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Edsun Continuous Edge ® Graphics
D-to-A Converters (CEG/DAC ™)
EL171, EL471, EL478

Features
# Single-Chip Mixed-Signal Video Display Processor

* Triple 8-bit D/A Converters

» 256-Word Palette RAM

» Anti-Aliasing Logic

# Color Spectrum Generation Logic

« Full VGA Compatibility with Industry Standard:

= IMSG171, IMSG176, and ADV476
% BT471, BT476 and BT478

¢ Complete Implementation of CEG Level 3:

#* Opcodes in the Bitmap for Color Mixing

# 4- and 8-bit Pixel Encoding Methods

#» More than 740,000 colors with 8-bit Pixels
% Full Gamma Correction

# Anti-Sparkle Circuitry
# Pixel Replication Compensation

« Edsun Dynamic Palette™ for Mid-Image Color
Reload

7 35, 50, and 66 MHz speeds
% Supports CRT Resolution up to 1024 x 768
# 5V Monolithic CMOS

Applications
« High Quality Color Graphics

# Desktop Publishing
¢ CAE/CAD/CAM Applications

# Image Processing

Product Description

The Edsun Laboratories Continuous Edge
Graphics/Digital-to-Analog Converter (CEG/DAC)
dramatically improves the images on standard color
CRT monitors, while remaining fully compatible with
industry-standard chips. A CEG/DAC with CEG
Level 3 eliminates the “jaggies”, enhances the effec-
tive resolution of the monitor, and increases the
usable color e to more than 740,000
simultaneous colors (in 8-bits-per-pixel). The
CEG/DAC guarantees full compatibility with stan-
dard palette DACs by powering-up in Compatibility
Mode with the CEG circuitry bypassed.

The EL171, EL471 and EL478 are real-time digital
signal processors that interpret &b:cls in the bitmap
as colors and opcodes. Edsun Continuous Edge
Graphics technology can blend any two colors in the
palette or reassign any color in the palette in mid-
image (Edsun Dynamic Palette ~ EDP).

Using the latest techniques in semiconductor
design, the CEG/DAC chip combines three matched
video-speed computation channels to simulta-
neously correct all three video colors (red, green and
blue). Combining patented, mathematical and
empirical models, the CEG/DAC provides a fully
normalized gamma correction, optimized for com-
mon screen phosphors in a typical office lighting
environment. Figure 1 shows the CEG/DAC block

diagram.
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Figure 1. CEG/DAC Functional Block Diagram
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The EL171, EL471 and ELA478 govide all the current features of CEG Level 3 plus Edsun
Dynamic Palette and Pixel Replication Compensation. CEG Level 3 includes:

% Color mixing
* Basic-8, Advanced-4, and Advanced-8 encoding
% Full gamma correction

The Edsun Laboratories CEG/DAC is available in a 28 pin plastic DIP package or in a 44 pin J
’ll?atc)il PLCC package. These can be ordered in 35, 50 and 66 MHz speed grades, as shown in
able 1.

Speeds

Packages 35 MHz 50 MHz 66 Mhz
28-pin EL171-35
Plastic DIP
44-pin J Lead ELA471-35 ELA471-50 EL471-66
PLCC
44-pin J Lead ELA78-35 ELA478-50 EL478-66
PLCC

Table 1. CEG/DAC Part Numbers
Compatibility

CEG/DACs are available in plug-compatible replacements for the most popular palette DACs,
including the Inmos IMSG171 and IMSG176, the Analog Devices ADV476 and the Brooktree
BT471/8. All are compatible with standard VGA video controllers.

The CEG/DAC powers-up in Compatibility Mode with the CEG circuitry bypassed, as shown in
Figure 2. A software key sequence uses a reserved series of palette accesses to enable CEG.
The section Enabling CEG describes this key sequence; Appendix A gives a program sample.

POWER-UP COMPATIBILITY

RAM ) CEG DX —’: capmeem— > pac

Figure 1. Power-up Compatibility

In Compatibility Mode, the EL171 and ELA71 always uses six bits for each palette color compo-
nent (red, green and blue). The EL478 uses either 6-bit or 8-bit colors, depending on the set-
ting of the 8/~6 pin (see Table 2).
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Compatibility Mode CEG Mode
CEG/DAC | 6-bit Colors | 8-bit Colors | 8-bit Colc>=rs=
EL171 7/ 4
ElLA71 V4 7
EL478 7 7/ 7

Table 2. CEG/DAC Bits Per Color Component

In 6-bit Compatibility Mode, the CEG/DAC shifts color data as it writes to and reads from the
palette, as shown in Figure 3. The microprocessor writes right-justified data in D5 - DO to the
palette. In the palette, data is stored left-justified with bits D1 and DO set to 0. During palette
read operations, the six bits of color palette data are returned to the microprocessor in D5 -
DO, with D7 and D6 set to O.

The CEG mode byte, which occupies the "blue” value of palette location 223, is also shifted
when it is written, but not when read. Figure 4 shows the shift effect applied to the mode byte.
See Enabling CEG for more information about the mode byte.

All eight bits of the palette data register are significant when CEG is enabled. Set the CEG
mode before writing the 8-bit color palette data to avoid the shifting operations that occur when
the chip is in Compatibility Mode.

D7 D6 DS D4 D3 oi Mmowwessorr:I:l:]:lMﬂOl lModc=5.
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\ cous l Read
l
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Microprocessor[ 0 [ 0] 0 [ 1] 0] 1] 0] 0 |Mode=20,
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Figure 2. Shift Operations On Palette Data Figure 3. Shift Operations on the Mode Byte

introduction to CEG

In traditional graphics systems, edge pixels are displayed in one of two abutting colors, result-
ing in the jagged "staircase" effect. This defect is called aliasing. Figure 5 shows the handling
of such an edge with current computer graphics techniques. CEG solves the aliasing problem
by blending the two abutting colors so that the edge (in the pixels outlined in Figure S)isa
percentage of the color to the left and the color to the right.
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Figure 4. Aliasing on a Typical Raster Graphics Display
The CEG/DAC places the two edge colors in two registers, the A reﬁlster and the B register.
o

The color to the left of the edge goes Into the B register, and the color to the t goes into the
A register. The CEG/DAC computes a real-time weighted average on each of the colors. Figure
1 shows the functional block ram of the entire system, and Figure 6 shows the operations
performed in each DSP computation block. The adjunct publication Continuous Edge Graphics
Level 3 gi\;elsl more information on mixing and the registers. The formula for calculating the
mix is as follows:

Mixed Color = {(Color B * Mix) + (Color A * (31 - Mix)) + 16)/31

INTENSITY | —& \
B A
SCALE | + et viDEO
(MIX) A

Figure 5. DSP Block Mix Functionality
With a CEG/DAC, opcodes for mixing and loading the c palette are stored in the bit-
map. If CEG is enabled, the CEG/DAC uses these opcodes to blend custom colors and to
modify the palette d cally. There are two general approaches to encoding the opcodes in

the bitmap. In the t approach, the mixing and color information can be encoded together in
one pixel (a simtgle approach, but more limited in the number of colors displayed). In the sec-
ond approach, the instruction is stored in one pixel and the colors in a different pixel
(more complex, but allows many more colors). These two approaches are called, respectively,
Basic-8 encoding and Advanced encoding. The Advanced CEG encoding methods can also use
the Edsun Dynamic Palette.

By colors from the palette, CEG Level 3 can display many new colors. The CEG/DAC
achieves a still wider range of colors with the Edsun Dynamic Palette. When EDP is enabled, a
single color number is reserved as the EDP opcode. Storing this opcode and its data into pixels
allows a palette location to be changed at that point in an image.
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The Edsun Laboratories CEG/DAC also provides pixel replication com

correction. Certain VGA controllers repeat each pixel twice in low resoggtlon modes.

nsation and garnma

CEG requires seguences of opcodes and data, pixel replication compensation is available in

CEG modes to a
enabled. Like o
ibility Mode.

The Encoding Methods

The Continuous Edge Graphics Level 3 describes in detail the Basic-8 enc

ust for these controllers. Gamma correction is used whenever CEG is
palette DACs, the CEG/DAC performs no gamma correction in Compat-

method, and

two Advanced encoding methods. Table 3 lists the characteristics of each CE encoding

method.
Enc Bits per | Palette CEG
Method Pixel Colors Mixes Colors EDP Notes
pre———
Basic-8 8 16 + 16 8 16*16*8 = Mixes and colors in
2048 the same pixel
Advanced-4 4 8 8 8*8*7/2 = ¢ |Mixes and colors in
224 different pixels
Advanced-8 8 223 32 223*32*222/2 =| ¢« |Mixes and colors in
792,096 different pixels

Table 3. CEG Encoding Methods

Basic-8 encoding provides 16 colors with eight mixes,
registers. The Basic-8 method is appropriate for applicati

a moderate number of colors are required, such as CAD applications.

The two Advanced methods store colors and opcodes in different pixels. The Advanced-4
encoding supports 4-bits-per-pixel
such as the standard IBM VGA.

Advanced-8 provides 223 drawing colors with full 32-mix
tng method when there is a requirement for many colors,

computer imaging.

In the Advanced methods, an en
dynamic palette further expands

Basic-8 Encoding

plus explicit loading of the A or B color
ons where eight bits are available and

raphics, making it the CEG method to use in 4-bit systems

vanced-4 provides eight palette colors and eight mixes.
shading. Use the Advanced-8 encod-
such as solid model rendering and

in the palette also can be reserved for the EDP opcode. The
e number of colors available.

The Basic-8 method encodes the 16 drawing colors and eight mixes into the 8-bit pixel as

shown in Figure 7. Table 4 shows the mix ratios that correspond to each pixel value in the mix

field.

P3|

P2

| P |

<-emmmmmmmmn=e COIOT O-15 ---mommmmmm- >

Figure 6. Pixel Encoding for Basic-8

The register bit selects whether
register bit is set to O, the A
used. The register bit also sel

because the A and B registers use different palette ranges.

register is used; when the register bit is set to 1,
ects which portion of the palette is accessed by the color field,

the color is placed in the A register or the B register. When the
e B register is

CEG/DAC Data Sheet

ecause




The color field of the pixel data refers to the first 16 colors in the palette (colors O - 15) when
the ister bit etquals O (for the A register). When the register bit equals 1 (for the B register),
the color field refers to the second 16 colors in the palette (colors 16 - 31). To find the palette
location for the B register, add 16 to the color bits in PO - P3 (for examgle. with the register bit
= 1, color O refers to palette location 16). Generally, these two palette banks are loaded with
the same sets of colors, but different colors can be used to double the possible number of col-
ors.

Mix Ratio
Value Color A Color B

0 31/31 0/31
1 27/31 4/31
2 22/31 9/31
3 18/31 13/31
4 13/31 18/31
5 9/31 22/31
6 4/31 27/31
7 0/31 31/31

Table 4. Basic-8 Mix Values

Advanced Encoding

In the two Advanced encoding methods, the pixel contains either a color or an opcode. Mix
opcodes operate on the colors in the A and B registers. The companion publication, Continuous
Edge Graphics Level 3, describes how the two colors are stored in the registers and how they
are displayed.

The Advanced-4 encoding method combines eight palette colors with eight mixes in the 4-bit
pixel, groviding 224 CEG colors. The four LSBs of the pixel value refer to either palette loca-
tions O - 7, or a mix opcode as shown in Table 5.

As shown in Figure 8, when usinf the Advanced-4 encoding, inputs P3 - PO contain data, and
inputs P7 through P4 are ignored.

7 | p6 | pP5 | P4 pP3 | P2 | P | PO
C-ceremmemee- Not considered ---------- > e Color or Opcode --------- >
Figure 7. Pixel Encoding for Advanced-4
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Mix Ratio
Value Color A Color B Description
0] —_ —_ Palette color O
1 _ —_ Palette color 1
2 — —_ Palette color 2
3 —_ —_ Palette color 3
4 —_ —_ Palette color 4
5 —_ — Palette color 5
6 — _ Palette color 6
7 — — Palette color 7 or EDP opcode
8 31/31 0/31 Mix opcode
9 27/31 4/31 Mix opcode
10 22/31 9/31 Mix opcode
11 18/31 13/31 Mix opcode
12 13/31 18/31 Mix opcode
13 9/31 22/31 Mix opcode
14 4/31 27/31 Mix opcode
15 0/31 31/31 Mix opcode

Table 5. Advanced-4 Mix Values

Advanced-8 encoding uses 8-bit pixels and offers 223 palette colors with 32 mixes, resulting in
792,096 CEG colors. The eight bits of the pixel value refer to either a color in the palette or to

an opcode as shown in Table 6.

Mix Ratio
Value Color A Color B Description
0-190 — — Palette colors

191 — — Palette color or EDP opcode
192 31/31 0/31 Mix opcode
193 30/31 1/31 .
194 29/31 2/31
195 28/31 3/31
221 2/31 29/31
222 1/31 30/31 .
223 0/31 31/31 Mix opcode

224-255 —_ — Palette colors

Table 6. Advanced-8 Mix Values

The Edsun Dynamic Palette

The two Advanced CEG cncodmgﬁ_r:cthods can use the Edsun Dynamic Palette, allowing the
CEG/DAC to load palette colors from the bitmap. With EDP enabled, an entry from the color
palette is reserved as the EDP opcode (7 in Advanced-4, 191 in Advanced-8). The data following
this opcode describes the new color to load and specifies the palette address. Note that
CEG/DAC addresses are ANDed with the mask regdister; to avoid mis-addressing an EDP entry,
load the mask with 255. See Mask Register for more information.
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The EDP opcode and data are not displayed on the screen. Instead, the color value preceding
the EDP opcode is repeated in place of the palette load sequence pixels. The two pixels preced-
ing the EDP opcode must be of the same kind (two colors or two mixes). For example, Color,
Color, EDP is a valid sequence, but Mix Color EDP is not.

EDP Examples

In the Advanced-8 encoding method, an EDP se;iuencc requires five pixels: one for the opcode
(191), three for the new color, and one for the palette address. Figure 9 shows the sequence.

Pixel Number 1 2 3 4 5
Contents EDP New New New Palette
Opcode Red Green Blue Address

Figure 8. EDP Opcode Sequence (Advanced-8)

In 4-bits-per-pixel graphics, two pixels are needed to specify one 8-bit color value; therefore, in
the Advanced-4 encoding, an EDP sequence requires eight pixels: one for the opcode (7), six for
the new color (two each for red, green and blue?. and one for the palette address. Figure 10
shows the EDP opcode sequence.

Pixel Number 1 2 3 4 5 6 7 8
Contents EDP New New New New New New Palette

Opcode Red Red Green Green Blue Blue § Address
Color Bits R7-R4 | R3-RO | G7-G4 | G3-Go | B7-B4 | B3-BO |

Figure 9. EDP Opcode Sequence (Advanced-4)

Figure 11 shows an example of an EDP opcode in Advanced-4, and how the opcode alters the
palette and affects the display.  In this example, the color at palette address 2 is reassigned
with the EDP. As the new color is loaded into the palette, CEG displays the pixel to the left of
the opcode, color 3, on the screen. After CEG loads the new color {shown as R,G,B,) at palette
address 2, it is displayed whenever color 2 is used.
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EDP New New New Paiette
Opcode Red Green Blue Address
R S e

emmaP| 2 1 3| 7 |R2| R2{G2|G2|B2|B2| 2| 3|2[4|2

DISPLAYED| "2 | 3 |3 | 3| 3| 33| 3| 3|3|3|2|4} 2

_——
Ri R1 GiGi B: B 3 R: R: G-G:B: B:
0 0
1 1
2 [rR|GG]8 B 2 R R|GeGo| B B
3 3
4 4
/
[~ [ —
N N
—~ ~
Palette Before Palette After
EDP EDP

Figure 10. EDP Opcode in the Bitmap

Pixel Replication Compensation

Certain VGA controllers repeat each pixel twice to display low resolutions (such as 320 X 200).
CEG, however, expects pixels in sequences and therefore the CEG/DAC provides pixel replica-
tion compensation to undo this duplication. When pixel replication compensation is enabled,
the CEG/DAC chip samples P7-PO every other PCLK to ignore the repeated data. Because the
CEG/DAC is reversing a duplication made by the controller hardware, the compensation does
not affect the graphics programmer. The bitmap is written as before. Figure 12 shows how
pixel replication compensation works.

Bit Map CEG/DAC
Pi[ P2i P3{ P4|P4 P3 P2 P1| yga P4 P4 P3 P3 P2 P2 P1 P1{ Pixel P4 P3 P2 P1|
Controlier Replication -

Compensation

Figure 11. Pixel Replication Compensation

If the scan line period (video time plus BLANK time) has an even number of clock les, then
even numbered pixels are displayed. That is, after the end of BLANK, the first pixel is ignored,
the second is displayed, the third ignored, the fourth displayed, and so forth. If the scan line

CEG/DAC Data Sheet 9



period has an odd number of clock periods, then the first pixel after the end of BLANK is dis-
played, and the second is also displayed, and thereafter only even numbered pixels are dis-
played (the fourth, the sixth, etc.)” Figure 13 shows which pixels are displayed under pixel
replication compensation.

« = Pixel displayed

Pixel
Number of Clock Cycles 1 2 3 4 5 6
EEXTITEN
Even Number 4 7 4
Odd Number 4 7 4 v
Figure 12. Pixel Display
Gamma Correction »
The CEG/DAC automatically applies full
gamma correction in all CEG modes to com- s
pensate for CRT characteristics. To avoid any P /
incompatibility, gamma correction is disabled prv.y <
in the Compatibility Mode. The CEG/DAC s SIGNAL
uses a gamma value of 2.3 to perform garnma ./
correction. Figure 14 shows the gamma g %) 7
curve. P & 4
y o
/ Xy
VAR ot
/ /
° 2 ) s 8 10
SIGNAL INPUT

Figure 13. Gamma Correction Curve

CEG/DAC MODES

The CEG/DAC supports a number modes. A mode is a combination of attributes. The possible
attributes are:

* CEG encoding (Basic-8, or Advanced-4, or Advanced-8)
* Edsun Dynamic Palette
* Pixel replication compensation
The mode is selected under software control by a key sequence followed by a mode byte.
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Enabling CEG

CEG/DAC employs an unused sequence of palette accesses to enable the CEG logic. This lon%
sequence was specially designed to prevent accidental mode changes. To enable the CEG/DA
the software must perform the following steps:

1. Write a palette RAM "read" address (222)
2. Write three specific bytes of palette RAM data
3. Repeat steps 1 and 2 twice more

There are eight bytes of special palette RAM data followed;x]y the CEG mode byte which deter-
mines the CEG functionality. Table 7 shows the special palette RAM data and the mode byte:
Table 8 shows the mode byte values. Appendix A shows the sequence of 8086/286/386
assembler code that sets the VGA CEG/DAC mode.

byte 1 byte 2 byte 3 byte 4 byte 5 byte 6 byte 7 byte 8 byte 9
67 69 71 69 68 83 85 78 mode

Table 7. CEG Key Sequence (Dectmal Values)

The key sequence must be written exactly as shown and cannot be interrupted by other
palette access. The entire key sequence must be re-entered to cha%f: CEG modes. If the key
sequence is wrong or the CEGDIS pin is high, the chip remains in mpatibility Mode. After
the mode is set it can be read from palette Jocation 223 blue. Note that, as with other palette
data, the mode byte is shifted as it is written to the palette. (See Compatibility.)

Table 8 shows the CEG/DAC modes. Unpredictable results can occur if a mode not listed in
Table 8 is used.

CEG Encoding Pixel
Mode Method EDP Replication
5 Basic-8
6 Basic-8 7/
9 | Advanced-4
10 Advanced-4 V4
11 Advanced-4 7
13 | Advanced-8
14 | Advanced-8 s
15 | Advanced-8 7

Table 8. CEG/DAC Modes

Writing palette data to location 223 immediately disables CEG operations and returns the
device to full power-up Compatibility Mode (there are no side effects to this and no need to
clear any registers).

Appendix A shows the 8086/286/386 assembler code that clears the CEG/DAC mode and
returns the hardware to its initial power-up Compatibility Mode (in a VGA).

CEG/DAC Data Sheet 11



Mask Register

For full compatibility, when the CEG/DAC is in power-up Compatibility Mode the mask register
is read and written normally. That is, values in the mask register are read back exactly as they
were written.

All CEG/DAC addresses are ANDed with the mask register. In general, to avoid mis-addressing
an EDP entry or other palette address, load the mask register with 255. Figure 15 shows th
contents of the mask register ANDed with the palette address. :

In a CEG mode, the four most significant bits of the mask register do not return the contents of
the register when read. Instead, they return information about the CEG/DAC hardware ver-
sion. See Identifying a CEG/DAC for more information about using the mask register to deter-
mine the revision code.

Mask Register
HEREEEEN

Palette

il

Address 3. .
PO -P7 . .

I A
Figure 14. Mask Register ANDed with Palette Addresses

Identifying a CEG/DAC

Software determines whether a CEG/DAC is present readnﬁ(the mask register. Whenever a
CEG mode is selected, the four most significant bits of the mask register become write-only.
When read, the four most significant bits of the mask register do not relay the contents of the
mask, but rather, give information about the CEG hardware installed.

Mask register bit D7 is reserved and bits D6 - D4 read back the revision code of the CEG/DAC
chip. The revision number always contains at least one "0" to allow software to distinguish
CEG 1{ DAC chips from other DACs. An ordinary palette DAC returns the full eight bits of the
mask register.

In other words, by enabling CEG, loading the mask register with 255, and then reading the
mask register, the software can determine whether or not the hardware uses a CEG /DAC.
Devices that return the value loaded (those which read back 255) do not have CEG, while those
that return a different value use an Edsun Laboratories CEG/DAC. Appendix A shows sample
assembler code to determine the version by inspecting the mask register.

Microprocessor Interface

The system microprocessor can access the palette address rt:iisters. palette data register, and
trtxlask regi'srtel;'i lgcgi_ster select signals speclg' which register the microprocessor accesses, as
shown in Table 9.
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RS1 RSO Microprocessor Operation
0 | Address Register (RAM Write Mode)
1 | Address Register (RAM Read Mode)
1 | Color Palette Data Register

O | Mask Register

Table 9. Register Select Signals

The microprocessor should not access the palette when the palette is being loaded from the
bitmap with an EDP. When using EDP, the microprocessor should perform palette reads and
writes during re-trace (BLANK) time.

To write color data, the microprocessor loads the palette address register (at RS = 00) with the
address of the palette location to modify. The microprocessor performs three successive write
cycles to the palette data register (8-bits or 6-bits each of red, green, and blue). Following the
blue write cycle, the three bytes of color information are stored in the palette location specified
by the address register. The address register then increments to the next location, and that
can be modified by simfp}ir writing another sequence of red, green and blue data. The address
register overflows to O following a write cycle to palette location 255.

To read color data, the microprocessor loads the address register (at RS = 11) with the address
of the palette location to read. The microprocessor then performs three successive read cycles
(eight or six bits each of red, green, and blue), from the palette data register. Following the read
operation, the address register increments to the next location, allowing the microprocessor to
continue reading successive palette locations.

Appendix A shows the 8086/286/386 assembler code for the VGA sequence to write to the pal-
:}tlte. aﬁluppendlx A also shows the 8086/286/386 assembler code for the VGA sequence to read
e palette.

= |O|=]O

Anti-Sparkle
The microprocessor interface operates PO-P7—>| RAM |HOLD C>| SCREEN
asynchronously to the pixel clock and can

access the palette at any time. In traditional '
palette DACs, when the microprocessor inter- :
rupts the pixel palette lookup, a dot appears

on the screen. The CEG/DAC employs CONTROL
anti-sparkle logic to reduce the impact on the
screen of a palette access by the microproces- 1

sor. Anti-sparkle logic compensates for this Microprocessor

intem.lpt_icg‘x by the mﬂi;xgigrcl)ceeszor byl

repeating the curren play ixel. - Diagram
Thus, the palette may be accessecf’ at any Figure 15. Antt-sparkle Block

time with minimal disturbance to the display.
Figure 16 illustrates the anti-sparkle logic.
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PACKAGING

Pin Diagram - EL171

Pin Diagram - EL471 and EL478

E
\ ? 2 2 5
w
oRL} 2 [Jvaa IEIAITYRTE
106 2 z7[]Rs1 e 3
.OBE ] F) jaso -Wd P7
IREF[] 4 2[]~-WR o] Pe
pol]s » o7 i e
P]s =[]os os [ Pa
P2~ 2[]Ds a0 P2
P3[]e 21[]D4 os [ P1
P4 20[]D3 os [] PO
Ps[] o 1w[]D2 o7 VREF
Pe} 11 1s[JD1 -wr[} OPA
P7[] 12 700 RSOO"s o g ¢ *H o
crock[] 12 16 []-BLANK = -
aND[] 14 1s[J-RD 8¥§§§E§588‘g
(7]
SNOTE: ELATICEG - NG
EL478CEQ - &/~8
Pin Descriptions
Signal 171 471 478 1/0 Description
~RD 5 I Read control input. To read data
from the device, ~RD must be a log-
ical 0. RSO and RS1 are latched on
the falling edge of ~RD during
microprocessor read operations.
~-WR 25 1 Write control input. To write data to
the device, ~\WR must be a logical O.
RSO and RS1 are latched on the fal-
ling edge of ~WR during micropro-
cessor write operations. Data is
latched on the rising edge of ~WR.
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Slgnal

171

471

478

1/0

Description

RSO-RS1

26,27

17,18

17,18

Register select inputs. These specify
the type of read or write operation
performed, as described in Micropro-
cessor Interface.

8/~6

6- or 8-bit palette select (EL478
only). The power-up condition
(Compatibility Mode) is a 6-bit pal-
ette interface if this pin is uncon-
nected or tied low. apping this
pin high at power-up forces the
microprocessor interface to 8-bits.

CEGDIS

CEG disable. Driving this pin high

disables all CEG functions by disab-
the CEG logic. This pin is inter-

nally pulled down if unconnected.

DO-D7

17-24

8-15

8-15

1/0

Host processor data bus. DO is the
LSB.

PCLK

13

40

Clock input. The rising edge of clock
latches the PO-P7, BLANK, and

SYNC signals. The clock input is typ-
fcally the pixel clock rate of the video

system.

PO-P7

5-12

32-39

32-39

Video data, typically from the frame
buffer. In non-CEG mode one of the
256 palette colors is specified by
each pixel. In CEG modes, these
inputs specify either a CEG opcode
or a color.

~BLANK

16

Blank. When this signal is low, it
forces a O at the input to the palette
DAC.

~SYNC

Composite sync control. This input
switches a 40 IRE current source on
the video outputs. This input floats
low if left unconnected.

~SETUP

23

23

Setup control input. When low, this
input disables a 7.5 IRE blanking
pedestal. This pin is internally
pulled down if unconnected. V,, = 1
and GND = 0.

IOR

25

25

Red output. This signal can drive a
doubly terminated 75 ohm load.

10G

26

26

Green output. This signal can drive
a doubly terminated 75 ohm load.

CEG/DAC Data Sheet
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Sgnal

171

471

478

1/0

Description

10B

27

27

—
Blue output. Can drive doubly ter-
minated 75 ohm load.

Jrer

28

28

External current source input. In
current mode, this input specifies
thcheak DAC currents. In voltage
mode, 1t specifies full scale adjust. A
resistor to ground can set the peak
DAC current as described in DAC
Configuration.

COMP

29

29

Compensation pin. If a current ref-

erence is used, connect this pin to

Irer and to a 0.1 uF bypass

capacitor. If a voltage reference is

gsed, connect this pin connected to
PA.

31

31

Voltage reference input. If a voltage
reference is used, supply a stable
1.2 volts DC. In current reference
mode, leave this pin floating except
for the 0.1 uF bypass capacitor.

OPA

30

30

Reference amplifier output. If a volt-
age reference is used, connect this
output to COMP; otherwise, it
should float.

28

Analog power. All V,, pins must be
connected to the analog power
plane. Power-on-reset is initiated at

ower-up or whenever V,, dips

elow 1.2 volts for 10 ms and then
returns to world.nf voltage. Once
reset is initiated, Iour clocks must
pasi before the chip is available for
work.

GND

14

3.24

3.24

Analog ground. All GND pins must
bleatr:]onnectcd to the analog power
plane.

CEG/DAC Configuration

This section describes the CEG/DAC setup pins and the analog outputs. All models of the

Edsun CEG/DAC require an external refere

nce. Models EL471 and EL478 can be used with

either a current reference or a voltage reference. Model EL171 requires a current reference.

16
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Using a Cumrent Reference

An external current source sets the maximum DAC output current. See Figure 17 for a circuit

showing current reference mode for the EL171. When using a current reference for
the ELA71 or EL478, leave OPA unconnected, connect Vg to a 0.1 uF bypass capacitor, and

tie COMP t0 Iger, as shown in the circuit diagram in Figure 18.

The following general equation gives the maximum DAC output current :
Irer = Loummax/K

The formulas for Ix are as follows:

Iner = Loumaax (MA) / 2.125 EL171
Iner = Ioumuax (MA) / 3.05 EL471 and EL478, SETUP = 0
RS-170 RS-343A
EL171 not recommended 8.96 mA
ELA471 and EL478 8.74 mA 6.25 mA
SETUP=0
EL471 and ELA478 8.28 mA 5.92 mA
SETUP =1
Table 10. Values for Iy with a Current Reference
Via Van
. 0.1uF o 47uF

1.22

Reu(@) = —122_
- =5

T

‘;Q -

0.1uF

R S e

Figure 16. Circuit Diagram - Using a Cuwrrent Reference with EL171
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_T__ _\]u_
0.1uF 0.1uF 47uF

1
T

1.22
iner (A}

Ras(Q)) =

COMP R /-
l LM 337 LZ
0.1uF
OPA}l—nNC —_r

Figure 17. Ctrcuit Diagram - Using a Current Reference with ELA471 and EL478

Using a Voltage Reference

Models EL471 and ELA78 can use a voltage reference instead of a current reference to set the
maximum DAC output current. When a voltage reference is used, a stable 1.2 volt DC refer-
ence must be tied to Viggr, and COMP and OPA must be connected as shown in the circuit dia-
gram in Figure 19.

The resistor Rgr and Vggr set the current from the general equation:
Rer = Veer * K / Toumax
The equations for calculating Rezr are as follows:

Reer (0hm) = Vige (V) * 3050 / Loymuax (MA) SETUP =0
Reer (ohm) = Vige (V) * 3220 / Loymvax (MA) SETUP =1
RS-170 RS-343A
Iovmaax = 26.67 mA Iovmaax = 19.05 mA
SETUP =0 137 ohm 192 ohm
SETUP =1 145 ohm 203 ohm

Table 11. Reer Values (Vger = 1.2 V)
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Vi —%
—__0.1uF
COMP
OPA —___0.1uF
S o
Voer
Reer ES\ LM 385BZ-1.2
rer ——W

Figure 18. Circuit Diagram - Using a Voltage Reference for EL471 and EL478

Video Output

The data and control s%nals determine the video output levels. The following tables and dia-
grams describe the DAC outputs that correspond to various configurations.

mA v
19.05 | 0.714 / \ WHITE LEVEL
100 IRE \ /
0.00 | 0.000 BLACK/BLANK LEVEL
Notes:

1. Connected with a 75 ohm doubly terminated load.

2. Current reference adjusted for 19.05 mA full-scale output.

3. RS-343A levels and tolerances assumed on all levels.

4. The ~BLANK input is pipelined to maintain synchronization with the pixel data.

Figure 19. Composite Video Output Waveform - EL171

CEG/DAC Data Sheet
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DAC In ~BLANK Ioyr (MA) Description
—
255 1 19.05 | White Level
data 1 0.074 * data Data
0 XX 0 | Black Level
XX (0] 0 Blank Level
Table 12. Output Current- EL171
mA VvV
26.26 | 1.000 / \WH ITE LEVEL
100 IRE \ /
8.07 | 0.302 BLACK/BLANK LEVEL
43 IRE
0.00 | 0.000 SYNC LEVEL
Notes:

1. Connected with a 75 chm doubly terminated load, SETUP = 0.

2. External voltage

3. RS-170 levels and tolerances assumed on all levels

4. The ~BLANK input is pipelined to maintain sync|

(-

or current reference adjusted for 26.67 mA full-scale output.
hronization with the pixel data.

Figure 20. Composite Video Output Waveform — EL471 and EL478 (SETUP = 0)

DAC In ~SYNC ~BLANK Lour (MA) Description
255 1 1 26.67 | White Level
data 1 1 (0.073 * data) + 8.07 | Data
data 0 1 0.073 * data | Data & Sync
0] 1 1 8.07 | Black Level
0 0 1 0 | Black & Sync
XX 1 0 8.07 Blank Level
XX o) (0] O | Sync Level

Table 13. Output Current~ EL471 and EL478 (SETUP = 0 and Iounux = 26.67 mA)

20
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mA \'/
26.67 | 1. WHITE LEVEL
6 000 v RN

92.5 IRE

9.09 | 0.340 BLACK LEVEL

7.63 | 0286 4 I2HRE I BLANK LEVEL
40 IRE | |

0.00 | 0.000 SYNC LEVEL

Notes:

1. Connected with a 75 ohm doubly terminated load, SETUP = 1.
2. External voltage or current reference adjusted for 26.67 mA full-scale output.
3. RS-170 levels and tolerances assumed on all levels.
4. The ~BLANK input is pipelined to maintain synchronization with the pixel data.

Figure 21. Cornposite Video Output Waveform - EL471 and EL478 (SETUP = 1)

DAC In ~SYNC ~BLANK Loyr{mA) Description
255 1 1 26.67 | White Level
data 1 1 (0.069 * data) + 9.09 | Data
data 0 1 (0.069 * data) + 1.46 | Data & Sync
0 1 1 9.09 | Black Level
0 0 1 1.46 | Black & Sync
XX 1 0 7.63 | Blank Level
b 9.4 0 0 0 | Blank & Sync
Table 14. Output Current - EL471 and EL478 (SETUP = 1)
OPERATING PARAMETERS
Absolute Maximum Ratings
Parameter Symbol | Condition Min. Typ. Max Unit
Storage Temperature Ts -50 +150 ‘C
Junction Temperature "I; +125 'C
Power Supply Voltage AA -0.5 7.0 v
Input Voltage (any input) Vi -0.5 Vaa+0.5 \"
CEG/DAC Data Sheet 21



Operating Conditions

| Parameter _‘gnbol Condition Min. Typ. Max. Unit
Ambient Operating Temp. Ta 0] 25 +70 | °C
Power Supply Vaa 4.5 5.0 551V
DAC Output Load Ry 33 37.5 Ohms
Voltage Reference Vrer 1.1 1.200 13|V
Current Reference Irer -3 -7 -10 | mA

DAC Performance

Parameter Symbol Condition Min. Typ. | Max Unit
Resolution 8 bits
Accuracy +.5 LSB
Differential Linearity +5 LSB
Output Current Idomax 17.3 27 | mA
White Current-Black Current 17.3 | 17.62 189 { mA
Black Current-Blank Current SETUP = V,, 0.95| 1.44 19 | mA

SETUP = GND o 50 | uA
Blank Level Iblank 5 50 | uA
Sync Level Isync 2 50 | uA
DAC Matc 5| %
Output Compliance Vdo -1.0 +15]|V
Output Impedance Zdo 10 KOhm
Output Capacitance Cdo 30 | pF
Power Supply Rejection Ratio |PSRR Ido vs V,, S| %+%
Glitch Ene 150 pV-sec
Feedthroug -20 | dB
DC Electrical Parameters
Guaranteed over Ta and V,,, Ixgr = typical.
Parameter Symbol Condition Min. | Typ. Max. Unit
Power Supply Current Ina 200 350 | mA
Input Low Voltage Vil -0.5 08|V
Input High Voltage Vih 2.0 Vat5 | V
Input Current (low) ! Iil Vil=08V 0.2 | mA
Input Current (high)? Ith Vih=2.0V 0.2 | mA
Input Current (low) ? 1 Vil=08V 1| nA
Input Current (high) ? Iih Vih=2.0V 1| nA
Output Voltage (low) Vol Iol = 3.2 mA 04|V
Output Voltage (high) Voh Ioh =-.4 mA 2.4 v
Tri-State Leﬁage D7-D0) Iz 50 100 | nA
Input Capacitance Cn 1 MHz 7| pf
Notes:

1. For EL471 and ELA478, this parameter applies to the following input pins: SETUP, 8/~6, ~BLANK, CEGDIS, and
~SYNC. For EL171, it applies to BLANK.

2. This parameter applies to all other inputs not mentioned in Note 1.
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AC Electrical Parameters
Guaranteed over Ta, V,,, all conditions = typical.

-35 Devices -50 Devices -66 Devices
Parameter Symbol] Min. _M&x Min. | Max.| Min. | Max. |Unit

RS Setup Time tl 10 10 10 ns
RS Hold Time t2 10 10 10 ns
~RD to Data Bus Driven t3 5 5 5 ns
~RD to Data Valid t4 40 40 401{ ns
~RD to Data Bus Tri-State t5 20 20 20| ns
Read Data Hold Time t6 5 5 5 ns
‘Write Data Setup Time t7 10 10 10 ns
‘Write Data Hold Time i8 10 10 10 ns
~RD, ~WR Pulse Width Low t9 50 50 50 ns
~RD, ~WR Pulse Width High t10 4*t13 4*t13 4*t13 ns
Pixel and Control Setup Time t11 5 4 3 ns
Pixel and Control Hold Time t12 5 4 3 ns
Clock Cycle Time t13 28 20 15 ns
Clock Pulse Width High t14 12 8 6 ns
Clock Pulse Width Low t15 12 8 6 ns
Analog Output Delay tl6 30 30 30| ns
Analog Output Rise/Fall Time t17 10 8 6| ns
Analog Output Settling Time t18 35 35 35] ns
Pipeline Delay

(Compatibility Mode) t19 3+t13 3*t13 3*t13 ns

(CEG Mode) t19 6*t13 6*t13 613 ns

Note: t+1L1LSB

RS1, RSO

~RD, ~WR

Read Data

le——1t 8

Wirite Data

Figure 22. Microprocessor Interface Ttming
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t14 {15
cLock /_\__//—_\_"_/ f—\_
PO - P7 1
-SYNC X DATA X
~BLANK i -
—b t12 —> {18
IOR, 10G, 10B
1
"
—»] {117
Figure 23. Video Input/Output Timing
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