
HD6845R/HD6845S 
CRT Controller (CRTC) 

The CRTC is a LSI controller which is designed to provide 
an interface for microcomputers to raster scan type CRT displays. 
The CRTC belongs to the HD6800 LSI Family and has full 
compatibility with MPU in both data lines and control lines. Its 
primary function is to generate timing signal which is necessary 
for raster scan type CRT display according to 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 up to raster type full 
graphic display as well as large high-functioning limited graphic 
display. 

• FEATURES 
• Number of Displayed Characters on the Screen, Vertical 

Dot Format of One Character, HOrizontal and Vertical 

Sync Signal, Display Timing Signal are Programmable 

• 3.7 MHz High Speed Display Operation 

• Line Buffer-less Refreshing 

• 14-bit Refresh Memory Address Output (16k Words 

max. Access) 

• Programmable Interlace/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 

• TIL Compatible 
• Single +5V Power Supply 

• SYSTEM BLOCK DIAGRAM 

1-----+-.----+--,------ Data Bus 
0 0 -0, 

HD6845SP, HD68A45SP, HD68B45SP 
HD6845RP, HD68A45RP, HD68B45RP 

(DP-40) 

• PIN ARRANGEMENT 

MA, 

MA, 

MA, 

MA, 

HD6845S 
HD6845R 

(Top View) 

• ORDERING INFORMATION 

CRTC Bus Timing 

HD6845S 1.0 MHz 
HD68A45S 1.5 MHz 
HD68B45S 2.0 MHz 

HD6845R 1.0 MHz 
HD68A45R 1.5 MHz 
HD68B45R 2.0 MHz 

~HITACHI 

VSYNC 

HSVNC 

RA. 

RA, 

RA, 

RA, 

RA, 

D. 

0, 

0, 

0, 

0, 

0, 

0, 

0, 

Cs' 
RS 

Aiw 
ClK 

CRT Display 
Timing 

3.7 MHz max. 

3.7 MHz max. 
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HD6845R/HD6845S -----------------------------

• ABSOLUTE MAXIMUM RATINGS 

Item Symbol Value Unit 
Supply Voltage Vee 

. -0.3-+7.0 V 
Input Voltage V,n · -0.3-+7.0 V 
Operating Temperature Topr - 20- + 75 °c 

Storage Temperature Totg - 55- +150 °c 

· W'th respect to Vss (SYSTEM GNDI 
[NOTE] Permanent LSI damage may occur If maximum ratings are exceeded. Normal operation should be under recommended operating 

conditions. If these conditions are exceeded, it could affect reliability of LSI. 

• R,ECOMMENDED OPERATING CONDITIONS 

Item Symbol min typ max Unit 

Supply Voltage Vee 
. 4.75 5,0 5,25 V 

V IL · -0.3 - 0.8 V 
Input Voltage 

V IH · 2.0 - Vee V 

Operating Temperature Topr - 20 25 75 °c 

• Woth respect to Vss (SYSTEM GNDI 

• ELECTRICAL CHARACTERISTICS 

• DC CHARACTERISTICS (Vee = 5V ± 5%, Vss = OV, Ta = -20-+75°C, unless otherwise noted.) 

Item Symbol Test Condition min typO max Unit 

Input "High" Voltage V IH 2.0 - Vce V 

Input "Low" Voltage V IL -0,3 - 0.8 V 

Input Leakage Current lin Vln = 0 - 5,25V (Except Do-D,) -2.5 - 2.5 p.A 

Three-State Input Current 
ITSI 

Vln = 0,4 - 2.4V 
- 10 10 p.A 

(off-state) Vee = 5.25V (Do- D,) 
-

Output "High" Voltage VOH 
I LOAD = -205p.A (Do- D,) 

2,4 V - -
I LOAD = -100 p.A (Other Outputs) 

Output "Low" Voltage VOL I LOAD = 1.6 mA - - 0.4 V 

V,n = 0 I Do - D, - - 12.5 pF 
Input Capacitance Cin Ta = 25°C 

f = 1.0 MHz I Other Inputs - -' 10.0 pF 

Output Capacitance Cout Vi" =OV, Ta = 25°C, f = 1.0 MHz - - 10.0 pF 

Power Dissipation Po - 600 1000 mW 

° • Ta= 25 C, Vee = 5.0V 
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----------------------------- HD6845R/HD6845S 
• AC Characteristics 

(Vee = 5V ± 5%, T. = -20 - + 75°C, unless otherwise noted.) 

1. TIMING OF CRTC SIGNAL 

Test HD6845R HD6845S 
No. Item Symbol 

Condition min min 
Unit 

typ max typ max 

1 Clock Cycle Time tcycC 330 - - 270 - - ns 

2 Clock "High" Pulse Width PWCH 150 - - 130 - - ns 

3 Clock "Low" Pulse Width PWCL 150 - - 130 - - ns 

4 Rise and Fall Time for Clock Input Tcr tCI 
Fig. 1 

15 20 - - - - ns 

5 Horizontal Sync Delay Time tHSO - - 250 - - 200 ns 

6 Light Pen Strobe Pulse Width PWLPH 80 - - 60 - - ns 

Light Pen Strobe tLP01 - - 80 - - 70 ns 
7 

Uncertain Time of Acceptance 
Fig. 2 

tLPo2 - - 10 - - 0 ns 

8 Memory Address Delay Time tMAO - - 160 - - 160 ns 

9 Raster Address Delay Time tRAO - - 160 - - 160 ns 

10 DISPTMG Delay Time toTO Fig. 1 - - 250 - - 250 ns 

11 CUDISP Delay Time tcoo - - 250 - - 250 ns 

12 Vertical Sync Delay Time tvso - - 250 - - 250 ns 

2. MPU READ TIMING 
HDS845R HDS8A45R HDS8B45R 

Item Symbol Test HD6845S HD68A45S HD68B45S 
Unit Condition min typ max min typ max min typ max 

Enable Cycle yinje t eVeE 1.0 - - 0.666 - - 0.5 - - /lS 
Enable "High" Pulse Width PWEH 0.45 - - 0.28 - - 0.22 - - /lS 
Enable "Low" Pulse Width PWEL 0.40 - - 0.28 - - 0.21 - - /lS 
Enable Rise and Fall Time tEr. tEl - - 25 - - 25 - - 25 ns 

Address Set Up Time tAS Fig. 3 140 - - 140 - - 70 - - ns 

Data Delay Time tOOA - - 320 - - 220 - - 180 ns 

Data Hold Time tH 10 - - 10 - - 10 - - ns 

Address Hold Time tAH 10 - - 10 - - 10 - - ns 

Data Access Time tAcc - - 460 - - 360 - - 250 ns 

3. MPU WRITE TIMING 

HD6845R HD68A45R HD68B45R 
Item Symbol Test HD6845S 'HD68A45S HD68B45S 

Unit Condition min typ max min typ max min typ max 

Enable Cycle Time t eveE 1.0 - - 0.666 - - 0.5 - - /lS 

Enable "High" Pulse Width PWEH 0.45 - - 0.28 - - 0.22 - - /ls 
Enable "Low" Pulse Width PWEL 0.40 - - 0.28 - - 0.21 - - /.ts 

Enable Rise and Fall Time tEr. tEf - - 25 - - 25 - - 25 ns 

Address Set Up Time 
Fig. 4 

140 140 70 tAS - - - - - - ns 

Data Set Up Time t"sw 195 - - 80 - - 60 - - ns 

Data Hold Time tH 10 - - 10 - - 10 - - ns 

Address Hold Time tAH 10 - - 10 - - 10 - - ns 
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HD6845R/HD6845S -----------------------------
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142 

ThiS Figure shows the relation," time between 
eLK signal and each output signals. Output 
sequence rs shown In FIgs. 10-15. 

Figure 1 Time Chart of the CRTC 
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----------------------------- HD6845R/HD6845S 

tLPD1 

eLK 

M + 2 

LPSTB --------11 
20V 

LPSTB _______ -+ ___ -J 

~ When LPSTB rises In this pertOd,) 
Refresh Memory Address "M+2" 
15 set IOta the light pen registers. 

\\....---

tLPD1' tLPD2 LPSTB's uncertain time of acceptance 

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

~------------t~E 

08V 
e---------+--__ JI 

cs-------. 

R/W. RS-------' 

0,-0, __________________________ --( 

O.4V O.4V 

Figure 3 Read Sequence 
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HD6845R/HD6845S------------------------------------------------------------

1------------tC'/<E -------------1 

O.BV E ________ +-__ -JI 

cs-----
R/W 
RS (Address 

RegIster) 

RS ____ -J 

(Control Registers) 

Figure 4 Write Sequence 

0, 

R 

5.0V 

0, 

0, 

0, 

C = 130pF (0,-0,1 
30pF (Output signals except 0" -0 7 ) 

R = llkn (0, -0,1 
= 24kO (Output signals except Do - 0,) 

01 -04 are 1 S2074tf) or equivalent. 

Figure 5 Test Loads 

• SYSTEM DESCRIPTION 
The CRTC is a LSI which is connected with MPU and CRT 

display device to control CRT display. The CRTC consists of 
internal register group, horizontal and vertical timing circuits, 
linear address generator, cursor control circuit, and light pen 
detection circuit. Horizontal and vertical timing circuit generate 
RAo-RA." DISPTMG, HSYNC, and VSYNC. RAo-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 
circuit consists of internal counter and comparator circuit. 

Linear address generator generates refresh memory address MAD 
-MAn 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 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 order 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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------------------------------------------------------------HD6845R/HD6845S 

Vee vss R/W E CS RS D, -D_ 

! ! 

ClK HOrizontal Displayed 
Register 

HOrizontal Total 
Register 

Horizontal Sync 
Position Register 

HSYNC 

Sync 
Width Register 

Maximum Raster 
Address Register 

Vertical Displayed 
Register 

Vertical Total 
Register 

Vertical Total Adjust 
Register 

DISPTMG 

Vertical Sync 
Position Register 

Start Address 
Registers 

Cursor Start 
Raster Register 

CUDISP 

Cursor End 
Raster Register 

Cursor Registers 

VSYNC 

RA, - \r--r-+--j 
RA. 

Interlace & Skew 
Register 

lPSTB L==-====1t:::====~~~=:L-
MA o-MA I3 

Figure 6 Internal Block Diagram of the CRTC 
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HD6845R/HD6845S---------------------------------------------------------

• FUNCTION OF SIGNAL LINE 
The CRTC provides 13 interface signals to MPU and 25 

interface signals to CRT display. 

• I nterface Signals to MPU 
at-directional Data Bus (Do -D,) 

Bi·directional data bus(Do -D,) are used for data transfer 
between the CRTC and MPU. The data bus outputs 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/W IS at 
"Low" level, data ofMPU is transfered to CRTC. 

ChiI:' Select (CS) 
Chip Select signal (CS) is used to address the CRTC. When 

CS is at "Low" level, it enables Read/Wnte operation to CRTC 
internal registers. Normally thIS signal is denved from decoded 
address signal of MPU under the condition that VMA of MPU 
is at "High" level. 

Register Select (RS) 
Register Select signal (RS) is used to select the address 

register and 18 controi registers of the CRTC. When RS is at 
"Low" level, the addr~ss 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. 

Enllble(E) 
Enable signal (E) is used as strobe signal in MPU ReadlWrite 

operation with the CRTC internal registers. This signal is nor
mally a derivative of the HD6800 System 1/>2 clock. 

Reset (RES) 
Reset sp (RES) is an input signal used to reset the CRTC. 
When RES is at "Low" level, it forces the CRTC into the 

follOWing status. 
1) All the counters in the CRTC are cleared and the device 

stops the display operation. 
2) AIl 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 H06800 family LSIs in the follow
ing fonctions and has restrictions for usage. 

I) 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 Signals to CRT Display Device 
Character Clock (ClK) 

CLK is a standard clock input signal which defmes character 
timing for the CRTC display operation. CLK is normally denved 
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 verti

cal synchronization for display device. 

Display Timing (DISPTMG) 
DISPTMG is an active "High" level signal which defines the 

display period in horizontal and vertical raster scanning. It is 
necessary to enable video signal only when DISPTMG is at 
"High" level. 

Refresh Memory Address (MAo-MA u ) 
MAo-MA u 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 instance, these are applicable up 
to 2000 characters/screen and 8-page system. 

Raster Address (RAo-RA4 ) 

RAo -RA4 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 output is in
hibited 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 accepts 
strobe pulse detected by the light pen and control circuit. When 
this signal is activated, the refresh memory address (MAo
MAu) which are shown in Fig. 2 are stored in the 14-bit light 
pen ,egister. 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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----------------------------- HD6845R/HD6845S 

• REGISTER DESCRIPTION 

Table 1 Internal RegISters Assignment 

Register 
Register Name Program Unit 

# 

0 AR Address Register X 0 

0 RO HOrizontal Total· Character X 0 

0 Rl HOrizontal Displayed Character X 0 

0 R2 
Honzontal Sync· Character X 0 
Position 

0 R3 Sync Width X 0 wv3 wv2 wvl wvO wh3 wh2 whl whO 

0 R4 Vertical Total * Line X 0 

0 R5 Vertical Total Adjust Raster X 0 

0 R6 Vertical Displayed Line X 0 

0 R7 
Vertical Sync· Line X 0 Position 

0 RS I nterlaee & Skew X 0 V S 

0 R9 Maximum Raster Raster X 0 Address 

0 RIO Cursor Start Raster Raster X 0 

0 Rll Cursor End Raster Raster X 0 

0 R12 Start Address(H) 0 0 

0 R13 Start Address( L) 0 0 

0 R14 CursorlH) 0 0 

0 R15 Cursor (L) 0 0 

0 R16 Light Pen( H) 0 X 

0 R17 Light Pen( L) 0 X 

[NOTE) 1. The Registers marked·. (Written Value) '" (Specified Value) - 1 
2. Written Value of R9 IS mentioned below. 

1) Non~lnterlace Mode } 
Interlace Sync Mode 

(Wrotten Value) = (Specified Value) - 1 

2) Interlace Sync & Video Mode 
(Wrotten Value) = (Specified Value) -2 

3. CO and Cl speCify skew of CUD ISP 
00 and 01 speCify skew of OISPTMG 
When S IS "1", V specifies video mode. S specifies the Interlace Sync Mode. 

4. B specifies the cursor blmk. P specifies the cursor blink period. 
5. wvO-wv3 specify the pulse width of Vertical Sync Signal. 

whO-wh3 speCify the pulse width of HOrizontal Sync Signal. 
6. RO IS ordlnally programmed to be odd number In Interlace mode. 
7. 0; Yes, x, No 

~HITACHI 
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HD6845R/HD6845S -----------------------------

• FUNCTION OF INTERNAL REGISTERS 

• Address Register (AR) 
This is a 5-bit register used to select 18 internal control 

registers (RQ-RI7)_ 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-RI7 requires, first of all, to 
write the address of corresponding control register into this 
register. When RS and CS are at "Low" level, this register is 
selected. 

• Horizontal Total Register (RO) 
This is a register used to program total number of horizontal 

characters per line including the retrace period. The data is 8-bit 
and its value should be programmed according to the specifi
cation of the CRT. When M is total number of characters,M-l 
shall be programmed to this register. When programming for 
interlace mode, M must be even. 

• Horizontal Displayed Register (R 1) 
This is a register used to program the number of horizontal 

displayed characters per line. Data is 8-bit and any number that 
is smaller than that of horizontal total characters can be 
programmed. 

• Horizontal Sync Position Register (R2) 
This is a register used to 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 
Position, H-I shall be programmed to this register. When pro
grammed value of this register is increased, the display position 
on the CRT screen is shifted to the left. When programmed 
value is decreased, the position is shifted to the right. Therefore, 
the optimum horizontal 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 programmed. The vertical 
sync pulse width is programmed in higher 4-blt 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 specifica
tion of the CRTC. When N is total number of lines, N-l shall 
be programmed to this register. 

• Vertical Total Adjust Register (R5) 
This is a register used to program the optimum number to 

adjust total number of rasters per field. This register enables to 
decide the number of vertical deflection frequency 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 

27 7!' 2' 2' 
Pulse Width 

0 0 0 0 16H 

0 0 0 1 1 

0 0 1 0 2 

0 0 1 1 3 

0 1 0 0 4 

0 1 0 1 5 

0 1 1 0 6 

0 1 1 1 7 

1 0 0 0 8 
1 0 0 1 9 
1 0 1 0 10 
1 0 1 1 11 

1 1 0 0 12 

1 1 0 1 13 

1 1 1 0 14 

1 1 1 1 15 
H; Raster penod 

Table 3 Pulse Width of Horizontal Sync Signal 

HSW 

23 22 21 

0 0 0 

0 0 0 

0 0 1 

0 0 1 

0 1 0 

0 1 0 

0 1 1 

0 1 1 

1 0 0 

1 0 0 
1 0 1 

1 0 1 

1 1 0 
1 1 0 
1 1 1 

1 1 1 
CH; Character clock period 
(No,e) HSW = "0" can', be used 

2" 
Pulse Width 

0 - (Note) 

1 1 CH 

0 2 

1 3 

0 4 

1 5 

0 6 

1 7 

0 8 

1 9 
0 10 

1 11 

0 12 

1 13 

0 14 

1 15 
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----------------------------- HD6845R/HD6845S 

• Vertical Sync Position Register (R7) 
This is a regIster used to program the vertical sync positIOn 

on the screen as multiples of the honzontal character lme pen
od. Data IS 7-blt 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-I shall be programmed 
to tlus regIster. When programmed value of tltis regIster IS in
creased, the dlspl~y posItion IS shIfted up. When programmed 
value IS decreased, the pOSItIOn IS slufted down. Therefore, the 
optimum vertical pOSItIOn may be determmed by tlus 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. 

v 
o 
1 

o 

Table 4 Raster Scan Mode (2 1 ,2°) 

S 

o 
o 

Raster Scan Mode 

} Non'lnterlace Mode 

Interlace Sync Mode 

Interlace Sync & Video Mode 

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 mIddle of even number field. Then it is 
controlled to display the same character pattern in two 
fields. In the mterlace 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, CO, 01, DO) 
These are used to program the skew (delay) of CUDISP 

and DISPTMG. 
Skew of these two kinds of signals are programmed 

separately. 

D1 

0 

0 

C1 

o 
o 
1 

Table 5 DISPTMG Skew Bit (2',24) 

DO DISPTMG 

0 Non-skew 

1 One-character skew 

0 Two-character skew 

Non-output 

Table 6 CUDISP Skew Bit (2 7,26 ) 

CO 

o 
1 

o 

CUDISP 

Non-skew 

One-character skew 

Two-character skew 

Non-output 

Skew function is used to delay the output timing of 
CUDISP and DISPTMG m 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 maxim urn raster address 

WIthin 5-bit. Tltis regIster defmes total number of rasters per 
character mciudIng hne space ThIs regIster IS programmed as 
follows. 
Non-interlace Mode, I nterlace Sync Mode 

When total number of rasters IS RN, RN-l 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 
0-----

4-----

Raster Address 

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

(The same as displayed I 
total number of rasters 

I nterlaee Sync Mode 

0-----
---- ---------- 0 
1-----
-------------- I 
2-----

- - - - - - - - - - - - - - 2 
3 -__ -_-_-__ -_-_ -__ -_-_ -__ 3 

4 -__ -_-_-__ -_-_-__ -_-_ -__ 4 

Raster Address 

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. 

I nterlace Sync & Video Mode 
0-----

4-----

Raster Address 

Total Number of Rasters:5 
Programmed Value: Nr = 3 

(
Total number of rasters ) 
displayed in the even field 
and the odd field. 

• Cursor Start Raster Register (R10) 
This is a register used to program the cursor start raster 

address by lower 5-bit (2° _24 ) and the cursor display mode by 
ltigher 2-bit (2' ,26 ). 

B 

o 
o 

Table 7 Cursor Display Mode (26 , 2') 

p 

o 

o 

Cursor Display Mode 

Non-blink 

Cursor Non-display 

Blink 16 Field Period 

Blink 32 Field Period 

Blink Penod 

light dark , 
16 or 32 Field Perood 

"See Companson of HD6845S and HD6845R on page 40 . 
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HD6845R/HD6845S -------------------,------------

• Cursor End Raster Register (R11) 
This is register used to program the cursor end raster address. 

• Start Address Register (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 (26 ,2") of RI2 are 
always "0". 

• Cursor Register (R14, R15) 
These two read/write registers stores the cursor location. The 

higher 2-bit (26 ,2") of RI4 are always "0". 

• Light Pen Register (R 16, R 17) 
These read only registers are used to catch the detection 

address of the light pen. The higher 2-bit (26 ,2") of RI6 are 
always "0". Its value needs to be corrected 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) O<Nhd<Nht + I ~256 
2)0<Nvd<Nvt+1 ~128 
3) O~Nhsp~Nht 
4) 0 ~ Nvsp ~ Nvt-
5) 0 ~ NCSTART ~ NCEND ~ Nr (Non-interlace, Interlace sync 

mode) 
o ~ NCSTART ~ NCEND ~ Nr + 1 (Interlace sync & video 
mode) 

6) 2 ~ Nr ~ 30 (Interlace Sync &. Video mode) 

7) 3 ~ Nht (Except non-interlace mode) 
5 ~ Nht (Non-interlace mode only) 

* In the interlace mode, pulse width is changed ±Y2 raster time when 
vertical sync signal extends over two fields. 

Notes for Use 
The method of directly using the value programmed in the 

internal registers of LSI 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
nously with the display operation. 
Cursor Register 

Writing into this register at frequent intervals for moving the 
cursor should be performed during horizontal and vertical 
retrace period. 
Start Address Register 

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

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

• OPERATION OF THE CRTC 

• Time Chart of CRT Interface Signals 
The following example shows the display operation in which 

values of Table 8 are programmed to the CRTC internal 
registers. Fig. 7 shows the CRT screen format. Fig. 10 shows the 
time chart of signals output from the CRTC. 

Number of Horizontal Total Characters (Nht + 1 )--------\ 

~ Number of HOrizontal Displayed Characters (Nhd) ~ 

{ ~A~ B ~C } Line 

;: ;: 

HOrizontal 
Retrace 
Period 

+ + 

~ > 
~ i 

~ 1! ~ 
~ "C u a "C « ~ i5 

~ 
~ 

~ 
Display Period 

.. 
~ 

.t: 
U 

~ 
.t: ti u .. ]I t' a: 
{? ~ x 

~ ti '0 
'f ! 
~ E > ~ 

'0 z 
~ 
.0 
E 
~ 
Z 

- Vertical Retrace Period 

Vertical fotal Adjust (NadJ I 

Figure 7 CRT Screen Format 
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--------------------------- HD6845R/HD6845S 

Table 8 Programmed Values mto the Registers 

Register Reg Ister Name Value 

RO Honzontal Total Nht 

Rl HOrIZontal Displayed Nhd 

R2 Horizontal Sync Position Nhsp 

R3 Sync Width Nvsw. Nhsw 

R4 Vertical Total Nvt 

R5 Vertical Total Adjust Nadj 

R6 Vertical Displayed Nvd 

R7 Vertical Sync Position Nvsp 

R8 Interlace & Skew 

[NOTE] Nhd<Nht. Nvd<Nvt 

The relation between values of Refresh Memory Address 
(MA.-MA13 ) 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. 

• I nterlaee Control 
Fig. 8 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 

0 

1 e e 
2 e • 

e • 
4 • e 
5 • e e e • • • 
6 • e 
7 e • 
8 e • 
9 • • 
A 
B 

Non-mterlace Mode 

~~r~~~~----:~=:f-~~ j 
6 - -:-e -CI -Cl .. · e-t-- 5 Ime #0 

8 ~1~~----~--~~ ~ =~t~~ 
A--=------=-
~ =1=: -----------------~--~ ~ ] 
(l~~:---~:~:~:.t~~ Ime #1 
6 • • 
8- -:----- -- -- -- :---7 
A--O---- --- ----0--9 
----- - - ----- -- ----- B 

Interlace Sync & Video Mode 
(Total number of rasters in a line IS even) 

Register Register Name Value 

R9 Max Raster Address Nr 

RIO Cursor Start Raster 

Rll Cursor End Raster 

Rl2 Start Address (H) 0 

Rl3 Start Address (L) 0 

R14 Cursor (H) 

R15 Cursor (L) 

Rl6 Light Pen (H) 

Rl7 Light Pen (L) 

In non-interlace mode, each field IS scanned duplicatedly. 
The values of raster addresses (RA. -RA.) are coun ted up one 
from O. 
Interlace Syne 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 dis
played position in the odd field is set at 1/2 raster space down 
from that in the even field. 

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

, 8 8 
--8--- - -- - - ---$--' 

2 • 8 
- -0- - -- - --- ---8-- 2 

3 • 8 4 --:-----------:--3 
5 -:t-.-.-.-.-.--:-- 4 
6 - 8-8-8-8-8- .... ;---5 

--.- - -- - -- -----<>--6 
7 -:-:::-:. __ h _____ ~ __ 7 
8 • 8 

--G--- ------- .. --8 
9 8 8 
A --0---------·--<>--9 

B -_-_-_-_-_-_-_--_-_-_-_-_--_-_-A 

- - - - - - - - - - - - - - -- B 

Interlace Sync Mode 

0_-0- ___________ 8-_ '] 
2 --Sn _____ u __ :. __ 3 
4 • • --0-.- .-8--.-.-.... -5 lone #0 

:j~~ =~=~~~~-j:~ ~ 
A ________________ 0 j , . . --0-----------0--- 2 
3 • 8 5--:--.--.-.--.-.--:-- 4 Ione#' 

- .. ----------.-- 6 

~ ng __ ----- --- -i--- 8 
------ ----------- A 

Interlace Sync & Video Mode 
(Total number of rasters In a line IS odd.) 

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

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 

T~ Number of Even Field Odd Field 
Rasters in a Line 

Even Even Address Odd Address 

Odd I Even Line" Even Address Odd Address 

I Odd Line" Odd Address Even Address 

• Internal line address begins from 0 

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; 

When 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 between number of dots 

between even field and odd field influences beam 
current of CRT. CRT, which has a stable high·voltage 
part, can make interlace dIsplay normal. On the con· 
trary, CRT, which has unstable high·voltage part, 
moves deflection angle of beam current and also dots 
dIsplayed in the even and odd fields may be shifted. 
Characters appears dlstrotlOg 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 IOteriace is 
performed. 

• Cursor Control 
Fig. 9 shows the display patterns where each value is 

programmed to the cursor start raster register and the cursor 
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 ofCUDlSP IS shown in FIg. 14 and Fig. 15. 

O-+-++-+-+-+-+-
1-++++-+-H-
2-+-++-+-+-+-+-
3 -+--+-t-IH-+-+-
4 -+--+-t-IH-+-+
s -+-I--+--+-+-H-
6 -+-I--+--+-+-H-
7 -+-I--+--+-+-H
s-+--+-+-H-+-+-
9 -G>-e ..... e-e--

10 -+-+-+-+-+-+-+-
Cursor Start Address :0 9 
Cursor End Address" 9 

o -++++-+-H-
1 ....... IHHll ... ... 
2-G ...... e-e--
3 ....... IHHll ... ... 
4~ ... ~~ ...... -.-

S ....... IHHll ... ... 
6 -+--+-t-IH-+-+-

s -+++--+-+-H-
9 -+--++-H-++-

10 -+-+++-+-H-
Cursor Start Address = 1 
Cursor End Address = 5 

O-+--++-H-++-

2-+--++-H-++-
3-+-++-+-+-+-+-
4-+--+t-IH-+-+
s-+-+-+-+-+-+-+-
6-+-I--+--+-+-H-
7-+-++-+-+-+-+
s-+--+-t-IH-++-
9 ....... IHHll ... .... 

10-6 ............... ... 
Cursor Start Address = 9 
Cursor End Address = 10 

Figure 9 Cursor Control 
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Figure 10 CRTC Time Chart 
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HD6845R/HD6845S------------------------------------------------------------

-i------------Vertlcal Display Period ------------t-~---- Vertical Retrace Period -------

L'"e~----------~N~w~-~2------------L------------N~W~-~'------------L---~N~W~--------__________________ __ 
DI SPTMG h ,., r---1 ,., -- - -- - -,., ,., r---1 ,., ,., ,., - - - - - - -,.-, ,.-, I U U U L- ___ ...J U U U U U L- ___ ...J U 1 ____________ _ 

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

1---------Vertical Retrace Penod -::----:-,---c:---:--:---t--------Vertlcal Display Period --------
FlOe Adjustment Period of 

Frame Period 
Tad] = Nad)' Tr 

Lme ~::::::::JN~~~:::::::::::::::l~~~~~~~~~~~:::::::::::::J[:::::::::::::t::::::::I::::: 

DISPTMG 1---------------------------------------------------' 

154 

Figure 12 Fme Adjustment Period of Frame m Vertical Display 
(Expansion of Fig. 10- (ij) 
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Nvd Nhd·' Nvd Nhd (Nvd 1) Nlw:t+ Hhl 

(Nvd+l)Nhd·' (Nvd+ lJNhd Nvd Nhd+Nhl 

I I -- I 
(Hvc1+1)Nhd-1 tNvd+ ')Nhd Nvd Nhd+Hht 

I I I 
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I I -- I 
(Hvt+ ljNhd 1 (Nvt+l )Nhd Nvt Nhd+Nht 

(Nvt+2JHhd-l INIJt+21·Nhd (NVI+l)Nhd+Nhl 

I I -- I 
(Nvt+2INhd.lj(Nvt+2).Nhd NvHlINhd+N"', 

Figure 16 Refresh Memory Address (MAo-MA13 ) 

Valid refresh memory address (O ...... Nvd·Nhd-1) 
are shown within the thick·line square. 
Refresh memory address are provided even 
during hOrizontal and Vertical retrace period. 
This IS an example in the case where the 
programmed value of start address register is O. 
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• How to Use the CRTC 

• Interface to MPU 
As shown in Fig. 17, the CRTC is connected with the stand

ard 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 by R/W and E. When CS 1S "Low" 
and RS 1S also "Low", the CRTC address register 1S selected. 
When CS is "Low" and RS is "High", one of 18 internal regis-

Ao - A15 

VMA 

R/W 

HD6800 

MPU 

Do - 07 

RES 

Sv stem ¢2 clock 

RES 

ters is selected. 
RES is the system reset signal. When RES becomes "Low", 

the CRTC internal control logic is reset. But internal registers 
shown in Table I (RO- R17) are not affected by RES and rema
in unchanged. 

The CRTC 1S designed so as to provide an interface to micro
computers, but adding some external circuits enables an inter
face to other data sources. 

RS 

DECO- cs DER 

R/W 

CRTC 

E 

°0-D 7 

RES 

Figure 17 Interface to MPU 

• Dot Timing Generating Circuit 
CRTC's CLK mput (21 pm) 1S prov1ded with CLK wh1ch 

defines honzontal character time period from the outs1de. 
This CLK 1S generated by dot counter shown in F1g. 18. F1g. 
18 shows a example of circuit where honzontal dot number 
of the character 1S "9". F1g. 19 shows the operation I1me chart 

of dot counter shown m F1g. 18. As this example shows ex
phC1tly, CLK 1S at "Low" level !n the former half of horizontal 
character I1me and at "H1gh" level !n the latter half. It 1S neces
sary to be careful so as not to m1stake th1S polarity. 

L-_----< .... __ lOAD PIS REG-N l to PIS SHI FT 
REGISTER 

L-________ -+________________ DOTCP-P 

L-______________ CHCP-P to CRTC (ClK) 

Figure 18 Example of Dot Counter 
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6 8 0 23456780 2 3 4 7 8 0 

DOTCP-P 

a. 

a, 

a,----.. L...-+-___ ...J 

a, ___ ....J 

lOAD PIS AEG-N 

CHCP-P (ClK) 

I----On. Honzontal-----l 
Character Time 

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 mamly 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. D1SPTMG IS used to control the blank penod 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 honzontal and vertical deflec· 
lion CirCUitS. 

Outputs 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 control unit . 
ThiS shows how to use CUDISP and DISPTMG. CUDISP and 
DISPTMG should be used bemg latched at least one lime 
at external fllp·flop FI and F2. Fhp·flop FI and F2 functIOn 
to make one-character delay lime so as to synchrOnize them 
with video Signal from parallel-serial converter. High-speed 
D type flip-flop as TTL IS used for thiS purpose. After bemg 
delayed at FI and F2 DISPTMG IS AND-ed with character 
video signal, and CUDISP IS Or-ed With output from AND 
gate. By using thiS ClfCUltry, blankmg of honzontal and verlical 
retrace lime 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 honzontal 
one character lime. Time chart for thiS case IS shown m Fig. 24. 
This method IS used when a few character needed to be dis
played In honzontal dlfectlon on the screen. 
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14max Refresh 
MA Memory 

II 
RA 

6 max Character 

CRTC Generator 

~ 
DISPTMG 

CUDISP Vodeo 0 Signals 

HSYNC V Ideo Control 
Sync 
Sognals 

VSYNC 
ClK 0 0 

f I 
Figure 20 Interface to Display Control Unit 

Fl 
CUDISP 

CHCP·N 

DISPTMG 
F2 

CRTC VIDEO 

MA 
P 

Refresh Character ~ 
Memory Generator 5 

RA 

ClK 

CHCP·P 
DOT COUNTER OSC 

Figure 21 Display Control Unit (1) 
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When many characters are displayed in horizontal direction 
on the screen, and honzontal one-character time is so short 
that both refresh memory and Character Generator cannot be 
accessed, the circuitry shown in Flg_ 22 should be used. In thIs 
case refresh memory output shall be latched 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 mterlace & skew register (R8). Moreover, when 

there are some troubles about delay time of MA during hori
zontal one-character I1me on high-speed display operation, 
system shown in Fig. 23 IS adopted. The time chart m 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 m phase with 
CUDISP and DISPTMG by delaymg for two-character time. 
Table 10 shows the Clfcultry selection standard of display units. 

Table 10 Circuitry Standard of Display Control Unit 

Block 
Interlace & Skew Register 

Case Relation among tCH Refresh Memory and Character Generator Diagram 
Bit Programming 

1 tCH > RM Access + CG Access + tMAD 

2 RM Access + CG Access + tMAD £ tCH > RM Access + tMAD 

3 RM Access + tMAD £ tCH > RM Access 

tCH CHCP Penod, tMAD MA Delay 

RM. Refresh Memory CG Character Generator 

CRTC 

MA 

RA 

ClK 

CUDISP 

DISPTMG 

Refresh 
Memory 

CHCP-N 

CHCP·P 

Fig. 21 

Fig. 22 

Fig. 23 

Fl 

L-_____________________________________ I DOT COUNTER 

Figure 22 Display Control Unit (2) 

Fl 
CUDISP 

DISPTMG 

CRTC l 

MA 
A 
T Refresh 

C Memory 
H 

(21 
RA 

ClK 

Cl CO 

0 0 

0 1 

1 0 

P 

S 

OSC 

~----------------------------------~C~H~C~P!-P~ED~O~T~C~O~U~N~T~E~R~----1--1 0SC 

Figure 23 Display Control Unit (For high-speed display operation) (3) 
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162 

CHCP·P 

MA 

DISPTMG 
--+---~ 

CUDISP --t---....... __ """'-t-------t-----' 

F2·Q 

Fl·Q 

CGOUT --+---' 
VIDEO 

-+------' \ 
CRT DISplay ••••••• 

Figure 24 Time Chart of DISplay Control Unit (1) 

CHCP·P 

MA 

DISPTMG 

CUDISP 
--4-------~----~_+--~--~----" 

F2·Q 

Fl·Q 

CGOUT 

VIDEO 

CRT DISplay ••••••• 
Figure 25 Time Chart of DISplay Control Unit (2) 
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-~ ~ ~ ~ ~ ~ LJ 
-~ o X 1 X 2 X 3 X 4 X 5 L 
-~-\ r--------- I 

MA 

DISPTMG 

\r-- r- Two-Character skew --=l r -----"'\ 
\ I \ / \ CUDISP 

} 
LATCH(2 ) 0 1 2 3 4 

F2-Q 1\ 
F1-Q \ I 

- --"Illlh ~ ;YilllC2 ~ ~ "JIllii -~ r-_........2. r----...... --- r----
RMOUT 

) 0 1 2 3 4 X -LATCH!1 

....... - Yx---y-ro Tx1" ~ h ...... -----~ ~ ~ ~-- ...... --r----r---
CGOUT 

VIDEO 

\ 
CRT Dl5pla y •••• ~ .. 

Figure 26 Time Chart of Display Unit (3) 

• HOW TO DECIDE PARAMETERS SET ON THE CRTC 

• How to Decide Parameters Based on Specification of CRT 
Display Unit (Monitor) 

Number of Horizontal Total Characters 
Horizontal deflection frequency fh is gIven by specification 

of CRT display unit. Number of horizontal total characters IS 
determined by the follOWing equation. 

fh = I 
te (Nhl + I) 

where, 
te Cycle Time of CLK (Character Clock) 
Nhl : Programmed Value of Horizontal Total RegIster 

(RO) 
Number of Vertical Total Characters 

Vertical deflectlon frequency is given by specification of 
CRT dIsplay umt. Number of vertical Total characters is 
determined by the followmg equatIOn. 
I) Non-interlace Mode 

Rt = (Nvt + I) (Nr + I) + NadJ 
2) Interlace Sync Mode 

Rt = (Nvt + I HNr + I) + NadJ + 0.5 
3) Interlace Sync & VIdeo Mode -

(Nvt + I) (Nr + 2). + 2NadJ 
Rt= 2 ............. (a) 

Rt = (Nvt + I )(Nr + 2) + 2NadJ + I 
2 

(b) 

(a) is applied when both total numbers of vertIcal characters 
(Nvt + I) and that of rasters m a Ime (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 + I) IS even. 

where, 
Rt 

Nvt 

Nr 

Number of Total Rasters per frame 
(Including retrace period) 
Programmed Value ofVerttcal Total 
RegIster (R4) 
Programmed Value of Maximum Raster 
Address Register (R9) 
Programmed Value of Vertlcal Total Adjust 
Register (RS) 

Horizontal Sync Pulse Width 
Honzontal sync pulse WIdth IS programmed to low order 

4-blt of honzontal sync WIdth regIster (R3) m unit of honzontal 
character time. Programmed value can be selected wlthm from I 
to 15. 
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Horizontal Sync Position 
As shown in Fig. 27, horizontal sync position is normally 

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 specification of CRT. Horizontal sync 
pulse position is programmed in unit of horizontal character 
time. 

I' 1 
OISf"TMG ---.J • I L-

I-=:;::.. -+=:':.:,,::4-- ~::r:::~od --I , 
HSVNC-"Io---------"n---------

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 (RJ) in unit of raster 
period. Programmed value can be selected within from I to 16. 

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

selected to be in the middle of vertical retrace period. But there 
are some cases where its optimum 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 to vertical sync position register (R 7) in unit of line 
period. 

• How to Decide Parameters Basad on Screen Format 
Dot Number of Charaeta,. (Horizontal) 

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

t----- Vertical j • Vertical 'I ' Vertical .--------I 
I Displey Period Retrace Period Displey Period I 

DISPTMG---.Ji--""I -""1 -jSJ 1 1 1 i-I --r......,I~J~ 

Character Font 

'-.. 

164 

I 1 Frame------

VSYNC ______________________ ~nL ______________________ __ 

Figure 28 Time Chart of VSYNC 

Don Number of r HOrizontel Characte~ arBeter 

• • • • • •• • • • 

• 
• • • • •• • • • • • 

• • • • • 

• 

• • 
• • • • •• • • • • • • • • • • •• 

{
Dot Number of Horizontal Charecter. 10 
Dot Number of Vertical Characters 13 
7x9 Cheracter generator I. used. 

Figure 29 Dot Number of Horizontal and Vertical Characters 
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Sena I Data 

Character Font 

\ 
• • • • • • • 
• • • • 
• • •• • • • • • • • • • •• 

"0" ..0 .... 0 .. 

I I I 
I I I I I I I 

Shift Register 

F,gure 30 How to Make Character Space 

1 
Horizontal Deflection Period (th) = fh 

Honzontal Display Period Honzontal Retrace Period 

Number of Horizontal Displayed Characters 

~ HOrizontal Display Period 
Honzontal Character Time = --:-:--:----:--'-:---'------:--:-::-----:-----:-===

Number of Horizontal Displayed Characters 

F,gure 31 Number of Horizontal D,splayed Characters 

Number of Horizontal Displayed Characters 
Number of horizontal displayed characters is programmed to 

horizontal displayed register (RI) of the CRTC. Programmed 
value is based on screen format. Horizontal display penod, 
wluch is given by specIfication of horizontal deflection fre· 
quency and horizontal retrace penod of CRT display unit, 
determines horizontal 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. 

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

Number of Vertical Displayed Characters 
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 total rasters (Rt) including verti· 

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 speCification of vertical 
deflection frequency. 
Scan Mode 

The CRTC can program three·scan modes shown in Table II 
to interlace mode register (R8). An exampb of character display 
in each scan mode is shown In Fig. 8. 
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v 
0 

1 

0 

1 

Table 11 Program of Scan Mode 

S Scan Mode Mam Usage 

0 Normal D,splay of Characters 
Non·mterlace 

0 & Figures 

1 Interlace Sync 
Fme Display of Characters 

& F,gures 

Interlace Sync 
D,splay of Many Characters 

1 & Flgure~ WIthout Using 
& V,deo 

Hlgh·resolutlon CRT 

[NOTE] In the interlace mode, the number of times per 
sec. 10 raster scannmg on one spot on the screen 
is half as many as that 10 non·mterlace mode. 
Therefore, when persistence of luminescence IS 

short, flickering may happen. It IS necessary to 
seiect optImum scan mode for the system, takmg 
characterIstics of CRT, raster scan speed, and 
number of displayed characters and f,gures into 
account. 

(RIO, RII) 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 requirements. 
Start Address 

Start address resisters (RI2, R13) give an offset to the 
address of refresh memory to read out. Th,s enables paging and 
scrolling eas!ly. 
Cu rsor Register 

Cursor registers (RI4, RIS) enable programming the cursor 
display position on the screen. As for cursor address, it is not X, 
V address but linear address that is programmed. 

• Applications of the CRTC 

• 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 connected with the CRTC by 
standard bus and controls the CRTC initialization and read! 
WrIte of internal registers. 

Cursor Display Method 
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 Cursor start raster register and cursor end raster register 

166 

MPU 

~====~~======================~~==================~AIS-Ao 

RA 
CRTC 

OISPTMG 

CUDISP 

HSYNC 

VSYNC 

REFRESH 
MEMORY 

IRAM) 

VIDEO 

CONTROL 

Figure 32 Monochrome Character Display 
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bus, while refresh memory is read out successively by the CRTC 
to display a static pattern on the screen. Refresh memory is 
accessed by both MPU and the CR TC, 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 used according to capacity of refresh memory . 

Code output of refresh memory is provided to character 
generator. Character generator generates a dot pattern of a 
specified raster of a specified character in parallel according to 
code output from refresh memory and RA (Raster Address 
output) from the CRTC. Parallel-serial converter is normally 
composed of shift register to convert output of character 
generator into a serial dot pattern. Moreover, D1SPl'MG, 

CUDlSP, HSYNC, and VSYNC are provided to video control 
CIrCUit. It controls blanking for output of parallel-serial con
verter, mixes these signals with cursor video signal, and gene
rates sync signals for an interface to monitor. 

• 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 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 to display characters in 
seven kinds of color on the screen. 

1====;-r============;r=====~AIS -Ao 

MPU 

~==~~~==========~===~=>D,-Do 

RA 
CRTC 

DISPTMG 

CUDISP 

HSYNC 

VSYNC 

REFRESH 
MEMORY 

(RAM) 

VIDEO CONTROL 

Configuration of the Refresh Memorv 

Blink 

COLOR BIT IR, G, B) 

R. VIDEO 

0 G. VIDEO 

B. VIDEO 
0 0 

SYNC SIGNAL 

Figure 33 Color Character Display 

• Color limited Graphic Display 
Umited graphic display is to display simple figures as well as 

character display by combination of picture element which 
are defmed 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 gener
ators are wire-ORed. Which generator is accessed depends on 

coded output of refresh memory. 
In this example, graphic pattern generator adopts ROM, so 

only the combination of picture elements which are program
med to it is used for this graphic display system. Adopting RAM 
instead of ROM enables dynamically writable symbols in any 
combination on one display by changing the contents of them. 
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MPU 

168 

1===:::::;-r============:;r=======~Au-Ao 

MA 

CRTC 

CUDISP 

HSYNC 

REFRESH 
MEMORY 

IRAMI 

VIDEO CONTROL 

COLOR BIT IR, G, BI 

R. VIDEO 

G. VIDEO 

B. VIDEO 
o 
o 0 

VSYNC 
~======~~~~-JL-______________________ --JSYNCSIGNAL 

Figure 34 Color Limited Graphic Display 
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• Monochrome Full Graphic Display 
Fig. 35 shows a system of monochrome full graphic display. 

While simple graphic display is figure display by combination of 
picture elements in unit of I picture elements, full graphic dis
play is display of any figures in unit of I dot. In this case, 

r--

MPU 

----
~ 

MA 
OSC COUN-

TER RA 

CRTC 

DISPTMG 

HSYNC 

VSYNC 

refresh memory is dot memory that stores all the dot patterns, 
so its output is directly provided to parallel·serial converter to 
be displayed. Dot memory address to refresh the screen is set 
up by combination of MA and RA of CRTC. 

BUS DRIVER] 

1 
MULTIPLEXER 

H 
DOT MEMORY 

(RAM) 

11 
P - S 

J 
VIDEO VIDEO 0 SYNC 

CONTROL SIGNAL 0 0 

Figure 35 Monochrome Full Graphic Display 
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Fig. 36 shows an example of access to refresh memory 
by combination ofMA and RA. Fig. 36 shows a refresh memory 
address method for full graphic display. Correspondence be-

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

170 

CRTC 

241lne5 
x 8 rasters 
= 192 rasters 

RA, 
RA, 
RA, 

MA, 
MA, 
MA, 
MA, 
MA, 
MA, 
MA, 
MA, 
MA, 
MA, ~I 

-

mall 

mall 
malO 
rna, 
rna, 
rna, 
rna, 
rna, 
rna, 
rna, 
rna, 
rna, 
rna, 

Refresh Memory 
Address 

Figure 36 Refresh Memory Address Method for Full Graphic Display 

8 rasters 

11 line) 

I 
./ 

0 
32 
64 
96 

224 

6112 

32 Characters x 8 dots = 256 dots 

1 b 18 b' I yte -It 

1 
33 
65 
97 

225 

6113 

31 
63 
95 

127 

255 

: 
: 
: 
, 

6148 

\ Value of rna 

Figure 37 Memory Address and Dot Display Position on the Screen for Full Graphic Display 
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• Color Full Graphic Display 
Fig. 38 shows a system of color full graphic display by 7· 

color display.· Refresh memory is composed of three dot 
memories which are respectively used for red, green, and blue. 
These dot memories are read out in parallel at one time and 

r---

MPU 

0........-

DOT r MA 

OSC COUN· 
TER RA 

CRTC 

DISPTMG 

HSYNC 

VSYNC 

their output is provided to three parallel·serial converters. Then 
video control circuit adds the blanking control to output of 
these converters and provides it to CRT display device as red, 
green, and blue video signals with sync signals. 

BUS BUS BUS 

Jill 
DRIVER DRIVER DRIVER 

MULTIPLEXER 

B 
G 

R 

DOT 

MEMORY (RAM) 

16 It 
P - S ]J 

RED VIDEO 

GREEN 0 VIDEO VIDEO 
BLUE 

VIDEO 
CONTROL 0 0 

SYNC SIGNAL 

Figure 38 Color Full Graphic Display 

• Cluster Control of CRT Display 
The CRTC enables cluster control that is to control CRT 

display of plural devices by one CRTC. Fig. 39 shows a system 
of cluster control. Each display control unit has refresh memory, 
character generator, parallel-serial converter, and video control 

circuit separately, but these are controlled together by the 
CRTC. 

In this system, it is possible for plural CRT display devices to 
have their own display separately. 

@HITACHI 
Hitachi America Ltd .• 2210 O'Toole Avenue • San Jose, CA 95131 • (408) 435-8300 171 



-..J 
N 

I 

~ 
:! 
:P 
3 
~ 
co 
OJ 

r: 
c. 

~ 
o 
o 
c}~ Q. • 
CD 

l:I 
:J -

g ~ 
(flO 
~ :I 
C
o 
If> 
5" 
() 
:P 

* § 

~ 
$ .. 
'" en 
Co 
'" o 
o 

A1S~Ao 

MPU 

~ 
~ 
o o 

OISPTMG 

CUOISP 

HSYNC 

VSYNC 

VIDEO 
CONTROL 

~ 
L.::-J 
o o 

Figure 39 Cluster Control by the CRTC 

~ 
~ 

o o 

I 
o 
CJ) 
OJ 

"'" 01 
::0 

J: 
o 
CJ) 
OJ 

"'" 01 en 



-------------------------------------------------------HD6845R/HD6845S 

• EXAMPLES OF APPLIED CIRCUIT OF THE CRTC 
Fig. 41 shows an example of application of the CRTC to 

monochrome character display. Its 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 5 x 7 Dot 

Character Space Horizontal: 3 Dot Vertical: 5 Dot 

One Character Time Ills 

Number of Displayed Characters 40 characters x 16 lines; 640 characters 

Access Method to Refresh Memory Snychronous Method (DISPTMG Read) 

Refresh Memory 640 B 

215 214 :213 2'2 211 210 2" 28 2' 26 2' 2' 23 22 21 2" 
Refresh 

0 0 0 0 0 0 . . . . . . . . . . 
Memory 

CRTC 
Address Map Address 0 0 0 1 0 0 x x x X x x X X X 0 

Register 

CRTC 
Control 0 0 0 1 0 0 { x x X X X X " x 1 
Register 

x ... don't care, ••.• Oor 1 

Synchronization Method HVSYNC Method 

Table 13 SpeCification of Character Display 

Item SpeCification 

Scan Mode Non'lnterlace 

Honzontal Deflection Frequency 15.625 kHz 

Vertical Deflection Frequency 60.1 Hz 

Dot Frequency 8MHz 

Character Dot (Horizontal x Vertical) 8 x 12 (Character Font 5 x 7) 

Number of Displayed Characters (Row x Line) 40x 16 

HSYNCW,dth 4 lIS 

VSYNCWidth 3H 

Cursor Display Raster 9 - 10, Blink 16 Field Period 

Paging, Scrolling Not used 
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Table 14 Initializing Values for Character Display 

Register Name 

RO Horizontal Total 

Rl HOrIZontal Displayed 

R2 Horizontal Sync POSition 

R3 Sync Width 

R4 Vertical Total 

R5 Vertical Total Adjust 

R6 Vertical Displayed 

R7 Vertical Sync Position 

R8 Interlace & Skew 

R9 Maximum Raster Address 

RIO Cursor Start Raster 

All Cursor End Raster 

R12 Start Address (H) 

R13 Start Address (L) 

R14 Cursor (H) 

R15 Cursor (L) 

tc 1 J.LS 

i01234567io123456J01234567I 

1.lm:J.11 11!!.1 I II 
\ 
Cursor 

Figure 40 Non-interlace Display (Example) 

Symbol 

Nht 

Nhd 

Nhsp 

Nvsw, Nhsw 

Nvt 

Nadj 

Nvd 

Nvsp 

Nr 

B, P, NCSTART 

NCEND 

@HITACHI 

InitialiZIng Value 
Hex (Decimal) 

3F (63) 

28 (40) 

34 (52) 

34 

14 (20) 

08 ( 8) 

10 (16) 

13 (19) 

00 

OB (11) 

49 

OA (10) 

00 ( 0) 

00 ( 0) 

00 ( 0) 

00 ( 0) 
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• DISPLAY SEQUENCE AFTER An RELEASE OF HD6845S (I) 
HD6845S starts the display operation immediately after the 

release of RES. The operation at the first field is different from (2) 
the normal subsequent display operation. 
[Operation at the first field after the RES release) (3) 

DISPTMG and CUDISP are not output. (They remain at 
"Low" level. The display is inhibited.) 
The data programmed in the start address register is not 
used. (MA and RA start at "0".) 
The sequences are shown in the following figures. 

Display Operation Starts (first field) 

elK 

RES ------k' 

MAx 0 

Figure 42 RES Release Sequence 

~--------.:;f,c::rs"t..:.f:.::'e::.:ld~--------__f--- Normal Operation 

RES _ 

~--------~F,~.m~e~~~"=oo~------~ 
Adjust AdJust 

~~~~D 
$I Nvsp #Nvt :=0 #1 # Nvsp #Nvt #0 #1 uNvsp ~ n - n n n 

VSYN,!:.C ____ ---..l L.. ________ ....J L.. ________ --' '-__________ , L 

Figure 43 RES Release Sequence in The Non-interlace Mode 

~--------...:fc::ir~st'-f:.::'e:.:l:::.d---------+_-NOfmal OperatIon 

I---------------------------Fr.me-------------------------~:'tl~-----------
I_ Even. Fleldl-------~+_---------- Even Field ----------·-il----------Od~ F:eld Even 

RA'~ ~ x;;;rx;;x;x X[;;[. ~ ~ ~ 
VSYN~C~~~ __________ ~~L------" __ N~ __ " __ A._:d_J~U_.st. __ " __ ' ____ ~~L-------0N>rt ____ ~ __ A~_:d_'~u_st: __ ' __ 0 __ • __ '-____ ~rhL _______ ' __ N" __ " ___ :Add_~'U_"s_t __ " __ ' __ " __ 2 

h~ ____________________ ~h~ ________________________ ~h~ ____________________ _ V$YNC$ 

VSYNCt! Interlace Sync Control 
Interlace Sync & Video Control (Nr+2=Even) 
Interlace Sync & Video Control (Nr+2=Qdd, Nvt=Odd, Nvsp=Even) 

VSYNC(J: Interlace Sync & Video Control (Nr+2=Qdd, Nvt=Qdd, Nvsp=Qdd) 

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

1-________ -'f~ir~st'_f:.::ie:.:I"'d __________ +---Normal Operation 

~-----------------------Frame------------------------~17----------------I. Even tleld ---------+---------- Even Field I Odd Field --------:f~-------Even---

RA'~~~~~~~ 
I Adjust 1 AdjUst: : Adjust 

VSYN~C~C ____________ ~~~----------------------~f1L--------------------~rh~--------__________________ __ 
VSyN~c:::.@ _____ _'h h hL. ___________ __ 

VSYNCC Interlace Sync & Video Control (Nr+2=Odd, Nvt=Even, Nvsp=Even) 
VSYNC@ Interlace Sync & Video Control (Nr+2=Odd, Nvt=Even, Nvsp=Odd) 

Figure 45 RES Release Sequence in The I nterlace Mode (2) 
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• ANOMALOUS OPERATIONS IN HD6845S CAUSED BY REWRITING REGISTERS DURING THE DISPLAY OPERATION" 

RegIster 
# 

RO 
Rl 

R2 

R3 

R4 

R5 

I 
R6 

R7 

R8 

R9 

RlO 

Rll 

R12 

R13 

R14 

R15 

Register Name Anomalous operatIons caused by rewriting registers & Conditions to avoid Rewrltlng** 
those operations OK or NG 

-- r-----~-
HOrizontal Total The hOrizontal scan period IS dIsturbed X 
HOrizontal Displayed There are some cases where the width of DISPTMG becomes shorter than the 0 

programmed value at the moment of a reWrite operation. An error operation 
occurs only durmg one raster period 

HOrizontal There are some cases where HSY NC IS placed on the position different from X 
Sync Position the programmed value or the nOise IS output 

----, 
Sync Width When a rewnte operation IS performed at a "High" level on HSYNC pulse or VSYNC jI, 

pulse, there are some cases where the width pulse becomes shorter than the 
programmed value at the moment of a rewnte operation 

Vertical Total When a rewnte operation IS performed dunng the last raster period In the line, there IS 6 
a possibility that the disturbance occurs dUring the vertical scan penod There IS no 
problem of a reWrite operation dUring raster penod except this penod 

Vertical Total When a rewrite operation IS performed In the last character time of the raster penod, 6 
Adjust there are some cases where the numbers of Adjust Raster, specified by program, are 

not added. (Only dUring the adjust raster penod) 
--

Vertical Displayed After the moment of a rewnte operation, there are some cases where the Display IS 0 
rnhlblted However, the display according to the programmed value IS performed 
from the next field 

Vertical Sync There are some cases where VSYNC IS placed on the posItion different from the X 
Position programmed value or the nOIse IS output 

Interlace & Skew Neither scan mode bit nor skew bit IS rewritten dynamically X 
DynamiC Rewnte rnto scan mode bit and skew bit IS prohibIted ------- -_. ----~-------. -_._---

MaXimum Raster The mternal operatIOn will be disordered by a rewrite operation X 
Addre5::i 

Cursor Start Raster When a rewrite operation IS performed In the last character time of the raster 6 
period, there are some cases where the Jitter occurs on the cursor raster or the cursor 
IS not displayed correctly. There IS also a possibility that the blink rate becomes 
temporally shorter than usual. 

Cursor End Raster When a rewrite operation IS performed 10 the last character time of the raster period, jI, 

I 
there are some cases where the jitter occurs 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 

Start Address (H) R12 and R13 are used rn the last raster period of the field A rewrite operation can 0 
be performed except dUring this period However, when R 12 and R 13 are rewritten In 
each field separately, the display operation, whose start address IS determrned 

Start Address (L) temporally by programming sequence, Will be performed. 0 
A rewrite operation should be performed dUring the hOrizontal/vertical display 
period. 

Cursor (H) When a rewrite operation IS performed dunng the display period, there are some 0 
cases where the cursor IS temporally displayed at the address different from the 
programmed value. A rewrrte operation should be performed durmg the hOrlzontal/ 

Cursor (L) vertical retrace penod. Also, when R14 and R15 are rewntten rn each fletd separately, 0 
the cursor IS displayed temporally at the temporal address determined by programmmg 
sequence 

means temporary abnormal operatIOns In rewntlng the Internal register dunng the display operation Normally, after a rewrite operation, 
the LSI performs the speCified display operation from the next field 
(The operations In this table are outside our guarantee and are regarded as matenals for reference) 

A reWrite operation IS possible without affecting the screen In the display so much. 

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 temporally. 
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HD6845R/HD6845S------------------------------------------------------------

• COMPARISON BETWEEN HD6845S AND HD6845R 
• Comparison of function between HD6845S and HD6845R 

No. 

178 

Functional Difference 1-106845 HD6845S 

Interlace 
Sync 

& 
Video Mode 

DISplay 

Programming Cnaracter line address. Character line address 
Method I Ir-------------, . .., 

of 0 ~_~_~ ______________________________ rrog~ammlngb 0 ABC u:~~i~~~~~~gber 
N~~r~r~aff ~~~er~I~~lum er 1 of vertical 
Characters 1 ---------------------------------- characters 2 characters 

Number of 
Rasters Per 
Character 
Line 

Cursor 

Display 

2 ------------------------------

3 --- - -- - - -- --- -- --- - - -- - - ---- - --.--

4 ----- -- - - -- ---- - - - - --- -- ---- ----

In H06845, number of characters is vertically pro
grammed In unit of two lines, as Illustrated above. 
(Number of vertical total characters, Number of 
vertical displayed characters, Vertical Sync POSI
tion) 

Example of above figure 

Programmed number into Vertical Displayed 
Register = 5 

Only even number can be specified. 

r--Number of raster 

Character line address a 

Number of raster = 10 scan line (specified) 

However, number which IS programmed IOto re
gister IS calculated at follows. 

Programmed number (Nr) 
== (Number specified) - 1 

Cursor IS displayed In either EVEN field or 000 
field. 

o ____________ , 

2 -e-e-G-~_o_--3 
4 --o.._o_-e--o-_o_--5 
6 ______ ___ 7 
8--------

-EVEN number 

-EVEN number 

-ODD number 

-ODD number 

~HITACHI 

3r-----------------~ 4r-------______________ ~ 
5r-------____________ ~ 
6r---------------______ ~ 
7~-------.--------------~ 8r-__________________ ~ 
9L-__________________ ~ 

In HD6845S, number of characters IS vertically pro
grammed In unit of one line, as illustrated above. 
(Number of vertical total characters, Number of 
vertical displayed characters, Vertical Sync POSI
tion) 

Example of above figure 

Programmed number Into Vertical Displayed 
Register = 10 

Both even number and odd number can be specified 
Character I ine address 

~ !h--h--l-'lt 
:~~JO 
i~---~~~-~-~-~~;} 

- ------- --3 
: - -------- --5 , 

-- ~-e -0-----7 
8 ____ ____ _ 9 

When number of raster 
per character line is 
EVEN. 
Number of raster 

== 10 scan line 
(specified) 

Character line address 

~-"8""-- -- ---t--'}. 
-4>---------9--3 
4~50 
6~:-::1r::7 

~ --------------.O} 3~~' 
;~6 
----------- ---8 

When number of raster 
per character line IS 

ODD 
Number of raster 

== 9 scan line 
(speCified) 

However, number which IS programmed into register 
IS calculated as follows. 

Programmed number (Nr) 
== (Number specified) -2 

Cursor IS displayed In both EVEN field and ODD 
field. 

0-------------------------, 
~~3 _EVEN number 

6~5 -EVEN number 
8---------------7 

~---------------, 
=~_:_i_~_itit-::3 -ODD number 
4~5 -ODD number 
6--------
8 --------------7 

0------------------------, 
2~ -EVEN number 

4~~ -ODD number 
6______ _ _ --7 
8----------

(to be continued) 
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----------------------------- HD6845R/HD6845S 

No. Funcllonal Difference HD6845R HD6845S 
.-~ 

2 Vertical Sync Fixed at 16 raster scan cycle (16H) Programmable (1 ..... 16 raster scan cycle) 
Pulse Width f.- Specified by -1 

Pi xed at 16 ~ high order 

(VSYNC output) 
scan cycle 4 bit of R3 

VS~ V~ 
Attached bits 

R3~JJJJ R3 @BJQJ 
Not used Honzontal Sync Width Vertical Sync HOrizontal Sync 

Width Width 

3 SKEW Function Not Included SKEW function IS newly Included In DISPTMG, 
CUDIS? signals 

Attached byte 

RS ~vlsl Rs~vlsi 
Not used CUDISP DISPTMG 

Example of D1SPTMG output 

~Notskewed 

~ne character skew 
Two character skew H 1 character time 

2 character time 

4 Start Address Register Impossible to READ Possible to READ 

5 RESET Signal (RES) MAo "'-' MAl) Output 1 MAo ....... MAn Outputl 
Synchronous reset 

RAo ..... RA4 OutPUt . . Asynchronous reset RAo - RA. Output J. 
Other Outputs J Other Outputs Asynchronous reset 

Output signals of MAo ..... MA IJ , RAo ..... RA .. , Output signals of MAo"'" MA l3 , RAo ..... RA .. and 
synchroOlzlng with DLK "Low" level, go to others go to "Low" ievellmmedlately after R"ES 
"Low" level, after RES has gone to "Low" has gone to "Low" level. 
Other outputs go to "Low" Immediately after 
RES has gone to "Low" level 

--

• COMPATIBILITY OF HD6845S AND HD6845R 

Non-tnterlace mode control }. Fully compatible with HD6845R* 

Interlace sync mode control 'HD6845Rcanbedirectlyreplaced 

data for vertical direction need to 
be changed. 

* The functions added to HD6845S utilize undefined bits of the 
Control Register in HD6845R. If "0" is programmed to the 
undefined bits in the initial set, it is possible to replace 
HD6845R with HD6845S without changing the parameters. 

by HD6845S in these modes. 
Interlace sync & VIdeo mode control. 

Not compatible with HD6845R 
in regard to programming and 

Note) The restriction on programming of HD6845S and HD6845R 
should be taken into consideration. 
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