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Civowito de Aldmentas3o
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-MA 4, MA 6, CAS 1 , CAS 2
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TESTE FINaAL COM " EFROM DE TESTE o

ORJECTIVG:
Testar a Funcionalidade do Computador TC 2048
EQUIFAMENTD NECESSARIO:

Interface com EFREOM de Teste ¢ TE 9410/03 3
Televisor a Cores ( Deve estar de acordes com o tip
floagdio de cor e freguincia de portadova utiliza
tacdor 0

Momd tor monocoromndti oo

Fronbte de alimentacio TOZOAER
Joystick

el
oa

]

Casg che do programa U Load SO O ITE-I200/01 5w
Gravador
Viddmetro (Fig.l) ou Civou

wito Detector (Fig.Z

DF doo comput

reaspnertivos A

W e PrEloand b

Al lmant asso
SINAIZ DiE CONTROLE E ESCRITA NO Edge Connectors

Apds ter-se ligado o computador (Fowsy ON), & caso
tivem sinais de escrita. aparece no ecran @ seguin
e "o Verid

CONNEDTOR ™.

i
figue o8 =iralis fe control de escrita

contrdvyia. Farbinima mene

1

gua ad teste segul
TESTE DE COR:

ARAY eCe 1O eIrarn Um Conjunto de  viscas  coloridas
+ A

toatad dd

= O byid o

Deve responder & gquestio posta pressionando na tec
para continuar.

TESTE DE SaVE:

Observe um conjunts de riscas de  cor “arul® e

destizands no sentido Movizontal de baiwo para cim

Jerifigue se o indicador de nlvel atinge o vaiar
1

oo ded doocivcuito detector  permanece  aceso

ooohe oo —

FIo Conpe

pareihos

M2 &
Te men

rio EDNG

11}

i
=

1]
!

TH
HE

&Imn duas

i a 1% 5 t

"Vermel ha
a do ecran

Correcto
durante o
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7 - TESTE DE S50M:

SHo gerados um conjunto de notas musiceais distintas umas das
outras.

NEo deve existir distorgd3do no som,

Fara repetir o teste, pressione a tezla "R,

Fara prosseguilr o teste, pressione a tecla "gY.

8 — TESTE DO TECLADD:

Surgiréd mo ecrany um conjunto de caracteres veprezentands o

shdigo de cade tecla, pertencents ao tectadn. Deverl  apagd—
—loe tendo para isso de pressichar a ftecla corvespondente,

[ [ 1o ot -
L ES =

comegantds pela teols

sequerncial mente.

@ — TEETE DE RA&M E ROM:

ans ocom Coes &l e

doarece no televisor uma sus
g

ias. fum deth resendo no fim &

FoRmm [T
anomal las no barnoo de mendyis ow pa

iy " Falha na Fam "3 "REom Ta-

10— TESTE DO SCLT

Aparece durante alguns segundos na zona do bordersy uma sequd
—ncia de peguenas riscas pretaszs acompanbadas de som. Aphs es-
te periods de tempoy, a mensagem indicativa de "teste do BCLD
" toma diversos Tormatos.

& mensagen que deve aparecey no ecran o fim do teste &
1]

SCLD Ol ¢,
1i— TEETE DO JO¥STICH:
Deve surglir no ecran & seguinte mensagem:

CIM&
ESGUERDA DIRELITA
EATX0
Comn o Joystick inserido ma respectiva ficha, dewve acedsr  a
cafda uma das instrugtes.

12— TEETE IO LOAL:

Ligue o cabo do gravador ao Jack EAR  do comspubasiory, e
pressichne a tecla FLAY do gravador.

Adphe o programa sstar carvegads, surge no ecran & mensag
“LDaD Okv.

W

i

Se o computador passar a todos testes atrds descritos, entdo
chcontra—se M AFRAVADO Y.

Deve desligar primeiro a alimentaglo, e depois todos  outros
perifébricos.
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3.0 Z3CCPUPIND

The Z-30 CPU 15 peckayed in an industry standard 40 pin Duad In-Line Package. The /O pins are shown

ESCRIPTION

in.figure 3.0-1 and the function of each is described beiow.

“‘
MREG

SYSTEM arg

CCuTROL o RO
Wi
RFSH
HALT
WAIT

cru

cantRoL Y, ¥
Al
AESET
\

cey gusaa

BUS

canTAoL } BUSAR
»
=y
GND

AgAys

{Addrass Bus)

DO-D.;
{Data Bus)

M

{Machine Cycie one)

MREQ
{(Memory Reguest)

17 3a
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19 a2
—— =
20 3 ?
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21 3 3
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18 33
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e e Ds
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Z-30 PIN CONFIGURATION
FIGURE 3.0-1

Tri-state cutput, active high. A ~A{5 constitute 3 [3-bit address bus. The
address bus provides the address for memory (up 1o 64K bytes) data
exchanges and for [/O device data exchanges. {/O addressing uses the 8 lower
address bits to allow the user to directly select up to 236 input er 2556 ourpur
ports. Ag is the least significant address bit. During refresh time, the lower

7 bits contain a valid refrash address.

Tri-state input/output, active high. Dg-D constitute an §-bit bidirectional
data bus. The data bus is used for data exchanges with memory and {0
devices.

Qutput, active lowA.\r_ii indicaces that the current maching cycle is the OP
code fetch cycle of an instruction execution. Note that during execution
of Z-byte op-codes, M1 is generated as each op vode byte i (2iched. These
two hyte ap-codes abways begin with CBH, DDH, EDH or FDH. M also
aceurs with [ORQ to indicate an interrupt acknowledge cycle.

Tri-state output, active low. The memory request signal indicates that the
address bus holds a valid address for 3 memory read or memory write
operation.

[ —
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10RO
{Input/Output Request)

RD

(Memuory Read)

WR
(Memary Write)

HALT
{Halt stare}

WAIT
(Wait)

INT
(Interrupt Raquest)

NMIE
(Nen Maskable
Interrupt)

Tri-state outpul, active low, The 10R() signal indicates that the lower half of
the address bus bolds a valid 10 addreus fora O read or write uperation. An
TORQ signal is also penerated with an M7 simnal when an interrupt iy being
acknowledged to indicate that an interrupt response vector can be placed sn
the data bus. [nterrupt Acknowiedee operations occur during M time while
IO aperations acver ocur during M) tme,

Tri-state output, acrive low, RD indicates rhat the CPLU wants to read dats
from memory oran O device. The addressed /O device or memory shouid
use this signal to gute data onto the CPU dara bus.

Tri-state outpui, active low. WR indicates that the CPL data bus hoids valid
data tey be storzd in the addressed memory or [[O devica.

Outpur, acuve low. RFSH indicares that the lowzr 7 bits of the address
bus sontain a rerresh address Yor Jynanuce memodnzs and the current MEEQ
signal should be used o do a refresn read to all dvaminie memorics.

Qutput, autive tow. HALT indicates that the CPU has execurad 3 HALT soft-
ware mstruction and is awsinng exther a non maskable ar a maskable inter-
rupt (with the mask 2nabled) before operation can resume. While halted, the
CPU executes NOP's o mamtain memory refresh activity.

fnput, zctive low. WAIT indicates to the Z-30 CPU thar the addressed
memory of /0 devices are not ready for 3 dawa transfer, The CPU coniinues
to enter wait states for as long as this signal is active. This signal allows
memory or [/O devices of any spesd 10 be synchronized to the CPU.

[rput, active low. The Interrupt Request signal is generated by /0 devices. A
request will be honored ar the end of the current instruction if the internal
software controlied interrupt enable tlip-flop (IFF) is enabled and if the
BUSRQ signal is not active. When the CPU accepts the interrupt, an acknow!-
edge signal (1ORQ during M| time) is sent out at the beginning of the next
instruction cycle. The CPU can respond to an inzerrupt in three different
modes that are described in detail in section 3.4 (CPU Control Instructions).

Enput, negarive =dge triggered. The non maskable interrupt request line has a
higher priority than TNT and is always recognized at the end of the current
instruction, independent of the status of the interrupt enable dip-lop. NM{
automatically forces the Z-80 CPU to restart to location B0Gay. The program
counter [s automatically saved in the 2xternal stack so that the user canretum
to the program that was mterrupied. Note that continuous WAIT cvcies can
prevent the current instruction from ending, and that a BUSRQ will override
a Nl




RESET

BUSR

(Bus Request)

BUSAK

(Bus Acknowledgs}

[npur, active low. RESET forces the program counter to zero and initializes
the CPU. The CPU initialization includes:

1} Disubls the interrupt enable flip-flop
2) Set Register [ = 00y
3} Set Regmster B =00y
43 Set Interrupt Mode 0

During reset rime, the address bus and data bus go to a high impedance state
and all control cutput signals go to the inective state.

Input, sctive low, The bus request signal is used to request the CPU address
bus, data bus and tri-state output »ontrol signals to go to a high inpedance
state so that athes devices can contrel these buses. When BUSF—l—Q_is activated,
the CPU will set these buses to 2 high impedance state a5 seon as the current
CPU machine cyele (s terminated.

Curput, active low. Bus acknowledge is used to indicate 1o the requesting
device that the CPU address bus, data bus and trisstate control bus signals
have been szt to their high impedance state and the external device can now
control these signals,

Single phase TTL level clock which requires only a 330 ohm pull-up resistor
to +35 voits to meet all clock requirements.
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4.0 CPU TIMING

The Z-30 CPYU executes instructions by stepping through a very precise set of a faw basic operations,
These include:
Memory read or write
[/C device read or write

[nterrupt acknowledge

ATl inatructions are merely 2 series of thess basic operations. Each of these basic operations can take from
three to six clock periods to complate or they can be lengthened to synchronize the CPU to the speed of
external devices. The busie clock penods are referred to as T syeles und the basic operations are referred to
s M {Yor machune) eycles, Figure 3.0-0 illustratss how a typicai instruction will be merely a series of
spectite M oand T cyeles. Notice that this instruction consists of three muachine cycles (M1, M2 and M3). The
first machine cyele of any insiruction is a fetch cvcle which is four, five or six T cycles long funless length-
ened by the wait signul which will be fully described in the next section). The fetch cyele (M1} is used ta
fetch the OF code of the next instrugtion to be executed. Sunsequent machine cycles move data between
the CPL and memary or 1FO devices and they may have anywhers from tihree 1o five T cveles {again they
may be leagthened by wait siates to synchranuve the sxtemal devices 10 the CPU). The followwng para-
graphs describe the dming which occurs wthin any of the basic machine cyveles. In section 7, the exact
timing for each instruction is specified.

T Cycle]|
— ]

Machine Cycle

M1 M2 Ml
{QP Code Fetehl {Memory Aeadl {Msmory Wrred

Inttruction Cycle

BASIC CPU TIMING EXAMPLE
FIGURE 4.0-0

All CPU timing can be broken down into a few very simplz thning diagrams as shown in figure 4.0-1
through 4.0.7. These diagrums show the following basic operations with and without wait states {wait states
are added to synchrenize the CPU to slow memory or 1/O davices).

40-1.  Instruction OP code fetch (M1 cycle)

40-2.  Memory data read or write cycles

40-3.  [/O read or write cycles

4.0, Bus Request/Acknowiedge Cycle

4.0-3.  Interrupt Request/Acknowladge Cycle

40-6. Nonmuskabie Interrupt Request/ Acknowledge Cycle

4,0-7. Exit from a HALT instruction
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INSTRUCTION FETCH

Figure 4.0-1 shows the timing during an M1 cycle (OP code fetch). Notice that the PC is placed on the
address bus at the beginning of the M1 cycle. One half clock time later the B REQ signal pues active. At this
time the address to the memory has had time to stabilize so that the falting edpe of MREQ can be used
direetly as a clup enable clock 10 dynamic memories. The KT fine also goes active to indiczle that the
memory r2ad data should be enabled onto the CPU data bus The CPU samples the dpty from the memory on
the data bus with the rising edge of the clock of state T3 and this same edge is used by the CPU to turn off
the ’D and MiQ signals. Thus the data has already been sampled by the CPU betore the RD signal becomes
inactive, Clock state T3 and T4 af a fetch cyele are used to relcesh dynamic memaories. {The CPU uses this
time to decode and execute the fetched instruction so that no other vperation could be performed at this
tung). During T3 and T4 the lower 7 bits of the address bus contain a memory retvesh address and the RESEH
signal Brromes sctive 1o indicate that a refresh read of all dynamic memeorcies should be accomplished. Nouce
that 2 BD signal is not generated during refresh time to prevent data from different memaery segmeants from
being gated onto the data bus, The MEEQ signal during refresh time should be used to perform a refresh resd
of all memory 2lements, The refresh signal can not be used by itself since the refresh address is only guaran-
teed 1o be stabie dunng MEEQ time,

l— A1 Cycia

T T Ty Ty [
I
AQ ~ AlS A | J REFRESH A00R 1 |

P T\ I ‘l J T |r

o8~ 087 { ).

AP [L | ——

INSTRUCTION OP CODE FETCH
FIGURE 4.0-1

Figure 4.0-1 A iilustrates how the faich cvele is delaved if the memory activates the WALT line. Dur-
ing T2 and every subsequent Tw, the CPU samples the WALT line with the fulling edge of €. If the WAIT
line is active at this time, another wait state will be entered during the following cycle, Using this technique
the read cycle can be lengthened to match the access time of any type of memory device.
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INSTRUCTION OP CODE FETCH WITH WAIT STATES
FIGURE 4.0-1A

MEMORY READ QR WRITE

Figure +.0-2 illustrates the timing of memuory read or write cycles other thanan 0P code fetch (M1
cycled. These cyeles are generally three dock perivds tony unless wait states are requested by the memory
via the WAIT signal, The MREQ signul and the RD signul are used the same as in the fetel cycle. In the vase
of 1 nwemory wrire cycle. the MREQ also hecames zciive when the address bus s stable so thar it van be
used dirsetly as 2 chip 2nable for dynamic memunes, The WR e is active when data on the duta bus is
stable so that it can be used directly as 3 R/W pulse ro virtuaily any rvpe of serniconductur memory.
Furthermore the WR signal goes inactive ong hal{' T state beture the address und duti bus contents are

changed so that the overlap requirements for virtually uny type of semticonductor memory type will be met.

It Memary Aead Cycin Memory Weite Cycie

Tz 1 LA T2 ! T3
N S o Y o S e U

MEMOHRY A0OR. |

L

-

WA

|
0ATA 8US v} CAafaQur " }._
100 - 9N —t | \

T A Y SR VA R SN DU S W

MEMORY READ OR WRITE CYCLES
FIGURE 4.0-2
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Figure 4.0-2A dlusirates how a WAIT request signal will lengthen any memory read or write opeta-
tion. This operation is wentical 10 that prevwously deseribed for a fetch cycle. Notice in this figure that a
separate read and @ separate write cycle are shown in the same figure although read and write cycles can
never occuf simultaneously.

l T, i T3 T. I T, l T3 .y
LS (e U (e U | U [ VY LT
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MALD ] \ | f
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DAaTA BUS I l ) CYCLE
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wa 1 f WRITE
| CYCLE
(u;ur:n :?LlJS —rm { gaTa our | 1 [ ——
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wair :'Z'_'::'_':'l_f'___'l]_f_"jf} Ef%: :I:Fi___.__

MEMORY READ CRWRITE CYCLES WITH WAIT STATES
FIGURE 4.0-24

INPUT OR OUTPUT CYCLES

Figure 4.0-3 illustrates an [/O read or {/Q write operation. Notice that during [/O operations a single
wait state is autematically inserted. The reason for thisis that during [/O operations, the time from when
the {ORQ signai goes active until the CPU must sample the WAIT line is very short and without this extra
state sufficient time does not 2xist for an {/Q port to decede its address and activate the WAIT line if a wait
is required. Also, without this wait state it is difficult to design MOS [fQ devices that can operate at full
CPU speed. During this wait state time the WALT request signal is sampled. During a read 1/O operatien,
the RD line is used to enable the addressed port onto the data bus just as in the case of amemory read. For
/O write operations, the WR line is used as a clock to the 1/0Q port, again with sufficient overlap timing
automatically provided so that the rising edge may be used as a data clock.

Figure 4.0-3A illustrates how additional wait states may be added with the WAIT line. The operation
is identical to that previously described.

BUS REQUEST/ACKNOWLEDGE CYCLE

Figure 4.0 illustrates the timing {or a Bus Reguest/Acknowledge cycle. The BUSRQ signal is
sampted by the CPU with the rising edge of the last clock period of any machine cycle. If the BUSEQ
signal is active, the CPU will set its address, data and tri-state zontrof signals to the high impedance state
with the rising 2dge of the next clock puise. At that ume any extemnal davice can control the buses to
transfer data between memory and [/Q devices. (This is generally known as Direct Memory Access [DMA]
using cycle stealing). The maximum time for the CPU to respond te 2 bus request is the length of a machine
eycle and the external controtler can maintain control of the bus for 2s many clock cycles as is desired.
Note, hewever, that if very long DMA cyeles are used, and dynamic memories are being used, the extemnal
controller must also perform the reftesh functioa. This situation only occurs if very large blocks of data are
transferred under DMA control Also note that during a bus request cycle, the CPU cannot be interrupied
by either a NMI or an INT signal.
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INTERRUPT REQUEST/ACKNOWLEDGE CYCLE

Figure 4.0-3 illustrates the timing associated with an inrerrupt cvcle. The interrupt signal (INT) is
sampled by the CPU with the rising edge of the last clock at the end of any instruction. The signal will not be
accepted if the internal CPU software controiled intersrupt enuble Hip-flop is not set or if the BUSRQ signaj
is active. When the signal is acezpted a special M| cycle is gencrated. During this special M1 cycle the {ORQ
siznal becomes active (instead of the normal MREQ) to indicate that che interrupting device can place an
3-bit vector on the data bus. Natice that two wait states are automatically added to this cycle. These states
are added so that a ripple priority interrupt scheme can be eusily implemented. The two wait states allow
sufficient time for the ripple signals to stabilize 2nd identify which [/ O device must insert the response
vector, Refer to section 8.0 for details on how the interrupt response vector is utilized by the CPU.
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Figures 4.0-5A and 4.0-5B illustrate how a programmable ¢counier can be used to extend interrupt
acknowledge time, {Configured as shown to add one wait state)
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NON MASKABLE INTERRUPT RESPONSE

Figure 4.0-6 illustrates the request/acknowledge cycle for the non maskable interrupt. Thus signat is
sampled st e sime e as the interoupt line, but tay line hus prionity aver the normal interrupt and o can
not be disubled under software control. [ts usual function is to provide immediate response Lo mportant
signals such as an impending power failure, The CPU resporise to a non maskable mterrupt 1s simiiar to 3
rormal memiary read wperation. The only difference belag that e conient ol ihe Juta bus s wiored while
the processor automatically stores the PC in the external stack and jumps o locatinn ﬂﬂfi(\”. The servige

routine for the non inaskable interrupt must begin at this lecation if thes in terrupt is used.
HALT EXIT

Whenever a software halt instruction is executed the CPU beuins e xecuning NOP's untl an interrupt i
receivad (cither a non maskabte or 2 maskable interrupt while the interrupt 1lip Tup is enabledi. The rwe
intersupt lines are sampled with the rising clock adge during vach T4 state s shown in figtire +.0-7, i 3 non
maskable interrupt has bean reczived ur 1 maskable in terrupt has been recerved and the mierrupt enaole
fHp-flop is ser, then the halt state will be 2xited on the new rsing clock edge. The followng cvele will then
be an interrupt seknowledge cyele corresponding to the type of interrupt that was received, [F hath are
received at this tirhe, then the non maskable one will he acknowledged since 1t hus highest priority. The
purpase of executing NOP instructions while in rhe hait state is 1o keep the memory refresh signals acuve.
“ach cvele in the halt state is a aormal M1 {fetch) eycle except that the daws recewved from the memory 15
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