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I.IARRANTY

The GRAPIIICS-PLUS hardnare is uarranted against defects in materiaIs and
Irorkmanship for a period of 90 days fot[owing the date of purchase.
This yarranty shatl be void if the GRAPHICS-PLUS harduare is damaged by
improper instattation. The responsibiLity and Iiabitity of Northwest
DigitaL systems shatt be timited to repair or reptacement of the
GRAPHICS-PLUS hardlrare.

CUSTOT{ER SERVICE INFORMATION

Any questions regarding service or repairs shoutd be referred to:

NORTH}'EST DIGITAL SYSTETIS

P.0. Box 15288
Seatt[e, l'lashington 98115

206-36?-6937
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GRAPHICS-PLUS modet GP-l9 Operations ttlanuat
Part No. 14-00001-02

Copyright 1983 Northuest Digitat Systems
Att Rights Reserved

Printed in the United States

Comments about this manuat would be
Comments and suggestions may be maited to:

appreciated by the authors.

Northyest DigitaI Systems
P.0. Box 15288

Seatt[e, l{ashington 981 15

TEKTRONIX is a registered trademark of Tektronix, Inc.

DEC, VT, VAX, and VllS are registered trademarks of DigitaL Equipment
Corporat ion.

GRAPHICS-PLUS and GP-l9 are registered trademarks of Northtrest DigitaL
Systems.
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CHAPTER 1

INTRODUCTION

1.1 PRODUCT SUiIIIARY

GRAPHICS-PLUS is a fietd-instatlabte enhancement board for the Zenith
219 video terminat. Addition of GRAPHICS-PLUS to a 219 provides
Tektronix 4010 compatib[e vector graphics, 801132 cotumn and 24149 tine
di sptay formats, off-screen scrotting memory, programmabte function
keys, menu driven Set-up mode, and numerous other features.

Graphics capabitities inctude the foItoring:

* 512 horizonta[ by 250 vertical resotution

* Tektronix 40061 4010 graphic and a[pha mode compatibiLity

* Tektronix Graphics Input mode using the terminatrs keypad

* Uhite-on-btack and b[ack-on-yhite vectors

* Selective erase and area erase vectors

'* Area fitI vectors

*

*

Easy-Entry graphics mode atloring decimat specification of
coordi nates

Locat function keys for screen erase and enter/exit Tektronix
mode

1-1



Text modes include the

* 80 cotunn by 24

* 132 cotmn by 24

* 80 cottmn by 49

* 132 cotmn by 49

INTRODUCTION

fottoring fornats:

[ines (ptus 25th status

tines (p[us 25th status

lines (ptus 50th status

tines (ptus 50th status

Line)

ti ne)

Li ne)

Ii ne)

0ther signlficant enhancements provided by GRAPHICS-PLUS inctude:

Seven pages of off-screen nenory

LocaI function keys for scrotting through memory

CRT-saver timeout feature

True reverse screen capabitity

VT100 styte scrott key

Definab[e scroI ting region

t{enu driven Set-up mode

Progrannabte function keys rith 512 bytes totat memory

Transparent mode for disptaying al.L received characters
inctuding controt codes

FuLLy programmabte tab stops

Setf diagnostics for checking att RAilS and R0ilS

Att GRAPHICS-PLUS togic is contained on a sing[e circuit board that
be quickty instatted using only a screvdriver.

can

*

*

*

*

*

*

*

*

*

*

*
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INTRODUCTION

1.2 ilANUAL OVERVIEIJ

This manuaI contains atI information necessary to insta[[ and operate
the GRAPHICS-PLUS enhancement board. Before attempting to instatt
GRAPHICS-PLUS the user shoutd read Chapter 3i aI t necessary
instructions for instatlation and testing can be found in that chapter.
Detaited operating information, both for the terminaI user and the
programmer, is in Chapter 4. For the user yho requires a detaiLed
understanding of the device harduare, Chapter 6 provides a comptete
circuit description. Troubteshooting information can be found in
Chapter 5.

1.3 NOI'IENCLATURE

References in the text of this manua[ to a 219 terminat refer to Zenith
219, 219-CN, and 219-HN (or Heath H19, H19A, and UH19) terminats
interchangeabty untess expticitty stated otherwise. References to "the
termina[" refer to any one of the above modets equipped urith a
GRAPHICS-PLUS enhancement board.

The term "main keyboard" refers to atI keys except those tocated in the
numeric keypad. "Numeric keypad" refers to the group of tuetve keys
located on the right side of the keyboard. Keys are referred to in this
text just as they are tabetted on the keyboard, with the Label spe[ted
alt in capita[s. For example, the words SHIFT and CTRL refer to the
keys of the same name on the terminat keyboard. Note that neither of
these keys actua[ty produces a character yhen strucki instead they
modify the codes produced by other keys struck yhen one or both of them
are hetd doHn. Thus if reference is made to the effect of typing
CTRL-FI, it refers to striking the F1 key rhiLe hotding doun the CTRL
key. Likeyise, CTRL-SHIFT-FI refers to striking the Fl key uhi[e
hotding doyn both CTRL and SHIFT. The word ESC, atL in capitats, also
refers to the key of the same name on the terminaL keyboard and is an
abbreviation for the ASCII character named ESCAPE. This key, in
contrast to SHIFT and CTRL, actuatty produces a code yhen struck (the
ASCII ESCAPE character).

Characters received or transmitted by the terminaI are referred to by
their standard ASCII names. Control characters are represented by two
or three character symboti c names, spe[ led in capitaIs. CR, for
instance, is the character produced by striking RETURN. Tables shouing
the hexadecimat vatues of att ASCII characters and the codes associated
vith atl ASCII control codes can be found in Appendix F.

Escape sequences are printed in one of tlro different Hays. If they
appear in tine yith text they are surrounded by parenthesis to separate
them from the adjoining text (ESC d). The parenthesis are not part of
the sequence. If the sequence is printed on a separate line parenthesis

1-3



INTRODUCTION

are not included. For purposes of ctarity the characters in an escape
sequence are separated by spaces. These spaces are not actuat[y part of
the sequence and are never to be inctuded when typing an escape
sequence.

The term "gtobal escape sequence" refers to a neu c[ass of escape
sequences imptemented by GRAPHICS-PLUS. These escape sequences are
recognized by the terminat yithout regard to urhether the terminat is
current[y in ZENITH escape mode or ANSI escape mode. Detai led
information on escape sequences can be found in Section 4.13 and
Appendix A.

1-4
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CHAPTER 2

SPECIFICATIONS

2.1 PHYSICAL PACKAGING

GRAPHICS-PLUS is packaged on a single 11" by 9.75" printed circuit card
t4hich mounts in the foryard card position of a 219 or 219-CN terminal.
The circuit boards supptied for different modets of the terminat are
eIectricat[y different and are not interchangeab[e. Power consumption
is about ten watts. A separate power suppty is inctuded with boards for
219-CN termina[s.

2.2 GRAPHICS I{ODE SPECIFICATIONS

The terminaI supports a superset of the features and communications
protocot of the Tektronix mode[ 4010 terminat.

Graphics format:

512 dots wide by 250 dots high disptay format
8.25 inches yide by 6.5 inches high disptay area
7x7 alpha character ceIt
73 character x 35 Line atpha fornat

Graphics performance:

1. Futt length vectors can be continuously drayn at 1200 baud
2. 25 mittisecond tongest vector draying time
3. Input buffering and X0N/X0FF protocol support aItoys operation

at 9600 baud
4. 96 ms maximum screen erase time

Comp[ete information on vector draying times can be found in
Appendix B.

1

2
3
4

\-,
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SPECI FIC ATIONS

Graphics protocot extensions :

Setective vector and character erase
Area fiIt and area erase
Easy-Entry decimaL notation protocoI
HorizontaL scroLting of setected region

Sixtten function keys may be programmed to transmit sequences
of ASCII characters. Each function key may be programmed with
a sequence of up to 128 characters, with the totat of aLt
sequcnces not to exceed 512 characters. AtL ASCII characters,
incLuding controt codes, may be used in these sequences.

1

2
3
4

?.3 TEXT FIODE SPECIFICATIONS

?

161384 characters of scrot[ing dispLay memory (203 tines in 80
co[umn mode, 123 tines in 132 column mode)

LocaI function keys are provided to:

1

ScrolI foryard a page
Scrolt backyard a page
ScrotI foryard a tine
Scrolt backward a Iine
Go to beginning of disptay memory
Go to end of disp[ay memory
Erase a[[ of disptay memory
Erase from current cursor position to end of disptay memory
Erase the screen
Erase from the current cursor position to the bottom of the
3C reen

2.4 GENERAL SPECIFICATIONS

Tab stop positions are futty programmabte by the user and can
be set at any co[umn. The orogrammabte tab stops can be set
rithout disturbing the normat default tab stops (every eight
cotunns) that are in effect when programmable tab stops are not
enab led.

1

2
3
4
5
6
7
8
9
01

1

2
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SPECIFICATIONS

The terminat has a true reverse screen capabi[ity. Uhen in
reverse screen state aLt characters are disp[ayed as dark
characters on a yhite background, giving a "printed page"
appearance.

4 The terminal has a 1024 character input buffer and a 128
character output buffer. XON/X0FF protocot is supported for
both input and output.

NOTE

GRAPHICS-PLUS does not support operation
vith a 50 HZ verticat sync rate. l{hen
GRAPHICS-PLUS i s instat ted svi tch 5402
section 7 on the 219 logic board, rhich
formerty selected 50 HZ or 60 HZ verticat
sync rate, is assigned a new function (see
Section 3.2) and 60 HZ vertica[ sync is
a[rays used. Operation from a 50 HZ poyer
source may resutt in a sLightty unstab[e
screen image.

2.5 219 COI{PATIBILITY

GRAPHICS-PLUS has been designed in such a uay as to preserve aLL the
originaI functions of the 219 terminaI rhite adding additionaI features.
ALt escape sequences recognized by the 219 are recognized by
GRAPHICS-PLUS and executed in a compatibLe manner with one exception.
The "reset to polrer up configuration" sequences (ESC z ESC c ESC E z)
are executed by the the 219 in tess than one character timei i.e., the
reset is effective[y instantaneous. tlhen GRAPHICS-PLUS is instat[ed the
reset operations takes longer, a maximum of 350 msec, uhich means that
characters sent inmediatety after a reset escape sequence may be tost.
AppLication programs vhich use a reset escape sequence shouId either
pause for at teast 350 msec, or send a sufficient number of NUL
characters, before sending additionat characters to the termina[.

2-3



SPECI FICATIONS

?.6 OPTIONS

I A socket is provided for connecting an optionat composite video
generator. Comptete information on this option can be found in
Appeodix C.

2. A socket is provided for instatting an auxi[iary ll0 card.
This card may contain additional program ROH space, RAM and I/0
devices. Hardware detaits for this option can be found in
Appendix D.

?-4
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CHAPTER 3

INSTALLATION

3.1 INSTALLING THE BOARD

Insta[lation Time: 15 minutes

Requi red Toots: Slotted screydriver
P[iers (219-CN terminats on[y)

ltlake sure that the modet of the terminat agrees uith that specified in
the "Unpacking Instructions". Terminat modeI designations can be found
on the back of the terminal and are most commonty one of the foltouing:
219, 219-CN, 219-HN, H19, H194, or l{H19.

If the mode[ of the terminal does not agree rith that
"Unpacking Instructions" contact Northyest Digitat
attempt to instatI the GP-19 enhancement board into
terminal for yhich it is not intended.

speci fi ed in
Systems. Do

a modeI of

t
N

he
OT

TE;

Instattation of the GP-19 enhancement board requires moving two ICs (or
"chips"). Those having Littte or no technicat expertise shoutd read the
'rNotes to Non-technicaI InstatLers" on the fot[ouing page for some hints
regarding this step. If any prob[ems are encountered in transferring
ICs to the GP-19 logic board (such as damaged pins) ptease contact
Northyest Digitat Systems.

In the event any difficutties or questions
Northyest DigiGT-systens for assistance.

ari se, pIease contact

3-1
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lbtes To Non-Technicat Instatters

Component tocations on the GP-19 togic board can be determined
from the component tayout diagram in Appendix H, page H-9 of
this manuat. Component locations are atso identified by smatt
numbers orinted on the GP-19 [ogic board just above each IC.

AtL ICs on the Zenith Logic board are in sockets. A smatt
screudriver should be used to remove the specified ICs from
their sockets. This can be accomptished by inserting the
screndriver betueen the IC and its socket and gentty prying up.
Since the pins on the ICs are deticate and are easity damaged,
it is best to "Hork" the IC out of the socket by prying a
LittLe from each end. Be carefut not to mistakenly pry the
socket off of the logic board instead of removing the IC from
its socket. It may prove hetpful to Look at tocation U27 on
the GP-19 logic board to see yhat a socket trithout an IC [ooks
Like. Avoid scratching the [ogic board rlith the screwdriver
rhi[e removing the ICs.

t{hen inserting ICs into the GP-19 [ogic board, it is best to
have the togic board on a flat surface. Be careful to insert
a[t the pins and press the IC firmLy into the new socket.
Proper insertion may require substantiat force. The IC shoutd
be pressed aLL the way against the socket. 0bserve other ICs
on the GP-19 togic board to determine hou far the IC shoutd be
inserted. Be aHare that occasionatty pins bend up underneath
ICs - a particu[arty difficutt fautt to detect.

3-2
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INSTALLATION

INSTALLATION INSTRUCTIONS

219 terminaL is operationat and functions

\-,

\-,

Verify that the
norma [ [y.

2. Verify that att parts [isted in the "Unpacking Instructions"
are present. Identify each of the foItouing components:

* cP-19 togic board

Processor interconnect cabte
(A 7 inch 40 conductor f[at ribbon cabte assembly.)

Poyer interconnect cabte
(A 5 or 6 vire mutti-cotored 6 inch cabte assembly.)

* Ptastic keyboard labeI

3 Unplug the terminal from the AC [ine.

4 Gain access to the inside of the terminaL by removing the
cover. For instructions on cabinet removat refer to the
"SET-UP" section in the VIDEO TERtIINAL OPERATION IIANUAL
supplied by Zenith.

Locate the 9 inch by 11 inch printed circuit card standing
upright near the back of the termina[ - hereafter referred to
as the "Zenith logic board".

For 219-CN, 219-HN and H19A terminals, skip Section 3.1.1 and proceed to
Sect ion 3.1 .?.

*

*

5
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INSTALLATION

3.1.1 GP-19 Instat tation ln 219, H19 0r tJHl9 Terminats

To complete steps 1-3, lnsta[[ers yith Litt[e or no technicaI expertise
shou[d refer to the "Notes to ]lon-Technicat Instat[ers" in Section 3.1.

1. Tranrfer the 40 pin IC from [ocation U421 on the Zenith logic
board to tocation U27 near the top center of the GP-19 togic
board. U4?1 on the Zenith togic board is positioned
approximateLy 4 inches fron the top of the togic board and just
to the right of center. tlake sure the IC is inserted vith pin
1 tovard the right side of the GP19 [ogic board. Note: The
seriat number appears on the "[eft" side of the GP-19 [ogic
board, and the metal heatsink is tocated on the "top" of the
board. Pin 1 of the IC is identified in Figure 3.1.

o
( -.\ 

pin 1

Top View

2

3

4

5

Figure 3.1

Transfer the 40 pin IC from location U461 on the Zenith togic
board to tocation U50 near the top [eft of the GP-19 togic
board. U461 is approximatety 4 inches to the teft of the IC
removed in step 1. ltlake sure the IC is inserted uith pin 1

tovaed the right side of the GP.-19 Logic board. (If the GP-19
vas shipped yith an IC in [ocation U50 then omit this step.)

***** IiIPoRTANT *****
Rechcck to make sure the ICs transferred to the GP-19 [ogic
board have pin I correctty positioned. (See Figure 3.1.) Pin 1

should be on the right end of the IC as vieved from the
component side of the GP-19 [ogic board. The vriting on the
ICs shoutd appear upside-doun.

Inspcct tocation U423 on the Zenith togic board. u4?3 is
approxinately 2 inches betov the IC removed in step 1. If
therc is an IC in this location it must be removed. (0nty the
eartlest versions of the terminal nitL have an IC in this
tocation.) Although the IC is not used by the GP-19, it shoutd
not be discarded in case the GP-19 is ever removed from the
termi nat .

Remove the foam strip protecting the pins of the 40 pin
DIP-ptug connected to the processor interconnect cabte supplied
uith the GP-19.

3-4
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INSTALLATION

6. Insert the 40 pin DIP-ptug connector of the processor
interconnect cab[e into the socket on the Zenith Logic board
that vas vacated in step 1 U421r. This plug should be
inserted so that the attached cable enters the plug from the
top of the terminat. Hake sure att 40 pins are inserted into
the socket and that no pins bend up underneath the DIP-ptug.

7. To prevent the ribbon cabte from interfering vith the
instatlation of the cP-19 togic board fotd it backwards over
the top of the Zenith togic board.

8. Disconnect the mutti-cotored video/pover cabte connected to the
upper left corner of the Zenith Logic board.

9. Connect either end of the polrer interconnect cabte supplied
yith the GP-19 to the connector in the upper teft corner of the
Zenith togic board.

NOTE

This cabLe uti Iizes a "keyed" connector. Earty
versions of the 219 terminat did not key thi s
connector. If the terminat is one of the eartier
versions it is recommended that the proper pin (fourth
pin from the left as viened from the front of the
termina[) be removed from connector P401.
Atternativety, the ptastic keying pin in the poHer
interconnect cab[e may be removed.

10. Remove the tyo 6-32 screys from the btack ptastic inserts in
the metat heatsink at the top of the GP-19 togic board.

11. Ptace the GP-19 [ogic board just in front of the Zenith logic
board vith the component side of the board tovards the front of
the termina[. The GP-19 Logic board shoutd rest in the two
stots at the bottom of the terminal.

12.

13.

Secure the GP-l9 metat heatsink to the upright mounting
brackets using the turo screws removed in step 10.

FoId the 40 conductor processor interconnect cabLe over the
front of the GP-19 board and connect it to connector P2 on the
GP-19 [ogic board. The connectors shoutd be pressed firmty
together. lilake sure that the connectors are not "offset" yith
onty one rout of pins connected.
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14. Connect the porer interconnect cabte to connector PB on the
GP-19 logic board. This connector is keyed and vit[ connect
onty if property oriented.

15. Connect the mutti-colored video/power cabte from the terminaI
(disconnected in step 8) to connector P6 on the GP-19 logic
board. Route this cable so that it does not rest on the grey
rubber f tyback transformer.

This comptetes the instattation of the GP-19 in Z19t H19 or tlH19
terminats. Skip Sections 3.1.2 and 3.1.3 and proceed to Section 3.1.4
for testing and adiustments.
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3.1.2 GP-19 Instattation In 219-CN, 219-HN 0r H19A Terminats

To comp[ete steps 1-3, instaIters vith LittLe or no technicaI expertise
shouLd refer to the "Notes to Non-Technicat Instatters" in Section 3.1.

1. Transfer the 40 pin IC from tocation U430 on the Zenith logic
board to tocation U27 near the top center of the GP-19 Logic
board. U430 on the Zenith Logi c board i s positioned
approximatety 4 inches from the top of the Logic board and just
to the right of center. ttlake sure the IC is inserted with pin
1 torard the right side of the GP-19 togic board. Note: The
seriat number appears on the "teft" side of the GP-19 logic
board, and the meta[ heatsink is tocated on the "top" of the
board. Pin 1 of the Ic is identified in Figure 3.2.

-.r 
pin 1

Top View

Figure 3.2

2. Transfer the 40 pin IC from tocation U417 on the Zenith Logic
board to location U50 near the top Left of the GP-19 Logic
board. U417 is approximateLy 4 inches to the teft of the IC
removed in step 1. fvlake sure the IC is inserted with pin 1

toward the right side of the GP-19 Logic board. (If the GP-19
was shipped with an IC in tocation U50 then omit this step.)

3. ***** IIIPoRTANT *****
Recheck to make sure the ICs transferred to the GP-19 Logic
board have pin 1 correctty positioned. (See Figure 3.2.) Pin 1

shoutd be on the right end of the IC as viewed from the
component side of the GP-19 [ogic board. The writing on the
ICs shouId appear upside-down.

4 Remove the foam strip protecting the pins of the 40 pin
DIP-ptug connected to the processor interconnect cabte supplied
uith the GP-19.

5 Insert the 40 pin DIP-ptug connector of the processor
interconnect cabte into the socket on the Zenith logic board
that vas vacated in step 1 (U430). This ptug shoutd be
inserted so that the attached cabte enters the ptug from the
top of the termina[. ltlake sure at t 40 pins are inserted into
the socket and that no pins bend up underneath the DIP-p[ug.

O
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6. To prevent the ribbon cabte from interfering rith the
instattation of the GP-19 logic board fotd it backwards over
the top of the Zenith togic board.

7. Disconnect the multi-colored video/power cabte(s) connected to
the upper [eft corner of the Zenith togic board.

8. Connoct either end of the pouer interconnect cabte supptied
with the GP-19 to the connector in the upper teft corner of the
Zenith togic board. (Note: this cable is "keyed" and witL
onty connect at the proper position - the right side of P401.)

9. Remoye the tro 6-32 screvs from the btack ptastic inserts in
the netal heatsink at the top of the GP-19 togic board.

10. Placc the GP-19 Logic board just in front of the Zenith togic
board with the component side of the board touards the front of
the terminal. The GP-19 togic board shoutd rest in the tuo
slots at the bottom of the terminat. (Note: It is acceptabte
for the GP-19 Logic board to contact the back of the CRT

conncctor.)

11. Secure the GP-19 metaL heatsink to the upright mounting
brackets using the tuo scrers removed in step 9.

12. FoLd the 40 conductor processor interconnect cabte over the
front of the GP-19 board and connect it to connector P2 on the
GP-19 togic board. The connectors should be pressed firmly
together. ltlake sure that the connectors are not "offset" uith
on[y one row of pins connected.

13. Conncct the porer interconnect cabte to connector P7 on the
GP-19 togic board. This connector is keyed and vi[t connect
on[y. if property oriented.

14. Conncct the muIti-cotored video/pover cabte(s) from the
termlnat (disconnected in step 7) to connector P5 on the GP-19
logic board. These cabtes connect side-by-side in exact[y the
same uay they did on the Zenith togic board. They are fu[ty
keyed and wi[[ connect in only one orientation.

NOTE

219-HN and H19A terminals: If the video/pover cab[e
originatty uas routed over the top of the Zenith togic
board it may be necessary to re-route the cabte around
the outside of the teft mounting bracket in order to
reach connector P6 on the GP-19 Logic board.
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This comp[etes the instatlation of the GP-19 in 219-HN or H19A
termina[s. For 219-CN terminats proceed to Section 3.1.3. For 219-HN
or H19A terminals, skip Section 3.1.3 and proceed to Section 3.1.4 for
testing and adjustments.

3.1.3 GP-19-CN Poyer Suppty Instatlation (219-CN 0nty)

Instaltation of the GP-19 in 219-CN terminats requires the addition of a
pouer supply modute. The pouer suppty is mounted in the right rear
corner of the terminaI on an exi sting pouer suppty pIatform,
InstaItation of this poyer supply (vhich is shipped separatety from the
GP-19 logic board) requires both a screvdriver and a pair of ptiers.

1. ***** hIARNING *****
[tlake sure the terminal is unptugged from the AC tine before
instatting the poyer supply moduIe.

2 Identify each of the fo[toning components shipped with the
GP-19-Cil pouer suppty:

(1) GP-19-CN poyer suppty circuit card

(1) Poyer supply cab[e

(5) Se[f-stripping in-Line tap connectors (1 spare)

(4) #12 X 0.5 inch seLf-tapping scrers

3 Locate the four polrer supply mounting hotes. These are tocated
in the four standoffs on the pouer suppty mounting ptatform in
the right rear corner of the terminat.

4 Prrthread each of the four power suppty mounting hotes by
driving one of the setf-tapping #12 screvs part Hay into each
hote and then removing the screlr.

5 Itbunt the pouer suppty board nith the diagonal
board located at the rear of the terminat.
four #12 screus provided.

corner of the
Secure with the

6 Attach the poyer suppty cabte to connector Pl of the poyer
supply. The connector is keyed and vit[ attach onty if it is
correctty oriented.

Using the setf-stripping in-tine tap connectors (see
instructions on the foItowing page), connect the four btack
vires from Pl to the matching yires entering the terminalrs

*

*

*

*

7

3-9



INSTALLATION

transforner. (The transformer is located just in front of the
new[y insta[led pouer suppty.)

NOTE

The ri res from Pl and the
four distinct yire coIors.

transformer actua[ [y have
They are:

* Btack yith a red stripe
* Black rith a green stripe
* Btack yith a yellor stripe
* Btack yith no stripe

It is extremety important to match each yire co[or fronr
connector Pl vith the corresponding uire color from the
terni naI I s transformer.

Instructions for Using Setf-Stripping In-Line Tap Connectors:

a) Place transformer yire inside run
channel. (Do not cut or strip yire.)

b) Close side cover until latched. Insert
yi re from Pl (do not strip yi re) and
check position in inspection port.

c) tiake connection uith ptiers by driving
"U" contact doyn f lush trith top of
connector.

d) Ctose hinged top cover untit latched.

***it* Il,lFQRTAltlT *****
Recheck each ri re from connector Pl on the poyer suppty to
ensure it is connected to the yire yith the same cotor stripe
on the terminalrs transformer.

8.
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9. Route the 18 inch cable from the poner supply under the neck of
the disptay tube and connect it to P3 near the upper [eft
corner of the GP-19 Logic board.

This comptetes the instattation of the GP-l9 in 21g-CN terminaIs.
Proceed to Section 3.1.4 for testing and adjustments.
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3.1.4 Testing And Adjustments

In the event any of the foLLoying test operations fai[, consutt Section
3.1.5 and Chapter 5. The foLtoring procedure is recommended to verify
that the GP-19 has been correctLy instatLed and is functioning properly:

dovn
Exi t
dovn

1 Reconnect the terminat to the AC [ine.

U,lhite hoLding the LEFT SHIFT key down, turn the power syitch
on. Continue hotding the teft shift key doyn untit the
terminat "ticks" (at which point the SHIFT key shoutd be
re[eased). The termina[ is now running "Pouer-up Diagnostics"
(see Section 5.2). The four LED indicators in the upper right
corner of the GP-19 logic board shoutd aLL tight up and remain
tighted for approximate[y 17 seconds, after nhich they shoutd
atL be extinguished and the terminat shou[d function normatty.
If the LEDs faiL to tight up or to be extinguished after 17
seconds, or if the terminal's beLL is sounded after 17 seconds,
proceed to Section 3.1.5.

2

3

5

Enter '!Set-up mode" by pressing the ESC key white hotding
the CTRL key. Verify the presence of text on the screen.
'rSet-up mode" by again pressing the ESC key white hoLding
the CTRL key.

4 To test "wide-screen mode" press the "RED" key whiLe hoLding
dorn the CTRL key, then press ESC uhile hoLding dorn the CTRL
key. The text on the screen shoutd appear much narrorer. Exit
"Set-up mode" by again pressing ESC white hoLding down the CTRL
key.

To test "Graphics mode" (A[pha state)
wh i te holdi ng dotrn the CTRL key.
shoutd appear.

press the "hlHITE" key
A btinking block cursor

6. To test the vector draring capabi[ities of the GP-19 press the
"UHITE" key uhite hotding down both the CTRL key and a SHIFT
key. The cursor shoutd di sappear. Key in the fotlowing
sequence trith the terminaL off-[ine (be sure to use tover case
letters and include the indicated spaces):
0 0p 511 0v 511 249v O 249v 0 0v 51'l 249v O 249p 511 0v.
The terminat should draw a box uith diagonats.

7 Return the termina[ to 80 cotumn mode by pressing the "BLUE'I
key rhite hotding down the CTRL key.
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A keyboard tabet designed to facilitate use of the added functions of
the GP-19 has been provided. This [abe[ is intended to mount just belotr
the CRT on the face of the terminal. It shoutd be positioned so that
the teftmost key appearing on the tabel. is above the "ESC" key and the
rightmost key appearing on the tabe[ is above the "UHITE" key. The
surface to yhich the keyboard tabet is to be mounted should be free from
dust and grease. The labet has a pressure sensitive adhesive on the
back that becomes very permanent after a short time.

The only adjustment required by the GP-19 is the estab[ishment of the
correct rridth vs height (aspect) ratio. This is necessary if circles
are to appear round rather than etiptica[. To adjust for the proper
aspect ratio do the fot[oring:

1 Place the terminat in graphics mode by pressing the "t{HITE'r key
uhiLe hoLding doun the CTRL key.

2 P[ace the terminal in "reverse screen state" by pressing the F4
key vhite hoLding doun the CTRL key.

3 ftleasure the yidth and height of the disptayed area. The width
shouLd be 1.3 times the height. Correct adiustment usua[[y
results in a width of approximately 8 inches and a height of
approximatety 6 inches. Refer to the section on readjustment
in the VIDE0 TERIIIINAL OPERATION IIIANUAL supplied by Zenith if
the terminal requi res adjustment of the height or width.
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3.1.5 In Case 0f Difficutty

Each GP-19 is thoroughty tested before shipping so failure of the
GP-19 to fwtction can most probabty be attributed to an instattation
probtem. The most common instatlation fau[ts are:

* Incorrect[y socketed ICs

Check that the ICs transferred to the GP-19 togic board are
inserted correctty yith aL L pins in the sockets. lilake sure
that pin 1 is correctty positioned (see Figure 3.1 or Figure
3.2>. Sometimes a pin viLt bend up underneath the IC. This
can be very difficutt to detect except by removing the IC from
its socket. If this occurs, straighten the bent pin and
re-insert the IC into the socket.

* Incorrect[y socketed DIP-p[ug

ilake sure aLt 40 pins of the DIP-ptug are inserted into the
socket and that no pins bend up underneath the DIP-ptug.

* Incorrect[y socketed cables

It is possible to connect the processor interconnect cabte at
connector P2 vith onty one roy of pins making contact. Inspect
to make sure this has not occurred and that the connectors are
pressed compIetety together.

* A fan versions of the 219-CN terminal have a large capacitor
mounted at the bottom center of the Zenith logic board. This
capacitor can btock the GP-19 togic board from resting in the
groves at the bottom of the termina[ (see step 10 in Section
3.1.2>. If this probtem exists, contact Northyest Digitat
Systems for a suitabte replacement capacitor.

See Chapter 5 (Troubleshooting) if the GP-19 faits to operate after
rechecking the insta[lation procedure.

3-14



\-,

INSTALLATION

3.2 SUITCH SETTINGS

The GRAPHICS-PLUS logic board inc[udes a group of eight DIP s]ritches
tabeled SU1 and located near the upper right corner. These svitches
determine the state of the termina[ after pouer up or reset. The
individuat switches are designated '1-8. 0n some boards the svitch
positions are labeled "on" and "off" rather than "0" and "1". In this
casg, ttont'= t'Ot' and "of ft'=tt1 ".

Switches 1 and 2 determine what traiter code character or characters are
transmitted at the end of a Tektronix mode status/position message. The
possibitities are as foItoys:

Sh,ITCH 1 SIdITCH ? CODE(S) TRANSIiIITTED

0 (on)
0 (on)
1 (off)
1 (off)

0 (on)
1 (off)
0 (on)
1 (off)

none
*cR
none
CR EOT

(*) Indicates the factory setting.

\-,
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Svitches 3-8 have the follouing effects:

S}IITCH EFFECT.---
0 (on) = Normal 219 SHIFT key

*1 (off)= The SHIFT key yi[[ invert the effect of the CAPS L0CK

' key as described in paragraph 4.12.4.

*0 (on) = The terminat transmission rate yiLt be limited on[y by
the baud rate.

I (off)= The terminat yiLL timit its transmission rate to the
host to one character per 16.7 mit[iseconds. 0n some
computer systems this yitI prevent buffer overf[oys
uhen the terminaI transmits [ong character sequences.
See paragraph 4.12.8.

0 (on) = VT100 character set setected (see paragraph 4"12.11).
*1 (off)= Zenith character set setected.

*0 (on) = tJhen the terminal is in ANSI escape mode it yit[ be in
the 219 ANSI configuration.

1 (off)= Uhen the terminal is in ANSI escape mode it nilt be in
the EDT compatibte configuration (see paragraphs
4.12.10 and 4.13.1.1).

*0 (on) = l{hen the terminat is in Tektronix mode the cursor ui[[
yrap at cotumn 74.

1 (off)= tlhen the terminal is in Tektronix mode the cursor yitI
Hrap at cotumn 73 (see paragraph 4.6.'|..2, .

*0 (on) = Screen timeout enabted. The screen yitI automaticatty
be btanked if no characters are received or typed for
10 minutes (see paragraph 4.12.6t.

1 (off)= Screen timeout disabted.

(*) Indicates the factory setting.

AtL of the syitches on the Z-19 termina[ logic board retain their
original functions except for 5402 section 7. This svitch, rhich
formerIy setected 50 HZ or 60 HZ verticaI sync rate, nor
enables/disabtes the automatic entry of HoIdscreen operation vhen
SHIFT-SCR0LL is depressed (see paragraph 4.12.1r. If this svitch is set
to "1" the feature is enabled.

3

4

7

8

5

6
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OPERATION

4.1 OVERVIEIJ

GRAPHICS-PLUS has been designed in such a uay as to preserve the
originat functions of the 219 terminat uhite adding additionaI features.
The OPERATION chapter of this manua[ is intended to describe these
additionat features, not the native functions of the 219 uhich are
described in the VIDEO TERIIIINAL 0PERATI0N I{ANUAL supptied by Zenith.

A 219 equipped rith GRAPHICS-PLUS has eight distinct modes of operation.
These inctude four different text disptay modes, tro graphics modes, a
Transparent mode that atlows dispLay of aLt received information
inc[uding controt characters, and a Set-up mode for configuring the
terminat. A set of [ocat function keys is availab[e which atlovs the
operator to change to any mode using a sing[e key stroke.

GRAPHICS-PLUS atso adds off-screen dispLay memory to the 219.
Off-screen memory means that yhen text scrot[s off the screen it is not
"gone forever'r, it is simpty scrotLed into a portion of disp[ay memory
not presentty being disptayed. GRAPHICS-PLUS provides a totaI of 16r24O
characters of disptay memory, about 203 lines rhen operating in an 80
cotumn disptay mode. Thus information is not truty "gone forever" untiI
it scrot[s out of the un-disptayed portion of memory as yett. A set of
toca[ function keys a[tows the user to control what portion of the
disptay memory is currentLy visibte on the screen.

ttluch of the infornation in this chapter is more detaited than wiIt be
required by the average user. If the user simpty wishes to emptoy the
terminaI in conjunction with existing Tektronix compatib[e programs,
then there is very LittLe specia[ knortedge needed. The terminat
automaticat[y enters Tektronix mode upon receipt of a GS controt
character or the character sequence (ESC FF)r so most Tektronix
compatibte programs wi [[ function correctty yith no speciat operator
action. The user need onty knoy that CTRL-BLUE wiIt return the terminat
to the normat 80 cotumn text mode of operation.. If, horever, the user
is developing ne], graphics programs, then the information on extensions
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to the Tektronix protocot supported by GRAPHICS-PLUS and found in
Section 4.6 nay prove useful.

Users employing the terminat for routine appLications can gain an
understanding of the major features by reading the first five sections
of this chapter (4.1 thru 4.5). These sections exp[ain Loca[ function
keys, the four text formats, Set-up mode, and off-screen memory.
Sections 4.6 thru 4.8 contain a detaited description of the graphics
modes. Sections 4.9 thru 4.14 describe other features yhich riLL be of
interest to the more sophisticated user. In particutar, Section 4.12
describes a number of additional features such as the VT100 style scrotl
key, the 'rsmart'r shift key, and the screen timeout.

Itlany of the features, such as the programmabte function keys and the
programmabte tab stops, can be controtLed both tocal[y from Set-up mode
(see Section 4.3) and remotety using escape sequences. Information on
the use of escape sequences to control particutar terminat features can
be found in the manuat sections describing those features. Additiona[
information on escape sequences can be found in Section 4.13 and
Appendix A.

4.2 L0CAL FUNCTIO'I KEYS

The nine keyr on the 219 keyboard [abe[ted in yetton F1-F5, BLUE, RED,
ITHITE and ESC nou have additiona[ functions. A keyboard decal is
provided to [abe[ these keys with their neu functions. Atthough the
keys stiLL retain their originat functions, they take on ner, meaning
vhen used in conjunction yith the CTRL and SHIFT keys. Figure 4.1 shovs
the ney functions of the keys. These keys are calted "[ocat function
keys" becausc uhen used yith either CTRL or CTRL and SHIFT they do not
transmit a character or sequence of characters to the host computeri
instead they affect on[y the mode of operation of the terminal and the
current disptay. The tocaI function keys at[or the user to convenientty
change termlnat modes, change the di spLay fornat, and maniputate
off-screen memory.

FIGURE 4.1

Locat Function Kcys

f =.*=!T, #-..I! ;p !t-^,I! t # r =;;r'"
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The foILouing tocat functions are provided:

1. CTRL-FI: Scrotl the disptay backward one [ine.

2. CTRL-SHIFT-F1: Scrott the disptay backuard one page.

3. CTRL-F2: Scrott the disptay foryard one tine.

4. CTRL-SHIFT-F2: Scrolt the disptay foruard one page.

5. CTRL-F3: ScroLt to the end of disptay memory.

6. CTRL-SHIFT-F3: ScrolI to the beginning of disptay memory.

Further information on the use of the [oca[ functions to
control off-screen memory can be found in Section 4.5.

7 CTRL-F4: Set/c[ear (togg[es) reverse screen state.
See Section 4.11 for detaits.

8. CTRL-SHIFT-F4: Activate the optionat hardcopy accessory.

9. CTRL-F5: Ctear the disptay memory from the current
cursor position to the end.

10.

11.

13.

14.

15.

16.

Erase to end of pagei ctears the portion of
the disptay memory extending from the cursor
position to the end of the screen.

12. CTRL-SHIFT-ERASE: Erase page; ctears the portion of the dispLay
memory currentLy disptayed on the screen.

CTRL-SHIFT-F5:

CTRL-ERASE:

CTRL-BLUE:

CTRL-SHIFT-BLUE:

CTRL-RED:

Ctear atL of disptay memory.

Select 80 co[umn by 24 tine disptay format.

Setect 80 co[urnn by 49 Line disptay format.

Se[ect 132 cotumn by 24 Line disptay format.

CTRL-SHIFT-RED: Setect 132 cotunrn by 49 tine disptay format.

Further information on dispLay formats can be found in Section
4.4.
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17. CTRL-UHITE: Change to Tektronix mode Atpha state.
See Section 4.6 for detaits.

18. CTRL-SHIFT-LIHITE: Change to Easy-Entry Graphics mode.
See Section 4.7 for detaits.

19. CTRL-ESC: Change to/exit from (toggLes) Set-up mode.
See Section 4.3 for detai[s.

20. CTRL-SHIFT-ESC: Change to/exit from (togg[es) Transparent
mode. See Section 4.9 for detaits.

In addition to these tocal functions, vhen the terminat is in either of
the tvo graphics modes the ERASE key witt perform a screen erase rithout
the use of SHIFT or CTRL. If the ERASE key is used yhite in Easy-Entry
Graphics mode the terminat yiLL be in Tektronix mode ALpha state yhen
the erase operation is comptete.

4.3 SET-UP IIODE

Set-up mode provides a convenient ray for the user to controt many of
the programmable aspects of the terminal that are not under the direct
control of toca[ function keys. Set-up mode is fut[y menu driven and
requires very LittLe prior know[edge to use. Set-up mode can be entered
frorn any other termina[ mode by using the [ocaL function key CTRL-ESC.
Uhen in Set-up node the tocat function key CTRL-ESC can be used to to
exit Set-up mode. If Set-up mode is entered from a text mode, yhen
Set-up mode is exited the terminat wj[[ return to the previous mode and
the prior screen contents tril,t be restored. If Set-up mode is entered
from a graphics mode, then exiting Set-up mode ui [[ return the terminat
to the last used text mode, rather than the graphics mode, and the
graphi cs di splay yi t L be [ost. Entering Set-up node automaticaI ty
enables the keyboard and the screen disptay if either of these yas in a
disabted state. Exiting Set-up node re-enabtes character transnission
from the terminal output buffer if transmission had been ha[ted by
receipt of a DC3 (CTRL-S, "X0FF") controt character from the host
computer (see Section 4.12.13>. Characters that arrive from the host
trhite the termina[ is in Set-up mode are not [ost, instead they are
stored in the terminal input buffer (see Section 4.14).

tJhen the terminat enters Set-up mode the screen dispLays a menu of the
programmabte parameters and their current va[ues. The current values
are disptayed in reverse video. A bLinking arrou points to the
parameter that is currentty setected for alteration. The selected
parameter is attered by pressing the space bari each time the bar is
pressed the dispLayed vatue of the parameter ui[t change to the next
possibte atternative vatue. For most parameters there are only tto
possibte vatues: ENABLED and DISABLED. A fer parameters, such as baud
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rate, have more. The arrou is moved to setect a different parameter by
using the directional keys on the numeric keypadi the arrou moves to
the next avaitab[e parameter in the direction indicated by the labet on
the keytop. The H0llE key moves the arrou back to the first parameter in
the menu.

The tast parameter on the menu, TAB STOPS, has tHo possib[e vatues:
STANDARD and USER'S. l{hen the vaLue is set to STANDARD the positions of
the defautt 219 tab stops are disptayed beneath a ruter at the bottom of
the screen. If the parameter vatue is changed to USERTS then the
disptay of the default tab stops is reptaced by a disp[ay of the userrs
programmed tab stop positions. tJhiLe user programmed tab stops are
enabted the arrov can be moved to a position beneath the ruler,
rhereupon it becomes a bLinking square. The bLinking square is moved
atong the ruler by the horizontal direction keys on the numeric keypad,
and tab stops can be set or cteared by striking the space bar or the TAB
key. liluttipLe tab stops at regutar intervals can be set by moving the
cursor to the desired position for the first stop and striking
REPEAT-TAB. This sets a tab stop at the position of the cursor and at
a[[ integer multiptes of that position. For instance, if the cursor uas
at column 9, the resutt voutd be stops at cotumns 9, 17r 25r 33, 41, 49,
57, 65, Tr,81r 89r 97, 1O5, 113, 121, and 129. In addition, there is
always an impticit tab stop at the tast column (either 80 or 132,
depending on the disptay fornnat). AtL tab stops can be cteared at once
by striking the DL key on the numeric keypad.

The first parameter on the menu, I{ENU, indicates what menu is currentty
being displayed. If the vatue of this parameter is changed by striking
the space key a ney Set-up menu tri[[ appear. Untess an option board has
been instal [ed, there is onty one atternative menu: PR0GRAIilABLE
FUNCTION KEYS.

tlhite in the PROGRA!,|I{ABLE FUNCTION KEYS menu the arro}, can onty be moved
betyeen tyo parameters: the first contro[s the menu, and the second
cont rols yhether the selected f unct ion key i s to be PR0GRAI{[{ED,
DISPLAYEDT ot RESET. The desired function key is se[ected simp[y by
striking it (vith SHIFT, if the shifted function of the key is to be
se[ected). If the key is to be DISPLAYED then the current programmed
string for the key vitt be dispLayed at the bottom of the screen. Any
contro[ characters in the string are disptayed in reverse video. If the
key is to be RESET then the programmed string vitL be reset to the
defauLt 219 escape sequence for the key (depending on the current escape
mode of the terminat, either an ANSI or a ZENITH sequence viLL be used)
and that yiLt be disp[ayed. If the key is to be PROGRAttItqED then the
current va[ue is disptayed and the user can enter nev characters. Any
ASCII character is vatid for inctusion in the string, and the string can
be edited by use of the horizontal direction keys on the numeric keypad.
A btinking square appears as a cursor to indicate the position in the
string vhere the next character typed uitt be entered. The "." key on
the numeric keypad yi[[ move the cursor to the end of the string and the
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DL key viIt delete the string. The ENTER key viLt terminate the
programming operation. Onty those characters that are to the teft of
the cursor at the time ENTER is struck yitt be inc[uded in the string.
0nce programming of a function key has commenced it can be aborted
vithout effect by simpty striking the function key again. Programming
any function key vhiLe in Set-up mode automatica[[y sets the
Prograrnmab[e Keys Active state of the terminat.

Function key strings can be edited using the IC and DC keys on the
numeric keymd. IC yi[[ insert a space at the current cursor position
and shift the remainder of the text (inctuding the character that Has
under the cursor) one position to the right. Thus characters can be
added to a strinS by first inserting spaces and then overrriting the
spaces vith nev characters. DC uiLt delete the character at the current
cursor position and shift att text to the right of the cursor one
character to the left.
It is possib[e to direct[y inctude the defau[t escape sequences
generated by the function keys F1-F5 and the cotored keys (BLUE, RED,
and TJHITE), and those generated by the keypad, as part of the character
string. To do this, simply strike the desired key uhite hotding dorn
CTRL, and the generated sequences witt appear as part of the string.
Note that for this to uork correctty, the terminat must atready be set
to the necessary state to generate the desired sequences (i.e., ANSI or
ZENITH escape mode, alternate or normaI keypad, etc.). This technique
can be used to program function keys as screen editing macros for use
vith some editors.

tJhite the terminat is in the Set-up mode PROGRAIIII|ABLE FUNCTI0N KEYS
menu, striking CTRL-V causes the version number of the GRAPHICS-PLUS
firmyare to be disptayed on the bottom line of the display.

4.4 TEXT I{ODE FORI{ATS

The terrninal has four different text disptay format modes. The text
dispLay fornat mode of the terminat can be changed either by the action
of a [oca[ function key or by receipt of an appropriate escape sequence
(see Appendir A for escape sequences). The [ocat function keys that can
be used to eCIter each of the text disptay format modes are as fotlors:

1. 80 cotumns by 24 lines
2. E0icotunns by 49 tines
3. 132 cotumns by 24 tines
4. 132 columns by 49 tines

CTRL-BLUE
CTRL-SHIFT-BLUE
CTRL-RED
CTRL-SI{IFT-RED

Changing betleen a 80 cotumn mode and a 132 cotumn mode (or vice versa)
automatica[[y ctears the disptay memory. Changing betreen a 24 [ine
mode and a 49 tine mode (or vice versa) does not clear the screen;
instead, the rost recent ?4 (or 49) tines of text in memory are
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The 49 tine modes emptoy an interLaced dispLay which resuLts in a
perceptibte ftickering of the screen. This is a normat and unavoidabte
feature of operating in these modes. 0perating the terminal at louer
brightness considerabLy reduces the amount of perceived fLicker.

4.5 0FF-SCREEN l,lEl,l0RY

The terminat has '161384 characters of disptay memory, enough for 203
tines of text in 80 cotumn mode or 123 Lines of text in 132 cotumn mode.
The screen is a uindov into this memory that can onLy disptay a singte
page of the contents at any one time; a page being either 24 or 49
[ines depending on the verticaL disptay format. By defautt, the screen
vindow is automaticatty positioned to dispLay the text most recentty
entered into memory. However, tocaI function keys or escape sequences
can be used to position the rindoy so as to display any page of text
currentty in disptay memory.

After the terminal is reset or the disptay memory is cLeared, the screen
window is positioned to the beginning of disp[ay memory and the cursor
is at the upper teft corner of the screen. As each neu tine of text is
ptaced in the dispLay memory the cursor moves dovn one tine on the
screen. t{hen the screen yi ndotr becomes f ut t the next line ptaced in
memory causes the yindou to move doun one [ine, so that the nev tine
yitL be disp[ayed at the bottom of the screen. This is referred to as
"scro[ting foruard", since moving the vindov doun is accompLished by
moving it foryard tovards the end of memory. After this scrotting
operation, the top [ine of the page disptayed in the screen window is
line trro of the disptay memoryi line one is stilt in the dispLay memory
but is no longer visible in the trindow. Every successive new Line is
handted in this manner untit the dispLay memory becomes futt. Once
dispLay memory is futt, the o[dest [ine in memory must be discarded to
make space avai[ab[e each time a nev tine arrives. This is done by
scrolting the disptay memory, i.e., each Iine in memory is moved
backvard one Iine (tovard the beginning) and the oIdest tine is
discarded. The screen yindon remains positioned to disp[ay the last
page in memory, that is, the most recent 24 or 49 Lines.

The user can use tocat function keys or escape sequences to position the
screen window in off-screen memory. This is nost commonty done to bring
back into view text that has atready scro[ted off the top of the screen.
These functions uork as described in the fottoying paragraphs.
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4.5.1 Scro[ ting Backnard

Scro[[ing text backrard moves the screen yindou back torards the
beginning of memory, bringing otder [ines onto the screen. The tocat
function key CTRL-FI scrot[s text backnard one Iine, uhiLe CTRL-SHIFT-FI
scrolts text backward one page. The equivalent global escape sequences
a re:

ESC:PnB
ESC:B

Scrott backyard Pn Line(s)
Scro[t backrard a page

It is also possibLe to move the screen rtindorl directty to the beginning
of memory by using the [ocat function key CTRL-SHIFT-F3. The equiva[ent
function can. be accomptished nith the globat escape sequence
(ESC : Pn B) by specifying a Pn greater than or equal to the maximun
nunber of lines in disptay memory (ESC : 203 B), or by using the
absolute positioning gtobal escape sequence (ESC : 0 a).

It is inpossibte to scrotl backvard past the beginning of nemory. Once
the screen yindoy has reached the point uhere the first tine in memory
is displayed at the top of the screen, any further scrott backvard
commands riLt be ignored.

4.5.2 ScroIHng Foruard

Scrotting text fortrard noves the screen rindor foryard toyards the end
of memory, brlnging neuer tines onto the screen. The tocat function key
CTRL-F2 scrotts text foryard one [ine, rhite CTRL-SHIFT-F2 scroIts text
foryard one page. The equiva[ent gtobaI escape sequences'are:

ESC : Pn F Scrotl foryard ftr tine(s)
ESC:F Scrotlforyardapage

The tocal function key CTRL-F3 moves the screen Hindou foryard direct[y
to the end of memory. This is usuatty the quickest and most convenient
ray to return to "uhere you teft off" after having scrolled back in
nemory to exanine otd tines previousty scro[ted off the screen. l{oving
the screen vindou directty forward to the end of memory can be
accompt{shed by either of tuo functionat[y equivaIent gtobat escape
sequences:

ESC:a
ESC : 2O3 F

It is not poscibte to scrotl forrard past the logical end of menory.
The togicat end of memory is the tast tine in memory that has actually
been used. If the nemory has not been fitLed since the terminat uas
last reset or the disptay nemory vas cleared, then the logicat end of
memory yiL[ bc at some point before the physical end of memory. 0nce
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the screen nindou has reached the point where the bottom tine disptayed
on the screen corresponds to the togicat end of memory, aL[ further
scrolt forward commands viLL be ignored.

4.5.3 Scrotting Speed

Scro[t forward and scrotL backyard operations are performed "slotrty" or
"quick[y" depending on whether or not Stou Page ScrotI is enabted. If
Stou Page Scroll is enabLed (it is by defautt) , scro[t foruard and
scrott backvard operations are performed at a rate of about one page per
second. If S[ou Page ScrotI is disab[ed, scroLt forward and scrotI
backvard operations are performed as instantaneous discrete jumps.
Scrolting "s[or[y" is more time consuming but provides a sense of visuat
continuity that is tost uhen scroLLing is done in discrete jumps. S[ou
Page ScroLLing can be disabled by the gLobal escape sequence (ESC : 3 L)
and enabted by (ESC : 3 h). Operations uhich move the screen windou
directly to the beginning or end of memory are not affected by the state
of SLow Page ScrotL; they are atways performed as a discrete jump.

4.5.4 Inserting Lines In Di splay ltlemory

Normatly, neu tines of text are atnays inserted at the logica[ end of
dispLay memory. If, however, the screen windoul has been moved so that
the cursor position no longer corresoonds to the [ogicat end of memory,
this is no tonger true. For examp[e, if the screen vindov has been
moved so that the bottom line is disptaying tine 100 of memory, and the
cursor is at the bottom of the screen, then the next new line witt be
inserted at Line 100 in memory. The netr tine witL overvrite the
existing contents of line 100 in nemory. If the neu tine is tess than a

futI screen vidth tong, then the non-overuritten portion of the otd line
witt remain on the screen. The next [ine feed operation (or automatic
wrap) vitt cause the screen vindov to move forvard one [ine, so that
Line 101 of memory is nou on the bottom of the screen. As is a[rays the
case with a tine feed operation when the cursor is at the bottom of the
screen, the next line of memory is cteared before it is scrotted onto
the screen. If the cursor is not at the botton of the screen, then tine
feed operations move the cursor doyn but do not ctear a tine of memory.

There is one additionaI escape sequence avaitab[e for positioning the
screen uindov in display memory. This sequence (ESC : Pn a) positions
the screen vindow so that the home tine (top tine on the screen) is the
absolute tine in disp[ay memory specified by Pn. The first tine in
disptay memory has the absolute tine number one. The tast line has the
absotute tine number 203 (80 column mode) or 123 (132 coLunn mode).
Since it is not possible to position the screen windoy past the logicat
end of memory, and the screen window contains either 24 or 49 l.ines, the
maximum tegat screen home tine positions are as fottors:
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Display Format

80 co[umn by 24
132 column by 24
80 cotumn by 49

132 cotumn by 49

Ii nes
nes
nes
nes

ltlax. LegaI Address

180
100
155
75

ti
ti
r.i

4.5.5 Ctearing Display ilemory

Four tocaI f tnction keys are avai tab[e for clearing disptay memory.
CTRL-F5 clears dispLay memory from the current cursor position to the
end of memory. The equivalent globaL escape sequence is:

ESC:0E

The tocat function key CTRL-SHIFT-F5 ctears a[t of disptay memory.
equivatent is:

The

ESC:E

The [oca[ function key CTRL-ERASE ctears the portion of disptay memory
extending from the cursor position to the end of the screen vindou.
There is no gtobaI escape sequence to perform this function although
there are native 219 ANSI and ZENITH escape sequences that do.

The locaI function key CTRL-SHIFT-ERASE ctears the portion of disptay
memory currentty in the screen yindoy. The equivatent gtobaI escape
sequence is:

ESC:1P

The affect that this operation has on the position of the cursor is
determined by rhether EDT compatibiLity is set (see paragraph 4.13.1.1)
and vhether the terminal is in Absotute or Re[ative Origin mode (see
paragraph 4.12.9.1, .

And finalty, the gtobal escape sequence (ESC :0 P) ctears the portion
of disp[ay menory corresponding to the currentty defined scrotting
region (see Section 4.12.9 for an exp[anation of the definab[e scrolting
region). The cursor is ptaced at the start of the defined scrotling
regi on.

The escape seqtence shovn in the previous tro examples, vhich has the
general form (ESC : Pn P), is atso recoEnized in Tektronix mode and has
the same affect as the Tektronix mode erase screen escape sequence
(ESC FF). In this case the value of Pn is ignored.
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4.6 TEKTRONIX I'IODE

tfhen operating in Tektronix mode the terminal emutates aLt the features
of a Tektronix model 4010 computer disptay terminal. The Tektronix 4010
is a storage-tube based terminaI that disptays upper-case aIphanumeric
text in a 74 character by 35 tine non-scro[ting format and displays
graphica[ information represented as a series of vectors drawn in a 1O24
point wide by 780 . point high graphics space. Tektronix mode can be
entered directLy by use of the CTRL-I{HITE Local function key. The
termina[ automatica[ty enters Tektronix mode if it receives a GS controt
character or the escape sequence (ESC FF) whi[e in any text mode.

GRAPHICS-PLUS emutates the 4010 by using a refreshed disptay, rather
than a storage tube, oresenting an image composed of 128rOO0 dots
arranged in a 512 dot wide by 250 dot high grid. Each of these dots
represents a unique bit in the terminaL display memory and can be turned
on (or off) independentty of every other dot in the disptay. The
interna[ 280 microprocessor disptays characters and vectors by setting
the necessary bits in dispLay memory to create the correct image.

The screen of a 4010 terminal has an addressab[e dispLay area 1024
"tekpoints" wide by 780 "tekpoints" high (the maximum tegaI verticat
address is actually 1O23, but on[y 780 tekpoints fatt in the display
area). The tower teft corner corresponds to address 0X, 0Y and the
upper right corner is address 1023X, 779Y. Vectors to be drawn are
encoded by specifying their end points using this addressing scheme.
Furthermore, the position of the disptay cursor is defined by specifying
the address of the torer teft corner of the cursor. The cursor is a
btinking sotid square 22 tekpoints high by '14 tekpoints wide.

Since the 512 x 250 dot resotution of GRAPHICS-PLUS is tess than that
inherent in the Tektronix 4010 addressing scheme, a formuta is emptoyed
to translate betyeen the tyo coordinate systems. The 280 microprocessor
converts disptay addresses specified in "tekpoints" to positions on the
GRAPHICS-PLUS disptay using the fottowing relations: Xr= Y,l? and
Yr= (Y*41+18> 1128, yhere X and Y are the positions specified in
"tekpoints" and Xr and Yr are GRAPHICS-PLUS screen positions.

Uhen operating in Tektronix mode the terminat can be in any one of three
possible states: ALpha state, Graph state, or GIN state. In Alpha
state the terminal disptays received information as alphanumeric
characters, in Graph state it interprets received information as vector
end point coordinates and displays the resulting vectors, and in GIN
(Graphics lNput) state it returns information about the state of the
terminat to the host computer. Atthough there are controt characters
and escape sequences defined for entering the various Tektronix mode
states, Tektronix mode Alpha state can be entered directLy by use of the
CTRL-}|HITE key.

\-,
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tlhen in Tektronix mode the ERASE key is a tocal function key that ctears
the screen, sets Atpha state, and returns the Atpha state cursor to the
upper teft hand corner of the screen. The function of this key is
identicat to the'rPage" key on a 4010 terminat. The tocal function key
CTRL-SHIFT-F5 atso c[ears the screen but does not set A[pha state or
affect the cursor position. The tocat function key CTRL-F4 reverses the
video tevet so that characters and graphics are disptayed as btack on a
uhite background.

llhen the terminat is in Tektronix mode the keys on the numeric keypad
portion of the keyboard can onty be used for GIN state cursor
positioning (see Section 4.6.3). The keys on the nuneric keypad can not
be used for data entry rhite the terminat is in Tektronix modF TfrE
rest of the kcyboard functions normaLty.

4.6.1 ALpha State Operation

tJhen in ALpha state of Tektronix mode, the terminaI disptays received
information as upper-case characters using a 7x7 dot matrix character
cett. The disp[ay format is 73 characters uide by 35 lines high. Due
to interactions rith Graph state to be exptained later, characters can
in fact be ptaced on the screen at arbitrary locations that do not
correspond to positions in this grid. The disptay does not scrotl vhen
operating in ALpha state of Tektronix mode, instead the disptay is
treated as tyo atternating "coLumns". Assuming that the cursor starts
out in the "hone" position (0X, 767Yr, the first 35 tines of text
received ritL be disptayed on successive [ines each starting at the teft
edge of the screen. The teft edge is referred to as "ltlargin 0". The
36th tine yiLL be disp[ayed on the top line of the screen yith the first
character of the line in column 37. This is referred to as "l{argin 1".
The next 34 tines viLL be displayed on successive lines, each beginning
at tlargin 1, untiL the bottom of the screen is reached. At this point
the ter4inal ritL begin disptaying text at l,largin 0, and so on. ]lote
that vhen a character "overurites" a character atready on the screen the
effect is just as it youtd be on a storage tube display: uhat you see
is the combined image of the tyo characters. In order to maintain a
LegibLe display, the user can ctear the screen uith the ERASE key. The
bLinking b[ock cursor yhich is disptayed in ALpha state can be disabLed
(turned otf), or re-enab[ed, vith the same escape sequences that control
the text mode cursor (see Section A.16).

If a Line extends beyond the the 74th character position of a [ine, an
automatic RETURN/LII{E-FEED operation is performed by the termina[ (see
paragraph 4.6.1.D. There is atso a svitchabte option that HitL force
the terminal to perform a RETURN every time a LF is received (see
paragraph 4.6.5, rrLFrr) , and an option to perform a LINE-FEED upon
receipt of a CR (see paragraph 4.6.5, rrCRrr)
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4.6.1.1 Interaction Uith Graph State - If the terminal returns to ALpha
state from Graph state because it received a US controt character, the
a[pha cursor uitl appear at a point on the screen such that the loyer
teft hand corner of the cursor corresponds to the tast vector end point
in Graph state. If the terminal returns to Al,pha state from Graph state
because it received a carriage return, the atpha cursor ritt appear at
the margin (see Paragraph 4.6.5, I'CR") with its verticat position the
same as if a US .controt character had been received. If suitch 402
section 3 on the 219 [ogic board is set to t'1rr (see paragraph
4.6.5r 'rCRrr), the verticat position after a carriage return is modified
by the resulting autonratic tine feed operation. In any case, subsequent
characters uliLL be disptayed at positions that are relative to this new
cursor position. The user can utitize this effect to position character
strings on the screen at arbitrary positions that cannot be reached if
the cursor starts out at the home position.

4.6.1.2 Line Length - Due to the interaction of the horizontal screen
format and the character cetl size the terminat is onty capabte of
dispLaying 73 comptete characters on a [ine, not 74 as is the case with
a Tektronix 4010. In fact onty a fraction of the 74th character wit[ be
dispLayed. If the cursor started out at a margin, this fraction witL
correspond to onty the first verticat cotumn of the character cett,
which contains no disptayed dots. If the cursor started the Line at an
arbitrary position, as exptained in the previous paragraph, the terminaI
uiLt disptay uhatever fraction of the tast character that witt fit on
the screen. If the user requirei that characters in the 74th cotumn be
disptayed rather than tost, setting switch Slll section 7 to the r'1r'

position (see Section 3.2> causes the the cursor to urap after 73
co[umns and display the 74th character as the first character on the
next tine. If this syitch is set to 'r0'r the cursor yitl not yrap until
after the 74th cotumn. tbte that this sulitch onty affects the terminat
in Tektronix mode.

4.6.1.3 Status/position Readback - tlhen operating in Tektronix mode
Atpha state, the terminat witt respond to receipt of the escape sequence
(ESC ENA) by transmitting a character sequence indicating the terminal
status and the position of the loyer teft corner of the cursor. The
format of this sequence is as fo[toys:

1. The Status character, in the form P01H01ttl1. If bit H is ctear
it indicates that the optionat hardcopy printer is on tine. If
bit t{ is set it indicates ttlargin 1 rather than l{argin 0 is set.

The most significant five bits of the X address, in the form
P01 XXXXX.

\-,
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3 The teast significant five bits of the X address, in the form
P01 XXXXX.

4 a The rnost significant five bits of the Y address, in the form
POl YYYYY.

5 The teast significant five bits of the Y address, in the form
POl YYYYY.

7

6. A CR character. Transmission of this character is ootionatty
enabted by sritch St.ll sections 1 and 2 (see Section 3.2r.

A EOT character. Transmission of thi
enabted by sritch StCl sections 1 and

haracter is optionatty
see Section 3.2).

sc
2(

P signifies the parity bit.

Once transmission of the message has started, the terminal riLt ignore
att received characters untit one of tyo events occur:

1 One of the follouing characters is received: BEL, BS, CR, HT,
LF, US, GS, or VT.

2 One. of the fotloring
(ESC ETB) or (ESC FF)
beginning (ESC :).

character sequences
or (ESC X) or any

is received:
vaLid sequence

The practicat effect of this is usuatty to ignore any characters echoed
by the host computer until such time as the CR is echoed, rhich returns
the terminat:to normaI Tektronix mode Atpha state operation. This neans
that the status/position readback can be invoked by a host computer
operating in fuLL duplex rithout any necessity for suspension of
character echoing by the host.

4.6.2 Graph State Operation

The termina[ enters Tektronix mode Graph state yhenever it receives a GS

control character (un[ess, of course, the GS yas received yhi[e in
Transparent mode). lltren in Tektronix mode Graph state the terminaI
interprets received information as vector end points and disptays the
resutting vectors. t{hen the terminat receives inforrnation comptetety
specifying a vector end point, it draus a vector starting rhere the last
vector ended and continuing to the neyly specified end point. Vectors
can be of five different types: tight, dark, btack, area fitt, and area
erase. A tight vector is a visibte line on the display connecting tyo
end points; the tine is produced by turning on the necessary dots in
the disptay nemory. ALL disptayed graphicaI images are composed of
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tight vectors. Draving a dark vector produces no visibte effect on the
screen, it simpty updates the 'rtast vector end point" position to the
neul va[ue. Dark vectors are used to separate Light vectors that do not
share a common end point. To draw two Lines on the screen that are not
connected, it is necessary to first dray a tight vector (one [ine), then
a dark vector (to move to the start of the second tine), and then a
second tight vector (the second [ine). A btack vector is, in effect, a
setective erase; att dots in the path of a btack vector are turned off.
Thus a line on the screen previousty produced by a [ight vector can be
erased by simpLy "redrawing" it as a black vector. Area fiLt and area
erase vectors are unique in that they operate on rectangular areas of
the screen rather than [ine segments. They are fuLLy explained in
paragraph 4.6.2.3. Black , a?ea fi L t, and area erase vectors are
extensions to the Tektronix protoco[; they are not recognized by
Tektronix termina[s.

4.6.2.1 Specifying Vector End Points - The protocot for specifying a
vector end point uses a maximum of four characters to specify a new end
point. However, if the netr vector end point is physicatty c[ose to the
last vector end point, it may require as LittLe as one character to
specify it. A comptete vector end point specification consists of four
characters that are interpreted as foItows:

<HI Y> <LO D <HI X> <LO X>

These characters are decoded by the termina[ to produce two ten bit
numbers; one to specify the X position of the vector end point and one
to specify the Y position. Since an unsigned ten bit number has a

maximum value of 1023, both the X and Y portions of the end point
address have possibte vatues in the range of 0-1023. The decoding
scheme extracts onty five bits of address information from each
character. Thus it takes a pair of characters to specify a position on
one axis, and four characters to comptetety specify an end point
address. The character that encodes the lov order five
position on an axis is referred to as the L0 byte (L0 X

the character that encodes the most significant five bits
the HI byte (HI X or HI Y).

bit
or
1S

s of the
L0 Y), and
known as

The five bits in a character that are extracted to become part of an end
point address are simpty the least significant five bits of that
character. 0f the three remaining bits in the character, the most
significant (parity) has no meaning in this protocot. The other two,
bits 6 and 5 (numbering the bits with the [east significant bit as O) t
are used to specify rhat part of the end point address the character
represents; i.e., HI Y, L0 Y, HI X, or L0 X. The procedure for forming
a comp[ete four byte sequence for transmission to the terminal is as
fo t toys:
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1 a Takc the five most significant bits of the desired Y address
and affix the prefix bits 01 to create a character of the forn:

2 a

PO1YYYYY (HI Y).

Take the five least significant bits of the desired Y address
and affix the prefix bits 11 to create a character of the form:

Pl1YYYYY (LO Y).

Take the five most significant bits of the desired X address
and affix the prefix bits 01 to create a character of the form:

Po1XXXXX (Hr X).

3

4 Takc the five teast significant bits of the desired X address
and affix the prefix bits 10 to create a character of the form:

Plorxxxx (L0 x).

"P" designates the parity bit of the character.

As can be seen, the HI Y and HI X bytes carry the same prefix bits;
thus the terninal can distinguish betyeen them onty by their position in
the sequence. The rute for distinguishing them is simpte: if a L0 Y

character hrs atready been received in the current sequence then any
character reeeived uith a 01 prefix is considered a HI X character,
otheryise it is regarded as a HI Y character.

The L0 X character terminates a vector end point sequence and causes the
terminal to drar a vector ending at the ney end point. The simplest
possibte vector eruC point seqtence thus consists of onty one character:
a L0 X character. Such a sequence specifies a ner vector end point that
differs from the last vector end point onty in the least significant
five bits of the X address, it specifies a short horizontal vector.
tlhenever a scguence terminated by a L0 X character is tess than four
characters long, the terminat regards the unspecified portions of the
netr end point address as being the same as the corresponding portions of
the tast end point address. This freqr.rentty means that the host does
not need to send four characters to specify a vector. If some portion
of the address has not changed, it nay not need specifying. Tabte 4.1
shovs the sequences that must be transmitted for each of the possibte
ci rcunstances.
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TABLE 4.1

Characters Required Uhen Transmitting Vector Endpoint Addresses

I Address fietds I lCharacters that mustl
I ctranged I I be Sent I

lHi ylLo ylHi xlLo xllHi ylLo ylHi xlLo x I

I I I l*ll I I l* I

I I l*l ll l"l*l
I l*l I ll l*l I

l*lllll*lll
I I l*l*ll l*l*l
I l*l l*ll l*l I

l*l I l*ll *l I I

I l*l*l ll l"l*l
l*l l"l ll *l*l*l
l*l*l I ll *l*l 

I

I l*l*l*ll l*l*l

l*l*l l*ll *l*l I

*

*

*

*

*

*

*

\-, *

*

*

l"l l*l*ll *l*l*l *

*

l*l*l*l ll *l*l*l *

| * | * I * | * ll * I " | * | *

4.6.2.2 Specifying The Vector Type - Uhat kind of vector is drawn(tight, dark, btack, area fitt, or area erase) is determined by what
preceded the character sequence that specified the neH vector end point.
If the sequence uas preceded by a GS controt character, then the vector
drawn witt be dark. Since the GS control character is atso used to
cause the termina[ to enter Tektronix mode Graph state, it fottows that
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the first vector drauln after entering Graph state uiIt atrays be dark.
If a vector end point sequence is preceded by a NAK controt character
the vector tritt be drayn b[ack; that is, it yitl erase alt dots in its
path. If the preceding character is a FS control character an area fi[[
vector resu[ts, and if it is a RS control character an area erase vector
resutts. If the vector end point specification is not preceded by one
of these four characters (GS, NAK, FS, or RS), the vector rit[ be drarn
t isht.

4.6.2.3 Area Fi t t And Erase Vectors - Area fi t t and erase vectors are
radicatty different from the three other types of vectorsi instead of
operating along a tine segment they operate yithin a rectangular area.
Rather than regarding the tast vector end point and the neu vector end
point as specifying the ends of a tine segment, they are taken to
specify tvo diagonalty opposed corners of a rectang[e. The rectangte
uniquely defined by these tuo corners is either comptetely fiLLed (aLt
dots vithin the area are turned on) or erased (att dots uithin the area
turned off). Using an area fitL or erase vector, rather than a long
sequence of tight or black vectors, simptifies the computer program and
great[y reduces the number of transmitted bytes necessary to accomptish
some screen operations. The amount of time required for the terminat to
complete an area fiLt or erase operation can be estimated using the
formuta found in Appendix B.

4.6.2.4 Status/position Readback - Uhen operating in Tektronix mode
Graph state, the terninal yiLL respond to receipt of the character
sequence (ESC ENO) by transmitting a character sequence indicating the
terminal status and the position of the current vector end point. The
characters in this sequence encode the information as fot[ous:

1. The Status character, in the form P01H1O!{1. If bit H is clear
it indicates that the optional hardcopy printer is on tine. If
bit ll is set it indicates llargin 1 rather than ltlargin 0 is set.

2. The most significant five bits of the X address, in the form
P01 XXXXX.

3 The least significant five bits of the X address, in the form
P01 XXXXX.

4 The most significant five bits of the Y address, in the form
PO1 YYYYY.

The least significant five bits of the Y address, in the form
POlYYYYY.

5
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6. A CR character. Transmission of this character is optionalty
enabted by switch St'|1 sections 1 and 2 (see Section 3.2>.

7. A EOT character. Transmission of this character is optionatty
enabted by snitch Stll sections 1 and 2 (see Section 3.D.

P signifies the parity bit.

The terminat wiLI respond to characters received whi[e that message is
being transmiEd. Note that this differs from the behavior in Atpha
state. If the user yishes the state of the terminat to be undisturbed
by the status/readback operation it is essentiat that the host computer
does not echo any of the message characters.

4.6.3 Graphics Input (GIN) State Operation

The terminaI enters GIN state upon receiving the character sequence (ESC

SUB) vhite in Tektronix mode. tlhen the terminat enters GIN state a
cross-hair cursor, approximateLy 0.5 inch by 0.5 inch in size, wiLt
appear on the screen. The GIN cursor appears at the same point on the
screen that it occupied uhen the the terminat uas [ast in Tektronix mode
GIN state, un[ess this position has been modified by the escape sequence
(ESC X) (see paragraph 4.6.3.1).

The GIN state cursor can be positioned on the screen using the nine keys
in the top three roys of the keyboard numeric keypad. Striking the
center key in this group of nine (Labelted 5 and HOttlE) moves the cursor
to the center of the screen. Striking any of the four keys which are
tabeIted rith directionat arroys moves the cursor in the direction
indicated by the arroy. The remaining four keys (1r 31 7, and 9) each
move the cursor in a diagonal directioni for examp[e, the key Labetted
7 moves the cursor up and to the [eft. Any of the eight directionat
keys, rhen struck atone, moves the cursor one dot in the indicated
direction. Horever, if a directional key is struck in conjunction nith
the [eft hand SHIFT key, the cursor triIt move approximatety hatf its
tlidtf--in-:[6e appropriate direction. By empLoying the REPEAT key in
combination yith the above mentioned keystrokes the user can quickLy
position the cursor to any point on the screen.

If, while the terminal is in GIN state, the user strikes any key on the
main keyboard (exctuding the top rorl and CTRL, SHIFT, CAPS L0CK, SCROLL,
and REPEAT) the terminat yi[[ automaticatty transmit a message to the
host indicating the GIN cursor position. The format of this sequence is
as fo t tows :
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1. The character struck to initiate transmission of the message.

2. The most significant five bits of the X address, in the form
P01 XXXXX.

3 The least significant five bits of the X address, in the form
P01 XXXXX.

4 The most significant five bits of the Y address, in the form
POl YYYYY.

5 The least significant five bits of the Y address, in the form
POl YYYYY.

6. A CR character. Transmission of this character is optionatty
enabted by snitch SU1 sections 1 and 2 (see Section 3.2>.

7 A EOT character. Transmission of this character is optionat[y
enabled by syitch S]ll sections 1 and 2 (see Section 3.2r.

P signifies the parity bit.

Once transmission of the message has started, the GIN cursor nitt
disappear and the termina[ niIt ignore att received characters untiI one
of tuo events occur:

1. One of the foltouing characters is received: BEL, BS, CR, HT,
LF, US, GS, or VT.

2 One of the fo[loring
(ESC ETB) or (ESC FF)
beginning (ESC :).

character sequences
or (ESC X) or any

i s received:
vaIid sequence

l{hen one of the above is received the termina[ yi[[ teave GIN state and
enter Atpha t state. The Al.pha cursor tritt appear at the point tast
occupied by the GIN cursor. The practical effect of this is usuatty to
ignore any characters echoed by the host computer unti[ such time as the
CR is echoedT yhich returns the termina[ to normat Tektronix mode Atpha
state operation. This means that the message can be received by a host
computer operating in futI duptex yithout any necessity for suspension
of character echoing by the host.

The terminat also responds to the character sequence (ESC ENQ) nhiLe in
GIN state. The effect is in a[[ uays identical to that produced by
striking a key except that the first character of the message (character
struck) is not Tfi'ETGfed. The message generated in response to (ESC ENO)
is thus one character shorter than that generated by striking a key.
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If, uhiLe in GIN state, the terminat receives a CR, or the sequence
(ESC FF) t o? a g[oba[ escape sequence changing the terminaL disptay
mode, or the Locat function key ERASE is struck, the terminal wiIL exit
GIN state without transmitting a cursor position report. ttthite in GIN
state the tocat function keys uork normaLl.y; the programmab[e function
keys, houever, are disab[ed. The numeric keypad transmits no characters
and can only be used for cursor position controt.

4.6.3.1 Pre-Positioning The GIN Cursor - A Tektronix mode escape
sequence is avaitabte for pre-positioning the GIN cursor. By defautt,
trhen GIN state is entered the cursor appears at the same point on the
screen that it occupied nhen the termina[ uas tast in GIN state (or the
center of the screen if GIN state has not been entered since power up or
reset). The escape sequence (ESC X) changes the "remembered" GIN cursor
position to that of the last vector end point. This sequence is only
recognized yhil.e the terminat is in Tektronix mode. If the sequence is
received yhite the terminat is in Tektronix mode Atpha state, then the
"remembered" GIN cursor position is set to correspond to the current
position of the lover left corner of the Atpha state cursor. If the
sequence is received whi[e the terminat is in Tektronix mode Graph
state, the "remembered" GIN cursor position is set to correspond to the
Iast specified vector end point.

This escape sequence can be used to pre-position the GIN cursor to the
area of the screen that uiLt be most convenient for the user of the
program. The usuat technique is to enter Tektronix mode Graph state,
draw a dark vector to the desired point on the screen, issue the escape
sequence (ESC X)2 and then issue the escape sequence (ESC SUB) to enter
GIN state. The GIN cursor yiIt then appear at the desired point.

4.6.4 Setective Erase 0perations

Se[ective erase operations remove seIected characters, dots, or Iines
from the screen rithout affecting the rest of the screen contents.
There are three uays to perform setective erase operations:

1 Btack vectors: As tras discussed in paragraph 4.6.2.2, drawing a
btack vector erases aLt dots in its path. To draw a b[ack
vector it is onty necessary to precede the vector end point
specification uith the controt character NAK. In situations
requiring the erasure of on[y a few vectors (rather than a tong
sequence of consecutive vectors) using btack vectors is a very
efficient technique.
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2. Area erase vectors: As vas discussed in paragraph 4.6.2.3, area
erase vectors erase a[[ dots within a rectangutar area of the
screen. If the number of vectors and/or characters requiring
erasure is not smat[, and they fatt within a rectanguta? area,
using an area erase vector is the most efficient technique.

3 Changing the data teveL to btack: The escape sequence (ESC DEL)
changes the data tevet to black. ]rhiLe the data [eveL is bLack'
att atpha character and tight vectors are drawn b[ack; i.e.,
they remove dots from the screen. This applies to both Atpha
state and Graph state. The usuaI technique for setectivety
erasing alpha characters is to set the data tevet to bLack and
then "retype" the characters to be erased. It is atso
frequentty convenient to erase a sequence of vectors by setting
the data levet to btack and then "redraring" the vectors. The
data tevet does not affect the action of btack vectors, area
erase vectors, or area fiIt vectors.

The escape sequence (ESC a) resets the data teveL to yhite.
The data Levet is a[so reset to yhite by the action of the
ERASE key and by the erase screen escape sequence (ESC FF).
The data levet is alrays white when Tektronix mode is entered
from a text mode.

4.6.5 Control Characters And Escape Sequences

The terminat responds to the fo[lowing controt characters when in
Tektronix mode:

CHAR CODE (Hex) EFFECT

BS 08 Backspaces the cursor. Backspacing past the current
margin causes wraparound.

CR Returns cursor to current margin. If the termina[
is in Graph state, it is returned to Atpha state
and the cursor appears at the current margin nith
the same Y position as the [ast vector end point.
If no vectors were dratrn in Graph state the margin
uiLL be the same as it tast was in Atpha state,
otheryise it Hit[ be cteared. If the terminat is in
GIN state it is returned to Atpha state with the
cursor at the [eft edge of the screen and at the same
verticaI position as the GIN state cursor. If Switch
402 section 5 on the 219 Logic board is set to "1" a
LF viIt automaticatLy be performed after the CR.

OD
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CHAR CODE (Hex)

LF

HT 09

VT OB

GS 1D

US 1F

OB

OPERATION

EFFECT

Line feed moves the cursor down 14 tekpoints. If the
terminal is in Atpha state and the resutting position
is below tekpoint 0Y, a margin suitch (0 to 1 or
vice versa) vitt occur and the Y position of the
cursor yiLL be set to 767. In Graph state the nen Y
position is computed modulo 1024, which can result in a
Y position greater than 779 in some cases. If Switch
402 section 4 on the 219 Logic board is set to "1", a
CR vi[[ automatical[y be performed after the LF. This
CR vitI not return the termina[ to Atpha state from
Graph state or GIN state.

Tab spaces one character to the right (14 tekpoints).
In ALpha state horizontaI uraparound to the current
margin vi[[ occur if the resutting position is greater
than 1023X. This wraparound operation generates a LF.
In Graph state the new X position resutting from a HT
is conrputed modut'o 1O?4.

Reverse tine feed moves the cursor up 14 tekpoints.
If the terminat is in Atpha state the cursor wit[ not
move up above tekpoint 767Y. In Graph state the new Y

position resu[ting from a VT is computed moduto 1024,
which can resutt in Y positions greater than 779 in
some cases.

Leave ALpha state, enter Graph state. The current
vector end point wiLL be in the same position as the
toyer left corner of the Atpha cursor. GS is atso
recognized from the non-Tektronix modes of the terminat
(except Transparent). In this case, the terminat
enters Tektronix mode Graph state, the screen is
cleared, and the current vector end point is set to 0X,
767Y. In at[ cases, the next vector drawn after a GS

is dark. If GS is received vhile in Graph state the
onty effect is to make the next vector dark.

Leave Graph state, enter ALpha state. The Atpha
mode curson witI appear yith its [oyer teft corner
at the last vector end point. If any vector drawing
occurred in Graph state the margin wi[[ be cleared
to margin 0. US has no effect if received in Atpha
state or Gin state.

If received in Graph state, NAK causes the next vector
to be drayn btack. No effect in ALpha state.

NAK 15
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CHAR C0DE (Hex) EF FECT

FS 1C If received in Graph state, FS causes the next vector
to be an area fiLL. No effect in Atpha state.

RS 1E If received in Graph state, RS causes the next vector
to be an area erase. No effect in Atpha state.

BEL 07 1000 HZ audib[e tone for 200 l,ls.

Note that cursor moving controt characters (BS, CR, LF, VT, HT) are
recognized in Graph state as uet[ as Atpha state. Although there is no
visibte cursor to move, the current vector end point is moved just as
the cursor uouLd be. Since the current vector end point and the louer
[eft corner of the cursor are atways the same, there is no togicat
distinction betyeen moving the cursor and moving the current vector end
point.

The terminaI aIso recognizes the fottowing speciat escape sequences uhen
in Tektronix mode. The first three sequences are recognized by atL
Tektronix mo& states, white the remainder are recognized only in Atpha
state or Grap*r state:

ESC SEAUENCE EFFECT

ESC FF Clears the screen, sets Atpha state, moves the cursor
to home and sets the margin to IIARGIN 0.

ESC:PnP This gLoba[ escape sequence has the same affect as ESC

FF when received in Tektronix mode. Parameter Pn is
ignored.

ESC ENA Causes terminat/status and or current vector end point
or crosshair cursor position to be transmitted
(see paragraphs 4.6.1.3, 4.6.2.4, and 4.6.3).

ESC SUB

ESC DEL

ESC a

ESC ETB

ESC X

Enables crosshair cursor (see paragraph 4.6.3).

Causes aLI succeeding Light vectors and atpha
characters to be drayn btack. The effect is cancetled
by an (ESC a) or (ESC FF). See paragraph 4.6.4.

Cancets the effect of (ESC DEL).

Activates the optionaL hardcopy device.

Pre-positions the GIN cursor to the current vector end
point (see paragraph 4.6.3.1).
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4.7 EASY-ENTRY GRAPHICS I,IODE

Easy-Entry Graphics mode can be entered by striking the tocat function
key CTRL-SHIFT-I,HITE or yith the gtobal escape sequence (ESC z 7 f).
This mode a[[ows vector draring using a decimat notation suitabte for
direct keyboard entry. Atthough this notation is tess efficient than
that used by Tektronix mode Graph state operation (in terms of
characters transmitted per vector drann), it is sometines easier to use.
It is of greatest value rhen vectors are being entered directty from the
keyboard or when the host computer does not have a tibrary of Tektronix
compatibte p[otting subroutines avaitabte.

Easy-Entry Graphics mode uses singLe tetter commands vhich are preceded,
uhen necessary, by vector end points specified as decimaI numbers.
Vector end points are specified in terms of dots on the screen rather
than "tekpoints"i thus vatid x addresses range from 0-511 and vatid Y

addresses range from 0-249. The origin of this coordinate system is at
the loyer teft hand corner of the screen. The address of a new vector
end point may be specified either as an absoLute tocation in the
coordinate system or retative to the current vector end point. Commands
have the fotlowing syntax:

Psc

Ps is a parameter string of the form:

t+-lx E+-ly

vhere X and Y are integers up to three digits in length specifying the
desired X and Y screen coordinates. If an X or Y coordinate is preceded
by a ptus or minus sign it indicates that the number is to be regarded
as an offset retative to the current vector end point. The integers
specifying the X and Y coordinates must be separated by a space or a

sign character (t-). The brackets are not part of the syntax and onty
indicate that the enctosed characters are optionat. The tetter c
signifies one of the fo[[oning tover case command characters:

LETTER TIEANING

Reset the current vector end point to the coordinate
system origin, 0X 0Y (touer [eft screen corner). No
parameter string is accepted or required by this
command. Equivatent to a Tektronix mode dark vector
drarn to point 0X 0Y.

Position current vector end point. The current vector
end point is moved to the tocation specified by Ps.
Equivatent to a Tektronix mode dark vector drawn to the
point specified by Ps.

o

p
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I{EANING

DraH a vector from the current vector end point to that
point specified by Ps. EquivaLent to a tight vector.

Undraw vector. Removes aLt dots in the path of a
vector from the current vector end point to the
tocation specified by Ps. Equivatent to a b[ack vector.

Draw a single dot at the tocation specified by Ps.

Set data LeveL to white. ALt subsequent vectors and
characters wi[[ be formed by turning on dots on the
screen. This effects onty tvr and rdr commands and
characters drawn after an rar command. The data Levet
is set to white when Easy-Entry mode is first entered
from a text mode, by the action of the ERASE key, and
by the action of the escape sequence (ESC FF). No
parameter string is accepted or required by this
command.

Set data tevet to btack. AtI subsequent vectors and
characters wiIt be drawn by turning off dots on the
screen. This effects onLy rvr and rdr commands and
characters drawn after an rar command. This at[ous
these commands to be used as setective erase
operations. No parameter string is accepted or
required by this command.

Fitt the rectangutar area whose diagona[ is specified
by the current vector end point and Ps.

Erase the rectangutar area whose diagonat is specified
by the current vector end point and Ps.

Report current vector end point. The terminat uiLt
transmit the current end point address in the form:
XXX YYY CR

Uhere XXX and YYY are three digit integers, with
leading zeros if needed, separated by a singte space.
No parameter string is accepted or required by this
command.

Enter Tektronix mode Atpha state. If Ps is specified
the aLpha cursor wiLL be placed at that point, other-
yise it uitt be placed at the current vector end point.

d

t{

v

u

f

r

b

a
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Commands are executed as soon as the command character is recognized.
The CR character may be entered at any point to terminate a sequence.
This ui Lt cause any existing partiaIty compIete sequence to be
discarded. Spaces are tegal at any point in the sequence except betveen
digits of an integer. Any commands containing ittegaI coordinates are
i gnored.

As an exampte, the fottoring command sequence dratrs a box around the
edge of the disptay area:

0 0 p 0249 v 511 249 v 511 0 v 0 0 v

The equivatent sequence, using retative addressing, is as fottous:

0 0 p +O +249 y +511 +0 v +O -249 v -511 +0 v

The differences betueen the tyo addressing methods can be seen by
comparing the turo examptes. The first [ine draun, fronr point (0r 0) to
point (O, 249), requires the same parameters in both examp[es. In this
case the retative displacement (from point (0r 0) to point (0r 249)) is
the the same as the address of the new vector end point. In the case of
the second [ine drarn, from point <Or 249, to point <511.249)' the
parameters are different. In this case the retative dispIacement along
the X axis is 511 points (511-0) whiLe the relative displacement along
the Y axis is 0 (249-249>. Thus with re[ative addressing the parameter
string for this vector end point is +511, +0 and uith absotute
addressing it is 511, 249.

It is atso possibte to mix retative and absotute address specifications.
Each coordinate uithin each parameter string can be either absotute or
re Iat ive .

Atthough Easy-Entry mode does not have a unique Alpha state for draring
characters, Tektronix mode Atpha state can be entered by using the rar
command. To return to Easy-Entry mode fron Tektronix mode Atpha state
use the appropriate globat escape sequence (ESC z 7 t)t o?t if commands
are being entered directty fronr the keyboard, use the tocal function key
CTRL-SHIFT-I{HITE. tlhen returning to Easy-Entry mode from Tektronix mode
Atpha state the current vector end point yiLt be positioned at the point
tast occupied by the loyer teft corner of the alpha cursor.

w

The
and
the
the
the

ERASE key, or the escape sequence (ESC FF), rit[ erase the screen
then cause the termina[ to enter Tektronix mode Atpha state (vith

data tevet set to rhite). The [oca[ function key CTRL-SHIFT-F5' or
gtobat escape sequence (ESC : E), witt erase the screen and leave

terminal in Easy-Entry mode uithout affecting the data leve[.
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4.8 GRAPHICS SCROLLING

t'lhen the terminat is in any of the graphics modes the disptay can by
scrolted horizontatty either [eft or right by a gLobat escape sequence.
The format of the escape sequence is:

ESC : Pb;Pt;Pd S

Parameters Pb and Pt specify the bottom and top of the horizontaL region
that is to be scrotted. These parameters are specified in screen dot
positions, thus the bottom of the screen corresponds to a parameter
vaLue of 0 and the top of the screen corresponds to a vaLue of 249 (see
Section 4.6 fgr information on converting tekpoint coordinates to screen
dot positions). If the parameters are not in this range, or if Pb is
greater than Pt, the sequence wiLt be ignored. Parameter Pd specifies
direction; Pd=0 requests scrotting to the teft and Pd=1 requests
scrol[ing to the right.

Each time the escape sequence is received the setected region is
scrotled eight dots (16 tekpoints) in the specified direction. The
portion of th| inage that scrolts off the edge is Lost and the portion
that scrol[s onto the opposite side is btank. This feature can be
empLoyed to simutate a chart recorder or moving histogram by first
scrotIing the screen and then dispLaying the next eight netr data points
on the portion of the screen that Has btanked by the scrotting
operation. After eight new data points have been dispLayed the screen
is then scrolted again, etc.

4.9 TRANSPARENT tqODE

In Transparent mode the terminaL wiLL dispLay aLL received characters
inctuding control characters. Transparent mode can be entered by
striking the locaI function key CTRL-SHIFT-ESC and exited by striking
CTRL-SHIFT-ESC again or any other mode changing tocaI function key.
Note that the terminat cannot exit Transparent mode in response to an
escape sequence fronr the host computer because the terminaI does not
recognize escape sequences or contro[ characters (except cR) wETG:ii-
EF'ism6G

Control characters are disptayed as the corresponding printing character
in reverse videoi controt characters thus appear as btack characters in
white character ceIts. The onty exception to this rule is the contro[
character DEL, which is dispLayed as a sotid white character cetL.

The onty control character to which the terminaL responds whiLe in this
mode, other than by simpty disptaying it, is CR. The received CR is
f i rst di sptayed (as a controt-[tt) and the cursor i s then returned to the
teft margin and moved down one tine. trhi[e in transparent mode the
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terminaI alHays performs automatic tine wrapsi that is, rrhen the cursor
reaches the 80th (or 132nd) co[umn it autonaticaIty returns and displays
the next character at the beginning of the next Iine.

4.10 PROGRAI4I'IABLE KEYS

The keys F1, F2, Fj, F4, F5, BLUE, RED, and UTHITE can be programmed to
transmit strings of characters vhen struck. In fact, each of these keys
can actuatLy be programmed to transmit tyo different strings: one rhen
the key is struck vhite hoLding dovn SHIFT and another when the key is
struck atone.

The keys are programmed either from Set-up mode (see Section 4.3) or by
the use of escape sequences. The g[obaI escape sequence for programming
keys has the general form:

ESC : Pn p DELIT{ITER text DELIT{ITER

The parameter Pn specifies which key is to be programmed (see Tabte
4.2). The word DELIT{ITER refers to a character used to detimit the text
string. This can be any character and wiIt function tike a parenthesis:
the first occurrence of the character marks the beginning of the text
string and the second occurrence marks the end. Obviousty the DELIilIITER
character must be chosen so as not to be the sane as any character that
appears in the text string. The text string can be up to 128 characters
in tength and may contain any and atL ASCII characters except NUL. Any
characters in excess of 128 yitL be discarded. htren the programmed key
is struck, it uit[ transmit the exact sane string of characters as rras
between the DELIIiITER characters. Programmed keys may be erased by use
of the gLobat escape sequence:

ESC:Pse

The parameter Ps specifies the key, or keys, to be affected (see Tabte
4.D. If more than one key is being specified the key nunbers should be
separated by semicotons. ALl. programmab[e keys may be erased
simu[taneously by using the escape seguence:

ESC:e

Erasing a programmabte key resets it to the defauLt 219 escape sequence
for the key (depending on the current escape mode of the terminat,
either an ANSI or a ZENITH sequence wiLL be used).
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TABLE 4.2

Identifying Parameter for each ProgrammabLe Key

Key Unshifted Shifted

F1

F2

F3
F4
F5

BLUE
RED

tlH ITE

1

2
3
4
5

6
7
8

9
10
'|.1

12
13
14
15
16

As Tabte 4.2 shows, the shifted and unshifted behavior of each of the
function keys can be programmed separately, giving the user 16 possib[e
programmabLe functions. Note, however, that the totat of a[[ the text
strings assigned to programmab[e function keys cannot exceed 51?
characters. If an attempt to program a key causes the 512 character
timit to be erceeded, then the key wiLL be programmed with the portion
of the character sequence for which memory was avaiLabte. The portion
of the sequence that arrives after the 512 character timit is reached
wi L L be di scarded.

In order for programmab[e keys to transmit their programmed character
sequences rather than their native defauLt character sequences, the
Programmabte Keys Active state of the terminat must be set, either from
Set-up mode (see Section 4.3) or with the proper gLobaL escape sequence
(ESC : 5 h). There is a corresponding globat escape sequence
(ESC : 5 t) to ctear this state; the state is also cteared by a

terminaL reset operation. tt&cte that c Learing thi s state does not erase
programmed character sequences stored in the terminat's memory nor does
it prevent the storage of new character sequences; it onty affects the
action that occurs when programmed function keys are struck. Atso note
that if the ProgrammabLe Keys Active state is set, but a particuLar
function key has not been programmed, then that function key wiLt stiLL
transmit its native defautt character sequence when struck.

The native 219 sends the same escape sequence for a given function key
tdithout regard to uhether or not SHIFT was depressed. It is possib[e
for the user to preserve the native function of a key by programming
onty its shifted counterpart. For example, the user could Leave the
normaL sequence associated with the Fl key intact whiLe assigning the
string "directoryldate" to SHIFT-FI by using the fotlowing gLobaI escape
sequence:

ESC : 9 P *directorY/date CR*
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Note that * uas used as the DELIIIIITER character and. that a CR ras
inctuded to ter'rninate the conmand for the host conputer. Since the
character sequence for a programmabLe key can be up to 128 characters
[ong, and since CR is a [ega[ character in the sequence, it is atso
possibte to imbed tyo or more host conmand tines in a singte character
sequence. For exampte, the fo[loring gtobat escape sequence trouId
program SHIFT-FI to transnit the command "shou system" folloyed by the
command "shoH devices":

ESC : 9 p *shotr system CR shor devices CR*

Such a technique vi L L on[y vork ui th host computers that at tov
typeahead.

4.11 REVERSE SCREEN STATE

The terminal has a Reverse Screen state, in rhich the video tevet of atL
screen disptays is reversed; that is, characters and graphics yiIt
appear as black on a yhite background. This state affects aLL
information displayed in atI modes of operation. Reverse Screen state
can be entered by striking EfiE tocaL fmction key CTRL-F4. This key
combination actual[y toggles the state; striking it again yiIt return
the terminal to Normal Screen state. Reverse Screen state can atso be
set vith the g[obal escape sequence (ESC : 7 h) and cteared rith the
sequence (ESC :7 t).

4.12 ADDITIOTIAL NET FEATURES

4.12.1 Sc rot I Key

The scrolI key nou has tuo additionat functions. tlhen Hotdscreen
operation is not enabted, the key operates in a manner simi[ar to that
found on VTlfi) conpatibte terminaIs. Thc key toggtes, a[ternately
stopping or starting the scrotLing of tines onto the screen each tirne it
is struck. ScroU.ing is stopped by scnding a DC3 (CTRL-S, "X0FF") to
the host computer and stopping the rernoval of characters frqn the
terninaI input buffer]-Uhen scroLLing is started by striking the key
again, a DCI (CTRL-Qr "XOlil") is sent to the host computer and
simuttaneousty the terminat resumes removing characters from the input
buffer for disptay. This feature is disab[ed if HoLdscreen operation is
enab led.

If SHIFT-SCR0LL is struck, )loldscreen operation is automaticat[y enabted
(for further information on Hotdscreen operation see the VIDEO TERIINAL
0PERATI0ltl IiANUAL supptied by Zenith. There is a suitch option to
enab[e/di sabte this feature, see Section 3.2r. This provides a
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convenient way to enabte HoLdscreen operation with a singte key stroke,
rather than using an escape sequence or first entering Set-up mode.
Hotdscreen operation can Likeyise be convenientty disabted by striking
CTRL-SCROLL. tlhen the Hotdscreen operation is enabted the scrott key
functions exact[y as it does on a 219 uithout GRAPHICS-PLUS instal[ed.

One pecutiarity of Ho[dscreen and scrott key operation shou[d be noted.
Some "locat" keys on the keyboard, such as CTRL-ERASE, CTRL-SHIFT-ERASE,
and the keys of the nuneric keypad used in conjunction uith CTRL,
function by p[acing the resutting characters in the terminat input
buffer just as though they had arrived fronr the host computer. The same
thing is true for atI characters typed rhen the terminat is off [ine.
l{hen scrotting has been stopped by the scroll key or a Hotdscreen
operation the terminaI stops removing characters from the input buffer
for processing. Thus if one of these locat keys is struck whi[e
scrotLing is suspended, or the terminat is taken off-Line and characters
are struck on the keyboard whiLe scrotLing is suspended, the resu[ting
terminal action vitI not occur untiI after scrotting is resumed. This
does not appty to the [oca[ functions of the F1-F5 and BLUE, RED, ]rHITE,
and ESC keys. Note that the scrott key stops/starts the removal of
characters fnctn the input buffer even when the terminat is off-Line.

4.12.2 ProgranmabLe Tab Stops

In addition to the normaL fixed tab stops at eight co[umn intervats, the
terminal allows the user to set tab stops at any and att co[umn
positions. In order for user-defined tab stops to be in effect, the
user nust set the User Tab Stops Active state, either from Set-up mode
(see Section 4.3) or yith the proper gtobal escape sequence (ESC : 2 h).
Uhen the User Tab Stops Active state is set, the native fixed position
tab stops are disabled and the tab stops programmed by the user become
active. There is a corresponding escape sequence (ESC : 2 L) that
ctears this state and thus restores the native fixed position tab stops.
l{ote that ctearing the User Tab Stops Active state does not actuatty
delete user programmed tab stop positions from the terminal memory; if
the state is re-enabted any previousty programmed tab stops riIt again
become active. Atso note that programmabte tab stops can be set and
cteared in terminal memory yhether or not the state is active.

Programmab[e tab stops can be set from Set-up mode, or by using a gtobal
escape sequence of the form:

ESC:Pss

The parameter Ps indicates the column, or co[umns, at yhich the stops
are to be set. Cotumns are numbered 1 thru 132; if Ps=O (or Ps is
omitted) then a stop is set at the current cursor position. If muttipte
stops are being specified, the cotunn numbers shoutd be separated by
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semicotons. For exampte, the fot[oying escape seguence sets tab stops
at cotumns 5, 15, 25, 50, 60, and 70:

ESC z 5;15;25;50;60;70 s

Programmed tab stops can be c[eared by using a g[obat escape sequence of
the form:

ESC:Psc

The meaning of the parameter Ps is the same as explained above with one
exception: if the parameter Ps is omitted, att programmed tab stops
wiLI be cteared.

4.12.3 Back Tab Sequence

The terminal responds to a back tab sequence (ESC TAB) by moving the
cursor teft untit a tab stop is encountered.

4.12.4 Smart Shift Key

The SHIFT keys non have an additional function not native to the 219.
If the SHIFT key is held dovn Hhite the CAPS LOCK key is atready in the
depressed position, then any alphabetic key struck wiLI produce a lorrer
case rather than an upper case character. There is no effect on
non-atphabetic keys. This feature can be disabted from Set-up mode (see
Section 4.3) or by setting syitch StJl section 3 to r'0r' (see Section
3.2>. There is atso a global escape sequence to enabte this feature
(ESC : t h) and a corresponding gtoba[ escape sequence to disab[e it
(ESC : 9 [).

4.1?.5 Smart Auto l{rap

If Smart Auto tlrap is enabted, the behavior of Auto tJrap (a standard 219
feature) is modified. If Auto llrap is not also enab[ed then enabLing
Snart Auto tJrap has no effect. The ef fect of Smart Auto trlrap is
trofoId:

1 Smart Auto llrap prevents doubte spacing foLLowing tines that
are exact[y one screen uidth (80 or 132 characters) in length.
Automatic tine rrap (the terminat inserts a CR LF) stiU. occurs
irnmediately after a character is ptaced in the tast column on
the screen. Horever, if this character is fotloyed directty by
a CR, LF or CR LF combination, the CR and/or LF are ignored.
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2 Smart Auto t{rap attows "backuards" automatic uraps. If the
cursor is backspaced past the Left edge of the screen it uitt
yrap to the end of the preceding tine. This at[oys the cursor
to backspace thru muttip[e [ines of text. Note that the cursor
wiIt not wrap "backwards" past the top line of the screen.

Smart Auto lJrap is enabLed by defautt. It can be disab[ed or enabled
fronr Set-up mode. It can atso be disab[ed yith the gtoba[ escape
sequence (ESC : 12 t) and enab[ed rith the globat escape sequence
(ESC : 12 h).

4.12.6 Screen Timeout

The screen timeout feature btanks the screen of the terminaL if no
characters are received, or keys struck, for a period of ten minutes.
This extends the tife of the CRT phosphor. The screen is automaticalty
unbtanked if a character is received or a key struck (except for the
right SHIFT key and the RESET key). The teft SHIFT key is a good choice
since it riLL be recognized yithout actuaLLy producing a character. If
this feature is not desired it can be disabted by a pouer-up snitch,
from Set-up mode, or by using a global escape sequence. Setting svitch
SUI section I to the "1" position disables screen timeout. The global
escape sequonce (ESC : 4 h) atso disabtes screen timeout. The globat
escape sequence (ESC :4 t) enabtes screen timeout.

4.12.7 Transmit Cursor Line

If RETURN is struck yhite CTRL is depressed, the terminat vitI transmit
the entire line on'uhich the cursor is tocated. The Line is transmitted
rrithout tralLing blanks and nith a terminating CR character.
Transnission yitL occur even if the terminal is in the Off-tine state.
The gtobal escape sequence (ESC CR) has the same effect. CTRL-RETURN is
usefut for re-transmitting a compticated command line to the host. A

comptex comnand containing a simpte error can be edited before
re-transmission by taking the terminat off-Line and using the keypad
insert and detete character keys. This same technique can be emptoyed
for editing program lines yhen the host computer is running a BASIC
tanguage interpreter.

If graphics characters or reverse video characters are encountered in
the tine then appropriate escape sequences are atso transmitted, just as
in the case of the Transrnit Status Line and Transmit Page functions.
For more on this subject see the exptanation of the Transmit Status Line
and Transmit Page functions found in the VIDEO TERI{INAL 0PERATI0N IIANUAL
supptied by Zenith.
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4.12.8 Transmission Speed Limiting

If transmission speed timiting is enabLed, the terminaIrs transmission
rate wilt be Lirnited to 60 characters per second. Note that this does
not affect the baud rate, onty the rate at which characters are removed
from the output buffer and transmitted. This feature is usefu[ uith
host computers that are not capabte of handting high speed bursts of
characters from terminats. This feature can be enabted from Set-up mode
(see Section 4.3), by setting sritch SU1 section 4 to the r'1rr position
(see Section 3.2,, or uith the gtoba[ escape seguence (ESC : I h). The
sequence (ESC : 1 t) disab[es this feature.

4.12.9 Definabte Scrotting Region

The terminat noy has a definabte scrotting region. Both the top and
bottom tines of the screen region in vhich text scrolts can be defined.
By defautt, the scrot[ing region is set to inctude the entire screen(lines 1t24 in ?4 tine mode, [ines 1249 in 49 Line mode). ]Jhen the
scrolling region is set to inctude less than the entire screen, text
that scrot[s above the top line of the defined region is discarded; the
contents of the screen not inctuded in the scrolling region, and the
contents of off-screen memo?y, a?e not affected.

The scrotting region can be defined by using Set-up mode (see Section
4.3) or by the use of escape sequences. Both a global escape seguence
and an ANSI escape sequence are avaitabte. The gtobaI escape sequence
has the foltowing form:

ESC : Pt;Pb r

The ANSI escape sequence has the form:

ESC t Pt;Pb r

In both cases the parameter Pt specifies the top line of the scrotling
region and Pb specifies the bottom [ine. Uhenever the scrotting region
is re-defined by an escape sequence the cursor is automatical[y moved to
the home position.

tlhenever a neu text mode format is specified, either by a tocal function
key or an escape sequence, the scrotIing region is automaticatLy
redefined to inctude the entire screen.

\-,
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4.12.9.1 Retative vs. Absolute 0rigin tlode - Escape sequences that
inctude a tine number as a parameter may be affected by the scrotLing
region definition, depending on yhether the terminaI is in Retative or
Absolute oriEin mode. l{hen the terminat is in AbsoLute Origin mode (the
defautt) tinc 1 is considered to be the top of the screen. tdhen the
terminat is in Retative Origin mode [ine 1 is the top Line of the
currentty defined scrolting region; i.e., the Iine address is retative
to the top of the scro[ling region rather than the top of the screen.

There are two escape sequences that set Retative Origin mode,
sequence (ESC t ? 6 h) and a globat sequence (ESC : 16 h).
0rigin mode, the defautt, can atso be set by an ANSI
(ESC t ? 6 L) and a globa[ sequence (ESC:16 L).

an ANSI
Absotute
sequence

Relative 0rigin mode affects both di rect cursor addressing escape
sequences and cursor position reporting escape sequences. This inc[udes
ZENITH, ANSI, and gtobaL escape sequences. The affected ZENITH escape
sequences are:

(direct cursor addressing)
(cursor position report)

The affected ANSI sequences are:

ESC Pc

ESC

PrY

n

H

t
Pc
PC

Pri
Pri
6n

:1P
E

t2J

The ZENITH, AIISI and Gtobal escape sequences that erase the entire
screen are atso affected by the defined scrotIing region vhen Retative
Origin mode iB set. In this case the cursor is returned to the
beginning of the scroLting region yhen the screen is c[eared rather than
to the upper left corner of the screen. There is one exception to this
rute: if thc termina[ is in ANSI escape mode, and EDT compatibitity is
set (see paragraph 4.1?.1Or, then c[earing the screen does not affect
the position of the cursor. This a[tovs compatibitity uith VT100 type
terminats. The affected escape sequences are:

ESC: PriPc H

ESC:6n

ESC

ESC
ESC

ESC T

ESC E

ESC E

The affected gtobaL sequences are:

(direct cursor addressing)
(direct cursor addressing)
(cursor position report)

(direct cursor addressing)
(cursor position reporting)

(Gtobat clear screen)
(ZENITH clear screen)
(ANSI ctear screen)
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4.12.10 EDT CompatibiLity

The termina[ witI operate with the DEC EDT screen editor as either a
VT52 or a VTl00 compatib[e terminat. The advantage of operating urith
EDT as a VT100 is that the 132 co[umn and reverse video capabilities of
the terminal can be utitized by the editor in this mode. In order for
the terminat to appear as a VT100, the EDT ConpatibiLity state of the
terminat must be set. This state only affects the terminal if it is
atso in ANSI escape modei it does not affect the termina[rs behavior in
ZENITH escape mode. The effect on the terminat in ANSI escape mode is
tvofotd: It changes the way the terminat responds to receiving some
escape sequences (see paragraph 4.15.1.1), and it changes the alternate
escape sequences generated by the numeric keypad.

The atternate escape sequences generated by the numeric keypad vhen EDT

Compatibility and ANSI escape mode are in effect are shovn in Tabte 4.3.
The correspondence betyeen keys and escape sequences is intended to
provide a reasonab[y convenient keypad layout for using EDT vhich is
largely consistent with the VT52 mode of operation. The EDT function of
each key is shoyn in Figure 4.2.
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FIGURE 4.2
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White is the same as the Unshifted 8 key (Fndnxt / Find).
Fl is the same as the Shifted 3 key (De[ Ln / Und Ln).

4.1?.'11 VT100 Character Set

The terminaI noy has two character sets, the standard Zenith character
set and a replica of the VT100 character set. These tyo character sets
differ greatLy in their speciat graphics symbots. The text character
fonts in the tvo set are quite simi[ar, but not exactty the same. The
character set can be se[ected by a porer up syitch, from Set-up mode, or
by an escape sequence. If syitch Sl{1 section 5 is set to rr0rr the VT100
character set uiLL be setected by defautt. If it is set to a "1" the
standard Zenith character set yiLL be se[ected by defautt. The gLobaL
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escape sequence (ESC : 10 h) setects the vT100 character set and the
sequence (ESC : 10 L) setects the standard Zenith character set.

Appendix E shoys
character set.

the graphics characters avai tabte in the VTl00

4.12.12 Status Line Addressing

There is a gtobal escape sequence for moving the cursor directLy to the
status [ine. By using this escape sequence programs can address the
status line tocated at the bottom of the screen rithout having to
consider nhether the terminal is currentLy in a 24 tine or a 49 line
text display mode. This sequence atso automaticalty enabtes the status
[ine. The format of this sequence is:

ESC:PnL

The parameter Pn specifies the cotumn number to uhich the cursor wiLL be
positioned on the status [ine. If Pn is onitted the cursor yit[ be
positioned to the Left hand end of the status tine.

Before the cursor is positioned a "save cursor position" operation
(equivatent to ESC 7, see Section A.7) is automaticatty performed.
Thus, when operations on the status [ine are complete, the cursor can be
returned to its former position on the screen by use of the "restore
cursor position" escape sequence. (ESC 7 - "save cursor position" and
ESC I "restore cursor position" york in both the Zenith and ANSI
escape modes. See Section A.7.)

4.12.'13 0utput Synchronization

If output synchronization is enabled the ternina[ yitt recognize DCl
(CTRL-Q, "X0N") and DCs (CTRL-S, "X0FF") controt characters when they
are received from the host. Receipt of a DC3 character yitt cause the
terminal to cease transmitting characters from its output buffer to the
host. Receipt of a DC1 character rrenabtes transmission of characters
by the terminat. Uhen the terrninal is connected to a host computer that
supports this protocol, output synchronization can be used to prevent
host computer input buf,fer overftoys. If output synchronization is not
enabled the terminal ignores received DCl and DC3 characters un[ess it
is in Transparent mode, in rrhich case they are dispLayed.

Output synchronization is disabled by defautt. 0utput synchronization
can be enabted frcrn Set-up mode or by using the gtobal escape sequence
(ESC : 17 h). It can be disabted from Set-up mode or by using the
gtobal escape sequence (ESC : 17 t).
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If output synchronization is enab[ed, and transmission has been stopped
by receipt of a DC3 character, entering and exiting Set-up mode ui[[
re-enabte transmission of characters by the termina[. This serves as a

method for "untocking" the terrninal if the host computer faits to send
the needed DCI character.

4.12.14 Variabte Length Key CIick

There is a gtoba[ escape sequence for generating "key c[ick" tones of
variabte tength. The form of this escape sequence is:

ESC:PnT

The va[ue of parameter Pn controts the duration of the sound generated
yhen the escape sequence is received. The value of Pn must be in the
range 0-255. Atthough the retationship betueen Pn and the tength of the
sound generated is not [inear, it is general[y true that [arger values
of Pn generatc longer sounds.

4.13 ESCAPE SEAUENCES

Escape seqtences are speciaI character sequences that begin uith the
controt character ESC. tlany features of the 219 can be controtl,ed by
escape sequences and the 219 transmits escape seguences vhen certain
keys are struck. The 219 recognizes and transmits trJo rather different
sets of escape sequences, one when the terminat is in ANSI escape mode
and another rrhen the terminal is in ZENITH (or Heath) escape mode.
GRAPHICS-PLUS considerabty expands the terminatrs repertoire of escape
sequences. The nel, escape sequences mostty fatL into two categories:
ANSI compatib[e escape sequences and gtobaI escape sequences. The
fo[[ouing paragraphs are intended to briefty summarize these additions;
a comptete tist of escape sequences can be found in Appendix A.

4.13.1 ANSI Compatib[e Escape Sequences

These are neh, escape seguences that are recognized trhen the terminat is
in ANSI escape mode. Att of the ney sequences in this category are the
same aB those recognized by VT100 cornpatib[e terminals. Included in
this category are sequences for setting 80 and 132 cotunn screen
formats, entering and exiting reverse screen state, and setting tab
stops. A[so inctuded in this category are some "ignored" VT100 escape
sequences; the terminat recognizes these seguences as vatid but takes
no action upon receiving them. These are included so that the terminal
can be operated in ANSI escape mode vith a host conputer configured for
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VT100 terminaIs vithout unrecognized VTl00 escape sequences shoying up
as garbage characters on the screen.

4.13.1.1 EDT CompatibiLity - In the case of the escape sequence for
defining the scrolting region, a confIict exists betyeen the sequence
used by the DEC VT100 and the ANSI sequence used by Zenith for setting
termina[ baud rate. This conftict is resotved by setting or cLearing
EDT compatibiLity state. t{hen EDT compatibitity state is set the VT100
escape sequence for defining the scrotting region is property recognized
and no ANSI sequence for setting baud rate exists (there is a global
escape seguence avaitab[e to accomptish the same task). A[[ other ANSI
escape sequences are recognized just as they are in ANSI escape mode
rith the EDT compatibitity state cleared. tlhen the state is cteared the
terminat correctty recognizes the Zenith ANSI sequence for setting baud
rate so long as the sequence contains only one parameter (the normal
case). If the sequence contains no parameters or tlro parameters it is
assumed to be a VT100 sequence for defining the scrotting region. The
recognition of sequences in ZENITH escape mode is not affected by this
st ate.

EDT compatibiLity also affects the uay the cursor is handted during
clear screen operations. Untike the 219, the DEC VT100 terminat does
not return the cursor to the "home" position vhen the screen is cteared.
Thus r,hen EDT conpatibiLity is set the terminat does not move the cursor
rhen a c[ear screen operation is performed. See paragraph 4.12.9.1 for
a tist of the clear screen escape sequences that are affected.

Setting EDT compatibiLity state affects ANSI escape mode in one other
respect. In order to faciLitate use of the DEC EDT screen editor in
VTl00 mode, the atternate escape sequences transmitted by the numeric
keypad have been redefined so that the functiona[ layout of the keypad
is convenient and targe[y consistent with the VT52 mode of operation.
This re-definition occurs onty if the termina[ is in ANSI escape mode,
EDT compatibiLity state is set, and the keypad is set to atternate mode.
The escape sequences generated by the keypad under these circumstances
are shorn in Tabte 4.3.
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TABLE 4.3

EDT CompatibLe Keypad Escape Sequences

Key Unshifted Shifted

9
I
7
6
5
4
3
2
1

0

Enter

Esc
Esc
Esc
Esc
Esc
Esc
Esc
Esc
Esc
Esc
Esc
Esc

Esc
Esc
Esc
Esc
Esc
Esc
Esc
Esc
Esc
Esc
Esc
Esc

0y
EA
0x
Ic
0u
TD
OS
EB
0s
0p
0n
0 l,l

0m
OR
0y
0L
0u
0t
0v
0r
0q
0p
0n
0 til

(Esc 0 A) *

(Esc 0 C) *

(Esc 0 D) *

(Esc 0 B) *

* Sequences in parenthesis wiLt be sent if ANSI cursor keys are
set to raLternater mode.

ANSI escape sequences, EDT compatibitity, and Atternate
Keypad node must be set for these sequences to be generated.

4.13.2 Gtobat Escape Sequences

Itlost of the nerl escape sequences are in this category. A gtobal escape
sequence is one that is recognized in both ZENITH and ANSI escape modes.
Included in this category are sequences to change to any termina[ mode,
atter most control tabLe attributes, and prograrn the programrnabte
function keys and tab stops.

4.13.3 0ther Ney Escape Sequences

A fer neu escape sequences do not fit into the above categories. These
include the escape sequences that are part of the Tektronix protocot
(see Section 4.6.5), the back tab escape sequence (see paragraph
4.12.3>, and the transmit cursor tine escape sequence (see paragraph
4.12.7r. These Latter two sequences are "gtobat" in the sense that they
are recognized in both terminat escape modes, but do not have the same
form as other globaI escape sequences.
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4.14 INPUT AND OUTPUT BUFFERS

The termina[rs internat input and output buffers are nou larger and
functionat[y more compticated than in the native 219. The input buffer
(the buffer used to hotd characters arriving from the host computer) is
now 1024 characters, rather than 1?8. If the input buffer becomes
nearty fut[ (more than 960 characters), a DC3 (CTRL-S, 'rXOFF'r) is
automaticatty transmitted to request that the host stop sending
characters. An additionat DC3 character is automaticat[y transmitted
each time a character is received whi[e the input buffer contains more
than 960 characters. tlhen the buffer becomes less fut[ ([ess than 896
characters), a DC1 (CTRL-Q, "X0N") is transmitted to request that the
host resume transmission. If the input buffer becomes comptetety ful[,
arriving characters are discarded and the terminat bett is sounded.

The output buffer (used to hold characters awaiting transmission) is notr
128 characters long rather than 32. If Output Synchronization is
enabted and the termina[ receives a DC3 character from the host then
transmission of characters by the terminat wi tt stop, and remain
stopped, untit such time as time a DC1 is received. Any characters
struck on the keyboard uitt be stored in the output buffer untit such
time as transmission resumes. If a programmed key is struck then the
entire programmed character sequence is stored in the output buffer. If
the output buffer becomes fu[[ then the terminat bett vitt be sounded
and att characters produced by the struck key wiLL be discarded.

If the terminaI is operating in haLf-duplex then characters from the
keyboard must be stored in both the input buffer and the output buffer.
It is thus possibte, atthough untike[y, to get an overfutt condition in
either buffer as a resutt of a key, or programmed key, being struck
uhite in haIf-dup[ex.
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CHAPTER 5

TROUBLESHOOTING

5.1 TROT.ELESHOOTING PROCEDURES

If the termina[ faits to operate proper[y, the fo[louing procedure
shoutd be fottoved to isotate the cause of the faiture:

\-,

1

2

Run the internat diagnostic programs to check for memory
fai[ures as described in Section 5.2. If the diagnostics
indicate a failing memory device it is probable that this is
the cause of the probtem. Since atL memory devices are
insta[led in sockets it is possibte for users with avaitable
spares to reptace faiting memory devices in the fietd. If the
faiting memory device is a program R0ftl, a reptacement R0t{ may
be obtained frorn Northwest DiqitaI Systems. If the internaI
diagnostics execute yithout detecting a memory faiture, or fait
to execute as described in Section 5.2, proceed to step 2.

Determine whether the fau[t is in the GP-19 hardware or in the
219 terminat. To do this, first unp[ug the termina[ power cord
and then remove the GP-19 hardvare by reversing the
instatlation procedure described in Chapter 3. Be sure to
remember to return the 280 microprocessor IC and the 6845 CRT

controtler IC to the correct positions on the 219 logic board.
Take extreme care not to damage the pins on these ICs white
moving them. If the terminal is a 219-CN, appty insu[ating
tape to the connector on the end of the cabte that supptied
line vo[tage to Pl on the auxitiary pouer suppty. Take care to
make certain that the connector pins are covered so they can
not come in contact with other parts of the terminaL. Turn on
the termina[ and test it for normaI functioning. If the 219
terminat faits to rork correctty trithout the GP-19 hardware
instatted then the 219 terminat is at fault and shouLd be
repaired. If the 219 terminat yorks correctty rithout the
GP-19 hardyare instatted, then the GP-19 harduare shouLd be
returned to Northwest Digitat Systems for repair.

\-,
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5.? USING THE SELF-DIAGNOSTICS

GRAPHICS-PLUS has internaI diagnostic programs for checking the
integrity of atL program RAtls and RO{s in the terminat. If a memory
fai[ure occurs, these programs uiLI identify the integrated circuit at
fault by dispLaying a code in the LEDs on the upper teft corner of the
boa rd.

To run the memory diagnostics, turn on the terminal rhi[e hotding doyn
the teft SHIFT key. The terminat vitt beep once (as it normatty does)
and tH'Eii-make a "tick" sound (a short beep) three seconds lateri do not
retease the SHIFT key untiL the 'rtick" occurs. The diagnostics ufE
then run for about 17 seconds; during this time a[[ the LEDs uiL[ be
on. If no failures are found, the terminal yitI proceed yith its norma[
porrer up sequence at the end of the 17 second period. If a faiture uas
found, the terminat yiLt beep and disptay the code for the faiting
device in thc LEDs. If rnore then one faiting device Has found, the
terminat vitl. cyc[e thru the failures, beeping each time it displays a
neu error code, at a rate of about one every three seconds. The user
can force the terminal to exit the diagnostic routine, and proceed uith
the pover up sequence, by strikiru SHIFT-RESET (right shift key). Table
5.1 shovs thc correspondence betyeen the LED error codes and device part
numbers.
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TABLE 5.1

Pouer-Up Diagnostic LED Error Codes

LED Error Code
(1 = LED 0N)

0000
0001
0010
0011
0100
0101
0110
0111

D4 D3 D2 Dl

Video
Video
Video
Video
Video
Video
Video
Video

10102114s
219 H19 rrH19 219-CN 219-HN H19-A

Ram D0
Ram Dl
Ram D2

Ram D3

Ram D4

Ram D5

Ram D6
Ram D7

rr35
lr54
rr33
rB2
rr31
u50
u?9
u28

U467 or U469
U468 or t1470

U424 or tt4?5

or U4
or U4

u409
u408

11
10

1011
1100
1101
1110
1111

2112s
ROI #4 Ext
ROr il3 U24
Roit #2 u25
ROf,l fl1 U26

U438 or U439

\-,

\-,
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CHAPTER 6

CIRCUIT DESCRIPTION

6.1 INTERCONNECTION }'ITH THE 219

The GP-19 togic board connects to the existing termina[ via either three
or four cabtes (four in the case of a 219-CN). Logic signa[s pass
betveen the GP-19 togic board connector P2 and the 219 togic board via a
40 pin ribbon cabte yhich p[ugs into the socket on the 219 togic board
formerty occupied by the 280 microprocessor. This aItows the GP-l9
logic board to utiLize the existing terminal I/0 logic and RAltl devices
on the 219 togic board. The 280 microprocessor, uhich is moved to the
GP-19 togic board, does not utiLize the existing program R0t{ on the 219
logic boardi this is reptaced entirely by three program ROttlr s <U26,
U25, and U24) on the GP-19 Logic board. At[ video generation logic on
the 219 Logic board is supptanted by the GP-19 togic board.

In the case of 219 (or 219-HN, H19, H19A, or tlH-19) terminals, a singte
cab[e connects the GP-19 logic board to the ternrinat pouer suppty and
video circuit board. This existing cab[e mates yith connector P6 (or
P5) on the GP-19 [ogic board. This cabte suppties a[[ power to the
GP-19 and a[so routes the H0RZ, VERT, and VIDEO signals generated by the
GP-19 logic board to the terminat video circuit board. A second cabte,
supptied vith the GP-19, connects PB (or P7) on the GP-19 Logic board to
P401 on the 219 togic board. This cab[e serves on[y to supply pouer to
the 219 [ogic board.

In the case of 219-CN terminats there are separate cab[es from the
terminaI porer suppty and the terminat video circuit board. These
existing cabtes both nate, side by side, nith connector P5 on the GP-19
[ogic board. Hoyever, in the case of 219-CN terminats, the unregulated
5 volt logic suppty for the GP-19 togic board is not supptied thru this
connector. Instead an auxitiary suppty, mounted in the right rear
corner of the terminal, connects via a neH cable to P3 on the GP-19
togic board. Another cabte, supplied with the GP-19, connects P7 on the
GP-19 logic board to P401 on the 219 togic board. This cabte serves
only to route po]rer frqn the terminal porer supply to the 219 togic
board.
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6.2 POUER SUPPLY

Att circuitry on the 219 togic board operates from 5 voLt pouer
reguIated by tro 7805 type three-terninaI reguIators designated VRl and
VRz. The outputs of these tuo regu[ators, marked VCC1 and VCC2 on the
schematics, are not interconnected at any point on the board. The loads
are distributed so as to approximatety equa[ize the thermaL dissipation
of VRI and VRz. Unregutated input porer for VRl and VR2 enters the
board at either connector P3 or connector P6, depending on the model of
terminal in yhich the GP-19 is installed (see Section 6.1). tlo +15 or
-12 (-16) porer is used on the GP-19 Logic board. Houever, these
supplies are made avaitable at the auxi[iary llO connector for use by an
option board.

6.3 cLocK Loclc

Tro separate asynchronous c[ock sources are used on the GP-19 Logic
board. One of these is 280 CLK, nhich is generated by the 219 Logic
board and enters the GP-19 logic board at connector PZ pin 6. This
signat is buffered and inverted by U17-C and applied to pin 6 of U27,
the 280 microprocessor clock input. It is atso buffered and inverted by
U17-B and then supptied to the CRT controtter chip select generation
[ogic (see paragraph 6.5.1).

The other clock source is DOT CLK, the fundamentat ctock for aLL video
generation logic. The period of one cycte of dot ctock is the time
separating tro adjacent dot positions on a horizontat scan [ine. Since
the number of dot positions on a horizonta[ tine depends on the disptay
mode of the terminal, the actual frequency of DOT CLK is determined by
the current disptay mode. In alt 80 cotumn text modes DOT CLK is 12.?92
ill{Z. In att 132 co[umn text modes DOT CLK is 20.275 llHZ. And in atl
graphics modes DOT CLK is 10.644 ttlHZ.

6.3.1 Osci I tators

The three possible DOT CLK frequencies are generated by three separate
crystat osci Itators. The 12.292 ttlHZ osci [[ator, uhich is identical in
design to the other tuo except for crystal frequency, uses inverter
U57-D as its active gain stage. The series combination of CZ and C7
provides the proper load capacitance for crystat Y2. The tyo resistors
serve to DC bias U57-D into its tinear region. The 0.1 uF capacitor
serves as a bypass to prevent AC feedback thru the resistors. The
output of the oscitlator is buffered and inverted by U57-E yhich
suppties the 12.292 l{HZ signal to input D0 (pin 4) of muttiptexer U51.
The 10.644 ftlHz and 20.275 llllz oscittators function in the same manner
and their buffered outputs are apptied to inputs Dl and Dz
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(respective[y) of muttiptexer U51. fluLtiptexer U51 seLects the proper
ctock osciItator as determined by muLtipLexer address inputs A and B(pins 11 and 10). Signats GRP/CHR H and 132180 CHR H, yhich drive
address inputs A and B, are supptied by outputs Q0 and Al of octal D

ftip-fLop u5 (see paragraph 6.4.1)). Signat GRp/cHR H determines
whether the terminal is in a graphics mode (signal high) or a text mode(signat [ow). SignaL 132l8O CHR H determines yhether the text mode
screen format is 132 cotumns yide (signal high) or 80 columns yide
(signaL [oy). It is iItegaI for both these signals to be high
simultaneously. The selected oscit[ator signat, DOT CLK H, is availab[e
at muttiplexer U51 output Y (pin 5).

6.3.2 Timing Signat Generation

Signat DOT CLK H drives an eight state switch-taiL ring counter made up
of the four ftip-ftops in package U44. The four ftip-flops each have a
non-inverted and an inverted output, giving the counter a totaL of eight
outputs lrhich are tabeted TO, T1, T2, T3, TOt, T1*, T2*, and T3* (the
"*" indicates an inverted signat). Each of these outputs has a
frequency of (DOT CLK)/8 and a phase rhich differs from the preceding
output by 45 degrees. ALL the timing signals shoyn in the Timing
Diagram on page H-8 are simpte togical combinations of these outputs.
Gate U46-C vitt reset the counter to a [ega[ state in case the counter
becomes trapped in a sequence of iLtega[ states after pouer up. The
number of [ega[ states in this counter (eight) is the same as the number
of horizontat dots in a character cet[. Thus CHR CLK H, the signat
nhose rising edge corresponds to the beginning of each neH character
celt during a horizontal sueep, is simply a buffered version of T0.

6.4 CPU AND SYSTEII CONTROL LOGIC

The GP-19 uses the same 280 microprocessor that ras used by the Z-19
logic board. This device is relocated to position U27 on the GP-19
togic board as part of the instattation procedure. The 280 is driven by
a 2.Ot8 lilHZ clock that is supptied by the 219 Logic board (see Section
6.3). The 280 fetches and executes instructions permanentty stored in
ROttfrs U26, UZs, and U24; each of yhich contains 4096 bytes of stored
program. The 280 can also fetch instructions from an additionat R0l{
tocated on a card plugged into the auxi [i ary llO connector.

The 280 can request that the external circuitry perform four different
kinds of operations: memory read, memory rrite, I/0 read and I/0 vrite.
l{enory read operations are reguested by asserting signats CPU RD L ([ou)
and CPU IiIREQ L ([oy) yhite outputing the address of the requested memory
tocation on address bus tines CPU A0-15H. The externat circuitry
responds by maki ng the memory data avai tabte on data bus tines
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CPU D0-7H. In the case of a memory rrite the 280 suppties the address
on CPU A0-15H, the data to be vritten on CPU D0-7H, and asserts CPU tlR L
(tor) and CPU IREA L (tov). ll0 operations are simitar except
CPU IOREO L is asserted lor to request the operation and only tines
CPU A0-71{ are used to specify the address.

The externat circuitry can also request the 280 to perform maskabte or
non-maskab[e program interrupts. ilaskabte interrupts are requested by
asserting 280 input INT* (U27 pin 16 [ou), which is done by the output
of AND gate U48-A. This can be the resutt of a request from the 219
logic board (P2 pin 16 [oy) or a request from the auxi liary ll0 card
(EXT INT L ton). l{on-maskabte interrupts are requested by asserting 280
input NllI* (U27 pin 17 Lor{). This is done by the vertical retrace
interrupt logic expIained in paragraph 6.5.3.

6.4.1 ilemory Ard I/0 Port ilapping

U23 is a 3-to-8 decoder vhich generates the chip enabte signa[s for the
program R0ils. Enabte inputs Gl (pin 6) , GzA (pin 4), and G2B (pin 5)
are driven by signals CPU ]tlREQ H, CPU A15H, and CPU RD L (respectivety)
so that chip enabte signals can only be generated trhen the 280 is
requesting memory read access to a location in the loyer 52K of the 64K
byte address space. U23 generates chip enabte signa[s labeled ROtil L,
R0l,l2 L, R0l,l3 L and EXT l{E}l L. Signat EXT }lEIl L is routed to the
externat I/0 connector for use by an additional program ROil on the card
in that socket. The addresses to vhich each chip enabte signal responds
are shoyn in Tabte 6.1.

The GP-19 Logic board utitizes the existing RAlls on the 219 Logic board
for program variabte space and input and output buffering. These RAtls
are mapped into the address space as shoun in Table 6.1. This mapping
is accomplished by modifying the 280 address and control signals before
they are passed on to the 219 Logic board via P2. These signals are
modified in the fotloying manner: All and A12 are alnays high, A15 is
connected to CPU A13H, and }IREQ* is on[y asserted ([oy) if CPU A15H is
lou and CPU ilREQ L is toy.
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TABLE 6.1

GP-19 lrlemory Address Decoding

A15 A14 A13 A1? Address ilemory
Range (Hex) E[enent

Pa rt
Locat ion

0
0
1

1

0

1

0
0
0
0

0

0

1

0
0
0
0

I

1

x

0
1

0
1

x

x

0
1

0
1

0
1

0
1

0
0
1

1

0
0
1

1

0
0
0
0
,,

1

1

1

1

1

1

1

1

1

1

1

0
0
0
0
0
0
0
0

(0000..0FFF)
(1000..1 FFF)
(2000. .?FFF'
(3000..3FFF)

Program RO{
Program R0ltl
Program RO{
Program R0l{

u26
u25
u24
External I/0

Used by 219 Logic board
Used by 219 togic board
Used by 219 togi c board
Used by 219 togic board
R/1, 6845 CRTC U50
tlrite octa[ latch U5
Read svitch register Stll
Auxi Li ary llO connector

1

2
3
4

(4000.,SFFF) 256 Byte RAI{ 219 Logic Board

(6000..7FFF) 2048 Byte RAt{ 219 Logic Board

(8000..FFFF) 16K Dynamic RAI{ U28-U35

I/0 port mapping is accomp[ished by the combination of gates U19-8,
U18-C, and 3-to-8 decoder U16. The first four outputs of Ul6 (Y0-Y3)
correspond to addresses a[ready used for I/0 operations on the 219 Logic
board. The remaining four outputs (Y4-Y7) are asserted (tor) whenever
the 280 performs an I/0 operation on the CRT contro[ter registers <Y4),
octal fLip-ftop U5 (Y5), the svitch register Stll (Y6), or the card
instalted in the Auxitiary I/0 connector (Y7). The addresses to which
these outputs respond are shotrn in Tabte t1.2.

TABLE 6.2

GP-l9 I/0 Address Decoding

A7 A6 A5 A4 A3 Address 0utput
Range of U16

Funct ion

(40-47'
(48-4F)
(5(F57)
(58-5 F)
(6(F67)
(68-6F)
QO-77t
<78-7F'

YO

Y1

Y2
Y3
Y4
Y5
Y6
Y7
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tthen U16 output Y5 (pin 10) is asserted the teading edge of this signal
ctocks the current contents of the CPU data bus (CPU D0-7H) into octat D

register U5. Outputs O0 and Ol of lJ5, signats GRP/CHR H and
132180 CHR H, determine the screen format of the terminat as explained
in paragraphs 6.3.1, 6.7.1, and 6.7.2. 0utput Q2, REV SCREEN l{, causes
atL displayed characters and graphics to appear as dark symbols on a
Light background (see paragraph 6.7.3r. Output 83, ALT CHR L,
determines rhich character set in the character generator ROI is
currentl.y in use (see paragraph 6.7.1r. Outputs A4-47 controt the LED

indicators; an LED is iLtuminated whenever an output is tow.

Uhen U16 output Y6 (pin 9) is asserted ([ov) the contents of svitch
register SU1 are enabted to data bus CPU D0-7H by octal tri-state driver
U14 so they can be read by the 280 CPU. Each sritch that is ctosed
produces a tov state on the corresponding data bus [ine.

6.5 CRT CONTROLLER

The GP-19 uses the sane ilotorota 6845 CRT controtler (or Hitachi 46505)
that uas used by the Z-19 togic board. This device is retocated to
position U50 on the GP-19 logic board as part of the installation
procedure. The 6845 is a futty programmable device uith 19 interna[
registers yhose contents are yritten by the 280. The contents of these
registers determine the format and timing of the signats generated by
the 6845.

6.5.1 Read/yrite Logic

The 6845 has eight bidirectionat data lines (pins 33-26t yhich are
connected to the CPU data bus (CPU D0-7H). It atso has four control
inputs, tabeted RS, R/U, CS*, and E, rhich are used to control read and
yrite operations betyeen the externaI data bus and the internaI
registers. Input RS (pin 24) determines yhether the operation uitL be
performed on one of the data registers (signal high) or the address
register (signat tor). The contents of the address register seIect
which data regitter is avai[ab[e for I/0 operations. Input R/U (pin 22)
on the 6845 detcrmines yhether the internal register is to be read
(signal high) or vritten (signal toy). These inputs are connected to
CPU AOH and CPU AIH (respectively) so that the the tov order tuo bits of
the I/0 addrest determine the nature of the operation performed. Input
E (pin 23\ servcs as a strobe to initiate a read or write operation to
the internal rcgisters of the 6845. Input CSr'is a chip enabte signat;
rhen this signat is asserted (toy) the 6845 is enabled to perform read
or write operations yhenever the E input is strobed.

64
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The CS* and E inputs to the 6845 must be asserted in the proper sequenceto perform read and urite operations to or from the internat registers.
The CS* tine must be asserted ([ov) before the E putse begins and must
remain asserted untit after the the E pulse ends. t{hen the CRT
controtter is addressed by the 280, output Y4 of I/0 address decoder U16
goes [ow and c[ears fLip-ftcp U15-A via its direct clear input (pin 1).
This causes the Q output of the ftip-fLop (U15-A pin 5) to go [or,r and
thus asserts CS* at the 6845 (pin 25). The Q* output of the same
ftip-fLop (U15-A pin 6) goes high and thus drives the D input of
fLip-ftop U15-B (pin 12) to a high tevel. At the same time, the signat
from U16 output Y4 (pin 11) is inverted by U17-E and drives the direct
clear input of ftip-ftop U15-B (pin 13) high so that the fLip-ftop is no
tonger heLd in the cteared state. The next positive transition of CPU
cIock signal 280 CLK (buffered by gate U17-B) clocks fl,ip-ftops U15-A
and U15-B. Since the D input of U15-B is high, this flip-ftop sets and
its Q output (pin 9) goes high and asserts input E at the 6845 (pin 23).
This arrangement assures that E vitL be asserted about one 280 CLK
period after CS* was asserted. Uhen the 280 I/0 operation is comptete,
output Y4 of decoder U16 goes high and, after inversion by U17-E, drives
the direct ctear input of fLip-fLop Ul5-B (pin 13) toy. The fLip-fLop
is thus cteared and its Q output (pin 9) goes [ou so that the E input to
the 6845 (pin 23) is no longer asserted. The clear input to fLip-fLop
U15-A atso goes high at the same time, but the 0 output remains low
untit the next positive transition of the CPU ctock. This c[ock
transition sets U15-A, because its D input (pin 2) is being hetd high by
output Y4 of decoder U16, causing its Q output (pin 5) to go high so
that CS* is no longer asserted at the 6845 input (pin 24). Thus CS*
ends about one 280 CLK period after E goes [ou.

6.5.2 Disptay Controt SignaLs

The 6&45 produces the fottowing signals that are used to drive the
di sptay generation ci rcuitry:

1 CRT A0-13H These signats, yhich are output on 6845 pins 4-17,
are the fourteen bit address of the next character in memory to
be disp[ayed. This address advances after every negative
transition of CHR CLK L. The pattern of addresses generated is
determined by the vatues in the 6845!s internal registers.

2 CRT R0-3H These signats, vhich are output on 6845 pins 38-35,
are the rol, address for the character generator ROi. This
address determines vhich rov of dots from the ten row character
celI shouLd be disptayed on the current horizonta[ scan tine.

CRT HSYNC This signat is output from the 6845 at pin 39 and
buffered by gate Ul8-A before [eaving the board- This signal
determines the frequency and phase of the horizontat syeep

\-,
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4

generated on the video circuit board.

CRT VSYNC This signa[ is output from the 6845 at pin 40 and is
inverted and buffered by inverter U7-D before leaving the
board. This iignal determines the frequency and phase of the
verticaI sueep generated on the video circuit board. It a[so
drives the circuitry vhich generates the verticat retrace
interrupt (see paragraph 6.5.3).

5. CRT DSEN il This signat, vhich is output from the 6845 at pin
18, i s asserted (high) vhenever the CRT beam position
corresponds to an unbtanked region of the disptay.

6. CRT CURS H This signal, yhich is output from the 6845 at pin
19, is asserted (high) uhenever the CRT beam is positioned to a
region of the screen rhere a cursor shoutd be disptayed.

6.5.3 Vertica[ Retrace Interrupt

FLip-fLops U6-A and U6-B generate the signat NllI L uhich is used to
interrupt th€ 280 at the beginning of every verticat bLanking period.
This interrupt attovs the 280 to modify the 6845 internat registers
and/or the disptay memory at a time when the dispLay is certain to be
btanked. The D input of ftip-ftop U6-B (pin 12) is driven by address
bus bit CPU AzH. The ctock input of U6-B (pin 11) is driven by the
compIemented CRT control[er I/0 seIect signat that originates at llO
decoder U16 and is inverted by U17-E. The program being executed by the
280 enables the verticat retrace interrupt by addressing the CRT
controtter Lrith bit tuo of the I/0 address high, thus setting ftip-fLop
U6-B. t{hen f[ip-ftop U6-B sets, its Q output goes high so that the
direct c[ear input of ftip-ftop U6-A (pin 1) is no longer heLd in the
lov (asserted) state. Signat CRT VSYNC drives the ctock input of
fLip-fLop U6-A (pin 3) and the D input of the same ftip-flop (pin 2) is
permanentLy high. The next positive transition of CRT VSYNC sets
ftip-ftop U6-A and causes output Q* to go [or, thus asserting signaL
Nttll L at the 280 (U27 pin 17). The 280 program immediate[y branches to
the verticaL retrace interrupt service routine, a portion of rhich
addresses the CRT controtter yith bit tyo of the I/0 address high so as
to ctear U6-B (and thus U6-A) and ctear the interrupt request.
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6.6 I{EIIIORY AND I{EHORY ARBITRATION LOGIC

The disptay memory operates synchronousty with the other elements of the
disptay generation logic. As uas explained in paragraph 6.5.2, each
negative transition of CHR CLK L causes the 6845 CRT controLLer to make
a neu disptay address avaitable on bus cRT A0-13H. The dispLay memory
tocation specified by this address is then read by the actions of
signats RAS L, CAD/RAD H, cAS L and t{Et{ cLK H (as expLained in paragraph
6.6.1) and the contents made avaitabte for disptay by the character and
dot generation logic (see Section 6.7). Houlever, the refresh togic and
the 280 CPU can a[so request access to the disptay memory, and a request
froar either of these sources wiIt preempt the next memory cycte. If the
memory cycte is preempted, then the contents of the memory Location
specified by the CRT controtter are not made avaitabte to the character
and dot generation logic and nothing is disptayed at the corresponding
position on the screen during that horizontat scan. In the case of the
280 CPU accessing the disptay memory the situation is further
compticated by the fact that the 280 operates from a separate,
asynchronous, ctock source than does the disptay memory and dispLay
logic. AdditionaL Logic is thus necessary to synchronize 280 CPU access
to the dispLay menory.

The disptay memory is comprised of eight 16K x l bit dynamic RAttls. The
supporting circuitry necessary to imptement the actions described in the
previous paragraph inc[udes address muttiptexers, arbitration and
synchronization logic, and refresh cycte generation Iogic. The
operation of each of these etements is described in the fotloning
pa rag raphs .

6.6.1 Dynamic [emory Operation

The type 4517 dynamic RAI{s each have only seven address input pins.
Since the required address is 14 bits, it must be ctocked into the RAttls

in tro seven bit pieces. The sequence of events involved in a read
operation is as fol[oys:

tlhen the least significant seven bits of the address become avaitabte at
45'17 inputs A0-A6 (pins 5-7, 1?, 11, 10, and 13) , ctock RAS L is
asserted ([ov) at pin 4 of each 4517. The negative transition of this
clock causes the first seven bits of the address to be latched into the
internal ror address buffers in the 4517s. This portion of the address
is then used to setect, eead, and refresh one ron (128 locations) rithin
each RAil. Short[y after RAS L is asserted, the signat CAD/RAD H goes
high and causes the most significant seven bits of the memory address to
be made avaitab[e at the 4517 address inputs (see paragraph 6.6.3).
tlhen this portion of the address has stabitized the signal CAS L is
asserted at pin 15 of each 4517. This negative transition causes the
most significant seven bits of the memory address to be tatched into the

\-/
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internaI cotumn address buffers in the 4517s. This portion of the
address is then used to setect the contents of one of the 128 tocations
in the roy read by the action of RAS L and make it avaitable at the A

output (pin 14) of each RAttl. The selected vatue remains avai labLe so
tong as CAS L is asserted. The O outputs of the eight RAt{s are
connected to the eight D inputs of octal fLip-ftop U11. Since the ctock
input of U11 (pin 11) is driven by signat ilE[q CLK H, the next positive
transition of ilEll CLK H causes the byte resulting from the. RAI{ read
operation to be stored in U11. The retationship betreen RAS L,
CAD/RAD H, CAS L and tlEtl CLK H can be seen in the Timing Diagram on
page H-8.

A dispLay memory urite operation invotves onLy one additionat ctock
signat. The timing of the signats RAS L, CAD/RAD H, and CAS L is the
same as yas described for read operations. If a write operation is to
take ptace, signat llEM tRT L is asserted ([ow) at the same time as
signa[ RAS L. t{Ettl tlRT L drives input pin 3 of each of the 4517 RA}ls
tou, thus signating that the memory cycte iust begun yiLL be a urite
cycte. Signat tlEli'l tlRT L atso drives low the enabte inputs of octal bus
driver U13 (pins 1 and 19), thus enabting the contents of bus CPU D0-7H
(the 280 data bus) to bus ttlEl{ D0-7H (the dynanic RAltl data bus). This
makes the contents of the 280 data bus available at the D input pin of
each 4517 (pin 2). Because t{Elil hrRT L is asserted the 4517s do not
enabte their A outfruts yhen CAS L is asserted, instead they urite the
value of the D inputs (pin 2 of each RAI{) into the location that is
speci f i ed by the Roy and Column addresses. Signat It'lEl,t t.lRT L i s
generated by gates U45-C and U46-8. Gate U45-C derives the timing of
!tEt{ hrRT L from basic timing signats T0 and T2; the output of this gate
drives one irput of three-input NAND gate U46-B (pin 5). The other tlro
inputs of t46-B are driven by signaLs CPU RD L (pin 4) and PRC GRANT H

(pin 3), so that t{Ell }rRT L wi L L only be asserted i f the 280 i s
requesting a urite operation and the 280 has been granted access to the
di spLay memory.

6.6.2 l{emory Access Arbitration And Synchronization

The state of ftip-fLops U54-A and U54-B determines whether a given
disptay memory cycte yit[ be used by the 280 CPU, the memory refresh
logic, or the dispLay generation togic. If U54-A is ctear then its Q*
output (pin 6) is high and asserting signat PRC GRANT H, indicating the
current memory cyc[e has been granted to the 280 CPU. If U54-B is clear
then its Q* output (pin 8) is high and asserting signat RFS GRANT H,
indicating the current memory cyc[e has been granted to the memory
refresh togic. If neither of these fLip-ftops is ctear then the current
memory cyc[e is impLicitLy granted to the disptay generation logic. The
case vhere both ftip-ftops are ctear simuttaneousty is not vaLid.
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Fl.ip-ftops U54-A and U54-B are both ctocked by the positive transition
of signal CAS L. This positive transition causes the tyo fLip-fLops to
be set or cteared according to the state of their D inputs. The D input
of fLip-fLop U54-B (pin 12) is driven by signal RFS REO L, the Q* output
of fLip-fLop U52-A (pin 6). Flip-ftop U52-A yiLL be set yhenever it is
time to perform another memory refresh cycte (see paragraph 6.6.4r. If
fLip-ftop U52-A is set, then the D input of U54-B is lon and the next
positive transition of CAS L causes ftip-fl.op U54-B to be cteared and
thereby asserts RFS GRANT H. The D input of fLip-ftop U54-A (pin 2) is
driven by the output of NAND gate U55-A (pin 3). One input of NAND gate
U55-A (pin 2) is driven by the signal RFS REO L from the Q* output of
ftip-fLop U52-A (pin 6). The other input of NAND gate U55-A is driven
by the Q output of fLip-flop U53-A (pin 5), which is set whenever the
280 CPU is currentty raiting to be granted a display memory cycLe. Thus
the output of NAND gate U55-A (pin 3) only drives the D input of
ftip-flop U54-A loy if the 280 CPU is requesting access to the disptay
memory and the memory refresh [ogic is not requesting a display memory
cycte. This assures that requests for memory refresh cycles a[uays have
priority over 280 CPU requests for disptay memory cyctes.

Signa[ PRC REA H is asserted (high) by the output of inverter U56-B (pin
4), as a resutt of the combined action of gates U46-A, U47-D, U48-D,
U56-A and U56-C, and indicates that the 280 CPU is requesting access to
the display memory. PRC REO H is asserted uhenever one of the fotloring
tvo combinations of conditions is met:

1. The 280 CPU is attempting to read or urite data to or from an
address in the range of 8000-FFFF (Hex) and the harduare is
currentty in character mode (GRP/Cl{R H [ou).

2. The 280 CPU is attempting to read or vrite data to or from an
address in the range of C000-FFFF (Hex) and the hardnare is
currentty in graphics mode (GRP/CHR H high).

Signal PRC REQ H drives the ctock input of fLip-ftop U53-A (pin 3). The
D input of ftip-ftop U53-A (pin 2) is atways high. Thus uhen PRC REQ H

becomes asserted (makes a positive transition) fLip-fLop U53-A is set as
a resutt. Uhen fLip-fLop U53-A becomes set its Q* output (pin 6) goes
lotr and asserts signal tlEt{ }JAIT L, which in turn drives one input of AND

gate U48-B (pin 5) [or. As a resutt, the output of gate U48-B goes [or
and asserts the IIAIT* input of the 280 CPU (pin 24r. Asserting the
I|AIT* input of the 280 causes the 280 to execute internat "uait" states
after completing internal clock state T2. The 280 ritI not continue on
to execute internat clock state T3 untit such time as the }IAIT* input is
no tonger asserted. This mechanism atlors the 280 CPU to "statt" untiI
such time as the access to display memory that it is requesting can be
granted.
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tlhen a dispLay memory cycLe is granted to the 280 cPU, fLip-fLop U54-A
is cteared and thus asserts signal PRC GRANT H (as uas exptained in the
preceding paragraphs). PRC GRANT H is ANDed Hith signa[ UAIT CLR H by
NAND gate U47-B and the output of this gate (pin 6, asserted uhen [ow)
drives one input of gate U48-C, the output of which in turn drives the
direct ctear input of fLip-fLop U53-A (pin 1). The result is that if
the current disptay memory cycte has been granted to the 280 CPU
(PRC GRANT H asserted), then at the time in the cycle when IIAIT CLR H is
asserted (see the Timing Diagram on page H-8) fLip-ftop U53-A vitL be
cteared. This causes signa[ tt'lEt{ I{AIT L to go high (not asserted) and
release the 280 CPU from its wait state.

If the current disptay memory cycte is a read operation by the 280 CPU
then U12 serves both as an octat transparent tatch to retain the byte
read from memory and as an octat tri-state driver to p[ace this
information on the 280 CPU data bus CPU D0-7H. The output of gate U22-A
(pin 3) asserts the output driver control input of U12 (pin 1), thus
enabLing the outputs of U12 to bus CPU D0-7H, whenever the 280 CPU is
requesting read access to the disptay memory. The [atch enabte input of
U12 (pin 11) is driven by signa[ t{Et{ LCH H, which is the Q output of
ftip-fLop U53-8. Uhenever the fLip-ftop is set (l,lEfl LCH H asserted) U12
is in the transparent state, i.e., the data outputs foLtou the data
inputs. Uhen fLip-ftop U53-B is cleared, l,lEl.l LCH H goes tou and the
data outputs of U12 become tatched in the state they were in at the time
of the transition. The clock input of f[ip-ftop U53-B (pin 11) is
driven by signat PRC GRANT H and the D input (pin 12) is a[yays high;
thus the fLip-ftop is set and tlEil LCH H goes high whenever PRC GRANT H

becomes asserted. Therefore, the contents of memory data bus ttlEttl D0-7H
are enabted to 280 CPU data bus CPU D0-7H as soon as a display memory
cycte is granted to the 280 CPU. Uhen the memory cyc[e progresses to
the point where the read memory data is stabte, ftip-ftop U53-B is
direct-cteaied by signat l,lEt{ CLK H acting thru gate U47-C. This causes
f{Eil LCH H to go totr so that the memory data is latched in the outputs of
V12 and remains avaitabte to the 280 even after the dispLay memory
starts a neut cycte.

6.6.3 Address Generation

The seven 8-to-1 multiptexers, U36-U42, drive the seven address tines of
the 4517 dynamic RAttls. These mu[tiptexers serve tyo different
funct ions:

1 They setect the source of the memory address for the current
memory cycte. The source may be the dispLay address output by
the 6845 CRT controtter, a combination of the disptay address
and character roy address output by the 6845 CRT contro[[er,
the 280 CPU, or the refresh logic.
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2 They setect either the most significant seven bits or the teast
significant seven bits of the 14 bit disptay memory address,
depending on which haLf of the memory cycte is currently in
prog res s.

The [east significant address input of each muttiptexer (input A, pin
11) is driven by signal CAD/RAD H yhich is output by gate U43-D (pin
11). This signal is high during the portion of the memory cycte when
the cotumn address is required, and tou during the portion uhen the roy
address is required (see paragraph 6.6.1). The other tvo address inputs
B and C (pins 10 and 9) are driven by the outputs of gates U55-B and
U55-D, nhich in coniunction rith gate U55-C, decode the source of the
address. The four possibiLities are as foItous:

1. The memory cycte has been granted to the disotay generation
togic and the hardvare is in character mode. tJhen CAD/RAD H is
tov the rnuttiptexer D0 inputs wi It be selected and the
resutting address witt be CRT A0-6H. t{hen CAD/RAD H is high
the muttiptexer D1 inputs vitL be setected and the resulting
address wiLt be CRT A7-13H.

2. The memory cycte has been granted to the disptay generation
logic and the harduare is in graphics mode. Uhen CAD/RAD H is
lov the muttipLexer DZ inputs ui tt be setected and the
resutting address vitI be CRT A0-5H, CRT ROH. tJhen CAD/RAD H

is high the mu[tiptexer D3 inputs viLt be setected and the
resutting address vitt be CRT A6-12H.

3 The memory cycte has been granted to the 280 CPU. tlhen
CAD/RAD ll is lov the mu[tiplexer D4 inputs niLL be selected and
the resulting address rriLL be CPU A0-6H. t{hen CAD/RAD H is
high the muttiptexer D5 inputs ui L L be se[ected and the
resutting address ri LL be CPU A7-13H.

4 The memory cycte has been granted to the memory refresh logic.
Uhen CAD/RAD H is lon the multip[exer D6 inputs tritt be
setected and the resutting address uitt be RFS A0-6H. No
column address is required for refresh operations.

6.6.4 Refresh Logic

In order to guarantee that the 4517 dynamic RAttls tritt retain data, a

memory cycte at each of the 128 possible row addresses nust be performed
every tyo miItiseconds or [ess. The refresh logic insures that this
criteria yitI be met by performing memory refresh cyctes during each
horizontat retrace period.
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The ctock input of ftip-ftop U52-A (pin 3) is driven by signat CHR CLK H

and the D input (pin 2) is driven by signal CRT HSYNC. Thus the first
positive transition of CHR CLK H that occurs after CRT HSYNC becomes
high (the beginning of horizonta[ retrace) causes ftip-ftop U52-A to be
set, and the fLip ftop remains set untiL the first positive transition
of CHR CLK H that occurs after CRT HSYNC goes [ow. Uhen ftip-fLop U52-A
becomes set, its Q* output goes lou and asserts signal RFS REA L. As
was explained in paragraph 6.6.2, signaL RFS REA L requests that disptay
memory cyctes be granted to the refresh togic; since this is the
highest priority request it is atways granted at the beginning of the
next memory cyc[e. The Q output of ftip-f[op U52-A drives high one
input of NAND gate U45-B (pin 4), the other input of gate U45-B (pin 5)
is driven by signal t{Et{ CLK H. The output of gate U45-B (pin 6), nhich
goes tow each time HEFI CLK H goes high during a horizontal retrace
period, drivec the inverted cLock input of the asynchronous counter
consisting of U49-A and U49-8. Since ttlEttl CLK H goes high at the end of
each memory cycLe, this means that the refresh address supptied by U49-A
and U49-B (RFS A0-6H) is incremented foLtoring every memory cycte that
uas granted to the memory refresh Logic.

6.7 CHARACTER AND DOT GENERATION

As was exptained in paragraph 6.6.1, each byte that is read from disptay
memory is Latched into octal D fLip-fLop U11 by the positive transition
of signal !lEt{ CLK H. If the memory cycte that produced the byte Has
granted to the 280 CPU or the refresh l-ogic, rather than the disptay
togic, then the byte is not valid for displ,ay and U1l is immediatety
di rect-cteared by the combined action of gates U18-D, U19-C, and
inverter U7-A.

The outputs of octat D ftip-fl.op U11, with the exception of Q5 (pin 15),
are connected directty to the inputs of octaL D fLip-ftop U10. U11 and
U10 form a "pipeline" which makes a byte from memory avai[ab[e for
disp[ay on the second cycte of CHR CLK H after the transition of
CHR CLK H that ctocked the 6845 CRT controLter and thus generated the
dispLay address. This pipetine compensates for the fact that the
combined action of the 6845 CRT control[er and the 4517 dynamic RAttls is
to stow to read a byte from dispLay memory in a singte cycLe of
CHR CLK H when the hardlrare is operating in the 132 character tine mode.

If the hardyare is in character mode rather than graphics mode, then
vhenever U11 is direct-cteared (because the byte was not vatid for
disptay) input D5 of U10 (pin 14) is forced high by the combined action
of gates U22-C and U19-A. This causes the byte tatched into U10 by the
action of CHR CLK H to have a va[ue of 20 (Hex), the code for an ASCII
b[ank, so that a b[ank uiLL uttimately be disp[ayed at the corresponding
position on the screen during that horizonta[ scan. If the hardyare is
in graphics mode, and U11 has been direct-cteared because the byte was
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not valid for display, then input D5 of u10 is ngl forced high and thebyte tatched into U10 has a value of 00 (Hex).This causes no graphics
dots to be turned on at the corresponding position on the screen during
that horizontal scan line.

6.7.1 Character Generation

Character generator U21 is a 4096 x 8 ROltl yhich contains the dot matrix
representations of the characters in the terminalrs character sets. The
most significant address bit, All (pin 21), is driven by signat
ALT CHR L; this signal setects yhich of the tyo character sets stored
in U21 is currently in use. Signat ALT CHR L is driven by output Q3 of
octal D ftip-ftop U5, the contents of yhich are toaded by the 280 CPU
(see paragraph 6.4.1).

Address inputs A4-A10 of character generator R0lil lt21 are driven by
outputs Q0-Q6 of U10, the least significant seven bits of the byte read
from the dispLay memory. These inputs setect the particuIar character
yithin the ROi yhich is to be displayed. Address inputs A0-A3 of U21
are driven by signals CRT R0-3H, the character rou address generated by
the 6845 CRT controlter. These inputs determine yhich of the ten
possibte horizontat roys of dots that nake up the character shoutd be
output on a particu[ar scan [ine. The character rov address onty
changes betueen horizontat scan tines, it is a[yays the same for at L

characters disptayed on a given horizontaI scan.

0utputs D0-D7 of character generator U21 contain the vatues of the eight
dots that make up the setected horizontal rorr of the selected character.
0utput D0 controts the right-most dot in the setected rou of the
character cett (O=no dotr l=dot) and D7 controts the left most dot.
These outputs drive the eight paral[e[ data inputs, tabeLted A-H, of
shift register U20.

Eight bit shift register U20 is clocked by signa[ DOT CLK H, uhich has a
period equal to the time separating two adjacent dot positions on a
horizontaI scan line (see Section 6.3). The shift/toad controt input of
U20 (pin 15) is driven by signa[ SI{IFT/LD H. Uhen this signat is tow at
the time a positive transition of DOT CLK H occurs, the shift register
is para[[e[ loaded yith the eight bits being output by character
generator ROtl U21. In this case the data on input H (pin 14t becomes
avai[abte at output 0H (pin 13) immediatety after the positive
transition of DOT CLK H. As can be seen in the Timing Diagram on
page H-8, signal SHIFT/LD H goes lor for one period of signaL DOT CLK H

immediatety preceding the positive transition of signat CHR CLK H. This
causes the positive transition of DOT CLK H that occurs simuttaneousty
vith the positive transition of CHR CLK H to parattet load shift
register U20 rlith the eight bit output of character generator U21.
These eight bits represent a rol, of eight horizontat dots generated from
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the disptay memory byte that 91as loaded into U10 by the previous
positive transition of CHR CLK H. Uhen signaL SHIFT/LD H is high at the
time a positive transition of DOT CLK H occurs the contents of the
register are shifted one position. This shifts the data [atched in
position AG to position QH (so it is now avai[abte at the output), the
data in position QF to position QG, etc. The result is that after each
positive transition of DOT CLK H the vatue for the dot at the next
position on the horizontat scan line becomes avaitabLe at output Ql{ of
u20.

The direct ctcar input of shift register U20 (pin 9) is driven by signal
GRP/CHR L. tf the hardyare is in character mode then signat GRP/CHR L
is high and the shift register is not hetd ctear. Houever, if the
hardrare is in graphics mode then shift register U20 is hetd
continuous[y clear and output QH is a[ways [ow.

6.7.2 Graphics Dot Generation

Uhen the hardilare is in graphics mode the character generator R0ttl is not
used. Insteld, each of the eight bits that make up the byte read from
display memory contro[ a dot on the horizontal scan [ine. Each byte
read from display memory thus specifies an eight dot segment of the
horizontal scln tine. The eight outputs of U10 drive the eight inputs
of shift register U9, rith output Q0 of U10 (pin 2) connected to input H

of U9 (pin 14) and output Q7 of U10 (pin 19) connected to input A of U9
(pin 2r. 0utput Q0 of U10 controts the teft-most dot in the segment of
the horizontal scan line (l=dot, O=no dot) and output Q7 of U10 controts
the right-most dot in the segment. .P; Shift register U9 operates in
the same manner as uas exptained above for shift register UZO; it is
toaded and shiftcd by the same signats. However, its direct ctear input
is driven by GRP/CHR H, the inversion of the signa[ that drives the
direct ctear input of shift register U20. This means that when the
hardHare is in character mode, shift register U9 is held ctear and its
QH output is alrays tor.

6.7.3 Blanking, Reverse Video, And Reverse Screen

The QH outputs of shift registers U20 and U9 are 0Red together by gate
U22'0. The output of gate U??-D, which is the dot stream produced by
the currentty enabted shift register, drives input D0 of hex ftip-ftop
Ul (pin 5). Ul is clocked by signaL DOT CLK H so that the dots that
reappear at output Q0 are synchronized vith the positive transitions of
DOT CLK H; thus any dot timing jitter accumutated in the dot stream up
to this point is etirninated. The dot stream then undergoes the
foLtoying additionat gating:
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If the hardware is in character mode, and the most significant
bit of the byte that generated the character is set, then the
character is to be disptayed as reverse video and the vaLue of
the dot is inverted by EX0R gate U2-D. If output Q2 of U5 is
high then the hardyare is in reverse screen mode and the value
of the dot is inverted by EXoR gate U2-D. If both these
conditions are true the the vatue of the dot is not inverted by
EXOR gate Uz-D.

If the 6845 CRT controlter is requesting that a cursor be
displayed at the current position on the horizontaL scan tine
(signa[ CRT CURS H asserted) then the vatue of the dot is
inverted by EX0R gate Uz-C. Note that this inversion is in
addition to any inversion performed by U2-D.

2

3. If the dot to be displayed is in a position that the 6845 CRT
controtter regards as part of the blanked area of the screen
(signa[ CRT DSEN H tow) then the vatue of the dot is forced to
the "no dot'r state by NAND gate U45-A.

The output of gate U45-A drives input D4 of hex flip-ftop U1. The dot
stream reappears at output Q4, once again synchronized with the the
positive transitions of signa[ DOT CLK H so as to etiminate any dot
timing jitter contributed by gates Uz-D, V?-C, and U45-A. 0utput Q4 of
Ul drives the inputs of inverters U7-C and U7-E, the outputs of rhich
are tied in parallet and putted up by 2.2K resistor R7. These outputs
provide the video signat which drives the cabte to the terminal video
circuit board.

Octal ftip-fLop U8, as wett as the remaining sections of fLip-fLop U1,
are used to de[ay the signats that control gates Uz-D, V?-C, and U45-A
so that they are proper[y synchronized in time uith the dot stream
avai[ab[e at output A0 of Ul. These detays are necessary because the
actions of U11, U1O, U?O (or U9) and U1 impose a de[ay of three
character times plus one dot time betveen the time the 6845 CRT

controtter is ctocked and the time the first resulting dot value becomes
avaitable at output a0 of U1.

The cursor and btanking controt signats produced by the 6845 (CRT CURS H

and CRT DSEN H) are avaiLabte about three character times earIier than
the dot va[ues they ultimately modify. Signa[ CRT CURS H drives input
D1 of octa[ ftip-flop U8. Output Q1 drives input D2 and output Q2 in
turn drives input D3. Since U8 is ctocked by signat CHR CLK H the
result is that signat CRT CURS H arrives at output Q3 after being
detayed three character times. 0utput a3 of U8 then drives input D2 of
Ul so that the signal arrives at output Q2 of Ul detayed an additionat
one dot time, making it exactty coincident with the dots arriving at
output O0 of Ul. Signat CRT DENS H is handLed in precisety the same
manner, it enters U8 at input D4 and ultimatety reappears at output A3
of U1 having been detayed a tota[ of three character times and one dot
time.

\-,
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CIRCUIT DESCRIPTION

The per-character reverse video bit at output Q7 of U10 atso arrives too
soon, in this case about one character time. 0utput Q7 of U10 is ANDed
with signaL GRP/CHR L by gate U19-D; the output of this gate is thus
on[y active yhen the hardyare is in character mode rather than graphics
mode. The output of gate U19-D (pin 11) is EX0Red urith signaI
REV SCREEN H by EX0R gate U2-8. The output of gate UZ-B wi[[ thus be
high if the current character is ftagged to be disptayed in reverse
video, or if the termina[ is in reverse screen mode2 but not if both
conditions are true. The output of Uz-B drives input D0 of octa[
fLip-fLop U8 (pin 3); the signa[ reappears at output Q0 after having
been detayed until the next leading edge of CHR CLK H. 0utput Q0 of U8
then drives input D1 of U1 so that the signat arrives at output al of U1

detayed an additionaI one dot time, making it exactty coincident uith
the dots arriving at output A1 of Ul.
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APPENDIX A

ESCAPE SEQUENCES AI{D CONTROL CHARACTERS

A.1 CONTROL CHARACTERS

Receipt of the foLtoning control codes yhiLe the terminat is in a text
mode causes the specified action. For behavior in Tektronix mode, see
paragraph 4.6.5.

ENQ Returns ruho are your nessage if auxitiary board is
i nsta[ led

BEL Sounds 1000 HZ tone for 200 tts

lloves cursor backuard one character (see paragraph
4.1?.5)

Itloves cursor to the next horizontal tab stop or to the
end of the tine if no nore tab stops remain

toves cursor dosr one ror, scro[ting if necessary. If
Auto-CR-orrLF is set the cursor is ptaced at the start
of the ney line

iloves cursor dovn one rou, scroLLing if necessary. No
other operations occur

floves cursor doyn one roy (same as VT)

lloves cursor to beginning of [ine. If Auto-LF-on-CR
is set the cursor is rnoved dovn one rov as vett.

Selects G1 character rendition (USASCII or graphics)
See Section A.13

Selects G0 character rendition (USASCII or graphics)
See Section A.13

BS

HT

LF

W

FF

CR

s0

SI

\-,
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DC1
(x0N)

DC3
(x0F F)

ESCAPE SEAUENCES AND CONTROL CHARACTERS

Enabtes transmission of characters from the terminaLrs
output buffer if routput synchronizationr is enab[ed,
othervise ignored. See paragraph 4.1?.13.

Disabtes transmission of characters from the terminatrs
output buffer if routput synchronizationr is enabted,
othervise ignored. See paragraph 4.12.13.

ESC Initiates start of an escape sequence (see betov)

GS Switches from text mode to Tektronix mode, Graph state

A.2 ESCAPE SEAUENCE DEFINITIONS

Escape Sequences are character strings that begin with the ESC control
code. l{hen thc terminat receives an ESC character it does not disptay
subsequent characters untit it receives either the finat character of
the sequence, a CAN control character, or an iItegaI character such as a
SPACE. Certain contro[ characters (particuIarty XON/X0FF) may be
embedded in the string although this practice is not in accordance vith
ANSI standards. A second ESC received before the final character of the
fi rst sequence causes the fi rst sequence to be aborted, but does not
necessariLy initiate a second seqtence. Note that escape sequences may
not contain SPACES; the separation betyeen characters in the text betoy
is for ctarity on[y. An tnrrecognized escape sequence is ignored, as are
parameters that do not correspond to executab[e functions.

The GP-l9 terninaI recognizes three distinct c[asses of sequences:

1 ZENITH sequences, yhich are recognized yhen the terminal is in
ZENITH escape mode and are compatibte rith the 219 and VT52
type terminats

2

3

ANSI sequences, yhich are recognized yhen the terminat is in
ANSI escape mode and are compatibLe yith the 219 and other
terminats

Gtobat sequences, rhich are recognized rithout regard to rhat
escape mode the terminat is in and are compatible onty uith
GRAPT{ICS-PLUS equipped termina[s.

ZENITH sequences consist of a fixed set of characters (at most four)
yhich cause the terminat to perform a singte function. ANSI and Gtoba[
sequences, on the other hand, often contain variab[e parameters vhich
are denoted betoy as rPnr (sometimes other labets are used, according to
the context). These parameters are decimat numbers (range 0-255) , and
often it is possib[e to inctude severa[ parameters (tinit 15) in one
sequence, using semicotons as separators. For instance, the rseIect

A-2
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ESCAPE SEOUENCES AND CONTROL CHARACTERS

graphic renditionr sequence recognizes the parameters r7r (enab[e
reverse video) and t10' (enab[e character graphics). The sequence
(ESC t 7;10 m) youtd thus enable both of those attributes. Sequences
uhose finat character is rhr (set), 'Ir (reset) or rmr (graphic
rendition) permit muttipte parameters. (Note rresetr uses the tetterr[r, not the number 11r.)

tJhen a parameter is omitted (or has the va[ue tOt), the default va[ue
for that sequence is used (except in G[obal sequences). Thus aU. the
fottowing are equivatent to rESC t Hr (the defautt for this sequence isrlr):

A.3 TERTIIINAL I'IODE CONTROL

Funct ion

ESC E

ESC T

ESC E

ESC E

ESC t
ESC E

ZENITH ANSI

Enter ANSI esc mode
Enter ZENITH esc mode

ESC <

EDT-compatibiLity on
EDT-compatibi Lity off

Enter Tek Atpha state ESC FF
Enter Tek Graph state
Enter Easy-Entry state

Exit Tektronix or Easy-Entry mode
and return to most recent text mode

ESC

ESC

E;H
E1H

o;oH
1;oH;0H

;1H
Eo;H
E0;1H

ESC

ESC etc.

G toba t

ESC

ESC
: 18 h
:18 t??h

?2t(1)
(2)

ESC FF

ESC :
ESC :

11 h

11 L

ESC

ESC

ESC

5f
6f
7f

ESC:8f

the sequenceNote 1: The sequence ending in rhr is ZENlTH-compatibLe;
ending in r[r is VT10O-compatibte

Note 2: EDT-conpatibiLity appties onty to ANSI mode - see paragraph
4.12.10

\-/
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ESCAPE SEAUENCES AND CONTROL CHARACTERS

A.4

(4) ESC
(5) ESC
(5) ESC

KEYPAD I,IODE CONTROL

Funct ion

Set shifted keypad

Set unshifted keypad

Enab[e a[ternate mode

Di sab te rr r!

ZENITH ANSI GLoba t

ESC t
ESCx6

ESCt>6h

ESCE>61

ESC =
ESCt>7h
ESC >
ESCE>7t

ESC

ESC

ESC

ESC

ESC
ESC

u
y6

=
x7
y7

ANSI cursor keys atternate
ANSI cursor keys normaI

In response to:

ESC Z (Identify)

ES
ES

The Termina[ .sends:

ESC/K (asaVT52)

cE?1h
cE?l1.

A.5 ESCAPE SEQUENCE REPORTS SENT BY THE TERT{INAL

ESC E c (Attributes) ESC t ? 1 ; 0 c (no options) (ANSI onty)

ESC E5n (Status) ESC E0n (terminat 0K) (ANSIonty)

ESC ENA (Tek status) See sections 4.6.1.3, 4.6.2.4, 4.6.3

(3) ESC : q (Screen format) ESC : Pn q (GLobaL)

Cursor report) ESC

n (Cur report) ESC

n (Cur report) ESC

(ZENITH mode onty)

ovchr cotchr (ZENITH mode)
r ; Pc R (ANSI mode)
r;PcR (Gl.obat)

Yr
EP
:P

n(
t6
=6

(6) ESC : y (Uindoy adr) ESC : Pn a (Gtoba L)

Note 3: The range of Pn is 3F37 (Hex) with the three teast sighificant
bits indicating the present screen format as foLtous:

Tektronix mode 001
tli de Sc reen 01 0
Long Screen 100

Note 4: The range of rroychrr and'cotchrr is 20-7E(Hex); cotumns 95-132
att return the character r-r (7E Hex).

Note 5: rPrr and rPcr are decimal numbers in the range 1-132.

Note 6: Reports the position in disptay memory of the home tine of the
screen nindoy. The response in Tektronix mode is meaningtess.
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A.6 ESCAPE SEAUENCES SENT BY THE KEYPAD AND FUNCTION KEYS

Keypad ttlode

Key
Labe t

I normat I

I zENrrH I nnsr I

a tternate
ZENTTH I ANSr

lEDrl
I compat I

!a tt tt a! ll!t
ESC?t'|CR

o
1

2
3
4
5
6
7
8
9

?n
?p
?q
?r
?s
?t
?u
?v
?w
?x
?y

CRENTER

o
1

2
3
4
5
6
7
I
9

o
1

2
3
4
5

6
7
8
I

TA
EB
EC
TD
EH
EL
t l,l

EP
E4h
E4t

ESC
ESC

ESC

ESC

ESC
ESC

ESC

ESC

ESC

ESC

0f{
0n
0p
0q
0r
0v
0t
0u
0L
0w
OR
0m

)
Ou
0s
OS
0y
0x
Ox

t4h
t4t

EJ
t2J
OP
0a
OR
0s
OT
OU
OV
0ht

ESC

ESC

ESC

ESC

ESC

ESC

ESC

ESC

ESC

ESC

EJ
E2J
OP
0a
OR
OS
OT
OU
0v
0ht

ESC J
ESC E

ESC P
ESC A

ESC R

ESC O

ESC T
ESC U

ESC V
ESC U

EJ
E2J
OP
0a
OR
0s
OT
OU
OV
0t,

ESC

ESC
ESC

ESC

ESC

ESC

ESC

ESC
ESC

ESC

ESC

ESC

ESC

ESC

ESC

ESC

ESC

0t{
0n
0p
0q
0r
0s
0t
0u
0v
0v
0x
0y

OA
OB
0c
OD
TH
TL
til
TP

ESC

ESC

ESC

ESC

ESC

ESC

ESC

ESC

ESC
ESC

ESC

ESC

ESC

ESC

ESC
ESC

ESC

ESC

(7)
<7)
(7>
(7)

(8)

up
dogn v
right >

Home
IL
DL
DC

IC on
IC off

ERASE

SHFT/ ER

Btue
Red
t'lh i te
F1

F2

F3

F4
F5

A

B
c
D

H

L
lil

N

a
0

J
E

P

o
R

S

T
U

v
1,,

ESC
ESC

ESC

ESC

ESC

ESC

ESC

ESC

ESC

ESC

ESC

ESC

ESC

ESC

ESC

ESC

ESC

ESC

ESC
ESC

ESC A

ESC B
ESC C

ESC D

ESC H

ESC L
ESC trl

ESC N

ESC A

ESC O

Q
ESC
ESC

ESC

ESC

ESC

ESC

ESC

ESC
ESC

ESC

ESC
ESC

ESC

ESC

ESC

ESC

ESC

ESC

ESC

ESC

ESC

ESC

ESC

ESC

ESC

ESC

(7)
<7'
(7)

\-,

(9)

Note 7: In ANSI escape mode the cursor keys can be set for Inormatl
or ratternate' sequences independentty of the other keypad keys.
The cursor keys are not affected by EDT compatibitity.

tlote 8: The sequences sent by the IC key toggte. The first sequence
sent enabtes rinsert-character stater, the second disables it.

Note 9: rBLUE'-rF5r shovn in unprogrammed (reset) state, independent of
the Shift key. User may program other strings - see sect. 4.10.

ESC

ESC

ESC

ESC

ESC

ESC

ESC

ESC

ESC
ESC

\./
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ESCAPE SEAUENCES AND CONTROL CHARACTERS

A.? CURSOR POSITION OPERATIONS

Funct ion ZENITH

Cursor home

(1 0) Cursor Up
Cursor Doyn
Cursor Right
Cursor Left

(11) Index Up
Index Down
Ner tine

(12) Position cursor

(12a)

(13)

( 13)

Position cursor on status [ine
and enabte status tine

Save cursor position ESC i
ESC 7

Restore cursor position ESC k
ESC 8

ESC Y roHchr cotchr

ESC 7
ESCIs
ESC 8
ESCEu

ESC H ES

ES

ANSI

ESC I Pn
ESC I Pn
ESC I Pn
ESC E PN

ESC tq

ESC D

ESC E

Gtoba t

ESC:H

ESC

ESC

CEH
cEf

A

B
c
D

ESC

ESC

ESC
ESC

A

B

c
D

ESC I
VT
cRrLF

ESC

ESC

E

E

HPc
Pc

Pri
Pr; f

Pr;Pc H

PcL

Enable status tine ESC x 1

Disabte status tine ESC y 1

Note 10 Attempted movement of the cursor past the first or [ast column
(or the top or bottom ror) is ignored. No scrotting occurs as
a resutt of cursor movement. A vaLue of r1r is assumed if Pn
is omitted.

Note 11 Index operations change onty the roul position; moving up on the
top ror or doyn on the bottom rou causes the disptay to scrolt.

Note 12 The (rorrcol) vatues in ZENITH mode are encoded as characters in
the range 2b7E (Hex). ANSI anC G[obaI sequences use decimal
numbers in the range 1-13? nith the va[ue r1r assumed if no
vatue or r0r is specified. Uith the exception of (ESC: Pc L)
the status tine must be enabled before the cursor can be
positioned there.

Note 12a Before the cursor is positioned a rsave cursorr operation
(see note 13) is automaticat[y performed. The terminal can thus
be subsequentty restored to the prior state by ESC 8.

t>1h
E>1t

ESC

ESC
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(1 5)
( 16)

ESC :
ESC :
ESC :

ESCAPE SEAUENCES AND CONTROL CHARACTERS

Note 13 The sequences ESC 7 and ESC 8 save/restore the cursor position,
the character set definitions for G0 and G1, the current[y
setected character set, and retative/absolute orgin mode.

A.8 SCREEN ERASURE OPERATIONS

Funct ion ZENITH ANS I G[obat

Erase att off-screen memory ESC

Erase from cursor to end of off-screen memory ESC

Erase entire screen ESC E ESC E 2 J

Erase defined scrotIing region

:0E

1P
P

OP

Erase from cursor to:
top of screen ESC b
bottom of screen ESC J

beginning of line ESC o
end of tine ESC K

E E1J
EJ
EOJ
tlK
TK
t0K
E2K

SC

ESC

ESC

ESC
ESC

ESC

ESCErase entire tine ESC t

Note 15 See section 4.1?.9.1 for pLacement of cursor fotLowing erasure.

Note 16 The cursor is positioned at the start of the scrotting region
in re[ative origin mode, at the home position in absotute ori-
gin mode, and left unchanged in ANSI+EDT mode.

A.9 SCREEN EDITING OPERATIONS

Funct ion ZENITH ANSI GIoba L

(1 7) Detete Line
Insert Line
DeIete Char
Enter IC state
Leave IC state

ESC lil

ESC L
ESC N

ESC A

ESC O

ES

ES
ES

ES

ES

CE
CE
CE
CE
CE

Pn
Pn
Pn

4
4

I'l

L
P

h
t

ilote 17 ANSI mode operations vith Pn greater than 1 delete chars
to the RIGHT, and tines BELO}, the cursor, then move text
on a tine-by-tine basis to reptace deleted materiat.

\-,
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ESCAPE SEQUENCES AND COI{TROL CHARACTERS

A.1O TAB-SETTING OPERATIONS

Funct ion GtobatZENITH

Enabte user tab stops
Enabte standard tab stops

Backuard 1 page
Backyard Pn Lines
Foruard I page
Foryard Pn tines
ltbve to start of 0Sl{
tlove to end of OSt{

Posit,ion screen home [ine in OSltl

S[or page scrott enab[ed
S[ov page scrott disabted

(20) Define scrotting region

ANSI

ESC

ESC

ESCt>3h

ESCE>3t

ESCtPt;Fbr

ESC:3h
ESC:3t

ESC : Pt Pb

ESC :
ESC :

?h
?L

(18) Set tab stop at current coLumn ESC H ESC : s
ESC:0s

Set tab stops at spec. co[umns ESC : Pn ; Pn..s

Set tab stops every Pn co[umns ESC : Pn t

Ctear att tab stops ESC E 3 g ESC : c
Clear tab at current co[umn ESC t g ESC : 0 c

ESCt0g
Clear tabs at spec. cotumns ESC : Pc ; Pc..c

lilove to previous stop ESC TAB ESC TAB

Note 18 Tab stops may be set or cteared as desired rith these sequences,
but the settings witI not become effective untit ruser tabsr are
enabLed by the gtobaL seguence shorn above.

A.11 SCROLLING OPERATIONS

Funct ion ZENITH ANSI Gtoba t

ESC

ESC

ESC

ESC
ESC

ESC

ESC

B

PnB
F

PnF

Pna

0a
a

r

Set netative origin mode
Set absotute origin mode

Set hotd-screen mode

Ctear ho[d-screen mode

E?6h
E?6[

ESC

ESC

: 16 h
:16 L

ESC E

ESCx3
ESC \
ESCy3
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Note 20 Interpretation of this sequence is affected by EDT-compatibiLity
See section 4.13.1.1. Text scrotted outside the defined region
is [ost; not put in 0Sll.

A.12 SCREEN FORIIATTING

Funct ion

<21'

ZENITH ANSI GtobaL

ESC :
ESC :

ESC

ESC

Set 80-cot format
Set 132-coI format
Set 24-Line format
Set 49-tine format

Set non-reverse screen
Set reverse screen

Setect ZENITH char set
Setect Wl00 char set

Setect graphics chars
Select normaI chars

Define G0 as USASCII
Define G0 as graphics
Define Gl as USASCII
Define Gl as graphics

ESC

ESC

ESC

ESC

ESC
ESC

ESCxI
ESCyI

ESC

ESC

ESC

ESC

ESC
ESC

E?3t
t?5h

t
f
t
t

1

2
3
4

ESC

ESC

ESC
ESC

7t
7h

E?5t
t?5h

Enabte status line
Disabte status Iine

ilote 21 The gtobal sequence may specify both tine and cotumn parameters
in one sequence: (ESC : 1 ;4 t) sets 49x80. The terminal wi[[
exit from Tektronix mode if necessary. The ANSI sequence keeps
the current page tength.

A.13 GRAPI{IC RET{DITION SEAUENCES

Funct ion ZENITH ANSI GLobaL

Setect normal video ESC q ESC

ESC

Select reverse video ESC p ESCtTm

t>1h
E>1t

\-,

tm
t0m

:10[
:10h

<22' F

G

t10m
t 11 m

ESC

scE

(B
(0
)B
)0

ESC(B
ESC(0
ESC)B
ESC)0

\-,
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ESCAPE SEOUENCES AND CONTROL CHARACTERS

Note 22 These sequences reptace the [over-case characters uith speciat
graphics characters, either those used in the 219 or those used
in the W100, as setected by the preceding global sequence. An
alternatlve uay to select rcharacter graphicsr is to define G0

and G'l appropriately, and then use the SI contro[ character to
setect the Gl definition and the S0 controt character to setect
the G0 dcfinition.

A.14 PROGRAIIiIABI,E FUNCTION KEYS

Function ZENITH ANSI Gtoba t

Enabte programmabte keys
Disabte programmabte keys

Reset att function keys
Reset setected function keys

F1

F2
F3

F4
F5
Btue
Red
hlh i te

ESC :
ESC :

5h
5L

ESC:e
ESC : Pn Pne

In the rresetr state the programmabte keys send the sequences
shoyn in,section A.6. To program a given key, use:

ESC : Pn p de[irniter string detimiter

vhere rdctiniterr is any character not occurring in the string.
The function keys may be programmed yhen they are disab[ed but
the defautt assignment uitt be used untit they are activated.
Pn selects the desired key according to the fo[touing table:

Key Unshifted Sh i fted

1

2
3
4
5
6
7
8

9
10
11
12
13
14
15
16

A-10
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A.16 CONFIGURATION SEQUENCES

Funct ion

Reset to polrer-up
configurat ion

Cursor off
Cursor on

Block cursor
Underscore cursor

Non-bLinking cursor
Btinking cursor

Screen off
Screen on

Screen timeout disabted
Screen timeout enabled

Key CLick enabted
Key Ctick disabted
Generate a Key CLick

<24> Keyboard disabled
Keyboard enabted

Repeat key enab[ed
Repeat key disabled

Smart Shift key
Dumb Shift key

Auto LF on CR

No Auto LF on CR

ES
ES

ESC :
ESC :

ESCAPE SEAUENCES AND CONTROL CHARACTERS

EXTERNAL ROf{ SEQUENCES

Form: ESC : Pn ; ...;Pn x uhere

Pn(1) ExternaI ROH function desired (0-255.)
Pn(2) First optionat parameter

Pn(15) Last optionaI parameter

A nulI parameter (two semico[ons together) defautts to zero.
Function codes 0-31 are reserved by Northrest Digital Systems.

ZENITH

ESC z

ESC
ESC

ESC

ESC

ESC )
ESC {

ANSI

ESC c
ESCEz

cE>5h
cE>5t

t>4h
E>4t

ESC
ESC

x4
y4

cE>2t
ct>2h

ESCy2
ESCx2

2h
2L

E?8h
E?81

ESC

ESC

t>8h
t>8t

x5
y5

Gtoba L

ESC:13
ESC:13

ESC:8h
ESC:81

15
15

:6h
:61

:4h
:4t

th
9L

h
t

h
t

ESC

ESC

ESC
ESC

ES

ES

ESC E

ESC E

ESC:PnT

ESC

ESC

x

v
8
8

sc
sc

E

E

A-1 1
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ESCAPE SEAUENCES AI.ID COI.ITROL CHARACTERS

ZENITHFunct ion

Auto CR on LF

No Auto CR on LF

tlrap at end-of-tine
Discard at end-of-[ine

ESCx9

ESCyg

ESC v
ESC ul

ESCt>9h
ESCt20h
ESCE>9I
ESCE20t

ESCt?
ESCI?

ESC:14h
ESC:14t

7h
7t

Smart tlrap
Dunb Urap

FuIt duptex
Hatf Dup[ex

Xmit speed Limiting enabled
Xmit speed timiting disab[ed

c enabled
c disabted

: 12 h

:12 L

sc
SC

E

E

ESC:1h
ESC:1t

0utput Syn
Output Syn

ESC:17h
ESC:17L

(20) Set Baud Rate ESCTBn ESCtPnr

Baud rate codes (BnrPn)z 11O=(Ai)t 150=(Be2), 3fi)=(Cr3)
60(F(Dr4), 12OO=(Er5), 1800=(F 16), ?OOO=(G.7) t 2400=(HrB)

360(F ( I 19), 4800= ( J, 1 0), 7200= ( K 11 1t, 9600= ( Lr 1 2) r192OO=(t{, I 3)

Note 24 The keyboard is enabted by entering SETUP mode

TEKTRONIX TIODE ESCAPE SEQUEI{CES

ESC FF' C[ear the screen and home the cursor.

ESC:5 f ilove cursor to home uithout ctearing screen.

ESC : E Erase the screen nithout moving the cursor.

ESC EtE Request status info (see 4.6.1.3, 4.6.2.4, 4.6.3).

ESC StE Enter GIN state (see 4.6.3).

ESC DEL Change the data levet to btack.

ESC a Change the data tevet to rhite.

ESC ETB Activate the optionaI hardcopy device.

A.17
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ESCAPE SEAUENCES AND CONTROL CHARACTERS

ESC X Set GlN-state cursor to the current atpha
or vector cursor position, but do not go
into GIN state. This altors the program to
rpre-positionr the cross-hair cursor.

Scrot[ Graphics Region ESC : Pb ; Pt , Pdi S vhere

Pb = Bottom [ine in Screen Coordinates
Pt = Top line in Screen Coordinates
Pd = Direction: 0 = tefte 1 = right

(0-249)
(o-249'

This sequence wiLL shift the specified region by 8 screen
coordinates either to the teft or to the right. To change
from rTekpointsr to 'screen coordinatesr use:
Xr = \12 X = horizontat position in tekpoints
Yt = (Y*41+18)/128 Y = vertical position in tekpoints

A.18 t{ISCELLANEOUS ITEI{S

FUNCTION ZENITH ANSI

(25)
(26>
(25)
<?7'

ilote 25 ALt
the
The
are
ing

Transmit page
Transmit status Iine
Transmit cursor Iine
Generate hardcopy

ESC il
ESC l
ESC CR

ESC ETB

ESCEp
ESCEq
ESC CR

ESC ETB

information on the l,ine (screen) is transmitted, inctuding
escape sequences required to suitch to reverse video, etc.
screen is treated as one continuous memory and no EOL codes
generated, except in the case of (ESC CR) which skips trait-
blanks and ends each line uith a CR.

Note 26 The status line must be enabted for this function to work.

Note 27 Requires auxi[iary I/0 board

A.19 IGNORED WlOO ESCAPE SEAUENCES

Any ANSI escape sequence of the forn: (ESC fl Pn)

Any ANSI escape sequence of the form: (ESC E 2 t Pn y)

Any ANSI set/reset sequence other than those tisted

Send device attributes: ESC Z

\-,

A-13



ESCAPE SEOUENCES AND CONTROL CHARACTERS

A.2O SUI{I.IARY OF SEOUENCES I{ITH IIULTIPLE PARAT{ETERS

ESC : Pn; Pn i ... c Clear selected user tab stops

ESC: Pn; Pn i ... € Reset selected function keys

ESC : Pn; Pn; ... f Change format according to table betov and
reset any defined scrotting region

80 cotrmns
132 columns
24 lines
49 lines

Tektronix mode Atpha state
Tektronix mode Graph state
Easy-Entry graphics mode
Previous text mode

Pn h GLobal rsetr functions

I
2
3
4
5
6
7
8

PnESC

1

2
3
4
5
6
7
I
9
10
11
12
13
14
15
16
17
18

Enab[e transmit-speed Limiting
Enab[e user tab stops
Enab[e slou page scrolI
Disabte screen timeout
Enabte programnabte keys
Turn screen off
Set reverse screen
Set non-bLinking cursor
Enabte smart-shift key
Setect VTl00 character set
Enab[e EDT-compatibi Lity
Enabte smart-yrap
Set btock cursor
Set ful [-dup[ex
Disab[e cursor
Set retative-origin mode
Enab[e output synchronization
Set ANSI escape sequence mode

A-14



ESC : Pn Pn

ESCAPE SEAUENCES AND CONTROL CHARACTERS

t GtobaI r resetr functions\-,

\-,'

1

2
3
4
5
6
7
I
9
10
11
12
13
14
15
16
17
18

Disab[e transmit-speed timiting
DisabLe user tab stops
Disab[e stow page scroLt
Enabte screen timeout
Disabte programmab[e keys
Turn screen on
Set non-reverse screen
Set bLinking cursor
Disabte smart-shift key
SeLect Zenith character set
Di sab[e EDT-compatibi Li ty
Disabte smart wrap
Set underscore cursor
Set haIf-dupLex
Enab[e cursor
Set absoLute-origin mode
DisabLe output synchronization
Set ZENITH escape sequence mode

Enabte status tine (Line 25 or 50)
DisabLe key ctick
Enabte ho[d-screen mode
Enabte btock cursor
Di sab[e cursor
Set shi fted keypad
Set keypad atternate mode
Enabte auto LF on CR

Enabte auto CR on LF

ESC : Pn

ESC : Pn

ESC E Pn

Pn

Pn

Pn

s Set user tab stops

i ... x Send external ROttl controt message

h ANSI rsetr functions

Disabte keyboard
Enabte insert-character state
Enabte auto CR on LF

ESCt>Pn Pn h Zenith private ANSI rsetr functions

2
4
20

1

2
3
4
5
6
7
8
9

\-,
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ESCAPE SEAUENCES AND CONTROL CHARACTERS

ESC t ? Pn; Pn; ... h DEC private AITSI rsetr functions

1

?
3
5
6
7
8

Set ANSI cursor keys alternate mode
Set ZENITH mode (not W100 compatib[e)
Set 132-coIumn disptay
Set reverse screen
Set retative-origin mode
Enabte auto-Lrrap at end-of-[ine
Enabte repeat key

Disabte status Line (Line 25 or 50)
Disabte key click
Disab[e hotd-screen node
Set underscore cursor
Enabte cursor
Set unshifted keypad
Disabte keypad a[ternate mode
Disable auto LF on CR

Disabte auto CR on LF

Set ANSI cursor keys nornat mode
Set ZENITH (VT52) escape sequence node
Set 80-co[umn mode
Set non-reverse screen
Set absotute-origin mode
Discard characters at EOL
Disabte repeat key

ESC t Pn ; Pn | ... L ANSI rresetr functions

Enabte keyboard
Disab[e insert-character state
Disabte auto CR on LF

ESC E > Pn; Pn; ... L Zenith private ANSI rresetr functions

2
4
20

ESC t ? Pn; P1;... t DEC private ANSI rresetr functions

I
2
3
4
5

6
7
8
9

1

2
3
5
6
7
I

ESC t Pn ; Pn i ... m Set Graphic Rendition

0 Normal video
7 Reverse video
10 Character graphics setected
11 ilorrnat characters selected

A-16



ESCAPE SEAUENCES AI,ID CONTROL CHARACTERS

A.21 SUIIII{ARY OF SEAUENCES RECOGNIZED IN ZENITH ESCAPE I4ODEv

\-/

ESC CR

ESC ETB

ESC(0
ESC)B
ESC)O

ESC:B
ESC:PnB
ESC: E

ESC:0E
ESC:F
ESC:PnF
ESC:Pr;
ESC:PcL
ESC:Por
ESC:1P
ESC:PnT
ESC:Pna
ESC:0c
ESC:c
ESC:Pn;
ESC:e
ESC:Pn;
ESC:1t
ESC zZf
ESC:3f
ESC z4f
ESC:5f
ESC z6t

ESC TAB
ESC FF

ESC #
ESC(B

ESC 7
ESC 8

ESCzTf
ESC:8f
ESC:1h
ESC:2h
ESC:3h
ESC:4h
ESC:5h

ESC:7h
ESC:8h
ESC:9h
ESC:10h
ESC : 11 h

PcH

ESC :

Backuards tab
Enter Tektronix Atpha state and erase screen
Transmit cursor tine (with attributes) plus CR

Print page on hardcopy device
Transmit page
Define G0 to be the USASCII character set
Define G0 to be char graphics (Zenith or VT100)
Define Gl to be the USASCII character set
Define Gl to be char graphics (Zenith or VT100)
Save cursor position
Restore cursor position
Scro[[ backyard 1 page into off-screen memory
Scrott backward Pn Iines into off-screen memory
Erase a[[ off-screen memory
Erase fron cursor to end of off-screen memory
Scrott forward 1 page into off-screen memory
Scrott forward Pn [ines into off-screen memory
Position cursor at (rourcot) specified
Enabte status [ine and position cursor at (cot)
Ctear defined scrotting region and home cursor
Ctear the entire screen and set cursor position
Generate vari abLe-length tick
Set absotute home line in off-screen memory
Ctear user tab stop at current cursor position
C[ear att user tab stops
C[ear selected user tab stops
Reset a[[ programmabte function keys
Reset setected programmabte function keys
Enter 80-cot text mode
Enter 132-cot text mode
Enter 24-Line text mode
Enter 49-l,ine text mode
Enter 24x80 format, etc.
Enter Tektronix rnode Atpha state
Enter Tektronix mode Graph state
Enter Easy-Entry graphics mode
Enter previous text mode from Tektronix mode
Enabte transmit-speed Liniting
Enabte user tab stops
Enabte stor page scrotI
Disabte screen timeout
Enabte programmabte function keys
Turn screen off
Set reverse screen
Set non-btinking text-mode cursor
Enabte smart shift key
Setect VT100 character set
Enabte EDT-compatibi tity

OP

Pnc

ESC:1;3f

Pne

ESC:6h

\-,
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ESC :
ESC :
ESC :
ESC :
ESC :
ESC :
ESC :
ESC :
ESC :
ESC :
ESC :
ESC :
ESC :
ESC :
ESC :
ESC :
ESC :
ESC :
ESC :
ESC :
ESC :
ESC :
ESC :
ESC :
ESC :
ESC :

12
13
14
15
16
17

11
12
13
14
15
16
17
18
6n

18
1r
2t
3t
4t
5t
6t
7t
8t
9t
10

ESCAPE SEOUENCES AND COI{TROL CHARACTERS

Enab[e smart-wrap
Set btock cursor
Set futl-duptex
Disab[e cursor
Set retative-origin mode
Enabte output synchronization (XON/X0FF)
Set ANSI escape sequence mode
Disab[e transmit speed timiting
Disabte user tab stops
Disab[e slor page scrolt
Enabte screen timeout
Disabte programmabLe function keys
Turn screen on
Set non-reverse screen
Set bLinking text mode cursor
Disabte smart shift key
Setect Zenith character set
Di sab[e EDT-compabi Lity
Disab[e smart-urap
Set underscore cursor
Set hatf-dup[ex
Enabte cursor
Set absotute-origin mode
Disabte output synchronization (X0N/X0FF)
Set ZENITH escape sequence mode
Report cursor position. Response is:

ESC:Pr;PcR
Progran function key (* is any unique char)
Report screen format. Response is:

ESC:Pnq
Define scrotting region
Set user tab stop at current cursor position
Set selected user tab stops
Set muttiple tab stops
Report text-mode yindor position. Response is:

ESC:Pna
Send externat R0!,1 controt message
Set ANSI escape sequence mode
Enabte keypad atternate node
Disabte keypad alternate mode
Enab[e insert character state
Cursor up
Cursor dorn
Cursor right
Cursor [eft
Erase screen and home cursor
Setect graphics characters
Select normat characters
Itlove cursor to home position
Reverse tinefeed (index)

t

t
t

t
t
t

t
t
t

ESC:Pnp*text*
ESC:q

PtiPbrESC :
ESC :
ESC :
ESC :
ESC :

S

Pn
Pn
ta

Pn

t
Pns

j ..oi Pn xESC

ESC

ESC

ESC
ESC

ESC

:

a
A

B
c
D

E

F

G

t{

I

ESC
ESC

ESC
ESC

ESC

ESC

ESC
ESC
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\-, ESC J
ESC K
ESC L
ESC N

ESC N

ESC O

ESC Y

ESC Z

t
\
l
b
l
k
t

n

ESCAPE SEAUENCES AITID CONTROL CHARACTERS

Erase fron cursor to end of page
Erase from cursor to end of tine
Insert Iine
Detete tine
Detete character
Disabte insert character state
Direct cursor addressing
Request identification. Responds with

ESC / K (VT52)
Enab[e hotd-screen mode
Disabte hold-screen mode
Transmit status tine (Line 25 or 50) IF enabled
Erase from cursor to beginning of disptay
Save cursor position
Restore cursor position
Erase entire tine
Report cursor position. Response is

ESC Y roychar colchar
Erase from cursor to beginning of tine
Setect reverse video
Setect normat video
Set baud rate. The final char (Br) is: A=110
B=150r C=300r 0=600r E=1200r F=1800r G=2000
H=2400t r=3600r J=4800,, K=7200t L=9600r trl=19200
Set shifted keypad
Set unshifted keypad
Enabte auto-rrap at end-of-[ine
Discard characters at end-of-tine
Enabte status tine (l,ine 25 or 50)
Disab[e key ctick
Enabte hotd-screen mode
Set btock cursor
Disabte cursor
Set shifted keypad
Enabte atternate keypad mode
Enabte auto LF on CR
Enabte auto CR on LF
Disab[e status tine (tine 25 or 50)
Enab[e key ctick
Disab[e hotd-screen mode
Set underscore cursor
Enabte cursor
Set unshifted keypad
Disabte atternate keypad mode
Disab[e auto LF on CR

Disabte auto CR on LF
Reset to pouer-up state
Enabte keyboard
Disabte keyboard (enabted by going to SETUP)

roychar cotchar

ES

\-,

ES

ES

ES
ES

ES

ES
ES

ESC o
ESC p
ESC q
ESC r Br

ESC

ESC

ESC
ESC

ESC

ESC
ESC

ESC

ESC

ESC
ESC

ESC

ESC

ESC

ESC

ESC

ESC

ESC

ESC
ESC

ESC
ESC

ESC

ESC

ESC

t
u
v
r{

xl
x2
x3
x4
x5
x6
x7
x8
x9
y1
yZ
y3
y4
y5
y6
y7
y8
y9
z
(
)

\-/
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ESCAPE SEOUENCES AND CONTROL CHARACTERS

A.22 SUTIIIARY OF SEAUENCES RECOGNIZED IN ANSI ESCAPE [{ODE

ESC

ESC
ESC

ESC

ESC

ESC

ESC

ESC

ESC

ESC

ESC

ESC

ESC

ESC
ESC

ESC

ESC
ESC

ESC

ESC
ESC

ESC
ESC

ESC

ESC

ESC

ESC

ESC

ESC

ESC

ESC

ESC
ESC

ESC

ESC

ESC

ESC

ESC

ESC

ESC

ESC

ESC

ESC

ESC
ESC

ESC

ESC
ESC

TAB
FF
CR

ETB
(
(
)
)
7
I

B
0
B

0

B

Pn
E

0
F

Pn
Pr
Pc
P

1

Pn
Pn
0
c
Pn

e
Pn
1

?
3
4
1

5
6
7
I
1

2
3
4
5
6
7
8
9
10
11
12

B

Backnards tab
Enter Tektronix Atpha state and erase screen
Transmit cursor tine (vith attributes) ptus CR

Print page on hardcopy device
Define G0 to be the USASCII character set
Define G0 to be char graphics (Zenith or VT100)
Define G1 to be the USASCII character set
Define G1 to be char graphics (Zenith or VT100)
Save cursor position
Restore cursor position
Scro[[ backvard 1 page into off-screen memory
ScrotI backward Pn Lines into off-screen memory
Erase atI off-screen memory
Erase from cursor to end of off-screen memory
ScrotI foruard 1 page into off-screen memory
ScrolI forward Pn tines into off-screen memory
Position cursor at (rotrrco[) speci f ied
Enabte status tine and position cursor at (cot)
Ctear defined scrotIing region and hone cursor
Ctear the entire screen and set cursor position
Generate variabte-tength c [i ck
Set absolute home tine in off-screen memory
Ctear user tab stop at current cursor position
C[ear at.[ user tab stops
Ctear setected user tab stops
Reset atI programmabte function keys
Reset selected programmab[e function keys
Enter 8(Fcot text mode
Enter 132-coL text mode
Enter 24-tine text mode
Enter 49-Line text rnode
Enter 24x80 format, etc.
Enter Tektronix mode A[pha state and horne cursor
Enter Tektronix mode Graph state
Enter Easy-Entry graphics mode
Enter previous text mode from Tektronix mode
Enabte transrnit-speed limiting
Enabte user tab stops
Enabte slon page scrotI
Disab[e screen timeout
Enab[e programmabte function keys
Turn screen off
Set reverse screen
Set non-btinking text-mode cursor
Enabte smart shift key
Setect VT100 character set
Enabte EDT-compatibi Li ty
Enab [e smart-]rrap

E

F

;PcH
L

or ESC

P
T
a

OP

c

,' ...; Pn C

i ...; Pn e
t
f
t
f
;3f
f
f
f
t
h
h
h
h
h
h
h
h
h
rI

h
h
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ESC :
ESC :
ESC :
ESC :
ESC :
ESC :
ESC :
ESC :
ESC :
ESC :
ESC :
ESC :
ESC :
ESC :
ESC :
ESC :
ESC :
ESC :
ESC :
ESC :
ESC :
ESC :
ESC :
ESC :
ESC :

13h
14 h

15 h

ESCAPE SEOUENCES AND CONTROL CHARACTERS

Set btock cursor
Set futt-duptex
Disabte cursor
Set retative origin mode
Enabte output synchronization (X0N/XOFF)
Set ANSI escape sequence mode
Disabte transmit speed timiting
Disabte user tab stops
Disable stow page scrotI
Enabte screen timeout
Disabte programmabte function keys
Turn screen on
Set non-reverse screen
Set btinking text mode cursor
Disable smart shift key
Setect Zenith character set
Di sabte EDT-compabi Ii ty
Disabte smart-urap
Set underscore cursor
Set haLf-dupLex
Enabte cursor
Set abso[ute origin mode
Disab[e output synchronization (XON/XOFF)

Set ZENITH escape sequence mode
Report cursor position. Response is:

ESC:Pr;PcR
Program function key (* is any unique char)
Report screen format. Response is:

ESC:Pnq
Define scrot[ing region
Set user tab stop at current cursor position
Set setected user tab stops
Set mu[tipte tab stops
Report text-mode windou. Response is:

ESC:Pna
Send externaI R0ltl controt message
Enab[e keypad atternate mode
Disab[e keypad aIternate mode
Itlove cursor doun one tine
ltlove cursor to start of next tine
Set tab at current cotumn
Itlove cursor up one tine
Reset to poHer-up state
lilove cursor up Pn (1) tines
ltlove cursor down Pn (1) [i nes
Jtlove cursor right Pn (1) [ines
llove cursor teft Pn (1) [ines
Position cursor to (rourcot) <111,
Erase from cursor to end of page
Erase from beginning of page to cursor

16
17

ESC

ESC

ESC : Pt
ESC:s
ESC : Pn

ESC : Pn
ESC : r{

ESC :
ESC =
ESC >
ESC D

ESC E

ESC H

ESC frl

ESC c
ESC t
ESC t
ESC E

ESC T

ESC E

ESC E

ESC E

11
1?
13
14
15
16
17
18
6n

:PnP*text*
:q

h
h

h18
1r.
2t
3t
4r.
51.
6t
7L
8t
9t
10 t

t
t
t

t

t_

t

t

t

v
iPbr

,
t

...; Pn s

Pn i ...; Pn x

H

ct0J
Pc
ES

A

B

c
D

or
J

Pn
Pn
Pn
Pn
Pr
J
1

\-,
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ESCE2J
ESCtKoTESCE0K
ESCTlK
ESCT2K
ESCEPnL
ESCTPnH
ESCtPnP
ESCtcorESCE0c

ESC

ESC

ESC

ESC

ESC

ESC

ESC
ESC

ESC

ESC

ESC

ESC

ESC
ESC

EPr;Pcf
EgorESCE0g
E3g
t2h
t4h
t20h
E>1h
E>2h
E>3h
t>4h
E>5h
E>6h
E>7h
E>8h
t>9h
t?1h
t?2h
t?3h
t?5h
E?6h
t?7h
t?8h
E2r.
t4t
E20r.
t>1t
c>2t
t>3 t

t>4t
E>5t
E>6t
E>7t
t>81
t>9t
E?1t
E?21
t?3r.
E?5t
E?6t
t?7t
t?81

ESCAPE SEAUENCES AND CONTROL CHARACTERS

Erase entire screen (if EDT, donrt move cursor)
Erase from cursor to end of line
Erase from beginning of [ine to cursor
Erase entire tine
Insert Pn (1) tines
Detete Pn (1) tines from cursor forvard
De[ete Pn (1) characters from cursor forvard
Report device attributes. Responds with

ESCt?1;0c (nooptions)
Same as ESC t Pr ; pc H (position cursor)
Clear tab at current cotumn position
C[ear a[[ user tab stops
Disabte keyboard (re-enabLed by Set-up)
Enabte insert-character state
Enabte auto CR on LF
Enable status Line (tine 25 or 50)
Disable key ctick
Enabte ho[d-screen mode
Set b[ock cursor
Di sabte cursor
Set shifted keypad
Set keypad atternate mode (same as ESC =)
Enabte auto LF on CR

Enabte auto CR on LF
Set ANSI cursor keys atternate mode
Set ZENITH esc seq mode (not VT100 compatibte)
Set 132-cotumn dispIay
Set reverse screen
Set retative origin mode
Enabte auto-urap at end-of-tine
Enabte repeat key
Enab[e keyboard
Disabte insert-character state
Disable auto CR on LF
Disabte status line (tine 25 or 50)
Enable key ctick
Disabte hoLd-screen mode
Enabte underscore cursor
Enabte cursor
Set unshifted keypad
Exit keypad atternate mode (same as ESC >)
Disabte auto LF on CR

Disabte auto CR on LF
Set ANSI cursor keys normaI mode
Set ZENITH escape sequence mode
Set 8(Fcotumn screen format
Set non-reverse screen
Set absolute origin mode
Disab[e auto-urap at end-of-[ine
Disabte repeat key

ESC

ESC
ESC

ESC

ESC
ESC

ESC

ESC

ESC

ESC

ESC
ESC

ESC

ESC

ESC

ESC

ESC

ESC

ESC

ESC

ESC

ESC

ESC
ESC

ESC

ESC

ESC
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ESC

ESC

ESC

ESC
ESC

E0mEmorESC
l7 n
E10m
t 11 m

E5n

ESCAPE SEAUENCES AND CONTROL CHARACTERS

Disabte reverse video
Set reverse video attribute
Setect graphics characters
Setect normat characters
Report device status. Response is

ESC E 0 n (Ready, terminal 0K)
Report cursor position. Response is

ESC E Pr ; Pc R (rowrcot) tocation
Transmit page
Transmit status [ine (Line 25 or 50) IF enab[ed
Change baud rate. Permissib[e Pn vatues:
1=11Ot ?=15Ot 3=300, 4=600, 5=12OOt
6=1800,' 7=2000 8=2t+OOt 9=36OOt 10=4800r

11=72OO t 1?=9600 t 13=1 9200
Set scrot[ing region (Pt is top [ine, Pb is
bottom - both parameters are necessary in
non-EDT mode to distinguish this sequence from
rchange baud rate')
Save cursor position
Restore cursor position
Reset to pover-up state (same as ESC c)

ESCE6n

ESCTp
ESCCq
ESCEPnT
(not in EDT mode)

ESCtPt;Pbr

ESCEs
ESCEu
ESCEz

\-/
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ESCAPE SEQUENCES AND CONTROL CHARACTERS

A.23 SUI.II'IARY OF SEAUENCES RECOGNIZED IN TEKTRONIX AND EASY.ENTRY I.IODES

ESC ENQ

ESC
ESC

ESC

ESC
ESC

ESC

ESC
ESC

FF
ETB

SUB

DEL
x

Request terminat-status report
Ctear screen and home the cursor
Print screen on hardcopy device
EnabLe cross-hair cursor and enter GIN state
Change data teve[ to btack
Set GIN cursor pos. to current vector endpoint
Change data [eve[ to vhite
Erase screen vithout changing cursor position
Clear screen and home cursor (same as ESC FF)
Same as ESC : P (and ERASE key function)
ScrotI graphics region
Generate variabte-tength tick
Ctear user tab stop at current cursor position
Ctear att user tab stops
Ctear seLected user tab stops
Reset att programmab[e function keys
Reset setected programmabte function keys
Exit graphics mode, go to 80-cot text mode
Exit graphics mode, go to 132-coL text mode
Exit graphics mode, go to z4-Line text mode
Exit graohics mode, go to 49-Line text mode
Exit graphics mode, go to 24x80 format, etc.
Enter Tektronix mode ALpha state and home cursor
Enter Tektronix mode Graph state
Enter Easy-Entry graphics mode
Enter previous text mode from Tektronix mode
EnabLe transmit-speed Limi ting
Enabte user tab stops
Enabte stoy page scrotI
Disab[e screen timeout
Enab[e programmabte function keys
Turn screen off
Set reverse screen
Set non-btinking text-mode cursor
Enabte smart shift key
Select VT100 character set
Enab [e EDT-compatibi ti ty
Enab[e smart-Hrap in text mode
Set btock cursor in text mode
Set fu[ [-dup[ex
Disabte cursor (text-mode or Tektronix ALpha)
Set retative origin mode
Enab[e output synchronization (XON/XOFF)
Set ANSI escape sequence mode
Disabte transmit speed Iimiting
Disabte user tab stops
Disabte sloy page scrotI
Enabte screen timeout

ESC

ESC

ESC

ESC

ESC
ESC

ESC

ESC

ESC

ESC

ESC
ESC

ESC

ESC
ESC

ESC

ESC
ESC

ESC

ESC

ESC

ESC

ESC
ESC

ESC

ESC
ESC

ESC

ESC
ESC

ESC

ESC

ESC

ESC

ESC

ESC

ESC

ESC

ESC

3f

E

P

PnP
Pb;
PnT
0c
c
Pni
e
Pn;
1t
2t
3f
4t
1;
5t
6t
7f
8f
th
2h
3h
4h
5h
6h
7h
8h
th
10h
11 h
12h
13h
14 h

15 h
16h
17h
18 h
1t
2t
3t
4r.

Pt;PdS

...1 Pn c

Pne
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ESC :
ESC :
ESC :
ESC :
ESC :
ESC :
ESC :
ESC :
ESC :
ESC :
ESC :
ESC :
ESC :
ESC :
ESC :
ESC :
ESC :

ESC:s
ESC : Pn
ESC : Pn

ESC : r,
ESC : PN

6n
Pnp*text*
q

5t
6t
7t
8t
9t
10t
11 t
12 r.

13t
14 t
15 t

16t
17 I
18 r.

ESCAPE SEAUENCES AND CONTROL CHARACTERS

Disab[e programmab[e function keys
Turn screen on
Set non-reverse screen
Set bLinking text mode cursor
Disabte smart shift key
Setect Zenith character set
Disabte EDT-compabi Lity
Disabte smart-urap in text mode
Set underscore cursor in text mode
Set hatf-duptex
Enab[e cursor (text-nrode or Tektronix ALpha)
Set absotute origin node
Disabte output synchronization (XON/X0FF)
Set ZENITH escape sequence mode
Report cursor position (meaningtess response)
Program function key (* is any unique char)
Report screen format. Response is:

ESC:Pnq
Set use tab stop at current cursor position
Set setected text mode user tab stops
Set muttiple tab stops
Report text mode vindow (meaningtess response)
Send externat ROltl controt message

t
...! Ph S

Pnx

\-/
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APPENDIX B

VECTOR DRAUING TItiES

A[[ coordinates are specified in terms of dot positions rather
then tekpoints.

Xr = XlZ Tektronix X coordinates to dot position
Yr = (Y*41+18t1128 Tektronix Y coordinates to dot position

The symbols dx and dy represent the absolute value of the distance
between two points on the X or Y axis of the screen.

dx = ABS (X1r - XZr)
dy = AgS (Y1' - Yzr)

The fotlouing times include the time to store and retrieve the
characters from the input buffer (aLt times are in microseconds
unIess otherrise specified) :

Vector Specification Time - t(vs)

For each Hi Y

LoY
Hix
LoX

Dark Vectors:

specified add
tt

l,

ll

tl

t,

ll

575 usec
548 usec
580 usec
726 usec

For each dark vector add 650 usec to t(vs) (for GS processing).
Dark vectors do not require any draving time.

\-,
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VECTOR DRAUING TIIJIES

Light vectors:

Erase Vectors:

Changing Data Levet:

Add 1(84 usec for changing data levet

Vertica[ vectors: t(vs) + 355 + 29.8*(dy+1)

Horizontat Vectors: t(vs) + 369 + (dx+1)*3.25 + ltllN(dx+1r14)tc47

X-rnajor Vectors (dx > dy):
t(vs) + 539 + (dx+1)*40.1 + INT((dx+l)18)*7.6 + (dy+1)*16:25
If vector is btack add 10.8 usec.

Y-major Vectors: (dy > dx):
t(vs) + 528 + (dy+1)*38.5 + (dx+l)*13.5 + INT((dx+1r l$*7.6
If vector is b[ack add 10.8 usec.

Add 650 usec to above vector times for erase vectors (for RS

processing) .

(Esc a or Esc Rubout)

Area Fi t t and Erase:

t(vs) + 1084 + ((dy+1 ) * E106 + (dx+1)*3.25 + rrtlN(dx+1 r'.l4,.*4711

Screen Erase:

64 msec ptus up to 33 msec for screen on/off timing

B-2
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APPENDIX C

COfitPOSITE VIDEO GENERATOR

The GP-19 logic board has provisions for connecting a composite video
generator to drive an external video monitor. Socket U3 on the GP-19
provides the same signat pinouts as does socket U479 on the 219 Logic
board (socket U406 on 219-CNs). Composite video generators designed to
operate with Z-19 terminals by connecting to socket U479 (or U406 on a
219-CN) uritI operate correctty vhen connected to socket tB on the GP-19
[ogic board.

The mode[ 77319 composite video generator avai Iabte f rom ttlagnoIi a

Itlicrosystems Incorporated of Seattte Uashington operates both with 219
and 219-CN terminaIs and with GRAPHICS-PLUS. For information on this
product contact:

lilagnoli a lili crosystems, Inc.
?264 - 15th Avenue Uest
SeattIe, Uashington
(206) 285-7266
(800) 4?6-284'.1

\-/
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APPENDIX D

AUXILIARY I/O CONNECTOR

The Auxi[iary I/0 connector is designed to atlow instattation of an
auxi[iary logic card containing I/0 interfaces as ue[[ as additionat ROlil

and/or RAil. As can be seen in Figure D-1, the connector provides access
to atL the 280 CPU data and address signats as uet[ as the controt
signats asserted by the 280 to perform memory and llO read/write
operations. In addition, the foItowing signats are aIso accessibLe:

1. EXT DEV L (from GP-'19) A decoded I/0 setect signat vhich is
asserted during 280 I/0 operations in the address range 78-7F.

2. EXT trlEtil L (f rom GP-19) A decoded memory select line that is
asserted during 280 memory read operations in the address range
3000-3 F FF.

3 219 RST L (from GP-19) The reset signat from the Z-19 [ogic
board. This signat is asserted immediatety after power-up and
uhenever the key combination RIGHT SHIFT-RESET is depressed.

4 EXT INT L (to cP-19) Uhen tol, this signat asserts the INT*
input of the 280 CPU.

5 LP STROBE (to G-19) This signat is connected to pin 3 of U50,
the 6845 CRT controtter.

6. 12.292 l{HZ (from GP-19) This is a crystat controtted ctock
signat.

7. +5V (frorn GP-19) This is a regutated poner suppty. The load on
this suppty shoutd be Limited to 150 ma.

8. +16V (from GP-19) If the terminat is a 219 then this is an
unregutated pouer suppty. If the terminat is a 219-CN then
this is a regutated 15V suppty connected thru a 33 ohm series
resistor. In either case the toad on this supply shoutd be
[imited to 25 ma.

\-/
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AUXILIARY I/O CONNECTOR

9. -121-16V (from GP-19) If the terminal is a 219 then this is an
unregutated -16V pouer suppty. If the terminat is a 219-CN
then this is a regu[ated -12V porer supply. In either case the
toad shou[d not exceed 25 ma.

FIGURE D-1

Auxitiary IIO Connector Pinout

40 39

GND

CPU A14

EXT DEV

RESET
EXT INT
LP STB

CPU I{REO

+5V
CPU A13 H

CPU AO H

CPU A1 H

CPU A2 H

CPU A3 H

cPu A4 r{

CPU A5 H

CPU A6 H

CPU A7 H

CPU A8 H

CPU A9 H

CPU A1O H

CPU All H

CPU A12 H

EXT trlEljl L
12.292 AHz
+151+16V
NC

GND

o--l
ool

CPU DO

CPU Dl
CPU D2

CPU D3
CPU D4

CPU D5

CPU D6
CPU D7

CPU RD

CPU UR

H

H

H

H

H

H

H

H

H

L
L
L
L
L
L
L

oo
oo
oo
oo
oo
oo
oo
oo
oo
oo
oo
oo
oo
oo
oo
oo
oo
oo

-'lzv l-16v
CPU A15 H

GND

21

D-2



\-/

APPENDIX E

VTlOO GRAPHICS CHARACTER SET

Uhen the VTl00 character set is selected the terminat graphics character
set is a rep[ica of that used by VT100 compatibte termina[s. tlhen
graphics characters are enabled the speciaI symbots shoun in this
appendix are disptayed instead of the corresponding ASCII characters.
In the following chart each graphics character is shovn immediate[y
be[ow the corresponding ASCII character.

a b c d e lfl
\-/
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*****
*******
*****
***
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***
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*

*
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*
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VTlOO GRAPHICS CHARACTER SET
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APPENDIX F

ASCII CHARACTERS

HexadecimaI Vatues of ASCII Characters

6 7
Itlost Signif icant Digit

?s45I0

a
b
c
d
e
t
g
h
I
i
k
t

m

n
o

P

a
R

s
T
U

V

U

x
Y

z
t
\
l

p
q
r
s
t
u
v
td

x

Y
z
t
I

l

a
A

B

c
D

E

F

G

H

I
J
K

L
t{
trl

o

0
1

2
3
4
5

6
7
I
9

i

?

SP

!
|l

fl
$
z
&
I

(
)
*
+

:

I

DLE
DC1

DC2

DC3

DC4
NAK

SYN

ETB
CAN

Etq

SUB
ESC

FS

GS

RS

US

ttlUL
s0H
STX
ETX

EOT
ENQ

ACK

BEL
BS

HT
LF
VT
FF
CR

SO

SI

0
1

2
3
4
5
6
7
I
I
A
B

c
D

E

F

L
E
L

A

s
T

S

I
G

D

I
G

I
T

\./

DEL
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ASCII CHARACTERS

CI{ARACTER CONTROL

KEYS
DECRIPTION7-BIT

OCTAL
CODE

DECIiIAL
CODE

0
1

2
3
4
5
6
7
8
9

10
11
12
1s
14
15
16
17
18
19
20
21
22
23
24

26
27
28
29
30
31

HEX

CODE

000
001
002
003
004
00s
006
007
010
011
012
013
014
015
016
o17
020
021
o22
o23
024
o?5
026
o27
030
031
032
033
034
035
036
o37

NUL
s0H
STX
ETX

EOT

ENA
ACK

BEL
BS

LF
VT
FF
CR

s0
SI
DLE
DCI
DC2

DC3

DC4
ft|AK

SYN

ETB
CAN

Eti
suB
ESC

FS

GS

RS

US

(

a
A

B
c
D

E

F

G

H

I
J

K
L
n
N

0
P

o
R

S

T
U

v
tl
x
Y

z
E

\
l

HT

00
01
02
03
o4
05
06
07
08
09
OA

OB

0c
OD

OE
OF

10
11
1?
13
14
15
16
17
18
19
1A
1B
1c
1D
1E
1F

25

NuL L

Start of Header
Start of Text
End of Text
End of Transmission
Enqui ry (tlRU)
Acknowtedge (RU)

BeLL
Ba ck spa ce
HorizontaL Tab
Line Feed
Verticat Tab
Form Feed
Carriage Return
shift out
Shift In
Data Line Escape
Device Control 1

Device Controt 2
Device Control 3
Device Controt 4
Negative Acknontedge
Synchronous Idte (SYNC)

End of Trans. Btock
CanceL (CANCL)

End of lledium
Substitute
Escape
Fi Ie Separator
Group Separator
Record Separator
tfnit Separator

(x0N)

F)x0F
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APPENDIX G

OPTIONAL SOFTHARE

Northnest DigitaI Systerns is assembIing a Iibrary of software of
interest to GRAPHICS-PLUS users. This softuare is avaitabte to
interested users on an unsupported basis at a price intended only to
defer the cost of distribution. The fotlowing items are presentty
included in the library:

1. PL0T-10 extensions: These FORTRAN routines are intended for
users yho a[ready have copies of the Tektronix PL0T-10 TerminaI
ControI System and Advanced Graphing II tibrary. These
routines extend this Iibrary to take advantage of the data
tevet, black vector, area erase, and area fitt capabitities of
GRAPH IC S-PLUS.

2 Easy-Entry GIN support routines: These are routines Hritten in
both F0RTRAN and BASIC intended for users who are empLoying the
terminat in Easy-Entry graphics mode vithout a supporting
Iibrary. These routines a[[ov convenient use of Tektronix mode
GIN state in confunction with Easy-Entry graphics mode.

3 VAX/VIIS EDT heLp library: This is a new hetp tibrary for use
uith the EDT editor on VAX/VttlS systems. This he[p tibrary
shovs the correct keypad tayout tor 219 terminats equipped with
GRAPHICS-PLUS in both the VT52 (ZENITH) and VT100 (ANSI/EDT
compatibte) modes of operation. Atso inctuded is a command
procedure for se[ective[y invoking EDT vith this hetp tibrary
assigned.

Ptease contact Northtrest Digitat Systems for a tist of the software
currentty in the tibrary, the availab[e distribution media, and the cost
of distribution.
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OPTIONAL SOFTUARE

The foLlouing program exampte represents the use of Easy-Entry Graphics
ttlode and GIN State. It is vritten to be compatibte uith [{BASIC.

100
200
300
400
500
600
700

1000
1 010
1 020
1 030
1 040
1050
1 060
1070
1 100
1110
1 120
1 130
1140
1150
1 160
1 170
1 180
1190
1200
1210

REiI GIN STATE ETCH-A-SKETCH
REt{ Prints the pressed key and the cursor coordinates
REtil in "Easy-Entry" coordinates.
GOSUB 1OOO
pRrNT "+0+0da ";TERil$;r,i.X.' "iyi
G0T0 400
REI{

REI{ BASIC Subroutine to p[ace the GP-19 in GIN state,
REtl and then nait for the user to strike a key.
REl,l The X coordinate is returned as variable X.
REttl The Y coordinate is returned as variabte Y.
REI{ The terminating character is returned as variablse TERttl$.
REttl This routine uses variabtes: ESC$rGIN$rGS$rSUB$rTERi|SrX,Y
REtt'l The GIN Traiter code must be set to send a CR.
REti
GS3=CHR$ (29)
ESC$=CHRlS (27)
SUB$=CHR3(26)
PRINT ESC$;" z6f" IESC$;SUB$;
LINE INPUT GIN$
TERltl$=ttlI D$ ( G I N$, 1 r1 )
x= (ASC (ilrD$ (GrNg,2 11) ) -32) *32 + (ASC (rrlr DS (Gr N$,3,1 ) ) -32)
Y= ( ASC ( l{I D3 (G I N$, 4,1 ) ) -32) *32 + 1 159 ( t{I D$ ( G IN},5,1) ) -32)
X=INT(X/2)
Y=INT( (Y*41+18) t1?8)
PRINT ESCS; " a7f" iX; Yi"p"
RETURN

c-2
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CIRCUIT DIAGRAT'IS
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GP-Ig TERMINAL ENHANCEMENT
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GP-Ig TERMINAL ENHANCEMENT
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GP-Ig TERMINAL ENHANCEMENT
3
DAIr SCHEMATIC DIAGRAM

NORTHWEST DIGITAL SYSTEMS
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Component ID NDS Part fl Item

APPENDIX I

PARTS LIST

Desc ri pt ion

U1

U2
U5

U6
U7
U8

U9
u10 - u11
u'|2
u13 - u14
u15
u16
u17
u18
u19
u20
u21
u22
u23
u24
u25
u26
U?7
u28 - U35

u36 - U42
u43
u44
u45
u46
u47
u48
u49

745174
74S86
74LS27i
74L574
741S04
74L5273
741S166
74L5273
74L5373
74L5244
74L574
7415138
741514
74ALS32
741S08
74LS166
273?A-3
74532
74LS138
2732
?73?
2732
280
2118-7
ilcil451 7-P20
741S1 51
74S08
745175
74S00
74ALS1O
741S00
74LS08
74L5393

30-74174-01
30-07486-01
30-74273-02
30-07474-O2
30-07404-02
30-74?73-02
30-74166-0?
30-74273-02
30-74373-02
30-74244-02
30-07474-O2
30-74138-02
30-07414-02
30-074s2-04
30-07408-02
30-74166-02
36-00001-01
30-07432-01
3A-74138-02
36-00004-01
36-00003-01
36-00002-01
32-00001-01
32-00003-01

or 32-00004-01
30-74151-O?
30-07408{1
30-74',t75-O1
30-07400-01
30-07410-04
30-07400-02
30-07408-02
3|u..74393-02

Hex D-Type FLip-Ftops
Quad 2-input EX-OR
Octat D-Tyoe FLip-Ftops
Dua[ D-Type Ftip-FLops
Hex Inverters
OctaL D-Type Ftip-FLops
8-Bit Shift Register
OctaI D-Type FLip-FLops
Octat D-Type Latches
0ctaI Buffer
DuaL D-Type FLip-FLops
3-To-8 Line Decoder
Hex Schmitt Inverters
Quad 2-input 0R
Quad 2-input AND

8-Bit Shift Register
32K EPROi{ (350 ns) CG-1
Quad Z-input 0R

3-To-8 Line Decoder
32K 450 ns EPROI{ ROttl 3
32K 450 ns EPR0ttl ROI| 2
32K 450 ns EPROM ROtl| 1

2 ttlHz 280 CPU

16K 5V Dynami c RAt{ (150 ns)
16K 5V Dynamic RAttl (150 ns)
1-0f-8 Data Selector
Quad 2-input AND

Quad D-Type FLip-Ftops
Quad 2-input NAND
Tripte 3-input NAND

Quad 2-input NAND

Quad 2-input AND

Duat 4-Bit Binary Counters

\-/
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Component ID NDS Part # Item Desc ri tion

CRT Controtter
1-0f-8 Data Setector
Dua[ D-Tyne FIip-Flops
DuaL D-Type Ftip-FLops
Quad 2-input NAND

Hex Inverters
Quad 2-input NAND

u50
u51
u52
u53 - U54
u55 - U56
u57
u58

R1-R4
R5

R6-R8
R9 - R11

R12 - R17
RN1

RX4

.1 uF Cap

.2 uF Cap

Cab[e Assy

32-00002-01
3?-74151-01
32-07474-O2
s2-o7474-O1
32-07400-02
32-07404-02
32-0740F03

40-00221-01
40-00331-01
40-oo?2?-o1
40-00750-01
40-00821-01
40-00222-02
40-001 51-01

50-00003-01
50-00002-01
50-00001-01

42-00003-01
42-00001-01
42-00004-01

42-00001-01
42-00002-01

62-00001-01
62-00002-01
62-00003-01
62-00004-01

80-00001 -01

1 4-00001 -01

PARTS LIST

HD46505SP
74sl 51
74L574
74574
741S00
741S04
74LOO

Resi stor
Resi sto r
Resi stor
Resistor
Resi stor
Res i stor
Resi stor

C rysta I
CrystaI
C rysta I

Capac i to r
Capac i to r
Capac i tor

Capaci tor
Capac i to r

Cab te
Cab te
Cab Ie
Cab Le

22O ohm
330 ohm
2.2K ohm
75 ohm

820 ohm
2.2K ohm
150 ohm

mt.l 57"
mtl 5t
mtl 5Z
ml'l 5Z
ml'l 5l
Netuork
mtl 5Z

?50
250
250
250
250
SIP
250*

* cab
t Cab
# Cab

Labet

Dl-D4 48-00001-01 LED

52-00001-01 Dip Switch 8 Positionsr{1

Y1

Y?.

Y3

?o.282 n!/'z
12.292 lrtF.z

1 0.644 ttlHz

Ce ram i c,
Ce ram i c,
Ce rami c,

uF 12V Ceramic
uF 25V Tantatum

Processor Interconnect
Poyer Interconnect
Power Interconnect
Poyer Supp[y

Keyboard LabeI

Instruct ion ltlanuat

2v
47 pF
0.1 uF 1

150 pF

c1rczrcs
c4rc6rc'
c5,c7 ,c9

0.1
2.?

vRl - vRz 34-00001-01 7805CT +5 Vott, 1 Amp Regutator

0
2

[e Assy
[e Assy
te Assy

ltlanua t

fl - denotes parts onty for 219-CN Terminats
* - denotes parts onty for 219 or H19 Terminats
Z - denotes parts only for 219-CN or H19A Terminats
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PARTS LIST

Component ID NDS Part # Item Desc ri pt ion

# +5V Suppty 82-00001-01 Pwr Suppty Unreg. +5 Vott 1.2 Amp

82-00001-01 Inctudes:

T1
c1
D1rD?
R1

Sc rey
In-Line Tap

53-00001-01
42-00005-01
48-00002-01
40-00501-04
60-01004-01
64-00005-01

Transformer
Capaci tor
Diode
Resi stor
fl12 x .500
Scot ch tok

SignaL DST-6-16
9900 uF 15V Etectrotytic
3 Amp 50 Vott
300 ohm lU 5Z
Setf-Tapping tJasher Head
#558 Tap Connector

fl - denotes parts onty for 219-CN Terminals
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