






























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































THE COMPLETE HIGH PERFORMANCE CACHE 
SYSTEM FOR THE 80386 MICROPROCESSOR 

T1 

ClK2 

ClK 

ADS#U 

T2 

APPLICATION NOTE AN-30 

HOLD STATES IDLE STATE 

}I" �~� 
Th Th 

READV< 7I///////////U! 
HOlD __________ �~�1� LI __________ __ 

HlDA 

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-pipelined mode. After the microprocessor is first turned 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 pipelined mode the NA# pin must be asserted. For a 
discussion of pipelined mode for the 80386 refer to the Intel 386 
Microprocessor Reference Manual. 

ALWAYS 

• 
READY. NO REQUEST, NO HOLD 

Figure 13. State Diagram For The 80386 
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THE COMPLETE HIGH PERFORMANCE CACHE 
SYSTEM FOR THE 80386 MICROPROCESSOR 

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) 
~ 

APPLICATION NOTE AN·30 

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

D (0:31) BA (2:31) 

SYSTEM 
BUS 

80386 CACHE MODULE 

NCA#~ 1 ~~ iF 
LBA# 

FLUSH TAG DATA SNOOP lRDY# 
3 x 7174 4 x 7164 3 x 7174 

~~WE1# ~~ ~~ 
MAT2 

ADS# MAT1 
ClR# 

OE2# WE1# 
W/R# WINV# 

WE2# ClR# 
D/C# CE1r:-- WINV# BRDY# 
M/IO# ,p 1 BHOLD 

RESET .... BW/R# .. .... 
ClK ~{>O-

.... 
BADS# I CONTROL LOGIC 

.... READY# BHlDA .... 
FBE# I 

J I SBEO# - SBE3# BEO# - BE3# 

~ 
SBEO# - SBE3# DEN#, DIR, WlE, SEl, BHlDA 

DEN# .. G# DATA 
DIR ;: 

DIR BUS 
WlE :- CAB BUFFERS 
SEl !" 

SAB (4-FCT646) 
.... D (0:31) 

A B .... BD (0:31) .... .... 
'32 ... 

... 
BHlDA .. 

G# ADDR SBEO# - SBE3# WLE :-
SEl !" CAB BUS 

: SAB BUFFERS BBEO# - BBE3# 
I 4 A (5-FCT646) BM/IO#, BD/C#, BW/R# ... 

33 A B BA (2:31) .... 
M/Io# D/C# W/R# 

A (2:31) 

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-Bit A register and an 
8-bit B Register. The 646 block allows for the bidirectional transfer 
and temporary storage of 32 bits of data. The DIR (direction) pin is 
used to control the direction of data flow between the processor's 
data bus and the system's data bus (Figure 14). 

The system bus tag (SNOOP tag) monitors the addresses on the 
system's address bus when an externally controlled data transfer 
takes place (e.g. DMA).lf 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. 

• BHlDA 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. 

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

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

• BADS# 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 fR# 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. 

• lRDY# 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. 

• WfR# 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. 

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

APPLICATION NOTE AN·30 

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

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

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

System Bus Interface 
The system bus interface consists of the buffered data bus 

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

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

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

• 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. 

• D/C# is an input to the cache module. D/C#, data-control, is 
used by the 80386 to indicate a data cycle or a control cycle. 
While low the processor is in a control cycle and while 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. 

• DIR, DEN# 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 
turn 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. 

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

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

II 

Figure 15. Functional Cache Controller and 80386 Signal Descriptions 
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Timing Diagrams for the Cache Design 
Figures 16 through 26 illustrate the cache controller and 

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

Cache Read Miss and Hit Cycles 
The cache read hit cycle, illustrated in Figure 16, begins by 

ADS# going low followed by the W/R# signal going low (to indicate 
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 turn 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 cycle, 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 returned 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 forthe 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 WI NV# 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 OE2#) the tag and the SNOOP 
memory (via WE1#). The local ready signal (LRDY) is sent from the 
coprocessor to the controller indicating the end of the LBA cycle. 

NCA (non-cacheable address) cycles are entered into 
whenever the NCA input to the cache controller is active. The NCA 
is usually employed to keep I/O data from entering the cache. An 
active NCA# input results in the controller disabling the cache 
memory, cache tag and the SNOOP tag. This, of course, keeps 
the undesired addresses from entering the cache. As noted in 
Figure 22, the NCA cycle has added wait states 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 NCA# input to the output 
of an appropriate decoder. During NCA# cycles the cache 
ensemble is totally transparent. 

Cache Memory and Cache Tag Timing 
Figures 25 and 26 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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80386 
BUS 

INTERFACE 

/ 

TAG 
RAM 

READ HIT TIMING 

I. READ HIT ., 

: T1: T2: T1: T2: T1: T2: T1: T2: T1 : 

CLK2 

CLK~ 
ADDR. 

W/R# ~ : READ: ~\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ 
DB : IT>: : HI-Z : : : : : 

ADS# ' 

READY# , READY 

;' READ ; K\§\\\ \\\\\\\\\\\\ \\\\\\\\\\\\\\\\\\\\ \\\\\~ 
CLR# (HIGH LEVEL) 

~--~--~~~--~--~--~--~--~--~ [

WE1# ~ 

CACHE ~ MAT1 "HI'" 
INTERFACE [ OE# -.-, -~1~r----=~=----.-' ---...----...-------r-------r-------r-----r--

CONTROL 
SIGNALS 

SYSTEM 
BUS 

C~~~E WE2# (HIGH LEVEL) 

DB _____ '~~r~'--~--~--(~HI~~Z~)--~--~~--

T2# ' 

• I I I 

T3# _: ____ ~ ___ ~ ____ : ____ :_ JIt:J~~~nyEJ _ ~ ___ ~ ____ : ____ : __ _ 

T4#: I : I : (INACTIVE): I • I 
.. ,- - - ... i .. ... ... 'j ... .. ... -." .. .. .. 1- - - - .- - - - i .... .. -. .. .. .. "." .. .. .. ,- .. ... 

WLE ' , (INACTIVE) , 
, , , 

SEL ' , (INACTIVE) , 

, , , 
MAIN#, , , , ,(INACTIVE), , , , 

-,- ....... r ....... , ..... .. -," ..... -,- ....... r ........ T ....... -. ....... -,- ....... ,- .... 

'--__ DEN# _ : ____ : ____ ~ ___ ! ___ ~ _ (?I:~,B_U:D! _: ____ ' ____ ' ____ ~ __ 

[

BADS# ' : (INA~TIVE) : 

BRDY# READY 

SYSADDR \\\~ : VALID: f\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ 
SYS DB ' , : (HI-Z): ' , , 

Figure 16. Read Hit Timing 
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8~~~6 ~ 
INTERFACE 

TAG 
RAM 

READ MISS TIMING 

I 
;ARTIAL OR FULL WORD READ MISS~ 

I T1 : T2 : T3 : T4 : T4 I T1 : T2 : T1 : T2 : 

CLK2 

CLK 

ADDR ~ 

W/R# ~ . : :..: READ: cB:~~\\\\\\\\\\\\\\\\\\\\ 
DB I I ~ I I. If{! _ I I HI-Z I I 

• I~I I' I I I t 

-~-~~--~--~--~~ 
ADS# I 

READY# NOT R~ADY : 1 - - ~ - - - ~ - - - -: ~~A~~:- - - - ~ - -

CLR#' I :: \; I (HIGH LEVEL) I I 

[ 

WE1# ~ : READ.TAG : 1 WRI!ETAG :1 .t\\\\\\\\\\\\\\\\\\\\\\\\\\ 

CACHE < MAT1: :1- - -: -MisS-:- - 1 : 
INTERFACE [ OE# -!.�----~: U-=---=---=--~: ;:::=:=::!===---LI __ --L. __ ---!. ____ l--__ ...!..-__ -L-_ 

CONTROL 
SIGNALS 

SYSTEM 
BUS 

C~X~E WE2# : 1 WR~E DATA~I I· 

DB ~ __ ~:~~~~--~I~~~~--~I~H~I-~Z~I--~~ 

T3# I 

T4# I 

WLE : (INACTIVE) : 
... ~ ___ .& ... _ ... _I ......... _1_ ......... L. ......... .I. ......... _I ........ _1_ ......... '- .............. ... 

SEL I I : (INAC,TIVE) I 

BRDY# I 

SYS ADDR 

SYSDB I ~ I I 

BBEO#-BBE3# \&\\\\\\\\\~ ---:-ALL-A-~TIVE- - : - ~\\\\\\\\\\\\\\%\\\\\\\\ 
I I • I I I I , I I 

Note: FBE causes all FB lines to be activated, 

Figure 17. Read Miss Timing 
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80386 
BUS 

INTERFACE 

CONTROL 
SIGNALS 

SYSTEM 
BUS 

WRITE HIT TIMING 

I. WRITE HIT -I 
: T1 : T2 : T1 : T2 : T1 : T2 : T1 : T2 : T1 : 

CLK2 

CLK~ 
ADDR 

W/R# ~ : WRITE: ~ \\\\\\ \\%\ \\\\\\\ \\\\\\ \\\\\\\\\ \\\\\ \ 
DB : ( )r.-:-----:----....:....------:-----.:.....-....!.....--:.....-

ADS# ' 

READY# ' READY 

, !' SELECT _ / [SEL ~,' ,CACHE I ' 

(DISABLED) 

T2# ' 

T3#, , , , ,(INACTIVE): , , , 
- ,- - - - r .. - .. J .. .. .. "," .. .. .. ,- .. .. .. r .. .. .. , .. .. .. ..!.. .. .. .. tOO .. .. .. r .. .. 

T4#: : : : : (INACTIVE): : : : 

WLE -;- - - - :. -~;,~b -A~;:~. ~~T~:- - - - ~ - - - ~ - - - -, - - - - ,- - - - ~ - -

SEL, : I SEL LATCHES : I 
: 1 ' : ~I ~====:::::=:::!:============ 

II MAIN# , 

'---- DEN# ~:_~: , .... 1-_----;-: r=--=-=-:;::: -=-=-=-:;:..I_--:-_...:-_...:...-_~_.:..-

[

BADS#' :U , 
BRDY#: : 1 NO~ READY: III READY , 

SYS ADDR n=;\\,\m~;r~: -VA-L1D!....-(LA-TC---!.H~ED)==:::!::: R;:n:&rr&rn~~=TT~~\}~~ ,\=TT&~~~~\\~=TT&~~,\~(\\\::;::::;~~~~& 
SYS DB ....... : --:~' ( ,IN (LAT,CHED) : )>---'--_----'-_--'--_---'--_......0..-_ 

Figure 18. Write Hit Timing 
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80386 
BUS 

INTERFACE 

CACHE 
INTERFACE 

CONTROL 
SIGNALS 

SYSTEM 
BUS 

TAG 
RAM 

WRITE MISS TIMING 

1 ~ WRITE MISS .1 
: T1 : T2 : T3 : T1 : T2 : T1 : T2 : T1 : T2 : 

CLK2 

W/R# 

READY# 

CLR# r (HIGH LEVEL) 
, , I 

MAT1 --7:_~:--=1 =--=-;=:-M=-IS=S-~~ =--~II~!I::::=II---.;.._~_~---..!...._~ 

C~~~E WE2# ~ WRITEI 

[ 

OE# (DISABLED) 

. ·LMill 
DB ~~--~r __ ~ __ ~r~(~H~I-Z~l_· __ ~ __ ~~ __ ~_ 

T2# 

T3# 

T4# 

WLE 

SEL 

MAIN# 

DEN# 

'---__ RDY2# 

[

BADS# 

BRDY# 

SYS ADDR 

SYS DB 

(INACTIVE) 
, I I I • • I I I I 

-:- - - -:. -~T~~~~~~~D~~A-:- - - - i - - - i - - - -,- - - -,- - - - i --

: I 

:U 
: I NOT READY 

\\\\\j : VALID ~LATCHE.D) 
---+-<: ( iN (LAT~HED) 

Figure 19. Write Miss Timing 
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80386 
BUS 

INTERFACE 

CONTROL 
SIGNALS 

80386 
BUS 

READ LBA TIMING 

READ LBA 

T1 T2 x x x • T1 T2 T1 • T2 

/ CLK2 

W/R# ~'-+'-: lo...U..---,-----r-' R_EAD--.-' ------r-----.-L: ~~\\~I...l....}-J\\ '\>...l..l...l\\\~~..l....l.....I.\\\\..>....l..,\-~~~\\ '\~~I...l...l...l:\\ 
DB ~ , , , , 

~: . : ' 
ADS# ~~---'_....&....-.-::=:::.....-~ 

>====READY# : '-1 -"'T", -N-O-T"'T"R-EA-D-y---r", ---'1 READY 

TAG [::: 
RAM 

MAT1 

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

(HIGH LEVEL) , , 
... ,_ ... ... ... L ... ... ... J ... ... ... ...'.. ... ... ... ,_ ... ... ... .... ... ... ... J ... ... ... _, ... ... ... ... I... ... ... ... '... ... ... 

I I I I : (DISABLED) I I i I 

... 1- ......... to ..................... -1- ...... -1- ...................... ~ ......... -I'" ...... -1- ........ 1- ... ... 

, ,(HIGH LEVEL): , , , -: ----: ----:- ---~ ----: -® --:- ---~ ----: ----: ---
I I I I I I I I I I 

I I I I , I I I I I 

T2# 

T3# , , , (INACTIVE)' , , , 
... ,- ......... .- ......... T ......... ) ......... -,- ......... ,- ......... r ........ J ......... -, ......... -,- ...... 

T4# 
: : : I : (INACTIVE) I I I I 

: .: : : : ; : : : ~ : : : :,: : : : ,: : : : ;: : : : ; : : : :, : : : : ,: : : : ;:. : : 
WLE,SEL : (INACTIVE) : 

RDY1# : (INACTIVE) : 

RGT :::::: ::,- - - ~ - - - ~ - - - -: - - - -:1 : : : ~ : : : ; : : : :: : : : ::: : : 

DEN# ' (DISABLED) 
'--___ _, ............ ' ............ 1- ......... ! ......... ",I ......... _I ............ ,_ ........ !.. ......... ~ 

c:OCAL :::: -~~T-nr~ __ -_-~:-_N-_OT_-~~~~~_~_~_-~:~i~lf=-==·~-~~TnR~E~ADnY~~~~~ 
ADDR \'\, ~ VALiD : ~ \\\\\\\\\ \\\\\\\\\\\\\~ 

LOCAL DB -,-' --....:......---,"---,---''''"--<<E> ' , , , 

Figure 20. Read Local Bus Access Timing 
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80386 
BUS < 

INTERFACE 

IN~:~~lcE< 

CONTROL 
SIGNALS 

80386 
BUS 

TAG 
RAM 

WRITE LBA TIMING 

1-4 
WRITE LBA 

T1 T2 : X X X T1 • T2 T1 • T2 • 

CLK2 

CLK~""""" 
~ 

ADDR • • LBA' " • 

W/R# ~ WRITE :~\ __ \\\\\\\\\\\ 

'( OUT : )>---:---:------:----:--
-:--LiJ.--~==L-~ 

DB 

ADS# 
, 

READY# : I , NOT READY, RE.h.DY 

[ WE1# 

CLR# 

MAT1 

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

_ ' ____ ~ ___ ~ ____ ' ___ )H~~H_ ~~~E~) _ ~ ____ ' ____ ' ____ ' __ _ 

(HIGH LEVEL) , " 
... '... ... ... ... L ... .. .. J ... ... .. ..I... ... ... .. '... .. ... ... '- .. ... ... l ... ... ... ",' ... .. ... ... I... ... .. ... '... ... ... 

OE# 

CACH{ WE2# 
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DB 

iii , : (DISABLED)' , , , 
... 1- ........ to ....... -t ...... -I" ....... 1- ................ 4 ....... -I ........ , ........... t- .. .. 

, ,'(HIGH LEVEL): • , , 

-: - - - -: - - - - :- -<- - ! - - ;:ft- ---: -)- --:- ---~ ----: ----: ---
I I I, I I. I I I I 
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T3# 
I I I I I I 
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",'" .. .. ",- ... ... ... r .. ... .. 1 ... ... ... -, ... ... ... ...!... ... ... - ,'" ... ... .. r ... ... ... , ... ... ... "','" .. ... 

T4# 
: : : I • (INACTIVE): I I I 

: I: : : : ;. : : : '; : : : ~ : : : : I: : : : .: : : : ;. : : : ':t : : : :,: : : : ,: : : 
WLE,SEL (INACTIVE) : 
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:: : : : :: :1- - - ~ - - - : - - - ~ - - - -: -I : : ::: : : : ~ : : : ~ : : : ::: : : 

I. I. I I I I 

, (DISABLED) 
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DEN# 
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. ADDR \\\\\j , VALID : -\\\\\\\\\\\\\\\\\\\\1 

LOCAL DB • <'-___ I_N _____ : ) • • , , 

Figure 21. Write Local Bus Access Timing 
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READ NCA TIMING 

READ NCA 

: T1 ' T2 : X : X ' X T1 : T2 : T1 : T2 : 

/ CLK2 

~
' 

CLK 

ADDR ~ 

W/R# ~ : READ : t\\\\\\\\\\\\ \\\ \\\\\\\\\\\\ 8gS~6 < 
INTERFACE 

DB -:--,' ----:--___ ,...---:---.....,'--<~' , , , 
,~ 

ADS#~ :~ 
>===READY#, : 1 : NOT READY' 1 : READY 

~~~ _ '_ • __ '. _ •• ~ _ • __ ' • ___ : _ (~I?~ ,~~V~L! ~ _ • _ ~ • ___ ' __ •• ' __ • 
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::: .; •••• , •••• r - - - T __ • ~ _(~I~~::E~:L~:_ • - - T __ • ~ _ • __ : •• _ 

,.ri':m'i:E < C~~E [ W:
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B
# : ~: : : : ~ : : : ~ : : : ~ : : : \t,~~~~jL; : : : : ~ : : : ::: : : ::: : : 

-: . - - .: - - - -:-.- - - ~ - - - ~ --~ . -:- . - (HI-Z) - - ~ - - - -: - - -
I I I I I~I I I I 
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SYSTEM 
BUS 

I I I I I I I I I I 

T2# , 

T3# I I I I I I I I I 

_: ____ ~ ___ ~ ___ ; ____ : _ JI~A.~!ly~) _ ~ ___ ; ____ : ____ : __ _ 

T4#: : : : : (INACTIVE): : , , 
:.: : : : ; : : : ~ : : : --I -- : -- -- I: -- : -- ... - -- -- -- .- .. - -- -- -~ -- -- -- .-. -- -- -- -- 1-- -- --

WLE,SEL' , , : (INACTIVE) : 

RDY1# , : (INACTIVE) : 

RGT :::::: ::1- - - r - - - ., - - - -, - - - - :-1 : : : ~ : : : ; : : : :: : : : ::: : : 

DEN# _: ____ :.1 '(ENA~LED)' : 1 ___ , ____ ! ____ , ____ , __ _ 

[

BADS#' :U 
BRDY#: : 1 'NOT READY :111 

SYSADDR \\\\1 VALID : f\\\\\\\\\\\\\\\\\\\\\\\\\\\ 
SYS DB ......:....' _---'-__ !--_--'---_-!....~@' , , , 

, READY 

Figure 22. Read Non-Cached Addresse Timing 
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8g~~6 < 
INTERFACE 

CONTROL 
SIGNALS 

SYSTEM 
BUS 

WRITE NCA TIMING 

I~ 
WRITE NCA 

T1 ' T2 : X ' X X T1 ' T2 ' T1 ' T2 ' 

CLK2 

CLK~""""" 
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MAT1 

CACHE WE2# 

[ 
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T2# 

T3# 

T4# 

WLE,SEL 

RDY1# 

RGT 

DEN# 
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SYS ADDR 
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: , I 
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.. 1- ........................ -I'" ....... t ........ ~ ............... -t ............ 1- ....... I- ... ... 
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I I " I I. I I I I 

I I I I I I I I I 
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.. ," ,- .... c ....... I ....... J ....... -," ....... ,- .... - r ...... I ...... -, ...... ",'" ..... 

, , I , ,(INACTIVE): , , I 
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Figure 23. Write Non·Cached Addresse Timing 
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BHOLD/BHLDA TIMING 

ClK2 

ClK ' 

SY~J§M W/R# ~\\\\\\\ \\ \\\\\\\\ \\\\~>-, _______ ~H..:..;....;I-Z::.--____ -"--_o-

[

DDR ~\\\\\\\\\\\\\\\\\\\\~ , 

N REPRESENTS 
TWO 80386 CYCLES 

FROM BHOLD ACTIVE 
TO BHX# ACTIVE 

DB %\\\ \\\\\ \\\\\\\\\~W~: ---r-----r---:...:.;.HI--=:-Z -r---'-~ 

: ,N: : :. : 
,~, , , 

, ~~ : 
I. I I I 

BHOlD - ~ -r-T""T""T'" ....... , ,--'-, --'-, -+---1.,_--','----'-, --'-, ~11~Tl ~ ---~ ----: ----:- -
~ ~ .. .... I.. .. .... I.. .. .. .. I.. .. .. .. ! .. .. .. ..I .. .. .... I.. I I I I 

............ .. I. 

BHlDA ' , , ___ 1---__ ---'-' --l( I I I I • I 

I ..... I--__ '~.I - -,- - - - i - - - -, - - - -, - - - - '-I ~ .. .. -... 

CERTAIN CACHE 
OPERATIONS DISABLED 

DURING BHX# ACTIVE 

Figure 24. Hold and Hold Acknowledge Timing 
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. 

INSTRUCTION CYCLE :1 
T1 I T2 
~~ 

- ___ I ___ _ __ I __ _ 

ClK2 

--- --- --- --- ----
tcLK .1 

ClK 

ADDRESS I 

BUS I ADDR 

ADS# I 

_ .! _______ ! _ -IL-__ --l---J _____ L _______ '. ___ _ 

I I 

DATA BUS - ; - - - - - - - ; - - _ ... - - ~ - -1 ~ 
I I I 

- '4 - ------+------ -~---
I I I 

tDS 

DATA IN 

I 

SPEC ANALYSIS 

80386 Clock Rate 
Parameters Units 

16MHz 20M Hz 25MHz 

tClK 62 50 40 ns 

tAD 40 35 30 ns 

tDS 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# 

--- --- --- --- ----

- i - - - - - - - i - -1'-----,----1 - - - - - i - - - - - - - ,- - - - -

tADM 
, , 

----------------, , 

_ ~ _ _ _ _ _ _ _ ; _ _ _ _ ___ ~ _ _ _ p __ -=-: _C_A_C_H_E_M_I_SS---.:...: __ _ 

_ J _______ .!. _______ !. __ _ 
, 

NOT READY 
---'-____ ---''--____ L-____ .1.--.-J _ ____ , ____ _ 

SPEC ANALYSIS 

80386 Clock Rate 
Parameters Units 

16MHz 20MHz 25MHz 

tClK 62 50 40 ns 

tAD 40 35 30 ns 

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 forthe local bus, SNOOP is the cache tag for 

80386 BUS PINS 
CRAM 

A (2:14) .. A (2:14) ..... D 10:31) io. ..... .. 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# 
()~?it 

MAIN SYSTEM 
PINS BUS 

BA (2:31) ..... BA (2:31) 
..... MAT? .. 

MAT2 ..... WE1# ---,.. 
WE1# 

~ WINV# WINV# 
CLR# ~ CLR# ..... 

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

MAT1 .. .. MAT1 ..... WE1# ---,.. 
WE1# 

~ WINV# 
WINV# 

~ CLR# 
CLR# 

~ r.~ BUS BUFFERS 
CE1# ...... CONTROLS PINS 

p'~C\It ... CTRL ~p'~C\It ... 

BF1# t: BEO# SBEO# SRF1# t 
RF?# t: BE1# SBE1# SRF?# t 
P.F'<if t BE2# SBE2# SR~'<if .. BE3# SBE3# ... BADS# .. 
1/1 # .. BADS# WF1# .. . ... 

>11)# t D/C# WE1# WINV# t: 
N iii t: M/IO# WINV# wF'5ii --r 

}# t W/R# WE2# )~?# t: 
,...,. IE DY# .. ADS# OE2# ... BHLDA .. RHlnA .. ... -:1 READY# BHLDA .. CLK WIF ~ 

,.. 
~F fI=T I:: WLE SFI -r: .. RESET SEL CLR# -"0. 

.. 
CLR# '111'" BRDY# 

LBA# .. LBA# 
BRDY# MAT1 

I=IIISI-Ul ':: MAT1 MAr? 

-.LRDY#_ t FLUSH# MAT2 BHOLD 
Nr.A# I:: LRDY# BHOLD RW/R# ... NCA# BW/R# nip. .. 

DIR DEN# t: 
CONTROL DEN# r.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(1S) 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 WI NV# are control signals which come 
from the CTRL block (the internal 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 
AS 
A6 
A7 
A8 
A9 
A1D 
A11 
A12 

AD 
A1 
A2 
A3 
A4 
A5 
A6 
A7 
A8 
A9 
A1D 
A11 
A12 

AD 
A1 
A2 
A3 
A4 
A5 
A6 
A7 
A8 
A9 
A1D 
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 NCA# input), CE#1 wi II 
be disabled which in turn floats the IDT7174 cache tag's I/Os. The 
CLR# signal is an input signal to the tag and the SNOOP and is 
used to flush the cache on SNOOP hits. 

CRAM Block 
Figure 28 illustrates the cache memory which is used to store 

the associated data of the tag addresses. The cache memory 
consists of four 10T7164 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 10T7164 SRAM. 

IDT1174 

1/01 
1/02 
1/03 +5V 
1/04 
1/05 
1/06 
1/07 2 
1/08 <~ 

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# 

g~~ 
WE# 

IDT7174 

1/01 Po (31) 

1/02-
1/03 rl~ 
1/04 ~. 
1/05 rl~ 
1/06 rl~ 
1/07 ~t- +5V 
1/08 

MATCH MAT1 

RESET# 

CS# 
OE# 
WE# 

+5V 

Figure 28. Cache Tag Block (TRAM) 
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A (2: 

WE2# 
OE2# 

14) 
IDT7164 

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

IDT7164 

AD 
A1 
A2 
A3 
A4 
A5 
A6 
A7 
A8 
A9 
A1D 
A11 
A12 

IDT7164 

AD 
A1 
A2 
A3 
A4 
A5 
A6 
A7 
A8 
A9 
A1D 
A11 
A12 

1DT7164 

AD 
A1 
A2 
A3 
A4 
A5 
A6 
A7 
A8 
A9 
A10 
A11 
A12 
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D (0:31) 

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

CS1# SBEO# 
CS2 -+5V 

~~:~ 

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

CS1# SBE1# 
CS2 I- +5V 
OE# 
WE# 

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

CS1# 
~+5V CS2 

SBE2# 

OE# 
WE# 

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

CS1# SBE3# 
CS2 -+5V 
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. SSE (0#:3#) are used to select a specific byte of the 32-bit . 
doubleword via their direct connection to the IDT7164s.ln 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 
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 

SA (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. 

IOT7174 
+5V 

AO 1/01 
A1 1/02 
A2 1/03 
A3 1/04 > 2000 
A4 1/05 ""';::.-

HM 

A5 1/06 
A6 1/07 
A7 1/08 
A8 
A9 MATCH 
A10 
A11 RESET# 
A12 

CS# P- +5V OE# 
WE# 

IOT7174 

AO 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 
A10 
A11 RESET# 
A12 

CS# P-- +5V OE# 
WE# 

1OT7174 

WE1# 
CLR# 

WINV# 

AO 
A1 
A2 
A3 
A4 
A5 
A6 
A7 
A8 
A9 
A10 
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\ 

I--
f-t 
f-_ 
I--t 
f-t 
f-.- +5V 

MAT2 

P- +5V 

-== -

Figure 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 tag via the clear line (CLR#). 
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Posted Write Logic Design and Operation 
The posted write logic comes into action when a write occurs. 

Forthe 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 

NCM F11 

D/C#~1t 
M!IO# '-I-
LBA# 

W/R# 

ADS# 

MAT1 

BRDY# 

BHOLD 

r- 1--1 It 
.---

FLUSH# 
BW/R# 
MAT2 

F04 
CLK -

RESET -r>! 

PALS 

NC# 

LBA# 

W!R# 

ADS# 

MAT1 

BRDY# 

BHOLD 

RESET# 
LRDY# 
FLUSH# 
BW!R# 
MAT2 

CLKB 
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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 (WINV# to pin 19 and DIR to pin 17), the 
JED EC fuse map will not run because pin 17 does not have enough 
inputs (internally) to handle the equations for DlR. 

F10 
"\.., 

~ 
...--b:! F08 

t--F=< 
H.::< 
It-L./ 

BHLDA 

FBE# 

BADS# 

WE1# 

WINV# 

WE2# 

OE2# 

WLE 

SEL 

DIR 

DEN# 

RDY1#f-

RDY2# 

RGT j.-

T4# t-
CLR# 
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;> 

TAG & 
SNOOP 

CRAM 

CE1# 

SBEO# 

SBE1# 

SBE2# MAIN 

SBE3# 
BUS 

BHLDA 

BADS# 

WE1# 

WINV# 

WE2# 

OE2# 

WLE 

SEL 

DIR 

DEN# 

DATA & ADDR. 
BUFFERS 

CLR# 

80386 
'--~l 

~ LRDY# 

~~~ 1 - 74F04 
1 - 74F08 
1 - 74F10 

-1 74F11 
1 -74F64 

4 

-
~ 74F64 

OUTPUT PINS 

Figure 31. The Controller Block (CTRL) 
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PAL1 

22V10 

NC# 3 27I FBE# , : LBA# 4 26 MAIN# 
~ 5 25 T2# ADS# 6 I~ MAT1 24~ 

7 
: BRDY# 23~' 9 211 WE1 # I~ BHX# 10 
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5 25 RDY1# ADS# 6 24 RDY2# MAT1 7 23 0E2# BRDY# 9 
BHOLD 21 RGT 

10 
LRDY# 11 

20~~ 
RESET# 19~' 12 17 BHLDA T2# 13 18 DEN# MAIN# 16 

.-2 

PINS ARE FOR 28·LEAD PLCC PACKAGES. 

Figure 32. The PALs of the CTRL Block 

7.6 

APPLICATION NOTE AN·30 

PAL3 

22V10 

RESET# 3 
27~8J# BHLDA 4 , 

BW/R# 5 26~2# 
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SYSTEM FOR THE 80386 MICROPROCESSOR APPLICATION NOTE AN-30 

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 

N : L: w: A: M: B: B: B: B: 
C I B 1/ I DI A I R I H I H' HI 
#'A'R'S'T'D'X' Y' L' 

I # I # I # '1 I Y I # '#' D I 
I I I I : #: : : A: 

INTERNALS 

IR T:T:T:M:F:D: 
'E 213141AIBII' 
'S #'#'#'I'E'R' 
I E I I : N: #: I 

I T I # I :# 

FBE# HI HI LI I L' I H' I H LI I HI HI 
L------f- H:- H:'" L-: ... ~ -L ~ L ~ H:" -I'" , ... : H L:-'" I" -: ... L ~ H: ... r- ... ,- -,.. -, ... 

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

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

I I I I --------

T2# 

.. ' ..... ' ...... ' .. J ... L ... ' .... ' .... I .... ' .. J... ... ' ..... ' .... ' ... J .. 1 .. I ..... , __ ' .... ' .. 

H' H'L' I L' L' H' I H L' I I L' I I I I 
... ,_ ... 1 ...... 1 ......... L ... I- ... 1 .. _' .. ~ ... ".. ... I .. _1_ .. I .. oJ .. .L ... L. .. I .. _I .. -' ... 

I H' I H'L' 

I LI IH 
... ,- -,... -. ... , .. r ... ,- ... ,- -,.. ., ... T ... 

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

~:~ 8:~ ~: ~ ~ ~ ~ ~:~ ~:~ ~: ~ ~: ~ ~ ~ 
H' H'L' L' I I L' I I H 
_ 1 __ ' .. _, _ J _ L _ , __ 1 __ I ... _, ... .1 _ 

H' H' H' , L' I H 

.. ,- ... I'" -,'" ., ... T ... ,.. ... ,- -, ... -. ... 

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

~:~ ~:~ ~:~L~ ~ ~ ~:~ ~:~ ~:~~: ~ 
L' I I I , I I I I 

_ ' .... '_ ... '_ J .. 1 _1 __ I ..... ' ... _1_ 

L' 

T3# H' H'L' I L' I H' I H L-____ + _1_ -1_ -t - '1 - to - t- _1_ -I'" ........... 

DESCRIPTION 

Read Miss, no Main 

Read Miss, Main --------------- .. ---
Stay until Ready 

Write 

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

... _-----------------
Stay until Ready 

ADS 

_S!a~ i! ~d _ M_is~, _n~t ~~y_ _ _ _ __ _ 

_S!a~ i!~r~e.: ~~in.. ________ _ 

_S!a;:: i~ ~C!,:. ~a~n _________ _ 

_S~~ i! ~e~d_ ~i:s,_ B_H~~~ ____ _ 

Stay if Write, BHOLD 

T2,Rd Miss, no Main 
- ... _----------------

HI HI LI I LI LI HI I H LI I LI T2,Rd Miss, Main 
t-..,.--.-_,.-r_..,..-__r___r-..-~..,.__+__,.-r_....___r___r--.-~..,.__.__t - - - - - - - - - - - - - - - - - - -

H, H, H, I L, I H, I H L, I H, T2,Wr Miss, no Main 

T3,Read H: H: L: I H,L, 
L------t---:--:---:---:--:-: -H""::--:----:---:--:--H-+--:--:-, -L--:-: --:--:----:---:--:----:-_t -Stay Cntil'R;ady - - - - - - - - - -

T4# 

Table 2. First Part of PAll's Equations 

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: 

FBE# = NC#. LBAI. W/R#. MAT1 • BHY#. RESET#. T2#. MAIN#. FBE# 
+ 
NC#. LBAI. W/R#. MAT1 • BRDY#. BHX#. RESET#. T2#. MAIN#. FBE# 
+ 
BRDY# • RESET# • FBE# 

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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SIGNAL 
NAME 

WE1# 

INPUTS 
I I I I I • I I I 

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

H, H, H, ,L, 

INTERNALS 
I I I I I I 

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

,H L, , H, , 

DESCRIPTION 

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

-.- -,- -,- I" 'i -.- -,- -,'" -.-'------4- .. ,- -.- -, .. i .. i .. ," -.- -." -, .. i .. 
~ ,_ H_, _ L_, _ ! _L ~ _ , __ ' _ _' _ _' _ ! ~ _I_~I_! .. 2 .. ! _1 __ ' __ I .. _I_ 

H: H: L: ' 'H: ' , , : H I : L: L: I I I I I Stay until Rd Miss, Ready 

'--__ W_E2#_--I-~:-H-:-H~ _L~ _ L _ '- _, __ ,_ oJ _: ~ Write, ADS 

H' H' L' 'L' 'H 'L' Read Miss 
.. 1- -,.. -I .. ., .. " .. .- .. 1- -,.. .., .. ,... .. 1- .. I" -I" ., .. T .. ~ .. 1- -I'" -I .. ......................... ............. ... 

, H ' L' L' Stay until Rd Miss, Ready 

WINV# ,H L, , H, Write Miss, no Main 

L.-__ B_A_D_S#_-t~:-H-:-L-:- ~ _L~ _,_~:_~: __ ,_ ~ ~ ~: __ , __ :_H~ _! _ ~ _, __ , __ ,_ 

H' H' L' 'L' L' H' , , 'H L' , 'L' , , , , , 
_1 __ 1_ .. I ... J .. L .. , __ 1 __ I .. .J .. J... .. I .. _, __ 1_ .J .. .I. .. '- _1 __ 1 __ I .. 

Read Miss, no Main 

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

NCA,wait for Main -------------------
NCA, after BHOLD 
-------------------
Write, no Main 

DIR ' H' H' L' , H' , H ' H' Write, no Main L...._.....:...._--If-........:..:..--.:-....::.-_........:...:......___o_---o_.........:.+ __ -........:...:.--__ ___o_---o ___ --.+ - - - - - - - - - - - - - - - - - - -
t-..,',--:.-H:,.'.-;..;Hr' --''--"T'--=Lr' ...;.H.:.,',--.,---r--,'~H+_--r--,r__"T'--=Lr' --,,--.,---r--,,--.,---+ _W!i~e,_~ai! f~r_M_ai~ ________ _ 

1--;--;-, ---;,-';--i,.....:....:H.;.-' -i:-.;-,....;L:..,,:-...;.,....;H-+---;.,-7-..;-----i--~,.....:....:H.;..: ......:~..;.....-...;...-I- _S~a~ ~n~1 ~~a9~ (~~ ~Hl _____ _ 

, H, H, ! _ ~ _' __ '_l:'_.! _! ~ ~, __ ' __ '_.! _! ~, __ ' __ '_' _S~a~~n!iI_B~'?~D _________ _ 
-,- H'-H'-' 'L' H' L' , 'H ' , 'H' 'L' " Write,afterBHOLD 

Table 3, Second Part of PAL 1's Equations 
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SIGNAL 
NAME 

WLE 

INPUTS 

N: L:W:A:M: B: B: L:T:M: 
C , B, / I D, A, R, H, R, 2, A, 
#,A,R,S, T,D,O,D,#, I, 

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

IR 
IE 
'S 
'E :T 
1# 

INTERNALS 

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

I # I I A I '#' 
I I 

H, H, H, L, I I I I H, I H I I I I I I I I '------+ -,- -,- -, .. i .. r .. ,- -,- -," -, .. 'i .. ,. .... -,- -," i .. i' .. ,- .. ,- -,- -, .. 
H, H, H, I I L. • • • L. I H • • , • I , • I 

SEL H' H' H' L I I I I I I H' H I I I I I I I I 
'--____ -+ .. , __ ' .. _' .. J .. !. .. ,_ .. too _' .. _, .. 1 .. ~ .... _,_ .. ' .. J .. 1 .. I ..... , __ ' .. _f .. 

~:_ ~: .. H .. : .. ~ .. ~ ~:_ .. : __ : .. ~ _L; .. ~ ~ .... : .. _: .. ~ .. : ... ~ .. : __ :.. t 

I I I I H I I I I I H I I I I L' H' 
.. too -I" .. .. .. .. L .. t- .. 1_ -I" ~ .. • .. L .. ... .. I'" -,.. ... ... 

HI HI H' I I LI 'H I LI 'I HI 

RDY1# H, H, H, L, I H, I L, I H H, 

SIGNAL 
NAME 

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

H:" H: .. H-: .. L: ... ~ .. :- .. :.. ..:.. -: .. : .. ~ H .. L:" .. : ... : .. : .. :- .. :.. ..:.. -: .. 
... tOO ~: ~ ~: ~ ~ ~ ~ ~ :~ ~:~ ~: ~ ~ ~ ~ ~ ~ 8 ~ ~:~ L~: ~ L~ ~ : ~ ~ ~:~ ~: ~ ~: ~ 
~:_ ~: ..... : ... ~ .. ~ ~:_ .. : __ : .. ~ _L: .. ~ ~ .. ~: .. _: .. ~ .. : .. ~ .. :~ _: .. ~ .. 
L' H' I L' I I I I I I I H L' I I I I I , • 

.. ,- -,.. .. .. , .. L .. ,_ .. ,_ _, .. ., .. T _ L ... _ - 1 - -, - ., - '" - ,.. ... 1- -, - -I -

L. H. I • L. I H • L. 

Table 4. First Part of PAU's Equations 

INPUTS INTERNALS 

N: L:W:A:M:B:B: L:T:M: :R B:B: R:R:B: S:D: 
C, B, /,D,A,R,H, R12, A, IE H,H,D,G,H, E, E I 
#'A'R'S'T'D'O'D'#' I' IS X'Y'Y'T' L' L' N I 

1#1#1#11IYILIY' 'N' 'E # I # I 1 I I D I '# I : #: D: #: : #: :T : #: : A: 
1# 

DESCRIPTION 

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

Write, no Main ------------------ .. 
Write, wait for Main -------------------
_S!a~ ~n~il_R~a.?~ ~<: ~H) _ _ _ __ _ 

Stay until BHOLD 

Write while Main 

Write while BHOLD 

_S~a~ ~n~1 ~e~e~s~c:: _ _ _ _ ____ _ 

NCA, Main ----------- .. _------
NCA while BHOLD 

NCA while BHOLD 

T2,Wr Miss, no Main -----------------_ .. 
Stay until next ADS# 

Read Hit 

DESCRIPTION 

,--_R_G_T __ ~L~:_H~:~I~L7,_~L~:_~~~,_H~:_~~~_~~~~~~~_~4 ~~~~~~~ __________ _ 

L: H: NCA after BHOLD 

H H: L: 

H: L: L: H 
I-......:....---'--=--......:....---'--=--......:....---'~-=--......:....---'-~......:....---'--=--......:....---'-.!.-......:....---'-I- - - - - - - - - - - - - - - - - - - -

L I H'L' L' L' 'H H' L' NCA, wait for Main 1--'--'----1_1--...1...--'---'---''-..1...--'--'--4_1--...1...--'---'----1'-..1...--'--'--4 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 

. LBA 

I H' I H' 'H _S~a~ ~~A_u~t~ ~e~c::y _______ _ 

Stay LBA until Ready 
-:- c: - -, - , - r ... too -: ... H": - ~ - ~ - ~ H - -1 - -, - ~ H ~ - ,.. -,- -I - '"'t -

BHX# BHOLD, no Main 

BHOLD, Main 

Stay until no BHOLD 

BHY# 'H L' One cycle after BHX 

BHLDA I H'L' 
'-------t -1- -1- -t- 1 - ~ ... too -, - -, - ... - ...... ~ ... ... ... 1 - '"'I'" .. - ... - ~ - 1- -I - ..... -

~~Y_~h~n_ ~e~dy' ________ _ 

, H. • H • H· Stay until no BHOLD 

DEN# H, H, L I I L I I I I L I H I I H I H, I I I I H I I Read Miss, no Main 
'--------t H:- H:-C: - : "i.: L:- -:- -:- -: -L: -: H - -;- -: - : -: -:- -:- -:- -:- Read Miss, wait for Main 

~:~ 8:~H~: ~L~ ~ ~ ~:~ ~:~ ~:~~: ~H~ ~ ~ 8 ~ ~:~ ~:~ ~ ~ ~ ~:~ ~:~ ~:~~: ~ Write, no Main 
I H' H I I I L I I I I L I I H H' I I I I I I I 

_ ,_ _' ... _I _ J ... L _ 1 __ ,_ _, _ .J _ J. _ L _ _ _ 1 _ _I _ .J _ J. ... I... _ 1_ _I _ _, ... Write, wait for Main --- .. _-----_ .. _------
L I H' L I L I I H I I H I H' I H I I Read NCA, no Main 
-.- -I - .... - .. - .. ... t- - ,- _, ...... - • - ... ... _ - I - -I - ~ _ + ... ~ - ,- _, _ _I ... 

L, H· LI • L. • L, I H Read NCA, wait for Main 
- ,- -I - ..... - , - r - .- -,- -, '"' ., ... T - r- - - -, - "', - , - T - r- - 1- -,- -. - -------------------

I I 'I HI "" H, '" L, I 

-,- -,- -,-1- i -,- -,- -," -,- i - r - - -.- -,-1- i' -.- -,- -,- -,-
I H, H, I I L, I I I H, I H H, L, I I I I H, I 

?~y_ u~t~ ~e:~y _ _ _ _ _ _ ____ _ 

Write, after BHOLD 
L : -H: - -. - i - : L:- -, - -, - -: -H: - : H - H: -C: - -; - i - .- -: - H: - -. - -------------------

NCA, after BHOLD 

Table 5. Second Part of PAU's Equations 
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SIGNAL 
NAME 

CLR1# 

CLR2# 

CLR# 

INPUTS 

R'S'S'M'S'F' 
E;H;W;A;A;L; 
S,L,/,T,D,U, 
E'D'R' 2'S'S' 
T'A'#' '#'H' #: I I I : #: 

H, , H, 

H, , H, 

C' C' 
L; L; 
R, R, 
l' 2' 
#;#; 

L, 

L, 

INTERNALS 

APPLICATION NOTE AN-30 

DESCRIPTION 

Snoop Write while SHLDA 

Write Hit while BHLDA 

Write Hit while BHLDA 
'-------{" -.- -,- -." 1 ... i ".- -.- -.- -." T .. 

HI I I I I I I I I 
.. :- L:" -: .. ~ .. ~ ... :- .. :- .. : .. -: .. 

.S!a~ ~n~ ~:>r~ ~y_cl~ _ _ _ _ _ _ __ 

External FLUSH 8: ~ ~: ~ ~: ~ ~ ~ ~ ~:~ ~: ~ ~: ~ ~: ~ ~ ~ 
-,- -.- -.- i -. -,- -.- -.- -.-

I I I I I I I I I ------_ .. -----_ ... -- - ... --------- .. _--_ ... _-L; , , , , , , , , , , I I I I I I I I 

System RESET 

Table 6. PAL3's Equations 

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

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

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

Keeping the above in mind, it will become clear to the reader 
how Tables 2 through 6 match their respective PAL code. 
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TITLE 
PATTERN 
REVISION 
AUTHOR 
COMPANY 
DATE 

Controller1 
N.A. 
1.1 

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 /LBA IW R/ADS MAT1 /BRDY /BHX /BHY /RESET 
;11 12 13 14 15 16 17 18 19 20 
BHLDA GND NC IWINV IBADS OIR /WE2 /WE1 /T4 /T3 
;21 22 23 24 25 
/T2 IMAIN IFBE VCC GLOBAL 

EQUATIONS 

GLOBAl.RSTF = RESET 

OIR : = IBHX * ILBA * IW_R * ADS * IRESET * IMAIN 
+ 
IBHX * /LBA * IW_R .* BRDY * IRESET * MAIN 
+ 
IBRDY * IBHLDA * /RESET * DIR 
+ 
ILBA * IW_R * BHY * IRESET * T2 * DIR 
+ 
ILBA * /W R * BROY * IBHX * BHY * /RESET * /MAIN * 
IOIR -

FBE : = IXNC * ILBA * W R * /MAT1 * IBHY * /RESET * T2 * 
IMAIN */FBE -
+ 
/XNC * ILBA * W R * IMAT1 * BROY * IBHX * IRESET * 
T2 * MAIN * /FBE 
+ 
IBRDY * IRESET * FBE 

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

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

+ 
/XNC * ILBA * IW_R * IRESET * T2 * MAIN 

T3 

T4 

APPLICATION NOTE AN-3~ 

+ 
XNC * ILBA * IRESET * T2 * MAIN 
+ 
IXNC * ILBA * W_R * IMAT1 * BHY * IRESET * T2 
+ 
IXNC *: ILBA * IW _ R * BHY * IRESET * T2 

: = IXNC * ILBA * W R * IMAT1 * IBHY * /RESET * T2 * 
/MAIN -

+ 
IXNC * ILBA * W R * IMAT1 * BRDY * /BHX * IRESET * 
T2 * MAIN -
+ 
IXNC * ILBA * IW R * IMAT1 * IBHY * IRESET * T2 * 
IMAIN -

:= IXNC * ILBA * W_R * IRESET * T3 
+ 
BROY * IRESET * T4 

WE1 : = IXNC * ILBA * IW R * IMAT1 * IBHY * IRESET * T2 * 
IMAIN -

+ 
IXNC * ILBA * W_R * IMAT1 * IRESET * T3 
+ 
IXNC * ILBA * W_R * IBRDY * IRESET * T4 * MAIN 

WE2 : = IXNC * ILBA * IW_R * ADS * /RESET * IMAIN 
+ 
IXNC * ILBA * W_R * IMAT1 * IRESET * T3 
+ 
IXNC * ILBA * W_R * IBRDY * /RESET * T4 * MAIN 

WINV : = IXNC * ILBA * IW R * /MAT1 * IBHY * /RESET * T2 * 
IMAIN -

BADS : = IXNC * ILBA * W R * IMAT1 * IBHX * IBHY * IRESET * 
T2 * IMAIN -
+ 
IXNC * ILBA * W R * IMAT1 * BROY * IBHX * IRESET * 
T2 * MAIN -
+ 
XNC * ILBA * ADS * IBHX * IRESET * IMAIN 
+ 
XNC * ILBA * BRDY * IBHX * IRESET * MAIN 
+ 
XNC * ILBA * IBHX * BHY * IRESET * IMAIN 
+ 
IXNC * ILBA'* IW R * ADS * IBHX * IBHY * IRESET * 
IMAIN -

+ 
IXNC * ILBA * IW R * BROY * IBHX * IRESET * MAIN 
+ -
IXNC * ILBA * IW R * BROY * /BHX * BHY * IRESET * 

IMAIN -
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TITLE 
PATTERN 
REVISION 
AUTHOR 

Controller2 
N.A. 
1.1 

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

CHIP CONTROL_PAL2 PAL22V10 

;PINS 
;1 2 3 4 5 6 7 8 9 10 
CLKB /XNC /LBA IW R /ADS MAT1 /BRDY BHOLD /LRDY 
/RESET -
;1112 13 14 15 16 17 18 19 20 
/T2 GND /MAIN BHLDA /DEN /BHY /BHX RGT /OE2 /RDY2 
;21 22 23 24 25 
/RDY1 SEL WLE VCC GLOBAL 

EQUATIONS 

GLOBAL.RSTF = RESET 

WLE := /XNC * /LBA * IW_R * ADS * /MAIN * /RESET 
+ 
/XNC * /LBA * IW_R * BRDY * MAIN * /RESET 

SEL := /XNC * /LBA * IW_R * ADS * /MAIN * /RESET 
+ 
/XNC * /LBA * IW_R * BRDY * MAIN * /RESET 
+ 
/BRDY * /RESET * /BHLDA * SEL 
+ 
/XNC * /LBA * IW_R * T2 * /RESET * BHY * SEL 

RDY1 : = /XNC * /LBA * IW R * ADS * /BRDY * MAIN * /RESET 
*/BHX -
+ 
/BRDY * MAIN * /RESET * RDY1 
+ 
/XNC * /LBA * IW_R * ADS * /RESET * BHX 
+ 
/RESET * BHY * RDY1 
+ 
XNC * /LBA * /BRDY * MAIN * /RESET * /BHX 
+ 
XNC * /LBA * ADS * /RESET * BHX 
+ 
XNC * /LBA * T2 * /RESET * BHY 

RDY2 : = /XNC * /LBA * IW R * /MAT1 * T2 * /MAIN * /RESET * 
/BHX * /BHY -

APPLICATION NOTE AN·30 

+ 
/ADS * /RESET * RDY2 

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

RGT : = XNC * /LBA * ADS * BRDY * /MAIN * /RESET * /BHX * 
/RGT 
+ 
XNC * /LBA * /RESET * /BHX * BHY * /RGT 
+ 
XNC * /LBA * BRDY *T2 * MAIN * /RESET * /BHX * /RGT 
+ 
LBA * ADS * /RESET * /RGT 
+ 
/LBA * /BRDY * /RESET * RGT 
+ 
LBA * /LRDY ... /RESET * RGT 

BHX : = BHOLD * T2 * /MAIN * /RESET * /BHX 
+ 
BRDY * BHOLD * T2 * MAIN * /RESET * /BHX 
+ 
BHOLD * /RESET * BHX 

BHY : = /RESET * BHX 

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

DEN : = /XNC * /LBA * W R * /MAT1 * T2 * /MAIN * /RESET * 

7.6 

/BHY * /DEN -
+ 
/XNC * /LBA * W_R * /MAT1 * BRDY * MAIN * /RESET 
+ 
/LBA * IW_R * ADS * /MAIN * /RESET * /BHX 
+ 
/LBA * IW_R * BRDY * MAIN * /RESET * /BHX 
+ 
XNC * /LBA * W R * ADS * /MAIN * /RESET * /BHY * 
/DEN -
+ 
XNC * /LBA * W_R * BRDY * MAIN * /RESET 
+ 
/BRDY * /RESET * DEN 
+ 
IW R * /LBA * BRDY * /MAIN * /RESET * /BHX * BHY * 

/DE-N 

~NC * /LBA * BRDY * /MAIN * /RESET * /BHX * SHY * II 
/DEN 
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THE COMPLETE HIGH PERFORMANCE CACHE 
SYSTEM FOR THE 80386 MICROPROCESSOR 

TITLE Controller3 
PATTERN N.A. 
REVISION 1.0 
AUTHOR Mammad Safai 
COMPANY Integrated Device Technology Inc. 
DATE 09-28-1988 

CHIP CONTROL_PAL3 PAL22V10 

;PINS 
;1 2 3 4 5 6 7 8 9 
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 * CLR1 

10 
NC 

20 
NC 

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 of this 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 25MHz. Faster microprocessor 
can be easily accommodated without changes to this design. 
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80386 AND 82385 AN-38 

Integrated Device Technology, Inc. 

By Kelly Maas 

INTRODUCTION 
As greater performance is demanded of 32-bit microprocessors, 

cache memory systems are quickly becoming commonplace. 
While cache design for the Intel 80386 is made easier with the Intel 
82385 and other cache controller chips, the system designer still 
has to make a choice of static RAMs (SRAMs) for use in the cache. 
The 10T71586 CacheRAMTM, which includes internal address 
latches, is an example of an SRAM that is specifically designed to 
simplify cache memory design and minimize part count. 

This application note gives an introduction to cache operation, 
then describes how a cache may be implemented for the 80386 
microprocessor using the 82385 cache controller. We then discuss 
how to determine which fast lOT SRAM, such as the IOT71586, is 
best for an application. The last section explains how to double 
and quadruple the size of the cache memory while still using a sin­
gle cache controller. 

CACHE BASICS 
Cache design can involve a large number of choices, although 

selection of the 82385 largely eliminates these. For example, one 
has the option of implementing separate instruction and. data 
caches, or a single combined cache. Different methods eXist for 
maintaining cache coherency during cache writes, including write­
back and write-through. A cache may employ direct mapping or 
any degree of set associativity. And of course there is the choice of 
cache size. 

A cache increases the performance of a computer by decreasing 
the average time it takes to access memory. Main memory is nor­
mally implemented with dynamic RAM because it offers the high­
est density and lowest cost. But DRAM is relatively slow and is un­
able to match the speeds at which high performance microproces­
sors can read and write memory. Because of this, the processor 
must spend part of each read or write cycle idly waiting on the 
DRAM. This keeps the high performance 80386 from realizing its 
full potential. 

A cache is located between the processor and main memory and 
is used to store a portion of the main memory contents. It consists 
of control circuitry and a relatively small amount of fast SRAM, and 
permits the processor to operate at full speed most of the time. The 
property that allows caches to decrease the average memory ac­
cess time is called locality of reference. That is, for a given period 
of time, the processor is likely to repeatedly access a small set of 
localized memory locations. By copying the items from these ad­
dresses into the cache when first accessed, most future refer­
ences to these locations are directed to the cache instead of main 
memory. 

The general operation of a cache is rather simple. When the 
processor makes a memory reference (a read or write), the first 
step is to determine if that address is cached (Le. the data from that 
address currently resides in the cache). If it is, the reference is 
termed a hit, and otherwise a miss. This is similar to page hits and 
misses in a virtual memory organization. In the event of a hit, the 
read or write is performed in the cache without delay. When a miss 
occurs, the memory reference is forwarded to main memory. In 

<l:I1989lntegrated Device Technology, Inc. 

this case the processor must wait because of the slower speed of 
main memory. Note that if main memory is fast enough to elimi­
nate the need for wait states, there is no need for a cache. Note too 
that because of the time required to determine if a memory refer­
ence is a hit or a miss, the cache SRAM must be faster than the 
SRAM required to implement a (very expensive and impractical) 
zero-wait state main memory. 

Since the cache is much smaller than main memory, how is it de­
termined what data from main memory to place in the cache? Data 
is brought into the cache one line at a time as it is needed by the 
processor and removed when displaced by data from another 
newly referenced address. A line is the unit of data transfered from 
main memory to the cache during a read miss. It is typically one to 
four times the processor word size and is always contiguous. As 
the line size is increased, each read miss results in a longer mem­
ory cycle because more data is transferred from main memory to 
the cache. But it also increases the hit rate (the fraction of memory 
references that are cache hits) in most cases because data is often 
loaded into the cache before it is first referenced. 

Along with each line of data in the cache is stored a tag. Figure 1 
shows an example of a direct-:-mapped cache with a one-word 
line. The tag consists of the most significant bits of the main mem­
ory address from which the line came, and is necessary because 
several lines of main memory map to each line in the cache. The 
portion of cache memory used to store the tags is called the direc­
tory. The number of address bits in the tag is dependent on all of 
the various cache parameters. The deeper the cache, the shorter 
the tags. An additional bit is included with each tag in the directory 
to indicate whether or not the corresponding cache line is valid, but 
is not shown in Figure 1. 
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Figure 1. Basic Direct-Mapped Cache Organization 
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Where in the cache is a newly referenced item from main mem­
ory. placed? The best performance, measured by the hit ratio, is 
achieved when data from any main memory location may be 
placed in any cache memory location. This is known as a fully as­
sociative cache and allows optimum utilization of the cache be­
cause new data can always replace the least needed data, regard-
less of its location. . 

Unfortunately, a fully associative cache is also highly impractical. 
Since data may be placed anywhere in the cache, the only way to 
determine if a given address is cached is to compare it with every 
tag in the cache. This would require a very large amount of circuitry 
and would be too slow. Additional circuitry would also be neces­
sary to implement the replacement algorithm, which determines 
which line in the cache is best to remove to make room for new 
data. 

The opposite extreme to the associative cache is the direct­
mapped cache. In this case each main memory. address is 
mapped to a single cache address using the least significant ad­
dress bits. Figure 1 shows how a 128K word main memory and a 
256 word direct-mapped cache are organized. The memory may 
be viewed as a number of pages, each the size of the cache. In this 
example there are (128K / 256 =) 512 pages. The offset of an ad­
dress within a page determines its cache address, and the page 
number becomes the tag. It should be remembered that ad­
dresses are cached individually and that the cache usually con­
tains data from several different pages at any given time. The di­
rect-mapped cache gives inferior performance (in virtually all 
cases) because it is impossible to simultaneously cache two main 
memory locations whose least significant address bits (page off­
sets) are identical. The main advantages of a direct-mapped 
cache are simplicity and speed, since only one tag need be com­
pared to determine if the reference is a hit or a miss. 

Most caches employ an alternative to direct-mapping called set 
associativity. It offers some of the performance benefits of an as­
sociative cache without the extreme complexity. In 4-way set as­
sociativity, for example, the cache memory is divided into four 
identical banks. Much like direct-mapping, the least significant 
bits are used to map the main memory address into the cache. But 
instead of mapping into a single location in a single block, it maps 
into the same location in each of the four blocks. Set associativity 
reduces the problem of simultaneously caching multiple main 
memory addresses with identical page offsets since there are now 
multiple pages (blocks) in the cache. The arrangement of a 256 
word, 4-way set associative cache and a 128K word main memory 
are shown in Figure 2. Compared with the same size direct­
mapped cache, a set associative cache has smaller pages and 
banks, but more of them. Note that direct-mapped is the same as 
1-way set associative. 

For a 4-way set associative cache, a hit or miss is determined by 
simultaneously comparing the most significant bits of the address 
with the tag from the appropriate line in each block. A match in any 
of the blocks is deemed a hit, and the read or write is performed at 
that block of the cache. Since new cache entries can be written to 
any of the four banks, a replacement algorithm is used to deter­
mine which one. A frequently used algorithm is to replace the entry 
that is LRU (least recntly used). Also common are 2-way and 
8-way set associative caches. As the degree of set associativity' 
increases, so too does the hit rate, the cache complexity and the 
time required to compare addresses with tags. 

• · • 
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00000 
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00080 

1FFBF 
1FFCO 
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1FFFF 

Figure 2. Four-Way Set Associative Cache 

In general, four types of memory cycles are possible with a 
cache: read hit, read miss, write hit, and write miss. As mentioned 
earlier, a hit occurs during a read (or a write) if a match can be 
made between the most significant address bits and one of the 
tags, and the valid bit for that tag is set. When a read hit occurs; the 
data is simply read from the cache by the processor with no wait 
states. 

When a read miss occurs, a line of data is read from main mem­
ory and placed in an appropriate location in the cache. At the same 
time it is being written into the cache, the processor reads the ap­
propriate word of data from that line. This operation is known as a 
refill and is simplest when the line size is one word. 

A write hit is the most complex of the four memory operations. In 
addition to writing the data into the cache, it is necessary to ensure 
that main memory is kept up-to-date. This may be handled two 
different ways; write-back and write-through. With the write­
through method, the data is also written to main memory as soon. 
as possible (usually immediately). This ensures that the data in 
main memory is always up to date. By making the cache controller 
responsible for performing the main memory write, the processor 
may continue operating at full speed from the cache even if the 
write is delayed. A series of writes, however, will cause the proces­
sor to again wait on main memory. While write-through has the 
advantage of keeping main memory fully up-to-date, there is the 
disadvantage that it makes heavy use of the main memory 
bandwidth. With write-back, main memory is updated only when 
the data is discarded from the cache. But this means main memory 
is not kept up to date. This forces the other devices, such as other 
processors and DMA controllers, to also examine the cache direc­
tory (or a duplicate) each time they reference main memory. 

A write miss always results in a main memory write. The data 
may also be written to the cache, orthe cache may be bypassed. It 
might seem to make the most sense to write to the cache, but an 
argument for not doing so is that an existing cache entry will be dis­
placed by data that may not be read by the processor in the near 
future. As with the write hit, the processor may continue operating 
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without wait states if the cache controller takes responsibility for 
performing the main memory write. 

In addition to the four memory cycles just described, the cache 
controller must ensure that any changes to main memory (by DMA, 
other processors, etc.) are reflected in the cache. This is requires 
"snooping" the system bus and is known as the cache coherency 
problem. 

To summarize this section, there are several variables in cache 
design. The organization of the cache is determined by the line 
size (in bytes), the bank depth (number of sets or number of lines 
per bank), and the degree of associativity (set size or number of 
banks). Choices also exist concerning the handling of cache co­
herency. And there are many more options that are beyond the 
scope of this application note. 

DESIGNING CACHES WITH THE 80386/82385 
The Intel 82385 cache controller couples tightly with the 80386 

microprocessor to implement a 32K byte cache. Since the 82385 
contains the tag directory and performs all the necessary control 
functions, only an 82385, high speed SRAM and a small amount of 
additional logic are needed to add a complete cache to an 80386 
system. Cache hits allow the 80386 to run at its maximum rate of 
one memory cycle every two clock cycles. Instructions and data 
are cached together in the same cache memory, and operation of 
the cache is completely software transparent. Two pins allow the 
user of the 82385 to select between master and slave modes, and 
between a direct-mapped cache and a 2-way set associative 
cache. 

The cache is placed between the 80386 and the rest of the sys­
tem. Memory references from the processor are always inter­
cepted first by the 82385. If a read hit occurs, the processor and 
cache remain completely independent of the rest of the system, 
and the read is performed directly from the cache. This allows use 
of the system bus by other processors or a DMA controller. Only in 
the case of a miss, a write, or an uncachable address is a memory 
reference passed on to the system bus. Figure 3 shows the basic 
bus organization of an 80386 system with a cache. 

SYSTEM 

Figure 3. 80386 with Cache 

Connections to the 82385 
The 82385 controller has three interfaces; a processor interface 

to the 80386, a system bus interface (known as the 82385 local 
bus), and an interface to the cache SRAM. Through the processor 
interface, the cache controller is kept aware of the status of the 
processor and in turn controls the termination of memory cycles via 
a small amount of additional logic. Most other control signals 
between the two chips connect pin-to-pin. The NA# pin on the 
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82385 connects directly to the NA# pin on the 80386 and is used to 
put the processor into pipelined mode as described later. Option­
ally, the NA# input of the 80386 may be tied permanently high to 
prevent it from ever entering pipelined mode. 

Included in the processor interface is the entire 80386 address 
bus (M-A31). As detailed later, the least significant bits serve as 
the cache address while the remaining address bits become the 
tag that is stored in the directory. The 82385 has inputs (LBA#, 
NCA#, and X16#) which may be driven by address decoders to in­
dicate any addresses that are either uncached local bus address 
space, other addresses not to be cached, and any address space 
of 16-bit memory-which is also uncached. Figure 4 shows the 
indirect connections between the two chips. 

80386 

M-A31 
M/IO# 
D/C# 

W/R# 
LOCK# 

READY# 

Other 386 
Local Bus 
READY 

APPLICATION 
SPECIFIC 
DECODE 

LOGIC 

82385 

LBA# 

NCA# 

X16# 

READYI# 

READYO# 

BRDYEN# 

BREADY# 

SYSTEM 
BREADY# 

Figure 4. Indirect 80386~2385 Connections 

The 82385 appears to the system to be a standard 80386. Many 
of the control signals from the 80386 have functional duplicates at 
the 82385's system interface. These are often shifted in time as 
the cache controller may manipulate the system bus independ-II 
ently of the 80386. Another part of the interface is provided by uni­
directional address and status registers, and by bidirectional data 
registers. These are all controlled directly by the cache controller 
and are placed in high-impedance when the system bus is not be-
ing accessed. Lastly, the 82385 monitors the system address bus. 
As mentioned earlier this is one of the steps required to maintain 
cache coherency. Since a DMA controller or other device may al-
ter a main memory location that is also cached, without address 
"snooping" it would be possible to have data in th~ cache that is out 
of date. To solve this problem, the 82385 monitors (snoops) the 
system address bus, mapping each address into the cache direc-
tory and comparing it with the appropriate tag(s) .. This tag compari-
son is interleaved with the normal tag comparisons that occur 
when the processor performs reads and writes. If a "snoop hit" oc-
curs with this address, the corresponding cache line is marked in-
valid. The next read of that address by the 80386 will result in a 
miss and a refill of that line. 

The SRAM memory interface is accomplished with ten pins. Fig­
ures 5 and 6 show the simplest direct-mapped and 2-way set as­
sociative configurations, requiring just an address latch and the 
memory. CALEN is used to latch 80386 addresses and is neces­
sary because of the processor's ability to perform pipe lined 
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memory references. Four byte enable signals (CSO#-CS3#) allow 
writes of 1, 2, 3 or 4 bytes at a time. The remaining signals control 
reading and writing to each of the two banks of a 2-way set asso­
ciative cache, and are intended for RAMs with separate output en­
able (OE) and write enable (WE)pins. To use RAMs with a s~ngle 
read/write control input, it is necessary to place a pair of 
fOT74FCT245 transceivers on the data bus. Also, it is necessary 
to gate OE and WE together to provide a control signal to enable 
and disable the transceiver. An additional signal from the cache 
controller controls the direction of the buffer. It goes without saying 
that anyone using the 82385 should avoid SRAMs without a sepa­
rate OE input. 

82385 

CWEA# WE 

COEA# p OE 
.... 

BE0-3 CS0-3# .... 4 
CALEN 

LE 8Kx32 

. 80386 lOT MEMORY 

74FCT373 
A2-14 r-+ D Q~ A0-12 

D0-31 D0-31 

Figure 5. Direct-Mapped Static RAM Connections 

Also note that on some versions of the 82385 cache controller, 
COE# goes active during write cyles as well as read cycles. Some 
SRAMs require that OE remain inactive during writes, making 
them incompatible with the Intel 82385. All of lOT's SRAMs are 
compatible with every version of the 82385. 
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80386 IDT 
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373 
A2-13 ~~r+-", 
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Figure 6. Two-Way Set Associative SRAM Connections 
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The Modes 
The 82385 contains a 1 024-tag directory, has aline size of a sin­

gle 32-bit word (doubleword), and controls 8K of ~2-bit cache 
memory. As mentioned earlier, by means of a mode pin, the 82385 
operates in either a 2-way set associative or direct-mapped con­
figuration. 

In 2-way set associative mode the cache is organized as two in­
dependent banks of 4Kx32 memory. The tag directory is likewise 
organized with 512 tags for each bank, meaning that each tag cor­
responds to a group of eight lines. In Intel's terminology, each of 
these groups is called a set. This organization, shown in Figu~e 7, 
differs somewhat from the organizations described in the prevIous 
section because there is not a tag for each line. This was probably 
done to keep the directory small, but has the drawback of r~quiring 
that all eight lines in a set come from the same page of main mem­
ory. One bit in each directory entry indic.a~es the vali~ity.o.f that ~ag, 
and eight additional bits indicate the validity of e~ch Ind.lviduailine. 
If one line in a set is replaced by a doubleword With a different tag, 
the tag is changed and the seven other lines in that set must be 
marked invalid because their tag is overwritten. 

The controller has two sets of read and write signals, one for 
each bank of the cache. When a memory read or write is re­
quested by the 80386, the 82385 simultaneously pe~orms a tag 
comparison in the appropriate set of both banks. If a hit occurs, the 
controller then performs the read or write at th~ cache by s~robing 
the output enable or write enable of the appropriate bank. Figure 8 
shows how the tag comparison is performed. 
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Figure 7. 82385 Two-Way Set Associative Organization 
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Figure 8. Two-Way Set Associative Set Comparison 

The direct-mapped mode of operation is largely the same as 
2-way set associative. The difference is that the cache is organ­
ized as a single 8Kx32 memory with a single 1 024-entry tag direc­
tory (1024 sets). When a memory reference is made, only a single 
tag is compared with the address. When a hit occurs, the 82385 
duplicates the read or write signals on both sets of SRAM control 
pins. Figure 9 shows the organization of the direct-mapped 
cache, and Figure 1 a shows how the tag comparison is performed. 

In the 2-way set associative organization, the first 12 bits 

(A2-A13) are the cache address or page offset. Of these, As-A13 
determine the set, and A2-A4 determine the line within the set. The 

remaining bits (A14-A31) are stored as the tags. Because the di­
rect-mapped cache is twice as deep, the tag is shortened by one 
bit and the cache address is increased by one bit. Therefore, II 
A-c-A4 are still the line within the page, As-A14 determine the page, 
and A1S-A31 are the tag. All of this address shuffling occurs within 
the 82385 based on the mode pin, and has no effect on the exter-
nal connection of address pins. 
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Figure 10. Direct-Mapped Tag Comparison 

The distinction between master and slave modes is relatively mi­
nor and is not discussed here because it is not relevant to the basic 
operation of the cache. 

82385 Operation 
We will now discuss the details of how the 82385 handles the 

four types 01 cache operations previously discussed. During the 
first clock cycle of every memory reference, the 80386 outputs an 
address and status information, and brings ADS# (address status) 
low. At this time the 82385 latches the address for the cache RAM 
using CALEN, and performs the tag comparison(s) to determine if 
the reference is a hit or a miss. In the event of a miss, the controller 
clocks and enables the address, data, and status registers posi­
tioned between the 80386 and the system. During the following 
cycle(s), a normal main memory read or write takes place. The 

cache controller initiates this action by strobing BADS#, which to 
main memory (the system) appears functionally equivalent to 
ADS#, but trails it in time. The memory cycle is terminated by main 
memory which produces the BREADY# signal from a wait state cir­
cuit. See Figure 4. 

When a miss occurs, the 82385 also asserts NA# (next address) 
which may be used to place the 80386 into pipe lined mode. 
Pipelining causes the processor to output the address and status 
signals of the upcoming memory cycle before the current memory 
cycle is completed. This allows the 82385 to perform the tag com­
parison in advance and, if necessary, start the next main memory 
cycle immediately upon completion of the current cycle. Pipelining 
is not used during a series of cache hits because the cache is al­
ready coping with the 80386's minimum memory cycle time of two 
clock cycles. As the cache goes back and forth between misses 
and hits, the 80386 goes into and out of pipelined mode. 

If a miss occurs during a read operation, the 80386 and 82385 
both wait while main memory is read. The incoming data is then 
read by the processor and simultaneously written into the cache by 
the cache controller. It is of no concern that valid data may be over­
written, because the 82385 uses write-through to ensure that main 
memory always contains the same data as the cache. 

During any kind of write, hit or miss, the data is written to main 
memory. But because the 80386 posts the write with the 82385, 
the processor usually experiences no slow down. That is to say, 
the 82385 performs all main memory writes forthe processor using 
its system bus. As mentioned, the 80386 initiates a memory cycle 
with ADS#. The 82385 then waits, if necessary, forthe system bus 
to .become available. In the mean time, the controller asserts 
READYO# on the clock cycle following ADS# to indicate to the 
80386 that the memory cycle is over. When the bus is available, 
the controller asserts BADS# to start the main memory cycle. 
When the system returns BREADY#, it is intercepted by the con­
troller and blocked from reaching the processor. While this occurs, 
the 80386 may continue working out of the cache. Only a single 
write may be posted with the 82385 at a time, in part because the 
82385 controls a single set of registers to latch the 80386's ad­
dress, data, and status. See Figure 3. 
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A write hit is identical to a write miss except that a hit also results 
in a simultaneous write into the cache .. Of course, if the main 
memory write is delayed, they are not simultaneous. Since a write 
miss does not result in a cache write, only a read miss can cause a 
new address to be cached, possibly displacing other valid data. 
The read hit is the simplest type of memory access because main 
memory is not involved. Once a hit is determined on the first clock 
cycle of a memory cycle, the data may be read out on the next clock 
cycle. 

STATIC RAMS FOR A CACHE 
As outlined earlier, the data memory portion of the cache con­

sists of fast but otherwise ordinary SRAMs together with address 
latches, all controlled by the 82385. The SRAMs are organized 
either as a single 8Kx32 memory for a direct-mapped cache, or 
(more commonly) as two 4Kx32 memories for a 2-way set asso­
ciative cache. 

While RAM speeds are typically indicated by the maximum ac­
cess time (address in to valid data out), there are many other timing 
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parameters. Some of these are of special concern for 
80386/82385 designs. The major SRAM timing requirements are 
shown in Table 1. The equations used to generate these numbers 
are shown below. 

tAA = 4 CLK2 - 386:T6(max) - 373:Tpd(D to 0, max) -
386:T21 (min) or 

4 CLK2 - 385:T21 a(max) - 373:Tpd(LE to 0, max) -
386:T21 (min), whichever is less 

tcs = 4 CLK2 - 385:T23(max) - 386:T21 (min) 
tOE = 2 CLK2 - 385:T25b(max) - 386:T21(min) 
tOHZ = CLK2 - 385:T25c(max) + 386:T12(min) 
tAW = 4 CLK2 - 385:T21 b(max) - 373:tp(LE to 0, max) + 

385:T22c(min) 

tcw = 385:T26(min) 
tow = 3 CLK2 - 386:T12(max) + 385:T22c(min) 
tOH = CLK2 - 385:T22c(max) + 386:T12(min) 
twp = 385:T22b(min) 

READ CYCLE PARAMETERS 
16 MHz 20 MHz 25 MHz 

MIN. MAX. MIN. MAX. MIN. MAX. 

Address Access Time(1) tAA - 65 - 51 - 39 ns 

Chip Select 
tes - 71 - 52 - 44 ns 

Access Time 

Output Enable to 
tOE - 19 - 14.5 - 13.5 ns 

Output Valid 

Output Enable to 
tOHZ - 15 - 10 - 6.5 ns Output Hiqh Z 

WRITE CYCLE PARAMETERS 

Address Valid to 
83 65 48 End of Write(1) tAW - - - ns 

Chip Select to 
tcw 40 - 30 - 25 - ns 

End Of Write 

Data Valid to 
56 49 41 End Of Write(2) tow - - - ns 

Data Hold from 
3 4 3 End of Write(2) tOH - - - ns 

Write Pulse Width twp 40 - 30 - 25 - ns 

NOTES: 

1. tAA and tAW are dependent on the delay of the address latch. Here. we assume that the latch 
is the IOT74FCT373. 

2. These numbers given for tOW and tDH only guarantee compatibility with the 80386 and 82385. 
System timing for cache updates must also be considered. 

Table 1. SRAM Timing Requirements 

The most difficult read cycle times to meet are tOE and tOHZ. 
Some compromise, however, is possible on the latter. The maxi­
mum times given assume that the 80386 is enabling its data out­
puts in the least possible time, that the output enable signal coming 
from the 82385 is at its slowest, and that the SRAM is disabling out­
puts at its slowest. But the combination of conditions described 
above could occur only if the 80386 is at one set of conditions 
(minimum temperature and maximum Vcc) and the 82385 and 
SRAMs are at another (maximum temperature and minimum Vcc). 

While the guaranteed timings result in a calculated tOHZ of 6.5 ns 
for SRAMs used with the 25 MHz processor and controller, the 

parameter may be increased by a few nanoseconds since all of the 
components on a board are at roughly the same temperature and 
voltage. 

Still more time may be added to tOHZ since a violation of this pa­
rameter only means that there will be contention on the data bus as 
the 80386 begins driving data. Brief contention at this time should 
not damage the chips and will not compromise data integrity. 

The write cycle timings are generally less critical, although tew, 

tOH. and twp should be checked. Any memory satisfying these pa­

rameters should easily meet tAW. 
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From the table, it should be apparent that timing parameters that 

involve the address bus (tAA and tAW) are among the least critical. 
This implies that a fast address latch is not a major concern. Note 
also that for the times given in Table 1 for these parameters, it is 
assumed that IDT74FCT373 latches are used for the address. 
When using lOT CacheRAMsTM that have address latches in­

cluded with the memory, 5ns may be added to the tAA and tAW re­
quirements in Table 1 since the latch propagation delay is included 
in the access times of the CacheRAMsTM. 

The most common cache configuration is 2-way set associative 
since it gives higher performance than direct-mapping in the vast 

82385 

CALEN t----

CSo 
CS1 

OEA 

WEA 

BANKA 
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majority of instances. The 10T71586 was optimized for this 
application. As shown in Figure 11, only four of these latched 
4Kx16 SRAMs are needed to implement the memory of a 2-way 
set associative cache. Prior to the IOT71586, this application re­
quired 27 chips plus the cache controller. It consisted of sixteen 
4Kx4 (IOT6168) SRAMs, an address latch (two 10T74FCT373s), 
two ANO gates (one 7408), and data buffers (eight 
10T74FCT245s). Recall that the ANO gates and data buffers are 
required for RAMs without separate read and write control pins. 

BANKB 

A2-13 00-31 

80386 

Figure 11. Two-Way Set Associative Cache Using 1DT71586 
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The 8Kx32 direct-mapped cache has two plausible solutions. 
The best solution is to use 8Kx8 SRAMs such as the IDT7164. In 
addition to the four memory chips, two IDT74FCT373s are needed 
as an address latch. This arrangement is shown in Figure 12. The 
IDT71586 can also be used for this application. It requires an in­
verter for decoding A 14 from the processor, which much also be 
latched. 

r---
82385 

CALEN I J +5V D0-7 ' 
~ CS2 D0-7 

OEA OE IDT7164 
LE 

WEA - 8Kx8 ~ 
Q IDT D WE 

~, A0-12 ~ 

CSo 
D~15 74FCT37 
, -

IDT7164 
8Kx8 -D16-23 

CS1 , 
~ 

~ IDT7164 
8Kx8 - D2431 

CS2 , 
'--

IDT7164 
'-- 8Kx8 I D0-31 A2-14 I -

CS3 J 80386 

-
Figure 12. Direct-Mapped Cache Using IDT7164 

INCREASING THE CACHE SIZE 
The 82385 was apparently never intended to control anything 

other than a 32K byte cache, but it is possible to implement larger 
caches using a single 82385. Since the 82385 has a fixed number 
of sets (1024) and a fixed number of lines per set (8), there is no 
way to change the number of lines in the cache. Therefore, to dou­
ble the size of the cache to 64K bytes, it is necessary to increase 
the size of each line from 32 bits to 64 bits. Although this might im­
ply that 64-bit wide memory is necessary, that is not the case. In­
stead, since the 80386 is limited to 32-bit data, the line size 
changes to two doublewords. They are addressed independently, 
but are always adjacent memory locations and are either both valid 
or both invalid at any given time. And they share a tag. A read miss 
is handled by reading from two adjacent addresses in DRAM, writ­
ing this data into two SRAM locations, and presenting the 80386 
with just one of these two doublewords. This is accomplished by 
offsetting address lines to the cache controller and SRAM, and 
adding a refill circuit that increases the number of doublewords 
transferred from main memory to the cache on each read miss. 
Read hits and write operations are left unchanged. The same prin­
ciples can be used to increase the size of the cache still further. For 
example, quadrupling the cache size to 128K bytes is done by a 
2-bit address offset, and performing four DRAM-to~ache 
transfers for each read miss. 

Before continuing with some of the details of this procedure, we 
should first convince ourselves that the cache will function cor­
rectly with 64K bytes. In particular, can the proper validity of the 
cache data be assured? Since the 82385 bypasses the cache on a 
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write miss, only a read miss places an entire new entry in the 
cache. The two doublewords are read from adjacent DRAM loca­
tions and written to adjacent cache locations. They share the 
same tag which is placed in the tag directory at this time. Also, the 
tag is marked valid and the valid bit corresponding to the entry is 
set. When a write hit occurs, one to four bytes are written to one 
address in both the cache and main memory. The remaining bytes 
are unchanged and the entire eight lines of the page remain valid. 
A write miss is performed as before, with one to four bytes written 
to main memory. And a read hit is also essentially unchanged. It is 
not difficult to see that the changes will not affect the ability of the 
cache controller to determine if a memory reference is a hit or a 
miss. 

The first step in enlarging the cache size is to alter the connection 
of address signals to the 82385. Figure 13 shows how the address 
lines connect to the 82385 for the standard 32KB cache, and for 
64KB and 128KB caches. Proper operation requires that the con­
nection of A31 not be changed. The address connections of the 
cache SRAMs are largely unchanged, with one exception. Forthe 
64K byte cache, it is necessary for the refill circuit to control the 
least significant address bit to the SRAMs because it must perform 
two DRAM-t~ache transfers while the 80386 and 82385 believe 
they are performing a single memory cycle. This is done by gating 
A2 through an XOR gate located between the address .Iatch and 
the SRAM. The other input to the gate is controlled by the refill 
circuit. For the 128K byte cache, A2 and A3 are both modified in 
this manner. 

A4--A3--A2 . . . 
;"30 - ;"29 - ;"28 

Gnd - A30 - A29 

Gnd - Gnd - A30 

A31 - A31 - A31 

~ 
SYSTEM ADDRESS BUS 

A2--A3--A4 . . . 
;"28 - ;"29 - ;"30 

A29 - A30 - Gnd 

A30 - Gnd - Gnd 

A31 - A31 - A31 

~ 
80386 ADDRESS BUS 

Figure 13. 82385 Address Connections II 
As mentioned earlier, memory cycles are initiated by the ADS# 

(80386) and BADS# (82385) signals and terminated by the 
READY# (80386) and BREADY# (82385) signals. Since neither 
the processor nor the cache controller may be allowed to continue 
until all DRAM-to~ache transfers are complete, it is necessary for 
external logic to control the READY# signal received from the sys­
tem interface. Furthermore, the address referenced by the 80386 
must bethe last one of the two (64KB cache) orfour (128KB cache) 
DRAM-to~ache transfers. This is because the 80386 will latch 
whatever data is present on its data bus when READY# is asserted 
to end the read cycle. All of this additional logic is called the refill 
circuit, which may be organized as a state machine plus combina­
tionallogic, and built using two PLDs. 

For the 64KB cache, the first DRAM-to~ache transfer is per­
formed with A2 inverted. The second transfer, which is read by the 
80386, is done with A2 uninverted. Likewise with the 128KB 
cache, A2 and A3 are controlled during the four transfers such that 
the last transfer is with both A2 and A3 uninverted. This is easily 
accomplished with the XOR gates and control signals from the refill 
circuit. 
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Another concern is how the multiple SRAM writes are performed. 
In general, either the write enable pin or chip select pins of an 
SRAM may be used to control the timing of writes. Without inter­
vention by the refill circuit, only one write will actually occur be­
cause CSO#-CS3# and CWEA# and CWEB# are strobed only 
once by the 82385. The refill circuit must intercept and generate 
multiple strobes of either the write enable signals or chip select sig­
nals since both control write operations. Keep in mind that for a 
2-way set associative cache, the two write enable signals from the 
82385 control which bank is written to. Therefore, a design that 
performs the writes by control of the write enable signals must be 
carefulto strobe only one of the two during any given read miss cy­
cle. 

The interface to main memory and the means by which burst 
transfers occur is an issue left to the system designer. Static col­
umn DRAMs are the most probable type of main memory since 
RAS and CAS may be held steady while the address changes and 
different locations are read. The designer must also consider the 
generation of READY#, which ends all 80386 memory cycles. It 
must come from logic associated with either the DRAM or the 
cache control. 

To summarize, the refill logic does nothing when a read hit or a 
write occurs. Only when a read miss occurs-indicated by the 
82385 MISS# signal and the 80386 W/R# signal-does it take 
control of the various signals. Note that these two signals must be 
gated by other signals indicating the system status. The byte en­
ables (CSO-3#) are deasserted and the control signals are properly 
set to invert A2 (and A3 for the 128KB). When the first doubleword 
of data is received, it is written into the cache by strobing all the 
byte enables together. In the 64KB cache, A2 is then un inverted 
and the second (and last) transfer performed. This is the 
doubleword actually read by the processor. READY# is strobed at 
about the same time as CSO-3#to end the cycle. The 128KB cache 
goes through a total of four transfers, with A2 and A3 being appro­
priately altered each time. 

Intel has published a technical note on the subject of cache 
expansion. 

CACHE ORG. SRAMS 
SIZE 

32K BYTES 2-WAY: 4 4Kx16 (71586) 

4Kx32x2 16 4Kx4 (6168) 

DIRECT: 4 8Kx8 (7164) 
8Kx32 4 4Kx16 (71586) 

64K BYTES 2-WAY: 
8Kx32x2 

8 8Kx8 (7164) 

DIRECT: 8 16Kx4 (7198) 
16Kx32 8 8Kx8 (7164) 

128K BYTES 2-WAY: 16 16Kx4 (7198) 
16Kx32x2 16 8Kx8 (7164) 

4 32Kx8 (71256) 
DIRECT: 

16 16Kx4 (7198) 32Kx32 
16 8Kx8 (7164) 

NOTE: 
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SRAM SELECTION FOR LARGER CACHES 
The selection of SRAMs for 64KB and 128KB caches is little dif­

ferent from the 32KB selection except for timing changes. One 
change is to the least significant address bit(s). The XOR gates 

shorten the access time (tAA) and address to write time (tAW) by an 
amount equal to the propagation of the gate. The byte selects 
(CS0-3#) are delayed from the 82385 to the SRAM when they pass 
through the PLD, but this is not a critical timing path. The only other 

timing considerations are data set-up and data hold time (tow and 

tOH), which are entirely dependent on the timing of the refill logic 
and system interface and cannot be detailed here. 

Another external factor that may affect SRAM timing is the use of 
address decoding. Although the convention is to use SRAMs of 
the same depth as the cache (4K or 8K), it is quite possible to use 
shallower SRAMs and a decoder to decode the latched address. If 
the SRAMs are half the depth of the cache, only an inverter is re­
quired.A 2-to-4 or 3-to-8 decoder is needed for still shallower 

SRAMs. The only timing parameters affected are tes and tew. The 

minimum timing for these signals will be equal to tAA and tAW minus 
the propagation delay of the decoder. 

The only additional SRAM consideration is due to the XORing of 
the least significant address bit(s). Since the XOR gate(s) must be 
placed after the address latches, it is of no advantage to have 
SRAMs with integral address latches. If such SRAMs are used, 
the latches must be held transparent and external latches are 
needed. In place of the IDT71586, the ID17186 may be used. It is 
a JEDEC standard unlatched 4Kx16 SRAM. 

Once the timings are met, other parameters may be considered 
in the selection of SRAMs for a cache. Some of these parameters 
are listed in Table 2 for the IDT SRAMs that can be used in any of 
the cache configurations. 

ADDRESS OTHER BOARD 
LATCH LOGIC SPACE(1) 

none none 5.9 / 2.5 

2 74FCT373 1/2 7408 11.4 / 8.1 
8 74FCT245 

2 74FCT373 none 3.3 / 2.5 

none 1/6 7404 5.9 / 2.5 

2 74FCT373 none 5.7 / 4.4 

2 74FCT373 none 5.0 / 3.5 

2 74FCT373 1/6 7404 5.7 / 4.4 

2 74FCT373 none 9.2 / 6.4 

2 74FCT373 1/6 7404 10.5 / 8.1 

2 74FCT373 none 5.1 / 2.5 

2 74FCT373 1/6 7404 9.2 / 6.4 

2 74FCT373 1/2 74139 10.5 / 8.1 

1. Board space is in square inches. and excludes fractional ICs. The first number is for DIP packages with 0.1 inch 
spacing between packages. The second number is for SOIC packages (except for the 71586 which is a PLCC). 
also with 0.1 inch spacing between packages. 

Table 2. SRAM Comparisons 
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As seen in Table 2, the SRAM of choice for the 64KB 2-way 
(8Kx32x2) is the IOT7164, because of its density. 

For 16Kx32 (64KB direct) and 16Kx32x2 (128KB 2-way set as­
sociative) caches, the 1017198 is the most likely choice, although 
the IOT7164 produces a competitive design. The IOT7198 gives a 
slightly denser design that consumes less power. At the same 
time, its 16K depth makes it well suited to these caches by eliminat­
ing decoding. 

From Table 2, the 32Kx32 (128K direct) looks very attractive with 
the IOT71256. The reason for this is that the IOT71256 is the only 
256K bit SRAM in the table. The high density makes it very com­
petitive in both board space and power dissipation. 

APPLICATION NOTE AN-38 

CONCLUSION 
This application note has given an introduction to caches in gen­

eral, and in particular to cache design with the Intel 80386 proces­
sor and 82385 cache controller. We have shown that while the ba­
sic design is rather straightforward, it is possible for ambitious de­
signers to add to the design, creating a larger and higher 
performance cache. 

Oedicated SRAMs, such as the 10T71586 CacheRAMTM, further 
simplify the design process while making a significant break­
through in board space and power savings. This five-chip solution 
now makes a high performance set associative cache available to 
any 80386 designer. 
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t;)® A 33MHz MC68030 APPLICATION 

ZERO-WAIT CACHE NOTE 

MEMORY 
Integr.rted Device Technology, Inc. 

INTRODUCTION 
The 33MHz MC68030 can achieve its maximum potential 

only through the use of zero wait external cache memory. At 
33MHz, integrated cache tag RAMs, which combine RAM, 
compare and reset logic into a single package, are mandatory. 
The use of these integrated cache tag RAM devices allows the 
MC68030 to operate at 33MHz with zero wait states. Most 
cache designers would agree that discrete cache 
implementations which satisfied the requirements of 20 or 
25MHz systems, fail when tasked at 33MHz clock frequencies. 
Integrated cache tag RAMs allow for 33MHz MC68030 
operation today and a means to achieve 50MHz operation in 
the future. 

This application note will present a detailed 33MHz, zero 
wait MC68030 cache design using integrated cache tag 
RAMs. It is assumed that the reader has basic MC68030 and 
cache knowledge. 

PRODUCT FEATURES 

33.3MHz MC68030 zero wait operation. 

• 64K bytes of direct mapped external cache organized as 
16K x 32. 

• Two clock cache read hit yields a 67M byte/sec cache 
bandwidth. 

• Write through cache architecture. 

• Single level shared memory write pipeline. 

• Cache coherency/shared memory supported through 
MCSB030 local bus arbitration. 

CACHE ORGANIZATION 
The 33MHz 68030 design uses a 64K byte direct mapped 

unified (both instruction and data) cache organization. The 
line size is 16 bytes or four entries of 32 bits each. Read hit 
cycles require 2 clocks (2 x 30ns = 60ns) for a minimum cycle 
time of 60ns. Read miss cycles generate a retry cycle through 
the simultaneous assertion of the MC68030 bus error (BERR*) 
and halt (HALT*) signals (to be discussed later). The minimum 
length of the read miss is six clocks (2 for read miss, 2 idle 
clocks and 2 for the retried read cycle) which supports a 
memory subsystem with a 180ns cycle time. Longer memory 
cycle times can always be accommodated. 

Cacheable write cycles are performed in three clocks. A 
write through cache policy is implemented which provides that 
only cacheable write hit cycles (and read miss cycles) require 
an update of the cache data. A single level write pipeline 
accepts the MC68030 write address and data in three clocks 
so that the CPU can continue processing while the memory 
write is taking place. 

Since the cache is direct mapped, each location in memory 
has but one possible resting place within the cache. By 
definition the cache is four bytes wide (32 bits); therefore, 
there are 16K locations in the 64K byte cache. The mapping 
mechanism is based upon the fourteen address bits, A15-A2. 
Each memory location is mapped into one of 1SK cache 
locations based upon these address bits. 

©1990 Integrated Device Technology, Inc. 
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.The cache line size dictates how deep the tag and validity 
RAMs must be in order to store all of the addresses of the 
data cache entries. A 64K byte cache with a 16 byte line size 
would require (64K!16 = 4K) a 4K deep tag and validity RAM. 
The tag RAM (4K x 16 - 4 devices) stores the address of each 
16 byte line of data contained in the cache. Each of the four 
IDTS178S12 CMOS cache tag RAMs provide a MATCH 
compare output. A cache "HIT" occurs when all four MATCH 
bits are high. . 

Sixteen address bits A31-A16 comprise the cache "TAG" 
which are compared and stored in the cache TAG RAMs. 
Address bits A15-A4 become the tag index for selecting a 
sixteen byte cache tag entry. Address bits A3 and A2 are 
called the longword select. Address bits A 1 and AD are the 
byte select lines. Since all cache read operations present 32 
bits of data, the byte select lines are only used for cache 
writes. 

I 
IA31 

TAG 
I 

I 
A161A15 

INDEX 
I 

LONGWORD BYTE 
SELECT SELECT 

I 
A41A3 

I I 
I 

A21A1 
I 

Aoi 

The validity RAM (4K x 4 - IDT6178S12) contains the 
valid/invalid state of each of the four longwords within the 
selected cache line. Valid bit 0 (VALlDO) represents the 
valid/invalid state of longword 0 (offset = 0), valid bit 1 
(VALlD1) represents the valid/invalid state of longword 1 
(offset = 4), etc. A validity bit set to 1 indicates a valid entry. 
All valid bits are cleared on reset using the IDTS178S12 clear 
function. This forces all locations in the validity RAM to 0 
(invalid). 

Up to 268M bytes of cache able shared memory can be 
accommodated by the 33MHz MC68030 design. PAL, P100 
(U2) generates the STERM* (synchronous terminate), 
CACHEN* (Cache enable), and MEMCS* (shared memory 
chip select) upon receipt of an address in the range of 0000 
0000 - OFFF FFFF. This PAL can be modified to accept 
different address ranges and memory sizes. 

THE 33MHz MC68030 DESIGN CHALLENGE 
The 33MHz MC68030 has a zero wait cycle time of 60ns (2 

clocks @ 30ns each). This sharply contrasts with the typical 
dynamic memory cycle time of 150ns to 200ns. A high speed 
cache memory, which has a cycle time of 25ns or less and a 
hit rate of greater than 90%, can bridge the disparity between 
CPU cycle time and main memory cycle time. 

The stringent timing requirements imposed by the 33MHz 
Motorola MC68030 has made zero wait state design a major 
challenge. There are several critical timing parameters which 
must be satisfied. 

STERM* SETUP 
In order to operate a two clock, zero-wait cycle, the 

MC68030 STERM* (Synchronous termination) signal must be 
valid (TSO) 2ns before the clock rising edge in state 2 of the 
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MC68030 bus cycle. In a cached system, a hit must be 
detected before the acknowledge (STERM·) can be 
generated. The time required to detect a cache hit is as 
follows: 

CACHE HIT DETERMINATION: 
1 clock @ 30ns each: 
MC68030 Address Valid, T6: 
STERM· setup to clock high, T60: 

Time available to detect a cache hit: 

CLK 

A3Hl (MC68030) 

STERM' (TBD) 

AS' (MC68030) ~: 
I I 

30 
(14) max 

(2) max 

14 ns 

STERM· Setup Diagram - 33MHz MC68030 

Consequently there is 14ns to perform a cache tag lookup, 
tag compare and generate the STERM· signal. In the most 
hopeful scenario, an IDT6178S12 (12ns) cache tag could be 
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used in conjunction with a 7ns PAL to generate the STERM· 
signal. This would result in a (14 - 12 - 7.5 = - 5.5) -5.5ns 
STERM· setup. Obviously, this approach is not acceptable. 

BERR*, HALT* SETUP 
The MC68030 allows a cycle to be retried (repeated) if both 

BERR· (Bus Error) and HALT· are asserted simultaneously 
before the falling clock edge at MC68030 state 3. We can 
take advantage of this feature by always issuing STERM· on 
all cacheable read cycles and should a cache miss be 
detected, issue both BERR· and HALT* in time to retry the bus 
cycle. This configuration will require the use of the 
IDT6178S12 4K x 4 cache tag RAM (See Figure 2), a 74F20 
to AND the four MATCH bits and a 10ns PAL to generate the 
BERR· and HALT· signals. Schematic pages 24 & 25 show 
the tag RAM, the validity RAM and the BERR·, HALT* 
generation (Retry Control). 

The time required to generate BERR· and HALT· is 
calculated as follows: 

BERR*, HALT* GENERATION: 
1.5 clocks @ 30ns each: 
MC68030 Address Valid, T6: 
IDT6178S12, Tadm: 
74F20 prop. to MATCH· valid: 
10ns PAL prop. to BERR·, HALT·: 

BERR·, HALT· setup to clock low: 

MC68030 T27a Required = 3ns 

TAG RAM 
(4KXl6) 

45 
(14) max 
(12) max 
(6) max 

(10) max 

3 ns 

A31-AO 13- Al5-A4 
ADDRESS / ADDRESS 

CPU MATCH ~J-<) 

DATA ~1-DO 
1~ A31-A16 

DATA , 
MCS8030 .... ~2 IDTS176SX4 .Iv. 

VALID RAM 
(4K X4) 

13- Al~A4 
(NOT 

ADDRESS MATCH ~D) l+ , 

~ 
HIT/MISS 

DATA LOGIC 

IDTS178SX 1 

2/ A3-A2 , 10nS PALs 

DATA RAM 

1~ Al~A2 
(16KX 32) 

, ADDRESS 

"I DATA REGISTERS. 
33-MD31_M0032 TRANSCEIVERS 031"00 

DATA 
FROMSYSrtM I / 

MEMORY I 0T74 FCT543A X 4 
IDT6198S X8 

33-
ADDRESS 

A31-AO BUFFERS 3~ MA31-MAO 
/ / 

IDT74FCT373A X 4 

Figure 1.0 33MHz 68030 Cache Block Diagram 
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80 81 82 83 

CLK 

A31-O (MC68030) 

MATCHX (IOT6178812) 

MATCH' (74F20) 

,RR', HALT' (10n8PAL) 
1 1 

AS' (MC68030) ~ 
1 

1 1 I 1 

BERR*, HALT* Setup Diagram - 33MHz MC68030 

Since BERR* and HALT* can be generated in time, the 
method of retrying cache miss cycles works! Because cache 
miss cycles comprise less than 10 percent of MC68030 read 
operations, the retry operation will not hinder the 2 clock cache 
hit cycle. 

The above analysis proves that the integrated approach to 
cache tag RAMs (which combine both static RAM features and 
compare logic) is mandatory. A discrete, implementation would 
be capable of a 17.5ns address to match time (12ns RAM 
access, 5.5ns compare using 74FCT521 B) which fails to 
approach the IOT6178S 12 tAOM of 12ns. ' 

ADDRESS 
DECODE 
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DATA SETUP 
In order to determine, the speed of the cache data RAMs 

required, an analysis of the data access time is in order. The 
MC68030 cache design utilizes the IOT6198S25, 16K x 4 
CMOS static RAM. Schematic pages 26 & 27 show the data 
RAM configuration. The IOT6198 provides chip select (CS*), 
write enable (WE*), and output enable (OE*) controls. The 
fastest means by which these RAMs can be accessed is 
through the output enable control. Consequently, the 
MC68030 cache data RAMs have their chip select controls 
grounded (always enabled). The critical read data access 
paths are then the address access (tAA) and the output enable 
access (tOE) times. 

A benefit of this cache architecture is that complicated 
control of chip select and write enable (which is required for a 
RAM without an output enable) to prevent bus contention on 
write operations and byte write hit cycles is not required. 

The cache data access time is calculated as follows: 

CACHE DATA RAM ADDRESS ACCESS TIME: 
1.5 clocks @ 30ns each: 45 
MC68030 Address Valid, T6: (14) max 
MC68030 Data setup to clock low, T27: (1) min 
IOT6198S capacitance derating 
(See Loading analysis, Appendix A): (2) max 

Data RAM Address Access: 

IOT6198S25 tAA Required = 25ns 

16,384-BfT 
MEMORY ARRAY 

28 ns 

1101 -1/0, ..... ----,;L....---I >-----l-l 

MATCH ..-___ ---J 

L..-____ ---l 

CLEAR 
MEMORY 
ARRAY 

Figure 2.0 IDT6178S12 CMOS Cache Tag RAM 
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ClK 

A3Hl (MC68030) 

D31-0 (IDT6198S25) 

D31-0 (EXCESS 
CAPACITANCE DERATING) 

AS· (MC68030) 

so ; 51 52 53 

14M OMIN 

I I 

liiaA'-r-1 __ .,....-_.J 
I -. 

Data Access Time Diagram - 33MHz MC68030 

The analysis above has proven that a 33MHz MC68030 
cache can operate with no wait states using integrated cache 
tag RAMs, data RAMs with output enable, and a retry 
operation for cache misses. 

Refer to Appendix B for detailed tabulations of the 
MC68030, the cache tag and data RAM timing requirements. 

A loading analysis (Appendix A) resulted in a determination 
that the capacitive load on the MC68030/cache data bus was 
above that specified by the IOT6198S25 data sheet. 
Consequently, a 2ns delay (0.05ns/pF) was added to the data 
access time path to accommodate the 37pF additional 
capacitance. There was no excessive capacitive loading on 
the MC68030 address bus; consequently, no derating was 
required. The loading analysis (Appendix A) and the user 
interface (Appendix G) provide more detailed information on 
these issues. 

PERFORMANCE ISSUES 

BURST MODE OPERATION 
The 33MHz MC68030 cache design utilizes a 2 clock 

cache read and 3 clock write bus cycles. The MC68030 burst 
mode 2:1:1:1 was not supported because the burst cycle 
actually slows the MC68030 in systems which support a 2 
clock cache hit (which this design does). On burst cycles, the 
MC68030 will wait until all four longwords have been fetched 
before the first longword can be used. 

For example, assuming instructions A, B, C and D all reside 
in shared memory and the external cache at successive 
locations starting at offset 0, the following analysis applies: 

FOUR FETCH 2-2-2-2 NO BURST CASE (8 CLOCK 
FETCH TIME) 

INSTRUCTION # 1: 
INSTRUCTION # 2: 
INSTRUCTION # 3: 
INSTRUCTION # 4: 

Clock at Which Instruction Enters 
MC68030 Instruction Pipeline 

2 3 4 5 6 7 8 9 10 
A 

B 
C 

D 

7.8 
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2:1:1:1 BURST CASE (5 CLOCK FETCH TIME) 

Clock at Which Instruction Enters 
MC68030 Instruction Pipeline 

2 3 4 5 6 7 8 9 10 
INSTRUCTION # 1: a A 
INSTRUCTION # 2: b B 
INSTRUCTION # 3: c C 
INSTRUCTION # 4: d D 

ILLUSTRATION NOTES: 
1. a, b, c, and d denote the clock at which the instruction is fetched from 

the external cache. 
2. A, B, C, and D denote the clock at which the instruction enters the 

MC68030 instruction pipeline. 

The total number of clocks required to fetch the four 
instructions in the no burst case exceeds the burst case by 
three (8 - 5 = 3). However, because the no burst case allows 
the MC68030 to begin execution of instructions A, Band C (by 
3, 2, and 1 clocks respectively) before the burst case, the no 
burst case will execute faster. 

N-WAY VERSUS DIRECT MAPPED CACHE 
ORGANIZATION 

Without a doubt, the 2 or 4 way set associative cache has a 
higher hit rate than a direct mapped cache. However, the hit 
rate is but one of several factors which must be entered into 
the performance equation. An noway set associative cache 
design would be constructed in one of two methods. The first 
method would contain one cache data RAM which would be 
divided n ways by an address generated from the hit/miss 
logic. This method would require extremely fast (5ns) address 
access times on the cache data RAM since the cache tag 
RAM would now be in the critical path from address to data. 
The second method would provide n data caches (connected 
in parallel), only one of which would be enabled by the cache 
hit/miss logic at a time. This method requires that none of the 
n caches be enabled until a cache hit has occurred, whereas 
in a direct-mapped cache, the cache data RAMs are 
constantly enabled until turned off by a write cycle or a cache 
miss. Obviously, a system whose data RAM is already 
enabled will provide data much faster than a system whose 
data RAM must be enabled only after a cache hit is detected. 
An analysis of the n way data caches, connected in parallel 
follows: 

2 WAY SET ASSOCIATIVE CACHE DATA RAM 
OUTPUT ENABLE ACCESS TIME: 

1.5 clocks @ 30ns each: 
MC68030 Address Valid, T6: 
MC68030 Address additional capacitance 

derating, 8 devices X 7pF = 56pF. 
At 0.05ns/pF the factor is: 

IDT6178S12, tADM: 
7ns PAL prop. to cache output enable: 
MC68030 Data setup to clock low, T27: 
IDT6198S data additional capacitance 

derating, 8 devices x 7pF = 56pF. 
At 0.05ns/pF the factor is: 

Data RAM Output Enable Access: 

IDT6198S15 tOE Required = 8ns 

45 
(14) max 

(2.8) max 
(12) max 

(7.5) max 
(1) min 

(2.2) max 

5.5ns 

4 
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Since the design can only provide 5.5ns of output enable 
access time, and the IOT6198S15 requires 8ns, a wait state 
must be added. Consequently, a read hit cycle will require 
three clocks. That translates to a 50% lower cache bandwidth 
than the 2 clock direct mapped cache design presented. Even 
a 10% improvement in the cache hit rate provided by an noway 
set associative cache is more than offset by the slower cache 
bandwidth. Therefore, the fastest cache architecture for the 
33MHz MC68030 is a 2 clock direct mapped implementation. 

Assuming a 98% hit rate for noway set associative cache, 
an 88% hit rate for a direct mapped cache, and an 8 clock 
memory cycle on read misses (240ns), the following analysis 
applies: 

N·WAY SET ASSOCIATIVE CACHE 
(98% HIT RATE, 3 CLOCK CYCLE): 
Hit Rate x # Clocks: 
Miss Rate x # Clocks: 

0.98 x 3 = 2.94 
0.02 x 8 = 0.16 

Average Clocks per Bus Cycle: 3.1 

DIRECT MAPPED CACHE 
(88% HIT RATE, 2 CLOCK CYCLE): 
Hit Rate x # Clocks: 
Miss Rate x # Clocks: 

0.88 x 2 = 1.76 
0.12x8= 0.96 

Average Clocks per Bus Cycle: 2.72 

THE 33MHZ MC68030 CACHE DESIGN 
Schematic page 21 (Appendix 0) shows the block diagram 

of the MC68030 cache design. It is comprised of six major 
functional units: 

1. 33MHz MC68030 Central Processor. 

2. Cache tag RAM (4K x 16) implemented with four 
IOT6178S12 (12ns) 4K x 4 CMOS cache tag RAMs. 

3. Cache Validity RAM (4K x 4) implemented with one 
IOT6178S12 (12ns) 4K x 4 CMOS cache tag RAM. 

4. Cache data RAM (16K x 32) implemented with eight 
IOT6198S25 (25ns) 16K x 4 CMOS static RAMs. 

5. Write pipeline implemented with four IOT74FCT543A 
registered data transceivers and four IOT74FCT373A 
address latches. 

6. Hit/Miss logic; cache, write pipeline, MC68030, and 
coherency control logic implemented using six 1 Ons PALs. 

CENTRAL PROCESSOR 
The 33Mhz MC68030, U1 on schematic page 22 is the 

central processing unit for this design. The MC68030 is a 32 
bit virtual memory processor which provides: 

• 256 byte instruction cache. 

• 256 byte data cache. 

• Paged memory management unit (MMU). 

• Pipelined architecture. 

• MC68020 object code compatibility. 

Because the MC68030 has an internal MMU, only physical 
addresses are presented at the address pins. Consequently, 
our design incorporates a physical cache which alleviates the 
problems associated with virtual caches (such as flushing on 
110, task swaps, or MMU translation buffer updates). 
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P100 (U2), a 10ns PAL controls the assertion of STERM" to 
the MC68030 and decodes the memory chip select (MEMCS") 
and the cacheable address space (CACHEW). Memory 
space is defined as the lower 268M bytes of supervisor or user 
instructionldata space. Cacheable cycles are defined as 
memory space with no cache inhibit out (ClOUT"), no read 
modify write (RMC"), no bus grant acknowledge (BGACK"), 
and no cache disable jumper installed (JP3). Modifications to 
cacheable space or memory space can be easily accom­
plished through reprogramming of P1 00. 

MC68030 CYCLE TERMINATION 
The bus cycle acknowledge for the cache design uses the 

MC68030 STERM" (synchronous termination) signal 
exclusively for read hits, read misses, write cycles, and 
noncacheable reads or writes to memory. 

Cacheable memory read cycles will always cause STERM" 
to be generated based upon the MC68030 address being 
valid. This will result in a two clock read cycle. On write 
cycles, retry cycles or noncacheable read memory cycles, the 
TERMACK" signal is asserted by P105 (10ns PAL, U25 
schematic page 28). This signal in turn causes STERM" to be 
generated by P1 00. Refer to Figure 2.0, page 34, for read and 
write cache hit operation. 

The use of STERM" for all main memory/cache accesses 
mandates a 32 bit wide memory architecture. In fact, the four 
74ALS08 gates (U34) on schematic page 30 are used to force 
all memory read cycles to be aligned longword reads. Since 
we are using a 32 bit cache, the smallest cacheable unit is 32 
bits; therefore, byte word or 3 byte memory reads are forced to 
appear as 32 bit aligned accesses to memory. 

Write hit or miss cycles require three clocks if the write 
pipeline is empty. Write cycles are never retried. The pipeline 
cannot be overwritten. Memory read or write cycles which 
occur after the pipeline has been filled by a previous write 
cycle will require the MC68030 to wait until the pipeline has 
been emptied. The write pipeline design allows the memory 
write cycle to occur independent of the MC68030/cache 
operation. Therefore, read hit cycles may continue without 
interruption while a memory write is taking place. 

The MC68030 contains an internal write pipeline in its bus 
interface unit. Therefore, the addition of the external pipeline 
yields a two stage write pipeline. 

The OSACK1" and .DSACKO" signals (Oata and Size 
acknowledge) are reserved for use by the user for 1/0, 
EPROM, system bus, MC68882 (Floating Point Coprocessor), 
or other device. 

Should a cache read miss occur, both BERR" and HALT" 
will be generated which will force a retry operation. The 
MC68030 will respond to the simultaneous assertion of both 
HALT" and BERR" by terminating the current cycle, waiting 
two idle clocks and reissuing the cycle. On retry cycles, the 
generation of STERM" on the second bus cycle is disabled. 
MC68030 write cycles and all noncacheable cycles (read or 
write) are never retried. See Figure 3.0, page 36, for a 
detailed timing diagram of the retry operation. 

MC68030/SYSTEM CLOCK GENERATION 
The MC68030 and system clocks are generated by a 

66.66MHz oscillator (U23) and a 74F174 octal register shown 
on page 28 of the schematics. The clock generator is 
designed to provide a 50% duty cycle square wave which 
minimizes skew between clocks. The 74F04 (U3C) provides 
the divide by two function to generate a 33MHz clock from the 
66.66MHz oscillator. 
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There are four clocks generated on pages 28 & 29. Two 
are active high, CLK33M1 and CLK33M2. Two are active low, 
CLK33M1* and CLK33M2*. CLK33M1 drives the MC68030. 
The remaining three clocks each drive two PAL devices. 

All four clock drivers are terminated with both series and 
parallel resistive and parallel capacitive terminators. The 
values of these terminators may have to be altered based on 
board layout or additional clock loading. To minimize 
electromagnetic emissions and provide a clean clock signal 
the following routing rules should be followed: 

1. Daisy chain route all clock lines. 

2. Clock lines should be minimized by tight placement and 
routing. 

3. Parallel termination resistors should be placed at the end 
of each clock net (See R2-R9, schematic page 29). 

4. Series terminating resistors and load capacitors should be 
placed at the clock driver source (See R10-R13, 
schematic page 29). 

5. A faraday shield should be created around each clock 
with a ground trace adjacent to each side of the clock 
trace. 

6. The clock nets should have no feedthroughs. 

7. Clock traces should have 45 degree and not right angle 
bends. 

8. The clock traces should be placed on a layer adjacent to 
the ground plane. 

9. Each clock should have four or less loads. 

10. Clock loads should distributed equally along the trace. 

11. Provide a generous supply of decoupling capacitors 
(0.1 ~F) around the clock generator circuit and all clocked 
devices. 

12. A capacitor should be placed at the source (but after the 
series resistor) of each clock line to equalize loading on 
each trace, minimize ringing, and to establish 
approximately 50pf of loading on each trace. The values 
of these devices may need to be adjusted after layout 
and/or debug. (See C1-C4, schematic page 29). 

CACHE TAGNALIDITY RAMS 
The 12ns IDT6178S12 4K x 4 CMOS cache tag RAM (See 

Figure 1.0) is used for both the tag and validity functions. The 
purpose of the tag and validity RAMs is to save the addresses 
of the memory data which are stored in the data cache. On 
each cacheable read or write cycle, the current address is 
compared with the selected address in the cache tag and the 
selected validity bit in the validity RAM. If all four tag RAMs 
"Match" and the selected validity bit is set, a hit has occurred. 
Address bits A31-A16 are the "TAG". The tag is stored as 
data in the IDT6178S12 CMOS cache tag RAM. Address bits 
A 15-A4 serve as the index into the tag RAM. Address bits A3 
and A2 are longword select lines. They are used to select one 
of the four validity bits. The cache tag and associated logic 
can be found on page 24 of the schematics. 

The 4K x 16 tag is constructed of four of the IDT6178S12 
devices (U7-U10). Each of the four devices provides a match 
signal (MATCH3-0) which are ANDed by USA (74F20) to 
create the global MATCH* signal. The MATCH* signal, along 
with the validity bits, are used to determine whether a cache 
hit or miss has occurred. In addition, on a read miss/update 
cycle the MATCH* is used to determine whether the three 
unused validity bits are to be saved or invalidated (this will be 
explained shortly). 
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The IDT6178S12 cache tag provides an integrated CMOS 
static RAM and comparator. By combining these functions, 
the device eliminates inter-chip delays to offer a high speed 
and high density solution to cache tag applications. The 
IDT6178S12 also provides a CLEAR function which is not 
used in this design for the tag RAM, but is a mandatory part of 
the validity RAM. 

The validity RAM also uses the IDT6178S12 (U11) device. 
As a validity RAM, the match feature of the IDT6178S12 is not 
required. However, the CLEAR feature is used whenever a 
RESET or cache flush (FLUSH* asserted by user provided 
logic - usually an I/O port) occurs. During these conditions, 
the validity RAM is cleared to force all bits in the validity RAM 
to O. Consequently, all cache locations are rendered invalid. 

Each location in the validity RAM holds four bits. Each bit 
represents the valid/invalid state of one longword in the 
sixteen byte cache line. A valid cache entry will have its 
corresponding valid bit set (1). Invalid cache entries have their 
validity bit cleared (0). The following details the correlation 
between the validity bits and the address of the cache entries: 

ADDRESS 
SIGNAL ADDRESS BITS 

DESCRIPTION NAME RANGE A3 A2 

Valid Bit 0 VALIDO XXXXXXXO 0 0 
Valid Bit 1 VALlD1 XXXXXXX4 0 1 
Valid Bit 2 VALlD2 XXXXXXX8 1 0 
Valid Bit 3 VALlD3 XXXXXXXC 1 1 

The validity bits can only be set by read miss cycles. Write 
cycles (whether a hit or a miss) do not affect the validity bits. 
On every read miss cycle, a read modify write operation takes 
place at the validity RAM. At the start of the read miss cycle, 
the validity RAM read occurs when the validity RAM control 
PAL, P101 (U4), is clocked by the VALlDCLK signal (From 
P102). Upon receipt of the VALlDCLK rising edge, P101 
modifies the validity bit values and stores the new values in 
the PAL's four registers. When the shared memory cycles is 
complete, the VALlDWE* signal asserts for one clock cycle 
(approximately 30ns). The VALlDWE* falling edge starts the 
validity RAM write cycle and forces P101 to output the new 
validity bits. The rising edge of VALlDWE* writes the new 
validity bit data from P101 into the validity RAM. 7 

P101 modifies the validity bits based upon address bits A3 
and A2. The validity bit selected by address bits A3 and A2 
will always be set. The other three validity bits will remain 
unchanged if tag RAM indicates a match condition. However, 
should a match not occur, the three unselected validity bits will 
be invalidated (cleared to 0). 

On coherency cycles, if a match occurs, all four validity bits 
are cleared to O. This will be discussed in depth in a later 
section of this application note entitled "Cache Coherency". 

The control signals for the tag and validity RAMs are 
generated by 10ns PAL, P104 on page 28 of the schematics. 
They are as follows: The tag write enable (TAGWE*), which 
only asserts on read miss/retry cycles. The validity write 
enable (VALlDWE*), which asserts on both read miss/retry 
cycles and cache coherency cycles. Another validity control 
signal, VALlDCLK, (Generated by P102, U6, schematic page 
25) is used to clock the validity RAM control PAL, P101 and 
output enable the validity RAM, U11. 

6 
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CACHE DATA RAM 
The cache data RAM is constructed using eight 

IDT6198S25 CMOS static RAMs. The WE* (write enable) and 
OE* (output enable) control pins m~ke these data RAMs 
uniquely suited for this application. Here's why. 

Bus contention (two tristate devices driving the bus at the 
same time) is a major consideration in cache design. On write 
cycles, memory devices with only CS* and WE* ~equire 
complex timing to ensure that the RAM does not go Into the 
read mode for even an instant. That is, WE* must be asserted 
before CS', and CS* must be deasserted before WE* in what 
is known as a chip select controlled write cycle. Because the 
IDT6198S25 has a separate output enable pin for read cycles, 
it does not require this special chip select controlled write 
timing. 

Another advantage of the IDT6198S25 is found on byte, 
word, or 3 byte write hit cycles where the entire long~ord is 
not being written. On all write cycles, the MC68030 dnves all 
four bytes of the data bus. Cache memory devices which 
have only CS* and WE* pins must provide individual chip 
selects for each RAM to prevent a device which is not being 
written from output enabling its data and causing bus 
contention with the MC68030. 

Again, the IDT6198S25 is not restricted under these 
conditions since it provides an output enable pin to only allow 
the output of read data onread cycles. 

The cache data RAM (U13-U20) can be found on pages 26 
& 27 of the schematic diagrams. Four write enables 
(CAWE3-O) are generated by 10ns PAL, P103 on page 28 of 
the schematics. These write enables assert for only the 
selected bytes based upon the 68030 outputs SIZ1, SIZO and 
A 1, AO on write hit cycles. On read miss/retry cycles, all four 
bytes are written to update an entire longword. . 

The CACHEOE* (Cache output enable) signal, generated 
by P104 on page 28 of the schematics, is used to output 
enable the cache data RAMs on read hit cycles. This signal 
asserts on all read cycles in MC68030 state 1. If a read miss 
or a noncacheable read cycle occurs, CACHEOE* will 
deassert in state 2. On read hit cycles, CACHEOE* will hold 
the cache read data valid until the cycle is complete. 

The data cache RAM chip selects are grounded in this 
design for several reasons: 

1. Chip select pins always respond more slowly than output 
enable pins, so the fast OE* access time allows the 
slowest pOssible static memory device to be used for the 
cache data RAM. 

2. Complicated chip select control to prevent bus contention 
is not required. 

3. The elimination of the chip select access time critical path 
allows faster designs (Le. 50MHz) to be accommodated 
in the future. 

Power dissipation is not an issue, since an efficient cache 
will be chip selected more than 90% of the time anyway. 

WRITE PIPELINE 
On· MC68030 cacheable or uncacheable write cycles, the 

write pipeline stores the ,write address and data into latches 
and registered transceivers (See schematic pages 30 &. 31). 
Control logic for the pipeline handles the memory request and 
completion of the write to memory. This mechanism allows the 
MC68030 to perform any single cacheable or uncacheable 
write in three clocks (one wait state). Successive write 
operations require longer to complete since the pipeline is only 
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one level deep. However, since most write operations occur 
intermittently, the MC68030 is free to execute out of the cache 
until a read miss or a write cycle occurs. This architecture 
maximizes the cache utilization by eliminating needless 
waiting by the MC68030 for memory write cycles to complete. 

The write pipeline is comprised of three major compo~ents: 

1. The address pipeline, IDT74FCT373A octal latches, 
U26-U29, on schematic page 30. 

2. The data pipeline, IDT74FCT543A octal registered 
transceivers, U3G-U33, on schematic page 31. 

3. The pipeline control/acknowledge PAL, P105, U25 on 
schematic page 28. 

On any memory write cycle, the PIPEFULL* signal 
generated by P105 asserts and latches the write address and 
data into the pipeline registers on schematic page 30 & 31. 
The PIPEFULL* signal serves as a memory request signal; 
however, the user is free to predecode the memory request 
using the memory chip select (MEMCS*), the MC68030 
address strobe AS*, and the WRITE* signal. The TERMACK* 
signal generated by P105 asserts on all memory cycles to 
indicate cycle completion. On write cycles when the pipeline 
is not full, TERMACK* is generated immediately. On 
noncacheable read cycles or read miss/retry cycles, 
TERMACK* is generated upon receipt of the MEMACK* (The 
user supplied memory acknowledge). On successive write 
cycles the second MC68030 write cycle is acknowledged with 
TERMACK* after receipt of MEMACK* for the previous write 
cycle. Figure 4.0, page 38, shows the write pipeline timing. 

The user should use the PIPEFULL* signal as a memory 
request. As long as a MC68030 write cycle is pending 
completion, the PIPEFULL* signal will be asserted. For 
successive write cycles, the PIPEFULL* signal will always 
deassert for one clock between the two write cycles. 

CACHE COHERENCY 

A coherent cache is one where the cache represents an 
exact copy of memory. Cache coherency is accomplished in 
this design through the MC68030 bus arbitration interface. 
The MC68030 provides for alternate masters to share its 
address and data bus and some of its control signals using the 
BR*, BG* and BGACK* (Bus request, Bus grant, and Bus 
grant acknowledge) signals. Through this interface, cache tag 
locations are compared and if a match is detected, the four 
validity bits in the validity RAM are invalidated. By this means, 
the selected sixteen byte cache line is invalidated, and the 
MC68030 must fetch new entries from memory if needed 
through the read miss/retry cycle. This mechanism will insure 
that the cache always contains an exact copy of the memory 
contents. 

To initiate a cache coherency cycle, the following steps 
must take place: 

1. User supplied logic from the shared memory or system 
bus interface must first issue a bus request (BR'). 

2. The MC6B030 will respond with a bus grant (BG*). 

3. The MC6B030 will deassert AS* and on board logic will 
deassert STERM*, DSACK1* and DSACKO*. 

4. User supplied logic should then drive BGACK* and the 
MC6B030 address and control signals. To invalidate the 
cache line, the WRITE* control signal must be asserted. 

5. After the proper address setup time (25ns) is satisfied, the 
user supplied logic should drive AS* (address strobe) low. 
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6. For coherency cycles, AS· must remain asserted for at 
least 2 clocks. There is no maximum period for the 
assertion of AS·. 

7. The user supplied logic can now deassert AS·. 

8. After holding the address and control signals for 10ns, the 
user supplied logic should tristate these lines. 

9. As soon as all address and control signals have been 
tristated, the user supplied logic should deassert 
BGACK·. 

An invalidation (coherency cycle) occurs after AS· and 
WRITE· are asserted to indicate that a valid address has been 
presented on the MC68030 address bus. Upon receipt of AS·, 
the VALlDCLK signal from P102 will assert to clock P1 01 and 
force all four valid bits to 0 (invalid). The VALlDWE· will assert 
on the next clock to output enable the new validity bits from 
P101 and strobe the four new validity bits into the validity 
RAM. The cycle is complete when the external logic 
deasserts AS· and (one clock later) BGACK*. Refer to Figure 
5.0, page 40, for the cache coherency timing. Note that there 
are address setup and hold times referenced to address 
strobe (AS·) which must be satisfied for proper operation. 

On cache coherency cycles, external logic must drive all 
MC68030 signals including function codes, AS·, DS·, WRITE·, 
etc. Should the user want to implement a shared memory 
scheme through the MC68030 bus arbitration port; the 
function codes should be driven to valid values (1, 2, 5 or 6). 
If coherency only cycles are required, the function code should 
be driven to 0 which is not in shared memory space. The 
MC68030 function codes are defined below: 

FC2 FC1 FCC CODE ADDRESS SPACE 

0 0 0 0 Undefined, Reserved 
0 0 1 1 User Data Space 
0 1 0 2 User Program Space 
0 1 1 3 Undefined, Reserved 
1 0 0 4 Undefined, Reserved 
1 0 1 5 Supervisor Data Space 
1 1 0 6 Supervisor Program Space 
1 1 1 7 CPU Space 
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50MHZ MC68030 OPERATION 
At 50MHz, with current technology, the MC68030 can 

support a 3 clock cache read and a 3 clock write. In this 
configuration, retry operations on read misses are not 
necessary. To operate at 50MHz, the architecture of the 
current 33MHz design would require only minor changes to 
delete the retry cycle and the bus error/halt generation. In 
addition the STERM· signal would have to be generated 
based upon a cache read hit. However, the data paths, 
coherency logic, write pipeline and general architecture would 
remain unchanged. Refer to Appendix H for more information 
on 50 MHz operation. 

CONCLUSION 
The cache architecture shown here demonstrates a zero 

wait state, 33MHz MC68030 shared memory design. The 
stringent timing characteristics of the 33MHz MC68030 
requires an integrated approach to cache tags. The cache tag 
employed was the IDT6178S12, 12n5 integrated CMOS cache 
tag RAM. The IDT6178S12 is both a speed and space 
efficient cache tag solution. The 12ns IDT6178S 12 combines 
high speed RAM, compare and reset logic in a single package. 

PAL equations can be obtained from IDT on PC format 
diskettes. Contact a Static RAM applications engineer at 
(408) 727-6116. 

CREDITS 

This application note was written by Frank J. Creede of 
Logic Innovations, an engineering firm in San Diego, CA (619) 

455-7200. 
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A 33M Hz MC68030 ZERO-WAIT CACHE MEMORY APPLICATION NOTE AN-46 

LOADING ANALYSIS 
PROJECT: lOT 33MHz 68030 CACHE 
TYPE OF SIGNAL: ADDRESS BUS 

Device ~~ IlL IOH 10k CINI~UT Driver Spec. Load Cap. 
Signal Name U# Type Qty (~) (rnA) (m ) (m ) (pF) (pF) 

A15-A4 IDT6178 5 D 50 0.05 35 
IDT6198 8 D 40 0.04 56 

(Memory F/F) 74 FCT373 1 D 5 10 
(Coherency) 74ALS245 1 T 20 0.1 3.0 24.0 15 50 

68030 1 T 20 0.02 0.4 3.2 20 130 
(A4 only) 68882 1 D ..1Q.. .QJli - - ~ 

145 0.22 0.4 3.2 156 

A31-A16 IDT6178 1 T 10 0.01 7 
74FCT373 1 D 5 10 
74ALS245 1 T 20 0.1 3.0 24.0 15 50 

68030 1 T 20 0.02 0.4 3.2 20 130 
PAL20L8-10 3 D 75 0.75 - - ~ 

130 0.88 0.4 3.2 67 

A3,A2 PAL20R4-10 2 D 50 0.5 10 
IDT6198 8 D 40 0.04 56 

74 FCT373 1 D 5 10 
74ALS245 1 T 20 0.1 3.0 24.0 15 50 

68030 1 T 20 0.02 0.4 3.2 20 130 
68882 1 D ..1Q.. .QJli - - ~ 

145 0.67 0.4 3.2 131 

A1,AO PAL20L8-10 D 25 0.25 5 
74ALS08 D 20 0.1 5 
74ALS245 T 20 0.1 3.0 24.0 15 50 

68030 T 20 0.02 0.4 3.2 20 130 
(A1only) 68882 D ..1Q.. .QJli - - ~ - -

95 0.48 0.4 3.2 65 

D31-DO IDT6198 T 5 0.005 4.0 8.0 7 30 
68030 T 20 0.02 0.4 3.2 20 130 

74FCT543 T 15 0.015 15 64 12 50 
68882 T 20 0.02 0.4 5.3 20 130 

• 74ALS245 T ~ ..ill... ±Q... 24.0 ~ 50 

80 0.16 0.4 3.2 74 

NOTE 1: No current loading problems. 
2: No Capacitive derating required on address bus. 
3: Capacitance derating required: 

a) IDT6198 - 37pF excess capacitance +2ns 
b) 74FCT543 - 12pF excess capacitance +0.5ns 
c) 74ALS245 - 9pF excess capacitance +0.5ns 

CAPACITIVE DERATING CALCULATIONS 

a) At 0.05ns/pF the IDT6198 must be derated: 0.05 x 37 = 1.85ns '" 2ns 
b) At 0.04ns/pF the 74FCT543 must be derated: 0.04 x 12 = 0.48ns "" 0.5ns 
c) At 0.04ns/pF the 74ALS245 must be derated: 0.04 x 9 = 0.36ns "" 0.5ns 
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A 33MHz MC68030 ZERO-WAIT CACHE MEMORY 

33MHZ MC68030 - CACHE TIMING 
(2 CLOCK CACHE READ, 3 CLOCK CACHE WRITE) 
- - indicates a derated parameter. 
CP - indicates common path analysis used. 

IDT6198S25 CACHE DATA READ PARAMETERS: 

1. 68030 Address to IDT6198 Data Valid: 

1.5 clock @ 30ns: 
68030, t6, claock to address: 
68030, t27, read data setup: 
Data bus derating: 

tAA Required =25ns 

ns 

45 
(14) max 

(1) min 
(2) max 

28ns 

2. PAL CACHEOE· to IDT6198 Data Valid: ns 

1 clock @ 30ns: 
10ns PAL, clock to CACHEOE·: 
68030, t27, read data setup: 
Data bus derating: 
Clock skew: 

tOE Required = 11 ns 

3. CACHE CS· to IDT6198 Data Valid: 

30 
(10) max 

(1) min 
(2) max 
(2) max 

15ns 

Since the cache data ram chip select is grounded, this is 
not a limiting parameter. 
tACS Required =25ns 

4. 68030 AS· Negated to IDT6198 Data Invalid: ns 

1 Ons PAL, clock to CACHEOE·: 3 min 
IDT6198 CACHEOE· to data invalid: 2 min 

5ns 
MC68030 T29 Required = Ons 

IDT6198S25 CACHE DATA WRITE PARAMETERS: 

5. 68030 Synchronous Data Hold: 

68030, T12, clock to AS· negated: 
10ns PAL, clock to CACHEOE·: 
IDT6198 CACHEOE· to data invalid: 

MC68030 T30 Required = 6ns 

ns 

o min 
3 min 
2 min 

5ns 

Note: Data hold time is satisfied by parameter #4 above. See 
MC68030 User's Manual note #12 on page 13·6. 

7.8 
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6. 68030 Address Valid to IDT6198 Write Begin: ns 

1.5 clock @ 30ns: 
10ns PAL, clock to CAWEx· low: 
68030, t6, clock to address: 
Clock skew: 

tAS Required = Ons 

45 
3 min 

(14) max 
(2) max 

32ns 

7. 68030 Address Valid to IDT6198 Write End: ns 

2.5 clocks @ 30ns: 75 
1 Ons PAL, clock to CAWEx· high: 3 min 
68030, t6, clock to address: (14) max 
Clock skew: (2) max 

62ns 
Taw Required = 20ns 

7. IDT6198 Write Pulse Width: ns 

1 clock @ 30ns: 30 
10ns PAL, clock to CAWEx· high: 3 min 
1 Ons PAL, clock to CAWEx· low: (10) max 

23ns 
twp Required = 20ns 

IDT6198S25 CACHE DATA WRITE PARAMETERS: 

8. 68030 Data Valid to IDT6198 Write End: 

1.5 clock @ 30ns: 
10ns PAL, clock to CAWEx· high: 
68030, t23, clock to data: 
Clock skew: 

tDW Required = 13ns 

9. 68030 Data Hold to IDT6198 Write End: 

0.5 clock @ 30ns: 
68030, t53, clock to data invalid: 
1 Ons PAL, clock to CAWEx· high: 
Clock skew: 

tDH Required = Ons 

ns 

45 
3 min 

(14) max 
(2) max 

32ns 

ns 

15 
2 min 

(10) max 
(2) max 

5ns 
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IDT6178S12 CACHE TAG HIT/MISS PARAMETERS: 

10. BERR·, HALT" Set up to Clock Low: ns 

1.5 clocks @ 30ns: 45 
68030, t6, clock to address: (14) 
10ns PAL, MATCHx to BERR·, HALT·: (10) 
74F20, MATCHx to MATCH·: (6) 
68030, t27A, BERR·, HALT· setup: (3) 

12ns 
tAOM Required = 12ns (From IOT6178 address) 
tOAM Required = 11ns (From IOT6178 data) 

11. BERR·, HALT· Set up to Clock Low: 
(from output enable, retry followed by read) 

1.5 clocks @ 30ns: 

ns 

45 

max 
max 
max 
min 

10ns PAL, clock to VALIOWE: 
74F04, VALIOWE: 

(10) max 
(5.3) max 

10ns PAL, MATCHx to BERR·, HALT·: 
68030, t27A, BERR·, HALT· setup: 
Clock skew: 

tOE Required = 8ns 

(10) max 
(3) min 
(2) max 

14.7ns 

IDT6178S12 CACHE TAG WRITE PARAMETERS: 

12. Address valid to end of Write: 
Not calculated but certainly not a problem. 

Taw Required = 10ns 

13. IOT6178 Write Pulse Width: 

1 clocks @ 30ns: 
1 Ons PAL, clock to VALlOWE· high: 
1 Ons PAL, clock to VALlOWE· low: 

twp Required = 10ns . 

14. IOT6178 Data Valid to Write End: 

1 clocks @ 30ns: 
10ns PAL, clock to VALlOWE· high: 
10ns PAL, clock to VALlOWE· low: 
10ns PAL, VALlOWE· to VALlOO-3: 

tow Required = 8ns 

15. IOT6178 Data Hold after write: 

10ns PAL, VALlOWE· to VALlOO-3: 

tOH Required = Ons 

ns 

30 
3 min 

(10) max 

23ns 

ns 

30 
3 min 

(10) max 
(10) max 

13ns 

ns 

3 min 

3ns 

APPLICATION NOTE AN-46 

16. Address Setup to AS· low: 
(Coherency cycle) 

Address setup to AS· low: 
1 Ons PAL, AS· to VALlOCLK·: 
74F04, VALlOCLK· to VALlOCLK: 
74F20, MATCHx to MATCH·: 
10ns PAL, MATCH· setup to VALlOCLK: 

ns 

25 min 
3 min 
2.4 min 

(6) m'ax 
(10) max 

14.4ns 
tAOM Required = 12ns (From IOT6178 address) 
tOAM Required = 11 ns (From IOT6178 data) 

IDT6178S12 CACHE TAG WRITE PARAMETERS: 

17. IOT6178 Address Hold after Write: ns 
(Retry cycle) 

0.5 clocks @ 30ns: 15 
68030 t8, Address Hold: 0 min 
1 Ons PAL, clock to VALlOWE· high: (10) max 

5ns 
tWR Required = Ons 

18. IOT6178 Address Hold after Write: ns 
(Coherency cycle) 

Address hold to AS· high: 10 min 
1 Ons PAL, AS· to VALlOWE· high: (10) max 

Ons 
tWR Required = Ons 
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A 33-MHz ZERO-WAIT CACHE MEMORY 

Module PI00 
Titl •• STEllM", Cach.able Access Gen. aev A 08/0.f./ag 
Integ-rated Device TecMolO9'Y Inc. U2 IDT680JO 
20L8-10 (10nSI' 

pl00 

FC2 
Fcl 
FCO 
All 
AlO 
A29 
A28 
AS_ 

~TE_ 

CIOUT_ 

Pin 
Pin 

Pin 

Pin 
Pin 

.. TERHINOLOOY: 

'P20La'; 

1; 
2; 
3; 
4; 
5; 
6; 
7; 
8; 
9; 
10; 
11, 
12; 

"," "," 

"," "," 

vcc 

~~~:-
STERH 

CIIN 
NCU-

NelS 

~!c~-
MEMes 
RETRY­

BGACK: 

Pin 

Pin 
23; 
22; 
21; 
20; 
19; 
18; 
17; 
16; 
15; 
14; 
13; 

.. 1 - at the end of • s1gna1 name denote. an active 10\11 s1gnal. 

.. 2 - T - Boolean Nar funct 10n. 
- Boolean OR function. , 

1-
- Boolean AND function. 
- Not equal to • 

" 6 - lAS • Active 10 .... s1gnal AS , asserted or on stat •• 
• Active high s1gna1, CPUCUC, au.rted or on atat •• 
- end of equation. 

.. 1 - CPUCLK 

ADDRESS - [All,AlO,A29,A28]; 

- [re2,rel,FCO], 

IlRADIX 16; 

Equations 

ISTERM -

(ADDRESS - 01 • (FCODE -- 1) 
ClOUT 'WRITE. ,kMC 'RETRY 
CACRDS_ - - -

(ADDRESS - 0) , (reODE -- 2) 
ClOUT ,NllITE ,RM:: 'RETRY 
CACBDS_ - - -

(ADDRESS - 0) , (FCODE -- 5) 
ClOUT 'WRITE 'RM: 'RETRY 
CACBDS_ - - -

(ADDRESS - 0) , (rCODE -- 6) 

ClOUT ,WRITE 'RMC ,RETRY 
CACBDS_ - - -

CPUCI.K_' J'ttRMAK_' lAS 

JCACBEN -
(ADDRESS - 0) , (FCODE -- 1) 

ClOUT 'RMC 'CACHOS 
BGACK: - -

(ADDRESS - 0) • (rCODE -- 2) 
ClOUT ,mc 'CACHOS 
BGACK: - -

(ADDRESS - 0) , (FCODE -- S) 
ClOUT ,RMC 'CACHOS 
BGACK: - -

(ADDRESS - 0) , (FCODE -- 6) 

~~~~_ ' RMC_ ' CACHOS_ 

lHEMCS_ -
(ADDRESS - 01 , (FeODE -- 1) 

(ADDRESS - 0) • (FCODE -- 2) 

(ADDRESS - 01 , (FCODE -- S) 

(ADDRESS - 0) , (FCODE -- 6) 

ICIIN -
(ADDRESS 1- 01 
(FCODE -- 7) 
(FCODE -- ') 
(reODE -- 3) 
(reODE -- 0) 

.. 68030 addresa bits Al1-A28. 

.. Change to hex default. 

.. 68030 Synchronous Termination. 
• Address range: 0000 0000 - OFFF FrrF, 
.. Cache not inhibited, no read-modify­
.. write, no retry, read cycle, cache 
.. anabled, User Data Space • 

.. Addreu range: 0000 0000 - OFFF FFFF, 

.. Cache not inhibited, no read-modify­
• write, no retry, read cycle, cache 
.. enabled, User Program Space. 

.. Addreu range: 0000 0000 - OFFr FrFF, 

.. Cache not inhibited, no read-modify­

.. write, no retry, read cycle, cache 

.. enabled, Supervisor Data Space • 

.. Addreu range: 0000 0000 - OFFF FFFr, 

.. Cache not inhibited, no read-modify­

.. write, no retry, read cycle, cacha 

.. enabled, Supervisor Program Space • 

.. Auert STERM for 2nd cycle of retry 
• or for write-cycles • 

.. Cacheable Cycle. 

.. Address range: 0000 0000 - OFFF rrFF, 
• Cache not inhibited, no read-modify­
.. write, cache enabled, no other 
.. bus master, User Data Space • 

.. Address range: 0000 0000 - OFFF FrFF, 

.. Cache not inhibited, no read-modify­

.. write, cache enabled, no other 

.. bus master, User Program Space • 

.. Address range: 0000 0000 - OFFF FrFr, 

.. Cache not inhibited, no read-modify­

.. write, cache enabled, no other 

.. bus master, Supervisor Data Space. 

.. Addreu range: 0000 0000 - OFFr FrFF, 
• Cache not inhibited, no read-modify­
.. write, cache enabled, no other 
.. bus master, Supervisor Program Space. 

• 68030 Hain Memory Chip Select. 
• Address range: 0000 0000 - OFFF FFFr, 
.. User Data Space. 

.. Address range: 0000 0000 - OFrr rrFF, 

.. User Program Space. 

• Address range: 0000 0000 - orrr rrFr, 
" Supervisor Data Space. 

" Addreu range: 0000 0000 - OFFr rFFF, 
" Supervisor Program Space • 

.. Cache inhibit in. 
• Address range: 1000 0000 - FrFr FrFF, 
• CPU Space funct ion code. 
• Undefined funct ion code. 
• Undefined function code. 
• Undefined function coda. 

2.; 

"," 
"0" 
"T" 

"0" 

"," 
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• tt t t t t t •••••••••••••••• Descript ion t t. t •• t. III t ••••• 111 •••• t t III • 

.. Thh PAL generate. the 68030 synchronous terminate 8ignal, STERM 
• and tM cache enable signal, CACHEN_. The address range dedicat;d 
.. eacheable memory is 0000 0000 - OFrr rFFF or 268H bytes (1/16 of 
• the 68030 addre .. space). S'1'ERH_ will assert asynchronously based 
• on address. Once it has asserted, the 68030 address 8trobe will 
• hold it on until the end of the cycle. 

• The CACHOS signal is a jumper .electable external cache dhable. 
.. If the jumper, JP3 18 installed, the external cache is disabled •• 

: The CACREN_ signal indicate. that a cach.able cycle is in progress. 

.. Tlle HEMCS_ signal is the main memory chip select output. It is used 

.. to indicate that the 68030 address has selected main memory space. 

.. The cache inhibit signal. CIIN assert. to force the HC68030 to not 

.. cache (internally) the current-cycle. This signal asserts during 

.. non-memory cycles or for CPU space and undefined function codes. 

" •• 0II011 •••• 0II.0II •••••••••• Revision History ••• I •••••••••••••• III.t 

.. aev A - L09'ic Innovations, Inc., FJC - 08/0<1/89 • 
• New Release. First Version. 

End P100: 
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Module PI01 
Titl. 'Validity RAM Control Rev A 08/04/89 
Inteqcated Device Technol09Y Inc. U4 IDT68030 
20&4-10 (lOnS)' 

p101 'P20a4' ; 

1; 24; 
Pin 2; 23; 
Pin 3; H'T 22; 

AS 4; Ne21 21: 
CACHEN 5; "," 20; -MATCHJ 6; "'" NVLD2 19; 
HATCB2 7; NVLDt 18; 
MATCR! 8; "," 17; 
MATeRO 9; "," HATCH 16; 
VALID3 Pin 10; "," NRITE Pin 15; 
VALID2 Pin 11; "," VALIDl Pin 14; 

Pin 12; OE_ 13; 

• TERMINOLOGY: 
.. 1 - _ at the end of • 81gna1 name denotes an active low s1gnal. 
• 2 - 1 - Boolean NOT function. 
.. 3 - .. Boolean OR function. 

" . - - Boolean AND function. 
" 5 - lAS .. Active low signal AS , as •• rted. or on state. 
• 6 - CPUCLX 
" 7 -

.. Active high s1gna1. CPUCLlC, auerted or on state. 

.. end of equation. 

Equations 

"T" 

"," 

• Ne..,. LM , 3 validity bit (offset - C) • 
Al , A2 , lCACHEN_ 

VALID3 " lAl , !CACREN_ ' tHATCH 

VALID3 , tA2 " tCACHEN_ ' lMATCH_ 

Al , !A2 " !CACH.EN_ 

VALID2 , lAl , !CACHEN_" !MATCB_ 

VALID2 , A2 , !CACHEN_' lMATCH_ 

tAl , A2 , ICACBEN_ 

VALID1 , Al , !CACHEN_ ' !MATCB_ 

VALIDI , !A2 " ICACREN_" !MATCH_ 

IAl , lAl " lCACHEN_ 

VALIDO , Al " !CACREN_' !MATCH 

VALIDO " A2 , !CACHEN_' lMATCH_ 

IBIT_ -
MATCH3 , MATCB2 " MATCHI , MATCBO 
Al " A2 , VALID3 " IAS_' ICACHEN_ 

MATCHJ , MATCB2 " MATCHI l. MATCHO 
Al l. 11.2 , VALI02 " lAS_' tCACHEN_ 

MATCR3 , MATCB2 , MATCHI '.MATCBO 
lAl , 1..2 , VALIDI " !AS_" lCACliEN_ 

MATCH3 , MATCH2 " MATCH 1 " MATCBO 
tAl " !A2 , VALIDO , !AS_' !CACHEN_ 

• s.t validity bit for LW , 3. 

• Bold validity bit for LW , 0, 1. 

• Bold validity bit for LW t 0, 2. 

.. New tM , 2 validity bit (offset - 8). 

.. Set validity bit for LM t 2. 

• Hold validity bit for LM , 0, 1. 

• Bold validity bit for LM , 1, J. 

• New LM , 1 validity bit (offset - 4). 
.. Set validity bit for LW , 1. 

.. Bold validity bit for LM , 2, 3. 

.. Hold validity bit for LM , 0, 2. 

.. New LM , 0 validity bit (offset - 0). 

.. Set validity bit for LM , O. 

.. Bold validity bit for LM , 2, 3. 

• Hold validity bit for LM , 1, J. 

.. Cache hit: read or write. 

.. Tag Matches, 

.. Longord , 3 and valid 3. 

.. Tag Mat ches, 

.. Longord , 2 and valid 2. 

• Tag Mat ches, 
• Longord t I and valid I. 

• Taq Matches, 
• Longord t 0 and valid O • 

................. , ••••••• Description •••••••••••••••• , ••••••• 

• This PAL generates ·the BIT (cache hit) signal and the updated 
• validity bits for writing into the validity RAM on retry cycles 
.. (eacheable read miss). Validity bits which are not selected are 
.. unmodified. This PAL is clocked at the beqinning of the retry 
.. cycle and at the start of the coherency cycle. 

....................... Revision History··· .. •• .. ••• .... • .. •• ...... • .. 
• Rev A - Logic Innovations, Inc., FJc - 08/04/89 • 
.. NeN Release. First Version. 

End PlOl,' 
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Module pl02 
Titl. 'Retry, BUll Error, Halt Rev A 08/04/89 
Inteqcated Device Technoloqy Inc. U6 IDT68030 
20L8-10 (lOnS)' 

p102 'P20tS' ; 

1; Pin 
2; VALIDa Pin 
3; Ne22 

C.a.CREN_ Pin 4; BERR 

MATCH - Pin 5; "'" fiAI.T: 
CPUCL~ 6; "," RETRY 
RTRYCR: 7; RTRYBD Pin 
BERRIN - 8; VLDCLX: Pin 
HALTIN 9; BGACX Pin 
WRITE Pin 10; NCIS Pin 
VALID) Pin 11; VALIDl Pin 

12; VALID2 Pin 

_ at the end of • signal name denotes an active low signal. 

.. 5 - lAS 

! - Boolean Nar function. 
- Boolean OR function. 
- Boolean AND function. 
- Active low signal AS , asserted or on state • 

24; 
23; 
22; 
21; 
20; 
19; 
18; 
17; 
16; 
15: 
14; 
13; 

.. 6 - CPUCLK 
" 7 -

- Active high Signal, CPUCLX, asserted or on state • 

Equations 

!RETRY -
tCACHEN "WRITE 

- end of equation. 

• Retry thi. cyclet 
• Retry cacheable read, 

"0" 

"I" 
"I" 

!BERR_ - " lRALT_ " RTRYCR_ • Bus error and halt asserted, clock 10 .... , 

tRETRY_ " RTRYCR_ ' lAS_ 
lRETRY_ ' RTRYCR_ ' tRTRYBD_ 
lRETRY_ ' RTRYCR_ " CPUCLK_ 

lRTRYRO -
! CACHEN 'WRITE 

• retry clear not asserted. 
t • Hold on while address strohe on. 

• Hold on Nhil_ retry hold asserted. 
• Bold on 1/2 clock. 

.. Retry Bold. 

.. Ass.rt on eacheable r.a.d, 
!BERR_ - , lBALT_" RTRYCR_ • Bus .rror and halt •••• rt.d, clock 10 .... , 

• retry cl •• [' not •••• rt.d. 
, .. Hold on ""hil. eloek 10 ..... 

!VLDCLK_ -
lRETRY_' lRTRYBD_ 
!VLDCLX , lAS 

tVLDCLX= ' CPUCLK_ 
IBGACK "lAS "IWRITE 
!VLDCLK_ "IBGACX_ -

!AS , !CACHEN 'WRITE 
MATCH _ 'RETRY_ 

lAS ,,!CACHEN "WRITE 

1.3 "A2 '!vAtIDJ" RETRY_ 

lAS ,,!CACHEN l. WRITE 
!A3-' 1..2 , lvAtI02 l. RETRY_ 

lAS ,!CACHEN "WRITE 
!Al -, 1..2 , lruIOl l. RETRY_ 

lAS ,,!CACHEN ,WRITE 
!Al-, 11.2 , !vALIDO , RETRY_ 

!AS ,,!CACBEN ,WRITE 

A3 "A2 ,,!VALID3' RETRY_ 

lAS , !CACHEN ,WRITE 
IAl-, 1.2 " !vALID2 " RETRY_ 

lAS ,!CACHEN ,WRITE 
!A3-, 1.2 ,,!vALIDl' RETRY_ 

!AS "lCACHEN ,WRITE 
!A3-' !A2 " lvAtlOO , RETRY 

.. Hold on until ,"toir •••• tr,,~'. nr 

.. retried cycle • 

.. Validity PAL (.101) dod., 

• Assert on r.try and retry hold. 
.. Hold while .delre ••• t ro .... on. 
.. Hold while clock 10 ..... 
.. Assert on coherency cycle •• 
• Hold til coherency cycl. done • 

• 68030 Halt signal. 
• Asserted with bus error to 
• force a retry cycle. 
• Assert on cacheable read 
• and no tag match • 

.. Assert on cacheable read, 

.. LM , 3 and not valid. 

• Assert on cacheable read, 
• LM , 2 and not valid. 

• Assert on cacheable read., 
• LW , I and not valid. 

.. Assert on cacheable read, 

.. LW , a and not valid. 

.. 68030 bus error signal. 
• Asserted with HALT to 
.. force a retry cycle • 
.. Assert on cacheable read 
• and no tag match • 

.. Assert on eacheable read, 
• LM , J and not valid. 

.. Assert on eacheable read, 

.. LM , 2 a.1\d not valid. 

• Assert on cach.,ab 1. read, 
.. LW , 1 and not valid. 

• Assert On eacheable read, 
• LM , 0 and not valid • 

............... , ................... Description .............................. , •• 

.. This PAL qenerates the RETRY signal which serves as a cache 

.. read miss and memory read request indicator. The RETRY signal 

.. asserts in state 3 of the 68030 read miss cycle and. holds on 

.. until the end of the retried cycle • 

.. Retry hold (RTRYHD ) serves to hold. on retry during the idle states 

.. between the 1st and 2nd cycles of the retry. This 81gnal is used 
• inside this PAL only for feedback. Pin 18 must remain unconnected 
.. on the schematic • 

.. BERR and HALT are the 68030 bus error and halt signals respectively • 

.. Thes; signals ;re simultaneously asserted. to force a 68030 retry cycle. 
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.. The BEIUUN .1«1na1 18 an externally generated input tor bu. error. 
: The RALTIH: .igna1 is an externally qen.rated input for halt. 

.. Th. VLOCLJC .1gna1 (new validity b1t clock) 18 used to both output 

.. enable the validity IlN1 and clock PAL - PIOI to generate the n." 

.. validity bit. for either the upd.a.te or the coherency eycle. 

•• ,. .................... bv!.lon History··· ... ·,··· .. ·,.·········· 
.. Rev A - Logic Innovations, Inc., FJC - 08/04/89. 
.. New R.I..... Fir.t Vera ion • 

End PI02; 

APPLICATION NOTE AN-46 

'UtI. 'Cache Data IlN1 Write Control Rev A 08/04/89 
Inteqrated Device Teeh.J'loloqy Inc. U21 IDT680JO 
20L8-10 (IOnS)' 

plOl Oevice 'P20LS" ; 
AI Pin I: 
AO 2: Ne2l 
SUI l: Ne22 

'/ STATE2 -5; "r" STATEJ -C.P.CHEN 6; "r" CANEl - -WRITE 7; CAME2 

Hl'.Ml\Ci_ 8: "r" CANEl --BIT 9: "r" CAMEO Pin -
AS - 10: UPOATE_ Pin 
PIPErL II: UPOTIN -12: Nell 

" TERMINOLOGY: 
" 1 - at the end of a .igna1 narne denote. an activ. lov .igna1. 
• 2 - T - Boolean NOT functlon. 

- Boolean OR .functlon. 
- Boolean AND funct ion. 

" 5 - lAS 

24: 
2l: 
22: 
21: 
20: 
19: 
18; 
17; 
16: 
15: 
14: 
Il: 

• , - CPUCLX 
" 7 -

- Act ive low .iqnal AS , as •• rt~ or on .tat •• 
- Actlv. hlqh. .1gnal. CPUCLK. a ... rted or on .tate • 
- end of equatlon. 

Equations 

ISTATE,2 -
STATtJ_-' CPUCLK , IAS_ 
ISTATE2 "ICPUCLK, lAS 

ISTATE(: ' STATE3_' IAS:= 

• 030 State 2. On for 030 .tate. 2 , 3. 
" A.sert on addre.s strobe , clock> B. 

• "Bold (Latch) vhlle clock low. 
" Tranaition term.. Bold output 
• "'hl1e clock svitch •• B > L. 

"T" 
"T" 

"T" 
"T" 

"I" 
"I" 

ISTATE3 -
15TATE2:=, ICPUCLK " IA5_ 
ISTATE3_ " IAS_ 

" 030 Stat. 3. On for 030 state. 3 , up. 

1 UPDATE -
lMEMACK 'CPUCLK" P IPEFL 
lCACBEN - , IfRITE -
IUPDTIN:=" ICPUCLK , PIPEFL_ 
lCACBEN 'IfRITE 
lUPDTn(, IHF.MACK_ ' PIPErL_ 
lCACBEN_ , WRITE_ 

lCANEO -
11..1 , lAO 
IBI'1' , !WRITE " ICACBEN_ 
ICPUCLK , IAS_-' ISTATE2_ 

lCAWEO_ " CPUCLK 

IUPDTIN_ 

J CANE 1 -
ISIZI " SIZO , IA1 , AO 
101'1'_ ' ItfIUTE_ ' lCACBEN_ 
!CPUCLK , IAS_ ' ISTATE2_ 

5IZI , ISUO , IA1 
tOIT , JWRITE , !CACOEN 
ICPUCLK' IAS_-' 15TATE2_-

SIZI " snO , 11..1 
18IT_ ' IWRITE_' ICACOtN_ 
ICPUCLK , IAS_ " ISTA'I'E2_ 

!SIZ1 , !SnO , 11..1 
181'1'_ ' IWRITE_' lCACOEN_ 
!CPUCLK , IAS_' ISTATE2_ 

ICANE1_ ' CPUCLK 

1 CANE 2 -
ISIU "SUO, Al , lAO 
IBIT_ , !WRITE_' !CACBEN_ 
ICPUCLK , IAS_' ISTATE2_ 

SIZl" ISIZO , 11..1" AD 
lBIT , ItfRITE , iCACBEN 
!CPUeLK' !AS_-' ISTATE2_-

SIn" iSUO , Al " lAO 
IBIT " IWRITE " ICACBEN 
lCPUCLK , IAS_-' iSTATE2_-

SIll " SIZO , IA1 
IBIT " IWRITE " ICACBEN 
!CPUCLK , !AS_-' !STATE2_-

SUI, SIZO " Al , lAO 
IB1'1'_ ' !WRITE_ , iCACBEN_ 
!CPUCLK " IAS_' ISTATE2_ 

ISIZI " !SIZO , IAI 
IBIT " IWRITE " ICACBEN 
ICPUCLK " IAS_-' ISTATE2_-

!SIU , !SIZO , 1..1 , lAO 

7.8 

, "A •• ert on addre.s .trobe , clock> L. 
" Bold output whl1e addre ... trob. on. 

" Update cycle (R.ad mis.). 
" AI.ert on memory ack " clock > B. 

" Bold (Latch) output "'hl1e elock low. 

" Tran.ition t.rm. Bold output 
" whUe cloc);; .witche. B > L. 

" Cata cache byte 0 write enable. 
" Any .1I:e: byte O. 
" Cacheabl. vrit. hit, 
" a.sert in 030 .tat. 3, cloc);; low. 

, "Bold output whil. cloc);; J, h1gh. 

, "Bold. output while cloc);; STATE2_ 1. on • 

.. A.sert .11 writ •• nabl •• on cach. updat •• 

" Data each. byte 1 writ •• nabl •• 
" Size - byt.: byte 1. 
" Cach.abl. ",rit. hit. 
" a.sert In 030 .tat. 3, cloc);; 10"'. 

" Siz. - word: byt •• 0-1 or 1-2 (UAT). 
" Cacheabl. writ. hit. 
" a .. ert In '030 .tat. 3, clock low. 

• She - 3 byt.: byte. 0-2, or 1-3. 
.. Cacheabl. writ. hit, 
.. assert In 030 stat. 3. cloc);; low. 

, "Size - 4 byte: byte. 0-3 or 1-3 (UAT). 
" Cach.able ",rite hit, 
" anert in 030 .tat. 3, clock low. 

" Bold output while clock 1. hiqh. 

" Bold. output ",h!l. clock STATE2_ i, on. 

" As.ert all writ •• nabl •• on cache update. 

" Cata each. byte 2 writ •• nabl •• 
" S1ze - byte: byte 2. 
" Cach.abl. ",rit. hit, 
" assert in 030 stat. 3. cloc);; low. 

" Size - word: bytes 1-2 • 
.. eacheable writ. hit. 
.. assert in 030 .tat. 3, clock lov • 

.. Size - \!tOrd: byte 2-3. 
" Cach.able vrit. hit. 
" anert 1n 030 .tate 3, clock low. 

" Size - 3 byte: bytes 0-2, or 1-3. 
" Cach.abl. vrite hit, 
" assert In 030 stat. 3, cloc);; love 

" Size - 3 byte: byte. 2-3. 
" Cach.abl. ",rit. hit, 
" a.sert In 030 .tat. 3, clock low. 

" Siz. - 4 byt.: byte. 0-3 or 1-3 (UAT) • 
.. Cacheable write hit, 
...... rt in 030 .tat. 3. c1oc);; 10\lf. 

.. Siz. - 4 byt.: byt •• 2-3. 

17 



A 33MHz MC68030 ZERO-WAIT CACHE MEMORY 

IBIT_ ' lWRI'l'r._" lCACBEN_ 
ICPUCLX " lAS_' ISTATE2_ 

ICAWE2_ " CPUCLX 

lCANE2_" I STA'l'E2_ 

JUPDTIN_ 

lCANEl -

iSIZl " SIZO " Al " AO 
tRIT , IWRITt " ICACREN 

ICPUClJ{ " lAS_-' ISTATE2_-

SIn" !Suo" Al 
IBIT " I WilITE " JaenEN 
ICPUCLX , !AS_-' ISTATE2_-

SIZl " SIZO " IAI " itO 
IUT , IWJUTE "JaeBEN 
lCPUCLX " IAS_-' ISTATE2_-

SIn" SIZO " Al 
IBIT_ ' 1 NRI'I'E_ " ICACBEN_ 
!CPUCLX , IAS_' ISTATE2_ 

iSIZl , !SIZO 
!BIT , 1 WRITE " iCACBEN 
ICPUCLIC" !AS_-' ISTATE2_-

I CANEl _ ' CPUCLK 

lCAWEl_ " ISTATE2_ 

.. each.able writ. hit, 
• .... rt 1n 030 stat. J, clock 10"'. 

• Bold output whil. clock 18 high. 

.. Bold output while clock STATE2_ 18 on. 

.. ASSert all write enabl •• on cache update. 

.. Data cache byte 3 write enable. 

.. S h. - byte: byte J. 

.. each.abl. writ. hit, 

...... rt 1n 030 stat. 3, clocJl; low. 

.. Size - word.: byt.s 2-3 or byte 3. 

.. Cach.abl. "rit. hit, 

.. au.rt in 030 stat. 3, clock low. 

.. Siz. - 3 byt.: byt.s 1-3. 

.. Cacheabl. "rit. hit, 
• as •• rt in 030 .tate 3, clock low. 

.. SiZe - 3 byte: byte 3 or byte. 2-3. 
• Cach.able writ. hit, 
...... rt in 030 stat. 3, clock low. 

.. SiZe - .. byt.: all ottsets. 

.. Cacheable write hit, 

.. ass.rt in 030 state 3, clock low. 

.. RaId output whil. clock is high. 

.. RaId output while clock STATE2_ is on. 

.. ASSert .11 writ. enables on cache updat •• 

" ••••• t ••••••••••••••••• o.scriptlon ••••••• A ••••••••••••••••• 

• This PAL g.nerates the elata cache write enables, the cache update 
• slgnal (for cacheable read mis •• s), and the 030 state tracking 
.. slqna1. STATE2 and STATE3. On write hits, only the sel.cted byte 
.. is written. On cach_abl. read miss cycles (retried), the assertion 
.. at the memory acknowledge .ignal, MEMACK , causes the UPDATE signal 
.. to BlSert --- \lihich in turn force. all ~che \lirite enabl •• t~ as.ert. 
.. I.ead miss/updat. cycles are al\liays four byte oper.t ions. 

• Th. STATE2 .ignal .sserts for one full 030 clock cycle --- starting 
• in 030 stat. 2 and ending in 030 stat. 3. Th. STATE3 signal ass.rts 
• in 030 stat. J and holds on till the 030 addre ••• trob. AS goes away. 
" ••••• l ••••••• A ••••••• Revision History •••••••••••••••••••• ';. 

" I.ev A - Loqic Innovations, Inc., FJC - 08/04/89. 
" N.w Relea.e. Fir.t Ver.ion. 

End Pl03: 

7.8 

APPLICATION NOTE AN-46 

Module pI04 
Title 'Cache Validity R.AH Control Rev A 08/04/89 
Inteqrated Device TecMol09Y Inc. U24 10168030 
lOL8-10 (IOnS)' 

pl04 

CACREN_ 
WRITE 
AS_ -
RETRY 
RESET: Pin 
BGACK Pin 
HATCH: 

.. TERMINOLOGY: 

',16L8' ; 

I: 
2: 
3: 
4: 
5: 
6: 
7: 
8: 
9: 
10; 

"," "," "," "," "," "," 

RTRYCR 
VALDME­
TACKE_­
CACHOE 
HEMROE­

STATE 2: 
HEMCS 
Nel2 -

BERR 

Pin 

Pin 
Pin 

.. 1 - at the end of a signal name denot.s an active low signal. 
T - Bool.an HOT function • 

- Bool.an OR function. 
- Bool.an AND function. 

20: 
19: 
18: 
17: 
16: 
15: 
H: 
13: 
12: 
11: 

• 5 - lAS_ 
• 6 - CPUCLK 
" 7-

- Activ. low Signal AS , ass.rted or on stat •• 
- Activ. high Signal, CPUCLX, assert.d or on st.t •• 
- end of equation. 

Equations 

IRTRYCR -
lAS '!RETRY , IBERR_' CPUCLK 
U.ESET_ -
IBGACK_ 

ITAGWE -

.. Retry clear. 

.. Cl.ar on bu • • rror. 
• Clear on reset • 
.. Clear on CPU bus granted to 
.. another master • 

• TAG RAM Write .nabl •• 

"T" 
"T" 

IRETRY': ' IUPDATE_ 
lTAGWE_' IUPDATE_ ' IRETRY_ 
!TAGWE_ ' lRETRY_ ' CPUCLK 

.. .Ass.rt on r.try cycl., after update • 

.. Bold \lihlle Update .... rted. 

IRETRY_' lUPDATE_ 
lVALDWE ,IUPDATE I. IRETRY 
lVALDWE: ' IRETRY_-, CPUCLK -

!BGACK , lAS , IWRITE 
!MATCH:' ISTATE2_ I. ICPUCLK-

lVALDWE 'IBGACK " lAS - --
lCACBOE -
lCPUCLK-' WRITE 
RETRY "STATE2 - , BGACK 
!CACHCE , lAS -, WRITE -
ICACHEH': - -

lMEMROE_ -
I AS 'CACHEN 'CACHOE 
WRITE_' ISTATE2_ ' ICPUCLK 

I UPDATE 'ICACREN 'CACHOE 
WRITE_ " lRETRY_ - -

I AS , I CACHEH 'CACHOE 
WRITE_" !RETRY_ -

!MEHROE_' IAS_ 

• Bold while clock high. 

.. Validity RAM Writ. Enable • 

.. Also controls output enable to new 
• validity bits • 
.. Assert on r.try cycl., aft.r update. 
• Bold \lihil. Update .... rt.d. 
.. Bold \lihil. clock high. 

.. Invalidate .11 v.Udity bit. 

.. on coher.ncy ch.cks. 

• Hold til adelr ••• strobe gone on 
.. coher.ncy cycl ••• 
• Cata cache re.d output .nabl •• 
• Ass.rt on all r.ad.s, not y.t state 2, 
• 110 retry, 110 other local bus master. 
.. Bold on till AS go •• away, 
.. and cacheabl. r;ad. 

.. Memory read data bJ,LFf.r .nable. 

.. As •• rt on noncach.ab1e r.ad 

.. cycl.s • 

.. As.ert on cacheabl. r •• d mis. 

.. (retry) cycles • 

.. Ass.rt on each.abl. read. miss 
• (retry) cycles. 

• Bold til adelr.ss strobe gone. 

•••••••••••••••••••••••• Description •••••••••• A •••••••••••••• 

.. Thh PAL generates the Tag RAM writ •• nabl., the VaUd RAM \lirite 
• enable, and the data cache read bJ1Ff.r .nable. The Valid R..AH writ. 
" .nable also s.rv •• a. the output enable for the updated validity 
• bits stored in P101. 

• The CACHOE signal output .nables the data cache on read eycl.s. 
• It ass.rt.-on all r.ads in state 1 and will stay on for read hits 
.. and go off for other cycles • 

.. The HEMROE output enabl.s the memory read data onto the 

.. cache/HC68030 data bus on noncach.abl. r.ad or read miss 
• cycle •• 

.. The RTRYCR signal (retry clear) forces the r.try signal generated 
• in P102 to-turn oft. RTRYCR is generated on a bus error during 
" a retri.d cycle, a re.et, or-an alt.rnate ma.ter bus cycle • 

....................... Revision Sistory •••••• A ••••••••••••••• 

• R.v A - L09ie Innovations, Inc., FJC - 08/04/89. 
• Hew R.l.as.. Fir.t V.rsion. 

End P104; 
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A 33-MHz ZERO-WAIT CACHE MEMORY 

Titl. ·Writ. Pipl!n., .ek. Control Rev A 08/04/89 
Integrated Device Teehl'lol09Y Inc. U2S IDT680l0 
1604-10 (IOnSI' 

plOS 'PUR"', 

CLK I; 20; 
CPUCLK_ 2; TEIlMAK 
WRITE 3; Pin -AS Pin 4; "'" PIPEFL_ Pin 
MDW:K_ Pin ~; "'" WRTPND_ 

RETRY_ 6; Pin 
RESET 7; Hel4 -MEMes Pin 8; "," NCI3 
HEMERi_ Pin 9; "," NCI2 Pin 

10; OE Pin 

.. TERMINOLOGY I 

.. 1 - at the end of • s1gna1 name denot •• an active 1o"," s1gnal. 

.. 2 - - Boolean Nat' lunction. 
- Boolean OR function. 
- Boolean AND funct 10n. 
- Active low s1gna1 AS , .ss.rt~ or on state . 

19; 
18; 
17; 
16; 
I~; 

14; 
13; 
12; 
II; 

.. 5 - lAS_ 

.. 6 - CPUCLK 

" 7 -
- Act iv. high slgnal, CPUCLK. asserted or on st.t •. 
- end of equation. 

Equations 

I AS_ ' lWRITE_' lMEMCS 
ICPUCLK_ ' PIPEFL_ ' WRTPND_-

lAS , ! WRITE , tHEMeS 
ICPUeLK , IPIPEFL-' IWRTPND 
!MEMAC1( - -

! RETRY ,WRITE '!MEMeS 
ICPUCLK_ ' PIPEFL_ ' lHEMAcK_ 

lAS ,WRITE' tHEMes 
ICPUCU:_ ' PIPEFL:' IMEMACK_ 

!WRTPND , !PIPErL 

MEMERR_-' RESET_ -

.. Terminate ackncwledCje. Assert 

.. this output to generate STERM* • 

.. Assert on memory ~rite and 

.. write pipeline empty • 

.. Assert on memory write and 

.. write pipeline j\lst emptied. 

.. Used for succe •• ive write cycles • 

.. ASSert on cache miss/retry (read) 

.. cycle and write pipeUne empty • 

.. Assert on memory read (noncacheable) 

.. and write pipeUne empty • 

.. Bold til address strobe gone • 

.. Write pipeline full • 

.. Assert on memory ~rite and 

.. write pipeline empty • 

.. Hold on unt il reset • 

.. memory acknowledge or error • 

.. Nrite pipeline transaction pending • 

.. ASSert on pipe full, address strobe 

.. gone and no error or reset • 

.. Hold output on whUe pipe is full 

.. and no er ror or reset • 

................................... Description ................................ .. 

.. This PAl. keeps track of the ... rite pipeline status and generates 

.. the synchronous terminate acknowledge (TERMAK ) to terminate 

.. write cycle .... hen the pipeline is empty. succ;ssive write cycles 

.. where the pipeline is full and a write cycle is waiting. read miss 

.. retry cycles. and noncacheahle read cycles • 

.. The PIPEFL signal asserts whenever the write pipeline is full. 
It It holds or; until either a memory error or acknowledge is received • 
.. This output is used to latch the write address and data into the 
.. write pipeline. On successive write cycles. this Signal pulses high 
.. for one clock to allow the new address and data to be latched • 

.. The NRTPND signal asserts whenever the write pipeline is full 
It and the 680'30 address strobe is gone. It is used to detect the 
.. second of two successive write cycles so that the first write 
.. can complete before the pipeline is refilled • 

............................ Revision History iloilo ..................... . 

.. Rev A - Logic Innovations. Inc •• FJe - 08/04/89 • 

.. New Release. First Version. 

End PI05: 

APPLICATION NOTE AN-46 
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APPENDIX D 

SCHEMATIC DIAGRAMS 

7.8 
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A 33MHz MC68030 ZERO-WAIT CACHE MEMORY 

INS 
680 

INS 
680 

~ 

~ 

TALLJPl TO DISABLE 
30 INTERNAL CACHE 

TALL JP2 TO DISABLE 
30MMU 

AVEC' 

1 2 JPl 

1 .2 JP2 

BR-
BGACK' 
~ 
GNO 

~ 

OSACK1' 
SACKO' 

HALT' 
BERR-

CLK33Ml 

0[031] " 

031 
t\.. 030 

IPL[0 .. 2] 029 
028 

t\.. 027 
t\.. 026 

25 
04 

D23 
022 

r'\ 021 
020 
019 

18. 
17 

116 
15 
14 
1 

012 
011 

1 

~ 

}1 }1 }1 

)RP1C< )RP1B< )RP1A 
< 10K < 10K < 10K 

1 
4 3 2 

IPI? 
IPL 
IPIO 

APPLICATION NOTE AN-46 

CENTRAL PROCESSOR 
U 1 

~ 

Nl 031 A31 R~ A31 / 
L4 030 A30 A3 A30 -/ 

M3 029 A29 R4 A29 -/ 
N2 028 A28 A4 A28 -/ 
M4 027 A27 B5 A27 -/ 
N3 026 A26 A5 A26 -/ 
N4 025 A25 Ril A25 / 
M5 024 A24 AS A?4 

.N5 023 A23 A7 A?'1 
M6 022 A22 B7 A22 

..l'ia 021 A21 AS A21 
M7 D20 A20 B8 A20 
N7 019 A19 A9 A19 
N8 018 A18 8 A18 
M8 017 A17 A A17 
fI 016 A16 B9 AlB -/ 

Nl0 015 A15 Al -A15 
M9 014 A14 Rl A14 -/ 

Nl 013 A13 A12 A13 
Ml0 012 A12 811 A12 
N12 011 All Cl0 All -/ 

10 010 Al0 A13 Al0 -/ 
..M.11 D9 A9 A9 
NJ3 08 A8 
Lll 07 A7 

A -/ 
-/ ...M.12 D6 A6 

Kll 05 A5 1 A 
12 04 A4 1 A4 -/ 

MU 03 A3 1 A -/ 

13 02 A2 
A -/ Kl 01 Al 

_K13 DO AD 
-/ 

G12 IPL2 SIZl K3 
G13 IPLl SIZO I? 
H13 IPLO 

01 FC2 
..ll AVEC FC1 1 

FCO 0:' 
H12 COIS 

M? 
F13 

ECS P-ID-- N/C MMUOIS OCS 

Al BR AS J? 
l.& BGACK OS K? 

R/W' _3 
F12 M" RESET OBEN 

II CIIN RMC R1 

"1 CBACK CLOUT C2 

~ 
CBREe ~NIC 

STERM 
R? OSACKl BG 

Fl OSACKO IPENO Sffi WC STATUS 1 N/C 
H2 HALT REFILL N/C 

.H BERR 

El CLK 

[ I 68030-33 

STERM' 
CJ.Jli' 

r--------I 

~ I VCC: C6, 04, 010, F2, I 
Fl1, H3, Hll, K4, 

I Kl0, L6 I t'--
: GNO: C5, C7, C9, E3, : 

Ell,F3, G3, Gl1, '----I J3, Jll, L5, L7, I 
I LB, L9 I '---
---------

~~:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: ~ 

~~--------------------------------------------------------------------------

Central Processor: 33MHz 68030 
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A 33-MHz ZERO-WAIT CACHE MEMORY 

~A~[~O.~.3~I)~ __________________________________________________________________ ~ 

SIZ[O .. I] 

FC [0 .. 2) 

FC1 
FCO 

1 )1 }1 1 

RP1E <>RP1F <>RP1G RP1H 
< 10K < 10K < 10K < 10K 

U3A 

.--__ 1, .? WRITE 

74F04 

--------~--------~~--~--_4----+_----------~------------------------~AS' 
--------~--------------~--~----+_----------r_------------------------~DS' 
--------+------------------~~--~-----4-------------------~ WRITE' 
-------~------------------------~-----------------------------------~DBEN' 

--------+--------------------------------------------------------------~RMC' 

-------~------------------------------------------------------------~ ClOUT' 

SYNCHRONOUS TERM INATE CONTROL. 
CACHEABLE ADDRESS SPACE DECODE 

P100 
U2 

" FC2 1 11 01 22 CACHEN' 

" F 1 2 12 V02 21 STERM' 
""- FCO 3 13 V03 ;>(J CIIN' 

A31 4 14 V04 ~N/C 
A30 5 15 VOS ~ ~E~MACK' A29 6 16 V06 
A2B 7 17 V07 16 CACHDS' 
AS' H IS OS' 1S MFMe~' 
W~ITF' q 

19 RM( , 10 110 
eiOL ' 111 
BGACK' 13 112 RETR' , 14 113 
C K33M1' ?3 114 

~ 
GND 

b-#-~~~--+_+--_4------------------------~ CACHEN' 

~~~~~--r_--_4------------------------_1~MEMCS' 

INSTALLJP3 TO 
DISABLE EXTERNAL CACHE 

2OLS-10 

Central Processor: 33MHz 68030 (cont'd) 

7,8 

APPLICATION NOTE AN-46 

23 



A 33M Hz MC6B030 ZERO-WAIT CACHE MEMORY APPLICATION NOTE AN-46 

~~----------------~1~~3~ ____ ~T~6G~fu~I~R' __________________________________ __ 

~ 2cL.-/'"' 
~ 74F08 

~ 

U10 

A15 21 611 
614 a 610 

.A 69 
6 68 

.A A7 
610 66 

.69 AS 
68 5 64 TAG RAM .6 4 A3 1/04 -.16 A31 
66 3 62 1/03 15 630 
.& A1 1/02 

lC 
A4 1 60 1/01 13 628 

~RP11 10 9 OE 
10K 

-~ 12 M6TCH3 WE MATCH 

f-1L CLR 

IOT6178S12 

U9 

615 21 A11 
A14 ?O A10 
6 19 A9 
A1? 1A A8 
6· 8 A7 
A10 7 66 
69 6 65 
A8 5 A4 

16 A27 6: 4 A3 1/04 
A6 3 62 1/03 626 
AS 2 61 1102 14 625 
A· 60 1/01 13 624 

~ OE 

-f-1.Q.... WE M6TCH 
1? M6TCH2 

f-1L. CLR 

IOT6178S12 

U8 U3B 
615 21 611 
614 20 610 V6110CLK' 3 4 
613 69 

I 
612 18 68 74F04 
611 8 67 
610 7 66 
69 6 AS 

...All 2 M 
A: A3 1/04 16 A23 
~ 3 A2 1/03 

g ?? 
AS 2 A1 1/02 14 A2· MATCH3 1 USA 
A4 1 60 1/01 13 &0 MA' :H2 2 

LL OE MATCH1 I 
r-JJ1.... 12 MATCH 1 

:HC _5 
WE MATCH 74F20 

L1z... CLR 

IOT6178S12 

U7 

.A1S 21 A11 
A14 20 A10 
A13 1 A9 
612 1 A8 

.A· A7 
'10 A6 

.A9 AS 
'8 M 
A: A3 1/04 16 A19 
A6 62 1/03 15 A18 
AS A1 1/02 14 A17 
A4 AO 1/01 13 A16 

.-i-. OE 

~ 
10 WE MATCH 

12 (ATCHO 

l..1L. CLR 

IOT6178S12 MATCH 10 .. 3) 

~------------------------------------------------------------------------­
~~----------------------------------------------------------------------­
~~----------------------------------------------------------------------­
~-------------------------------------------------------------------------
~------------------------------------------------------------------------­
~~----------------------------------------------------------------------­
~~----------------------------------------------------------------------­
~~-----------------------------------------------------------------------

Cache Tag Validity RAMS, Update Logic 
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AI0 .. 31] 

Ull VALIDITY RAM 
? All 
2' Al0 

A9 
A8 
A7 

A 
A6 
AS 
A4 
A3 V04 16 VAlID3 

AS A2 V03 1 VA 102 
AS AI V02 14 VA I 1 
A4 AO VOl 1 AI 

VAlIDCLK 9 OE 

VAIInWF- to WE MATCH i-1Z- NIC 

TAr.r.1 R- t7 ClR 

IOT6178S12 

VALIOITY P101 
RAM CONTROL 

U4 

A3 2 11 VOl 22 HIP ~ 
12 V02 ~ VAll 03 AS' 4 13 03 

:ACHEN" 5 14 04 19 VAl 
MATCH3 15 05 18 VAll 01 
MA· ~H2 16 06 17 VAll 0 

MATCHO 
17 V07 

15 WRITE' 18 V08 

VA 102 1 
19 
110 

VA I 3 
Itt 
It2 

VAlIOClK 1 ClK 
13 

OE 

20R4-10 

MAT~~' 

~ 

RETRY CONTROL P102 
U6 

A 11 01 Ht-NIC 
A 12 V02 1 BERR' 

~ 13 V03 20 HA • 
:N' 14 V04 

15 VOS ~~m~~~-
~ 

~ 
16 V06 
17 V07 16 BGACK' 

18 08 ~NIC 
19 
110 

AI 
111 
112 

VA I 
113 
114 

20L8-10 

VALID 10 .. 3] 

,0.5-

r.A~HFN-

R(lA~K' 

ClK33Ml' 

RETRYCLR' 
RFRRIN' 

HALTIN" 

WRITE" 

Cache Tag Validity RAMS, Update Logic (cont'd) 
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CAWE 0 .. 

~ 

U13 

A1S 23 A13 1/04 17 031 
A14 22 A12 1/03 16 030 
AI 1 All 1/02 15 029 
AI 0 Al0 1/01 14 8 
All 19 A9 
Al0 9 A8 
A9 8 A7 

A7 6 
A6 
A5 

AS M 
A5 4 A3 
A4 3 A2 
A3 AI 
A2 1 AO 

13 WE· 

10 CS· 

Jo ~ OE· NiC ~ 
IOT6198525 

'''' BYTE 0 
A15 23 A13 1/04 17 027 
A14 12 A12 1/03 1 26 
AI 21 All 1/02 1 0 

Al1 1 
Al0 1/01 
A9 

CACHE DATA AI 9 A8 
A9 8 A7 

RAM A8 7 A6 
A; 6 A5 
A6 5 A. 
A 4 A3 
A4 A2 
A a AI 
A 1 AO 

CAWEO 13 WE· 

10 CS· 

Gfo 
>---lL. OE· NiC ~ 

IOT6198525 

15 

A15 3 A13 1/0. 17 023 
~ A12 1/03 
AI 1 All 1/02 15 l)2J 
A12 Al0 1/01 4 D20 
All 1 A9 
AI A8 

1\8_ 7 
A7 
A6 

A7 6 A5 
A6 5 AI 
A5 . A3 
A' A2 
A 2 AI 
A AO 

13 WE· 

10 CS· 

Jo >---lL. OE· NiC ~ 
IOT6198525 

U16 BYTE 1 fI 
A~ A13 1/04 17 019 
A14 A12 1/03 16 18 
AI 1 Al1 1102 15 17 
AI Al0 1/01 14 16 

Al0 
A9 
A8 

A9 A7 
A A6 
A7 A5 
A AI 
A • A3 
A4 3 A2 
A 2 AI 
A; AO 

. CAWEI 13 WE· 

10 CS· 

Jo -----l!...., OE· NIC ~ 

IOT619aS2S 

-
CACHEOE· 

CACHFOf'· 

64KB Direct Map Data Cache 
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CAWE(O 3] 

A(O .. 31( 

U17 

A15 23 A13 1/04 17 015 
A14 22 A12 1/03 16 014 
A13 1 A11 1102 15 13 

All 9 
Al0 1101 
A9 

A9 8 
A8 
A7 

'8 A6 
A7 6 A5 
A6 A4 
A5 4 A3 
A4 3 A2 
A3 AI 
A2 AO 

13 WE" 

10 CS" 

Jo r---..1L. OE" NIC f1!!. 
IOT6198S25 

uta BYTE 2 
A15 A13 1/04 17 011 
A14 A12 1/03 1 1 
AI 1 A11 1/02 1 
AI Al0 1/01 14 8 
AI' A9 
Ala A8 

A8 7 
A7 
A6 

A6 5 
A5 
A4 

A5 4 A3 
A4 3 ",2 
A3 2 AI 

AO 

CAWE2 13 WE" 

10 CS" 

Jo r---..1L. OE" NIC f1!!. 
IOT6198S25 

~ 

A15 A13 1/04 17. 07 
A14 A12 1/03 16 D6 
A 1 All 1102 15 
AI Ala 1/01 14 4 
All A9 

A9 
A8 
A7 

A7 
A6 
A5 

A A4 
A 4 ",3 
A4 A2 
A z.. AI 
A2 1 AO 

13 WE" 

IlL CS" 

Jo ~ OE" NIC t-ll 
IOT6198S25 

.l2lL BYTE 3 
A15 A13 1/04 17 03 

A12 1/03 
A11 1/02 1 

Atz.. Ala 1/01 14 
All A9 
Al0 A8 
",9 A7 
A8 A6 

A 
AS 
A4 

A5 4 A3 
A4 A2 
A3 2 AI 

1 AO 

CAWE3 13 WE" 

10 CS" 

Jo f..--1L. OE" NIC ..1§.. 

IOT6198S25 

0(0 •• 31J 

~ 

CACHEOE" 

64KB Direct Map Data Cache (cont'd) 
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[!]Q;ID 
.. 

SIZ[O .. l] P103 CACHE DATA RAM WRITE CONTROL 
~ U21 

A[O 31] 

Al 1 11 01 ~ N/C 
AO 2 12 V02 21 STATE2" 
SIZl 3 20 STATE" 
SIZO 4 

13 V03 
19 CAWE3 14 V04 ClK33M2 5 15 V05 18 CAWE2 

CACHEN" ;ACHEW 6 16 V06 17 CAWEI 

WRITE" WRllE" 7 17 V07 16 CAWEO 

M MA MEMACK" 8 18 08 15 UPDATE' 
HIT" HIT" 
AS" 1 

19 
A " PIPEFULL" 11 

110 

NlC ~ 
111 

. UPDATE" 
112 

14 113 
NlC ..lL.. 114 CAWE [0 .. 3] 

2OL8-1 0 

PIPEFULL" 

P104 VALIDITYITAG RAM CONTROL 
UZ4 

UPDATE" 1 11 01 19 RETRYCIR' 
CLK33M2 2 12 V02 18 VALIDWE" 
CACHEW 3 13 V03 17 TAGWE" 
WRITE" 4 14 V04 16 CACHEOE· 
AS" § IS V05 ~ MEMR DE· 

~ RETRY· 6 16 V06 14 STATE2' 

E RESET' 7 17 V07 13 EMCS' (INPUT) 

BGACK" BGACK" -.8 18 08 ........1L NlC 
MATCH" 9 19 

~ BERR' 11 110 

lbLtl-1U 

P10S WRITE PIPELINE, 
MEMORY ACKNOWLEDGE CONTROL 

U2S 
CLK33M2· 2 11 VOl 22 TERMACK" 
WRITE' ~ 12 V02 ~ NlC 
AS· 4 13 03 PIPEFULL· 
MEMACK" 5 14 04 ~ WRTPND" 
RETRY' 6 IS OS NlC 
RESET" 7 =>-t7 N/C 16 06 fs MEMCS" MEMCS' 8 17 V07 NlC 

MEMERR MEMERR' 9 18 V08 ::1t NlC 

CLK33M2' 1 
ClK 11 

GC 

DE 
16R4-10 U22 wJ U3C 

~6 3 
Dl 01 

74F04q 
D2 02 ~ D3 03 r--Ta-II D4 04 

;:Jt DS OS ~ 
D6 06 ~ 

II 
U23 

Xl 8 Rl ~47 9 ClK 

NC kr-1-< CLR 
RP2A 

66.67 MHZ OSCILLATOR 1 74F174 

10K 

CLOCK GENERATION 
CLK33M2" 
CLK33M2 

Cache Control Logic 
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~ ---------------------------------~ 

------------------------------------------------------------------~ 

E
RETRYCLR" 

---------------------------------1.VALIDWE' 
---------------------------------1~GW ' 
---------------------------------1CA H ' 
-------------------------------------1M M ' 

CACHE CONTROL 

---------------------------------~ 
---------------------------------~ 

VCC -.--

A2 A3 A4 A5 
1.BK l.BK 1.BK 1.BK 

Al0 33 CLK33Ml' l 
All 33 CLK33M?' ) 
R12 33 CLK33Ml l 
R1~ 33 C K33M2 ) 

Cl C2 C3 C4 AS A7 AB A9 

27pF 27PF; 27pF 27pF 
2.7K 2.7K 2.7K 2.7K 

,'1 
GND 

Cache Control Logic (cont'd) 
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~----------------------------------------~b~t~6~3~ij~----------" 

~ 

SIZl l U34A 

J~ 74AL50S 

~SIZ[O .• l] SIZO ~ U26 
2 MSIZl / ~0 .. 1 3 DO 00 

........"..,.. A [0 .. 31] 4 50S ; 01 01 5 MSIZC / 
~ .----a- 02 02 .-+-

A27 ~~ 03 rl2 MA27 
A26 

04 
lS MA26 14 OS OS 

A25 l' D6 06 16 MA25 
A24 19 MA24 18 07 07 

~ OE 

yr-'-'-< LE 

GNO IOT74FCT373A 

U27 
A23 3 DO 00 2 MA23 
A22 4 01 01 5 MA2~ 

A21 7 02 02 6 MA21 
A20 8 03 03 9 MA20 
A~ 13 D4 04 1 MA19 
A1R 14 05 05 15 MA1e 
A17 17 D6 06 16 MA17 
A16 18 07 07 19 MA16 

£: 
+OE 
f---'-'-c LE 

ILJT74FC 1373A 

U28 
A15 3 DO 00 2 MA15 
A14 4 01 01 5 MA14 
A13 7 02 02 6 MA13 
AlL 8 03 03 9 MA12 
A11 13 D4 04 12 MAll 
A1 14 05 05 15 MA10 
M 17 D6 06 16 MM 
A!L 18 07 07 19 MAS 

f 
+ OE 
r-'-'-< LE 

IOT74FCT373A 

U29 
A7 3 DO 00 2 MA7 

.A6 4 01 01 5 MA6 
A5 7 02 02 6 .MM 
M 8 D3 03 9 MM 
A3 13 D4 04 12 MA3 
1\2... 14 OS OS lS MA2 

17 D6 06 16 MAl 
18 D7 07 19 MAO II 

f + 
OE 

I----"-c LE 

gU34C 
IOT74FCT373A 

A1 

~ CPU - MEMORY ADDRESS 
74AL508 BUFFERS AND WRITE ADDRESS 

AO ~ PIPELINE 
WRITE 131 )lL 

~50S U30 

~ 
PIPEFULL· 9 8 

V74F04 
IMEMWROE·) 

~--------------------------------------------------------

68030 Address Latches, Data Transceivers 
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MSIZ[O .• l] 
MSIZ 0 .. 1 
MA 0 .. 2 

MA[0 .. 27] 
U30 MOrO .. 31] ) 

MO [0 •• 31] 
031 :1 22 M031 
030 4 

AD BO 21 M03C 
029 S 

Al Bl 20 M029 
02B 6 

A2 B2 19 MD2B A3 B3 027 7 A4 B4 
lB MJ27 

n?6 8 AS B5 
17 M 26 

025 9 AS B6 
16 M025 

024 10 15 M024 
A7 B7 

13 
OEAB 14 

11 LEAB 

2 CEAB 

1 
OEBA 

23 LEBA 
CEBA 

± IU I 74t"v I :>4;jA 

U31 
023 3 AD BO 22 M023 
022 4 Al Bl 21 MI 
021 _5 A2 B2 20 M02 
020 6 A3 B3 19 Mn;>(J 
019 7 A4 B4 18 M019 
018 8 AS 85 17 M 18 

17 9 A6 B6 16 M017 
\6 10 A7 B7 15 M 16 

13 OEAB 
14 

LEAB 
11 CEAB 
2 OEBA 
1 LEBA 

23 
CEBA 

± IDT74FCT543A 

U32 
015 3 AD BO 22 M01S 
014 4 Al Bl 21 MD14 
013 S 20 MD13 
012 6 

A2 B2 
19 M012 A3 B3 

11 A4 B4 18 M 11 
1 8 AS BS 17 MOlD 

00 9 AS B6 16 MOO 
DB_ 10 lS MDB 

A7 B7 

13 
OEAB 

14 
11 LEAB 

2 CEAB 

1 OEBA 

23 
LEBA 

± 
CEBA 

10T74FCT543A 

U33 
07 3 

AD BO 
22 M07 

06 4 21 MLJ6 
OS 5 Al Bl :>0 Mns 
D4 6 A2 B2 19 MD4 
03 7 A3 B3 lB MD3 
02 B 

A4 B4 17 MD2 
.01 9 AS BS 16 MOl 

DO 10 A6 B6 
15 MDC 

A7 B7 

MEMWROE' 13 
OEAB PIPEFULL 14 

III 
11 LEAB 

MEMROOE' 2 CEAB 

1 OEBA 

23 LEBA 

~7 
CEBA CPU - MEMORY DATA TRANSCEIVERS 
10T74FCT543A AND WRITE DATA PIPELINE 

GNO 

68030 Address Latches, Data Transceivers (cont'd) 
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II 
I 
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TIMING DIAGRAMS 
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jl READ HIT ---------

so SI S2 S3 so 

A31-<l,FC2-<l (68030) -'-..r-""_.c.....r...J1-Io _____ .;.;R~EA.;.;D_A.;.;;D;.;;D.;.;R_ES;;.;S;..V.;.;.A.;;;L.;;;ID ____ ..L_~"'-~t..J'~ 

ECS·(6803O) ~=~r;=~~~~~:::::r~----~----!t:-~~~ 

AS· (68030) ;---/~=;;o=~-~~---..::~~r, 
RfVoI· (680~) -+----'k-' 

STERM· (10nS PAL) ...I.-___ -I-.;;..J,,=-~~::...._.L_ ____ ...L.._.,.....-_+--.l""="'''''------J 

MATCHx (IDT6178S12) -i----....l,r-i-----I 
BERR" HALT" .;...---.--.:~---+n=~;;l§..:;:;~!....f-~-~~----_i 

(F20 + IOnS PAL) 

HIT" (10nS PAL) 

CAWE/ (IOnS PAL) -I_-----+------+------+-------i---~-~ 

II 

Figure 2. 33MHz MC68030 Cache Read, Write Hits 
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-------..-------------- WRITE HIT -----<..,..----- READ 

S1 S2 SW SW S3 so 

I I 

~~ ____ ~--------4c__=:t_~ __ 10_J 

Figure 2. 33MHz MC68030 Cache Read, Write Hits (cont'd) 
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so Sl S2 S3 SI SI 

1 1 

CLK ~r---1-4-M-A-X--..,.....,1-1~·~~::_15~::::::-t·.r1:~~-=-15--...., 

A31-{),FC2-{) (68030) -</~/:......"/;1_,,,--/L...,j/Jll'~ _____ +-____ -+-____ --I _____ 4-____ -I 

ECS" (68030) ~:~=1j; 0_11;;=2==\W ~11~ J~0-~15~:f~: ------:~----~:=~0-~12r~.1: =~0-~1~5=~ : 

j-----~t=~~~-~----~~O-~l~O~~~~----~------I AS" (68030) 1 '/ 2-10 I 1 1 1 
L-0_15_ r 1 1 1 1 1 

R/W" (68030) 1 I 1 1 1 

-t------tt:
I
:__ ..... - !" - 2 --: : ~ : .• 

STERM" (10nS PAL) ~3__10 I ~.r.:3--,...1~0,----1r---------;1 

'- 12MAX 1 1 .\ 1 I I 
MATCHx (IDT6178S12) .... -----tJ-I\T--~----"\-'h""T_-----'----_II_lr_ , _____ ....L ____ ....J 

BERR", HALT" 1 1 \ 1 , 5--16 1 \ I""... ____ .. I~ ___ ___:I 

(F20+10nSPAL) 1 : ~ I_~ *"T".-3't-{3--10 1 1 

HIT" (10nS PAL) ~Ir------t-;--"'~---t-\.I r3--::...:.10::...._~~1 ----+~II__-----tI----~1 
~..l25M~) \ 1 

I I II I I X MISSDATAVALID \ 

5--11 '- J \1 .1: 29 
CACHEOE" (10nS PAL) ,..jJ-1

I

-""---+...I....""" 3--10 I "I-F..v!----.. I~-------ll 
I' 1 1 1 3--10 1 1 

CAWE£(lOnSPAL) I I 1 1 I 1 I 

1 1 1 1 1 
MEMACK" (USER -r------IIiT'"",-----tr------nr------"T,------r-, -----., 

SUPPLIED LOGIC) I II I 1 I 1 

RETRY" (lOnS PAL) 1 "3__"...,..10"..---.,... \----*1 -----1i'.~'"""1\,.3--~1-0---11-------I1-------<1 

UPDATE" (lOnS PAL) 1 

1 
TAGWE" (1 Ons PAL) I 

:\ : : : 
1:\ I I I 

VALlDCLK "'4~.5--~15-.3-~-..:..,:__~f_r: _____ 1"": __ ~_5..J.4-16 : : 1 
(10nS PAL+F04) 1 '-1.2--8 12 MAX ~ ~ ~ 7 MAX I 1 

VALID 3--0 ....!1---tl.7.tT.'-Cu.*=::=::J~~~~C===::j;...:.::...-_+1 ____ ~I (IDT6178S12, 10nS PAL) I I I I I I I IX OLD DATA BITS I I 
VALIDWE" (lOnS PAL) ~ ____ ~ _____ .L..... ____ ~ ____ ...J. _____ ..L_ ____ ..J 

Figure 3. 33MHz MC68030 Cache Read Miss - Retry...:.. Update Cycle 
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Figure 3_ 33MHz MC68030 Cache Read Miss - Retry - Update Cycle (cont'd) 
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ClK 

A31~ 

ECS" 

AS" 

R/W" 

STEAM" 

TEAMACK" 

MEMACK" 

00-31 

PIPEFUll" 

WATPNO" 

CAWEX" 

STATE2" 

STATE3" 

SO S1 S2 SW SW 

Figure 4" 33MHz MC68030 Back to Back Write Hlt/Pipelined 

7"8 

APPLICATION NOTE AN-46 

S3 SO S1 S2 

II 
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S2 SW SW SW SW SW 5W S3 50 SI 

ADDRESS VALID 
___ ~ ____ ~~ ____ ~ ______ ~ ____ ~ ______ ~ ____ ~ ______ ~I __ ~ I 

~ 
I I 

Figure 4_ 33MHz MC68030 Back to Back Write HitlPipelined (cont'd) 
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68030 BUS MAsTER-----------------.j.ot-------

SW I SW I SW I SW I SW I SW I S4 I S5 

ClK 
I I I 

A31-O --r---~----~----r----68-0-30-A-D~D~R~E-SS--~----~--~;~~ 
i i'\.LJl~ 

_+-__ --0. ____ -+-___ +-__ --0. ____ -+-___ +-___ ----+---+---+0-...;:>;,.:.5 M IN--
CACHEW 

VALlDClK 

VALID WE· 

VALID 3-0 68030 VALI~ITY BITS 

II 

Figure 5. 33MHz MC68030 Cache Coherency Cycle 
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---CACHE COHERENCY LOGIC BUS MASTER-----------1I-- 68030 

SO I S1 

Figure 5. 33MHz MC68030 Cache Coherency Cycle (cont'd) 
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II 
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PARTS LIST 
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IDT 33MHz 68030 Cache Revised: August 28, 1989 
Revision: A 

Bill Of Materials August 28, 1989 12:42:24 Page 1 of 1 

Item Quantity Reference Part 

1 4 C1,C2,C3,C4 27pF 
2 3 JP1,JP2,JP3 JUMP2 
3 1 R1 47 
4 4 R2,R3,R4,R5 1.8K 
5 4 R6,R7,R8,R9 2.7K 
6 4 R10,R11,R12,R13 33 
7 2 RP1,RP2 10K 
8 1 U1 68030-33 
9 3 U2,U6,U21 20L8-10 
10 1 U3 74F04 
11 1 U4 20R4-10 
12 1 US 74F20 
13 5 U7,U8,U9,U1O,U11 IDT6178S12 
14 1 U12 74F08 
15 8 U13,U14,U15,U16,U17,U18, IDT6198S25 

U19,U20 
16 1 U22 74F174 
17 1 U23 66.67MHz OSCILLATOR 
18 1 U24 16L8-10 
19 1 U25 16R4-10 
20 4 U26,U27,U28,U29 IDT74FCT373A 
21 4 U30,U31,U32,U33 IDT74FCT543A 
22 1 U34 74ALS08 

II 
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APPENDIX G 

USER INTERFACE 

7.8 
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This appendix discusses the timing, loading, architectural, 
and other design considerations relevant to the cache design. 
In addition, signal definitions including those supplied by the 
user to interface to the MC68030 cache design are provided. 

ADDRESS AND DATA LOADING 
The 33MHz MC68030 cache design was analyzed for 

capacitive and DC loading assuming several additional loads 
(not shown) for the benefit of the user. Refer to Appendix A, 
Loading Analysis for detailed information. The additional 
loads and their functions are as follows: 

ADDRESS BUS (A31-AO): 
A31-AO: 74ALS245 - Transeiver for coherency and/or dual 

port address path. 
A4: MC68882 - Floating Point Coprocessor. 
A31-A16: PAL20L8 - Two pals for additional address 

decoding. 

DATA BUS (031-00): 
031-00: 74ALS245 - I/O, EPROM, system bus interface data 

path. 
031-00: MC68882 - Floating Point Coprocessor. 

The user is free to add more loads to either the address or 
data buses so long as DC loading characteristics are not 
violated and timing parameters are derated for added 
capacitive loading. 

CACHE COHERENCVDUAL PORT 
The cache coherency interface to the 33MHz MC68030 

cache is also designed to be a dual port memory interface. 
The dual port interface will allow the user to perform memory 
read and write operations in parallel with cache coherency 
cycles. Memory write cycles will utilize the write pipeline. 

Figure 5.0 details the timing requirements for a cache 
coherency/dual port cycle. The user should drive a function 
code of 0 for coherency only cycles. For dual port cycles, a 
valid function code (1, 2, 5 or 6) should be driven. 

The 33MHz MC68030 cache design requires that the user 
drive the coherency/dual port address onto the A31-AO lines 
using a 74ALS245 transceiver (not shown in the schematics). 
The MC68030 data lines should be driven only for dual port 
operation. The remaining MC68030 signals should be driven 
in similar manner as the MC68030. Control signals such as 
AS", OS", WRITE", etc. should be asserted and deasserted 
on clock edges according to the MC68030 AC electrical 
specifications. 

7.8 

APPLICATION NOTE AN-46 

lOT 33MHZ MC68030 CACHE SIGNAL 
DESCRIPTIONS 
SIGNAL ACTIVE 
NAME STATE DRIVER USER DESCRIPTION 

AS" L 3S Yes MC68030 address strobe. 
Also driven by 
coherency/dual port 
interface logic. 

AVEC· L 

A[0 .. 31] H 

BERR" L 

BERRIN" L 

BG" L 

BGACK" L 

BR" L 

CACHEN* L 

CACHEOE" L 

Key: TP = totem pole 
3S = tri-state 
00 = open drain 

TP Yes Autovector. Driven by 
user to terminate 
autovectored inter- rupt 
acknowledge cycle. 

3S Yes MC68030 address bus. 

TP 

TP 

TP 

TP 

TP 

TP 

TP 

No 

Yes 

No 

Yes 

Yes 

No 

Driven by user for 
coherency/dual port 
cycles. 

MC68030 bus error input. 
Driven by P1 02 (U6) retry 
cycles. It is also asserted 
by P1 02 when the user 
supplied logic asserts 
BERRIN*. 

Bus error in. Driven by 
user to force P1 02 to 
generate BERR" to 
MC68030. The user can 
assert BERRIN* (alone) 
to bus error a processor 
bus cycle or (with 
HALTIN*) to generate a 
non- cacheable retry. 

Bus grant. Driven by 
MC68030. 

Bus grant acknowledge. 
Driven by user on 
coherency/dual port 
cycles. 

Bus request. Driven by 
user on coherency/dual 
port cycles. 

Cache enable. This 
signal is driven by P100 
(U2) to indicate that the 
cycle in progress is 
cacheable. 

No Data cache output 
enable. This signal is 
driven by P1 04 (U24) to 
the IOT6198 data RAMs 
to output cache read data 
onto the MC68030 data 
bus. 
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SIGNAL ACTIVE SIGNAL ACTIVE 
NAME STATE DRIVER USER DESCRIPTION NAME STATE DRIVER USER DESCRIPTION 

CAWE[O .. 3] L TP No Data cache write enable. D[0 .. 31] H 3S Yes MC68030 data bits. 
These signals are driven Driven by user for 1/0 
by P103 (U21) to cause accesses (through a 
data to be written into the transceiver), MC68882 
cache data RAMs on accesses or other custom 
either a read miss- update interface. 
cycle or a write hit. 

ECS· L TP No MC68030 early cycle 
CIIN· L TP No Cache inhibit in. This start. 

signal is asserted to force 
the MC68030 to not FC[0 .. 2] H 3S No MC68030 function code. 
internally cache the 
current cycle. It is FLUSH* L TP Yes Cache flush. This signal 
generated to force 1/0 is generated by the user 
space, system bus space to invalidate the entire 
or other non- memory cache. It is normally 
address space to be generated by an 1/0 
noncacheable. CIIN· is access. The pulse width 
driven by P1 00 (U2). on this signal must be at 

least 26nS and it must be 
ClOUT' L TP No Cache inhibit out. The generated while the 

MC68030 asserts this cache is not being ac-
signal to indicate that the cessed. Therefore, the 
current bus cycle should MC68030 should be in 
not be cached externally. the process of an 1/0 

access or it should be 
CLK33M1 H TP No 33MHz clock # 1. This is halted while the flush 

the 33MHz, 50% duty signal is active. 
cycle clock used to drive 
the MC68030 andlor on HALT· L TP No MC68030 halt input. 
board logic. P102 (U6) generates this 

signal on retry cycles. It 
CLK33M2 H TP No 33MHz clock # 2. This is is also asserted by P1 02 

the 33MHz, 50% duty when the user supplied 
cycle clock used to drive logic asserts HALTIN·. 
on board logic. 

HALTIN· L TP Yes Halt in. Generated by 
CLK33M1* L TP No 33MHz clock # 1. This is user supplied logic to 

the 33MHz, 50% duty assert the HAL T* signal to 
cycle active low clock the MC68030. The user 
used to drive on board can assert HALTIN· 
logic. (alone) to cause a 

processor halt state or 
CLK33M2· L TP No 33MHz clock # 2. This is (with BERRIN·) to 

the 33MHz, 50% duty generate a noncacheable 
cycle active low clock retry. 
used to drive on board 
logic. HIT· L TP No Cache hit. May be used 

by user supplied logic to 
DBEN* L 3S No Data bus enable. as an early indication of a 

Provided by MC68030 for cache miss. 
user supplied logic. 

IPL[0 .. 2] L TP Yes MC68030 interrupt priority 
DS· L 3S No MC68030 data strobe. level input. 

DSACK1,O' L TP Yes MC68030 data and size MATCH· L TP No Cache TAG RAM match 
acknowledge. Driven by indication. 
user for all noncacheable, 
non-memory cycles (IIO, MA[0 .. 27] H 3S No Latched memory address 
system bus, vectored bits. 
interrupt acknowledge, 
etc.). 

7.8 47 



A 33MHz MC68030 ZERO-WAIT CACHE MEMORY APPLICATION NOTE AN-46 

SIGNAL ACTIVE SIGNAL ACTIVE 
NAME STATE DRIVER USER DESCRIPTION NAME STATE DRIVER USER DESCRIPTION 

MO[0 .. 31] H 3S Yes Registered memory data PIPEFULL* L TP No Write pipeline full. 
bits. The user must Generated by Pl 05 (U2S) 
present read data on to latch the memory write 
these lines no later than address and data. It can 
1.5 clocks after also be used as a 
MEMACK* is asserted. memory write request 
See Figure 3.0. On write signal. 
cycles, the user must 
generate MEMWROE* to RESET* L 00 Yes Reset. Reset must be 
output write memory data generated by a user 
onto MOO-31. supplied open collector 

(pulled up) driver. 
MEMACK* L TP Yes Memory acknowledge. 

This user supplied signal RETRY* L TP No Retry. This signal is 
should be asserted for generated by Pl02 (U6) 
one clock based on the to indicate that a retry 
CLK33Ml falling edge (or cycle is in progress. It 
CLK33M2* rising edge). can be used by user 
It should be asserted no supplied logic to indicate 
earlier than 1.5 clocks a memory read miss 
before memory read data request. 
is valid. See Figure 3.0. 

RETRYCLR* L TP No Retry clear is generated 
MEMCS* L TP No Memory chip select. by Pl04 (U24). It forcos 

Generated by Pl 00 (U2). RETRY* to doassort 
based on a bus orror, 

MEMERR* L TP Yes Memory error. This signal reset, or alternato bus 
should be generated by master access. 
user supplied logic to 
indicate a memory parity RMC* L 3S No MC68030 read modify 
error, an access to write cycle. 
nonexistent memory, or 
other error. MEMERR* SIZ[0 .. 1] H 3S No MC68030 size bits. 
should be asserted for 
one clock based on the STATE2* L TP No MC68030 state 2. This 
CLK33Ml falling edge (or signal ascerts in state 
CLK33M2* rising edge). 2 and de asserts after 
It is used to clear a write state 3. Generated by 
cycle pending in the Pl03 (U21). 
pipeline. The user should 
simultaneously assert STATE3* L TP No MC68030 state 3. This 

II BERRIN* and MEMERR* signal asserts in state 3 
for read cycles which and holds on until the bus 
result in an error cycle is complete. 
condition. Generated by Pl 03 

(U21). 
MEMROOE* L TP No Memory read data output 

enable. P104 (U24) TAGWE* L TP No Tag RAM write enable. 
asserts this signal to Generated by Pl 04 
place memory read data (U24). 
onto the MC68030/cache 
data bus. TERMACK* L TP No Terminate acknowledge. 

This signal is generated 
MEMWROE* L TP Yes Memory write data output by Pl0S (U2S). The 

enable. User supplied assertion of TERMACK* 
logic must assert this causes Pl00 (U2) to 
signal according to the assert STERM*, which 
memory timing acknowledges a 32 bit 
requirements. bus cycle to the 

MC68030. TERMACK* 
MSIZ[O .. l] H 3S No Latched memory size bits. asserts on pipe lined write 

cycles, retry cycles, and 
noncacheable read 
cycles. 
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SIGNAL ACTIVE 
NAME STATE DRIVER USER DESCRIPTION 

VALlDWE* L TP No Validity RAM write enable. 
VALlDWE* is generated 
by P104 (U24). It serves 
to output enable the new 
validity bits in P1 01 (U4) 
and strobe the new 
validity data into the 
validity RAM, 
IDT6178S12 (U11). 

WRITE* L 38 No MC68030 write signal 
(low). 

WRITE H TP No MC68030 write signal 
(high). 
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50MHz MC68030 TIMING ANALYSIS 
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50MHZ MC68030 - CACHE TIMING 
(2 CLOCK CACHE READ, 3 CLOCK CACHE WRITE) 
- - indicates a derated parameter. 
CP - indicates common path analysis used. 

IDT6198S15 CACHE DATA READ PARAMETERS: 

1. 68030 Address to IDT6198 Data Valid: 

1.5 clocks @ 20ns: 
68030, t6, clock to address: 
68030, t27, read data setup: 
Data bus derating: 

ns 

30 
(14) max 

(1) min 
(2) max 

13ns •••••• 

tAA Required = 15ns 

2. PAL CACHEOE' to IDT6198 Data Valid: 

1 clock @ 20ns: 
7ns PAL, clock to CACHEOE': 
68030, t27, read data setup: 
Data bus derating: 
Clock skew: 

tOE Required = 8ns 

3. CACHE CS' to IDT6198 Data Valid: 

ns 

30 
(7.5) max 

(1) min 
(2) max 
(2) max 

17.5ns 

Since the cache data ram chip select is grounded, this is 
not a limiting parameter. 

tACS Required = 15ns 

4. 68030 AS' Negated to IDT6198 Data Invalid: ns 

7ns PAL, clock to CACHEOE': 
IDT6198 CACHEOE' to data invalid: 

MC68030 T29 Required = Ons 

3 
o 

3ns 

min 
min 

IDT6198S15 CACHE DATA WRITE PARAMETERS: 

5. 68030 Synchronous Data Hold: 

68030, T12, clock to AS' negated: 
7ns PAL, clock to CACHEOE': 
IDT6198 CACHEOE' to data invalid: 

MC68030 T30 Required = 6ns 

ns 

o min 
3 min 
o min 

3ns 

Note:Data hold time is satisfied by parameter #4 above. See 
MC68030 User's Manual note #12 on page 13-6. 
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6. 68030 Address Valid to IDT6198 Write Begin: ns 

1.5 clock @ 20ns: 
7ns PAL, clock to CAWEx' low: 
68030, t6, clock to address: 
Clock skew: 

tAS Required = Ons 

30 
3 min 

(14) max 
(2) max 

17ns 

7. 68030 Address Valid to IDT6198 Write End: ns 

2.5 clocks @ 20ns: 
7ns PAL, clock to CAWEx' high: 
68030, t6, clock to address: 
Clock skew: 

tAW Required = 14ns 

7. IDT6198 Write Pulse Width: 

1 clock @ 20ns: 
7ns PAL, clock to CAWEx' high: 
7ns PAL, clock to CAWEx' low: 

twp Required = 14ns 

50 
3 

(14) 
(2) 

37ns 

ns 

20 

min 
max 
max 

3 min 
(7.5) max 

15.5ns 

IDT6198S15 CACHE DATA WRITE PARAMETERS: 

8. 68030 Data Valid to IDT6198 Write End: 

1.5 clock @ 20ns: 
7ns PAL, clock to CAWEx' high: 
68030, t23, clock to data: 
Clock skew: 

tDW Required = 8ns 

9. 68030 Data Hold to IDT6198 Write End: 

0.5 clock @ 20ns: 
68030, t53, clock to data invalid: 
7ns PAL, clock to CAWEx' high: 
Clock skew: 

tDH Required = Ons 

ns 

30 
3 min 

(14) max 
(2) max 

17ns 

ns 

10 
2 min 

(7.5) max 
(2) max 

2.5ns 
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IOT6178S12 CACHE TAG HIT/MISS PARAMETERS: 

10. BERR·, HALT· Set upto Clock Low: 

1.5 clocks @ 20ns: 
68030, t6, clock to address: 
7ns PAL, MATCHx to BERR·, HALT": 
74F20, MATCHx to MATCH": 
68030, t27A, BERR·, HALT· setup: 

ns 

30 
(14) max 

(7.5) max 
(6) max 
(3) min 

-0.5ns ••••••• 

tAOM Required = 12ns (From IOT6178 address) 
tOAM Required = 11ns (From IOT6178 data) 

11. BERR·, HALT" Set upto Clock Low: 
(from output enable, retry followed by read) 

1.5 clocks @ 20ns: 
7ns PAL, clock to VALIOWE: 
74F04, VALIOWE: 
7ns PAL, MATCHx to BERR·, HALT": 
68030, t27A, BERR·, HALT" setup: 
Clock skew: 

tOE Required = 8ns 

ns 

30 
(7.5) max 
(5.3) max 
(7.5) max 

(3) min 
(2) max 

4.7ns •••••• 

IOT6178S12 CACHE TAG WRITE PARAMETERS: 

12. Address valid to end of Write: 
Not calculated but certainly not a problem. 

tAW Required = 10ns 

13. IOT6178 Write Pulse Width: 

1 clocks @ 20ns: 
7ns PAL, clock to VALlOWE· high: 
7ns PAL, clock to VALlOWE· low: 

twp Required = 10ns 

14. IOT6178 Data Valid to Write End: 

1 clock @ 20ns: 
7ns PAL, clock to VALlDWE· high: 
7ns PAL, clock to VALlDWE· low: 
7ns PAL, VALlDWE· to VALlDO-3: 

tDW Required = 8ns 

15. IOT6178 Data Hold after write: 

7ns PAL, VALlDWE· to VALlDO-3: 

tDH Required = Ons 

ns 

20 
3 min 
(7.5) max 

15.5ns 

ns 

20 
3 min 
(7.5) max 
(7.5) max 

8ns 

ns 

3 min 

3ns 

APPLICATION NOTE AN-46 

16. Address Setup to AS· low: 
(Coherency cycle) 
Address setup to AS· low: 
7ns PAL, AS· to VALlDCLK·: 
74F04, VALlDCLK· to VALlDCLK: 
74F20, MATCHx to MATCH": 
7ns PAL, MATCH· setup to VALlDCLK: 

ns 

25 min 
3 min 
2.4 min 

(6) max 
(7.5) m'ax 

16.9ns 
tADM Required = 12ns (From IDT6178 address) 
tDAM Required = 11ns (From IDT6178 data) 

IOT6178S12 CACHE TAG WRITE PARAMETERS: 

17. IOT6178 Address Hold after Write: 
(Retry cycle) 
0.5 clocks @ 20ns: 
68030 t8, Address Hold: 
7ns PAL, clock to VALlOWE· high: 

tWR Required = Ons 

18. IOT6178 Address Hold after Write: 
(Coherency cycle) 
Address hold to AS· high: 
7ns PAL, AS· to VALlDWE· high: 

tWR Required = Ons 

7.8 

ns 

10 
o min 

(7.5) max 

2.5ns 

ns 

10 min 
(7.5) max 

2.5ns 
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A 33MHz MC68030 ZERO-WAIT CACHE MEMORY 

50MHZ MC68030 - CACHE TIMING 
(3 CLOCK CACHE READ, 3 CLOCK CACHE WRITE) 
(NO RETRY ON CACHE MISS) 
- - indicates a derated parameter. 
CP - indicates common path analysis used. 

IDT6198S20 CACHE DATA READ PARAMETERS: 

1. 68030 Address to IDT6198 Data Valid: 

2.5 clocks @ 20ns: 
68030, t6, clock to address: 
68030, t27, read data setup: 
Data bus derating: 

tAA Required = 20ns 

2. PAL CACHEOE· to IDT6198 Data Valid: 

2 clocks @ 20ns: 
68030, t9, read data setup: 
7ns PAL, clock to CACHEOE·: 
68030, t27, read data setup: 
Data bus derating: 

tOE Required = 8ns 

3. CACHE CS· to IDT6198 Data Valid: 

ns 

50 
(14) 

(1) 
(2) 

33ns 

ns 

40 

max 
min 
max 

(10) max 
(7.5) max 

(1) min 
(2) max 

19.5ns 

Since the cache data ram chip select is grounded, this is 
not a limiting parameter. 

tACS Required = 20ns 

4. 68030 AS· Negated to IDT6198 Data Invalid: ns 

7ns PAL, clock to CACHEOE·: 
IDT6198 CACHEOE· to data invalid: 

MC68030 T29 Required = Ons 

3 
o 

3ns 

min 
min 

IDT6198S20 CACHE DATA WRITE PARAMETERS: 

5. 68030 Synchronous Data Hold: 

68030, T12, clock to AS· negated: 
7ns PAL, clock to CACHEOE·: 
IDT6198 CACHEOE· to data invalid: 

MC68030 T30 Required = 6ns 

ns 

o min 
3 min 
o min 

3ns 

Note: Data hold time is satisfied by parameter #4 above. See 
MC68030 User's Manual note #12 on page 13-6. 
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6. 68030 Address Valid to IDT6198 Write Begin: ns 

1.5 clock @ 20ns: 
7ns PAL, clock to CAWEx· low: 
68030, t6, clock to address: 
Clock skew: 

tAS Required = Ons 

30 
3 min 

(14) max 
(2) max 

17ns 

7. 68030 Address Valid to IDT6198 Write End: ns 

2.5 clocks @ 20ns: 
7ns PAL, clock to CAWEx· high: 
68030, t6, clock to address: 
Clock skew: 

tAW Required = 14ns 

7. IDT6198 Write Pulse Width: 

1 clock @ 20ns: 
7ns PAL, clock to CAWEx· high: 
7ns PAL, clock to CAWEx· low: 

twp Required = 14ns 

50 
3 

(14) 
(2) 

37ns 

ns 

20 

min 
max 
max 

3 min 
(7.5) max 

15.5ns 

IDT6198S20 CACHE DATA WRITE PARAMETERS: 

8. 68030 Data Valid to IDT6198 Write End: 

1.5 clock @ 20ns: 
7ns PAL, clock to CAWEx· high: 
68030, t23, clock to data: 
Clock skew: 

tDW Required = 8ns 

9. 68030 Data Hold to IDT6198 Write End: 

0.5 clock @ 20ns: 
68030, t53, clock to data invalid: 
7ns PAL, clock to CAWEx· high: 
Clock skew: 

tDH Required = Ons 

ns 

30 
3 

(14) 
(2) 

17ns 

ns 

10 

min 
max 
max 

2 min 
(7.5) max 

(2) max 

2.5ns 
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IDT6178S12 CACHE TAG HIT/MISS PARAMETERS: 

10. STERM· Set up to Clock High: 

2.0 clocks @ 20ns: 
68030, t6, clock to address: 
7ns PAL, MATCHx to STERM·: 
68030, t60, STERM· setup: 

ns 

40 
(14) max 

(7.5) max 
(2) min 

16.5ns 
tADM Required = 12ns (From IOT6178 address) 
tOAM Required = 11 ns (From IOT6178 data) 

11. STERM· Set up to Clock High: 
(from output enable, retry followed 
by read) 
2.0 clocks @ 20ns: 
7ns PAL, clock to VALIOWE: 
74F04, VALIDWE: 
10ns PAL, MATCHx to BERR·, HALT·: 
68030, t60, STERM· setup: 
Clock skew: 

tOE Required = 8ns 

ns 

40 
(7.5) max 
(5.3) max 
(7.5) max 

(3) min 
(2) max 

14.7ns 

IDT6178S12 CACHE TAG WRITE PARAMETERS: 

12. Address valid to end of Write: 
Not calculated but certainly not a problem. 

tAW Required = 10ns 

16. Address Setup to AS· low: 
(Coherency cycle) 
Address setup to AS· low: 
7ns PAL, AS· to VALlOCLK·: 
74F04, VALlDCLK· to VALlDCLK: 
74F20, MATCHx to MATCH": 
7ns PAL, MATCH" setup to VALlDCLK: 

APPLICATION NOTE AN-46 

ns 

25 min 
3 min 
2.4 min 

(6) max 
(7.5) max 

16.9ns 
tADM Required = 12ns (From IDT6178 address) 
tOAM Required = 11 ns (From IDT6178 data) 

IDT6178S12 CACHE TAG WRITE PARAMETERS: 

17. IDT6178 Address Hold after Write: 
(Retry cycle) 
0.5 clocks @ 20ns: 
68030 t8, Address Hold: 
7ns PAL, clock to VALlDWE· high: 

tWR Required = Ons 

18. IDT6178 Address Hold after Write: 
(Coherency cycle) 
Address hold to AS· high: 
7ns PAL, AS· to VALlDWE· high: 

tWR Required = Ons 

7.8 

ns 

10 
o min 

(7.5) max 

2.5ns 

ns 

10 min 
(7.5) max 

2.5ns 

55 



A 33MHz MC68030 ZERO-WAIT CACHE MEMORY APPLICATION NOTE AN-46 

READ HIT ---------

so SI S2 SW SW 

ClK -t=10 
A3Hl,FC2-O (68030) ..L.....L...L...L-L.......t.....I'-I'=== __ -'-____ ...:.R.:.::E;.:.:A~D.:..::AO::.:O::.:R.:.::E~S.::.S..:.VA:..::l;;;;IO;;...... ___ __I 

ECS" (68030) ~==~rn=~~==~~~II==~~~----~----~----~ 

AS"(~O~) -;-----;~~~~~~~---~-------~-----~ 
RNJ" (680:1)) -+----------<',.....J 

MATCHX (IOT6178S 12) ...L-_'_...I-..l.-L...o~'--"""""-'--¥-"""'-~~ 

VALl03-0 (IOT6178S 12) +....L...L....l.-L.......~'--":-£...I.f-'-_'+-f-.l.-~~::_-:-+-------_V~~fL..;;IO....;B;.;.IT..;;S....;3-4----i 

STERM" (7.5nS PAL) I 

HIT" (7,5nS PAL) 

BERR", HALT" (7.5nS PAL) I 
20 MAX 

031-0 (IOT619852O, :~uQ~J~----~,~------~~pC5R~E~A~0:E0~AT~A~V~A:gLl~D~ 
68030) I I 

CACHOE" (7.5nS PAL) T-------,--------.,....=:::::1"" ______ ------~-------___. 
CAWEx" (7.5nS PAL) 

50 MHz MC68030 Cache Read, Write Hits (3 clock) 
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------I~-------------- WRITE HIT ---------------,'1 

53 50 51 S2 SW SW S3 so 

VALID BITS 3-<J I 

~~~----------l=~~~7.~5~.,rl--~-------

50 MHz MC68030 Cache Read, Write Hits (3 clock) (cont'd 
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(;)® 33MHz 68020 CACHE APPLICATION 
IN ONLY 19 CHIPS NOTE 

AN-79 
Integrated Device Technology, Inc. 

by Jim Handy 

The schematic in Figures 1 and 2 shows a simple cache to 
support 33MHz zero-wait operation in the Motorola 6B020. 
The design is a simple 32K byte direct-mapped write-through 
cache using a line size of one long-word. Software controls 
are provided for cache control during context switches, as is 
done on the internal caches in the 6B030. 

A few tricks are used to allow the cache to readily operate 
at this high frequency while using "off the shelf" parts. All parts 
used in this design have been readily available through 
distribution for years. 

The first trick is that the cache resides in virtual space rather 
than physical space. This is done by driving the cache's 
address inputs with the logical address bus between the CPU 
and the MMU rather than the more typical move of using the 
MMU's address outputs. This approach reduces the delays in 
the address path to the cache memory, thus considerably 
loosening the constraints of cache memory access time. In 
addition, the CPU and cache memory can operate indepen­
dently of the MMU, thus removing the extra cycle the MMU 
uses to translate addresses. The minimum cycle of this cache 
is three clock periods, whereas the minimum cycle of an MMU­
mapped memory access is four clock periods. 

The second trick is to use a bus retry sequence rather than 
the DS Acknowledge signals to signify a cache miss. With the 
more typical acknowlege-driven system, a miss cycle is handled 
as a single slow memory access. This would require the 
cache controller to respond with a "hit" or "miss" signal within 
thefirst30nsofthe memory cycle, during the CPU's S2 phase, 
to let the CPU operate out of cache with no wait states. (See 
IDTTechnical Note 11 "Cache-Tag RAM Timing forthe 6B020 
Using the IDT7174".) Inthe bus retry system shown here, two 
memory cycles (zero-wait read from cache, followed by retry) 
are executed on a cache miss, the latter being the cache 
update. A cache miss does not need to request a bus retry 
until the CPU's S4 cycle. The cost of this method is that eight 
additional clock half-cycles are incurred for every cache miss 
(a total additional delay of 120ns), however, the benefits are 
that considerably less costly and more widely available parts 
can be used for the cache-tag memory, and significant board 
space can be saved by the low component count of this slow 
of a cache. 

The cache will be described in its three main sections: 
cache-tag RAM, cache data RAM, and cache control logic. 

The cache-tag is built up of three I DT717 4 BKxB cache-tag 
RAMs, U1, U2 and U3. These devices ar~ fast (25ns) CMOS 
static RAMs which contain an eight-bit comparator to compare 
the RAM core's data outputs with the data input pins. The 
MATCH outputs are open-drain, and have been wire-ORed to 
allow the three devices to act as a single BKx24 device. A 
RESET input is used to invalidate all entries by clearing all 
RAM bits in the entire array to 0 within 55ns. Data inputs from 
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the CPU to these devices consist of the cache index address, 
A2-A14, the upper address bits, A15-A31, the Size bits 
SIZEO-SIZE1, the function codes, FCO-FC2, and two valid 
bits. The cache index address, A2-A 14, is simultaneously 
sent to the cache data RAM, and is used to indicate which 
cache address is being accessed. The upper address bits, 
A 15-A31 , determine whether the indexed address is replicated 
in the cache data RAM. The size bits SIZEO-SIZE1 allow the 
cache to store and subsequently retrieve misaligned data 
transfers, as long as a write or cache update cycle and the· 
following read cycle are similarly misaligned. The function 
codes serve to identify whether the cache location is used in 
user/supervisor modes, andwhetherdataconsists of program 
or data entries. The 6B020 allows each of these options to 
have its own 4 Gigabyte space. The valid bits are compared 
against the two remaining bits in the cache-tag RAMs. If the 
cache-tag has not had new data written to a location after a 
reset, the corresponding valid bits will contain zeros, and will 
not match the hard-wired high level present at the input pins, 
thus unilaterally preventing a cache hit from occurring at that 
location. Four other Signals, CPUSPACE, 10EN, CACHE.E 
and AS disallow the cache-tag from issuing a hit when 
coprocessors or I/O devices are being accessed, when the 
cache is disabled, orupon an invalid address. CPUSPACE is 
derived from the function codes (FCO-2 all highs) while 10EN 
is a decoded address range where the I/O devices are 
mapped. These signals are combined with the cache-tag's 
output in U13A, U1BD and U16B to produce the CHIT signal. 

The cache data RAM is simply built up of four IDT7164 BKxB 
35ns CMOS static RAMs, U4 - U7. Its address inputs are the 
same cache index inputs which are fed into the cache-tag II 
RAMs, its data I/O is the 6B020's 32-bit data bus and the 
output enable is driven by the CHIT output from the tag array. 
The IDT7164's 1Bns output enable to output valid time as-
sures that data will be present on the CPU's data pins within I 

plenty of time to execute a zero wait-state read cycle. The 
address to CHIT delay of 30ns gives the synchronization logic 
enough time to adequately generate the bus retry sequence 
into the 6B020. The write pulse into this RAM array is 
generated by the cache write pulse logic described in a 
subsequent paragraph. 

The controller can be divided into three parts: cache enable/ 
disable, hit/miss logic and cache write pulse generation. The 
enable/disable control is made of four chips, U10, U12B, 
U15A and B, U1BA-C and is a simple address decoder with 
three output signals, Enable, Disable, and Reset. The three 
signals are mapped within the CPU space of the processor, 
and generate an acknowlege signalwith zero wait states. The 
Enable and Disable commands toggle the cache enable flip 
flop, with the Enable signal also resetting the cache-tag to 
assure that a session is begun with the tag flushed of any stale 
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data from a previous use. The Reset control is used to flush 
the cache for a context switch. A 25ns IOT7174 cache-tag 
RAM can be reset within 55ns, but the minimum address 
strobe pulse width of the 33M Hz 68020 is 50ns, so a zero wait­
state cycle can only be used for this operation if a 20ns cache­
tag is specified. 

The hit/miss logic consists of a series of two latches, U9A 
and U9B, which are timed from the address strobe with the 
33MHz CPU clock and the 66MHz bus clock to sample the 
status of the cache-tag output as late as possible to allow for 
the cache-tag's access time, still adequately in advance of the 
trailing edge of the 68020's S4 cycle to assure that a BERR is 
generated soon enough forthe CPU to recognize that it should 
attempt a bus retry. The retry sequence which is to be fed to 
the 68020 consists of the assertion of the OSACK signals during 
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the S2 clock phase, followed by the assertion of the BERR and 
HALT signals during the S4 phase. Upon a cache miss, the 
CM ISS signal is output to the system data buffers to allow data 
to be received from the system memory and I/O devices. The 
CMISS signal is also routed by U11 Band U14A-0 and is gated 
by the address strobe and the INHIBIT signal (explained be­
low) to generate BERRand HALTinputstotheCPU. The third 
latch, U12A, is combined with the system reset and cache 
enable signals to enable/disable the cache's acknowledge 
and bus error signals. As a general rule, the acknowlege 
signals are sent to the CPU for all memory accesses, with U14 
and U130 only being disabled by the INHIBIT signal. The 
INHIBIT signal is generated by the trailing edge of the address 
strobe of the cycle upon which a cache miss is detected, 
and continues until the trailing edge of the address strobe of 
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the next cycle, the cache update cycle. During either the 
second cycle of a cache miss or during a write cycle, or 
whenever the cache is disabled, the INHIBIT signal disallows 
thecachefromgenerating DSACK, HALT, and BERRsignals, 
thus leaving the system memory in control of the bus timing. 

Cache write pulse generation is controlled by U17 A and B 
and the surrounding logic. There are two conditions under 
which a cache write occurs in this design: all write cycles, and 
the second cycle of all cache misses. The first case is handled 
by routing the CPU's write pulse through U13C and U19A to 
the write strobe inputs of the cache-tag and data RAMs. The 
second case is slightly more complicated. A write strobe for 
the second cycle of a cache miss starts with the coincidence 
of an address strobe and the INHIBIT signal as detected by 
U19B, and continues until two 33MHz clock cycles after the 

U118 

4 
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external memory has generated either DSACK signal. The 
termination of this cycle is coincident with the time that the 
CPU strobes data into itself, and is timed by the circuit using 
U16A, U17A and B, and U13B. Thisfollowsthe 68020'sability 
to receive the DSACK signals before read data is actually 
valid. 

For clarity's sake, 74FOO series logic was selected over a 
PAL for this design. The use of a PAL and a wait state during 
tag reset could significantly loosen the specifications (and 
cost) of the tag RAMs used. With a 7.5ns PAL, the same 
cache could operate using a 35ns IDT7174. The configura­
tion of the controller, as well as the basic architecture of the 
cache has been adapted from a Motorola application note, 
AN984, which implements a 25MHz cache in approximately 
65 chips. 
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AN-80 

SYSTEM 
Integrated Device Technology, Inc. 

by Pat Kearns, Intel Corporation and Jim Handy, Integrated Device Technology, Inc. 

The design of caches for microprocessor systems has 
often been avoided by design engineers because of the extra 
board space needed to implement them. Now, however, with 
the introduction of the Intel 82385 cache controller, the de­
signer has a solution to the board space issue posed by 
caches. The 82385, because of its compatibility with a wide 
number of different types of static RAMs, allows the designer 
to improve the performance of an Intel386™ microprocessor­
based system without unduly adding to the overall board 
space of the system. Further, because of the design of the 
Intel 82385 cache controller, and again because of its com­
patibility to a wide number of different types of static RAMs, 
the designer is able to implement a board space efficient two­
way set-associative cache, allowing the optimum solution to 
the cache design problem. 

Using chips from both Integrated Device Technology and 
Intel, a solution to a direct mapped cache is presented. In 
addition a number of different solutions to a two-way set­
associative cache design are given for an i386™ micropro­
cessor-based system. The solutions presented allow for the 
designer to select a cache design that is best suited for his 
application. 

CACHE ASSOCIATIVITY 
One of the most fundamental aspects of cache design with 

the 82385 cache controller is the associativity of the cache. 
When using the 82385, the designer has the choice between 
either using a direct mapped or two-way set-associative 
architectu re. 

In order to make the correct choice, the designer should 
first understand the definition of associativity. Associativity 
may be defined, architecturally, as the number of memory 
banks that are used forthe data cache memory. For example, 
a direct mapped (or single-way set-associative) cache has a 
single bank of memory with every location in the data cache 
mapping line per line to the corresponding line offsets within 
any main memory page. A two-way set has two banks of 
memory with each line location (one in each memory bank) 
mapping to any page in main memory. 

For a direct mapped cache, the architecture dictates that 
there will never be more than one piece of data at any unique 
line offset address in the data cache (the address of a data 
location in main memory is given by a unique page number 
and a non-unique line offset address). Forexample, since the 
main memory address locations page 2/line 6 and page 3/line 
6 have the same line offset addresses (they have the same 
line number), they can never both be in a direct mapped cache 
at the same time. Conversely, page 2/1ine 6 and page 2/1ine 
7 can be in the cache at the same time, since their line offset 
address differs (even though their page address is the same). 

i386 and Intel386 are trademarks of Intel Corp. 

On the other hand, for a two-way set-associative cache, 
every location in the cache has two pages that it can be 
mapped to. This implies that there can be two pieces of data 
(one per cache way) at anyone line offset address in the cache 
memory at the same time. To use the same example as in the 
previous paragraph, the two-way cache can maintain both 
page 2/1ine 6 (way A) and page 3/line 6 (way B) within the 
cache at the same time. A request for data from either page 
2/line 6 or page 3/1ine 6 will result in a cache hit. 

A consideration when deciding on whether to use a direct 
mapped cache or a two way set-associative cache is the 
relative performance between the two in regard to handling 
program structures. A program structure with code in one 
page of main memory which frequently calls a routine located 
in a different page in main memory can cause an extremely 
high miss rate if a direct mapped cache is used (assuming a 
high likelihood of line offset address conflicts). For example, 
a microprocessor fetches an instruction from page address X, 
with a line offset address Y. This instruction is stored in the 
cache until another instruction fetchfrom a page address Z but 
with the same line offset caused a cache miss to occur. If the 
program structure is such that these two addresses are in a 
loop, this causes a string of consecutive misses. This situation 
is often called "Thrashing". 

On the other hand, a two-way set-associative cache handles 
programs that are ontwo different pages much more efficiently, 
since as stated, a two-way set-associative cache can have as 
many as two pieces of data at any unique line offset address 
in its cache, which helps significantly in alleviating the thrash­
ing problem. 

Eventhough a two-way set-associative cache has a higher II 
immunity to thrashing, it is easy to see why designers have not 
raced to higher and higher levels of associativity. The main 
reason is, of course, that a two-way set-associative cache 
typically consumes up to twice as much circuitry as a direct­
mapped cache. With typical circuits containing as many 
components as the one shown in Figure 3, this circuitry 
penalty has often not been considered worth the gain in 
performance shown in Figure 1. 

82385 CACHE ARCHITECTURE AND OPERA­
TION OVERVIEW 

The 82385's architecture is specifically designed for either 
a 32Kbyte direct mapped or a 32Kbyte two-way set-associative 
cache arrangement. The cache directory architecture dictates 
that a direct- mapped design be 8K deep by 32-bits (forthe 32-
bit word length of the i386 CPU), ortwo banks of 4K by 32-bit 
words for a two-way set-associative design. 

<l:l1990 Integrated Device Technology,lnc. 7.10 12190 
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Hit Rate ('%) 
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(Source: A. Smith. UC Berkeley) 

Figure 1. Hit rate as a function of cache configuration 

The 82385 cache architecture can be divided into four 
functional blocks. There is the cache controller state machine 
logic, the cache tag directory, the system/local bus cache 
directory multiplexer and the write buffer. The cache controller 
is designed to replicate the Intel386 microprocessor's front 
end which allows not only direct connection of the controller to 
the system bus, but it also enables the CPU to operate in 
pipeline mode with a cache connected, thus assuring the 
highest possible throughput. The cache directory is used to 
indicate the presence of the requested cache data in the 
external cache data RAM. It consists of 1024 tags, 8192 line 
valid bits, and 512 replacement algorithm bits (the tags hold 
the page numbers discussed in this article). In orderto provide 
system coherency (in case a DMA or other bus master 
updates a cached memory location), the cache directory is 
multiplexed between the system bus and the Intel386 address 
bus via the on-Chip multiplexer. 

The state machine of the 82385 controls the interaction of 
the cache static RAM with the system bus and the CPU local 
bus. When the microprocessor operates out of the cache, it 
first strobes the cache controller with its address status line 
which in turn signals the cache controller and the cache static 
RAM address latch to latch the address bus. The cache 
controller responds by examining the cache directory to see 
if data for the requested address is in the cache. If the desired 
data is in the cache RAM, the cache controller asserts one of 
its cache output enable (COE#) signals (one output enable is 
used for a direct-mapped cache, two are used for a two-way 
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set-associative cache). This, of course, enables the cache 
RAM's data output lines. Once the data is presented to the 
CPU's local data bus, the cache controller terminates the bus 
cycle by asserting its READYO# (Ready Out) signal which is 
gated to the i386 CPU's READY input port. 

On a cache miss, the controller invalidates the correspond­
ing cache location (by resetting the associated valid bits) and 
then performs a main memory read into both the CPU and the 
appropriate cache location by enabling the external system 
address latch and data transceivers with its associated control 
Signals (BACP, BAOE#, LDSTB, DOE#, and BT/R#). 

When the microprocessor writes data to the system memory, 
the 82385 also plays an important role. During a write cycle, 
the 82385 latches the i386 CPU address, data, and cycle 
definition signals, and the i386 CPU local bus cycle is com­
pleted without wait states, reduCing the effective memory write 
cycle time. The 82385 waits for access to the system bus, then 
performs the write to main memory independent of the mi­
croprocessor. The i386 CPU is free to concurrently operate 
out of the 82385 cache via the i386 local bus. 

The cache controller includes the necessary I/O and logic 
to monitor system bus DMA transfers. The BHOLD and 
BHOLD Acknowledge Signals are used by the controller to 
manage external system bus transfers. On reception of a 
BHOLD signal, the controller (when programmed for master 
mode) will issue a BHOLD Acknowledge output signal to the 
requesting device. The requesting device then sends its data 
across the system bus which in turn is monitored by the cache 
controllervia its snoop address bus (the multiplexer alternately 
presents to the cache directory the microprocessor address 
and the system bus address). Should the DMA write to a 
location which is currently in the cache memory, that location's 
valid bit will be invalidated so that the cache contents will not 
disagree with the contents of the main memory at the end of 
the DMA. Before the system bus transfer occurs however, an 
external device must assert the Snoop Enable signal input 
that feeds the controller. As well, a Snoop Strobe signal must 
be presented to the controller for the transfer of each system 
bus address so that the controller can latch the system 
address bus. Alternatively, during a DMA transfer, the con­
tents of the cache may be emptied by asserting the FLUSH 
signal that feeds into the cache controller. Both the Snoop and 
the FLUSH are used to prevent the possibility of the processor 
operating out of the cache with stale data that has not been 
checked by the coherency logic during a system bus DMA 
transfer. 

CHOOSING BETWEEN DIRECT MAPPED AND 
ASSOCIATIVE CACHES 

Until now, the designer who wanted the added perfor­
mance of two-way set-associative caches had to tolerate 
added component count, increased power, and increased 
board space. Such trade-ofts often left the designer without 
a cost-effective solution to a two-way set-associative deSign. 
This is because, on one hand, a higher associativity offers 
higher throughput, but on the other hand, a higher associativ­
ity requires an inordinate number of chips. 

7_10 2 
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SYSTEM THROUGHPUT AS A FUNCTION OF 
CACHE POLICIES 

For a given cache memory size, the higher the associativity 
of the cache, the lowerthe overall miss rate (orthe higherthe 
hit rate). Figure 1 shows the hit rate for generic direct-mapped 
and two-way set-associative caches of various memory sizes. 

As figure 1 shows, a two-way set-associative cache in 
general will have a higher hit rate than direct-mapped caches. 
Roughly speaking, a two-way set-associative cache has simi­
lar hit rate performance to a direct-mapped cache of twice the 
size. Thus an 8kB two-way set-associative cache has perfor­
mance similar to that of a 16kB direct-mapped cache, and a 
32kB two-way set-associative cache will have similar hit rate 
performance to a 64kB direct-mapped cache. 

A cache with a higher hit rate will result in higher system 
performance. To see this clearly, let's look at a general 
33MHz example. For this example system, fast page-mode 
dynamic RAM is used for main memory and we will assume: 
• 70% of main memory reads and memory writes occur 

within the same DRAM page as the preceding memory 
reference. These cycles take two wait states (4 clocks). 

• 30% of main memory reads and memory writes occur 
across a DRAM page boundary from the preceding 
memory reference. These cycles take six wait states (7 
clocks). 

• The cache hit rate accounts for about 82% of the memory 
cycles in a direct-mapped 32kB cache, and about 90% of 
the memory cycles in a two-way set-associative 32kB 
cache (see figure 1). Each of these cycles takes two 
clocks. All other memory references are to main memory 
at the time penalties listed above. 
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Based on the above assumptions, a 33MHz CPU's aver­
age numberof clocks permemorycyclewithout a cache would 
be: 

(30% • 7 clocks) + (70%· 4 clocks) = 4.9 clocks per memory 
cycle while a 33MHz system which used a 32kB direct­
mapped cache would perform at: 

(82% • 2 clocks )+ [18% • ((30% • 7 clocks) + (70% • 4 
clocks))] = 2.522 clocks per memory cycle resulting in a per­
formance improvement over a non·cached system of 48.5%: 

(4.9 - 2.522)/4.9 = 0.485 
In a similar analysis, a 33MHz system which used a 32kB 

two-way set-associative cache would perform at: 
(90% • 2 clocks )+ [10% • ((30% • 7 clocks) + (70% * 4 

clocks))] = 2.29 clocks per memory cycle 
This will result in a performance improvement over a non­

cached system of 53.3%: 
(4.9 - 2.29)/4.9 = 0.533 and nearly a 10% performance. 

improvement overthe direct-mapped cache of the same size: 
(2.522 - 2.29)/2.522 = 0.092 
This analysis can be carried over to Intel386™ specific 

systems. For Intel 82385 cache designs, the two-way set­
associative configuration will generally provide better perfor­
mance than the direct-mapped configuration. In addition, the 
82385 further improves performance by optimizing the timing 
interfaces on both the processor bus and the system bus. An 
82385 32kB cache in the two-way set-associative configura­
tion will thus provide comparable performance to a generic 
64kB direct-mapped cache. 
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Figure 2. Direct·mapped Cache Using 8K x 8 Static RAMs 
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INTERFACING STATIC RAM TO THE CACHE 
CONTROLLER 

The static RAM interface for the two-way set-associative 
cache is relatively simple and straightforward. It consists of a 
32-Bit data bus, a 12-Bit Address Bus (the lower offset 
addresses, A2-A 13), a cache RAM output enable signal for 
each memory bank (COEA# and COEB#), two bank write 
enable signals (CWEA# and CWEB#), a directional signal to 
control the flow the optional data transceivers (CT/R#) , and an 
address latch enable signal (CALEN). The data transceiver 
interface also supports four byte select signals (CSO#-CS3#) 
which are used by the i386 CPU when it needs to write data 
to the cache on a byte basis. 

Forthe direct mapped cache, the interface is even simpler. 
All the standard signals are the same as for the two-way set­
associative cache except that the write enable and output 
enable signals for bank B are not used (or are used in parallel), 
and an additional address line (A14) from the i386 CPU is 
used to account for the added depth of the cache. 

CHOOSING A RAM FOR DIRECT MAPPED 
ARCHITECTURE 

Choosing a static RAM for a direct-mapped architecture for 
the 82385 is simple. Since the cache RAM must consist of a 
single 8Kx32-bit bank with latched addresses and separate 
byte enables, four 8Kx8 static RAMs and two octal latches can 
be used to easily configure the system interface and meet the 
system memory requirements (Figure 2). Duetothe nature of 
certain faster steppings of the 82385 and the COE and CWE 
signals they generate, an 8Kx8 must be used which can 
tolerate the simultaneous assertion of output enable and write 
enable signals. Here the IDT7164, an 8Kx8 static RAM, is the 
perfect choice since it meets both the static RAM configuration 
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and the simultaneous assertion requirements. Further, the 
IDT7164's 25nS access time allows for the 33MHz cycle time 
to be met, and its 1 Ons output enable time supports the fast 
requirements of the COEA# and COEB# signals. Finally, the 
direct-mapped cache consumes little board space (about 4 
square inches for the RAM in a through-hole configuration) 
and, as mentioned above, can improve system throughput by 
nearly 50% in the example 33MHz system. 

CHOOSING A RAM FOR A 2-WAY SET­
ASSOCIATIVE SYSTEM 

The two-way set-associative configuration is generally 
considered the more attractive solution to the cache problem 
from the standpoint of system throughput, but consumes more 
board space than a direct-mapped cache in most implemen­
tations. Three approaches to a two-way set-associative 
cache are presented for evaluation below. 

THE 4Kx4 SOLUTION 
One good approach (shown in Intel's 82385 data sheet) for 

a two-way set-associative cache is to use a 4Kx4 bit static 
RAM like the IDT6168 (Figure 3). This design incorporates 
sixteen 4Kx41DT6168 static RAMs, two IDT74FCT373 octal 
address latches, and eight IDT74FCT245 octal transceivers. 

Two AND gates are shown in the diagram as inverted-input 
NOR gates. These are used to enable the bidirectional 
transcievers during either a read or a write cycle, and have 
been eliminated in deSigns using later, faster steppings of the 
82385. In these steppings the output enable pins (COEA#, 
COEB#) go active simultaneously with the write enable pins 
(CWEA#, CWEB#) so that the output enable inputs of the 
transceivers can be driven directly by the 82385 ratherthan by 
the outputs of the AND gates. This is an important plus at high 
speeds, where the cumulative delays caused by the transceiv-

Figure 3. Two-way Set-associative Cache Using 4K x 4 Static RAMs 
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ers and the AND gates can delay the data path to the point 
where it becomes too slow to support valid cache write cycles 
using the fastest currently available static RAMs. 

The 4Kx4 solution offers a fast two-way set-associative 
cache design with a low miss rate. A design using 20ns RAMs 
will operate with the 33MHz Intel386 CPU, and has about a 
10% higher throughput than the direct mapped cache design. 
The design, however, needs about twice as much board 
space as the direct mapped solution. 

THE LATCHED 4Kx16 SOLUTION 
A better solution to the two-way set-associative cache 

desig n which saves board space and chip count is obtained by 
using an offshoot of the JEDEC standard 4Kx16 static RAM 
(Figure 4). The design incorporates four IDT71586 4Kx16 
CacheRAMs. The IDT71586 is a 4Kx16 static RAM which 
incorporates address latches specifically for caches like those 
required in an InteI386/82385-based system. It allows the 
creation of a two-way set-associative design without a cost! 
performance penalty over a direct mapped design. 

Another advantage of the 4Kx16 solution, is that the design 
can use slower static RAMs than those required by the 4Kx4 
solution since the function of the octal transceivers is inte­
grated into the chip. The octal transceiver chips, which are 
necessary in the 4Kx4 solution, are not needed for the 4Kx 16 
solution since the IDT71586 has a fast (10ns) output enable 
pin to control output data flow. 

This allows static RAMs with an access time of 25nS to be 
used to support a 33MHz processor, as opposed to the 20nS 
4Kx4s required in the solution discussed previously. 

In addition to offering nearly a 65% board space savings 
over the 4Kx4 solution and reducing the required chip count, 
the 4Kx16 solution also offers an easy signal interface. This 
is provided by the IDT71586's two separate chip select pins, 
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upper and lower byte enable, which precisely match the i386 
CPU's byte-oriented addressing capability. Furthermore, 
since the IDT7186's write enable and output enable signals 
may be activated simultaneously, it can accommodate all 
steppings of the 82385. 

As can be seen from Table 1, the IDT71586 offers the best 
overall power, component count and board size for a two-way 
set-associative cache design. Because of its configuration 
and the incorporation of address latches and internal data bus 
transceivers on the IDT71586, the total cache, including the 
cache controller, is reduced to five ICs. 

The IDT71586 is a 4Kx16 static RAM that latches the 
address bus into the address input pins upon application ofthe 
ALEN input which is provided by the cache controller's CALEN 
line. The CSU and CSL byte-enable inputs of the IDT71586 
are connected to the cache controller signals CSO#-CS3#. 
These signals are used to select the individual bytes in the 
cache memory for byte operations. The associated I DT71586's 
write enable lines are connected to the CWEA# and CWEB# 
lines of the controller while the IDT71586's output enable 
signals are driven by the controller's COEA# and COEB# 
lines. 

The critical timing parameters dictating the static RAM 
selection are the output enable time and the address access 
time forthe read operation. Since the IDT71586 includes an 
output enable pin and on-board latches it is able to meet Intel's 
recommended non-buffered cache times for all speed grades. 
For a read hit, the static RAMs are required to provide data 
less than 35nS after the address is output to keep up with a 
controller operating at 33M Hz. Also, the data must become 
valid within 1 Ons of the assertion of the output enable. The 
write cycle time of the RAM must be less than 36nS. These 
specifications are all easily met by the IDT71586. 
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Figure 3. Two-way Set-associative Cache Using 4K x 16 Static RAMs 
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Board Size Power 
Square Inches Max_ rnA 

SRAM Configuration #ICs 
Surface IThrough 
Mount Hole 

Oirect Mapped 

8K x 8 (lOT7164) 6 1.8 I 4.1 630 

Two-Way Set Associative 

4K x 4 (IOT6168) 27 5.3 I 8.4 1770 

Latched 

4K x 16 (10T71586) 4 1.9 I 5.0 640 
NOTE: 2993 tbl 01 

1. The table ilustrates that the optimum solution for an Intel 82385-based 
cache memory system is the IDT71586 4K x 16 Latched SRAM in a 
two-way set configuration. The designer, with a small penalty in size 
and power, gains the benefits of a small Ie count and the performance 
advantages of a two-way set associative cache architecture. 

CONCLUSION/SUMMARY 

When designing caches, the static RAM selection is a 
critical concern. A poorly selected RAM will unnecessarily 
consume board space and increase power consumption. 

APPLICATION NOTE AN-80 

Static RAMs with on-board latches and output enable func­
tions are available to improve the cost/performance ratio of 
the overall system. 

To maximize throughput of a cache design, the deSigner 
would use a two-way set-associative configuration. However, 
such configurations often consume too much board space 
and power to be an attractive solution. Here, the IDT71586 
4Kx16 latched static RAM is the deSigner's preference since 
it allows for a cost-performance optimized two-way set design 
in about the same amount of space as a direct -mapped cache. 
The IDT71586 which incorporates byte select pins, address 
latches and an output enable function gives the designer the 
added throughput, a simple logic design and the necessary 
tightly coupled interface to the Inte1386/82385 signals. 

REFERENCES 
Performance Trade-Ofts For Microprocessor Cache 

Memories, Donald B. Alpert & Michael J. Flynn, IEEE Micro, 
August 1988 

Cache Accelerates Operation of 32-Bit Microprocessor 
Systems, Robert Nalesnik, EDN, May 28, 1987 

7_10 6 



t;)® BURST CACHE RAM APPLICATION 

FOR THE i486 NOTE 
AN-81 

Integr.ated Device Technology, Inc. 

by Kelly Maas 

This note is intended to introduce you to the IOT71589, a 
32Kx9 RAM designed specifically to simplify the design of 
secondary caches for the i486 microprocessor. We will 
outline its features and how they reduce logic and timing 
concerns. Certain aspects of cache operation and design are 
also addressed. A complete i486 cache design using the 
71589 is the subject of lOT Application Note 78. 

THE IDT71589 
The two key features of the 71589 are a 2-bit burst counter 

and a synchronous interface. These reduce cache parts 
count and simplify timing. The 71589 is housed in the same 
32-pin 300 mil packages as a conventional 32Kx9, but two 
pins were added to the usual SRAM control interface. These 
are the ClK and ADS (Address Status) signals from the i486. 
The 71589 uses these to synchronize its timing with the CPU, 
and to identify the beginning of a bus cycle. To facilitate the 
quick and quiet operation of this memory, a second ground pin 
was added. 

TYPICAL CACHE CONFIGURATION 
Figure 1 shows a block diagram of a basic 128K byte direct 

mapped i486 secondary cache. Since the 71589 does not 
contain any system control logic, a separate cache controller 
is required. This may be in the form of an off-the-shelf cache 

D (0:35) 

controller, or as an ASIC or mUlti-component custom design. 
The cache itself consists of this control logic, tag RAMs, and 
four 71589s, as well as buffer logic between the cache/CPU 
and the rest of the system. The 71589 ClK input is the same 
signal as the ClK input to the i486. The i486 drives the ADS 
to each 71589. Likewise, the data bus is a direct connection 
between the 71589s and the i486, and Ao-A14 on the 71589 
connect to A2-A16 on the i486. Timing for the 71589 is such 
that i486 addresses may be optionally buffered in order to 
reduce loading. The three remaining 71589 signals - CS, . 
OE and WE - are all generated by the cache controller. 

Separate cache tag RAMs are required unless they are 
incorporated in the controller. Assuming that the secondary 
cache is the primary cache format of a 16 byte line size and 
one tag per line, our secondary cache requires (128K/16=) 8K 
tags. Since the tag consists of those address bits that are not 
used to address the cache itself, the tag of our simple cache 
consists of CPU address bits A17-A31, which are connected to 
the data pins of the tag RAMs. Address bits A4-A 16 are used 
to address the tags. Address bits A2 and A3 specify the word 
within the line and have no association with the tag. As with 
the 71589, tag RAM control signals are generated by the 
cache control logic. 
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Although Figure 1 shows a direct mapped 128K byte cache, 
the 71589 is in no way limited to such applications. It is general 
enough that other cache configurations can be achieved 
simply by changing the controller. Deeper caches, such as 
64K x 36 or 128K x 36 are easily implemented with a few 
additional control signals. Each 32K x 36 block requires its 
own OE for output control. To control writes, either separate 
WE signals with a common CS, or separate CS signals with a 
common WE are required. Thus, a 64K x 36 cache requires 
five 71589 control signals, while the 32K x 36 cache requires 
three control signals. Ample time exists to generate these 
additional control signals by decoding address bits since the 
address is valid from the i486 more than one cycle before the 
read or write. 

These 71589 control requirements apply in exactly the 
same way to a set-associative cache, although the set­
associative cache requires additional logic and memory to 
implement a replacement algorithm. Since the 71589 is not 
partitionable, the minimal 2-way set associative cache is 
2(32K x 36) or 256K bytes. 

In either case, a cache consisting of a large number of 
71589s may use address buffers to reduce loading on the 
i486 without impacting cache timing. 

IOT71589 OPERATION 

Operation of the 71589 is keyed directly to the i486 and is 
not complicated. First, all input Signals except OE are syn­
chronous. Although most SRAM users are unaccustomed to 
synchronous memory interfaces, it actually makes deSign of 
an i486 secondary cache much simpler. As with the CPU 
itself, 71589 timing is referenced to the rising edge of the 
clock. Simple setup and hold times with respect to this edge 
is almost the only timing involved. Signals generated by 
control logic will be naturally stable during these times. Timing 
relationships are shown in Figure 2, which shows part of a 
burst read. 

APPLICATION NOTE AN·81 

Every bus cycle begins with the assertion of ADS by the 
i486. On the first clock (rising edge) with ADS low, the 71589 
registers the entire address, resets the counter and begins a 
read. (ADS must have been sampled high in the previous 
cycle.) In the event of a read hit by the CPU, OE is asserted 
and WE is negated. So long as CS is held low, each clock will 
increment the 71589's internal address counter and the next 
word of the burst read is presented to the i486 in accordance 
with its setup and hold requirements. As required by the i486, 
the sequencing follows a special order that is determined by 
the initial address. The 71589 generates the second address 
of a burst by complementing the least significant bit of the 
registered address, the third address by complementing the 
second LSB, and the fourth address by complementing both 
bits. Figure 3 shows a burst read. 

If ADS is maintained low for more than one cycle, the 71589 
will not be affected. Only when ADS is sampled high then low 
again will the 71589 start a new bus cycle as described above. 
Also, CS and WE are ignored during this initiation cycle. 

Just as wait states are added to i486 bus cycles by 
maintaining RDY and BRDY inactive, wait states are added to 
the 71589 by maintaining CS inactive. When CS is sampled 
high, the 71589 counter does not increment and the data read 
is unchanged. A burst read with wait states may be required 
when data in a copy-back cache is being copied back to main 
memory. This is shown in Figure 4. Note that CS differs from 
the usual chip select function since it does not disable the 
outputs when negated. WE also has no effect on the output 
buffers. OE alone enables and disables the outputs. 

As with read cycles, write cycles begin with the assertion of 
ADS, the resetting of the counter, and the registering of the 
address. The first write may be performed in the next clock 
cycle by asserting CS and WE. If the 71589 samples both CS 
and WE low, it will registerthe data atthe same time and write 
it with an internally generated write pulse. Since all three of 

Figure 2. 1DT71589 Timing Relationships 

7.11 2 



BURST CACHE RAM FOR THE 1486 APPLICATION NOTE AN·81 

ClK 

ADS# \\ /771 7771 777177 \\ D 

WE 

CS 

OE 

D(0:8) (dat~AO ~data·A3 )>--.....;.-.--
: : : : 

Figure 3. 10T71589 Burst Read Cycle 

these signals are synchronous, they only need to be valid 
during the rising clock edge. There is no need forthe controller 
to generate a write pulse that carefully matches the period of 
valid data from the CPU. Don't forget to (asynchronously) 
negate OE before the data is presented to the 71589. Figure 
5 shows a single 71589 write cycle. 

Although the i486 performs only Single write cycles, burst 
writes are also possible. In fact, every cache line refill can be 
a burst write. On every clock cycle, if CS and WE are as­
serted, the data present on the data bus at that time is written 
into the 71589. Since line refills are rather slow due to main 
memory latency, wait states are usually required during burst 
writes, as shown in Figure 6. Again, this is controlled by CS. 
When CS is sampled high during a burst write, both the 
counter increment and write operations are blocked. Thus, 
WE is normally held low during the entire write burst, and only 
CS is asserted and negated as required. 

ClK 

To idle a 71589 that is not being accessed despite the 
generation of ADS strobes, OE is negated to disable the data 
bus, and either CS or WE is negated to disable writing to it. 
With CS low and WE high,the burst counterwill increment but 
nothing will happen to the memory contents. 

If more than four memory accesses are performed in a 
burst, the address counter will wrap around. Also, once a 
burst cycle is initiated, it is not exclusively a read burst or write 
burst. In fact, reads and writes may be mixed in any order 
without reasserting ADS. Rememberthat counter incrementing 
is controlled only by CS and is independent of any other inputs 
except ADS. 

These features may be usefully combined in copy·back 
caches during the replacement of a dirty cache line with a new 
line from main memory. If a secondary cache read is deter­
mined to be a miss, and the new line from main memory must 
replace a line in the secondary cache that is dirty (~ontains II 
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Figure 6. 1OT71589 Burst Write Cycle with Wait States 

data that is more current than main memory), the dirty line may 
be transferred to main memory, then the new line may be 
transferred from main memory at once into both the primary 
and secondary caches, all without reasserting ADS. Such a 
burst read-write cycle is shown in Figure 7. 

COPY-BACK EVICTION 
Although it is not specific to the 71589, the following 

scheme is proposed for minimizing CPU delay when perform­
ing a line replacement. Rather than writing directly from the 

. secondary cache (71589s) into main memory, the dirty line 
may first be written into a write buffer. This can be done in the 
minimum burst read time of 5 clock cycles. The i486 is in wait 
states and'is so far uninvolved. Meanwhile, the controller 
would have initiated a main memory read of the requested line 
the moment it was known that the cache read was a miss. As 
soon as the data is available from main memory, it is bursted 
into both the CPU and the 71589s simultaneously. The CPU 
resumes operation once the first word is returned. Once the 
entire line has been transferred, the write buffer contents are 
written back to main memory. 

ADDITIONAL CONSIDERATIONS 
One additional concern occurs when the designer elects to 

implement a secondary cache with a copy-back r~placement 
algorithm or a line size larger than four words. While !he ~PU 
normally asserts the required ADS signal, these situations 
require that ADS also be generated by another source. In the 
first case, a system (non-CPU) read that results in a snoop hit 
of a dirty cache line requires that this word or line be read from 
the 71589. Since the CPU is not involved, the cache controller 
generates the ADS signal for the 71589. In the second case, 
once a four word line refill has been performed to satisfy the 
i486, the controller will generate an alternate ADS strobe and 
continue filling the remainder of the secondary cache's larger 
line from main memory. 

To deliver this alternate ADS to the RAM, HOLD is asserted 
to the i486 for one or two cycles. This forces the CPU to float 
its bus, including ADS, allowing the controller to assert ADS 
for one cycle. An alternative at slower speeds (33 MHz. and 
less) is to simply gate the two ADS signals together With a 
negative logic OR gate to generate the 71589 ADS. 
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Figure 7. IDT71589 Burst ReadlWrite Cycle with One ADS Strobe 

IDT71589 VS STANDARD RAMS 
Non·synchronous, non·burst RAMs are ill suited to i486 

caches. In addition to the additional logic, an external address 
burst counter interferes directly with burst read access times. 
At 33 MHz, with an i486 data setup time of 5 ns, data must be 
available 30 - 5 = 25 ns after a clock edge. With a 7.5 ns PlD 
as the counter, a 17.5 ns RAM is required. Although interleaving 
solves this problem, it complicates the design, increases 
board space and parts count, and doesn't solve write cycle 
problems. 

An even greater design challenge exists in achieving zero 
wait state writes with conventional SRAMs, something that 
should be an important goal since every i486 write cycle is 
propagated through the primary cache to the secondary 
cache. Again at 33 MHz, data from the i486 is guaranteed to 
be valid (30-18 =) 12 ns before the end of the second clock 
cycle of a read, and is guaranteed to be valid only 3 ns into the 

next cycle. The only reasonable way to generate a ~rite pulse 
is from the clock, specifically during the low portion of the 
second clock period. All timing parameters are easily met 
except forthe RAM data hold time, which is normally sp~cifi~d 
as 0 ns. The write pulse, being generated by control logiC With 
ClK as an input, must naturally trail ClK by some delay. 
Currently no 3 ns TIL logic exists, resulting in a timing 
violation. Buffering of the data would increase the data hold 
time, but it would decrease write cycle data setup time as well 
as required read cycle access time. . 

In other timing concerns, it is easy to calculate the reqUired 
cache tag address to match time required for the 715~9. The 
path is address valid delay, tag address to match, 10~1~, then 
to BRDY on the i486 and to WE on the 71589, all wlthm two 
clock cycles. At 33 MHz, the setup times for BR~Y and WE 
are 5 ns and 4 ns respectively. Address to match IS therefore 
2(30) - 16 - 7.5 - 5 = 31.5 ns, assuming a 7.5 ns PlD. 
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t;)® USING HIGH-SPEED TECHNICAL 
NOTE 8K X 8 RAMS TN-04 

IntegrOlted Device Technology, Inc. 

by Michael J. Miller 

INTRODUCTION 
Integrated Device Technology provides two high-speed CMOS 

8K x 8 static RAMs for use in high-performance memory applica­
tions. These sophisticated static RAMs are suitable for incorpora­
tion in main memories and caches for the current generation of 
25M Hz 32-bit microprocessors, such as the Motorola 68020 and 
the Intel 80386. These two CMOS RAMs have an address-to-data 
access time of 30ns. Using these static RAMs together with the 
FCT family, which is a memory interface family provided by IDT, 
will result in very high-performance memory systems. 

USING THE IDT7164 
The IDT7l64 is a 28-pin industry standard 8K x 8 CMOS static 

RAM. It has a chip select and address access time of 30ns. The 
block diagram in Figure 1 shows the IDT7l64 in a typical applica­
tion where the address bus is decoded to generate a chip select 
and the lower order address lines provide specific location selec­
tion inside the 8K x 8. The IDT74FCT521A is an 8-bit address 
comparator which generates an active low output signal whenever 
there is a match. The address-to-match output is 7.2ns commer­
cial. The IDT7 4FCT138A is used as an address decoder. This is a 
one-of-eight selection device which can be used to take mid­
range addresses and select one out of eight possible enables. The 
enable signals are then connected to eight 8K x 8 static RAMs. The 
address-to-enable-out time is 5.8ns. The sum total of the memory 
system shown is 43ns. 

USING THE IDT7165 
The IDT7l65 is a more sophisticated version of the 8K x 8 static 

RAM. The No Connect pin in the industry standard is used as a 
bulk clear for this static RAM. By pulsing this control line low for 
60ns, the entire contents of the 8K x 8 static RAM is cleared to a 
value of zero. This is an important function for systems which need 
to guarantee all locations are zero at power up time. For software, 
this can be very convenient because when the initial program is 

© 1987 Integrated Device Technology, Inc. 

loaded in, it is guaranteed that all locations are zero without having 
to write them all, thus saving a lot of time. Clearing the memory at 
system reset also removes the nasty bug that some programs may 
run slightly differently each time the computer is powered on be­
cause the program inadvertently reads a location that has not been 
written to. 

As today's static RAMs are utilizing ever decreasing transistor 
geometries, the probability of data still being intact when power is 
turned off and then turned back on increases. This effect is contrary 
to the requirements for data secure systems. Data security is not 
only important for military applications, but also commercial appli­
cations where data encryption or confidential data may be in­
volved. 

Incorporated on the IDT7l65 8K x 8 static RAM are two chip se­
lects just like the industry standard version. However, these two 
Chip selects have slightly different operation. The active HIGH Chip 
select is a chip select that, when disabled, puts the RAM into a low­
power standby mode. This allows gating of the data bus so that, as 
the data bus floats in tri-state, the input buffers do not consume 
excessive power. The active LOW chip select, on the other hand, 
does not gate the data bus, providing a fast access path. This ac­
cess path is 10ns faster than the active HIGH chip select, yielding a 
chip-select-bar-to-data-access time of 20ns. The block diagram in 
Figure 2 shows a configuration very similar to Figure 1. The differ­
ence, because of the fast chip select time, is that the delay time of 
the address comparator and decode selector are in parallel with 
part of the address access time. Therefore, the sum total access 
time from the address bus through the comparator decode selector 
is 33ns. 

CONCLUSION 
While the IDT7164 is an industry standard 8K x 8 with very high 

performance, the IDT7165 can provide increased performance 
with extra features such as bulk clear. Both of these devices are 
very suitable for inclusion into designs incorporating the current 
generation of 32-bit microprocessors. 
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USING HIGH-SPEED 8K x 8 RAMS 

7.2ns 
ADDRESS COMPARATOR 

5.8ns 
DECODE SELECTOR 

30ns 
CS AND ADDRESS ACCESS 

43ns 
TOTAL SYSTEM 
ACCESS TIME 

ADDRESS BUS 

IDT7164 

DATA 

Figure 1. IDT7164 30ns Address and Chip Select Access 

7.2ns 
ADDRESS COMPARATOR 

5.8ns 
DECODE SELECTOR 

ADDRESS BUS 

CS ADDRESS 

TECHNICAL NOTE TN-04 

LOW-POWER 
STANDBY SELECT 

20ns ~ 
CS AND ADDRESS ACCESS AD~SS IDT7165 ern ..... -~- ~L~~KR 

33ns 
TOTAL SYSTEM 
ACCESS TIME 

DATA 

Figure 2. IOT7165 20ns Chip Select Access 
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G® FAST RAMs GIVE TECHNICAL 
NOTE 

LOWEST POWER TN-07 

Integrated Device Technology, Inc. 

by John R. Mick 

INTRODUCTION 
Many types of equipment such as airborne flight equipment and 

ground-based, battery operated equipment require the lowest pos­
sible power for their operation. Often, design engineers choose the 
slowest possible memories thinking that they are minimizing the 
power dissipation. In many applications, this does not necessarily 
represent the lowest power system. 

UNDERSTANDING THE TRADEOFF 
Most CMOS static RAMs have several different power supply 

specifications depending on their mode of operation. For example, 
the operating power supply current (ICC) can be quite high. Many 
CMOS static RAMs have one or two different standby currents 
specified. The first of these is the TTL level standby current usually 
designated as IS8. The second of these is the full CMOS standby 
power level usually designated as IS81. These two standby cur­
rents are usually considerably lower than the operating power sup­
ply current. 

DESIGN EXAMPLE 
Let uS suppose that we have a microprocessor system that has a 

required bus cycle of 200ns. For the purpose of this design exam­
ple, let us assume that if we select a slow static RAM (such as 
1 20ns) , we can design the system so that the chip select is low for 
1 20ns and high for 80ns. This gives a total microprocessor bus cy­
cle time of 200ns. The result of such a system is that, while the chip 
select is low, the operating power supply current is drawn. For the 

FAST RAMs 

I· 

I 
90mA 

120ns 

purpose of this example, let us assume that 90 milliamps is re­
quired. Similarly, while the chip select is high, the full CMOS 
standby power supply current is drawn and, in this example, let us 
assume it is 0.9 milliamps. The net result is that the average power 
dissipation to operate the RAM in this speed range is 275 milliwatts. 
This is shown in Figure 1. 

A second design possibility exists in which we could select a 
very fast static RAM (such as 35ns). Let us assume the IDT7198L35 
for the purpose of this example. In this design, a 200ns bus cycle is 
again required for the design, but now we will operate the RAM as 
fast as possible. This will result in the chip select being low for a 
total of 35ns and high for a total of 1 65ns. The net result is that, for 
the IDT7198L35, while the Chip select is low, we draw an active 
power of 110 milliamps. While the chip select is high, we draw a 
CMOS standby power of 0.9 milliamps. This results in a total aver­
age power for the system of 100 milliwatts. 

SUMMARY 
As can be seen from the above example, and referring to Fig­

ure 1, utilizing the fastest static RAMs can result in the lowest over­
all operating power for this system. This takes advantage of the 
much higher speed of the RAM and the resulting low duty cycle for 
which we draw the high amount of power. Thus, we can see that 
one should not just choose a slow RAM for a low-power system, but 
rather the designer should consider the fastest possible static 
RAMs and utilize the low operating duty cycle when implementing 
the system. 

LOWEST POWER 

200ns 

·1 SIOWBAM 

0.9mA 

I BOns 

1 

AVERAGE POWER =- 275 MILLIWATTS 

1 FAST BAM 

I 
110mA 0.9mA 

35ns 165ns 

AVERAGE POWER = 100 MILLIWATTS 

Figure 1. Active Chip Select Time for 200ns Cycle 
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(;)® CACHE·TAG RAM TECHNICAL 

TIMING FOR THE 68020 NOTE 
TN-11 

USING THE IDT7174 
Integrated DevIce Technology, Inc. 

by SRAM Applications 

A cache memory for the 68020 can be made using I DT717 4 
cache-tag RAMs in combination with cache-data RAMs such 
as the IDT7164. The access time requirements forthe cache­
tag and cache-data RAMs can be derived from the 68020 
timing specifications. 

At first glance, it would appear that the cache-tag RAMs 
must be faster than the cache-data RAMs because they must 
decide whether to use cache data or main memory data and 
this decision must be made at the beginning of the memory 

cycle. This would be true if only the DSACK inputs were used 
for the cache, but slower tags can be used if the design takes 
advantage of the 68020's retry cycle, by asserting both the 
BERR and HALT inputs (see Application Note 79). The critical 
path for the cache-tag RAMs is from the address outputs, 
through the cache-tag RAMs to their match outputs and 
through the drivers to the DSACK inputs (or the BERR and 
HALT inputs) to the 68020. This is shown in the 68020 Cache 
Interface drawing below. 

32-BIT DATA BUS 

68020 

DSACKO ~--<t 
orBERR ~~.-------~ 

DSACK1 ~-----c( 
or HALT 

MAIN 
MEMORY 

2998 drw 01 

Figure 1. 68020 Cache Interface 

The cache-tag and cache-data RAM access time calcula­
tions and timing diagram are shown below for a 68020 running 
with a 20M Hz through 33MHz clock for both DSACK and 
BERR/HAL T architectures. 

Cache-Tag RAM Access Time Requirement 

Spec. Value (ns) 

No. Characteristic 20MHz 25Mhz 33Mhz 

DSACK Architecture 

- 3 Half-Clock Periods 75 60 45 
6 Clock High to Address -25 -25 -2 

- Driver Delay -5 -5 -5 
47A DSACK Input Set-up Time -5 -5 -5 

Tag RAM Access Time 40 25 14 

BERRIHALT Architecture 

- 5 Half-Clock Periods 125 100 75 
6 Clock High to Address -25 -25 -21 

- Driver Delay -5 -5 -5 
27A BERR/HAL T Valid to -15 -10 -5 

Clock Low 

Tag RAM Access Time 80 60 44 

Spec. 

No. 

-
6 

27 

te1990 Integrated Device Technology, Inc. 7.14 

Cache-Data RAM Access Time Requirement 

Characteristic 20M Hz 

5 Half-Clock Periods 125 
Clock High to Address -25 
DATAIN Valid to Clock Low -5 

Data RAM Access Time 95 

Value (ns) 

25Mhz 33Mhz 

100 
-25 
-5 

70 

75 
-21 
-5 

49 
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CACHE-TAG RAM TIMING FOR THE 68020 USING THE 1DT7174 

CLOCK 

ADDRESS 

TAG RAM 
ACCESS TIME 

DSACK 
LOGIC DELAY 

DSACK 
SET-UPTIME 

BERR/HALT 
SET-UPTIME 

DATA RAM 
ACCESS TIME 

Figure 2. 68020 Cache Timing Diagram 

Cache-tag and cache-data RAM access time requirements 
for various 68020 clock rates are shown in the table below. 
Note that a 5ns delay for the drive gates is assumed. 

Speed Clock 
Tag Access 

Time (ns) 

(MHz) Period (ns) DSACK BERRIHALT 

33 30 14 44 

25 40 25 60 

20 50 40 80 

16 62.5 53 95 

12.5 80 65 130 

7.14 

TECHNICAL NOTE TN-11 

2998 drw 02 

Data Access 

Time (ns) 

49 

70 

95 

121 

150 



,;5 CACHE TIMING FOR TECHNICAL 
NOTE 

THE 80386 TN-13 

Integrated Device Technology, Inc. 

by SRAM Applications 

A cache memory for the 80386 can be made using IDT7174 
cache-tag RAMs in combination with cache-data RAMs such as 
the IDT7164. The access time requirements for the cache-tag and 
cache-data RAMs can be derived from the 80386 timing 
specifications. 

The cache-tag RAMs must be fast because they must decide 
whether to use cache data or main memory data and this decision 

must be made at the beginning of the memory cycle. The critical 
path for the cache-tag RAMs is from the address outputs. through 
the cache-tag RAMs to their match outputs and through the READY 
driver to the READY input to the 80386. This is shown in the 80386 
Cache Interface drawing below. 

32-BIT DATA BUS --
32-BIT ADDRESS BUS 

1 
80386 CACHE-TAG CACHE-DATA 

~ RAM RAM 
IDT7174 IDT7164 

READY '-" I 
MATCH 

Figure 1. 80386 Cache Interface 

The cache-tag and data RAM access time calculations and tim­
ing diagram are shown below for a 80386 running with a 16MHz 
clock. 

-~ 

I' MAIN 
MEMORY 

Cache-Tag RAM Access Time Requirement Cache-Data RAM Access Time Requirement 

Spec. Value Spec. Value 
No. Characteristic @ 16 MHz (ns) No. Characteristic @ 16 MHz (ns) 

- 2 Clock Periods 125 - 2 Clock Periods 125 
T6 Clock High to Address -40 T6 Clock High to Address -40 
- READY Driver Delay -5 T21 DATAIN Valid to Clock Low -10 

T19 READY Input Set-up Time -20 
--- ---

Tag RAM Access Time 60 Data RAM Access Time 75 

© 1987 Integrated Device Technology. Inc. Printed In the U.S.A. 
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CACHE-TAG RAM TIMING FOR THE 80386 
USING THE 1DT7174 

CLOCK 

ADDRESS 

TAG RAM 
ACCESS TIME 

READY 
LOGIC DELAY 

READY 
SET-UPTIME 

T1 T2 

DATA RAM 
ACCESS TIME 2* (62.5) - (40+ 10) = 75ns 

Figure 2. 80386 Cache Timing Diagram 

Cache-tag and cache-data RAM access time requirements for 
various 80386 clock rates are shown in the table below. Note that a 
5ns delay for the READY drive gate is assumed. 

80386 
Speed Clock 
(MHz) Period (ns) 

20 50.0 

16 62.5 

12 83.3 

Tag Access 
Time (ns) 

52 

60 

95 

Data Access 
Time (ns) 

58 

75 

110 

Figure 3. 80386 Cache Memory Access Time Requirements vs Clock Rate 
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Integrated Device 1echnoIogy.1nc. 

PROGRAMMABLE LENGTH 
SHIFT REGISTERS USING 
RAMs AND COUNTERS 

TECHNICAL 
NOTE 
TN-16 

by SRAM Applications 

Programmable length shift registers can be made using 
counters and RAMs. These shift registers can be quite long and 
reprogrammed during use if desired. 

A block diagram of a programmable length shift register made 
from a RAM and counter is shown in Figure 1. This shift register can 
be from one to 16,384 words long by four bits per word. It can shift 
at clock cycle times down to 38ns for 15ns RAMs and FCT161A 
counters. 

The RAM and counter configuration provide a circular buffer. 
The counter size (in total counts) sets the size of the circular buffer. 
The counter points to the next location for storing data in this buffer. 

Before storing new data at this location, the old data is read out and 
latched. As the counter walks around the ring, the old data is 
continuously read out and new data written in. 

The programmable length is provided by the counter. In the 
case shown, the counter counts from zero and increments up to the 
compare value which is the shift register effective length minus 1. 
The 521 comparator output is active at this maximum count and 
causes the counter to be parallel loaded with zero, effectively 
resetting the counter. 

SHIFT REGISTER LENGTH 
VALUE = LENGTH-1 

ZERO 
(RESET VALUE) 

DATA IN 

CLOCK 

ADDRESS 

16Kx 4 
SRAM 

4 x 6167SA15 

DOUT 

Figure 1. Variable Length RAM Based Shift Register Block Diagram 

DATA OUT 

Timing for this shift register is shown in Figure 2. Data is read out 
from the RAM during the first half of the clock cycle and latched in 
the 373 during the second half. Data is written into the RAM in the 

second half, and the counter is incremented at the end of the cycle 
Clock cycle time calculations are shown in Table 1. 

© 1989 Integrated Device Technology, Inc. 
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PROGRAMMABLE LENGTH SHIFT REGISTERS 
USING RAMs AND COUNTERS TECHNICAL NOTE TN-16 

CLOCK J READ I-_____ W_R_IT_E _____ """I 
COUNTER OUT ~ __________________________________________________ ~ 

X RAM READ DATA =x--------J GOOD X "----~ 
I 

X 373 LATCH OUT ==>< ________ ..1 ~ 
I I 

X r------G-O-O-D-------~ WRITE DATA IN ==::>( _____________ ...1 

Figure 2. Variable Length RAM Based Shift Register Timing Diagram 

Table 1. Clock Cycle Time Calculations 

Counter settling time: FCT161A 
RAM access time: IDT6167SA15 
Latch setup time: FCT373A 

Clock high time, minimum 

Clock low time = RAM write time: IDT6167SA15 

Total 

7.16 

7.2ns 
15.0 

.2Q 
24.2ns 

13.0 

37.2ns 

2 
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(Southern Europe Regional Eastern Electronics 
Office) Malhar Corp. Seoul, Korea 

TAIWAN 15 Rue du Buisson aux Rosemont, PA Tel.: 822-566-0514 
FEDERAL REPUBLIC Fraises Tel.: 215-527-5020 
OF GERMANY 91300 Massy, France Johnson Trading Company 

Tel.: 33-1-69-30-89-00 NETHERLANDS Taipei, Taiwan 

lOT ISRAEL Tel.: 886-273-31211 

(Central Europe Regional Scientec REA Auriema 

fI Office) Chatillon, France Vectronics, Ltd. Eindhoven, Netherlands 
General Industries Inc. 

Gottfried-Von-Cramm-Str. 1 Tel.: 33-149-652750 Herzlia, Israel Tel.: 31-40-816565 
Taipei, Taiwan 

8056 Neufahrn Tel.: 972-52-556070 
Tel.: 886-2764-5126 

Federal Repulic of Germany Scientec REA 
Tel.: 49-8165-5024 Cesson-Sevigne, France NORWAY 

Tel.: 33-99-32-1544 ITALY UNITED KINGDOM 
Dacom GmbH 

Eltron A/S Stuttgart, FRG Scientec REA 
Lasi Electronica Oslo, Norway 

lOT 
Tel.: 49-711-780-6810 Saint Etienne, France (European Headquarters/ 

Tel.: 33-77-79-7970 
Milano, Italy Tel.: 47-2-500650 

Northern Europe Regional 
Dacom GmbH 

Tel.: 39-66-101370 
Office) 

Ismaning, FRG Scientec REA 
Microelit SRL SINGAPORE 

21 The Crescent 
Tel.: 49-89-964-880 Venissieux, France Leatherhead 

Tel.: 33-78-00-0415 
Milan, Italy 

Surrey, UK KT228DY 
Dacom GmbH 

Tel.: 39-2-469044 Data Source Pte. Ltd. Tel.: 44-372-363339 
Buxheim, FRG Scientec REA 

Microelit SRL 
Lorong, Singapore 

Tel.: 49-08-458-4003 Cedex, France Tel.: 65-291-8311 Micro Call, Ltd. 
Tel.: 33-61-39-0989 

Rome, Italy 
Thame Oxon, England 

Dacom GmbH 
Tel.: 39-6-8894323 

Tel.: 44-84-261-939 
Soligen, FRG A2M 
Tel.: 49-21-259-3011 BUC, France 

Tel.: 33-39-54-9113 
Dacom GmbH 
Karlsruhe, FRG 
Tel.: 49-72-14-7193 










