




































































































































































6.1 Video Timing Calculations 

6.1.1 INTRODUCTION 

82720 

Chapter 6 
Video Interface 

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 G DC 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 generating using an integer number of lines. 

A video frame, when generating interlaced video, is composed of two video fields in sequence, each scanning 
only half of the total data to be displayed. One field scans the even displayed lines and the next field scans the 
odd lines. In this way, both the horizontal scan frequency and the video data rate are reduced to one half oftheir 
non-interlaced rates. The GDC can be programmed to generate 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. 
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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 informatin 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 thtoiigh the following calculations, it may be necessary to adjust the display format to 
meet either 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. 

- 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 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: 

NERT = Frequencyof the vertical sync pulses 
tFIELD = Time bewteen vertical pulses 

= Time of a video field 
tVERT = 1/ fFIELD 

The GDC can generate interlaced video in which one half of the display lines are scanned d~ring 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 Synch Generator parameters 
control a single field's compositlbh. Interlaced video uses two of these fields plus one line (which is 
automatically added if interlace opertion 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 = Total Lines Displayed , 
AL = Active Lines displayed per video field 
Video Field = Interval between successive vertical sync pulses 
Video Frame = I nterval required to bring all the displayed data to the screen 

For interlaced video (2 fields per frame): 

AL = DLl2 

For non-interlaced video: 

AI = DL 

STEP 2: 

The next step is to determine the requirements of the video CRT unit. The values listed below are important ih 
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 a~d devices to finq any incompatibilities. 

Vertical Blanking Requirements: tVB, min and max. 

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

Horizontal Blanking Requirements: tHB, min and max. 

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

Horizontal Sweep Frequency: fHORIZ, min and max. 
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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 
blanked lines must be determined to provide the CRT enough blanking. The sum ofthe 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 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 line neeeded 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 freqency 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 oflines 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 

STEP 4: 

tVA = tFIELD - tVB 
tVA (max) = 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 

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 ofthe 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 

STEPS: 
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 • tLlNE) 

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. 
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The maXimum time of the horizontal active period, tAH(max): 

tHA(max) = tLlNE - tHB(min) 

Active words displayed per line, AW: 

AW = API 16 

The approXimate time of a display cycle, tDC: 

tDC(approx) = tHA(max) I AW 

The number of blanked display words per line, BW: 

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

The total word accesses per line, TW: 

TW = AW + BW 

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

tOC = tLINE I TW 

STEP 7: 

With the exact length of the basic accf'SS cycle time determined,· the actual length of the horizontal blanking 
interval can be computed. The calculations above will yeild a value that is a fra~tion 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 requiement 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 

STEP 8: 

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, GDC, 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 ofthe 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 G DC 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 
operation 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 = tDCI16 

The frequency of the pixel clock, fPIX: 

fPIX = 1 I PIX 

The GDC clock period, t2xWCLK: 

t2xWCLK = tDC I 2 (TWo 2xWCLK cycles per display cycle) 

The frequency of the GDC clock, f2xWCLK: 

f2xWCLK = 11 t2xWCLK 

6-4 230685-001 



82720 

Be sure to compare f2xWCLK to the ODC'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 
ODC: 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 ODC'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 ODC'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 ODC can be speeded up during retrace time, etc. 

Horizontal Front Porch, HFP Constraints: 

- In general 

HFP ~ 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: 

- Ingeneral 

HBP ~ 3 Display Cycles (6 2xWCLK cycles) 

- If the IMAOE 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) 
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The dynamic RAM refre!h 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 2164A 64K RAMs, 128 
refresh cycles must be done every 2000 usec. Since refresh cycles are done only during 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 mightrequire a different number of refresh cycles ina different time period. 

The variables of concern are: 

- The Refresh Interval, tREFRESH (2000 usec for 4164s) 
- The Refresh Cycle Count, RCC (128 for 4164s) 
- The time of a horizontal sweep, tLINE 

The number ,of video sweep lines per refresh interval; LRI: 

LRI = tREFRESH / tUNE <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: 

where 

BL = VSP + VS + VBP 

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 BVP are used for equalization pulses.) 

Here are the crystal frequency and sync _parameters for one particular monitor. 

6.1.2.1 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 nHz = 20,000 usee 
HBlanking = 9.0 usee 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 sweeps/see = 454 sweeps/field 
50 Hz fields/sec 

Number of sweeps during VBJanking = 12 + 12 + 24 = 48 lines 
Number of active lines = 454 - 48 = 406 lines 
For a 4:3 aspect ratio: 
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406 lines' 4/3 Pixels 
Lines 

539.98 

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

539.98/16 = 33.75 words 

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 usec 

tWD = 32 usec = 941.1764 nsee (approx.) 

34 words 

tHBLANK (type) = 12 usec = 12.75 words 

tWD (approx.) .941 usee 

which is rounded up to 13 words 

tWDS/Line Total = 34 Active + 13 blanked = 47 words 

tWD = 44.053 usee = 937.294 nsee = H 
47 

(tHBLANK = 13 H = 12.185 usee) 

t2xECLK = (1/2) tWD = 468.6 nsee 

tplXEL = (1/8) t2xWCLK = 58.6 nsee 

fplXEL = 17.070439 MHz < - XTAL OSC 

f2xWCLK = 2.1338 MHz 

Horizontal Blanking Interval: 

13 Wds HBlanking = HFP + HS + HBP 

tWD = 937.3 usee -4usee -2usee -6usee 

HFP -> 4usee/tWD = 4.267 wds -> 4 wds. = 3.75 usee 
HS -> 2usee/tWD = 2.13 wds -> 3 wds. = 2.81 usee 
HBP -> 6usee/tWD = 6.40 wds -> 6 wds. = 5.62 usee 

Vertical Blanking Interval: 

VBLANK = 48 lines = VFP + VS + VBP 
_12 lines _12 lines _24 lines 

VFP = 12 Lines 
VS = 12 Lines 
VBP = 24 Lines 
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6.1.2.2 VIDEO FORMAT CHECK 
XTAL OSC frequency = 17.070439 mHz 

Number of words per line = 47 words per line 

Number of lines per field = 454 sweeps per line 

= 937.2928 nsee 

17.070439 mHz 

tUNE = 47 tWD = 44.052761 usee -> 22.7 kHz 

tFIELD = 454 tUNE = 19999.953 usee -> 50 Hz 

tHBLANK = 13 tWD = 12.18 usee 

tVBLANK = 48 tUNE = 2114.5 usee 

HFP = 4 tWD = 3.749 usee 

HS = 3 tWD = 2.812 usee 

HBP = 6 tWD = 5.624 usee 

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 ha:lfline 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 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 G DC can be programmed to generate interlace 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 GOC is programmed. The GOC's Video 
Sync Generator adds this extra line automatically and offsets the second VSYNC pulse by approximately one 
halfline. 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 2x WCLK cycles before the middle of the active 
words interval, A W. 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. 
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I HFP I HSYNC I HBP I AW 
I 

I HFP I HSYNC I 

FIRST FIELD VSYNC 

==x~ __________________________ ~x~ ______ __ 

SECOND FIELD VSYNC 

________________________ -Jx~ ____________________ __ 

I~ INTERVAL A J~ INTERVAL B 

6-1. Horizontal Timing Relative to Vertical Sync Transitions 

Interval A (2xWCLK cycles) = 2"(HFP + HS + Hap + 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] 1 (TC/2) ) " 100% 
= ( [2"HB + AW - 3) - (AW + 3) ]/(TC/2) ) " 100% 
= ( [2"HB - 6] 1 (TC/2) ) " 100% 
= «4"HB - 12)ITC) "100% 

The Line Pairing Error for a typical application: 

6.2 Cursor Display 

6.2:1 INTRODUCTION 

TC = 100 2xWCLK cycles 
HB = (1/5" TC)/2 Blanking Percentages of 20% 
LPE = «4"10 - 12) 1 100) " 100% = 28% 

A cursor display indication is generated on the Al8 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 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. 

6.2.2 WIDE DI~PI"AY MODE 

The operation ofthe 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 character must take this into account. The GDC outputs the cursor dispiay 
indication in the appropriate half of the display cycle in which the character is accessed. 
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If the starting address, SAD, of the display area partition is even, the GDC will generate only even addresses as it 
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 
ex;pects the ex;ternal video hardware simultaneously to access the character at the nex;t higher odd address. The 
signal level of the cursor pin during the second half of the display cycle indicates the cursor status of this 
character, which occupies the nex;t 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 nex;t 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 2x;WCLK 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 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 ofthe character row to the CBOT line. TheCTOP 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, mix;ed, 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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A-1. Wide Display Cycle Memory Configuration 
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A-2. 4-Plane Display System with Character Mode Option 
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Appendix B 
ONE-PLANE GDe SYSTEM DESIGN 
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8-1. One-Plane System, Part A 
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B-3. One-Plane System, Part C 






