The uPD7220 Graphics Display Controller (GDC) 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
GDC performs the tasks needed to generate the raster
display and manage the display memory. Processor soft-
ware overhead is minimized by the GDC'’s sophisticated
instruction set, graphics figure drawing, and DMA transfer
capabilities. The display memory supported by the GDC
can be configured in any number of formats and sizes up to
256K 16-bit words. The display can be zoomed and pan-
ned, while partitioned screen areas can be independently
scrolled. With its light pen input and multiple controller
capability, the GDC is ideal for advanced computer
graphics applications. . .

For a more detailed description of the GDC's operation,
please refer to the GDC Design Manual. c
System Considerations : :

The GDC is designed to work with a general purpose
microprocessor to implement a high-performance -
computer graphics system. Through the division of labor
éstablished by the GDC's design, each of the system com-
ponents is used to the maximum extent through six-level
hierarchy of simultaneous tasks. At the lowest level, the
GDC 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 GDC 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 GDC. Finally, this repre-
sentation must be manipulated, stored, and communi-
cated. By handling the first three levels, the GDC takes
care of the high-speed and repetitive tasks required to
implement a graphics system. ‘ :
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Microprocessor Interface
DMA transfers with 8257- or 8237-type controllers

Display Memory Interface

Up to 256K words of 16 bits

Read-Modify-Write (RMW) Display Memory cycles
in under 800ns

Dynamic RAM refresh cycles for nonaccessed memory
Light Pen Input

External video synchronization mode

Graphics Mode

Four megabit, bit-mapped display memory
Character Mode . :

8K character code and attributes display memory
Mixed Graphics and Character Mode

64K if all characters ;

1 megapixel if all graphics

Graphics Capabilities

Figure drawing of lines, arc/circles, rectangles, and
graphics characters in 800ns per pixel

Display 1024-by-1024 pixels with 4 planes of color
or grayscale

“Two independently scrollable areas

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

Video Display Format ;

Zoom magnification factors of 1to 16
Panning

Command-settable video raster parameters
Technology ;
Single +5 volt, NMOS, 40-pin DIP

DMA Capability

Bytes or word transfers

4 clock periods per byte transferred




Pin Configuration ! awerk 1 7 a0p v
DBIN 4 2 39p A17
HS gq 3 38P A6
VIEXTSYNC O 4  pp 37D ADIS
BLANK O 5 36 P AD14
ALE E 6 35 g AD13
DRQ 7 34 AD12
DACK O 8 330 AD11
= ] 320 AD10
WR {10 310 AD9
A0 OJ 11 30 0 AD8
DBO ] 12 29 0 AD7
DB1 13 28 0 AD6
DB2 [ 14 27 0 AD5
DB3.[] 15 26 1 AD4
DB4 O] 16 25 AD3
pBs 17 24 AD2
DB6 ] 18 230 AD1
DB7 ] 19 22 9 ADO
GND ] 20 210 LPEN
Pin Identification Character Mode Pin Utilization
Pin
Pin
No. Name Direction Function
No. Symbol Direction Function 35-37 AD13to15 out Line Counter Bits 0 to 2 Outputs
1 2xWCLK IN Clock Input B 38  A16 out Line Counter Bit 3 Output
2 beiN our Display Memory Read Input Flag 39 A17 out Cursor Output and Line Counter Bit 4*
3 HSYNC out Horlzontal Video Sync Output
4 V/IEXTSYNC IN/OUT Vertical Video Sync Output or External VSYNC input . .
S BLANK ST oY Blarsing OO Mixed Mode Pin Utilization
6 ALE(RAS) out Address Latch Enable Output
7 DRQ out DMA Request Output Pin
8 DACK N DMA Acknowledge input No. Name Direction : Funotion
9 WD N Read Strobe Input for Microp 35-37 AD13to15 - IN/OUT  Address and Data Bits 13t0 15
10 WR IN Write Strobe Input for Microprocessor Interface 38 A6 our Attribute Blink and Clear Line Counter* Output
1 A0 IN Address Select Input for Microp, 39 A17 ourt Cursor and Bit-Map Area* Flag Output
12-19 DBOto7 IN/OUT _ Bidirectional Data Bus to Host Microprocessor *Output 10 clock cycles after trailing edge of HSYNC. See figure for
20 GND — Ground timing example. .
21 LPEN IN Light Pen Detect input .
2234 ADOto12  IN/OUT  Address and Data Lines to Display Memory Graphics Mode Pin Utilization
35-37 AD13t0o15 IN/OUT Utilization Varies with Mode of Operation
38 At16 out Utilization Varies with Mode of Operation Pin s .
39 A17 ouT Utilization Varies with Mode of Operation No. Name Direction Function
40 Ve = +5V+10% 35-37 AD13to15  IN/OUT  Address and Data Bits 13to 15
38 At16 out Address Bit 16 Output
39  A17 ouT Address Bit 17 Output
Block Diagram
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GDC Components

Microprocessor Bus Interface

Control of the GDC 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 oper-
ates independently of the various internal GDC operations,
due to the separate data bus connecting 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 GDC. The command processor
yields to the bus interface when both access the FIFO
simultaneously.

DMA Control

The DMA control circuitry in the GDC coordinates trans-
fers over the microprocessor interface when using an exter-
nal DMA controller. The DMA Request and Acknowledge
handshake lines directly interface with a uPD8257 or
wPD8237 DMA controller, so that display data can be
moved between the microprocessor memory and the dis-
play memory.

Parameter RAM

The 16-byte RAM stores parameters that are used
repetitively during the display and drawing processes. In
character 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 aimost any interlaced, non-
interlaced, or “repeat field” interlaced video format. The
generator is programmed during the idle period following
areset. In video sync slave mode, it coordinates timing
between multiple GDCs.

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 GDC's ALE
and DBIN outputs. :

Zoom & 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 repeat-
edly accessing each line a number of times equal to the
horizontal repeat. Once the line count for a display area is

wPD7220

exhausted, the controller accesses the starting address
and line count of the next display area from the parameter
RAM. The system microprocessor, by modifying a display
area starting address, can pan in any direction, indepen-
dently 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 infor-
mation in and out of the display memory. It also contains
the 16-bit logic unit used to modify the display memory
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

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 indi-
cates to the system microprocessor that the light pen
register contains a valid address.

Programmer’s View of GDC

The GDC occupies two addresses on the system micro-
processor bus through which the GDC’s status register and
FIFO are accessed. Commands and parameters are writ-
ten into the GDC'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.

A0 READ WRITE

Parameter Into FIFO

lllllllJ_l

Status Register

lllllllll

FIFO Read Command Into FIFO

'[llllllJ_][ll_llllJ_I

GDC Microprocessor Bus Interface Registers

Commands to the GDC 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 pro-
cessor decodes the commands, unpacks the parameters,
loads them into the appropriate registers within the GDC,
and initiates the required operations.

The commands available in the GDC can be organized into
five categories as described in the following section.
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GDC Command Summary

Video Control Commands

1. RESET  Resets the GDC to its idle state.

2. SYNC Specifies the video display format.

3. VSYNC Selects master or slave video synchro-
nization mode.

4. CCHAR Specifies the cursor and character row

heights.

Display Control Commands

1. START  Ends Idle mode and unblanks
the display.

2. BCTRL  Controls the blanking and unblanking of
the display.

3. ZOOM Specifies zoom factors for the display
and graphics characters writing.

4. CURS Sets the position of the cursor in
display memory.

5. PRAM Defines starting addresses and lengths
of the display areas and specifies the
eight bytes for the graphics character.

6. PITCH Specifies the width of the X dimension

of display memory.

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
drawing 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
display 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

Lrlelefelefefe]e]

t L Data Ready
FIFO Full
FIFQ Empty
Drawing in Progress

DMA Execute

Vertical Sync Active
Blank Active
Light Pen Detect

Status Register (SR)

SR-7: Light Pen Detect

When this bit is set to 1, the light pen address (LAD)
register contains a deglitched value that the system micro-
processor may read. This flag is reset after the 3-byte
LAD is moved into the FIFOin response to the light pen
read command.

SR-6: Horizontal Blanking Active

A 1 value for this flag signifies that horizontal retrace blank-
ing is currently underway.

SR-5: Vertical Sync

Vertical retrace sync occurs while this flagis 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 GDC is drawing a graphics figure, this
status bitisa 1.

SR-2: FIFO Empty

This bit and the FIFO Full flag coordinate system micro-
processor accesses with the GDC FIFO. Wheniitis 1, the
Empty flag ensures that all the commands and parameters
previously sent to the GDC have been interpreted.

SR-1: FIFO Full

A1 at this flag indicates a full FIFO in the GDC. A 0 ensures
that there is room for at least one byte. This flag needs to
be checked before each write into the GDC.

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 microprocessor
interface data register.

FIFO Operation & Command Protocol

The first-in, first-out buffer (FIFO) in the GDC 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 directions of
data movement, one direction at a time. The FIFO's direc-
tion is controlled by the system microprocessor through
the GDC'’s command set. The host microprocessor coordi-
nates these transfers by checking the appropriate status
register bits.

The command protocol used by the GDC requires differen-
tiation of the first byte of a command sequence from the
succeeding bytes. The first byte contains the operation
code and the remaining bytes carry parameters. Writing
into the GDC causes the FIFO to store a flag value along-
side the data byte to signify whether the byte was written
into the command or the parameter address. The com-
mand processor in the GDC tests this bit as it interprets the
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entries in the FIFO.

The receipt of a command byte by the command processor
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 operation
from the GDC to the microprocessor can be terminated at
any time by the next command.

The FIFO changes direction under the control of the sys-
tem microprocessor. Commands written into the GDC
always put the FIFO into write mode if it wasn'tin 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 a GDC
response, such as RDAT, CURD and LPRD, put the FIFO
into read mode after the command is interpreted by the
GDC's command processor. Any commands and param-
eters behind the read-evoking command are discarded
when the FIFO direction is reversed.

Read-Modify-Write Cycle

Data transfers between the GDC and the display memory
are accomplished using a read-modify-write (RMW) mem-
ory cycle. The four clock period timing of the RMW cycle is
used to: 1) output the address, 2) read data from the mem-
ory, 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 mem-
ory 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
GDC uses three main elements: the Pattern register, the
Mask register, and the 16-bit Logic Unit. The Pattern regis-
ter 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 draw-
ing, one bit at a time from the Pattern register is combined
with the Mask. When ANDed with the bit setto a 1in the
Mask register, the proper single pixel is modified 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 of the bits in the Pattern register are
used in parallel to form the respective bits of the modify
data word. Since the bits of the character code word are
used in parallel, unlike the one-bit-at-a-time graphics draw-
ing 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 1s 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 four-bit

fastio.com
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dAD field to specify the dot address. The command pro-
cessor converts this parameter into the one-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 com-
mand. In addition to the character mode use mentioned
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
memory, the Pattern Register, and the Mask register to
generate the data to be written back into display memory.
Any one of four operations can be selected: REPLACE,
COMPLEMENT, CLEAR or SET. In each case, if the
respective Mask bit is 0, that particular bit of the read data
is returned 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 oper-
ations, a 0 in the modify data allows the read data bit to be
returned to memory. A 1 value causes the specified opera-
tion to be performed in the bit positions with set Mask bits.

Figure Drawing

The GDC 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 fre-
quency of 5SMHz, this is equal to 800ns. During the RMW
cycle the GDC 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 hori-
zontally adjacent pixels form the 16-bit words which are
handled by the GDC. Display memory is organized as
alinearly addressed space of these words. Addressing
of individual pixels is handled by the GDC's internal
RMW logic.

During the drawing process, the GDC finds the next pixel
of the figure which is one of the eight nearest neighbors of
the last pixel drawn. The GDC assigns each of these eight
directions a number from 0 to 7, starting with straight down
and proceeding counterclockwise.

Q.99
OO0

7 / of 1
Drawing Directions O O

Figure drawing requires the proper manipulation of the
address and the pixel bit position according to the drawing
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 decremented as the dot address
pointer bit reaches the LSB or the MSB of the Mask regis-
ter. To move to a pixel within the same word, it is necessary
to rotate the dot address pointer register to the right or left.
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