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Introduction

The LR33020 GraphX Processor —a member of
LSI Logic's LR33000 family of Self-Embedding™
processors — offers an integrated MIPS-
compatible Processor, a Graphics Coprocessaor
and a sophisticated group of Integrated System
Functions. The LR33020's MIPS Processor exe-
cutes up to 33 MIPS (sustained) at 40 MHz, and
its Graphics Coprocessor renders 180K filled
rectangles persecond{10x 10-pixel, 8-bit color).
With LS| Logic's new Metal Quad Flat Pack
(MQUADY) packaging, the LR33020 provides high
performance, superior integration and low cost.
The LR33020’s three main subsystems contain:

MIPS Processor — A 32-bit MIPS-compatible
CPU with integrated instruction cache and data
cache.

Graphics Coprocessor — A programmable
Bit-Blt processor with source and destination
DMA supporting bit-boundary block transfers
(Bit-Blts), polygon draw and polygon fill opera-
tions. The Graphics Coprocessor's instruction
set is very well tuned for high-level language
use, in contrast to many other machines labeled
RISC, which have user-level instructions or
instruction mode combinations that are very dif-
ficult to reach from compiled languages.

Integrated System Functions — A unified block
including a Bus Interface Unit (BIU) with an
integrated DRAM/VRAM Controller, a program-
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LR33020 High-Level Block Diagram

mable Video Controller, four internal DMA chan-
nels, external DMA support, one Seria! Port and
two Counter/Timers.

These tightly coupled subsystems provide a
“system on a chip” tailored for low cost, high
performance, graphics-oriented applications
such as laser printers, X Window System termi-
nals, graphics subsystems, digital scanners,
video processors, X-ray and infra-red imaging
systems, image enhancement and display sys-
tems, and video game consaoles.

Features

Thirty-two-bit RISC CPU that is compatible with
the MIPS-1 architecture

4-Kbyte direct-mapped instruction cache
1-Kbyte direct-mapped data cache
LR2000/LR3000/LR33000 user software binary
compatibility

Advanced hardware debugging features,
including address and data breakpoint regis-
ters, and instruction trace support

Graphics Coprocessor supporting all X Window
System graphics operations

Bit-Bit Processor supports 16 logical opera-
tions, including AND, OR, NOR, XOR, invert and
fiill operations

Two dedicated graphics DMA channels for
burst-read and burst-write pixel access

1/0 Controller with four 1/0 select regions and
programmable wait states

©:1992 LSI Logic Corporation. All rights reserved
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One PS/2-compatible serial port configurable as
two input and two output ports

One 24-bit general purpose timer and one 12-bit
DRAM refresh timer

Programmable DRAM/VRAM Controller with
support for single-cyclie access to 64-bit inter-
leaved DRAM

Bus Interface Unit with a 4-word write buffer,
byte steering logic for 8-bit and 32-bit boot
PROM support, and a bus arbiter
Programmable Video Controller, including a 32-
word video FIFO and serializer, a direct RAM-
DAC interface with endian conversion and two
dedicated video DMA channels

Dedicated video DMA channel to directly sup-
port DRAM-based frame buffers

Hardware cursor support for VRAM-based
frame buffers

January 1992 Order Number J15009
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Internal 32-bit address and data buses; external
64-bit data bus
Single 1x clock input

m 25/ 33/40 MHz versions available in 208-pin
MQUAD or 224-pin CPGA

Block Diagram

Figure 1 shows the functional block diagram of
the LR33020.

The LR33020's “system on a chip” approach
integrates the following units onto a single
device:

MIPS Processor

The 32-bit MIPS CPU is compatible with the
MIPS-I architecture. The CPU maintains binary
compatibility with the LR2000, LR3000 and
LR33000 user software.

On-chip caches are integrated with the MIPS
CPU. A 4-Kbyte direct-mapped instruction
cache provides instructions to the CPU and on-
chip Graphics Coprocessor. A 1-Kbyte direct-
mapped local data cache provides data to the
CPU. Graphics data is not cached to improve
cache performance.

An Integrated System Control Coprocessor
(CPO) provides efficient access to exception
handling, configuration and debugging regis-
ters. Separate address and data breakpoint reg-
isters, as well as instruction trace support, are
included in the LR33020.

Graphics Coprocessor

The Graphics Coprocessor is an integrated Bit-
Blt Processor and Graphics DMA Controlier
that provides hardware acceleration and sup-
port for common 2-D graphics operations,
including functions to support bit-mapped
alphanumeric displays and the X Window Sys-
tem standard.

The Bit-Blt Processor can perform a wide range
of Bit-Blt functions; including opaque, transpar-
ent and semi-transparent block transfer; line
draw; and area fill operations. Instructions are
snooped from the Embedded MIPS CPU cache
and step data through the pipeline deterministi-
cally, ensuring correct recovery from interrupts
and exceptions even while graphics operations
are taking place.

The optimized opcode set includes single
instructions that read source data and write
destination data simultaneously. Optional burst

read and block write facilities reduce memory
bus traffic.

Two dedicated graphics DMA channels provide
pixel access transparently to the CPU, with
burst-read and burst-write support for improved
bus bandwidth.

Integrated System Functions
The LR33020 includes an additional wide range
of functions, which are summarized below.

w Memory and I/0 Controller — A programmable
DRAM/VRAM Controller provides glueless
access to 32-bit BRAM or single-cycle glueless
access to 64-bit interleaved DRAM. An 1/0 Con-
troller provides four I/0 select regions with pro-
grammable wait states.

m Bus Interface Unit— A four-word-deep write
buffer improves bus access. Glueless 8-bit and
32-bit boot PROM support provides for low-cost
and large-scale PROM requirements. A Data
Bus Translator coordinates data movement
across the two 32-bit data buses. A Bus Arbiter
coordinates bus access by the DRAM refresh
circuitry, the four DMA channels, the Core CPU
and external bus masters.

n Video Controller— A programmable video timing
controller provides composite blank, separate
sync and composite sync signals. A 32-word
video data FIFO and serializer supports a hard-
ware cursor when used with VRAM or a direct
interface to a RAMDAC when used with DRAM.
Two dedicated video DMA channels perform
VRAM refresh and support a hardware cursor.

u Counter/Timers — One 24-bit general purpose
timer and one 12-bit DRAM Refresh timer are
directly compatible with the memory-mapped
counter/timers provided in the LR33000.

w Serial Ports — Four pins on the LR33020 can
either be used as a single PS/2 serial interface
or two standard input and two standard output
ports. The PS/2 serial interface option provides
for direct attachment of a keyboard. The stan-
dard input and output ports can be used to con-
nect more devices to the LR33020.

The next sections in this document describe
each of the above functional blocks in more
detail.
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MIPS Processor

The LR33020 implements the high performance
MIPS architecture.

Instruction Set Compatibility — The LR33020
maintains full user binary compatibility with the
R2000, R3000, R3000A and LR33000 micropro-
cessors.

Efficient Pipelining — The CPU’s five-stage
pipeline design assists in obtaining an execu-
tion rate approaching one instruction per cycle.
Pipeline stalls and exceptional events are han-
dled precisely and efficiently.

Full 32-bit Operation — The LR33020 contains
thirty-two 32-bit registers. All instructions and
addresses are 32 bits wide to provide a 4-Gbyte
address space.

Enhanced Debug Features — The LR33020 incor-
porates program trace logic and hardware
breakpoints on the program counter and data
address registers to ease software debugging.
On-Chip Cache Memory — The LR33020 contains
a 4-Kbyte instruction cache and a 1-Kbyte data
cache. The processor can access both caches
during a single clock cycle, which allows the

processor to execute one instruction per cycle
when executing from cache memory. Both
caches employ direct address mapping. The
data cache uses a write-through technigue to
maintain main memory coherency.

The foilowing subsections describe the essen-
tial features of the MIPS CPU, including its CPU
registers, instruction set, system contraol pro-
cessor (CPQ), operating modes, pipeline archi-
tecture and on-chip caches.

CPU Registers

The LR33020 CPU provides 32 general purpose
32-bit registers, a 32-bit Program Counter and
two 32-bit registers (Hl and LO). The Hl and LO
registers hold the results of integer multiply and
divide operations. The CPU registers are shown
in Figure 2. Notice that the LR33020 does not
contain a Program Status Word (PSW) register;
the functions traditionally provided by a PSW
register are instead provided by the Status and
Cause Registers incorporated within the system
control coprocessor (CPO).

31 General Purpose Registers 0 31 Multiply/Divide Registers 0
r0=0 HI
ri Lo
r2
|
n
]
r29
r30 31 Program Counter 0
r31 PC

Figure 2. LR33020 CPU Registers

MO9! 848
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CPU Instruction Set Overview

All LR33020 instructions are 32 bits long. As
shown in Figure 3, instructions have three basic
formats: |-type {immediate), J-type {jump) and
R-type (register).

Instruction decoding is simplified by low num-
ber of fixed register formats. More complicated
(and less frequently used) operations and
addressing modes can be synthesized by the
compiler using sequences of simpie RISC-type
instructions. The assembier recognizes some
CISC-type instructions for programming ease,
but translates them into sequences of simple
instructions.

The LR33020 instruction set is divided into the
following groups:

Load/Store instructions are the only instruc-
tions that move data between memory and gen-
eral registers. These instructions are I-type,
since the only addressing mode supported is
base register plus 16-bit, signed immediate off-
set.

Computational instructions perform arithmetic,
logical and shift operations on values in regis-
ters. These instructions are both R-type (both

operands and the result are registers) and |-
type (one operand is a 16-bitimmediate).

Jump and Branch instructions change the con-
trol flow of a program. Jumps are always to a
paged, absolute address formed by combining a
26-bit target with four bits of the program
counter (J-type format, for subroutine calls), or
32-bit register byte addresses (R-type, for
returns and dispatches). Branches have 16-bit
offsets relative to the program counter (l-type).
Jump and Link instructions save a return
address in register r37.

Coprocessor instructions perform operations in
the coprocessors.

Coprocessor 0 instructions perform operations
on the system control coprocessor (CP0) regis-
ters to manipulate the exception handling facil-
ities of the processor.

Coprocessor 2 instructions perform operations
on the Graphics Coprocessor (CP2) registers to
set integrated system function parameters and
control graphics operations.

Special instructions perform system call and
breakpoint operations. These instructions are
always R-type.

Table 1 lists the instruction set of the LR33020
processor.

I-Type {Immediate}

31 26 25 21 20 16 15 0
l opcode ] source target L immediate I
J-Type (Jump)

3 26 25 0
| opcode l target ) ‘
R-Type (Register)

31 26 25 21 20 16 15 1 10 6 5 0

I opcode I source target register shift amount function

Figure 3. Instruction Types and Instruction Fields

MOg1 85¢
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Table 1. Instruction Summary

Op Description
Multiply/Divide Instructions

MULT Muitiply

MULTU Muitiply Unsigned
D Divide

Oivu Divide Unsigned
MFHI Move From Hi
MTHt Move To Hi

MFLO Move From LO
MTLO Move To LO

Jump and Branch Instructions
J

Jump
JAL Jump And Link
JR Jump Register
JALR Jump And Link Register
BEQ Branch on Equal
BNE Branch on Not Equal
BLEZ Branch on Less than or Equal to Zero
8GTZ Branch on Greater Than Zero
BLTZ Branch on Less Than Zero
BGEZ Branch on Greater than or Equal to Zero
BLTZAL Branch on Less Than Zero And Link
BGEZAL Branch on Greater than or Equal to

Zero And Link

Special Instructions

SYSCALL

BREAK

System Call
Breakpoint

Op Description

Load/Store Instructions

LB Load Byte

LBU toad Byte Unsigned

LH Load Halfword

LHU Load Halfword Unsigned
LW Load Word

LwL Load Word Left

LWR Load Word Right

SB Store Byte

SH Store Halfword

SwW Store Word

SWL Store Word Left

SWR Store Word Right
Arithmetic Instructi ALU | di

ADDI Add immediate

ADDIU Add Immediate Unsigned
SLTI Set on Less Than Immediate
SLTIU Set on Less Than Immediate Unsigned
ANDI AND Immediate

ORI OR Immediate

XORI Exclusive OR Immediate
Ll Load Upper Immediate
Arithmetic Instructi 3-0p d, Regi: Type
ADD Add

ADDU Add Unsigned

SuB Subtract

SUBU Subtract Unsigned

SLT Set on Less Than

SLTU Set on Less Than Unsigned
AND AND

OR OR

XOR Exclusive OR

NOR NOR

Shift Instructions

SLL Shift Left Logical

SRL Shift Right Logical

SRA Shift Right Arithmetic

SLLV Shift Left Logical Variable
SRLV Shift Right Logical Variable
SRAV Shift Right Arithmetic Variable

Coprocessor Instructions

BCzT Branch on Coprocessor z True
BCzF Branch on Coprocessor 2 False
COP2 Coprocessor 2 Instruction

CFCz Move from CPz Control Register
CTCz Move to CPz Control Register

RFE Restore From Exception

MTCz Move To CPz Data Register

MFCz Move From CPz Data Register
LWCz Load word to CPz Data Register
SWCz Store word from CP2 Data Register

System Control Coprocessor (CP0)

The LR33020’s system control coprocessor
(CPO) supports exception handling functions of
the LR33020. Figure 4 summarizes the register
set.

CPU Operating Modes

To facilitate the separation of user and supervi-
sory software, the LR33020 has two operating
modes: user and kernel. Normally, the
processor operates in the user mode until an
exception is detected, which forces it into the
kernel mode. It remains in the kernel mode until

a Restore From Exception (RFE) instruction is
executed. Figure 5 shows the address space for
the two operating modes.

User Mode — In user mode, a single, uniform
address space (kuseg) of 2 Gbytes is available.

Kernel Mode - Four separate segments are
defined in kernel mode:

kuseg —References to this segment are treated
just like user-mode addresses, thus streamlin-
ing kernel access to user data
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Status
Register

Cause
Register

Bad Virtual Address
{BadVA) Register

Exception Program
Counter (EPC) Register

Pracessor Revision
1D (PRId) Register

Debug and Cache Invalidate
Control {DCIC) Register

Breakpoint Program
Counter (BPC) Register

Breakpoint Data
Address {BDA) Register

Figure 4. The CPO Exception-Handling Registers

User Mode
Address Space
Ox1FFF.FFFF
kuseg 512 MBytes
0

Figure 5. LR33020 Address Space

OXFFFFFEFF

0xC000.0000

0xA000.0000

0x8000.0000
OXTFFF FEFF

MD3! 844
Kernel Mode
Address Space
1 Gbyte kseg2
512 Mbytes
Non-Cacheable kseg!
512 Mbytes kseg0
Cacheable S?g
2 Gbytes kuseg
MD91 855
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kseg0 - References to this 512-Mbyte segment
use cache memory and are hard-mapped to the
first 512 Mbytes of memory.

kseg! - References to this 512-Mbyte segment
do notuse the cache and are hard-mapped into
the same 512-Mbyte segment of memory space
as kseg0.

kseg2—- References to this 1-Gbyte segment are
not mapped and the cacheability of data and
instructions is controlled on a per-access basis
by the TACHD signal. Note that the 29-bit exter-
nal addressing space in the LR33020 only sup-
ports accesses to the lower 512 Mbytes,
Accesses to higher addresses with the LR33020
are invalid and will cause the upper three bits to
be ignored.

CPU Pipeline Architecture
The execution of a single LR33020 instruction
consists of five primary steps:

1. IF-Fetchthe instruction from the instruction
cache (I-Cache).

2. RD - Read any required operands from CPU
registers while decoding the instruction
(register fetch, RF).

3. ALU-Perform the required arithmetic or log-
ical operation on instruction operands {OP).

4. MEM - Access memory from the data cache
{D-Cache).

5. WB - Write results back to register file {WB).

Each of these steps requires approximately one
CPU cycle as shown in Figure 6 {parts of some
operations overlap into another cycle while
other operations require only 1/2 cycle).

| IF | AD ALY MEM wB

l I-Cache I RF or D-Cache |WB

|

One
Cycie IR

Figure 6. Instruction Execution Sequence

The LR33020 uses a 5-stage pipeline to achieve
an instruction execution rate approaching one
instruction per CPU cycle. Thus execution of
five instructions at a time are overlapped as
shown in Figure 7.

On-Chip Cache Memories

The LR33020 contains a 4-Kbyte instruction
cache and a 1-Kbyte data cache. Both caches
are directly mapped to the LR33020's address
space. The cache memories hold instructions
and data that are repetitively accessed by the
CPU (for example, within a program loop) and
thus reduce the number of references that must
be made to the slower main memory.

To provide an additional performance advan-
tage, the LR33020 has separate data and

Instruction 1 L IF I RD | ALU i MEM WwB

Instruction 2 | IF I RD ] ALU MEM wWB 1

Instruction 3 l IF l RO ALY MEM i w8 ]

Instruction 4 Instruction I IF RD ALU ] MEM l wB ]

Flow

Instruction § IF RD [ ALU I MEM l WB |
Currert
CPU
Cycle 083 23

Figure 7. LR33020 Instruction Pipeline

B 9004597 0443007 2212 M
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instruction buses to allow the processor to
access both caches during a singie clock cycle
when executing from cache memory. Figure 1
{page 3) shows the buses. The dual buses allow
the processor to execute one instruction per
cycle, even during load and store operations.

The LR33020 has several features that ensure
coherency between its caches and main mem-
ory. The LR33020 uses bus snooping when
another external system device is performing
DMA. During bus snooping, the LR33020 mani-
tors the address bus, and when it detects an
address that matches the address for a valid
entry in the cache, it invalidates that entry to
ensure that the data therein does not become

stale. To ensure that the main memory is consis-
tent with the data cache, the LR33020 uses a
write-through technique. Whenever the
LR33020 executes a write and there is a data
cache hit, that data is also written through to
main memory. In addition to these automatic
cache coherency features, software can invali-
date cache entries by executing store instruc-
tions with the cache invalidate enable bits in the
DCR Register set to one.

The LR33020 supparts block refill for both
caches. Refill block sizes can be set to two, four,
eight or 16 words, and the refill sizes can be set
independently for each cache, assuring maxi-
mum performance for the target system.

Graphics Coprocessor

The LR33020 Graphics Coprocessor provides
hardware-assisted pixel block-transfer and
area-fill capabilities via a 32-bit datapath. In
addition the Graphics Coprocessor provides
source skew alignment, transparency mask
capabilities, color expansion, source plane
masking, 16 logical raster operations, and desti-
nation boundary and pixel masking. Supported
raster operations include combinations of
superimposing, inverting and overwriting oper-
ations.

The LR33020 design allows Bit-Blt functions to
proceed as fast as the DRAM or VRAM system
can support. To use the Graphics Coprocessor,
fast-page-mode RAM is required. Higher per-
formance can be obtained by using 64-bit inter-
leaving, VRAM masking and block write
capabilities. In optimal conditions, the LR33020
canrender 180K filled rectangles per second (10
x 10-pixel, 8-bit-color).

When using the Graphics Coprocessor, low-
level graphic routines are performed via a com-
bination of CPU instructions and dedicated
graphics hardware. In general, low-level
graphic routines should be written in assembly
language to take full advantage of the Graphics
Coprocessor. LS| Logic provides a basic set of
graphics routines; users are free to extend this
basic set or write their own functions.

To program the Graphics Coprocessor, the user
first loads the CP2 registers with the desired

values. The LR33020 then uses special instruc-
tions, referred to as STEP instructions, to move
data through its graphics pipeline. The STEP
instructions themselves only fetch the next
word of data or store the processed word of
data, although flags associated with the STEP
instructions can activate masks. The values in
the Graphics Coprocessor registers define
which operations are performed on the pixel
data.

Figure 8 shows a high-level block diagram of the
Graphics Coprocessor. The main functions are
described below.

The Source Data Graphics DMA Channelfills
the four-word Source Data Queue directly from
memory (bypassing the LR33020 data cache).
The dedicated STEP instructions can fetch up to
four words in a single block fetch. The DMA
channel can calculate the source data address
across lines and line wraps.

The Graphics Grouper contains four blocks that

each process 32 pixel bits every clock cycle

when a STEP instruction is executed.

— The Pixel Extractor takes individual 32-bit
words from the Data Source Queue and
combines data bits in the required fashion to
build pixe! data. If the source and destina-
tion pixel data are not aligned on the same
word or inter-word boundary, the current
and previous word of pixel data are com-
bined. If the source and destination data do
not fall on the same word boundaries, a bar-
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Figure 8. Graphics Coprocessor High-Level Block Diagram

rel shifter can rotate the word so that the
pixels are aligned correctly.

The Color Expander can add color data to
single-bit pixel maps. For example, ASCII
characters are often represented with bit
maps. The color expander can expand any
single bit into a 2-bit, 4-bit, 8-bit, 16-bit or 32-
bit color.

After pixel extraction and color expansion,
there may be stray bits which should not be
written to the RAM or which would interfere
with the subsequent logical operation by the
Raster-Op Processor. The Mask Generator
can remove these unwanted bits from the
pixel data. The Mask Generator also screens
out extraneous bits in data words on the left
and right edges of a line or block boundary.

— The Raster-Op Processor combines or
replaces the destination pixei color with the
new pixel color. The Raster-Op Processor
supports all 16 X Window Raster Logical
Operations, including a range of AND, OR
and Exclusive-OR combinations. These logi-
cal operations provide the combinations of
overwrite, superimposition and inversion
supported by the Graphics Coprocessor.

w The Destination Graphics DMA Channel stores
data to main memory. Systems using VRAM
biock write can store up to four words of pixe!
data in a burst write. Also, in DRAM systems, a
constant source can be written to four consec-
utive locations with a burst-write instruction,
which accelerates fill operations.
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CP2 instructions

The Graphics Coprocessor receives instruc-
tions from the CPU instruction stream using the
MIPS CoProcessor 2 (CP2) interface.

The coprocessor instructions supported
include:

Instructions for loading and reading coproces-
sor registers

Instructions for sequencing of pixel data
through the Bit-Blt datapath

Loading and Reading Coprocessor Registers —
The MIPS instruction set provides six dedicated
instructions for loading and reading coproces-
sor registers. Software uses these instructions
to control and configure the Graphics Copro-
cessor

Sequencing Instructions — The LR33020 adds
four dedicated COP2 instructions for controlling
the Graphics Coprocessor. These instructions —
STEP, SBSTEP, BSTEP and WSTEP — all step
data through the Graphics Coprocessor data-
path. The four sequencing instructions include

Table 2 shows the ten MIPS instructions that
control the CP2 coprocessor and summarizes
their function.

All these instructions are single-cycle instruc-
tions. Instructions that access memory may,
however, require more cycles to complete if the
memory is not cached.

A typical block move or block fill operation has
four phases:

1. The software first uses the CP2 load and
store instructions (described above) to load
the Graphics Coprocessor control registers
with descriptions of the pixel format, colors
and so on.

2. The software initiates a DMA transfer by
loading the Graphics DMA Controller with
source address, destination addresses,
pitch and block size for the block transfer or
block fill operation. The Graphics DMA Con-
troller then loads the Graphics Coprocessor
source queue with up to four words of pixel
data.

five flags that set various conditions.

Table 2. LR33020 CP2 Instructions

Description Type | Function

CFC2 rt, rd CPU Loads CPU general-purpose register st from CP2 control register rd.

CTC2 11, rd CPU Stores CPU general-purpose register /1 to CP2 control register rd.

LWC2 rt, offset {base) CPU Loads CP2 data register /t from the memory location pointed to by base plus offset.

MFC2 rt, rd CPU Loads CPU general-purpose register rt from CP2 data register rd.

MTC2 rt, rd CPU Stores CPU general-purpose register 17 to CP2 data register rd.

SWC2 r, offset (base) CPU Stores CP2 data register rt to the memory location pointed to by base plus offset.

BSTEP, S(B}, L, R COP2 | Steps to the beginning of the next destination line and writes the DEST register
back to memory. If the S flag is set, an SSTEP instruction is also performed prior to
the BSTEP operation. If the SB flag is set, an SBSTEP instruction is also performed
prior to the BSTEP operation. If the L flag is set, the left mask is applied. If the R flag
is set, the right mask is applied. If the RMW flag is set in the Graphics Configuration
Register, then read/modify/write cycles are used for the destination data.

SBSTEP COP2 | Clearsthe Source Queue, steps to the beginning of the next source line and initiates
another DMA fetch of pixel data.

SSTEP COP2 | Steps to the next word in the Source Queue. If the Source Queue is empty, initiates
another DMA fetch of pixel data.

WSTEP, $(B), L, R, (B)JFOUR | COP2 | Writes the DEST register back to memory. If the S flag is set, an SSTEP instruction
is also performed prior to the WSTEP operation. If the SB flag is set, an SBSTEP
instruction is also performed. If the L flag is set, the left mask is applied. If the R flag
is set, the right mask is applied. If the FOUR flag is set, the LR33020 writes the DEST
register to four consecutive words in DRAM/VRAM via a burst-write operation. If
the BFOUR flag is set, the LR33020 uses the VRAM block write feature to write the
DEST register once to four consecutive words simultaneously. If the RMW flag is
set in the Graphics Configuration Register, then read/modify/write cycles are used
for the destination data.




IS [.OGIC

LR33020
GraphX Processor
Preliminary

Graphics Coprocessor
(Continued)

3. Words of data are processed by the Graph-
ics Coprocessor when the CPU issues a ded-
icated STEP instruction to CP2. The STEP
instructions take pixel data from the source
queue and pass the data through the Graph-
ics Coprocessor datapath. Once a STEP
instruction leaves the MEM stage of the CPU
pipeline, it is executed by the graphics
coprocessor in parallel with subsequent
CPU instructions.

4. Whenthe pixel data is processed, the Graph-
ics DMA Controller stores the pixel data at
the destination address.

Asis clear from the above description, graphics
data is moved through the Graphics Coproces-
sor by dedicated instructions. Source data is
loaded and destination data is stored by dedi-
cated instructions. Although this increases the
number of instructions required for a graphics
operation, this technique has the advantage of
allowing deterministic handling on interrupts

and exceptions. If the Graphics Coprocessor
operated entirely via DMA channels that oper-
ated independently of processor control, it
would not be possible to determine exactly
when aninterrupt or exceptioninterceded on an
ongoing graphics operation. In many system
implementations, interrupts and exceptions do
terminate ongoing graphics operations in an
indeterminate manner, resulting in partly com-
pleted screen rendering and necessitating
screen redraw. With the LR33020's dedicated
graphics instructions, a graphics operation can
recommence at exactly the right point after
exception or interrupt servicing.

If an interrupt or exception alters the Graphics
Controller control or data registers, then the
original state should be saved and restored
after servicing the interrupt or exception for
undisturbed process execution. If the interrupts
and exceptions do not affect the Graphics
Coprocessor, then the CP2 data and control reg-
isters do not need to be saved and restored.

Integrated System
Functions

As well as an embedded MIPS CPU and Graph-
ics Coprocessor, the LR33020 uses a “system on
a chip” strategy to incorporate the following
system functions:

SRAM and I/0 Controller — I/0 Select, Timers
and Serial Ports

DRAM/VRAM Controller

Bus Interface Unit — Write Buffer, Data Transla-
tor, Byte Steering Logic and Bus Arbiter

Video Controller

The following subsections describe the func-
tionality of each of the above blocks.

SRAM and 1/0 Controller

The LR33020 SRAM and 1/0 Controller provides
four 1/0-select regions with separate wait-
state-generation for each region, two timers
and a serial port. These functions are described
briefly below.

1/0 Select Regions — The 1/0 select signals are
called PROMCS, TOCST, TOCS2 and TOCS3.
These signals are activated when a memory
requestis generated forthe associated address
region. Each I/0 select address space is 16
Mbytes. The access time used for each byte or
word is programmable from 0 to 15 wait states.

Figure 9 shows the SRAM and 1/0 Controller
chip-select logic.

Timers — The LR33020 provides one general-
purpose 24-bit timer/counter and a 12-bit
counter for DRAM refresh. The registers for
controlling and monitoring counter/timer opera-
tion are memory-mapped. Figure 5 shows the
LR33020 Counter/Timer logic. Timer 2 generates
the internal interrupt signal INTT and the Timer
2 Timeout signal (T2TMO).

Serial Port - The LR33020 has one PS/2-com-
patible serial port which can also function as
two standard input ports and two standard out-
put ports. Figure 11 shows the Serial Port Logic.

The PS/2 port may be used as a directinterface
for a keyboard or graphical entry device that is
compatible with the PS/2 standard.

The serial ports are standard unidirectional
ports. When the Standard Serial Port Input Reg-
ister is read, it returns the current value on the
two standard input ports, Si0 and SI1. When the
Standard Serial Port Output Port Register is
written, it changes the values on the two stan-
dard output ports, SO0 and S0O1.
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DRAM/VRAM Controlier

The LR33020 includes virtually all the logic
required for a complete interface for up to four
banks of 32-bit-wide DRAM and/or VRAM.

The DRAM/VRAM Controller can support:

One 32-bit-wide non-interleaved DRAM bank or
one 64-bit-wide interleaved DRAM bank

An additional 32-bit-wide non-interleaved bank
of DRAM or VRAM, or an additional 64-bit-wide
interleaved bank of DRAM or VRAM

A fixed address range of 0x0000.0000 to
Ox1FFF.FFFF is supported by the DRAM Control-
ler to provide a 256-Mbyte memory array space

The DRAM/VRAM Controller can supportsingle
cycle access to DRAM via an interleaved two-
bank memory array system using the DRASD,
DRAST and TNTRLV signals. Writes to individual
bytesin each ofthe banks are supported by four
TAS signals to each bank (DCAS0[3:0] and
DCAST{3:0]).

The size of the lower memary bank can be any
size from 1 Mbyte to 128 Mbytes. The addresses
of the upper memory banks can be contiguous
with the lower addresses.
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Bus Interface Unit

The LR33020 includes a Bus Interface Unit (BIU)
consisting of a write buffer, data translator, byte
steering unit and a bus arbiter. A description of
these functions follows.

Write Buffer — The BiU includes a four-word-
deep write buffer to prevent the CPU from stall-
ing on STORE instructions to memory. The write
buffer is especially efficient during burst write
operations.

|f the write buffer is full and the CPU executes a
write to external memory, the processor stalls
unti! the buffer partly empties. if an entry is
located in the cache, the cache is updated.
Graphics Coprocessor write cycles do ot use
this write buffer. Because this write buffer does
not provide for coherency checking with bus
read cycles, itis flushed before a CPU data read
cycle is allowed to run. No coherency checking
is performed for memory reads from the DMA
controllers.

The write buffer includes a programmable page
comparator which retires consecutive
accesses quickly, removing the need to insert
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extra cycles for DRAS deassertion during con-
secutive writes to the same DRAM page.

Data Translator — The BIU includes a data
translator that allows the LR33020 to work with
one or two 32-bit data buses. The data transia-
tor also handles distribution of even and odd
addresses across interleaved memory banks.

Byte Steering Unit — The Byte Steering Unit
assembies 32-bit words from 8-bit devices. This
facility allows the LR33020 to fetch instructions
directly from 8-bit PROMs.

Bus Arbiter — The BIU contains a bus arbiter
that manages bus request and grant functions
forthe internal and external DMA channels. The
LR33020 includes support for four internal DMA
channels and one external DMA channel. The
four internal DMA channels are:

Two graphics DMA channels, one of which pro-
vides source data for the Bit-Bit Processor and
the other of which stores the processed pixels
at the programmed destination

Two video DMA channels, one of which pro-
vides a hardware cursor when used with a
VRAM-based system or a Video FIFO for DRAM-
based frame buffers and the other of which pro-
vides VRAM refresh operations. VRAM split-
read transfers are supported.

The external DMA channel is requested via the
BREQ line. When the system bus is free, the
LR33020 grants the bus to the external device by
asserting BGNT. The external device must
request bus masterhood again for each bus
transaction it wishes to make.

During bus arbitration, DRAM/VRAM refresh
cycles always take priority, as any other action
mightviolate data integrity. The Video Controller
takes second priority, as VRAM read transfers
must take place during the screen flyback
period. The external DMA channel takes third
priority. The Graphics Coprocessor has fourth
priority. The MIPS CPU has the lowest priority.

The LR33020 uses hierarchical prioritization for
simultaneous bus requests. The device owning
the bus refinquishes the bus to higher-priority
devices at the end of each bus cycle.

Video Controller

The Video Controller contains three main ele-
ments: the video timing logic, the video FIFO and
serializer and the Video DMA Cantroller. A sum-
mary of these three functions follows.
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Video Timing Logic — The video timing logic pro-
vides the video synchronization and blanking
circuitry for rasterized data. Up to three syn-
chronization signals can be provided at any one
time, with one signal functioning either as a hor-
izontal synchronization (HSYNC) or composite
synchronization {CSYNC) signal. The LR33020
supports three types of non-interlaced video
timing signals:

VSYNC, HSYNC and composite BLANK outputs
from a single VCLK input

HSYNC and composite BLANK outputs from a
VCLK and a VSYNC input

CSYNC and composite BLANK outputs from a
single VCLK input

The placement of the respective timing edges is
fully programmable, with 16-bit registers con-
trolling the relative edges of horizontal and ver-
tical front and back porches, synchronization
shelves and active display area.

Video FIFO and Serializer— The LR33020's 32-
word video FIFO can serve different purposes
depending on whether the system uses DRAM
or VRAM for video information:

In DBRAM-based systems, the video FIFG can
feed data from the DRAM to the monitor or
RAMDALC, thus providing a channel for pixel
data that does not consume CPU resources
In VRAM-based systems, the video FIFQ can
supply a hardware cursor

The video serializer can serialize 1, 2, 4 or 8 bits
of video data.

The video serializer includes bit-swapping logic
to assist with big/little endian conversion.

Video DMA Controller — The Video DMA Con-
troller can fetch frame-buffer data from a
DRAM-based frame buffer and pipe the video
data into the on-chip 32-word video FIFO inde-
pendently of CPU coritrol.

The Video BMA Controller can also coordinate
access to VRAM by the RAMBAC and superim-
pose a 64x64x2 hardware cursor on the VRAM

from DRAM,

The Video DMA Controller supports split read
transfers from VRAM and supplies VRAM
refresh if a VRAM frame buffer is being used.
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The LR33020 interface signals are described in
the following four categories:

BIU Signals

Video Signals

SRAM and I/0 Controller Signals
Miscellaneous Signals

BIU Signals

The BIU signals described in this section com-
prise the LR33020’s interface to 1/0 devices and
memory subsystems.

A[28:0]

Address Bus {Bidirectional) — This 29-bit bus
provides instruction and data addresses to the
memory systems and peripherals. The proces-
sor itself uses a 32-bit address, but the upper 3
bits of an address are not brought off chip. This
bus is an output only when the LR33020 is the
bus master. This bus is an input when the bus is
owned by another bus master; the LR33020 can
then generate the appropriate DRAM signals
when another bus master requires the DRAM
controller circuitry of the LR33020.

AS

Address Strobe (Bidirectional) — This signal
indicates the start and end of a bus cycle. The
LR33020 asserts AS {LOW) when initiating a bus
cycle thatis not decoded by the LR33020’s inter-
nal address decoder. AS is deasserted {HIGH)
when the current transaction is completed.
When the bus is granted to an external bus mas-
ter, AS is sampled as an inputto initiate a DRAM
controller operation and/or snooping.

BERR

Bus Error {input) — This signal indicates that an
exception condition has occurred. An external
device should assert BERR (LOW) during a
memory transaction. If the LR33020 is bus mas-
ter at the time, the LR33020 then terminates the
on-going memory transaction and takes an
exception.

BFREQ

Block Fetch Request (Bidirectional) — This sig-
nal indicates that a burst access to memory is
being requested. When an external bus master
is requesting use of the BRAM/VRAM control-
ler, this signal is used as an input to indicate
whether a block fetch is to be executed. if the
memory system being addressed does not sup-
port block fetch, then BFTCH should not be
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asserted. If the an-chip DRAM/VRAM controller
is enabled, this signal can be ignored for DRAM
cycles.

BFTCH

Block Fetch Acknowledge (Input) — in exter-
nally controlied memory systems, this signal
indicates thatthe memory system is ready for a
block fetch. This signal should be asserted in
response to BFREQ for externally controlled
memory systems. Assert BFTCH (LOW) only if
the addressed device supports block fetch.
Leaving the signal deasserted (HIGH)} forces the
LR33020 to accept a single-word read opera-
tion. BFTCH should not be asserted (LOW) for
DRAM cycles.

BGNT

Bus Grant (Qutput) — This signal informs the bus
master requesting the bus that the LR33020 has
relinquished the bus and has 3-stated A[28:0],
D(31:0), D[63:32], DWE(3:0}, RT and AS. On the
activation of AS, the DRAM controller examines
the address bus and RT signal. If appropriate,
the DRAM controller initiates a DRAM cycle.
The address bus and the RT signal must be sta-
ble for proper operation. The external device is
also respansible for the proper generation of
the DWE[3:0] signals. When INTRLV is asserted,
the LR33020's DRAM controller gates odd-word
write accesses to D[63:32] and odd-word read
accesses to D[31:0], because all external mas-
ters must reside on D[31:0] (and not D[63:32]).
External masters using the LR33020's DRAM
controller can only perform single-cycle read
and write accesses.

BREQ

Bus Request (Input) — External bus masters can
use this signal (active low) to request the mem-
ory bus from the LR33020. Bus masters request-
ing the bus may or may not use the LR33020
DRAM Controller.

BWIDE

Byte-Wide ROM Space (Input) - This signal
allows execution from an 8-bit-wide memory
system. This signal informs the LR33020 that the
address space being accessed is 1 byte wide.
When the LR33020 detects this signal, it fetches
four bytes from memory beginning at the first
generated word-aligned byte address until the
complete addressed word has been collected.
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CACHD

Cacheable Datum (Input} — This signal informs
the LR33020 whether the current data is cache-
able. Assert CACHD (LOW) to indicate that the
data being fetched is cacheable. For external
DMA bus writes, assert CACHD (LOW) to indi-
cate that snooping is desired. If the cache is to
operate at all times, tie CACHD low.

D[31:0]

Data Bus (Bidirectional) - This 32-bit bus pro-
vides data access to the memory and peripher-
als in the system. The LR33020 drives the bus on
memory write cycles and reads the bus on
memory read cycles. When the bus is owned by
another master using the LR33020 DRAM con-
troller, a read cycle to the odd bank in an inter-
leaved system memory causes the data on
DATA[63:32] to be driven onto this bus.

D[63:32]

Data Bus (Bidirectional) — This 32-bit bus pro-
vides the data to and fram the DRAM memaory on
two-way interleaved systems only. Together
with the LR33020 DRAM/VRAM controller cir-
cuitry, B[63:32] allows for the direct connection
of 64-bit wide interleaved memory to the
LR33020. 64-bit wide interleaved memory can
support a zero-wait-state DRAM memory sys-
tem, allowing single-cycle cache refill and
video data refreshing out of DRAM. D[63:32]
provides the odd-word data path to the LR33020.
When the bus is owned by another masterin an
interleaved memory system, a write cycle to the
odd bank causes the data on DATA[31:0] to be
driven onto this bus.

DCAS0[3:0] and DTAS1[3:0]

DRAM Even and Odd Column Address Strobes
(Output) — These signals are used to strobe the
column address into DRAM. During single cycle
or burst {(fast-page-mode) accesses in inter-
leaved systems, the LR33020 asserts the Column
Address Strobe signals (LOW) when a valid col-
umn address is being presented to the DRAM
bank. To support interleaved systems,
DCAS0[3:0] are activated during accesses to
even addresses, and DCAS1[3:0] are activated
during accesses to odd addresses.

All four signals in the bus are activated during
read operations. For write operations, each sig-
nal selects the appropriate byte write action.
The LR33020 asserts these signals two clocks
after the DRAS signal (one clock after DMXS is
asserted). Between words in a burst-read oper-
ation, the LR33020 holds this signal active for
one or two clocks and then inactive for one
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clock. The timing presented by the Column
Address Strobe signals allow the direct inter-
face to a DRAM memory system that supports
both single-cycle and fast-page-mode
accesses.

DMXS

DRAM Address Multiplexer Select {Output) —
This signal should drive an external multiplexer
to select either the row or the column address
for the DRAM array. The timing presented by
this signal conforms with the timing of the DRAS
and DCAS signals generated by the LR33020.
This signal is deasserted when the DRAM
sequence ends.

DOE

DRAM Output Enable (Output) — This signal is
asserted (LOW) to indicate a DRAM/VRAM read
operation or a VRAM Serial Access Mode
{SAM) transfer. DOE shouid be tied to the VRAM
OE pins.

DRAMSEL

DRAM Select (Bidirectional) - When asserted
(LOW), this signal indicates the start of a DRAM
cycle that has been initiated by the LR33020
DRAM Controller. When another master owns
the bus, this signal is an input which causes the
LR33020 DRAM Controller to initiate a DRAM
cycle.

DRASD

DRAST

Low and High DRAM Row Address Strobes
(Qutput) — These signals are used to strobe the
row address into DRAM. The LR33020 asserts
DRASO0 or DRAST LOW one clock after the
DRAMSEL and data bus (D[31:0] or D[63:32]} are
valid. The timing presented by these signals
allow direct interface to a DBRAM memory sys-
tem.

DRDY

Data Ready (Input) — External logic asserts this
signal to indicate readiness for the current bus
transaction data. When DRAM, ROM, or {/0
space is selected, the on-chip memory control-
ler may assert an internal version of this signal
to complete a transaction. When any other
address space is selected, the external device
must assert DRDY at the appropriate time.

DSF

DRAM Special Function Select {(Output) — This
signal selects DBRAM and VRAM special func-
tions, such as serial register loads. This signal
should be tied to the DRAM/VRAM DSF input
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pins. Itis driven appropriately to select different
operations in the DRAM/VRAM, such as serial

register loads. DSF may be left unconnected in
DRAM-only systems.

DWE [3:0]

Byte Write Enable Strobes {Output) - These sig-
nals indicate valid data on their respective byte
of data on B[31:0] or D[63:32]. The LR33020
DRAM controller drives DWE[3:0] when it has
ownership of the bus. When another bus master
owns the bus, the LR33020 3-states these sig-
nals; the external bus master must then drive
DWE[3:0] to generate DRAM write cycles. As
the on-chip DMA Controller only performs full-
word writes, the DMA Controller does not use
DWE[3:0]. When DRAM/VRAM arrays are con-
trolied by the LR33020°s on-chip DRAM/VRAM
controller, the arrays use DCAS-controlled
writes instead of DWE[3:0].

IDLENI

Input Data Bus Latch Enable In {Input) — This
signal latches the data coming on chip into the
data buffer latches. The LR33020 TDLENT input
should be driven by the LR33020 TDLEND output.
Iftiming in the BRAM system is tight, same small
detay may need to be added to the signal.

IDLENO

Input Data Bus Latch Enable Qut (Qutput) — This
signal comes off chip from the DRAM controller
to control the timing for the input data buffer
latch enables on chip. TDEEND should drive the
IDLENT input pin. This provides appropriate
delay for latching DRAM read data.

INTRLV

Interleaved Memory Bank Selection (Input) —
This signal indicates an interleaved memory
access to the LR33020 DRAM/VRAM controlier.
The interleaved memory may be BRAM, VRAM,
SRAM or other similar devices. For each mem-
ory reference, the signal must be asserted
(LOW) for interleaved memory banks or deas-
serted (HIGH) for non-interleaved memory
banks. For instance, if the system is configured
with interleaved DRAM only, the output signal
DRAMSEL could be tied directly to this input.

ME_WE

Mask Enable/Write Enable Select {Output) -
This signal selects DRAM write operations and
VRAM special functions. ME_WE should be tied
to the ME/WE input of the DRAMs/VRAMs.
ME_WE is also driven HIGH during DRAM
Refresh.
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MXSTART

Memory Transaction Start (Output) - This signal
indicates that the CPU is initiating a memory
cycle. The LR33020 asserts MXSTART (LOW) for
one cycle at the beginning of each memory
cycle initiated by the CPU. MXSTART is not
driven LOW during DMA bus cycles.

RFRSH

Refresh Cycle (Output} — When the LR33020
DRAM controller is enabled, this signal indi-
cates a DRAM refresh cycle. When the LR33020
is disabled, RFRSH provides a general-purpose
timer strobe. This signal should be used by dual-
bank memeary systems to enable DCAS and
DRAS simultaneously to both banks. When the
LR33020 DRAM controller is disabled, this signal
becomes a general-purpose timer output indi-
cating that the timer has counted down from its
preset value to zero.

RD

Read Strobe (Output) — The bus master asserts
RD (LOW) to indicate that the current transac-
tion is a read transaction and the memory may
drive data onto the data bus. When deasserted
(HIGH), only the bus master may drive the data
bus.

RT

Read Transaction (Bidirectional) — This signal
indicates whether the current memory transac-
tion is a read or a write operation. This signal
should be driven valid when an external bus
master owns the bus and is performing a read or
write operation.

Video Signals
The video signals described in this section can
interface directly to an external RAMDAC.

BLANK

Video Composite Blank Signal {Output) — This
signal {active LOW) is asserted by the LR33020
when the current video dot position is in the
front porch or back porch blanking or sync
period. The timing and duration of this signal is
user programmable.

C/HSYNC

Video Composite or Horizontal Synchronization
(Output) — When using separate horizontal and

vertical video timing signals, this signal {active

LOW) is asserted by the LR33020 when horizon-
tal synchronization is taking place. When using
composite video timing, this signal provides the
composite synchronization signal. For both
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modes, the timing and duration of this signal is

user programmable via the Coprocessor 2 reg-

ister space. For composite synchranization, ser-
ration pulse timing is also user programmable.

In addition, an overscan mode is provided.

HWCRSR

Hardware Cursor Active (Qutput) — When hard-
ware cursor mode is enabled, HWCRSR indi-
cates that the hardware cursor data is being
shifted out on the VDATA port.

QSsF

VRAM Shift Indicator (Input) - When using
VRAM-based frame buffers that support split
serial access mode (split SAM), this LR33020
input connects directly to the VRAMs’ QSF sig-
nal output. The LR33020 uses QSF to determine
when the next split SAM transfer should occur.

VCLK

Video Clock (Input) — This signal is the pixel
scanning dot clock. This signal can also divide
the pixel clock by 2, 4 or 8. All the video timings
generated by the LR33020 are based on
counters and comparators clocked by this sig-
nal. When the LR33020 is serializing video data,
the divide rate must be consistent with the num-
ber of bits shifted per VCLK cycle. This clock
can have a maximum frequency of 80 MHz.

VDATA[7:0]

Video Data Bus (Output) — When enabled, this
bus serializesthe data fromthe 32x32Video FIFO
in the LR33020’s video controller. VDATA[7:0]
shifts data out on both edges of the video clock
(VCLK). The serializer bus can be programmed to
shift data by 1, 2, 4 or 8 bits per clock edge. The
video blanking (BLANK) suspends the data out-
put.

VSYNC

Video Vertical Synchronization (Bidirectional) -
When asserted (LOW), this signal indicates that
vertical synchronization is to take place. The
timing and duration of this signal is programma-
ble and is based on the VCLK input. When pro-
grammed as an input, this signal allows an
external device to reset the vertical counter. In
printer applications, for example, the VCLK input
can indicate the start of a new page.

SRAM and I/0 Controller Signals

This signal group includes the timer, serial port
and chip select signals. The Serial Port and
Timer 2 can both communicate with external
devices via the signals described below.
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ACLK/SI0

PS/2 Port Clock/Serial Port 0 Input (Input) —
When the Serial Port Logic is configured as a
PS/2 Compatible port, this signal is the LR33020
clock input for the PS/2 Serial Port. When
receiving a serial stream on the PS/2 Serial Port,
ACLK shifts incoming data into the LR33020.
When transmitting a serial stream on the PS/2
Serial Port, ACLK strobes data out of the
LR33020. When the Serial Port Logic is instead
configured as separate standard serial ports,
this signal is the input port for Serial Port 0.

ACLKEN/S00

PS/2 Port Clock Enable/Serial Port Qutput
(Qutput) — When the Serial Port Logic is config-
ured as a PS/2 Compatible port, this signal con-
trols the PS/2 Serial Port clock signal. When
ACLKEN is asserted (HIGH), ACLK can be
asserted (HIGH) by an auxiliary device. When
ACLKEN is deasserted {(LOW), external hard-
ware should deassert ACLK (LOW). When the
Serial Port Logic is instead configured as sepa-
rate standard serial ports, this signal is the out-
put port for Serial Port 0.

ADIN/SI1

PS/2 Port 0 Data In/Serial Port 1 Input (Input) -
When the Serial Port Logic is configured as a
PS/2 Compatible port, this signal is the Serial
Port 0 data input. If receive is enabled for this
port, data is shifted in this pin on the falling edge
of the ACLK input. When the Serial Port Logic is
instead configured as separate standard serial
ports, this signalis the input portfor Serial Port 1.

ADOUT/SO1

PS/2 Port 0 Data Out/Serial Port 1 Qutput
(Output) — When the Serial Port Logic is config-
ured as a PS/2 Compatible part, this signal is the
Serial Port 0 data output. When transmitting
data, the LR33020 transmits data out this pin on
the falling edge of ACLK. This signal is asserted
(HIGH) when the LR33020 Serial Port 0 is not
transmitting data. When the Serial Port Logic is
instead configured as separate standard serial
ports, this signal is the output port for Serial Port
1.

10CS1,T0CS2 and TOCS3

1/0 Space 1, 2, and 3 Selects (Output) — The
LR33020 asserts one of these signals (LOW)
when the address bus accesses the corre-
sponding space. These signals can be used as
chip-select signals and/or output-enable sig-
nals for 3-stated buffers. The address bus and
the RT signals are stable when these signals are
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generated. The length of an TOCS signal is a pro-
grammable number of SYSCLK's, although the
signal length can be shortened by an external
device asserting DRDY. The number of SYSCLK's
for TOCST is set in the LR33020 Configuration
register; the [OCS2 and TOTS3 wait states are
programmed in the Coprocessor 2 register
space. The I/0 address space always uses the
D[31:0] data path.

PROMCS

ROM Memory Space Select (Output) — This sig-
nal indicates that the LR33020 is accessing the
ROM address space. PROMCS canbeusedasa
chip-select signal and/or an output-enable sig-
nal for 3-state buffers. The address bus and the
RT signals are stable when this signal is gener-
ated. The length of this signal is a programma-
ble number of SYSCLK’s, although the signal
length can be also shortened by an external
device asserting DRDY. Wait-state duration is
programmed in the LR33020 Configuration Reg-
ister. The ROM address space always uses the
D[31:0] data path.

T2TMO

Timer 2 Timeout (Output) — The LR33020 toggles
this signal when the LR33020 Timer 2 Counter
reaches zero.

Miscellaneous Signals
Configuration, interrupt, status, testand general
signals are described in this section.

BRTKEN

Branch Taken (Output) — When asserted (active
HIGH), this signal indicates that the CPU is tak-
ing a branch in the instruction execution. This
signal is useful for tracing instruction flow.

Force Instruction Cache Miss {Input) — This sig-
nal is used for chip testing. Emulation hardware
can also force the nextinstruction to be a cache
miss via this signal. In most situations, this sig-
nal should be tied high.

INT[5:3]

Interrupts (Input) — The LR33020 provides three
of the six hardware interrupts specified by the
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MIPS architecture specification. The other
three interrupts are used internally by the
LR33020. Note that the polarity of the interrupt
signals has reversed from the interrupt imple-
mentation in the LR33000.

LEND

Endian-ness Configuration {Input) - When
asserted (LOW), this signal indicates that the
praocessor is using little-endian byte ordering.
When deasserted (HIGH), this signal indicates
that the processor is using big-endian byte
ordering.

MID

Memory Transaction Type (Output) — When
deasserted (HIGH), this signal indicates that the
bus transaction is an instruction fetch. When
asserted (LOW), this signal indicates that the
bus transaction is a data read or write transac-
tion.

RESET

Reset Schmitt Trigger (Input) — When asserted
(LOW), this signal resets the processor state.
RESET is a Schmitt trigger input with a pull-up
resister; a reset circuit can thus be imple-
mented with minimal external logic. When this
signal is asserted (LOW), all chip output and
bidirectional pins are 3-stated.

STALL

Stall (Output) — When asserted (HIGH), this sig-
nal indicates that the processor is in a stall
state.

SYSCLK

System Clock (input) — This is the primary clock
input to the LR33020. This clock is the CPU cycle
clock, the DRAM controller synchronous clock
and the general purpose timer clock. All mem-
ory bus signals are synchronous to this clock.

TDONE
Cache Test Done (Output) — This signal is used
for test-mode access to the caches.

THIT
Cache Test Hit (Qutput) — This signal is used for
test-mode access to the caches.
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Specifications

This section provides the electrical specifica-
tions for the LR33020. Table 3 lists the absolute
maximum rating for the LR33020. Operation
beyond the limits set forth in this table may
impair the useful life of the device.

Table 3. Absolute Maximum Ratings

Parameter Symbol | Min | Max | Units
Supply Voltage vDD 03 |+10 \
Input Voftage VIN |-03" [+73 v
Storage Temperature TST -40 | +125 °C

Note:
1. VIN Min. = -3.0 V for pulse width less than 15 ns.

Table 4 lists the LR33020's recommended oper-
ating conditions, Table 5 lists the capacitance of
its inputs and outputs, and Table 6 lists the DC

Table 5. Capacitance

electrical specifications for the LR33020. Table 7
lists the AC electrical specifications for the
LR33020, and Figures 9 through 11 are timing
waveforms which illustrate the AC timing val-
ues. In the AC specifications, all timing is refer-
enced to 1.5V, and all output timing assumes
25 pF of capacitive load.

Table 4. Recommended Operating Conditions

Symbol Parameter Limits Unit
VDD DC Supply +475t0 +5.25| V
TA Ambient Temperature | -01t0 +70 *C

Note: Not more than one output should be
shorted at a time; duration of the short should
not exceed 30 seconds.

Symbol| Parameter Condition Min Typ Max | Units
CIN Input VIN=50V,TA=25C,f=1MHz - - 5 pF
Capacitance
COUT| Output VIN=50V,TA=25C,f=1MHz - - 10 pF
Capacitance
Ci0 1/0 Bus VIN=50V,TA=25"C,f=1MHz - - 15 pF
Capacitance
Table 6. DC Characteristics
Symbol| Parameter Condition Min Typ Max ; Units
VIL Voltage Input LOW - - 038 \
VIH Voltage Input HIGH 20 - - \Y
VOH | Voltage Output HIGH I0H = -4.0 mA 24 45 - v
I0H = -8.0mA 24 45 - \
VoL Voltage Output LOW I0L=4.0mA - 02! 04 Vv
10L=8.0mA N 02| 04 Vv
IIH Current Input HIGH VIN = VDD or VSS - - 10 uA
1L Current Input LOW? VIN = VDD or VSS — -10 nA
102 Current 3-State Output Leakage? VOH=24V,VOL=04V -10 +1 10 HA
IDD Quiescent Supply Current VIN =VDD or VSS - - 4 mA
ICC Supply Current VIN = Max, f=25MHz - - | 400 w
VIN = Max, f=33MHz - - 500 W
VIN = Max, f=40MHz - - 600
Notes:

1. Specified at VDD equals 5V + 5% at ambient temperature over the specified range.
2. For inputs and outputs with puli-up resistors, low voltage level currentis 500 4A max.
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Table 7. AC Timing Values

Q 25

Parameter Description Min Max | Min Max | Min f Max | Units
1. SHAV SYSCLK+ to Address Valid - 17 - 20 - = 26 ns
2. SHBRV SYSCLK+ to BFREQ Valid - 15 - 16 - 2 ns
3. SHBRI SYSCLK+ to BFREQ Invalid - i 15 - 16 - 20 ns
4. SHML SYSCLK+ to MXSTART Low -, 15 - 16 - 20 ns
5. SHRTL SYSCLK+ to RT Low - ! 15 - 16 - 20 ns
6. SHRTH SYSCLK+ to RT High - 114 - 15 - 18 ns
7. SHDTV SYSCLK+ to MID Valid - . 15 - 16 - 20 ns
8. SHDTI SYSCLK+ to MID Invalid -] 15 - 16 - 20 ns
9. SLAL SYSCLK- to AS, RD Low -t n - 20 - 23 ns
10. SLSL SYSCLK- to PROMCS or TOCS{3:1] Low - 14 - 15 - 18 ns
1. SLSH SYSCLK- to PROMCS or IOCS{3:1] High - 14 - 15 - 18 ns
12. AVASL Address Valid to A5, RD, PROMCS,

and TOCS[3:1} Low 5 - 5 - 5 - ns
13. CSSL Control Setup to SYSCLK- 4 - 5 - 6 - ns
14. CHSL Control Hold from SYSCLK- 3 - 4 - 5 - ns
15. BEHSL BERR Hold from SYSCLK- 5 - 6 - 7 - ns
16. DBSU Data Setup before SYSCLK+ 2 - 2 - 3 nsl
17. DBH Data Hold after SYSCLK+ 5 - 5 - 6 - ns
18. SHASH SYSCLK+ to AS, RD High - 12 - 13 - 15 ns
19, AHSH Address Hold from AS, RD, PROMCS,

and TOCS(3:1] High 0 - 0 - 0 - ns
20. SHWRV | SYSCLK+ to DWE(3:0] Valid - 15 - 16 - 20 ns
21, SHDV SYSCLK+ to Data Valid - i 19 21 26 ns
22. SHWRH | SYSCLK+to DWE[3:0] High I R - 14 - 16 ns
23. WRHD! DWE(3:0} High to Data Invalid [ L] i - 10 - 10 - ns
24. SLRL SYSCLK- to DRASH1:0] Low - 1 13 - 14 - 17 ns
25. SLRH SYSCLK- to DRAS(1:0] High - 13 - 14 - 17 ns
26. ASRL Address Setup before DRAS[1:0] Low 10 - 10 - 12 - ns
27. SLMSL SYSCLK- to DMXS Low - 13 - 14 - 16 ns
28. SLMSH SYSCLK- to DMXS High - 13 - 14 - 18 ns
29, SLCAL SYSCLK- to DCASD(3:0] and DCAST[3:0] Low - 14 - 15 - 18 ns
30. SLOEL SYSCLK- to DOE Low - 13 - 14 - 17 ns
31, SHCAH SYSCLK+ to DCASO(3:0] and DCAST{3:0] High| - 14 - 15 - 18 ns
32. SHOEH SYSCLK+ to DOE High - 13 - 14 - 17 ns
T1. SHAX SYSCLK+ to ACLKEN and ADOUT Valid 14 15 18 ns
V1. VHSV VCLK+ to Video Signal Valid - 1 - 12 - 15 ns
V2. VPWH VCLK Pulse Width High - 6 - 6 - 6 ns
V3. VPWL VCLK Pulse Width Low - 6 - 6 - 6 ns
V4. VP VCLK Period - 125 - 125 - 125 ns
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Figure 12. Read Transaction Timing
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Figure 13. Write Transaction Timing
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Note:

1. Inputpins ACLK and ADIN are asynchronous
inputs that are internally synchronized by
SYSCLK.

Figure 14. Serial Port Timing
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1. DOE is not asserted during write transactions.
2. 27 and 28 apply when TDLENT is slow with respect to SYSCLK.

Figure 16. DRAM Access Timing
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Pinout, Package and
Ordering Information

The LR33020 is available in two different pack-
ages: a 224-pin Ceramic Pin Grid Array (CPGA)
and a 208-pin Metal Quad Fiat Package
(MQUAD). Designers will choose the package
that meets the cost and performance require-
ments of their application.

Table 8lists and describes the two packages by
order number.

This section contains two types of information
for each package type: a pinout and a mechan-
ical drawing. For the 224-pin CPGA, Figure 17

and Figure 18 contain the two types of informa-
tion. For the 208-pin MQUAD, Figure 19 and Fig-
ure 20 contain the two types of information.

Table 8. LR33000 Ordering Information

Order Clock Package Operating
Number Frequency Type Range
LR33020MC-25 25 208 MQUAD | Commercial
LR33020MC-33 33 208 MQUAD | Commercial
LR33020MC-40 40 208 MQUAD | Commercial
LR33020GC-25 25 224 CPGA Commercial
LR33020GC-33 33 224 CPGA Commercial
LR33020GC-40 | 40 224 CPGA Commercial

ACLKEN| D62 | vss | D28 D77 D% D% | D23 | D21 | VDD | VSS § D50 | D48 | Da7 | vSs | D13 | Das | Daz
VOD | AC D30 061 D59 D57 | vss | Dss 03 | Ds2 | DS D49 | D16 | vSS | D46 | D1z | vOD | D4t
vss | ADIN | D31 | vbo | DEO D% | vOD | D¢ | D22 | D2 | D13 | D17 | voD | D14 | Ot D10 09 D33
THIT | iSTST | ACtk | D63 | vbD | D29 | Ds8 | vSs | Ds4 | voD | 018 | D15 | Das | D43 | vss D8 07 037

BRTKEN| RESET | DSTST [ ADOUT D40 D6 Ds | VDD
NT3 vDD | BERR | VSS 038 A D36 D4
TOONE| INTS | INT4 | STALL vss | D35 | D34 02
V8§ VoD voD | RFRSH D3 033 01 032
BLANK [HWCRSR| THSYNT | VSYNT 00 VvsS | vDD | vDD

Top View

asr NC NC vDD

VS

73

VDATADIVDATA1| VDD

VDATA2|VDATA3F VSS [VDATA?

VDATA4|VDATA5|VDATAG| A1

VDO VsS AD A5 NC

BREQ | VCLK |SYSCLK| BGNT

AS VS§S VDD M0

DRDY [MXSTART| T2TMC | VSS

VSS A2 A4 A7 AN A13 A7 A22 Vss

VDD |DCAST3 |DCASO3| DWED |PROMES| vOD | TEND |FROMISS| BFREQ

DCAST0 | DRASO | DCASOZ | vDO | DWE3 | TOTS3 | BWIDE | TDLENT

vDD A8 A0 AlS VDo Al8 A21 A24 A27

DOE | DRAST | DCASTZ | DTASOT | vss | DWET | IOCST | vDD

TOLEND

A3 AN A12 VoD VSS A9 A23 A25 AN

A28 V§s

DCASTT | DTASX | DMXS | vSS | DWEZ | IOTSZ | VSS

Note:
1. NC pins are not connected

Figure 17. 224-Pin CPGA Pinout
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Figure 18. 224-Pin CPGA Mechanical Drawing
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T

Note:
1. NC pins are not connected.

Figure 19. 208-Pin MQUAD Pinout
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(Continued) AA ‘ Millimeters
A; o Dimension {Inches)
| J— A [ Min_| 30.408q(1.197)
il il - N\ Max_| 3080 Sq(1.213]
. - — a7 |_Min_| 27.56 Sq [1.085)
1 o— F—m 156 X Max | 27.72 Sq(1.091}
—1n
f— O\ — ) A A2 Ref | 2550 Sq (1.004)
| Index Mark “H- C | Max | 386(0.152)
! C1| Mex | 3.43(0.135)
i D | Max | 0.41(0.020)
(f E Min 0.40 {0.016)
I Max_| 0.60(0.024)
! g | Min | 0.10(0.004)
| : Max | 0.25(0.010)
; : G Min 0 degrees
i Max | 7 degrees
LT~ H | Nom | 0.50(0.020)
o—] — \
o—] —0 \ J Min 0.18 (0.007)
% SN =10 W Max | 0.28(0.011)
T [ ] M | Max | 0.10(0.004)
sl | U o NS P | Max | 0.05(0.002)
vy« c—
Notes
Detail "W" 1. Controlling dimension — mm
2. Coplananity of all teads shall
be within 0.1 mm {difference
D between the highest and
v lowest lead with seating
- plane —K- as reference).
-E K- 3. Lead pitch determined at -L-.
{Note 2} 4. Leadframe to package
-

—» = H (Note 3)

Detail 'X"
Lo
RV
e "
M (Note 2)

Figure 20. 208-Pin MQUAD Mechanical Drawing
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