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' " ABSTRACT |

4

This report presents the study, design and optimization of a smart-

microprocessor—based .CRT terminal, which must communicate via an RS-232C

port with a 68000- based board which plays the role of the Frequency Hop .

+

Generator in a communication's system. . . '

LIl

The  research and  development presented results from the

state-of-the-art Frequency Hopp'lng Radio presently being deve10ped at the
Defence Communications Department of ,Canadian Marconi Company, which must

function under the direct intervention of an’ operator who must enter

adéquate system operating parameters. Such coded parameters force the

system to r’un' under specific cor}ditions. The need for the operator to
dirécﬂy interface with the system calls for a method -to enter parameters

which must be fast, efficient, reliable, low costing and must permit ease

in updating such parameters at any desirable time. The simp]est

cheapest, and most versatile method of programming such a system is v1a a

CRT tenninal .

The terminal will permit the operator to enter and visualize the

system parameters and by means of a monitor system, residing on the 68000-

"based board, he will be able to:

: .
’ ‘ ’ |

edit parameter tables depending on the system's needs;

keep track of the system's real time clock; and

place the system in any of 3 possib]le modes.‘
i
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The report outlines the ' basic terminal cbnqepts and  CRT

fundamentals necessary to develop a knowledgeable foundation fn order that

later on adequate decisions dur'“ing the design stages can be made. By -thé

-

same token, 1t carries out a detailed examination and cdmparison of three
major LSI CRT controller chips available on the\\ market fn order to sort
out the best functional component fitted for the Job.“ Finally, 1t

culminates by describing in detail the optimized-design of a 32-chip smart

terminal, where chip functionﬂity has been blended in order to achieve

the best performance out of every device. >

Throughout\the\:nvestiéations.carried out, and the design Qtages,‘
it was always kept 1n\ mind t'hat the m§1n characteristjcs desired out of
the terminal implemented werepcost': eff?ciency, low power, low component
’count, reliability, speed and 1nte1119ence.. Needless to say, sucr; wpre 'to
be obtained without sacrificing Opér'-agor flexibility to enter system

parameters and yet incorporate sufficient intelligence to ease the task.
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. INTRODUCTION '
\° ;
' ' i

' . («
Since the ing:roduction of the microprocessor, video terminals have

been designed with fewer chips, more features, and gre'at“é'r end-user
flexibility.  Although the microprocessor is the driving force behind
these changes, reduction of chip count and consequently lower cost cannot
be achieved with a microprocessor alone. Programb]e 1/0  ports,
programmable event counters, keyboard scanners and encoders, UARTS, Baud
rate generators, video timers and control]érs,'cﬁaracter generators, and
memory are the add}ed functions needed to implement video terminals. In
order to redu-ce the chip count, these individual functions in turn must be.
implemented in LSI. Fortunately, these complex- functions are available in
single or multiple chip MOS/LSI sets and it is now possible to build a
versatile vidéo terminal . with 20 to 40 standard chips, depending on

»

terminal features.

This dissertation will examine the warious hardware and software
decisions that lead to the design of a smart and compact, low power', Tow
chip count, fast video terminal. The idea to develop a terminal with such
characteristics arose from'a ‘study conducted while trying to purchase a

low cost, intelligent terminal at the Defence COmmun’ications Department of

Canadian Marconi Company (CMC).

»

4

The dissertation's breakdown is as follows:

\
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Chapter 1 focuses on the various generations the terminal industry

has 'passed through since the first teletypes. It points out as well the

. main differences 1in IQ between dumb, smart and intelligent terminals,

while establishing general CRT terminal features to be considered by the
designer in the earb} stages of the system. Thus, pointing out that the
sum total of the features to be impla{a\ted will directly affect the

hardware/software complexity of the final product.

Chapter 2 establishes the video. basics necessary to develop a

knowledgeable foundation to allow adequate signal interfacing during the

‘design stage.

The next step, Chapter 3, is to consider the basic building blocks
making up a CRT terminal and realize the logic which is most apt to be
1n/,t.egrated into an LSI chip,'th'e CRT controller. Once thgig is
e‘établished, the interfacing format between the CRT contro'l]er‘ari\d the
character generator, and the .various methods available to address and
interf’ace with the di.spjay memorf atre pointed out to further build upon
the necessary knowledge required to choose the appropriate CRT controller
for the job. | ‘ | ’

~ The background built upon durilng the first ]three' chapters is
utilized 1in Chapfer 4 to carry. out a detailed analyﬁis of three CRT
controllers, the potential -candidates to be used in the terminal. The
devices in question were chosen due to their availability, low cost,

functional capabilities and characteristics from a wide range of CRT

o et e Py
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controllers available on the market today. ‘For each CRT controller a

terminal block di'agram is presented pointing out the‘ necessary number of

_components to 1mb1ement it. To aid in the task of evaluating the best

devicé, the choice is simplified and more obvious by presenting in tabular’

format a i:omparison of the CRT controllers' signals available, their
cﬁaracteristicsuand the necessary system cov%mnents (by function). Thf
reasons for the final choice are pointed out as well.

[

Chapters 5 and 6 describe the detailed steps and analyses

undertaken to arrive at the final hardware and software design,

v
respectively, making up the CRT terfninal implementation.

Following is a comprehensive report, including the hardware (refer

to: Figure 5.2), software (refer to Appendix G - Software Listing) and all

e

pertinent information regarding the design of my 32-Eh1p "smart" terminal.

e
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\ CHAPTER 1 ‘
TERMINAL FEATURES, CLASSIFICATION & TERMINOLOGY

The individual undertaking the task of ‘designing a terminal, must
"first of all become fami'l\jar with the jargon pertinent to this aspect of
the industry. By the sameitoken, to arrive at an qptimum design, he must
consider the minimal termihal features, whfch. tg this day’have become
industry standards, that must be incorporated into the design in order to
classify the terminal under the appropriate category and improve upon it.

\\ |

This chapter outlines t"e general (but necessary) féatures and
functions éhat must make up a present day state-of-the-art terminal, the
basic differences that classify terminal according to its degree of
intelligence as well as other facjsrs that must bim taken into account to
make it human interfaceable - ergonomic. The progress of terminal
technology, through its first. four geénerations ‘is herein pointed out as

well.

‘1.1 . The Terminal's Genealogical Tree

The Cathode Ray Tube (CRT) terminal \is one of the most (if not the

fnost) popular computer-related products on the market today. It has
" become the keystone of interactive, decentralized data processing, and the

. focal point of almost all small business system development. While its

&
utilization is becoming more and more common as the computer infiltrates

all job markets, terminal manufacturers are be‘éominQ ever more convinced

of the need for a compact, inexpensive, highly functional terminal with a

LH
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variety of features and durability; a kind of universal tool. Such degree -
of sophistication, as portrayed by today's terminals, has not been
accomplished overnight: it is the result of innovative breakthrodghs over

the past fifteen years. - .

In order to be able to understand why todays state-.of-the;art CRT
;ermina] industry is where it is, we must look back to the development and
advancements in semi- conductor technology and the direct impact it hégﬂon
terminal design by revolutionizing the hardware 1mp1ementation}/f/5u;h
techno]ogy.imposed restrictions on the design engineer, 11ﬁ1tdng'h1m, as
it developed, to use only the possible 1ogjc ‘functions ’avaiIabié' on the
standard SSI and MSI packages. The enginﬁer's creative talent‘(ﬁxgkthg
rest. Thus, functions not available as .integrated circuits- had td be
implemented discretely; the price to pay was bulkiﬁess and power.
However, the achievements accomp]ishg& and. the awareness “obtained
throughout the industry during every CRT terminal generatfén; dictated
what the next 1logical step of integration should be 1in order. to bring

about improvements, versatility and compactness. o

»
[

To better appreciate its present state, let's look at the evolution

of the CRT terminal through its first four generations.

First Generation. In the first generation of low-cost CRT

" terminals (prior to 1974), both character decoding logic and CRT control

were built from state-of-the-art TTL. - This was a significant advance, and

j -
it resuf%éa in a total system IC count of about 150. This was, of course,

—_—
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. a substantial amount in coﬁparison to today's terminals. Figure 1.1 shows

a general block diagram of ‘the discrete logic circuitry making up’ such a

terminal.

Every fun_gzion, suc"h as the generation of horizontal and vertical
sync timing, was pei*formed' by f:liscv:ete logic. Thrt.a egecution of line field
fncrements,' character—]iﬁe address counting, or carriage returns requi;‘-eq
numerous gates to accomplish each function. Each command was treated
independently by the 'hardware; it was necessary to ha(\)/e separ«iite circuitry
to detect each control character and cause the appropriate function to -
occur. Simply decoding input characters to’ cause norma]q disp]aya'ble data
to get written into memory needed decisions affecting numerous counters in
the circuitry. ’

Everything was hard-wired in the first genération CRT. Options or
changes were difficult to p;ovide and labour accounted for the major
. portion of the terminal cost. “An inexpensive eaxly first generation CRT
términa? was priced in the range of $1600 to $2000 and u;as simply an ASR33

compatible device - more or less a "glass-tel etype".[1]

Second Generation. With the availability of LSI technology in the_

mid-severifies, Tow-cost terminals were introduced. However‘,y the first
‘real simplifying breakthrough came with the microprocessor (uP). The
avaﬂal;ﬂiﬁty of the inexpensive uP permitted not only a simplification of
"the character decoding, but also allowed the desiéners to implement

features that had been prohibitively expensive and to freely add new

L
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FIGURE 1.1 '
CRT Terminal Discre%e Logic Implementation
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FIGURE 1.1

1al Discrete Logic Implementation
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‘with an IC count'of about 100.

Ty

functions. It was then possible to build a’ second - generation terminal

Adding the uP was really intended to . give more function, rather
than simply to emulate TTL circuitry. However, it wasn:'t Just a question
of ‘adding a $15 to $20 processor to the system; other reqﬁirements su;:h as
ROMVX, RAM and clock circuitry became necessities as well. With the uP,
editing functions could easily be added to the terminal. By adding extra
vhemqry and logic to allow the screen memory to be 1:\terrogatg'd,“aAfu1'li
edﬁ;ing terminal could be built having QEIC' count of about 125.

{ .

By wusing uP technp19gy, a good deal' of TIL circuitry was
eHmihatﬁd, but most noteworthy of the second generatibn was the ability
to easily add’many more standard features and “options at a considerable
reduced ‘cos;tﬁ. ' o b

Previously, o.ptiona] functions such as cursor addressing, the
ability to set tab stops at ‘evem‘/ position, tab and backtab. keys,
automatic repeat keys,, separate prinlt keys, full dpper and lower case
characters, or a fully buffered print port, could be offered as standa;d
features 1in second generation t/;nn'lna'ls because the additional labour
charges occurred only once - in programming the uP. gdore°1mportant were

the ot'her implications -" the promises for future enhancements - such as

the ease with which options 1ike function keys might be provided,

- .

o
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~ Inexpensive, dumb, second generation terminals sold for" $900 to

$1600 in 1976321 As uPs became more advanced, terminals incorpErating
the TYatest silicon intelligence could no longer be called "dumb". The'

terminal trade coined a new word, the "smart" terminal.

/
!

v
L1

Somewhat suprising'ly, the first uP- based 1nte1ngnt terminals . were
no 1ess complicated inside than the dumb variety =, about 150 Its for the

first generation versus 125 ICs for the second. - Computer circuitry had

. replaced much df the discrete logic, but the expanded functions had also

necessitated increased complexity in the display-driver circuitry. An

integrated solution to discrete video.circuitry was needed.[3]

.
",
A
v

<

"/ Thir& Generation. The ‘niarket. trend corftinued toward “the

de{relopment‘ of smarter terminals. This was' evident "by taking a further

step towards a reduction of the IC couh;;. It was at this point that the

.second techno]ogicaT ach’i’evement‘t took place. The development of the

integrated CRT Controller (CRTC) or \’video.controﬂer chip resulted in
Tower circuitry complexity. Semiconductor companies %uch as Intel,

Motorola, Nationa] Semiconductors and Standard Micro "Systems  (SMC)

\ “provided the next major opportunity for change with their L_ntroduction’ of

¢

such LSI chips as the 8275, DP8350, £845 and 5027, resyectively.

4

”

~

In the third generation terminals, the CRT control logic was
A

replaced by an LSI circuit while still retaining the uP for the character-

'decoding function The programmable CRT contro'l]ers incorporated many of

. - the discrete counters, registers and character-attribute circuits needed

N&" | .. ‘_ ‘, ~°°‘i
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- dn a moaern terminal. As a result, a third generation temminal could ”Le
built wi1\:h about 60 ICs. * .. .
-t ’ ¢ &

¢ t
s

The new controller chips made it easy to do tricks with character
attributes: Qlinking, blanked or unJer'Hne charactﬁs; half-intensity or
reverSe videos and. expansion to double height, double yidth or both.

’ Adding the CRT controller gave terminal ma‘nufacturerrs‘ §ome flexibility in
< . the system. They c’ou1d -generate a number of di;ferent screen. foyma"cs by

/:eprograming'éhe c\ontroHer (CRTC); make a whole family of terminals by
chéngingv. the cdbntro1 firmware - from a simple "glass te]e‘type" to a

sophistiecated editing t‘gmn‘nal - with only minor hardware diffev"enc%s.

»

-

/ ‘ ,,. Actually, the CRTC simply interrogate;. n;emory and/ produces a

display; that is its sole function: it generates and displays whatever is-

. in the screen memory. ‘F'lgure'l.z shows the general block diagram of a
. | typical, third generation CRT temﬁnah

But simply eliminating some logic on board, by using the LSI

controller is over.kiﬂ - ittjisn'iz cheap! The question that needed an

.answer was this: Can enough savlings be realized with the general purpose,

n Lad

third eration controller to justify their use in low-cost terminals?

Fourth Generation. As terminal popularity and appHca‘tions‘ grew,
]

and as the demand for such devices increased, the manufacturers that

[} o

-'dominated this industry realized that the character decoding logic and the -
CRT control logic could be combi,néd and incorporated into one custom LSI

o

.t
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chip. The design of the custom controller chip, when produced in very
large quantities, had the advantage of allowing a very cost-effective CRT
implementation.[4]  However, such an option was feasible only to
manufacturers that had their own LSI design facﬂity Only then was cost
reduction possible. |

f

" To design the custom LSI, the fo]lowing- factors were considered

throughout the evaluation:

- the entire CRT circuitry had to be re-examined with an eye to
redesign it; '

- the major goals sought were significant cost reduction and
performance 1mprovement wherever possitﬂe and

’

- the gawailable genera] purpose LSI controller chips had
additional features which were unnecessary for low-cost CRTs,
while adding to manufacturing costs; thus, the custom chip had
to incorporate only the necessary functions to be used for the
specific needs and eliminate the many unnecessary options.

P

The Jesearch and development co;sts involved in such an operation
were possible 6n1y to well-established giants such ‘as Perkin Elmer, Lear
Siegler and Others. Nonetheless, tgeir research proved fruitful, allowing
fourth generation low-cost CRT terminals to be built with only 19 ICs.
The less resourceful companies, however, had no choice but t6 remain with
the third generation approach based upon the uP and CRT controtler.

Figure 1.3 summarizes j:hé evolution of CRT terminal technology.

1
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Compares the four CRT terminal generations wusing the 1low price CRT
terminal for the comparison. It should be noted that the actual number of
. ICs to implement such a generation will vary with the options and cost.
What is more important, are the numbers of ICs saved with each new design
generation. . .
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What can be expected from the next generation? Categoricaﬂy, we
can say that we have recenﬂy. entered the fifth generation. With the
advent of 16 and 32-bit uPs and the' introduction of advanced CRT
contro'llers by some of the major semiconductor compames, such devices are
finding their way into the latest terminals being 1ntroduced However, as
terminal complexity increases and additional features get 1ncorporated°,
the number of ICs necessary to implement them increases accordilng1y.
Therefore, the trend towards ever-increasing intelligent terminals or

towards the bi-functional terminal/microcomputer device directly affects

the complexity of the software and in turn the hardware sophisticatibn to

implement it. This results in a higher chip count, which is a trend
reversal from the previous four generations of lowering chip count while

increasing functionality.

1.2 Terminal 1Q[35,36,37,38,39,40)
Literally, a computer's window to the world, the CRT terminal, is

the most widely used operator-controlled peripheral. This is so because

.it combines input, output, control and communications-interface functions
i

all in one unit. The degree to which each of these functions is present

determines a terminal's intelligence, which in turn governs its ability to

manipulate data in a system ‘environment.  About -10 years ago or so,

virtually all terminals were "nonintelligent" because they required an

external host computer to control their operation. But nowadays, uPs and '

LSIs have changed al1 that.’

[4

- mm.o..“,,_w_%«mw—.-»-.wmwwag
. b 2> i3

i K e M R b b s e
r




15

CRT terminals are generally classified with respect to~ their

features and internal capabilities in terms of ‘relative intelligence.

Such intelligence relates directly to the user's ability to program it.

Most manufacturers classify terminals as follows:

Dumb:

Smart:

v

" A dumb terminal is essentially a "glass teletype". They are

merely conversational devices. They consist of:

1. a keyboard,

2. a CRT, and

3. 'an interface to a cammunications 1ine.

The keyboard and CRT screen provide the basic I/0. Once
data are entered via the keyboard, the terminal is 1imited
to displaying and transmitting codes to the host computer
which are then interpreted by the host for subsequent
transmission and display. Any 1}1te‘l]'lgence involved 1s 1n
the device interfacing with the terminal. Dumb terminals
offer limited .control features such as carriage return and
line feed. They are low-priced and easﬂy‘ adaptable to most
computer systems, .

A smart terminal has enough intelligence to place the data
directly on the display screen from the keyboard without
help from the host. By the same token, it provides data
formatting, highlighting and text editing, allowing the data
to be modi fied before block transmission.

Additionally, a smart terminal supports peripheral devices
such as pr'lnter's or mass-storage devices and tr;ansfqrs
displayed information to 'the off-Tine storage device. It
also buffers the information being sent to a printer or
another peripheral device connected to the terminal. Many
1ndependént’ly controlled and optional features are us‘uaHy
provided by smart tennina'ls,_ each requiring additions and/or

L3
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alterations to standard terminals. These include memory
extension for disp]ay storage, function-keys, personality
modifications, optional character-gengrator sets, and
modifications of the standard program. '

In ge}leral, most manufactﬁrers cite the following as being
part of the features making up a smart temminal:
- * use of one or two uPs
- vendor (rather than user) progrémmabﬂity
- provides editing and screen functions supported by
function keys S~
- provides block transmission capabilities
- provides minimal two page local memory
&\k
They usually feature:. °*

- a wider variety of processing power, ranging from é-bit
uPs to 32-bit bit-slice CPUs |

- user programmability

- -so'pfﬁsticated operating systems and high-1evel language

‘ capability ’

- larger local memory: 16K bytes and more

- support peripherals without reliance on the host such
as f'lbppy-discs and 'tape storage

Like the other terminals, intelligent units require support

of a host system, particularly for downloading programs or

data. However, they can stand alone when their hosts crash.

These terminals resemble more and more computers.  The:
emphasis in this segment of the terminal market fis sof tware.

Their cost reflects their degree of intelligence.
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Stand-alone: These terminals constitute a higher level of capability;

they provide the basic features of intelligent ones, but add
built-in computing power and thus don't require a host.

They not only provide- 1ocal intelligence and storage, but .

also of fer capabilities similar to large host systems.

Terminal classification is becoming ever more difficult to make

. dut, especially at the rate this industry is progressing. Although this

\

doesn't imply that there is no distinction between some smart and
intelligent or intel1igent and stand-alone terminals, their ‘capabﬂities

overlap and the differences can be.very subtle.

Despite differences over matters of definition, all teminal
manufacturers are. attempting to provide greater capabilities v;ithout
seriously affecting"price and performance. To enhance their products they
are concentr‘éting their efforts on three:key design factors:

1. processing power; C'

2. display capabili ties;

3. " software.

A system's end-user often determines the type of processor its

terminal requires, thus, whereas graphic systems may require bit slice uPs

or 32-bit-wide data paths; on the other hand, 'alphanhmeric applications

are usually implemented using 8- and 16-bit uPs. Hoyever, many

intelligent- terminal. manufacturers agree that 8-bit uPs are suff{ciently'

powerful for most applications.




1.3 Term1~na1. Features

‘In order to'quany a terminal under a specific category, one mu\st
consider the entire spectrum of features it has to offer. Thus, the
terminal manufacturer must decide from the conceptual stages whether he
wishes to entér the market to compete with others either in the dum,
smart or intelligent terminal category. Depending upon the kind of
terminal he manufactures, he may encounter'tighter or more relaxed
competition; he must car;*‘y out adequate market research. However,
nowadays! due to the iarger scale of integration incorporated into chips
and their 1nte‘|]19ence, we can say that the introduction of new dumb

terminals is practically nonexistent; there is a trend away‘' from them.

The lowest scale terminals that most manufacturers introduce into the

market ’ today are usually the ‘“smart" -ones. T‘ﬁe manufacturers can

accomplish such a degree of intelligence with a relatively small number of
LSI ICs and at practically no additional cost when compared to the
implementation of an equivalent dumb terminal. There is a Tlarge vériety
~ of ICs, off-the-ghélf, to accomplish such a feat and more are being
introduced every other day, incorporating more functions, ‘greater
intelligence and Tlower power consumption. The consequences of such a
technological revolution are evident, they allow manufacturers to pack
more computing power into a smaller space and at a lower cost, to the
extent that more equipment is becoming multi-functional. That is, it may
"operate as a’ terminal in one mode, as a word processor in another mode and

" yet be a personal or business computer.

§
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One of the main forces behind the innovation and variety of
fcenm‘neﬂ produgts 'avaﬂ.ab'l"e today. is the constaht cmpetifive war among
fhe 1ndrustr‘w'-afgiants to grasp a larger share of the e:xisting market.
After all, necessity may be the mother of invention, but it is competition
that fathers price-slashing, which in turn forceslmanufacturers to greater
extents of innovation in order to remain competitive, thus bef}tg caught in
'a vicious circle. The end result is to expand the frontiers of science,
since it is such industrial giants whom through their R & D laboratories
are able to improve upon older methods, discover new iechniques and/or
invent new processes which further adds to the fast-paced technological
revolution we are all pért of today. However, industrial giants are not
the only contributors; often enough, Universities through their R & D

'

programs, as_well as inventors, provide major technological breakthroughs.

A terminal's 1IQ depends upon its programmabﬂ'ity and the features
it offers ‘the end-user. Table 1.1 summarizes the necessary capabilities
and characteristics accepted as standard in this industry and supported by
di fferent manufacturers a‘nd OEMs, to a larger or lesser extent. For any
particular terminal, its intelligence may be determined from thiisAtabTe by

considering the number of features it supports.

i
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. I11. AUXILIARY
I. SYSTEM DEVICE IV. EDITING
CAPABILITY I1. SOFTWARE DRIVE CAPABILITY. CAPABILITY
A. User programable A, High-level A. Disk A. Character Insert .
1. Firmmare languages B. Platter and Delete
~ controlled 1. Pascal C. Printer B. Line Insert and
(with PROM- 2. Basic D. Digitizer Delete
burm capability) - 3. Other E. Magnetic Tape C. Erate _
2. Data entry L\ B. Assembly language 1. Character
controlled C. Diagnostics 2. Line message
(tape, disk, 1. Off-line 3. Field
etc.) 2. On-line ' 4, Screen
B. O0ff-1ine D. Graphics,color D. Character repeat
processing | E. Graphics,monochrome E. Block move
C. Abflity to control F. Formatted forms F. Word wrap
additional control G. Search & replace
terminals G. ANSI control H. Margin adjust

D. Multiple CPUs
E. Over 64K RAM, with
expansion capability

| TABLE 1.1
Possible Terminal Features; They Determine Termir




Aﬁ .
Y Y. KEYBOARD

Insert  A. Programmable
] Function Keys
't and B. Numeric pad

er o
1ssage

repeat

replace
just
]

n.l

“m

]

. Tabulation .
. Alphanumeric Error
message
G. Cursor functions
1. Position
2. Blink
3. Home
4. Tab -
5. Address read .
H. Manual scroll
. Paging
J. Blgnking \t
1. Character
2. Field
K. *Video
1. Reverse
2. High-Tow (fixed
levels) or high-
1ights
L. ‘Underline character

P

M. Double~-width

characters
N. Double-height
characters

PR P wﬁ»wu!ﬂl‘l’ Fhdonal ol 9%

V1. DISPLAY VII. TRANSMISSION
CAPABILITY CAPABILITY
A. Multiple scrolling A. Buffered transmit
. fields B. Node
B. Programmable C. Auto Call
7 character D. Partial Screen
generation ‘ transmit
C. Protected format E. Protocol Emulation
1. Alpha only F. Transmission-
2. Numeric only interface format
D. Terminal command 1. RS-232
and status data 2. RS449

il

“

q
et ercin Sy, 0 el g



PO —.

e T U

8

&4

-

WG

1.4 The Man-Machine Interface

Fr"om the ‘operator's point of view, the keyboard and tﬁe CRT screen
provide the basic I/0. Thus,- the "legibility of the display and the feel
and usabiht_y of the keyboard are often the most important criteria by
which the 1nd1v1dua'| operator judges the quath of a temﬁnal and the

" merits of working with a terminal-based system. '@e terminal designer and

manufacturer must consider the)two carefully; they are ‘wvital to the

success or failure of the product. Ce ' y L

The Visual Display: The visual display provides the ope(ator.with
a means - and often the only means - for checking the conte‘nt!: and accuracy
of the information which is entered via his/her.own ke_yboard or which is
communicated to .the terminal from other parts of the system. In most
terminal applications, therefore, the visual display serves 5 vita]tly
important control function in allowing the information to be searched in

order to locate specific items of information, errors, etc.

' )

"The effectiveness and ease with which this can be done dépends on

both the legibility and readibility of the display.

&

1

Poor 'Iegibﬂity can have serious consequences on the ability of the'

individual operator to successfully and reliably carry out the work for

which the terminal 1is intended. Thus, disp]ay tegibflity is, therefore,

one of the most important criteria by which the merits® and qua’lity of a

¥

terminal based system are judged. ¢

@
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To ensure ‘the good readability 'of a visual display, a number of

- 7requirements should_be satisfied with regards to the design, formation and
~

“

{

stability of the character . images. Coding, display capacity

formatting also play a major role in’ determining the suitability and ease

of use of a terminal for specifié applications. Among the key factors to

'cpnsider which affect the legibility and readability of the display, there

is:

Display Coding Image Stabiﬁty

Displ %gpaci ty

~Lharacter l:‘omtj‘on
4

,Scanning resolution Screen size Alphanumeric Flicker
Character height Scrolling codes Swim or drift
and width ° - single page Graphics :
Intercharacter - multiple page Enhancement codes
spacing “(by character or - character
Line spacing smooth) brightness
.Upper & lower case - reVerse video -
characters , =~ - blink
Character color - cursor-
- e N
L 8 . /

The . Keyboard: Keyboarding is a complex process in which the
L 4

movement of the hands and fingers: is *acti,vated and controlled by signals

frofi the brain. These signals are genérated in response to three basic

types of feedback:

1. kinesthetic feedback,

* position and movement;
2. auditory .feedback; and

3. visual feedback.

i.e., by the sensation of touch,

Féedback, therefore, 1is important ‘for accurate and rapid keying and must
play an important part in the dggign —a'nd‘characteristics of the kefyboard.
The parameters of the keyboard and individual keys which affect its feel
and | usability and have:., a direct effect on the operator's keying

efficiency, and,frequency of errors, are:

v

and
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the shape and -profile of the key tops
lkeyboard profile and layout
keyboard thickness
the dimension of the keys
size and coding of the key legends
key force and travel .
tactile and/or audible feedback .
key-roll characteristics (2-key, n-key)
color and reflection characteristics of the keys and keyboard
surface ) ‘
provision of numeric pad and function keys

Thus, overall, the keyboard being the only 6perator data-entry device,

must be designed to provide as much user friendliness as possible.

1.5 Terminal Problems and Human-Engineering Factors to be considered when
Selecting a Terminal[35,36,37,38,39,40,41] ’

Although terminal features may bg/xvé}y appealing to the potential

customer of a particular model, there are several problems he must be
7\

aware of which currently plague alphanumeric CRT display terminals in
general. These include the following: -

- tube too bulky

- limited display size

- lack of human factor design considerations

- lack of built in diagnostics 'to aid the customer in p%npointing
failure problems

For the terminal ﬁwnufactuher, jt is advantageous to consider
human-engineering factors and design them in, making the terﬁihal more
appealing due to 1its improved man-machine _interface- These factors

facilitate the operator's use and .interaction with the termiﬁa1, thus

>
%
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improving his/her effi(:fency and preventing or delaying fatigue and
errors., The major human-engineering factors to be considered which

determine the ergonomics, or wdrking merits, of the terminal are:

- provision of tactile and audible ’fgedback; ,

- detachable keyboard designed for minimum finger extension and
comfort using color-coded or lighted special function keys;

- large 9 x 14 display font with generous spacing between 1ines
and characters; -

« = Tlower case characters\qth descenders below the 1ine;

- specially darkened and e%ched glass to diffuse.the tube's

 surface reflections and increasé Mst with the data being
displayed on the screen; ' .

- tube tilt features and swivel action-to allow operator
adjustment of viewing angle depending upon ambient.lighting
conditions, thus reducing glare;

-', quiet displays (no fans incorporated);

- compact, lightweight displays to aHow ease of relocation by
operator; .

- audible/visible alarms and controls for instantaneous operator
feedback. . :

Other non-ergonomic factors which deserve special consideration
are: ) ’ . ]

- modular design to simplify maintenance;
- built-in diagnpstics to pinpoint failure problems:

© o~y

The more features &nd ergonomics that are.incorporated into the

-

terminal, the better the product. \(towever, the terminal's price tag will
»’
reflect the added features. = ‘

, .
. . B B .
.
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As a fina1 note, 1t must be stressed that the termminal industry fis
about to face a turning point in the near future. The result of such an
event is due -to the cmhmercial availability, 1n(1arge.quantit1es; of new
processes and“technologies.whigh are presently reaching the maturing stage
and are due for releasé within the next year or two. In particular, the
following will dinfluence the packaging, compactness, intelligence, and
general features of future terminals:

- the solid-state flat panel display replacement of the CRT tube -
its weight, ruggedness and size will prove an unbeatable
advantage over CRTs; '

- multi-Tine dot-matrix LCDs - their low power will prove crucial
for portable compact flat terminals; '

- voice .recognition and voice synthesis built-in circuitry to

’ speed wp and ease the operator's interaction with the machine'
(leading to the keyboard's obsolesence?);

- Tlarger memories: - 128 K x 8 EPROMs, ROMs, RAMs

. - 256 K x1 dynamic RAMs
- Megabit RAMs;
CMOS versions of existing 16- and 32-bit uPs.

’
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’ CHAPTER 2
! VIDEO BASICS

'In order- to effectively use the LSI CRT controller circuits
available today, some background knowledge of TV and video electronics is
}j_a,,neceﬁity. In this chapter we will describe the general principles of

g// operation \6f\the CRT and the basic design techniques of video terminals
/ N

and TV. Since ‘thg theory of operation of the CRT is described in great
detail 1in numerous fé‘xtsr—om\@crip'tion here will concern the genera]

' aspects one should know in order to\“‘un\derstand the 1nterf5ce between a CRT

i

and its controller. . \\
‘ ~

N
N
AN

\
2.1 The NTSC Standard . N
The television industry has been alive and weTl. for over 30 years,

- .and yet the method of transmitting and receiving video picture information
. '}has' remained essentially unchange&(. In fact, the only real'controversy}n
all that time occurred around 1953 when the Federal Communication
Commission \(FCC) was assigned the task of deciding upon an industry
standgrd, based on the recommendations of the National Television System
Committee (NTSC), for co16r TV operation that would be compatible with the
exigting black and white standard.[8] The NTSC standard  for black and
’whjté TV.,existing at the time, and the one decided upon then for color TY

are still’ intact today and used quite successfully. Such a standard

specified the horizontal and vertical sweeping freduencie‘s, among other

* 26
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parameters being used in North America. Understanding such parameters is
becoming ever-more important as increasing numbers of home TVs are being

used as low-cost video terminals.

2.2 Elements and Terminology

; In all X-Y ?1Sp1ay applications, the purpose is to draw an image on
the screen for human interaction. However, before discussing'the methods
of drawing these images, it is important to discuss display-related
terminology and some of the important elements of a picture. Once/this
common ground is established, the methods of forming a picture can be

analyzed in detail.

The impdrtant aspects of any picture are resolution, brightness and
‘data density.

Resolution Two types of resolution, spot size and addressable

' resolution, are important in discussing a display device.
Spot size resolution is simply the diameter of the electron

~ beam épot divided into the screen dimensions. Since the
light intensity of a spot 'is not uniform across its
diameter, measurement of spot size iJs not an exact
science.[7]
Addressable resolution, on the other hand, has nothing to do
with spot size, but -simply 1is- the incremental accuracy in
which the beam qén be positioned. The .smallest positional
movement of the electrfon - beam divided into the CRT
dimensions then gives the addressable resolution. Unlike
spot resolution, addressable resolution 1is an exact
computaB1e number. It 1s important to vrealize that
addressable resolution holds no fixed relationship to spot
resolution. Addressable resolution can be either greater or

-



less than spot resolut‘lon.‘ The relationship. of addressable
resolution to spot resolution does play a significant role
in the perceived "quality" of a disp).qy/or picture.

Brightness Brightness is simply the 1ight output of the picture being
displayed. The 're1ative‘light output of a displayed picture
is significantly different from the maximum 1light output
capability of the CRT. ’ ’

Data Density The amount of data displ (data density) is simply the
area of the CRT screen that is 1it versus the entire screen
size (or the amount of 1it area versus dark area). The 1lit

_portion of the screen consists of all the alphanumeric
characters that comprise the picture. '

Raster Raster is a predetermined pattern of scanning lines that
provides substantially uniform coverage of anwarea. In -
other words the raster is the rectanguh‘;r pattern of 1light
which appears on the CRT screen when the screen is scanned
by the electron beam. ‘

Z-Axis This refers to that part of the display that controls CRT
intensity. It dincludes the input circuit, an amplifier
(called the Z-axis amplifier), and the circuit that drives
the CRT control grid. The control grid controls the amount
"of beam current allowed to fall on the phosphor at the front
of the tube which varies the intensity of the picture. '

2.3 CRT Deflection Fundamentals .

The primary objective 1in any video display system is to present
“information to the viewer, whether it be in a picture format - as with
standard broadcast TV - or in a text or graphic fonn‘!at ~ as with a

computer. The device used for this purpose is the Cathode Ray Tube (CRT),

¥ -
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Figure 2.1a, a vacqmm‘tube with a large, flat face cbateq with a specia&
phosphor material that em{ts 1ight when struck by an electron beam. A
higﬁ voltage (15,000;é5,000 volts) is used to accelerate the beam from the
rear of the tube.to the phosphor-coated face; the amount of 1ight depends
upon the beam current. The horizontal and vertical deflection circuitry
determine which area on fhe screen 1s 1illuminated, with additional
circuitry used to control the brightness, contrast, and focus of the

display.

Two types of horizontal and vertical deflection methods - to

deflect the beam inside the CRT - are in yide use today:

Electrostatic

Deflection Used 1in Tlab oscilloscopes and high speed graphic
displays, provides the highest picture resolution and
speed, but s also expensive to implement.

Electrostatic deflection systems consist :of complex
electron gun structures congéining two sets of
deflection plates; one set for horizontal deflection
and one set for vertical deflection. Electrostatic
"deflection, involving -voltage:. charging of capacitive
plates to deflect the electron beam, is capable of
speeds several orders of magnitude higher than

electromagnetic for a comparable amplifier cost (but -

not CRT cost). Since even 1inexpensive industrial
oscilloscopes generally are capable of displaying 500
kHz or more on-the vertical axis (and often on the

" horizontal axis as well), it is not suprising that most
oscilloscopes and _X-Y displays use the electrostatic
deflection scheme.

LS SV PP Tp— e
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x

' ~—_FIGURE 2.1b

CRT Deflection System - How the electron beam's movement is controlled.[5]
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E]ectromagnetic Electromagnetic deflection systems utilize an inductive

“"Deflection coll (called a yoke) surrounding the neck of the CRT
— through which a current signal is passed to generate a
magnetic field to deflect the electron beam. At high
frequencies, inductors with few turns are necessary to
obtain fast :current cﬁanges, and larger currents are
required to obtain the vrequired field strength.
Consequently, above repetition rates of 20 kHz, large
power dissipations are required to obtain full-scan
displays. Most television sets and computer display
terminals use thg magnétic deflection scheme.

E]ectromagnetic‘

vs. Electrostatic The major difference betwéen the two systems are light
' output and frequeﬁcy response.. The magnetic system
generally offers more 1light output while the
electrostatic system offers high-speed response at low
power consumption. In addition, magnetic deflection
allows a wider beam-deflection angle than does
electrostatic deflection. Moreover, when ~  the
full-screen defletion bandwidth desired is less than 20
kHz, the electromagnetic deflection system (amplifier
and -CRT) has a substantial cost advantage over an
electrostatic system. This is one of the reasons

‘ ' television sets, many medical monitors, and some

oscilloscopes rely wupon CRTs with electromagnetic
deflection.[61(7]

~

When talking about methods of beam deflection, two more factors
. I .

-4

nﬁst be considered:



Light Output

Deflection Speed
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Brightness, which 1is a function of .beam current, is
governed by the 1internal construction of the CRT.
«=Given the same spot size, with all other things equal,
an electromagnetic CRT will be brighter than a

comparable electrostatic CRT. . This is mainly due to-

the fact that the electromagnetic CRT gun structure is

~ very simple, allowing most of the beam current to pass

through to the screen. The electrostatic gun, on the
other hand, " has a large number of internal elements,

and the front-most element of the @"cus lense has a -
relatively small aperture, which strips away 70-90% of .
" the beam current Jjust before the beam enters the

deflection plate region thus, affecting the brightness
output.

In either type of CRT, it ds desirable to deflect the
beam at as large a mechanical distance from the screen
as feasible. This optimizes deflection sensitivity by
providing the greatest deﬂectién distance at the
screen per volt, or gauss, of applied deflection field.
In the electrostatic CRT, the plates must also be

reasonably close together to achieve sufficient-

deflection field strength with an applied voltage in
the range of 300 volts. A greater swing would create
significant X and Y amplifier design problems.

Electrostatic displays have faster deflection systems
and' use less current than electromagnetic displays.
This 1is the result of physics; the load of the
deflection plates 1is only the stray capacitance of a
fe:\picofarads. On the other hénd, the inductance of
the yoke is the load .to the driving amplifiers. The
higher the 1inductance (i.e., more turns and stronger
magnetic field), the easfer it is to deflect the beam;

however, higher 1inductance requires high power. To'



33

’

Tower the inductance reduces ‘ power ;')equirements but
also reduces deflection sensitivity. This  then
requires reduction in accelerating potentials in the
CRT so that the beam can be deflected full screen,
which also reduces the 1ight 6utput.[7]

Control of Deflection Direction

-

Whichever method is used, the deflection system may be thought of

"as an X-Y coordinate plot, with the horizontal being the X direction, and:

the vertical beihg the Y direction (see Figure 2.1b). The two variables

(X and Y) may be controlled independently by two methods - plotting and

sweeping - yielding three distinctly different disp'lé_y systems: |

Plot

X - Plot Y -

?

. S\neep X-Sweep Y\ This me&vod, known as raster

Sweep X - Plot Y

£

In this method, known as stroke writing, a plot of X
and Y is performed to produce a vector disblay. The
beam is moved and illuminated only for the screen
positions necessary to form the de'sared display. The
CRT used is a storage-type CRT, in which the phosphor
material has a long persistence. allowing the beam trace
to remain visible after the deflection operation:

In this method, used .extensively in lab oscilloscopes,

a variable time-base generator is used to repetitively
move the beam from left to right across the screen
(Sweep X). The beam is moved and illuminatednin the Y
direction by the vertical amp1ff1er circuitry, which
responds to external voltages (Plot Y to produce a
time-varying voltage waveform d ay. Both non-
storage and storage-type CRT's are Aitiljzed.

n display, is used
exclusively .. in broadcast TV and| in most video .

»



34

— HORIZONTAL
SCAN LINE

~= HORIZONTAL

16.Tms] Y RETRACE

" EXAGGERATED
“\_ — 4 — — — ==
/ i 2 ' X
1

rnoaz. SYXC

VERT.  VERT. 7
scan swc 63.5 us |
RANP R : y

slow motion forward

fast return trace

: A sawtooth current, as illustrated here, when passed through a set of
horizontal deflecting coils, will cause the electron beam to move from
left to right and to the left again. )

FIGURE 2.2
 Raster Scan Display

%

lter‘mina]s." The beam is moved at a constant rate from

» © " left to right by the horizontal sweep circuitry and

from top to bottom by the vertical sweep circuitry,

3 Figure 2.2. Since the raster scan rate {s fixed, the

display is rewritten (refreshed) at a periodic rate

equal to the vertical scan frequency, eliminating the

: : need for a storage-type CRT. The horizontal and

vertical scan rates are selected to provide refreshing

often enough to prevent any visually annoying flicker
in the display. ) ’

2.4 Principles of Scanning )

In the NTSC raster scan video display, the electron beam is stgr,ted

-, .
™n the upper lefthand corner of the screen and deflected horizontally to

A
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SLOPE OF LINES
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the riéht {assuming the observer is facing. the screen of the CRT) at a
frequency of 15,750 Hz (63.5 us).[8] When the beam reaches the right side

of the screen, a horizontal sync pulse occurs ‘and the beam is returned

(retraced) very quickly -(approx. 5 us) to the left side of the screen (see

Figure 2.2). During its motion from right to left, no pictu?e information
is transmitted; this is called blanking and its purpose is to prevent the
electroﬁﬂbemn from reaching the fluorescent screen. At the same time, the
beam is also being gef{ected vertically from the top of the screen to the
bottom at a frequency of 60 Hz (16.7 ms). When the beam reaches the
bottom righthand corner_ of the screen, a vertical Qync,pulse occurs, and
the beam is retraced, very éuick]y (approx. 1 ms) to the top of the screen.,
Since the beam 'is being deflected in two directions simultaneously, each
horizontal scan line is actually moving at an unnotiéeab1e downward slope
to thé right (see Figuré 2.2). The horizontal deflection occurs much more

rapidly than tﬁe vertical deflection, allowing 262.5 (15,750‘ / 60)

horizontal lines to be scanned within each vertical field. As the.

electron beam 1is moved acrpés the screen, its intensity is varied in

proportion to the picture information seen by the TV camera.

e

Flicker .

The scanning frequencies used in NTSC TV were selected to present a

flicker-free 1image with the appearance of smooth, continuous motion,

within the allotted transmitting bandwidth.[5] In order to provide

motion, the entire screen must ‘be scanned within 1/20 sec (50 ms) or _—

_faster. This is the minimum time required for.effective persistence of

vision, which is the eye's ability to retain an' image after °it has beén

‘-
° s
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Yemoved from direct view. The TV frame rate of 1/30 sec (33¢4 ms) easily

meets this requirement; However, to prevent flicker, the screen must be

ﬂiuminated at least twice the 1/20 sec rate. This could be done by

'simp]y transmitting .al1 525 lines (the amount of Hngs necessary for good

picture reso]ution) at twic'e"the frame rate of Nl’/60 sec (16.7 ms), but
this wou'ld req’uire a transm'itting bangwidth much tﬁ‘gher than \fhe allotted
6 MHz. The method used to overcome this prob]em‘ is called interlaced
scanning, in which two fields (even-line field and odd-line field) of
video int‘brm'ation are transmitted at 1/30 sec, .with every other field
startedﬁl/Z’ horizontal line later" than the one before it. Th? two .. fields

are interlaced 'at a 2 to 1 rate to produce one complete picture frame.

, Since the picture centent changes at a rate slower than the field time

/

'sees. Figure 2.4 shows the horizontal and vertical sync pulse tim'lng\\

(16.7 ms), the two fields appear to be seen simu1baneous1y The net.

effect is frame every 33.4 ms,. which 'is a composite of two 262 5-1ine
fields and which can be transmitted within the 6 MHz channe1 bandwidth
resu]tmg in_a total screen resolution of 525 lines (see Figures 2.3a and
2.3b). - Note that 525 timesr30 results in the horizontal- scanning

frequency 15,750 Hz used in North-~America. ' 4

/ . ‘ v

The Video S'Igna] - ' ‘ - 4

To~6 work effective1y, the horizontal and vertical deﬂection system

.must be precisely controlled by the signal $ent from the broadcast T.V '

transmitter. This 1s done by- adding synchronization information to the

. . j
-picture information. The horizontal and vertical sync pulses which are

transmitted. keep the TV set locked to the exact scene that the camera
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relationship. The horizontal pulses occur at the end of each line and the
vertical pulses occur at the énd of each field. Although the vertical
sy;rc that is produced during the vertical blanking period is composed of
shorter pu1ses at -twice the horizontal rate, it is actua'lly converted in
the TV chassis to a single vertical sync pulse with a “duration of 190.5 us
and a repegition raFe of 16.7 ms. The equalizing pulses and serrated
vertical pulses are used to maintain horizontal sync during the vertical
retrace time. Also, during ‘both the horizontal .and vertical blanking

time, the video information 'is held at the black 'Ieve1 to prevent

interference with normal picture quality. A]though F'Igure 2.4 shows the

two-to-one interlace relationship ( A ), it is not absolutely necessary

v j N
for video terminal applications and is often omijtted. f

,
.
r

Since the horizontal and vertical sync are transmitted togethe:,
some facﬂity must be. provided in the TV set to distinguish between the
two. This Opera‘tion is performed by the sync separator section of the TV.
The two basic circuits used are the differentiator and the 1nte§rat-or.
The differentiator responds to sync c]oc'k-edges at the hononta1 timing‘
frequency and triggers an oscillator that is free-running near the 15,750
HZ rate. The integrator responds to the sync pulse width at the. vertical
timing frequency and triggers an oscillator that is fr-eé-running near the
60 Hz rate.:' The normal horizontal sync pulses are fgnored by the vertical
1ntegrator circuit because their comparatively Tlow duty cyc1e cannot
charge the integrator to the vertical osci\ator trigger point. . During
ventical retrace, hoWever, the serrated _vertica1 pulses, which are

essentially double-frequency. '1;IVerted horizontal pulses, provide "a' much .

hd »
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higher duty cycle that allows the vertical integrator to charge to the

necessary trigger level. Because the equalizing and serrated pulses are

y

at a multiple (2H) of the horizontal scanning frequency, the horizontal
differentiator continues. to respond to these pulses, maintaining
horizo}'ultal sync during vertical retra_ce. After the horizontal and
vertical sync pulses are separated they are sent to their r-e.spective drive
circuits to control the CRT def‘lect'ion yokes.
5
The video information is also separated at this time and sent to

the video amplifiers and CRT drive circuits. The scene, as it appears to

7

the TV éamera, can now be d'isplayed in a synchronized time relation to theu
viewer. Figure 2.5 shows a simp'l?fied block diagram of a typical black
and white TV chas;sis The information presented thus far has followed a
route from the CRé to point B in the diagram. The remaining circuitry is
used to amplify the RF antenna signal, select the desired channel, and
~r‘ecovgr the video, sync, and sound informdtion from'the modu]'ate'd RF
carrier frequency. x ‘ oot

- : It +s at point B ‘t'hat many CRT controller circuits used i‘n video
temﬂna\] app'licat_ion; are connectgd. The composite video and sync signal
produced by the CRT controller is designed to 1n€erface at a standard,
video input level as sho% in Figure 2.6. However, some CRT controﬂers
interface earHer or 1ater i the block diagram signal path. In the |
earlier path, the_composite video and sync signal from the CRT controller
is used to drive an RF modulator circdit. which produces a standgrd output

that contains a modulated Rédio Frequency signal with a-carrier frequency

N
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\
55.25 MHz).

equal to the TV channel picture carrier (i.e., Channel 2
‘This signal is essentially the same as the signal produced by the
‘broadcast TV transmitter and may be connected directly to a Standard TV at
‘ the antenna terminal inputs. This methocy\provides a simp]ﬁnterface, but
r\e:wires the use of the TV IF and RF sections shown in Figure 2.5. The
signa1 bandwidth is also 1imited by the RF section and the 4.5 MHz sound
section, preventing more than approximately 40 characters from being
displayed horizontally on the screen. Since these signal 1limiting
sections are by-passed using tho composite video method, which is
connected at point B, higher resolution displays are possible. This
method may require minor nodi'fications to a standard TV chassis to
interface at point B, a]th(a)ugh some commercial models are supplied with an

external video input for in monitor app]i?ations‘. Other commercial

o
[

models are available strictl \;for' monitor use, with the RF and IF sections

'om'i-tted, offering Righer resofution display capabilities.

Standard TV chasllsis cycuitry may be further reduced by interfacing
. ) -

still later in the signal pa i by using separate horizontal, vertical, and

video signails connected dire{ \‘t'l_y to the appropriate TV drive circuits.
This method is most often usdk! for high resolution color monitors and the
‘drive circuits required, often tuse non-standard signals, making 'Interfacing
more difficult, ther;pby Timi¥ing the CRT controller to a particular TV
“chassis type. , K
|
[ .
: ! N .
2.5 Summary ;
Obvious'ly; many ‘option*. are available to both the CRT contro‘l'ler"

d:signer and user. Of the ma ny controller circuits on the market, few are




- . ' . 4
directly 1nterchange’3.ble. Some are intended for 1low reso1utionl and simple
interfacing, while others are quit com;ﬁex, in both circuitry and display
capability. The user will find it¥’necessary to decide on a CRT controller
circuit, based on such factors as display density, ease of interfacing,
additional IC circuitry required, cost, ﬂexibiﬁty,ﬁ and secon&—sourcing.
However, since the broadcast T‘V sfandards. and'subsequenﬂy the :Iideo
terminal requirements, have long been established, new app]icétion design
pains are somewh‘at eased. In some cases, the low-cost, production volume
and time-tested equipment produced by the broadcast TV industry is t-lsed to
advantage by the vjdeo terminal industry, to the point, ih fact, of using
standard TV chassis as video display units. However, in the case of most
CRT terminal manufacturers, their video display units' are designed to

conform to the specifications of each particular model.

4
N
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CHAPTER 3
. ~_ 7 CRT CONTROLLER FUNDAMENTALS

The widespread and ever-increasing use of CRTs 1in computer
teminals has led semiconductor manufacturers to design LSI ‘devices to
simplify and reduce the costs of control functions for CRT-based
términa1s. In this chapter we will take a look at the basic building
b10ci<s making up a CRT controller (CRTC), as well as the terminology and
definitions which apply in general to all of the CRTCS we will consider
Tater on. WNe will also consider the circuitry necessary to interface
directly with any CRTC, regardless of the approla°ch it uses to communicate

I“

with the central processér and the screen memory.'

3.1 Introduction

The CRTC is an LSI controller which is designed to provide an
interface for microprocessors to raéter scan type CRT displays. Most CRT
controllers available of f-the-shelf today belong to a particular family of

devices, depending upon the IC semiconductor manufacturer who makes them,

and are thus designed to have direct signal compatability with the -

'family's ‘microprocessor(s) and/or microcomputer(s) to provide ease of .

interfacing. Some of the CRTCs may be easily interfaced to other
processors which don't belong to their family, at the expense of wusing
extra hardware in order to obtain the correct ipterface signals.

The CRTC's primary function 1is to generate timing signals théh are

necessary for raster’ . scan type CRT displays according to  the

45
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specifications pro§r§mmed in the CPU's ROM. In order to 1incorporate
'/ver‘satﬂjﬂty into such dgyices, most CRTCs are designed as programmable
/controﬂers. This allows appHcabthyﬂ to ‘a wide-range of CRT display
formats; from small, Tow-function character displays to raster type full
graphic displays, as ‘weﬂ as Targe high-function grqphic displays. .

&

| 3.2 Basic Building B1ocks Making Up a CRTC

\ Most CRTCs nowadays, replace the equivalent of from 30 to 40 or

—

\

more MSI discrete ICs making up the CRT controller functional block of the
first and second generation terminals. Figure 3.1 shows a general block
diagram of the circuitry making up such a discrete CRT controller. The

basic building blocks are as follows:

The Master Dot oscillator and timing counters.
valid positibn decoders and address counters.
Cursor control and scrolling.

Video memory and character dot decoder.

Video generation circuitry.

s
T W N e
L) . L ] »

As will be shown later, most of the circuitry in Fligure 3.1 has
been r-e|;1aced by 'an” LSI chip, the CRTC. Mainly, the circuftry making up
sections 1, 2 and 3, {\owadays resides within most CRTCs with minor
modifications from IC semiconductor manufacturer to manufacturer. Not
only that, but programmability has been incorporated as well in such
devfces, giving rise to highly versatile, low power, low cost and highly

’

reliable controllers.

/ -
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3.3 CRT Interface Signals - Clarification

Although chapter 2 c1ear1y.pqinted‘ out the (;,RT signal standards
adopted by the TV indust before we go any further, when it comes to
interfacing to a TV ;)r monitor seveEaT pbints reqyire further
consideration and clarification. Keeping them in mind will allow “the
designer to compromise whenever difficulties arise, as well as recommend’

appropriate equipment purchase. These pbints are as follows:

. ‘ N
1. Horizontal Sync . Although the standard\horizonta] sweep frequency
' is 15.75 KHz (63.5 usefj/line), this can vary by as
° much as -110% for most display systems without

degrading picture qda\}jt_y and synchronization.

2. Vertical Sync Vertical sweep can vary between 45 to 65 Hz,

however, in many CRT display systems, the power
supplies are poorly filtered and shielded, which
causes some 1ihe-frequency modulation of the
, ] raster. I‘deaﬂ'y, the sweep rate should be equal
| \ to the pgwer-ﬁné frequency for the best display.
"If- the vertical sweep {isn't synchronized, the

raster will appear to move at the difference of

the two' frequencies, 1i.e., the beat frequency.

( o However, if. the “two f‘u;-equencies are ec{ua], no beat
’ frequency results, preventing miodulation of the
raster. . i

3. Interlace/
Non-TnterTace
(Higher Horizontal . : . . T,
Sync] . For 60 Hz 1ine frequencies, there are 262.5 lines

per comgl'ete raster.. scan. ~However, in many
applicatigs sucRa line count- does not provide
enough redolution. - A possible solution is to use

e

o

-
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/ 4. Composite Video

. interlacing - imserting a second set of lines .

»

L
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betwéen the first set. Unfortunately, the 1line
sets are not generated simultaneously. As a
result, several disadvantages take place when
using this techniqixe: ‘

» }\

(1) the. circuitry necessary for scanning is more
complex than in  non-interlaced “display

circuits;

(1) the overall vertical refresh rate dr:ops to
' half that. of non-interladed units; as a
result, the display cah flicker when you use
a CRT monitor with standard -P4 phosphor (a
. fast reacting phosphor ~ Tow persistence).

* For best viewing, in this case, a P31, P33 or
’ P39 high-persistence phosphor CRT should be

used.
&
Another way to get good resolutfon, without
interlacing, is to use a CRT system that opérates
at a higher horizontal sweep frequency to obtain
more scan lines per field. However, these systems
are more expensive than TV monitors and, use
rpn-g'tgn_dgard horizontal scar?'components.' :

4

It is preferrable.to use a single, composite video

signal and let the circuits inside the  monitor
‘separate it into its component parts. . The major
advantage of a composite video, signal’ js.ti\at' it
can be sent over long distances ingle 7
coaxial cable.




ol et e e e d e

"~ 50

A . . .
. !

<

3.4 Description of CRT Controller Operation\ - Y

In order to be able to understand how the CRT LSI cogtroller
operates, we must first of all compréhend the intéraction of the different
- blocks making up the discrete logic CRT contro'ﬂer as depicted in Figure

3.1. The 0peration app'lies to most CRT controﬂers, whether dis¢rete or

integrated, or may vary slightly; however, the principle of the matter is

standard. ’ N Yoo

The main part of any CRT-monitor’.\ControJ system is its sync
generator, which provides all’ the..sync and timing .,sfgnals necessary to
c’ontro'l the d‘isp'l‘ay To design a sync oenerator in the lnost stra:lght-‘
. forward manner, first the CRT screen is dt/ded into small tells. Then
the beam's _position is contro)led: .by keeping track of the cell number
where it is posi tioned

! ' p) ‘
Character Generator kogic : -

The ceHs are a1so handy for generating characters, ;1nce each
N &
\character .can be defined as r}equiring one cell. .For alphanuleric.
d“iSplays, each ‘ce'n, usually corresponds to one° character position. In

: N A
graphic displays, a cell can be a single dot or a group 'of dots.[l?]

In the case of alphanumeric displays, characters 'are_tgenerated\by
1ighting up the proper combina,tio@/‘oqufs‘ﬂn.(g: QS ‘x 7 orra’l x 9 dot
matrix- that ‘makes ‘up the cen Fig 3.2a. However, many other dot
matrix combinations are avaﬂable or My he designed into the system,

.depend+ng upon. system parameters., The patterns for each character are*
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. , ., . ,
often stored in a char&c@-generator ROM (or EPROM).[14,15,16] For the
CRT display, thesROM should be row addressable, not column addrssable, as
il be shown\later. The cell (or each character dot matrix) on the CRT

scrden must also allow for horizontal and vertical row spacing - usually

one (or two) extra row(s) or columns(s) of unlit dots, Figure 3.2b - to
"provide separation betvfen characters, then the cell becomes either 6‘ x 8
(* x9) or 8 x 10 (9 x 11) dots. Some of the ROMs also include the b]ank\

~lines of dots needed for separation, so the external circ"})‘its“ can” be
] i > >

‘simpliIied even further, Figure 3.3. ’ - »
; | i}
1 N \‘
- M ~ 4
N c ,
@
'h 6 K ’ . \lb‘-‘ .
‘nu. - . « / 1
* Dt_;:"-algéDlllDDDlDDDlD
="a2t : ¥ | BeonoAnOEODDROOEOTE s
=+ QORODDORODEROOORODEICORO |
B wm R OCORCOON O OooRD)
; | RESRITS eromsn ot
P == _l.unammqanm-llagmugu =
™9 Sx7 . \ ‘ . , ) .‘.'\“-
/" ! L&) ’ ”. : A: - : .
~ . S .o b o &
Standard 5 x 7 and 7 x 9 dot? 5 x.7 dot matrix s.h0y1n§ _séparation . i_
matrix displays can be ‘ between characters.[11]) |
generated from ROM (EPROM)- ) : © b
based data.[10]
. -
FIGURE 3.2 ' |
a v * !
’ ‘_‘ ‘ -~ '
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ROW SELECT . =
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! . FIGURE 3.3 -

Motorla- Semiconductor MCM66700 series character generator uses 7-bit
address code to select I of 128 characters in 7 x 9 matrix. 4-bit row
select code causes one row of- th¢ addressed character to appear at seven
output 1lines. Most ROMs in tphe series provide shift capability for
characters extending below the'!line, as 1is the case with MCM66710.
Others, such as MCM66720 do not have that capaBility.” Preprogrammed ROMs
prov1de various character sets. The user has the option of “obtaining
cust?m programming of the ROM.[13] . :

. 11

Charscter ¢ .
- . Address °

. .
. > - . o
\
° -
. . - .

p—
» Scan Line ROM
Address :> 2240 om)
——nd .

T mm

Dot CLK e=w—eefid  (paraiiol-to. =@ To VIOEOQ
Serial)

FIGURE 3.4

o

Typical Character Generator ROM configuration shown with para'l'le'l to-
seria1 shi ft register to convert the ROM's character data into dot
information.[12])
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'The ROMs require two sets of 'input addresses - one for the
character to be addressed and one for either the row or_column of the
character to be 'displaye\d,‘Figure 3.4. The ROM inputs are usually, ASCII-

s

encoded so that a keyboard's output can be fed directly to the RQM:/

To visualize how the characters are displayed on the CRT, once
again we must consider the scanning process taking place 1n the monitor.
Inside the video display, the character generator receives stable row and
character addresses to determine which character is to be displayed. Then
the output of the genérator is 1oaded into a shift register and clocked
out to form the video signal, Figure 3.4.{ Hence, a master clock is needed

to synchronize all the timing, see Figure 3.1. It is at this VIDEO input

that the dot information making up each character 1is provided. The .

purpose of the shift register is to .cdnvert data that is normally handled

_in 8°-b1’t- parallel format by the ROM into a serial bit stream needed to

. create a"°corr‘e&spond1‘ng data character on the CRT screen. The ROM merely

ho]ds the desired character matrix to be displayed on the CRT, and since

P ° «f

each character on the screen 1s represented by many dots, it takes more

than 8° bits of- information to re/resent an alphanumeric character -,

usua11y it takes 1 byte per scan line making up. the character's - dot

[

matiix. ) . . — '
[ R . ) . . b R . ) . /
Figure 3.5 shows the sequence that takes place when disp‘laying the

)

first seven~characters of a single character row of alphanumeric data on a

‘CRT screen. Since the CRT electron beam provides .ches of the .

A

‘characters. one row at a time, as it scans . a 1ine, first, the dot

- e

[F——

ke Rortin e wr -
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Display of the first seven characters making up & character row of data... .-

The character dot matr'lx is 5 x 7.[11]
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" Then 'the dot pattern for all the characters on scan 1ine 1 are presented ) 3

consecutively. At the end of the first scan line, the dot information for

scan line 2 1is presented to the CRT. Such a sequence is-repeated‘ untﬂ‘
all the scan lines 'for tﬁat character row (depending on the size of the
character's dot matrix) have been completed. In our example, Figu‘re, 3.5,
since the character matrix 1is 5 x Z', the dot information for each
character making up this character-line is presen}ed- to the CRT a totai of

séven timeé. As shown, the doE pattern presented for each character
‘differs for every scan Tine. Suc\h}' a phenomena {s c1ear1§ seen if one o
examines closely Figure 3.6. For every row making up éhe character matrix

of the .letter A, there corresponds a particular bg'/te of infor"mation ;
‘pertinent éo'the row. being scanned by the CRT. For every character of

every row the outputs of the character generator ROM are transferred to

" the parallel-to-serial register, and th'en shifted fnto _ the

video~generation circuits‘ via the shift register's serial output to
provide the relevant character dot pattern to be disptayed. Of course, s

+ everything happens in synchronism. / : 5

3

Character Generator . P

If we want to be able to display the entire ASCII code on the CRT,
that is, 128 characters, and that we are using a 5 x 7 character dot
matrix, we will need a 44_80-b.1t ROM (1.e., 128 x 5 x 7). There are two

approaches open to obtain such a device, either:

“(a)  programming an EPROM with the character format needed;

’ + .
f » . ’
~ N * N
k] - - - LY
‘ ' . . *
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CHARACTER ‘ADDRESS ROW AbDRESS * PATTERN STORED BIIE_DAIA

A==

410 H 0 (l() 00000 o OH
‘4 11H Y 00010000 10H
B 12K 00101000 28H
413 H 01000100 4y H
B14% 9 . 7 01000100 ~ #44H
415H 01111100 7 CH
416H 01000100 o 4 H
‘ 417 H 3 01000100 4 4 H
' 4 18H Ji— ‘ 000000C0CO0 00H
TR ~
Corresponds Corresponds The 1's show the
to ASCII to line pattern corresponding
character being scanned' to the letter A
code to be by CRT
; displayed . . -

"

TOTAL ADDRESS
RESULT: "A" ASCII '4lH

NOTE 1: The first and 1ast byte of the cell 13 0OH to- provide vertical
spacing between characters.

’ NOTE 2: The.cell matrix 1s actually 7 x 9 dots on a 5 x 7 only visible
character matrix. N

v ) i ook

" FIGURE 3.6 | ' ,

IypdcaT 1nformation stored on character generator ROM for the letter A
i (or ASCII 41H).
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(b) buying a pre-programmed ROM characte™ generator available from
different companies. :

There are off-the-shelf character generator devices available which

_provide the required dot patterns for full ASCII character sets with a 5 x

7, 7.x 9 and other dot matrix formats. One of the specifications worth
noting about such devices is that some of them offer 'descenders for such
lower case letters as j, g, q, and y, while others don't. Those that
don't are restricted to a smaller dot matrix size such as 5 x 7, hence

when such letters are displayed on the CRT they may lead to confusion on

_ the part of the operator. Instead, character generators with larger cell

sizes allow such letters to be exatended below the baseline (making use of

descenders) thus making the text perfectly readable and unambiguous.

The aniount of logic included on such devices varies from device to
device, some include g¢haracter addre;s.latches, scan line counters and
paraljel-to-sqr'la'l shift registers, while ofhers consist only of the ROM
with the necessary dot patterns stored in the device.[12] *

Q l N
)

-
N

The S_yric Generator

In most CRT terminals designed for the d‘isp.]qy of alphanumeric
data, the relevant CRT display used is of the raster scan type. Such a
display has the particularity of utilizing a master clock from .wh'ich.\a]l
other timing is derived. To generate such timing, the logic must decode
the appropriate counter states, see Figure 3.1, allowing the derivation of
all  signals such as the scanrﬁng. horizontal and vertical TV

synchronization-and blanking.

. Y



N e e s ] b gt ——a e ‘ PR - . - e

The clock that drives the sync generator and video shift register
operates at what is called the dot frequency, which can be calculated by:

fdot = f1ine x number of 1ines x number of character cetls per line x
number of horizontal dots per character cell

" where: number of lines .= number of character Hnes x number of rows per
character cell "

I
The dot frequency 1s fed into a counter that diyides by the number
of dots per character, Figure 3.7. Logic circuits driven by tr;is counter
control the flow of ‘data to the shift register delivering the serial video
,data. The final output of the dot counter drixes another counter that
keeps track of the number of ‘characters on the current line, the character

-

cell counter.

Most TV sets and monitors are purposely adjusted to overscan. that
is, the picture on the CRT screen is intentionally adjusted to be larger
than the screen. The reason for this is to “allow the horizontal and
_vertical sync pulses to take‘place while the beam 1is in the overscanned
region of the display. In general, suqh an oversc;anning js about 20 to
25% more than the total number of displayed characters during the
‘horizontal scanning and the sync pulse is placed in the middle of the
retrace interval. Hence, making allowances for the number of disphyed.
characters a]ong with the necessary retrace time, thus an 80 character
line should be designed w have about 100 characters. That' s, an ext;_ra

25% more characters for retrace.
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FIGURE 3.7

Inside the sync génerator many counters are used to generate all the
various timing signals and provide the addresses for the RAM where the
displayed data is temporarily stored.



Logic circuits connected to the character-cell tounter can generate
the necessary sync)and. blanking signals during the non-display portion of
the 1ine, see Figure 3.7, and the outputs of the character-cell counter

can also be used to drive some of the address lines of the display memory.

The output of the char;cter-ceﬂ counter also feeds to anot}herj'
counter fhat keeps track of the number of 1lines or rows (i.e., scan 1ines)
displayed for a particular chargcter-cJeH. This character-row counter
feeds fits output directly to the row-address 1ines of the character o

generator. (

- . .

One more major c.ounter,is used 1in the s“ystem - a character-l1ine
counter. Fed byf the final output.of the character-row coninter, it ke’eps
track “of how manj character lines have been displayed. To permit eno'ugh
time for the verfjca‘l retrace of the beam, the count value pmust be abdut
10% more thén actually needed. The'1091c that generates the vertical sync
and blanking signals is controlled b¥ this c'o’unter. Additionally, sop)e of
t‘he outputs can be used ‘to drive the remaining address Hnés of the

character memory.

Since a CRT doesn't hol& data on the screen indefinite]y, all video
data must be refreshed or rewritten, every 1/30 of ;a second at least. To
hold all ;he data that‘must Be displatyed, a block of fairly fast RAM' must
be used for temporary storage. Each fu"l'l screen of data is often referred
to as a page, and the minimum storage usually included fo‘r al“d'lsquy is

one page. However, ;some terminals that are designed to: handle 1large

amounts of data, can often store several pages of data.
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3

video (Screen or Df spl.ay) Memory

At the system level, specific -regions of, the memory map . are

°

allocated exclusively to the display. The memory area used for such a

purpose s often referred to as "video RAM", versus the rest of the RAM

known és "system RAM". Although any kind of memory can be used in page

stor%ge' - the type of memory page used is governed by the type of memory

- circuit and the method of interface -.either static .or dynamic RAMs are

utiltized since they are the easiest memory to use. <In the case oNdynamic
RAMs, the sync .generator can carry. out the memory refreshfng Thus, 1in
display systems requiring' a great deal" of memory, -the lower cost of

dynamic RAMs outweighs their disadvanta‘ges‘. Static RAM interfacing is

~ simple and requires no refreshing, -

q &
.

The sync genegator cjréuit, besides supplying the timing necessary

"to provide horizontal_and vertical sync, also scans the screen's memory

page. ' As the scanning takes 'place, the data in the screen memory is

" presented to the character generator, which then sends the appropriate dot

stream to the CRT. :

. : ‘ ’ L
- On a more détailed basis(, Tet's éonsiden how everything is inter-
related. The video RAM organizat{on for a tjpica'l interface arrangement

between a sync generator and the video page memory is shown in Figui‘e 3.8.

4

o .

‘Considering we wish to display on the CRT the message "VIDEO RAM“, as in

,F‘lgure 3.9, the circu'ltry will operate &s follows |

*
-

v
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, * FIGURE 3.8 : J\ .
A video RAM circuit combines the sync generator with all the counting
, circuits, the character. generator and the necessary memory page(s) to form
-an -almost complete video display system. The refresh memory is shared
between the sync generator and the uP.: -Unfortunately, accesses by the uP
. interrupt refreshing and streaks can be seen on the screen. The sync
_generator, shown dotted, creates all timing signals. , The handshaking
address control logic is used to make sure the uP does not contend with
the sync generator wh.ﬂe the latter is trying to access the videb RAM.[17]
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Standard:5 x 7 and 7 x 9 dot matrix displays can be generated from. ROM
(EPROM)-Based character generators. To actually form:the .characters, a
b Hne-byf-'line« slice is read out from the row-addressable character

. . - generator. | |
. 'Shown abave s a 7 x 9 character matrix (with 1, dot sewrat'ion between - \
A o characters) on.an 8 x 10 dot matrix. ' o ‘o SR
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Addressing the Disp'lgy Memory

. [T

’ The character's screen image beg”ins with the electron

bea'm..~at the top left hand corner of ‘the display, writing a:

slice through the series of charasgers ma)dng up the? "VIDEO
RAM" me%sage, as it scans a Hn The column address of the
lnemory is controlled by the oharacter-cen counter. On the

" next Hne, a different sl 1ce of the same characters ¥s-scanned

through since only the gddress to the scan (or row) line
inputs of the chqracter-generator‘ ROM has changed. This is
due to the charaéfer-ée’ll counter incrementing gach time at
the end of the. countx\orresponding to the total number of
‘characters that are to appear on a line. The character-row
counter 1ncremgntation continues until this. counter resets and
increments the character-1ine counter. That is, since we have

a7 x 9 character 'matrix within an 8 x 10 dot matrix (Figure

3.9), the .extra .row .and column serving for charabter

,  separatfon, after the 'g:eu 1ine counter reaches a count of 9
, (or the tenth count), it resets. - Note that the cﬁaracter—'line .

counter is interpreted as the row address of \page memory .
Thus, the beam then starts to slice through another set of
charactérs on the new (or next) line. Table 3.1 shows the
sequemte—of events taking place synchronously while writing
the display memory contents on the CRT.

. }

' . ' -

Vs

Presenfc'ly.> two methods exist for addressing the di;splqy memory;
either Tinearly
disadvantages.y, - . .

.
’

LA ) .‘$

or on a row/colum basis. . Each hds its advantages and

-2 -

'
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. LINE OF CHARA

e -

“Sequence followed by the Sync Generator Logic to display “VIDEO RAM®
e . on the CRT. - N ,

!

en?

h Y
N\ N

»

N

/“‘,l_ \‘
¢ .
.

»  CHARACTER COUNTER COUNTER -
' “ OUTPUT . OUTFU
(DISPLAY RAM COLUMN) - CCHARACTER'GENERATOR ROW)
65
CHARACTER-L INEX DISPLAY RAM ﬁ’ o,
~ COUNTER OUTPUT DATA . CHARACTER ,
- (ASCII CODE , . GENERATOR  COMMERTS
l OUTPUT) _ OUTPUT « ;
. 3 e
top —= 0 0 V(5 H)*| 0 (first scan | 10000010 v
1ine of O 1 1 (49 H) 0 1ine of 01111100 I
display O 2,1 D (44H) 0 character) | 11111100 D
0 3 E (45 H) 0 . 11111110 ~top row E
0 A1 O (4 H) "0 00111000 of . O
0 5 | space (00 H) | O 00000000 | letter
0| 6] R{(5H 0 o | 11111100 R
<0 | 7] A®alH) | 0 00111000 A
o| 8| M(4aH ] o0 10000010 M
o o v 1 (second 'scan | 10000010
- 0 o 1 1 1 line of 00010000
Y 2 D { 1 character) | 01000010
0 3 E 1 “+ | 10000000
: 0 ) "0 1 01000100
“f 0. 5 | space 1 00000000
0| s R 1 10000010
-0 7 A 1 01000100 )
.) v 0 8 M « 1 , | 11000110
4] 0. v 12 0 \
. . .’ a0 .
.
) [3 (98 ' l
. -separation
between ‘
) © " characters,
P I : !
*ASCII code corresponding to character - .
. / . TABLE 3.1~
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Linear Addressing In this case the addressing is done as if all
a ' locations on the display were stored in a
| continuous string of memory locations. To the uP,

this is the way the memory is configured. ‘Hence,
as the data appears on the CRT, the first
character of each row is stored in the memory

Tocation immediately following the 1last character

_ of the previous row, Figure 3.10.[12]
¢
Row/Column Aq,dressing' This metho&s is used when the number of characters
on a row equals some power of two. Otherwise,

. when going “from the last character of one row to .

, the first character of the next row, some memory .

. locations will not be accessed and remain useless,
b Figure 3.10. There are ways around this problem,
such as using external logic or ROM to map the

A addresses genenated by the \{P (which are

continuous) and those generated™~ by the CRT

’ .. " conitroller for the display memory 1nto the same
) .address space.[12]

. Thus, when having to 1mp1ement text editing functfons such as

1nsert/de1ete T¥ne. and/or character it is often most convenient and

efficient 1f the data can be handled on 2 disp]qy 1ine -basis.” This is?®

an

where the’ row/column addressing approach exce]s, and he1ps in simprying
the software. .However, the. price paid is memory 1neff1ciency since’ some
of the display Jocations are not used. The tnadeoffs the designer must
make wnen consider:w ng. the use of any one of these tm techm ques are:’ 1
S £ :

N
Pad B M .

L. more complicated software for ‘text manipulation (and thus,” more’

© " system RAM needed) when using 1inear addressing; or .

> . o * N ' .

* 1 3
: . o L. oo
- . T et
- < . -
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Linssr WBinery) Addressing Decna! sddrenses!

24 Rows

o] 1] 2 ! n|n
0 |n ' 189
180 ) l 239
?_‘___‘.—* —
1780 1838 {1829
18401841 wishns
} 80 Cherscters -
Row/Column Addressing (Decimal addresses) v
of{v| 2 ! |7
128 | 129 208 { 207
*
256 l s
. n4 \\
-3
. » h“_\l\ lL
2088 “ 2943
2092|2993 ]}i 3070{3071
\ L ‘ .
i, N {
. [" { 80 Characters ]
A
- 4 »
¥ FIGURE 3.10
< : ‘ ’

Linear versus Row/Column Memory 'A'ddreg;sing[ll’] ‘
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2. inefficient use of memory space and additional address
mapping logic when using row/column addressing.

[ .
Interfacing the Memory to the Display

- . Ideally, the display memory of any CRT terminal system should be
accessible to two sources: the sync generator (or CRT controller) and the
uP. However, there exists a classic memory contention problem common to

all CRT displays. The prob'lem arises when the display (refresh) memory

must be accessedeby both the sync generator (or CRT, controller) to refresh

the screen and by the CPU to update'the screen's information. Which of
the two should.be given priority? The rg\su*ltl is that:

(a) \i:‘ther the CPU's throughput is restricted; or ,
(b) e screen flickers annoyingly (exhibiting "snow") when the
refresh memory is accessed.[10,12,17] '

The three most commonly used techniques to solve such a problem are:

1. a video RAM inter'face(;sr

2. a direct memory access (DMA) interface; or
3. a transparent (or interlace) memory interface.
Let's start by descrxibing the easjest method. . -

*

v z . 4

The Video RAM (VRAM) Interface

. " This approach uses a memory mapped addressing technique "to access
the video (or refresh) RAM. i’he CPU and the sync §engrator (or GRT
controller) share thg ’\}1deo, RAM via a two-1input multi‘plexing circuitry,
Figure 3.8, o

Nomlly. the sync generator s address. outputs control the disp!qy

&>

' memory. However, due to the nultip!exer. the .address Hm& of tho memory '

e T Y N
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‘ "The DMA Interface .

69

can thus be switched between two sets of address data, the generator's and
. - . -
the uP's. The switching is controlled by a single address line from the
uP that is used much 1ike a chip select line.
> o

" The memory input/output bus is connected to the| system's data bus

via three-state transceivers. They are contro"lled by the uw's read/write

/ X )
/ and chip se]ec% lines. Thus, by activating the chip select 1ine, the

exferna] system can take control of the video RAM. This organization

Ccreates a display interface that looks 'nge a RAM to the CPU, hence‘the

name video RAM. Each character position on the screen corresponds to ‘a

particular memory location.

The disadvantage: wusing such an arra}\gemeht, the CPU (who has the
priority over the sync generator) access to the VRAM, for either a read or
write operation, 1nterrupts‘the normal scanning of the diselay nemory ..
This results 1in visible streaks or(g'litches (normally referred to as
“snow") on the CRT «screen (12, 17] This. problem usually doesn't matter if
memory ‘:cesses occur 1in infrequent burst for updates. However, such is
not the case usually, since display refreshing is carried out quite
frequently on a regu]ar basis. This {nterference can be el iminated by"

confining VRAM access to the .horizontal and vertical retrace intervals,

but this severely restricts the frequency- of s¢reen updates. ) -

\

This approach can elinfnate a‘ltogether the prob‘len of CRT mory
stanning §1nce the refresh le-ory is part of - the .CPU's aystel mry.

/j . o
I . o0
o * - " - ., ! ‘ t ] s
ot - N l' o . h
N
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4 Figure 3.11. \When the display has to access the memory for refreshing the
data on the screen, it must stop the uP in order for it to relqomsie contro'l |

of the address and data; buses to an external device, called -the DMA
controller. This device is 1in turn controlled by the sync generator (or

the CRT controller).[12,17] .

The sync generator requests data from the system RAM in bursts via

the DMA controller. The controller transfers information from i.he RAM to

g f
the CRT display's buffer memory, which can then be read out by the sync

generator and put on the screen.

ADDRESS BUS i

S
<

IS

. - .\ ';
DACK DRQ - l T .

SYNC GENERATOR .
AND —g= VIDEO OUT
* VIDEO CIRCUITS . s DA

N ' FIGURE: s

Direct mewmory access. The refresh nemory is direcﬂy dressable by the

micrprocessor inm the DMA -approach. However, the m c rocessor is now

responsib‘le for refreshing the screen and is slowe froqnency
n‘lth which this must be done [12,17] ‘

; A 1
© | s
CONTROL BUS ' \ /
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) ' DATA BUS ~ B / y,
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The disadvantage:l while this method avoids the interference problem of
the video RAM previously mentioned, it .is more complex and more expensive
to put into use. I‘\'.l so, since screen refreshing occurs frequently, when a
DMA occurs, the CPU 1is forced to stop, thus slowing and cutting down
system 'speed. k

. /
The Transparent Memory Interface[l12,17] =

This approach ¥s similar to the vided RAM interface, except that

the memory 1is regularly and systematically made available to both the uP

and ‘sync generator, Figure 3.12. Access to the memory is stﬂl controlled
by a multiplexer. However, the multiplexer is alternated between the wP's
address bus and the sync generator outputs no matter what. Thus, the
memory appears to be transparent to both. ' The signal controlling the
address-mul tiplexer switching s connected to a square—vnave (which acts as
a single phase clock) derived frqm the sync generator dot counter, Figure
3.13. Each square-wave period equals one character-cell time and during
the second half of each cycle the RAM is connected to the sync generator
address Hnes Considering Eigure 3.13, it can bexlearly seen that the
R speed must be faster than half a cell time. During this same half

‘cell time, the next character to be displayed is transferred from the RAM

and stored ‘1n'the pipeline latch. Note that a ‘handshake control block
Figure 3.13) helps the processor coordinate 1ts -access ,to the RAM so that

ft doesn't 'lnterfere with the syn \generator. .

' , '
‘

¥

-

>

The RAM is connected to the uP. address bus du@ing the first half of

&
the character cell. Thus, data transfers frou the uP. can . occur only -

g
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SYNC GENERATOR

MICROPAOCESSOR
ADDRNESS BUS

—-| |._ ONE CHARACTEA CELL TIME

P gy .

1
Je—— CHIP SELECT

SHIFY
REGISTER |
TIMING

ADDRESS
MILTIPLEER CONTROL READ/WRITE

3 e BUS REPLY

CHARACTER
GENERATOR
ROM

YIDEQ SHIFT
. ouT REGISTER

REFRESH okt

DATA-8US
LATCH AAM LATCH

TRANSCEIVERS

DATA
sus

FIGURE 3.12

Transparent memory. The: problems inherent in both the video-RAM and  the
DMA approach are neatly solved with the transparent-memory concept. The
screen is never garbled and the CPU can run at top speed. The penalty is
cost: a little ra, faster RAM is required.[17] ,

\a-‘?:

—& TIME

- | SR

A — DISPLAY MEMORY AVAILABLE ‘TO THE MICROPROCESSOR
B ~ DISPLAY MEMORY AVAILABLE TO THE SYNC GENERATOR

[P

o o neunzan

To' control the t'i-ing all that's needed s 4 sfngle-phase clock " -when

High it lets the processor feed into the multiplexer. When. Low, it- lets

the sync generator contrcﬂ the di sp'lqy memory through the mul ti pw;er. oo

. .
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during this time frame. Write operatfons are straightforward, provided
" that the uP holds the data stable on l1:he data bus throughout the required
hal f ceﬂ\ time. For read operations, a data latch (see Figure 3.13) must
be added to retain the memory data longer than the half cell time during
which it is ’avaﬁabh. The only requirement fc'w the uP is that it must
have some form of wait or bus reply control line so that data transfers

can\be synchronized to the néxt available character-cell time. \

Due to 1its more complex multiplexing, transparent memory requires
two to four more MSI TTL‘packages than does a standard video- RAM design.
However, a single’ LSI chip, Motorola's MC6883, Synchronous Address
Mu'l't'ip'lexer can do the same Jjob. Cofiparing Figures 3.8 and 3.12 we can
see that, the video RAM 1interface approach _1s the basis for the
transparent method technique with two extra blocks, the pipeline and daté
latches. Also, the memory must be twice as fast as that used in the vide'o
RAM. In return for these two penalties, this method solves the’

memony-contenﬂon problem.

As/will be shown in Chapter 4 among the CRT controllers available

of f-thesshel f, ‘some 1end themselves more _easily to one technique of

1nterfac1ng than another.

- Memory Speed Considerations When Interfacing

Memory speed 1s important especia‘ny when - a large mmber of

.characters are to be displayed per ‘Hne, since ‘the nenory s access tine.

can affect the di splqy perfomnce. ~ The greeter the mﬂer of chcncters.f L

£ < - H »
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As a direct result, the time ava11ab1e,1 to look up the. ASCII-character code

in the refresh memory “and the character slice in the character generator

. ROM becomes smaller.

The time available for such functions is known as the character- )

.

cell time. This is fixed by the time, in microseconds‘:, of a line scan
divided by the total number of: characters per line. However, regardfess
of the interfabing technique used, this timing is critical and must be

respected to allow proper system synchronism and functioning.

Controlling the Screen Data

A1l CRT terminals, depending upoh their degree of intelligence,
provide the dJperator with more or less a variety of functions to control

the screen data. Among others, the necessary ones are:

v ¢
h)

Cursor Control: The cursor indicates to the operator where the
next character to be entered will.be positioned. On the screen, the
" cursor may appear in one of two forms:

1. as a block-type symbol that'may either blink’ on and off or
remain on; or . . -

.2. . as an underline-type symbol that may blink on and off or
»remain on.

py direct 1intervention froﬁi the keybdard, the cursor movement may be:
Part 'of

éontr'oﬂed in at least-4 directions: up, down, right and left

"the circuitry making up the sync generator controls the cursor; refer back

2 “

to Figure 3.1. = ‘ L T

-
1
- . . »
- -




Scroll Control: Since the CRT ‘screen disphys ‘one page of memory
at a time, once the bottan line of the screen is reached and filled, the t
next carriage return will move the text on the screen up, forcing the top
row of the page to disappear from view and the new bottom row will be
shown empty. This is called scrolling and it 1s‘ca/rr1ed out on a
Character-1ine-to-character-line basis. However, scrolling may.take place

"smoothly" if it is.carried out on a "scan-line-to-scan-1ine" basis.

The simplest method used to scroll, in order not to burden the.CPU,
is to keep the address of the screen memory location a;ssociate& with the
first character of the top line in a register. Hence, every time a line
is to be soroned,, the contents of this register is .jncran?(nted by the
number of .characters per line, thus, pointing to the next line's first
charocter, as being the top of the page. .Using such a method, no data

-movement actually takes place, but inerely the pointer is different.

When scrolling, whether it be for terminals having a single or
several. page scr}e "memory capability, ther|e is a phenomena known as
wraparodnd that takj) place. This wraparound cont:erns the screen memory,

TT—and_fs such that whe

the last row and a scroll 1is performed the next Hne to. be displayed \ml .

the last line of the 'last page i$ being displayed on

_correspond to the first 1ine of the screen memory.. One can ' picture athis'

" as 1f the fixst line and Iast line of ‘the screen memory were adjacent to., o

_each other 1n a. circular fashion, thus, wrapping around.

]

{
-

/\' Incorporated as part of the scroll coﬁtrol is_another fw:tion

- .- o _w_ - — ---‘_1‘ nnn a naas lll!"! .t m




depres:s'lon of a single key. In this case, to the re'gister containing—the.
address of the. top of the page being displayed is added the total number.

of characters held in one page thus forcing it to point to the next page's

s

r‘}‘ top. L . ‘

7
ﬁ o
CRT Timing Chain Example - Putting It A11 Tpgether

Before designing an interface between a uP and a sync 'generator (or
CRT controHer), the designer must decide upon severa] factors depending
upon system requirements. That is, the type of dfsp1ay format and the
Odrive technidue - how many lines, how many characters per line, how many
ldo’ts per character position and whether interlaced or non-mterlaced

\

raster scanning will be used.

*In genera1 .2 CRT display system is the most ﬂeis'iiﬂe dis;ﬂay‘ one ~
can 1nterface with a uP Under program contr01 the CRT's elecgtron beam’
can be made to form any character or pattern desh'ed -priovided the timing,'

character generator, CRT monitor, memory speed and interfacing hdve been

\carefuny chosen. In order\to show the adequate procedure to follow when

deriving the CRT timing chain parameters,.let's consioer an example.

[
-

—— . . ® . ¢
-
:

Design Parameters: the actua1 design must start. by selecting sa

scréen format and a character gener‘ator. Since the B80-character x 24- J_ine

| 'fo,rmat is an 1ndustry stqndar“d let's use t in our example. With regards |

to the character generator, the character-ceﬂ wﬂ
charactet formed in an 8 k 10 do@atﬁx. T

¢

O
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Horizontal Parameters: The HORIZONTAL PERIOD contains both the
giispla&ed@portion of the sc¢can and the retrace time. The h;?rizonta]
sy'nchronization (HSYNC) -scan frequency U}ed in North If{merica is-15.75 KHz
£10% (i.e., 63.49 16 usec), however, we will use a frequency of 15625 Hz,
which is within the MM‘v{e‘ tolerance, in order to obtain\an even 64 usec
duration for ,each horizontal s:yine. Before prkoceeding any further,

. ' Q
two more things must be. kept i mind wheh considering the HSYNC bu] se to :

' , . J
be generated: . v .

1. * it must take place approximately in the middle of the
- horizontal blanking interval during each horizontal scan
" Yine. ‘ '
2. the horizontal blanking should be approximately 20 to 25% of
the horizontal scannihg period. * ' <
4 o
‘ "
- To further illustrate the importancé that timing plays, let's havé

)}

-

«

a closer look at the .HSYNC/signal. The horizontal retrace time is often

™

subdivided into th intervals as shown in Figure 3.14:
" [

el

%
- l<———— pISPrAY PERTOD ———h< BLANKING INTERVAL —> L
HORIZONTAL e
BLANKING — - '
l ) l _ N\ < (N
| T 3
/ ' 1\ r
| |
HORIZONTAL ,
SYNC ' .
| HSYNC Delay —> = |j&—
: _(Front Porch) ’

\ 7 HSYNC Pulse —> e

Horizontal -—2>» — ¢
Scan Delay
/ : (Back Porch)
-

FIGURE 3.14 ]
Horizontal Timjng
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1.  HSYNC ‘Delay (or front porch) - the numtre r -E)f character times
delay after the display period until the HSYNC pulse; g

2. HSYNC Pulse - the width of the horizontal sync pulse (defined
in character times); ‘ -

-~ 3. Horfzontal Scan Delay (back porch) - the character times dsla_y

- ¢ after the HSYNC pulse and prior to the active scan.
The sum of these three intervals is the Horizontal Blanking Inte;'val.
'This interval is required as a window in the horizontal scan pe;iod to
allow the beam to- return or RETRACE to the left side of the screen. The
retrace time is internal to.the CRT monitor and is a function of

horizontal scan components. The retrace time #s a]wa(\(must be) less

than the horizontal blanking interval. The designer must)\determine the

values of these three intervals from the 0peraiing characteristics of the -

CRT monitor -being used. .However, typical values cOmpatib1e' with a wide

range of (mmercia] CRT monitors dictate a"?atio of 1:2:2 to be kept among

E ]

» . . R
them. By the same token, the horizontal blanking range should be between

10 to 12 usec.

Since we want to display 80: characters per 1line, to. keep
calculations simple, let's consider a total of’ 100 characters on a line,
thus resulting in a 25% allowable retrace time. The character rate, the

rate at which chap@ters are displayed on the screen, thus v?puld be:
o
A

horizontal scan frequency x number of
total characters per line

) 4 )
© =15625 Hz x 100

> J

character rate (cl ocx\)

1.5625 MHz (i.e., 640 nsec)
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. Hence, the horizontal scan time for each character along any line would be

640 nanoseconds. (See Figure 37.16). . oL -
v - B
Since there are 8 dots (horizontally) per character, the dot* clock

needed may be calculated as follows:

-

dot clock = character clock x number of total horizontal dots per 4§

charactef' 7/
= 1.5625 MHz x 8

= 12.5 MHz .

L)

This is the clock rate applied to the shift register generating the VIDEO
signal interfdcing directly with ‘the CRT monitor. ' At this point, all the

" calcutations required for the horizontal parameters are complete.

L4
4.
A

| Vertical Parameters: The VERTICAL PERIOD contains both the
displayed portion of the screen and the retrace time. Like the horizontal
per:iod: the vertical period can be broken down into small units; in this
case such units’ are called character rows. One character row is the
number of scan Hnés re'quire‘d tp display one character rowrplus the number
of .blank scan lines between two rows. In our example we 'have chosen an 8
x 10 matrix, hehce each row 9f characters will need-a total of 10 scan
lines. . Note that the units for vertic‘alie\/ents can be either scan lines

or character rows. To determéne the charagter row clock rate we have:



-
e

. A 80
Y A
character row clock = horizontal scan frequency / number of total
scan Tines per character @

= 15625 Hz / 10

= 1563.5 Hz
To determine the vertical sync‘ (VSYNC) pulse width we must consider that ,

)
as in _ the case of .the horizontal retrace, the vertical retrace is

sﬁbdivided into three intervals, Figure 3.15:

4

1. VSYNC Delay - the number of charactegr, rows delay after the
' vertical display period and before the VSYNC pulse; )
2. VSYNC Pulse - the width of the vertical sync pulse (measured
in scan lines); d
3. Yertical Scan Delay - the delay after the vertical sync and’
the next displayed information in scan lines.

'

R—_—-‘ DISPLAY PERIOD >'< BLANKING INTERVAL —>|

VERTICAL ‘_l
- BLANKING
| -|
»
| I
- | . . |
VERTICAL ,
SYNC . . .
. Vertical ~—» = ) ’
Sync Delay
Vertical -'—:— e
. §znc gulse
. Vertical p—
Scan Delay
FIGURE 3.15

Vertical Timing
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'_ The sum of these' three intervals is the Vertical Bliﬂdng lnte"rva‘l.'
/- ; ‘

For évery frame there are. 262 1lines. S'In‘ce we arelon'ly displaying
24 character rows of 10 1ines each (240 scan lines), there remains 22 scan
lines for. the vertical blanking interval. ' Considering that 15625/60 =
2§0.4, we only need 20 extra lines to obt;ain 'the'adequate vertical sync
~frequency (15625 / 260 = 60.096), or two more character rows for a totai
of 26. Considering that a t,ypical value for the vertical retrace time 1s
l msec, 20 horizontal scan Tines would provide enough time (20 x 64 usec =

a

1.28 msec) for.the vertica'l “retrace.

Figure 3.16 summarizes the "entire timing 'chain' used in this

o

/

Taking into ‘consideration the contents of this chapter, ‘we are now

ready to compare the cirgui try making -up the Sync éenerator (Figure 3.1)
and ‘that of an LSI CRT controller (F'lgure 3.17). It can be already seen
that most of the discrete logic in ngre 3.1, except the display RAM
character generator and shift register, has been integrated into Hitachi's
HD 6845 CRT controller, Figure 3.17, disregarding tpe internal registers.
Other CRTC's available of f-the-shelf offer the same 1f not ‘more circuitry
within their controllers. Thus, to the designer and man/ufact&rer of CRT
fennina'ls, the advéntages of replacing 30 to 40 or more MSI packages,b,y an

LSI CRTC chip are obvious, mak1 ng it an ideal candidate for the Job.

-\
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The added premium of incorjorating programmability into the device,
giving it .thé necessary flexibility and versatility to generate various
E 4 . . 0
CRT _ signal interface timing conditions under different parameter
const’v"afnts,,nakel the CRTC even more appealing. o ” g
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" CHAPTER 4 |
COMPARISON OF CRT CONTROLLERS .

Although there are significant differences between the functions, -

capabﬂiﬁes and characteristics of each of the CRT controllers available
of f-the-shelf, all of them have been Qhaped by the requirements of the
cathode ray tube itself and by prevailing interface standards to this
device. In this chapter we carry out a detail analysis of each of three

commonly available, 1low-cost CRT controllers (CRTC) 1in order to -decide

upon the best device to be incorporated into the design of the \termina‘l.

For every CRTC, a terminal's system block diagram is generated as well, in
order to evaluate the minimum chip count necessary to achieve the
low-cost, Tow-count, terminal's implementation.

v

4.1 The Basis for CRT Controller Comparison PY

Considering the contents of Chapter 3, we are now able to generate
['4

a general block diagram identifying the typical logic functions that must

be provided to create the interface between a uP and a CRT monitor, Figure
4.1." Thfs will serve us as a common basis to point out and compare the'
different functions each CRT controller device has built-in. The CRT‘
controllers we wﬂl consider here, will pot include all- of.the functions

shown in Figﬁ:re 4.1, the reasons‘being as fo11w§:

1. The dot timing c*lrcuitry,. for example, operates in the .10‘s of
’ megahertzs range 1in most applications, and conveptional NMOS
circuitry (the process from which these devices are made) will

. <

4
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either not operaté in this' range or degrade the signal
characteristics due to its behaviour at such high frequencies.
‘As a result, MOS CRTCs can't include an on-chip, dot-rate
Crystal osc’u'lator or a dot counter and associated logic due
. to frequency limitations. However, CRTCs built with bipolar
circuitry (I2L or TTL) don't 1lend themselves to - such
1imitations. ' '

2. Implementing a1l possible functions on a chip will “force the

[ ' manufacturer 'to sacr'htm flexabflity, thus forcing the user

to utilize the chip 1n a dedicated manner. However, the more
versatile the chip, the larger the market for its use. Thus,
~ most CRTCs contain a 1imi ted number of built-in functions.
3. ~By .allowing the screen -e-ory ‘to reside externany to ty
CRTC, the user can decide upon its size to best suit fits
/\ system requjrements while staying with the 1imits provided by
’ the CRTC architecture. | ;
4, Charactef' genef'atjon logic, as well, is external te the CRTC
' _to, altow the user flexibility depending upon its particular
application.

A most 1mportaht_pc;int to note at this “stage, which will impose.
\'serious 1{imitations, if not considered cqrefully af an early phase of the
design, is that: ' o . ' . '
"the approach\ that . the - chip manufacturer has takén when
implementing the CRT ;ontroﬂer functions will dictate, to a large

extent, the approach that the designer must take when 1ncorporating
_the device in the system."[12] - ,

Carelessness on the pa}'t of the designer will affect the final
N ?
hardware and software as well, since they depend heavily on the CRT'

controlter chosen fo'r.‘the job.
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4.2 }_ype of CRT .Controller o .
f Present’ly, severa'l forms of displays -are 'ln ex'lstence. graphic/andﬁ_—”—f
a1phanuner1c. ’ y . g
Mphanumeric:m In this kind” of disﬁ]qy. the' data: making u'p "'c:he'

character 1ine 1s repet'ltive'ly presented ° to . the
character generator logic until all the scan lines
comprising that character row have been displayed - as
described in Chapter 3. Such an arrangement allows
memory storage requirements and memo 'y accesses to be

minimized and the character generator logic assumes,

sponsibility ,_for producing each individual dot
required along a scall  1ine. This ‘results in a

“Vimitation on the ‘display capability - which can only

A}

be as good as the complexity of the character generator

"logic” In most ‘alphanumeric displays, each -pqrtiorof

the scan line making up each character on the 1line. is

stored in one byte. ‘Alphanumeric displays have limited .

graphic capabilities. "

When graphi¢ information needs to be displayed, then
the system must have the capability o(fj manipulating

individually every dot on the CRT screen. °Such an
"qpbroach typically requires more_memory and resources

Be:y\omd those usually provided by a-‘CRT controller. . In
this case, in order to independently control every dot

'on the CRT screen, one must map every dot to a specific

memory data bit. The only way to-do so is by providing
memory storage for each dot of each scan 11ine veg
the provision- of 'memory storage for every 7 or
scan lines (depending on the .character size) for an
alphanumeric display. Thus, graphic displays tend to
be more complex and memory-hungry than al phanumeric.

l Lo . h ) . ~
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N " The CRT controllers that will be desribed herein aye all oriented
* . ) " ¥
\ -towards alphanumeric displays. . N v
. 4.3 Description and Analysis of Individual CRT Controllers

In .order to be able to choose the""right CRTC we must ."studf the
features of the available controllers. We will now proceed to describe

the characteristics and capabilities of three low-cost, off-the~shelf,

- versatile CRT controllers.

- &
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4.3.1 The 5037 CRT Controller ] \
Among the CRTCs that wﬂ‘l be descgbed no other‘ device is
available fram such a large member of manufacturers:

tek Corporation (gevice‘no. MK 3807)[19] ]
Solid State Scientific (SSS) (device no. SND5027/37)[21] -
.. Standard Microsystems Corporation (device no. CRT5027/37/47/57)(20]

" Texas Instruments (device no. TMS9927)[22]
This 'ls'mainly due to the length of time this device has been in existence)

and to {its acceptance and use. However, SMC and SSS are the only

manufacturers providing different versions of the same device.

The circuitry built into the 5037 is shown in Figure 4.2. From its
block diagram, we can derive' the logic funct'lons provided by this CRTC, as
shown 1in Figure 4.3 (shaded areas). ) ‘

General Description

,

\

" The 5037 is a CRT video/i er and controller (VTAC) chip that is
user programmable. It 15/0/ pin N-channel MOS/LSI device containing the
logic functions requir’;ed to generate. all the timing s‘l'gn‘als for the
presentation and fonh/é‘tt'lng of interlaced and nog-interlaced video data on
a standard or_non-standard CRT monitor. o N

/”. With the exception of the dot counter, a1l frame: formatting such
as ‘

horizontal sync _
vertical sync _ - ' .
composite sync '

4 ’ " v
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Functional logic built intq the 5037 CRT Controller (shown shaded)
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FIGURE 4.2
Block Diagram of the 5037 CRT Controller[19,20,21]
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FIGURE 4.3
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“is totally wuser programmable.

. »
characters per data row
data rows per frame

raster scans per data row
raster scans per frame

facilitates scrolling as well.

The data . row counter 1t~

92

contains

" Programming takes place by means- of loading seven 8-bit control

registers directly off an 8-bit bidirectional data bus. Four register

address lines and a chip select line provide complete uP compafabﬂity for

program controlled set up. The device can also be "sel‘f-]oaded" via an

external PROM tied on the data bus.

-

In addition to the 7 control registers, 2 additional registers are

provided to store the ‘cursor character and data row addresses for the-

generation of the cursor video signal.

The contents of these two

registers can also be read out<6nto the bus for update by the program.

Built-in Signals-

The 5037 was one of the first LSI controllers to be introduced.

Although the functions it provides may appear to be more elementary than

those available with devices introduced more recently, such "as Motorola's

MC6845 and Intel's 8275, it still provides several interesting functions

not available on any of the other devices we will consider.

Figure 4.4 shows the pinout and signal names as well

as the

functional description of the- 5037. These signals may be d'lvv'ided into

four categories:

~

+

~
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Description of Pin Functions
Input/
PinNo. Symbol Name Output  Function .
25-18 DB@P-7 DataBus /O  Data bus. input bus for control words from microprocessor or
PROM Bidirectional bus for cursor address.
3 Cs Chip Select | Signals chip thatitis being addressed
39,40,1,.2 Ag-3 Register | Register address bits for selecting one of seven control
_ Address reqgisters or either of the cursor address registers
9 DS Data Strobe I : Strobes DB@-7 intothe appropriate regster or outputs the
cursor character address or cursor ine address onto the data bus
12 DCC DOT Counter B | Carry from off chip dot counter estabhshing basic character
Carry clock rate. Character clock.
38-32 Hg-6 Character o Character counter outpults.
Counter Outputs
7,54 R1.3 Scan Counter ) Three most significant bits gf the Scan Counter row select
Outputs inputs to character generator
AN H7'DOR5 H7/DRS e Pin definition 1s'user programmable. Output 1s MSB of
Character Counter if horizontal ne count (REG.@) 1s ==128;
atherwise output 1s MSB of Data Row Counter.
8 RE Scan Counter LSB O, Leastsignificantbit of the scan counter. In the inter-
laced mode with an even number of scans per data row,
RB will toggle at the field rate; for an odd number of
scans per datarow in the interlaced mode, R8 will toggle
at the data row rate.
26-30 DORg-4  DataRow O  Data Row counter outputs. .
Counter Outputs
17 L Blank >~ O  Detines non active portion of honzontal and vertical scans
15 HSYN  Hornzontal Sync o) Initiates honzontal retrace.
11 VSYN Vertical Sync o intiates vertical retrace.
10 CSYN/ Composite Sync Output/ O/l  Composite sync 1s provided on the CRT 5027 and CRY 5037.
LLl Line Lock Input This outputis active in non-interlaced mode only. Provides a true
. RS-170 composite sync wave form. For the CRT 5057, this pin s
the Line Lock Input. The line frequency wgveform processed to
conform to the VTAC's® specified logic levels, is applned to this pin
16 CRvV Cursor Video O  Defines cursor location in data held.
14 Vce Power Supply PS  +5voit Power Supply
13 Voo Power Supply PS + 12 volit Power Supply
FIGURE 4.4

5037 CRT Controller Pinout & Signal Description[12,19,20,21]
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K 1. signals used toiinterface the CRTC to the uP and system buses
ks (timing input signals are included in this group);
2. signals ‘used to {interface the CRTC to the video moemony .and
character generator logic; ‘ :
3. signals used to interface directly with the CRT monitor; and
4. power supply signals.

\

The 5037 signals that belong to each category are shown in Table 4.1

" below.

uP System Interface Yideo Memory & CRT Monjtor Interface Power
Signals Character Signals Signals
Generator Signals .

AD-A3 DRO-DR4 BL VCC (+5V)
cs . © HO-H6 CRV _ vDD(+12V)
DBO-DB7 H7 /DR5 ‘ CSYNC GND
DCC , RO-R3 . HSYNC c
DS ‘ : VSYNC -

TABLE 4.1*

”’

- ' 5037 CRTC Signal C1ass1f1cation
*This tabular format will be used to classify the signals of the other
CRTCs that will be eva]uated in order to ease the task of comparing them

Tater on.

"Most signals are standard to all of the CRTCs we will consider, and
are well defined in Figure 4.4. However, several unusual signals not

found on any other CRTC need further elaboration:

1)



95

/

Data Strobe. (DS) ,sigr‘ﬂ: the 5037 has no read and write control
-signal's; however, the DS is the functional conib‘lnation of both of these‘
signals. Hence, the uP's READ and WRITE signals must be combined to be
able to strobe data into _and out of the device via the data bus. Thus, DS
must be pulsed low to allow a register access or command initiation.

HO-H7 and DRO-DRS signals: these .are respectively the horiz_ontal
character or coluwn address outputs and the vertical or data row address

outputs.

The 5037 generates such signals to address the memory on a row

column basis. As was already pointed out, although such a method gives
some flexibility 1in utilizing the memory address space, it results in an
inefficient use of memory space 1in most .cases. However, when used
adequately, 1t can prove advantageous.

CSYNC signal: this {s the only CRTC we will encounter with such a

signal.

It is the composite synchronization signal. Its format is a

pulse stream which includes both the HSYNC and VSYNC signals. This signal
can only be used if the 5037 is operating in the non-interlaced mode. The
adv;ntage of providing such a signal is that it can be externally mixed
(using less hardware) with the video signal to produce a composite video
output to the CRT monitor.

Progran;nab‘le Registers -

The 5037 contains a total of 16 registers, Figure 4.5a. These may

be classified under thfee categories:

1.

Control Registers: A total of 7 registers (RO to R6); they
are programmable and are used to define timing parameters and
basic screen format (Figure 4.5a,b). Figures 4.6 and 4.7 show
the bit éssignment and programming charts for these registers. .
These are write-only registers, and are usually loaded when a

'system is first turned on (power-up) and are not accessed

thereafter. _
|

i
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A3 A2 A1 AD Belsst/Command Ovseription ‘ \
] (] [+] O Lasd Cortrol Regiéeer O
o -0 0 1 Lase Cormrol Megimmer t
] ] ) 0 Lesd Contrel Regisser 2 .
0 0 1 1 LesdCorol Regimer 3 see Figure L4.5b
0 1 [+] O Losd Control Regisw 4 )
0 1 [ 1 Loed Corwrol Regisser 6 °
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(] ] 1 Read Cursor Cherecter Address
0 1 0O  Resst Resets timing chain 1o top lef of pege Reset s
\ tssched en chip by DS end courners are held
i Ut relessed by start commend.
i 1 ° 1 1 UpBook Increments edress of hrt diepieyed dets row
on page. 18, prior 10 receipt of scroll
. . command-—iop kne = 0, bottom line = 23 Afver
‘ receipn of Soroll Commend—sop ine = 1,
s 4 botom ke =0 .
v o :
1 ) o 0 Losd Cursor Cheracter Address® -
\ 1 1 (/] 1. Load Cursor Line Address’ .o
1 1 1 0  Suwn Timing Chem Receipn of the command atier & Reset or
\ . o Pr Se¥f Loed d will rek the
\ trrung chain spprowmately one scan hne later
. . In spphtations requiring Synchronous opera-
\ von of more than one VCU the dot tounter
> corry should be heid low during the B35 for the
\ . command —
1 B | 1 1 Non-Processor Seff Load Device witl begin self load vis PROM when DS
goes low The Y111 command should be
mantained on AJ-0 long enough 1o gusrantes
sel load {Scan counter should tycle through st
least once) Saff load 8 automaticelly termm.
o160 and trung chan inmisted when the_al!
“1's" condron u removed, mdepehdem of
: For synchronous operstion of more than one
VCU the Dot Counter Cerry should be held
\ low when 1he command s femoved
S ] w-“"ﬂ Loed e Curser Crorocw: Adurase Aogane: MEG 7100 the Cor i Ao AB0-0ss Sogare’ G 8160 $1000ns Suring 010swe D111 gng 1000 o ey

A RO fgen Covmet oS EBcively Theroters Covow 80U < e PROM shmal Be (Rered §1 P00 B sases
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-\ | \
FIGURE 4.5b[12,19,20,21]
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‘2. Cursor Positigping Registers: These 2 read and 2 write
registers (4 addresses) allow the programmer to write data
into the registers to position the cursor on the screen and
read it as well to ascertain the current cursor position.
Since the 5037 has no READ/WRITE signals, then two separate
addresses must be used' to access each of these registers; one
for the write operation and another for the read. To position
the cursor, one must specify the row address as well as the
character (or column) address. These 4 registers are
classified as being part of the 9 different commands available
on the 5037, Figure 4.8. -

3. Command Registers: The remaining 5 registers, when selected,
force specific control  functions (called commands) to take
place (Figure 4.8). The possible commands that may be issued

are:
-’ Processor-Initiated Self-Lgad: used when a uP Tloads
' the control registérs and cursor position registers.
- Reset: used to cause the timing chain (the internal
counters) of the 5037 to be reset. I
- Up Scroll: used to "scroll wupwards by incrementing
' register R6 by 1 (Figure 4.5a,b).
- S;art Timing Chain: must be used after -a reset or.

processor-initiated self-load to allow the 5037 to -
resume operation.

v - Non-Processor Self-Load: used when an external PROM
loads the control registers and cursor position
registers. In this mode,' the 5037 itself provides the
address inputs to the PROM. This loading procedure 1‘s,‘

- rarely used nowadays since“.mbst' systems. are under the
control of a uP.

Note that when using a uP to initialize the 5037, the commands to
be issued must follow the following Sequence:

A i



Address Command | Resd (R) Command
A3 A2 A1 | ao | Code (Hex) | Write(w)
0 1 1 1 7 X Processor-initiated Self-Load
14 ©0 0 0 8 R Read Cursor Row Address
1 0 0 1 9 R Read Cursor Character (Column) Address
1 0 1 0 A . X Reset
1 0 1 1 B X Up Scroll
1 1 4] 0 .C w Load Cursor Character {Column} Address
1 1 0 1 D w Losd Cursor Row Address
1 1 1 0 13 X Start Timing Chain \
1 1 1 1 F X Non-Processor Self-Load
FIGURE 4.8
. CRT 5037 Possible Controller Commands[12]
'S : v '

' ° DBO-DB? <r‘:>

CS '—————
Bs

VLY o—

Command
N Decode’
snd Regrster
Select Logx

F————g~ Scrok
— Reset
& Stnt
——& Self-Load

Contro! Register -———
[}

Contro! Register
1

Control Regster
2

Control Register
3

-

éomroi‘ilogmov

Control Regster

Control Regmster
e )

-

tursor Row
P osttion(Register7 all——1

bt

Cursor Column
osion(Regsters| |

CRT 5037 Control (write),

. FIGURE 4.9

Cursor Positioning (
Registers[12]

>

write/read) and Command



RS- cp et o
f .

Start Timing Chain .o
Reset '
Load Register O o .
Load Register 1 ) T
Load Register 2 .- I
Load Register 3, - - o
Load Register 4 , Lo
Load Register 5 , _ ' o oo
. Load Register'6 L

Start Timing Chain

\

Access to any of these 16 registers takes place when ‘the register
address inputs (A0-A3) are appHed to the 5037 followed by the CS and DS
signals. The 5037 then decodes the address inputs to generate the
appropriate 'regist,er select signal (Figure 4.9).

An 1mpor;tant point that deserves caution on the part of the
programmer is that since the 5037 addresses memory on a row/column basis,
the software must a'iwa_ys keep track of where the end of a row is when it

moves the cursor.

Interfacing with the uP

; ' -

The interface between the 5037 a'r)d the uP is simple. The signals
involved are showe on Figure 4.10. The active high chip select (CS)l
signal and the register address. (A0,A3) are derived from the uP's system
address-bus.' Since the 5037 has' 16 registers, 1t would occupy 16 memory
or I/0 Tocations in the system's addressing space. Hence,' each register/
command of th/e5037 would be addressed as a sepa‘rate memory or I/0 device:

. .

READ/WRITE operations take place depending upon the register/command to be

addressed; of cou?se,‘under the control of the.uP.
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Unlike other CRTCs, the 5037, does not have READ and WRITE inputs,
or a combina\t\ion of the two, READ/WRITE. ' Howé::r, it utilizes a Data
Strobe (DS) input when reading from or writing to any of its reg'lste'rs..‘
Figure 4.10 shows the need of a NOR gate to generate the active low DS
signal, assuming READ and WRITE are active high. However, for uPs that
generate ;3ctive low READ and WRITE signals, an AND gate wéu]d be needed
instead. Data transfers take place via the bidirectional data 1ines

(DBO-DB7). o,

Interfacing with the Character Generator and the Video Memory

{
Since the 5037 addresses the vido memory on a row/column basis

instead of. a linear fashion, it generates 8 horizontahl character count

outputs (HO-H7) and 5 vertical or data row counter outputs (DRO-DR4),

\

Figure 4.11. A total of 13 gutputs allows to address a mefnofy space of

" .
8K. However, due:to the use of the row/column addressing method, memory
“ M .

©is utﬂizéd ineffigjently, preventing the entire 8K space from being used.
9]¢% ; .

Nevertheless, this method 1s'we1] suited fgr manipulation of video data.

< ¢

With respect to the' character .generator, the ‘5037 on'ly provides 4
raster addresses (RO-R3) to indicate theL"Hne being scanned within e::ich

<

character-cell of each character-row. This output combined with the video
memory character codé butput, provide . the necessary 1inputs ‘to the

character generator logic, Pigure 4.11. ° r
) v ' \”, -~

P

Interfacing with the CRT Monitor

The 5037 provides a'ltoge{h:r 5 different signal‘é to interface ydfh

Q,

a CRT monitor, Figure Q.IZ. They are: s

o

«

L
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} v
Horizontal ‘Sync (HSYNC): programmable via register qu;r .
Vertical Sync (VSYNC): fixed to 3 scan Tines (it meets the

o, requirements of EIA RS-170 vided’

: . speciﬁcation[23]) \
_Composite Sync (CSYNC): a combination of HSYNC and VSYNC signals;
Cursor Video (CRV): ) fixed bigkk cursor format, offers no
| programmable options; ~
Blanking (BL): . active high during horizontal and vertical
' retrace times. y
A 1 N

-

L}

Iny order @o'compen'sate for the delay encountered while ‘accessing a
character from the- video riiemor_y, generate the dot pattern via the
charac‘t,er generator and shifted out the video shﬁft register, the 5037 by
_means of register 3 (Figure 4.5b) aHows A programmable delay (skew or
displacement) to be introduced before genev/-ating the CRV, BL and HSYNC
signals. This 1s shown 1in Figure 4.12 by means of the dotted block
denoted as "Delay". To summarize, the re1atiﬁensh1‘p‘ between the 5037
programmable registers and‘ the generation of the timing chain signals to

interface to the CRT monitor is shown in Figure 4.13.

Missing Signals, Logic or Registers

L

The 5037 dbes not contain or provide any of the following:

\ - . memory contention logic- signals to simplify access to the "video

memory by both CRTC and uP; it must be provided externally; '
- . generation of linear addressing to the video memorys

It

[24

- options to provide cursor blinking nor different cursor 'shapes; via
a programmable register, the cursor disp1qyed is always of ‘the
ﬁblock form and reverse video, thus any desired changes must be
1mp1emented by means of external hardware;-

v

. : , . .
S . “,. e
N

“
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+n Dots/Character fexternal logic)

*—'—-—» Cherscter K DCC) N

+ (llb] + 1)| Cherscters/Scan line lincluding retrace!

. + 2(R4)
Non-interisced + 286
) + 2In4)
interleced +813)
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‘Value m bit feld 3 through 8 n R2

FIGURE 4.13

w
-~

Relationship between 5037 Programmable Regfster
and the CRT Timing Chain[12]

- Tight pen register/signal. L

)

Terminal Design Simplification via the 5037 %

-

To ease the designer's taspk of 1mp1'ement1ng a terminal with :a

.relatively small number of componénts, the manufacturers of the—5037 have
AN

introduced a companion chip to this device, the 8002. Known as "the CRT
Video Generator "and Attributes Controller" or VDAC for short, it
incorporates -all of the following functions: ‘

- character generator ’(7' X 11/ on a9 x12 dot matrix)
- video shift register (up to 20 MHz)

- .  wide and thin graphics modes of operation

- attribute controner '

- different cursor modes and blink rates (programmable)
- programmable character blink rate

- anQs.generation of subscripts

\ . . 4
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‘ J
’ The result is obvious. First of all, the character genefrator, the
;/'ided shift register and associated circuitry are all part of the same
chip. Thus.,'lowering tﬁe system's comporient count, its power consumption
" “and ‘reducing the size and complexity of the temminal's PCB. The other
factor,‘ is the ease with which chénges can be brought ébout. The device's

versatility is due to its programmability: ' /

—
T

Terminal Implementation Block Diagram

_Considering our objective, 4the design of a low power, low chip
'couni:, reliable, fast, cost effective and smart terminal, the necessary
_circuifry required to achieve it was identified and is shown on the block
diagram of Figure 4.14. The system is built around the 8085 uP, the 5037
CRTC and the 8002 VDAC, the major LSI components providing system and, /

video control. The total chip count is 28 ICs.

\1

4
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DATA BUS

ADDRESS BUS

CONTROL BUS

MICROPROCESSOR
8085
o INTERRUPT &
:::::iE} , SYSTEM DECODE
74LS00, 741502,
LATCH 74L§28§133Ls74,
"7415363 L

PROGRAM
MEMORY
2716

l-vll-Illlln'I-
III-II-I-v.III_

Baud rate [:::]
.
-
! \‘
N fo
b

COMMUNICATIONS
INTERFACE
COMB251A,
COMB126 ,

1488, 1489, 741532

Serial
Communications

RAM, 170, _
COUNTER/ TIMER VTAC > TRANS
8155 cRT LATOR [ —>
_ CONTROLLER 7418157
TT 5037
OPTION
SWITCHES
HSYNC VSYNC
. : MONITOR 250

Terminal Block Diagram

Figure 4.14
using the 5037 CRT contre

(total component count is 28 ICs)
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KEYBOARD

E

INTERRUPT &
SYSTEM DECODE

74LS00, 74LS02,
74LS08, 741574,

PROGRAM
MEMORY
2716

7415138

KEYBOARD
INTERFACE
KR- 9600

I-‘IIII- II-—III-u
I-I-vllll_-l_l-l

RAM, I/0,
COUNTER/TIMER
8155

.

OPTION
SWITCHES

Terminal Block Diagram

T
e Dy T —> Mo TRANSCEIVER
- ) s | s " 7415245
CONTROLLER 74L5157 (3) -
5037 {} %%
VIDEO RAM
2128
(2K x B)
HSYNC VSYNC <7
VDAC
CRT 8002, [UW
74160, |
MONITOR VIDEO 710, —
741,500 (2), T
/ 741832 - ]

Figure 4.14

(total component count is 28 ICs)
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Dot Freq.

using the 5037 CRT controller
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4.3.2 The 6845 CRT Controlier

- *The 6845 is one of the more recently 1ntroducii/CRT controllers.
However, its popularity ‘and use is .gaining recognitigﬁ at an accelerated
pace. Althoug}l it was introduced by Motorola, séveral second sources
exist; however, most of theselsupph‘es offer either improved or simplified
vgrsions of the original device.. ,Amc;ng the different sﬁpp’liers there is: .

Identical Versions

Motorola (device no. MC6845)(23]
Hitachi (device no. H06845)[18,24]

Different Verstons

"AMI (devlice no. S68045)[25]: does not support the 1ight pen input and
-t " associated register; registers RO to Rl1l are
mask programmed, hence not controllable by
the user.
Synertek (device no. o
SY6545-1)[26]: 'supplies the best version of the improved
’ ' 6845. It contains memory contention Togic
i built-in, thus preventing the need for
external hardware; permmits memory addressing
‘ in a linear fashion or either by row/column;
, o has improved 1ight pen register circuitry and
it . contains a status register which can be
, . read by the uP.
Rockwell (device no. : -
R6545-1)[27]: © same as Synertek's, version.

.
To - compete with the suppliers offering cheaper versions, Motorola
has recently made available, as well, a low-cost, pin compatible version

6 the 6845, the MC6835.[23] It {s identical except that:

f

T
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- it 1is mask programmable, supporting two selectable .screen
formats using a program select input, thus registers RO to Ril
are not accessible by the user via the data bus.

- does not support the 1ight pen option.
- its die size 1is smaller, since the 1ight-pen registers have

been removed, thus offering a price advantage.

Throughout this analysis, we will coﬁsider only the original device

introduced by Motorola, the MC6845. N

‘The circuitry built into the 6845 appears in Figure 4.15. From the
general block -diagram of a CRTC, Figure 4.1, the logic functions built
into the 6845 are shown in Figure 4.16 (shaded areas). '

General Description

- The 6845 CRT controller performs the 1nterfacé between a uP and a
ra“ster"-scan CRT display. It is user progranma‘b'le and it is housed in a
40-pin N-channel MOS LSI integrated circuit. This CRTC has been optimized
for the hardware/software balance required for maximum flexibility. As
such it prov;ides video timing and screen memory addressing but no memory
contention logic. More particularly, the 6845 contains the necessary
logic to support the following functions: ' ‘

scroll control (by page, line or character)
cursor format and blink rate control, and
a light pen

l
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e . Light Pen
Status/Control |  Program. Logic. CRT
episters ok e ua]
Status & | N Blanking NONITOR
Control > Ursor Logic
Logict, .,
= e - @
I~ Address - - Sereen’ s o s -
2 ' * ‘Meniory:, =5 croll ac | ——e- HSINC
S Addrezeing - Domle,, -Generation | g1 vsYNC
x -—"Ilogic'__' “ - AN .~
° . .
Q
iy !
w
1] .
]
e Memory “Scan ot
L Contention#4 *Hine” o z
n
’ \/ Logic .Cotinters ming
Data ~
Screen ‘ Character
S > Line > O | e VIDEG
Moemory Buffer Generator




e s 4
v . g — . . . -

Y

’, Although no dot timing Yoyic is provided on the chip, since it 1s‘

an N-MOS device, al

t

is under user cont

110

.

-

1 frame formatting such as:

hori zontal sync

vertical sync

characters per data row

scan lines per data row

raster scans per frame

blanking and scanning mode '
(interlace/non-interlace)

rol by accessing the appropriate progr"/agnmable register.

The cursor and blanking {or Display Enable (DE)) signals may be delayed by

~ means of a progr.ammab1e skew.

A1 of the regi sters rhaking up the 6845, a total of 19, except one,

are programmable.

Built-in Signals

Figure 4.17
to the 5037, these

upon the function t

It contains no status or control registers.

shows the ping;nd signal names of the 6845. Similar

signals may be divided into four categories, depending ‘

hey perform:

uP System Interface

Video Memory &  CRT Moni tor Interface Power

Signals Character . Signals Signals

Generator Signals . o
) ‘ |

CLK . MAO-MA13 .~ . CURSOR , vCe

CS RAO-RA4 DISPEN - VDD

00-07 - . HSYNC

E : LPSTB

RS VSYNC

R/

RESET

" ’ TABLE 4.2 -

6845 CRTC Signal Classification




) AO bt VEYNE
REEE T ey 7 39 fomcnmmane HEYNE
LPETR evmmeemtsd] 3 38 o mAD
f ::?‘—— ‘ :: [ Mow Asereses = 111
Ma2 — . Yy I CGenersion
MAD ] 7 I Fnngen MA &
MAL geai 8 T S oo N
Sy ¢ ]
I IR " “ ___:: Dots Bt
mae _'_'_ " » ‘L._-.D' Processor
MA IO e 14 27 bt D8 ?lnnr'ua
MA T et 18 28 L-——o?
e ) g } ’
' .vc:nov.—_“ R 22 : :,i, J
YCC mmm—tnd 20 ' 21 p—wem  CLK
Symbol Name Description
+ CLK Clock Clock ingut to synchronize all CRT functions
C except the processor interface, it
’ corresponds to the character rate clock.
[ Chip Select | Signals chip that is being addressed.
E ~ Enable Enables data bus I/0 buffers and clocks data
.to and from CRTC. |,
"RESET Reset " Signal used to initialize the 6845.
RS - Register Select . gelects either the address register (RS=0) or

one of the data registers (RS=1) or the
internal register file.-

R/W -~ Read/Write Determines whether data is to be \written to
or read from the 6845,

'MAD-MA13 Memory Address ' Address 1ines used to refresh the screen
* , l memory . _
" RAO-RA4 Raster Address Scan 1ine counter outputs to indicate to

character generator which scan.line of a
character row is being scanned.
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HSYNC Horizontal Sync Determines the horizontal position of the
displayed text.

VSYNC Vertical Sync Determines the vertical position of the

‘ displayed text.

DISPEN Display Enable - Indicates the CRTC is providing addressing in

: ‘the active display area.

CURSOR Cursor Enable® Indicates a valid cursor address.

LPSTP Light Pen Strobe. Signal used to latch the current refresh
~ address on the 1ight pen register.

vce Power Supply : - 45 volt.

VDD ~ Power Supply ' Ground.
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Most signals generated by the 6815 are standard, however, the
following deserve further elaboration:

MAO-MA13: ' The 6845 addresses the screen memory on a linear {or binary)
basis. These 14 outputs allow this CRTC to access up to 16K
bytes of screen memory or 8 pages.

E: ’ Since the 6845 belongs to the 6800 uP family, it requires
this signal to stay in synchronism with the uwP. This signal
corresponds to @2 of a two phase clock, within a 6800-based

system. |
DISPEN: This is equivalent to the blanking signal of other CRICs; it
' . 1s high while the raster scan is within the display area of

the CRT.
LPSTB: Since the 6845 supports a light pen input, this signal is

used to detect, by means of external hardware, where the
light pen has been placed within the display area of the
CRT. The screen memory address corresponding to the pen's
position on the CRT is 1a£ched on the 1light pen register
upon detection. . '

Internal Circuit Behaviour (Refer to Figure 4.15)

This CRTC consists of programmable hori;ontal and vertical timing '

generators, programmable 1inear address register, programmabie cur:::or

logic, light pen capture register, and control circuitry to interface to a

pracessor bus.

A1l CRIC timing is derived from CLK, usually the output of an
external dot rate counter. Coincidence (C0) circuits continuously compare

"counter contents to- the contents of the programmable register file,,

RO-R17." For horizontal timing generation, comparisons result in:
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1. Horizontal sync pulse (HS) of. a frequency, position, and width

' determined by the regi sters; . ‘

2. Horizontal Display Signal of a frequency, position, and - j
" duration determined by the'registers.

The Horizontal counter produces the H clock which‘,drives the Scan
. . /”Q“\‘ . .

7 T~ _Aine Counter and Vertical Control. The contents of the Raster Counter are

continuously compared to the Max Scan Line Address Register. A

coincidence resets the Raster Counter and clocks the Vertical Counter.

Comparisons of Vertical Counter contents and Vertical Registers

result in:’

1. Vertical sync pulse (VS) @f a freqency and position !
' determined by the registers - the width is fixed at 16 raster o
Tines in the vertical control section and is not programmable; 3
2. Vertical Display of a frequency and position det;anm'ned by the
registers.

&

The Vertical Control Logic has other functions:

1. Generate ro{v selects, RAO-RA4, from the Raster Count for the
corresponding 1nte_r_-'l ace or non-interlace modes.

2. Extend the number of scan Tines in the vertical total by the , L ,
amount programmed jn the Vertical Total Adjust Register. A R

- The Linear Address Generator is driven by (LK and locates the

relative posi tions of characters in memory with their positions on the

screen. Fourteen lines, MAO-MAl13, are available for addressing up to four
v pages of 4K Characters, 8 pages of 2K characters,ﬁ etc. Using the'Start .

+Address Register, hardware scrolling through 16K characters is possible.
A ‘ .

{
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AN

The Linear Address Generator repeats the same sequence of ‘addresses for
d ’ )
each scan line of a character row.
. o

The cursor logic determines the cursor location, size, and b'linkir:g

rate on the screen. All are programmable.

The 1ight pen strobe going high causes the current contents of the
Address Counter to be latched in the Light Pen Register. The contents of

the Light Pen Regi§ter are subsequently read by the Processor.

Interfal CRTC registers are programmed by the processor through the

© data bus, DO-D7, and the control .signals - R/W, CS, RS and E.[23]

&

~

, . &
Programmable Registers -

« 0f the 19 regiiters making up the 684?, eighteen are programmable,
.w1th the remaining one being :an address register. Only two memory or i/O'
addresses are requiréd to enter data into the programn'abIe regi'sters. To
access any of these registers, Figure 4.18, a two-step sequence is
followed:

1. the 5-bit write-only address register 1is loaded with the

number Of the programmable register that is to be accessed, it
, serves as pofinter; and ' : '

2. a read or write operation to the addressed register s

performed.
/
The RS (register select) .signal is always connected to the system's least

significant address bit (RO). Thus, when €S and A0 are low, and the data

bus contains the number of the register one wishes to access, ‘the address
<

2
2
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Register T : )
Bﬂoc?éiumll ';.m R . ) "f
RO n—r ‘ s 115 .
v . ]  RY " et ;
. S—- n2 N
- A3 ls— | ' ’ o
b—el m -— ' '
_— RS :
S RS e— :
: . e n? ‘—- FIGURE 4.18 " “{
- R —— ) T !
L] M L How to Access the )
—el R0 je— 6845 Registers[12] . f
. —e A1 jg——
. Ll w2 — ’ ‘
) — R13 ft—— .
;o b ] Al4 e~ o )
{ . —al  RIE e ,
- 0 fag——4 | '
e : ] 7 o — i
RN et {4\ o
ot S "
. 1Y
\ Address - ’
RS i Register '
T ~ - L
oo-o7<' “ > { .

Ve
Register Read (RI .
Bits 4 Range — Units
No." Namae/Function Write (W)

0100,4) Horzonts! Totsl w s 1 = 256 (0-FF ) CLKs ' . i
Horizontat 101,4) Characters/Row w 8 1~ 258 (0-FF4) CLKs .
Format and 1

Timing 2(02,4) HSYNC Posttion w 8 1 = 256 (0-FF,q) CLKs

303,41 | HBYNCwath w 4 1~ 18 (O-F yg) CLKs :

4{04,¢) Vertcal Total w 7 1=128(0-7F g} Character Rows]’

505,) | VSYNG Adst w § |1 -32(0-1F,4 ScanLimes '

Vertical 6(06,¢) Character Rows/Frame w 7 1= 128B(0-7F ,g) Character Adws o
Format and . !
Timing 71074} VSYNC Posrtion w +7 1-1 28(9-7!,‘,) Character Rows

8(08, 4} interiace Mode w 2 0-3 .

8(09,4) Scanlmes/Row w 5 1= 32 (0-1F,¢) ScanLmes ) ;
10{0A,¢) Cursor Start Scan Line w 7 1 ~ 32 (0-1F, 4} ScanLines . '
11(0B,g) Cursor Stop Scanline w 5 1 = 32 {0-1F, ) CLKs

’ 12(0C, g} tMSB) w ] ‘
18 Start Address 1 = 18,384(0000-4FFF ,q) ;
Primary 13(0D,¢) (LS8 (Top of Pagel w ') |
Opaerating ]
Registers 1410t g! +(MSB} R'W [} B ’
) Gomton - 0 - 16,384(0000-4FFF y4)
16(0F ¢} wse) R'W 8, .
16{10,¢) "Mse) Light Pen R ] y
- 0~ 16.384 (0000-4FFFyq)
1711,g) s8) Position n 8 e e
, /
* Two bis used- to specify cursor bink charsctenstics ! .

FIGURE 4.19 3 o '
6845 Programmable Registers[1Z] . .
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register 1s loaded with such a register number. The next access will

-~ . .
tither retrieve (read) or store (write) information depending. upon the.

parameter the register pointed to.

The indjvﬂdda] pararineter controlled by each of the 18 registers is
shown in Figure 4.19. The registers have been subdivided into groups

pertaining to the general i{'g‘ﬁ&;’tion wh'lchl they perform:

Ne Ve A g A
3

S ’ 'ﬁ%{:‘
g RO to R3 Horizontdl format and timing -
. R4 to R9  Vertical format and timing o
. R10 to R17 Cursor characteristics, s/,creen memory addressing and

t light pen interface
. Typically, registers RO through R11 are loaded upon system power up and

L o
&

. regular basis during system operation to perform scrolling (R12, R13), to
)

establish the cursor position (R14, R15) and to determine the 1ight pen

o position (R16, R17). _

Interfacing with the uP

Interfacing the 6845 with the uP is relatively simple, especially

+ if the CPU belongs to Motorola's 6800 family of processors, as shown in
Figure 4.20. However, if another processor co(ntro1s the system, 1ike the

8085 or 780, relevant signals must be ;\rived from the control bus to

. ‘ —.simulate the timing of the E signal (more ¢n this later) and the

I4

*, combination of R/W to access this CRTC.

o

v

The CS signal must be derived from the address bus by means of the

address decoder logic. The uP car; then transfer parameter information to

are never accessed again. However, R12 to R17 will be accessed on a

——
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~
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~) Bs

— E

Data Bus

T

CRT Controller

- R/W

Dl DBO-DB7

6845

FIGURE 4.21

6845 Interface to Character
Generator and Video Memory[12]

FIGURE 4.20

6845 to uP Interface

}\
RAO-RA4

Microprocessor

Address Bus ! !MAO-MAI:

Character
Generator
Legic

Screen
Memory

@,

Dot Pattern from
Character Generator

{

Dot Video Shift
Timing DOTCLK - Register
[Character
CLK
21
Lk Y  pree—ee VIDEQ
CURSOR -} d
18 Oeloy H
DISPEN —
HEYNC —
VEYNC —).
3 From Light
LPSTS fup- Pen Circuitry)

b

FIGURE 4.22

6845 CRT Monitor .
Interface
Signals[12]
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and from the 6845 simply by issuing memory write or read commands to the’

device. Due to the role played by tt;e address register, the 6845 occupies
gnly two addresses on the }rlemory map. Hence? the reason for conneting AO
fo the RS input, as was Previous]y poin‘:ted\out. Data transfers then take
place by means of the data bus. The timing of the above-r'nent'ic')ned sighals
is straightforward, with the exception of the E signal. ‘Sinc'é this input
hgeqs a contfnuous clock st{ml to drive it - as required b; all 6800
‘peripherals - in order to allbw adequate data transfers between the .CPU
and its supporting devices, non-6800 processors may require a complicated
" interface to generate this signal as per ilts timing ~constrqints.

Unlike other CRTCs, the 6845 provides no memory contention, DMA,
interrupt or status signals. Another point to notice is that .this CRTC
does not have a data register either; hence, the data to be displayed goes
directly from the video memory to the character generator logic, withou't

)

intervention on the part of the 6845. Status and command registers are

lacking also. Thus, the uP interacts with the 6845 only on. power up or.

during a reset operation, when the programmable registers are loaded with
2

the-  pertinent parameter values to generate adequate timing
L]

characteristics.

»

%

Interfacing with the Character Generator and the Video Memory

Since the’ 6845 addresses the video memory on “a linear (or binary)
basis, it interfaces with such memory by providing 14 addrese¢ 1lines,
MAO-MA13, Figure 4.21. Registers ‘R12 and R13 contain the Start Address
(or Top of Page), Figure 4.19, of‘ the page being displayed, thus, at the

_—

v
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béglinﬁing“ of‘ each frame, the 6845's internal addres.s cbunter is set to the
value- of' such a silart address. Thereaft.er, the contents of these two
registers Ere 'I‘n.crement'éd :t the Character Clock (CLK) rate during’ each
scan line. At the end of each scan line, these registers will be once
again “set to the start address’ and thé cycle is repeated until all scan
Tines making up a character row have been completed. Once a charaﬁtér row
is coplpleted, the ’address counter is Joaded with tﬁe address of the first
character on the next row and the cycle repeats itself qntﬂ the Tlast
character of the last row and back again to ihe first character on the. top *

row.

A’lthough "the timing to address the video wmemory 15, quite
straightforward, the 6845 does not contain adequafe logic to solve the .
memory contention problem to (deter‘mine when theICPU or ’thé CRTC may access
the video memory without interfering with each other. Such a contention
must'be res;o1ved ‘by means of ‘external circuitry. - l | '

]

Chapter 3 pointéd out three possible methods. to deal with memoryl
, ::ontention. However, since the 6845 does not gene_rate any DMA signals, it
.does not lend itself very easily to solve the problem by means of the DMA
*a‘pp'oach. " However, ei‘ther ‘the "wideo RAM" or "transparent" method méy be
used. Since the "video RAM" approach causes vis'i'b'le streaks to appear on
the CRT screen, we ‘must discard this t;echnique. However, the
"tranéparent“ method proves‘to be- the most adequate to implement since the
6845 is driven by a two phase clock and being"a 6800 family periphe'ral, it
only accesses the memory while @2 is 1ow. Thus, allowing the CPU to.ca-rry,'

out video memory updates while @2 1is high.

-
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With respect to the character generator iogic, tr;e 6545 generates 5
raster .addresses or scan line counter outputs, Figure 4.21. Thus, a
character addressed by this CRTC should not c-ont'ain more than 32 scan
lines. Register R9, Figure 4.19, controls the number of scan Tines per
row. \N\ote' that the scan line counter 1is incremented at the Horizontal

Sync (HSYNC) rate. Register R8 may be programmed to allow the 6845 to

operate on an interlace or non-interlace mode. 4

Interfacing with the CRT Monitor

The 6845 provides Horizontal Sync (HSYNC)-and Vertical Sync (VSYNC)
signals as all other CRTCs, F1§ure 4.22. A1l horizontal and vertical
parameters are programmable by means of registers RO through R3, and R4
through R9, respectively. The 6845 however, does not provide a composite
video signal. Nevertheless, HSYNC and VSYNC along with the video sjgnal

may be combined by means of external circuitry in order to generate it.

The 6845 not only generates a cursor signal whenever the video
memory is equal to the address confained in R14, R1S, the‘Cursor Position
r;eg'lster, Figure 4.22, but it also allows the user to program the cursor
shape desired as well as ‘two poséible\ blinking rates. The cursorfsfgna'l

is éynchronized to the screen memory address'obtputs.

The display enable (DISPEN) signa']'is‘ equivalent to the_' blanking
signal on other CRTCs. It is set high during the horizontal and 'ver{:‘iéa] |
retrace periods and it may be used to tu;'n off the video sig'nal during

these intervais. Gemeration of the DISPEN signal is independent from

s
' ex

v , .
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~

HSYNC and VSYNC signals: However, it does depend on the specified number

of displayable characters on the screen. This signal is _a1sd synchronized

. t0 the video memory address outputs. Since the CURSOR and DISPEN signals

méy be activated before the corresponding character is sent to the screen,

due to video memory and character logic access delays, external circuitry

may be required to introduce delays, as shown in Figure 4.22, in order to

.synchronize the\m appropriately.

The LPSTB (Light Pen Strobe) input signal forces the 6845 to.store

the &rren_t value of video memory address into R16 and R17, the Light Pen

registers. Such a storage is synchronized with the Character Clock (CLK)

input to the 6845.

-

"

foor

L—-‘ Dot CLK

' +n

Dots/character {External logic)

*————. Character CLK

+{{ro)

+ 1)] Characters/acan line (including retrace)

d

L]

> HBYNC
{(N2), RI] determine puise)

eane

4+ V)] Scan lines/Character (data) row

. . ) [————. Dats row CLK

+(((R4]4 1) ((R9] + 1)
+ [R5] + 1)

|

Scan lines’Screen (Including retrace)
o

-8 VEYNC o

N UR7) derermines puise

™

FIGURE 4.23

6845 Program%ib'le Registers to CRT Timing Chain ‘Reh;iov[ship[lzl
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-

The relationship -between the rglevant 684% programmable registers
and the generation of the timing chain signals to interface to the CRT

monitor is shown in Figure 4.23.

Terminal Implementation Block Diagram

bl

In  order ,to implement the optimized terminal with the
characteristics already mentioned, the necessary circuitry was identified
and is shown in block diagram form in Figure 4.24. The total chip count

arriied at was 32. ) ,
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Figure 4.24

~

Terminal Block Diagram uging the 6845 CRT controller
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Vi

4__J @

§

VIDEO SHIFT
LOGIC

| 741878, 74165

> 74LS174

Figure 4.24

Terminial Block Diagram using the 6845 CRT controller
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- 4.3.3 The 8275 CRT éontr:o'ller

u The 8275, Tlike the 6845 1is one of the more recently available
controilers. Although it was introduced by Intel[28] several .years ago,
it rémai_ned its sole source until only recently when it ‘became available

through Western Digital.[29]

The 8275 is quite a sophisticated 'LSI device intended to 1nter‘face
CRT raster scan displays with Intel's microcomputer systems. It is a
40-pin NMOS device. The circuitry built into the 8275 is shown in Figure
4‘.2.5. Compar1n§ it to the general biock diagram of a CRTC, Figure 4.1, we
can identify the 1fogi'c functions built into it, as shown 1n.'Figure 4.26

(shaded areas).
' i

1 Intel reéenﬂy introduced an offspring of the 8275, the 8276. It
is a CRT controller as well, however, it is less sophisticated and thus
pas functional Tlimitations. We will not consider this device in the
“analysis that foHlo'ws‘, although most does apply to it being a smaller
version of the 8275.[30,31] '

" General Description

-

The 8275 1s an 1nte'lHQenj: contr:oﬂer. In order to operate

adequately, it requires a uP and a direct memory access device, since the

technique utilized by the 8275 to interface with video memory is by means

. of DMA. The uP initializes this CRTC during power l;p and also shares

system memory with {t, instead of needing separate video memory 1ike i:he
. T ,

other CRTCs previously described.

v
w

I T VI
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Intel's 8275 Block Diagram
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3tatus/Control | Program. Logic N CRT.
> Registers 3
< - Status & Cursor . ?i::‘;é"é MONITOR *
, c°“"?3 Lopic .- B
Address Screen . . e
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Addressing Logic Generation o VSYNC
logic o bar o
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FIGURE 4.26
Functional Logic Built into the 8275 CRT Controller (shown shaded)
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Thg 8275 differs from other CRTCs 1in that it contains two

80-character buffers. The presence of such buffers and the logic it

provides to 1interface with the uP force the system to use a specific

hardware configuration, DMA. Considering Figure 4.26, another aspect of

this device quite different from other CRTCs, 1is the absence of any

reffesh me)/ry addréssing logic. This is a direct result imposed upo'n the

system in order to ix'tﬂ'ize DMA. As such, the DMA controller generates the

,video memory addresses and loads the data that is to be displayed into the

8275's row buffers.

e

Another feature provided by this device, which is absent from the‘

" other CRTCs so far considered, is the presence of memory contention logic.

It consists of those Isigna'ls used to interface to the DMA controller, ‘the

8257. Thus, all the 8275 has to do 1is to wait for external logic to

-

provide it with data it has requested.

L

The 8275 does not contain any scrolling logic.

scrolling function is performed via external 1logic.

transparently as far as this device is concerned.

Although no dot timing 1logic 1s ‘provided: on-chip, thei following

signals are generated by this device:

horizontal sync )
vertical sync ' '
- - character codes '
- scan lines

b

However, the

It is performed

N

P A

e TR oA T
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v o 4 ,
. blanki R L
-blanking I ~ —
_cursor : f~*”///////

reverse video . -
highlight indicator )

line attribute codes

general purpose attribute codes

light pen detect ’

They are all programmer definable by accessing relevant internal
registers.

A distinguishable feature of this device, uncommon to the other
CRTCs,* is that it allows ‘characters to be displayed either sinéle or
double spaced plus it shpports visual attributes. Other CRT controllers
require additional external logic or a dedicated LSI device to_ provide
_ such features. Worthy of note, is that the 8275 contains Status, Command

as well as Parameter registers.[12,28,32]

[4

_ Buflt-in Signals - %

Figure 4.27 shows the pinout and signal names of the 8275. Similar

to the oth%r CRTCs considered, its sigﬁals may be divided into four

categories, depending upon their function:
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uP System Interface

Video Memory & CRT Monitor Interfaée Power

. Signals Character Signals Signals

‘ Generator Signals *
AO CC0-CC6 GPAD, GPAl vCcC
CcCL LCO-LC3 HGLT GND
cS- o . " HRTC -
DACK ¢ & . Lao, A1
DO-D7 LTEN
DRQ ) ' RVV
IRQ . YRTC .
RD VSP

v WR :
TABLE 4.3

The majority of these signals generated by the

-

8275 CRTC Signal Classifications

s

however, the following are only common to this’device:

DRQ & DACK:

GPAO, GPAL:

°

o WeLT:

INT:

_enable general purpose attributds. : -

used as handshake signals with the 8257 DMA controller.

, ”
h Y -

highlight signal to intensify a particular characte{(s). T
. N 2

interrupt-reqyest to the CPU.

.op . /\

-

1ine attribute codes.

Tight pen - equivalent to the same function on other CRTCs. .
. . : o

.

T1ight e&éblg - used for the cursor and for positions

- specified by‘attribute‘codes.

LY
L] . ™

video suppression - equivalent to ‘the blanking signal on
other CRTCs and used as yelleundeV special conditions in the
case of the 8275. K : ~

‘ N

8275 4re standard,

\ VA
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Available Registers 4

Before describing the programmable registers, it must be pointed
out that the 8275 contains a Status, as well as a Command register.
Figure 4.28 shows all the availabTe registers. Accessing any .of these

registers depends upon the following signal levels:

¢

»

¥

CS AC RD/WR Register Accessed

Status

' .Command
Parameter Reg
Parameﬁer Reg
None

-~ O O O ©
> O O = ==

S 8l = 3l
> Al O A O

- While the Status and Command registers are read and write-only, ane may be
accessed by the ue at’ any* time, " some of the Parameter registers are
read-only or Qm‘te—onw and they must be accessed as par{; of a command
sequence. To access the latter, a byte must be written into the Command

register, "foﬂowed% a read or write command to the relevant register.

L

T <

X

.The Status Registe}' Lo

The contents of this reg'ister reflects, ‘the predominant -conditions.
taking place within the 8275, Figure 4.29. The uP can read 1€s contents

)
at any time ' i '

L}
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8275 Available Registers[12]
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[3
A 3
- ’ \a N
7 S & 3 2 ' 0 «@——8nNo
Status Register
FIFO (Fuwld Attpb\;!u) Overrun
DMA Underrun
Video Enabk ' -
tmproper Command
Lsght Pen input
. lm.orrupt Request
‘f Interrupt Enable
» .
- \
FIGURE 4:29 S
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8275 Status Register Bit Assigmments[12] °
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The Command Register

A total of 8 commands may be i$sued to the 8275, as shown in the
table of Figure 4.30. Any command may be issued at any time, as long as
the'foH_owing signals hold true: ' . ’

| ) A0 =1, €5 =0, =0
The contents of “the data bus (D0-D7) containing the command byte will then
be- 1nput to the 8275.
Each command byte is sub-divided in two (Figure 4.30):°
2 1. the 3 MSBs determine the command to.'be executed; and
v 2. the 5 LSBs are set to0 except for the Start Display cogunand.
Three of the commands have parﬁmeter bytes associated with f:hem:

(a) Reset and Load Cursor‘ require the CPU 4—0 write additional

parameter bytes to the 8275 after the command byte. . <
(b) The Read Light pen command requires two byte readings after
P ) jssuing the command. -

~

Command. Byte Number of
= Parameter Command
c d - —
omman (MSB) ~— Bit Format — (LSB) Bytes Byte (Hex)
765 - 43210 ° (Note 1)
Reset 000 00000 aw 00,4
Start Display 001 Note 2 - Note2
Stap Display 010 00000 - | a0,
Read Light Pen 011 00000 2R §0,¢
.. Load Cursor Registers 100 00000 2w 80,
s Enabile Interrupt 101 00000 - AOyq
Disable interrupt 110 00000 - B04¢
Presst Counters AN 00000 - DOyg
+ 1. The lesst significant 5'bigs of Start Display Command determine DMA rate
2. W = Write to 8275, R = Read from 8275.

. N
" FIGURE 4.30

o, ' T ' © 8275 Command Register Summa:-iilj,]_\
- : - . N T
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' ProgranmabIe Registers

Upon power up, the CPU accesses the 8275 by issuing a RESET command
in order to allow device initia]ization. As shown in Figure 4.30, the
RESET coimmand must be followed by 4 write operations. The conte;\ts of
lthese 4 bytes establishes the basic operating characteristics of the 8275.
Such an operation loads the screen parameter registers shown in Figure
‘4‘.28, with the desired screen format parameters. Figure §.31 shows the
detai]ed,érlfj tabular format of these 4 parameter reg'istgrs. The available
programmable parameters are:

Sirig]e.or double spaced rows
Horizontal characters per.row*
Verf?ca] Retrace row count*
Vertical rows per frame*
Py ' Underline placement
f Number of lineg per character row*’
Line counter mode*
Field attribute mode i
P _ Cursor format '
' Horizontal retrgcé count*

The characteristics denotel with an asterisk (*) a-re entered duri ng? power
‘up and never change afterwards. The others are altered depending on the
, dat:a\tpat is to be di\sp‘laxed, atr the programmer'; discretion. Note that
each byte allows more than one para“met.er to be entered, thus reducing the

number .of required registers. This is contrary, and more efficient, to

fhe format used by other CRTCs that assign one parameter to each register,

thus increasing the numt;er of registers needed and the time to program the

" registers. ' .

.
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) war |0 HemE™ v vanAannn :
~ere ol"‘.':;g"‘ vueuuitLt . ! .
‘ - IR "
. e Came
- we | @ s meccrr2
Aston = Atwr the reet command m weitwn, DMA 10 ) ‘
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. twwe 10 tun HRTC snd VATC timing are random on
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. Setined '
¢ s
Purametet = $  Soeced Rows - ey v N “ .
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. ——— -
0 | Narmst Mown
1| Sestew Rows
PR Sadutbhbutiy Pacometar = M Line Counter Mode .
. ' M ' LW COUNTER MODE
Patameter =« HHHHMHHK  Horzonts! Characters ‘Row © | Mewe O enOtfen! :
N0 OF CHARACTIAS 1| Maee § 10tet by 1 Cannit 4
Moo onN PER ADW -
000 O0CUDO v .
00060001 2
000D oO0CI1O 3 . Puremeret - F F i Atiribute Mode N
. FIZLD ATTABUTE MOOE
') Tronaps r9n)
) Non.Y racipsrent
' 100 v v 1 ]
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. ee CURSOA SORMATY
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- R 0t 2 »
10 3 PFaremeter = TZZT  Hotzonts! Aetrace Count
R 11 s WO OF CHARACTER .
1222 I COUNTS PER MARTC gz ,
2000 2 Pl
Paramater = ARRARA  Veruea) Rows 'Frame o001 .
N LARAR R AR NO OF ROWS/FRAME /) vo1o0 s A
, 1 . !
000000 1 . ! )
000 D0 2 ‘ )
0000 YO E] .
B vy | 2 , ,
[T NI .- ' Nett vwww MES S019rmoag Bastg 81 108 00 Batiem bne
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’ Poromerer 3 ] D .‘F] c 2 L= ScanLmes Cher Row O~ F g (1.10)
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= .
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‘ : FIGURE 4.31 ,
. 8275 betailed and Tabular Format of Programmable
Parameter Registers Accessed when Issuing a RESET Command[12,28]
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The following limitations about the 8275 defser‘ve spec1a1 notice:

1. The maximum number of displayable characters per row is 80
2. The horizontal and vertical retrace pulses generated by this
device do not allow either front or back porch delays to be
specified. (Figures 3.14 and 3.15); external logic must be
incorporated to generate such delays and position these pulses
adequately.
3. The maximum number of scan "Vines per[character row is 16.
The cursor control register allows one of four programmab‘fe_ options to be
displayed: *

[

1. underline;
2. reverse video block; §
3.  blinking; _ N
4. non-blinking. | )

Interfacing with the uP[12,28,29,31,32,33]

Although the -structure which Jti‘;e 8275 ‘is built upon is to make use
of the DMA technique, interfacing may. be accomplished without utilizing
1t.[33] Regardless, the same handshake signals and timihg"sequencés must
take place in order to use the 827& adequately.

’ The transfer of data to be displayed on the CRT must go. from the
video memory (which in this case is part of the system's wemory) to the

8275 under the control of the DMA controller, Figure 4.32. However, when
‘the CPU has to issue commands and parameters to the 8275 or to read the

contgnts of its Status register, it accesses the device -by issuing either '
an I/0 read or I/0 write operation. The 8275 occupies 2 1/0 port
Tocations, thus the need for the A0 signal, Figure 4.27 '

i sttt o



Relationship between the 8275, the DMA controller,

et CRAT Menitor
Coﬁor:!lm B-‘-.-J CRY g::,..m 3 -\:'C“':::::o!
FIGURE 4.32

and memory within the system[12]
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the uP

MEMORIES

Y

i
N . SYSTEM BUS (
" 'DBg_y
‘ Au
! DBo-~7
) W wR
! AD
' TS
\5 Q IRQ
‘ ACK
2
8287 ¢ = —— VIDEO SIGNA
DMA/ CHARACTER : ]
conTROLLER | OATR ' GENERATOR "
i\ ' HORIZONTAL 8YNC
| @ [E Tl
I
"o CONTROLLER ngc VERTICAL SYNC
! cCLK _
| INTERFACE .
‘ ta A INTENSITY
i ) - \ | bt
. VIDEO CONTROLS I

FIGURE 4.33

System Block Diagram showing System Operation during data transfers

between the memory and the 8275[28)
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The protocol between the uP and the 8275 takes place mostly upon
system power up,'when device dinitialization is established. However, the
CPU must also access this CRTC to move the cursor and to initiate and
terminate the disp‘lay of information. Hence, transferring of data between
the 8275 and the video (system) memory takes placé with almost np uP
1nv01Vemth at all. It is conducted by the interaction between the DMA
contfoﬂer and the 8275.. Figure 4.33 shows the components involved in
such a transfer. | Note the uP has not been shown due to- its non-
interaction during such a transfer.

v
_ . As the 8275 reqires data for .its character row buffers, it
generates DMA requests by setting its DRQ signal higﬁ. The DMA c/bntro’l'ler
r'esponds‘by gaining control of the sysi:em buses, reading a b_yté of data
from system memory (using MEMR), and simultaneously writing that byte into
the 8275's character row buffer (using IOW).

The 8275 DRQ signal is reset when the DACK and WR signals are
received back from the DMA controller. Such a s1§na'l combination loads
the byte of data being presented to the 8275 on its data bus Tines into
the_ character row buffer. During DMA operations, thevﬁ sjgna1 remains
‘high and the DACK signal from the DMA controller pérformsthe chip select.
This 1is logical since the address information of the system buses contains

video memory addresses during these DMA cycles.

The previous discussion pointed out the transfer of a single byte

of data, however, data transfers may take place by one of two modes:

-
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+ The 8275 may be programmed to operate in either of these modes.

. .
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1. on a byte-by-byte basis with each DMA cycle being individually
initiated; or ’

- 2. ona burst mode where- several-bytes-of-data are transferred to

’ the 8275 in response to a single request. '

P

In order to access the proper system memory space and obtain the
vifieo data, the DMA controller receive: the video memory starting address
from the uP upon system initialization. Upon each DMA request from the
8275, the DMA controller increments its address counter for each byte of
memory transferred so that it may be at.ne to access the next character in

the video memory upon the next DMA request. At the beginning of the.1ast

~ row of characters of the video memory for each frame, the 8275 generates

an interrupt -to the CPU 1in order to reload the DMA controller address
register with the starting address of the video memory of the present page

o

being di splayed, in prepafation for the next frame of data.

The 8275 contains two 80-character (bytes) row buffers in order to
allow loading of one buffer from the video memory under".the control of the
DMA cdnfroﬂer, while the contents of the other buffer are being presented

to the character generator logic as every scan line of each character row

js.sent to the CRT monitor. The switching back and forth between the two

row buffers is controlled 1internally by the 8275, hence, the operation is

completely transparent to the ‘uP system.

Inte}'faci ng with the Character Generator

Like other CRTCs,. the 3275 generates 7 output lines, the character

codes (CCO-CC6), corresponding to the character being displayed on the CRT.

“aet

[N

.
T

S kN s e o k]




— e fw | re e aer B - e

A 139

- at  the Charact/e'r; Clock (CCLK) rate. CCO-CC6 are the outputs from the
. . ) '

8275's internal character row buffer. Since each character row is made up

of several scan lines, for every scan line the row buffer is recirculated

(or shifted) at the Character Clock rate in order for the code of each

character to be output to the character genérator. .

.

!

The 8275 generates as well, four scan 1line outputs (LCO-LC3) from
its scan 1line counter, thus aHowiﬁg a maximum of 16 scan 1lines per
character row. These lines a.re held steady during each horizontal scan
line while the character codes are being output} After every scan line {is
completed, the scan 1line counter is incremenfed to address the next line
of dots for the character codes tha‘t; will be output.

Although 1imited,” the 8275 provides the user the option of
generating certain graphic characters. This 1is accomplished via the Line
Attribute (LAO-LA1) signals. Since video data is stored‘in 8-bit bytes,
and since an ASCII character only uses 7 of these bits, with bit 8 equal
to 0, when the 8275 receives a bglrte of data from the video memory with the‘
MSB set to 1, it recognizes this as a contr"cn code. Control codes may be
. of three types:

1. (‘fharacte'r Attributé Codes: they cause 1ine attribute outputs
to be manipulated. . ’
2. Field Attribute Codes: they affect the visual characteristics
o * of a-group of characters that are to be displayed.
3. Special Codes: these affect DMA and screen blanking.
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Howe{ler, the graphié capabilities that the 8275 provides may be

implemented at the expense of additional external hardware.

Character Attributes;

' Field Attributes:

This code is defined by the character attribute
byte. These codes are used to dénerate graphic
symbols without the use of a character generator.
As such, they may control the display output and
generéte 11 symbols as shown 1in 'Figure 4.34.
Blinking and highlighting-of any character 1is
controlled by this code as well. Figure 4.35

"shows  the typical (external) character attribute

logic necessary to generate 'such symbols.

The Field Attribute byte code affects all data

. ‘bytes  which follow the code until another

attribute control byte is read from the video
memory. Hence, all the characters between these
two control bytes, the "field", will- have the
characteristics defined by the Field Attribute

Control byte. Figure 4.36 shows the byte's

format. Besides controlling the highf‘ight,‘,
blinking, reverse video (RVV), and underlining,
this byte.is also used to-manipulate the General
Purpose Attribute signals, a total of- 4. These

, . signals have 'Interésting applications since they

) .Special Codes:

my be used to control the ‘color- in, color CRT
monitors or to select alternate character
generator logic to imp]ement special characters
within a field.

Four additional control codes are recognized by
the B8275; they affect DM\ operation and screen
blanking. They are shown in Figure 4.37. |
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. ~ Character Attribute Byte Format, Codes and ‘Resu1tant
Symbols[12,28,31,32, 33] -
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Spe;ial COntrc;l Codes Byte Format[12]
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from Character Generator

.
B . . . - .
) .
o

Vigeo shin i :
DOTCLK~—8 | Register ¢ N
Avv
o veP 3
‘,ﬁulﬁ
LTEN R
8278
o HGLT Yo CRT
9 HATC
- varcd
' 11
LPEN P From Laght Pen
. Crcuitry)
. < . ) ’ﬁ‘;’ ]
FIGURE 4.38 ,
8275 CRT Monitor Interface S$iynals[12] '
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\ interface.” The 8275 provides HRTC (Horizontal Retrace) and VRTC (Vertical

.
21 g e A b i
.

Interfacing with the CRT Moni tor

- ,.Figu"re 4.38 depicvts' the L,.signals . invokvéd to implement ,this[»«

R'e?race) signals, the equivalent of HSYNC and VSYNC on other CRTCs. The

.

A \\\\\ ' .
parameter registers accessed during < RESET command, upon power up (see

Programmable Registers), allow the p'rogrammer to enter the. freguency and
pul s°e intervals of these two signals as per system requirements. However,

the 8275 provides somewhat Hmifed control over these two signals since
"

front and back porch delays™are not programmable and must be implemented
. .
by means of .external hardware in order to position these pulses

.

adequate]_;'. ( .
Other signals making up the CRT monitor interface are:
Highlight (HGLT). o
"+ Light Enable (LTEN)
Light Pen (LPEN)

Reverse Video (RVV)

Video Supression (VSP) »

The LTEN, RWY and VSP can all be combined with .the output from the video

-

shift reg'lster, Figure 4.38, to produce d1 fferent visual effects on the

©

screen. The HGLT signal as well “can add (to the visual "effects by
displaying characters at different intensity levels. Finally, -the LTEN

input allows external '1t?jr‘}~.to trigger the controller to stor:e the

MY
™ f u‘ . - !
/ ' e
’ ! A
4 * N .
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Terminal Implementation Block Diagram

L 4

‘\ tQChnique, consisted of evaluating the minimum circuitry involved to
implement it while making sure that the circuitry in question could

provide enough ﬂéxibﬂity and versatility to give the terminal "enough
.- ) )

sintelMgence. The circuitry was identified, its bock diggram {is shown in
Figure 4.39." A total of 42 chips were used to implement the termfnal. °

) ) o

2 -

-
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Designing a smart termina1 built around it'.he 8275 CRTC. using the DMA
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NTROL BUS
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e g dass P
’

MICROPROCESSOR

8085

-}

b

8 8

ADDRESS BUS | | DATA BUS BUFFER
BUFFEBS | |and CONTROL BUS
(2) 8212 ||BUFFERS (2) 8212

L e s wets MR TR T MR TR vy

Lo

AT, x wNe, AT S dueth BT TR L
‘

S -
/ .
INTERRUPT - :
and SYSTEM PROGRAM MEMORY
DECODE LOGIC EPROM
Tho2, TLO8 2716
(4) 8205, 8216 (2K x 8)

A\

F1gure 4.39

~

Terminal Block Dlagram using the 8275 CRTC [28,32, 33 3h]

(tqtal component count is 42 ICs)

\/ V
COMMUNICATIONS m«:yao;xk\
CIRCUITS INTERFACE s
8251,93816, 745161 8279, T4LS138 810
TLLS06, (2)-ThLS16]
" 148, 1489 A i
et vy v 8 \va
@ @ A ¥ C
D M A CON
. - coNTROLLER > KJ>
. Serial KEYBOARD " 8257 ¢
Communications s A C
r / ‘
; / ”/ S Char Clock I :
: ‘ : DOT
CRYSTAL %gg
OSCILLATOR |j—#m
B2zl 70816
i ~ T4STh,
Dot Fregq.
" PULSE
SHAPI}
\ 9602
4 _

e e aa ath s
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4.4 Controller Comparison

In the course of our analysis we have considered' 3 CRTCs that

operated under 3 cémplete]y different approaches in order to implement the
controller function. Memory interfacing, ciepending on the device's
intérneﬂ structural design, may have been carried out by one of the
following techniques: '

2
1. a video RAM interface; .
2. a DMA interface; or .

3. a transparent memory interface. .

o

By the same token, -‘the device's internal structure determined if the
memory addressing methodsutilized was either: ;

1. linear; or
2. by row/column.

Howeve.r, while each device allows the circuit designer to specify many
different options, under program control , he must exercise éxtreme care

when evaulating the different controllers and before reaching a final

" decision. He must be carefu]' to check not' only the CRTC but also the

gssociated circuitry required and the total number of external components
needed to build a complete system. Somg contro]}eé—”\;eduire more i:han
others, as illustrated by Figures 4.14, 4.24 and 4.39. Another important

point to be taken into consideration, is the effect the controller's

internal structure has on the software. Some CRTCs raise the software

L]

overhead‘of the uP.

. 4

Up. to this point, we have ‘had a chance to darry out an in-depth

study of the different .. capabilities and characteristics of three
off-the-shelf CRTCs 1nd1v1dua11y; Now, the tables summarizing the

L]
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controllers signgls, Table 4.4, their characteristics, Table 4;5, and the
necessary components, by function, required to bu{id a smarﬁ terminal
system, Table 4.6, will .allow us to establish a confnon basis -for a
comparison in order t; faci]itate the task of deciding upon which CRT

3

controller is best suited for the final design.

-~

From the three tables and the detailed analysis of each CRTC we can

discard the 8275 right away, for the following reagons:
- .

Although it is qu{te a versatile device, its main disadvantage lies‘

in the need for the use of DMA; a must since the 8275 has been

conceived to operate under such a memory contentioﬁ method without

alternatives. As a result, the hardware overhead required to
implement a low cost smart terminal becomes ‘considerable. The
1mp11cations arising from the extra hardware are obvious:

1. higher power cohsumption - thus larger power supply and more
weight; .
2. larger 6}1nted circuit area needed to house the circuitry;
3. lower reliability; and ) »
4. higher costs, as a result of all the above. ' ;) ‘
~term1na1:

The end result will be a. more expensive and bulkier
Undesirable these days, especially 1f complexity and money can be
saved. ‘

Other points against the 8275 CRTC are:

addi tional hardware) with non-Intel processors;

D e (o L S N Y

-~ 4t {s '8080/8085 bus-orfefted and {s hard to use (needs
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- difkicu1t to program due to'its complexity, tnu§ resulting in
software overhead;

- the use of Field Attribute Control bytes fncreases the amount
of vided memory per displayed page thus complicating the
system software in order to keep track of the pointer
locations and the size of the screen memory; ‘

- additional hardware required to generate front and back porch-

delays for the horizontal and vertical sync signals.

»

-

Although the 8275 has many pros going for it, other cons exist as
well (besides those just mentioned), however, the above more than justify

the decision against its use.

~

. The choice between .the 5037 and the 6845 is not simple to make,
especially considering the verér;ility and ease of use of both CRTCs
However:

1. " the chip count is Jower in the case of the system 1mn1emented
with the 5037; ,
2.  the use of the CRT-8002 chip, a conpanion to the 5037, further
- reduces the chip count, the PCB complexity and powef supply
" requirements, since it contains on-chip:.
- the video shift register (up to 20 MHz dot c1ock)
- the character generator logic; and
- the attribute logic;
in the case of the 6845 all of the above require additional
hardware; ) ‘ : .
g 3. The 5037 is easily interfaced with 8085, 280 or 6800 series

processors, whereas the 6845 1s a 6800 family device and-

- - requires additional hardware to ‘interface to other processors
_— ‘which may be more powérful than Motorola's.

N )
“

v b b 1 e e o e o
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A1l of the above give\‘ the 5037 a considerable edge over the 6845.
Thus, the 'CRT controller used to implement the smart terminal will be the
§037. Other important factors for such a choice will become more evident

as we describe the terminal's design in the next chapter.




P R Atk 3 &, SVSTE L
L et A .

Mostek, SMC, SSS, TI

Signal Subdivision Description CRT 5037 VTAC® !
Micrprocessor Data Bus s DBO-DB7
System Register Address (or Select) AO-A3
Interface Chip Select cS
Signals Read and/or Write {DS
Y Character Clock Rate Dce
Enable Sychronization Signal -
*  Reset -
Interrupt Request -
DMA Request --
DMA Acknowledge -
Character Scan Line RO-R3 (4)

Generator Signals

Screen (Video)
Memory
‘Signals

,CRT Monitor
Signals

Power Signals

»

Character Code

Memory Address

Horizpntal Sync
Vertical Sync
Composite Sync

Blanking
Cursor -
Light Pen
Reverse Video
Highlight Indicator
Attributes
General Attributes

+5V, GND, (VDD)

HO-H7 (8) horizontal
DRO-DR4 (5) data row
(row/column addressing)

HSYNC
VSYNC
CSYNC
BL (blanking)
CRV (cursor video)

Vec» GND, (H12V)

(14

DISPEN (
CURSOR {
LPSTB (L

Bat s Cte b e et e g e

TABLE 4.4
CRT Controller Signal Compari
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CRT Controller Signal Comparison

itek, SMC, SSS, TI . Motorola Intel
CRT 5037 YTAC MC 6845 CRTC 8275 CRTC Type
DBO-DB7 DO-D7 DBO-DB7 Bidirectional (8)
AO-A3 , RS © A0 Input (1)
cs Cs_ (5 Input (1)
DS R/W {m Input (1)
- O T R Input (1)
DCcC CLK CCLK Input (1)
- E - Input (1)
- RESET - - Input (1)
-- -- IRQ Input {1;
-- v -- . DR Input (1
- - M'Cg Input (1)
RO-R3 (4) RAO-RA4 (5). LCO-LC3 (4) Output

-- - cco-ccé6 (7) Output

) .

-H7 (8) horizontal MAO-MA13.(14) - Output

0-DR4 (5) data row (1inear addressing) -- Output

7column addressing) (1inear addr. using .

DMA technique)

HSYNC HSYNC HRTC Output (1)
VSYNC VSYNC . VRTC : Output (1)
CSYNC - -- . Output (1)

BL (blanking) DISPEN (Display Enable) | VSP (Video Suppression) Output (1)

RV (cursor video) CURSOR (Cursor Enable) LTEN (Light Enable) Output (1)
-- LPSTB (Light Pen Strobe)| LPEN (Light Pen Detect) Input (1)
-- -— RYV Output (1) .
- - ,  HeLT Output (1)
- - LAO,LAl (Line Attribute Code) . Output {2)
- - GPAO,GPAL (Gen. Purpose Attr.) Output (2)

Vec, GND, (+12V) Veer Vs (=) Vec, @D, (-) Input (2 or 3)

ABLE 4.4 ’
[
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L VIDED & .
: CHARACTER ATTRIBUTE
MANUFACTURER CRT CONTRpLLER - GENERATOR CONTROL KEYBOARD
_ STANDARD : ’ : . .
MICROSYSTEMS CRT 5037 CRT 8002* CRT 8002* KR-9600
CORPORATION 741S157 (4) . 74160
(SMC) ,
MOTOROLA MC684S CRIC ¢ MCM667ill | 7404, 74LS78 MC6821 (PIf
. 7418157 (3) - MCB887 (3) 74163, 74165,
; 74LS374 + J4LSI/4 .
‘.-r;_' , ; ) . )
INTEL 8275 CRTC © 2716 (EPROM) 74L82? 74S74, * 8279
~ (usIng DMA) 8257/ DMA J4LS175 (3) 74LS175¢2), - 74166 74LS138
AR 745163 741.500 9602
- : F L ‘j
_'Péasoans A DUAL FuNcTILJN-' .
. ' _ TABLE 4.6
‘? SYSTEM ORGI:\NIZ{\TION AND It
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THE TERMINAL'S HARDWARE
)

g

e As shown so far, terminal destgn is an intricate subject requiring-

»

|
« ease-of«use and system flexibility. This chapter will be devoted to the

detaﬁ}ed description of the har&ware making up the 32-chip "smart" video
‘teﬁlyina1 design, along with the design decisfons and reasons for
. implementing it as it was. The' terminal has been named "“SAVE" (SmArt
compact VidEo terminal) r'ef'l'ecti'ng ‘1tﬂs characteristics of Tlow pdwer,

-

smartness, speed, compactness and Jow cost.

~
- ‘4

The design of the system 1n question, as weH as any other system,
must ‘start with a design spec1f1cation. Above aH the designer must kﬂow

what to design for, where to begin and up to what extent, 1 .e., when to

L

stop,. in order not to make "the final product bulky, expensive and a never- |
enc_ﬁrig\pr_oject‘wheré the design gets redesigned over and over, trying 'to -

) tome up with aﬁ fdeal p;';)duct. This is where the design specifications

final " product whﬂe 1nd1cat1ng the 11m1tations as well as outlining 1ts
¢ s o0 B . R . .
- features. o ‘ . . T
‘; - ‘ ‘ ' ' ,’ whe

The desfgn of the subject teminal proceeded from the*" foHowi(

(prelimnary) specificationr B . N G

.. carefully “thought of" decisions in orderte. provide adequate operator

5.1 Design Specifications : - - S ,' ﬁ he -

.. play a major role.in providing the designer wmith a g'loba1 picture of the . '
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- 24 lines of 80 characters (with provision to 1mp’lement other
Jormats easily);

" .lS? :

- low power corisump;ipn; _

g - minimal component count possible;
- low cost; o g

- - clean display exhibiting no “snow" and no f1icker; 3;‘

“ - upper and Tlower case alphénumeric character set with
descendens incorporated for such letters as g, j, p, q and
¢ Yy ’

(the descender requfrements w‘llll have a direct effect on the
'nungper of scanned lines per character, thus affecting the
maximum dot clock frequency from which® other relevant
frequencies are derived.) o : “
.- 7 easily readable high resolution character matrix;
- video attributes: underline, reverse video, character
blinking; |
- editing = features: character - insert/delete, 1ine _—
insert/delete, tab Operatibhs full/partial screen erase; BN
one page of text available (with ease of upgrading to. 2 or
more pages); . ' .
- several data communications ports (RS-232C) with selectable
. baud rates to accommodate a host and a printer among others;
= full or half-duplex; : ‘ ’ ‘

i

\/‘ . =.1ine or local mode select; ' ’ ro
e . composite video output (TTL . level) to allow direct ) )
- interfacing to'a monochrome mnitor; = +f
' - the heart of thé system  must be resident in software to

1110\» ease of upgradeabﬂity, expandabthy and ﬂex‘lbﬂity . Q
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5.2 Operat'lonal Characteristics ' . y: ’ ‘ | o
g w Figune 5.1 {1llustrates the block diagram of . the SAVE. terminal. N
- Figure 5.2 shows the detailed circuit schematic which the operat‘lona'l R E
description that follows will nke refer;nce to. g o~ Vel o .
. ' ;oY ! S ;
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“vovee g

Memory access (wait) READY L
s =- = o 10 feviees
. uP BOBS5A y
COM. interrupt RST 6.5 ‘
clock out e N,
KEYBOARD ‘ RST 7.5 (PCLK)
interrupt ILNT 1 3.072
A _high Lvtel {_1\ Miz
4 L f
gg_us’f; SYNCHRONIZER 3252}2:2 4
: ¢ ADDRESS DECODER PROGRA}
T . 1 74LS138 27:
LATCH
KEYSTROBE 74L5374
DATA BUS
ADDRESS BUS

CONTROL BUS
/O

¢ DIP COMMUNICATIONS COMMUNICATIONS .
‘ INTERFACE interrupt
SWITCHES“"—‘{____ 5 RAM 1/0 TIMER COM 8251A T -
{options 8155 1488, 1489A
' 741532
i } . c
REYSTR 7 bit L3 P (_\ DIS
. OBE  ,ssciI Baud rate L
clock ‘ ' 1
13
\ KEYBOARD ' Pata Terminal C’nall'acter
o / , clock
4 Status ] .
. Main port < '
(RS232C) - — o,
\ ! CLOCK
~ GENERATOR .
Auxiliary imrt <F Dot —E:r:_— Y 74504 Dot{ ¢
(printer) rate . L— " 741574
. 17.0748 MH:z 7418161
- ‘ ‘ a
W . * o “ PCLK
. - o ;- VVA jsmcukou;zsli-—j

o - [
PPy o, . . > .
Figure 5.1 . . 3 1

« » ~ .
/ ” . Terminal's Block Diagram S
)‘ h ‘ »‘ . ' . . i ‘ '

»
v ' »

.
’

o
R



e A, I YWSHE D

A\

; ,g;_fe

to 1/0 devices '
& memory

A

;

}

ADDRESS DECODER
7415138 ‘ 2

PROGRAM MEMORY

732A

A
] A15-A12

AYA

)

v A P T

A

\/ . \/ \/
"IONS | COMMUNICATIONS | Read or Write | -, 0r¢ TRANSCELVER
¢E interrupt 8786
LA DS
LT _L—L— &
741532 s '
CRT5037 VTAC Display - MUX
' Z\ /MDISPLAY CONTROL 12 7418157 (3)
B Address .
N ﬁ . Display
’ Data
’.@0
Character _TRANSLATOR
clock Row & 7418157 (2)
Column (cursor)
2 - Display % Address
) , DISPLAY MEMORY
CngiTOR SCHARACTER GENERATOR 6516
] GEN Dot} clock & ATTRIBUTES (2K x 8)
— Dot [_J 74504 > CRT 8002 VDAC
rate " L—— 74LS74 741508, 74LS74 %
17.0748 Miz 74LS161 |- 7418157 (n
VIf‘EO Display Data
LS M
) PCLK ‘ .
' i * MIXER/DRIVER [ .
CSYNC - > . 2N3904 Composite
VVA —& swcunouxzml«-— L] BUFFER L _, r video
. LUSNC o 415244 f—e Monitor video . . |
,, N = s il Rt

READY




. . T, - .
s C ‘ - SR -
\ - . ' - ’ ! C e et
[ . . . . . - | 8
s ¢ L . B -
st t + ‘ - . 5 ~ FI - o ’
. . . , o3 - o RS i e
- L Wy P " g o R R ., -
o Y Cos oL . _— - el . Py Yy s Al o
- ' e ' 1 Circuit Diagram: s,
RN T . L Tﬂ‘ﬂﬂi U “ " . W R e
B . PRI

Py
i
Ha

a3, T

Sy
8102



<

J!

AT T

|

x1 XL

esE |

0 -

4
9415138
wg v Diﬂ,c.
mny 3 o Y“bﬂ ‘
A3 11p jsp—
da VP
RI2 ,5 1
L yt—
" Y dean 11—
_EGEJB Nop——
ot
- G
)
f
il 7
41
v |/
{1/
xl/
r‘}' 1‘
L | . '



. ‘:&
A
™
} s
6 BVA
g 17
9 Vs
3 s <
2 Kcs
[ Pist
, e
"
»
/
74/519
130 | o
iy il #1
__0_‘1/45" W3l - o #lo
LAY e | Hod
_yliar o $_ o Aos
JT Y-
A
o i

wi

gﬂ |

1t o
i<

114

13

Ji]

(o

TR PR AT o
S —~P WL N o= =
|

Ll b L L LR

| it - %

[

B
2
b0

TETIVRIRRRD
AN L B NSO T




-

37 '
TR ‘ " V_Q—S—io‘
“ PRY E o CBLANK - M

uid g THLs»2
= JHLSH |
LY _AShid plwe %YNC,—‘@_&»_,
CRL
: 1y : 14L33%
\J_ﬁ +5V , . .
C> l‘{.?MF — q 4, '
I ‘ VY aq ¢ ol
L ; I{EAM:I) LS w ]
, ]
LSk MLsoo o, HEs00 TS
Wk 13 ‘
| M3 i l d b
TP |
o RoRw
) Lo THLS 1M
+ T )
V)
2/ - ‘
/9 @ 12 B}
Lo [5 b6
J5 ERIYE
= i
| o
il ERLYN
4 ¢ |
e 13
— (280
4 150§
3
2168 420
. WE OE
” w516
us
#lal 19
79122
A8
- e
o " ) #5131
- Ry
{ }S_'%-d_-x. é




T L >k 3les

Ul
_RorRw_ 4 : PDDD D DbDD DDDD
Dsynng/f}/yy BB BB H K MR Bpda RRRR
1 23 ¢ 1 2 3 g12345060 Y SF 1334
3ol 4| 2] 28] 37 36| 35] po 18 [l 2l af 54l u3) 52 oy 2 j20l 191 18] 23| 24230
A3 D1 bdS
#2 ﬁ D2 . YA
A4 — D3 D}
At i
A’ 4 R p— Atd
Wlng g 131 w0l 61 3 |———;;1,ul§z I5( 10] | 3 Q———mulﬂz 150 0] 6
,SEWblleSL g quq51|7lq7>ll R Yy 521 V9521
- "~ i
L A B L S [T R
- { oy i wad Lle vy v Y Wy 1 was
5 vy o2 | THLS IS T >4y Y515 H s ] y;,)ll 19ioist)
nle] 1]y 7
Vvivl Vi
g1a| Ap 4
NI N2\>
libEo .Y
ADDKESS
Bug
B
|
|
# b AL B
\ Wb € 15K w23
BRI ERYS! £ ! 71‘@’3 Mesist
Ak ” = 417191
v|v]viv » NSylviy
JlK ),
e Y
v“ M
. . Q,
) | 150y S te] 23
] Ry RZ Ri RO cuksoR
i
— A .
j V syne 23 . N
] ) A - ’
] o 85.. - '. JIDEO
1 1 " Nl l




¢LLK

L2?

1oy

- \V'evae

pee |12
oBL |t
‘ ,
CeNe Lo
Home s 4
> y
2% Rk & R MSYNQ_U_. | +5
> 3 1 1 2 CdRsoR ‘ RS
430 1 o HINT . PN 6
‘~ | A 5600
' LN 3504
S § [
b 1Bon d
' " ‘2‘ COMPoO S|/t
{ VIDE
(| DEO N Rin RS 3 'DEo
‘:f\ 550./L§100JL I 54 SR
i —4 ' j_ .
<\g THLS 244 ’
| [ 1 SYNC I 1o
BN HSINL
l/,/
J SyNe

MoNITOR
V 1DE0

J3



N>

DLl

LaoNe
HSYNC
VSINC

oW R

R R
' CURSIR
%] b

JE ] CeLK
[t )
[0 : -
/ 5
15 : .
u +;’V'
HINT |6 ks K13 '
IN WA ,?.ODJ'L
Y Sion 3
< QL | 2N 3904
‘ ' 10
¢ SNt A5T\ 1z N
o L [80.n q '
' COMPo S| TE
oee Lol A 5 LA VIREo
DEO N :
—~Wv—4 R
i bbomgiololn ' 7540 3 44
1 i 1
1 .
THLS 244 N
g [1SYNC u,)io
ls[l/\/% R SING ,
| Synve
| 9
19 P: 5 | 12 o
l/ YOQ(?’K - Y L
"~ (oPr) - 3 !
R ‘ Mo W ITIR
—iol gz |
57
| 1
7|

&




‘—rﬂv———g;"

T

e~

o g ———

er xS

gis
Y
/13
7y

{
Jok 18
Z1

}i

Al

|

P
I

Alo

Aog
HD¥

AD

A0S
DY
RO3
702

401
ADé

ALE

RD

WK

i 7

CLockodr)
“KESET ourt
Hep A

INTH-.

10

o2

Y

59

3%

R

S

Soo

¥,
z

Ls29d
wlo'

RLARN
(Bezzer) -

KB DINT

l cmn{mj

to ¢



1L 14 o
_ \ o k " {
T OTY 183 e 3 ‘, : ‘
e ‘( ’ uwq ™ > '}’/( o 0
Y 1 121 ST Vo B J A
7 e JPIDF Q1 r/-‘“—b”o(" o 9
de Oulis_gAos 4 '
= © /3 105 N Ag oY
g |pu WL Ho3 A
1103 3 le oz .
y1p2 /91 LY N
slo) [ arfe g Ao . «
cx ol
, 1 /ﬁ’i : \ /
\ Ev“// % [ N N
. \ Q ‘ \u -
v .
L ’
' e
'—
—- . 2 3 - .
L b I - )
> . £ (\ 2 4 = P - g =
!}_-‘1 - -
‘ &
) ¢ - ) RS ?
. ¢
. ﬁ’.
f
- -
A ’ o &
Ve i £
Q —@
) ’ » \ 1
" 4
Ve ' I
] 1 i
; ) 4
t “-
N
: absbiahdielwlplel o] 94 3 3 Y 6([
. S fqee #APAMA4FA 7 R W Lo, f R . JZ TN
4 Cgaaboaow . D R ﬁ/ £ /T PBI| %0
Ao 5932 19 ¢ ' 43 fl Paal 31
£ £ £ PB3LIL
{ \ {155 - w2 ¥ 7 K PhY
I 1Y ' b4 0 PAS|3Y
, PPPPPPAP PPPP W P (LY ET
] A8 4 A8 AAAR CC e ¢ I 1T Pazrl 3L |




4

cPu
DATA

» JLE

» TO/M

> PCLK

-~

{'

o RESET

I

=
~

U

—
-3 &v—-

S| e




~-~—

lbl l~l| f&'l Jo z1|

-

) X o | R> RL RI Ko CokooR
" At
4‘ \ /XLD]'__[L / sine
Db oA ,
. N I
' by 44AS © ViDEo
f‘ ' 7 vy Y
D> 43
' ’ Vb2 AL
CRBLANK / . N
Voi - 5144 LD]SH
+5V iT..L /—L—__aas /
S L
VoS, gt '
(0‘1,'5 Z’
[o}13
S el Upe
- 4LL g | ) RETAL
—_ 1% s
R 270532 9
\ Vo 21/ 11|y /8 |ATIRE
Npe 51,y 7S ey
\_\_,_DS____ZLj_” Y& 9 o Msd
gy nn _ 2Ueyq8\
L /19
§ STKRW
is 4S04 | re
sl 7isgs [
NI /2lugq ML REVID
A3 ‘ ‘ -
_ /. 1yl
hbi 7|42 )4 b LI
. . .
Nipe S luzq ) UNDLY
! CRT£0028-011
/
Vb 2|29 = L F
14640 §
Y I 101
Pet PRL
201 eLl5 fpy L
Tuisty LAY
wish wish
2 Tl —1{ TN
/1 WY 5>CM Qib-{v- f—i'i>CKZ Qlk‘ﬁ HINT

/7
¢y

[

/00pF
R

33oAL
; loooFFl

U 30f q’5.
1Y




/l'.f ’

{%¥Ipa.

Y2

HY—s
1P

/EoFYs HH=

N Ne NCoNe
|l 2l sl .

flene b Qe QB QA
Olent w3/
bed (LK

74196/
4 (LR

Reb /s

Lo

¢« s| Y|l 3 Y.

+5V

24504

LOAD

L

U3doD




T -HZV__({"t_J
’ . Jry
V Syne !{ 1A .’ \
J_1DEO ’
HINT. o
. . -
+5V
PRL -
[Y]pa a2 CCLK
LLIHE
—_ X
LI Boky QL pE—nc.
Rl
+s5V L/
ORAD
'z \ T >
NG Ne NG, U.C_ l
n a2l sl ] - \ F480Y
EnP QD QC QB QAR
ue 8> Qe QB Q Red |5l s Y
D (LK 771816/ LD 9 U30b
D ¢ B g4 (it

¢ 5 Y1 3




4

[

RSTAS L

RESET TN

TRAP

: HpLD

31
Sa

36

0 : B
7Y S REA D
. ‘| 71\\‘»..",‘
5 IN LINVE —d s
A P’ “E!":iﬂ; !
"'/ ‘.l.’,q .
, l:f":. -
y . ﬁ(_h:
» f » ’
@
9 -
39 i
. MLSoY o)
N e
N
R
WA o}
HSINC 1D QL

Ty sty

R Rl B
i il

wloelALsEy N L
. y
ShCKL Gk .

. 12
| 4:,.‘i\;r§( Ur3p
£ G ISHY

I3
q

% ;\&’“‘ T, él"\& ,‘,.CF

ok ket
' ?_“%’_CLKl

B EYex
+5V
P

CLRY
Y

Z D1

Pe L

i




w1t | | 10 [l T
F——AM— @
Y ' 0—] 1 .Z
1(.'WL &
T A VPOL
/0K XS /0/\“ e,
Z1 pelsimyslelutid g €l s 1ol 9]
D/IP Swirck st ’—&P W/fc/# S
¥
1231715 | ¢| 1|8 ;3’%5(.73
M[vafl —_Ti ‘9“]‘? b Vot wad.
wnto Lom vpoﬂl_
IDAMt 1 Y YW
cocal , £ otauly
Bt ’9“[‘ DN - LINE
_____baumfwmf
-—_émﬁymk
Rafe
Poacty Enot
/fz.y {ich
&
+SV
K 3TA
R1 S10
- Y1514 LI
A At KEYBOISRD H
- T :
/¥ ¢F /
. o




1|}-—

I’ ] »
4y &
[ o
v 3 i b
08d” I R I \ 1 3
o WA | unb| jud2ac
,_[/I_E:—- |
1 13 ‘/'
[;Ij. 1- N
CB C-?’C?) § ¢ -
. IOOFF C Q/,(
9! ? =
QL
% Stmany [ i
CHW
13 -
={2¥ 10K L 2
45V 34 5]316[3 b
ONLINE J
ALRRM
= 34)s qlaeli| . e
' l I_ — W g -
1 1 = J
S A HiHE A H LA I A L1 .

7432

wif [
V L
3

b

&
-

1S0F

‘ lr‘f;

>—e

JOMMUNICHTIONS
J1

MiIC )
Jt

Ve
6—1 PRINTE R

J6




1700 .* iT 4 l 1:| '

o1
) \
vy o] ' T -3 o
! + 1
¢q -LIJHF q\O-O\y\FIQL’;'CB.‘;
GND|3 }; ———® LD
oL 0.0lyF & I _
-Vl - -/
4 o.oc,.FfI-:cu\cn,uq
FIAV | S |— IS > 2V ‘
Power
N '
‘ .
e d| . | “
f : TITLE ; SME Texm
| . . }
CDESIGN D JuAN
\ :




-
\
POWER  DISTRIBUTI
CHIPRPS LND TSV [ +/2v ] ~12
N\ {045
0§57
Jo
(/5% 70
A1 503 % L | /79 | /3
(R £00) 11172
® oM 52510 | 4 | L6
v ‘ SPARES PR / y
= 0 32
".’/:DJ /3 . 5 S‘J' 13 3 (E/.)Ro”l)}‘?; z 2 l
atad tsv 7
THLS I - 1L 32 TV LS29Y
e JY L5319 -
. wr2
| RAM> 51 6 2 | 29
74 1$/3%
" 791815t | 1| 16
. § 9K 9 s 0 u,'o,K,u 74 L8160
(:‘@\\NS\’ Z3 PN N AL /488 F 4 | 7
N ((SEPY $3) 24 \
" ALL OTHER | 1 /Y




18 o ¥ \ .
POWER DISTRIBUT 10N
CHIPS LAND T_g'”v */-Z'V -2V ‘t'D/_'A/S
fo854
) Jo
£/55 70 40
chr 503t | 6 {14 |73 ) | Yo
CRIE00Y | 17|12 29
CoM §I51A | ¥ L6 28
SPARES oL Ly c / v »
. . ’ 0] 3 y
,.;/:-)J /3 /2 5 5 47 3 (EPRD#J.) NEEYAN ]
i 15
7918244 - L34 741829 Y ,
l . J4es379 J
3 ¢ . [_l// Dolo 196514 7284 fo 20
’ Wiz :
: ~ RAM> &5/ 6 2 {2y 74
‘ ' ‘ : 7418138
— Iok 74(s/sF | ¥ | 1¢ 16
LIV LIV T AT T4LSIC]
£3 Fanal £ L5 7488 7 |7 K
) 24 e -




[R———"

e it e e L Y L N

. .
A
. - \
)
.

- : 158

a
4 i

§.2.1 fhe ¥ileo Controller and ©ih.ricter Generato- Section
The hoart 7 the ten'in.; {- the (R" 303’ Video Timer and

Contruiler (VTATj chip ‘U5, Figure 521 and *he (X, B00Z r.t0 Display

‘ Attribute Cor troller (VDAL (U7, Clater ot i1 S:ction t 3.1, the

CRT 583, is a flevitle, prewrvenic SR ooesiter chip that generates
all 2 timiw, sicnals, e.g. syncs and T .ocking. nocassary to run the CRT
vide  won.co- The 7T 8002{*.,%37. ¢ - apaiion «hip to -t (RT EN37, s
a h;;niv vereatite wides amecdtnc 5oy v tiag charac Te- gene ation,
char crap Satu Uodas, 2 paphfc M. ¢ owcsor oeperition,  while
fneocravet e *E sno 0 video shifi pogister'tiat var o e up to 20
Miz T ,,,, ut ':.'::-luii%\teq-“atinn / in veepir; vty couot tnoa
min s “iqure 5.3 0 uws e T @ad0i block qr- gram and  tinny
spér.if‘I«;;L’nns eI Y W nteface t. 'S Coaracter genarat o ’kL‘M
built into the CPT 80y, Figwe € 4, provides for 126 chara.tars, each in
a 7'x i1 charactey matﬂ'r?, fir <fgh resylution charac.er - ca.ien, ‘H.,ja?'o
RAM (U5) i< cunfiqured o2 o *wo port wewory in.w. ‘ch - © 23,08 can be
sourced from either che.f.RT controlley  .-i6! or ‘!ae st owP (L1). it
[}

consists of a singl> K x 2 static RAM, 1*Ycaiig the screer to be

fi . mat+e- as 1 data rows o7 AL crerackiis each. o

Video timing 15 p =yided by the dat-clock crystal, Y2' (Figure 5.2)
a:d associatad «ircuitry 745C% (¢ iGk,B), L4, C5, R8 and R9, making up the

dut-clock - <37 rg. . Ti;e A5G4 (U30C) buffer's the video dot clock (voC)

‘mput of the CRT 8002. The n»3)-up resistor, R2, is used at the output of

U30C to guarantee the logi: ‘1 aquirement of the VDAC input, see Figure
53 "AC tiring diagram". ‘The video dot clock, 17.0748 MHz, which

-

A B R I et o e L “"W"““'
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R AT R s St
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‘ ATTRIBUTES
i Underline Blink Rate
, Underiine will be 2 single honzontal hhe at R11 The character bhink rate 15 1875 Hz
~ Cursor Strike-Thru
. Cursor will be a blinking reverse video block The strike-thry will be a doubie tine at
dblinking at 375 Hz ‘rows R5 and R6
o { FIGURE 5.4
CRT 8002 (VDAC) Buil t-1n Character Generator ROM, Graphics Mode
* and Attribute Specifications[42, 43]
‘\ ; ’ - -
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determines the actual video gata ratep is divided down by 9, by means of

the 7415161 (U31) synchronous 4- bit binary counter, to provide the LOAD

(LD) signal to the video shift register within the CRT 8002. The same

' LOAD signal is delayed by a dot time by 74LS74 (U14B) to provide the

character clock (CCLK) to the CRT 5037 display controller. The character

clock determines the speed each character is addressed.

»

The CRT 8002 requires a 'mimimum 8 x 12 character block matrix to .

. form its basic 7 x 11 character, in order to provide one line and one dot

spacing between characters; however, to allow fully framing a character
for a reverse video presentation, the horizontal character block must be
increased to 9 or 10 dots, i.e., 2 or 3 dot spacing between characters.
For the same reason, allocating 13 1lines per character allows top and
bottom framing %fs well, In thi; apph’catjgp the character b1ock
de51gned-)n/was 9 x 12, (binary counter (U31) divides by 9), in or‘der not

to /increase the horizontal scan frequency above 20 KHz (resulting in a

p/ice increase for the video monitor), and keep the dot clock well below

the maximum limit of the CRT 8002.
¥

The 5037 VTAC provides display addresses to the video RAM (U5)
which sends ASCI1 character data* to the VDAC. The VDAC (U7) in turn
converts the ASCII data to serial video and shifts it out to the driviing
circuitry. The VTAC provides horizontal, vertical, blanking and composite
sync signals as well, which together with \_the VDAC's video signal, are
buffered via the 74LS244 (U10). To provide interfacing flexibility, the
£em1na1 was designed with two types of video “Wonitor signal outputs.

r + \
. .
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‘Connector J4 (see Appentﬁx C) provides a composite video interface (.TTL
level) by means of transistor Q1 (2N3904), wused in a mixer-driver
configuration. Connector J3 (Appendix C) provides separate horizontal
sync, vertical sync and video signals (TTL 1eve1\s) for monitors w1th' such
input requirements. Variable resistors VRl and VRZ are optional and may
be incorporated to provide gpntrast and brightness control, depending on
the monitor's built-in circuitry. Note as well, that the polarity of the
.verticaj drive signal (VPOL) is controlled by the setting on DIP switch S2
pin 10 (Appendix E) and the 74LS86 (U18D). Depending upon the monitor's

requirements, the signal polarity may be configured as either active high

or low. J

The video RAM's address generated by the .VTAC 1is gated through
selectors 74LSl~57 (U23 to U25) to allow address mapping to take place from
row-column format to binary format by the 74LS157s (U26, U27), in order to
address the 2K-byte display memory (US). ~During the display time, data is
fetched from. video memory, by means of the addresses generated by the CRT
5037, and passed to the CRT 8002 VDAC data and attribute lines; during
blanking, the 74LS157 (U28) and 74LS08 (U29) force a “Normal Video"
attribute into the VDAC. The half-intensity attribute is pipelined
through 74LS74 (U15) as HINT; this is combined with the VIDEO output
signal of the VDAC and sent to both J3 and J4 monitor connectors. N

The VDAC handles a variety of charactér attributes, besides
“hal f-intensity" which has been described atove. The others, supported by
this particular design are: '

- -«
YT e penT e
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- dndeane, ‘blink, reverse video, blank, block graphics and
1ine graphics. '

The VDAC separate attribute inputs, along with the attribute enable strobe .

(ATTBE) input, allow system operation with either embedded or {inwvisible
attributes. They are defined as follows:

Embedded Attributes: is a method of generating attributes by inserting,
or embedding, attribute characters within the
displayable character stream. All subsequently
displayable characters will exhibit the attributes
defined by the last  attribute character®
encountered. A displayable character position is
lost each time an "embedded attribute" is used.

Invisible Attributes: ds a method of generating attributes using a wider -
memory.. Each character will carry attribute bits
‘appended to the character allowing for attributes
to change as often as, every character, with no
Toss of display position.

For 8-bit -systems, embedded rather than invisible attributes are

used, ,since the latter require more than 8 bits. An elaborate discussion

will be carried out later under “Attribute Formatting".

Calculation of Screen Format Parameters to Program the CRT 5037

Registers. The VIAC 1is flexible enough to allow one to design this

terminal with a variety of register programmed' screen formats. However,

' it should be noted that the screen formats are limited only by the viggo
RAM memory size. Screen formats with- greater total character counts than

24 x 80 are certainly possible. Generally, a different initialization of

+
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the VTAC, a faster crystal and a faster horizontal ;scan rate of the

monitor are all that is required. : One also has the ability to increase

" the number of characters on the screen by running the monitor in an B

\1nter1ace format which doubles the number of data rows on the screen. In
this case, the VTAC. will provide the bdd field/even field timing signals

neigajary for interlace operation when desired.
\J

Programming the 5037 is a relatively easy task.' However, in order
to pick the correct video dot clock frequency and to brogrmn the registers
in the VTAC it is first necessary to determine several key parameters.
Among these parameters we need:

the vertical refresh rate = 60 Hz ‘
the number of displayed characters = 80
the number of data rows = 24
the character block matrix format = 9 x 12
the monitor's horizontal sweep frequency = 18.6 KHz /
The remaining information can now be calculated by the designer if it is
carried out in an orderly fashion so as to determine the other relevant
frequencies and thus derive the register contents from the above
parameters. To do so, Table 5.1 was used; the lnown parameters are

entered in the table to simplify calculations as they are calculated.

Since the horizontal sweeb frequency is known, the time per scan 1s
calculated: . .
tocan = 1/18.6 KHz = 53.76 us (Step 12 in Table 5.1)

The value for step 11 in Table 5.1 becomes:

total no. of scan lines = Horiz. sweep freg.{Step 12) = 18600 = 310
(Step 11) Vert. frame rate (Step 5) 60
/

.
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13.
14.

15.
16.

17.

18.

19.
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H CHARACTER MATRIX {NO. Of DOtS)iueeeeuvenieosreensnnsanns
V CHARACTER MATRIX (No. of Horiz. Scan Lines):.c.cvevensas.
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. 7INDAC's
. 11| rRoM

H CHARACTER BLOCK' (Step 1 + Desfred Horiz. Spacing (2)
= NO. InDOtS):veviceereinenenaaenn, Ceeererersananas ceveees 9
V CHARACTER BLOCK (Step 2 = Desired Vertical Spacing (1)
= No. in Horiz. Scan Lines):.....cocvvieucnanss S ¥
VERTICAL FRAME (REFRESH) RATE (Freq. tn Hz):v..vvuerennnn, 60
DESIRED NO. OF DISPLAYED DATA ROWS:...vvvevireonoancnvannns 24
TOTAL NO. OF ACTIVE "VIDEO DISPLAY" SCAN-LINES
(Ste; 4 x Step 6 = No. in Horiz. Scan Lines):...cvuvrnernnn 288
VERT. SYNC DELAY (No. in Horiz. Scan Lines)i.......ovevees. 0
VERT. SYNC (No. in Horiz. Scan Lines; T = 161.28 us*):..... 3
VERT. SCAN DELAY (No. in Horiz. Scan Lines; '
T = 1,020 MS™) i e eninrveenenenoiossacnossnnssonsssnonnns 19
TOTAL VERTICAL FRAME (Add Steps 7 thru 10 = No. in Horiz
Scan Lines) . iviiirnenirirnnnnceanes Ceeerrireseesaisarans 310
HORIZONTAL SCAN LINE RATE (Step 5 x Step 11 = Freq.
TN KHZ) et iiiiitieeentisneetosersossaoosnssasnasnosssnsns 18.6
& (53.76 us)

DESIRED NO. OF CHARACTERS PER HORIZ. ROW:.cvvvveeavreroenns 80
HORIZ. SYNC DELAY (No. in Character Time Units: '
T=210us*)io..nne... Rt reavaciarsesaerreronnanns ceeenes 4
HORIZ. SYNC (No. in Character Time Units; T = 4.74 us**):.. 9
HORIZ. SCAN DELAY (No. in Character Time Units;
T = 8.78 US™)iuinnnnnninnnnanenns et vees 9
TOTAL CHARACTER TIME UNITS IN 1 HORIZ. SCAN LINE
(Add Steps 13 thru 16):.iuveeeerieercnncesrnsnsncnsrssseesel02
CHARACTER RATE (Step 12 x Step 17 = Freq. in Miz):......... 1.8972

: (0.52709us)
CLOCK (DOT) RATE (Step 3-x"Step 18 = Freq. in MHz):........ 17.0748 9

-

*Vertical Interval
**Horizontal Interval

TABLE 5.1

CRT 5037 Worksheet for the 80 x 24 Non-Interiace Screen Format -

!
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! ‘ ] :
Prior to .computing the value of Step 10, the vertical scan delay time

(Figure 3.15) must be determined. Figure 5.5 reflects the timing to be

taken into consideration during horizontal and verticai intervals. The
vertical scan délay 1nfonna£10n is obtained from the monitor's
specifications. Howeber, in general most monitors require a minimum
vertical sync delay of 1 ms. Hence the valu.e for Step 10 becomes:

Step 10 = vert. scan delay = 1l ms = 1* ~ 19
tscan 53.76us '

1

" The vertical sync pulse width generatéd by the CRT 5037 is equal to

three horizontal scans; therefore, Step 9 equals 3. The vertical sync
time is calculated as follows:

tysync = 3 x tgcan = 3 x 53.76 -us = 161.28 us

!

This value is also entered in Step § and should be verified to be within

the monitor specifications.

The value for Step 7' is now calculated:

Step 7 = Step 4 x Step 6 = 12 x 24 = 288 scan lines

From the above we can obtain Step 8; the vertical sync delay:

Step 8 = Step 11 - (Step 7 + Step 9 + Step 10)

=310 - (288 + 3+19) =0
’Hehce, the vertical sync delay will be 0. As a re‘sult, the total blanking
interval, which 1is the sum of the "F\ront Porch, Vertical Synchu'l'se and
Back Pﬁrch" (Figure 3.15), is 22 scan 1ines long or 1.18 ms. Some

flexibility exists in the choice of these parameters.
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Gomr 1 Timing

HORIZONTAL TWANG

START OF uns sum OF LINE N1
ACTIVE VIDE Ow .
™ " CHARACTERS PER DATA LINE :
. HORIZONTAL SYNC DELAY
1FAONT PORCH)
. HORZONTAL SYNC WIDTH .
! HONZIONTAL LINE COUNTa M ‘
VERTICAL TIMING
$TARY OF FAAME M OR 0DD FIELD START OF FRAME M4 YOREVENFIELD
. g SCAN LINES PER £ RAME . -
\{ . e ACTIVE VIDED® cneeremed L.c]
‘\ ! ‘ VERTICAL Dn‘__j_ DATA ROWS PER FRAME vERY .c “ Svne
' START

FIGURE 5.5

.Horizontal and Vertical Timing Considerations
When Calculating the Screen Format Parameters[19 20 ,21]

To calculate the horizonta) b1ank1ng fnterval parameters (Figure
3.14), Steps 14 through 16, .we must consider that the horizontal retrace
time'is less than the horizontal p'lanking interval. In fact, this
interval is normally 25% of the total horizontal scanning period. Thus,
in an 80 character per row data system, this would give 20 extra
characters, for a total of 100. However, we will use 102 characters'to
provide for some degree of flexibility, thus, a total of 22 character time
m\lits fs available for the horjzﬁaT‘fﬂ‘anking interval.

!
'

In general, the horizontal sync \barameters are monitor dependent, L

. However, most monitors responding to 18.:6 KHz horizontal scanning

frequencies have minimum horizontal sync delays of 2 us and horizontal

L T

sync pulse widths and scan delays of 5 us each. In general, the.rgtio of
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such parameters 1is 1:2:2. Thus, for this application, the time for one
- v t

- character is given by: - \

= 1

tehar = 1
Tharacters X horizontal scan freq. IUZ X 18600

tchar = 0.52709 us (or 1.89727MHz (Step 18))
We can now obtain the values for Steps 14, 15 and 16 with the value

obtained above:

Stepld=  2us =379 = 4
. us

Step 15 = Step 16 = 5 us =948 ~ 9
. us

AStep 17 should match against the sum of Step 13 through Sfep 16, i.e., 80
+44949-=102. Therefore, it checks out. '

The video dot clock frequency may now be obtained:

\
Step 19 = Step 3 x Step 18 = 1.8972 MHz x 9

= 17.0748 MHz

Having chosen the display format- and calculated all the relevant |

parame'ters, the actual content for the VTAC registers can now be

established, as shown in Table 5.2. For a detailed description of the

YTACs prog:jarimaMe regisfers, refer to Section 4.3.1 and Figures 4.5b, 4.6
and 4.7. Note that registers 7 and 8, the Cursor Character Address and

Cursor Row Address, should both be initialized to "#0;¢" to place the -

cursor in the "home" position upon power-up.
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27

TABLE 5.2 |
CRT 5037 VTIAC ReciSTER LOADING WORKSHEET

ADDRESS L i
‘REG. # A3-A0 .»O FUNCTION BIT ASSIGNMENT HEX. DEC.
0 0000 TOTAL HORIZ. CHARACTER COUNT: . '
102 (eNTER ToOTAL -1) 01100101 65 101
1 0001 INTERLACE:. O (NONE) -
H SYNC WIDTH: § '
H SYNC DELAY: 4 01001100 4C 76
2 0010 SCANS/UATA RUW: 12 (enver
TOTAL -1)
CHARAUTERS/RUW: 80 (cobe " , )
.= 101) N X1011101 5D 93
3 0011  SKEW CHARACTERS: 00 (NONE)
DATA RUWS: 24 (ENTER TOTAL : )
/D 00010111 17 23
y 0100 SCAN LINES TOTAL/FRAME: 310 ,
* (FOR NON-INTERLACE X = (TOTAL
- 25b)/2) X = 27 00011011 1B
5 0101 VERTICAL DATA START = 3 +
. VERTICAL SCAN DELAY:
SCAN DELAY: 19 )
DATA START: 22 00010011 13 22
6 0110 "LAST DISPLAYED DATA ROW ‘
(TUTAL DlSPLAYED DATA RUWS -1) X X 0 1011 l 17 23
ﬂ .




. N

b

TP —

. stack requirements.‘ This device provides the entire system's RAM needs

' 2 . A
g O A R BRI AR PR Ve bydand W At YA AT S S s e oo g SRR KR AS P PPN RTINS Jp iy e gy a

170

' 5.2.2 Microprocessor and I/0 Section - [

The brain o‘f this terminal 1s an 8085A (Ul) uP;¥all operations are
under its control. It runs at a 6.144 MHz 1nput clock (Y1), which drives
its internal clock generator, resulting in a 3 072 MHz cycle clock, since
the input frequency is>divﬁded by two to give the processor's internal
operating frequency. The crystal that drives the uP was particu1ar1y
selected to allow direct derivation of the 8 necessary b@d rates, in
order to achieve asynchronous communication 2without the need for
additional circuitry. The 8085A has a clock output which may be used for
this purpose. .

*

The four MSBs of the address bus (A15 to Al2) are decoded by the
7415138 (UB) to provide the various chip select signals, as configured in
the .system's memory map. Since the 8085A multiplexes its 'Idwer address
byte and data Hnes, the 7405374 (U9) latches the 8 address l1ines by means
of the ALE signal going high during the first T state of the machine
cycle, in order to keep the address stable throughout it.[44] Program
1nstructions and constants are fetched from U4, the 2732A (4K x 8) EPROM.
Provision for future system expansion has been 'Incorporated into the

design’ by means of U32, another 4K x 8 EPROM; address decoding for such an

option was implemented in the design‘as well.’

To further decrease component count, the 8155 (U2) RAM-I1/0-TIMER
device was designed in. "It contains 256 bytes of RAM, sufficient for

" certain software scratch- pad variables, the. communications buffer; and

st
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exciud‘lng the video RAM. The 8155‘¥js initialized via software to have
three fnput ports.[45] - The ports correspond to: |

- Port A (DIP switch S1): the options supported by this port
control the baud rate, parity, local echo, auto linefeed and
auto scroll (refer to Appendix E). . '

- Port B: interfaces directly with the keyboard's ASCII code.
‘input -(refer to Appendix D).

- Port C (DIP switch S2): the options supported by this ipor‘t

~ control the key ¢lick, parity error indicator, 50 Hz/60 Hz
operation, screen format, ON-line or OFF-line option, vertical
sync polarity and printer ready polarity (refer to Appendix
E)..

The status of the DIP switches 1is checked upon power-up or system reset
and is used to set up the various system configurations. The keyb‘oard‘s‘
1,npxlxt on the other hand is read upon’a keystrobe (KSTB) occurrence. Sﬁch
" a strobe is filtered by Rl and C2, cleaned up by 74L514 (U12B) and becomes
‘a rising-edge interrupt RST7.5 at the uP. This interrupt service‘ro;ltine
reads the new 8-bit ke'ybo'ard code and écts according]y. The different
~ <€ontrol codes ({Escape seque'nces) recognized by the terminal are outlined
~in Appendix B. The programmable timer in the 8155 running from the 3.072 -
MHz pro(céésor c1'ock provides a 16X baud clock to “the B251A USART through,
*its CLOCK output. The baud rate ias seE QQpending upon the set up on DIP

switch S1, thus providing an easy means for changes,

'5.2.3 Memory Addressing

The VTAC addresses the display memory on a row/column basis. There
are obvious advantages when using this technique (refer to Section 3.4,
"Addressingfthe ﬁisb]ay Memory"), such as generating oversize characters,

page scrolling and. software addressing. The latter is the most .important

’
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since most programmers use ’X‘-Y (row-co'luma)( addressing' when writing
software for CRT terminals 1n'order to féci]itate tﬁe task. This was the
reason for implementing in silicon such”a technique as part of the #CRT
5037 addressing scheme. However, the software benefits obtained when
using row/column addressing generates hardware problems: v{hen the num?er of
characteu;s per row is non-binary, for example 80, as in this application.
Addressing the display RAM in this case’ is wasteful of memory.
\ y
n .

To the uP, the display memory occupies a section of its gemory map,
2K in’ this case. Wher it wants to either ‘read or w—rjite from/to this
memory, the bPU does so in a linear fashion, i.e., the addresses it
gene‘rates are continuous.‘ .However, the VTAC addresses th1,§ same memory on
a row/c}ﬂumn' basis. Thus, a problem arises since each generatesf/different
address formats to access the same byte at ; particular location. To

- solve this pr\ob1em and stiH’ retain the advantages of row/column
addressing, a hardware address mapping is performed, as shown in Figure -
5.6. Thus, the CPU's -linear addresses are converted to row/column
addresses."/ﬁith.out thios feature, a software algorithm would have to
convert .a binary address to row/column every time the uP wants to access
'the display memory. This a1gorittin would create significant)overhead and

program execution time. Thus, the reason for 1mb1ement1ng it in hardware.

i
v 14

Considering the VTAC and Figure 5.6, the character column and
character . ‘row output? combine to form the character a?idress bus. This
bus, along with the uP address bus, is connetted to 2-to-1 selectors, i

74L5157s (U23 to U25 in Figure 5.2). The selector's output, (Z) in Figure
. \ N
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)

HO-HE
CHARACTER .

—== &FRCM

. VTAC*
DRO-DR5

PAGE

RO

| CHARACTER

DATA ROW

ST IOERI R N

: ‘\fi}’ ’ :
SELECTOR ‘
oS (1e 74157, 257 chw 3

- | ADDRESS MATCHING :

FROM uP
CONTROL BUS-

- 1

3

Ly
, o

/. | FIGURE 5.6 A Lo
‘uP and VTAC Address Bus Mapping[50] <

-

N
5.6, is decomposed into two fields, row (Y) and column or’character (X) by 3
the address mapping (gr, translator) devices, also 74LS157s (U26, U27 in d

Figure 5.2). The address mapping is shown in Table 5.3 below (inputs (A)

. AAnd (B), and output (2) are with reference to Figure 5.6). . '

\
|

.
SELECTOR
uP ADDRESS BUS | INPUT (A) Al1 A10 A9 AB' A7 A6 A5 A4 A3 A2 Al AJ :

FUNCTIONS

i

1

{

j
C
) - . b
!

i

i

i

i

f

!

i

!

i

", ROW CHARACTER (Column)
L ¢
VTAC 0UT§UTS INPUT (B) DR4 DR3 DR2 DR1 DROH6 H5 H4A H3 HZ Hl HO
i M L . : N
SELECTOR OUTPUTS | OUTPUT (Z) Y4 93” Y2 Y1 YO |X6 X5 X4 X3 X2°X1 X0
TABLE 5.3
‘ ~o ABLE o t
\\ Address Bus Mapping for an 80 x 24 Display Format
& a 4 a, , L0 v
. ‘ : 2
o (.
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The mapping techfiique 1is better illustrated 1n Figure 5.7. The
first 64 characters are mapped directly and the next 16 characters (H6 =
1) are mapped in a higher part of the display RAM. The uP address, being

linear, s overlayed onto the .YTAC's address bus (row/column) via the

° se1e«'§ors and translators. Thus, every character is addressed by its row

»

and column from both the uP and the VTAC. . The same'memor:y location will
be accessed whether the same identical address originates from the uP (1n
a linear fonnat) or the VTAC address bus (in a row/column fonnat) Note

L]

that the memory section shown as “unused" in Figure 5.7 results from the

1920 bytes necessary for an 80 x 24 -disp format versus ‘the 2048 bytes '

available in the iZK RAM and not from an inefficient use of memory- due to

. J
the row/colum addressing format.

e

-n--u-—i—-\.—L—lo— ‘ (
o—”p
FIGURE 5.7

.

Address-Mapping Scheme for an 80. Characters/Line
, by 24 Lines Display Format[50] -
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5.2.4 Memory Contention

~

The . power of a video terminal run by a uP is that the screen

characters can be manipulated by simply instructing the CPU to move data

‘from one memory location to another. The instructions that carry out such

information movement are extremely fast. It 1is useful to be able to

ménipu1ate the information in the video RAM at the full uP speed in order

"to provide the throughput necessary for such tasks as communications

processing and the various options and features of the video terminal. A
monitor, 'hbwever, has to be refreshed constantly with information to

produce the dot patterns necessary to 'give a stable video presentation.

.It is therefore necessary for the YTAC to continually address the video

RAM so that screen refreshing can occur. When the uP, which shares fhe
same RAM, wishes to address it, memory contention occurs between the CPU
and the CRT controller. (Seqtion 3.4 ‘“Interfacing the Memory to the
Display”). If the uP takes over the display RAM addressing during the
actual display peri'gd,' thereby interrupting the display, flashing of the

display ogcurs. Such a phenomena must be prevented.
k» ~

Several memory contentfon solutions are possible; however, the

choice of ong memory contention scheme over anpther can greatly affect the
ﬂexibﬂity‘qndl expandability of the terminal by affecting the uP's
throughput and efficiency. The terminal ‘déscride herein giYes the VTAC
pri?rity in its addressing of the video- RAM whenever the VTAC is reading
and sending visible displayahle information to the monitor. When the uP
tries to address an area of video RAM, -defined by the Vqlid Video Access
(VVA) signal from the address decoder 74LS138 (U8B, Figure 5.2), it is put

\
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into a wait state, until the horizontal drive interval (HSYNC), by
1ower1'ng. the READY line of the B085A (U1) and the memory cycle is extended
until the next horizontal retrace period. At this time, since no visible
video informa"cio.n is -being sent to the screen, the ‘uP's memory cycle fis
allowed to conclude. Using this technique the uP has limited access to
the video RAM whereas #he VTAC has unlimited access to it. This
contention 'scheme is implemented in hardware by means of the VVA and HSYNC
signals and flip flop U13B to synchro\nize the READY 1line, on the CPU,
using the uPs clock out (PCLK) signal. Thus, when signal HSYNC does take

_place, the logic circuitry made up of U11B, Ul2C, U16B, Ul16C, Ul7A, UL8A,

UL9A, U19B and U19C will switch address multiplexers U23-25 to the uP bus

and enable the bus transceiver 8286 for a transfer to/from the display

RAM.  Hence the CRT display will not flash since there can be no

‘interference to valid video information during this interval. The uP's

throughput will be reduced in this case since memory cycles can be

extended for as long as 42 us, the time during each horizontal scan when

information is being Tisplayed on the CRT. If moving or manipulating all-

1920 characteri (80 x 24) in the video hAM is required, each access to
this 'v'ideo RAM will take about 42" us (one access maximum per scan line)
and the speed of the video operation is reduced. However, note that
access to the main system memory (on ‘the 8155 (U2)) and the program memory
(U4) is maintained at full uP speed. For operlations which can't wait,
access via the Blanked Video Access (m) address range will force access
without waiting, and will blank the display to avoid "flashing” on it.
Since one of the main design criterions for thi's terminal was minimum chip

count, this scheme provides a fine solution to the memory contention
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problem. During high speed data communications, however, the ijncoming
information that must be displayed on the monitor may not be able to be
‘entered into the video RAM at a rate fast enough to keep up with the high
speed communications channel. To allow operation at high baud rates, a

communicatd fer using 128 bytes of the 8155's W is employed.

A real-time clock, at 60 Hz is provided by 74LS74 ‘(UL3A) clocked by
the vertical sync (VSYNC) signal causingsan 8085A, interrupt (INTR);
pu'll-up‘ resist_ors Z1 and the INTA signal from the uP disabling address
decoding (U8) forces "RST7" interrupt, and INTA resets 74LS74  (U13A)

display RAM access request.

L.

5:2.5 Communications Interface

~Serial communications is performed by the 8‘251A (U3) USART[46]
through level converters MC1488 (U21 - the driver) and MC1489A (U22 - the
receiver),” serial out gating network 74LS32 (U178, U17CY and 74LS86
(ulsC), with a i6>( baud clock provided lb_y the programmable timer in the
8i55 running from the 3.072 MHz processor clock. The terminal _can:
generate up to 8 different baud rates determined by a 3-bit code from Sl,
oneé of the two banks of 8 position DIP switches. (Refer to Appendix ‘E).
The baud rates implemented are thge most popular ones; from 110 to 19,200.
Controlled by the RTS output of the 8251A, serial data can“be directed to
the communications port (RTS = l_ow.) or the printer port (RTS = h'igh).
Transmit and receive ready signals, TxRDY, RxRDY respectively, are ORed
together (U17D) and become RST6.5 interrupt COMMINT. Audible Alam
(m) is buffered by 74LS244 (U10) and controlled by the SOD 1ine from
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the 8085A. It drives a miniature buzzer and may serve as well as a remote

al through connector J7 (Appendix C).

h}

5.2.6 CRT Interface

The VTAC produces r;orizonta'l sync, vertical sync and video blanking
signals to allow operation with monitors having separate, direct drive,
TTL compatible outputs. This design supports such an option via connector
J3 (refer to Appendix C). In addition, the ‘composite sync output of the
VTAC is combined with the video signal from the VDAC to produce a
composite video signal (TTL 1levels), connector 94 (refer to Appendix C).
The de'sn‘gn supports such interfaces to allow the use of an 18.6 KHz

horizontal sweep monitor and is compatible with the Ball Brothers TV 120

and other similar monitors. .

5.2.7 Attribute Formatting

Nhen ASCII data 1s loaded into video RAM, the se'ven‘AéCII bits
define the particular characters to be displayed from the VDAC's character
' generator ROM. To take full advantage of its features, however, the VDAC
requires specification of the attributes associated witﬁ;eac\h character.

The four basic attributes are underiine, blink, blank and reverse video.

Thus, at any time a character might be displayed as blinking, and/or -

underlined, and/or in a reverse video field (black characters an a white
background). .

A

There are two wﬁys to handle a\ttributes: Invisible attributes
’ ]

require one to use a video RAM wider thari 8 bits where each extra bit

v T
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individually enables or disables 1its corresponding attribute. Although
the CRY 8002 VDAC can easily handle video n\émory greater than 8 bits and

s

generate the appropriate"'é{tributes, this alternative was not practical

for a term1n91 designed for minimum cost and chip count. In &ydjtion,
since the B8085A is an 8-bit uP it will easily hand;e an 8—p1t wi ‘video
RAM. In br&er to keep the video memory at 8 bits,' embedded attrib;tes are
used. Instead of every character carrying an attribute fig]d, a
particular attribute or combination of 4&ttributes can be initiated
inserting a specifically designated attribute. b)lfte into video RAM. All

characters from that point on will exhibit the attribute(s) until another

'attribute byte is encountered \that changes the attribute byte and hence

the subsequent display.

By using the attribute enable pin (ATTBE), the VDAC (U7) can

mh1n;cain attributes fnternal]y and can be wired to update its internal
attribute latch oniy during an att:ribute byte.  Since each qttribute
occupies a location in video RAM, its associated disb]qy position O;l the
screen must be blanked to prevent an erroneous display. This character
position can be blanked easily by making use of the retrace blank (RETBL)
pin on the VDAC. Embedded attributes, under most conditions, are neatly
displayed, since they often occur when the information presented to .the
screen “would normally be blanked. For exampie, the underline attribute
will usually occ.ur\on a‘word basis. The space code normaﬁy preceding the
v'uor'd to be underlined is replaced by an attribute byte that starts the
field and the space codfe following the word {s replaced by an attribute
byte ending the underline field. An attribute byte is recognized and

CQ.
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distinguished from a d1spiayab1e character by {its most significant bit

' (D,7)' being equal to a logic one. Thus, the seven remaining bits. can each

individually define up to seven character attributes.

\

\'.

The hardware required to generate the relevant ét'xributes is all
built into the VDAC. - However, some additional gating is needed
externally. From Figure 5.2, when an attribute character 1'5 presented to
the CRT 8002, .blanking is forced for that character since the MSB of‘ the
video- d.éta bus, VD7, is ORed (U16D), appearing at the retrace blank

~ (RETBL) input of the VDAC. Thus, the remaining bits, VD6 to VOG, are
.latched into the VDAC as attributes. Half-intensity (bit VD3) 1is latched

in 7{1LS74 (U16A) and "delayed (U15B) in order to Tine up _with the
a'kttr‘i.butes in the VDAC at the proper character position. During4 retrace
(active blank BL signal from the CRT 5037), or after a forced. RAM access
(BVA signal active), blanking by means of 74LS32 (U16A), signal CBLANK,

‘assures‘ a "neutral" attribute (normal video); CBLANK switches the 74LS157

. (U28) and 74LS08 (U29) from the video &ata bus to a forced "normal video"

constant..

5.2.8 Graphics Mode

The. VDAC allows the user to enter 4 different display modes.  An

_ alphanuseric mode displays nermal ASCII characters from the on-chip ROM.

“An external mode 'enables display of special characters not found in the

on-chip ROM bypassing the internal character generator. The two other
modes are thin graphics and wide graphics. A1l of the modes are defined
via the MS1 and MS@ inputs on the VDAC. They are encoded as follows:
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- Ms1 MSg MODE

0 wide graphics
1 ~external mode
0 . thin graphics,
1 alphanumeric

—_— 0

.-
\

These 4 modes can be intermixed on a per character basis. A'Itholugh

several versions of the CRT 8002 are available, the wide and thin graphics

mode format implemented in the VDAC utilized in this design (CRT 8002A‘-1

011) is shown in Figure 5.4.

.
kv e © N AU Rt A N N SReSh AT SR b ey kAR TR £ (n S % L ',,M,,.,.AMM, R I T P et S i o Lol D LA L

The mode des1red, is entered by means of an attribute character, .

f.e., bit 7 equal to 1. In this mode, ASCII characters are interpreted

. and video fis: genefated in the VDAC in an entirely different way than in

.t:h‘e anhanun’neric mode. In the widé_graphics mode, the character block is

divided into 6 smaller boxes as shown in Figure 5.4. Depending on the

. content of each byte, during this mode of operatidn, the status of the six

boxes may be defined ON or OFF thus allowing up to 64 (26) graphic
characters to be gen‘erated. This mo.de. is useful . to generate bar charts
and histograms. -In the thin graphics mode of operation, bits @, 1 and 2
are loaded into the thin graphic logic (bits 3 to 7 are don't cares) along
with the row address. This logic will defi.ne the segments of a graphic

N

entity as defined in Figure 5.4.

This design supports the alphanumeric, wide and thin graphic modes.
Bits VD5 and VD6 on the video data bus control the mode of operation by
accessing the MS1 and MS@ inputs on the VDAC via the 74LS157 (U28).
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5.2.9 Terminal Variations

‘Although the terminal has been designed with an 80 x 24 character
format, other configurations may be easily accomplished, such as 64 x 16,

by merely changing the dot rate crystal to conform to the desired format,

~the Tloading sequence of the 4-bit counter, the 74LS161 (U31) and,

reprogramming the initialization of the VIAC. It is that simple.

5.3 Conclusion .

‘ This chapter has dgacribed a 32-ch1p video terminal &es1gn with
features required by today's competitive marketplace and found in
teminals containing significantly more chips. With the exception of the
memory contention circuitry, the hardware design is fairly straight-
forward due to the large number\ of ‘standard MOS/LSI chips emp1oyedl (see
Appendix G). The "smartness" of the termin‘a'l is primarily determined by
the software design. However, many of the functions implemented are due
to the 5037 CRT controller and the CRT 8002 VYDAC combination. Together
they provide flexibility, intelligence and minimum chip count

impTementation; The terminal supports rates up to 19,200 Baud.

The teminal's overall features are summafrized below:-

Operational Features . , B o
- ASCIT Code Format: supports - the full upper and Towercase |
alphanumeric  character set  with
descenders.

- Character_Fo?mat; high resolution 7 x 11/ character matrix

, : in a9 x 12 dot character fie]d."
- - Graphic Characters: 64 available. -

:
R R L L LR T Y RO R

~
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Communication

~ Displ a3y Format:

Video Attributes:

Allows Direct Cursor
Editing Features:

Keyboard Intgrfgge:

Video Moni tor
Interface:

Contains on-board al

Power Requirements:

Features

Baud Rate:

Parity:

183

24 lines x 80 characters (requires 18.6
KHz video monitor with 60 Hz screen
frame rate).

supports character blinking, ‘character
b'Iank'lrig, Ha]f—intqnsit);., reverse video
and underline,

. Addressing. _
supports character 1insert/delete; 1line
insert/delete; full/partial screen

erase;.and tab operations.
Parallel ASCII encoded (negative-edge
strobe) . Co—

supports’ both direct drive and composite
video outputs (TTL levels).

contains on-board CRT brightness and
contrast controls. .
compatible with Ball Tvi20 and other
similar monitors. ‘

arm and remote data connector,

45V @ 1 Amp (max) p

412V @ 100 mA (max)

-12v @ 50 mA (max)

EW

subports 8 switch selectable baud rates
from 110 to 19,200 .Baud.
selectable odd, even or none.

Contains complete RS-232C asynchronous main I/0 port.

Supports Full® Duplex Communication with Local Echo "option

(switch selectable).

Provides auxiliary RS-23éc Printer output port.‘

* Character Transmit/Receive mode.

Page Transmit/Receive mode.
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CHAPTER 6 |

THE TERMINAL'S SOFTWARE
o4

Having described the terminal's hardware, the software will be

briefly outlined now. Presenting it in the following way provides a

better perspective in order to fully appreciate the inter-relationship _

between the hardware and software.

6.1 Software Considérati ons

The memory address space has been partitioned in such a way so as
to allow for min\imum chip count in the decoding circuitry. Only one chip

is required for such a task, U8 in Figure 5.2. Table 6.1 shows the

" various address spaces and their assigned memory locations. Software for

this terminal was implemented in modular format.

6.2 General Software Description

Upon power-on or manual vreset, the CPU carries out system
initialization. It consists of accessing” the VTAC, the 8155 and the B251A
respectively, in order to configure their registers appropriately. By the
same token, the CRT display is cleared and the DIP switches are read-to

—

configure the rest of the system as per their indicated set-up.

Sof&are for the terminal centers arbund three interrupts; in order.

of priority they are:

1. . Keyboard interrupt (RST 7.5).
2. Communicatiens interrupt (RST 6.5).
3. Real-time clock interrupt (INT). , , -

184 T
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(Hex) SPACE FUNCTION
8000 - FFFF 32K Not used.
7000 - 7FFF aK Not used.
6000 - 6FFF 4K Blanking Video Access (BVA) (Video Memory 2K) -
5000 - 5FFF "3 Valid Video Access (VVA) (Video Memory 2K)
4000 - 4FFF aK VTAC Addresses (VCS) '
4000 : " Horizontal line count (register 0)
4001 : . Interlace bit, HSYNC front porch & width (register 1)
4002 Scans/data row, characters/data row (register 2)
4003 Skew bits, data rows/frame (register 3)
4004 Scan lines/frame (r‘eiister 4)
4005 Vertical data start (register5)
4006 ] Last data row di splayed (register 6)
4008 Vertical cursor read
4009 Horizontal cursor read
- 400A Reset command address
4008 ) Up scrol1 command address .
400C & Horizontal cursor write address
400D Yertical cursor write address
400E , Start command
3000 - 3FFF 4K 8251A USART addresses (CCS)
3000 Transmit/receive registers (write/read)
. 3001 Control/status registers (write/read)
2000 - 2FFF 8155 RAM-1/0-Timer Addresses (KCS)
2000 - 20FF 256 bytes of general purpose RAM (10/M=0)
2000 . | Command register (write) (10/M=1)
2000 Status register (read) (I0/M=1) L
2001 Port A register (DIP switch S1)_(10/M=1) e
2002 Port B register (keyboard) (IO/M=1) _ T
2003 : Port C register (DIP switch S2) (10/M=1)
1000 - 1FFF L Future program memory space - EPROM 032 -
S optional
0000 - OFFF 4K Present progfam memory space - EPROM U4 (PCSO)

TABLE 6.1 -
Terminal's Memory Address Space .

s
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A1l other interrupts are not used.

The keyboard *interrupt occurs when new keyboard dafa is strobed

.
T e T S I M ST A S APTIRY ot

into the 8155 (U2). The key. data is decoded in software and the

appropriate action is taken (see Flowchart, Figure 6.1). The simplest

routine occurs when an alphanumeric key is depressed and normal entry to ~~%
"the screen is required. The keyboard interrupt routine will read the
character. Then the character entry routine will take the a]phanumer'fc
character, after 'decoding #it, and write it to the cursor's pre‘sent
location within video RAM during the va1‘1’d video access time. The VTIAC
has two registers that keep track of the cursor and based on the contents
of 'these two registers the program calculates the memory location into
which the ASCII data must be entered. Once character entry has occurred,
the c:rsor's position i's updated. -Functional key inputs ére two-key \‘\
‘Operatiorls in which the ESC key places the terminal into an escape |
sequence mode (refer to Appendix B). Nhenh‘this mode is entered, ;che
‘fo-llgwing ASCII‘ inputs will be’ interpreted not as displayable'characters
but/ as a control function. In this way an ESC E depression can be

L .
distinguished from a normal Tetter E depression. The flexibility of the

: softv:ﬁre is illustrated here since one can decode and initiate appropriate
i ' N .
i rouﬁines based on the type of key input sequence- defined. Control codes ' 4

[3

play’'a similar role, ‘howev‘er, only one-key operations are necessary. In

{ \ | N N\

eithe‘r‘ucq‘se, the escape or control command, if it must operate on the
oo ) /

video memory, will wait until a valid video access takes place.

The comgnunications interrupt allows reception and transmission of

char;yacters. $f a character is received, it must be decoded, as 1in the

BT T
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case ‘of a keyboard entry, in order for the software to determine whether
it is an a1pha_numer1c character, a control character or an escape sequence

and then take appropriate action. Entire messages can also be received

since every reception will raise the communications interrupt line forcing -

the CPU to decode the character and enter it within the video RAM. The

8251A USART serves as the communications handler over the RS232C

asynchronous 1/0 port. Note that if the terminal is in the local echo

mode (switch S1-5 open), all characters transmitted are .a1so sent to the

display. § | '
\

As well, the software supports word processing features such 'ag

line 1 sert/delete, character insert/delete and partial line/page erase.
An aux:%'ary RS232C printer output port is also available (Appendix C -

Connector J6), allowing the display's data to be routed to a printer..

Appendix B describes all the control codes and escape sequences supported
by the terminal via relevant software routi nes. . \
6.3 Detailed Software Description
- {
6.3.1 Keyboard Setvice Routine: - -/
The keyboard interrupt (RST 7.5) holds the highest priority among

the interrupts used 1in this terminal's implementation. The reason for
]

assigning the keyboard such a priority being, that the major 1interaction
with the terminal will take place via the operator entering the radio

system's parameters.

1

Figure 6.2 shows the keyboard's {interrupt service routine. Every

" time the o.per\a}or depresses a key, an interrupt is generated, forcing the

»
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Figure 6.2
Keyboard Interrupt
Service Routine Flowchart

KEYBINT

save PSW & other
relevant registers

!

get keyboarﬂ% byte

J .

mask off bit #7

is
keyboard

locked

‘display character.
on the CRT

ring bell

’

reset keyboard interrupt]

!

recover PSW & other
.registers stacked

!

enable keyboard
interrupt

B L I

Fi4
;
2
'3
3

A

RN |

xS e

LR PO




e - et ke PR

D N, S
+

Cmamigr A aw ek AL I R I e R T n (LA LV L VA ) [ S

190

CPU to vector to address @@3CH upon completion of the instruction

presently takj\rl)’g place and after having saved the program counter. .This
N ’ .

service routine begins by saving the present state of the flags {the

Program Status Word (PSW)) and the other CPU resiters in pairs. Since the

keyboard data is in ASCII format, bit 7 of the incoming byte is set to @

and the keyboard"s input character 1is checked for the presence of a

"keyboard 1ock" code. On the occurrence of such a code,” the CPU takes no

action. However, if such 1is not the case, the CPU séfids the relevant

character to.the RS232C port via the 8251A USART by calling upon the
TRANSMIT subroutine. The CPU then proceeds 'to check_-if bit 3 'of
switchbank no. 1, port A, is set. If such is the casv.; the character
entered by the operator is displaye}d on the screen. Otherw'ise, ‘the
character will not be echoed on the display. Since th\e'hardware
implementation supports an interface to a buzzer, ‘,the CPU‘; next step is-
to check whether the "key click" option, ‘switchbank no. 2, port C, bit 3
has been enabled. If true, the buzzer is turned ON to provid;e an audible
key depression. The CPU then pr',oceeds to reset the RST 7.5 flip flop by
means of a SIM instruction, to recover the registers and the flags

stacked, and’ to enable the interrupts before returning from this interrupt™

service routine. Page 4 of the terminal's Assembly Language Driver

Program Listing (Appendix G) describes this routine.

6.3.2 Receive and Transmit Service Routines

Serial Communications, either on a data 1ink or with a peripheral,

occurs in one of two basic. formats; asynchronous or synchronous. These

‘e
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formats are similar in that they both require framing information to be

added to the data to enable proper detection of the character at the

z
.
Y.t
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reguires' framing information to be added to each character, while the

receiving end. The major difference 1is that the asynchronous format

synchronous . format adds framing information to blocks of data, or
messaée_s. Since the synchronous format is more éfficient than the
asynchronous format but requirég more complex decoding, it '15 typically
‘ found on high-speed data links, while the asynchronous.format is used on

Tower speed Hnes.

This terminal supports the asynchronous format 'since its maximum
data rate is only 19200 baud. The communications handler is “the B8251A
- USART (U3). It appends START, STOP and PARITY bits to the ASCII data gent
over .the\R52326 link. By the same token, 1t extracts such bits when
receiving a character, in order to place the raw ASCII data on the bus
when ‘the CPU demands it. The rate of transmission is set by the CPU upon :
power ON or reset by reading the baud rate setup oﬁ 3 swtiches of bank
swithc no. 1 and .the internal timer on the 8155 (U2). The terminal, via
the 8251A flag bits, has the capability of checking for frame, overrun ar;d
parity errors taki'ng place on the information received. The 8251A USART
allows transmission to take place in either half or full duplex mode and K

is double-buffered, i.e., the software has a comp1eté character timg to

C gy — 4

respond to a service request.

X Before receptidn of a character can take place, the receiver must

be enabled by the RxE (Receiver enable) bit (D2) of the command-
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instructions. If this bit is not set, the receiver will not assert the

RXRDY (Receiver Ready) bit. Upon reception"of a character, the RxRDY

§ .
signal 1s asserted (active high) to indicate that a character is

‘available. The hardware is configured such that when either the RxRDY or

the TxRDY (Transmitter Ready) signal goes high it generates an RST 6.5
%nterrupt via the U170 OR gate (see Figure 5.2). The CPU services such an
interrupt by Vectp;ihg to address @@34H.

In order to rgceive a character, the CPU must first enable the
transmitter by setting the TxEN (TransmitterYEnab1e) bit in the command
instruction register high and the CTS input must be low. Note that thg
CTS 1;pu; on the USART is hardwired td ground in Figure 5.2. Whenever the
USART is ready to accept a character, the TxRDY output sfgnal goes high.

) Howevér, such a course of action on the part of the USART takes:. place only

if transmit Data buffer is empty and the USART has been enabled to

. transmit.

]

~ .4
"
>

Since both RxRDY and TxRDY generate an }ntérrupt, how does the CPU
know .which of the two, the transmitter or the Reciever,'has generated the
‘1nterrupt? It does so by polling. When the interrupt is recoéniied, the
CPU chekcs thé condition of the RxRDY and TxRDY flags in the USART's

* status register by means of a read operattpn. Depending upon which of the

two ready flags is active, the program branches accordingly to service the

flag that has taken place, Figure 6.3.
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COMMINT , .

save system STATUS
on the stack ' %

—

+ input USART status

displéy error code
on CRT

decode received
character

v
get' charactet 1 alphanumeric control escape
f 4
N .
-
| Y ! '
: display execute execute
character command command

-
.o . restore system STATUS
‘ from the stack

: enable ingerrupts )
P S /
¥ d
P - . » !
: Figure 6.3 :

' Communications Interrupt
: . Service Routine Flowchart
' o
i . ‘e
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‘ . ;

Ié the éqse of a received character, the program checks the 8251A

status register flags‘for any présence of either frame, overrun or parity
errors. . If such is the case, it displays on the CRT a DELETE character 1in
the place of the erroneous character in order to indicate to the operator
the error. If no errors are present, thé character is decoded. Depending

upon the character, one of three things can take place:

1. if alphanumeric - the character is displayed right
away;
2. i1f a control character - the control command is identified

and the relevant action is
. . carried out;
3. ' if an escape sequence - the CPU waits to identify the next
7. character(s) to fully identify
the escape sequence and executes
L the pertinent function associated
! : ‘ : with it.

If a character is to be transmftted, the CPU transfe:; the
character to the QSART, via the data bus and the USART takes care of
appending the START, PARITY and necesary STOP bits. ‘

{ .

Note that upon entgring the communications interrupt routine the

CPU saves the state of the system; by tﬁe same token, before exiting the

routine the status of the running program is restored, the interrupts are

enabled, followed by a return. .

Figures 6.4 and 6.5 show the different' decoding functions taking

ﬁTace at a deeper programming level when either' control characters orf

escape sequences are recognized.

BT
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i ~—-h.rkﬂ.‘:-x;.qﬁh,:‘q:@&!:;§: X

' ‘ —e forespace ’
1 N t ;‘
o — up line T \

. ‘ = down \Line ' cursor positioning

’

. ‘ - 1inefeed ‘ y functions . Co

“ 4 b

Control Character| t» carriage return

Decoding —» new 1ine (CR + LF)

] S

“
- AAAEE rlevnios Xl

\ e cursor home
! e horizontal tab . ) e - i
? 1 | i
: .,/ ‘ '

e lock keyboard ~ keyboard sta}u’s'-

'\\" e
e unlock keyboard . . functions’ - .
.a “ '
— s o clear screen
g : ' \ .
Lo bell
. J FIGURE 6.4
* 'Control Character Decoding Chart -.

. ’
‘ .
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. ' o . N .
.
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v
—> \baéktab ‘ )
—» clear all tabs cursor positioning
) ]
—» set tab stop functions
—» clear tab stop ’
= clear screen )
[ » erase to end of line \ erase functions
— —» erase to end of page
- /
| »  insert line )
‘ —e delete Tine
Escape Sequence) (—» insert character .
' > editing functions
Decoding " ) L+ delete 'character
_» character insert mode ON
r—n, character insert mode .OFF )
—e  transmit line
. : transmit functions
A\ — . transmit page
- print' Tine -
print functions
s print page
. ) ‘
. —» lock keyboard } keyboard status
e unlock keyboard functions
R Lo o
, <o read cursor position

s -

7

FIGURE 6.5

Escape Sequence Decoding Chart
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6.3.3 Video Access and Interrupt Handling

Since the VTAC is given priority to access tr;e video memory and the
CPU - can only do so during the horizontal retracing, for every scan line
(total duration of 54 usecs), 42 usecs are allocated to the VTAC. an& 12
usecs to the CPU. Considering that the'temﬁnal has been set up to run at

19200 baud maximum, and that each character is made up of 10 bits, 1 START

bit, 7 DA{;\ bits, plus 1 PARITY bit and 1 STOP bit then a character will’
be received every 521 useg [(19200)-1 x 10]. If the CPU tries to access

the video memory during- the 42 usecs allocated to the VTAC, flip flop U13B
will bring the CPU's READY line 1low, forcing the CPU to enter a wait
state, until a horizontal sync takes place,. Thus, if an interrupt takes
place while the READY line is low, it will no‘t be serviced until the READY
input returns to a high,/an\t\\onw once the CPU has finished the
instruction that was ;;resent1y/€;ak1r;1g place. Considering thdt the CPU
clock has a period of 0.325 usec, t;mat the longest 8085A instruction is 18
T-states (i.e., 5.85 usecs) and the interrupt took place Jjust at the
beginning of the display enable area, ‘then in order to service 1the'
interrupt, the CPU ‘must'wait:

-— — A2 usecs + 5.85 usecs = 47.85 usecs

Since a character is being received every 512 usecs, this leaves the CPU
with 464.75 usecs to get the received character and process it. This is
. enough time }:onsidering the CPU's clock rate. To further prove the point,

at such a clock rate and considering an average instruction takes 9
T-states, then within 464.75 usecs the CPU will hav; enough time to carry
-out 159 instructions. Sufficient proces.;ing to get the character and

d'ispl"ay it, or decode it and carry out the pertivnent function associated
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with it. Howgver, since the longest software routine is made up of 94
| instructions, and considering” an average of 9 T-states per Xﬂ\struction,
this Toop will take a maximum of 274.95 usecs. This is well within the
4‘64.75 usec's available to the CPU to Idecode and process the 1'ncom1'n91

charact"er. Thus, operation of the terminal at 19200 baud is guaranteed.

-

6.4 Conclusion

The terminal herein described provides a 1e\'/e1 of intelligence to
classify it under the "smart" category. It was implemented by optimizing
the' harjciwa're requirements to a minimum of only 32 chips, thus requiring
low power, and providing greater reliability - all at a low cost!
Centered around an 8-bit uP, the 8095, and several VLSI peripheral chips,
.along with an LSI CRT controller and a companion attribute controller, the
only other system requirements are a keybgard and a CRT. The compactness
as well as the speed and the intelligence were obtained by blending chip
functionality in order to achieve the best performance out of every.
device. The "smartness" of the terminal was primarily determined by the
o software design. It provides the operator with sufficient flexibility to

edjt, print, transmit and receive information, among other functions, and

yet incorporates sufficient intelligence to ease the task.

st

In ciosing, the hardware design (Figure 5.2), the software listing
(Ap})endix G), and all fe information provided herein should compliment
the final product; my perSonal"32-ch1p “smart terminal" - as .opposed to a

bulky and costly off-the-shelf CRT terminal.
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g ' ASCII CODE CHART —y ‘ ;_
| A
b6 — [0 0 0 0 1 1 1 1 :
b5 —-| 0 0 1 1 0 0 1 1
2 g b4 0 1 0] . 1 0 . 1 0 1 ,
4 t |b|b|b|b [Column ' S
i al2|1]|o|Rowg™] O 1 2 3 | 4 s | 6 | % ﬂ
ojofolo|- o NUL |DLE | SP| 0 | @ | P . p ‘
5 1
. ofojof1: 1 SOH | DC1 | 1 1 A Q a q
1
olojrjo! 2 STX [DC2 | " 2 B R b r :
olof1{1| 3 Jlemx|pbcs| ¥ | 3 | ¢c |-s | ¢ s £ ‘
ol1|lojo| 4 EOT |DC4 | § 4 D T | d t .
oftfoj1]| s ENQ | NAK | % 5 E |. U e u
ci{t{1{o] 6&- | ACK s’wN' & 6 F Y f v | '
oftjr{1| 7 |seL|e@| - | 7 | | w | g| W .
1{ololo| 8 BS |CAN| ( |.8 H X | n X
11 (oo 9 HT | EM ) 9 | 1 Y i y '
tjof1{o]| 10(k)| LF |SuB| = J z j :
1lof1[1] 11(e) vr |Ese | + | ;i | X { k | { ,‘
1f1(ojo]| 12(c) FF | Fs , < L N N
1{1{oj1| 13(0) cR |Gs | — | = | ™ ;| om ] )
1|{t|1]o]| 14(E)| SO | RS | . > | N LA | n| w» “
3 . iK'
11|11 15(F)| sI us / ? o .| — o |DEL . .
NUL Nul: * LF  LineFeed SYN Synchronrous Idie
LOH StartofHeading _ , VT Vertical Tabulation ° ETB Enc of Transmission R
STX Stert of Text FF  Form Feed ‘ Block
ETX EndofText CR ' Carriage Return’ - CAN Cancel
EOT Endof Transmission SO  Shift Out EM  End of Me:dium
ENQ Enquiry - S!  Shiitin " - 3 SUB Cubstitute
: ACK Acknowledge DLE Data Link Escape ESC Escape
i BEL Bell [audibleor DC1 Device Control 1 . FS  File Separator
f attention signal} DC2 Device Contro: 2 "GS  Group Sepaiator
: BS Backspace DC3 Device Control 3 RS -Record Separator

e Apen .

" HT  Horizontal Tabulation = pc4a Device Control 4 [Stop] US  Unjt Separator
[punched card skip]  NAK -Negative Acknowledge” DEL Delete

° . . 2
. ‘ . 3
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Aoy o o, APPENDIX B © :

'CONTROL CODES, ESCAPE SEQUENCES AND DISPLAY OPERATION

NOTE: Blank code is b; zero is @. ® ' . :
Control code or special character is indicated by <> brackets. . ¢

CURSOR POSITIONING o -
v CODE . FUNCTION - h -
<BS> Move cursbr LEFT one space; if currently at Left :
. margin, position to Right Margin, Previous Line; -

_if at Top of Screen, position to Right Margin,
last row. (Top of screen is first row, left
~ Margin). (backspace)
<FE> Move cursor RIGHT ‘one space; if Currently .at Right
“ . margin perform <GR>. (forespace) ; ‘

<¥T> —___ +Move cursor UP 1 row; if currently in first row,
. -move to last row. (up line)

7 B> ~ Move eursbr DOWN one row; if currently in last row
and Auto Scroll enabled, scroll; if Auto Scroll ‘ o
. disabled, move to first row. (linefeed)
. <R Move cursor to Right margin; if Auto LF enabled,

[ " . perform <LF>. (carriage return) '

. <ESC = <row><Col> Position cursor to row, column as specified by -

. ' < >,characters <row> <gol> . (See "Absofute Cursor

~ . ‘ Position chart,” Appendix F".) If a value is
out-of-range; it 1s limited to its maximum value. \

. 4 . .
/ ‘RS> " position cursor to Top of Screen. (cursgy HOME) o
‘ <ys> = -perform Q&)Ql’}'& (Ignore Auto LF for <CR>). .
B (new line) : .
. <HT_-or <ESC> 1  Advance cursor to next -tab stop on row; if no
" more,. perform <U$> and advance to first tab stop )
- on next ‘row; .i1f no tabs set, perform <FE> . . \ b
(horizontal tab) L ‘ i
. » . *
. ‘ .?‘ '
‘/\ l" A ) ,' A o' o “
N > - oo J
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CURSOR POSITIONING (cont'd) ¥
CODE - " FUNCTION _
<ESO> 1 _ Move cursor backwards to previous tab stop on

line;y if none, go to previous row, right margin
and move backwards to last stop on row; if no tabs
set, perform <BS>. (backtab)

<ESC> @, Clear all tab stops (power-up sets tab stops at
cols. 8, 16, 24, ...). .
<ESC> 1 Set tab stop at current cursor column. ‘ . 1
<eSC> 2 Clear tab stop at current cursor column. :
i <SuB>-or <ESQ> * or Clear screen, position cursor to top of screen.

TESCx+ 7 (clear all to null)

<ESO T ﬂ&}ZSD t Erase from tursor (inclusive) to end of current
1ine. (1ine erase null)

\ - N
<ESC> Y or <ESC> y Erase from cursor to end of page. (erase page fto

P R T L S

null) * ‘ A '
5 ¥ Editing Functions = 3
. 3 . <ESO E _ Insert Line: move cursor to left margin, move ‘e
- (current row) to (last row-1); DOWN one row, > (
1 - deleting last row; erase current row. L
X ‘ <ESC> R Delete Line: Move chrsor to left margin; move ’
{ : , (current row +1) to (last row); Up one row; erase
' S ' last row. '
<EsC> Q Insert character; move Qcurrent character) to !
.o - (last character-1) on current row; RIGHT one :
Al * « - " - column, deleting 1last character; blank current
' . character. ‘ . ‘
: ; o <ES(>N ‘ Delete chafacter: move (current character 41) to
: oo . - (1ast character) on current row; LEFT &ne column,
y ‘ N . deleting current character; blank last character.
) o <ESC> q ‘Character Insert Mode ON.. (set Insert Mode)
. - S s
‘ | \ 2
‘ * . . ) = ’ ~ ’ e
; | ' *
. e N »
- u
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CURSOR POSITIONING  (cont'd)

- Y

CODE | FUNCTION
<EsC> r Character Insert Mode, OFF (power-up default). If
this mode 'is ON, an (. <ESC> Q) is performed o

~ \ before ANY character is stored in the screen.
{clear Insert Mode) X

<ESP> 2 <har> Store <char> in screen reg(ard]ess of value. For

storing control characters an in screen.
<gsC 6 <har> Store Attribute character in screen. <char> s o
' ‘ bit-encoded. ’
Other Functions | >
<ESC> 4 Transmit from start of current row to cursor

(inclusive), normal. (send 1ine)

’ .

r nonna1 .

<Es>5 Transmit from start of page .to.cursor (inclusive),
normal. (send page)
<Ese> 6 Transmit from start of current row to cursor
(inclusive), literal. (send line all) °
45597 . Transmit from start of page to cursor (inclusive), y
‘ literdl. (send page aHf '
’ BSOS P Print. from cursor (inclusive) to end of page,
_ literal. “(print page all)
<ES(> P Print from cursor (inclusive) to end of page, '

Transmit w1H send out via main communications port; Print will
send out via Printer Port.. ‘“Literal" translates attribute \
characters to blanks; "Normal'. translates attribute characters o

<ESC> G <attr> sequences. In all cases,« end-of-11ine :
indicated by <CR> code if Auto LF enabled, <CROLE> co
if Auto LF disabled.

s Read Cursor Position: terminal wilk reply over
commupications port with sequence <ESC> Y <row
Ccol> , where: row col as specified” in
Absolute Cursor addressing. -

- <306 or <Esc> U:;ock keyboard. Re-enables. key strobes. (shift
ou . :

t

E4
-

;
"\
&
%
h
K
[
)
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CURSOR POSITIONING  (cont'd)
CODE., ' . FUNCTION
s . ] . ‘
' - 1Dor<ESC>#  Lock keyboard. Prevents key strobes from‘en}eﬁng _ ¥
: o data. (shift in) !
“s o ,:<BEL> . Sound, alarm for 0.5 seconds.
l{ . ¢ é-
) v — 5
NOTE} -The control codes “and escape sequences described .above are N
compatible with Lear Siegler's ADM-42 and ADM-3A terminals.[48,49] B
l. 4 > . “ .
| 0
1 '
' , A\ . :
! Cf . !
t “[ : i

23
/
{
’
o
k. 3
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" APPENDIX C
CONNECTOR (INTERFACE) CONFIGURATIONS

~

Communications Port Interface (J1)

Connector Jl is provided for a -communications interface.. This
interface conforms to EIA .standard RS232C/CCITT standard V.24 and appears
as DTE (Data Terminal Equipment). '

-
w

' Signal Name .
Connector J1 pin RS232C* V.24* Terminal Source
1 AA 101 Frame Ground 14(opt) Termi nal
2 BA 103 Transmitted data (TxD)  Terminal
3 BB 104 Received data (RxD) - Comm. Line
4 . CA 105 Request to Send (RTS) . ~Terminal |,
. CB 106 Clear to Send (?TS) S Comm. Linea
6 cc - 107 Data Set Ready {{QSR) Comm. Line
7 : AB 102 Signal Ground | Comm. Line
13 SCB 121 Printer Ready Printer
14 , . SBA . 118 | Printer Data Terminal
4 20 cD -108.2  Data Terminal Ready (DTR) Terminal

¥

NOTE: Printer port connections also appear on Jl; these occur 1in
positions reserved for reverse channel operation, and conform (per
'~ voltages and source) to the standards, but are not for use with a

> half duplex modem!

J1 mates with Cinch DB25S connector or equivalent.
1 13

¢ o & & 2 s 0 ¢ e & > ¢

L] L] . ’ » . » * » L] ) L

14 25

Jl (face edge view) |

v

W




E
5-{,’
¢
¥
¥
i
1
.

i

B R LR YDy

TR

P R

'Voltage Levels: " ;

s R .. Sy

Inputs: "ON", “SPACE": IW<Ving
, "OFF", "MARK": -15¥ < Vin < - 3V

NOTE: If not connected, the following 1nputs appear “ON" or *
"SPACE":

Clear to Send (CTS), Printer)é&ady

If not connected, the following inputs appear "OFF" or
“MARK "

\ Received- Data (RxD), Data Set Ready (DSR)
Outputs: "ON", "SPACE": Vo = . |

14y

"OFF", "MARK": Vo = 1 4V

Des¢riptions: . .
. Frame Ground 1 - coﬁn cts to signal ground via Jumper JPl

(normally connected).

. Signal Ground - ‘commyr’reference for all other signa

. Transmitted Data (TxD) - serial data from termingf to

communications line.

. Received Data (RxD) - ‘serial data to terminal from communications
line. : !

. Request “to Send (RTS) - ON means terminal’ may transmit to
comnunications line at any time. This signal goes on after

" o terminal's power-on, and only goes OFF while performing a loca
print function. . .

. Clear to Send (CTS) - ON permits transmission via Transmitted
Data, OFF holds off transmission. This is sampled when terminal
has to send a character, and does not have be synchronized to
.character boundaries.

. Data Set Ready (DSR) - ignored by terminal. A *

) . Data Termina'l Ready (DTR) -.goes ON after termina1 s power-on and
' stays ON.

Keyboard Interface (J2) - See Appendix D. ‘ o 1 T

2
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Monitor Interface (J3)

Connector J3/ is meant for monitors requiring separate video

s e T, T PR T T W 2T L G o R TR S Y RIS -
B . Zh
.

N

signals. It is a 10-pin (0.156") connector header which mates with Molex

09-07-5105 or ‘equivalent.-

e
Connector J3 pin Signal Name
;”] .
1, 5, 10 * Ground
' 2 . CW o
-3 CCW Brightness Control
4 ' Wiper
- 6 Horizontal Sync
7 112V supply
' 8 Video
9 Yertical Sync
1 E 10
\ L]

J3 (top view)
Signal Description:
. Ground - Signal common.
ﬂ .
. +12V - Supply for monitor via jumper JP4.

-~ _  « Brightness control - 100K_~_ potentiometer on terminal for
monitors with remote brightness control option. :
L

{ Morizontal Sync-- positive logic pulse (see chart and timing
diagram), TTL signal. .

. Vertical Sync - pulse (see chart and timing diagram), TTL signal,

polarity selected by switch S2-7 (refer to Appendix E).

. Video - video analog signal (see timing diagram).'

4

* v
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: 3v : T —
VIDEO ov LINE DISPLAY RETRACE DISPLAY y
) ’ - ,';
3v l l l .
HOR. DRIVE | ! | |
ov .
le——— B -———.1‘_.| D |._.,l ;
c E :
‘7!) L A -’ i
- a . |
e P b .l | “
5 3v ‘ P
VIDEO SCREEN DISPLAY RETRACE ' DISPLAY
4+ OV 1 .
| | &
3V | | : .
VER. DRIVE —- c dasl e = ' !
ov ‘ ;___|_ ’
P 1

Horizontal Parameter* 24 x80 Screen Forlaf

1
§3.76uS ;
42.16uS | §
2.10us . ' T
4-74“5 L} ' ‘ '
4.74uS ' §

moo 3>

" . Horizontal Frequency 18.6KHz B !

Vertical Parameter* 24 x80 Screen Format

: a 16.67ms |
! b 15.49mS
i c 0.
‘I d. 161.28uS
r{ . e 1.021mS
'g * Vertical Frequency 60Hz _ }
z ‘ - -
i:‘ . *Refer to Table 5.1 and Section 5.2 for para-
| - meter description and calculations.
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Composite Video Interface (J4)

‘Connector J4 provides a composite video output for either a 75

cable drive or an external RF modulator (if a 64 x 16 screen format is
3 ' 3
] jmplemented). ’ i
‘ :
4 Connector J4 pin Signal
) - .
1 1 Ground
» 2 Composite video,
' unterminated
: 3 . 75_N_terminated to
' ground

4 15V

AN

J4 is a 4 pin (0.100") connector capable ‘of mating with a Panduit

T A

\ CEI00F 26-4 or equivalent.
H

§ ' : . 43 21 - .
é \ [ ] * ;\ L]
i , . (top view)
i \ ‘ , . 5 1
! Connection for 75_n cable: 3 o
: : ' 2 - —O——— noa to
! (short run, unterminated monitor) 1 e—r1I> mon1tor

| - , .
" Cofinection for 75_n.cable:
(to terminated monitor)

N T T T N tf:)
monttor

gl e i P bty B S d e LN e &
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|
I
|
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Power Supply Connector (J5)

Connector J5 provides power to the teminal. It'is a 5-pin

(0.156 ") header which mates with Molex 09-07-5055 or equivalent.

¢

Connector J5 pin  Signal Name Current (max)
| 1 12V 1 10% 50 mA
2 Ground ©~ = -----
3 +5V 1 5% 1 Amp*
4 +12v t 10% 100 mA

*Assuming the video monitor is not driven from this
supply and the keyboard requirements are 250 mA
max i mum.

Typical and maximm terminal current consumption

keyboard and monitor) s 500 mA and 750 mA respectively.

/

(excluding *

v

o4l
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/ Printer Port Interface (J6)

‘Connector J6 1is provided for a " local printer. This interface
) -« conforms to EIA standard RS232C/CCITT standard V.24 and appears as OCE
(Data Communications Equi pment).

Rt .
- P S
a7
-

e

‘ Signal Name — -
Connector J6 pin RS232C* T Terminal Source

RA 101 Frame Ground 2 Terminal

1
3 -~ BB 104 Printer Data Terminal
4 CA 105 Request to Send
s {RTS) Internally _
5 8 106 Czear)to Send Coupl ed "
C18 b
6 ) cC 107 Data.Set Ready 3
"\ (DSR) , Terminal .
7 AB 102 Signal Ground Terminal :
8 CF 109 Carrier Detect .  Terminal ;
20 cD 108.2 Printer Ready . Printer j
L 4

“, !

*Reference [47]

J6 mates with a Cinch DB25P or equivalent.

" | 13 1 '
3 25 1

3

LE e e~ e

J6 (edge face view)

+

: Descriptions:
. Frame Grownd 2 - connects to signal’ . ground = via Jjumper JP2
(normaliy connected).
Signal Ground - common signal reference.
o Printer Data - serial data to printer from teminal.

. Data Set Ready (DSR), Carrier Detect - always ON.

Printer Ready ~ used to hold of f transmission of data to printer
if printer s not available. Polarity selected by Switch $2-6
(refer to Appendix E). .

I
[ 4
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L

R I ——

R L o NIV S PPP RN ¥ VTS WRTIROY... .
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Auhiple Interface Connector -(MIC) (J7)

Connector J7, a 12-pin  (0.100") header is provided for
installations where a remoté-connect harness 1is needed in place of the

normal communications connections J1 and J6; 1t mates with a Panduit

CE100F26-12 or equivalent.

%\ s
7 T
» ) = — ReFTerence
Connector J7 pin - Signal Name Connection
: 1 Alarm - A J2-12
: 2 - Ground . J1-7
3 +5Y ] J2-11
4 On line J2-8
5, Printer Data J6-3
: - 6, Data Terminal Ready (DTR) J1-20
) 7 Printer Ready J6-20
’ 8 Data Set Ready (DSR) J1-6
9, Clear to Send (CTS) J1-5
f 10 Request to Send (RTS) . J1-4
11 Received -Data (RxD) : Ji-3
/yz’- " Transmi tted Data (TxD) J1-2
- . . '
1 /12 *
; - . . . .*
‘ . ¢
% J7 (top view)
;
14

»

»
i
%
4
4
{
i
;
i
i
N
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Keyboard Interface (J2) S B
Connector »J2 1is provided to interface directly with a parallel '
keyboard supplying seven (7) bits of ASCII encoded data and a negative- . %
logic strobe at TTL 1levels.. The connector's signal breakdown is as ;
follows: ‘ f
\ < {,
Connector J2 pin . Signal < Source {
" 1 Key data ¢ _ " Keyboard |
3 Key data l Keyboard
5 Key data 2 . Keyboard !
7 Key data 3. . , Keyboara :
y 8 On line * ' Keyboard
9 , Signal Ground ) Keyboard ‘ 1,
10 Co =12V Terminal o
11 45Y Terminal ' ‘ .
12 . - Alarm L, L Terminal T
A 13 Keydata 4 T Keyboard T "
e 15 Keydata 5 + Keyboard R
. ) 17 Keydata 6 Keyboard i ,
' 18 Key strobe ' Keyboard - f

19 - Key data7 - - Keyboard . A R

Unlisted pins are not used.

J2 is a 2 x 10 pin,» 0.100" header; mating connector js’ M (
3421-5000, Molex A-4700-20A551 or equivalent. | ' |
2 4 6 8 101214 161820 : S

o

'\‘ \ a . B h I... l° L . L] *» L L] L] L] r
/ ’.

¢ % N . . . . . . . . . )

. 1 3 57 9 1113151719
J2 (top view)
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. S gn_ﬁ Descri ption: . = o .

- Key data 7 - not used. )
. . Key data 0-6 - ASCII code of struck key - true 'Iogic.
. Key strobe - negative strobe for every key struck. *

« On-1ine - HIGH or not connected means terminal is ON- LINE
' LOW means terminal is OFF-LINE.

« Alarm - High means .aiarm OFF, )
Low means alarm ON.
(For optional keyboard-mounted alarm).

. 15, =12V, signal ground - supply and common connections.
Voltage Levels: ' R ) ’
Inputs: Vil < 0.8V @ -400uA
Vih= 2.0v @ 100uA .
'V a2
3V - ‘.
KEY DATA : > VALID
o)
/
=1 mS
@ l
=20 us -
S .
|
KEY STROBE - / y
8 . ~
cal R .' ‘ § \ R Ce e
Keyboard Signals
A PR S '

e s ae e

Serteed
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' APPENDIX E

DIP Switches Control Functions

T T I R L T A o . W e
o SR
Sy

‘Certain operating features of the disp]ay‘te/nginﬂ are controlled

morarads B,

by the banks of switches S1 and S2 (see "circult diagram", Figure 5.2). ' D

Each bank has eight (8) switches 1labelled 1 to 8 in the following

discussion, ON, OFF, OPEN and CLOSED refer to the switch positions as

denoted on the switch bank, and " '
"ON" = "CLOSED" = "0" or low

"OFF" = "OPEN" = "1" or high | ? , i

ey

DIP SWITCH S1. ..

Auto Scroi 1:

S1-1 OPEN - means that an attempt to advance the cursor DOHN past
the last displayed line will call the entire display up
1 line, deleting the first displayed line and bringing
I . a blank line into the last displayed line. Note that
only incremental cursor pos1t10ning will trigger . this;
absolute positioning will ‘block any effort to go beyond
thé%1ast line. . e

B - -
B R R T

Sent

.
TR i e € AN H bk il e e o

¥ ot

v

o, S1-1 CLOSED - means that any attempt to advance the cursor DOWN past TN
) : the last line will put the cursor into the first line. :

..
e B S s & B! 20

- Auto Linefeed:

S1-2 PEN - means that: '

S the displqy will interpret Q:R) -as <CR><J>

and L,
o) ST 2., {.nt ‘screen and transmit functions will tenninate : L
& ' Tines \kh <R> . L S
v “ L ' v -
- . . . 4 . ' - ’
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N

- S e e W e

s1-2 CLOSED

Local Echo:

.S1-5 OPEN

\

s

'§1-5 CLOSED

Baud Rate:
$1-6,7,8

"the display.

means that: '
1. the display will interpret <CR> normally;.ard
2. printgscreen-and transnit- functions will terminate

1ines with <1;R><u> . " Y
'PARITY §1-3. + §1-4 :
00D ©  CLOSED OPEN
EVEN OPEN- /AATWE;
MARK ING  OPEN CLOSED o
SPACING CLOSED CLOSED o

r%) v

means that the terminal will cause al 1 keyed characters
to also go to “the display. Note that these characters

will - be inter]eavg with" any communications characters
arriving simultaneously, e.g., .

- COMMUNICATIONS: H 0 ER .

KEYBOAQP: CELL TH OE .
DISRLAY RESULT: HELLO THERE.

_means that all keyed characters will be' transmitted
qverltﬁe communications line and will not be echoed to

9

T

RATE §1-6 S1-7 s1-8
110 . CLOSED CLOSED CLOSED
150 CLOSED. .. CLOSED . OPEN
300 CLOSED * OPEN tLoseo «
1200 CLOSED " OPEN OPEN
2400 OPEN CLOSED CLOSED"
4800 . OPEN CLOSED OPEN
9600 . OPEN . OPEN CLOSED
19200 " OPEN . OPEN OPEN
i} =
NOTE: 110 Baud has 2 stop bits, all others haﬁl stop
bit. ) 4 -} ’:W’ .

bl
.

\ -
- m e m m o ®moeom e e e = - w a e we e e s s a e

.‘ . M \
\ K

P L e Ty ey

ka2 e i
-
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DIP SWITCH S2 .

Key Click: ' 8

S2-1 OPEN - means that all key strokes will produce a short tone
* burst (ALARM signa]) : ‘

v SZ-I CLOSED -  means that no such burst will occur.
Par'ity Error Indicate:. s
$2-2 OPEN - means that a parit_v error on received data that will =~
w . cause the display of a <DED (’.) character in place
- of the erroneous character ) ! °
§2-2 CLOSED -  means that the chara‘cter itself is displayed regar:dless '
of error. ’ C

R

Screen “Refresh Rate:

52-3 OPEN -7 50 Hz operation. T .
: . ,
- $2-3 CLOSED - 60 Hz ogeration. a
This switch is only checked on power-up. o T ’

~

Screen Format:

« S2-4 OPEN ° -  means 16 lines of 64 characters.

S2-4 C}.OgED - “means 24 1ines' of 80 characters.
< This switch 1swon1y ‘checked at power—up in order to initialize the
CRT 5037 VTAC accordingly. This"option was implemented to allow terminal

i

' ﬂ‘exﬂiﬂ'ity at. a’ future daéte. However, note that each format: requires a

different crystal to generate the corresponding video dot clock.

bl

[ *«'i'a.:f:&l-vif,mp&}g;i 5

Py BN

RN P SR 2
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On-Line:

$2-5 OPEN °~ -  means that the terminal is ON-LINE.

$2-5 CLOSED -  means that the terminal is OFF-LINE.

This switch is wired in parallel to the ON-LINE. signal from the

kéyboard'and "is ordinarily left open to allow the keyboard to dictate ON-\&

K .
]

or OFF-LINE status.

Printer Reagy Po1arity .
$2-6 OPEN - means that Printer Ready (d6-20 or J1-13) must be

' - MARKING (-) to allow data to go td) the printer. .

c $2-6 CLOSED - - means“that it must be SPACING (4) to allow data to go

' to the printer
S ( ~ This switch 1§ set to confonn to printer requirements.
Vertical Sync Polarity: - L ’ ) L
$2-7 OPEN-. - means that the JNSYNC signal to the video s a
- . négative-going pulse. g B

52-7 CLOSED - - gives a ?_ositiye-going pu1sé._\ o ) .

t o

$2-8 - this switch is not used.

.
“

/ S N
a
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% APPENDIX F
REFERENCE TABLE TO t
ABSOLUTE CURSOR POSITIONING SEQUENCE d
? // j
Ri4 3
. - 4
X orY MODULO ASCII HEX | X orY MODULO ASCII  HEX 1
Fosmou NUMBER CODE  CODE | POSITION  NUMBER CODE - CODE| ;
1 0 SPACE 20 41 40 H 48 ;
o2 1 ! 21 42 41 I 49 ;
3 2 " 22 43 42 J 4A. |
4 3 ¥ 23 44 - . 43 K 4B
5 . 4 $ 24 45 44 L ac
6 5 4% 25 46 45 M 4D
7 6 & 26 47 46 N 4E §
8 7 g 27 48 47 0 4F ;
9 8 A 28 49 48 P 50
10 9 ) 29 50 49 Q 51 :
11 10 *, 2A 51 50 R 52 :
12 11 " 28 52 51 S 53
13 12 - 2C 53 52 T 54
14 13 - 20 |- 54 53 U 55 . :
15 14 . E 55 . 54 v 56
16 15 / 2F 56 55 W. 57
17 16 0 30 57 56 ° X' 58 ]
.18 - 17 1 31 58 57 Y 59 |, ;
49 18 2 32 59 58 Z 5A 1
.20 19 3 33 60 59 [ 58 ||
21 20 a 34 61 60 \ 5C |
- 22 21 5 35| 62 61 ] 5D |
23 - 22 6 36 6 62 AN se ]!
24 23 7 37 64 63  — 5F | |
25 24 8 38 65 64 .\ 60 ,
26 25 9 39.] 66, 65 a 61 |\ ‘
27 .26 : 3| 67 . .66 b 62 f
28 270. . . 3B - 68 67 c 63 , ,
29 - 28 < 3C 69 68 - d 64 . :
. 30 29 =" 3D 70 69 e 65 ,
31 300 D 3E 7 70 f 66
32 31 ? IF | .72 7 g 67
33 2 e 40 73 72 -, h 68 i A
kT 33 A a1 | 74 73 i 69 |
35 34 B 42 75 74 3 6A
36 35 c 43 76 75 k 68 !
37 36 D 44 77 . 76 1 6C
38 37 E. 45 78 77 m &
39 38 F 46 79 78\ n 6E
40 39 6 47 80 79 0 6F
3
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6l7{8]9/011}2]314151617819

oNn

1{2]31415(6]7181910]1]213]4 516

SCREEN LAYOUT

4 ,
g19i0] 123l 4]sle]7

'zs'()*+,-./0123:.56789:;(-I)?@Anc

E[FIG] HYI]J| K|L{H|N

This Screen Layout of the display area of the terminal
provides:a simple method of addressing specific screen

positioqf. .

The <ES®> = <go> <gol command must be use to position
the cursor at the desired row (r = 1-24) and column (c = 1-80)

B Sy eandekhk T e b s x oA wtE e . L whow

Row Column Command
1 (Home) 1 " <ESC> = bb
2 5 <gsc>= !$
20 . 50 : ~ESC>= 3Q
; .
4 .
H
, 16x64 SCREEN BOUNDARIES
* &
1/4\- a » 4
it a -
/
HREBERRBEABERBEEBEBRBNEBEAUEEHRBRRBAENCBEEQEAUE
0 c 0 ~ 0 0
! . .
" Figure F.1 ABSOLUTE CURSOR ADDRESSING CHART
' L}
) ’ - . m ) ”
f ‘-"‘« ' - w .' —— . r “ ‘-«-.-..........,..,.‘.. JUPE,
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Terminal's Assembly !:anguage Driver Program
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Bt =t TR

N A

i ‘ (o820
. (40C0)

(oe2n)
{esl)
(4040
(003
{0008}
87

(o)

A e TR ot e . e e

§
: < Auen
ST}
Cnn
(009B)
(0004
, ("2
SCITTE
2t
(0025

T TR T)
3

: {onen
G111
(#510)

FILE: TERNIMAL:pJUAN
LOCATION OBJECT CODE LINE  SOURCE LINE

S . )
HEVLETT-PACKARD: 8465 Assenbler YS!

1 "BIBY"
2

3%
Y

5

b

.7

g+

s

14

1

12

13 ¢

14

15

16 &

17% -

18

19 10C58155
20 10CSINIT
21

2

a3

rl}

25 SWITCHI

26 SWIBASCR
27 SWIBALF

28 SWibPaR

29 SHIBECHO
38 SHIBEDR
3

24

3

"

35 KEYBOARD
3

7

LR

¥ <
A) SHITCHZ
&1 SUZBPRDY
A2 SH2BCTS
A3 SHCBKCE

A4 SWZBPERY

45 Su2B3NHL
46 Su2B1eL
47 TINRLOW
48 TIRHI
49

30«

St

52

53 DRB2S1A
54 CRB2S1A
35 CRBSBS
Sb CRBEPS
S7 CRBPEN

(v,

o A A e,

RS

"Sat, 15 Oct 1983, 3:2

“!l“l“*l*l“!'l“" RERERR AR AR R R RN

] *
% CONTROL PROGRAM FOR THE °SAVE® - SINGLE BOARD - TERMINAL %
¥ . ]
' written by: JUAN BALAS ‘ %
' date: 13 Octeber,1983 (latest revision) "
% tevision: 4 % .

SHER ISR S0 333 D3 TS ST U0 0V S 3 S S I 3 3 48 O I

LIST OF EQUATES

8155 - RAK/I0/TINER .

QU 20H
EQ $OH

18155 Command/statys
“jinitialize to 21l inputs, start TI![ER

SNITCH BANK CONTROL PORT (input)

QU 2tH }PORT &, switch bank 51

2] BOK ;AUTD SCROLL

EQu 401 sAUT0 LINE FEED ,
EQu 30 {PARITY (8-space, 1-edd, 2-mark, 3-gven)
tQ e {ECHOPLEX made

Equ 7 jBAUD RATE

XEYBOARD PORT (1npat)

EQU 22 iPORT B, KEYBOARD data

SWITCH BANK CONTROL PORT (input)

EQu 2 $PORT C, switch bank 2

EQu 24 ;PRINTER READY & .
EQU 1M jCLEAR TO SEND » .

EQu 48K jXEY CLICK EMABLE .
EQ 4H {PARITY ERROR INDICATE

EQ #2H }50 Hz REFRESH RATE

JEQU 01 116 X 64 FORMAT

EQU 244 LOW order TINER

EQU 254 HICH order TIHER

B251A - COMNUNICATIONS CONTROL

v
3 jcommenications DATA Register of 82514
B - JA jcomnenications node/COMMAND/STATUS Register of 6.
EQU . BOH ;2 Step Bit Select _ ’
CEW T 20 jEven Parity Select '
EQu 1K jParaty ENable —

-

L s e s enEmdakend ¢ §T 3+ bR Bt

Y R A b e 1

it Woin o okt A s S B v CEuf - A D e




FILE: TERMINAL:pJUAN HENLETT-PACKARD: 8083 Assenbler ' 1222 Sat, 15 Oct 1983, 3:
LOCATION OBJECT CODE LINE SGURCE‘LINE '

(8004) 58 CRBLEN EQ (11} 38 bit data select
{404A) 59 CRBCON EQU A sconstant or mask for made instr,
(0040} 68 CRBRST EQu Al » jReSel
(§020) b1 CRBRTS EQu 264 jRequest To Send OUT/ serial datapath selector
(0010} 62 CRBERST EQU 1 jreceive Error ReSeT .
<0008) 63 CRBFBRK EQU 084 jForce) Raak .
(0004) 64 CRERCVEN Equ L L] ;ENable ReCeiVe/interrupts k
(0002)  6S CRBDTR  ~  EQU 24 . ;Data Transait Ready OUT ‘
(0001) &b CRBTXEN EQU L] jENable Transmit/interrpts
. (4080 &7 CRBDSR EQu BOH 1Data Set Ready IN
(0020) 68 CRBFE ERU 2 iFraming Errer/break detect '
(§018) 69 CRBOE 2l L ;Overrun Error
(0808) 7¢ CRBPE  ©  EW L . jParity Errer
(0604) 71 CRBTXENT EQU Gan " iTransmit EMpTy flag
(8002) 72 CRBRXRDY .  EQU o2 jReceive RealY flag
{4001) 73 CRETXRDY tqu §IH ;Transait ReaDY flag
74 .
75 % CRT 5037 VTAC CONTROLLER REGISTERS
%% =mas===z
77 . '
(0646 78 VTACCRE EQU 464 ) ;VTAC Control Register 46
{0048) . 79 VIACCROMW EQu 4B ;VTAC Cursor ROW (READ) - regaster #8
(8049) B0 VTACCCOL EQu 454 ;VTAC Corsor COLunn (READ) - register &9
{004A)  B1 VTACRSET EQU +  AAd {VTAC RESET command - register #18
(4040) 82 VTACWCOL © EQu ACH iVTAC Corsor COLwmn (WRITE) - register $12 *
{004D) B3 VTACWROW EQU ADH ;VATC Corsor ROM (BRITE) - register $13
(004E) B4 VTACSTRT EQU AEH iVTAC START cammand - register #15 :
(40000  BS VTACHEM “EQU 40004 ;MEMory address of VTAL controller i
{50000 86 VIDEORAM EQu S000H jVIDED RAM DISPLAY BUFFER - wait state access 3
(5€90) 87 FREEDRAM EQu VIDEGRAN+DCIEH sonysed RAM from SC9OH to OCRFM ;
(6000) 8B FASTVRAR ~ EQU $000H jDISPLAY BUFFER - blanking access :
(8006) B9 XNTQLEN EQU b ;LENgth of TRANSMIT buffer - !
(FFFFFFE2) 90 CONBL® EQu =30 - :
(FFFFFFE?) 91 CONBLS EQU -25 :
(§01E> 92 SIXSIZE EQU 3 ;STACK SIZE :
2] :
94 & CONTROL CHARACTERS RECOGNIZED BY THE TERMINAL .
95 & SXTETTARTRETTE0R z
96 @ #SCII code Corresponding contrel descriptisn :
97 x - ——emee———— y :
(0007) 98 CONBEL EQU WM J(BEL) - bell ‘ ]
(0808) 99 CONBS EQ 184 1¢BS) - back space . ]
(0009) 100 CONHT EQu 3y }HT) = herizental tad
(000> 101 CONLF U 3LF) = line feed
(O00B) 102 CONVT EQ eBH 3VT) = wertical tab -
(060C) 103 CONFF EQU [ B H(FF) - foed forvargd ;
(008D 194 CONCR EQu L)) T CR) - carriage retern : oy ‘
(O00E> 105 CONSO EQ 13 350y - T
(000F) 106 CONSI EQU IFH {81y - ’
(081A) 107 CONSUB EQU 1AH J(SUB) - ) 1
(0018} 108 COMESC EQ 1B $(ESC) - escape
(O01E) 149 CONRS 11 1EH C pRS) -
(MOIF) 114 CONUS EQ 1FH Ts) - .
(22> 111 CoMuo - EQ . M ’ 3 " = (qeetatien)
(0053) 112 CONLBR EQ SBH y L= :
(0069) 113 COMLY B oW HER
(3070) 114 CONLP EQu ¢ Vb
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FILE: TERWINAL:pJUAN 223 Sat, 15 Oct 1983, 3:
LOCATION CBJECT CODE LINE  SOURCE LINE ,
- (0971) 115 CONLQ EQ 71H I
. {0072) 116 CONLR EQU 72H pro-
| (0874) 117 CONLT EQu 744 P to-
{0079) 118 CONLY EQu 794 T .
(BO7C) 119 COMORBAR EQU 7CH -
{807E) 120 CONTILDE 21 7EH P Y-
(897F) 121 CONDEL EQU 7FH j(DEL) - delete
§ S 122
123 g
124 »
¢ 125
126 ORG 0o
127 .
128 % RESET COMES HERE (MASTER CLEAR)
129 *
134 .
0000 3J121FF 131 SAVE100 LX1 SP,SCRATCH+1FFH
- 0083 AF 132 XRA A
1004 47 133 MoV B,A
8005 48 134 KO C,b
#006 C5 135 INIT100 PUSH B jclear SCRATCHPAD (
07 X 136 R A
4088 C20066 137 INZ INITIOD
\ 008 312034 138 X1 SP, STACKEND-2 1521 up STACK
060E 3ECH 139 LY #,10CSINIT ;set wp B155 ’
010 D320 140 .o 10C58155 :
1012 DB2t 141 IN SWITCHI jforce BAUDRATE & PARITY first time
$014 2F 142 Ché
1015 322004 143 514 SSWITCHI
1018 210299 144 L1 H,INITABLE jimtialize nenzero SCRATCHPAD valves
§01E 112039 145 LXI D,DISQSPIR
CHIE D6FA 144 i B,~INITLEN
8626 CD0280 147 CALL NOVER x
023 DB 148 e IN SWITCHZ jinitialize VIAC
9025 E603 149 AN] SN2BSOHZ+SW2B16L - ’
1827 87 158 ADD A :
0028 87 151 ADD A )
10 9 192 ADD f '
W n 153 poP D
N2 5 154 KoV E,A
ez 19 155 DAD D
102D DIAE 156 out VTACSTRY
§02F D34A 157 out UTACRSET
0031 C3024F 158 I INIT120 jontinve at 2ndFIrt
1 o /"
160
’ 161 & -
162
163 8251A TXRDY + RXRDY INTERRUPTS MERE (RST 6.5
164 # : i == z
165 :
0034 £S5 166 CONMINT PUSH PSH ‘
- 0035 CIN073 167 Inp COonn100 jcantinve at 2nd part
168
169 /
174 &
mn
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FILE: TERNIMAL:pIIAR  HELETT-PACKARD: BUBS Assenbler . 224 Sat, 15 0ct 1983, 3; [
. . 4
LOCATION OBJECT CODE LINE  SOURCE LIM
172 VERTICAL RETRACE INTERRUPTS HERE (RST 7) %
- 173 ¥
i 174 i
38 F5 175 VERTINT  PUSH PO A f
N CIMmB 1% » VERTIN ;eontinve ot 2nd part ,
- 177 .
178 !
179 » e i
% 180 ‘
181 s KEYBOARD STROBE INTERRUPTS HERE (RST 7.5) :
3 182 » STELERE S PRI EEERRERSRAREIEERREREERTRL S ‘
.18 ) ‘
7 WX F5 184 KEVIDINT  PUSH PO :
W30 E5 1% . WS, H ;
i 403E D5 186 CPSH D -i
g W3 €5 187 WS B :
0040 DB22 168 N KEYBOARD ;
- W42 E87F 189 ML 7R f.
y 1044 47 190 v BA - L
i 045 20 191 RIH :
y 0046 B7 192 ORA A \
’ W47 F2R0SC 193 3* KEYBDI0N . $OFF-LINE
04 302007 194 LDA STATUS o
104D E480 195 AN STIBKBDL :
V0OF C20deh 1% I KEYBDI20 :LOCKED - do nathing 3
W52 CDR4E 197 CALL  TRANSHIT :
: 0S5 DB2t 198 IN SNITCH $
: 457 608 199 AN SIBECHO ¥
i 0059 CAOSE, 200 n KEYEDI10 jnot ECHOPLEX :
' WSC CDOZ61 201 KEYEDIOO  CALL  DISPRUFF 1send to SCREEN L
) 05F DE23 202 KEVBDIIO N SNITCH2 ;
- 0061 E68B 203 M1 SHZBACE ]
; W63 CADRGA 204 n KEYBDI20 sne CLICK 1
7 Web 2120300 205 X1 N, VERTBELL i
: Wy 35 206 WR M jding BELL :
‘ 16A 3E10 207 KEVDI2D W AN _ A
§ §86C 30 208 SN " jclear KEY interrupt i
196D C1 209 INTREXIT PP B . !
! §06E D1 21 POP D {
- W6F El 21 POP 0 %
W74 FL 212 POP Pou
071 Fl 213 L3
1 1072 9 214 RET i
: 215 \ 3
y N 216 &
217 ¢
218 ‘ ‘ *
219 « SECOND PART CONMUNICATIONS INTERRUPT HANDLER
20 i
221 ‘
273 E5 222 COM100 PUSH M .
074 D5 223 PUSH D o
075 €5 224 SR B .
Wb 207 28 LI H,CONN1 80
79 E5 22 PUSH - K
1974 DB3! 227 N CRIZS1A
#7C E602 228
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FILE: TERINAL:pJUN  HEMLETT-PACKARD: BAG5 Assesbler . 225

LOCATION OBJECT CODE LINE-

W7E (8
OO7F DB3I
0981 E536 .
#8683 CANIAY
e 47
0087 32000
0984 Fo19
008C D331
teec 78
008F E620
0991 €0
0092 DB23
1094 E64

0076 CAOOAD

4099 DB30
398 $67F
009D C300D0

40A1 DB30

. A2 EG%F
10h4 47
BRAS 212008
0088 7€

~ <O0A9 E8D3
§0AB CADOCR
MAE 35

O0AF CADIDD

862 35
B3 78
$0B4 FESA
8886 CADDBE
By FEA7

6088 C204CA -

00BE 34
§IBF C300D0
ne2m o
$0C3 FE1B
C200CA
08 W
0e 3
MCA 78
00C8 B7
. W8CC €8
0CD FETF
0CF £8

"o 24
Wi

0002 FAD26) -

405 Et

, 006 DB31
" 1008 E6dy
09D CABBED
- 400D, 210169
WE0 5
WEL 342007

o

.m

, .
A T T TR Iy P IR R IR T RS LA T A T R &1 he) %
2 L ilius Lo D gl o

Sat, 15 Oct 1963, 3:2
SOURCE LINE p

74] y Rl ;net received character

a0 . N CRB251A - :

23 N1 T UABFE+CRBPE+CRBOE L

2R K - COMM110 HUE

233 HV BA -

(2] Lba - BCRB251A ,

235 0R1 CRBERST

23 Y CRB2514 . 4 -

237 MV AB ) ‘ . o
238 1 CREFE s,
219 'RNZ ICNORE_IF_OPEN_LINE - ‘

240 m SHITCH2

241 M SM2BPER]

riYd y U Conm110 sden’t indicate error

a3 N DRB2514 T

2 Wi B, CONDEL . .

45 Inp CONM120 ,

246 v . ‘ >
247 CONMILE N pRE2514 : ) : o
248 ANI TFH ¢ ‘

249 L) B,A ' o

250 LXI_ CH,STATUS2 | o .

251 MOV AN :

252 N1 STZBFETH

253 11 CoNM112

254 DCR ] :

258 i CoMN120 jstore contrel character fegardless

256 DCR H ; :

7 Hav A,B . ) : :

258 cP1 7 - o v
259 . . 3 ConM111

260~ el Y

261 S (1 COMN118 . .

262 CoMMi1L IR |

263 Ine conmiae

264 CONM112 KOV Ak .
265 Pl CONESC B ‘ .

26b INL comi118 -

267 m K

268 IR "

269 COMM118 HOV AB : o

n ORA A .

m Rz jdiscard (ML) '

272 cPl IFH '

| 1 ’ ) jdiscard (DEL) .

2N . ‘

275 CoMMr2i . RI¥

2% oRA A _

mn n DISPBUFF - jdisplat if OM-LIKE ' ' .
278 - POP - H . . ' -

27 S ’ ’
280 CONN130 IN CRE251A '

281 N1 CRBTXRDY T _ :

282 o J2 INTREXIT jexit if not transmit

283 X1 H,CONAIAD - C

284 PUSH H :

LDA STATUSI

o5

.
LA B N U
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FILE: TERMINAL:pJUAN ° WENLETT-PACKARD: BOES Assembler
LOCATION. OBJECT CODE LINE  SOURCE LINE

BBEA4 Eb1O 286 ANI STIBLPTA
9E6 CADIZS 287 n CONM13Y X
HES DB23 288 IN . SNRTCH2

- §0EB E620 289 )| SH2BPRDY .
MEDCE . 290 RNZ

WEE 212005 291 COMMIBIA NI - H,LPTCOLMN
©OF1 3AZN3 292 COMMMIB LA WAXCOL

WF4 3¢ 293, IR A
00F5 BE 294 o N
00FL FADIAZ . 295 M " COMMI3A
T OBOF9 CADIICT | 296 7o C Camile
Q0FC E5 297 COMMI3 PUSH H
0FD 2¢ o . I L
. NNFE &b 9 LY BN
" WOFF CDOSFS 300 CALL BKGD492
1e2 210195 301 LXI T H,COMuBp
0105 E3 k{ F XTHL I
MO67E - - 303 nov B,M )
T007 32005 T T304 LDA - LPTCOLMN
1105 B3 308 R4 E :
9108 5F k] WOV EA s
14 1A 307 LDAX D "
0D 47~ k| [ oV B,A i
VI0E 34 , 309 INR K
) T ORA A
0o Fo_ m . wo
1t EB 32 - XHe .o
12 212007 n - . LXI . H,STATUSI.
MI57E 314 KOV AN
9116 EbDA . N5 ) STIBANAT
#118 CA0139 36, : n COonmI31J
1B 7 37 KOV AN :
011C E6O3 318 NI ST1B4MXX
013 C20126 e 1] oI DB
0121 9618 320 R U B,CONESC
1123 c3n2e 321 § e COMID #
0126 30 . 322 COMNI31E KR 4 ,
w2 cnyn w3 m COMNIBIF
0124 8647 324 Wl B¢ 2
nx 325 COMM131D IR ] Y
012 EB e XCHE .
0 35 327 . DOR" ] :
WZF CF , 328 , METe :
N %E - 329 COWNI3IF v AR
4131 E6FC 30 M1 - NT.STIBAMXX
"3 7 331 MV MR
"7, 332 KoV AB
0135 EEAD m , XRI OAOH
"y 47 k] KoV B,A
1138 (9 335 CRET
0139 9620 - 336 COMMI31J w1 B, '
9138 C9 W RET :
0130 860D . 338 COWMI3R Wi B,CONCR
MIE N 339 1M )
4137 C36195 3 ©me, cownsl
M4z X 341 COMi134 IR A

0143 BE 2 T M

m

226 St 15 0ct 1983, 3

ylecal PRINT active?

3n0...dv regular schtick with X-BUFF

jPRINTER ready?
ine...clear INTR and wait

s END-OF -LINE?
jpast it
jat it .

i * N ,
JATTRIBUTES becone blanks

e}
Ta
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Flﬂ& TE!HIML"IUM - HERETT-PACKARD - 8183 Msemdler

*

L4

i

3

;"

. CONMI35
N
SHITCH)
. SHIBALF

135
COMF
COom180
STATUS
STIBANIT
comst92™>
MAXR O
L
N

|
L

.

COmn1 31

H,5CRB2514
AN
NT.CRBTXEN

LI
- CRBZSiA
* INTREX1T

s

?UﬁMTS “f‘ '

)

© STATUSI
STIBNIT
Comioe
K, XNTQSPTR

CH -
Ol
AN
A
+ XKTQEND

-, CoMI78

mcamu ORJECT wns LINE " SDRCE.LINE
)
MaA OS54 33 W
.3; N U4 ™
uifs Ds21 S IN
. U1 EBA b M
MaCCoNSe "

. OWF OO ME COMIMB - WI
NSt G35 W9 »w
NS 3207 350 M35 | L
057 EB8 1 / - Wl

X . n
§SC M2M2 353 } A
W5 20 o) ™
R 355 o
Mot oB 3 n
062 4 7 N
‘63 2D 56 DR
464 3600 R WI
ma C3OIFC 30 i

1 K
N 2120 P 362 COMIAO X1
M 7 W - H0Y
016D E6FE 34 M
' 35 .
b6F 77 36 CONMISO m¥«
17h D3 37 o
0172 C3006D 368 i

| r 39 o
075 DE23 MMM <IN
N7 Eeng, m UM
umee m \ O

.oom .
M7 342007 374 COMNIGO LDA
M EE I . M
N7 a0 6 PO 4
MEB2 2120 W coMeS  LXI.
085 4E L NV
Y . MR

- 08 Ao MY
nee 3 ™
019 FE39 k(.7 I (i}
08B C20190 383 . M
MBE I - W WI

l s

R 366 CONIZ1 e
W91 8 W 7
ue 7 38 v

. W93 OF %9 "I
"9 & - AoV
. 3%

NS MMM - 392 comer LA
W B . Ml
we A
B I .
LN ™ A

max. m K
nwt m o
"SI0 212000 B X!

——

.

A, XHNTRUEVE

@

% ¥ _ ,
$
227 . B, 15 0ct 1983, 3.7
. /
& ) .
i
f
’ f
/ ° L& .
. . f
M 1
;TRMNSITTER OFF {
s.
y . o
T
¥
N
s R
l [ %
4
» ~
P
{
jurap areend of queve
' I s
10 EPTY-LLEAR ‘ménpi . ﬁ
o g R
. \ \
0 ‘/ \. _‘
. .8
» - .
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FILE: TERMIWALTpIUN  HEWLETT-PACKARD: B35 Assembler 228 Sat, 15 Bt 1983, 3
) B . ' : .
" LOCATION OBJECT CODE LIN  SOURCE LIME - . ‘
b MM ] "V (Y
MME Wl CRUTXEN v
O 3 17% < (11" 2 1 moowsi N
‘ [T
' OAF 212005 48 COMIT I N LPTCOUM £,
) S0 B9 “w e N WTACCCOL ~
y IAE BE % v | , ' R
‘ 0N FRI0F1 W P COMI30H s
Y uex an w0 s ¥ -
’ MM A M CIRSROM
(J1T% ) e wmooa
" % M e 0 : o o
CMDSFNEE M2 » COWA1 308 v T
sz, M m! L ‘ T R
AR j MY AN . o wooon
mmend s ML st . f 0
Ny O O AT TR S “ ‘ A
. nee % Y] WOV S - o
o s $1C3 E6FY a1 , M NESTIBXALT ", 4
.onesm W o W K ' L :
| WCs D21 A% WSt - S oo
" 0108 Eb4D 2y Al Su1BALF e .
ICA CAOMF - 422 I Compdap . - ¥ - :
NchC3182 4 ' ¥ COwleS - ' L .
8100 3600 a2 mwz Wl Wi - T A,
O 1) 7 S v m L ‘ o ‘
MM . 42 . K S N .
‘ " 2 4 koo Leoos } ,
005 C300FC 428 . » ComMt3t . -
429 : .
o ; a3 SRS )
T s T
g9 \ & ‘ o :
A3k $ECOND PART VERTICAL RETRACE mmwwun S
AWM x s ’ mmtmmama ’ i .
i o 435
0108 E5 Qo VERTION,  MSH B ‘ ,
4103 05 - T I ,
01D €5 438 WsH B , .o
0dE 2MDs A O HCOeM3 Coe
NEES . M WSH v W . P ,
NDF 201FE . M1 w e : |
< uREB 0 M - WS . @ : ' S
TN AN M3 . H, VERTBELL josuht JELL ‘tiner ot
C, ML W -4 -moon - T '
C mmEMc WS M Ay fooo
1 ME A7 “Mb, . W B ‘ :
014 C8 B AN T2 -
) WEs F8 . M8 "v o T \
U Y nen T A" TR 1 | ( ]
V1ED 0600 oL B P : )
N2 - ~ Rk — o
0 HHEM e M : o
, weo-' & "o R LT R TIRNNE
C wREN e -y L,mu ) j
. 2R 9 R m .'” \ ‘ : : . )
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" FILE: TERMIML:pJUAN - WEMLETT-PACKARD: 8185 Assemdier 229 Sat, 15 Oct 1983, 3:26
- LOCATION OAJECT CODE LINE  SDORCE LIE -
’ 41F8 )T A7 W CRE2S1A -
Yy 458 NV 1A '
$1FD- 3619 459 Wl A, 19 1
4 MFD C7 -y, &) RET : :
PIFE Fodd 4b1 VERTIN ORI * AWM i "
' 2un 42 * ORA ] ’
n A3 Sin . '
p2e2 D31 W IN (g2siA _ . .
V. TR A5 W ¢ .
0205 E605 [7Y) )} CRBTXRDY+CRETXENT
. o . W, Nz /
s28 XN 7T I - WD . (,50R8251 . )
mﬁe 449 XCHG ‘ .
208 2w n LX1 H,STATUS!
Q2IE % n nov AN
20F £s20 4 M1 STIBLPTR
0211 7% YA ) AN .
0212 CAL22S A74 byl VERTI20
0215 E6DF TS ANI NT.STIBLPTR
: 0217 Fotl 7% ) STIBLPTA
0219 7 am ) N,A
1214 £ a7 XCHE ’
0218 % 0 MY . AN . el
21 E80F 484 NI T, CRERTS
/ 821E Foly. 481 o1 CRBTXEN
‘22 m o B2 [ KA
. 0221 D33 48 0uT CRBZ51A . &
0223 € - 484 XCHE o _
! 124 % 8 . AN '
] 0225 Esle | 486 VERTI2E AN STIBLPTA o
e o . W I 7 B ( '
0228 2602 488 W1 - L,MAXROM :
1224 32086 489 DA - LPTRON - ' )
\ AR K 7] o K : 4
. : 022 O Ul B2 ’
L 022 2 AR IN L :
; - 0238 A5 93 LDA LPTCOLMN
: 3302 . A suI e LR
SN . 124073 R | o N 4
: 0236 £8: 4% (1] . ,
1 023 X0 W W1 L,STATUS! : K
. 2o % . 43, R N R C N .
R V234 EGEF AR A NTSTINPTA
o e L] MV - KA
: 423 b - Xw o . )
i , . E 562 KV AN _ ,
- 023 P2 53 ) QRS .
- M, L TR W
. 8242 D33 S ot CRE251A ~ "
i 0244 09 6 RET .
. - 547 ) o
¢ i s m . ' R b
. 509 - - -
; - Y L S v
‘ S Sit e _WEUE CMRACTER 10 TIMNIT - - e
. S . SESSIARRINSUIARIEIS SN . .
Co n o
i | .t

a— e ie . s
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FILE: TERMINAL:pJUAN  HEWLETT-PACKARD: ‘8085 Assanbler

LOCATION OBJECT CODE LI  SOURCE LINE

0288 (9

230 . | §at, 13 Gt 1983, 32

]
jurap aresnd end of queve

1245 F3 514 TRANSHT3 )

1246 E6%F 15 TRMNSHTS - MNI 3K
1248 Cs2) 516 TRMNSHTY - ADE R
2447 517 TRANSAT2 v A
120 2123 518 TRMSHIT LXI H,XNTQFPTR
024 7E 519 v AN
(7L o 520 (] L
20 K 521 o ]
1251 (8 2 n (
1252 & 523 NV LM
N 524 NV N3
1254 525 NV AL
255X '$2b (] "

o 256 FE3? 527 ()] XNTQEND
1258 C20250 528 n TRANS160 .
0258 %3 529 - WIS A XNTQUELE
1250 32213¢ 533 TRANS100 STA YATQSPTR
1268 €9 - 531, REY

. 532 f
533 ¢
534 &
. 535
536 # QUEUE CHARACTER TO DISPLAY
537 & .
' 538
0261 212034 539 DISPRUFF Lxi H,DISGFPTR
1264 8 540 KOV AN
265 2 st DCR L
Vess BE e P K
0267 €8 543 . R
9268 bE 544, HoU L,k
0269 70 545 " MOV LN
126h 546 WOV AL
1268 X - 547 IR A
826C C20271 548 m DISPEI 00
026F JE3E 549 Wi A, DISQUELE
: 550 :
0271 322839 551 DISPB1N0 §TA. DISQSPTR
0274 9 552 . RET
553
s - 1
0275 36 555 TABSINIT WI . A8
0277 212008 55 TABSCLR..  LXI R,TABTABLE .
0274 112008 557 X D, TABTABLE+]
027D W6F7 558 w1 5,9
027 7. 559- NV KA
561 ‘
561 % MOVE DATA
- YR ] sexzzyesd
. 563 -
0280 % 564 MOVER v X IRY
281 12 565 MVER1 gIAX - D :
§282 23 864 L P .
SN Rk 54 I

Vo 58 oooomy

285 G250 5 m NOVER
‘o, RET

)i
ine roan in queve

jwrap aresnd end of queve o

4 |

W

g e

A Ay w2

EPRUTR S-S NIRRT Y

S ot b
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FILE: TERMINAL:pJUAH  HEWLETT-PACKARD: B183 Assembler 231 §ot, 15 0ct 1983, 3:

. LOCATION OBJECT CODE LINE  SOURCE LINE

m
e
7
" ‘
\';;5 ¥ " DAUD RATE DIVISER TABLE (ASSUMES 6.144 Mz 808SA CRYSTAL) <
b w
wm [
6289 4601 378 BORTABL [ ] 46D1H ;11 M0 ;
0288 45N 579 w 45004 1 150 WD
028D 4280 £ N 4280 3 300 D
§20F AdA0 »1 N At ; 1200 DAUD
291 S %2 D A5 ; 2400 JAUD '
6293 4128 383 ] 40284 ; 4880 MUD - !
0295 A4 384 ] AN ; 9608 D B ’ 3
8297 AW 3835 1] AN ;19200 BAUD :
-8 f
87 =) :
988« SCRATCHPAD INITIALIZATION TABLE :
589 a1 EETTITXITTTTLTIZTEE 3z 4
598 o ¥ i
0259 4 SO INITABLE DB DISQUEUER2 i
9294 3D 32 Db > DISQUEKE-1 i
029 32 93 b XNTQUEUE-1 - 4
029 33 5% DB XNTQUEUE , %
829 E2 395 ) CONBLb . :
025 1A © 99 DB CONSUB ‘ \
597 ;
(8406} 598 INITLEN EQU $-INITABLE
599
600 -
601 CRT 5037 CONTROLLER DATA TABLE
602 "srzzzes
-0 (
"9 6 - 604 VTACTABL DR 1h2-1 124 X B0, Mz, 102 characterS tetal
$2A0 44 685 it * AAH insninterlace scan, 2 delay/¥ drave horizental 5
. AL (177 . B - SMH }12 scans/datarew, 88 characters/datarsw L
a2 17 607 Db -1 - ine skew, 24 datarevs/fram :
243 1B 608 \ DB . (314-256)/2 1310 scan lines/frame, horiz, freq.=18.6 KH2 :
24 13 b8y , DB 19 jvert, start delay in stan lines
0265 17 o0/ B A slast data row displayed dnitial ;‘
0286 00 o ) ’
' 612 , . : ]
1247 51 . 613 0B 82-1 ' j16 X 64, 604z, 82 characters tatal’ ;
28 37 T bl )} . ¥ jneninterlace scan, 6 delay/6 drive horizental -’
02A9 6B 615 1] 6B - j14 scans/datareu, &4 characters/datarew
- RMKFE 5 b Db 161 ' jne skev, 16 datarows/fram
: 1248 92 817 ] (260-256)/2 j260 scam lines/frame, Meriz. freq.=i5.6 KHz
4240 19 . 618 ] -2 ' jrertical start delay in scan lines -
. ¥ T, B il jlast data re displaped inivial
2 N e bb: A ) . .
~ X 4 = - ' I v
. "\&2
- &ﬁi & - . e

-

-y L0, PAT TMITIALIZATION | ‘ ‘
| : . )
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FILE: TERNINAL:pJUAN  HEWLETT-PACKARD: BOBS Assembler 232 Sat, 15 Oct 1983, 3:7

QA

LOCATION OBJECT CODE LINME  SOURCE LINE
020F 114009 628 INIT120 X1 B, VTACHEN

e A e s RS )

0282 M6FS 629 W1 B,-7
124 COOZ8) [\ CALL  MOVER
0287 D34 631 ot VTACSTRT : ;
0289 Che27S 632 CALL TABSINIT jpreset TABS to colyms 0,8,15...
025 W23 633 L - I Wit : i
020 2ATFIF (TR IXI . W3RN 116 X 64 format i
62C1 Eo 635 )| S2B15L ' - N
0203 ceny 636 m INIT130 - T !
82Ch 21417 87 w1 R,4F17M ;24 X BO fermat ‘ g
638 :
1209 22202 639 INITI3 SWD MR ° 4 jpreset row/calom mrama :
saC ] nov AL . ;oL
820D ‘32201 (1)) . STA LDROW /
0208 392 642 w1 A, 92K ' . ‘
0202 D331 43 T " CRE251A «  jquarantes command mde
: b4 2
645 & - 7a
bdb ' /
647 % BACKGORUND PROCESS... INTERPRET CHARACTERS AND ACT UPON
b48 # 2 =
649 o : '
650 # ALL SEQUENCES INVOLVIND NEMORY OR 1/D SHARED MITH INTE-
651 » RRUPY (FOREGROUND) TASKS MUST INTERLOCK. ‘ , ‘
652
0204 302009 SIBKEDION DA BKGMODE .
D207 FEO7 654 . (%31 ? 3’1 leak at surtches in maintenace mode y
1209 CAO320 655 i BKEDISO '
§20C DB21 b56 In SHITCH
§2DE 212004 657 IXI  «H,SSWITCHI . :
1261 4 658 XRA " ;
02E2 £637 659 ANI Sw1BBDR+SH1BPARY '
D2E4 CAI32 660 n BKGDISO
12€7 pB21 661 ' N SWITCHI ;BAUD RATE or PARITY change
B2AS 77 662 BXED105 v N4 .
02€0 E407 463 , M1 SW1BEDR :
* B2EC 17~ 664 RAL @ }
028D #F 665 v CA - '
o VEEE 7E bbb "oV AN . ‘ 3
O2EF E63 667 NI SN1BPAR - , '
W7 b8 KV B,A . ' . ]
" s2F2 KF O L B RRC S Dol
J2FI WF 670 ‘ RRC « . ~
02F4 2F o 4 CHA . . ’
02F5 Ebl 672 Ml (71D - =
02F7 B Y £ ORA ] .
128 4 674, nov BA - o
02F9 212000 7% . XL W,SCRB2SA . . )
P ONFCR 676 n , e ‘
W2 % /N X o,
 OZFE FoMl 78 oI CRIRST o
0308 5331 mo T cRe2s1e - joccess mde register e
wRer (7] . MV AL . . .
Qsey ()] A [ Y. .
. M XN e Wil A
38 LI w Cn - e . .
GeRRn - M ®Ii. e 3110 IR

‘ \ . .
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FILE: TERNINAL:pJUAN  MEMLETT-PACKARD: BIBS Mssembler 233

2

LOCATION OBJECT CODE LINE  SOURCE LIN

138 BY
NIC D33!
I34E FB
10F 21028
312 8600’
IS
0315 7€ .

. 136 34
I8 23
ws 7
1314 D325
310 3CH
B1E D32
321 F
0321 21203
124 4
0325 23
1326 7€
" X
0328 C2N2d
1325 3%
0320 B8
132E CAI7L
"33 77
1332 ¢
0333 4
1334 Fi
1335 118320
1338 D5
1339 2619
033k 7%
133 &
433 3608
133F Dote
1341 CAM62
4344 FEFC
1346 7
1347 CARMS
1344 FE2
I3 210450
034F FMT7A
352 N
0353 210357
$356 CIAC

685 BxGptat
686
687
688
689
6
691
b92
693
694
695
69
677

698 BGDISO

&9
™
M
e
I3
™m
705
706 BCD160
0
78
709
7
i
e
3
T4
75
b
Y
il
9
720
721
722
72
724
725
72
7
728
7
730 RTBLXO
7

FEPEEEEEE

3L L]

ORA
0u7
£l

L
w1
M
v
U1
I
MV
ot

2 N

w1
)
X1
v
INX
Hov
IN
m
W
onp
1
KOV
oV
NOV
El
LXI
PUSH

Wi

MoV
KoV
Wi
SUI
i1

Pl
KoV

CPI.
LXX

EBETETETEZED

o | s

+

ly.wﬁ

Sat, 15 0ct 1993, 3.2

§
1

B
C?BZS'M }heW Comind mede
H,BDRTABL
IR
B
AN
TIMLON
H
AN =
TIRHI .
A, JOCSINIT
10058155 y

sqet & character
H,DISQSPTR
B,K
H
AN
A
BKGDI &G
A,DISQUEUE surap areund end of queve
B .
MGD16S ;ne characted's,, idle °
B, . ;
LA
B

"o

A KA = T

D, BUCDIS0
b

L, BKGHODE
X

C,h

]
i
¥
H
o
%
J
¥
»
.

N H,o

B
KED167
-8
A
KGD166

HBRTBLNO-2
NoD218

AL
H,BRTBLX0:2
WED211

] .
KCD179
1

WED208

MGo24)
'
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FILE: TERMINAL :pJUAN  HEMLETT-PACKARD: BA8S Assembler ' 234
LOCATION DBJECT CODE LI SOURCE LINE
0368 B "2 .} S
AL ME7 X wn BKCD565
03 17 744 DB 7 a -
VUF WF1 5 ' N BKGDS70, )
‘ nee.
un 747 WED16S El
IR N 8 -ORT
8373 C342D4 9 » PKGDI0
7S6 , -
LY/ 9] 751 BKED2M MoV AB WX 1... (ESC) prefixed decode
N 0377 210602 752 LXI . H,BRTRMN-2
‘ 037 1600 753 BXED21 w1 3,0
[y 3] 754 BMGD211 I H
un A3 755 Inx H
(v 33 756 (o1 ]
3% F8 L1 R i 0 natch fond
030 23 ™ I
381 C2037C 759 N e
0384 5 760 © MY E,N
0385 23 %1 INX H
0366 b6 762 "oy H,N /
0387 6B 73 MY L,E
0388 A 764 XRA A
() %5 nov E,A .
035 5 766 Hov D,A -
0386 4 77 nov C,A ]
038C E9 768 PCHL jvictre off to selected rutine
%9
138D 78 778 BKGD230 nov AB {MODE 3. .. (ESC) = COLUMN adress
035E Do2o m . SuI 204
1390 47 72 . B,A '
0391 342063 m . LD4 HAXCOL
0304 B8 74 CHe B
0395 DAG399 75 I BKGD235 .
038 78 76 KoV 4,8
0399 D3AC 777 BXED2YS ouT YTACWOL
: 1398 AF 778 XRA A ‘
. 3 09 79 © RET
) 780 g
030 %03 781 BXGD24) w1 A3 jMODE 2. .. (ESC) = ROM address
<« D3%F 322009 782 STa PKEHIX jchain ts COLUMN address
e o, %3 v AR .
343 D620 784 © 81 20H
1305 47 785 BNCD24Z KV B,A ‘
13Ab 342002 786 A BAXRON : . S
03N 4 7. v C,h '
13078 7w v AB
0308 B9 789 e C o
U3AC FAB3EO ” - In (] < ,
W4 m W BC jverrange. . .force botton of screen
< DS CDISE7 - 792 DKGD2MA CAL'  BKEDAY0 . '
| QUMD 793 NGNS OUT  VTACMNV
' mn- 794 MV . A
0305 322014 ns _ S CURSAY '
(g % R Ce *
. ™ : - ‘
00 CH3C7a. ™8 NG T tahsty .

»
S
. .

-~ WA n MR R ¢ wah e g e MY wew (PRSI S iGha s o 2ol U AR L f e e b U T N

§at, 1S Oct1983, 3:28

e T T Rk Akl
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FIE: TERNIMALplIA HEWLETT-PACKARD: BIBS Assenbler 235 4 Bat, 15 Oct 1983, 3:28

LOCATION OBJECT CODE LINE  SOURCE LINE

[ hd : [

.»WWW‘,:“‘H 9 . -

) 799 XA N
138E 77 80 LU ¥
VIF C9 8i! RET
_ 812 |
: 0308 CDIS7 . B3 BGD26 AL G0 {CLEAR 1abstep
2 033 F Y] - th i
4 104 a6 845 NiA ] i
B s 7 886 LR
H 036 9 8y’ AT e .
4 81 !
; X7 2200 BOMG0 LX H, TABTABLE j#ind TABSTOP b
03CA DBA9 81 N VTACCCOL o i
AXC OF 81 he :
0D WF 812 e
03E o 813 Rie - . , :
03CF ESIF 81 " 0P ‘ ;
5 815 MV, . Ep \ : R
a2 19 816 w k
, 1303 D84 817 Ik VTACCCOL - , :
£ 005 €67 . B18 M [ : . . ‘;
i 1307 47 .8 W B .
: 1308 380 . B2 WL MBK , i
; 1304 08 ‘821 HODS W : ,
3 V3DB; OF 822 RC . , A
t 030C 05 82 R B ‘o :
, 3D CI3M . BH W MG ‘
! 825 _ , ,
: 03ED COOF2 26 BKGD2BO TALL. ¢ BKGD2BS ;DELETE character , 4
‘ GE3 MY . BY IN VTACCCOL . ‘
; 0365 B 82 W€ -
: €6 & 82 WY . EM » '
¢ E7 X 8 R+ b ' _ o
1 GEB . . 8 W LA ' ?
; BE9 7B -8R W A L : :
: 03EA B 83 B A
s 13EB CAN0 834 2 MOVER . \
©OWEE X2 8 W1 . A20H S .
I3 12 83 S b, P
' V31 09 & . ° W :
L
032 DB? 63 BCD2BS I VTACCCOL
. §3F4 212003 840 BGD2B6  LXI  H,NAXCOL
03F7 % 8! B K ,
) W38 & 802 N B - LI L
, IF9 DM - B4, “IN, VTACCROM : ‘ '
. NIFB OIS B ML BKEDAYS L :
" 3FE 8 b M. KD ' o
{ R - 2 2 8As N 171 o - ’
o, - T o
AN ENE2 . B BCI290 - AL IGD28S $IMENT character ‘ "
cp ME3IN e Wh T Mk R K ;
“een - ol TR ' e ~
\ RN /2 R - R v EN . ‘ - ' .
Lol g - | | AU ‘ R B
e | VIR SR
.Y & VRY | RN : -
# . 4 meoN |
] ) < '9".‘ '



WIC Cata17
MIF 7t
Mg 12
8411 2B
e 1p
Ml N

0414 C2040F

M7 a3
1418 3626
M1 09

0415 BoA0
W10 212007
W e

0421 ELBF
W2 B

WA 77
0425 C9.

0426 CDO3F2
0429 3A2083
20 B3
42D &F

042t 3620
“i 3
3
1432 C0A0F

0435 D3AC

37 322014

1434 C303A5
143D CDOA3S
1444 CDOA26
443 DB23
1445 E6D1
1447 GE0S
1449 CADA4E
$MC SE64
(ME 32014
Wi 47
1452 04

1433 32002
4435 B8
137 F8
1438 S
-0459 CDRADS
03C.C1

045D C38452

1460 M

1462 AR

bl 47

M LS -
1465 342007
8 £
oA CABADY
wo o,

)1

~ +

P

J,
v

SORCE LINE
856 1
857 BXGD295 "y
856 STAX
8S9 D
840 DX
861 (1}
862 n
863 DKCD2Y? In
854 Wl
865 RET
856
867 ED3N Wi
868 DKGD3LS Ll
849 Ny
870 AN
87 R
872 MOV
873 RET
874
875 BKGD3I0 CALL
876 BKGD3!1 LDA
877 0RA
878 MoV
879 - C W
880 , DR
881 L]
882 il
883
884 BCD32 our
885 §TA
886 »
887 BKCD30 CALL
888 BKCDIIS CALL
B89 N
890 AN
B9 Wi
892 by
893 Wi
BYA BKCD3N LDA
895 WV
895 BXCDIY IR
897 LbA
898 o
899 1]
900 PUSH
981 AL
962 14
93 ]
94 .

905 OIS WI
986 DKCHIS? YRA
907 MCigr . NV

- 998 KON PUSH
"9 . LM

S m ]
ni o -

(L)

FILE: TERNINAL :pJUAN  HEWLETT-PACKARD: 8085 Assenbler
LOCATION 0BJECT CODE LINE

B, STIBINGH
N, ST
AN
NT.STIBINSH
B

M,

BXGD28S
MAXCOL
E

LA

B, 20
A

£,
BXCD2Y5

VTACKCOL
CURSROK
BKGD242
LBKGD32D,
BKGD31{
SWITCH?
SH2B14L
C,5
BKGD3W .
CA
CURSROM
B,A
]
MAXRON
‘B

B
BXCDIBO-
‘ .
{42y

A, I

)
»

st
STIMGH
:mm

Sat, 15 0ct 1983, 3:2

-

236

JINSERT made ON
}INSERT mode DFF

¥

JERASE FRON CURSOR TO END OF LINE

q

jHOME CURSOK to tep left

sCLEAR SCREEN -
{ERASE FRON CURSOR TO END OF SCREEN

R Sy *(@; E«.

PR

3
{
%
1
K
1
4
3
P
i




s

—

LOCATION OBJECT CODE LINE

QA4E DBAB
0470 (578
4473 BB49
W5
%
unm
4% 12
0479 D349
TV, RS
(YY)
047D M2003
8480 B8
e
0482 D3C
8484 F
8485 #F
0485 DIUC
04488 212014
9485 W
0480 2002
(T,
0490 BE
§491 F2049C
8454 DB21
8496 E80
498 C204A0
M
0490 46
45D 30380

TR
A1 201
0483 34
484 78
0485 BE
0486 F20RE
849 3600
WD 7E
A CDO3B3 -
"y
0430 CO03F4
0483 CDOA29
0485 32001
049 D346

BB 9

MIC B9
MEE 3

W D34

W1 o

E2 02003
0405 BUC

M0 2204
00 35
FEMYC
m \
]

EBE

SORCE LINE
913 IN-
914 CALL
915 N
91 © ORA
917 v
%18 HOV
919 STAX .
20 eI N
%21 ™
922 NV
23 LDA
%24 e
975 MO
926 DUt
%27 RP
§2B BKCDMI  XRA
%29 WD OUT
930 BKCDMS  LXI
921 R
932 LDA
933 MOV
934 cHp
95 3
93 N
97 A
938 Iz
09 Hov
94p BKEDIS) MOV
1 w
e a
943 BRCDISS MOV
P44 Wi
%5 M
s NV
%7 CHP
948 P
u W
950 BNCD3SD WOV
951 CALL
952 R4
953 CALL
954 cALL
955 1T
956 o1
957 ©ORET
956
959 BEDMS N
%68 ]
oL MM O
962 RP
%3 104
%4 MEIZ O
s METS L0
%6 X
% »
-8 LM
" v

~

-

[

© FILE: TERNIMAL:pJUAN  HEWLETT-PACKARD: 8085 Assembler

s>
il
8.

e
=

3"
s
=]

A
VTACNCOL
H, CURSRON
)
HAXROW
B,A

N
BKED3SH
SWITCH
BU1BASCR
BKGD3SS
LX)
B,
BKGDZM

]

B
LDRD

B

XD XEXr x

BKCDI6
e -
AN
BCD2S
A

* BXGD286

BXCD3L

LDROW,
VTACCRS

- VTACCCOp

A
VTAGICOL

MAXCOL

VIAGKOL

CursA0M
W,

w

' ..‘

237 Sat, 15 Oct 1983, 3:28
JCURS0R RIGHT
SCIRSOR TO LEFT NARGIN &00NN 1 LINE
{CIRSOR DOV
JAUTD SCROLLY 7

iND...ge to T0P LINE

1SCROLL

EER R PR “”“iau;':xj

insigh

¥

a0

e

Ely ot em v v w7

Nl abas A AN Y e T




FILE: TERMINALIDJUAN  HEWLETT-PACKARD: BUBS Assembler 238
LOCATION OBJECT CODE LIME  SOURCE LINE '

L <

841, 15 0ct 1983, 3:28

»

i i et . T

L MD2 CINA%C 976 » MED3S0
, i .
405 32002 972 BED38Y LDA MR jERASE LINE ROUTINE: enter with
Mg X L IR A jvirtial RON address in B register
. W 57 974 nv D,A < jdestreys all ather registers
) MDA 3A2001 5 LDA LDROW
W X 976 W A ~ ‘
. MDE 88 97 ADD B
WDF BA 978 P- D
MED FANES 79 N WGDIeR
ME3 92 9 SUB D
: ME4 oOF 981 MCD362 RC
: WES SF 982 ) £,A
ME6 E6lF 983 N1 IFH
* M4EB FoOI 984 1 FASTVRAN
g MEA 57 985 MOV DA ‘ .
: - 44EB 7B 985 MDY A
MEC E680 987 ANI 460K
~ MEE 5 988 WOV £,A
MEF 3A2003 989 LDA WXCOL
(73 9% IR A
W3 13 991 0RA E .
WA 5F 2 MV £A /-
M WES 210600 " LK1 H,b ;ERASE A LINE, FAST!
; WFB F3 994 ) .
4 WE9 39 995 Dad s
; “ W4FA EB 9% " XCHG
i WFB F9 . 997 SPHL ' (
W4FC 210020 998 LXI N, :
MFF ES 999 BCDIBS  PUSH M N
- 4500 €5 1000 PUSH M
i 1501 €S .10 PUSH K
: 1502 E5 we . PUSH K
; 1583 E5 103 ’ PUSH M
; 1504 E5 {17 ‘ PUSH M . :
1545 E5 1005 PUSH K
1506 €5 1006 PUSH , H '
: 1507 @D (1Y, DCR (A .
4508 C204FF 1018 INZ BOD38S
1508 21008 108 LXI H, 8
k TISIEI ¢ i DAD 5
] 150F BB 1 XCHG
i 1510 F9 1912 SPHL .
‘ 1511 FB () B
; §512 C9 1 RET - \
115 . . e .
1513 DM, 16 MGDI®0  OUT  VIACHCOL - JOURS0R TO LEFT- MARGIN
1515 BB2) Y , (] SUITCHI , . N e
) 517 Esdl 118 ML AP A N
;190 19 R . '
514 C30488 12 ] XCD3IA4S/ . \ 0
51 13 1022 MEDAlN - QU7 VTACNCOL . JINGERT LINE . - \ .
SIFWN w LA CRRAN - I




“

FILE: TERMINAL:pJUAN  MEWLETT-PACKARD: BIBS Mssenbler

LOCATION OBJECT CODE LINE

4527 91 -
9528 #F
1529 I
1524

" 452B CAOARS
052¢ 5
52F CDOSFS
0532 C1
1553 85
0534 S
U535 CDeS3C

- 4538 C1
0539 C30524

453C 6B
053D 62
453E CDOSFS
4541 342403
050 3
0545 4F
4546 14
50 7
0548 23

- 0549 13
154 10
1545 C20546
054 (9

OS4F D3AC
1551 342014

. 4554 47
4555 4F
0556 42002
0559 %
1554 47
055E 0.

"SS5

. 055D CAIS70
0560 05
0561 41

0562 CDISFS

0565 01
8566 IC
56705 .
4568 41
9569 CDS3C

SOURCE LINE

127 ' SUB ¢

W28 v LA
R IW c

1030 KEDAOS  DOR ¢
3 n BGD31A
W32 PUSH B
3. CALL . BXGD492
134 PP . B

1035 - MR )

W3 PUSH B

W37 CALL  DNGDA10
1038 pop B

1039 P HCDALS
1040

1M1 BKEDAIE WOV LE
e - WV KD
1043 ©CALL  BKGD492
1044 LA MAXCOL
1045 M A

e MV C,A
1047 BKGDAIS  LDAX D

1048 LNV WA

1049 INX
1050 INX

1054
1S5 BKCDA2)  OUT  VTACMCOL
1956 LDA  CURSROW
W MY BA
158 WV LA
W9 . LA KAXROW
1060 Sub B -
161 WV B
w2 B
WEIBKEDAZS | DR B
1464 COJ1 . BKGDATS
1465 PUSK B
16 WV - B,C
167 CALL  BKGD4T2
1068 PP B
ey MR T

LA b B
Sun TR TR
we. . CAL  KEDAID
Wi e b
WA « IP MG
wrs, N “
1076 G435 IM VTACCROM
W P P
we LM\ . LM
we O | VIACKRO
[U L CAL | Ga3u
1061 W
W - AT . VIADRN
1 €Y -

B
D

1051 ( DER c

1952 1Y BACD415

us3 RET

239 k « 81, 15 Oct 1983, 3:28

}

;DELETE LINE
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e

2

v

L

=1

3

FILE: TERMINAL:pJUAN HEWLETT-PACKARD: B85 Assenbler

¥

=

——

//

IS7F 21048
1582 ES
9583 210479

" 1386 E5

0587 CDASDA
1584 D2059F
1580 78
058E 57
. 43BF F20593
1592 54
593 DBAS
M
333 F205%F
1599 74
1594 D34C
155 £1
59 €1
059 C9
059F 14
1540 CDISCY
1543 C30584

1546 210405
0549 E5
1564 21045C
154D ES
0SAE CDRSDA
0581 D245ES
0584 54
0585 14
BSBL DBAY -
- 15B8 1A
4589 C205C1

. USBC 7B

058D B7

I5BE F20594
5C1 COOSC?
#5C4 C305B1

0507 |4
4508 C20%€3
“450B 23
#5CC 3a2m3
I5CF BA

- . BSD FagsEd

!

1503 £1
5 Bt
1505 78
56 17

)

' a" LOCATION OBJECT CODE LINE

JSBA 21200

S0 1NIFF
3k UFS

- Yok &

SOURCE LINE

1084

1085 BKCD440 - LXI
1086 PUSH
1087 LI
1088 PUSH
1089 CaLL
1890 BKCDA42 A
1091 NV
1992 ORA
1093 »
1094 v
1095 BKCDAA4 ™
1896 e
1097 P
1898 K
1499 BKCDAAS - OUT
100 POP
114 POP
1102 RET
1103 BrCDA46 IW
1104 CALL
1105 P
1106 .

1107 BKGDASO LXI
1168 - PUSH
1109 LXI
1ne - PUSH
1 CALL
1112 BXGDAS2 N
13 . KoV
1114 BKCDASA INR
1115 IN
1116 CHp
117 N
118 KoV
119 0RA
12 b4
1121 BKCDASH CALL
122 e
1123

1124 BACDALY IR
125 m
1126 INX
1127 LDA
1128 o
1129 ]
1130 POP
ni POP
132 MoV
13 [T
1 R
N XTHL
113 R )
1137 MEMA2 X1~
138 X1
1139 MGpast [ )
10 T

H, BHCD344
L]

H, BKGD340
'
MCDAL2
BCDA4S
A
o
£,
VTACEEOL
D )

- BKEDA4S

AD
VTACNCOL
B
H

D
BXGD46D
BrGDa42

H,IXGD373
H
H,BKED365
o
BKGDAS2
BKCDASA
E,)D

D
VTACCCOL
)
HED456
AE

A
BKCDAAS
BKGDABD
D452

B
BXCDAG

H
MAXCOL
]
BEDAGA
H

N
AE
s

240.

;TAB FORWARD

sTAB TO MEXT STOP

Sat, 15 Oct 1963, 3:28

!
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L4

. iflLE: TERMINAL :p N.//leHLE'TT'-MCK'ARD.’GOBS hnmﬂgr pod \éﬂl 0 ) S, lé,on 1983, 3:28
" LOCATION OBJECT CODE LINE  ,SOURCE LINE \ 4
1563 79 1141 KEDAGS (T AC " . e | ,
. USE4 07 1142 RLC '
i WSES 4F 1143 nov C,A ) /
$5E6 Y :::; ’cr - . .
0567 32002 3145 BKGDASD DA /MAXRDM ;nlulubthysiul row :
IR N WA v L - 3 :
588 4F 4 1148 L) C,A ™ jenter with virtvalrow in B :
05EC 3A2001 IR v LA LDROM, jexit with physical rew in A LS
156F- X 1158 (] A !
15F% 81 1151 s:n B e . .
05F1 B9 1152 O C -
152 F8 1153 PR
< I3 91 1154 ) sE € , :
AF4 (9 1155 RET - .
) . 1156 4 T X
#5F5 CDOSE7 1157 BKGDA92  *  CALL  -BKGDATG - g - :
- 5B OF 1158 BKGDA9S RKC !
"A5F9 AF 1159 OV C,A o ?
” WSFA E680 1160 AN BOH 2
A WCE e . MV EA < ) .
‘o IR 1162 M AL . - g*
WSFE E6OF 1163 R T I
W0 FERD . 1164 081 VIDEORAM . o . L
0602 57 1165 v D,A : . :
4603 €9 166 RET - | o Y.
187 ‘ "
: /1168 . !
/ ©1169 e - , J
/ 1170 = 1 i
1nn - -
1R | : ’ s ;
1173 » NODE 1 DECODE/BRANCH TABLE (anterprets (ESC) prefixes) 1
174 » S ;
1175 - » L !
o4 22 - 1176 BRTBLAYL Dk - CPNQUOD jUNLOCK KEYBOARD ]
~ 0605 0697 u” W UBKEDSIS - 3
"7 23 1178 DB i’ X ;LOCK KEYBOARD
0608 4695 179 DM BXED51D
0504 24 1180 ) TP Y . " JCLEAR SCREEN . r
961D 143D 1181 o W i3 : - 4
068D 28 1182 Db 4! ;CLEAR SCREEN
" O60E 943D 1183 [ BKGD33 '
0618 30 1184 ;] L jCLEAR ALL TABS ]
B611 0277 1185 © D TABSCLR ' :
9613 31 1186 DB "o, {SET TABSTOP
0674 0388 1187 Y BXED250
B616 32 1188 DR 2 . jCLEAR TABSTOP
9517 8300 1189 W - BKGD2sd
0619 34 1199 Db y ;XKIT LINE FORMATED ,
0614 337D 1191 N, BKGDSBB " §
961C 35 1192 D& ‘5", jXKIT PAGE FORMATTED - = 0
061D 8778 1193 Di_ BKCDSB? : . :
B1F 36 1194 Dé Y ;XKIT LINE TRANSPARENT
b2 G7F (1195 0N , BKGDS90 ¥
0622 3 1196 % aq jXMIT PAGE TRANSPARENT > -~ :
0623 9783 1197 D BKGD595 ] .
N

’\

t s

N ™
s . . r
B e dw Gt ® et R .
" ¥ IRt P g e AV g SR SN S 1 ] -
v B t & - 3 +
b4 LTI N Kt x v
: Al 3
. o

R

-~
~ |
~ \ P
»~

L
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FILE: TERNINAL:pJUAN HEMLETT-PACKARD: 8085 fissentler ) ~ 242 ( . Sat, 1§ GEQ%, 3:28
¢ - "o : -
, ° LOCATION m&\mnz LINE  SDURCE LINE ) ' ‘ : ’
#625 30 1198 oM - e . JENTER WODE 2 ( (ESC) = ROM pesitien) -
0626 06AB 199 N BKGDS25 ‘ ’
0B IF 120 . Db " ;READ CURSOR PDSITION
0629 BbAE 120 - C M BKCDSAC '
0628 45 1202 DB ‘€ ;% ;INSERT LINE v : ,
= §b2C #51D 120 N BXGDAGS . &
62K 47 t 1204, DB ‘¢ JENTER NODE 4 ( (ESC) € - wisval ATTRIBUTE sat)
\ 062F B6Ab 1205 ' N BKEDS30 ' .
0631 49 1206 ) I }DACK TAB . .
0632 0546\ 1287 ¥ BXGDASO L T » s ‘
063450 | 1208 ° DB p {PRINT SCREEN TRANSPMRENT
X #b35 4608 1209 ] BKEDSS0 ' ' ]
© . 0637 51 1210 DB Q 1 INSERT CHARACTER :
. 0638 0400 1211 . BKED29D * ‘ .
063 52 1212 Db R’ ;DELETE LINE - .
063b A54F 1213 TN BKGDA20 :
. 863D 54 1214 DE T 1ERASE LINE (from CRSOR to end of line) .
63E 0426 . 1215 W BKGD310
e 4640 57 1216 Db ' ; DELETE. CHARACTER o "
0641 030 1217 DM BKED260 : .
) 1643 59 1218 Dk v ;ERASE PAGE (frem CURSOR te end of screen)
0644 0440 1219 N BKED33S cw
0646 54 1220 DB i s DISPLAY CONTROL
0647 G6EC ¢ . 1221 Dw BKGDSBS )
0649 3B 1222 DB CONLER ;ENTER MODE 5 ( (ESC) [ prefix interpreted)
B4R W65 1223 D/ BKGDS3S -
464C 69 1224 DB CONLI ;TAB FORUARD ( (ESC) i)
864D 057F 1225 Dw BKGDA4D y ‘ /\
. W6AF 70 1226 DB CONLF ;PRINT SCREEN FORMATTED ( (ESC) p) & '
¢ 50 08c 1227 M BKCDEAS oo
02 7 1228 DB . CONLG ' ;INSERT MODE ON. ¢ {ESC) q) *
== 4653 §A1% 1229 M BKGD300 -
1655 72 1230 DB CONLR s INSERT MODE OFF ( (ESC) r)
<0656 041D 1231 DM BKGD30S
0658 74 1232 . Db conLT jERASE LINE = fron CURSOR 1 #nd of line ( (ESC) ©)
0859 M26 1233 1 BKGD310 :
0658 ¥9 1234 0B CONLY ERASE PAGE = §rem CURSOR ty.end of screen ( (ESC) y)
085C 0440 1235 ] BKED335 : ’
1236 ]
1237 >
1238 # HODE § DECODE/BRANCH TABLE (nermal interpret & display) \
12/ = =z . ,
' 1240 . : o .-
063 7F 1241 BRTBLMO DB CONDEL . 3SOUND BELL (ASCIT “BEL® central character)
065F 0686 1242 N eosoo: b ' i
8661 08 1243 DB CONBS $CURSOR LEFT (ASCII *BS*,Back Space) i
0662 MBC 1244 : N BKGD36S . " )
86b4 09 1245 DE CONHT ;TAB FORWARD (ASCII *HT* Herizental Tab - advance cwr
0655 O57F 1246 W BKGDAAG i
0687 00 T . 1247 DB CONLF ;CURSOR DOMN (ASCII °LF*,Line Feed) 4
: 4668 8488 1248 W BKGD345 _ 3
0664 0B 1249 . B CONVT ~ -3CURSOR UP (ASCI1 *VT*,Vertical Tab - wp line) 3
665 ML 1250 © ' BKEDI7S | : ;
068D 0C 1251 . DB CONFF jCURSOR RIGHT (ASCII "FF*, Feed Ferward)
064E 479 125 W BKGD340
i:zu (i) 1253 1} CONCR jCURSDR TO LEFT MARGIN (ASCII *CR®, Carriage Return)
0671 0513 1254 ¥ BKEDIGD

a . .
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FILE: TERMIMAL:pTUMK  MEWLETT-PACKMRD: B0ES Mssenbler

N

LOCATEN DRJECT CODE LIME f SOURCE LINE

-

0673 0E 1255 b8 CONSO SUNLOCK KEYIRD (SCIL *S0°, Shaft Out)
BT W97 1256 N MED515 : '
8678 OF 1257 Db CONS] sLOCK KEYBOARD (ASCII *S]*, Shift In)
0677 1695 12%8 « ™ BKGDS1D .
0679 14 1259 DB CONSUB jCLEAR SCREEN (ASCII °SUB*, clear all tu msll)
8678 143D 1268 M BED330 :
07 15 1261 DB~ COMESC JENTER MODE 1 ( (ESC) prefix interpret)
087D MNP 1262 3 PKEDS20 : . -
WEIE 123 »® CONRS JCURSOR TO TOP LEFT (ASCII “RS®, corser home)
68N M35 . 1264 . BKCD320 -
0682 IF 1265 DB CONUS jCURSOR TO LEFT MARGIN AND DOWN 1 (ASCII *US*, mew lanel
TORTER 126 N BXCDMU3 ’
0685 00 . 1267 )] ) JEND THIS TABLE
1268
1269
1270 »
1271 »
: 12722 _
4686 DB23 1273 BKGDSO0 AN SHITCH? {BELL
0688 602 1274 ANl SUZBSON] y C
4684 3EE7 1275 o Wl A,CONBLS '
1680 20691 1276 N BRGS0
$68F 3EE2 1277 Wl A, CONBLS
0691 322030 1278 BKGDSO!L STA VERTBELL
8694 C9 1279 RET* :
1280 -
0695 4680 1281 BKGDS10 M1 B,STIBKBIL ;KEYBOARD LOCK
0697 212007 1282 BKGDSIS © Xl H,STATUS? ;XEYBOARD UNLDCK
169 7E 1263 . KoV AN :
069 EL7F 1284 ANL NT.STIBKEDL - .
069D BY 1285 ORA B
Q89 77 1286 * WOV Ko - -
$o5F €5 1267 RET g J
1286
16A0 78 " 1289 BKGDS6D MOV A%
16h1 D630 1290 su1 10
4603 01 1291 RNZ ~
064 3¢ 1292 I A {(ESC) 1 8 PREFIX
0oh5 3% 1293 BKEDS3S W A $(ESC) [ PREFIX- INTERPRET (enter medes- MODE 5)
TT T 1294 BXCDSI0 INR A $(ESC) € PREFIX (wiswal attribute set - enter MOLE 4)
TORT BKGDS2? IR A J4ESC) = ROV ADDRESS PREFIX
0648 3 1296 BKGDSS o I 1) jAESC) = PREFIX (ROM position - enter MODE 2)
A9 30 1297 BXEDS2 IR A 4KESC) PREFIX INTERPRET (enter MODE 1)
VbhA 322009 1298 BKGDSS? STA . BKCMODE '
TO R 1299 RET ‘
1300 , ,
V64E F3 1361 BKGD540 mn « ;SEND CURSR -
VbAF 061B 1302 - I B, CONESC
V6B CDO24B 1303 CALL  TRANSHIT §ESCY - o
06B4 4859 1304 Wl - BY :
W6Bs CDO24B 1305 CALL . TRANSHIT 3
V689 3A2014 1306 LDA CURSROW i
06BC CDO248 1387 CALL  TRANSNIT ROV 32
OGBF DBAY 1308 IN YTACCCOL
M6C1 CDO2A8 1309 . CALL  TRANSHT! ;COLUNN+32
06C4 FE 1310 3 : .
86C5 €9 131 RET "

L.

-

1

Yhr ss SOV AL LA A S et < S v

N b
bt ] " .
N

P bdms o 2o B V] T o B e o v
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FILE: TEANINAL:pJUM  MEMRETT-PACKARD: 8185 Assenbler 244 . Sat, 15 Oct 1983, 3:28
LOCATION OBJECT CODE LIME  SOURCE LI - ¢ - et
£ ' <
w2 ) , g

66C6 0E04 1313 BXGD545 ‘W1 C,STIBAMAT jPRINT SCREEN FORMATTED 3
0508 3A2014 . 1314 BKCDSSH LA . CURSROW ., .

4608 47 1315 I T 4@

85CC 1628 1316 w1 »,STIBLPTR ‘

Q6CE DBA? 1317 . IN vTACtCOL jPRINT SCREEN TRAMSPARENT

D4 212005 1318 MEDSS2 L H,LPICOLMN

0603 77 1319 "oV N,A

D4 2 1320 - ] L

05 70 1321 MV MB -

(T 1322 IR L

4607 F3 1323 DI ! )
608 7€ 1324 KV X! ‘
869 EBF8 1325 " AN JNT, (STIBANAT+ST1BANXX)

0608 B2 1326 ORA D ‘ .

)¢ B 1327 . % €

460D 77 1328 v KA "

0E FB 1329 v,

WDF 76 1330 BXGD3SS HLT JNAIT"

06E6 7E 1331 HOV AN -

A6E1 E638 1332 . AN] STIBLPTR+STIELPTA+STIBNRIT

06E3 C206DF 1333 I - BKGDSSS

WbEL C? . 1334 RET 'DOME

1335

06E7 78 1336 BKGDS6S MoV AB

U5E8 DodD 1337 501 N '

GEACE . 1338 RNZ : ‘
06€E 3D 1339 MR A j4ESC) ( & % PREFIX (maintenance - NODE 7)
BGEC CH0B 1340 BKGDSRY AD] ] J4ESC) 7 PREFIX (stere contrel character = WODE €
QEE C306AR 1341 JHP BKGDS67 H display contrel)
. 1342 ‘

W6F1 212009 1343 BKCDS70 LXi H,BKGHODE

W6F4 3607 1344 Kl N7

M6F6 78 1345 . Wy A . )
16F7 E6AD 1346 M1 ABH ;OPERATING IN MAINTEMANCE MODE

§6F9 D1 1347 * POP D

W5FA 2E04 1348 W1 . L,SSMITCHI

oFL 78 1349 WV Ab

04FD C202£9 1359 wm BXEDINS * jSTMULATE BAUD RATE, PARITY

1706 D5 1351 PUSH D

1701 E687 1352 ] O7H )

1703 CAQbAA 1353 1 BKGDS567 38 EXIT MAINTENANCE MODE

746 3D 1354 - DR A

1707 C20767 1355 . BXCDSBO

0704 110800 1356 - Ule DN ;1: CALLULATE ROM AND REPORT 17

700 218000 1357 LXI Ho

0710 CDO732 1358 KEDSTS CALL CRCGEN

Iz 1359+ - MY AN

0714 FER8 1368 B B -1

8716 FAOTI0 1361 In BCDS75

19 78 1362 KoV A £

0714 CDO2AS 1363 CALL TRANSHT3

171D 74 1364 MY AD

I71E CDO244 1365 ALt TRANSNTO

1721 78 1366 oy X

V722 v 1367 RLC ‘

0m23 9 1368 e

L \
L
‘I ‘ e P e

R R T

-

BRAMH Wt o Ml 8 23T AR ot o, e " e it B2 % TP ) {
= arai v T

R L e
fn i DS Y - %I I

PV O

v alre Py A ey Tm e
- t

[ 9



© " LOCATION (BJECT CODE LM SOCE LINE

+

FILE: TERMINAL:pJUM ~ MEWLETT-PACKARD: BIGS Miembler 245

<

. 0724 E603 1389 M VI T
2o 5 1370 MEDSTY v £, SR
0727 1m v AD
0728 OF 1372 .Ome .
T 1373 CmC . ‘-
0724 E530 1374 M. I
7L B3 1375 . oA —,_E
072D C6248 1376 DKCDSTS CALL TRANSAT1
72 N3 I v/ ] £l ,
731 09 . 1378 L BET o
1379 . o
mR% /1389 CRCCEN v AN ~
VRE 1381 me o
8734 E6B0 1382 ML BM
PVRAE 1383 XRA M
3 & 1384 Kov A .
4738 7 1385 - MV AD -
NI RV 1386 RAL
073 48 1387 XRA B L
VB 1388 C MV BAC \
V073 Th 1389 - WU, AD - '
URD¥ 1390 ©Y e
RN 1391 IRC
V¥ 1w oV C,A ,
A O 1393 . T e
SO, 134 - RRC
W42 EOFD - C1395 AN OFOH .
1744 48 . 139 XKA B ‘ ’
0 & 1397 S MV - B,A
TR 1398 : MDY A,C
© §747 E6BU 1399 ANI BOH
0749 88 IR L [ XRA B
Vw7 KV . BA
VAR e KV . E,A
WAL E6TF . 1403, AN TFH
O74F 48 - 1404 XRA B
. 47 1405 OV B,A
8750 7B 1486 v AE
s 07 1497 S 1
1752 £601 1488 AN ML Q ,
1754 AB 1409 XRA B - ,
4755 47 1414 "oV B,A o
175 78 11 R WE
757 OF 1412 e
1758 oF 13 IRC S .
1759 OF 1414 . Ny VN
V154 oF 1415 IRC .
758 &F 1) , Wy LA
V750 AB 1417 ' XRA B
1750 47 1418 LM BA -
A75E 79 1419 N N
V75 OF 142¢ © o mRC
760 680 , - 1421 NI BOH
A762 A8 1“2 XRA B
1763 SA 1423 oV EiD
1764 57 1424 WY - DA .
o5 23 1425 I, H i

Lo
.

Sat! 195 Oct 1983,

{ &~

T Ay o it T M b one sy b < 2o
h -

£ e Ko 9 b R

-



WA T, NS ¢ ysu o

- FILE: TERWINAL :pJUAN

sy

®

v

LOCATION OBJECT CODE LINE = SOURCE LINE -

0766 C9

767
48 C2798
1768 D321
Ve S
076E COI245
. AT B
0773 E&0F
W75 L2

1778 k04 ¥

0774 Q783 -
4770 (EM
§77F 32014
4782 47

#783 1408
1785 &

4786 C306D0

4769 212000
- W78C 110008
¥78F 00732
V792 7
79I B
0794 C2A76F
4797 09

1798 B
4799 C2064A
879¢ F3
479D 315000
8748 £D0789
AA3 25
4704 D5
0745 55
786
0787
07A8
0709 F
0788 I
705 K
074 77
78D 20
17AE C2078
V7B1 7E
V782 o
8783 77
8784 BE
8785 CAB7EA
0788 1801
A78A 2
4788 C207B1
A7BE 7D
O7HF OF
0700 WF
07C O

1426

2

1428 MEDS8¢
49
W -
Mt
1432

143

1N

1435

143

1437 WEDSB7
1438

1439 IGD58E -
1440 BKGDS90
1441

1442 BKEDS9S
1443

1444

1445

1446 SCRCRC
1447

144§ SCRCRCI
144§

1450
s,
1452

1453

1454 BXGD&D0.
1455

456

= 1457

1458

1459

1460

14b1

1462 BXGD&OS
1443

1464

1485

1466

1467

1448
1y
un

1471 BXGDL10
{472

1473

1474

1475

1476

1477 BKEDLIS
1478

1479 HEDL20
1480

1481

1482

.- RET

BCR
N
In
sov
CALL
N
NI
P

Wi
1. 4
w1
LDA
MoV
L)
XRA
INP

1

LXI
CALL
HOV
0RA
Iz
RET

DCR
INZ
DI

LX1

DCR
PUSH
OV
MoV
RRC
RRC
RRC
RRC
XRA
"oV
IR
m
OV
M
OV
chp
n
W1
N
n
NV
RRC
RRC
RRC

CALL

G ey a Rt e e e g e o s T PR M R RSN T A T xSt e
&

HEULETT-PACKARD: 8085 ‘Assentler

v

A

MGD610
SITCNY
DA
TRANSHT3 -
SITCHZ

WFH

WED579

C,STABAMAT
BKCDS9S
C,ST1BANAT
CURSROW
BA
D,STABXNIT
A

BXGDSS2

" H,SCRATCH
A
CRCGEN
foan
A
SCRCRC!

f
BKGDD67
3
5P, FREEDRAN+4B
SCRCRC”
H
D
p,L
AL

]

(NY

L
BCD&ES
AN

HA
N
BKGDb15
D1
L
WeDeN
AL

Na

.
- . v

jother
j2: redd switches

¢

4

 JTRANSHIT PAGE FORMATTED -
ARNGKIT LINE FORKATTED
;TRMSHIT LINE TRANSPARENT

" ;TRANSNIT PAGE TRANSPARENT

-~ ‘lr

jany other exits | :
;31 perforn SCRATCHPAD tsts
T s \.. ‘:9-:

246 Sat, 13 Ocv 1983, 3

e ane ,&:‘V”_ - St
.

40

e do t
e

-




FILE: TERMINAL :pJUMN
LOCATION OBJECT CODE

w.
Y

WC2 OF
03 F
070 AE
‘ s 7
e X
‘ 077 C27E
17CA 74
s 37
17CC C207M
WCF O
02 Et
703 7B
74 0
705 C207M
178 74
D9 BC
17DA 3611
. 47 312031
170F C20720
w2
WE3 C3072)

(2000)
200
. . 2001
‘ 2002«
2063
L ’ 2004
2005
- 2006
2007 ,
(1680)
(6040

"

(80
(NN08)
(N84
N3
2008
' (e3)
2009

’ .
. ey, oo FY
. e e e e I e T T R AT

P e e R v, w
]

b3

- 247

< -y .1 e B i s T 2 N AR L )

NEWLETT-PACKARD: ms mmm Sat, 15 0ct 1983, I
LI SOURCE mt . , ’
1483 fe
1484 1)

1485 T [}
1486 v KA <
1487 (] L
1488 m MED620
1489 [ AD
149 oA A )
1491 m WGD625
1492 AL v solae - \
1493 Pop (] .
1494 KV AE
1495 Onp L /
149 m MCDe25
1497 v - A
1498 W N
1499 HED62S w1 ALK
1500 LK1 §P,STACKEND-2
1561 n D578 !
1502 MR N -
1503 I BKeD578
1504,
"1585 v
1506
1507 &
1508
1509
1510 (-1 2008
1511 )
1512 SIRATCH™ EQU s ;8155 M, SCRATCHPA) »
1513 5(RB2S14 DS 1 ;82514 CONMAN REGISTER INAGE
" 1514 LDROW 1] 1 sUTACCRS INAGE (LAST DISPLAYED DATA ROMW)
1515 MXROM DS 1 s MAXINGK ROM COUNT
1516 MAXCOL 13 1 NAXIN COLUMN COUNT ’
1517 SSWITCM1 05 | $SWITCHI IMGE .
_ 1518 LPTCOLMN b5 1 $LOCAL PRINT COLUMN POINTER
1519 LPTROM b5 1 sLOCAL PRINT ROW POINTER
1520 STATUS ] 1 ;GENERAL STATUS
1521 STIBKBDL  EQU T }KEYDIARD LOCK s
1522 STIBINSH  EQU T ; INSERT CHARACTER MOME
1523 STIBLPTR  EQU b $LOCAL PRINT TRICGER
1524 STIBLPTA  EQU 104 LOCAL PRINT ACTIVE
1525 STIBXMIT  EQU 81 $BLOCK TRANSKIT FLAD
1526 STIBAMAT  EQU "y - s FORMATTED OUTPUT FLAG
1527 STIBAMXX QU ™ $FORMT SEND STAE COUNTER
1528 STATUS2 05 1 ;CENERAL STATUS 2 .
1529 ST2BFETH  EQU (1 . sFRONT-END TRANSPARENCY WODE
1530 BKCHODE 1S 1 sDISPLAY DECODE MODE
1531 -
1532 & NODE ' $ NORMAL mmrﬂn MD DISPLAY
1533 # HODE - 1 + CESC) PREFIXED INTERPRET
153 : MDE 2 3 CESC) = RO POSITION
1535 » HODE 3 ; CESC) = COLUMN POSITION
153 # KODE 4 $(ESC) G VISUAL ATTRIBUTE SET
1537 & KODE 5 s CESC) 1 PREFIXED INTERPRET
1538 MDE . & $(ESC) 1 0 PREFIXED INTERPRET
1539 & KODE 7

$CESC) { 8 M MAINTEMANCE MODE -

fe b
mm, ﬁ‘r

T

7
3
i

L
LI



L4

- ) » : .
FILE: TEMIML:pJUM - HEMLETT-ACKMRD: GMES Msembler < 28 Ry 15 Gt 1983,
LOCATION OMECT COOE LM~ BOWCE LINE

1540 » WMk 8 {(ESC) Z STOME CONTROL CHARACTER
1541 : »
2004 142 TABTARLE | ﬁ 1) jTAISTOP  BITMEK TABLE
21 1543 CURSROY . 1 * j0URSOR  ROM-VIRTUAL
2015 1544 . 25 STKSIZE | JSTACK
(2033) 1543 STACKEN (1 TR
am 1546 YNTQUELE » XNTQLEN . JTRANSHIT @
(2039) 1547 XNTQEN s ) .
2% 1548 DISQSPIR % 1 N
203 1549 DISQFPIR » 1 . .
an 1550 XNTQFPTR s 1 \
% 1551 XNTQSPTR 25 1 :
20 1552 VERTRELL » 1 L TINER
¢203E) 1553 DISQUEXE EQU [ jDISPLAY Q 18 REST OF SCRATCHPAD
1554 ' END )

Erreorss 0

.
P S
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FILE: TERWIMALpJUM  CROSS REFERENCE TABLE

LINES
m
]
[
85
9

/ M
W
"
()
"e
W

L

S0
BBRTAR

ned

BGD115
MEDi2)
BRCHS)
MM
DS
D166
G147
EDI7)
e8!

meszn

2210
Bxc21t
MO
ED23S
CR2)
D242
DGO
DKCD2AS
D)
D260
D27
PGS
O]

BRED2ES .

PKCD28D
| 3]
BKGD295
wene7
BXCD3IN
BRED3IS
CIN
)
BKGDI20
BXEDI
BEDIIS
BXED336
ey
BKEDIAG
(L
MED34
BXCDIS
BEDIS
IXGD3TS
CD360
BKEDIS
D370
]
WEDI7S
BGD380
eD3e2
NGD3ES
L0390
BKEDA00
BKEDAES
BKC418

e

°
g NN ST T ETEEFESEE S N TS  E o R W A A O O O I O I O O I O g R
-

REFERENCES

68

"

1354

683
433,668,712
m

w

739

ne

B

™

725

728,759

7

™

75

886

M1,941
.

187

1189
798,803

824

1217 ,
826,848 875
953

91,1211

w2882

836 ;
1229

1231
888,1031,1080,1215,1213
54

87,1264
1181, 1183,1260
1219,1235
892

"

1487, 1252
1264

1485

1029, 1248
935,967,970
38

748
1189, 124

1107 .
1250

i1

7%

1408 -
1254

1203

1039

NI,

PAGE

249
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(‘ 3 K
FILE: TERMINAL:pJUAN  CROSS REFERENCE TADLE
§TO0L

LINES

NEMI5
NED20
NCDA2S
NEDAIS
NCD440
MEDM2
WED444
MEDM4S
MEDML
MEHSH
BEM52
EDASA
NEDAS6
T
WEDAG2
NCD464
WEMbE
WEH498
WED492
NEM4FS
WED500
MEDSDY
WEDS10
MCDS1S
WEDS20
WCDS25
WEDs27
WEDS30
MCDS35
WCD540
WCD545
MED5SG
WEDSS2
WEDSSS

'HEDS6D -
WEDSES

WEDS67
NEDS76
NEDS7S
WEDS78
WEDS7Y
KCDS80
NED585
WEDS87
WEDSE8
MEDS%0
WEDS9S
WEDSIY
WGD6ES
NGD610
WGDLIS
HCD62¢
MED625
ONODE
RYBLN
PTIBLNI
MRYBLXS

/’,,””””””’.’

TPE  REFERENCES -

105
1213
1474
1064
1225,1246
1195
1093
12
1090,1097
1207
122
112
17
104,121
1089,1111
19
125
792,157

844,914

1242

12

1179,1258 *
1177,1256

1262

199

1215

1223

120

1227

1209

1444
133 \
M

"3
1341,1353, 1485
S

1361

15011563

1435

1355

1221

1193

191

1195
1197,1438

1429

7

U7

175

1488
14911496

74
n2
14

PP I PIPIPPEPIPPIIPISPIIPIIPIPIIIOPIIPIIPIIIIIIDIDEIS

300, 10331043, 1867

$33,714,782,1298,1343

-
o S bt v R SN i ke

e st
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FILE: TERNINAL:pJUAN  (ROSS REFERENCE TABLE

LINee

PESEHERNIIIBITERIR

233

377

x

SYROL

Co1NY
CONIE1D
Comt11

comit2 -

Comi18

commay

comride

COMIINN

COMNIZIB
Comitd
Comi3iB

ComNt31D

COMM3IF

comni3nl

Comnt32
H

COnr140
COMAISE .
COMN16d
COMN{6S
comi17¢
COMN180
COomi199
COMN192
COMNINT
CONBEL
CONBLS
CONBLO
CONBS
CONCR
CONDEL
CONESC
CONFF
CONHT
CONLER
CONLF
CONLI
ConLP
CoNLq
COMLR
CONLT
CONLY
COMORBAR
CONQUO
CONRS
CONSI
CONSD
CONSUB
CONTILDE
CONUS
COWT *
CRB251A
CRECON
CRBDSR

rd

- N O B O A B W B B B B B W G B S B 2 B - - - - g - - O

TYPE

b B B b B k- b - 3 I 2 2% J

Connj

COoMM134

Mﬂﬁg } :
Comnt

REFERENCES

167,225

232,242 ‘
259

=3

261,266
245,255,263

s

M2

487
360,428
3y
321

323

316
296,416
295

422
343,347 ©
287

283

a2

423

383

301,340, 49
374 .

352

1275
595,1277
128 - .
338,125
244, 1241
265,320,121, 1302
1251

1245

1222

348, 1247
1224

1226

1228

1230

1232

1234

1176
1263
1257
1255
596,1259

1265
1249

227,230,236,280, 367,457 , 464,483,505, 643,

PAGE 31,

251
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FILE: TERNINALIpJUN  CROSS REFERENCE e 2

LIEY

JdEXRIZSTYISEETLRES

9
20

SYNBOL

CREDTR
CRBEPS
CRBERST
CRIFIRK
CRBFE
CRBLEN
CRBOE |
CRiFE
CRBPEN |

CRIRCVEN ~

CRIRST
CRIRTS
CRIRNRDY
CRBSS
CRBTXENT
CRBTXEN
CRBTARDY
CROGEN
CURSRON
DISPBI A0
DIGPRUFF
DISEFPTR
DISESPTR
DISQUEUE
ME251A
FASTVRAN
FREEDRAN
INIT1A0
INIT120
INIT130
INITABLE
INTTLEN
INTREXIT
10058155
10CSINIT
KEYED) 00
KEYBD110
KEYBD120
KEYBDINT
KEYDOMRD
LR -

LPTCOLMN

LPTRON

ROVER:
HOVER$
SAVE1ND

-

@

SRE251A

SCRATCH
SCRCRC

SCRERCY -

SSUITCHI
STIBANAT
STABAMXX
STIBINSH
ST1BKBDL

a3

TYIPE  REFERENCES |
436

‘

235

>
B

a8
- .

A
4
A
A
A
A
A
A
A
A
A
A 455,480,503
A

A

A

A

EEERESY

01,481
A 281,466
A 13581448

A A09,795,885,894,930, 965, 10231056, 1306, 1314, 1440

A 548

A 201,277 .
A S

A 145,551,699

A 549,591,5%2,705

A 243,247,397

A 984

A 1457

(YRLY, :

A 158 b
A b3 .

A 144,598 -

A 14b

A 282,368

A 140,697

A 139,696 .y

AN

A 200

A 195,204

A

A 188

A 641,944,955,975,1078,1149
1,304,404,493,1318

A 489

A 292,773,840,849, 876,923 ,963,989, 1044,1127

\

A 147,569,630,834
“ ¢

‘ -

A, 234,362,399, 454,468,675

A7 131,144 :

A 14381492

A 1451 .

A 143,392,857,1348

A 315,1313,1325,1437,1439 , .
< A 318,330,415,1325 :

A BETB7,010

A 195,1281,1284 °

A 353,488,639,786,897,932, 968,972, 1025, 159, 1146

S




!
-

FILE: TERNINAL :pJUMN -

LIRS

1524
1523
- 1525
1529
. 1545
1520
|

| 1542
8

o &7

»’
518

515
S16

“ N7,

914
A%
A1
485
1952
175
"
B

SYNBOL

STINPTA
STIMPTR
STIBXNIT

STAFETH

STACKEND
STATUS
§TATUS2
§ISIZE
SVIBALF

SNIDASCR -

SH1BBDR
SUI1DECHD
SHIBPAR
SuZB1bL.
S¥2BSOHZ
SU2BCTS
SH2BKCE
SU2BPER]
SH2BPRDY
SUITCH1
SHITCHZ
TABSCLR
TABSINIT
TABTABLE
TINRHI
TINRLON
TRANS100
TRANSHIT
TRANSHTO
TRANSHT1
TRANSHNT2
TRANSHT3
~VERT140
VERT110
VERT{20
VERTBELL
_VERTINT
VIDEORAM
YIACCCOL

: 78 "VTACCRS.

VIACCRON'

»

’ 'ﬁ
81

BA

684

82

8

1547

1550

. 8
1551

1546

VTACHEN
VTACRSET
VTACSTRT
VIACTABL
VTACWCOL
VIACHRON
XNTQEND

XNTQFPTR
XNTQLEN

XHTQSPTR
XNTQUEUE

¢

ps

TYPE

’

-

CROSS REFERENCE TABLE ME 33

L4

> >>>

€
L)

~—rl

" REFERENCES

285,476, 486,499, 1332
£72,475,1316,1332
351,;75,410,1332,1«2
25

13,1500

194,265,313 m,:m 70,497,899, 1232
)

1544 -

e, 42,1018 -

w - "

659,663

199

659,647 . S
149,635,890 .,

149,1274

m -

n S

241 S

2 -

141,198, 345,420,656, 661,935, 1017, 1430
148,202 A0 288, 370, 633, 889, 1273, 1433

- 1183

g2 - 1
556,557,809,1137
695
692
528 -
197,1303,1305,1307
1365 -
1309,137%

rd

13631432
17

81

mo
245,M3,1278

a

87, 1164

405 ,814,817,827,837 915,92!,959 19,1115, 1306 1317

567
843,913,1476
628

137 . :
156,631

777,884,926,929,961,964, lllb 1022,1055,1099
- M, 1l79 1082 .

382, 527
518
1546 -
377,530 L
384,329,593,994 .@ .

v

e

253
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T > T
APPENDIX H ‘ N
PARTS LIST '
IcC+# DESCRIgTrou | . '
ul 8085A (uP - 4 MHz) . '
‘U2 8155 (RAM-1/0-TIMER)” ‘@
U3 8251A (USART) -
ua 2732A (EPROM - 200 ns) (4K x 8)
U5. HM-6516 (RAM - 200 ns) (2K x 8) [Harris)
ué CRT-5037 (VTAC)
u7 CRT-8002A-011 (VDAC) 20 MHz : -
us 74LS138 (3:8 decoder)
" U9 74LS374 (octal latch TS)
u10 7415244 (octal buffer TS).
u1l 74LS04 (hex inverter)

¥

ui2 74514 ¢(hex Schmitt inverter)
U13, V14, u15 (' 740574 (dual D flip flop)
ul6, U17 - . 74LS32 (quad 2 I/P OR)
u18 74L586 (quad 2 I/P XOR)
u1d 74LS00 (quad ‘2 1/P NAND)
u20 - 8286 (octal.bus transceiver)
173 R 1488 (quad RS232C driver) '
u22 1489A (quad RS232C receiver) |
U23 to U28 7415157 (quad 2:1 Mux) i -
"~ U29 . 74LS08 (quad-2 1/P AND)'
U30 - . - 74504 (hex inverter)
Su3l 74LS161 (4. b;ﬁfgshnter, synchronous)
u32 74L.5244 (octal buffer/driver)

33 (oﬁ%iona1)}/,,\2732A (EPROM - 200 ns) (4K x 8)

o L. ~ e
RESISTORS
(a11 in ohms, 15%, 4W, carbon filp)
— . -
RI - 1K
R2 - 470
= R3 - 75
R& - 27K
R5 - 560
R6 - 68 . )
R7 .- 390 . : -
R8 - 330 .
“R9 « 330
R10 - 180
RI1-330 . G —
, ~ R12 - 100 o ;
P C R13 - Q00

R14 - 1K



e B N 255
| . POTENTIOMETERS -

VRl - 100K._n_pot (optional)
VR2 - 200 .A_pot (optional)

. * ., . ’ . ‘
’ . ‘ ' *DIP RESISTORS

I »

P ) N s R
11, 72 - 10K_n_, .B-per package Beckman
13, 74 - 1K.~_, 8 per package Beckman

CAPACITORS
. "Cl, C9 - 10uF, 35V, radial, electrolytic
€2, C5 - 1000pF, 50V, ceramic
€3 -~ 4700pF, 50V, ceramic .

c4, ¢6, C7, C8 - 100pF, 100V, cerami
ClO’-C35 - 0.01uF, 50y, ceramic

DIODE .
D1 IN4148

TRANSISTOR
Ql 2N3904

- * SYJTCHES '
| s1, SM}Sition, DIP o
S3 - _normally open push button , :

CRYSTALS

ed S ) L 2
YI'- 6.144 MHz, 0.01% for 00C to 700C, HC18 w/hold down pin
Y2 - 17.0748 MHz, 0.01%. for 00C to 700C, HC18 w/hold down pin

A BUZZER

IR

o e
1 -

ALARM - minfature buzzer

~

CONNECTORS

4 . Jl
J2
J3
> ‘.\ J4 -
' . Jd5
© Jb6 Lo
J7 P
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