






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































DESIGNING WITH THE IDT49C460 AND IDT39C60 
ERROR DETECTION AND CORRECTION UNITS 

WRITE CORRECTED WORD AND 
CHECKBITS TO MEMORY 

LEOUT/Grni\ ...... ___________ .IX ... & 

\XXXXXXXXX 
I[ 

DATA XXXXX IX 
CORRECT 

SCO-7 XXXXX 
�~�s�c� XXX\ 

DIAG MODEo, 1 = 00 LEDIAG = X CODE IDo, 1 = 00 

APPLICATION NOTE AN-24 

SCo-7 

OE'sc 

++---. rnm:m 
----. MOLT ERROR 

PDAE RWS00004 8/18/87 

Figure 7. Memory correct and check-bit regenerate. Identical for the second phase of a read operation in which an error has occurred, and 
for a partial-word-write operation except for the state of the Individual byte output enables. 
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DESIGNING WITH THE IDT49C460 AND IDT39C60 
ERROR DETECTION AND CORRECTION UNITS 

ERROR HEX 

DECIMAL 

SYNDROME 

HE)( 

S3 S2 S1 

0 0 0 0 

S6 

S5 

S4 

SO 

0 

DECIMAL EQUIVALENT> > 

1 0 0 0 

2 0 0 1 

3 0 0 1 

4 0 1 0 

5 0 1 0 

6 0 1 1 

7 0 1 1 

8 1 0, 0 

9 1 0 0 

A 1 0 1 

B 1 0 1 

C 1 1 0 

0 1 1 0 

E 1 1 1 

F 1 1 1 

NE=NO ERROR 
Cn = check-bit error bit n 
n = data-bit error bit n 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

Appendix 

0 1 2 

0 0 0 

0 0 1 

0 1 0 

NE C4 C5 

0 16 32 

CO T T 

1 17 33 

C1 T T 

2 18 34 

T 18 8 

3 19 35 

C2 T T 

4 20 36 

T 19 9 

5 21 37 

T 20 10 

6 22 38 

M T T 

7 23 39 

C3 T T 

8 24 40 

T 21 11 

9 25 41 

T 22 12 

10 26 42 

17 T T 

11 27 43 

T 23 13 

12 28 44 

M T T 

13 29 45 

16 T T 

14 30 46 

T M M 

15 31 47 

n = decimal equivalent of the syndrome 

3 4 5 6 7 

0 1 1 1 1 

1 0 0 1 1 

1 0 1 0 1 

T C6 T T 30 

48 64 80 96 112 

14 T M M T 

49 65 81 97 113 

M T 2 24 T 

50 66 82 98 114 

T M T T M 

51 67 83 99 115 

15 T 3 25 T 

52 68 84 100 116 

T M T T 31 

53 69 85 101 117 

T M T T M 

54 70 86 102 118 

M T 4 26 T 

55 71 87 103 119 

M T 5 27 T 

56 72 88 104 120 

T M T T M 
57 73 89 105 121 

T 1 T T M 

58 74 90 106 122 

M T 6 28 T 

59 75 91 107 123 

T M T T M 
60 76 92 108 124 

M T 7 29 T 

61 77 93 10 125 

M T M M T 

62 78 94 110 126 

T 0 T T M 

63 79 95 111 127 

T = Two errors 
M = Multiple errors 

Table 1. 32-bit Syndrome Tables with Hex, Binary and Decimal Equivalents. 
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DESIGNING WITH THE IDT49C460 AND IDT39C60 
ERROR DETECTION AND CORRECTION UNITS 

ERROR HEX 

S7 

S6 

S5 

S4 

HEX S3 S2 S1 SO 

o 0 0 0 0 

o 0 o 

2 o 0 o 

3 o 0 

4 o o o 

5 o o 

6 o o 

7 o 

8 o o o 

9 o o 

A o o 

BI o 

CI o o 

DI o 

EI o 

FI 

o 1 2 3 

o 0 o o 
o 0 o o 
o 0 

o o 

NE C4 C5 T 

o 16 32 48 

CO T T 14 

17 33 49 

C1 T T M 

2 18 34 50 

T 18 8 T 

3 19 35 51 

C2 T T 15 

4 20 36 52 

T 19 9 T 

5 21 37 53 

T 20 10 T 

6 22 38 54 

M T T M 

7 23 39 55 

C3 T T M 

8 24 40 56 

T 21 11 T 

9 25 41 57 

T 22 12 T 

10 26 42 58 

17 T T M 

11 27 43 59 

T 23 13 T 

12 28 44 60 

M T T M 

13 29 45 61 

16 T T M 
14 30 46 62 

T M M T 
15 31 47 63 

NE=NO ERROR 
Cn = check-bit error bit n 
n = data-bit error bit n 

4 5 

o o 

o o 
o 

C6 T 

64 80 

T M 

65 81 

T 34 

66 82 

M T 

67 83 

T 35 

68 84 

M T 

69 85 

M T 

70 86 

T 36 

71 87 

T 37 

72 88 

M T 

73 89 

33 T 
74 90 

T 38 

75 91 

M T 

76 92 

T 39 

n 93 

T M 

78 94 

32 T 

79 95 

n = decimal equivalent of the syndrome 

APPLICATION NOTE AN·24 

6 7 8 9 A B C D E F 

o o 
o o o o 
o o o o 

o o o o o 

T 62 C7 T T 46 T M M T 

96 112 128 144 160 176 192 208 224 240 

M T T M M T M T T 30 

97 113 129 145 161 193 209 225 241 

56 T T 50 40 T M T T M 

98 114 130 146 162 178 194 210 226 242 

T M M T T M T 2 24 T 
99 115 131 147 163 179 195 211 227 243 

57 T T 51 41 T M T T 31 

100 116 132 148 164 180 196 212 228 244 

T 63 M T T 47 T 3 25 T 

101 117 133 149 165 181 197 213 229 245 

T M M T T M T 4 26 T 

102 118 134 150 166 182 198 214 230 246 

58 T T 52 42 T M T T M 

103 119 135 151 167 183 199 215 231 247 

59 T T 53 43 T M T T M 

104 120 136 152 168 184 200 216 232 248 

T M M T T M T 5 27 T 

105 121 137 153 169 185 201 217 233 249 

T M 49 T T M T 6 28 T 

106 122 138 154 170 186 202 218 234 250 

60 T T 54 44 T 1 T T M 

107 123 139 155 171 187 203 219 235 251 

T M M T T M T 7 29 T 

108 124 140 156 172 188 204 220 236 252 

61 T T 55 45 T M T T M 

109 125 141 157 173 189 205 221 237 253 

M T T M M TOT T M 

110 126 142 158 174 190 206 222 238 254 

T M 48 T T M T M M T 

111 127 143 159 175 191 207 223 239 255 

T = Two errors 
M = Multiple errors 

Table 2. 64-blt Syndrome Tables with Hex, Binary and Decimal Equivalents. 

S14-60 



DESIGNING. WITH THE IDT49C460 AND IDT39C60 
ERROR DETECTION AND CORRECTION UNITS 

CB DATA CB 

0 28 20 

1000F 21 

2 10000 22 

3 27 23 

4 1000C 24 

5 2B 25 

6 24 26 

7 10003 27 

8 10024 28 

9 3 29 

A C 2A 

B 1oo2B 2B 

C 0 2C 

D 10027 2D 

E 10028 2E 

F F 2F 

10 10022 30 

11 5 31 

12 A 32 

13 1oo2D 33 

14 6 34 

15 10021 35 

16 1oo2E 36 

17 9 37 

18 2E 38 

19 10009 39 

1A 10006 3A 

1B 21 3B 

1C 1oo0A 3C 

10 2D 3D 

1E 22 3E 

1F 10005 3F 

DATA 

127 

10100 

1010F 

128 

10103 

124 

12B 

1010C 

1012B 

10C 

103 

10124 

10F 

10128 

10127 

100 

1012D 

10A 

105 

10122 

109 

1012E 

10121 

106 

121 

10106 

10109 

12E 

10105 

122 

12D 

1010A 

APPLICATION NOTE AN-24 

CB DATA CB DATA 

40 E 60 101 

41 10029 61 10126 

42 10026 62 10129 

43 1 63 10E 

44 1oo2A 64 10125 

45 D 65 102 

46 2 66 10D 

47 10025 67 1012A 

48 10002 68 1010D 

49 25 69 12A 

4A 2A 6A 125 

4B 1000D 6B 10102 

4C 26 6C 129 

4D 10001 6D 1010E 

4E 1000E 6E 10101 

4F 29 6F 126 

50 10004 70 1010B 

51 23 71 12C 

52 2C 72 123 

53 1000B 73 10104 

54 20 74 12F 

55 10007 75 10108 

56 10008 76 10107 

57 2F 77 120 

58 8 78 107 

59 1002F 79 10120 

5A 10020 7A 1012F 

5B 7 7B 108 

5C 1oo2C 7C 10123 

5D B 7D 104 

5E 4 7E 10B 

5F 10023 7F 1012C 

Table 3. Minimal 32-blt 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 

DATA CB DATA 

0 C 100 

1 43 101 

2 46 102 

3 9 103 

4 5E 104 

5 11 105 

6 14 106 

7 58 107 

8 58 108 

9 17 109 

A 12 10A 

8 50 108 

C A 10C 

0 45 100 

E 40 10E 

F F 10F 

20 54 120 

21 18 121 

22 1E 122 

23 51 123 

24 6 124 

25 49 125 

26 4C 126 

27 3 127 

28 0 128 

29 4F 129 

2A 4A 12A 

28 5 128 

2C 52 12C 

20 10 120 

2E 18 12E 

2F 57 12F 

CB· 

2F 

60 

65 

2A 

7D 

32 

37 

78 

78 

34 

31 

7E 

29 

66 

63 

2C 

77 

38 

3D 

72 

25 

6A 

6F 

20 

23 

6C 

69 

26 

71 

3E 

38 

74 

APPLICATION NOTE AN-24 

DATA CB DATA CB 

10000 2 10100 21 

10001 40 10101 6E 

10002 48 10102 68 

10003 7 10103 24 

10004 50 10104 73 

10005 1F 10105 3C 

10006 1A 10106 39 

10007 55 10107 76 

10008 56 10108 75 

10009 19 10109 3A 

1000A 1C 1010A 3F 

10008 53 10108 70 

1000C 4 1010C 27 

10000 48 10100 68 

1000E 4E 1010E 60 

1000F 1 1010F 1F 

10020 5A 10120 79 

10021 15 10121 36 

10022 10 10122 33 

10023 5F 10123 7C 

10024 8 10124 28 

10025 . 47 10125 64 

10026 42 10126 61 

10027 0 10127 2E 

10028 E 10128 20 

10029 41 10129 62 

1oo2A 44 1012A 67 

10028 8 10128 28 

1oo2C 5C 1012C 7F 

10020 13 10120 30 

1002E 16 1012E 35 

1oo2F 59 1012F 7A 

Table 4. Minimal 32-blt 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 except In sequence of presentation. 
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~ 
THE KEY ADVANTAGES OF 
MULTI-PORT STATIC RAM 

PRELIMINARY 
APPLICATION 

NOTE 
AN-25 Integrated DevIce'Jec:hnolosy. Inc. 

By Robert Stodleck 

LOCAL CPU OR CPU OR LOCAL 
MEMORY PERIPHERAL PERIPHERAL MEMORY 

I III L J ~ ~ I J 
ADDRESS 

I I DUAL-PORT I I MEMORY 

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 (Le. peripheral to 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 all the time. 

Another approach to memory basad 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 multi-port RAM 
interface. The additional hardware associated with implementing a 
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-ta-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. 

Printed In the U.S.A. 01/89 © 1989 Integrated Device Technology, Inc. 
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THE KEY ADVANTAGES OF MULTI-PORT STATIC RAM APPLICATION NOTE AN-25 

CPU OR COMMON CPU OR 
PERIPHERAL MEMORY PERIPHERAL 

1 
r p L LJ ADDRESS 

DATA 

LOCAL CPU OR TIME SLICED CPU OR LOCAL 
MEMORY PERIPHERAL MEMORY PERIPHERAL MEMORY 

[ 1 [ lO 
I- ~ 

[ '1U 
r-~ L I 

ADDRESS II: II: 
~ I- 0 I-- 01----

CI) CI) 

::> ::> 
~ ~ 

r--cn rei) 
II: II: .... W ~ w r--

DATA > > w w 
U U 
x x 
CI) CI) 

::> ::> 
~ ~ 

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

Assume that the minimum write access time on the side of the 
NO 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 NO 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 
simultaneously 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 alternatives. 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 OSP 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 basic 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 on the 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 same rate. 
If reads cannot be cleanly interlaced with writes then the transfer 
rate may become grossly slower. 
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~ ~ 
PING-PONG 

'U) RAM #2 a: 
w 
> • ~ -

~ 
a: 
0 
CI) 

- :> 
III -

(i) 
a: 
w 
> 

~ , w 
() 
X 
CI) 

:> 
III -----

PING-PONG 
'""(i) RAM #2 

a: 
w 
> -.. ~ ~ 
a: 

" 0 
CI) - :> 

\ ~ 

'(i) 
a: 
w 

.' > 
~ '~ 

w 
() 
x 
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:> 
~ 

~ ~ ~ ~ 

Figure 3. A RAM Ping-Pong RAM. This Arrangement Can be Expanded Indefinitely to Provide Any Number of Independent Sets~ 

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 to the 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 
altemately 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 

altemately. 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 fully m 
independent RAM blocks we can access. For example, a two RAM j 
ping-pong arrangement, a three RAM ping-pong arrangement. By 
this numbering scheme a 1 K 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 multi-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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THE KEY ADVANTAGES OF MULTI-PORT STATIC RAM 

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 
again 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 in timing 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 
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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 outpuVinput 

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 13SS 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-ta-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. 



INTERRUPT LATENCY 
AND HANDLING 

APPLICATION 
NOTE 
AN-26 

IN THE IDT79R3000 

By Satyanarayana Slmha 

INTRODUCTION 
The exception processing capability of the ID179R3000 is 

provided to assure an orderly transfer of control from an executing 
program to the supervisor program. Exceptions may be broadly 
~ivided 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 
ID179R3000 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 
ty~ 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 handles 

machine exceptions, Including Translation Lookaside Buffer (TLB) 
misses, arithmetic overflOWS, I/O interrupts, system calls, 
breakpoints, reset, and coprocessor unusable conditions. All of 
these events interrupt the normal execution flow. The R3000 aborts 

the instruction causing the exception and also aborts all those 
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) registe'rs 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 the time of an 
excepti~n. ~ere 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 Prld register. A brief description of each follows. ..... . 

STATUS I CAUSE I I EPC 

I ENTRYHI I ENTRYLO 'I 
i;:::::Z:X:;i;::~~:::~::~:;:;:";;::::::;;:X;;;::::;S::~~ 

INDEX I 
RANDOM I 

63 
CONTEXT ~ 
BADVA I 
PRLO 

Figure 1. The Exception Handling Registers 

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 

© 19811 Integrated Device Technology, Inc. 
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register with the exception of the Sw bits are read-only. The SWbits 
can be written into in order to set or reset software interrupts. See 
Figure 2.' . 

Printed In the U.S.A. 01/89 



INTERRUPT LATENCY AND HANDLING IN THE IDT79R3000 

31 

2 12 

BD : Branch delay. 

CE : Coprocessor Error 

IP : Interrupts Pending 

Sw : Software Interrupts* 

6 

*: Read and Write. The rest are Read-only 

'APPLICATION NOTE AN-26 

o 

2 2 4 2 

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. 

4 5 

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 

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 bltsln 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. 

8 2 

IntMask : Interrupt Mask 

KUo : Kemel/User mode, old 

lEo: Interrupt enable, old 

KUp : Kemel/User mode, previous 

IEp : Interrupt enable, previous 

KUc : Kemel/User mode, current 

IEc : Interrupt enable, current 

0: Reserved 

Figure 3. The Status Register 

Processor Revision Identifier Register: 
This 32-blt 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: 

• The RESET exception vector is at address OxbfcOOOOO, 
• The UTLB Miss exception vector at address OxBOOOOOO 
• The General exception vector for all other exceptions at address 

OxBOOOOOBO 

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. The R3000 has a five stage pipeline that consists of 
instruct/on fetch, instruction decode, ALU operation, cache fetch, 
and the write-back staga-; Table 1 shows in the last column the 
number of instructions in the pipeline that need to be flushed on an 
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 fiushed. 

514-68 



INTERRUPT LATENCY AND HANDLING IN THE IDT79R3000 

Error Pipeline stage 
Pipeline stages 
to be flushed 

Illegal Instruction Instruction Decode 2 

Address Error Memory Operation 4 

Interrupts Instruction Fetch 3 

Overllow ALU Operation 3 

TLB Miss Instruction Decode 2 

Table 1. Latency in the R3000 on an exception 

I I R I A 

I ICACHE I IDEC I OP 

I 
I 

APPLICATION NOTE AN-26 

Figure 4 shows the pipeline stages in the R3000. The different 
stages are 1:lnstructlon fetch; R:Read Decode; A:ALU operation; 
M:Memory operation; and W:Write-Sack. When there is an 
exception on an instruction fetch cycle, the exception routine starts 
executing one clock cycle later as shown. 

M I W I 
\ RF I DA I DCACHE I RW .1 
~ IA r 
\ 

I \ICACHE IDEC I OP 1 
RF I DA 1 DCACHE I RW\ 

IA 1 ~ ICACHE IDEC 1 OP 1 
RF 1 DA 1 

IA 1 

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 shown in Figure 5. tDS 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 I 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 I PHASE 2 

Int* _____ ~~'--------~= 
~ tDS~ 
-1 ~DH 

-l tSMPr 

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 

OxBOOOOOBO for the exception. The R3000 sets the Int code in the 
Cause Register's ExcCode field. The IP field in the Cause register 

APPLICATION NOTE AN-26 

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, I Ep, KUc and I Ec bits of the 
Status register are saved in the KUo, lEo, KUp, IEp bit field in the 
Status register. The current kemel status bit KUc and the interrupt 
bit IEc are cleared. See Figure 6. This masks all the interrupts. 

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 to be 

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. 

Figure 7. Flow Chart for exception Handling 

An example piece of code is given below in Figure B. It illustrates 
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, therefore, is not given. (an 
and sn are registers in the R3000.) 

As soon as the branch to the address is taken on an 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 jump is taken to 
the appropriate exception routine. 

1. mfcO aO,EPC 

2. 
3. 

mfcO 

mfcO 
a3,CO_CAUSE 

sO,CO_STATUS 

;save exception PC 

;get CAUSE register 

;save status register 
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4. and 

5. Iw 

6. 

7. intr: and 

8. Iw 

9. 

a1,a3,CAUSE_EXC_MASK ;get entry to 
index into look up table 

a2,causevec(a1) ;register a2 with address 
in look up table 

a2 ;jump to service routine 
(line 7) 

a4,aO,INT _CAUSE ;Ioad interrupt level in 
register 

t1,int_level(a4) ; index into interrupt level 
'n' routine. 
;go to interrupt routine for 
level 'n' 

t1 ;return from interrupt 
routine 

R3000 

10. 

11. 

12. 

mtcO 

mtcO 

rfe 

aO,EPC 

sO, CO_STATUS 

APPLICATION NOTE AN-26 

;restore status register to 
previous value 

;restore status and 
interrupts prior to 
exception exit 

Figure 8: Interrupt Service Routine Example 

Figure 9 illustrates a simplistic block diagram of an R3000 board 
with the interrupt lines connected to a PAL device. The PALIogic is 
designed to affect the R3000 run-time behavior and it defines the 
state of the interrupt lines during Reset. Accordingly, the R3000 
can be initialized to work as a big-end ian or a little-endian 
processor, its block refill rate can be varied, etc. 

Rst* 1+------'---------.---1 
EXTERNAL 
RESET 

IntO-lnt5* 

MUX 

SysOut* 

a: 
w 
I­sa 
fa 
a: 

INT~RRUPT 

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 done to respond to 

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 lOT, contains further detail on exception proceSSing of the 
79R3000. 
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INTRODUCTION 
The reduced instruction set computer (RISC), the ID179R3000, 

has allowed for simplicity in hardware and synergy between 
architecture and compliers. To further Increase the throughput of a 
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 

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 used to calculate the critical parameters. It is followed by 
an example of an I D17198 static RAM used as a cache RAM for the 
R3000. 

Figure 1. 64KB Instruction/Data Cache Configuration 

. A Si~plistiC 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 
t~e. frequency of the output clock Le., 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 to the 

data, tag, and address buses. It is positioned so that devices in 

the cache/bus interface clocked by SysOut meet 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 Le., data, 
address, and tag buses. 

Figure 2 shows the timing relationships between the four clocks. 
All t~e ti~ing equations for cache design depend on the phase 
relationship between these clocks. T smp is the Clk2xSmp to 
Clk2xPhi delay, Trd is the Clk2xRd to Clk2xPhi delay, and Tsys is 
the Clk2xSys to Clk2xPhi delay. 

Printed In the U.S.A. 01/89 © 1989 Integrated Device Technology. Inc. 
S14-72 



CACHE DESIGN CONSIDERATIONS USING THE IDT79R3000 APPLICATION NOTE AN·27 

CLK2xAD 

I 

I I I -ilrTRdl~ 

'I:: =_tCYcl2_--1_tCYC __ ~_~S--+ll 
Figure 2. Timing Relationships Between the Four 2x Clock Inputs 

In the cache implementation scheme, instruction references 
begin their reference during phase 2 and transfer data during the 
following phase 1. Data references begin during phase 1 and 
transfer data during phase 2. Thus, data and instruction references 

can take place In different phases of the same clock cycle. See 
Figures 3a and 3b. This is an Importantfactorto consider in order to 
prevent contention between instruction and data caches. 

Figure 3a. Data and Instruction Caches During Phase 1 
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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. 
tsmp ~ 5ns ..; ~E::'--':-:-;---------------- (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~ $; teye - tsmp - AdrLod*- 373PD - 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. 

RAMOEd~ Tcye/2 - tsmp-rd - Rdd - tos ------- (3) 

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. 

RAMdOE $; teye/2 - tsys-rd --------------- (4) 

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

RAMHZ $; tsys - Rdd + Den ----- (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. 

RAMSD :S teye/2 - tsmp - DVald + Wr d ----- (6) 

Data Hold from End of Write: 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. 

RA~-RA~ s~~ m 
Data Set-Up to SysClk: This timing parameter requirement 
guarantees that the set-up time into an external register is met on a 
processor store. 

SetUpsys $; teye/2 - tsys - (DVald + - Sysd - 240PD)-- (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 until a subsequent read drives new data. 

Holdsys ~ t~ys-rd - Sysd - 240PD + RAMLZ+ Rdd - (9) 

Equations 1 to 9 are sufficient for the purpose of selecting the 
proper RAMs for use as cache memory. To illustrate the point 
further, an lOT RAM device, the I0T7198 (16K x 4), is chosen as an 
example. 

*d: Deration due to additional load. 1ns per 25pF. 
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Figure 4.IDTR3000 40"5 (2SMHz) Cycle Timing 

CALCULATION OF TIMING PARAMETERS 
An example of a cache subsystem design using an 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 1 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 factor 2 • 

1) The SSllogic 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 = -3OpF; Total 
capacitance = 45pF; At 1ns per 25pF, total deration of address 
bus = 2ns. 
Data Bus Deration: 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 iII 
timing. The adjacent number is the total time taken using the ~ 
IDT7198. 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) 

31 25 19 
Address to Data Valid 30 tM 

25 19 29 

17 13 10 
Output enable to Data Valid 30 tOOE 

15 13 10 

14 12 2 8 
Output Disable time tHZ 

12 10 7 

2 2 2 
Output Enable Time ttz 

5 5 5 

43 36 27 
Address SetUp to End of Write tAW 

20 20 13 

14 13 11 
Data SetUp to End of Write tos 

13 13 8 

55 47 37 
Write Pulse Width tPWE 

20 20 13 

Data Hold from End of Write tHO 
0 0 0 

0 0 0 

0 0 0 
Address Hold from End of Write tHA 

0 0 0 

Table 1. Cache RAM Parameters. RAM Specifications vs.IDT7198 Specifications. 

Parameter Load Symbol Min. Max. 
(Units) (ns) (ns) 

FCT373A Propagation Delay 50 t373 PO 5.2 

FCT373A Latch Enable Delay 50 t:373LE 2 8.5 

FCT373A Latch Enable Hold 50 t373 Hid 1.8 

FCT240A Prop Delay 50 t240PO 1.5 4.8 

Table 2. Parameters for Latches and Buffers 

Figure 6 shows a block diagram oftap settings on a delay line for The designer can use a DDU-7F-20* chip for the delay line. The 
the four clock input signals. By varying the phase delay between clock is the input to the device and the outputs at various points can 
these signals, the designer can select the proper static RAMs for be chosen with the appropriate phase delays. 
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. 

Clk2xsys CIk2xSmp, 
CIk2xRd 

Clk2xPhi 

Figure 6. Tap Settings for the Clock Inputs 

Parameter ' 16.67MHz 20MHz 25M Hz 

Clk2xSys 0 0 0 

Clk2xAd 6 6 6 

Clk2xSmp 6 6 6 

CIk2xPhi 16 14 12 

Table 3. Delay Une Setting Summarization 

S14-n 

CONCLUSION 
The lOT R3000 RiSe 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 critical 
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. lOT Data B60k, 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. 

*Avallable from Data Delay Devices (201) n2-1106 
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By Roy M. Johnson 

INTRODUCTION 
High performance systems, such as shared memory 

multiprocessor architectures, can be built using IDT79R3000 RISC 
processors. The IDT79R3000 Incorporates special features that 
provide support for multiprocessor environments. This 

PROCESSOR 1 
LOCAL PROCESSOR 2 

CACHE 

INTERCONNECTION 

:11:1:11::I~illI11:imll: mmmIT 

MEMORY MEMORY 
MODULE 1 MODULE 2 

,applications note discusses the features of shared memory 
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 N 
LOCAL LO CAL 
CACHE CA CHE 

:I 

NElWORK 

MEMORY 
MODULE M 

::,',::::i:::::,:,I:::I::II: h: 1/02 

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 multiprocessor 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. 
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MAIN MEMORY 

Figure 2. Block Diagram of a Dua11DT79R3000 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 multiple 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 Jor clarity. The two processors are 
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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. 
Note that a write-back cache update policy, (writes done only to the 
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. included to 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], 
[7] & ~8)). 

----_._------ ------.------- ... 



USING THE IDT79R3000 IN A 
MULTIPROCESSOR ORGANIZATION 

I CACHE 

DATA TAG 

OE* 

WE* 

ADDR lO 

IRD* 
IWR* 

DRD* ::::: .:.:.:.' OE* 
DWR* WE* 

: .. ' ADDR lO 

APPLICATION NOTE AN-28 

o CACHE 

TAG DATA 

.... :::::: ::::, 
.. :::0;::'::. 

:.:.:.: .. ::," .:: ':J::.:.::::-" 
IDT79R3000 .. 1 INVALIDATE 

I IClK DClK :. I: .... .J TRANSPAREN ..... TRANSPARENT 
I,",.. LATCH :. LATCH . 

SYSOUT*hl'Tli::lli:[::ill.·:I·']'··rr~~·::ill·:~:::n·:·m:··m'~!;·'~N~~C~~'~~ID~:~·~TE~··::i·:· 1'1" 1'::111:11:' ,liilillli:::i!':j:I:!il" 

CPCOND(2) 

CPCOND(3) 

.... :T:: ADDRESS 
REGISTER 

DATA TAG ADDR lO .:> :. 

!:'/ ::: 

Figure 3. Processor Interface to the Snoop Control logic 

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 da~ 
that Is Inconsistent is marked invalid. The snoop cache Is updated 
concurrently with the data cache. Whenever processor 1 modifies 
or writes a lin~ 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 pr~sent 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 retirec:l to the main memory before the write operation can be 
c~mpleted. This prevents possible data inconsistencies that may 
anse by processor 2 trying to read that particular main memory 
location before it is updated. This cache coherence protocol is also 
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 extemal 
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 .,i,:'. 
DYNAMIC CACHE COHERENCY CHECK issue DRd* pulses during every phase 2 arid DClk '(COnnected to 
MECHANISM the transparent latches) during every phase 1, this lasts until the 

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 
ID179R3000 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 presentthe invalidate 
address to the data cache. After the first stall cycle, the CPU will 
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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 an arbitrary 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 retum to issuing DRd* pulses to 
enable data cache reads. The cycle afterCpCond(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 
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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 thatthe data location is Invalidated Irrespective ofthe value 
being read. The symbol "cD" denotes that the cache drives the 
data and tag buses when CpCond(3) Is asserted. The symbol "pO" 
denotes that the processor drives the data and tag buses when 
CpCond(2) is asserted. The snoop control 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 multi-level caches [9], 
[12], to provide additional memory bandwidth. For instance, a 
secondary cache that Is four times the size of the first leve~ or 
primary cache could be implemented. !he seconda~ cache I~ 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 ca~he 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 
The design of microprocessor systems, teday, 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 
multi-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 

stores the main memory page addresses of the data that is stored 
in the 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 extemal 
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 40n8. 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 SRAMs 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 I/Os 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 (teday's 1 Mbit 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. : 

where 

tert = htcache + (1-h) !maln 

!ert 
h 
1-h 
!maln 

tcache = 

Effective Cycle Time 
Hi! Ratio 
Miss Ratio 
Main Memory Cycle TIme 
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 
Associativity, 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 
cosVperformance ratio. The architecture of the cache memory is 
dictated by its associativity. For example, ifthe designer selected a 
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 with the 
degree of associativity. 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-Bit words). 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 

r--t' 1763X I- 12,78,90,65,37.72,44.10 ~ 
4736X I- 22.34.35 ........ ~ 
9876X - 68.99.56 ........ 

E 

OOOOX - 89.76.35 ........ 

I 4563X H44.10.20 ........ I 
~ 

, 
17635 72 

ADDRESS DATA 

Figure 2. Mapping to Main Memory 

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 17bits to define the number of pages in main 
memory i.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 
I I 

1 311 30 1 291 • 1 • 1 ·1 • 1 .114113 1 12 1 ·1 • 1 • 1 • 1 21 

17 BITS 13 BITS ----------------------------
18 BITS 12 BITS . . . . . . . . . . . . . . ......................... .. 
19 BITS 11 BITS ........................................ 

Solid Unes : Address bits that are used to Address the Tag Memory 

Dashed Unes: Address bits that are stored in the Tag Memory 
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DIRECT MAPPED 

TWO WAY SET ASSOCIATIVE 

FOUR WAY SET ASSOCIATIVE 

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 1 x 8K 2x4K 4x2K 

Figure 3. Associativity, Architecture, Addressing, and Page Size for a fixed size cache. In the Implementation that follows the cache alze la 32 
KBytes. Figure 3 shows how the address bus of the 80386 should be divided for different associativity of the same size cache (32 KBytea). 
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MAIN MEMORY 
DWord 8191 

• • PAGE 131071 • 
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DWord 1 
DWordO 
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• • PAGE 131070 • 
DWord2 
DWord 1 
DWordO 

• • • 
• • 
• • • • • • 

DWord 8191 

8K 

8K 

• • 

TAG 

• 
• • 

DATA 

DWord 2 
DWord 1 
DWord 0 

• CACHE TAG + MEMORY 

PAGE 0 • • 
DWord 2 
DWord 1 
DWord 0 

TOTAL MEMORY = Number of Pages x Page Size x DWord 

= 128K x 8K x 4Bytes 

= 4 GigaBytes 

Figure 4A. Direct Memory Mapped representation of a 32 KBytes Cache 
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TAG DATA 
t-'ageti DWord 4095 
Page 10001 DWord 4094 
Page 104_ DWord 4093 

• • 
• • • • 
• • 

Page 0 DWord 2 
Page 2 DWord 1 
Page 212 DWordO 

BANKA 

TAG DATA 
Page 32 DWord 4095 
t-'age 01 DWord 4094 
t-'age 24 DWord 4093 

• • 
• • • • • • 

Page 123 DWord 2 
Page 338 DWord 1 
Page 653 DWord 0 

BANKB 

TOTAL MEMORY = Number of Pages x Page Size x DWord 

= 256K x 4K x 4Bytes 

= 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 Une Field \ 
217 Pages i.e.128K Pages 213 Doublewords 

I I I I I " I I I I I I I I I I I I I I I I I I I I I I I 

II .... ~I---- AD 31-15 --~~~I~ AD 2-14 -.\ 

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/Iine 2 and page 

21line 2 can .D.Q! 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/Iine 2 and page 2Iline 2 can exist in the 
cache concurrently, but page 1/Iine 2, page 21line 2 and page 
3/line 2 can .D.Q!. 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 of a 
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 2Iline 1, then read the code on page 3/line 1 and then 
go back and read the code on page 21line 1. For a direct mapped (9 
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 such that 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, on a 
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 bit Is checked, and, for example, if it is 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. Forthe 
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 on the 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 
on the overall system throughput, where "an Is the marginal transfer 
time per byte and "bn is the overhead per miss. 
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Cache Size a = 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 bused 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 I/O 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 microprocessor to 
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, when a 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 see 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 extemal 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 OMA 
applications, a cache design needs to be able to monitor the 
system bus for extemal 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-multiplexed 
cache tag architecture and a dUlll cache tag architecture. For the 
multiplexed cache tag architecture, the cache is time multiplexed 
between 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 cache tag 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 write to an address with a matching page field. In the latter case 
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a SNOOP hit is issued 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 tag and 
then the system bus is compared against the contents of the cache 
tag. This, of course, results in a delay time 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-multiplexed 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 (or tag) 
is compared against the page field stored in the SNOOP tag. At the 
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 
th~ time it takes to perform two cache tag accesses and 
comparisons) . 

Implementing a Dual Cache Coherency 
Architecture 

For implementing a dual cache coherency system, 10T7174'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 control of the system bus and writes data to 
a previously cached address in main memory, a SNOOP hit 
occurs. A SNOOP hit will result in the controller either invalidating a 
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 10T7174 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 TIl technology, and three state I/O. The 
match output is high whenever the address stored in the 10T7174, 
accessed by the address pins, matches the address at the I/O pins. (9 
The tag is addressed by pins AO-A 12 and the tag is compared to • 
the. stored tag on the I/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 which in 
case of a match (hit) places the data contents of the cache memory 
on the microprocessor data bus. The reset 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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Figure 6. The IDT7174 8K x 8 Cache Tag SRAM 

The 1017174 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 
1017174's organized as IOT8192 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 
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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 
23-8it 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. 

I/O 8 of the last 1017174 is the cache data valid bit. This bit is 
used to indicate thatthe data in the cache Is valid. On power up or a 
cache. flush the valid bit is very useful. 

AO 
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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 
(25M Hz Version) which incorporates a dual cache tag coherency 
architecture. 

CLK2 ... .. 2XCLOCK 

/ "'-
DATA BUS "-

/ 

"'- 7 
32BIT ( DATA DO-D31 

..,. ADS# 

..... 
NM ... 80386 
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80386 Microprocessor Cache Considerations 
In the following processor description and cache system 

Implementation, when a M#" sign follows the name of a signal It 
indicates that this signal is active low, if there is no M#" 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 IBM 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, 20M Hz, 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-A3,1 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. 
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.... ERROR# 
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.. --,... 

... ... 
DEFINITION 

J COPROCESSOR 
SIGNALLING 

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/O 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 a cycle 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 so that 
another process may be executed, e.g. NMI#. 
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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 [9 
in a read cycle or write cycle. • 

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

D/C# (Data or Control Cycle) signals whether or notthe 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# Is an Input to the microprocessor that Indicates the end of 
the current bus cycle. 

NAN (Next Address) Is an Input to the microprocessor that Is used 
to Instigate the hlgh·speed pipeline mode. 

BS#16 (Bus Size 16) Is an Input to the microprocessor that Informs 
the microprocessor that 16·8it 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 to a 
known state. 
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Bus Arbitration Signals 
HOLD Is an Input signal to the 80386 that requests that the 80386 
relinquish control of either the local bus or system bus so that an 
extemal master can take control of the bus. 

HLDA (Hold Acknowledge) Is an output from the microprocessor 
that signals to an external 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 Internal ClK signal 
(for a 25MHz 80386, ClK2 would be 50MHz and ClK would be 
25M Hz). The bus cycle of the microprocessor consists of two bus 
states, T1 and T2, which are further subdivided Into two phases 
each, 01 and 02. 

T1 T2 T1 T2 

CLK2 

CLK 

ADS# 

READY# 

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 
cycle Is finished. If READY# Is 10w,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 level on the 
READY Input. For this condition, all added T2 bus states are called 
walt states (Figure 10). In cache design, for a miss, the READY 
Input remains high until data Is retumed from main memory.lfthere 
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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ClK2 
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Lf 
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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 controller 
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 
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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 extemal 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 III 
prevents any device from interrupting the microprocessor process i 
in progress. 
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Figure 12. A Two Hold 80386 Cycle Followed By An Idle State 

State Diagram 
Figure 13 shows the state diagram for the 80386 operating in 

non-plpelined mode. After the microprocessor Is first tumed on, a 
RESET pulse will put the 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, 

NO HOLD 
NO REQUEST 

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

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

ALWAYS 

READY, NO REQUEST, NO HOLD 

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 

80386 
BUS 

: A (2:31) A (2:14) 
~ 
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always map to 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 O/page 1 and line 
O/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 thatserve as 
data/address/control logic and system bus drivers. 
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Figure 14. Block Diagram 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 Is 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 
gate is 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 Transceiver Register with an 8-Blt A register and an 
8-blt 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 system bus tag (SNOOP tag) monitors the addresses on the 
system's address bus when an extemally 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 when a 
write occurs), the entire content of both cache tags is flushed via 
the reset input of the IDT7174. 

SIGNAL DESCRIPTION 

• 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. 

• BHlOA is an output from the 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. 

• BROY# 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. 

• BAOS# is an output from the cache module to the system. When 
BADS# (board address status) is asserted, it indicates that the 
BA bus is stable. BADS# is active low. 

• BW /RII is an input 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. 

• RESET is an input to 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. 

• 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. 

.• lROY# Is an input to the cache module. LRDY# is an indication 
to the module that a local bus cycle is complete. This Signal is 
active low. 

• W/Ri1 Is an input to the cache module. When W/R# Is high it 
indicates that the 80386 is executing a write cycle and when it Is 
low it shows that the processor is executing a read cycle. 

• AOS# 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. 

APPLICATION NOTE AN·30 

The Microprocessor Interface 
The microprocessor Interface consists of four byte enable pins. 

The bus cycle status pins i.e. 0/0#, MI/O#, W/R#, clock and reset 
signals, the address status pin ADS#, and the four local control 
signals FLUSH#, LRDY#, READY#, RESET, LBM and NCM (see 
Figure 15 for a complete description of the microprocessor and 
system interface pins). 

The NCM Input is for decoding non-cacheable addresses such 
as I/O memory space. The deSigner needs to design a decoder 
that recognizes non-cacheable addresses. The decoder output 
ties directly to the NCM Input. LBM 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 

(BDO:31), the buffered address bus, (BA2:31), the bus byte enable 
Signals (BBEO#-BBE3#), the system bus control signals (BM/IO#, 
BDO#, 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. 

• 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. 

• NCM Is an input to the 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. 

• O/C# is an input to the cache module. 0/0#, 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 high in a 
data cycle. No cache operations are permitted in control cycles. 

• M/IO# 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. 

• IBM 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. 

• OIR, OEN# are outputs from the cache module. These 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 
tum on the bus drivers. 

• 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. 

• 0 (0) - 0 (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. -

• REAOY# 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 DescrlpUons 
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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 
a read). 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 MAT1 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 with the 
new data, the local bus cache tag and the SNOOP tag with the 
associated tag. After the controller receives the BRDY#signal from 
the system bus, it then drives READY# low which terminates the 
bus cycle. It should be noted here, 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 Cycles 
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!e, 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 from this tag, a write hit has occurred which results in the 

APPLICATION NOTE AN-30 

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. 
However, 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 
on the local bus for a read or write operation. For the Intel 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 0E2#) 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 NCM 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 due 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 NCM input to the output 
of an appropriate decoder. During NCM cycles the cache 
ensemble is totally transparent. 

Cache Memory and Cache Tag Timing 
Figures 25 and 26 illustrate 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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Figure 21. Write Local Bus Access Timing 
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WLE,SEL I I I I 

(INACTIVE) : 

RDY1# (INACTIVE) : 
-I - - .... ,- - .... p ...... ., ...... -I" ...... 1- - .... r - ..... - .... -I .. - - - ,- .. -

0:: ::::: J (ENA~lEOI' I:: : : : :: : : :: : : ::: : : 
[

BADS#' :U 
BRDY# \=i'~' n:;:::::::!:=-I_....!·N_O_T_RE...!.Ao_Y_.t:I~" =:r::mm:;~' ;:;:R;::;EA:;:;D'v~::;::;=;!~~::;::;::-

SYS ADDR ~~~~ \Ju--:----:-_VA-:-Llb_-:----::~~~~\ ~~~.l..l..~:u..l~~&"\~~ ~~~"\.l..l..~"\:u..l&~~\"\~~ 
SYSDB ~: ____ ~ __ ~ ____ ~ __ ~~~~~-__ ~--~-~--

Figure 22. Read Non-Cached Addreaae TIming 
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80386 
BUS < 

INTERFACE 

CONTROL 
SIGNALS 

SYSTEM 
BUS 

WRITE NCA TIMING 

WRITE NCA 

T1 T2: X X X T1 T2 ' T1 T2 

CLK2 

CLK~""".'.'···" 
-

ADDR ~ 

W/R# ~ i i WRITE i i t\\\\\\\\\\\\\\\\\\\\\\\\\\\ 

TAG 
RAM 

DB 

ADS# 

READY# 

[ 
WE1# 

CLR# 

MAT1 

CACHE[ W:: 
RAM 

DB --'----

T2# 

T3# 

T4# 

WLE,SEL 

RDY1# 

RGT 

DEN# 

[~ BRDY# 

SYSADDR 

SYSDB 

OUT 

, 
, NOT READY , READY 

(HIGH LEVEL) , 
-." ...... ,- ...... r ....... , ......... -." ....... ,- ......... r ....... , ......... - ......... "'.- .. -

... :_ ....... ~ ....... ~ ....... _: ........... ~H~~H_ L~E~) ... ~ ........ _' .......... : .......... :_ ...... 

" (HIGH LEVEL)' , , , 
.. t_ ........ L ....... .J ....... _' ........ ' ........... L ....... .a ....... _, .......... '_ ........ ' .... _ 
iii , , (DISABLED)' , i , 

.. t- ........ ~ .................... -I .......... - .......................................... -1- .............. .. 

. (HIGH ~EVEL) : 
-, .. .. ... ".- .. ... .. c ... ... ... T ... ... ... 1 .. .. ... ..!.. ... .. .. .- .. .. .. r .. .. .. -. .. .. .. -," ... -

, , (: 'IN )'" 

• • I I I , , I I 

.: •••• ~ __ • ; ___ ~ ____ :. JI~~o/lyE) _ ~ _ • _ ; __ • ~ • __ .: __ • 

. :. - . - ~ - - . ! . - - .' - - - -' .. (I~~~~~) • ~ - • - ! - ... ' .. - .' - - . 
............ to .................... -I'" ......... 1- ......................................... _1_ ........ to- .. .. 

(INACTIVE) 

(INACTIVE) : 
-, .......... ,- .............. 1 ....... -, ............ 1- ....... r ...... ~ ...... -, .......... ,- .. ... 

~: ~ ~ ~ J ~NABLED) , 1 ~ ~:~ ~ ~ ~ : ~ ~ ~ : ~ ~ ~ ~: ~ ~ ~ 
:U 

, NOT READY , 
, , 
,READY, 

\%\l ' VALID : &\\\ \\\\\\\\\\\\\\\\\\\\\\\\ 
-~------~~(~' ______ ~ ______ ~ ______ ~"-J) :. ' , , _: IN : .• 

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

, 
, , N, 

,...-.; 
" ...... ""T""""'----'-----'--4---'----'----'----'-............. L ••• oJ •••• ' •••• ' •• 

BHOLD , 
--,---"",!"'"T~: : ::: : : :::: - : ~ =: :,; = =: ::: : : ::: -~.~.~.-;:L:-;::=:::t:==;::::::t=::::i::= 

INTERNAL~::: --'-:--""':-+--....L..., ... ' .. _ . : ... ~ .... : .... : .... : : : : ; ... J. 

SIGNALS • ~ ••• .! '..I.--.:...._-+-________ -...:.. __ ....:..+_.....;..!...J, 

--'-__ ......... _--1"--_ ........... L ••• J •••• ' •••• ' •••• L ••• J -r--i"---'--
BHLDA#: : 

: i : : : 1 .:.:::.::.:.: 1_:+=±==t::=:±==i::==±+==~I==t:..J : =:= = 

N REPRESENTS 
lWO 80386 CYCLES 

FROM BHOLD ACTIVE 
TO BHX# ACTIVE 

BHLDA . '., 
CERTAIN CACHE 

OPERATIONS DISABLED 
DURING BHX# ACTIVE 

Figure 24. Hold and Hold Acknowledge Timing 
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--- --- --- --- .---

ClK 

ADDRESS 
BUS 

ADS# 

~I 

, ADDR 

• J _______ 1 _ -J'-----'-.....J _____ !. _______ , __ • __ 
, , , 

tAA tOS 

... - - . - - - - ~ - - .. - - - ~ . - - l--... ------4~_ 

DATA BUS ......... ----------........ -~J , DATAIN 
- of - - - - - - - + - - - - - - - to - - - f---_------4:o::\-...J. , 

SPEC ANALYSIS 

80386 Clock Rate 
Parameters Units 

16MHz 20M Hz 25M Hz 

tClK 62 50 40 ns - - - - - - . - - - - - - . - - - . - - - - - - - - - - - . . - - -
tAD 40 35 30 ns 

- - . - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - -
tOS 10 10 5 ns 

- - . - - - - - - . - - - - . - - - - - - - - - - - - - - - - - - . 
tAA 72 55 45 ns 

Figure 25. Cache Memory Timing 
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ClK2 

ClK 

ADDRESS 
BUS 

ADS# 

MAT1 

80386 
READY# 

. 

--. --- .-. -.- ----
tcLK tCLK. 

, ADDR 

, , 
- , - - - - - - - T - -I'----.,.--J - - - - - r - - - - - - - ,- - - - -

--:-------:--------:---"\ t - - - ~ - - - - - - - :- - - - -

: CACHE MIsS : 
- ~ - - - - - - - ; - - - - - - - ~ - - - t .... -~~----___:_---

t19 
_ J _______ 1 _______ L ___ l~t:-:!~~'t!:::j~---

NOT READY 
---' _____ -"'" _____ ....... _____ ........ _...J _ ____ ... ___ _ 

SPEC ANALYSIS 

80386 Clock Rate 
Parameters Units 

16MHz 20MHz 25MHz 

tClK 62 50 40 ns 

tAD 40 35 30 ns 
- - - - - - - r - - - - - - - - - - -. - - - - - - - - - - - - - - - -

tADM 58 48 34 ns 

tF64 6 6 6 ns 
-------~-------------- ------- ------

t19 20 11 10 ns 

Figure 26. Cache Tag and SNOOP Timing 
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Top Level Diagram Description and Operation 
Figure 27 illustrates the top level diagram of the cache controller 

and memory module. The block CRAM is the cache memory, 
TRAM is the cache tag for the local bus, SNOOP is the cache tag for 

80386 BUS PINS 
CRAM 

A (2:14) ... 
A (2:14) 

l...oL D (0'311 :: .... - .. D (0:31) 

SNOOP 

APPLICATION NOTE AN-30 

the system bus (SNOOP tag), and CTRL is a PAL based state 
machine which controls the. timing and state sequences for 
interfacing to; the cache memory; the SNOOP and local cache 
tags; and the system and microprocessor buses. 

SBEO# 
SBE1# 
SBE2# 
SBE3# 
WE2# 
OE2# 

MEMORY CONTROL 
PINS 

SBEO# 
SBE1# 
SBE2# 
SBE3# 
WE2# 
m:~ 

MAIN SYSTEM 
PINS BUS 

BA (2:31) ...... BA 12:311 

"'" MAT? to. 
MAT2 ...... WE1# ,.. 
WE1# 

~ WINV# WINV# 
ClR# ~ CLR# 

TRAM 
A (2:31) .... A (2:31) MAn 

MAT1 .. 
-'" 

"""" 
WE1# ,.. 

WE1# 
~ WINV# 

WINV# 
~ CLR# CLR# ~ C!=1# BUS BUFFERS 

CE1# 
"'" CONTROLS PINS 

R!=O# ... CTRL ~J::\I::(){'! .. 

BE1# J:: BEO# SBEO# S8E1# t: BE1# RF?# z: 
BE2# 

SBE1# ~~r::~ t: 
~F~ f" 

BE3# 
SBE2# ';:~I ~ 1: 

'" SBE3# ,.. BADS# .. 
... BADS# WI:1# ... 

ff: J:: D/C# WE1# WIN\I# t 
z: M/IO# WINV# WI?iI< 
~ W/R# WE2# n~-r 

l...oL )Y# .. ADS# OE2# ,.. 
BHLDA ... RHlnA to. 

READY# BHLDA WIF :. ... 
JET J::: ClK WLE SEl J::: -'" RESET SEL ~I~ .. -'" 

CLR# -~ RRnVft 
LBM ... 

LBM 
BRDY# MAT1 

FIII~~ '! MAT1 MAT?-
LRDY# J::: FLUSH# MAT2 BHOLD 
Nr.A# z: LRDY# BHOLD RW/~ .. NCM BW/R# [jl~- ... 

DIR IFN# z: 
CONTROL DEN# ~F1# ... .. 

INPUTS 
CE1# ,... 

Figure 17. Top Level 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 
from the CTRL block (the Intemal PAls) to the cache tag . 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 

A (2:31) 

CE1# 
WE1# 
CLR# 

WINV# 

AO 
A1 
A2 
A3 
A4 
A5 
A6 
A7 
A8 
A9 
A10 
A11 
A12 

AO 
A1 
A2 
A3 
A4 
A5 
A6 
A7 
A8 
A9 
A10 
A11 
A12 

AO 
A1 
A2 
A3 
A4 
A5 
A6 
A7 
A8 
A9 
A10 
A11 
A12 
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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 NCM Input), CE#1 will 
be disabled which In tum floats the 1017174 cache tag's 1/05. 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 1017164 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. 0(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 1017164 SRAM. 

1DT7174 

1/01 
1102 
1/03 
1104 

+5V 

1/05 
1106 
1/07 2 
1/08 c~ 

00 OHM 

MATCH 

RESET# 

CS# 
OE# 
WE# 

IDT7174 

1/01 
1/02 
1/03 
1/04 
1/05 
1/06 
1/07 
1/08 

MATCH 

RESET#I'" 

CS# 
OE#I'" 
WE#I'" 

IDT7174 

1/01 A (311 
1/02f-
1/03 H~ 
1/04 ~~ 1/05 
1/06 H~ 
1/07 HI- +5V 
1/08 

MATCH MAT1 

RESET# 

g~1'" 
WE#I'" 

+5V 

Figure 28. Cache Tag Block (TRAM) 

S14-110 



THE COMPLETE HIGH PERFORMANCE CACHE 
SYSTEM FOR THE 80386 MICROPROCESSOR 

A(2 

WE2# 
OE2# 

:14) 
IDT7164 

AO 
A1 
A2 
A3 
A4 
AS 
A6 
A7 
A8 
A9 
A10 
A11 
A12 

1DT7164 

AO 
A1 
A2 
A3 
A4 
AS 
A6 
A7 
A8 
A9 
A10 
A11 
A12 

IDT7164 

AO 
A1 
A2 
A3 
A4 
AS 
A6 
A7 
A8 
A9 
A10 
A11 
A12 

IDT7164 

AD 
A1 
A2 
A3 
A4 
AS 
A6 
A7 
A8 
A9 
A10 
A11 
A12 
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D (0:31) 

1/01 
1/02 
1/03 
1/04 
I/OS 
1/06 
1/07 
1/08 

CS1# SBEOII 
CS2 t-+SV 
OE# 
WE# 

l 1/01 
1/02 
1/03 
1/04 
I/OS 
1/06 
1/07 
1/08 

CS1# 
CS2 i-+SV 

SBE1# 

OE# 
WE# 

1/01 
1/02 
1/03 
1/04 
I/OS 
1/06 
1/07 
1/08 

CS1# 
~+SV CS2 

SBE2# 

OE# 
WE# ..... 

1/01 
1/02 
1/03 
1/04 
I/OS 
1/06 
1/07 
1/08 

CS1# 
CS2 -+SV 

SBE3# 

OE# 
WE# 

Figure 29. Cache Memory Block (CRAM) 

SBE(O#:3#), WE2#, and OE2# are signals generated by the 
CTRL block (Figure 34) which control the operation of the cache 
memory. SBE (0#:3#) are used to select a specific byte of the 32-bit 
doubleword via their direct connection to the IDT7164s. In the case 
of a read miss, if the microprocessor wants to read just one byte 
instead of the full 32-bit doubleword, the, controller will update the 

entire 32-bit double word in the data cache (so as to ensure valid 
data in the cache). In orderto update the full 32-bit doubleword, the m 
force byte enable signal, FBE#, is gated with the byte enable 
signals, BE(O#:3#), of the 80386 to. form SBE(O#:3#) as shown in 
Figure 34. WE2# and OE2#, from the CTRL block, are used to 
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 (2:31 ) 

APPLICATION NOTE AN·30 

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. 

IDT7174 
AD 1/01 

+5V 
A1 1/02 
A2 1/03 
A3 1/04 > 2000 
A4 1/05 <?'" 
A5 1/06 

HM 

A6 1/07 
A7 1/08 
A8 
A9 MATCH 
A1D 
A11 RESET# 
A12 

CS# 
OE# D- +5V 
WE# 

IDT7174 
AD 1/01 
A1 1/02 
A2 1/03 
A3 1/04 
A4 1/05 
A5 1/06 
A6 1/07 
A7 1/08 
A8 
A9 MATCH 
A1D 
A11 RESET# 
A12 

CS# 
OE# ::>- +5V 
WE# 

IDT7174 

WE1# 
CLR# 

WINW 

e 

AD 
A1 
A2 
A3 
A4 
A5 
A6 
A7 
AS 
A9 
A1D 
A11 
A12 

1/01 
1/02 
1/03 
1/04 
1/05 
1/06 
1/07 
1/08 

MATCH 

RESET# 

CS# 
OE# 
WE# 

RA (~1\ 

--:""1. -:""1. -:""1. 
~. 
~"'+5V 

MAT2 

;}- +5V 

-l.-

-

Flgur. 30. SNOOP Block (SNOOP) 

The WI NV#, CLR# and WE1# 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 Is the 
fact that the SNOOP memory Is always monitoring the main 
memory address bus. ' 

The only output of the SNOOP block Is MAT2 which ties directly 
to the control block to indicate a SNOOP hit or miss. On a SNOOP 
hit, the cache controller will flush the entire contents of the tag 
(TRAM) and the SNOOP ta~ 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 system bus request i.e. it is locked). In a case where two 
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 

INPUT PINS 

80386 

BEO# 

BE1# 

BE2# 

INPUTS BE3# 

TAG & 
SNOOP 

AIN M 
B US 

NCA# F11 

D/C#~' 
MIIO# f-
lBA# 
W/R# 

ADS# 
MAT1 
BRDY# 
BHOlD 

1-1-. 

PALS 

NC# 
LBA# 
W/RIF 
ADS# 
MAT1 
BRDY# 
BHOLD 
RESET# 

FlUSH# 
r- lRDY# 

BW/R# 
FlUSH# 

MAT2 
BW/RIF 
MAT2 

F04 
ClK ~ ClKB "'" 

RESET ~ 
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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 PAls 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 PAL 1 (Figure 
32) were Interchanged CNINV# 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. 

F10 
"\.... 

...--
r-~F08 

It-k' 
It-F< 
.... L..-J' 

BHLDA 
FBE# 

BADS# 
WE1# 

WINV# 
WE2# 
OE2# 
WLE 
SEl 
DIR 

DEN# 
RDY1#f-
RDY2# 

RGT H-

T4# f-t-
ClRIF 

lF04 

TAG & 
SNOOP 

CRAM 

CE1# 
SBEO# 

SBE1# 

SBE2# MAIN 

SBE3# 
BUS 

BHLDA 

BADS# 
WE1# 
WINV# 
WE2# 
OE2# 
WlE 
SEl 
DIR 

DEN# 

DATA &ADDR. 
BUFFERS 

ClRIF 

80386 ~h ~O 
'--

lRDY# 

~U-~ 1 -74F04 
1 -74F08 
1 -74F10 
-1 74F11 

1 -74F64 

r ~ 74~ 
9" 

OUTPUT PINS 

Figure 31. The Controller Block (CTRL) 
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PAL1 

22V10 
NC# 3 ~~ ~ 27 4 

26 MAIN# 
~ 5 

ADS# 25 T2# 
6 ntL ~ 24 7 

23 T4# ~ 
~ 9 ~ 21 BHX# 10 WE2# .~ 

BHY# 20 

~ 
11 

19 
~~ 

12 
18 
~~ 

BH~ 13 ~~. 
17 ;r i-- 16 ~~: 

2 

IN PUT 
PINS 

ClK B 

INTERNAL BUS 

PAL2 

22V10 
NC# 3 27 WlE IBM 4 

W/R# 26 SEl 
5 

ADS# 25 RDY1# 
6 

MAT1 24 RDY2# 
7 

BRDY# 23 0E2# 
9 

BHOlD 21 RGT 
10 

lRDY# 20~~ 
RESET# 

11 BHY# 
12 198Ht[5'A~ 

T2# 13 17 DEN# 
MAIN# 16 18 

-2 

PINS ARE FOR 28-lEAD PlCC PACKAGES. 

Figure 32. The PALs 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 given for 
generating the corresponding JEDEC fuse map. 

SIGNAL 
NAME 

INPUTS 
I I I • I I I I I 

N,L,W,A,M,B,B, B,B, 
C,B' /'O'A'R'H'H'H' 
#'A'R'S'T'O'X'Y'L' 

'#'#'#'1'Y'#'#'O' : : : : : *: : : A: 

INTERNALS 

:R T:T:T:M:F:O: 
,E 2'3,4'A'B,I, 
'S #'#'#'I'E'R' 
'E ' , 'N' #' , 
: T : #: ' 
,I' 

1-._ .... F .... B .... E_#_4- H, H' L' ,L, 
H:- Ii: -L~ - : i~ i.~ H:- -: - ~ - : H 

, H, ,H L' , H' H, 
.. ,- .. I" -,.. ., .. T .. ,. .. ,- -,.. -. .. 

- ,- -, - -, - , - r - ,- - ,- -, - i - T -
, , , , ,H, , , , ,H 

I-. __ M_A_IN#_--+ ~:_ ~: _ H_: _ ! _!. _ , __ :_ ~: _ .! _ ~ ~ 
H' H' L' 'L' , 'H' , 'H 
.. 1 __ I .. _, .. J ... L .. 1 __ , __ ' .. ~ .. J .. 

H' H' L' 'L' L' H' , H 
... 1 __ ' ........... L ....... 1 __ I ... ~ .. .L .. 

" , H' " H 

T2# , L, ,H 
L.... ____ + -.- -,- -. .. , .. r ..... -,- -." ., .. T .. 

H, H, L, ,L, H, , , , ,H 
".- -.- -, .. , .. r .. ,- -.- -." i ... T .. 
H, H, H, , , , , , , ,H 

~:~~:~~: ~ ~ ~.~ ~:~ ~:~ ~:~~: ~ ~ ~ 
H' H' L' 'L' , 'L' , 'H 
.. ' .. _1_ .. ' ... J .. L .. , __ , __ I .. ~ .. 1 .. 

H' H' H' , L' , H 

H, H, H, ,L, , H, , H 

T4# ,H 
H 

L, , L, H, , , 
-.- -.- -,- 1" T" r -.- -.- -,-

, L, 

L: I : H: I I I I I 

~:~ ~:~ ~:~H~ ~ ~ ~ ~ ~:~ ~:~~: ~ 
L' , 'L' 
... 1 __ 1 __ ,... .J .. " ....... , __ I ....... 

, , L' " 
, , 

... ,- .. I" -," , .. T .. .. .. ,- -,.. -. .. 

L, ,L", 
... - .. I" -,'" , .. T .. .- ".- -." - ... 
L. • • L. • • I I I 

i:- -:- -:-L:":":~ -:- -:- -: .. 
~:~ ~: ~ ~: ~ ~ ~ ~ ~ ~ ~:~ ~: ~ ~: ~ 
L' 

L' I H' 
.. 1- .. 1- -I" ..... + .. ~ .. 1- -, .. -II -

L, ,L, " 

L. , H, 
, 

, L, 

Table 2. First Part of PAL1's Equations 

APPLICATION NOTE AN-3~ 

OESCRIPTION 

Read Miss. no Main -------------------
Read Miss. Main -------------------
Stay until Ready 

Write 

Read Miss. no Main ------------------
Read Miss. Main ------------- .. -----
Stay until Ready 

AOS 

_S~~ ~ ~d _ Mjs~. _n~t _R~y ______ _ 

_S~~ ~ ~~e.: ~~n. _ _ _ _ _ _ _ _ _ 

~~~ i!~C!':.~a~n _________ _ 

_S~~ ~ ~e~d_ ~i~s._ B_H9~ ____ _ 

Stay if Write. BHOLD 

T2.Rd Miss. no Main ------------- .. -----
T2.Rd Miss. Main ------------------ .. 
T2.Wr Miss. no Main 

T3. Read 

Stay until Ready 

Tables 2 and 3 show the equations for PAL 1. A horizontal line in 
these tables means an AND function between the present terms. 

The lines grouped together for a signal are ORed vertically. As an 
example, the logic equation defining the signal FBE# is as follows: 

FBEI = NCI. LBAI • WiR# • MAT1 • BHY' • RESET# • T2# • MAIN# • FBEI 
+ 
NCI. LBAI • W/R# • MAn. BROY# • BHX# • RESET# • T2# • 'MAi'N# • FBEI 
+ 
BROY# • RESET# • FBEI 

Bared signal 
Unbared signal 

Each line is accompanied on the right hand side by a short 
comment describing the situation to which it relates. 

logic low level 
logic high level 
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INPUTS INTERNALS 

:R T:T:T:M: F:D: 

SIGNAL 
NAME 

'E 2'3'4'A'B'I' 
'S #'#'#'I'E'R' 
'E ' , 'N' #' , 

: T : #: ' 
,# 

WE1# H, H, H, ,L, , ,H, , H 
'------t -.- -.- -.- i .. i -,- -.- -.- -." i" 

H, H, L, ,L, , , , , ,H H :. H·: ·l' . ~ . i .{ ., .. , .. , . i H 
,-__ W_E_2#_-I-~:.H.:.H~.L~. L.o.. ., •• , .... :!i 

~:.H.:.L~. ~ .L~.o- ., •• , • .,.:!i 
,H 

L, , ,H, , , , , , -- .. --------------I I • I I I I I I 

I L. I I I I I I • -,- -I-L't-
L
:";" ,- -.- -,- -,-

, L' 
.. 1- -I" -I" ~ .. Y .. r .. ,- -I" -t .. 

, L' L' 

WINV# H, H, H, ,L, , H, ,H L, , H, 

,-__ B_A_D_S#_~ ~:. H.:. L.: • ~ .L~ • ,.Ij:.~: .. ' . ~ !i 
~:.t-!:.L.:. ~ .L~ ~~ Ij: .. :. ~. ~ tl 
L'H' 'L' 'H' 'H 
.. 1- _I .. · ... .. ~ .......... .. 1- _I ............ 

~:.t-!: •• ,.,. ~ !-~Ij: .. , . .,. ~!i 
L, H, , , , ,H, L, , ,H 

, " 
~' •• ' •• ,.H.!.!. '- .' •• ' •• '. 
L' , 'L' , , , , , 
.. '.. .. I.. ..'.. oJ .. .I. .. ~ .. '.. ..'.. ..' .. 

_1 __ 1 __ :_H~ ........... _1 __ I_-t_ 

, L' 
.. ,- -,- -I" ., .. " .. r .. ,- -, .. -. .. 

, H, 
".- -." -. .. i .. r ... - .. ,- -." -. .. i" ".-"." -." i .. i ... - ".- "," - ... 

APPLICATION NOTE AN·30 

DESCRIPTION 

Write Miss, no Main ._ .. --.-------------
Read Miss 

Stay until Rd Miss, Ready 

Write,ADS 

Read Miss 

Stay until Rd Miss, Ready 

Write Miss, no Main 

Read Miss, no Main -------------------
Read Miss, Main 

.. ---- .. ---------- .. --
NCA, no Main ------------- .. -----
NCA,wait for Main ---------------- .. --
NCA, after BHOLD -------------------
Write, no Main -------------------~".H.".H.".L." •• ,'.,'.Ij,'.~,' .. ,' .. ,'!i ' , ,H, , , , , , 

•• ',.. ..',.. ..', ·.L·.,' .• ..', .• ',.. •. ".. ..".. .." •. ~,.t-!,.H.,. l. ~ !-,.Ij, .. '. oJ.!!i .~ri~e,.",,:a~f9r.M.ai!l ••••••••• 
H' H' H' , L' H' L' , H ' H' Write, after BHOLD 

DIR ' H' H' L' , H' , H ' H' Write, no Main 
L-~~ __ ~~~~~ ____ ~ ______ ~------~ ______ --+---4··················· 

, H' H'" , L' H' , H ' L' Write, wait for Main 
I-"T"""'"-r--'-T--,r-.....-':;;'-..,.--,.--...--.-+--.-r--"T"""'":;;'-....,.--,r-.....-'-r-..,.-+ • • • • • • • • • • • • • • • • • • • 

1--,---:-, _':""", ---::--:-'_H;..;..,...' ---,,--::-=L.,..' _',.....;..H+--:-, _,--.,...---:-_:-' ..:.H.:..;:--:---:----:--+ ~~~ l!~1 !I~a?~ (~~ ~H) • • • • • • 
, H, H, , , , ,L, , ,H L, , , , ,H, , " .S~~ l!n~1 ,!3~c?L? ........ . . ,. H'· H' . ~ . ; L. ,. ;{ c:· ., . ~ H . , .. , .. ,. H·' • i L. ;- . , .. , .. ,. Write, after BHOLD 

Table 3. Second Part of PAL1's Equations 
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SIGNAL 
NAME 

WLE 

INPUTS 

N' L'W'A'M' B' B' L'T'M' 
C:B: /:D:A:R:H:R:2:A: 
#,A,R.S. T.D.O.D.#. I. 

.#·#,#.1'Y.L.Y. ·N. 
'#' D' #' '#' 
I I I I I I 

INTERNALS 

,R B'B'R'R'B'S'D'R' 
,E H:H:D:G:H:E:E: D: 
'S X,Y,Y,T,L,L,N,Y, 
'E #,#,1, ,D, ,#,2, 
'T '#" A' , #' ::# I I I I I I 

H, H, H, L, , , , , ,H, 'H , ~ , , , • -:- , 
'-------t -.- -,- -... i ... r ... - -,- -." -... i ... P ..... ",'" -." i ... i .. ,- .. ,- -,- -, -

H. H. H, • ,L. • • • L. ,H • • • • • • • • 
SEL H' H' H' L' • , , • 'H' H ' , , , , , , , 

'-------t .. ' ... -' .... ' .. J ... !.. .. ' .. _' ...... 1 ... ~ .. .1 ... ~ .. .... ' ...... ' ... J ... 1 ........ ' .. _' ...... '_ 

~:_~:_H~_ ~ .. ~ ~~ ... : ..... : ... ~ .. L: .. ~ ~_ .. : .... : .. ~ .. : ... ~ ... : ..... : ... ~_ 
, , , , • H' , , , , 'H ' , , 'L' H' , , 

.. 1_ -I" ...... 4 ... L ... t- .. 1_ -I" .... + .. L ..... -1- -I" ..... + ....... 1- -I" ... -

H, H, H' • L, • H ,L, , H, 

RDY2# H, H, H. ,L' , • ,L, H, • H H, H, , , , , , , 
'------+ - ,- -.- -: -H: -: -.- -.- -, - -, - i - ~ H - -.- -. - i - i - .- -.- -.- C: -

OE2# 

SIGNAL 
NAME 

:H 
Table 4, First Part of PAL2's EquaUons 

INPUTS INTERNALS 

N: L:W:A:M:B:B: L:T:M: 
C, B, /.D.A,R,H, R,2.A, 
#'A'R'S'T'D·O'D'#' I' 
'#'#'#'1'Y'L'Y' 'N' 
I • • I : *: 0: *: : *: 

APPLICATION NOTE AN·30 

DESCRIPTION 

Write, no Main 
-- .. ----------------
Write, wait for Main 

Write, no Main 
-------------------
Write, wait for Main ------------------
.S~~ ~n~I.R~.?~ ~n~ ~H) • • • • _ • 
Stay until BHOLD 

Write while Main -- .. ----------------
_S~~ ~n~I_R~a.?~ • ________ _ 

Write while BHOLD 

~~~ ~n~1 !e!e~~ ________ • 
NCA, Main -------------------
NCA while BHOLD -------------------
NCA while BHOLD 

T2,WrMiss, no Main 
-------------------
Stay until next ADS# 

Read Hit 

DESCRIPTION 

RGT L:H: 
, , 

L: 
, . L, , H • 

L:H: 
'--____ +~-~~~-~~~-~~~-~,-H+-H~:-~-,~L~·-~~~~~4~~~~~----- _____ _ 

H H: L: • L: NCA after BHOLD 

L' H' 
, 

L' 
, 

L' L' 
t--'--:"'--'--:""":""-:"'--'--:"-":""":"''''':''--1-':''''-''':--:'''--'--:'''''':''''''':'''--=--+ - - - - - - - - - - - - - - - - - - -

, H H' , L' NCA, wait for Main 
I--'-.....L.--I._.L...--'-....L.--L_L..-...L-..:..L........L-I_"--'-.....L.--I._.L...--'-....L.--L~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 

'L' 'L' , H ' L' LBA 
.. 1_ _I.. ... ... 4 ... .. .. ... ...... _I.. .. .. • .. .. ... _ _ 1_ _I.. .. _ .. _ .. _ 1_ _. _ .. _ 

~~ ~~A_u~ti~ ~~~y _______ _ 'H' , H' , H ' H' 
-1- -1- ... - ., - r - ~ -1- -I - ... - .... ~ .. - -1- -I - .. - .. - ... - 1- -1- ... -

,L, , " ,H" , H , H, Stay LBA until Ready 

BHX# BHOLD, no Main 
-------------------
BHOLD, Main 
stay until ;'0 BHOio - - - - - - - -

BHY# • H L' One cycle after BHX 

~~Y_~!n_~e~dy _________ _ 'H 'L' BHLDA 
.. 1- -I" ... - ., .. .. - ... .. 1- -I - .. - .. .. ... .. - - I - -I - .. .. to .. .. - 1- -I - ..... 

• H. • H • H. Stay until no BHOLD 

DEN# H, H, L, ,L, , , , L, H, ,H ,H, , , , ,H, , Read Miss, no Main 
'-------/'" H:- H:-C: - : i: L:- -:- .. -: -L: - : H .. -: - -:. : - : .. :- -:- -: - -: - -------------------

Read Miss, wait for Main 

~:~ ~:~H~: ~L~ ~ ~ ~:~ ~:~ ~ ~: ~H ~ ~ ~ 8 ~ 8: ~ ~: ~ ~ ~ ~ ~ :~ ~:~ ~: ~ ~: ~ 
-------------------
Write, no Main 
-------------------

, H' H' , 'L' , 
.. I. _I _ .. _ .. .. L .. ... .. 1_ 

'L' 'H H' , , , , , , , 
• .J _ .L _ L .. ... 1_ .1 _ .J _ .L _ L. _ 1 __ I .. .J _ 

Write, wait for Main 
-------------------

L' H' L' L' , , , 'H' 'H 'H' , H' Read NCA, no Main 
-.- -I - ... .. .. - ~ - ... .. 1- .... - • - ... - • -1- -I. ~ - ... ~ - 1- -I" .. - -------------------
L, H. L· • L, • L. • H Read NCA, wait for Main 

-------------------
~~y_u!'~ ~e~y __ ' ________ _ 
Write, after BHOLD -------------------
NCA, after BHOLD 

Table 5. Second Part of PAL2's EquaUons 
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SIGNAL 
NAME 

CLR1# 

CLR2# 

INPUTS 

R:B:B:M:B: F: 
E,H,W,A,A,L, 
SILI/ITIDIUI 
E I OIRI2ISIS' 
T'A'#' '#'H' 
#: I I I : #: 

C: C: 
L, L, 
RI RI 
l' 2 I 

#:#: 

LI 

INTERNALS 

APPLICATION NOTE AN·30 

DESCRIPTION 

Snoop Write while BHLDA 

Write Hit while BHLDA 

CLR# H, I I H, I I I I 'I I L. I I I I I I Write Hit while BHLDA 
'------t- . I· ., •• , • , • r • I· ., •• ,. "'I • T • .. ,- "," -, .. , - T - i .. ,- -," -, .. 

.S!S~ ~n.? !ll?~ ~y:l~ •••••••• 

.~~I1]a!~L'd~H. ' •••••••••• 
System RESET 

HI I I • I I I I I I ',L. I I • I I I I 

H : - -: - -: - : - : L.:- -: - -:.. -: - : .. --.-----.--------I I I I I I I I I 

L:" .. : - -... i .. ~ - ,- .. I" -," -, .. ; -
.. I. _' ... ' _ ~ .. ! _ '. _ ' ... ' ... ' .. 

I I I , I • I I • 

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 .. r 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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THE COMPLETE HIGH PERFORMANCE CACHE 
SYSTEM FOR THE 80386 MICROPROCESSOR 

TITLE 
PATTERN 
REVISION 
AUTHOR 
COMPANY 
DATE 

Controller1 
N.A. 
1.1 
Mammad safai 
Integrated Device Technology Inc. 
09-21-1988 

CHIP CONTROL_PAL 1 PAL22V10 

;PINS 
;1 2 3 4 5 6 7 8 9· 10 
CLKB IXNC ILBA /W R lADS MAT1 IBROY IBHX IBHY IRESET 
;11 12 13 14 15 16 17 18 19 20 
BHLOA GNO NC /WINV IBAOS OIR /WE2 /WE1 rr4 rr3 
;21 22 23 24 25 
rr2 IMAIN IFBE VCC GLOBAL 

EQUATIONS 

GLOBAL.RSTF = RESET 

OIR : = IBHX * ILBA * /W R * ADS * IRESET * IMAIN 
+ -
IBHX * ILBA * /W_R * BROY * IRESET * MAIN 
+ 
IBROY * IBHLOA * IRESET * OIR 
+ 
ILBA * /W_R * BHY * IRESET * T2 * OIR 
+ 
ILBA * /W R * BROY * IBHX * BHY * IRESET * IMAIN * 
IOIR -

FBE : = IXNC * ILBA * W R * IMAT1 * IBHY * IRESET * T2 * 
IMAIN */FBE -
+ 
/XNC * ILBA * W R * IMAT1 * BROY * IBHX * IRESET * 
T2 * MAIN * IFBE 
+ 
IBROY * IRESET * FBE 

MAIN : = /XNC * ILBA * /W R * IBHY * IRESET * T2 * IMAIN 
+ -
/XNC * ILBA * W R * IMAT1 * IBHY * IRESET * T2 * 
IMAIN -
+ 
/XNC * ILBA * W R * IMAn * BROY * IBHX * IRESET * 
T2 * MAIN. -
+ 
IBROY * IRESET * MAIN 

T2 : = ADS * IRESET 
+ 
/XNC * ILBA * W R * IMAT1 * IBROY * IRESET * T2 * 
MAIN -
+ 
/XNC * ILBA * /W_R * IRESET * T2 * MAIN 

T3 

T4 

APPLICATION NOTE AN-30 

+ 
XNC * ILBA * IRESET * T2 * MAIN 
+ 
/XNC * ILBA * W R *./MAT1 * BHY * IRESET * T2 
+ -
/XNC * ILBA * /W_R * BHY * IRESET * T2 

: = /XNC * ILBA * W R * IMAT1 * IBHY * IRESET * T2 * 
IMAIN -
+ 
/XNC * ILBA * W R * IMAT1 * BROY * IBHX * IRESET * 
T2 * MAIN -
+ 
/XNC * ILBA * /W R * IMAn * IBHY * IRESET *T2 * 
IMAIN -

:= /XNC * ILBA * W R * IRESET * T3 
+ -
BROY * IRESET * T4 

WE1 := IXNC*/LBA*/W R*/MAT1 */BHY*/RESET*T2* 
IMAIN -
+ 
IXNC * ILBA * W R * IMAT1 * IRESET * T3 
+ -
/XNC * ILBA * W_R * IBROY * /RESET * T4 * MAIN 

WE2 : = IXNC * ILBA * /W R * ADS * IRESET * IMAIN 
+ -
/XNC * ILBA * W_R * IMAT1 * IRESET * T3 
+ 
/XNC * ILBA * W_R * IBROY * IRESET * T4 * MAIN 

WINV : = /XNC * ILBA * /W R * IMAT1 * IBHY * IRESET * T2 * 
IMAIN -

BAOS : = IXNC * ILBA * W R * IMAT1 * IBHX * IBHY * IRESET * 
T2 * IMAIN -
+ 
/XNC * ILBA * W R * IMAT1 * BROY * IBHX * IRESET * 
T2 * MAIN -
+ 
XNC * ILBA * ADS * IBHX * IRESET * IMAIN 
+ 
XNC * ILBA * BROY * IBHX * IRESET * MAIN + . 
XNC * ILBA * IBHX * BHY * IRESET * IMAIN 
+ 
/XNC * ILBA * /W R * ADS * /BHX * IBHY * IRESET * 
IMAIN -
+ 
/XNC * ILBA * /W R * BROY * IBHX * IRESET * MAIN 
+ -
/XNC * ILBA * /W R * BROY * IBHX * BHY * IRESET * 

IMAIN -
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TITLE 
PATTERN 
REVISION 
AUTHOR 
COMPANY 
DATE 

Controller2 
N.A. 
1.1 
Mammad Safal 
Integrated Device Technology Inc. 
09-01-1988 

CHIP CONTROL_PAL2 PAL22V10 

;PINS 
;1 2 3 4 5 6 7 8 9 10 
CLKB /XNC ILBA IW R lADS MAT1 IBRDY BHOLD ILRDY 
/RESET -
;11 12 13 14 15 16 17 18 19 20 
rr2 GND IMAIN BHLDA IDEN IBHY IBHX RGT IOE2 IRDY2 
;21 22 23 24 25 
IRDY1 SEL WLE VCC GLOBAL 

EQUATIONS 

GLOBAL.RSTF = RESET 

WLE := /XNC * ILBA * IW R * ADS * IMAIN * IRESET + - , 
/XNC * ILBA * IW_R * BRDY * MAIN * IRESET 

SEL : = /XNC * ILBA * IW R * ADS * IMAIN * IRESET 
+ -
IXNC * ILBA * IW_R * BRDY * MAIN * IRESET 
+ 
IBRDY * IRESET * IBHLDA * SEL 
+ 

, IXNC * ILBA * IW_R * T2 * IRESET * BHY * SEL 

RDY1 : = /XNC * ILBA * IW R * ADS * IBRDY * MAIN * IRESET 
* IBHX -
+ 
IBRDY * MAIN * IRESET * RDY1 
+ 
IXNC * ILBA * IW R * ADS * IRESET * BHX 
+ -
IRESET * BHY * RDY1 
+ 
XNC * ILBA * IBRDY * MAIN * IRESET * IBHX 
+ 
XNC * ILBA * ADS * IRESET * BHX 
+ 
XNC * ILBA * T2 * IRESET * BHY 

RDY2 : = IXNC * ILBA * IW R * IMAT1 * T2 * IMAIN * IRESET * 
/BHX * IBHY -

APPLICATION NOTE AN·30 

+ 
lADS * IRESET * RDY2 

OE2 := IXNC * ILBA * W_R * ADS * MAT1 * IRESET 

RGT : = XNC * ILBA * ADS * BRDY * IMAIN * IRESET * IBHX * 
IRGT ' 

+ 
XNC * ILBA • IRESET * IBHX • BHY * IRGT 
+ 
XNC * ILBA * BRDY • T2 • MAIN * IRESET· IBHX • IRGT 
+ 
LBA * ADS * IRESET * IRGT 
+ 
ILBA * IBRDY • IRESET * RGT 
+ 
LBA • ILRDY * IRESET • RGT 

BHX : = BHOLD • T2 * IMAIN • IRESET * IBHX 
+ 
BRDY • BHOLD • T2 * MAIN • IRESET • IBHX 
+ 
BHOLD • IRESET • BHX 

BHY : = IRESET • BHX 

BHLDA : = BRDY * BHOLD • IRESET * BHY * IBHLDA 
+ 
BHOLD • IRESET • BHLDA 

DEN : = /XNC • ILBA * W 'R * IMA T1 * T2 * IMAIN * IRESET * 
IBHY· IDEN -
+ 
/XNC * ILBA * W R • IMAT1 • BRDY· MAIN • IRESET + -
ILBA * IW R • ADS * IMAIN • IRESET • IBHX + -
ILBA * IW_R • BRDY * MAIN • IRESET • IBHX 
+ 
XNC * ILBA * W R * ADS * IMAIN • IRESET * IBHY • 
IDEN -

+ 
XNC * ILBA * W R * BRDY· MAIN * IRESET 
+ -
IBRDY· IRESET * DEN 
+ 
IW R • ILBA * BRDY • IMAIN • IRESET • IBHX • BHY • 

10 EN 
+ 
XNC • ILBA * BRDY * IMAIN • IRESET • IBHX * BHY • 

IDEN 
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TITLE Controller3 
PATTERN NA 
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 
ClKB /RESET BHLDA /BW R /BADS MAT2/FLUSH NC 
NC -
;11 12 13 14 15 16 17 18 19 
NC GND NC NC NC NC NC NC NC 
;21 22 23 24 25 
/CLR /CLR2 /CLR1 VCC GLOBAL 

EQUATIONS 

GlOBAL.RSTF = RESET 

CLR1 .­

CLR2 := 

/RESET * BHLDA * /BW_R * BADS 

/RESET * MAT2 * CLR 1 

10 
NC 

20 
NC 
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CLR 

APPLICATION NOTE AN-30 

/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 ofthis design is the IDT7174 cache tag SRAM. This 
device with an address to match time of 20ns gives a wide margin 
for the two cycle 80386 operating at 25M Hz. Faster microprocessor 
can be easily accommodated without changes to this design. 

-----------,._-,------------
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THERMAL PERFORMANCE CALCULATIONS FOR lOT'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 management of this thermal energy 
can cause 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 lOT's enhanced CEMOS TM 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 (TJ), it becomes increasingly important to 
maintain a low (TJ). 

CMOS devices stabilize more quickly and at greatly lowertem­
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: 

~ = to exp [E (-1.. --1..)\l 
k To TJ ~ 

where 

tA lifetime at elevated junction (TJ) temperature 
to normal lifetime at normal junction (To) temperature 
Ea activation energy (ev) 
k Boltzmann's constant (8.617 x 10-5 ev/k) 

I.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, lOT 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-STO-883C, Method 1012.1 
JEOEC ENG. Bulletin No. 20, January 1975 
1986 SemI. Std., Vol. 4, Test Methods G30-86, G32-86. 

S15-1 

4. Tightly controlled the assembly procedures to meet or 
exceed the stringent criteria of MIL-STO-883C to ensure 
maximum heat transfer between die and packaging 
materials. ' 

The following figures graphically illustrate the thermal values of 
lOT'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 (TJ), it is necessary to 
know the thermal reSistance of the package (eJA) 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, with a 
continuing series of high-speed, low-power CMOS solutions to 
your system design needs. 

eJA = [TJ - TAI/P 
TJ = TA+ P [eJAI = TA + p[eJA+ ecAi 

where 
eJC = lj - Tc 

P 

Thermal resistance, junction to reference point 
Junction 
Operational power of device (dissipated) 
Ambient temperature in degrees celsius (normally 
+70°0) 
Junction temperature of integrated device 
Temperature of case/package 

Case to Ambient, thermal resistance-usually a 
measure of the heat diSSipation due to natural 
or forced convection, radiation and mounting 
techniques. 
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.) 

Junction to Ambient, thermal resistance-usually 
measured with respect to the temperature of a speci­
fied volume of Still Air. (Dependent on eJC + eJA 
which includes the influence of area and environ­
mental condition.) 
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~ PACKAGE DIAGRAM OUTLINE INDEX 
IntegratedDevIce~Inc. 

PKG. 

P16-1 
P18-1 
P20-1 
P22-1 
P24-1 
P24-2 
P28-1 
P28-2 
P32-1 
P40-1 
P48-1 
P64-1 

D16-1 
D18-1 
D20-1 
D22-1 
D24-1 
D24-2 
D28-1 
D28-2 
D28-3 
D32-1 
D40-1 
D40-2 

C20":1 
C22-1 
C24-1 
C24-2 
C28-1 
C28-2 
C28-3 
C32-1 
C32-2 
C40-1 
C48-1 
C48-2 
C64-1 
C64-2 
C68-1 

PG68-2 
PG84-2 
PG208-2 

G68-1 
G68-2 
G84-1 
G84-2 
G108-1 
G144-1 
G144-2 
G208-1 

DESCRIPTION 

16-Pin Plastic DIP (300 mil) .......................•••........••..•....•....•........... 
18-Pin Plastic DIP (300 mil) ............................•......•..•••...•............... 
20-Pin Plastic DIP (300 mil) ........••.•........•...............................•....... 
22-Pin Plastic DIP (300 mil) ........ ~ .....•..............••............................. 
24-Pin Plastic DIP (300 mil) ..............••.....•.......••..••.•.•..................... 
24-Pin Plastic DIP (600 mil) .•...........................................•.............. 
28-Pin Plastic DIP (600 mil) .........................................••.....•...••...... 
28-Pin Plastic DIP (300 mil) ....................••...........•..•••.•••.........••...•.. 
32-Pin Plastic DIP (600 mil) ....................•.........•..•...•.•.•.•........••...... 
4Q-Pin Plastic DIP (600 mil) ............•..•....•...................................••.. 
48-Pin Plastic DIP (600 mil) ........••.................................•... ; ........••.. 
64-Pin Plastic DIP (900 mil) ........................................................... . 

16-Pin CERDIP (300 mil) .....•..................................... ; .............••..• 
18-Pin CERDIP (300 mil) ............................................................. . 
20-Pin CERDIP (300 mil) ....................................•....................•.... 
22-Pin CERDIP (300 mil) ....................................•...••...•..•...•......... 
24-Pin CERDIP (300 mil) ....................................•...•.........•.•......... 
24-Pin CERDIP (600 mil) .........................................•..••........•....... 
28-Pin CERDIP (600 mil) ...........•••................................. '.' ............ . 
28-Pin CERDIP (Wide Body) ......................................•............•..••... 
28-Pin CERDIP (300 mil) ................................•....•...•.•.................. 
32-Pin CERDIP (Wide Body) •.......................................................... 
4Q-Pin CERDIP (600 mil) ............................................................. . 
40-Pin CERDIP (Wide Body) .•............•............................................ 

20-Pin 8idebraze DIP (300 mil) ..................................................•...... 
22-Pin 8idebraze DIP (300 mil) ..........................••..•....•...••........•....... 
24-Pin 8idebraze DIP (300 mil) ........................................................ . 
24-Pin 8idebraze DIP (600 mil) ..•....................................................•. 
28-Pin 8idebraze DIP (300 mil) ........................................................ . 
28-Pin 8idebraze DIP (400 mil) ...........................................•..•••........ 
28-Pin 8idebraze DIP (600 mil) ..........................•.•........•................... 
32-Pin 8idebraze DIP (600 mil) ..........•............................•................. 
32-Pin 8idebraze DIP (400 mil) ........................................................ . 
40-Pin 8idebraze DIP (600 mil) ........................................................ . 
48-Pin 8idebraze DIP (400 mil) ........................................................ . 
48-Pin 8idebraze DIP (600 mil) ................................. ~ .••.........•.......... 
64-Pin 8idebraze DIP (900 mil) ...................................................•..... 
64-Pin Topbraze DIP (900 mil) .....................................•...•............... 
68-Pin 8idebraze DIP (600 mil) ...................................•......•..•...•....... 

68-Lead Plastic Pin Grid Array (Cavity Up) ......................................••....... 
84-Lead Plastic Pin Grid Array (Cavity Up) ........................................•...... 
208-Lead Plastic Pin Grid Array (Cavity Up) ..................................••.......... 

68-Lead Pin Grid Array (Cavity Up) .................................................... . 
68-Lead Pin Grid Array (Cavity Down) .................................................. . 
84-Lead Pin Grid Array (Cavity Up) .........•.................•...•...•.........••...... 
84-Lead Pin Grid Array (Cavity Down) .................................................•. 
108-Lead Pin Grid Array (Cavity Up) ..................................................•. 
144-Lead Pin Grid Array (Cavity Down) ........................••...•..................•. 
144-Lead Pin Grid Array (Cavity Up) ................................................... . 
208-Lead Pin Grid Array (Cavity Up) ................................................... . 
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PACKAGE DIAGRAM OUTLINE INDEX 

PKG. 

S016-1 
S018-1 
S020-1 
S020-2 
S024-2 
S024-3 
S024-4 
S028-2 
S028-3 
S028-4 

J20-1 
J28-1 
J32-1 
J44-1 
J52-1 
J68-1 
J84-1 

L20-1 
L20-2 
L22-1 
L24-1 
L28-1 
L28-2 
L32-1 
L44-1 
L48-1 
L52 ... ,1 

L68-1 
L68-2 

E16-1 
E20-1 
E24-1 
E28-1 
E28-2 

CQ68-1 
CQ84-1 

F20-1 
F20-2. 
F24-1 
F28-1 
F28-2 
F48-1 
F64-1 
F172-1 

DESCRIPTION 

16-Pin Small Outline IC (Gull Wing) .................................................... . 
18 ... Pin Small Outline IC (Gull Wing) .................................................... . 
2Q-Pin Small Outline IC (J ... Bend) ....................................... , .............. . 
2Q-Pin Small Outline IC (Gull Wing) .................................................... . 
24 ... Pin Small Outline IC (Gull Wing) .................................................... . 
24 ... Pin Small Outline IC (Gull Wing) .................................................... . 
24 ... Pin Small Outline IC (J ... Bend) ...................................................... . 
28 ... Pin Small Outline IC (Gull Wing) ..................................................... . 
28 ... Pin Small Outline IC (Gull Wing) ............................ ~ ....................... . 
28 ... Pin Small Outline IC (J ... Bend) ...................................................... . 

2Q-Pin Plastic Leaded Chip Carrier (Sq.) ................................................ . 
28 ... Pin Plastic Leaded Chip Carrier (Sq.) ................................................ . 
32 ... Pin Plastic Leaded Chip Carrier (Rect.) ............................................... . 
44 ... Pin Plastic Leaded Chip Carrier (Sq.) .•.....•.•...•......•••••••.•....•...........•..• 
52-Pin Plastic Leaded Chip Carrier (Sq.) ................................................ . 
68-Pin Plastic Leaded Chip Carrier (Sq.) ........................•.......••.............•. 
84-Pin Plastic Leaded Chip Carrier (Sq.) ....................... ; ........................ . 

20 ... Pin Leadless Chip Carrier (Rect.) ................................................... . 
20-Pin Leadless Chip Carrier (Sq.) ..................................................... . 
22-Pin Leadless Chip Carrier (Rect.) ................................................... . 
24-Pin Leadless Chip Carrier (Rect.) ................................................... . 
28-Pin Leadless Chip Carrier (Sq.) ..................................................... . 
28-Pin Leadless Chip Carrier (Rect.) ................................................... . 
32-Pin Leadless Chip Carrier (Rect.) ...................................... , ............. . 
44-Pin Leadless Chip Carrier (Sq.) ..................................................... . 
48-Pin Leadless Chip Carrier (Sq.) ..................................................... . 
52-Pin Leadless Chip Carrier (Sq.) ..................................................... . 
68 ... Pin Leadless Chip Carrier (Sq.) ..................................................... . 
68-Pin Leadless Chip Carrier (Sq.) ..................................................... . 

16 ... Lead CERPACK ................................................................. . 
20-Lead CERPACK ................................................................. . 
24-Lead CERPACK ................................................................. . 
28 ... Lead CERPACK ................................................................. . 
28-Lead CERPACK ................................................................. . 

68 ... Lead CERQUAD (Straight Leads) ................................................... . 
84-Lead CERQUAD (J ... Bend) ......................................................... . 

20-Lead Flatpack ................................................................... . 
20 ... Lead Flatpack (.295 Body) ......................................................... . 
24-Lead Flatpack ................................. : ................................. . 
28 ... Lead Flatpack ................................................................... . 
28 ... Lead Flatpack ................................................................... . 
48-Lead Flatpack ................................................................... . 
64-Lead Flatpack ................................................................... . 
172-Lead Flatpack .................................................................. . 
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PACKAGE DIAGRAM OUTLINE INDEX 

MODULE PACKAGING 

PKG. 

M1 
M2 
M3 
M4 
M5 
M6 
M7 
M8 
M9 
M10 
M11 
M12 
M13 
M14 
M15 
M16 
M17 
M18 
M19 
M20 
M21 
M22 
M23 
M24 
M25 
M26 
M27 
M28 
M29 
M30 
M31 
M32 

DESCRIPTION 

28-Pln Sidebraze DIP •.•.••........••...........•••..••.•....•.........••. " .....•.... 
32-Pin Sidebraze DIP ................•......•............•..............•....•..••...• 
32-Pin Sidebraze DIP ..••.......••....•..••.......•....••...••........•..........••..• 
40-Pin Sidebraze DIP ......••........•........•...•....••..•••...•...•••..••...••••... 
40-Pin Sidebraze DIP ..•.........•...••........•........•....••....•..............•••. 
40-Pin Sidebraze DIP ...........•..............•........•....•........•••....•......•. 
40-Pin Sidebraze DIP ......•.•..•....•..............•...•....•.•....•...•....•.....•.. 
44-Pin FR-4 DIP •..•....•••...................................•••....•...••... '" .•.. 
48-Pin Ceramic DIP .•....•....••...•............•••...•.....•..•.....•...........••.• 
58-Pin Sidebraze DIP ....................•.............••..•••...•....••........ ; ••.•. 
60-Pin Ceramic DIP .......••........•..•..................•........••..•.......••.... 
64-Pin Sidebraze DIP ..•.............••.............•......•....•........•......•....• 
64-Pin Ceramic DIP •..............••.................•••...••.....•...•..........••.. 
28-Pin FR-4 SIP •..........•......•.............•....•••..•.•...•.•..••.........••.•. 
30-Pin FR-4 SIP ...•....•....•.........•.....•...•...........•....•....•...••.....•.. 
36-Pin FR-4 SIP •....•...•.....•.........••...•....•....•....•••..•.....•.....••....• 
40-Pin FR-4 SIP •.........••....•....•.........••...••.....•...•.....•.........•••... 
43-Pin FR-4 SIP .•...••....... " ......•....••....•........••.•..••...••...•••.....••. 
28-Pin Ceramic SIP ...............••.......•.....••....••......•..•••..•..•••.....••. 
30-Pin Ceramic SIP ......•.....•....•...••.....••........•••...•.....•..•.....•••...• 
40-Pin Ceramic SIP •....•..........•....•.................... ~ ......•........•....... 
36-Pin Ceramic Dual SIP ........................ ; ..................................... . 
88-Pin Ceramic Dual SIP .....•.....•....••.......••...•......••....•.•...•...••..••... 
40-Pin FR-4 ZIP .....••..........•.........•.•.........•..........•.•.......••....••. 
92-Pin FR-4 alP ............•......•...•••....•...•.. ~ .•.....••••....•....••...•...•• 
1oa-Pin FR-4 alP ••...•......•...........••........•......•••...•••...•.....••....••. 
108-Pin FR-4 alP ...................................•..•......••.•...•....•••..•.•... 
120-Pin FR-4 alP .•.....•..•.........••....••....••...••....••......•...•............ 
128-Pin FR-4 alP ....•.........•......•••.•..•••....•••....••..••••....•....••...•.• 
164-Pin FR-4 alP .•.••.....•.....••.....•..........•.•...••.•..•••...•.....••...•••• 
92-Pin Ceramic alP .............•.......•.....•..........••.•..•.....•.•..•.....••••. 
128-Pin Ceramic alP ••••...........••....••.•...••.....•.....•....••••..•..........•. 
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~ PACKAGE DIAGRAM OUTLINES 
Intesrated DevIce~Inc. 

PLASTIC DUAL IN-LINE PACKAGES 

NOTES. 

m ALL DIMENSIONS ARE IN INCHES, UNLESS OTHER'JISE STATED. 

[2] BSC - BASIC PIN SPACING BET'JEEN CENTERS. 
[3] D Be E1 DO NOT INCLUDE HOLD FLASH DR PROTRUSIONS. 

16-28 PIN PLASTIC DIP (300 MIL) 

I, o~~?NI (N) 1l)~O'J ilL) 1l}:~o2 IL) 2Crt:~oJ MIL) 2lfsO'ci MIL) 
IN MAX MIN IX ~IN ~A MIN MAX 

A 0 16 .140 45 .1 .145 165 
A' 15 .C15 15 0 15 35 
b 15 015 15 0 15 02C 
b' 5C 0 05C 7 5 .050 065 
C .008 .012 .008 .012 .008 .012 .008 .012 
D 1-5 6 .!'l85 0 22 04(; 05C 061 
E 3 5 3 320 0 
E' 7 2 7 6 .Q ,280 40 0 
e 9 1 9 11 0 
e,lt .3 .J7 .J 3" 1 

.1 .1- .1 51 0 .1 ~. 
0( O· 
S 1 6 025 0 .(] 

01 05 055 5 .(] 
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)2 
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2 ~f~tIL) 
I MA 

4 7C 
1 :3C 

02C 
06fi 

.008 .012 
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PACKAGE DIAGRAM OUTLINES 

PLASTIC DUAL IN-LINE PACKAGES (Continued) 

24-48 PIN PLASTIC DIP (600 MIL) 

DWG ~ 1# OF PIN (N) 
P24-2 

24 (600 MIL) 
P28-1 

28 (600 MIL) 
P32-1 

32 . (600 MIL) 
P40-1 

40 '(600 MIL) 
P48-1 

48(600 MIL) 
MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX 

A .160 .185 .160 .185 .170 .190 .160 .185 .170 .200 
A1 .015 .035 .015 .035 .015 .050 .015 .035 .015 .035 
b .015 .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 1.460 1.645 1.655 2.050 2.070 2.420 2.450 
E .600 .620 .600 .620 .600 .625 .600 .620 .600 .620 
E1 .530 .550 .530 .550 .530 .550 .530 .550 .530 .560 
e .090 .110 .090 .110 .090 .110 .090 .110 .090 .110 
eA .610 .670 .610 .670 .610 .670 .610 .670 .610 .670 
L .120 .150 .120 .150 .125 .135 .120 .150 .120 .150 
0( o· 15' O' 15' 0' 15' 0' 15' O· 15' 
S .060 .080 .055 .080 .065 .075 .070 .085 .060 .075 
01 .060 .080 .060 .080 .070 .080 .060 .080 .060 .080 

64 PIN PLASTIC DIP (900 MIL) 

DWG # P64-1 
/I OF PINS (N) 64 (900 MIL) 

MIN MAX 
A .180 .230 
A1 .015 .040 
b .015 .020 
b1 .050 .065 
C .008 .012 
D 3.200 3.220 
E .900 .925 
E1 .790 .810 
e .090 .110 
eA .910 1.000 
L .120 .150 
0( 0' 15' 
S .045 .065 
01 .080 .090 

S15-7 



PACKAGE DIAGRAM OUTLINES 

DUAL IN-LINE PACKAGES 

A 

L1 

SEATING PLANE 

NOTES. 
[1] ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE SPECIFIED. 
[2] BSC - BASIC PIN SPACING BET'w'EEN CENTERS. 
[3] THE MINIMUM LIMIT FOR DIMENSION bl MAY BE .023 FOR CORNER LEADS. 

16-28 PIN CERDIP (300 MIL) 

OWG 1f, II OF LEA S (N) 
016-1 

16 (300 MIL' 
018-1 

18 (300 MIL) 
020-1 

20 (300 MIL) 
022-1 

22 (300 MIL) 
024-1 

24 -(300 MIL) 
028-3 

28 (300 MIL) 
MIN MAX MIN MAX MIN MAX MIN MAX MIN 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 
e .009 .013 .009 .014 .009 .014 .009 .014 .009 .014 .009 .014 
0 .750 .B30 .BBO .940 .935 1.060 1.050 1.1BO 1.240 1.2BO 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 
e .100 sse .100 sse .100 sse .100 sse .100 sse .100 sse 
L .125 .175 .125 .175 .125 .175 .125 .175 .125 .175 .125 .175 
L1 .150 .150 .150 .150 .150 .150 
a .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 lDEG) o· 15' o· 15' o· 15' O' 15' o· 15' o· 15' 

815-8 



PACKAGE DIAGRAM OUTLINES 

DUAL IN-LINE PACKAGES (Continued) 

24-40 PIN CERDIP (600 MIL) 

DWG /I D24-2 D2B-l 
JI OF LEADS (N) 24 (600 MIL) 28 (600 MIL) 

MIN MAX MIN MAX 
A .090 .200 .090 .200 
b .014 .023 .015 .020 
bl .038 .065 .045 .060 
C .OOB .015 .OOB .013 
D 1.230 1.290 1.440 1.490 
E .500 .560 .510 .545 
El .590 .620 .590 .620 
e .100 esc .100 esc 
L .125 .200 .125 .200 
L1 .150 .150 
a .015 .060 .020 .060 
S .030 .080 .030 .080 
Sl .005 .005 
0< O· 15· O· 15· 

28-40 PIN CERDIP (WIDE BODy) 

DWG II D28-2 D32-1 
JI OF LEADS lNl 28 (WIDE BOD'l'l 32 LWiDE BODY) 

MIN MAX MIN MAX 
A .090 .200 120 .210 
b .015 .020 .015 .020 
bl .045 .060 .038 .065 
C .008 .013 .008 .015 
D 1.440 1.490 1.625 1.675 
E .570 .600 .570 .600 
El .590 .620 590 .620 
e .100 BSC .100 BSC 
L .125 .200 .125 .200 
L1 .150 .150 
a .020 .060 .020 .060 
S .030 .080 .030 .080 
Sl .005 .005 
0< O· 15· O· 15· 

515-9 

D40-1 
40 (600 MIL) 

MIN MAX 
.160 .220 
.015 .020 
.045 .060 
.OOB .012 
2.020 2.070 
.510 .545 
.590 .620 

.100 BSC 
.125 .200 
.150 
.020 .060 
.030 .080 
.005 
O· 15· 

D4O-2 
40 (WIDE BOD--'!'l 
MIN MAX 
160 .220 

.015 .020 

.045 .060 

.008 .012 
2.020 2.070 
.570 .600 
.590 .620 

.100 BSC 
.125 .200 
.150 
.020 .060 
.030 .080 
.005 
O· 15· 

lEI 
I 



PACKAGE DIAGRAM OUTLINES 

DUAL IN-LINE PACKAGES (Continued) 

20-26 PIN SIDEBRAZE (300 MIL) 

S2 PLANE j SEATING 

t-~~ 
~Ll I~I~ 

-, b~1- -leI- -II-Sl ' 

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

D'JG I/: C20-1 C22-1 C24-1 
# OF LEADS (N) 20 (300 MIl) 22 (301 MIL> 24 (3)0 MIL> 

MIN MAX MIN MAX· MIN MAX 
A 100 .200 .100 .200 0 .200 
10 014 Q23 .014 02a -,014 .023 
101 .038 .060 .030 .060 038 .060 
C .008 liS 008 015 .008 .015 
D .970 1.060 1.040 1.120 1.180 1.230 
E .220 .310 .260 .310 .220 .310 
El .290 .320 .290 .320 .290 .320 
e .100 BSC .100 BSC .100 BSC 
L .125 .200 .125 .200 125 .200 
L1 .150 .150 .150 
Q 015 060 015 060 015 060 
S .030 065 030 .065 .030 .065 
Sl 005 .005 .005 
S2 .005 .005 .005 

S15-10 

28 ~~~Ol MID 
MIN MAX 
lOa .20 
.014 023 
.030 .060 
.008 015 
1.380 1.420 
.220 .310 
.290 .320 

.100 BSC 
.125 .200 
.150 
015 .060 
.030 065 
.005 
.005 



PACKAGE DIAGRAM OUTLINES 

DUAL IN-LINE PACKAGES (Continued) 

28-48 PIN SIDEBRAZE (400 MIL) 

I D I 

48 PIN OPTION 

j SEATING 

~JNE 
tU- Ju=:r ~C 
~ Io-ll- -leI- I-Sl T l-El-J 

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

D'WG # C28-2 C32-2 C48-1 
# OF LEADS (N) 28 (400 MID 32 (400 MID 48 (400 MID 

MIN MAX MIN MAX MIN MAX 
A .090 .200 .090 .200 .085 .190 
10 .014 .023 .014 .023 .014 .023 
101 .030 .060 .030 .060 .030 .060 
C .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 .390 .420 .390 .420 
e .• 100 BSC .100 BSC .070 BSC 
L .100 .175 .100 .175 .125 .175 
L1 .150 .150 .150 
Q .030 .060 .030 .060 .030 .060 
S .030 .065 .030 .065 .030 .065 
Sl .005 .005 .005 
S2 .005 .005 .005 

515-11 



PACKAGE DIAGRAM OUTLINES 

DUAL IN-LINE PACKAGES (Continued) 

24-68 PIN SIDEBRAZE (600 lrlIL) 

ID I m 
68 PIN OPTION 

. j SEATING 

~~JNE 
fLl ~Ir:r==!. 

f" b-ll- -leI- -ll-Sl T 

1 ALL DIMENSIONS ARE IN INCHESI.'yNLESS OTHERWISE STArrD. r~
rr~ . 

2 BSC - BASIC PIN SPACING' BETvvt.EN CENTERS. 

DW'G # C24-2 C28-3 C32-1 C40-1 C48-2 . C68-1 
I OF" LEADS (N) 24 (600 MIL> 28 (600 MIl) 32 (600 MIl) 40 (600 MIl) 48 (600 MIl) 6B (600 MIl) 

MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX 
A 0[ 191 .100 190 10C 191 IOU 19U .100 .190 DC 19U 
10 .015 .022 .015 .022 .015 .022 .015 .022 .015 .022 .015 .022· 
10: 041 06U 041 .060 04U 06( 04U 06e 04U 06U 04U 06U 
C .008 .012 .OOB .012 .OOB .012 .008 .012 .OOB .012 .OOB .012 

IBU .231 ,3BU .42( .. SBU 1.640 1.9BO 2.030 2.370 2.430 2.3BC 2.440 
E .51~ 361<1 .SSC .6\0 .SSC .6\0 .SSC .611 .SSC .6lC .5BU .61 
El .590 .620 .590 .620 .590 .620 .590 .620 .590 .620 .590 .620 

_e .100 BS( .100 :as( 00 IS[ 00 IS[ .10U BSI 7U ~S( 
l .125 .175 .125 .175 .125 .175 .125 .175 .125 .175 .125 .175 

_Ll .151l ~15Q ISO 15( 15C 151 
Q 030 .060 .030 .060 .030 .060 .030 .060 .030 .060 .030 060 
S .030 .065 .030 .065 .030 .065 .030 .065 .030 .065 .030 .065 
SI 005 005 .005 .005 .005 .005 
S2 .010 .010 .010 010 .005 .005 

S15-12 



PACKAGE DIAGRAM OUTLINES 

DUAL IN-LINE PACKAGES (Continued) 

64 PIN SIDEBRAZE (900 MIL) 

NOTES 
[1] All. DIMENSIONS ARE IN INCHES. UNLESS OTHERWISE STAlED. 
[2] BSC - BASIC PIN SPACING BElWEEN CENlERS. 

# OF D~E~D~ (N) 64 f;ct-1MIL> 
MIN MAX 

A lU 190 
b ,014 ,023 
bl ,030 ,060 

.OOB .015 
D 3,160 3,230 
E ,884 .915 
E1 ,890 ,920 
e ,100 BSC 
L 125 J7~ 
L1 ,150 
Q ,030 ,060 
S ,030 ,065 
S' OS 
S2 05 

S15-13 
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PACKAGE DIAGRAM OUTLINES 

DUAL IN-LINE PACKAGES (Continued) 

64 PIN TOPBRAZE (900 MIL) 

NOTESr 
m ALL DIMENSIONS ARE IN INCHES, UNLESS DTHER'w'ISE STATED. 
[2] BSC - BASIC PIN SPACING BET'w'EEN CENTERS. 

D'w'G '* C64-2 
It OF' LEADS (N) 64 (900 MIL> 

MIN MAX 
A .120 .180 
b .015 .• 021 
bl .040 .060 

-,009 .012 
D 3.165 3.235 
E .785 .815 
E1 .885 .915 
e .100 BSC 
L .125 .175 
L1 .150 
Q 030 .060 
S .030 .065 
SI .005 
S2 .005 

S15-14 



PACKAGE DIAGRAM OUTLINES 

PLASTIC PIN GRID ARRAY 

68-208 PIN PGA (CAVITY UP) 
1-----------11 

L 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
A 

+++++++++++ ... +++++++++ -11 
gogEl E 
!! !!lJ ++ ++ 

+++++++++t 
+++++++++ f-

A 

NOlES: 
1. SYMBOL "M" REPRESENTS THE PGA MATRIX SIZE. 
2. SYMBOL "Nil REPRESENTS THE NUMBER OF PINS. 
3. DIM "A" INCLUDES BOTH THE PKG BODY &: lHE UD. IT DOES NOT 

INCLUDE HEATSINK OR OlHERATTACHED FEATURES. 
4. PIN DIAMETER "C" EXCLUDES SOLDER DIP OR OlHER LEAD FINISH. 
5. PIN TIPS MAY HAVE RADIUS OR CHAMFER •. 

DWG No. PG 68-2 PG 84-2 PG 208-2 
II 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 esc 1.600 esc 
E 1.140 1.180 1.140 1.180 1.740 1.780 
E1 1.000 BSC 1.000 BSC 1.600 esc 
e .100 BSC .100 BSC .100 BSC 
L .100 .160 .100 .160 .100 .160 
M 11 11 17 
Q .040 .070 .040 .070 .040 .070 

515-15 



PACKAGE DIAGRAM OUTLINES 

PIN GRID ARRAYS 

68 PIN PGA (CAVITY up) 

sonOM VIEW TOP VIEW 

1--------

NOTES: 

1
11 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. 

DING # G68-1 
NO. OF" LEADS 68-LEADS 

MIN 
.010 

II .016 

j~ .0_'4 
l.l~ J 

• IJlJ lj 

1. .IBO 
E 1 • UU J:I 
e lj; 

h .U~: • B5 
J .01 • 25 
L .Li:!1 .H 
N 66_ 
Q .040 .060 
M 11 

815-16 



PACKAGE DIAGRAM OUTLINES 

PIN GRID ARRAYS (Continued) 

84 PIN PGA (CAVITY up) 

sonOM VIEW TOP VIEW 

El E 
PIN 1 ID 

",. 
y 

r .. I 

SEATING PLANE -rt _.!--t I ~ tt ~ m ~ ~ ~ ~I-l-
f ~e~~B~~ ~~~B2 

NOTES: 

~
11 ALL DIMENSIONS ARE IN INCHES, UNLESS OlHERWlSE SPECIFIED. 
2 BSC - BASIC PIN SPACING BETWEEN CENTERS. 
3 SYMBOL "M" REPRESENTS lHE PGA MATRIX SIZE. 
4 SYMBOL DN" REPRESENTS lHE NUMBER OF PINS. 

D\JG tf: G84-1 
NO, OF LEADS 84-LEADS 

III 
\II 
\1112 

:~ 
, UU .Il~1 

},It: 1,230 
El , UU .lI~l 

e , DC .lI:S1 
1"1 
J 
L ,1~1 .1§!L 

R tl4 
Q .040 ,060 
M 12 

S15-17 
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PACKAGE DIAGRAM OUTLINES 

PIN GRID ARRAYS (Continued) 

108 PIN PGA ( CAVITY UP) 

BOTTOM VIEW TOP VIEW 
C6Bl 

PIN 1 ID 

~ 

A 

t 

NOlES: 

1
1~ ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWI. SE SPECIFIED. 
2 8SC - BASIC PIN SPACING BETWEEN CENlERS. 
3 SYMBOL "M" REPRESENTS THE PGA MAlRlX SIZE. 
4 SYMBOL "N" REPRESENTS TI-fE NUMBER OF PINS. 

DW'G # Gl08-l 
NO. OF LEADS l08-LEADS 

MIN 
.070 

III .lb 
III 
III ~~ .04 

l.1E 
• IU H:S 

l.lt I • ~1c 
E .IUU !:I:S 
e • UU .tI:S1 
h 
J 

.1cL .L4L 
N lll~ 
Q .040 .060 
H 12 

S15-18 



PACKAGE DIAGRAM OUTLINES 

PIN GRID ARRAYS (Continued) 

144 PIN PGA (CAVITY UP) 

BonOM VIEW 
.B1 

1---- -------15 

Q 000 0000000000 11 I 000000000000000 
I 000000000000000 
I 000 000 
I 000 000 
I 000 000 
I 000 000 
I 000 EXTRA PIN COO E1 E I 000

1 
coo 

I 000 ceo 11 I 000 ceo 

II gggoooooooooggg 
000000000000000 

A 0000000000000 

I. ~1==:U 

SEA llNG -PLANE 

NOTES: 

TOP VIEW 

NOTE 5-

11 ALL DIMENSIONS ARE IN INCHES, UNLESS OlHER_ WISE STATED. 
2 BSC - BASIC PIN SPACING BETWEEN CENTERS. 
3 SYMBOL -M- REPRESENTS lHE PGA MATRIX SIZE. 
4 SYMBOL -N- REPRESENTS lHE NUMBER OF PINS. -
5 INDEX MARK INDICATES APPROX LOCAllON. 
6 EXTRA PIN (D-4) ELECTRICALLY CONNECTED TO 0-3. 

NO~~~ lEADS 14't-ili~s 
t-

ID 
¢ 11 

I:.! 
9 ID 

[ tj 

• '!1 1 • ~ 
E .. ( B 
e 'I::l~ 
L .120 . ~u 

(NOTE 6) N ,.0 -
Q --- .040 .060 
M 15 

S15-19 
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PACKAGE DIAGRAM OUTLINES 

PIN GRID ARRAYS (Continued) 

208 PIN PGA (CAVITY UP) 

BOTTOM VIEW TOP VIEW 

1--------·--L..--, 

PINl~ 

SEATING PLANE t 
f 

NOlES: 

~
1j ALL DIMENSIONS ARE IN INCHES. UNLESS OTHERWISE SPECIFIED. 
2 esc - BASIC PIN SPACING BElWEEN CENTERS. 
3 SYMBOL -M- REPRESENTS THE PGA MATRIX SIZE. 
4 SYMBOL -N- REPRESENTS THE NUMBER OF PINS. 

DIJG It G208-1 
NO. OF LEADS 208-LEADS 

MIN ~ 
.UI 

III lb 
III 
III 12 .U4' 

.1· IQ. 
• )UL .Ij; 

.I: .I tiL 
J: • )00 B::l 
e • .UI .8: 
h 
.J 

.LC!:J .M..l! 
N cUtl 
Q .040 .060 
M 17 

815-20 



PACKAGE DIAGRAM OUTLINES 

PIN GRID ARRAYS (Continued) 

68 PIN PGA (CAVITY DOWN) 

BOTTOM VIEW TOP VIEW 
IIIBl 

INDEX MARK 

~ 

NOTES: 

!1j ALL DIMENSIONS ARE IN INCHES. UNLESS OlHERWISE SPECIFIED. 
2 BSC - BASIC PIN SPACING BETWEEN CENTERS. 
:5 SYMBOL -M- REPRESENTS lHE PGA MAlRlX SIZE. 
4 SYMBOL -N- REPRESENTS lHE NUMBER OF PINS. 

D"G # 
NO. OF LEADS 

G68-2 
68-LEADS 

1.000 BSC 
~ __ ~~ ____ ~_~t .. ~09:B~ ~BSC~l2a 

~--~e~----~~l~20-·1 HS .14~ 
N 68 
(;11 025 061l 
M 11 

S15-21 
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PACKAGE DIAGRAM OUTLINES 

PIN GRID ARRAYS (Continued) 

84 PIN PGA (CAVITY DOWN) 

BOTTOM VIEW TOP VIEW 
I/SBI 

INDEX MARK 

~ 

NOTES: 

1
11 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. 

D'JG # G84-2 
NO. OF LEADS 84-LEADS 

III 
~ 12 

i5 
)0 BS 

1 .?~5 

10 BS 
e BS 
l .lOC .140 
N 14 

JIll .025 .060 
M 2 

815-22 



PACKAGE DIAGRAM OUTLINES 

PIN GRID ARRAYS (Continued) 

144 PIN PGA (CAVITY DOWN) 

Q 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
A 

BOTTOM VIEW TOP VIEW 
~Bl 

1--------· ........ --'5 

INDEX MARK 

NOTES: 

~
1! ALL DIMENSIONS ARE IN INCHES, UNLESS OTI-lERWISE SPECIFIED. 
2 BSC - BASIC PIN SPACING BETWEEN CENTERS. 
3 SYMBOL -M- REPRESENTS TI-lE PGA MAlRlX SIZE. 
4 SYMBOL -N- REPRESENTS TI-lE NUMBER OF PINS. 

DWG # G144-1 
NO. OF LEADS 144-LEADS 

.> [N ~AK 
182 .100 

G B 16 022 
ttl 0 080 
III 12 40 ,060 

.591 
DC BS 

1.5 .590 
DC RS( 

e 00 BS1 
L .120 .140 
N H4 
(,I: .025 ~060 
M 1~ 

S15-23 



PACKAGE DIAGRAM OUTLINES 

SMALL OUTLINE Ie 

16-28 PIN SMALL OUTIJNE (Guu. WING) 

PIN 

~=t 
-ll-B A1-.--r 

SEATING PLANE' J 
NOTES. 

m ALL DIMENSIONS ARE IN INCHES, UNLESS OTHER'WISE STATED. 
[2J BSC - BASIC PIN SPACING BET'WEEN CENTERS. 
[3J D 8. E DO NOT INCLUDE MOLD FLASH DR PROTRUSIONS. 
[4] FORMED LEADS SHALL BE PLANAR 'WITH RESPECT 

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

D'WG I(: SD16-1 SD18-1 S020-2 S024-2 S024-3 

I(: OF LDS (N 16 LD 18 LD 20.LD 24 LD 24 LD 

SYMBOL MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX 

A .095 .1043 .095 .1043 .095 .1043 .095 .1043 .110 .120 

A1 .005 .0118 .005 .0118 .005 .0118 .005 .0118 .005 .0118 

B .014 .020 .014 .020 .014 .020 .014 .020 .014 .018 

C .0091 .0125 .0091 .0125 .0091 .0125 .0091 .0125 .0091 .0125 

D .403 .413 .447 .462 .497 .511 .600 .614 .620 .630 

e .050 BSC .050 BSC • 050 BSC .050 BSC .. .050 BSC 

E .292 .2992 .292 .2992 .292 .2992 .292 .2992 .292 .2992 

h .010 .020 .010 .020 .010 .020 .010 .020 .012 .020 

H .400 .419 .400 .419 .400 .419 .400 .419 .406 .419 

L .018 .045 .018 .045 .018 .045 .018 .045 .028 .045 
0( O· 8· O· 8· O· 8· O· 8· O· 8· 

S15-24 

S028-2 S028-3 

28 (.300') 28 (.330') 

MIN MAX MIN MAX 

.095 .1043 .110 .120 

.005 .0118 .005 .014 

.014 .020 .014 .019 

.0091 .0125 .006 .010 

.700 .712 .718 .728 

.050 BSC .050 BSC 

.292 .2992 .340 .350 

.010 .020 .012 .020 

.400 .419 .462 .478 

.018 .045 .028 .045 

O· 8· o· 8· 



PACKAGE DIAGRAM OUTLINES 

SMALL OUTLINE IC (Continued) 

20-28 PIN SMALL OUTLINE (J-BEND) 

~------Dl------~ 

I . I 

t--E2---j 

NOTES. 
1. D1 8. El DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS. 
2. FORMED LEADS SHALL BE PLANAR VITH RESPECT TO 

ONE ANOTHER WITHIN .004' AT THE SEATING PLANE. 
3. Dl a. El INCLUDE MOLD MISMATCH a. ARE DETERMINED 

AT THE PARTING LINE. 

OWG # S020-1 S024-4 S028-4 
/I OF LOS eN) 20 LO .300") 24 LO .300') 28 LO (.350·) 

SYMBOLS MIN MAX MIN MAX MIN MAX 
A .120 .140 .130 .148 .130 ~148 

A1 .090 .094 .082 .095 .082 .095 
B .026 .030 .026 .032 .026 .032 
B1 .014 .020 .015 .020 .016 .020 
e .007 .011 .007 .011 .007 .011 
01 .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 
e .050 Bse .050 Bse .050 8se 
h .010 R .012 I .020 .012 .020 

S15-25 



PACKAGE DIAGRAM OUTLINES 

PLASTIC LEADED CHIP CARRIERS 

20-84 PIN PLCC 

1-----D----I 

~---Dl----~ 

0,045 X 45· 

ElE 

~JJl 
e 

NOTES. 

[1] ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE STATED, 
[2] BSC - BASIC PIN SPACING BETWEEN CENTERS, 
[3] D 8. E DO NOT INCLUDE MOLD FLASH DR PROTRUSIONS, 

D2/E2 

[4] FDRMED LEADS SHALL BE PLANAR WITH RESPECT TO ONE ANOTHER WITHIN ,004' AT 
THE SEATING PLAN~ 

[5) ND 8. NE = ** LEADS IN D 8. E DIRECTIONS 

nWG # J~O-l J28-1 J44-1 J52-1 J68"1 JB4"1 

** OF LDS 20 28 44 52 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 ,095 ,115 ,095 ,115 ,095 ,115 ,095 ,115 ,095 ,115 ,095 ,115 
B ,026 ,032 ,026 ,032 ,026 ,032 ,026 ,032 ,026 ,032 ,026 ,032 
bl ,013 .021 ,013 .021 ,013 .021 ,013 .021 ,013 .021 ,013 .021 
C ,020 ,040 ,020 ,040 ,020 .040 ,020 ,040 .020 ,040 .020 .040 
Cl ,008 ,012 ,008 ,012 ,008 ,012 ,008 ,012 ,008 ,012 ,008 ,012 
D .385 ,395 .485 .495 .685 .695 ,785 ,795 ,985 ,995 1.185 1.195 
D1 ,350 .356 .450 .456 ,650 ,656 ,750 .756 ,950 ,956 1.150 1,156 

DUE2 ,290 .330 .390 .430 ,590 .630 ,690 ,730 ,890 ,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 1.18511.195 
El ,350 ,356 .450 .456 ,650 ,656 ,750 .756 ,950 .956 1.1501.156 
e .050 BSC ,050 BSC ,050 BSC ,050 BSC .050 BSC ,050· BSC 

ND/NE 5 7 11 13 17 21 

S15-26 



PACKAGE DIAGRAM OUTLINES 

PLASTIC LEADED CHIP CARRIERS (Continued) 

32 PIN PLCC 
D 

D1 
0.045 X 45· 

I z 
E3 ~ 

(ND El E 

L U 
NOTES. 
[1] ALL DIMENSIONS ARE IN INCHES, UNLESS OTHER'w'ISE STATED. 
[2j BSC - BASIC PIN SPACING BET'w'EEN CENTERS. 
[3] D ~ E DO NOT INCLUDE MOLD FLASH DR PROTRUSIONS. 
[4] FDRMED LEADS SHALL BE PLANAR 'w'ITH RESPECT TO ONE ANOTHER 'WITHIN .004' AT 

THE SEATING PLANE. . . 
[5] ND ~ NE = # LEADS· IN D ~ E DIRECTIONS RESPECTIVELY. 

D'w'G # J32-1 
# OF LDS 32 LD 

SYMBOL MIN MAX 

A .120 .140 

Al .075 .095 

B .026 .032 

bl .013 .021 

C .015 .040 

Cl .008 .012 

D .485 .495 

D1 .449 .453 

D2 .390 .430 

D3 .300 REF 

E .585 .595 

E1 .549 .553 

E2 .490 .530 

E3 .400 REF 

e .050 BSC 

ND/NE 7 I 9 

S15-27 
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PACKAGE DIAGRAM OUTLINES 

LEADLESS CHIP CARRIERS 

20-44 PIN Lee (SQUARE) 

NOTES. 
mALL DIMENSIDNS ARE IN INCHES, UNLESS OTHERIJISE STATED. 

[2] BSC - BASIC PIN SPACING BETIJEEN CENTERS. 

[3] ND=NE - NUMBER OF LEADS PER SIDE. 

OWG II L20-2 L28-1 
# DF PINS (N) ~O ~8 

MIN MAX MIN MAX 
A .064 .100 .064 .100 
A1 .054 .066 .054 .077 
Bl .022 .028 022 028 
82 .022 .o~, .022 .041 
0 .342 .358 .442 .458 
01 .075 REF .075 REF 
02 .200 BSC 300 BSC 
04 I .358 I .458 
05 .250 REF .350 REF 
E .342 I .358 .442 I .458 
E1 175 REF 175 REF 
E2 .200 BSC .300 BSC 
E4 I .358 I 458 
E5 .250 REF .350 REF 
e .050 BSC .050 BSC 
h .040 REF .040 REF 

.020 REF .020 REF 
L .045 I .055 .045 I .055 
:.t. • ILl .LJ~') . III .LJ~') 

N 20 28 
NO 5 J 

S15-28 

L4+-1 
H· 

MIN MAX 
.064 .120 
.054 .088 
.022 028 
.022 .041 
.64C .660 

.075 REF 

.500 BSC 
I .560 

.550 REF 
.640 I .660 

,015 REF 
.500 BSC 

I .560 
.550 REF 
.050 BSC 
.040 REF 
.020 REF 

.045 I .055 
, I .09,) 

44 

" 



PACKAGE DIAGRAM OUTLINES 

LEAD LESS CHIP CARRIERS (Continued) 

46-66 PIN LCe (SQUARE) 

DWG # L48-1 L52-1 L68-2 6;S?)~5-) I OF LEADS (N) 48'(.040-) f2 ~8 
MIN t.4AX t.4IN MAX MIN MAX MIN t.4AX 

A 055 120 061 .087 082 .098 .065 .098 
A1 .045 090 .051 .077 .072 .088 .055 .075 
B1 .017 .023 .022 .028 .022 .028 .010 .014 
82 .017 .033 .022 .041 .022 .055 .008 .024 
0 .554 .572 .739 .761 .938 .962 .554 .566 
01 60 REF ~EF '5 RE 08C REF 

2 .440 Bl .60 3SJ: .8Cl 10 B5 .400 BSC 
04 546 .661 862 J .535 
05 .480 ~EI .65 o R F 10 REI .B:: .430 REF 
E .554 572 739 51 .938 62 .554 .566 
E1 .060 REF 0'5 ,F )75 ::F .OBO RE. 
E2 .440 BSC .600 SC .800 esc .400 esc 
E4 .546 ;1 .862 535 
E5 .480 REF .650 :F .850 REF .430_REE 
II .040 BSC .050 SSC .050 SSC .025 esc 
h .012 RADIUS .040 REF .040 REF .040 REF 
J .020 REF .020 REF .020 REF .020 REF 
L .033 I·DH .045 1.055 .045 1.055 ;045 I .055 
.<! '/ .~S')_ .Oll ,QS.)_ . IlL .~.) .OS,) 

N 48 52 6B BB' 
NO 12 13 17 17 

S15-29 



PACKAGE DIAGRAM OUTLINES 

LEAD LESS CHIP CARRIERS (Continued) 

20-24 PIN LCC (RECTANGULAR) 

E4 D 
NOTES. 

m ALLDIMENSIDNS ARE IN INCHES, UNLESS OTHERIJISE STATED. 

[2J BSC - BASIC PIN SPACING BETIJEEN CENTERS. 

[3J ND = It LEADS ON 'D' SIDE 

[4] NE = It LEADS ON 'E' SIDE 

It OF"D~&stt (N) L2~~1 L~~-1 L~tl 
AX lIN MA N A 

64 4 
54 0 

i ~2 .0 
2 22 _.0 :2 4 

4 '84 .2 
.075 REF ,070 REF 050 REF 

2 .150 BSI 150 lise .200 lise 
4 ~281l ~28Q ~ .308 
5 ~200 REF .200 REf .21Q REF 

.420 I 431 480 .496 .392 I .408 
:1 .OB5 REF 095 REF 050 REF 
.~ .250 BSC .300 BSC .300 BSC 
:4 .4: .480 .408 
::;, .335 REF .400 REF .310 REF 

e .050 BSC .050 BS .050 BS 
h .012 RADIUS .012 RADIUS .025 REF 

.012 RAIIIUS • 12 RAIIIUS .01:2 RE£ 
.045 .051 .039 .051 .0~5 I .055_ 

_i:: ,063 .095 063 197 177 .093 
~~ ~4 

_<1 5 
~E E 7 

S1S-30 



PACKAGE DIAGRAM OUTLINES 

LEADLESS CHIP CARRIERS (Continued) 

28-32 PIN LCC (RECTANGULAR) 

D 
NOTESI 

[1] ALL DIMENSIONS ARE IN INCHES. UNLESS OTHER'w'ISE STATED. 

[2] BSC - BASIC PIN SPACING BET'w'EEN CENTERS. 

[3] ND = ** LEADS' ON 'D' SIDE 

[4] NE = ** LEADS ON 'E' SIDE 

D'w'G ** L2:;2 L32-1 
# OF LEADS (N) "2 

MIN MAX MIN MAX 
A 60 .120 .060 0 
Ai 050 088 .050 18 
B' .022 028 .022 o 'B 
B2 ~2a 041 022 o .} 
D .342 .358 .442 .4 iB 
Dl .075 REF .075 REF 
D2 .200 BSC .300 BSC 
D4 I .358 I .458 
l:;' .2S0 REF .3S0 REF 

E .540 .560 540 .56 
"- .075 REF .075 REF 
E2 Aoe BS( .400 BSI 
E4 .558 558, 
ES 450 REF .450 REF 
E!' .OSO BSI .OSO BS 
h .040 RE .040RE 

~02J _RE .o~o RE 
L .045 .055 .045 I .055 
"c~ ,~II ,j'j;:1 .U' { . .,,, 

N B 32 
ND 7 
NF" q 

S15-31 
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PACKAGE DIAGRAM OUTLINES 

CERPACKS 

16-28 LEAD CERPACK 

I----D----I 

-II- b 1 .... Sl 

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 
II/. OF LEADS (N) 16 LEADS 20-LEADS 24-LEADS 28-LEADS 

MIN MAX MIN MAX MIN MAX MIN MAX 
A .045 .085 .045 .092 .045 .090 .045 .115 
b .015 .019 .015 .019 .015 .019 .015 .019 

C .003 .006 .003 .006 .003 .006 .003 .009 
D .440 .540 .640 .740 
E .245 .285 .245 .300 .300 .420 .460 .520 
E1 .305 .305 .440 .550 
e .050 SSC .050 SSC .050 SSC .050 sse 
K .008 .015 .OOB .015 .008 .015 .008 .015 
L .250 .370 .250 .370 .250 .370 .250 .370 
Q .026 .040 .026 .040 .026 .040 .026 .045 
S .045 .045 .045 .045 
S1 .005 .005 .005 .000 

S1S-32 

E28-2 
28...;.LEADS 
MIN MAX 

.045 .090 

.015 .019 

.003 .006 
.740 

.340 .380 
.400 

.050 SSC 
.008 .015 
.250 .370 
.026 .045 

.045 
.005 



PACKAGE DIAGRAM OUTLINES 

CERQUADS 

66 LEAD (STRAIGHT LEADS) 

A 

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

DWG # CGl68-1 
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 
El .460 .500 
E3 .400 REF 
L .200 I .300 

S15-33 

..... _ ....... _ ... _----



PACKAGE DIAGRAM OUTLINES 

CERQUADS (Continued) 

84 LD (J-BEND) 

.040 x 45·/ 

D1 tI 

It 
cc I 

E1 E 

C 

NOTES. 
m ALL DIMENSIONS ARE IN INCHES, UNLESS DTHER'w'ISE SPECIFIED. 
[2J BSC - BASIC PIN SPACING BET'w'EEN CENTERS. 

D'w'G # Ctl84-1 
# OF LEADS (/'I P 84 -LEADS 

MIN MAX 

A .155 .200 

Al .090 .120 

B .026 .032 

bl .017 .021 

C .006 .010 

DIE 1.170 1.180 

Dl I El 1.138 1.162 

D2 I E2 .548 .568 

D3 I E3 1.000 REF 

e .050 BSC 

N 84 

815-34 



PACKAGE DIAGRAM OUTLINES 

FLATPACKS 

20-2B LEAD FLATPACK 

D 

b Sl 

N 

e S 

NOTES: 

[1] All. DIMENSIONS ARE IN INCHES. UNLESS OTHERWISE STAlED. 
[2] BSC - BASIC PIN SPACING BETWEEN CENlERS. 

M O~~AtS (N) 
F20-1 12o-LF"AD~2~~5 BODV'! 

F24-1 F28-1 
20- "'ADS 24-LEADS 28-L :ADS 

MIN MAX MIN MAX MIN MAX MIN MAX 
A .045 .092 .045 .092 .045 .090 .045 .090 
b 015 .019 .015 .019 .015 019· .015 .Ojg 
e .003 .007 .003 .006 .003 .007 .004 .007 
D .490 .490 640 ,710 740 
E .340 .360 .245 .303 .360 .420 .480 .520 

E2 .130 .130 .180 .180 
E3 .030 .030 .030 .040 
e .050 Bse .050 Bse .05(1 sse .osc esc 
K .006 .015 .008 .015 
L .250 .370 .250 .370 .250 .370 .250 .370 
Q .010 .040 .010 .040 .010 .040 .010 .040 
S .045 .045 .045 .045 
S1 .005 .005 .005 .005 

515-35 

F28-2 
28-l :ADS 

MIN MAX 
.045 115 
.015 019 
.003 .009 

740 
.460 .520 

.180 

.030 
050 ~sc 

.008 .015 

.250 .370 

.026 .045 
.045 

.000 



PACKAGE DIAGRAM OUTLINES 

FLATPACKS (Continued) 

48-64 LEAD QUAD FLA'l'PACK 

D3 

I 
L 

.L 
.!c 

NOlES: 

[1] ALL DIMENSIONS ARE IN INCHES, UNLESS 01HERYt1SE STATED. 

[2] BSC - BASIC PIN SPACING BE1\\£EN CENlER5. 

DWG I F48-1 F64-1 
, OF LEADS (N) 048-LEADS 64-LEADS 

MIN MAX MIN MAX 
A .089 108 .070 090 
A1 .079 .096 .060 .078 
112 .058 .OJ~ .030 .045 
b .018 .022 .016 .020 
e .008 .010 .009 .012 
0 .750 .885 .915 
01 .100 REF .075 REF 
02 .S5C BSC ,150 esc 
03 I .630 .505 I .535 
e .050 esc .050 esc 
~ I 750 .885 I .915 
E1 .100 REF .075 REF 
E2 .550 Bse .750 sse 
E3 I .630 .505 I .535 
L .350 I .450 350 I .450 
ND 12 16 
NE 12 16 

S1S-36 



PACKAGE DIAGRAM OUTLINES 

FLATPACKS (Continued) 

172 LEAD QUAD FLATPACK 

D'JG. F"172-1 
I DF" LEADS 172-LEADS 

MIN MAX 

A .130 

Al .10S 

B .006 .010 

C .004 .009 

DIE 1.590 1.620 

Dl I El 1.135 1.165 
c~·x ~C 

.009t.006 
AT BRAZE PADS 

D2 I E2 1.0S0 BSC DETAILA 
D3 I E3 .525 BSC 

e .025 BSC 

L .220 .230 

N 172 

ND 43 

S15-37 



PACKAGE DIAGRAM OUTLINES 

(M1) 28-PIN SIDEBRAZE DIP 

I-tWo -I 

IDDDI~ ~J: 0.600 0.620 

[I] -L ~ 

f_~tl' ~~~~ 
~ h ~ ~ ~~ ~:~~~ ~:l~~ 

0.035 0.100 0.015 
0.060 TYP. 0.022 

(M2) 32-PIN SIDEBRAZE DIP 

I- ~:~~~ ~I 

IDDDII.o ~J: 0.600 0.620 

1..-.-___ --' .L ~ f_ ;~~tl ~:~~ 

~~ ~ ~ ~~ '~~~~ ~:m 
0.035 
0.060 

0.100 
TYP. 

0,015 
0.022 

(M3) 32-PIN SIDEBRAZE DIP 

I 1.580 I 0.295 
- 1.620 - 0.380 

, (M4) 40-PIN SIDEBRAZE DIP' 

I- t.Ws -I 

I DDD lJ.o~r 0.600 0.620 

[[I] ~ ~ 
0.220 0.230 

~
O'270" " ~ g:~~ 

~ 11_, L.:o ~:m 
-j '1 ~'l 0.050 . 

0.035 
0.060 

0.100 
TYP. 

0.015 
0.022 

(MS) 40-PIN SIDEBRAZE DIP 

I- '. ~ ~I 

19DDDqlj[~ 
£~~g:~~ 
~~:g~g g:m 

0.035 
0.060 

0.100 
TYP. 

0.015 
0.022 

L=J1~I~g ~~ ---+---.---

PIN NO.1 ~:.:: 
0.620 

-.L 

0.035 
0.060 

0.015 
0.023 

S15-38 . 

0.007 
0.013 



PACKAGE DIAGRAM OUTLINES 

(M6) 40-PIN SIDEBRAZE DIP (M7) 40-PIN SIDEBRAZE DIP 

I- ~-I I- t.Ws -I 

0.230 0.240 0.230 0.240 

~~gQI~oI 
DODD! . or 

. r~ 0'3;0~ 0.007 
~~ 0.013 

~;~g:m 

~~gQlo~I 
DODD! I 
f~~g:~~~ 

-fl;""""rr.~ g.m 
0.035 
0.060 

0.100 
TYP. 

0.015 
0.022 

(MS) 44-PIN FR-4 DIP 

11=~:Jc:::m:~1 
PIN NO.1 

2.990 
1~·'-----------3.010------------~~ 

S15-39 

0.035 
0.060 

0.100 
TYP. 

0.013 
0.022 

0.590 £ ---. 
t "*"M07 

0.013 



PACKAGE DIAGRAM OUTLINES 

(M9) 48-PIN CERAMIC DIP 

, I II II II I 
rr::::::n1CIl1CIlrr::::::nrr::::::nICIlICIlICIlrr::::::n1CIl 

~ II II II I 
~ PIN NO.1 0.007 

0.013 

.• ..... ~~:~: 

~1 ~1 0.010 ~::~~ ~-----~ ~'----~-h ------h.DSD 

0.035 0.100 0.015 
0.060 TYP. 0.025 

(M10) 58-PIN SIDEBRAZE DIP 

/- tWo -/ 

ID§DD.D§DI:r5~J.0. § § 0.635 0.620 

[Il]. -L J... 

f~~~:~~ 
~ 11 ~ ~ ~~ ~:~~ ~::~~ 

0.035 
0.060 

0.100 
TYP. 

0.015 
0.022 

(M11) GO-PIN CERAMIC DIP 

tD~D~D~D~Dlf ~:~ r ~::~~ 
'-- PIN NO.1' 

0.007 
0.013 

D.21D~ :.L 
0.270 I 1_ '/ L 0.200 

111 11 0.250 

0.035 0.100 0.015 
0.060 TYP. 0.022 

S15-40 



PACKAGE DIAGRAM OUTLINES 

(M12) 64-PIN SIDEBRAZE DIP 

\- t.m -\ 

k::J k::JD
D DD k::J k::J J., ~.I DD DDT 0'1 

0.035 
0.060 

0.100 
TYP. 

(M13) 64-PIN CERAMIC DIP 

0.015 
0.022 

0.240 
0.320 0.007 

0.013 

\- t.Ws -\ 

'.210 QQPDDDDDI~(~~ 
'r~~. ~:~ 

0.035 0.100 0.015 
0.060 TYP. 0.022 

(M14) 28-PIN FR-4 SIP 

0.040 
0.075 

0.100 
TYP. 

0.015 
0.022 

0.025 0.125 
0.055 0.175 

~ .S:Ws . 

S15-41 



PACKAGE DIAGRAM OUTLINES 

(M15) 30-PIN FR-4 SIP 

~~ ~~ 
0.035 
0.055 

0.100 0.015 
TYP. 0.022 

(M16) 36-PIN FR-4 SIP 

0.025 0.125 
0.055 0.175 

I- WaS -I g::~~ 

[IT 
UIIU I 0.040 . II. 0.100 II 0.018 ., r- 0.075 -, r- TYP. -11- 0.026 

FRONT VIEW 

(M17) 40-PIN FR-4 SIP 

~ ------- 4.035 --------..j 

0.035 
0.075 

0.100 
TYP. 

0.015 
D.022 

0.025 0.125 
0.055 0.175 

S15-42 

0.013 

&~~1 ~ 

o~~ MAX. 

-.L 
.... 
0.007 
0.013 

SIDE VIEW 



PACKAGE DIAGRAM OUTLINES 

(M18) 43-PIN FR-4 SIP 

0.100 
TYP. 

0.060 
0.095 

0.035 
0.065 

~. 

4.350 ------~ 

FRONT VIEW 

(M19) 28-PIN CERAMIC SIP 

FRONT VIEW BACK VIEW 

S15-43 

0.007 
0.013 

SIDE VIEW 

0.175 J. L. 
MAX. I I~ 

0.28;r~ O.30~ 

---0.007 
0.013 

SIDE VIEW 



PACKAGE DIAGRAM OUTLINES 

(M20) 30-PIN CERAMIC SIP 

FRONT VIEW SIDE 
VIEW 

I 2.970 I 14.----- 3.030 -----~. :::0 
--t-

(M21) 40-PIN CERAMIC SIP 

0.360 
MAX 

I ~ I ~~= • 'i.145 • I 

(M22) 36-PIN CERAMIC DUAL SIP 

0.040 
0.060 

0.100 
TYP. 

0.015 
0:022 

0.230 

A 
rrfIl t.0.340 ltfJ --.l. 0.360 

0.100:/ '-­TYP. I 

~ 

S15-44 

2Jm 
0.013 



PACKAGE DIAGRAM OUTLINES 

(M23) SS-PIN CERAMIC DUAL SIP 

I ' 4.450 _I 0.520 
4 MAX. ' MAX. 

g; III 0.075 ~II~ I 0.035" I I 0.100 II 0.015 0.010 QJ.M ~!-MAX. .[ [. 0.055 +j t- TYP. ....11- 0.025 0.040 0.175 

PIN NO.1 

(M24) 40-PIN FR-4 ZIP 

1
4"--- 2.04 ___ .... 1 

2.06 

~DRD~ 1::::1 0.520 • * 
0.050 
TYP. 

(M25) 92-PIN FR-4 alP 

FRONT VIEW 
.125 
.175 

0.270 -l L. 
MAX. I r 

I
T,~0.360 

, ...LMAX. 

0.100 
TYP. 

0.007 
0.013 

~0.35 
........-- 0.39 

~ I I ~ , , 0.100 

~ r-- TYP• 

T ::::::tru~ T 
~ IdD~IdD 1.69 1.89 
",.u2 ~ 1.71 1.91 

~DOl 
~~ IIEl::cJEl 

J I~ 0.08 

•••••••••••••••••• •••••••••••••••••• 

~~f--- 1.88 __ ~ 
1.92 

····:~'au 
~Dw~w 

ljO~ 
•••••••••••••••••• •••••••••••••••••• 

......., r- 0.100 0.15 

S15-45 



PACKAGE DIAGRAM OUTLINES 

(M26) tOO-PIN FR-4 QIP 

0.38 ruIDn~T 
.000 21 

1111111111111111111111111 ~ 
! Illn!!!!.I!!!!!!!~I~!~!~fP 
I~· . ~.~ 11 

I. ~5 ·1 
DIOIOIOI 

[[J] [[J] II]] II]] 

DODD 
1111111111111111111111111 

(M27) 10S-PIN FR-4 QIP 

........................... 
o •••••••••••••• 0 ••••••••••• 

•••••••••••••••••• 0 •••••••• 

II • • • • • • • • • • • 0 • • • • • • • • • • • • •• 

•• • • • •• • • • • • • • • • • •• • •• • • • • 0 T ........................... 

. D~D~D~D :::~: 
.050 TVP -, • • • • • • • • • • • • • • • • • • • • • • • • • • .1 -L ............... 0 ••••••••••• 

-I_ 2.690 .1 
2.710 

S15-46 

.01.i-r 

.02J..J I 
1.490 
1.520 

gm 
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PACKAGE DIAGRAM OUTLINES 

(M28) 120-PIN FR-4 QIP 

(M29) 128-PIN FR-4 QIP 

00000000000000.00000000000000.0. 
0000000000.000 ••••••• 00000000 ••• 

· ............................ . · ............................ . 
o~oooo~o 
o~oooo~o 
O[do [do 
o~oooo~o · ............................ . · ........................... . . 

OOblOOblc:J 
OO~OO~c:J n 
c:J 0 ~ c:J 0 ~ c:J 2.110 2.310 

<P = 0.016 
0.025 

o c:J ~ c:J c:J ~ c:J 2.090 2290 

000 ••••••••••••••••• 0.000 •• 00... U 
~~~~~~~ .....•............ 

3.760 0.240 0.170 I I 
0.290 ~ 

• 3J4o • 0.120 

000 •••••••••••• 00000000000000 •• 0 T 
•••••••••••••••••••••••••• 00 •••• 

O~c:JO~OO 
O~c:JO~OO 2.410 0500500 2.390 

.... ~ ....... Qlg.Q 1 
000000 •• 000 •••••• 0 •• 000000000000 

S15-47 



PACKAGE DIAGRAM OUTLINES 

(M30) 164-PIN FR-4 QIP 

I· 4.090 
4.1iO ·1 · ........................................ · ........................................ 

a f] a B fl fjI fj co co co = 
~ ~ co = co = co = ~ ~ 
:;mmiF ~ ~mf5 ~ ~iF ~wmo~ ;mCiiiF 
[OJ [OJ [OJ [OJ [OJ [OJ [OJ IDI [OJ [OJ [OJ [OJ [OJ [OJ 

c:P.DD!!!!6 ..J!!!!mb 10 1[1 ~ I[) .""gJDDDD[b 

ViD WI WI ~D § § 
co = co = <= 9J1 21 · ........................................ · ........................................ > PINll · ........................................ · ........................................ 

fj fI fii 0 0 0 fj co = co = co = 
co = co = co = = = co = 
!\mo~ E)jiiiiii'F ~DoiF ~iF 9iioooDrF 9miioiF 9iioDooiF 
[OJ [OJ [I:J] [OJ [OJ [OJ [OJ [OJ [OJ [OJ [OJ [OJ [OJ [OJ 

c:P.OO!!!!6 ~ .J!!!!D!l[b 

10 C 10 
.""gJDDDD[b 

ijJlD WI V co <= co = co = 
<= = <= co <= § is :3 0=0 <= <= 0=0 ~ <= 

· ........................................ · ........................................ 

S15-48 

T 
1.990 
2.010 

1 
1.890 
T.92O 

~~~ I 
~ t 

0.016 
0.026 
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PACKAGE DIAGRAM OUTLINES 

(M31) 92-PIN CERAMIC QIP 

DDDDD :~~+r 
DDDD 1.490 

. 1.520 

DDD D D ¥.OOTYP 

~i.5~r. . 
. 050 .175 

.100 TYP .035 .015 
.060 .022 

00000001 00000 :::~~ 
--:-------------------- ~ 

I 2.765 I 
• 2.835 .. 

(M32) 128-PIN CERAMIC QIP 

M 
.100TYP11=~ -+- :~~ 

.910 --t 

I:O::CJ~:O:]f 
I. 3.165 .1 

3.235 . 

515-49 



Integrated Device Technology, Inc. has sales representatives and distributors covering each geographic area. Contact the nearest lOT 
Area Sales Office for the number ofthe locallDTsales office in your region. Integrated Device Technology Area Sales Offices are located in: 

BOSTON 

#2 Westboro Business Park 
200 Friberg Parkway 
Suite 4002 
Westboro, MA 01581 
Tel.: (508) 898-9266 
FAX: (508) 898-9106 

CHICAGO 

1375 E. Woodfield Road 
Suite 380 
Schaumburg, IL 60173 
Tel.: (312) 517-1262 
TWX: (910) 651-1910 
FAX: (312) 517-1269 

lOT INTERNATIONAL LOCATIONS: 

UNITED KINGOOM* 

5 Bridge Street 
Leatherhead 
Surrey, UK KT228BL 
Tel.:011-44-372-3n375 
TWX: 851-94012233 
FAX: 011-44-372-378851 

* European Headquarters 

GERMANY 

Steinsdorfstrasse 19/1 
8000 Munich 22 
West Germany 
Tel.: 011-49-89-228-5071 
TLX:841-5214056 
FAX: 011-49-89-228-5491 

LOS ANGELES 

1570 Brookhollow Drive 
Suite 208 
Santa Ana, CA 92705 
Tel: (714) 641-0601 
EasyUnk: 62909903 . 
FAX: (714) 641-0855 

FRANCE 

15 Rue du Bulsson aux Fralses 
91300 Massey, France 
Tel.: 011-33-1-69-30-89-00 
TLX:631606F 
FAX: 011-33-1-69-30-56-57 

SANTA CLARA 

2975 Stender Way 
Santa Clara, CA 95052 
Tel.: (408) 492-8350 
FAX: (408) 748-1290 

JAPAN 

u.S. Bldg. 201 
1-6-15 Hirakawa-Cho, 
Chlyoda-Ku 
Tokyo 102, Japan 
Tel.: 011-81-3-221-9821 
FAX: 011-81-3-221-9824 
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