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Motion Estimation Coprocessor {(KS0144)

The KS0144 (MEC: Motion Estimation Coprocessor) FEATURES
integrated cirouit is @ 7.2 GOPS. pasalel. processor . A single KS0144 porforms real-lime motion estimation
specifically optimized for the real-time execution of motion in compliance with MPEG-1 (iSO ¢ [EC internationat
estimation block matching algorithms. The KS0144 is Standard 11172-2) and ITU-T Recommendation
designed fo be used in conjunclion with the KS0143 L. H.261 requirements. Up to four KS0144s may be used
Image Compression Coprocessor) integrated circuil in with a single KS0143 for even greatef performance.
motion video image compression  applications . tnterna! RISC microcontrolier and 7.2 GOPS block
implementing the MPEG-1, and H.261 compression maiching processor execule user defined search
standards. algorithms based on MAD {mean absolute difference)
criterion. Supports multi-scale Wierarchical searches
RELATED)P}RODUCTS down to half-pel image resolutions.
- K50143 Image Compression Copracessor (ICC) - On-chip 8 Kbyte search memory holds search areas
- VFEB® Hardware Evaluation Kit from one or more reference mages and can be
- Aspeh / Keystone Reference Board partitioned into 1.to 4-independent search windows.
- KS0143ST® Software Toot Kit - Memory-buffered DRAM and KS0143 interfaces
transfer reference image pixels, prediction inpuls, and
APPLICATIONS prediction outputs in paraliel with block matching
. Video Conferencing and Telephony operations. '
. Video Editing - 50 MMz clock, 5W maximum power dissipation.
. image Storage and Retrieval package.
- Multimedia-based Syslems
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All rights reserved. REVISION HISTORY
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Product Ordering Information:
Part Number | Speed [ Processing | Temperature Range (case) | Voltage Range | Pin Coun [Package Typ]
KS0144-50 | 50 Mz .| Commercial 0= to 100x C 4.75 10 5,25V 208 MOUAD*
KS0144-40 | 40 MHz | Commercial (= to 100x C 4.75 to 5.25V 208 MOUAD

Trademark acknowiedgments:
KS0143 7 KS0144 is a trademark of Samsung Electronics Co. LTD.
VIDEOFLOW is a frademark of Array Microsystems Inc.
intel and 980 are trademarks of intel Corporation
29KTM is trademark of Advanced Micro Devices, Inc.

WARNING - LIFE SUPPORT APPLICATIONS POLICY

Samsung Electronics products should notbge used within Life Support Systems without specific written consent of Samsung
Electronics Co., LTD. A Life Support System is a product or system intended to support or sustain life which, if it fails, can
be reasonably expected fo result in significant personal injury or death.

NOTICE - DOCUMENTATION SUPPORT POLICY

The information in this publication is subject to change without notice. Samsung assumes no responsibility for any errors or
omissians, and disclaims responsibility for any consequerices rsulting from the use of the information included herein.
Additionally, Samsung assumes no responsibility for the functioning of undescribed features or parameters.

NOTICE - APPLICATIONS SUPPORT POLOCY
Samsung Electronics Co., LTD . assumes no liability for applications assistance or customner product design.

NOTICE - PRODUCT AVAILABILITY
Samsung Electronics Co., LTD. reserves the right to make changes to product specifications or to discontinue products
without notice.

NOTICE - STATED OR IMPLIED WARRANTY
This publication neither states nor implies any warranty of any kind, including byt not limited  toimplied warranties of
merchantability or fitness for a particular application.

NOTICE - COPY PERMISSION
Permission is hereby expressly granted to copy this publication for informatinal purposes only.
Copying this material {or any other use is strictly prohibited.
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INTRODUCTION TO THE KS0143 / KS0144 CHIP SET

The KS0143 (CC: WWWCW)‘WMhmmm the K51044 (MEC: Motion
Estimation Coprocessor); form the heart of a programmable video codec for implementing the JPEG, MPEG-1, and

H.261 compreesion standards. The codec architeciure shown in Figure 1.1 maybooasilyprogmm‘odtoimpbm

any of the following applications at 30 frames per second:

- H.261 codec processing CIF (352h x 288v) images

- MPEG-1 SIF (352h x 240v) encoder with up to two B frames per P frame and half-pel motion estimation

- MPEG-1 SIF decoder

- JPEG CCIR-601 encoder or decoder

The KS0143 implements ali portions of these standards other than motion estimation, variable length coding (VLC),

and bit stream syntax handling. The KS0144 executes user-defined motion estimation search algorithms and is only

required in systems implementing MPEG-1 or H.261 motion-predictive encoders.

VLG and bit stream syntax handling are typically performed using an ofi-the-shelf RISC microcontrolier which also controls both
the KS0143 and KS0144 via their host processor interfaces. The KS0143 / KSO144 chip set does not perform color space
conversion or image resfzing.

VIDEOFLOW ® Architecture

The KS0143 / KS0144 chip set is based on a very high performance parallel processing architecture. iis paralisl processing
KSOt144hanism has been implemented using a unique vector dataflow architecture which delivers exceptionally high
performance and decoupies the user from the complexities of a paraflel processor. This vector datafiow (VIDEOFLOW)
architecture combines datafiow control with vecior instruction execution, allowing a user to ‘control a very complex paraliel
processor via simple program flowgraphs. in addition; the VIDEOFLOW architecture is highly scalable and modular, allowing
Array Micrasystems to readily produce architecturally compatible derivative products.

Figure 1.1 - Typical Application
Programmable video codec for JPEG, MPEG-1, and H.261-based multimedia applications
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KS0143 / KS0144 Chip Set Performance
The paraliel processing architectures embodiad in the KS0143 / KS0144 chip set permit It to deliver exceptional perforrmance for
the JPEG, MPEG-1, and H.261 standards. Table 1.1 shows representative raal-time (i.e. 30 frames per second) applications of

thastandafdsusingmmandsom-lzvmimsofﬁnchlpm The K30144 is not required for H.261 decoder, MPEG-1
dacoder, or JPEG applications.

A unique feature of the chip set, owing to the programming style and very high performance of the K50143, is its abiiity to
simultaneously process multiple image channels. For example, for multipoint video conferencing, a single KS0143 7 KS§0144
chip set may be used to implement an'H:261 video oodec capable of sinniltaneously encoding a single image sequence (a.g.
the one heing transmitied) and decoding multiple received bit streams. Also, for MPEG-1 multimedia. applications running in a
windowed environment, a single KS0143 / KS0144 can decode two different SIF image bit streams in real times.

As shown in Table 1.1, another unigue feature of the chip set is its ability to decode MPEG-1 images as they are encoded. This
“real-time preview" feature is the result of the high performance and programmability. of the chip set. Real-lime previewing
aliows the user of MPEG-1 multimedia applications to create bit streams and visually moniter encading results without the need
for additional hardware for MPEG-1 decoding.

Furthermore, the ability of the KS0143 chip to real-time  JPEG encode or decode the large image sizes shown in Table 1.1 is

extremsly useful in video editing applications, These applications typically operate with very high resolution images and
compress them prior 16 storing them on disk.

High Speed, Compatible Bus interfaces

As_shown in Figure 1.1, the KS0143 and KS0144 have three bus interfaces called HBUS, XBUS, and VBUS which. are
compatible between the two chips. Each bus interface operales synchronously with its own dedicated clock (HCLK, XCLK, and
VCLK). A saparate clock (PCLK) is used for inteinal data processing and has a maximum frequency of 40 or 50 MHz depending
upon the speead grade.

The HBUS is a 16-bit, 33 MHz synch host p interface optimized for connection fo the buses of RISC
microcontrollers from families such as the intel” i960* and Advanced Micro Devices 20K*. The KSU143 and KS0144 operate
exclusively as slaves on the HBUS. The host processor (RISC microcontroller) accesses registers and memories within these
chips via memery-mapped accesses.

Both the KS0143 and KS0144 contain on-chip program memorles which are typically loaded by the RISC microcontroller over
the HBUS. The KS0143 instruction RAM is 128 words by 40 bits and the KS0144 instruction RAM is 768 words by 32 bits.

The highest bandwidth utilization of the HBUS occurs during the transfer of zero-run length coded symbols betwesn the KS0143
and host processor duting real-time comprission and decompression operations. The HBUS also provides a level-sensitive
interrupt from the KS0143 or KS0144 to the host processor.

The XBUS is a 24-bit, 40 MKz synchy auxiiary pr bus used primarily for vector data transfers between the KS0143
and KS0144. The user may also define KS0143 Oexternal® instructions to direct transfers over the XBUS which may be
connected to processors other than the KS0144.

Table 1.1 - KSKS0143/KS0144 Performance Benchmarks at 30-Frames Per Second (unless otherwise poted)

KS0143CQ-50 KS0143C0-40
KS0144CQ-50 KS0144CQO40
H.261 CIF (352h x 288v) encode + 1 CIF QCIF encode + 1 CIF decede @ 15 fps, or
Codec decode, or QCIF encode + 6 QCIF decodes @ 30 fps
QCIF (178h x 144v) encode + 6 QCIF decodes}|
MPEQ-1 Encode SIF (352h x 240v) IBP encode with real-time| SIF (352h x 240v) IBP encode, or
preview SIF (320h x 240v) IBP encode with. real-time
_ proview
MPEG-1 Dacode 2 SIF (3521 x 240v) IBP decodes at 30 fps, or | 2 SIF (352h x 240v) IBP decodes @ 30 fps, or
. ) 1 SIF 18P decods @ 60 fps 1 SIF 1BP dscode & 60 fps
JPEG Encode or Decode 720h x 480v, 4:2:2 YCrCh 720h x 480v, 4:2:2 YCrCh
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The KS0143 is always the master of the XBUS, and up 1o four slave processors may be connected to it. In particular, up 1o four
KS0144 chips may be conhected to a single KS0143 for the purpose of afiowing more searches of a .given sesrch area or
allowing a search area to be expanded beyond the capacity of a single KS0144. During motion estimation operations, the XBUS
is used by the KS0143 to send 16 x 16 blocks of luminance pels to the KS0144 for prediction. The KSD144 in tum, uses the
XBUS to returmn motion vectors and their corresponding 16 x 16 pel blocks found during motion estimation searches.

The VBUS is a multi-master, 32-bit memory bus designed to be directly connected to the data, address, and-control pins of
DRAMe and VRAMS. The timing charactoristics of signals on the VBUS are detérmined by user-prugrammable registers within
the KS0143 and KS0144. VBUS data transfers may be dynamically resized 10 16 or 32-bits,

The VBUS data interface is divided into byte-wide fanes, each lane transferring one 8-bit pel. In 16-bit mode, the VBUS transfers
two pels al a time and in 32-bit mode transfers four pels ot a time. All transfers are performed us fast page mode adcessss at a
maximum rate of cne column access every 50 neec, allowing a 16 x 15-pei block to 'be read or wiilten in about 4.5 usec. The
VBUS has an 11-bit address bus and three. bits for memory selection which can access up to eight different images of up to
4098 by 4006 pols each. A programmable CAS-before-RAS refresh controller ls aleo inclided i the VBUS intarface logic of
both the KS0143 and KS0144.

The VBUS on both the K50143 and KS0144 may be awarded to other bus masters via serial daisy chained bus arbitration. For
example, an exemal bus muster may be used to transfor images into or out of DRAMs connected to the KS0143. if an
application permita; the KS0143 and KS0144 VBUS interfaces may be connected tagetiter in order to share the same memories.
In this case, either the KS0143 or KSO144 I3 programmed o be at the head of the arbitration dalay chain, and one chip requests
the VBUS from the other.

A unique feature of the KSO0143: VBUS interface logic allows the KS0143 to transfer data between the serial and dynamic
memory portions of VRAMs, This allows the serial port on VRAMs rather than the random access port on DRAMSs to be used for
image input/output, making the interface with extemal logic simpier and faster. Intemal VRAM data transfers. may be requested
by either a video timing generator which asseris the KS0143 Ovideo transfer command® pins (VCMD[3:0)) or the host
processor through a memory mapped register.

Input, output, and scratch images are stored in DRAM- or VRAM-based memories connected to the VBUS on the: KS0143 and
KS0144. The 4 Mbit memory shown. in Figure 1.1 stores the reference images used during H.261 and MPEG-1 motion
astimation searches and may be implemented using a single 256K by 16-bit DRAM. The 8 Mbit memory stotes inpit and output
images as weit as H.261 and MPEG-1 decoder reference images. it may be implemented using two 256K by 16-bit or four 256K
by 8-bit VRAMS depending on how image inputioutput is performed. itis also possible to use DRAMs in place of the VRAMs.

VIDEOFLOW '~ Support Tools
Array Microsystems, inc. supplies a Hardware Evaluation Kit and Software Toel Kit to help customers design their
KS0143/KS0144-based systems.

The VFEB Hardware Evaluation Kit provides a hardware vehicle for designers and application developers wishing lo explore the
reaktime performance and multi-standard versalility of the KS0143 and KS0144 chips. It consists of a PC phig-in board for the
ISA or VL. bus, emibedded soflware, a graphical user interface (GUJ) that is compalible with the Windows™ operating system,
and User Guide. '

The KS0143/KS0144-based PC plug-in board and GUI allow the user to perform real-time (30 fps) demonstrations of the MPEG-
1, JPEG, and H.281 standards for both video encoding and decoding. For encoding, users can connect:their own analog video
to the board and store compressed video to disk in real-time. Decoding demonstrations can read compressed video from sither
disk or CD-ROM and display the results on a video monitor.

The ICCST Software Tool Kit provides a UNIX workstation-based software development environment for designers wishing to

architect, program, simulate, and verify video compression solitions based on the KS0143.and  KS0144 chips. The tool kit

contains:

- Programming tools consisting of a graphical flowgraph editor, assembler and linker for the KS0143, and a C-compiler and
assambler for the KS0144

- Simuiation tools consisting of an KS0143/KS0144 systern simulator, configuration tools, program debugging aids, and
various graphical displays for monitoring program performance

- Image analysis tools supporting the display of image sequences at or near real-time on a workstation monitor with optional
graphical overlays of color-coded compression algorithm decisions and molion vectors produced by the simutator
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- Comprehensive user and reference guides
- Demonstration package containing programs and simulation examples for the MPEG-1, JPEG, and 1.261 video
compression standards

Section 2 - K§0144 FUNCTIONAL DESCRIPTION

INTRODUCTION TO K80144 MOTION ESTIMATION

Successive piclures in a motion vireo sequence normally exhibit a high degree of comelation. Video compression algorithms
take advantage of comelation between pictures by predicting a picture from past and/or future pictures.. Prediction improves
both the compression ratios and the picture quality.

Black-cading :algorithms (such as H.261 and MPEG-1) segment each picture into small regions. The H.261 and MPEG-1
standards use a YCrCb image color space and segment picture data into 4:2:0 macroblocks. Each macroblock consisls of a
16x16 block of luminance pels and two spatially coincident 8x8 blocks of chrominance pels. . Since different regions in a picture
may contain objects moving in different directions and might require different prediction modes, sagmentation into macroblocks
allows for more efficient coding of predicted pictures.

Each predicted macroblock is represented by a motion vector (or vectors) and biocks of differential pels. A molion vector for a
macroblock specifies the transiation of the luminance pels. The vector for the chrominance pels is derived by halving the
motion vector. - The H.261 standard requires motion vectors to fall on full pel coordinates, while MPEG-1 permits vectors to fall
on either full or half pel coordinates. Using s half pel coordinate grid allows for better predictions since the best prediction may
occeur with a fractional pel motion vector.

When the prediction is not exact, blocks of differential pels represent the difference between the prediction and the actual
macroblock pels. The small differential pels in the predicted (inter-coded) blocks can be coded more efficiently than pels in
non-differenced (intra-coded) biocks improving the compression ratio.

Prediction Modes :

Compression algorithms allow macroblocks 1o be predicted using different prediction modes. The H.261 standard only allows
macroblocks to be predicted from the previously coded picture  (forward prediction), where MPEG-1 allows macroblocks to be
predicted from pictures in the past andfor future (forward, backward, or bi-directional prediction). Bi-directiona) predictions are
formed by averaging - the-pels from forward and backward predictions and have one motion vector pointing to each,

The KS0143 and KS0144 are specifically architected to support any or ali of thase prediction modes in a highly efficiert manner.
For exampile, an KS0144 program to encode an MPEG "B" (bi-directionally predicted) picture retumns one forward and one
backward prediction for each macroblock. The KS0143 program examines each of these predictions and the bi-directional
prediction formed by averaging these pradictions to select the best prediction mode to use.

Block Matching and Mean Absolute Difference

The process used to determine the best pradiction for each macroblock is called a motion estimation aigorithm. A good
motion estimation algorithm is a combination of several techniques and strategies. The most common technigue used by
motion estimation algorithms is block matching. Block matching is normally performed using only the luminance component of
the YCrCb picture, since the luminance componeant exhibits the highest resolution and the best contrast.

Block matching forms the core of an KS0144 motion esfimation algotithm. The KS0144 contains hardware optimized for
performing block matches using the well-known "Mean Absolute Difference” or (MAD) criterion to rate the correlation of each
block match. The absohite values of the pel-by-pel difference of the two blocks being comrelated are summed to form the MAD.
The best match is the block maich having the smallest MAD.

In most cases, the best block match is used as the prediction. However, always using the best match for prediction is not the
best strategy for a motion estimation algorithm. For instance, since predictions are made in blocks and not objects, a block
may contain part moving object and part stationary hackground. Many motion estimation algorithms make a "MC vs. non-MC™
decision to ch the zero motion prediction if it is only slightly worse than the best match prediction. This dacision prevents
the appearance of the background being dragged along with moving objects (a common low bit-rate video compression artifact).
Also, macroblock motion vectors that are the same as moticn vectors for adjacent blocks can reduce block boundary
discontinuities.

In addition to the visual artifact conicerns, reducing the number of bits required for coding an individual macroblock aliows
those bits to be used to improve the overall picture quality.
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Typical bit reduction strategies take advantage of the fact that H.261 and MPEG "P" (forward pradicted) pictures do not transmit
zero motion vectors.  Also, a macroblock may niot have to be coded if the motion vectors for the macroblock are the same as
the previously coded motion vectors.

The KS0144 CPU can be programmad to implement these and other enhancements fo the basic block matching and mean
absolute difference criterion as part of a comprehensive motion estimation algorithm.

Search Strategles

The motion vector ranges pesmitted under H.261 and MPEG-1 differ greatly. H.261 motion vectors are limited to the range 15
pels, since the “talking heads™ video scenss commion in'H:261 only contain limited motion. MPEG-1, designed fo encode a
wide range of video material, permilts very large motion vectors using elther full or half pel coordinates. # the normal case,
MPEG-1 alows moftion wector components in half pel coordinates falling in the range -512.0, 511.5]. When using fuil pel
coordinates, MPEG-1 limits mution vectors components to-the range [-1024, 1023},

For some applications, the KS0144 has sufficient performance to exhaustively test every possible motion vector in the permitted
motion vector range for the bast block match. However, for very large search ranges, this is nof possible and the KS0144 CPU
must be programmed with a sesirch strategy that finds a good block match without testing every possibility.

A typical search strategy breaks the task of searching for a good block match into several stages. Each stage reduces the
number of candidate predictions that needs consideration. Common simple search strategies include the three-step search,
20 logarithmic ssarch, checkerboard search, conjugate direction search, and half-pe! refinement search.

To help search large areas quickly, the KS0144 supports multi-resolution or hierarchical searches. In a multi-resolution search,
the first stage searches a low resolution picture for the best match using either an exhaustive search or a simple search sirategy.
The low resolution search eliminates a large portion of the search area from consideration. The next stage searches the full
resolution picture in a neighborhiocod around the best low resolution match for the best match. Figure 2.1 shows an example of
a two-level hierarchical search supported by the KS0144.

Searching the low resolution picture allows a motion estimation algorithm to consider a very large metion vecior range. A search
area in a low resolution: picture i equivalent to a much larger search area in the full resolution picture. = Also, each block match
at low resolution uses less computational power then a full resolution block mateh.

The KS0144 CPU can be programmed to execute both simple and multi-resolution search strategies. The KS0144 block
malch prosessor supports multi-resolution searches by allowing MAD computations to be performed on 8xB or 16x16 blocks
using either half or full pel motion vector.coordinates.

Search Windows

The search window is a region of pels in a past or future picture containing all the candidate predictions considered by the
search strategy. To allow the block match processor to proceed at full speed and to reduce the amount of video bus traffic, the
KS0144 contains 8 Kbyles of fast on-chip Search Memory to store search windows.

The amount of scene motion that a motion estimation algorithm is designed to detect determines the dimensions of the search
window. A typical H.261 motion estimation algorithm designed to detect horizontal and vertical motion up to £15 pels around a
16x16 block needs & 46446 search window (2"15+16 = 46},

MPEG-1 search windows are typically much larger. in the common "B B IBBP B B P B B P.B B P" Group of Pictures (GOP)
encoding sequence, encoders must predict "P” pict from the previous "I" or "P" picture. For a motion estimation aigorithm
designed to track motion equivalent to & 8 pels per picture, the three picture spacing of “P" pictures requires a motion vector
search range of = 24 pals resulling in a 84x64 search window (2°24+16 = 64).

Search windows do not need to be square. For example, horizontal panning is one type of scene motion frequently
encountered in film and tefevision. With horizontal panning motion, vertical scene motion is much smaller than ‘horizontal
motion. A 'motion estimation algorithm oplimized for horizontal panning motion uses a search window much wider than it is
high, An MPEG-1 motion estimation algorithm for the comrhon GOP encoding sequence that is designed to detect + 8 pel per
picture vertical motion and 16 pel per picture horizontal motion will require a 112h by 64v search window for each "P” picture
macroblock.

Forward and backward searches require separate search windows. For multi-resolution searches, each resolution search
requires its own search window., The KS0144 Search Memory can be partitioned into one to four different search windows to
supporl simultansous forward, backward, and multi-resolution motion estimation algorithms.
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Figure 2.1 - Two - Level Hierarchical Serach for 116 Pei Motlon

T AR

HH HIHERH
- STEP 1 § FHHE

STEP 1 RESULTY N

RESULT STEP 2 R b

RESULT HHbR T ‘
: LT
FEHFFEEEE

STEP 1: STEP2:

SEARCH ON FULL RESOLUTION IMAGE
E] w OUTLINES CURRENT SEARCH AREA

SEARCH ON QUARTER RESOL UTION IMAGE

B = GURRENT SEARCH ORIGIN

KS0144 Performance Benchmarks

The key performance requirements for a single KS0144 are to perform reai-time motion estimation for H.261 CIF (352h x
288v) video codecs or MPEG-1:SIF (352h x 240v @ 30 fps or 352h x 288v @ 25 fps) video encoders. This means that for an
H.261 codec running at 30 fps, an KS0144 must be abla to perform motion estimation on a single macroblock in an average
time of about 84 msac. For an MPEG-1 video ancoder, the average time per macroblock is about 101 msec.

Table 2.1 shows how the K50144 fulfills these requirements for various search ranges and algorithms. Exhaustive search
examines avery possible block transtation in a search area. Hierarchical search usas a two fevel quarter/full resolution search
strategy. Checkerboard searches examine only those transiations which fall on a checkerboard-iike pattern. The execution
times in the table assume no half pel searches and increase by about 2.4 msec if a final half pel refinement step is included.

Table 2.1 - Motion Estimation Performance

Search Range Search Algorithm Execution Time @ 50 MHz
4 8hx + 8y exhaustive 37-usec
+ 15h x +158v hierarchical 21 usec
+ 15h x £15v checkerboard 69 usec
4 15h x +15v exhaustive 123 ugec
4 24h x £24v hierarchical 47 usec
+ 30h x +30v hietarchical 68 usec
+ 48h'x 424v hierarchical 94 usec

The table entries for the & Bh x % 8v and % 15h x + 15v search ranges show that a single KS0144 easily moeets 30 fps
performance goals for H.261 using almost any.algorithm. The entries for the other search ranges car be applied 1o MPEG-1
motion estimation. For example, + 48h x & 24v is the search range requirement for MPEG-1 encoding of P pictures assuming
two B pictures per P picture and + 16h x & 8v pel motion be- tween pictures.

Muitiple K50144 chips may be connected to a single KS0143 chip to either increase a search range beyond that which can be
handled by a single KS0144 or decrease the time required to search a smaller search range.

ELECTRONICS
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KS0144 FUNCTIONAL. UNIT DESCRIPTIONS

As shown in the KS0144 Functionat Block Diagram on Page 1, the KS0144 contains several computational; memory, and
interface units enabling # to parform motion estimation functions in MPEG-1 and H.261 video encoders. These units are
described in the following sections.

Central Processor Unit (CPU)

All KS0144 activities are coordinated by the CPU. CPU programs are stored in a 768 word on-chip instruction RAM which the
user loads from the host processor interface. The CPU instruction set allows a wide variety of block-oriented motion estimation
algorithms to be programmed.

During motion estimation algorithm exacution, the CPU program typically performs the following series of operations:

- Commands the KS0144 Viden interlace Unit to fetch search window pels from DRAM into the Video inpul Buter (VIB) and
then copy the VIB 1o the Search Memory.

-Cunpuwlsumhmmmﬁmmdcandidmwadwmsmmsmmmwasdﬁmedbyﬂmamhammhm
- Commands the Block Matching Processor (BMP) to compare the candidate predictions at these coordinates with the input
macroblock from the KS0143 in the input Token Buffer.

- Decides which candidate ia the best match, computes the motion vector describing its location retative to the input
macroblock, and sends both the match and its motion vector back to the KS0143 via the Output Token Buffer.

Many of thase operations can be executed concutrently. For example, while-the VIB is being igaded from DRAM for the next
macroblock, the BMP can be performing block matches for the current macroblock. Likewise, whils the latter two operations are
proceeding, the CPU can be somputing new search coordinates.

As shown in Figure 2.2, the CPU consists of a
- 12-bit microcontrotler core,

- 768 word by 32-bit program memory,

- 84 word by 12-bit seratchpad memory,

- 16-bit timer, and

- debug controller,

The microcontroller core primarilly consists of a
- 4 port by 32 word by 12-bit register file,

- 12-bit ALY, and

+ 12-bit bidirectional barrel shifter.

The 25 MIPS core requires two PCLK clock cycles to execute each of its 22 native operation codes except those dealing with

memory loads and program jumps. Munuyloadandpfogrammmpopeodesrequkenn extra two clock cycles to complete. The
instruction set of the core is described in Section’S.

The CPU communicates with the scratchpad memory, timer, and other memories and registers throughout the KS0144 using
memory-mapped load and store instructions. The CPU however, does no! have access o any image pels. The CPU load/store
memory map is described in Section 6 and allows the CPU to control KS0144 functions in a highly concurrent fashion. The CPU
scratchpad memory and timer are described in Sections 6.1 and 6.2, respectively.

Host Interface Unit (HIV)

The HitJ allows the host processor connected to the HBUS ta:
- Load instructions into the CPU program memory,

- Send and receive messages with the CPU,

- Control and respond to CPU-generated interrupts,

- Debug CPU programs.

The host processor performs all of these activities by reading and writing locations in the external y map described in
Section 4.

The debug control registers described in Section 4 work in conjunction with the CPU debug controller shown in Figure 2.2, The
debug control registers aliow the host processor to reset, run, halt, or single step the CPU core and inspect andlor modify the
contents of any register or memory which can be accessed by the CPU.
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All host interface bus cycles supported by the MIU transfer 16-bit words synchronous to HCLK. Both burst and non-burst cycles
are supporied. Each non-burst read cycle by the host processor requires four HCLK cycles (HMODE pin =.0). Each non-burst
varite cycle requires two or three HCLK cyclas (HMODE = 1 or 0, respectively).

Burst cycles transfer multiple words at the rate of one every one or two HCLK cycles (HMODE = 1 of 0, respectively). The host

processor need only supply the address for the first word in a burst since the other addresses are generated internally by the
HIU.

Figure 2.2 - CPU Block Diagram

Cdin Ddin

ad32 Word by 12—85’“
4 Port Register File

Aad
Adout

12-Bit ALU
Seratchy
HiU~——| CPU Debug nPC | 16-Bit SRA|
Controlier  [2PC_| Timer ADOR
Y it K

All burst cycles other than burst reads with HMODE = 1 are terminated by the deassertion of the HBRST pin during the final
word transfer and may be up to 2048 words long. - A burst read cycle with HMODE = 1 can only be up to 257 words fong and
requires that its length be written beforehand intc the BLENGTH register described in Section 4.

Video Interface Unit (VIU)

The VIU contains several slements. The 2 Kbyte Video input Buffer (VIB) is loaded by the ViU from DRAMs connected to the
KS0144 VBUS and supplies the Search Memory with reference image pets. The VIB consists of 128 pages, each page having
16 bytes. Each page fogically cofresponds to a two-row by eight-column array of reference image pels. The VIB pages can be
partitioned into a maximum of four two-dimensional segments, sach having up to 128 pels in either dimension. The CPU
configures the VIB into segments using the registers described in Section 6.6.

using the registers described in Section 6.6.

The CPU writes to the LDVIB command register described in Section 6.3 to load each VIB segment with either full or quarter
resolution pels from all or part of a reference image search window. Cuarter resolution pels are computed by averaging 22
blocks in a simple 4:1 decimation filter and are used in the low resolution portion of hierarchical search algorithms. The ViU can
simultaneously store both full and quarter-resolution pels from the same region of a reference image into two different VIB
segments. This allows. the VIU to fetch both full and quarter-resolution versions of the same physical search window without
reading the same pels twice. ’
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In a reference image, search windows surrounding adjacent 16x16 macroblocks overfap one another axcept for a 16 pelwide
strip as shown in Figure 2,&Thua€ore,mtmm1ﬂmmmmmmtomm1«mamm

raster-scan order, the CPU typically. lcads the VIB with only these hon-redundant sirips when nioving the search window from
one input macroblock to the next.

Once the CPU determines from the VIBRDY status it (Section 6.4) that the VIB is full, it writes to the LDSM command register
(Section 6.3) 1o copy VIB segments into Search Memofy pagés containing those search window pels which are no Jonger
needed (.e. those in the strip on the left side of the old saarch window). This copying occurs at a rate of 16 pels (one page)
every PCLK clock cycle.

Figure 2.3 - Exampled of Overiapping Search Windows

) Search Window 4
Search Window3 !

».

. SearchWindow2 _:

: Search Window 1__:

PpTn——

16 MB 1 MB 2 MB 3 MB 4

A strip needed to update a search window for the next input macroblock can normally be fetched entirely while the block
matching operation for the current macroblock is underway. Therefore, the contents of a search window can be updated in real-
time without using high performance DRAMs.

Prior to using the VIU, the CPU must configure the video interface registers described in Section 6.5. Tha CPU must inftialize
VBUS timing parameters by writing to the ten VCNT registers, configure the VBUS data bus as either 16 or 32 bits by writing to
the VBUSMODE register, and position the KS0144 on the VBUS arbifration daisy chain by writing to the VARB register.

By writing to the VREN, VRFPMS, and VRFPLS registers, the CPU can also configure the VIU to periodically perform CAS-
before-RAS refresh on DRAMs connected o the KS0144 VBUS,

Search Memory

The 8 Kbyte Search Memoty consists of 512 pages which can be partitioned by the CPU into a maximum of {our segments. As
with the VIB, each page corresponds 10 a fwo row. by eight column aray of pels. Each segment comtains a single two
dimensional search window having up to 128 pels in either dimension. The CPU configures the Search Memory segments using
the registers described in Table 6.7.

Each Search Memory segment holds either full or quarter-resolution pels which were transferred from a corresponding VIB
segment. The CPU foads the Search Memoty from the. VIB by writing to the LDSM commaind register as described in Section
6.3. Simple forward or backward predictive search canuse up fo twe segments when performed hierarchically (i.e. one segment
for the quarter resolution window, and another for the corresponding fuil resolution window). Therefore, MPEG-1 bidirectional
prediction requires four segments when parforted hierarchically: two for forward prediction and two for backward prediction.

The Search Memory outputs 16 pels (one page) every PCLK clock cycie which pass through the Interpotator unit on their way to
the Block Matching Processor. Before starting block matching operations, the CPU can détermine that VIB contents have been
transferred to the Search Memory by testing the SMRDY status bit described in Section 6.4.
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interpolator

The imarpolator performs herizontal and/or vertical bilinear interpolation as defined in the MPEG-1 standard for haif-pel
remmmmmmmmmmmWomMpduochsandIsmlyacﬁnmnlham’um
fractional seurch coordinates to the Blook Matching Processor. The Interpolator also cannot switch betwesn performing
hotizontal or vertical interpolation and no interpolation at all in realtime. This places some minor restrictions on how the CPU
specifiss searches to the Biock Matching Processor, as described in the following section,

Block Matching Processor (BMP)

The BMP is the principal number-cruncher inside the KS0144. The BMP contains multiple adder trees each of which computes
and accumulates the sum of 16 absolute differences avery PCLK clock cycle, altaining a tolal throughput of 7.2 GOPS at 50
MHz.

This computational power permits block maiching to be performed on 18x16 blocks at a maximum rate of one every 120 nsec
and on 8x8 blocks at a maximum rate of one every 33.3 nsec.

The BMP computes all biock matches using the Mean Absolute Difference (MAD) metric in which two blocks are pel-wise
subtracted and the magnitudes of all the differences added fogether. The BMP computes the MAD to-a full 18 bits of precision
on 16x16 blocks and automatically tracks both the value and location of the minimum MAD over multiple block matches. The
CPU accesses the MAD by reading the MADX, MADY, MADMS, and MADLS registers described in Section 6.8,

Prier to starting a motion estimation search, the CPU initializes the MAD to “infinity” by writing to the INITMAD register described
in Section 6.3, it also specifies the BMP operational mode by writing to the BMPMODE register described in Section 6.8, As
shown in Figure 2.4, the BMP performs either 8x8 or 16x16 block matches in vertically aligned triplets. The block matches within
a triplet can start on either successive or alternate lines. The search window location of a block match is referenced to the X and
Y coordinates of the block’s upper left pel. These latter coordinates are called search coordinates.

The CPU specifies the Search Memory segment (i.e. search window) to be used in block matching by writing to the BMSEG
register described in Section 6.8, As shown in Figure 2.5, the CPU specifies search coordinates within the selected search
window using a two dimensional coordinate system relative to a movable origin. The CPU specifies this origin using the
BMXORG and BMYORG registers.

Search coordinates can be specified down to half-pel resolition and can horizontally wrap around a search window. That is,
Search Memory addressing togic adds the harizontal (X) search coordinate to BMXORG and then interprets the sum modulo the
horizontal dimension of the search window. Modulo addressing allows a search window to be easily addressed by the CPU once
i has been updaied ty the 16 peal-wide strip logically fo the right of the previous search window.

The CPU execules a motion estimation algorithm by specifying one or more search patterns to the BMP. A search paftern
consists of a horizontal vector of triplets like the ten triplet veclor shown in Figure 2.6, As described in Saclion 6.8, the CPU
specifies the number of {riplets in the SPCNT register, the horizontal spacing (possibly fractional) between adjacent tripiets in
the SPINC register, and the top-most search coordinates of the lefi-mast triplet in the SPX and SPY registers.

Figure 2.4 - Block Matching Processor Operational Modes

(5,4)
q BMEMODE = 1
" amone-uE - - 1
E -z
ITTTITC
(a)- 8 x 8 BLOCK MATCHES {b) - 18 x 16 BLOCK MATCHES
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Figure 2.6 - Searc;n Coordinate Exampie
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Figure 2.6 - Search Pattern Example
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In addition, the CPU can mask out individual search coordinales within sach triplet using the SPMASK register.

The SPCNT, SPINC, SPMASK, SPX, and SPY registers are all double buffered inside the BMP, meaning that the CPU can write
to them again while the BMP is currently executing a saarch pattem. However, the CPU should not write to any of thess registers
until allowed to do so by the SPRDY status bit as described in Saction 64.  The CPU should always write to SPY last, since
this signals the BIMP that all the other registers contaln valid data. The operational statis of the BMP may also be checked by
reading the BMPIDLE status bit,

The CPU Is also not aliowed to specify a search patiern in which SPY is an integer (.. non-fractional), SPINC is fractional,
and SPCNT is greater than zero. Such a ssarch pattemn puts the interpolator into an illegal state by requiring it to dynamically
switch between performing horizontal and/or vertical inlerpolation and no interpolation at all.

The time N in PCLK clock cycles required by the BMP 1o execute a single search pattern is given by N= T * (SPCNT + 1) + 5 +
L, where T and L are defined in Table 2.2 as the BMP pipeline processing rale and pipeline fatency, respectively. if two or more
search pattemns are executed succassively, the latency factor L is only felt on the last pattemn.

Tabie 2.2 - Block Matching Performance Parameters

BMPMODE SPX or SPY T L
fractional
M————
00 nol aliowed 5 8
7] not aliowed 6 7
10 no 18 ]
10 yos 30 7
11 no 20 7
11 yos 30 7

Auxitiary interface Unit (AlU)
The KS0143 dispatches instructions and operands to the KS0144 AlU over the XBUS. The AlU responds 10 any of the six
instructions listed in Section 3 and sends execution results back to the KS0143 over the XBUS as required. ' Thess instructions
aliow the KS0143 to send prediction inputs to the KS0144, receive pradiction results, and write original or reconstructed input
images to the KS0144's DRAM.

The KS0143 uses an auxiliary processor write cycle o transmit an instruction and iis operand (if any) to the KS0144 over the
XBUS. The cycle begins with the transfer of two processor packet words (PPO and PP1) which describe the instruction.  The
processor packet words are followed by zero, four, or 132 words of operand token data depending on the instruction and
operand ioken type. One 24-bit word is transmitted on the XBUS every XCLK clock cycle. ' As discussed in Section 3, all
instructions except OPREDICT require an operand.  Operand control tokens require four words, while operand data tokens
require 132 words, The processor packet and token transfor formats appear in Figure 2.8. The definitions of the token
descripior bytes in Figure 2.8 are shown in Figure 2.7.

The KS0144 AU siores incoming processor packet and token descriptor data from IPREDICT  and IPREDICT S instructions in
the IPREDICT registers as described in Section 8.9. ' Processor packet data for OPREDICT and S.0PREDICT instructions is
stored in the OPREDICT registers as described in Section 6.10. Data biocks for IPREDICT and IPREDICT.S operand data
tokens are stored in one of the input Token Buffers, while operand data blocks and desctiptors for OPREDICT and
S.OPREDICT instructions are discarded. Processor packets and operand tokens for WRMEM and WRMEM.S instructions are
not written to registers or memories accessible to the KS0144 CPU.  instead, the AIU stores them in the Video Wirite Buffer for
access by the ViU

Aler the KS0144 finishes executing an instruction, the KS0144 AlU requests an XBUS auxiliary processor read cycle from the
KS0143 by asserting the XRQST# pin. The KS0143 then acknowledges the KS0144 by asserling the XADS# pin and
broadcasiing the KS0144's Processor (D (PID) on the XBUS.  the broadcasted PiDY matches the PID encoded on the
KS0144's XID{1:0] pins, the K50144 AIU continues the read cycle by transmitling a procassor packet describing the instruction
completing execution. The processor packet is then followed by zero fo 132 words of reault token data. As discussed in
Section 3, all instructions except IPREDICT and WRMEM produce a result token. The processor packet and token transfer
fonmats for auxliary processor read cycles are the same as those previously described for write cycles.
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The KSG144 Al creates a processor packet for an auxiliaty processor read cycie from the processor packet received when the
instruction was sent from the KS0143. Result token descriptors for IPREDICT.S and WRMEM.S instructions are created from
the operand token's token descriptors, while result token descriptors for OPREDICT and §.OPREDICT instructions are created
from the OPREDICT registers dascribed in Section 6.10.
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Figure 2.7 - Token Descriptor Programimer's Mode
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Figure 2.8 - AuxialiyProcissor Bus Data Formats
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The KS0144 AlU reads data blocks for OPREDICT and S.OPREDICT resuit data tokens from the Output Token Buffer.

input Token Bufférs

The KSD143 sends a motion estimation input token to the KS0144 over the XBUS when the KS0143 executes an IPREDICT or
IPREDICT.S instruction as discussed in Section 3. The KS0144 AlJ receives this token into ons of two pit Token Buffers
(ITBs) which form a double buffered input interface with the KS0143. One ITB can receive an input token from the KS0144 AU
while the other supplies a previous input token to the BMP for use in block matching.

Each ITB holds 320 pels: 256 luminance peis from the IPREDICT or IPREDICT.S operand data token, plus another 64 pels
which are computed by 4:1 decimation filtering the 256 pels as they are received from the KS0143. As with the VB, the
decirmation filter used to compute quarter resolution pels is a simple 2 x 2 averager. The quarter resolution pels in an iTB are
automatically output to the BMP during 8 x 8 block matches as indicated by BMPMODE, while the full resolution pels are output
during 16 x 18 block matches.

The processor packet and foken descriptor data in the IPREDICT reyisters of Section 6.9, always corresponds to the token in
the ITB currently connected to the BMP. The CPU controls ITB usage via the SWAP command register described in Section 6.3.
The CPU delermines when the ITB connected to the KS0144 AlU has received a new input token by reading the ITBRDY status
bit as described in Section 6.4

Output Token Butfer {OT8B)
Once a motion estimation search is completed, the CPU transfers the resuttant 16x18 prediction from the Search Memory into
the OTB. Once the prediction has been written fo the OTB, the CPU is free to start another motion estimation search.

The CPU controis the loading of the OTB using the OTBSEG, OTBXORG, OTBYORG, OTBX, and OTBY registers described in
Section 6.8, The CPU should write to OTBY last since this also commmands the OTB to start foading. The CPU checks OTB
loading status using the LDOTBRDY status bit described in Section 6.4. The output from the Search Memory passes through
the interpolator on its way to the OTB so that half-pel block interpolation can be performed if required.

In addition to loading the OTB from the Search Memory, the CPU also must load the OPREDICT registers described in Section
6.10 with motion vector and other data which will be transmitted to the KS0143 as the output token's token descriptor.

The CPU typically copias much of this data from the IPREDICT registers (Section 6.9) which contain information from the input
token's token descriptor. token's token descriptor,

The CPU then enables the KS0144 AU to transfer the contents of the OTE and OPREDICT registers 1o the KS0143 as a four
biock data token. The CPU does this by writing to the SEND register described in Section 6.3. The AlU does not attempt the
transfer until the KS0144 has received an OPREDICT or S.OPREDICT Instruction from the KS0142 as described in Saction 3.
The CPU can check OTB transfer stalus using the OTBRDY and ORQST status bits desoribed in Section 6.4.

Video Write Butfer
The KS0144 allows the KS(H43 to write to reference images stored in DRAM connected o the KS0144 VBUS using the
WRMEM and WRMEM.S instructions described in Section 3.

The operand of a WRMEM or WRMEM.S instruction is a four block data foken typically computed by the luminance
reconstruction portion of gn KS0143 H.261 or MPEG-1 video encoder program.

The KS0144 AU loads this token from the XBUS into the 256 byte Video Write Buffer (VWE).

The KS0144 VIU then internally arbitrates VBUS usage between the VIB, VW8, and refresh function and then writes the
contants of the VW8 to DRAM. The KS0144 CPU plays no role in KS0144 execution of WRMEM and WRMEM.S instructions.

Test Control Unit (TCU)

A simplified block diagram of the KS0144 TCU, associated registers, and instruction set appear in Figure 2.9. The TCU
supports boundary scan in compliance with the {EEE 1149.1 (JTAG) standard and also aliows extemal logic to read and write
the KS0144's internal scan paths.

For further defails regarding the KS0144 boundary and internal scan paths, please contact the Array Microsystems technical
applications support group.
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Figure 2.9 - Test Control Unit { TCU )

§ To!FromCore
Ragistars
1D Gods |
{DCode Register F—

To/From Pads B

3 Bourdary ScanRegisters |

$—= Putmarcs

Instruction Register

l Instruction Decode I" _—!

ToLk B—

™S n_ Test Access Port -

TrRoT# B~

Instruction Set
SAMPLE/PRELOAD Load and sample boundary registers through VO
EXTEST Stimulate and obssrve /O pins through serial test
INTEST Stimulate and observe IC core through serial test port.
BYPASS Allow quick bypass of serial data input to serial data
IDCODE Observe internal hardwired ID code through serial test
PERFORMANCE Enable and observe intemal performance ring
INSCAN Stimulate and observe internal data registers through serial test port (with
INSAMPLE Stimulate and observe internal data registers through serial test port (without
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SECTION 3 - KS0143 TO KS0144 COMMUNICATION INSTRUCTIONS
Table 3.1 lists the KS0143 instructions that pass data between the K50143 and the KS0144 over the XBUS. Figures 3.1 through
3.6 are the bit maps for the instructions listed in the table.

Table 3.1 - K§0143 External instructions For Communicating with the K$0144

instruction Name | Operand Token | Resuit Token Description Parameters
Sends control token with meotion
vector or data token with four
IPREDICT Data or Control None blocks of luminance peis to KS0144| None predefined.
|input Token Buffer for use in {
estimation.
Sama as IPREDICT. In addition, i
IPREDICT.S Data or Control Control relums - a  control  token  upon| None predefined.
completion. Output descriptor |
copied from operand. :
Retums prediction result of
OPREDICT None Data or Control [estimation. to KS0143 from None predefined.
KS0144 Output Token Butfer.
Same as OPREDICT. In addition, it
S.OPREDICT Data or Control | Data or Control [takes an operand token fo initiate the None predefined.
execution. The operand token data is|
ighored,
Sends a token  containing four 88| emsel (memory select) -
WRMEM Data None blocks of luminance pels to KS0144] sonterts are output on
Video Write Buffer for writing tol \MSEL pins.
oxternal reconstruction memory.
hergsel (horizontal origin
selact) - Multiplied by 128
and added to all DRAM
column addresses
computed by this
Same as WRMEM. In addition, it| instruction on the KS0144.
WRMEM.S Data Control returns a control . token upon|
completion. Oulput descriptor i8] yorgsel  {verlical origin
copied from operand descriptor. select) - Mullipiied by 128
and added fo all -DRAM
row addresses computed
by this instruction on the
KSO144,
Figure 3.1 - IPREDICT Instructin Bit Map
15 14 13 12 11 10 9 8 7 6 5 4 3 2 10
WordO | 90" 0 1 o pid 0 1 1 0 o0} params (28:24)
Word 1 params (23:8)
Word 2 params (7:0) RESERVED
Word 3 RESERVED
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Figure 3.2 - IPREDICT .S Instruction Bit Map

Woeord 0
Word 1
Word 2
Word 3

Figure 3.3 - OPREDICT instruction Bir Map

Word 0
Word 1
Word 2
Word 3

Figure 3.4 - S.OPREDICT instruction Bit Map

Word 0
Word 1
Word 2
Word 3

Flgure 3.5 - WRMEM Instruction Bit Map

Word 0
Word 1
Word 2
Word 3

Figure 3.6 - WRMEM .S Instruction Bit Map

Word 0
Word 1
Word 2
Word 3

15 14 13 12 11 10 8 8 7 6 5 4 3 2 1 0
01 1 of pga Ot 1] na T dest
dest1 dest2 dest3
dest3 params (40) | RESERVED
RESERVED
15 14 13 12 11 10 8 8 7 6 5 4 3 2 1 0
0°0 0 1] pid |00 1] nd " dest1
dest1 dest2 dest3
dest3 params (4:0) | RESERVED
RESERVED
15 14 13 12 11 10 ¢ 8 7 6 5 4 3 2 1 0
o‘1'o'1|p'id|0"1 1]m’1 dest1
dest1 dest2 dest3
dest3 params (40) | RESERVED
RESERVED
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 ©
o'o'1'1| pid |0'1' 1 00 0 0 0 0 O
o'o'o'o'o'o‘o'o‘o'o'olo'ol memsel
horgsel l vorgsel ] RESERVED
RESERVED
15 14 13 12 11 10 9 6 7 6 5 4 3 2 1 O
0 1 1 1] pd [0 17 1] nd dest1
dest1 dest? 0 0| memsel
horgsel [ vorgsel | RESERVED
RESERVED
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SECTION 4 - EXTERNAL HOST PROCESSOR MEMORY MAP

This section contains bif map diagrams and descriptions of KS0144 registers and memories which can be accessed by the
external host processor. Unless indicated otherwise, shaded bits in the bit map diagrams have undefined contents. if these bits
are written, they should be written with zeroes. Unless indicated otherwise, the Reset States shown in the description tables are
assumed in response to either the assertion of the PRST# pin or the host processor witing 1o the RESET ragister. Any Reset
State annotated with asterisks (**) is assumed only in response fo the assertion of the PRST¥ pin. All addresses shown in this
section are in hexadecimal.

External Host Processor Memory Map

161413121110 9 8 7 6 6 4 3 2 1 0 Access

000 " pPGMO,Bits316 2 | RW
01 [ " pPGMO,Bits 150
002 ~ " " poM1, Bits 31116
" PGM1,Bits 15:0

T Fr T 7

-
A
/L
7/

SFEl " T T 7 PGM767, Bits 31:16
5FF[ 7 7 ' " pGM767, Bits 150
" HDIN
" " HDOUT

zmzsg

T ER

-3

621

A

W

623
624
625

EETEAPE

630 p 1 BLENGTH RW
151413121110 9 8 7 & 5 4 3 2 1 0
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Externai Host Processor Memory Map ( Continued )

Register | Address Reset Description
Name State
PGM (0) to
PGM (767) | 000 1o SFF.
(32 bits) (15:0%
~ mm:‘mm‘mwmmmmmdmm&wwom
HOIN 600 none ,wmmmwmmmmmmmmmymm

{12 bits) -{110) mhﬂhww'rmmdmormaymtmdfm,mme

THOST DATA OUT register - thm«wmmmmmmme
host processor. The host processor may read the contents of the HDOUT register|
only when the HDOUTRDY status bit is set to “1". The hosl processor may not write
to, nor the KS0144 CPU read from, this regi
HOST DATA IN AC NLEDGE sialus - indicates whether the KS0144 CPU
HDINACK 602 1 ‘mamhmmdmmdmodlmmmvwwmmdmm

{1 bif) [(+)] “Seot to."0" whan the host pracessor writes data to the HDIN register:
mm“s"mmmensomcwmmmmammm
HOST DATA OUT READY statys - indicates § HDOUT register is holding unread
HDOUTRDY 603 1 data written by the KSG144 CPU program.

(1 bit) O +Set to “1" when the KS0144 CPU wriles to the HDOUT register

‘ -snwvmmamwmqmmuwm register
#&m}! Mcatmm&mdﬂnhimsmmnm:mmmexsmu
whon settoa ‘1"

AIndefined external KS0143 instruction opcode (opcode other than those described in
Section 3)

ERROR 810 0 APREDICT, IPREDICT.S, WRMEM, or WRMEM.S instruction has a data loken
(A bity © operand with tess than four blocks

JPREDICYT, IPREDICT.S, WRNEM, or WRMEM.S instruction has no data token

(12 bits) 110

WRMEM or WRMEM'S  instruction operand is a control token

- OPREDICT or S.OPREDICT instruction has no destination

HOST INTERRUPT ENABLE bRt - enablesidisables host processor intefrupts

|gmto¢byﬂieK30144ﬂ1mugh the HINT# output pin. The HINT# pin is asserted

(low) in response 1o the KSD144 CPU writing to the HINT command register or in

HINTEN 811 0 response o an interrupt caused by one of the hardware errors described in ERROR
(1 bif) o (above).

lThe host processor ensbles interrupts by setting HINTEN to “1" and disables|
[intetrupis by setting HINTEN fo 0"

[CLEAR HOST INTERRUPT register - clears interrupts generated by the KS0144. The
KS0144 HINT# output pin remains asserled following a host interrupt generated by
the KSO144 until it is cleared by the host wriling any value to the CLRHINT register.

CLRHINT 612
(NA} (NA)

NA

- 391
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External Host Processor Memory Map ( Continued )

[ Register
Name

Address

it

Reset |
State

Description

RESET
(NA)

613
(A

m\mm-mmmmmmmmmm
any value to this register. When reset, KS0144 CPU program execution 1s halted: and
QWWMWWNMM@WM,MWWW
status bit is set to“1". .

{13 bits)

620
(12:0)

‘WAWRESSWW»M%MWM&GKSM“WNM

Wmdmm.mmmmrm&wmmsdtm
macwmguummacpumwwgmbymmmm
m.Tmmmmmmmmismiummrm.
The host. processor may wiite to RADDR only when DBRDY bit =*1". The debug
address mappings for the CPU register fils and CPU memory-mapped registers are
pmmmomm'gmz
RADDR or WADDR

A Selected CPU Register or Mamory
0 200K X006 XXX

Register or memory

(see CPU Meniory Maps in Section 6)
RU in register file

R in register file

R2 in register fils

R31'in register file
nPC {read only access)
PC (read only access)
Reserved

1 000X XXX0 0000
1 P00X XXX0 0001
1000X XXX0 0010
1:000X 2001 1111
1 004X 2000 XXX
1G10X X000 XXXX
11X X000 XXXX

- . . .

1 11000 XXXX Reserved

DBDAT
(12 bits)

621
(11:0)

none LThehostprocessarmeymdDBDATowmma DBRDY status bit is set to *1".

DEBUG DATA register - contains dala associated with the host processor write/read
accass using RADDR or WADDR in debug mode: e
- Read - KS0144 places the contents of the address found in RADDR into DBDAT.

- "Wiils - host processor places data in DBDAT that is to be wrilten to the address
found in WADDR. . The host processor may write to DEDAT only when DBRDY status|

is “1° and prior fo writing to WADDR.

WADDR
{13 bits)

none
(12:0)

wmemmzssmgm-mmunmmssofanxsm«rwmbe
modﬂiadwﬁhdahfmbﬁbAT.Thohostwowmmaym&eiomeCPUmgiﬂw
file ar a CPU mamory-mapped register in debug mode by writing its address lo the

WADDR register. The host processor may write to WADDR only when DBRDY is set
to a “1°. The debup address mappings for the CPU register file and CPU memory-
mapped registers are shown in the description of RADDR

ELECTRONICS
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Externat Host Processor Memory { Continued )
Register | Address Reset Description

DEBUG CONTROL REGISTERS
DEBUG READY status - determines the state of the KSQ144: CPU and debugi
mﬂorUudbylhohm!pmm%omNomdmmdmmavm

DBRDY 623 regisiers diring debup mode.
(1 bit) (0) 1™ Set to a “1” when the debug controller is in the debug mode and the KS0144 CPU is
halted.

Set to a “0" when the debug controller is in any other state and during CPU memory or|
register actesses initiated by the hosi writing to the RADDR or WADDR X
STEP register - the dgct of wiiting to this register by the host processor causes the

STEP 624 NA  |KSG144 CPU to execute the next program instruction when the debug controller is in

MNA) {(NA) debug made. The host processor may write to STEP only when DBRDY s setto a “{4",
DBRDY is set to a “0" during the exacution of the instruction.

RUN 625 RUN register - the act of writing to this register by the host processor causes the

NA  |debug controlier to transition from debug to run’ modes (DBROY is set to a “0"). The|

(NA) (NA) KS0144 CPU “free runs” executing a new instruction every two PCLK clock oyles.
MALT register - the act of writing 1o this register by the host processor causes the)

HALT 626 [KS0144 CP to halt program execution. The debug controlier enters debug mode and

(NA) NA) NA  |DBRODY is set to “1". Program execution is now the result of subsequent writes to the
RUN or STEP registers, continuing from the instruction following the last one
executed during run mods.

BURST MODE CONFIGURATION REGISTER

|BURST LENGTH register - contains a value thal specifies the length of a mode 1

BLENGTH 630 burst read cycle. The value loaded into this register by the host processor must be|
(8 bits) 7:0) 0 two loss than the total number of words to be read. Hence, the minimum length of the

mode 1 burst read is two words and the maximum length is 257. This register has no

effect on maode O burst read and mode 0 /mode1 burst write cycles.
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SECTION § - K$0144 CPU INSTRUCTION SET

The instruction set table in this section shows:
-assembler syntax for each KS0144 CPU instruction,
*bil layout of the two 16-bit words stored in instruction memory, and

MMROM“GPUMMQM&M:WW:«QJWM of what is written to it.

The aliemating shaded and non-shaded areas denote hexadecimal number boundaries,
K$0144 CPU instructions

ARITHMETIC INSTRUCTIONS

Insteuction 5E\een External Address Contents 50dd External Address Contents .
1 1 )
T T T 7
0'0'0'0'01 " Ra fl " he | { Re | fo’o’n’o'o’o'o'o 0'e'u'o
add Rc.Ra.Rb -
Rc=Ra +Rb
T I vy rT T LT T T 17T T T v T T T T 7T 7 VT 7V 7 T71
0 o001 Ra L) o0 u 0] Re I consl
addi Rc,Ra,const
Rc = Ra +const
T LPRBR UL L
0’0‘0’1‘0] T ;?,;‘ ' [ ' }.?b! ' l ' Re TJf)roro‘nTu UD000DOO
suh Rc¢.Ra Rb
Rc=Ra -Rb
FT 1T 77T T T T T YTr ¥ T 1T 7V 1177V T T T T
-f)‘ 0 ’;‘1 1[ Ra IO 0ao0 "‘Tl R ! cons
subi R¢ Ra.const
Rc =Ra - ronst
¥ T \ I A S S O S 10 1 00 0 I 2 Y I
0 0100 r}m [l’ f‘:'h' E Re Ioooeooaooooa
and Re¢ Ra Rb e e e
c=Ra & Rb
S T St i el S (N 200k S e Sl S M 2t Al e S N B D A R L 2 A A
[CAR I B l{ o lu (U IR ] Re [ const
andi R Ra.const feeoe e by
o= Ra &const
ey g o e gt g - , _— T T
oln‘xlxraf}%é ‘ [‘ Ip{ ! [ Re {Ulofoloo 0G0 0000
xor Rec Ra b - B -
~e = Ra *Rb
TTTTTTTyTTYTTT T“f"l""l”'T’I‘“TA!"TT“T“'r1 LN St A S N R S B B {
00 11 1] R2a 50 [UN L] Ol Re i const

xori Rec.Ra,const
Re = Ha " const

2 AU i A A R e e e A N A S A O A SO SR O B O
0‘1000 Ry i Bb 2 00000 0CGCO0D 00
ar ReRaRb o
Fr =Ra | Rh
o 7377 TTTTYTprTTTvrYTyrTTTY R A AU At R A A S
01040 1{ Ra k\ 0G6o0¢ge R I—I const
ori ReRa.const b
Re =Ra| Rb
. - 394
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KS0144 CPU instructions (continued)

Instruction }SEven External Address Contents s Odd External Address Conle:uso
2

| ISR ASLEE 0 SN T A A M T M LU DRI DL LR
o] ] ; ]
nox Re Ra.Rb Ra Rh Rc ¢Co00O0QCUOLOO0 0D

Re¢ =~ (Ra |Rb)
T 7T T T T T T T T T VT T T T T T I 7T Tt
0101 1! Ra io 0G0 OI Rc L const

Re=~ (Ra]const)

nori Rc.Ra,const

T 1177 I T T 1 TT T71 FET T 1T 770 i
omnol Ra Ioooool RG looooonouj shift

sra Ro Ra shit
Rc =Ra »»> shift (arithmetic right shifty

LI 0 O Nt s Yt S SO T S N St N A Bt N S
011 U1l Ra IDOOOO Re [0000(?000} stift

srl Rc Ra shift

Rc = Ra »>shift (logical right shift)
TT T T 17T VT T T T T T T 7 T T T VT 1T 0T T T T
01110T Ra lDOOOOL Rc LUOOOOOOO} shift
511 Rc Ra,shift -
Rc = Ra << shift {logicat left shift)

BRANCH AND JUMP INSTRUCTIONS
LIRSS AL T 2 T (O O S L O
1000 Ol Ra T Rb 1 Ri [ addr

b :qal Ra Rbaddr R
Ri=nPC +f s £ (Ra==Rb) yoto adidr

LRI I L O L B IR LI A L LD D L I
100 01 Ra l Rb Rl addr

Ri=nPC+1; 1 f (Ral =Rb) qoto addr

bneal Ra RbaddrRi

IIIII{II‘III‘IllllllIlllile
1001 Ra Rb | Ri adch

bgtal Ra kb addr 10
Ri=nPC+1, 11 {Ra>Rb) yoto addr

T T T T T T T T T 7T T LI L I L I A M A I M S
1010 1} Ra ] Rb J RI l adlr

Ri=nPC+1, 1t {Ra>=Rby jtc addr

bgeal Ra Rb addr Rt

T L

Ty YT T T
I 0000

I 17T LA S | T
‘01|0[ Ra IOOOUDI RI 0000000
jalr (RalR!

Rl =nPCHt, i_l(J(,u(Ré))
LOAD AND STORE INSTRUCTIONS
rr 1 T I 7TTrTrTy ey ror Tty riTr it rTrrT
1100 1{; Ra i Rb 00coo Ol offset
“(Ra+offset)y= Rb
T TP T T T T 7 H | L LI L L L L
1T1 011ITI Ra |O g4 Dl }?(J l offset

Rd = *(Ra+offset) (result not avaifable for next insliuction)

st {Ratoffsel },Rb

1d Rd (Ra*offsel)

NOTE: Al branch and jump instructions execute the next instruction in the pipeline {the “delay” siot instruction)
regardiess of whather the branch or jump is taken.

395
AMSUNG

ELECTRONICS



KS0144

MULTIMEDIA VIDEO

SECTION 6 - KS0144 CPU MEMORY MAP

This section contains bit map diagrams and descriptions of KS0144 registers and memories which can be accessed by the
KS0144 CPU using load and store instructions. Unless indicated otherwise, shaded bits in the bit map diagrams have undefined
conlents. if these bits are written, they should be written with zeroes. Unless indicated othetwise, the Reset States shown in the
description fables are assumed in response to either the assertion of the PRST# pin or the host processor writing to the RESET

register. Any Reset State annotated with asterisks (**) is

d only in

p to the assertion of the PRST# pin. All

addresses noted in this section are in hexadecimal.

6.1 - CPU Scratchpad Memory

1110 9 87 6 56 4 3 2 1 0 Access
L] 1 L2 L] 3 ¥ T ¥ AJ ¥
000 M ©) T | RwW
m1 1 L] LR IM 21) L) L] T ¥ T
L] L] A T ¥ 1 T i ¥ ¥ ]
M (2) through M (62)
L] 1 T L) ¥ ¥ ¥ L4 L] T LI
03F M (63) RW
= . - ,,._I,,...M_A, [ e et — — -
| cgister Reset -
; Name i) Address State Description
’M 0 to 000 to 03F none This 64 word by 12-bit memory may ba used as needed by the MEC CPU program
1M (63)
1( 12 bits) !

6.2 - CPU Timer and Host interface Data Registers

1110 8 8 7 6 5 43 2 1 0 Agcess

800 T y‘earTis ars z;-rai TI'ME‘RM|S RW
B0t | T T qvems | Rw
R T T 7 T T T T T T B
802 HDIN R
T T T T T ¥ T T T
803 HDOUT
Register Name Address Reset State I Description
TIMERMS Most significant four bits of the general purpose16-bit CPU timer. The CPU
. 800 0 must initialize the timer count before use. After that, the timer count may be|
(4 bits) read at any time by the CPU without affecting its operation.
Lerast significant 12 bits of the general purpose 16-bit CPU timer. The CPU|
must initialize the timer count before use, Afler that, the timer count may be
TIMERLS 801 4] road at any time by the CPU without affecting its operation. Writing fo this;
(12 bits) register causes the timer to decrement once on svery other PCLK]
cycle{stopping when it reaches zero)
Used to pass data from the host processor to the KS0144 CPU. Data written
HDIN 802 none to this register by the host processor may be read by the KS0144 CPU. The
{12 bits) KS0144 CPU cannot write to this register, nor can the host processor read|
from it.
Used to pass data from the KS0144 CPU to the host processor. Datal
HDOUT 803 none written to this register by the KS0144 CPU may be read by the host
(12 bits) processor. The host processor cannol write to this register, nor can the
KS0144 CPU road from if.
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€-3 CPU Command Registers
1110 9 87 6 6 43 2 1 0 Access
810 l-W
8t
812
813
814 |
815 W
Register Name | Address |Reset sutel k ' Description I
infligiize MAD. Eraaes any previously siorsd minimum MAD from the MAD tracking]
INITMAD 810 none mmmmm by setting the minimum MAD to
(NA) mmmxmmmmmﬂ'wmmsmmmwﬂm
erﬁdmmnbuﬁm.meminpmbuﬁnmemymmmeRAM
connected to the KS0144 video bus,. The VIBRDY status bit must be “1” before this
register is written. Each pair of bils in the LDVIB register controls loading of a
different VIE segmient; bits 1:0, 3:2, 5:4, and 7:6 control loading of segments 0, 1, 2,
and 3 respedtively. Each pair of bits contains one of four possible LDVIB commands
LDVIB follows:
(@ bits) 811 pp [definedes
COMMAND DEFINITION
o No operation {i.e. do not load segment)
1 Load selected segment with full resolution pels
2 Load selected segment with quarter resolution pels
3 Load selected segment with full resolution pels and
segment following with quarter resolution pels (applicable
only {o segmenis: 0 and 2)
Load search memory. Copies the contents of the video input buffer into the search|
LOSM 812 none memory after waiting for the VIBRDY and LDOTBRDY  stalus bits to be “1". The|
{NAY SMRDY status bit must be a “1* before this register is writien.
Swap input token buffers. Toggles the state of the double-bufferad memory used to|
SWAP 813 none raceive ‘pradiction inpul tokens from the KS0143 IPREDICT  and PREDICT S
MA) instructions. The ITBROY status bit must be a “1” before this register is written.
Sond oulpul token to KS0143.  Transmils the corerts of the owiput token buffer 1o
SEND the KS0143 after waiting for the ORQST and LDOTBRDY status bits to be “1". The|
(NA) 814 none OTBRDY slalus bit must be 2 “1” before this register is written. Used by the KS0144
CPU 10 send prediction resulis back fo the KS0143 in response to KS0143
OPREDICT and S.OPREDICT instructions.
HINT 815 none [Hest processor interrupt. Sets the HINT# pin to the active (jow) state. HINT¥|
(NA) ramains active untii the host processor writes to the CLRHINT register.
397
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6.4 - CPU Status Bits

1110987 8 5 43 2 10 Access

820
821
822
823
824
825
826
827
828
829
82A
Register Name | = Address Reset State Description
VIBRDY 820 1 Video input buffer ready. Set to a “0” when LOVIB cormmand register is written.
(1. pi) Set to a 1" after the video input bufer has been loaded from DRAM,
SMRDY 821 1 chhmcmmymdy Sdtoa‘(r'whanLDSMcommandrogimkwntten
(1 bit) s:noa“1'aﬁertheswchmunuymbmloadodﬁomthewdaomputp
buffer,
ITBRDY 822 0 input token buffer ready. Set to a “0” when the SWAP command regieter is
(1 bit) written. Sel fo a “1” after the input foken buffer has recsived a new token from
Jthe KS0143.
SPRDY 823 1 Search patierm ready. Set (o a “0” whan the SPY register is written. Set to a “1"|
{1 Ig_s_t)__ when the search pattern configuration registers can be written
BMPIDLE 824 1 Block matching processor idle. Sottoa'fwtmnbothﬂnSPRDYsmm:sa
(1 bit) "{* and the biock matching processor is not busy. At all other imes BMPIDLE
. is setlo a2 “0".
OTBRDY §25 1 Cutput token bufier ready. Set to a “0" when the SEND command register is|
(1 bit) written. Set to a “1” after the KS0144 has sent the contents of the output token
_ buffer {0 the KS0143.
ORQST 226 0 Output token request. Set to a “1" after the KS0144 has received an}
{1 bit) OPREDICT or S.OPREDICT instruction from the KS0143, Set to a °0" after the|
ediction resull has been sent o the KS0143.
LDOTBRDY 827 1 Output token buffer load ready. Set to a OO0 when the OTBY register is
{1 bit) written. Set to a “1” after the output token buffer has been loaded from the|
snrchmmory )
TZERO 828 1 Timer zéro, Sst to a “0” when the TIMERLS register is written (i.e. when timer
(1 bit) is started). Set to a "1 after the timer has decremented to zero.
HDINRDY 829 4] Host data input ready. Set 1o a “1’ when the host processor writes to the HDIN
{1 bit) rogistor. Setto a "0" after the KS0144 CPU reads the HDIN register.
HDOUTACK 82A 1 Host output data acknowledge. Set to a 0" when the KS0144 CPU writes to
{1 bit) the HDOUT register. Set to a “1” after the host processor reads the HDOUT)
register.
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6.5 - CPU Video interface and Timing Control Registers

11109878543210Access

Register Name | Address nmtsugl_ Description
VCNT1 900 fone NmammmWMmmmvnmmm
{5 bits) of VRASH pins.
VCNT2 200 none Number of VCLK periods between row address assertion and column address|
(5 bits) atseﬂimonVAEins
VCNT3 901 fione IWdV&KM@&MmmVWMMWVCASO‘M
{5 bits)
VCNT4 901 none mmammmwmmmmemmmdwmmumg
(5 bits) lm m&pmmWeMcwhnme)
VCNTS Minimum. number. of VCLK periods VRASE is precharged al the snd of 2 memory
902 none  |cycle (ie. the RASE precharge is heid two additional VCLK cycles between row|
(5 bits) accouses),
VCNTS %02 none mmumxmvmmhmmmmammmﬁa
(5 bits) . the CASH puise width).
VCNTS Number of VCLK periods Gatween the asssriion of VCASOR pins and the
{5 bits) 903 none deassertion of the VRAS# pins during the final transfer of a page mode memory|
cycie.
VCNT10 Number of VCLK periods beiween VCASO# assertion and VRAS# assertion during
(5 bits) 903 MoMe | oAS-before-RAS refresh.
VCONT11 004 none lmw«mxpmmmmwmmavmsoﬂ
(5 bits) du_ﬂmCAS-bofor&RASrdmh
VCNT12 904 rona_[Number of VCLK periods VRASE s sesortad during CAS-before-RAS refresh.
(5 bits)
Video refresh enable. Writing a “1” causes the KS0144 to perform a CAS-before-
VREN 905 o~ IRAS refresh cycie on the KS0144 video bus and perform further refresh cycles
(1 bi®) F»McﬂyumhyﬁnrﬁmhmmngrRuma'ﬂ"smmmm«
and inhiblts further refreshes.
VBUSMODE Video bus mode. Writing a *1” causes the KS0144 video bus to transfer 16 bits with
(1bit) 905 o™ each DRAM access. Writing a “0” causes the KS0144 video bus to fransfer 32 bits
with each accoss.
Video bus masier arbiter select. Writing 2 *1* configures the KS0144 as the highesat
VARB 906 o priority bus master on the video bus, Writing a “0" configures the KS0144 as a lower|
(1 bit) priority master as determined by ite position on the video bus arbitration daisy chain.
—J-Themodﬁannhm‘ﬁbﬂtofme 16-bit DRAM refresh period. The refresh period is
VRFPMS 906 none  |the number of VCLK periods the K30144 waits between performing successive|
(8 bits) CAS-before-RAS refresh cycles and needs to be loaded prior to setling VREN to a
1",
VRFPLS 907 none | The least significant 8 bits of the 16-bit DRAM refresh period.
(8 bits)
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6.8 - Video input Buffer (ViB) Configuration Registers
11109 87 6 6 43 2 1 0 Access
i E 3 ¥ L] ¥ ¥ 1] A
OORIGIN RW
' VOLENGTH
LD L3 ¥
A°2 ¥ lvo'x ¥ 1) | ¥
AOQ3 VoY
A04 VOPCNT

A10
Att
A12

A13
At4

A15

A16 -

A7
A18
A19
AtA
A1B
A1C
A1D

ate B

A1F

VIORIGIN
VILENGTH

VX
1 L]
V1Y

V20RIGIN
1 2 ¥ ] 1]
V2LENGTH

v2x

T T Y
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6.6 - Video Input Buffer (VIB} Configuration Registers

1110 9 B 7 6 6§ 4 3 2 1 0 Access

T T
OORIGIN Rw

VOLENGTH

T 1 1 1 71

VIORIGIN
VILENGTH

T T T T

L] T

ViX
H
viy

VZORIGIN

13 ¥ ¥ ¥

VILENGTH

, V3ORIGIN
A19 | V3WIDTH |  VILENGTH

T T ™7 T T ™7 T

401
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6.6 - Video input Buffer {(ViB) Configuration Registers (Continued)Search Memory Configura

Register Name Address Reset State Description
VOORIGIN AGO The starting VIB page addresses of segments 0, 1, 2, and 3 respectively.
VIORIGIN A0S nore Range = [0,127)
V2ORIGIN Al0
V3ORIGIN Al
(7 bits) _
VOLENGTH A0l The number of page rows in VIB segments 0, 1, 2, and 3 respectively.
VILENGTH A09 Range = {1, 64)
V2LENGTH All none
V3LENGTH Al9
(7 bits)
VOWIDTH AO1 The number of page columns in VIB segments 0, 1, 2, and 3 respectively.
VAWIDTH A09 Range = {1, 16]
none
V2WIDTH All
V3WIDTH Al9
{5 bits)
VOX A02 The iogical starting column (X) addresses in image memory of the upper left
VX AOA ) corners of VIB segments 0,1.2, and 3 respectively. Bit 0 of VOX, V1X,
A12 none V2X, or V3X is hardwired fo OO forcing all fetches 1o start on even
vax ALA numbered columns of the image memory.
V3X
(12 bits)
VOY A03 The logical starting row (Y) addr in image y of the upper left
V1Y AOB comers of VIB segments 0, 1, 2, and 3 respectively. Bit 0 of VOY, V1Y, V2Y,
3 none - {or V3Y is hardwired to OO0G forcing all fefches to starf on even numbered
vy .211B rows of the image memory.
v3y
(12 bits)
| Determines the number of pels to be read from each row of image memoryl|
when filiing VIB segments 0, 1, 2, and 3 respectively.  Bit 0 of VKPCNT
(for k = 0, 1, 2, and 3) is hardwired to 0" foreing an even number of pels to
be fetched from each row.
LDOVIB COMMAND DEFINITION
VOPCNT Al4 1 VKPCNT is the number of pels stored in each
PCNT AOC row of segment k and must be less than or
:;PCNT Al4 none equal to 8* VKWIDTH
V3PCNT AlC 2 VKPCNT is twice the numbsr of pels stored in
(8 bits) each row of segment k and must be less than or
equal to 16* VKWIDTH
3 VKPCNT is the number of pels stored in each
row of segment k and is twice the number of
pels stored in each row of segment n, wheren =
- k+1. VKPCNT must be less than or equal to both
8" VEKWIDTH and 16*"VnWIDTH.
VOROW A0S memguwmrmmip;smema.1.2&m3'gesmiv?ty)°f
search memory for copied from comresponding VIB segments.
o | A | e [
VIROW AlD
(6 bits)
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6.7 - Search Memory Configuration Register

1110 9 87 6 56 43 2 1 0 Access

BOO ¢ 4 RW
8ot |
BO2
BQ3
BO4
805
=1 ] Y
BO7 | | RW
Register Name Address Reset State Description
SOORIGIN B00 The search addresses of 0.1,2,and3
b 800 starting memory page segments
S20RIGIN BO4 none W' - fﬂ!-;’"]
S3IORIGIN BO6 ’
(9 bits)
SOWIDTH Bo1 The number of page columns in search memory segments 0,1,2, and 3
SIWIDTH BO3
S2ZWIDTH BOS none o e [4 4
SIWIDTH 807 Range = [1.18)
(5 bits)
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6.8 - Block Matching Processor Control and MAD Registers

1110 9 87 6 & 43 2 1 0 Access
Co0 |

cot
co2
co3
co4
cos |
co6
co7
cos
cos
coA |
coB
coc
cob |
COE
COF

NOTE:
in the following register descriptions,
MAD = Mean Absolute Difference
BMP = Black Matching Processor
‘ Name | Address Reaet State Description
——e———— . .
BMSEG(2 bite) CoD nione _Search memory segment (0, 1, 2, or 3) to be searched. -
BMPMODE Co0 nons Block Matching Processor operational mode:
(2 bits) MODE DEFINITION
00 Match 8x8 blocks on adjacent rows
01 Match 8x8 blocks on alternate rows
10 Match 16x18 blocks on adjacent rows
11 Maich 16x16 blocks on alternate rows
BMXORG c none Absolute X and Y coordinates (respectively) of the search origin in the
BMYORG c02 search memory segment selected by register BMSEG.
(7 bits) Range = [0, 127]
MADX co3 none Relstive X and Y coordinates (respectively) of the current minimum
MADY Co4 MAD found by the BMP. May be read at any time by the KS0144 CPU,
(B bits) even when the BMP is running. Range = [-84.0, 63.5]
MADMS cos 7FF Bits 155 of the cuent minimum MAD value found by the BMP.
(11 bits) May be read at any time by the KS0144 CPU, even when the BMP is
running.
16-bit MAD range = [0, 65535}
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6.8 - Block Matching Processor Control and MAD Registers (Continued)

MADLS [ Bite 4:0 of the current minimum MAD vahse found by the BMP. May be
(5 bits) [ols ] 1F read at any time by the KS0144 CPU, even when the BMP is running.
16-bit MAD range = [0, 65535]
SPX Relative X coordinale of the first search coordinate triplet in the vector
(8 bits) co7 none of triplets to be processed by the BMP.
Range = {-64.0, 63.5]
Relative Y coordinale of the first search coordinate triplet in the vector
SPY of triplets to be processed by the BMP and indicates to the BMP that
[ele ] none the SPX, SPY, SPCNT, SPINC, and SPMASK registers are valid. This
(8 bits) sets the BMPIDLE register to O00, and queues block maich
processor reguest.
Range = [-64.0, 63.5]
SPONT One fess than the tolal number of riplets in the vector of tripiets to be
(8 bits) cos none processed by the BMP.
Range = [0, 255]
SPINC Horizontal () spacing between triplets in the vector of triplets o be
(5 bits) COA none processed by the BMP.
Range = [0.5, 15.5]
Binary mask which selects from one to three MADs from each triplet
SPMASK for use in calculation of the minimum MAD by the BMP. Whichever
i COA none SPMASK bit equals a 1, the MAD from that corresponding search
(3 bits) coofdinats of each triplet is factored info the minimum MAD
calculation. Note that bit 0 corresponds to the topmost coordinate in a
triplet.
OTBSEG coB none Search memory segment (0,12, or 3) whose contents are to be
(2 bits) copied to the Output Token Buffer.
OTBXORG coc Absolute X and Y coordinates (respectively) of the origin of the search
OTBYORG none memory segment selected by the OTBSEG register.
@ bits) CoF Range = 0,127)
Retative X coordinate of the16x16 block to be copied into the Output
oTBX COE none Token Buffer from the search memory segment selected by the
(8 bits) OTBSEG register.
Range = [-84.0, 63.5]
Retative Y coordinates of the 16x16 biock to be copied into the Output
Token Buffer from the séarch memory segment selected by the
OTBSEQG register and indicates to the BMP that the OTBSEG,
oTBY COF none OTBXORG, OTBYORG, OTBX, and OTBY registers are valid. This
{8 bits) sels the LDOTBRDY register to Q0O and transfers the specified
block to the output token buffer.
Range = [-64.0, 63.5]
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6.9 - IPREDICT Registers

Register Name Addr 4,499 g3 76 54 321 0 Access
IPPO. DOO leemms@:O) l » [‘1 IO I pid | R
' opeode(5:4)
—— 10 (0)
PPt DOV lostt /params(2821)] ¢
Kes2(7:4) / params(20:17) —J
IPP2 Doz ¢ ¥ ldesti Ipamms(;Z;‘S)
L des©2(3:0)/ params(16:13)
ITDO D03 b T T
m:yjtomsh[vl r 1
] eriflag-s
type nblocks Iflag
mbtype
quant(4)
ITD1 D04 T T T LANNLENN BN B B S |
quant(3:0) vpos
LERRL .2 L B L] LI BRI
D2 . DS hpos cntr1(7:4)
ITD3 D06 L LA
IBITS DO7
LINEN SANE AR AN SIS | LI L
IFMVX Do8 o fmvx
LI N LS ) L OB
IFMVY D09 Jl fmvy L
LR 2 . L L L B A
IBMVX DOA . B \
LS | LI IS 1 L
IBMVY DOB *I bmvy R
L sign extend
Register Name | Address | Reset State | Description
PPO DOG hone Bits 11:0 from word 0 of the IPREDICT or IPREDICT.S instruction processar|
{12 bits) skat; contains instruction params(4:0), no(0), opcode, and pid fieids.
PP1 Bite 23:12 from word 1 of the IPREDICT or IPREDICT.S instruction
(12 bits) DO1 none pracegsor packet;
cordains instruction dest1 field and the most significant nibble of dest2 field.
PP2 rBits11:Dfromwom1dthe IPREDICT or IPREDICT.S instruction processor]
(12 bits) DO2 none packet; containg instruction dest3 field and the least significant nibble of]
dest2 field. )
ITDO Do3 fnone Contains byte {0 and the most significant nibble of byte 1 from the token
{12 bits) descriptor of the IPREDICT or IPREDICT S instruction opetand token.
mo1 DO4 none Contains byte 2 and the least significant nibble of byte 1 from the token
{12 bits) descriptor of the IPREDICT or IPREDICT.S instruction operand token.
TD2 DO5 none Contains byte 3 and the most significant nibble of byte 4 from the token)
(12 bits) descriptor of the IPREDICT or IPREDICT.S instruction operand token,
ITD3 DO6 none Contains byte 5§ and the least significant nibble of byte 4 from the token
{12 bits) dascriptor of the IPREDICT of IPREDICT.S instruction operand token,
IBITS DO7 aone Contains the most significant nibble of byte 6 from the token descriptor of|
(4 bits) IPREDICT or IPREDICT S instruction operand token.

ELECTRONICS
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6.9 - IPREDICT Registers (Continued)
Register Name Address Reset State Description
FMVX pos none Thefmwardmoﬁmvodmtmmmmmﬁddfmﬂmhm
(11 bits) m«dhm«%mtsmmeﬁmwd.
IFMVY DoS none Tm#mrdmm«mmpmmwmmatom
(11 bits) of the IPREDICT or IPREDICT S instruction opersnd token.
1BMVX DOA none mmmdmmmmmwmmmeqm
(11 bits) : deMDmemEstmmnmmn
1BMVY DOB — mhnkm motion vector vertical component from the token descriptor
{11 bits) of the IPREDICT or IPREDICT.S instruction operand token.
6.10 - OPREDICT Registers
Register Name Addr 44459 57654 3 21 0 Access
OPPO  E00 o] paramsiany | @ [0]1]PH] R
opcode(S:d)— ‘
b n0{0)
OPP1  EO1 T—r—T—T—1—TT lde'stéa;t) R
oPP2  E0Z |gpuaiany| dest3 R
OTD0 EO3 . l l 'l i 1 w
L 4 y
d?
oTDY  E04
oTD2 E05
OTD3 EO6
OBITS EO7
OFMVX E08
OFMVY . EOS9
OBMVX EOA ]
OBMVY EOB w

RMSUENI
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KS0144 MULTIMEDIA VIDEO
6.10 - OPREDICT Registers (Continued)
oPP Bits 11:0 from word 0 of the OPREDICT or S.OPREDICT instruction
(12 bits) EO0 nons processor packet; contains instruction params(4:0), cpcode, no and pid
oppP1 23:12 from word 1 of the OPREDICT or S.OPREDICT . instruction)
EO1 none processor packet, contains instruction dest! field and most significant
(12 bits) niblile of dest? field.
oPP2 Bits 11:0 from word 2 of the OPREDICT or S.OPREDICT instruction
EO2 none processor packet; cortains instruction dest3 field and the least signifi
(12 bits) nibble of dest field. .
oTD0 o3 none | ¥ritten by the KS0144 CPU with byte 0 and the most significant nibble of
{12 bits) byte 1 of the OPREDICT or S.OPREDICT output token descriptor.
oTD1 EO4 none Writtony by the KS0144 CPU with byte 2 and the least significant nibble of]
(12 bits) i ,a’toﬂhaOPREBICT or 3.0PREDICT output token descriptor.
oTD2 £05 none by the K50144 CPU with byte 3 and the most significant nibbio
{12 bits) byh4eﬂheQPREDlCTorSOPREDICTwlpmtohendeacdmor
oTD3 £06 none WdttanbymaKSMMCPUwﬁhbytoSandmmthMbHaoﬂ
{12 bits) ) 4 of the OPREDICT or S.OPREDICT output token descriptor.
OBITS ECT none wmwmmm«cmmtmmmmmmdwesmm
(4 bits) OPREDICT or S.OPREDICT output token descriptor.
OFMVX jwmwmxsomawmmwmmmwmfmd
. EO8 none miotion vector resulting from motion estimation. OFMVX is copied into the|
(11 bits) fmvx fiold of the OPREDICT or S.OPREDICT output token descriptor
OFMVY WmmbymaKSNMCPUvmh the vertical component of the forward
i EO9 aone motion vector resulting from motion estimation. OFMVY is copied into the|
(11 bits) vy field of the OPREDICT or S.OPREDICT output token descriptor.
OBMVYX \Written by the KS0144 CPU with the horizontal component of the backward|
B} EOA none motion vector resulling from motion astimation. OBMVX is copied into the
(11 bits) brmvx fisld of the OPREDICT or S.OPREDICT output token descriptor.
OBMVY Writien by the KS0144 CPU with the vertical component of the backward
EOB none  |motion vector resulfing from motion estimation. OBMVY is copied into the
(11 bits) bravy field of the OPREDICT ot S.OPREDICT output foken descriptor.
) 408
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KS0144

SECTION 7 - KS0144 PIN ASSIGNMENTS AND DESCRIPTIONS

Figure 7.1 - KS0144 Pin Layout
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Table 7.1 - KS0144 Signal Name to Pin Number Correspondence

Name Pin Number Name Pin Number Name Pin Number Name Pin Number
HAD 61 voD3 18 YCASI# 203 Xibo 4]
HA1 62 VoD4 20 VCASI2# 183 XD 92
HA2 65 VoDSs 23 VCASISE 166 XOE# 96
HA3 [ VoD 24 VCLK 197 XRDY# 133
HA4 67 voD? .25 vgc_s_ ! 194 XROST# 83
HAS 88 V1Do 1 VGRNT! 188 XWES# 97
HAS 69 ViD1 2 VGRNTO 185
HA7 70 VD2 3 VMSELO 189
HAS 71 viD3 4 VMSEL1 190
HAS 72 V1iD4 5 VMSEL2 191
HA10 73 viD5 6 VOE# 192
HADS# 60 viDe 7 VRASO# 13
HBRST 59 viD7 8 VRAS1# 204
HOLK 74 VzDo 168 VRAS2# 182
HDO 33 Vv2D1 168 VRAS3# 165
HD1t 34 va2D2 172 VRQSTI 200 VCCB 9,21,31.43,
HD2Z 35 V203 173 VRQSTO 2014 (+5V) 53,894,103,
HD3 36 v2D4 174 VWE# 183 147,125,138,
HD4 37 v2D5 177 XADO 101 . 148,158,171,
H_ps' 38 . Vape ] 178 XAD1 102 181,187,198,
HD8 39 vaD7? 179 XAD2 05 208
HO7 40 V3D0 154 XAD3 106
HDE 41 V3D1 155 XAD4 107
HD8 42 Va2 156 XADS 108 vCcee 16,28,45,56,
HD10 47 V203 159 XAD6 108 +5v) £3,75,79,84,
HD1% 48 V3D4 160 XAD7 110 89,989,112,
HD12 438 V3Ds 161 XAD8 13 135,153,176,
HD13 50 V3D6é 162 XADS 114 196,206
HD14 51 vaD7 162 XAD10 115
HD15 52 VAD 139 XAD11 118
HDIS 30 VA1 140 XAD12 119 GNDB 10,22,32,44,
HINT# 27 VA2 144 XAD13 120 (ground) 54,095,104,
HMODE 26 VA3 142 XAD14 121 116,124,137,
HRDYS 55 VA4 143 XAD1S 122 147,157,170,
HWE 58 VAS 144 XAD16 123 180,186,198,
PCLK 78 VAG 145 XAD17 126 207
PRST# 77 VA7 146 XAD118 127
TCLK 83 VA8 147 XAD19 128 ]
TOl 87 VA9 149 XAD28 129 GNDC 17,29,46,57,
TDO 86 VA1G 150 XAD21 130 (ground) 64,76,80,85,
™S 82 VCASOO# 11 XADR22 131 90,100,111,
TRST# 81 VCASO1# 202 XAD23 132 134,152,164,
VoDO 14 VCASO28 184 XADSH 98 175,195,205
VoD1 15 VCASO# 167 XCLK a8
VoD2 18 VCASIOR 12 XDis 136
410
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Table 7.1 - KS0144 Signal Name to Pin Number Correspondence

Name PinNumber Name Pin Number Name Pin Number Name Pin Number
viDo 1 vCCB 83 XAD2 105 GNDB 157
viD1 2 GNDB 54 XAD3 108 veee 158
vi02 3 HROY# 55 XAD4 107 V303 158
V103 4 VCCC 56 XADS 108 V3D4 160
viD4 5 GNDC 57 XADE 108 V3D5 161
viD 8 HWE 58 XA7 110 VaDe 162
viDe 7 HBRST 59 GNDC 111 V307 163
ViD7 8 HADS# 60 VCCC 112 GNDC 164
vces 9 HAD 61 XADS 13 VRAS3# 165
GNDB 10 HA1 62 XADS 114 VCASI3# 166
VCASOGE 11 veee 63 XAD10 15 VCASO3# 167
VCASIOR 12 GNDC 64 GNDB 116 V200 168
VRASOR 13 HA2 [ veeB 117 VD1 168
VoDOo 14 HA3 66 XAD11 118 GNDB 170
VoD1 15 HA4 67 XAD12 119 vcea 17
Jivies 16 HAS 68 XAD13 120 V202 172
GNDC 17 HAG 69 XAD14 21 V203 173
VoD2 18 HA7 70 XAD1S 122 v2D4 174
VoD3 18 HAS 71 XAD16 123 GNDC 175
VOD4 20 HAS 72 GNDB 124 VCCC 176
veeB 21 HA10 73 vces 125 V205 11
GNDB 22 HCLK 74 XAD17 126 v2Dé 178
VvoD5 23 veee 75 XAD18 127 van7 179
VOD6 24 GNDC 76 XAD18 128 GNDB 180
voD7 25 TRST# - n XAD20 128 vees 181
HMODE 26 T™S 78 XAD21 130 VRAS2# 182
HINT# 27 TCLK 79 XAD22 131 VCASIz2® 183
VCeCC 28 VCCC 80 XAD23 132 VCASQZ# 184
GNDC 29 GNDC a XRDY# 133 VBRNTO 185
HDIS 30 DO 82 GNDC 134 GNDB 186
vCceB 31 T 83 vcee 135 VCCB 187
GNDE 32 XCLK 84 XDIS 136 VGRNTI 188
HDO 33 VCCC 85 GNDB 137 VMSELD 189
HD1 34 GNDC 86 vces 138 VMSEL1 190
HD2 as XIDO 87 VAO 139 VMSEL2 191
HD3 36 XUD1 88 VA1 140 VOE# 192
HD4 37 XRQST# 89 VA2 141 VWES 193
HDS 38 GNDC 90 VA3 142 VDIS 194
HD6 38 XiDo 91 VA4 143 GNDC 195
HOD7 40 XiD1 92 VAS 144 VCCC 196
HD8 41 XRQST# 93 VAS 145 VCLK 197
HDS 42 vees 94 VA7 146 GNDB 188
veeB 43 GNDB 95 GNDB’ 147 VCCB 199
GNDB 44 XOE# 96 VCCB 148 VRQST! 200
veCcC 45 XWE# 97 VA8 148 VRQSTO 210
GNDC 46 XADSH# 98 VA9 150 VCASO1# 212
HD10 LY) vCcCeG 99 VA10 151 VCASH# 203
HD11 48 GNDC 100 GNDC 152 VRAS1# 204
HD12 48 XADO 101 vcee 153 GNDC 205
HD13 50 XAD1 102 VvabDo 154 vcce 206
HD14 51 vees 103 V3Dt 155 GNDB 207
HD15 52 GNDB 104 V3D2 156 VCCB 208
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Tabile 7.2 - KS0144 Signal Name to Pin Number Correspondence

Neme Pin Number Name Pin Number Name Pin Number Name Pin-Number
VIDO 1 vcce 53 XAD2 106 GNDB 187
VD1 2 GNDB 54 XAD3 106 VCCB 158
VD2 3 HRDY# 55 XAD4 107 VvaD3 159
V1D3 4 vCCC 56 XADS 08 V3D4 160
ViD4 5 GNDC 57 XADS 108 V3aDs 161
viD 8 HWE 58 XA7 110 Vape 162
V1iD6 7 HBRST 59 GNDC 111 V3D7 163
WiD7 8 HADS# 60 VCCe 112 GNDC 164
vCCB k] HAD 61 XADS 13 VRAS3# 165
GNDB 10 HA1 62 XADB 114 VCASI3#H 166
VCASOO# 14 veee 63 XAD10 115 VCASO3M 167
VCASiof 12 GNDC 64 GNDB 116 V200 168
VRASKR 13 HAZ 65 VCCB 17 v2D1 169
; VODo 14 HA3 66 XAD11 118 GNDB 170
: VOD1 15 HA4 67 XAD12 119 VCCB m
: VCCC 16 HAS 68 XAD13 120 VD2 172
GNDC 17 HAG 69 XAD14 121 V203 173
voD2 18 HA? 70 XAD15 122 V204 174
vop3 19 HA8 7 XAD16 123 GNDC 175
VD4 20 HA9 72 GNDB 124 VCCC 176
VCCB 21 HA1D 73 VCCB 125 V205 177
GNDB 2 HCLK 74 XAD1T 126 V206 178
VD5 23 veee 75 XAD18 127 V207 179
VOD6 24 GNDC 76 YAD18 128 GNDB 180
voD7 25 TRST# 77 XAD20 129 VCCB 181
HMODE 26 ™S 78 XAD21 130 VRAS2# 182
HINT# 27 TCLK 79 XAD22 131 VCASIR# 183
veCC 28 vCCe 80 XAD23 132 VCASO28# 184
GNDC F GNDC 81 XROY# 133 VGRNTO 185
HOIS 30 OO 82 GNDC 134 GNDB 186
vceB 31 ™I 83 VCCC 135 VCCB 187
GNDB 32 XCLK 84 XDIS 136 VGRNTI 188
HDO 3 vcCe 85 GNDB 137 VMSELD 189
HD1 34 GNDC 86 vces 138 VMSEL1 180
HD2 35 XIDG a7 VAD 139 VMSEL2 191
HD3 .36 XUD1 88 VA1 140 VOE# 162
HD4 37 XROST# B9 VA2 141 VWE# 193
HD5 38 GHDC 90 VA3 142 VDIS 194
HD6 39 XiDo 91 VA4 143 GNDC 195
HD7 40 XDt 92 VA5 144 VCCC 186
HD8 41 XROQST# a3 VAG 145 VCLK 197
HDS 42 VCCB 84 VA7 1485 GNDB 198
vceB 4 GNDE 95 GNDB 147 vees 499
GNDB 44 XOE# 96 veeB 148 VRQSTI 200
VCCC 45 XWE# 97 VAB 149 VRQSTO 210
GNDC 46 XADSE 98 VAS 150 VCASO# 212
HD10 47 vecce 99 VA1D 151 VCASI1# 203
HD11 48 GNDC 100 GNDC 152 VRAS1# 204
HD12 49 XADO 101 vece 153 GNDC 205
HD13 50 XAD1 102 V3Do 154 veee 206
HD14 51 VCCB 103 V3D1 155 GNDB 207
HD15 52 GNDB 104 V3D2 156 VCCB 208
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Table 7.3 - KS0144 Pin Descriptions

Name (1) | Type(2) | PUPO(3) | Description
. m‘ws mtlmphud Tow or column address asserted in
VA[10:0] TSO PU mﬁwmmmw&s& Connected to the DRAM or VRAM
wewmmmiﬂﬁdtombus The state of the VMSEL pins is
VMSEL{2:01 TSO PU detormined by a WRMEM instruclion parameter of the KS0144 CPU registers
VOMSEL, VIMSEL, V2MSEL, or VAMSEL. VMSEL pins are driven to the low state|
* vihils the KS0T44 is performing o memory refresh.
VOO[7-0] 7] PU 0 DATA BUSES - four buses that transfer video data betwaen the off-ohip)
V1D{7:0} Vo PU DRM.MMKSMM Each bus transfers a single 8-bit pel during the|
V2Di7:0} Vo PU execution of a LDVIB -cothmand from the KS0144 CPU or a WRMEM instruction
V3D{7:0} vo PU trom the KS50143. VOD and VID are used to simulaneously transfer pels if]
VBUSMODE =1. ufmmmmmlymummwausmue-o
VIDEO MEMORY WRITE ENABLE - when active (low), enables writing fo the|
VWE# TSO PU solaciad DRAM or VRAM. WtotheWElmnsdmemomsmomdto
lm-xsom.
VIDEO MEMORY OUTPUT ENABLE - Mneundiu(bw) mmmtmml
VOE# TSO PU  |the selected DRAM or VRAM. Connected to the OE# pins of memories connactad|
lothe KSO144.___
VIDED MEMORY ROW ADDRESS STROBE - Mwn active (low), enables the
VRAS{3:0# TS0 pU  |VA[10:0] pins to selsct the row address of the selected DRAM or VRAM,
Connected to the RASE. nfmmdos {o.the K50144.
O MEMORY COLUMN-ADE S STROBE OUTPUT - when active (low),
VCASO[3:018 TSO PU mﬂwvma-qmwmmmmn address of the selacted DRAM of|
L VRAM, Connscted to the CASE pinis of memoties connected to the KS0144.
VIDEO MEMORY COLUMN "STROBE INPUT - whanacﬁvc(im).

,Mdmmodmfmmomnmmmoodwabusdunmﬂnmamnd
VCASI{3:01 TSCO PU video mernory read instructions. When common page mode DRAMs and
are usad, the: VCASE pins should be connecled to the corresponding
mumushm:pdknm !fhyperpagomodeDRAMnmvas
used, the VCASKE are tied fo the low state.
VDEQWSREQUESTDNSYGHAIN(INPUTMOUYPUT) - two signals used
VRQST! i PD by the potential bus mastars to request the video bus during arbitration. VRQSTY
VRQSTO o none  |connects to VRQSTO of the next lower pricrity bus master. VROSTO connects to
VRQSTI of the next higher priority bus master. VRQST! of the lowest priority bus
master is tied to the low stale.
VIDEO BUS GRANT DAISY CHAIN (INPUT and OUTPUT) - two signals used in
VGRNTI I PD the awarding of the video bus to a bus master during bus arbitration, VGRNT!
VGRNTO [o] none  |connects to VGRNTO of the next higher priority bus master. VGRNTO connects to
VGRNTI of the next lower priority bus master. VGRNT! of the highest priority
masler s tied to sither the low or high state.
V\DEOBUSDISABLE when active (high), places a high impadance state on the
VDIS 1 PU output drivers of the following video bus pins: VA, VMSEL, VOID, V1D, V2D, V3D,
VRAS#E, VCASO¥, VWE#H, and VOER. _
VIDEO BUS CLOCK - the master clock input used by the KS0144 for asserting
VCLK i PD and sampiing all signals on the video bus. Tha KS0144 controls the timing of all
memory read, wrile, ‘and refresh operations using programmable registers which
count periods of VCLK.
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Table7.3 - EC\P!II Descriptions (Continued)

Name (1) | Type(2) | Pwro,gsﬂ

XRQST# o none
] \F SOR 1D SEI cr ~ wo pins used to hardwire a processor
Xioj1:0} i 7 addnniormlﬁﬁ mﬁcmﬁﬂkwngm'dbymmby
wmmmmhhp‘dm:thADnmdmuaﬂdamdwh
x| - Wﬁﬁmﬁmm The mester clook used by the MEC for
y “ Jorti ' signak on the auxiliary bus.
) TESTMAW‘-WMMWMmMMMwW
TO ] Py fbawdwympdhfaﬂmmdhﬁngﬂunﬂhgicmh\ﬂm
 of TOLK.
00 Q) none TPUT - seriel data oulput from an imternal scan path of the
sCHN : {0 the of TCLK.
TCLK | PD TEST CLOCK - mwﬁmwtomwmmm
™S ) PU TEST MODE SELECT - when asaertad (Mgh), controis the operation of the test
avcess
TESTW-M-WMWMWMMM
TRST# i PU mmmmmummfmmm,ﬁummwmm
state. .
( e0 PROCE ‘*‘ nmmmwm&cmmm
PCLK — Mm - ’ :
PRSTE i PU F ‘Ms R - when asserled (low), asynchronously sets the MEC to its
RFOWER SUPPLY
GNDS, GNDC T CriP GROUND - 33 pins which must be connected 1o a board ground plane.
veee w%~ummmummmv¢cum
vees, {norminally, +5.0V)

Notes: 1. Name Definitions:
> Pin:namés @nding in "¥" are active - low
> Pin names onding in ‘¥ are active - high
> namas with an “xy” designation indicate a bus of pins numberad "y to “x”, where “X" is the most significant bit.

2. Type Definitions:

>t input

> O .= Output

> YO = Bidirectional

> T8O = Tri - state output
> OD = Open drain output

3. PULPD Definitions :

> PD = An active pull-down device (-200K ohms) is present (built into the pin’s circuity ; see Figure 9.6)
> PU = An active pull-up device (-200K ohms) is present (built into the pin's circuity; see Figure 9.6)

> none = no puli-up or puli-down device present
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SECTION 8 - PROGRAMMING THE VBUS TIMING CONTROL REGISTERS

Section 6.5 describes the KS0144 VCNTn registers which may be programmed by the KS0144 CPU to support a wide range of
DRAM devicaes at various clock speeds. These registers sel the relationship and duration of the various strobes used to access
memory on the VBUS.

Video memory bus timing is established in multiples of VCLK clock periods as shown in Figures 8.1 ms.z.lnﬂiafonowing
paragraphs, the symbol tv reférs to the VCLK duration (v = 1/VCLK). For example, if VCLK is 40 MHz, then tv= 25ns,

Note:
The VCNTR registers must not be set to the value 0.

Page Mode Memory Cycle Timing

The KS0144 accesses the selected DRAM using fast page mode memory cycles (see Figure 8.1). The first step in programming
the VCNTn registers for fast page mode operation is to select the CAS cycle time with the VONT4 and VCNTS registers. The
VCNTS register contents represent the active (low) CAS pulse width and must be large enough to satisfy the minimum CAS
pulse width (CAS), the access time from CAS (ICAC), and the column address hold time ({CAH) specified for the memories in
use:

VCNT8 *tv = max ({CAS, 1CAC, tCAH)
The VCNT4 register contents represent the cycle time of the CAS signal and must be smlected to satisfy the minimum CAS
cycle time (tPC) without causing a violation of the minimum CAS precharge time (CP) or the column address setup time (tASC).
This is described by the following relation:
VCNT4*tv = max ({PCVONTS “tv + tCP VCNT8 * tv + tASC)

The VCNTS3 register contents must also salisfy the RAS to CAS delay time (tRCD), the access time from RAS (IRAC), and the
CAS hold time ({CSH):

VCNT3*tv = max (tRCD, tRAC - VCNT8 * tv, tCSH - VCNT8 * tv)

Figure 8.1 - VBUS Fast Page Mode Timing Diagram
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The VCNTS register contents must be set fo at least VCNT4 and possibly more to satisfy the RAS hold time ({RSH):
VCNT9*tv = max (VCNT4 * tv, IRSH)

Refresh Timing

if the refresh feature of the KS0144 is used, the refresh timing parameters must be initialized (see Figure 8.2). For CAS before
RAS refresh cycles, the contents of VCNT10.and VCNT11 can typically be set to *1” since both the CAS setup time {{CSR) and
the CAS hold ime (CHR) are less than one ciock cycle (tv). VCNT12, however, must meet the minimury RAS pulss width
(tRAS) which is usually 3 to 4 cycles:

VCNT12*tv = 1RAS

Figure 8.2 - VBUS Refresh Timing Diagram
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SECTION 8 - ELECTRICAL SPECIFICATIONS
Tabie 9.1 - Absolute Maximum Ratings
Parameter Max Rating

[ Power Supply Vi B8Vio 7.0V

DC Owtput Voltage (applied in Hi-Z state) DN TV

Low Level Output Current 20mA

Case Temperature Under Bias -55%C 10 110xC

Storage Temperature -65xC to 150xC

Nole: Operation at any Max Rating is not implied. Ratings are provided for guidance purposas only and are not tested.
Exposure to absohute maximum rating conditions over extended: periods may affect device reliability.

Table 9.2 - Dperating Conditions

Limits
Parameter Symbot Test Conditions i o e
Supply Voltage Vee 4,75 5,25 v
Case Temperature Tc P 100 T
Table 2.3 - DC Electrical Characteristics (within operating conditions)
Parameter Symbol Test Conditions Limits
Min Max Unit
Veo= Max, f = 0.0 MHz (all clocks)
XOIS = HDIS = VOIS = 5.0V
Standby Current KS0143Q VIH= 5.0V, V) = 0.0V, loyr = 200 mA
0.0mA
Ve = Max, f = 50.0 MHz (PCLK)
Dynamic Supply Current KSD143A =25 MMz (XCLK, VCLK, HCLK) 1000 mA
V= 6.0V, V. = 0.0V, loyr =
0.0mA
Input High Voltage Vi 20 v
Input Low Voltage Vi 08 v
Output High Voltage Vou Ve = Min, loy= -4.0 mA 24 v
Output Low Voltage Vou Ve = Min, io, = 8.0 mA a4 v
Output Low Voltage Open Drain | Voo Vee = Min, oo = 30.0 mA 0.4 v
Input High Current Pull-up '™ Vee = Max, Viy = VCC 50 vA
Inputt High Current Pull-down lnio Vo™ Max, V= VCC 300 A
lnput Low Current PU“"“P |||,u Vcc b Max, Vm = .0V -30.0 #A
Input Low Gurrent Puli-down o Ve ® Max, Vﬁ = 0.0V -5.0 mA
Output Hi-Z Current Pull-up lozu Vee = Max, Vour = VCC 50 A
Output Hi-Z Curront Pull-up lozL Vee & Max, Voyr= 0.0V -30.0 sA
Input Clamp Voltage Vies Vec =00V, In=1mA 03 15 v
input Clamp Voitage Vie- Vee 250V, in=-1 mA -1.5 03 v
Input Pin Capacitance ™ [ Ve =50V, Tc=25xC 70 pF
YO Pin Capacitance ™ Cuo Vee= 5.0V, To= 25xC 100 pF
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Table 9.4 - AC Test Conditions
Paramater Test Condition
AC Switching Waveform Input Rise Time (ir) and Feil () Time (10-00%) 4.0 ns (Mex)
Soe 9.1 and 8.2 - )
AL Switching Waveforms input Timing Reference Level 15¢
See 9.18nd 8.2
AC Switching Wavelorm Output Timing Reference Leve! 15V
See Figures 9.1 and 8.2
Outpul Load: i
See AC Quiput Equivalent Load Configuration (Figure 9.3
See Open Drain Equivalent Load Configuration (Figure 9.4)
Ses Hi-Z Equivalent Load Configuration (Figure 9.5)
Tc ; Oxto 100xC
Vee 5.0V +5%
t
Figure .1 - AC Switching Waveform Y t
; CLK 80% 909 3.ov
1.5V
-A~[10% 10
0.0v
teud — M
Jov
DATA IN 1.5V
0.0V
tpd (xL)
VoH
DATA OUT 1.5V

Figure 9.2 - Hi-Z Switching Waveform
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Figure 9.3 - AC Output Equivalent Load Configuration

Pin Test
Under Point
Test
S6pF
Figure 9.4 - Open Drain Equivalent Load Configuration
50V +6%
1500
Pin ' Test
Under D D Point
Test
;_ I8pF 2200
Figure 9.6 ~ Hi-Z Output Equivalent Load Configuration
50V +5%
56002
Pin {T) Test
Under Point
Test
35pF 270Q
v
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Figure 9.6 - Pull-up and Pull-down Circuits

(a) Puli-Down Circuit
Pin

vCcC

Figure 9.7 - HBUS State Transition Diagram

idle -or- mode 1
non-burst write

ey

mode 1 burst write

~___or-mode 0 write

{b) Pull-Up Circuit

vCcC

]

Pin

mode 0 burst
s T
———

(2

mode 1 burst

burst end
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Table 9.5 - HBUS Timing Parameters

KS0143CQ~ | KS0143CQ- Uni
Identifier Symbol Description 60 40
Min_ Max | Min_ Max
Host Bus Clock
H1 tc (HCLK) Host bus clock period 30 ns 2
H2 tw (HCLKH) | Host bus clock high pulse width 12 ns
H3 twb (HCLKL). | Host buse clook pulse width 12 ns
tr (HCLK) | Host bus clock rise time 4 ns 1
L M HCHO Host bus clock fall time 4 ns 1
Host Bus Control Strobe Timing
H4 tss (HS) - | Host address strobe setup time 2 ns
H5 th (HS) Host address strobe hold time [ ns
H6 tsu (HM) Host bus mods setup time 8 ns
H7 th (HM) Host bus mode hold time 2 ns
H8 tsu (HM) Host waite anable setup time 8 ns
H9 th (HW) Host write enable hold time 2 ns
H10 tsu (HBL) Host burst iow setup time 8 ns
H14 thHBL) Host burst low hold time 2 ns
H12 {su (HBH) Host burst high setup time 8 ns
H13 th (HBR) Host burst high hold time 2 ns
Hi4 tpd (MRL) Host ready low delay ns
H15 tv (HRL) Host ready low valid 3 ns
H16 tpd (HRH) Host ready high delay ns
H17 tv (HRH) Host ready high valid 3 ns
Host Bus Address and Data Yiming
H18 tsu (HA) Host address setup time 8 ns
H19 th (HA) Host address hold time 2 ns
H20 ta (HD) Host output data access time 19 ns
H21 tv (HD) Host output data vaild time 5 ns
H22 tv (Hdt) Haost terminal output data valid time 5 ns
H23 tsu (HD) Host input data setup time 8 ns
H24 th (HD) Host input data hold time 2 ns
H25 ten (HD) Host clock to host data bus driven 25 ns 1
H26 tdis (HD) Host clock to host data bus tri-state 26 ns 1
H27 ten (HE) Host bus enable to host data bus valid 35 ns
H28 {dis (HE) Host bus enable to host data bus tri-state 35 ns
Host Interrupt Timing
H29 tdp (HD Host interrupt detay 24 ns
H30 tv (HD) Host interrupt valid 5 ns
Notes:

) 1. Parameter is guaranteed by design and characterization data, but not tested.
24c(HCLK) must be $ tc(PCLK)
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Figure 9.8 - Non-Burst Host Read Cycle Waveform
(See Figure 9.7 for a diagram of the state transitions)
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Figure 9.9 - Mode 0 Non-Burst Host Write Cycle Waveform
(See Figure 9.7 for a diagram of the state transitions)

v A\ /A

State 0 State § State 2 State 0 State 0 State 0 State 2 State 0 State 0
HCLK /7N N /N N “"\\m-/’_"\._jp‘"\\”@/ N
e sl
HADS# N
TLERTE]
HBRST
HWE
HMODE 3
HA
HO
HRDY#
422
AMSUNG

ELECTRONICS



KS$0144 MULTIMEDIA VIDEO

Figure 9.10 - Mode 1 Non-Burst Host Write Cycle Waveform
{See Figure 9.7 for a diagram of the state transitions)
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Figure 9.11 - Mode 0 Burst Host Read Cycle Waveform
{Swee Figure 9.7 for a diagram of the state transitions)
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Flgure 9.12 - Wode 1 Burst Host Read Cycle (BLENGTH = 2) Waveform
{See Figure 9.7 for a diagram of the state fransitions)
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Figure 9. 13 - Mode 0 Burst Host Wiite Cycle Waveform
{See Figure 9.7 for a diagram of the state transitions)
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Figure 9.14 - Mode 1 Burst Host Write Cycle Waveform
(See Figure 9.7 for a diagram of the state transitions)
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NOTE: HINT# remains low until host processor clears interrupts by writing to CLRHINT register.
Figure 9.16 - Host Bus Disable Waveform

[H271

HD

— hos|
HDIS N

425
SAMISUN

ELECTRONICS




KS0144 MULTIMEDIA VIDEO
Table 9.6 - VBUS Timing Parameters
k KSO143CQ- | KS0143CQ-40
Symbol Description 50 Units | Notes
fler Min _ Max | Min__ Max
Host Bus Clock
Vi | ten(UM) | VCLK to video memory select valid 24
V2 | tdis(WM) | VCLK to video memoty select tri-state 24 1
V3 | ten(VA). | VCLK to video memory address valid 24
V4 | ten(VA) | VCLK to video mamory address iri-state 24 1
V5 | ten(VD) | VCLK to video memory data driven 24
V6 | tdis(VD) | VCLK fo video memary data tri-state 24 1
Vg | ten{VB) | VDISto output valid 28
vi0| tdis(vB) | VDIS to output tri-state 28 1
Video Memory Bus
Vi1 tvv™) Video memory select valid after VCLK 5 ns
V121 tpd(VRL) | VCLK to video memory row addr strobe low 20 ns
V13 ]  wiVRL) ' | Video memory row addr strobe tow after VCLK 5 ns
V14 | tpd(¥CL) | VCLK to video memory column addr strobe fow 5 20 ns
V15| tpd(VCH) | VCLK to videc memory column addr strobe high 5 20 ns
V161 tpd(VA) | VCLK fo video memory addr prop delay 5 20 ns
V17 | tpd(VWL) | VCLK to video memory write enable 20 ns
V18| tv(VWL) | Video memory write enable fow after VCLK 5 ns
V18| tpd(VEL) [ VCLK to video memory output enable 20 ns
V201 tw(VEL) | Video memory cutput enable low after VCLK 5 ns
V21| tpd(VD) VCLK to video memuory data output prop delay 5 20 ns
V22| tsu(VSH) | VCASH to VCLK setup time 5 ns
V23| th(VSH) | VCASIH to VCLK hold time 4 ns
V24| tw(VSL) | VCASH pulse width low 16 ns
V25| tsu(VDs) | VaD to VCASH high setup time [] ns
V26| th(VDs) | VnD to VCASI# high hold time 0 ns
V271 tsu(VSL) | VCASH to VCLK setup time 5 ns 1
V28| th{vsL) VCASH to VCLK hold time 4 ns 1
V28 | tsu(VDc) | VnD to VCLK setup time (VCASH low) 5 ns
v3o| th(vDc) | VnD to VCLK hold time (VCASHE low) 5 ns
Video Memory Bus
V31}] twW(VCL) | VCASOR low width T8-3 ns 3
V32| w(VCH) | vCASO# high width T4-T8-3 ns 3
V33| 1e{MC) | VCASO# cycle lime T4-1 ns 3
V34 | td(VRLCL) | VRAS# low to VCASOS low 73-3 ns 3
V35{ 1d(VCLCH) | vCASO# low to VCASOR high T8-3 ns 3
V386 | td(VRLCH) | VRAS# low to VCASO# high T3+T8-3 ns 3
V37 | td(VCLRL) | vCASOH# low lo VRASH low (refresh cycle) T10-3 ns 3
V38 | td(VRLCLT) | vCASOH# low after VRASS low (refresh cycle) T11-3 ns 3
Video Memory Bus Clock
V40 | tc(VCLK) | Video memory bus clock period 25 ns 2
V41 | tw(VCLKH) | Video memory bus clock high pulse width 10 ns
V42 | tw(VCLKL) | Video memory bus clock low pulse width 10 ns
t(VCLK) | Video memory bus clock rise time ns 1
H(VCLK) | Video memory bus clock fall time ns 1
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Table 9.6 - VBUS Timing Parameters ( continued )

KS0143CQ- | KS0143CQ-
Identifier | Symboi Description 50 40 Units | Notes
Min  Max | Min  Max
Video Memory Bus Artitration

V43 tsu{VQ) |[Video mem bus request input setup time 3 ns
V44 th{vQ) ' |Video mem bus request input hold time 4 ns
V45 tsu(VG) |Video mem bus grant input setup time 3 ns
V46 th{vG) |Video mem bus grant input hold time 4 ns
V47 tpd(VQ) |Video mem bus grant request output prop delay 5 20 ns
V48 tpd(VG) | Video mem bus gram output prop delay 5 20 ns

Notes:
1.Parameter is guarantesd by design and characlerization data, but not tested
2te(VCLK) must be = te(PCLK)

3.Tn =c(VCLK) x VCNTn

Figure 9.17 - Page Mode Read Cycle Waveforms
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Figure 9.18 - Hyper Page Mode Read Cycle Waveforms

VCLK _//__\._._A/-n \_._./'/._“\\_..M/f-.”\\__.__//——.~ \__/l/’—\;_.//——_—\_/mm\__/

- T
vf} . VT, }.I
VMSEL & 5
LTII;;‘ =
Va6 .
VRASH -2 ’ |
- i L Vs
'\71?" :
VCASOR_|Z7 A 7

Figure 9.19 - Page Mode Write Cycle Waveforms
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Figure 9.20 - CAS Before RAS Refresh Waveform
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Figure 9.21 - Video Bus Arbitration Waveform
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Figure 9.22 - Video Bus Disable Waveform
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Table 8.7 - XBUS Timing Parameters

KS0143CQ- | KS0143CQ-
identifier | Symboi Description 80 40 Units | Notes
Min  Max | Min  Max
Video Memory Bus Artitration
X1 to(XCLK) |Auwndliary bus clock period 25 ns 2
x2 W{XCLKH) |Awdiiary bus clock high pulse width 10 ns
X3 w(XCLKL) |Awdliary bus clock low pulse width 10 ns
tr(XCLK) | Auxiliary bus clock rise time 4 ns 1
HXCLK) | Awdiiary bus clock fali time 4 | ns 1
Auxiliary Bus Arbitration
X4 ta{XQ) Awdliary service request access time 7 20 ns
X5 tpd(XQL) | Awdiiary service request strobe low delay 20 ns
X6 tv(XQL) | Auwdliary service request low valid 7
Auxitiary Bus Strobe Timing
X7 tsu(XS) | Awdliary address strobe setup time 0 ns
X8 thiXs) Awdliary address strobe hold time 8 ns
X8 tsu(XW) | Auxifiary write enable setup time 0 ns
X10 th(Xw) Auxiliary write enable hold time 8 ns
xX11 ten{XEA) | Auxiliary outpit enable to address tri-state 25 ns
X12 tdis{XEA} | Auxiliary output enable to address valid 25 ns 1
X13 ten(XED) | Awdliary output enable to data tri-state 25 ns
X14 tdis(XED) | Awdiiary output enable to data valid 25 ns 1
X115 tpd(XRL) | Auxilary procassor ready strobe low delay 20 ns
X16 tv(XRL) | Awdllary processor ready low valid 7 ns
Auxhiary Bus Data Transfer Timing
X17 tsu(XA) |Auriliary address setup time 0 ns
X18 th{(XA) |Auxiliary address hold time 8 ns
X19 tsu(XD) |Awdliary bus input data setup time 1] ns
X20 th(XD) |Awdliary bus input data hold time 8 ns
X21 ta(XD)  |Awdliary bus output data access time 24 ns
X22 tv{XD) [Auxiliary bus output data valid time 9 ns
X23 ten{(XD |Auwdliary bus enable to data valid 25 ns
X24 tdis(XD) | Auxiliary bus disable to data tri-state 25 ns 1
Notes: ,
1. Parameter is guaranteed by design and characterization data, but not tested
2. to(XCLK) must be S tc(PCLK)
430
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Figure 9.23 - XBUS Read Cycie Waveforms (start)
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Figure 9.24 - XBUS Read Cycie Waveforms (end)
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Figure 9.26 - XBUS Write Cycle Waveform
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Table 9.8 - Test Bus Timing Parameters

KS0143CQ- | KSO143CQ-
Identifier | Symbol  Description 50 40 units | Notes
) Min - Max | Min Max .
Test Bus Clck
;1 xg CLK) | Testbus clock period 1‘&0 ns
2 CLKH) . ) ns
Ta tw(TCLKL) Test bus clock high pulse width © poy
HH(TCLK) Test bus clock rise time 4 ns 1
Test bus clock fall time 4 ns 1
Test Bus Timing
T4 tsu(Th) TMS, TDI setup time 10 ns 2
15 th(TY) TMS, TOI hold time 10 ns ] 2
T8 ten(TDO) Test clock low to TDO driven 4 30 ns 3
T7 tpd(TDO) Test clock low to TDO delay 4 30 ns 3
T8 tdis(TDO) | Tast clock tow or reset pulse low to TDO tri- 4 30 ns 1.3
state
T8 tW(TRSTL) | Test reset low pulse width 100 ns
Notes: 1. Parameter is guaranteed by design and characterization data, but not tested.

2. Input setupfhold times are with respect to the positive edge of TCLK.
3. Qutput delay times are with respect to the negative edge of TCLK.

Figure 9.26 - Test Bus Timing Waveforms
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Table 3.9 - Processor Clock (PCLK) Timing Parameters

KS0143CQ- | KS0143CQ-
identifier | Symbol Description 50 40 Units | Notes
Min  Max | Min Max
Processor Clock
P1 1e{PCLK) .- |Processeor clock period 25 ns
P2 W(PCLKH) |Processor clock high pulse width 10 ns
P3 twW{PCLKL) |Processor clock low pulse width 10 ns
#(PCLK) |Processor clock rise time 4 ns 1
HPCLK) | Processor clock fall time 4 ns 1

Notes: 1.Parameler is guaranteed by design and characterization data, but not tested.
Flgure .27 - Reset Waveforms

(a) Power-up Reset (Internally Generated)
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(c) Software Reset (i.e. Host Write to RESET)
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SECTION 10 - MECANICAL SPECIFICATIONS
Figure 10 .1- Package Dimensions (top view, cavity down)
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Notes:

1. Dimensions are in mm inches

2. Controlling dimensions are in mm

3. tolerance is + 0.08 unless otherwise stated + .003

4. Tolerance of feadirame to package offset is £ 0.10 max £ .004.
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Figure 10.2 - Package Dimensions (bottom view, cavity down)
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Notes:
1. Dimensions are in mm inches

2, Controlling dimensions are in mm

3. Package tolerance is & 0.08 unfess otherwise stated + .003

4, Tolerance of leadframe to package offset is + 0.10 max & 004,
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Figure 10.3 - Package Dimensions (side view, cavity down)
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. Controlling dimensions are in mm

Package tolerance is + 0.08 unless otherwise stated
+ .003

. Tolerance of leadframe to package offsetis + 0.10 max
+.004
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Package Thenmal Specifications
The MSP96300 is specified for operation when the case temperature (T¢) is within the range of 0x C to 100x C. The case
temperature is measured at the center of the top surface of the package.
The maximum allowable ambient temperature (TA) can then be calculated using the following equation:
TA[max] = TC [max] - (P * (g JA- q JC))
where: P = Maximum Power Dissipation
q JC = Thermal Resistance from junction to case
q JA = Thermal Resistance from junction to ambient

The following tables give the thermal resistance parameters and the maximum allowable ambient temperatures for the 208
MGQUAD™ package under various airflow conditions.

Tabie 10.1 - 208 MQUAD Thermat Resistance ('C/Wait)

Aitflow ( Linear Feet Per Miaute )
Parameter "
0 100 .20 400 500 800 1000
8 JC (junction -to-case) 3 3 3 3 3 ) 3 3
9 JA (junction -lo-ambient) 21 18 16 12 9 7 3

Table 10.2 - Maximum Ambient Temperature at Various Operating Conditiens ()

Alrflow ( Linear Feet Per Mimte
Parameter frou 0 700 260 400 | 800 | 800 | 1000
A 50 Mz 10 % % 55 0 80 85
(without heat sink) 40 Wz 28 20 M ] 76 84 88
TA SOMHz | T8D 80| 780 | TBD | T8O | vBD | 78D
(with heat sink) ** “oML: | TBD | TBD | TBD | T8O | TBD | TBO | 78D

** = Heat Sink to be determined
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