singlestepping, and
mienory ard 10 expansion strobes. One B.bit part
xnd pisl of a sucond sre used ta form 8 multipleaed
udelresa and data bus for YO and memory expension.

Tle MC5 456 hag » sinplelevel interrupt sysiem

3!y orcinlerrup! inoses viee at a time) and scceptsin. -

lerrupds Drom Lwo ssurces—its intvrnal timerf
cuunter and en cxternal inlesrupt Inpul pin, Inler-
vupt calls and relurns sutcmaticelly push and pap
the program counder and certaln internul status flags
using 3 tluch L the internal data memory. '

Srogrem stere and pregram canirol

The 230840 arctllicture suppoits & maximura of
4K bytes of piogrom store, configurcd as shown in
Fizera 20 Huwinver, & close look 8t progezmestore
mpaniiativn slows that the MCS-48 wus onipinally
desicned o8 @ 21-byte machine, with the second

g It canclitily sdded a5 8 clumsy afierthought,
's cnvuiesiwa problems with the sddressing mech-

alilgm. :

Firat, thapragramcounter is reslly anly 11 bitsand
thus adiresses instructions only within e 2K-hyte
Lank of pregTem store. Jump and subtoutine call in-
riruciions likewise sperily an 11-bit wddress. The
problem, then, is how to provide o 12th address bir.

Fel’s sclution is as feMows. Provide an inlcrnal
Mag, M, that can be set and cleared by Lwe [ostrue-
tiurs {8+°L MBI z2nd SEL Wb, respectiv by, Whenever
Jijurpor pubircuting callis cxeented, tulit the 11 lpw-
v der P hils lrum the instruction, snd lond the high-
taler Lil froon MB, On subroutine calls and returns,
fushand pop Lthe entire 12.hit eddrees.

‘Iherc are came preblers witl this selation, First,
o veneral senuenes of jumps siad culls ina 1K sys.
sn 't Slivays know whore vy cate i 6, wd
i 0wk Son’'t Lok the corrent valoe ol MB. So
iE wal, L Se v Tustiection must [Eecede BVETY
Draper b Notarally the progrenicir can wome

e wvind this instraclion on @ case by cuse basis,
art th i netler thing o worry aleut,

Yia-ing
Sostand the cddieasing mecunisin until we write
cat First interiupt sentine. Thea we wake upin the
e addteof Lhe Light thinhing, “Whoe ps! MU cun't be
toad sy puat ol Lhe processor state FSW, But MH
v tlesebtod newszlueinorder todojuinps within

wterrefil routicne. Mew can the old velue be 1o
strrcduniein n? " Welieawahea I o bowrs dre arning
npr fd sibTe sedntinns = Jen't e g 2| i jumps inin-

wivial the first problem, we Lthink we un-
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How lo choose a microcomputer?

Thete are at lrasl siv faclors Lo consider in choos.
ing a MICFOCOMpules {or miciocomputer tamHy) oy
B puoduct applcation,

Capablity, The uC musi have enough ROM, AWM,
MO capabilily, and Speed 12 satisly (he reguiremanis
ol the apphcalion, plus a design margin, RO,
AWM, and IFQ capabillily can be deletmined rom the
manglacturer's |iterature, white speed iz best deler-
tnlned Irom benchmark programs tailered for 'he
glven appllcation.

With some uCs, The amaun! of AQOM, RY¥M, and
'Q can te increased by using extrz chipa. This ex-
pandalillity halps it 1he |ab s Initially underesiimal.
ed or It lhe markeling depariment changes Ihe ra-
guiramanis, If the applicalion pushes Ihe apbsolile
memory hmula of 1the pC, It becomes more dificull
{and gzpensive) Lo develop Lhe programs,

" Earensibllily. The deslgner mus| conslder whelher
impraved va:sions of Lthe .G will be of lered. A uC-based
pmdur.l designed in 1919, for example, mighl be rede-
: slgnéd In 1581 to redu:a cosl or to add leatures. il
would \henbe desirable to eliminate extra AOM, R1M
*“and VD chips{or avoid having 1o add them of pick 2 d-l~
farani ¢C) by using anew vers|on al the original LG wilh
Lhe exlia capability buill bn. Of course, many producls
. dn'nnlundargnmlsevnluiiun;hutifpruduclemluilun
[s gxpaciad, Ine srchitectural lmits ol 1he selecied uC
- shou!d baeramined Inlighl of petentlal application ra.
quiretnenia. Ona can expecl lower hardware and sail-
ware davalopmeni costa andg, prubablr; fower manu-
facturlng costa I{ the enhanced producl uses an we-
graded wv&ralon of tha original .G rather 1han a
complelaly naw one. -

Co$l. In most areas ol the privale Secior, minimiz-
Ing cos! i§ & goal, and minimizing «C cosl usually
mean3d ninimizing the number of IC packages. Cost
Is whal prévents the designer Irom picking a Cray-1
bn response 1o The first factor ebove, OF 20 1EM 3700
responas 10 tha secand laciey.

11 1ha ob I3 well Oelined and no producl enbance
man| i3 anticlpaied, it is relatively easy 1o ling a
mlnimum-cosl @G- 1hatl wil do ihe lob. Olherwiss,
{hera arg many mora tadeolis to be considered,
A pimpler LC architecivre uswally implies @ smaller
IC dis wnd lowat chip cost, but it may alse equire
more chips 1o support il laler, (For exampie, a pG
wilhoul B8 WAITIREADY line may be more dilficult 1o
infgriace 10 soma types of peripherals ar memory.)
An gupandatile O will tacililate 1atef product evolu-
tion (f the product |8 successiul), bul may increase
inllal product cosi because of Instruclion efliciency,
marnory size, 10 pins, or speed sacriliced by Ihe chip
'deslgners ¢ make expansion of enhancement
passible.

Avallabllity, Many manulagluring organizalions re-
quire & s2congd acarce lor all components, Both to en-
aure thal paris will be 2vailable, eqen il 30me disasiar
belalls one sayice, and 1o entoy Lhe normal benetils of
compelition In a liee Markel,

The desigrer ol & new product is clien 1empted 1o
select BEAEEN B p0 wilh one of ta0 3ources snd ong
wilh no sources {yel—"We Il have samples in thies
manlhE ) 1 s risky 10 commil (o any Ferl unless your

furchasing depailtnant can arder jangd receive) 100

proces e 3 Jistribulor's shell, Manolazlaiers have -

brean hngwh to ship schedoles and even cancel parta.,

On the oiher hand, markellng and casi laziors can
motlvate 1he selectlon ol & rolyel-available ar very
new G, The iew o0 can giva the product a campeliive
edge in lealures or poslofmanc e, Althouwgh the new oG
thay be In Shorl susply and costly Indlalty, I} mey Le
cheaper iy Ihe lang ron hacawse il allows a mare sff].
Cienl design with fevier 1IC packeges.

Euf acled product lifelime should atss be compered
with the axpeciad {Helime of the gC, Evenl I is in.
anpans|ve cuirgnlly, a 4C thal has been arcundg for a
faw yeary may be a bad choice: productian quariilies
may lalt znd prices rize In a lew more years &b newc!
chlps are phased In'o new designs. Cl course, this
dossn apply If your company zlone is ardeting
100,000 pAECes per year,

Supporliocts. hardware and scfinas 2 SURRCTLICS]s
are essenlial for Limely deselonment of 2 Wl bazest
product. The suppor tools of a newly inirodeced .5
cannpt be Axpected 10 D 25 exiensive of rehable 2z

those ol an &siablished uC family, This encourages the

usmgolan e'sllblishad.ul:ll gaick deveicpmenl Is need-
ed, of an extensible wC family with jeusable 1oola H
product avolution is expecied.

Masl single-chip uCs are programd.sd in assarr.l:..,—
language, and agoud macroassembler is @ Must, hg o
munulnmurﬂla wpp]y 501[9.131& 1aals that ranon therr
awn duelnpment 5y51em5 However, i1 iherealemore
than one of Iwd pmgrammera on ihe preject, Ibe nead-
for good 1exl edilors, slmufatars, and docLmentansn
facilities makes M desirablg 1o run all ol ware suppart

*1pols on »'large central cornputing fezitity. The ap-

propriala “cross aszemblers™ and simulalors may or
may not ba ofrared by lhe chip manutacturer,

During product development it la abviously
neceasary 10 141 and chanQe programs running oo e
pieduct hardware, 'Since most singiechip aCs
ullimately use mask programematle ROM 1o s1ore Lhais
programs, ancther means s nesced i slorp and
changea progiams during development withdul Mzking
hiw masks. Some L Oa have pin-cormpalible versions
wilhon-chip EPROM Insiead of ROM Lhat allows reuse
of Ihe O chip wilth dilterent programs Muany have pro-
visions [of using external EPAOM chipt Insiead ol the
onchip QM. I prodection quantllies are low, or H
s0(tware changes are expected sller product introdue-
tion, EPROM versions may be esseniial,

Heslgos EPAOM laciliies, the rmain supporl tonl
provided by Ihe chip manuiacturer is the in-clrouit
ereulator, which stores Ihe soffwase pragram in the
RiM ol a development system and emalales [he oG
Ikiough & cable and plug inserled in place G thepGir
the proguc!. Anemulaior s ausefulioal lor debugging
bt hdrdwaieand scltware. However, with naw uCs B

May nal be availabile as so6n a5 the G chips are, and

even f il s, it may still have bugs.

Specilic lechnical laciors, Many sgecilic technical
faclors can be cxamined in gelepminiag whelhel 2, C
will do the jab al hand—powear censumphan, speead,
TTL compalibility, packape slz¢, instruction'set, How-
ever, once |1 i determingd 1hat the »C can do the job,
1he olher 1aclars above lend to equal ar cutweigh 'lha
technizal "meeness” 6l ihe 2 ehiz gichinl &,
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Lerrupt roulings; determine the value of MB experi-
marnlelly by doing & jump to e fixed localion and see
ing whether it winds up in MBO or MB1; keep & soft-

_ware copy of MB, updaling it lwith interrupls dis-
abled, of course) every lime we doa SELMBi; makeall
the code fit in 2K, as we expeciled to do at the stari of
the project; and so an. The next morning we read the
line print Lo discover that the MCS-48 forces the most
significunt kil of the program counter Lo 0 daring all
inkerrupl routines. We should put all of sur interrupt
codu in the botlom 2K of mémory and not touch MB;
in fact, we should forget that MB exists/

The reguirement to put interrupt code in the bot-
tom 2K makes the MCS-48 very difficult touse gs a
44 machine in a real-time application. Not only must
the basic interrupl service routine be in the hottom
2K but alsogny ulility routine that might be called by
it —that is, sny code executed before an interrupt re-
turn instruction is exectuted, This could be well over
half the code in an inlerrupt-driven envirenment.

Bul the main problem we find with MCS5-45 pro-
gram store, after writing half of our applications pro-
greme, is thal the address spece is just too small.
With only twochipsfand soon with justone, I'm sure]
wa can fil} the entire 4K-byle address space of the
MCS 48 with code for our original epplication, new
features, diagnostics, and—of course—patches.

Coendilional jumps specify an B-bit target
address in the current page; it would be
far more useful to have a signed offset

i'mm the current address.

The annual halving of the coat of 1C memory im-
plies that every vear we will need another address bit
for the maximum-size spplication program Isince
mosL evolving products tend to use the decreased

memnry cosl to increase features, not Lo redoce pro- .

duct cost]. Cleerly, then, a 4K limit is too low for any
new archilecture, even a single-thip microco mputer,

Besides the 2K memory banks, program slore is
atso divided into 256-byte pages. Conditional jumps
specify &5 B-bit target address in Lhe current page, 1L
would be far more uselul tohave a signed alfset from
the current address; this would increase the like
lihowd of being able Lo use the short jump addreas,
since most branch targets are within 128 bytes of the
Lranch instruction.? Mere importantly, it wonld
eliminate the parlitioning problem crcated when
many procedures must be packed into the momory
space and aplil across page boundaries.

The only jndirect jump instruction also vses an
B-Liy terget address in the current pege. Very
strangely, this instruction uses an 8 bit valae in the
aceumulator pot as the target eddress, but ag a point-
or to & program-slore byle in the current page that
contains the target address. So the page containing
the indirect jump instruclion musl also cantainall of
the routines te be jumped Lo, 28 well a5 2 silly Lttle
table that contains their starling addresses in the
roge. This not unly wastes space and time, bat,
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worsenahkes it impersible tody ;m:.ucnll_-,- coinpute 8
L:lrgel address after a5:embly Lime, since the jump |
toble is in NOM. In my recent eapericnce, three ex-
perienced programmers have coded MCS 28 indirect
jumpsimproperly, believing ""The martal musthave
a typo—the contents ef the zecumulator must be the
Larget address iLsell.” In any ease, instrurtions sup-
perting indireet jumps and calls srywhere in Lhe pro-
gram slore {1 2-bit address) would be far more uzeju!.

Arithmetle and logical aperatlons

The MCS-48 containg a singles seccumulates in
which arithmetic and lopical operations take place.
Unary operations on the accumulator are ae feliows

increment,

decremenl,

clear,

onp's complement,
decimal edjust,

swap nibbles,

rotate left,

rotele lefl with cacry,
ratate right, and

roiate right with carry.,

Binary operations combine the accvmulator and 2n
cpesand specified by one of the addressing modes de-
scribied in the next section. The binary o fralicnsara:

add, . -
add with carty, -
AMD, .
ufl, and '

exclusive aRr.

Therg are alse “data-move” operalions that lnad or
store the acovrmulator,

"'he main difficulty with MCS-48 operations {s nol
Lke gperaiions themsetves but the kack of conditinn
codus fur 1esting their results. Only the accomilator
can betesied lor 2oro or negative, and an averflow bit
is not pravided. making comparisons of signed 1 wu -

. -complement ntmbers very frustrating.

Opgrands

Mostdaia moves and binary operalions use sz an-
chip read/write internal data memoty [sve Figure 2)
accessible by twe addressing modes: HEGISFUR and
INIERNAL KEGISTER IKDHECT. The three olher ad-
dressing modes are EXTERNAL REGISTER INDHKECT,
IMMEATE, and ACCUMULATGR IXDIRECT.
 In KEGISTER mede an operand 35 contatned in a
register specified by & 3-bit field in the instroction, A
Mag bil BS. set by a SELRAinstruction, speciflies one
uf 1wu B-byte register banks, correspanding e inger
nal data memory locations 0-7 if BSis 0 and 23-31 if
BSix 1. The specified register may be loaded with an
imneddiace value, moved Lo or from Live accumulatar,
combined with Lhe accumulaier by arithmetic or
logical uperations, incremented, decremented. wr
Used aE a lowp cour Len
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Figure 3. MCS5.48 internal dxis memary.

INTERNAL KEGISTER INDIRECT allows either RO or
R1inthe curtent register bank Lo beused a5 an B-bit
poinler Lo ipternal data memory. The addressed byte
may be loaded with an immediate value, mosved Lo or
from Lbe werumulater, conbined with the accumu-
lator, or incremented (but for some obiseure renson
not decremented, even though the necessary “hole”
exisle in the inslruclion set)l. '

Locations 823 af Lhe internel data memory ure ri-

served fop m reLurn sddress stack 8 entrivs, 2 byles
per enlry), These locations are wrillen by intrerupls
end subroutine calls end read by interropt 2nd sub-
rouline relurn instruclions. The stack is oo small,
making it hard to wrile procedurel code, whichisim-
portant in larger programs | 2K-AK byies) The o
grammes musk constantly worry about celling se-
quences and generally enable interrepts only ot Lhe
top level of the program Lo avoid overfowing Lhe
slack.
. ‘Thure are no instruclions to directly push or pop e
. byte. Howeser, Lthe stxck can be rather incon-
Coveniently written or read by eatracting tie stuck-
poitter finld from the PSW, hui'ding the appropriate
addrest, snd wsing INTERYAL KECISTER 150l T
e ate, ' '

,Inputioutput and tnleniugls
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Phe wrchitecture also supporis vp Lo 256 bytes of
extvrnal data memory [which residls on a'separale
chipl, avcesced by EXTERNAL HEGISTER INDHRECT
mele. Fither RO or B] jn the current register bank
may be used as an B-bit pointer La exiernal data
mcmaory; the addressed byte moy be copicd into the
pcrumulator o7 writlen fromn the accemulator, -

Since pointers are contzined in 8-bit registers, the
manitnom ampunt of directhy scecerible dats rcp-
ury supperied by the MCS48 archilectue is 258
bLytes inlernal plus 256 bytes ealernd! 1lowsooe-,
bank swilching via 110 bils can be used to vddress
any desired amount of additional caternal dztz
Hemory.

The modes for reading operands Nom juoprem
store are rather Lmited. In IMMFEDIATE modz aa
eperand is conteined in the byle follawing the in-
struction; immediate aperands cap cither be losded
inle or combined with the avcumulator or be load=d
inlo Inlernil datz memory with RECISTER or INTFF
Nal, REGLSTEN INDIRECT modes.

In ACCUMULATOR INDIKECT mode the acLu*nL.Ia!ur
is ubed as an B-bil pointer toan n"m'rmrd in eilhertha
turrranﬂgeurpaggﬂnfrrubrnmslurr.unh GRe L e
of pperation yses this mode, and it loads the Aceur-
lator with Lhe specified operand, Y

A nomber of instructions specily some "spesial”
cperands implicitly, such es the proprem slatve
ward, I/0 ports, timerfcounter, carry bit, and Lwo
I-LiL Naygs, FQ and F1.

The MCS-48 addressing modes arcsimple but they
provide most of the facilities & program needs. St
there are some deficiencies, The motl serious prab-
lem is the way in which operands in pragram store
are sddressed. Since program store only in the cur-
renl page and in page 3 can be read I.hlml;_‘l‘ s peintir,
vither lookup tzbles must &)l be located in page 3 vr
the code that reads eaeh table musl be jn the sam
page &3 Lhe table. This is inconvenivnt if nore than -
one 256-byle translation table is newded. 11 also
mskes iL difficolt to do'a ROM checksum sull-test
rautine—s& checksam subroutine would Love to be
ploccd ines vy pageol program slurciand sinee there
is nuinsdircet sebroutine sall, the mein chgtksum pro

" gram would have 1o canldin & seperate call inseine-

tiom Lo vath pape’s checksum routine).

For mpst projrams, Lhi method of ndinegtly od
dreysing data memory through RO and K1 is pevept-
ubile, but, for some dale-structiare menipulytions, oee
withes fur one or two more regtisiery that ool ta:
wsed a5 pOtRters.

“The 256-bytelimil on directly addros s ideir tra sl
data memory is too low. The 6040 alirady co taing
129 bytes of RWM, and Intel should roon be e L1002
provide the full 256 bytes of WM oo ong chip. Tre
erehiteetiore cannot make straightioraa:d vse of
teehnology improvements for tapre JUWH) unse iy
limit is reached.

Lt BICE 45 rdorovenputer s hayve three & Lit il
ports s thownin Figure 1L Twonlthe portal und 0

AL TR] § ]



wre “guasi-hidirectional,” an interfscing arrange
ment shown in Figure 4. This type of TH) porl was
first introdoced in the Fairchild F8.1 Tn this errange
ment, each 110 pin is both an open-drain cutput and
an inpul pin with a hipgh-impedance pullup le the togic
1 levet, When a pinis used for output, the correspond-
ing inpul bulfer isunused except, possibly, for check-
ing the cutput valoe, When o pinis nsed forinput, the
corresponding output bit must be set to logic | sa
that the 10 device drives only the high-impedonce
pullup. This can be contrasied with a tristate [/O0
port, which provides both active pullup and active
pulldown in output mode snd high impedance in in-
put mode. Electrically, tristale 1/D is more desirable,
but il requires extra control bits to set the 110 direc-
tion for each port or bil. fotel has improved the quasi-
hidireclions! design by Wiclly providing aclive

raLher Lhan pessive pullup whenever 81 08 writtento

the part, which spoeds up 0-Lo-1 transitions.

What guasi-bidirectional /0 means ta the pro-
grammer is that input dats on the port is Jogically
ANDed with the current output, Ports 1 and 2 are set
to all I's At gystem reset, and Lhe programmer must
lgave bits intended for inpuls set at output value 1 &t
sll times. The third port (bus) has convenlicnal
Lristate gutpuls and can be used for eight strobed in-
puts, for eight stzobed pulputs, or for pdding external
program er dela memory,

Four cperaticns on the ports are available:

resd input value into sccumulator 1K),

loed oulput totch from accurmulator jouTL),”

logical AND output leich with immedmu: mask
|aNL), and

lopical R cutpul letch with immediate masL {OHL),

The logical operalions sllow s program Lo set or
clear any bit or group of hits in one irstructicn.
However, since the mask is an immediate value in
program store, the bits Lo be set or cleared must be
known at assembly titne. Otherwise, a copy of the
oulput value musl bekeptindala memory, combined
wilh tha mask by lopical operotions en the accumo-
lalor, and Jonded inte the port. |[n pencral, Lhe qoasi-

bidireclional inLcHace prevenls simply reading the _

gort 1o pet Lhe old value af the oculpot lateh )

A novel "expander port” krranpement allow s four
valernad 4.bit 110 poris 1o be added 10 sn MCS4E
using & fivewirc interface. Apain, four aperalionson
the ports are available:

read inpol value inte accumulator,

Joad outpul lulch from accumulntor,

logical axp outpyt latch with arcumulator, end
logical o® output latch with scoumulater,

Only the low prder foor bits of the accoinulatorare
used in chese operstions. For Lhese ports, dynanic
selectinn of mask bits is possible lecouse the miazk {s
inLhe arvurnulator. Gn the pther hand, dy namic selec-
lion takes more overhesd because the pecomulztar
musi be loaded with the mask fand then possibly re
slored fo ity old valuel,

Hoth the on chip and ixpander 100 port inste
ttons contein Lhe part pre e 65 onimmediate v o lue
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inthe instructicn;itis not possible Lo specily Lhe port

number dynamicully in & register, This makes it im-

possible to write reusable I/O handlers for identical -

fievices on different parts of the MCS5-48 or of the
same expander chip. The same prolilem exisis in the
MCS5-48's older brother, the 8080, However, it is less
serious in the MCS 48 for two reasans. First, the
MCS-48is intended for smaller applications lras like
v toemploy many copies of the same 10 device. Sec-
gnd, the available YO expansion modes do allow
dynamic device selection when each device usex s
separate 110 chip,

The processor architecture directly supports orly
256 bytes of exterpal data memory and four external
4:bit /O ports. However, the amount of external dote
memory and 10 can be increascd to any proctics
amount wsing on-chip 1Y0-port bila te implement
program-conlrolled hank switching.

Ep addition Lo the [f0 poris, an MCS-4B has (oo
s2diticnal input pins that cen be tosled bo condk-
tional jump invlruclions. All are mltipurpose
[ins—=T0, which con be set upas a clock cut pul undet
program cantrel; T1, wkich can be vsed »s the irjut
Lo Lke on-chip timercountor; end Lhe calernal intur
rupt input.

The LICH 48 accepte interruptsfrom twofoulcos—
8 levelsensitive input pin and sn enchip thme!
counter, When aninlerrupt ts serviced, e 12-bit '
znd four elatus Lits eerry, ball corry, flag O, reristis
Leek select) sare pushed onto the internal siach.
Dipsending on the source, a jump to cither Lo stien X
or Incation 7 is taken. The intermept syslom is single-
level, interrupt servier reutines caanet be Lader
repled, Aninbirrepl reluen instruction reslares 1L
PCand status bits and elaws furthar inlesmuptsiote
ﬂ-,nu.ed

tehetien witlds wntin g, the T :'ﬂf rruptineeal ie
j__’f atrally -ircless far counting or Liming o

chrennsy s aternal mvents, bocouse the curjead cfdp-

i
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Figure 5 Type | bus conliol signals,

aR

fuetures a poorly designed synrchronizer Lhat
suwhilmes  miswes inpot edpes and hence skips
counts, Vhis s the second Ltime inosi: months Lhat
luve sven wn LS1 chip whose desipners were ap-
pattently s ane of prolilems inosy nehronizer design
e olher was Lhe 250-810, which Zilyg hos since fix-
vl T would augzgeest Lhat chip designers read sume of
Lhe papurs wn dhe subjeal* ® and 1hit acagemics warn
Lhedr stady s of the increasing likeldord of sy
chrunization problems inmode nosysiom fesipn,

Ease af programiming

Comnared tosome ol the ulder 4-bitand & bit niore
processors, Lhe MCS-48 15 a nice mnchine Lo po sgrir,
but iL leaves much o be desired compared with en
MGEQY, a 28, or evenan 80846, The singlo-accusuluinr
archileclyre, the lack of index registers, and he
absence of cven & direct data oemory addressing
mude means that the programmer musl coastartly
be moving things back and forth Letween the o
cumulater, the twe “pointer’” registers RO and 10

. and Lhe rest of Lhe dats memary fand keeping tract of

themll. One may write macros Lo ease the barden
somewhal, 8t the eapense of more ineflicient code in
Lhe cramped address space. For ¢xample, onr can
wtite 8 macra Lo simulate a direet data-memer: -
addressing mode

LDA  MACHO MERLADER
WOV RO FMEMALRE
MOV AL R0

EAMDM

A lale p! twro buses” . .
- {or, different slrobes (or diflerent ‘phobes)

A microproCessor memoty and WD bus has many
idenlilying charac lerislics—gJata and addisss woid
lenglh, mulliplexed o nenmullipipeed address and
stalus, Beparals of MEMOTy-Mapoed 110, and olhers 11
is ineresling Lo ook al 1w popular mad.lwnln CloCh-
ing arrangements. -

Letuscallthe livat lechnigque a Typel|or 1Hnleiface,
used by the nlel EDBS, B08S and MCS 48 families. &
shown in Figuie 5, there wa tw0 mulvally exclusive
conlrol pulses, ADand WA, 1hal indicate a rlad o wrile
Cperathon.

. We'llcatl the second lechnique Type Z{or 2), used by
{ihe Zilog 78, 260, 23000, and also by the Motlorola LA20
{amily, {Perbaps i should Le Type M becausie 1he
MEEDD came fhs!, but 7 looks mdie Lke 2 1 s a'so
uvsedin principie by MCS-68 ex pangder pors, Asshown
in Figure &, Lhare is a singie contrg! pulse, FEQ, ard a
lewed sigral Row thatindwales which type ol opcration
itiolake place, The timing af Bav s sirmilario thal ol an
address signal.

Figure T shows how 1o vied Type F processarwilha
Trpe | perkpheral chlp, The decoding shoan in the
tigure can be eas/ly jmplemenied with ohe bl gl a TTL
T4L5129 dual 2 .10.4 cecoder (this even lesves an eclia
conirdl input Ipr dislinguishing Let . ean emory and

- ] -

ot 'de:.'.rer:;. Asguaming thal processor and j.ufif b ;
eral apaeds are comparabie, Iherg shopld be 1o prof-
lem in spisfying the liming requirsman) ot cner tre
processar o Ihe periphoial chap.

Frguiel shows an 31lempl 1o uske a Type | processer
-.nnthaTypezpeflph.aralchlp,Thtlnglta.mm”r-r_'-anﬂ
Wh l1om (e processor nicely produtes HED lor Lhe
Type Z pertzbecal. AR haa 1he cOteCt Ingic valus 10
sEfve a5 e bUt s timing Is B prob'em, Trs Type 2
pefipharal exzpects A timing 10 be stmilar in
Gharaclér (o an p3dress signal, 1hat 13, 11 shoukt Le
valid long betore the RED pulse appears, The only vi.
Wi could ensore (s would e to srlilicially delay REG
lang encugh lor AD 1asahsly the selup lime of Any 1
fortur-slely, such & delay (uniess highly asyMmDeino
wowld also gelay \he Laliing edos O FEO unid ong
alier Av By had QOne A% ay— apain & protlem,

The Cleares!l way louse ¥ Toped prosesion el
Type 7 peripheral ehios 18 10 usSe &0 a20Ess Nife o2
A, For gaainple, Ihe izas] Spnilican bit ol thy i1
pod! address could DE reserved as AN, Hardwarn
decpdingal actual porl AUMBErs wolld usk 1he Lig'er
wrdet biln; 1hen sodbvare wowld bave 1o ensure 1Rs)
voriles dMagys vred 30 porn addrfssn, angd HESn
used oven

The conglusionis IGat i1 is Simphe 10 zonnec! Typ|
peripheraly 1o Type 2 processars, bul 1ha1 the 1ev8rte
CanbEdifizuib. 18 1his just the way i1 lumed oul O was
thoe inelhod 1o (Fis madness?
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Figure &, Type £ bus conlrol sigoals,

To use such macres, however, the progTaminer must
give up some regislers for use by the macros, Inthe
above example, macros would use #0, leaving only
Rl avpilable tu 1he propram es 8 psinler vesiable,
{Bufier copying ead other rowtires feguiring two or
more pointers get (o be a problem)

The lack of syinmetry in the insjrectinn sct elsg
creales programeoing headaches Fur exomple, why
arcthete INC RO, BEC KD, and 158 S Esinstrultions, bl
not DEC & Ho? Or, why can we conditionally jumaon
CZ.T0 and Ticonditigns tracor felse heton PO R
TF, and sccumtolator bits ondy true? Eacent for oo
cumulator bils false, Lhe proper “holes™ eaist i Lhie
instraction segs in fact, it provably took morc b cip to
turnlheinstructionsoff thantolet themwork. ] e
Leon Lold that these “galmporiant™ instrursiions
eave romen for future gnhancement s, bul any wieih-
while architcetural enhancements would roguise

Yanpes nare twerpicg than e fow gpecial purpose
ndrs.

While nise progframs can he wrilon for the
WMICS 42 by tahen scefloet thanntn owrdtt o for

F | :-'qdf:.' 1979
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Figure & U'raccestarfe [ta 2 Inieilace.

o Tmerorniparpeset erchitestuny Bropramn o
Frelbwgndisrones eleginoreasran s Loy
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aith it the progratmaning vvpeme i qeile j oo T e
Vo o writis 2 20 difforean U4 e dF2n | L
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fainily huve loen announced— AMD, KEC, Fypne
Lics, Sicnena, Intersil, HCA, Both Tatersil and HA
hove pnnounced pluns fur CMOS versinnu of MOS 48
chips.

The MCE-48 chips use @ smble 45 voll suppls nnd
have lugic input g nd ot bevels that e Tully TFL
compatible, As with oll 3OS micreprocessers, the
vutpul drive 18 limilod —typically Jour oo a0 w-
juawer Schutihy (LETTLI unit Joads.

MCE 48 chips cuntoin an ascillalor 1o genczuty the
provesser Joek lioaninally 8 M1z fren gn waernst

crystal of KC vircwit, 1tis also poseible tocannect an
exterpal clock directly to the gecillatar inar, The
output of the wscillelor leeds a divideby-thoie
counter »hose outpt [nominglly 2 MH A controbethe
internal slotes of Lhe provesser, Since the giviio b
three counter cannet Le synchronic s
cessor 'O cannot bLe referenced sery will 1o the
&M He clock Ter wricry interfgoes, nor can prosescors
be rup in lock-step from a4 eommen clicx fno& i
plicated mitracomputer lauthor's pet projectl,

tper =l
Jinteen, rl

The MCS-18 family satisficd the unual
Intel strategy of being the Qirst 1 the
marketplice with an imperfeat but useful

product.
The MUE 48 chips have b active tow Lot
pin tonnecivd Lo an intirse! o paliag
resistor and Schmit tricpee. Thus, tiesar of femel

can be accumnplished by enestoenel 2P e 14
is b livtle more diffice!t o add a leprio-contzelid reaet
lfor eaample, by & watechdop Limer), fittce cpin-cal
tector ar discrele trensisior drive is reguingd, And
unless Lhe @river circuil is scphiclizaled, & bopic-
commanded reset will disable the priscesze: for aiong
time, due tothe time censtant of the puoa s contescld
circuil - alioul 200 msec. Inany case, fozvl thsliia s
“the state of the proccesor, L would Le nicr tudave a
nonmaskable inlerrupt las o the 3002 1hat colid L
uzed For applications such as watehdog limyrs,

Developmenl tools

Intetaipperts twancior devdbopment 0L 1ot
MOS 48 farnily = o cross assembier oed 2o oy
emulator, ICE, heth of whith rur on NS
mictoromputer devdoponert pvston Un v

Intel dows ot seppaort any MCE §2 - 0% v
simulaloss VL3l runmon s Tef e oo
necessily fur ery lurge r';.v. et
Hewever, Ny can Le obialigd iree.
2ofiware heuvtes and comsu!tants 1o :. ot
Tntel MDE software fur the %30= 5
WLy LAC vrpects Trom & poad -
toule Foravample, thoreaie ol bl s
feree s syntanes 13 ek LT LT
I‘I'-.:t:"n. DI D grtha \.;lgn._ 2. '
SRl i N S R TENE S R "lh-..-.:.'

ag

1'}{(_;‘ UL l-nmnu_-r Cheinprute 1 U neanenityr hraa
chreryntax thal sl s ur v o ol catiun, charpe
i,oand fesiing 1o tioe pest loces e D with a sinad?
eundar of boystrones, Tn YOE 1o -ood 2nd chunge
fuar Twnlions, we must type ocloee e updo-
liwegtt:

" Clr"ll'lr.'_ 144 T 147

nlhl rulil 3L -'_ii 1:2H

. C“"L ’p ‘.uitu

T FFe s
redathe e tbing inthe PEGM o a0
LI AR EO S Y e

HEEH R
.r..hknf'l *: :
EF ST AT A WS J‘*l:.‘.'.:_'
prindind primtel addi sien and
the PHRON proarammer Ras pisameer fr siede
paltoadpri e oein i 2!
whtogh the PHOM presrzmmes g
lowshs lhe an s anlel

Anpiher porErEnt
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The first implementation of a ricic microprocessor architeeture
promises to narrow the gup between the power
of very small and very large computers,

i
A Microprocessor Architechure N
for a Changing World: The Motorola 68000 !

Edward Stritter
Tom Guntuer

Meturola Semiconductor

Mi:mprm-ﬂ,.-nr teghpology isentering a new end
especially challeaging era. While technulugy cwn-
straints have not completely disappoared, we are
ararly Lo the point where the Hemiting factor inpicrw
processar desipn is not kow much funclion tan L in.
cluded, bul how imaginative and criatine the
designer can be! As a resull, several companies have
intreduced new generacien microprocrswors. We
Aeseribe how ane of them, the Moorols Ca00, 1
sponds Lo these unigue conditivns.

Motivalions for a new microprocessor
architecliure

Previous pencrations of microprocessers were
limited by the available techoology, Brooks, in an
overview arlicle,? discussrs how the teechnoluny con-
siraints and the pereeived microprocessor market
motivated carly microprocessor archilecture,
Micruprocessurs wyre intited in nuenber of registers,
dats-path widlh, and inwtruction sl power primarily
boeesuse techinodopy roald nol scppesl mge e [ealeres
on & =ingle chip, Oiher lheitalions of micro-
processars, such as having too small an address
space? and awkwardness of address computatiog,?
may brattributed as much W pres ailing pereetinss
vfLhe polentialsiirhet astotichnaelopy connrzints.®
Whatever the ottt spurces aof restiraing, bio=over,
we 300 now in . peefjod ol technical inngs stine 2nd
spirjled coanpretition,

Technulogical ady anoes. The basic microproccrsar
techhalocy, MOS. hus been steadily acyanced inthe
Iast Few yvars The st noticrable improveiment kas
been circuil donsity tFijure 10 w' 0 b translaies

FelLrialy 1979
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dirertly imtathe amount of cenbndity thal g be e
un @ singlo-ehip mitroprovenear, Whorvas warller
LACEA{PaeEOTs Cuntained fron Sivl el "J..] breyz-
sirdars for bR Currenl protesBers FOVE ol
Lo SO0 Lromsister s, whaek ds besrininan e aof
magnilude away fromn the nummber tnozeony LI ok
larpest masi-compalers, Tircuit ooz, gy ;o jhe
coly wehnology advance that has Lesn made, or
respopding Bmprovements have been schoeed (oo
cuil 2peed and power dissipation,

Advances in lechneloy Lave been mosre ool
Livnary thon revelutionary, The major ads sace, in
creased ¢ircuill density, is the reselt of prazesl im
provesnts in processing techrigues .hn TRl
srualler circuit dimensions, Donasicy {mprave= e i:
arc L ried 10 conlinur, since they m‘}m LR
eoercoming fundissental Hndtetions but enly on fu-
ther evedotionary daprpsvenant ol eaisfiey pop
CUERUS. Mt RUCTEpencessof trg hile vlurcn must &
devieed to tohe advantage of this future ade,nge
menl.

1
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sigmificant impio -ements Lo gircgil Soensllies and ape &2 PO el picdadts,

increusing peocessor lupctionatily, wod ouie
plea applicitions are cosnbdniag 1o ey thae st
and complesity of ricrepnie swI T Diogsa
ware costs of 2100000 e ddwre wre ciorly Doanpath
Ble with bducre vosts ol hisd e 2s LG are T
cost dicparity snay Lo wdmporiant i darg s v e
applicalivns, where soflware covle con Lo ag oo d
gver thourands of hurdaure waics, Lot it oflen
procludes the e of Rilerd proceesore Goag ol thens
characlorized Ly cotnpios programs Lot lov o Jdme
Te help reduce the Wigh cost of oitware, niire
provessur desiprers must raake @ sireng ceutuit
ment to suppurting high-devel languoges ond
djbciplilu | ]uruﬁr.;::tf:l]ng Prastives.

High divign custs Tl vost of doesipaing Crdd hine
plemienting a nwew device with tess af L anda of
Lransisters is Rich. Cuinpuler design aids are in-
dispenstite, Lut they are olig ovensive, Dosipners
must allack this designcost poeblom o s oral
ways Pl siradphtforwurd doevipns, weing: rogular
SLewtbures, are tasior B Ermipd iment, Lesl, atul car et
and ore thesufore dens oapunsive thinesatic daer ions,
Seccond, rach mow astituture mes b plenned o
last fur ws long as poectble pnd st Beran s toese
pand in the fatere Manafactaerors aonone boer af-
Turd Lo pne e dnew sriditie e s vy Tem Jlah,
Eopoiinde with tryang togatesad cnd fogmine Lhe
original Bbil micrepaooseer sechitnclunes dooon
strales the roed Fur plenmc d vpine” Phsipmus

tofutuie
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GBOD0 inlernal archilesiure Tahle 2.
MCEADDY addressing mondes,

Resourees. The GAUOO design pravides an address

. . . ae g a B ;
rpace of 27 by Les (limited 1o 2 byLes in the initialim- REGISIER DIRECT ACDRESSING.

plementationl. Memory is byle addressable, with ?u‘;::;':,::,::f:.m E: - ﬂ
individual-bit addressing provided for bit-manip- . swrwy reganer anec EA = SR
lation instructions, Memory may be pccessed in 7 pepienga GEi ERRED ADDRESSING:

ppitsof 1, 8 16, or 32 bhits. CPU resoureces include six- - regisIer deleiregd EA = (AN

Leen A2-LiL repisiers, a 32-bil program counler (24
bitain theinitlalimplementation), and a 16-bilslatus
regisier,

The registers (Figure 2] are divided inlo two

reqigen deferied post-ingrement £A wm pAn). AR <= An o+ N
retpsIer geleined pre deciemen|, AN <= An—k; E2 = [&R)
Drase relative £A = jant + 0k

e sed Er fan) + (Xm + 23

“classes. The cight data regisiers are used primarily  pAOT:24s COUNTER RELATIVE:

for dats manipul atinn; they may be operand sources TERANCE milh CYAE) EA = (FI] + g1%

or destinationa for all operations bul are used in ad- PELIME Wgead] . EA = [P} + jRa) » &8
dreasing only as index registers. The vight remaining 5='°f'_ﬁ" teLE '7-"";“ _ E: = (Pl + 8
faddrossd reygisters are used primartly for addre<sing. G EL el LI = 501+ oof

The stack pointer is oneof the address registers.'The  a2E0UTE ACDRISSING:

program counler and slalus word are separate dLEEIE SRS EA = Inedd inspuzusy worg

atrsolute lonyg

IMMEDIATE DATA ADDAESSING:
P EL Al
Guick 1 meciale

= - racl =3l
registers. fa (£ fae 195170100 w2

DATA = ntl eniryian wdid )
[ATA = suoheid of nslreflen 19 00Eg

— "

Addrecsing. Memoryislogically oddressed in B Lit
bytes, 16-Lit wards, or 12bit torp words. Tho curront

implementation requires that word and leng word
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dinta be word oligned. Rits are Inedividdally ad-
dressable in the bi-manipulatian instructions.

The architecture specifies an optimal memory:
management scheme Lhat implemencs and enfurcus
variable length segmentation of the eddreas spave
with access rights specifiable Jor jndividual
sepments. The processor can be used with or without
memory mAnagement. -

Addresscalculutions (Table 2are specilied by 5-bit
fields of the instructian, The addressing specification
isorthopgunzl Lo the gperation specification of the in-
struction: thatis, any addressing medecanbeusedin
any instruction Lhat uses addressing,

Addrisses are 32.bit quantitios (74 Bitg an the curs
rent jmplermentation). The architecture wilicientls
supports stialb systems fthose with fever Lhan 21 4.
dressable byiegt by allawing 16-hit addresy yuan-
Lities 1o be specified, moved, or ealeulaled in alminst
cvery addressing situation, Forexample anabzolute
addresscarrivd inaninstruclion Sanuse 15 ur 22 biks,
or an index culeulation can use 16 bits {sign extended
ta24hits)or I2bitsof aregisterasinput. This feature
allews the archileciure to support very large ad-
dresses without penalicing Lhue elliciency of programs
that require oaly small inddresses. The addross size
(16w 22 it =isind i dually speedfied [or cach uwe, 50
that lorge aoed simall pddresses can b inteaiaod ar:
Litrorkly ina program.



A variely of addressing modes are available:

Register direct. The date or address register con-
taing the opurand,

Address register deferred The operand address is
inthe specificd addreess repister,

Address reyister deferred postincrement. The
operand addresy bs in the specified address register.
Alier Lhe operand is accessed, Lhe addresy in the
register isincremented by the operand size (1, E, or 44

Address register deferced pre-decrement. The
opersnd address is in the specifivd address register.
Beforeithegpurandiy sccessed, theaddressregtistiris
decremcnted by Lhe 6perand size,

Base relative The operand sddress is Lhe conlents
of the specified address regisier plus a 16-bit signed
displacement in Lhe insLruction.

Pragram counter relative. The operand address is
the current program counter value plues a ) 6-Lit sipo-
ed displacement inthe instructjon.

Indesed Theoperand address is thecentents of Lhe
spectlied addressregister plus the contents of an ad-
ditional (data or address) register spenified plus an
B-bit signed displacernent in (he instruction.

AL REGISTER DEFEARED

1 k] a . i |
ADD CFLR&ND | GRERATIGH | ARC=i6% | ADMDRESS
AECISTER ot 1ADZE FLGISTER
{_’ DIRECTICH AKD
QPEARND S1IZE
.0 INBEXED .
P 3 3 3 3
aDD ODPLRAND | opERaTiON | AcOrEss BASE
REGISTER MOGE MEDE REGISTER
4 1 B
L,
INDEX 7 i
REGISTER | //////x;, DISPLACE MENT
INDEX SIZE
MOVE )
4 3 3 3 3
MOVE RDORLSS | ADDRESS | ARDAESS | ADDRESS
W OCE REGISTER MOCE REGISTER
{ INDNTIONAL BRANECH ,
4 4 B i
B, CONDITION RISP.RCEWMENT -
oA
b, CO%DINION TERG
OtSPLACEMENRT

ki ot 3. Typical £A03000 in slruclion fosmats.

it
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Prigram counter indexed The operand eddriss js
the current value af the rrogram connler, plus Lhe
Cuntents of Lhe specified data or address register,
plus an B-bit signed displacement i the instruction,

‘Absﬁfure. The vperand address is in the instrue.
tinn.

trminvdiate. The operand isin the instruction.

Hitoidsessing, A crinplete sct of Lit-mamizalation
insLiuclions (SeT,CLEAK CIHANGE and 1157)is provid-
vd. Far these instructions, an indivitinal MM Ay
word is aridressed using une of the ahoy =~ eanrpsing
mwdes. The individual bit Lo be menipalated 1 o
tdressed by its bit numlier in that word. The hi
speciflication is conluined in 1he instrection o-
previously caleulated in a data repister Tou
mechanism allows bits to be addressed winp.:
withaut requiring the vsé of loyical intractivns ana
Masks. For registurs, all 32 bits are in2ividuslly aa.
dressable.

Inalleases, the eddresses specified by the provram
can span ke entire address spoce, No acbiirary oy
munt sizes are imposed, and PO seforale seEmend
numbers need be maniputated.

Address, Lixe inweger, is a tolly sopooiied 2o,
trpe. A complele set of address nanipziagton vz
LoNs (MOVE CUMPARE, IMCEEMENT DECBEUEYT, 100
IO, SUNTHACT FlGsttis implemented on the sddrees
registers. I pddilion, 1he LOAD EFFREINIVE 45 aveg
instruclion perfonims zn arbitrasy ealelstinn tr.d
puLs the result inte u spccified adidrees regisber, 1'ofe
provides the prugramimer, in a singis in-triction
with the ability to precalculate addiesses using any .
of the processor’s addressing piodes.

Because there are vight address rigisiers, frwer
FremOry avcesses oty renuired for loading and viving
tetnporary sddress vaiues, and oddrecsps rarels eed
Lo be recaleulated in different parts of the ProgriT,
These featyres minimize the program time =pen;
manipulating zddresses, a common battitneck invx-
isting rnieroprocessars. They also extalilish a degree
of address.size independence:? the address.
specification fields in instructions are tnasl ollen
only 6 biis, repardless of the fact Lhat a lurge |32 biy
address is actually being specified.

Cats inunipulntivn. The 65000 sunnurts & 1uiber
of duLa types and sepplivs s cuinphote sel of opwr
tiens fur cach typ {Table 3 and Figure 31 Tn poserat,
the wddressing wmede is independunt of the data s, 5
Also,incases wiere it makes senselint, pers lyy | ris
and addresses), the size of the opwrand =1, L,
spevilivd independently of the vperstion vrr g
OUrCes May he vither registers or mldrewncd s sty
tovalions, The result may be ciered either in the
register or in bthe specified memory location, 'iis
classol'register tomemery " epcralions recueesthy
nutnber of register slores requised Lo Save nerulis,
Must eperatinns can e specilicd ta work ety L
register, register-le tegistor, tegivler-1o meinory,
immudiate. taregislor, urimmediole-loemiary, Thy

move instruction is muere feaible, being a folb twae 4

address Instruction. 1t can pecily menory to
e Y move opefalivis 25 well as theopin astisied
above,

CORPLUITLR
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The €000 dai s 13 s and the vperutions Lhat sup-
porl them are:

Tateger. The ppersiinns are ADD, SUBTRACT,
BMULTIPLY, MIVINE, H%KEGATE, COMPARE, and
ARITHMETIC SHIFT. Inlt-gtrs may he 1,2 or 4 hyl‘.es.
Shifts are multiple-hit shifts, either Teft or right, with
shift count specifnd in the instruction or previcusly
ealculated ina datn riprister snd indicate overflow as
appropriste, '

Multiprecision integer, ADD WITH FEXTEXD, SUR-
THACT WITI EXTEND, NEGATE wITH EXTEND, UNSIGN.
En MULTIPLY, and UNSIGNED DIvVIDE are Lhe
primitives supplied for easily implementing
multiprecision integer arithmetic. Operands may be
1, 2, or 4 bytes, except for multiply and divide, which
operate only an 2-byle quantitiss,

Logical The operalions are axD, QR EXCLUSIVE OR,
COMPLEMENT, COMPARE, SHIFT. and ROTATE iwhich
allow multiple-pasition shifts and rotates, lefr or
right, with or wilhoul exlend bit). Logicals may be 1,
2, ord hyles.

Boolean AXD OR EXCLUSIVE OR. COMDILEMENT, tu-
FL]CATJ_OH.ﬂhd SETACCORIMSS MO CONDITIGN FONES
are provided. (SET ACCQROING TO CONDITION CODKS iy
vsed to retricve the logical valoe af any of the cundi-
lional tests that are available to the corvmDiTIoNaL
BRANCH instruction} Boolean dm_a are one-hyte
quantlhes

Bit The operalions are SET CI..F‘AR CHaRGFE, and
TesT, Bits sre individuzily addreszable,

Decimul AlD. SUBTRACT, XEGATE. and COMPARE
are decimai vperations, The decimal (MCIY instrue-
tiona work on operands in memory Imemery-to
iremory] two digits tane byted at a time. Combined
with & locping instruction, the decimal instruclions
implement variable-length memary-to-memory
decimal operations.

Choraecrer. Character instruclions, MOVE and
COMPARE, work on operands in memory lmemory to-
FIemory).

Addresa, ﬁddress operations include INCREMENT
by, 2,00 4), BECREMENTIby 1, 2, or 4}, AND INTEGER.
SUBTRACT INTECER, COMPARE, and LOAD EFFECTIVE
ADORESS.

Real Floating point Apn. SURTRACT, MULTIPLY, and
DIVIDE are specified but not implemented in the firat
wersion.

String. STRING MOYE, STRING SEAKCH, and
TRANSLATE are specified but not imple menLed in the
First version.

Piogram contrel. Program-control instructions in-
clude CORDITIONAL BRANCH {propgram counter
relative}, JUMP TUMP TD SUBROUTINE, RETURN FROM
SUBROVUTIKE. and RETURN FROM INTERPUFT. all of
which are traditional instructions. Sixtern scparate
operaling-system calls are specifiatde with the ThaP
instruction. Conditional! Lraps, looping, and
subrouline control are discussed below. The 5TOP in-
struction halts the processor, Lhe RESET instruction
reinitinlizes the system enviranment, and the Movy
instruction can manipulate the prucessor stalus
word.
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Prisilege winies. The 68000 procussur can opwrale
in vser of supervisar Tlate In supervisor state. the
enlire {nslruction set is available, Indicatinng of Lhe
currenlstateis givien 1o Lhe pxlernal weorld so that, for
instance, address tranvlation can be inhitiwd when
Lhe processaor is in supervisor siale. [nuser state, oef-
Laininstructions, such as S10!", hESET, and those Lthal
tnodily the status word, are net allowed; they cause s

Tabhte 1.

MCEAOD inziructian sal.
L ERIONIC OESCRIPTION
ARCD Add deoamal vt eaiLes
A00 Ao
ARDE Adef wiih xLEng
AND Logical and
ASL Afnlhmese sl refl
ASA Atlhmete shili ghl
8iC Branch congilerally
BLHG Bil tesl and thange
BLLA Ril 1251 2nd Ciear
BAA . Branch alad §
BSET _ Bul kestoand sm
85A Branch 15 SuDrou].ae
BIST Ait g5l
LHr ChECh rEQIster @zanst boundy
CLA Clear operanc
ClarP CoC Atyhmete Compark
OLNT [wCie.rent &nd Lizhif acn Ferg
s ErQnES Stk
prvu Ufisignad divigs
EOR Exchisivg &1
F LM . fachgngs requsiers
£x] Sipred goleng
IMP Jump
ISR ) Jump 13 sebrpylse
LCu Load muraple regrsiers
| Lo Load requsiel Quick
LEA Logd efieclive Jocoress
LIKK Link stati
LEL Logical shifl let ,
L5A Logal shilt rghi
MOVE Maove
MULS Skaned multphy
LHAT Uasgned mullipty
NACD Negale delomal willl ealeng
NEG Twi's complemens
KEGX Two's complemen] wilh pateng
NOP, Wo operation 7 "7
nOF Opd s compkeingnl
QR Logal o
PEA . fush eleclive godress
RESET Resel exieingl Qe ices
ROTL Poiate lell wilhpu! Exizad
ROTR Rgtale righl wihoul Evieng
ROTEL Retdle el wilh patend
AOTIR Aotane nghl with eatend
AIR Rebuin and fesigme
L HEY Aeturf from Subipufma
LACDH Subirack mecunal {em eaend
LA Sel condibonally
STM Slore mylhple rrg'l!ntfi
SIoE Stop
SUg Subtiagi
SuRx Cubiragl wilh eatend
SRR Swap dala 1€gQisienr halees
TAE Tesl ardd 52l engrand
TRLP hap
1hoby Tiap of cvertiow
187 Tesl
UMLK Unlink giach '







SAMPLE TADCRAM

PRUGAAR ETAMPLE;

YAR PARAMT, FAREME INVEGER:

PROCEOWAE PHOC 16 INFEGER, YAR ¥, INTEGER|;
VAR A, B LATEGER;

. BEWIN -
Y Cpmiteluie body> . .
ERD; .
BEGIM .
PROC (FARLM L, PARAMD)
fnd- B
FROGRAM gOBY:
MOVE FARANT T -5P push Lrst parameter
FEA PARAM Tpush address ol Jnd parameter”
J5R PFROC ““taki Ine posedre’
AlD FGTD &7 "'pop palameters lom ke slackt
PROCEDURE BODY:
) .
| LINK P4 “Link ang allocale theee lpeal
b variabiley o
[ MOVEM <legisterlesin> 10 - SRgh “‘push soree regisler conlenls'’
' <procaduie bodylr .
. MOVEM ., Ciegisterhsl> FROM 3P + “resicre registers™
:i- UKLE . FFP “restaie shaeh’”
! RETURN “rettn 1o Lalng procedwe’t T

T

Figure 4. Sampla Pascal program and aquivaicnt 62000 coda.
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Lrup Lo supervisor stale thy stacking the current pro-
gpramand status word and Toudfnglncucnn:uﬂ.frum
a preassipred Lrap vegior). Mepgnl instructions,
unimpleaented instructions, inteerupts, and {raps -
foperating as system cafls) all cause the processor e
trap end swilch to supervisor stale. To ensure proper
gperation when returning to supervisor siate,
regardless ol user-slate aclivily, Lhere are twp Siach:
pointer registers—one active in user siete, one in
supervisor state. The user stack-pointer conlenls bre
available, by special insiruetions, ta the sapwroior-
siale program.

The 65D00's uscr/sysiem state distinctivn all
allow a small vperating sy stern kernel to provide {4l
Iy protecled wirtual address spaces to any nuinber
independent tasks or users.

Trapping on Meual and unimplemented insirc-
tivns allows the operating system 1o provide 2anee-
functional virtual iachine Lovser slate tasks. Foran-
slance, the operating system can transparently pro
vide software implementation of any corrently cnim-
plemented instructions {such as fivaling point e
string manipulation) exveuted by & user-sizie task,

High-levellonguepe suppurt. A recent naper by
Allisan® sugpests wavs in which microprocessar ar-
chitecture should be designed to supper: high el
languages. This method, followed by the 200D
designers, is Lo "examine., . theruntime reprisent «
Lion required for the class of lamquages Lo ke i
plemented” and Lo “provice adefuats instrace
Lions. . .to support the requited cuntime represestia
tion' and transformations on thot represenlation
“withaut cxtensive in-line comautation.”

The 65000 dusipn supperts high-desellanseapes, ot
both compilation time and eaecution time with & |
clean, consistent insiruction set; with hardwaree ir-
plementation of commonly used functions imuilipty,
divide, and address calculation); and with a set of
special-purpose instructions desipned Lo manipulate
the runtime environment of a highlevel-languape
program. The languape construcls abded by these
special- purpose instiuctions include array recessing,
limited-precision arithmetic, legping, Bl_uglcan-_
expression evaluation, and procedure ealls,

Array accessing. "The BOUNDS CHECE instnaction
compares a previously calculaced arruy index (ina
dala register] apainst zero und a limit valoe adidress-
ed by the instruction. A trapnccursif theincea iscut
of bounds for that array. This replaces a coimmon s
quence of instruclions (at heast four) with & single
struetion.

Fimited precision arithmeric. The Ths: o
OVERFLOW inslruction causes a trapif the pres 2in -
operation resulted in overflow, This allows efficicn:
overflow tosting LD encournge propet chooking of
arithinetic results,

Looping. A tvstricted form of the FOR loop o
struct is implemented in a single ingstruction (Rl
decrements a count and” branches bachward il the
result is nontero.

Buolvun-exspression evaluation, The CUNTITIONAL
SET instrucligns assign a true ar false value Lo a
Boolean variable on the same conditions thal areus-
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ed by Lhe CUNDITIONAL HHANCH instruttions. Those
instructions help finplement Doclean-pxpression
gvaluation by aveiding extra conditional branches.
especially in Lhe case las wilh Pascall where “"short-
citcuited ™ evaluation may be undesirable becavse of
possible side cifects.

Procedyre cofls. ‘The GBOOO uses a sisck—poinied
io by one of the uddreas registers, called the stack
poinler—1e build Lhe nesied environments of called
procedures. Three instructions Iplus an addilional
one for cach parameter) implement a high level
languzge procedure call (Figure 41 The entire call
mechanism uses only Lhe Stack and is completely
reentrant{Figure 5. Thesa instructions are described
in more detail below.

Pushk purarm clor valuesoraddroasesonfue fhe stack.
The mOVE instruction pushes a volue enle the siuck,
and Lhe pUSH EFFECTIVE ADDNESS {s¢e LOAL EFFRC
TIVE ADDRESS explained earlier} pushes the resull of
an artitrary address calcvlation ontethe stack forcall
by reference.

Calf procedire. The JUMP TO SULROUTINFE Enstrue:
Lion pushes the return address on the stack and
jumps to Lthe procrdure enlry point.

Estoblish new focal vnviromment. The LIKK inslrue-
tiondoes all of Lhe [ellowing: sevesthoold contcnts of
the frame poinler lan arhittary address registert on
the stack, points Lhe frame pointer Lo the new top of
atmck, and subtracts the number ol bytes of loval
storage required by the procedure from the stack
poinler. This estahlishes local storage for the called
procedure and a frame pointer faddress rogisier] for
index addressing of local varizbles and parameters.

Bave an arlitrary subset of the registers on the
sfack. The MOVE MULTIPLE REQISTERS instruction
saves anarhitrary subsetof Lhe repisters onthe stack
jor anywhere in inemary) in 8 sinple instruction, The

registers tobe saved areindicated by setting the car-
respondiag bits in 8 16-hil field of the instruction.

A set of et most four instructions reverses the pro-
cess for procedure relurn:

Relood saued registers. 'The MOYE MULTIFLE
HEGISTERS instruction is used here also.

Beestahlish previous environment. The UNLIYK in-
stryction undoes the wark af the LINK instruction,

Return from procedure, The RETURN instruction
popa the return sddeess from Lhe stack and returnsto
the calling procedure, . .

Pop porawmcters from the stack, The 10D M-
MEDIATE instruction used on Lhe slack poinler pops
any rumber of values ofl the stack.

The BEOOC syslem architeciure

A computer architeclure spreifivs interactiens be
tween Lhe processor sand its environment by delining
such things as Intrrrupl struclure, memory SCgmen-
Lation, bus intcrfaces. and inputfontput sirociure.
The G5000 system architecture is designed Lo he as
flexihle as passible. Forinslance, QO device pegisters
are addressed as memory locetions{imemory dnapped

Fewudry 3379
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1:0%, as oy other Maloeela micraprocessore. Memory-
nexpwed A0 pives Lhe pragramemer the fexibility aad
pow ef Gl thee 1 ntire inslruction set for manipulating
device contral and daca registers, Since no ad Jitional
instrucijons are roquired for 0, Lhe processor is
simpler and theinstruction setis essier to remneimber,
The 1] spave is prolected by the same memory-
mznagement [acifilies that are used to protect
critical arrns ol memary.

The 65000 bLus structure is also desigoed !
simphicity, speed. and flesibilty, The address and
datz lines arc separate; no multipiesing {s needed.
This avaids the nced for any scparate deviees for
demubtiplesing, ensuring maxizan performance tor
systemsinwhichspecdisimporignl, Thebusisasyn-
ckranous; Lransiors an Lhe bus wie contralled by 2c-
companying handshake sigrals, so that no cesump
tions need be made aboul Liming or fysléra s¥n
chrony. The use of Landshake signals allows devices
and memories with large varialians in jespchre Ling
to be nsed on the samé processor bus, ‘The processor
waits an arbitraty amaount of time until the ascessel
device or memory signals that the transfer is atcur-
ring.

A simple bus request/grant pratoce! is 193
plemented onchip so thit provessors and dincct
memary-access devices can cooporatively share the
syetem bus with neestra arbitration logi. Also, the
chipbas a bysfazliinput pinthas cassestnsirutiion
exceition Lo be terminated 2t 2y pointand 2 opto
Le taken if an egal ar laulty imemory access s ide.
I'liis facililates memery protectiom.

The GEOQD interrupt structure i5 fike that of most
minicomputers. Eight priority levels a:pc im-
plemented, Tntermupts are veciored so tha: sofiwuie
has full control over the placement and execution of
inlerrupt-handling routines, The cyrrent priority
wvel of the processoriskeptinits status word, Inter
rupts al or below the current priority are inkibiled.
Interrupls at higher levels may ccour, so inlerrupt
hendling may be nested, When an enabled interrupt
gecurs, Lhe processor sends an acknewledge sipnal.
The interrupting device responds with & ecior
number. The veclor number is used hy the provessor

] LUMBEHR OF
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Lo indrx into e [ahYe of intorrupt verlors in low
reemnry Lu lind A ke Lppropriate enlry point to Lhe ine
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GENERAL TERMS and DEEINTIONS

The tirme interval between the fnstant dera is inserled into or requested lrom memory and the instam
1hat data wransier i eompleled (may be Lhe longest path,)

A Temporary storage register(s) that {stores) sums and ciher arithmetic and lagical operationy ol an |
arithmetic logic unit (AL | .

A chacacter of group of bits that identifies a particwar lacation in memary, or other locations of dats
sources and destindtions,

The mewnods ol specifying the Iocation(s) ‘ot data or program segments in memary or other locauans,

That part of a CPU tha perfarms arithmetic, logical and related operations. Alpag with memory and
contral, an eswsentidl microprocessor element.

The organizational structure of @ computing sysiem, Relers mainly (o physical makeup of the micro-
computer {Section 2} 0r microprocessar (Sectien 10) parts in this volume,

A compuler program used 1o translate 3 symbolic-language statement to 3 machine language s1atement
on a one-for-one basis,

& programming language utilizing symholic represgntatian. The symbaolic representation, wwmetienes
calied mnemonics, suggests the instruclion function and is Iranstatable by the assembler inlo machie.’

language.

4

A switching network aperation with ne common Liming source, Circoit operalion is such thal the com
plelian of one event Initiates 1the next,

- o . -

A meoature of serial data transmission [low in communications applications. Baewd rate genetally dalaes

_signal bits per secand ransmitied, bul may also ncluds character framing bils.

4

A frequently used {sample) problem employed Lo tompare and evaluate computers [rmiresomor.tert )
Permits comparisen ol the number of instructions, memary words, and aperation cyeles iequued 14
szlve the same problem,

A number coding vyslem in which each decimal digic i represented by 2 4-bit binary waord, The dearrn!
number 13 becomes the coded-number 0001 G011 in BCDY wsing an 8-4.227 binary code.

The abbreviation o! “binary digit™ and the single characters in 2 binary number |1 or 0;.

ann

Vil



)

GENERAL TERMS and DEFINITIONS

A degision making capability thal permits a8 protessor to select one from a number ol alternative
sets of instructions depending on Lhe data being processed. -

A ctrewil employed ta minimize the elfects bf a lollowing citeuit on the preceding eircuit,

*

One or more conductors used for ranumitting signak of power from ane gr more 30urces g one Or
more destinations.

-y pre-determined binary element siring lnumber of cansecutive bits] operated on 23 &n entity, A byie

is usadlly bar not necessacily B.bits,

The unlt ol a computing syslem that includes circuils cnmml!mg the imerpretation and execution ol
instructions, )

A generatar of periodic signals used Lo synchronize dircuit operations.

A compuler program wsed 1o tramlat: # high:level language prngram (.. JFORTRAN} into acompuler

oriented {#2ssembly or machine) language program,

- . W

A group ol program conditions such ascatry. burraw overtlow, e1c. That are particwlatly relevant Lo
Il'i“ru!‘."llﬂl'l EIE{:I.I'I:IDH

A bus cartying the signals that regelate system speration within and withoul the compuler,

A sequence of mstruclluns lhal direcis the central pincesung unit JCPLH in Lhe varipus aperalions it
parlarms,

A compulef program used 1o transiate symholic l2nguege programs assembled on one computer inlo
machine-lafgu age programs that operale on «no1her Computer,

A method of inlerrupt Priorly 0 which 1he Interru st bus is searched serially,

A bus used 1o communicate data interpally and eaternglty 10 and from the CPU, memary, snd potipherct

devicen.

A register holding the memaory address of the agerand used by aa instruction, The data paintes “point”
o' the Mmemoly location gl the |data) gperand.






Data Begisler

Lebug {P;ogn m}

Decrement

Dedicated Micropipgerapr

Diagnosiic Program

Direct Addresting

Qirect Mzn:ml"lr Accuss
iDMA}

aimr {Program}

Emufate

Execufion Fims

Fetch

Firmwira

Flag it

*

Flow Char:

1TRAN

Handshaking

GENERAL TERMS and.DEFINITIONS

Any register thai holds dara.

A computer pragram designed 10 aid in delecling, (racing and eliminating e1ra:s in mitrocompuler {or othe
compurer] pragrams while they are running. Allows replacing, adding, ar revising instructions in1o the
main aperating program.

A program inslruction that decreases the contents ol a storage localion,

A microprocessor that hes been programmed 1or a specific, single application.

A compuyter program designed 1o check the operation of variows hardware and software parts of o o
microcomputer sytern. Typically writien for each functional area; e.g., CPL Qiagnoslics for CPL ceghs
Mimary diagnastics for Memory checks_ete, ..

An addressing mode in which the address of the instruction or Goerend scampleely specifizd bn the in-
struclion without reférence to a base regiter or index cegister,

A method of inserting inputfoulpul data INTo storage or ohtaining inpulfoutput dala brom sorace dweciis,
wilhout invalving the usual fiow ol data through the processor Fegislers, -

A computer program designed 1o allow manipulation of source program sexi material .
. )
"l

To imitate one sysiem with anolher, the latler being mcraprogrammabile and equipped with a spediai miaig
program, 52 that the imitating syslem gxecules the same programs and achieves the same resolts as the
imitated sysiem, [See Simulate.)

The time, normally expiessed in clock cycles, reguired 10 catty OUT @n instruction,

The reading out ol an inttireelion from main memery and the insertion af the WsTruclion Inlc work g
MEmory,

Programming instructions stored in a2 read-onty anemory [ROM.)

An inlarmanion big that indicates the geewirence of special conditions wuch a3 — overtlow, carmy, inerioe

A graphical represeniation of 3 problem and the opetations 10 be stcomplithed 1o solve the peabler.

A high leve! programming language used to facilitate the ex pression of computer programs in arihmelic
wermd and lormulae. Short lar “Formuta Transtater.”

A colloguial 1erm that describes Lhe methed used by @ modem lor other &S.'lrrﬂ[,hrnnnui devices } ho
establish & cnmmunlcatmn link for eventual dala transmission,
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A problem-osienied programming language where 2 single luncilional statement may iranslate into
2 series ol instructiont in machine language {a low-level language.) FORTHAN, COBOL, and BASIC

BiE COMMan high level languages,

A program.insiroction that increases the contenls of a starage locatian,

An addressing mode in which 1he operand s legated in the instruftion i1self, or the memory location
trnmediately following the insirection,

A regisier 1hat provides 2 programming {lexibility in that the information it contains can be used 10
medily memory address by addizion ar subtraction.

An addressing mode in which the address portion of an instrection is modilied by an indes-iegister
during instruclion execution. A means al thanging an insirwction address oo the basis of exiernal

commands.

An id-':frtuing mode that spetilies 2 memory location containing the address of data ano nat 1he dala
seld,

-

In a pragramming language, an expression that definet 2 compuler operation and identifies s opeands,
' L. . .

The time required in felching an instruction from memaory and executing it.

The messure of 1the memory space reGuired LD STGe an instruction.

The tatal list of instructions That can be executed by 8 GiveEn MICrOpTOCRSSOI .

A program Lhat fetches and immediately cxecutes instruclions writlen in 2 higher level language,
{See Compiler and Assemibler.)

An external signal that 1emporarily suspends the nofmal program aperation in order Lo permil pra-
cessing gl 2 high-prionity operation. Multiple interrup! capability requires establishmeM af au interrugt

priority sysiem.

General werm applied to equipment and/ar data invelved in connecting the cenlsal processing umil
tCPU) with the culside world, The conlio! electronics necessaly 10 1€ the COMPULET 10 vanious g -
ternal applicalion areas.

A connectlion 1o 3 central processing unit ICPU) wived or programmed 10 connect data belween the
£PU and external devices, i.e., keyboard, display, card reader, £1c. May be an input, aulput, or
bidirectianal porl,

4








