HD6845R/HD6845S
CRT Controller (CrRTC)

The CRTC is a LSI controller which is designed to provide
aninterface for microcomputers to raster scan type CRT displays. HDE845SP, HDBBA4SSP, HDBSBAESF
The CRTC belongs to the HD6800 LSk Family and has full HOB845RP, HDEBA4SRF, HDESBASAP
compatibility with MPU in both data lines and control lines. fts
primary function is to generate timing signal which is necessary
for raster scan type CRT display according o the specification
programmed by MPU. The CRTC is also designed as a program-
mable controller, so applicable to wide-range CRT display from
small low-functioning character display vp 10 raster type full
graphic display as well as large high-funcrioning limited graphic
display.

B FEATURES ! {DP.40)
¢ Number of Disptayed Characters on the Screen, Vertical

Dot Format of One Character, Horizonal and Vertical Sync

Signal, Display Timing Signal are Programmabls
3.7 MHz High Speed Display Operation (HD6B45S) 8 PIN ARRANGEMENT
3.0 MHz High Speed Display Operation (HDEB4SR)

Line Buffer-less Hefreshing

14-bit Refresh Memory Address Output {16k Words max.
Access)

Programmable Interface/Non-interface Scan Mode
Built-in Cursor Control Function

Programmabie Cursor Height and its Blink

Built-in Light Pen Datection Function

Paging and Scrolling Capability

TTL Compatible

Single + 5V Power Supply
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8 SYSTEM BLOCK DIAGRAM
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OsC HDERS — Mamy
CATC 1t a ORDERING INFORMATION
. CRT Display
CATC Bus Timing Timing
HD6&B45S 1.0 MHz
ntes HOBB8A458 1.5 MHz 3.7 MHz max.
N HD68B453 2.0 MHz
Semfo  © HD&B45R 1.0 MHz
g HDE8AASR 1.5 MHz 3.0 MHz max.
ug I D"“‘ HD68B45R 2.0 MHz
oransl
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HD6845R/HD6845S

8 ABSOLUTE MAXIMUM RATINGS

Item Symbol Value Wit
Supply Voltage Voo ' 03~ +7.0 v
input Voltage Vi, " 0.3~ +7.0 v
Operating Temparature Toar -0~ +75 °c
Srorage Temperature Twp - 55~ +150 °c

" With respact to Vgg ISYSTEM SN

[NOTE? Porlmmnt LSI demage may wcur it mascimum ratings am excesded, Normal operstion should be under NCOMMENDeq aperatng
f them ded, it could sifect relisbiliry of L5I,

8 RECOMMENDED OPERATING CONDITIONS

hem Symbol min typ max Unit
Supply Voltage Ve 476 5.0 5.26 v
Lopot Vottage Vi * -0.3 - 0.8 v
Via® 20 - Vec v
Operating Temperature Tooe -20 25 75 *c

* With respect 10 Vgg {SYSTEM GND)

® ELECTRICAL CHARACTERISTICS
® DC CHARACTERISTICS (Voo =6V £ 5%, Vg =0V, Ta ~ =20~+75°C, uniess otherwise noted.)

Mem Symbol Test Condition min typ” max Unit
ingst “High”" Voltage Vin 20 - Voo v
Input “Low” Voltage Vi =0.3 - 0.8 v
input Leakage Current Iin Vin =0~ 5.25V {Except Do~D4} -2.5 - 25 HA
Three-State Input Current Vi, = 0.4~ 24V
L} - - 1 A
{oft-state) brsi Ve = 525V (Do~ D31 10 0 #
] | = =205 pA Dy~ Dy}
“High” Vol v LOAD 24 - - v
Output “Hig oltege on I oap = - 100 A (Other Outputst
Output "Low"” Voltsge Vor lLoap = 1.6 MA - - 0.4 v
| Vie = so."c Dy~ D - ~ 125 BF
. Tam
nput Capacitance Cin f : . § MHz Other lnputs - - 10.0 of
Output Capacitance Cout Vin =0V, Ta=25°C, §= 1.0 MH:z - - 10.0 pF
Powar Dissipation Po - 600 1000 mw

* Ta= 25°C, Voo = 5.0V
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HD6845R/HD68455

HD6845R/HD68455
* AC Characieristics
(Voc =~ 5V 2 5%, 7, = -20 ~ +75°C, unless otherwise noted.)
1. TIMING OF CRTC SIGNAL
Tost HD6e45R HD6B45S
- il
No. ltem Symbol Conditicn min | typ | max | min | typ | max uni
1 | Clock Cycle Time teyee 330 - - 270 - — ns
2 | Clock “High™ Pulse Width PWcy 150 - - 130 - - ns
a | Clock “Low" Pulse Width PW,, . 50| — | — [w0] — | — | ns
ig.1
4 | Rige and Fall Time for Clock Input Teo tey 9 - - 15 - — 207 ns
5 | Horizontal Sync Delay Time bsp - — | 250 | — -— {200 | ns
& | Light Pen Strobe Pulse Width PW, go | — | — | 60] — | — | ms
5 | Light Pen Strobe tppr Fia 2 - | - 80| — | — | 70 ns
Uncertain Time of Acceptance tppz 9- — — 10 —_ — 0 ns
Mamory Addrass Delay Time luap - - 160 - - 160 ns
9 | Raster Address Delay Time tran - - 180 | — - 180 ¢ ns
10 | DISPTMG Delay Time torp Fig. 1 - — | 250 | — — | 250 | ns
11 | CUDISP Delay Time tenn - - 250 - — 250 ns
12 | Verticat Sync Delay Time tyso - — ] 250 - - 250 | ns
2. MPU READ TIMING
T :%ss HDSO&:EE :oesaiga
1 ) est 7 =——1 Uni
tem Symbol | gondition min | typ | max | min | typ | max [ min | typ [ max Unit
Enable Cycle Time tevcr 1.0 - - |0.B66 | - - 0.5 - - s
Enable “High" Pulse Width PWe 045 | - - 10.28 - - 022 - - s
Enable "Low™ Pulse Width | PWe, 040 | - | - |lozs | - | - {onn| = | - | s
Enable Rise and Fall Time tee, tes - - 25 - - i - - 25 ns
Address Set Up Time tag | Fig. 3 140 - - 180 | - - 10 - - ns
Data Delay Time tooR - - | 320 - - | 22 - - 180 ns
Data Hold Time tu 10 - - 10] - — 10| - - ng
Address Hold Time tan 10 - - 0| - - L - ns
Data Access Time tace - - | 460 - 1- 0] - - |20 | ms
3. MPU WRITE TIMING
HD5B45R HOBBA45R HOB6B45R
hem Symbol Test i HDB845$ : HDEBAISS : HDGAB45S Unit
Condition [ min | typ | max | min | typ | max | min | typ | max
Enable Cycle Time teyee 10} - - 10686 | — - 05 | - - i
Enable ~“High™ Pulse Width PWe 045 | - - |nz28 | - - Ton| - - P
Enable “Low’" Puise Width PWE 0.40 - — | ¢28 - - o - - s
Enasble Rise and Fall Time te,. tet Fio. 4 -| - 25 -] - 25 - - | 2 ns
Address Set Up Time tag A 140 | - - 130 | — - 0 - - ny
Data Sex Up Time tpsw 195 | - - 80| - - 60 | — - ns
Data Hold Time Ty 0| - - 109 - - wp - - ns
Address Hold Time tam 0] - - Ww| - - 10 - - ng
@ rHuiTACH!
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HD6845R/HD68455

teyee
20v 2.0v PWCL /
0.8v oav 0.8V {0.8\1"
CLK chﬂ
h—
Ter tet
24y
0V
MA,~MA,,
p——————
tman imap
2.4Y
.4V
HA,~RA,
mo—
\Rap tRap
24y
Qv
DISPTMG
toTD pro
TAv
Qay
CuDIsP
teDD teoo
2.4V
DAY
HEYNC
VEYNC
3D k :HSD
tvsp vsD
20V 20V
P
LPSTE | |

This Figure shows the retation in 1ime batwesn
CLK signai and sach output signals, Quiput
sequence is shown in Figs, 10~ 16.

Figure 1 Time Chary of the CRTC
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HD6845R/HD68458

I rpz
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When LPSTB rues w1 this period.
Retresh Memory Address "M+
is oL in1g the light pen registers.

1 ppy. \Lpoz ¢ LPSTE's uncertain rime of acceptance.

Figure 2 LPSTB Input Timing & Refresh Memory Address 1hat is set into the tight pen registers.
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D,~0.
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Figure 3 Aead Sequence
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HD6845R/HD6845S

Towe
ot P Wy ——]
F'_tAa
CZ‘OV Z.O\r'lx P
. 08V LYY 08V
€ o T
1Er —a]  |fo— wmgel | TET
= ogw
R y
R/W 20V 20v
RS { Address
Register)
0.8v o8y
As b
1Contra) Aagistars} dF Yy
iy by
HLaov 20v
D,~D,
KO.SV 08V
Figure 4 Write Sequence
6OV
A =24k
Test Paint € = 1300F 1D, ~D,}
= 3J0pF {(Output signsit except O, D)
R = 1ka ID,~D,)
= 24k(  (Outpun signals except D, ~D, ]

D, ~D, wre 520748 0r squivalent.

Figure 5 Test Loads

& SYSTEM DESCRIPTION

The CRTC is a LS1 which is connected with MPU and CRT
display device to control CRT display. The CRTC consists of
intemnal register group, horizontal and vertical timing circuits,
linear address generator, cursor control circuit, and light pen
detection cireuit. Horizontal and vertical timing circuit generate
RAy~RA,, DISPTMG, HSYNC, and VEYNC. RA,~RA, are
raster address signals and used as input signals for Character
Generator, DISPTMG, HSYNC, and VSYNC signals are received
by video control circuit. This horizontal and vertical timing
circoit consists of internal counter and comparator ciscuit.

Linear address generator generates refresh memory address MA,
~MA,; to be used for refreshing the screen, By these address
signals, refresh memory is accessed periodically. As 14 refresh
memory address signals are prepared, 16k words max are
accessible. Moreover, the use of siart address regisier enables
paging and scrolling. Light pen detection circwit detects light
pen position on the screen. When light pen sirobe signal is
received, light pen register memorizes linear address generated
by linear address generstor in ordes to memorize where light
pen iz on the screen. Cursor control circuit controls the postion
of cursor, its height, and its blink.
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HD6845R/HD6845S
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Figure 6 Internal Biock Diagram of the CRTC
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HD6845R/HD68455

W FUNCTION OF SIGNAL LINE
The CRTC provides 13 inerface signals vo MPU and 25 imer-
face signals 1o CRT display.

« interface Signalg to MPU
Bi-directional Data Bus (Dy - D7)

[ vopiNo33-26 ]

Bi-directiona! data bus (Dy~ D7) are used for data transfer
between the CRTC and MPU. The data bus outputs are 3-state
buffers angd remain the high-impedance state except when MPU
performs a CRTC read operation.

Read/Write (R/W)
Input  Pin No. 22 J

Read/Write signal (R/W) controls the direction of data transfer
between the CRTC and MPU. When R/W is a1_“High™ level,
data of CRTC is transferred to MPU. When R/W is at “Low™
level, data of MPU is transferred 10 CRTC.

Chip Select (CS)
Input  Pin No. 25

Chip Select signal (CS) is used to address the CRTC. When CS
is at “Low™ level, it enables Read/Write operation to CRTC
internal yegisters. Normally this signal is derived from decoded
address signal of MPU under the condition that VMA of MPU is
at “High™ level.

Register Select (RS}
Input  Pin No. 24 J

Register Select signal {RS) is used to select the address register
and 18 control registers of the CRTC. When RS isat "Low™ level,
the address register is selected and when RS is at “*High™ level,
control registers are selected, This signal is normally a derivative
of the lowest bit (AD) of MPU address bus.

Enable (E}

Input Pin No. 23

Enable signal (E} is used as strobe signal in MPU Read/Wrile
operation with the CRTC internal registers. This signal is nor-
malky a derivative of the HD6800 System ¢, clock.

Reset (FE5)

Input Pin No. 2

Reset signal (RES) is an inpul signal used to reset the CRTC.
When RES is at “Low™ level, it forces the CRTC imo the
following staws.
13 All the counters in the CRTC are cleared and the device
stops the display operation.
2} All the outputs go down to “Low ™ level.
3} Control registers in the CRTC are not affected and remain
unchanged.
This signal is different from other HD6800 family LSIs in the
following Functions and has restrictions for usage.
1) RES has capability of reset function only when LPSTB is at
“Low™ level.
2) The CRTC starts the display operation immediately after
RES goes “High™ level.

+ Interface Sighals to CRT Display Device
Character Clock (CLK)

Input  Pin No. 21 |

CLK is a standard clock input signal which defines character
timing for the CRTC display operation. CLK is normally derived
from the external high-speed dot timing logic.

Horizontal Sync (HSYNC)
\ Output  Pin No. 39 |

HSYNC is an active “High™' level signal which provides hori-
zomal synchronization for display device.

Vertical Sync (VSYNC)
1 Output Pin No. 40 |

VSYNC is an active “High" level signal which provides verti-
cal synchronization for display device.

Display Timing (MSPTMG)
| Output  Pin No. 18 \

DISPTMG is an active “High™ level signa) which defines the
display period in horizontal and vertical raster scanning. It is
necessary to enable video signal only when DISPTMG is a
“High™ level.

Refrash Memory Address (MAg~MA3)
Output  Pin No. 4~ 17}

MAQ ~MA 3 are refresh memory address signals which are
used to acoess to refresh memory is order to refresh the CRT
screen periodically. These outputs enables 16k words max. re-
fresh memory access. So, for instance. these are applicable up 1
2000 characters/screen and 8-page system,

Raster Addrass (RAg - RAy)
Output  Pin No. 38 - 34)

RaAg ~ RAy are raster address signals which are used o select
the raster of the character generator ot graphic panem generasor
ete.

Cursar Display (CUDISP)
Output  Pin No. 19

CUDISP is an active *High'" level video signal which is used
to display the cursor on the CRT screen. This output is inhibited
while DISPTMG is at “Low™ level. Normally this output is
mixed with video signal and provided to the CRT display device.

Light Pen Strobe (LPSTB)

r Input Pin No. 3

LPSTB is an active “High™ level input signal which accepts
strobe pulse detectad by the light pen and control circuit. When
this signal is activated, the refresh memory address
{MAg~ MA 3) which are shown in Fig. 2 are stored in the 14-bit
light pen register. The stored refresh memory address need to be
corrected in software, taking the delay time of the display device,
light per, and light pen control circuits into account.
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HD6845R/HD68458

& REGISTER DESCRIPTION

Table 1 internal Registers Assignment

—_ Addrass -
G [rs | Regiser | PO Rogister Name Program Unit | READ | WRITE Data Bt
4 2210 “
1 % [x%x = x = - -
0 |0 |x = x x x AR | Address Register - x
0|1 (00000 RO |Morizontal Towl * Character x
¢ |1 |0OC0O 1 A1 Harizontal Displayed | Character *
|
i - [ i
0 |1]|o 001 of my |poreontstSyne Character Pox o i
l
Vertical-Raster, 1 i
0 1|0 001 R3 Sync Width Horizonial- o o wyvd | wv2| wyl | w | whd [ wh2 | whi | whi
Characiar H
1|00 1 o0 R4 |Vertical Toal * Line x o
0|10 01 011 RS Versical Total Adpst | Raster . o]
9 |10 1 % 0 [:1:] Vertical Displayed Ling ¥ o]
Vernicel Sync * .
¢ {1 |00 1 1 ¢t A? Position Line *® [a]
T
o1 (0100290 RA  |nteriace & Skaw - 3 =}
(1[0 1 001 Ra k‘;::::m Raster Ragtar Cox [s)
o lt]|o1 0O A0 [Cursor Stary Raster Ragret x =]
o 11a v 011 f11 |Curscr End Raater Aasrer x a
¢ l|l1r|(01t Q0 A12  |Swrt Address!H] - o) o
¢ |1 |61 10 R13 |Start AddressiL} - o <
G|t o v 1 30 R14  |Cursor{H} - = ju]
1] 10 1 11 A5 | Curser (L) - ] o
0 1(1 0000 A16 |Light PeniH} - =] o«
|1 |10001 Rt? |Light PeniL} - o S
[NOTE| 1. The Registers marked =: (Wriktan Value) = (Specitied Valusl - 1
2. Writen Value of RS is mentioned betow,
1) Nonimecdaet Moo, | Writien Vaius) = (Specified Value! - 1
21 Interiace Sync & Video Mode
{Written Valuel = (Specified Valuet -2
3. 00 and C1 specify skew of CUDISP,
DO and O specity tkew of DISPTMG.
Whan 5 is 17, W speraliss video mode. 5 specidiss the Interlace Sync Mode,
4, B specities the cursor blink. P specifies the cursor blink period.
5. wl~wd spacify the puke width of Yertical Sync Signal.
whi~wh3 specity the pulse width of Horizonisl Sync Signal,
6. R0 i3 ordinaliy progr i to be odd in inLerlace mode,
7. O Yas, x;
G HITACH!
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HD6845R/HD6845S8

& FUNCTION OF INTERNAL REGISTERS Table 2 Pulse Width of Vertical Sync Signal
& Address Regisser (AR} . vSw Pulse Width

This is a 5-bit register used 1o select 13 internal control 2 z 2 7
registers (RO~R17). Its ¢ are the address of one of 18 o 1] 0 0 164
internal control registers. Programming the data from 18 to 3t
produces no results. Access to RO~R17 requires, first of all, to 0 0 o ! !
write the address of comesponding control register into this 0 0 1 0 2
register. When RS and T3 are at “Low™ lewel, this register fs 0 0 1 1 3
selected, 0 1 0 0 4
® Horizontsl Total Regirter {RO) 0 1 0 1 8

This is a register used to program total number of horizontal 1] 1 1 0 8
charicters per line including the retrace period. The data is 8-bit 0 1 1 q 7
and its valve should be programmed according to the specifi- i 0 0 o 8
cation of the CRT. When M is to1al number of characters, M-t
thall be programmed to this register. When programming for 1 o o 1 9
interlace mode, M must be even. 1 1] 1 1} 10

1 1
& Horizontal Displayed Regiseer (A1) 1 ? o ; :12

This is a register used Lo program the number of horizontal
digplayed characters per line. Data is 3-bil and sny number that 1 t o ! 13
is analler than that of horizontal total characters can be 1 ] 1 0 14
programmed. 1 1 1 1 15
# Harizontal Sync Position Register {R2} H: Rustar pariod

This is a register used t¢ program horizontal sync position as
multiples of the character clock period. Data is 8-bit and any
number that is lower than the horizontal total number can be . ; ;
programmed. When H is character number of horizontal Sync Joble 3 Putse Wigth of Horizontal Sync Signat
Position, H-1 shall be programmed 10 this register. When pro- HSwW )
grammed value of this register it increased, the display position 2 ) 2 » Pulse Width
on the CRT scteen is shifted to the left. When programmed
value is decreased, the position is shifted to the right. Therefore, [ 0 0 0 — {Note}
the optimum horizontal position can be determined by this [ 0 o 1 1 CH
wlve, 0 0 1 0 2
& Sync Width Register (R3)

This is a register nsed to program the horizontal sync pulse 0 0 1 1 3
width and the vertical syn: pulse width. The horizental sync 0 1 0 0 4
pulse width is programmed in the lower 4-bit as multiples of the 0 i 0 i 5
character clock perniod. “0" can®t be programmed, The vertical
syne pulse width is programmed in higher 4-bit as multiples 0 1 1 o 8
of the raster period. When “0" is programmed in higher 4-bit, 0 1 ) ' 7
16 raster periad {16H) is specified. 1 0 ] 0 B
o Vertiosl Totst Register (R4} ! 0 0 ! 9

This is a register used to program total number of lines per 1 o ¥ 0 10
frame including vertical retrace period. The data is within 7-bit 1 0 1 1 n
4nd its value should be programmed according to the specifica- 1 1 o o 12
tion of the CRTC. When N is total number of lines, N-1 shall 1 1 o 1 3
be programmed to this register,

1 1 ¥ L[5 14
® Vertical Total Adjust Register (RS} 1 t 1 1 15

This is 4 register used to program the optimum number to CH; Charscter tlock period
adjust total number of rasters per field. This regisier enables to {Note} HSW = 0" can’t be used.
decide the number of wvertical deflection frequency more
sirictly.

& Vartical Displayed Register (RS}

This is a register used to program the number of displayed
character rows on the CRT screen. Data is 7-bit and any number
that is smaller than that of vertical total characters can be
programmed.
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® Verticsl Sync Position Register (R7)

This is a register used 10 program the vertical syne position
on the screen as multiples of the horizontal character line peri-
od, Data is 7-bit and any number that is equal to or less than
vertical total characters can be programmed. When V is charac.
ter number of vertical sync position, V-1 shall be programmed
to this register. When programmed value of this register is in-
creased, the display position is shifted up. When programmed
value is decreased, the position is shifted down, Therefore. the
optimum vertical position may be delermined by this value,

® Interisce and Skew Register (RB}
This is a register used to program raster scan mode and skew
(delay) of CUDISP and DISPTMG.
Raster Scan Mode Program 8it [V, 5]
Raster scan mode is programmed in the V, S bit.

Table 4 Raster Scan Made (2!, 2%)

W g Raster Scan Mode
[¢] 0
] Mon-interlace Mode
1 0
] 1 Interlace Sync Mode
1 1 Interlace Sync & Vigeo Mode

Skew funclion is used to delay the output timing of
CUDISP and DISPTMG in LSI for the time to access refresh
memery, characler generator of pattern genergtor, and 10
make the same phase with serial video signal.

+ Maximum Raster Address Reglster (R9)"

This is a register used 10 program maximum raster address
within 5-bit. This register defines total number of rasters per
character including line space. This register is programmed as
follows.

MNon-interlace Modes, 1nterlace Sync Mode

When total number of rasters 1s RN, RN-1 shall be pro-
grammed.,

Interlace Sync & Video Mode

When tolal number of rasters is RN, RN-2 shall be pro-
grammed.

This manual defines total number of rasters in non-interlace
mode, interlace sync mode and interlace sync & video mode as
follows:

Non-interlace Mode

In the nen-interlace mode, the rasiers of even number
field and odd number field are scanned duplicatedly. In the
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 pattern in two
fields. In the interlace sync & video mode, the raster scan
metihod is the same as the interlage sync mode, but it is
controlled to display different character pattern in two field.

Skew Program Bit (C1, CO, D1, DO)

These are used 1o program the skew (delay) of CUDISP
and DISPTMG.

Skew of these 1wo kinds of signals are programmed
separately.

Table 5 DISPTMG Skew Bit (2%, 2%}

0 Total Number of Rasters:5
1 Prog) d Value: Nr =4
P {The same as displayed |
. total number of rasters
4
Raster Address
Intarlace Sync Mode
g—— Total Number of Rasters:3
-------------- 0 Programmed Value: Ne =4
Ve N In the interlace sync mode,
2——— 5 total mumber of rasters in
y I both the even and odd fields
gL 3 is ten. On programming,
.............. 4 the half of it is defined as

Raster Address total number of rasters.

Intarlace Sync & Video Mode

0 Total Number of Rasters:5
PO I Programmed Value: Nr = 3
g 3 Total number of rasters
- displayed in the even field
Raster Address and the odd field. )

o1 Do DISPTMG « Cursor $tart Raster Register (R10}
This is a register used to program the cursor start raster
0 0 Non-skew address by lower 5-bit (2°~2%} and the cursor display mode by
0 t One-character skew higher 2:bit (2° , 2*).
1 o Twa-character skew
1 1 Non-output Table 7 Cursor Display Moda (2%, 2%)
B P Cursor Display Mode
0 0 Non-blink
1+ 1 Cursor Non-display
e nT ng
Table 6 CUDISP Skew Bit (27, 2% 1 0 Blink 16 Field Period
a €0 cuoise 1 1 Blink 32 Fietd Period
[} D Non-skow
0 1 One-character skew Blink Period
1 (] Two-character skew L lght | dork J
! ] Non-outout 16 or 32 Fietd Period

~See Comparison of HD68455 and HDG#45R on page 40,
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& Cursor End Raster Register (R11}
This is register used to program the cursor end raster address.

& Start Address Hegister {R12, R13)

These are used to program the first address of refresh
memory to read out

Paging and scrolling is easily performed using this register.
This register can be read but the higher 2-bit (2%, 27)of R12 are
always “0”,

# Cursor Register (R14, R15})
These two read/write registers stores the cursos location, The
higher 2-bit (2°, 27} of R14 are always 0",

& Light Pan Register {R16, R17)

These read only registers are used to catch the detection
address of the light pen. The higher 2-bit (2%, 27) of R16 are
always “0”, Its value needs (o be correcied by software because
there is time delay from address output of the CRTC to signal
input 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. 2 needs to be taken into account.

Restriction on Programming Internal Register

1) 0<Nhd<Nht + | £256

DO<Nvd<Nvt+ 1 £128

3) 05 Nhsp S Nin

4) 0 £ Nvsp S Nyt+

53 0 £ NcsTART S NCEND £ Nr (Non-interlace, Interlace syne
mode)
0 £ NCSTART & NCEND = Nr + I {Interlace sync & video
made)

//—— Number of Horizontal Totat Ch

6) 2 5 Nr & 30 (Inierlace Sync & Video mode)
7) 3 < Nhi (Except non-interlace mode)
5 & Nh1 (Non-interlace mode only)

* In the interlace mode, pulse width iy changed =% rasler 1ime when
vertical symc signal extends over iwo felds.

Notes for U

The method of directly using the value programmed in the
internal registersof LS| for controlling the CRT is adopted.
Consequently, the display may flicker on the screen when the
contents of the registers are changed from bus side asynchro-
nowsly with the display operation,
Cursor Register

Writing into 1his register at frequent intervals for moving the
cursor should be performed during horizontal and wertical
relrace period.
Start Address Register

Wiiting into the start address register al frequent intervals for
scrolling and paging should be performed during honzontai and
verlical display period.

It is desirable to avoid programming other registers during
display operation.

® DPERATION OF THE CRTC

& Time Chart of CRT {nterface Signals

The following exampte shows 1he display operation in which
values of Table B are programmed to the CRTC internal
registers. Fig. 7 shows the CRT screen farmat. Fig. 10 shows the
time chart of signals output from the CRTC.

5 (Nht 4 1}

—\\

L~ Number of Horizomal Displayed Characters iNhd) ————.

nl

} Line

z: 5 Horzontad
z z Retrace
] " E Periog
4 F =
[4

3 8 2
g 51 3

3 Lo
¢ 51§ 2
5 3 % 4 Duaplay Period

| &

20%

- 20

i

Z

Vartical Retrace Period

Vertical Total Adjust (Nadj)

L ﬁ%

Figure 7 CRT Screen Format
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Table 8 Programmed Values into the Registers

Register Register Mame Value Register Register Name Value
RO Horizontal Total Nht R9 Max Raster Address Nr
R1 Harizantal Disptayed Nhd A10 Cursor Start Raster
RZ Horizontal Sync Pasition Mhsp R11 Cursor End Raster
R3 Syne Width Nvsw, Nhsw R12 Start Address (H) h]
R4 Vertical Total Nvt R13 Start Address {L} 0
RS Vertical Toral Adjust Nadj R14 Cursor {(H}

R6 Vertical Displayed Nvd R1S Cursor (L}
B7 WVartical Syne Position Mvsp R16 Light Pen [H|
RS Interlace & Skew R17 Light Pen {L)

[NOTE] Mhd<Nbt, Nwd<Nwt

The r1elation between values of Refresh Memory Address
(MA,~MA 4 ) and Raster Address (RA,~RAL ) and the display
position on the screen is shown in Fig. 16, Fig. 16 shows the
case where the value of Starl Address is 0.

® Interlace Conirol
Fig. & shows an example where the same character is
displayed in the non-interlace mode, interlace sync mode, and
interlace sync & video mode.
Non-interlace Mode Control

In nor-interlace mode, each field 1s scanned duplicatedly.
The values of raster addresses {RA,~RA, } are counted up one
from 0.

Interlace Sync Mode Control

In the interlace sync mode, raster addressed in the even field
and the odd field are the same as addressed in the non-intertace
mode, One character pattern is displayed mutually and its dis-
played position in the odd field is set at 1/2 raster space down
from that in the even field.

g
= E——

11— 1
2 2

I——e— 2
4 — il e ifp— 4
5 —8—4—00 00— ]
E—8—————————————— &
?—————— b
8 —————— -]
49— 9
a4 A
g B

Non-interlace Mode interiaee Sync Mode

0- A Lo -
2 2

p-- 3 -

4 4 -
5 -5 |line ¥g 6--1 line *g
B—-t—————--——--~-<r-v? 8_ -
A “-"2 al® oo ——2:
0 »-- ¥ ] 1—-0———————————0---2
2—-0 3: * A

PO ARSI St P MAD AL SN I
s—ﬂv.—.—.-.-o-ﬂ--s nhne ¥4 ?—-tr————‘—————h—e
B & -7 i Sttt *-- 8

8 - ] # e A

He SuE————— A T

A ] 4
-.-‘_...-.._.._....‘_..s

Interlace Sync & Video Mode

(Toral numbar of rastars in a fine is even }

Interiace Sync & Video Mode
{Toral number of ragiers ina line iz odd }

Figure 8 Example of Raster Scan Display
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Inwrlace Syne & Video Mode Control
In interlace sync & video mode, the output raster address

when the number of rasters is even is different from that when o 0
the number of rasters is odd. 1 1
Table @ The Output of Raster Address in 2 3
interlace Sync & Video Mode : :
Figkdt 5
Normber of Even Field 0dd Field . :
Rasters in a Line + .
Even Even Address Odd Address 8 ]
Even Line* | Even Address Odd Address 9 —0-0-0 *?"5- 9—1;:;;:
Oad Odd Line" Odd Address Even Address w0 | | -4
* Internal line address begins from 0. Cursor Start Addrass = 9 Cursor Start Address = 9
Cursor £nd Address = 9 Cursor End Address = 10

1) Total number of rastecs in 3 line is ¢ven;

When number of rasters is programmed to be even, even
raster address is output in the even field and odd raster address
& output in the odd field.

2} Total number of rasters in a line is odd;

When total pumber of rasters is programmed te be odd, odd
and even addresses are reversed according to the odd and even
tinas in each fietd. In this case, the difference in numbers of dots
displayed beiween even field and odd field is usually smaller the
case of 1). Then interlace can be displayed more stably.
[NOTE] The wide disparity of dots between number of dots

between even field and odd field influences beam
current of CRT. CRT, which has a stable high-voltage 10
part, can make intertace display normal. On the con-

trary, CRT, which has unsiable high.wvoltage pare, Cureor Start Address = 1

moves deflection angle of beam current and also dots Cursor End Address = §

displayed in the even and odd fields may be shifted.

Characters appears distroting on a border of the Figure 9 Cursor Control
screen. So 2) programming has an effect (o decrease

such evil influences as mentioned above. Fig. 13

shows fine chart in each mode when interlace js

performed.

ﬁ_z‘ \
b

&ih
b
h & b
1T

W -t h O AWK =0
t‘
P

b
B
&
b

-8

g

4
.

-]

# Cursor Control

Fig. 9 thows the display patterns where each value is
programmed to the cursor start Taster register and the cutsor
end raster register. Programumed values to the cursor start rasier
tegister and the cursor end raster register need to be under the
following condition.

Cursoc Start Raster Register = Cursor End Raster Register €

Maximum Raster Address Register,

Time chart of CUDISE is shown in Fig. 14 and Fig. 15,
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.- Vertical Disley Paviod Vericet Retrmos Period
Aa-Aa b o1 ] 2] 3] o[ [ 213] JwlTol 1Tz ]t}
Lina Nud-2 1 Nvd -1 1 ]

S g U Mgt Vo T ¥ o U Wb Y

Figure 11 Switching from Vertical Display Period over to Vertical Retrace Period {Expansion of Fig. 10— &}

B e Werticel Reirgce Parod ‘Wertleel Qisolay Peviod
Fing Adjusrment Percd of
T Foams Peicd™ "]
Tedi = Mg+ Ty .
Ra~ha, Lo T 7] [l o T Basitf 0] 1 ] 2] Iwlola]2]
Lo [ M [1] 1
DISPTHG Uy vy uyuuuut

Figure 12 Fine Adjustment Period of Frame in Verticel Display
{Expansion of Fig. 10— &)
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% How to Use the CRTC

® Interface to MPU

As shown in Fig. 17, the CRTC is connected with the siand-
ard bus of MPU to control the data transfer between them. The
CRTC address is determined by T35 and RS, and the Read/Wnte
operation is controlled by R/W and E. When U5 is “Low™
and RS is also “Low", the CRTC address register is selected,
When C8 is “Low™ and RS is “High”, ane of 18 internal regis-

ters is selected,

RES is the sysiem tesel signal, When RES becomes “Low",
the CRTC internal conirol logic is reset. But inlernal regisiers
shown in Tabte 1 (RO~R17) are not affected by RES and rema-
in unchanged.

The CRTC is designed so as 10 provide an interface Lo micro-
computers, but adding some external circuits enables an inter-
face 10 other data sources,

Ao ~ Bis As
VMA {0€R -I - k=3
A RW
D600 CRTC
MFL €
Do ~ D7 G D, -0,
Ats & AEs

System ¢, clock

ES

Figure 17

& Dot Timing Generating Circuit

CRTC's CLK input (21 pin} is provided with CLK which
defines horizontal characier time period from the oulside.
This CLK is generated by dot counter shown in Fig. 18. Fig.
18 shows a example of circuit where horizontal dot number
of the character is *9". Fig. 19 shows the operation lime charl

9-Counter lHD‘.—‘le:ﬂ{_

MA
P
c O° ol Qi Q)

v,

05C]

p———= LOADP/S REG-N

Interface 1o MPU

af dot counter shown in Fig. 18. As this example shows ex.
plicitly, CLK is at “Low™ level in the former hall of herizontal
character time and at “High™ level in the tauter hatf. Tt is neces-
sary 1o be careful 5o as not to mistake this polarity.

to P/S SHIFT
REGISTER

DOTCP—P

———— = CHLCP—P o CRTL ICLK}

Figure 18 Example of Dot Counter
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6 7 8§ |0 v+ 2 2 4 5 &
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D I g O S e TN S Y e N oy Y e TN Y e S A

o1 1 1 J

R O e T S e S S

LOAD P/S REG-N | _—

| - | -

T R e I S— N Ea— I

Chawaciar Time

Ong Horizontsl — el

Figure 19 Time Chart of Dot Counter

® INTERFACE TO DISPLAY CONTROL UNIT

Fig. 20 shows the interface between the CRTC and display
control unit. Display control unit is mainly composed of
Refresh Memory, Character Generator, and Video Control
circuit. For refresh memory, |4 Memory Address line
(0~16383) max are provided and for character generator, 5
Raster Address line (0~31) max are provided. For video control
cireuit, DISPTMG, CUDISP, HSYNC, and VSYNC are sent
out. DISPTMG is used 1o control the blank period of video
signal. CUDASP is used as video signal to display the cursor on
the CRT screen. Moreover, HSYNC and VSYNC are used as
drive signals respectively for CRT honzontal and vertical deflec-
tion circuits,

Qutputs from videe control circuit, (video signals and sync
signals) are provided to CRT display wnil ta control the
deflection and brightness of CRT, thus characters are displayed
on the screen.

Fig. 21 shows detailed block diagram of display control unit.
This shows how 10 use CUDISP and DISPTMG. CUDISP and
DISPTMG should be used being latched at least one tlime
al external flip-flop F! and F2. Flip-Nop FI and F2 funcuon
10 make one-characier delay time 50 as 1o synchromize them
with video signal from paraliel-senal converter. High-speed
D type Mp-fiop 2s TTL is used for this purpose. After being
delayed a1 F1 and F2 DISPTMG is AND-ed with characier
video signal, and CUDISP is Or-ed with cutput lfom AND
gate, By using this circuitry, blanking of hurizonial and vertical
retrace time is controlled. And cursor video is mixed with
character videw signal.

Fig. 21 shows the example in the case that both refresh
memory and Character Generalur can be accessed for honzontal
one character time. Time chart for this case is shown in Fig. 24,
This method 15 used when a (ew character needed 1o be dis
played in horizontal direction on the screen.
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14 man N Refrash
ma | Mamory
4
RA 5 max N Churacter
CATC v Ganeraor
DISPTMG
CUDISP Video
_ Signals
HSYNC WViden Contral Syne
Signals
VEYN
cLk SYNC o o
Figure 20 Intevface to Display Contro? Unit
F1
CUDtsP )
CHCP-N
DISPTMG F2z
1
[ v}
—7
CRTC VIDEQ
Ma Refrash o Charscter
v Mamary 1
RA 1t
CLK
I CHCP-P
DOT COUNTER

Figure 21 Display Controt Unit (1)
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When many characters are displayed in horizontal direction
on the screen, and horizontal one-character time is so short
that both refresh memory and Character Generalor cannol be
accessed, the circuitty shown in Fig, 22 should be used. In this
case refresh memory output shall be latched and Chasacter
Generator shalt be accessed at the next cycle. The time chart
in this case is shown in Fig. 25. CUDISP and DISPTMG should
be provided after being delayed by one-character time by using
skew bit of interlace & skew register (R8). Moreover, when

there are some troubles about delay time of MA during hori-
zontal one-chasacter time on high-speed display operation,
system shown in Fig, 23 is adopled. The time chart in 1his case
is shown in Fig. 26. Character video signal is delayed for two-
character time because each MA outputs and refresh mesnory
outputs are latched, and they are made 10 be in phase with
CUDISP and DISPTMG by delaying for two-characler time,
Table 10 shows the circujtry selection standard of display vnits.

Table 13 Circuitry Standard of Display Control Unit

Block Interla_aep& Skew Begister
Case Relation among teyy Refrash Memory and Character Generator Diagram Bit Programming
c1 co o DO
1 toy = BM Access + CG Access + tyao Fig. 21 0 0 0 0
2 RM Access + CG Access + \yap = tew o RM Access + Lyap Fig. 22 0 1 o 1
3 RM Access + tyap 2 Loy > RM Access Fig. 23 1 0 1| o

tcrn o CHCP Period; thyap @ MA Delay
FM. Refrash Mamory G Charscter Generstor

F1
CUDISP
CHCP-N
QISPTMG
CRTC
1]
Ma,
s, Rafrash T
Memory hd E
}]
RA
CLK
I CHCP P
DOT COUNTER
Figure 22 Display Contsol Unit {2}
F1
CUDISP b o
CHCP-N T
F
DISPTMG 2
D a
T
CRTC 7'_3 L VIOED
A A
Ma, ST o] Aelreh T sJCharacter
viC ¥l Memory ¢ ¥|G -
H H
{21, 12
RA
CLK

CHCPP

Figure 23 Display Control Unit {For high-speed display operation) {3)
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onerr L J J ! f
- X O T X
cubIse \\ _ /T A\
F2-Q \! ]'
fa | y—
RMOUT _‘mi ol WX U = s XA X
coouT m R /0, D (i, R 1 S D iy A
VIDEQ P

N\
CRT Disolay 0000000

Figure 24 Time Chart of Display Control Unit (1}

everr — Y/} /~ "\ S — | S—
a o G ST GUNET R SR I G
DISPTMG } === --“j\

cuois - gre crarscer F o S S e A
F20 \(— \

F10 r L
LATCH (1)) \\( [ & 1 A 2 3 )

r ]

4
CGOUT X X X X o X X X 2| X X 2
VIDEQ \f

CAT Duplay .......

Figure 26 Time Chart of Display Control Unit {2}
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Table 10A Parameter of Display

i ....T..

Figure 26 Time Chart of Display Limt (3]

Specification of CRT monitor Display Configurations CRTC Internal Register
Character Dot Size (Horizontal} o] Externat Circuit
Character Dot Size (Vertical) o] R9
Horizontal Totat O RO
Horizontat Disptayed fal o A1
Horizontal Syne Position 9] R2
Horizontal Sync Width v} R3
Vertical Total O R4
Vertical Displayed Jay o R6
Vertical Sync Widih o] F3
Interface mode o] R8&
Skew Fal o} RE
Curgor Size [w] R10, R110
Start Address 8} R12, A12
Cursor Address o RA14, F15
£ This parameter is decided by specification of CRT monitor.
G HITACHI
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= HOW TO DECIDE PARAMETERS SET ON THE CRTC

& How 1o Decide Parameters Based on Specification of CRT
Display Unit {Manitor]
Number of Hori i Total Ch ters
Horizontal defiection frequency fh is given by specification
of CRT display unit. Number of horizontal total characters is
determined by the following equation.

fh = _._.._._]
tc {Nhe + 1)
where,
te - Cycle Time of CLK (Character Clock)
Nht : P!;ogrammd Value of Herizontal Total Register
(RO)
Number of Vertical Total Characters
Vertical deflection frequency 15 given by specification of
CRT display unit. Number of vertical Total characters is
determined by the following equation.
1} Non-interlace Mode
Fu=(Nvi+ Lp{Nr+ 1)+ Nadj
2} Interlace Sync Mode
Ri=(Nvt + LJ{Nr+ 17+ Nadj + 0.5
3) Interlace Sync & Video Mode

Horizonml Sync Position

As shown in Fig. 27, horizontal sync position is nomally
selected 10 be in the middle of horizontal retrace period. But
there are some cases wheee is apltimum sync position is not
located in the middle of horizontal retrace period according to
specification of CRT. Therefore, horizontal sync position
shoutd be determined by specification of CRT. Horizontal sync
pulse position is programmed i unit of horizontal character
time.

r—‘-‘— H ———1
DTG
b e,
)|
Figure 27 Time Chart of HSYNC
Vertical Sync Pulse Width

Vertical*Sync Pulse Width is programmed 10 high order 4-bit
of vertical sync pulse width register (R3) in unit of raster
period. Programimed value can be selected within from | to 16.

Vertical

Wertical

(NvL+ 1) {Nr+ 23+ INag)
Ri= 2

{Nvi + 1) {Nr+ 2} + 2Nadj +1
Rt = 3

{a} is applied when both 101al numbers of vertical characters
{Nv1 + 1) and that of rasters in a hne (Nr + 2) are odd.
(b) is applied when otal number of rastess (Nr + 2} is even, of
when (Nr + 2} is odd and total number of vertical characters
(Nt + 1) is even.
where,
Rt : Number of Total Rasters per frame
iIncluding retrace period)
Nvi @ Programmed Value of Verlical Total
Register (R4)
Nr . Programmed Valug of Maximum Raster
Address Register (R9)
Nadj : Programmed Value of Vertical Total Adjust
Register (R5)
Horizontal Sync Pulse Widih
Herizontal sync pulse width 15 programmed o low order
4-bit of horizontal sync widih register {R3) in unil of honzontal
character ume. Programmed value can be selected within from )
o 15,

Vertical Sync Position

As shown in Fig. 28, verlical sync position is nomally
selected to be in the middie of vertical retrace period. But there
ate some cases where its oplirum sync position is not located in
the middle of vertical retrace period according to specification
of CRT. Therefore, vertical sync position should be determined
by specification of CRT. Vertical sync pulse position is pro-
grammed 1o vertical sync position register (R7) in unit of line
period.

® How to Decida Parameters Basad on Screen Format
Dot Numbar of Charscters [Horizontall

Dot number of characters (horizontal) is determined by
character font and character space. An example is shown in Fig.
29. More sisictly, dot number of characters (horizontal} N is
determined by extemal N-counter. Character space is set by
means shown in Fig. 30.

Dot Number of Charscters (Vertical)

Dot number of characters (vertical} is determined by
characters font and line space. An example is shown in Fig. 29.
Dot number of characters {vertical) is programmed ta maximum
raster address (R9)yof CRTC.

Vertical

Duspley Period i Retrace Period Display Period i
DISPT\MG—r—r_-l_‘,—m—_] | L I B —

i

¥ 1 Frame

YEYNC

n

Figure 28 Time Chart of VEYNC
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Qan Number ol

J=—— Horizontal Charxterm—-

Character Font

L] ®S® 00
® ® ® L ]
L 4 - LJ s
L ] ] ® LJ
| ] LJ LALIL AL )
mber of
[ ) ele ® * Dot Nu o
LILILIL r\d’erﬁcal Charactert
[ ] L 4 L ] ] (Number of Rasters)
] L 4 ® [ 3
& Ld LIL L1 ]
Ling
Space
J

Dot Number of Horizontal Characters 10
Dot Number of Vertcal Ch 13
728 Character generator 15 used

Figure 28 Dot Number of Harizontal and Vertical Characiers

Character Font

\
AR JEIEIL ]
] [
i L
ol L
LI AR
L ®
* ®
hd *
o0 ioe
L |
1 ||
seiwom LT T T TTTTT]

Figure 30 How to Make Character Space
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Numbar of Horizontal Displayed Characters

Number of horizontal displayed charactess is programmed 10
horizontal displayed register (R1) of the CRTC. Programmed
value is based on screen format. Horizontal display period,
which is given by specification of horizontal deflection fre-
quency and horizontal retrace period of CRT display unit,
determines herizontal character time, being divided by number
of horizontal displayed characters. Moregver, its cycle time and
access time which are necessary for CRT display system are
determined by horizontal character time.
Number of Verticsl Displayed Charscters

Number of vertical displayed characters is programmed to
vertical displayed register (R6). Programmed value is based on
screen format. As specification of vertical deflection frequency
of CRT determines number of 10tal rasters (Rt) including verti-

cal retrace period and the relation between number of vertical
displayed characrer and total number of rasters on a screen is
as mentioned above, CRT which is suitable for desired screen
format should be selected.

For optimuem screen format, it is necessary to adjust number
of rastecs per line, number of vertical displayed characters, and
total adjust raster (Nadj) within specification of vertical
deflection frequency.

Scan Mods

The CRTC can program three-scan modes shown in Table 11
10 interlace mode regisier (R8). An exampl: of character display
in each scan mode is shown in Fig. 8.

Honizontal Dellection Pered i1y, = ﬁ

Hornizonial Display Period

. Hunzontal Retrace Periad

:
-
!
.

_r

Ll

e

1— Horizonal Ch

Number of Harizontal Displayed Characrers

Horizontsl Display Period

Tine =

Nurmber ot Horizontal Displaved Chacacters

Figure 31 Number of Horizontal Displayed Characters

Table 11 Program of Scan Mode

(R10, RI1} ¢nable prograinming the display inodes shown mn

- Table 7 and display patierns shown in Fiz. 9. Therelore, 1t is
v § Scan Mode Main Usage possible to cha:ge the method of cursor display dynamically
Q0 0 . Mormal Display of Characters according Lo the system conditions as well as to realize the
¥ o Non-interlace & Figures cursur display thal ineets the system requirenients,
- - Start Address
o ’ Interlace Sync Fine Display of Characters Start address resisters (R12. R13) give an offset 10 the
& Figures address of refresh memory (o sead oul. This enables paging and
- serolling easity.
Interlace Sync D's':_'lw of l\lltanv Char.acters Cursor Register
1 1 & Video & Figures Without Using Cursor registers {R14, R15) enable programming the cursor
High-resolution CRT display position on the screen. As [or cursor address, it isnot X,
Y address but linear address that is programned.
[NOTE] In the interlace mode, the number of limes per 8 Applicatiom of the CRTC
sec. in easler scanning on one spol vn the screen
is half as many as that in noa-interlace mode. * W hrome Ch Displey
Therefore, when persistence of lumunescence is Fig. 32 shows a syslem of monochrome character display.
short, flickering may happen, It is necessary to  Character clock signal (CLK) is provided to the CRTC through
select optimum scan mode for the system, taking 0SC and dot counter. It is used as basic clock which drives
characteristics of CRT, raster scan speed, and internal control circuils, MPU is connected with the CRTC by
number of displayed characters and figures inte slandard bus and controls the CRTC initialization and read/
aceount, write of internal registers.
Refresh memory is composed of RAM which has capacity of
Cunor Display Method ane frame a1 least and the data 10 be displayed is coded and

Cursor start rasler cegister and cursor end raster register

stored. The data to refresh memory is changed through MPU

G HITACH!
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_:>Au =,
MPL)
D,~-0
3 > *
T’ -4
MULTIPLEXER S DRIVER
osc BSlren Lr'
REFRESH
MEMOR Y
R AM)
RTC CHARACTER
¢ GENERATOR
DISPTMG
CUOISP VIOED
vIDEQ STNC G
HEYNC conTROL | SIGNAL o o
VEYNC
L ———|

Figure 32 Monochrome Character Display

bus, while refresh memory is read out successively by the CRTC
to display a static patiern on the screen. Refresh memory is
accessed by both MPU and the CRTC, so it needs (o change its
address selectively by mwltiplexer. The CRTC has 14 MA
(Memory Address output), but in fact some of (hem that are
needed are used according to capacity of refresh memory .

Code output of refresh memary is provided 10 character
genecator. Character generator generates a dot pattemn of a
specified rasier of a specified character in paralle] according to
code oulput from refresh memory and RA (Raster Address
output) Trom the CRTC. Paralielserial converter is normally
composed of shift register to convert outpul of character
gemerator inlo a serial dot pattern. Moreover, DISPTMG,

CUDISP, HSYNC, and VSYNC are provided to video control
circuit. 11 conlrols blanking for output of parallel-serial con-
verter, mixes these signals with cursor video signal, and gene-
rates sync signals for an interface 10 monitor.

# Calor Character Display

Fig. 33 shows a system of color character display. In this
example, a 3-bit color control bit (R, G, B) is added to refresh
memory in paralle) with characier code and provided to video
control circuit, Video control circuit controls coloring as well
as blanking and provides three primary color video signals (R,
G. B signals) to CRT display device 10 display characters in
seven kinds of color on the screen,

G HITACHI
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> Ay Ay
MPU
- ——0,~D,
Ma
L =
00T | cix | MULTIPLEXER' BUS oalvenl
0sc COUN- e
TEAR lL
Configurstian of 1ha Retresh Memory
REFAESH
MEMORAY Blink
1R AM) | Color 8 bit Dats (1 word)
e e %,
I ‘ Lielolel I I 10111
$ High order Lowr:nder
RA
CHARACTER
CRTC I:—’_\) GENERATOR
l COLOR BIT IR, G, B}
e
I DISPTMG A. VIDEQ
CUDISP G. VIDEQ C]
HEYNC VIDEO CONTROL B. VIDEO
o ]
I VSYNC N |
SYNC SIGNAL
Figure 33 Color Character Display
& Color limited Geaphic Ditplay coded ouipul of refresh memory.

Limited graphic display is to display simple figures as well as In this example, graphic patiern generalos adopts ROM, so
character display by combination of picture element which only the combination of picture elements which are program-
are defined in unit ot one charactes. med to it is used for this graphic display system. Adopting RAM

As shown in Fig, 34, graphic pattern generator 15 sét up in instead of ROM enables dynamically writable symbols in any
parallel with character generator and output of these gener- combination on one display by changing the contents of them,

ators are wire.ORed, Which generator is accessed depends on
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:3"‘1;"'“.
MU
K- === D.-~D,
MA
.4 7 {)
BUS
0ot | ok I muumsxsn] oBUE |
COUN- i
TER 1 LL
REFAESH
MEMORY
IRAM}
o5¢
11 it
RA
RA RAPHIC
CRTC 2 iy ATTEAN
ENERATOR

m COLOR BIT IR_G_@)
DISFTMG A. YIDEQ

VIDEO TAOL
HSYNC CONTRO B. VIGED o o

VEYNC
SYNC SIGNAL

Figure 34 Color Limited Graphic Display
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M hroma Full Graphic Display refresh memaory is dot memory that stores all the dot pantems,
Fig. 35 shows a system of monachrome full graphic display. s0 its output is directly provided to parallelserial converter 1o

While simple graphic display is figure display by combination of be displayed. Dot memory address 10 refresh the screen is set

picture elements in unit of 1 picture elements, full graphic dis- up by combination of MA and RA of CRTC.

play is display of any figures in unit of | dot. In this case.

T Ay A,
Meu
& —>0.-0,
oot |k I Ma BUS DRIVER
osc COUN-
TER

MULTIPLEXER

OOT MEMORY
CRTC {RAM)

DISPTMG VIDEC
VIDEQ SYNC

HSYNC CONTROL SIGNAL
VSYNC

Figure 35 Monochrome Full Graphic Display
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Fig. 36 shows an example of access to refresh memory tween dot on the CRT screen and refresh memory address is
by combination of MA and RA. Fig. 36 shows a refresh memory shown in Fig. 37.
address method for full graphic display. Correspondence be-

RA,
RA,
AA,
Ma, ma
CRTC * *
Ma ma,
MA,, ma,,
g ol
1 m‘.
Ma
Ma ma, Refresh Mamory
1 i, Address
T ma,
MA, ma,
MA, ma,
ma
| =
ma,

Figure 36 Refresh Memory Address Method for Full Graphic Display

32 Charscters x 8 dots = 266 don

- 1 hyte {B-bin)

(TR L

32 33 63

[2] [ 1] 95

] rolstm % 37 127

{1 line} n - 3

F7Y] 225 755
24 livee : :
x B rasters . '
= 197 resten ' .

g112 G113 8143

\ Vetue of ma

Figure 37 Memory Address and Dot Display Position on the Screen for Full Graphic Display
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& Color Full Graphic Display their ouiput is provided 1o three parallel-serial converters. Then
Fig. 38 shows a system of color full graphic display by 7- video control circuit adds the blanking control to output of

color display, -Refresh memory is composed of three dot these converters and provides it to CRT display device as red,

memories which are respectively used for sed, green, and blue. green , and blue videe signals with sync signals.

These dot memories are read out in parallel a1 one time and

>.Q“ 'An
MU
L =>0.-0,
-
BUS
i LS i priver] |orivenl |omive
08 COUN- R4 rav = Y
Ten
]L L, JL

] DoT
MEMORY IRAM)

CATC

AED VIDED
VIDEOQ il
BLUE
CONTROL VIDED °
SYNC SIGNAL

Figure 38 Color Full Graphic Display
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HD&8455
CRTC

RA; c

RA B

RAo A ¥a CSIIC4)

Y2 CS{C3)
A LS138 v, CSIC3)
i

MAs Yo CSHcn
MA1y
MA10 To meo
MAs mas
MAg mas
MA» mary
MAg mas
MAs mas
MA, mide
MA> may
MA; me:
MA, ma
MAo mao

Figure 38-A Refresh Memory Address Mathod for Full Graphic Display

0 1 38 39
4 RASTER ( { { {
7 T H F
(1R
ow) [) 1 38 39
a0 41 78 79
S —
7 7
40 41 78 79
N ; X : :
T ! ! | :
1 \ [ 1 [}
1 ' [} [] L)
: ¢ \ ' |
] 1 1 1
\ ' ! i I
! ; | ! !
! 1 ! ! :
1
I ! : ' :
50 COLUMN 1980 1999

Figure 38-B Memory Address and Dot Display Position on the Screen for Full Graphic Display
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o Cluster Connrol of CRT Display circuit separately. but these are conwrolled toget

The CRTC enables cluster contro) that is to control CRT CRTC. gether by the
display of plural devices by one CRTC. Fig. 39 shows a sysiem I 1his system, it is possible for plural CRT display devices 1o
of cluster control. Each display control unit has velresh memory, have their own display separately.

character generator, parallelserial converter, and video control

REFRESH
MEMORY
an
CHARACTER
GENERATOR
CONTROL
CRAT
#n

VIDECQ

=

[Briven]
DRIVER

CAT
#2

REFRESH
VIDEQ
CONTROL

MEMOHY
#2
i
CHARACTER
GENERATGR

W

DISPTMG
CUDISP
H5YNT
VSYNG

Figure 39 Cluster Coatrol by the CRTC

CRT
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. CONTROL
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MEMORY
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Ay~
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r

MPY
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COUN-
TERA

0sc
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m EXAMPLES OF APPLIED CtRCUIT OF THE CRTC
Fig. 41 shows an example of application of the CRTC 1o
monochrome character display. lis specification is shown in

Table 12, Moreover, specification of CRT display unit is shown
in Table 13 and initializing values For the CRTC are shown in
Table 14.

Table 12 Specification of Applied Circuit

Item Specification
Character Format § = 7 Dot
Character Space Horizontal © 3 Dot Vertical : 5 Dot
One Character Time 1us

Number of Displayed Characters

40 characters < 18 lines = 640 characters

Access Method o Refresh Memory

Snychronous Method (DHSPTMG Read)

Refresh Memory 6408
215 1% gid QIf i1 10 39 8 27 26 28 gt 3 ¢ 2l
| Refresh . s e .
Memory 0 ¢ 0 0 0 Q A
CRTC
Address Map Address 0 0 0 1 0 0 = »x » o
Register
CRTC
Conrof O O © 1V O O ¢ . . .
Register
w---don'teare, *. .- Oor
Synchronization Method HVSYNC Method

Table 13 Specification of Character Display

ltem Specification
Scan Mode Non-intertace
Horizontal Deflection Frequency 15,625 kHz
Vertical Deflection Frequency 60.1 Hz
Dot Fraguency 8 MHz

) Character Dot {Horizontal x Vertical) 8 = 12 {Character Fom 5= 7
Nurnber of Displayed Characters (Row » Line| 4016
HSYNC Width 4 s ~
VSYNC Width IH _
Cursor Display Raster 9~ 10, Blink 16 Field Period
Paging, Scrolling Not used
G HITACHI
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Tabide 14 Initializing Values for Character Display

Register Name Symbol | '":;1":6"&\':":";
RO Horizontat Total Nht 3F {63}
A1 Horizontal Displayed Nhd 28 (40}
R2 Horizontal Sync Position Nhsp k'] (52)
R Syn¢ Width Nvsw, Nhsw M
R4 Vertical Total Nvt 14 {20)
RS Vertical Total Adjust N 08 [ 8
A6 Vertical Displayed Nvd 10 (16)
R? Vertical Sync Position Nwsp 13 [L1]
Re Interlace & Skew o0
RY Maximurm Raster Address Nr 08 {11}
RI10 Cursor Start Raster B. P, NcsTaRT 49
18] Cursor End Raster MNceEnD 04 oo
A2 Start Address [H) L] [ D)
R13 Start Address (L} 1] { O
A14 Cursor {H) 00 { 0}
R1B Cursor {L) 00 i

|0123455?|01234557l 234667

O 0BT Be L= O
M
b4
1
-
)

Figure 40 Non-interlace Display (Example)
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® DISPLAY SECUENCE AFTER RES RELEASE OF HD834558 ()} DISPTMG and CUDISP are not output. (They remain at

HD6845S starts the display operalion \mmediately after the “Low™ level. The display 15 inhibited.}
release of RES. The operation 2t the first field is different from {2) The data programmed in the start address register is not
the nermal subsequent display operation. used. (MA and RA start at “0™.}
[Operation at the Tiwst (eld after the RES release] {3) The sequences are shown in the following figures.

Display Operation Suarts thrat Field)
-

w1 L 4L T

RES {
0~ 50ng IFE should be releasad during this peciod. |

Max 0 0 X \ ) 4 2 X

Figure 42 RES Release Sequence

nirst field Normsl

s |
Frarg Parioad

vTNe _I'I_

Figure 43 FES Release Sequence in The Noa-interlace Mode

1irst field Narmal O

I
=

|-—~———Evm Foabet Even Fid 046 Fi

WEYNC A h A

i | J-l _l'l

WEYHCL | Interlace Sync Contral

Intarince Syac b Yioeo Cantrol (N1 v 7= Even’

Inveriaca Syar & Viowo Contral (He + 2w God, Mvt=08d. Nvap=Evan:
WEYRCE  Intertace Syne & vedeo Control (e + 7= Dda. M1 =0og, Mhagp = Ddd |

Figure 44 RES Release Sequence in The Interlace Mode (1)

firgt field

L

"X;;QQDQQ

| £ hm EmF-Id Oda F

r'—
Ml
by 20 k1
.
.
\
|

VEYNCE J-]
vSYNCD ' I

VEYNCE © Wnteriece Sync & Video Control Wi +2 =000, Nt =Ewin Nsp = Evan
VEYNCD . Imwrlace Sync B Viceo Contral [Nre 2w Odd, Hvrm Evgn. Shap = Ocd)

ool
.

Figure 45 RES Release Sequence in The Interlace Mode (2}
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® ANOMALOUS OPERATIONS IN HDBBASS CAUSED BY REWRITING REGISTERS DURING THE DISPLAY OPERATION®

FRegistar Aegister Name Anemalous operalions cauted by rewriting registers & Conditions 1o avoid RAmwriting* "
B 9 thire operations OK or NG
RO Horizontal Talal | The h._anx.:_mlal scan penod is disturbed. o 1 L
A1l Horizontal Dnsplaved There gre some cases where the wadth ol DISPTMG becomes shorier then tha -
erogrammed value 3t the moment of a réwrite operalion. An errar operanan
oecurs only during ane raster period. e e
RZ Harizanial i There are some cases wherg HSY NC is placed on the position ditteren trom X
Sync Posivon the eragrammed value or the noise is oulpul
A3 Syne Widih When 3 rawiiie operation 5 performed aa Hugh level on HEY MG pulte or VYNNG &
Pulse 1here are seme cases where the widih pulse becomes shorier than the
programm&ﬁ valug a1 the moment of 3 rewrite ooeratlon
RO ool [ — e ]
R4 [ Vertical Total When @ rewrite operarion is performed durmg the last ractar Dcruod in IM hne lhqre iy ¥y
3 possibility thay the disturbance occurs during the vertical scan period. There is no
| problem of a rewrite operation during raster period sxcept this period.
RS Vertical Total " When a rawrita operanign 15 perlormed in the |asL character ima of 1he rapier period, A
. Adjust thare are some coses whers the aumbers of Adjust Raster, specifued by program, arg
: not added. {Only during 1he adjust raster period)
R& T Vertical Displayed . After the moment ot & rewrite Operalion, Ihere are oma cases where the Display it o]
i nhigined. Howaeve:r, 1he display according 1o the programmed value is parformed
L trom the next held o
R? Verngal Syne ! There are same :ases where VSYNC iy placed on the pasition dilferent from lhe X
Positon ... .. Programmed valug or the noise is cutput,
RE Intertace & Skew Maithar sean made bit nor skew it is rewritien dynammally X
) D\mamlc Rewnte |nto scan rnode b|| and skew bit it L
RIS | Maximum Raster X
Address _
R10  © Cursor Start Raster When & 1ewrile operghion is performed in the 1ast character time ol the ragter Fa
! : perad, there are some cases where the jilter oCcurs on the cursor raster or the Cursor
' is ngt displayed carrectly. There is al50 a possibility that the blink rats becomes
temporally shortar than ugual.
R11 Cursor End Raster When a rewrite operstion s performed in the (as1 character 1ime of the raster period, A
there 216 some cases where the jHter 0GCUrs On the Cursor raster of the cursor
; is not displayed eorrectly, Moreover, there sre 2i50 some ¢a3¢; where the blink rate
| becomes teinporally shortar then normal operation
R1Z | Start Address (H R12 and R13 ara used in the |ast raster period of tha fisld. A rewrite operation can o
: . be perlormed ¢xcept dunng this period, However, when R12 and R13 are eewritten in
—————— - h . -
! each field separaialy, the display operation, whose start addrese is determined
R13 | Sian Address (L) temporally by programming sequence, will be performed . o]
| A rewirite operation should be perfarmed during the horizonial/verucal display
R14 ' Cursar {H} when a Tewnite operation is ner*ouned during the display period, 1here are :ome
| . cases where the cursor is temporally displayed &t the address different from 1he
T programmed value, A tewrite operation should be performad during the hanzonaralf
RIS © Cyrsor L) vertical retrace period, Also, when R14 and R1S are rewritten in kach fisld teparately, o
the cursar is tiapleyed temporally at the wemporal 3ddress determined by programming
i SEGQUENCE.
- Means temporary abnormal operations in fewnting the iniernal régister during the display operation Normally, sftar a rewrite ODEraTION,
the LS1 partorms the specilied display oparation from the next lield
. {The operations in thus table are cutside our guargniea and are regarded as matenials for reterence )
O . A rewrite aperalion s postibie without aflecting the screen in the display 0 much,
. N H conditions are satistied, 2 rewrite operanan is possible, 11 conditions ars not saticlied, there are some caset wheee a flicker and
TS0 0N octyr lemporaliy .
= . When a rewrile operatlion 15 performed, there are 3ome cases where 3 flicker and 50 o0 GCCur Temporally .
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s COMPARISON BETWEEN HD684558 AND HD6845R
o Comparison of function between HD68458 snd HDG345R

No,

Functional Difference

HDBI45H

HODE8A5S

Interlace
Sync
&
Video Mode
Display

Character line address

|Pregramming [Charscier line address
Method . ] .
of ohA B G Programming o/ g ¢ togramming
Mumber of unit tor number| unit 1o number
Wertical E of vertical of vartical
Charactars | Thessmssmmmmmmoo oo .o g characters 2 characters
3
. e R 4
¥
1 ]
8L _
In HDE845, number ol chacacters 15 vertically pro- In HOGE453, number of characLers is wer ically pro-
grammed in unit af 1wa lines, at illustrated above. grammaed in unit of one line, a5 1llustrated above,
[Nurnber of vartical total cheraciers, Mumber ol iNumber of vertical 1otal characters, Number ol
vartical displayed characiars, Vertical Sync Posi: verhical diplayed characters, Verical Sync Poti
tion} tionl
Example of above ligure Exampie of above figure
Programmad number in1o Vartical Displayved Proprammed number inte Vartical Displayed
Register = 5 RAeqster = 10
Numbar of Only even number can be spacifind. Both gven numbe:s and odd number can be specifisd.
Rasters Per Charseter iine add Ch line add
Character o — o ' 0
Ling 29 3= 23 -1 2
‘--- - --3--3 o 4—11-
-4 MNumber ot raster 4 -
] & -
8 ¢
0 — Chargcter ling address 0O 0
2 2
. S— g
4 oL ‘; 4
6__- E e B
B 0007 °
I — g
Numbaer of ragier = 10 scan Jine [spacified)
When number of rasier When number of rastar
Howaver, number which it programmed ino re- per character lins is per characisr hine 15
mister is caleulated at Jollows EVEN. oDD
Number of racter Mumber of raster
FProgrammead numbser {Mr] = 4} scan line =9 scan hine
= {Number speciiied} - 1 Ispecihed) {specilindt
However, number which is programmaed into regisier
is cabtulated as follows.
Programmad number {Ne}
= [Numbar specifisd} -2
Cursar Cursor is displayad in aithear EVEN fieid or QDD Curgar is displayed in both EVEN field and OO0
Display | fed. Tiald.

=—EVEN number

+—EVEN number

=—0D0 number
=+—000 number

~—EWVEN numbar

w—EVEM number

- ~
4%%3 w00 number
~ =G -5 =000 number

7

-1

--§ +—C DD number

=—EVEN numbar
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HD6845R/HD6845S

No. | Functional Ditference

HDG845A

HOBEA5S

2 Vertical Sync
Pule Widih

Fixed at 16 raster scan cycle (16H}

Frogrammable (1 ~ 16 raster scan cycle)

Specified by
Ljixed at 16 _’I }1— high order
1
(VSYNC output) scdn cyce 4o ofR3
VYSYNC I I WEY NG
Atiached bits
Az A3
Notuled  Horizonal Syne Width Verucal Sync  Honzontal Syng
Widih Width
3 SKEW Funcrion Not includen SKEW funciion i newly included in DISPTMG,

Re PR E A v 8]
e —

Mot used

CUDISP signalx,

Atrached byie

Example of DISPTMG output
— I 1 Not skewed

Cine character skew
Two character skaw

- } 1 character ime

1 2 character lima

4 Start Address Register

Impossitle to READ

Poasible 1o READ

5 RESET Signsl (RER}

C h
RA&c ~ AA, Ourpul [ Synchronous resst

Othar Ouipats

Qutpur signaly of M&, ~ MA,, R4, ~ RA,,
synchronizing with DLK “Low’' level, ga to
“Low'” tevel after RES has gone 10 “Low”
Ouher ouIputs 9o o " Low" immedistely alier

Ma, ~ MA,, Outpul}

..... Agynchronous reset

Ma, ~ MA,, O«!out]

RA, ~Ra, Qutpat |, Asynchronous reset
Crther Gurpuis

Cutput signals of M, ~ MA,, RA, ~ Ra, and

others go to "Low'" wvel immediately after RES
hat gone to “Low™ luy,

FES haa gone to “'Low” level

m COMPATIBILITY OF HD62455 AND HDS845R

Nen-interlace mode control . Fully compatible with HD684SR*
HD6845R can be directly replaced
by HD68455 in these modes.
Interlace sync & Video mode control :
Not compatible with HDG845R
in regard to programming and

Interdace sync mode cantrol

data for vertical direction need 1o
be changed.

* The functions added to HD6845S utilize undefined bits of the
Control Register in HDG6845R. If 0™ is programmed to the
undefined bits in the initial set, it is possible 10 replace
HD6845R with HDG845S withour changing the parameters.

Note) The restriction on programming of HD6845S and HD6845R

should be taken into consideration.
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