DISPLAY CONTROLLER

TC8511F

Font Graphics Accelerator

1. GENERAL DESCRIPTION

The Font Graphics Accelerator (FGA) is a
high-speed LSI that enables hardware-based
processing. Efficient commands are provided
to convert display parameters to high-
quality characters. Possible output includes
Bezier cubic curves, straight lines, arcs

(circles), and elliptic arcs (ellipses).

2. FEATURES

[
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Si-gate high speed CMOS technology
+5V single power supply
144 pin flat package

13 kinds of basic command

Drawing function
Bezier curve, Line, Arc (Circle),
Elliptic arc (Ellipse)

Filling function
Bezier curve dx, dy generation
DDA line dx, dy generation
Outline drawing
Filling
Command — Character generation

(60X 60 dot)

109

144

I'l Dividing fonts generation
.} Buffer memory size
Maximum 32MB (Pair)
'} Host interface
32 bits or 16 bits selection
1 Direct SRAM interface
DMA transfer function

400 ns/dot

100 ns/dot

400 ns/dot

400 ns/byle (Clock cycle 10MHz)
1800~2000 character/second (Estimate value)
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" DISPLAY CONTROLLER

FGA and APPLICATION SYSTEM
INTERNAL ORGANIZATION

(1)

@

)]

The FGA is composed mainly of the fullowing 5 blocks :

HOST BLOCK

"The host block interfaces the host system and the FGA. It provides access to the control registers in
the Bezier, DDA and Fill blocks, and to the buffer memory. It has the Host block for the
transmission of address displacements between Bezier/DDA block and the host system.

An address displacement (dx, dy) may be generated by the Bezier block, DDA block or host system.

2 BEZIER BLOCK

The Bezier block generates quanlized displacements (dx, dy) to draw an approximated Bezier cubic
curve. The approximation is based on 2 on-line points and 2 off-line points defined by the CPU.

The Bezier block creates precise curves that will improve the quality of outline fonts.

Displacements (dx, dy) are generated at an average speed of 400 ns/dot (Clock cycle=10MHz).

DDA BLOCK

The DDA block generates quantized displacements (dx, dy) to draw approximated straight lines. The

approximation is based on 2 on-line points determined by the CPU.

FILL BLOCK

The Fill block has two major functions :

1)

Draws in the buffer memory the outlines determined by the address displacements (dx, dy) provided
from the Bezier block, DDA block and/or the host system. The buffer memory has a iwofold
structure; ie. All oullines are generated in memory A, and vutlines indicating special points (points

on horizontal lines, vertexes, concaves, overlapped points, corners, ete.) are generated in memory B;
and:

Fill areas enclosed by the outlines. The result of filling is stored into the buffer memory B.
Operating speed Outlining : 400 ns/dot
Filling 1 400 ns/byte (Clock cycle = 10MHz clock)

" MEMORY BLOCK

The Memory block is connected with the Fill block to interface data exchange 1o and from the buffer
memory (A and/or B).

FGA internal block diagram shown in FIG.3.1.
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DISPLAY CONTROLLER

3.2 SYSTEM CONFIGURATION

F1G.3.2 illustrates a typical configuration of the FGA-linked system. The FGA is connected as a
peripheral of the host system through the interface.
Commands from the CPU is interpreted by the FGA for converting approximated curves and lines to dot
matrix vutlines, storing these outlines into dedicated local memories A and B, and filling the outlined
areas. To maximize the speed and performance, the buffer memories are separated from the CPU
system bus so they operate on independent timing.
When transferring filled data to system memory, it can be done simultaneously with filling motion thus
enabling transfer of data to the CPU without lowering system performance,

ADDRESS BUS CONTROL BUS
. MDA7-0
& — - — Buffer
—> «J 2310 > -DsA Memory
Host RAS-0 MRA/MWA
CcPU > R/W -
™ 3
(16/32) -DTACK
- W/LW
A24-0
- JRQ FGA
System | -RESET
Memory \
MRB/MWB
DSB Buffer
-DREQ Memory
- MDB7-0
-DACK - ——————
DMAC |- > -~ B
CLOCK
Outline -
Font - >
Memory |*— 7
DATA
BUS

FIG.3.2 EXAMPLE of SYSTEM CONFIGURATION
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4.
4.1

PIN DESCRIPTION
PIN CONNECTION

DISPLAY CONTROLLER

NO. | 1O PIN NAME NO. | 1O PIN NAME NO. | 10 PIN NAME NO. | 10 PIN NAME
1|1V VDD 37| V VDD 731 G GND 109 | V VDD
2|1 G GND 38| G GND 74| G GND 10| O -DSA
3( 1 -CS 39 [ 10 D13 751V vDD 111 0 MRA/MWA
4] 1 RV 40 | 10 D14 76 | O AQ 12| G GND
5| | WIALW 41110 D15 77| O Al 113 V vDD
6|03 -DTACK 42| Vv vDD 78| O A2 114 | 10 MDAQ
7{V VDD 431 G GND 79| O A3 115 ] 1O MDA
8| G GND 44 | 10 D16 80| O A4 116 | 10 MDA2
9| O -DREQ 45 | 10 D17 81| O A5 117 1 10 MDA3
101 | -DACK 46 | 10 D18 821 G GND 18| G GND
11|V vDD 47 | 10 D19 83| V VDD 119 | V vDD
121 G GND 48 | 1O D20 841 O Ab 120 | 10 MDA4
13|10D -IRQ 9] Vv VDD 85| O A7 121 | 1O MDAS
141 1 -RESET 501 G GND 86| O A8 1221 10 MDAG6
15| V VDD 51110 D21 87| O A9 123 ] 10 MDA7
6] G GND 52 |10 D22 88| O A10 124 | G GND
171t CLOCK 53| 10 D23 89| O Al1 1251 V VDD
18| V VDD 54 | 10 D24 0] G GND 126 | G GND
191 G GND 55| 10 D25 91| Vv VDD 127 | V vDD
20 | 10 DO 56| V vDD 92| O A2 128 O -DSB
21110 D1 571 G GND 931 O A3 1291 O MRB/MWB
2210 D2 58 | 1O D26 94| O Al4 130 [ G GND
23 | 10 D3 59| 10 D27 95| O A15 131 V vDD
24 110 D4 60 | 10 D28 96| O Al6 132 ] 10 MDBO
25| V VDD 61|10 D29 97| O A17 133 ] 10 MDB1
26| G GND 62 | 10 D30 98| G GND 134 | 1O MDB?2
27|10 DS 63| 10 D31 991 Vv VDD 1351 10 MDB3
28] 10 D6 64| V VDD 00| O A18 136 | G GND
29 ] 10 D7 65| G GND 101] O A19 137 | V vDD
30| 10 D8 66 | | RAQ 102 ] O A20 138 | 10 MDB4
31110 D9 67| | RA1 103 | O A21 139 [ 10 MDB5
32|V VDD 68 | | RA2 04| O A22 140 | 10 MDB6
33] G GND 69 | | RA3 105 | O A23 141110 MDB7
34| 10 D10 70 | | RA4 106 | O A24 142 G GND
35|10 D11 711 1 RAS 07| G GND 143 [V VDD
36 | 10 D12 72|V VDD 108 | V VDD 144 | G GND
TC8511F-5
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DISPLAY CONTROLLER

4.2  PIN CONFIGURATION

(1) Bidirectional Data Bus (D31-DO0: (/O T)
The bidirectional data bus (D31-D0) is used to transfer data between the CPU and the FGA. The
FGA uses either a 16-bit or 32-bit bus for data transfer. The data bus provides a 3-state buffer, and is
kept at high impedance except for the reading by the CPU. The 16-bit structure should be composed
of the bits D15 - D0, with the bits D31-D16 unused.

(2) Read/Write (R/W: Input)
Read/Write (R/W) input signals control the data transfer to and from the CPU. Data are transferred
to the CPU when the R/W is high, and to the FGA when the R/'W is low.
The data direction is reversed in the DMA transfer.

(3) Chip Select (-CS: Input)

The -CS inpul signal is used Lo address the FGA by the CPU. The FGA registers can be read/written
only when the -CS signal is low.

(4) Register Address Bus (RA5-RAQ: Input)

The RA5-RAO input signals are used to access the FGA registers (command register, mode registers,
parameter registers, status registers and interrupt registers). Each of these register has a identified
register number. A register can be read/writlen only when its register number is designated.

A separale memory access port is automatically selected for the DMA transfer. Therefore, any
register number will be ignored if designated.

A register number (address) is composed of one word, but may be accessed by word (16 bits) or long
word (32 bits) according to the width of the bidirectional data bus. In the 32-bit structure, reading an

even address n results in the reading of n and n + 1, and an odd address m results in the reading of
m-1andm,

(5) Data Transfer Acknowledge (-DTACK: OutputT)
The -DTACK signal indicates the end of a data transfer. The signal is based on the 3-state logic.
When the CPU acknowledges a low -DTACK in the read cycle, it lerminates the bus cycle after
latching datla on Lhe bidirectional data bus. In the write cycle, it terminates the bus cycle
immediately after it acknowledges a low -DTACK signal. The -DTACK signal is kept at high
impedance in non-bus cycles.

(6) Data Bus Width Select (WAW: Input)
The W/LW signal selects either 32 hils or 16 bits for the bidirectional data bus (D3 1-D0) width.
The 16-bit structure is selected when W/LW is high; only the D15-D0 lines are used, while D31-D16

are kept at high impedance. When W/LW is low, all lines are used for the 32-bit structure.
Normally, the bus width is determined during the system configuration.

(7) Interrupt request (-IRQ: Output OD)
The -IRQ signal requests the CPU to interrupt the current operation. An interrupt may be requested

to terminate a command, divide a line, process an overflow of the stack or check the clipping area.
-IRQ is an open-drain output terminal.
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DISPLAY CONTROLLER

(8) Reset (-RESET: input)
The -RESET signal resels the FGA state.
When a low -RESET signal is entered, the FGA will:
- Reset the control flip-flop,
- Clear the mode registers,
- Reset a part of the parameter regislers and set defaults,
- Clear the interrupt register and the interrupl enable register.
(9) DMA transfer request (-DREQ: Output)
The -DREQ signal is generated to the DMAC (direct memory access control) to request a dala transfer
in the DMA mode. The system must be set to the DMA mode and ready for a transfer before a -DREQ
signal is generated.
Either single transfer or block transfer can be selected.

(10) DMA transfer request acknowledge (-DACK: Input)
The -DACK signal is entered from the DMAC when it acknowledges a DMA transfer request (DREQ).
When -DACK is low, data are transferred to the FGA if the R/W signal is high, and to the CPU il R/'W
is low. While -DACK is low, the -CS signal must be kepl at a high level. In a non-DMA mode,
-DACK must be pulled up to a high level.
(11} Clock {(CLOCK: input)
The clock signal determines the basic cycle of all the FGA operations.
(12) Memory DataBus A (MDA7-MDAO: 1/OT)
This is a bidirectional data bus used to transfler data to and from the local buffer memory A.
The bus serves as a 3-state buffer. Itis keptat a high impedance when the memory is not accessed.
(13) Memory Data Bus B (MDB7-MDBO: I/0T)
This is a bidirectional data bus used to transfer data to and from the local bulfer memory B.
The bus serves as a 3-stale buffer. Itis kept at a high impedance when the memory is not accessed.
(14) Memory Address Bus (A24-A0: Output)
The Memory Address Bus (A24-A0) is used o address Lthe local buffer memories A and B.
(15) Datastrobe A (-DSA: Output)
The -DSA signal defines the timing of reading/writing fronvto the local huffer memory A.

Data are latched to be read into the FGA from the local buffer memory A al the -DSA rising edge.
Data can be written when -DSA is low.

TC8511F-7
250190

133




DISPLAY CONTROLLER

(16) Datastrobe B (-DSB: Qutput)
The -DSB signal defines the timing of reading/writing from/to the local buffer memory B.
Data are latched to be read into the FGA from the local buffer memory B at the -DSB rising edge.
Data can be written when -DSB is low.

(17)  Memory Read/Write A (MRA/MWA: Qutput)

The MRA/MWA signals delermine the direction of data 1o be transferred between the FGA and the
local buffer memory A.

Data are read from the local buffer memory A when MRA/MWA is high, and written to the memory
when the signal is low.
(18) Memory Read/Write B (MRB/MWB: Output)

The MRB/MWB signals determine the direction of data to be transferred between the FGA and the
local buffer memory B.

Data are read from the local buffer memory B when MRB/MWB is high, and written to the memory
when the signal is low.
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5. FUNCTIONAL DESCRIPTION
5.1 GENERAL

The Font Graphics Accelerator outlines and f{ills using various parameters, modes and commands

provided from the CPU. This section describes the procedures required to achieve specific operations.
Example

The following pattern can be generated to the CPU as described in the flow chart below.

Curve A

The curve A inside the points P1, P2, P3 and P4 is

P2 . K eP3 drawn by a Bezier command. -
‘ - The curve B inside the points P4, P5, P6 and P7 is %
P1¢ P4 \ P7 drawn by a Bezier command.
; 3 - The line from the point P7 to the point P1is drawn
P5 0/’ - eP b g
Curve B y a DDA command.
Process Flow @l Reset I
Y 1
® l Initial parameters I (L I DDA parameters I
© l Interrupt enable | ¥y l Command I
© I Made I ® ( FGAinterrupt
v
®| Command I ©@ l Command I

!

™

FGA interrupt

| Setdrawstart
point

> I Command I

i

® I Command I

a | Bezier parameters l

!

¥ l Command I
) FGA interrupt
tnd of the Curve B
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NO. OPERATION REGISTER(S) USED
A Initialize the FGA. The FGA is initialized by RESET signal or CRST cMD
command.
Setthe following initial parameters for operating the FGA:
O - Size of the local buffer memories MAD
© Work areas ASD,AED
- Start point (P1)
i Set the interrupt enable bit if an interrupt is required to terminate each IER
" | command.
1 |Select a mode for commands to be executed. MOD1,M0OD?2
i | Execute a CMCL command to clear the local buffer memories A and B. CMD
The FGA sets the interrupt bit (INTMB) and generates an interrupt request
Ak (-IRQ) to the CPU. The CPU reads the IR register to confirm that the local |IR
buffer memories are cleared.
2 [Set position value of P1 for drawing start point DS
BX0,BX1,
i Set the coordinates of the points P1, P2, P3 and P4 on the parameter |BX2,BX3,
- registers (for drawing the Bezier curve A in the local buffer memaories). BYO,BY1,
BY2,BY3
11t | Execute a CBZ1 command to draw the Bezier curve A. CMD
The FGA sets the interrupt bit (INTB1), and generates an interrupt request
J* |{IRQ) to the CPU. The CPU reads the IR register to confirm that the Bezier | IR
curve Aisdrawn.
@ The CPU checks if the Bezier curve B is drawn. If the curve is not drawn, it
\ repeats the steps 7 through 9 for the points P4, PS, P6 and P7.
DDARO,
1 The CPU calculates and set on the parameter registers the parameters used | DDAR3,
7| by the DDA block to draw the line from the point P7 to P1. DDAR4,
DDAC
M | Execute a CDODA1 command to draw the straight line. CMD
Upon finishing the drawing of straight line, the FGA sets the interrupt bit
N [(INTD) and generates an interrupt request (IRQ) to the CPU which reads the |IR
IR register to confirm that the drawing of straight line by DDA is finished.
1 [Execute a CPTF command to close the outline. CMD
't | Execute a CFIL1 command to fill the closed area. <MD
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NO. OPERATION REGISTER(S) USED

The FGA sets the interrupt bit INTMB) and generates an interrupt request
(IRQ) to the CPU. The CPU reads the IR register to confirm that the filling is

finished.
At this moment, the following patterns are stored in the buffer memories
AandB:
Memory A Memory B

@ y/\ Y IR
Execute a CBLK command to transfer to the CPU the C filled pattern stored

® in the loca! buffer memory B. CMD

- The CPU continues reading the results of processing through handshaking

communication.
When the last word (or long word) is read by the CPU, the FGA sets the

© interrupt bit (INTMB) and generates an interrupt request (IRQ) to the CPU. iR

After the CPU reads the last word (or long word), it reads the R register to
confirm that the block transfer is finished.
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5.2

DIVIDING FONTS

A font larger than the buffer memory area (MAD) can be created in a divided form.
Very large fonts can be used because they can be divided into as many sections as desired.

(B8]

4)

12)

]
)
)
)
)
1
1
]
'
1
1
]

'
]
'
'
¢
¢
¢
t
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6)

[N S

To draw the left pattern, the CPU divides it into
6 sections that fit the size of the buffer memory.
The CPU calcuiates the coordinates of the
beginning and end of each outline. Each outline
shouid begin and end at points at least 2 dots
extended out of the work area.

The CPU provides parameters of all outlines contained in each divided section.

_'JA D " Bdffer memory area
A [Work area
P2
o
]
P1g AEDI_._
Section (1’ MAD

P5o _opg

) P4
-}
o
P3

Section 12)

°pg

Section i3:

¢ _— Atleast?2

dots

T Atleast 2 dots

Section @}

P11

P12° °p13

Section (%)

P16 °

P15

Section (6}

The work area should be sized smaller than the buffer memory area so that each out line can be
extended over its boundary.
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A divided pattern can be output to the CPU in the following procedure:
Set parameters — Outline — Fill — Block transfer — Clear the work area.
Divided sections should be processed in the order of (I} — @ — & — @ — 5) — ®. The following fill
commands are used to fill the closed area:

CFIL3 command to fill the sections (1) and 4}
CF1L4 command to fill the sections {2) and /5
CFIL2 command to fill the sections 3} and (6!

5.3  DESCRIPTION of the COMMANDS

The FGA supports 13 commands, each of which is assigned to a specific bit in the command register
(CMD). A command can be activated by writing “1" to the corresponding bit.

Bit assignment
1514 13]12]11 (10 9 8 7 6 5 4 3 2 1 Q
clclc ¢ ¢ clclclclcfclclc p
sim|F F F Flp|Dlo|BlB|s|r ?S,Teigondmg
—— il v v ovlTlolo|z|z)T|s Rtttk
k| LlL v v t|lelalajz|ifc|T '
4 3 2 1 2 |1

Commands Assigned to the Command Register Bits

See Section 5.7 for restrictions involved in activating these commands.

53.1 RESET COMMAND [CRST}

A CRST command is executed to initialize the FGA. It has the same function as the -RESET
signal. Executing a CRST command causes the following aperations :

1. Reset the control flip-flop.

2. Clear the mode registers (MOD1 and MOD2).

3. Clear the parameler registers and set defaults.
Clear the Work Area Start (ASD) register.
Reset the Work Area End (AED) register (to XAE=63 and YAE=511).
Clear the Current Pointer (CDP).
Clear the Drawing Start (DS) register.
Reset the Buffer Memory Area Definition (MAD) register (to XMA =6).
Clear the Stack Pointer (BSP).

4. Clear the following intlerrupt registers:
Interrupt register (IR).
Interrupt enable register (IER).

TC8511F-13
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533

CLEAR STACK [CSTC]

A CSTC command clears the Bezier Stack Pointer (BSP) used for the generation of Bezier curves. A
CSTC command must precede a CBZ2 command that subdivides a Bezier curve into lines.
The stack pointer can be cleared by executing a CSTC command or writing “0”.

A CSTC command is not necessary for executing a CBZ1 command (that generates a Bezier curve).

COMMAND to GENERATE a BEZIER CURVE [CBZ1]

A CBZ1 command generates a Bezier cubic curve.
When a CBZI command is execuled, the Bezier block generales 4-bit quantized displacements (dx, dy) to
draw an approximated Bezier cubic curve. A Bezier cubic curve is defined using 4 points, whose x-y
coordinates are indicated by the parameter registers BX0-3 and BY0-3.
After a CBZ1 command is executed, the FGA sets the bit INTB1 of the interrupt register.

A CBZ1 command causes one of Lhe following operations according to the mode specified by the MOD1
mode register:

(a) Draw an outline in the local buffer memory A using the displacements (dx, dy).
(b) Draw an outline in the local buffer memory A and the local buffer memory B using the
displacements (dx, dy).

(c) Transfer the displacements (dx, dy) to the CPU while doing the operation (a) or (b).
(d) Transfer the displacements (dx, dy}) to the CPU without doing the operation (a) or (b).

(a) is selected to draw an outline. (b) is selected Lo draw an outline and fill. (c) and (d) are used if
displacements should be processed by the CPU.

A CSTC command is not required before executing a CBZ1 command.

TC8511F-14
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5.3.4 COMMAND to DIVIDE a BEZIER CURVE [CBZ2)

DISPLAY CONTROLLER

CBZ2 commands are used to subdivide a Bezier cubic curve into straight lines.

The number of lines is determined by a value set on the flalness register. A Bezier curve to be
subdivided is specified by the parameter registers BX0~3 and BY0~3.

The first CBZ2 command determines the first division point (or the end of the first line). To obtain the
nextdivision point, another CBZ2 command should be executed.

Each time a division point is delermined by a CBZ2 command, the FGA sets the INTB2 bit of the
interrupt register, and generates an interrupt request IRQ.

P1-P4

(P1and Q1) :
(Q1and Q2) :
(Q2 and P4) :

Bezier parameters {coordinates of
the 4 points)

Beginning and end of the line 1
Beginning and end of the line 2
Beginning and end of the line 3

The coordinates of the beginning and end of each
line are stored in the parameter registers (BX0,
BY0) and (BX3, BY3), and read by the CPU.

When the last division is compleled, the FGA sets
the interrupt bits INTBl and INTB2, and
generates an interrupt request IRQ to inform the
CPU of the end of division.

Only the ends (BX3, BY3) should be picked up
each time to read subdivided lines continuously.

A CSTC command must be executed before the
first CBZ2 command.

A CBZ2 command defines the beginning and end
of a line for reading by the CPU. 11 can be
coincided or paralleled with a CDDA1 command to

draw this line in the local buffer memories A and
B.

The CPU reads the beginning (BX0, BY0) and end (BX3, BY3) of a line, and executes the next CBZ2

command if necessary.

At the same time, it calculates and sets on the parameter registers DDARO,

DDAR3 and DDAR4 the parameters required to draw the line just determined. Then, a CDDAL
command can be executed Lo draw this line in the buffer memories.

The above steps are repeated until the last line is drawn in the local buffer memories A and B.
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535

536

COMMAND to GENERATE a STRAIGHT LINE [CDDA1)

A CDDA1 command is used lo generate a straight line.

When a CDDAL is execuled, the DDA block generates 4-bit quantized displacements (2 bits each for x
and y coordinates), the number of which is designated by the DDAC register. A line is drawn based on
these displacements and the parameters provided by the parameter registers DDARO, DDAR3 and
DDAR4. After a CDDAI1 command is executed, the FGA sets the INTD bit of the interrupt register. A

CDDA1 command causes one of the following operations according to a mode specified by the MOD1
mode register:

(a) Draw an outline in the local buffer memory A using the displacements (dx, dy).

(b) Draw an outline in the local buffer memories A and B using the displacements (dx, dy).
(c) Transfer the displacements (dx, dy) to the CPU while doing the operation (a) or (b).

(d) Transfer the displacements (dx, dy) to the CPU without doing the operations (a) or (b).

(a) is selected to draw an outline pattern. (b)is selected to draw outline and filled patterns. (c) and
(d) are used if the displacements need processing by the CPU.

COMMAND to GENERATE a CIRCLE, ARC or ELLIPSE [CDDA2]

CDDAZ2 commands are used to generate a circle, arc or ellipse.

When a CDDA2 command is executed, the DDA block generates 4-bit quantized displacements (2 bits
each for x and y coordinates), the number of which is designated by the DDA counter register (DDAC).
A 1/8 circle or ellipse is drawn using these displacements and the values of the parameter registers
(DDARO, DDARI1, DDAR2, DDARS and DDAR4) and the mode register MOD2. These parameters are
preset to define the beginning of a circlefellipse and its radius. After a CDDA2 command is executed, the
FGA sets the INTD bit of the interrupt register.

The operation of a CDDA2 command is determined by the MOD1 mode register, as in the case of a
CDDA1 command.
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5.3.7 PATH END [CPTE]

A CPTE command is used to close an outline. An outline can be closed only if its end overlaps its
beginning. This command should be executed after defining the x—y coordinates of the end (=
beginning) of an outline to be closed. To fill a closed area, use the fill commands CFIL 1 to 4.

A CPTE Command example to Close An Outline in the Buffer Memory A

The following outline can be closed by a The following outline cannot be closed by a
CPTE command (end = beginning): CPTE command (end # beginning):

0000008
Beginning End

End
(= Beginning)

X JOX X X J
000000

. f PTE di
Before a CPTE command is executed Beforea C command s executed

After a CPTE
command is
executed

0000000
Beginning End

After a CPTE command is executed After a CPTE command is executed
O
L J

Blank

Filled
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53.8 COMMAND to FILL a NON-DIVIDED FONT [CFIL1)

A CFIL1 command is used to {ill the interior of a closed outline. Before executing this command, an
outline must be drawn by CBZ!, CDDA1 and/or CDDA2 commands or the direct write access of the
displacement from the CPU to the dx, dy port, and closed at a point specified by the CPU. A closed area
can be filled by a CFIL1 command if it is drawn in hoth the local buffer memories A and B according to
the mode specified by the MOD1 mode register.

After a CFIL1 command is executed, the FGA sets the INTMB bit of the inlerrupt register.

An Example of CFIL1 Command

Buffer memory A Buffer memory B

Before a CFIL1 command is executed

After a CFIL1 command is executed

. =Filled

A CFIL1 command causes one of the following operations as determined by the MOD 1 mode register:
(1) Transfer the filled pattern Lo the CPU.
(2) Write the filled pattern in the buffer memory B,
(3) Do (1) and (2) simnultaneously.
(4) While doing (1), clear the work areas of the buffer memories A and B.

The operation (1) provides the fastest outpul to the CPU. A block transfer (CBLK command) should
be used to send the result of (2) to the CPU. (4) enables outlining and filling to be repeated without using
a CMCL (clear memory) command.
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5.3.10

5.3.11

DISPLAY CONTROLLER

COMMANDS to FiLL a DIVIDED FONT [CFIL2, CFIL3, CFIL4]

These commands fill a divided font as follows:

CFIL2 command fills the right sections of a divided font.
CFIL3 command fills the left sections of a divided font.

CFIL4 command fills the remaining sections of a divided font.

After a CFIL command is executed, the FGA sets the INTMB bit of the interrupt register.

5y

2)

v 3)
i ! A font larger than the buffer memory area can
be divided into 6 sections as shown in the left
figure. To fill this divided font, use the following

1
i
|

N ST Y 20 Y '_ ___________ commands:
i
]
)
)
)
i
i
1
h
1
!

) {5

i

CFIL3 command to fill the seclions (1) and (42,
CFIL4 command to fill the sections ‘2! and /5!,
CFIL2 command to fill the sections 13! and 6.

These sections must be filled in the order of {1 — (2) — {3} — {4} -~ (5) - - {6},

The operation of a CFIL command 2, 3 or 4 is determined by the MOD1 mode register, as in the case of
a CFIL1 command.

CLEAR MEMORY [CMCL]

A CMCL command clears a work area specified by the parameter registers ASD and AED.
To clear a work area, set the mode register (MO} ) Lo specify which memory (A or B) should be cleared,
and if it should be cleared 1o “0” (blank) or “1” (filled). A CMCL command must be executed before any
outline can be drawn and filled.

BLOCK TRANSFER [CBLK]

A CBLK command transfers data in a work area specified by the parameter registers ASD) and AED.
Data can be transferred between the CPU and the FGA, the mode of which is specified by Lthe mode
register MOD1 (DMA transfer or programmed transfer controlled by the -CS signal).

When a CBLK command is executed, data are transferred repeatedly and the handshake between
CPU and FGA is controlled by the -CS or -DACK signal and -D'TACK signal.

When the last piece of data is transferred, the FGA sets the interrupt bit INTMB, and generates an
interrupt request to inform the CPU of the end of the transfer.
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54  SETTING PARAMETERS
5.4.1 SETTING PARAMETERS for DRAWING a BEZIER CURVE
Command : CBZ1
Parameter registers : BX0, BX1, BX2, BX3
BYO, BY1, BY2, BY3
To draw a Bezier curve, set the parameter registers BX0~3 and BY0~3 to the following values:
BX0~3 : X coordinates of the reference points PO ~ P3 + 0.5
BY0~3 * Y coordinates of the reference points PO ~ P3 + 0.5
Each of these parameter registers is composed of a 14 bit, integer part and a 14 bit fraction part.
27 14 13 0
Integer Fraction
Command . CBZz2
Parameter registers : BX0, BX1, BX2, BX3
BYO0, BY1, BY2, BY3
BFLT
The parameter registers BX0~3 and BY0~3 should be set to the same values as for the CBZ1
command.
CBZ2 commands are used to divide a Bezier curve into several lines. A Bezier curve is approximated by
these lines as determined by the flatness parameter. The flatness of a Bezier curve is specified by the
parameter register BFLT as follows next page:
FLATNESS VALUE OF BFLT
1/2 11111
1 11110
11100
11000
10000
16 00000
TC8511F-20
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A Bezier curve can be divided by a CBZ2 command in the following algorithm:

Q

Set BFLT

|

Set BX0~3 and
BY0O~3

|

Execute a CSTC
command

Execute a CBZ2
command

Read BX0, BX3,
BY0Dand BY3

BX0 and BY0Q (BX3 and BY3) indicate values equal to 0.5
plus the X or Y coordinate of the beginning (end) of
each approximating line.

A line is defined to be the last line if:
The STSE bit of the status register is set (stack is
empty) or

- Both the INTB2 bit and the INTB1 bit of the interrupt
register IR are set after a CBZ2 command is executed.

TC8511F-21

250190
147




DISPLAY CONTROLLER

542 SETTING PARAMETERS for DRAWING a LINE

Comimand . CDDAIL

Parameter registers: DDARO, DDAR3, DDAR4, DDAC
Mode register bits :  DDAMDO0, DDAMDI, DDAMD2, DDAMD4

Beginning (Xo. Yo)
End (X1, Y1)

(X0, Yo)

S X=X1-X0 DDAMDI=0
DDAMDI=1
SAY=Y1-Y0 DDAMD2=0
DDAMD2=1
A L=Max (]|~ X|,| A Y])

AS=Min(]| XL AY]D

(Xy,Y9)

AX=0

/X <0

AY 0

Y <0

DDAMDO=0 |AX|>|A Y]
DDAMDO=1 |AX|<|AY|
DDARO=2/S— AL

DDAR3=2A8
DDAR4=2/8-2/L
DDAC="L

The DDAMDA4 bit determines whether a coordinate with a fraction of 0.5 should be rounded upward
or downward according 1o the axial direction of the shorter displacement; i.e., if DDMA4 =0, a coordinate
with a fraction of 0.5 will be rounded downward (upward) to the opposite direction to the shorter

displacement, and if DDAMD4 =1, it will be rounded upward (downward) to the same direction as the

shorter displacement.

Example) /

DDAMD4 =0

/!

DDAMD4 =1

—

In the above description, the line begins and ends at integral coordinates. If the coordinates contain

a fraction, dx, dy steps for the beginning and end points must be provided from the host processor.

TC8511F-22
250190

148



543

DISPLAY CONTROLLER

SETTING PARAMETERS for DRAWING a CIRCLE

Command . CDDA2

Parameter registers: DDARO, DDARI, DDAR2, DDAR3, DDAR4, DDAC

Mode register bits : DDAMDO0, DDAMD1, DDAMD2, DDAMD3, DDAMD4, DDAMD7

Each CDDAZ2 command generales a 1/8 circle.

A 1/8 circle can be drawn in 16 forms as shown below, and defined by the mode register bits
DDAMDO, DDAMD1, DDAMD2, and DDAMDS3. A 1/8 circle may start or end at a given point on the x

or y axis (based on its center as the origin). The former is categorized as a case | circle, and the laiter a
case I circle.

NO. DDAMDO DDAMD!1 DDAMD2 DDAMD3  CASE
V] TN 0 0 ] 0 I
\' 1 0 0 0 I
; / 1 1 0 0 [
% 0 1 0 0 1
] N~— 0 1 1 0 i
(f \ 1 1 1 0 i
®) ( 1 0 1 0 [
a| 0 0 1 0 ll
e 0 1 0 1 |
) / 1 1 0 1 I
3 \ 1 0 0 1 |
Bl AN 0 0 0 1 I
_A 0 0 1 1 ]
™ / 1 0 1 1 I
(M) ‘\ 1 1 1 1 |
10 N 0 1 1 1 I
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Set DDAMD4 and DDAMD?7 t0 0.

Set DDAC to the coordinates dx, dy.

Set DDARS to 4.
Set DDARA4 to 8.

Set DDARO - DDAR2 as follows according to the type of a 1/8 circle to be generated (case I or 11):

Case I Beginning (lp, so)

Ve

T

-
1

I
Ty
I

i

b

-
-
-
/%

Set DDAC to this length.

Casell

Beginning (sq, lg)
/\

Vi rs
/
//
Y S 4. -¥
Set DDAC to this length.

3130

lo and sg indicate the x -y displacements from the
beginning to the end of this 1/8 circle, based on its center
as the origin. R : Radius

In this case, the x displacement is larger than the y
displacement.
DDARO =2 {lg2 + Sg? - R?)
+4|lp| -2|So]| +3
DDAR1=4]iy| +2
DDAR2 =4 (]lg| - |So|) +2

Each of the registers DDARO~DDAR?7 consists of 32 bits,
and uses the representation of sign plus 2's complement.

DDARO = 2 (Ig? + Sp2 - R?)
-4lig] +2|So| +3

DDART = ~4|lg| +2

DDAR2=4(|Sq| - [lg]) +2

Sign bit

TC8511F-24
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5.4.4 ARCS CONSISTING of MORE THAN ONE 1/8 CIRCLE

Casel
An arc can be drawn using several 1/8 circles. It should be
composed of case I 1/8 circles and case I 1/8 circles that alternate with

each other. Casell

If a case I 1/8 circle is already drawn, the case 1I 1/8 circle that follows it can be drawn using the
values remaining in the parameter registers DDARO-DDAR2. Use the following formulas to calculate
the initial parameters of the case II 1/8 circle:

DDARO=DDARO old + 1/2DDAR20ld —DDAR1lold +1

DDAR1=DDAR2old —DDAR1old +2
DDAR2=DDAR2old

Similarly, if a case IT 1/8 circle is already drawn, the case I 1/8 circle that follows it can be drawn
using the values remaining in the parameter registers DDAR0O-DDAR2.
The following formulas should be used to calculate the initial parameters of the case I 1/8 circle:

DDARO=DDARO old + DDAR1old —DDAR2old
DDAR1=DDARI1 old
DDAR2=2DDAR1 old —DDAR2 old
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545 SETTING PARAMETERS for DRAWING an ELLIPSE (Ellipses parallel to the x and y axes)
Each CDDDA2 command generates a 1/8 ellipse. 1/8 ellipse is any of the following 8 sections of an

ellipse:

An ellipse must satisfy the following relation : ax2+by2 +c=0

(xandy are the x and y coordinates whase origin is the center of the ellipse).

Point of contact with a + 1 gradient

™ -cb

+ e
Tangent with a * 1 gradient - a{a+b)

Set the mode register bits DDAMDO~4 and 7 and the parameter register DDAC in the same manner
as in setting the parameters of a 1/8 circle.

DDARO~4 should be set as follows according to the type of a 1/8 ellipse to be generated :
A case [1/8 elliptic arc that starts from the y axis :

Beginning (Xg, Yo)

e~ If the ellipse starts from the x axis, the same formulas will apply,
1 except that "a” should be read as "b” and “Xg” as “Yg” and vice
1 versa. a«r b, Xpe Yy

|

| e

1 -

b/

DDARO=2 (axp?+byol+c)+4a|xg| —2b|yo| +2a+b
DDAR1=2a(2 | x0| +1)

DDAR2=2a (2| xo| +1) —4b]| yo|

DDAR3=4a

DDAR4=4a+4b

A case 111/8 elliptic arc that ends on the y axis :

r ‘lﬁagmmng (Xo. Yo) If the ellipse ends on the x axis, the same formulas will apply,
P except that "a” should be read as "b” and “X¢" as "Yp", and
V viceversa. a« b, Xg e Yy

DDARO =2 (axo2 +byo2+c)+2alxg| —~4b|yo| +2a+h
DDAR1=2b(-2]yg| +1)

DDAR2=4a|x¢| +2b(—2] yp| + 1)

DIDAR3=4b

DDAR4=4a+4b
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546 ELLIPSES NOT PARALLELto X or Y AXIS {Ellipses not parallel to x or y axis)

Each CDDAZ2 command generates a 1/8 ellipse.

As shown below, an ellipse is divided into 8 sections as determined by the tangent lines parallel to
the x and y axes and the £ 1 tangent lines.

Ellipses not parallel to x ory axis : ax’ + 2bxy + cy? +d =0
{x and y are the x and y coordinates whose origin is the center of the ellipse)

\/ Point of contact with horizontal

2/

R
\ =" a(ac-b’)

-d
=Fa [—%
y : a(ac-b?)

Point of contact with vertical

-d
Y x=1tc¢ —
c (ac-b?)
- -d
I Cacon
Point of contact with a -1 gradient clacby

d
x=t{c-b) / a (c-b)? + 2b (a-b)(c-b) + ¢ (a-b)?

-
>

y=1% {a-b) \/ d
a (c-b)? + 2b (a-b)(c-b) + ¢ (a-b)?

Point of contact with a + 1 gradient

4
x=t(c+b)\/ a(b+0)2-2b(a+b)(c+b)+cla+h)

y=t(a+b)/ -d
a(b+c)?-2b(a+b){c+b)+c{a+b)’

Set the mode register bils DDAMDO0~4 and the parameter register DDAC in the same manner as
in setting the parameters of a 1/8 parallel ellipse. Set DDAMD7 to 1. DDARO~5 should be set as
follows according to the type of a 1/8 to be generated:

Acase [ 1/8 ellipses (1/8 ellipses are classified into 16 types. The classification is the same as that
of 1/8 circles.)
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Type W in Case |
No. of A~ defined as same as
«— Beginning (Xg, Yo) a 1/8 ellipse.

Type (9

Type (1)

Type M

Type ©

Type [(#]

Type &

Type (W]

TC8511F-28
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DDARO=2(ax¢2+ bxg yo+cyo2+d)
. +2a(2x0+ 1)+ b(xo+ 2ys+ 1) +c(2y,+ 1)
\ JPlad DDARI =2a(2x0+ 1) +b(2y, + 1)
v DDAR2 =2a(2x¢+ 1) +b(2xy + 2y + 1)-dcy,
DDAR3=4a

DDAR4 =4a+4b+4c
DDAR5=4a+2b

Use the same formulas except the following changes:
Xp— —Xp

Yo —¥Yo

Use the same furmulas except the following changes:
X) 7" —Xp
b— —b

Use the same formulas except the following changes:
yo— —J¥o

b— —-b

Use the same formulas except the following changes:
X0 Yo

Yo —Xg

aec

b -~ —b

Use the same formulas except the following changes:
X0~ —Yo

Yo xg

aerc

b+ ~b

Use the same formulas except the following changes:
X0 Yo

Yo Xp

aec

Use the same formulas except the following changes:

X0 —Yo
Yo T —Xp
a+rc
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Type ®in Case Il

Beginning (Xo, Yo) DDARO=2 (ax¢2+bxgyp+cyol+d)
, o +a(2xp+1) +b(2xg+yo+1) +2c2ypg+1)
// DDAR1=2c(2yg+1) +b(2xp+ 1)
’ DDAR2=2¢ (2yg+1) +b (2xg+2yp+ 1) —4axp
lmm—m—- DDAR3 =4c
DDAR4=4a+4b+4c
DDARS6=2b+4c
Type ® Use the same formulas except the following changes:
Xp— —Xp
yo— —Yo
Type O Use the same formulas except the following changes:
Xg— —Xg
b-- ~b
Type ® Use the same formulas except the following changes:
Yo —Yo
b— —~b
Type © Use the same formulas except the following changes:
X0 Yo
yo —Xp
aerc
b— ~b
Type (D Use the same formulas except the following changes:
Xp— —¥Y0
Yo %0
aec
b— —b
Type © Use the same formulas except the following changes:
X0 Yo
Yo X0
aec
Type @ Use the same formulas except the following changes:
X0 —Yo
Yo —X0
aerc
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55 MEMORY ORGANIZATION
5.5.1 DATA ORGANIZATION of MEMORY

The FGA supports 2 buffer memories A and B, each of which has an 8-bit bus. Asa result, the buffer
memories are accessed by the FGA on a byte basis.

Data are transferred between the CPU and the FGA using a 32-bit or 16-bit bus. The buffer
memories are accessed by the CPU either by dot (for dot-matrix drawing) or by byte (for random access,
block transfer and transfer of the results of fill commands).

Data are transferred between the CPU and the buffer memories in words (over a 16-bit bus) or long
words (32-bit bus) from a 1-byte memory address specified.

A pair of current pointers are used by the CPU to specify buffer memory addresses. The current
pointer L indicates the x coordinates of memory addresses and the current pointer 1 indicates their y

coordinates. The 3 hits A0 Lo A2 of the current pointer L are used to specify a particular bit of the top
address.

Address register

i I—

| Specify a bit of the top address
Specify a 1-byte address

All bits from A0 through A27 are used for outlining and {illing. In the data transfer, only the bits A3
to A27 (25 bits) are used to specify a 1-byte address.

The FGA converts words (or long words) to and from an equivalent number of bytes (this is called
packing and unpacking).
Bit assignment of 1-byte addresses

Each memory address is composed of 8 bits from bit 0 ta bit 7. The bit 0 corresponds to the MSB of the
data bus between the FGA and the CPU/buffer memories,
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32-bit bus (W/-LW signal = low)

Data bus |D31~D24 D23~D16 D15~D8 D7~D0 |
Memory port \ Byte O I Byte 1 l Byte 2 | Byte 3 ‘
1-Byte addresses Bitaddress
0 7
n | ByteO
n+1 | Bytel . )
[ n+2 [ Byte2 Packing/Unpacking
n+3 | Byte3

16-bit bus (W/-LW signal = high)

Data bus lD31~D24 D23~D16 D15~D8 D7~0D0 |

Memory port ‘><[ ByteOJ Byte 1 I

Bit add
1-Byte addresses fadaress
0 7

n Byte O

n+1 | Bytel

Packing/Unpacking

Only the bits D15 to DO are used to
construct a 16-bit data bus.
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5.5.2 REGISTER ORGANIZATION

The FGA registers are accessed by the CPU using the register address terminals (RA5-RA0). A
register can be accessed only if its number (address) is specified (except in the DMA transfer where a
separate memory port is automatically selected). Each of these registers is assigned to a 1-word address,
and can be accessed as delermined by the width of the bus between the FGA and the CPU.

32-bit bus (W/-LW = low)

Data bus \D31~D16| D15~D0 I

- I l
¥ t ¥
l 31~16 | 15~0 | | 31~16 | 15~0 | * ] 31~16 I 15~0 I
Even Odd Even Odd Even Odd
Memory port Register pair A Register pair N

If the bus is composed of 32 bits, the CPU will access two 1-word addresses at the same time. As a
result, two registers can be accessed if only one address is specified. If an even address n is specified, a
pair of registers located in the addresses n and n +1 will be accessed. If an odd address m is specified,

registers in the addresses m and m — 1 will be accessed.

16-bit bus (W/-LW = high)

Data bus | D31~D16 J D1S~DO—|

Ww _,| ________ ! |
AQ I ' 1
; l
Y Y ¥
|><] 15~0 } (31—46 l 15~0 l 31~16 I 15~0
Even Odd Even Odd Even Odd
Memory port Register pair A Register pair N

In the 16-bit configuration, the bus is composed of the bits D15-D0. This means that only one
address can be accessed al one time. Either an even address or odd address must be specified to access

each register.
Note however that the memory portl is always assigned to an odd address in the 16-bit bus

construction.
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5.6 BUFFER MEMORY and WORK AREA
5.6.1 DEFINING the WORK AREA

The work area is the active field for all operations including outlining and filling. Also, this area
defines data to be transferred or cleared from the buffer memaories.

The work area is defined by the parameter registers ASD (Area Start Definition) and AED (Area End
Definition).

The work area should be created within the buffer memory area defined by MAD. A work area that
extends over the boundary is invalid. All operations outside the MAD may be also invalidated.

(0, 0)
[T

Buffer memory area
ASD(XAS, YAS)

ASD < AED
Work area

7

AED (XAE, YAE)
]

MAD (2XMA - 1, YLN - 1)

(0,0)
|

Buffer memory area

ASD(XAS, YAS) Operations outsides the MAD may
7V N be invalidated.
/ :
Work |
area !
i

MAD (2KMA — 1, YLN = 1)
|
AED (XAE, YAE)

YLN: Y area width
See buffer memory area in
the item 4-5-5
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5.6.2

WORK AREA for the DATA TRANSFER

The horizontal range of the work area is defined on a byte basis by the ASD and AED registers. On
the other hand, data are transferred to the CPU by word (over the 16-bit data bus) or long word (over the
32-bit data bus). This means that the size of the work area may not be divided by that of data accessible

by the CPU. The discrepancy will be 1 byte in the word-based transfer, and 1 Lo 3 bytes in the long-word-
based transfer.

To avoid this problem, the horizontal range of the work area should be defined so it consists of a
number of bytes equal to a 4’s multiple (or 2’s multiple in the 16-bit transfer).

Objects are outlined and filled normally on a work area composed of odd bytes.

Caution should be exercised in attempting a programmed transfer using the chip select (CS) signal.
If the work area is sized as shown below and the data bus is composed of 32 bits, the nth transfer cycle
results in the transfer of the last 3 bytes on the line 0 28, 29 and 30 the 1st byte on the line 1 31, In this
manner, 4 bytes of data will be transferred normally up to the bytes 211,212, 213 and 214 on the last line

m. However, the last cycle will cause the FGA 1o transfer the bytes 215 and 216, and 2 bytes’ undefined
data to the CPU.

If a block write transfer is executed under the same conditions, the FGA will write only the exisling
data of up to 216 .

. . . - ]
ASDIXAS, Long word Defined by X coordinates XAS and XAE
YAS) 0 L n-t n
~ T T
Line 0 | | l I 2 l 5 I % |2 | |29
Line 1 n 12 3 | e ] as s |59 |60 | &1

Line2 e |63 ] 6s |65
Defined by Y i
coordinates
YAS and
YAE

Work Area

J Linem ms[m7lma]|nlmn| ]zoeluo[m l)nlznliulns[ui
4
AED(XAE,YAE)

Given conditions:
Bus width: 32 bits
Width of the work area: 4n + 3 bytes
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5.6.3 WORK AREA for the DMA TRANSFER

In the DMA transfer, the number of words to be transferred is specified by the DW regisler to define
the active width. Normally, the active width should match the width of the work area specified by the x
coordinates XAS and XAE. If the active width is smaller than the width of the work area, a specified
number of words will be transferred normally. If the active area is wider than the work area, the
shortage will be supplemented by undefined data as described below.

Examples of DMA transfer)

0,0
0.| ASD (XAS, YAS} Defined by X coordinates 15
e | — XAS and XAE — »

32 1 33 I 4 l 371 38 | 39 [ 60 | 4y | a2 ] a3 | 44 | 45 | 46 | 47
48 53 [ 54 |55 |56 |57 [safs9 )60 |6 |62]63
64 63 [ 70 [ vy 23] afFs e | 77| 78] 79
80 S AED (XAE, YAE)

{ Work area

) MAD{(2 ™A - 1, YLN - 1)

Buffer Memory Area
Example 1

- Bus width: 16 bits (W/-LW = 1)
- Number of words to be transferred: 3
- Transfer mode: Line mode (Bit 14 of MOD1 = 1)
Result of a word-based transfer
37 38,39 40,4142

Example 2

- Bus width: 16 bits (W/-LW = 1)
- Number of words to be transferred: 4
- Transfer mode: Line mode (Bit 14 of MOD1 = 1)
Result of a word-based transfer
37 38,3940,41 42,4344

Example 3

- Bus width: 16 bits (W/-LW = 1)
- Number of words to be transferred: 7
- Transfer mode: Line mode (Bit 14 of MOI}1 = 1)
Result of a word-based transfer
3738,3940,4142,4344,4546,4732,3334
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Example 4
- Bus width: 32 bits (W/-LW = 0)
- Number of words to be transferred: 2
- Transfer mode: Line mode (Bit 14 of MOD1 = 1)

Result of a word-based transfer
3738,3940,41424344

Example 5
- Bus width: 32 bits (W/ALW = 0)
- Number of words to be transferred: 3
- Transfer mode: Line mode (Bit 14 of MOD1
Result of a long word-based transfer
37383940,41424344,45464732

1)

Example 6

- Bus width: 16 bits (W/-LW = 1)

- Number of words to be transferred: 4
Transfer mode: Block mode (Bit 14 of MOD1 = 0)
Result of a word-based transfer

3738,3940,4142,4344
53 54,5556, 57 58,59 60
6970,7172,7374,7576

Example 7

- Bus width: 32 bils (W/-LW = 1)
- Number of words to be transferred: 3
- Transfer mode: Block mode (Bit 14 of MOD1 = 0)
Result of a word-based transfer
37383940,41424344,454647 32
53545556,57585360,61626348
68707172,73747576,77787964

The Undefined bytes are not written/read to/from the buffer memories for reading/writing.
However, the FGA is accessed by the DMA controller for the number of words specified by the DW
register.
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WORK AREA for a DIVIDED FONT

To fill a divided font using CFIL2-4 commands, the FGA requires an additional work area to be
provided at the right end in the buffer memory area (MAD). This additional work area has the same
height (defined by the y coordinates YAS and YAE) as the main work area, and a width of either a word
(186 bits) or a long word (32 bits) as determined by the bus width. To process a divided font, the main
work area must be located so it will not disturb the additional work area.

(0,0)
< a : Width of an additional work area in the 32-
Buffer memory area )
bit configuration
a . . .y . _
ASD (XAS, YAS) b l— b .  Width of an additional work area in the 16
bit configuration
Work area
AED (XAE, YAE)
[ I T
MAD (2XMA-1, YLN-1)
YLN : Y area width
See buffer memory area in
the item 5.8.5 (5).

The additional work area is created in the buffer memory A.

One additional work area is repeatedly used for all traverse sections of a divided font. Therefore, the
top and the bottom of the main work areas must be unchanged for all of these sections. If the top or the
bottom changes, the divided font may not be filled properly.
® i @ i 3 A font divided as shown on the left is filled in

; : the order of (L— (21— i31—~41—5:—;, The
i E sections ‘1, 2! and (31 are filled using the same

———————————— b J: additional work area, and so their main work
) 1
! H areas must be identical in height. Similarly, the
H | top and the bottom of the main work area must be
! i unchanged for the seclions 4), 15! and 6. The
1 t
, ) height of the main work area can be changed only
1 )
) after all traverse sections (1}, /21 and 3} or 41, (5}
] -

@ i and (6 in this case) are completed.

The left or the right edge of the main work area
can be changed freely.
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56.5 RANDOM ACCESS and the BUFFER MEMORY AREA

Data in the buffer memory area (MAD) can be randomly accessed by the CPU as specified by the
current pointer (CP). Data are accessed either by word (2 bytes) or by long word {4 bytes) according to

the bus width,

(0.0)

OIOO[®[®] DI
®|@)[6y

Buffer Memory Area

@)@

MAD (2xMa-1, YLN-1)

TC8511F-38

250190
164

Over the 32-bit data bus, this buffer memory area can
be randomly accessed as follows:

When CP =0, the bytes 0, 1, 2 and 3 will be accessed.
In the aulo-increment mode, the access will
increment the CP value 1o 4.

When CP =30, the bytes 30, 31, 32 and 33 will be
accessed. In the auto-increment mode, the access
will increment the CP value to 34.

When CP =253, the bytles 253, 254, 255 and 0 will

be accessed. In the auto-increment mode, the access
will increment the CP value to 0.

YLN :Y area width
See buffer memory area in
the item 5.8.5 (5).
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STRUCTURE of the BUFFER MEMORY ADDRESSES

As mentioned earlier, buffer memory addresses are specified by their x-y coordinates, which are

defined by the 25 bits of the current pointers. Up to 11 bits (A0~A10 in the figure below) can be used lo
indicate an X coordinate, and 14 bits (A11~A24) to indicate a Y coordinate.
The buffer memory area can be sized freely (1o a 2's mulliple in both the x and y direction) within the
capacity of the memory used. The buffer memory area is specified by the parameter register MAD. Ifan
address can be indicated withoul using the all bits, it will be barrel-shifted (compressed to the LLSB), and
converted to a linear address. The valuesin unused bits are undefined.

(LsB) A0

A0
Al

FGA

(MsSB) A 24

(LSB) A0
A
A2
A3

FGA :
(MSB) A 8
A9

X coordinate

Y coordinate

X coordinate

Y coordinate

Unused
Indefinite

MAD register
XMA =11
Maximum
YLN =16384 lines

I::> Buffer memory

MAD register
XMA =3

YLN =64 lines

(:(> Buffer memory

YLN: Y areawidth
See buffer memory area in
the item 5.8.5 (5).
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5.7 RESTRICTIONS
5.7.1  EXECUTION of MORE THAN 1 COMMAND

The FGA commands are located in the command register. A command can be accessed by setting a
specific bit allocated to this command. Executing more than one command is disabled by the FGA to
protect the internal circuits (except for CSTC and CBZ2 commands). If more than 1 bit are set, the less
significant bit (bit of the smaller number) will be selected.

Command register

Bit assignment

1S[14 (13 [12[19[10] 9 8 7 6 5 4 3 2 | 0
cic|cC ¢ ¢ cCc|jcfc|cjc|c|cic

BIM|F F F F|P|D[(D|B|B|S|R

—_— L]Cyt [ | 1 T|D|ID|2]|2|T]|S
KjLiL L L LIEjAfA|l2]1|C]|T

4 3 2 1 211
Priority increases Highest priority

The CRST bit has the highest priority. Any other bits will be ignored if set.

A CSTC command can be coincided with a command from CDDA1 to CBLK (bits 4 - 12).

If the CSTC bit and the CBZ1 or CBZ2 bit are set at the same time, only the CSTC bit becomes
effective.

A CBLK (bits 4 - 12).

In any other case where more than 1 bit are set, at the same time, the FGA will select the smaller bit,
and set the INTIL bit of the interrupl register.
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ACCESS by the CPU DURING COMMAND EXECUTION

When a command is being executed, the following access may be attempted by the CPU:
(1) Access to another command
(2) Access to other internal register
(3) Access to the dx, dy port register
(4) Access to the memory pori register

(1) Access to another command

If the access to another command is attempted,
- Areset command will be always executed if accessed.
- A CBZ2 or CSTC command will be executed if certain conditions are met.
- Other command will be always executed if a CBZ2 command is currently executed.
In all other cases, the FGA disables the access and sets the INTIL bit of the interrupt register.
(2) Access to other internal register
- Mode registers (MOD1 and MOD2)

Writing to the mode registers will be disabled. If the writing is attempted, the data may be
invalidated.

- Parameter registers

PARAMETER REGISTERS

COMMAND BEING PARAMETER REGISTERS THAT READ
EXECUTED OPERATION MODE CANNOT BE WRITTEN OPERATION
Draw outlines in the buffer memory A/B BSP, BX0, BX1, BX2, BX3,BY0,BY1,BY2,
(8it1 of MOD1=0) BY3, ASD, AED, CP, DS, MAD Possible
CBZ1
CBZ1or Draw noting in the buffer memory A/B BX0,BX1,BX2,BX3,BY0,BY1,BY2, BY3
CBZ2 {Bit 10f MOD1 = 1) BSP Possible
BX0, BX1,BX2, BX3,BY0,BY!,BY2,BY3
CBZ2 BSP, BFLT Possible
L DDARO, DDAR3, DDAR4, DDAC, ASD
Draw outlines in the buffer memory A/B : ! ! ! ! .
(8it 1 of MOD1 = Q) AED, CP, DS, MAD Possible
CDDA1
Draw nothingin the buffer memory A/B DDARQO, DDAR3, DDAR4, DDAC
CDDA1 or (Bit 10f MOD1=1) Possible
L DDARO, DDAR1, DDAR2, DDAR3,
CDDA2 Draw outlines in the buffer memory A/B | 5y s o4 B ARS, DDAC, ASD, AED, CP, Possible
(Bit 1 of MOD1=0)
CDDA1 DS, MAD
Draw nothing in the buffer memory A/8 DDARQ, DDAR1, DDAR2,DDAR3,
(Bit 1 of MOD1 = 1) DDAR4, DDARS, DDAC Possible
Request DMA transfer
(Bit 130f MOD1 = 1) ASD, AED, CP, DS, MAD, DW Possible
CFIL1 -4 or CBLK R P
equest no ranster
(Bit 13 of MOD1 = 0) ASD, AED, CP. D5, MAD Possible
CMCL, CPTE or buffer
memory access ASD, AED. €P, DS, MAD Possible
Bit 8 (STMBY) of SR1 =1
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(3) Access to the dx, dy port register

If the access to the dx, dy port register is altempted.
Writing will be enabled only if the command being executed is CBZ2.

Reading will be enabled only if the command being executed is CBZ1, DDA1 or DDA and the
mode register is set Lo enable the outpul to the CPU.

In all other cases, the FGA disables the access and sets the INTIL bit of the interrupt register.
(4) Access to the memory port register
Reading/writing will be enabled if the command being executed is CBZ2.
In all other cases, the FGA disables the access and sets the INTIL bit of the interrupt register,

After setting the INTIL bit, the FGA generates the -DTACK signal to the CPU. This will terminate
the bus cycle, and prevent the system from getting hung.
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5.7.3 {LLEGAL ACCESS
Access by the CPU

Command being When no
executed | €BZ1 | CBZ2 | CODA | CPTE | CFiL1 | CMCL | CBLK CQ‘E"‘.a”d
Access by CPU 1/2 ~4 is being
executed
CRST () ) 4] [} ) ) [ )
sTC X X () (& () (S8 t 4]
CBZ1 x X X x X X x [
CBZ2 X x () 0 ) @] & ()
Command
register CDDA1/2 x O x X % X x )
CPTE X 2 X X x X X )
CFILt ~ 4 x 4] x x x X x [
vmCL x ¢ x x X X X S
CBLK X ] X X X X X @]
Internal R O O ) O [ ) 0 0
registers
w (@) Yy () ) Y i) () ]
dx, dy port R I x il b3 X X X X
register
w X [ x x b3 x x [
Memory port R x [ x X 11 X [l )
register
w x ) x X x x I )
() Enabled

x Disabled (lllegal access)

'} Enabled or disabled according to the mode
selected

If the access is disabled, the FGA will generate the -DTACK signal to the CPU and set the INTIL
bit of the interrupt register. All commands (except RESET) will be ignored il accessed. Reading of

an internal register, the memory port or dx, dy port regisler will result in the reading of undefined
data. Writing will be disabled.

If no command is being executed, the memory port register can be accessed only in the random
mode. DMA transfer is disabled.
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5.8 REGISTER
5.8.1 DESCRIPTION of the REGISTERS

(]

1

[}

fl

Command register (W)
The FGA supports 13 basic commands including CBZ, DDA and CFIL. To execute a command, set the
bit assigned to this command.
Mode registers (R/W)
The mode registers specify the mode of operation to be executed by a command. They must be set
before a command is executed.
Parameter registers (R/W)
Parameter registers are located in the Bezier block, DDA block and Fill block. They indicate
paramelers necessary to execute a command. They must be set before a command is executed.

10 parameter registers in the Bezier block - BSP, BFLT, BX0, BX1, BX2, BX3, BY0, BY1,
BY2 BY3
7 parameter registers in the DDA block -~ DDARO, DDAR1, DDAR2, DDARS, DDARA4,

DDARS5, DDAC
6 parameter registers in the Fill block - ASD, AED,CP, DS, MAD, DW

Status registers (R)

The status regislers serve as status flags that indicate the states of the Bezier, DDA and Fill blocks.
Up o 22 states can be indicated to help effective control by the CPU.

Interrupt register (R)

It supports 9 types of inlerrupts to enable various operations such as ending the current
command, dividing a line, processing an overflow of the slack, and checking the clipping area. An
interrupt is requested when the applicable bit is set. If an interrupt bit is set, the register will
generate an interrupt requesl (-IRQ) signal to allow the CPU to process the interruptroutine. An

interrupl can be reset by reading the interrupt register.

Interrupt enable register (R/W)

This register enahles interrupts on a seleclive basis. FEach bil corresponds to a specific bit of the
interrupt register.
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0 Memory access port register (R/W)
The buffer memories are accessed by the CPU through the memory port. The buffer memories are
accessed when:

(1) The result of a fill command is transferred to the CPU;
(2) A block transfer is executed; or
(3) Random data access is selected.

O3 dx, dy port register (R/W)

This register is used by the CPU to read/write displacement data (dx, dy) from/to the buffer memories.

To access any of these registers, the CPU must specify its register number using the RA5 - RAO
terminals.
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LIST of the REGISTERS

583

_ Bit Assignment
slfsfafnfo]ofel7]6]s[a]3]2]1]0

S0xo
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g
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MPH

MPL

g

|

g
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Regist 8it Assignment
ez: er Register Name Abbreviation R/W 9
: is[a[z] o8 ]7]e]s]als2]1]o

0B dx, dy port DXYP
10 Work area start

definition (H}

ASD

1 Work area start

definition (L)
12 Work area end

definition (H)

AED

13 Work area end

definition (L)
14 Current pointer (H)

cP
15 Current pointer (L)
16 Drawing start {H)
DS

17 Drawing start (L)
19 Memory area MAD

definition
1B DMA word count DW
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; Bit Assignment
Rezlster Register Name Abbreviation RIW
o 151431312”109876543210
Bezier stack B <p
1k pointer asp RAW
; FLT
1F Bezier flatness BFLT RW
20 Bezier X0 (H) RW b XOH
BX0 i
21 Bezier X0 (L) RV XoL
22 Bezier X1 (H) X1H
BX1
23 Bezier X1 (L) X1L
24 Bezier X2 (H) RIW . : : X2H
— BX2
25 Bezier X2 (L) RW X2
26 Bezier X3 (H) X3H
BX3
27 Bezier X3 (L} X3L
28 Bezier YO (H) YOH
) BYO
29 Bezier YO (L) YOoL
2A Bezier Y1 (H) Y1H
] BY1
28 Bezier Y1 (L) RW YiL
2C Bezier Y2 (H) RIW Y2H
— 1 8y2
2D Bezier Y2(L) RIW YaL
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Register . o Bit Assignment
No Register Name Abbreviation RIW
: s]afafz] oo ]e]7[e]s]afa]2]1]o

26 Bezier Y3 (M) RIW - Y3H
BY3

2F Bezier Y3 (L) AW Y3L

30 DDA 0 (H) RAW ACCOH
DDARO

31 DDA O (L) RIW ACCOL

32 DDA 1 {H) RIW ACC1H
DDAR!

33 DDA 1 (L} RAW ACCIL

34 DDA 2 (H) RIW ACC2H
DDAR2

35 DDA 2 (L) RAW ACC2L

36 DDA 3 (H) RIW CSTOH
DDAR3

37 DDA 3 (L) RAW csToL

38 DDA 4 {H) RAW CSTIH
DDAR4

39 DDA 4 (L) RIW CSTIL

3A DDA 5 (H) RIW CST2H
DDAR5S

3B DDA5 (L) RIW csT2L

3F DDA counter DDAC RAW CUNT
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583 COMMAND REGISTER

Bit Assignment .
R/W | Register No.
15)14f1312{11jo|9 |87 |e|s|al3]2]1]0
clclc ¢ ¢ clclc clc ¢lclc]
BIMI{F F F FIPID D|B B|SI|IR| w 01 {hex)
LiCll §# t 1|T|D D{Z Z{T!|Ss
KfL|{L L L LIE|JA A|l2 1]|cCc]|T
4 3 2 1 2
LReset
Clear stack
Bezier
DDA
Path end
Fill
Clear memory
Block transfer
BITS OPERATION
0 Reset Cause a software reset
1 Clear stack Clear the stack pointer
2 Bezier1 Generate dx, dy of a Bezier curve
3 Bezier2 Divide a Bezier curve (without generating dx, dy)
4 DDA Generate dx, dy of a straight line
5 DDA2 Generate dx, dy of a circle or ellipse
6 Patch end Define the end of an outline to be closed
7 Fill 1 Fill a non-divided font
8 Fill 2 Fill a divided font (right sections)
9 Fill 3 Fill a divided font (left sections)
10 Filt 4 FiHadividedfont(remamingsections)
11 Clear memory Clear data from the buffer memories
12 Block transfer Transfer data between the buffer memories and the CPU

Commands are not decoded by the FGA. They must be controlled by the CPU so they will not be
duplicated.
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5.8.4 MODE REGISTERS
(1) MODE REGISTER 1 [MOD1]

8it Assignment .
RAW | Register No.
1511413 9(8|7|6|S5|a|3]2]|1]0
MiMIM MM MM MM MMM M
DID|D MIM M|O OfF FIX]|D D
B|IL]R C|C C|P P|L L]JY[R RJ]rw 07 (hex)
1 011 O0f1 O 10

L* Drawing mode

dx, dy mode
Fill mode

Operation mode

Clear mode

Clear data

Memory access mode

DMA transfer request mode
DMA transfer mode
DMA transfer cycle mode

All bits arereset to 0

(] The following bits indicate the mode of drawing outlines that result from displacements generated by
Bezierl, DDA1 and/or DDA2 commands or provided from the CPU :

BiTS
OPERATION

1 0

0 0 Draw outlines in the buffer memory A, and draw outlines including
special pointsin the buffer memory B.

0 1 Draw outlines in the buffer memory A, and draw nothing in the buffer
memory B.

1 X No operation.

If no operation is selected, nothing is drawn in the buffer memories, hut the Bezier block and the
DDA block will operate narmally to generate displacement data. Nooperalion will not affect the dx,
dy mode specified by the bit 2.
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{1 The following bit determines the output to the CPU of displacements (dx, dy) generated by Bezierl,
DDA1 and/or DDA2 commands:

BITS
2
0 Not generate dx, dy to the CPU.
1 Generate dx, dy to the CPU.

OPERATION

The following bits specify the mode of filling and processing the result:

BITS
OPERATION
4 3
Determine the area to be filled using data in the buffer memories A and B, and
0 0 |write the result to the buffer memory B. The buffer memory A will be

unchanged.

Determine the area to be filled using data in the buffer memories A and B, and
0 1 write the result to the buffer memory B and the CPU. The buffer memory A will
be unchanged.

Determine the area to be filled using data in the buffer memories A and B, and

1 0 write the result to the CPU. Both the buffer memories A and B will be
unchanged.
1 1 Determine the area to be filled using data in the buffer memories A and B, and

write the result to the CPU. Both the buffer memories A and B will be cleared.

The “10” mode provides the highest speed because the operation involves only the reading of the
memories A and B.

I'} The following bits determines the area to be filled by a fill command:

BITS
OPERATION
6 5
0 0 Fill an outline and its interior.
0 1 Fill the interior of an outline.
1 0 Fill an outline and its exterior.
1 1 Fill the exterior of an outline.
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O The following bits specify the mode of clearing memories:

BITS
OPERATION
8 7
0 0 |Clearthe memories A and 8.
0 1 Clear the memory A.
1 0 |Clearthe memoryB.
1 1 No operation

{1 The following bit determines how data should be cleared by a CMCL (clear memory) command or a
fill command involving a clear process:

BITS
9
0 |Cleardatato the "0" state (blank).
1 Clear data to the “ 1" state (filled).

OPERATION

[} The following bits specify the mode of access to the buffer memory A/B in the block transfer or
random access mode (in the latter mode, only the bit 11 is valid):

BITS
1 10

OPERATION

0 Read the memory B.

1 Write the memory B.

1 0 Read the memory A.

1 1 Write the memory A.

{) The following bit specifies whether or not the direct memory access (DMA) should be requested for
data output or blocks transfer :

BITS
9
0 Not request DMA
1 Request DMA

OPERATION

1f the DMA is not requested, data transfer to the CPU should be programmed using the chip select
(-CS) signal.
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I'l The following bil determines whether data should be accessed by line or block in a DMA transfer :

BITS
OPERATION
14
0 Block
1 Line

This hit is effeclive only if a DMA transfer is requested (bit 13=1),

A DMA transfer may be used for a fill command that involves a data transfer to the CPU, or a CBLK
command.

In the block mode, a DMA transfer allows the access to a two-dimensional space in the work area
specified by the parameter registers ASI) and AED. In a line mode, dala can be accessed only for a
specific line in the work area.

The block mode or line mode can be selected for the following commands:

CFIL : Block mode

CBLK : Block mode/Line mode
0 ASD (XAlS’ YIAS) ] Note that a block transfer can be executed either in the
1 i block mode or line mode. Given a work area as shown on
2_ Work area the lefi, the whole data can be transferred by a CBLK
. command line by line only if the top address of each line is
|:1 T ] specified by the ASD register.

AED (XAE, YAE)

‘The block mode is automatically selected for a fill command or block transfer command that specifies a
programmed transfer using the chip select (-CS) signal.

I'l The following bit determines the cycle of a DMA transfer :

BITS
15

OPERATION

0 Single mode

1 Burst mode

This bit is valid only when the IDMA transfer request mode is selected (bit 13=1). In the single mode, the
-DREQ signalis gencrated each time a transfer cycle is completed. In the burst mode, the -DREQ signal
is kept low until a specified number of words (or long words) are transferred.
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{2) MODE REGISTER 2 [MOD2]

Bit Assignment .
RAW | Register No
is[1af32]i]ofeo[s]7]6[s]af3]2]1]o0
D oflofofofo M ™
D oflo|olofe MM
A Alalalala Wow | RW | 06(hex)
M MM M Ml 10
D plolp{D]|D
7 al3zl2)1]o0

~

Memory wait

Long axes

Sign of X displacement

Sign of Y displacement

Direction of circles/ellipses
DDAO register
DDA3 - Sregisters

All bits are reset to 0

[ The following bits determines the wait mode for the FGA to access the buffer memories:

8ITS
OPERATION
1 0
0 0 No wait
0 1 Wait for 1 clock cycle
1 0 [Wait for 2 clock cycles
1 1 Wait for 3 clock cycles

The other bits indicate DDA operation modes.

[0 The following bit specifies the long axes to be determined by a DDAL, 2 command :

BITS
8
0 ||AX] - |AY]
v |]ax] - Ay

OPERATION
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I} The following bit specifies the sign of an X displacement to be determined by a DDAI, 2 command :

BITS
OPERATION
9
0 |AX =
1 AX -

[1 The following bit specifies the sign of a Y displacement to be determined by a DDA, 2 command :

BITS
OPERATION
10
0 |AY «
1 |[Ay -

[} The following bit specifies the direction of a circle or ellipse to be drawn by a DDA2 command :

BITS
OPERATION
11
0 Right turn
1 Left turn

U1 The following bit determines the way of judging value of DDARO for DDA steps :

BITS
OPERATION
12
0 DDARD - O
1 DDARO = O

[} The following bit specifies which constant register(s) should be used for a DDAZ2 command :

BITS
15
0 DDAR3 and DDAR4
1 DDAR3, DDAR4 and DDARS

QOPERATION

This bit should be sel to “I1” before drawing an ellipse which is not parallel to the axes.

TC8511F-56

250190

182



DISPLAY CONTROLLER

5.8.5 PARAMETER REGISTERS
(1) WORK AREA START DEFINITION REGISTER [ASD]

This register indicates the x, y coordinates of the beginning of a work area to be used for plotting,
filling, or processing data to be transferred or cleared.

8it Assignment , .
RIW Program Unit | Register No.

15[ o 1] o

RIW Byte 11 (hex)
XAS

XAS: X-Work Area Start

The following condition must be set :

0 = XAS < XAE All bits are reset 100

Bit Assignment

R/W Program Unit | Register No.

RAW Line 10 thex)
E— YAS

YAS: Y-Work Area Start

The following condition must be set :

0= YAS = YAE All bitsare reset to 0
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{2) WORK AREA END DEFINITION [AED] REGISTER

This register indicates Lhe x, y coordinates of the end of a work area to be used for plotting, filling,
or processing data o be transferred or cleared.

Bit Assignment

R/W Program Unit | Register No.
15 N LARRL : - 0

R/W Byte 13 (hex)
XAE

XAE: X-Work Area End
The following condition must be set :
XAS+n " XAE - 2%MA_ 1

wheren = 1 ifthe bus width is 16 bits, and
3 if the bus width is 32 bits.

XAE is reset to 63

Bit Assignment

R/W Program Unit | Register No

RV Line 12 (hex)
—_— YAE

YAE: Y-Work Area End

The following condition must be set :
YAS -~ YAE - YLN -1
YAE isreset to 511
YLN: Y area width

See buffer memory area in the item
5.8.5(5)
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(3) CURRENT POINTER {CP]

This register indicates the x, y coordinates of a memory address to be accessed in the random
access mode.

The bits 0 —2 indicate a particular bit of the address, and are effective only for reading.

This register can also specify the current address of plotting or filling, or the address of data to be
transferred or cleared. The CPU can find the curreni address (x, y coordinates) by reading this

register.
Bit Assignment . .
RIW Program Unit | Register No.
1511413 3121110
rRw | BCP 15 (hex)
- XCP BCP XCP: Byte

XCP: X-Current Pointer
B8CP: Bit-Current Pointer
BCP is valid only (or reading.

The following condition must be set :
0 < XCP = 2¥MA_]
All bits are reset to 0

Bit Assignment

RAW Program Unil | Register No

RIW Line 14 (hex)
—_ yce

YCP: Y-Current Pointer

The following condition must be set :
0= YCP~ YLN-1
All bits are reset to 0

YLN: Y area width
.

See buffer memory area in the item 5.8.5 (5).

In the auto-increment mode, the current pointer is incremented by 4 bytes (32 bits) or 2 bytes (16 bits)
as determined by the bus width. Once the current pointer is set, data can be accessed continuously from

the set address.
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(4) DRAWING START ADDRESS REGISTER [DS]

This register indicates the x, y coordinates of the beginning of an outline, and a particular bit of its

address.
Bit Assignment . .
R/W Program Unit | Register No.
15(14 13 3|12)1]0
Rrw | BDS: Bit 17 (hex)
—_— XDS 8DS XDS: Byte

BDS: 8it-Drawing Start Address
XDS: X-Drawing Start Address

The following condition must be set:
0 ~ XDS - 2¥MA_4

All bits are reset to 0

8it Assignment

RAW Program Unit | Register No.

RIW Line 16 (hex)
— YDS

YDS: Y-Drawing Address

The following condilion must be set.:
0 = YDS - YLN—-1
All bits are reset to 0
YLN : Y area width

See buffer memory area in the item

5.8.5(5).
The end of an outline is defined by a CPTE (Path End) command. An outline can be closed only if its
end overlaps with its beginning. The FGA compares the DS register and the current pointer to

determine if the outline can be closed. The DS register must be kept at the same value until an outline is
closed.
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(5) BUFFER MEMORY AREA DEFINITION REGISTER [MAD]
This register defines the size of the buffer memory area.

FGA supports a memory area of maximum 11 bits (2048 bytes) X 14 bits (16384 lines). Only the
width is specified by this register because the number of lines is automatically determined by the

capacity of the buffer memory.

Bit Assignment .
R/W Register No.

RIW 19 (hex)

XMA

XMA: X-Memory Area

The following condition must be set :

- Non-divided font
1 = XMA = 11 (YMA number from 12 to 15is counted as 11)

- Divided font
16-bit bus width
2 = XMA =11
32-bit bus width
3= XMA =11

XMA is reset to 6 (64 bytes)

Number of lines (YLN) ~~ 16384

M
Sxwn = YN (Number of lines)

where M is the capacity of the buffer memory (in bytes).
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(6) DMA WORD [DW] COUNTER
This counter specifies the number of words to be transferred in the DMA mode.

This counter becomes effective only when a DMA transfer is requested (the bit 13 of the MOD1

registerissetto 1),
It specifies the number of words in the X region between the work clear start (ASD) and the work

clear end (AED).
The count varies with different widths of bus to the CPU.
Suppose, there are 16 hytes in the X region between ASD and AED. 8is specified for the bus width

of 16 bits, and 4 fur 32 bits.

Bit Assignment
RAW
15| - S J1woj9|sl7le|s{al3)2|1]0

Register No.

RV 18 {hex)

WN: Word Number

The following condition must be set :
27~ WN " 1023
(7) BEZIER STACK POINTER [BSP]
This pointer indicates the top address of the stack, which stores the division points of a Bezier
curve subdivided by recursive division,

This register is cleared by a stack clear (CSTC) command.

Bit Assignment .
RIW Register No.

RIW tE (hex)

SP

SP: Stack Pointer

All bits are reset to 0
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(8) BEZIER FLATNESS [BFLT] REGISTER

This register defines a flatness based on which a Bezier curve should be divided by Bezier 2 (CBZ2)
commands.

Bit Assignment
RIW Register No.

R/W 1F (hex)

FLT

FLT: Flatness Number

6 levels of flatness can be specified as follows :

Flatness Value to be specified
V2 oo 11111
1 11110
2 11100
4 11000
B 10000
16 ..o o 00000
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(9) REGISTERS USED for BEZIER COMMANDS

4 reference points (BX0, BY0), (BX1, BY1), (BX2, BY2) and (BX3, BY3) are used to approximate
each Bezier curve.

Each coordinate is represented by a 14-bit integer and a 14-bit fraction.
A Bezier curve is divided into lines by Bezier 2 commands. Each line is defined by its beginning
(BX0, BY0) and end (BX3, BY3) to be stored into the respective registers described below (1).

BEZIER X0 [BXO0] REGISTER

Bit Assignment

RAW Register No.

RIW 21 (hex)
"?L‘,N XOFN

XOFN: XO Fractional Number

Bit Assignment

RW Register No

RW 20 (hex)
XOIN (H)

XOIN: X0 integer Number

BEZIER YO [BYO] REGISTER

Bit Assignment

RIW Register No.

e RIW 29 (hex)
*(,‘) YOFN

YOFN: YO Fractional Number

Bit Assignment

RIW Register No

R/IW 28 {hex)
YOIN (H)

YOIN: YO integer Number
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BEZIER X1 [BX1] REGISTER

Bit Assignment
151413 . . [N I

W Register No.

RW 23 {hex}
XN (L X1FN

X1FN: X1 Fractional Number

Bit Assignment

RW Register No

RAW 22 (hex)

X1IN (H)

X1IN: X1 integer Number

BEZIER Y1 [BY1] REGISTER

Bit Assignment
151413 e R B

RAW Register No

R/W 2B (hex)
YN () Y1EN

Y1FN: Y1 Fractional Number

Bit Assignment

R/W Register No.

RV 2A (hex)
Y 1IN (H)

Y1IN: Y1 integer Number
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BEZIER X2 [BX2} REGISTER

Bit Assignment

1511413

RW Register No.

X2IN (1) X2FN

R/W 25 (hex)

X2FN: X2 Fractional Number

Bit Assignment

RW Register No

X2IN {H)

RW 24 (hex)

BEZIER Y2 [BY2] REGISTER

X2IN: X2 Integer Number

Bit Assignment

1511413

RW Register No.

Y2IN (L)

Y2FN

RAW 2D (hex)

Y2FN: Y2 Fractional Number

Bit Assignment

R/W Register No.

Y2IN (H)

RIW 2C (hex)
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BEZIER X3 [BX3] REGISTER

Bit Assignment
151413 )

RIW Register No.

RIW 27 (hex)
X3IN (L) X3FN

X3FN: X3 Fractional Number

Bit Assignment

RIW Register No

R/W 26 (hex)

X3IN (H)

X3IN: X3 Integer Number

BEZIER Y3 [BY3] REGISTER

Bit Assignment
15[14]13 o : Co o |0

RIW Register No

R/W 2F (hex)
X3IN (L) Y3FN

Y3FN: Y3 Fractional Number

Bit Assignment

RAW Register No

RAW 2E (hex)

Y3IN (H)

Y3IN: Y3 Integer Numher
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{10) REGISTERS USED for DDA COMMANDS

6 registers and a counter are used for DDA commands.

The registers 0~2 (DDARO~2) indicate variables, while the registers 3~5 (DDAR3~5) are set to
constant values. The register 5 (DDARS5) is used for DDA2 commands to draw ellipses which are not
parallel to the x —y axes (only when the DDAMD?7 bit of the MOD2 register is “1").

The counter (NDAC) specifies the number of steps of DDA operation.

DDA REGISTER 0 [DDARO]

Bit Assignment

RIW Register No.

RW 31 (hex)
ACCOL

ACCOL: Accumulator 0 Low Data

Bit Assignment

RW Register No.

RW 30 (hex)
ACCOH

ACCOH: Accumulator 0 High Data

DDA REGISTER 1 [DDAR1]

Bit Assignment

RAW Register No.

RIW 33 (hex)
ACCIL

ACCIL: Accumulator 1 Low Data

Bit Assignment

RAW Register No.

RAWV 32 (hex)

ACCIH

ACCIH: Accumulator 1 High Data
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DDA REGISTER 2 [DDAR2]

Bit Assignment

RAW Register No

R/W 35 (hex)

ACC2L: Accumulator 2 Low Data

Bit Assignment

RIW Register No.

R/W 34 (hex)

ACC2H: Accumulator 2 High Data

DDA REGISTER 3 [DDAR3]

Bit Assignment

RIW Register No

RAW 37 (hex)

CSTOL: Constant 0 Low Data

Bit Assignment

RW Register No

RIW 36 (hex)
CSTOH

CSTOH: Constant 0 High Dala
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DDA REGISTER 4 [DDARA4]

Bit Assignment
RIW Register No.
15 a
R/wW 39 (hex)
CSTIL
CST1L: Constant 1 Low Data
Bit Assignment .
R/W Register No.
15

CSTIH

RW 38 (hex)

DDA REGISTER 5 [DDARS)

CST1H: Constant 1 High Data

Bit Assignment R
RW Register No
15 0
RAW 38 (hex)
C5T2L
CST2L: Constant 2 Low Dala
Bit Assignment .
R/W Register No.
15 0
RAW 3A (hex)
CST2H

DDA COUNTER [DDAC]

CST2H: Constant 2 High Data

8it Assignment

R/W Register No

CUNT

RW 3E (hex)

TC8511F-70
250190

196

CUNT: Count Number




DISPLAY CONTROLLER "

5.8.6 STATUS REGISTERS

The status registers indicate the internal states of the FGA. These are read-only registers.

(1) STATUS REGISTER 1 [SR1}

Bit Assignment .
R/W | Register No
1S[14)13f12|1(1w0]9 (876|543 ]2(1]0
S|S|S SIS|S|S|sSisS|sls|s
TIT|T TITITIT|T|T|TlT|T
S|EIN M{B|MIF|P|D|ID|B|B}| Rr 03 (hex)
E[O|C BlILiC|L|T|211]2](1
V1L Y[K]|L £

Bezier 1 Command executing

-

Bezier 2

DoAY

DDA2

Path End

Fili

Memory Clear

Block Transfer

Buffer Memory busy
Not Closed

Stalus after a fill command
(data "1" in presence)

Stack empty
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(2) STATUS REGISTER 2 [SR2]

This register tells the relative position of the current address (indicated by the current pointer) in
a work area defined by ASD and AED.

Bit Assignment .
R/W | Register No.
ISj1aj1312|11frwo |9 |87 |e6efs|af3f2]1]0
S|IS|S|S|S|S|S|S|s]s
TITIT(TIT|IT|T(T(TIT
crcjcfcjclcic|cfc|c| = 02 (hex)
LiLJLjLLLLejefL
9| 8|7(|6|S5|4]|3|2(1]0
LXAS>CP
XAS = CP
XAS < CP < XAE
XAE = CP
XAE < CP
YAS > CP
YAS = CP
YAS < CP < YAE
YAE = CP
YAE < CP
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INTERRUPT REGISTERS
(1) INTERRUPT REGISTER [IR}

Bit Assignment .
R/W | Register No
15|14131211109876543210

ey epe ey
NIN[NIN|N[N|N[N|N
TITIT(T)T{T[T|T(T R 04 (hex)
1|P[C[A]|S|IM|D|[B|B
LIE(P[ClO|B 211
Bit Cause of Interrupt Set Reset
0 End of a Bezier1/2 Upon termination of a | By the reading of this
command (Bezier stack Bezier 1/2 command register by the CPU.
pointer = 0) By the reset operation
(Hardware/Software reset)
1 Division point generated Upon termination of a
by a Bezier 2 command Bezier2 command ”
that divided a Bezier
curve

2 End of a DDA1/2 command | Upon termination of

(DDA counter = 0) a DDA1/2 command
3 |Endof aCFIL, CMCL or Upon termination of a
CBLK command CFIL, CMCL or CBLK "
command
4 | Overflow of the stack By an overflow of the M
Bezier stack
5 Qverflow of the current By an overflow of the M
pointer current pointer
6 |Overextension of the 8y an overextension .
clipping area of the dlipping area
7 Unclosed outline Upon termination of a

Path End command
that failed to close an
outline

B | Hegal operation By anillegal opera-
tion

Both the bits 0 and 1 are set upon termination of the final Bezier 2 command.

All bits can be reset by the reading of the register, except those simultaneously set.

An overflow of the Bezier stack should not occur if the system is operating normally.

An overflow of the current pointer will not disturb the current operation.

The beginning of an unclosed outline will be plotted in the buffer memory A, but not in the buffer
memory B.

The interrupt register must be reset upon occurrence of an interrupt which is not caused b
F
termination of a command.
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(2) INTERRUPT ENABLE REGISTER [IER]

The 9 types of inlerrupts are enabled or disabled by this register according to the status of the
corresponding bits. Each bit can be masked or unmasked to enable interrupts on a selective basis.

An interrupt occurs il il is requested by the interrupt register and the corresponding bit is set to
“1” on the interrupt enable register. The interrupt bits of the IR register can be set or reset
independently from the interrupt enable bits.

Bit Assignment ‘

R/W | Register No.
15(14 (1312|1109 |8 |7]|6|[S|a|[3]2]1]0
T T I T A
EIE|E[E|E|E|JE|E]|E

NININ[NININ|N|N|N| rw 05 {hex)
| |[PIC[A|S|M|D|[B|B
LIE|P|[C|O]|B 201

L

Enables an interrupt caused by
termination of a Bezier1/2
command

Enables an interrupt caused by
division of a Bezier curve

Enables an interrupt caused by
termination of a DDA 1/2 command

Enables an interrupt caused by
termination of a CFIL, CMCL or CBLK
command

Enables an interrupt caused by an
overflow of the Bezier stack

Enables an interrupt caused by an
overflow of the current pointer

Enables an interrupt caused by an
overextension of the clipping area

Enables an interrupt caused by an
unclosed outline

Enables an interrupt caused by an
illegal operation

All bits are reset to 0
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5.8.8 MEMORY PORT [MP] REGISTER
This register is used for the CPU to access the buffer memeries (for random access, transfer of the

results of fill commands and block transfer).

Bit Assignment .
RIW Register No.
15 0
RAW 09 (hex)
MPL
MPL: Memory Porl Low Data =
Bit Assignment ) =
R/W Register No
15 0
RAW 08 (hex)
MPH

MPH: Memory Port High Data

5.8.9 DX, DY PORT [DXYP] REGISTER
This register is used for the CPU to read displacement data (dx, dy) generated by Bezierl, DDAL and
DDA2 commands, and to generate dx, dy directly to the buffer memories.

Bit Assignment .
RIW Register No.
15 4 (312]|tv]0
D D|D D
Y Ylx x RIW 0B (hex)
S O]Ss O

DXO: dx Absolute Bit
DXS: dxSign Bit
DYO: dy Absolute Bit
DYS: dy Sign Bit
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6. ELECTRICAL CHARACTERISTICS
6.1 ABSOLUTE MAXIMUM RATINGS

PARAMETER SYMBOL RATING UNIT
Supply voltage Vpo* -05~+7.0 \
Input voltage Vin* -03~+70 Vv
Operating temperature Torr 0~+70 °C
Storage temperature Tsto -55~ +150 °C
* IfVSS=0.
Caution)

An operation outside the absolute maximum ratings may cause permanent damage to
the device. For an expected reliability, the FGA should be used under the
recommended operating canditions.

6.1.1 RECOMMENDED OPERATING CONDITIONS

PARAMETER SYMBOL MIN. TYP. MAX. UNIT
Supply voltage Vpp* 4.75 5 5.25 \
AT 0 — 0.8 Y
Input voltage
Vin* 2.2 — vDD )
Operating temperature Topr 0 25 70 °C
Y fvsS =0.
TC8511F-76
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6.2 DC CHARACTERISTICS

VDD =50V+5% VSS=0V

PARAMETER SYMBOL| CONDITION MIN. MAX. | UNIT
Input High Voltage CLOCK ViH1 (*1) 3.8 VDD \
Total input (except CLOCK) Vinz (*2) 22 vDD v
Input low voltage CLOCK Vi {(*1) 0 0.8 Vv
Total input (except CLOCK) VL2 (*2) 0 0.8 v
-CS, R/W, RA5~RAD,
Input leak current W/-LW,- DACK, CLOCK, IiN V'N(:g) vbb -10 10 pA =
eser =
3-state input current D31~D0, MDA7~MDAD,
state input curre MDB7~MDBO TN Vin=0.4~VDD -10 10 pA
(OFF state) *
(*4)
A24~A0, MDA7~MDAQ, Voy=VDD-04
MDB7~MDBO o1 (*5) - -05
Output high current D31~DO0, -DTACK,-DREQ mA
! ! ! Vony=VDD-0.4
-DSA, -DSB, MRA/-MWA, o |24 0 . 15
0 (*6)
MRB/-MWB
A24~A0, MDA7~MDAO, | v 0.4 . 1
MDB7~MDBO oLt oL="> (*5) —
D31~D0, -DTACK,-DREQ,
Outputlow current | _psa, -pSB, MRA/-MWA, | VOLTOA ) L mA
MRB/-MWB or (*6)
-IRQ oz |VoL=04  (*7) 4 —
Output leak current
-IR | VOH =VDD (*7 — 10 A
(OFF state) Q LOH © (*7) L
Output capacity -IRQ Cout (*7) e 30 PF
Reading/writing
. over the data
A
Power consumption Ipo bus Command 100 m
execution
*1: CLOCK
*2: Allinputterminal except CLOCK
*3:  -CS,RAW, RA5~RAOQ, W/LW, -DACK, CLOCK, -RESET
*4:. D31~D0Q, MDA7~MDAOD, MDB7~MDBO
*S5:  A24~A0, MDA7~MDAOQ, MDB7~MDBO
*6: D31~DO0, -DTACK, -DREQ, -DSA, -DSB, MRA/MWA, MRB/MWB
*7:  -RQ
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6.3  AC CHARACTERISTICS

VDD =5.0V£5% VSS =0V

Clock cycle 10MHz
PARAMETER SYMBOL UNIT
MIN MAX MIN MAX
ClockCycleTime ] Teyce 100 — ns
Clock “Low” Level Width ] Taw 43 — ns
Clock "High” Level! Width | Tenw 43 — ns
Clock Rise Time Tcr — 10 ns
Clock Fall Time e | = 10 ns
| R/W Setﬁ@m&_*n_>7 TRWS 30 — ns
R/W Hold Time o _ {Tawn | 10 — ns
RAi Setup Time e 1TrAs 30 — ns
RAi Hold Time o TrRAH 10 — 1 ns
-CSSetup Time _ Tcss 40 -— ns
-CS Hold Time o TesH 30 — ns
Read Data Access Time TRAC o (*1 ns
Data Bus 3 State Recovery?i-m? T TDBRT 50 - ns
Read Wait Time 1 TRwaAT . o — ns
Read Data Hold Time TROMH | w ns
Read Data Turn Off Time ) Trpz — 70 ns
|-DTACK Delay Time (Z 10 ) o — 40 ns
-DTACK Delay Time (D to L) - ToTKDL 0 — ns
-DTACK Turn Off Time (H toi_ TDTKZ — 60 ns
-DTACK Hold Time (L to H) — Jroms — | a0 | ns
Write Delay Time (-CSTO L) Twocl o (*2) ns
Write Wait Time - - ,TWWAT 0 ] o ns
Write Data Setup Time Twps - 40 —— ns
| Write Data Hold Time S TwbH _ 30 | — ns
-OREQ Delay Time o TbrQD — 30 ns
| DMA R/W Setup Time o | Torws ﬁ§9*¥‘_—__ | ns
DMA RAW Hold Time ~|Torw 10 — - ns
-DACK Setup Ti"",'ei,,f_;_,,_,,,,*_ Toaks _ 40 — ns
-DACK Hold Time Toakw | 30 — ns
DMA Read Data Access Time ToroAC o (*3) ns
DVARead wat tme — igaw | o0 | — ns
DMAReadDataHold Time —  Tomow | — | a0 | | s
OMA Read Data Turn Of Time —— 1owr | — | 0 | ns
D‘MA DTACTDeEy Time (Z to 1) T;DTT | hﬁloﬁ ] ns
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VDD =50V15% V55=0V

Clock cycle 10MHz
PARAMETER SYMBOL UNIT
MIN MAX MIN MAX

DMA -DTACK Delay Time (D to L) TooToL 0 — ns
DMA -DTACK Turn Off Time (H to 2) ToDTHZ — 60 ns
DMA -DTACK Hald Time (L to H) ToDTLH — 40 ns
DMA Write Delay Time (-DACK to L) TowDDL - (*4) ns
DMA Write Wait Time Toww 0 — ns
DMA Write Data Setup Time Towps 40 — L ns =
DMA Write Data Hold Time TpwoH 30 — ns
Memry Address Delay Time TMAD — a0 | ns
Memory Address Hold Time TmAH —— 30 ns
MRA (B)/MWA (B) Delay Time TMRWD — 40 ns
MRA (B)/MWA (B) Hold Time TMRWH — 30 ns
DSA (B) Delay Time Toso — 50 B ns
DSA (B) Hold Time TosH — 30 L ns
Memory Read Data Setup Time TMRDS 30 — ) ns
Memory Read Data Hold Time TMRDH 20 —_ ns
Memory Write Data Setup Time TMmwoD — 60 ns
Memory Write Data Hold Time TMWDH — 30 ns
Memaory Write Data Turn Off Time Tmwoz — 40 ] ns
-RESET Input Puise Width TRES 150 — ns
-IRQ On Delay Time | 1iron — |0 1 s
LIRQ Off Delay Time TiROFF — | 300 ns

Note) May change according to the bus width, memory wait mode (MMW =1 or 0) or the buffer
memory access condition.

The worst value is following to.

*1 Taac 32-bitbus (24 + 12W) Tcyc + 50ns
16-bitbus (12 + 6W) Tcye + 50ns
*2 TwbcL 32-bitbus (7 + 4W) Teve + TprrzL
16-bitbus (3 +2W) Teve +ToTxzL
*3 TpRDAC 32-bitbus (15 + 8W) Teyce + 50ns
16-bitbus (7 + 4W) Tcyc +50ns
*4 TpwbpbL 32-bitbus (7 +4W) Teve + TooTzL
16-bitbus (3 +2W) Teve + ToprzL

W : Number of memory wait (0~3).
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CLOCK

A24~A0

MRA/-MWA or
MRB/-MWB

-DSA or -DSB

MDA or
MDB (0~7)

CLOCK

A24~A0

MRA/-MWA or
MRB/-MWB

-DSA or -DSB

MDA or
MDB (0~7)
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«—Read Cycle

—_—

Ts ' Te
_jl \‘ 7\( \L ;2 \

“— TMAD
22V
0.8v

—*| |* TMAH
2.2V
0.8V

TMRWD

|<— TMRWH

2.2V

-— TDSD -

0.8v
TMRDS

i(O.SV

TDSH
22V

TMRDH

— TMRWD —=| |=— TMRWH
0.8v 22v
| — < DD — ~ TDSH
0.8V
- |<— TMWOD
2.2V
0.8V

MEMORY CYCLE TIMING (NO WAIT)



DISPLAY CONTROLLER

<«—————Read Cycle ——
«Ts |[«—Tw1 —|«—Te
CLOCK | .2’—\_
— —> -« TMAH
~ 22V 2.2v
A24~A0 Q.8V 0.8V
e I B AL — |<— TMRWH
MRA/-MWA or 22V
MRB/-MWB A 0.8Y

— |« TDsD S P
-DSA or -DSB 0.8V J‘ 2.2v

TMRDS | TMRDH
-

MDA or
F2.2v 22V %
MDB (0~7) 0.8V 0.8V ’
Write Cycle ———>
-~ Ts |l«— Tw1 —|«—Te
CLOCK | ﬁi
N
—_— -— TMAD — - TMAH
~ 22V 22V
A24~A0 e 0.8V
— TMRWOD —> < TMRWH
—\ [ v—
MRA/-MWA or 2.2V
MRB/-MWB b8y /
—>| |« TDSD TDSH —>
-DSA or -DSB 0.8v 22v
| e TMWDZ
— J:— TMWODD —>| |le- TMWDH
MDA or 2.2V Y22y
MDB (0~7) 0.8V ¥ F08v

Corresponding Memory Tacc 100~ 120ns

MEMORY CYCLE TIMING (1 WAIT)

TC8511F-85
250190
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II DISPLAY CONTROLLER

«— ———Read Cycle ——»

= Ts ==« Twl »|< Tw2 >« Te —
CLOCK N f \

— >J{-— TMAD —>| [« 1maAH
-~ 2.2V 2.2V
A24~A0 oy v
— <~ TMRWD — |<‘ TMRWH
MRA/-MWA ar 22v 0.8Y
MRB/-MWB -
— -« TDSD —| |dD3H

- - 22V
DSA or -DSB 0.8V
MDA or
MDB (0~7)

*—————— WriteCycle ———

<« Ts >+Twil >+ Tw2 >« Te —>
CLOCK | L \

I TMAD —>| |* TMAH
-~ 2.2V 2.2V
A24~A0 9.8V 0.8v
— TMRWD —>{ | TMRWH
MRA/-MWA of g, 22V
MRB/-MWB ———
— «— TDSD TDSH

-DSA or -DSB 0.8V

- ~ TMWDD
MDA or 22V
MDB(0~7) " gy

MEMORY CYCLE TIMING (2 WAIT)

Corresponding Memaory Tacc 150 ns

TC8511F-86

250190
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DISPLAY CONTROLLER

«————Read Cycle —
- Ts = Twl >« Tw2 =« Tw3 >« Te —
CLOCK N\ T AN
—— >1i -« TMAD —>| | TMAH
~ 22V 2.2V
A24~A0 0.8V 0.8v
— |~-— TMRWD —| [
MRA/-MWA or 2.2V
MRB/-MWB __/I‘ o
—| |« 1DSD — | =
H
TMRDS TMRD

MDA or =
2.2V 2.2V
MODB (0~7) 0.8V .8V

<« Write Cycle ———————

- 75 | Twl > Tw2 | Tw3 >l Te —>
CLOCK { X l
—| |« TMAD —>| |=— TMAH
22V 22V
A24“A0 0.8v 0.8\’
TMRWH
— +— TMRWD | |-
MRA/-MWA or 0.8V 2.2V
MRB/-MWB M
—> -« TDSD TOSH —>}!;
D -DSB 2.2v B
SA or-DS 0.8V IMWDZ

—
. -~ TMWDD —| [ermwon
MDA or 2.2V 22V
MDB (0~7) 08V 0.8V

Corresponding Memory Tacc 200ns

MEMORY CYCLE TIMING (3 WAIT)

TC8511F-87

250190
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DISPLAY CONTROLLER

| TCYC
CLOCK 2.2V 2.2V *, 2.2V
08V 0.8V 8V
> -
Poraw T roaw
TCLR TCLF

TIMING OF CLOCK

| TRES |
-RESET /
0.5v 0.5V

TIMING OF -RESET INPUT

CLOCK

TIRON TIROFF

— - -—
vDD-2.0v
-IRQ 0.5v )y
1A
TIMING OF -IRQ QUTPUT
TC8511F-88

250190

214



DISPLAY CONTROLLER

7. PACKAGE DIMENSION

QFP144-P-26268B UNIT : mm
30904
260402 N

T Y
1.625TYP 109 72

285%0.4

note) Package width and length do notinclude molding and
tieber protrusions.

This packaging is a temporary form, and may be

changed to incorporate future improvements.

TC8511F-89

250190
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