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1. Abstract

The CRTC s 2z LSi coniroiler wrich is designed to
provide an inleriace for MICICCOMpUIers O raster scan type
CRT dispiays. The CRTC beiongs to the HMCS6800 LSI
Familv and nas full compat:biity with MPU in both data
lines and control lines. Its primary function is to generate
timing signal which is necessary for raster scan type CRT

Bl

dispiay according 1o wne specificaticn srogrammed by MPU,
The CRTC :s aiso desiznzd 25 a programmad:e zontroiler. so
appucadie o wide-range CRT dispiav from smail low-
functioning character dispiay up to raster type fuli graphuc
dispiay as weil as large high-funcuicming iimited graphic
dispiay.

Agaress 3us

A_<A
0 15
MP
u Jata 3us
T’ uO-D7
MAq 8us
[ \ Driver
IRQ MA13
Dot CLx Memory
0os ¢ | ———] CRTC
Counter
RAO
{
RA 4
[
L=
Character °
s Generator s
} viceo
centro
CRT
Vicec
DISPTMG Signai o o
cuDIsP
HSYNC
VSYNC ,
Lignt
| Tz
LPSTS Light Pen i
Contrer |

F1g. 1=1 Example of the CRTC Charac:er Disglay System



2. Feature ana Function

2.1  Features of the CRTC

(1) Numper of dispiayed characters on the screen, ver-
ucal do: format of one character, horizontal and
verzicadl svnc signal, display timing signai are pro-

,

(4) Programmuacie wmter.zz2 Non-interiace scan mode.
(5) Built-in cursor contro. functon.

(6) Programmabie curscr neigni and its blink.

(7) Built-in light pen detecuon function.

(8) Paging anc scrolling czpabiliry.

(9) TTL compatible.

grammable.

2) Line buffer-iess refreshing.
(3) 14-bit refresn memory address output. (16K words

max. access)

2.2 Function of the CRTC

(10) Single = 5\ power supply.

Fig.2=4 Function of the CRTC

item

Sub-item

Function

i Remark

Programmable screen

; 'Horizontal scan period

i "Vertical scan period(per.line)

" «Vertical scan periodifine adjustment
L_Nurnber of characters per line

' Number of lines per screen

Programmable per one character
penod

Programmable perd one line period
Progammabie per one raster

format " Number of rasters per line Veruical dot number of one ;
" g character + line space i
! . - Horizontal dispiay position on CRT ‘ Programmbie output timing of sync
Vertical dispiay position on CRT » signat
i Puise widti of honzontal sync signal
. Cursor display position on screen ¢ Builtein 14-bit cursor register '
i Programmable cursor Cursor height i :
S Function of the CRTC disolay . Cursor blink and its Penod | One choice berween 16 fisid penod |
| ! 5 and 32 fisla period
: Non-interlace mode ; |
i H v
; Scan mode Interiace mode | One choice i
Interiace sync and video mode ? i
Light pen Butan 14-brt ight pen regster I i
Refresh 14-bit refresh memory address output | 16K words max.refresh memory ;
Memory access |
Addressing {

Programmabie
Start
Address

Built-in programmable 14-bit start
address register on refresh memory

! Paging & scroiling

Structure of the CRTC LS!

Single + 5V power suppiy

TTL compatible input/output
Directly connected bus with the
HMCS 6800 Family

N-channel, Silicon-Gate E/D MOS
Full static operation of internal logic
40 pin DIL package

|
i

Appircation of the CRTC |
iExpansibritty)

Character dispiay

Limited(simpielgraphic display

Full graonic disolay

Color aispiay.biink of dispiayed char-
acters

Ciuster control

Alpnanumeric, xanji & other char-
i
| acters
! Figure 2:splayiraster scan oisoray)
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3. CRT Display System

3.1 Principle of Raster Scan System
Raster scan system is the sysiem where an electron
beam. which is deflected according to a certain ruie, hits

Scan Line

against the {luorescen: screen of CRT ancd forms a frame.
An ordinarv CRT display device forms a ‘rame by
deflection of an eiectron beam by saw wave elecinc current
(or voltage) like a common TV set. This system s shown in
Fig. 3-1.

Vertical Scan period

Horizontai Scan
Period Period

: Yertical Retrace period

i i
Horizontal Retroce

Fig. 3=1 Raster Scan System(Non-interlace)

One frame is composed both of horizontal scan from left
to right and of vertical scan from top to bottom to move
vertical position. Solid lines in Fig. 3-1 are-called scan
period (or display period), and broken lines are called
retrace period. In this system, increase in frame number per
sec enables to lessen its flickering. Increase in scan line per
frame enables a high resolution. In an ordinary display
device, frame number between 50 and 60 per sec is used.
Besides the scan system shown in Fig. 3-1, there is another
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scan system cailed interlace scan system, which is used for
a TV set, etc. As shown in Fig. 3-Z, each latter half scan is
located in the middle of its former scans. Two-time vertical
scans (odd and evea number fields) form one frame. The
CRTC is designed to be able to deal with the scan system
(interlace mode) shown in Fig. 3-2 as well as the scan
system shown in Fig. 3-1 {non-interlace mode).

—ee £ y@ 1 Numper Freic(Forst)

—————— Qce Nurmper Frelc(Seccrc!

Fig. 3=2 Raster Scan System(interiace)



Srinciole of Character Dispiay Svstem

27 character disoiav s snpown in Fig, 3.3 In
characters cispiaved on CRT screen. 1t 1s
to repeat scans and refresh them. To do
zn ordinan CRT dispiay device adopts a method that
datz to be dispiaved is stored in memory and screen is
refreshed according to its contents. Here, the memory
which stores data for dispiay is called Refresn Memory.

3iWa\s necassany

g

convert the character S2¢2 intc the character patiern. The
converter is called Charzcter Generator. Fig. 3-3 shows the
principie on which the character code 1s converted into the
character pattern. Charzcter Generator is a kind of ROM
which generates the character pattern from the character
code and the scan line number as address. Normally one dot
period of characters 1s oniv several ten ns. To generate the

character pattern, it 1s necessary to read the character dot

Fig. 3=3 Principle of Character Dispiay System

: Data_:s written on Refresh Memory by data processing per row or per column i parallel and to convert into serial.
7 svsiem including MPU. The data is written in ASCII code, Now $§ x 7, 0or 7 x 9 dot matrix format is widely used for
! so it cannot be displaved as characters. It is necessary to display of alphanumeric.
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3.3 shows an example of character pattemns dis-
f ( piayed on the screen. Being shown in Fig. 3-1, asan electron
pearn scans both horizontally and vertically on the screen.
the data of refresh memory correspondent to its position of

scannung is read out successively. Then the character

pattern of each scan lins 5 zenerated according to the signal
indicating position of the ine. This video signal moduiates
an ziectron beam curren: to control bdrightness so as to
display characters on the screen.

o
| [ l4 ? ’ ‘ I ' |
l ' ’ ! } l ] L] ‘ L
-0 —t oO0--N !
il A A A 1 ;vvvy‘ —
2 S — - O
— 5
n fvmmoaas ST Character
RPAAASGERED-AAAPUNN oy
‘:1 | :\ A o splay
One Line 6 &1
P Ol Lo o A ! |
e san | ST eeee T
Lines L i P i T T
RN ERN |
10 [ | fo T T
0 : R - - Line Soace
12 L i IR
L 14 | I [ i | [ )
First Scan Line ' I '
L ]
N |
Second S¢an Line . ! . - '
| | i 1 |
t ‘ | ' |1 I ! |

Fig. 3=5 Character Display on the Screen & Video Signal



. it e A

womirvas

4. Structure ot the CRTC

4.1 Structure of the CRTC

As shown in Fig. 1-1. the CRTC is a LSI which is con-
nected with MPU and CRT display dewvice to control
CRT display. The CRTC consists of intemnal register group,
hornizontal and verucal twmng circuits, Linear address gene-
rator, cursor control circuit, and light pen detection circuit.
Honzontal and verucal timing circurt generate RA,~RA,,
DISPTMG. HSYNC, and VSYNC. RA;~RAs are raster
address signals and used as input signals for Character
Generator. DISPTMG. HSYNC. and VSYNC signals are
recerved by video control circuit. This horizontal and
vertuca] umung circuit consists of internal counter and
comparator crcuit. Linear address generator .generates

4.2 Pin Assignment

refress memory address MA;~MA,;; 10 be used for
refreshing the screen. By these address signals, refresh
memory 1s accessed penodically. As 14 refresh memory
address signals are prepared. 16K words max are accessibie.
Moreover, the use of start address register enables paging
and scrolling shown 1n Fiz. 9-11 and 9.12. Light pen detec.
tion circut detects light pen position on the screen. When
light pen strobe signal 1s received, light pen register memo-
rizes linear address' generated by linear address generator
in order to memorize where light pen is on the screen.
Cursor control circuit controis the position of cursor. its
height. and its biink.

Vss — 1 Lo ~ 40 |— VSYNC )
RES —_— 2 . 39 HSYNC
C T s —o 3 B/f—  RA:
MA e 4 37 p— RA-
MA —_ 5 36— RA: -
w MA; - 6 a5 . RA;
MA; -— 7 . - 34— RA.
MA.: -— 8 33 jo—s D:
MA: - 9 32 p— D:
MA. -—110 3] p— O:
MA- —u 30 p—> o:
MA; —12 29 f—s o}
MA: -— 13 28 f—s o
MA.: -— 14 27 O
MA.. ~— 15 26 o o
MA.: -— 18 25— cs
MA-; -— 17 24 p— RS
OSPTMG =1 18 23 pe— £
CUDISP = 19 22 p— R.-W
Vi —-{ 20 21— cLK
Ver=8v=57,
Voo

F1g. 4~1 Pin Assignment of ‘ne CRTC

- s rempm a et e
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4 3 Internai Blocx Diagram
Ves Vs RES 3,42 TSRS ?:-’"D’
' ' ! ! ! 1 [} z
|
Accress Reglater — ]
&% R'W Controt ‘
T |
Characrer Counter morizontar  Dispiayed ;
CLK CcK (+258) CMP_F——— R Register :|
i : :
! ] ! i
PE—— H - 1 ©Horizontal (ocai ; i
%4 Ro CMP : CMP Ry ! Register ;c:I
I
—a— | |
f morizental Sync
i = N ) v .
| ,__.—CM P ] Ri i posgbon  Register C:iz
Lo - S i
r ) ] Q R Q - ("“""‘ HSYNC
CE MR ,_l__w | Horizontar Sync )
CK HonzontalSync Puise DU - P R | wigts Register
wldth Counter T
R ! Maximun raster
9| Address Register
: Oispiayec
cX Line Counter r ! Yertical
m (+128) [~ [ c.fp Rs Register z.
MR{ : = i
| | == | |
; i Vertical otai
Ra
| ; i oy | Register |
i — 1 l i
v 1) | |
! [V totat | .| [ g, | Verticai Totar Adjust .
. Controi S * | Regrster .
Y - SR T Ll —DISPTMG
: i o Qs || !
[el3 TC Co S . Verticar sync i
CK Verticai Sync Puisef: | CMP Rry g 2 | Smm——
wigth Counter( = 1)1 ! ! L Asition Register
LI l | |
. : i R, | Start Aaaress =ﬂ
= Linear Address | : ] 3 . Register J
CKX  Generator J r i i
| 1 Curser Start f:
v R 2556 Reqster - :::‘§
Cursor H .
Controi t ::——-\,JOISP
R curser 2na '
b ‘ o |
T Ril Raster 2eqister — !
RQc"‘! r-—'—'—E— i
J ' 1' CMP R§1 Cursor Register !
Ry, o
] " — YSYNC
=7 Interiace | 1 ;
i | interiace Moco i
RAg ~RA ; ‘ Contrei Jer, | Register C—_—_E
i
H
! Rig . --gnt ~en .
i A Regster \
! ‘ i :
[ Set !
LPSTB SYNC [[ “
~
MAs~ MA;
Fig. 4—2 Internai Elock Diagram of the CRTC
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5. Function of Signal Line ) svncnronize witn CLK jow level and zc down -
As snown in Fig. <-1. the CRTC provides 13 interface 1o "Low ievel (At least, ! cveie CLK signaj l
signais 10 MPU and 25 interface signais to CRT display. is necassary for reset.)
3. The CRTC s:tarts the display operauon im- )
5.1 Interface Signais to MPU mediately after RES signal goes high. '
(1) Bi-directional Data Bus (Dy~D-)
Bi-directional data bus(D¢~D-) are used for data 5.2 Interface Signais to CRT Display Device
transfer between the CRTC and MPU. The data bus (1) Character Clock{(CLK) I
output are 3-state buffers and remain in the high- CLK 1s 2 standard ciock input signal which defines
impedance state except when MPU performs a CRTC character timing for the CRTC display operation. This
read operation. signal 1s normally derivec from the external high-spesd
(2) Read/Write (R/W) dot timing logic. '
R/W signal controls the direction of data transfer {2) Horizontal Sync (HSYNC)
petween the CRTC and MPU. When R/W is at ““High” HSYNC is an active hugh level signal which provides
levei, data of CRTC is transfered to MPU. When R/W is horizontal synchronization for display device. l
at “Low™ level, data of MPU 1s transtered to CRTC. (3) Vertical Sync{VSYNC)
. 777 _ VSYNC is an active high level signal which provides
{3) Chip Select(CS) - - vertical synchronization for display device. The pulse '
Chip Select signal (CS) is used to address the CRTC. width is fixed at 16 horizontal scans (16H).
When CS is at “Low" level. it enables R/W operation to (4) Display Timing(DISPTMG)
CRTC internal registers. Normally this signal is derived DISPTMG is an active high level signal which defines :
from decoded address signal - of MPU under. the . the display period in horizontal and vertical raster i l
condition that VMA signal of MPU is at “High” };evel. : scanning. It is necessary to enable video signal only
. {4) Register Select(RS) ‘ when DISPTMG is at high level.
Register Select signal (RS) is used to select the address (5) Refrash Memory Address(MA;~MA, ;) RN |
register and 18 control registers of the CRTC. When RS MA,~MA,; are refresh memory address signals which : e
is at “Low” level, the address register is selected and are used to access to refresh memory in order to i
when RS is at *“High™ ‘level, control registers are refresh the CRT screen periodically. These  outputs l
selected. - This signal is normallv a derivative of the enables 16K words max. refresh memory access. So,
lowest bis (Aq) of MPU address bus. for instance, these are applicable up 10 2000 charac-
(5) Enable(E) ters/screen and §-page system,
Enable signal (E) is used as strobe signal in MPU R/W (6) Raster Address{iRA,~RAs) g
operation with the CRTC internal registers. This signal , RA,~RA. are raster address signals which are used to
is normally a derivative of the HMCS6800 System 92 select the raster of the character generator or graphic
clock. pattern generator etc, '
(6) Reset (RES) , (7) Cursor Display (CUDISP)
Rese: signal (RES) is an input signal used to reset the CUDISP is an active high level video signal which is
CRTC. When RES is at “Low” level, it forces the used to display the cursor on the CRT screen. This I
CRTC into the following status. output is inhizited while DISPTMG is at low level.
. All the counters in the CRTC are cleared and Normally this output is mixed with video signal and
~ the device stops the dispiay operation. provided to the CRT display device. i
2. All the outputs go down to “Low”™ level. (8) Light Pen Strobe(LPSTB)
3. Control registers in the CRTC are not affected LPSTB is an active high level input signal which accepts
and remain unchanged. strobe pulse detected by the light pea and control
This signal is different from other HMCS6800 family circuit. When this signai is activated, the reiresh . I
LSIs in the following functions and has restrictions for memory address (MAg~MA,;) which are shown in
usage. ‘ Fig.8-2 are stored in the 12-bit light pen regster. The
1. ES signal has capabiiity of reset function stored rerresh memoryv acddress need to be correcied in '
only when [PSTB is at "Low" level. software, taking the delay time of the displav device,
2. After —R_E::’S has gone Zown to “Low” level light pen. anc izht pen control circulls mto accouns. PN
output signals of MA,~MA,; and RA~RAs \k‘y.)l
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6. Structure & Function of Internal Registers
:(«{ 6.1 Structure of Internal Registers
Taple.6—1 Internal Registers of the CRTC
— Address Register Registar Register Program Datwa Bit
CS RS . READ WRITE
4 3 2 1 0 4 Name Unit 6 5 4 3.2 1
Tx x X X X X A - - - \\ \ \ \\ \
. o] 0 X X X X X RR Address Register - X @) \ \
_ AN
0 1 O 0 0 0 O Ry Honzontal Totai =7 character X o) cey
E 0 1 0o 0 0 o0 1 R: Honzontal Displayed . X o) '
Honzontal Sync =7 ,
R .
o 1 000 1t O : Position x 0 .
! o] 1 o 0o 0o 1 1 R; Honzontal Sync Wiath . . x 0 \\\
. o 1:0 0 1 0 O R Vertical Totai 7 line | - x o \~ i P :
» l 0 1 o 0 1 0 1 Rs Vertcal Total Adjust raster x - 0 \\ P S . ®9
| 1 U ! H
o] 1t 0 0 1t 1 0 Rs Verucai Displayed line X (@] b x ‘ ;
) 3 Vertca! Sync =7 , P
o 1.0 0 1 1 1 Ry Pomnion . x 0
_ .0 1'0 1 0 0 O Rs Interiace Mode - x . 0 \\\\\ v s Leq
Maximrum Raster =7 \
1
' 0 1 o 1+ 0 O Re Address raster X (@] \\ ; s
( 0 i o 1 0 1 0 Rio Cursor Start Raster . X o] \ B:P i %5
' 0 1.0 1 0 1 1 Ru Cursor End Raster . X o \ ,\\ . . ;'5
; AR , '
0 1 o 1 1 0 O Riz Start Address(H) - X (e} \ ! '
3 | X
] . 0 10 1 1 0 1 Rus Start Acressil) - X O ‘
‘\ : .
o 1t 0o 1 1 1t 0, Ria Cursor(H) - o 0 \\\ .
' ot o 11 11 Ris Cursor(L) - o o© 1 '
Q 171 0 0 0 O Ris Lignt Pen(H) — 0O  x \\ i
l 0 1 1 0 0 0 1 Ru» . Lignt PenilL) — O x :
J NOTE: I When R, is 1 or 3 (Interiace Mode), pro- 6 When R, is 3, the cursor start and the cursor
grammed data must be odd. end raster registers must be both even or both
2 When Ry is 3, N/2 (N: total number of lines) odd.
3 When S is 1,V specifies video mode. S specifies 7 Programmed Vaiue = Specified Value - |
interlace svnc mode. In the following explanaticn, for instance, total
4 When R, is 3, programmed data must be odd. number of horizontal characters means “'Spe-
' 5 B specifies the cursor biink. P specifies the cified Vaiue
cursor biink period.
16 or 32 Field Period )
P . . .. . >
](‘ ight dark iight dark perod



6.2 Function of internal Regqisters

(1)

(2

~

(3)

(4)

{8)

(6)

Address Register(AR)

This is 2 S5-bit register usec to select 18 internal
control registers (Rg~R,-). Its contents are the
address of one of 18 intemnal control registers.
Programming the data from 18 to 31 produces no
results. Access to Ro~R;-~ requires, first of all, to
write the address of corresponding control register into
this register. When RS and CS are at low level, this
register is selected.

Horizontal Total Register(R,)

This is a register used to program total number of
horizontal characters per line including the retrace
period. The data is 8-bit and its value should be
programmed according to the specification of the CRT.
When M is total number of characters, (M-1) shall be
programmed to this register, When programming for
interlace -mode, M must be even. How to decide total
number of characters is shown in 9.5.1. .
Horizontal Displayed Register(R,) .
This is a-register used to program the number of
horizontal displayed-characters.per line. Data is 8-bit
and any number that is smaller than that of horizontal
total characters can be programmed.

Horizontal Sync Position Register(R;)

This is.a register used to program horizontal sync
position in unit of horizontal character time. Data is
8-bit and any number that is under the following
condition (Horizontal Sync Position + Horizontal Pulse
Width < Horizontal Total Characters) can be pro-
grammed. When H is character number of horizontal
Sync Position, (H-1) shall be programmed to this
register. When programmed vaiue of this register is
increased, the display position on the CRT screen is
shifted to the left. When programmed value is de-
creased, the position is shifted to the right. Therefore,
the optimum horizontal position can be determined by
this value.

Horizontal Sync Width Register(R;)

This is a register used to program horizontal sync pulse
width from 1 to 15 in unit of horizontal character
time. Note that when O is programmed, HSYNC is not
provided.

Vertical Total Register(Rs)

This is a register used to program total number of lines
per frame including vertical retrace period. The data is
within 7-bit and its value shouid be programmed
according to the specificauon of the CRTC. When N is
total number of lines, (N.1) shal be rzrogrammed to
this remster. How to decide tozl number of lines is
shown in 9.5.1.

Vertical Total Adjust Register(R¢ )

This is a register used 10 program the OplMuUmM numoer

from O to 31 to adjust towal number of rasters per

Trame. This register enabies tc Zecide the number of

(8)

(9}

verucal cefizcuon frecuency more stnctly.

Vertizal Displayed Register(Rg)

This 15 a remster used to program the number of
displayed cnaracter rows on the CRT screer. Datz 1s
7-bit and any number that is smaller than that of
vertical totai characters can be programmed.

Vertical Sync Position Register(R)

This is a register used to program the vertical svnc
position on the screen in unit of horizontai character
time. Data is 7-bit and any number that is equal to or
less than vertical total characters can be programmed.
When V is character number of vertical sync position,
(V-1) shall be programmed to this register. When
programmed value of this register is increassd, the

-display position is shifted up. When programmed value

is decreased, the position is shifted down. Therefore,
the optimum vertical position may be determined by
this value, N :

(10) Interiace Mode Register(Ry)

This is a Z-bit register used to control the raster scan
mode, (See Table.6-2)
Table.6—2 interlace Mode

2! 2° ' Mode
0 - 0 Non-intenace Mode
1 Non-interiace Mode
0 1 inerdace Sync Mode
1 i Intennace Sync & Video Mode

In non-interlace mode, the rasters of even number field
and odd number field are scanned duplicatedly. In
interlace sync mode, the rasters of odd number field
are scanned in the middle of even number field. Then it
is controlled to display the same character pattemn in
two fields. In interlace svnc and video mode, the raster
scan method is the same as that in interlace svnc mode,
but it is controlled to display different character
pattern in two fields.

(11)Maximum Raster Address Register (R,)

This is a register used to program maximum raster
address within 5-bit. This register defines total number
of rasters per character including spacing. When totai
number of rasters is RN, (RN-1) shall be programmed
to this register, Moreover, when programmed vaiue of
Ry is “3”, RN must be even.

(12) Cursor Start Raster Register(R, o)

This is a register used 10 program the cursor start raster
address by lower S bits (2°~2*) and the cursor display

AS a9

mode by higher 2 bits (27 2
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Tapie.6~3 Cursor Displav Moce

roe 2t Cursor Dispiay Mode
o] Non-8link
1 Cursor Non-Disoay
1 0 Blink, 16 Field Penod
1 1 8linx, 32 Fiei dPenod
Blink Penod

Iight . dark

16 or 32 Field Penod

(13) Cursor End Raster Register (R11)
This is a register used to program the cursor-end raster
address. When programmed value of Ry is 37
" (Interlace sync & video mode), both the cursor start
raster register and the cursor end raster register must be
even or odd.

(14) Start Adcress Reqister{R, 5 R, 1/
These are usea to program initial address of refresh
memory 0 reac out. Changing the contents of these
regsters dynamucally enables paging and scrolling
easily.

{15) Cursor Register(R,,,R, )
These are used to program the cursor display address
and R'W operation from MPU is possibie. Whea R, is
read, the higher 2 bits (2%,27) are aiways “0”.

{16) Light Pen Register(R,4,R, 1)
These are used to catch the detection address of light
pen and oniy a read operation from MPU is possible.
When R, ¢ is read, the higher 2 its (2%, 27) are always
*0”. Its viaue needs to be corrected in software because
there is tUme deiay from address output of the CRTC
to signai input to LPSTB pin of the CRTC in the
process that raster is lit after address output and light
pen detects it. Moreover, delay time shown in Fig. 8-2
needs to be taken into account.



2. Operation of tne CRTC

7.1 Time Chart of CRT Interface Signals

which vaiues of Tabie. 7.1 are programmecd tc the CRTC

internaj regsters. Fig. ~-i shows the CRT screen tormat el
Fig. 7=+ shows the time chart of signais output from the

The following exampie snows the dispiay operation in CRTC.
Table.7—1 Programmed Values into the Registers
Reg Register Name Value Reg Register Name Vaive
R- Horizotal Total Nht Rs Max Raster Acaress N,
R Horizontal Displayed Npg ' Ric Cursor Stant Raster
R: Horizontal Sync Position Nhsp ) R Cursor End Raster
Ry Honzontal Sync Width Nhsw Riz Start Adaress(H!
R Verucal Total N Rz Start Adgressil!
Re Vertucai Totai Adjust - Nad; ) Rus CursortH)
Re Verucal Dispiayed Nog Ris . Cursor(l)
R Vertical Sync Position . sto Ris . Light Pen(H) '
Re Interiace Mode R k R» . . Light Pen(L) :

NOTE:N, <Np. N <Ny

Number of Horizontal Total Characters(Nht~1)

Numoer of Horizontai Displayed Characters( Nhd) \

i
Vo -
£ ‘
S Horizontal
<= ! retrace

-

5 = Period
v - ; 7 g
= 2 I
x
L]
b3

U WU PN

Number of Vertical Total Characters

Number of Vvertical isplayed

Characters(Nvd)

display Period

i
i

oAy

N —
!
|

Vertical retrace Period

—_—

- Voruze: Total Adjust(Nadj)

Fig. 7=1 CRT Screen Format
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The relaticn berween vmus of Refresh Memory Ad-
dress tMA,~MA) ;) and Rasier Address (RA,~RAL) and
the Gisplay position on the screen is shown in Fig. ~-i0.

Fiz. ~-10 shows the case whers the vaiue of Start Address is
0.

7.2 Interiace Controi
Fig. -2 shows an 2:xampie where the same character is
displavec :n non-intzriace mode. nteriace sync mode, and

video mcce.

Raster Aacress Even Oda Even Odc
M Fieid Fieid Freic Freid
0 0
S oo 0 R Q-
1 o o o o
- -~ - o & - =
- —_—————— --1 —_——{(Ym———— —— -3
" ~ o\ 2 o0 o
I/ A 4 o
__EE_ ______ _E;:_7 __53___.__.._ -3
1— < 3 é 8 é
— v (— — — —— — — — ___3 — ] — —— — — — — — — —
o o o " oo 0
4 A2 A A N A * é
——5—25—25— —(j%——& —————————— —_————
5 o o 5
A < 2
—_—g——_———— -5 ——— e o -_———3
o o\ 8 . Next
8 — ~ Line
~ - —_———————g— -3 —_—————m === ]
fau'
1—C A= 7 8

Non——nteriace Moce

Interiace Sync Mode

Interlace Sync &
Viceo Mode

Fig. 7—2 Interiace Control

In interlace svnc mode, the raster address of even field
and odd field are the same and display the same character
pattern. In interiace sync & video mode, the character

~ pattern of even number raster address is displayed in even
field. The character pattern of odd number raster address is
displaved in odd field. Therefore, compared with the
characters in non-interiace mode and interiace sync mode,
the size is one-half of them vertically. Fig. 7-7 shows the

output wave form of vertical sync in interlacing.

7.3 Cursor Control

Fig. 7-3 shows the display patterns where 2ach vilue is
programmed to the cursor start raster regsier and the
cursor end raster register. Programmed values ic the cursor
start raster register and the cursor end raster regster neesd
to be under the following condition.

Cursor Start Raster Register SCursor End Ras:ter Regis-

terSMaximum Raster Address Regster

Time chart of CUDISP output signai is shown in Fig. 7-§

and Fig. 79.

0 : i ' ! ! 0 i | i 0
1 i ; 1= . 10000
2 - . 9 L . ‘ 2 OO
1 ' | ~ ' ] ] A A A A A
8 , 83— ; 31 00009
* ' 4 ; s -0
5 : 55— . , 5 O0-65€eS
| b :
3 : , 8 ——— - } 6 —
? , 7 : ‘ 7
P ] Do ‘
8——r , 3 — i 3 —
-0-0-Cco<S<S0 R e e S 9
10— ; 1060006 10
Cursor Start Accress =9 Cursor Start Agcress =3 Cursor £2¢ Acgress = S

Cursor Enc Acoress =% Cursor Eng Accress =10 Cursor S~c Acgress==
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* Time Chart of Raster .

Line Period

Line Penod
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Vedtical Tunn Chint
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Fine Adjustment

Tadj: Period of Frame
Period
Tabj=Nadj-Tg

Tvew Verical Sync

Pulse width

Tvgw::=16-1p
(Fixed)

N
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! o ‘

= of e oo Volrace Relrace  Poriod e e m e m e e Vortical  Display Period

] Fine Adjustment Period of :

] .‘_w Frame Penod ‘l .

I“—_“ o 1 Tey =Nuy-Tn ]

rre Rad o [ ] 2 ] [n ] o] 0] Pag ]l o T VT 2] [l o] 2]
| 1 . |
| ]
e e m e i e s —
Ling Namber Nt E;/_//://rz;//’_‘/:’{/{;é‘— //Z 0 ] 1

| I :
! ]
|

DISPIMG

- e s o . G G . G- - = - = —— G S = S — —
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Interlace Control

NOTE! In interlace sync & video mode, maximum raster address(Nr))shall be odd
2 In interlace mode, Nht shall be odd
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Cursor Register=Nyg42
Cursor Start

Raster Register=1
Cursor End

Raster Register =3

are Programmed in cursor display mode

In Llink mode, it 13 changed nto display
mode when frame period 1s 16 or 32 -time

period.

Fig. 7-10 Refresh Memory Address (MA0 MAB)

Valid relresh mamory addess (0 Nvd'Nluf”
are shown within the thick ine square

Rofresh manory address are providoed even
duing honzontal and Vartical retrace ponod
This is an example in the case winxe the
programmed value of starl adikess registor is 0.




S. Electricai Characteristics of the CRTC

8-1 Maximum Ratings
Tapie. 8—1 Maximum Ratings

! item Symbot Vaiue Unit
' Supply Voltage Vee ¥ -0.3~=70 \Y
Input Voltage v F-03~-70 Y
Operating Ta =20 ~+75 | °C
Temperature Range !

i
Storage | Tstig 0 =S5 ~+150 | °C
Temperature Range !

_NOTE Permanent LSI damage may occur if maximum
ratings are exceeded. Normal operation should
be under recommended operating conditions.

these conditions are exceeded,
reliability of LSI.
* With respect to Vss(SYSTEM GND)

it could -affect

~

- 8-2 Recommended Operating Conditions
Table. 8—2 Recommended Operating Conditions

I7

yp ' max 1Umt

Acceptance (Fig. 8-2)

Taple 8—< AC Characteristics
[tem Symbie min tvp max U=
i Clock Freguency fc — — 3.0 MHz
! Clock Puise Width. Low PWer 150 — — ns
- 1 Ciock Puise Width. High  PWew '1500 — — ns
Rise and Fall Time e | — = 13
For Clock Input tcr | — . — I3 ns
Memory Address Delay aD | _ :
Time - | x 160 . ns
Raster Address Dcla}:ﬁmc tans ‘ - — 160 mns
Display Timing Delayﬂmc bTD ( — i — 250 ns
Horizontal Sync Delay i i
Time lHsD | 250 | ns
Vertical Sync Delay Time | twsp | — | — 250 ns |
Cursor Display Delay ; P
U T e e | = 250 s
Light Pen Strobe Pulse L4 oenl
Width ,P“LPH : 80; : ns
Light Pen Strobe Lo | — ; — 80
‘Uncertain Time of ; , [ s <
v-lpp2 | — | — 10

8-3 Electrical Characteristics

Table.

Vee=5V =5%.

ltem ! Symbol | min -t
| Supply Voltage. Vee | 475 5 15.25 r Vv
Vi =03 — 1 08]V
4 Input Voltage _ - - }
PV 4 207 — | Veo! V
. ; ; ! |
| Operating 5 l-20:25 175 | C
Temperature Range | | i

8—3 DC Characteristics
Vss=0V, Ta==20~<+75C

8-4 Bus Timing Characteristics

Table. 8—5 Read Sepuence

1

Item

Symbol. min ityp | max | Unit

{ Test i
Item ISvmoolicondl- min jtyp'maxlUm:
: tion : ‘
Enabie Cycle “['ime;t evee | — [ 10— — s
Enable Pulse Width ! ‘ [ :
CHigh~level tme)| P¥en | 0.451 I
Enable Pulse Width | py. | 0401 |
("Low™level time): Ly s f
Set Up Time i { ] L
ADDRESSENABLE| W5 | — | 140 s
Data Delay Time | wor . — ! — '— 320 ns !
Data Hold Time D w - i 10, — — ns |
Rise & Fall Time ! A R R !
for Enable lnpu(g ter /ter | ; -
Address Hold Time | taw | — |10 /= — ns ,
IlData Access Time | tacc — | — 1= 360 ns t

]
]
Input High Voltage Viu 20] — | Vec| V
Input Low Voltage v =03] —1 o8]
Input Leak Current RN — 1o 25 uA
Three-State Input Current |
s | — 12.0] 10] A

ViNn=0.4~2.4V Vcca5.25V
Output High Voltage , |
ILoap = —205 A Do~D> | FVON :‘4’ I I
Iloao = —100uA
All Other Outputs
Output Low Voliage , 5

) Vou — =1 04V
ILoap=1.6mA
1
‘ Input Capacitance |
Do~D- Cn = — a5 PF
| All Other Inputs £10.0,
- Output Capacitance Cour  — — 10.0: pF
Power Dissipation Ps -

6001000 mW|-

N
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l/,ff c
i PWe.
I
PWen 0.8v f 0.8v
|
ter
Vv
x— 0.4v
MAgc— MAn =
|
a0 tuao ]
]
T 24V
. Q.4v
RAo— RA4 )
taso taso
J
' 24y
' !
!
0.4V
“DISPTMG i |
! !
S —
toto ! toro !
|
2.4V
1
!
| |
i . 0.4v
cuotse 1
teoo t o0 !
/[ 2.4V
HSYNC
VSYNC
P —————————————————————
tuso l twso i
tvso tvso
|
20v
PW. o
|
LPST8 !

This Figure snows the reiation in time Zetween
CLK signal and each output signals. Cuitu! secuenca
1S snown in Fig. 7—4 ~Fig. 7= 3.

Fig. =1 Time Chart of the CRTC



MAc-MA,,X M |

LPD2

Memory Address'M+2' Is set into the

AV

M -+ 1 x M ~ 2 x X
L
/B \
LPSTB o.8v
rr
2,oi/—7L—- v
. LPSTB
- F :
i \\—— When LPSTB rises in this perioa, Refresh

»

light pen register. Lo

)

‘LPDI' tLP02 : LPSTB' s uncertain time

ot acceptance.

. Fig.8—2 LPSTB input T’iming & Refresh Memory
Address that is set into the light pen

" register.
Table. 8—6 Write Sequence
© 0 Test i 3 :
Item | Symbol : condi- | min |typg max | Unit
; tion; P ;
Enable Cycle Time ' tevee — | 100 — — | us
Enabie Pulse Width | PWey j0.4s |
("High"level time) | ! S
Enable Pulse Width | PWeL 10.40 : | #
("Low"level time)§ L l
Set Up Time Ltas = 140 —  —ins
Data Set Up Time tosw — 195 : - - 1 ns
Data Hold Time ' - 10— —ns
Rise & Fall Time ¢l T R B
for Enable Input = ¥ : | g ms
Address Hold Time  tan - 10— — ''ns

IRIGEEE b F W YIS T
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cs 2.0v : i
| | I
0.8V ‘ |
R/W. RS

Fig. 8—3 Read Seguence

€ i
e
l
. l
cs 20v | l
R/W ‘ |
RS( Adaress | . i ;
Register) | i
RS ' 0.8v ! | {
(Controi Register) | -ty -
— ity —!
2.0V
On~0n
7— 0.8

ig.8—4 Write Seguence
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S. How to Use the CRTC

S 1 Interface to MPU

"As shown in Fig 9-1. the CRTC 1s  connected with
. the stancaré bus of MPU to control the data transter

between them. The CRTC address is determined by CS
- and RS. and the R ‘W operation is controlled by R/W

and Enable signals. When CS 1s “Low™ and RS is also

“Low". the CRTC address register is selected. When CS

1& "Low’ and RS is "H:izz" one of it internai registers
15 setected.

RES is the system rese: signai. Whern RES becomes
“Low". the CRTC internz. control iogic is reset.  But
internal registers shown 1n Tabie 6-1(Ro~Ri:) are not
affecteb by RES signai and remain unchangeg.

The CRTC s designed so as to provide an interface
to microcomputers, but adding some  external  circuits
enabies an interface to other data sources.

ABo~» RS
HD46800 CRTC
MPU = .

- VMA ~] —-I[ -4 ¢cs

R/W R/W
2] . 3
DBe~7 K& _A 2 N Do~1
RESET

Fig. >—1 Interface to MPU

92 Dot Timing Generating Circuit .

CRTC's CLK input (21 pin) is provided with CLK
signal which defines horizontal character time period from
the outside. This CLK signal is generated by dot
counter shown in Fig. 9-2. Fig. 9-2 shows a example
of circuit where horizontal dot number of the character

S—Counter
HD74163 &

e
Qc Q1 Q2 Qs

b= L OAD P /S REG-N

is “9". Fig. 9-3 shows the operation time chart of dot
counter shown in Fig 9-I. As this example shows
explicitly, CLK signal is at "Low™ level in the former half
of horizontal character ume and at "High" level in the
latter half. It 1s necessary to be careful so as not to
mistake this polarity.

o P/S SHIFT
REGISTER

DOTCP—P

CRCP—? 10 CRTIC(CLK)

Fig.—2 Dot Counter

™
£

W’

4
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|
Qlﬁ f———-L j !
QJ J I— r—l
LOAD P/S REG—N
— L L
CHCP=P (CLKD | o
S, Or;e Horizontal ‘

Character Time

Fig. 9—3 Time Chart of Dot Counter
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9.3 interface to Display Control Unit

Fig. 9-4 shows the interface between the CRTC and
display control unit. Dispiay control unit is mainiy
composed of Refresh Memory, Character Generator, and
Video Control Fer refresn memory, 14 Memory
Address line (0~ 16383) max are provided and for charac-
ter generator, 5 Raster Address line (0~31) max are

provided. For video control circuit, DISPTMG, CUDISP.

circuit

signal is used to control the blank period of video signal.
CUDISP signal is used as video signal to display the
cursor on the CRT screen. HSYNC and
VSYNC signals are used as drive signais respectively

Moreover.

for CRT horizontai and vertical deflection circuits.
Outputs from video control circuir, (video sigrals and
sync signais) are provided to CRT dispiay unit to control

the deflection and brightness of CRT, thus characters

HSYNC, and VSYNC signals are sent out. DISPTMG are displayed on the screen.
14 MAX Refresh
MA Memory
crre H
A | 5 MaX Character
Generator
DISPTMG
- ]
CUDISP viceo |
’ Signais |
HSYNC viceo  Control T | |
- Signais
LK ySYNC o )

‘ace ¢ Dispiav C

cntror ounit

R I N S



contro: uni s snows how o use DISPTMG and
CUDIS? s
ume. DISP

of paraiiei-seriai converter 10 controi bianking of cnaracter

nals. By celaving for one or two-character

- un

MG signai synchronizes wilid outpul uming

video signai. By delaving for one or two-characier ume.
CUDISP signal 1s muxed with character videc signal.
Whether ceiav ume of DISPTMG and CUDISP signals
should be one or two-character time. moreover. whether

LATCH register 15 necessar. for output ‘rom  rerresh
memaory of noi. are deteriusel. as snowa in Fig S&f ooy
the reiations among One norizanlai character time deiay
time of Memory Address. access time of reiresn memon.
- and access ume of character generator '

For reference. ume chart irom refresh memory adcress
MA to video signal in the case of two-character tume
delay 1s shown in Fig. 9-6.

CHCP=N »
|
cupisP |
-DISPTMG
- CRTC
MA Refresn
—]
Memory
RA
CLK

N Acce!s{s Time of ;LATG'!; F., F» . F: F=

Case M and CG
RM Access—-CG ] ‘ , :
1 Access,; N N N N i N
i >teH—1MaD ; ' ' i ‘

‘RM Access+CG |
5 Access! N

- <teh=1MAD l

-P
Cialidd } DOTCOUNTER ’-—q—.

"NOTE! N Necessary
UN : Unnecessary
teu ¢ Cycle time of CHCP

tmap . Delay tme of MA

Fig. =5 Display Control unit
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chHep-p j———————]______}—————————- -______j_______ _———?______._1 4{
--'“m RPN i
= Refresh memory address 07 is accessed.
MA ]( 0 X 1 X 2 - X 3 X
tCDD
X LS
cupI S 1
Fu

o \ )

DISPTMO

Fa |
\ Output of contents of address O ?
ot X1 X X o X1 X X2 X X X

\ Data hold of address O

taten K X 0 ' : " 3 ( 5

~

—
COOU"W?( X A X0 X X1 K X 2

\ Serial Conversion video signal of address O
VIDEO 0 ] ! 2

CHY Display \

Fig. 9-6 Time Chart of Display Control unit
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S:4 Interface to CRT

To Jissiay video signals such as characlers on the
CRT. svnc signals wnich drive the deflection circuit of
CRT disoiay unmit and video signais which modulate
brightness of an eciectron beam are needed. The ways
in which tnese signals are interfacec are different according
to the CRT display devices.

Fig. 9-7 shows faur typical types of interfaces to CRT
dispiay unit. Fig. 9-7(A) shows the way in which HSYNC,
VSYNC. and VIDEO signals are interfaced separately to

CRT dispiay urit, Fig. 9-7(B shows the was in wnien
tne mixed signai of HSYNC anc VSYNC signais ov
EXCLUSIVE-OR GATE and VIDEO signal are interfaced
to CRT dispiay unit. Fig. 9-7/C) shows the way in which
composite video signal of HSYNC, VSYNC. and VIDEO
signais by Mixer 1s solely interfaced to CRT display unut.
Fig. 9-7(D) shows the way in which composite video signai
is moduiated :nto high-fre quency signal by RF moduilator
and connected with antenna terminal of TV. This way is
used in video game machines.

A Driv
(A) ~
HSYNC -1 0 J B
’ CRT
| ] p
VSYNC o] 4 Drsplay
:—'—J unit
VIDEG ILD r[ - g
(B) - ’ i Driver
SYNC I D ] q
VSYNC ) CRT
Display
1 unit
VIDED o] q
| |
(©
HSYNC
. CRT
] Composite Video
VSYNC g q  Display
unit
VIDEC
pre——
HSYNC N
Q
5 K ,A J
VSYNC z 3 bl ™
= ; Y
VIDEC g \f
S !

\To¢ Antenna Terminai

Fig. =7  Interface to CRT Display unit
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How to Decide Parameters Set on the CRTC

dle. 9-1 shows parameters wnich are necessary for

CRT aispiay. Some of them are decided by the specification

-

of CRT display unit (Monitor) and others are decided by
the dispiay format on the screen. Moreover, CRTC internal
registers wiich are related (o setting these parameters are
snown 1n this Table.

Table. 9—1 Parameters For CRT Display

I : Specification ! Screen CRTC
tem lof Monitor ‘FormatiRegisters
Dot Number of i~ !External
Characters (Horizontal) .~ i Circuits
| Dot Number of : I '~ | R,
Characters (Vertical) : P~
Numbper of Horizontai ~ : l Ro
Total Characters ' ~ ‘
Number of Horizontal | A I~ R,
Displayed Characters | o~
Horizontal Sync Position| G; ! i R:
Horizontal Sync Pulse | A | R,
Width i ~ g
Number of Vertical ! ~ | :
Total Characters ' ~ i g Rs
Number of Vertical : | |
--| Dispiayed Characters a . C | Re
Vertical Svnc Position - ; I Ry
Scan Mode C ¢ Rs
( -Cursor Dispitay Method Z 'R, Ru
- |Start Address C  "RuRap
Cursor Address i © C iR R
A-e-+-Under the restriction of speification of CRT display

unit. (Monitor)

S:5:1 How to Decide Parametars Based on Speci-
fication of CRT Display Unit (Monitor)
(1) Number of Horizontal Total Characters
Horizontal deflection
specification of CRT display unit. Number of horizontal

frequency fy is given by

where,
t. : Cycle Time of CLK (Character Clock;
Nu . Programmed Value of Horizontal Totai
Register (Ro)
(2) Number of Verucai Total Characters |

Vertical deflection frequency is given by specificaticn
of CRT dispiay unit.
is determuned by the {oilowing equation. (Ref. 9:5:2(4))

fn
(Na+=1)(Ne=1)+Nyg

Number of verucal Total characters

£
iv

_ 0
R
where,
R : Number of Total Rasters per frame
(Including retrace period)
. Programmed Value of Vertical Tortal
Register (Ra)
Programmed Value of Maximum Raster
Address Register (Rs)
! Programmed Value of Vertical Towi Adjust
Register (Rs)
(3) Horizontal Sync Pulse Width
Horizontal sync puise width is programmed to hori-

Ne

zontal sync width register (R3) in unit of horizontal cha-
racter time. R; is a <-bit register, so programmed value
can be selected within from | to 1S5,
(4) Horizontal Sync Position

As shown 1n Fig. 9-3. horizontal sync position is nor-
mally selected to be in the middle of horizontai blank
period. But there are some cases where its opumum
sync position is not located in the middle of horizonta)
blank period according to specification of CRT. Ther-
efore, horizontal svnc position should be determined by
specification of CRT. Horizontal sync pulse position
is programmed in unit of horizontal character tme.

1H ,
i
DISPTMG S —_— S
rorzontai n Horzontal Horzontal —
Video Penoa Slank Video Pernod
Hsyvc Jl n
Fig. 9—8 Time Chart of HSYNC

(5) Verucai Sync Position

As shown 1 Fig. 9-9.verucai sync position s normaily
seiested to be in the muddie of
But

posiion 1S not

verucai biank perioc.

there are some cases where (5. opumum svnac

located n tne verucal biank

period according o :pecification of CRT. Therelore.
verticai svnc position shouid be determined dy specifi-
catien of CRT. Vertuczi svnc puise position 1s programmed

10 verticai sync position register(R-) in unit of line perioc.



verixca

——— Verca) \/ert;:ae J—
Viceo Perioc Siank Vigeo Feroc
DISPTMG — ¢ " e T 7 e
YSYNC n

= Fig. 9-9 Tiume chart of VSYNC

+ 9.5.2 How to Decide Parameters Based on

Screen Format

(1) Dot Number of Characters(Horizontal)

Dot number of characters (horizontal) is determined by
character font and character space. More strictly, -as-

shown in Fig. 9-2, dot number of characters (horizontal)

N is determined by external N-counter. .

(3) Number of Horizontal Displayed Characters
Number of horizontal displayed characters is pro-
grammed to horizontal dispiayed register (R)} of the
CRTC. Programmed value is based on screen format.
Horizontai display period. which is given by specifi-
cation of horizontal deflection frequency and horizontai

= —retrace period of CRT display unit, determines horizontal
“(2)y Dot Number of Characters(Vertical) . character time. being divided by number of horizontai
Dot number of characters(vertical) is determined by displayed characters. Moreover, as Fig. 9-10 shows the
character font and line space. Dot number of characters access method of refresh memory, its cycle time and

(vertical) is programmed to maximum raster address access time which are necessary for CRT display system
- ., register (Ry) of the CRTC. When N, is programed are determined by horizontal character time.
- value of Res.-dot number of characters{vertical) is(N.+1). ’

. ‘1‘

Horzonta! Deflection Perbd=71~ l

| Horzontai retrace Perod

Honzontal Disoy penoc

[

Number of Horzontal Displayed Characters

e oy

1

!
te
)

| ‘ . - Horzontal Dwsplay Pariod
Horwzontai Char r rime
orzontai Character Ti Numper of Horzoniai Uispiayea Cnaracters

(4) Number of Vertical Dispiaved Characters
Number of verucal dispiayed characters 1s programmed
to vertical displayed register (Re). -Programmed value is
based on screen format. As specification of vertical
deflection frequency of CRT determines number of total
rasters(R,) including verucal retrace peniod. CRT which
is suitable for desired screen format shouid be selected.

Vertical Displayed Characters (Nva) —~ Number of
Characters during vertical retrace period

Ri=(Nu= )N, +1)+Ny+0.5 (Interlace Mode)

For optimum screen format. it s necessary to adjust

number of rasters per line, number of vertical displayed

characters, and total adjust raster (N,q) within speci-

fication of verucal deflection frequency.
The relation between number of veruicai dispiayec chara- (5) Scan Mode

cters and number of total rasters per frame shown in The CRTC can program three scan modes shown in

L
§-5.2(2) 1s shown in the foliowing equation. Tabie. 9-2 1o interiace mode register(Rs). An exampie

Ri=(Nu=1)N.—=11=Ny, (Nor Interlace Mode) of character display in each scan mode 1s shown In

v ; Fig. 7-2. l
Number of Verucal Total Characters = Number of

DR satemA LY
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Tapie. 9—=2 Srcgram of Scar Moce

>
)

* Scan Moce Main Usage

3

0o 0 . _ Normal Display of
Non-Interiace '
P 0 Characters & Figures

Fine Display of Characters
0 | Interlace Sync )
& Figures

- Interiace Syvnc .
Incerla ’ & Figures Without Using

|

i Display of Many Characters
Vid

{ & Video High-Resolution CRT

L

"NOTE? In interiace mode. the number of times per

) sec. In raster scanning on one spot on the
screen 1s haif as many as that in non-interiace
mode. Therefore. when persistence of lumine-
scence 1s short. flickering may happen. It is
necessary to select optimum scan mode for
the system. taking characteristics of CRT,
raster scan speed. and number of displayed
characters and figures into account.

(6) Cursor Display Method :

Cursor start raster register and cursor end raster
register (Rio, Rii) enabie programming the dispiay modes
shown inTable6-3 and display patterns shown in Fig.
7.2, Therefore, it is possible to change the method of
cursor display dynamucally according to the system

conditions as 4ei. as 0 reaiize (e Tursct Jispiay ihat
Tesls the system requirements
(T Start Address
Start address rsgistersiR.:. R ;v give an otfser to the
iddress of refresn memory to read out. This enadies
raging and scrolhing easily.
(8) Cursor Register
Cursor registers(Ri. Ris) enabie programming che
cursor display position on the screen. As for cursor
address. it 1s not X. Y address but linear acdress that
1s programmed.

S-6 Reiation Between Number of Displayed
Characters and Memory Address

Refresh memory address of the CRTC(MAc~MA ) s
linear address which starts from the value of start address.
It does not need the address conversion circuit 1n wide
use that determines the address of retfresh memory to read
out by line address and row address and can be used
without change. ) ;

Moreover. as start address registers(R.2, Ri;) enable to
change the initial address of refresh memory dynamically,
paging and scrolling are easily possible.

Fig. 9-10 shows memory address i1n the case where start
address is "0” and number of displayed characters 1Is
640 (40 characters.iine x 16 lines).

Horizontal
b Honizontal Dispiay Period Retrace Perioc
Raster O | o [ : ( 2 361 39 § 0 | %142 ez s3] |
N sl e —m
Raster 11} 3 ? 3 38 l el 40| 41| ¢ l62 | 83 |
%0 411 3 78179 {80 81| & i:oz R
5 . : : B : B —_— : |
40 | 41 | 22 78 | 79 { 30 81 sz 16223 !
1:51::9 12012t iz ;42"43 f
vig{:ief120(:21 (122 132013) <
T
1’ i | ¥y ' il R
fd f - ’ o
; | i ! i @2
i o 2
' 1 | ! 3
Lo o ‘
1l i i i ' <
! | ’ : ' 2
. f :
i ' i &
i
$98 |39 600 {601 sc:l 632 :
ST B P N l22 ‘
Raster 0 |635 3394540541 5-‘2| IéGZ $d 1
Raster 11 eisisiadsio]sat|sez! isézleézl
ls:siérs 580681682 ! ;7::1':35
638578580881 |82z | l-2p1-45] |
T <
| | | 1§
| | 153
758(753(758C| 761|764 <
—_——— : M . M . 2
755"59 7é0| 61| 2éz 3
V. Agg 0 798| "531300) 801 (8ct ] =
4 :rés"ee sbo|sb1]edz!

Numb e 2+ =grizontar Teotar Characters: &4
Numoer c* =orzentar Dispiayes Characters
Nurmces ¢ vertica Tota Cnaracters: 18
Numper =+ vertizai Dispiayec Characters N

Sim G N

5. & T Rewtion ocetween Numper

Numoer of Rasters per .ne: .l
vertcas Totat Agust: S
Start Azcress: 0
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S-7 How to Use Start Address

Start adcress controits the mitiai address of refresh
memon o read out and gives an difset 1o refresh memroy
adaress within 14-bit.

Fig. S-i! shows an example of paging to which stant
address 1s apphied. In Fig. 9-11. there are refresh memories

~for 8 pages. Setung imitial address of each page to start

Page O
Ly ’///’///
/ VRS
Retresn L./ /77 /.
Memory .
n 2
v 3L
CRT
Screen,
v 4 ) .'_
201 :;
V-
ro 7

Fig. 9—11 Paging

9-8 How to Use Cursor Register

Cursor register is a register used to specify cursor display
position on the screen and its contents are controlled by
MPU. Cursor address is linear address and is itself refresh
memory address of the character displayed in the cursor
position.

In changing start address to =A x for paging and
scrolling, it 1s necessary to change cursor address to = A X.

9:9 How to Use Light Pen Register

The CRTC adopts a 14-bit light pen register. When
light pen detection pulse is added to LPSTB (3 pins). the
values of memory address (MAo~MA);) are stored. As
Light pen detection pulse is = asyncironous Wwith memory
address timing. so its intemal synchronization circuit makes
the detection operauon certain. The detection address
involves the delay time of the system(from puise output of
light pen after a character is diibiaycd on the screen and
light pen detects it to LPSTB input of the CRTC), so its
value needs 1o be corrected in software. Light pen detection
address 1s 1self refresh memor}"addrcss. When cursor is
moved to light pen detect:on posiuon. the vajue corrected

20 pTACHS

[ e o

address registersi R:z. R.;s enapies to dispiay an opucnai
pags In a moment

Fig 9-12 snows an exampie of scrolling to whicn siart
address 1s apphiec. In Fig 9-12. changing start adcress
jxriodlcali_v enabies t0 move the data to be displayed for
plurzl pages successively on the CRT screen.

Page O
1 Down
7077
V2D //
Refresn “ s 4
Memory V, I
7 2
_‘- " v3 _A .
CRT
Screen
v 4 .
) -
" [
v 7.

Fig. @12 Scrolling

in software is written into cursor register. When the
character indicated by light pen is read out. the corrected
value 1s used as refresh memory address to read out. As
for frame address that light pen indicates. siart address
needs to be excluded from the corrected value because the
corrected value is also modified with start adress.

Fig. 9-13 shows a typical example of light pen contro: -
circuit.  As shown in Fig.9-13, some external circuis

enable to use light pen. There are some ways of interfacing
between light pen and MPU. These are:

(a) Interrupt Method

(b) Program Scan Method etc.

SN
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-t-u-uua-ullﬂlﬂq.ﬂ‘

—F—
LPSW v .
| CRTC
A
R
Q
Q
One Shot S
~ N [ I
LPOUT | | I l > LPSTB
]
l MPU
S

. RES

INTREAD—=N(CS - R/W, ¢ 2)

Fig. 9—13 Light Pen Centrol Circuit

Fig. 9-14 shows an interrupt method of interfacing. When LPSTB signal is provided to the CRTC, iight pen
When light pen detects light, LPSTB signal andan interrupt sets up a detection FLAG. MPU reads out this FLAG
signal I-Rﬁ are respectively provided to the CRTC and periodically and when FLAG is "1™, the contents of light
MPU. Fig.9-15 shows the program of this interrupt pen register are read out, Table. 9-17 shows the program
method. of this program scan method.

Fig.9-16 shows a program scan method of interfacing.

(o] Q
] o8
' [] LIGHT PEN
_ LPSTB
RQ
LIGHT PEN '
CONTROL

Fig. ©—14 Interfacing of Light Pen
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LOAB LPH ADDRESS
INTO ACCA

STORE ACCA INTO
ADDRESS REGISTER
LDA A A0~-1 LOAD LPH DATA

INTERRUPT LDA A =it

STA A AC

INTO ACCA

LDA B =17 LOAD LPL ADDRESS
INTO ACCB

STA B A0 STORE ACCB INTO

ADDRESS REGISTER
LDA B AO0-1 LOAD LPL DATA
INTO ACCB

RETURN FROM
= INTERRUPT_ .. = .

Fig. 9-15 Read Operation of Light

Pén Register

=) o
I
LPSTB LIGHTPEN
FLAG -
LIGHTPEN
CONTROL

Fig. 9— 16 Interfacing of Light Pen

LDA A LPFLAG LOAD LPFLAG INTO ACCA

BIT A =1 BIT. TEST

BEQ * =3 TRY AGAIN IF LPPLAG=0

LDA A =16 LOAD LPH ADDRESS INTO
ACCA

STA A A0 STORE ACCA INTO ADDRESS
REGISTER

LDA A A0-I LOAD LPH DATA INTO ACCA

LDA B =17 LOAD LPL ADDRESS INTO
ACCB

STA B A0Q STORE ACCB INTO ADDRESS
REGISTER

LDA B AO0=| LOAD LPL DATA INTO ACCB

CLR LPFLAG CLEAR LPFLAG

.17 Reat QOperation ¢f Lgnt Pen Register

22 HITACH!

S 10 Access Methoc :c Refresh Memory

For CRT dispiay wiur :ne CRTC. refresn memory s
accessed by CRTC's memory address (MAc~MA:; to
refresh the screen periogicaily and also accessed by MPU
in changing the contents o be dispiaved As for access
method by MPU. there ars asynchronous access method
that has no relauon to the display condition and synchro-
nous access method that avoias the display period. Fig 9-18
shows an exampie of asvnchronous access methods In
this case. MPU address speciiies refresh memory address
and the output of address multiplexer is switched over to
address bus side. Therefore. a part of the screen may
flash in a moment. Fig. 5-19 shows a program of asyn-
chronous access method.

Fig. 9-20 shows an example of synchronous access
methods. In this case. MPL reads out DISPTMG output
of CRTC and only when DISPTMG is “Low"(horizontal
and vertical retrace periods). refresh memory is accessed
by MPU. In synchronous access method. there 1s no
competition between MPU access and dispiay access. the
screen doesnt flash. Fig. 9-21 shows a program in this
case. . . .

Fig. 9-22 shows another example of synchronous access
methods. In this case. a character time is devided into
MPU access time and display accesstime In MPU access.
time MPU is synchronized by stretching MPU clock ¢:
by READY signal till its access is finished. Fig. $-23
shows a program of this case.

Moreover, as there are many other access methods
including these typical exampies. the most reasonable
method should be selected according to each system.

AB MA
,m}
C ] |
VMA . MPX
MPU CRTC
RM
~ I
i ! I
b A )

o8

Fig. =18 Asynchronous Access to RM

»




STA A RM STORE ACCA INTO RM LOCATION

LDA A RM LOAD RM LOCATION INTO ACCA

Fig. 9-19 Program of Asynchronous Access to RM

DISPTMG

AB |

VMA
oec | ).—-ls MP X I

MPU CRTC

RM

=)
>
SR
V——7
.
—a

LDA A DT LOAD DISPTMG INTO ACCA

BIT A =l BIT TEST

BGT x—5 TRY AGAIN IF DT=I

STA B RM STORE ACCB INTO RM LOCATION

LD LOAD DISPTMG INTO ACCA

BIT A =1 BIT TEST

BEQ x—5 SKIP IF ACCA=0

LDA B RM LOAD RM LOCATION INTO ACCB

>
p
o]
3

Fig. 9-21 Program of Synchroncus Access 0 RM (D)

l Fig. =20 Synchronous Access to RM (1)



AB MA
i ' I § '/
! . | i
N ‘J A
- = DEC ] [ M P X S}—_T_-‘J
Sl ! e
| li CHCZ
MPU l DELAY‘ l CRTC
RM |
READY I T
_Fig.9—22 Synchronous Access to RM (2)
STA A RM S'f'ORE ACCA INTO RM LOCATION
N ~LDA A RM LOAD RM LOCATION INTO ACCA o
s
Fig. 9-23 Program of Synchronous Access to. RM(2)
10. Program of the CRTC
10-1 READ/WRITE Operation of Internal Fiegisters
As shown in Table. 6-1. the CRTC has 18 internal v
registers and | address register that specifies address of WRITE REGISTER NUMBER
these registers. INTO ADDRESS R:3.57%2
Thereiore, READ WRITE operation of internal registers
should be done through 2 steps in a pair.
STEP |. Register address is written 1nto address register -
by STORE command. v READ or WRITE OFZ2ATION
STEP Z. The contents of the specified register are read of INTERNAL RED.SER
by LOAD command. or are written into the .
specified register by STORE command. !
READ WRITE procedure of internal registers 1s shown - Y
in Fig. 10-0 and an exampie of its program is shown in
Fig. 10-2
When zddress register is accessed. 1l is necessany o
assign ageress so that RS may pe "Low (pin 23, When Fig. 10—1 REIAD WRITZ =-cczzure ¢of interna -
, P
an inietnz. register is accessed. 1I s necessary (o assign Register -
-

acdress so :nat RS may be "High™

- R ek W an RS 2
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DA -5 LOAD REGISTER NUMBER INTO ACCA
$TA Y STORE ACCA INTO ADDRESS REGISTER
DA Ae:  LOAD CURSOR LOWER BYTZ INTO ACCA

(DA A =zis  LOAD REGISTER NUMBER INTO ACCA
STA A A STORE ACCA INTO ADDRESS REGISTER
LDA A DATA LOAD WRITE DATA INTO ACCA

STA A Awi  STORE ACCA INTO CURSOR LOWER BYTE

REGISTER

Fig.10-2 READ/WRITE Program of Internal Register

10.2 Initializing Program of the CRTC
For desirable display control function of the CRTC,
it is necessary to initialize 16 internal registers except

light pen register ziter the system power sSuc2iv Iy es-.

taptished by power on.

Fig.10-3 shows 2 Jowcharr of initiaiizing gregram and
Fig.10= shows the program based on this Zow chart
In this example, the aumber of program steps :s Zecreased
bv looping the program. storing the imuializinz cata in
order of register acdress in a table.

Table.10-] shows an example of iniualizing vaiues
for character display In this case, there no paging
and scroiling. So start address should be aixays “O"
Cursor's imualizing -position shall be usually :n home
position, though it can be anywhere within vaiid memory
address of system( 0~639in Table.10-1).

When cursor address 1s out of valid memory address.
it is necsssary to be careful because cursor dispiay posi-
tion is not guaranteed. Table. 10-3 and Table.: 0% show
an example of iniualizing values for full graphic display.

=

[~

14—14<]

IXR ] CA:  INITIAL ADORESS OF DATA
IXR:  INDEX REGISTER
RN:  REGISTER NUMBER

RN ]

v

[IXR-A-‘A—' IXR I

WRITE AN INTO
ADDRESS REGTSTER

OF CRTC
“ |
v
WRITE DATA IN
(IXR) ADORESS
RN + 1 = RN l INTO CRTC

Fig. 10—3 |Initializing Fiow Chart of The CR7C

LDX 2DA LOAD DATA ADDRESS INTO INDEX

REGISTER
ClR A CLEAR ACCA
ILRESTA A A STORE REGISTER NUMBER INTO ADDRESS
REGISTE
LDA 8 0.X LOAD INITAL DATA INTO ACC3

Fig. 10—4 nitializing Prcgram of the C

STA B Ase;  STORE ACCB INTO CRTC REGISTER
CMP A x5

8EQ . ILR: 3RANCH IF COMPLETE

INC A NCREMENT ACCA

INX INCREMENT INDEX REGISTER
BRA ILRi  3RANCH TO ILX
ILRe —

20
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az.e .. Specificaucn cf Craracter Dispiay: Zxamoie

Item Specinicaton

Non-interlace
15,625 KHz

Scan Moge

Hor:izon:ai Deflection Freguency

Veruca! Deflecion Frequency 60.] Hz
Dot Freguency 8 MHz
Character Dot(Horizontal x N
& x 12 i
Verucal)

Number of Displayed Characters . 40 x 16 |

tRow x Line) :
HSYNC Width i 4 s

" Raster 9~10, .
2} Blink:16Field Period '

Paging. Scrolling -_—

Cursor Display

Tabie.10-2 Initializing Values for Character Display

Iniualizing Yaluc

{ Register No. - Name g (Decimal)
Ro Horizontal Total | 63
R, Horizontal Displayed | 40 ..
R2 Horizontal Sync Position | 52
R Horizontal Sync Width | 4
R« Vertical Total | 20
Rs Vertical Total Adjust : 8
R: Vertical Displayed 16
R: Vertical Sync Position i 19 |
Re interlace Mode | 0
R Maximum Raster Address ' B
Rig Cursor Start Raster T 73
R:;  Cursor End Raster } 10
Ri: Start Address (H) i 0
Ri; ' Start Address(L) 0
Rie  Cursor (H) 0
Ry Cursor .(L) ¢ 0

Taole.10-3 Specification of Full Graphic Display

(Example)
Item Specification «
Scan Mode Non-interiace
Horizontal Deflection Frequency 15.625 KHz
Vertical Deflection Frequency 60.] Hz
Dot Frequency 8 MHz
- Character Dot(Horizontal x g
x 8
Verucal) |
Numpe: of Displayed Characters 14 52
9 . s - X Ls
(Row x Line)
Numper of Display Dot(Horizont- .
; 256 x 192
al x Verucal
HSYNC Width 4 s

Cursor Display —_

P2ging. Scroliing —_

Taole Il immiaizing czies for Full Grapmic Dispiay

Imuaiizng Vaiwe

Ragisiec No. Nams (Decmal)
Re Honzontal Tota, 63
R: Horizontai Dispiaved 32
R2 Horizontal Sync Position 47
R3 Horizontal Sync Width 4
R4 Verticai Total 31
Rs Vertical Total Adjust 4
Rs Vertical Displaved 24
R? Vertical Sync Position 28
Rs Interlace Mode 0
Rs Maximum Raster Address 7
Rio Cursor Start Raster | —
Ru Cursor End Raster i —
Riz  Start Address (H) 0
Riz  Start Address (L) 0
Ris : Cursor (H) : —

Ris  Cursor (L) ‘ | —

10.3 Program of Paging
As shown in Fig.9-11, paging is to select a desired

page from refresh memories for plural pages. Fig.10-3
shows a flow chart of paging. In this example, input for
seiecting a page is derived from page KEY. This is a
very easy program where 1nitial address of refresh memory
corresponding to the seiected page is set to start address
register.

Then. as shown in 9.8, cursor address should be modifi-
ed by the same number which start address 1s changed by.

Pl - "Q\‘

L ¥4
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PUSH PAGE XEY

V
|

READ OF KEY DATA

|

h 4

DECISION OF PAGE'N’

|

A 4

INITIAL ADDRESS* OF
PAGE'N’ IS WRITTEN
INTO START REGISTER

= Address of Refresn Memory

A

READ OF CURSOR
REGISTER

A

-~ ADD INITIAL ADDRESS
OF PAGE"N"

h 4

WRITE OPERATION
TO CURSOR REGISTER

1C.4 Program of Scrollirg
There are two kinds of scrolling. One is page scrolling
shown n Fig.9-12. In this case. the dawa of refresa
memories for piural pages are moved up ané down. The
( otrer is teletype scroiling. In this case. refresh memories
. are ‘or oniy one page. so new data is dispiaved at the
sottom line, scroiling up one line by scroll up command.

Fig. 10—5 Program of Paging

Fig.10-6 shows a fow chart of page scroiling. [n this
example. scroll key controis up and down of scrciling.
In scrolling up., when siart address is the same as :nital
address of the iast page. scroiling up 1s ignored. ‘When
sart address s the same as address of 'muai page.
scroiling down is ignorec.



PUSH SCROLL

XEY

CA- CURSOR ADDRESS
SA. START ADORESS
HD:  NUMBER OF HORIZONTAL

READ OF KEY DATA

DISPLAYED CHARACTERS
EPSA. INITIAL ADORESS
OF THE LAST PAGE

(SA=HD) IS WRITTEN |*
TO START REGISTER

|

b4

(CA—HD) IS WRITTEN
TO START REGISTER

|

SA+HD) IS WRITTEN
TO START REGISTER

|

A4

{CA=HC) 1S WRITTEN
TO CURSOR REGISTER

H

|
|

Fig. 10—6 ~Page Scraiing

Another scrolling is teletype scrolling where a program
controls start -address etc. Fig.10-7 shows a flow chart
of teletype scrolling. After scroll command has changed
the line under the bottom line to space to display new
data. only one line is scrolied up. Fig.10-8 shows an
example of addressing of tetetype scrolling.(Scroll up).
In this exampie. the number of dispiayed characters 1s
192C and refresh memory is 20<48 bvies. Relresh memory
has an excess by |28 bvtes. and address apove 2048 s
1gnored in the hardware anc the software to do teietype
scroiling snowrn in Fig.:0-8. lts higher 3 address bits
oeing ignored. refresh memony s wrapped around and

‘me 2zlCess mext ot 14T nezomes Y07 Ag refresh memory

size is more than the numoer of displayed characters by
128 byvtes. a doundary of .data in it moves successiveiy.
Therefore. READ/WRITE address of data is deterrmined
relativeiy by suart address under the control of a program
and other basic address Whether it is page scrolling or
teletype scroiiig. start address is changed in unit of the
number 27 norizontal cispiaved characters.  Then the

contenis oF cursor register snould e aiso changed Dy.

the same numbder,
Moreover, incremeni. or decrement of siart accress
easiiy es=znies scrolling :n umit of & characier-as weil as

inounit o7 @ o.ane shown in this exampie.



SCRCLL CCMMAND

v SA:  START ADDRESS
’ CA:  CURSOR ADDRESS
A4

1—.

HD:  NUMBER OF =ORIZCNTAL
DISPLAYED CHARACTERS
LENC: INITIAL ADDRESS OF
THE END LINE

LEND + HD—LEND

|

h 4

CHANGE. HD—CHARACTERS
FROM LEND TO SPACE |

WRITE (SA+HD) INTO
START REGISTER

. 4

WRITE (CA+HD) INTO
START REGISTER

Fig. 10—7 Teletype Scrolling (Procecure of Scroll Command)



initiar State
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Stan - |

Adaress |
0

g

Z

eap

1
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39
40
4 |
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{t
17
{f
14

1839
1840
1841

1619
1920
19821

2047

i—iine uz Z—ine us S—une yp
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i |
w1 <
These a0 30
First are all CE 31
DY D i
Line cnangec
to 0"
Start
Acdress
80 ,1\3 -
0 - ese
* 2l are all
changed 106
to 'O 110
Seconc First ° 111
Line Line
Sia'n
158 Address 15¢
0 ——={150
161 1¢1 .
Third Secoid ~ T [ Fest ).
Line Lines Line b
Start
230 ) 3% Address [238 |’
240 240 - 1240
< * 241 %1
T Second
N, -~ N
-« - Line
1830 31¢ 131w
1840 320 320
841 32l 321
24 th 23th
N, M~
Line Line — -~
1018 Tole 340
19820 1820 400
10821 1o22 40]
24th 23th
’ Lin T *
Line = e
These are
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to 0" 19899 100G 1990
2000 2000 2000
2001 20C]
24th
04 ot Line 7087
"74'%!9'
L []
1] 1]
USRS

Total 384—ine up brings Sack ¢ nttial state.
PO SEITAEN

25—ine up
g
~q
30
31
24th
Line »
10§
110
111
o~ >~
= S
These
are all
changed TR
te '"O" - 1700
: 1781
1289
First 5%?
Line
1040
1650
Secend 195]
Line
Start =
1029
Adcress 500
23tn
Line

-
=

Fig, 10—

“—(L.C.M. of 2048 anc 1920)+1520 x (Numoer of Drsoiayec .ines:24}

Zxampe cf

A
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caressing

the screen s hit
Teletype Scroling (2048— Worc
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new gata s pul ir

Seconc
Line

23th
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24th
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These are
all changed
to Q"

First
Line
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10.5 Program of Curser Control

Cursor s used as 2 pointer o indicate the data :nput
position on the screen. It can be located anywhners on
the screen and s usuaily controiled by cursor xeys.

These keys are the followings:

shift cursor one place to the right
shift cursor one place to the left

shift cursor one place up

) b ()

_— e . N

Ce shift cursor one piace down
HMI shift cursor to home position
—_—

Fig.10-9 shows an exampie of cursor's right shift and
down shift. In this exampie. when cursor 1s located at
the end of a line, pushing = key shifts it to the begin-
ning of next line. When cursor is located at the end of
bottom line, pushing = key shifts it to home position.
Moreover, when cursor is located at bottom line, pushing
(3] key shifts it to top line of the same row.

o-p— -
r il
! -t ! ake
1
R 1
~ " !
'
\\\ I
S . I
~ [}
b 1
N
S 1
N ]
SN [}
N e ! -
S |
~
~ |
o N0 H
~
~
. ~
N
1N
] AN [yl
! ~ -
~ |
,.------..----.,.----.;;------A‘.----_------------.4
! s
~
] ~
\ ~
] A
i \\~
1 ~
f ~
] SN
! ~ lome
R — ~ pu g
] ‘\ ]
Cmad Se=ed

Fig. 10—=9 Cursor Control

Fig.10-10 shows a flow chart of cursor’s right shifi
and Fig.10-11 shows a flow chart of cursor’s down shift.

I
i
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L
[ 48



l HD:

v
READ OF CURSOR vD:
REGISTER
SA:

|

CURSOR=

(HD.VD=—1) +SA
S ?

. YES
L 4 . \ 4
INCREMENT OF ‘CURSOR “SA" — CURSOR
A4
WRITE THE RESULT
INTO

CURSOR REGISTER

Fig. 10—10 Cursor's Right Shift

NUMBER OF HORIZONTAL
DISPLAYED CHARACTERS
NUMBER OF VERTICAL
DISPLAYED CHARACTERS
START ACDRESS

‘&A\/



-

-

! =D:
v .
vD:
READ OF CURSOR
REGISTER SA:

CURSOR
2 HD(YC—1) =S4

v B v

CURSOR + HD CURSOR~HD « (VD=1)

‘_J!__...._

WRITE THE RESULT
INTO
CURSOR REGISTER

]
|
|

Fig. 10—11 Cursors Down Shift

10.6 Program of Light Pen Control

NUMEER CF HORIZONTAL
OISPLAYED CHARACTERS
NUMBER OF VERTICAL
CISPLAYED CHARACTERS
START ADDRESS

-~

Combination of light pen with CRT display enabies
various functions such as the followings.
(1) Shift cursor to light pen position
(2) Input of address of light pen position to CPU
(3) Input of data of light pen position to CPU
(4) Move the data of light pen position to other
display position etc.

Fig.10-12 shows a ZJow chart of cursor shift. using
light pen. In this examgie, light pen and CPU are inter-
faced by an interrupt method ané a program of light
pen starts with this interTupt.

Light pen detection address is linear address and writ-
ing the correcied resuit of system ceiay into cursor register
without change enabies cursor shift to light pen position.



Sote L

|
v

READ OF
INTERRUPT REGISTER

|

4

READ OF LIGHT PEN
REG!STER

‘CORRECTION OF
SYSTEM. DELAY

¥

WRITE THE RESULT
INTO
CURSOR REGISTER

RETURN

Fig. 10—12 Program of Light Pen
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|'1. Apgiications of the CRTC

i | Monochrome Character Disolay

Fig. 11-1 shows a system oI monocarome character
axspia-y. Character clock signal(CLK) s provided to the
CRTC through OSC and dot counter. It is used as basic
clock which drives internai control circuits. MPU s
connected with the CRTC by standard bus and controis
the CRTC imualization and READ/WRITE of internal
registers.

Refresh memory is composed of RAM which has
capacity of one frame at least and the data to be display-
ed‘ is coded and stored. The data to refresh memory is
changed through MPU bus. while refresh memory is read
out successively by the CRTC to dispiay a st_.mc pattern
on the screen. Refresh memory is accessed by both MPU
and the CRTC, so it needs to change its address selec-
tively by multiplexer. The CRTC has 14 MA(Memory
Address output), but in fact some of them that are needed
are used according to capacity of refresh memory.

Code output of refresh memory is provide& to charact-
er generator. Character generator reads out é dot pattern

of a specified rasier of 3 specified characier 1 parailel
by code output of -2iresn memory and RA(Raster Adaress
output) or the CRTC and provids it out to parailel-serial
convertertP—S).  Parallei-serial converter 15 normaily
composed of shift register to convert output of character
generator 1nto a serial dot pattern. Moreover, DISPTMG.
CUDISP. HSYNC. and VSYNC signals are provided to
video control circuit. It controls blanking for output of

parallel-serial converter. mixes these signals with cursor
video signal, and generates sync signals for an interface
to monitor.

11.2 Color Character Dispiay

Fig.11-2 shows a system of color character display.
In this exampie. a 3-bit color control bit(R.G.B) is added
to refresh memory in parailel with character code and
provided to video control circuit. Video control circuit
controls coloring as well as blanking and provids three
primary color video signais(R.G.B signals) to CRT display
device to display characters in seven kinds of coior on
the screen.

Ars = Ao
MPU
r » 7 D.'-;o
|
MA
| | )
ooT CLX I MULTIPLEXER l 8US DRWERl
osc OUNTZR - T
REFRESH
MEMORY
(RAM)
RA
CRTC CHARACTER
GENERATOR
P — 3
DISPTMG
| i
cubise VIDED ! 5
VIDEO STRC [
b CCNTROL SIGNAL s °
1 vsYNG
Fig. 11—1 Moncenreme Charater Disclay
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MPL === . Ars ~ Ag

S Dy = Do

. MA
o ) = - Ji’
MULTIPLEXER '
e . LK | mu ‘L..XER] | sus oriver |
ICOUNTER [
CRTG REFRESH
MEMORY
(RAM)
oL Rra CHARACTER
GENERATOR
’ COLOR BIT(R.G.8)
DISPTMG R, VIDEO B
cupisp G. VIDEO D .
HSYNC VIDEO  CONTROL 8. VIDEO A 5
vSYNG . SIGNAL T
SYNC SIGNAL

|

'Fig. 11—2 'Color Character Display

11.3 Color limited Graphic Display accessed depends on coded output of refresh memory.

Limited graphic display is to display simple figures
as well as character dispiay by combination of writable
sympols which are defined in unit of one character.

As shown in Fig.l1-3, graphic pattern generator is
set up in parallel with character generator and output
of these generators are wire-ORed. Which generator is

in this example, graphic pattern generator adopts ROM.
so only the combination of writable symbols. which are
programmed to it is possible. Adopting RAM insteac of
ROM enables dynamically writabie symbols in any combi-
nation on one display by changing the contents of them.
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- As—~Ag
MPU
= T = D7 ~00
|
!
MA g
oot | ax I ; rMULTTPLEXER | raugp,vﬁ J
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TER ]
i REFRESH
f MEMORY
' (RAM)
crTC { - ,
osc |
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| J—rj B S

RA RA |GRAPHIC
CHARACTER s PATTERN
. GENERATOR GENERATOR

L
E:_. S COLOR BIT(R, G, B)

DISPTMG - R. VIDEO
CcunISP G. VIDEO
HSYNC 8. VIDEO
VIDEO CONTROL
VSYNC
e d SYNC SIGNAL

Fig. 11—3 Color Limited Grapnic Display
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i | & Monocrrome =. Gracnic Disolay anit of 1 ogot

Fig 11 snows & svstem o monocnrome fuli graopnic tnat stores aii tne cor pallerns. sO s outpu s dIrectiy

&)

dispiay  Whie simpie graomic dispiay s figure dispiay provicecd 1o paraliei-senial converter to be distiavec De:
oy compination of pisiure eiements in umit of ! picture memory address to refresh the screen is set up 5y comei
eiements. fuil grapnic cispiay s display of any figures in nation of MA output and RA output of CRTC.
N MPU Are = Az
D =~Ce
13 1
e se—— —
00T cax | MA BUS Dﬂﬂ]
- osc e -
COUNTER RA ) -
CRTC ' rMULTlPLEXEﬂ
~— =] DOT MEMORY
k'S (RAM)
h —
{
] —
DISPTMG VIDED
VIDEO L SYNC
HSYNC CONTROL | siGuAL ° o
VSYNC
——— ’

Fig. 11—4 Monochrome Fuli Graphic Dispiay
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Fig 11-3 shows ap example Of access (¢ reiresn memory this case. the wva:ues snown in Tabie.!0—=4 are :mually
~ combination of MaA output and RA output. Frig.)i-3 srogrammed to CRTC :nternai registers. Correspondence
<nows a refresh memory aiddress method ior full graphic Setween dot on :he CRT screen and refresn memory
display which nas specification shown in Table.10-3. In adaress 1s shown :n Fig il-6.

RA ,
1
RA ¢
CRTC MA § : ma 12
i '
I \ '
7 ; ' 10
I8 ‘| [ s
| S : L8
L4 — 7 Refresh Memory
P3 6 Address
- i S
i1 4
MA 0 3
. 2
. .
- ma ¢
* Fig. 11—5 'Refresh Memory Address Method for
. .Full Graphic Display
32 Characters x 8 agots= 256 cots
1 bite(8 bit)
Ploptis! 1 ! P31
32 | 33 | : 83
54 65 i ¢ 95
8 rasters 96 97 Ry
(1 line) i . [
] ' i '
. !
224 N s
24 lines . ! [
1]
x 8 rasters 1 ) [
= 192 rasters : : % '
i 1
) 4
' Z b
] ] ; '
] 1 4 1l
' ' | .
' 1 ! )
[ ' !
' ' -
) + 1
§112 . 6113 i 5148

Fig. 11—6 Memory Acdaress anc 2ot Dispray ccsition
on tne Screen for Fuil Grapnic Disoiay

\

Vaiue of ma
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1 1.5 Coior Fuil Graznic Display

Fig.1i-" snows a system of coior fuli graphic display
by T-olor dispiay. Refresi memory s composed of three
dot memories which are respectiveiy - usec for red. green,
and blue. These dot memories are reac out in parallel

|
)

MPU

al one ume and ne!r OULPLL 'S Proviaec io nree daraiie:
-serial converters. Tnen viagso contrel circwit adds the
bianking control to output of these converters anc provids
it to CRT display device as red. green, and bius video

signais with sync signals.

P At~ Ag

]
v
9
1
%

U 1 8US
RIVER DRIVER

0osC

N

ooT
MEMORY(RAM)

ll

RED VIDED
DISPTMG GREEN ¢ ||
. VIDEO BLUE
CONTROL YIDEO o o °
VSYNC SIGNAL .
— SYNC SIGNAL

Fig. 11—7 Color Full Graphic Display

11.6 Cluster Centrol of CRT Display

The CRTC enabies ciuster controi :nat is to control
CRT display of piurai cevices by one CRTC, Fig,!1-8
shows a system of ciuster control. Each display control

unit has refresh memory. character generater. paraliel-

serial converter, anc video control circuit separately, but

these are controiieg togetner oy the CRTC,
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'Z Zxamoies ot Appiiec Circuit of ine CR

!2.1 Monocnrome Character Display

Fig.il-1 snows an exampie of appiicatior of the CRTC
tc monochrome character dispiay. lts specificaton 1s
snown 1n Table.l2-1 Moreover. specification of CRT
dispiay umit is shown in Table.10-1 and imiuzhzing values
for the CRTC are shown in Table.]10-2.

Table. 12-1 ASpecification of Example 1 of
' Apolied Circuit

ltem Specification !
Character Format 5 x 7 Dot !
Character Space " Horizontal:3 Dot Verucal:5 Dot
* One Character Time . 1 uS - j

+ Numoer of Displayed | ) waracers x 16 lines =640 characsrs”
! Characters ; .

{ Access. Method to s v nchronous Method Sl
i Refresh Memory i .
~i Refresh Memory 1 kB . |

i Address Map

i
| |
[Reims 000000ssssssssss

.

| crRTC :
Agagress 0001 00X XXXXXXXXD

gkumu
| CRTC
iControl 0001 00XXXXXXXXX!

| Register

x+-don't care, %.--Q or |

Svnchromzauon Mehod ~ HVSYNC Method ' )

122 Color Character Display

Fig.12-2 shows an exampie of application of the CRTC
to color character display. lts specification is shown in
Table.12-2. Moreover, CRT for color display shall be
used and its specification is shown in Table.l0-1. Initi-
aiizing values for the CRTC are shown in Table.10-2.

Table. 12-2 Specification of Example 2 of
Applied Circuit

Item : Specification :
Character Format S x 7 Dot i
- Character Space Horizontal:3 Dot Vemical:5 Dot
Number of Displaved 40 characters x 16 iines =
Characters /40 characters(seven color)
One Character Time i uS

N Syncnronous Method
Access Method to {Time Division)

Reéfresh Memory -

()

HITACH!

ri

2 kWifor I pages;

Refress \eamors . ; -
: Structure of One Word £
Biunx Cotor Data 8-oit
L‘-_J_—
" RiG!B
hign low

ASAMWNININLINGS % I ¥ S W W

Refresn
wemon L0000 Xxss3ss2sxess

Refresd w000 ' xassssssssns
CRTC
Address 001 0XXXXXXXXXXXO0
L Regiser
CRYC
| Zomro. 00 1 0XXXXXXXXXXX]

Regiaer

! Address Map
I
i

| .
i x---don't care x:--0 or |

N

iursor Displayed in Green

; Blink of A Higher Blink ‘IO:Normai.Gzaraia‘r:

i ) _Bits of : Dnsplay(hon;Blmx)

i Displayed Character 1:Blink(16 Field
Refresh Memory ; Period)

‘_ Syncironuztion Mehoé  HVSYNC Method
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TAPPENDIN

Interna; Registers of the CRTC

Regis Name ::-‘3‘3‘“’“ Datz Bi Range of
o eter Programmed ., . .. Programme
No VaiusofAR 6 5 5 3 s T T <
© AR address Register — ><>G< 0~17
" Re  Horizontal Total 00 0~23s
R: Horizontal Dispiaved 01 0~25%
R: Horizontal Sync Position 02 0~255 x
R:  Horizontal Sync Width 03 ><>O<X ©0~15
R.  Verucal Total 0 X 0~127
- R:  VERTICAL Total Adjust 05 XXX 0~31
Rs  Verucal Displaved - 06 X 0~127 % -
* R:  Vertical Sync Position 07 >< 0~127 %
" Re lnterlace Mode : 08 X XXX Vs 0~3
r Ry Maximum Raster Address -~ 09 )<><><>< 0~31 ‘
. Rio  Cursor Start Raster _ 0A >< B P 823 Bitx
- Riy Cursor End Raster | 0B W 0 31 =
Riz  Start Address (H) - 0C ><>< 0~
* Ris  Start Address (L) oD - 16383

" Ry Cursor (L) . OF

Ris  Cursor (H) : OE >®< T 0~
XX

Ris Light Pen (H) : 10

! Rir  Light Pen (L) 11

* These values shall be programmed according to restriction
shown in next page.

Interlace Mode Cursor Display
\Y s Mode : [ B Display Mode
0 0 \} | 0 Non-Blink
| 0 f Non-Interiace Mode i I 0 | Non-Display
0 1 Interiace Sync Mode | f ! 0 Blink, 16 Field Period

Interiace Svnc & Video Mode | ! | Blink. 32 Field Period

s

L 1A M 4



E Restriction On Srogrammec Vawes of the CR7C
programmed vaiues of :ne CRTC internal registers
shall z;c restricted like the the followings:
)0 < Nha < N < 256
ii) Ny : Odd Number (in the case of :nterlace sync

mode or interiace sync & video
Programmed
mode)

4
2
9

Vai f
i) 0 < Neg < Nee=! =128 atues ©

V) Nhgp+Nhsw < Nae—l
V) Negp < Nt
Vi) 0 < NcsTART < Neesvp < Ne
Vii) In the case of interiace sync & video mode, either
of the followings shall be seiected.
(1) NcsTarT. Ncexp @ Even Number
(2) NesTart. Neexp @ Odd Number

Registers

T we oy AT,
- T

Ft

-\M

Nug

Nhu

Nygp ¢

Vieaning of Symoots in 1)~ Vii)

. (Numbper of Horizontai Totai
Characters) — i
: Number of Horizontai Dispiaved
Characters
: Number of Vertical Total
Characters) — |
: Number of Vertical Displayed
Characters
. (Horizontal Sync Position) — |
(Vertical Sync Position) — |

NcstarT : Cursor Start Raster Address
Ncznp : Cursor End Raster Address

Ne

. Maximum Raster Address



Tabie of Functional Difterences between HD46505R and HD463058

iXe.

-

l

|
|
I
|

Punctional Difference. HDLESOSR HD4K808S
] ;
. } i Charscter line address i Character _:ne address
interlace Programsing; ' . vy |
Syne | Mecthod - L Programming g Tyt - Programs: -
i of ! OKLAJ“-“" “““““ ~ = -==lunte for | 10 unit for
» number of ‘ ‘nurber of i Auzber af
ecrtical V_L.-___----__-__—---a verziecal | ° “ertics;
Video rode character characters, 3 chatacters,
(Y
Display . -
6
e ————— - . i
: i
8 | {
6 p— - - -1 9 { i
In HD4650SR, number of characters is vertica- In HD462Q5S, number of characters 1is vertica-
11y pregracmed {n uni: of *wo lines, as lly progracmed {3 uai: of c3e& line. as
illustrated sbove. (Number of vercical total {lluscraced above. (Number of vertical tocal
characters, Number of vertical displayed characters, Number of verticali displayed
characters, Vertical Sync Pesition) characters, Vertical Sync Position)
Example of above figure Zxampie ¢f{ sbove f{igure
Programmmed- number into Ver:ical Displayed Prograizmed aumber into Vertical Displayed
Regiscer = 5 - . - <-v =~ . .}- . Regiscer = 10
Number of -Only even-nusber can be specified. Boch- even nuzber and odd aumber can be
£
Taster per 0 . ey » specified.
character 2 '_2:;;;:.; I } Character Character
3= : ———inp _address e 1i0@ address
1ine :-e----'-t-o—-s >~—f Number of raster :_0_______0_,,|:¢ :_‘_____.-,T,
-S4y st e ey |
'-0--__-0_..7.‘ L .- .‘_.?---___0..3‘0 ‘-4----_0_3»0
. e e B S S
-----__‘__,,_) \’\Cnafac‘erd o) ‘_9 ..... -5 ‘-o--_- .5‘
- : Y —_———a0
T e-0m — / line address ’__: ______ s-71 e ek et
- e —————————
-—) = .- ..}.;; ! . | P il .a/ .- - -
L e ——— i H 2 B
‘-ws—----o--s , L > Q@ O = |\ ’°°-—-—‘7-2 '
S a 2 e e
f e e ! B Pt ittt St B g-O--—--°—A *
putsdndiniuiiuiing” dhel
x. ?_________?J v ; _e_-___o_.;‘). n_o_..-_-g—‘;
i ! ;-.6_9.@@-'--'15 e e =g/
.......... e )
“Number of rastér = 10 scanline (svecified) i i
Howerver, number which is srogrammed into )
: N When nucster of raster “hen number of rastedr
- 3 T
i recister {s caluculaced as fsiiows, et aracter iine is ser character line '
! Programmed number (Nr) EVEN. ts 30D,
= (Number specified) - 1 Number 2f raster Nuaber of raster
= 10 scan line ® 9 scan line
(specified) (specified)
However, number which {s programmed into
regisier is caluculated ss fsllows,
Programned nuaber (N:)
= (Numder specified) - 2
|
jCursor Cursor !s displaved in either EVEN field Cursor is dispisved i{n both IVEN field
’ Dispisy or CDD fleld. and 5TD fleid.
| I m———, s
S N S S \
—— EVEN ausk PG b EVEN numbder
iw ________ = ¢ EVEN aumber :-1}-‘1-/‘(} =,
DS 2 =
....... - RS O-Q=- ¢
§ 5 5-G—5—6—® €— IVEN numcer ¢ -—_:_;gi. D e— EVEN number
7----—-------7 - ?---o-------,
° ) c———
2-‘--~~----—| = em == == -1
42060 -3 «— 00D nuzder 4 T2 R3320 Y (0D numper
(20O O SO -y 4= 0D numser (ST RS- 9C-r S e OUI nusber
[iidedaduuliatini - P — et '
i ! - ‘
: i b e an e o D
i | :___:_“.ﬁ - IVEN suabder
i ' et e
| T DO D> e 5 b DT mymDer

E=-%

LR W e

Tonginuec

3




1

' HD4§SOSR ! 465088

- T Tve characier skev
=2 ' . character Cime
§——t 2 characzec tice

Ne..| Nmcticasl 3tlferen .
' . ‘ j

2 vartieal fyme l Zixad & 15 raster scan cycle (l6K) X Prograzasble (1 = 16 raster scan ¢yela) |
Pules Width ! | ! | Specifiad by | !

| Pixed at 1§ *=hrigh order !

eutput) t . scan eye.hﬂ e bit of B3 ;

l ““-L_J [ Vs i

| |

| N Ry wvatwvaiwvitevel | 1 | | i

! v e " 20 |

’ Not used Horizoagal Synec Widsh Vertical Sync Horiszomzal dyme i

! wideh wideh i

3 &XZW hamcgion i Not ineludsd ‘- . SKEW f{umeiicn (s newly includad ia JISPTMC, |
) i CUDIS? signais. :

|

Attached byte ;

s avis| R8  lo.icabider AN | '

—— | CUDISP  SI5PTMC }

Not used i = Lasr !

.. Example cf JISPTMC output f

,‘ N Not skewed .

B ___[—_L__ One character siev !

3 Start Address Register Iapossidle zs READ

Possible to READ
i

'

s | nEseT sigaal (RES)

MAg~ M ;4 Oucput

!
|

! MAg ~MA ;2 Outpus,
H Mg w34, Outpul

|

t

]

} ~= =-Synchrenous rese: i
RAg ~RA 4 Output ) = -=Asynchronous reset

T J
Other QULHULS = = = = =+ Asynchronous teset Ochez: Oucpucs

Cutput signals of MAa~MA;3, RAp~RA, , . Ouzpuc '“Ml....:tu%c’“&" ! “°~“":M
synehranizing vizth DLK “LOW"' level, go to : %’2'" 8o to u 1:."' reoadiacely afzer
"LCW" ievel, after KES has gone to "LOW", RES has zone o "LOWT level.
Ceher outputs go %o "LOW" izoediscely attc'
RKE5 has gome o "LOW" level.

Table of Quaracteristic 0:if

ference batwean HDLSSOSR and KD4650SS

D i ] 43465053 ‘ yss4¢nee )
| Mo. | charsctersseic Difference | Symsc: T ain T tvo T eax ; min vy . =ax Latz
' | t H & .
1 l Clock Cycls Time {  teyee | 130 | — ; — | :v0 | — | — % ns :
. { ! ' X
T | Clock Pulee wtdwh "wgrn | Tig, | 10 | — | — | iw | — | — ] s i
) f Qock Pulse Vidth "Low" | PV~ * 150 I — [ — 1 10 | — b —= n !
Rise and Tall Time ! i | ! | i |
4 | - - . “n
for Clocx Inous fertar ! ! | 3 ! ! ’ o ! ne
] . . , , ‘ -
{ 3 | Horfzoncal Synme Delay Time | Then | ios0 ! —_— —— ! Ny ! ns
| : - —= .
| & I-igne Pea Strobe Pulse Wtdem W, ¢ 80 . —0 | 88 1 —— s
, | i Pen Sizcoe _— o e— g —_— ) e— 0 e '

Uneerctain Time of

1
!
'
i
{ Acceptanéa




