||i\ IC WORKS

PRELIMINARY, SEFTEMBER 1994

' Ww30C516

: ZOOMDAC™
DSP-BASED MULTIMEDIA RAMDAC

FEATURES . « 8,15, 16 or 24 bit-per-pixel modes
« Hardware 2-D Video Zoom T U _XGA™, HICOLOR™, TARGA™
~ Resolutions up to 1280 x 1024 '« Pixel-by-Pixel mode switching
- Non-Integer Ratios « (On-Chip Voltage Reference
- From 1:1 to 32:1 s  Software-readable output sense
- Independent X and Y » Device and manufacturer ID
- B, 15, 16 or 24 bit modes ¢ Delay Compensated Horlz Sync
» Hardware Video Filter « Anti-Sparkle circuitry
- Resolutions up to 1280 x 1024 + Low power 5 voli CMOS
- Zoom-tracking 2-I) Digital Filter. « Power-Down for Battery and Green PCs
- Filters Nop-Integer Zooms » 44-pin PLCC
- 8, 15, 16 or 24 bit modes * Screen resolutions up to: .
- For Software or Hardware Zoom - 1600 x 1200, 8-bit per pixel, 60Hz
* 170, 135 and 110 MHz Versions - 1280 x 1024, 16-bit per pixel, 76Hz
« Zoow/Filter up to 135 MHz - 1024 x 768, 24-bit per pixel, 86Hz
* 16-bit Pixel Port = 800 x 600, 24-bit per pixel, 139Hz
Figure 1: Pin Diagram: W30C516
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ICWORKS.. . | W30C516
DESCRIPTION | _

The W30C516 is an adVanr.-ed I'ugh-perfonnance :
SVGARAMDAC spemlly enabled for motionvideo =~ - o ' -
Playback applicdtions such as Video for Windows, - '

QuickTime and games.

Built-in video zoom circuitry allows playback of
larger video windows without sacrificing speed. An
advanced 2-D tracking filtar further enhances the
video by removing the jagged zoom artifacts. The
resulting video is enlarged and smooih without sac-
rificing frame rate.

A 16-bit pixel interface allows higher data through-
putfor more colors at higher screen resolutions. In 8-
bit pixel modes, an on-chip 2-1 data mulitplexer and |
ot-chip clock doubler reduces extarnal clock fre-
quencies for easier FCC certification.

With8, 15, 16 and 24 bit-per-pixelmodes, the w30C516
supports all the major image formats, including
XGA™, HICOLOR™ and TARGA™ Formats. In
addition to VGA compatible 18-bitcolars, a full 24-bit
color look-up-table allows 8-bit modes to select 256 -
colors from the expanded 16 milllon color palette.
Pixel-by-pixel mode switching allows mixing differ-
ent image pixel formats on a single screen.

Software readable unique manufacturer and IC IDs
allow for intelligent BIOS and plug-and-play board
implementations.

Software controlled power-down modes are in-
cluded for hattery or grean-PC applications.

Micrasoft Windaws is a registered trademark of Micrasoft Corp, XGA i a trademark of Internaticnal Buginess Machines Carp.,
TARGA is 2 tradeonark of Truevisien
3 HIOOLOR isa hdma:ko(ﬁmaSmumduerwp.
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Ww30C516

Table 1: Pin description

Name/Function

Pin Name vo Pin #
GND . - 3: 24
Veeo .- 4,22

PO-P15 I 2,519, 21
41-44
32-39
RSET I 28
COMP I 29
VRERE - A
SENSE o 1
FL_SYNC_OUT)
PCLK 1 40
BLANK I 7

Ground: Conmect thase Pins to elrcuit ground.
Power: Connect these pins to +5.0V.

Pixel Inputs: TTL compatible, These pins are latched on the
Tising edge of PCLK, Unused inputs should be connected
to GND.

Reference: An external resistor {RSET) is cunn;eded
betw'eentheRSETpinandGNDtacmtmlmemagtﬁ-
tude of the full-gcale current.

Compensation Pin: Bypass this pir with an external 0.1pF
capacitor to Voo, .

Voltage Reference: Bypass this pin with an external 0.1y F
capacitor to GND.

SENSE or H_SYNC_OUT (Both Active-Low): TTL compat.
ible. If Control Register1{7] is 0" (powerup default), this
pin functions as the monitor detect signal SENSE is a Iogic
0if one or more of the red, green, or blue outputs has
exceeded the internal voltage reference leve] of 340mV.
¥ Control Register1[7] is ™1" this output pin changes func-
tion to become a delayed version of the H_S5YNC_IN input
signal. The delay is matched to the internal delays of the
W30C516 logie in all modes and this output is the preferrad
source with which to drive the CRT Horlzontal Sync nput.

Blank (Active-Low): TTL compatible BLANK s latched o
the rising edge of PCLK. When BLANK is low, the Li4ma
current source on the analog outputs wil] be tumed off and
the DACs ignore digital input.

| 9006233 0000004 G4L WA
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Ww30C516

Table 1: Pin description (con't)

Pin Name

vo

Pin #

Name/Function

H_SYNC_IN

5l

RSO-R51

RED
GREEN
BLUE

SETUP

/0

158

16

17,18

25,26, 27

H_SYNC_IN is active low. In addition te providing syn-
chremization for the intermnal zoom and filter logic, this
input is delayed to match the internal delays of the
W30C516 and output a3 H_SYNC_OUT to drive the moni-
tor. H_SYNC_IN does not affect the video DAC levels.

Data Bus: TTL compatible. Data it transferred between the
data bus and the internal registers under control of the RD
and WK signals. In an MPU write operation, DO-D7 ig
latched on the rising edge of WR. To read data DO-D7 from
the device RD must be in an active low state. The rising
edge of the RD signal indicates the end of a read cydle.
Following the read cycle, the data bus will go to a high-
impedance state. Note: for 6-bit operation, color data is
contained in the lower six bits of the data bus. DO 1is the LSB
and D5 is the MSB. When the MP'U writes color data, D6
and D7 are ignored. During MPU read cycles, D6 and D7
are a logic 0.

Write (Active-Low): TIL compatible. WR controls the data
transfer fram the data bus to the selected internal register.
DO-D7 data is latched at the rising edge of WR, and RSO-
RS1 data is Iatched at the falling edge of WR.

Read (Active-Low): TIL Camnpatible, When RD is low,
data transfers from the salected internal register to the data
bus. RS0-R51 is latched on the falling edge of KD,

Register Select: TTL compatible. These inputs are sampled
on the falling edge of the KD or WR to determine which
one of the internal registers is to be accessed.

Color Signals: These pins are analog outputs. High-
impedance current sources are capable of driving a double-
terminated 7582 coaxial cable.

Mode Switch: Input to change the RAMDAC mode. The
RAMDAC interprets the incoming data on a pixel by pixel
basis based on the mode. Ground if not used.

SETUP (Blanking) Pedestal: TTL compatible. A logic high will
cause a blanking pedestal of 1.44mA on an R5-343A output.

B 9004233 0000005 584 W8




IC WORKS Ww30Cs16
Figure 3: Zoom Window
©0 \
(IMAGE_START. X, IMAGE_START )
IMAGE AREA

ENHANCED MOTION VIDEO—ZOOM
AND FILTER

Multimedia motion videos overwhelm today’s com-
puter graphics systems. Software playback falls far
short of showing full-screen video at full 30 frames-
Per-second rates foreing users to watch small movies
with less than natural motion. To make matters
worse, although users usually set their screens for B-
bits to getbetter performance and higher resolutions,
videos perform best when screens are reset to lJow-
resolution with 16-bit or 24-bit color,

The W30C516 was specially designed to address
these problems. A powerful hardware zoom can
expand any size video to any size-—aven full-sereen.
The zoom is performed without any CPU effort, so if
theCPUca.nshowasmallvideoatmnspeed,the
Wr30C516 can make it full screen at full speed. And
“full screen” is not Timited 640 x 480, but canbe a fuli
modern screen — 1024 x 768 or even 1280 x 1024,

Buta zoomalone isnot enough. Asshown in Plate B,
asimple zoom (7x) produces an unsatisfactoryjagged
mosaic. Worse, because their colors depend on the
llusion of blendin g, 3-bit palette images suffer worse
~degradation (shown in Plate E).

To fix this and restore image quality, the WS0CS16
includes an advanced 2-0 tracking filter which works
nallmodes—8, 16 and 24-bits. This advanced filter
kemel locks onto and tracks the zoom logic to pro-

duce a fully restored image. The result for a 24-bit
image s shown in Flate C. Bven more dramatic isthe
filtered 8-bit zoom shown in Flate F.

The filtering of 8-bit palette images is tmique to the
W30C516, Because It is a RAMDAC, it ean retrieve
the true 24-bit value of every pixel before Zooming
and fltering. This allows the W30C516 ta generate
the required subtle on-screen filter hues without a
256 color limit. The 8-bit image in Plate D s actually
expanded to over 20,000 colors by the w30C516

-when the filtercreates the an-sereen version shown in

Plate R, .

IMAGE WINDOW

The I30C516 zoom and filter Operate in a single
Tectmguiar Image region specified by 2X-Y register
s¢ts as shown i Figure 3. The upper-left corner is
Specified by the point (Image_Start_X,
Image_Start Y); the lower-right comer is apecified
by the point (Image_End_X, Image End Y).

B 900L233 000000 414 WM




IC WORKS Ww30C516

Plate A: Original 24-bit Image Plate D: Original 8+bit Image

b

Plate B: Zoom 24-bit Image 7x Plate E: Zoom 8-bit Image 7x

e+ ———
L

Plate C: Zoom 24-bit Image 7x with tracking  Plate F: Zoom 8-bit Image 7x with tracking
filter filter

e W‘ﬂ A
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IC WORKS W30C516
REGISTER DESCRIPTIONS
Table 2; Original VGA Register addressing,
ZOOMDAC PC/VGA
Register Name | RS1 | RS0 Address 1/0 Address | LUT Function
(Hex)

Address_Mask 1 0 2 3Cs Address Mask

Read _Address 1 1 3 klavj Address for Data Read

Store_Address 0 0 o 3Ca Address for Data Write

Data 0 1 1 3C9 Color Data

location, 3 successive writes are made to the Data

INTERNAL REGISTERS Register, After the sequence of 3writes is completed,

The registers are read and writhen by the MPU (mi-
croprocessor). Bit 0 is the least significant bit and
carrespands to pin DO of the MPU port.

As a compatible superset of the original VGA
RAMDAC, the m130C516 hag 2 sets of registers — the
Original Registars for VGA RAMDAC compatibility
and ZOOMDAC Extension Registers to control the
new features, :

To maintain compatibility, the Extension Registers
are addressed indirectly. Nommally hidden, they
become "visible” whena reserved sequence of opera-
tions is used, This operation is explained in the
section Accessing the Extension Registers.

ORIGINAL REGISTERS

The Original Registers are accessed direct] , selected
by the RSO and R51 signals — just like the original
VGA RAMDAC. The Original Registers are anly
used in 8-bit palette-color (Look-Up Table) modes,
The addressing of the registers is shown in Table 2.

Store_Address

This register holds an 8-bit address used when stor-
ing data into the look-up-table. Write to this registar
before writing data to the Datn Register. Writing the
Store_Address sets the location and resets the data
port color pointer to 'Red” for thenext access, Each of
the LUT locations are 24 bits wide (B bits red, 8 bits
green and 8 bits blue). To write all 24-bits of alLuT

the 24-bit value is transferred to the LUT RAM and
the Store_Address Register will automatically incre-
ment by one. After writing LUT entry 255, tha Ad-
dress wraps back to address 0.

Read_Address
This register holds the 8-bit LUT address used for
reading the LUT contents (via the Data Register).

' When the Read_Address Register is written, the LUT

isaccessed and the values areready to be read via the
Data Register. Writing the Read_Address sets the
location and regets the data portcolorpointerto ‘Red’
for the next access. When the three reads from the
LUT Data Register are complete, the Read_Address

is incremented and new data is made ready for Data

Register access,

LUT Data

This is the data port through which color data reads
and writes are made to the LUT. This register ig an &-
bit port into a 24-bit lucation. Three accesses are
needed to read or write the LUT dat register, first
Red, then Green and finally Blue. Data is kept in
temporary holding ares and transferred to the LUT
when the third value (blue) is written to the Data
Register,

The LUT Store_Address or LUT Read_Address reg-
Ister is used to specify which LUT location is to be
accessed. One of these should be written with the
desired LUT address before accessing the LUT Data

R
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ICWORKS W30C514

Register for the first time. Once the address is writ-
ten, the Data Register may be accessed an unlimited
muanber of times. The address will auto-increment
through the entire LUT and wrap back toaddress 0
after 255’ is accessed.

Address Mask

The confents of the Address_Mask Register is not
initialized an power up, Address Mask bits are
logically ANDed with the 8-bit pixelsbefore the pixel
is used as the LUT address duging display, A 1
stored in a bit of the Address Mask leaves the corre-
sponding bit in the pixel unchanged. A ‘0 in the
Address_Mask sets the matching pixel bit to zero.
The least significant bit of the Address Mask Regis-
ter corresponds to Look-Up Table address bit Lo &
bit pixel bit 0),

The same ZOOMDAC address ysed to access the
Address Mask Register (address 2), is alzo uged to
access the Extension Registers as explained in the
section, Accessing the Extension Registers,

R S00L233 0000009 123 M




IC WORKS Ww30Cs516
Table 3: Extension Registers - o

Contyrol Register } (CR0) :
CRO[0] Reserved, write zero for compatibility
CRO[1] 8-bit or 6-bit Color Data
CRO[2] Pixel-by ~Pixel Color Format Change Enable
CRO[3] Power Down
CRO[7..4] Color Format

Manufacturer Identification  (Read Only)

Device Identification (Read Cnly)

Control Register 1 (CR1)
CR1{0] Enable X Direction
CRI1[1] Enable Y Direction
CR1[2] Enable Filter Function
CR1{3] Enable Zoom Function
CR1[4] Enable Excluded Region
CR1{5] Enable Test Register Calenlation
CR1[6) Sense Comparator Value {Read-Only)
CR1[7] Enable Horiz_Sync_Cut

Dbnage_Start X (16-Btt)
Image_Start Y (16-Bit)
Image_End_X (16-Bit)
Image_End_Y (16-Bit)
Ratio_X {16-Bit)
Ratio_Y {16-Bit)
Offzet_X {16-Bit)
Offset_ Y (16-Bit)
Test Red (Read Only)
Test Green (Read Only)
Test_Blue (Read Only)

10
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t30C516

EXTENSION REGISTERS

The functions beyond the original VGA funetions are
enabled and controlled by the Extension Registers,
These registers, listed in Table 3, are not accessed
directly by the K51 and RSO pins, but for compuatibil-
ity, indirectly via software. The sequence which
unlocks the Extension registers is the Tepeated read-
ing of ZOOMDAC address 2 (RS1=1, RS0=0; VGA 1/
O 3Cé(hex) ). Details are given in the section, “Ac-
cessing the Extension Registers”,

Control Register 0 (CRO)

Table 3 lists the functions assignad the bits of the
controlregister. The Power-up condition is zero for
all bits. '

CR0[7-4] The 4 most significant bits of Control
Register 0 determine the way input pixel data is
interpreted. Different combinations of color depths
and clock combinations are available, as detailed in
Table 5 and deseribed in the section, Color Modes.

CRO[3] Setting bit 3 to a * 1’ puts the RAMDAC n
power down mode. In the power down state, the
device retains the information in the color look-up
tnble. Microprocessor access to the color look-up
table and internal registers are enabled during power

down mode.

CRU[2] Whenbit 2 is set to a 1, the mode switching
(viathe MSW pin or data bit 15) is disabled and pixels
are interpreted according to the mode in Table 5
When Pixel-by-pixel switchingis enabled (CRO[2]=0),
the alternate formats of Tables 6 and 7 are available,

CROf1] Bit 1 of Control Register ‘0 determines
whether 8- or 6-bits of color information is being
passed over the D0-D7 port for LUT data. The g-bit
LUT mode is provided for VGA backward compat-
ibility. In 6-bit mode write cycles, the ZOOMDAC
only inputs DO..D5 and converts these ( - 63 values
into 0-255 values before writing the LUT. On tead
cycles, the 0-255 LUT values are converted back to the
0..63 range before passing data back to the MPU (D6
and D7 are set to 0).

CRO[0] Reserved. Write zero for compatibility,

Marvufacturer Identification (MID) (Read Only)
This is a read-only location which retusns the IC
WORKS 1D of 84 (hex).

Device Identification (DID) (Read Only)
Thisisaread-only lacation which returns the W30CS16
1 of 98 (hex),

Control Register1 (CR1)

The assignment of functions to the bits of Control
Register 1 (CR1) are shown in Table3. ThePower-up
condition is zero for all bits.

CR1[0] (LSB) Enable X Direction
1=Enable, 0=Disable.

The Zoom and Filter functions can be enablad or
disabled in the X direction (horizontal) with this bit.
Ifa zoom i9 1 or Jess (shrink), this bit should be't’. X
and Y directions are enabled independently to allow
the case where an image is streiched i one dimen-
sion and shrunk in the other (e.g. long and thin).

CR1{1] Enable Y Direction
1=Enable, 0=Dijsable,

The Zoom and Filter fimctions can be enabled or
disabled in the Y direction (vertical) with this bit, If
a 2o0m is 1 or less (shrink), this bit should be “0°. X
and Y directions are enabled mdependently ta allow
the case where an image is stretched in one divnen-
sion and shrunk in the other (e.g. tall and thin).

CR1[2] Enable Filter Function
1=Enable, 0=Disable,

The Filter function can be enabled or disabled with
thisbit. The filter isused to elimiinate theboxyjagged
look of a zoomed image. The filter can be used in
canjunction with the hardware zoom of the ID30C516
or independently. Independent operation may be
dlesired if the image was zoomed by software or the
graphics controller.

CR1[3] Enable Zoom Functan
1=Enabie, 0=Disabla,

M 900,233 0000011 441 mA
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W30C516

The Zoom function can be enabled or disabled with

-this bit. The zoom function can be used in conjunc-
tian with the hardware filter of the W30C516 or
independently. Zoom without filter may be desired
if the data to zoom is not photographic, but graphic
(r.g. text, lines).

CR1[3..01

Examples: The lowest 4 bits select which video func-
tions, Filter, Zoom or both are enabled, and if en-
abled, in which dimensions they will operate.

* Zoom and Filter, X and Y —1111

* Zoom and Filter, X anly ——1101

* Filter Only, X only —_ 0101

* No Zoom, No Filter —— O0ex
(Directiom bits don’t-care)

*NoX,NoY — xx00

{Zoom and Filter bits don’t-care)
CR114] Reserved, Wiite zero for compatibility,

CR1[5] Enable Test Register Caleulation
1=Enable, 0=Disable,

To reduce power consumption and reduce device

heat, the test register calculation should be disabled

when no diagnostic is being performed.

(R1[6] Sense Comparator Value, Read-Only
This bit reflects the result of the comparison per-
formed by the builtin output comparators, The
valueis identical to that which would be found on the
external Sense pin. If any of the 3 analog outputs is
above the internal reference Jeve] {approx. 340 mV),
this bitis a ‘0"; ifno outputis above this level, this bit
will be a ‘1, ' .
0 = At least one analog output level
(R, Gor B) Is »=340myV.
1 = All analog output levels
(R, G and B) are < 340 mV.

CR1[7] (M5B) Enable Horiz_Symc_Out
I=Enable, 0=Disable,

When this bit is a 0, pin 1 has the standard function

SENSE which reflects the state of the built-in output

comparators. When this bitisa ‘1, pin 1 changes to

the Horiz_Sync_Out funetion providing a delayed

version of the Horiz_Sync_In signal. The Sense func-
tion i¢ still active and the results may be read from
CRI1{6].

Horiz_Syne_Outisdelayed the samenumber of clocks
as the R, Banalog outputs. Using Horiz_Sync_Out
as the monitor horizontal sync is recommended to
automatically compensate for all RAMDAC and fil-
ter calculation delays,

Image_Start_X, . image_Start_Y, Image_End X ,
Image_End Y .
Thesefour 16-bitregisters specify the X-Y position, in
pixels, of two comers of a square area of tha screen to
Filterand/or Zoom. Each 16-bit value is accessed in
two sequential 8-bit cycles — LSB first. In the case of
a Zoom function, the rectangular area specified by
theseregisters defines the (larger) destination region,
not the size of the (smaller) source region.

The screen coordinates start with pixel (0,0) in the
upper left comer and proceed in non-interlaced ras-
ter scan arder X increasing to the right, Y increaging
downward. The point (Image_Start_X,
Image_Start Y) specifies the upper left corner of the
ares; (Image End X, Image End_Y) specifies the
lower right corner of the area (See Figure K). The
points can be equal (no area), but should not be
exchanged (Start point to the right or below the end
poirt).

Within the Image region, CR1[2] and CR1[3] enable
Filter or Zoom, respactively.

Ratio_X, Ratio_Y

These two 16-bit registers specify the X and Y ratios
of the Zoom for the image processing area. Each 16-
bit value is accessed in two sequentia) 8-bit cycles—
LSB first.

The ratio number written to these registars is ealcy-
latad by

(Source_Size* 2)/Destination_Size — 1

The largest mumber, FFFF(hex), répresents a zoom

s®m 900L233 0000012 718 WA
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Ww30C516

ratio of 65535:65535=1; the smallest mumber, 0, repre-
sents 2 zoom ratio of 65536:1. For practical applica-
tions, ratios of 32:1 or less are recommended.

Zoom ratios of 1:1 or less (image shrinks) are not
supported by the hardware. For images which are
zoomed in one dimension but not in the other, the X
and Y directions can be individually enabled in CR1,

In the case of a region which is being filtered, butnot
zoomed, the ratio values are still Tequired to set the
filter size and guide the logic to the non-replicated
pixels. Itis important for the zatio caleulation to
match the ZOOMDAC internal logic.

Offget X, Offset_Y 4

These two 16-bit registers specify the initial fractions
in the Xand Y zoom accumulators. Each 16-bit value
is accessed in two sequential 8-bit cycles— LSB first.

Somae software will start with 0in the accumudator of
theDDA, some will startwith 1,2, some withanother
partial fraction. Theseregisters allow the ZOOMDAC
to be programmed to exactly match an arbitrary
software zoom. )

.Test_Red, Test_Green, Test_Blge Registers (Read
Only)

These 3 registers, one each for rad, green and blue,
provide a built-in go/no-go diagnostic check. If
CRII5] is zero, three test accumulators are clearad to
all zeros. If CR1{5] equals one, each non-blanked
pixel value sent to the DAC nputisadded to the test
accumulators. Eight bit results are kept; carries are
discarded. The sums are transferred to the Test Reg-
isters.

The details of the caleulations are not important; the
key is repeatability — Tepeatability from day to day
and from board to board. With Proper choice of
screen data and operating modes, diagnostic soft-
ware can verify the operation of the MPUJ interface,
video RAM, Graphics Controller and all RAMDAC
internal logic.

ACCESSING THE EXTENSION REGIS-
TERS

Access to the indirect registers is made by repeated
access to ZOOMDAC 1/0 address 2 (RS1-RS0 =10);
(VGA address 3C6 (hex) ). This address, normally
accesses the Original register, Address_Mask, but as
shown in Table 4 repeated read cycles without accass
to any other ZOOMDAC addresges will trigger a
switch to access of the Extension Registers via
ZOOMDAC address 2,

Repeated accesses to ZOOMDAC address 2 advance
the internal state machine o access the Extended
Registers I-by-1. Sixteen-bit Extension Repisters are
accessed as two 8-bit registers, the least signiffeant
byte first. A writetoa read-only location (ID or test
register) will be interpreted as a “no-eperation” with
the state machine advancing to the next higher state.

With the exception of Control Register 0 (CR0O), any
access (read or write) to an Extension Register will
advance the state to the next higher state.  For
backward compatibility with the AT&T ATT20C498,
a write to Control Register 0 is handled differently
and will return the W30C516 to state 0,

To prevent partially transferred information from
producing unwanted screen appearances, Exclude,
Image and Ratio valuesare retained in the ZOOMDAC
when written, but not made active until the frst _
vertical blank cycle when the W30C516 returmns to
State 0.

ZOOMDAC 38 a trademark of IC WORKS, ke,

M S900L233 0000013 LS54 WE
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Table 4: Extended Register Access States

w30Cs516

State Action Result Next State

0 | Read ZOOMDAC address 0,1,3 Read from Original Register 0
Write ZOOMDAC address 0,1,2,3 Write to Original Register 0
Read ZOOMDAC addrass 2 Read from Address Mask Ragister 1
1 Read ZOOMDAC address 0,1,3 Read from Original Register 0
Write ZOOMDAC address 0,1,2,3 Write to Criginal Register 0
Read ZOOMDAC address 2 Read from Address Mask Register 2
2 | Read ZOOMDAC address 0,1,3 Read from Original Register 0
Write ZOOMDAC address 0,1,2.3 Write to Original Register 0
Read ZOOMDAC address 2 Read from Address_Mask Register 3
3 | Read ZOOMDAC address 0,13 Read from Original Register 0
Write ZOOMDAC address 0,1,2.3 Write to Original Register 0
Read ZOOMDAC address 2 Read from Address_Mask Registor 4
4 Access ZOOMDAC address 013 Access Original Register 0
Write ZOOMDAC address 2 Write to Control Register 0 0
Read ZOOMDAC address 2 Read from Control Register 0 3
5 Access ZOOMDAC address 0,1,3 Access Original Ragister 0
Write ZOOMDAC address 2 No Operation 6
Read ZOOMDAC address 2 Read Marwfacturer ID (55 hex) 6
6 | Access ZOOMDAC address 0,1,3 Access Original Register D
Wiite ZOOMDAC address 2 No Operation 7
Read ZOOMDAC address 2 Read Device ID (16 hex) 7
7 | Access ZOOMDAC address 0,13 |  Acvess Original Register 0
Access ZOOMDAC address 2 Acress Control Register 1 8
8 | Access ZOOMDAC address 0,13 |  Access Original Register 0
Access ZOOMDAC address 2 Access a reserved registar 9
? | Access ZOOMDAC address 0,1,3 Access Original Register 0
Access ZOOMDAC address 2 Access a reserved register 10

10 Access ZOOMDAC address 0,13 Access Original Register 0 .
Access ZOOMDAC address 2 Access a reserved register 11
11 Access ZOOMDAC address 0,13 - Access Original Register a
Access ZOOMDAC address 2 Access a reserved register 12

M 900&233 70000014 590 WA
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State Action Regult Next State
12 | Access ZOOMDAC address 0,13 Access Original Register | 0
Access ZOOMDAC address 2 Access a reserved register 13
13 | Access ZOOMDAC address 0,1,3 Access Original Register 0
Access ZOOMDAC address 2 Access 3 reserved register 14
14 [ Access ZOOMDAC address 013 Access Original Register 0
Access ZOOMDAC address 2 Access a reserved register 15
15 | Access ZOOMDAC address 0,1,3 Access Original Register 0
Access ZOOMDAC address 2 Access a reserved register 16
16 Access ZOOMDAC address 0,13 Access Original Ragister 0
Access ZOOMDAC address 2 Access Image Start_X LSB 17
17 | Access ZOOMDAC address 0,13 | Access Original Register 0
Access ZOOMDAC address 2 Access Iinage. Start_X MSB 18
18 Access ZOOMDAC address 013 Access Original Register 0
Access ZOOMDAC address 2 Access Image_Start_Y LSB 19
19 | Access ZOOMDAC address 01,3 | Access Original Register 0
Access ZOOMDAC address 2 Access Image_Start Y MSB 20
20 | Access ZOOMDAC address 013 Access Original Registor 0
Access ZOOMDAC address 2 Access Image_End_X LSB 21
21 | Access ZOOMDAC address 0,1,3 Access Original Register 0
Access ZOOMDAC addresg 2 Access Image End_X M5B i)
2 | Access ZOOMDAC address 0,13 Access Original Registar 0
Access ZOOMDAC address 2 Access Image End_Y 1.5 il
23 | Access ZOOMDAC address 01,3 Access Original Register o
Access ZOOMDAC address 2 Access Image_End_Y MSB 22
24 | Access ZOOMDAC address 013 Access Original Register 0
Access ZOOMDAC address 2 Access Ratio_X LSB 25
25 [ Access ZOOMDAC address 0,1,3 Access Otiginal Registar 0
Accege ZOOMDAC address 2 Access Ratio_X MSB 26
26 Access ZOOMDAC address 013 Access Original Register 3]
Access ZOOMDAC address 2 Access Ratio_Y LSB 27

B 006233 0000015 427 wm
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State Action Result Next State
27 | Access ZOOMDAC address0,1,3 Access Original Register )
Access ZOOMDPAC address 2 | Access Rato_Y MSB 28
28 | Access ZOOMDAC address 01,3 | Access Original Register [1]
Access ZOOMDAC address 2 Access Offset_X 1LSB ' 29
29 | Access ZOOMDAC address 0,13 | Access Original Register 0
Access ZOOMDAC address 2 Access Offset_X MSB 30
3¢ | Access ZOOMDAC address 0,1,3 Access Original Register 0
Access ZOOMDAC address 2 Access Offset_Y LSB 31
31 | Access ZOOMDAC address0,13 | Access Original Register 0
Access ZOOMDAC address 2 Access Offset_Y MSB 32
32 | Access ZOOMDAC address 0,1,3 Access Origina) Register 0
Write ZOOMDAC address 2 No Operation 33
ReadZOOMDAC addrass 2 Read from Test_Red Register 33
33 | Access ZOOMDAC address 0,1,3 Access Original Ragister 0
Write ZOOMDAC address2 ~ | No Operation 34
Read ZOOMDAC address 2 Read from Test_Green Register 34
34 | Access ZOOMDAC address 01,3 | Aceess Original Register 0
Write ZOOMDAC address 2 No Operation 0
Raad ZOOMDAC address 2 Read from Test_Blue Register 0

N
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Table 5: Color Modes and Data Formats
Mode | Description Destination of Input Pin Data
CROJ7.4] P15 Pid4 P13 Pi2 P11 F10 P9 P8 P7 P P5s PA P32 A1 PO
0 | 8bit Palette L7 16 L5 14 13 L2 L1 Lo
1 clock = 1 pixel
1 15-bit Hi-Color - R7 R6 R5 R4 R3 G?7 C6 G5 G4 G3 B7 B6 B5 B4 B3
1 elock = 1 pixel
2 |8bitPalette L7 L LS LA L3 L2 Iyl L0 L7 L6 L5143 12 L1 1,0
1 clock = 2 pixels :
2 le-bit XGA Color R7 R§ R5 R4 R3 G7 G6 G5 G4 G3 G2 B7 86 B5 B4 B3
lelock =1 pixal :
4 8-bit Palatte Cli-1 L3 12 11 10
2dockt3=1pixel Clk-2 L7 16 L5 14
Nibble Wide
5 24-bit TrueColor G7 G5 G5 G4 G3 G2 G1 GO B7 B6 B5 B4 B3 B2 Bi BO
2 clocks = 1 pixel R7 R6 R5 Re R3 R2 R1 RO
Unpacked, Skip a Byte
6 16-bit XGA-Color Clk-1 G4 G3 G2 B7 B5 B5 B4 B3
2docks=1pixel Clk-2 R7 R6 K5 R4 R3 G7 G6 G5
Byte Wide 4
7 24-bit True-Color  Clk-1 B7 B6 B5 B4 B3 B2 Bl BO
Sdocm=1pixei Clk-2 G7 G6 G5 G4 G3 G2 C1 0
Byte Wide Clk-3 R7 R6 R5 R4 R3 R2 R1 RO
8 8-bit Palette Cik-1 L3 12 L1 10
2docks =1pixal Clk2 L7 16 L5 14
Nibhle Wide
9 8-bit Palette Clk-1 L7 16 1514 13 12 11 1.0
2clocks =1pixel Clk-2 - - - - e ..
Skip Bytes i
3 clocks = 2 pixels By7 Bzﬁ BZS Bzd. B,3 Bzz B,1 B,0 R17R16R15 R4 R13R12 R;j1R40
Packed R27 R26 R25 R24 R23 R22 R,l RZD G27626G25G24623G22G21C§20
12 8-bit Palette 17 16 15 14 L3 12 11 Lo
1 clock = 1 pixel

Key:  Px =Input Pin Data Bit-x

Lx = Look Up Table Bit-x

Rx = Red Value Bitx
Gx=Green Value Bit-x
Bx = Blue Value Bit-x

L x =Logk Up Table Pixel-N, Bit-x
R, x =Red Value Pixel-N, Bit-x
G x=Creen Value Pixel-N, Bit-x

Bx =Blue Value Pixel-N, Bit-x

Bits not listed in 15-bit colors and 16-bit
colors will be set to zero (e. g. RO).
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COLOR MODES

Thew30C516 provides twelve color modes selected
by control register bits CRO[7..4]. Modes 10,13, 14
and 15 are reserved. The W30C516 CMOS
ZOOMDAC supports 24-bit and 16-hit true-color
bypass along with 8-bit palette-color. A 16-bit pixel
bis interface allows higher color resclution at higher
screen resolution than ever available in a 44 pm
RAMDAC,

Table 5lists the modes along with the format of pixel
data read from the input pins (P15..P0).

Some of the modes use more than one elock for each
pixel. The BLANK signal resets the internal pixel
cdlock so that the first rising edge of PCLK after
BLANK isinactive will input the first part of tha first
pixel of a sean line (ie. the LSB).

In15-bitor 16-bitdatamodes (Hi-Color5-5-50r XGA-
Calor 5-6-5), the 5 or 6 bits of color data is sent to the
mostsignificant bits of the DACs and the least signifi-
cant 2 or 3 bits of the DAC inputs are set {o zerp.

In addition to the primary data format listed in Table
5, most modes (0, 3, 4, 5, 6, 8, 9 and 12) have a
secondary data format switchableon a pixel-by-pixel
basis by the inputpin, MSW. This ability toswitch on
the fly allows a mixed mode screen where partof the
screen is drawn with one data format, and another js
drawn with another format. The most common use
i5 to use 8-bit palette data with a HICOLOR window
for an image or video (Mode 0 switching t» Mode 3
data). Some example mode switches are shown
graphically in Figures 4,5, 6, and 7.

When the MSW is 0, the RAMDAC interprets the
incoming pixel data to be the ptimary mode format.
When the MSW pin is 1, the RAMDAC interprets the
incoming pixel data to be the secondary or alternate
format as shown in Table 8, Mode Switching using
the MSWPin. This table shows the two data formats
available in each of the modes. On the right, is a
column which lists the mode which has the same data
format as the alternate format. To see bit packing of

the alternate format, loak up the equivalent mode
data in Table 5.

In addition to the modes which change formats using
the MSW pin, one mode (#1) changes format without
any signal on the MSW pin. This mode uses the most
significant pixelbit (P15) toswitch between 15-bit Hi
Color (the primary mode) and 8-bit palette color.
Thisis shownin Table7, Mode Switching Using Data
Bit 15.

Pixel-by-Pixel format switching (either MSW or P15
pins) must be enabled by setting CRO[2] toa’0". If this
bit is a “1*, no Pixel-by-Pixel format switching will
occur in any mode. At power-up, CRO is reset to all
zeros. This means the chip powers up in the standard
VGAbackward compatibility configuration of Mode
0 with Pixel-by-Pixe! switching enabled.

Mode @ 8-bit paletie-color; 1 clack per pixel

This is the power-up default mode. Standard VGA
compatible, each PCLK brings in an 8-bit pixel an
pnsFO..P7. The pixel accesses the color LUT and the
resulting 24-bit color drives the DACs.

Secendary data format is 16-bit XGA color.

Mode 1 15-bit HICOLOR; 1 clock per pixel

This mode displays data formatied for 15-bit per
pixel HICOLOR (5-5-5) on pins P0..P14.

This mode is unique in that the mode switch is
determined by thermost significant pixal bit (P15) and
notby the MSW pin. The MSW inputhasno effecton
mode 1 and may be either high or low. When P15 =
Othepixel datais interpreted as 15-bit TRUE<COLOR.
When P15 =1, the pixel data on pins PO..P7 is inter-
preted as 8-bit palettecolor and pins P8.P14 are
ignored.

Mode 2 8-bit Palette Color; 16-bit wide; 1 clack, 2
pixels

Mode 2 uses 16-bit pixel data to input two 8-bit
palette-color pixels at a time. The W30C316 uses a
built-in 2:1 data multiplexer and an internal PCLK
clockdoublerto convert thedouble-wideinputstream
mto a double-speed analog output stream. This
reduced external PCLK helps to reduce EMI prob-
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lems at higher screen resolutions.

There is no secorulary data format for mode 2. When
mode 2 is selected, bit CRO[0] should be set to “0” if
PCLK is less than 45 MHz or “17 otherwise,

Mode 3 16-bit XGA-color (5-6-5); 1 clock per pixel
Mode 3 uses the full 16-bits for each pixel, Green has
6bits of accuracy while Red and Bluehave Sbits each.

The secondary data format is 8-bit palatie color.

Mode4 8-bit palette-color; 2 clocks per pixel
This mode accepts data formatted as 8-bit palette-
color latched by two pixel clocks as &-bit nibbles.
Latching twonibbles allows modeswitching to 24-bit
TRUE-COLOR (mode 5 format) without changing
pixel clock frequencies. See Figure 6,

Mode 5 )

24-bit TRUE-COLOR (8-8-8); 2 clocks per pixel
Two 16-bit words are used for each 24-bit pixel. The
MSb of the second 16-bit word is not nsed.

The secondary data format is 16-bit XGA color.

Mode 6

16-bit XGA-~color (5-6-5); 2 clocks per pixel

The 16-bit pixel is latched in two bytes with two
PCLKs. The 1SBs are latched first followed by the
MSBs. Latching one byte per dock allows mode
switching to 24-bit true-color (mode 5 format) with-
out chemging pixel dock frequencies. See Figure 7.

Caolor data i5 5 bits Red, 6 bits Green and 5 bits Blue.

Mode 7

24-bit TRUE-COLOR (8-8-8), three clocks per pixel
The 24-bit pixel is latched in three bytes with threa
PCLKs. The pixelinformation is collected over thres
- Tising edges of the pixel clock. BLANK going high
will signal the first pixel information of a scantine s
available on PO-P7. The Blue data is latched first
followed by Green then Red.

Mode 7 has no sacondary data format,

Mode8 B-bit palette color; two clocks per pixel
This mode accepts data formatted as 8-bit palette
color latched by two pixel docks in 4-bit nibbles.
Latching twonibbles allows mode switching to 16-bit
true color (node 6 format) without changing pixel
clock frequencies. '

Mode 9 §-bit palette-color; two clocks per pixel

Eight bits are taken fram PO-P7 on the firstcycle. The
second cycle it a dummy cycle with no input allow-
ing format switching to 24-bit true color (mode 5

format) without changing clock frequency.

Mode 11 24-bit True-Colar; 3 clocks per 2 pixels
This mode uses all 16 data inputs to allow two 24-bit
pixels in 3 rlocks. The first clock reads in the Creen
and Bluebits of the first pixel. The second lock reads
in the Blue bits of the second pixel and the Red bits of
the first pixel. The third clock reads in the Red and
Green bits of the second pixel. See Table 5 for a bit
packing diagram.

Mode 11 has no secondary data format.

Mode 12 8-bit palette-color; 1 clock per pixel
Standard VGA compatible data, each PCLK brings in
an B-bit pixel on pins PD..P7. The pixel accesses tha
color LUT and the resulting 24-bit color drives the
DACs.

Secondary data format is 15-bit HICOLOR (5-5-5).

Modes 10 and 13 through 15: Reserved.
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Figure 4: On the fly mode switch from 8bpy to 16bpp (mode 0 changing to mode 3)
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(Setup in mode 1, P15=1 Mode 12 format data changing to mode 1 format PISQO) |

Figure 5: On the fly mode switch from 8bpp to. 15bpp
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Figure 6: On the fly mode switch from Sbpp to 24bpp (mode 4 changing to mode 5)
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Figure 7: On the fly mode switch from 16bpp to 14bpp (mode 6 changing to mode 5)
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Table 6: Mode Switching nsing MSW Pin (CRO[2]w0)
Selected ‘ : Mode With
Mode MSW =0 Msw=1 Equivalent Format
0 8-bit Paletts 16-bit XGA Color 3
1 clock = 1 pixel 1 clock = 1 pixel
-------- XXX OO X000
3 16-bit XGA Color * 8-bit Palette 0
1 elock = 1 pixel 1 clock = 1 pixel
XO00NKKX00OKKK~ ewcvwnan XXX00000
4 8-bit Palette 24-bit True-Color 5
2 clocks = 1 pixel 2 docks = 1 pixel
Nibble Wide Unpacked, Skip a Byte
------------ X000 X000 X0K0000KX
------------ X000 cemm e XOO0000X
5 24-bit True-Color 16-bit XGA-Color 6
- 2clocks = 1 pixel 2 clacks = 1 pixel
Unpacked, Skip a Byte Byte Wide
XO000OX XCOOKK weeeaoaa 200OKXX
-------- XX00O00KK ETTRIED s oo re ey
6 16-bit XGA-Color 24-bit True-Calor 5
2 clocks = 1 pixel 2 clocks = 1 pixel
Byte Wide Unpacked, Skip a Byte
-------- XODOCKXXX XO00OXX 3000000
-------- XOO0OOK e 2000000
8 8-bit Palette 16-bit XGA-Color 6
2 clocks = 1 pixel 2 clacks = 1 pixel
Nibble Wide Byte Wide
............ o eed e aaewe  X0000000C
............ 200 e et XODOOOKKX
9 8-bit Palette 24-bit True Color 5
2 clocks =1 pixel - 2 clocks = 1 pixel
Skip Bytes Unpacked, Skip a Byte
-------- 300000 000000 30000
------------------------ X000
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Table 7: Mode Switching using Data Bit P15 (CRO[2]=0)
Selected . Moade With
Mode P15=0 Pi5=1 Equivalent Format
1 15-bit Hi-Color 8-bit Palette 12

1 clock = 1 pixal 1 clock = 1 pixel
0X00000K  XIDOTTKIA, | N 000K

MPU Interface RAM location to ba read. The contents of the

The w30C516 supports a standard MPU interface,
allowing the MPLJ direct access to the Store_Address
Register, RAMDAC color RAM, Address_Mask Reg-
ister or Read_Address Register. As outlined in Table
32, the RS0-RS1 select mputs mdicate whether the
‘MPU is accessing the address register Store_Address

Register, RAMDAC color RAM, Address MaskReg-.

ister or Read_Address Register. To eliminate the
requirement for external address multiplexers, the 8-
bit address register is used to address the RAMDAC
RAM. Store_Address Register[0] and Read_Address

Register]0] corresponds to DO and is the least signifi-

cant bit,

Writing the RAMDAC

The MPU writes the address register (Store_Address
Register) with the address of the RAMDAC color
RAM location tobe modified. Using RS0-BS1 to select
the RAMDAC color RAM (LUT), the MFU completes
three continuons write cycles (6- ox B-bits each of red,
green, and blue). Following the blue write cycle, the
3bytes of color information are concatenated into an
18- ar 24-bit word and written to the location speci-
fied by the address register. The address register
advances to the next location which the MPUJ can
modify by simply writing another sequence of red,
green, and blue data. A block of color values In
sucressive locations can be written to by writing the
start address and performing continuons red, green
and blue write cycles until the entire biock has been
writtern.

Reading the RAMDAC
The MPU loads the address register (Read_Address
Register) with the address of the RAMDAC color

RAMDAC color RAM at the specified address are
copied into the RGB register, and the addressregister
advanees to the next RAM location. Using RS0-R51 to
select the RAMDAC color RAM (LUT), the MPU
completes three continuous read cycles (6- or 8-bits
each of red, greem, and blue). After the blue read
cycle, the contents of the RAMDAC color RAM at the
addrass specified by the address register are copied
into the RGB registers, and the address register ad-
vances to the next address. A block of color values in
successive locations can be read by writing the start
address and performing contimuous red, green and
blue read cycles until the entire block has been read.

ADDITIONAL INFORMATION

Pollowing a blue read or write cyde to color RAM
location $FF. the acldiress register resets to $00.

Operation of the MPU intarface occurs asynchro-
nously to the pixel clock. Intemal logic synchronizes -
data transfors between the RAMDAC color RAM,
and the red, green, and blue color subregister. The
transfers occur between MPU accesses. As a result,
the WR and ED signals must maintain a logic high
for several dock cycles. See the ac timing characteris-
tics under RD and WR high time for further infor-
maticn. To gliminate sparkling on the CRT screen
during MPU access to the RAMDAC RAM, internal
logic maintains the previous output color data on the
analog outputs whila the transfer between look-up
table RAMs and the RGB registers occars,
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The Store_Address Register and Read_Address Reg-
ister address registers increment following a blue
read or write cycle, and areaccessible to the MPU and
are used to address RAMDAC RAM locations (LUT).
The MPU can read the address register at any time
without modifying its contents or the existing read /
write mode. Note that the pixel clock must be active
for MPU accesses to the RAMDAC RAM (LUT).

8-/ 6-bit Color Resolution
The 8-/6-bitin the control register (CRO1) determines
whether the MPU port reads and writes 8~ar 6-bits of
calor data to the color look-up table RAM. In 6-hit
mode, color data is on the lower 6-bits of the databus,
with D0 being the LS8 and DS, the MSB of color data.
- When writing color data, D6 and 17 are ignored.
During color read cycdes, D6 and D7 will be logic 0.

Software Identification

The w30C516 may be differentiated from other
RAMDACSs by reading the Manufacturer’s ID (MIR)
and Device ID DIR registers. The Manufacturer's ID
is 84 (hex), The Device ID is 98 (hex).

Powerdown

CRO bit 3 cantrols the powerdown. The device oper-
atesnormally while thebitisalogic0. A logic 1in the
bit will furn off power to the computation logic and
DACs. The RAM and intetnal registers still retain
data and can be read and written by the CPU while
the chip is powered dowrn.

SENSE Output

SENSE is a logic 0 if one or mare of the red, green,
or blue outputs have exceeded the mternal voltage
reference level (340mV +/- 70mV ) shown schemati-
cally in Figure 8. By setting the DAC input to values
near the ttreshold and reading SENSE, diagnostic
software can detenmine if the output line is loaded or
urdoaded. This enables the software to detect the
presence of a CRT monitor and also whether the
cannected monitor is monochrame or calor.

This value can always be read as CR1(6) and, if
enabled by CR1(?) = 0, it is also available on output

pin1l. Note the SENSE logic is slower than the video
speeds, After setting the DAC ouputs, diagnostic
software should wait an appropriate time before
reading the BENSE result — see Table 19 for SENGE
delay times.

DAC Gain

Thedevice gainisaimction of the Voltage Refarence
(Vref) and the bias current resistor (Rset). With the
mtemal Vref, the recommended RSET for RS-343A
compatibility applications (doubly terminated 75¢2)
is 14792 The recommended RSET for PS/2 applica-
tions (B0Q) is 1820's.

B §00L233 000002k 202 =



IC WORKS . WI30C516

Figure 8;: Output Comparison Circuitry for Detecting the Presence of a Monitor
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APPLICATION INFORMATION o

Board Layout

Careful configuration and placement of supply planes,
compenents and signal traces ensures a low noise
board, This helps ensure proper funetionality and
low signal emissions in restricted frequency bands as
requited by regulatory agencies.

A fourlayer PC board with segmented power planes
(analog and digital) and a single ground plane will
likely result in a board with quieter signals and
supplies.

The W30C516 should be placed close to the video
output cornector and between the video output con-
nectorand the edgecard connector. This will keep the
high speed DAC cutput traces short and minimize
the amount of circuitry between the RAMDAC and
the supply pins on the edge card connector. '

DAC Output Protection -
The W30C516 analog cutputs should be protected
against high-energy discharges, such as those from
monitor arc-over or from hot-switching AC coupled
monitors.

The diode protection dreuit shown in Figure 9 can
protect against these situations. The 1N4148/9 are
low-capacitance, fast-switching diedes chogen to
avoid affecting the DAC output signals,
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Figure % Typical Connection Diagram Using an Internal or External Voltage Reference

- . Yec
vee, | I
DI |D2 [D3
comp RED @
2)
vpep | OREEN , @®
BLUE *
GND K D5 | Do
RSET ' *
1]__ Video Ground Return
Point of Ground Bntry
RAMDAC Ve PINS
DIGITAL Ll A 4 4 {' 2 ANALOG
+5V Ve T‘: J_ _]— _l- ' T +5VVee
C1 Cc6 c2 e
GND —.I' T T —l— o GND
Location Deseription Vendor Part Number
C1-C5 0.1pF ceramic Capacitor Erie RPE112Z5U104M50V
Cé 10uF Capacitor Mallory CSR13G106KM
L1 Ferrite bead Fair-Rite 2743001111
RI1-R3 788 1% Metal Film Resisior Dale CMFE-55C
RSET 1470 1% Metal Film resistor Dale CMFE-55C
D1-Ds Fast-switching Diodes National 1IN4148/49

Note: The above vendor numbers are listed only as a guide. Subs&mﬁc;n of devicss with similar characteristics will not
affcct the performance of RAMDAC,
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Table 8; Absolute Maximum Ratings

Absolute Maximum Ratings and recommended operating conditions, Stresses in excess of the Absolute
Maximum Ratings can cause permanent damage 0 the device, These are absolute stress ratings only.
Functional operation of the device is not implied at these or any other conditions in excess of those given in
the operational sections of the data sheet. Exposure to Absolute Maximum Ratings for extended periods can

130C516

adversely affect device reliability.

Parameter Symbol Min Typ Max Unit
Vo (measured to GND) = - 7.0
Voltage o any Digital Pin = GND-0.5 Ve +05
Case Operating Temperature Tc 8 C
Storage Temperature TsTG ~55 125 <
Junction Temperature T -65 150 ‘C
Vapor Phase Soldeving (60 seconds) TysoL - 0 C

30
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Tabie 9: Recommended Operating Conditions

Parameter Symbol Min Typ Max Unit
Power Qupply - Veo 4.75 5.00 525 \'4
Ambient Operating Temperature TA v - 70 *C
Output Load Ry, - 37.5 -
Reference Voltage VRER 12 1.235 1.27

Table 10: DC Characteristics

Test conditions generate RS-343A video signals unless otherwise specified. The recommended operation
condition for generating test signals is RSET = 147, VREF = 1.235V. The parameters below are applicable
over full voltage and temperature ranges as shown in the Recommended Operating Conditions Table.

Parameter Symbol Min Typ Max Unit
Digital Inputs:
Input Voltage:
Low VIL GND- 0.5 - 0.8 \4
High VIH 2.0 = Voo H0.5 v
Input Current
Low (VN =04V) _ 119 - -1 pA
High (Vv = 24V) Iy - - 1 BA
Capacitance Cmv - - 7 pPF
(f = 1MHz, Vy = 24V) -
Digital Outputs
Output Voltage
Low (IQL, = 3.2mA . VOL - - 04 v
High (O = -4001A) VOH 24 - - v
Three-gtate Current ) 10Z - - | 50 LA
Capacitance CouT - - 7 pF

3
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Table 11: DC Characteristics

Test conditions generate RS-343A video signals unless otherwise specified. The recommended operation
condition for generating test signals is RSET = 147Q, VREF = 1.235V. The parameters below are applicable
over full voltage and temperature ranges as shown in the Recommended Operating Conditions Table.

Parameter Symbol Min Typ Max Unit
Resolution (each DAC) - 8 8 8 Bits
Accuracy
Integral Linearity Error : IL - - '

(each DAC, 6-bit mode) - - + 1/2 LSB
(each DAC, 8-bit mode) - - +1
Differential Linerity Error D1,

(each DAC, 6-bit mode) £ 172 1.5B

(each DAC, 8-bit mode) . +1

CGain Error - 7 %
Monotonicity - - guaranteed - Scale
Coding - - - - Bmary
Analog Outputs
Gray Scale Current Ranges IGRAY - - 20 mA
Output Current
White Level Relative to Black Iws 16.39 17.62 18.85 mA
Black Level Relative to Blank 18R - - -
Blank Pedestal 0.95 144 1.90 mA
No Blank Pedestal 0 S 50 17.)
Blank Level IBLANK| o 5 50 pA
158 Size Iisp - - -
6-bit - 279.68 - LA
&-bit -- 69.1 - RA
DAC to DAC Matching - - 2 5 %
Qutput Compliance vVoc 05 - 15 v
Qutput Impedance RA - 10 - KQ
Output Capacitance . CAour - - 30 pF
{f = IMHz, 10177 =D mA)
Internal Reference Qutput VREF 1.2 1.235 1.27 v
SENSE Trip Level : VSEN 270 340 410 mV
Power Supply Rejection Ratio PSRR - - 05 %HRVCC
(COMP = 0.1F, { = 1KHz) - - 5 dB
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Table 12: AC Characteristics

The recommended operation condifion for generating test signals is RSET m 147Q VRER = 1.235V. TTL level
input values are 0V to 3V, with input rise/fall times £ 3ns, measured from 10% to %0k% points. Timing
reference paints are 50% for both inputs and outputs. Analog output load < 10pF, SENSE, D0-D7 output load
£ 50pF. The paramaters below are applicable over full voltage and temperature ranges as shown in the
Recommended Operating Canditions Table,

Max, PCLK and Pixel Output Rates

110 MHz Part 135 MHz Part 170 MHz Part
Modes . PCLK Pixel PCLK. Pixel PCLK Pixel
Rate Rate Rate
013,12 110 110 135 135 135 135
2 ! 55. 110 675 135 8 170*
4,5,6,8,9 110 55 135 675 135 67.5
7 110 357 135 45 135 45
1 10 733 135 90 1 %0

* Max with filter function enabled is 135 ME Pixel Rate
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Table 13: AC Characteristica

The recommended operation condition for generating test signals is RSET = 147 VREF = 1.235V. TTL level
nputvaluesare 0V to 3V, with inputrise/ fafl times £ 3ns, measured from 10% to 90% points. Timing reference
points are 50% for both inputs and outputs. Analog output load = 10p¥, SENSE, DO-D7 output load < 50pF.
The parameters below are applicable over full voltage and temperature ranges as shown in the Racom-
mended Operating Conditions Table.

170MHz Devices [135MHz Devicesll‘l(]MHz Devicesl
Parameter Sym [Min| Typ|Max{Min | Typ | Max{Min | Typ | Max|Unit
DAC Performance
AnalogOutput Delay 3 e | e 30} s ] et 30 ] «- ] -=] 30| ns
Analog Output Rise/Fall Time 4 {--| 3 --{--13}|--]--1231]--|nmns
Analog Output Settling Time o fee || -} -- ]3| -] --}13]|--|ms
Clack and Data Feedthrough* wa e | B0} «a ] == | 307 -~} -- {30} -- ]| dB
G]itch&ergy -- - 5 -- -- 75 -- - 78 - Pv.s
SENSE Qutput Delay e {== | 1] ee st 1 =) 1| --]ups
PCLK Duty Cycle - |45 | - | 55|45 -|55|e|--|5}%
DAC to DAC Crosstalk e | am b 23)] e b e 3 -} -- |23 -- | dB
Analog Output Skew e f e a2 e amf 2 -e] -] 2| ms
Supply Current
V¢ Supply Current* ICC| -- |TBD|TBP{ -~ |TBD{TBD| -- |TBD|TBD| mA
Sleep Current*™ ISLP} -- |TBD|TBD| -- |TBD|TBD{ -- |TBD|TED| mA

*Clock and data feed through are functions of the edge rates, overshoot, and undershoot on the digital mﬁuts.
For this test, the digital inputs have a 1KQ resistor to ground and are driven by 74 HC logic. Settling time does
not include clock and data feedthrough. Glitch impulse includes clock and data feedthrough. -3dB test
bandwidth = 2XCLK rate,

" At foax, ICC (typ) at VCC =5V, ICC (tax) at VCC (thax)

***External voltage reference antomatically disabled during powerdown. Test conditions: TA=25"Cto70°C.
Pixel and data ports at 0.4V
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Table 14;: AC Characteristics

The recommended aperation condition for generating test signals js RSET = 147Q VREFR = 1.235V. TTL level
input valuesare 0V to 3V, withinput rise/ fall times 5 3ns, measured from 10% to 90% points. Timing reference
points are 50% for both inputs and outputs. Analog output load < 10pF, SENSE, D0-D7 output load < 50pF.
The parameters below are applicable over full voltage and temperature ranges as shown in the Recom-
mended Operating Conditions Table.

I70MELz Devices [{35MHz Devices[10MHz Devices
Parameter Sym|Min| Typ|Max|Min| Typ (Max{Min | Typ | Max|Unit
Pixel and Control Timing
PO-P15, MSW , BLANK Setup 52 o -cf 2]l a3 -] -1 ans
PO-P15, MSW, BLANK Hold 6 |2 |--|--12}{--{--]31{--{--|ns
Microprocessor Port
R50-RS51 Set-up Time 7 S |--|--125 = | == 31 5 me | =~ | ne
RS50-RS1 Hold Time 8|5 |-f{--15|cafuc|5|-cf«|ns
RD Asserted to D0-D7 Driven 9 |2 -] 2| |ac|-=}2]|--]|--]ns
RD Asserted to DO-D? Valid W l--f-=13 ... ..13)--]--|31!ns
RD Negated to D0-D7 Threestated | 12 | -~ | == | 10 | -« | = {20 | -= | == | 10 | ns
Read DO-D7 Hold Tune 12 |~-|«-12}|--f--}121]-c]--|ns
Wirite D0-D7 Setup Time BIS5 |--|--|5|--|--|5]--]|--]ns
Write D0-D7 Held Time : PS5 |--|eel 5| cal - 5| «-|--1]ns
ED, WR Pulse Width Low 15 [50 [ ==} <« |50 «<| =150 --1} --| ns
R, WR Fulse Width High 16 | 6 | ~= | == 6| -1 --1 ¢ -- | -- IPCLK
Table 15: Pipeline Delay
Mode Typ. Delay " Typ. Delay Unit
(Zoom /Filter Disabled) | (Zoom,/ Filter Enabled)
0,123 7 16 , PCLK
4,56 11 29 PCLK
7 11 38 PCLK
88 14 32 PCLK
11 9 23 PCILK
12 9 18 PCLK
35
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TIMING CHARACTERISTICS '
Figure 10: Basic Read Cycle
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Figure 12: Pixel Input Timing
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Figure 13; Video Output Timing
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PACKAGE INFORMATION

Figure 14: 44 Pin PLCC Package
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ORDERING INFORMATION
w3 0 C 516 -XX L

W3=ICWORKS  __ | T-—-— L =44 P PLCC
RAMDACs Package
0 =24-bit
C = CMOS Process b 30X = Speed Options
13 = 135MIx
17 = 170MXH=z

516= Sevies 5, 16-bit

VALID PART NUMBERS
W30C516-13L w30C516-17L (No zoom, no filter).

i
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3725 North First Street
San Jose, CA 951341708
Tel: (408) 9220202

Fax: (408) 922-0833

IC WORKS, Inc. reserves the right to amend, or discontinue product development without notice. Circuit and timing
diagrams used to describe IC WORKS products operation and applications are included as ameans of illustrating a typical
praduct application. Complete information for design purposes is not necessarily given. This information has been
carefully checked and is believed to be entirely reliable. IC WORKS, however, will not assume any responsibility for
mnaccurages.

LIFE SUPPORT APPLICATIONS:

IC WORKS products are not designed for use in life support applications, devices, or systems where malfunctions of the
IC WORKS product can reasonably be expected to result in personal injury. IC WORKS customers using or selling IC
WORKS products for uge in euch applications do £o at thelr ¢wn risk and agree to fully indemnnify IC WORKS for any
damages resulting in such improper use or sale.
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