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Description 

The Z7220A High-performance Graphics Display Con
troller {HGDC) is an intelligent microprocessor peripheral 
designed to be the heart of a high-performance raster
scan computer graphics and character display system. 
Positioned between the video display memory and the 
microprocessor bus, the HGDC performs the tasks 
needed to generate the raster display and manage the 
display memory. Processor software overhead is mini
mized by the HGDC's sophisticated instruction set, 
graphics figure drawing, and DMA transfer capabilities. 
The display memory supported by the HGDC can be 
configured in any number of formats and sizes up to 
256K 16-bit words. The display can be zoomed and 
panned, while partitioned screen areas can be indepen
dently scrolled. With its light pen input and multiple con
troller capability, the HGDC is ideal for advanced 
computer graphics applications. 

System Considerations 

The HGDC is designed to work with a general purpose 
microprocessor to implement a high-performance com
puter graphics system. Through the division of labor 
established by the HGDC's design, each of the system 
components is used to the maximum extent through a 
six-level hierarchy of simultaneous tasks. At the lowest 
level, the HGDC generates the basic video raster timing, 
including sync and blanking signals. Partitioned areas 
on the screen and zooming.are also accomplished at this 
level. At the next level, video display memory is modified 
during the figure drawing operations and data moves. 
Third, display memory addresses are calculated pixel by 
pixel as drawing progresses. Outside the HGDC at the 
next level, preliminary calculations are done to prepare 
drawing parameters. At the fifth level, the picture must 
be represented as a list of graphics figures drawable by 
the HGDC. Finally, this representation must be manipu
lated, stored, and communicated. By handling the first 
three levels, the HGDC takes care of the high-speed and 
repetitive tasks required to implement a graphics system. 

Features 

0 Microprocessor Interface 
DMA transfers 
FIFO Command Buffering 

0 Display Memory Interface 
Up to 256K words of 16 bits 
Read-Modify-Write {RMW) Display Memory cycles as 
fast as 500ns 
Dynamic RAM refresh cycles for nonaccessed 
memory 

0 Light Pen Input 
0 Drawing Hold Input 

Z7220A 
High-Performance 
Graphics Display Controller 
0 External video synchronization mode 
0 Graphics Mode 

Four megabit, bit-mapped display memory 
0 Character Mode 

SK character code and attributes display memory 
0 Mixed Graphics and Character Mode 

64K if all characters 
1 megapixel if all graphics 

0 Graphics Capabilities 
Figure drawing of lines, arc/circles, rectangles, and 
graphics characters in 500ns per pixel 
Display 1 024-by-1 024 pixels with 4 planes of color or 
grayscale 
Two independently scrollable areas 

0 Character Capabilities 
Auto cursor advance 
Four independently scrollable areas 
Programmable cursor height 
Characters per row: up to 256 
Character rows per screen: up to 100 

0 Video Display Format 
Zoom magnification factors of 1 to 16 
Panning 
Command-settable video raster parameters 

0 Technology 
Single +5V, NMOS, 40-pin DIP 

0 DMA Capability 
Byte or word transfers 
4 clock periods per byte transferred 

0 On-chip pull-up resistor for VSYNC/EXT, HSYNC and 
DACK, and a pull-down resistor for LPEN/DH 

Pin Configuration 

AD14 
A013 
A012 
A011 

AD10 
AD, 

AD, 
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AD, 
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AD, 
AD, 

AD, 
AD, 

AD, 
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44-Pin Plastic Chip Carrier (PCC) 
Pin Assignments 

Pin Identification 

-
- .,._ - -

2xWCLJ( In Clad< Input 
iiilii Oul Dloploy -....y _..,.,...Flog 
HSYNC CUI --SyncOulpul 
Y/EXTSVNC In/Out --Sync OUtput or -YSVNC Input 

5 BLANK Oul CRT lllonldng OUtput 
• ALE(lii!) CUI -�-OUtput 

DRQ Oul DIIA � Oulpul 

iiioCK In DIIA ---.Input 

AD In RIMI Strobe Input tor lllciope c c I&JD4' ......... 
10 Wli In --"""""" ..... a r lnlllltKe 
11 Ao In AdclnJ-. Slllct Input tor lllaopr1l Clll • klllltecl 

12-11 Dllo-llll, In/Out llldll'8ctloniiDiilllluatDHOil ... opiCICL J)l 
20 GND -
21 LPENIDH In Ughi-Dolocl�-lnput 

22-:M ADo-ADt2 In/OUt -ond��tollloploy-....y 
35-37 AD13-AD11 In/OUt �---"'.-

31 "'· CUI �---"'.-
31 "'' CUI �---"'.-
40 Vee +SY" 10%-Supply 

Character Mode Pin Utilization 

-
- .,._ - -

35-37 AD13-AD15 CUI Uno-BlloOIOZ Oulpulo 
38 "'· Out Uno-111130Uipul 
38 A,, Out eur-OUtputond Uno c-.llrlllt 4 

Mixed Mode Pin Utilization 

-
- .,._ - -

35-37 AD13-AD11 In/CUI -ond�BIIo131015 
31 "'· CUI --onda-Uno-Oulpul 
31 "'' Oul eur-ond--- Rog OUtput 

Graphics Mode Pin Utilization 

-
- .,._ - -

35-37 ADu-AD,, In/OUt .t.clchR Mel Dla Blte13 to 15 
38 A,. Oul -1111160Uipul 
38 An Oul -1111170Uipul 
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Block Diagram 

+5Vo----
GNOo---

2XWCLKo---

Pa ......... 
RAM 
16x8 

HGDC Components 

Microprocessor Bus Interface 

HSYNC 
Y/EXTSYNC ,__ _____ _, ---BLANK 

ALE !iliA 

A-17 
A-16 
AD-15 
AD-14 
AD-13 

LPEN 

Control of the HGDC by the system microprocessor is 
achieved through an 8-bit bidirectional interface. The 
status register is readable at any time. Access to the 
FIFO buffer is coordinated through flags in the status 
register and operates independently of the various inter
nal HGDC operations, due to the separate data bus con
necting the interface and the FIFO buffer. 
Command Processor 
The contents of the FIFO are interpreted by the command 
processor. The command bytes are decoded, and the 
succeeding parameters are distributed to their proper 
destinations within the HGDC. The command processor 
yields to the bus interface when both access the FIFO 
simultaneously. 
DMA Control 
The DMA control circuitry in the HGDC coordinates trans
fers over the microprocessor interface when using an 
external DMA controller. The DMA Request and Acknowl
edge handshake lines directly interface with a DMA con
troller, so that display data can be moved between the 
microprocessor memory and the display memory. 
Parameter RAM 
The 16-byte RAM stores parameters that are used repeti
tively during the display and drawing processes. In char
acter mode, this RAM holds four sets of partitioned 
display area parameters; in graphics mode, the drawing 
pattern and graphics character take the place of two of 
the sets of parameters. 



Video Sync Generator 
Based on the clock input, the sync logic generates the 
raster timing signals for almost any interlaced, non
interlaced, or "repeat field" interlaced video format. The 
generator is programmed during the idle period following 
a reset. In video sync slave mode, it coordinates timing 
between multiple HGDCs. 
Memory Timing Generator 
The memory timing circuitry provides two memory cycle 
types: a two-clock period refresh cycle and the read
modify-write (RMW) cycle which takes four clock periods. 
The memory control signals needed to drive the display 
memory devices are easily generated from the HGDC's 
ALE and DB IN outputs. 

Zoom and Pan Controller 
Based on the programmable zoom display factor and the 
display. area entries in the parameter RAM, the zoom and 
pan controller determines when to advance to the next 
memory address for display refresh and when to go on to 
the next display area. A horizontal zoom is produced by 
slowing down the display refresh rate while maintaining 
the video sync rates. Vertical zoom is accomplished by 
repeatedly accessing each line a number of times equal 
to the horizontal repeat. Once the line count for a display. 
area is exhausted, the controller accesses the starting 
address and line count of the next display area from the 
parameter RAM. The system microprocessor, by modify
ing a display area starting address, can pan in any direc
tion, independently of the other display areas. 
Drawing Controller 
The drawing_ processor contains the logic necessary to 
calculate the addresses and positions of the pixels of the 
various graphics figures. Given a starting point and the 
appropriate drawing parameters, the drawing controller 
needs no further assistance to complete the figure 
drawing. 
Display Memory Controller 
The display memory controller's tasks are numerous. Its 
primary purpose is to multiplex the address and data 
information in and out of the display memory. It also con-. 
tains the 16-bit logic unit used to modify the display mem
ory contents during RMW cycles, the character mode 
line counter, and the refresh counter for dynamic RAMS. 
The memory controller apportions the video field time 
between the various types of cycles. 
Light Pen Deglitcher/Drawing Hold 
Only if two rising edges on the light pen input occur at 
the same point during successive video fields are the 
pulses accepted as a valid light pen detection. A status 
bit indicates to the system microprocessor that the light 
pen register contains a valid address. If this input is held 
high for a period greater than four 2xWCLK cycles, draw
ing execution is halted. 

Programmer's VIew of HGDC 

The HGDC occupies two addresses on the system micro
processor bus through which the HGDC's status register 
and FIFO are accessed. Commands and parameters are 
written into the HGDC's FIFO and are differentiated 

based on address bit Ao- The status register or the FIFO 
can be read as selected by the address line. 

AO READ -ITE 

Status Register Parameter Into FIFO 

I I I I I I I I I 
FIFO Read Command Into FIFO 

I I I I I I I I I I I 

HGDC Microprocesaol' Bus lnterf- Reg/slats 

Commands to the HGDC take the form of a command 
byte followed by a series of parameter bytes as needed 
for specifying the details of the command. The command 
processor decodes the commands, unpacks the parame
ters, loads them into the appropriate registers within the 
HGDC, and initiates the required operations. 
The commands available in the HGDC can be organized 
into five categories as described in the following section. 

HGDC Commands Summary 

Video Control Commands 
1. RESET1 Resets the HGDC to its idle state. 

Resynchronizes video timing. Blanks 
the display. 

2. RESET2 Resets the HGDC to its idle state. 
Does not resynchronize video timing. 
Blanks the display. 

3. RESET3 Resets the HGDC to its idle state. 

4. SYNC 
5. VSYNC 

Does not resynchronize video timing. 
Does not blank the display. 
Specifies the video display format. 
Selects master or slave video synchro
nization mode. 

6. CCHAR Specifies the cursor and character 
row heights. 

Display Control Commands 
1. START Ends Idle mode and unblanks the 

display. 
2. BLANK1 Controls the blanking and unblanking 

of the display, along with video resyn
chronization. 

3. BLANK2 Controls the blanking and unblanking 

4. ZOOM 

5. CURS 

6. PRAM 

7. PITCH 

of the display. Does not blank the 
display. 
Specifies zoom factors for the display 
and graphics characters writing. 
Sets the position of the cursor in dis
play memory. 
Defines starting addresses and 
lengths of the display areas and speci-
fies the eight bytes for the graphics 
character. 
Specifies the width of the X dimension 
of display memory. 
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Drawing Control Commands 
1. WDAT Writes data words or bytes into display 

memory. 
2. MASK Sets the mask register contents. 
3. FIGS Specifies the parameters for the draw

ing controller. 
4. FIGD Draws the figure as specified above. 
5. GCHRD Draws the graphics character into 

display memory. 
Data Read Commands 

1. RDAT Reads data words or bytes from dis
play memory. 

2. CURD Reads the cursor position. 
3. LPRD Reads the light pen address. 

DMA Control Commands 
1. DMAR Requests a DMA read transfer. 
2. DMAW Requests a DMA write transfer. 

Status Register Flags 

, I 7 I 6 I 5 I 4 I 3 I 2 I 1 0 I 

I 
l 

I t 
t �DawReady 

FIFO Full 
FIFO Empty 
Oniwlng In Progress 
OMA Execute 
VerUcel Sync Active 
Hortzontlll Blenk Active/ 

v.rttcel Blank Active 
Ugh1 Pen Detect 

Status Register (SR} 

SR-7: Light Pen Detect 
When this bit is set to 1, the light pen address (LAD) reg
ister contains a deglitched value that the system micro
processor may read. This flag is reset after the 3-byte 
LAD is moved into the FIFO in response to the light pen 
read command. 
SR-6: Horizontal Blank ActiveNertical Blank Active 
A 1 value for this flag signifies that horizontal retrace 
blanking or vertical retrace blanking is currently under
way dependent on the status of the VH bit in SYNC or the 
RESETx parameter 6. 
SR-5: Vertical Sync 
Vertical retrace sync occurs while this flag is a 1. The 
vertical sync flag coordinates display format modifying 
commands to the blanked interval surrounding vertical 
sync. This eliminates display disturbances. 
SR-4: DMA Execute 
This bit is a 1 during DMA data transfers. 
SR-3: Drawing in Progress 
While the HGDC is drawing a graphics figure, this status 
bit is a 1. 
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SR-2: FIFO Empty 
This bit and the FIFO-full flag coordinate system micro
processor accesses with the HGDC FIFO. When it is 1, 
the Empty flag ensures that all the commands and pa
rameters previously sent to the HGDC have been 
interpreted. 
SR-1: FIFO Full 
A 1 at this flag indicates a fuii.FIFO in the HGDC. A 0 
ensures that there is room for at least one byte. This flag 
needs to be checked before each write into the HGDC. 
SR-0: Data Ready 
When this flag is a 1, it indicates that a byte is available to 
be read by the system microprocessor. This bit must be 
tested before each read operation. It drops to a 0 while 
the data is transferred from the FIFO into the micropro
cessor interface data register. 

FIFO Operation and Command Protocol 

The first-in, first-out buffer (FIFO) in the HGDC handles 
the command dialogue with the system microprocessor. 
This flow of information uses a half-duplex technique, in 
which the single 16-location FIFO is used for both direc
tions of data movement, one direction at a time. The 
FIFO's direction is controlled by the system microproces
sor through the HGDC's command set. The host micro
processor coordinates these transfers by checking the 
appropriate status register bits. 
The command protocol used by the HGDC requires dif
ferentiation of the first byte of a command sequence from 
the succeeding bytes. The first byte contains the opera
tion code and the remaining bytes carry parameters. 
Writing into the HGDC causes the FIFO to store a flag 
value alongside the data byte to signify whether the byte 
was written into the command or the parameter address. 
The command processor in the HGDC tests this bit as it 
interprets the entries in the FIFO. 
The receipt of a command byte by the command proces
sor marks the end of any previous operation. The number 
of parameter bytes supplied with a command is cut short 
by the receipt of the next command byte. A read opera
tion from the HGDC to the microprocessor can be termi
nated at any time by the next command. 
The FIFO changes direction under the control of the 
system microprocessor. Commands written into the 
HGDC always put the F IFO into write mode if it was not in 
it already. If it was in read mode, any read data in the 
FIFO at the time of the turnaround is lost. Commands 
which require an HGDC response, such as RDAT, CURD 
and LPRD, put the FIFO into read mode after t�e com
mand is interpreted by the HGDC's command processor. 
Any commands and parameters behind the read-evoking 
command are discarded when the FIFO direction is 
reversed. 



Reed-Modify-Write Cycle 

Data transfers between the HGDC and the display mem
ory are accomplished using a read-modify-write (RMW) 
memory cycle. The four-clock period timing of the RMW 
cycle is used to: 1) output the address, 2) read data from 
the memory, 3) modify the data, and 4) write the modified 
data back into the initially selected memory address. 
This type of memory cycle is used for all interactions with 
display memory including DMA transfers, except for the 
two-clock period display and RAM refresh cycles. 
The operations performed during the modify portion of 
the RMW cycle merit additional explanation. The circuitry 
in the HGDC uses three main elements: the Pattern regis
ter, the Mask register, and the 16-bit Logic unit. The Pat
tern register holds the data pattern to be moved into 
memory. It is loaded by the WDAT parameters or, during 
drawing, from the parameter RAM. The Mask register 
contents determine which bits of the read data will be 
modified. Based on the contents of these registers, the 
Logic unit performs the selected operations of REPLACE, 
COMPLEMENT, SET, or CLEAR on the data read from 
display memory. 
The Pattern register contents are ANDed with the Mask 
register contents to enable the actual modification of the 
memory read data, on a bit�by-bit basis. For graphics 
drawing, one bit at a time from the Pattern register is 
combined with the Mask. When ANDed with the bit set to 
a 1 in the Mask register, the proper single pixel is modi
fied by the Logic unit. For the next pixel in the figure, the 
next bit in the Pattern register is selected and the Mask 
register bit is moved to identify the pixel's location within 
the word. The Execution word address pointer register, 
EAD, is also adjusted as required to address the word 
containing the next pixel. 
In character mode, all ofthe bits in the Pattern register 
are used in parallel to form the respective bits of the mod
ify data word. Since the bits of the character code word 
are used in parallel, unlike the one-bit-at-a-time graphics 
drawing process, this facility allows any or all of the bits 
in a memory word to be modified in one RMW memory 
cycle. The Mask register must be loaded with ones in the 
positions where modification is to be permitted. 
The Mask register can be loaded in either of two ways. In 
graphics mode, the CURS command contains a 4-bit 
dAD field to specify the dot address. The command pro
cessor converts this parameter into the 1-of-16 format 
used in the Mask register for figure drawing. A full 16 bits 
can be loaded into the Mask register using the MASK 
command. In addition to the character mode use men
tioned above, the 16-bit MASK load is convenient in 
graphics mode when all of the pixels of a word are to be 
set to the same value. 
The Logic unit combines the data read from display mem
ory, the Pattern register, and the Mask register to gener
ate the data to be written back into display memory. Any 
one of four operations can be selected: REPLACE, COM
PLEMENT, CLEAR or SET. In each case, if the respective 
Mask bit is 0, that particular bit of the read data is re
turned to memory unmodified. If the Mask bit is 1, the 
modification is enabled. With the REPLACE operation, 
the Pattern register data simply takes the place of the 
read data for modification enabled bits. For the other 

three operations, a 0 in the modify data allows the read 
data bit to be returned to memory. A 1 value causes the 
specified operation to be performed in the bit positions 
with set Mask bits. 

Figure Drawing 

The HGDC draws graphics figures at the rate of one pixel 
per read-modify-write (RMW) display memory cycle. 
These cycles take four clock periods to complete. At a 
clock frequency of 8MHz, this is equal to 500ns. During 
the RMW cycle the HGDC simultaneously calculates the 
address and position of the next pixel to be drawn. 
The graphics figure drawing process depends on the 
display memory addressing structure. Groups of 16 hor
izontally adjacent pixels form the 16-bit words which are 
handled by the HGDC. Display memory is organized as a 
linearly addressed space of these words. Addressing of 
individual pixels is handled by the HGDC's internal RMW 
logic. 
During the drawing process, the HGDC finds the next 
pixel of the figure which is one of the eight nearest neigh
bors of the last pixel drawn. The HGDC assigns each of 
these eight directions a number from 0 to 7, starting with 
straight down and proceeding counterclockwise. 

Figure drawing requires the proper manipulation of the 
address and the pixel bit position according to the draw
ing direction to determine the next pixel of the figure. To 
move to the word above or below the current one, it is 
necessary to subtract or add the number of words per 
line in display memory. This parameter is called the pitch. 
To move to the word to either side, the Execute word 
address cursor, EAD, must be incremented or decre
mented as the dot address pointer bit reaches the LSB or 
the MSB of the Mask register. To move to a pixel within 
the same word, it is necessary to rotate the dot address 
pointer register to the right or left. The table below sum
marizes these operations for each direction. 

Dlr a.-------.. 
000 
001 EAD- P-EAD 

dAD(IISB) = 1:EAD - 1-EAD dAD-LR 
010 

011 

100 

101 EAD- P-EAD 
dAD(LS8) = 1:EAD- 1-EAD dAD-RR 

110 

111 EAD- P-EAD 
dAD(LSB) = 1:EAO - 1-+EAD dAD-RA 

...._ P "' Pitch, LA = Left Rotate, RA = Right Rotate, EAO = Execute Word Address, and dAD = Dol Address stored in the Mask register. 
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Whole word draWing 18 useful for IUing areas In memory 
with a single value. By setting the Mask reglstarto d 1s 
with the MASK command, both the LSB end MSB ofthe 
dAD will always be 1, 80 that the EAD value wUI be Jncr8. 
mented or decrementsd for each cycle regardeaa of 
direction. One RMW cycle wiR be able to affeot 81116 bits 
of the word for any drawing type. One bit In the Pattern 
register Is used per RMW cycle to write au the bits of the 
word to the same value. The next PaUem bit Ia used for 
the word, etc. 
For the various figures, the effect of the Initial direction 
upon"the resulting drawing Ia shown below: 

Note thld during line drawing, the angle ofthe line may 
be anywhere within the shaded octant defined by the DIR 
value. Arc draWing starts In the direction Initially specmed 
by the DIR value and veers Into an arc as drawing pro
ceeds. lVI arc may be up to 46°ln length. DMA transfers 
are done on word boundaries only, and foDow the arrowe 
lndlcated In the table to find successive word addresses •. 

The slanted paths for DMA transfera Indicate the HGOC 
changing both the X and Y components of the word ad
dresa when moving to the next word. It does not follow a 
45° diagonal path by pbcal.s. 

Drawing Paramet .... 
In preparation for graphics figure drawing, the HGDC's 
Drawing processor needs the figure type, direction and 
drawing parameters, the starting pixel address, and the 
pldtem from the mlc:roprocesaor. Once these are In place 
within the HGDC. the Figure Draw command, FIGD, 
Initiates the drawlrig operation. From thld point on, the 
system microprocessor Ia not Involved In the drawing 
process. The HGDC Drawing controUer coordinales the 
RMW circuitry and addres� registers to draw the speci
fied figure plxal by pixel 
The algorithms used by the processor for figure drawing 
are designed to optimize Its drawing speed. To this end, 
the specific detaUs about the figure to be drawn are re
duced by the mlcroprccessorto a form conducive to 
high-speed address calculations within the HGDC. In 
this way the repetitive, plxel·by-plxel calculat�ons can be 
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done quickly, thereby minimizing the overall figure draw-
• ing time. The table below summarizes the parameters, 
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Graphics Cllaraoter Drawlq 
Graphics characlsra can be drawn Into display memory 
pixel by pixeL The up to 8-by-8 character display lsloeded 
Into the HGDC's parametar RAM by the system mlcropro
cessot Consequently, there are no llmltatlons on the 
character set used. By varying the drawing parameters 
and drawing direction, numerous drawing options are 
available. In area fW applications, a character can be 
written Into display memory as many times as desired 
without reloading the parameter RAM. 
Once the parameter RAM has been loaded with up to 
eight graphics charac:ter bytes by the appropriate PRAM 
command, the GCHRD command can be used to draw
the byteslnlo display memory starting at the cursor. The 
zoom magnification factor for writing, set by the ZOOM 
command, controls the size of the character written Into 
the display memory In Integer multiples of 1 through 18. 
The bit values in the PRAM are repeated horizontally and 
vertically the nu� of times specified by the zoom 
factor. • 

The IIIOYIII1I8I'll of these PRAM bytes to the display mem
ory Is controlled by the parameters of the FIGS 
command. 



Based on the specified height and width of the area to be 
drawn, the parameter RAM is scanned to fill the required 
area. 
For an 8-by-8 graphics character, the first pixel drawn 
uses the LSB of RA-15, the second pixel uses bit 1 of· 
RA-15, and so on, until the MSB of RA-15 is reached. 
The HGOC jumps to the corresponding bit in RA-14 to 
continue the drawing. The progression then advances 
toward the LSB of RA-14. This snaking sequence is con
tinued for the other 6 PRAM bytes. This progression 
matches the sequence of display memory addresses 
calculated by the drawing processor as shown above. If 
the area is narrower than 8 pixels wide, the snaking will 
advance to the next PRAM byte before the MSB is 
·reached. If the area is less than 81ines high, fewer bytes 
in the parameter RAM will be scanned. If the area is 
larger than 8 by 8, the HGDC will repeat the contents of 
the parameter RAM in two dimensions, as required to fill 
the area with the 8-by-8 mosaic. (Fractions of the 8-by-8 
pattern will be used to fill areas which are not multiples of 
8 by 8.) 

Parameter RAM Contents; RAM Address 
RA-0 to RA-15 

The parameters stored in the parameter RAM, PRAM, 
are available for the HGDC to refer to repeatedly during 
figure drawing and raster-scanning. In each mode of 
operation the values in the PRAM are interpreted by the 
HGDC in a predetermined fashion. The host micropro
cessor must load the appropriate parameters into the 
proper PRAM locations. PRAM loading command allows 
the host to write into any location of the PRAM and trans
fer as many bytes as desired. In this way any stored pa
rameter byte or bytes may be changed without 
influencing the other bytes. 
The PRAM stores two types of information. For specifying 
the details of the display area partitions, blocks of four 
bytes are used. The four parameters stored in each block 
include the starting address in display memory of each 
display area, and its length. In addition, there are two 
mode bits for each area which specify whether the area 
is a bit-mapped graphics area or a coded-character area, 
and whether a 16-bit or a 32-bit wide display cycle is to 
be used for that area. 
The other use for the PRAM contents is to supply the 
pattern for figure drawing when in a bit-mapped graphics 
area or mode. In these situations, PRAM bytes 8 through 
16 are reserved for this patterning information. For line, 
arc, and rectangle drawing (linear figures) locations 8 
and 9 are loaded into the Pattern register to allow the 
HGDC to draw dotted, dashed, etc. lines. For area filling 
and graphics bit-mapped character drawing locations 8 
through 15 are referenced for the pattern or character to 
be drawn. 
Details of the bit assignments are shown for the various 
modes of operation. 

Character Mode 

RA
-<lc
�
I
=

�=
�
=
SA
=
D
�
1
,
�=��� -1 0 0 1 

1 L) Display Partition Araa t 
SA01,. I starting address with low & '--��__J'--��-��....J r���:,eeflekls 

2
cl LENt, , 

IWDII 0 I ====j')fL Length of Display PartUk>n I 

RA-4 

RA-8 

10 

11 

RA-12 

13 

14 

15 

LEN1,. {line count) wtth high and 
.__,........_......._ __ ��-�_._....J_ lowsigniflcancefields 

1 A Wide Display cycle width 
of two words per memory cycle 

'------------ �·::-:,�:.d.':'� 

0 0 0 I 
LEN2, 

WD21 0 I 

0 0 0 I 
LEN3c 

WD31 0 l 

0 0 0 I 
LEN4, 

WD41 0 _I 

SAD2
, 

SAD2" 

I 0 0 

LEN2,. 

SA03l 

SAD3e 

I 0 0 

LEN3e 

SAD4l 

SA �Me 

I 0 0 

LEN4" 

0 0 

0 0 

0 0 

1--

1--

1--

The dlaptay address counter 
is then Incremented by 
2 for each display ��ean 
cycle. Other memory cycle 
types are not Influenced. 

Display PartHion 2 
starting addreas 
and length 

Display Partttlon 3 
starting address 
and length 

Oilplay Partition 4 
starting addreu 
and length 
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Graphics and Mixed Graphics and Character Modes 

RA-8 � PTN, or 

PTN" or 

RA-1 0 

11 

12 

13 

14 

15 

GCHR8 

GCHR7 

GCHR& 

GCHRS 

GCHR4 

GCHR3 

GCHR2 

GCHR1 

��� 

r-

[/ 

Pattern of 16 bits uHd tor figure dnowtng to pottorn 
dotted, dashed, etc. lines 

Graphics character bytes 
to be moYIId into display memory with graphics character dr��wlng 

I 
L_ Display Partition Area 1 

AA-0 SAD1, ��stertlngaddresawfth low, 1-. -��--'--���-.J---'--J ;�.��-= =::
r
!:)ificance 

RA-4 

I 
SAil1. 

SAD1,. 

I I � 1--- Length of Display Partition 
�01 IM LEN1,. Area 1 with low and high 1.-. -.L. --...--'---��-�-��--' s;gniflcancefields{llne count) 

In mixed mode, a 1indlcates an �---------- :=��=��;!.�0a 0 

SA02, 

SAD2M 

LEN2, 
J 

0 

WD2,1M I LEN2,. 

0 
I 

SAD2" 

graph tcs mode this bH must be o. When 1, the DAD Is incremented 
... evtKY other display cycle. 

-Display Partition Area 2 
starting address and 
-hwlth l..._ bit as In area1 

Command Bytes Summary 

RESET1 I 0 

RESET2 I 0 

RESET3 I 
BLANK1 

I 
0 

BLANK2 0 
I 

DE 

SYNC 

VSYNC 

CCHAR 
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Command Bytes Summary 

START 

ZOOM 

CURS 

PRAM 

PITCH 

WDAT I 0 1 I 
MASK 

AGS 

AGO 

GCHRD 

RDAT 

CURD 

LPRD 

DMAR 1 I 
DMAW 1 I 

VIdeo Control Commands 

Reset 

RESETX: 

0 

1
1 

TYPE 

0 
1

1 

I 

TYPE 

o 1 o 

I 
TYPE 

TYPE 

1 I 
0 I 
1 I 

SA I 
1 I 

I o I MOD 

I I MOD 

11 I MOD 

1 I MOD 

-1h0 dilploy,
ldlo-oncllnltlollze 
wtUiin1hOHGDC: 
- FIFO  
-Commond-
-1 ........ Countora 

This command can be executed at any time and does not 
modify any of the parameters already loaded into the 
HGDC. 
If followed by parameter bytes, this command also sets 
the sync generator parameters as described below. Idle 
mode is exited with the START command. 
RESET1: 
RESET2: 
RESET3: 

Resync video timing in slave mode. 
Blank the display and do not resync. 
Unblank the display and do not resync. 



PI 
P2 
P3 

P• 

P5 
P6 

P7 

P8 

MFP 

-ol Oponllton - IIIIo s--
Acllw llloploy - .... 
Hne-2 _be_, -wtthbltO•O 

YS,. 1--1 Sync Wldlh, high IIIIo 

..____.__.___._,, '-_., ==�=�====�---1 Fronl Pon:h Wldlh - 1 

DH PH 

VH VL 

·� 

HBP f--
VFP f--

I-

Ho<lzont.IBockPon:hWidth-1 

Vertical Front Porch Width 
ActMDioployUnes,.. -Field, low IIIIo 

In graphics mode, a word is a group of 16 pixels. In char
acter mode, a word is one character code and its attrib
utes, if any. The number of active words per line must be 
an even number from 2 to 256. An all-zero parameter 
value selects a count equal to 2" where n = number of 
bits in the parameter field for vertical parameters. All 
horizontal widths are counted in display words. All verti
cal intervals are counted in lines. 
If the Drawing Hold (DH) is set to one, pin 21 (LPEN/DH) 
is used as the drawing hold control pin. When the input 
to LPEN/DH is held high for over four 2 x WCLK clocks, 
the drawing address output is temporarily held and the 
display address is. output. 
The HGDC allows an even or odd number of lines per 
frame. Selection is via the VL flag, the seventh bit of the 
sixth parameter byte following a RESET or SYNC com
mand. When VL is 0, an odd number of display lines is 
generated. 

VL _ ol_ln __ 
Ddd,Min7220 

When VH = 0, status operation is as in the 7220. 

VM - - ... -
-rogloWbll __ _ 
-rogloWbltllrdcoloo--

PH is the most significant bit (9) of the display pitch pa
rameter. Use the PITCH command to set the lower eight 
bits. 

SYNC Generator Period Constraints 

Horizontal Back Porch Constraints 
1. In general: 

HBP ;.. 3 Display Word Cycles (6 clock cycles). 
2. If the Image bit or WD mode changes within one video 

field: 
HBP ;.. 5 Display Word Cycles (1 0 clock cycles). 

3. If interlaced, mixed mode, or split screen is used: 
HBP ;.. 5 Display Word Cycles (1 0 clock cycles). 

Horizontal Front Porch Constraints 
1. In general: 

HFP;.. 2 Display Word Cycles (4 clock cycles). 
2. If the HGDC is used in the video sync Slave mode: 

HFP ;.. 4 Display Word Cycles (8 clock cycles). 
3. If the Light Pen is used: 

HFP ;.. 6 Display Word Cycles (12 clock cycles). 
4. If interlaced mode, DMA, or ZOOM is used: 

HFP ;.. 3 Display Word Cycles (6 clock cycles). 
Horizontal SYNC Constraints 
1. If Interlaced display mode is used: 

HS ;.. 5 Display Word Cycles (6 clock cycles). 
2. If DRAM Refresh is enabled: 

HS;.. 2 Display Word Cycles (4 clock cycles). 

Modes of Operation Bits 

c a 

-
• - ............ 

-

--- - _1 ----==------------

Repeat Field Framing: 2 field sequence with 1/2 line 
offset between otherwise iden
tical fields. 

Interlaced Framing: · 2 field sequence with 1/2line 
offset. Each field displays alter
nate lines. 

Non-interlaced Framing: 1 field brings all the information 
to the screen. 

D _IIIAII_Cyclee _ 
No----
--�-

Dynamic RAM refresh is important when high display 
zoom factors or DMA are used in such a way that not all 
of the rows in the RAMs are regularly accessed during 
display raster generation and for otherwise inactive dis
play memory. 
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Access to display memory can be limited to retrace blank
ing intervals only, so that no disruptions of the image are 
seen on the screen. 

RESET2 1 0 0 0 0 • o 1 o 1 I ' 
RESET3 1 0 0 0 • o • o 1 1 1 I 
Both commands allow a reset while preventing reinitial
ization of the internal sync generator by an external sync 
source (slave mode). 

SYNC Format Specify 

SYNC; ._I 0�0 ..__.___._��1 .L.I DE�E I 
L-dlsploy la0f111blod by 

a1,--bya0. 

P1 
P2 
P3 

P4 

P5 
P6 

P6 

-o1 Oporation - bHs --
Acllw lllaplay Words por line. Mu8t be even number wtth bHO � 0. 

,__....._......_�HF._P,..._�...J...-VS......___,JI---Yortlcal Sync Wld1h, high bHs 

, ___ . ___ _ 

DH PH 

VH VL 

-- Horlzont.l Front Porch Width 

HBP I--
VFP f-

AL, I--

Horizontal Back Porch Width 

Vertieal Front Porch Width 

Active Display Unes per Video 
Field, low bits 

VBP AL. L_ .. Acllw Dlaplay LIMs por Video ,__..._��..--��___..JI,._...___J!.,_· high-
\'--------YortlcaiBackPotchWid1h 

This command also loads parameters into the sync gen
erator. The various parameter fields and bits are identical 
to those at the RESET command. The HGDC is not reset 
nor does it enter idle mode. 

Vertical Sync Mode 

VSVNC: L-.1 0 ��--1.1 ��Ill 
L_ 0-� Ex1omol Vor1k:al 

Sync---
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1-Gonorotea Du1pu1Yortlcal 
Sync--•M-

When using two or more HGDCs to contribute to one . 
image, one HGDC is defined as the master sync genera
tor, and the others operate as its slaves. The VSYNC pins 
of all HGDCs are connected together. 
Slave Mode Operation 
A few considerations should be observed when synchro
nizing two or more HGDCs to generate overlayed video 
via the V/EXT SYNC pin. As mentioned above, the Hori
zontal Front Porch (HFP) must be four or more display 
cycles wide. This is equivalent to eight or more clock 
cycles. This gives the slave HGDCs time to initialize their 
internal video sync generators to the proper point in the 
video field to match the incoming vertical sync pulse 
(VSYNC). This resetting of the generator occurs just after 
the end of the incoming VSYNC pulse, during the HFP 
interval. Enough time during HFP is required to allow the 
slave HGDC to complete the operation before the start of 
the HSYNC interval. 
Once the HGDCs are initialized and set up as master 
and slaves, they must be given time to synchronize. It is 
a good idea to watch the VSYNC status bit of the master 
HGDC and wait until after one or more VSYNC pulses 
have been generated before the display process is 
started. The START command will begin the active dis
play of data and will end the video synchronization pro
cess, so be sure there has been at least one VSYNC 
pulse generated to which the slaves can synchronize. 
Cursor and Character Characteristics 

/,---------External SYNC Enable 

P1 IDC{E� I LR l-uneaporcha-errow-1 
'----------- ���ap�ay cu...,.. H1 

P2 
I B���'---CT -DP __

_ 
�_ l::':'..!:" llnanu-

. 0 - Blinking Cunor 
1-�Cursor 

'----------BllnkRa1e,--

P3 CBDT BR, I--BIInkRa1a,--

.__.__.._, �,�-=�=�==�=�=�-- - Cur8or Bottom line number In the row C80T < LA 

In graphics mode, LR should be set to 0. The blink rate 
parameter controls both the cursor and attribute blink 
rates. The cursor blink-on time = blink-off time = 2 x BR 
(video frames). The attribute blink rate is always one-half 
the cursor rate but with a 3/4-on-1/4-off duty cycle. All 
three parameter bytes must be output for interlaced 
displays, regardless of mode. For interlaced displays in 
graphics mode, the parameter BRL = 3. 
When SE = 0, the HGDC, in slave mode, detects the 
falling edge of EX. SYNC on the first frame. When SE = 

1, the HGDC, in slave mode, detects the falling edge of 
EX. SYNC on every frame. 



Display Control Commands 

Start Display and End Idle Mode 

The START command generates the video signals as 
specified by the RESETX or SYNC command. 

Display Blanking Control 

BLANK1: ._l_o �·_._�
_..___.___.

_•__.l_oe_.l--Tho display Is Of1llblod 
. • . by 81, and blanked by . .. 

�1 .. . .  _. · . .  · . .  

BLANK 2 does not cause the resyncing of an HGDC in 
slave mode. BLANK 1 does cause the resyncing of an 
HGDC in slave mode. 

Zoom Factors Specify 

P1 I
._�

_D1
_.
S
....,
P
r-'---'--

GCH
.L-
R
-'---'

I - Zoom factor tor graphics 

. 
• \'---------�- chllracterwritlng and area 

\ fllllng 
Display zoom factor 

Zoom magnification factors of 1 through 16 are available 
using codes 0 through 15, respectively. 

Cursor Position Specify 

CURS: 
... I
_
•._•_.___._ ..___.___._.L-'__.1 

P2 

P3 

I - Exoeu1e Word Addrns, 
,__.__.___._..___.___._.L-_.! middle by1e 

EAD 

dAD I WG
. 

0 I �(}: (Graphics M-only) \�· -------- Word Address, lop bits 
- Dot Address wit hin the word 

In character mode, the third parameter byte is not 
needed. The cursor is displayed for the word time in 
which the display scan address (DAD) equals the cursor 
address. In graphics mode, the cursor word address 
specifies the word containing the starting pixel of the 
drawing; the dot address value specifies the pixel within 
that word. 
When the WG bit is set to one, any data following the 
WDAT command is written as is. When the WG bit is set 

to zero, the pattern written is determined by the least 
significant bit of each parameter byte following the WDAT 
command. This bit is expanded into 16 identical bits 
which form the pattern. 
Parameter RAM Load 

PRAM: 
�1-· ........ ___._�·�IL-.L--�� ........ _j .,_t ---

-
Stllnlng Address In 
parameter RAM 

P, I I I 
P. 

1--- 1 to 16 bytes to be loaded '---'--'--'---'--'--�-'-_j· 
ln1o1he ...,._.,RAM 
starting at the RAM llddrns opecltlod by SA 

From the starting address SA, any n_umber of bytes may 
be loaded into the parameter RAM at incrementing ad
dresses, up to location 15. The sequence of parameter 
bytes is determined by the next command byte entered 
into the FIFO. The parameter RAM stores 16 bytes of 
information in predefined locations which differ for graph
ics and character modes. See the parameter RAM dis
cussion for bit assignments. 

Pitch Specification 

P1· I P I Number of word addresaes . '---'--'--'---'--'--'---'-_Jt-- in diopley memory In 1he 
horizon1ol direction 

This value is used during drawing by the drawing proces
sor to find the word directly above or below the current 
word, and during display to find the start of the next line. 
The Pitch parameter (width of display memory) is set by 
two different commands. In addition to the PITCH com
mand, the RESET (or SYNC) command also sets the 
pitch value. The "active-words-per-line" parameter, 
which specifies the width of the raster-scan display, also 
sets the pitch of the display memory. Note that the AW 
value is two less than the display window width. The 
PITCH command must be used to set the proper memory 
width larger than the window width. 
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Drawing Control Commands 

Write Data Into Display Memory 

"-----RMW Memory cycie 
Logical Operation: 

0 �REPLACE with Pattern 
1 -COMPLEMENT 0 -RESET to zero 
1 ..,..__SET to 1 

'-----------Data Transfer Type: 

0 - Word, Low then High byte 0 - Low Byte of the Word 1 High Byte of the Word 
,.....,._�----- Invalid 

P1 I WOROl OR BYTE L___ Word Low Data Byte or 
'--�-"'--��-...._��____.! -Single Byte Data value 

P2 I WORDH 1-- Word transfer only: 
etc. L-���-�--'-----'��--'- High Data Byte 

Upon receiving a set of parameters (two bytes for a word 
transfer, one for a byte transfer), one RMW cycle into 
video memory is done at the address pointed to by the 
cursor EAD. The EAD pointer is advanced to the next 
word, according to the previously specified direction. 
More parameters can then be accepted. 
For byte writes, the unspecified byte is treated as all 
zeros during the RMW memory cycle. 
In graphics bit-map situations, only the LSB of the WDAT 
parameter bytes is used as the pattern in the RMW oper
ations. Therefore It is possible to have only an all ones or 
all zeros pattern. If the WG bit of the third parameter of 
the CURS command is set to one, any byte following the 
WDAT command is written as is. In coded character appli
cations all the bits of the WDAT parameters are used to 
establish the drawing pattern. 
The WDAT command operates differently from the other 
commands which initiate RMW cycle activity. It requires 
parameters to set up the Pattern register while the other 
commands use the stored values in the parameter RAM. 
Like all of these commands, the WDAT command must 
be preceded by a FIGS command and its parameters. 
Only the first three parameters need be given following 
the FIGS opcode to set up the type of drawing, the DIR 
direction, and the DC value. The DC parameter + 1 will 
be the number of RMW cycles done by the HGDC with 
the first set of WDAT parameters. Additional sets of WDAT 
parameters will see a DC value of 0 which will cause only 
orie RMW cycle to be executed per set of parameters. 

Mask Register Load 
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Pf l L ���-M.�......._.�o..........J 

P2 Ll �-���
M
�·�--��_J 

Low stgntficance byte 

Htgh stgnificllnce byte 

This command sets the value of the 16-bit Mask register 
of the figure drawing processor. The Mask register con
trols which bits can be modified in the display memory 
during a read-modify-write cycle. 
The Mask register is loaded both by the MASK command 
and the third parameter byte of the CURS command. 
The MASK command accepts twQ parameter bytes to 
load a 16-bit value into the Mask register. All 16 bits can 
be individually one or zero, under program control. The 
CURS command, on the other hand, puts a 1-of-16 pat
tern into the Mask register based on the value of the Dot 
Address value, dAD. If normal single-pixel-at-a-time 
graphics figure drawing is desired, there is no need to do 
a MASK command at all since the CURS command will 
set up the proper pattern to address the proper pixels as 
drawing progresses. For coded character DMA, and 
screen setting and clearing operations using the WDAT 
command, the MASK command should be used after the 
CURS command if its third parameter byte has been 
output. The Mask register should be set to all ones for 
any "word-at-a-time" operation. 

Figure Drawing Parameters Specify 

Drawing Direction Base 
Figure Type Select Bits: 

'-------Line (Vector) 
'--------Graphics Character 

'----------Arc/Circle 
'------------- Rectangk! 

'-------------Slanted Graphics Character 

D, ' 
o. 

02, 

02. 

01, 

or. 

OM, 

D�" : : 



Valid Figure "JYpe Select Combinations 

SL R A QC L Oper.iuon 

0 -o 

Chanlcblr Dlopllly - Dnowtng, Individual Dol Dnowtng, DMA, 
WDAT,ondRDA T 

Gnophlca Chanlcblr Dnowtng- Alu Filling with Gnphk:a Char--

Slonl8d Gnphlc:a Cho111C1111' Drowlng ond Slonted Alu RHing -�---�--

Only these bit combinations assure correct drawing 
operation. 

Figure Draw Start 

AGO: �� -0--��------�----�� 

On execution of this instruction, the HGDC loads the 
parameters from the parameter RAM into the drawing 
processor and starts the drawing process at the pixel 
pointed to by the cursor, EAD, and the dot address, dAD. 

Graphics Character Draw and Area Filling Start 

GCHRD: IL_o------��--�--�·-o--'1 
Based on parameters loaded with the FIGS command, 
this command initiates the drawing of the graphics char
acter or area filling pattern stored in parameter RAM. 
Drawing begins at the address in display memory pointed 
to by the EAD and dAD values. 

Data Read Commands 

Read Data from Display Memory 

R_I)�J; L..--1• �--'-r-t-v±.....L.-.J.o I �Mo--'o I 
_

b=

--��---Data Transfer Type: 

0 0 -...------ -----Word, low then high byte 
0 ---------�Low byte of the Word only 
1 -----------�High byte of the Word only 

------------- Invalid 

Using the DIR and DC parameters of the FIGS command 
to establish direction and transfer count, multiple RMW 
cycles can be executed without specification of the cursor 
address after the initial load (DC = number of words or 
bytes). 
As this instruction begins to execute, the FIFO buffer 
direction is reversed so that the data read from display 
memory can pass to the microprocessor. Any commands 
or parameters in the FIFO at this time will be lost. A com
mand byte sent to the HGDC will immediately reverse the 
buffer direction back to write mode, and all RDAT infor
mation not yet read from the FIFO will be lost. MOD 
should be set to 00 if no modification to video buffer is 
desired. 

Cursor Address Read 

The following bytes are returned by the HGDC through 
the FIFO: 

P1 d A7 , EAD._ AO 1-- Execute Address (EAO), 
: . · . lowbyte 

P2 �-' EAD. A8 
i

l-ExacuteAddress(EAD), �. · mtddlebyte 

P3 Ll _o __ �----�--�o..JI.__· E�A-0--'. iL-- Execute Address (EAD), 
. . . high bits 

P4 d;:=���=
d�AD=,�=���

�� Dot Address (dAD), low byte 

PS I dAD. =p.__ Dot Address (dAD), high byte 

The execute address, EAD, points to the display memory 
word containing the pixel to be addressed. 
The dot address, dAD, within the word is represented as 
a 1-of-16 code for graphics drawing operations. 

Light Pen Address Read 

The1following bytes are returned,by the HGDC through 
the FIFO: ,' 

��-A7--�-----LA�D-'_._��--A--'O I-- light Pen Address, low byte 

I A15 LAD,. AS!--Light Pen Address, 
middle byte 

Ll_o--�--��--�o..JI __ LA�·D-"_JI----Light Pen Address, high byte 

The light pen address, LAD, corresponds to the display 
word address, DAD, at which the light pen input signal is 
detected and deglitched. 
The light pen may be used in graphics, character, or 
mixed modes but only indicates the word address of light 
pen position. 
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DMA Control Commands 
DMA Read Request 

Data Transfer Type: 

�-----Word, Low then High Byte 

------- Low Byte of the Word 

-------High Byte of the Word 

------- Invalid 

AC Characteristics 
TA = 0 to +70"C; Vee = 5.0 V ±10%; GND = 0 V 

DMA Write Request 

----.RMW Memory Logical Operation: 

0 ..-----REPLACE wtth Pattern 

1 --COMPLEMENT 

0� RESET to Zero 

1 � SETto One 

1-------0ata Transfer Type: 

Word, Low then High Byte 

------ Low Byte of the Word 

------High Byte of the Word 

------- Invalid 

8 MHz Lllllll 8 MHz Lim Ill 

P1nmeter Symbol Min 

Rad Cyclt (BDC - CPU) 

Address setup to tAR 0 
lilll 
Address hold from IRA 0 
lillt 
R1i pulse width lRH1 lR01 + 20 

Data delay from 
Riil 

lR01 

Data floating from 
lillt 

toF 0 

R1i pulse cycle lRCY 4 lCLK 

Write Cycle (GDC - CPUI 

Address setup to lAW 0 
wJH 
Address hold from twA 10 
WR! 

WR pulse width tww 80 

Data setup to WR! tow 65 
Data hold from Wlit two 0 

WR pulse cycle twcv 4 tcLK 

DMA R11d Cycle (GDC - CPUI 

� setup to lKR 0 
lilll 
iiAa< hold from 1m t IRK 0 

lill pulse width lRR2 lR02 + 20 

Data delay from IIlli lRD2 

DREQ delay from 
2xWCLK! 

lREQ 

DREQ setup to IQK 0 
�� 

DACK high-level toK I eLK 
width 

iiACK pulse cycle IE 4 tcLK (1) 
OREal delay from 
OAa<l lKQ(R) 

DACK low-level ILK 2 ICLK 
width 
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Mu 

lRCY - 1 /2 lcLK 

75 

75 

twcv - tcLK 

1 .5 ICLK + 80 

100 

ICLK + 100 

Min 

0 

0 

lR01 + 20 

0 

4 lCLK 

0 

10 

60 
45 

10 

4 tcLK 

0 

0 

lR02 + 20 

0 

tcLK 

4 tcLK (1) 

2 lcLK 

Mu Unit Tnt C8ndltl0111 

ns 

ns 

lRCY - 1/2 lCLK ns 

55 ns CL = 50 pF 

55 ns 

ns 

ns 

ns 

twcv - tcLK ns 

ns 

ns 

ns 

ns 

ns 

ns 

1.5 lCLK + 60 ns CL = 50  pF 

75 ns CL = 50 pF 

ns 

ns 

ns 

tcLK + 80 ns CL = 50  pF 



AC Charactarlatlca (cont) 
TA = 0 to +70°C; Vee = 5.0 V ±10%; GNO = 0 V 

I MHz Lim Ill .IMHz Llmlta 

P1r1m11er Symbll Min MIX Min MIX Unit Tat CendHIOIII 

DMA Write Cycle !GDC - CPU) 

llACR setup to IKW 0 0 ns 
Will 
DACK hold from Will twK 0 0 ns 

RMW Cycii iGDC - Dlaplly Memery) 

Address/data lAD 20 105 15 80 ns CL = 50  pF 
display from 
2xWCLKI 

Address/data loFF 20 105 15 80 ns CL = 50  pF 
floating from 
2xWCLKI 

Input data setup to tots 0 0 ns 
2xWCLKI 

Input data hold from lotH toE toE ns 
2xWCLKI 

DBIN delay from toE 20 80 15 60 ns CL = 50 pF 
2xWCLKI 

ALE I delay from 
2xWCLKI 

IRR 20 80 15 60 ns CL = 50  pF 

ALE I delay from IRF 20 65 15 50 ns CL = 50 pF 
2xWCLKI 

ALE high width 'Rw 1 /3 1cLK 1 13 1cLK ns CL = 50  pF 

ALE low width IRL . 1.5 lcLK - 30 1 .5 ICLK - 30 ns 

Address setup to 
ALE I 

IAA 30 30 

Dlaplly Cycle !GDC - Diaplly Memory) 

Video signal display 
from 2xWCLK I 

tvo 90 70 ns CL = 50  pF 

Input Cycle !GDC - Dlapl1y Memory) 

Input signal setup to 
2xWCLKI 

IPS 10 10 ns 

Input signal width IPW lcLK ICLK ns 

Clock 12xWCLK) 

Clock rise time tcR 15 15 ns 

Clock fall time tcF 15 15 ns 

Clock high pulse tcH 70 52 ns 
width 

Clock low pulse lcL 70 52 ns 
width 

Clock cycle ICLK 165 10000 125 10000 ns 

Note: 
( 1 )  For high-byte and low-byte transfers: te = 5 teLK· 
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Capacitance 
T,. = 25"C; Vee = GND = OV 

,_ -
- .,_ - .,.. - Unit --

Input� c.. 10 pF 
110 � Cw 20 pf fc = 1 -

� �  Cour 20 pf V1 (u..-, 

Clock I"""'� C4> 20 pf = r1V  

DC Characteristics 
Ta = OOC to +70"C; Vcc = 5V :t: 10%; GND = OV 

,_ -
- .,_ - .,.. - Unit --

Input� ""'- VL -0.5 0.8 v (j) 
Input High ""'- v,. 2.2 Ycc +O.S v ® ®  
Output L.cM Volloge VOL 0.45 v lo,. = 2.2 mA  

� High ""'- v.., 2.4 v loot = -400 ,.A 

Input� �cunont lu. -10 .... (-VSVNC,Ilii5l} v, = ov 
Input�� CUnont (VSYNC, IL -500 .... 
Input High � CUnont 1., +10 .... (- LPEftUH} V1 = Vee 
Input High � CUrrant 1, +500 .... (LPENIDH) 

Output � �  lo.. -10 .... Yo = OV eun.nt 
Output High � 1.., +10 .... Yo = Vee CUnont 
Clock Input � Volloge Va. -0.5 0.8 v 
Clock Input High Volloge v"" 3.5 Vee + 1.0 v 

Vee Supply eun.nt Icc 27U mA 

� CD For2xWCLK. v.L = -o.sv to +o.sv. ® Fof2xWCLK. VIH = +3.9Vto Vcc +1.0V. ® For WI!\. V1H = 2.5V to Vcc +O.sv. 

Absolute Maximum Ratings* (Tentative) 
Ambient Temperatute under Bias O"C to + 70"C 
Storage Temperatute -65"C to +150"C 
Voltage on Any Pin wl1h Respect to Ground -O.SVto +7V 
"- Dissipation 1.5w 
• Comment: Exposing the device to stresses above those listed in 

Absolute Maximum Ratings could cause permanent damage. The 

device is not meant to be operated under conditions outside the 

limits described in the operational sections of this specification. 

Exposure to absolute maximum rating conditions for extended 

periods may affect device reliability. 

AC Testing Conditions 

Input Wlmtform fcK AC "lilst (Except 2xCCLK) 
2.2 2.2 

2.4 � 
0,45 

0.8 0.8 

Output wa��etorm fcK AC Test 

� 
0.8 0.8 

Clock Timing (2xCCLK) 

� o.& o.& 
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Timing Waveforms 

Mlctoprocesaor lniiJrl- Write Timing 

Mlctoprocesaor /niiJrl- Read Timing 

Mlcloprocessor lniiJrl-DMA Write Timing 

t-(WR! toHSYNC f )  � "'' 

t..H (OACK ! to HSYNC i ) � leu.: 

Mlctoprocesaor lnterfKe OMA Read Timing 



nmlng Waveforms (Cont.) 

Display Memory Display Cycle 71mlng 

Dlspley and RMW Cycles (1X Zoom} 

A16,-17: 

HSYNC: 
BLANK: 

V/EXT SYNC: 

Dlspley Memory RMW 71mlng 

Dloploy GO' RMW 
Cycle 
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Timing Waveforms (Cont.) 

I 
� 
! 
I 
1 
I i ; I 
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Timing Wavefonns (Cont.) 

� -----
�� 1 1&- w 
�-- - t --� 

..... 

I 

! ! 
l 

tl 
l 
R 
! 

J 
I 
I 

,I 

I 
� l 

l ( I 
; ! 
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Timing Waveforms (Cont.) 

Ught Pen and External Sync Input Timing Clock Timing (2xWCLK) 

2xWCLK:� 
LPEN,--F±--

EX. SYNC:_ �r 

VIdeo Sync Signals Timing 

�------------------------------- 1 H--------------------------·------� 
2xWCLK:J"\.r\./\.FV\_ _ _ _ _  ..1\...f\.J\J"\ _ _  ..r\.f\.r _ _ _  J"\J\._ _ _ ../\... 

HBLANK: - -\..__ _ _  _/ 
HSYNC: ______________ ...J 
AD0-15:::x:::::::x=::: � � � � = :x::::::=::::x=� � = -x:::::::x. � = � x:= = = = � jC 

I 
LQH:---�-------------------------------------------------------�- ' 

�'-0--------------------------------------------------------------�l-
l _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ! 

�:�� � � �--,-r------v----------
V BLANK: I \..__ _ _ _ _  -------J 

-- ===:x:: 

VSYNC:_,.'-----------------------------------------------------' 

�-------------------------- 1 V(Frome)---------------------------------1 

Interlaced VIdeo Timing 

98 

HBLANK: jl_ _ _  _fLJL _ _  .JLJL _ _  .JLJL _ _  .JL _ _ JL _ _ .JL]l_ _ _ _fi__Jl__ I I I I I I I I 
V BLANK: 1- - - � - - -�---- - - -� -- - - -,__ __ _r - - -1 -1 - - - -1 -1 - -

1 I I I I I I I 
VSYNC: 1 I I \ (ln1orl-) I I I I 

�---------- � F� ---�------��------- Ewm f� ---�------

VSVOIC: (� ln1�,�--------------� 



Timing Waveforms (Cont.) 

VIdeo Horlzontsl Sync GenetafOI' Parametets 

�----------------------------- 1 H ----------------------------� 

HBLANK: 

HSYNC: ___ .;_ __ _, 
I 
I 

H� � HBP ----1-�----------------- C/R --------------------1 

VIdeo \lettlcal Sync Generator ParameiBrs 

VBLANK: 

VSYNC: 

Cursor-Image Bit Flag 

�--------------------- t v -------------------------1 

I 
I 

1 I I I I 1 

1-- VBP --\�------------ L/F -------------l--1 VFP r--- 1 I 

: 

tBP

-----j 

--1 i-tCLK 
2 x CCLK ...fiiliUl 

------1 vs 

,_ r>---< f-- j 'l_ 
HSYNC -----Lr'l 10 '""' 

� 
,L 

CR�---h�� ln.W� �� 
·-
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Block Diagram of a Graphics Terminal 

r - - - -

Multlplane Display Memory Diagram 

1 00  

Z7220A 
HGDC 

- - - - - - - - - --, 

_ _ _ _ _  ..J 



Z I L O G  I N C  

PACKAGE INFORMATION 

NOTE: 0.031 RADIUS NOTCH Al.T. 

1 7 E  D II 9 9 8 4 0 4 3  0 0 1 2 3 1 1  7 II 

18-Pin Ceramic Package 

18·Pin Plastic Package 

NOTE: Package dimensions are given irJ Inches. To convert 1o millimeters, mulliply by 25.4 

��:::::::::::::1 1 w 
1------·-uro, ____ __, i IWl � 

��tJ� -

============== + .... . �"' ! -n-o � I  ,...-t -l -JI- _J . ..... � ::::"' '= .... 
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Z I L O G  I N C  1 7 E  D II 9 9 8 4 0 4 3  0 0 1 2 3 1 2  9 II 

PACKAGE .INFORMATION (Continued) T-qD -2 0  

562 

0.585 
�� � � 

Of-rJ __,.f�. �L"'w:c..l.,;�:..J:Li::.ll::.l.\�...l0.J::...LL:...LL:...LL:..L..:.LL:.LL:.1-i....:,L;._:.l...:'-.l...��UJ
L:..J:L
Q
..JniL.:..J:L 

0.230 MAX 

T 
I o.�o 0.540 

1 � 
�-----------------��-------------------

rSEALINil llLASS 

40-Pin Dual·ln·Line Package (DIP), 
Cerdlp 

0.115& :t .003 -- !---TYP , , 

1����;::;::;:::::;:: 

40-Pin Dual-In-Line Package (DIP), 
Plastic 

NOTE: Package dimensions are given in inches. To convert to millimeters. multiply by 25.4. 

� 

---- . _______ _____________ L......, _______________ ___J 



Z I L O G  I N C  1 7 E  D II 9 9 8 4 0 4 3  0 0 1 2 3 1 3  0 II 

PACKAGE INFORMATION (Continued) 

.. 

0.530 MAX 

PIN 1 IDENTIFICATION 

Ll 0.010 ·� :!: .002 -� TYP ! 0.600 REF 

r 

0.598 MAX 

� � 
I= = = = = !"'" = r:-==-= = 

.
= = = = = =-=--. ..  -=-

1 ! I 
D I 
1--o I 

20 

40-Pin Dual-In-Line Package (DIP), 
Ceramic 

45. X 0.45 MAX 

44-Pin Plastic Chip Carrier (PCC) 
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Z I L O G  I N C  1 7 E  D II 9 9 8 4 0 4 3  0 0 1 2 3 1 4  2 II 

PACKAGE INFORMATION (Continued) T-Cf D -2.. () 

PIN I 
IDENTIFICATION 

r 
0.518 
MAX 

+ L 
tL 
l'o 

25 
� � � � 

24 

2.425 

. , 
MAX . 

• 0.040 
<•H -� 
MmAX MAX : I---MAX -f$� 

I I I · . ' 
0.1 0.050 0.100 0.018 
MIN I L = .025 BOTH ENDS --' L :1:.010 TYP --' L :1:.003 TYP 

0.080 
0.020 

48-Pin Dual-In-Line Package (DIP), 
Ceramic 

15' ��·::=1 0.180 . 
4 PLACEs-jl i' . MAX ' 

o.o1BID.o15 RAD. TYP.'\Irl = � 
o.

IT�o=---------. 

0.015 REF �� 
0.0011 1 T I � 

I _  0.850 _ _I o.�- 0.0110 o.ioo _i M§9 r--- 0.810 � MIN. --, 0.060 TYP. ' 0.040 

564 

48-Pin Dual-in-Line Package (DIP), 
Plastic 



Z I L O G  I N C  1 7 E  D II 9 9 8 4 0 4 3  0 0 1 2 3 1 5  4 11 

PACKAGE INFORMATION (Continued) T- qo .. .zo 
PIN1 45• x 0.045 MAX 

0.121 

+0.011 

68-Pin Plastic Chip Carrier (PCC) 

� DIA  0.010 

0.030x4s•REF 3PL N1CORHER 

0 0 0 0 0 0 0 0 0 0 0 • -®  0 0  0 0  0 0  0 0  0 0  0 0  0 0  0 0  0 0  0 0  0 0  0 0  0 0  0 0  0 0  0 0  • 0 0-® 

1.000 :l0.010 

0.100 
TYP 

1.200 :l0.010 

'f> 0 0 0 0 0 0 0 0 0 0 0-$ ' $ 0 00 0 0 0 0 0 0-$-·+-' .J........'--L--L 

1-----�:�---
�-------���-----� 

84-Pin Grid Array (PGA), 
BoHom VI-

0.050MAX 

- :�.:�: 

0.018 DIA f.-O.OV3 

0� 
I o.on A13.-------------,N13 

--, 

A1 '--------------1N1 

VIew toward PC Board 

NOTE: Package dimensions are given in inches. To convert to millimeters. multiply by 25.4. 
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