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ABSTRACT

The subject of this thesis is the design of a microprocessor
controlled data interface system. The system presented may be used
as a remote data acquisition system or a type of industrial con-
troller. Several of these systems may be connected together to
create a complex data colléction system.

- The system requirements and specifications are relatively few.
After the specifications of the data bus are given, several inter- -
face circuits are described.. This is followed by a description of
- the controller requirements. A microprocessor.was chosen and a .~
controller designed around it. The programming techniques.required.
by this. specific - system are presented as well as the operat1on of
the ent1re system .




CHAPTER I _
"INTRODUCTION
'A data interface system is a term ascribed‘tp various systems .
capabTe of obtaining information or data from various devices, such
as 1nstruments, sensors, transducers, or computer type memory, and
routing this data to other dev1ces, such as another memory or a
te]epr1nter. Exactly how the data are obta1ned,and where they are

routed is dependent on the characteristics of a given systems. In

one system, the data may be stored in memory for later use while other

systems may require tmmediate use of -the data, in which case the data

would be routed to the waiting device immediately. The complexity -

of the system is dependent 6n the number and particuTar types of

devices interfaced to it as well as the complexity of the-cohtr011er.
This data interface system has been designed to provide an

economical data acquisition system or a control unit. One partic-

ular requirement met by including a microprocessor in the controller

is that of including the ability to easily preprocess raw data from

the intérface circuits before sending them to an externa] device.

BACKGROUND
Many systems have been deve]oped that could be classified as
data 1nterface systems Computers could be c]ass1f1ed as such s1nce

they 1nterface memory to externa] per1pherals Th1s 1nterface may
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be through. the central processor orAthrough,such.schemesAasldirect
memory access or separate i/O processors used in conjunctfon with:
.multi—port.memory.l'Data_acquisition systems could ajso.be classi-
fted as data interface systems since they interface.transducers and
. sensors’ to meters, counters, recorders, etca
The data interface system described in this thesis has evoived~
from.previous'data acquisition systems and’present‘techndques‘of"

digitally bussing data through a system. The initial obJect1ve of

this project was to update and replace the present data acqu1s1t1on'{"

system~at Spring Creek. Refer to W1111ams (6) for a report on that'
particular system. That system was des1gned to measure var1ous .f
weather and stream parameters along Spring Creek and to transm1t the

' correspond1ng data back to Montana State University using te]ephone h

lines. The system was remotely controlled by,an HR21]5A m1n1computer_

Tocated in a 1aboratory at MSU. All conversions of the raw'data to

reasonable units took- p]ace 1n the computer The desfgn'of this data ;f'

acquisition system made it very d1ff1cu1t to allow the computer to do
umuch more than 1n1t1ate the transm1ss1on of the current data The>

- control program in the computer 1n1t1ated the system per1od1ca11y

to co]]ect the data'and-store it in memory. When not co]]ect1ng data, .

the program would enable a user to ca]] the computer and access the

data stored in memory. The data that could have been collected

between system initiations were Tost. If the data could be co]]ected‘f'
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continuously and preprocessed on 51te, the‘computer S program cou]d
be made more f]exible as to when to access the system The computer
could then be allowed to access several systems Many of these fac-
tors prompted the development of a new data acquisition system
Several types of system architecture were investigated as
possible struotures for the new system. AThe architecture most
applicable to the initia] system requirements uas a bus oriented
structure. The Register Transfer Modules, designed and manufaotured
by the Digital Equipment Corporation (1), and the standard instru-
ment 1nterface system proposed by the International E]ectrotechnical-
Commisston (3) were investigated. The resu]ting system is similar 1n.
many respects to each system. The ﬁedister Transfer Modules use a
sixteen bit data bus in oonjunction with a five bit control bus.
Control is realized by a hardwired program using evoke modu]es‘or by
a microprogrammed controller. The,Internationa] Electrotechnical .
Commission's system utilizes an eight bit data bus, a five bit_
management bus, and a three bit handshake bus. The control functions
are performed by one of the instruments connected to the bus. Commands'
are transmitted in the same manner that data are transmitted. |
A bus organization was deve]oped by combining severa] features

- of both of the above systems. This organization, described in

Smith (4), used an eight bit data bus, a six bit contro] bus, and four

nonbussed 11nes to each channel. ‘Western Telecomputing Corporation
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made severaI add1t1ons and changes to this initial bus organ1zat1on _
to use 1in one of the1r new product I1nes ca]]ed the WTC Data Inter-
face System. Th1s mod1f1ed organ1zat1on was used in th1s thes1s
because 1t was both conven1ent and funct1ona]1y adequate to do SO.
This bus organ1zat1on uses-an eight bit data bus an eIeven b1t ‘"

'control bus, and two -non- -bussed controI 11nes ‘to each channe] The.f

:1n1t1a1 design I1m1ts ‘this system to s1xteen channe]s Each channeI
may have the capabiIity“of'beind bdth‘a:source and a destjnatjon for -
data transfers Lfke the‘Register Transfer Modu]es, there is only
one channe] act1ng as the source and one channel act1ng as’ the des-
tination for each transfer Contro] is realized by a centraI1zed
system controIIer which may range from a contro]]er with a hard—

wired sequence of commands to a m1croprocessor based controI]er

With the m1croprocessor controIIer, data may be preprocessed before

be1ng transm1tted to the externaI worId

" ORGANIZATION OF CHAPTERS
This thesis will discuss fn'greater detail the various aspects

and parts of the data interface_system. Chapter 11 wiII cover the

bus Iines and the data transfer sequenCes -The descr1pt1on of severa]_'

1nterface cirucits is conta1ned in Chapter III Controller deveIop- S

'ment for the system w1II be covered in- Chapter IV w1th a Iook at the'

overaII system 1n Chapter V.




CHAPTER 11 _
DESCRIPTION OF THE SYSTEM BUS
This chapter presents a descriptibn of the system bus Iines-

and the sequence' of signa]s necessary-to perform the data transfers.

~ DESCRIPTION OF THE SYSTEM BUS LINES
Several lines are necessary to control the,trather of data |

between channels. Eleven bussed Tines control the transfer Operations.

Two nonbussed Tines from the controj]er to each of the sixteen channels

seTect which chénne]s are to participate in the data transfers. The:
data is transferred via a biﬂirectiona] eight bit data bus. " A1l the
lines are grouhd true to allow OR'opérations using .open cd]]éctor TTL.

Lines DBﬂA- DB7 (Data Bus) form the eight bit data 5us. ‘Any A |

-chahneT can be selected as the data source or the data'destination.

The selected source channel puts data on the bus, and the destination
‘channel 1oéds_£he data from'the bus into one 6f 1t§.interna1 registers.
Alternatively, the controller may also act as either the‘sburce or the
destination.

Aftér the controller hasldeterﬁined the source aﬁd.destination
chanhe]s, a siné]e byte.(eight bits) ﬁransfer fs ﬁerformed using the
EDT, DAv; and DAC lines. The controller sets.the EDT (Enable Data
Trans?eh) line true to initiate .the operation. The se]ected_source _

then places eight bits of data“on"the data bus and sets DAV (Data -




Available) true. ‘When the dest1nat1on detects that DAV has gone
true, it transfers the data to its reg1ster and sets DAC (Data.
Accepted) true. The contro]]er then sets EDT fa]se, which 1n turn
causes the source and dest1nat1on channels to set DAV and DAC fa]se

'respect1ve1y.

Generally, a source transmits a string of bytes to the “destination

and the handshake‘described above is perfqrmed for each byte. Nor-.
'ma]]y'the source'determines how many bytes are ‘to be -transferred.
The end of the byte.string js'usually indicated by settingvthe.SKP -
(SKiP) line true.” The SKP Tine may also be set true by the des- |
tination to indicate that it cannot aCcept further-qeta. If the
control]er'is programmab1e, 1t.may use'the SKP Tine for conditional
branching._ | | . |
Two of the bus lines, SC@ and SCI (Source Channel), are used . to

~ address one of four possible separate source registers or to select

one of four possib]e operating modes. The source may opt1ona11y ig- "
' nore these Tines or use them 1n any way that wou]d 1mprove the use- =

fulness of ‘the channe] Two other bus lines, DCﬂ and DC] (Dest1na- f'

tion’ Channe]), s1m1]ar1y contro] a dest1nat10n One of four: des-“

-t1nat1ons or. one of four modes of operat1on can be se]ected

Any channe] can request service by sett1ng SRQ (Serv1ce ReQuest) |

. true Th1s 11ne is OR t1ed to enab]e severa] channe]s to request

serv1ce s1mu1taneously To serv1ce ‘the request, the«contro11erusets ,
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ESC (Enable Status Check). true. ‘This converts all the indfyfduaT
SSC and SDC T1nes (descr1bed below) 1nto status T1nes to the con-

troller. Th1s aTTows the controTTer to 1dent1fy wh1ch channeTs .

‘i

- requested serv1c1ng and to take the appropr1ate act1on

The rema1n1ng bussed. 1ine ‘is. the RST (ReSet) Tine. When. this

11ne is set “true by ‘the contro]]er, aTT the channe]s are p]aced 1nto;j.

a known state. Th1s 1s done when the system is started or when . -
recover1ng from a power fa11ure

The SSC (Se]ect Source Channel) and SDC. (SeTect Dest1nat1on

Channe]) T1nes are not part of the bus structure, but are, 1nd1v1dua15

'T1nes from the controller to each channe] These lines are used by

the contro]]er to seTect the data source and dest1nat1on channe]s

foir the data transfers, and to bring status ‘from the channeTs to the

controTTer when ESC is true.

DESCRIPTION OF THE DATA TRANSFER OPERATION °

Several-operations occur. simultaneously during eachvbyte'trans-
fer. The foTTow1ng paragraphs describe the effect of the bus 11nes N

on the source and dest1nat1on channe]s as weTT as “the effects on the,‘£-

controTTer A t1m1ng d1agram for the bus lines 1nvoTved in a byte
'7transfer is given 1n F1gure T A

If the source is ready to transm1t data, it w1TT set its SSC -

' T1ne true when 1t detects that ESC is true When-both the channe] s--'
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SSC and the EDT lines are true, the source register selected by SCP

and SC1. will place its data on the bus. After an appropriate delay

to allow the data to settle on the bus, DAV is set true.to indicate
that the soufce haé placed its data'on the bus. When EDT goes false
'sfgna1]ing the end of the byte transfér, DAV is set false and the"
data is removed from the bus. On the transfer of the last byte, |
SKP is set true during the_same interval tﬁat valid data is placed
on the bus. |
If the destination is ready to.accept data, it will set its SDC

line true when it detects that ESC is true. When both the channel's

SDC and EDT lines are true, the destination register'selected:byi

DCP and DC1 will be Toaded with the data froh the data bus when the _

destinétion channe]»detects that DAY has gone tfue._ Concﬁrrent with
the transfer from the bus to a register, DAC will be set true to
indicate that the destinat{on has accepted the data from the.bus. .
.When EDT goes false at the end of a transfer, the destination.sets
DAC false. If the destinationléannot accept any more data, it will
set SKP true when it accepts its last possible byte, This feature
must be included in several éhanne]s to prevent the destination from
"hdnging up" the system. |

The controller checks the readiness of~thé channels- by setting
ESC true and checking the individual SSC and SDC lines. SC@, SC],‘

DCP, and DC1 may be used to check the status of any of the four
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registers of each source and destinations. To enable a byte‘%ransfer,_
the controller selects the desired cﬁanne]s'by_setting the abpko—
priate SSC, SDC, SC@, SC1, DCP and DC1 lines. EDT is set triie to
initiate the transfer. When DAC.is set true by the destination?lthé

‘controller responds by setting EDT false.




© CHAPTER III
INTERFACE CIRCUITS
This chapter.describes severaT of the_interface circuits that
have been-designed for the system: The first circutt, the counter- .
timer, will be descr1bed in greater deta11 than the subsequent - |

'c1rcu1ts s1nce the handshake and bus 1nterface c1rcu1ts are

N essent1a11y ‘the ‘same for all the c1rcu1ts and are of pr1mary 1nterest .;

in this chapter.

| COUNTER-TIMER | |
This interface circuit contains both an_event counter andwan
interual timer. The event counter advances dne count whenever an'
input pulse is rece1ved from an externaT source, such as-a d1g1ta1
anemometer. The 1nterva1 t1mer measures’ the t1me 1nterva1 between
any two consecut1ve-pulses.. In- the case of the anemometer, the coun- |

ter wTTT hon the wind flow, and the t1mer w111 hold the reciprocal

"~ of the w1nd speed

The counter port1on of the c1rcu1t, shown in F1gure 2, 1s a four"f‘

digit decade counter whenever the data interface system wants to .
access its contents,‘the count is- Tatched into Tri-state Tatches, wh1ch
each p]ace their d1g]ts onto the bus in turn, the most s1gn1f1cant
digit first. ' | '

The timer, shown in Figure 3?;js_much the same'as,the;co'unter,~
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except an_intefnal clock is counted. When an input pulse 1S received,
the time counter contents are latched, the counter cleared, and
counting is resumed. When the timer is accessed by the systém,,tﬁe
contents of the latches are latched in Tri-state Tatches, whfch p]éce'
their digits on the bus in turn, the most significant digit.first.'
Provisions are included to inhibit further‘counting“when the four
digit decade counter overflows. Overflow is ihdicatéd by a 0000
output. | o -

The control portion of this interface pérforms Severé] func-
tions. It must control whether the counter or the_tjmer 15 fo place
data on the bus, identify which one is to be accessed, and fi]] out
the digits from either to form ASCII characters. .The control will
always indicate that it is ready to transmit data whenever it is
interrogated by the ESC line. SCP is uséd to select the céuntér or
the timer. SCP is false for the counter and true for the timer.

When the system requests that the chénnel transmit its data, the
control first sends an identifying ASCII alphabetic character. This
character is selected by inserting jumper diodés into the appropriate
places of the circuit as shown in Figure 4. Then the four ASCII
decimal digits are transmitted, the most significant digft'firsf.
Concurrent with the-iast digit, SKP is set true to signal.the-end

of the byte string. SSC and EDT are ANDed together to detect when

the system is requesting its data. This.sigha] is used to enable
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bus drivers, and to advance the chéracter counter. A delayed signal
is used for DAV to allow the data to settle on the bus.‘ This inter-
face circuit does not use SRQ since Qery vew circuhstances require

An interface circuit very similar to the above cqunter;timer
ié the quad counter. This interface has four'event counters. Oper-.
ation is identical to the counter portion of the counter-fimér. The
control portion is much the same except that one of four Sources

must be selected and identified rather than one of two.

MEMORY

Memory is used in this data interface system for both data
storage and control program storage. It is most‘easi]y imp]emented
in multiples of 256 bytes since the data bus is eight bitsiwide.
However, it is assumed here and in subsequent chapters to be 4096
bytes per channel. This allows sufficient space for a re]atively
complex control program as well as some data stdrage space; Besides
being able to access the contents of the memory, it is necessary tq
specify which particular byte is to be accessed. A twelve bit address
register is included to accomodate this. When.using the memory for _
data storage, it is convenient to keep track of how many bytes have '
been stored and where fhe next byfe is to be stored. " A byté‘cbﬁnter
and an auto-increment address register are included to accoﬁodate'

this feature.
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' . The ch and DCT Tines are used to seTect the memory, the address .
reg1ster, or the byte counter as the dest1nat1on " DCP s set faTse .
and DC1 true to select the address reg1ster S1nce-4096' bytes~re4‘f‘
| qu1re twelve b1ts of address, two bytes must be rece1ved to compTeteTy :
spec1fy the address The f1rst byte conta1ns the h1ghest four- b1ts
and the second byte the Tower e1ght b1ts The h1gher four b1ts ‘of the
f1rst byte are.1gnored The byte counter 1s accessed by sett1ng -
both DCﬂ'and'DCT true This aTTows the counter to be set pr1or to .
reading from memory when in the. data dump modeﬁ ActuaT memory access_'
" has - two poss1b1e modes. The. mode used by the contro]]er for 1ts :
norma] memory wr1te operat1ons 1s seTected by sett1ng both DCﬂ and
- DCI faTse Ne1ther the address reg1ster nor the byte counter 1s
.aTtered in th1s mode . The other mode, seTected by sett1ng SCﬂ true |
and SC1 false, is used when storing a str1ng of bytes in memory from
one of the other system channels. Both the\address reg1ster and the-f.
byte counter are 1ncremented by one count for each byte stored
S1m11ary, Sco and SCT are used to se]ect the memory, the address_

reg1ster, or the byte counter as the ‘source. SCP 1s set faTse and

.SC1 true to seTect the address reg1ster The address is transm1tted
' _ as-two bytes The h1gher four bits of the f1rst byte are set to 0
| since they are not used in ‘the actuaT address SKP 1s set true on :'T
the second byte Both SCﬂ and SCT are set true to access the byte :»A

,counter As 1n the dest1nat1on mode, there are two modes of memory
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access'jn the source mode;‘ For normal memory read accessesabyAthe
‘controller, both SCP and SC1 are set fdlse. The other mode; seiected.
by setting SCP true and SCI fa]se, is used when dump1ng stored data_ d
to another channe] The address reglster is 1ncremented and the byte
counter decremented for each byte accessed. SKP,1s set true‘when ‘

the byte counter returns to zero.

| stR‘IAL OUTPUT

The ser1a1 output 1nterface des1gned by Western Te]ecomput1ng
Corporat1on (5) 1nterfaces EIA RS 232C compatlble modems and ser1a1
' pr1nters to the data interface system. Ground tirue TTL compat1b]e-
and twehty,mi111ampere compatible outputs are availabie ih addition ‘
to the EIA levels. There is one;controleout'signal;“one CdnikO]fjnl
signal, and the serial character data output ]1“¢‘§“ the externai-side
of the interface. ~The data from the tnterface are.trahsmitted;in
bit ser1a] form on the data output ]1ne The 1ower seven bits from
the bus are always transm1tted. There are severa] options
selected by Jumpers for the e1ghth bit. This: b1t may be the even or
odd par1ty b1t of the 1ower seven b1ts, a .mark, a space, or the e1ghth‘
bit from the bus (DB7). Either one or two stop b1ts are transm1tted
" depending on another jumper of the'1nterface, Severa],d1ffehent,dataA
rates'hay be selected by yet another jumpeh_and the choice ot tWOn‘

.clock crystal frequencies. The controlfout Tine may be useéd to
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control a modem carrier or a prtnter hotdr The contro] 1n 11ne
is used to enable the transmission of data from the 1nterface and
to control ‘some of the interface operations.

This 1nterface operates on]y as a destination’ channe] Either |
the contro] reg1ster or the data register may be addressed during a
byte transfer by using DCQ. DCﬂ is set -true to set the control _"
register. DBP sets the control-out 11ne, 0 turn1ng it off and 1
turning it on. DBI is used to contro1 the RQS operat1on of the.

channel. DB] is 0 to enab]e the operation and 1 to inhibit it. The_

. remaining six b1ts are 1gnored A data byte can be p]aced in the-

data register by setting DCﬂ fa]se during a byte transfer to. this B
channel. The handshake will be completed when the transm1ss1on of
the prev1ous character has been completed and the contro]-1n line is
on. During a status check by the ESC ]1ne, this channel's SDC Tine-
will be false if the channel is busy transm1tt1ng a character or the

control-in Tine is off. It will be true only when the channe] is

" ready to accept another character and the:controiein,11ne is on. RQS
. will be set true, if enabled by the control bit descrtbed‘above, when .

" the .control-in 11ne ~is on and the channe] is not transm1tt1ng a charac-

ter. The RST 11ne w1]] set the contro] reg1ster SO that the contro]-

out Tine is off‘and the RQS operation is enabTedr




CHAPTER IV
SYSTEM CONTROLLER

Th1s chapter presents a descr1pt1on of the bas1c requ1rements o

of the system contro]]er and the m1n1mum requ1rements for'. a m1cro-“

processor to be used 1n a comp]ex contro]]er A m1croprocessor that )

fits these. requ1rements was se]ected and des1gned 1nto a. system f.

'contro]]er

cONTROLLER REQUfREMENTSt
The system contro]]er 1s 1n charge of a]] data: transfers per— '
formed on the bus As described in Chapter II the contro]]er ’
'1n1t1ates and term1nates each data transfer sequence . The status -
"~of each channel is used ‘by the contro]]er to dec1de wh1ch course =

_of act1on it shou]d foltow.

One of the simplest controliers is one in which a string of data =

bytes is transmitted upon receipt of a éRQ’SiQna] . One pair‘of '

| channe]s transfer a str1ng of bytes unt1] the SKP 11ne 1s set true
‘by the source Then another pa1r of channe]s transfer another unt11
SKP becomes true aga1n Upon rece1pt of the last SKP s1gna1 the

_ system enters an 1d1e state unt11 the next SRQ s1gna1 is: detected

When SRQ is rece1ved again, the above sequence is repeated ‘The,

sequence of the.pairs of channels part1c1pat1ng “in the data transfers

fcan be mod1f1ed by changlng Jumpers in the’ contro]]er Th1s con- )
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tho]]eh does not check the status of the 1ndividua1 channe]s, but
depends on the fact that the transfer handshake sequence will be
completed only when both the source and dest1nat1on channe]s are ;
ready to do so.

A more sbphfsticated cohtro]fer contains'a mictoprocessor which
.chooses, 1ts course of action on the basis of the 1nstruct1ons of the
control program. These instructions direct the contro]]er to check
status, initiate data transfers, and process the data co]]ected.
The,contro] prcgram will be Tocated in a memory‘1ccated either in one -
.of the system channe]s or in the contro]]er In most cases, the :
speed of the system will be 11m1ted by the speed of the m1croprocessor
If the control program memory is located in one of the system channe]s,
instruction fetching may be slightly slower than if the program
memory was located in the contrcl1er. HoWever, the"memory Tocated
vfn one of the system. channels shou1d be more Qenera] puhpose sfhce
it cou]d also be used for data storage us1ng channe] to channe]
transfers '

Using,the memory described in-Chapter I1I, the 1nstruct1on fetch
or memory read qpehation would be executee as follows. The memory o
address would be sent to the memory channel address register, the
highest four bits first followed by the 1cwer eight'bitsﬂ"Then the!f
contents of the addressed memory 1ocattoh"wou1d be sent from the'~

memory channel to the controller.
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The memory write operat1on would -be executed as fo]]ows " The
-~ memory address wou]d be sent to the memory channe] address reg1ster..
in the same way 1t was sent for the memory read operat1on | Then the-z:
data to be stored in the addressed 1ocat1on would be sent from the
controller to the memory channel: '

Data transfers between channe]s are enabledAduringlthe exe-
cution of part1cu1ar 1nstruct1ons, usua]]y certa1n 1/0 1nstruct1ons '
Under normal operat1on, only one byte may be transferred per s1ng]e
execut1on of.these 1nstruct1ons. There_wou]d usually be a few -
instruction fetch‘ooeratjons between data byte transfers between
channels If the destination channef or the‘soorce channel is one-of '
the memory channe]s, it shou]d be a d1fferent channe] than the one
1nstruct1ons are current]y be1ng fetched from since the fetch
operat1on wou]d change the address reg1ster if they were both access-

1ng the same channel.

 MICROPROCESSOR REQUIREMENTS )

. The contro]]er must be des1gned SO the m1croorocessor can fetch
its 1nstruct1ons from a memory channe], store 'datd in a memory channe]
and enab]e byte transfers between channe]s S1nce the data bus is
e1ght bits wide,. 1t is only logical that the m1croprocessor ut111ze
. 1nstruct1ons'and data that are eight bits w1de. To allow enough_

programming spaceifor re]atively comp]ex.programs; and'to be com-
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netible with the memory presented in Chapter III; the microbrOCesscr
'must be capable of addressing at least 4096 b&tes‘of memory. The:
“instruction set should be capable,of a11owin§ a re]ativelyICOmpleX'
program to be easily rea]ized. “There should be a set of particular’
1nstnuctions to be used to set up,and‘eneble transfens:between system |
~ channels. | | |

Since the time reduired to'access meﬁdny depends on tne‘speed '“
of the handshake. sequences, wh1ch may vary conS1derab1y, the processor
shou]d have the capab111ty of being held in an 1d1e state until the
operat1on be1ng executed 1s comp]eted. The- instruction execnt1on
tine should be short enough to allow the'system tc respcnd rapidly

to any condition that needs immediate attention.

INTEL 8008 MICROPROCESSOR DESCRIPTION

The Inte] 8008 microprocessor, described in detail in Inte]‘(zj,
is the least expensive processor that fu]ti1ls‘the requirements.for
the system controller. It is an eight bit processon:with forty-eight
data oriented instructions. Lt_cen-bevused with any type end'speed
of nemory. An address of fourteen bits allows addresstng of up to . -
16 384'bytes of memory. By nsing the‘I/d 1nstructions, a data trans— .
fer between channels can easily be set up and executed The basjc
cycle t1me for the 8008 is twenty m1croseconds A faster'version;

. the 8008-1, has a basic cycle time of twelve and one half micro-
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_seconds. An internal stack allows nesting snbroutines_np to seven
deep. Seven registers are accessab]e by the program -One of these .
is the accumulator while the other six are used for temporary data |
storage

The processor communicates via an e1ght bit. b1d1rect1ona] bus.
:Time-multtplex1ng of the bus a]]ows contro] Jnformat1on, fourteen
bit addresses, and data to-be transferred'between the processor and: -
eXterna] Circuits;‘:Besides,two,inputshfor‘the'two phase non-over- -
lapping c1ock,-two'inputs and fourIOUtputs are used For processor
control. The state outputs (SO, S1, and SZ)_and the SYNC output.
tndicate the,state the processor is in durjng instruction cycles.
The READY 1ine is used to hold the processor in an idle state until -
it is set true. The 8008 has Timited interrupt capabilit&:through
the use of its INTERRUPT 1nput. bue to the re1at1ve d{fficulty of
sav1ng the state of the processor dur1ng interrupt servicing, 1t 152
,usua]]y not used except when 1n1t1a11y starting execut1on of the |
program. | o

'There are eight states the processor may enter F1ve of these_
are entered during the norma] execut1on of a typ1ca1 1nstruct1on 'ﬂ
The lower byte of the address is.. transm1tted dur1ng state T] The,ﬂ‘
h1gher six bits of ‘the address and two contro] bits are transm1ttedA
during T2. -The two contro] b1ts'des1gnate what type of instruction

cycle is being executed. Both D6 and D7 are 0 for the instruction 1
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fetch cycTe D6 is 0 and D7 is 1 for’ cyc]es in wh1ch add1t1ona1 bytes
of data or address are fetched from memory Both D6 and D7,are 1
’for the memory wr1te cycle. D6 is 1 and D7 is 0 for the I/O'exe—
.cution'cycTet For the I/O cyc]e, the contents of . the accumuTator
is‘transmftted.dur1ng~TT. The Tower six bits of the byte trans-, j
nii tted during T2 contain the I1/0 dey1ce address and spec1fy whether )
the fnstruction Ts an input or ontput instruction : Dur1ng T3, the
data from memory or an input device is rece1ved by the processor,
or the data to be stored 1n memory is transmitted by the processor.
Execut1on of the 1nstruct1ons occurs dur1ng states T4 and T5. Somef
: 1nstruct1ons w111 skip one or both of these Tast states. StatefTT
is repTaced by T1I when the processor has been 1nterrupted to 1n-
‘d1cate to the externa] c1rcu1try that the 1nterrupt has been recog—
' n1zed This is usua]]y ‘used to s1gna1 the c1rcu1try to jam an in- .
, struct1on into the processor to repTace the 1nstruct1on norma]]y
fetched from memory. The program counter is not advanced dur1ng a
cycle beginning with state T11. The processor w111 enter state
-‘-WAIT'immediateTy after T2 if the READY T1ne 1s Tow The processor
will remain in WAIT until READY is set high, enab11ng the processor_
“to enter T3. . -The STOPPED state is entered after state T3 when a.

HALT 1nstruct1on has been received by the processor
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DESCRIPTION OF THE MICROPROCESSOR CONTROLLER
Basically, the configuration of the system with a“microprocéssor

controller is that of a Simp]e computer. Instructions are fetched-f

from memory and executed, data is written in memory, and data trans-

fers are set up and executed. _

To realize a controller w1th the Intel 8008 the t1me mu1t1-
plexed data on the processor’'s bus must be demu1t1p1exed so that 1t
can be used at the system's speed, which will be quite d1fferent
than the speed of the processor. Circuitry must a]sd-Be included to
allow the input data from the bus, status registers, or interrupt
instruction register to be received by the processor dUriﬁg T3. The
byte transmittéd by the processor during T2 is latched and decoded’,
to-determine what type of cycle is being executed. The foi]owing

paragraphs describe the operations of the different cyc]és as

- executed by the design shown in the b]ock diagram of.Figure 5. The

schemat1c diagram is Figures 6 through 12.

The T1 latch contains the Tow byte of the memory address for the
instruction fetch or memory read cycle. The T2 latch contains the
higher six bits -of the memory address.- The highesf two bits of the
address are used to select one of the first four éystem‘channe]s
as the destination for the next tWo'transfers and’ the source for the
third transfer. The higher address byte is transferred from the T2

latch first, followed by the Tower address byte from the TI latch.”
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Then the selected channel is instructed to transmit the contents of
the addressed memory location to the controller. This byte is latched

in the INPUT latch. The contents of this latch are transférred"at
the proper time to the processor for 1nstruction decoding and
execution. | |

' The T1 latch also contains the low byte of thé membfy~address
for the memory write cycle. The T2 latch contains the~higher six'bits
of the address. The highesf two bits of the addres$ are used to
select one of the first four system channels as the destination for »
the next thrée transfers. The higher address byte is transferred
first from the T2 }atch followed by_;he Tower address byte from.the
T1 latch. Then the data byte contained in tﬁe T3 latch is trans-
ferred. ' | |

For the I/0 1ns§ructions, the T2 1étch-cqntains the device

address and an indication of whether an IN or OUT 1nstructiqn‘is
being executed. The contents of the T1 Tatch are the ﬁame as the
contents of the processor's accdmu]ator. ‘The device address and the
type of instruction determine hdw the controller executes the I/0
instruction. An OUT 10B (the B indicates octal or base eight numbers)
instruction will cause the contents of the Ti latch to be storednin _
the XFER SSC Tatch. This Tatch is used to select the source channel
during a transfer between channels. If the highest.bitiis true, the

controller is sbecified to Be the source channel. An‘OUT.11B'1nstrdc-
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| tion‘w1]1 caUSe the contents'of the'T] latch tolbe stored'in the

.XFER SDC Iatch wh1ch is used to se]ect the dest1nat1on channe] dur1ng

a transfer between channe]s If.the highest b1t is true, the con- ‘
tro]]er is spec1f1ed to be the destination'channel. 'Andde instruc{;
tion enabIes the transfer‘of a data byte'between the source and>
dest1nat1on channe]s spec1f1ed by the last OUT- IOB and ouT IIB

| 1nstruct1ons If the contro]]er is spec1f1ed to be the source

-channe] the’ contents of the TI Iatch are p]aced on the’ data bus

'when the byte has been transferred, SKP is latched into the SRQ/SKP
Iatch and the data byte latched in the INPUT Tatch. -The contents _
of the INPUT latch are then transm1tted to ‘the processor s accumu]ator.

The IN 1 1nstruct1on is 1dent1ca1 to the IN O 1nstruct1on except that

. SKP is not latched. The IN 2 1nstruct1on is used to load the status :

of the channels into . the processor's accumo]ator;" The contents of ‘the
T1 Iatch are used to select which eight channels are to haqé their
status sent to the processor. -The IN 3 instruction causes the con—'
tents of . the SRQ/SKP ]atch to be sent to the processor s accumu]ator
In order for th1s controller to be usefu], severa] operator
contro]s must be prov1ded An operator shouId be ab]e to start and
stop the execut1on of the contro] program AIso he shou]d be abIe
- to examine and alter the contents of the program memory Th1s des1gn

”prov1des these contro]s
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" When the RUN/STOP switch is opérated, an interrupt request is
- .sent to the processor. .If-the processorﬁwas stopped;'a,RST O;instruc-'-
tion is sent'to the‘processor during the Tnterrupt’cycTe to start'thég'

éxecution of the program‘at address 00000B. Whenever the processor

- .1s started, the front panel address reg1ster is cTeared If the -

‘processor was execut1ng the program when the RUN/STOP sw1tch was
"operated a HALT 1nstruct1on w111 be sent to the processor dur1ng the
1nterrupt cyc]e when the processor has been stopped the contents ’
‘of the front pane] address reg1ster (cTeared when the processor was -
."started) w111 be transmitted to the channe] spec1f1ed by the. h1ghest
two bits of the address The contents of that memory 10cat1on
1w11] then be transm1tted to the ‘controller where 1t w1]1 be d1sp1ayed
in the DATA DISPLAY. The DATA DISPLAY is des1gned to mon1tor the
data bus, Tatch1ng the data whenever DAC goes true.

The following controls w1]] operate onTy when the processor has

been stopped The MANUAL RESET sw1tch w1TT set RST true momentar1]y

to reset the TOg1c of aT] the system channe]s The LOAD ADR sw1tch ;7 o

w111 cause the ADR sw1tches to be, Toaded 1nto the front paneT address _
reg1ster The contents of th1s reg1ster are d1sp1ayed 1n the ADDRESS -
'DISPLAY INCR ADR will 1ncrement th1s reg1ster, and DECR ADR w111
-;decrement 1t Any of these Tast three sw1tches w111 cause the con-
tents of‘the‘front.paneT address reg1ster to_be sent to the-channelT-

specified by the highest two bits of the régister.. The channel will
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then send .the contents of the addresééd memory. ]océtion'back to:the.

controller to be disp]ayed'in-the DATA DISPLAY.‘ The LOAD MEM éwitch

causes the DATA switches to be transmitted to the memory Tocation

specified: by ‘the last LOAD ADR, INCR ADR, or DECR ADR operation.
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