BLT_ADDR_0,1,2
BLT_CLIP_s

BLT_CLIP_BR
BLT_CLIP_UL
BLT_START_XY

BLT_CLIP_DELTA_X

BLT_COLOR_0,1,V_DELT

BLT_DATA
BLT_DELTA s

BLT_DELTA_X_0,1,2
BLT_DELTA_Y 0,1,2
BLT_DELTA_DELTA_X,Y
BLT_DELTA_X,Y_LINE

BLT_FUNC
BLT_PATTERN_32
BLT_PLANE_MASK

BLT_SIZE

BLT_TEX_ADDR_CNTL

BLT_TRANS_COLOR

Blitter Registers

63 3231 24 0
| ADDRESS | rFrac | | |
63 3231 0
I X I Y |
63 3231 0
I X I |
63 56 55 4847 4039 3231 0
[ 8 integer I
63 62 5857 5352 48 3231 0
| |sintR|{sintGc|sintB] | |
63 56 55 4847 4039 3231 0
| 8 integer R I 8integer G | 8integerB | ]
63 4847 4039 3231 0
| 8.8 fixed-point ,
63 6261 5251 4241 3231 0
[ -5 fixed-point FF.S fixed-point J 5.5 fixed-point B | I
63 4847 3231 1615 0
| 8s8fixed-pointR 88fixed-pointG |  8.8fixed-point B
63 3231 0
| DATA_HI | DATA_LO |
63 3231 24
| INCREMENT FRAC | | |
63 56 55 4847 4039 3231 24 23 16 15 87 0
| | | | | CNTL | FuncTion | MINTERMS |
63 56 55 4847 4039 3231 0
| PATTERN | |
63 3231 0
| PLANE_MASK | B
63 56 55 4847 3231 24 23 16 15 0
| | | WIDTH | | | HEIGHT |
63 3231 0
{ X_MASK | Y_MASK |
63 56 55 4847 4039 3231 0
| 8 integer I 8 integer | 8 integer | 8 integer I 8 integer ] 8 integer | 8 integer | 8 integer ‘

63 62 5857 5352 48

2 31 0
simB| [simR[simc[smB] [simr[sinc[sins] [smRr[smna]sints|

SitR|5ING
63 56 55 4847 4039 3231 0
I 8 integer R I 8 integer G | 8integer B I I 8integerR ] 8integer G | 8integer B I
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Blitter Datapath

Input Bus

Old Input Registers

v

Shifter

Color
Interpolator

¥

Pixel Expander
Mux

Vi

A Input Registers

| \ 2

B Input Registers *

vy ¥

Minterm Unit

v

Output Combiner

‘ Output Bus
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Blitter Assisted Shading and Texture
Mapping

wwe Line
ILLED

Color Interpolator

Data Bus

b BLT_COLOR_0 contains Delta X |
v
> BLT_COLOR_V_DELT I
A

N MUX ~

A \ 4
Color Adder
v
\ MUX /
BLT_COLOR_1 ‘
A 4
|> Color Save |
F—'_J 4
N MUX ~

v
Pixel Out
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Textured Fills

ht EHge Line

ILLED.

4

Texture Map

- Each pixel is individually fetched from texture map
. Texture map addressing uses fixed-point arithmetic

. Delta x,y and start position updated after each scan line
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Blitter Assisted Line Drawing and
Pixel Expansion

Data in

Left line mask logic

Right line mask logic

BLT_COLOR_0

*v v

AND

BLT_COLOR_1

VW ) 4 4 l 4 l v ‘

Expand Cntl \I—/ \T/\[/

OR

A Output Registers

B Output Registers

Data Out
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PBI Datapath

Data From Memory

Output Latches

v

Shift Out Latch

A4

Shift In Latch

T

Input Latches

:

Address Generators

1

Addresses Data To Memory

" PBI Data (8)

Dr. Edward L. Hepler

Commodore

1200 Wilson Drive

West Chester, Pennsylvanic 19380

(610) 431-9298

hepler@commodore.com

Commodore Confidential

Modified: April 12, 1994
Created: October 18, 1993

Page 40 of 64




Copper

. Video Line Synchronized “RISC” co-processor

. Executes lists of simple instructions including:
- MOVE: Load an HOMBRE register with a value
- JUMP: Execute from a new list address
- WAIT: Wait for a specified video line or relative video line

. Interrupted each vertical blank event
. No “position enable” bits as in Amiga
. No horizontal matching as in Amiga

. JUMP instructions contain their target versus Amiga
jumps which required writing a COP(1/2)(L/H) register

. One level of hardware supported subroutine provided
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Copper Instructions

o 63 5655 4847 4039 3231 0

Clear Relative owo] | I [ I I |
63 5655 4847 4039 3231 0

Jump oot1[B] | | T ADDRESS |
. 63 5655 4847 3231 0
Move [oooo] ] | DEST | DATA |
. 63 5655 4847 4443 _3231 0
Wait [ooo1]B] | | LINE | ADDRESS |
. . 63 5655 4847 4443 3231 0
Wait Relative footofB| | [ | LINE | ADDRESS |

Copper Register

63 5655 4847 4039 3231 0
COPR_VB_ADDRL I I I 1 ADDRESS ]
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System Copier

. Memory to Memory Copy / Fill

. Copies n 64-bi‘t doublewords from source to destination

. Fills n 64-bit doublewords from CPU written latch to destination
. Useful for data block copy, mémory initialization |

. Consider it an “Independent, Simple minded blitter channel”

. Utilizes burst mode memory accesses

- 64-bit memory: ~ 65 Mbyte/sec moves - ~ 130 Mbyte/sec fills
- 32-bit memory: ~ 40 Mbyte/sec moves - ~ 80 Mbyte/sec fills

Data From Memory

Buffer Latches

1

Address Generators / Counter

Addresses Data To Memory
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CD-ROM Interface
. Similar functionality as in “Akiko” of CD32
« Utilizes burst mode memory accesses
. Easily capable of 2X or greater speed.
- 3 wire data interface from drive
. Serial control/response interface to/from drive

. Data Integrity is a combination of hardware and software
Data In

h
y

Control / Response Registers

CcD CD Intf
Drive Logic

Shift In Latch

¥

Input Latches

I

Address Generators

..

Addresses Data To Memory

Dr. Edward L. Hepler

Commodore

1200 Wilson Drive

West Chester, Pennsylvania 19380 Modified:April 12, 1994

Created: October 18, 1993

(610) 431-9298

hepler@commodore.com Page 44 of 64

Commodore Confidential



Audio

. 12 AAA style, 16-bit, 44.1 Khz, CD quality channels

- Will have 8-bit mode
- ADPCM ??

. 2 CD formatted serial input lines

- Each has L + R... results in total of 16 source channels
- 3 wire (Data, Bclk, Lrck) input
- One input (L + R) can be sampled into memory

. 1 CD formatted (L + R) serial output line
- Intended to go to external postprocessor/amplifier

. Postprocessor / Amplifier
- External
- Provides tone / volume control for headphone line
- Provides line-out for connection to stereo, etc.
- Controlled via I2C Bus
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Display/System Memory Controllers

. Configurable for 9, 10, or 11 bit multiplexed memory addresses

« 120 ns memory cycle

- One word read: 120 ns
- Four word burst: 240 ns

. Configurable for memory organizations:

- 32 bit (80 Mbytes/sec - 200 Mbytes/sec graphics)
- 64 bit (133 Mbytes/sec - 400 Mbytes/sec graphics)

- Burst across page boundary

. Supports RMW cycles for individual byte writes
. | RAS decoding for 4 banks

« VRAM access control

« CAS before RAS refresh
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Video Chip (Natalie)

Game_Mouse_Cntl

9SIN™SH00ID [=—
«

S 2
g =i Video_Data_IN
o 6
E —4— Genlock Framegrabber_Cntl
i
8
g =+— Red
8
_§ ~— Green
8
:: =i Blue
> 4 ;
& =\ Monitor Cntl

5
VRAM_Cnti _+

64

G_D

ejeg soydess

AD#

ejeq Aeidsia

« Functions:
- Line Buffers
- Cursor Ram
- 512 x 25 CLUT
- Framegrabber
- Genlock
- YUV -> RGB (MPEG)
- Mouse/Game Cntrir Intf

5

=\ nuooepiA
N

el GNO"QGA
Q

= ov1r

To/From Nathaniel Power  JTAG Test

« Interfaces:
- 32/64-bit Graphics Data (VRAM)
- 32-bit Display Memory (high 32)
- 24-bit Digital RGB out (ext D/A)
- 24-bit (option to 8+16) Video IN
- Serial Mouse - Game Control

- 177 Signals / 31 Power-Ground
- 208 PQFP (225 BGA)
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Functional Block Diagram of Video Chip
System/DRAM Bus VRAM Serial Port
32 i 64(32)
AD Interface < GD Interface
I 10 64
— Byte Aligner
Playfield Control » y 'ane
Registers @ 164
[
: >
32 10 o Playfield & Framegrabber
> 3 L Line Buffer RAM
8§ : PF0,PF1,PF2,PF3,FGO
2 Horizontal ) O
3, | cVertlcal 0 y)
S ounters -
3 o 8 8 8 8
o
32 10 g.. Pixel Scaling
o Joystick J S g[8 |8 [8 [32
2% Controller - R
°3 Interface o Priority / Transparency
== «Q
32 10 o
32 |32 8 64
) 512 x 25 bit Color LUT
Cursor RAM |« : v 425
RGB Select / Process
24
v v Frame
RGB Genlock Grabber
T™MCD
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Video Modes

Pixel Formats

- 8-bit palette, HAMS:
63 56 55 4847 4039 3231 0
I 8 integer I l

- 16-bit RGB (Hi-color):
63 62 5857 5352 48 3231 0

| |sintR]sintG|5intB|

- 24(32)-bit RGB (True-color):

63 56 55 4847 4039 32 31 ) )
[ 8integerR | 8integer G | 8integerB |
Output Selection

PF2—

PF3—»

Video

Output

Logic

——» 1,2,3,4 8-bit CLUT playfields

— 1,2,3,4 HAMS playfields

— 1,2,3,4 8-bit CLUT/HAMS playfields
— 1 16-bit and 1,2 CLUT/HAMS playfields
— 2 16-bit playfields

— 1 24-bit playfield

— 1 24-bit playfield with 8-bit CLUT/HAMS overlay

Each playfield is individually positionable, scrollable, and scalable
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- HAMS Video Mode Operation

- ——» - g ® -
Playfields ’ Prioritization

Logic

CLUT

RGB Modification Merge

Pixel Stream
* [viode ] [Fbis] Pixel Value
> Logic €
¢ ‘ \ 4 A 4 A 4 h 4
A A
Mode ||P [Basevalwe ] |[ RedBits+M | |[GreenBits+M ]| Blue Bits + M
| Other —» Playfield

RGB Out
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Pixel Prioritization

Mode A  Mode B Pixel A Info Pixel B Info Prior A Prior B
iTrans 7I Eubtractl
A A 4 A A \ 4 A A 4
[Mode A] [ModeB] [Pixera] PierLBl I_'r%'l [PriorA] |_sL| [PriorA]
' A
P Logic
A
N
| Mode | | Pixel | | Prior |

Surviving Pixel Information
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Playfield Scaling

- Playfields are independently scaleable both vertically and horizontally.
- The scaling ranges from 1/2 to 16x in increments of 1/16
- The entire playfield image is loaded into the line buffer each line

- Fractional scaling is achieved by either skipping or repeating the n-th pixel or Ime
as it is being read from the line buffer.

Scale factor:
x-scale 0x1.0 (1)
y-scale 0x1.0 (1)

Scale factor:
x-scale 0x1.8 (1-1/4)
y-scale 0x1.4 (1-1/2)

Scale factor:
x-scale 0x0.8 (1/2)
y-scale 0x0.8 (1/2)

Scale factor:
x-scale 0x2.2 (2-1/8)
y-scale 0x0.C (3/4)

O~ |O|;
O|=|O|0

TMCD
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Playfield Display Windows

Playfield 0 memory Image Playfield 2 memory image Playfield 3 memory image

. %

s q
X % 2 RITRXX
R % 9 X
CHHHRRRAAK XHHR X X
X Teteteted SRR
XXX XXX
09 Seteteld o &% Peletetete oo e tetetedede
IR &% 0%, SRR
Sated 5 2
oateTatatatete! & 92 KHHHHHK
0000 %0 %0 000! Seteletetete%e X
X SR QR
X Zetel 2

. Waest Chester, Pennsylvania 19380

777

*x0+:A0%00 W

Display Window 3 (720x480)

777NN\

All Playfields may be independently
sized, scaled, and positioned
within the video frame.

] x@+sAtxe0

NNNNNNNNN

Display Window 2 (640x480)

N NN
N R
N \

N

N N
\ N
s* w

A N

Display Window 0 (200x200)

N » »§
N
For this example:
Display Window 3 is full screen
Display Window 2 is full height, but partial width
« R Display Window 0 is partial height and width
= N TMCD
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Circuit Size Estimates
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Design Methodology

- 0.6 micron - 3 level metal CMOS - 3.3 Volt process

- Structured custom design technique

- Datapaths (highly regular structures): full custom
- Control logic: Synthesized via AutoLogic (M models)

- Design Tools
- Schematic Capture: Design Architect (Mentor)
- Simulation (Behavioral): Lsim (Mentor)
- Simulation (Switch): Lsim (Mentor)
- Simulation (Circuit): Hspice (MetaSoftware)
- Synthesis: AutoLogic (Mentor)
- Layout: Cadence
- Place and Route (Standard Cells): AutoCells (Mentor)
- Chip Assembly (Block place and route): SCII (Silver-Lisco)
- Netlisting Tools: Commodore Proprietary
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Status...

- Schematics for many major blocks have been captured

- Mlanguage, synthesizable, behavioral models have been
written for much of the functionality of the chip set.

- Some simulation has been started, much remains to be
done.
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- Rambus? version

- Single Chip version

Future?
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What do WE want?

- License to produce an implementation of PA-RISC

. Architecture validation suite

- Instruction test sequences
- Emulators

- Software generation tools
- C and C++ Compilers
- Assembler - we need to modify for our enhancements
- Other tools...

- |EEE Floating Point Emulation Code
- Study to determine if SFU instructions may be appropriate

- Access to higher end Operating Systems
- UNIX
- Windows/NT

« Link to higher end product line
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CPU Floorplan (First Cut)

gy

Pads

Instruction Cache

Pads

Data Cache

Texture Ram

Blitter Datapath

Audio Datapath

CD Datapath

Copier Datapath

Periph Datapath

PA Datapath

Blitter Addresspath

Audio Addresspath

CD Addresspath

Copier Addresspath

Periph Addresspath

Playfield Addresspath

Copper Addresspath

Display Mem Addresspath

System Mem Addresspath

PCl Addresspath

Standard Cell Control Blocks

Speg

Pads

« 0.6u Three-Layer Metal, 3V CMOS

- Estimate 9 x 9mm to 10mm x 10mm Die Size

Dr. Edward L. Hepler

Commodore

1200 Wilson Drive

West Chester, Pennsylvania- 19380

(610) 431-9298

hepler@commodore.com

Commodore Confidential

Modified:April 12, 1994
Created: October 18, 1993

Page 64 of 64




