











































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































DESIGNING WITH THE IDT49C460 AND IDT39C60
ERROR DETECTION AND CORRECTION UNITS

APPLICATION NOTE AN-24

Appendix
ERROR HEX 0 1 2 3 4 5 6 7
DECIMAL S6 | O 0 0 o 1 1 1 1
SYNDROME S5| 0 0 1 1 0 0 1 1
HEX S4| 0 1 0 1 0 1 0 1
S3 S2 S1 SO
0 0 0 0 0 NE C4 C5 T C6 T T 30
DECIMAL EQUIVALENT > > 0 16 32 48 80 96 112
1 o 1] 0 1 co T T 14 T M M T
1 17 33 49 65 81 97 113
2 0 0 1 0 Clt T T M T 2 24 T
2 18 34 50 66 82 98 114
3 [\ (] 1 1 T 18 8 T M T T M
3 19 35 51 67 83 99 115
4 0 1 0 0 C2 T T 15 T 3 2 T
4 20 36 52 68 84 100 116
5 0 1 0 1 T 19 9 T M T T 3
5 21 37 53 69 85 101 117
6 0 1 1 0 T 20 10 T M T T M
6 22 38 54 70 86 102 118
7 0 1 1 1 M T T M T 4 26 T
7 23 39 5 7 87 103 119
8 1 0o 0 0 C3 T T M T 5 27 T
8 24 40 56 72 88 104 120
9 1 [\] 0 1 T 21 1 T M T T M
9 25 41 57 73 89 105 121
A 1 0 1 0 T 22 12 T 1 T T M
10 26 42 58 74 90 106 122
B 1 0 1 1 17 7T T M T 6 28 T
i1 27 43 59 75 91 107 123
C 1 1 0 0 T 23 13 T M T T M
12 28 44 60 76 92 108 124
D 1 1 0 1 M T T M T 7 29 T
13 29 45 61 77 93 10 125
E 1 1 1 0 16 T T M T M M T
14 30 46 62 78 94 110 126
F 1 1 1 1 T M M T O T T M
15 31 a7 63 79 95 111 127
NE=NO ERROR T= Two errors

Cn =check-bit error bit n
n=data-bit error bit n

n=decimal equivalent of the syndrome

Table 1. 32-bit Syndrome Tables with Hex, Binary and Decimal Equivalents.

M = Multiple errors
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DESIGNING WITH THE IDT49C460 AND IDT39C60 :
ERROR DETECTION AND CORRECTION UNITS APPLICATION NOTE AN-24

-
0
[
2
IS
N
o
@
~
©
©
a

ERROR HEX | 0 1 2 3 4 5 6 7 8 9 A B C D E F
s7 | 0 0 0 0 O0 ©0 ©0 0 1 1 1 1 1 1 1 1
s6 | 0 0 0 o0 1 1 1 10 0 o E 1 1 1
ss | 0 0 1 1 0 0 1 10 E 1 0 0 1 1
sa | 0 1 _0 1 0 1 _0 1 0 1 0 1 0 1 0 1
[HEX| S3 S2 S1 80| ============z===========================-=============3
0] O 06 0 O] NE C4 C T C6 T 6 ©Cc T T 46 T M M T
| | 0 16 32 48 80 96 112 128 144 160 176 192 208 224 240
{1{0 o o 1] co T T 14 T M M T T M M T M T T 30
|| | 1 17 33 49 65 81 97 113 120 145 161 177 193 200 225 241
j210 06 1 o0 € T T M T 34 8§ T T 50 40 T M T T M
I | 2 18 34 50 66 8 98 114 130 146 162 178 194 210 226 242
[3|]0 06 1 1] T 18 8 T ™M T T ™M M T T M_ T 2 24 T
I | 3 19 35 51 67 8 99 115 131 147 163 179 195 211 227 243
jajo 1 0o 0| € T T 15 T 35 5 T T 51 4 T M T T 3
| ] 4 20 36 52 68 8 100 116 132 148 164 180 196 212 228 244
|50 1 0 1| T 19 9 T M T T 6 M T T a7 T 3 25 T
|1 | 5 21 37 53 69 8 101 117 133 149 165 181 197 213 229 245
|60 1 1 o] T 20 1 T MM T T M M T T M T 4 26 T
P | 6 22 38 54 70 8 102 118 134 150 166 182 198 214 230 246
j7]0 1 1 1] M T T M T 3 58 T T 52 42 T M T T M
[ | 7 23 39 55 71 8 103 119 135 151 167 183 199 215 231 247
8] 1 0 o 0] € T T M T 3 5 T T 53 43 T M T T M
| | 8 24 40 56 72 88 104 120 136 152 168 184 200 216 232 248
[9]1 0 © 1] T 20 1. T M T T M M T T M T 5 27 T
|1 | 9 25 41 57 73 8 105 121 137 153 169 185 201 217 233 249
JAJ]1 0 1 0] T 22 1 T 33 T T M 4 T T M T 6 28 T
| | 10 26 42 58 74 90 106 122 138 154 170 186 202 218 234 250
|IB]1 0 1 1] 17 T T M T 38 6 T T 54 4 T 1T T M
| | 11 27 43 59 75 91 107 123 139 155 171 187 203 219 235 251
JCl1 1 o o] T 23 13 T M T T M M T T M T 7 29 T
| | 12 28 44 60 76 92 108 124 140 156 172 - 188 204 200 236 252
D] 1 1 _0 1| M T T M T 39 6 T T 55 45 T M T T M
|| | 13 20 45 61 77 93 109 125 141 157 173 189 205 221 237 253
IEJ] 1 1 1 0] 1 T T M T M M T T M M T o0 T T M
P | 14 30 46 62 78 94 110 126 142 158 174 190 206 222 238 254
[F|1 1 1 1} T M M T 32 T T M 48 T T M T M M T
[ |

111 127 143 159 175 191 207 223 239 255

NE=NO ERROR T= Two errors
Cn=check-bit error bitn M= Multiple errors
n=data-bit error bit n

n=decimal equivalent of the syndrome

Table 2, 64-bit Syndrome Tables with Hex, Binary and Decimal Equivalents.
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ERROR DETECTION AND CORRECTION UNITS APPLICATION NOTE AN-24

CB DATA CB DATA CB DATA CB DATA

0 28 20 127 40 E 60 101

1 1000F : 21 10100 41 10029 61 10126
2 10000 22  1010F 42 10026 62 10129
3 27 23 128 43 1 63 10E

4 1000C 24 10103 44  1002A 64 10125
5 2B 25 124 45 D 65 102

6 24 26 12B 46 2 66 10D

7 10003 27 1010C 47 10025 67 1012A
8 10024 28  1012B 48 10002 68  1010D
9 3 29 10C 49 25 69 12A

A % 2A 103 4A  2A 6A 125

B 10028 2B 10124 4B 1000D 6B 10102
cC o0 2C  10F 4C 26 6C 129

D 10027 2D 10128 4D 10001 6D 1010E
E 10028 2E 10127 4E  1000E 6E 10101
F F 2F 100 4F 29 6F 126
10 10022 30 1012D 50 10004 70 1010B
1 5 31  10A 51 23 71 12C
12 A 32 105 52 2C 72 123
13 1002D 33 10122 53 10008 73 10104
14 6 34 109 54 20 74 12F
15 10021 35 1012E 55 10007 75 10108
16 1002E 36 10121 56 10008 76 10107
17 9 37 106 57 2F 77 120
18 2E 38 121 58 8 .78 107
19 10009 39 10106 59  1002F 79 10120
1A 10006 3A 10109 S5A 10020 7A  1012F
B8 21 3B 12E 58 7 78 108
1C  1000A 3C 10105 5C  1002C 7C 10123
1D 2D 3D 122 5D B 7D 104
1E 22 3E 12D 5E 4 7E 10B
1F 10005 3F _ 1010A 5F 10023 7F _1012C

Table 3. Minimal 32-bit check-bit to data tables for diagnostic use. One data value is listed to generate:every possible check-bit pattern.
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DESIGNING WITH THE IDT49C460 AND IDT39C60

ERROR DETECTION AND CORRECTION UNITS

APPLICATION NOTE AN-24

DATA CB DATA CB - DATA. CB DATA ° CB
0 C 100 2F 10000 2 10100 21

1 43 101 60 10001 4D 10101  6E
2 46 102 65 10002 48 10102 6B
3 9 103 2A 10003 7 10103 24
4 S5E 104 7D 10004 50 10104 73
5 1 105 32 10005 1F 10105 3C
6 14 106 37 10006 1A 10106 39
7 5B 107 78 10007 55 10107 76
8 58 108 7B 10008 56 10108 75
9 17 109 34 10009 19 10109  3A
A 12 10A 31 1000A 1C 1010A 3F
B 5D 108 7E . 10008 53 1010B 70
C A 10C 29 1000C 4 1010C 27
D 45 10D 66 1000D 4B 1010D 68
E 40 10E 63 1000E  4E 1010E 6D
F F 10F 2C 1000F 1 1010F _ 1F
20 54 120 77 10020 5A 10120 79
21 1B 121 38 - 10021 15 10121 36
22 1E 122 3D 10022 10 10122 33
23 51 123 72 10023 5F 10123 7C
24 6 124 25 10024 8 10124 2B
25 49 125 6A 10025 = 47 10125 64
26 4C 126 6F 10026 42 10126 61 ¢
27 3 127 20 10027 D 10127 2E
28 0 128 23 10028 E - 10128 2D
29 4F 129 6C 10029 41 10129 62
2A 4A 12A 69 1002A 44 1012A 67 -
2B 5 12B 26 1002B_ B 10128 28
2C 52 12C 71 1002C  5C 1012C 7F
2D 1D 12D 3E 1002D 13 10120 30
2E 18 12E 3B 1002E 16 1012E 35 .
2F 57 12F 74 1002F 59 1012F  7A

Table 4. Minimal 32-bit data to check-bit tables for diagnostic use. At least one data value Is listed for every possible check-bit pattern. This

table Is identical to Table 3

ptin seq

of pr
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THE KEY ADVANTAGES OF PRELIMINARY
MULTI-PORT STATIC RAM APP'-IC%TCI)QIJ;
Integrated DeviceTechnology: Inc. AN-25
By Robert Stodieck
LOCAL CPU OR CPU OR LOCAL
MEMORY PERIPHERAL PERIPHERAL MEMORY
ADDRESS
|| OVERORY ]
DATA

Figure 1. Dual-Port Memory With Separate Busses.

MULTI-PORT STATIC RAM MEMORY

The popularity of multi-port RAM has increased as designers
have become more sophisticated about the inherent advantages of
multi-ports as a communications devices. Multi-port memory can
be far faster than alternate approaches to memory based
communication, as well as being simpler to implement. Of the
available RAM based communications links, dual-port RAM is the
least likely to limit the data processing algorithms that the link is
intended to facilitate.

THE HIERARCHY OF MEMORY BASED
COMMUNICATIONS TECHNIQUES

Direct memory access (DMA) generally refers to a method of
sharing common memory on a single common bus (fig 2). This
requires that only one device at a time use the bus. This is a more
efficient approach than having the CPU be responsible for all data
transfers on a bus, since that usually requires multiple transfers on
the bus for any data item moved (i.e. peripheralto CPU then CPU to
memory). If the fraction of time spent in accessing peripherals is
not large then this conventional DMA approach may be
economical. The conventional DMA approach becomes limiting,
as the fraction of time that each device needs to spend on a bus
increases. This approach to DMA is completely inappropriate for

implementing multi-processor schemes where, ideally, all the
processors use a memory bus ali the time.

Another approach to memory based communication Is that of
sharing a RAM in a time multiplexed fashion (fig 2). Time-sliced or
ping-pong shared RAM can be more efficient than conventional
DMA since it provides for independent busses and local memory.
Even so, data transfer through a shared RAM interface, as we shall
see, is inherently slower and less flexible than a muliti-port RAM
interface. The additional hardware associated with implementinga
real-world shared RAM detracts significantly from the operating
speed as well as being more complex and difficult to design.

DUAL-PORT TRANSFER SPEED ADVANTAGE
OVER TIME-SHARED RAM

We will use a hypothetical, but realistic, case to examine the
advantages of dual-ported memory over time shared RAM. Radar
digital signal processing systems frequently use multi-port RAMs
to act as a “rate-buffer”. The multi-port is located between the
analog-to-digital convertors, which must sample the incoming
signals at a constant high rate, and the signal processing
elements. The signal processors, in general, must access data
from the incoming stream in a non-sequential way and this makes
a hardware FIFO inappropriate for this task of rate buffering.

© 1989 Integrated Device Technology, Inc.

Printed in the U.S.A. 01/89
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CPUOR COMMON CPUOR
PERIPHERAL MEMORY PERIPHERAL
ADDRESS
DATA
LOCAL CPUOR TIME SLICED CPUOR LOCAL
MEMORY PERIPHERAL MEMORY PERIPHERAL MEMORY
o] =1 J L

o a4

w w

| > L1 >

ADDRESS z z
o | a

[2] (%]

D po
L@ ] L 9|

& 2

L w — w

DATA o o
[¢) [&]

x . >

[%] (2]

oo} 2

m (4]

. Figure 2, Two Members of a Hlerarchy of Memory Based Communlcations Common Memory With a Common
Bus, Shared RAM with Separate Busses.

Assume that the minimum write access time on the side of the
A/D convertor is 35ns and the read access time is 35ns on the
signal processor side. The signal processor works on one data set
of N words then switches to another. The signal processors
accesses are random within a data set. The A/D convertor outputs
data continuously in a word-serial stream that wraps around when
it reaches the end of the RAM. The two sides never need to
simuitaneously access the same location.

A dual-port memory handles this communications task
painlessly. To better see what the dual-port advantages are we will

- look at two possible altemnatives. A time-sliced single RAM, and a
ping-pong multiple RAM arrangement. Both approaches involve
more hardware, more design-in time, and create more severe
timing constraints than a multi-port memory. Both, we will see, limit
the generality of the algorithms that may executed.

In order to begin to meet the basic timing requirements of our
radar DSP system, the RAM in a time-sliced RAM system must
have an access time at least half that of the equivalent dual-port.
This is due to the fact that the RAM must do two accesses in the

same time as the dual-port. The buffers required for address and
data bus Isolation in a real design, will have baslc prop-delays of
about 6.5ns. For the read path this would add 6.5 + 6.5 ns to the
read cycle time. Thus before considering signal skews the basic
RAM access times required would be less than 35/2-6.5ns-6.5ns or
4.5ns versus 35ns for a dual-port RAM.

SYNCHRONIZATION AND ALGORITHMIC
CONSTRAINTS OF THE TIME-SLICED RAM

The time-sliced example shows us that the dual-port has more
than twice the effective data communications bandwidth of a
real-world time sliced RAM arrangement for any given RAM speed
grade. The time-sliced arrangement also places serious con-
straints onthe algorithms that can be run. To match the transfer rate
of the dual-port, the reads and writes in the time-sliced RAM must
now be interlaced one to one and thus must occur at the samerate.
If reads cannot be cleanly interlaced with writes then the transfer
rate may become grossly slower.
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ADDRESS
BUS DR VERS]

BUS XCEVERSI IEJS DRIVERSI

PING-PONG
RAM #2

PING-PONG

t Can be Expanded Indefinitely to Provide Any Number of Independent Sets.

Figure 3. A RAM Ping-Pong RAM. This Arr

DUAL-PORT RAM TRANSFER SPEED
ADVANTAGES OVER THE PING-PONG
RAM APPROACH

In order to begin to meet the basic timing requirements of our
radar DSP system, the RAM in a ping-pong system (figure 3) must
also have an access time that is less than that of the equivalent
dual-port. Again in a real-world design, the buffers required for
address and data bus isolation will have basic prop-delays of
about 6.5ns best case. For the read path this would add
6.5ns + 6.5ns tothe read access time. The basic RAM access times
required would be less than 35 -6.5 ns-6.5 ns or 22ns.

SYNCHRONIZATION AND ALGORITHMIC
CONSTRAINTS OF THE PING-PONG APPROACH

The same kinds of algorithmic constraints are introduced by a
ping-pong schemes, but they are less severe than the time-sliced
single RAM. In a ping-pong scheme, two or more RAMs are used.
In the signal processing scheme, blocks of data are written
alternately to one RAM and then the other. Simultaneous accesses
are now allowed if they are to different physical RAMs. A two RAM
ping-pong scheme could serve the RADAR signal processing
example relatively well, if it can operate on only two data sets

alternately. One RAM can be accessed at rates appropriate for the
A to D convertor, and the other RAM can be accessed at rates
appropriate for the signal processor.

If there are more than two datasets involved in the algorithm, we
again have a potential scheduling conflict. One way to conquer this
problem is to add yet more independent RAMs, One allocated to
each dataset or block required by the overall machine algorithm.
Each time we add an additional RAM, the algorithmic flexibility of
the ping-pong communications link improves, until it approaches
that of dual port RAM.

At this point it becomes apparent that we have created a
spectrum of memory based communications devices. We can
identify the members of this spectrum by the number of fuily
independent RAM blocks we can access. For example, a two RAM
ping-pong arrangement, a three RAM ping-pong arrangement . By
this numbering scheme a 1K dual-port is an order one-thousand
device. It has one-thousand one word data sets 999 of which can
be freely accessed at any time from one side. The order three
pin-pong device has three mutti-word data sets two of which can
be freely accessed at any time from one side. The order two
ping-pong device has two multi-word data sets one of which can
be freely accessed at any time from one side. The time sliced RAM
is an order 1 device and cannot allow any simultaneous accesses.
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In this discussion we have ignored the size of the individual
RAMs, and in fact there are no advantages to using large individual
RAMs In a ping-pong arrangement as long as the total number of
words available remains the same. In a ping-pong arrangement the
physical RAM sizes determine the maximum data block size. This,
again, reduces the number of algorithms that can be run without
conflicts. In a dual-port, the data block size is a software variable. it
is possible to define any number of arbitrarily sized data blocks for
transfer in either direction. In general, hardware synchronization
per se Is not required, only data block synchronization.

DATA BLOCK SYNCHRONIZATION AND
DATA COHERENCY IN TIME OR CONTEXT

A dual-port video Interface is an example of a system where
strict data-coherency in time is not required. It is usually not critical
that a pixel be updated at a precise instant in time. An update can
be made on one scan or the next if there is a timing conflict.
However, data corruption in the RAM must be avoided.

The video example is a special case. In most data processing
environments, however, all data written to memory has to be read
agaln with perfect fidelity both in data content and In coherency in
time or context. A reading device must know not only what data
was written but it must also know its exact context or meaning. In
any common memory system it is possible for data to be changed
in a location with out *informing’ all of the devices using the data.
So a mechanism must exist for updating the context of data for all
devices using data from shared locations.

The passing of context or time information is usually done by
semaphores or interrupts. This information synchronizes data-
block transfers and, consequently, prevents simultaneous
accesses to any location. Data writes and reads may be
asynchronous from each other intiming of individual accesses, but
the reading of a block of data does not begin until a block of data
has been written and its context is known.

The importance of observing that data-coherencyin-time has to
be guaranteed in software, In a particular system, is that it often
eases the hardware design. For example, “busy” arbitration logic
can be used to prevent simultaneous accesses to a single location.
Busy logic might appear to be an essential feature of dual-port
RAM systems. However, an active busy signal coming on a

dual-port usually indicates that something has gone wrong in
software or hardware. In any system where strict data
coherency-in-time or context is required, i.e. the transfer is
block-synchronous, simultaneous accesses to one physical
location cannot be allowed because the outcome is not
deterministic. (Simultaneous write-read access to one address can
be allowed in synchronous systems if timing is done correctly).

TRANSFER ALGORITHMS

Having established that in general purpose computing
environments data is normally passed in a block synchronous
fashion it is useful to classify some common block transfer
algorithms.

1. First-in-first-out (FIFO) buffer Word serial entry, word serial
output in the same sequence.

2. Last-in-first-out (LIFO) buffer or stack Word serial entry, word
serial output in reverse sequence.

3. Random input, random output buffers
4. Word Serial input/output, random output/input

Any of these algorithms can be run with any of the common
memory schemes discussed. The dual-port solution will generally
be faster, easier to implement, and much lass confining in
utilization.

As a simple illustration of dual-port flexibility, consider the fact
that a FIFO algorithm could be executed with a hardware FIFO.
Using a dual-port RAM, instead, would allow any number of FIFO
algorithms to run simultaneously in both directions, along with
other types of transfers.

SUMMARY

Single-chip dual-port memory offers greater data transfer rates,
easier hardware design, and greater flexibility of application than
any competing approach. It facilitates rate-buffering between
hardware devices and allows bidirectional transfer. It's intrinsically
separate address and data busses make it far faster than
conventional approaches to DMA for peripheral-to-CPU data
transfer. The application of dual-ported static RAM has seen rapid
growth as multiple sources have become available, assuring that
multi-ported static RAM will become a mainstream product.
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INTERRUPT LATENCY APPLICATION

. AND HANDLING P
Integrated Deviceechnologyinc.||  IN THE IDT79R3000
By Satyanarayana Simha ,
INTRODUCTION the instruction causing the exception and also aborts all those

The exception processing capability of the IDT79R3000 is
provided to assure an orderly transfer of control from an executing
program to the supervisor program. Exceptions may be broadly
divided into two categories: those caused by an instruction,
including an unusual condition arising during its execution, and
those caused by external events such as interrupts. When an
IDT79R3000 detects an exception, the normal sequence of
instruction is suspended; the processor exits User mode and is
forced to the Kernel mode where it can respond to the abnormal or
asynchronous event. This paper presents an overall view of the
types of exceptions in the R3000 and the exception handling
registers. It then describes one specific exception, namely
interrupts, the latency associated with it and gives an example of
code on how to handle an interrupt event.

EXCEPTION PROCESSING

The R3000’s exception handling system efficiently handies
machine exceptions, including Translation Lookaside Buffer (TLB)
misses, arithmetic overflows, /O intermupts, system calls,
breakpoints, reset, and coprocessor unusable conditions. All of
these events interrupt the normal execution flow. The R3000 aborts

following in the exception pipeline which have already begun
execution. The R3000 then performs a direct jump into a
designated exception handler routine.

When an exception occurs, the R3000 loads the EPC (Exception
Program Counter) with an appropriate restart location where
execution may resume after the exception has been serviced. The
restart location in the EPC is the address of the instruction causing
the exception. If the exception occurred in a branch delay slot, the
EPC contains the address of the branch instruction immediately
preceding the delay slot.

EXCEPTION HANDLING REGISTERS

The system coprocessor (CPO) reglsters contain information
pertinent to exception processing. Software can. examine these
registers during exception processing to determine such things as
the cause of an exception, and the state of the CPU at thetime of an
exception. There are six registers handling exception processing
(shown in Figure 1). These are the Cause register, the EPC register,
the Status register, the BadVAddr register, the Context register,
and the Prid register. A brief description of each follows., ~.-... -

Eacalea

ENTRYH!

ENTRYLO F3

(WIRED)

RANDOM
CONTEXT

BADVA

Figure 1. The Exception Handling Registers

register with the exception of the Sw bits are read-only. The Swbits
can be written into in order to set or reset software lntenupts . See
Figure 2.

The Cause Register:

The contents of this register describe the last exception. A 4-bit
exception code indicates the cause. The remaining fields contain
detailed information specific to certain exceptions. All bits in this

© 1989 Integrated Device Technology, Inc. Printed in the U.S.A. 01/89
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BD : Branch delay.
CE : Coprocessor Error
1P : Interrupts Pending
Sw : Software Interrupts*
*: Read and Write. The rest are Read-only

ExcCode : Exception Code Field

: Reserved

Figure 2. The Cause Register

The EPC (Exception Program Counter) Register:

The 32-bit register contains the address where processing can
resume after an exception has been serviced. This register
contains the virtual address of the instruction that caused the
exception. When the virtual address of the instruction resides in a
branch delay slot, the EPC contains the virtual address of the
Instruction Immediately preceding - which is the Branch or Jump
Instructions.

Bad VAddr Register: .
The Bad VAddr register saves the entire bad virtual address for
any addressing exception.

31 28 27 23 22 21 20 19 18 17 16

Context Register:

The Context register duplicates some of the information in the
BadVAddr register, but provides the information in a form that may
be more useful for a software TLB exception handler.

The Status Register:

This register contains all the major status bits. Any exception
puts the system in Kemel mode. All bits in the status register, with
the exception of the TS (TLB shutdown) bit are readable and
writeable; the TS bit is read-only. Figure 3 shows the functionality
of the various bits in the status register.

15 8 7 1 0

TS| PE|CM] PZ |SwClIsC

IntMask
Intr5...0 Sw1.0 KUci IEc

CU : Coprocessor Usability

BEV : Bootstrap Exception vector
TS : TLB shutdown

PE : Parity Error

CM : Cache Miss

PZ : Parity Zero

SwC : Swap Caches

IsC : Isolate Cache

8

IntMask : Interrupt Mask

KUo : Kerel/User mode, old

IEo : Interrupt enable, old

KuUp: Kemel/User mode, previous
IEp: Intarfupt enable, previous
KuUc : Kemel/User mode, current
IEc : Interrupt enable, current

O : Reserved

Figure 3. The Status Register

Processor Revision Identifier Register:

This 32-bit register contains information that identifies the
implementation and revision level of the Processor and System
Control Co-Processor.

EXCEPTION VECTOR LOCATIONS

The R3000 uses three different addresses for exception vectors:
o The RESET exception vector is at address Oxbfc00000
e The UTLB Miss exception vector at address 0x8000000

o The General exception vector for all other exceptions at address
0x80000080

LATENCY FOR EXCEPTION PROCESSING

Different types of exceptions can occur in different stages of the
pipeline. The exception handling routine itself occurs after a one
cycle latency. Thé R3000 has a five stage pipeline that consists of
Instruction fetch, instruction decode, ALU operation, cache fetch,
and the write-back stage: Table 1 shows In the last column the
number of instructions in the pipsline that need to be flushed onan
exception. Address error, for example, can have a maximum
latency of four if it occurs on a memory operation cycle. This is
because four instructions in the pipeline stage have to be flushed.
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Plpeline stages

Error Pipeline stage to be flushed
Illegal Instruction Instruction Decode 2
Address Error Memory Operation 4
Interrupts Instruction Fetch 3
Overflow ALU Operation 3
TLB Miss Instruction Decode 2

Table 1. Latency in the R3000 on an exception

Figure 4 shows the pipeline stages in the R3000. The different
stages are l:Instruction fetch; R:Read Decode; A:ALU operation;
M:Memory operation; and W:Write-Back. When there is an
exception on an instruction fetch cycle, the exception routine starts
executing one clock cycle later as shown.

| ‘ R l A M ‘ w |
[ icAcHE IDEC [ OP
RF__ | DA DCACHE | RW |
1A
[ \ICACHE IDEC OP
RF DA DCACHE | RW

1A I

ICACHE

oP

DA

Figure 4. Pipeline Stages in the R3000

INTERRUPTS IN THE IDT79R3000

The R3000 processor has six general purpose hardware
interrupts and two software generated interrupts. The hardware
interrupts are sampled during phase 2 of all run and fixup clock
cycles. This is shownin Figure 5. tps is the data setup time, tHLD is
the data hold time and tsmp is the phase delay between the
Clk2xSmp input and the Clk2xPhi input. These two clock inputs are
part of the four phase clock inputs given to the processor and are

FIXUP

PHASE 1 PHASE 2

useful for selecting the proper static RAM parts for interface
considerations. The interrupts are level-sensitive. They continue to
be sampled during phase 2 of the clock cycle after an interrupt
exception has occurred. The interrupts are not latched within the
processor when an interrupt exception occurs. Since the interrupts
are not sampled during stall cycles, BusErr* can be asserted and
used for exception processing. This is useful in cases where there
is a need to abort from a stall mode.

RUN

PHASE 1 PHASE 2

XintiX

Int*

D S

I' tD's"l

__I l___tDH
—I tsme |—

Figure 5. Interrupt Timing Diagram
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Each of the eight interrupts can be individually masked by
clearing the corresponding bit in the IntMask field of the Status
Register. All eight of the interrupts can be masked at once by
clearing the IEc bit in the Status Register.

INTERRUPT HANDLING

The R3000 branches to the general exception vector at address
0x80000080 for the exception. The R3000 sets the Int code in the
Cause Register’s ExcCode field. The IP field in the Cause register

shows which of the six hardware interrupts are pending and the SW
field in the Cause register shows which of the two software
interrupts are pending. Multiple interrupts can be pending at one
time.

When the interrupt occurs, the KUp, IEp, KUc and IEc bits of the
Status register are saved in the KUo, IEo, KUp, IEp bit field in the
Status register. The current kernel status bit KUc and the interrupt
bit IEc are cleared. See Figure 6. This masks all the interrupts.

Kuq 1Ec

Figure 6. Kernel Status and Interrupt Status Are Saved on Interrupts

INTERRUPT SERVICING

In case of an hardware interrupt, the interrupt must be cleared by
deasserting the interrupt line. This has to be done by alleviating the
conditions that caused the interrupt. Software interrupts have tobe

cleared by setting the corresponding bits (SW1:0) in the Cause
register to zero. A flow chart of a general exception routine handler
is shown in Figure 7.

INTERRUPT

OVERFLOW

EXCEPTION_EXIT

Figure 7. Flow Chart for Exception Handling

An example piece of code is given below in Figure 8. Itillustrates
a simple service routine that the processor branches to on
detecting an interrupt. The actual interrupt handling code itself will
depend on the user’s application and, therefors, is not given. (an
and sn are registers in the R3000.)

As soon asthe branchto the address is taken onan interrupt, the
exception program counter is saved. Line 2 indicates the reading
of the cause register to determine the exception (in this case an

interrupt). The status register is saved to be restored after
processing the exception. A lookup table contains the addresses
of all the different exception processing routines. A jumpis taken to
the appropriate exception routine.

1. mfc0  a0,EPC ;save exception PC
2. mfc0  a3,C0_CAUSE ;get CAUSE register
3. mfcO0  s0,CO_STATUS  ;save status register
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4. and a1,a3,CAUSE_EXC_MASK ;get entry to 10. mtc0  a0,EPC
index into look up table 1. mtcO  s0,C0_STATUS ;restore status register to
5. Iw a2,causevec(al) ;register a2 with address previous value
in look up table 12, rfe irestore status and
6. j a2 ) ;jJump to service routine interrupts prior to
- (line 7) exception exit
7.intr:  and a4,a0,INT_CAUSE ;rl(;)gigtier:terrupt level in Figure 8: Interrupt Service Routine Example
i . : Figure 9illustrates a simplistic block diagram of an R3000 board
. I t1,int_level(a4, ; index into interrupt level X N " A e
8 v level(ad) "' routine. P with the interrupt lines connected to a PAL device. The PAL logicis
- :go to interrupt routine for designed to affect the R3000 run-time behavior and it defines the
- level 'n’ state of the interrupt lines during Reset. Accordingly, the R3000
) ; t1 sreturn from interrupt can be initialized to work as a big-epdian or a little-endian
9 ! routine P processor, its block refill rate can be varied, etc.
R3000 L PaCLOGIC | ———
. STATE | « EXTERNAL
Rst* |4 . MACHINE| ' RESET
' l <4
6 1 6 v '
lnw—lnts*@o../otccr %/u E :
. MUX o [¢—
' : g INTERRUPT
r SysOut* ! '

Figure 9: Block Diagram of Interrupt Controller on Reset

CONCLUSION

The IDT79R3000 provides both flexible and fast exception
handling capability. Once an exception occurs, the first instruction
of the exception handler routine is fetched on the very next clock
cycle, providing minimal latency. Management of the processor
and system state is left to the exception handling software, allowing
the system designer to determine what must be donetorespondto

a given exception and thus minimizing the amount of processor
overhead required to handle exceptions. Even the prioritization of
the external interrupts is under software control, providing the
system designer with maximum flexibility in the target system*.

*Note: Chapter 5 of the “MIPS RISC Architecture” Book, available
from IDT, contains further detail on exception processing of the
79R3000.
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CACHE DESIGN APPLICATION
CONSIDERATIONS NOTE
Integrated DevicechnologyInc.|| USING THE IDT 79R3000 | AN-27
By Satyanarayana Simha
INTRODUCTION

The reduced instruction set computer (RISC), the IDT79R3000,
has allowed for simplicity in hardware and synergy between
architecture and compilers. Tofurther increase the throughput ofa
computer system, direct-mapped cache memory is implemented
on systems using the R3000. The availability of a wide variety of
high-speed static RAMs from IDT gives the designer the flexibility
of selecting the proper part for his application. It is necessary,

CACHE DESIGN

IRd1*
1Wr1*

however, to know the critical timing parameters goveming the
design of a cache subsystem. This article is divided into three
parts. The first part shows a general cache system with a
description of the clock inputs. The second section details the
equations usedto calculate the critical parameters. Itis followed by
an example of an IDT7198 static RAM used as a cache RAM for the
R3000.

DRd1*
DWr1*

IDT79R3000
PROCESSOR

Clk2xRd
Clk2xPhi B
Clk2xSy

SysOut*

Clk2xSm
- DATA

'AND TAG

Figure 1. 64KB Instruction/Data Cache Configuration

A simplistic block diagram implementation of a 64KB separate
instruction cache and data cache is shown in Figure 1. The design
of a cache subsystem such as the one above depends on the four
input clocks to the R3000 processor. These clock inputs are twice
the frequency of the output clock i.e., SysOut. By adjusting the
. -timings of these clocks, the designer can accommodate a wide
variety of static RAMs by properly considering specific parameters
such as set-up and hold times. The clocks themselves can be
adjusted using tap settings on a delay line or by using delay logic.
The clock inputs are described below.

1) Clk2xSyS: Determines the position of SysOut with respect tothe
data, tag, and address buses. It is positioned so that devices in

the cache/bus interface clocked by SysOut mest the set-up and

hold time requirements.

2) Clk2xSmp: Is used by the R3000 to capture external data onto
data bus and control inputs.

3) Clk2xRd: Is used to delay the enable of data bus drivers.

4) Clk2xPhi: Is used to determine all R3000 outputs i.e., data,
address, and tag buses.

Figure 2 shows the timing relationships between the four clocks.
Ali the timing equations for cache design depend on the phase
relationship between these clocks. Tsmp is the Clk2xSmp to
Clk2xPhi delay, Trd is the Clk2xRd to Clk2xPhi delay, and Tsys is
the Clk2xSys to Clk2xPhi delay.

© 1989 Integrated Device Technology, Inc.
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CLK2xSYS

CLK2xSMP ! .

Figure 2. Timing Relationships Between the Four 2x Clock Inputs

In the cache implementation scheme, instruction references can take place in different phases of the same clock cycle. See
begin their reference during phase 2 and transfer data during the Figures 3aand 3b. This is an important factor to consider in orderto
following phase 1. Data references begin during phase 1 and prevent contention between instruction and data caches.

transfer data during phase 2. Thus, data and instruction references

15x 15 x

IDT7198 PROCESSOR IDT7198

(16K x 4) (16K x 4)

DATA
AND TAG

Figure 3a. Data and Instruction Caches During Phase 1
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AdrL
1o "~ peik FCT373A

15 % IDT79R3000 15x
IDT7198 PROCESSOR IDT7198
(16K x 4) (16K x 4)

DATA
AND TAG

Figure 3b. Data and Instruction Caches During Phase 2

Specific factors such as access time, set-up time, hold time,
enable and disable times, and the deration factor are key in
choosing the proper static RAM and in setting the phase delays in
the clocks. The next section discusses the timing equations
needed for selecting a static RAM for cache design.

Equations Governing the Critical Parameters in

RAM Selection: ’
Figure 4 shows the timing of the relevant signals for a 25MHz

(40ns) R3000. The numbers represent the equations that. are

critical in determining the selection of the static RAMs. The timing

is given for the worst case condition i.e., a STORE followed by a

LOAD. An explanation of the equations is given below.

Internal Sample to Phi: This timing parameter requirement

guarantees that the processor internal sample to Phi is met.

lsmp = 5ns v (1)

Address Access to Data Sample: This timing parameter
requirement guarantees that the cache RAMs have sufficient
access time. This calculation assumes that the address delay
through the FCT373 is limited by its propagation delay.

RAM%GA < toye - tsmp - AdrLo9*- 373pp - tos--- (2)
Cache Enable to Sample: This timing parameter requirement

guarantees that the cache RAMs are enabled soon enough to meet
the processor’s input set-up specification.

RAMOEY < Toyos2 - tsmp-rd - RAY - tog ~------ ©)]

Minimum Read Pulse Width: This timing parameter requirement
guarantees that the read pulse generated by the processor is at
least as long as the cache RAM output enable time.

RAMYE < teyesz - tsys-rd

Read Write I-Cache Data Bus Contentlon: This timing parameter
requirement guarantees that no contention will occur between the
Instruction cache and the processor on a store.

RAMuz <tsys - RIY + Dep ----- (5)

Processor Data Set-up to End of Write: This timing parameter
requirement guarantees that the cache RAMs have adequate data
set-up time when being written into by the processor.

RAMsp < foyc/2 - tsmp - DVald + Wrd-—— (®)

Data Hold from End of Wrlte: This timing parameter requirement
guarantees that the data hold from end of write specification of the
cache RAMs is met when either the processor or the read buffer is
writing to the RAMs.

RAMyp-RAM1z  <tsmp-rg =~ -—------- 7)

Data Set-Up to SysClk: This timing parameter requirement
guarantees that the set-up time into an external register is met ona
processor store.

SetUpsys < toycjo - tsys - (DVal9 + - Sys? - 240pp )-- (8)

Data Hold from SysClk: This guarantees that the hold time
specification of an external register is met on a processor store.
The data holds on the bus untit a subsequent read drives new data.

Holdsys < toys—rq - Sys? - 240pp + RAMLz+ Rd9- (9)

< tsmp-rd

Equations 1 to 9 are sufficient for the purposs of selecting the
proper RAMs for use as cache memory. To illustrate the point
further, an IDT RAM device, the IDT7198 (16K x 4), is chosen asan
example.

*d: Deration due to additional load. 1ns per 25pF.
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phi

phi

STORE (phase 2) FETCH (phase 1)
1 Adr J\ < D Adr
samp
=]

lin

\*'

IRd*
CPUout
S 5ot <
AR - -
]
<
DWr*

SysClk*

Figure 4. IDTR3000 40ns (25MHz) Cycle Timing

CALCULATION OF TIMING PARAMETERS
An example of acache subsystem design usingan IDT7198.i.e.,
a 16 K x 4 static RAM follows. All the numbers used in the
calculations have been taken from the IDT Data Book! and the
R3000 Interface Manual. The numbers are presented in Figure 6.
The deration factor has been taken into account for DIPs. Surface
mount would decrease the deration factor.
The following factors have been taken into account for
calculating the deration factor2.
1) The SSI logic and cache RAM propagation delays are derated
by 1ns per 25pF of additional load.
2) Cache RAM input capacitance is 5pF.
3) Cache RAM output capacitance is 7pF.
4) Trace capacitance is estimated at 2pF per inch.
5) Data and trace tag buses are 6 inches.
6) Address buses are 2 x 5 inches.
7) SysOut loading is 50pF.
8) Test value of 30pF to be subtracted.

Deration Calculations:

Address Capacitance: 12 x 2pF = 24pF (factors 4,5 and 6) 5
Devices = 5 x 10pF = 50pF; Test value = -30pF; Total
capacitance = 45pF; At 1ns per 25pF, total deration of address
bus = 2ns.

Data Bus Deratlon: Is approximately the same i.e., 2ns. Read
control capacitance for IDT7198 will be about 10 inches of trace
and 8 devices at 7pF each. Therefore, Read control deration =
(76-30)pF/25pF/ns = 2ns.

In Figure 5, the circled numbers are the equations previously
described. The number in parentheses is the allowable worst case
timing. The adjacent number is the total time taken using the
IDT7188. The numbers for the IDT7198 with the R3000 running at
different frequencies and the FCT373A are shown in Table 1 and
Table 2 respectively.

The first value for each parameter in Table 1 shows the
maximum allowable worst case rating and the second value shows
the timing using the IDT7198 RAM.
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Figure 5: IDT79R3000 40 ns cycle timing using an IDT 7198 SRAM.
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R3000 Clock Frequencies .
Parameter Load Symbol Min. 16MHz Max, Min. 20MHz Max. Min. 25MHz  Max.
(pF) (ns) (ns). (ns) (ns) (ns) (ns)
Address to Data Valid 30 1 31 2 19
roce to Data Veld - 2 = 19
17 13 10
Output enable to Data Valid 30 t
v 0o8 15 13 10
o Disable { ¢ 14 12 2 8
utput Disable time HZ 2 0 7
Output Enable Ti t 2 2 2 :
utput Enable Time 1z 5 5 3
Add SetU to End of Write t, 43 36 2
ress o End of Wril AW -
P : 20 20 13
i 14 13 11
Data SetUp to End of Write tos
13 13 8
55 47 37
Write Pulse Width trwe
20 20 13
0 0
Data Hold from End of Write tHo 0
0 0 0
0 4]
Address Hold from End of Write thHA 0
0 0 0
Table 1. Cache RAM Parameters. RAM Specifications vs. IDT7198 Specifications.
Parameter (l']?,?g) Symbol ::';; 'xg’;'
FCT373A Propagation Delay 50 ta7a D 5.2
FCT373A Latch Enable Delay 50 tazae 2 8.5
FCT373A Latch Enable Hold 50 tazahig 1.8
FCT240A Prop Delay 50 t240 PD 15 48

Table 2. Parameters for Latches and Buffers

Figure 6 shows a block diagram of tap settings on a delay line for
the four clock input signals. By varying the phase delay between
these signals, the designer can select the proper static RAMs for
cache memories and the operating frequency of the R3000. Table
3 shows suggested tap settings on the delay line for the R3000
running at different frequencies.

DELAY l

osc. l DELAY l
‘ CikexPhi

Clk2xsys Clk2xSmp |
Clk2xRd

Figure 6. Tap Settings for the Clock Inputs

Parameter 16.67MHz 20MHz 25MHz
Clk2xSys .0 0 0
Clk2xRd 6 6 6
Clk2xSmp 6 6 6
Clk2xPhi 16 14 12

Table 3. Delay Line Setting Summarization

The designer can use a DDU-7F-20* chip for the delay line. The
clockis the inputto the device and the outputs at various points can
be chosen with the appropriate phase delays.

CONCLUSION

The IDT R3000 RISC processor allows an efficient cache system
to be implemented with standard architecture static RAMs. To
design a cache subsystem, it is essential to know only the critica!
equations mentioned above and their relation to the four input
clocks. The tap settings provide further control of the cache
subsystem design for different operating frequencies of the R3000.

REFERENCES )

1. IDT Data Book, pp 4-74 -- 4-83, pp 10-72 -- 10-75.
2. MIPS R3000 Processor Interface Manual, pp 105.

*d: deration due to additional load. 1 ns per 25 pF.

*Available from Data Delay Devices (201) 772-1106
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. By Roy M. Johnson
INTRODUCTION applications note discusses the features of shared memory

High performance systems, such as shared memory
multiprocessor architectures, can be builtusing IDT79R3000 RISC
processors. The IDT79R3000 Incorporates special features that
provide support for multiprocessor environments. This

multiprocessor architectures with local caches, examines the
critical issue of cache coherency, and demonstrates: how the
features of the IDT79R3000 facilitate its use in a shared memory
multiprocessor system.

| PROCESSOR 1

PROCESSOR 2 |

PROCESSOR N |

MEMORY MEMORY

INTERCONNECTION NETWORK

MODULE 1 MODULE 2

MEMORY
MODULE M

Figure 1. Block Diagram of a Shared Memory Multiprocessor System

SHARED MEMORY MULTIPROCESSOR
SYSTEMS

A simplified block diagram of a shared memory multiprocessor
with local caches is shown in Figure 1. This model of a
multiprocessor system'is defined to be tightly coupled and the N
processors are connected to M memory modules and P I/O
devices via an interconnection network. All the processors have a
local cache memory, share the same global address space and
communicate via shared memory. The interconnection network
ensures complete connectivity between the processors and
memory modules and can be implemented as a simple shared
bus, multi-stage delta network or a more complex cross-bar
switch. The global shared address space is assumed to be
interleaved amongst the memory modules in order to minimize
memory access conflicts. Note that the need for a interconnection
network can be obviated by using a multi-port memory [1].
Examples of commercial machines employing a shared memory
multiprocessor  configuration using the R2000/3000 RISC
processor include the Titan Graphics Supercomputer from Ardent
Computers [2] and the 4D-MP Graphics Superworkstation from
Silicon Graphics [3].

CACHE COHERENCY

The presence of local caches in a shared memory
multiprocessor system introduces the issue of cache coherency
that may result in data inconsistencies. This problem arises
because several copies of the same data may exist in local caches
of different processors at the same time. If one of the processors
modifies (writes) the value of its copy of the data, then the other
processors will have the stale or incorrect copy of the modified data
in their local caches. This is a potential problem created by
asynchronous parallel algorithms that do not have explicit
synchronization. Data inconsistencies may also arise in
multiprogrammed muiltiprocessor systems whereby a suspended
process may migrate to another processor and the most recently
updated data of the process might still be in the original
processor’s local cache. When the process is run on the new
processor, there is a possibility that stale data is used if the local
cache was not previously flushed. This assumes that the process
did run previously on this processor. It is clear that if data
consistency is to be ensured in a multiprocessor system, cache
coherency must be maintained.

© 1988 Integrated Device Technology, Inc.
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IDT79R3000
PROCESSOR 1

| CACHE

IDT7SR3000
PROCESSOR 2 |:

| CACHE D CACHE

MEMORY INTERFACE
READ & WRITE BUFFERS

MEMORY INTERFACE
READ & WRITE BUFFERS

MAIN MEMORY

1/0 DEVICE

Figure 2. Block Diagram of a Dual IDT79R3000 Shared Memory Multiprocessor

A static approach to maintain cache coherency is to make all
writeable data that is shared, non-cacheable. This method ensures
data consistency, but at the price of decreased performance and
with increased main memory conflicts. A dynamic approach to
maintain cache coherency is to allow muitiple copies of shared
writeable data to exist and rely on a cache coherence protocol
between the processors to ensure cache consistency. Several
cache coherence protocols have been proposed and
implemented using both hardware [4] and software support [5].
The type of protocol used depends primarily on interconnection
network and the number of processors in the system.

A DUAL IDT79R3000 SHARED MEMORY
MULTIPROCESSOR

A simplified block diagram of a dual IDT79R3000 shared
memory multiprocessor is shown in Figure 2. A simple shared bus
configuration was chosen ‘for clarity. The two processors are

connected to the main memory and an I/O device via a common
bus. Access to the shared bus is arbitrated by the bus control logic.

Each processor has an instruction and data cache and
write-through cache update policy is assumed, i.e. all writes to the
cache are also immediately transmitted directly to main memory.
Notethat a write-back cache update policy, (writes done only tothe
cache and main memory is updated when the cache line is
replaced) would generate less memory traffic [10]. This is usually
implemented when there are more than two processors in the
system. Read and write buffers are. mcluded o provide a
convenient asynchronous interface to the’ main memory. The
snoop cache and control logic is used to implement a dynamic
cache coherency check mechanism. For clarity, a very simple.
cache coherence protocol is chosen for the dual IDT79R3000
multiprocessor system and is described in detail below (more
sophisticated and efficient schemes are described in [4], [5], [6] ,
[71 & [8)). :
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Figﬁre 3. Processor Interface to the Snoop Control Logle

CACHE COHERENCE PROTOCOL

Each snoop cache maintains a directory of the current entries in
the local data cache, {i. e. it contains the tags of all the current
entries in the local data cache). Its primary function is to monitor
the external memory bus for an address match. In addition, the
snoop cache maintains state information for each data cache line.
A cache (tag) line can be in one of three states: private, shared or
invalid. Data that is exclusive to the processor is marked private,
data that is common to the processors is marked shared and data
that is Inconsistent is marked invalid. The snoop cache is updated
concurrently with the data cache. Whenever processor 1 modifies
or writes a line that is marked shared in its local cache, its snoop
control logic signals processor 2 that a write to a shared line has
occurred. The snoop control logic of processor 2 then interrogates
Its snoop cache to determine whether a copy of the modified data
is present in the local data cache. If a copy is present, it is
invalidated using the MP request and MP invalidate signals as
shown in the Figure 2 and the tag line in the snoop cache of
processor 2 is marked invalid. The snoop control logic of

processor 2 sends an acknowledge signal to processor 1 which
then proceeds to complete its write operation to the shared
location, i.e. writes into the data cache as well as into the write
buffer. It must be noted that the data value in the write buffer must
be retired to the main memory before the write operation can be
completed. This prevents possible data inconsistencies that may
arise by processor 2 trying to read that particular main memory
location before itis updated. This cache coherence protocol isalso
known as cross-interrogation. Note that this protocol is applicable
only to cache lines that are marked shared, while writes to cache
lines marked private are performed at the processor speed. In the
event of simultaneous writes to the same shared cache line by both
the processors, only one of the processors will successfully
acquire the external bus (determined by the bus arbitration logic)
to issue a cross-interrogation signal to the other processor. The
write operation of the processor that did not acquire the extenal
bus will result in a write miss. Figure 3 shows a typical processor
interface to the snoop cache and control logic in more detail, and is
also described below.
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Figure 4. Cache Invalidation Timing Diagram cr i

DYNAMIC CACHE COHERENCY CHECK
MECHANISM

The signals at the snoop logic - processor interface include the
MP request, MP invalidate, processor latch enable, invalidate
latch enable and the invalidate address (address of the cache
location to be invalidated). The snoop logic receives a cross-
interrogation signal from the other processor when a write is
performed to a shared cache line. It then searches its tags for an
address match. If a match occurs, the address is captured in the
invalidate address register which is clocked by SysOut*, as shown
in the Figure 3. The CpCond(3) input (MP request signal) of the
IDT79R3000 is then asserted, causing the 79R3000 to enter into a
MP stall. As there is no cache activity on the first cycle of an MP
stall, the processor latch enable signal is deasserted and the
invalidate latch enable is asserted in order to present the invalidate
address to the data cache. After the first stall cycle, the CPU will

issue DRd* pulses during every phase 2 and DCIk (connected to
the transparent latches) during every phase 1, this lasts until the
end of the stall or until one cycle after the assertion of CpCond(2).
This permits the snoop logic to read the data cache (Data and Tag
values can be sampled by the falling edge of SysOut*) in order to
determine whether an invalidation is to be performed. If the cache
location Is to be invalidated, the MP invalidate signal (connected to
the CpCond(2) input of the 79R3000) is asserted. Invalidation
occurs by the assertion of Dwr* during phase 2 of the stall cycle
with anarbitrary invalid tag and arbitrary data value driven onto the
Tag and Data buses. If CpCond(2) is deasserted while CpCond(3)
is still asserted, the processor will return to issuing DRd* pulses to
enable data cache reads. The cycle after CpCond(3) is deasserted
contains no cache activity. This cycle is used to re-enable the
processor’s transparent latch and disable the invalidate
transparent latch. A detailed timing diagram of a snapshot of the

27
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cache invalidation process is shown in Figure 4. This is a modified
version of the timing diagram shown in [11]. Note that Figure 4
shows the minimal timing required. CpCond(2) is asserted two
cycles after CpCond(3) is asserted and before the first Drd*. This
Implies that the data focation Is invalidated irrespective of the value
being read. The symbol “cD” denotes that the cache drives the
data andtag buses when CpCond(3) is asserted. The symbol "pD”
denotes that the processor drives the data and tag buses when
CpCond|2) is asserted. The snoop contro! logic, at this stage, must
mark the tag line in its snoop cache as invalid and send an
acknowledge signal to the other processor. This indicates that the
cache invalidation is complete. If desired, more sophisticated and
efficient invalidation schemes, such as techniques for block
invalidation, could be implemented. '

SECONDARY CACHE SCHEME

The cache-main memory interface described above could be
made more efficient by using a system of muiti-level caches [9],
[12], to provide additional memory bandwidth. For instance, a
secondary cache that Is four times the size of the first level or
primary cache could be implemented. The secondary cache is a
superset of the primary cache and also includes state information
to maintain cache coherency. The cache update policy is typically
write-through, from the primary to the secondary cache and
write-back from the secondary cache to main memory. Since the
primary cache is always a subset of the secondary cache,
consistent data is guaranteed. This type of multi-level cache
organization is implemented in the 4D-MP Graphics
Superworkstation [3] made by Silicon Graphics.

CONCLUSION

Maintaining cache coherency is vital in shared memory
multiprocessors. The implementation of the cache- main memory
interface and the cache coherency protocol are critical issues. The
IDT79R3000 RISC processor provides features that facilitate the
implementation of cache coherence check mechanisms with
minimum hardware and is well suited to be used in a shared
memory multiprocessor environment.
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INTRODUCTION stores the main memory page addresses of the data that is stored

The design of microprocessor systems, today, requires an
extensive knowledge of the principles of cache controller and
cache memory design—for it is the cache that enables the
microprocessor to achieve its maximum throughput. For example,
the Intel 25MHz 80386 (using main memory DRAMs with a cycle
time of 250ns), without a cache, is rated at 2 MIPs (peak). However,
with a well designed cache, the system performance can reach
12,5 MIPs (peak). Similarly, for the Motorola 68030, the
performance can be increased from 2 MIPs to 10 MIPs (again with
250ns DRAMs as the main memory element).

Besides increasing the throughput of a microprocessor system,
the inclusion of a cache decreases the system bus traffic, making it
an ideal element for use in the design of multiprocessing and
muiti-master based systems. A well designed cache for coherent
multiprocessing and multi-master systems.

Central to a cache design, is the coherency architecture
employed. This application note discusses the design of a unique
cache controller which uses two cache tags to achieve coherency.
This dual cache tag design for the 80386 microprocessor offers
greater speed than the more common time multiplexed cache tag
design in addition to simplifying the system bus interface and
timing requirements.

CACHE DEFINITION AND OPERATION

A cache may be defined as a high speed memory element that
serves as a high speed memory buffer between slower main
memory and the microprocessor. The design of the cache is such
that it has an effective cycle time that is less than the cycle time of
main memory. This, of course, is because the design of the cache
dictates that the data or code needed most often is usually in the
cache memory.

The cache memory can not be too large in size because of cost
and board space considerations. The main memory will therefore
be divided into pages equal in size to the cache memory size. The
size of a page will depend on the total size of the cache and the
degree of associativity of the cache implementation.

The general operation of a cache based system can be
understood by examining its interaction with the microprocessor
and main memory during program execution. When a
microprocessor issues a read instruction, the microprocessor’s
address’s page field is compared against the page address stored
in the cache tag. If the cache tag page address matches the
microprocessor address’s page field, a hit occurs, and the
microprocessor reads the associated data from the data cache
SRAM. On the other hand, if the microprocessor page address is
not in the cache tag a cache miss occurs. In the latter case, the
microprocessor will retrieve the data from main memory and
update the cache memory and cache tag with the required main
memory address and data i.e. a cache read miss cycle.

CACHE ARCHITECTURE OVERVIEW

A cache system consists of a cache memory which may be
divided into two parts; the dictionary or cache tag (a cache tag
SRAM) and the cache memory (a data SRAM). The cache tag

inthe cache memory. Besides the cache tag and cache memory, a
complete cache system for a microprocessor incorporates; a
cache controller to instigate and respond to local and system bus
states; system and local bus control logic to interface to external
system bus masters and the local microprocessor; coherency
logic to assure system coherency in multi-master based systems.
Faster caches include a write buffer to allow for zero wait state
posted writes.

CACHE TIMING PARAMETERS

When designing a cache system using cache tag and data
cache SRAMs, you have to consider the cycle time of the
microprocessor used, the match time of the cache tag and the
access time of the data cache SRAM. For the Intel 80386 (25MHz
version), the cycle time.is 40ns. This allows nearly 80ns for the
cache tag address to be compared against the microprocessor
address and the data cache SRAM to be accessed (a minimum of
two cycles are required for the read instruction). IDT’s cache tag
SRAMs and data cache SRAMSs can be used to meet the timing
requirements of most microprocessors. The IDT7174 8K x 8 cache
Tag SRAM features a match time of 20ns (maximum) while IDT’s
7164 8K x 8 has a cycle time of 20ns (maximum). When both the
cache memory and cache tag are accessed simultaneously, valid
data can be placed onto the microprocessor address bus in nearly
20ns (address to match time of the cache tag (20ns) is equal to the
access time of the cache memory (20ns) in the above). Here, the
controller will start the cycle as if the data is in the cache memory, if
later during the cycle it was determined that the data is missing
from the cache, the controller will float the 1/0Os of the cache
memory and accesses the main memory.

EFFECTIVE CYCLE TIME

The effective cycle time of a microprocessor based system is
the average amount of time that is required to access memory. For
a system without a cache, the effective cycle time is equal to the
cycle time of main memory (today’s 1Mbit DRAMs feature cycle
times between 100 and 400ns). However, for a microprocessor
system based on a cache, the effective cycle time is a function of
the cycle time of main memory, the cycle time of the cache and the
hit ratio of the cache, i.e. :

tert = htcache + (1-h) tman

where tet = Effective Cycle Time
h = Hit Ratio
1-h = Miss Ratio
tman = Main Memory Cycle Time
teache = Cache Cycle Time

A normalized graph showing the effective cycle time for a
varying hit rate with a constant main memory cycle time of 200ns
on a cache that allows zero wait states operation, is given in Figure
1. From the graph, it can be seen how dramatically the hit rate
affects the effective cycle time of the system e.g. for a decrease in
the hit rate from 99% to 89%, the effective cycle time of the cache
will almost double.
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Figure 1. Effective Cycle Time vs. Hit Rate

CACHE ASSOCIATIVITY

Assaociativity, the number of unique cache memory banks of a
cache design, is fundamental to the design of a cache system. The
associativity determines the cache architecture, affects, to a
degree, the overall performance of the system, plays a role in the
selection of the replacement algorithm (pertains to the method
used to update the cache memory), and indirectly sets the page
size.

Associativity and Cache Architecture

After the designer decides on a cache memory size, he or she
must then decide on the associativity so as to obtain the optimized
cost/performance ratio. The architecture of the cache memory is
dictated by its associativity. For example, if the designer selecteda
cache memory size of 32Kbytes, the direct mapped cache
memory will be one 8K bank of 32 bit words. A 32Kbytes two-way
set cache will have two 4K banks of 32 bit words. Finally a 32Kbytes
four way set design will have four 2K banks of 32 bit words.

Associativity and Page Size

Because of the different architectures for caches of different
associativity, the page size for a given sized cache will vary withthe
degree of associlativity. For the direct mapped 32Kbytes cache,
given above, the page size will be 8K doublewords. Similarly, the
two-way set associative design will have a page size of 4K
doublewords and the four-way set associative will have a page size
of 2K doublewords. Since the size of the page is smaller for caches
of higher degrees of associativity, the number of main memory
pages will also vary with associativity (See Figure 3).

Associativity and Mapping Cache To Main Memory

The 80386’s 32-bit address field to be viewed as two fields, a
page field (given by the tag) and a line offset field (See Figure 5).
Since the page size of main memory is dictated by the size of the
cache a direct mapped cache with a cache memory size of
32Kbytes will have a main memory page size of 32Kbytes (or 8K
32-Bitwords). Since the page size of main memory is the same size
as the cache memory, every address in cache memory directly
maps to the associated line in a page of memory i.e. line 5 of the
cache maps to line 5 of the main memory page (Figure 2). In this
example we will use a line length of 8 bytes. The address 17635

matches the tag 1763X, X refers to an octal digit from 0 to 7. The
data associated with the tag 1763X have addresses from 17630 to
17637. Therefore the address 17635 refers to the sixth element in
that line. The corresponding data is 72.

CACHE MEMORY

TAG DATA
1763 12,78,90,65,37,72.44,10 |y
4736% 223435,
9876X 68,99,56........ LINE
0000X 89,76,35......
2563X 241020...... |

A 4

(7]

ADDRESS DATA

Figure 2. Map

ping to Main M y

Since the page size is affected by the associativity of the cache,
the addressing scheme for fixed sizeJcaches of different
associativity will also be affected. As shown in Figure 3, the page
field for a direct mapped cache is 17 bits while the line offset field is
13 bits. This contrasts to a four way set which has a page field of
19 bits and a line offset field of 11 bits.

The addressing scheme for a cache based on the Intel 80386 is
also determined by the size of the cache. If the cache size is
32Kbytes (8K x 32) the 13 LSBs of the 80386 microprocessor
address bus will be needed to address each four byte line in the
cache. This leaves 17 bits to define the number of pages in main
memory L.e. 217 = 128K pages. In summary, an 8K doubleword
cache divides main memory into 128K pages of 8K doublewords
each.
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ADDRESS BUS OF THE 80386 MICROPROCESSOR

|
Lot sof ] e[« e[ o] e[sa] so]ve[ o] o] e o] 2]

17 BITS 13BITS
e e meeme s e ... DIRECT MAPPED
18 BITS 12 BITS
LI N NN N N TWO WAY SET ASSOCIATIVE
19 BITS 11 BITS
eeoeccecosccosnvee FOUR WAY SET ASSOCIATIVE
Solid Lines :  Address bits that are used to Address the Tag Memory
Dashed Lines: Address bits that are stored in the Tag Memory
Direct Mapped Two way set Four way set

To address the Tag memory

A(2:14) ->13 bits

A(2:13) -> 12 bits

A(2:12) ->11 bits

To store in the Tag memory

A{15:31) ->17 bits

A(14:31) ->18 bits

A(13:31) ->19 bits

Page Size 8K 4K 2K
Number of pages 128K 256K 512K
Number of cache memory banks 1 Bank 2 Banks 4 Banks
Absolute size of the cache memory 1x8K 2x4K 4 x 2K

Figure 3. A iativity, Architecture, Addressing, and Page Size for a fixed size cache. In the implementation that follows the cache size is 32
KBytes. Figure 3 shows how the address bus of the 80386 should be divided for different associativity of the same size cache (32 KBytes).
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.
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PAGE 131071 e ' : 8K
Word 2
Word
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Word 8191
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[ ]
‘PAGE 131070 ° ) 8K
Word 2
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DWord 0 - TAG DATA
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. Page 6 DWord 8191
° Page 10001 DWord 8190
. Page 14 DWord 8189
[ ] L] [ ]
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d Page 212 DWord 0
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. ) CACHE TAG + MEMORY
[ ]
PAGE 0
b 8K
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DWord O

TOTAL MEMORY = Number of Pages x Page Size x DWord
= 128K x 8K x 4Bytes
= 4 GigaBytes

Figure 4A. Direct M y Mapped repr ion of a 32 KBytes Cache
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= 4 GigaBytes

" Figure 4B. Two-Way Set Associative Memory Map for a cache with a total size of 32 KBytes

The operation of comparison for the cache tag, for the latter
example, uses the 13 LSBs of the microprocessor address bus to
address the cache tag and compares this accessed address to the
17 MSBs of the microprocessor address bus (Figure 5).
Additionally, the valid bit(s) is(are) also examined. If a match
occurs the cache memory is enabled and the microprocessor
reads the data from cache memory.

Byte Enable Bits
AD 0-1

17-Bit Page Field Addresses 13-Bit Line Field
217 Pages i.6.128K Pages 2'? Doublewords

| N N N N O N N N N N N Nt |

|<— AD 31-15 —>|<— AD 2-14 —0|

Figure 5. Local Address Bus For 80386 Direct Mapped Design

Performance as a Function of Associativity

The differences in the architectural structure of caches of
different associativity results in different performance levels for
equivalent program. If one examines the direct mapped
architecture, one will notice that it will not permit more than one
page/line offset conflict in its cache i.e. page 1/line 2 and page

2/line 2 can not coexist in cache memory. For a two-way set, one
will notice that the design will not permit more than two page/offset
line conflicts i.e. page 1/line 2 and page 2/line 2 can exist in the
cache concurrently, but page 1/line 2, page 2/line 2 and page
3/line 2 can not. Similarly, a four way set will not permit more than
4 page/line offset conflicts.

Thrashing

Because of the existence of page/line offset conflicts, certain
programs may result in a situation coined as thrashing—which
results in a significant increase in the miss rate. As an example ofa
program which results in thrashing, consider a direct mapped
cache design where the microprocessor must process two lines of
code in a repetitive loop e.g. the microprocessor must first read the
code on page 2/line 1, thenread the code on page 3/line 1 andthen
go back and read the code on page 2/line 1. For a direct mapped
design, such a code structure (or trace) will result in consecutive
misses.

Although thrashing occurs most often in direct mapped
systems, it can also occur in two-way set or four way set designs.
This, of course, is due to the fact that the number of page/line offset
conflicts supported by these designs is also limited.

In this example a smaller line size in a direct mapped cache
reduces thrashing more than the more common approach of a
bigger line size in a two way set associative cache.
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REPLACEMENT ALGORITHMS

Replacement algorithms for caches pertain to the method used
to update the cache memory. The replacement algorithm is
important in that it will affect the hit rate of the system which in turn
alters the effective cycle time of the system (and hence the MIPs
rating) Replacement algorithms, are designed suchthat the cache
is updated with data or code that will be most frequently used by
the microprocessor. Conversely, replacement algorithms are also
designed to delete data or code that is least frequently used.

There are several types of replacement algorithms used for
caches. Three of these are the least recently used (LRU) algorithm,
the First In First Out (FIFO) algorithm and the random replacement
algorithm. The least recently used algorithm, on a cache read miss,
replaces the data/code in the cache that in relation to the other
code/data was not used last. The random replacement algorithm
replaces data/code in the cache by random selection. Finally, the
FIFO algorithm replaces data that entered the cache first i.e. the
oldest data in the cache.

The associativity of the cache, i.e. direct mapped, two-way set,
or four way set, often dictates the replacement algorithm chosen.
For direct mapped caches, for example, there is no need to
consider a replacement algorithm. This is because the direct
mapped hardware design requires that the cache be updated, ona
miss, with the corresponding page/line address from main
memory. ]

For the two-way set cache, because of its design, one has the
option, on a cache miss, to update either of two cache addresses
(in one of the two ways). The LRU algorithm is often used here
because it only requires one memory bit in the cache tag to
determine which way of the cache was accessed last. On a cache
miss, the LRU bitis checked, and, for example, if itis set, the data in
way 1 is replaced. On the other hand, if it is reset, the data in way
2 is updated.

For caches with associativity greater than or equal to 4, a
random replacement algorithm is often used. This is because it
offers a hit rate comparable to that of other algorithms and requires
a pseudorandom number generator to implement.

LINE SIZE SELECTION

Line size is a term used in cache design that refers to the unit of
transfer (in Bytes) between the cache and main memory. For the
majority of 32-bit systems, the line size is often chosen to be 4 bytes
A line size of 4 bytes simplifies controller logic and problems
associated with byte boundaries. The line size, however, has an
affect onthe overall performance of a system. As one increases the
line size, the effective hit rate of the system goes up (for a fixed size
cache) which increases the overall MIPs performance of the
system. On the other hand, a larger line size will result in an
increase in the amount of system bus traffic. Which is, of course,
due to the greater number of bytes transferred on a cache miss.

Depending on the type of system design, the size of the line
chosen will affect the overall system performance. For
multiprocessing systems, where it is desirable to keep system bus
traffic to a minimum, a small line size is often opted for.

Table 1 illustrates the affect of line size for different size caches
onthe overall system throughput, where “a” is the marginal transfer
time per byte and “b” is the overhead per miss.

Cache Size | & = 15 ns/byte | a = 15 ns/byte

(bytes) b = 360ns b = 160ns b = 600ns
32 4-16 4-8 8-16
64 8-16 4-16 8-32
128 8-16 4-16 8-32
256 . 8-32 8-16 16 - 32
512 8-32 8-16 16 - 64
1024 8-32 8-16 16-64
2048 16-32 8-32 16 - 128
4096 16 - 64 8-32 32-128
8192 16 - 64 8-64 >=64
16384 16-128 8-128 > =64
32768 16 - 128 8-128 > =64

Table 1. Optimized Line Size vs. Cache Size and Delays. This table
was taken from A. Smith’s paper on cache memories.

COHERENCY -~
DEFINITION AND COMPONENTS OF

Coherency is defined as the capability of cache memory to
replicate in real time the current contents of main memory. Cache
coherency Is necessary in all cache based microprocessor
designs where an external device can control the bus and write to
main memory. if a system has a DMA device, more than one
microprocessor, or memory mapped 1/0 devices, coherency logic
must be considered.

WRITE COHERENCY HARDWARE

Write operations require special considerations in cache
design. For a microprocessor write operation to main memory, in
order to maintain local cache and main memory coherency, the
local cache memory must be updated along with main memory.

In order to ensure write coherency, there are a number of
hardware techniques. The three most popular design techniques
are the copy-back, write-through, and buffered write through
schemes. Each of these techniques offers different advantages.
The copy-back and buffered write through schemes feature
increased system throughput. On the other hand, the write-through
scheme offers minimized support logic.

For a write-through based cache design, every time the
microprocessor write occurs the code/data is written
simultaneously to the cache and main memory. Because of the fact
that main memory Is slower than cache memory, the time to
implement a write is governed by the cycle time of main memory.
This, of course, puts a limitation on the effective cycle time of a
cache system based on a write through scheme,

A hardware modification to the write-through design that allows
for a reduction in the effective cycle time is a high speed buffer.
This design, often referred to as a buffered write-through or posted
write, improves the performance by allowing the microprocessorto
operate out of the cache, at cache speeds, after a microprocessor
write operation. This is in direct contrast to the write-through which
requires that the microprocessor wait for the completion of the
main memory write cycle. In a buffered write-through- cache
system, whena write occurs, the cache and buffer are updated with
the write data, allowing the microprocessor to read from the cache
again. During this time, the buffered write-through logic takes
control of the system bus and updates main memory by
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downloading the file buffer. Adding a buffer, of course, increases

the number of components for the cache module.

A copy back system operates on the use of a dirty bit that is
stored along with the cache tag address. For a copy-back scheme,
when a cache write hit occurs, the associated dirty bit is set which
indicates that the data in the cache is no longer coherent with main
memory. When another bus master requests control of the bus,
before releasing the bus, the cache controller will update all the
locations in the main memory that are not coherent with the content
of the cache memory as a result of cache write hits. A cache write

| miss will occur when the microprocessor attempts to write to a

|

location that was not cached earlier.

The disadvantage of a copy-back system becomes apparent in
the design of multiprocessor and multi-master based systems. In
these systems, any extemal read from main memory requires that
all caches in the system be checked to ses if the dirty bit has been
set for each address written. If the dirty bit has been set, the
associated data entry in the cache must be downloaded to main
memory before an external device accesses that address.

Although, the buffered write through has a somewhat lower
performance than a copy-back (because of main memory traffic
during write misses), write-through and buffered write through are
often preferred to use in multiprocessing systems. This is because,
as mentioned above, there are a number of coherency issues that
must be dealt with for a copy-back scheme.

COHERENCY LOGIC—
FOR DMA AND MULTIPROCESSOR SYSTEMS

In order to maintain coherency for multiprocessing and DMA
applications, a cache design needs to be able to monitor the
system bus for external device writes to main memory. If a write to
main memory occurs from an external device, it Is necessary to
inform the cache memory of the address written to so that the
cache controller can decide whether or not to invalidate the cache
memory contents (either by flushing the entire cache or by clearing
the associated valid bit of the entry).

Architectures for Cache Coherency

There are two common architectures used to achieve
coherency in microprocessor based systems; a time-mulitiplexed
cache tag architecture and a dual cache tag architecture. For the
multiplexed cache tag architecturs, the cache is time multiplexed
betwsen the system address bus and the local address bus. This
permits the controller to check if the system address location
written to is in the cache memory. For the dual cache tag system,
one cachetag is used to monitor the local address bus and another
cache tag (the SNOOP tag) is dedicated solely to monitoring the
system address bus.
Dual Cache Tag vs. Time-Multiplexed Cache Tag
Architecture

The advantages of a dual cache tag system over a
time-multiplexed cache system are seen when one examines the
timing requirements of the two, i.e. the dual cache tag design can
work with a much shorter microprocessor cycle time. The
time-multiplexed scheme uses the same physical tag memory to
tag the addresses present in the cache memory (tag) and checks
the main memory’s address bus activity (SNOOP). When the
processor requests data of any address, the page field of its
address bus Is compared against the one stored in the tag
memory, if they match a hit occurs else a miss is issued. The
remaining part of the cycle, the tag memory acts as a SNOOP
memory i.e. it monitors the main memory’s address bus activity for
any writeto an address with a matching page field. Inthe latter case

aSNOOPitisissued and the controller could either invalidate that
particular entry or flush the content of the entire cache.

As can be seen from the above, the time-multiplexed scheme
requires two sequential cache tag comparisons, i.e. the CPU
address bus is compared against the contents of the cache tagand
then the system bus is compared against the contents of the cache
tag. This, of course, results in a delay tima equal to the time it takes
to perform two accesses to cache tag memory plus the time it takes
to multiplex between the system bus and the CPU bus.

The dual cache tag scheme when compared to the
time-multiplexed scheme permits a significant reduction in the
microprocessor cycle time. This is because, as opposed to the
time-muitiplexed scheme, the dual cache tag scheme allows for
the system bus address tags (SNOOP tag) and the CPU address
bus tag (cache tag) to function at the same time. On the instigation
of a system bus transfer, the system address bus page field (ortag)
is compared against the page field stored in the SNOOP tag. Atthe
same time, the CPU bus page field is compared against the page
field stored in the CPU bus cache tag. If the SNOOP tag page
address does not match the system bus page address, the
controller continues onto its next cycle. If, on the other hand, the
SNOOP tag did match the system address page field, the
associated valid bit of both cache tags are cleared or both cache
tags will be reset.

This means, of course, that the microprocessor cycle time
required for the dual cache scheme (equal to the time it takes to
perform one cache tag access and comparison) is less than
one-half of that required by the time multiplexed scheme (equal to
the time it takes to perform two cache tag accesses and
comparisons).

Implementing a Dual Cache Coherency
Architecture

For implementing a dual cache coherency system, IDT7174’s
cache tag SRAMs can be used to form both the microprocessor
cache tag block and the system bus cache tag block (SNOOP
tag) —as shown in Figure 7. For a dual cache based system, the
SNOOP memory is always identical to the microprocessor cache
memory. This is accomplished by writing the same information at
the same time to both system (SNOOP) and CPU cache tag
memories. The operation of the dual cache is such that when
another bus master has contro! of the system bus and writes datato
a previously cached address in main memory, a SNOOP hit
occurs. ASNOOP hit wilt result in the controller either invalidatinga
particular entry In both cache tags or flushing all the entries in both
cache tags.

DESIGNING A CACHE TAG UNIT

In order to optimize cache design, the IDT7174 may be used
(Figure 6). This Cache Tag SRAM (8K x 8) has built-in features that
help and simplify cache tag design. These include a match output,
a reset input, CEMOS™ technology, and three state I/0. The
match output is high whenever the address stored in the IDT7174,
accessed by the address pins, matches the address atthe I/O pins. -
The tag is addressed by pins A0-A12 and the tag is compared to
the stored tag on the 1/O pins via an internal comparator —if they
match, the match output goes high. For cache design
applications, the match output drives the cache controller whichin
case of a match (hit) places the data contents of the cache memory
on the microprocessor data bus. Thereset input (active low) allows
the entire contents of the cache tag memory to be cleared which
permits reset on system power up and the cache to be flushed (for
coherency applications).
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— a0
/0 ¢ |——
At 10 g}——o
A2 1/0g——
1O g ——
A3 11O g——
— A4 1/0g|——
A5 o3 M—
/05—
— 1 IDT7174 '
— a7 MATCH ——
— a8 RESET# |——
—] 9 CHIP SELECT# [——
— a0 WRITE ENABLE# [——
— A1 OUTPUT ENABLE# ——
— ] a2

Figure 6. The IDT7174 8K x 8 Cache Tag SRAM

The IDT7174 features an address to match time of 20ns, making
it suitable for applications up to 40MHz along with fast SRAMs to
build the cache memory for two-cycle machines such as the Intel
80386). It is also cascadable in depth and width which allows
caches to be easily designed for a variety of different
microprocessor address bus widths.

Figure 7 illustrates a cache tag SRAM comprised of three
IDT7174's organized as 1DT8192 23-bit words. If used in a
microprocessor based system, main memory would be divided
into 8 Million pages. The lower address bits specify the line offset in

LOWER ADDRESS BITS

the cache where the lower page address tag is stored. The 23 bit
page address (within the cache tag SRAM) accessed by the 13
lower microprocessor address bus bits is compared against the
23-Bit microprocessor page address. If there is a match from all
three, the wired AND match output will go high indicating that the
needed data is in the cache memory.

1/0 8 of the last IDT7174 is the cache data valid bit. This bit is
used to indicate that the data in the cache Is valid. On powerup ora
cache flush the valid bit is very useful.

UPPER ADDRESS BITS
‘ A0 AD A0

10 4 f— 1/0 — 110;—
M 1/0 o— A1 o] A 1/0,—
A2 1/0 51— A2 1105 A2 : 1/0 oI

10— /04— 1/0 4—|
A3 1/0 5— A3 /05— A3 1/0 5—
A 1/0g— A4 1/0g— A4 1/0q

110 10 1o
A5 7 A5 7 A 7

IDT7174  1/Og— IDT7474  1/0g— IDT7174 /054
26 , A6 A6
AT MATCH —— A7 MATCH b— A7 MATCH —
A8 RESET# |- A8 RESET# |- A8 RESET# |-
A9 CHIP SELECT# |- A9 CHIP SELECT# |- A9 CHIP SELECT# |-
A10 WRITE ENABLE# [~ A10 WRITE ENABLE# [— A10 WRITE ENABLE# -
A11 OUTPUT ENABLE# |- A11 OUTPUT ENABLE# |- A11 OUTPUT ENABLE# |
A2 ) A12 A12
MATCH OUTPUT @ ®
2000 —> PULL-UP
RESISTOR
+5VOLTS

WRITE INVALID

Figure 7. A Cache Tag Unit
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A CACHE CONTROLLER AND MEMORY MODULE
FOR THE 80386 ‘

For the design of a cache controller, one must become familiar
with the microprocessor that is being used, its interface and
signaling requirements. As well, one must decide on the cache’s
associativity, depth, configuration and ensure that all critical
microprocessor and system timing requirements are met. The
design of the cache controller must then be considered to allow for
functions such as coherency, bus arbitration, and state machine
sequencing {to control the interface to the system bus and the
MICroprocessor).

For the design that follows, an 80386 microprocessor is used
(25MHz Version) which incorporates a dual cache tag coherency
architecture. ’

80386 Microprocessor Cache Considerations

In the following processor description and cache system
implementation, when a “#” sign follows the name of a signal it
indicates that this signal is active low, if there is no “#” sign at the
end of a signal name, it means that it is an active high signal.

The 80386 microprocessor from Intel is the current mainstay of
both the PC market and low end workstation market. The 80386 is
currently used in the leading edge {BM PCs, Compaq's
microcomputer and in Sun’s new multitasking workstation.

The 80386 (Figure 8) is based on low power CMOS technology
and comes in 16MHz, 20MHz, and 25MHz versions.

As illustrated in Figure 8, the 80386 has.an effective 32 bit
address bus giving an address space of 4 Gigabytes. The address
bus consists of address lines A2-A31 and four byte enable lines
BEO#-BE3#. The byte enable signals allow the 80386 to address
one or an adjacent combination of the 4 bytes contained in the
80386’s 32-bit word.

CLK2
2X CLOCK —————————>] ADDRESS BUS A2-A31
| BES#  p N\ 32-BIT
ADDRESS
32 BIT BE2#
BATA DO-D31 DATA BUS = > BYTE
BE1# N ENABLES
BEO#
>/
— ADS# W/R# b\
BUS LN 80386 D/C#
PROCESSOR —
CONTROL BUS CYCLE
BS16# | Mo+ . |DEFINITION
READY# LOCK#
R LSS
/
Bu HOLD PEREQ# \
S . —® ———
ARBITRATION HLDA BUSY# COPROCESSOR
4 [4¢———— | siGNALLING
ERROR#
INTR G /
—P
NMI
INTERRUPTS —_—
RESET
—P

Figure 8. The 80386 Microprocessor

80386 Microprocessor Signals

The 80386 microprocessor signals can be divided into bus
cycle definition signals, bus control signals, bus arbitration
signals, and interrupt signals. The bus cycle definition signals
define attributes and conditions of the current bus cycle in
progress, e.g. memory read or I/0 write. The bus control signals,
on the other hand, control the operation of either the bus or
microprocessor, e.g. inform the microprocessor of the completion
of acycle or the transfer of a 16 bit word. Bus arbitration signals are
used to arbitrate the control of the bus by competing bus masters,
e.g. HOLD and HOLD Acknowledge. Finally, interrupt signals are
used to interrupt the current process of the microprocessor sothat
another process may be executed, e.g. NMI#.

80386 Bus Cycle Definition Signals-

Lock# (Lock) indicates that the current microprocessor cycle
under execution can not be interrupted i.e. by an interrupt signal.
W/R# (Write or Read) signals whether or not the microprocessor is
in a read cycle or write cycle.

M/10# (Memory or I/O Cycle) indicates whether or not the cycle is
a memory access or /O access.

D/C# (Data or Control Cycle) signals whether or not the current bus
cycle is a data or control cycle.
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80386 Bus Control Signals

ADS# (Address Status) is an address status signal which indicates
that the address issued by the microprocessor is valid and ready
for sampling.

READY# s an input to the microprocessor that indicates the end of
the current bus cycle. )

NA# (Next Address) is an input to the rnlcroprocessor that is used
to instigate the high-speed pipeline mode. ‘

BS#16 (Bus Size 16) is an input to the microprocessor that informs
the microprocessor that 16-Bit data is to be transferred

Interrupt and Interface Signals

CLK2 is the microprocessor clock input provided by a crystal
(twice the microprocessor clock frequency). This signal Is divided
by two inside the microprocessor.

RESET is an input to the microprocessor that forces the 80386 toa
known state.

T T2

Bus Arbitration Signals

HOLD is an input signal to the 80386 that requests that the 80386
relinquish controt of either the local bus or system bus so that an
external master can take control of the bus.

HLDA (Hold Acknowledge) is an output from the microprocessor
that signals to an extemal bus master that it has received and
acknowledged a HOLD signal and has released the bus.

Microprocessor Cycles

Figure 9 illustrates the basic timing for a microprocessor cycle.
CLK2 serves as the timing reference for the microprocessor bus
cycles. This signal is divided by two to form the intemal CLK signal
(for a 25MHz 80386, CLK2 would be 50MHz and CLK would be
25MHz). Ths bus cycle of the microprocessor consists of two bus
states, T1 and T2, which are further subdivided into two phases
each, 01 and 02.
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Figure 9. Basic Timing Waveform for 80386 2 State Cycle

The Intel 80386 requires a minimum of two 25MHz cycles to
complete any instruction. The start of a microprocessor cycle is
characterized by ADS# going low which indicates that there is a
valid address on the microprocessor bus. At the end of bus state
T2, the microprocessor checks the READY# input to see if the
cycleisfinished. If READY#is low, it means that the current cycle is
completed which allows the microprocessor to start a new bus

cycle. On the other hand, if READY# is high at the end of T2, the

processor will stay in the T2 bus state until it sees a low leve! onthe
READY input. For this condition, all added T2 bus states are called
wait states (Figure 10). In cache design, for a miss, the READY
Input remains high until data is returned from main memory. Ifthere
is no pending action required by the microprocessor after T2, the
microprocessor will enter in an idle state, Ti (ADS# will remain
high—Figure 11).
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Figure 10. An 80386 Bus Cycle With 2 Walt States
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Figure 11. An 80386 Cycle Followed By Two Idle States

When designing a cache system with the 80386
microprocessor, It is important to remember that the only time
when the microprocessor probes the READY# input is at the end of
T2. The rest of the time, the processor ignores the logic state of the
READY# input.

Another bus cycle that is important in the design of a controtler
for cache memory operation is the hold-hold acknowledge cycle
(Figure 12). When another bus master (e.g. DMA Device) wants to
take control over the bus, it asserts the HOLD signal that feeds the

microprocessor. When the microprocessor sees the HOLD signal
go high, it will finish the current bus cycle it is executing, float its
data, control and address buses, and then issue a HLDA (hold
acknowledge) signal to the external bus master. However, if the
LOCK# pin is active on the microprocessor, a HOLD will not be
acknowledged by the microprocessor. The lock signal effectively
prevents any davice from interrupting the microprocessor process
in progress. ’
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Figure 12. A Two Hold 80386 Cycle Followed By An ldle State

State Diagram

Figure 13 shows the state diagram for the 80386 operating in
non-pipelined mode. After the microprocessor Is first tumed on, a
RESET pulse will putthe 80386 into a known state. When the 80386
receives a RESET pulse, it will automatically fetch its first
instruction from address OFFFFFFFOH. Usually, at this address,

RESET
ASSERTED

NO HOLD
NO REQUEST

READY, REQUEST, NO HOLD
ALWAYS
REQUEST, NO HOLD

READY, NO REQUEST, NO HOLD

there is an unconditional jump to the location where the bootstrap
routine is located(the BIOS).

For pipelined mode the NA# pin must be asserted. For a
discussion of pipelined mode for the 80386 refer to the Intel 386
Microprocessor Reference Manual.

READY, HOLD

NOT READY

Figure 13. State Diagram For The 80386
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CACHE CONTROLLER DESIGN

Cache Associativity, Depth, Page Size, and Line
Size Selection

One of the first considerations for the design of a cache
controller is the selection of the cache memory. For this design, a -
direct mapped cache is selected with a cache size of 8K x 32. The
8K data cache divides main memory into 128K pages of 8K
doublewords (a doubleword is 32 bits or 4 bytes). The line size
selected for this cache design is 4 bytes. .

It should be recalled that for a direct mapped cache (Figure 2)
every line in the cache will map to a corresponding line in a page
(given by the tag) In main memory e.g.. line 0 of the cache will

always mapto line 0 of a main memory page (given by tag). This, of
course, means that it is impossible to have more than one unique
line address in a direct mapped cache e.g.. line 0/page 1 and line
0/page 3 can never coexist in the cache.
Cache Controller Hardware Overview

Figure 14 illustrates the block diagram of the dual cache

. controller to be designed for the 25MHz version of the 80386. The

design consists of; two cache tag SRAM blocks, one for the system
bus and one for the CPU bus; three PALS used for the design of the
cache controller state machine; a data cache SRAM block for the
microprocessor; and a number of 74F logic blocks that serve as
data/address/control logic and system bus drivers.

80386 SYSTEM
BUS BUS
A
A (231) A (2:14) D (0:31) BA (2:31)
80386 CACHE MODULE
NCA# y
FLOSH '
LRDV# TAG DATA SNOOP
3x7174 4x7164 3x7174
WE1# &
MAT2
ADS# MAT1| | GLR# OE2# WE1#
W/R# WINVz# WE2# CLR#
e | v [FE y [ | o
RESET N < BW/R#
1
CLK '
“{v >°‘ ' CONTROL LOGIC BADS#
«_READY# . BHLDA
oo FBE#
BEO# - BE3# l SBEO# - SBE3#
SBEO# - SBE3# DEN#, DIR, WLE, SEL, BHLDA
gm G# DATA
WiE DIR BUS
e CAB BUFFERS
»{SAB  (4-FCT646)
D {0:31) i ala B BD (0:31)
7 >
32
BHLDA
SBEO# - SBE3# wie P|G#  ADDR
se.—P|CAB BUS
‘—===——p1SAB BUFFERS BBEO# - BBE3#
44 plA  (5-FCT646) BM/I0#, BD/C#, BW/R#
233 »l A B BA (2:31) )
M/IO#, D/C#, W/R# Y v
A2:31)
Figure 14. Block Dlagram of the Complete Cache System
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For the CPU cache tag, a 8K x 24 cache tag Is used (Figure 28
and 30) which s constructed from three IDT7174 cache tag
SRAMs. The system bus cache tag (SNOOP tag) is constructed
exactly the same i.e. with three IDT7174’s.

For proper termination of a bus cycle, a 74F64 And Or Invert
gateis used (Figure 31) to drive the READY input of the 80386. The
74F64 is used in order to meet the critical timing requirements of
the READY signal. )

The buffer network is built from nine IDT74FCT646’s to form the
address, data and control bus buffers. The IDT74FCT646 is a Fast
CMOS Octal Transceliver Register with an 8-Bit A register and an
8-bit B Register. The 646 block allows for the bidirectional transfer
and temporary storage of 32 bits of data. The DIR (direction) pin is
used to control the direction of data flow between the processor’s
data bus and the system’s data bus (Figure 14).

The systembustag (SNOOP tag) monitors the addresses on the
system's address bus when an externally controlled data transfer
takes place (e.g. DMA). If the SNOOP tag detects an address that is
contained in the CPU cache tag (when BHLDA is active and whena
write occurs), the entire content of both cache tags is flushed via
the reset input of the IDT7174.

SIGNAL DESCRIPTION

e BA (2) - BA (31)are the 30 address pins that connect the system
address bus to the cache module. These 30 pins form the BA
bus or the board address bus.

BHOLD is an input to the cache module. BHOLD (bus hold) is
asserted by system when another bus master wants to take
control of the bus. BHOLD is active high.

BHLDA is an output fromthe cache module to the system. When
Bhold is asserted by another bus master, the cache module
responds by activating BHLDA (bus hold acknowledge), the
other bus master is then granted control of the bus.

e BRDY# is an input to the cache module. When the system
asserts this pin, it indicates that the current memory cycle is
complete. BRDY# is active low.

SBEO# - SBE3# are four output signals from the cache module.
They are the individual byte enables for the memory. These four
signals are active low. :

e BADS#is anoutput fromthe cache module to the system. When
BADS# (board address status) is asserted, it indicates that the
BA bus is stable. BADS# is active low.

e BW/R#is aninput to the cache module from the system. BW/R#
(board write read) is used in the SNOOP function of the module
and helps the device to detect when a write has occured to an
active cache address.

o RESETisaninputto both the cache module and the 80386. The
RESET signal comes from the system and is asserted for 8 or
more CLK periods so that the processor and the cache module
will be placed in a known reset state. The tags of the cache will
be cleared. RESET is active high.

e FLUSH is an input to the cache module. While FLUSH is
asserted, it will cause the tags to clear. This pin is a
“programmable reset”. This signal is active high.

“e LRDY#is aninput to the cache module. LRDY# is an indication
to the module that a local bus cycle is complete. This signal is
active low. .

e W/R# is an input to the cache module. When W/R# is high it
indicates that the 80386 is executing a write cycle and wheniitis
low it shows that the processor is executing a read cycle.

o ADS# Is an input to the cache module. This signal shows the
status of the A bus. When ADS# is low it indicates that the
address bits A (2) - A (31) are stable. This signal is active low.

The Microprocessor Interface

The microprocessor interface consists of four byte enable pins.
The bus cycle status pins i.e. D/C#, MI/O#, W/R#, clock and reset
signals, the address status pin ADS#, and the four local control
signals FLUSH#, LRDY#, READY#, RESET, LBA# and NCA# (see
Figure 15 for a complete description of the microprocessor and
system interface pins).

The NCA# input is for decoding non-cacheable addresses such
as 1/0 memory space. The designer needs to design a decoder
that recognizes non-cacheable addresses. The decoder output
ties directly to the NCA# input. LBA# is used to indicate that the
80386 is working with a local device (such as a coprocessor).

System Bus Interface

The system bus interface consists of the buffered data bus
(BDO0:31), the buffered address bus, (BA2:31), the bus byte enable
signals (BBEO#-BBE3#), the system bus control signals (BM/IO#,
BDC#, and BW/R#), and the system control signals of BRDY#,
BHOLD, BADS# and BHLDA. It should be noted that the 80386
equivalent front end signals of the controller module are prefixed
by the letter B (For a complete listing of system bus interface
signals, see Figure 15).

CLK is an input to the cache module. It is identical to the 80386
clock.

A (2) ~ A (31) are the 30 address pins that connect the 80386
address bus to the cache module. These 30 signals are the A
bus.

e BEO# - BE3# These four byte enable signals are outputs from
the 80386 and are tied directly to the byte enable inputs of the
cache module.

NCA# s aninput tothe cache module, while active it indicates to
the device that the current address present on the address bus,
A (2) - A (31), is a non cache-address. This signal is active low.

D/C# is an input to the cache module. D/C#, data-control, is
used by the 80386 to indicate a data cycle or a control cycle.
While low the processor Is in a control cycle and while highina
data cycle. No cache operations are permitted in control cycles.

M/I0# is an input to the cache module, while low it indicates that
the 80386 Is addressing an I/O device and while high it indicates
the processor is addressing memory. No cache operations are
permitted for I/O devices.

o LBA¥# is an input to the cache module, while active it indicates
that the processor is accessing another device on the local bus,
for example the 80387 coprocessor. Local bus addresses are
not cache addresses.

e DIR, DEN# are outputs from the cache module. Thesse signals

~ control the data bus buffers and the address bus buffers
(external to the module). DIR determines the direction of the flow
of the data bus buffers. DEN# is the enable signal and is used to
turn on the bus drivers.

o WLE is an output from the cache module to the data bus buffers

_and to the address bus buffers. WLE is used to latch write data
into the write buffers.

SEL is an output from the cache module. It is used to select the
latches in the data bus buffers and the address bus buffers.

e D (0) - D (31) These 32 signals are the data bus connecting
directly to the data bus of the 80386. They are also connected to
the data bus buffers.

o READY# is an output from the cache module. When asserted It
indicates to the 80386 that the current cycle is finished. This
signal is active low.

Figure 15. Functional Cache Controller and 80386 Signal Descriptions
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Timing Diagrams for the Cache Design

Figures 16 through 26 illustrate the cache controller and
memory module timing diagrams for a number of different bus
cycles, namely cache read miss, cache read hit, write cache hit,
write cache miss, read LBA, write LBA, read NCA, write NCA,
BHOLD, and BHLDA. Figures 25 and 26 illustrate the cache tag
and cache memory timing for both the cache and SNOOP tag.

Cache Read Miss and Hit Cycles

The cache read hit cycle, illustrated in Figure 16, begins by
ADS# going low followed by the W/R# signal going low (to indicate
aread). The controller responds by driving WE1# high. The WE#1
signal which drives both the local bus cache tag and the SNOOP
tag sets the two cache tags up for a read and compare operation.
After the read and compare operation is complete, the MAT 1 signal
will be valid. At this point in time (at the beginning of bus state T2)
the cache controller samples MAT1. If MAT1 is high, it indicates
that the cache memory has valid data. The controller responds to
this condition by sending its OE# signal low which in tum enables
the output of the cache memory to drive the microprocessor data
bus with its associated 32:bit data word.

On the other hand, if MAT1 was low, the controller would
respond by entering into a cache read miss cycle (as shown in
Figure 17). This condition indicates that the address is not cached.
For the cache read miss cycle, the cache controller drives the
DEN# signal low which connects the local data bus to the system
data bus. The control signals ADS# and W/R# are duplicated by
BADS# and BW/R# which are placed on the system bus to allow
main memory access. The system bus responds with the required
data and then drives BRDY# low when done. During the main
memory access, the controller updates the cache memory withthe
new data, the local bus cache tag and the SNOOP tag with the
associated tag. Afterthe controller receives the BRDY#signal from
the system bus, it then drives READY# low which terminates the
bus cycle. It should be noted hers, that for the cache read miss, the
READY# signal is held high an amount of time equal to the main
memory cycle time. .

Cache Write Hit and Miss Cycle

When the microprocessor writes data to memory it may enter
into a write hit cycle or a write miss cycle (Figures 18 and 19). As
with the cache read hit cyc!s, the beginning of the cycle is
instigated by ADS# going low, but with W/R# going high. This state
results in the controller enabling the local and SNOOP cache tags
for a read and compare operation. If MAT1 is retumed high to the
controller fromthis tag, a write hit has occurred which results inthe

controller enabling the cache memory for a write operation (via the
WE2# line). At this time the CPU data bus is written into the cache
memory.

For either a cache hit or miss cycle, the cache controller also
drives the WLE line of the posted write latch such that the address
and data bus contents are captured for the system bus. For a write
miss, the controller exhibits similar timing as it does for the write hit.

" Howaever, for a write miss, the cache controller will start writing to

both cache and main memory as if it was handling a write hit cycle.
If later during T2 it was determined that a miss had occured (via
MAT1) then the new content of that cache location does not
correspond to the tag address. The WINV#signal will be driven low
to invalidate the corresponding tag in the cache tag and the
SNOOP tag (see Figures 28 and 30).

LBA and NCA Read and Miss Timings

LBA and NCA both deal with special conditions. The LBA (local
bus access) cycle occurs when another device is to be accessed
onthe local bus for a read or write operation. For the Inte! 80386 this
is most often a numerics coprocessor. In order to read data from a
coprocessor on the local bus, (Figure 20), the LBA input to the
cache controller is activated. The cache controller then disables
the cache memory (via WE2# and OE2#) the tag and the SNOOP
memory (via WE1#). The local ready signal (LRDY) is sent from the
coprocessor to the controller indicating the end of the LBA cycle.

NCA (non-cacheable address) cycles are entered into
whenever the NCA input to the cache controller is active. The NCA
is usually employed to keep I/O data from entering the cache. An
active NCA# input results in the controller disabling the cache
memory, cache tag and the SNOOP tag. This, of course, keeps
the undesired addresses from entering the cache. As noted in
Figure 22, the NCA cycle has added wait states dus to the fact that
the speed of the I/O device is limited. The designer has also the
option of mapping the address space in several sections and
choosing what section of the address space will be cacheable.
This is accomplished by connecting the NCA# input to the output
of an appropriate decoder. During NCA# cycles the cache
ensemble is totally transparent.

Cache Memory and Cache Tag Timing

Figures 25 and 26 lllustrate the timing specifications for the
cache memory, the cache tag and the SNOOP tag. The associated
tables give the necessary memory timing delays for the 16MHz,
20MHz and 25MHz versions of the 80386 microprocessor. As seen
in the table, the READY# signal AC timing specification is met by
use of an 74F64 AOI with a delay that is less than 6ns.
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READ HIT TIMING

| READ HIT I
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Figure 16. Read Hit TimIng
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READ MISS TIMING

PARTIAL OR FULL WORD READ MISS ’}

BUS { WiR# : . . READ, ' FSSSSSSSSSS&\‘SSSSSSSSSSSSSS
INTERFACE i . . A\ AN
0B ———! M
N - . = — " — e - L -t e =
L T e B
-y T RN e L T S
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1 1] 1) 1] 1
TR we T e
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F et et -
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Note: FBE causes all FB lines to be activated.

Figure 17. Read Miss Timing
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WRITE HIT TIMING
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Figure 18. Write Hit Timing
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WRITE MISS TIMING

‘ WRITE MISS |
D —
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Figure 19. Write Miss Timing
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READ LBA TIMING

l‘ READ LBA : ﬂ:
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Figure 20. Read Local Bus Access Timing
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WRITE LBA TIMING

WRITE LBA .}
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Figure 21. Write Local Bus Access Timing
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READ NCA TIMING
| READ NCA >|
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Figure 22. Read Non-Cached Addresse Timing
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WRITE NCA TIMING

WRITE NCA
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Figure 23. Write Non-Cached Addresse Timing
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BHOLD/BHLDA TIMING

SEIEM wA M- —E

1] 1 1] 1] 1)
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N REPRESENTS
CERTAIN CACHE CERTAIN CACHE
PO 80380 OYOLES. OPERATIONS DISABLED GPERATIONS NOT
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Figure 24, Hold and Hold Acknowledge Timing

$14-106



THE COMPLETE HIGH PERFORMANCE CACHE .
SYSTEM FOR THE 80386 MICROPROCESSOR APPLICATION NOTE AN-30

INSTRUCTION CYCLE

T T2

<
4

S I S

' tAA tDS
, - ol —— P
e d e e m- - -a- b - = e | N (‘ - -
DATA BUS . : ' DATAIN J—>—
P ] D .- o - -
L} 1] 1 1] 1
1] 1] . L} 1)
SPEC ANALYSIS
80386 Clock Rate
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tAD 40 35 30 ns
DS 10 10 5 ns
tAA 72 55 45 ns

Figure 25. Cache Memory Timing
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INSTRUCTION CYCLE . :
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Flgure 26. Cache Tag and SNOOP Timing
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Top Level Diagram Des(;ription‘and Operation the system bus (SNOOP tag), and CTRL is a PAL based state
Figure 27 illustrates the top level diagram of the cache controller machine which controls the timing andoséate sequences for
and memory module. The block CRAM is the cache memory, lnter_facmg to; the cache memory; the SNOOP and local cache
TRAM isthe cachetagforthe local bus, SNOOP is the cache tag for tags; and the system and microprocessor buses.
80386 BUS PINS MEMORY CONTROL © MAIN SYSTEM
CRAM PINS ' BUS PINS
A (2:14) » . SBEC#
o D(031) <[ Sheoe SBET#
SBE2# ot
SBE3# =BE
WE2# WE2#
OE2# QF
SNOOP
BA (2:31) [4— BA (2:31)
AT WE#
WINVE
WINV# CLR#
CLR#
TRAM
A (231) A @31) MATI AT
WE1# WINVE
WINV# CLR#
ggjﬁ CE1£ | BUS BUFFERS
CONTROLS PINS
. CTRL o
BEQ# EQ#
B BEO# SBEO# 3
BE1# EE§ Seee SBE1Z
R SBE! G
— D/C# WE1# Wi
I M/IO# WINV#
-——Jﬁ‘w W/R# WE2#
READYZ ADS# OE2# "1 BHiDA BHLDA
B READY# BHLDA o
RESET CLK WLE
RESET SEL
CLR# [——CLEE 9
BOS BRDY#
Eroer— ] LeA# MAT1
FLUSHZ " MATZ
FLUSH# MAT2
LEDYE LRDY# BHOLD - BHOLD
NCA# BW/R#
DIR 52
CONTROL pA CEiZ
INPUTS

Figure 17. Top Leve! Diagram of the Cache Controller Module
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TRAM Block

Figure 28 represents the connections of the local address bus
(80386 address bus) to the cache tag SRAM (CRAM). A(2:31) are
the address lines which come directly from the 80386 address bus.
The cache tag is addressed using address bus bits A(2) through
A(14). A(15) through A(31) are the address bits that are recorded in
the memory of the cache tag. MAT1 is an input to the cache
controller indicating a hit or a miss.

CE#1, WE#1, CLR# and WINV# are control signals which come
fromthe CTRL block (the interal PALs) to the cachetag . WINV#is
used to invalidate a write entry in the cache. For instance, for an
80386 write cycle, the controller will start to write data to the cache
and main memory at the same time. However, if it is determined
later on in the cycle that a write miss occurred, the WINV# signal
will write a logic low in the 24th bit of the tag which invalidates the

tag address at the cache’s page offset location. CE#1 Is used to
keep non-cacheable addresses from entering the tag. If a
non-cacheable address is detected (via the NCA# input), CE#1 will
be disabled which in tum floats the IDT7174 cache tag’s 1/Os. The
CLR# signal is an input signal to the tag and the SNOOP and is
used to flush the cache on SNOOP hits.
CRAM Block

Figure 28 illustrates the cache memory which is used to store
the associated data of the tag addresses. The cache memory
consists of four IDT7164 8K x 8 SRAMs. A(2:14) are the same
address lines that address the cache tag memory of Figure 27 i.e.
the microprocessor address bus. D(0:31) is the 32 bit data bus of
the 80386. The data bus is divided into 4 bytes with each byte being
stored in a unique IDT7164 SRAM.

A (2:31)
IDT7174
{2) : A (15)
ale i
A
i e VoqI—A(18 v
B A ot I
AS 1106 (20
o 32 o7 L 200 OHM
;i‘ ﬁ?o MATCH
18 A1t RESET#P
Cs#p————
OE# or———
WE# D
IDT7174
21 (23)
A0 1101
@1 Ay /02|—A124
A2 /03[ —A{25)
2 A3 /04— 126
Al 1/05
lva A5 1106 A_(28
8 AS Voo AToq)
1) AS e W)
Q) A8
{1 Ag MATCH
(13 A10 ~
i A11 RESET#D
Cs#p—
OE# p———9
WE#D
IDT7174
y A (31
2 — Ao 1/01
3 Al 1102
M a2 103
(— 3 1104
{6 'ag 1105
{B— a5 1/06
LB A 11076~ +5v
AR a7 1108
A8
1B Ag MATCH MATA
- A10
{13 A11 RESET#p——
A12
cstb
OE# o———@
WE# D
CEM# +8V
WET#
CL
WINV#

Figure 28. Cache Tag Block (TRAM)
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A (2:14) eommmnmsm—" e D (0:31)
. IDT7164
A A0 1701 {0
a1 A1 1102 "
A2 1/03 I
e et
A5 /08
ALBL | A6 1107 8
A T101 A7 1/08
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N 1ag csipb SBEO#
2— A0 Cs2f— +5V
A— A1 OE#b
A12 WE#
IDT7164
—A@— Ao 1701 8
AQ) 1A 1/02 a
A% vOs—R 3
ALl A4 105 A
—AZ A5 1/06
i lea Bt
A (10} A8
AOL Ao csip SBE1#
A A10 cs2— +8V
¥ At1 OE# >
A12 WE# P>
" IDT7164
A(2) (16)
AD 1101
AR Aj 1/02 17
— - e i
o -
% ey
A6 1107
A (10) A8
A 1 ag csitp SBE2#
A2l 1 A10 Csaf— +5v
ALR A1t OE# p—
A12 WE#
IDT7164
(2) (0.
A0 1/01
ALBL— a1 /02 L5 ‘
A2 1/03 155
A3 1104
—ALg A4 1/05 8
A A5 1/06 £
A6 1107 1
A7 1108 31
1 ﬁg CSi#p SBE3#
A2 — A10 CS2f— +5V
N A11 OE# p—
A12 WEt p————¢
WE2#
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Figure 29. Cache Memory Block (CRAM)

SBE(0#:3#), WE2#, and OE2# are signals generated by the entire 32-bit double word in the data cache (so as to ensure valid
CTRL block (Figure 34) which control the operation of the cache data inthe cache). In order to update the full 32-bit doubleword, the
memory. SBE (0#:3#) are used to select a specific byte of the 32-bit force byte enable signal, FBE#, is gated with the byte enable
doubleword via their direct connectiontothe IDT7164s. Inthe case signals, BE(0#:3#), of the 80386 to.form SBE(0#:3#) as shown in
of a read miss, if the microprocessor wants to read just one byte Figure 34. WE2# and OE2#, from the CTRL block, are used to

instead of the full 32-bit doubleword, the controller will update the control the read and write operation of the cache memory.
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SNOOP Block

The SNOOP (Figure 30) is very similar to the tag. BA(2:31), the
system address bus, Is the main memory address bus that the
SNOOP monitors. BA(2:14) is used to address the SNOOP and

BA(15:30) is the address recorded in the SNOOP. As mentioned
previously, the design of the controller module is such that the
SNOOP and the tag always contain the same information.

BA (2:31)
IDT7174 sy
QA BA
: A0 1701 }—E 5{——J
Y e
: [ BA {
T /08| —BA L 200 oR
TELE =
BALL 1 A7 1/08}—BA {22
] A8
——BAL A9 MATCH -
BA ﬂ? RESET#D
BA (14) _{ A12 -~
csHb——
OE# p— +5V
WE# D
IDT7174
BALL 1 Ag /011 —BA (2}
Y e
: g& A3 /04 (—BAL28
BAISL 1 Ag /05 —BAL2T
A gs-_—_ AS 1/06 —BA
A e e m—c v
3 A8
BA ( A9 MATCH
—BAA A1
A AL RESET#
Cstb———t
OE# po— +5V
WE#D
IDT7174
) /01 |—BA(31)
A1 1102
A2 103
A3 1104
Ag 1105
A5 /06
A6 1107 +5V
4 A7 108
A8
v S o
__BA (14 A12 -
cs#
OE# pD— +5V
WE# D—
WE1# —
CLR# _
WINV#

Figure 30. SNOOP Block (SNOOP)

The WINV#, CLR# and WE 1# signals are used In the exact same
way as the tag memory of Figure 28. Functionally the only
difference between the tag memory and the SNOOP memory isthe
fact that the SNOOP memory Is always monltoring the main
memory address bus. s

The only output of the SNOOP block Is MAT2 which ties directly
to the contro! block to indicate a SNOOP hit or miss. Ona SNOOP
hit, the cache controller will flush the entire contents of the tag
(TRAM) and the SNOOP tag via the clear line (CLR#).
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Posted Write Logic Design and Operation

The posted write logic comes into action when a write occurs.
For the posted write operation, the IDT74FCT646 octal transceiver
registers are controlled by the WLE (write latch enable), signal. The
WLE line, on a microprocessor to memory write, latches the data
and its address into the 646s and continue on without wait states
while the cache control logic downloads the posted write buffer to
main memory (the posted write operation can not be interrupted by
an external systembusrequesti.e. itis locked). In acase wherstwo
write miss cycles occur back to back, the 80386 will have a number
of wait states depending on the main memory access time.

For a write hit, the timing (Figure 18) is the same as that of the
read hit (Figure 16). For a write miss however, the bus cycle is
extended by an extra clock period (Figure 19).

Design of the Cache Controller Block (CTRL)

The design of the cache controller requires determining the
state machine cycles of the 80386 and replicating them through

a PAL based state machine. For this design, three 22V10 PALs
were used (Figure 32) to form the PALs block of the controller in
Figure 31.

As shown in Figure 31, the READY# input Is generated by the
use of the 74F64. For Figure 31, it should also be noted that all
inputs to the PALSs block are on the left side, all outputs are on the
right side and buses are represented as dark vertical lines. For
Figure 32 it should be noted that the pin out are shown for 28-Lead
PLCC packages.

The designer should use caution if he plans to implement the
PAL design given in this application note. In particular, the pin
assignment should not be changed. This is because the internal
structure of the PALS may not accommodate a term swap between
pins. For example, if the signals WINV# and DIR of PAL1 {Figure
32) were interchanged (WINV# to pin 19 and DIR to pin 17), the
JEDEC fuse map will not run because pin 17 does not have enough
inputs (internally) to handle the equations for DIR.

TAG &
INPUT PINS SNOOP
CRAM
80386 —F10 CE1#
BEO# . seeox |
BE1# q:)ﬂ_sai#_
BE2# - SBE2# | MAIN
1 —————1 sus
INpUTS |HBESE .: ——CE
NCA# F11 PALs BHLDA —
C# b FBE#
TAG & M!ZIO# | L noe BADS# BAS
SNOOP L BAR WET#
LBA# WE1# WINVE
W/R# W/R# WINV# WE2#
MAIN ADS# ADS# WE2# OE2#
BUS MATY MAT1 OE2# WiE l
BRDY# BRDY# WLE seL |
BHOLD BHOLD SEL DIR 1
RESET# DIR oeve |
FLus# FUStr Aoyl '
BW/R# BW/R DATA & ADDR.
MAT? B, RDY2# BUFFERS
RGT
FO4 Ta#
CLK Dc, CLKB CLR# SR
FO4
| EE__DO_ SZFM
F11
{ 80386
Fo | LD ]
LRDY#
- READY#
1-74F04 » 74Fe4
1-74F08 F
1-74F10 ® —>o—
1 - 74F11 =
1-T4En OUTPUT PINS

Figure 31. The Controller Block (CTRL)
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INTERNAL BUS . ‘
PAL1 PAL2 PAL3
22vi0 22V10 22v10
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BHY#} 14 ZOER—ﬂi LRDY#] | 20 BrvH
qQ qQ
@BESET# 15 11paner? | @RESETH 4o oI8HLDA
BHLDA. 43 18 winvs T2# 43 loEns
16 17 MAIN# L
T o MAINE |46
-2 2
INPUT T
PINS
OUTPUT PINS
CLKB

PINS ARE FOR 28-LEAD PLCC PACKAGES.

Figure 32. The PALSs of the CTRL Block
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PAL Equations

The equations for the three PALS are presented in Tables 2
through 6. The PALASM source code for the PALs is also glven for
generating the corresponding JEDEC fuse map.

INPUTS INTERNALS
[ [ t 1] . [ 1 1 1 [] 1] [] [] 1 1] 1 1 1] 1
NiLWiAiM/BiBiBiBys +R{T TiT/MiFiDi + 4
C'B'/+'DiAR HsHiHt +E|2/3:4:A1Br s « 1 .
SIGNAL |#'A'R:S'T'D!X!Y!L' 'Sf#'# #'|'E'R ' ' DESCRIPTION
NAME l#l#l#l1lYl#|#lDl IE 1] 1 lNI#I 1] 1 1] 1]
1 1 1] 1 I#I 1 IAl IT 1 1 I#I 1 1] 1] L] 1
[ T T T S TR TR TP B [ T S T TR T TR TR
e o ey e
FBE# |HrHo Lo sLi v+ tHi o tH[ Lv o 1 H Hiooo ' | Read Miss, no Main
hel et e T B BEIE BEN IR FLELTE B IEIE BN SR TR T BEAE SR N LT T IR IR S I B N N B B
YT T T T T | AT TN M 2" | Read Miss, Main o
N T 2" T “stay unti Ready
VH . ! Write

)
't
:
1 J '
T R A I
L :
L)
+

! Stay if Read Miss, BHOLD

LR R L L L S B LS i L .| StyffReadMiss BHOLD - |
H WM @0 v onbr o THPLL v n b v | StayifWiits BHOLD
L 7o [l vl v o oL o oW ] T2RdMissnoMan ]
HiHioLe o Lo Lo HO v v o H L 0 e eov 0 0 0 T2,Rd Miss, Main
HiHiH, «Li 2 tH . (H L + 2 H + 1« + 1 | T2WrMiss, noMain
L 7 [HH L o 0 o4 WH twv s T T | T8 Read
N R T L
Table 2. First Part of PAL1’s Equations
Tables 2and 3 show the equations for PAL1. A horizontal linein The lines grouped together for a signal are ORed vertically. As an
these tables means an AND function between the present terms. example, the logic equation defining the signal FBE# is as follows:

FBE# = NC# e LBA# @ W/R# ¢ MAT1 @ BHY# @ RESET# @ T2# © MAIN#  FBE#
+
NC# o LBA# @ W/R# @ MAT1 @ BRDY# @ BHX# ¢ RESET# o T2# © MAIN# ¢ FBE#
+
BRDY# ¢ RESET# e FBE#

Bared signal
Unbared signal

logic low level
logic high level

o

Each line Is accompanied on the right hand side by a short
comment describing the situation to which it relates.
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Table 5. Second Part of PAL2's Equations
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INTERNALS
[ [] [ [ 0 1
. 1 1 L] L} 1]
L] [] 1] 1] L} 1]
S&%%IEL . DESCRIPTION
L} . L] 1 1] 1]
1] L] 1] 1 1] 1]
1] 1] 1] 1 1 1]
1 1 1 1 1] 1]
1 1] 1 L] L] 1]
- CLR1# . Snoop Write while BHLDA
CLRoF L 1+ 1 1 1+ 1 | Write Hit while BHLDA
CLR# ' Write Hit while BHLDA

System RESET

Table 6. PAL3’s Equations

These equations were developed by closely analyzing the
logical timing diagrams for the 80386 under all the possible states.
A combination of several of these states following each other were
also looked at. The timing waveforms for the controller were then
developed in order to meet its specifications and handle the 80386
operations. Once the timing waveforms were done then the
equations were derived and the PALs programed.

The software PALASM was used to compile the equations for
the PALs Into their corresponding JEDEC fuse map. The source
code for each PAL's program Is presented below. The

nomenclature in PALASM Is somewhat deceptive in that an
apparently logical “high” term might mean a logical “low”. In the
pin declaration part of the source code an active low signal is
represented by a “/” preceding its name. In the description of the
equations, however, if a term is written as it was declared (in the pin
declaration) it will be perceived as a logic high, yet if the signal is
written in the opposite sense than in the declaration then PALASM
understands it as a logic low.

Keeping the above In mind, it will become clear to the reader
how Tables 2 through 6 match their respective PAL code.
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TITLE Controller1

PATTERN N.A.

REVISION 1.1 )

AUTHOR Mammad Safal

COMPANY Integrated Device Technology Inc.
DATE 09-21-1988

CHIP CONTROL_PAL1 PAL22V10

;PINS
K

CLKB /XNC /LBA /W_R /ADS MAT1 /BRDY /BHX /BHY /RESET

HA

3. 4 5 6 7 8 9- 10

12 13 14 15 16 17 18 19 20

BHLDA GND NC /WINV /BADS DIR /WE2 /WE1 /T4 /T3

21 22

23 24 25

/T2 /MAIN /FBE VCC GLOBAL
EQUATIONS
GLOBAL.RSTF = RESET

DIR

FBE

MAIN

T2

:= /BHX */LBA * /W_R * ADS * /RESET * /MAIN

+

/BHX * /LBA * /W_R * BRDY * /RESET * MAIN

+

/BRDY * /BHLDA * /RESET * DIR

+ ,

/LBA * W_R * BHY * /RESET * T2 * DIR

+

/LBA * \W_R * BRDY * /BHX * BHY * /RESET * /MAIN *
/DIR

:= /XNC */LBA*W_R */MAT‘I * /BHY * /RESET * T2 *
/MAIN */FBE :

+

/XNC * /LBA*W_R * /MAT1 * BRDY * /BHX * /RESET *
T2 * MAIN * /FBE

+
/BRDY * /RESET * FBE

:= /[XNC * /LBA * /W_R * /BHY * /RESET * T2 * /MAIN

+
/XNC * /LBA * W_R * /MAT1 * /BHY * /RESET * T2 *
/MAIN

+
/XNC* /LBA*W_R */MAT1 * BRDY * /BHX * /RESET *
T2 * MAIN.

+
/BRDY * /RESET * MAIN

:= ADS * /RESET

+
/XNC * /LBA*W_R * /MAT1 * /BRDY * /RESET * T2 *
MAIN

+
/XNC * /LBA * /W_R * /RESET * T2 * MAIN

T3

T4

WE1

WE2

WINV

BADS

+ .
XNC * /LBA * /RESET * T2 * MAIN
/XNC * /LBA * W_R * /MAT1 * BHY * /RESET * T2

/XNC*/LBA*/W R * BHY * /RESET * T2
1= /XNC */LBA*W_R* /MAT1 */BHY * /RESET *T2 *
/MAIN

/XNC */LBA*W R* /MAT1 *BRDY * /BHX * /RESET *
T2 * MAIN

/XNC * /LBA * /W_R * /MAT1 * /BHY * /RESET * T2 *
/MAIN

:= /XNC * /LBA * W_R * /RESET * T3

+

BRDY * /RESET * T4

:= /XNC */LBA * /W_R * /MAT1 * /BHY * /RESET * T2 *
/MAIN

/XNC */LBA*W_R * /MAT1 * /RESET * T3
+
/XNC * /LBA * W_R * /BRDY * /RESET * T4 * MAIN

:= /XNC * /LBA * /W_R * ADS * /RESET * /MAIN
+
/XNC * /LBA * W_R * /MAT1 * /RESET * T3

+
‘/XNC * /LBA * W_R * /BRDY * /RESET * T4 * MAIN

= /XNC*/LBA* /W _R*/MAT1*/BHY * /RESET * T2 *
/MAIN

1= /XNC*/LBA*W_R*/MAT1*/BHX * /BHY * /RESET *
T2 * /MAIN

<+
/XNC * /LBA*W_R * /MAT1 * BRDY * /BHX * /RESET *
T2 * MAIN

+

XNC /LBA * ADS * /BHX * /RESET * /MAIN
XNC * /LBA * BHDY * [BHX * /RESET * MAIN
XNC * /LBA * /BHX * BHY * /RESET * /MAIN

/XNC */LBA * /W_R * ADS * /BHX * /BHY * /RESET *
/MAIN

+

/XNC * /LBA * /W_R * BRDY * /BHX * /RESET * MAIN
+

/XNC * /LBA * /W_R * BRDY * /BHX * BHY * /RESET *
/MAIN

$14-119




THE COMPLETE HIGH PERFORMANCE CACHE
SYSTEM FOR THE 80386 MICROPROCESSOR

APPLICATION NOTE AN-30

TITLE Controller2

PATTERN N.A.

REVISION 1.1

AUTHOR Mammad Safal

COMPANY Integrated Device Technology Inc.
DATE . 09-01-1988

CHIP CONTROL_PAL2 PAL22V10

;PINS

31 2 3 4 5 6 7 8 9 10
CLKB /XNC /LBA /W_R /ADS MAT1 /BRDY BHOLD /LRDY
/RESET

11 12 13 14 15 16 17 18 19 20
/T2 GND /MAIN BHLDA /DEN /BHY /BHX RGT /OE2 /RDY2
21 22 23 24 25

/RDY1 SEL WLE VCC GLOBAL

EQUATIONS
GLOBAL.RSTF = RESET
WLE :— /XNC * /LBA * /W_R * ADS * /MAIN * /RESET
/XNC * /LBA * /W_R * BRDY * MAIN * /RESET
SEL  :=/XNC */LBA * /W_R * ADS * /MAIN * /RESET
+
/XNC * /LBA * /W _R * BRDY * MAIN * /RESET
+
/BRDY * /RESET * /BHLDA * SEL
+
- IXNC */LBA * /W_R * T2 * /RESET * BHY * SEL

RDY1 :=/XNC*/LBA*/W_R*ADS */BRDY * MAIN * /RESET
* /BHX

.;.BRDY * MAIN * /RESET * RDY1

1/;(NC */LBA * /W_R * ADS * /RESET * BHX
7RESEI' * BHY * RDY1

XNC * /LBA * /BRDY * MAIN * /RESET * /BHX
XNC * /LBA * ADS * /RESET * BHX

XNC * /LBA * T2 * /RESET * BHY

RDY2 :=/XNC*/LBA*/W_R*/MAT1*T2*/MAIN */RESET *
/BHX * /BHY

+
/ADS * /RESET * RDY2

OE2 := /XNC*/LBA*W_R * ADS * MAT1 * /RESET

RGT  :=XNC*/LBA*ADS*BRDY */MAIN * /RESET */BHX *
/RGT

XNC * /LBA * /RESET * /BHX * BHY * /RGT
+
XNC */LBA *BRDY * T2 * MAIN */RESET */BHX * /RGT

+

LBA * ADS * /RESET * /RGT
i :

/LBA * /BRDY * /RESET * RGT
+

LBA * /LRDY * /RESET * RGT

BHX  := BHOLD * T2 * /MAIN * /RESET * /BHX
ERDY * BHOLD * T2 * MAIN * /RESET * /BHX
EHOLD * /JRESET * BHX

BHY := /RESET * BHX

BHLDA := BRDY * BHOLD * /RESET * BHY * /BHLDA
+
BHOLD * /RESET * BHLDA

DEN  :=/XNC*/LBA*W_R*/MAT1*T2 */MAIN * /RESET *
/BHY * /DEN .

+

/XNC * /LBA * W_R * /MAT1 * BRDY * MAIN * /RESET
+

/LBA * /W_R * ADS * /MAIN * /RESET * /BHX

+

/LBA * /W_R * BRDY * MAIN * /RESET * /BHX

+
XNC * /LBA *W_R * ADS * /MAIN * /RESET * /BHY *
/DEN

+
XNC * /LBA * W_R * BRDY * MAIN * /RESET

+

/BRDY * /RESET * DEN

+

/W_R * /LBA * BRDY * /MAIN * /RESET * /BHX * BHY *
/DEN

XNC * /LBA * BRDY * /MAIN * /RESET * /BHX * BHY *
/DEN
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APPLICATION NOTE AN-30

TITLE Controller3

PATTERN N.A.

REVISION 1.0

AUTHOR Mammad Safai

COMPANY Integrated Device Technology Inc.
DATE 09-28-1988

CHIP CONTROL_PAL3 PAL22V10

;PiNS

1 2 3 4 5 6 7 8 9 10

CLKB /RESET BHLDA /BW_R /BADS MAT2 /FLUSH NC NC
NC

112 13 14 15 16 17 18 19 20
NC GND NC NC NC NC NC NC NC NC
21 22 23 24 25

/CLR /CLR2 /CLR1 VCC GLOBAL

EQUATIONS

GLOBAL.RSTF = RESET

CLR1 := /RESET * BHLDA * /BW_R * BADS
CLR2 := /RESET * MAT2 * CLR1

CLR /RESET * MAT2 * CLR1

+

/RESET * CLR2
+

/RESET * FLUSH
+

RESET

CONCLUSION

The design of cache based microprocessor systems is
optimized by the use of a cache controller based on a dual cache
tag scheme. Such an architecture is adaptable to present day
25MHz systems as well is easily adapted to future higher speed
microprocessors. Posted writes further improves the effective
cycle time (with the IDT74FCT646s).

At the heart of this design is the IDT7174 cache tag SRAM. This
device with an address to match time of 20ns gives a wide margin
forthe two cycle 80386 operating at 25MHz. Faster microprocessor
can be easily accommodated without changes to this design.
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- THERMAL PERFORMANCE CALCULATIONS FOR IDT'S PACKAGES

Since most of the electrical energy consumed by microelec-
tronic devices eventually appears as heat, poor thermal perform-
ance of the device or lack of managemaent of this thermal energy
can causse a variety of deleterious effects. This device temperature
increase can exhibit itself as one of the key variables in establish-
ing device performance and long term reliability; on the other
hand, effective dissipation of intemally generated thermal energy
can, if properly managed, reduce the deleterious effects and im-
prove component reliability.

A few key benefits of IDT's enhanced CEMOS ™ process are:
low power dissipation, high speed, increased levels of integration,
wider operating temperature ranges and lower quiescent power
dissipation. Because the reliability of an integrated circuit is largely
dependent on the maximum temperature the device attains during
operation, and as the junction stability declines with increases in
junction temperature (T,), it becomes increasingly important to
maintain a low (Ty). :

CMOS devices stabilize more quickly and at greatly lower tem-
perature than bipolar devices under normal operation. The accel-
erated aging of an integrated circuit can be expressed as an expo-
nential function of the junction temperature as:

4 = tooxp E(L-_L
k\To T,

where
ta = lifetime at elevated junction (Ts) temperature
to = normal lifetime at normal junction (To) temperature
Ea = activation energy (ev)
k = Boltzmann’s constant (8.617 x 10 ev/k)

1.e. the lifetime of a device could be decreased by a factor of 2 for
every 10°C increase temperature.

To minimize the deleterious effects associated with this poten-
tial increase, IDT has:
1. Optimized our proprietary low-power CEMOS fabrica-
tion process to ensure the active junction temperature
rise is minimal.

2. Selected only packaging materials that optimize heat
dissipation, which encourages a cooler running device.
3. Physically designed all package components to en-

hance the inherent material properties and to take full
advantage of heat transfer and radiation due to case
geometries.

Ref. MIL-STD-883C, Method 1012.1
JEDEC ENG. Bulletin No. 20, January 1975
1986 Semi. Std., Vol. 4, Test Methods G30-86, G32-86.

4. Tightly controiled the assembly procedures to meet or
exceed the stringent criteria of MIL-STD-883C to ensure
maximum heat transfer between die and packaging
materials. ‘ ’

The following figures graphically illustrate the thermal values of
IDT's current package families. Each envelope (shaded area) de-
picts a typical spread of values due to the influence of a number of
factors which include: circuit size, package cavity size and die at-
tach integrity. The following range of values are to be used as a
comprehensive characterization of the major variables rather than
single point of reference.

When calculating junction temperature (T)), it is necessary to
know the thermal resistance of the package (6.a) as measured in
“degrees celsius per watt”. With the accompanying data, the fol-
lowing equation can be used to establish thermal performance, en-
hance device reliability and ultimately provide you, the user, witha
continuing series of high-speed, low-power CMOS solutions to
your system design needs.

Oa = [Ty - TA/P
T,= Tat+ P [BJA] =Ta+ P[QJA-i- QCA]
where
bc=T-Tc Oca=Tc-Ta
P P

6 - = Thermal resistance, junction to reference point

J = Junction

P = Operational power of device (dissipated)

Ta = Ambient temperature in degrees celsius (normally
+70°C)

Ts = Junction temperature of integrated device

Tc = Temperature of case/package

Oca = Case to Ambient, thermal resistance—usually a
measure of the heat dissipation due to natural
orforced convection, radiation and mounting
techniques.

0ic = Junction to Case, thermal resistance—usually
measured with reference to the temperature at a
specific point on the package (case) surface. (De-
pendent on package material properties and pack-
age geometry.)

6,a = Junction to Amblent, thermal resistance —usually

measured with respect to the temperature of a speci-
fied volume of Still Air. (Dependent on 8¢ + 64a
which includes the influence of area and environ-
mental condition.)
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PACKAGE DIAGRAM OUTLINE INDEX

Integrated Device Technology: Inc.

PKG. DESCRIPTION PAGE
P16-1 16-Pin Plastic DIP (B00 MIl) « v v ove ettt ittt itiii i tieianeaaesaseennnnneesnns S15-6
P18-1 18-PiNPlastic DIP (B00 Mil) ... vut ittt ittt e ei i ties i inenaiansnannas §15-6
P20-1 20-Pin Plastic DIP (300 mil) ........ B $15-6
P22-1 22-Pin Plastic DIP (300 Mil) . ... vttt ottt it e st e e iaasar et enaanaaans S15-6
P24-1 24-PinPlastic DIP (300 Mil) « o vvvvtine ittt ittt ittt eesaaasneesineaanenaanns S15-6
P24-2 24-Pin Plastic DIP (600 Mil) ... vuttititttii e i eanannatteesinanneesraneeannnnnns S$15-7
P28-1 28-PiNPlastic DIP (B00MII) . .. .utti ittt ee et iieniereaernananeanas S S$15-7
P28-2 28-Pin Plastic DIP (300 Mil) o uvvttint ettt iiiintianiienteoeasasnnesrsnseasannnas S$15-6
P32-1 32-Pin Plastic DIP (B00 Mil) - ..o i it ie e it e e it ae e e et it ae e aian ot 815-7
P40-1 40-Pin Plastic DIP (B00 Mil) . .. vvv vttt iia i e et s aaaanans S15-7
P48-1 48-PinPlastic DIP (B00 MIl) v vvvtvvintttiiiiien ittt aiiiiiateeraainneseinesanennnnas S$15-7
P64-1 64-Pin Plastic DIP (900 mil) . ..........coiiiiiiiiiiiae . §15-7
D16-1 16-Pin CERDIP (B00 MIl) .+ oottt ittt tiieiieeiinnsaesneioranneianennnnnnes S$15-8
D18-1 18-Pin CERDIP (300 Mil) 44 vt vtittttttiit ittt iaainsessenannnseeessersesnnnonneasans S15-8
D20-1 20-Pin CERDIP (300 Mil) ..ttt it it e it e sttt et et e saacasaanann S15-8
D22-1 22-PIN CERDIP (300 Mil) .o iuuneitti ittt i it iaii i it e iannnas S$15-8
D24-1 24-Pin CERDIP (B00 M) . ettt sttt ittt iiie e iinn e enenasennneneenooannessnnans S15-8
D24-2 24-PINCERDIP (BO0 MII) .« ot vtiiit it ttiiiis st iiiaetssnnasssnseessanonunsesnnnns S15-9
D28-1 28-Pin CERDIP (600 Mil) . ....cuverniiininniaeens e e S15-9
D28-2 28-Pin CERDIP (Wid8 BOAY) ... vvtttinnttttitettetitteeaeaneeasennaanaiansanssonnns S$15-9
D28-3 28-Pin CERDIP (300 Mil) « o vt uttttiantttt ettt sttt aaeetieeteeennatnnnereennnns S$15-8
D32-1 32-Pin CERDIP (Wid@ BOAY) ... vvvviietettiietttiineeeneiaineeenessannernneeessannns §15-9
D40-1 40-Pin CERDIP (600 mil) ......... et S$15-9
D40-2 40-Pin CERDIP (Wide BOGY) « vt v vt teeeneate et eneeeneatenesaetenenneineeanaenens $15-9
C20-1 20-Pin Sidebraze DIP (300 Mil) . ..o vueettiiiti ittt iteiaiiee ey S$15-10
Cc22-1 22-Pin Sidebraze DIP (800 Mil) ... v vttt ittt it ittt it eite s eaiies ey S$15-10
C24-1 24-Pin Sidebraze DIP (800 Miil) ... vvnuettiiit ittt it i S$15-10
C24-2 24-Pin Sidebraze DIP (B00 Mil) . ... vununtt ittt ittt S$15-12
C28-1 28-Pin Sidebraze DIP (300 Mil) « o v vttt ittt tee e ie e teeenaasaeenasareaeeersraraaananaaan S$15-10
C28-2 28-Pin Sidebraze DIP (400 Mil) ... nt ittt ittt it aie e aiateeacaa o S$15-11
C28-3 28-Pin Sidebraze DIP (600 Mil) ... vuuutttttiittt ettt a et e S$15-12
C32-1 32-Pin Sidebraze DIP (600 Mil) ... ouutttiiii et iiiiistieaenaansesatseesarsnnens $15-12
C32-2 32-Pin Sidebraze DIP (400 Mil) .. ...ttt i e S$15-11
C40-1 40-Pin Sidebraze DIP (600 MIil) &+ .. ittt ettt et e e e et e s e eeesreer s aaaaananaanan S15-12
C48-1 48-Pin Sidebraze DIP (400 Mil) ... v v uttttii ettt a et et et S15-11
C48-2 48-Pin Sidebraze DIP (600 Mil) ..o vvttttee ittt ettt ieeeeeeeaereeaeaeenusaeereneennens S15-12
C64-1 64-Pin Sidebraze DIP (900 Mil) ... .. urett ittt et ee e, S$15-13
C64-2 64-Pin Topbraze DIP (00 Mil) .. ...uurit ittt it siie i eaanns S15-14
C68-1 68-Pin Sidebraze DIP (600 Mil) . ..o tuue ettt ittt tatiaanererraneneacannssaannans S$15-12
PG68-2 68-Lead Plastic Pin Grid Array (Cavity Up) ... vvitieeiet it i eneeeiaaneannaneennns 815-15
PG84-2 84-Lead Plastic Pin Grid Array (Cavity UP) .« ..vvveriiiit it iieiie i iiiaeenenrnneannnnans S$15-15
PG208-2 208-Lead Plastic Pin Grid Array (Cavity UP) . ...vvtuineitinin i tiiaa i eiiiaeaenaennnn S15-15
G68-1 68-Lead Pin Grid Array (Cavity Up) - .. .ceii ittt et e et S$15-16
G68-2 68-Lead Pin Grid Array (Cavity DOWN) . ..ottt ittt ie et et e aaeaaaanannnn S15-21
G84-1 84-Lead Pin Grid Array (Cavity UP) .+ . ivittitiiie i iiianetitiessenaaseennonsneoosaesss S$15-17
G84-2 84-Lead Pin Grid Array (Cavity DOWN) ... ...t i et S15-22
G108-1 108-Lead Pin Grid Array (Cavity Up) ... .renitiii i iiieiaiiecnneseeeessans S15-18
G144-1 144-Lead Pin Grid Array (Cavity DOWN) . ....itiiiiiii it iieiie e e S15-23
G144-2 144-Lead Pin Grid Array (Cavity UP) ... ouriiiiitiisiesiienn et riinieannneneens S15-19
G208-1 208-Lead Pin Grid Array (Cavity UP) .. vvveriiin it ittt ettt S15-20




PACKAGE DIAGRAM OUTLINE INDEX

PKG.

S016-1
S0O18-1
S020-1
§020-2
S024-2
S024-3
S024-4
S028-2
$028-3
S028-4

J20-1
J28-1
J32-1
J44-1
J52-1
J68-1
Jg4-1

L20-1
120-2
L22-1
L24-1

DESCRIPTION PAGE
16-Pin Small Outline [IC (GUITWING) « . v vttt ittt iiiiiiite e iinsereeennnnens S15-24
18-Pin Small Outline IC (GUILWING) .« .. vvvi it i it eeennnannnnanns S15-24
20-Pin Small Outline IC (J-Bend) .......coiviiiiiiiiiiiiiiiiiiiinennens P S15-25
20-Pin Small Outline IC (GUITWING) .+ .t v vttt iiet it iiie it ie it teice e ennnnnnes S15-24
24-Pin Small Outline@ IC (GUITWING) « vt vvviie ittt iiiiiieiisiiieisoatosiosroneeasnaneeanas S15-24
24-Pin Small Outline IC (GUITWING) ..o vitiin ittt ittt ian i iiaenaens S15-24
24-Pin Small Outline IC (J-BeNd) . ..o iviii ittt i it ittt 815-25
28-Pin Small Outline IC (GUIIWING) .....vovviviinnnnnns e e i e S15-24
28-Pin Small Outline IC(GUIIWING) ......cvviiiiiiiiiinnneans N S15-24
28-PinSmall Outline IC (J-Bend) .......iviiiiii i i i eiiiieiianeeans 815-25
20-Pin Plastic Leaded Chip Carmier (SQ.) «.ocvvvriie i iiirerireienrerennseeensenennnenes S15-26
28-Pin Plastic Leaded Chip Carrier (SA.) . ...vvviiiiiiiiiii ittt ittt iiniiaeannnnnns S15-26
" 32-Pin Plastic Leaded Chip Carrier (RECL.) oo vt iiiiii ittt iiiiiiertenoneennnssnenanns S15-27
44-Pin Plastic Leaded Chip Carrier (SQ.) ... vviiiiiiiii it ittt iieiineiesisennrenrennannns S$15-26
52-Pin Plastic Leaded Chip Carrier (SQ.) . ....ooviiiiiii i e e e et ei e S$15-26
68-Pin Plastic Leaded Chip Carrier (SQ.) «.vvvuuiriiiiiiiiiniiiiiiiiiiiiiietiiiiintennnes S$15-26
84-Pin Plastic Leaded Chip Carrier (SQ.) «.cvvv it iiin ittt enreettnerneeeanaans S$15-26
20-Pin Leadless Chip Carrier (RECL) v vti ittt ittt ittt iiietiitenaeereneerennoansrns $15-30
20-Pin Leadless Chip Carrier (SO.) <o vv v ettnetiitiiiestenneranastertaeeeseiassennaneenns S$15-28
22-Pin Leadless Chip Carrier (RBCL) .« .. vvuittneiiietiiiieseriaeneersesssesnssenennannns S$15-30
24-Pin Leadless Chip Carrier (RECt.) «vvvvviitiin ittt iireretrenrerroancennneenens $15-30
28-Pin Leadless Chip Carmier (Sq.) .ottt i eennas S$15-28
28-Pin Leadless Chip Carrior (REC) <.ttt iiiieie i ieeisettetreertssiaenneranns S15-31
32-Pin Leadless Chip Carrier (RECL) .. vvvvrniinnerusennnrsserocnssseeannans e 815-31
44-Pin Leadless Chip Carrier (Sq.) ..o vv vttt ittt ittt ea i tatetitaeranncnnnaan S15-28
" 48-Pin Leadless Chip Carrier (SO.) « v v vttt eriiiieeronnieeronsssetoasoreessrssnnnanenns 815-29
52-Pin Leadless Chip Carmier (SQ.) « v v vvevnerrieatennennanenaenns e S15-29
68-Pin Leadless Chip Carrier (SG.) « .+« vvervvereniine e trennsreeeasssosnnnenennnans S$15-29
68-Pin Leadless Chip Carrier (SQ.) ...« .cvvvnii S§15-29
16-Lead CERPACK ... ..itti ittt ittt ittt saine s saannatsesanaeannn S$15-32
20-Lead CERPACK ...ttt it ettt ta st ettt $15-32
24-Lead CERPACK ...ttt it ettt iin e ieenaesssttaannenanes 815-32
28-Lead CERPACK ...ttt ittt it eranensssenesssonanaessnnnnennnannns $15-32
28-Lead CERPACK ...ttt ittt ittt ettt i $25-32
68-Lead CERQUAD (Straight LEAAS) .. .vvvvuintteinanestnnenuttosensanneersronansennnns $15-33
84-Lead CERQUAD (J-Bend) ...ttt sttt ettt et e ae e eeerenaannann S$15-34
20-Lead Flatpack ..o vvuvne ittt ittt ittt e e e e S$15-35
20-Lead Flatpack (295 Body) .. .ovviiiii ittt i e i e e $15-35
24-1880 FIAIPACK . .. e ettt ee ettt e e e e e e e et et e e e e S15-35
28-Lead Flatpack .o vo vttt e et aaa S$15-35
28-Lead FIAtPACK + v vveererieeeeenenaanneennsn L $15-35
48-Lead FIatpack ... ...vutttiii ittt it et et et e, S$15-36
64-Lead FIatpack ... vuuint ittt ittt ittt i e e S15-36
I = Lo -1 (o o 8§15-37

$15-4



PACKAGE DIAGRAM OUTLINE INDEX

MODULE PACKAGING

PKG. DESCRIPTION PAGE
M1 28-Pin SIAebraze DIP ...t i i it i e et ea e tet e iaeeaereanaaneaaans N S$15-38
M2 : B T Tl =l o = V4= 1 ] | = S15-38
M3 b 72 ST g I 1o {=1 o122 .23 1 1| P $15-38
M4 40-PiNn SIdebraze DIP ...ttt it i i e e it e et e ittt S15-38
M5 A0-Pin Sidebraze DIP ... ..o it i e i e e e e $15-38
M6 B 0B T T To =T ol v 1 ] | = e S$15-39 -
M7 40-Pin Sidebraze DIP .. . c ittt ittt it ii et e i ettt s e et S$15-39
M8 A4-PINFR-4 DIP ...ttt ittt et e e e e et e ettt et e S15-39
M9 AB-Pin CeramiC DIP ..ot i i e e et e et i et S$15-40
M10 58-PiN SIdebraze DIP . ... v ittt iiit et ettt it et e et i S15-40
M11 B0-Pin CeramiC DI ... ittt ittt et ittt et a e et e e e e S$15-40
M12 B4-Pin SIHEbraze DIP . .. o oottt ettt ettt e e e, S15-41
M13 [ T 0=V 3T S15-41
M14 28-PIN FR-4 Sl ..t i i et e et iaaaa S15-41
M15 B0-PIN R4 SIP ..t i i e et i et eaa et e S15-42
M16 B 1 T 2 | N S15-42
M17 L L0 g T 5 A | 815-42
M1i8 B T o o | S15-43
M19 28-Pin CeramiC SIP ..ottt i e i e e ieeearenerananian S15-43
M20 B0-Pin CeramiC SIP ...t tttiiet s ttttatte e taaeestenaaneetesaasetoanisersasnnaseranns S15-44
M21 40-PINCeramiC SIP . ..ititiiiiii i iiinee i ininerntnanreannann e iaaereneaaaa 815-44
M22 36-PinCeramic Dual SIP .. .. ov ittt iieeiiiiaenerineeeennennnan i eveieeeeseaesn..  S15-44
M23 88-Pin CeramiC DUl SIP .« 1 oottt ittt it ittt ettt e tie e eaerieaear e e e e, S15-45
M24 L0 I o | S15-45
M25 QB-PINFR4QIP ...t i et eeiieeraeiie e, S15-45
M26 100-PiN FR-4 QP ..ttt i it it et ieertae et tae i ettt S15-46
M27 108-Pin FR-4QIP ..... e e anaasenaaasasecaieaceresatatateaseanract ettt esatesoran S15-46
M28 120-PIN FR-4 QP .ottt it i it e it e e e ettt e e 8§15-47
M29 128-PIN FR-4 QP .. ...ttt i iieeaneanaaennanasnnnssnnnasanasnosnsneessnnnnnns S$15-47
M30 oL o oI o L S$15-48
M31 92-PiN CeramiC QP oottt ittt ettt ettt et et it i, S15-49

M32 128-Pin CeramicQIP ............... T PR R S§15-49

S$15-5




PACKAGE DIAGRAM OUTLINES
Integrated Device Technology: Inc.

PLASTIC DUAL IN-LINE PACKAGES

‘..—_———-—D———%

N

o Yy oy o0y Ny Ny oMy 1
e

(¥ il ¥ e Ve T "

e

D

NOTES:

[1] ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE STATED.
[2] BSC - BASIC PIN SPACING BETWEEN CENTERS,
[31 D & E1 DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS.

16—-28 PIN PLASTIC DIP (300 MIL)

P O P P = 0 P = V0 PO = PP P Y

MIN MAX N MAX MAX N ] M MA

A 4 716 40 145|165 | .1456 |16 6 70
Al il ; . 35T, 035 . 103 ] 35 0 2030 ]

i 501,070 | .050 70| 050" 028 ST o8 50 2 ; 45 :0952;
. D .05 205 | 065 045 |

c 0817012 .08 z 8?2_ .0z 1008 012 8 T ?155 008 1012
3 300 | .325 —3%0 2t 30 ‘1"@325 -3 320 ‘j:x) 300 ire

1 247 12 1247 240 1280 1270 1 .25 95270

c .090_ [ 110 | .050 1110 090 | .110 | .090 110 0901110 0 ].110

oA 310|370 | 310|370 | 310 {370 .3 370310 201310 7]
1201150 112 150 1120 115 5| K] 20 50 1 120 | .15

L 2d. S 0 22 4 , 2 ), 3% 2 20,

S 15 1035 | .04 050 | 025 .0 : 04 055 075 | 070|040
ot 050 1070 1 .05 070 1055 1075 [ .055 1.075 0551070 | 055 {085 |

$15-6



PACKAGE DIAGRAM OUTLINES

PLASTIC DUAL IN-LINE PACKAGES (Continued)

24—48 PIN PLASTIC DIP (6800 MIL)

ovie £ P24—2 P28-1 P32-1 401 ? -1
OF PINS (N 24 (600 MIL)] 28 (600 MIL) | 32 (600 MIL)| 40 (600 MIL) | 48 (600 MIL)
MIN_ | MAX | _MIN | MAX | _MIN | MAX | M MAX |_MIN | MAX |
A K| 18 160 718 70 | .19 160 | 185 | 170 | .200
Al .015 035|015 .035__| .015 .050__| 015 |.035 | .015 | .035
b .05 [.020 | .015 .020 [ .016 .020 | .015 | .020 ] .015 | .020
b1 .050__| .065 | .050 | .065 | .045 | .055 | _.050 | .065_ | .050_| .065
C .,008 | .012 [ .008 | .012 | .008 | .012 | .008 | .012 | .008 | .012
D 1,240 | 1.260 | 1.420 | 1.46Q0 | 1.645 | 1,655 | 2.050 | 2.070 | 2.420 | 2.450
£ .600__| 620 |.600 620 | .600 | .625 | .600 | .620 | .600 | .620
E1 .530 | .50 | .530 | .550 | .530 | .550 | .530 | .550 | .530 | .560
e .090 [ .110__].090 | .110 | .09 .10 [ .090 | .110__1.090 | 110
eA 610 | .670 | .610 | .670 | .610 | .670 |_.610 | .670 | .610 | .670
L 120__].150 20 150 [ 125 [ .135 | 120 | .150 20 | 150
- = 0 15° [0 15° 0 15° 0 i5° 0° 15°
S 060__| .080 [ .055 080 | .065 | .075_| 070 | .085 | .060 | .075
Qr .060__1 .080 ] .060 080 | .070 | .080 | _.060 | .080 | .060_1 .080
64 PIN PLASTIC DIP (900 MIL)
— DWG ¢ P64—1
# OF PINS (N 64 _(900_MIL)
MIN_| MAX
A K| ~230
Al .015 .040
b .015 .020
b1 .050 | .065
C .008 012
D 200 | 3.290
E . 900 | .925
£l 790 | .810
- e .090 [ 110
eh .910 | 1.000
L 120|150
o< 0" 15°
S 045 | 065
Qi .080 1 .090




PACKAGE DIAGRAM OUTLINES

DUAL IN-LINE PACKAGES
t D
E
e 61
-ﬂ le- S1 I'— E1 —‘I

Q
‘ v

=

[ Lu ~ ¢

ANGLE = oC

SEATING PLANE

NOTES:

[1] ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE SPECIFIED.

[2] BSC - BASIC PIN SPACING BETWEEN CENTERS.

[31 THE MINIMUM LIMIT FOR DIMENSION bl MAY BE .023 FOR CORNER LEADS.

16—28 PIN CERDIP (300 MIL)

DWG ,B D16—1 D18—1 D20-1 D22—1 D24—1 D28-3
# OF LEADS (N)|16 (300 MIL)|18 (300 MIL)[20 (300 MIL)[22 (300 MIL) |24 (300 MIL)| 28 (300 ML)
MIN [ MAX | MIN [ MAX] MIN TMAX | MIN | MAX [ MIN T MAX | MIN | MAX
A .090 | .200 | .090 |.200 [.140 [.200 [.140 | .200 [.140 [ .200 [.140 | .200
b .016 | .020 | .014 [.023 [.014 [.023 |.014 | .023 |.014 | .023 [014 | .023
b1 .045 | .065 | .038 [.065 |.038 |.065 [.038] .065 |.038 | .065 |.038 | .065
c .009 1 .013 [.009 [.014 [.009 |.014 |.009| .014 j.009 | .014 [.009 | .014
D .750 | .830 | .880 [.940 [.935 [1.060[1.050] 1.180 [1.240] 1.280 [1.440| 1.490
E .240 | 310 | .220 [.310 [.220 |.310 [.220] .310 [.220 | .310 [.220 | .310
E1 .290 | .320 | .290 [.320 {.290 |.320 |.290 | .320 [.290 | .320 [.290 | .320
.100 BSC [ .100 BSC .100 BSC .100 BSC .100 BSC .100 BSC
125 [ 175 | 125 J175 [.125 [.175 [125] .175 1125 | 475 (425 | 175
1 150 150 150 .150 150 150
Q .015 | .060 | .015 |.060 [.015 |.060 |.015 | .060 [.015 | .060 |.015 | .060
S .020 | .080 | .020 ].080 [.020 |.080 |.020] .080 [.030 | .080 [.030 | .080
S1 .005 .005 .005 .005 .005 .005
ANGLE (DEG) | o0 [15° o [15° | o 115 0| 15 0 15° 0 15°

$15-8




PACKAGE DIAGRAM OUTLINES

DUAL IN-LINE PACKAGES (Continued)

24—40 PIN CERDIP (600 MIL)

DWG # D24-2 D28-1 D40-1
# OF LEADS (N) 24 (600 MIL) 28 (600 MIL)_ 40 (600 MIL)
MIN MAX MIN MAX MIN MAX

A .090 -200 __.090 200 -160 -220
b .014 .023 015 .020 015 .020
b1 .038 . .065 .045 .060 -045 -060
(o} -008 .015 .008 2013 .008 .012
D 1.230 1290 1.440 1.480 2.020 2.070
E .500 -560 510 .545 .510 .545
E1 .590 .620 .590 -620 -590 620
e .100 BSC .100 _BSC 100_BSC
L 125 200 125 200, 2125 200
K] .150 .150 NE
Q 015 060 .020 .060 :020 -060
S .030 .080 -030 -080 -030 .080
S1 -005 .005 .005
o< 0° 15 0 15 0 15°

28-40 PIN CERDIP (WIDE BODY)

DWG # D28-2 D32-1 D40-2
# OF LEADS (N) 28 (WDE_BODY) 32_(WIDE_BODY) 40 _(WIDE_BODY)
__MIN MAX MIN MAX MIN MAX
A 090 200 120 210 160 2220
b _.015 020 .015 :020 .015 =020
bl :045 -060 -038 085 -045 -060
_.008 013 .008 015 -008 012
1.440 1.490 1.625 1.675 2.020 2.070
E 570 -600 .570 -600 :570 .
E1 .590 -620 590 -620 -590 .620
e .100 BSC .100 BSC 100 BSC
L 2125 .200 125 .200 125 .200
L1 150 : 150 150
Q .020 .060 020 :060 -020 -060
] :030 -080 .030 080 .030 -080
S1 005 .005 -005
o< 0 15° 0 15 o 15°

$15-9




PACKAGE DIAGRAM OUTLINES

DUAL IN-LINE PACKAGES (Continued)

20-28 PIN SIDEBRAZE (300 MIL)

Q

SEATING
PLANE

E1

NOTES:

[1] ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE STATED.'
[2] BSC — BASIC PIN SPACING BETWEEN CENTERS.

DWG # C20-1 taa-1 C24-1 ces-1
OF _LEADS (Nd|| 20 €300 MIL) 22 ¢300 MIL) 28 (3

MIN MAX MIN MAX | _MIN MAX MIN MAX
A 1100 ,200 X 200 100 200 100|200
o 014 023 01 023|014 [ g2 014 023
ol 038 060 030 — 038 |06 030 060
C 008 1015 008 | 015 X 015 0

9701 1.060 1.040 | 1120 1180 | 1230 | 1380 | 1.420
E 260 | 310 220 | 310 | 220 | 310
1 290 | .320 290 | .320 290 | 320 290 | 320
e .100_BSC 100 _BSC 100_BSC 100 BSC

125 | 200 125 | 200 125 ] 200 X 200
L1 150 150 150 150
Q 015 2060 015|060 015 1 060 015 060
S 030|065 030 | 065 0301
St 005 005 .005 005
s2 [.005 005 005 005

$15-10



PACKAGE DIAGRAM OUTLINES

DUAL IN-LINE PACKAGES (Continued)

28—48 PIN SIDEBRAZE (400 MIL)

mM—q
-

48 PIN OPTION

Q SEATING
s2 PLANE
v M ot s—-’ - / )
o |
T_[!f!:'l][ I |i_ _.L.c
L i R )
NOTES:

[1] ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE STATED.
[2] BSC — BASIC PIN SPACING BETWEEN CENTERS.

DWG # cag-2 c3z2-2 C48-1
# OF LEADS (N> 28 <400 MIL) 32 (400 MIL) 48 <400 MIL)
MIN MAX MIN MAX MIN MAX
A .090 .200 090 .200 .085 190
] 014 .023 .014 .023 .014 023
bl .030 .060 .030 060 .030 060
o} .008 .014 008 014 .008 014
D 1.380 1.420 1.580 1.640 1,690 1,730
E .380 420 .380 410 .380 410
El .390 420 330 420 390 420
e 100 BSC 100 BSC .070 BSC
L 100 175 - .100 175 125 A75
L1 150 150 ,150 i
Q .030 060 .030 .060 .030 060
_S 030 065 .030 065 .030 065
S1 .00S 005 005
s2 .005 005 .005

S$15-11




PACKAGE DIAGRAM OUTLINES

DUAL IN-LINE PACKAGES (Continued)

24-88 PIN SIDEBRAZE (600 MIL)

68 PIN OPTION

Q SEATING
s2 ‘ _| PLANE
ks /
A i
T L —~y-C

El

TES: ) . )
1] ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE STATED.
2] BSC — BASIC PIN SPACING BETWEEN CENTERS.

DWG # Ca4-2 Ces-3 C32-1 C40-1 C48-2 - C68-1
# OF LEADS (N)24 (600 MIL)|28 (600 MIL) |32 (600 MILY|40 (600 MIL)|48 <600 MILY|68 (600 MIL)
MIN | MAX | MIN [ MAX [ MIN [ MAX (MIN | MAX | MIN | MAX
A 00 1190 T.100 T 190 | ] 0 1 .90 [ dog 1 .490 | .joo |,
b 015 | 022 015 | 0g2 [ 015 | 02z | 015 | 022 | 015 | 022 | .0IS | .022 "
ki 040 1 .060 1.040 1 .060 1040 I .060 ] [ 060 | 040 | 060 | | 060 |
c 008 | 012 {008 | .012 |.008 | 012 |{.008 | 012 | .008 | .012_| .008 ] .012
D l-lﬂlmm 1420 11.500 | 164011,980 | 203012370 182,43012,380] 2,440
E 2751 610 T .580 | 1,580 1 010 1.580 1 610 | 500 ] 610 } 5801 610 |
EL 590 620 | .590 |.620 |.590 | .620 | .590 | .620 | .590 | .620 | 590 | .620
100 BSC 400 BSC [ 100 BSC SC — 100 BSC 0 BSC
25 T 175 25 T 475 [es [ 475 125 [ 475 | J25 T 475 | 25 175
1 450 150 150 150 150 150
030 (7,060 | ,030 | 060 1,030 | 060 |.030 | 060 [ 030 | 060 | ,030 [0
030} 065 | .030_| 065 | 030 | .065 |.030 | 065 | .030_| 065 | ,030 | .065
1 005 005 005 003 005 005
2 010 .010 10101 010 005 005
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PACKAGE DIAGRAM OUTLINES

DUAL IN-LINE PACKAGES (Continued)

64 PIN SIDEBRAZE (900 MIL)

Q SEATING

——E1——

PLANE
s \
L [ ~C
A B

NOTES

{1] ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE STATED.
[2] BSC — BASIC PIN SPACING BETWEEN CENTERS.

WG # Cea-1
# OF LEADS QO 4 (300 MILD
MIN VAX
——
1 [~ 030 060
| 000 ] 015 |
J60 | 3230 |
| ___.884 915
I CE 320
3 100
125 i7s
1 [ _.150
838 522
K 06
009
s2 005
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PACKAGE DIAGRAM OUTLINES

DUAL IN-LINE PACKAGES (Continued)

64 PIN TOPBRAZE (900 MIL)

nnooanaannanoonaaannnanononnonann

E
1
l . 32

\1ng leararpupsgegegegogegagagayepsgepapeyagupegapagopeynya il

PIN 1 ID
A g
s [0 T A
= TYITvIvIvyIe ; .
-1
L]_-] De o AR st

NOTES:

[1] ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE STATED.
[2] BSC - BASIC PIN SPACING BETWEEN CENTERS.

DWG # C64-2
# OF LEADS <N) 64 <900 MIL)
MIN MAX
A e 216¢ . ’ .
b 015 _.02 !
bl .04 .06 :
c 006 012
34 3.235
e 283 B8l
E1 .88 9
e .100_BSC :
L 129 479
Lt 150
Q .030 : .060
S .030 : 065
1 .005
R L_.005

$15-14



PACKAGE DIAGRAM OUTLINES

PLASTIC PIN GRID ARRAY

68—208 PIN PGA (CAVITY UP)

L ++
| | [+++++++++++
i 1 |+ + + +
I f++ + +
} ++ ++
1++ ++ - El E
R + +
1|+ + + +
| t++ ++
I |+++++++++++
A +H++
D1
D
) N
{ | | A

il

SEATING PLANE —H‘Tﬁﬂ T
i
NOTES:
1. SYMBOL "M" REPRESENTS THE PGA MATRIX SIZE.
{ 2. SYMBOL "N" REPRESENTS THE NUMBER OF PINS.

3. DIM "A" INCLUDES BOTH THE PKG BODY & THE LID. IT DOES NOT
INCLUDE HEATSINK OR OTHER 'ATTACHED FEATURES.

4., PIN DIAMETER "C” EXCLUDES SOLDER DIP OR OTHER LEAD FINISH.
5. PIN TIPS MAY HAVE RADIUS OR CHAMFER. .

| DWG No. PG 68-2 PG 842 PG 208—2
‘ # OF PINS (N) 68 PIN 84 PIN 208 PIN
SYMBOLS MIN_ | MAX MIN [ MAX MIN | MAX

A 115 | .160 115 [ .160 115 | 160
C .016 | .020 .016 | .020 .016 | .020
D 1.140 | 1.180 1.140 [ 1.180 1.740 | 1.780
D1 1.000 BSC 1.000 BSC 1.600 BSC
E 1.140 | 1.180 1.140 | 1.180 1.740 [ 1.780
E1 1.000 BSC 1.000 BSC 1.600 BSC
o .100 BSC 100 BSC 100 BSC
L .100 [ .160 100 | .160 .100 [ .180
M 11 1 17
Q .040 [ .070 .040 1 .070 .040 [ .070

S15-15




PACKAGE DIAGRAM OUTLI

NES

PIN GRID ARRAYS

68 PIN PGA (CAVITY UP)

BOTTOM VIEW : TOP VIEW
— 9Bl ' :
———————— 741_
L{ 60000000
[ loeecorooe0e
| lee )
IRl [oJ0]
os ool E1 . E
ilos % PIN 1 ID
| L) o)
| 36000000060
A{0o000060060 4| v )1 h x 45°
J x 4504 '
n1 (3 plcs) ‘
D P Q

NOTES:

S OEN)

[ ' 1 "
SEATING PLANE_I'___'r_ ¥
il UHH—l_I lﬂlﬂﬁ

L,

ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE SPECIFIED.
BSC — BASIC PIN SPACING BETWEEN CENTERS

SYMBOL "M" REPRESENTS THE PGA.MATRIX SIZE.

SYMBOL "N" REPRESENTS THE NUMBER OF PINS.

DWG # G68-1
NO. OF LEADS| 68-LEADS
I MAX
A 07 14
9B 01 020 ]
SBL 080}
¢Be U4 06
D 1140 1180 |
DI 1,000 BSC_
E 1140 | 1180
El 1.000_BSC
e 100 BSC
—h- 035 1085
n 180 1140
Q 040 | .060
M il
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PACKAGE DIAGRAM OUTLINES

PIN GRID ARRAYS (Continued)

84 PIN PGA (CAVITY UP)

BOTTOM MIEW

TOP MIEW

[odoloXolo]
[oIoJolofo]

» —————————
9080000000
0OOEEOEOC600

00
00008
0000

PIN 1 ID

D1

D

NOTES:

3

[ - 1
SEATING PLANE {—‘—j-ﬁ'” INNRRE
-

1] ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE SPECIFIED.
2] BSC — BASIC PIN SPACING BETWEEN CENTERS.

Q

i

SYMBOL "M" REPRESENTS THE PGA MATRIX SIZE.

4] SYMBOL "N* REPRESENTS THE NUMBER OF PINS.

DWG # GB4-1
NO. OF LEADS! 84-LEADS
HIN
| A y 14
- 0 02
@E] 050 080 ]
[-): - 040 .
D 180 1535
)| 1100 B3C ‘
T ; ;
ET 1T
3 100 BSC .
h
120 —140
B4
Q 040 | 060
M 2

A
T
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PACKAGE DIAGRAM OUTLINES

PIN GRID ARRAYS (Continued)

108 PIN PGA (CAVITY UP)

BOTTOM VIEW TOP VIEW
‘ ?B1 :
l——————— 7112_ i
M PRI
| |e0o00000000e
| |000ee0eee0606
| |06 eeO
| | ee® Io3o10) .
866 o66| El E
1eoe 000 PIN 11D
|{@@® PO
| s338sssseses
A 8@@@@@@@@@@8
D1
D Q
|
SEATING PLANE IVL o I I l r
v L
. : ~|e l__ #Be
: ‘ ¢B
NOTES: :

2] BSC — BASIC PIN SPACING BETWEEN CENTERS.
3] SYMBOL "M” REPRESENTS THE PGA MATRIX SIZE.

1] ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE SPECIFIED.
4] SYMBOL "N REPRESENTS THE NUMBER OF PINS.

DWG # GI08-1
NO. OF LEADS| 108-LEADS
)] 0l —
sgla 040 060
05 21 I =3 -
1 100 B3|
3 1188 T 1218
T — 100 BS
e 100 BSC
h
150 140
N 08
7] 040 060
M 2
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PACKAGE DIAGRAM OUTLINES

PIN GRID ARRAYS (Continued)

144 PIN PGA (CAVITY UP)

BOTTOM VIEW TOP VIEW

00!
90
[*]
O
[*]
(%)
(<]
[+
00
00
Q0

0000000060

>0

m

XTRA PIN

000200 B0
006000
A 00020000

I D1
D

00000000000000 |

13
000000000000000

060000800000000

:
]
\

SEATING - PLANE —}:’:
. ——I l-—¢82
e
NOTES:

1] ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWSE STATED
2] BSC — BASIC PIN SPACING BETWEEN CENTERS.

3] SYMBOL "M" REPRESENTS THE PGA MATRIX SIZE.

4] SYMBOL "N REPRESENTS THE NUMBER OF PINS.

5] INDEX MARK INDICATES APPROX LOCATION.

6] EXTRA PIN (D—4) ELECTRICALLY CONNECTED TO D-3.

DWG t : G144—2
NO. OF LEADS 144—LEADS
x MIN MAX
8 016 .020
@81 .060 .080
982 .040_|.060
D 1.5591 1530
%1 140X
ET 1.400 BSC
e 0
L 120 | 140
NOTE 8) N 145
Q 040 | .060
M 15
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PACKAGE DIAGRAM OUTLINES

PIN GRID ARRAYS (Continued)

208 PIN PGA (CAVITY UP)

BOTTOM VIEW TOP VIEW
@Bl
P— 17
S 2POOLR P
| 823808555
i
|
i Bl E PIN 1 ID
|
]
A
D1
D Q
7 _ |
SEATING PLANE -t I I ?
=T
[ #B2
s
NOTES:
1] ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE SPECIFIED.
2) BSC — BASIC PIN SPACING BETWEEN CENTERS.
3] SYMBOL "M” REPRESENTS THE PGA MATRIX SIZE.
4] SYMBOL "N" REPRESENTS THE NUMBER OF PINS.
DWG # (G208-1
NO. OF LEADS 208-LEADS
: MIN MAX
o
@51 ’ )
040 060 |
1./3¢2 780 |
1 1.600 BSC
3 1.732_| /80
1 1.600_BSC
e 1505
h
J
J29 140
- 208
Q 040 060
M 17
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PACKAGE DIAGRAM OUTLINES

PIN GRID ARRAYS (Continued)

68 PIN PGA (CAVITY DOWN)

P -

BOTTOM VIEW TOP VIEW
Jmm —11
e
PPOOROOOO06
®® 00
0o 00
Y 0o
a2 I
oo 6 INDEX MARK
Y e
PCOOPOOOOOGE \
0e0EOeOE6
D1
D Q1 '
A
SEATING PLANE L
I e} sl ¢B2
NOTES:

1] ALL DIMENSIONS ARE IN INCHES, UNLESS 0THERW|SE SPECIFIED.
2] BSC — BASIC PIN SPACING BETWEEN CENTERS.

3] SYMBOL "M" REPRESENTS THE PGA MATRIX SIZE.
4] SYMBOL "N” REPRESENTS THE NUMBER OF PINS.

DWG & G68-2
NO. OF LEADS 68-LEADS
A .31767 055
) ] ]
Qi} 'ggg 06
£pe 1058 {12
bl 1000 B
F_ 17098 1 122
F1 10 ESC
e ."m
L 120 130
(3
Q1 K 060 ~ |
ES—E
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PACKAGE DIAGRAM OUTLINES

PIN GRID ARRAYS (Continued)

84 PIN PGA (CAVITY DOWN)

BOTTOM VIEW TOP VIEW
#B1
A o
M | coeeoodeo00
] [oJoJoJofoJoYoJoJoJoXoXo]
| |®6 [olo]
] (o]0 [o0]
] B l
M gel BT INDEX MARK
| lss 8¢ J
| ®
» (13258883228 AN
D1
D

SEATING PLANE

NOTES:

1] ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE SPECIFIED.
2] BSC — BASIC PIN SPACING BETWEEN CENTERS.

3] SYMBOL *"M" REPRESENTS THE PGA MATRIX SIZE.

4] SYMBOL "N" REPRESENTS THE NUMBER OF PINS.

WG # ] G84-2
ND. OF LEADS 34-LEADS
5 7 oos
25 )1 1000
@Rl 06 080 |
(3R 040
il 0T e
. 138 5351
B 1'lnm‘m':——nsc
e 0
—Tot- 140
4
ol ,nail 060
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PACKAGE DIAGRAM OUTLINES

PIN GRID ARRAYS (Continued)

144 PIN PGA (CAVITY DOWN)

BOTTOM VIEW TOP VIEW
l————— 745_
(¢ [l [0,0/000/0000,00 00,
1 XA
| XeX eX
| XX XX
i DX XX
' (I
g XX INDEX MARK
| XX XX
| |$82888888828 N\
DL
D
SEATING PLANE
NOTES:

1] ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE SPECIFIED.
2] BSC — BASIC PIN SPACING BETWEEN CENTERS.

3] SYMBOL "M" REPRESENTS THE PGA MATRIX SIZE.

4] SYMBOL "N" REPRESENTS THE NUMBER OF PINS.

DWG # G144-1
NO._OF LEADS 144-1 EADS
2 MIN MAX
A 082 0
3] 016 022
@31 06| 80
[ .04 060 ]
D 929 1.590
1}l 4
E_ 1,959 1,990
£l 1 B
e 100 BSC
L 20 T 140
144
.Il
15
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PACKAGE DIAGRAM OUTLINES

SMALL OUTLINE IC

16—28 PIN SMALL OUTLINE (GULL WING)

—

PIN

029 TYP

TR

:Lmuguu
D

{

s

SEATING PLANE

NOTES:

yimlalaluixlalalal

Al

1A

i

[1] ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE STATED.
[2] BSC - BASIC PIN SPACING BETWEEN CENTERS.
[31 D & E DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS.
[4] FORMED LEADS SHALL BE PLANAR WITH RESPECT

TO ONE ANOTHER WITHIN .004” AT THE SEATING PLANE.

/hx45

' DWG # sO16-1 s018-1 sO020-2 SO24-2 S024-3 sO28-2 sO28-3
# OF LDS <Ny 16 LD 18 LD 20 LD 24 LD 24 LD 28 (300" | 28 ¢330
SYMBOL MIN] MAX | MIN | MAX|MIN [ MAX | MIN | MAX | MIN { MAX | MIN | MAX | MIN | MAX

A 095] 1043 ].095| .1043].095 |.1043 | .095].1043| 110 | .120 | .095 [.1043 ] 110 | .120

Al .00S5{ .0118 |.005 | .0118 |.005 | 0118 |.00S |.0118 | .005 |.0118 | .00S |.0118 | .005 | .014

B 014} .020 j.014 | 020 {014 | 020 |.014 |.020 | .014 ) .018 | .014 | .020 | .014 | 019

c .0091| 0125 {0091{ .0125).0091 |.0125 |.0091{.0125 | .0091 |.0125 | .0091 | .0125 | .006 | .010

D 403| 413 |.447| 462 1497 | S11 | 600 .614 | 620 | 630 [ 700 | .712 | 718 |.728

e .050 BSC {.050 BSC 050 BSC | .050 BSC.| .050 BSC .050 BSC .050 BSC
E 292 .2992|.292|.2992(.292 [.2992|.292.2992.292 |.2992] .292 |.2992] .340 | .350

h 010} .020 |.010 | .020].010 | .020 | .010 ) .020 | .012 | .020 | .010 | .020 | .012 | .020
H 400] 419 |.400 | .419 |.400 | .419 | .400 | .415 | .406 | 419 | .400 | .419 | .462 | 478

L 018] 045 ].018 | 045[.018 | 045 |.018.045 | .028 | .045 | 018 | .045 | .028 | 045

X 0* g* | 0° 8* | 0 | 8° 0* | 8° 0* 8¢ 0* 8° 0* 8
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PACKAGE DIAGRAM OUTLINES

SMALL OUTLINE IC (Continued)

20—28 PIN SMALL OUTLINE (J—BEND)

PIN 1

——-l

f

ja—p29 TYP

L

HAA ARAARA
N

HH

fot————— D —————

e

-

-—’ .——B (@PTION)
I

S YANPRARAA]
"‘H"‘—Bl 025 MIN

NOTES
Di & E1 DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS.
FORMED LEADS SHALL BE PLANAR WITH RESPECT TO

1
2

3.

ONE ANOTHER WITHIN .004° AT THE SEATING PLANE,

Ry

tLt:

PLANE

SEATING

h X 45°

I\ /HD
Z N

ltt——— 2 ———t]

D1 & E1 INCLUDE MOLD MISMATCH & ARE DETERMINED
AT THE PARTING LINE.

DWG # $020—1 $024—4 S026—4
# OF (DS (N) | 20 LD (.300") | 24 LD (.300") | 28 LD (.350")
SYMBOLS MIN | MAX | MIN | MAX | MIN | MAX
A 120 | 140 | .130 | .148 [ .130 [ .148
Al .090 | .094 | .082 | .005 | .082 | .095
B 026 | .030 | .026 | .032 | .026 | .052
B 014 | 020 | .015 | .020 | .016 | .0%0
C 007 {_.011 | .007 | .0 | _.007 | .01
D1 500 | .512 | .620 | .630 | .720 | .730
E 336 | .347 | .335 | .345 | .380 | .390
E1 292 | .299 | .295 | .305 | .345 | .355
E2 262 | .272 | .260 | .280 | .310 | .330
) .050 BSC .050 BSC .050 BSC
h -010 R 012 | .020 | 012 | .020

S§15-25




PACKAGE DIAGRAM OUTLINES

PLASTIC LEADED CHIP CARRIERS

20—-84 PIN PICC

p— D
D1 A o
0045 X 45— PIN 1 -
%:u:u:n_\_

_+_

E1E D3/E3
o1 D2/E

I_|I_If-ll'l'll_ll_|

—1

‘II“”

—r=L_T

o g o e T |
T c1
e
NOTES:

[1] ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE STATED.
[2] BSC — BASIC PIN SPACING BETWEEN CENTERS,
{31 D & E DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS.

[4] FORMED LEADS SHALL BE PLANAR WITH RESPECT TO ONE AND'i'HER WITHIN .004° AT
THE SEATING PLANE.

[S]1 ND & NE = # LEADS IN D & E DIRECTIONS

TU‘DL‘J’DI—I' I

DWG # Jeo-1 Jes-1 1 Jé44-1 | JS2- J68- _JB4-

# OF LDS 20 28 44 S2 68 84
SYMBOL [MIN [MAX{MIN | MAX|MIN | MAX|MIN | MAX]MIN [ MAX]MIN | MAX
A 165 (180,165 | .180.165 | .180 [.165 | .180.165 | .180 |.165 | .180
Al 095115 1,095 | 115 {095 | 115 1,095 115 1.095 115 |.095 .15
B 026 | .032{.026 | .032{.026 | .032/.026 | .032[.026 | ,032[.026 | .032
) .013 | .0211.013 |.021.013 |.021].013 {.021.013 | .021{.013 | .021
c .020 |.040.020 | .040|.020 {.040].020 | .040/.020 | .040{.020 { .040
C1 .008 | .012.008 | .012|.008 {.012.008 {.012 {.008 | 012 {.008 | .012
D 385395485 495685 699,785 .793].985 .99511.185 1195
D1 .390 | .356/.450 | .456[.650 | 656,750 | .756[.950 | .956|1.150| 1.156
D2/e2  |.290].330[.390].430}.590 | .630/.690.730(.850 | .930{1.090 1.130
D3/E3 .200 REF|.300 REF {.500 REF |.600 REF|.800 REF [1.000 REF
E .385|.395].485.495[.685(,695/.785{.795[.985] .995/1.185 1.195
El .350(.356].4501.456|.650/.656.750[.756].950{.956|1.150[1.156
e .050 BSC|.050 BSC|.050 BSC|.050 BSC|.050 BSC|.050 BSC

ND/NE S 7 1 13 17 21
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PACKAGE DIAGRAM OUTLINES

PLASTIC LEADED CHIP CARRIERS (Continued)

32 PIN PLCC

0.045 X 45°

NOTES:

PIN 1
Yo
1]
1]

T IO T
m
—-
m

| N

[k
D3 __ .|
(ND>

=1F

C1

£11 ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE STATED.
[2] BSC - BASIC PIN SPACING BETWEEN CENTERS.
[31 D & E DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS.

[4] FORMED LEADS SHALL BE PLANAR WITH RESPECT TO ONE ANDTHER WITHIN .004” AT

THE SEATING PLANE,
[S1 ND & NE = # LEADS IN D & E DIRECTIONS RESPECTIVELY.

DWG # J32-1
# OF LDS 32 LD
SYMBOL MIN | MAX
A 120 | 140
Al 075 | 095
. B 026 | 032
bl 013 | 021
o 015 | .040
Ct .008 | .012
D 485 | 495
D1 449 | 433
D2 390 | 430
D3 300 REF
E 585 | 595
El 549 | 553
E2 490 | 530
E3 400 REF
e .050 BSC
ND/NE 779
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PACKAGE DIAGRAM OUTLINES

LEADLESS CHIP CARRIERS

20—44 PIN ICC (SQUARE)

o - AL D
h x 45° ¢3 PL) 2
—]
=1 |
E —]| E4 4
= |
—
K — ‘
- A D
NOTES! o
[11 ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE STATED.
[2] BSC - BASIC PIN SPACING BETWEEN CENTERS.
[3]1 ND=NE ~ NUMBER OF LEADS PER SIDE,
DWG # 120-2 128-1 L44—1
() 0 8 44
MIN MAX MIN MAX MIN MAX
A .064 .100 .064 100 .064 20
A 054 .06 ,054 077 .054 .088
2 ,028 022 ,028 .02 028
.02 .041 022 041 22 041
34 358 44 8 40 0
DT . RE| 075 REF 075_ REF
D2 .200 _BSC ,300 _BSC 500 _BSC
D4 [__.358 __.458 560
D5 250 REF 350 REF .550__ _REF
E1 .075_REF 075 REF .075 REF
E2 0 C 500 BSC
E: 4 6
ES 250 _REF 350 _REF 550 _REF
e .050_BSC :050_BSC .050_BSC
h 040 REF 040 _REF. .040 REF
I .020 REF 020 REF .020_ REF
L 045 .055 045 .055 045 | .055
[Z . . . 033 O77 1.
N 20 28 44
ND 5 7 11
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PACKAGE DIAGRAM OUTLINES

LEADLESS CHIP CARRIERS (Continued)

48—-88 PIN 1CC (SQUARE)

DWG # L48—-1 L52-1 L68-2 L68-1
# OF LEADS (N) 48 (,040") 82 68 68 (.0257)
VN AX ] MAX WIN_ | WAX MIN
A 055 20 [ 87 2082 )98 K
A 045 09 05 )77 2072 75
017 .023 22 28 .022 .028 .010 14
017 033 .02 04 .022 .055 .008 .024
554 572 739 76 938 962 554 | - .566
1 .060 REF 075 REF 075 REF .080 REF
Y. 0 BSC__
D : 46 61

Z. 440 BSC 600_BSC .800_BSC .400 BSC
E4 _B62 [ 535
€S ,650_REF F
e 040 BSC 050 BSC 1050 BSC .025_BSC
h 012_RADIUS 040__REF 040 REF. 040 REF
] 020 REF 020 REF ,020 REF .020 REF
L 033 047 045 [ .055 045 | .055 045 055 |
L2 077 033 077 003 . 093 077 033
N 52 68 68
L __NO | 12 13 17 17
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PACKAGE DIAGRAM OUTLINES

LEADLESS CHIP CARRIERS (Continued)

20—24 PIN LCC (RECTANGULAR)

Al D
h x 45%3P PL 2
= |
—
—| e
b AR
- A
NOTES: ‘
[1] ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE STATED.
[21 BSC - BASIC PIN SPACING BETWEEN CENTERS.
{31 ND = # LEADS ON ‘D' SIDE
[41 NE = # LEADS ON “E’ SIDE
DWG ¥ [20-1 Lee-1 1241
# OF PINS (N) 2 4
HIN 2 MIN MAX HIN MAX
) 4 075 ; 00 | 064 ;
Al 030 065 054 106! 054 K
B1_ ER 02 022 022 02
B2 0 041 022 04 022 04
284 296 284 29 292 ;
T 075 REF ~ 070 REF 050 _REF
z ;
3 F ;200 REE 210 _REF.
420 7 780
3| 085 REE 095 REF 050_REF
% 250 _BSC ;300 BSC :300 _BSC.
F ST TEEE 310__REF
e 050 BSC K T 050 BSC
h 12 RABIGS 01z RaDIusS 925 REE
1 5 X 01
T 345 L . ; T35 ] 055
4 ; 083 097 077 093
2 ,-L
D 4 s
TNE I3 7 7




PACKAGE DIAGRAM OUTLINES

LEADLESS CHIP CARRIERS (Continued)

28-32 PIN LCC (RECTANGULAR)

h x 45deg (3 pL

I =

Jut
"" A
NOTES! :

[1] ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE STATED.
[2] BSC — BASIC PIN SPACING BETWEEN CENTERS.

[31 ND = # LEADS ON ‘D’ SIDE

[41 NE = # LEADS ON ‘E’ SIDE

DWG # L28-2 L32-1
4 OF LEADS CN) 28 32
MIN MAX MIN 1AX___|
A 060 420 060 NEDD
Al [ 050 088 | 050 088
Bl 028 022 028
_ B2 4 022, 041
D 3 442 458
gé 075 _REF 075_ REF
D4 358 458
5 250 _REF 350 _RE]
E 560 560
E .075 REF 075 REF _
2 400 BSC 400 BS'SCS_.'E
S ,43_3 R & F
e . BSC
| h ,040 REF .040 REF |
I 020 .Wc
| [ 045 055 045 05
L2 U077 093 O7/7 093
2 %
D 7
E 9
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PACKAGE DIAGRAM OUTLINES

CERPACKS

16—28 LEAD CERPACK

-

I

D
-|-s1

C-+

- f
“"—_‘1'_”_"—'_—‘]

K o  Fo- G
€| She- - Al
NOTES:
[1] ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE STATED.
[2] BSC — BASIC PIN SPACING BETWEEN CENTERS.
DWG # E16-1 E20-1 E24~1 E28—1 E28B-2
# OF LEADS (N)] 16 LEADS 20—-LEADS 24-LEADS 28-LEADS 28—LEADS
MIN MAX MIN MAX MIN_| MAX MIN_| MAX MIN MAX
A 045 | .085 |.045 .092 .045 .090 | .045 15 | .045 | .090
b .015 019 |.015 019 .015 019 [ .015 .019_ | .015 .019
C 003 | .006__|.003 006 ,003 .006_| 003 009 | .003 | 006
D 440 .540 .640 740 740
E 245 | 285 |.245 .300 .300 .420 | .460 520 | .340 [ 380
E1 .305 .305 . .440 .550 .400
e .050_BSC .050 BSC .050 BSC .050 BSC .050 BSC
K .008 | .015_ [.008 .015 .008 .015 | .008 .015 | .008 | .015
L .250 370 | .250 379 1 250 370 | .250 370 | _.250 370
Q .026 | .040 |.026 .040 .026 .040 | .026 .045_| .026 .045
S .045 .045 .045 .045 .045
si .005 005 .005 .000 .005
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PACKAGE DIAGRAM OUTLINES

CERQUADS

68 LEAD (STRAIGHT LEADS)

1 g
==
|

!

[11 ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE STATED.
[2] BSC - BASIC PIN SPACING BETWEEN CENTERS,

DWG_# CG68-1
No. OF LD 68 LD
MIN | MAX
A 120 [ .140
b 008 [ 013
C ,0045 | 008
D 922 1.080
DL 460 | 500
D3 .400 REF
e 025 BSC
E 922 [1.080
3} 460 | .S00
E3 400 REF
L 200 | .300
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PACKAGE DIAGRAM OUTLINES

CERQUADS (Continued)

84 LD (J—BEND)

[ 040 X 45'—A
Db
4
J
L
i [ i 1 37
S )
i%_na/za_—r Al

NOTES:
[1] ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE SPECIFIED,
[2] BSC - BASIC PIN SPACING BETWEEN CENTERS.

DWG # Cag4-1
# OF LEADS (N> 84 ~LEADS
MIN MAX
A 155 .200
Al .090 120
B 026 .032
bl 017 .021
C 006 010
D/ E 1170 | 1.180
N/ EL 1138 | 1162
D2 / E2 548 | 568
D3 / E3 1.000 REF
e ,050 BSC
N ' 84
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PACKAGE DIAGRAM OUTLINES

FLATPACKS
20—-28 LEAD FLATPACK
D
L
E3 L
N | {771
E E2
| i
1
E3
L
| |
e
< ~LL ~ise- -—h -
NOTES:
[1] ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE STATED.
[2] BSC — BASIC PIN SPACING BETWEEN CENTERS.
DWG # F20-1 F20-2 F24—1 F28~1 F28-2
L # OF LEADS (N)] = 20- ¥ =LE
MIN MAX MIN AX MIN MAX__ | MIN MAX_|_MIN MA
A 045 | 092 .04 .092 2045 1,090 1.045 045 | 115
b 15 | .019 .015 X 2015 1019 - 1.015 019 1.o15 | 019
C 03 | .007 .00 .00 .003 | .007 |.004 .007_|.003 .008
D L4380 .49 640171 740 740
E 340 | .360 .245 360 | .420 |.480 .520 | .460 .520
E2 130 130 180 18D 180
E3 .030 030 .030 040 030
e .050 BSC .050_BSC 050 BSC 050
K [006 | .015 008 015 .008 | 015
250 37 250 37 2501370 |.250 370_|.250 370
Q .010 040 010 .040 010|040 |.010 040 |.026 .045
S 045 045 .045 .045 .045
S1 005 .005 005 005 000
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PACKAGE DIAGRAM OUTLINES

FLATPACKS (Continued)

4884 LEAD QUAD FLATPACK

E
E2 £l
el R |
—— H\ IHIH!‘\HI | 1 4 e
D pa
DL
PIN 1 ID
NOTES:

[1] ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE STATED.
[2] BSC —~ BASIC PIN SPACING BETWEEN CENTERS.

DWG § F48—1 F64—1
|—# OF LEADS (N) | 48-LEADS 64~LEADS
MIN MAX MIN_ MAX
A 089 10! 070 08
Al .079 .09 080 .07
A2 058 ,073 .030 .04
b .018 022 .016 .02
C ,008 010 009 012
15 .85 5
D1 100_REF. 075 REF
2 750
D3 630 505 | _.535
Py 050 Bsc |
E 750 885 915
E1 100 REF 075 _REF
E. : : 750 BSC
E3 630 505 535
350 450 350 450
ND . 1 : 1
NE 1 1
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PACKAGE DIAGRAM OUTLINES

FLATPACKS (Continued)

172 LEAD QUAD FLATPACK

I v

2E=

-

— L DET. 'A’-\

=
L
[ D —={ ja—AL
DWG # F172-1
# OF LEADS 172-LEADS
MIN | MaX
A 130
m 103 018 MAX
B 006 | .010
c 004 | .008 __l c
D/E 1580 | 1.620 008006
DL/ EL 1135 | 1465 AT BRAZE PADS
D2 / E2 1,050 BSC DETAILA
D3 / E3 525 BSC .
e 025 BSC
L 220 | .230
N 172
ND 43
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PACKAGE DIAGRAM OUTLINES

(M1) 28-PIN SIDEBRAZE DIP

| 1.380 !
| 1420 |
1 [ ]
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0.035 0.100 0.015
0.060 TYP. 0.022
(M2) 32-PIN SIDEBRAZE DIP
le 1.580 K|
| 1.620 |
1
0,580
0.600
y
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A - A ] |

JTM ! Lﬁ?gitu‘.—

0 100 0.
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(M3) 32-PIN SIDEBRAZE DIP
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' (M4) 40-PIN SIDEBRAZE DIP’

- 1.975 >
2.025
l—, 0.580 0.590
0.600 0.620
m
. - *
0.220 0.230 K)

(M5) 40-PIN SIDEBRAZE DIP

Logo
2.050

1 .580 0.295 0.315
1 1.620 'l o;s'eo 0395 |
} ¥
0.580 0.590
0.600 0.620
vy
PIN NO. 1 '
0,007
0.013
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PACKAGE DIAGRAM OUTLINES

(M6) 40-PIN SIDEBRAZE DIP

(M7) 40-PIN SIDEBRAZE DIP

1,980 . 2175 »
. 2.020 , 2.275
1 o o O A
oo oo o oo |5560 © j g:_gg% OO0 |g80p O 0520
o P e o o o |
.230 0240 [} 0.230 0.240 [}
0.260 0.310 0.007 0.250 0300 | o0.007
0.013 = LI 1 =1 1 0.013
WWWW%W I B
oy, w o
0010  0.175 - 0.010  0.175
0.050 . ) 0.050
o1oo 0.015 0.035 0.100 0.013
0.022 0.060 TYP. 0.022
(M8) 44-PIN FR~4 DIP
UL OO U OO IO OO O OOy
0.590

: : il

T PIN NO. 1

eIl
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il
i

OITTTTTTrrTITirTT TT T '
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PACKAGE DIAGRAM OUTLINES

(M9) 48-PIN CERAMIC DIP

2.375
2.425
| = A A0.8180 [ ] 0.890
o o o o e e o :] 0920
Y
}
PIN NO.1 0.007

(M10) 58-PIN SIDEBRAZE DIP

2910
2.970

(M11) 60-PIN CERAMIC DIP
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— PIN NO. 1
I | 1 n 1
0.270 ’l l" ’" Jﬂ
0.035 0.100 0.015
0.060 TYP. 0.022

0.007
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PACKAGE DIAGRAM OUTLINES

(M12) 64-PIN SIDEBRAZE DIP
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(M13) 64-PIN CERAMIC DIP

3165
3235
T
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0.600
0210 ™ .
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(M14) 28-PIN FR-4 SIP
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PACKAGE DIAGRAM OUTLINES

(M15) 30-PIN FR-4 SIP
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(M16) 36-PIN FR-4 SIP
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(M17) 40-PIN FR-4 SIP
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PACKAGE DIAGRAM OUTLINES

(M18) 43-PIN FR-4 SIP

0 o o O 1
d g g - |0
FEEEELLEEEEEEEEEL L LR EELEEE VR L 0.090
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} (M19) 28-PIN CERAMIC SIP
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PACKAGE DIAGRAM OUTLINES

(M20) 30-PIN CERAMIC SIP
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[LEEL! f JLEL
[

i i
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PACKAGE DIAGRAM OUTLINES

(M23) 88-PIN CERAMIC DUAL SIP
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PACKAGE DIAGRAM OUTLINES

(M26) 100-PIN FR-4 QIP
333228233833282328328383282282
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(M27) 108-PIN FR-4 QIP
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PACKAGE DIAGRAM OUTLINES
(M30) 164-PIN FR-4 QIP
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PACKAGE DIAGRAM OUTLINES

(M31) 92-PIN CERAMIC QIP
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Integrated Device Technology, Inc. has sales representatives and distributors covering each geographic area. Contact the nearest IDT
Area Sales Office for the number of the local IDT sales office in your region. Integrated Device Technology Area Sales Offices are located in:

BOSTON CHICAGO LOS ANGELES SANTA CLARA

#2 Westboro Business Park 1375 E. Woodfield Road 1570 Brookhollow Drive 2975 Stender Way
200 Friberg Parkway Suite 380 Suite 208 Santa Clara, CA 95052
Suite 4002 Schaumburg, IL 60173 Santa Ana, CA 92705 Tel.: (408) 492-8350
Westboro, MA 01581 Tel.: (312) 517-1262 Tel: (714) 641-0601 FAX: (408) 748-1290
Tel.: (508) 898-9266 TWX: (910) 651-1910 EasyLink: 62909903 :

FAX: (508) 898-9106 FAX: (312) 517-1269 FAX: (714) 641-0855

IDT INTERNATIONAL LOCATIONS: _
UNITED KINGDOM* GERMANY FRANCE JAPAN

5 Bridge Street Steinsdorfstrasse 19/1 15 Rue du Buisson aux Fraises U.S. Bldg. 201
Leatherhead 8000 Munich 22 91300 Massey, France 1-6-15 Hirakawa-Cho,
Surrey, UK KT228BL West Germany Tel.: 011-33-1-69-30-89-00 Chiyoda-Ku .

Tel.: 011-44-372-377375 Tel.: 011-49-89-228-5071 TLX: 631606F Tokyo 102, Japan

TWX: 851-94012233 TLX: 841-5214056 FAX: 011-33-1-69-30-56-57 Tel.: 011-81-3-221-9821
FAX: 011-44-372-378851 FAX: 011-49-89-228-5491 FAX: 011-81-3-221-9824

* European Headquarters










