





























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Integrated Device Technology, Inc.

IDT79R3000/R3001 SYSTEM
PERFORMANCE ANALYSIS

APPLICATION
NOTE
AN-87

By Dean M. Smith

INTRODUCTION

Pixstats and cache2000 are MIPS Computer Systems,
Inc. software tools that allow you to evaluate all possible
79R3000 and 79R3001 system designs to determine the
optimum price/performance solution. These same tools play
alarge arole in processor selection. The statistics generated
by pixstats and cache2000 allow you to esdtablish the exact
performance on various 79R3000/3001-based systems for
comparison to other candidate microprocessor systems.

Pixstats projects the number of 79R3000/1 integer unit
and 79R3010 floating-point unit pipeline interlock cycles.
Cache2000 models the 79R3000/1 memory subsystem
detailed in Figure 1, thereby projecting the penalties incurred
for accesses to asynchronous main memory. Cache size,
asynchronous-memory access penalties, write-buffer size,
cache burst-refill size, TLB miss penalties, cache flushing,
and other parameters can be varied and the exact perfor-
mance impact acertained Pixstats and cache2000 together
provide complete analysis of 79R3000/1 compiler and target-
system performance.

INTERPRETATION OF STATISTICS

‘Synchronous’ System

The large allowable cache size for the 79R3000 (512Kb
max) and the 79R3001 (32Mb max) permit entire applications
to be housed in synchronous memory. Or, if needed, the
time-critical portion of a larger task or kernel can be locked in
cache segment. The performance of these 79R3000/1 ‘syn-
chronous’ solutions is determined from pixstats.

Since pixstats assumes a 100% cache hit-rate, the perfor-
mance statistics generated are those for a ‘synchronous’
system design. Asynchronous main memory access penal-
ties are not simulated by pixstats. Pixstats assumes that
the application is operating in KSEGO and KSEG1 virtual
address segments. Thus, TLB and uTLB miss penalties are
not simulated. Any additional run-time cycles incurred are a
result of the 79R3000 integer multiply/divide busy interlock
cycles and the 79R3010 floating-point busy interlock cycles.

The 79R3000/1 has a separate multiply and divide unit
that takes 12 and 35 cycles, respectively, for integer multiply
and divide . Attempts to prematurely read the result of a
multiply or divide cause the pipeline to stall (ie. interlock) until
the operation has been completed. Also, a new multiply or
divide operation can not begin before a previously issued
one completes. Such resource conflicts also cause the
pipeline to stall. The 79R3010 has separate add, multiply,
and divide units and will similarly stall its own pipeline when
conflicts occur. The optimizing compiler reduces the number
of pipeline stalls by re-scheduling the 79R3000/1 and the
79R3010 pipelines to eliminate as many data and resource

79R3010
79R3000 " .
Floating-point
Integer i
s Unit
Unit i
(optional)

A . A

Figure 1. 79R3000/1 Memory Subsystem

conflicts as possible. In the example pixstats output in
Figure 2, the total number of run-time cycles calculated is
10211. The difference between this number and the 8795
instructions executed is equal to the total number of 79R3000/
1 and 79R3010 interlock cycles.

All 79R3000/1 cache accesses are on word boundaries.
Consequently, Partial Word Store, Store Word Left, and
Store Word Right instructions are implemented as two cycle
read-modify-write operations. However, pixstats was origi-
nally written to model the 79R2000, the first implementation
of the MIPS architecture. The 79R2000 implemented these
special instructions as one-cycle operations, simultaneously
updating main memory and invalidating the corresponding
cache entry. This is the only shortcoming of pixstats in
modeling the 79R3000/1 and the 79R3010. Thus, the total
number of run-time cycles for a ‘synchronous’ system oper-
ating out of virtual address segments KSEGO or KSEG1 is
equal to the number of run-time cycles calculated by pixstats
plus the number of two cycle store instructions (sb, sh, swi,
swr). The number of two cycle store instructions is obtainable

©1991 Integrated Device Technology, Inc.
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from the opcode distribution section of the pixstats output. For
the example in Figure 2 there are 127 sb instructions and
102 sh instructions accounting for a total run-time of 10340
cycles (ie. 129 two cycle stores + 10211 cycles calculated by
PIXSTATS).

‘Cached’ System

A ‘cached’ 79R3000/1 system is one in which a smaller
synchronous memory behaves as a cache to a larger and
slower asynchronous memory. Such a target system does
not have enough synchronous memory to house the entire
application.

Example:
10211 (1.161) cycles (0.000408s @ 25.0MHz)
8795 (1.000) instructions

0 (0.000) multiply/divide interlock cycles (12/35 cycles)
— these are due to R3000/1 Data and Resource
Conflicts.

604 (0.069) flops (1.48 mflop/s @ 25.0MHz)

112 (0.013) floating point data interlock cycles
— these are due to R3010 Data Conflicts

336 (0.038) floating point add unit interlock cycles
— these are due to R3010 Resource Conflicts

0 (0.000) floating point multiply unit interlock cycles
— these are due to R3010 Resource Conflicts

0 (0.000) floating point divide unit interlock cycles
— these are due to R3010 Resource Conflicts

968 (0.110) other floating point interlock cycles
— these are due to R3010 ? )

112 (0.013) 1 cycle interlocks (2 cycle stalls — not

counted)

0 (0.000) overlapped floating point cycles

492 (0.056) interlock cycles due to basic block boundary

Opcode Histribution:

uTLB miss cycles: 9

(18634 cycles) x (40 nS) = 745.36 uS, @ 25MHz
(18634 cycles) x (30 nS) = 559.02 uS, @ 33MHz
(18634 cycles) x (25 nS) = 465.85 uS, @ 40MHz
cache2000:

Thu May 31 15:29:29 1990

17218 cycles (1.958), 0.0s @ 20.0MHz
8795 instructions (0.0M)
0 cache flushes (Infinityms)

|-cache size = 4096 words, direct-mapped, 4 word refill

D-cache size = 4096 words, direct-mapped, 4 word refill,
write-through

Write buffer = 1 deep

TLB size = 56 entries, associative, random replacement,
page size = 1024 words

Per
Instr Per Cycle/Per Other

‘uTLB misses: 9  (0.10%/ 0.05%)
I-TLB misses: 3  (0.03%/ 0.02%)
D-TLB misses: 3 (0.03%/ 0.02%/ 0.12%)
|-cache misses: 486 (5.53%/ 2.84%)
D-cache misses: 119 (1.35%/ 0.69%/14.27%)
Idle writes: 684 (7.78%/ 3.99%/ 43.4%)

(2 memory cycles)
Page mode writes: 882 (10.03%/ 5.15%/ 56.0%)
) (2 memory cycles)

Non-page writes: 10 '(0.11%/ 0.06%/ 0.6%)
(2 memory cycles)
Total writes: 1576 (17.92%/ 9.20%)
I-stream branch: 45  (0.51%/ 0.26%/ 9.3%)
|-stream d-miss: 8 (0.09%/ 0.05%/ 1.6%)
|-stream write: 241 (2.74%/ 1.41%/ 49.6%)
I-stream block: 192 (2.18%/ 1.12%/ 39.5%)

I-stream words: 0.1/1.6/2.3

(0.00%/ 0.00%) (penalty 1)
I-TLB miss cycles: 39 (0.00%/ 0.00%) (penalty 13)
D-TLB miss cycles: 39 (0.00%/ 0.00%) (penaity 13)
l-cache miss cycles: 2916 (33.16%/ 17.02%) (penalty 6)

spec 1700 19.33%
bnop 215  2.44%

Iwc1 50 1.71%
sb 127 1.44%
jnop 117 1.33%
xori . 112 1.27%
fovtw 112 1.27%
mff 112 1.27%
Ibu 110 1.25%
sh 102 1.16%

Figure 2. Excerpt From a PIXSTATS Output

I-cache streaming: <771 (-8.77%/ -4.50%)

D-cache miss cycles: 714
2-cycle SB/SH/SWL/

SWR: 229
Write buffer full cycles: 3469

Write wait cycles: 1779

(8.12%/ 4.17%) (penalty 6)

(2.60%/ 1.34%) (penalty 1)
(39.44%/ 20.25%)
(average 2.2 per write)
(20.23%/ 10.38%)
(average 2.9 per miss)

Figure 3. Excerpt From A cache2000 Output
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Cache2000 must be used to generate the performance
statistics of a ‘cached’ system. Main memory access penal-
ties, uTLB/TLB miss penalties, and two-cycle store penalties
are simulated. However, cache2000 does not simulate
79R3000/1 and 79R3010 interlock cycles. Thus, the total
number of run-time cycles for a ‘cached’ system is equal to the
number of run-time cycles calculated by cache2000 plus the
total number of interlock cycles calculated by pixstats. For the
cache2000 example in Figure 3, the total number of run time
cycles for the target cached system is 18634 (ie. 17218 cycles
from cache2000 + 1416 interlock cycles from the correspond-
ing pixstats output in Figure 2). Cache2000 assumes that the
cache is initially void of the benchmark. Initial cache misses
are incurred as code gets loaded into the cache for the first
time. Allruntimes projected by cache2000 include these initial
cache misses. Note that the number of instructions executed
is the same for both the cache2000 output and the corre-
sponding pixstats output. These instructions include the jump/
branch and load delay siot nops not replaced with useful
instructions by the optimizing compiler.

The statistics generated by pixstats and cache2000 can
be used to scale target system performance by using a faster
(or slower) 79R3000/1 matched with the corresponding speed
grades of synchronous and asynchronous memory. For
instance, the run times for the example application detailed
in Figures 2 & 3 with 25, 33, and 40MHz clocks are:

Size Of Executable

The size of the executable is useful in determining the
appropriate amount of target system cache. The executable
size also dictates the minimum amount of synchronous
memory required for a ‘synchronous’ target system. The
RISC/os UNIX utility size prints the size of the instruction and
data sections of the executable.

Size of example:18736 -

Physical Virtual

Section Size Address Address

text 11360 4194672 4194672

Linit 32 4206032 4206032
.data 16 268435456 268435456
lit8 144 268435472 268435472
.sdata 2032 268435616 268435616
.sbss 432 268437648 268437648
.bss 4720 268438080 268438080

~ Figure 4. Output From Unix size Utility

The static instruction size of the example executable in
Figure 4 is 11360 bytes. The static data size of the example
executable is 7376 bytes (ie. 18736 total - 11360 code).
Each MIPS RISComputer generated executable has entry/
exit code inserted at compile time by RISC/os to transfer
control to and from the benchmark.

Dummy routines have been written and compiled to deter-
mine the the entry/exit code size for all languages supported
by MIPS. These dummy routines are detailed in Figure 5.
The corresponding static code sizes are summarized in Table
I. The entry/exit code size must be subtracted from the
application size to determine the stand-alone application
size. For the C application in Figure 4, the stand-alone
application code size consists of 7280 bytes of instruc-
tion(11360 - 4080) and 2256 bytes of data(7376 - 5120).

‘synchronous’
Performance

Languagé | size (bytes)
Cc 4080

ADA 30064
FORTRAN
PASCAL
COBOL
PLA

assembly

D size(bytes)
5120
23552

NOTE: compiler optimization level 4 used

Table 1. Entry/Exit Code

There is additional overhead when running the entry/exit
code. Table 1 summarizes the additional cycles incurred for
a ‘synchronous’ system, as measured by pixstats. Un-
known, however, is the exact performance degradation for
‘cached’ systems. Since some of the cache is consumed by
the entry/exit code and data, the number of additional cache
misses and other penalties associated with the resultant
increase in main memory traffic is not known.

Floating-Point Alternatives

The 79R3010 is optional in 79R3000/1 system design and
is used in applications that have floating-point requirements.
Floating-point emulation handled in software by the 79R3000/
1 integer unit offers a less expensive and space saving
alternative to the 79R3010. The performance of available
emulation routines is often adequate for limited floating-point
applications.

MIPS’ compilers always assume the presence of the
79R3010 and thus generate 79R3010 instructions. If the
Cu1 (79R3010 usability) bit in the 79R3000/1 status register
is not set, then a Coprocessor Unusable Exception occurs
when a 79R3010 instruction is decoded. The 79R3000/1
jumps to the general exception vector where the exception
type is then decoded. Execution then jumps to the floating-
point emulation service routine. The service routine initiates
the corresponding 79R3010 instruction emulation routine
started. To measure the performance of such systems, you
must omit the number of 79R3010 interlock cycles calculated
by pixstats fromthe total cycle count. The 79R3010 dynamic
opcode distribution listed in the pixstats output is used to
calculate the emulation overhead. The following are the run
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cycle counts for the 79R3010 emulation package available
from IDT:

Single Precision Double Precision
ADD 40 cycles 66 cycles
SuB 52 cycles 90 cycles
MUL 50 cycles 97 cycles
DIV 160 cycles 236 cycles

NOTE: assuming emulation routines present in cache

Higher floating-point emulation can be achieved by using
IDT’s PostFloat filter to eliminate exception handling over-
head. A source program is first compiled at the assembly
level. The PostFloat filter is then used to strip away 79R3010
instructions, replacing them with direct calls to the emulation
routines. Even higher performance floating-point emulation
is achieved with IDT’s cross compilers. IDT’s multi-hosted
compilers inline floating-point emulation routines which then
benefit from global optimizations. Details of the IDT PostFloat
filter and the IDT7RS903 Multi-Host C-compiler System are
available from IDT. Note that these alternatives eliminate
floating-point machine code in the executable. There are no
79R3010 pipeline interlock cycles to subtract out from the

C dummy routine
main()
{
}

Ada dummy routine
procedure TEST is
begin
null;
end TEST;

Fo.nra‘n dummy routine

Pascal dummy routine

" Cobol dummy routine
PL/1 dummy routine
MIPS assembly dummy routine

Figure 5. Dummy Routines

without the -jmpopt compiler option

b . J
statistics generated by pixstats. :1 r::) l-cache D ALU D-cache wB
PERFORMANCE ANALYSIS STEPS IHarget h
Creating The EXECUTable Delay

At compilation, the MIPS compiler system allows you to Slot | I-cache I\ ALU
choose from various options that affect the nature and effi- (nop) T
ciency of the executable. These compiler options can be
turned on or off as appropriate. You can refer to the “IDT
R3000 FAMILY LANGUAGE PROGRAMMERS GUIDE" for Targel]  che D ALU
a complete description of the MIPS compiler system. A few Inst
of the .compile'r system options, as related to performance IF R ALU I ME wB
analysis, are discussed here. D M
Compiler Optimization Levels: C
There are several levels of optimization for the MIPS with the -jmpopt compiler option
compilers:
Jume D ALU D-cach was
Level Optimizations et | Fehe | eache
0 none _“isiﬂj\
1 default pipeline scheduling, local optimizations
2 adds global optimizations, register allocation 1;:2:' l-cache I ALU
3 adds inter-procedural register allocation I
4 adds procedure merging Target
Inst
I-cache D ALU
Although optimization level O4 typically generates the (+1)
most efficient code, the target-system performance may not IF R ALU ME wB
be optimum. Procedure merging (ie. inlining) is an optimi- D M
zation technique intended to increase performance by
eliminating jump/branch instructions. However, inlining of Figure 6. The -jmpopt Lnker Option
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subroutines also tends to increase the static code size which
can have an adverse effect on cache hit-rate. It is advisable
to experiment with all compiler optimization levels to determine
which results in the highest target performance.

Filling Unconditional Jump Delay Slots:

79R3000/1 jump instructions have a delay of one cycle
while they calculate the target address where execution is
resumed (refer to Figure 6). The instruction that immediately
follows in the pipeline is called the ‘delay slot’ instruction
which the 79R3000/1 always

executes. The compiler is responsible for re-scheduling the
pipeline Dby filling the delay slot with an instruction that is
independent of the jump. In this manner the pipeline contin-
ues to flow and performance is not degraded. If the compiler
can not find a useful instruction, a nop is inserted that results
in a 1 cycle performance penalty.

The -jmpopt linker option fills any jump delay-slot with the
target of the jump and increments the target address to the
next instruction. Unlike the compiler, the linker has unlimited
scope and can refill the delay slot regardless of where target
instruction is.located.

Reducing Cache Conflicts:

Every main memory location maps to exactly one 79R3000/
1 cache location. Different sections of code located a mul-
tiple of the cache size away from one another compete for
the same cache space. The 793000/1 first checks cache for
a needed piece of code. If not there, the code is then loaded
into cache from main memory - overwriting code previously
resident in the corresponding cache locations. Such cache
conflicts significantly degrade performance if newly loaded
code replaces other code that will be needed right away. A
classic example of this activity (known as to ‘thrash in cache’)
is a loop in which a subroutine is called that is located in a
multiple of the cache size .

Major cache conflicts can be avoided by using the -cord
compiler option that uses statistics generated by the pro-
gram profiling tools pixie and prof (refer to Figure 7). The first
version of the executable is generated by invoking the corre-
sponding driver with the desired compiler options. Pixieisthen
used to partition the executable into basic blocks. Each
basic block has exactly one entry point (ie. target address of
a jump/branch instruction) and exactly one exit point (ie. the
address of the first jump/branch instruction encountered).

|
c
CREATE THE EXECUTABLE
compiler .
cc -app.c -0 app [-options]
app
ixie PIXIFIFY THE EXECUTABLE
P pixie app -0 app.pixie
app.pixi
RUN THE PIXIFIED EXECUTABLE
execute -
app.pixie
app.coun
A ts
rof PROFILE THE EXECUTABLE
P prof app -feedback feedfile
feedfil
e RE-CREATE THE EXECUTABLE
compiler TO REDUCE CACHE CONFLICTS
l cc app.c.-o app -feedback feedfile -cord [-opfions]
app
OPTIMUM EXECUTABLE

Figure 7: Reducing Cache Conflicts
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Additional counting code is inserted by pixie at the end of each
basic block. The pixified executable generates a file contain-
ing the basic block counts (.counts extension). This raw data
is used by prof to generate profile data for the different pro-
cedures within the application. This profile data is stored ina
feedback file in a format usable by the compiler. The appli-
cation is then re-compiled with the -cord option. The
-cord option places the most frequently used loops in main
memory locations that do not conflict with one another for the
same cache location.

Single or Double-Precision Floating-point:

A significant performance gain can be realized by both the
79R3010 and the floating-point emulation software by doing
single-precision arithmetic, vs double-precision. Single-pre-
cision often provides adequate dynamic range for an
application’s floating-point requirements. To ensure that all
floating-point operations are done in single-precision, the
compiler option -float should be used.. -Even if all floating-
point variables are declared as single-precision in the source,
the -float compiler option is necessary to ensure that inter-
mediate operations are done in single-precision.

Other Concerns:

The most efficient code is not appropriate for all applica-
tions/benchmarks. Compiler optimizations can alter the
intended nature of a benchmark. This is the case for real-
time code in which the precise timing of operations is more
important than the execution speed. Loop optimizations that

_app.pixie
pixified
app pixie executable
bl
executable app.Addrs
——
basic blocks
address file
app.pixie app.Count
pP p execute _»pp. .c.>un s
pixified pixified
executable
app
executabl
e

pixstats

move loop invariant code outside loops so that it is only
executed once is one compiler optimization technique that
can create havoc with real-time code. The real-time portion
of an application should be written in MIPS assembly language
and assembled with the -noreorderoption to prevent pipeline
scheduling from altering the execution sequence of instruc-
tions . The resultant object code can then be linked with the
object code of other compiled modules.

Interprocedural register allocation and procedure merging
may not be desired if subroutine calls in a benchmark are
intended to simulate interrupts.  Also, field serviceability
requirements may dictate the use of lower optimization levels.
Although compiler optimizations do not alter the flow of
control within a program, the sequence of object code may
be altered thereby making source-level debug difficult or
impossible. It is often useful to look at the dis-assembly of
the compiled code to decide on the appropriate optimization
level. The RISC/os utility dis generates the dis-assembly with
source listings interspersed.

Using pixstats

(refer to Figure 8)

Pixie is used to partition the executable into basic blocks.
Each basic block has only one entry point (ie. target address
of a jump/branch instruction) and only one exit point (ie. the
address of the first jump/branch instruction encountered).
Additional counting code is inserted by pixie at the end of each
basic block. Also generated is a file containing the basic

PIXIFY THE EXECUTABLE
pixie app -0 app.trace

RUN THE PIXIFIED EXECUTABLE

subsystem
performance
statistics

Figure 8. Using pixstats

app.pixie
GENERATE PERFORMANCE
app.pxst STATISTICS FOR A
SYNCH R3000/R3001
synchmem e yoRY SUBSYSTEM

pixstats app > app.pxst
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block addresses (.Addrs file). The pixified executable gener- Using cache2000 (refer to Figure 9) -

ates a file containing the basic block counts (.counts . . . -
extension). - Pixstats uses the .Addrs and .Counts files to a Tr';e r?;ee ;fzézeofi):gﬁﬁggéi ':nlc"sg;l;; 'gags;e{?'sm&;?:
generate detailed statistics on pipeline interlocks, opcode pprop o . . X
-~ . Pixifying the executable with the -idirace option enables
frequency, and mini-profile data. R . !
tracing of instruction and data memory references for use by
cache2000. To model the target system, cache2000.ccanbe
modified as shown in Figure 10. Any optimization level may

app app.size )
size > DETERMINE SIZE OF EXECUTABLE
executable size of
executable size app > app.size
app.trace
pixified PIXIFY THE EXECUTABLE
app . executable | "
executable pixie cAdirase option
app.Addrs )
basic blocks pixié -idtrace app -o app.trace
address file
cache2000.c cache2000.c MODIFY cache2000.c
E— editor - TO MODEL TARGET
original simulated
source R3000/R3001 EMORY SUBSYSTE!

mem subsystem

|
cache2000.c cache2000.sys CREA'i\E
compiler | g, cache2000 EXECUTABLE
mode executable
R3000/R3001 cc -O4 cache2000.c -o cache2000.sys -Im

mem subsystem

app.trace
pixified exectte GENERATE PERFORMANCE
executable STATISTICS FOR THE

TARGET R3000/1 SYSTE|

makepipe 19 app.trace '|' 0
cache2000.sys > app.sys &

app.sys

target mem

-subsystem

performance
statistics

Figure 9: Using cache2000
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be used to generate the cache2000 executable. If many
simulations are planned, it is advisable to experiment with all
of the optimization levels to determine the best tradeoff
between cache2000 compilation and runtimes. Trace.his an
include file that must be resident in the same working direc-
tory as cache2000.c at the time of compilation. The RISC/os
utility makepipe is used to run the pixified executable and
output the results into the cache2000 standard input file
descriptor 19. Cache2000 generates the performance sta-
tistics for the ‘cached’ target system .

A TLB miss penalty of 13 cycles is assumed for a random
page replacement algorithm. The TLB size is defined as 56
since the lower 8 TLB entries are not accessible by the

/* cache parameters */

/* instruction refill size, in words */

#ifndef 1i_refill_log

# define i_refill log2

#endif

#define i_refill size (1<<i_refill_log)

/* 1instruction cache size,
#ifndef i_size log

# define i_size_logl2
#endif
#define

in words *x/

i_size (1<<i_size_log)

/* data refill size, in words */

#ifndef d_refill log

# define d_refill log2
#endif
#define d_refill size (1<<d_refill log)

/* data cache size,
#ifndef d_size_ log

in words */

# define d_size_logl2
#endif

#define d_size (1l<<d_size_log)
/* TLB */

#ifndef tlbsize

# define - tlbsize 56

#endif

/* byte gathering */

#ifndef byte_gathering

# define byte_gathering0
#endif

/* read conflict checking in write buffer */
#ifndef read_conflict_check

random register. A non-random replacement algorithm can
be simulated by defining the TLB size to be 64. The TLB
miss penalty can be changed to the appropriate value.
Embedded applications often do not implement a demand
paged virtual memory. Typically, these applications bypass
the TLB by running out of virtual address segments KSEGO
and/or KSEG1. This can be simulated with cache2000 by
setting the uTLB and TLB miss penalties to 0. The ability to
bypass the TLB is important for real-time applications that
can not tolerate the non-determinism caused by cache misses.

* A detailed description of setting up the main memory
read and write latencies for simulation will be given here.
. A few examples are shown.

# define
#endif

read_conflict_check0

/* instruction streaming */

#ifndef istreaming
# define istreamingl
#endif

/* memory parameters */

private unsigned wbsize =l;

private unsigned read_latency =2;

private unsigned idle_write_time 2;
private unsigned page write_time = 2;
private unsigned nonpage_write_time 2;
private unsigned byte_extra_write_time 6;
#define imiss_penalty (read_latency +
i_refill_size)

#define dmiss_penalty (read latency +

d_refill_size)

/* random parameters */

#ifndef utlbmiss_penalty

# define utlbmiss_penaltyO
#endif

#ifndef tlbmiss_penalty

# define tlbmiss_penaltyO
#endif

#ifndef page_log

# define page_log 10
#endif

private char *comment = NULL;

private boolean random flush = false;
private unsigned print_interval =
2000000000000000;

private unsigned flush_interval =
200000000000000p

private double random_flush_parameter;
private double cycletime =50e-9;

Figure 10. Cache2000.c Modifiable Parameters
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By Brent Bush

INTRODUCTION

There are many cost sensitive applications today that
require high bandwidth data-transfer as well as high compute
power. With its efficient pipeline architecture and tightly-
coupled flexible memory-controller, the R3000/3001 CPU’s
from IDT prove to be an extremely effective solution. This
application note reveals various DMA (direct memory access)
techniques utilized in high bandwidth R3K designs. A general
review of the R3K CPU architecture and performance is given
and is followed by a detailed description of the R3K system
memory-hierarchy and its flexibility. Also, a detailed descrip-
tion of various tightly-coupled DMA approaches is presented.

The MIPS compilers & the R3000 CPU architecture are
based on over 35 staff years of research & development; its
foundation established with compiler optimizing research at
Standford University inthe early 1980’s. Benchmark compari-
sons of competitive solutions conducted by IDT customers
have shown that the MIPS solution is clearly the best price/
performance solution in most applications. As a MIPS semi-
conductorpartner, IDT has producedthe R3000 since 1988.and
the enhanced version R3000A since 1990.. IDT’s agreement
with MIPS includes the right to design and sell derivatives of
the R3000 architecture. The R3001 RISController™ is IDT’s
first derivative. Improvements were made to reduce chip-
count and increase design flexibility. Bus control and timing is
identical to the R3000. The same R3000 (R3K) CPU core is
usedinall IDT derivative CPU’s, guaranteeing binary compat-
ibility and reducing your time-to-market.

ARCHITECTURE OVERVIEW

Both The R3000 and R3001 are available at 16MHz to
40MHz in a 175-pin PGA package. There are also plastic &
ceramic surface mount packages available. All common in-
structions execute in 1 cycle, regardless of instruction
sequence. Two exceptions are Loads & Branches. All pipe-
line CPU architectures potentially incur latency on these
instructions. The R3K has a “potential” one-cycle latency.
This latency is minimized by always executing, rather than
stalling during the cycle following the Load or Branch (the
“delay” slot). The compiler’s instruction rescheduler is highly
successful in filling this delay slot with another instruction,
bringing Load’s and Branch'’s close to one cycle. .

A dedicated autonomous unit inside the R3K performs
multi-cycle integer multiply and divide operations. This unit
has dedicated result registers and executes in parallel with
other non-multiply/divide instructions. A hardware interlock
occurs if the result registers are required priorto completion of
the multiply or divide.

Figure 1 shows the functions found in the R3K core. There
are two tightly coupled processing units. The first is a full 32-
bit integer that executes the MIPS RISC (Reduced Instruction
Set Computer) instruction set at 1 cycle per instruction.
Integer multiply and divides are included and are multi-cycle
operations that execute in an autonomous unit, allowing other
instructions to execute in parallel. There are dedicated adders
for instruction and data address calculations, eliminating any
possible pipeline stalls due to certain instruction sequences.
The second processor, Coprocessor 0 (CP0) contains a 64-
entry fully associative Translation Lookaside Buffer (TLB) with
control registers to support a virtual memory systemwith dual
(instruction & data) caches at full bandwidth. The TLB is part
of the Memory Management Unit (MMU). The MMU provides
adequate address mapping whenthe use of the TLB functions
is undesirable. Figure 2 shows the Kernel & User as well as
cacheable & uncacheable (I/O) memory segments provided.
Mapped segments require use of the TLB. Kernel segments
0 & 1 (Kseg0/Kseg1) provide .5 Gbytes of cacheable and
uncacheable memory (each) that is “hardwired” to the lower .5
Gbyte of the 4 GB physical address space. All status and
exception registers associated with maintaining User and
Kernel state and precise exception handling are in CPO.

©1991 Integrated Device Technology, Inc.
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Figure 1. R3000/R3001 Functional Block Diagram
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MMU Address Translation
Virtual » Physical
Address hffffftt
A\
1024 MB Kenrel Mapped
(TLB) Cacheable é Any
(kseg2)
512MB Kernel Uncached
(hardwired) (kseg1) Physical
Memory |- 3548 MB
512MB _( Kernel Cached
(hardwired) \ (kseg0)
/ =
]
Q.
User Mapped £
2048MB Cacheable 7 Ay |&
(TLB) (kuseg) :.
- 512 MB
\ /
Address h'00000000
Figure 2. R3000/3001 Memory Mapping
COMPANION CHIPS A Cache is nothing more than a mirror image of some

IDT provides many companion chips for R3K designs. The
R3010 is an optional 84-pin floating point accelerator. The
interface to this unit is “seamless”. The FPA has it's own
register set & can perform Load and Store operations .
Therefore floating-point operands, opcodes, and results do
not have to be passed to/from the CPU. A high degree of
parallelism exists in this 2-chip solution. Integer instructions &
multiple floating point instructions can execute simultaneously.
The R3020 is a 4-deep write buffer used to decouple the high
bandwidth CPU from the slower system bus. This is an
effective performance enhancer in data intensive applica-
tions. IDT has 7 and 8-deep buffers (IDT73200/201) that
provide deep, efficient read and write buffers. IDT’s product
portfolio includes high-speed logicdevices, FIFO's(first in-first
out memories), dual-port static RAMs, and generic static
RAMSs at the speeds required for the highest performance
R3K design.

THE R3000 MEMORY HIERARCHY
(SYNCHRONOUS VERSUS ASYNCHRONOUS)

Figure 3 shows a typical R3000/R3001 system. The CPU’s
Synchronous Bus consists of a 24-bit address bus (18-bit for
R3000) and a 32-bit data bus coupled to two banks of generic
static RAMs, one for Instructions and one for Data. Itisimportant
to realize that the SRAMS provide single cycle access (address
anddata) and canbeusedasa“Cache”oras a“Local’memory.
This bus is decoupled fromthe slower (multi-cycle) System Bus
resources with a registered interface.

larger, slower memory, used to hold the most recently ac-
quired data. Properly sized caches will contain > 95% of the
instruction and data accesses required. When the required
instruction ordatais notinthe Cache the CPU invokes a muiti-
cycle access to the slower, larger “main” memory residing on
the System Bus. Caches are a cost effective way to greatly
increase performance.

When used as alocal memory all accesses to the synchro-
nous (cacheable) address space result in accessing the
SRAM’s on the Synchronous Bus. There is no slower, larger
memory that maintains the same data.

It is important to define some terminology at this point:

Used when referring to the CPU'’s tightly
coupled, single cycle access bus,
independent of SRAM usage; “Cache” or
“Local” (Abbreviated “sync.”)

Used when referring to the multi-cycle
access System Bus. (Abbreviated
-79R3010AE-33G.”)

Used when the Synchronous SRAM'’s
are used as a local memory; not as a
Cache in a Cache hierarchy.

Used when the Synchronous SRAM's
are used as a Cache in a Cache hierar-
chy system or when referring to the
CPU's internal control features for the
synchronous bus. (To conform to other
documentation.)

“Synchronous”

“Asynchronous”

Local Memory

Cache
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CPU SUBSYSTEM

| [
| |
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I Cirl IDT79R30001 ~ Ctrl | BUS @ 25Mhz CPU
Data Address MemCitrl
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| SRAM's) y SRAMS) |
| Ctrl Ctrl |
| Data B Data | 100MBYTES/SEC
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INSTRUCTION DATA | @25Mhz cPU
| CACHE CACHE |
| |
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Data SYSTEM BUS
] (ASYNCHRONOUS)
Control ! y
Vo DRAM/SRAM EPROM
(comm.) (data/instruction) (Boot code)
(kseg1)  (kseg0/2 or kuseg)  (kseg1)

Figure 3. R3000/R3001 System Hierarchy

* Please note that most R3000 documentation uses
“Cache” terminology exclusively when referring to the
synchronous address space.

A key element integrated into the CPU is the Cache
controller. It provides all control lines required to interface to
generic static RAMs for instruction fetching and data Loads
and Stores on the sync bus. No additional logic is required.
Despite the single address and data busses there is no bus
conflict between instruction fetching and data loads or stores.
The controller “time multiplexes” the address and data bus-
ses, providing a true Harvard Architecture in a small package.
Figure 4 shows the bus usage for each half-cycle phase. The
address and data are acquired during the same cycle. At
25MHz a full 200Mbytes/second is realized regardless of
instruction sequence. o

During a synchronous read cycle the Cache controller
determines if the required data (or instruction) is in the SRAM.
If required, on the following cycle, a simple read/read busy
handshake is invoked by the controller to perform a multi-
cycle (asynchronous) access on the System Bus. The CPU
pipeline is “stalled” until data from the asynchronous space is
available.

Synchronous Store instructions are always single-cycle
events. Fuliword (32-bit) Stores always update the sync
memory regardless of the hit/miss status of that location.
Partial word (byte/halfword) Stores are 2-cycle read/write
events. The sync memory is read to determine if the address
is in the Cache. If a “hit” occurs the new byte/halfword is
merged withthe old cached data and then writteninto the sync
memory. When a Store updates the synchronous data memory
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PHASE 2 TRA% PHASE 1 TRANSACTION

FCT373ALE ICIk AdrLo DClk LEFCT373A
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OE* IRd DRd OE*
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1 2 1 2
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\
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Instr. RAM Data RAM Instr. RAM CPU Data Pins

Figure 4. Harvard Architecture of the R3000/R3001 Synchronous Bus
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a write request is always “posted” to the System Bus. The
data, 32-bit address, and access type controls (i.e. byte,
halfword, fullword) are supplied for one cycle and mustbe held
in registers to accommodate the multi-cycle store operation
on the System Bus. The CPU continues to execute until the
System Bus is required for another access. If the previous
Store is not completed, then the CPU will stall until the write
buffer can accept the request.

In local memory applications these write requests to the
sync space are ignored by the asynchronous handshake logic
to avoid undesired bus stalls. Unlike Cache designs there is
no larger memory to update in parallel.

THE SYNCHRONOUS MEMORY -
CACHE OR LOCAL MEMORY?

A “tag check” is done on all synchronous accesses. (The
internal Cache controller has no way to determine that a local
memory has been implemented.) “Tag” bits are required (in
a Cache hierarchy) to determine whether the requested data
resides in the Cache. They are an extension to the SRAM
banks. The number of required Tag bits depends on the size
of the cacheable memory residing on the System Bus. A
“Valid” bit is required to indicate that the addressed location in
Cache contains a valid entry. Figure 5 is an R3001 example
with32KB caches supporting a 64MB cacheable mainmemory.

The main memory to Cache size ratio is 2000:1. Therefore,
11 SRAM Tag bits are required. All unneeded Tag bits are
disabled (masked from the address comparison) at Reset with
the R3001. A 4K ohm pulldown resistor is required for each
disabled Tag. The R3000 does not have this feature so simple
buffers are used to supply the addresses required. The buffer's
input value is determined by the system memory mapping.

When a local memory is implemented with the R3001, no
Tag bits are required since all accesses in the synchronous
area are always valid. Therefore all Tag bits and the Valid Bit
are disabled (as described above). This eliminates the 4
SRAM’s in Figure 5 supporting Tag25:15 and Valid.

INCREASED DMA BANDWIDTH USING THE
CACHE BLOCK REFILL MECHANISM

Since the synchronous SRAM is accessed in one cycle it
can be viewed as an extension to the CPU’s register stack.
Once data resides here there is no access latency and
routines operating on this data will runvery closeto 1 cycle per
instruction. The R3K, with its internal Cache controller has
efficient means to bring data into the synchronous SRAM. It
provides support for block refilling of the synchronous SRAM’s.
Settingthe data block size to alarge value can greatly improve
data throughput. The block size for Instruction and Data is
independently configured at Reset, providing 4, 8 16, or 32
word refills per Load instruction.

4Kohm Resistors
(for disable)

To System Bus
Read/Write Buffer

TAG31:26,14:13 >

To System Bus
Address Register

- R3001 Tag25:15 -
Data Valid
AddrLo DWr -~ TRd __
142 DCk  DRd IWr  ICk
Latch (2x FCT573) ~1E | Latch (2x FCT573)

Data Cache Data Cache — E »| Instruction Instruction

Tags Data WE WE Cache-Data Cache-Tags

2x IDT7174 4x IDT7174 OE OF > Ax IDT7174 2x IDT7174

Ve Y (4 unused bits)
(4 unused bits)

Figure 5. R3001 Cache Design Example
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Figure 6 illustrates the timing associated with a 4-word
block refill. All signals shown, except RdBusy and CpCond0,
are supplied by the CPU. Refilling occurs when an attempt to
access data in the synchronous address space results in a
“miss”. ("D#" means Tag bits did not match or Valid Bit is not
set). This decision takes place duringthe synchronous access
cycle (Run). During the first Stall cycle the controller invokes
a read protocol (MemRd) to the asynchronous space. The
CPU requires that the data be available one word per cycle
once the refill starts. This is accommodated by various
means; fast memory, dual-banked memory, read pipeline
registers, FIFO’s, etc. Whenthe data canbe delivered ataone
word per cycle rate the System Bus state machine releases
RdBusy (“read busy”) and the internal controller writes the
data into the sync memory. (Called “Refill" cycles). The
“Fixup” cycle is a repeat of the failed Run cycle and is required
to resume the pipeline execution. The address increment

required for the sync SRAM is supplied by the CPU. Address
increment, if required by the System Bus resource, must be
supplied by its state machine.

The block refill can be disabled to accommodate 1 word
refills by de-asserting the input CpCond0 during the last RdBusy
(read busy) cycle. This is a key attribute when other cacheable
resources are accessed in a non-sequential manner.

The block refill mechanism can be utilized in a local
memory design as well as a Cache hierarchy. In a local
memory designthe Valid Bit (and all Tag Bits) are disabled. To
facilitate ablock refill the Valid Bit is not disabled but is sourced
by an 1/0O mapped register or high order address to force a
Cache miss. (More on this later.)

The realized bandwidth when utilizing the block refill mecha-
nism can be easily computed. To follow is an example of
generic code used for moving a large block of data and the
associated bandwidth with different block refill sizes.

I Run | Stall l Stall | Stall | Refill l Refill | Refill l Refill | Fixup I Run |

cycle
mase | 1]z| ]2 | ]z z]]z] 2] ]2 r]2]1]z]
pa: |1 [fu]|  wenz  |zloo[z[oi]z[oef z[os] 1 [oe]1] o]
Tag: [t f#ofu] mondoretie) [ oof vof o2 o2 v2f p2fpefoef 1 [oe]1 [ ]
aatoza: [ o2 1 | ReadAddress(23:4) [o2] 1 [ o] 1]
AdrLo(k-tio: | D2| 1 | Readaddress@o) | po] p2| b1] b2 p2[ b2 [ps| p2[ D2| 1 | 0] 1 |
AccTyp(t0): | DACTY | . DataCacheMiss | DAty | DActy |

AccTyp®) __/ (Cacheable Access)

Wemrd  \ V. C
cooonae) N/ {‘BM}RWX X X X X X

RoBusy [ X A

e \VANWANWAWEEEE

DR T\ /

wmo S\ \/

Run / \

Figure 6. Data Block Refill Timing Sequence (Block of Four Words)
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DMAloop: Load ; for synch. memory block refill

; (destination = null)

; increment base register by block size.
;to DMAloop if base register not equalto

; maximum value.

Add
Branch

This simple loop contributes just 2 cycles of latency per
block refill. Due to the Branch’s delay slot, the Add & Branch
must be reversed to avoid an additional cycle. Total cycle
count for the loop is:

Load = 1 (instr.) + 2 (Stalls min) + N (Refill size) + 1 -
(Fixup); N = number of words

Branch =1 (instr.)

Add= 1 (instr.)

Thefollowing table shows the maximumbandwidth achieved
in a 25MHz system.

Block Cycle
Refill Size Count Bandwidth (% of max.)
4(words) 10(cycles) | 40.0 (Mbytes/sec) 40 (%)
8 14 57.1 57
16 22 72.7 " 73
32 38 84.2 “ 84

The latency incurred will vary based on the code loop
required and the speed of the asynchronous resource supply-
ing the data. As seen in the figures above, this latency is
greatly minimized by using the larger block refill size.

DMA OBSTACLES IN A CACHE HIERARCHY

Using the Cache controller’s block refill capability for DMA
type activity is an efficient way to increase bandwidth but does
raise a key question. In order to invoke the System Bus
protocol for block refilling the sync memory, a Cache “miss”
must occur. How can the required miss occur if the Cache
already has a valid entry from a previous DMA transfer?
Furthermore, problems occur in cache hierarchy systems
when other bus masters update the cacheable system bus
memory. In both scenarios, the data residing in Cache has
become “stale”. The following are details of various methods
to resolve these issues and a discussion of the tradeoffs of
each method.

1. Explicit address mapping using two (or more) different
address spaces to perform DMA transfers.
Under program control, a subsequent DMA move can
use a different address space to insure the “miss’
required to bring the new data into the sync memory.
(An “Odd” and “Even” DMA address range could be
established.) Data block size can be > Cache size. For
clarification, an example flow of events follows. (A
16KByte data Cache is assumed.)

« Execute “Odd” DMA block transfer: Starting address =
b.....x1xx,XxxX,xxxX,xx00

« Non-DMA code: Data now in sync memory for algo-
rithms, sorting, etc.

« Execute “Even” DMA block transfer: Starting address =
b.....x0xx,xxxx,xxxx,xx00

Previous data no longer required. Cache miss is

guaranteed due to different address range. (Tags don’t
match.) Starting address is “modulo” Cache size!

Careful control of address mapping can maximize the
usage of the sync memory. It could be partitioned into multiple
DMA blocks plus a general usage area. No hardware or
software overhead is required to resolve the “stale data”
problem.

2. Explicit software Cache invalidation — The R3K caches
need to be flushed (Valid Bit set to 0) at Power-up. This
is done with a simple software routine. Internal status
bits provide means to isolate sync SRAM accesses from
the System space. Executing Store Byte instructions at
this time sets the Valid Bit to 0 (invalid entry). Since the
R3K’s Cache line size is 1 word a Store Byte instruction
is required for each word to be cleared. This mechanism
can be used to resolve stale data problems only when
the program has knowledge of the conflicting events and
the associated addresses. The program has control and
will clear only the required area of Cache, leaving usable
data intact. No additional hardware is required to support
this mechanism. (See Appendix-D in MIPS’ “System
Programmers Guide for details.)

3. Explicit hardware Cache invalidation — Some applica-
tions cannot accommodate the explicit address control of
methods 1 & 2 or the significant software overhead
associated with method 2. Described below are several
hardware supported methods to control status of the
Valid Bit when dealing with the “stale data” obstacles.
The tradeoffs of each method is briefly discussed.

3a. A resettable SRAM supplying the Valid Bit. An I/O
mapped register can provide a Reset signal that
clears the entire SRAM in 2 cycles. (The 8K x 8
SRAM - IDT7165 is an example.) The other 7 bits of
the SRAM would supply Tag Bits if required. One
Store instruction plus a fraction of a PAL (program-
mable logic device) provides a completely cleared
Cache. One potential disadvantage is that good data,
along with the stale is lost.

3b. A Valid Bit “disable switch” to force a miss. An I/O
mapped register is used to set the CPU’s Valid Bit
input to 0. When the I/0 register is set, all sync Loads
result in a miss and subsequent refill, regardless of
the Cache status. The SRAM supplying the Valid Bit
is not cleared and is updated during the refill. The
update is required if the Valid Bit could be previously
0 (due to a real “miss”). This requires minimal hard-
ware and software support, does not delete needed
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Figure 7. Valid Bit Disable Switch (Using 1/0 Mapped Register)

data, and does not require the CPU’s knowledge of
the sync memory’s content. The Valid Bit must be
connected through a device that satisfies the strict
turn-on/turn-off times of the sync bus; hence the use
of an FCT buffer. Figure 7 shows this feature imple-
mented with an R3001 in a Cache hierarchy and
gives an example of generic code to execute the
operation. (Instruction SRAM is omitted for simplicity.)

Generic Code: Store, ;to I/O mapped register, disabling

the Valid ‘

; cycle count = cycles to retire 1/O

Store. (Can be any non- data

Cache instruction!)

; Miss forced, block refill occurs.

(Beginning of DMA | etc.)

“ ; Loop for data block moved into
Cache.

NOP’s

Load

; to I/0 mapped register, restoring
Valid Bit to normal. (End of DMA,
etc.)

; cycle count = cycles to retire 1/O
Store. (Can be any non- data
Cache instruction!)

; Resume normal code. DMA data
now in Cache

An alternate method to control this “miss switch” is to simply
use a high-order address bit that is beyond the cacheable
address range. This implies that for all normal sync accesses
this address bit is not set. The user program, requiring the
forced miss, sets this bit in the index or in the base address
registerused forthe block-refill Loads. This requires evenless
hardware support and offers more code flexibility. When using
the 1/0 mapped register method, (Figure 7), synchronous
Stores cannot occur because the Valid Bit SRAM is not
enabled during Run cycles. This limitation does not existwhen
using an address bit for the disable mechanism. Figure 8
illustrates the needed control. (Instruction SRAM is omitted for
simplicity.)

In a local memory design (no Cache hierarchy) this circuit is
further simplified. Normally, in an R3001 local memory design
the Valid Bit (and all Tag Bits) are disabled at Reset and need
not be driven. To facilitate a block refill (for DMA, etc.) the Valid
Bit is not disabled but is sourced by a register to force the miss.
This Valid Bit source must still be output enabled by the CPU
controls “IrD” and “Drd” because it is driven during sync Stores
and Load Refills by the CPU . The strict timing therefore applies.
See Figure 9 for an example implementation.
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Figure 8. Valid Bit Disable Switch (Using AddrLo bit)
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Figure 9. Valid Bit Disable Switch in a Local Memory Design
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Figure 11. R3001 DMA Interface
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3c. Using the R3000’s multiprocessor hooks for Cache
invalidation. Solutions to the “stale data” problem
discussed require CPU participation. They do not
provide support in a Cache hierarchy where an
autonomous System Bus master updates the
cacheable System memory. (The CPU is unaware of
the transaction.) The R3000 has a 2-signal protocol
(MPStall,MPInvalidate) to invalidate entries in the
data Cache. An independent state machine monitors
the System bus for cacheable writes by another bus
master. When detected, the address is stored in a
register and the MPStall is asserted. The R3000 tri-
states its address bus and this System Bus “snooper”
supplies the Cache address. When MPInvalidate is
asserted, the R3000 clears the Valid Bit at that entry.
Figure 10 is a simple block diagram showing the
hardware to support this feature.

This example does not compare the cache’s tags to the
address of the System Bus write. This means that the data in
the Cache may have been from a different address (modulo
Cache size) and invalidating that location was not required.
Invalidating without address comparison may result in re-
duced Cache hit-rates and loss of performance. The Tag Bits
can be read for comparison during MPStall cycles prior to

invalidates. This is done with 1 or more Octal comparators (i.e.
IDT74FCT521). This extra step will omit any unneeded Cache-
entry invalidation.

THE R3001 DMA FEATURE

IDT added hooks to the R3001 providing access to the
synchronous memory by an autonomous controller. While the
“DMAStall” input is asserted the R3001 stalls and tri-states its
outputs allowing complete control by the external master. This
is avaluable feature when data transfer under programcontrol
is prohibitive or undesirable. Figure 11 illustrates the system
connection of an external DMA master to an R3001 system.
In this example the CPU’s asynchronous interface is utilized
to access resources. During DMAStall sourcing the Tag Bus
is required to update the Cache tags if a Cache hierarchy
exists or to supply high-order address lines during an asyn-
chronous access.

The DMA Controller’s bandwidth can exceed the CPU’s
bandwidth. A 25MHz R3K has a 100MBytes/second data
bandwidth and requires 20 nanosecond SRAM. These SRAM’s
can support cycle times of 20 nanoseconds. Therefore, a
carefully designed DMA controller could approach a
200Mbytes/second data bandwidth when using a separate
clock source.

DATA BUS
A
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s WE - [EAB FORT-A
OE Add CUS ] JOEBA Lat:hegg_;asrgt':seivers
o b —o|CEBA “x )
S 3| olo LEBA CEAB___ OEAB PORT-B
5Bl I8 T
2| 22 = = . FIFO DATA
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D Qg QQ L JCSA PORT-A
—LE 1xFCT841T —_
| e Adds2’| & | LAs2* QF——C OEA
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* R3001* Run *
Interface (TO I/0, 2nd CPU, etc)

(To CPU Interrupts)————

(Controls not shown)

Figure 12. IDT Bidirectional FIFO’s on the Synchronous Bus
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Another use of the DMAStall feature is preloading the
Instruction memory. This might be useful at power-up to bring
code from 1/O space to local memory or to Cache (to “lock”
portions of speed critical code). This preloading is normally
done by swapping the data and instruction memories (i.e.
special internal control bits) and executing a Load (from 1/0
space) Store (to sync memory) routine.

“ZERO LATENCY” DMA USING IDT’S
72605/615 BIDIRECTIONAL FIFO

Most R3K design examples show the synchronous bus
with one memory bank to supply data. Because of the split
cycle timing required to “ping -pong” between instruction and
data resources, timing restrictions apply. However, by using
the CPU’s control lines and unused sync address lines addi-
tional data resources can reside on the synchronous bus. A
second data path canbe mapped into the synchronous space,
providing DMA transfers at the full CPU bandwidth (100
MBytes/sec @ 25MHz) without latency.

Figure 12 illustrates 2 of IDT's 512 x 18 bidirectional
synchronous (clocked) FIFO’s interfaced to the synchronous
bus. This device contains separate (‘Ato B’and ‘B to A’) FIFO
banks providing a 200MByte/sec. duplex bandwidth in a
25MHz system. The ports are registered and allow free-
running clocks. Flags provide buffer depth information that
caninterface to the CPU's interrupt or status inputs. (For more
details on this device refer to Section 6.21 in IDT’s “1990/91
Specialized Memories” Databook.)

This example details the described technique in a “Local
Memory” approach withthe R3001. 32K x 8 SRAM’s are used
for 128KB of local data and instruction memory each. A high-
order address bit beyond the range of the local memory is
used to “bank select” between the data SRAM and FIFO
operation. (See Figure 13 for a function address map for this
example.)

AddrLo23 | AddrLo22:7 | AddrLo5 | AddrLo4:2 Function Comments
0 X X X implement SRAM or /0
0 X X X implement SRAM or IO
1 X X 0 Fifo data write during Store’s
1 X X 001 Fifo bypass write during Store’s
1 X X 1xx Fifo offset reg. write during Store’s
1 X X 0 Fifo data read during Load's
1 X X 001 Fifo bypass read during Load’s
1 X 0 1xx Fifo offset reg. read normal offset reads
1 X 1 11x Fifo offset reg. read FIFO now drives Bus
1 X 1 10x Fifo offset reg. read 543 now drives Bus
1 C X 1 01x Reset PAL interrupt (R3001 requirement)

NOTE: “x" = don't care

Figure 13. Function Address Map

Address mapping of resources on the asynchronous bus
must have Address23 = 0 to avoid erroneous FIFO reads.
(The control signal “Drd”, always goes active during the first
(“Run”) cycle of any async. access.)

The FIFO’s can’t connect directly to the sync bus due to
strict output enable/disable timing requirements. “Drd” must
connectdirectly to the bus device. Therefore, a “gated” output-
enable is required to perform the bank switch. This is
accomplished by using the SRAM’s chip select (normally tied
active) and FCT543’s for the FIFO path. The 74FCT543Tis a
bidirectional transceiver with separate latch and output en-
ables that are gated with a chip select.

Atransparent latch (74FCT573) is used to hold the CPU’s
synccontrol signals for an additional half cycle. To ease timing
at high speeds, the FIFO operation occurs during phase 1 of
the following cycle.

FIFO READS

Because of the registered output of the FIFO, a one-cycle
latency is incurred for the first word. This occurs only whenthe
buffer status goes from “Empty” to “Not Empty”. This design
example assumes that the data block sizes are known;
therefore, once FIFO reads begin, Empty status will not occur
until the last word of the block is read. If Empty was reached
before the last word is read the programwill load incorrectdata
into the Load’s destination register.

When Empty status is completely deterministic, the 1-cycle
latency is always handled by the execution of an initial
“dummy” read from the FIFO. If this is undesirable the control
PAL could initiate the dummy FIFO read upon deassertion of
the EMPTY flag, thereby eliminating the latency.
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The PAE (Programmable Almost Empty) output from the
FIFO is used to invoke an interrupt, alerting the CPU to
present data in the FIFO (when it de-asserts). The offset
(from) -canbe setto any value and canbe changed inbetween
transfers to accommodate different block sizes and/or trans-
ferrates. ltis setto avalue that guarantees Empty will not be
reached before the entire data block is read by the CPU. This
value can be “fine tuned” to minimize the CPU response time
when the data source’s rate'is known.

The R3001 has inputs (called CpCond3:0) which are used
.by special conditional branch opcodes. This is an alternate
(and faster) way to respond to the FIFO status. If the CPU is
waiting for data from the FIFO, it can sit in a 2-instruction loop
and branch immediately upon the receipt of the FIFO’s flag.

Figure 14 shows example generic code to read a small
block of FIFO data into the CPU’s general registers to be used
for computation.

FIFOread: Load ;from FIFO, destination = null (1st
word pipeline latency)
Load ;1stword into general register
Load’s ; Additional loads equal to number of
available registers
Compute: Add,Sub, etc. ; OR Store to sync data SRAM'’s

Figure 14. Example Synchronous FIFO Read Routine

Phase 1

100% of the maximum bandwidth (100 Mbytes/second at
25MHz) is realized. Obviously, the limitation is based on the
number of registers available (maximum of 32). A Load/Store
(from FIFO/to local SRAM) routine can accommodate any
block size at 50% of the maximum bandwidth. Recall that
Loads & Stores execute in 1 cycle on the Synchronous Bus.
The local SRAM can be viewed as an extension to the CPU'’s
register stack. Figure 15 illustrates the timing for FIFO reads
(including the initial “dummy read”).

FIFO WRITES

Bandwidth capability for CPU writes to the FIFO is identical
to FIFO reads. Unlike Reads, there is no latency associated
with Writing the first word into the FIFO. However, to simplify
timing on the FIFO bus, a “dummy” read is done to the FIFO’s
internal offset register to turn the (FIFO to ‘543's) bus around.
Address bit 5 invokes the operation and Address bit 4 is used
to determine direction. (See address functiontable, Figure 13)
The Output Enables of the 543's and the FIFO’s are sourced
by aregistered PAL. Skew between the two outputs represent
minimal driving contention at a time the data is not used. No
damage to the parts will occur.

Figure 16 shows example generic code to write a small
block of datainto the FIFO. Timingfor the firsttwo FIFO writes
is also illustrated.

A Phase 2 Phase 1 Phase 2 Phase 1 Phase 2
(Instruction Read)  (CPU Data Read) (Instruction Read (CPU Data Read) (Instruction Read (CPU Data Read)
. ; Teys & FIFO Read) & FIFO Read)
Tsys i
Phiout*™ X Fa \ / \ / \
— Taval [_"‘__3
SysOut * g ¥ YA T\
(Data Addr) (Data Addr) (Data Addr)
Addrlo Y FIFO 'dummy Read % (instr. Addr) X FIFO Read )( (nstr. Addr) ¥ FIFORead )( (instr. Adcr) >
DClk \ / \ /
. -
DRd O\ / N/
(SysOut ')1 \ ‘ (SysOut* t )
FIFO DATA (Unknown) X Word 1 Word 2
TSmp i g
— { loorat)
pATABUS —————( oy L { ) {word1} { } word2
Instr. RAM -} driving) Tdh Instr. RAM FCT543 Instr. RAM FCT543
5 Td
Figure 15. Synchronous FIFO Read Timing
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FIFOwrite: Load ; Special to turn FIFO bus around.
(543’s now driving Bus)
; Number of Stores equal to number of

available registers

Store’s

Figure 16. Example Synchronous FIFO Write Routine

This FIFO design can be used in both Cache hierarchy and
local memory designs. However, when using the datamemory
as a Cache (a portion of) the TAG inputs are supplied by
SRAM. These Tag inputs must be supplied by a second
device (i.e. 541 buffer) to insure the “hit” when the FIFO is
read. The 541 inputs are “hardwired” to the address range of
the FIFO. The I/O resources, cacheable async. memory, must
be mapped so Address23 = 0 to prevent erroneous FIFO
reads .

Connecting a second data resource onto the sync bus is a
simple way to greatly improve latency and bandwidth in an
R3K system. Logic parts like the FCT543T and FCT541T
provide the gated output enable necessary to satisfy the bus
timing, providing single cycle access to other system
resources.

SUMMARY

This article explores various ways to improve data through-
put in an R3000/3001 design. Other detailed references
(listed below) are available for further study. When the R3K
architecture was introduced, it gain immediate popularity as a
workstation CPU.. Since introduction, however, IDT has
realized many designs in other application areas, such as in
embedded systems, that exploit the true potential of the
architecture. With the internal cache controller, true Harvard
Architecture, simple System Bus protocols, flexibility, speed,
and small footprint, the R3000/R3001 fit the needs for a wide
variety of systems designs.
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R3051™ FAMILY PERFORMANCE
IN EMBEDDED APPLICATIONS

APPLICATION
NOTE
AN-89

By V. S. Ramaprasad

INTRODUCTION

The IDTR3051™ is a family of RISC controllers specially
suited forembedded applications. Instruction and datacaches
are integrated on the chip to yield cache hit rates of over 90%
for a wide range of typical embedded applications. These
RISC controllers also provide the designer with a simple
interface to the rest of the system through built in read/write
buffers, a multiplexed address/data bus and a small set of
control signals. This simple interface enables the designer to
select an optimal price/performance memory and I/O system.

Inthis application note the performance of a 33 MHz R3051
based systemis presented. Standard integer benchmarks are
run on the software model of the R3051 DRAM based sytem,
and the results obtained are compared with the published
results for 33 MHz i960 and-33 MHz 29K RISC processor
based systems. The performance of R3051 based systems
can be attributed to the raw horse power of R3000A core
coupled with the highly desired optimal integration provided
on the chip.

SYSTEM DESCRIPTION

The 33 MHz R3051 based system modelled is made up of
80ns DRAMS with apage mode access time of 50ns. The refill
sizes for both the caches is four. The processors burst mode
of access is utilized for refilling both the caches on cache
misses. This implies that after the initial latency cycles the
2-way interleaved main memory is capable of supplying the
subsequent instructions or data at the processor speed. The
instructions are streamed into the processor along with the on
chip cache refill.

The 33 MHz R3051 system is modelled with a software
simulation tool called Cache305x. This software is based on
the Cache2000, which is part of the Systems Programmers
Package developed by MIPS Computer Systems. Cache2000
is used to model R3000/R3001 based systems with more than
98% accuracy of simulation.

To accurately model R3051 based systems, the existing
Cache2000 is modified. Besides setting the cache sizes, the
block refill sizes, the write buffer depth etc, sections are added
tothe Cache2000 programto simulate the bus priority scheme
adopted by the R3051 family for processing the main memory
transactions, and to implement the read/write protocols.
Memory transactions are listed here with descending order of
priorities. DMA activity is assumed not to be present in these
simulations.

1. Current transaction completes without preemption.

2. Instruction cache misses are processed.

3. Data residing in the four deep write buffer is retired to
the main memory.

4. Data cache misses are carried out next.

The read/write operations follow the priority scheme. The
initiation of either of these transactions depends on the
pending memory transaction requests. The built-in bus arbi-
tration logic resolves the conflict for the memory bus following
the above mentioned priority scheme. The arbitration unit
operates in parallel with the execution core. The core could be
executing instructions from the caches, while the bus arbitra-
tion unit is retiring the writes currently residing in the write
buffer.

For instruction cache misses, in the best case where there
is no write in progress, a read signal to the external memory
is initiated one cycle after the core missed in the instruction
cache. Thisextracycleis forthe arbitration unitto generate the
read signal request. On top of this arbitration cycle, if a write
is currently in progress, the processor stalls till the write
operation is terminated. In this case, after a write operation a
DRAM based system needsto be pre-charged before the read
operation. The first instruction is read into the processor after
the initial read latency of the memory system. The remaining
three instructions are read in three consecutive cycles. After
the reads, the DRAM pre-charge cycles are added to the total
cycle count.

Fordata cache misses, there is an extra penaity of flushing
the contents of the write buffer besides the extra one cycle for
the arbitration. The number of cycles it takes to flush the write
buffer depends on the number of words that are resident and
also whether they could be retired as idle writes, or page
writes, or non page writes. In the current system that is
modelled, four words of data is brought in on a cache miss.
The first word is read into the processor after the initial read
latency of the memory system. The remaining three words are
read inthe following three consecutive cycles. After the reads,
the DRAM pre-charge cycles are added to the total cycle
count.

The write buffer interface decouples the core processor
from the external slow memory system. Writes are retired in
parallel with the processor executing out of the caches. In this
state of execution, write operations always win the arbitration,
and continuously retires the writes. This parallel mode of
operation gets terminated only when the write buffer is fulland
a store is pending or when the processor can no longer
execute out the caches. Keeping in mind that our interest in
these simulations is the total cycle count for the complete
execution of the program, write operations contribute to the
total cycle count only when the processor needs to read from
the external memory or when the processor can not proceed
with the execution of a store instruction because the write
buffer is currently full.

The penalty cycles due to writes delaying the processor
external reads on cache misses are accounted for during the
read transactions. When the write buffer is full and the

©1991 Integrated Device Technology, Inc.
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processor is executing a store instruction, penalty cycles that
would vacate a single entry in the write buffer is added. This
is not the same as retiring a single write, but it is equivalent to
four cycles. This is due to the availability of an extra data
register that captures the data being vacated from the write
buffer. If another store follows in this situation where the four
entries of the write buffer are full and the extra data buffer that
drives the bus is loaded, the penalty is that of retiring a write
to the memory.

DRAM PARAMETERS

The memory system considered in this R3051 design is
made up of 80ns DRAMs with page mode access time of 50ns.
The other parameters of the DRAM that affect the access time
in different modes of DRAM are the initial read latency cycles,
number of cycles to perform awrite operation whenthe DRAM
is in idle mode, number of cycles to perform a read/write
operation when the DRAM is in page mode, number of cycles
to perform a write operation when the DRAM is not in page
mode. The parameters are set to fixed values to model a
DRAM system that works with R3051 running at 33 MHz.

The initial read latency cycles at 33 MHz is the summation
of the cycles to win the internal arbitration (1 cycle), cycles for
the DRAM controller to generate RAS/CAS signals and per-
form a random read from the DRAM (6 cycles). The first word
of instruction/data is read in the fixup cycle (1 cycle) . The
remaining words are read in the three following cycles. It
should be noted that the DRAM pre-charge cycles are part of
the 6 cycle random read latency mentioned above.

Theidle write latency is the number of cycles to retire awrite
when the DRAM is in idle mode. Using 80ns DRAMS this can
be accomplished in 6 cycles. The page mode read or write
operations can be completed in 3 cycles, while the non page
writes canbe carried outin 6 cycles. Inthe current systemthat
is modelled with Cache305x, DRAM RAS pre-charge cycles
are added when a read follows a write operation.

DRAM Parameters @ 33 MHz
Read Latency 7 Cycles
RAS pre-charge 3 Cycles
Idle write 6 Cycles
Page write 3 Cycles
Non page write 6 Cycles

COMPETITION

In this application note two other RISC systems, namely the
i960 and the 29K, are compared with the R3051 DRAM system.

The Intel i960CA system is the ASV960CA board running
at 33MHz with 0 wait state memory for instructions and 3 wait
state memory for the data. The memory is implemented with
15ns SRAM. Internally the i960CA has 1 KB of instruction
cache memory. The benchmarks are compiled with 1.35
GCC/960 (results obtained from Intel).

The 29K system is the YARCs card running at 33 MHz
using RevD AM29000. It has a 2 MBytes of instruction
memory, and a 512 KBytes of data memory. The memories

are implemented with 35ns Static RAMs (results obtained
from AMD).

STANDARD INTEGER BENCHMARKS

Several standard integer benchmarks are run on the 33
MHz R3051 based system using the Cache305x. They are
Quicksort, Bubblesort, Pi500, Anneal, Matmult, and
Dhrystone1.1. (0) The suite was selected by Intel, these
benchmarks are selected because of (1) the availability of
results for two other RISC procesors, namely the i960 and the
29K, and (2) though being small, they still provide an insight
into the capability of the processor in embedded
environments.

Quicksort performs sorting of 5000 elements of an integer
array using a recursive algorithm.

Bubblesort manipulates and sorts an array of 500 elements
after reading a file.

Pi500 computes the value of the mathematical constant ‘Pi’
upto 500 decimal points. This program does not use any
floating point math, but more than 50% of the cycles are spent
in integer multiplications and integer divisions.

Anneal program solves the travelling-salesman problemby
the method of simulated annealing.

Matmult is a program that loops for 100 times, and in each
loop it performs the multiplication of two 8x8 integer arrays.
The result is stored in another 8x8 array.

Dhrystone 1.1 benchmark demonstrates the integer num-
ber crunchingpower of the processor, althoughitis susceptible
to compiler optimizations. Dhrystone 1.1 is reported here for
the R3051 systeminstead of Dhrystone 2.0 for lack of data for
the i960 and the 29K.

Allthe above mentioned integer benchmarks are compiled
with a C compiler version 2.0 on an M/120 system running
RISC/os 4.0. Except for Dhrystone benchmark, all the other
benchmarks are compiled with the highest level of optimiza-
tion O4. This includes optimization techniques such as global
register allocation, optimal calling sequences, common sub-
expression elimination, procedure merging/inlining etc. For
Dhrystone, O3 level of optimization is used. This level of
optimization does not include procedure merging as it is
against the spirit of Dhrystone benchmarking.

Theresults for R3051 are listed below along with the results
published for 33 MHz i960 and 29K. The execution times for
above mentioned programs are shown in the table (smaller
values are better except for Dhrystone 1.1).

BENCHMARK IDT R3051-33 | i960CA-33 | 29K-33
QUICKSORT(ms) | 36 50 46
BUBBLESORT(ms) | 41 85 59
PI-500(ms) 1,023 1,624 1,282
ANNEAL(ms) 5,056 8,388 7,205
MATMULT(us) 19,148 26,898 44,578
DHRYSTONE 1.1 | 55,236 41,030 50,301

* R3051 system is 80ns DRAM based system.
* i960CA-33 system is ASV960CA with O ws for code and 3 ws for data.
* 29K-33 system is YARC card with 35ns SRAMs.
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IDT R3051 vs Intel i960CA vs AMD29K

2.0

1.5
‘Relative to
3051-33
05 j;
%
0.0 Yz / 3 Yz é 8

Quick Bubble Pi-500

CONCLUSIONS

The standard integer benchmarks, eventhough they do not
represent any real applications, provide an insight into the
inherent performance of a processor when running typical
embedded applications. The R3051 system considered here
is a DRAM based system, and still delivers more performance
comparedtothe fastesti960CA and 29K based designs. It can
easily be deduced from the above data that the i960CA 33
MHz systemis actually equivalentto a21.2 MHz R3051 based
system, and the 29K 33MHz system is equivalent to a 23.1
MHz R3051 based system. Still faster R305x systems are
feasible when designed with Static RAMs and it is reasonable
to expect further gains in performance.

Anneal Matmul Dhry1.1

W R3051-33
i960CA-33
B 29K-33
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1991 SRAM DATA BOOK Partial Changes to Data Sheets

The following section contains partial data sheets that ap-
peared in the 1991 SRAM Data Book. These data sheets
had changes to less than 50% of the overall contents. Re-
fer to the bars above changes to see where that section
can be found in the 1991 SRAM Data Book.
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IDT6116 Data Book D, Section 5.1, Page 2

PIN CONFIGURATIONS INDEX IReE §g 2
N\
As] 2 4az|_|2az7zs
AsC}3  pog.q 1
A4]a  Pp24-2
As(]s Bgi-; L28-1
A2 gooan
AO7 g4
Ao[]s &
|/Oog g S024-4 16 [1/O6 12 13 1415 16 17 18
'/01 10 15 :]’/05 [on BanSananBan el
Vo201 14 (104 8628588
GND[] 12 13 [1os TCToT T 77
2954 drw 05
2054 w1 28-PIN LCC
DIP/SOIC/CERPACK/SOJ TOP VIEW
TOP VIEW
INDEX 3 2928992
Taz| |
As [15 u
A3 [ 16
A4 [117
As [18
As [19 L32-1
A7 [0
Ao |11
NC []12
1/00 [113
14 'é‘ 16 17 18 19 20
RE: S 828
=x§<===
2954 drw 03 2954 drw 04
24-PINLCC 32-PIN LCC
TOP VIEW TOP VIEW

IDT6116 Data Book D, Section 5.1, Page 3

ELECTRICAL CHARACTERISTICS ()
Vce =5.0V +10%, VLCc = 0.2V, VHC = Vce - 0.2V

6116SA15® 6116SA20 6116SA25 6116SA35
6116LA151 6116LA20 6116LA25 6116LA35
Symbol Parameter Power Com'l. Mil. Com'l.| Mil. | Unit
lcct Operating Power Supply | SA 100 110 80 90 mA
Current, CS = VIL, |
Outputs Open, LA 90 105 75 85
IDT6116 Data Book D, Section 5.1, Page 6
AC ELECTRICAL CHARACTERISTICS (vcc =5V + 10%, All Temperature Ranges)
6116SA15™ 6116SA20 6116SA25 6116SA35
6116LA15¢" 6116LA20 6116LA25 6116LA35
Symbol Parameter Min. Max. Min. Max. |Unit
toH | Output Hold from 5 — 5 — ns
Address Change
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IDT61298 Data Book D, Section 5.2, Page 2

PIN CONFIGURATION
INDEX 298¢
<< Z>2
32 12827
A2 [ 4 1 26 [] A1s
A3 [1s 25 [ A14
A4 [l 24 [[] A13
As |17 23 [1 A12
As I1s 128-2 22 [[] A1t
A7 |19 21 [[] Ao
As [ 10 20 [[] /O4
As [] 11 19 [ /O3
CS [ 12 18 [[] /02
214181697
QO|YUS  2071dwo2a
% z|§g
LCC
TOP VIEW

IDT61298 Data Book D, Section 5.2, Page 3

DC ELECTRICAL CHARACTERISTICS("
(Vee =5V + 10%, VLG = 0.2V, VHC = Vce - 0.2V)

61298520 | 61298525 | 61298S35 | 61298545 | 61298S55
61298L20 | 61298L25 | 61298L35 | 61298L45 | 61298L55
Symbol Parameter Power | Com’l.| Mil. | Com’l.| Mil. | Com’l.| Mil. | Com’l.| Mil. |Com’l.| Mil.| Unit
Isg1 | Full Standby Power s’ 30 | —| 30 | 35| 30 | 35| 30 |35 | — |35 mA
Supply Current (CMOS Level)
CS > VHe, Ve = Max., L 15| —| 15 | 45| 15 | 45| 15 |45 | — | 45

IDT61298

DATA RETENTION CHARAC
(L Version Only) VHC = Vcc - 0.2V

Data Book D, Section 5.2, Page 4

ICS OVER ALL TEMPERATURE RANGES

Typ. M Max.
Vcc @ Vcc @
Symbol Parameter Min. 2.0v 3.0V 2.0V 3.0V Unit
tcor® Chip Deselect to Data 0 — — — — ns
Retention Time
IDT71256 Data Book D, Section 5.10, Page 3
DC ELECTRICAL CHARACTERISTICS(": 2
(Vee =5.0V + 10%, VLC = 0.2V, VHC = Vce - 0.2V)
71256x20 71256x25 71256x30 71256x35
Symbol Parameter Power|Com’l. | Mil. |Com’l.| Mil.
lcc Dynamic Operating Current S 155 — 145 150
CS < Vi, Outputs Open
vec = Max., = fmax® L |13 | — | 115 | 130
IsB1 S 15 — 15 20
L 0.4 — 0.4 1.5 0.4 1.5 0.4 15
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Unit

IDT71256 Data Book D, Section 5.10, Page 3 (con't.)
71256x45 | 71256x55 71256x70 | 71256x85% | 71256x100
Symbol Parameter Power| Com’l| Mil Mil. |Com’l.| Mil | Com’l.| Mil
lcc Dynamic Operating Current S
CS < ViL, Outputs Open
vee = Max., f = imax®® L
IsB1 S
L 0.4 —_ 15 — 15 — 1.5

15

15

IDT71256 L Data Book D, Section 5.10, Page 5

DATA RETENTION CHARACTERISTICS OVER ALL TEMPERATURE RANGES
(L Version Only) VLc = 0.2V, VHC = Vce - 0.2V

Symbol

Parameter

Test Condition

tCDR -

IDT71256

Chip Deselect to Data

Typ.™ Max.
Veec @ Vec @
2.0v 3.0V 2.0V 3.0v

Unit

ns

" Data Book D, Section 5.10, Page 6

AC ELECTRICAL CHARACTERISTICS

(Vce = 5.0V + 10%, All Temperature Ranges)

IDT71256

71256S20(" 71256S25 71256S30 71256S35 71256545

71256L200" | 71256L25 | 71256130 71256L35 71256L45
Symbol Parameter Min. | Max. | Min.| Max. Max. Max. | Min. | Max. |Unit
tDw Data to Write Time Overlap 11 13| — — — 20| — | ns

Data Book D, Section 5.10, Page 7

2968 bl 11

AC ELECTRICAL CHARACTERISTICS (vcc=5.0V + 10%, All Temperature Ranges)

71256555\ 71256570 71256585

71256L55¢" 71256L70" 71256L85"
Symbol Parameter Min. | Max. | Min. | Max. | Min. [Max. | Min. | Max. |unit
: o ‘ 2068 1b1 11

UPDATE 1

D



IDT7164 Data Book D, Section 5.17, Page 3

DC ELECTRICAL CHARACTERISTICS("
(VCC = 5.0V + 10%, VLC = 0.2V, VHC = VGe - 0.2V)

7164515 71645204 71645254 7164S30
7164L15 7164L20) 7164L25@ 7164L30
Symbol Parameter Power| Com’l| Mil. |Com’l.| Mil. |[Com’l.] Mil. | Com’l.| Mil. | Unit
IsB1 [ 15 —_ 15 20 15 20 15 20 | mA
L 0.2 — 0.2 1 0.2 1 0.2 1
7164535 7164545 7164555 | 7164570/85%
7164L35 7164L45 7164L55 7164L.70/851
Symbol Parameter Power| Com’l| Mil. [Com’l.| Mil. |Com’l.| Mil. | Com’l.| Mil. | Unit
IsB Standby Power Supply Current S 20 20 | — 20 — 20 —_ 20 mA
(TTL Level), CS12 Vi S2< VIL
Vee = Max., Outputs Open, f = fmax® L 3 5 - 5 —_ 5
IsB1 15 20 20 — 20 | mA
L 0.2 1 1 — 1

. IDT7164 ’ Data Book D, Section 5.17, Page 4

DATA RETENTION CHARACTERISTICS OVER ALL TEMPERATURE RANGES
(L Version Only) VLC = 0.2V, VHC = VcC - 0.2V

Typ. ™ Max.
Vec @ Vcc @
Symbol Parameter Test Condition Min. 2.0v 3.0V 2.0V 3.0V Unit
tcpr® Chip Deselect to Data 0 — — — — ns
Retention Time

IDT61B298 ' Data Book D, Section 6.1, Page 2

ABSOLUTE MAXIMUM RATINGS(" RECOMMENDED DC OPERATING
Rating Com’l. Mil. unit | CONDITIONS
Terminal Voltage| -0.5t0 +7.0 | -0.5t0 +7.0| °C Symbol Parameter Min.
with Respect VIH Input High Voltage 2.2
to GND NOTES:

IDT61B298 Data Book D, Section 6.1, Page 3

DC ELECTRICAL CHARACTERISTICS™
(Vee = 5.0V + 10%)

) 61B298S12 61B298S15 61B298S20
Symbol Parameter i i i i ' il. | Unit
lcc Dynamic Operating Current | mA
CS = ViL, Outputs Open, Vcc = Max., f = fmax@

Fi 1B. AC Test Load

UPDATE1 D 5



IDT61B298 Data Book D, Section 6.1, Page 4

AC ELECTRICAL CHARACTERISTICS (vcc = 5.0V + 10%, All Temperature Ranges)

61B298S12!" | 61B298S15 61B298S20
Symbol Parameter in. Unit
tow Data Set-up ns
IDT61B98 Data Book D, Section 6.2, Page 1
FEATURES:

IDT61B98 Data Book D, Section 6.2, Page 2

ABSOLUTE MAXIMUM RATINGS(" RECOMMENDED DC OPERATING

Symbol Rating Com’l. Mil. unit | CONDITIONS
VTERM@ | Operating O0to+70 | -55t0+125| °C
Temperature

NOTES: 3000 tol 04

Vce =5.0V + 10%

IDT61B98 - Data Book D, Section 6.2, Page 3

DC ELECTRICAL CHARACTERISTICS("
(Vee = 5.0V + 109

61B98S12
Com’L | Mil.

61B98S10
com’l. [ Mil.

61B98S15
Com'l. | Mil.

Symbol Parameter Unit

NOTES

IDT61B98 Data Book D, Section 6.2, Page 4

AC ELECTRICAL CHARACTERISTICS (VeC=5.0V + 10% Al Temp. Ranges,;
61B98S12

61B98s8" 61B98S10 61B98S15!
Parameter i Unit
CS to Output in Low Z ns
OE to Output Low Z ns
WE to Out in High Z ns
3000 tbl 08

UPDATE1 D 6



IDT6BS8 - DataBook D, Section 6.2, Page 6

ORDERING INFORMATION

XXX X
Speed Process/
Temperature
Range ‘ Blank

Speed in Nanoseconds

. IDT71B256: ooiiiin ... DataBook D, Section 6.8, Page 2
ABSOLUTE MAXIMUM RATINGS(" RECOMMENDED DC OPERATING
Rating Com’l. Mil. unit | CONDITIONS
| Terminal Voltage| -0.5t0 +7.0 | -0.5t0 +7.0| V Symbol Parameter Min. | Typ.
réitg,?;s’)ed VIH Input High Voltage 22 | —
NOTE:

IDT71B256

DC ELECTRICAL CHARACTERISTICS("
(Vee = 5.0V + 10%)

71B256S12 71B256S15 71B256S20

Symbol Parameter

Icc Dynamic Operating Current
CS = Vi, Outputs Open, Vce = Max., f = fmax®@

Figure 1B. AC Test Load

UPDATE1 D 7



IDT71B256 Data Book D, Section 6.8, Page 4

AC ELECTRICAL CHARACTERISTICS (vcc=5.0V + 10%, All Temperature Ranges)

71B256-12") | 71B256-15") | 71B256-20
Symbol Parameter Min.
tacs CS Access Time
ez CS to Output in Low Z
toE OE to Output Valid
torz? OE to Output Low Z
tOH Out Hold from Addr Change
tow Data Setup
tDH Data Hold
tow!? Output from End of Write

TIMING WAVEFORM OF READ CYCLE(":?

) {

Address Valid Address 1 X Valid Address 2

tAA

tOHZ

[¢— tOH

Data Out

N

Valid Data Out 1

IDT71B258 Data Book D, Section 6.9, Page 2

RECOMMENDED DC OPERATING ABSOLUTE MAXIMUM RATINGS"

CONDITIONS

Symbol Parameter Min. | Typ. Unit
VH Input High Voltage 2.2 — \
NOTES:

DC ELECTRICAL CHARACTERISTICS("
(Vce = 5.0V + 10%)

Com’l.

NOTES:

Mil.

Unit

-0.5t0 +7.0

-0.5t0 +7.0

Symbol

Parameter

71B258S512

71B258515

71B258S20

Icc

Dynamic Operating Current
CS = Vi, Outputs Open, Vcc = Max., f = fmax®

IDT71B258

Data Book D, Section 6.9, Page 3

Figure 1B. AC Test Loa

UPDATE1 D



IDT71B258 | Data Book D, Section 6.9, Page 3 (con't.)

AC ELECTRICAL CHARACTERISTICS (vcc=5.0V + 10%, All Temperature Ranges)
71B258-12(" 71B258-15 71B258-20

Symbol Parameter
Data Set-Up Time

Out Active from End of WE

IDT71B258 | c Data Book D, Section 6.9, Page 4

TIMING WAVEFORM OF WRITE CYCLE NO.1 (WE CONTROLLED TIMING)(> 2 3. 5:6)

sl

twc
Address X
tAW.
cs N\
e tAS —sle twp(?)

UPDATE1 D 9
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1991 SRAM DATA BOOK Changes to Full Data Sheets

The following section contains full data sheets that ap-
peared in the 1991 SRAM Data Book. These data sheets
had changes to 50% or more of the overall contents and
are now considered new. Refer to the bar at the top of
each page to see where that page can be found in the
1991 SRAM Data Book.

UPDATE1 D ) 11



IDT71589 Data Book D, Section 5.17, Page 1

CMOS CacheRAM™
32K X 9-BIT (288K-BIT)
BURST COUNTER &
SELF-TIMED WRITE

®

IDT71589

Integrated Device Technology, Inc.

FEATURES:

« High density 32K x 9 architecture

« Internal write registers (address, data, and control)

« Self-timed write cycle

« Internal burst read and write address counter
Clock to data times: 14, 19, 24, 34ns

« Chip select for depth expansion

+ Matches all timing and signals of Intel™ 486™
processors up to 50MHz

» Packaged in plastic or hermetic 300 mil 32-pin DIP, and
plastic 300 mil 32-pin SOJ

» Military product 100% screened to MIL-STD-883, Class B

DESCRIPTION:

The IDT71589 is an extremely high-speed 32K x 9-bit static
RAM with full on-chip hardware support of the Intel i486 CPU
interface. This part is designedto facilitate the implementation
of the highest-performance secondary caches for the 486
architecture while using low-speed cache-tag RAMs and
PALs and consuming the minimum possible board space.

The IDT71589 CacheRAM contains a full set of write data
and address registers. Internal logic allows the processor to
generate a self-timed write based upon a decision which can
be left until the extreme end of the write cycle.

An internal burst address counter accepts the first cycle
address from the processor, then cycles through the adjacent
four locations using the i486’s burst refill sequence on appro-
priate rising edges of the system clock.

Fabricated using IDT's CEMOS™ high-performance tech-
nology, this device operates at a very low power consumption

. and offers a maximum clock to data access time as fast as
14ns. :

The IDT71589 CacheRAMs are packaged in a 32-pin
plastic or hermetic DIP, or a plastic J-bend small-outline (SOJ)
package. Military grade devices are available 100% proc-
essed in compliance to the test methods of MIL-STD-883,
Class B, Method 5004.

FUNCTIONAL BLOCK DIAGRAM

CEMOS and CacheRAM are

A4
ADDRESS
. REGISTER * | 204,912-BIT
. LSB .
BURST
Ao CONTROL
INPUT
9 DATA 9
VO1-1/0s DATA 77
REGISTER | BUFFERS
WE
o | s
cs TIMING
CLK CONTROL
ADS
9 :L
&

Inc.

of Integrated Device T

Intel and 1486 are trademarks of Intel Corp.

2951 drw 01

MAY 1991

MILITARY AND COMMERCIAL TEMPERATURE RANGES

©1991 Integrated Device Technology, Inc.

DSC-1075/1
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IDT71589 v Data Book D, Section 5.17, Page 2

PIN CONFIGURATION ABSOLUTE MAXIMUM RATINGS(")
Symbol Rating Value Unit
ADSCt  \J %[ vce Vieam | Terminal Voltage with Respect | -0.5t0+7.0 | V
CLK[]2 311] A1a
Als to GND
A12[]3 30[]CS
A4 2911 WE Ta Operating Temperature -55t0+125 | °C
Ao []5 28] A14 Taias Temperature Under Bias —65t0 +135 | °C
AsLls 271 Ao Tsta Storage Temperature —651t0 +150 | °C
As]7 p32-1 A1 ——
A7Cle P32-1 25[7 A2 Pr Power Dissipation
As ]9 & 24[1OE Plastic 15 w
As 10 SO32-1 ;57 a5 Hermetic 2.0
Aa[n 22[7 |/09 lout DC Output Current 50 mA
1/01 512 217 GND
NOTE: 2951 tb1 03
110213 20[7 /08 Stresses greater than those listed under ABSOLUTE MAXIMUM RATINGS
1103 []14 19 1/07 may cause permanent damage to the device. This is a stress rating only and
1/04 15 1871 1/0O6 functional operation of the device atthese or any other conditions above those
GND []16 17 1/Os 2051dwoz2 indicated in the operational sections of this specification is not implied.
Exposure to absolute maximum rating conditions for extended periods may
DIP/SOJ affect reliabilty.
TOP VIEW
RECOMMENDED OPERATING
PIN NAMES TEMPERATURE AND SUPPLY VOLTAGE
Ac—A14 Address Inputs Grade Ambient Temperature GND Vce
1/01-1/Og Data Input/Output Military -55°C to +125°C oV [5.0V+10%
[ Chip Select/Count Enable Commercial 0°C to +70°C oV [5.0V10%
WE Write Enable 2951 tbl 04
OE Output Enable
ADS Address Status RECOMMENDED DC
CLK System Clock OPERATING CONDITIONS
GND Ground Symbol Parameter Min. | Typ. | Max. | Unit
Vee Power vce Supply Voltage 45 | 50| 55| Vv
zestmion GND Supply Voltage 0 0 0.0 Vv
SPEED SELECTION VIH Input High Votage 2.2 — 6.0 \
ViL Input Low Voltage |-05M" — | 0.8 v
1486
Speed Suggested IDT71589 NOTE: ] som1 0105
25MHz IDT71589S35 1. VIL = -3.0V for pulse width less than 5ns.
33MHz IDT71589S525
40MHz IDT71589520
50MHz IDT71589S14
2951 thl 02
COUNT SEQUENCE™ (a0, A1 ONLY)
Start +1 +2 +3
0 1 2 3
1 0 3 2
2 3 0 1
3 2 1 0

NOTE: 2951 tbl 12
1. The counter wraps around to its starting value and repeats the same
sequence after the last count.

UPDATE1 D 13



IDT71589 Data Book D, Section 5.17, Pagé 3

DC ELECTRICAL CHARACTERISTICS OVER THE OPERATING
TEMPERATURE AND SUPPLY VOLTAGE RANGE (vcc = 5.0V + 10%)

DC ELECTRICAL CHARACTERISTICS OVER THE OPERATING
TEMPERATURE AND SUPPLY VOLTAGE RANGE( (vcc = 5.0V £ 10%, VLG = 0.2V, VHG = Ve - 0.2V)

Symbol Parameter Test Condition Min. Max. Unit
L] Input Leakage Current Vcc = 5.5V, Vin = 0V to Vee — 10 pA
Jico] Output Leakage Current CS = Vi, Vout = 0V to Vce, Vee = Max. — 10 pA
Vou Output Low Voltage (I/01-I/0g) | loL = 8mA, Vcc = Min. — 0.4 \
Vou Output High Voltage lon = —4mA, Vce = Min. 24 — v
2951 tbl 06

71589514 [ 71589520 | 71589825 | 71589535
Symbol Parameter Test Condition Com’l.| Mil. |Com’l.| Mil. |[Com’l.| Mil. |Com’l.| Mil. | Unit
lcc1 | Operating Power CS=ViL ™D | — |13 | — | 130 {TBD| 130 | TBD | mA
Supply Current Outputs Open
vce = Max., f= 0@
lcc2 | Dynamic Operating CS=VL TBD | — | 240 | — | 220 |TBD| 200 | TBD | mA
Current Outputs Open
vee = Max., f = fmax®
NOTES: 2951 tbl 07
1. All values are maximum guaranteed values.
2. At f = fmax, address and data inputs are cycling at the maximum frequency of read cycles of 1/trc. f= 0 means no input lines change.
3. Preliminary information only.
AC TEST CONDITIONS CAPACITANCE
Input Pulse Levels GND to 3.0V (TA = 4+25°C, f = 1.0 MHz, SOJ package only)
Input Rise/Fall Times 5ns Symbol Parameter(" Condition Max. | Unit
Input Timing Reference Levels 1.5V CIN Input Capacitance | VIN = 0V 7 pF
Output Reference Levels 1.5V Cvo Input/Output Vour =0V 7 pF.
Output Load See Figures 1 & 2 Capacitance
oos1Toi0s  NOTE: 2951 1ol 09
1. This parameter is determined by device characterization butis not produc-
tion tested.
+5V +5V
480Q 480Q
DATAout DATAout
2550 50pF* 255Q SpF*
2951 drw 03 2951 drw 04
Figure 1. Output Load Figure 1. Output Load
(for tohz, tcHz, toLz and tciz)
*including scope and jig
UPDATE1 D 14



IDT71589 Data Book D, Section 5.17, Page 4

FUNCTIONAL DESCRIPTION

The IDT71589 is an extremely fast 32K x 9 CMOS static
CacheRAM with internal edge-triggered registers dedicated
to the support of the Intel i486 CPU. These registers support
the fastest systems and allow a 128KByte or larger cache to
be designed to consume the smallest number of chips, the
lowest power and board space, and allow the designer to
avoid the use of expensive high-speed cache-tag RAMs and
PALs.

The internal registers are designed to support two high
speed functions: Burst readcycles, and a late-abort self-timed
write cycle.

Burst read cycles are accomplished through the assertion
of the ADS signal with a valid address input during the rising
edge of the clock input. This address willbe used to accessthe
data in the CacheRAM during the next clock cycle, and data
will be output during the following three cycles in accordance
with the i486's burst refill sequence (i.e., during the next cycle
the address’ LSB is inverted, then the second LSB is inverted
as the LSB is restored to its original value, etc.). Since the
CacheRAM contains this counter internally, the critical clock-
to-data time of even the fastest CPU speeds can be met by
using a slower RAM speed grade without resorting to chip-
intensive interleaving schemes. Should the ADS signal be
sampled as valid after having been sampled as invalid, any
burstinginprocess willbe reinitialized to the new address, and
a new burst cycle will be started. The burst counter wraps
around atthe end of the sequence and continues to count until
stopped by the ADS or CS inputs. A fast copy-back scheme
can harness this capability by reading, then writing the four
burst addresses within a single burst cycle.

The self-timed write cycle significantly eases the timing of
the address and data inputs during a write cycle, and allows
the write/don’t write decision to be postponed until the very
end of the second cycle of a write cycle. During a write cycle,
the address willbe strobed into the address register during the
firstrising edge of the clock after the ADS inputbecomes valid.
Data is sampled into the data input register during the next
cycle’s rising edge, as is the write enable input. If a write has
been enabled the data will be written from the address and
input data registers into the CacheRAM during the high phase
of the clock of that cycle.

Achip select pinis provided to give control over interruption
of write cycles and burst read cycles. When the CS input is
used to interrupt a burst cycle, it operates as a synchronous
input to the burst counter. A low level must be present on the
chip select input and must satisfy data set-up and hold times
inorderforthe counterto progressto its next state. To stop the
counter at its current state, the chip select input must be taken
high, and must stay high long enough to satisfy the
CacheRAM’s data set-up and hold times. The CS pinalso is
used as an auxiliary to the WE input. ‘Writes can only be
accomplished if both CS and WE are simultaneously sampled
active.

Address set-up times have been reduced on the 50MHz
(14ns) part to allow address outputs of the processor to be
buffered before being input to the 71589. This dramatically
reduces problems stemming from capacitive loading on the
processor pins. Longer hold times on these inputs are easily
accommodated by the fact that address outputs are always
available from the processor for an entire clock cycle.

AC ELECTRICAL CHARACTERISTICS (vVce =5.0V £ 10%, All Temberature Ranges)

71589514 | 71589520(") | 71589525 | 71589535
Symbol Parameter Min. | Max. | Min. { Max. | Min. | Max. | Min. |Max. |Unit
tcyc Clock Cycle Time 2 | — 25 | — 30| — |40 | — |[ns
tcH Clock Pulse High 8 — 10 | — 11 — 14 — | ns
oL Clock Pulse Low 8 — 10 | — 11 — | 14 | — | ns
tsb Set-up Time (ADS, WE, CS, Input Data) 3| — ]3| — 4 | — | 85 | — |ns
tsA Address Set-up Time 0 — 3 — 4 — 5 — | ns
tHD Hold Time (ADS, WE, CS, Input Data) 1| — 1| — 1 — |1 — | ns
tHA Address Hold Time 5 — 5 — 5 — 5 — | ns
tcd Clock to Data Valid — | 14 — | 19 — 24 | — | 34 | ns
toc Data Valid After Clock 3 — 4 — 4 — 5 — | ns
toE Output Enable to Output Valid — 7 — 8 — 9 — 10 | ns
toLz Output Enable to Output in Lo-Z(2%) 2 | — 2| —]2 ]| —|21]—]|ns
1OHZ Output Disable to Output in Hi-Z(%3) — |7 | —| 8 | —| 9 | — |10 {ns
NOTES: 2951 thl 10

1. 0°C to +70°C Temperature range only.

2. Transition is measured +200mV from low or high impedence voltage with load (Figure 2).

3. This parameter is guaranteed, but not tested.
4. Preliminary information only.

UPDATE1 D 15



'IDT71589 . Data Book D, Section 5.17, Page 5

TIMING WAVEFORM OF BURST READ CYCLE

tcyc —»
tcH

Ok /AR G N AR S

tSD —» tHD :
ADS j NOTE 1

tsA &
—» tsDi+-

g tHA
ADDRESS . %
¥ tHD

WE ) Y X
s ) AoEan | A\

[¢— tCD—

* e S | [ e

2951 drw 05

h_—
-
A\
—

NOTES:
1. If E)_‘S'goes low during a burst cycle, a new address will be loaded and another burst cycle will be started. .
2. If CSis.taken inactive during a burst read cycle, the burst counter will discontinue counting until CS input again goes active. The timing of the CS input
for this control of the burst counter must satisfy setup and hold parameters ts and tH.
3. A-Data from input address
B-Data from input address except Ao is now Ao
C-Data from input address except A1 is now At _
D-Data from input address except Ao and A1 are now Ao and A1

UPDATE1 D 16



IDT71589 Data Book D, Section 5.17; Page 6

TIMING WAVEFORM OF WRITE CYCLE

|[¢— tCcYC —¥|

[+ tCH
tCL —¥
oK __/ FNf S S
tsb—¥ tHD
ADS \
tsA [&
g tHA
ADDRESS *
—»{tSD (&
—»tHD &

WE | A

~al?

cs AL A

DATAIN VALID
> ‘——_zt_‘ JK
tonzM toLz
HIGH-Z V
DATAouT f‘
2951 drw 06
NOTES:
1. OE Must be taken inactive at least as long as toHz + ts before the second rising clock edge of write cycle.
2. CStiming is the same as any synchronous signal when used to block writes or to stop the burst count sequence.
17
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IDT71589 ‘Data Book D, Section 5.17, Page 7

TIMING WAVEFORM OF BURST WRITE CYCLE

tcyc —¥
tCH

CLK sotc::/ u}_/ \_ —_\ __\ /—\_
T
—

tsA
- tHA
ADDRESS {
—>tHD j¢—

we NI D
o AL A NLTA A

DATAIN VALID A(2) { vaLDB ) —( vALDC ) { vALIDD )

* —_j:——o
tonz(" j toLz

DATA HIGH-Z ;_—
ouT
—

2951 drw 07

NOTES:

1. OE Must be taken inactive at least as long as toHz + ts before the second rising clock edge of write cycle.

2. A-Data to be written to original input address.

B-Data to be written to original input address except Ao is now Ao.

C-Data to be written to original input address except A1 is now A1.

D-Data to be written to original input address except Ao and A1 are now Ao and A1

If ADS goes low during a burst cycle, a new address will be loaded, and another burst cycle will be started.

IfCSis taken inactive during a burst write cycle the burst counter will discontinue counting until the CSinput again goes active. The timing of the CS input
for this control of the burst counter must satisfy setup and hold parameters tsand t4. CS timing is the same as any synchronous signal when used to
block writes or to stop the burst count sequence.

rw
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IDT71589 Data Book D, Section 5.17, Page 8

TRUTH TABLE

CLK Previous ADS | ADS Address WE CS OE o Function
T H L Valid Input X X — — Preset Address Counter
T X H — — — — — Ignore External Address Pins
T L X — — — — — Ignore External Address Pins
T X - H — — L — — Sequence Address Counter
T L X — — L — — Sequence Address Counter
T X H — — H — — ' Suspend Address Sequencing
T L X — — H — — Suspend Address Sequencing
— — — — — — H Hi-Z Qutputs Disabled
— — — — H — L DATAouT | Read
T X H — L L H DATAIN Write
T L X — L L H DATAIN Write
— — — — L L L — Not Allowed
NOTE: 2951 tbl 11
H =HIGH
L =LOW
X =Don't Care
— = Unrelated
Hi-Z = High Impedance
ORDERING INFORMATION
IoT XXXXX A 999 A A
Device Power Speed Package Process/
Type Temperature
Range
Blank  Commercial (0°C to +70°C)
B Military (-55°C to +125°C)
Compliant to MIL-STD-883, Method 5004, Class B
D CERDIP
P Plastic DIP
Y Plastic J-Bend Small Outline IC
14 Commercial Only
gg Commercial Only % gpeed in Nanoseconds
35
— s Standard Power

{ 71589 Latched Cache RAM

2951 drw 08
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IDT71B229S Data Book D, Section 6.7, Page 1

BiCameral™ CacheRAM™ INFOI;DIGIAATl‘IJgE
288K (16K x 9 x 2) IDT71B229S

FOR RISC CACHES

Integrated Device Technology, Inc.

FEATURES: DESCRIPTION:

»  Supports the R3000 and R3001 to 40MHz The IDT71B229 is a BiCameral CacheRAM specifically

» BiCameral organization: designedto support the splitinstructionand data caches ofthe
— Split instruction/data cache support IDT 79R3000 microprocessor. A complete 128KByte cache
— No bank-switching timing contention for the R3000 can be built with only six to seven IDT71B229s

» Single address bus (depending on the main memory size supported by the sys-

» Single data bus tem), while an R3001 cache can be built with five to six parts.

« Separate write enable and output enable for each bank  CPU clock frequencies up to 40 MHz are supported. The

+ - Standard read and write control interface small 300 mil package allows a 128 KByte cache to fit in a

» Internal address latches circuit board area of approximately two square inches.

+  32-pin 300 mil SOJ package Internal address latches eliminate the need for external

latches. The BiCameral (two bank) organization reduces the
number of devices required to support the R3000's split-cache
architecture and eliminates contention problems encountered
when one RAM bank is being enabled while the other is being
disabled. All timing parameters have been optimized to
supportthe complete range of R3000 clock speeds, simplifying
R3000 cache design.

Made with BICEMOS™, IDT's advanced high-speed
process, the IDT71B229 provides dense caches in low board
space while consuming minimum power.

FUNCTIONAL BLOCK DIAGRAM Ao- Ava

DCLK —¢
A 4
L LE Latch LE Latch

1 '

Address Address
(Instruction) (Data)
— __ 16Kx9 16K x 9 - -
IWE — WE Array Array WE (— DWE
Dout DIN DIN Dout

ﬁ—v I V——ﬁ

1/Qo - /08 2996 drw 01
BIiCEMOS, BiCameral and CacheRAM are of Device Te , Inc.
COMMERCIAL TEMPERATURE RANGE MAY 1991
©1991 Integrated Device Technology, Inc. DSC-1094/1
UPDATE1. D 20



IDT71B229S Data Book D, Section 6.7, Page 2

PIN CONFIGURATIONS
As [ 1 321 A4
As [ 2 31 As
DCE [ 3 30 [J 1OE
DWE [ 4 29 [1 WE
A7 [ 5 28 [1 /04
vos ] 6 27 ] 103
vos O} 7 26 [1 Vo2
vec [] 8 S0322 25[] GND
GND [ 9 241 Vec
1oz ] 10 231 VO1
yos [ 11 22[1 V0o
As []12 211 A2
As []13 201 A1
Ao [ 14 191 Ao
A 15 18 [1 A
A2 [ 16 17 ;l DCLK
SOJ
TOP VIEW 2996 drw 02
TRUTH TABLE 1
IOE IWE DOE DWE 1/0(0:8) Function
H H L H Out, D Bank Read D Bank data
H H H L High Z Write data to D Bank
L H H H Out, | Bank Read | Bank data
H L H H High Z Write data to | Bank
H H H H High Z No Activity
L L X X . HighZ Not Allowed
L X L X High Z Not Allowed
L X X L High Z Not Allowed
X L L X High Z Not Allowed
X L X L High Z Not Allowed
X X L L High Z Not Allowed
2996 tbl 01
TRUTH TABLE 2(")
DCLK | Address Latch D Address Latch
L Transparent Latched
H Latched Transparent
NOTE: 2996 tbl 02

1. L=Low, H=High, X = Don't Care, - = Unrelated, High Z = High Impedance
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IDT71B229S Data Book D, Section 6.7, Page 3

PIN DESCRIPTION

Name Description

DCLK DCLK, when high, allows the address inputs to flow through the D bank's address latch. Conversely, the address in
the I bank's latch is held during a high input on DCLK. Taking DCLK low freezes data in the D bank's address latch
and allows addresses to flow through the | bank's address latch.

IOE | Output Enable enables the data outputs from the | bank onto the data input/output pins. TOE must not be asserted
simultanteously with the DOE, DWE or IWE pins.

DOE This is an input which enables the data outputs from the D bank onto the data input/output pins. DOE must not be
asserted simultanteously with the IOE, IWE or DWE pins.

IWE | Write Enable, when low, gates data from the input/output pins into the RAM at the | bank address indicated by the
output of the | bank address latch. Neither DOE nor IOE should be enabled during a write operation.

DWE D Write Enable is an input which is taken low to gate data from the input/output pins onto the RAM at the address
being output from the D bank address latch. Neither DOE or IOE should be asserted during a write operation.

Addr(0:13) | The fourteen address inputs are used to access any of the 16,384 locations in either the D or | bank. When an
address latch is in the transparent state, these pins are routed directly to that latch's RAM bank. Taking the latch into
its latched state causes that RAM bank to ignore subsequent changes on the address input pins.

1/00:8 The input/output bus comprises nine signals whose functions are determined by the state of the IOE, IWE, DOE and
DWE pins. During Output Enables, data is output upon these pins from the selected RAM bank from an address
pointed to by the outputs of that bank's address latch. When either Write Enable is asserted, data can be written from
these pins into the selected bank's RAM at the address being output by that bank's address latch. When IOE, IWE,
DOE and DWE are all inactive, the input/output pins are floated in a high-impedance state.

2996 tbl 03
1
CAPACITANCE (Ta - +25°C, f = 1.0MHz) ABSOLUTE MAXIMUM RATINGS
Symbol Parameter(" Conditions | Max.| Unit Symbol Rating Commercial | Unit
CIN Input Capacitance VIN = OV 8 | pF VTERM Terminal Voltage -0.5t0 +7.0 \
= with Respect
Cout Output Capacitance Vour=0V | ~ 8 pF to GND
NOTE: 20961104 | Tp Operating 010 +70 °C
1. This parameter is determined by device characterization, but is not Temperature .
production tested.
TBIAS Temperature -55 to +125 °C
) Under Bias .
. Tsta Storage -55to +125 °C
RECOMMENDED DC OPERATING Temp%raw,e
CONDITIONS - - PT Power Dissipation 1.0 w
Symbol Parameter Min. | Typ. | Max. | Unit lout DC Output 50 mA
Vee Supply Voltage 475 | 5.0 5.25 \" Current
GND Supply Voltage 0 0 0 v NOTE: . 2996 10l 06
- 1. Stresses greater than those listed under ABSOLUTE MAXIMUM
ViH Input High Voltage 2.2 — |Vec+0.5) V RATINGS may cause permanent damage to the device. This is a stress
.05 _ rating only and functional opération of the device at these or any other
ViL Input Low Voltage 0.5 0.8 L conditions above those indicated in the operational sections of this
NOTES: . 2996 bl 05 specification is not implied. Exposure to absolute maximum rating
1. ViL (min.) =-3.0V for pulse width less than 20ns. conditions for extended periods may affect reliability
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DC ELECTRICAL CHARACTERISTICS(" 2
(VGG = 5.0V + 5%)

71B229S12 | 71B229S16| 71B229S22| 71B229S28
Symbol Parameter Com’l. Com’l. Com’l. Com’l Unit
lcct Operating Power Supply Current 135 130 130 130 mA
Outputs Open, Vcc = Max., f =0
lcc2 Dynamic Operating Current 200 195 190 185 mA
Outputs Open, Vcc = Max., f = fMAX
NOTES: 2996 tbl 07
1. All values are maximum guaranteed values.
2. f=Max. means that address and data are cycling at maximum frequency of read cycles of 1/tcyc.
f = 0 means no inputs change.
DC ELECTRICAL CHARACTERISTICS OVER THE
OPERATING TEMERATURE AND SUPPLY VOLTAGE (Vcc = 5.0V + 5%)
IDT71B229S
Symbol Parameter Test Condition Min. Max. Unit
JiLi Input Leakage Current Vce = Max., VIN = GND to Vcc — 5 HA
JiLo] Output Leakage Current Vce = Max., VouT = GND to Vce — 5 pA
VoL Output Low Voltage loL = 8mA, Vcc = Min. — 0.4 \
VoH Output High Voltage IoH = -4mA, Vcc = Min. 24 —_ v
2996 tbl 08
ACCESS TIME AND
CLOCK FREQUENCY EQUIVALENTS
R3000/1 Clock Frequency | 71B229 Access Time
40 MHz 12ns
33 MHz 16 ns
25 MHz 22 ns
20 MHz 28 ns
2996 tbl 09
RECOMMENDED OPERATING AC TEST CONDITIONS
TEMPERATURE AND SUPPLY VOLTAGE Input Pulse Levels GND to 3.0V
Grade Ambient Temperature] GND Vce Input Rise/Fall Times 5ns
Commercial 0°Cto +70°C ov 5V+5% Input Timing Reference Levels 1.5V
20961110 | Qutput Reference Levels 1.5V
Output Load See Figures 1A, 1B, 1C

2996 tbl 11
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IDT71B229S

+1.5 Volts

! : 50Q
DATAout _6.) ),_é
4

4
2996 drw 03
Figure 1A. AC Test Load
5V
480Q
DATAout
255Q 5pF*

2996 drw 04

*Includes scope and jig.

Figure 1B. AC Test Load (for toLz & toHz)

Data Book D, Section 6.7, Page 5

ATAA
(Typical, ns)

N WA N

20 40 60 80 100 120 140 160 180 200
CAPACITANCE (pF)

2996 drw 05

Figure 1C. Lumped Capacitive Load, Typical Derating Curve

NOTE:

|
[
[
[
| [
79R3000 71B229
AdrLo (15:2) // 14 Addr(13:0) .7L\
IRd" E .:7(_9_\
W WE L:_#ﬂ
DRd" DOE // S N
Dwr* DWE [ // 8 \
DClk DCLK — /8
VO(8:0) |— // g N
- /N
Data and Tag
Buses // 60

2996 drw 06

1. Loading of the IRd, IWr, DRd and DWr signals should be split evenly between the pair of R3000 pins dedicated to each of these functions.

Figure 2. Example of Cache Memory System Block Diagram
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AC ELECTRICAL CHARACTERISTICS (Vcc = 5.0V + 5%, All Temperature Ranges)

71B229S12 | 71B229S16 | 71B229S22 | 71B229S28
Symbol Parameter Min. | Max.| Min. [ Max.| Min. | Max.| Min. | Max.| unit
Read Cycle
tcyc . | Read Cycle Time(" 25 — 30 — 40 — 50 — ns
tsu- Address Setup Time — 8 — 11 — 14 — ns
tH Address Hold Time — 3 — 4 — 6 — ns
tAA Address Access Time — 12 — 16 — 22 —_— 28 ns
toE Output Enable Time — 5 - 7 —_ 10 —_ 13 ns
toLz® | Output Enable to Output in Low Z - 2 — — — | ns
toHz? | Output Disable to Output in High Z 5 2 6 2 8 10 | ns
NOTES: 2996 thl 12
1. One cycle includes both a D bank read or write and an | bank read or write.
2. This parameter is guaranteed with the AC test load, Figure 1B,due to device characterization, but is not production tested.
TIMING WAVEFORM OF READ CYCLES(")
tcyc ~|
Address )< D Address >< >< | Address D Address
ft—— tSU tH ft— l—— tSU tH
DCLK \
<t tAA - <t tAA
DOE N /y \
ft— tOE —p»] tOE —a]
IOE
torz? toHz @ toHz@
> < > torz®
1o (D Data Out I( | Data Out Ny
) 4 N~— 7
2996 drw 07
NOTES:
1. DWE and IWE must be high during read cycles.
2. The transition is measured £200mV from steady state with load in Figure 1B.
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AC ELECTRICAL CHARACTERISTICS (Vcc = 5.0V + 5%, All Temperature Ranges)

71B229S12 | 71B229S16 | 71B229S22 | 71B229S28
Symbol Parameter Min. [ Max.| Min. | Max.[ Min. | Max.|[ Min. | Max.| unit
Write Cycle
tcyc Write Cycle Time(" 25 — 30 — 40 — 50 | — ns
tsu Address Setup Time — — 11 — 14 — ns
tH Address Hold Time — 3 — 4 — 6 — ns
taw Address to End of Write 18 — 20 — 22 — 28 — ns
tAs Address to Start of Write — 5 — 5 — 5 — ns
tWR Write Recovery Time -1 — -1 — -1 — -1 — ns
twp Write Pulse Width 10 — 13 — 16 — 20 — ns
tow Data to Write Time Overlap 5.5 — — 9 —_ 11 — ns
tDH Data Hold from Write Time 2 — — 2 — 2 — ns
NOTES: 2996 tbl 13
1. One cycle includes both a D bank read or write and an | bank read or write.
TIMING WAVEFORM OF WRITE CYCLES(1:2)
- tcye |
Address € (
>~ D Address ) | Address D Address
lt— 1SU tH lt— {SU ——] tH
DCLK /’
- tAaw tWR
[t— tAS —>
la— tAS —>J
- tAw -t twR -
DWE N 14
- twp > l———r WP |
WE N )/
l/e} D Data In
NOTES: 2996 drw 08

1. DOE and IOE are high during write cycles.

2. DWE must be high or DCLK must be low during all address transitions. Likewise, IWE or DCLK must be high during all address transitions.
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TIMING WAVEFORM OF MIXED READ AND WRITE CYCLES(1: 2 3)

- - tcyc >

Address ) D Address T >< | Address D Address

lt—— 1SU i lat—— {SU —p] tH
y/ \
DCLK / ‘

- tAA -
= AW — tWR
oWE | %
la— tAS ,r twp L. . tOE —»1 ‘
I0E _/
| ¢—— tDW —=}— tDH toLz @ toHz 4
1o @—< D Data In <>__

NOTE: 2996 drw 09

1. DOE and IOE are high during write cycles.

2. DWE must be t be high or DCLK must be low during all address transitions. leeW|se TWE or DCLK must be high during all address transitions.
3. DWE and IWE must be high during read cycles.

4. The transition is measured #200mV from steady state with load in flgure 1B.

ORDERING INFORMATION
XXXX - X XX X X
IDT
Device =~ Power Speed Package Process/
Type : Temperature
Range
|————i Blank Commercial (0°C to +70°C)
| v 300-mil SOJ (S032-2)
I 12
16 Access Time in nanoseconds
22
|"28
{ S Standard Power

I 71B229 16K x 9 x 2 BICEMOS SRAM

2996 drw 10
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ALABAMA

IDT

4930 Corporate Dr., Ste. 1
Huntsville, AL 35805
(205) 721-0211

ALASKA

Westerberg & Associates
Bellvue, WA
(206) 453-8881

ARIZONA

Western High Tech
Scottsdale , AZ
(602) 860-2702

ARKANSAS

DT

(S. Central Regional Office)
14285 Midway Rd.,

Ste. 100

Dallas, TX 75244

(214) 490-6167

CALIFORNIA

DT

(Corporate Headquarters)
2975 Stender Way

Santa Clara, CA 95054
(408) 727-6116

DT

(NW Regional Office)
2975 Stender Way
Santa Clara, CA 95054
(408) 492-8350

DT

(SW Regional Office)
6 Jenner Dr., Ste. 370
Irvine, CA 92718
(714) 727-4438

DT

(SW Regional Office)
16130 Venturra Blvd.,
Ste. 370

Encino, CA 91436
(818) 981-4438

Quest-Rep
San Diego, CA
(619) 565-8797

Rep Associates
San Diego , CA
(619) 565-8797

DOMESTIC SALES

_ CANADA (Eastern)

Canadian Mktg Tech
Mississauga, ONT
(416) 612-0900

Canadian Mktg Tech
Pointe Claire, QUE,
(514) 694-6088

Canadian Mktg Tech
Kanata, ONT
(613) 591-9555

Canadian Mktg Tech
Richmond Hill, ONT,
Canada

(416) 881-8844

CANADA (Western)

Westerberg & Associates
Bellvue, WA
(206) 453-8881

COLORADO
IDT

(NW Regional Office)

1616 17th St., Ste. 370
Denver, CO 80202
(303) 628-5494

Thorson Rocky Mt
Englewood , CO
(303) 799-3435

CONNECTICUT

Lindco Associates
Woodbury, CT
(203) 266-0728

FLORIDA

DT

(SE Regional Office)

1413 S. Patrick Dr., Ste. 10
Indian Harbor Beach, FL
32937

(407) 773-3412

DT

601 Cleveland St., Ste. 400
Clearwater, FL 34615
(813) 447-2884

DT

1500 N.W. 49th St.,

Ste. 500

Ft. Lauderdale, FL 33309
(305) 776-5431

GEORGIA

DT

(SE Regional Office)

1413 S. Patrick Dr., Ste. 10
Indian Harbor Beach, FL
32937

(407) 773-3412

HAWAII

DT

(NW Regional Office)
2975 Stender Way
Santa Clara, CA 95054
(408) 492-8350

IDAHO (Northern)

Westerberg & Associates
Bellvue, WA
(206) 453-8881

IDAHO (Southern)

Westerberg & Associates
Portland, OR
(503) 620-1931

ILLINOIS

DT

(Central Regional Office)
1375 E. Woodfield Rd.,
Ste. 380

Schaumburg, IL 60173
(708) 517-1262

Synmark Sales
Park Ridge, IL
(708) 390-9696

INDIANA

Arete Sales
Ft. Wayne, IN
(219) 423-1478

.Arete Sales

Greenwood, IN
(317) 882-4407

IOWA

Rep Associates
Cedar Rapids, 1A
(319) 373-0152

KANSAS

Rush & West Associates
Olathe, KS
(913) 764-2700

KENTUCKY

Norm Case Associates
Rocky River, OH
(216) 333-0400

LOUISIANA

DT

(S. Central Regional Office)
14285 Midway Rd.,

Ste. 100

Dallas, TX 75244

(214) 490-6167

MAINE

DT

(NE Regional Office)

2 Westboro Business Park
200 Friberg Pkwy.,

Ste. 4002

Westboro, MA 01581
(508) 898-9266

MARYLAND

DT

(NE Regional Office)
428 Fourth St, Ste. 6
Annapolis, MD 21403
(301) 858-5423

MASSACHUSETTS

DT

(NE Regional Office)

2 Westboro Business Park
200 Friberg Pkwy.,

Ste. 4002

Westboro, MA 01581
(508) 898-9266

MICHIGAN

Tritech Sales
Farmington Hills, Ml
(313) 442-1200

MINNESOTA

DT

(N. Central Regional Office)
1650 W. 82nd St.,

Ste. 1040

Minneapolis, MN 55431
(612) 885-5777

Ohms Technology
Edina, MN
(612) 932-2920

MISSOURI

Rush & West Associates
St. Louis, MO
(314) 965-3322

MONTANA

Thorson Rocky Mt
Englewood , CO
(303) 799-3435

NEBRASKA

IDT

(Central Regional Office)
1375 E. Woodfield Rd.,
Ste. 380

Schaumburg, IL 60173
(708) 517-1262

NEVADA (Northern)

IDT

(NW Regional Office)
2975 Stender Way
Santa Clara, CA 95054
(408) 492-8350

NEVADA (Southern)

Western High Tech. Mktg.
(Clark Country, NV)
Scottsdale, AZ

(602) 860-2702

NEW HAMPSHIRE

DT

(NE Regional Office)

2 Westboro Business Park
200 Friberg Pkwy.,

Ste. 4002

Westboro, MA 01581
(508) 898-9266

NEW JERSEY

DT

(NE Regional Office)
One Greentree Centre,
Ste. 202

Marlton, NJ 08053
(609) 596-8668

SJ Associates
Mt. Laurel, NJ
(609) 866-1234

NEW MEXICO

Western High Tech
Albuquerque, NM
(505) 884-2256

NEW YORK

DT

(NE Regional Office)
250 Mill St., Ste. 107
Rochester, NY14614
(716) 777-4040




Qualty Gompanens OKLAHOMA RHODE ISLAND UTAH WASHINGTON
(315) 562.3335 DT IDT Anderson Associates DT
(Central Regional Office) (NE Regional Office) Bountiful, UT (NW Regional Office)
Quality Components 1375 E. Woodfield Rd., 2 Westboro Business Park  (801) 292-8991 7981 168th Ave., NE
Buffalo, NY Ste. 380 200 Friberg Pkwy., Ste. 32
(716) 837-5430 Schaumburg, IL 60173 Ste. 4002 Thorson Rocky Mt Redmond, WA 98052
(708) 517-1262 Westboro, MA 01581 Salt Lake City ,UT (206) 881-5966
SJ Associates (508) 898-9266 (801) 942-1683
Rockville Centre, NY OREGON \é\hilslerbevﬁ & Associates
(516) 536-4242 ellvue,
Westerberg & Associates SOUTH CAROLINA VERMONT (206) 453-8881
Portland, OR DT DT .
NORTH CAROLINA  (503) 620-1931 (SE Regional Office) (NE Regional Office) WEST VIRGINIA
Tingen Tech Sales 1413 S. Patrick Dr., Ste. 10 2 Westboro Business Park
Raleigh, NC Indian Harbor Beach, FL 200 Friberg Pkwy., Norm Case Associates
(919) 870-6670 PENNSYLVANIA 32937 : Ste. 4002 Rocky River, OH
(Western) (407) 773-3412 Westboro, MA 01581 (216) 333-0400
. (508) 898-9266
OHIO Norm Case Associates
) Rocky River, OH TEXAS WISCONSIN
ROT C;se Agi:clates (216) 333-0400 IDT VIRGINIA Synmark Sales
ocky River,
(21s)y333.o400 (S. Central Regional Office)  IDT Park Ridge, IL
PENNSYLVANIA 14285 Midway Rd., (NE Regional Office) (708) 390-9696
Norm Case Associates Ste. 100 428 Fourth St,, Ste. 6
Englewood, OH (Eastern) Dallas, TX 75244 Annapolis, MD 21403
(800) 362-6631 SJ Associates (214) 490-6167 (301) 858-5423 WYOMING
Rockville Centre, NY Thorson Rocky Mountain
(516) 536-4242 Englewood, CO
(303) 799-3435
IDT TECHNICAL CENTERS

Integrated Device Technology
2975 Stender Way

Santa Clara, CA 95054

(408) 492-8365

Integrated Device Technology
6 Jenner Dr., Ste. 370

Irvine, CA 92718

(714) 727-4438

Integrated Device Technology
14285 Midway Rd., Ste. 100
Dallas, TX 75244

(214) 490-6167

ntegrated Device Technology
2 Westboro Business Park
200 Friberg Pkwy., Ste. 4002
Westboro, MA 01581

(508) 898-9266

Integrated Device Technology
One Greentree Centre, Ste. 202
Mariton, NJ 08053

(609) 596-8668

Integrated Device Technology
21 The Crescent
Leatherhead

Surrey, UK KT228DY

Tel.: 44-372-377375

HALL-MARK
ELECTRONICS

Contact your local office.

INSIGNT
ELECTRONICS

AUTHORIZED DISTRIBUTORS
HAMILTON/AVNET

VANTAGE ZENTRONICS

COMPONENTS




AUSTRALIA

George Brown Group
Blackburn, Victoria,
Australia
011-61-3-878-8111

George Brown Group
Hilton, Australia
011-618-352-2222

George Brown Group
Rydalmere, Australia
011-612-638-1999/1888

AUSTRIA

Ing. Ernst Steiner
Vienna, Austria
011-43-222-827-4740

BELGIUM

Betea
St-Stevens-Woluwe,
Belgium
011-32-2725-1080

DENMARK

Exatec
Copenhagen, Denmark
011-45-31-191022

FINLAND

Comodo Oy
Helsinki, Finland
011-358-0757-2266

FRANCE

DT

15 Rue du Buisson aux
Fraises

Massy, France
011-33-1-69-30-89-00

A2M
Merignac, France
(16) 56-34-10-97

A2M
Cesson-Sevigne, France
(16) 99-63-32-32

A2M
Bron, France
(16) 72-37-04-14

A2M
Buc, France
(1) 39-56-81-81

A2M
Brignolles, France
(16) 94-59-22-93

A2M
Le Chesnay Cedex, France
(1) 39-54-91-13

INTERNATIONAL SALES

Aquitech
Merignac, France
011-33-56-55-1830

Aquitech
Rennes , France
011-33-99-78-3132

Aquitech
Lyon, France
011-33-72-73-2412

Aquitech
Antony Cedex, France
011-33-1-4-969494

Scientech REA
Rognes, France
011-16-42-50-1805

Scientech REA
Bordeaux, France
011-16-56-39-3271

Scientech REA
Cesson-Sevigne, France
011-16-99-83-9898

Scientech REA
Saint-Etienne, France
011-33-77-79-7970

Scientech REA
Schwerwiller, France
011-16-88-82-5514

Scientech REA
Chatillon, France
011-33-149-652750

GERMANY

DT
Gottfried-von-Cramm-Str. 1
8056 Neufahrn, Germany
011-49-8165-5024

ECN-Dacom GmbH
Sarstedt, Germany
011-49-5066-5519

ECN-Dacom GmbH
Schwiebergingen,Germany
011-49-7150-37071-73

ECN-Dacom GmbH
Buxheim, Germany
011-08458-4003

ECN-Dacom GmbH
Karlsruhe , Germany
011-49-721-407055

ECN-Dacom GmbH
Soligen, Germany
011-49-212-593011

ECN-Dacom GmbH
Ismaning, Germany
011-49-89-960-90853

Jermyn GmbH
Berlin, Germany
030/2142056

Jermyn GmbH
Norderstedt, Germany
040/5282041

-Jermyn GmbH
Dusseldorf, Germany
0211/25001-0

Jermyn GmbH
Limburg 4, Germany
06431/508-0

Jermyn GmbH
Herrenberg, Germany
07032/203-01

Jermyn GmbH

Heimstetten, Germany
089/989903-0

Jermyn GmbH
Nurnberg, Germany
0911/425095

Scantec GmbH
Ruckersdorf, Germany
011-49-89-911-579529

Scantec GmbH
Kirchheim, Germany
011-49-89-7021-54027

Scantec GmbH
D-8033 Planegg, Germany
011-49-89-859-8021

Topas Electronic GmbH
Quickborn, Germany
011-49-4106-73097

Topas Electronic GmbH
Hannover, Germany
011-49-511-131217

HONG KONG

0T

Rm. 1505,

15/F The Centre Mark
287-299 Queen’s Rd. Central
Hong Kong
011-852-542-0067

Lestina International Ltd.
Tsimshatsui, Kowloon,
Hong Kong
011-852-735-1736

INDIA

Malhar Corp.
Bryn Mawr, PA
(215) 527-5020

ISRAEL

Vectronics
New Hyde Park, NY
(516) 488-1226

Vectronics
Herzlia, Israel
011-972-52-556070

ITALY

LASI Electronica
20126 Milano, ltaly
19-266-101370

LASI Electronica
Bologna, Italy
(19 39 51) 353815/374556

LASI Electronica
Firenze, Italy
(19 39 55) 582627

LASI Electronica
Roma, ltaly
(19 39 6) 5405301

LASI Electronica
Torino, Italy
(19 39 11) 328588/359277

Microelit SPA & SRL
Rome, ltaly
011-39-6-8894323

Microelit SPA & SRL
Milan, Italy
011-39-2-4817900

JAPAN

IDT

U.S. Building 201
1-6-15 Hirakarasho,
Chiyoda-Ku

Tokyo, Japan 102
011-813-3221-9821

Dia Semicon Systems Inc.
Tokyo, Japan
011-813-3439-2700

Kanematsu Semiconductor
Tokyo, Japan
011-813-3551-7791

Marubun
Tokyo, Japan
011-813-3639-9805

Tachibana Tectron Co. Ltd.
Tokyo, Japan
011-813-3793-1171

KOREA

Eastern Electronics
Seoul, Korea
011-822-553-2997

NETHERLANDS

Auriema
Eindhoven, Netherlands
011-31-40-816565

NORWAY

Eltron A/S
Oslo, Norway
011-47-250-0650

SINGAPORE

Data Source Electronics
Singapore 1233
011-65-291-8311

SOUTH AMERICA

Intectra
Mountain View, CA
(415) 967-8818

SPAIN

Anatronic
Barcelona, Spain
011-34-3-258-1906/1907

Anatronic
Madrid, Spain
011-34-1-542-5566.

SWEDEN

Svensk Teleindustri
S-16308 Spanga, Sweden
011-46-8-761-7300

SWITZERLAND

W. Stolz AG

Ch-5405 Baden-Daettwil,
Switzerland
011-41-56-849000

TAIWAN

General Industries Inc.
Taipei, Taiwan
011-886-2-764-5126

Johnson Trading & Eng.
Taipai, Taiwan
011-886-273-31211

uTC
Taipei , Taiwan ROC
011-886-2-775-3666

UNITED KINGDOM

DT

21 The Crescent
Leatherhead

Surrey, UK KT228DY
011-44-372-363339

Micro Call, Ltd.
Thame Oxon, England
011-44-844-261-939

The Access Group Ltd.
Letchworth, Hertfordshire
0462-480888
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