












































































































































































(Radius + CenterX, CenterY) 
(CenterX, Radius + CenterY) 
(CenterX - Radius, CenterY) 
(CenterX, CenterY - Radius) 

where CenterX is the x-coordinate of the center, and CenterY is the 
y-coordinate of the center. 

4.19 Rectangle Drawing 

The GDC can draw four line segments in the form of a rectangle with 
a single CURS, FIGS, and FIGD command sequence. (This assumes that the 
drawing pattern and RMW operation have previously been set.) starting 
from the cursor position, the DDA draws four line segments, in series, 
with a counter-clockwise, 90 degree turn at each intersection. The 
initially specified direction may be anyone of the eight DIR values, so 
that the figure drawing may start in any corner of rectangles which are 
either horizontal or 45 degree-rotated. 

Rectangle drawing requires five parameters with the FIGS command. 
The only calculation to be made by the host microprocessor is the number 
of pixels to be drawn on each side of the rectangle. This is passed to 
the GDC in the form of two values. The first value specifies the number 
of pixels in the direction given by the DIR parameter, which will be 

along the first side of the rectangle to be drawn. The second value 
specifies the length of the second side to be drawn, which will be at 
right angles to the first side. These two values can be thought of as 
the height and width of the rectangle. The exact values to be sent to 
the GDC as parameters to the FIGS command are: 

DC = 3 

D = (Number of Pixels in the Initially Specified Direction) - 1 

D2 = (Number of Pixels in the Perpendicular Direction) - 1 

'Dl = -1 

DM = Same value as parameter D 
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A sample rectangle would be drawn like this: 

Initial 
cursor---4~~***************************1 
position * * 

* * 
, * . * 

Initial 

OIR 

* * 9 Pixels 

* * l * * 
* * ***************************------

L 27 Pixels --.J 
Figure 4.23 Example of Rectangle Drawing 

t 

Asterisks indicate pixels modified during drawing, and the arrows show 
the successive drawing directions used during the drawing process for 
the parameters given below: 

OIR = 0 
OC = 3 
D = 8 

D2 = 26 
Dl = -1 
DM = 8 

4.20 Area Filling and Graphics Character Drawing 

The contents of Parameter RAM bytes 8 through 15 can be transferred 

into display memory starting at any pixel position. When filled with 
the desired pattern or character, the Parameter RAM acts as a temporary 
holding buffer which, until over-written, can be moved into display 
memory as many times as desired, to any pixel position, and in any of 
the eight 45 degree rotation orientations selected by the DIR value. In 
addition, the pattern may be magnified at the time of writing by a zoom 
factor from 1 to 16. The enlargement is accomplished via pixel 

replication in both the x and y directions. 
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This drawing capability fills all the pixels in a rectangular or 
slanted rectangular area based on the Parameter RAM contents. The RAM 
is scanned from the LSB of byte 15, toward its MSB, then up to the MSB 
of byte 14, toward its LSB, up to the LSB of byte 13, etc. until the MSB 
of byte S is output. If the area to be filled is larger than S-by-S 
pixels, this scanning process is continued until the area is filled. 
When the area is not a multiple of S-by-S pixels (or if smaller than 

S-by-S), a subset of the Parameter RAM is scanned out to the bit-mapped 
display memory, so that the orderly pattern is preserved as far as is 
possible in the writing area. 

The pattern may be drawn into the bit map zoom-magnified up to 16 
times. Every integer between 1 and 16 can be used as the magnification 
factor. The enlarging is done through pixel replication, so that with a. 
factor of 2, each bit in the Parameter RAM is drawn as four pixels of 
the same value arranged in a 2;...by--2 block. Once the pattern is written 
into the display memory at a certain zoom writing factor, further 

changes to this zoom factor will not change the previously written 
patterns. 

This facility is controlled by the Zoom command. The Zoom command 
also controls the zoom magnification factor for the raster-scan display 
process. The first (and only) parameter to the Zoom command uses the 
upper four bits for the display zoom factor and the lower four bits for 
the writing zoom factor. When the display is zoomed (as differentiated 
from the drawing zoom factor), everything on the screen is magnified. 
This is different from the graphics character writing zoom, which only 
affects the graphics character while it is being written. In contrast, 
the display zoom factor may be set to magnify the entire display without 
altering the contents of the bit-mapped display memory. This display 
zoom factor may then be changed at any time to any other value and the 
entire screen will immediately reflect the difference. The graphics 
character zoomed writing feature controls the actual size of the 
character in the bit-map, and once the character is drawn, it will 
always stay the same in the bit-map, regardless of further changes in 

this, writing zoom factor. 
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The parameters to the FIGS command for area filling are: 

DC = (Number of Pixels in the Perpendicular Direction) - 1 

D = Number of Pixels in the Initial Direction 
D2 = Same as parameter D 

The rest of the parameter values can be left at their initialization 
values by not outputting any further parameter bytes before the GCHRD 
commana is given. 

Slanted graphics characters and area filling can be used to produce 

an ita11cs-like effect. This mode of drawing is controlled by a bit in 

the first parameter byte of the FIGS command. The effect can best be 
seen in an example where the 8-by-8 pattern for the letter "E" is first 

loaded into the Parameter RAM and then written with no magnification, 
first in regular fashion and then slanted. 

~~~~~~~~ 

~ 

~ 

~~~~~~~~ 

~ 

~ 

~ ~ 

~~~~~~~~ ~~~~~~~~ 

Figure 4.24 Regular vs. Slanted Graphics Characters 

An asterisk represents an individual modified pixel. When written with 
a zOOm magnification factor of 2, the same PRAM character pattern will 
appear as: 

~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ 

¥~¥~¥~~~~~~~~~~~ ~~~~~¥¥¥~~~~¥~~~ 

¥~ ~¥ 

¥~ ¥¥ 

¥¥ ¥¥ 

¥¥ ¥¥ 

¥¥¥¥¥¥¥¥~¥¥~¥¥¥~ ¥¥¥¥¥¥~¥¥¥¥¥~¥~~ 

¥¥¥¥¥¥¥¥¥¥¥~~¥¥~ ¥¥¥¥¥¥¥¥¥¥¥~~¥¥~ 

¥¥ ¥¥ 

¥¥ ¥¥ 
¥¥ ~¥, 

¥¥ ~¥ 

¥¥ ¥¥ 

¥¥ ¥¥ 

¥¥~¥¥¥¥¥~¥¥¥¥¥¥¥ ~¥¥¥~¥¥¥¥¥¥¥~¥¥¥ 

~¥~~¥¥¥¥¥¥¥¥¥¥¥~ ¥¥~¥¥¥¥¥¥¥¥¥¥¥¥~ 

Figure 4.25 Zoom 2 Graphics Characters 
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When the size of the area to be filled is smaller than the 8-by-8 
Parameter RAM buffer, the appropriate area in the Parameter RAM is drawn 

into the display memory. starting from the LSB of PRAM byte 15, as many 

bits are drawn into the display memory (along the DIR direction) as the 

D and D2 FIGS parameters allow. As many bytes in the Parameter RAM will 
be accessed as the DC FIGS parameter specifies. These additional bytes 

are also scanned only as far as the 0 and 02 parameter allow. The 

effect is to draw into the display memory only the corner of the PRAM 

buffer which includes the LSB of byte 15. The example that follows 
should help to illustrate this idea. 

Parameter RAM Contents for Drawing a 5-by-7 Character: 

Bits: 2 ~ ~ ~ ~ 2 ~ ~ 

PRAM Byte 15: 0 0 0 1 1 1 1 1 
14: 0 0 0 1 0 0 0 0 

13: 0 0 0 1 0 0 0 0 

12: 0 0 0 1 1 1 1 0 
11: 0 0 0 1 0 0 0 0 

10: 0 0 0 1 0 0 0 0 
9: 0 0 0 1 1 1 1 1 
8: 0 0 0 0 0 0 0 0 

where DIR = 6, so that byte 15 is drawn at the top of the character and 

bit 0 is placed in the right top corner. This operation will ta~e 35 

RMW cycles, instead of the 64 cycles needed to draw the entire PRAM 

buffer into display memory. The pixels modified will look like this: 

¥¥¥¥¥ 

¥ 

~ 

¥¥¥¥ 

¥ 

¥ 

¥¥¥¥¥ 

Figure 4.26 5-by-7 Character as Seen On the CRT Screen 

Aster~sks represent pixels which have been modified during drawing. 

When the size of the area to be filled is larger than the Parameter 
RAM buffer, the buffer is repeated in an X-Y extension fashion to fill 
the space. 
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Area Fill Pattern in Parameter RAM: 

Bits: 1- .6. .5. .3. 

PRAM Byte 15: 0 0 0 0 1 1 1 1 

14: 0 0 0 0 0 0 1 1 

13: 0 0 0 0 0 1 0 1 

12: 0 0 0 0 1 0 0 0 

11: 0 0 0 1 0 0 0 0 

10: 0 0 1 0 0 0 0 0 

9: 1 1 0 0 0 0 0 0 

8: 0 1 0 0 0 0 0 0 

This pattern is asymmetrical, to show clearly the pattern's orientation 

and repetitlon when it is drawn into the bit-map. 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 

1 * * * * * * * * * * ® ~ Initial 

2 * * * * * * Cursor Position 

3 * * * * * * 
4 * * 
5 * * 
6 * * 
7 * * * * 
8 * * 
9 * * * * * * * * * * * 

10 * * * * * * 
11 * * * * * * 
12 * * 
13 * * 
14 * * 
15 * * * * 
16 * * 
17 * * * * * * * * * * * 
18 * * * * * * 
19 * * * * * * 
20 * * 
21 * * 

Fig-ure 4.27 Pattern Drawn Into an Area 19 Wide By 21 High 
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4.21. DMA Transfers 

4.21.1 Introduction 

DMA transfers into and out of display memory are done using almost 
the same sequence of commands that are used for the figure drawing 
operations. The difference comes in the parameters that are given with 

the FIGS command, and the replacement of the drawing starting commands 
(FIGD or GCHRD) with the DMA read or write commands: DMAR or DMAW). The 
DMA transfers move a rectangular area in display memory where the 
height, width, and orientation is specified in the FIGS command's 
parameters. These transfers work on a word address basis only, ignoring 

the dot address, and one byte is transferred every RMW cycle. The DMAR 

and DMAW command bytes contain a field to specify whether to access both 
bytes of each display memory word, just the upper byte, or just the 
lower. For DMA write operations, the type of RMW operation can be 
selected via the MOD field in the DMAW and DMAR command bytes. 

The DMA facility transfers data to and fr·om the display memory 
without disturbing the contents of the GDC's FIFO. 

4.21.2 Preparing for a DMA Transfer 

In preparation for a DMA transfer, the cursor must be pointed to 

the first display memory word address to be accessed. After this is 
accomplished, it is necessary to set the MASK register to all ONEs 
before the DMA transfer is begun. The GDC's DDA advances to the next 
word address horizontally only when the appropriate edse bit of the MASK 
register is a ONE. By having a ONE in both the Bit-O and Bit-15 
positions no matter how the MASK register is rotated, the desired 
advance of the EAD word address will take place, regardless of the 
drawing direction. 

The FIGS parameters for DMA transfers are very straightforward. 
Similar to the area filling parameters, the DMA parameters require the 
DIR initial direction and the height and width of the area to be 
transferred. For odd DIR values, the area transferred will be rotated 
45 deg~ees to the x and y axes. In this case, the address for the next 
RMW cycle will be calculated by adding to the current EAD word address 
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(PITCH + 1) or (PITCH - 1) to go down and sideways. To go up and 

sideways, one of these values is subtracted. For example, the path 
across the display screen during a DMA transfer in DIR = 3 direction 
would be: 

DIR = 3 DMA Transfer Access Path: 

(1st, 2nd, and 3rd words modified) 

3rd: [ 
2nd: ] 
1st: ] 

where [----] = a 16 bit word in display memory in the position it would 
appear in on the CRT screen. 

The DC, D, and D2 (only for DMA Word Reads) parameters control the 

dimensions of the rectangle of words to be accessed. The DC value 
selects the number of word addresses to be accessed along the direction 

at right angles to the initially specified DIR direction. Its value is 
one less than the number of word addresses and will be the same whether 
accessing both bytes, only the low byte, or only the high byte. The D 
parameter controls the number of bytes to be transferred in the 

initially specified direction, DIR. If it is desired to move the top 
bytes of four words, D should be set to 4-1 or 3. If it is desired to 
move both bytes of the same four words, D should be set ,to (4*2) - 1 or 

7, since 8 bytes must be transferred in the four words. Of course, if 

both bytes of each word are to be transferred, D will always be an odd 
number (2n-l), while if only one byte is to be transferred from each 

word, D can be even or odd. These FIGS parameter values are summarized 
as follows: 

DC = (Number of word addresses in the direction at right angles 
to the initially specified DIR direction) - 1. 

D = (Number of bytes to be transferred in the initially 

specified 

DIR direction) - 1. 

During word transfers, first the low data byte and then the high 
data byte are transferred before the GDC goes on to the next word 
address, regardless of drawing direction. 
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The DMA Word Read operation is handled differently. In addition to 
DC ana D, it requires the D2 parameter, and D is calculated slightly 
differently in that it is two less (rather than one less) than the 
number of bytes in the initial direction. The D2 parameter is simply 
one halt of the D value. 

DC = (Number of word addresses in the direction at right angles 
to the initially specified DIR direction) - 1. 

D = (Number of bytes to be transferred in the initially 
specified DIR direction) - 2. 

D2 = D/2. 

4.21.3 DMA Examples 

The following example of DMA transfers shows words in display 
memory enclosed in square brackets with a vertical line separating the 
low byte on the left from the high byte on the right. The enclosed 
number identify the bytes transferred, in order of transfer. 

WORD Writ~ng into Display Memory with DIR = 2, DC = 5, and D = 3: 

--~.~ Initial DIR 

[.1.1 •• 2] [.3.1 •• 4] 

[.5.1 •• 6] [.7.1 •• 8] 

! [.9.1.10] [11. I .12] Second 

[13.1.14] [15. I .16] Direction 

[17.1.18] [19.1.20] 

[21.1.22] [23.1.24] 

WORD Writ~ng into Display Memory with DIR = 4, DC = 5, and D = 3: 

Initial DIR 

i [.3.1 •• 4] [.7.1 •• 8] [11.1.12] [15.1.161 [19.1.20] [23.1.24] 
[.1.1 •• 2] [.5.1 •• 6] [.9.1.10] [13.1.14] [17.1.18] [21.1.22] 

------~~ Second Direction 
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Low Byte Transfer with DIR = 2, DC = 5, and D = 1: 

---I~~ Initial DIR 

[.1./ ••• ] [.2./ ••• ] 

[.3./ ••• ) [.4.1 ••• ] 

! 
Second 

[.5./ ••• ] [.6.1 ••• ] Direction 

[.7./ ••• ] [.8.1 ••• ] 
[.9.1 ••• ] [10./ ••• ] 

[11.1 ••• ] [12./ ••• ] 

High Byte Transfer with DIR = 4, DC = 5, and D = 1: 

Initial DIR 

[ ••• 1 •• 2] [ ••• 1 •• 4] [ ••• 1 •• 8] [ ••• 1.10] [ ••• 1.12] 

[ ••• 1 •• 1] [ ••• 1 •• 3] [ ••• 1 •• 5] [ ••• 1 •• 9] [ ••• 1.11] 

----~~~ Second Direction 

If the DC value is 0, the DMA transfers will be a one-dimensional 
sequence of accesses, rather than in a two-dimensional area. In this 

case, D controls the number of bytes to be transferred, up to 2**14 or 

16,384 bytes. 

WORD Reading from Memory with DIR = 2, DC = 5, D = 2, and D2 = 1: 

.. Initial DIR 

[.1.1 •• 2] [.3.1 •• 4] 

[.5.1 •• 6] [.7.1 •• 8] 

t [.9.1.10] [11.1.12] Second 

[13.1.14] [15.1.16] Direction 

[17.1.18] [19.1.20] 

[21.1.22] [23 • 1 .24] 

87 



WORD Reading from Memory with DIR = 4, DC = 5, D = 2, and D2 = 1: 

Initial DIR 

t [.3.1 •• 4] [.7.1 •• 8] [11.1.12] [15.1.16] [19.1.20] [23.1.24] 

[.1.1 •• 2] [.5.1 •• 6] [.9.1.10] [13.1.14] [17.1.18] [21.1.22] 

----~~~ Second Direction 

4.21.4 Partial Word DMA Writes 

It is possible to transfer data through DMA into the Display Memory 
and modify only some of the bits of each word accessed. If only the 
lower or upper eight bits are to be modified, the appropriate byte 
transfer mode can be used as described above. If an arbitrary number of 
bits must be modified, a different approach must be used. 

Modifying an arbitrary pattern of bits in each word with DMA Word 
writes can be done one of two ways. With either technique, the Mask 

register must be used to select which bits are to be modified. The 
trivial case is when only one word is to be modified. The more 
interesting case is when the vertical boundary of an area to be 
transferred into does not fallon a word boundary. 

The key element in making partial word DMA writes into display 

memory is the Mask register. In addition to enabling bit modification, 
the Mask register also works with the DDA to control the advancing of 

the EAD word address. When the instantaneous direction of the next 
pixel to be drawn has a component along the x axis, the appropriate Mask 

register edge bit is tested for a ONE to see if the end of the word has 
been reached. If it has, the EAD is advanced to the next word and the 
Mask register is rotated to point at the first bit to be modified in the 

new word. If the end of the word has not been reached (the edge bit = 
ZERO), the Mask register is shifted to pOint to the next pixel in the 
current word. 

This testing is done for all the drawing directions except straight 

up ana down, in which there is no horizontal component. In these two 
directions, the EAD will be advanced after every RMW cycle, regardless 
of the Mask register contents and the Mask register will not be rotated. 
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To keep the DDA advancing only vertically throughout the duration of the 
DMA operation, a one-dimensional transfer must be programmed by the FIGS 
commana; the DC value must be O. 

This mode of operation is perfect for DMA'ing data into the left 
and right boundary edges of a larger DMA rectangle. The area will have 
to be filled with three DMA operations: the left edge words, the center 

rectangle of words, and the right edge words. In this way, an arbitrary 
rectangle can be DMA-filled on any bit boundary in the Display Memory. 

4.22 Successive Address Accesses 

The DDA can also be programmed to increment linearly through 
successive display memory addresses, in the specified direction. In 
this mode, the DDA steps through memory one address at a time, for as 
many accesses as are specified by the DC parameter of the FIGs command. 
The first parameter byte of the FIGS command sequence should have none 
of the Figure Type Select bits set for this mode, and only the DC 

parameter need be sent to the GDC to specify the number of words to be 

accessed. Any number of RMW cycles can be specified from 1 to 2**14 = 
16,384. 

This capability can be used to draw single pixels into the display 
memory or to access a number of words, for either reading or writing, in 
either graphics bit-mapped or coded character areas. 

When preparing to do an operation involving one RMW cycle per word 
address, the Mask register must be set to all ONEs with a Mask command. 
This must be done after the cursor is positioned and before the FIGS 
commano. The DDA will then advance the EAD after each RMW cycle because 
both the LSB and the MSB of the Mask register will be ONE. An exception 
would be single pixel writing, when the CURS command will load the Mask 
register with one-of-sixteen bits. 

4.23 Word Reading and Writing 

Using the Successive Addresses mode, either or both bytes of each 
word can be accessed for word reading and writing. Unlike DMA 
transfers, the data is passed through the command and parameter FIFO, 
under the direct control of the host microprocessor. This is very 

useful for initializing large amounts of display memory to the same 
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value, such as all ZEROs or all ONEs, without the overhead of setting up 
a DMA transfer. If .the DIR value is set equal to 2, the DDA will 
calculate a path through ascending addresses for as many words as the DC 
parameter calls for (DC = number of words - 1). As it crosses the end 
of a line of memory words, it will go to the next higher address, which 
is the first memory word of the next line. Each FIGS/WDAT command 
sequence can access 16,384 words, since the DC parameter has 14 bits. 

This is the fastest way to clear display memory, because there is no 
interaction with the host system during 16K words of clearing. It is 
also a good way to read a range of memory during area flooding. 

To use this mode it is necessary to pOint the 'cursor to the first 
word to be accessed and to set the Mask register to all ONEs. This 
allows the DDA to advance to the next word address after each RMW cycle, 
regardless of drawing direction. 

The DC value specifies the number of words accessed, regardless of ' 
the number of bytes accessed per word. 

In a graphics bit-mapped area, the WDAT command uses only the least 
significant bit of the parameter bytes which follow it. In a coded 
character situation, all the bits of the parameters are used for the RMW 

operation. 

In order to write a random pattern into a word in display memory it 
is necessary to use the Mask reg{ster to hold the pattern and pass all 

ONEs to the DDA with a WDAT command. without an all ONEs value in the 
Mask register, the EAD will not advance properly to the next word 
address, except in the straight up and down drawing directions 
(DIR = 0 or 4), so the cursor must be set for each word. 

For a WDAT command, the DC count of the FIGS command is used to 

control the number of times the first set of parameter data is written 
into the display memory. This value is decremented in the process of 
doing these writes until a value of ZERO is reached. Subsequent sets of 
parameter data following the WDAT opcode will see DC values of O. For , 
example, if the FIGS command sets DC to 5 and three sets of data follow 
the WDAT opcode, the first set will be written into six different words 
while the second and third sets will be written once each into two 
additional locations. 
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4.24 GDC Command Sequence Examples 

4.24.1 Introduction 

These examples are typical of the operations done with the uPD7220 

Graphics Controller ~n a bit-mapped graphics application. Many other 
operations are possible and reasonable. Many other modes of operation 
are possible also. The ones discussed here are intended to be 

informative and to illustrate basic principles which can be applied to 
any situation. 

Assumptions: - 5 MHz GDC clock 

- 800 nsec per byte to load the FIFO 

4.24.2 Minimum FIFO Load Times 

The minimum FIFO load times give an idea of length of time required 
to get the command opcodes and their parameters into the GDC's FIFO. 
These numbers give an idea of how much time the loading process might 
take when compared to the parameter preparation time, and the execution 
time. These considerations are interesting when considering balancing 
the various components of your graphics system. For example, it 

wouldn't make much sense to spend a large percentage of your system's 
cost on an advanced processor which could calculate vector drawing 
parameters in 2 usec when the GDC can only accept them over 12 usec. 
(Of course, if other jobs could be found for the processor to do during 
the remainder of the time, there might be a motivaton to do this.) The 
minimum load times have been calculated simply by multiplying the number 
of bytes to be transferred by 800 nsec per byte transferred. This 
assumes that the FIFO starts empty (and doesn't overflow) and that every 
other timing factor is optimal. Few if any real systems will achieve 

sustained transfer rates at this speed. 

4.24.3 Initialization (Master VSYNC Mode, Graphics Mode) 

This command sequence needs to be done only after power up. The 
basic operation of the GDC is characterized to the individual 
application with these commands and parameters. Other modes of 
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operation will require different parameter bytes and considerations but 
will require the same commands. 

- 22 bytes to load into the FIFO 
- Minimum FIFO load time of 17.6 usec 

1. RESET Opcode 

2. PI = mode bits 
3. P2 = active words per line 
4. P3 = VSYNC and HSYNC widths 
5. P4 = HFPORCH and VSYNC widths 
6. P5 = HBPORCH width 
7. P6 = VFPORCH width 
8. P7 = active lines per video field 
9. P8 = VBPORCH width and active lines count 

10. VSYNC Opcode + Master/Slave bit 

11. PITCH Opcode 

12. PI = display memory width 

13. PRAM Opcode + PRAM starting address of 0 
14. PI = display window starting word address, 
15. P2 = display window starting word address, 
16. P3 = window length low bits + starting top 

17. P4 = mode bits + window length top bits 

18. CCHAR opcode 
19. PI = sweep lines per character row - 1 = 0 

(for Graphics mode) 

20. Zoom Opcode 

low byte 
high byte 
bits 

21. PI = display + writing zoom magnification factors 

22. Start Opcode 

4.24.4 Display Mode Change 

This command is used to change the mode of operation without 

resetting the Video Sync Generator or flushing the contents of the FIFO. 
Typically it is used to enter and exit Flash mode from Flashless mode as 
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drawing requirements change during interactive editing sessions, and to 
turn on and off the automatic dynamic RAM refresh to maximize the time 
available for drawing if the RAMs can be otherwise refreshed. The SYNC 
opcode can also be followed by the complete set of parameters accepted 
by the RESET command. 

- 2 bytes to load into the FIFO 

- Minimum FIFO load time of 1.6 usec 

1. SYNC Opcode + DE bit 

2. PI = mode bits 

4.24.5 Blank the Screen 

This command and the next are especially useful during Flashless 
Drawing mode to allow screen-clearing operations to proceed at Flash 
mode-like speeds. By blanking the screen, the GDC will be able to use 

the entire video field for RMW operations instead of only the horizontal 
and vertical retrace blanking intervals. The HSYNC interval will 

continue to be used for dynamic RAM refresh cycles, if so enabled, 
regardless of whether the screen is blanked or not. The 16 FIGS/WDAT 
word clearing command sequences needed to clear a 256K maximum display 
memory can be executed in under 250 msec using this technique (closer to 
one fifth of a second). 

If the host processor system can keep the GDC busy doing figure 

drawing, the initial drawing of the screen can be done at very high 
speed in Flash Drawing mode by blanking the screen during this period. 
Normal interactive drawing can be done in Flashless mode, without screen 

disturbances and little impact on throughput, due to the low overall 
throughput requirements of direct interaction with the user. 

During Flash Drawing mode operation it may be desirable to blank 
the screen for lengthy drawing operations rather than allow the user to 
see a highly disturbed display. 

Additionally, a blanked screen can be used as part of the 

interactive dialogue between the system and the user. 

- 1 byte to load into the FIFO 
- Minimum FIFO load time of 0.8 usee 

1. BCTRL Opcode + DE bit = 0 
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4.24.6 Unblank the Screen 

This command sequence is the inverse of the screen blanking 
sequence described in section 4.24.5 - Blank the Screen. 

- 1 byte to load into the FIFO 

- Minimum FIFO load time of O.S usec 

1. BCTRL Opcode + DE bit = 1 

4.24.7 Drawing Setup 

Before any drawing can be done, the drawing pattern and the RMW 
operation must be established. They need not be set again unless a 

change is desired or a value is disturbed by another command. The 
drawing pattern is stored in the Parameter RAM by the appropriate PRAM 

commana. Note that the locations in the Parameter RAM used by the 
drawing pattern (RA-S and 9) are also used by the area filling (graphics 
character) patterns (R-S through 15). Also note that several GDC 
commana opcodes have the RMW operation selecting field, MOD. The 
operation may be inadvertently changed during a DMA Read operation, for 
example, when the MOD field is otherwise of no concern. 

- 4 bytes to load into the FIFO 
- Minimum FIFO load time of 3.2 usec 

1. WDAT Opcode + transfer type + RMW operation code 

2. PRAM Opcode + PRAM starting address of S 

3. PI = drawing pattern, low byte 
4. P2 = drawing pattern, high byte 

4.24.S Cursor Positioning (Graphics mode) 

All RMW operations, whether figure drawing, DMA transfers, or data 
reads ana writes, use the cursor position as their starting location. 

Occasionally the cursor value from the previous operation will be 
correct for the next operation, but normally the cursor will have to be 

reloaded with a new value for each RMW operation. For example, if done 
correctly, it is possible to chain vectors end-to-end without updating 
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the cursor between vectors. It is also convenient to do this with area 
filling and data reading and writing. 

The cursor value in Graphics mode has two parts: the address of 
the word in memory (18 bits), and the address of the bit (pixel) within 
that word. The EAD (Execution Address) register holds the word address 
and the Mask register holds the dot address, dAD. Notice that the CURS 

commana and the Mask command interact in that they both change the 
contents of the Mask register. The CURS command loads the Mask register 

with the one-of-sixteen value which corresponds to the four-bit dAD 

value of the fourth parameter byte. 

- 4 bytes to load into the FIFO 
- Minimum FIFO load time of 3..2 usec 

1. CURS Opcode 

2. PI = Word Address, EAD - (0 through 7) 

3. P2 = Word Address, EAD - (8 through 15) 

4. P3 = [Dot Address, dAD (0 through 3)] + [EAD - (16 through 17)] 

4.24.9 Mask Register Loading 

The Mask command loads the Mask register with the 16-bit value 

specified by its parameter bytes. This command should only follow the 
CURS command since the dot address, dAD, will overwrite any previous 
contents of the Mask register. 

- 3 bytes to load into the FIFO 

- Minimum FIFO load time of 2.4 usec 

1. MASK Opcode 
2. PI = Least significant byte of MASK Pattern 
3. P2 = Most significant byte of MASK Pattern 

4.24.10 Vector Drawing 

This command sequence positions the cursor to the figure's starting 

pixel address in display memory, sets up the Digital Differential 

Analyzer (DDA), and initiates the drawing process. It is not necessary 
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to load the cursor address if the previous operations have left it at 
the starting point of the desired vector. 

- 15 bytes to load into the FIFO 
- Minimum FIFO load time of 12.0 usec 
- Execute time for 100 pixels = 80 usec 

1. CURS Opcode 

2. PI = Word Address EAD - (0 through 7) 
3. P2 = Word Address EAD - (8 through 15) 
4. P3 = Dot Address dAD - (0 through 3) + EAD - (16 through 17) 

5. FIGS Opcode 

6 • PI = Type = 00000 (Binary) + DIR 
7. P2 = GD Bit + DC low byte 
8. P3 = DC high byte 
9. P4 = D low byte 

10. P5 = D high byte 
11. P6 = D2 low byte 

12. P7 = D2 high byte 

13. P8 = D1 low byte 

14. P9 = Dl high byte 

15. FIGD Opcode to start drawing process 

4.24.11 Single Dot Writing 

When drawing just a single pixel (or word) it is not necessary to 
supply all the DDA parameters, since it will be doing only the first RMW 

operation. The number of bytes sent to the GDC can, therefore, be 

reduced. 

- 7 bytes to load into the FIFO 
- Minimum FIFO load time of 5.6 usec 

1. CURS Opcode 

2. PI = Word Address EAD - (0 through 7) 

3. P2 = Word Address EAD - (8 through 15) 

4. P3 = Dot Address dAD -:- (0 through 3) + EAD - (16 through 17) 

5. FIGS Opcode 
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6. PI = Type = 00000 (Binary) + DIR 

7. FIGD Opcode to draw the dot 

4.24.12 Arc Drawing 

The considerations for this command are similar to those of vector 

drawing. See section 4.24.10. 

- 17 bytes to load irito the FIFO 

- Minimum FIFO load time of 13.6 usec 

1. CURS Opcode 

2. PI = Word Address EAD - (0 through 7) 

3. P2 = Word Address EAD - (8 through 15) 

4. P3 = Dot Address dAD - (0 through 3) + EAD - (16 through 17) 

5. FIGS Opcode 

6. PI = Type = 00100 (Binary) + DIR 

7. P2 = GD Bit + DC low byte 
8. P3 = DC high byte 

9. P4 = D low byte 

10. PS = D high byte 

11. P6 = D2 low byte 

12. P7 = D2 high byte 
13. P8 = D1 low byte 
14. P9 = Dl high byte 
15. P10= DM low byte 
16. P1l= DM high byte 

17. FIGD Opcode to start the drawing process 

4.24.13 Area Filling/Graphics Characters (Random Sizes) 

This command sequence is useful for filling random-sized areas on 
the screen and for writing into the bit-map characters which are other 
than 8 by 8 bits. A random area of up to 2**14 (16,384) pixels along 
each edge can be filled with one command sequence. The area will be 
filled mozaic-style from the pattern loaded into the Parameter RAM by 
replicating the pattern in both the x and y dimensions. When drawing 

bit-mapped characters which exceed 8 bits in either direction, it will 
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be necessary to reload the Parameter RAM for the bits outside the basic 
8 by 8 square. 

When drawing 7 by 9 characters in a 9 by 11 (or larger) window, it 
is not necessary to reload the Parameter RAM to. draw the extra column of 
bits beyond the first eight bits of the character window's width. The 

9th bit of the character window's width can be written as a repeat of 
the first bit in the row. The first bit of each row will always be ZERO 
since they are the "guard U bits of the window around the actual 

character. In this case, the GDC would be programmed to draw a 9-bit 

wide area and it will use this first ZERO bit in both the first and 
ninth positions. The rows of character after the eighth will, of 
course, require the reloading of a part of the Parameter RAM. 

Setup for this command requires the establishment of the RMW 
operation, and the Writing Zoom factor. 

Be sure that the last pattern byte to be loaded with the PRAM 

command goes into location 15 of the Parameter RAM, since this is where 
the GDC will get its first byte of information for the filling process. 

If the drawing direction and orientation of the pattern bits are 
coordinated, a succession of drawing operations can be made without 
reestablishing the cursor position. 

Relative order of the CURS and PRAM commands is unimportant and is 
often dictated by the application's requirements. 

- 13 bytes + extra PRAM bytes to load into the FIFO . 
- Minimum FIFO load time of 10.4 usee + 0.8 usec for each extra 

PRAM byte after the first 

1. CURS Opcode 
2. PI = Word Address EAD - (0 through 7) 
3. P2 = Word Address EAD - (8 through 15) 
4. P3 = Dot Address dAD - (0 through 3) + EAD - (16 through 17) 

5. PRAM Opcode + PRAM Starting Address 
6. PI through Pn Pattern bytes 
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7. FIGS Opcode 

8. PI = Type = 00010 (Binary) + DIR (Type = 10010 for Slanted) 

9. P2 = GD Bit + DC low byte 

10. P3 = DC high byte 
11. P4 = D low byte 

12. PS = D high byte 

13. GCHRD Opcode to start area filling process 

4.24.14 Area Filling/Graphics Character (8 by 8) 

Refer to the comments for the random area filling sequence (section 
4.24.13). Similar considerations apply to this command sequence. 

- 17 bytes to load into the FIFO 

- Minimum FIFO load time of 13.6 usec 

- Execute time )=64 * .8 = Sl.2 usec 

1. PRAM Opcode + PRAM Starting Address of 8 
2. PI = Pattern byte 8. Last drawn 
3. P2 = Pattern byte 9 
4. P3 = Pattern byte 10 
S. P4 = Pattern byte 11 
6. PS = Pattern byte 12 

7. P6 = Pattern byte 13 

8. P7 = Pattern byte 14 
9. P8 = Pattern byte IS. Drawing starts with Bit-O 

10. CURS Opcode 

11. PI = Word Address EAD - (0 through 7) 
12. P2 = Word Address EAD - (8 through IS) 

13. P3 = Dot Address dAD - (0 through 3) + EAD - (16 through 17) 

14. FIGS Opcode 

15. PI = Type = 00010 (Binary) + DIR (Type = 10010 for Slanted) 

16. P2 = GD Bit + DC low byte 

17. GCHRD Opcode to start area filling process 
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4.24.15 Rectangle Drawing 

The considerations for this operation are similar to those for 
vector drawing. See section 4.24.10. 

- 17 bytes to load into the FIFO 
- Minimum FIFO load time of 13.6 usee 

1. CURS Opcode 
2. PI = Word Address EAD - (0 through 7) 
3. P2 = Word Address EAD - (8 through 15) 
4. P3 = Dot Address dAD - (0 through 3) + EAD - (16 through 17) 

5. FIGS Opcode 

6. PI = Type = 01000 (Binary) + DIR 
7. P2 = GD Bit + DC low byte 

8. P3 = DC high byte 

9. P4 = D low byte 
10. P5 = D high byte 

11. P6 = D2 low byte 

12. P7 = 02 high byte 
13. P8 = Dl low byte 

14. P9 = Dl high byte 

15. PI0 = DM low byte 
16. Pil = DM high byte 

17 • FIGD Opcode to start the drawing process 

4.24.16 Pan and Scroll the Display Window 

Changing a display partition window starting address will cause the 
window to roam around in the larger display memory. The display memory 

may be larger than the display window in either or both the x and y 
directions. It is a good idea to change the window starting address 

after VSYNC has ended and before active video begins, so that the GDC's 
Commana Processor will not access a half new, half old value when it 

goes to the Parameter RAM for the address for the display scanning 

process. The Vertical Back Porch is an ideal time to do this 
modification, because the first partition's parameters have already been 
accessed but there is no chance of the second partition's values being 
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needed until later. The Vertical Back Porch time can be found by 
testing the VSYNC status register for a falling edge. 

- 3 bytes to load into the FIFO 
- Minimum FIFO load time of 2.4 usec 

1. PRAM Opcode + PRAM starting Address of 0, 4, 8, or 12 
2. PI = Display Partition Starting Address, low byte 

3. P2 = Display Partition Starting Address, high byte 

4.24.17 Zoom Factor Change 

Since the display zoom factor is passed into the GDC in a single 
byte, the same timing precautions need not be heeded for changing the 
display partition starting addresses. The writing zoom factor can be 

changed at any time. The external Zoom Pixel Pre-scaler counter must 
also be set to correspond to the zoom factor given to the GDC. 

- 2 bytes to load into the FIFO 

- Minimum FIFO load time of 1.6 usee 

1. ZOOM Opcode 
2. PI = Display Factor + writing Factor 

4.24.18 Set Background 

This command sequence is used to initialize large areas of display 
memory. Simple incremental advancing is done to calculate the next word 
address in display memory. Note that the setting of the Mask register 

to all ONEs forces the DDA always to increment the EAD word address 
after each RMW cycle, and the RMW Logic unit to modify all the bits of 
each word. It is typical to use the Set, Clear, Replace RMW operations 
when clearing or setting memory. Also note that in Graphics mode, this 
sequence can be used only to set or clear all the bits of each word 
accessed to the same value (Bit-O of the WDAT parameter). 
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If more than 16,384 successive words are to be accessed, there is 
no need to re-establish the cursor and mask values for each FIGS/WDAT 
commana pair. 

- 14 bytes to load into the FIFO to fill up to 16,384 words 
- Minimum FIFO load time of 11.2 usec 
- Execute time of )=13.107 msec for a 16,384 word block 
- 7 bytes to fill additional successive areas, each up to 16,384 

words long 

1. CURS Opcode 

2. PI = Word Address EAD - (0 through 7) 
3. P2 = Word Address EAD - (8 through 15) 
4. P3 = Dot Address dAD - (0 through 3) + EAD - (16 through 17) 

5. MASK Opcode 

6. PI = FF (HEX) 

7. P2 = FF (HEX) 

Repeat 

8. FIGS Opcode 

9. PI = Type = 00000 (Binary) + OIR 
10. P2 = GO Bit + DC low byte 
11. P3 = DC high byte 

12. WDAT Opcode + Transfer Type + RMW Operation 
13. PI = Pattern data, low byte (Only Bit-O used) 
14. P2 = Pattern data, high byte 

until 

4.24.19 Multi-Pixel write 

In Graphics mode by using the Mask register to hold the pattern 
data, any pattern of bits may be written into a display memory word in 

~ 

one RMW cycle. A dummy pattern is passed as parameters of the WDAT 
command and must have a ONE in Bit-O of the low byte to allow the 
desired pattern in the Mask register to express itself in every bit 
pOSition. Since the Mask register also controls whether the OOA 
increments the EAD address, an arbitrary mask pattern will not always 
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·executed once, since no relevant parameter is changed during this mode 
of operation. This command will not perform Replace operation because 

the bit pattern in the Mask Register is used only as masking bits, not 
as new data. To perform Replace function the word would have to be 

first cleared in the video memory. 

- 12 bytes to load into the FIFO for the first word 
- Minimum FIFO load time of 9.6 usec for the first word 
- 10 bytes to load into the FIFO of each succeeding word 
- Minimum load time of 8.0 usec for each succeeding word 

1. FIGS Opcode 

2. PI = TYPE = 00000 (Binary) + DIR 

Repeat 

3. CURS Opcode 

4. PI = Word Address EAD - (0 through 7) 
5. P2 = Word Address EAD - (8 through 15) 
6. P3 = Dot Address dAD - (0 through 3) + EAD - (16 through 17) 

7. MASK Opcode 

8. PI = Pattern, low byte 

9. P2 = Pattern, high byte 

10. WDAT Opcode + Transfer Type + RMW Operation 

11. PI = FF (HEX), Dummy pattern low byte 

12. P2 = FF (HEX), Dummy pattern high byte 

Until 

4.24.20 Reading Data From the Display Memory 

The contents of Display Memory can be read to the host processor 
through the FIFO in a linear sequence of addresses of up to 16,384 

locations. Any linear direction may be selected from the eight selected 

by the DIR parameter of the FIGS command. After the cursor is set with 
the CURS command, it is necessary to set the"Mask Register to all ONEs 
for all DIR directions other than a and 4 to ensure the proper 
incrementation of the EAD word address. The GDC's FIFO will be turned 
around from Write mode to Read mode when the RDAT command is executed. 
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Any commands or parameters which followed RDAT command into the FIFO 
will be lost as the read operation begins. 

The GDC will begin to do RMW memory cycles to read the requested 

data soon after the RDAT opcode is executed. The data is loaded into 

the FIFO byte by byte as it becomes available. After the first byte is 
in the FIFO, the GDC's Data register is loaded with the top byte on the 

FIFO and the DATA READY flag in the status register will be set. The 
host processor may then read the data at GDC port address 1. GDC 
internal hardware then gets the next byte from the FIFO, if available, 
and into the Data register, etc. It is important for the host processor 
to check the DATA READY status bit before each read, because the FIFO is 
implemented as a ring buffer RAM and time is required to access its 
contents. The peak transfer rate from the FIFO will yield a byte from 
the FIFO every four 2xWCLK cycles, which is the same rate at which the 

FIFO is filled via RMW memory cycles. Actual transfer rates will be 

lower in flashless mode since the RMW cycles cannot be done during much 
of the video field time. 

The GDC will continue to fetch data from the Display Memory into 
the FIFO until the DC value decrements to zero. These RMW read cycles 

will pause if the FIFO is full, until the host processor makes more room 
in the FIFO by reading data. 

The host processor may abort the read sequence before the total 
number of words has been accessed by outputting a command byte to the 

GDC. The FIFO is then forced into write mode to accept and normally 
process the command output operation and its following parameters. Note 
that the command output operation, in this situation, should not check 
the Status register FIFO FULL bit before outputting the command byte. 
The FIFO may well be full of read data as the command is about to be 
output. All read data in the FIFO at the time a command byte is 
received will be lost when the FIFO turns around. 

- 12 bytes to load into the FIFO to initiate a sequence of words to 
be read 

- Minimum of 9.6 usec to initiate the read operation 

1. CURS Opcode 

2. PI = Word Address EAD - (0 through 7) 
3. P2 = Word Address EAD - (8 through 15) 

104 



4. P3 = Dot Address dAD - (0 through 3) + EAD - (16 through 17) 

5. MASK Opcode 

6. PI = FF (HEX) 

7 • P2= FF (HEX) 

8. FIGS Opcode 

9. PI = Type = 00000 (Binary) + DIR 
10. P2 = GD Bit + DC low byte 

11. P3 = DC high byte 

12. RDAT Opcode + Transfer Type + RMW Operation 

4.24.21 DMA Data Writing 

Display Memory data can be written via the GDC's DMA interface once 
the GDC is set up for the transfer. The external DMA controller must 

also have been programmed for the operation. Once the cursor is pointed 
to the starting pOint of the block to be transferred, the Mask register 
must be filled with all ONEs to insure that the EAD word address will be. 
properly advanced as the DMA transfer progresses. The FIGS command is 
used to set the TYPE, DIR, DC, and D values. After the DMAW opcode is 

executed by the GDC's Command Processor, the DREQ pin will signal the 
start of the transfer. Any commands which followed the DMAW opcode into 

the FIFO will not be lost during the DMA transfer since the DMA data 

bypasses the FIFO. The Status register may be read while DREQ is 

asserted, as long as DACK/ is not asserted. No commands should be 

loaded into the GDC while the DMA Execute status register bit is high. 

- 14 bytes to load into the FIFO to initiate the transfer 

- Minimum of 11.2 usec to set up for the DMA transfer 

1. CURS Opcode 

2. PI = Word Address EAD - (0 through 7) 

3. P2 = Word Address EAD - (8 through 15) 

4. P3 = Dot Address dAD -(0 through 3) + EAD - (16 through 17) 

5. MASK Opcode 
6. PI = FF (HEX) 
7 • P2 = FF (HEX) 
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8. FIGS Opcode 
9. PI = Type = 00000 (Binary) + DIR 

10. P2 = GD Bit + DC low byte 

11. P3 = DC high byte 

12. P4 = D low byte 

13. PS = D high byte 

14. DMAW Opcode + Transfer Type + RMW Operation 

4.24.22 DMA Data Reading 

The comments made for DMA writing also apply for DMA reading 

(section 4.24.21). 

1. CURS Opcode 

2. PI = Word Address EAD - (0 through 7) 

3. P2 = Word Address EAD - (8 through 15) 

4. P3 = Dot Address dAD - (0 through 3) + EAD - (16 through 17) 

S. MASK Opcode 
6. PI = FF (HEX) 

7. P2 = FF (HEX) 

8. FIGS Opcode 

9. PI = Type = 00000 (Binary) + DIR 

10. P2 = GD Bit + DC low byte 

11. P3 = DC high byte 

12. P4 = D low byte 

13. PS = D high byte 

14. DMAR Op'code + Transfer Type + RMW Operation 
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4.25 Initia11zing the GDC 

After power-up, the GDC must be initialized by a series of commands 
and parameters to configure it for the desired mode of operation. The 
host microprocessor will output this list of commands and their 
parameters as part of its power-up routine. Other than checking the GDC 

FIFO's status to prevent FIFO overflow, only the transfer of fixed 
values into the GDC is necessary. Once the GDC or GDCs are initialized, 
the START command starts the display process. 

Several commands must be given to the GDC to configure it for the 
desired operating mode. They are introduced here and are fully 

explained in the data sheet. 

4.25.1 Initia11zing Command Sequence 

a. RESET puts the GDC into the Idle mode and prepares it to 
accept commands and parameters 

b. SYNC configures the Video Sync Generator and operating modes. 
(These parameters may follow the RESET command without the SYNC 

command byte). 
c. VSYNC specifies Master or Slave video operation. 
d. CCHAR sets up the Lines-Per-Row and Cursor Blink Rate values. 
e. PITCH establishes the width of the Display Memory. 

f. PRAM loads the Parameter RAM with the desired display starting 
addresses and lengths. 

g. ZOOM sets the display zoom factor. 
h. CURS positions the cursor, which is especially important 

during initialization of character display modes. 

Other than the RESET command which must come first, the order in 
which these commands are given is not important since they do not 

interact with each other. The GDC will be in the Idle mode until a 
START command is issued. During Idle mode the display will be blanked, 

and the video timing of any slave mode GDCs will synchronize to their 
master GDC or external sync source. During this synchronization 
process, the master GDC's Video Sync Generator will produce and output 
both horizontal and vertical sync signals, while the slave GDC or GDCs 

will use their VSYNC pin as an input for this externally generated 
vertical sync signal. At the end of each VSYNC pulse the slaves will 

reset their sync generators to line up with the external signal from the 
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master sync source. During Idle mode, all-GOCs will generate 
non-interlaced video whether or not interlaced video was specified. 
Once Idle mode ends via a START command, all the GOCs will be generating 

the same video field of the video frame sequence. Once initialized as 
above, the GOC can accept and execute any of its other commands. The 

Idle mode is ended by a START command, which stops the Video Sync 
Generator from synchronizing to the external vertical sync signal, and 
unblanks the display raster. 

Once these commands have initialized the GOC, but before the START 
command, you may wish to clear the display memory using the techniques 

discussed in the Figure Drawing section, which can clear the memory very 
quickly. If the GOC is being operated in Slave mode, it will need time 
to synchronize to the master sync source before the display START 
command is given. The host microprocessor should watch the VSYNC status 

bit of the master GDC to insure that at least one complete VSYNC pulse 
reaches the slave GDC. 

4.25.2 Special Considerations for the RESET Command 

The first command to send to the GDC is the RESET command. It is 
interpreted by special hardware ahead of the FIFO to ensure that, 
whatever the power-up status of the Command Processor is, RESET will 
prepare it to accept the command and parameter protocol. The reset 
operation will also initialize and empty the FIFO, and initialize 
various internal counters. 

The RESET command byte may be followed by the parameters that set up 
the Video Sync Generator and the basic operating mode. Alternately, 

after the RESET command has been given, the SYNC command byte can 
precede these same parameters (without initializing the GOC again). 

It is not a good idea to check the FIFO Full status bit before 
outputting the RESET command, since the FIFO may have powered up with 
the FIFO Full bit set. With the Command Processor waiting for its first 
command from the FIFO it assumes is empty, the FIFO will never become 
empty from the point of view of the host microprocessor. Of course, , 
after the RESET command, the FIFO Full bit should be checked before each 
byte is load~d into the FIFO. (It is possible to imagine a GOC driver 

program sophisticated enough to check the FIFO Empty bit and do its own 
byte transfer counting but the speed gained would not offset the 

increased complexity of such a routine). 
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CHAPTER 5 Host Interface 

5.1 The FIFO Buffer 

5.1.1 Introduction 

The main pathway for information flow between the host 
microprocessor and the GDC is the First-In-First-Out (FIFO) buffer 
internal to the GDC. Commands and parameters are loaded into the buffer 
by the host and removed at the other end by the GDC's Command Processor. 

With this technique, the host can load the commands and parameter bytes 
as they become available. The GDC Command Processor then handles them 
when it finishes execution of the previous command. In this way, the 
interface between these two asynchronous system elements is made more 

efficient. If not for this low-overhead technique, this interface could 
be a major performance bottleneck. In addition, the FIFO is used to 

buffer data for the host as it is read from the display memory or 
internal registers. 

As is true with all FIFOs, the length of the GDC's FIFO is limited, 

and if data is output when the FIFO is full, the oldest data in the FIFO 
will be overwritten and lost. When the host is doing reads from the 
FIFO, the data is moved from the FIFO into a temporary data register to 
allow fast access times onto the system data bus. The possibility of a 

problem transferring data can be eliminated by checking the status bits 
which report on the condition of the FIFO and Data Register. An 

additional overriding concern is the maximum speed at which the FIFO can 
tra'nsfer data. A byte of data can be transferred no more often than 

once every four 2xWCLK cycles, even if the FIFO is not full or the Data 
Register ready. 

5.1.2 FIFO status Bits 

Three bits relating to the FIFO can be read in the GDC's status 
register: FIFO EMPTY, FIFO-FULL, and DATA-READY. The names of these 
bits describe their ONE state condition. For example, the FIFO-FULL bit 
is ZERO when the FIFO is not full. The two FIFO status bits are 
meaningful whether the data is flowing from the host into the GDC or the 

reverse. The DATA-READY bit is used only for data reads out of the GDC. 
None of these bits are meaningful before the first RESET command opcode 

is sent to the GDC after power-up. 
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5.1.3 FIFO Operation Modes 

When commands and parameter bytes are being written into the GDC, 
the FIFO is in Data Write mode. After one of the commands which 
requests data from the GDC is executed, the FIFO is turned around into 
Data Read mode. Bytes of data are then read from the Data register, 

which is in turn filled from the FIFO. The host processor must check 
the DATA-READY status bit before each read operation. The FIFO will 

automatically resume Data Write mode operation, whether all the data is 
read or not, when a command byte is output to the GDC. Turn-arounds of 

the FIFO to either mode will completely empty the FIFO of any contents. 

5.1.4 Command and Data Transfer Through the FIFO 

The normal sequence of events involve a large number of command and 
parameter writes {being careful that the FIFO does riot overflow}, and 

occasional data reads {being sure that there is data available}. The 
light pen address, the cursor position, and data from the display memory 

can all be read. 

During the command and parameter outputting phase, the host 
processor works to keep the FIFO as full as possible without causing a 

data overflow. When data must be read from the GDC, the host processor 
puts the appropriate command sequence into the FIFO like any other 
command. It then pauses and waits for the DATA-READY status bit to go 
HIGH. While it is waiting, the Command Processor empties the FIFO of 

all the commands and parameters which preceeded the data read command. 

The read command opcode byte is then fetched from the FIFO and 
decoded. The FIFO is next turned around and Data Read mode is entered. 
There is no lost data during the turn-around operation because nothing 
was loaded into the FIFO after the read data command opcode. 

The GDC then proceeds to fetch the requested data for loading into 

the FIFO. If the data is coming from the display memory and the 
Flashless mode has been selected, there can be delays during the active 
dispiay time until the GDC can get the first data byte into the FIFO. 
The FIFO is then filled as fast as the requested data can be accessed. 

If the data is coming from the on-chip registers {the cursor or the 
light pen} the FIFO will be loaded without delay. 
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After the first byte is put into the FIFO, the process of sending 
the data to the host processor begins. The data is removed from the 
host side of th~ FIFO one byte at a time into the Data register. For 
each byte the DATA-READY status bit is set to a ONE. The host processor 
tests this bit until the data is ready and then reads the byte. The 
DATA-READY bit must be checked before the next byte can be read from the 
Data register. If there is data waiting in the FIFO to be read, the GDC 

needs four 2xWCLK cycles to load each byte into the Data register. 

The number of bytes to be transferred is determined either 
implicitly (for the cursor or light pen reads) or explicitly (by the 

FIGS command for memory reads) before the transfer begins. The host 
processor has the option to abort the transfer sequence at any point by 

simply outputting any command opcode byte to the GDC. 

5.1.5 Considerations for Testing the Status Bits 

After power up, the status bits are not meaningful until the RESET 
opcode is output to the GDC. The RESET will empty the FIFO, initialize 

the status bits, and prepare the FIFO to receive further data. The 
RESET opcode is decoded by dedicated hardware ahead of the FIFO, instead 

of by the Command Processor after passing through the FIFO. It is 
important not to check the FIFO-FULL bit before outputting the RESET 
opcode. The problem is that the FIFO control logic may have powered up, 
indicating a full FIFO, so that the status bit will never go LOW until 
the RESET command is given. 

During outputs to the GDC, the FIFO must not be overflowed. There 
are two approaches for preventing this. The first is to check the 

FIFO-FULL status bit for a ZERO before outputting each command and 
parameter byte. The second technique is to wait for the FIFO to become 

empty and then send 16 bytes or less, in sequence, to the GDC. Of 

course, the maximum transfer rate of one byte every four 2xWCLK cycles 
must not be exceeded. It is not a good idea to assume the GDC will be 
able to take more than 16 bytes, hoping the Command Processor will 

remove a few bytes while the others are being loaded. The problem comes 
up when the GDC is busy doing a figure drawing, for example, and takes 
nothing from the FIFO for long periods of time while it draws. 

During data reads from the GOC, the DATA-READY status bit must be 
checked before each read operation. The internal structure of the GDC 
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requires a separate Data Read register to meet the access time 
requirements of the host interface bus. This is required because the 

FIFO is implemented as a "r ing buffer" and is dual-.ported between the 
host interface and the Command Processor. The host interface always has 
priority for the next FIFO RAM access cycle, but a Command Processor 
access is allowed to finish before the next byte is fetched into the 
Data register for the host interface. The Data register eliminates any 
latency delay problems which might arise while accessing the dual-ported 
RAM FIFO. 

A second consideration for data read operations involves early 

terminations of read sequences. The FIFO-FULL bit may be a ONE, to 

indicate a FIFO full of read data, when the host tries to terminate the 
read sequence. The state of the FIFO-FULL bit must not then keep the 
commano opcode from being issued and turning around and emptying the 
FIFO. If the remaining data is 16 bytes or more and is filling the 

FIFO, the FIFO-FULL bit will not go LOW until either more data is read 
from the FIFO, or a command opcode is received. In this situation, if 

the FIFO-FULL bit is checked for a ZERO before the command is issued, 
the system will hang. The easy solution is not to test the FIFO-FULL 
status bit in this situation. This, of course, is a potential problem 
only during reads of display memory data. 

5.2 DMA Interface Hardware 

5.2.1 Introduction 

The uPD7220 GDC is designed to interface to an external DMA 
controller. The DMA interface uses two dedicated pins, DRO and DACK/, 
the read and write strobe pins, RD/ and wR/, and the eight-bit data bus 

pins. Data can either be written from the host system into the display 
memory or read from the display memory out to the host system memory. A 
byte of data can be transferred every four 2xWCLK clock cycles during 
DMA transfer times in the video raster. Note that only video display 
memory data can be transferred using this interface; GDC commands and 
parameters cannot be transferred. 

The GDC and external DMA controller each supply a memory address in 
their respective domains for the DMA transfer. The DMA controller 
typically supplies successive addresses in the host system memory. The 
GDC, on the other hand, can sequence through a two-dimensional block of 
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addresses in the display memory. The x and y dimensions of this block 

can each be programmed over a range including the display memory's 
largest size. The block can also be rotated by any 45 degree multiple. 

Because of these two separate addresses for each transfer, very flexible 
DMA transfers can be done. 

This DMA capability is very useful for moving data around the 
display memory via a temporary buffer in the system memory. Multiple 
windows in the display memory can therefore be easily generated and 
maintained. It can also be used to read display memory contents into a 
mass storage device or a printer. In imaging applications, the image 

can be written into the display memory frame buffer via the DMA 
facility. Many other applications are possible. 

Using external hardware, there are other possibilities. For 
example, commands and parameters can be DMA'ed into the GDC without the 
use of the GDC's DMA interface. Another interesting possibility is 
doing DMA without a DMA controller by substituting the host processor in 
its role. This is especially interesting when the processor needs a 
high-speed, low-overhead way to write directly into the display memory. 

5.2.2 The Basic DMA Cycle 

The data to be transferred uses the 8-bit data bus interface but 
bypasses the FIFO. Commands which follow the DMA command into the FIFO 

will not be lost since the FIFO is not disturbed. The GDC signals its 
readiness to do a DMA cycle with its DMA Request, DREQ, output. This 
output going or staying HIGH signifies that at least one DMA cycle can 
be done. It is HIGH during the times in the video raster when DMA 
cycles are permitted. Once the transfer with the DMA controller takes 
place, the GDC does a RMW cycle to write the byte or fetch the next 
byte. 

DMA reads and writes are differentiated from command and parameter 
writes by the assertion of the GDC's DMA Acknowledge input (DACK/) 
before, during, and after the write (WR/) or read (RD/) strobe 
assertion. In these operations, the Address 0 input of the GDC is 
ignored. While the DREQ output stays HIGH, DMA transfers can be done 
every four 2xWCLK cycles. 
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Once a DMA sequence has been initiated by the host processor, the 

GDC will assert its DREQ output during the AW interval of lines in which 

DMA is permitted, until the requested number of transfers has been made. 

The Vertical Back Porch (VBP) lines will always be used, as will the 
Active Lines (AL) if Flash mode has been selected. 

Because of the restricted time intervals during which DREQ is 
asserted, only the DMA-EXECUTE status bit can be used to determine when 
the total DMA operation is finished. While a DMA operation is 
executing, the host should not put more commands into the GDC FIFO. The 
only interaction with the GDC, beyond the DMA transfers, should be to 
read the status register. 

5.2.3 DMA Cycle Minimum Length 

When a partial rectangle area of video memory is selectively 
specified for the DMA transfer, and the DMA transfer is performed one 

byte at a time: 

1 DMA cycle = 5 * TCLK 

In other cases (when the transfer is in 16 bit words): 

1 DMA cycle = 4 * TCLK 

5.2.4 Timing Considerations for the DMA Transfer 

The following timings, Tl and T2, should be noted. 

DMA WRITE: WR 
(CMAW) 

\ ___ T 
'~Tll 

2XWCLK~ 

HSYNC 'r ______ ----J 

Figure 5.1 DMA write Timing 

DMA READ: DACK ~ I 
(DHAR) _I 

TZi 

2XWCLK~ 

HSYNC ~ -----
Figure 5.2 DMA Read Timing 
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The following timing requirement should be met in relation to TI and 
T2. If Tl is met, T2 will be met automatically. 

TI, T2 2. TCLK 

From this timing requirement, the following timing considerations become 
necessary. 

When the clock frequency of the GDC is the same as that of the DMA 

controller, and the device that requests DMA transfer is only the GDC: 

HFP 2. 3 characters 

(or 2 characters when the matching of clock phase is 
good between the GDC and the DMA controller) 

The reason for this requirement is as follows. 

EXAMPLE: HFP = 1 character (2 clocks), GDC clock = DMA clock 

DMA CYCLE 51 I 50 I 51 I 52 I S3 I 54 I 51 I 
2xWCLK (GDC) 

DREQ 

\ 

HLDA 

HBLANK 

\ 3 clock. "-y ____ -+----

DMADATA ~ 
(Internal Data_B_US_) ___________ ~ 
H5YNC • 

Data Contention 

Internal Data ~ 

Bus Timing ___ ------------v/AV/#/k 
(Frame Enable INT) 

Figure 5.3 DMA Timing Waveforms 

In addition to the previous considerations, the followng external 
circuit may be necessary, depending on the system configuration. 
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OACK i5AcK 

LS74 

OREQ 
OREQ 

GDC DMAC 

Clock 

Figure 5.4 System Configuration to Maintain DMA High until DACK/ Occurs 

To keep TI, T2 L TCLK, with uPD8257 DMA Controller: 

DMA operation in Flash Mode display 

or DMA operation while BLANKING. 

HLDA (CPU)------------., 

HLDA 

DACK I----+----~-t__-----, DACK 

GOC 

OREQ ~--+--\ 
I--~-----t OREQ 

L--___ --+ ____ -I Clock 

OMAC 

Figure 5.5 System Configuration with uPD8257 DMA Controller to Maintain 

Tl, T2 L TCLK 
HLDA (CPU) 

BLANK HLDA 

OACK OACK 

GDC DMAC 

DREQ 
DREQ 

Clock 

Figure 5.6 System Configuration for DMA Operation with Flashless Mode 

GOC 

DACK ~--------------i DACKn 

DREQ 1-----\ 

CLR 
LS74 

DACKa 

DACKb 

D Q 1----.-----1 OREQn 

~----+-----i Clock 

DMAC 

Figure 5. 7 System Configuration for DMA Operation with llPD8237 Dt-1A Controller 
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CHAPTER 6 Video Interface 

6.1 Video Timing Calculations 

6.1.1 Introduction 

All GDC applications require calculation of the parameters for the 
GDC's Video Sync Generator. These parameters control the various 

intervals that form the video raster-scan sequence. Factors to be 
considered when selecting these interval widths include the CRT 

monitor's characteristics, the desired display format, and the 
capabilities of the GDC itself. These factors are interactive and are 

made compatible via the Video Sync Generator parameters and the choice 
of the clock frequency. 

The GDC Video Sync Generator counts out the video format using the 

basic display memory cycle period as the basic unit of time. Each 
display cycles uses two cycles of the 2xWCLK clock. This period of time 

is used for several purposes by the GDC, including active display 
cycles, blanked cycles, and one half of a RMW cycle. Zoom magnified 
display cycles are stretched by multiples of this interval. 

Every horizontal line in the video raster is formed by four 
intervals, each composed of an integer number of display cycle periods. 

The first is the Horizontal Front Porch, HFP. The next is the 
Horizontal Sync pulse, HS, and then comes the Horizontal Back Porch, 

HBP. The video during these first three intervals is blanked while the 
CRT display unit horizontally retraces. The fourth interval is the 

Active Display period, AW, where the contents of display memory are sent 
to the screen during active display lines. 

The video field is formed by four groups of lines which correspond 
to the horizontal intervals. They are the Vertical Front Porch, VFP, 
the Vertical Sync, VS, the Vertical Back Porch, VBP, and the Active 

Lines, AL. All are entirely blanked, except for the Active Lines which 
are unblanked during their AW interval. Each vertical interval is 
generated using an integer number of lines. 

A video frame, when generating interlaced video, is composed of two 
video field in sequence, each scanning only half of the total data to be 
displayed. One field scans the even displayed lines and the next field 

117 



scans the odd lines. In this way, both the horizontal scan frequency 
and the video data rate are reduced to one half of their non-interlaced 
rates. The GDC can be programmed to generated interlaced video. Refer 
to section 6.1.3 for the special considerations in this mode of 
operation. 

6.1.2 Calculating the Parameters 

The Sync Generator parameters can be specified to generate almost 

any video sync format when used with the correct clock frequency. Given 
the initial details of the desired video format and the operational 
requirements of the CRT display unit, a procedure is outlined below to 
find the proper parameters and clock frequency. The assumption is made 

that the clock frequency is constant. Note that for coded character and 
character generator applications, a single character replaces the word 
of 16 pixels used in graphics bit-mapped applications. Mixed mode 
operation requires a more sophisticated clocking scheme, as does the 

generation of NTSC composite color signals. 

STEP 1: 

Specify the desired display format based on the applications 
requirements. The visible image on the screen appears during the 

"active" intervals of the video raster sequence. The active intervals 
are the unblanked times during which video information is sent to the 
CRT screen. The entire video sequence will also include blanked 
intervals to provide time for the CRT display to retrace its beam at the 

end of each horizontal line and at the bottom of the screen. One of the 
goals of these calculations is to determine the length of these blanked . 
intervals. Of course, after going through the following calculations, 
it may be necessary to adjust the display format to rneeteither GDC or 
CRT display constraints. 

- The number of pixels to be actively displayed horizontally on 
each raster line must be selected as a multiple of 32. The GDC 
limits this to a maximum of 4096 pixels or, in Character mode, 256 
characters. 

- The number of active video lines to be displayed can be any 

integer up to 1024 lines per field. If 2:1 interlaced video is 
used, 2048 lines can be displayed with 1024 lines in each field. 
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- The speed at which the CRT beam makes one pass from the top of 
the screen to the bottom must be selected. This determines the 
video field rate. It is common to use a 60 Hz field rate but 

almost any other value can be generated by the GDC. u.s. 
broadcast television standards call for 59.95 Hz rate. European 

video systems are based on 50 Hz field rate. High resolution 
displays might use 40 Hz ,or lower rates. 

Two design considerations must be taken into account when 
making this choice. The refresh rate must be high enough to avoid 
display flicker with the CRT phosphor used, and the upper 
frequency limitations of the various system components must not be 
exceeded. The following definitions summarize these 
relationships: 

fVERT = Frequency of the vertical sync pulses 
tFIELD = Time between vertical pulses 

= Time of a video field 

tVERT = I / fFIELD 

The GDC can generate interlaced video in which one half of the 

display lines are scanned during each video field. Two successive 
video fields scan the entire image raster in such a way that the even 
numbered lines are scanned in one field and the odd numbered lines are 
scanned in the next field. The Sync Generator parameters control a 

single field's composition. Interlaced video uses two of these fields 
plus one line (which is automatically added if interlace operation is 

specified) to display one video frame (the video entity which scans 
all the information to be displayed). If interlaced operation is 

used, the number of displayed lines per field will equal one half of 
the lines displayed in total. 

DL 
AL 
Video Field 
Video Frame 

= Total Lines Displayed 
= Active Lines displayed per video field 
= Interval between successive vertical sync pulses 
= Interval required to bring all the displayed 

data to the screen 
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For interlaced video (2 fields per frame): 

AL = DL / 2 

For non-interlaced video: 

AL = DL 

STEP 2: 

The next step is to determine the requirements of the video CRT 

unit. The values listed below are important in the calculations 
establishing the video parameters. The display unit must be capable 
of displaying the desired video format. It is important during the 
calculations to check the results against the capabilities of the 
equipment and devices to find any incompatibilities. 

Vertical Blanking Requirement: tVB, min. and max. 

(RS-343: 1250 usec + 150 usee = 1100 to 1400 usee) 

Horizontal Blanking Requirement: tHB, min and max. 

(RS-343: 7 usec + 0.250 usee = 6.75 to 7.25 usee) 

Horizontal Sweep Frequency: fHORIZ, min and max. 

STEP 3: 

The video field must be composed of an integer number of lines. 

These lines must be broken down first into the active display lines 
and the blanked vertical retrace lines. Later the blanked lines will 
be further divided into the VFP, VS, and VBP intervals. The number of 
active lines has been specified above as AL. Here the number of 
blan~ed lines must be determined to provide the CRT enough blanking. 
The sum of the two line types will be the number of lines in the video 
field and will be used to calculate the horizontal sweep frequency. 

To find the number of lines needed for the vertical blanking 
period it is necessary to find the maximum time of the active 
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interval. Dividing this by the known number of active lines will give 
the maximum length line time since the overriding concern is to have 

the lowest horizontal frequency consistent with the CRT's 
requirements. All lines must be of the same length so we can divide 
the minimum vertical blanking time by this longest line time to find 
the number of lines needed for blanking. Of course, it is highly 
unlikely that this will be an even number. Therefore, it will be 
necessary to round this up to the next larger integer value. This 
will boost the horizontal sweep frequency slightly above the lowest 

possible, but it will assure the proper amount of blanking. Knowing 
the actual number of lines in the raster will allow the calculation of 
the exact line time in the next step. 

In some situations the total number of lines in the raster, 
blanked and unblanked, will be given. In this case, the line time 
will be easy to calculate without the preliminaries described above. 

Vertical Active Display Time: tVA 

tVA 
tVA (max) 

= 
= 

tFIELD - tVB 
tFIELD - tVB (min) 

Time of one horizontal sweep, tLINE (approximate value): 

tLINE (approx) = tVA (max) / AL 

Number of blanked lines, BL: 

BL = tVB(min) / tLINE (approx) <round up> 

Number of total lines in the video field raster, TL: 

TL = AL + BL 
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STEP 4: 

Once the total number of lines in the video field, TL, is 
determined, the time of a horizontal sweep can be easily calculated 
using the duration of the video field, tFIELD, which was determined in 
Step 3. The horizontal sweep frequency can then be calculated and 

compared to the capabilities of the CRT unit. 

The actual horizontal sweep period, tLINE: 

tLINE = tFIELD / TL 

The frequency of the horizontal sweep, fHORIZ: 

fHORIZ = 1 / tLINE 

STEP 5: 

Given the exact line time, tLINE, and the number of blanked lines 
during vertical retrace, the length of the vertical blanking interval 
can be calculated and compared with the CRT unit's requirements. 

The actual time of the vertical blanking interval: 

tVB (actual) = tFIELD - (BL * tLINE) 

STEP 6: 

Now that the major vertical parameters are established, the 
variables within the video line can be computed. Like the vertical 

format, each horizontal line can be divided into a blanked retrace 
part and an active part. The horizontal retrace of the CRT beam is 

done during the blanked time of each line. The active part of the 
line is unblanked during active display lines to display the video 

data on the CRT screen. During the vertical retrace period, this part , 
of the line is blanked along with the horizontal retrace period. 

The maximum time of the horizontal active period, tAH(max}: 

tHA(max} = tLINE - tHB(min} 
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Active words displayed per line, AW: 

AW = AP / 16 

The approximate time of a display cycle, tOC: 

tOC(approx) = tHA(max) / AW 

The number of blanked display words per line, BW: 

BW = tHB(min) / tOC(approx) <round up> 

The total word accesses per line, TW: 

TW = AW + BW 

The actual time length of each display access cycle, toe: 

toc = tLINE / TW 

STEP 7: 

With the exact length of the basic access cycle time determined, 
the actual length of the horizontal blanking interval can be computed. 
The calculations above will yield a value that is a fraction of an 
access cycle time longer than the target length. Of course, another 
target time could have been used in place of the minimum CRT blanking 

requirement if there had been overriding considerations. In either 
case it is important to find the exact blanking interval time and 

compare it to the original requirement. In cases of a very narrow 
range of acceptable values, it may be difficult to find an integer 

number of cycles which will work. 

The actual duration of the horizontal blanking interval: 

tHB = toC * BW 
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STEPS: 

In the normal graphics operating mode of the GDC, a display cycle 
accesses 16 pixels to send to the CRT. Therefore, the frequency of 
the pixel clock must be sixteen times the display cycle frequency, 
fDC, and eight times the frequency of 2xWCLK. This is the mode of 
operation used throughout this discussion. 

Two other modes of operation can be used instead of the normal 16 
pixels per word Graphics mode. In the wide display access mode, the 
pixel clock is 32 times the display cycle frequency (16 times f2xWCLK) 
so that 32 pixels can be accessed from even and odd word pairs 
simultaneously. In the Mixed mode, a graphics area uses four 2xWCLK 
cycles for each active display cycle. Each display cycle accesses 16 
pixels in twice as many GDC clock cycles as the normal mode uses. 
Therefore, the pixel clock frequency is four times f2xWCLK, instead of 
the normal eight times. The GDC outputs the display address twice for 
each display word, effectively accessing each location twice, so the 
AW parameter value must be twice the normal mode'S value for the same 

number of displayed pixels. During horizontal retrace, two GDC clocks 
define a "display cycle" word time as in the normal operating mode. 
If these modes are used, the Active Words parameter, AW, must be 
adjusted accordingly for the earlier calculation, as must the 

relationships between the various clocks. 

The pixel period, tPIX (normal graphics mode): 

tPIX = tDC/16 

The frequency of the pixel clock, fPIX: 

fPIX = I / tPIX 

The GDC clock period, t2xWCLK: 

t2xWCLK = tDC / 2 (Two 2xWCLK cycles per display cycle) 

The frequency of the GDC clock, f2xWCLK: 

f2xWCLK = 1/ t2xWCLK 
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Be sure to compare f2xWCLK to'the GDC's upper and lower clock 
frequency limits. Proper operation of the device cannot be guaranteed 
outside these limits, even though the device may appear to work under 
laboratory conditions. If a limit is exceeded, it may be possible to 
change the mode of operation of the device as described above to move 
the clock frequency back within the allowed range. 

STEP 9: 

The horizontal blanked display cycle words, specified by BW, must 
be broken down into three intervals for the GDC: Horizontal Front 

Porch, HFP, Horizontal Sync, HS, and Horizontal Back Porch, HBP. The 
relationship between them is: 

BW = HFP + HS + HBP 

where each variable is an integer number of display cycle word 
periods. These individual values are chosen based on several 
considerations. First, there are minimum width requirements for these 
intervals in various operating modes to provide time for the GDC's 
Command Processor to handle its tasks during horizontal blanking time. 
Second, if dynamic RAM refresh is enabled for the display memory, 
Horizontal Sync must be wide enough to provide at least the minimum 
RAM refresh rate at the horizontal sweep frequency in use. During 
Horizontal Sync, each display cycle address comes·from an internal 
refresh counter, if refresh is enabled. These refresh cycles have the 
highest priority in the GDC's display memory cycle arbitration scheme 

to ensure they are never interrupted or delayed. Third, the 
Horizontal Sync pulse width and position must meet the CRT display 
unit's requirements. When there is a conflict between these 
considerations they must be resolved in the order in which they are 
presented here. External hardware may have to be added in some cases, 
or the clock to the GDC can be speeded up during retrace time, etc. 

125 



Horizontal Front Porch, HFP Constraints: 

In general 

HFP ~ 2 Display Cycles (4 2xWCLK cycles) 

If Video Sync Slave mode is used then 
HFP ~ 4 Display Cycles (8 2xWCLK cycles) 

If the Light Pen is used then 

HFP ~ 6 Display Cycles (12 2xWCLK cycles) 

Horizontal Sync, HS, Constraints: 

If DRAM refresh is enabled, 

HS ~ 2 Display Cycles (4 2xWCLK cycles) 

If Interlaced Display mode is used then 
HS ~ 3 Display Cycles (6 2xWCLK cycles) 

Horizontal Back Porch, HBP Constraints: 

In general 

HBP ~ 3 Display Cycles (6 2xWCLK cycles) 

If the IMAGE or WD modes change in the video field, 
HBP ~ 5 Display Cycles (10 2xWCLK cycles) 

If the Interlace Display and split screen are used, 

HBP ~ 5 Display cycles (10 2xWCLK cycles) 

The dynamic RAM refresh rate must be set just fast enough to meet 

the requirements of the RAMs and to provide as much drawing time 
during the horizontal line as possible. Considering uPD4164-type 64K 

RAMs, 128 refresh cycles must be done every 2000 usec. Since refresh 
cycles are done only Quring the Horizontal Sync (HSYNC) interval of 

each line, each video line must do enough refresh cycles so that in 
2000 usec, 128 cycles have been executed. Other RAMs might require a 

different number of refresh cycles in a different time period. 

The variables of concern are: 

- The Refresh Interval, tREFRESH (2000 usec for 4l64s) 
- The Refresh Cycle Count, RCC (128 for 4164s) 

- The time of a horizontal sweep, tLINE 
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The number of video sweep lines per refresh interval, LRI: 

LRI = tREFRESH / tLINE <round down> 

The minimum number of refresh cycles per line, RCL: 

RCL (min) = RCC / LRI <round up> 

The number of display cycles in Horizontal Sync, HS: 

HS ~ RCL (min) 

STEP 10: 

Like the horizontal retrace interval, the vertical retrace 

interval must also be separated into three parts. Unlike the 
horizontal retrace interval, there are no restrictions on the number 
of lines in each interval except that each must be at least one line 
long. The three interval line counts must total the number of total 
blanked retrace lines calculated above: 

BL = VSP + VS + VBP 

where 

BL is the number of lines in vertical blanking interval 
VFP is the number of lines in the Vertical Front Porch 
VS is the number of lines in the vertical Sync pulse 
VBP is the number of lines in the Vertical Back Porch 

As a point of comparison, television broadcast standards require 

VFP = 3, VS = 3, and VBP = BL - VFP - VS. (VFP and the first 3 lines 
of VBP are used for equalization pulses.) 

Here are the crystal frequency and sync parameters for one particular 
monitor. 
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6.1.2.1 NEC CU-2002P2 Monitor Timing Calculations 

Basic monitor timing specifications: 

Horizontal Frequency = 22.7 kHz = 44.053 usec = H 
Vertical Frequency = 43 to 50.7 Hz, use 50 Hz = 20,000 
HBlanking = 9.0 usec min, 12 usec typ 
VBlanking = 1000 usec min, 2112 usec typ 
HFP = 4 usec typ 
HSYNC = 2 usec typ 
HBP = 6 usec typ 
VFP = 528 usec typ (12 H) 
VS = 528 usec typ (12 H) 
VBP = 1,056 usec typ (24 H) 

tACTIVE = 32 usec typ 

Number of sweeps in one field (use 50 HZ): 

22.7 kHz 
50 Hz 

sweeps/sec 
fields/sec 

= 454 sweeps/field 

Number of sweeps during VBlanking = 12 + 12 + 24 = 48 lines 

Number of active lines = 454 - 48 = 406 lines 
For a 4:3 aspect ratio: 

406 lines * 4/3 Pixels = 539.98 
Lines 

The GDC must have an even multiple of 16 pixels Active: 

539.98/16 = 33.75 words 

usec 

The GDC can generate 32 or 34 words for 512 pixels or 544 pixels. 

Use 544 pixels by 406 lines for A.R. = 544 = 1.34 
406 

Determine the number of word times per line: 

tACTIVE (typ) = 32 usee 
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two = 32 usee 
34 words 

tHBLANK (typ) = 
two (approx.) 

= 941.1764 nsee (approx.) 

12 usee 
.941 usee 

= 12.75 words 

which is rounded up to 13 words 

~OS/Line Total = 34 Active + 13 blanked = 47 words 

two = 44.053 usee 
47 

= 937.294 nsee = H 

(tHBLANK = 13 H = 12.185 usee) 

t2xWCLK = (1/2) two = 468.6 nsee 

tpIXEL = (1/8) t2xWCLK = 58.6 nsee 

fpIXEL = 17.070439 MHz <-- XTAL OSC 

f2xWCLK = 2.1338 MHz 

Horizontal Blanking Interval: 

13 Wds HB1anking = HFP + HS + HBP 

two = 937.3 usee -4usee -6usee 

HFP --) 4usee/two = 4.267 wds --) 4 wds. 
HS --) 2usec/two = 2.13 wds --) 3 wds. 
HBP --) 6usec:/two = 6.40 wds --) 6 wds. 

Vertical Blanking Interval: 

VBLANK = 48 lines = VFP + vs 

= 3.75 

= 2.81 

= 5.62 

+ VBP 

usee 
usee 
usee 

-12 lines -12 lines -24 lines 
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VFP = 12 Lines 
VS = 12 Lines 

VBP = 24 Lines 

6.1.2.2 Video Format Check 

XTAL asc frequency = 17.070439 mHz 

Number of words per line = 47 words per line 
Number of lines per field = 454 sweeps per line 

two = 16 = 937.2928 nsec 
17.070439 mHz 

tLINE = 47 two = 44.052761 usec --) 22.7 kHz 

tFIELO = 454 tLINE = 19999.953 usec --) 50 Hz 

tHBLANK = 13 two = 12.18 usec 

~BLANK = 48 tLINE = 2114.5 usec 

HFP = 4 two = 3.749 usec 
HS = 3 ~O = 2.812 usec 
HBP = 6 two = 5.624 usec 

6.1.3 Special Considerations for Interlaced Video 

Interlaced video (2:1 interlaced) is generated using a two-video 

field sequence, in which the total line count for both fields is odd, 
and the vertical sync pulse between the two fields is offset by 

exactly one half line time. These conditions,cause the display lines 
of the second field to be displayed between the lines of the first 

field. In this way, an image can be displayed without flicker, at a 
reduced bandwidth. Interlacing is particularly suited to the display , 
of camera-(or computer-) generated images (as differentiated from line 
drawings and text) because of the spatially band-limited nature of 

these images. This band-limiting exists along both the horizontal 
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sweep line and vertically across the video lines. Interlaced video is 
less well suited to typical computer-generated graphics and text 
displays in that there is no spatial band-limiting in the vertical 

direction. For example, one line in the video raster might be black 
while the very next line is full white. If these lines are scanned in 
alternate video fields as they are in using interlaced video, there 
will be very noticeable flicker and apparent vibration. Long 
persistence phosphors can be used to minimize the problem. 

The GDC can be programmed to generate interlaced video. The 
separate horizontal and vertical sync signals can be used with any CRT 

unit which accepts separate sync signals. The total line count of 

both fields, one video frame, will be one more than twice the line 

count per field for which the GDC is programmed. The GDC's Video Sync 
Generator adds this extra line automatically and offsets-the second 
VSYNC pulse by approximately one half line. In typical applications, 
the second field will be displayed within 15% of the ideal position 
between the lines of the first field. 

Transitions of the VSYNC output during interlaced operation take 
place at two different pOints with respect to the HSYNC pulse. First 

field transitions (both leading and falling edges) occur 

simultaneously with the leading edge of BLANK. In the second field, 
the transitions occur three 2xWCLK cycles before the middle of the 
active words interval, AW. It does not automatically position the 

VSYNC transitions at the exact midpoint of the line including the 
retrace blanking period. The exact relationship is best shown in the 
following example. 

I HFP I HSYNC I HBP I 

First Field VSYNC 

~ 

I 
I HFP I HSYNC I 

==x~ ____________________________ ~x~ ________ _ 

Second Field VSYNC 

______________________ ~x~ __________ ~--------

.I. In',,"" B .1 I. Interval A 

Figure 6.1 Horizontal Timing Relative to Vertical Sync Transitions 
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Interval A (2xWCLK cycles) = 2* (HFP + HS + HBP + AW/2) - 3 

Interval B (2xWCLK cycles) = 2* (AW/2) + 3 

Horizontal Blanked Display Cycles, HB: 

HB = HFP + HS + HBP 

Total number of 2xWCLK cycles during a horizontal line, TC: 

TC = HFP + HS + HBP + AW 

The Line pairing Interlacing Error Percentage, LPE: 

(percentage of a half line of offset) 

LPE = Interval A - Interval B ] / (TC/2) ) * 100% 

= ( (2*HB + AW - 3) - (AW + 3) ]/(TC/2) ) * 100% 

= [2*HB - 6 ] / (TC/2) ) * 100% 

= ( ( 4*HB - 12 ) / TC ) * 100% 

The Line pairing Error for a typical application: 

TC = 100 2xWCLK cycles 

HB = (1/5 * TC)/2 Blanking percentages of 20% 

LPE = ( (4*10 - 12) / 100) * 100% = 28% 

6.2 Cursor Display 

6.2.1 Introduction 

A cursor display indication is generated on the AI7 pin of the 
GDC during the active display intervals of character mode and the 
character areas of mixed mode. The output is high during the display 
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access time of the word pointed to by the EAD word address of the 
cursor. This signal can then be used by the external video circuitry 
to indicate the cursor on the screen with reverse video, a blinking 

underline, etc. 

6.1.2 Wide Display Mode 

The operation of the cursor becomes more involved when the wide 
display access mode is used. In this situation, the GDC is 
incrementing the Display Address, DAD, by two for each display cycle. 
The cursor indication during the display of coded characters must take 

this into account. The GDC outputs the cursor display indication in 
the appropriate half of the display cycle in which the character is 
accessed. 

If the starting address, SAD, of the display area partition is 
h . ~. even, t e GDC w~ll generate only even addresses as ~t advances by two 

addresses for each display cycle. The first half of the display cycle 
outputs the cursor display status of the first character to be 

serialized, which in this case is an even address character. Of 
course, the GDC expects the external video hardware simultaneously to 

access the character at the next higher odd address. The signal level 
of the cursor pin during the second half of the d~splay cycle 
indicates the cursor status of this character, which occupies the next 
higher odd address. 

Note that the video hardware is assumed to display the even 
address character first, and then the odd address character at the 
next higher address in display memory. The second principle is that 
the cursor indication for a given character is output one display 
cycle before the half cycle in which the character will be displayed. 
If the cursor signal is shifted through two bits of delay, clocked by 
2xWCLK rising edges, the resulting cursor signal will line up with the 
display time of the character. 

If the starting address of the display area is odd, the first 
display cycle will use the odd address as the DAD to the display 

memory, but the GDC assumes that the video shift registers still 
serialize the characters in the even-address-then-odd-address manner. 
In other words, the second half of the display cycle still corresponds 
to the odd address character. The difference is that the GDC will be 
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generating the address of the odd address character of the pair. The 
least significant bit of the display cycle address should be ignored 
when generating video. 

6.2.3 Cursor Programming Considerations 

For proper display of other than a block cursor (cursor is the 
entire row height), the cursor should not be programmed to display on 
the bottom line of the character row. Under some conditions when the 
cursor is in the top character row, the CTOP parameter is assumed to 
be 0 instead of the programmed value, so that the cursor will be 
displayed from the top line of the character row to the CBOT line. 

The CTOP parameter is correctly used in the other character rows. 

For interlaced video operation, all the parameter bytes must be 
given during initialization regardless of operating mode. This is 

true for graphics, mixed, and character modes. For non-interlaced 
operation in graphics mode, only the first parameter byte need be sent 

to the GDC. 
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Appendix A DISPLAY MEMORY ARCHITECTURE BLOCK DIAGRAMS 
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Figure A.l Wide Display Cycle Memory Configuration 
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Figure A.2 4-Plane Display System with Character Mode Option 
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APPENDIX B ONE-PLANE GDC SYSTEM DESIGN 
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Figure B.l One-Plane System, Part A 
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