GM6845S

CRTC (CRT Controller)

Description

The CRTC is a LSl controller which is designed to provide
an interface for microcomputers to raster scan type CRT
displays. Its primary function is to generate timing signal
which is necessary for raster scan type CRT display ac-
cording to the specification programmed by MPU. The
CRTC is also designed as a programmable controller, so
applicable to wide-range CRT display from small low-
functioning character display up to raster type full graphic
display as well as large high-functioning limited graphic
display.

Feature

* Number of displayed characters on the screen,
vertical dot format of one character, horizontal
and vertical sync signal, disply timing signal are
programmable

* 3.7 MHz high speed display operation

* Line buffer-tess refreshing

» 14-bit refresh memory address output (16K words
max. Access)

* Programmable interlacel/ non-interlace scan mode

* Built-in cursor control function

Programmable cursor height and its blink

Built-in light pen detection function

Paging and scrolling capability

TTL compatible

Single +5V power supply

Device Classification

CRTS Bus Timing CRT Display
Timing
GM6845S 1.0 MHz
GM68A45S 1.5 MHz 3.7 MHz max.
GM68B45S 2.0 MHz

Pin Configuration

Block Diagram

GM68B45S

{(Top View)

Address Bus
A ™ Ay
Data Bus
MAD DO ~ D/
~ o |[MPX
MA,; |
Refresh
CRTC T Memory
RA, ~
RA,
Character
Generator
_|lerr
DISPTMG  HSYNC Vid I
CUOISP VSYNC eo
LPSTS
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Absolute Maximum Ratings

SYMBOL PARAMETER VALUE UNIT
Vee* Supply Voltage —0.3~+7.0 v
Vin® Input Voltage —0.3~+7.0 \'
T, Operating Temperature — 20v+75 °C

apr
Taig Storage Temperature — 55~+150 °C

* With respect to Vgg (SYSTEM GND)
[NOTE] Permanent LSI damage may occur if maximum ratings are exceeded. Normal operation should be under recom-
mended operating conditions. If these conditions are exceeded, it could affect reliability of LSI.

Recommended Operating Conditions

SYMBOL PARAMETER MIN TYP MAX UNIT
Vee* Supply Voltage 4.75 5.0 5.25 \']
Vi Input Voltage —0.3 — 08 v
Vig* 2.0 — Vee v
Topr Operating Temperature -20 25 75 °C
* With respect to Vgg (SYSTEM GND)
Electrical Characteristics
DC Characteristics (Voo=5V+5%, Vgg=0V, T,=—20~+75°C, unless otherwise noted.)
SYMBOL PARAMTER TEST CONDITION MIN TYP MAX UNIT
Vin Input “High” Voltage 2.0 —_ Ve v
Vi Input “Low” Voltage —-0.3 — 0.8 \
N Input Leakage Current Vin=0~5.25V (Except Do~vD;) —-2.5 — 25 uA
Three-State Input Current Vin=0.4~2 4V
) IN - —
TSI (off-state) Vee=5.25V (Dy~D;) 10 10| kA
Vou Output “High” Voltage hoap=~2054A (Dg™~Dy) 2.4 — — v
loap= —100uA (Other Outputs)
Voo Output “Low” Voltage lLoap=1.6mA - — 0.4 \'
Vin=0 — —
Cn Input Capacitance TLN=25 °C Do™~Dy 12.5 P
f=1.0 MHz Other Inputs — — 10.0 pF
Cout Output Capacitance Vin=0V, Ty=25°C, f=1.0 MHz — — 10.0 pF
Pp Power Dissipation — 600 1000 mw
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AC Characteristics (Voo =5V+5%, Vgg=0V, Ty=—20~+75°C, unless otherwise noted.)
1. Timing of CRTC Signal

SYMBOL PARAMETER TEST CONDITION MIN | TYP | MAX | UNIT
toyec Clock Cycle Time 270 - — ns
PWcy Clock “High” Pulse Width 130 — — ns
PWe, Clock “Low” Pulse Width 130 — — ns
o tor Rise and Fall Time for Clock Input — — 20 ns
tmap Memory Address Delay Time — — 160 ns
than Raster Address Delay Time Fig. 1 — — 160 ns
torp DISPTMG Delay Time — — 250 ns
tcon CUDISP Delay Time — — 250 ns
thsp Horizontal Sync Delay Time — — 200 ns
tysp Vertical Sync Delay Time — — 250 ns
PW oy Light Pen Strobe Pulse Width 60 — — ns
tpo1 Light Pen Strobe Fig. 2 — — 70 ns
t D2 Uncertain Time of Acceptance — — 0 ns

2. MPU Read Timing

SYMBOL PARAMETER TEST CONDITION MIN | TYP | MAX UNIT
teyce Enable Cycle Time 0.22 — — us
PWegy Enable “High" Pulse Width 0.22 — — us
PWg Enable “Low” Pulse Width 0.21 — - us
ter, tes Enable Rise and Fall Time - - 25 ns
tas Address Set Up Time Fig. 3 70 — — ns
toor Data Delay Time - 180 ns
ty Data Hold Time 10 — — ns
tan Address Hold Time 10 —_ - ns
tacc Data Access Time — — 250 ns

3. MPU Write Timing

SYMBOL PARAMETER TEST CONDITION MIN | TYP | MAX UNIT
teyce Enable Cycle Time 0.5 — — us
PWen Enable “High” Pulse Width 0.22 - - us
PWg Enable “Low” Pulse Width 0.21 — — us
ter, tey Enable Rise and Fall Time Fig. 4 — — 25 ns
tas Address Set Up Time 70 — - ns
thsw Data Set Up Time 60 —_ — ns
thy Data Hoid Time 10 - — ns
tan Address Hold Time 10 — — ns
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tc\/t:C
2.0V 2.0V PWc,
0.8v a.8v 0.8V 08v
CLK PWCH
[ ]
ter tet
/ 24v
/ 04v
MA,~MA,,
tmap tmap
[2.4\/
/ 0.4v
RA,~RA,
tRAD tRAD
Y 2.4v \
/ 0.4V
DISPTMG N
toTo oTD
Y 2av \
/ R4
CuDItsP
tcop tcpo
2.4V
0.4v
HSYNC-
VSYNC
LHsSD tHsD
tvsp tvso
2.0V 20v
PW, pr
LPSTB |
This Figures shows the relation in time between
CLK signal and each output signals. Output
sequence is shown in Figs. 10~15.
Figure 1. Time Chart of the CRTC
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fLep2 R tLPDY
CLK 0.8V 0.8V
MAoNMAuX "] M+1 X M +2 x X
A L
Z 7 7
LPSTB 08V | —
”f
2.ov7l—
LPSTB

t pp1.tLPD2*

When LPSTB rises in this period.,
Refresh Memory Address "M+2”)
is set into the light pen registers.

LPSTB's uncertain time of acceptance.

Figure 2. LPSTB Input Timing & Refresh Memory Address that is set into the light pen registers.

tcvoE
PWegy
= tag
L 20V 2.0V3
\ PWe
7 0.8v -~ 0.8V o8V
€ ter
. e r—tes
= DD R =
Cs
L 20V 20V
_ X 08V 0.8v
R/W, RS
=tan
tace———= .
2.4V 24v
D,~D, ]
0,4VX 0.4V

Figure 3. Read Sequence
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Teyee
fo—— PWE | —o]
Po—tag —t=
20v —
20V \ PWg |
7 0.8v EO.BV j-—D.SV
E
Er —om| e p—ES
_ tosw
Cs - L
R/W 20v 20v
RS {Address
Register])
0.8v 0.8v
As \
{Control Registers} pous-t A
—ety
{ 20v 20v
D,~D,
(O.SV 0.8v
Figure 4. Write Sequence
5.0v
R =24k
Test Point C = 180pF  (Do~DY)
= 30pF {Output Signals except D®~D7)
D, R= 11kQ (D°~D7)
= 24kQ (Output signal except DD’

Figure 5. Test Loads

SYSTEM DESCIRPTION

The CRTC is a LSI which is connected with MPU and
CRT display device to control CRT display. The CRTC con-
sists of internal register group, horizontal and vertical tim-
ing circuits, linear address generator, cursor control circuit,
and light pen detection circuit. Horizontal and vertical tim-
ing circuit generate RA;~RA,, DISPTMG, HSYNC, and
VSYNC. RAy~VRA, are raster address signals and used as
input signais are received by video _control circuit. This
horizontal and vertical timing circuit consists of internal
counter and comparator circuit. Linear address generator

generates refresh memory address MAg~VvMA, 3 to be us-
ed 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 start address register
enables paging and scrolling. Light pen detection circuit
detects light pen position on the screen. When light pen
strobe signal is received, light pen register memorizes linear
address generated by linear address generator in orde to
memorize where light pen is on the screen. Cursor control
circuit controls the position of cursor, its height, and its blink.
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_ D,.~D
Vee Vss  RES R/W E CS RS
1 ! IR
— ¢ ¥ 13 1 38
Address Reg; A,
& RiW Control
P==. haracter Counter Horizontal Displayed
= %K\(—ISE) R1 l Register
MR C Q
A — Horizontal Total
%RO:_()I cMP  K— CMP e RO I Regrster 'C:
[ HMAX
Horizontal Sync
c:%—[ Position Register
[ ] 2 ble HsvNC
et [ C ey
CK Horizontal Syn: | cwmp | :ﬁ:} Sync F
Width Counter Width Register
RQ, TSR
ICK Raster C 3, Ra, R9 | Maxamum Raster
(:32] Address Register
MR
Line Counter Vertical Displayed
cK 1:128§ % :[RG Register
MR
h
Rd—l Vertical Total F
VTOTAL Control Register
| e
i
A8 L (———fRs | Vertical Total Adjust
2", 2" CMmP Register
—t> DISPTMG
CK Veruical Sync Cce R7 I Vertical Sync ﬁ
Width Caunter(:16 Position Register
MR
Linear A '-lel Start Address k:..
{ Adaressiv - R -
Generator [T 13| Registers
CK l |
Cursor Start
R10 Raster Register F:
RQ, ~RQ, Cursor Skew |
Controt | |Controlf —r. cupIsP
vT R11| Cursor End
Raster Register
Vs
U] Low =—=a g cusor meginen =)
1 —+* VSYNC
interlace 1 * s
RA,~ Control [n | 2.2 2.2 3.2 i Rg | Interiace & Skew
RA, 1 Register
~IR16| Light Pen
Y |R17] Registers =
LPSTB- o SYNC Set J
v
MA,~MA,,

Figure 6. internal Block Diagram of the CFITC
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B FUNCTION OF SIGNAL LINE

The CRTC provides 13 interface signats to MPU and
25 interface signals to CRT display.

¢ Interface Signals to MPU
Bi-directional Data Bus (D,~D;)

Bi-directional data bus (Dy~D;) are used for data
transfer between the CRTC and MPU. The data bus out-
puts are 3-state buffers and remain in the high-impedance
state except when MPU performs a CRTC read operation.

Read/Write (R/W)

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

Chip Select (CS)

Chip Select signal (CS} is used to address the CRTC.
When CS is at *‘Low" level, it enables Read/Write opera-
tion to CRTC internal registers. Normally this signal is deriv-
ed from decoded address signal of MPU under the condition
that VMA of MPU is at ““High” levle.

Register Select (RS)

Register Select signal (RS) is used to select the address
register and 18 control registers of the CRTC. When RS
is at “Low” levle, 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 (AO) of MPU
address bus.

Enable(E)

Enable signal (E) is used as strobe signal in MPU
Read/Write operation with the CRTC internal registers. This
signal is normally a derivative of the processor MPU clock.

Reset (RES)
Reset sginal {RES) is an input signal used to reset the
CRTC.
When RES is at “Low’ level, it forces the CRTC into
the following stauts.
1) Al 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 HMCS6800* parts in the
following functions and has restrictions for usage.
1) RES has capability of reset function only whe LPSTB
is at “Low” level.
2) The CRTC starts the display operation immediately
after RES Goes ""High’ level.

¢ Interface Signals to CRT Display Device
Character Clock (CLK)

CLK is a standard clock input signal which defines
character timing for the CRTC display operation, CLK is nor-
mally derived from the external high-speed dot timing logic.

Horizontal Sync (HSYNC)
HSYNC is an active “High” level signal which provides
horizontal synchronization for display device.

Vertical Sync {(VSYNC)

VSYNC is an active “High’ level signal which provides
vertical synchronization for disply device.
Display Timing (DISPTMG)

DISPTMG is an active “High" level signal which defines
the display period in horizontal and vertical raster scann-
ing. It is necessary to enable video signal only when
DISPTMG is at “High" level.

Refresh Memory Address (MA,~MA ;)

MAG~MA, 5 are refresh memory address signals which
are used to access to refresh memory in order to refresh
the CRT screen periodically. These outputs enables 16k
words max. refresh memory access. So, for intance, these
are applicable up to 2000 characters/screen and 8-page
system.

Raster Address (RA;~RA,)

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

Cursor Display (CUDISP)

CUDISP is an active “High” level video signal which
is used to display the cursor on the CRT screen. This out-
put 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)

LPSTB is an active “High" level input signal which ac-
cepts strobe pulse detected by the light pen and control
circuit. When this signal is activated the refresh memory
address (MA;VMA ;) 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 pen, and light pen
control circuits into account.
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REGISTER DESCRIPTION

Table 1 Internal Registers Assignment

Address . -
~= ] Register Data Bit
CS|RS| Register Register Name | Program Unit |READ |WRITE

432t0 # 7 6 5 4 3 2 1 ¢
1T (XX X XXX - - —
0|0 |xxxxx| AR Address Register . X o]
0{1|00000 ] RO Horizontal Total* Character X o}
0|1|00001 | Rl Horizontal Displayed | Character X o)
Horizontal Sync*
0|1|00010]| R2 Position Character X ¢}
o{1[00011|R3 [Sync Width E.i‘,"ii"n?f‘” X o {wv3|wv2|wvi [wvO |wh3|wh2 [wh1|who
haracter
0[1]00100| R4 Vertical Total Line X 0
oj1{00101] RS Vertical Total Adjust | Raster X o)
011]00110| R6 Vertical Displayed |Line X o)
Vertical Sync :
o(1]00111|R7 Position Line X [+]
0(1101000}| R8 Interlace & Skew — 3 o S
Maximum Raster
0|1|01001( R9 Address Raster X 0
01101010} R10 |Cursor Start Raster |Raster X o}
0[1[01011 | R11 Cursor End Raster |Raster X o]
0|1[01100| R12 Start Address(H) — [¢) o
0{1]/01101]| R13 Start Addressi(L) - [¢] o
0|1]|01110]| R14 Cursor(H) — o) o]
ol1]01111| R15 Cursor(L) — [¢) o]
0|1|10000 | R16 Light Pen(H) —_ o] X
01110001 | Rt7 Light Pen(L) - o X
(NOTE) 1. The Registers marked *: (Written Value) = (Specified Value} — 1
2. Written Value of R9 is mentioned below
" rr“?:r-;:;ee”;?:cM;:j:e } (Written Value) = (Specified Value) — 1
2 l\::;f(ﬁozznc } {(Written Value) = (Specified Value) — 2
3 CO and C1 specify skew of CUDISP
DO and D1 specify skew of DISPTMG.
When S is "1, V specifies video mode. S specifies the Interlace Sync Mode.
4. B specifies the cursor blink. P specifies the cursor blink period.
5 wvO~wv3 specify the pulse width of Vertical Sync Signal.
whO~wh3 specity the pulse width of Horizontal Sync Singla
6 RO s ordinally programmed to be odd number in intertace mode
7. o. Yes. x: No
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B FUNCTION OF INTERNAL REGISTERS

* Address Register (AR)

This is a 5-bit register used to select 18 internal con-
trol registers {Ry~vR,;). Its contents are the address of
one of 18 internal control registers. Programming the data
from 18 to 31 produces no results. Access to Ro~VR,; re-
quires, first of all to write the address of corresponding con-
trol register into this write the address of corresponding
control register into this register. When RS and CS and at
“Low" level, this register is selected.

* Horizontal Total Register (R0)

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 ac-
cording to the specification of the CRT. When M is total
number of characters, M-1 shall be programmed to this
register. When programming for interiace mode, M must
be even.

¢ Horizontal Displayed Register (R1)

This is a register used to program the number of horizon-
tal displayed characters per line. Data is 8-bit and any
number that is smaller than that of horizontal total characters
can be programmed.

¢ Horizontal Sync Position Register (R2)

This is a register used to program horizontal Sync posi-
tion 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 Position, H-1 shall be programmed to
this register. When programmed value of this register is in-
creased, the display poition on the CRT screen is shifted
to the left. When programmed value is decreased, the posi-
tion is shifted to the right. Therefore, the optimum horozontal
position can be determined by this value.

* Sync Width Register (R3)

This is a register used to program the horizontal sync
pulse width and the vertical sync pulse width. The horizontal
sync pulse width is programmed in the lower 4-bit as

multiples of the character clock period. “0” can't be pro-

grammed. The vertical sync pulse width is programmed in
higher 4-bit as multiples of the raster period. When 0" is
programmed in higher 4-bit, 16 raster period (16H) is
specified.

* Vertical Total Register (R4)

This is a register used to program total number of lines
per frame including vertical retrace period. The data is within
7-bit and its value should be programmed according to the
specifiecation of the CRTC. When N is total number of lines,
N-1 shall be programmed to this register.

¢ Vertical Total Adjust Register (RS)

This is a register used to program the optimum number
ot adjust total number of rasters per field. This register
enables to decide the number of vertical deflection frequen-
cy more strictly.

¢ Vertical Displayed Register (R6)

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.

Table 2 Pulse Width of Vertical Sync Signal
VSw

Pulse Width

27 26 25 24

o} 6] o] o] 16H
o 0 0 1 1
o] 0] 1 0 2
0 o] 1 1 3
o] 1 0 0 4
¢} 1 ] 1 5
0 1 1 0 6
[¢] 1 1 1 7
1 o] o] o] 8
1 o] 0 1 9
1 0 1 0 10
1 0 1 1 11
1 1 0 0 12
1 1 o] 1 13
1 1 1 (o] 14
1 1 1 1 15

H: Raster period

This Materi al

Table 3 Pulse Width of Horizontal Sync Signal
HSW Pulse Width
23 22 2! 2°
0 o} o} 0 —{Note)
0 0 o] 1 1 CH
o] 0 1 [o] 2
0 (o] 1 1 3
o] 1 o] o] 4
o] 1 0 1 5
o] 1 1 [¢] 6
o] 1 1 1 7
1 ] 0 [¢] 8
1 0 0 1 9
1 (o] 1 [¢] 10
1 0 1 1 11
1 1 0 [¢] 12
1 1 0 1 13
1 1 1 o] 14
1 1 1 1 15
CH: Character clock period
(Note) HSW 0" can't be used.
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* Vertical Sync Position Register (R7)

This is a register used to program the vertical sync posi-
tion on the screen as multiples of the horizontal character
line period. Data is 7-bit and any number that is equal to
or less than vertical total characters can be programmed.
When V is character number of vertical sync position, V-1
shall be programmed to this register. When, programmed
value of this register is increased, the display position is
shifted up. When programmed value is decreased, the
position is shifted down. Therefore, the optimum vertical
position may be determined by this value.

* Interlace and Skew Register (R8)

This is a register used to program raster scan mode and
skew (delay) of CUDISP and DISPTMG.
Raster Scan Mode Program Bit (V, S)

Raster scan mode is programmed in the V, S bit.

Table 4 Raster Scan Mode (2, 2°

Raster Scan Mode.

Non-interlace Mcde

Interlace Sync Mode
Interlace Sync & Video Mode

- 0-=0 <
- =000

In the non-interlace mode, the rasters 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 middie of even number field. Then itis con-
trolled to display the same character pattern in two fields.
In the interlace sync & video mode, the raster scan method
is the same as the interlace sync mode, but it is controlled
to display different character pattern in two field.

Skew Program Bit (C1, C0, D1, DO)

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

Skew of these two kinds of signals are are programm-
ed separately.

Table 5. DISPTMG Skew Bit (2°, 2¢%)

D1 DO DISPTMG
6] 0] Non-skew
J 1 One-character skew
1 0] Two-character skew
1 1 Non-output

Table 6. CUDISP Skew Bit (27, 2°)

Skew function is used to delay the output timing of
CUDISP and DISPTMG in LSI for the time to access refresh
memory, character generator or pattern generator, and to
make the same phase with serial video signal.

< Maximum Raster Address Register (R9)

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

Non-interlace Mode, Interlace Sync Mode
When total number of rasters is RN, RN-1 shall be pro-
grammed.

Interlace Sync & Video Mode
When total 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

Total Number of Rasters:5
Programmed Value:Nr=4
(The same as displayed
total number of rasters)

bW N - O

Raster Address

Interlace Sync Mode

Total Number of Rasters:5
Programmed Value:Nr=4

In the interlace sync mode,
total number of rasters in
both the even and odd fields
is ten. On programming,

the half of it is defined as
total number of rasters.

Raster Address

Interlace Sync & Video Mode

S 1 Total Number ot Hasters:5
?——— ., Programmed Value:Nr=3
4 — Total number of rasters

displayed in the even field
and the odd field.

Raster Address

C1 co CuDISP
e Cursor Start Raster Register (R1
0 0 Non-skew a gister (R10)
0 1 One-character skew This is a register used to program the cursor start raster
1 0 Two-character skew address by iower 5-bit {2°~2¢) and the cursor display mode
1 1 Non-output by higher 2-bit (2%, 2¢).
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Table 7. Cursor Display Mode (2%, 2) * Light Pen Register (R16,R17)
- These read only registers are used to catch the detec-
B P Cursor Display Mode tion address of the light pen. The higher 2-bit (2¢.27) of R16
] 0 Non-blink are always “0". Its value needs to be corrected by soft-
0 . 1 Cursor Non-display ware because there is time delay from address output of
1 0 Blink 16 Field Period the CRTC to signal input LPSTB pin of the CRTC in the
1 1 Blink 32 Fieid Period process that raster is lit after address output and light pen
. . detects it. M , delay ti h in Fig. 2 needs t
Brink Period etects |t_ oreover, delay time shown in Fig. 2 n Q
be taken into account.
L light } dark }
. - S/ Restriction on Programming Internal Register
16 5r 32 field period 1) O<Nhd<Nht+1<256
- . 2) O<Nvd<Nvt+1<128
e Cursor End Raster Register (R11) 3) 0<Nhsp<Nht
add‘rrg;ss register used to program the cursor end raster 4) O<Nvsp<Nvt*
: 5) O<Ncsrart<Ncenp<Nr (Non-interlace, Interlace
+ Start Address Register (R12, R13) sync mode)
These are used to program the first address of refresh O<NcsTaRT<Ncenp<Nr+1 (Interlace sync & video
memory to read out. mode)

Paging and scrolling is easily performed using this 6) 2<Nr<30 (Interlace Sync & Video mode)
register. This register can be read but the higher 2-bit (2¢,27) 7) 3<Nht (Except non-interiace mode)

of R12 are always “0". 5<Nht (Non-interlace mode only)
* In the interlace mode, pulse width is changed +1/2
® Cursor Register (R14, R15) raster time when vertical sync signal extends over
These two read/write registers stores the cursor loca- two fields.

tion. The higher 2-bit (2°. 27) of R14 are always “0".

/—— Number of Horizontal Total Characters (Nht + W
A}

" Number of Horizantal Displayed Characters (Nhd} —_—

ETETE === =

]
:
:

N +
T < : Horizontal
£ z Retrace
“ T Period
4 @ >
e 8 T‘;
3 8 2
< & Q
oy c e
< o B
2 o kN
o © b=t
£ R Y
s B - Display Period

L2 a2

5 e

5| 28

>| Es

5 Z0o

s

3

8

E

=

4 L

Vertical Retrace Period

L Y ——————————————————————

Vertical Total Adjust (Nadj)

Figure 7. CRT Screen Format
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Notes for Use

(1) The method of directly using the value programmed in
the internal register of LSl for contraliing the CRT is adopted.
Consequently, the display may flicker on the screen when
the contents of the registers are changed from bus side
asynchronously with the display operation.

Cursor Register

Writing into this register at frequent intervals for mov-
ing the cursor should be performed during horizontal and
vertical retrace period.

Start Address Register

Writing into the start address register at frequent inter-
vals for scrolling and paging should be performed during
horizontal and vertical display period.

It is desirable to avoid programming ther registers dur-
ing display operation.
{2) The RES assertion at power-on does not define the in-
ternal registers of the GM68B45S. For a proper opera-
tion based on the system specification, ail the internal
registers are requested to be programmed by users after
power is supplied.

@ OPERATION OF THE CRTC

e Time Chart of CRT interface Signals
The following example shows the display operation in
which values of Table 8 are programmed to the CRTC in-
ternal registers. Fig. 7 shows the CRT screen format. Fig.
10 shows the time chart of signals output from the CRTC.
The relation between vaiues of Refresh Memory Ad-
dress (MA,~MA ;) and Raster Address (RA,~RA,) and the
display position on the screen is shown in Fig. 16. Fig. 16
shows the case where the value of Start Address is O.

* Interlace Control

Fig. 8 shows an example where the same character
is displayed in the non-interiace mode, interlace sync mode,
and interlace sync & videc mode.

Non-interlace Mode Control
In non-interlace mode, each field is scanned duplicated-
ly. The values of raster addresses (RA,~RA,) are counted

up one from O.

0 0 0 N ]
it ¢ - Gl o -1 O - -0 - 1 )
1—— @ — 1—6- 2 2 5
o o S ieals S P St e S g3
E - SR o--2 ~0-0-0-00-0-6--5 (|jne -0-0-0-0-06-0-0--5 |line
3—eo—e— 3 4 6 % B B #0
4—o L 4 Q- ©--3 g 0T o g g ~ T Q--7
5 5 8 e o o o oS4 4O - ------- o--9 A~5---——————»—F—-9
—o—o-0 090 o0— oo
o 6~—0—5—o—o-o—e—<»-~5 P ek - e Tt 0"
— e <
1 O S RS S SO IR S S
8 —e — 8 D e — 528 o oo oo [ine
9 9—-0 —————————— e--8 6--0-0-0-9-0—0—-0-—5 line 728" -----8-6 | %
A e ° P B bt g g -------e-7 1 g 8- ----------e--8
S ——— - S —— R ————.
B 8 A - 0--9 J A
Se-s------------B B e
Non-interlace Mode Interlace Sync Mode Interlace Sync & Video Mode Interlace Sync & Video Mode
. (Total number of rasters in a line (Total number of rasters in a line
is even ) isodd.)
Figure 8. Example of Raster Scan Display
Table 8. Programmed Values into the Registers
Register Register Name Value Register Register Nape Value
RO Horizontal Total Nht R9 Max Raster Address Nr
Rt Horizontal Displayed %  Nhd R10 Cursor Start Raster
R2 Horizontal Sync Position Nhsp R11 Cursor End Raster
R3 Sync Width Nvsw, Nhsw R12 Start Address (H) a
R4 Vertical Total Nvt R13 Start Address (L) 0
R5 Vertical Total Adjust Nadj R14 Cursor (H)
R6 Vertical Displayed Nvd R15 Cursor (L)
R7 Vertical Sync Position Nvsp R16 Light Pen (H)
R8 Interlace & Skew R17 Light Pen (L)

(NOTE) Nhd<Nht, Nvd<Nvt

96

This Materia

Copyri ghted By

Its Respective Manufacturer



This Materia

GM6845S

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-interlace mode. One character pattern is displayed
mutually and its displayed position in the odd field is set
at 1/2 raster space down from that in the even field.

Interlace Sync & Video Mode Control

In interlace sync & video mode, the output raster ad-
dress when the number of rasters is even is different from
that when the number of rasters is odd.

Table 9. The Output of Raster Address in
Interlace Sync & Video Mode

Field
Totai
Number of
Rasters in a Line

Even Field Odd Field

Even Even Address | Odd Address
0dd Even Line* | Even Address | Odd Address
Odd Line* Odd Address | Even Address

1} Total number of rasters in a line is even:

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

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

Whe total number of rasters is programmed to be odd,
odd and even addresses are reversed according to the odd
and even lines in each field. in this case, the difference
in numbers of dots displayed between 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 b ber of dots b 1 even
field and odd field influences beam current of CRT. CRT, which has
a stable high-volitage part, can make interlace display normal. On the
contrary, CRT, which has unstable high-voltage part, moves deflec-
tion angie of beam current and also dots displayed in the even and
odd fields, may be shifted. Characters appears distroting on a border
of the screen. So 2) programming has an effect to decrease such
evil influences as mentioned above. Fig. 13 shows fine chart in each
mode when intertace is performed.

e Cursor Control

Fig. 9 shows the display patterns where each value is
programmed to the cursor start raster register and the cur-
sor end raster register. Programmed values to the cursor
start raster register and the cursor end raster register need
to be under the following condition.

Cursor Start Raster Register<Cursor End Raster

Register< Maximum Raster Address Register.

Time chart of CUDISP is shown in Fig. 14 and Fig. 15

QN WMbLEWN=O

CW W~ O &_dWN =0

10

:

Cursor Start Address = @
Cursor £nd Address = 9

Cupsor Start Address = 9
Cursor End Address = 10

OV ONDODLDWN=O

-

Cursor Start Address = 1
Cursor End Address = 5

Figure 9. Cursor Control
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T

Vertical Display Period

Vertical Retrace Period ———F ——

RA,~RA,

InTolvT=2T3]

[vMToT 7 T2T3]

Line

|

Nvd-~1

1 Nwvd

Skl S W it I U W W e s el o O o N

Figure 11 Switching from Vertical Display Period over to Vertical Retrace Period (Expansion of Fig. 10-A)

T T[®————————————— Vertical Retrace Period

ol

- - - Vertical Display Period
L
Tadj = Nedj- T,
RA~RA, 0] 1 1 21 Ine 011 1 dNedil 0 T 7 T 2] InNT o T 721
Line Nt Q 1
DISPTMG ] U LI LJ U U LI U L‘I U U L] L
Figure 12 Fine Adjustment Period of Frame in Vertical Display (Expansion of Fig. 10-B)
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B HOW TO USE THE CRTC

¢ Interface to MPU

As shown in Fig. 17, the CRTC is connected with the
standard bus of MPU to control the data transfer between
them. The CRTC address is determined by CS and RS, and
the Read/Write operation is controlled in R/Wand E. When
CS is “Low” and RS is also “Low”, the CRTC address
register is selected. When CSis “Low” and RS is “High”,
one of 18 internal registers is selected.

RES is the system reset signal. When RES becomes
“Low”, the CRTC internal control logic is reset. But inter-
nal registers shown in Table 1 (RO~R17) are not affected
by RES and remain unchanged.

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

System ¢, clock

RE

Ao ~ Ais RS
VMA BE%O' cs
R/W RIW
HD6800® CRTC
MPU €
Do ~ D7 K— > 0,~D
RES |p— 9 RES

Figure 17 Interface to MPU

¢ Dot Timing Generating Circuit

CRTC’s CLK input (21 pin) is provided with CLK which
defines horizontal character time period from the outside.
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 opera-

9-Counter (GD74163A )J;‘—_
MR

0sC cp

Q, Q, Q, q,

tion time chart of dot counter shown in Fig. 18. As this ex-
ample shows explicitly, CLK is at *‘Low" 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 mistake
this polarity.

Y—‘b————— LOAD P/S REG—N 1

} to P/S SHIFT
REGISTER

DOTCP—-P

CHCP—P to CRTC (CLK)

Figure 18 Example of Dot Counter
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6 7 8 {0 1 2 3 4 65

sorer_e—t LT LN L LML ooy

pda Iy S T Y Ty Ny N T e By B

b5

Q‘l 1 J

a | —

Q,

LOAD P/S REG—N

CHCP—P (CLK)

|

Character Time

One Horizontal —— o]

Figure 19 Time Chart of Dot Counter

Bl 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, 14 Memory Address line
(0~16383) max are provided and for character generator,
5 Raster Address line {0~~31) max are provided. For video
control circuit, DISPTMG, CUDISP, HSYNC, and VSYNC
are sent out. DISPTMG is used to control the blank period
of video signal. CUDISP 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
horizontal and vertical deflection circuits.

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

Fig. 21 shows detailed block diagram of display con-
trol unit. This shows how to use CUDISP and DISPTMG.
CUDISP and DISPTMG should be used being latched at
least one time at external flip-flop F1 and F2. Flip-flop F1
and F2 function to make one-charcter delay time so as to
synchronize them with video signal from parallel-serial con-
verter. High-speed D type flip-flop as TTL is used for this
purpose. After being delayed at F1 and F2 DISPTMG is
AND-ed with character video signal, and CUDISP is Or-ed
with output from AND gate. By using this circuitry, blank-
ing of horizontal and vertical retrace time is controlled. And
cursor video is mixed with character video signal.

Fig. 21 shows the example in the case that both refresh
memory and Character Generator can be accessed for
horizontal one character time. Time chart for this case is
shown in Fig. 24. This method is used when a few character
needed to be dislayed in horizontal direction on the screen.
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14 max
MA Refresh
Memory
&
RA S max N Character
CRTC Generator
V.4
DISPTMG
cuoisp Video
) Signals
HSYNC Video Control Sync
Signals
Y
CLK VSYNC o o
Figure 20 Interface to Display Control Unit
F1
CuDISP
Q
CHCP-N T
DISPTMG i
Q
T
CRTC VIDEO
MA Refresh ~] Character {
Memory Generator
RA ]T
CLK

L CHCP-P

DOT COUNTER

Figure 21 Display Control Unit (1)
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When many characters are displayed in horizontal direc-
tion on the screen, and horizontal one-character time is so
short that both refresh memory and Character Generater
cannot be accessed, the circuitry shown in Fig. 22 should
be used. In this case refersh memory output shall be lat-
ched and Character Generator shall 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 horizontal one-
character time on high-speed display operation, system
shown in Fig. 23 is adopted. The time chart in this case
is shown in Fig. 26. Character video signal is delayed for
two-character time because each MA outputs and refresh
memory outputs are latched, and they are made to be in
phase with CUDISP and DISPTMG by delaying for two-
character time. Table 10 shows the circuity selection stan-
dard of display units.

Table 10 Circuitry Standard of Display Countrol Unit

Interiace & Skew Register
c ; Block Bit Programmin
ase Relation among tcy Refresh Memory and Character Generator Diagram 9 9
ci | co o1 | po
1 ten > RM Access + CG Access + tmap Fig. 21 o ! o 0 ! o0
2 RM Access + CG Access + tyap = ten > RM Access + tyap Fig. 22 o | 1 0 1
3 RM Access + tmap 2 ton > RM Access Fig. 23 1 [ o 1 0

ten: CHCP Period: L, MA Delay
RM: Refresh Memory CG: Character Generator

F1

p
CUDIS D a
CHCP-N T
F2
DISPTMG D a
T
RT
CRTC VIDEO
&
MA Refresh T Character
) Memory }C{ | Generator v
[1H
RA i
CLK
CHCP-P
L
Figure 22 Display Control Unit(2)
. F1
up!
¢ D Q
CHCP-N T
DISPTMG F2
0 aQ
—T
CRTC F_—; T VIDEO
A A
MA Nal N Retresh ~T >Characxer
C v Memory viC Generator
H H
{2), (1)
RA _1
CLK
[ CHCPP 50T COUNTER

Figure 23 Display Control Unit (For high-speed display operation) (3)
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CHCP-P ﬁmm

MA

DISPTMG

cunisp

F2 -Q

F1.Q

RMOUT

CGOuUT

VIDEO

|
]
Ejm

CRT Display

Figure 24 Time Chart of Display Control Unit (1)

/)

Y

__/
X

ma L X__ o X ' 2 3 X a
DISPTMG i }r-——-l—-—- }

T - One- Xarac erj\
CuUDISP | (S)keewCh ' l."_—_" A F_I
F2-Q : \ Y \

\
f10 ﬁ | S W

~
tateH ) X X o X 1 ) & 2 X 3 X
T
cGouT X XX o XX XX XX
VIDEO \‘F
CRT Display .. [ ] . ...
Figure 25 Time Chart ot Display Control Unit (2)
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cierr \_ [ W /S W/ /S \ S
MA X o XTI X Xh XX
I s . :
e \pwm.cmc.er skew ey /____\—i——_
LATCH() \)( o X Xz X s X« X
o \ ,
amour "IN 1M o 1 2 3 < X
LATCH) Y ) G D GEETD GEEND GIEED
coour X XXX o XX XOC 2 XOC =3[ X
VIDEO Ve
CRT Display Al Al

Figure 26 Time Chart of Display Unit {3)

# HOW TO DECIDE PARAMETERS SET ON THE
CRTC
e How to Decide Parameters Based on Specification of
CRT Display Unit {Monitor)
Horizontal deflection frequency f,, is given by specifica-
tion of CRT display unit. Number of horizontal total
characters is determined by the following equation.

1

tc(Nht+1)
where,
te: Cycle Time of CLK (Character Clock)
Nht: Programmed Value of Horizontal Total Register (RO)

fh=

Number of Vertical Total Characters
Vertical deflection frequency is given by specification

of CRT display unit. Number of vertical Total characters is
determined by the following equation.
1) Non-interlace Mode

Rt=(Nvt+1) (Nr+1)+Nadj
2) Interlace Sync Mode

Rt=(Nvt+1) (Nr+1)+Nadj+0.5
3} Interlace Sync & Video Mode

_(Nvt+ 1){Nr+2)+2Nadj

S
mte (NVE+1)(Nr+2)+2Nadj+1

2
(a} is applied when both total numbers of vertical characters
(Nvt+1) and that of rasters in line (Nr+2) are odd.
{b) is applied when total number of rasters (Nr+2) is even,
or when (Nr+2) is odd and total number of vertical
characters (Nvt+1) is even.

Rt

where,

Rt : Number of Total Rasters per frame
(Including retrace period)

Nvt : Programmed Value of Vertical Total Register (R4)

Nr : Programmed Value of Maximum Raster Address
Register (R9)

Nadj : Programmed Value of Vertical Total Adjust
Register (R5)

Horizontal Sync Pulse Width

Horizontal sync pulse width is programmed to low order
4-bit of horizontal sync width register (R3) in unit of horizon-
tal character time. Programmed value can be sefected within
from 1 to 15.
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Horizontal Sync Position

As shown in Fig. 27, horizontal sync position is nor-
mally selected to be in the middle of horizontal retrace
period. But there are some cases where is optimum sync
position is not located in the middle of horizontal retrace
period according to specification of CRT. Therefore,
horizontal sync position should be determined by specifica-
tion of CRT. Horizontal sync pulse position is programm-
ed in unit of horizontal character time.

I

DISPTMG mmmd

I
R

Ousptey Period

Pasu

HSYNC S

Figure 27 Time Chart of HSYNC
Vertical Sync Pulse Width
Vertical Sync Pulse Width is programmed to high order
4-bit of vertical sync pulse width register {R3) in unit of

raster period. Programmed value can be selected within

from 1 to 16.

Vertical Sync Position

As shown in Fig. 28, vertical sync position is normally

selected to be in the middie of vertical retrace period. But

there are some cases where its optimum sync position is

not located in the middle of vertical retrace period accor-

ding to specification of CRT. Therefore, vertical sync posi-

tion should be determined by specification of CRT. Vertical

sync pulse position is programmed to vertical sync posi-

tion register (R7) in unit of line period.

* How to Decide Parameters Based on Screen Format
Dot Number of Characters (Horizontal)

Dot number of characters (horizontal) is detemined by
character font and character space. An example is shown
in Fig. 29. More strictly, dot number of characters (horizon-
tal) N is determined by exterat N-counter. Character space
is set by means shown in Fig. 30.

Vertical Vertical Vertical
Display Period Retrace Period Display Period
(& £
L4 o7
o1sPTMG— | | e T | I R
I 1 Frame J
VSYNC l
Figure 28 Time Chart of VSYNC
Don Number of
e i
Horizontal Characterm—
Character Font '__S.&,
N .
® (I I I JE )
L ® [ [ ]
o [ ] [ ] (]
® [ ] [ ] [ ]
L [ L 2L AK 2K J
Number of
® . Dot
eieje 0000 ¢ Vertical Characters
[ ] [ [J L (Number of Rasters)
o [ ] [ J ®
[ ® o oo l0o e
Line
S;aau:eJ
Dot Number of Horizontat Characters 10
Dot Number of Vertical Characters 13
7x9 Character generator is used.

Figure 29 Dot Number of Horizontai

and Vertical
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Character Font

soeoloololee
[ ]
°

o
| |

[

Serial Data

[T 11]

Shift Register

Figure 30 How to Make Character Space

Horizontal Deflection Period (1) = '1—“

Horizontal Display Period

| Horizontal Retrace Period

\ I 4 }
= T T t
A

Y

| Number of Horizontal Displayed Characters

tc

Horizontal Display Period

L7 Horizontat Character Time =

Number of Horizontal Displayed Characters

Figure 31 Number of Horizontal Displayed Characters

Dot Number of Characters (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 to
maximum raster address (R9) of CRTC.

Number of Horizontal Displayed Characters

Number of horizontal displayed characters is programm-
ed to horizontal displayed register (R1) of the CRTC. Pro-
grammed value is based on screen format. Horizontal
display period, which is given by specification of horizon-
tal deflection frequency and horizontal retrace period of CRT
display unit, determines harizontal character time, being
divided by number of horizontal displayed characters.
Moreover, its cycle time and access time which are
necessary for CRT display system are determined by
horizontal character time.

Number of Vertical Displayed Characters

Number of vertical displayed characters is programm-
ed to vertical displayed register (R6). Programmed value
is based on screen fromat. As specification of vertical
deflection frequency of CRT determines number of total
rasters (Rt) including vertical retrace period and the rela-
tion between number of vertical displayed character and
total number of rasters on a screen is as entioned above,
CRT which is suitable for desired screen format should be
selected.

For optimum screen format, it is necessary to adjust
number of rasters per line, number of vertical displayed
characters, and total adjust raster (Nadj) within specifica-
tion of vertical deflection frequency.
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Scan Mode

The CRTC can program three-scan modes shown in
Table 11 to interlace mode register (R8). An example of
character display in each scan mode is shown in Fig. 8.

Table 11. Program of Scan Mode

V|S| Scan Mode

Main Usage

0 .
110 Non-interlace

Normal Display of Characters
& Figures

Q
-

interlace Sync

Fine Display of Characters
& Figures

Interlace Sync

Display of Many Characters
& Figures Without Using

(NOTE) In the intertace mode, the number of times per sec. in raster scann-
ing on one spot on the screen is half as many as that in non-interlace
mode. Therefore, when persi of lumi ence is short, flicker-
ing may happen. It is necessary ta select optimum scan mode far
the system, laking characteristics of CRT, raster scan speed, and
number of displayed characters and figures into account.

Cursor Display Method

Cursor start raster register and cursor end raster register
(R10, R1 1) enable programming the display modes shown
in Table 7 and display patterns shown in Fig. 9. Therefore,
it is possible to change the method of cursor display
dynamically according to the system conditions as well as
to realize the cursor display that meets the system re-

& Video High-resolution CRT quirements.
D A ~A,
MPU
< 2 > D,~D,
N |
DOT | ¢k BUS DRIVER
osc COUN- S
TER
L 45
MULTIPLEXER
DOT MEMORY
{RAM)
VIDEO l
VIDEO SYNCS
CONTROL SIGNAL ° °
Figure 32 Monochrome Character Display
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Start Address
Start address resisters (R12, R13) give an offset to the

address of refresh memory to read out. This enables pa-
ing and scrolling easily.
Cursot Register

Cursor registers (R14, R15) enable programming the
cursor display position on the screen. As for cursor ad-
dress, it is not X, Y address but linear address that is pro-
grammed.

B APPLICATIONS OF THE CRTC
e Monochrome Character Display

Fig. 32 shows a system of monochrome character
display. Character clock signal {(CLK) is provided to the
CRTC through OSC and dot counter. It is used as basic
clock which drives internal control circuits. MPU is con-
nected with the CRTC by standard bus and controls the
CRTC initialization and read/write of internal registers.

Refresh memory is composed of RAM which has
capacity of one frame at least and the data to be displayed
is coded and stored. The data to refresh memory is changed
through MPU bus, while refresh memory is read out suc-
cessively by the CRTC to display a static pattern on the
screen. Refresh memory is accessed by both MPU and

the CRTC, so it needs to change its address selectively
by multiplexer. The CRTC has 14 MA (Memory Address
output), but in fact some of them that are needed are us-
ed according to capacity of refresh memory.

Code output of refresh memory is provided to character
generator. Character generator generates a dot pattem of
a specified raster of a specified character in parallel accor-
ding to code output from refresh memory and RA (Raster
Address output) from the CRTC. Parallel-serial converter
is normally composed of shift registre to convert output of
character generator into a serial dot pattern. Moreover,
DISPTMG, CUDISP, HSYNC, and VSYNC are provided to
video control circuit. It controls blanking for output of
parallel-serial converter, mixes these signals with cursor
video signal, and generates sync signals for an interface
to monitor.

e Color 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 parallel with character code and pro-
vided 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 to
display characters in seven kinds of color on the screen.

> A ~A,
MPU
A Y reY >D,~0,
MA
4 <
DOT | cik I Muu’msxml leus DRIVER]
osC COUN-
TER
Configuration of the Refresh Memory
REFRESH i
MEMORY Blink
(RAM) Color 8 bit Data (1 word)
Lol TTTTTTT]
\ High order Low order
RA
CHARACTER
CRTC —— GENERATOR
COLOR BIT (R, G, B)
S
DISPTMG R. VIDEO
CUDISP G. VIDEO D
HSYNC VIDEO CONTROL B. VIDEO
o o
VSYNC
SYNC SIGNAL

Figure 33 Color Character Display
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¢ Color limited Graphic Display

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

As shown in Fig. 34, graphic pattern generator is set
up in parallel with character generator and output of these
generators are wire-ORed. Which generator is accessed

depends on coded output of refresh memory.

in this example, graphic pattern generator adopts ROM,
s0 only the combination of picture elements which are pro-
grammed to it is used for this graphic display system. Adop-
ting RAM instead of ROM enables dynamically writable
symbols in any combination on one display by changing
the contents of them.

Q A ~A,
MPU
: [4Y e > 0,~D,
MA
< J 4 J\; <
BUS
DoT CLK MULTIPLEXER DRIVER
COUN- rey
TER
REFRESH
MEMORY
{RAM)
asc ﬁ
RA
RA A lcraPHIC
CRTC AR TR FAPATTERN
IGENERATOR
H COLOR BIT (R, G, B)
2
DISPTMG R. VIDEO
CUDISP G. VIDEO D
VIDEO CONTROL
HSYNC B. VIDEO ) °
VSYNC
SYNC SIGNAL

Figure 34 Color Limited Graphic Display
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* Monochrome Full Graphic Display unit of 1 dot. In this case, refresh memory is dot memory

Fig. 35 shows a system of monochrome full graphic  that stores all the dot patterns, so its output is directly pro-
display. While simple graphic display is figure display by vided to paraliel-serial converter to be displayed. Dot
combination of picture elements in unit of 1 picture memory address to refresh the screen is set up by com-
elements, full graphic display is display of any figures in  bination of MA and RA of CRTC.

Q A ~A,
MPU
— —550,~D,
osc oot CLK MULTIPLEXER US DRIVER
COUNTER l

REFRESH
MEMORY
{RAM)

=

CRTC |[————— CHARACTER

GENERATOR

| T

DISPTMG

cupIse VIDEO
VIDEO SYNC D

HSYNC CONTROL SIGNAL o
VSYNC

Figure 35 Monochrome Full Graphic Display
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Fig. 36 shows an example of access to refresh memory
by combination of MA and RA. Fig. 36 shows a refresh

memory address method for full graphic display. Cor-

ﬁl

respondence between dot on the CRT screen and refresh
memory address is shown in Fig. 37.

Refresh Memory
Address

Figure 36 Refresh Memory Address Method for Full Graphic Display

CRTC
8 rasters
{1 line)
24 lines
x 8 rasters
= 192 rasters

32 Characters x 8 dots = 256 dots

. 1byte (8-bit)
Ml 1 31
32 _33 63
64 65 96
96 97 127
224 225 265
: ' 1
: : .
: ; :
: ! i
; s a
6112 6113 6148

\

Value of me

Figure 37 Memory Address and Dot Display Position on the Screen for Full Graphic Display
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>A15~Ao

MPU
K—
<
DOT CLK
0sc COUN-
TER

CRTC

MA

RA

BUS
DRIVER

rey

R

DOT
MEMORY (RAM)

BUS

DRI

VER

Y

:> D,~D,

BUS
DRIVER]

71

RED VIDEO
GREEN
DISPTMG VIDEO VIDEQ D
HSYNC B
CONTROL Vio€o =~
SYNC SIGNAL

I VSYNC

Figure 38. Color Full Graphic Display
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B DISPLAY SEQUENCE AFTER RES RELEASE [Operation at the first field after the RES release]
OF GM68B45S (1) DISPTMG and CUDISP are not output. {They remain
at “Low” level. The display is inhibited.)

(2) The data programmed in the start address register is
not used. (MA and RA start at “0".)

{3) The sequences are shown in the following figures.

GM68B45S starts the display operation immediately
after the pelease of RES. The operation at the first is dif-
ferent from the normal subsequent display operation.

Display Operation Starts (first field)
- -

CLK I Il L ] L

RES ‘}\
0 ~ 50ns {RES should be released during this period.)

MAx o o X 1 X 2 X

1
Figure 40 RES Release Sequence

first fisld Normal Operstion
fes |
Frame Period
XXX XD
m—LC X )(;)C )DQC;XD( )(;_)C )(;)OCQ(;)C (D )@OQC)C -
VSYNC '-L
Figure 41 RES Release Sequence in The Non-intertace Mode
| first field

Normel Operatk

Even Fi Even Field

VSYNC® h v E
VSYNCS h h

VSYNC® : interisce Sync Control

Interisce Sync & Video Control (Ne+2=Even)

Interisce Sync & Video Control (Nr+2=0dd, Nvt=0cd, Nvep=Even)
VSYNC® : intariace Sync & Video Control (Nr+2=0dd, Nvt=0dd, Nvap=0dd)

Figure 42 RES Release Sequence in The Interlace Mode (1)

Lo

| Even Fieid Even Freid
VSYNCC n E }-:::1
VSYNCO h

VSYNCO : interisce Sync & Video Control (Nr+2=0dd, Nvt=Even, Nvsp=Even)
VSYNCO : Interisce Sync & Video Control (Nr+2=0dd, Nvt=Even, Nvap=0dd)

Figure 43 RES Release Sequence in The Interlace Mode (2)
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B ANOMALOUS OPERATIONS IN GM6845S CAUSED BY REWRITING REGISTERS DURING THE
DISPLAY OEPRATION*

Register . Anomalous operations caused by rewriting registers & Conditions to avoid * Rewriting* *
# Register Name those operations OK or NG
RO | Horizontal Total The horizontal scan period is disturbed. X
R1 Horizontal Displayed [ There are some cases where the width of DISPTMG becomes shorter than the o}

programmed value at the moment of a rewrite operation. An error operation
occurs only during one raster period.
R2 Horizontal There are some cases where HSYNC is placed on the position different from X
Sync Position the programmed value or the noise is output.
R3 | Sync Width When a rewrite operation is performed at a “High" level on HSYNC pulse or A
VSYNC pulse, there are some cases where the width pulse becomes shorter
than the programmed value at the moment of a rewrite operation.
R4 Vertical Total When a rewrite operation is performed during the last raster period in the line, A
there is a possibility that the disturbance occurs during the vertical scan
period. There is no problem of a rewrite operation during raster period except
this period
RS | Vertical Total When a rewrite operation is performed in the last character time of the raster A
Adjust period, there are some cases where the numbers of Adjust Raster, specified
by program, are not added. (Only during the adjust raster period)
R6 Vertical Displayed’ After the moment of a rewrite operation, there are some cases where the (o]
Display is inhibited. However, the display according to the programmed value
is performed from the next field.
R7 Vertical Sync There are cases where VSYNC is placed on the position different from the X
Position programmed value or the noise is output.
R8 Interlace & Skew Neither scan mode bit nor skew bit is rewritten dynamically. X
Dynamic Rewrite into scan mode bit and skew bit is prohibited.
RS Maximum Raster The internal operation will be disordered by a rewrite operation. X
Address
R10 | Cursor Star Raster When a rewrite operation is performed in the last character time of the raster A
period, there are some cases where the litter occurs on the cursor raster or
the cursorn is not displayed correctly. There is aiso a possibility that the blink
rate becomes temporally shorter than usual.
R11 | Cursor End Raster When a rewrite operation is performed in the last character time of the raster A
period, there are some cases where the litter accurs on the cursor raster or
the cursor is not displayed correctly. Moreover, there are also some cases
where the blink rate becomes temporally shorter than normal operation.
R12 | Start Address (H) R12 and R13 are used in the last raster period of the field. A rewrite (o]
be performed except during this period. However, when R12 and R13
are rewritten in each field separately, the display operatio, whose start address
R13 | Start Address {L} is determined temporally by programming sequence, will be performed. O
A rewrite operation should be performed during the horizontal/vertical display
period.
R14 | Cursor (H) When a rewrite operation is performed during the display period, there are o]
some cases where the cursor is temporally displayed at the address different
from the programmed value. A rewrite operation should be performed during
R15 | Cursor (L) the horizontal/vertical retrace period. Also, when R14 and R15 are rewritten in o]
each field separately, the cursor is displayed temporally at the temporal
address determined by programming sequence.
o means temporary abnormal operations in rewriting the internal register during the display operation. Normally, after a rewrite operation the LS| performs

the specified display operation from the next field.
(The operations in this table are outside our guarantee and are regarded as materials for reference. )

O ..... A rewrite operation is possible without affecting the screen in the display so much.
AL If conditions are satisfied, a rewrite operation is possible. If conditions are not satisfied, there are some cases where a flicker and so on occur temporally.
X ... When a rewrite operation is performed, there are some cases where a flicker and so on occur temporalty.
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