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Description

The puPD7220A high-performance graphics display
controller (HGDC) is an intelligent microprocessor
peripheral designed to be the heart of a high-perfor-
mance 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 minimized by the HGDC's sophis-
ticated instruction set, graphics figure drawing, and
DMA transfer capabilities. The display memory sup-
ported 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 independently scrolled. With its
light pen input and multiple controller capability, the
HGDC is ideal for advanced computer graphics
applications.

For a more detailed description of the HGDC's
aoperation, please refer to the 7220/7220A design
manuals.

System Considerations

The HGDC is designed to work with a general purpose
microprocessor to implement a high-performance
computer 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.
Partitioning 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. Qutside 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
manipulated, 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.
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Features

[0 Microprocessor interface
— DMA transfers with 8257- or 8237-type
controllers
— FIFO command buffering
O Display memory interface
— Up to 256K words of 16-bits
— Read-modify-write (RMW) display memory
cycles as fast as 500 ns
— Dynamic RAM refresh cycles for nonaccessed
memory
O Light pen input
[0 Drawing hold input
[ External video synchronization mode
[0 Graphic mode
— Four megabit, bit-mapped display memory
[ Character mode
— 8K character code and attributes display
memory
3 Mixed graphics and character mode
— 64K if all characters
— 1 megapixel if all graphics
[J Graphics capabilities
— Figure drawing of lines, arc/circles, rectangles,
and graphics characters in 500 ns per pixel
— Display 1024-by-1024 pixels with 4 planes of
color or grayscale
— Two independently scrollable areas
(O Character capabilities
— Auto cursor advanced
— 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 1 to 16
— Panning
— Command-settable video raster parameters
O NMOS technology
O Single +5 V power supply
0 DMA capability
— Bytes or word transfers
— 4 clock periods per byte transferred
(3 On-chip pull-up resistor for VSYNC/EXT, HSYNC
and DACK, and a puli-down resistor for LPEN/DH
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Ordering Information Pin Identification
Part Package Max Frequency Pin
Number Type of Operation No. Symbol Function
uPD7220AD 40-pin ceramic DIP 6 MHz ] 2XWCLK Clock input
uPD7220AD-1 40-pin ceramic DIP 7 MHz 2 OBIN Display memory read input flag
#PDTZ0AD-2 40-pin ceramic DIP 8 MHz 3 HSYNC Horizontal video sync output
. . . 4 V/EXT SYNC Vertical video sync output or external
Pin Configuration VSYNC input
5 BLANK CRT blanking output
awekd 1 0[] vee 6 ALE Address latch enable output
oEN ] 2 B AL 7 DRQ DMA request output
HSYNC [] 3 381 A — -
viexTsyne [ 4 37]] A0, 8 DACK DMA acknowledge input
BLANK[] 5 s a0, 9 RD Read strobe input for microprocessor
aLe(] s 35[0 ADy interface
ora{] 7 34(] AD,, == " - -
sack O » a3P1 a0, 10 WR métﬁasct:be input for microprocessor
R0 9 < 32[7 AD,,
WR 10 g 313 a0, 11 Ay Address select input for microprocessor
aA0n 8  3pao, interface
o8, Q12 3 29[1AD, 1219 DBy-DB; Bidirectional data bus to host micro-
oB, []13 28[3 AD, processor
DB, (]14 271 AD,
o8, 015 260 ag, 20 GND Ground
o8, 16 2511 AD, 21 LPEN/DH Light pen detect input drawing hold
o8, 17 2] ap, input
0B, []18 23[] AD, A .
o8, O 19 2211 a0, 22-34  ADp-ADqp Address data lines to display memory
GND[J20 21 [ LPEN/DH 35-37  ADq3-ADys Utilization varies with mode of
operation
38 A Utilization varies with mode of
. aps M operation
Character Mode Pin Utilization
39 A7 Utilization varies with mode of
Pin operation
No. Symbol Function 4 Vee +5V +10% power supply
35-37  ADy3-ADys Line counter bits 0 to 2 outputs
38 ADyg Line counter bit 3 output Graphics Mode Pin Utilization
39 ADy7 Cursor output and line counter bit 4 Pin
. . . . No. Symboi Function
Mixed Mode Pin Utilization 3537 AD3-ADgs Address and data bits 13 to 15
Pin 8 Atg Address bit 16 output
No. Symbol Function 39 A7 Address bit 17 autput
35-37 AD43-AD15 Address and data bits 13to 15
38 Ag Attribute blink and clear line counter
output
39 A7 Cursor and bit-map area ffag output

3-4
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Pin Functions
2xWCLK [Clock Input]
2xWCLK is the clock input.

DBIN [Data Bus Input Enable]

The DBIN output indicates the time the AGDC will
accept data read from display RAM during read-
modify-write (RMW) cycles.

HSYNC [Horizontal Sync]

The HSYNC output indicates the time the CRT's beam
is to start its retrace back to the left side of the screen.

V/EXT SYNC [Vertical SYNC Output/External
Sync Input]

The AGDC can be programmed to output a vertical
sync signal at the start of the return of the CRT’s beam
from the lower right of the screen to the upper left
during vertical retrace. The AGDC may also be
programmed to accept an external sync input when
used in slave mode.

BLANK [Blank]

BLANK is output during inactive display times (hori-
zontal and vertical retrace) of the CRT and during a
read-modify-write memory cycle when in flash mode.

ALE [Address Latch Enable]

The falling edge of ALE indicates the first clock cycle of
a display memory cycle and the availability of the
memory address on pins ADg-AD47. ALE and external
logic can generate display memory control signals.

Ag [Address Bit 0]

Ag is the address select input for the microprocessor
interface.

A1 [Address Bit 1]

The A4 input selects registers when reading or writing
to the AGDC.

DACK [DMA Acknowledge]

DACK is the DMA acknowledge input handshake line
that directly interfaces to the uPD8257 or uPD8237
DMA controller.

DRQ [DMA Request]

DRQ is the DMA request output handshake line that
directly interfaces to the uPD8257 or 4PD8237 DMA
controller.

RD [Read Strobe]

The host CPU clears the RD input to 0 when reading
the internal status and FIFO registers.

WR [Write Strobe]

The host CPU clears WR to 0 when writing to the
internal command and parameter registers.
DBp-DB7 [Data Bus]

DBp-DBy, the 8-bit, three-state bidirectional data bus
transters data to and from the host CPU via the system
bus.

LPEN/DH [Light Pen/Drawing Hold]

The LPEN/DH input can be programmed as either a
light pen input or drawing hold input. The drawing hold
input haits all read-modify-write operations.
ADg-AD17 [Address and Data Lines]

ADg-AD¢7 are address and data lines to display
memory. AD43-AD47 functions vary with the mode of
operation of the ADGC. The uPD7220/7220A Graphics
Display Controller User's Manua!l describes these
functions and modes of operation.

Ve [Power Supply]

Vgg is the +5 V power supply input.

GND [Ground]
GND is ground potential.
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HGDC Components

Microprocessor Bus Interface

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
internal HGDC operations, due to the separate data
bus connecting the interface and the FIFO buffer.

Applications

NEC Electronics Inc. recently learned that applica-
ion of the uPD7220 or uPD7220A Graphics Display
Controller in conjunction with other non-NEC
Electronics Inc. equipment to achieve panning and
zooming capabilities may infringe U.S. Patents
4,197,590 and RE 31,200 held by CADTRAK CORP-
ORATION of Sunnyvale, Ca. Neither the uPD7220 nor
the uPD7220A Graphics Display Controllers by them-
selves infringe CADTRAK'’s patents. CUSTOMERS OF
NEC ELECTRONICS INC. ARE HEREBY GIVEN
NOTICE OF THE EXISTENCE OF THE CADTRAK
PATENTS. USER'S ARE RESPONSIBLE FOR IN-
SURING THAT THEIR SYSTEM DESIGN, MANU-
FACTURE AND RESULTING PRODUCT DO NOT
VIOLATE ANY APPLICABLE PATENTS.

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
transfers over the microprocessor interface when using
an external DMA controller. The DMA Request and
Acknowledge handshake lines directly interface witha
uPD8257 or uPD8237 DMA controlier, 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
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 almost 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 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 repeatedly accessing each
line a number of times equal to the horizontal repeat.
Oncethe 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 modifying a display area
starting address, can pan in any direction, in-
dependently 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 pointand
the appropriate drawing parameters, the drawing
controller needs no further assistance to complete the
figure drawing.
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Display Memory Controller

The display memory contolier's tasks are numerous.
Its primary purpose is to multiplex the address and
data information 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/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, drawing execution is halted when bit 7 of P5 of
the SYNC command is set.

Programmer’s View of HGDC

The HGDC occupies two addresses on the system
microprocessor bus through which the HGDC's status
register and FIFO are accessed. Commands and
parameters are written into the HGDC's FIFQ and are
differentiated based on address bit Ag. The status
register or the FIFO can be read as selected by the
address line.

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 parameters, loads them into the appropriate
registers within the HGDG, and initiates the required
operations.

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

HGDC Microprocessor Bus Interface Registers

A0 READ WRITE

Status Register Parameter Into FIFQ

’ llLllLllJ

IJII_LILLl

FIFO Read Command into FIFO

I 1 1 L | 1 1 | I

l I i Il 1 1 I} Il ]

HGDC Commands Summary

Video Control Commands

1. RESET1 Resets the GDC to its idle state.
Resychronizes 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.
Does not resynchronize video
timing. Does not blank the display.

4. SYNC Specifies the video display format.

5. VSYNC  Selects master or slave video
synchronization mode.

6. CCHAR  Specifies the cursor and character

row heights.

Display Control Commands

1. START Ends idle mode and unblanks the
display.

Controls the blanking and
unblanking of the display, along
with video resynchronization.
Controls the blanking and
unblanking 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
display memory.

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

Specifies the width of the X
dimension of display memory.

2. BLANK1

3. BLANK2

4. ZOOM

5. CURS

6. PRAM

7. PITCH

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.
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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
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
microprocessor 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 Active/Vertical
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 isa 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 tranfers.

SR-3: Drawing in Progress

While the HGDC is drawing a graphics figure, this
status bitis a 1.

Status Register (SR)
Lo lefefefeofef (]

f L Data Ready
FIFQ Full
FIFO Empty

, Drawing in Prog
DMA Execule
Vertical Sync Active

Horizantal Blank Active/
Vertical Blank Active

Light Pen Detect

SR-2: FIFO Empty

This bit and the FIFO-full flag coordinate system
microprocessor accesses with the HGDC FIFO. When
it is 1, the Empty flag ensures that all the commands
and parameters previously sent to the HGDC have
been interpreted.

SR-1: FIFO Full

A 1 at this flag indicates a full FIFO in the HGDC. A0
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
microprocessor interface data register.

FIFO Operation & Command Protocol

Thefirst-in, first-out buffer (FIFOQ}) in the HGDC handles
the command dialogue with the system microproces-
sor. 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
atime. The FIFO’s direction is controlled by the system
microprocessor through the HGDC’'s command set.
The host microprocessor coordinates these transfers
by checking the appropriate status register bits.

The command protocol used by the HGDC requires
differentiation of the first byte of acommand sequence
from the succeeding bytes. The first byte contains the
operation code and the remaining bytes carry para-
meters. 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
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 HGDC to the
microprocessor can be terminated at any time by the
next command.
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The FIFO changes direction under the control of the
system microprocessor. Commands written into the
HGDC always put the FIFO into write mode if it was not
initaiready. lf 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 the
command 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.

Read-Modify-Write Cycle

Data transfers between the HGDC and the display
memory 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 rom 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 register, the Mask register, and the 16-bit Logic
unit. The Pattern register holds the data pattern to be
moved into memory. It is ioaded by the WDAT para-
meters 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 modified by the Logic unit. For the next pixel in
the figure, the next bitin the Pattern register is selected
and the Mask register bitis 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 drawing process, this facility allows any or ail
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
processor 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 mentioned above, the 16-bit MASK load is con-
venient 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 operations, a0 in the
modify data allows the read data bit to be returned to
memory. A 1value 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 8 MHz, this is equal to 500 ns.
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
horizontally 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.

3-9
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During the drawing process, the HGDC finds the next
pixel of the figure which is one of the eight nearest
neighbors 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 counter-
clockwise.

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 increment-
ed or decremented as the dot address pointer bit reaches
the LSB or the MSB of the Mask register. Tomovetoa
pixel within the same word, it is necessary to rotate the
dot address pointer to the right or left. The table below
summarizes these operations for each direction.

Dir Operations to Address the Next Pixel
000 EAD — P — EAD
001 EAD — P — EAD

dAD (MSB) = 1:EAD —1 — EAD dAD — LR
010 dAD {MSB) = 1:.EAD — 1 — EAD dAD — LR
011 EAD — P — EAD

dAD (MSB) = 1:EAD — 1 — EAD dAD — LR
100 EAD — P — EAD
101 EAD — P — EAD

dAD (LSB) = 1:EAD — 1 — EAD dAD — RR
110 dAD (LSB) = 1:EAD — 1— EAD dAD —RR
m EAD — P — EAD

dAD (LSB) == 1:EAD — 1 — EAD dAD — RR

Note:

P = Pitch, LR = Left Rotate, AR = Right Rotate, EAD = Execute Word
Address, and dAD = Dot Address stored in the Mask register.

Drawing Directions

3-10

Whole word drawing is useful for filling areas in
memory with a single value. By setting the Mask
register to all 1s with the MASK command, both the
LSB and MSB of the dAD wili always be 1, so that the
EAD value will be incremented or decremented for
each cycle regardless of direction. One RMW cycle will
be able to affect all 16 bits of the word for any drawing
type. One bit in the Pattern register is used per RMW
cycle to write all the bits of the word to the same value.
The next Pattern bit is used for the word, etc.

For the various figures, the effect of the initial direction
upon the resulting drawing is shown below:
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Note that during line drawing, the angle of the line may
be anywhere within the shaded octant defined by the
DIR value. Arc drawing starts in the direction initially
specified by the DIR value and veers into an arc as
drawing proceeds. An arc may be up to 45° in length.
DMA transfers are done on word boundaries only, and
follow the arrows indicated in the table to find succes-
sive word addresses. The slanted paths for DMA
transfers indicate the HGDC changing both the Xand Y
components of the word address when moving to the
next word. |t does not follow a 45° diagonal path by
pixels.
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Drawing Parameters

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
pattern from the microprocessor. Once these are in
place within the HGDC, the Figure Draw command,
FIGD, initiates the drawing operation. From that point
on, the system microprocessor is not involved in the
drawing process. The HGDC Drawing controller co-
ordinates the RMW circuitry and address registers to
draw the specified figure pixel by pixel.

The algorithms used by the processor for figure
drawing are designed to optimize its drawing speed. To
this end, the specific details about the figure to be
drawn are reduced by the microprocessor to form
conducive to high-speed address calcutations within
the HGDC. In this way the repetitive, pixel-by-pixel
calculations can be done quickly, thereby minimizing
the overall figure drawing time. The table below sum-
marizes the parameters.

Drawing

Type oc ] 02 il oM
Initial 0 8 8 -1 -1
Value (1)

Line jall 214D — 1A 2(1aD |~ 1Al 2]AD,

Arg (2) rsing —1 2(—1) —1  rsingt
Rectangle 3 A1 B-1 —1 A1
Area fill B-1 A A - -
Graphic B-—1 A A — -
character

3)

Read & w—1 - - - -
write data

DMAW D-1 C-1 - - -
DMAR D1 -1 (C-N/2/t - -
Note:

All numbers are shown in base 10 for convenience. The HGDC
accepts base 2 numbers (2's complement notation) where
appropriate.

(1

Initial values for the various parameters remain as each drawing
process ends.

(2

Circles are drawn with 8 arcs, each of which span 45°, so that sin
¢=1//2andsin§=0.

3

Graphic characters are a special case of bit-map area filling in
which B and A < 8. If A = 8 there is no need to load D and D2.

Symbol Definitions

—1 = All ONES value.

— = No parameter bytes sent to HGDC for this
parameter.

Al = The larger at Ax or Ay.

AD = The smaller at Ax or Ay.

r = Radius of curvature, in pixels.

¢ = Angle from major axis to end of the arc.
¢ <45°.

8 = Angle from major axis to start of the arc.
#=<45°.

t = Round up to the next higher integer.
| = Round down to the next lower integer.

A = Number of pixels in the initially specified
direction.

B = Number of pixels in the direction at right
angles to the initially specified direction.

W = Number of words to be accessed.

C = Number of bytes to be transferred in the
initially specified direction. (Two bytes per
word if word transfer mode is selected.)

D = Number of words to be accessed in the
direction at right angles to the initially
specified direction.

DC = Drawing count parameter which is one less
than the number of RMW cycles to be
executed.

DM = Dots masked from drawing during arc
drawing.

1 = Needed only for word reads.

Graphics Character Drawing

Graphics characters can bedrawn into display memory
pixel by pixel. The up to 8-by-8 character display is
loaded into the HGDC's parameter RAM by the system
microprocessor. Consequently, there are no limitations
on the character set used. By varying the drawing
parameters and drawing direction, numerous drawing
options are available. In area fill 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 character bytes by the appropriate
PRAM command, the GCHRD command can be used
to draw the bytes into display memory starting at the
cursor. The zoom magnification factor for writing, set
by the ZOOM command, controis the size of the
character written into the display memory in integer
multiples of 1 through 16. The bit values in the PRAM
are repeated horizontally and vertically the number of
times specified by the zoom factor.
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The movement of these PRAM bytes to the display
memory 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 HGDC jumps to the corresponding bitin RA-14 to
continue the drawing. The progression then advances
toward the LSB of RA-14. This snaking sequence is
continued 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. Ifthe area is less than 8 lines 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 inter-
preted by the HGDC in a predetermined fashion. The
host microprocessor must load the appropriate para-
meters into the proper PRAM locations. PRAM loading
command allows the host to write into any location of
the PRAM and transfer as many bytes as desired. In this
way any stored parameter 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 whetherthe areais 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.
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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. Forline, 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 char-
acter 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-O(I L SADY N J

) Display Partition Area 1
l—~ slarting address with low &

1 l L] [ 0 ] SADt), 1
. R high significance fields
{word address)
2 | LEN1, l 0 0 0 oJ
C ,
) Length of Display Partition 1
3 wot| © LEN1,, (line count) with high and
low significance fields
A Wide Display cycle width
of two words per memory cycle
is selected for this disptay
area if this bitis settoa 1.
The display address counier
is then incremented by
21or each display scan
cycle. Other memory cycle
types are not influenced.
Display Partition 2
RA-4 SAD2 [-e— Starting address
and length
s [0 o o I SAD2,
6 LEN2, I 0 0 o o
7 WD2| L] | LEN2,,
Display Partition 3
RA-8 SAD3 |-— starting address
. and length
Ll 0 a 0 l SAD3,,
10 LEN3, T 0 0 0 L]
n WDJ| [ l LEN3,
Display Partition 4
RA-12 SAD4 f~e— starting address
s s and length
13 o [ [ L SADA4,,
" o
14 LEN4, 0 o 0 0
15 WDﬂ Oi LEN4,,
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Graphics and Mixed Graphics and Character
Modes

Command Bytes Summary

RA-8 :| PTN, or GCHRY |

Pattern of 16 bits used jor

figure drawing to pattern
dotted, dashed, etc. lines
9 PTN,, or GCHR?
RA-10 GCHRé
" GCHRS
12 GCHR4 Graphics character bytes
" 10 be moved into display
memory with graphics
3 GCHR3 character drawing
14 GCHR2
15 GCHR1

Display Partition Areat
]—— starting address with low,
o middte, and high significance
fields (word address)

Aa-0 ] SADY,

1 SAD1, ]
] o 0 J SAD1,,
3 wml " LEN,

\ In mixed mode, a t indicates an
image or graphics area, and a 0
indicates a character area. In

Area 1 with low and high

Length of Disptay Partition
fields {line count)

When 1, the DAD is incremented
every other display cycle.

Display Partition Area 2

RA-4 SAD2, [==— starting address and
. L ) L L length with image
bitas in area 1
5 SAD2,
- 4
6 LENZ, I o 0 ‘ SAD2y,

7 |wb2 IM| LEN2,

graphics mode this bit musthe 0.

START l 0 1 1 [} | 1 L] 1 1 I
L A L s

200M [ [ 1 0 o I ¢ 1 1 L] ]
" i " —_ i

CURS I o 1 [ | 1 0 4@ 1 |

PRAM I [} 1 1_] SA ]

PITCH l [ | o o0 l 0 1 1 1 l

WDAT [ 1] ] 1 L TYPE lﬂ I MOD

I i

MASK 0 1 o o F [} 1 [ ]
L N N

FIGS [ | D ] 1 1 0 o —'

A —_

AGD | Q 1 1 0 I 1 1 a a l

GCHRD ‘ o 1 1 o 1 o o o l
2 P, — 2

ROAT l 1 ¢ 1 l TYPE LO MoB ‘

CURD l AT} 10 ‘ ¢ ¢ o o ‘

LPRO l 1 1 L] 0 o o 0 9 ‘

DMAR I 1 0 1 | TYPE I 1 l MOoD ]

DMAW [} 1 l TYPE ] YT MOD 1

Command Bytes Summary

RESETY ro 0 0 L] l 0 0 ] 0 I
" "

RESET2 o o0 o 0 LD 0 [ LI
2 A " " .

RESET3 I [ o ¢ Ir[ 1 e o 1 ]
N " " s I

BLANKY { o 0 0 [ [ 1 1 [ I DE
I ' " I .
BLANK2 I o 0 0 L] l 0 1 Q DE‘J
—_—
SYNC I a 0 0 Q | 1 1 1 I Dil
VSYNC l 0 1 1 0 ] 1 1 1 | M ]
CCHAR 0 1 0 ] 1 a 1 1

Video Control Commands
Reset

RESETX: I o a o o 0 o 0 a
" N . " i

8Blank the display, enter
Idle mode, and initiatize
within the HGDC:

— FIFO
— Command Processor
— Internal Counters

This command can be executed at any time and does
not modify any of the parameters already loaded into
the HGDC.

If followed by the parameter bytes, this command also
sets the sync generator parameters as described below.
Idle mode is exited with the START command.

RESET1:  Resync video timing in slave mode.
RESET2: Blank the display and so not resync.
RESET3: Unblank the display and do not resync.
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In graphics mode, a word is a group of 16 pixels. In
character mode, a word is one character code and its
attributes, 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 vertical invervals 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 inputto LPEN/DH is held high for over four 2
x WCLK clocks, the drawing address output is temp-
orarily 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
command. When VL is 0, an odd number of display lines
is generated.

c|F | D | G | § [=— Mode of Operation select bits
pofo o [ Ll l | l See below
P2 AW t-=— Active Display Words per

. L fine —2 Mustbeeven

I number with bi1 0 - 0

P3 vs, HS

\ \———— Horizontal Sync Width — 1

Vertical Sync Width, iow bits

P4 r HFP l VS ‘—— Vertical Sync Width, high bits

) N " .

\ Front Porch Width — 1

P5 OH PH HBP [~=— Horizontal Back Porch Width — 1
P6 VH VL VFP [~==— Vertical Front Porch Width
P7 AL} [~ Active Display Lines per

n " N L Video Field, low bits
P8 I vBP l AL, |—— Active Display Lines per

= L video Field, high bits

\—— Vertical Back Porch Width

VL Number of lines in interfaced mode
0 0dd, as in 7220
1 Even

When VH = 0, status operation is as in uPD7220.
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VH Blank Status Bit Definition
0 Status register bit 6 indicates horizontal blank
1 Status register bit 6 indicates vertical blank

PH is the most significant bit (9) of the display pitch
parameter. 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 (10 clock cycles).

3. If interlaced, mixed mode, or split screen is used:
HBP = 5 Display Word Cycles (10 clock cycles).

Horizontal Front Porch Constraints

1. In general:
HFP = 2 Display Word Cycies (4 clock cycies).
2. If the GDC is used in video sync Slave mode:
HFP = 4 Display Word Cycies (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

4 G Display Mode

0 0 Mixed graphics and character
0 1 Graphics mode

1 0 Character mode

1 1 invalid

| S Video Framing

0 0 Non-interlaced

0 1 Invalid

1 0 Interlaced repeat field for character displays
1 1 Interlaced
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Repeat Field Framing: 2 field sequence with 1/2
line offset between
otherwise identical fields.
2 field sequence with 1/2
line offset. Each field
displays alternate lines.
Non-Interlaced Framing: 1 field brings all the
information to the screen.

Interlaced Framing:

i Dynamic RAM Reiresh Cycles Enable
0 No refresh—static RAM
1 Refresh—dynamic RAM

Dynamic RAM refresh is important when high display

zoom factors or DMA are used in such a way that notall

of the rows in the RAMs are regularly accessed during

display raster generation and for otherwise inactive
- display memory.

F Drawing Time Window
0 Drawing during active display time and retrace blanking
1 Drawing only during retrace blanking

Access to display memory can be limited to retrace
blanking intervals only, so that no disruptions of the
image are seen on the screen.

Both commands allow a reset while preventing re-
initialization of the internal sync generator by an
external sync source (slave mode).

HESETZ[ o 0 o o I e 0 @ 1 l

PR "

RESET3| a 0 0 [ 1 o [ 1J
L " PR .

Vertical Sync Mode

When using two or more HGDCs to contribute to one
image, one HGDC is defined as the master sync
generator, and the others operate as is slaves. The
VSYNC pins of all HGDCs are connected together.

vsvuc:o1|o1|1|M

0 - Accept External Vertical
Sync — Slave Mode

1 -Generate & Qutput Vertical
Sync — Master Mode

SYNC Format Specify

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

SYNC IO [ o o 1 1 1 IDE|

4_ The display is enabled by

a1, and blanked by a 0

P1 Q 0 l cl F [ [} m G\l § [=— Mode of Operation select bits
See below
AW
" 4

P2 [~=— Active dispiay words per line 2

— Must be even number with

bitg 0.
#3 ¥s, l HS "o e
—_ R
L Horizontal Sync Width — 1

Vertical Sync Width, low bits

l VS, I——-Vertical Sync Width, high hits
\——* Horizontal Front Porch Width - 1

P4 [ HFP

ps |oH pH HBP ==~ Horizontal Back Porch Width — 1
R
P6 [VH VL vEP [—vertical Front Porch width
AP B P
o7 AL, |=— Active Display Lines pes Video
Field. low bits
Active Dispiay Lines per Video
P8 l vep Alw ™ Field. high bits

\—Verlical Back Porch Width

Slave Mode Operation

A few considerations should be observed when syn-
chronizing two or more HGDCs to generate overlayed
video via the V/EXT SYNC pin. As mentioned above,
the Horizontal 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.
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Once the HGDCs are initialized and set up as master
and slaves, they must be given time to synchronize. Itis
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 progess
is started. The START command will begin the active
display of data and will end the video synchronization
process, so be sure there has been atleast one VSYNC
pulse generated to which the slaves can synchronize.

Cursor and Character Characteristics

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 BR_ = 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.

CCHAR:| 0 1 0 [ 1 ] 1 1 I
/ External SYNC Enable
L3} pc|sel o [ LR
. 2

N

Display Cursor it 1

—l—7 Lines per character row — 1

P2 BR | sC l CTOP Cursor Top line number
" " x 2 " in the row
0 - Blinking Cursor
1 — Steady Cursor
Blink Rate, lower bits
P3 I caoT l BR, I—— Blink Rate, upper bits

ursor Bottom line number in
the row CBOT < LR

Display Control Commands
Start Display and End Idle Mode

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

START: LO 1 1 0 1 [ 1 1
s L L L . .
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Display Blanking Control

BLANK2 does not cause the resyncing of an HGDC in
slave mode. BLANK1 does cause the resyncing of an
HGDC in slave mode.

BLANKL: | 0 0 0

o 1 1 o l DE |<—rne display is enabled
" ) 2 by a1, and blanked by
ao.

BLANKZ:l 0 0 [} ¢ 0 1 0 l DE l

Zoom Factors Specity

Zoom magnification factors of 1 through 16 are avail-
able using codes 0 through 15, respectively.

0 1 0 o 0 1 1 0 ‘
' L s L L

L
mM ‘ DiSP ‘ GCHR J-‘ Zoam factor for graphics
1 " ) 1 character writing and area

Display zoom factor

ZOOM:

Cursor Position Specify

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.

CURS:

o 1 0 ] 1 0 o 1
s i L
[ 4] EAD l-f Execute Word Address.
L L low byte
P2 l EAD l" Execute Word Address,
P . middle byte

P3 | dAD l we o r EAD
R . .
\ LS Word Address, top bits

Dot Address within the word

(Graphics Mode only)
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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 7220A performs as the 7220 does: 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

From the starting address, SA, any number of bytes
may be loaded into the parameter RAM atincrementing
addresses, up to location 15. The sequence of para-
meter 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 graphics and character modes. See the
parameter RAM discussion for bit assignments.

PRAM: I L] 1 1 1 ‘ SA —l

L Starting Address in

parameter RAM

Py !4__ 1t0 16 bytes to be loaded
L into the parameter RAM

|
! starting al the RAM address
p" [ l

M L

specified by SA

Pitch Specification

This value is used during drawing by the drawing
processor 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
command, 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.

147 Number of word addresses
in display memory in the

horizontal direction

Drawing Control Commands
Write Data into Display Memory

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 operations. 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 applications 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 com-
mand and its parameters. Only the first three para-
meters need be given following the FIGS opcode to set
up the type of drawing, the DIR direction, and 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 para-
meters will see a DC value of 0 which will cause only
one RMW cycle to be executed per set of parameters.

WDAT: L] ] 1 i TYPE ‘D\ MoD ’

L—— RAMW Memory cycle

Lagical Operation:

———,
0 0 ~a—— REPLACE with Pattern
0 1 —=—— COMPLEMENT
1 Q =~=——- RESET to zero
1 1 ~ee——SET101

Data Transter Type:
——
4 O~e——  Ward, Low then Highbyte
1  Q-e————— LowByte of the Word
1 1w  HighByte of the Word
a 1 ——  invalid

WORD_ OR BYTE |—— Word Low Data Byte or
s Single Byte Data value

WORDy Word transfer only
High Data Byte

M l

P2
efc,
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Mask Register Load

This command sets the value of the 16-bit Mask
register of the figure drawing processor. The Mask
register controls which bits can be modified in the
display memory during a read-modify-write cycie.

The Mask register is loaded both by the MASK com-
mand and the third parameter byte of the CURS
command. The MASK command accepts two para-
meter 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 pattern 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.

MASK 0 1 0 q t 0 1 0 l

P l M |

. |

Low significance byte

P2 High significance byte

Valid Figure Type Select Combinations

Figure Drawing Parameters Specify

FIGS: o 1 0 0 1 1 o o

(4] ISLI R I A ,GC] L I DIR Fbrawingbnuction Base
t Figure Type Select Bits:
Line {Vector)
P Character
ArciCircle

Slanted Character

l—f DC Drawing Parameter

n [ o] o

ics Orawing tag for use in
Mixed Graphics and Character Mode

Pa (‘1 D I<— D Drawing Parameter
A s s " I
O

P d I ) 0‘2‘. l }-»— D2 Drawing Parameter

[ 0 ‘ ) D2, ) ) !)

}4—01 Drawing Parameter

e}

}<—DM Drawing Parameter

IZ— The parameters take on
different interpretations for

different tigure types.

SL R A GG L Qperation

0 0 0 0 0 Character display mode drawing,
individual dot drawing, DMA, WDAT,

and RDAT

Straight line drawing

Graphics character drawing and
area filling with graphics character
pattern

Arc and circle drawing

Rectangle drawing

Figure Draw Start

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.

FIGD: a 1 1 o 1 1 0 0 J
s " L ) L "

Stanted graphics character drawing
and slanted area filling

Only these bit combinations assure correct drawing
operation.
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Graphics Character Draw and Area Filling Start

Based on parameters loaded with the FIGS command,
this command initiates the drawing of the graphics
character or area filling pattern stored in parameter
RAM. Drawing begins at the address in display memory
pointed to by the EAD and dAD values.

GCHRD: a 1 1 a 1 0 0 0—’
L L L "

Data Read Commands
Read Data from Display Memory

Using the DIR and DC parameters of the FIGS com-
mand 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 com-
mands or parameters in the FIFO at this time will be
lost. A command byte sent to the HGDC will im-
mediately reverse the buffer direction back to write
maode, and all RDAT information not yet read from the
FIFO will be lost. MOD should be set to 00 if no
modification to video buffer is desired.

RDAT:

1 Q 1 TYPE 0 ] MOD l
“E‘iba\a Transfer Type:

0 ~+——————————Word, low then high byte

0 —~——————————— Low byte of the Word only

1 ~—————————High byte of the Word only

© - - o

1 —-———

Invalid

Cursor Address Read

LY CURD: 1 1 1 o 0 0 [ 0

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

A0 |<, Execute Address {EAD),
. low byte

P1 d A7 EAD,

P2 a1s EADy,

)
AB |Ak Execute Address (EAD),
middie byte

Execute Address (EAD),

F3 o 0o o 0 o ol EAD,
high bits

P4 d dAD,
Ps dADy,

‘I<——— Dot Address (dAD), low byte

} 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

LPRO: 1 1 0 0 [ o 0 0

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

AD '«—— Light Pen Address, low byte

A3 F—Lighi Pen Address.

middle byte

‘ a7 LAD,

A5 LAD,,

{7 0 [ 0 Q Q 0 { LAD,, —I——— Light Pen Address, high byte

Thelight 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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DPMA Control Commands

DMA Read Request DMA Write Request
DMAR: L [} 1i TYPE l 1 I MODJ DMAW: ll 0 1 | TYPE I 1 l MOD |
—--——————————— Data Transter Type: \*—HMW Memory Logical Operation:

1] Q ~e——————— Word, Low then High Byte ° ° RAEPLACE with Pattern

0 1 ~s—— COMPLEMENT

1 Q ~=————————— Low Byte of the Word
1 O —==—— RESET to Zero
1 1 ~«————————— High Byte of the Word
1 1 ~=—— SET to One
o Invatid -« Data Transfer Type:
o 0 ~——————— Word, Low then High Byte
1 0 ~————— Low Byte of the Word
1 1 -#—————————— High Byle of the Word
0 11— Invalid
AC Characteristics
Ta=0t0+70°C; Vo =5.0V £10%; GND =0V
7220AD Limits 7220A0-1 Limits 7220AD-2 Limits
Paramsater Symbol Min Max Min Max Min Max Unit  Test Conditions
Read Cycle [GOC <— CPY)
Address setup to AR 0 0 0 ns
RO}
Address hold from  tgy 0 0 0 ns
AD!
AD pulse width tRH1 tapi +20 tpey —12tck  tRp1 + 20 tgoy —1/21ck tRp1 20 troy — 1/2tgk ns
Data delay from tRo1 75 65 55 ns G =50pF
RD!
Data floating from g 0 75 0 65 0 55 ns
Aot
fiD pulse cycle troy 4101k dtoLk 4to1k ns
Write Cycle (6DC <— CPU)
Address setup 1o taw 0 0 0 ns
Wl
Address hold from  twa 10 10 10 ns
WR!
WR pulse width tww 80 twey — toik 70 twey — tok 60 twey —tok NS
Data setup to WRY  tpw 65 55 45 ns
Data hold from WRT typ 0 10 10 ns
WR pulse cycle twey 4teLK Ate1k 4oLk ns
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AC Characteristics (cont)
Ta =010 +70°C; Voo =5.0V £10%; GND =0V

7220AD Limits 7220AB-1 Limits T220AD-2 Limits
Parameter Symbol Min Max Min Max Min Max Unit Tes! Conditions
DMA Read Cycle (GOC <> CPU}
DACK setup 10 kR ] 0 0 ns
RD!
DACK hold from ROt tgy 0 0 0 ns
RD pulse width tRR2 trp2 + 20 tppz + 20 trpe + 20 ns
Data delay from D! tgpy 1.5 1Lk + 80 15tgk ~ 70 15tk +60 ns  C_=50pF
DREQ defay from tReQ 100 85 75 ns  C_=50pF
2xWCLK?
DREQ setup to tok 0 0 0 ns
DACK!
DACK high-leve! tpk toLK toLk 1oLK ns
width
DACK pulse cycle e gk (1) Aok (1) dteLk (1 ns
DREQ! detay from tkar) toLk + 100 toLk + 90 teLk + 80 ns Cy = 50 pF
pACK!
DACK low-level tk 2toLk 21o1K 2tc1k
width
OMA Write Cycle (GDC ~— CPY)
DACK setup to tkw 0 0 0 ns
Wr!
DACK hold from WRT ty 0 0 0 ns
RMW Cycle |GBC «<—— Display Memory)
Address/data tap 20 105 20 90 15 80 ns (L =50pF
display from
2xWCLKT
Address/data toFF 20 105 20 90 15 80 ns  C_=50pF
floating from
2xWeLKt
Input data setupto  tpig 0 0 0 ns
2xWCLK!
Input data hold from  tpu toe toe tpe ns
2xWCLK
DBIN delay from toe 20 80 20 70 15 60 ns G =50pF
2xWCLK !
ALE? delay from taR 20 80 20 70 15 60 ns Gy =50pF
2XWCLKT
ALE! delay from tRE 20 65 20 55 15 50 ns €L =50pF
2xWCLK!
ALE high width tRw 113 1g1k 113 151K 11301k ns  C_=50pF
ALE low width tRL 1.5 gk — 30 15tg i — 30 t5tek — 30 ns
Address setup to taa 30 30 30

ALE}

Note:

(1) For high-byte and low-byte transfers: tg =5 tg k-
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AC Characteristics (cont)
Ta=01t0+70°C; Vo =5.0 V =10%; GND =0V

7220A0 Limits 7220AD-1 Limits T220AD-2 Limils
Parameter Symbol Min Max Min Max Min Max Unit Test Contitions
Dispiay Cycle {GDC <—— Display Memory)
Video signal display typ 90 80 70 ns  C_=50pF
from 2xWCLK?
Input Gycle [GDC “— Display Memory)
Input signal setup to  tpg 10 10 10 ns
2xWCLK!
Input signal width tpw oLk toLk oLk ns
Clock {2xWCLK)
Clock rise time tcr 15 15 15 ns
Clock fall time toF 15 15 15 ns
Clock high pulse tcH 70 61 52 ns
width
Ciock low pulse teL 70 61 52 ns
width
Clock cycle toLk 165 10000 145 10000 125 10000 ns
Capacitance DC Characteristics (cont)
Ta=25°C;Vgc=GND=0QV Ta =010 +70°C; Vgc =5V £10%; GND =0V
Limits Test Limits Test
Parameter Symbol Min Typ Max Unit Conditions Parameter Symbol Min Typ Max Unit  Conditions
Input capacitance  Cjy 10 pF fg=1MHz Input fow leak he —10 uA V=0V
10 capacitance Cio 20 pF V4 {unmeasured) current (except
Output capacitance Cgyt 20 pF T ov VSYNG, DACK)
Clock input Co 20 pF Input low leak L =500 wA V=0V
capacitance current (VSYNC,
DACK)

Ahbsolute Maximum Ratings (Tentative) 'c“ue‘:;r:‘t'?:x'g;; (] 10 wA Vi=Vee
Ambient temperature under bias 010 +70°C LPEN/DH}
Storage temperature —65 to +150°C [nput high leak IiH +500 wA Vi=Vge
Voltage on any pin with respect to ground —05t0+7V current (LPEN/DH)

recinati Output jow leak loL -10 uA Vg=0V
Power dissipation 15W current
Comment: Exposing the device to stresses above those listed in - _
Absolute Maximum Ratings could cause permanent damage. The gbnp:r:tmgh leak lot +10 uh Vo =Veo
device is not meant to be operated under conditions outside the I
timits described in the operational sections of this specification. Clock input low Veo 05 0.6 v
Exposure to absolute maximum rating conditions for extended voltage

periods may affect device reliability. Clock input high Veu 35 Vee+10 V

- voltage
DC Characteristics v | | 270 -
Ta =010 +70°C; Vg =5V £10%; GND =0V GG supply current lgg m
Limits Test Note:
Parameter Symbol Min Typ Max  Unit  Conditions (1) For 2xWCLK, Vv =-0.5t0 +06 V.
Input low voltage V. =~ —05 0.8 vV (Note 1) (2) For 2xWCLK, Viy = +3.9VtoVcc +1.0V.
Input high voltage  Viy 2.2 Vee+05 V  (Notes2 3) (3) For WR, Vijy =25 Vito Vg +05V.
Output low voltage Vg 0.45 V lgp=22mA
Output high voltage Vpy 2.4 V gy = —400 pA
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AC Testing Conditions
Input Waveform for AC Test (Except 2xCCLK)

Timing Waveforms (cont)
Microprocessor Interface DMA Write Timing

22 2.2
Ny v
24 )C Test Points X
0.45 g %
0.8 0.8
Output Waveform for AC Test
2.0 2.0
N A
Y Test Points é(
’ )
0.8 08

Clock Timing (2xCCLK)
»\\ 35 35 / i
0.6 0.6

Timing Waveforms

Microprocessor Interface Write Timing

A0: Invalid ) Valid invalid X Valid
-t
‘ —=f
WR: I
.
i (P
DBO 7: Invalid | )kv:ma& Invalid !
fr—— Ly |
I Wiy |

HSYNC

v

tnm’i thea™ tw
)

ty (WR | o HSYNC 1} =t
1, (DACK | to HSYNC 1) = b,

DREQ:
tox [*—txaren 1 o]
DACK: K
1E
. |
WR
[ tew gl
'WW

Microprocessor interface DMA Read Timing

2XxWCLK:

HSYNC /

tHEQ'-I " taeq
DREQ: N
ok =] o [ tox ]
D_ACT('. _'1 te 4 \
| ‘E
RD: [*—tan,
b t— tax [e—
[ tap.—= IDF‘;_ "
- n ig
DBO 7: ~ Invalid ) Valid J—=———
High impedance \ X 4 impedance

Microprocessar Interface Read Timing

|
A0: Invalid Valid I tnvaid Y
i e [ tan tnd
RD:
" [*tro™] tor
DBOwﬂL Valid
impedance k——= High Impedance
tacy —™
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Timing Waveforms (cont)

Display Memory Display Cycle Timing Display Memory RMW Timing
"i E4
2XWCLK: axweLk:_ f
™ 'wi '0‘1‘— ’v ™ Invalid o [ 'to;r!'
|

ADO -15: 3:}——{: ADO--15: Valid Valid valid F
J (Output Address| Input Data Output Data
to =

it it

Tk

NSV 4 X DBIN:
Lo [T s
. to tRn}F A6, A17: ) )&
[*tar]
»]tm - Jtm T tan P

ALE: /
HSYNC-REF: X )4 j ‘
' ;

BLANK tow o
VSYNC

Lco 3

CSA
CSR-IMAGE
ATT-BLINK-CLC

3

Display and RMW Cycles (1x Zoom)

Display RMW Display or RMW
Cycle Cycle Cycle

N By N
O
e
o

Ik
|
\

N

P e

—

ADO5: { Output Address )— ( Output Addren Input Data )—( Output Data Cutput Address )—
ORI ¢ X
HSYNC: \
BLANK: X X X
VIEXT SYNC:
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Timing Waveforms (cont)
Display and RMW Cycles (2x Zoom)

NEC
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Timing Waveforms (cont)

Display and RMW Cycles (3x Zoom)

L owvia
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Timing Waveforms (cont)

Light Pen and External Sync Input Timing Clock Timing (2xWCLK)
ton  tor
2xWCLK: Lo Ve, = 35y
s 2xWCLK: —
Vo =06
LPEN, = te tou 2
EX. SYNC: D A ‘
fe—t. o~

Video Sync Signals Timing

l-—ﬁ - 1H
Z*WCLK_/"\/\/'\_/'\_/'\__*_,./_\_/-\/\_/'\_/_\_ N\f N\ _/_\_

HeLaNK: /7 T TTTTYN _/'_

HSYNC: /S \
LU GE G G G S GE S G S
Lco-4 DY i \

VBLANK:

VSYNC:

}‘ 1V (Frame) I

Interiaced Video Timing

HBLANKJL _In ___J'L__J'L__JLFL___II'L-_ _I'L___H_I_FL___J'LJL

| 1
VBLANK: ] T T R Lol Lo
1 | ;oL [
VSYNC: | | L | I__
(Interlace) | |

| | | {
Odd Field ' EvenField — 1 o
| [ \ |

| | t !

VSYNC: l _—1 [———-‘
(No interlace

[ S R
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Timing Waveforms (cont)

Video Horizontal Sync Generator Parameters

|

1H

[
\
!

HBLANK: | 1 |
| | |
| | !
! i I

HSYNC: | I | ! |
| | | ! i
i I ! |
1 | 1 |
“—{ HFP r - HBP T C/R %
HS r——-
Video Vertical Sync Generator Parameters
} v -
)
| I
| i

VBLANK: | | | T |
{ | . | |
| | I I
| ! ‘ | |

VSYNC: | | | [—‘| !
[ I ‘ oy
| | | 3 | |
' \ ——v‘ VP e | |
‘k VBP % LIF | i

Cursor—Image Bit Flag

— ]._tm
2x COLK Lnnn
HBLANK [_‘ 7 ¥
E—— '-‘m foLK ]
HSYNC —A )
2 4
s
CRS-Image /> S tnvatid X a1 cursor
4 aia
Image
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Video Field Timing DMA Request Intervals
__F:'_! ?L::im ,—.—L‘,j_: § DMA Request Interval
. Vectical SYNG Lines : V//, e A guest Intervals
\%\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\‘\\\\\\\\ ’
N | Verticst Back Porch Blanked Lines { [ I
Honzontal :§ Ay N y
BTN N \ |
§ § Horizontal
§ § Front Porch —-sp- § |
§ § Blanking 8
N A -
NN e *
Blanking T § %
\\. Vertical Front Porch Blanked Lines

Drawing Intervais

% Drawing Interval
\\‘ IAdgitional Drawing intervai When
NN n Flash Mode

Dynamic RAM Refresh if Enabled, Otherwise
Additional Drawing Interval
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)

Block Diagram of a Graphics Terminal

|

Shift
;]—v Registers

- - = - = = - == = = - = == = == -
| ALE !
Terminat Oisplay
! Clock ———- DBIN Memory !
|
4WPD7220 !
| Goc [
{ —nN N Video |
Interface ADDR/Cata Shift
Keyboard | —V oo Register |
| Oato |
Graphics I | 1
m Intertace :’\‘/ Ad :> Character
Devices [l ROM l
| !
{ {
| Blanking |
Video
DRQ HSYNC o Dl%HLy
I VSYNG Circuit [ P
ADDR
] Control DACK |
i |
RAM LPEN Light Pen
| gma +—
Circuit
| |
|
| Serial
‘ ROM Commu-
nications |
| | Host
| Computer
1
Mass
Faralie!
Stg‘r:kge Controlier Interface
! U ]
L o o e L Ll Ll e _l
Multiplane Display Memory Diagram
Video

Di ol
RAMs DO RAMs DO
ADR ADR

| re |

Rams DO

I>s

AD
D10 iS5

Character
Video

Output
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