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,. AbstraC1 
The eRTC :5 3 ~; ,;or.::oiler ·.q.ich is desIgned to 

orovide 1Il L,:e::'Jce :'or ~Jcro,;omouters to raster scm type 
CRT dispiays. The CR-:-e be~ongs to the IDtCS6800 LSI 

FlI11iiy lIla h.:..s fuil :c:-:1pat::wry with ~tpC ~ both data 
lines md cont:ol lines. l:.s ~::''';1arviunc:ion IS to generate 

tilmng sIgnal ''''TJcn l.S :1ecessary ior raster scm type CRT 

, 

'>1PU I 

MAO 

IRQ \ 

1.4.4.13 

r--

Dot CL:< II 
OS C H- t-- CRTC I--

Counter 

RAO 
\ 

RA4 

L....-.-
~ 

10"P,,"' CUDISP 

HSYNC 

VSYNC 

LPST9 

I 
+ 

MPX 

Retresn 

-

dis;:Jl~\ 3ccording :0 :'-.e spe:lr:c:lt1cr. :rog::L-::med 'Jy .\IPL'. 
The eRTC :s :uso :es:?:-,ed ~s 3 progrJmmJD,e :onrroJier, so 

applI:3:cle :0 Wlc:·;:nge CRT dis;my from smail low. 
:un..:::onlIlg :har:lc:er :lspiJY '..Ip to r::.s:er ry~e full graphIc 
display J.s weil as :J.rge :lIg.."t·iunc:wnIng ;Imlted gr:lphic 
dispiay. 

.l.adress Sus 

r 

• A -A o 15 

::lata Sus 

1 1 
DO -D, 

I ~ Driver 

Memory 

r--
Character ? 

r-- f----
Generator S 

'JICeo 

C.:ntrOI G '/,oeo 
SIgnal 0 0 

O~gnt 
, ~en 

L:;nt Pen. 
C~ntrci 

Fig. 1-1 Example of the CRTC Charac:er Dls;::lay System 
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2, Feature ana FunctIon 

2.' Features of the CRTC 

(.1j Prog~a."!l.r':1~::,je :nre:.;;;e Son-l:1!erlace scan mode, 
(5) Built-m cc:sor contro: funcnon. 

(! 'j \umoer 0:' dispiayec .:ha:acters on the sc:een. ver· 
tlca! do: iormat of one character, honzontal and 
verucal sync SIgnal, display timing signal are pro· 
grammabie. 

(6) Programmaoie curso~ ielgIl: and its blink. 
(i) Built·in lig.:-,' pen detecnon function. 
(8) Paging and sc:,ollillg capability, 
(9) TTL compatible. 

(10) Single ~ 5\' power supply. 
(:) Lme buiier·less refreshing. 
(3) l.+-bit refresiJ memory address output. (16K words 

max. access) 

2.2 Function of the CRTC 

Item 

Function of the CRTC 

I 
StrUcture of the CRTC LSI I 

j 

Aooilcallon 01 tne CRTC 

iExpanslb,iltyl 

'.-- ........ -

Fig.2--1 Function of the CRTC 

Programmable screen 

format 

Programmable cursor 

d,solay 

Scan mode 

light pen 

Refresh 

Memory 

AddreSSIng 

Programmable 

Start 

Address 

Func1ion 

: 'Horizontal scan period 

f . Vertical scan period(per.line' 

, .Vertical scan period(fone adJustmenl) 

Number of characters per line 

'. :Number of lines per screen 

Number of rasters per line 

• Horizontal display position on CRT 

Vertical display positIon on CRT 

Pulse WlCn;', of honzontal sync Signal 

Cursor display position on screen 

Cursor height 

Cursor blink and its Paned 

Non·lnterlace mode 

Interlace moat 

'nterlace sync and Video mode 

14·blt refresh memory address OUtpUt 

Built·in orogrammable 14·bit start 

address register on "ifresh memory 

Single + SV C)Ower suoply 

TTL comoatible input/output 

Directly connected bus with tile 

~MCS 6BOO Family 

N·channel. Silicon-Gate E/D MOS 
Full static operation of Internal logIC 

40 oin OIL package 

Olaractar dlsoiay 

Llmnedlslmolelgrachlc dlsOiay 

i'ull graonlc dlsOiay 

COlor olsOiay.Ohnk 01 dlsOlayea char. 
acters 

Cluster contrOl 

I
' ~::::::: ::do::c:a:e~od 

Progammable per one raster 

I, Vertocal dot number of one 

, character + line space 
I ii Programmble output timing of sync 

I i Signal 
J' 

Suil",~ 14·Oot cursor register 

One cnooce DarN"n 18 fisld CMlnod 

a,ne! 32 fisla CMlriod 

One crloice 

18K wores rnax,refresh memory 

access 

Pagln9 & scrolling 

A/onanvmenc. Kanli & other cnar· 

; actars 
I' 

! Figure :!.solaYlraster SCln o'sllIaYi 
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3. CRT Display System 

3.1 Principle of Raster Scan System 

R:lster SCJ.T1 system is the system where an elecaon 
beam. which is der1ected lccording to a cenain rule, hits 

Scan line 

/ 

Horrzontal Scan 
PerIod 

,,
..... 

..... 

, 

agams! the t1uorescer. t screen or" CRT ane: ;017:'.$ J (rlIne. 
An ordinary CRT cispiay deV1ce forms a :'rame by 
derlection or' an eiectron beam by SJW wave elec::;~ current 
lor voltage) like a common TV set. nus system :s shown in 

Fig. 3·1. 

Vertical Scan Deflod 

Vertical Retraca perIod 

HOrizontal Retroce 
Period 

Fig. 3-1 Raster Scan System(Non,interiace) 

One frame is composed both. or" 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. Ulcrease in frame number ~r 
sec enables to lessen its i1Jckering. Increase b 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 

scan system called interlace scan system. whic!1 is used for 
a TV set, etc. As shown in Fig. 3·:, each latter hali $C3n is 
located in the middle of its former scans. Two-time venical 
scans (odd and even number fields) form one frame. The 
eRTC is designed to be able to deal with the scan system 
(interlace mode) shown in Fig. 3·: as well as the scan 
system shown in Fig. 3-1 (non-interlace mode). 

Fig. 3-2 Raster SC2n System(lnte~:ace) 

.~ ""_. 
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3.: ;:ronclole of Character Dlspiav System 

?:-::-- :.!:1!e ...... : :harat:!er C:S-;:"!lY is snov;n In ::i£. 3':3 In 

ore:-" ~ .. "' ~ee!= :haracrers clspiayec or: CRT scree~. 1: lS 
ai~::'; ne.:essary to repeat s;::ms and reiresh them, To do 
::-,!£. :l~ ordmal' CRT display device adopts a method that 

dat:: :0 be displayed IS stored in memory and screen is 

reireshed according to its contents, Here, the memory 
whl'::: stores data for display is called Reiresh Memory. 
Dar".:5 written on Reiresh \1emory by data processing 
symm mcluding MPL The data is Written in ASCII code, 
so j I cannot be displayed as characters. It is necessary to 

/ 

<,_---------l 
I / 

c:J 
I 
I 

G 
I 

.' I B i A 
I-I I 

I .. - ! ! I - I I ./ 
'. 

J 

J 
. 
i" ..... ~. 

I 
J .. :t~ I 

J -1 I I 
-

conve~; the character ;;cce l.'1t(' :::e caara:ter pattern. The 
converter is c:illed Cha:~;ter Gene::ltor. Fig. 3-4 shows the 
;::nncipie on which the ;:;.aracter ;:ode IS converted Into the 
character pattern. Chara:!er Generato: is a kind oi ROM 
which generates the character pattern from the character 
code and the scan line number as address. Normally one dot 
period of characters IS oniy several ten ns, To generate the 
character pattern, It IS necessary to read the character dot 
per row or per column :r. ?aralJe! and to convert into serial. 
Now 5 x 7, or 7 x 9 dot, matrix iormat is widely used for 
display of alphanumenc. 

ContrOl 

CirCUit 

I Refresn Memory L ______ , __ ...J 

MPU System, etc, 
Fig. 3-3 PrinCiple of Character Display System 

r- Character Addr1!SS 

I J __ [~~!r-~_' __ res ___ s R_:_a_d_o_u_t_In_p_ar_a_lI_el __ --, 

Scan ~Ine ACdress I I '1 ! 1 I 1 I 
2 I 1 : I 11 
3 I 1 , i ! 1 

Character 
, 1 ; 1 i 1 'I . 4 I 

"A' 

.' I I I ! )i li%OlojOI 

r i 4-1 

-~ : 
6 
7 

1 
1 
l: 

, ! 'I 
I I :1 ~ . 

I I 11 
101111 !1101-----~ 

Asc.II 
i'-BI! 

Cooe 

He> "~: .. 

-

Character 

Aaaress 1 ' , II , 1 
2 1 I 

3 1 , ! 

+2 
4 1 ' 1 ' 1 '1 
5 1. ! '1 
6 '1 

1 : 1 , 1 11 

1----..; ',; 

- - - - - - - -.- -'-
:~ar2c~e" Ge~e"ato'"r 

Shift Res'ster CRT Electron Bu" 

Signal for 

MOculatlon of 

a"gntness 
(Vloeo 51 gnal) 

() 
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F:~. 3·5 shows an exarnp]e oi :h:uacter patterns dis· 
piayec on the screen. Bel1lg shown :~ Fig. 3·1, as an electron 
beam ~:ms both horizontally ane vertically on t.'1e screen. 
the datJ ot" reires.h memory correspondent to its position ot" 
SC:mniliit is read out successlveiy. Then the character 

paHern oi each scan line :s generated :lccording to the SIg..'1a.i 

indicating position oi the :me. This video SIgI1:U moduiates 
an eieclron be:un curre:;: to control brightness so as to 
display characters on t.'1e s=reen. 

2 • 6 8 

I I I' I ! I I I I ! ! iii I. I 
I I ,q>oo; I J 0000, ! I 

0' 0 ' 0 '0 2 
~JOIIIOIIIO"iO' I 

4-

One Line 6 

14 Scan 
Lines 

8 

10 

o I I ,0 .1 0 I . i 0 
0' '0 0000 'I 

! !. I I I t I 

, , I i I I I i I I I I I 

I i I I I I I II 1 Iii ! I I 
I I I i I I i I I I , I 

12 
I: I I ! i I ~ I I I , I I 

I I i I I I iii I I I i I 

140 

",I~l-III'II',:"lli 
.. I ill I II I i I 

=,~~~~,-e~=t=lmLL""'l ,~Lllilll ~I-I~! +--------

iii 111111 ! 1111 ; I 

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

Character 
DiSPlay 

Line Soaee 



I 

i 
! 

i 
I 

I 
, 

, ... Structure ot the CRTC 

4.1 Structure of the CRTC 

As shown In FIg. 1-1. the CRTC is a LSI wluch is con
ne=!e': with ,\lPl' and CRT display de\1ce :0 conuol 
CRT dIsplay. The CRTC conSJSts oi intern:!l reglSter group, 
honzontal and vertical llnllng CIrCUIts, !.!near address gene
ratO:, cursor control ClrCUI!, and light pen detection CIrcuit. 
Honzontal and vemcal tlmIng CIrCuit generate RAo -RA .. , 
DISPT~tG, HS~C, and VSYNC. RAo -R.A., are raster 
address sIgnals and used as Input signals for Character 
Generator. DISPTMG, HSY;-..lC, and VS~C signals are 
receIved by video control circuit. Tlus horizontal and 
vertIcal tlmlng CIrcuit consIsts of internal counter and 
comoar:l!or CIrcuit. Linear address generator. ienerates 

4.2 Pin ASSIgnment 

Vss 

RES 

LPST8 

MA. 

MA 

MA, 

MA, 

MA, 

MA· 

MA; 

MA: 

MA 

MA:: 

MA 

DSPTMG 

CUDISP 

v:: 

-- -. 

..... .:-. 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

refres:: memory address ~lAo - .... IA 1 3 to oe usee ior 
reires..'t~ng the screen. Bv these address signals. rer'resh 
memory IS ac::essed penodically. As 14 refresh memory 
address SIgnalS are preinred. 16K words max are accessible. 
Moreove~, the use of staT! address register enables pagmg 
and scrolling shown 1J1 Fi~. 9-11 and 9.12. ught pen detec
tion c:rcult detects light pen position on the screen. When 
light pen strobe SIgnal IS received, light pen regJsler memo
rizes linear address generated by linear address generator 
in order to memOrIze where light pen is on the screen. 
Cursor control ClrCUI! ~ontrols the poSItion 0;- cursor. ItS 

heIght. and its blink. 

40 

39 

38 

37 

36 

35 

VSYNC 

HSYNC 

RA: 

RA 

RA: 

RA, 

RA. 

D:, 

D 

D-

C), 

D. 

0., 

0; 

D· 

CS 

RS 

~ 

R W 

:LK 

V::=5V=5'c 

v" =uND 
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4.3 Internai SIOCK Diagram 

Vc: Vss 

I , . 

.l.ccress Regiater 

& R:W Control 

r --.... --j 

CharaCter C:lunter R, ,",OrtIontal DIsPlayed 
CMP CLK-+~--1 CK (+258) . Re@'1s:er 

I I 

I 
I 

I 

MRt'-___ ~-.., ~ 
[J~::~=T=~~ l:::::{:J~' !:}:=~! ~ R : HOrizontal ,O(al ~ Ro CMP i C M P L-_~_;_R.;,;e~81.;,;s.;.ter;.... ____ --, 

CMP 
, .,Ort2~ntal Sync 

Rl' Posoon Register 

Q ~ Q I 

fc~~~~=;:~~~~~~"'5~~!-:{~~;rj;;~~J:~! r- HSYNC 
; HOrl20nUI :.ync 

eM P __ ~ I Rjj Widt; Regtster' 

, Maxlmun ~aster 
R, i Adcress Register 

, Vertical D,soiayed 
R~ i Re@'1ster 

R ; Vertical ,otal 
• I Re Sler 

R, : VertiCIl Total Adjust 
: ,=leQ"s!e, 

I 

;1 
II 
I! 

II 
·:1 
, I 

CE TC 

---------------- "--I OISPTMG !I 
i 

R . VertIcal Sync II . 
CK Vertical Sync Pulse I: 

W,oth Counter( -10) : 
, I "~Sltlon Register 

"'==::=;~========;:====l R I Start Aooress 
Line.r Address '" \~ : Re IS!~ 

~~~~-----~ 
CK Generator 

Fig. 4-2 Internai alOCK Diagram of tne C::\,C 



5. F unction of Signal Line 

As ~jO\\·;1- m Fie . ...!·l. ~he CK7C provides 13 IJlterface 

slgnals :2 ~!PL" and :5 mler:-a~e s:pals to CRT dlsplay. 

5.1 Interface Signals to MPU 
(1) Bi-directlonal Data Bus (Do -D-) 

Bl-directional data bus(De, -D-) are used for data 
transier between the CRTC ~nd \lPL'. The data bus 

.output are 3·state buifers and remain in the high· 
impedance state except whe:1 ~lPL' performs a CRTC 
read operation. 

(2) ReadIWrite (RIW) 
RiW signal controls the dire;:tion of data transfer 
between the CRTC and MPl". \\lien R/W is at "High" 
levei, data ot" CRTC is transiered to MPL'. When R/W is 
at "Low." level, data of MPU IS transiered to CRTC. 

(3) Chip SelectCCS) 

Chip Select signal (CS) is used to address the CaTC. 
When CS is at "Low" level. it enables R/W operatipn to 
CRTC internal registers. Normally this signal is de.rived 
from decoded address SIgnal of MPU under. the 
condition that VMA signal ot" ~1PU is at "High" ~vel. 

(4) Register Select(RS/ 
Register Select Slgnal (RS) is used to select the address 
register and 18 control regISters of the CRTC. v,'hen RS 
IS at "Low" level, the address register is selected and 
when RS is at "High "level, control registers are 
selected. This signal is normally a denvative of the 
lowest bis (Ao) of MPli address bus. 

(5) Enable(E) 

Enable sipal (E) is used as strobe signal in MPU R/W 
operation \l,ith the CRTC internal registers. This signal 
is normally a derivative of the IDfCS6800 System ¢. 

clock, 
(6) Reset (RES) 

Reset signal (RES) is an input SIgnal used to reset the 

CRTC, When RES is at "Low" level, it forces the 
CRTC into the following status. 

I. All the counters in the CRTC are cleared and 
the deVlce stops the dispiay operation. 

3. 
All the outputs go dow11 to "Low" level. 
Control registers in the CRTC are not affected 
and remain unchanged. 

This signal is different from other tThlCS6800 family 
LSIs in the followmg functions and has restrictions for 
usage. 

1. RES SIgnal has capabil:ev of reset function 
only when LPSTB lS :1: "Low" ievei. 
Aile; RES hal gone ::'J\l.T, lC! "Low" level. 
outpUt SIgnals of \IAc-\IA1 3 and RAo ...... R.A.. 

)\:"" :::.rOnIle \I;:::: ClK jow :e\'e: and 5C 2.0WT, 

tc' "Low" ,e\'e: IAt least. 1 cycle CLK SIgnal 
is ne:;ssarj tor re,set.) 

~, The CRTC s:a~ts the display operatlon : . .-n· 
medlately aile .. RES SIgnal goes high. 

5.2 Interface Signals to CRT Display Device 
(1) Character Clock(CLK) 

CLK IS a standard ciock input signal which defmes 
character timl..l1g for the CRTC display operation. This 
signal IS normally denved from the external hi~'rj·speed 
dot timing lOgiC. 

(2) Horizontal Sync (HSYNC) 

. HSYNC is an active rugh level signal which provides 
honzomal synchronization for display device. 

(3) Vertical Sync(VSYNC) 

VSYNC is an active high level signal which provides 
vertical synchronization for display device. The pulse 
width is f!Xed at 16 horizontal scans (I6H). 

(4) Display Timing(DISPTMG) 

DISPn-1C is a!l. active lugh level signal which defines 
the display period in horizontal and vertical raster 
scanning. It is necessary to ,enable ,ideo signal only 
when DISPTMG is at high level. 

(5) Refrash Memory Address(MAo-MAI3 ) 

MAo -MAl 3 are refresh memory address signals which 
are used to access to refresh memory in order to 
refres!l. the CRT screen periodically. Tnese outputs 
enables 16K words max. refresh memory access. So, 
for instance. th.ese are applicable up to ~OOO charac· 
ters/screen and 8·page system. 

(6) Raster Address( RAo -R~) 

RAo -RA., are raster address signals which are used to 
select the raste~ of the character generator or graphic 
pattern generator etc. 

(7) Cursor Display(CUDISP) 

CUDISP is a.n active high level video signal which is 
used to display the cursor on the CRT screen, TIllS 
output is in,i'ljbJted while DISPTMG is at low ieve!. 
Normally this Output is mixed with video signal and 
provided to the CRT display device. 

(8) Light Pen Strobe(LPSTB) 

LPSTB IS an actIVe high ieve! input signal which accepts 
strobe pulse detected by the light pen and control 
Clrcuit \l; lien tioJs Sl!;.'lai is activated. the re:"resh 
memory address (MAo -\iA I 3) which are sho~11 : ... 1 

Fig.S·: are stored in the J.!..bit light pen regISter, Tne 
stored ;e:"resh :nemory ac;i.-ess need to De corrected in 
software. :aking L~e de13Y time of L~e Cisplay device, 

light pe::, aIle :':~1t Fen ·:ontrol ClTCU1~S tnto aC~OUI'n. 
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6. Structure & Function of I nterna! Re"lsters 

6. j Stru~ture at Internal Rei,listers 

Taole. 6-1 Internal ,=<egls:ers of the CRTC 

Add.... Re""atar Register Register 
CS RS 

4 3 2 0 :; Name 

x x x x x x A 

0 0 x x x x x RR Address Register 

0 0 0 0 0 0 Ro Honzontal Tota: .7 

0 0 0 0 0 R, HOrizontal Displayed 

0 0 0 0 0 R, 
HOrizontal Sync .7 
Position 

0 0 0 0 Rl Honzontal Sync W'Otr1 

0 0 0 () 0 R. Vertical Total .7 

0 0 0 0 R~ Vertcal Total Adjust 

0 0 0 0 R. Vertical DisplayeCl 

0 0 0 R, 
Veroeal Sync .7 
POSItion 

0 0 0 0 0 RI Interlace Mode 

0 0 0 0 R. 
Maxlrrum Raster .7 
Address 

0 0 0 0 R,o CJrsor Start Raster 

0 0 0 RII Cur$or End Raster 

0 0 0 0 R" Start Address/H) 

0 0 0 All Start Aa7ess(L) 

0 0 0 R" Cu rsor; H) 

0 0 R,s Cursor(L) 

0 
, , 0 0 0 0 R16 Lignt Pen(H) 

0 0 0 0 R" llgr1t Pen(L) 

NOTE: \\'hen Rs is 1 or 3 (Interlace Mode), pro· 

grammed data must be odd. 
:; When R8 is 3, N/2 (N: total number of lines) 
3 \\'hen S is I, V specifies video mode. S specifies 

interlace sync mode. 
4 When Re is 3, programmed data must be odd. 
5 B specifies the cursor blink. P specifies the 

cursor bi.ink ?eriod. 
! 16 or 3: Field Period -" light ;:::UK light daf.'<: 

Program Data Bit 
READ WRITE 

Unit 7 6 5 4 3 ' 2 0 

'\,'\'\ \, \;\,'\.\, 
x 0 

\ \ \ 
'~ ~ \, 

cMracter x 0 0, 

line 

rastar 

line 

raster 

X 0 

X 0 

x 0 

X 0 

X 0 '·2 

X 0 

x 

x V S ,°3 

X "4 

x 0 oS 

x 0 ,*6 

x 0 

x 0 

0 0 1,\\ 
0 0 

I 

0 x :\\ 
0 x 

6 When Re is 3, the cursor stan and t.'l.e cursor 
end raster ~eg:isters must be bot.~ even or both 

odd. 
7 Programmed Value = Specified Value· I 

In the follollliJlg explanation, for instance. total 
number at" horizontal characters me:ms "Spe. 
cified Value" 



6.2 FunctIon of Internal Reglsten 

(1) Address Reg'steriAR) 

nus lS a 5-b:: reglSte~ usee to select 18 internal 
control registers (~-R,,). Its contents are the 
address of one of 18 internal control registers. 
Progranuning the data from 18 to 31 produces no 
results. Access to ~ -R I , requires, fIrst of all, to 
write the address of corresponding control register into 
this register. 'Wnen RS and CS are at low level, this 

register is selected. 
(2J Horizontal Total Register(Ro ) 

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 specitication of the CRT. 
'Wnen M is total number of characters, (M-I) 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.Sl. 

(3J Horizontal Displayed Register(R I J 
This is a· register used to program the number of 
horizontal displayed -characters _ per line: Data is-S-bit 
and any number that is smaller than that of horizontal 
total characters can be programmed. 

(4) Horizontal Sync Position R.egister(R l ) 

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 
conqition (Horizontal Sync Position + Horizontal Pulse 
Width < Horizontal Total Characters) can be pro
grarrtmed. When H is character number of horizontal 
Sync Position, (H-l) shall be programmed to this 
register. When programmed value of this register is 
increased, the display position on the CRT screen is 
shifted to the left. 'W'b.en programmed value is de
creased, the position is shifted to the right. Therefore. 
the optimum horizontal position can be determined by 
this value. 

(5) Horizontal Sync Width RegistedR 3 ) 

This is a register used to program horizontal sync pulse 
width from 1 to 15 in unit of horizontal character 
time. Note that when 0 is programmed, HSYNC is not 
provided. 

(6) Vertical Total Register{R. J 

This is a register used to program total number of lines 
per frame including vertical retrace period. Tne data is 
within "i-bit and its value shouid be prograrruned 
according to the specification of the eRTc. When ~ is 
total number of lines, (!\. 1'1 s.u:.: be prog:rarruned to 
this reglSteL How to de::ide tota.: number oi lines is 
shown in 9.5.1. 

(7) Vertical Total Adjust Reg,stedR s J 
TIlls IS a reg:ster use: :0 prograr.: ('1e optunum numoer -
t:orn 0 to 31 to aCJust total ;'.~r:1bei of rasters per 
;:ame. TJ'\js registe~ ~na~les t2- :e:~de t ... ~le numbe:- of 

verucal ce:jectlon irequency more smctly_ 
(8) Verti:al DiSPlayed RegIster( R6 ) 

This IS a :eg:ster usee to program the numbef of 
displayed C:laracter rows on the CRT screer .. Data IS 

"i -bit and any number that is smaller than th.a: of 
vertical totai characters can be prograrruned. 

(9) Vertical Sync Position Register(R 7 J 

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

·display position is shifted up. When prograrruned value 
is decreased. the position is shifted down. Therefore, 
the optimum vertical position may be determined by 
this value. 

(101lnterlace Mode Register/Rs ) 
This is a ·2·bit register used to control the raster scan 
mode. (See Table.6-2) 

Table.6-2 interlace Mode 

2' 2° Mode 

o - 0 Non·'ntense. Mode 

o Non-'nteriaee Mode 

o Inle n ace Sync Mode 

Intanaee Sync 8. Video Mode 

In non-interlace mode, L'1e rasters of even number field 
and odd nlunber field are scanned duplicatedly. In 
interlace sync mode. the rasters of odd num ber field 
are scanned in the middle of even number fIeld_ Tnen it 
is controlled to display the same character pattern in 
two fields. In interlace sync and video mode, the raster 
scan method is the same as that in interlace sync mode, 
but it is controlled to display different character 
pattern in two fields. 

(11 lMaximum Raster Address Register (R 9 ) 

This is a register used to program maximum raster 
address within 5-bit. This register defmes toul number 
of rasters per character including spacing. \l'-nen total 
number of rasters is R.J>.;, (R.>";-l) shall be programmed 
to this register. Moreover, when programmed value oi 
Re is "3" , RN must be even. 

(12lCursor Start Raster Register(R lo ) 

This is a register used to program the cursor star: raster 
address by lower 5 bits (:0 _:!4) and the cursor display 
mode by higher:; bits (:5 ;"). 

- ._-- "i 
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;aoie.6-3 ::ursor Disolav Mode 

2" 2' CutSOf' Displav Mode 

0 0 Non-Blink 

0 Cursor Non·DisCiay 

0 Blink. 16 F,eld P"nod 

Blink,32 Fiel dPenod 

Blink Penod 

It gilt 1UI'iI 

16 or 32 Field Penod 

(131 Cursor End Raster Register (R11' 

'This is a register used to program the cursor' end raster 

address. When programmed value of Rs is "3" 
(Interlace sync & video mode), both the cursor start 

raster register :md the cursor end ~ter register must be 

even or odd. 

(141 Start ~dcress ReglsteriR\ :.R! ,I 

These lIe usee to program i:'..I~ial :lddress oi refresh 

memory to reae out. Changmg :.'1e contents of these 

registers dyn:!Il"..Ically enables ?aging and scrolling 
easily, 

(1S)Cursor RegisterIRH.R\ s 1 
These are used to program the cursor display address 

and R/W operation from MPU is possible. \\oben R\4 is 
read, the rJgher :; bits (:;6 ,:7) are aiways "0". 

(16) Light Pen ReqistedR 16.R \ 7) 

These are used to eatch the detection address of light 

pen :md only a read operation irom MPU is possible. 

When R\, is reld, the higher: bits (2' ,~7) are always 

"0". Its vIalle needs to be corrected in software beCluse 

there is time deiay from address output of th.e CRTC 
to signal input to 12STB pin oi 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. 



.., O:Jeratlon of me CRTC wluch vaiu;:o of Tabie. l!e ?rogramrned tc the CRTC 
mtemai reg.I$ters. Fig. -.; snows the CRT screen tormar 
Fig. i ~ snows the time ~har: of SIgnals output irom the 

CRTC. 
7.' Time Chart of CRT I nterface Signals 

The ioilowll1g exarnpie snows the dispiay operaI1on L1 

Table.7-1 Programmed Values into the Registers 

Reg Register Name Value Reg Re9'ner Name 

R: Honzetal Total Nht R, Max Raster Acaress 

R HOrIZontal O,sOlayed Nhd RIC Cursor Sta 1'1 Raster 

R~ Honzental Sync POSition Nhsp RIl Cursor End Raster 

R, Honzontal Sync Width Nhsw Rt: Start AdoresslHI 

R. Vertical Total Nvt RD Start AdoresslL' 

R! Vertical Total Adlust NadJ R:. CursonH) 

R. Vertical O,spiayed NYd Rtl CursonL) 

R, Vertical Sync Position Ny5P Rt6 LIght Pen(HI 

R. Interface MOde ~" Light Pen(L) 

Nu~r of HOrizontal Total CharacterS(Nht-ll--------...... " 

Numoer of' Horizontal DIsplayed CharacterS( Nhd) \ 

r~-----------------------------------------------, 
( r 

,-----~-.... < I 
I I I I 

I 
I 

I I I Horizontal 

I I I retrace 

P~"od I 
i I i I 

I 

"'~ I ~:: 
:gz e I <- I - "- I '" ~:: -.;; 
" ;> I c: .::, 

I u_ 'C ., 

j 
dIsPlay Period 

)( 

iO ! >-
'" " ::E "0 Q. 

~ '" 
iO :i 

~ "' ~ ~ S ~ > 
"0 > , 

c .... 
a; ~ 

! 

.&> t;; <; 
~ .., " Z :: :: :; , u 

VertIcal retrace Period 
I 
I 
I 

{ 

• \/ortlce' Total AOlust( Nadl) 

Fig. 7-1 CRT Screen Format 

} LIne 

Value 

o 
o 
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7.2 Interlace Control :-:~e rej:W0n Detwee'l ',"","::5 cr Ke:'r~sh \Ie:-:-:or:- .-\d· 

dress 1.\1.-\0-.\1.-\, J I ::.r:": R::.s,::: .-\ddress (RA0-R.-\~) :md 
the d!s?iav ~Sltion on :ne s.:reeil ,s shown i.~, Fig. -:·10. 

Fi~. -.;0 sho ..... s Ihe ':::l5e where the vaiue of S,m .-\ddress is 

O. 

F~g. -.: sho',I.ls 1:: :x3...-:1ple whe:e the sa.::e '::':lr~cte:- IS 

displave.:: ~j non'lTI(er:J~e mode. !:llefllce S\:".C mode, Jnd 
VIdeo :ncc.e. 

Ra5ter Aocre55 

0-------------------
0 0 
0 0 
0 0 

0 0 0 0 0 

0 0 

0 0 

0 0 

Non-nterlaca MOde 

Even Odd 

Field Fieid 0--------------------
------------- - 0 

1 
-- 1 

2--~~----------~---
-2 

3--~4_------------~+_-

-- 3 

-- .. 
5--~r_----------~---

--5 
6--~~----------~+_~ 

--7 

Interlace Sync MOde 

Fig. 7-2 Interlace Control 

Even 

FtelC 

Odd 
~!eid 

0------------------------
2--~~------------~~--

-3 

-5 

6--~~----------~~ 

0----------------------
2--------------------------- - - - -- -----·3 
+ 
-------------5 

6--------------------

I nterlace Sync &. 
ViOI!Q Mode 

Next 

Line 

In interlace sync mode, the raster address of even field 
and odd field :Ire the same me display the same character 
pattern. In interlace sync & ',ideo mode, the character 

7.3 Cursor Control 
Fig. 7·3 shows the dlsplay patterns where each v.lue is 

progr:unrned to the cursor stan raster register and the 
cursor end raster register. Programmed values .c :he cursor 
start raster register and L1e cursor end ::lSte: :eg:ster :-teed 
to be under the followmg condition. 

. pattern of even number raster address is displayed in even 
Held. The character pattem oi odd number raster address is 
displayed in odd field. Therefore, compared wIth the 
characters in non·interlace mode and interiace sync mode, 
the size is one·half of them vertically. Fig. 7·7 shows t.l-te 

Cursor Start Raster Reg:s:er~Cl1rsor End R~s:e: Regis· 
ter::::Ma.X1mum Raster Ajdress Regster 

output wave form of vertical sync in interlacing. 

o -'-~--"':"-----'-
l ...... ~------~ 

Z --..,.--~-----

3 -----------"-

.~-------------'-

5-~--------

8-----------
gOOOOOOO 
10---------

C.;rsor Star~ .>.ceress =9 

Cursor E,-,c Acoress =; 

Time cha!1: of CUDISP output signai is sho'Wn ,n Fig. 7·8 
and Fig, 7·9. 

o ~-.~-----~-
1 ....;.~--r-.;..---~ 

2~~----------~ 

~---------------'-
5---..,.--------
6 --~-------
7 --,.----------

8 -------------:.-

gOOOOOOO 
10 0000 C 0 Q 

ClJrsor S~ar: A.Qcress = '3 

C..Jrsor E...-,a A ccress :::: 10 

o -.;.------~--
1 0000000 
2 0000060 
3 0000000 
~OOOOOOO 

50000000 

7~------------
8 -.;.----------

9----------
10---------------

Cursor =~C ~c:::lress =- :: 

Fig. 7-3 C~rscr Ccr.~rcj 
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Fig. 7- 5 Switching from Vertical Display Period over to Verical Retrace. Period (E xpansion of Fig. 7- 4 A) 
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S. Electrical Characteristics of the CRiC 

6-1 Maximum Ratings 

Taole. 8-1 Maximum Ratings 

item Symbol Value Uri it 

! Suppl~ Voltage Vce * -0.3--7.0 V 

Input Voltage VI" * -0.3- +7.0 i V 

I Operating Ta -20-+75 ·C 
Temperature Range 

Storage 
Tstg -55 -+150 ·C 

Temperature Range 

<NOTE: Permanent LSI damalle may occur if maximum 
ratings are exceeded. Sormal operation should 

be under recommended operating conditiori~. If 
these conditions are exceeded. it could ~ affect 

reliability of LSI. 

* With re!pect to Vss(SYSTEM GND) 

B-2 Recommended Operating Conditions 
Table. 8-2 Recommended Operating Conditions' 

Item . : Symbol; min typ ! max fUnit :.' 

Supply Voltage. Vcc 
: 4.75 5 1 5.25 i ~ V. ! ; I' 

i' VIL -0.3 I 0.8 I V ,i , - 1 I Input Voltage - i , 
::.0 [ 1 

Vcc i V 1 VIH I - 1 
I 

i : 1 I 
Operating , 

I 
I Ta I -20 25 ! 75 ·C I 

, 
I Temperature Range ! , 

B-3 Electrical Characte.ristica 

Table. 8-3 DC Characteristics 
Vcc=5V:::5%. Vss=OV. Ta=-20-+7S·C 

Item : Symbol , min ! typ i max ! Unit 
, : 

2.oi -I Vccl Input High Voltage I VIH V i ; , . 

Input Low Voltage I VII.. -0.31- O.SI V 
1 

I Input Leak Current i liN - 11.0 : 2.5 i j.JA I , ' I 

Three-State Input Currentj 
I I 101 I IrSI ! - 12.0 j.JA 

VIN .. O.4-2.4V Vcc-S.2SV , I I 
I I 

I Output High Voltage i I 
ILoAo= -205 p A 00-0, I I 

YOH i ~ 4 i - - I V I kOAO=-IOOj.JA 
_. I 

I I All Other Outputs I 
i Output Low Voltage 

, i I I 

VOl. - : 0.4: V I kOAO= 1.6mA 
-, 

: Input C.l pacitance ! 
1 Do-D- C", - -, 12.5 : pF 
! , , 
; All Other Inputs , 10.0, 

. Output Capacitance COI..'T 10.0.' 

Power DISsipatlon Po 600 '1000 

7aOIe a-.: :'C Characteristics 

Ite~ Symbie mIn' typ ::la.>. L::H 

! Clock Fre~uenc: f.: .3.0 MHz 

! Clock Puise \Vidth- Lo~ PWCL ISO' ns 

Ciock Pu:s: 'Mdth. High PWCH : 1 SO, - ns 

Rise and Fall Time 15 ns For Clock Input tcF 1- - 15 I , 

Memory Address Delay 41AO I 
160 . I ,- - l'.s Time I , , 

I 

i 
I 

Raster Address Delay , 
nsl 

, 
160 • Time tlAD '_I_ 

i I i 

Display Timing Delay I i 

l'.sl tOTO -, - :50 Time I I 

i ; I 
Horizontal Sync Delay :50 ns I Time • tHSO - I - , -

i I I ! I 

Vertical Sync Delay Time i tvso i-i-
- ! 

250 i nsl 
Cursor Display Delay __ ! i 1 i I teoo I-I- .250 j ns Time I I , I 

Light Pen Strobe Pulse 
PWLPH ! 

i 
f I 80! - - ns Width I i 

I I 

Light Pen Strobe tLPOI -1-: 8Ci ! I 
'Uncertain Time of 

.. . I- I Acceptance (Fig. 8-2) : - tlI'D2 -1-' lol-ns 
I I 

6-4 Bus Timing Characteristica 

Table. 8-5 Read Sepuence 

i i Test· i . I 
Item 1 Symbol/ condi-! min I typ' max: Unit I 

1 1 tlon 1; '. 

Enable Cycle Time : tcYCE i - i 1.0 i- - .uS I 
Enable Pulse Width I PWfJj i 10.45 I i ("High"level time) I I -

10.401- - i j.JS 
Enable Pulse Width I ! I PWEI. ! ("Lowfflevel time) : I 

Set Up Time i I i 140:- ! i tAS I - - ns I ADDRESS-ENABLE; ! I 

Dela) Time 1 
, 

j=O ~ 
I 

Data toOR - 1 - - ns I , : 

Data Hold Time - I 10 - - ns ! J 1M I 
Rise & Fall Time: ' 

I 
i 

- - 1- :5 l ns for Enable Input! tEt/tEr , 

Address Hold Time ! tAH - ! 10 !- - ns ! I ; 

I Data Access Time t"cc ,- 460, ns 
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I 

I 

I 
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I 

I 
(, 
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I 
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I 

I 

I 

I 

I( 

I 

2.0v 

C~K 

te, 

M~-MAtl 

RAo- RA. 

. OISPTMG 

CUOIS? 

HSYNC 
VSYNC 

lPSTB 

1// c 

2.Cv PWec 

PWCM O.SY 

tel 

;1'" 
I I 

r:1'" 
I.AO 

If'" 
I I 

I 

I 'o~ If'" 
I 

! I 

I 
tcoo ! 

It" 
I 

tMSO 

I vso 

O.Sv 

~ 
I 
I 

~ 
I 

~" 
I 
I 

toro 

U" I t CIlO I 

t.so 
t >"$0 

~" 
I 
! 

If'" pw,~ 

I 
----------~---------~~------------------

thiS Figure snows the relatIon In tlme ~e!'Neen 

ClK Signal and eacn ou:cut 51 ~als C,"::'": sec~e"c:a 

IS snown If: ~tg.7-J.-;!g.7-9 

Fig. 8-1 Time Char! of :he ~.::;TC 
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Wh, en LPSTB rises ,n thiS· ~IO(l, Refresh) 
Memory Addreu'M+Z',ls set ,nto the 
light pen register, __ 

tLPDl' t LPDZ : LPSTS' s uncertain time 
ot acceotance, 

. Fig. 8- 2 LP STS Input Timng & Refresh Memory 

Address that is set Into the light per. 

, register, 

Table, 8-6 Write SeqiJence 

Test: i • 

Item Symbol. condi- i min I tyP! max i Unit 

Enable Cycle Time tCVCE 

Enable Pulse Width PWEH 
(~High"level time) 
Enable Pulse Width PWEL 

("Low"level time) 

Set Up Time t"s 

Data Set Up Time los ... 

Data Hold Time 

Rise & Fall Time I 
for Enable Input IE,/tef 

Address Hold Time t"H 

tlon! I 

- '1,0 i - - i /.is 

- i 140 I -' - i ns 

195 i - - I ns 

10 ! -, - ! ns 

- ; -. 25 1 ns 

10 , - ns 



I 

I 

I 

I 

I 

I 
r 

I 
( 

( 

( 

l.
I 
i 
I 

I 
I 

r" 
I 

I :- PW~. 
tAS ~ 

1 ! 
------, 
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RS 

(Control Re!jlster) 

Fig. 8- 3 Read Sequence 
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Fig.8- d Nrlte Se~uence 
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9. How to Use the CRTC 

9 1 Interface to MPU 

.. .1" sho,," r. In F:g. 9-1. the CRTC IS connected with 

the stancare bus of MPC to control the data transfer 

between them. The CRTC address is determmed b~ Cs 
and RS. and the R'W operation is controlled by R IW 

and Enable signals. When CS IS "Low" and RS is also 

"Low". tne CRTC address register IS selected. When Cs 

ABo-, 

H046SOO 
MPU · . 

VMA 

R/W -
_A ... -

~7 · 
." 

DBO-7 · ; 

-,RES 

-RESET 

Fig, 9-1 

9· 2 Dot Timing Generating Circuit 
CRTC's CLK mput (21 pin) is provided with CLK 

signal which defines horizontal character time period from 

the out side. 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 

9-Counter 
HD74163 

ct-__ --lCP 
Oc Q, 

1 

1,·Lo\!.· aile RS IS "H:F or.e oi is Interna; repsters 

I~ selected. 

RES is [he system res:: slgnai Wher. REs becomes 

"Low". the CRTC Intern,,: control ioglc is reset. But 

internal regIsters shown In Tabie 6-J(~-R'7) are not 

afTecteb by RES slgnai ane remam unchanged. 

The CRTC IS deSIgned so as to prOVide an interface 

to microcomputers. but addmg some external circuits 

enables an interface to o:he: data sources. 

RS 

CRTC 

--r CS 

R/W 

E 

00-, 

-
--RES 

. 

Interface to MPU 

is "9". Fig. 9-3 shows the operation time chart of dot 

counter shown in Fig 9-:. As this example shows 

explicitly. CLK signal is at MLo ... •• level In the former half 

of horizontal character time and at "High" level In the 

latter half. It IS necessary to be careful so as not to 

mista ke this polarity. 

1..---..... -- LOAD P /5 REG-N 
" P /S SHIFT 

REGISTER 

~-------------------------- DOTC?-P 

'-..:....----------- C"cp-p 10 CRTC(CLK.) 

Fig. 9- 2 DotC6urHer 

I 

() I 
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6 810 I 2 3 .l. 5 6 3:. 2 3 :. 5 6 7 3 iO 

OOTCP-;>J' _r"lJl.JlJl ... JuL...rLJ-L.rl...rLnsL ~l..lJlJl_n_rLJ1_i 

I I I 

00 I 

02-----. 
I 

I 
OJ ---.....I ~------------------~ 

LOAD P /5 REG-__ N __ -.. 

CX;e Honzont al 

Ch.,.aer Time 

Fig. r3 Time Chart of Dot Counter 

9·3 Interface to Display Control unit 
Fig. 94 shows the interiace between the CRTC and 

display control unit. Display control unit is maInly 

composed of Refresh Memory. Character Generator. and 

Video Control circuit Fer refresh memory. 14 Memory 

Address line (0- 16383) max are provided and for charac

ter generator. 5 Raster Address line (0- 31) ma.~ are 

provided. For video control circuit. DIS?T~G. CCDIS? 

HSYNC. and VSYNC signals are sent out. DlSPT~G 

14 MAX 
MA 

I 
CRTC 

5 MAX 
RA 

DI5PTMG 

CUDI SP 

Refresh 

signal is user! to control the blank period of video signal. 

CCDIS? Signal is used as video signai to dIsplay the 

cursor on :he CRT screen. ~10reover. HSY~C and 

VSYNC Signals are used as drive sign~is respectively 

for CRT horizontal and vertical deflection Circuits. 

Outputs from video control circuI:. (video sigr.als and 

sync slgnais) are provided to CRT display unit to control 

the deflection and brightness of CRT. thlJS characters 

are displayed on the screen. 

Memory 

j 
Character 

Generator 

J 

'lieee 
50 g1'1~IS 

HSYN(; 'iioeo C.JntrOJ 
Sine 

:~K VSY'lC I So g1'1als 

1'1'_" -_' 
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F=':; ~.=- snc\ll~ ::lore ce:aueC ~!LXI\ c.:~;=-Jr;". or" \:tSPIU:" 

~ormc: ' .. H';I: This snows hOIl. .., use DIS?T\IG .lnd 

CLD1S?s:g::-:Jis, B~ ceiaymg io~ one O~ tW0-character 

nm:. D!S?T\lG sIgna; synchronl:es WIIn output timIng 

of paraiiel-serral converter to eontroi bianklng 0; cnaracter 

\ lOCO Slgnai, By delayIng for one or two-charac:er time .. 

CUDIS? signal is mIxed with character ndeo signal. 

Whether delay lime of DlSPTMG and CL'DlS? sIgnals 

should be one or two-character time. moreover. whether 

memo;"'. or no •. are deterrru:1e:, assno .... n In FIg \;.:- t'~ 

me reiatlons amon& one no~:z::ntai character t:me de:a~ 

time 0; \1emor~ Adaress. ae::;; tIme oj refresn memor:. 

and access tIme of character generator 

For reierence. time chan from refresh memory address 

MA to VIdeo Signal In the ase of two-character time 

deiay is shown in Fig. 9-6. 

CHCP-N--~~------------------~ 

CUDIS? 

, DISPTMG 

CRTC 

MA Refresn 

RA 

!I'~ Aceess Time of ,LATOl' 
CaseRMand CG ; ; 

~RM Access~CG 0' 

I; Access N 

: >ICH-t ...... O 

RM Access+CG 
Access UN 

, <lcH-t ...... o 

Memory 

FI' F" 

N N 

N 

F:: 

VIDEO 

I==~' ,CG 

CHCP-P 
DOTCOUNTER 

F .. F·· 
:NOTEJ N,: Necessary 

UN : Unnecessary 

tCH : Cycle time of (HCP 

N N 1". ... 0 : Delay rime oi MA 

UN UN 

Fig. ~ 5 Display ContrOl unit 
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Refresh lIlelllor y addr ess "0" is accossed. 

0 I 2 3 ---MA 

\ 
tcoo --

--- J l 

\ 
\ , 

I -_. 

\ toIU , 
1---

CUDI Sf' 

... 
f 12 

F, 

---I~ \ 
~--~ 

\ --

~ 
1 

Oulput 01 contents 01 add'e>s 0 

I=:X:~ 
-_._--

~. =:::x= l=r=x I X- 1-3-=-x 2 

\ Oata hold 01 address () 

i 
I 

OISPIMO 

f I 

HMOlJ 

_ .... - - .-
r~· 

~ 

0 
._-----

2 '----_OJ ~~.::.::_ I I . ~ ~ 

I Alet 

~~ 

COOU 
I-~~~ 

l;<, x= lX )(I)-K X I IX X 2 X 
\ 
~ Senal ConversIOn video slRnal 01 .dLlr~" ° 

VIOl( 1-- 0 .1 I 2 

CIIT o.'l>ldY ~ ~f~ ~-

Fig. 9 ~ 6 rime ChcHt of Display Control unit 



g. 4 Interface to CRT 

Te JIS;, 1~ \ Ideo slgnai~ suc~ ~s e:JaraClers on the 

CRT. SY::: signals wmeh dnve the deflection CirCUlI of 

CRT dlsoia~ unn and video signais which modulate 

:-nghtnes5 of an electron beam are needed. The ways 

In which tnese Signals are Jnterfacec are different according 

to ·the CRT display deVIces. 

Fig. 9·-: shows four typical types of mterfaces to CRT 

display unit. Fig. 9·7(A) shows the way in whIch HSYNC, 

VSYNc. and VIDEO Signals are interfaced separately to 

Dlwer 
(A) 

HSYNC 0 

VSYNC D 

VIDE -0 

(8) Driver 
HSYNC 
VSYNC 

VIDEO 0 

eCl r--

HSYNC 

a .. 
:i 

VSYNC 

VIDEO 

...... 

HSYNC -------1 
VSYNC __________ ~ ~ 

" :i 

V!DEC ------_-; 

CR7 dlspia) ~::It. Flg.9·":;8 sho .... , thewa\ In whl:::: 

tne mIxed slp:al of HSY,C and VSy;-..;C Signal; t'y 

EXCLL'SIVE-0R GATE an': VIDEO Signal are mteriaced 

to CRT dispia) um~. Fig. 9·":'IC) shows the way 10 which 

composite Video Signal of HS)~C. VSYNc. and VIDEO 

signalS by Mixer IS solely mterfaced to CRT display unl!. 

Fig. 9·7(0) shows the way 10 which composite VIdeo Signal 

is modulated :nlo hlgh·fre quency Signal by RF modulator 

and connected with antenna terminal of TV. ThiS way is 

used in video game machlOes. 

CRT 

DIsplay 

unit 

CFtT 

Display 

unit 

CompPsite Video CRT 

DIsplay 

unit 

Q 

'" -:; 
-= I I ""0 TV <> i 

:: y -:::: 
\ 
\ io Anlf!f1na Terminal 

Fig. c.t-7 Interface to CRT DiSPlay l.'nIt 
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9'5 How to Decide Parameter!! Set on the CRTC 

'7' ad!e. 9· i shows parJ.::1<:te;s w hlen are :1ecessary for 

CRT Jlspia~ Some of tne::1 :He dec:ded by t::e s~c1iicatlon 

01 CRT display Unit (~10r:ltor) and others are decIded by 

the dlsOlay iormat on the sc,een. Moreover, CRTC internal 

regIsters whIch are related to settlOg these parameters are 

shown In this Table. 

Table. 9-1 Parameters For CRT Display 

Item 

i Dot ~umber of 
! Characters (Horizontal) 

I Dot ~umber of 
i Characters (Vertical) . 
I Number of HOrizontal 
I Total Characters 

• Speciiication i Screen CRTC 
! of Monitor Format: Registers 

! External 
'--' i Circulls 

Ro 

I I Number of Horizontal 
! 6 i r--. I RI 

Displayed Characters I '-' I 

Horizontal Sync Position I 
.,-" : i Ri '-' 

HOrIzontal Sync Pulse I 
I 

I !""\ I R, 
Width I '-' '! 
Number of Vertical I ,-" : 'I R. Total Characters v 

! 

Number of Vertical I 6 ! C I R6 Displayed Characters ! 
VertIcal Sync Position ,-" : R, ..... 
Scan ~10de .""' I Rs '-' 

. Cursor Dispiay Method " , RIO. RII '-' 

Start Address ,~. . Rlz,' RIJ v' 

Cursor Address . , r 
i R". RI~ v 

~"" .. Cnder the restriction oi spciiicaClon oi CRT display 

unit. (Monitor) 

S' 5'1 How to Decide Parameters Sased on Speci

fication of CRT Display Unit (Monitor) 

(I) Number oi Horizontal Total Characters 

Horizontal deflection irequency fn is given by 

specification of CRT display unit. ~umber oi horizontal 

I 

Tota] C:larac:ers ,5 ::e:e:;runed oy t~e fodowlng ~quat;on. 

(Ref 9·5·:(3)) 

where. 

f.=------
:""'~" -I) 

t.. Cycle T:me of CLK (Character Clock; 

No. Programmed Value oi Horizontal Total 

ReglSte~ ( RJ) 

(2) Number or Ver1!cli Total Characters 

Vertical detlecuon irequency is given by speciiication 

of CRT display unn. :-.cumber of vertical Total characters 

is deterrruned by the foilowing equation. (Rei. 9·5·1(4)) 

where. 

r fh fn 
!,,=-= 

R. (~",.;-I)(N,~IH-NI" 

R. : Number oi Total Rasters per frame 

(Including retrace period) 

N", Programmed Value of Vertical Total 

RegLStedR.) 

N, Programmed Value of Maximum Raster 

Address Register (R9) 

Nod! : Programmed Value of Vertical Totai Adjust 

RegIster (R~) 

(3) Horizontal Sync J>.Jlse Width 

Horizontal :;ync pui~ width is programmed !O hon

zontal sync Width reglster(RI) in unit of hOrIzontal cha

racter time. RJ is a ~blt register. so programmed value 

can be selected withm from I to 15. 
(4) HOrIzontal Sync Position 

As shown in Fig. 9·3. horizontal sync ?Ositlon is nor

mally selected to be in :he middle of horizontal blan ~ 

period. But there are some cases where its optlmum 

sync position is not located in the middle of horizontal 

blank period according to specification of CRT. Ther· 

efore. hOrlzontal sync positlon should be determlOed by 

specification of CRT. Horizontal sync pulse posHion 

is programmed in una of horizontal character tm:e. 

-------lHH-------

DIS PT~lG -----i 
-- rior:zontal 

Viaeo Penoo 
Honzontal 
Slank 

riOrlZontal 
Viaeo PerlO<l 

HSY~C~----------------------~n~-----------------------
Fig.9-8 Time Chart of HSYNC 

(Sj Vert:cal Sync Position 

As shown trl Fig. 9·9. '.e,,:c:!; sync ~slUon :s normally 

scie::ted (0 be In the :md,Le oi ve,,:c.:li blank penod. 

But the:e at! some cases w·~ere its opttmum sync 

;>OS[,tlO~ IS noe locared In \~~ "lc;::ie of ve:"':lc~l blank 

period ac:ordl:1g ::: ,:-:::! :catlOn of CRT. T:1ereiore. 

vcrtlcai svnc ?OSltlO~ 5::ol~id be cetermtned by specii'!· 

cation of CRT. Ve:1:c::,: s~nc puise positIon IS :::rog:-a:r.med 

to Ve!'1:C3.1 sync ;:-aSH:",i: ~eg!s\er(R~,1 :n unit cf ;:ne ::<:!"lOC. 



'yenlCa 

V lCeo °er 10C 
VencaJ 

BlanK 
VertICal 
\Ioeo ;:;e"oc 

DIS PT\fG 
I 

----' 
,.....----,~~' ------. 

~--------- ~----

1 Fran-e 

VSY:"iC 

______________________ ~n~ ______________________ _ 

" FI9. g.g Tme chart of VSYNC 

9·5·2 How to Decide Parameters Based on 

Screen Format 
(I) Dot Number of Characters (HorIZontal) 

(3) Number of Horizontal Displayed Characters 

Dot number of characters (horlzontal) IS determined by 

character font and character space. More strictly,~, 

shown in Fig. 9·2. dot number of characters (horizont~ . 

Number of honzontal displayed characters is pro

gr~mmed to honzontal dlspiayed register (R]) of tn e 

CRIC. ProgrartUTled value is based on screen format. 

Horizontal display period. which is given by speciii· 

cation of horizontal deflection frequency and horizontal 

N is determined by elttemal N-<:ountcr. 

(2) Dot Number of Characters (Vertical) 

Dot number of characters (vertical) is determineq by 

character fom and line space. Dot number of characters 

(vertical) is programmed to maximum raster address 

.~ regIster (RQ) of the CRTC. \\'hen N, is programmed 

value of R •. dot number of characters.{-vertical) is (N, +1"), 

---retrace'periii<fof_GRT display unit. determines horizontal 

character time. being divided by number of honzontal 

displayed characters. Moreover. as Fig. 9·10 shows the 

access method of refresh memory, its cycle tllne and 

access time which are necessary for CRT display system 

are detenruned by horizontal character time. 

HorlZonta! DeflectIOn Period~ 
Ih 

Horczontal retrace Period 

i 
I I 
i1 

NumDer of HOrizontal DlSolayed Characters 

tc 
I 
! HOrlzonta: Character Tirre 

(4) !'<umber of Vertical Displayed Characters 

Number of vertIcal dIsplayed chara::ters IS programmed 

to vertical displayed register (R.,). Programmed value is 

based on screen format. As specifical10n of vertIcal 

deflection frequency of CRT d.etermlnes number of total 

rasters (R,) Including vertical retraCe penod. CRT whIch 

is suitable for deSIred screen format shouid be selected. 

The relallon between numbe~ 0;' venl::ai dispiayed chara· 

cters and number of total rasters ?=r frame snown In 

9·5·1(:) IS snownJn the foliowlng equation. 

R,=(~"-l)(~.-Il-)\",, ''<or: interiace ~1ode) 
~ 

"umber oi Vertical TotaiCharacters = ~u.mber of 

HorIZontal OISOIaV Pariod 
NumDer of honzontai i)JSolayea Cnaracters 

Yenical Displayed Characters (N.d ) - Number of 

Characters during vertical retrace period 

R ,:;: (r-; .. - I )(N • ..;. I)';" N.G ] ~ 0.5 (Interlace Mode) 

For optlmum screen format. It IS necessary to adjust 

number of rasters per line, number of vertIcal displayed 

characters. and total adjust raster (N.d ]) withIn SpeCI

fication of vertIcal deflectIon frequency. 

(5) Scan Mode 

The CRTC can program three scan modes shown In 

Tabie.9·2 to Interiace mode reglster(N). An exarnpie 

of character dIsplay in each s.:an moae IS shown In 

Fig. 7·:. 
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Taole. 9-2 ::rcgram oi Scar ,'v1oce 

5.:ar. >"'Ioce 

:-.ion-Interiac: 

Interlace Sy r.c 

, Interlace Sync 

& Video 

>."lalr. L5age 

:-';orrnal Display or' 

Characters & Figures 

Fine Display of Characters I 
& Figures 

Display of .\1any Characters 

& Figures Without Using 

High-Resolution CRT 

:SOTE: In interlace mode. the:: number of times per 
sec. in route, scanning on one spot on the 
screen IS haif as many as that in non-interlace 
mode. Thereiore. when persisten~e of lumine

scence IS short. rlickerIng 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 reg ister and curS'Or end raster 

register (RIO. RII) enabie programming the display modes 
shown in Table6-3 and display patterns s~own in Fig. 
7-1. Therefore. it is possible to change the method of 
cursor display dynanucally according to the system 

:ondltlons as ... ::: as :0 re::diz: :he :ursc' ':ISPI3\ :hat 

:;o:eet5 tne syste:-:; :-equl:e:-r:ents 
(-:-, Star: Address 

Start address ~egJS[ers I R.:. R :' give an arTse! to the 
~ddres. of re~'resh memory ro ~ead out. ThiS enadles 
paging and sc:oiling easily. 

(8) Cursor Reglste, 
Cursor registers (R,., R,d enabie programming :he 

cursor displa~ position on the screen. As for cursor 
address. it IS not X. Y address but linear address that 

IS programmed. 

9· 6 Relation Between Number of Displayed 

Characters and Memory Address 

Refresh memory address ot the CRiC/MAc-MAIl) is 

linear address which starts from the \ alue of start address. 

It does not need the address conversion cirClll! In Wide 

use that determines the address of reiresh memory to read 

out by line address and row address and can be used 

without change. 

Moreo\·er. as stan address registers(R,~. RIl) enable to 

change the initial address oi reiresh memory dynamically. 

paging and scrolling are easily possible. 

Fig. 9-10 shows memory address In the case where start 

address is "0" and number of displayed C:1aracters is 

640 (40 characters. line x 16 lines). 

Horizontal 
I------Horlzonul OtsPlay Period ----------'--- Re:rac! P""~C ----

Raster 0 

Raster 
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9·7 How to Use 5 tart ~ddl'es$ 
Stare adc~ess cor.,rols tne 1:1:t1ai address of refresh 

memo:: Ie' read out Jnd gives a:: .:JiTset :0 reiresh memro~ 

adaress within 14·OIt. 

Flg.9.l1 shows an example oi paging to which start 

address IS applJed. In. Fig. 9·11. there are refresh memories 

for 8 pages. Setting mltial address of each page to start 

RefreSh. 

Memory 

I! 7 

Fig. ~ 11 Paging 

9-B How to U.e Cursor Register 

CRT 
Scteet\o 

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 changmg start address to = ~ x for paging and 

scrolling. it IS necessary to change cursor address to = ~ x. 

9-9 How to U.e Light Pen Register 
The CRTC adopts a 14·bit light pen register. When 

light pen detection pulse is added to LPSTB (3 pms). the 

values of memory address (MAo-MAil) are stored. As 

Light pen detection pulse is IlS)'I1Clronous with memory 

address timing. so its internal synchroOlzation circuit makes 

the detection operation certain. ihe detection address 

involves the delay time of the system( from pulse output of 

light pen after a character is di~piayed on the screen and 

light pen detects it to LPSTB mput 01 the CRTC), so its 

value needs to be corrected In software. Light pen detection 

a.ddress IS Itself refresh memory address. When cursor is 

mOved to light pen delCl:1l0n posmor.. tne value corrected 

30 H''T'AC'''''' 

addres; registers, R::, R) 'enaoies (0 dIsplay an oPtJc~ai 

page In a moment 

Fig 9·[:: sho .... s an example of scrolhng to wtuchStart 

address IS apphec. In Fig 9. i 2. changing start address 

periodically enabies tQ move the data to be dIsplayed ior 

plun:1 pages succeSSIvely on the CRT screen. 

Pale 0 

Retresn 
Met:nory f"'"'-"'-""-''''''f .... 

II 4 

1/ 5 
.: 

I! 6 

1/ 7, 

Fig. 9-12 Scrolling 

CRT 
Screen 

in software is wrmen into cursor register. When the 

character Indicated by light pen is read out. the corrected 

value IS used as refresh memory address to read out. As 

for frame address that liehe pen indicates. start address 

needs to be excluded from the corrected value because the 

corrected value is also modified with start adress. 

Fig. 9·(3 shows a typical example of light pen contro:· 

CIrcuit. As shown in Fig. 9·13, some external cirCUIts 

enable to use light pen. There are some ways oi interfaCing 

between light I'cn and MPU. These are: 

( a ) I meTrupt Method 

(b) Program Scan Method etc. 

... ----t' _ 

.r~, 
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, 
I 
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L?SW 

CR-:-: 

R 
Q 

Q 
One SI10t S 

-L. T 
LPOUT LPSTB 

I 

MPU 

SQ ...... ___ ~ 

Q 
R 

~ ____ ~'b--~m 

INTREAO-N(CS· R/W. ~ II 

Fig.9-13 Light Pen Control Circuit 

Fig.9·14 shows an interrupt method of interfacing. 

When light pen detects light. LPSTB signal and an interrupt 

signal fRQ are respectively provided to the CRTC and 

MPU. Fig. 9·15 shows the program of this interrupt 

method. 

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

MPU CRTC 

11 DB n 

When LPS7B signal is provided to the CRTC, light pen 

sets up a detection FLAG. MPU reads out this FLAG 

penodically and when FLAG is "I", the contents of light 

pen register are read out. Table. 9·\ i shows the program 

of this program scan method. 

0 

-- LPSTB 
o LIGHT PE.~ 

IRQ 

I LIGHT PEN 

CONTROL 

Fig. 9-14 interiac:ng of L:gnt Pen 



I"TEKR.L"PT L;)';' ,.;, = It: LO-\B LPH .;,DDRESS 

STA A AO 

LDA A AO-I 

LDA B :1':" 

STA B AD 

LDA B AD-I 

-RTI 

I~TO ACC':' 

STORE ACCA 11\,'T0 

ADDRESS REGISTER 

LOAD LPH DATA 

Il'>o'TO ACCA 

LOAD LPL ADDRESS 

INTO ACCS 

STORE ACCB INTO 

ADDRESS REGISTER 

LOAD LPL DATA 

I~'TO ACCB 

RETURN FROM 

INTER8.J..l£..T_._ ... 

Fig, 9·15' Read Oper:ation of Light Pen Register 

. 
~ 

MPU CRTC 
-

0 

1f Ii 
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 * -5 TRY AGAIN IF LPPLAG=O 

LDA A : 16 LOAD LPH ADDRESS Il'oTO 

ACCA 

STA A AD STORE ACCA INTO ADDRESS 

REGISTER 

LDA A AO-I LOAD LPH DATA INTO ACCA 

LOA B : 17 LOAD LPL ADDRESS I:-';TO 

ACCS 

STA B AO STORE ACCB I0.'TO ADDRESS 

REGISTER 

LDA B AO..,I LOAD LPL DATA INTO ACCB 

CLR LPFLAG CLEAR LPFl:;..G 

:'2 HITACHI 

9 10 Access Method ~c Refresh Memory 

For CRT CIS:;la:- '" ::~. ~:1e CRTC. reiresh memor; IS 

accessed b; CRTC; :7:e:7:0r; address 1'\1Ao- MA;; to 

refresh the screen rnoal~aliy and also accessed b; \;fPL' 

in changing the contents :0 be displayed ,A,.s for access 

method by MPL. there are asynchronous access method 

that has no relation to the clsplay condition and synchro

nous a= method that a VOIOS the display period, Fig 9-18 

shows an exampie of asynchronous access methods In 

this case, MPC address specilies refresh memory address 

and the output of address multiplexer is 51.\, Itched over to 

address bus side. Therefore, a part of the screen may 

flash in a moment. Fig. 9·! 9 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"(horlZontal 

and vertical retrace periods i. refresh memo.!)' }s. accessed 

by MPU In synchronous access method, there IS no 

competition eetween MPl' access and display access, the 

screen doesn't nash. Fig. 9·21 shows a program m this 

case, 

Fig, 9-22 shows another example of synchronous access 

methods, In this case, a character time IS devided mto 

MPU access"time and dlspla; accesstlme In MPC access. 

time MPU is synchronized by stretching MPU clock ¢: 

by READY signal till Its access is finished. Fig. 9·:;3 

shows a program 0; thIS case, 

Moreover, as there are many other access methods 

including these typical examples, the most reasonable 

method should be selected ac:ording to each system. 

AS MA 

Jl J[ 
VMA I 

DEC MPX 1 

MPU o CRTC 

Ii .... 
DS 

Fig.9-18 Asyncnronows ~=cess to RM 

] 

I 

I 
1 
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I 
I 
I 
I 
I 
I 

I 

STA A R~f STORE ACCA I:-';TO R~ LOCA.TIO:-..r 

LDA A RM LOAD RM LOCATIO~ INTO ACCA 

Fig. 9·19 Program of Asynchronous Access to RM 

DISPTMG 

AB 

il 

MPU 

.~ 

-
1 ·1 

~ 
1 ~ 

VM" I DE C I S M?X 

~ 

, 6 RM 

1r . 
DB 

Fig.9-20 Synchronous Access to RM (l) 

LDA A 
BIT A 
BOT 

DT LOAD DISPTMG INTO ACCA 
::: I BIT TEST 
* -S TRY AGAIN IF DT= 1 

il 

CRTC 

-

It 

STA B RM STORE ACCB INTO R~1 LOCATION 

LDA A DT LOAD DISPTMG INTO ACCA 

BIT A :::1 BIT TEST 

BEQ * -S SKIP IF ACCA=O 

LDA B RM LOAD RM LOCATIO!' INTO ACCB 

Fig.9·21 Program of Synchroncus Access !o RM(1) 



AS 

i: I' tl I , , , 
r-- ., VMA 

I I s I' ,,~ ~ MPX • ~ 
_Co _ 

c.. : I '1 

I 0';" I 
H I u CHC:> 

I .... -
MPU CR 

RM I 
I 
I 

li It 
.. 
, 

---
READY 

Fig. 9- 22 Synchronous Access to RM (2) 

STA A RM STORE ACC A INTO RM LOCATION 

. LDA A RM LOAD RM LOCATION INTO ACCA 

Fig. 9·23 Program of Syncnronous Access to RM (2) 

~ O. Program of the CRTC 

'0·1 READ/WRITE Operation of Internal Registers 

As sho .... n In Table. 6-1. the CRTC has 18 Internal 

,eglsters and I address register that specifIes address of 

these reg ISlers. 

Thereiore. READ WRITE operation of internal registers 

should be done through : steps 10 a pa ir. 

STEP I. RegIster address IS written Into address regIster 

b: STORE command 

STEP - The contents of the speciiied register are read 

by LOAD command. or are written tnto the 

speciiied regIster by STORE command. 

READ WRITE procedure of Internal registers IS shown 

1:1 Fig. 10·. and an exampie or ItS program IS sho .... n In 

FIg. 10-: 

W:,en ~;::dres5 register is access<!d. It is necessar: to 

.1ss:gn ad.:~ess so tna: RS rna:,. De •• Lov.. .. (::'Jri :.: i \\'hen 

;:.~. :me-:1~. ;eglster is accessec. I: IS necessar:- tc assign 

"Jares> "C :nat RS ma: lx .. HIgh". 

y 
... 

WRITE REGiSTER . .,wMSER 

INTO ADDRESS R:::;S'::~ 

READ or WRITE C·=::".l<-;-:ON 

of INTERNAL RE"~. S7£; 

I 

L 
;:jg. 10-1 READ WR:~:: : -:: e:;Jre~' !rter~a: 

Register 
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I 
1 
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.. '" ~ -\ ::IS ;..,..Ir< 

SiA A .l" 

LDA A ,~+: 

LOA A :::15 
STA A Ao 

LOA .0\ DATA 

STA A Ao+l 

LOAD !t:":;STER \L"lBE::\ :,TO ACC. ... 

STORE ~CCA I\TO ... DDRESS REGISTER 
LOAD C'~·R.SOR LOWER BY7E 1\1"0 ACCA 

LOAD REGiSTER :-;C~UlER I\TO ACC..>. 

STORE ACCA 11101"0 ADDRESS REGISTER 

LOAD WRlTF DATA 11'01"0 ACCA 
STORE ACCA INTO a.;RSOR LOWER BYTE 
REGISTER 

light pen regIster liter the system power :H;:::-:y is es

:aoli,hed !Jy powe~ ;)n. 

Fig. I 0-3 shows ~ 40w chart of Inniaiizlng ~r.::gram and 

F:g.IO-4 shows the ;lrogr3m based on thIs :':0'" chart. 
In this e:r.ample. the :'lumber of program steps ,s -:::creased 

by looping the proFam. storing the lnniallzlr:g data in 

order of register acdress in a table. 

Table.IO-1 sho ... s an e:r.ample of initializIng values 

for character displa~ In this case. there no oagrng 

and scrolling. So start address should be ai· ... lys "0". 
Cursor's initializing 'posltion shall be usuall~ In home 

position. though it ;an be anywhere wnhin vaile memory 

address or" systemt 0-639 in Table.IO-I). 
Fig.10.2 READ/WRITE Program of Internal Register When cursor address IS out of valid memory address. 

it is necessary to be ;areiul because cursor dis "lay posi

tion is not guaranteed. Table. I 0-3 and Table. j 0-4 show 

an example of initializing values for full graph:c display. 
10 . .2 Initializing Program of the CRTC 

For desirable display control function of the CRTC, 

it is necessary to initialize 16 internal registers except 

-

I IXR + 1- IXR I .. 

NO 

7· 
" 7 IX. 

~ 

"0" - RN 

, 
WRITE RN INTO 
ADDRESS REGTSTER 
OF CRTC 

I 

" WRITE DATA IN 
(IXR) AOORESS 
INTO CRTC 

DA: INITIAl ADDRESS OF DATA 
IXR: INDEX REGISTER 
RN: REGISTE.~ NUMBER 

Fig. 10-3 Initializing Fiow Chart of The CRiC 

LOX ::DA LOAD DATA ADDRESS 11'-1"0 INDEX STA B Ao+l S70RE ACCS 11101"0 eRTC ltEGiS7ER 

REGISTER CMP A ~tS 

CLR A CLEAR ACCA BEQ ILR: 3~A\CH IF COMPLETE 

iLRl STA A Ao STORE REGiSTER ~L'WlER :~1"0 ADDRESS I~C A :"CREME:-'! ACCA 

REGISTER I:-IX :"CREME!'iT I~DEX REGiSTER 

LDA d o.X LOAD i\iTAL DATA 1:-''10 ACCB BRA ILR. SRASCH TO ILRJ 

ILR; 

Fig. 10-4 :nitializ!ng ;;rcgram of the CRTC 

.., -,~ 



':"a:;,e :: ; SoecliICalICr.C: ::.~araC!e' ::l1;;Oiay SxamOle 

Item 

Sea., \Iooe 

Hor:z.:lr.:ai DefteclIon Frequenc~ 

\'eruca: Deflecllon Frequency 

Dot Frecuency 

Charac:er Dot (Horizontal x 
Venlcall 

Sumber of Displayed Characters ' 
tRow x Line) 

HSY~C Width 

Specl!icaton 

:--'on-I nterlace 

15.625 KHz 

60.1 Hz 

8 MHz 

8 x 12 

40 x 16 

4 .~ 

Cursor Display Raster 9-10. ; 
.+ Blink: 16Field Period : 

Paging. Scrolling 

Table.l 0·2 Initializing Values for Character Display 

t ilqlSlC"O. : Name jlnitializing Value I 
I (Decimal} , 

Ro ' Horizontal Total 63 . 
Rl Horizontal Displayed 40 

R2 Horizontal Sync Position 52 

R3 Horizontal Sync Width 4 

R. Venical Total 20 

Rs Venical Tot~1 ,Adjust 8 

Ro Vertical Displayed 16 

R; Venical Sync Position 19 

R. Interlace Mode 0 

R; Maximum Raster Address II 

Rw Cursor Stan Raster 73 
Roo Cursor End Raster 10 

R·· " o Stan Address (H) 0 

RI3 'Stan Address(L) 0 

RI' ' Cursor (H) 0 

RI5 Cursor .(L) 0 

Taole.lO·3 Specification of Full Graphic Display 
(Example) 

Item 

Scan Mode 

Horizontal Deflection Frequency 

Vemcal Deflection Frequency 

Dot Frequency 

, Character Dot (Horizontal x 
Vertical) 

~umoer of DIsplayed Characters 
(ROw )( Line) 

,"umber of DIsplay Dot( Honzont
al x Vemcali 

HSYSC WIdth 

Cursor DIsplay 

Specification 

:-.ion-I nter lace, 

15.625 ,KHz 

60.1 Hz 

8 MHz 

8 x 8 

32 :r. 24 

~56, J 92 

I 
I 
I 
I 

R::g!SIC' So, "ame 

Ro Honzontal Tota. 

R:. Horizontal Dlsl'iayed 

Rz Horizontal Sync Position 

RJ Horizontal Sync Width 

R. Vertical Total 

Rs Venical Total Adjust 

R6 Vertical Displa~'ed 

Rr Vertical Sync Position 

R6 Interlace Mode 

R9 Maximum Raste: Address 

RIO Cursor Stan Raster 

RIl Cursor End Raster 

RI2 Stan Address (H) 

R13 ' Stan Address (Ll 

RI4 ' Cursor (H) 

RI5 Cursor (L) 

10;:3 Program of Paging 

I nJuaiizJn£ Vaiu: 
(Dcci~I' 

63 

47 

4 

31 

4 

24 

28 

o 

o 
o 

As shown in Fig.9-11. paging is to select a desired 

page from refresh memories for plural pages. Fig.lO-5 

shows a ·fio~ chan oi paging. In thiS example. input for 

selecting a page is derived from page KEY. This is a 

very easy program where Initial address of reiresh memory 

corresponding to the selected page is set to stan address 

regIster. 

Then. as shown in 9.8, cursor address should be modifi

ed by the same number which stan address IS changed by. 
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10.4 Program ot Scrollirg 

PUS ... PAGE ><:EY 

V 
I 
I 
'" 

READ OF KEY OA TA 

I ,. 
DECISION OF PAGE"N" 

1 
INITIAL ADDRESS" OF 

PAGE"/'(' IS WRIITEN 

INTO START REGISTER 

1 
READ OF CURSOR 

REGISTER 

1 
_ADD INITIAL ADDRESS 

OF PAGE"/'(' 

1 
WRI TE OPERATION 

TO CURSOR REGISTER 

• Address of Retresn Memory 

Fig. 10-5 Program at Paging 

There are two kinds or sc~olling. One is PJge scrolling 

snown :n Fig.9·1:. In thiS ':Jse. the data of refresh 

:ne:-::ories for plural pao?es are moved uo and Jown. The 

ct::er is teletype scroiling. i:: :.115 case. refresh memOrIes 

lre :'or oniy one page. so ~e'''i JaCJ :s displa:>,ed at tne 

,o~om line. sc:olling t.:p one .:ne :,y scron up ccrrunand. 

Fig.IO"() shows a no"" chart of page scroiling. In this 

eXJmple. sc~oil key cont,ois up and down oi scrcil!ng. 

In scrolling :.lp. when ;:;;.~ address IS the same as :r:ltlal 

address oi :::e last page. scrolling up IS Ignored. "Vhen 

start address !s the same as address of !nmai :age. 

scrolling down is :po:e;:. 



PUSH SCROLL "EV 

V 
I .,. 

CA' CURSOR AODRESS 
SA. START ADORESS 
HO: NUMBER OF HORIZONTAL 

DISPLAYED CHARACTERS 

READ OF KEY DATA 
EPSA: INITIAL AODRESS 

OF THE LAST PAGE 

DOWN 

I~ 
• 

(SA-HD) IS WRITTEN 

TO START REGISTER 

." 

(CA-HO) IS WRITTEN 

TO START REGISTER 

.YES 

I 

L 

UP 

I 
I~ 

." 

(SA-HD) IS WRITTEN 

TO START REGISTER 

." 

:CA-HO) IS WRITTEN 

':'C CURSOR REGISTER 

Fig. 10-6 Page Scr:lillng 

Another scrollmg 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 bortom line to space to display new 

data. only one line is scrolled up. Fig.10-8 shows an 

example of addreSSing of te!ely~ scrolling. (Scroll up). 

In this example. the numbe~ of displayed characters IS 

t 9:C and refresh !1"emory IS :CJ.<8 bytes. Refresh memory 

has an excess by I ~8 bytes. and address above :048 !S 

Ignored in the hardware ane tne soitware to do teletype 

scroihng snowt': In F!1;.: 8-S its hlghe~ ] address bits 

oe111g ignored. :-efresh ~:n-cr: is \l,ra?ped around and 

-'.s refresh memor' 

size IS more than the number of displayed characters by 

128 bytes. a ooundary oidala In It moves successl\eiy. 

Thereiore. READ "WRITE address of data is oetertruhed 

relative;> t-: SLlrt address under the control of a program 

and othe~ baSi; address \\'hether it is page s.;rolling or 

:eietype s.:roi::g. star: address lS changed In 'J:1lt of the 

:1~:nbe~ " :-:or:zomal clspiayeo characters. Then the 

;onte:-::5 ,. ::.:!"sor regtste!" s:1oulc ~ aiso ::langec by 

the S:l me n.u~ocr, 

\1cr=<'\ e:"', :r..::rement OJ'' decrement of s~art lCCress 

e'::Sl1:- ~~2'!.e~ s;ronlng :n ,un:t of -a ":!1~rac:e~ as we;; as 

Jr. 'J.:1:: -::: .;. .:ne snov,'n in r:HS e.~3m?ie, 
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SCROLL COMMAND 

V 

LEND + He-LEND 

I • 
CHANG£. HQ.....\:HARACTERS 
FROM LENO TO SPACE 

1.-· -
WRITE (SA+HO) INTO 
START REGISTER 

WRITE (CA+HO) INTO 
START REGISTER 

SA' START :"DORESS 
CA: CURSOR ADORESS 
HD: NUMBER OF HJRIZONTAL 

DISPLAYED CHARACTERS 
LENO: INITIAL ADDRESS OF 

THE END LINE 

Fig.10-7 Teletype Scrolling (Procedure of Scroll Command) 
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------------
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Sta~ 

ACdress 
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Line 

24 th 
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79 
~O 

~l 

to "0" 199~ 

These 
are all 
cnanged 
to "0" 

Firs: 

Line 

Start 

Address 

" - .. 

Second 

Line-

23th 

LIM 

24th 

Line • 

31 

These 
are all 
changed 
to "0" 

F"st 
LIne 

Start 

Addre&5 

Second 

line 

IIlP9 
2000 

• 
:04 ; 

Total J.S,.:.-ijne U~ ~r!!"'\~s ~acK to Inttlal st_at~., 

31 

24th 

Line 

These 
Ire all 
changed 
to "0" 

-------

1809 

First 
15;0 

Line 

Start 
Adoress 

23tn 

Line • 

-----===::;:::==--
:""(l, C,,,., 0' 2048 anc 1920)-'-1920 x (NumDe!' 01 Orsolayeo _,nu:24) 

AftI!' the screen IS lIt. new cata !$ put "' 

Fig, 10- 8 :.xa:nD:e ~'';c;:ressing :n 'Te!etype ScrOlling : 2~- Wore: 

memory :s l,,;sec tor 80 cnaracter-s x '2':'· i'ings,.) 
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10.5 Program of Cursor Control 

Cursor :5 =d lS 1 ;:'Ointer to Indicate the dJ. ta : nput 

posmon on t:le scree:1. It can be located any wnere on 

the screen and IS usuajl~ controlled by cursor Keys. 

These Keys lre the 

.--, 
shift !-I 

'--' 

B shift 

m shift 

follOWIngs; 

cursor one 

cursor one 

cursor one 

,..-~~ 
I -'" 
I , , , 

place to the 

place to the 

place up 

rIght 

left 

r---' I_ 
I 
I 
I 

, . shifT ;:urscr (Jne :;,Iace do .... " 

shlit cursor to horne poSitIOn 

Fig.lO-9 shows In examoie oi cursor's nght shifr and 

down shift. In this exampie. when cursor IS located at 

the end of a line. pusning == key shifts It to the begIn

ning oi next line. When cursor is located at the end of 

bottom line. pushing = key shifts It to horne posItion. 

Moreover. when cursor is located at bottom line. pushIng 

W key shifts it to top line of the same row. 

-, 
, ' ..... ___ OJ 

Fig. 10- 9 Cursor Control 

Fig.IO-IO shows a flow chart of cursor's right shili 

and Fig.IO-11 shows a flow chart of cursor's down shift. 

~rTAC~1 .!; 



.. 
INCREMENT OF CURSOR 

v 
1 

READ 01' CURSOR 

HD: NUMBER O' HORIZONTAL 
DISPLAYEJ' CHARACTERS 

VO: NUMBER OF VERTICAL 

REGISTER DISPLAYED CHARACTERS 

"SA" - CURSOR. 

WRITE THE RESULT 

INTO 
CURSOR REGI STER 

I 
6 

SA: START ADORESS 

Fig,lO-lO Cursor's Right Shift 

'\J 
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I 
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NO 

~ 

CURSOR + HO 

. 

REAO OF CURSOR 
REGISTER 

CURSOR 

~ 

I 

I YES 
t 

-HO· (VD-l) 

I 
~ 

WRITE ThE RESULT 

INTO 
CURSOR REGISTER 

I 
I 

6 

"'0: NUMSER OF HORIZONTAL 
01 S?LAYEO CHARACTERS 

10: NUMBER OF VERTICAL 

01 S?LA YEO CHARACTERS 
SA: START ADDRESS 

Fig. 10-11 Cursor's Down Shift 

10.6 Program 01 Light Fen Control 
Combination of light pen with CRT display enables 

various functIons such as the fol!owtngs. 

(I) Shift cursor to light ;::>en position 

(2) Input of address or light pen position to CPt; 

(3) Input of data of light pen position to CPU 

(4) ~oye the data of light pen position to other 

display position etc. 

Fig. 10-1: shows a jow chart or cursor shift. using 

light pen. in :!lis exam::le. light pen and CPL are Inter

faced by 3:1 :nterrupt :nethod ane a program of light 

pen stans WIt.' thiS Jnte:Tupt. 
Light pe:1 de:ecllon address is linear address Jnd wril· 

ing the correc:ed resuit Ji system ceia~ into cursor register 

without change enables C:.!Tsor shift to light ;:>en i'Qsition. 



INTERRUPT 

V 
i 
I 

I 
" READ OF 

INTERRUPT REGI STER 

I ... 
READ OF LIGHT PEN 
REGlSiER 

+ .. 
CORftECTlON OF 
SYSTEM. OELA Y 

.1 
! WRITE THE RESULT 

INTO 
CURSOR REGISTER 

I 
L --

RETURN 

Fig. 10-12 Program of Light Pen 
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I I. Apcllcatlons oi the CRTC 

'I I Monochrome Character Display 

Fig, 11·1 shows a system of monOCMome cnaracter 

Qisolay. CJ.aracter clock slgnal(CLK) IS provided to the 

CRTe through OSC and dot counter. It is used as baSIC 

clock which drives Internal control c:rcults. M PU IS 

connected With the CRTC by standard bus and controls 

the CRTC initialization and READ/WRITE of Internal 

registers. 
, Refresh memory is composed of RA..\1 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 display a s~tic 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(Mem9t')' 

Address output). but in fact some of them that are needed 

are used according to capaciry of refresh memory-. 

Code output of refresh memory is provided to charact· 

er generator. Character generator reads out a dot pattern 

'. 

MPU 

II 

II 
Jl !I 

DOT CLK 
OSC f-OUNTEF 

MA 

RA 
CRTC 

OISPTMG 

CUDtSP 

HSYNC 

I vSYNC 
I 

I 

or' a s~cir"led ras:e- or J sDeclr.ed Ch:lr3:;::e~ In car:lliel 

by ~oce outout 01 -e:'res:': me~or: :lnd RAI Raste:- -\ccres, 

output) or' the CRiC and provlds it out to carallel·serlal 

converter! P-S), PHallei·serral converter IS normally 

composed of shift register to convert output of character 

generator IntO a ser:al dot pattern .. \10reover. DISPTMG. 

CeDIS? HSYNC, and VSYNC Signals are prOVided to 

v Ideo control cirCUIt. It controls blanking for OutpUl of 

parallel-serial convener. mixes these signals with cursor 

video signal. and generates sync Signals ior an interiace 

to monitor. 

I 1.2 Color Character Display 

Fig.ll.: shows ~ system or" color character display. 

In this exampie. a J·bit color control bit( R.G.B) is added 

to refresh memory in parallel with character code and 

provided to video control circuit. Video control Circuit 

controls coloring as well as blanking and provids three 

primary color video slgnalsIR.G.B Signals) to CRT display 

device to display characters In seven kinds of color on 

the screen. 

I, 

All -Ao 

• 

JL 
Isus ~RtVERI MULTIPLEXER 

1 
1 
I 

REFRESH I 
MEMORY 

(RAM) 

I 

1 

I 

CHARACTER 
GENERATOR 

I I, 
I P - S 

j 

I r I vIDE'J I 
VIDEO I i 

SyNC " / 

CeNTROl SlG~';"1.. 0 0 

Fig. Jl-l ~f1oncc~rCi':ie C~a(ater Dis~lay 
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MPt.; Au-Ao 

II 
11 II 0,-00 

I MA 

II 
, 

Jl Jl 
boT ClK MULTIPLEXER I BUS DRIVER I 

OSC 
f'0UNTEf It 

CRTO REFRESH 
MEMORY 

(RAM) 

'. -- ---... _-- ----. 
. 

.. . RA CHARACTER 
GENERATOR 

- . Jl . 
I P - s I COLOR 81 T (R. G. el 

OISPTMG R. VIDEO 

0 CUOISP G. VIDEO 
. 

HSYNC VIDEO CONTROL B. VIOEO 

SIGNAL 
0 0 

VSYNC , 
SYNC SIGNAL 

Fig. 11- 2 Color Character Display 

I 1.3 Color limited Graphic Display 
Limited graphic displa~ is to display simple figures 

as well as character display by combination of writable 

symbols which are defined in unit of one character. 

As shown in Fig.II-). graphic pattern generator is 

set up in parallel, with character generator and output 

of these generators are wlre-ORed. Which generator is 

accessed depends on coded output of refresh memory. 

In this example, graphic pattern generator adopts ROM. 

so only the combination of writable. symbols ""illch are 

programmed to it IS possible. Adopting RA.>,;1 lnstead of 

ROM enables dynamically writable symbols in any combi

nation on one display by changing the contents of them. 
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MPU 

II 

DOT ClK 
COUN 

TER 

I 
B 

A,~ -Ao 

1/ 

It 

~i 
07-00 , 

I 
I 

l 
MA i 

!I ]1 i . 
MUL TTPLEXER aus , C"',vE::! , 

-:-~ I 

I 
: 

t REFRESH , 
MEMORY I 

; 

I (RAM) 
CRTC , 

; I ! ~I 
! .~ Jl ~ 
I 
I 

~ 
GRAPHIC , RA CHARACTER I PATTERN 

I GENERATOR . GENERATOR 
i I 

Il -II 
I I I I 

I I I 
I P - S I COLOR BITCR. G. B) 

I J I 
I OISPTMG R. VIDEO I 

0 ! CUDISP G. VlDED i 
I 

I 
HSYNC B. VIDEO 

VIDEO CONTl\OL 0 0 
¥SYNC I I 

SYNC SIGNAL 

Fig. 11-3 Color Limited Graphic Display 



lit. Monoc~~ o~e = 
F:g.! t-:. snol.1.~ .i ~:~!:.::-:-: 0:" :nonocnr0me fuu gr3.,hlc 

:I>pla\ Whl'~ Slmpl~ f~Jonl~ dlspla~ IS figure Qlso:a\ 

~: comOtnatloi, of ;:':~:''';:-: eiements In untt of plcrure 

eiements. fUJI graphic ':i,spla~ IS display of any figures In 

MPU 

I 

. • 
DOT elK MA 

- OSC 
COUNTEr RA 

, . 
CRTC 

~ . 
-. , 

: --
_ ... -

-

-I 

I DISPTMG 
I 
I 

HSYNC 

VSYNC 

-

~r.:: 2:- : CO~ I:. :;-.;~ :J.se. reiresr. mer.10r:~ :s .:.:: !11ernc:-:. 

(r.2: stores J ~l !ne ..:.~: ;Jaaerns, 50 ns outDU~ :S Clrec::\ 

pro\ ieee:: 10 parallej·se~lal convener to be CIS:-:3vec Dc: 

me:r:or: address to refresh the screer. IS set u::, ,~ com Ci· 

nallon of MA OUIDl:1 and RA output oj CRTC. 

BUS DRIVER 

JL 
-- -J --

MULTIPLEXER 

li 
DOT MEMORY 

(.RAM) 

--
][ 

I ., - s I 
I 

(VIDEO 0 " SYNC VIDEO 

CONTROL. StG~.AI. 0 0 

Fig, 11-4 . Monochrome Fuli GraphiC DisPlay 



J 

1 
I 
I 

I 
I 

, 
I[ 
I 
1 
I 
I 
·1 

• • 
• 

F:g j 1·5 sho ..... s .in e:U:!1plc: or lccess tc :eiresn memor;. 

~, comblnallon oi \1 .... output lnd RA output. F:g.1 1·5 

,no"'s ;I reiresh memor;. .lddress method for full graphic 

display which has spc:cirlcation shown 10 Table.10-3. In 

chiS case. t::e va::.e; s::o"'n In Taoll:.! 04 are :nltlall~ 

~rog~amrnc:d to C;<' 7C Internal registers. Correspondence 

be:wec:n dot on :ne CRT screen and refresn memory 

adoress IS shown ;r. Fig i 1-6. 

24 lines 
x 8 rasters 

= 192 rasters 

CRTC 

8 rasters 
(l line) 

RA 2 

1 
RA 0 

MA 9 

I I 
I 

I I , 7 I 

6 
I I 

5 

i I : ::;=]11 
MA;.~ . 

! 
I 

! 

I 

i 

ma 12 

I' 11 10 
I 9 
I 

, 
ma 

6 
5 
4 
3 

Fig. 11-5 Refresh Memory Address Method for 

. Full Graphic Display 

32 Characters x 8 dots = 256 oats - bite(8 bit) 

I I 101 I I : I 1 I I 31 

32 I 33 I 63 

64 I 65 i ! 9S 
96 I 91 127 

I 

I I I 
I 

I I 
I 

22~ I I Z55 

I 
I I I 
I 

I 
I I 
I I , I I 

I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I 

I . I 

6112 6113 I 5148 

\ 

Refresh Memory 
Address 

Value ot ma 

Fig.11-6 Memory Adaress anc Jot Disolay :cS:!iOn 

on tne Screen for FL:II Gracnlc Dis:lay 
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j j.5 Coior Fuil Gra::Mlc Display 
FIg.II'- sno"s a S)ist:~ ;)f .::olor ful: graphic display 

b~ ";-<;olor display. Refresh memory IS composed of three 

dot memones which are respect1vei~ usee ior red. green. 

and blue. These dot memories are reaG out in parallel 

MPU 
II 

OOT ClK '. MA 
OSC ' , 

COUI'lT[R RA 

. 
. 

" 
CRTC . 

DISPTMG 

HSYNC 

VSYNC 

II 

at one time and tnelT output IS provloeo (0 tnre: :laraiJe: ,,..~. 

·senal converters, Tnen Vloeo control c:rCUll ad&. the 'V 
blankmg control to output of these converters ana provlds 

It to CRT display deVice as red. greer.. and blu: Video 

signais with sync signals. 

, 

I 

aus laus 10' '5 ~ I D~IV;:~ DRIVEq DRIVER 

- --
MULTIPLEXER 

J 
I 

a 
G 

R 

OOT 
MEMORY( RAM) -

~ 

= 

P - s 1J 
I I 

RED VlOEO 

GREEN 0 ViDEO 
VIDEO 

BLU~II'l!<n 
CONTROL 0 0 

SIGNAL 
I 

SYNC SIGNAL 

Fig. 11-7 Color Full Graphic Display 

I I.S Cluster Control of CRT Display 

The CRTC enabies cluster control :::at is to control 

CRT display of plutal ceVlces b:-' one CRTC, Fig.II·8, 

shows :l system of =iuste~ control. Each display control· 

unit has r:fresh memory, charaet:: gen:rato~:parallel· 

5e:,ial converter, an': VICCO ,control Clrc~:: separ3:ely. but 

these ar-e controlleo togethe:, by the CR Te. 
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:2.; Monocnrome Character Display 

---,~t"(I,"", 

FIg.i:-i snows an eAam:Jie or .1ppilcatlor. o( the CRTC 

to ~onochrome character dlsDia~. Its soecificatIOn IS 

snown In Table.I:-1 Moreover. specificatIon of CRT 

dIspia~ unit IS shown In Table.IO-l and InitialIzing values 

ior the CRTC are shown in Table.IO-:. 

Table. 12·1 Specification of Example 1 of 

Applied Circuit 

Item Specific:won 

Character Format 

Character Space 

, One Character Time 

i Number of Displayed; 
! Characters 

5 :I; 7 Dot 

Horizonlal:3 Dot Vertlcal:S Dol 

I ~S 

40 characters ~ j 6 lines = 640 charaa.:n· 

Asynchronous Method' 
i·_· 
I 

Address Map 

: ~ W! fo; : ;Jages i 

St~J..:ctu,:: 0i One \\ oro 

-RiG B 

~~f;:;~.L;O 0 0 0 x •••• * •••••• 
~~;:~~H'G 0 0 ' x ••••••• I ••• 

~:J;M 0 0 lOx x x x x x x x x x x 0 . "., ...... -
~~:I~O. 0 0 ! 0 x: x x x x x x x x X x l R,,'II,r 

i x .. ·don·t care * · .. 0 or I 
.I~ ............................................................ --.............................. -

Cursor Displayed in Green 

Blink or" A Higher Blink r O:~ormal Charaae:-
i • Bits of .[ Dlsplay(l'>on-Blinx) 
i Displayed Character I:BlmK( 16 Field 
j Refresh Memory i'alod) 

-~i ------------~----------------------~--~~~ 
! SvnchronlZ3tion Mctilod 

i Acce~ . Method to 
i Refresh Memory __ .l • HVSYNC Method 

.! Refresh Memory 

i Address Ma p 

Sinchronizauon Mc1hod 

I kB 

21!2U21l21%2t12!~ ~ : ~? ~ 13 !- 2' '! 
! 
I R,f, .. h 0 0 0 0 0 0 ••••.•• * • * • I Memory 

\' CRTC 
Add.... 0 0 0 I 0 0 X X X X X X X X X 0 

I Itt,lSler 

; CRTC 
;
1 Control 
, R~JIMer 

000 I OOXXXXXXXXX I 

x ... don' \ ca re. *···0 or I 

HVSYNC Method 

12.2 Color Character Display 
Fig.12-: shows an example of application of the CRTC 

to color character display. Its specification is shown in 

Table.I::·:. Moreover. CRT for color display shall be 

used and its specification is shown in Table.IO·1. Initi

ailzrng values for the CRTC are shown In Table.IO·:. 

Table.12·2 Specification of Example 2 of 
Applied CirCUit 

Item Speci fica tI on 

Character Format 5 x 7 Dot 

- Character Space HOrIzontal:3 Dot Ve~ical:5 DO! 

Sumber of Displayed 40 characters x 16 ,ines = 
Characters 640 charactersl seven color) 

One Character Time : !1S 

~ccess ~1ethod to 
Refresh 'v1emor} 

52 HITACHI 

Syncnronous ~1elhoc 

(Time DIVISIOn) 

eLK' 
--' _I_i 

, ;If,()t 

MPU CR7C ,MPj eRTC" 
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: G:::. 1; " V C~ \ I 

" Serial Clata 

SROUT-P 
, 

i i , 



J 

I 
I 

I 

I 
I 

I 

I 
I 

I 

I 

I 

I 

I 

I 

? 
??7?7 ~1 

~------'''Y 
I 

========;--,- ,,,.,()O ~' ' , 
<= 

1 I 
I 

~ 
I 

j 'i/ 

, 
'---'--I 

i 

'I \] 
, 

V vi V ~------~~--------~--------~------------V V V ,.."7404 V 
I ' ' 

f I 
, . ~~..4 j-/O , 

I, 

le"p" .A ,.,"."", •• ~ I 
. H0741b4 

s.e i::t! ;:..-

..... 

I ...,. 

T 
i 
I 
I 
I 

I 
) 

5 ROlJ7- t) ~D1400 

___________________ ~~~~ _______________________________________ ~i ~ ~~~,~_4_00 ________ __ 
)[ 5::)'!'/·"!G·~ ! ~ 

Fig. :2-1 Example of Aoo/ied Circuit of the CRTC ',II'cr,oc:-:r:J~e 

Character Cis;Jlay) 

~. :;. l.<f 
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I'-



( 

( 

( 

I. I'<,/t ClfrSTAl. 

O~ ,~ ,~ ... H07404 
, , 
I 

RI ~ • 3JDtII'F Vee 
", 

HD_ 
• ISO" ,.JaIl .... 
I 

~ -
Vee 
I 
~ RI 
I 

t 
I 

I , 
A 
I .... 
~ .., 
:::. 
~ 

'1'"" 
~. 

. ..,.. ~ t ~ 

.~ ;; fO." :i:"- ~~~ AI."') t..:. 

I I I I I 

~~~~ ~ !~;;l.8i2" 

". .., , I~ 'if' -
~ ... j~$I"~ .... Q. Q. Q. 

... : ' 1 .... :-..1 I, ~ :: ::.- ...:. 
~! ~<I(=:~~~ ~r ! ~ ~ ~ 

.;'~ ~i:~~~ 
I i II 

I 
' I 

I 
I' 

11P'.)4~ES5o~ , ' 

I 

V 
I ~ 11"""",-", 

! I(,''fHNlo'" , I 

I 
! ;CSPTI'1G°;> 

I -Iji 

II 
I· ! 
I I I 

I I 

~"IO~ 
o U"""i ___ "--_ , ~~--------------~~----~~--~~~.~.~~_~o;-----------

I 
II II 

Ii 
I: 

i: 
: : 

I 
I 

I i , ~--------------------
! 

J 

J 

i 
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'J 

I 

I 
I 

I 
I 
I 
I 
;1 
.1 
I., 
I 

---, 
I 
I 

= 

i 
I 

~ ,.A '0 .... "" 

I i I 

~: 

! 
A, A., A. 
I , 

! : j 

A, AI A, A, 
I I I I 

~ 
~ 
-.: 

.I, .,-'" "" ~I ,h"'&' <.!J 
1"f;)".IS~ -

... _ lo" "'.. ~ "'" "" ..... 
Q( 

a: 
~ 

I 

I 
I , 
I RI'fi/ 

:)i .... ll ... j ~ 

... 

C; i SO I aJjt; . 

.. /" ::' 
::'$ =-

Ii, 
~ ~ 

I j 
Ii 
I! 
I! 

I 
~I 
i r -I 

I 

;: -= -::: 
.... ! -< - -"~ 

:>' 



I ---------------------------------=======[i~:=~,~-__ -_-__ - __ I :,",;:: -=o----c----i~9~ ~1b±' ~~~_ ~__:_c;,-----;v;;::;;-=~:::o-~~-~= ,:, "4- :: Z'.r--- RM.HSEi. N ~ I: I : CRTCSEL-N R/W-N 
':':3-= 'r RMLSEL-N 

A12-~ ~~-!-I---~---------- ~,nL-~o:=C) 
! L-. I OJ SPTMG-P . ~ 270P.20k 

~2TTL-N - DISPTMG-;> 

CLK-P 

II i -- Vee 

1. 7uS 
Pulse 

I 
RMWG-OP I RMEN-P--------

j
: 

IL _____ ==,===LD---<>----
Vee 

~ 
----4:, , = =11 

VSYNC-P J-";dJI.-----
~ ~ 
a ~ .... 

~I 
RESET-N -



I 
I 

_~_- :;inCaO-? 

I _--- .,.PUREAO GATE-P 

__ -- ~MHREAO-P 

I 
_____ OUTlATCHSET-P 

_---- MPUSYNC·P 

'I 
_________ RMLWE-N 

____ RML"f\'G-P 

____ RMHWE-N 

_____ RMHWG-P 

LI 
____ MP'JAOORESS·P 

I 
____ 0'\ TA6lINK-P 

Fig. 12-2(2) 

Time Chart 

.' ~J., • .rl.n..rV1.n.I1.J1.fUl.~ 

.' I r~~::-p 
l'MAO - MA 10 :==x:::c' =:rzr -Z· ::;;:'::"Z/I!:"C:XX=:::Z:===. 'C::=xC:=:::::=Z' ,:·Z· :t" =)Xc:=== 

" w W 
I 

r~l~ ;~;;~~/;.~~~~~:~t~~~~t:~n~~~~~~~~~_~_~_~_~.~~;;~~~ 1M. READY 
lAo-AID ==-:x ,. x=== 
r Address to i I Refresh Memt;o;)ry;:-::=r:;;;k!::-::=±i ;:-:!.::*=~;:;:;:5:CCi:' ::::;~::2':;;:'.·=:::;::::!'=:::c====::!= 
I Output data of -:==:.........,:J!liiii!~d!liiit:=::......,,::;:~~~?~=::;:::3:j.~~!l5iiC=== 
!RefrahMem.~or:Y:-~::==:::]I~'~~~~~~t:::::::::::::t:::::::= ! CG address, _ 

i CG output 

lSPOUT-P 

'"=> 

\ 

rRMEN
-

p ~~~~~==f~~~~=~~~ OUTLATCHSET.-~P=<=:~C==== i '--J~ 1°0-0, - X x;' ," >--
'(MPU Read Oata) 

rOo-O, ---------------«=·:'Z·,t::::::::::::·:·:::::::::::::~>----
: (MPU write Oata) I 
RMHWE-N }_. ___________ ~ " ,~-------------
RMlWE-N ~\-RMHWG-P } r-i ... I _______ ... r-"' .... ·, ____________ _ 

RMl WG-P H'---1 
'Prosrammed Data :::::,;)>-----------
of Refran Memory 

I 
j 

,I+;:;,·.----------~------~------...;..;! 
'., 



V S 

0 0 

0 

0 

, "PD::"'Di \ 

Inte:-:--,:1: Reg!ster; o( t.~e CRT( 

Reg!s 

·le: 

~o 

AR 

~ame 

Address Register 

HOrlzonta 1 Tota I 

HOrizontal Displayed 

hexaoe::Jrr Da:::. 8;: 
·31 

Programmec 
\aiuesof AR 

6 

x><>< 
Programme 

..;; \'alues 

0-1"7 

00 0- 255 

01 0-255 * ----------------------------------------------------
Hortzontal Sync Position 

Horizontal Sync \Vidth 

Ve~lcal Total 

R; VERTICAL Total AdJust 

VertIcal Displayed 

R; Vertical Sync Position 

100eriace Mode 

R9 Maximum Raster Address 

'RIO Cursor Start Raster 

Rll Cursor End Raster 

R12 Sta rt Address (Hl 

! Rt3 Start Address (L) 

Cursor (H) 

Cursor (L) 

I RI6 Light Pen (H) 

R·• o. Light Pen (L) 

02 0-155 * 
03 0- 15 

04 0-12" 

05 0- 31 

06 

07 

08 

09 

OA 

OS 

OC 

00 

OE 

OF 

10 

II 

XX 

XX 

0-1:-: * 
O-I:i * 

v S 0-3 

0-31 

0-4 S' 
0-31 It * 
o 31 * 

0-

16383 

* These "alues shall be programmed according to restrictIon 

shown in next page. 

Interlace Mode Cursor )Isolay 

Mode S P Displa) 'v1ode 

0 0 "<on·Blank 
Non·IOlerlace Mode 

0 "'on·Display 

interlace Sync Mode 0 Bl!n>:.. 16 Field Period 

interiace Sync & VIdeo Mode BI:nk. 3: Field Period 

I 
I 



~ • 
I .. ··" " 

.' 
'{ 

I, 

I, 

I 
I· ; .~ . . 

~ 

I. 
I' 

n 
: I 

RestnC~lon On ~rC~~3~meC "Jalues of the CR7C 

?rogrammed vaiues ,,;( ::;e CRTC Internal regIsters 
- d I'~ ,.~ .. ~"'e ,.0110wJn2s· 

I h; . .I I be res mete ilKe '." ••• • 1. - • 

I) 0 < :--OM < :--Ok. -; ::s :56 
Ii) Nk. : Odd ~umber liD the case oi :nterlace sync 

mode or Interlace sync & video 

mode) 

iii) 0 < N.d < N.,-: ::s 123 

iV) Nk'P"'Nh •• < Nh.-l 

V) 1'1 ... ::s 1'1 .. 
Vi) 0 S NeST ART S "'::::SD S 1'1, 

Vii) In the case of Interiace sync & video mode. either 

of the followings sna!1 be ~lected. 

(I) NcsTART. :--oc::~o Even Number 

(2) NCSTART. :--OC:::iD Odd Numbor 

\ieanlng of S~mools ;n ,) - Vii, 

Programmed 

Values of 

RegIsters 

:-. .. , I Number oi HOrizonta, Total 

Charac:ersJ -

S... Number of HOrlzontai DIsplayed 

Characters 

N.. i'Oumber of Vertical Total 

Characters) - 1 

1'1.. Number of Vertical DIsplayed 

Characters 

~h" : (Horizontal Sync PositIon) - I 

1'1 ••• ': (Vertical Sync Position) - J 

NcSTART : Cursor Start Raster Address 

NeEso : Cursor End Raster Address 
N, : Maximum Raster Address 

J 
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Table 01 Functional Differences between HD465CSR and HDJ6505S 

1'SlC tional :t"' .. t ferfl'".c:e! 

~l'\t.r!..c. 

5Y1'< 

I Video "" ... 
i Oi.pla, 

;?rcsra_Ln~ 

~t~OQ 

i of 
nuaber of 
!ve rt ic.l 
1:haractlr 

NUliber of 

ruc.r per 

eharaeur 

lin. 

I 

Ic"roor 
I 01a~l.v 

:-1040505. 

Character ~1..:"\e acidred!!l 

, _ :'?:"o;.ra~nl 
'JI.h.J..;...----------------;lunit ~or : 

! ":iur..ber of i ,L-___ -- - __________ J "er:ical 1 

"'I l :narac:ee:', 

2 ~ - - - -- - -- - - - - - - - - - - -i 
'~-------------------j 
4 _ - - - - - - - -- - - - -- - - -_ 

In KD46S05~. number of ch.raetera i. vlrtiea
lly prcgra==ed in ~i: of ~o :1n.5 ••• 
illu.trated above, (Number of vor:ieal total 
ch.r.~te,., ~~b.r of vertical d1891ay.d 
en.raet.ra. Vortieal 5yRe ?oli:1an) 

PrOI~amm..d- numb.r inco V.r:~cal Pi.playod 
"silt ••• ,_ 

-Only eyen-nulib.~ can -l><I specHi.d-. 

o ." ~ " -
--Q-----e-.I,i I %. to 

.-"?-;-!-;-:-J ~..--
--a-----;.o.-.; f r Sumber of raster 

, _..!.. _____ ! _-~' j I 
f- _______ --. ___ J 1,1 a.aract .. 
o - - ~i~e addres-s 
-~ ... -Q.,--

o 
2. _ 

-E)------v-- \ 
4 _ : 

- ... -----<>--; '3 .. 
1 ~::~ ~-_~ ~ ~ ~ 

--Number of ra.Cer • ~O sc:an:ine (soec.!.fted} 

Hove~ver, number ~h1~h i! ~r~gr3~~ec lnCo 
re~ister 15 ealuculaced a8 :~11ow5. 

?~ogr2~ed number (~r) 

• (~umber I pec1f!ed) - 1 

Cursor is displayed in ei the'!' g· .. "E:l :ield 
or O!)!) nold. 

J---------------1 2 )ee"~ 
.. - -3- ; - 9 -e- 9 - 1 

6~S 
i ------------7 

---- .. --- ..... _1 2-----
.--0-9-0-9-':>--,<--

• -<J.-o-o-c.o--~ "-
-----------"j 

CDO "U::_:>e ~ 
0'0 :"',''';~,!H!!' 

.. 
o _,\ ::l ,.. 1) P!,O~TPJ~·'. 
1 i unit. fe1 

,~------------------------------- n~=Qer ~~ 

8 

"et't 1c.e;. f------------------------------I chI tae tor" 

I In HD46~OSS. nu=b.r of th.rae:or. 1, v.rticI-1 
11y ,rogra::ud 1:2 U<li: of "". 11110, aa I 
illuo: rated above. (:h!llbor of vart1c.l tot.l 
charae:.rl. ~u=bor of Yertic.l di.pl.y.d 1 

character •• V.rtieal SyRC 10.1t1an) 

Progra==ed ~~bor into Vertie.l Ot.pl.yed 
a.g1atar • 10 

Iot~·.v.~ n~bor and 04d- ~uab.r can b. 
.pIcHiod. 

a.aucter 
~ '4 ne ·rier_.a 

01. rae Cer 
,_ linl Id6re.; 

- -0- - .. - - -0- . i t 
Z _ ..; _____ ~ _ I : 0 
'- j';; e ! .-:-----1- s \ 

, =:~:==~~::.:) ,--------
.; -~~- ... ~.,..~ \ 

._ . ...,-- - - -'>- S ; 
.4 ~ 5 t 

- .. - - - - -.;> - ~ > : . _ e, 
--?-e-:o--9- --'7; 
---------.~J 

"'"her. ~I.,;:tOe:- of T'3!te!' 
,er =~araete~ ~1ne II 

EVEN. 

~tumbe'!' :If raster 

• :0 ~e.n line 

(s;:tecif!ed) 

~-~-----.-' ill 
4 ,,:-. -; -.- ~ - 1 ~ 0 ,,-:-----z=-Sl 
t - .. ---- - .... -7) I ---------0\ 
, •• 0 • ! 

;:1~==~::=~(1[ --<>-----eo-, . .. '!5' ~ Q j '- ________ rJ I 

~~e~ numb.r of raJtJr 
,er d'l.raccer tine i 
i. oeD. 

S~er of ~.ater 

• 9 Jean l~ne 

(specified) 

However, r.u~er wn!e~ 1, p~o!r.mmed into 
regis~er 15 calueu1aced I. !ollovs. 

?~ogr.~d "umber (~:) 

• (Su~er s;:ee! f1ecn 

C' .. n'so'!' i, dl,pl.~.-::I ~n: both !:'Vr.I field 
ano ::, !!.eld. 

- -.,'" .9 -e - 3 -0 -- \ !:V!S number , . -ittfFl .. -0. "'). 0,_ -. S ---------- .. .,. 

-----------! 
... -~-?~_5-D .... ~,~ 
--:-v"""€1~ ... )~ , -.;.....;.....;..::-.::.-

.- .. ~.-- .... ~ .. -
; , 0 e @ 9 ~ Z· ... ES ~\4b.r .., . - ....... :-... :---~-<; - : 

- ..,: .. ..v "";,..0 v ... s :,: ~uso.:' 

:.:t"!::.nuec 



r • 
. 
; 
I 

1141. 
lr.,46S0SS 

Ii 
[ 

[ 

Fa 
I 

, 

I 
2 Ywl.'tu&l 1111; I ll.Mci s: 15 ta.tar Ican cyclo (16M) ?rocra.maablo (l - 16 ra.tar .cu c7ela) I I 

l\Uet \I1dcb 
I ! Spec1ti1d b, , ! 

i ~71.'01 U .lS -1 I 
""111111 oralr 1 

cvnm: ... e,ut) I I Ie ... cy~o • b 1C of II.J I 

I vtnli..-J I i VS~ I 
I I 
I 1J VP,/./'~ I I : I RJ i wvJI· .. v21· ..... ll ;;vOI I I I I 

I 
--......-...- --' , 

Vert1~&1 
, 

lior1a~u1 No: " .. d lIo.1Ioaca1 Sync il1d:~ i S","c a",c I 
I Width 1I1c1th , 

t 
" I· 

I 
I 

l !J:rJ Me U em Not ine,l\ld~Hi · . I SIX. h.:u::1=:-. 1. t'levly 1:1. 111 ... d 14 ~:$P~. , 
: Ct-~IS? .1p,",. 

· . I I 
Auached byte I 

I 
~ 

_. 
~~vlsl . , 

!;.I CdP-, ,~.;,~ IS! u I It! . " . I -----i C'.'llISP ::SP':'lIC 
Not u .. 11 

I . 
I 

t,...ple of ::S1TMC output · . 
~-- Hot ....... e 

I ~ O!I& characur .... .v I 
.' I ~'- '!'lIe chluc:er .llV ; 

I , 
I ...., , charActer tilM 

: : ~ 2 c:narac:.a:o ei_ i 
1 I , ---.' ., 
I 

4 SCare Ad4uu .. ,loU t_ .. !blo ~o RUJ) 
! 

Po •• ible to RtAll 
I 

i 

I: 
~ 

E 

I , wn Ulllal cUi, ~, .. II 'J o"c~uc 1 I !iA? ~MA!! outl'''''/ 
I 

\,i. "' ..... ~Syn~hrenou.. re,e: I 
~ ~U.4 Ouepu: RAo ..... M .... Out.;lI\,lC { .. ·-A.ynchroftous re.ee 

Other O\lt,u, .. - - - - _. ""ync~r"nou. 
Otl'le< Output_ -' reset i 

1 ~ 
i Output 81,na., ot lIAo .... ".A.l ...... ' .... ~"'.11111 Qutl'lIt dgnall o! i".A, .... IiA's • ..... ,""i\A •. i 

.,.ne~ron1:1n, with :l!.K ";'0\1" loyd. go to .2.!:.-,e:-, go t~ ":.,.:,,,14 ltv.: ;.=-d.,,~cely .. t:.r 
I 

I 
":..Q1f' lavll, ~t tel" ,ItS h.. IClne to ut.Olo."". ~£s h ... ~cn. to "l.O\.". level. 

I : 
Ot~u outpuU ;0 u "I.OW" 1 .... dhuly .ttu i 

! m hat COn. ~o "l.0W" level. . 
! 

i , 

, I: , . 

I I , 
"':)/o6ICl~ ~=:'~~I'\'O:: 

1110 .1 o..ueuuu1c tat ftr.nee Sy!U~: "'in tv. :-.ax ~!:", :",",,!! =..\x 
\':!\i! 

I 
I I Cleck eyel. ':'1 .. teycc. 330 : 70 n. 
I 
I I '1 CloCk Pui .. 1l14th "111&1>" ,.. 150 l.JO ". • 'C'<i 

I Clock lulu l.'1dth "t.ov'" N_ :!o .1 ! ~o nl , 

I 
I UI. and , .. ~! Tie. I -!o!" ClOCK bout .!' f • ':':-

:5 :0 n. 

I 114 rhoftt,. 1 S)'IIc I)«lay ':'1.- :10 -M ... I . ~!~ 
1 

I 
I I~i'ht Pall Strobe ?uli. ·.1.dch l ?'.':.:~ eo 60 ,. 
~-'. 

! !..llnt P.~ St:'c-be ;0 i 1 I Unctrtaln 71lOa of ':?:' so :":, 
I 

AceeUafth I -....... :~ 
' .. : "". ~. --

I 
,. 


